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Preface

  Nutrient requirements for optimum health and function of aging physiologi-
cal systems often are quite distinct from young ones. Recognition and under-
standing of the special nutrition problems of the aged are being intensively 
researched and tested, especially due to the increases in the elderly in the 
general population. In developed countries, economic restrictions and physi-
cal inactivity during aging can signifi cantly reduce food intakes, contributing 
to nutritional stresses and needs. Many disease entities and cancers are found 
with higher frequency in the aged. Cancer, trauma, or infectious disease can 
alter intakes and/or requirements for various nutrients. Thus specifi c foods and 
nutritional supplementation may be helpful in treatment of aged adults includ-
ing cancer patients. Many adults and elderly are using foods and nutrients well 
above the recommended daily allowance, which may not always be needed for 
optimal health. To some extent, treatment of these conditions with diet or nutri-
tional supplements is a unique problem in the aged. The effects of the aging 
processes, changes in social status, and fi nancial conditions signifi cantly affect 
the approaches to treatment and study of nutritional and health problem in the 
aging adult and the elderly. Increasing numbers of older adults and elderly in 
the population require detailed study and directed research to understand their 
health problems, using novel nutraceutical and complementary and alternative 
medicine (CAM) therapies. Research continues to show that non-nutritional 
materials in the diet or as supplements can have important health promotion 
benefi ts. Those that are antioxidants act, in part, by protecting antioxidant vita-
mins. However much needs to be learned about benefi ts and risks of nutriceu-
ticals which have a variety of biological activities in their own right. Therefore 
botanical extracts and components will be reviewed for their benefi ts to seniors. 

   The elderly are frequently using various non-traditional and often unproven 
CAM therapies, beyond nutritional and nutraceutical supplements. Therefore 
a variety of physical and psychosocial treatments will be evaluated by experts 
in CAM research for their benefi ts/risks and the extent of scientifi c testing as 
focused for an aging population. 

   Diet and nutrition are vital keys to controlling morbidity and mortality 
from chronic diseases affecting humankind. The multitude of biomolecules in 
dietary plants, including their purifi ed extracts used as supplements, plays a 
crucial role in health maintenance. This book brings together experts working 
on the different aspects of supplementation, foods, and plant extracts, in health 
promotion and disease prevention. Their expertise and experience provide the 

xix



xx

most current knowledge to promote future research. Dietary habits need to 
be altered, for most people. Therefore, the conclusions and recommendations 
from the various chapters will provide a basis for change as well as application 
of new extracts and botanicals in health promotion. 

   Plant extracts are now a multi-billion-dollar business, built upon extremely 
little research data. For example the US Food and Drug Administration is 
pushing this industry, with the support of Congress, to base its claims and 
products on scientifi c research. While vegetables have traditionally been 
seen to be good sources of vitamins, the roles of other constituents have only 
recently become more widely recognized. Most of the expert reviews defi ne 
and support the actions of biofl avonoids, antioxidants, and similar materials 
that are part of dietary vegetables, dietary supplements, and nutraceuticals. 
As non-vitamin minerals with health-promoting activities, nutraceuticals are 
an increasing body of materials and extracts that may have biological activ-
ity. Therefore, their role is a major emphasis, along with discussions of which 
agents may be the active components. 

   The goal of this book is to get experts to explore the ways nutraceutical 
supplements or foods, and herbal medicines prevent disease and promote 
health. The overall goal is to provide the most current, concise, scientifi c 
appraisal of the effi cacy of key foods and alternative medicines in dietary 
plants in preventing and improving the quality of life with special reference to 
adults and aging adults. 

Preface
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1

 Chapter 1 

         Botanical and Marine Oils for 
Treatment of Arthritis 

   Robert B.   Zurier   and     Ronald G.   Rossetti 
  Department of Medicine, Division of Rheumatology, University of Massachusetts Medical School, 
Worcester, MA, USA 

Keywords: Fish oil, botanical oil, arthritis, infl ammation, fatty acids, prostaglandins 

   Abundant experimental evidence supports the view that prostaglandins, throm-
boxanes, and leukotrienes, collectively termed eicosanoids, participate in devel-
opment and regulation of immunological and infl ammatory responses. Because 
essential fatty acids are precursors to eicosanoids, and because essential fatty 
acids are important determinants of cell membrane structure and function, 
they infl uence immune responses. Diseases such as rheumatoid arthritis (RA), 
and systemic lupus erythematosus (SLE), characterized by abnormal immune 
responses, persistent infl ammation, and tissue injury, may therefore be amena-
ble to control by dietary means. Indeed, considerable public interest has been 
provoked recently by treatment of a variety of disorders, including RA, with 
plant seed and fi sh oils. The established and potential uses of unsaturated fatty 
acids for treatment of infl ammatory arthritis and related conditions are exam-
ined in this chapter. 

   Essential fatty acids are  “ essential ”   [1]  not only because of their physio-
logic importance, but because they must be derived in either full or partially 
elaborated form from the diet. Thus, these acids may be classifi ed as vita-
mins (indeed, they were once called vitamin F). Two groups of fatty acids 
are essential to the body: the omega-6 ( n 6) series, derived from linoleic acid 
(18:2 n 6) and the omega-3 series, derived from  α -linolenic acid (18:3  n 3). In 
these notations, 18 is the number of carbon atoms in a molecule, the second 
number is the number of double carbon–carbon bonds (degree of unsatura-
tion), and the number after the “n  ”  is the position of the fi rst double bond starting 
from the methyl (omega) end of the fatty acid chain. The metabolic sequences 
of the two fatty acid series are shown in  Fig. 1.1   . Fatty acids provide energy, 
are an integral part of cell membranes, and are precursors for the eicosanoids. 
Alteration of the eicosanoid profi le by administration of fatty acid precursors 
other than arachidonic acid is one approach to modulation of host defense. 
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  Although changes in eicosanoid production due to alteration of fatty acid 
intake formed the basis of the current hypothesis for antiinfl ammatory and 
immunoregulatory effects of this type of treatment, it is likely that the precur-
sor fatty acids themselves infl uence immune responses. Studies in animals and 
humans have shown that changes in essential fatty acid intake alter the fatty acid 
composition of cell membranes [2] . For example, in essential fatty acid defi -
ciency, deprivation of linoleic acid leads to defi ciency of arachidonic acid and 
impairment of prostaglandin synthesis. Essential fatty acid defi ciency causes 
many pathologic changes, but it also reduces the severity of infl ammation in 
experimental animal models. Fasting also has a salutary effect on symptoms 
of patients with RA [3] . Because neither induction of essential fatty acid defi -
ciency nor fasting are likely to be popular treatments, it follows that it would be 
more prudent to modify or supplement, rather than delete, lipid intake. 

  The extraordinary rapidity with which platelets adhere to damaged tissue, 
aggregate, and release potent biologically active materials, suggests that the plate-
let is well suited to be a cellular trigger for the infl ammatory response  [4] . Thus, 
experiments directed at suppression of thromboxane synthesis, enhancement of 
prostacyclin production, and inhibition of platelet aggregation, have been con-
ducted in an effort to limit infl ammatory responses. Fish oil lipids, rich in eicos-
apentaenoic acid (EPA; 20:5  n 3), inhibit formation of the cyclooxygenase (COX) 
products thromboxane A 2  (TXA 2 ) and prostaglandin E 2  (PGE 2 ) derived from 
arachidonic acid. The newly formed thromboxane A 3 , has much less ability than 
TXA2  to constrict blood vessels and aggregate platelets. In addition, production 
of prostaglandin I 2  (PGI 2 , prostacyclin) by endothelial cells is not reduced appre-
ciably by increased EPA content, and the physiologic activity of newly synthe-
sized PGI 3  is added to that of PGI 2   [5] . Moreover, diets enriched in fi sh oil reduce 
production of the potent mediator of infl ammation leukotriene B 4  (LTB 4 ) via 5-
lipoxygenase in stimulated neutrophils and monocytes, and induce the appearance 
of EPA-derived LTB 5 , which is far less biologically active than LTB 4         [6, 7] . 

   Evidence obtained from experiments  in vitro  and  in vivo  in small animals 
and in humans suggests that other novel fatty acids may be safe and effec-
tive antiinfl ammatory and immunomodulatory agents. For example, certain 
botanical lipids, notably those extracted from seeds of the evening primrose 
and borage plants, contain relatively large amounts of gammalinolenic acid 
(GLA; 18:3 n 6). This fatty acid is converted rapidly to dihomogammalinolenic 
acid (DGLA; 20:3 n 6), the fatty acid precursor of the monoenoic prostaglan-
dins, such as prostaglandin E 1  (PGE 1 ). In humans, the delta-5-desaturase that 
converts DGLA to arachidonic acid is sluggish. Thus, concentrations of ara-
chidonate do not increase appreciably in patients treated long term with GLA. 
DGLA competes with arachidonate for oxidative enzymes, thereby reducing 
synthesis of COX products derived from arachidonate. In addition, DGLA can-
not be converted to infl ammatory leukotrienes by 5-lipoxygenase. Instead, it is 
converted to 15-hydroxy-DGLA ( Fig. 1.1 ), which has the additional virtue of 
suppressing 5-lipoxygenase activity  [8] . 
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   Enrichment with DGLA of human synovial cells (which line the joint 
space, and proliferation of which leads to cartilage degradation and bone 
erosion in patients with RA) in culture leads to a marked reduction of PGE 2
synthesis, a substantial increase in PGE 1  production, and a reduction in inter-
leukin-1β  (IL-1 β ) induced synovial cell proliferation. Addition to cultures of 
arachidonic acid (which increases PGE 2  substantially) or EPA does not modify 
synovial cell proliferation. The antiproliferative effect of DGLA is prevented 
by indomethacin  [9] . Although PGE compounds are clearly local mediators 
of infl ammation  [10] , evidence from both  in vitro  and  in vivo  experiments 
indicates that they can also suppress diverse effector systems of infl amma-
tion       [11, 12] . In addition, PGE can both enhance and diminish cellular and 
humoral immune responses, observations that reinforce a view of these com-
pounds as regulators of cell function. Defective regulation of infl ammatory 
responses, or disordered immune mechanisms, or both, are probably central 
to the pathologic processes encountered in rheumatic diseases such as RA and 
SLE. PGE 1 , largely by virtue of its ability to infl uence cellular cyclic nucleo-
tides and signal transduction pathways, appears to be an important regula-
tor of cell function and, therefore, potentially able to infl uence the function 
of those cells that participate in tissue injury in these diseases. A regulatory 
effect of PGE is not without precedent. For example, PGE inhibits the release 
of noradrenaline from the spleen in response to sympathetic nerve stimulation, 
and PGE is released from the spleen when it contracts in response to sympa-
thetic nerve stimulation  [13] . Thus, by a feedback mechanism, the contracting 
smooth muscle can reduce the stimulus that is leading to its contraction. PGE 
release may therefore be a defense mechanism aimed at minimizing potential 
injury. Certainly PGE compounds serve to protect gastric mucosa and kidney 
function. Suppression by PGE 1  of leukocyte effector functions and of mediator 
release suggests that PGE 1  has antiinfl ammatory effects. 

   The role of prostaglandins in the infl ammatory process is not as well 
defi ned as once supposed, because the stable prostaglandins PGE and PGI 2
have antiinfl ammatory and infl ammatory effects  [14] . PGJ and lipoxins appear 
to protect against runaway infl ammatory responses. Even LTB4 appears capa-
ble of modulating infl ammation and immune responses  [15] . The observation 
that PGE 1  inhibits platelet aggregation led to the notion that COX products 
of arachidonic acid metabolism might have antiinfl ammatory activity. As it 
becomes more clear that nonsteroidal antiinfl ammatory drugs (NSAIDS) have 
antiinfl ammatory effects other than interference with COX production and sub-
sequent prostaglandin inhibition  [16] , the potential protective effects of pros-
taglandins are being considered. 

   Other eicosanoids also serve to counter infl ammation: PGJ 2 , formed from 
the dehydration of PGD 2 , appears to function as a brake on the infl ammatory 
response [17] . Lipoxins are a new class of eicosanoids, which arise from the 
sequential action of 5- and 15-lipoxygenases. They serve as stop signals in that 
they prevent leukocyte-mediated tissue injury, thereby facilitating resolution of 
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infl ammation  [18] . Human endothelial cells treated with aspirin  in vitro  con-
vert EPA to antiinfl ammatory lipoxins. These novel compounds are also found 
in infl ammatory exudates from animals administered aspirin and fi sh oil  [19] . 

   Thus, it will take exquisitely selective alteration of particular points in 
the arachidonic acid cascade (as prostaglandin and thromboxane synthases, 
or eicosanoid receptors) to modify it to the advantage of the host. The selec-
tive COX-2 inhibitors were an attempt to do that. It is clear that these agents 
are equivalent in effi cacy to the traditional NSAIDs and that they reduce the 
more serious gastrointestinal events (ulcer formation, bleeding, and perfo-
ration). However, COX-2 is upregulated in stimulated endothelial cells  [20] . 
Thus, selective COX-2 inhibition results in suppression of PGI 2  synthesis by 
these cells. Because platelets lack COX-2, platelet thromboxane production is 
spared by selective COX-2 inhibition, and the platelet–blood vessel wall bal-
ance mediated between the effects of thromboxane (platelet aggregation, vaso-
constriction) and PGI 2  (inhibition of platelet aggregation, vasodilation) is tilted 
toward promotion of thrombosis. These biochemical truths did indeed trans-
late to the clinical fi ndings that selective COX-2 inhibition is associated with 
an increased incidence of acute myocardial infarction (coronary artery throm-
bosis)  [21] .Thus, botanical and marine oils, which protect the gastric mucosa 
and counter thrombosis, should fi nd a place in the armamentarium of anti-
infl ammatory agents. 

   PGE 1  has remained a bit of an orphan among the eicosanoids, mainly 
because of a long-held notion that not enough is produced by human cells to 
be of use, and that its biological effects are no different from those of PGE 2  and 
PGI2 . Contrary to popular belief, however, PGE 1  is found in physiologically 
important amounts in humans. Lost in the vast literature on the  “ arachidonic 
acid cascade ”  are the early observations of Bygdeman and Samuelsson    [22] , who 
found (using bioassay) the concentration of PGE 1  in human seminal plasma 
(16        μ g/ml) to be higher than PGE 2  (13        μ g/ml), PGE 3  (3        μ g/ml), PGF 1α  (2        μ g/
ml), and PGF 2α  (12        μ g/ml). Furthermore, Karim  et al .  [23]  found   PGE 1  to be 
the sole PGE in human thymus. Prostaglandin immunoassays usually do not 
distinguish between PGE 1  and PGE 2 . To identify PGE 1 , PGs must fi rst be sep-
arated by thin layer or high performance liquid chromatography. When such 
methods have been used, PGE 1  has been identifi ed consistently in platelets, 
leukocytes, macrophages, vas deferens, oviducts, uterus, heart, and skin  [24] . 
In addition, concentrations in human tissue of the PGE 1  precursor fatty acid 
DGLA are not trivial, and are about one-fourth the concentration of arachi-
donic acid [25] . It is known now that PGE 1 , PGE 2 , and PGI 2  have separate 
receptors on cells       [26, 27] . Although the biologic activities of corresponding 
members of the monoenoic (PGE 1 ) and dienoic (PGE 2 ) prostaglandins are in 
many ways qualitatively similar, in other respects, they differ markedly. For 
example, PGE 1  inhibits aggregation of human platelets  in vitro  whereas PGE 2
does not infl uence this activity  [28] . Also, PGE 1  is more effective than PGE 2
in increasing concentrations of cyclic AMP in human synovial cells in culture, 
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and in suppressing synovial cell proliferation  [9] . In addition, PGE 1  relaxes 
and PGE 2  contracts guinea pig tracheal muscle. More striking are the antag-
onistic effects of PGE 1  (vasodilation) and PGE 2  (vasoconstriction) on bovine 
coronary and human chorionic plate arteries       [29, 30] . In fact, PGE 1  prevents 
PGE2  induced constriction of chorionic plate arteries. Many effects of PGE 1
in vitro  are seen at concentrations of 10 � 9�     10 � 13        M  [31] . Subcutaneous injec-
tion of PGE 1  and oral administration of a 15-methylPGE 1  analog (at 1/50 the 
subcutaneous dose) suppress acute and chronic infl ammation in a variety of 
experimental animal models  [32] . 

   Much information about the effect of PGE 1  on immune responses derives 
from studies of immune complex-induced nephritis. A striking protective effect 
of PGE 1  in murine lupus is associated with increased expression of the charac-
teristically suppressed cell-mediated immune responses  [33] , reversal of abnor-
mal development of prethymic cells  [34] , and enhanced functional maturity of 
thymocytes  [35] . PGE 1  treatment does not alter circulating antinuclear antibod-
ies or antibodies to double-stranded DNA in this model; However, PGE 1  treat-
ment can have selective effects on humoral immune responses. An important 
antigen–antibody system in NZB/NZW F 1  hybrid (lupus) mice includes the 
major envelope glycoprotein (gp70) of endogenous retroviruses and the cor-
responding antibody. Large amounts of both are deposited with complement in 
diseased kidneys and circulate as immune complexes. NZB/NZW mice treated 
with PGE 1  have far lower levels than untreated controls of circulating gp70 
immune complexes  [36] . MRL/lpr mice (a lupus model) respond similarly, 
but BXSB mice maintain high levels of circulating gp70 immune complexes 
and do not benefi t from PGE 1  treatment. PGE 1  treatment does not change anti-
gen formation or quantity; rather, treatment appears to selectively inhibit the 
humoral response to xenotropic viral gp70. In MRL/lpr mice, PGE 1  suppresses 
IgG1 antibody and does not affect IgG2 production        [36, 37] . IgG2 is the major 
subclass of anti-DNA antibodies in these animals; hence anti-DNA antibody 
levels are not infl uenced, but anti-gp70 levels are reduced by PGE 1  treatment. 
Further evidence for a regulatory role of PGE on immune responses is fur-
nished by the results of studies that document selective effects of physiologi-
cally relevant concentrations of PGE 2  on human B-cell responses. Thus, PGE 2
suppresses DNA and immunoglobulin synthesis, and proliferation of B-cells 
stimulated by Staphylococcus aureus , but has minimal effects on mitogen-
stimulated B-cell DNA synthesis  [37] . 

   All things considered, it appears that physiologic concentrations of PGE 1
have a range of desirable effects, distinct from other prostaglandins that might 
be utilized therapeutically. Intravenous infusion can be used for short-term 
effects, as seen in studies in which intravenous PGE 1  improved renal func-
tion in patients with lupus nephritis       [38–40] . Intravenous PGE 1  also sup-
presses human neutrophil activation  [40] . When administered by itself in 
doses approved for human use, the PGE 1  analog misoprostol (given by mouth) 
does not exhibit immunosuppressive activity  [41] . At the upper limit of these 
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doses, misoprostol causes abdominal cramps and diarrhea. In addition, intra-
venous administration of PGE 1  causes hypotension, fl ushing tachydysrhyth-
mias, diarrhea, and even shock. It would therefore seem prudent to take a 
different approach to PGE 1  therapy, fi rst suggested by Willis  [2] , by provid-
ing PGE 1  precursors, such as GLA or DGLA. The extremely short half-lives 
of natural prostaglandins have a purpose: they allow moment-to-moment reg-
ulation of cell function in response to external stimuli and internal messen-
gers. Enrichment of cells with DGLA should enable PGE 1  concentrations to 
be raised as needed without overriding the physiologic controls that modulate 
rapid changes in its synthesis and degradation. Hence, both  n 6 and  n 3 eicosa-
noid precursor lipids have antiinfl ammatory actions due to their ability to 
reduce synthesis of oxygenation products of arachidonic acid, which are potent 
mediators of infl ammation. 

    CLINICAL TRIALS OF GLA THERAPY IN RA PATIENTS 

   A placebo-controlled study  [42]  indicated that 20 patients given GLA (360       mg/
day) in the form of primrose seed oil for 12 weeks received no benefi t from 
such therapy. It is of interest that although only three patients improved clini-
cally, all but two of the remaining patients were able to complete the study 
without resorting to other NSAIDS. Thus, although the study was considered to 
be “ negative, ”  the results suggest that GLA might substitute for NSAID treat-
ment. In a double-blind, placebo-controlled study done in Glasgow, Scotland 
 [43] , 16 patients received 450       mg/day GLA and 240       mg/day of EPA for 
1 year. Patients were kept on their usual doses of NSAIDS, and their physicians 
were allowed to alter the dose according to clinical responses. Patients did not 
exhibit changes in objective measures of their disease activity, but over 90% 
of patients in the treatment group felt subjective improvement in their condi-
tion at 12 months, at which time 50% of treated patients had either stopped 
or reduced substantially the NSAID dose. In a study [44]  designed to investi-
gate the effect of GLA on leukocyte function, PGE 2  and LTB 4  production by 
stimulated leukocytes was reduced markedly, and 6 of 7 RA patients treated 12 
weeks with 1.1       g/day GLA in the form of borage seed oil appeared to respond 
favorably; the study was not placebo-controlled. Unlike the other studies with 
smaller doses of GLA, RA patients given borage seed oil did exhibit reduc-
tions in the duration of painful morning stiffness and the number of tender 
and swollen joints. Brzeski  et al .  [45]  did a 6-month study of 40 patients with 
RA who had evidence (endoscopic, radiographic, or clinical symptoms) sug-
gestive of upper gastrointestinal lesions, presumably caused by NSAID use. 
The aim of the study was to determine whether patients given GLA would 
experience enough improvement in joint symptoms to allow reduction of the 
NSAID dose. Patients were given either 540       mg GLA/day or 6       g/day of olive 
oil. Morning stiffness was reduced signifi cantly at both 3 and 6 months in 
the GLA group, and a reduction in pain and articular index at 6 months was 
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seen in patients given olive oil. However, only 23% of the patients in the 
GLA group and 18% of patients in the olive oil group were able to reduce the 
NSAID dose. Although patients in this study had more severe RA than patients 
in the earlier study  [43] , none were treated with second line drugs. Benefi cial 
effects of olive oil in RA have been reported  [46] . Therefore, olive oil can no 
longer be considered an inert placebo. Also, individual variations in levels of 
delta-5-desaturase may alter the response to GLA. It is generally believed that 
humans have low levels of this enzyme, hence limited conversion of DGLA to 
arachidonic acid. However, a small but signifi cant increase in serum arachido-
nate was reported in one group of RA patients who took 1.8       g/day GLA for 3 
months [47] . Reduced plasma PGE 2  in these patients was associated with a 
good therapeutic response to GLA. 

   GLA treatment of RA was evaluated in a 24-week randomized, double-
blind, placebo-controlled (cotton seed oil) trial [48] . Only patients with RA 
on a stable NSAID and/or low corticosteroid dose ( � 10       mg/day prednisone 
or equivalent) that was continued through the study period were allowed to 
participate. Treatment with GLA (1.4       g/day in borage seed oil) resulted in 
clinically important reductions in signs and symptoms of disease activity. In 
contrast, patients given placebo showed no change, or worsening, of disease. 
GLA reduced the number of tender joints by 36%, tender joint score by 45%, 
swollen joint count by 28%, and swollen joint score by 41%, whereas the pla-
cebo group did not show signifi cant improvement in any measure. Overall 
clinical responses (more than 25% improvement in four measures) were also 
signifi cantly better in the treatment group. Platelet counts (increases are asso-
ciated with infl ammation) were reduced signifi cantly in the GLA group, but 
neither erythrocyte sedimentation rate nor rheumatoid factor changed appreci-
ably in either group. In a larger study  [49] , 56 patients with active RA were 
randomized to treatment groups in a 6-month double-blind trial of GLA vs. 
placebo, followed by a 6-month single-blind trial during which all patients 
received GLA. Patients were treated with 2.8       g/day of GLA as the free fatty 
acid or with sunfl ower seed oil administered in identical capsules. Treatment 
with GLA for 6 months resulted in statistically signifi cant and clinically rel-
evant reductions in the signs and symptoms of disease activity in patients 
with RA. Overall meaningful responses were also better in the GLA treatment 
group (14 of 22 patients vs. 4 of 19 in the placebo group; p        �       0.015). During 
the second 6 months, both groups (both on GLA) exhibited improvement in 
disease activity. Thus, patients taking GLA during the entire study showed 
progressive improvement during the second 6 months. In this group, 16 of 21 
patients showed meaningful improvement at 12 months compared with study 
entry. The results indicate that GLA at doses used in this study is a well toler-
ated and effective treatment for active RA. GLA is available as a component of 
several plant seed oils, and is usually taken in far lower doses than were used 
in this last trial. It is not approved in the United States for the treatment of any 
condition, and should not be viewed as therapy for any disease. However, the 
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clinical experience suggests that GLA can be an NSAID substitute. In addition, 
observations that DGLA suppresses synovial cell proliferation  [9] , and the 
results of the study just noted which indicate that RA patients are better after 
12 months of GLA treatment than after 6 months, suggest that GLA might 
function as a so-called DMARD (disease modifying antirheumatic drug). 
Thus, controlled studies of longer duration on larger numbers of RA patients 
in which GLA is compared with more established “ second line therapy, ”  and 
which use radiographs to monitor disease progression, are warranted. 

   Fatty acid analysis of plasma or circulating cells was not used as a meas-
ure of compliance in these studies because the amount of GLA or DGLA 
present after administration of a known amount of GLA varies from person 
to person, and would not necessarily refl ect the number of capsules of GLA 
ingested. However, it is important to know that plasma and cell concentrations 
of GLA and/or DGLA during GLA therapy can reach levels equivalent to con-
centrations of fatty acids which  in vitro  suppress lymphocyte activation and 
synovial cell proliferation. Plasma levels of GLA and DGLA were increased 
two- to fourfold in the GLA treated patients to concentrations which exceed 
those needed to exert effects  in vitro   [49] . Similarly, concentrations of GLA 
and DGLA in platelets increased as much as eightfold during GLA treatment. 
Lower doses of GLA used in previous studies (480 to 540       mg/day) were either 
not effective or reduced pain without effects on physical fi ndings. In controlled 
clinical trials in which GLA was shown to benefi t patients with atopic eczema 
 [50] , some patients responded brilliantly, others modestly. Clinical responses 
seemed to correlate with plasma levels of DGLA. Indeed, in a study in which 
benefi t from GLA was not observed  [51] , plasma levels of DGLA did not rise. 
Thus clinical responses to GLA do appear to be dose-dependent.  

    CLINICAL TRIALS OF FISH OIL IN RA PATIENTS 

   Each of 12 randomized, placebo-controlled, double-blind trials of fi sh oil in 
RA documented clinical improvement, including reduced duration of morn-
ing stiffness, reduced number of tender joints, reduced joint pain, reduced time 
to fatigue, and increased grip strength. Those studies that monitored NSAID 
use suggest that fi sh oil treatment has an NSAID-sparing effect (reviewed in 
 [52] ). In another study, patients were required to consume less than 10       g/day 
n -6 polyunsaturated fatty acids (PUFAs), considering that a high  n- 6 PUFA 
intake might reduce the effi cacy of fi sh oil. Patients received 40       mg/kg/day  n- 3 
PUFAs (approximately 2–3       g/day) for 15 weeks. Patients in the treatment arm 
exhibited signifi cant improvements in joint pain and swelling, morning stiff-
ness, and overall health assessment  [53] . A combination of EPA and GLA 
enriched oils exhibits synergy in reduction of synovitis in animal models  [54] , 
a result which suggests that a combination of GLA and EPA may be useful 
therapy for patients with RA. Indeed, treatment of RA patients with black cur-
rant seed oil, which contains both the n- 3 fatty acid  α -linolenic acid (which 
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is converted to EPA) and the  n- 6 GLA suppresses active synovitis in these 
patients [55] .

    LIPIDS AND LUPUS 

   Patients with SLE are uniquely sensitive to suppression of eicosanoid syn-
thesis by the kidneys  [56] . Thus, small doses of NSAIDs may impair renal 
function in patients with lupus nephritis. Antiinfl ammatory agents which can 
substitute for NSAIDs would therefore be useful for treatment of SLE patients. 
Whereas some of the benefi ts of fi sh oil in animal models of lupus have been 
striking  [57] , results in humans have been modest, but encouraging. Evidence 
 [58]  that fi sh oil administration enhances collagen-induced arthritis in rats and 
exacerbates vasculitis in autoimmune mice dictates caution in the premature 
uncontrolled use of fi sh oil treatments in infl ammatory diseases. Nonetheless, 
clinical studies are warranted. Fish oil treatment of SLE patients for 1 year 
did not result in clinical benefi t, but the frequency of active nephritis may 
have been reduced in treated patients  [59] . In a 34-week placebo (olive oil)-
controlled study, administration of 20       g/day of fi sh oil to SLE patients resulted 
in improvement of clinical symptoms by patient assessment, but objective data 
were not reported [60] . As noted above, olive oil is not the best choice for a 
placebo since it is not inert and may have therapeutic effects  [46] . 

   GLA has not been used for the treatment of SLE. However, administra-
tion of GLA does delay onset of disease and increase survival time of MRL/
lpr mice  [61] . Also, GLA enrichment of diet suppresses acute and chronic 
infl ammation as well as joint tissue injury in several experimental animal mod-
els [62] . In animals treated with GLA, cells from infl ammatory exudates are 
enriched in GLA and its elongated product, DGLA. Exudate PGE 2  and LTB 4
concentrations are reduced, and leukocyte effector functions (chemotaxis, 
lysosomal enzyme release) are suppressed. The protective effects of GLA, 
by virtue of its effects on prostaglandins, may extend to host defense in SLE 
patients: stimulated peripheral blood monocytes (PBM) from SLE patients 
with active disease (not on NSAIDs) produce lower quantities of PGE than 
PBM from patients with mild disease. PBM from two untreated SLE patients 
with very active disease were low PGE producers until 2 weeks after treatment 
with high-dose prednisone, at which time lupus activity was diminished and 
PGE production was equivalent to patients with mild disease  [63] . 

   Few adverse effects of marine and botanical lipid administration have been 
noted: stool softening, belching, and abdominal bloating have been reported. 
Nonetheless, potential adverse events cannot be dismissed. Experience teaches 
that the longer a given treatment is used, the greater the incidence of adverse 
events. Administration of long-chain PUFAs increases the likelihood of lipid 
peroxidation with its associated toxic effects on cells. It is not known whether 
increased intake of long-chain unsaturated fatty acids increases the need for 
antioxidants such as vitamins E and C. Because these novel fatty acids can 
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reduce infl ammation and affect immunocytes, the question arises whether they 
can compromise the immune system. Susceptibility to infection has not been 
seen but must be considered. 

   The potential ability of certain fatty acids to regulate cell activation, 
immune responses, and infl ammation is exciting to consider at the clinical, cel-
lular, and molecular levels. A better understanding of how fatty acids modulate 
function of cells involved in host defense might lead to development of new, 
benign treatment for diseases characterized by acute and chronic infl ammation, 
and disordered immune responses.  
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Madison, WI, USA 

     Abstract 

 Musculoskeletal pain and resulting disability are among the most common and signifi -
cant problems facing the elderly today. There is inadequate therapy for several painful 
chronic musculoskeletal conditions including low back pain, osteoarthritis and several 
tendinopathies.

 Prolotherapy is an injection technique which has been used for musculoskeletal pain 
for approximately 100 years. While the mechanism of action is not well established, 
proponents suggest that numerous injections of irritant solutions known as  “ prolifer-
ants ”  initiate a local healing reaction favoring anabolic processes. 

 Prolotherapy has been assessed since 1937 in 36 case series and case reports, two 
non-randomized controlled studies, and seven randomized controlled trials. The case 
series and reports establish prolotherapy as an ongoing, evolving medical intervention 
with positive outcomes in patients with diffi cult musculoskeletal pain conditions. The 
controlled studies suggest the growing maturity of both the practice and assessment 
of prolotherapy interventions and suggest effi cacy for some indications when evalu-
ated using contemporary  “ strength of evidence ”  criteria. The strongest evidence for 
the effi cacy of prolotherapy for any indication comes from one randomized controlled 
study for severe lateral epicondylosis (tennis elbow), which reported that prolotherapy 
reduced elbow pain and improved elbow strength compared to control injections. Two 
case series on Achilles and hip adductor tendinopathies support the use of prolother-
apy for these tendinopathies, and suggest that prolotherapy may be effective for pain-
ful overuse injury generally. Studies on low back pain and osteoarthritis present more 
equivocal data for effi cacy but clinical recommendations for the use of prolotherapy in 
patients with cases refractory to standard of care therapies can be made as well.   

Keywords:  Prolotherapy, chronic pain, tendinopathy, injection therapy 

1The tables and parts of the text contain material modifi ed from the paper Rabago, D., Best, T., 
Beamsly M., et al. (2005). A systematic review of prolotherapy for chronic musculoskeletal pain. 
Clinical J Sports Med 15(5), 376–380.
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    INTRODUCTION 

  Prolotherapy is a therapy for chronic musculoskeletal pain in which a small vol-
ume of an irritant or sclerosing solution is injected at multiple sites on painful 
ligament and tendon insertions (entheses [1] ), and in adjacent joint spaces. It 
has been promoted as a treatment for ligament and joint laxity,  [2]  osteoarthri-
tis and tendinopathies. Injected solutions ( “ proliferants ” ) are thought to cause 
local irritation and subsequent infl ammation and anabolic healing, resulting 
in enlargement and strengthening of damaged ligamentous, tendon and intra-
articular structures       [3, 4] . This is hypothesized to decrease joint laxity and 
articular dysfunction, improve biomechanics and decrease pain        [2, 5] . The three 
commonly used prolotherapy solutions are reported to act in different ways: 
hypertonic dextrose by osmotic rupture of local cells, phenol–glycerine–glucose 
(P2G) by local cellular irritation, and sodium morrhuate by chemotactic attrac-
tion of infl ammatory mediators  [6]  and by the sclerosing of pathologic neovas-
cularity associated with tendinopathy        [7, 8] . The potential of prolotherapy to 
stimulate release of growth factors favoring soft tissue healing has been sug-
gested as a possible mechanism       [9, 10] . Prolotherapy has been used for approx-
imately 100 years, has been described in the formal medical literature since 
1937 and has been evaluated using randomized controlled trial (RCT) method-
ology since 1987 for low back pain, osteoarthritis and tendinopathy. 

  While the injection technique is most often called  “ prolotherapy, ”  it was histor-
ically referred to as  “ sclerotherapy, ”  and more recently as  “ regenerative injection 
therapy ”  or  “ RIT ”         [5, 11] . Nomenclature has refl ected practitioners ’  perceptions of 
the solutions ’  effect on tissue. Solutions were initially thought to be scar-forming, 
hence the term sclerotherapy. Later, as new injection agents were used, injected 
tissue was noted to be larger, or  “ proliferated ”  or  “ regenerated. ”  The most contem-
porary nomenclature simply names the procedure by the injected solution [12] . 

  Similar to corticosteroid injections, prolotherapy injection is an unregulated 
procedure without certifi cation by any governing body. It is not formally taught in 
medical schools or medical residencies. It is however, taught to MD’s and other 
health care providers in semi-formal workshop and continuing medical education 
(CME) settings by several organizations including medical schools, for example, 
the annual CME course  “ The Anatomy, Diagnosis, and Treatment of Chronic 
Myofascial Pain with Prolotherapy ”  taught at the University of Wisconsin School 
of Medicine and Public Health ( http://www.cme.wisc.edu/conference.html ). It is 
not approved by the Centers for Medicare and Medicaid Services, formerly the 
Health Care Financing Administration. Prolotherapy is also not covered by most 
private health care plans; patients generally pay out-of-pocket. 

    CURRENT PROLOTHERAPY USE 

  Prolotherapy is a popular and growing therapy. Exact prevalence is unknown and 
diffi cult to estimate; there are no regulatory agencies or umbrella organizations 
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tracking prolotherapy. However, a survey of MD and DO members of two man-
ual medicine associations, the American Association of Orthopaedic Medicine 
(AAOM) and the American Osteopathic Sclerotherapy Society, about their use 
of prolotherapy reported that 95 providers had practiced prolotherapy on an esti-
mated 450,000 patients in the United States by 1991 [13] . This likely grossly 
undercounts the true prevalence of prolotherapy. In this sample, 69% of prolo-
therapy was done for low back pain, and 20% for cervical and thoracic spine 
pain. Twenty-six per cent of patients had prolotherapy at one or more peripheral 
joints. A focused Internet search on  “ prolotherapy ”  using the Google™ search 
engine identifi ed more than 500 sites listing prolotherapy services, training 
courses, video tapes, books, articles, brochures, references and personal state-
ments  [14] . Based on growing membership in organizations that support prolo-
therapy, and growing attendance in prolotherapy training courses, prolotherapy 
itself appears to be rapidly growing  [15] . 

   While medical practitioners have produced infl ammation in order to heal 
serious traumatic injury since antiquity, the modern use of prolotherapy can be 
traced to the 1930s  [16] . Injection protocols were formalized in the 1950s by 
George Hackett, a general surgeon in the United States, based on clinical expe-
rience over 30 years  [2] . Anecdotal reports indicate prolotherapy is used for 
spinal pain of several etiologies, osteoarthritis, a variety of tendinopathies and 
other indications; in all over 40 conditions have been identifi ed as appropri-
ate for treatment with prolotherapy by some authors, though the majority have 
not been subjected to serious assessment in clinical trials         [13, 17, 18] . While 
the rigorous assessment of the clinical and basic science of prolotherapy is in 
its infancy, a thorough review of the literature reveals: (1)  in vitro  and animal 
model evidence suggesting biological activity of prolotherapy and (2) consid-
erable clinical evidence of varying methodological strength supporting the safe 
use of prolotherapy for three major pathologies: low back pain, osteoarthritis 
and tendinopathy.  

     IN VITRO  AND ANIMAL MODEL EVIDENCE 

  Three solutions are commonly used in prolotherapy,  D -glucose (dextrose), 
phenol–glucose–glycerin (P2G) and   sodium morrhuate  [19] .  In vitro  and  in vivo
animal studies have analyzed some aspects of prolotherapy solutions. Increased 
glucose concentration ( D -glucose) causes an increase in cell protein synthesis, 
       [20, 21]  DNA synthesis,  [20]  and cell volume  [20] . The effects on cell prolif-
eration are confl icting; some studies report increased proliferation  [20]  and 
others report increased apoptosis  [21] . Phenol–glucose–glycerin is hypoth-
esized to be a stronger infl ammatory stimulator  [6] . Phenol has been used in 
animal models to study acute irritant dermatitis by creating an infl ammatory 
response [22] . However, it has also been shown to be toxic to human colonic 
epithelial cells [23] . In addition, phenol can temporarily block peripheral nerves 
in humans [24]  and damage the sciatic nerve in rats resulting in partial hind 
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limb paralysis [25] . Sodium morrhuate is an extract of cod liver oil and a scle-
rosing agent [26] . The hypothesis that prolotherapy causes a selective infl am-
matory response however, has not been well substantiated experimentally. A 
recent study compared the infl ammatory effect of prolotherapy in a rat model. 
All three commonly used proliferants were compared to “ do-nothing, ”  needle 
stick and saline injection controls, in healthy rat medial collateral ligaments 
(MCLs) and assessed using immunohistochemistry techniques for infl amma-
tory mediators [27] . While all prolotherapy groups showed increased infl am-
mation, prolotherapy solutions did not cause an overall infl ammatory response 
that was consistently different from that caused by saline and needle stick con-
trols. Four animal studies have investigated sodium morrhuate as a prolotherapy 
agent. These studies found an increase in ligament strength,        [3, 28]  mass, thick-
ness and a trend toward an increase in cell number, glycosaminoglycan content 
and water content  [4]  in ligaments injected with sodium morrhuate compared 
to saline       [3, 4]  or no injection  [28] . Sodium morrhuate injected into healthy rat 
patellar tendons was recently reported to decrease tendon length and increase 
in tendon strength compared to the contralateral control (no treatment) 4 weeks 
after injection [28] . A recent study assessed the effect of dextrose prolotherapy 
on the physical and mechanical properties of stretch-injured rat MCLs  [27] . Rat 
MCLs injected with dextrose were signifi cantly larger than those injected with 
saline control solution, those receiving needle stick only and uninjured liga-
ments. However, changes in biomechanical outcomes (laxity and strength) were 
not seen [29] . These  in vitro  and  in vivo  reports suggest that sodium morrhuate 
may produce a biological effect and that a direct effect of infl ammation may be 
less important than initially reported. 

    CLINICAL TRAIL EVIDENCE 

   Musculoskeletal pathology, including low back pain, osteoarthritis and tendi-
nopathy are signifi cant causes of pain and disability. They are age-related; 
given that the US population is aging, the importance of these conditions will 
increase with time. Prolotherapy has been assessed as a treatment for each of 
these conditions. Our group recently undertook a comprehensive systematic 
review of all prolotherapy clinical trial literature involving human subjects  [30]
(           Tables 2.1–2.4         ).  

    CASE REPORTS, CASE SERIES AND NON-RANDOMIZED 
STUDIES (       TABLES 2.1 AND 2.2 )

  The case report and case series provide the earliest and most clinically oriented 
evidence for prolotherapy. A review of 36 case reports and case series ( Table 
2.1 ) shows that 3928 patients from 12 to 88 years old with up to 65 years of 
pain were evaluated. Report quality varies widely; the internal methodological 
strength of case studies is consistent with methodology of their publication date. 
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TABLE 2.1        Description of Case Reports and Case Series  

   Study 
author, 
year

 Indication  Subjects  Methods/
Injectant

 Outcome 
measures

 Results 

   Gedney, 
1937  [91]  

 Knee OA a

pain, knee 
instability, 
LBPb , SI c

dysfunction

 1 F, age 68 years;1 
M, age 45 years 

 Neo-plasmoid *
and MacDonald’s 
Solution *
injection

 Subjective pain and 
mobility

 Improved mobility, decreased pain 

   Shuman, 
1941  [92]  

 Recurrent 
shoulder
dislocation

 1 F, age 23 years; 
3 M, ages 17, 18, 
24 years 

 AC joint capsule 
injections using 
one or more of the 
following: Sodium 
Linsoleate * , 
Alparene * , 
Sylnasol * , 
Neoplasmoid *

 Subjective pain, 
recurrence of 
dislocation

 No recurrence of dislocation, decreased 
pain

   Bahme, 
1945  [93]  

 SI dysfunction  30 F, 70 M; ages 
12–75 years; pain 
for 0.5–45 years 

 OM d  and 
SI ligament 
Sylnasol *
injections

 Subjective pain  50–100% pain relief 

   Gedney, 
1951  [94]  

 LBP  3 M, ages 19, 32, 
34; pain for 0.5–16 
years

 Sylnasol *
injections

 Work status, 
subjective pain 

 Ability to return to work, decreased pain 

continued
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   Study 
author, 
year

 Indication  Subjects  Methods/
Injectant

 Outcome 
measures

 Results 

   Gedney, 
1952  [95]  

 SI dysfunction, 
LBP

 1 F, age 23 years; 
1 M, age 30 years; 
pain for 1 year 

 SI ligament 
Sylnasol *
injections

 Subjective pain  Resolution of pain 

   Hackett, 
1953  [96]  

 SI dysfunction, 
LBP

 9 M, 8 F; ages 
15–52 years; pain 
for 4 months–20  
years

 Sylnasol *
injections

 Subjective pain  Resolution of pain through 2-year follow-
up. Occasional exacerbation resolved 
with re-treatment 

   Hackett, 
1953  [96]  

 SI dysfunction  119 M, 134 F; ages 
15–70; pain for up 
to 30 years 

 Not given  Subjective pain  Pain-free for 2–14 years (long-term 
follow-up questionnaire) 

   Shuman, 
1954  [97]  

 LBP, knee 
pain, shoulder 
separation,
other joint 
pain

 93 adults  Not given  Return to work  95% (88) able to return to work, 5% (5) 
unable to return to work 

   Hackett, 
1954  [98]  

 SI dysfunction  3 F, ages 40, 56 
and 58 years 

 Not given  Subjective pain  Resolution of pain 

   Neff, 
1960  [99]  

 LBP, SI 
dysfunction

 3 adults  Sylnasol *
injections

 Subjective pain  Resolution of pain 
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continued

   Study 
author, 
year

 Indication  Subjects  Methods/
Injectant

 Outcome 
measures

 Results 

   Myers, 
1961  [100]  

 LBP  267 adults  Sylnasol/
pontocaine *
solution or Zinc/
phenol *  solution 
injections

 Subjective pain  Resolution of pain in 82% of subjects 

   Hackett
et al ., 
1962  [101]  

 SI dysfunction, 
other joint 
pain

 1857 subjects 
(1516: SI 
dysfunction, 284: 
other indications); 
ages 15–88 years; 
pain/disability
for 3 months–65 
years

 Sylnasol *  or P2G e

injections
 Subjective pain   “ Satisfactory cure ”  in 82% (1489) subjects 

for up to 19 years 

   Hackett 
et al ., 
1962  [101]  

 Head–neck 
strain

 82 subjects  P2G injections  Subjective pain   “ Good to excellent ”  results in 
74 subjects 

   Kayfetz  et al .,
1963  [102]  

 Traumatic 
(whiplash) or 
non-traumatic
(tension)
headache

 102 M, 162 F 
subjects (206 
traumatic, 58 
non-traumatic
headache); pain 
(average) for 4 
years

 Sylnasol * , zinc 
sulfate *  or P2G 5

injected during 
1–20 sessions 

 4-point pain scale: 
from excellent (no 
pain or symptoms) 
to poor (no relief of 
pain or symptoms) 

 Pain improvement during 6 months–
5 years follow-up: excellent: 145; good: 
43; fair: 41; poor: 33; Lost to follow-up: 2 
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   Study 
author, 
year

 Indication  Subjects  Methods/
Injectant

 Outcome 
measures

 Results 

   Kayfetz, 
1963  [103]  

 Occipito-
cervical injury 
(whiplash)

 87 M, 102 F; ages 
10–61 years; pain 
for � 1 month in 
78%, pain for � 1 
year in 21% of 
subjects

 Sodium psylliate * , 
tetradecyl
sulfate * , zinc 
sulfate *  injected 
in 1–20 sessions 
over 1–6 months 

 4-item pain scale: 
from excellent (no 
pain or symptoms) 
to poor (no relief of 
pain or symptoms) 

 Pain improvement: excellent: 113; good: 
15; fair: 34; poor: 27 

   Peterson, 
1963  [104]  

 LBP  136 adults  P2G injections  Pain improvement 
(percentage of 
improvement)

 Pain improvement: excellent ( � 75%): 
106; good (50–75%): 114; fair (25–50%): 5; 
poor ( � 25%): 11 

   Barbor, 
1964  [105]  

 LBP  153 adults; pain 
for 6 months–20 
years

 P2G injections  Subjective pain relief  Pain relieved to subject’s satisfaction: 
111; Pain relief failure: 17; Lost to follow-
up: 25 

   Blumenthal, 
1974  [106]  

 Headache  3 adults  P2G injections  Subjective pain  Resolution of pain 

   Leedy  et al ., 
1976  [107]  

 LBP  50 adults; ages 
25–72 years; pain 
for 1 month to 
over 10 years 

 Not given  Subjective pain
 at 5-year 
follow-up

 Pain resolution with:
0 exacerbation: 26
1 exacerbation: 18
2 exacerbations: 5
      �     2 exacerbations: 1 
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   Leedy, 
1977  [108]  

 Shoulder 
pain, LBP, 
costochondritis,
epicondylitis

 4 M, 4 F  Farnsworth 
Formula 61 *  
injections

 Subjective pain  Symptom resolution 

   Leedy, 
1982  [109]  

 SI dysfunction  4 M, 18–55 years; 
1F, 82 years 

 Not given  Subjective pain  Symptom relief 

   Bourdeau, 
1988  [110]  

 LBP  11M, 13 F; ages 
19–82 years; pain 
for 2 months–30 
years

 12.5% Dextrose 
injections in 
3–10 treatment 
sessions

 4-point pain 
scale at 5-year 
follow-up

 Excellent (little or no pain for 5 years): 
7; Very good (little or no pain for 2–5 
years): 10;  Good (little or no pain for 1 
year): 2; Poor (pain control for less than 
6 months): 5 

   Ongley  et al ., 
1988  [111]  

 Knee pain, 
knee laxity 

 4 subjects  30–40       cc P2G 
 “ peppered ”  into 
PCL, ACL, LCL, 
MCLg  insertions 

 Laxity measured with 
 “ Genucom ”  knee 
analysis system; 
subjective pain and 
function

 Improvement for 90° A–P h  draw, 90° 
A–P draw with internal rotation, 30° A–P 
draw and 80° internal–external rotation 
(p        �       0.05); 
Complete pain resolution: 2
Partial pain improvement: 2
Function improvement: 4 

   LaCourse 
et al ., 1990 
 [112]

 LBP  8 adults  P2G injections; 
subjects also 
received lidocaine 
and steroid 
injection, and 
exercise advice 

 Pelvic inclination 
as measured by 
inclinometer

 Decreased pelvic inclination 

   Dorman 
et al ., 1991 
 [113]

 Low-back, 
mid-back and 
neck pain 

 40 F, 40 M adults  P2G injections; 
subjects also 
received lidocaine 
and steroid 
injection, and 
exercise advice 

 Pain severity, 
functional capacity, 
sleep

 Decreased pain severity, improved 
functional status and sleep 

continued
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   Study 
author, 
year

 Indication  Subjects  Methods/
Injectant

 Outcome 
measures

 Results 

   Schwartz 
et al ., 1991 
 [114]

 SI dysfunction  43 adults; ages 
20–70 years 

 Three injections 
with SM f each 2 
weeks apart 

 Pain relief scale at 
2-week follow-up 

 Pain relief: 95%: 20; 75%: 11; 66%: 4; 33%: 
1; 0%: 3 

   Hirschberg 
et al ., 1992 
 [115]

 Iliocostal 
friction
syndrome

 6 M, 6 F; ages 
38–82 years 

 12.5–25% Dextrose 
injections and use 
of rib compression 
belt and Hoek 
corset

 Subjective pain  Resolution of pain 

   Reeves  et al ., 
1994  [116]  

 Fibromyalgia  31 adults; pain 
(average) for 7–8 
years

 12.5% Dextrose 
injected at 16 
fi bromyalgia sites 
an average of 3.5 
times

 Average pain 
(0–10 Likert scale); 
subjective functional 
status

 Average pain improvement of 16%; 
Improved functional status 

   Dorman 
et al ., 1995 
 [117]

 LBP  9 adults  Proliferant and 
protocol not given 

 Oxygen consumption 
effi ciency while 
walking

 Improved oxygen consumption 
effi ciency while walking 

   Mathews, 
1995  [118]  

 SI dysfunction  16 subjects  3 series of P2G 
injections

 5-item pain scale  At 4-month follow-up: no pain: 11; slight 
pain: 1; much better: 1; slightly better: 1; 
no better: 1; Lost to follow-up: 1 

   Reeves  et al ., 
1997  [119]  

 Recurrent knee 
dislocation

 1 F, age 72 years  5% Dextrose 
injections

 Subjective pain; 
dislocation

 Decreased pain
Joint relocation 
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   Study 
author, 
year

 Indication  Subjects  Methods/
Injectant

 Outcome 
measures

 Results 

   Reeves  et al ., 
2003  [120]  

 Knee pain, 
fl exion and 
laxity

 16 adults  10% and 25% 
Dextrose
injections

 Pain scale; knee 
laxity

 At 3-year follow-up: pain at rest, 
stair and walk decreased by 35–45%; 
subjective swelling ( p        �       0.05) and ROM 
(p        �       0.01) improved, ligament laxity 
decreased by 71% ( p        �       0.01). 

   Hooper  et al ., 
2004  [121]  

 Cervical, 
thoracic and 
lumbar pain 

 126 F, 51 M 
subjects; average 
age 39.5 years; 
pain for 3 months–
27 years (average: 
4.8 years) 

 20% Dextrose 
injections; weekly 
set of injections 
for three sessions 
with repeated set 
of three sessions 
if pain control 
incomplete

 Subjective pain, 
function and ability 
to work on three 5-
item scales 

 At mean 9-month follow-up: Pain 
reduction: 91% of subjects; Function 
improvement: 84.8% of subjects; 
Improved ability to work (for those 
working outside the home): 84% of 
subjects

   Hooper
et al .  [122]  

 Cervical pain  1 M subject; 
neck pain (MVA-
related) for 
2 years 

 Intra-articular 
20% Dextrose 
injected under 
fl ouroscoopic 
guidance at 
zygapophysial
joints
C2–C6

 Neck disability index 
score (NDI) 

 NDI score decreased from 24/50 pre-
injection to 9/50 at 1 year, and 2/50 at 
3 years. 

   Topol  et al ., 
2005  [65]  

 Groin pain 
(osteitis
pubis and/or 
adductor
tendinopathy)

 24 M rugby and 
soccer players 
pain (average) for 
15.5 months 

 12.5% Dextrose 
injected at the 
pubis symphysis 
and ischiopubic 
ramus at 4-week 
intervals for 2–6 
injection sessions 
(mean 2.8) 

 VAS i, Nirschl Pain 
Phase Scale 

 Improvement in both outcome measures 
(p        �       0.05); 22/24 subjects plying at full 
capacity at follow-up (6–32 months) 

Continued
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   Study 
author, 
year

 Indication  Subjects  Methods/
Injectant

 Outcome 
measures

 Results 

   Maxwell
et al ., 2007 
 [12]

 Achilles 
tendinopathy
(insertional
and
midportion)

 11F, 25M adults; 
ages 23–82 years 
(mean: 52.6 
years); pain for 
3–120 months 
(average: 28.6 
months)

 25% Dextrose 
injected into 
anechoic and 
hypoechoic areas 
of the tendon 
every 6 weeks 
for mean of 4 
sessions (2–11) 

 100       mm VAS for 
pain at rest, with 
activity and during 
sport; tendon 
thickness; degree 
of neovascularity, 
hypoechogenicity

 Sustained at 12-month follow-up: VAS 
pain at rest: 81% improvement; VAS pain 
with activity: 84% improvement; VAS 
pain during sport: 78% improvement; 
Decrease in tendon thickness, 
hypoechogenicity and neovascularity. 

a  OA, osteoarthritis.  
b  LBP, low back pain.  
c  SI, sacro-iliac. 
d  OM, osteopathic manipulation. 
e  P2G, phenol–glucose–glycerine.  
f  SM, sodium morrhuate. 
g  PCL, posterior cruciate ligament; ACL, anterior cruciate ligament; MCL, medial collateral ligament; LCL, lateral collateral ligament.  
h  A–P, anterior–posterior.  
i  VAS, visual analog scale.  
  *  No longer used for prolotherapy or no longer available. 
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TABLE 2.2        Description of Controlled, Non-randomized Prolotherapy Studies  

   Study 
author/year

 Indication  Subjects  Methods/Injectant  Outcome measures  Results 

   Naeim  et al ., 1982 
 [36]

 SI a  dysfunction  3 M, 13 F; ages 
19–80 years 

 Control: 9 subjects treated 
with lidocaine injections-
Intervention: 7 subjects 
treated with lidocaine and 
dextrose injections 

 2-item scale:  “ good ”  subjective 
improvement, able to conduct 
daily activities, without pain, no 
pain medication needed, and 
negative clinical signs;  “ poor ”  
results
if the above not met 

 Lidocaine alone: 
good: 4/9 (44%), 
poor: 5/9 (56%); 
Lidocaine and 
dextrose: good: 
6/7 (86%), poor: 1/7 
(14%)

   Yelland  et al ., 2000 
 [31]

 LBP b   20 M, 13 F; ages 
37–63 years; 
pain for 36–120 
months

 Control: 13 subjects treated 
with conservative LBP 
modalities. Intervention: 
20 subjects treated with 
dextrose injections 

 VAS c  on pain intensity; Pain 
Diagram Disability Score; 
General Quality of Life score; 
percentage reaching 50% 
improvement in pain 

 Improvement 
in: VAS leg pain 
(p        �       0.05), pain 
diagram ( p        �       0.05), 
LBP ( p        �       0.07) 
and disability 
scores ( p        �       0.08) 
compared to 
controls

a  SI, sacro-iliac. 
b  LBP, low back pain.  
c  VAS, visual analog scale.  



TABLE 2.3        Methods of Randomized Controlled Trials  

   Feature  Scarpone  et al ., 2007 
 [8]  ( n        �       24) 

 Yelland  et al ., 2004 
 [40]  ( n        �       110) 

 Reeves  et al ., 
2000  [10] 
(n        �       68) 

 Reeves 
2000  [81]
 ( n        �       27) 

 Dechow  et al ., 
1999  [39] 
(n        �       74) 

 Klein  et al ., 
1993  [38] 
(n      �      79) 

 Ongley  et al ., 1987   [37]  
(n      �      81) 

   Subjects  13 F, 11 M with  “ tennis 
elbow; ”  average 
age 45.7 years 
(19–62 years); pain for 
(average) 1.9 years 

 63 M, 47 F with LBP a ; 
average age 50 years; 
pain for (average) 14 
years

 39 M, 29 F with 
knee OA b

pain; average 
age 63 years; 
pain for 
minimum of 6 
months

 11 M, 16 F with 
fi nger OA pain; 
average age 64 
years; pain for 
(average) 4–5 
years

 36 M, 38 F 
with LBP; 
average age 46 
years; pain for 
(average) �  10 
years

 47 M, 32 F 
with LBP; 
average age 
44 years; pain 
for (average) 
11 years 

 38 M, 43 F with LBP; average 
age 44 years; pain for (average) 
10 years 

   Intervention  Injections at 0, 4 
and 8 weeks to 
supracondylar ridge, 
lateral epicondyle and 
annular ligament 

 On average, 7 bi-
weekly injection 
series to lumbosacral 
ligaments; 10–30       mL 
per series 

 Single 9       mL 
intra-articular
injection to 
affected knee 
at 0, 2 and 4 
months

 Average 6 
periarticular
injections to 
DIP, PIP and/or 
CMC joints at 0, 
2 and 4 months 

 Up to 3 weekly 
injection series; 
up to 10       mL 
per series to 
lumbosacral
ligaments

 6 weekly 
injection
series; up 
to 30       mL per 
series to 
lumbosacral
ligaments

 6 weekly injection series; up to 
20       mL per series to lumbosacral 
ligaments

   Proliferant  10.7% Dextrose 
and 14.7% sodium 
morrhuate by volume 

 20% Dextrose and 
0.2% lidocaine 

 10% Dextrose 
and 0.075% 
lidocaine in 
bacteriostatic
H2 O 

 10% Dextrose 
and 0.075% 
lidocaine in 
bacteriostatic
H2 O 

 P2G c  P2G c  P2G c

   Placebo  Saline  Saline  H 2 O/Lidocaine  H 2 O/Lidocaine  Saline/Lidocaine  Saline/
Lidocaine

 Saline/Lidocaine 

   Ancillary 
treatment

 None Subjects stratifi ed 
in 2       �       2 fashion to 
receive dextrose or 
saline injections 

 Injections at 6, 8 
and 10 months; 
unblinded
follow-up

Injections at 6, 
8, 10, and 12 
months, and as 
needed;

 None Initial spinal 
manipulation
for all 
subjects,

Intervention group: initially 
60       mL lidocaine injection and 
forceful spinal manipulation, 
followed by triamcinolone/
lidocaine injection. Control



 with either fl exion/
extension exercises 
or normal activity; 
all subjects received 
daily oral vitamin C, 
zinc and manganese 
supplements

  unblinded 
follow-up

 followed 
by steroid 
injection at 
tender points; 
all subjects 
advised to do 
back exercises 

  group: initially 10       mL lidocaine 
injection, followed by non-
forceful spinal manipulation; 
both groups encouraged to do 
routine activity and 150 fl exion 
exercises daily 

   Follow-up  8, 16, 52 weeks  2.5, 4, 6, 12, 24 
months

 6, 12 months  6, 12 months  1, 3, 6 months  6 months  1, 3, 6 months 

   Outcomes  VAS d  overall elbow 
pain; Eccentric 
Strength, Jamar Grip 
Strength; continuity 
of improvement at 52 
weeks

 Percentage of 
subjects achieving 
50% pain or disability 
reduction; prior 
week pain VAS d ; 
medication use; pain 
diagram; physical and 
mental health 

 Multiple VAS d

assessments
for knee pain, 
swelling,
stability;
leg buckling 
frequency;
knee laxity 
arthrometry;
joint space 
X-ray

 Pain scores 
at rest, with 
movement, grip 
and fl exion; 
average pain 
score; ROM e

goniometry;
joint space 
X-ray

 Percentage 
of subjects 
achieving 50% 
pain reduction; 
McGill Pain 
Questionnaire;
pain drawing 
grid; Somatic 
Perception
Questionnaire;
Depression
Scale; Owestry 
Disability
Scale; objective 
assessment of 
ROMe

 Percentage 
of subjects 
achieving
50% pain 
reduction;
VAS d  pain 
intensity;
Roland-Morris
Disability
Scale; pain 
grid; ROM e

by Triaxial 
dynamometer

 Percentage of subjects 
achieving 50% pain reduction; 
VAS d  pain intensity; Roland-
Morris Disability Scale; clinical 
signs (ROM e , tenderness) 

a LBP, low back pain.
b OA, osteoarthritis (by X-ray and clinical criteria).
c P2G, phenol–glucose–glycerine.
d VAS, visual analog scale.
e ROM, range of motion, 



TABLE 2.4        Results of Randomized Controlled Trials  

   Study  Scarpone  et al ., 
2007  [8]  

 Yelland, 2004   
 [40] 

 Reeves and 
Hassanein, 2000  [10]  
(Knee)

 Reeves and 
Hassanein, 2000 
 [10]  (Finger) 

 Dechow  et al ., 
1999  [39]  

 Klein  et al ., 1993  [38]   Ongley  et al ., 1987 
 [37]

   Jadad score 

(x /5) 

 5  5  4  5  5  5  4 

   Delphi 

score ( x /9) 

 8  9  7  9  8  7  7 

   Findings  Statistically and 

clinically signifi cant 

improvements on 

pain ( p        �       0.001) and 

isometric strength 

(p        �       0.01) testing 

compared to control 

injections, and grip 

strength compared 

to baseline 

 No signifi cant 

improvement

in primary or 

secondary

outcome scores 

compared to 

controls. In all 4 

groups, 36–46% 

of subjects 

achieved 50%

 Reported improved 

pain, swelling, buckling 

and knee fl exion 

compared to controls 

(p        �       0.05). Improved 

(increased) lateral 

patellofemoral cartilage 

thickness ( p        �       0.05) 

compared to controls. 

Signifi cant 6- and  

 Improvement 

in pain with 

fi nger movement 

compared to 

controls ( p        �       0.05). 

Improved fl exion 

range compared to 

controls ( p        �       0.01). 

Non-signifi cant 

(p        �       0.096)  

 No signifi cant 

improvement

between groups 

in primary or 

secondary

outcome

scores. Small 

trends toward 

improvement in 

both control 

 77% of intervention 

subjects achieved 

� 50% pain reduction 

vs. 53% in control 

group ( p        �       0.05). 

Intervention subjects 

improved in pain grid 

scores ( p        �       0.05) and 

showed a trend toward 

improvement

 88% of intervention 

subjects achieved 

� 50% pain reduction 

vs. 39% in control 

group ( p        �       0.05). 

Intervention subjects 

improved their mean 

pain ( p        �       0.001) and 

disability ( p        �       0.001) 

scores. No signifi cant 



(p        �       0.01). Clinical 

improvement

maintained at 52 

weeks. Control 

subjects did not 

improved at 52 

weeks.

pain reduction 

and 34–42% 

achieved 50% 

disability

reduction.

12-month improvement 

in all assessments 

for knee pain, 

swelling and buckling 

compared to baseline. 

Decreased laxity 

(p        �       0.05), increased 

fl exion ( p        �       0.01) in 

uncontrolled follow-up 

compared to baseline.

improvement

in multiple pain 

scores compared 

to controls. 

Improved joint 

space narrowing 

compared to 

controls at 1 year 

(p        �       0.01).

and intervention 

groups on McGill, 

pain drawing, 

somatic and ROM b   

scores. No change 

in depression or 

disability scores.

in pain ( p        �       0.056) 

and disability 

(p        �       0.068) scores. Both 

intervention and control 

subjects improved 

compared to baseline 

on VAS a  , pain grid 

and disability scores 

(p        �       0.001).

difference between 

intervention and 

control groups in 

clinical signs.

   Limitations  Small size, lack of 

consistent long-term 

follow-up

 Lack of non-

injection control 

group

 Lack of non-injection 

control group; diffi cult 

to interpret the results 

of comparison between 

the groups 

 Lack of non-

injection control 

group

 Lack of non-

injection control 

group; data 

presented

graphically, no 

numerical data 

for any outcomes; 

unclear blinding 

of allocation and 

prolotherapist

 Lack of non-injection 

control group; 

experimental group 

had statistically worse 

baseline pain 

 Lack of non-injection 

control group; 

different ancillary 

interventions for 

intervention and 

control groups 

making these groups 

non-comparable

a  VAS, visual analog scale.
b  ROM, range of motion.
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The older case studies report materials and methods that have changed over time; 
solutions such as sylnasol and zinc sulfate are no longer used, while contempo-
rary solutions are seen starting with P2G in the 1960s, dextrose in the 1980s and 
sodium morrhuate in the early 1990s. The case reports and case series highlight 
the fact that prolotherapy has over time been used and studied for a growing set 
of clinical indications. Case series have also been used as pilot studies to develop 
new assessment techniques that attempt to elucidate pathophysiology of the con-
dition in question [12]  and test methods for later use in more robust randomized 
studies  [31] . The focus on  “ real-life ”  trial methods has been termed  “ pragmatic ”  
 [32] . Studies using pragmatic methods have the advantage of assessing effec-
tiveness under conditions that patients encounter, thereby avoiding confounders 
associated with highly standardized trial settings. The case studies report consist-
ently positive patient outcomes and the general satisfaction of physicians using 
prolotherapy for patients with often long-standing, debilitating pain. Pragmatic 
aspects of these studies include the ability of the prolotherapist to select the 
patient and individually tailor the injection protocol. More focused controlled 
studies have been termed  “ fastidious ”  and allow for improved hypothesis testing 
through the use of randomization, control groups and subject and investigator 
blinding. Seven RCTs have been conducted to date assessing prolotherapy for 
low back pain, osteoarthritis and tendinopathy. Evidence from the RCTs is the 
basis on which clinical recommendations in this chapter are made. 

    CASE SERIES AND NON-RANDOMIZED PROLOTHERAPY 
STUDIES FOR LOW BACK PAIN 

   Approximately 80% of Americans experience low back pain during their life-
time. An estimated 15–20% develop protracted pain, and approximately 2–8% 
have chronic pain. Every year, 3–4% of the population is temporarily disabled, 
and 1% of the working-age population is disabled totally and permanently 
because of low back pain. Low back pain is second only to the common cold 
as a cause of lost work time; it is the fi fth most frequent cause for hospital-
ization and the third most common reason to undergo a surgical procedure. 
Productivity losses from chronic low back pain approach $28 billion annually 
in the United States [33] . Medication in the form of analgesics, antidepressants 
and non-steroidal anti-infl ammatory drugs (NSAIDS) are likely to be ben-
efi cial. Exercise, intensive multidisciplinary treatment programs, acupuncture, 
back schools behavioral therapy and spinal manipulation are all benefi cial or 
likely to be benefi cial. Local injections are of unknown effectiveness  [34] . 

  Most of the case reports and case series involving prolotherapy concern low 
back pain or sacro-iliac dysfunction (2691/3741, 72%). Collectively, these stud-
ies describe subjective positive outcomes with minimum adverse effects. The 
most dramatic study is the career-long 21-year series by Hackett who reported 
an overall 82%  “ cure ”  rate for a variety of indications in 1857 patients  [35] . 
Two non-randomized, controlled low back pain   studies compared the treatment 
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effects of prolotherapy with dextrose and lidocaine to either lidocaine alone 
 [36]  or conservative low back pain modalities  [31]  ( Table 2.2 ). Naim et al .  [36]  
reported a higher positive response rate in the treatment arm compared to con-
trols, though the differences were not reported as signifi cant. Yelland  et al .  [31]  
comparing subjects receiving prolotherapy to those receiving conservative low 
back pain therapy, reported signifi cant improvement in leg pain score and pain 
diagram scores; disability and back pain scores trended toward signifi cance. 

    CLINICAL TRIALS ASSESSING PROLOTHERAPY FOR 
LOW BACK PAIN (       TABLES 2.3 AND 2.4 )

   Most existing RCTs for prolotherapy also concern low back pain. Four trials 
report on prolotherapy for musculoskeletal low back pain three used P2G as 
the injectant         [37–39]  and the fourth used Dextrose  [40] . Each used a protocol 
involving injections to the ligamentous insertions of the L4-S1 spinous proc-
esses, sacrum and ilium. While outcome measures varied, a common measure 
was the number of participants showing a  � 50% improvement in pain/disabil-
ity scores at 6 months. 

   Two studies reported positive fi ndings compared to control injections. 
Ongley  et al .  [37]  and Klein  et al .  [38]  compared the treatment effects of 
prolotherapy in conjunction with injected steroids, spinal manipulation and 
exercise. In the Ongley study  [37]  88% of subjects in the experimental group 
reported 50% pain reduction compared to 39% in the control group ( p       �      0.03). 
Signifi cant ( p       �      0.001) improvement of experimental compared to con-
trol subjects was reported for low back pain, disability and pain grid scores. 
Klein et al .  [38]  compared two groups with more similar treatment protocols. 
Signifi cant differences were reported between groups; 77% of experimental 
subjects improved 50% or more on pain score or disability, compared to 53% 
in the control group ( p       �      0.04). Pain grid scores were also signifi cantly better 
in the experimental group ( p       �      0.03), although pain ( p       �      0.06) and disability 
(p       �      0.07) scores individually trended toward signifi cance compared to the 
control group. Both groups utilized steroid injections and spinal manipulation 
prior to prolotherapy. In the Ongley study, the intervention and control groups 
varied markedly on the make-up of initial injections and type of spinal manip-
ulation associated with the injections. 

   Dechow  et al .  [39]  and Yelland  et al .  [40]  reported negative outcomes com-
pared to control injections. Dechow  et al .  [39]  refi ned protocol complexity in 
their study. All subjects underwent three injection sets without spinal manipu-
lation or physical therapy. While both groups improved on a pain question-
naire, pain grid and somatic perception score, these were not signifi cantly 
different within or between groups; improvement by 6 months for both groups 
was smaller than that of the other RCTs. 

  The largest and most methodologically rigorous prolotherapy study to date is 
by Yelland  et al .  [40] . One hundred and ten subjects with an average of 14 years 
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of low back pain were randomized to one of four intervention regimens: dextrose 
and physical therapy, dextrose and  “ normal activity, ”  saline injections and physi-
cal therapy, and saline injections with  “ normal activity. ”  The investigators used a 
non-standard injection protocol that has generated editorial controversy        [41, 42] .
By 12 months, subjects in all groups had improved pain scores (26–44%) and 
disability scores (30–44%); there was no signifi cant difference between groups. 
Fifty-fi ve percent of subjects reported that their improvement had been worth the 
effort of the trial for both pain and disability. The percentage of subjects who 
reached 50% pain reduction varied between 36% and 46% in each of the four 
groups, though again the differences between groups were not signifi cant. 

   Because the active and control groups receive very different treatment pro-
tocols, it is impossible to attribute effects to prolotherapy or any specifi c inter-
vention. However, all four low back pain RCTs report improvements for pain 
and disability in all treatment groups. In particular, Yelland  et al .  [40]  reported 
clinical improvement in excess of minimal clinical important difference,          [43–
45]  and in excess of subjects ’  own perception of the minimum improvement 
necessary for prolotherapy to be worthwhile (25% for pain and 35% for dis-
ability)       [31, 40].   

    CLINICAL TRIALS ASSESSING PROLOTHERAPY FOR 
TENDINOPATHIES 

  The strongest data that prolotherapy is an effective treatment for any muscu-
loskeletal condition compared to control injections is for chronic painful over-
use tendon disease. These conditions were formerly called “ tendonitis ”  and 
are now more correctly termed  “ tendinosis ”  or  “ tendinopathy. ”  Patients with a 
variety of tendinopathies commonly present to family practitioners and various 
medical specialists       [46, 47]   . They are discussed as a group because the current 
understanding of over-use tendinopathies identifi es them as sharing underlying 
non-infl ammatory pathology, that of repetitive motion/overuse injury and result-
ing painful degenerative tissue. Light microscopy of biopsies in patients under-
going surgery for tendon pain reveals collagen separation  [48]  and thin, frayed 
and fragile tendon fi brils, separated from each other lengthwise and disrupted 
in cross section. There is an apparent increase in tenocytes with myofi broblas-
tic differentiation (tendon repair cells) with increased proteoglycan ground sub-
stance and neovascularization. Classic infl ammatory cells are usually absent 
 [48] . This aspect of tendinosis was fi rst described 25 years ago,  [49] ; experts 
have advocated a change in nomenclature  [50]  but the misnomer continues  [51] . 

  Prolotherapy has been assessed as a treatment for three tendon disorders: lat-
eral epicondylosis (LE) ( “ tennis elbow ” ), hip adductor and Achilles tendinopa-
thies (         Tables 2.1, 2.3 and 2.4 ). LE ( “ tennis elbow ” ) is an important condition of 
the upper extremity with an incidence of 4–7/1000 patients per year in primary 
care settings         [52–54] . Its greatest impact is on workers with repetitive and high 
load upper extremity tasks and on athletes. The most common cause of LE may 
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be low-load, high-repetition activities such as keyboarding, though formal data 
is lacking [55] . Cost and time away from job or activity are signifi cant        [56, 57] . 
While many non-surgical therapies have been tested for LE refractory to con-
servative measures, none have shown to be uniformly effective in the long term 
         [58–60] . Scarpone  et al . conducted an RCT to determine whether prolotherapy 
improves elbow pain, grip strength and extension strength in patients with LE. 
Twenty adults with at least 6 months of LE refractory to rest, NSAIDS and cor-
ticosteroid injections were randomized to prolotherapy with dextrose and sodium 
morrhuate or 0.9% saline. Three injections were made at the supracondylar ridge, 
lateral epicondyl and annular ligament. Pain scores were improved at 8 weeks 
compared to controls and dramatically improved by 16 weeks ( p       �      0.001). 
Prolotherapy subjects also reported improvement extension strength compared to 
controls ( p       �      0.01) and grip strength compared to baseline ( p       �      0.05). Clinical 
improvement in prolotherapy subjects was maintained at 52 weeks. 

   Chronic Achilles tendinopathy is a common overuse injury that is seen not 
only in athletes but also in the general population. This condition is painful 
and a cause of considerable distress and disability [61] . Maxwell  et al . con-
ducted a well-designed case series to assess whether intratendinous 25% dex-
trose injected in hypoechoic regions of the Achilles tendon under ultrasound 
guidance at intervals of 6 weeks would decrease pain. Interestingly, they also 
assessed the thickness of the tendon and the degree of hypoechogenicity and 
neovascularity, ultrasound fi ndings recently reported to be associated with 
tendinopathy        [62, 63] . They reported that pain decreased by 88%, 84% and 
78% on visual analog scales during rest, activity or sport respectively. Tendon 
thickness decreased signifi cantly; the overall grade of tendon pathology, hyp-
oechoic and anechoic regions tendons and neovascularity were all improved in 
some subjects but not in others. Therefore the relationship between these char-
acteristics, prolotherapy and clinical improvement remains unclear. 

   Groin pain is a common problem among those who engage in kicking 
sports [64] . Topol  et al . conducted a case series assessing prolotherapy for 
chronic groin pain, a condition involving pain and tenderness at both tendon 
and ligament insertions  [65] . Male athletes with an average of 15.5 months of 
groin pain were injected with 12.5% dextrose at the thigh adductor origins, 
supra-pubic abdominal insertions and symphysis pubis at 4-week intervals 
until pain resolved or subjects had no improvement for two consecutive ses-
sions. Subjects reported dramatic improvements on a VAS Pain Scale and on 
the Nirschl Pain Phase Scale; 20 of 24 subjects had no pain and 22 of 24 were 
unrestricted with sports after therapy.  

    CLINICAL TRIALS ASSESSING PROLOTHERAPY FOR 
OSTEOARTHRITIS 

   Prolotherapy has been assessed as a treatment for knee and fi nger osteoarthritis 
(       Tables 2.3 and 2.4 )  [66]  and is the subject of ongoing NIH assessment  [67] . 
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Arthritis is a leading cause of disability in the world and in the United States 
where it affects 43 million persons          [68–70] . Osteoarthritis   is the most com-
mon form of arthritis, and the most common joint disorder  [71] . In the United 
States, knee osteoarthritis is present and symptomatic in up to 6% of the popu-
lation over 30,  [71]  and has an incidence of 360,000 new, symptomatic cases 
per year  [72] . Incidence increases up to 10-fold from ages 30 to 65 and more 
thereafter [73] . Osteoarthritis results in a high burden of disease and eco-
nomic impact through high prevalence, time off work and frequent utilization 
of health care resources       [68, 74] . Osteoarthritis is also associated with signifi -
cant disability, the main source of which is pain in performance of activities of 
daily living          [38, 75, 76] . The disability impact of knee osteoarthritis is similar 
to that of cardiovascular disease and has an impact that may equal that of any 
other medical condition in the elderly [77] . 

  Allopathic and complementary and alternative medicine (CAM) treatment 
recommendations aimed at correcting modifi able risk factors, symptom con-
trol and disease modifi cation have been published        [78, 79] . Non-pharmacologic 
measures include patient education and social support, weight loss, physical and 
occupational therapy, aerobic exercise and a variety of assist and brace devices. 
Pharmacologic management includes acetaminophen, NSAIDS, cyclooxygenase 
2-specifi c inhibitors, steroid injections, tramadol, opioids, topical capsacin and 
methysalicylate. While they may help some patients, none have proven to pro-
vide defi nitive pain or disease modifi cation for patients with knee osteoarthritis. 
The Agency for Research Health and Quality (AHRC) has recently evaluated 
glucosamine, chondroitin viscosupplementation and arthroscopic debridement 
 [80] . These too have not shown to be effective compared to placebo. The high 
burden of knee osteoarthritis and the absence of cure continue to stimulate 
intense search for new agents to modify disease and control symptoms. 

  Reeves  et al . have assessed prolotherapy as a treatment for knee and fi nger 
osteoarthritis       [10, 81] . Subjects with fi nger or knee pain and radiological evidence 
of osteoarthritis underwent three sessions of prolotherapy with 10% dextrose and 
lidocaine, or lidocaine and bacteriostatic water. In the fi nger osteoarthritis trial, 
intervention subjects improved in  “ pain with movement ”  ( p        �       0.027) and  “ fl ex-
ion range ”  ( p       �      0.003) compared to controls, while pain at rest and with grip 
showed non-signifi cant improvement. In the knee osteoarthritis trial, subjects in 
both groups reported signifi cant improvement in multiple pain scores, swelling, 
number of buckling episodes and fl exion range of motion compared to baseline. 

   Both osteoarthritis studies had 6-month open-label follow-up. Surprising 
and potentially important 12-month fi ndings on plain X-ray included decreased 
joint space narrowing and improved osteophyte grade in the fi nger study, and 
increased patellofemoral cartilage thickness in the knee study. Whether or 
not subjects had concomitant meniscal pathology in the knee study was not 
reported or included in entry criteria. Furthermore, the ability of plain X-ray to 
quantify patellofemoral cartilage thickness is questionable, limiting the impact 
of the authors ’  conclusions.  
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    ADVERSE EFFECTS OF PROLOTHERAPY 

   Injection of ligaments and joints with irritant solutions raises safety concerns, 
especially when performed for perispinal or rib indications. Historically, a 
small number of signifi cant complications have been reported in perispinal 
prolotherapy for back or neck pain using very concentrated prolotherapy solu-
tions, including fi ve cases of neurologic impairment from spinal cord irritation 
         [82–84]  and one death in 1959 following prolotherapy with zinc sulfate for 
low back pain  [82] . Neither zinc sulfate nor concentrated prolotherapy solu-
tions are currently in general use. In a retrospective survey of 95 doctors using 
prolotherapy, there were 29 reports of pneumothoraces after prolotherapy for 
back and neck pain, two of which required hospitalization for a chest tube. 
Fourteen cases of allergic reactions were reported, none classifi ed as serious 
 [13] . A more recent survey of practicing prolotherapists yielded similar results 
for spinal prolotherapy  [19] . Spinal headache, pneumothoraces, nerve damage 
and non-severe spinal cord insult and disk injury were reported. The authors 
concluded these events were no more common in prolotherapy than for other 
spinal injection procedures. Prolotherapy has much less risk when used on 
peripheral joint indications. Minor side effects have been reported in two trials 
of dextrose prolotherapy for knee and fi nger osteoarthritis        [10, 81]  and in one 
trial for LE,  [8]  including temporary discomfort and stiffness, a fl are in pain 
requiring steroid injection and, in the fi ngers, a transient restriction of venous 
return due to pressure effects.  

    PROLOTHERAPY RESEARCH 

  Prolotherapy research methods are evolving amidst signifi cant debate;              [41, 42, 
85–87]  existing studies are far from defi nitive. Several research methods require 
refi nement. First, the RCT control therapies in studies using control injections 
may have affected outcomes. No RCT contained a control arm without injections. 
In both the control and intervention groups, the effect of needle-to-bone contact, 
pressure–volume relationships at the bone–ligament junction, and especially the 
irritant effects of blood        [88, 89]  may have induced similar effects irrespective of 
the injectant. The similarity of control and intervention therapies could account for 
the fact that clinically relevant improvements were not different across groups. The 
independent effect of control injections in prolotherapy has not been adequately 
assessed in basic science studies or clinical trials. This seems to be far more a fac-
tor in the low back pain studies than the osteoarthritis and tendinopathy studies. 

   Second, RCT results to date may not refl ect ideal subject selection. 
Prolotherapy is an operator-dependent procedure in which injection protocols 
are in part exam-dependent. Experienced prolotherapists decide who should 
be treated based on both diagnosis and exam fi ndings. The Dechow study 
reported the smallest improvement in subject outcomes but also noted that the 
prolotherapist considered a subset of subjects inappropriate for prolotherapy, 
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even though they met the study’s entry criteria  [39] . The entry criteria of all 
RCTs evaluated were diagnosis-driven; none reported that exam fi ndings by 
the prolotherapist could exclude a subject. Results may therefore be skewed 
away from a positive effect, should one exist.  

    CLINICAL RECOMMENDATIONS 

   Present data suggest that prolotherapy is likely an effective therapy for pain-
ful overuse tendinopathy. Specifi cally, the Scarpone study reports signifi cant 
reduction in pain and improved isometric strength scores in subjects with 
refractory LE treated with prolotherapy using dextrose and sodium morrhuate 
compared to control injections. It provides level 1B evidence (high-quality 
RCT in a setting of less than two consistent RCTs evaluating patient oriented 
evidence)  [90]  that prolotherapy is an effective therapy for LE. It is supported 
by the Maxwell and Topol studies, which report very strong case series results 
for Achilles and hip adductor respectively. These studies provide level 2B evi-
dence that prolotherapy is effective for Achilles and adductor tendinopathies 
compared to a patient’s baseline condition  [90] . Given that the underlying 
mechanism of injury and pathophysiologic effect is similar for tendinopathies, 
prolotherapy is a reasonable option for both of these conditions as well. RCTs 
for all three tendinopathies and for other tendinopathies are indicated. 

  Recommendations are more diffi cult to make for osteoarthritis and low back 
pain, both of which are associated with more complex anatomy and less clear 
pathophysiology than seen in tendinopathies. Side effect and potential adverse 
events of prolotherapy are likely to be more serious when performed for spi-
nal or intra-articular indications and must be weighed against the potential for 
improvement. Existing studies provide level 2B evidence that prolotherapy is 
effective for low back pain compared to a patient’s baseline condition (studies 
with inconsistent fi ndings  [90] ). Given that subjects with refractory, disabling 
low back pain signifi cantly improved compared to their own baseline status in 
the Yelland study, patients may reasonably try prolotherapy when performed by 
an experienced operator. Existing studies provide level 2B evidence that prolo-
therapy is effective for osteoarthritis compared to control injections (lower qual-
ity clinical trial [90] ). Based on evidence from the two Reeves RCTs, patients 
may reasonably try prolotherapy for signifi cant osteoarthritic knee or fi nger pain.   
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Abstract 
 Phytoestrogens are naturally occurring estrogen compounds found in plants. One of 
the most abundant and readily available sources of these compounds is soy products. 
Concerns about the risks of hormone therapy to women’s health led to an increase in the 
use of soy and soy supplements for menopausal symptoms and general health. There is 
evidence that estrogen might benefi t memory and other cognitive abilities in younger 
postmenopausal women, suggesting that soy might act in a similar manner to enhance 
cognition. Animal studies support the view that soy isofl avones can benefi t memory 
and other cognitive abilities. Similarly, small clinical trials provide evidence that soy 
can positively impact cognition in premenopausal and postmenopausal women under 
age 65. Larger studies in older postmenopausal women show no cognitive benefi ts with 
soy, suggesting that any benefi ts might be limited to younger postmenopausal women. 
Animal studies indicate that the effects of soy may be sex-specifi c, benefi tting females 
but not males, though this has not been tested extensively in humans. Additional studies 
are needed to investigate the possible infl uence of age and sex in modulating the cogni-
tive effects of soy.   

Keywords:  Phytoestrogens, soy and soy isofl avones, aging, women health 

    INTRODUCTION 

   The use of botanicals and their derivatives as supplements for both mental and 
physical health can be traced back many centuries. Traditional Chinese medi-
cine stressed the ability of certain herbs, plants and foods to act as preventa-
tive or curative medical treatments. In modern medical practice, the idea of 
complementary alternative medicine has grown in popularity, and there is a 
related need for systematic investigations into the putative benefi ts of these 
compounds. Herbal medicines are widely marketed as cognitive enhancers, 



Complementary and Alternative Therapies in the Aging Population46

despite the lack of strong evidence for benefi ts. In the Study of Women’s 
Health Across the Nation, a large epidemiological study of midlife women 
in the United States, 17% of women used soy supplements  [1] . With many 
women now using botanical supplements as  “ safe ”  alternatives to hormone 
therapy for relieving menopausal symptoms and improving memory, there is 
increased interest in research aimed at determining the effectiveness and safety 
of these various compounds. This chapter reviews the evidence pertaining to 
soy isofl avones, one of the main nutraceuticals used for sustaining cognitive 
function, particularly in women.  

    USE OF SOY AND SOY ISOFLAVONES 

  Interest in soy isofl avones as a possible treatment for menopausal symptoms is 
based on anecdotal evidence from cultures where soy consumption is high  [2]  
and evidence of estrogenic properties conducive to cognitive enhancement  [3] . 
The frequency of menopausal symptoms and the prevalence of estrogen-related 
diseases, such as breast cancer and osteoporosis, vary in low soy consuming 
countries, like the United States, compared with high soy consuming countries 
like Japan  [2] . This variation is frequently used as evidence of the signifi cance of 
estrogenic action of soy-containing foods and supplements for women’s health. 

   Soybeans and soybean-based foods such as tofu and tempeh are one of the 
richest plant sources for one type of bioactive antioxidants known as isofl a-
vones. Isofl avones act as both antioxidants and phytoestrogens. Phytoestrogens 
are plant-derived compounds that resemble steroid hormones in both structure 
and function. Isofl avones from soy can be ingested either from whole food 
sources such as tofu or through a supplement in powder or pill form. There is 
evidence of differential absorption and bioavailability (i.e., the degree which 
the compounds are available for use within the body) depending on the admin-
istration medium for the isofl avones (e.g., food type and supplement type)  [4] . 
The bioavailability of these compounds is highly dependent on how they are 
metabolized within the digestive tract. The most common side effects of soy 
isofl avones supplements are gastrointestinal and musculoskeletal symptoms 
 [5] . Soy supplements in particular are commonly used by midlife women.  

    ESTROGEN, SOY AND BRAIN FUNCTION 

  Soy isofl avones are broken down into three bioactive compounds: daidzein, gen-
istein and glycitein. All metabolites can bind to both types of estrogen recep-
tors (ERs) (i.e., ER α  and ER β ), however the estrogenic properties of isofl avone 
metabolites are primarily limited to the compound’s effect on the estrogen 
receptor beta (ER β )  [6] . Genistein has a higher affi nity for ER β  that is similar 
to endogenous circulating 17 β -estradiol, whereas it has a very low affi nity to 
ER-alpha (ERα )  [7] . Genistein binds at ER β  at an affi nity that is approximately 
20 times less than[6]  17 β -estradiol (E 2 ). Genistein at concentrations of 10–100       nM 
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can induce protein synthesis within the cell similar to that seen with E 2   [7] . 
Daidzein is metabolized within the gut, by particular intestinal fl ora, to pro-
duce the bioactive compound equol. Equol has very strong estrogenic quali-
ties which are much higher than its precursor daidzein. Also, unlike the other 
metabolites of soy isofl avones, equol has potent binding capabilities at both 
ER, although still stronger at ER β   [8] . Despite the promising endocrine profi le 
of equol, only about 30% of the population is able to produce equol from daid-
zein. It has been suggested that this subpopulation of equol producers benefi t 
the most from soy isofl avone treatment  [9] . 

   Investigations into soy and brain regions critical for cognitive function 
demonstrate that isofl avones, like estrogens, can exert signifi cant effects within 
the central nervous system, acting directly on cell functioning and subsequent 
behavior  [10] . Estrogens and estrogen-like compounds such as isofl avones 
exert their effects on the brain and cognition through ERs. They are highly 
expressed throughout the brain, and are known to have a large infl uence on 
cognition through receptors in two main areas within the brain: the hippoc-
ampus and the prefrontal cortex        [11, 12] . Estrogen therapy is associated with 
enhanced activity in the hippocampus and prefrontal cortex as postmenopausal 
women age        [13, 14] . Conversely, suppressing ovarian hormones pharmaco-
logically leads to decreased brain activation in the prefrontal cortex and ante-
rior cingulate gyrus during verbal memory tasks in women  [15] . Behavioral 
and structural studies have revealed that the prefrontal cortex is sensitive to the 
effects of soy isofl avones                  [15–21] . 

  As with estrogen, treatment with soy isofl avones or their metabolites can lead 
to increases in spine density in the hippocampus and prefrontal cortex in female 
rats  [20] . This change in brain function was associated with improvement on a 
test of spatial memory; female rats receiving soy treatment also performed bet-
ter on a task of spatial memory compared to the rats receiving placebo treatment 
 [20]  (see  Fig. 3.1   ). Female rats fed soy diets or soy supplements exhibited less 
anxiety-related behavior in a well-validated behavioral maze task compared to 
control-fed counterparts       [18, 21] . These parallel mechanisms of action for estro-
gen and soy isofl avones raise the possibility that both compounds would have 
similar effects on cognitive function in women. However, compared to humans, 
rats can readily produce equol when digesting soy isofl avones. Therefore, they 
may have a higher response to isofl avone treatment due to increased exposure to 
equol, the strongest estrogenic metabolite of soy. 

    COGNITIVE-ENHANCING EFFECTS OF ESTROGEN 

  Throughout the course of menopause, circulating levels of estrogens decrease 
dramatically [22] . Across this hormonal transition, women also report changes 
in cognition, most often citing memory as a problem [23] . The decrease in cir-
culating hormones has been implicated as a possible cause of changes in cogni-
tion, in particular memory [24] . Acute withdrawal from estrogen, via surgical 



Complementary and Alternative Therapies in the Aging Population48

removal of the ovaries in women in their 40s also leads to declines in verbal 
memory, but these declines can be prevented by estrogen treatment  [25] . A sim-
ilar pattern of reversible declines in verbal memory is evident following phar-
macological suppression of estrogen [26] . Evidence from randomized clinical 
trials of estrogen in young women indicates cognitive benefi t, particularly to 
verbal memory  [27] . A smaller, but growing literature indicates that estrogens 
also have effects on cognitive functions mediated by the frontal lobes  [27] . 

   Despite the promising effects of estrogen treatment in premenopausal and 
young women, there is no evidence of cognitive benefi t following initiation of 
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estrogen treatment in women over the age of 65  [28] . These results suggest 
that the brain may not be responding in the same manner to estrogen in early 
postmenopausal women, compared to late postmenopausal women. A promi-
nent theory suggests there is a critical period or window early in the meno-
pause within which estrogen confers cognitive benefi ts and that beyond this 
period of effi cacy treatment with estrogen is not helpful in ameliorating cogni-
tive defi cits, and may in fact increase the risk for dementia        [29, 30] . The criti-
cal period may also apply to soy, as noted below.  

    COGNITIVE-ENHANCING EFFECTS OF SOY IN WOMEN 

   There is evidence that soy isofl avones improve cognitive functioning in 
healthy young adults. The benefi cial effects of soy have been observed on cog-
nitive tests that rely heavily on both the hippocampus and the prefrontal cor-
tex. Studies investigating the effects of soy isofl avones in healthy young adults 
have shown improvements in cognition, primarily in memory and mental fl ex-
ibility       [17, 31] . One trial investigated the effects of a 10 week low (0.5       mg 
total isofl avones/day) or high (100       mg total isofl avones/day) soy diet in young 
healthy volunteers (male      �      15; female      �      12)  [32] . Improvements in cognition 
were only seen in the high soy diet intervention group, with improvements on 
both verbal and fi gural memory, and also executive functioning. Another study 
investigated the effects of acute, moderate intake of soy isofl avones, between 
1080 and 3780       mg per week in 16 healthy young female volunteers. After the 
soy treatment, there was an increase in mental rotation ability and spatial visu-
alization  [31] . Together these studies suggest that phytoestrogens have the abil-
ity to improve cognition in healthy young adults. 

   However, there has been limited investigation into the use of soy isofl a-
vones as a treatment for cognitive changes seen across the menopause and with 
aging. Seven randomized, double-blind, placebo-controlled clinical trials have 
examined the effect of dietary or supplemental soy isofl avones on cognition in 
postmenopausal women. These trials show inconsistent evidence, with some 
trials showing a benefi t of soy treatment, and some showing a detriment or no 
effect in response to soy treatment. However, as with estrogen, a clearer pic-
ture evolves when considering studies involving early postmenopausal women 
and those involving late postmenopausal women separately. Such an analysis 
suggests that phytoestrogens may be effective cognitive enhancers in women 
who are early postmenopausal, but not those who are late postmenopausal. 

   The fi rst clinical trial to examine the effect of soy isofl avone treatment on 
cognitive functioning in both early and late post menopausal women investi-
gated the effects of 110       mg of isofl avones per day on verbal memory, verbal fl u-
ency, attention and vasomotor tracking ability. Fifty-three women between the 
ages of 55 and 74 completed the 6-month intervention  [19] . When comparing 
the placebo and the soy groups, there was a signifi cant overall effect of treat-
ment on category fl uency performance such that women who were receiving 
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the soy treatment were able to produce more exemplars of a category (e.g., 
saying all the animals that come to mind) than women who were receiving 
the placebo treatment. The results became much more interesting when age 
was taken into consideration and the data was split into two age groups: young 
(50–59 years) and older (60–74 years). The young group of participants expe-
rienced more benefi t from the phytoestrogen treatment than the older group. 
The young women showed improvements on verbal memory, category fl uency 
and attention. The group of older women who were treated with soy improved 
in category fl uency performance, however decreased in verbal memory per-
formance  [19] . This study concluded that the effects of soy isofl avones may be 
differential, depending on menopausal stage. 

   A second study of soy isofl avones investigated the effects of a 3-month 
intervention in 33 early postmenopausal women (age range: 50–65) using 60       mg 
of soy isofl avones per day  [33] . Women receiving the soy intervention showed 
greater improvements compared to the placebo group on measures of execu-
tive function, verbal memory and fi gural memory. Soy intervention did not have 
signifi cant effects on factors such as anxiety, depression or menopausal symp-
toms. This led to the conclusion that soy was not indirectly enhancing memory 
and executive functions, at least through the physiological and psychological 
constructs that were measured. 

   In a larger follow-up study, 50 postmenopausal women (age range: 51–66 
years) completed a 6-week intervention of 60       mg isofl avones per day  [17] . 
After treatment, women receiving the soy supplement performed better than 
the placebo group on measures of non-verbal short-term memory, planning 
ability and mental fl exibility (see  Fig. 3.2   ). Although a later study by this same 
group replicated the effects on mental fl exibility and planning, they did not 
replicate the effects on memory  [33] . This study concluded that soy supple-
ments have benefi cial effects on executive function (i.e., mental fl exibility and 
planning ability), but that there may not be a robust effect of soy treatment on 
memory ability in postmenopausal women. 

  The effects of soy isofl avones in early postmenopausal women was explored 
in a study using a crossover design  [34] . Women (age range: 46–65 years) were 
randomized to receive 60       mg isofl avones per day for 6 months or placebo, fol-
lowed by a 1 month washout period. After this washout period, each woman 
received whichever treatment (soy or placebo) that she had not previously 
been given. Cognitive testing was completed following each treatment period. 
Women performed better on a working memory task when they were receiv-
ing the soy isofl avones compared to when they were receiving placebo. During 
the soy treatment, women also reported signifi cantly reduced depression and 
fatigue. However, there was no decrease in the amount of self-reported anxiety. 

   A study conducted in early postmenopausal women used two methods 
of administration of soy isofl avones, dietary and supplement. Seventy-eight 
women (mean age: 50 years) were randomized to one of the three treatment 
conditions for 16 weeks: cow’s milk and placebo supplement, soy milk (72       mg 
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isofl avones/day) and placebo supplement, or cow’s milk and soy isofl avone 
supplement (70       mg isofl avones/day)  [35] . Both before and after the soy inter-
vention, women completed a psychological test battery which included tests 
of attention, executive function, working memory and delayed memory (i.e., 
visual and verbal). There were no signifi cant improvements on any cognitive 
measure after treatment [35] . In fact, the group randomized to receive soy milk 
showed a decrease in performance in a measure of working memory. 

   The largest study to date in postmenopausal women followed 202 late post-
menopausal women (mean age: 67) treated for 1 year with 99       mg isofl avones 
per day or placebo. Memory, verbal fl uency and attention were the main cog-
nitive outcomes tested in this study. However, after a year of treatment there 
were no signifi cant differences between soy and placebo treatment on any cog-
nitive outcome  [9] . 

  Soy isofl avone supplementation has also been studied in postmenopausal 
women residing in a high soy consuming culture. A large sample of 191 women 
(age range: 55–76) living in Hong Kong and surrounding areas were randomized 
to receive either 80       mg of soy isofl avones per day or placebo for 6 months. In 
addition to study treatment, all subjects were given a vitamin supplement con-
taining calcium, zinc, magnesium and vitamin D. Subjects were split into two age 
groups: younger than 65 and older than 65 years of age. The cognitive battery 
included tests of verbal and fi gural memory, working memory, verbal fl uency, 
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executive function, attention, simple motor speed, object naming and global 
cognitive functioning. There was no effect of soy treatment on the cognitive 
outcomes in either the younger or older group of participants  [5] . These fi nd-
ings indicate that no benefi t was conferred to this population of women from 
increased intake of soy isofl avones plus vitamins compared with vitamins alone. 

   In general, these studies suggest positive effects of phytoestrogens, pri-
marily on tasks mediated by the frontal lobes and hippocampus in early post-
menopausal women who reside in a country where soy intake is very low. The 
effects of soy isofl avones in late postmenopausal women do not seem to con-
fer any positive benefi t to cognitive functioning. Women residing in a country 
where soy intake is high do not appear to gain any cognitive benefi ts from soy. 
Additional studies are needed to further test the “ critical window ”  hypothesis 
as it applies to soy, and to determine which factors (e.g., baseline soy intake) 
might modify the effects of soy on cognition. Evidence from basic science 
and clinical studies suggests that soy isofl avones might enhance cognition in 
women under age 65.  

    EVIDENCE THAT MALES MAY NOT BENEFIT FROM SOY 

   There is some evidence from animal studies that soy treatment may confer 
potential cognitive risks to male animals and humans. For example, a study in 
adult male and female rats investigated the effects of both acute and lifelong 
administration of a phytoestrogen-rich diet on spatial memory measured by a 
radial arm maze  [36] . Females fed a lifelong phytoestrogen-rich diet learned 
more quickly than females fed a phytoestrogen-free diet, whereas for males the 
effect was the opposite. Furthermore, female rats that were switched to a phy-
toestrogen-free diet performed worse on the memory portion of the task com-
pared to females who continued on the high isofl avone diet, while the opposite 
effect was seen in the male rats. Similarly, another animal study investigated 
the effects of a high and low soy diet on spatial memory in aged male rats  [37] . 
Male rats that were fed a low soy diet had better memory than the male rats 
that were fed a high soy diet. Rats fed a control, isofl avone-free diet performed 
similarly to the rats that were fed a high soy diet. Together these two studies 
suggest that high doses of soy may be detrimental to cognitive functioning in 
males, however low doses of soy may still be able to enhance cognition. 

   Evidence from an observational (i.e., not randomized) study suggested 
that intake of high amounts of soy products can also be harmful to aging adult 
men [38] . This study involved a cohort of 948 Japanese-American men living 
on the Oahu Island of Hawaii. High tofu consumption during middle age was 
associated with higher incidence of cognitive impairment, low brain weight 
and enlargement of the ventricles within the brain  [38] . The study had several 
noted limitations, including reliance on self-reports of tofu intake that were 
not reliable over time. To date, no randomized clinical trials have been pub-
lished on the effects of soy on cognition in aging adult men. However, one 
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randomized clinical trial has investigated the effect of acute soy supplemen-
tation on cognition in young adult males. A 10-week treatment of 100       mg of 
soy per day increased cognitive function (i.e., verbal and fi gural memory and 
executive function) compared to placebo in healthy college aged men (and 
women)  [32] . These results contradict the animal studies and suggest that high 
soy intake could have positive effects in healthy young men. However, these 
results may not generalize to an aging population due to changes in metabo-
lism, disease and general physiological changes with aging. 

    GENERAL SUMMARY 

   As the population of older adults steadily increases, interest in botanical com-
pounds as memory enhancers will continue to grow. There are not yet enough 
conclusive fi ndings to draw any meaningful conclusions about the effects of 
soy on cognition in aging men, though early studies suggest a need for further 
investigation to ensure that soy does not impair cognition in men. Overall, soy 
isofl avones taken in a supplement form or incorporated into the diet appear to 
confer cognitive benefi t in young women and early postmenopausal women. 
However, there is not enough evidence to support the use of phytoestrogens as 
cognition enhancers in late menopausal women. Further studies are needed to 
better understand the effects of soy on cognitive function.   
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  Sleep disturbances are one of the most prevalent health problems in older 
adults. As many as 50% of older adults report problems sleeping including dif-
fi culty falling asleep, awakening frequently or for long periods of time dur-
ing the night, or awakening early in the morning without being able to return 
to sleep  [1] . Older adults often use prescription hypnotics, sedating anti-
depressants, or over-the-counter (OTC) sedating medications (e.g., antihistamines, 
anticholinergics) as sleep aids        [2, 3] . Many of these drugs further disrupt sleep 
and have adverse side effects including daytime sleepiness, drug tolerance, mem-
ory impairments, dry mouth, constipation, urinary retention, and rebound sleep 
disturbance on withdrawal of the medication          [4–6] . Many adults have turned to 
herbal products as a  “ natural ”  alternative for treating their sleep disturbances  [7] . 
National surveys in the United States show that over 50% of middle-aged to older 
adults use daily dietary supplements, particularly herbal sleep aids, and use of 
these agents is estimated to increase over the next few decades          [8–10] . 

   The purpose of this chapter is to provide an overview of botanical prod-
ucts commonly used for sleep disturbance and evidence on the effectiveness 
and safety of these products in older adults. The chapter focuses primarily on 
valerian, which is a commonly used herbal sedative and has been the most 
extensively studied  [11] . We briefl y review other herbal sleep aids, including 
hops, lemon balm, lavender, passion fl ower, kava, and chamomile as well as 
selected non-botanical substances including melatonin, L -tryptophan, and 
5-hydroxytryptophan. This chapter begins with a discussion of changes in 
sleep associated with aging and common types of sleep disturbances in older 
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adults before addressing botanicals and other supplements that are commonly 
used as sleep aids. 

    SLEEP AND AGING 

   Changes in sleep associated with increasing age begin in midlife and are 
sustained throughout old age. Sleep becomes lighter with less slow wave or 
deep sleep, more light and transitional stages of sleep, longer sleep latency 
(time between going to bed and falling asleep), shorter total sleep time, and 
steady decline in sleep effi ciency (the percentage of time in bed spent asleep) 
from midlife throughout old age [12] . Because of the shift towards lighter 
and less consolidated sleep, older adults are more easily awakened and have 
an increased number of nighttime awakenings  [13] . Many older adults with 
disturbed sleep spend more time in bed trying to sleep, which only intensi-
fi es poor sleep effi ciency. Although these age-related changes are fairly uni-
versal and increase susceptibility for insomnia, only about half of older adults 
complain of insomnia symptoms. Many adjust their expectations about sleep, 
attributing problems to  “ getting older, ”  rather than considering changes in 
sleep as symptoms of a sleep disorder. 

    Insomnia 

   Broadly defi ned, insomnia is a sleep-wake disorder often associated with an 
inadequate amount of sleep and with both nighttime sleep disturbance symp-
toms and daytime consequences  [14] . Insomnia nighttime symptoms include 
diffi culty falling asleep (long sleep latency), frequent awakenings (fragmented 
sleep), prolonged awakenings (wake after sleep onset), or awakening too early 
and not being able to fall back to sleep (early morning awakening). Awakening 
feeling unrefreshed (also called non-restorative sleep) is considered a nighttime 
symptom of insomnia. The most common daytime consequences of insomnia 
include fatigue, mood disturbance (anxiety and depression), decreased moti-
vation, impaired memory and work productivity, and reduced quality of life 
         [15–17] . Insomnia occurs when an individual has an adequate amount of time 
for sleep. This differentiates it from insuffi cient sleep syndrome, which also 
is associated with an inadequate amount of sleep, but occurs because an indi-
vidual restricts the time available for sleep  [18] . 

   Primary insomnia occurs in the absence of a contributing medical or psy-
chiatric condition [19] . In healthy older individuals, certain behavioral pat-
terns, in addition to the natural tendency toward lighter sleep, increase the risk 
of primary insomnia. For instance, many older adults have reduced physical 
activity and reduced exposure to natural light, both of which are factors that 
affect sleep intensity and duration  [13] . Retired individuals with excess free 
time may spend long periods of time in bed due to boredom, resulting in sleep 
that is fragmented rather than consolidated, which is considered more restful 
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sleep and of higher quality. Treatment of these problems may require address-
ing the specifi c contributing factor (e.g., going for daily walks for exercise and 
daylight exposure), providing education about typical changes in sleep with 
age, and cognitive-behavioral approaches for managing insomnia complaints. 

   Co-morbid insomnia occurs concurrent with medical or psychiatric dis-
orders and is the most common type of insomnia, especially in older adults 
         [6, 17, 20] . Medical and psychiatric conditions associated with co-morbid 
insomnia include arthritis, heart disease, pulmonary disease, depression, and 
nocturia [21] . Many medications individuals take to treat these conditions 
may also disrupt sleep, for example, bronchodilators, decongestants, steroids, 
beta blockers, antidepressants. Furthermore, risk of anxiety and depression 
increases with age, and both of these conditions exacerbate and are exacer-
bated by insomnia [13] . Finally, many women experience vasomotor symp-
toms during and after the menopause transition that, in some cases, persist into 
old age. Vasomotor symptoms, commonly called  “ night sweats ”  have been 
associated with frequent awakenings and arousals (sleep disruption just below 
the threshold of awakening) throughout the night, and these disruptions may 
result in a pattern of insomnia         [22–24] . Relieving these symptoms with low 
dose hormone replacement therapy or antidepressant medications may help to 
alleviate insomnia  [23] , but it often persists and specifi c treatment is required. 

   Cognitive and behavioral therapies (CBT) for insomnia are effi cacious 
and recommended as fi rst-line treatment for insomnia        [6, 25] . These therapies 
aim to change insomnia-promoting or “ sleep effort ”  behaviors (e.g., spend-
ing excessive amounts of time in bed, getting inadequate daylight exposure) 
and negative cognitions (e.g., rumination and worry about not being able to 
sleep during nocturnal awakenings). Although most CBT research has been 
done in primary insomnia, it also has been shown to improve sleep in older 
adults with chronic illness and co-morbid insomnia  [26] . CBT has long lasting 
effects on sleep because an individual’s beliefs and behaviors about sleep have 
been altered. Hypnotic medications are best reserved for temporary episodes 
of insomnia because they are effective only when they are taken. Despite the 
benefi ts of CBT, this type of therapy is not widely available in clinical prac-
tice and many older adults commonly rely on chronic use of sedating medica-
tions. Benzodiazepines (e.g., lorazepam, temazepam) have been prescribed for 
many years as sleep aids and have numerous well-known side effects, includ-
ing daytime sleepiness, drug tolerance, memory impairments, dry mouth, 
constipation, and rebound sleep disturbance on withdrawal of the medication 
       [4, 5] . The newer non-benzodiazepine hypnotics (e.g., zolpidem, zaleplon, esz-
opiclone) have shorter half-lives and fewer side effects than benzodiazepines 
 [27] , but compared to CBT, the long term effi cacy of these agents has not been 
established, especially in older adults. Typically, randomized controlled trials 
of hypnotic medications are conducted for 2–4 weeks duration. Only one drug, 
eszopiclone, has been evaluated for 6 months of consistent nightly use  [28] . 
Tricyclic antidepressants and antihistamines are also used as sleep aids because 
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of their sedative effects. However, both classes of medications are associated 
with adverse effects including urinary retention, confusion, and daytime sleep-
iness that are problematic for older adults.  

    Advanced Sleep Phase Disorder (ASPD) 

   Another common age-related change is advanced sleep phase, in which the 
physiological circadian timing of sleep is advanced, such that sleepiness occurs 
earlier in the evening than desired (e.g., 8 p.m.) and morning awakening also 
occurs earlier than desired (e.g., 4 a.m.)  [14] . This condition is not considered 
a disorder unless it is disruptive to an individual’s total sleep time and quality 
of life [13] . For instance, an individual may oppose the urge to sleep early in 
the evening and maintain a later bedtime, yet still awaken in the early morn-
ing, resulting in reduced total sleep time and exacerbation of daytime sleepi-
ness  [13] . Bright light exposure in the late afternoon or early evening, either by 
spending time outdoors or using a therapeutic light box, is an effective treat-
ment because it shifts the circadian timing of sleep onset and offset to a later 
time in the evening and morning, respectively        [13, 29] .

    Periodic Limb Movements in Sleep (PLMS) and Restless 
Legs Syndrome (RLS) 

  The prevalence of periodic limb movements in sleep (PLMS) and of restless 
legs syndrome (RLS) is increased in older adults  [30] . PLMS are character-
ized by periodic, repetitive jerking of the limbs, most commonly the legs, dur-
ing sleep. RLS is the urge to move limbs, usually the legs, when at rest which 
is accompanied by unpleasant sensations, such as “ creeping ”  or  “ pulling ”   [31] . 
Most individuals with RLS also have PLMS, but PLMS frequently occur with-
out RLS       [13, 30] . The prevalence of PLMS is over 45% in older adults and they 
occur commonly in persons with obstructive sleep apnea  [30] . The prevalence 
of RLS is 20% in the adult population       [30, 32] . Insomnia complaints are com-
mon both in PLMS and RLS, as these conditions commonly cause diffi culty 
falling asleep and numerous awakenings        [30, 33] . Although the causes of PLMS 
and RLS are unknown, the conditions are associated with iron defi ciency, and 
iron supplementation relieves symptoms in some individuals  [32] . Dopamine 
central nervous system (CNS) mechanisms are believed to be involved in the 
pathophysiology of PLMS and RLS based on observations that dopaminergic 
drugs such as pramipexole and ropinirole relieve symptoms  [31] . 

    Sleep Disordered Breathing 

   Sleep disordered breathing (SDB) involves complete (apnea) and partial 
(hypopnea) collapse of the airway during sleep, resulting in loud snoring, 
many brief arousals, and intermittent hypoxic episodes. SDB is often fi rst 
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recognized by a patient’s bed partner because of loud snoring or witnessing 
actual apneic events. Increasing age and obesity are common risk factors for 
SDB       [34, 35] . SDB severity ranges from mild (5–15 events/hour) to severe 
(� 30 events/hour)  [36] , and disease severity has been linked with increased 
risk of hypertension, cardiovascular disease, nocturia, cognitive impairment, 
sleepiness-related motor vehicle accidents, and mortality  [34] . SDB is asso-
ciated with excessive daytime sleepiness and fatigue because of frequent dis-
ruptions of sleep and hypercapnea from hypoventilation. SDB is diagnosed 
by overnight polysomnography (PSG), a test in which brain activity, muscle 
tone, eye movements, respiratory effort, and hemoglobin oxygen saturation are 
monitored. Treatment for SDB is the use of continuous positive airway pres-
sure (CPAP), which maintains positive pressure in the airway via a face mask 
to prevent airway collapse  [36] .

    Consequences of Sleep Disturbances in Older Adults 

  Sleep disturbance is a signifi cant health risk for older adults. Serious daytime 
impairment with excessive sleepiness and reduced quality of life may result 
from all the sleep disruptions discussed above. Older adults with disturbed 
sleep are at increased risk for medical-related morbidity and mortality as well 
as psychosocial consequences including depression, fatigue, poor daytime 
functioning, and poor quality of life  [13] . Insomnia in older adults is associ-
ated with the risk of injury from motor vehicle accidents and falls  [13] . Older 
adults may have more than one sleep disturbance, complicating diagnosis and 
treatment.

    HERBS USED AS SLEEP AIDS (COMMISSION E 
RECOMMENDED) 

   Numerous herbs are used for their purportedly sedating qualities. Many of 
these herbs are recommended by the German Commission E, known interna-
tionally for a comprehensive series of monographs on medicinal herbs  [37] . 
Herbs recommended for the general indication of sleep disturbance due to 
restlessness or anxiety include valerian, hops, lemon balm, and lavender. Other 
herbs are used as sedatives, but are not specifi cally recommended for sleep by 
the Commission E. These include passion fl ower, kava, and chamomile. 

    Valerian 

   Valerian is among the top-selling herbs in the United States and has long 
been used as a remedy for sleep disorders and anxiety  [38] . It has been rec-
ommended as potentially useful for older adults with sleep diffi culties  [39] . 
Valerian is typically used as a sedative for insomnia symptoms but is not com-
monly used for other sleep disorders, although one study has evaluated its use 



Complementary and Alternative Therapies in the Aging Population62

to reduce sleep-related movements in patients with Parkinson’s disease  [40]
and one study is currently investigating valerian for RLS  [41] . 

   Valerian is produced from the root of various plants in the  Valeriana  spe-
cies, including Valeriana offi cinalis  (the species most commonly used in com-
mercial products in the United States), Valeriana wallichii  (Indian valerian), 
and Valeriana edulis  (Mexican valerian). Valerian contains a variety of chemi-
cal compounds including valerenic acid, valepotriates, amino acids, and lign-
ans that may act synergistically to exert sedative effects  [42] . The diluent used 
for the extraction process (water alone vs. a water–alcohol mixture) affects the 
constituents present in the fi nal product  [43] , potentially resulting in varying 
physiological effects. The herbal product is made from the dried whole root 
or dried root extract and administered medicinally in a capsule or tablet, as a 
tincture, or made into tea. To demonstrate product quality, commercially for-
mulated valerian capsules, tablets, or tinctures are commonly standardized on 
0.08% valerenic acid, a pharmacologically active marker compound. 

   Based on  in vitro  and animal studies, valerian affects gamma-aminobutyric 
acid (GABA)        [44, 45] , adenosine         [46–48] , and serotonin  [49]  neurotransmit-
ter mechanisms involved in sleep regulation. Several components of valerian, 
specifi cally valerenic acids and amino acids, have affi nity for GABA recep-
tors, which are involved in the promotion and maintenance of sleep. Valerian 
constituents also have been shown to promote release and inhibit reuptake of 
synaptic GABA          [44, 45, 50] . Valerian constituents have affi nity for adenos-
ine receptors         [46–48]  that exert inhibitory effects in the CNS and are thought 
to induce sleepiness as time awake increases  [51] . Adenosine also is involved 
in the regulation of both rapid-eye-movement (REM) sleep and non-REM 
sleep stages. Although valerian has been shown to affect specifi c components 
of sleep regulation mechanisms, little is known about how the herb gains 
access to the CNS or what component of herb has active sedation properties. 
Numerous animal studies have shown general sedative effects of valerian and 
its constituents [52] . 

  Few studies have specifi cally investigated the effects of valerian on sleep in 
older adults. One double-blind, placebo-controlled randomized crossover clinical 
trial (RCCT) of older adults with mild sleep complaints tested an ethanolic extract 
of valerian root  V. offi cinalis  (a 300 or 600       mg dose), the type of valerian product 
similar to those most commonly used in the United States and found no signifi cant 
differences between valerian and placebo on PSG or self-reported sleep outcomes 
 [53] . This study may be criticized because valerian was administered for only one 
night, and because it is commonly recommended that valerian requires at least 
2 weeks of use to achieve effectiveness. However, two double-blind, placebo-
controlled randomized clinical trials (RCTs) and one RCCT of the same valerian 
product (LI 156, or Sedonium ® ) in younger adults for 14–28 nights also showed 
no signifi cant differences between valerian and placebo in self-rated or PSG sleep 
outcomes         [54–56] . Other studies in older adults tested different types of vale-
rian preparations: aqueous extracts (extracted with water alone) or preparations 
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high in valepotriate content. One double-blind, placebo-controlled RCT tested 
the effects of an aqueous valerian extract given three times daily for 8 days to 
14 older women with insomnia and found no signifi cant differences between the 
valerian and placebo on self-report or PSG sleep outcomes  [57] . A double-blind, 
placebo-controlled RCT tested an aqueous extract of valerian given three times 
daily for 30 days to German elder home residents with behavioral disturbance 
and sleep problems. A greater proportion of those given valerian than those given 
placebo had reduced sleep disturbance ratings but the signifi cance of this fi nd-
ing was not reported  [58] . A non-randomized, double-blind, placebo-controlled 
clinical trial of elder home residents with sleep disturbance tested 14 days of a high-
valepotriate valerian preparation and found that a signifi cantly greater proportion
of individuals given valerian than placebo reported reduced sleep latency and 
improved sleep maintenance  [59] . The type of valerian preparation used in 
this study is not available in the United States because of cytotoxic effects of 
valepotriates. 

   Although two studies showed positive effects of valerian in older adults 
       [58, 59] , the studies were not rigorously designed, and fi ndings were based on 
self-reported and less validated outcomes compared to more recent trials. Two 
of the trials that measured both self-report and PSG sleep outcomes found no 
signifi cant effects of valerian on sleep        [53, 57] , consistent with the larger body 
of literature on valerian. A recent comprehensive systematic review of valerian 
examined 37 clinical trials of valerian and found that the overall evidence on 
valerian failed to show effi cacy for sleep disturbances  [11] . Most of the stud-
ies were small and underpowered to fi nd signifi cant changes. However, several 
recent studies with adequate power and rigorous designs have shown no signi-
fi cant effects of valerian on sleep disturbance              [54, 60–63] , which corroborates 
the null fi ndings from the broader body of research literature on valerian. 

  Although valerian is not effective for improving sleep, it is among one of 
the safest herbs. Several large post-marketing studies have been done on vale-
rian preparations and preparations of valerian in combination with hops, lemon 
balm, and/or passion fl ower. The majority of patients (70–90%) in these studies 
rated the tolerability of the preparations as good or very good, and side effects 
were rare and mild. Side effects reported with valerian are usually mild and 
include gastrointestinal effects (e.g., nausea, diarrhea) or cognitive/nervous sys-
tem effects (dizziness, morning  “ hangover, ”  drowsiness)                    [53–55, 59, 60, 64–66] .
One case report associated valerian with paradoxical stimulation  [37] . 

   Valerian has only tenuously been linked to cases of transient hepatic dys-
function       [67, 68] . In these cases, contribution of other ingested substances, 
particularly the herbs mistletoe and skullcap, could not be ruled out. In several 
cases of intentional overdose, effects were serious, but non-life threatening 
(tremor, stupor, elevated liver function tests) and resolved over several days 
to weeks           [69–72] . Of particular concern are the valepotriate constituents of 
valerian. Metabolites of these constituents produced in the stomach and bowel 
(baldrinals) have been shown to have mutagenic properties. It is suspected that 
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the GI tract and liver are at greatest risk of potential adverse effects of bald-
rinals  [52] . Although toxicity has not been shown in humans, adverse effects 
would likely be cumulative from long-term use. Therefore, experts generally 
recommend avoiding preparations containing high levels of valepotriates. 
Valepotriate content is minimal in the  V. offi cinalis  species, but high levels 
occur in V. edulis  and  V. wallichii   [73] .  

    Hops 

   Hops ( Humulus lupulus ) is plant from which the strobiles (female fl ower) are 
used for a variety of purposes including as a sleep aid. Hops is rarely avail-
able in single-herb preparations and is usually combined with valerian, lemon 
balm, passion fl ower, skullcap, and/or kava. The main constituents of hops are 
the bitter acids, lupulone, and humulone       [73, 74] . Constituents of hops extract 
have been shown to bind to melatonin and serotonin receptors, although it 
remains unknown whether this binding produces receptor agonist or antagonist 
effects  [75] . Hops has been shown in animal studies to exert sedative effects, 
primarily through the alpha-bitter acid constituents       [74, 76] .

   No studies have specifi cally tested hops in older adults with sleep distur-
bance. The product most commonly tested is the valerian–hops combination, 
ZE 91019 (Alluna ® ). Two 4-week placebo-controlled, double-blind RCTs of 
this product showed no signifi cant differences from placebo on self-report or 
PSG sleep outcomes in persons with insomnia       [61, 77] . A double-blind RCT 
comparing 2 weeks of valerian–hops to the benzodiazepine, bromazepam, in 
persons with insomnia showed signifi cant improvement on a sleep quality 
scale over time and no signifi cant difference between the two treatments  [78] . 
Although this study showed equivalence between valerian–hops and a benzo-
diazepine, the magnitude of change was small and there was no placebo group. 
Finally, a recent placebo-controlled, double-blind RCT comparing a valerian–
hops combination (ZE 91019) to valerian alone (ZE 911, the same valerian in 
the ZE 91019 combination) for 4 weeks showed signifi cant reduction of self-
reported sleep latency with valerian–hops but not valerian compared to pla-
cebo [79] . Neither treatment signifi cantly affected total sleep or wake times. 
Overall, evidence from combination preparations suggests that hops may have 
some sedative properties, at least in combination with valerian, but improve-
ments in sleep tended to be non-signifi cant when compared to placebo and in 
some studies placebo effects could not be ruled out. In summary, the fi ndings 
in one study showed that valerian–hops was associated with a large reduction 
in sleep latency  [79] , but overall evidence does not currently support the effi -
cacy of hops (used in combination with valerian) as a sleep aid. 

   Potential side effects from hops are mostly from anecdotal evidence and 
include upset stomach, topical or respiratory allergy, nervousness, or depres-
sion       [78, 80] . Hops has also been reported to have estrogenic effects and 
should be avoided for history of estrogen receptor-positive breast cancer  [80] .
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    Lemon Balm 

   Lemon balm ( Melissa offi cinalis ) leaves are used as a tea, tincture, or formu-
lated as pills for multiple uses, including as a sedative. As with hops, lemon 
balm is commonly combined with other sedative herbs. Lemon balm contains 
numerous physiologically active constituents including volatile oils that could 
contribute to the herb’s purported sedative effects  [81] . One study showed 
moderate affi nity of lemon balm extract for the GABA A -benzodiazepine recep-
tor site [82] . 

   Little evidence exists about the sedative effects of lemon balm in older 
adults. Lemon balm has dose-dependent sedative effects in mice  [83] , and sev-
eral studies investigated lemon balm in combination with valerian in humans, 
although no studies specifi cally tested lemon balm alone or in combination 
with another herb in older adults. In one double-blind, placebo-controlled RCT 
of a valerian–lemon balm combination in healthy adults, there was no signifi -
cant difference from placebo in sleep quality ratings after 30 days of treatment 
 [84] . In a placebo-controlled, double-blind RCT of healthy adults, one night 
of a valerian–lemon balm combination did not improve PSG-measured sleep 
effi ciency, sleep latency, or wake after sleep onset compared to a placebo  [85] . 
A 14-day placebo-controlled, double-blind RCT of valerian–lemon balm given 
twice a day to adults with insomnia showed signifi cant improvement in self-
reported sleep quality and sleep latency compared to the placebo  [86] . Finally, 
in a placebo-controlled, double-blind RCCT of adults with sleep disturbance, 
a signifi cantly greater proportion of participants reported that their sleep qual-
ity was  “ perfect ”  after a single dose of a valerian–hops–lemon balm combina-
tion compared to hops–lemon balm alone [87] , suggesting that valerian was 
the active component rather than the other two herbs. The overall evidence for 
lemon balm is mixed and is insuffi cient to recommend therapeutic use of the 
herb for insomnia. 

   Potential side effects are mostly from anecdotal evidence and include hyper-
sensitivity, contact dermatitis, headache, nausea, and palpitations. Caution 
is advisable in persons with glaucoma as lemon balm has been anecdotally 
reported to increase intraocular pressure [88] .

    Lavender 

   Lavender is a family of highly fragrant garden plants that have a wide range 
of traditional uses. For sedative effects, lavender oil, produced mainly from 
fl owering part of the plant, is either inhaled (e.g., aromatherapy) or applied 
topically in massage oil. One of the main constituents of lavender oil, lina-
lyl acetate, was detectable in blood samples after both massage and inhala-
tion of lavender vapor  [89] . The effects of lavender on reduction of stress and 
sleep disturbance are believed to be related both to the aroma being considered 
pleasant and to CNS activity of absorbed oil. The main sedative components of 
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lavender are linalool and linalyl acetate, which may affect CNS GABA mecha-
nisms [89] . 

   Few studies have investigated the effects of lavender (topical or aromath-
erapy) on sleep, and participants in these trials cannot be blinded to treatment 
allocation due to the recognizable aroma of the active treatment. One RCCT 
comparing the aroma of lavender, sweet orange, and tea tree, to no aroma 
in older adults with dementia reported no effects on behavioral disturbances 
 [90] , but no controlled trials have tested lavender for sleep disturbance in 
older adults. A RCCT compared 1 week of the aroma of lavender to 1 week 
of sweet almond oil for mild insomnia [91] . Self-reported sleep quality with 
the lavender did not differ signifi cantly from the comparison, but the study 
was confounded by poor compliance in using the noisy aromatherapy device. 
In another RCCT, diffused lavender signifi cantly increased deep sleep stages 
(Stages 3 and 4) compared to distilled water, but the change was small (1.2%) 
 [92] . One other RCT compared massage (30 minute massage weekly), mas-
sage with lavender oil (30 minutes weekly), and no treatment in hospice can-
cer patients [93] , and reported signifi cant improvement in self-reported sleep 
quality in the lavender massage group (but not the massage alone group) com-
pared to no treatment. In summary, the few studies available provide only tenu-
ous evidence of the sedative effects of lavender, and more rigorous studies are 
needed before any conclusions about effi cacy may be reached. 

   Lavender is a mild and safe herb, although mild allergic reactions have 
been reported with direct contact from lavender pillows and topical applica-
tions (e.g., lavender-containing lotion)  [94] . Small amounts of lavender may 
safely be ingested (e.g., lavender teas), but large amounts have been associ-
ated with acute toxicity in animals (ataxia, depression, tremors, hypothermia) 
and pure lavender oils should not be ingested. Lavender may interact with anti-
seizure medications and should be avoided in persons with epilepsy  [94] .

    OTHER HERBS USED AS SLEEP AIDS 

    Passion Flower 

   Passion fl ower ( Passifl ora incarnata ) is recommended by the German 
Commission E for nervous restlessness, but not specifi cally for sleep  [37] . 
It is commonly used in sedative herb combinations and is rarely used alone. 
Biologically active constituents include fl avonoids (e.g., apigenin, quercetin) 
and alkaloids, among numerous other constituents       [52, 95] . Little evidence 
exists about the sedative effects or safety of the herb and no controlled trials 
have been conducted on the effects of passion fl ower on sleep in older adults. 
Animal studies have shown sedative effects            [74, 95–97]  that are blocked by 
a benzodiazepine receptor antagonist  [98] . Equivalent sedating effects of pas-
sion fl ower extracts and benzodiazepines have been shown in two human stud-
ies of anxiety         [99–101] . One open-labeled study of a valerian–hops–passion 
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fl ower combination reported improvement in self-reported sleep latency and 
overall sleep quality in a general adult population. In this study, over 90% of 
the 190 participants rated the tolerability of the product “ good ”  or  “ very good ”  
and no side effects occurred  [102] . Reported potential side effects of passion 
fl ower include cardiac dysrhythmia, headache, allergic reactions, and asthma. 
Overdoses may cause CNS depression, nausea, and vomiting          [95, 101, 103] .  

    Kava 

   Kava is an herbal product extracted from the rhizome (underground stem) 
of the Piper methysticum  plant  [52] . Kava has been used for centuries as an 
intoxicating ceremonial drink in South Pacifi c islands, where many people cur-
rently frequent “ kava bars ”  for recreational consumption of kava drinks. The 
German Commission E recommends kava for anxiety and restlessness but not 
specifi cally for sleep problems  [37] . Two meta-analyses support the effective-
ness of kava for anxiety reduction, although the magnitude of effect was small 
       [104, 105] . Active constituents of kava are the kavalactones (also called 
kavapyrones). Kava products are generally standardized to contain 70% kav-
alactones [106] . Evidence suggests that kava may have a general inhibitory 
effect on the limbic system and may also exert sedative effects at the GABA 
receptors       [52, 107] .

   Few studies have investigated the effects of kava on sleep, none of which 
specifi cally tested kava in older adults. One double-blind, placebo-controlled 
RCT compared the effects of 4 weeks of daily kava extract, valerian, and pla-
cebo on anxiety and insomnia ratings in persons with both anxiety and insom-
nia  [60] . Neither kava nor valerian differed signifi cantly from placebo; in fact, 
the magnitude of improvement was greatest with placebo. Another double-
blind, placebo-controlled RCT tested kava extract for sleep disturbance asso-
ciated with anxiety disorders  [108] . Sleep quality ratings improved in both 
groups but were signifi cantly more improved with kava than placebo. Finally, 
a one-group open-label trial tested 6 weeks of kava extract to improve stress-
induced insomnia [109] . Participants had signifi cant reductions in stress rat-
ings and insomnia severity scores after 6 weeks of kava compared to baseline, 
but a placebo effect cannot be excluded. Overall, evidence suggests that kava 
may provide mild reduction of anxiety, but research on effi cacy for anxiety-
related insomnia is scant and mixed. Because kava is not a sedative, it may not 
be useful as a sleep aid except in cases associated with anxiety. 

  Few side effects have been reported with kava and include gastrointesti-
nal complaints, headache, restlessness, drowsiness, tremor, tiredness        [104, 107] .
The hepatotoxicity profi le of kava has been highly controversial in recent years. 
Several case reports of severe liver dysfunction, some resulting in liver transplan-
tation or death, were reported in kava users, resulting in a ban of kava products 
in the European Union and Canada and issuance of a consumer advisory in the 
United States  [107] . However, the causal link between kava and these occurrences 
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is speculative, and other factors (e.g., concurrent use of potentially hepatotoxic 
medications) may have been involved. Several large studies with over 1500 par-
ticipants each monitored the safety of daily kava use over 4–7 weeks, none of 
which had any occurrence of hepatotoxicity  [110] . At present, caution is espe-
cially advisable in individuals with current or past liver dysfunction and in older 
adults who often have reduced hepatic capacity to metabolize pharmaceuticals. 
Older adults may require conservative doses of kava, but no dose-response 
studies exist on which the balance of effi cacy and safety can be based. 

    Chamomile 

   Tea made from chamomile ( Matricaria recutita ) is widely consumed as a 
calming agent to aid in relaxation and sleep onset. The German Commission 
E has approved use of chamomile externally for skin infl ammation and con-
sumption for gastrointestinal discomfort but does not specifi cally mention 
sedative uses  [37] . Apigenin, along with other fl avonoid constituents, is con-
sidered the primary agent responsible for sedative properties in chamomile 
 [111] . Apigenin has been shown to bind to the benzodiazepine receptor  [112] , 
but it remains unclear whether this is the sedative mechanism of chamomile 
 [113] . Although sedative effects and sleep promotion have been demonstrated 
in animals       [111, 114] , no controlled studies have investigated the effects of 
chamomile as a sedative or sleep aid in humans. Chamomile is generally safe, 
with few reported side effects. Because chamomile is in the Compositae fam-
ily, individuals allergic to asters, ragweed, or related plants may have cross-
sensitivity to chamomile  [115] . Allergic reactions are uncommon  [115] , and 
severe allergic reactions have only been reported in cases of excessive expo-
sure (chamomile-containing enemas) [116] . Additionally, chamomile contains 
naturally occurring anti-platelet substances (coumarins) and should be avoided 
by individuals with coagulopathies and those taking warfarin  [111] . This inter-
action is hypothetical, and no other herb–drug interactions with chamomile 
have been reported. 

    NON-BOTANICAL SUPPLEMENTS 

    Melatonin 

   Melatonin is a naturally occurring neurohormone that is often taken medici-
nally as a sleep aid. Because melatonin is regulated as a supplement, it is often 
considered a CAM product. Endogenous melatonin secretion is suppressed 
by light exposure and rises during darkness  [117] . Exposure of retinal cells to 
light and to dark “ signals ”  controls the timing of melatonin secretion by the 
pineal gland [117] . Melatonin secretion exerts chronobiologic effects, altering 
the circadian timing of core body temperature and other rhythms such as sleep 
and wake. The rise of melatonin in the evening is associated with a decline in 
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body temperature, which has been linked to increased sleepiness and to sleep 
onset [118] . Melatonin also directly affects CNS mechanisms involved in sleep 
timing, particularly in the thalamus [119] . Although some age-related changes 
in the timing and the amount of melatonin secreted have been observed, the 
relevance of these changes to sleep disturbance in older adults remains unclear 
 [120] . While some evidence has shown nocturnal melatonin plasma concen-
tration to peak earlier in the night and to reach a lower amplitude in older 
adults compared to younger adults, other studies have shown no differences          
[117, 119, 120] . Additionally, age-related changes may differ by gender in that 
older men, but not older women, have shown a lower plasma concentration of 
melatonin during sleep [120] . 

   A recent meta-analysis published by the US Agency for Healthcare 
Research and Quality (AHRQ) concluded that research evidence supports use 
of exogenous melatonin as a  “ phase re-setter ”  for circadian sleep disorders 
rather than as a general hypnotic  [121] . Melatonin has been shown effective in 
altering circadian sleep timing, and the American Academy of Sleep Medicine 
(AASM) recently published recommendations supporting the use of melatonin 
for both advanced sleep phase disorder (ASPD) and delayed sleep phase dis-
order (DSPD) [122] . Melatonin supplementation for ASPD is administered 
in the morning to exert phase delay in sleep onset the next evening  [123] . 
Administration of melatonin in the evening advances sleep onset, which is use-
ful for DSPD but could exacerbate ASPD  [119] . ASPD is the most common 
type of circadian rhythm sleep disorder in older adults. Because ASPD requires 
careful evaluation, persons with ASPD should seek the care of a health care 
provider with experience in chronobiologic disorders if they are interested 
in using melatonin. Furthermore, evening light therapy is very effective for 
delaying sleep onset and improving sleep in ASPD and is recommended in the 
AASM practice guidelines       [122, 123] . In summary, melatonin is recommended 
for ASPD, but this recommendation is based solely on theoretical effects and a 
favorable safety profi le, and no current research evidence exists. 

   According to the AHRQ meta-analysis, current evidence does not support 
the clinical effectiveness of melatonin to treat primary or secondary insomnia 
 [121] . However, melatonin is potentially useful for older adults with melatonin 
defi ciency  [119] . Placebo-controlled RCTs of melatonin in older adults with 
low nocturnal melatonin levels showed improvement in sleep maintenance on 
PSG and actigraphy compared to placebo          [124–126] . Thus, melatonin may be 
potentially effective for individuals with a defi ciency, but it is not effective for 
treating insomnia. 

   Although short-term melatonin has a high safety profi le, it has immunos-
timulatory effects, and the safety of melatonin for long-term use and for use 
in persons with autoimmune disease is not known  [117] . Side effects of mela-
tonin are dose-dependent and include nausea, dizziness, drowsiness, fatigue, 
headache, confusion, agitation, depression, alteration of other hormones, night-
mares, and cardiovascular effects        [121, 127] . Several drug interactions have 
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been shown: melatonin metabolism is reduced (resulting in increased levels) 
by several antidepressant, sedative, and antipsychotic medications. Melatonin 
levels are reduced by fl uoxetine, and melatonin is an antagonist of calcium 
channel blocking antihypertensives. Melatonin may exacerbate depression and 
may variably affect seizure disorders. Finally, melatonin is metabolized by the 
liver and levels may be affected by altered hepatic function  [127] .

     L-tryptophan and 5-HTP 

L -tryptophan is an essential amino acid that may be taken as a supplement or 
consumed in dietary protein both from animal and plant sources. L -tryptophan 
and its metabolite 5-hydroxytryptophan (5-HTP), the immediate precur-
sor of serotonin, have been used for improving sleep because serotonin is 
known to have multiple functions in the regulation of wake and sleep states 
 [128] . Because serotonin is a precursor of melatonin, sleep promotion through 
L -tryptophan administration may also result from increased melatonin levels. 
Whereas the conversion of  L -tryptophan to serotonin is limited by the avail-
ability of the metabolizing enzyme tryptophan hydroxylase and protein trans-
porters that are shared with other amino acids, 5-HTP conversion is not limited 
by these factors and may be more effi ciently converted to serotonin  [129] , 
although more research is needed on the clinical effects of this difference. 

   Early studies on  L -tryptophan generally used small samples and produced 
mixed results. Some research showed that  L -tryptophan or 5-HTP supplemen-
tation reduced sleep latency  [129] . Additionally, some evidence suggests that 
consumption on foods rich in L -tryptophan along with carbohydrates (which 
promotes L -tryptophan uptake) also reduces sleep latency  [130] , and CBT 
strategies include a bedtime snack with foods high in this amino acid. After the 
occurrence of a 1989 epidemic of the life-threatening condition eosinophilia-
myalgia syndrome (EMS) associated with L -tryptophan, research on  L -tryptophan 
for sleep ceased, and only recently have investigators begun to study its effects 
on sleep. One double-blind, placebo controlled RCT showed improvement 
in self-reported total sleep time, sleep effi ciency, total wake time, and sleep 
quality with both pharmaceutical grade L -tryptophan and specifi cally formu-
lated L -tryptophan/carbohydrate food bars  [131] . Another study showed that 
REM sleep suppression caused by use of a serotonin-reuptake inhibiting anti-
depressant was reversed by concurrent  L -tryptophan supplementation  [132] . 
At present, insuffi cient evidence exists to determine the clinical effi cacy of 
L -tryptophan and 5-HTP for sleep disturbance. 

   Safety concerns regarding  L -tryptophan were raised in 1989 following an 
epidemic of EMS that resulted in at least 37 reported deaths [133] . In most 
cases, EMS was linked to a contaminated product from Japan, but individual 
susceptibility could not be excluded as a contributing factor. The US Food 
and Drug Administration (FDA) issued an advisory and banned the sale of 
most tryptophan products. Only recently has marketing of  L -tryptophan been 
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allowed in the United States again, but an advisory remains in effect and restric-
tions remain on imported L -tryptophan products  [133] . Other than the rare but 
serious risk of EMS, L -tryptophan and 5-HTP supplements have few reported side 
effects and are not associated with residual sedation. Nausea is a common side 
effect of  L -tryptophan doses above 5       mg  [103] .Although some evidence suggests 
that concurrent use of serotonin precursors ( L -tryptophan or 5-HTP) with anti-
depressants may be benefi cial, such use should be avoided until more is known 
about potential product interactions due to risk of serotonin syndrome, a danger-
ous condition associated with hyperthermia, hyperrefl exia, and risk of death. 

    GENERAL SAFETY CONSIDERATIONS FOR OLDER ADULTS 

   In addition to the specifi c side effects and safety issues discussed above, some 
general safety concerns apply to all purportedly sedative products, with some 
specifi c cautions applied to older adults. First, because hepatic and renal clear-
ance may be reduced [134] , active constituents of botanical supplements may 
have prolonged half-lives in older adults, and doses may need to be reduced 
accordingly. Because no rigorous dose-response studies have investigated 
botanical sedatives, there is no evidence on which to base such adjustment. 

   Given that polypharmacy is common in older adults, drug–herb interactions 
are of particular concern. Sedating herbs may cause risk of additive sedation 
in older adults taking the benzodiazepine receptor medications (e.g., Ambien ®

or Lunesta ® ) or medications for which sedation is a major side effect (e.g., 
opioids, fi rst generation antihistamines). In animal models, valerian  [135] , 
hops       [74, 76] , and lemon balm [83]  have been shown to increase barbiturate-
induced sleep time. Given this evidence, concurrent use of these herbs with 
sedating medications should be avoided, especially in older adults in whom 
sedative effects are unpredictable. 

   Altered drug metabolism is another potential drug–herb interaction that 
could pose the risk of serious harm to older adults. Various herbs may inhibit 
or induce enzymes that metabolize drugs during the fi rst pass through the 
small intestine and liver following ingestion and initial absorption. Inhibition 
of these enzymes (cytochrome P450 isoenzymes) reduces drug metabolism 
and may cause risk of increased drug levels and toxicity; induction of the 
enzymes increases drug metabolism and may reduce or abolish the therapeu-
tic actions of the affected drugs. Although  in vitro  studies suggest that cau-
tion is warranted, the effects suggested in these studies do not always occur 
in vivo  in humans. An example of this is valerian, which was shown  in vitro  to 
have mild to moderate inhibitory effects on P450 enzymes          [136–138] , but had 
no effects on the levels of medications metabolized by these enzymes when 
tested in humans       [139, 140] . Other botanicals shown  in vitro  to inhibit drug-
metabolizing enzymes include kava        [140, 141] , chamomile        [142, 143] , and 
hops [144] . Until safety  in vivo  is demonstrated, caution is warranted when 
using these herbs with other medications metabolized by affected enzymes.  
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    SUMMARY AND CONCLUSIONS 

   Sleep disturbance is common in older adults and may pose health risks and 
reduce quality of life. Particular sleep disturbances that become more common 
with increasing age include co-morbid insomnia, advanced sleep phase dis-
order, sleep apnea, periodic limb movements in sleep, and restless legs syn-
drome. Non-pharmaceutical products commonly used for sedative effects 
include the botanicals valerian, hops, lemon balm, lavender, passion fl ower, kava, 
and chamomile as well as non-botanical products melatonin, L -tryptophan, and 
5-HTP. Although valerian is widely used and accepted as a sedative, numerous 
studies have failed to show sleep-promoting effects of valerian that are supe-
rior to placebo. Evidence suggests that kava may be helpful as a sleep aid for 
anxiety disorders, but more research is needed and caution is strongly recom-
mended in persons at risk for liver problems. Melatonin has shown effi cacy as 
chronobiologic agent but is not recommended for the treatment of insomnia. 
Insuffi cient evidence currently exists to determine the sedative effi cacy of hops, 
lavender, chamomile, passion fl ower,  L -tryptophan, and 5-HTP. 

   Side effects of most of the botanicals and supplements reviewed are gen-
erally mild at recommended doses. Two notable exceptions are kava, which 
was associated with idiosyncratic cases of hepatotoxicity, and  L -tryptophan 
(likely from a contaminated source) which was associated with EMS. Valerian, 
hops, lemon balm, and passion fl ower have been shown to have good safety 
and tolerability in several large open-labeled trials (144–3447 participants) 
           [102, 145–147] .

   Overall, insuffi cient evidence supports the effi cacy of botanicals for the 
treatment of sleep disturbances in older adults. Most appear unlikely to cause 
harm should individuals elect to use these products, but such use should always 
be discussed with a health care provider, especially for evaluation of potential 
drug–herb interactions.  
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 Chapter 5 

      Botanicals and Nutrition in the 
Treatment of Epilepsy 
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Neurological Disorders, Oregon Health and Science University, Portland, OR 

     Abstract 

 Among natural treatments for epilepsy, the strongest data exists to support the use of 
the ketogenic diet for children. More recently, a modifi ed Atkins diet which is more 
easily applied, also seems to be promising. Natural progesterone has been shown to 
exert powerful anticonvulsant effects for women with epilepsy. Limited evidence exists 
to consider the use of melatonin as an adjunct to anticonvulsant treatment. 

   In contrast,   clinical data on botanical treatments and other nutritional supplements for 
seizures is scarce. Interactions of botanicals with anticonvulsant medications need to be con-
   sidered to ensure safety of their use (Samuels,      N.,      Finkelstein,      Y.,      Singer,      S.  &  Oberbaum,      M. 
(2008). Herbal medicine and epilepsy: Proconvulsive effects and interactions with antiepi-
leptic drugs. Epilepsia  49(3),   373–380). Most clinical studies on botanicals were performed 
in China but did not meet the rigorous standards of clinical studies as performed in western 
countries. Nevertheless,   their results draw attention to potentially effi cacious anticonvulsant 
botanicals. Botanicals of Western origin,   that seem promising for further studies,   may be 
Passifl ora and Viscum. GABA could be of potential use as a supplement if its blood–brain 
barrier penetration could be improved. Clinical studies of botanicals and nutritional supple-
ments are needed to clarify their safety and therapeutic potential for epilepsy. 

Keywords:   Seizure, CAM, herbs, diet, supplement, hormonal therapy

    INTRODUCTION 

   Epilepsy is a disabling neurological disorder with a prevalence of about 0.5% 
in the general population [1] . Epilepsy can cause a severe impact on quality 
of life [2] , a high risk for injury or mortality and patients often carry a social 
stigma. The incidence follows a bimodal distribution with peaks in early child-
hood and in old age       [1, 3] . Epileptic seizures fall into two large groups: pri-
mary generalized epilepsy (which includes absence, myoclonic seizures and 
primary generalized tonic-clonic seizures), and partial epilepsy (which includes 
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simple or complex partial and secondarily generalized tonic-clonic seizures). 
While primary generalized epilepsies are mostly due to genetic changes, par-
tial epilepsies may be due to multiple etiologies (genetic, head injuries, stroke, 
brain tumors, and others) [4] . 

   Conventional treatment options for partial epilepsy include classic and 
newer antiepileptic drugs, the ketogenic diet, vagal nerve stimulation, and 
resective surgery. Since approximately 25% of epilepsy patients remain insuf-
fi ciently controlled by current conventional approaches  [5] , interest in alterna-
tive treatments is high. In addition, many epilepsy patients may try to pursue 
alternative treatment options to avoid the well-known cognitive side effects of 
most anticonvulsant medications        [6, 7] , which include sedation, psychomotor 
slowing, and dyscoordination. 

   Up to 44% of epilepsy patients use CAM (complementary and alternative 
medicine) therapies         [8–10] . Most commonly used are prayer (44%), stress 
management (22%), and botanicals (12%)  [8] . Of the methods used, stress 
management (in 68%), yoga (in 57%), and botanicals (in 55%) were reported 
by patients to be most helpful  [8] . Recent reviews of CAM treatments for epi-
lepsy       [10, 11]  conclude that while there are few studies, the most promising 
treatments include botanicals [12]  and strategies using behavioral therapy  [13] , 
biofeedback       [14, 15]  or other methods of self-control in mind–body medicine. 

   The number of botanicals, which have been used for epilepsy in various 
settings, is large. In most cases, effi cacy is unknown or not documented. While 
many botanicals may have anticonvulsant potential, some may have proconvul-
sant effects as well (see below). In addition, the use of botanicals may affect 
the level of anticonvulsant medications, with the potential of either lowering 
seizure threshold or causing undesired anticonvulsant side effects. 

   The majority of the available scientifi c literature covers testing of herbs 
in animal models of epilepsy. Potential anticonvulsant or proconvulsant effects 
of herbal medicines were reviewed by Tyagi and Delanty  [16] . A recent review 
by Nsour et al .  [12]  lists over 150 botanicals traditionally used for the treat-
ment of epilepsy which have shown some promise in  in vivo  or  in vitro  studies. 
In contrast, the same review lists only four clinical studies, which have some 
methodological problems. Clinical studies are clearly needed to evaluate the 
effi cacy of promising botanicals in clinical use. 

   In the following, a limited number of the most commonly used or studied 
herbs and some, which are of interest due to controversy, will be discussed in 
the context of the alternative medical systems in which they are used.  

    WESTERN HERBAL MEDICINE 

    Ginkgo biloba 

Ginkgo biloba  is most commonly used botanical in the general population  [17]  as 
well as in the elderly [18] . While Ginkgo extracts are primarily used to prevent 
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cognitive impairment, they are also recommended by some for the treatment of 
epilepsy due to its tonic and possible antioxidant effects, for example  [19] . In 
contrast, there is some evidence to suggest proconvulsant effects of Ginkgo. A 
recent report describes two patients with epilepsy well-controlled by valproate 
who developed frequent generalized seizures about 2 weeks after beginning 
regular use of ginkgo biloba extracts for cognitive impairment  [20] . Ingestion 
so large quantities of ginkgo seeds during a food shortage was associated with 
seizures [21] . The FDA has received seven reports of seizure as an adverse 
reaction to ginkgo [22] . Despite this potential concern, ginkgo remains the 
most commonly used botanical even in the elderly with a diagnosis of epilepsy 
 [18] . More detailed information from clinical studies is needed to solve this 
controversy.  

    Marijuana 

Cannabis sativa  is occasionally recommended for the treatment of epilepsy, 
for example  [19] . Gowers reports about its use in the 19th century and pre-
scribed it himself sometimes  [23] . The recent confl icting evidence regarding 
marijuana and epilepsy has been reviewed by Gordon and Devinsky  [24] . They 
report that animal studies show both anticonvulsant and proconvulsant effects 
of the primary psychoactive constituent delta-9-tetrahydrocannabinol (THC), 
and mild anticonvulsant effects of cannabidiol, the primary nonpsychoactive 
constituent. Clinical data is inconclusive about the overall usefulness of mari-
juana for the treatment of epilepsy.  

    Passionfl ower 

   The medicinal use of  Passifl ora incarnata  originated with native Americans 
 [25] , and its most popular uses are for insomnia  [26] , anxiety  [27] , and epi-
lepsy  [25] . While its active ingredients have not yet been conclusively defi ned 
 [27] , available data suggests fl avonoids as most likely active ingredients 
 [28 – 30] . Studies in animal models show effi cacy of  Passifl ora  extracts and fl a-
vonoid fractions against pentylenetetrazole-induced seizures        [29, 31] , which 
can be inhibited by the benzodiazepine antagonist Ro 15-1788 [32] . Purifi ed 
fl avonoids have been shown to have anxiolytic properties in mice similar to 
benzodiazepines       [33, 34] .

  Passionfl ower extract is a popular botanical currently sold over the counter in 
many different preparations in many countries. In light of the common use, very 
few reports on undesirable effects have been reported. One patient with hyper-
sensitivity developed cutaneous vasculitis and urticaria following ingestion of 
tablets including passionfl ower extract  [35] . One patient developed nausea, vom-
iting, prolonged QT-interval in the EKG and reversible nonsustained ventricular 
arrythmias after ingestion of a total of 3.5       grams of  Passifl ora incarnata  extract 
 [36] . A clinical pilot trial has been published, which shows similar effi cacy of 
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Passifl ora incarnata  extract with oxazepam for treatment of anxiety  [37] . While 
this trial did not include a placebo, a trial of 182 patients with anxiety found 
a reduced Ham-A score in 43% of patients treated with a combination botani-
cal extract which included  Passifl ora  compared to 25% in the placebo group 
(p        �       0.012)  [38] . 

    TRADITIONAL CHINESE MEDICINE (TCM) 

    Piper nigrum/Antiepilepsirine 

   Among other herbs, pepper is used in traditional Chinese medicine to treat epi-
lepsy. Antiepilepsirine (AES) is an isolation of a piperine derivative which has 
been identifi ed as a probable active ingredient which is commercially avail-
able in China. AES was evaluated in a 6-month double-blind cross-over clini-
cal trial as adjunctive treatment to conventional anticonvulsants in 34 children 
 [39] . During AES treatment, 18 of 34 had a response (seizure freedom or a 
reduction in seizure frequency of at least 50%) compared to 11 of 34 during 
treatment with placebo. 

   Prescriptions in Chinese medicine are commonly a mixture of many ingre-
dients. One example is  “ Zhenxianling ”   [40] , which consists of herbal tablets 
including valerian, antelope’s horn powder, human placenta, and seven other 
ingredients, and also of a plaster placed on the umbilicus, which included 
semen strychni, semen hyoscyami and  Cynanchum otophyllum , and fi ve other 
ingredients. This prescription was used on 239 patients with 95.4% having a 
reduction in seizure frequency by at least 50%. Regarding the interpretation of 
such results I was cautioned by a western practitioner of TCM that physicians 
in Chinese hospitals are under signifi cant pressure to produce positive research 
results.

   Another herbal treatment for epilepsy in Chinese medicine is 
 “ Qingyangshen ”  prepared from the root of  Cynanchum otophyllum . Kuang 
et al.   [41]  reports on the effects of  “ Qingyangshen ”  as an adjunctive treatment 
in 32 patients with grand mal seizures which were refractory to conventional 
treatment. Twenty-eight of the 32 patients showed at least 50% reduction in 
seizure frequency within 1 month of treatment. After 2–9 months, 9 patients 
became seizure free. 

   Similar observations in large groups of patients are described for other 
TCM formulas such as “ Wuhuzhuifeng San ”   [42]  or  “ Wuchong San ”   [43] , 
which are all described to have similar effi cacy when compared to control 
groups treated with conventional anticonvulsants such as phenytoin, car-
bamazepine, or valproate. Additional, uncontrolled studies are described in a 
review of TCM for epilepsy  [44] . 

   In summary, it appears there may be promise in some botanicals used in 
TCM formulas, but much research is needed to clarify which ingredients are 
essential, effective. and safe for clinical use. 
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    AYURVEDIC MEDICINE 

   Ayurvedic medicines often contain a mixture of many different herbs, often 
composed on the basis of individual constitutional problems of the patient. 
Among other herbal preparations, such as “ Ashwagandha ”  ( Withania 
somnifera ),  “ Brahmi ghrita ”  is recommended for epilepsy  [45] .  “ Brahmi ”  is 
the Indian name for Herpestis monniera  (also named  Bacopa monniera ), an 
herb which is otherwise commonly recommended for cognitive impairment. 
 “ Ghrita ”  describes the form of preparation which in this case is a paste used as 
a supplement to food and includes Acorus calamus , pachak root and the root 
of Canscora decussata  in addition to  Herpestis monniera   [45] . Unfortunately, 
information on the effi cacy of Brahmi ghrita for epilepsy is not available. 

   Since some ayurvedic preparations include heavy metals  [46] , safety is an 
important issue with ayurvedic medicines  [47] . Ayurvedic preparations should 
be used with extreme caution and only when all ingredients of a preparation 
are clearly known.  

    ANTHROPOSOPHIC MEDICINE AND HOMEOPATHY 

    Viscum 

   Botanical extracts from  Viscum album  (Mistletoe) have traditionally been 
used in Europe for the treatment of epilepsy and other conditions. In a mouse 
experiment, a mistletoe extract was protective against pentylenetetrazole and 
bicuculline induced seizures [48] . Madeleyn  [49]  reports six cases of infan-
tile spasms, one 9-year-old child and two adult patients with epilepsy, which 
became seizure free on Viscum album  treatment. In addition to oral prepara-
tions, sterile injectable preparations are available from several companies in 
Europe and the US, since mistletoe is widely used as an adjunctive treatment 
for cancer. 

   In classic homeopathy there are no remedies for generic conditions. 
Instead, remedies are identifi ed for the individual patient on the basis of simi-
larity of symptoms or even the personality which matches the profi le of rem-
edies [50] . There are, however, some homeopathic remedies whose profi le 
includes symptoms such as convulsions, which are typically associated with 
epilepsy. Most of these remedies are also commonly used for epilepsy in the 
context of anthroposophic medicine. In the following, only a few examples 
will be mentioned.  

    Belladonna and Hyoscyamus 

   These plants from the family Solanaceae contain the anticholinergic alka-
loids atropine and scopolamine which in toxic doses can produce symptoms 
reminiscent of epileptic seizures. The same plants given in high dilutions are 
used in homeopathy to treat epileptic patients. Madeleyn  [49]  describes fi ve 
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children with epilepsy which, in combination with other anthroposophic 
remedies, became seizure free with homeopathic dilutions of Belladonna or 
Hyoscyamus. 

Bufo Rana 

A preparation made from the poison glands of toads is also used in homeopa-
thy for the treatment of epileptic patients. Soldner and Stellmann [51]  describe 
a 3-year-old boy with Lennox-Gastaut syndrome who became seizure free 
after treatment with a homeopathic dilution (C200) of Bufo Rana.  

    Arnica 

   Preparations from this plant of the composite family have been used to treat 
epilepsy either in homeopathic dilution or in the form of a bath. Charette 
 [50]  describes a 30-year-old patient with posttraumatic epilepsy who became 
seizure free after homeopathic treatment with Arnica (C6). Madeleyn  [49]  
describes a 7-year-old child with Lennox-Gastaut syndrome who became sei-
zure free after using baths with arnica extract 3 times a week. 

    NUTRITIONAL APPROACHES TO EPILEPSY 

    Ketogenic Diet 

  The high fat, low carbohydrate ketogenic diet  [52]  is used in many epilepsy centers 
as an adjunct to medical treatment for children with medically refractory seizures.
This diet was designed in the 1920s to mimic the effects of starvation, which can 
have dramatic and long-lasting effects on seizure control. It is not known how the 
diet works, but it is assumed that ketones, which are produced in metabolism in 
the absence of carbohydrates, have anticonvulsant effects  [53] . High fat foods such 
as mayonnaise, butter, and cream make up 80–90% of the diet, which requires 
supplementation with vitamins and minerals. Even small amounts of carbohydrates 
can reverse the ketotic state and reduce seizure control. Pursuing this diet takes 
an enormous commitment, and supervision by an experienced physician 
including the monitoring of metabolic parameters in blood. Serious adverse 
events can occur, including death from pancreatitis  [54] . Success rates in seizure 
control in children vary somewhat between centers; about 25% of study par-
ticipants in a multicenter trial had a reduction in seizures by 50% or more [55] . 
A small study of the ketogenic diet for seizure control in adults found a 54% 
responder rate [56] . 

    Modifi ed Atkins Diet 

   More recently, the potential usefulness a less strict diet, such as a modifi ed 
Atkins diet, for seizure control has been evaluated in several small studies in 
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children  [57]  and adults        [58, 59] . Compared to the ketogenic diet, this modifi ed 
Atkins diet is more feasible since it does not require a fasting period or hospi-
tal admission, and has no restriction on protein consumption. Carbohydrates 
are limited to 15       g/day, high fat foods are encouraged, and urine ketones are 
monitored. A prospective study in 30 adults showed a 47% responder rate after 
1 and 3 months, and 33% responders after 6 months [58] . 

   In addition to whole diets, certain nutritional supplements are sometimes 
recommended for epilepsy  [60] , some of which will be briefl y discussed 
below.  

    GABA 

   The amino acid GABA (gamma aminobutyric acid) serves as the main inhibi-
tory neurotransmitter in the brain, and its presence is essential to maintain the 
balance between neuronal excitation and inhibition, which controls the thresh-
old for epileptic seizures. Naturally, GABA metabolism has been a target for 
anticonvulsant drug design. Benzodiazepines potentiate effects of intrinsic syn-
aptic GABA. Vigabatrin blocks the enzyme GABA transaminase, which inac-
tivates GABA; Tiagabine blocks reuptake of GABA, both actions are designed 
to elevate GABA levels in the brain  [61] . It would seem a natural choice to use 
GABA as a nutritional supplement, as commonly done in naturopathic prac-
tice. However, GABA does not reliably pass the blood–brain barrier, so that 
increased dietary levels of GABA will not penetrate into the brain consistently 
enough to have an effect on seizure control  [62] . To improve on this, the anti-
convulsant drug Gabapentin was designed as a GABA molecule with an added 
aromatic ring to facilitate the penetration of the blood–brain barrier; however 
the actual mechanism of action of Gabapentin appears to be more complex 
than that of a GABA agonist  [63] .

    Progesterone 

   The anticonvulsive properties of progesterone  [64]  were discovered as a result 
of the observation that over one third of women with epilepsy have increased 
seizure activity during certain times of their menstrual cycle (during ovulation 
or premenstrual), a phenomenon termed “ catamenial epilepsy ”   [65] . Estradiol, 
in contrast, has proconvulsive effects  [66] . Catamenial epilepsy responds only 
to natural progesterone (available as Prometrium ® ), not synthetic progestins 
such as those included in hormone replacement therapy  [67] . This may be due 
to the fact that only natural progesterone is metabolized to allopregnanolone, 
whose anticonvulsant effects are more potent than barbiturates  [68] . The 
net result of hormone replacement therapy using synthetic progestins likely 
has proconvulsant effects, since the proconvulsant effects of estrogen are 
unopposed by the anticonvulsant effects of natural progesterone. This can 
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be corrected by adding natural progesterone (e.g., Prometrium ® ). Several 
open label studies of natural progesterone have shown that about 75% of 
women with intractable catamenial partial onset epilepsy experienced a reduc-
tion in seizures by more than 50%       [69, 70] . An NIH-funded multicenter, 
double-blind controlled trial of progesterone for women with epilepsy began 
in 2000.  

    Melatonin 

   Melatonin, a hormone produced by the pineal gland, helps regulate the sleep/
wake cycle and is commonly taken as a supplement for insomnia. Adequate 
sleep is essential for good seizure control, so a relationship of melatonin to sei-
zure control seems logical. In a study of patients with intractable temporal lobe 
epilepsy, melatonin levels before seizures were found to be lower than normal 
individuals, and increased after seizures, which could be interpreted as a com-
pensatory release of an endogenous anticonvulsant  [71] . Melatonin might have 
some anticonvulsant activity as suggested by a study in mice, which appeared 
to be protected from kainate induced seizures when preinjected with mela-
tonin [72] . Several studies in children with medically refractory epilepsy sug-
gest that melatonin supplementation improved seizure control, with worsening 
of seizures when melatonin was discontinued and improvement on resuming 
melatonin         [73–75] . In contrast to these fi ndings, it is possible that nocturnal 
seizures could be exacerbated by increased melatonin  [76] . More research is 
needed to clarify the effect of the circadian changes of melatonin on seizures. 
Since melatonin is not known to cause signifi cant side effects or to interfere 
with anticonvulsant levels  [77] , it may be a useful adjunct to anticonvulsant 
therapy of seizures.  

    Taurine 

   Taurine, a conditionally essential amino acid, has inhibitory effects in the 
central nervous system, and evidence of decreased taurine levels in epileptic 
patients have been used to advocate its use as adjunctive treatment for seizures 
 [78] . Two small, uncontrolled studies suggested a mild anticonvulsant effect of 
taurine       [79, 80] . However, results have been variable, and the use of taurine in 
the treatment of epilepsy remains controversial. For some patients, high doses 
of taurine can lead to peptic ulcers [81] .

    Pyridoxine 

   Pyridoxine (Vitamin B 6 ) is necessary for the synthesis of the inhibitory neu-
rotransmitter GABA and is effective when seizures are due to pyridoxine defi -
ciency  [82] . There is no evidence that pyridoxine is useful in the treatment of 
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other forms of epilepsy. High doses of pyridoxine can be dehydrating and can 
cause gait problems and reversible distal numbness  [81] .

    Magnesium 

   Decreased levels of magnesium can predispose to epileptic seizures, and obste-
tricians commonly use intravenous magnesium to control seizures in eclampsia 
 [83] . However, there is no evidence of a benefi cial effect of oral magnesium 
supplementation in epilepsy outside these indications. High doses of oral mag-
nesium can occasionally cause diarrhea [81] .

    Zinc 

   Zinc has been found to be synaptically released and to act as a neuromodulator 
in the hippocampus [84] , a region of the cerebral cortex commonly implicated 
in partial epilepsy. While synaptic zinc release may increase in the course of 
epilepsy [85] , it is not clear whether the complex actions of zinc result in pro-
tection from or in enhancement of seizures  [86] . In either case there is no evi-
dence so far to suggest a role of zinc supplements in the treatment of epilepsy. 
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    Abstract 

 The standard  Gingko biloba  leaf extract EGb 761 has been given routinely as prescript 
drug in many countries, and as dietary supplement in US, for Alzheimer’s dementia. 
Numerous clinical data has demonstrated possible improvement of dementia by EGb 
761 in Alzheimer patients. Two large-scale Alzheimer’s disease prevention trials by 
EGb 761 in normal aging population are ongoing and expected to fi nish by 2010. EGb 
761 protects brain from damage in experimental animals and neuronal cells. Polypotent 
and multitarget actions (antioxidative, platelet activating factor (PAF)   receptor antago-
nist, inhibiting amyloid oligomerization) of EGb 761 may underlie its clinical effi cacy. 
EGb 761 exhibits good side effect profi le in clinical studies. It may cause potential 
bleeding when used with other anticoagulant drugs. Product   quality of EGb 761 should 
be taken into consideration when used as a dietary supplement.  

Keywords:   Ginkgo biloba , Alzheimers, sarcopenia, neurodegenerative diseases 

    INTRODUCTION 

  Age-associated diseases such as Alzheimer’s disease (AD) are threatening elderly 
population worldwide. Current available therapeutic treatment for AD exhibits 
only symptomatic modifi cation of the disease and improves cognitive functions 
only in some patients. An ancient tree Ginkgo biloba  leaf extract offers benefi -
cial effect to Alzheimer dementia at a similar degree as the current front-runner 
medication. Experimental evidence provides possible mechanism of action for its 
benefi cial effects in human. Current prevention trails may offer evidence-based 
therapy for protecting elderly population against dementia. Prospective and limi-
tation, safety and quality issues of this extract are also discussed. 
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    AGE-DEPENDENT DEGENERATIVE DISEASES IN ELDERLY 

   In broad terms, an age-dependent degenerative disease is widely used to 
describe a condition in which the function or structure of affected tissues or 
organs experience progressively deterioration over time, such as cardiovascu-
lar diseases, nervous system dysfunction, immune system decline and skeleton 
muscle degeneration. 

   Neurodegenerative disease associated with aging is a disorder resulting 
from the gradual and progressive loss of neuronal cells, leading to nervous 
system dysfunction. The disorder is often associated with the deterioration of 
certain nerve cells in the central or peripheral nervous system; the changes in 
these cells cause them to function abnormally and eventually dead. 

   Amongst a variety of neurodegenerative diseases, Alzheimer’s disease 
(AD) is the most prevalent and devastating disorder in the growing population 
of the elderly. It is estimated that there were 4.5 million Americans diagnosed 
with AD in 2000, with an annual estimated cost of $100 billion. It is predicted 
that the number will continue climb and reach 13.2 million by 2050 in US 
population  [1] . Globally, approximately 24 million people worldwide are liv-
ing with AD today. Clinical signs of Alzheimer’s disease are characterized 
by progressive memory loss and cognitive deterioration usually with an onset 
after 65 years old. AD is the most common cause of dementia and accounts for 
about 70% patients with dementia in the elderly. Extracellular senile plaques 
and intracellular neurofi brillary tangles in the brains of AD patients have been 
identifi ed as pathological hallmarks of AD. 

   Parkinson’s disease (PD) is also one of the most common age-related neu-
rodegenerative diseases. As opposed to cognitive defi cits in AD, PD is a move-
ment disorder resulting from selective loss of dopaminergic neurons in the 
brain. Although PD and AD largely differ from their clinical symptoms and 
course of disease, both disorders are basically provoked by progressive loss 
of neurons in different neuronal system, which eventually cause neural system 
function abnormally. 

   In contrast to neurodegenerative diseases, sarcopenia, an age-related pro-
gressive loss of skeletal muscle mass and strength in senescence, is a degenera-
tive disorder that accompanies a natural aging process. Although sarcopenia is 
not directly lethal to affected individuals, the severity of sarcopenia could pre-
vent older people from living independently and impose a remarkably adverse 
impact on the quality of life of the geriatric population. 

   Owing to the rapidly growing number of elderly people and increased life 
expectancy in past decades, neurodegenerative dementias, neurodegenera-
tive movement disorders and other degenerative diseases, such as sarcopenia, 
have been recognized as marked problems in the developed world because of 
its health care concerns as well as socioeconomic implications. Unfortunately, 
in spite of great progress made in understanding the pathogenesis of those dis-
eases, there is no cure for those disorders, only symptomatic treatments are 
available. Moreover, diagnosis of AD can only be made psychologically by 
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variety of cognitive tests or neuropathologically from postmortem brain by 
examining the amyloid plaques and tangles.  

    CURRENT THERAPEUTIC APPLICATIONS FOR AD 

   Cholinesterase inhibitors are the earliest developed and still the fi rst line pre-
script drug available in US for patients with mild to moderate AD. By inhibit-
ing the hydrolysis of neurotransmitter acetylcholine in the synaptic cleft and 
prolonging the levels of acetylcholine, these drugs restore the neurotransmitter 
in the lost neurons in the brain of AD patients. Tacrine was the fi rst cholineste-
rase inhibitor approved by US Food and Drug Administration (FDA) for symp-
tomatic treatment of AD but was problematic due to hepatotoxicity. Therefore, 
three new compounds, donepezil, galantamine and ricastigmine, with similar 
effi cacy but improved safety profi les replaced it. 

  Recently, an N-methyl-D-aspartate (NMDA)   receptor antagonist, meman-
tine, was approved for the symptomatic treatment of moderate to severe AD. By 
noncompetitively inhibiting NMDA receptor, memantine counteract on  “ excito-
toxic ”  glutamate, the major excitatory neurotransmitter in the brain. It turns out 
that memantine is well tolerated and its effi cacy is comparable to the cholineste-
rase inhibitors. Nevertheless, its potential side effects on overall cognitive func-
tion are questioned. 

   Much effort has been focused on development of disease-modifying medi-
cations. Guided by the “ amyloid cascade hypothesis ”   [2] , inhibition of  γ -secre-
tase or β -secretase, or enhancement of  α -secratase, would decrease amyloid 
beta (A β ) peptide production. Several of these compounds are currently under-
going clinical trials by Wyeth and other pharmaceutical companies  [3] . Along 
the same line, one interesting approach initiated by Schenk and colleagues [4]
is the active and passive immunotherapy to lower brain A β  levels and improved 
memory  [5] . The subsequent problem with micro hemorrhage could be poten-
tially overcome by deglycosylation of the antibody structure  [6] . 

   Anti-infl ammatory medication for AD was originated from epidemiological 
evidence, which suggests that use of nonsteroidal anti-infl ammatory (NSAID) 
medication earlier in life may reduce the risk of developing AD  [7] . However, 
clinical trials for this practice are not conclusive. Similarly, clinical data for 
antioxidant therapy such as vitamin E, vitamin C and selegiline, was discour-
aging. Trials of antioxidant vitamin  “ cocktails ”  as possible prevention strate-
gies have been proposed  [8] .  Ginkgo biloba  leaf extract was classifi ed as an 
antioxidant for treatment of AD, though it has multiple properties [9] . Some 
of them have disease-modifi cation potential. Prospective clinical trials of EGb 
761 to delay the onset of AD in older people without dementia are currently 
being conducted in United States  [10]  and Europe  [11] .

     GINKGO BILOBA EXTRACT EGB 761 

   The  Ginkgo biloba  tree is a tall and ancient tree with remarkable long life 
span of more than 4000 years due, in part, to high tolerance to pollution 
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and  resistance to infections. The tree is described as a  “ living fossil ”  with-
out close living relatives. The medical use of fan-shaped Ginkgo leaves can 
be traced back to approximately 5000 years to origins of traditional Chinese 
medicine and modern Chinese pharmacopoeia introduced leaves as treatment 
for dysfunctions of heart and lung and as a promoter of longevity. In 1965, 
Dr. Willmar Schwabe, a German physician-pharmacist introduced the extract 
of Ginkgo biloba  leaves into medical practice, and fi rst registered EGb 761 as 
a medication by Dr. W. Schwabe company. Since then, EGb 761 (trade names 
Tebonin®, Tanakan®, Rokan®) is a well-defi ned and patented product devel-
oped and commercialized by IPSEN   in France and Dr. Willmar Schwabe 
Pharmaceuticals in Germany in the early 1970s. Standardized extracts of the 
Ginkgo biloba  leaves are presently widely prescribed in Europe as a treat-
ment for “ cerebral insuffi ciency, ”  which is a general term used for nonspecifi c 
age-related deterioration of mental functions, including AD       [12, 13] . In the 
United States, EGb 761 has been a top-sell dietary supplement that is used for 
enhancement of blood circulation and memory. EGb 761 consists of 24% fl a-
vonol glycosides and 6% terpenoid lactones. The fl avonoid fraction is prima-
rily composed of quercetin, kaempferol and isorhamnetin. The terpene lactones 
are represented by the ginkgolides A, B, C, J and M, as well as bilobalide. 

   During the past decades, a wealth of accumulating evidence  in vivo  or  in
vitro  studies indicated that EGb 761 or its single component exhibits a wide 
range of biomedical and pharmacological effects on various model systems. 
Substantial experimental evidence has shown EGb 761 to be a multifunc-
tional antioxidant and potent free radical scavenger that can effectively protect 
organisms against oxidative stress, which may, at least in part, contribute to 
its therapeutic potential on many disorders or diseases. Other major activities 
of EGb 761 include: inhibition of membrane lipid peroxidation [14]  cognition 
enhancement particularly in aging rats and alleviating stress in the experimen-
tal animals       [15, 16] , anti-PAF activity contributing to improvements in cer-
ebral insuffi ciency  [17]  enhancing neuronal plasticity  [18]  anti-infl ammatory 
effects  [19] , stimulation of choline uptake in the hippocampus, inhibition of 
A
 aggregation, and anti-apoptotic activities in neuronal cells          [20–22] . 

   It is still not determined which component, alone or in combination, in 
EGb 761 is responsible for the proposed health-enhancing properties, but 
it has been suggested that many of effects of EGb 761 are so called  “ poly-
valent ”  actions. That is the therapeutic activity of EGb 761 is the net effect of 
interactions between various biological activities of the principle substances in 
the extract, acting at different levels of the body. This multi-faceted mode of 
action by EGb 761 is opposed to pharmacologically manufactured or synthetic 
drugs, which provide a single target for a single receptor as its mechanism of 
action. Since the etiology of neurodegenerative diseases is often multifacto-
rial, the multiplicity of neuroprotective effects by EGb 761 strongly implicates 
therapeutic potentials in patients with AD and other age-related neurodegen-
erative disorders.  
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    EGB 761 EXTENDS LIFE SPAN, DELAYS SACROPENIA AND 
Aß-INDUCED TOXICITY IN EXPERIMENTAL ANIMALS 

   In the past years, we have used the model organism  Caenorhabditis elegans  to 
evaluate pharmacological effects of EGb 761 on aging. We demonstrated that 
treatment of the worms with EGb 761 extended their median life span by 8% 
( Fig. 6.1B )  . Amongst several purifi ed components of EGb 761, the fl avonoid 
fraction showed the most dramatic effect: it extended the median life span by 
25%. Furthermore, EGb 761 increased the worm’s resistance to acute oxidative 
stress by 33% ( Fig. 6.1A   ). It appears that oxidative stress, a major determinant 
of life span, as well as other types of stress, can be successfully counteracted 
by the Ginkgo biloba  extract EGb 761. These results suggest that EGb 761 
extends the life span by increasing resistance to oxidative stress via augment-
ing natural antioxidant defenses [23] . 

  Life span enhancing by EGb 761 lead us to hypothesize that age-asso-
ciated tissue degeneration can be modulated by EGb 761. Age-related 
muscle deterioration not only occurs in the skeletal muscle of human and 
other mammalian species, but also in invertebrates. It has been demon-
strated that sarcopenia accompanies the age-dependent functional decline 
in the nematode, similar to those longer-lived vertebrates. When exam-
ined the major cellular changes of a number of important cell types in aging 
worms, it was revealed that the nervous system in senescent nematodes 
stays largely intact, although the muscles experience a gradual and pro-
gressive deterioration, that is, sarcopenia  [24] . Using a combination of 
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fl uorescent and transmission electronic microscope techniques as well as behav-
ioral assays, we demonstrate that both EGb 761 and Wisconsin Ginseng (WG)  
delay age-dependent muscle cell degeneration ( Fig. 6.2A   )    [25] . Interestingly, 
the reduced decline of muscle cell integrity by the two extracts displayed 
an age different onset ( Fig. 6.2A ), which seems to correlate with their effects on 
age-dependent locomotive behavioral decline which includes locomotion, body 
bend, and pharyngeal pumping ( Fig. 6.2B ). These data support our hypothesis 
that age-associated sarcopenia can be modulated by certain life span-extending 
drugs, suggesting that pharmacological extension of life span is a consequence 
of maintaining functional capacity of the tissue. The insights from using EGb 
761 and WG extract on muscle deterioration in the nematodes may provide a 
basis for developing pharmacological interventions for human sarcopenia  [25] . 

  EGb 761 has being viewed as an antioxidant, which may underlie its life 
span extension and sarcopenia alleviation properties. However, others and we 
described a specifi c inhibitory effect of EGb 761 on A β         [24, 26] . In a follow 
up study, we use the transgenic  C. elegans  model  [27]  that exhibits several 
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pathological behaviors to associate A β  species with A β -induced abnormal 
 behaviors in the organism. We reported that EGb 761 and one of its compo-
nents, ginkgolide A, alleviated A β -induced pathological behaviors, including 
paralysis, and reduced chemotaxis behavior and 5-hydroxytryptamine (5-HT) 
hypersensitivity in a transgenic  C. elegans . We also showed that EGb 761 inhib-
ited A β  oligomerization and A β  deposits in the worms ( Fig. 6.3B   )  . Moreover, 
we revealed that reducing oxidative stress is not the mechanism by which EGb 
761 and ginkgolide A suppress A β -induced paralysis since the antioxidant  
L -ascorbic acid reduced intracellular levels of hydrogen peroxide to the same 
extent as EGb 761, but was not nearly as effective in suppressing paralysis in 
the transgenic C. elegans . This study further supports multi-potent function as 
mechanism of EGb 761 protection. It is likely that the pharmacological effi cacy 
manifested in the transgenic worms share the similar mechanisms with the cog-
nitive impairment in mammals. 
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   Considering the benefi cial effects of EGb 761 on cognitive impair-
ment in AD patients  [28]  and AD mice  [29] , and its ability to inhibit 
A
  oligomerization  in vitro         [26, 22]  and in the worm model  [30] , we fur-
ther examined the neurogenic potential of EGb 761 in the hippocampus of 
a mouse model of AD (TgAPP/PS1)  [31] . EGb 761 signifi cantly increases 
cell proliferation in the hippocampus of the TgAPP/PS1 mice ( Fig. 6.4     )
   [32] . Administration of EGb 761 reduces A β  oligomers and restores CREB 
 phosphorylation in the hippocampus of these mice. These fi ndings suggest 
that (1) enhanced neurogenesis by EGb 761 may be mediated by activation 
of CREB, (2) stimulation of neurogenesis by EGb 761 may contribute to its 
benefi cial effects in AD patients and cognitive functions in the mouse model 
of AD and (3) EGb 761 has therapeutic potential for the prevention and treat-
ment of AD. Neurodegenerative disorder seen in AD is believed to start with 
synaptic dysfunction and subsequent loss of neuronal cells [33] . Evidence of 
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FIGURE 6.4      EGb 761 enhances cell proliferation in the hippocampus of transgenic (TgAPP/PS1) 
mice. BrdU positive cells in the Dentate Gyrus (DG)   of young and old, WT and Tg mice maintained 
on a dietary regiment supplemented with or without 100       mg/kg of EGb 761 for 1 month and intra-
peritonially injected with BrdU (75       mg/kg/daily) for 7 consecutive days were quantifi ed. BrdU 
positive cells were counted in both DG of one brain section taken out of every consecutive seven, 
and were expressed as the Mean � SEM of total number of BrdU positive cells/DG of 3–4 WT 
or Tg mice per treatment category. ** p        �      0.01 indicates the most striking differences (three way 
ANOVA)  [32] .    
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neurogenesis in the adult rodent’s brain        [34, 35]  raised the hope that the 
replacement of lost neurons could represent a therapeutic approach for the 
management of AD  [36] . Given the deleterious impact of the association 
between aging and A β , the role of newly generated neurons in hippocampal-
dependent learning and memory [37] , the neurogenic enhancing property of 
EGb 761 succeed this top selling dietary supplement as a therapeutic candidate 
in the management of Alzheimer’s dementia  [32] . 

   Advance in molecular biology offers new tools to reveal overall gene tran-
scription changes using DNA microarrays analysis. The transcriptional effects 
of EGb 761 in the cortex and hippocampus of mice showed a more than three-
fold change in several neuromodulatory genes. All of which were associated 
with brain function and were up-regulated ( Table 6.1   )    [38]  demonstrating 
that EGb 761 have neuromodulatory effects  in vivo  and the validity of 

TABLE 6.1        The Transcriptional Effects of Ginkgo biloba on the 
hippocampus and cortex (Genes Whose Expression Changed Threefold 
or More  

   Probe set  Gene/description  Fold change 

   Hippocampus 
          Pre-albumin 
                 D00073  Transthyretin  16 

   Cortex 
          Growth factors/Neuromodulators 
                 X02891  Growth hormone  11.1 
                 X04418  Prolactin  11 
   Transcription factors 
                 Y07688  Nfi X1 protein  7.3 
                 U02098  Purinergic region binding 

protein α
 5.1 

   Ion channels 
                 AF029347  Chloride channel protein 3  4.5 
                 AF029347  Chloride channel protein 3  6.2 
                 AF077739  Calcium channel  3.8 
                 L32372  GluRB (AMPA-2)  3.9 
   Signal transduction 
                 X95518  Neuronal tyrosine/

threonine phosphatase 
 7.3 

   Cytoskeletal 
                 M18775  Microtubule-associated t  3.1 
                 M18775  Microtubule-associated t  4.4 

Source : Ref. [38] 
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genome-wide expression monitoring to investigate the biological actions of 
complex extracts.  

    CLINICAL EVIDENCE SUPPORTING EFFICACY OF EGB 761 
IN AD DEMENTIA 

   Available data from human studies has confi rmed the clinical effi cacy of EGb 
761 in patients with multi-infarct dementia or primary degenerative demen-
tia of Alzheimer’s type or mixed types of dementia  [39] . As early as in 1992, 
Kleijnen and Knipschild systematically reviewed eight well-conducted clinical 
trials conclude that Ginkgo biloba  extracts reduce the symptoms of dementia 
and cerebral insuffi ciency to an extent that was clinically relevant  [40] . The 
fi rst randomized, double-blind, placebo-controlled, multicenter-involved clin-
ical trial, lasted 52 weeks, of EGb 761 treatment for multi-infarct dementia 
or dementia of the Alzheimer type was conducted in New York Institute for 
Medical Research by Le Bars and colleagues [28] . A serial of standardized 
neuropsychological measures including Alzheimer’s disease assessment scale-
cognitive subscale (ADAS-Cog), Geriatric Evaluation by Relative’s Rating 
Instrument (GERRI), and Clinical Global Impression of Change (CGIC) 
was employed for assessment of effi cacy of 52 weeks of treatment with EGb 
120 mg/day. Consistent with previous studies, they made a conclusion that 
a treatment effect of EGb showed clinically signifi cant benefi ts with respect 
to cognitive performance (ADAS-Cog) and social functioning (GERRI) in 
patients with mild to moderate Alzheimer’s dementia. No change occurred by 
CGIC evaluation. Total 309 mild to severe demented outpatients ( � 45 year 
old) were divided into two groups, EGb group (120       mg/d) had ADAS-Cog 
score 1.4 points better than the placebo group ( p       �      0.04); 27% patients treated 
with EGb achieved 4 point improvement on ADAS-Cog, compared with 
14% taking placebo ( p       �      0.005). No signifi cant differences were observed in 
number of patients reporting adverse events or incidence between EGb and 
placebo treated group. The authors concluded that EGb was safe and capable 
of stabilizing and improving the cognitive performance and social function 
of demented patients for 6 months to 1 year. Specifi cally, EGb 761 was more 
effective than placebo in AD patients treated for 12–24 weeks, at 120–240       mg/
day         [13, 41, 42] .

   In 1998, Oken  et al .  [12]  preformed a meta-analysis of 50 clinical stud-
ies using EGb 761 for treatment of dementia and cognitive function associ-
ated with AD. There were total of 212 subjects in each of placebo or drug 
treatment group among four randomized, double-blind, placebo-controlled 
studies. Patients diagnosed with AD received 120–240       mg  Ginkgo biloba
extract with the duration of 3–6 months, ADAS-Cog was used as the primary 
 effi cacy assessment of cognitive function. It was concluded that there was a 
modest but statistically signifi cant effect that translated into 3% improvement 
on the ADAS-Cog, and no signifi cant adverse effect observed in the drug 
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treatment group [12] . A later systematical review of nine studies of ginkgo 
extract by Pittler   and Ernst  [43]  reported similar fi ndings that  Ginkgo biloba
extracts showed a safe and positive effect for treatment of dementia symp-
toms beyond placebo. Standard extract EGb 761 was used in the most studies 
aforementioned.

   Regarding clinical study of EGb 761 in dementia of normal aging, the data 
is controversial  [44] . A study by Mix and David Crews reported that EGb 761 
was also more effective than placebo in cognitively intact 60-year-old adult 
(n       �      131) treated with 180       mg/day EGb 761 for 6 weeks, in certain neuropsy-
chological/memory process  [45] . A case study shown that no signifi cant asso-
ciation of AD onset with EGb 761 for 2 years in 345 women over 75 year old, 
followed up for 7 years  [46] . However, a 6 week randomized controlled trial, 
included � 60-year-old male and female healthy volunteers administrated EGb 
40       mg 3 times/day ( n       �      115), placebo ( n       �      115) showed that no effect of EGb 
761 administration compared with placebo in healthy volunteers  [47] . 

   A more recent meta-analysis  [39]  of 33 randomized trials, involving 3106 
participants further demonstrated that there are benefi ts associated with Ginkgo 
for AD compared with placebo in AD patients ’  cognition, activity of daily 
living (ADL), and mood and emotion. They concluded that  Ginkgo biloba
appears to be safe in use with no excess side effects compared with placebo. 
Overall there is promising evidence of improvement in AD patient’s cognition 
and function associated with ginkgo. Nevertheless, the authors emphasized a 
need for modern, larger trials  [39] . Obviously there are some limitations of 
studies used in meta-analyses, such as: (a) non-standardized diagnostic prac-
tices; (b) relatively short duration of many studies; (c) inconsistent potency/
dosing across the studies; (d) standardization of test products not clear; (e) use 
of inexperienced investigators; (f) some studies not placebo-controlled, and 
(g) blinding may have been inadequate (i.e., failure to adequately mask the 
taste and color of EGb 761).  

    EGB COMPARED WITH THE FIRST LINE DRUG FOR AD 
(ARICEPT) 

   EGb 761 has been used as a prescribed medicine in Europe for symptomatic 
treatment for age-related cerebral insuffi ciency and cognitive impairments 
associated with a range of neurological disorders. A review further addressing 
an issue regarding the effi cacy of EGb 761 compared with other prescribed 
drugs such as the fi rst line drug donepezil (Aricept) approved by the US Food 
and Drug Administration (FDA) for symptomatic treatment of mild to mod-
erate Alzheimer’s dementia. The review concluded that second-generation 
cholinesterase inhibitors and Ginkgo special extract EGb 761 were equally 
effective in treating mild to moderate Alzheimer’s dementia. 

   An Italian group performed a 24-week randomized, double-blind, 
placebo-controlled study to directly compare the therapeutic effi cacy of 
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EGb 761 (160       mg daily dose) and donepezil (5       mg daily dose) in patients suf-
fering from mild to moderate degenerative dementia of Alzheimer type  [48] . 
The degree of severity of dementia was assessed by the Syndrome Kurz test 
(SKT) and the Mini-Mental State Examination (MMSE). The changes in 
patients ’  condition were examined by Clinical Global Impression (CGI) score. 
As a result, they demonstrated that there were signifi cant clinical improve-
ments in cognitive functions observed in patients of tested medication groups 
regarding three measures aforementioned ( Fig. 6.5   )  . There was no evidence 
of relevant differences in the effi cacy of EGb 761 and donepezil in treatment 
of mild to moderate Alzheimer’s dementia ( Fig. 6.5 ). In addition, EGb 761 
showed a good tolerability and side effect profi le in comparison of adverse 
events (diarrhea, nausea, vomiting and restlessness) occurred in donepezil 
group. Their fi ndings provide solid evidence to support benefi cial effects of 
EGb 761 on slowing down Alzheimer’s degenerative progression and stabiliz-
ing cognitive decline comparable with clinical effi cacy of second-generation 
cholinesterase inhibitors.  

     “ AN OZ PREVENTION IS WORTH A POND OF CURE ” : THE 
ONGOING PREVENTION TRIAL FOR EGB 761 ON DEMENTIA 

   Given that Alzheimer’s disease being leading causes of morbidity and mortal-
ity in industrialized countries as a result of increased life expectancy and the 
lack of the curative therapy for treatment of AD, fi nding strategies to prevent 
or delay the onset of AD become one of the important challenges  [1] . It was 
predicted that delaying the onset of AD by 5 years would reduce the number 
of incidence of the AD by half in the next decade. 
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FIGURE 6.5  The  in vivo  neuromodulatory effects by  Ginkgo biloba  extract administration of exper-
imental mice using DNA microarray assay for profi les of transcription changes  [48] .     *p � 0.01.
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   Considering the importance of AD prevention, two phase III clinical tri-
als, GEM (Ginkgo evaluation of memory) in United States and GuidAge in 
France, focus on evaluation of its effi cacy of prevention of AD in subjects 
over 70 year old. Both trials included randomized more than 3000 individuals. 
GEM was designed as a 7 years, with 8.5 years of participant follow up, rand-
omized, double-blind, placebo-controlled trail of Ginkgo biloba , administrated 
in a dose of 120       mg twice daily, in prevention of dementia in normal elderly 
or those with mild cognitive impairment  [10] . From September 2000 through 
June 2002, GEM study successfully recruited 3072 participants age 75 years 
and older at four US sites ( Fig. 6.6   )    [49] . Primary outcome is the incidence 
of all-cause dementia. Secondary outcome includes the rate of cognitive and 
functional decline, the incidence of cardiovascular and cerebrovascular events 
and mortality. The assessments are repeated every 6-month and side effects 
and adverse events are tracked  [10] . Similarly, the GuidAge study is a 5-year 
double-blind, randomized trial conducted in France to evaluate the effi cacy of 
240       mg daily of EGb 761 in the prevention of AD. The study have enrolled 
elderly individuals with spontaneous memory complaint and the primary out-
comes is the incidence of AD during a 5-year follow up period. This study is 
the largest clinical trials carried out in Europe on the prevention of AD. The 
anticipated fi nal results would be available in 2010  [11] . 
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  Neuroprotective functions of EGb 761suggest that the extract may be useful 
in preventing and treating cardiovascular disease (CVD). Particularly ischemic 
cardiac syndrome. Since many patients with cardiovascular disease are already 
taking anticoagulants and antiplatelet drugs, self-medication with EGb 761 
extract is not recommended without the advice of their physician. Although 
EGb 761 extracts look promising for preventing and treating CVD, well-
controlled clinical trials are needed before clinical recommendations can be 
made  [50] . Relevant clinical trials with EGb 761 in the treatment of arterial and 
venous insuffi ciency and in the prevention of thrombosis have been carried out. 
A review underscored the potential benefi ts of  Ginkgo biloba  in cardiovascular 
diseases, highlights the gaps in our current research, and suggests the necessity 
for more rigorous systematic investigation of cardiovascular properties of EGb 
71  [51] . Recent studies conducted with various molecular, cellular and whole 
animal models have revealed that leaf extracts of  Ginkgo biloba  may have anti-
cancer (chemopreventive) properties that are related to their antioxidant, anti-
angiogenic and gene-regulatory actions  [52] . The question as to whether people 
with age-related macular degeneration should take  Ginkgo biloba  extract to pre-
vent progression of the disease has not been answered by research to date  [53] . 

    SIDE EFFECTS AND QUALITY ISSUE OF EGB 761 

  As summarized in  Table 6.2       , common side effects including headache, nausea, 
gastrointestinal upset, diarrhea, dizziness or allergic skin reaction, in EGb 761 

TABLE 6.2        Side Effects and Caution 

   Adverse effect  Drugs  References 

   Headache, nausea, gastrointestinal 
 upset, diarrhea, dizziness, or
 allergic skin reaction. 

 No signifi cant 
difference
 from placebo 

   Could increase bleeding risk, for 
 people who take anticoagulant 
 drugs, have bleeding disorders, 
 during surgery or dental procedure
  or (discontinue 36       h prior to). 
   Alone no inhibit of blood coagulation, 
 or platelet aggregation. 

 With 
Aspirinspontaneous
 hyphema With 
Warfarin – 
 intracerebral 
 hemorrhage 

  [55]
  [56]
  [54]

   Reduce effectiveness of 
 anticonvulsant for seizer. 
Uncooked ginkgo seeds contain
 ginkotoxin, which can cause 
 seizers. 

 With 
Carbamazapine
 or valproic 
 acid – seizer 

  [57]
 National Center for 
 Complementary 
 and Alternative 
 Medicine 
 (NCCAM )  , http://
 nccam.nih.gov
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treated group are not different compare with that in placebo group. It should be 
noted that EGb 761 could increase bleeding risk [54] , for people who take anti-
coagulant drugs, have bleeding disorders, or during surgery or dental procedure 
(discontinue 36 hours prior to surgery are recommended by the physicians). For 
example, when taken with Aspirin, spontaneous hyphema could occur  [55] , when 
used with Warfarin, intracerebral hemorrhage could happen  [56] . Interestingly, 
EGb 761 was found to reduce effectiveness of anticonvulsant for seizer  [57] . 
Seizer could also be caused by non-cooked ginkgo seeds containing ginkotoxin. 

   As with any natural products, standardization and quality concerns could 
impact on all studies. The problems of complex herbals could adversely affect 
assay sensitivity of any clinical trial. Furthermore, standardization of herb 
against one active marker group may not necessarily assure standardization 
of the activity of the extract. In general, phytochemical composition can vary 
depending on variability in the raw material from which the extract is obtained, 
for example harvesting period, drying process, storage conditions and method 
of extraction, for example solvent composition, ratio of raw material to extrac-
tion fl uid, etc. Based on a survey of 27 US brands (tabs and caps) of EGb 761 
tested for content [58] : fl avone glycosides varied from 24% to 36%; terpene 
lactones ranged from 4% to 11%; Ginkgolic acid ranged from ∼500 ppm to 
90,000 ppm (should not exceed 5 ppm). Of 14 produces tested for dissolution: 
10 exhibited  � 75% dissolution of glycosides and lactones in 30 minutes; 2 
exhibited about 55–70%; 1 about 10% dissolution in 30 minutes. The authors 
warned that many of the investigated products can not be considered to be 
pharmaceutically equivalent to the patented original product by Schwabe  [58] .
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     Abstract 

 Policosanol ( Saccharum offi cinarum ) is a dietary supplement that is widely used in 
Latin America to normalize dyslipidemic profi les, as well as to reduce hypertriglyceri-
demia. Consisting of fatty alcohols derived from plant waxes, policosanol has shown 
comparable effi cacy and better safety than statins for raising HDL and lowering LDL 
cholesterol levels. However, nearly all published trials of policosanol have been con-
ducted by a single group of investigators in Cuba, and more recent studies outside of 
Cuba haven’t replicated these fi ndings. This chapter presents current information on the 
pharmacological properties of policosanol and reviews recent studies with a focus on 
those that target elderly populations. Additional studies are needed in elderly popula-
tions to further describe its effi cacy, especially when directly compared with statins, 
and to characterize its mechanism of action and potential pleiotropic effects.   

Keywords: Policosanol, dietary supplements, plant waxes, cholesterol, triglycerides, 
older adults 

   Policosanol is an over-the-counter dietary supplement that consists of fatty alco-
hols derived from plant wax, generally sugar cane ( Saccharum offi cinarum ). 
Widely used in Latin American countries to promote cardiovascular health, poli-
cosanol is a natural remedy that has been shown in several Cuban studies to be 
effi cacious for normalizing dyslipidemic lipoprotein profi les, as well as for reduc-
ing hypertriglyceridemia. However, more recent studies from the United States, 
Europe, South Africa, and Canada have failed to replicate these fi ndings, raising 
questions about the role of policosanol in the management of dyslipidemia. 

    PHARMACOLOGICAL PROFILE 

    Chemistry 

   Policosanol is also known as 32–C, dotriacontanol, heptacosanol, hexacosa-
nol, nonacosanol, octacosanol, tetracosanol, tetratriacontanol, triacontanol. 
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It is composed of aliphatic primary alcohols that are isolated from purifi ed 
sugar cane wax by hydrolytic cleavage. Its chemical formula is CH 3 -(CH 2 ) n –
CH2 OH with a chain length varying from 24 to 34 carbon atoms  [1] . Most 
policosanol preparations contain aliphatic alcohols in the following propor-
tions: 66–67% octacosanol, 12–14% triacosanol, 7–8% hexacosanol, and 
11–15% other carbon alcohols [2] . 

   Policosanol has been shown to melt without decomposition and to remain 
stable at temperatures up to 185 ° C  [3] . It has low solubility in water. At tem-
peratures of 25 ° C and 40 ° C, solubility has been reported to be 1.7      �      10 � 15

mg/ml and 2.5      �      10 � 15  mg/ml  [3] .

    Mechanism of Action 

   The primary effect of policosanol is to reduce low-density lipoprotein (LDL) 
cholesterol concentration, although it has also been shown to raise high-den-
sity lipoprotein (HDL) cholesterol  [4]  and lower triglycerides (TG)            [4–7] . 
Signifi cant effects have been observed after 6–8 weeks of treatment        [8–9] . 
Although the mechanism of action remains uncertain, policosanol is hypoth-
esized to exert its lipid-altering effects via two mechanisms. First, a growing 
body of in vitro  and animal studies suggest that policosanol inhibits choles-
terol synthesis prior to the formation of mevalonate  [10] , thus suggesting a 
modulatory effect on 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) 
reductase, the target for statin drugs (   Fig. 7.1   ). Recent data suggest that poli-
cosanol inhibits de novo  synthesis of HMG-CoA reductase and/or stimulates its 
degradation  [11] . Other data suggest that policosanol upregulates hepatic 
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Mevalonate pyrophosphate

Isopentenyl pyrophosphate

Geranyl pyrophosphate
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FIGURE 7.1       Cholesterol biosynthesis pathway.    
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AMP-kinase phosphorylation, an action known to suppress HMG-CoA activity 
 [12] . Second, policosanol has been shown to increase receptor-mediated uptake 
of LDL in the liver  [13] . A third mechanism, inhibition of bile acid absorption, 
has been reported, but additional data are needed to substantiate this fi nding 
 [14] . Other effects of policosanol that are relevant to reducing atherogenic risk 
include inhibition of platelet aggregation, blocking the effects of cholesterol on 
smooth muscle proliferation, inhibition of foam cell formation, and prevention 
of LDL peroxidation           [10, 15–17] , although confl icting data exist on policosa-
nol’s antioxidant effects  [14] . 

   It is not clear if policosanol-induced inhibition of cholesterol synthesis is 
due to a single constituent or is the result of the interaction or synergy among 
multiple constituents. A study of cholesterol synthesis in vitro  found that tri-
acontanol, a minor component in most policosanol preparations, decreased 
HMG-CoA reductase activity in rat hepatoma cells, but not in microsomal 
fractions from Harlan Sprague–Dawley rats  [12] . This suggests that triacon-
tanol may be transformed to an active metabolite that inhibits cholesterol syn-
thesis or, alternatively, it may act via intracellular pathways.  

    Pharmacokinetics 

   To date, there are no validated methods to measure plasma concentrations 
of long-chain alcohols or their metabolites in humans following therapeu-
tic doses, thus restricting investigation of the pharmacokinetic properties of 
policosanol [1] . Studies of pharmacokinetics in animal models have involved 
measurement of total radioactivity following administration of radiolabeled 
octacosanol, rather than the parent drug, limiting the conclusions that can be 
drawn. Although the fi ndings must be viewed cautiously, rat studies have found 
that the bioavailability of oral octacosanol ranges from 5% to 12% and that its 
half-life is 1–2 hours  [18] . Orally administered octacosanol distributes to the 
tissues, with accumulations of greater than 1% of the administered dose in the 
liver and brown and white adipose tissues, and less than 0.4% in the spleen, 
kidney, heart, lung, brain, and muscle  [13] .  In vitro , octacosanol is metabolized 
to octacosanoic acid; in vivo , oral octacosanol is associated with the formation 
of shortened saturated and unsaturated fatty acids. This suggests that octacosa-
nol and fatty acids are metabolized via shared pathways  [19] .

    Toxicity 

   At doses that are between 100 and 3500 times greater than the recommended 
dosage, there have been no reports of policosanol-related toxicity in any pub-
lished animal or human trials        [1, 20] . A review of four clinical trials of poli-
cosanol in healthy volunteers and persons with dyslipidemia (total  N       �      308 
persons treated with policosanol for between 8 weeks and 14 months) revealed 
the following adverse events: (a) signifi cant, but mild, decrease in serum liver 
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transaminase levels that remained within normal limits and one case of abdom-
inal pain with nausea [4] , (b) signifi cant decrease in serum creatinine levels, 
although no values were outside the normal range  [21] , (c) transient dizziness, 
nausea, and diarrhea in two participants  [4] , and (d) somnolence ( n       �      1) and 
headache ( n       �      1)  [14] . A large surveillance study followed 27,879 policosa-
nol-treated patients for an average of 2.7 years and found that only 86 (0.31%) 
patients reported adverse effects. The most commonly occurring adverse 
effects included weight loss (0.08%), polyuria (0.07%), insomnia (0.05%), and 
polyphagia (0.05%) [22] . 

   There have been no reports of carcinogenicity associated with policosanol 
supplementation. In one study, mice who were administered excessive doses of 
policosanol (50–500 mg/kg) for 18 months did not show increased neoplastic 
disease compared with control mice [23] . This fi nding corroborated earlier ani-
mal studies that found no evidence of policosanol-related toxicities, including 
neoplasms, in doses of up to 500 mg/kg administered over a period of 12–24 
months         [24–26] . 

   Several studies have shown that policosanol supplementation reduces 
platelet aggregation          [5, 21, 27] . Although this could provide protection against 
thrombotic events, it could also be associated with bleeding tendencies. To 
date, no published clinical trials have reported the occurrence of bleeding or 
hemorrhagic events during policosanol supplementation. 

   There has been one published report on the perinatal and postnatal effects 
of policosanol in an animal model. In that study, pregnant Sprague-Dawley 
rats were administered policosanol at doses of up to 500 mg/kg/day from day 
15 of pregnancy to day 21 post-parturition. No toxic effects were observed in 
the dams during pregnancy, while the pups showed no adverse effects related 
to postnatal growth, behaviors, or reproductive ability  [28] .

    Drug Interactions 

   In clinical trials, policosanol has been concomitantly administered with a 
number of medications, including, but not limited to, calcium channel block-
ers, angiotensin-converting enzyme inhibitors, diuretics, antidepressants, oral 
hypoglycemics, and nonsteroidal anti-infl ammatory drugs. There have been 
no reports of any adverse drug interactions with policosanol  [1] . In one ran-
domized controlled trial (RCT), two of three policosanol-treated participants 
(2 mg/day for 14 months) who concomitantly received beta-adrenoceptor 
antagonists showed an increase in TG and no change in total cholesterol  [29] . 
Beta-adrenoceptor antagonists are known to increase TG and very low-density 
lipoprotein (VLDL) cholesterol, and to decrease HDL cholesterol       [30, 31] .
Suprapharmacological doses of policosanol have been shown to signifi cantly 
increase propanolol-induced hypotension in spontaneously hypertensive rats, 
while having no effect on blood pressure when concomitantly administered 
with nifi depine  [32] .
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    REVIEW OF STUDIES 

    Overview of Older Studies/Systematic Reviews 

   To our knowledge, two systematic reviews have evaluated the safety and effi -
cacy of policosanol as a lipid-lowering agent. The fi rst of these reviews  [1]  
considered randomized double-blind placebo-controlled or randomized 
double-blind comparative trials in healthy volunteers, patients with hyperc-
holesterolemia, and special populations, such as elderly patients and postmen-
opausal women. All 21 included studies reported signifi cant changes in total 
cholesterol at doses of 10–20       mg/day, and 20 of the 21 studies reported sig-
nifi cant changes in LDL cholesterol. Neither TG nor HDL cholesterol were 
signifi cantly altered in the majority of studies. Most studies were done in the 
Caribbean using policosanol derived from Cuban sugar cane. The reviewers 
concluded that policosanol was well-tolerated and safe in reducing total and 
LDL cholesterol and that additional studies need to be conducted in other 
countries and research centers. 

   The second systematic review compared the safety and effi cacy of plant 
sterols and stanols (e.g., fortifi ed margarines) to policosanol for reducing LDL 
cholesterol  [33] . Fifty-two randomized double-blind placebo-controlled studies 
(23 plant sterol and stanol; 29 policosanol) met all inclusion criteria. Similar 
to the fi rst review, a variety of patient populations were studied, including 
patients with normal and elevated cholesterol levels, as well as patients with 
type 2 diabetes mellitus, post-myocardial infarction, and other disorders. In 
the 52 included studies, plant sterols and stanols and policosanol were signifi -
cantly more effective than placebo ( p       �      0.0001) in reducing LDL cholesterol. 
Although none of the studies directly compared plant sterols and stanols to poli-
cosanol, policosanol was associated with greater reductions in LDL cholesterol 
than plant sterols and stanols ( p       �      0.0001). Among the authors ’  conclusions 
were that all three products – plant sterols and stanols and policosanol – were 
well-tolerated and safe, and that policosanol was more effective in reducing 
LDL cholesterol than plant sterols and stanols.  

    Review of Recent Studies: 2004–2007 

   Since the publication of the systematic reviews, 12 additional studies of poli-
cosanol for dyslipidemia have been published and are summarized in  Table 7.1 
                            [34–45] . Consistent with the fi ndings reported in the systematic reviews, six 
studies showed that daily supplementation with policosanol produced signifi -
cant reductions in some or all of the lipid parameters. Three of the six positive 
studies were conducted by the prominent Cuban research team; and three were 
conducted by researchers in Croatia, the United States, and Italy. With the 
exception of one retrospective, comparative study, all studies employed ran-
domized, prospective, clinical trial designs. Study sample sizes ranged from 
21 to 100 adults with hypercholesterolemia; and policosanol dosages ranged 



TABLE 7.1        Recent Studies of Policosanol for Dyslipidemia: 2004–2007  

   Reference    Design  N  Dose/(Product source)  Duration  Results 

   Lin et al. (2004) 
(Netherlands)
 [34]

 Randomized, 
double-
blind, parallel 
placebo-controlled 

 58 adults with normal 
or mildly elevated 
cholesterol levels 

 20       mg wheat germ 
policosanol administered 
via chocolate pellets 
 (Garuda Intl., Inc., USA, 
California; composition 
similar to sugar cane-derived
policosanol)

 4 weeks  No change in LDL, 
TC, HDL, TG 

 No short-term 
adverse effects 

   Castano et al.
(2005) (Cuba) 
 [35]

 Randomized, 
double-blind,
comparative

 90 patients with type II 
hypercholesterolemia

 3 groups: 2        omega-
3 fatty acids 	  placebo; 
2        omega-3 fatty acids
	  5       mg policosanol; 2        
omega-3 fatty acids 	 10       mg 
policosanol
 (Dalmar Labs, Havana, Cuba) 

 8 weeks  Decreased LDL, TC, TG, 
and increased HDL in both 
policosanol groups 

 Only TG reduced in omega-3 
fatty acids 	  placebo group 

 Well-tolerated 

   Castano et al.
(2005) (Cuba)  [36]  

 Randomized, 
double-blind,
comparative

 100 patients 
with type II 
hypercholesterolemia

 D-003, 5        or 10       mg, or 
policosanol, 5 or 10       mg 
 (Dalmar Labs, Havana, Cuba; 
D-003 �  mixture of high 
molecular weight aliphatic 
acids purifi ed from sugar 
cane wax) 

 8 weeks  Decreased LDL, TC, and 
increased HDL in both 
groups at both dosages; with 
greater changes in both D-003 
groups

 No change in TG 

 Both agents well-tolerated 



(Continued)

   Reiner et al.
(2005) (Croatia) 
 [37]

 Randomized, 
double-blind,
placebo-
controlled,
crossover

 67 patients 
with moderate 
hypercholesterolemia

 Policosanol 10       mg 
 (rice-derived policosanol) 

 8 weeks  Signifi cant decrease in 
TC and increase in 
apoprotein A I 

 No change in LDL, HDL, TG, 
homocysteine, CRP 

 No adverse effects 

   Wright et al.
(2005) (USA, 
Kentucky)  [38]  

 Retrospective, 
comparative

 21 adults with 
elevated cholesterol 
levels: 15 treated 
with policosanol 
and 6 treated with 
policosanol and statin 
therapy

 Policosanol 10       mg/coenzyme 
Q 15       mg combination twice/
day, or above  	  statin 
 (product source not stated) 

 156      �      63 
days

 Decreased LDL,  p       �      0.001 
and TC, p       �      0.001 in both 
groups

 No change in HDL, TG 

   Berthold 
et al. (2006) 
(Germany)  [39]  

 Multi-center, 
randomized,
double-blind,
placebo-controlled 

 143 patients with 
hypercholesterolemia
or combined 
hyperlipidemia

 5 groups: 10, 20, 40, or 80       mg 
policosanol, or placebo 
 (Dalmar Labs, Havana, Cuba) 

 12 weeks  No change in LDL, TC, HDL,
TG, VLDL, lipoprotein a, 
LDL:HDL, TC:HDL 

 All dosages well-tolerated 

   Castano et al.
(2006) (Cuba) 
 [40]

 Randomized, 
double-blind,
comparative

 54 outpatients with 
atherosclerotic risk 
factors

 1        omega-3 fatty acids
	 10       mg policosanol, or 
1        omega-3 fatty acids  	
placebo
 (Dalmar Labs, Havana, Cuba) 

 21 days  17% decrease in LDL, 10% 
decrease in TC, 18% 
increase in HDL 

 No change in TG 
 Policosanol  	  omega-3
fatty acids more effective 
in inhibiting platelet 
aggregation than omega-3 
fatty acids alone 



TABLE 7.1        (Continued)

   Reference   Design  N  Dose/(Product source)  Duration  Results 

   Cubeddu et al.
(2006) (USA, 
Florida)  [41]  

 Randomized, 
double-blind,
double dummy, 
placebo-controlled 

 99 patients with LDL 
levels 140–189       mg/dL 

 Four groups: policosanol 
20       mg, atorvastatin 10       mg, 
combination therapy, 
placebo
 (Cholesstor, Pharmed Group, 
USA, Florida) 

 12 weeks  No change in LDL, TC, 
HDL, TG, either alone or as 
combination therapy 

 Well-tolerated 

   Dulin et al. (2006)
(USA, North 
Carolina)  [42] 

 Randomized, 
double-blind,
placebo-controlled 

 40 adults with mild 
hypercholesterolemia

 Policosanol 20       mg per day 
 (Garuda Intl., Inc., USA, 
California)

 8 weeks  No change in LDL, TC, HDL, 
TG, C-reactive protein, 
NMRS-determined profi les 

   Greyling et al.
(2006) (South 
Africa)  [43]  

 Randomized, 
double-blind,
placebo-
controlled,
cross-over

 35 patients with 
hypercholesterolemia
or familial 
hypercholesterolemia

 Policosanol 20       mg per day 
 (Garuda Intl., Inc., USA, 
California)

 12 weeks  No change in LDL, TC, 
HDL, TG 

   Kassis and Jones 
(2006) (Canada) 
 [44]

 Randomized, 
double-blind,
placebo-
controlled,
cross-over

 21 
hypercholesterolemic
males and post-
menopausal females 

 Policosanol 10       mg 
incorporated in margarine 
 (Dalmar Labs, Havana, Cuba) 

 4 weeks  No change in LDL, TC, 
HDL, TG 

   Cicero et al.
(2007) (Italy)  [45]  

 Randomized, 
single-blind,
parallel groups 

 40 patients 
with moderate 
dyslipidemias

 Berberine (plant alkaloid) or 
combination of berberine, 
policosanol, red yeast 
extract, folic acid, astasanthin 

 4 weeks  Decreased TC, LDL, TG, ApoB 
in both groups; increased 
HDL in both groups 

 No adverse events in either 
group

  Abbreviations:   HDL, HDL-cholesterol; LDL, LDL-cholesterol; TC, total cholesterol; TG, triglycerides; VLDL, VLDL-cholesterol; CRP, C-reactive protein; NMRS, nuclear magnetic resonance spectroscopy 
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from 5        to 10       mg, either alone or in combination with other agents, such as 
omega-3 fatty acids, coenzyme Q, or berberine. Policosanol source was sugar 
cane-derived in three studies, rice-derived in one study, and not identifi ed in 
two studies. Study duration ranged from 4 weeks to 6 months. The majority 
of studies reported signifi cant decreases in LDL-cholesterol, total cholesterol, 
and TG, and signifi cant increases in HDL-cholesterol. Also similar to the sys-
tematic reviews, policosanol was well-tolerated and associated with no adverse 
effects in any of studies. 

   The other six studies reported results that were in marked contrast to the 
studies included in the systematic reviews. All six studies were double-blind, 
randomized, placebo-controlled clinical trials conducted with adults ( N  range, 
40–143) who had normal or mild hypercholesterolemia or dyslipidemia. 
Policosanol dosages ranged from 10        to 80       mg daily, either alone or in combi-
nation with other agents, primarily sugar-cane derived and from Dalmar Labs, 
Havana, Cuba or Garuda International, Inc., California. Study duration ranged 
from 4 to 12 weeks, and policosanol was well-tolerated. The majority of these 
studies found no change in any of the lipid parameters, including LDL-choles-
terol, HDL-cholesterol, total cholesterol, and TG. 

   The divergence of these fi ndings raises several questions: First, do differ-
ences in dietary patterns across countries affect policosanol bioavailability and 
subsequent effi cacy? It has been shown, for example, that oleyl alcohol, a com-
ponent of fi sh oil, inhibits absorption of long-chain alcohols in the rat gut  [46] . 
Second, what is the variability in the composition of the policosanol products 
provided by Dalmar Laboratories, Havana, Cuba and Garuda International, 
Inc., California? It is well-established that plant-based supplements can vary 
from lot to lot and crop to crop. Third, do other differences in the composi-
tion of policosanol account for the disparate fi ndings, such as the presence of 
other ingredients, or the use of other preparation or delivery techniques, such 
as chocolate pellets or margarine? Fourth, do genetic or other differences in 
the samples account for the discrepant fi ndings? Or, fi fth, do study duration, 
sample sizes, heterogeneous samples, or other limitations account for the vari-
able fi ndings?  

    Studies of Older Adults 

   Eight clinical trials and one surveillance study focusing on the aging popula-
tion ( � 60 years) and including 3763 participants are summarized in  Table 7.2 
                     [47–55] . In dosages ranging from 5       to 20       mg, policosanol was administered, 
either alone ( n       �      8 studies) or in combination with a beta-blocker ( n       �      1 
study). Policosanol was compared against placebo, simvastatin, pravastatin, or 
atorvastatin. The studies encompassed a mix of small sample sizes and large 
multi-center samples and ranged in length from 8 weeks to 12 months. With 
the exception of one study conducted by researchers in Argentina, all studies 
were conducted by a Cuban research team. Policosanol was more effective 



TABLE 7.2        Policosanol and Aging Studies  

   Reference    Design  N  Dose  Duration  Results 

   Castano et al.
(1995)  [47]  

 Multi-center, 
randomized,
double-blind,
placebo-controlled

 62 patients 
(60–75 years) with 
hypercholesterolemia

 Policosanol, 10       mg  12 
months

 Decreased LDL, TC, LDL:HDL, TC:
HDL, p       �      0.00001 

 HDL increased 8% 

 No change in TG 
 Mild/transient adverse effects 

   Ortensi 
et al. (1997) 
(Argentina)  [48]  

 Randomized, double-
blind, parallel-group, 
comparative

 53 patients (60–77 
years) with primary 
hypercholesterolemia

 Policosanol or 
Simvastatin, 10       mg 

 8 weeks  Both drugs signifi cantly/similarly 
decreased LDL, TC, TG, TC:HDL, 
LDL:HDL

 No change in HDL 

 No serious adverse events 

   Castano et al.
(1999)  [49]  

 Randomized, 
double-blind

 68 patients 
(60–80 years) with 
hypercholesterolemia

 Policosanol, or 
Pravastatin, 10       mg 

 8 weeks  Policosanol decreased LDL, TC, 
LDL:HDL, TC:HDL, p       �      0.00001 

 Pravastatin decreased LDL, TC, 
LDL:HDL, TC:HDL, p       �      0.00001 

 Policosanol increased HDL,  p       �      0.001 
and decreased TG, p       �      0.01 

 Policosanol decreased platelet 
aggregation, p       �      0.05 and 
endothelemia levels, p       �      0.001 

 Both agents well-tolerated 
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   Castano et al.
(2001)  [50]  

 Multi-center, 
randomized,
placebo-controlled

 179 patients (60–78 
years) with type II 
hypercholesterolemia
and      �     1 concomitant 
atherosclerotic risk 
factor

 Policosanol, 5       mg 
for 12 weeks; then 
10       mg for 12 weeks 

 24 weeks  Both doses decreased LDL, TC, 
p       �      0.001; and LDL:HDL, TC:HDL, 
p       �      0.01 

 Both doses increased HDL,
p       �      0.01 and improved 
cardiovascular capacity,  p   �  0.01 

 No change in TG 

 No serious adverse events,  p       �      0.01 

   Mas et al.
(2001)  [51]  

 Multi-centered, 
randomized,
placebo-controlled

 280 patients ( � 60 
years) with type II 
hypercholesterolemia
and CHD 

 Policosanol 5       mg for 
6 months; increased 
to 10       mg if pre-
defi ned cholesterol 
goals not reached 
by 6 months 

 12 
months

 Decreased LDL, TC, TC:HDL, 
LDL:HDL, p       �      0.00001 

 Decreased TG,  p       �      0.001 

 Increased HDL,  p       �      0.001 

 Decreased cardiac and 
vascular events and 
hospitalizations, p       �      0.001 

 Well-tolerated 

   Castano et al.
(2002)  [52]  

 Multi-center, 
randomized, double-
blind, placebo-
controlled, parallel 
groups

 589 patients 
(� 60 years) with 
hypertension and type 
II hypercholesterolemia 

 Policosanol 5       mg for 
6 months; increased 
to 10       mg if pre-
defi ned cholesterol 
goals not reached 
by 6 months 

 12 
months

 Decreased LDL, TC, TG, TC:HDL, 
LDL:HDL, p       �      0.00001 

 Increased HDL,  p       �      0.0001 

 Decreased vascular and all-cause 
serious adverse events, p       �      0.05, 
and total adverse events, p       �      0.01 



TABLE 7.2        (Continued  )

   Reference    Design  N  Dose  Duration  Results 

   Castano et al.
(2003)  [53]  

 Randomized, single-
blind, parallel group 

 75 older patients (60–
80 years) with type II 
hypercholesterolemia

 Policosanol or 
Atorvastatin, 10       mg 

 8 weeks  Both agents decreased TC, 
LDL:HDL, TC:HDL, p       �      0.0001, 
and TG, p       �      0.001 

 Atorvastatin more effectively 
decreased LDL and TC 

 Policosanol increased 
HDL, p       �      0.05 

 Nine adverse events with 
Atorvasatin; none with policosanol 

   Castano et al.
(2004)  [54]  

 Randomized, 
placebo-controlled

 205 patients 
(� 60 years) with 
hypercholesterolemia

 Policosanol 5       mg 
plus beta-blocker, 
or placebo 

 3 years  Decreased LDL, TC, TG,  p       �      0.00001 

 Increased HDL,  p       �      0.00001 

 Decreased BP in policosanol/
beta-blocker group 

 Fewer adverse events in policosanol/
beta-blocker group (3.1%) vs. 
placebo group (14.0%) 

   Fernandez et al.
 (2004)  [55]  

 Multi-site 
surveillance for 
tolerability

 2252 patients ( � 60 
years) with high 
coronary risk 

 Policosanol 5, 10, 
and 20       mg 

 Variable: 
6–36
months

 Serious adverse events: 1.4% 

 Hospitalization: 0.6% 

 Mild to moderate adverse 
events: 2.7% 

  Abbreviations:   HDL, HDL-cholesterol; LDL, LDL-cholesterol; TC, total cholesterol; TG, triglycerides; CHD, coronary heart disease 
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than placebo in improving lipid parameters. Comparisons between policosa-
nol and the three different statin agents suggested that policosanol was equiva-
lent ( n       �      2) or superior ( n       �      1) in effi cacy. With the exception of atorvastatin, 
policosanol and the other agents were associated with only mild or transient 
side effects. Because of the preponderance of studies conducted in one country 
with one type of policosanol, study fi ndings may not be generalizable to other 
settings and populations and may be unique to the people of Cuba. 

    IMPLICATIONS FOR OLDER ADULTS 

   Although statins remain the cornerstone therapy for dyslipidemia, their high 
cost may preclude their use by persons on Medicare. For those individuals, 
policosanol may represent a cost-effective alternative. In November 2005, 
the average Medicare drug plan cost for a 1-month supply of simvastatin 
(Zocor ® ) was $132  [56] . In contrast, a 1-month supply of policosanol costs 
$12.00. Another consideration is older adult polypharmacy. With the excep-
tion of pravastatin and rosuvastatin, all statins are extensively biotransformed 
by the cytochrome P450 system and hence their plasma concentrations may 
be altered when P450 inducers or inhibitors are concomitantly adminis-
tered. Competitive CYP inhibitors can increase statin plasma concentrations 
to potentially toxic levels, resulting in myopathy and rhabdomyolysis. CYP 
inhibitors that are commonly administered to the elderly include calcium chan-
nel blockers, warfarin, and sildenafi l  [57] . Digoxin can also increase the area 
under the curve (AUC) for statins through its effects on the P glycoprotein, a 
physiological drug transporter [58] . Given the interactions between statins and 
drugs commonly prescribed for older adults, policosanol may be a safer lipid-
lowering alterative. Additional pharmacokinetic studies are needed to identify 
the effects of policosanol on CYP P450 isoforms and drug transporters. 

   Statins are characterized by cardioprotective pleiotropic actions that are 
independent of their lipid lowering effects. These pleiotropic actions include 
improved endothelial cell dysfunction, increased myocardial perfusion, 
increased bioavailability of nitric oxide, antioxidant and anti-infl ammatory 
effects, and stabilization of plaque formation  [59] . Additionally, statins have 
extrahepatic effects that may be benefi cial to older adults. In the central nerv-
ous system, statins have been associated with reduced rates of Alzheimer’s 
disease and other dementias, an effect not seen with non-statin lipid lowering 
therapies       [60, 61] . One study found that persons receiving long-term statin 
therapy had lower depression and anxiety levels compared with statin-naïve 
persons [62] . However, the mechanisms underlying potential psychotropic 
effects of statins remain unknown. It is not known if policosanol shares these 
benefi cial pleiotropic effects and additional studies are needed to characterize 
its pharmacodynamic spectrum. 

   Despite the widespread use of statins, it is unclear if they are associ-
ated with an increased or decreased risk of cancer. A recent meta-analysis of 
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23  statin treatment arms that encompassed 309,506 person-years of follow-up 
found an inverse relationship between achieved LDL-cholesterol levels and 
incidence of cancer [63] . However, other studies have either failed to fi nd an 
association between statin use and cancer  [64] , or have concluded that statins 
reduce cancer risk  [65] . While animal studies suggest no increased cancer risk 
with short-term suprapharmacological doses of policosanol, studies of long-
term use in humans are needed.  

    CONCLUSIONS 

   There are confl icting fi ndings on the effi cacy of policosanol to normalize dys-
lipidemic profi les. The majority of studies that support policosanol’s lipid-
lowering properties have been conducted by the same team of Cuban researchers. 
Given the possibly unique properties of Cuban sugar cane or differences in 
sample/population characteristics, these fi ndings must be viewed cautiously. 
Several recent studies conducted outside the Caribbean have failed to replicate 
the Cuban fi ndings. However, direct comparisons of clinical trial fi ndings have 
been limited by differences in regional dietary patterns and unknown variabil-
ity in the composition of the policosanol products that were tested. 

   There is little disagreement that policosanol is safe, even when adminis-
tered in amounts that exceed recommended doses. To date, there have been 
no published reports of serious toxic effects related to policosanol. This is sig-
nifi cant because Americans ’  use of policosanol likely increased following the 
2005 release of One-A-Day Cholesterol Plus ® , a multivitamin that contains 
10       mg of policosanol. 

   It remains unclear whether policosanol is an effective alternative to con-
ventional lipid lowering therapies. Additional studies are needed to further 
describe its effi cacy, especially when directly compared with statins, and to 
further characterize its mechanism of action and potential pleiotropic effects. 
Moreover, clinical trials in elderly populations are needed to determine the 
safety and effi cacy of policosanol within the context of polypharmacy and age-
related reductions in drug biotransformation and elimination. 
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    Abstract 

   Chamomile is the oldest known medicinal herb in the Western world. German 
Chamomile ( Chamomilla recutita ) and Roman Chamomile ( Chamaemelum nobile ) 
are the two most common varieties used for traditional medicine. The dried fl owers of 
chamomile contain many terpenoids and fl avonoids which are thought to contribute to 
the wide spectrum of medicinal effects attributed to chamomile. Chamomile prepara-
tions are commonly used for many human ailments such as hay fever, infl ammation, 
muscle spasms, menstrual disorders, insomnia, ulcers, wounds, gastrointestinal dis-
orders, rheumatic pain, hemorrhoids, and worm infestations. Essential oils of chamo-
mile are used extensively in cosmetics and aromatherapy. Many different preparations 
of chamomile have been developed, the most popular of which is an herbal tea: more 
than 1 million cups of chamomile tea are consumed daily worldwide. On the basis of 
its longstanding widespread use in traditional medicine, chamomile has attracted con-
siderable attention in the fi eld of biomedical research, with regard to evaluating its 
curative, preventative and health-promoting properties. In addition to basic scientifi c 
research into its properties, a limited number of clinical trials have been completed or 
are underway currently to evaluate its usefulness in the management of infl ammatory 
disorders, cardiovascular conditions, diarrhea, eczema, hemorrhagic cystitis, mucositis, 
osteoporosis, sleep disorders, sore throat, and wound healing, and to assess possible 
quality-of-life improvement in cancer patients and in the elderly population. 

Keywords:  Chamomile, dietary agents, fl avonoids, polyphenols 

Abbreviations:  ACTH, Adrenocorticotropic hormone; ASA, American Society of 
Anesthesiologists; CAM, Complementary and alternative medicine; ESCOP, European 
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Scientifi c Cooperative for Phytotherapy; 5-FU, 5-fl uorouracil; SERM, Selective estro-
gen receptor modulators; REM, Rapid eye movement  

    INTRODUCTION 

  The interplay of plants and human health has been documented for thousands 
of years               [1–6] . Herbs have been integral to both traditional and non-traditional 
forms of medicine dating back at least 5000 years           [2, 7–9] . The enduring popu-
larity of herbal medicines may be explained by the tendency of herbs to work 
slowly, usually with minimal toxic side effects. This non-traditional practice of 
medicine has been relegated to the category of complementary and alternative 
medicine (CAM)  [10] . The term CAM refers to therapies provided as an adjunct 
to mainstream medicine and intended to provide symptom relief and to improve 
quality of life. CAM may be a desirable addition and balance to technologically 
sophisticated disease care  [11] . CAM therapies are often unsupported by scien-
tifi c data, and some cases may produce adverse effects due to inherent toxicities 
           [11–14] . Nonetheless, the majority of CAM therapies are benefi cial to patients 
       [15, 16] . Another important reason for the popularity of CAM is that they are 
usually much less costly than conventional medical treatments  [17] . As many as 
5% of individuals rely primarily on CAM. In a study of the use of CAM among 
elderly persons, it was learned that 41% of seniors reported the use of CAM to 
their primary care physicians. The most frequently used CAM therapies include 
the use of herbs (24%), chiropractic treatments (20%), massage therapy (15%), 
and acupuncture (14%), respectively. In this study 80% of the seniors reported 
that they had received substantial benefi t from the use of various CAM therapies 
 [18] . In this chapter we will discuss the use and possible merits of a common 
herb, chamomile, examining its historical use and recent scientifi c evaluations 
of its potential use in the management of various human ailments. 

    HISTORY OF CHAMOMILE 

  Chamomile is one of the oldest, most widely used and well documented medici-
nal plants in the world and has been recommended for a variety of healing appli-
cations  [19] . It was described as one of the herbs of choice of Asclepiades, a 
physician who lived in Bithynia around 90  BC . Pliny the Elder, one of the most 
famous of Roman naturalists who wrote extensively on herb use, gave over his 
medical care to Asclepiades, because he was so skillful in prescribing herbs  [20] . 
The history of chamomile dates even further back, at least to the time of the 
ancient Egyptians, when it was dedicated to their Gods for cure for the  “ Ague ”  
(acute fever). Since then chamomile has been considered to be a wonderful plant 
and a universal cure of almost all common ailments of human beings. Today it 
is one of the most widely used ingredients in herbal teas worldwide  [21] . It has 
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been estimated that, on average, more than 1 million cups of chamomile tea are 
consumed worldwide each day  [22] . As a popular remedy, chamomile may be 
thought of as the “ European counterpart of ginseng, ”  according to Varro Tyler, 
a renowned German clinician and expert in herbal medicine who call it  alles 
zutraut  –  “ capable of anything ”   [23] . Historically, chamomile was also known as 
 “ The Plant Doctor, ”  because of its ability to encourage other plants to increase 
their essential oil content to smell stronger and more vital           [24–27] . 

    PLANT DESCRIPTION AND NOMENCLATURE 

   Chamomile is a native of the old World and is related to the daisy family 
(Asteraceae  or  Compositae )  [28] . The hollow, bright gold cones of the fl owers 
are packed with disc or tubular fl orets and are ringed with about fi fteen white 
ray or ligulate fl orets, widely represented by two known varieties  viz . German 
chamomile ( Matricaria chamomilla ) and Roman chamomile ( Chamaemelum
nobile )  [29] . German chamomile is a sweet-scented, smooth plant and self-
seeding annual herb. It is native to Europe and Western Asia, and has become 
widely distributed over Europe, North Africa, and the temperate region of 
Asia       [30, 31] . Synonyms of German chamomile include  Chamomilla chamo-
milla ,  Chamomilla recutita ,  Matricaria chamomilla ,  and Matricaria suaveo-
lens . German chamomile in particular is the most common variety used for 
medicinal purposes. Roman chamomile is an aromatic, creeping perennial, 
found in dry fi elds and around gardens and cultivated grounds. It originated in 
the United Kingdom and is widely grown in American herb gardens. Roman 
chamomile is also known as  Anthemis nobilis , camomile, garden camomile, 
ground apple, low camomile, or whig plant  [32] . Chamomile was one of the 
fi rst herbs evaluated and characterized by the European Scientifi c Cooperative 
for Phytotherapy (ESCOP), a coalition of scientifi c organizations formed to 
develop  “ harmonized ”  herb regulations in Europe. ESCOP produces compre-
hensive scientifi c reviews and suggested regulatory texts for herb use  [33] .

    CHEMICAL CONSTITUENTS OF CHAMOMILE 

   Different classes of active constituents are present in chamomile, which have 
been isolated and used as medicinal preparations and cosmetics [34] . The 
plant contains 0.24–1.9% volatile oil, composed of a variety of separate oils. 
When exposed to steam distillation, the oil ranges in color from brilliant blue 
to deep green when fresh but turns to dark yellow after storage. Despite fading, 
the oil does not lose its potency. Approximately 120 secondary metabolites 
have been identifi ed in chamomile, including 28 terpenoids and 36 fl avonoids            
[33, 35–37] . The principal components of the essential oil extracted from the 
German chamomile fl owers are the terpenoids α-bisabolol and its oxide azulenes 
including chamazulene and acetylene derivatives. Chamazulene and bisabolol 
are very unstable and are best preserved in an alcoholic tincture. The essential 
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oil of Roman chamomile contains less chamazulene and is mainly consti-
tuted from esters of angelic acid and tiglic acid. It also contains farnesene and 
α -pinene. Roman chamomile contains up to 0.6% of sesquiterpene lactones of 
the germacranolide type, mainly nobilin and 3-epinobilin. Both α -bisabolol, 
bisabolol oxides A and B and chamazulene or azulenesse, farnesene and spiro-
ether quiterpene lactones, glycosides, hydroxycoumarins, fl avanoids (apigenin, 
luteolin, patuletin, and quercetin), coumarins (herniarin and umbelliferone), 
terpenoids, and mucilage are considered to be the major bio-active ingredients 
       [38, 39] . Other major constituents of the fl owers include several phenolic com-
pounds, primarily the fl avonoids apigenin, quercetin, patuletin as glucosides 
and various acetylated derivatives. Among fl avonoids, apigenin is the most 
promising compound. It is present in very small quantities as free apigenin, 
but predominantly exists in the form of various glycosides              [40–44] . Some of 
the important fl avonoids identifi ed in matricaria, such as apigenin, luteolin and 
apiin, are also found in Roman chamomile, as are phenolic carboxylic acids 
(caffeic, ferulic), coumarins and thiophene derivatives.  

    CHAMOMILE PREPARATIONS AND THEIR COMMON USES 

    Dry Powder of Heads 

  Dry powder of chamomile fl ower is recommended and used by many people 
for traditionally established health problems. The recommended dose to achieve 
therapeutic effect for adults is 2–4       g dry fl ower head powder 3 times daily        
[45, 46] .  

    Standardized Extract 

  Standardized extracts are technically and scientifi cally advanced herbal prod-
ucts. Standardization of an extract assures specifi c measurable levels of the 
important compounds that give the product their benefi cial activity  [47] . 
Medicinal ingredients are normally extracted from the dry fl owers of chamomile 
by using water, ethanol, or methanol as solvents and corresponding extracts are 
known as aqueous, ethanolic (alcoholic) and/or methanolic extracts. The quality 
of extracts also depends on the concentrations of alcohol since water increases 
the degree of enzymatic degradation. Optimum chamomile extracts in Germany 
contain about 50% alcohol. Normally standardized extracts contain 1.2% of 
apigenin which is one of the most effective bioactive agents. Aqueous extracts, 
such as in the form of tea, contain quite low concentrations of free apigenin but 
contain high levels of apigenin-7- O -glucoside. Methanol extraction provides a 
better yield of apigenin; however, due to toxicity, the resulting extract can not 
be used for medical purposes. The optimum extraction is achieved with 50–70% 
alcohol to water, which provides the highest yield of apigenin glycosides  [48] . 
A chamomile extract prepared from fresh fl owers contains little or no apigenin. 
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    Oral Infusion 

   The German Commission E dose for preparing chamomile infusion is 150       ml 
of boiling water poured over approximately 3       g dried fl owers and steeped cov-
ered for 5–10 minutes. However, the offi cial Swiss Tea infusion dose for the 
same indication is 900       mg of dried chamomile fl owers        [49–50] .  

    Tea Preparation 

   Chamomile tea is one of the world’s most popular herbal teas and about a 
million cups are consumed every day          [51–53] . Basically, chamomile tea and 
chamomile infusion represent the same entity. Nowadays the word  “ tea ”
is more popular because chamomile is available in stores as  “ chamomile 
tea packs. ”  Tea bags of chamomile are also available in the market, contain-
ing chamomile fl ower powder, either pure or blended with other popular 
medicinal herbs. According to studies by Holtzel, chamomile tea contains 
only 10% of the essential oil compounds and about 30% of the fl avonoids. 
Normally dry fl owers, rinsed with cold water, are added to a pot of boiling hot 
water. The pot is covered for 5 minutes to get the tea extracted; other herbs 
or fruits can be added for additional nutritional/medicinal value. Honey or 
sugar may be added to the tea to sweeten it. Chamomile tea should always 
be prepared in a covered vessel, in order to prevent the escape of steam, as 
the medicinal value of the fl owers is to a considerable extent impaired by any 
evaporation.  

    Tincture 

   Chamomile tincture is prepared by mixing one part of chamomile fl owers 
with 5 parts of 45% ethanol (w/v). The tincture can be used to correct sum-
mer diarrhea in children. Chamomile is also used with purgatives to prevent 
cramping. The tincture may also be prepared as one part chamomile fl ower in 
four parts of water having 12% grain alcohol  [54] . The suggested dose of this 
preparation is 6–12 drops from 1–3 times a day. The extract, in doses of 10–15 
grains, combined with myrrh and preparations of iron, also affords a powerful 
and convenient tonic in the form of a pill. The fl uid extract of fl owers is taken 
in doses of from 3 to 4       g; in the oil dose of 1/2 to 3 drops.  

    Poultice 

   Chamomile fl owers are also extensively used alone, or combined with crushed 
poppy-heads, as a poultice or hot foment for infl ammatory pain or congestive 
neuralgia, and in cases of external swelling, such as facial swelling associ-
ated with underlying infection or abscess. A suggested mixture consists of 10 
parts of Chamomile fl owers to 5 of poppy capsules with 100 of distilled water. 
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Bags may be loosely stuffed with fl owers and steeped well in boiling water 
before being applied as a foment. The antiseptic powers of chamomile are 
stated to be 120 times stronger than sea-water  [55] .

    Herb Beers and Lotion 

   The  whole herb  is used chiefl y for making herb beers, but also for a lotion, 
for external application in toothache, earache, neuralgia, etc. One ounce of the 
dried herb is infused in 1 pint of boiling water and allowed to cool. The herb 
has also been employed in hot fomentations in cases of local and intestinal 
infl ammation  [55] .

    Bath Additive 

   50       g dried fl ower added per 10 liters (2.5 gallons) water. The water is used for 
a bath, and is recommended for soothing ano-genital infl ammation        [55, 56] .
Use of soap during the bath is not advisable, as it will coat the skin and not 
allow the chamomile to penetrate.  

    Gargle 

   3–10       g of dry chamomile fl ower added to 100       ml boiling water and steeped 
covered, for 5–10 minutes  [56] . The tea infusion is used as a wash or gargle 
for infl ammation of the mucous membranes of the mouth and throat; an alter-
native mixture is 5       ml tincture poured into 100       ml warm water and gargled 3 or 
more times daily [57] .

    Inhalation 

  100       ml boiling water poured over 3–10       g dried fl ower and steeped, covered, for 
5–10 minutes or 15       ml tincture poured into 0.5 liter boiled water, 1–3 times daily. 
Steam vapor inhaled for infl ammation of the upper respiratory tract        [56, 57] .  

    Chamomile Wine 

   Chamomile wine is recommended for relieving upset stomach and is prepared 
by adding one handful of dried fl owers to one bottle of white wine and allow-
ing to steep for 7–10 days. After fi ltration, it is stored; a one tablespoonful 
dose is administered for upset stomach.  

    Chamomile Vapor Bath 

   This is used to manage lower abdomen problems, including menstrual cramps 
and various irritations of the anus and genitals. A hot chamomile infusion pre-
pared from one cup of dry fl owers and 1 quart water (1 US quart      �      946.35       ml) 
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is used to create a vapor bath in a shallow basin. The patient then sits over the 
steam, wrapped with a blanket to create a tent. Strict precautions around hot 
liquids are required to avoid burns. Alternatively, a cloth or towel soaked with 
the hot preparation can be applied to the affected area.  

    Homeopathic Medicine 

   Chamomile has many applications in the homeopathic system of medicine. Its 
use is often recommended for a variety of conditions, including child teeth-
ing, irritability, over-sensitiveness from abuse of coffee and narcotics, pains, 
numbness, night-sweats, acidity, anger, asthma (with psychological basis), 
congestion, colic, convulsions, cramp, diarrhea, dsymenorrhea, dyspepsia, ear-
ache, fainting, fever, fl atulence, gout, headache, hernia, fl u, jaundice, mastitis, 
miscarriage, mumps, neuralgia, peritonitis, problem pregnancy, rheumatism, 
sciatica, ulcers, hysteria, whooping cough, etc. Chamomile is sometimes rec-
ommended for fever of unknown origin in children with one cheek red and 
other pale, the child is restless, thirsty, and irritable  [58] .

    Aromatherapy and Massage Oil 

   Inhalation of the vaporized essential oils derived from chamomile fl owers is 
recommended to relieve anxiety, general depression and depression associated 
with menopause, irritability, insomnia, hysteria, and hypersensitivity. For mas-
sage purposes, 3       oz of dried fl owers are mixed with 1½ pints of olive or sweet 
almond or other suitable vegetable oil, placed in a glass jar, and kept in the sun 
for 2 weeks or more. This oil can be used for body massage for facials, masks, 
compresses, body wraps, bath, and hair care       [59, 60] .  

    Cosmetic Preparations 

   Roman chamomile is used widely in cosmetic preparations. It has a soothing 
and softening effect on the skin and has been used for centuries in hair prepa-
rations (shampoos and rinses) particularly for blond hair which it is said to 
both lighten and condition. Likewise, the water soluble fractions of the essen-
tial oil dissolved in the condensed steam from the distillation process can be 
utilized directly in cosmetic preparations that involve a water base, such as 
soaps, shampoos, and creams. This is known sometimes as  “ Floral Water ”  or 
 “ Distillation Water ”  of Chamomile          [61–63] .

    Dosage Recommendation 

   Chamomile may be used medicinally in many forms. As an infusion, 2–3 tea-
spoonfuls of fresh or dried fl ower heads are placed in a cup of boiling water, 
infused for 10 minutes and taken orally three times a day. As a tincture, 
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1–4       ml of tincture preparations can be diluted in a cup of spring or fi ltered 
water and taken orally 3 times a day. The same preparation can be used 
externally as a fomentation. An infusion of 1 teaspoonful of fl ower heads 
can be given to children for pain of dentition, stomachache, earache, or neu-
ralgic pain. In aromatherapy the essential oil of chamomile is a valued 
part of blended preparations and is also used as a component of massage 
oils [64] .

    USE OF CHAMOMILE IN TRADITIONAL PRACTICE 

   Traditionally, chamomile has been used for centuries as an anti-infl ammatory, 
antioxidant, mild astringent, and healing medicine       [65, 66] . As a traditional 
medicine, it is used to treat wounds, ulcers, eczema, gout, skin irritations, 
bruises, burns, canker sores, neuralgia, sciatica, rheumatic pain, hemorrhoids, 
mastitis, and other ailments         [67–69] . Externally, chamomile has been used to 
treat diaper rash, cracked nipples, chicken pox, ear and eye infections, disor-
ders of the eyes including blocked tear ducts, conjunctivitis, nasal infl amma-
tion, and poison ivy        [70, 71] . Chamomile is widely used to treat infl ammations 
of the skin and mucous membranes, and for various bacterial infections of the 
skin, oral cavity and gums, and respiratory tract. Chamomile in the form of an 
aqueous extract has been frequently used as a mild sedative to calm nerves and 
reduce anxiety, to treat hysteria, nightmares, insomnia, and other sleep prob-
lems [72] . Chamomile has been valued as a digestive relaxant and has been 
used to treat various gastrointestinal disturbances including fl atulence, indiges-
tion, diarrhea, anorexia, motion sickness, nausea, and vomiting        [68, 73] . Other 
purported actions of this herb include anti-ulcer, anti-bacterial, liver stimula-
tory, and anti-mycotic effects. Chamomile has also been used to treat colic, 
croup, and fevers in children        [74, 75] . It has been used as an emmenagogue 
and a uterine tonic in women. It is also effective in arthritis, back pain, bed-
sores, and stomach cramps. Chamomile’s essential oil is also used as a treatment 
for malaria and parasitic worm infections, cystitis, as well as cold and fl u 
symptoms         [76–78] .

    USE OF CHAMOMILE BASED ON SCIENTIFIC EVIDENCE 

    Common Cold 

   Common cold (acute viral nasopharyngitis) is the most common human dis-
ease. It is a mild viral infectious disease of the upper respiratory system. 
Common cold usually lasts not more than 3 or 5 days with residual coughing 
and catarrh lasting approximately for 3 weeks. Typically common cold is not 
life-threatening, although its complications (such as pneumonia) can lead to 
death, if not properly treated       [79, 80] . Studies indicate that inhaling steam with 
chamomile extract has been helpful in common cold symptoms; however, fur-
ther research is needed to confi rm these fi ndings.  
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    Cardiovascular Conditions 

  It has been suggested that regular use of fl avonoids consumed in food may 
reduce the risk of death from coronary heart disease in elderly men [81] . A 
study assessed the fl avonoid intake of 805 men aged 65–84 years who were fol-
lowed up for 5 years  [81] . Flavonoid intake (analyzed in tertiles) was signifi -
cantly inversely associated with mortality from coronary heart disease (  p  for 
trend      �      0.015) and showed an inverse relation with incidence of myocardial inf-
arction, which was of borderline signifi cance ( p  for trend      �      0.08). The relative 
risk of coronary heart disease mortality in the highest versus the lowest tertile of 
fl avonoid intake was 0.42 (95% CI 0.20–0.88), suggesting that fl avonoid intake 
is inversely related to coronary heart disease mortality. In another study  [82] , on 
12 patients with cardiac disease who underwent cardiac catheterization, hemo-
dynamic measurements obtained prior to and 30 minutes after the oral ingestion 
of chamomile tea exhibited a small but signifi cant increase in the mean brachial 
artery pressure. No other signifi cant hemodynamic changes were observed after 
chamomile consumption. Ten of the 12 patients fell into a deep sleep shortly 
after drinking the beverage. A large, well-designed randomized controlled trial is 
needed to assess the potential value of chamomile in improving cardiac health. 

    Colic/Diarrhea Conditions 

   An apple pectin-chamomile extract may help shorten the course of diarrhea 
in children as well as relieve symptoms associated with the condition  [83] . 
Two clinical trials have evaluated the effi cacy of chamomile for the treatment 
of colic in children. Chamomile tea was combined with other herbs (German 
chamomile, vervain, licorice, fennel, balm mint) for administration. In a pro-
spective, randomized, double-blind, placebo-controlled study, 68 healthy term 
infants who had colic (2–8 weeks old) received either herbal tea or placebo 
(glucose, fl avoring). Each infant was offered treatment with every bout of 
colic, up to 150       ml/dose, no more than 3 times a day. After 7 days of treat-
ment, parents reported that the tea eliminated the colic in 57% of the infants, 
whereas placebo was helpful in only 26% ( p       �      0.01). No adverse effects with 
regard to the number of nighttime awakenings were noted in either group  [84] . 
In another randomized, double-blind, placebo-controlled trial, a standardized 
herbal preparation containing chamomile (71.1       mg/kg/day), fennel (65.7       mg/
kg/day), and balm mint (38.8       mg/kg/day) was compared with a placebo in the 
management of colic in infants. Daily administration of the herbal preparation 
for 1 week reduced crying time among breastfed infants ( n       �      41) compared 
with a placebo ( n       �      47,  p       �      0.005). Signifi cant results were attained within 
4 days of treatment, and no side effects were observed with this dosage. Another 
study examined the effects of a chamomile extract and apple pectin prepara-
tion in 79 children (age 0.5–5.5 years) with acute, non-complicated diarrhea 
who received either the chamomile/pectin preparation ( n       �      39) or a placebo 
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(n       �      40) for 3 days. Diarrhea ended sooner in children treated with chamo-
mile and pectin (85%), than in the placebo group (58%). The duration of the 
diarrhea was also signifi cantly shortened by the administration of the chamo-
mile and pectin treatment. These results provide evidence that chamomile can 
be used safely to treat infant colic disorders  [85] .

    Eczema 

   The use of chamomile by topical application for diseases of the skin has been 
authorized by the German Commission E. Topical applications of chamomile 
have been shown to be moderately effective in the treatment of atopic eczema 
       [86, 87] . It was found to be about 60% as effective as 0.25% hydrocortisone 
cream  [88] . Roman chamomile of the Manzana type (Kamillosan®) may 
ease discomfort associated with eczema when applied as a cream containing 
chamomile extract. The Manzana type of chamomile is rich in active ingre-
dients and does not exhibit chamomile-related allergenic potential  [89] . In a 
partially double-blind, randomized study carried out as a half-side compari-
son, Kamillosan® cream was compared with 0.5% hydrocortisone cream and 
a placebo consisting only of vehicle cream in patients suffering from medium-
degree atopic eczema  [90] . After 2 weeks of treatment, Kamillosan® cream 
showed a slight superiority over 0.5% hydrocortisone and a marginal differ-
ence as compared to placebo. Further research is needed to evaluate the useful-
ness of topical chamomile in managing eczema.  

    Gastrointestinal Conditions 

   Chamomile is used traditionally for numerous gastrointestinal conditions, 
including digestive disorders,  “ spasm ”  or colic, upset stomach, fl atulence 
(gas), ulcers, and gastrointestinal irritation        [91, 92] . Chamomile is said to be 
especially helpful in dispelling gas, soothing the stomach, and relaxing the 
muscles that move food through the intestines. Chamomile tea is often rec-
ommended to treat nausea and vomiting, in the form of one to two teaspoons 
of dried or fresh chamomile leaves steeped in one cup of hot water for 5–10 
minutes, sweetened as needed with honey, and consumed in the morning and 
after dinner [93] . The protective effect of a commercial preparation (STW 5, 
Iberogast), containing the extracts of bitter candy tuft, lemon balm leaf, 
chamomile fl ower, caraway fruit, peppermint leaf, liquorice root, Angelica 
root, milk thistle fruit and greater celandine herb, against the development of 
gastric ulcers has been previously reported  [94] . STW 5 extracts produced a 
dose dependent anti-ulcerogenic effect associated with a reduced acid output, 
an increased mucin secretion, an increase in prostaglandin E(2) release and a 
decrease in leukotrienes. The results obtained demonstrated that STW 5 not 
only lowered gastric acidity as effectively as a commercial antacid, but was 
more effective in inhibiting secondary hyperacidity  [94] .
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    Hemorrhagic Cystitis Conditions 

   It has been reported that the combination of chamomile baths, chamomile 
bladder washes and antibiotics is superior to antibiotics alone for hemorrhagic 
cystitis. Anti-infl ammatory agents that have been reported to be useful for the 
treatment of cystitis include chamomile, ginger, marshmallow, and Echinacea. 
Treatment takes the form of hot chamomile compresses applied over the blad-
der, or a chamomile hip or sitz bath  [95] .

    Hemorrhoids 

   Studies suggest that chamomile ointment may improve hemorrhoids. Tinctures 
of chamomile can also be used in a sitz bath format. Tincture of Roman cham-
omile may reduce infl ammation associated with hemorrhoids        [96, 97] .  

    Health Promotion 

   It has been claimed that consumption of chamomile tea boosts the immune 
system and helps fi ght infections associated with colds. The health promot-
ing benefi ts of chamomile was assessed in a study which involved 14 volun-
teers who each drank 5 cups of the herbal tea daily for 2 consecutive weeks. 
Daily urine samples were taken and tested throughout the study, both before 
and after drinking chamomile tea. Drinking chamomile was associated with 
a signifi cant increase in urinary levels of hippurate and glycine, which have 
been associated with increased antibacterial activity. Levels of both hip-
purate and glycine remained elevated for up to 2 weeks after the study par-
ticipants stopped drinking the tea, indicating that the compounds may remain 
active for quite some time  [98] . Additional studies are needed before a more 
defi nitive link between chamomile and its alleged health benefi ts can be 
established.

    Infl ammatory Conditions 

   Infl ammation is associated with many gastrointestinal disorders complaints, 
such as esophageal refl ux, diverticular disease, and infl ammatory bowel dis-
ease         [99–101] . Studies in preclinical models suggest that chamomile inhibits 
Helicobacter pylori , the bacteria that can contribute to stomach ulcers  [102] . 
However, few studies in humans have evaluated chamomile’s effects, and 
there is no evidence that it speeds the healing of gastric ulcers. Chamomile is 
believed to be helpful in reducing smooth muscle spasms associated with vari-
ous gastrointestinal infl ammatory disorders. Chamomile is often used to treat 
mild skin irritations, including sunburn, rashes, sores, and even eye infl amma-
tions             [103–107] , but its value in treating these conditions has not been shown 
with evidence-based research.  
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    Mucositis 

  Mouth ulcers are a common condition with a variety of etiologies  [108] . 
Stomatitis is a major dose-limiting toxicity from bolus 5-fl uorouracil-based 
(5-FU) chemotherapy regimens. A double-blind, placebo-controlled clinical trial 
including 164 patients was conducted  [109] . Patients were entered into the study 
at the time of their fi rst cycle of 5-FU-based chemotherapy. All patients received 
oral cryotherapy for 30 minutes with each dose of 5-FU. In addition, each 
patient was randomized to receive a chamomile or placebo mouthwash thrice 
daily for 14 days. There was no suggestion of any stomatitis difference between 
patients randomized to either protocol arm. There was also no suggestion of tox-
icity. Subset analysis did reveal unsuspected differential effects between males 
and females that could not be explained by reasons other than chance. This sug-
gested that a chamomile mouthwash might ameliorate this toxicity, and a pro-
spective trial was developed to test chamomile in this situation. Data obtained 
from this clinical trial did not support the pre study hypothesis that chamomile 
could decrease 5-FU-induced stomatitis. The results of other similar studies are 
confl icting, and it remains unclear if chamomile is helpful in this situation. 

    Osteoporosis 

   Osteoporosis is a metabolic bone disease resulting from low bone mass (osteo-
penia) due to excessive bone resorption. Sufferers are prone to bone fractures 
from relatively minor trauma. Agents which include selective estrogen recep-
tor modulators or SERMs, biphosphonates, calcitonin are frequently used to 
prevent bone loss. To prevent bone loss that occurs with increasing age, cham-
omile extract was evaluated for its ability to stimulate the differentiation and 
mineralization of osteoblastic cells. Chamomile extract was shown to stimu-
late osteoblastic cell differentiation and to exhibit an anti-estrogenic effect, 
suggesting an estrogen receptor-related mechanism  [110] . However, further 
studies are needed before it can be considered for clinical use.  

    Sleep Aid/Sedation 

  Traditionally, chamomile preparations such as tea and essential oil aromather-
apy have been used to treat insomnia and to induce sedation (calming effects). 
Chamomile is widely regarded as a mild tranquillizer and sleep-inducer. 
Sedative effects may be due to the fl avonoid, apigenin that binds to benzodi-
azepine receptors in the brain [111] . Studies in preclinical models have shown 
anticonvulsant and central nervous system (CNS) depressant effects respec-
tively. Clinical trials are notable for their absence, although 10 cardiac patients 
are reported to have immediately fallen into a deep sleep lasting for 90 minutes 
after drinking chamomile tea [112] . Although randomized, placebo-controlled 
studies have been conducted to evaluate a few compounds, rigorous scien-
tifi c data supporting a benefi cial effect have not been found for the majority 
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of available herbal or dietary supplements  [113] . Studies are limited by small 
numbers of participants and, in some instances, inadequate design, lack of sta-
tistical analysis, and sparse use of objective measurements. Little or no sci-
entifi c data is available to assess the effi cacy of most products as hypnotics. 
Investigations on the hypnotic activities of chamomile and passifl ora extracts 
using sleep-disturbed preclinical model demonstrated a signifi cant decrease in 
sleep latency observed with chamomile extract at a dose of 300       mg/kg, while 
passifl ora extract showed no effects on sleep latency even at a dose of 3000       mg/kg. 
No signifi cant effects were observed with both herbal extracts on total times 
of wakefulness, non-rapid eye movement (non-REM) sleep, and REM sleep. 
Flumazenil, a benzodiazepine (BDZ) receptor antagonist, at a dose of 3       mg/kg
showed a signifi cant antagonistic effect on the shortening in sleep latency 
induced by chamomile extract. No signifi cant effects were observed with cham-
omile and passifl ora extracts on delta activity during non-REM sleep. In conclu-
sion, chamomile extracts exhibit benzodiazepine-like hypnotic activity  [114] . In 
another study, inhalation of the vapor of chamomile oil reduced a stress-induced 
increase in plasma adrenocorticotropic hormone (ACTH) levels. Diazepam, co-
administered with the chamomile oil vapor, further reduced ACTH levels, while 
fl umazenile, a BDZ antagonist blocked the effect of chamomile oil vapor on 
ACTH. According to Paladini  et al.   [115] , the separation index (ratio between 
the maximal anxiolytic dose and the minimal sedative dose) for diazepam is 3 
while for apigenin it is 10. Compounds, other than apigenin, present in extracts 
of chamomile can also bind BDZ and GABA (gamma-aminobutyric acid) 
receptors in the brain and are thought to be responsible for some of the sedative 
effect; however, many of these compounds are as yet unidentifi ed. 

    Sore Throat/Hoarseness 

   The effi cacy of lubrication of the endo-tracheal tube cuff with chamomile 
before intubation on postoperative sore throat and hoarseness was determined 
in a randomized double-blind study. One hundred and sixty one patients 
whose American Society of Anesthesiologists physical status was I or II, and 
undergoing elective surgical, orthopedic, gynecological or urological surgeries 
were divided in two groups. The study group received 10 puffs of chamomile 
extract (Kamillosan M spray, total 370       mg of chamomile extract) at the site 
of the cuff of the endotracheal tube for lubrication, while the control group 
did not receive any lubrication before intubations. Standard general anes-
thesia with tracheal intubations was given in both groups. Forty one out of 
81 patients (50.6%) in the chamomile group reported no postoperative sore 
throat in the post-anesthesia care unit compared with 45 out of 80 patients 
(56.3%) in the control group. Postoperative sore throat and hoarseness both 
in the post-anesthesia care unit and at 24 hours post-operation were not sta-
tistically different. Lubrication of endo-tracheal tube cuff with chamomile 
extract spray before intubations can not prevent postoperative sore throat 
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and hoarseness  [116] . Similar results were obtained in another double-blind 
study [117] .

    Vaginitis 

   Vaginal infl ammation is common in women of all ages. Vaginitis is associated 
with itching, vaginal discharge, or pain with urination. Atrophic vaginitis most 
commonly occurs in menopausal and postmenopausal women, and its occur-
rence is often associated with reduced levels of estrogen. Chamomile douche 
may improve symptoms of vaginitis with few side effects. Because infection 
(including sexually transmitted diseases), poor hygiene, or nutritional defi cien-
cies can cause vaginitis, medical attention should be sought by people with 
this condition  [118] . There is insuffi cient research data to allow conclusions 
concerning possible potential benefi ts of chamomile for this condition.  

    Wound Healing 

   The effi cacy of topical use of chamomile to enhance wound healing was eval-
uated in a double-blind trial on 14 patients who underwent dermabrasion of 
tattoos. The effects on drying and epithelialization were observed, and chamo-
mile was judged to be statistically effi cacious in producing wound drying and 
in speeding epithelialization  [119] . Another study evaluated the wound heal-
ing activity in animals using excision, incision, and production of dead space 
wounds. The test animals were treated with aqueous extract of  Matricaria
recutita  (120       mg/kg/day) mixed in their drinking water where as the control 
animals were given plain drinking water. Healing was assessed by the rate 
of wound contraction, period of epithelialization, wound-breaking strength, 
granulation tissue weight and hydoxyproline content. Antimicrobial activity of 
the extract against various microorganisms was also assessed. The test group, 
on day 15, exhibited a greater reduction in the wound area when compared 
with the controls (61% versus 48%), faster epithelialization and a signifi cantly 
higher wound-breaking strength (  p       �      0.002). In addition, wet and dry granula-
tion tissue weight and hydroxyproline content were signifi cantly higher. The 
increased rate of wound contraction, together with the increased wound-breaking 
strength, hydroxyproline content and histological observations, support the 
use of M. recutita  in wound management  [120] . However, further studies are 
needed before it can be considered for clinical use.  

    Anticancer Activity 

   Most evaluations of tumor growth inhibition by chamomile involve studies of 
apigenin, one of the bioactive constituents of chamomile. Studies on preclini-
cal models of skin, prostate, breast, and ovarian cancer have shown promising 
growth inhibitory effects                    [121–128] . In a recently conducted study, chamomile 



Chapter | 8 Health Promoting Benefi ts of Chamomile 149

extracts were shown to cause minimal growth inhibitory effects on normal 
cells, but showed signifi cant reductions in cell viability in various human can-
cer cell lines. Chamomile exposure induced apoptosis in cancer cells but not in 
normal cells at similar doses [44] . Further investigations through well-deigned 
clinical studies of chamomile are warranted in evaluating the potential useful-
ness of this herbal remedy in the management of cancer patients.  

    Quality of Life in Cancer Patients 

   Essential oils obtained from Roman chamomile are the basic ingredients of 
aromatherapy. A recently conducted research study on cancer patients has 
assessed the positive effect of aromatherapy/massage on the psychological 
morbidity, distress, or quality of life  [129] . The results suggested that the most 
consistent benefi cial effect of massage or aromatherapy massage was on anx-
iety, with four of the trials (a total of 207 patients) reporting a reduction in 
anxiety. It is unclear whether aromatherapy, when added to massage therapy, 
provided additional benefi t in reducing anxiety. Of three trials that examined 
depression in cancer patients, only one reported signifi cant differences. Two 
trials reported a reduction in nausea and three reported a reduction in pain. 
Clinical trials of aromatherapy in cancer patients have shown no statistically 
signifi cant differences between treated and untreated patients  [130] . Another 
pilot study investigated the effects of aromatherapy massage on the anxiety 
and self-esteem experience in Korean elderly women. A quasi-experimental, 
control group, pretest–posttest design used 36 elderly females: 16 in the exper-
imental group and 20 in the control group. Aromatherapy massage using laven-
der, chamomile, rosemary, and lemon was given to the experimental group only. 
Each massage session lasted 20 minutes, and was performed 3 times per week 
for two 3-week periods with an intervening 1-week break. The intervention 
produced signifi cant differences in the anxiety and self-esteem and no signifi -
cant differences in blood pressure or pulse rate between the two groups. These 
results suggest that aromatherapy massage exerts positive effects on anxiety 
and self-esteem         [131–133] . However, more objective, clinical measures should 
be applied in a future study with a randomized placebo-controlled design. 

    ADVERSE EFFECTS, ALLERGIC REACTIONS, AND 
SAFETY ISSUES 

   A relatively low percentage of people are sensitive to chamomile and develop 
allergic reactions  [134] . People sensitive to ragweed and chrysanthemums or 
other members of the Compositae  family are more prone to develop contact 
allergies to chamomile, especially if they take other drugs that help to trig-
ger the sensitization. A large-scale clinical trial was conducted in Hamburg, 
Germany, between 1985 and 1991 to study the development of contact der-
matitis secondary to exposure to a mixture of components derived from the 



Complementary and Alternative Therapies in the Aging Population150

Compositae  family. Twelve species of the  Compositae  family, including 
German chamomile, were selected and tested individually when the mixture 
induced allergic reactions. During the study, 3851 individuals were tested using 
a patch with the plant extract  [135] . Of these patients, 118 (3.1%) experienced 
an allergic reaction. Further tests revealed that feverfew elicited the most aller-
gic reactions (70.1% of patients) followed by chrysanthemums (63.6%) and 
tansy (60.8%). Chamomile fell in the middle range (56.5%). A study involving 
686 subjects exposed either to a sesquiterpene lactone mixture or a mixture 
of Compositae  extracts led to allergic reactions in 4.5% of subjects  [136] . In 
another study it was shown that eye washing with chamomile tea in hay fever 
patients who have conjunctivitis exacerbates the eye infl ammation, whereas no 
worsening of eye infl ammation was noted when chamomile tea was ingested 
orally [137] . There are rare reports of persons who experienced an anaphy-
lactic reaction to ingestion of chamomile tea  [138] . All such patients suffered 
from hay fever and one of them had bronchial asthma caused by a variety of 
pollens. One patient additionally ingested aspirin, which may have triggered 
the anaphylactic shock  [139] . Chamomile is listed on the FDA’s GRAS (gen-
erally recognized as safe) list. It has been reported that chamomile can cause 
severe allergic reactions in persons who are allergic to ragweed; however, 
there is no convincing data to show that chamomile is more allergenic than 
other known allergenic plant  [140] . It is possible that some reports of allergic 
reactions to chamomile may be due to contamination of chamomile by “ dog 
chamomile, ”  a highly allergenic and bad-tasting plant of similar appearance. It 
is notable that coumarin, a natural blood thinner, is present in chamomile, and 
it has been reported that a patient taking therapeutic doses of warfarin and also 
ingesting chamomile experienced excessive  “ blood thinning, ”  which led to 
internal bleeding [141] . Evidence of cross-reactivity of chamomile with other 
drugs is not well documented, and further study of this issue is needed prior to 
reaching conclusions. Safety in young children, pregnant or nursing women, or 
those with liver or kidney disease has not been established, although there have 
not been any credible reports of toxicity caused by this common beverage tea.  

    CONCLUSIONS 

   Chamomile has been used as an herbal medication since ancient times, is still 
popular today and probably will continue to be used in the future. Establishing 
whether or not CAM therapies are benefi cial to patients will require research 
and generation of scientifi c evidence. Without such evidence, it will remain 
unclear whether these untested and unproven medical treatments are truly ben-
efi cial to patients. Clearly, some patients report improvements, but it remains 
unclear whether the improvements can be attributed to medication effect, 
spontaneous disease remission, or placebo effect. Scientists play an important 
role in conducting studies and in helping the public understand the benefi ts of 
CAM therapies. Very few CAM therapies have undergone rigorous scientifi c 
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testing. Clinicians should await reports of well-conducted scientifi c research, 
including clinical studies of various herbs that clearly demonstrate the effi cacy 
of CAM before recommending such treatments to their patients. Chamomile, a 
herb that has been familiar to practitioners and in common use for centuries in 
traditional herbal medicine, has recently been receiving attention from the sci-
entifi c community with regard to more clearly defi ning its potential usefulness 
as a therapeutic entity for a variety of maladies.  
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University of Hawaii at Manoa, Honolulu, HI, USA   and     Cancer Research 
Center of Hawaii, University of Hawaii,  Honolulu, H1, USA 

    Abstract 

   Bamboo plants are a fast growing, widely distributed and renewable natural resource 
that has been used both in daily life and for medicinal purposes for centuries in China 
and other Asian countries. Recent scientifi c research has demonstrated multiple health 
benefi ts from varied extracts from bamboo. The studies carried out in our laboratory 
have shown that an ethanol/water extract from bamboo  Phyllostachys edulis  signifi -
cantly reduced fatty acid – induced lipotoxicity and high fat diet-induced adiposity, 
hyperinsulinemia, and hyperglycemia. Most strikingly, it also inhibited the development 
of chemically induced breast cancer. Bamboo extract holds a high promise as a comple-
mentary and alternative approach for the prevention of diabetes and breast cancer, two 
major epidemic diseases threatening lives in the developed countries. 

Keywords:  Obesity, diabetes, breast cancer, infl ammation   

   Abbreviations :    AUC, area under curve; BEX, bamboo extract; DMBA, 7,12–Dimethy
lbenz[a]anthracene; DMSO, dimethyl sulfoxide; E2, 17 β -estradiol; FA, fatty acid; GST, 
Glutathione-S -transferases; IL-6, interleukin 6; PA, palmitic acid; PAH, polycyclic 
aromatic hydrocarbon; PCB, polychlorinated biphenyl; SD rats, Sprague-Dawley rats; 
SULT, Sulfotransferase; T2DM, type 2 diabetes mellitus; TNF- α , tumor necrosis factor 
alpha; UGT, UDP-glucuronosyltransferase.  

    INTRODUCTION 

   The close relationship between bamboo and the daily life of Chinese people 
was vividly described by William E. Geil in his book  A Yankee on the Yangtze
over a century ago:  “ A man can sit in a bamboo house under a bamboo roof, 
on a bamboo chair at a bamboo table, with a bamboo hat on his head and bamboo 
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sandals on his feet. He can at the same time hold in one hand a bamboo 
bowl, in the other hand bamboo chopsticks and eat bamboo sprouts. When 
through with his meal, which has been cooked over a bamboo fi re, the table 
may be washed with a bamboo cloth, and he can fan himself with a bam-
boo fan, take a siesta on a bamboo bed, lying on a bamboo mat with his 
head resting on a bamboo pillow. He might then take a walk over a bamboo 
suspension bridge, drink water from a bamboo ladle, and scrape himself 
with a bamboo scraper (handkerchief). ”  However, what was not touched in 
the description is the medicinal use of the bamboo plants. In fact differ-
ent parts of bamboo have been traditionally used in Asian countries to treat 
hypertension, arteriosclerosis, cardiovascular disease, and certain forms 
of cancer. The earliest scientifi c research on the health benefi ting effect of 
bamboo extracts traceable in the Pubmed online resources was carried out 
in Japan in early 1960s  [1] , followed by a series of studies performed by 
Shibata et al . in Japan in the 1970s              [2–6] . The research in this area was rel-
atively sparse during the 80s and 90s          [7–9] , but has been enjoying increased 
popularity since the beginning of the 21 st  century in both Asian countries 
such as China, Korea, and Japan, and western countries such as the US and 
Canada                       [10–19] . The bamboo extracts were found to be rich in antioxidants, 
and had preventive or therapeutic effects on infl ammation, fatigue, cancer, 
hyperlipidemia, and hypertension. Extracts from bamboo leaves were found 
to be non-toxic to rodents       [20, 21] .

   In the past decades, dramatic changes in life style and diet, together 
with other factors such as environmental pollution, have caused signifi cant 
increases in the incidences of several diseases including obesity, type 2 diabetes 
mellitus (T2DM), and breast cancer. Between 1980 and 2002, obesity rates 
in the United States doubled in adults and tripled in children and adolescents 
 [22] . As a result, in 2003–2004, 17.1% of US children and adolescents were 
overweight and 32.2% of adults were obese  [23] . Similarly, the prevalence of 
diagnosed diabetes among US adults has increased by 40% in 10 years from 
4.9% in 1990 to 6.9% in 1999 [24] . This number is expected to increase by 
165% between 2000 and 2050  [25] . Worldwide breast cancer rates have been 
rising steadily since the 1940s with over a million new cases diagnosed each 
year. In the United States, a woman’s lifetime risk of breast cancer has nearly 
tripled during the past four decades, making this the most prevalent cancer 
in American women  [26] . In 2005, an estimated 211,240 women in United 
States were diagnosed with invasive breast cancer, and more than 40,000 
cases were metastatic and lethal [27] . 

   Our research team explores the biological functions of an ethanol/water 
extract from bamboo  Phyllostachys edulis , commonly known as  “ Moso. ”  We 
have observed signifi cant protective effects of this bamboo extract (BEX) on 
high fat diet-induced obesity, diabetes, and chemically induced breast cancer. 
These results indicate the potential of BEX as a cost-effective health benefi ting 
neutraceutical.
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    OBESITY, LIPOTOXICITY, DIABETES AND THE PREVENTIVE 
EFFECTS OF BEX 

   In subjects with high risk of T2DM, the earliest detectable abnormality is 
insulin resistance in skeletal muscle. Obesity is a causative factor to insulin 
resistance, as evidenced by both human and animal studies demonstrating that 
weight loss/gain correlates closely with increasing/decreasing insulin sensi-
tivity            [28–31] . Obesity induces insulin resistance through pathways such as 
(i) exerting lipotoxicity to muscle cells  [32] ; (ii) altering the profi le of adipo-
kines such as leptin, adiponectin, and resistine [33] ; and (iii) inducing chronic 
infl ammation in fat tissues, characterized by the increased secretion of pro-
infl ammation factors such as tumor necrosis factor  α  (TNF- α ) and interleukin 
6 (IL-6) from fat tissues  [34] . 

  Lipotoxicity refers to the tissue disease that may occur when fatty acid (FA) 
spillover in excess of the oxidative needs of those tissues enhances metabolic 
fl ux into harmful pathways of non-oxidative metabolism  [35] . Exposure to high 
concentrations (70–1000        μ M) of long-chain saturated FA induce apoptosis in 
varied types of cells, including cardiomyocyte  [36] , pancreatic  β -cells  [37] , fi brob-
lasts, endothelial cell monolayers       [38, 39] , ventricular cells  [40] , retinal pericytes 
 [27] , and skeletal muscle cells  [41] . Skeletal muscles in lipotoxic conditions con-
tribute to the majority of insulin resistance triggered by hyperlipidemia  [42] . 

   The protective effect of BEX on palmitic acid (PA) induced lipotoxicity 
in mouse myoblast C2C12 cells and other cell lines has been studied in our 
laboratory [43] . The raw BEX was produced in Hunan province in China using 
ethanol/water extraction in close accordance to a patented procedure (publi-
cation number: CN 1287848A). Leaves and small branches were used in this 
extraction. The raw extract, upon arriving in the laboratory, was further freeze 
dried and ground into fi ne powder. The fi ne powder was extracted with 100% 
ethanol (100 mg/ml) at room temperature for 3 hours, followed by centrifuga-
tion. The supernatant containing ethanol soluble portion of the raw extract was 
used in this study. This fi nal extract was added to cell culture media for up to 
0.5% (v/v) to test its lipo-detoxifi cation function. Equal amount of ethanol or 
dimethyl sulfoxide (DMSO) was added to media as solvent control. 

  C2C12 cells were exposed to 0.4       mM PA in the presence of either BEX or 
ethanol at different dosages. After 26 hours of treatment without BEX protec-
tion, most of the cells died, regardless of the volume of ethanol applied (repre-
sented in  Fig. 9.1B   ). In contrast, BEX protected the cells in a dose-dependent 
manner ( Fig. 9.1C and 9.1D ). The same protective effects were observed regard-
less of the solvents (ethanol or DMSO) used to reconstitute BEX, indicating that 
the lipo-detoxifi cation function of BEX was independent on the solvent used. 
Similar protective effects of BEX were observed in myotubes differentiated from 
C2C12 cells and monkey kidney Vero cells under the challenge of PA. Cell via-
bilities of different cells co-incubated with BEX or ethanol during the PA treat-
ment were analyzed using MTT assay and are shown in  Figs 9.2A and 9.2B   . 
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   The apoptotic status of the cells were analyzed using Vybrant Apoptosis 
Assay Kit #2 (Invitrogen, Carlsbad, CA) after incubating C2C12 cells with 
0.4       mM PA in combination with BEX or ethanol for 16 hours.  Figure 9.3 
shows that 16 hour of PA treatment induced about 30% of apoptosis in C2C12 
cells, adding 0.2–0.5% of ethanol has no signifi cant effect, but addition of 
0.2% BEX decreased the apoptotic rate to 17.3%, and 0.5% BEX brought the 
rate further down to 5.6%. 

  Furthermore, we investigated the inhibitory effect of BEX on high fat diet-
induced obesity and diabetes in C57/BL6J mice. The BEX powder was sent 
to Research Diets (New Brunswick, NJ) to be incorporated into a high fat diet 
(45       Kcal% lard fat, cat d  D12451) at a ratio of 10       g dry mass per 4057       Kcal. 
Before BEX supplementation, the diet did not contain plant-derived mate-
rial, therefore are free of phytochemicals. The high fat diet without BEX 
supplementation was used as c ontrol. Male C57BL/6       J mice 3 weeks of 
age were purchased from the Jackson Laboratory (Bar Harbor, MN) and 
hosted at University of Hawaii Laboratory Animal Services facilities. The 

(A) (B)

(C) (D)

FIGURE 9.1      The morphology of C2C12 cells after exposure to 0.4       mM PA for 26 hours. 
(A) PA free medium      	      0.3% (v/v) ethanol as control, (B) 0.4       mM PA      	      0.3% ethanol, (C) 0.4       mM 
PA      	      0.3% BEX, and (D) 0.4       mM PA      	      0.5% BEX.    
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experimental procedure has been approved by the Institutional Animal Care and 
Use Committee of the University of Hawaii. The mice were hosted 2–3/cage, 
with free access to food and water. After acclimation with standard laboratory 
rodent chow for 1 week, the mice were assigned to the BEX diet or the control 
diet. The dietary regime was maintained throughout the rest of the experiment. 

   Mice were closely monitored during the experiment. The appearance and 
behavior of all mice appeared normal; no adverse effect of BEX supplementa-
tion was observed. 

  Food consumption in each cage and the body weight of each mouse was 
monitored throughout the experiment. The average daily food intake of the BEX 
group was 2.48 � 0.44       g, slightly higher than that of the control group which was 
2.28 �  0.56, indicating BEX may marginally increase the consumption of food 
with high fat content. However, regardless of the increased food intake, mice in the 
BEX group started to gain less weight than those in the control group after 7 weeks 
on special diets ( p      �       0.001,  t -test, Day 49 to Day 167), as shown in  Fig. 9.4   . 
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FIGURE 9.2      The MTT-based cell viability of C2C12, Myotubes differentiated from C2C12, and 
Vero cells after PA treatment. (A) C2C12 cells exposed for 26 hours to 0.4       mM PA in combina-
tion with 0–0.5% (v/v) of BEX or ethanol; PA-free medium      	      0.3% BEX or ethanol were used 
as control. Average  �  SD, N      �      3. Samples treated with BEX are compared to those treated with 
ethanol at the same concentration. (B) Myotubes differentiated from C2C12 cells and Vero cells 
were treated for 24 hours with PA-free media, media containing 0.4       mM PA, or 0.4       mM PA in 
combination with 0.5% BEX or DMSO. Average  �  SD,  N       �      3. Samples treated with PA and BEX 
are compared to those treated with PA and DMSO.    
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   Blood glucose was measured by OneTouch Ultra Glucose Meter (LifeScan, 
Milpitas, CA) after 3 hours of fasting (the fasting, usually starting around 10 am). 
 Table 9.1      shows that long-term high-fat diet increased blood glucose in mice 
and BEX supplementation inhibited this trend ( p      =       0.077,  t -test). Glucose tol-
erance of the mice was also measured.  D -( 	 )-glucose (Sigma, St. Louis, MO) 
was dissolved in sterile water and delivered to each mouse via intraperitoneal 
(ip) injection at a dosage of 1       g/kg body weight after 3 hours of fasting. Blood 
glucose level was monitored at time points 0, 0.5, 1, 1.5, and 2 hours. Glucose 
tolerance was indicated by the total area under curve (AUC). In comparison 
to controls, glucose tolerance in the mice on BEX diet was improved by 6% 
at day 50 ( p      =       0.063), 19% at day 150 ( p      =       0.0062) and 16% at day 180 
(p      =       0.012), as shown in  Table 9.1 . 

   After 6 months of high fat diet treatment, the mice were sacrifi ced and the 
blood was collected from heart puncture. Insulin and TNF- α  levels in serum 
were measured using mouse insulin ELISA (enzyme-linked immunosorbent 
assay) kits (Mercodia AB, Uppsala, Sweden) and mouse TNF- α  ELISA kits 
(eBioscience, San Diego, CA), respectively.  Table 9.2      shows that BEX supple-
mentation dramatically decreased insulin and TNF α  levels by 40% ( p       �      0.038) 
and 77% ( p       �      0.0027), respectively. 
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FIGURE 9.3      The apoptosis assay on C2C12 cells after treated by 0.4       mM PA for 16 hours in 
presence of 0.2–0.5% of BEX or ethanol (control). The cells were stained by Annexin V label 
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   The epididymal fat pad was excised from each mouse after sacrifi ce, and 
the weight was measured. The average weight of epididymal fat was decreased 
by 37% in mice on the BEX diet ( Table 9.2 ). Livers were embedded in paraffi n 
and processed into slide sections of 5        μ m. Fat accumulation was detected by 
Oil Red O staining. The area of positive staining was quantitated using ImageJ 
software downloaded from the National Institute of Health (NIH) website, and 
the total positive staining area represents the amount of fat deposited in the 
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FIGURE 9.4      Average body weight of the mice on high fat diet with and without BEX supple-
mentation. N       �      8 for BEX group and  N       �      7 for control group. Day 0 in the fi gure corresponds to 
the fi rst day of the special diet regime. Average and SD are shown. 

TABLE 9.1 Blood Glucose and Glucose Tolerance in C57BL/6J Mice on 
High Fat Diet

Parameter Diet Day 50 Day 150 Day 180

Blood glucose Control   197 � 41.1   234 � 30.8 290.9 � 44.4
(mg/dl) BEX   186 � 30.5 202.5 � 30.5   254 � 40.9

Glucose tolerance Control 661.8 � 71.5 775.3 � 108.0 794.0 � 77.8
(AUC, h mg/dl)* BEX 585.5 � 24.0 628.3 � 56.8** 666.8 � 89.4*

*0.01 � p  0.05.
**0.001 � p  0.01, in comparison to the Control.
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liver. It was found that BEX supplementation dramatically decreased the fat 
content in liver by 75% ( p       �      0.021,  Table 9.2 ).

    ENVIRONMENTAL POLLUTANTS, BREAST CANCER, 
AND THE PREVENTIVE EFFECT OF BEX 

   A comprehensive review sponsored by the Susan G. Komen Breast Cancer 
Foundation has recently revealed evidence of increased risk of breast can-
cer associated with exposure to polychlorinated biphenyls (PCBs) in geneti-
cally susceptible women and to polycyclic aromatic hydrocarbons (PAHs) 
 [44] . PCBs have been widely used in electrical equipment and other products 
since the 1930s because of their excellent electrical and temperature insulating 
abilities, but were banned by the Environmental Protection Agency in 1978. 
Although PCBs can still challenge human health through professional expo-
sure or accidental spills, the threat of this group of chemicals to the majority 
population is under control. On the other hand, PAHs are ubiquitous environ-
mental contaminants resulting from incomplete combustion of organic matter, 
such as wood, coal, and diesel  [45] . Since human civilization relies heavily 
on combustion, PAHs are inevitably linked to our energy production. Human 
exposure to PAHs is mainly through polluted air, diet (polluted food and 
grilled meat), and tobacco smoking       [46, 47] .

   Several members of the PAH family have been demonstrated as mammary 
carcinogens through animal studies [48] . 7,12-Dimethylbenz[a]anthracene 
(DMBA) is a synthetic chemical in the PAH family and can effi ciently induce 
breast cancer in rodents [49] . Oral delivery of DMBA to rats, a model that 
closely mimics the dietary intake of carcinogens in humans, has been inten-
sively used for carcinogenic studies since the 1960s. 

  DMBA causes breast cancer through mutagenic effect. After entering a cellu-
lar environment, DMBA is metabolically activated by the phase I enzyme, cyto-
chrome P450-dependent monooxygenase 1A1 (CYP1A1), to covalently bind to 

TABLE 9.2        Circulating Levels of Insulin and TNF- α , and Fat 
Accumulation in Tissues in C57BL/6       J Mice after 6 months of High Fat 
Diet Treatment  

   Diet  Insulin 
(μg/l)

 TNF- α  (pg/ml)  Fat in liver 
(Arbitrary
unit)

 Epididymal 
fat (g) 

 Epididymal 
fat/body
weight (%) 

   Control  1.93  �  0.68  228.54  �  91.21  1.91  �  1.17  1.27  �  0.69  3.49  �  0.019 
   BEX  1.17  �  0.65 *    51.68  �  14.63 **   0.49  �  0.92 *   0.80  �  0.40  2.33  �  0.010 

  *  0.01      �      p    0.5.  
  **  0.001      �      p    0.01, in comparison to the Control.  
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DNA, forming DNA adducts          [50–52] . Both the liver and mammary glands are 
capable of metabolizing DMBA to reactive bay-region diol-epoxides          [53–55] . 
The anti-diol-epoxide: deoxyguanosine adduct is the major adduct formed in rat 
mammary tissue in vivo  following DMBA administration  [56] . Maximum DNA 
binding in the mammary tissue of Sprague-Dawley (SD) rats have been detected 
24–48 hours after DMBA treatment        [57, 58] . The metabolites formed by phase I 
enzymes can be detoxifi ed by phase II enzymes, which conjugate the genotoxic 
intermediate to endogenous polar substrates to further increase its water solubil-
ity therefore excretability. Glutathione- S -transferases (GST) constitute a major 
group of phase II enzymes that use glutathione as a substrate. The expression 
of GST is controlled by multiple transcription factors and is highly inducible by 
dietary components [59] . Polymorphisms of GSTs have been found correlated 
with elevated carcinogen-DNA adducts in human breast tissue and incidence 
and mortality of breast cancer       [60, 61] . UDP-glucuronosyltransferase (UGT) 
is another group of phase II enzymes transferring a nucleotide sugar to small, 
hydrophobic molecules. Several of the UGTs are integral in the conjugation and 
excretion of steroid hormones, for example UGT1A1 conjugates 17 β -estradiol 
(E2), and UGT2B15 conjugates androgens  [62] . Polymorphorisms in UGT1A1 
and UGT2B15 have been associated with higher serum estradiol concentrations 
in post-menopausal women  [63] . Sulfotransferase (SULT) is a family of phase 
II enzymes transferring a sulfate group from 3′-phosphoadenylyl sulfate to the 
hydroxyl group of an acceptor. SULT metabolizes estrone, E2, and catecholes-
trogens  [64] , with SULT1E1 having the highest affi nity for these substrates  [65] . 
SULT1E1 is expressed in the liver and breast, but not in malignant breast cells, 
potentially signaling that SULT is vital for normal cellular proliferation and lack 
or absence of SULT may be integral to estrogen-mediated carcinogenesis  [66] . 

   We tested the protective effect of BEX on the development of DMBA-
induced breast cancer in SD rats  [67] . The BEX was incorporated into a stand-
ard diet (10       Kcal% fat, Cat# D12450B, Research Diets) at a dosage of 10       g 
dry mass per 4057       Kcal. Before BEX supplementation, the diet did not con-
tain plant-derived material and is therefore free from phytochemicals. Female 
SD rats 3 weeks of age were purchased from Charles River Laboratories 
(Wilmington, MA). After 1 week of acclimation with standard laboratory 
rodent chow, the rats were assigned to either a BEX-supplemented diet or a 
control diet. Three weeks after the special diets, all the rats were treated with 
DMBA (75       mg/kg body weight) via intragastric injection. The rats were fasted 
overnight before and further fasted for 4 hours after DMBA treatment. The 
dietary regimens were maintained throughout the experimental period. 

   The food intake and body weight of the SD rats were recorded during the 
experimental period, and no signifi cant difference between the two groups was 
observed. The onset of mammary tumors was monitored by palpation weekly, 
and it was found that BEX supplementation delayed the onset of mammary 
tumors by 1 week, decreased the tumor incidence by 44% and decreased tumor 
multiplicity by 67% 11 weeks after DMBA treatment ( Figs 9.5A and 9.5B   ). 
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   The activities of different families of phase II enzyme were analyzed in 
rat livers. These included SULT        [68,69] , UGT  [70] , and GST        [71,72] . BEX 
increased the total activity of SULT by 63% ( p       �      0.011), slightly increased 
UGT activity by 14%, and did not change GST activity. The increases of the 
activities of estrogen metabolizing enzymes such as SULT and UGT indicate 
that enhanced estrogen detoxifi cation may be one of the pathways through 
which BEX exerts anti-breast cancer function.  

    LINKS BETWEEN OBESITY AND BREAST CANCER AND 
HYPOTHESES ON MORE FUNCTIONS OF BEX 

   Numerous studies have demonstrated that obesity is positively associated with 
the risk of breast cancer in post-menopausal women          [73–75] . Central obes-
ity has been reported to increase the risk of breast cancer in pre-menopausal 
women  [76] . Obesity is also associated with increased breast cancer recurrence 
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in SD rats. (A) BEX delayed the onset of mammary tumor and decreased the incidence. (B) BEX 
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and death in both pre- and post-menopausal women  [75] . The mechanisms 
by which body weight and obesity affect the risk of breast cancer have been 
related to estrogenic activity. 

   E2 has been widely used as a carcinogen in rodent tumor models since the 
1930s. Recent cohort studies revealed strong relationships between elevated 
levels of circulating estrogens and the risk of breast cancer in humans                  [77–83] . 
E2 has a dual role in the carcinogenesis of breast cancer       [84, 85] . It is a carcin-
ogen that becomes genotoxic after metabolic activation  [86] . Phase I enzymes 
convert E2 into semiquinone derivatives  [87]  and then to quinone derivatives 
that can form DNA adducts and initiate breast cancer  [88] . The E2-activating 
phase I enzymes are CYP1A1, CYP3A4, and CYP1B1         [89–91] . E2 also inter-
acts with estrogen receptors (ER) to stimulate the proliferation of mammary 
epithelial cells thereby enhancing the mutagenesis of DNA damage          [92–94] . 

   Three pathways have been proposed in the molecular links between obesity 
and breast cancer [95] : 

      (i)    Obesity elevates circulating estrogens from peripheral aromatization of 
androgens. Estrogen biosynthesis is catalyzed by aromatase. In obese, 
post-menopausal women, adipose tissues are the main sites of estrogen 
biosynthesis. The aromatase levels in adipose tissues increase with age 
and Body Mass Index  [96] .

     (ii)      Obesity induces insulin resistance and increases the circulating level of 
insulin. Hyperinsulinemia has been correlated with risk of breast can-
cer recurrence and mortality in both pre- and post-menopausal women 
 [97] . Hyperinsulinemia results in decreased concentrations of sex-hor-
mone-binding globulin that binds testosterone and E2        [98, 99] , therefore 
increasing the bioavailability of circulating E2.  

    (iii)      Adipokines and pro-infl ammatory factors secreted by adipocytes affect 
tumorigenesis. For example, TNF- α  not only contributes to the develop-
ment of insulin resistance  [100] , but also enhances aromatase expression 
in adipose tissue       [101, 102] . The gene expression of TNF- α  markedly 
increases in obese subjects [103] . IL-6 promotes cell migration, inhibit 
cell apoptosis, and facilitates metastatic growth  [104] . High circulating 
levels of IL-6 are associated with poor outcome in advanced metastatic 
breast cancer [105] . IL-6 also stimulates aromatase expression in adipose 
tissue thereby stimulating estrogen biosynthesis       [101, 102] . The synthesis 
of IL-6 is regulated by TNF- α   [106]  and increases in obese and insulin 
resistant subjects       [107, 108] .    

   We have observed the following effects of BEX and from these observa-
tions posit hypotheses regarding the function of BEX in the inhibition of 
breast cancer in obese subjects: (i) BEX inhibited high fat diet-induced weight 
gain and fat deposition in the abdominal cavity indicating that BEX may 
decrease the expression of aromatase in fat tissues. (ii) BEX also inhibited 
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hyperinsulinemia, therefore it may decrease the bioavailability of circulating 
estrogen. (iii) BEX dramatically decreased the circulating level of TNF- α  in 
high fat diet-treated mice, indicating that it may also decrease the circulating 
level of IL-6 through the regulation of TNF- α , and subsequently inhibit the 
development and metastasis of breast cancer. Taken together, it is likely that 
BEX is able to decrease the risk and improve the prognosis of breast cancer in 
obese human subjects.  

    SUMMARY 

   Bamboo  Phyllostachys edulis  is one of the fastest growing land plants in the 
world. It can grow 1–1.6 feet per day during the initial growth phase, is a 
 “ running bamboo ”  that can be easily propagated, and is also a tolerant plant 
adaptable to fi ve of the eight climate zones. Our research has shown that an 
ethanol/water extract from this bamboo signifi cantly reduced fatty acid-
induced lipotoxicity and high fat diet-induced adiposity, hyperinsulinemia, 
hyperglycemia and also inhibited chemically induced breast cancer. It is likely 
that BEX is also able to reduce the risk and improve the prognosis of breast 
cancer in obese subjects. In summary, bamboo extract is a highly promising 
anti-diabetic and anti-breast cancer nutraceutical.  
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     Abstract 

 A wide range of herbal remedies and complementary medicine regimes are used in tra-
ditional medicine for the prevention and treatment of urinary tract infections (UTIs). 
There is now good evidence in the literature that cranberry products of all types (juice, 
juice cocktail, tablets, and dried sweetened berries) prevent adhesion of  Escherichia 
coli  to uroepithelial cells. The evidence is becoming more convincing that cranberry 
products are effective in preventing UTIs. The evidence supporting the use of other 
Vaccinium  family berries, such as blueberries, lingonberries and huckleberries is 
mounting. However, it is less clear whether cranberry products are effective in the treat-
ment of UTIs. Other herbal remedies that may contribute to the prevention or treatment 
of UTIs in adults include bearberry (uva-ursi), forskolin (coleus), berberine (from gold-
enseal or other plants), juniper oil, and St. John’s wort. Products described to a lesser 
degree in the scientifi c literature include buchu, vitamin A, vitamin C, bromelain, net-
tle, Oregon grape, plantain, horsetail, horseradish, and green tea. 

Keywords  : UTI, cranberry, vaccinium, herbal, anthocyanidin, prevention and treat-
ment, urology, bladder   

    INTRODUCTION 

   Urinary tract infections (UTIs) are one of the most common problems pre-
senting in physicians ’  offi ces, clinics and emergency departments  [1] , with an 
estimated 8 million visits per year in the United States [2] . This is equivalent 
to about one in four adult women being affected at some point in their life-
time, at an annual cost of 1 billion dollars [3] . The incidence among young, sexually
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active women is approximately 0.5 person-years  [4] , equivalent to about 
0.1–0.15 person-years for the total population. The incidence of UTIs is much 
lower in men. Age and sexual activity are signifi cant risk facts in adult women. 

   The incidence of UTIs increases in women with advancing age although the 
mechanisms underlying this are not entirely understood [5] . Among healthy 
women age 55–75, the incidence of community-acquired UTI is about 7/100 
person-years among non-diabetic women and 12/100 person-years among 
those with diabetes [6] . These rates are about 10% of the incidence rates in 
younger, more sexually active women  [5] . Several factors seem to increase the 
risk of UTI in older women, including estrogen defi ciency, prior urogenital 
surgery, incontinence, cystocele, incomplete bladder emptying, lifetime history 
of UTI (more than six UTIs throughout lifetime), and being a non-secretor of 
ABO histo-blood group antigens, a genetically determined characteristic. Non-
secretors of these antigens have increased adherence of  E. coli  to uroepithelial 
cells [5] . After menopause, there is a change in the vaginal pH and thus the 
vaginal fl ora, which allows bacteria such as  E. coli  to grow, and subsequently 
colonize the urinary tract. 

  Estrogen has a role in maintaining normal vaginal fl ora, thus reducing the 
risks of UTI, but if levels are too high, the risk of UTI may increase by facilitating 
adherence of bacteria to uroepithelial cells  [7] . Also, vaginal creams may increase 
the risk of UTI by increasing the delivery of infective agents to the vagina  [6] . 

    MECHANISMS OF LOWER URINARY TRACT INFECTION 

   Most lower UTIs in women are caused by ascending organisms. The infection 
begins with vaginal colonization by bacteria from feces, usually  E. coli . The 
bacteria colonize the area around the meatus and the distal urethra. The colo-
nization then moves up the urethra to the bladder. Bladder colonization and 
infection begins with binding of bacteria to the epithelial tissues of the bladder 
wall. This is an important distinction, in that bacteria in the urinary tract (bac-
teriuria) may be present in the urine, unbound and without symptoms (asymp-
tomatic bacteriuria). To create an infection of the bladder, itself the bacteria 
have various adhesive organelles on the surface which facilitate adhesion, and 
subsequent invasion of the bladder epithelial cells  [7] . 

  After the bacteria enter the uroepithelial cells, they divide rapidly and form 
small clusters, or intracellular bacterial communities. Ultimately, the bacteria form 
biofi lms, or communities of bacteria attached to each other, and there is commu-
nity behaviour. Biofi lms protect the communities from environmental changes and 
insults, and result in the bacteria being resistant to the efforts of the host cells to 
attack, because the bacteria are hidden inside the matrix of the biofi lm. 

  Eventually, the bacteria detach from the biofi lm and rebind to another 
uroepithelial site to form another generation and another reservoir of bacteria. 
The infection may remain asymptomatic for weeks in this latent stage. Thus an 
infection can remain present, despite antibiotic treatment, for protracted periods. 
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   An alternative mechanism of infection is a rare condition in which the blad-
der becomes infected directly from adjacent organs, such as a vesicoenteric fi s-
tula. In this case, multiple organisms, rather than a single organism, can often 
be identifi ed in the urine culture.  

    DESIRE FOR NON-ANTIBIOTIC INTERVENTIONS FOR 
PREVENTION OR MANAGEMENT 

   Women who experience recurrent UTIs are often prescribed low-level pro-
phylactic antibiotic regimens in an effort to attack bacteria in the bladder, but 
increasingly, there are reports of antibiotic-resistant bacterial strains  [8] . Thus, 
an agent such as an herbal product that is not specifi c to a particular bacterial 
strain is desirable if it can be shown to be effective. 

    Cranberries 

   Cranberries have long been thought to be useful in the prevention and treat-
ment of UTIs. The plant is a low growing shrub with evergreen leaves. The 
berry is initially white, and harvest of the berry at this point produces the white 
cranberry juice that is commercially available. As the berry ripens, it turns red 
due to the presence of anthocyanins, which are fl avonoid pigments. 

  For centuries, cranberries ( Vaccinium macrocapon ) and cranberry juice have 
been used by Native Americans as a food source and for medicinal purposes 
including treatment of bladder and kidney disease. Once introduced to Europe, 
they were used in the treatment of stomach ailments, blood disorders, liver 
problems, fevers and scurvy. In the late 1800s and early 1900s, cranberries 
were described as a treatment for bladder disorders including bladder “ gravel ”  
and “ blood toxins ”   [9] . 

  The mechanism of therapeutic action of cranberries in the prevention and 
treatment of UTIs continues to be investigated at a basic science level. In 1923, 
researchers demonstrated that consumption of cranberries resulted in acidifi ca-
tion of the urine, and made the theoretical leap that it was the hippuric acid in the 
berries that provided the curative effect  [10] , but this was refuted in 1959  [11] . In 
1984, Sobota reported that cranberry juice interfered with the attachment of bac-
teria to uroepithelial cells, and thus had potential in the treatment of UTI       [12, 13] .
Recent work supports the theory that it is interference with bacterial attachment 
that provides therapeutic effect. Interference with attachment has been documented 
with E. coli ,  Proteus ,  Klebsiella ,  Enterobacter , and  Pseudomonas . Several mol-
ecules have been proposed as the source of the interference: hippuric acid  [14] , 
fructose  [15] , ascorbic acid  [16] , and anthocyanidins/proanthocyanidins        [17, 18] .

Vaccinium  species, which include cranberries and blueberries, are unique in 
their high concentrations of quinic acid, which is aromatized to benzoic acid, 
and with the addition of glycine, is changed to hippuric acid. Hippuric acid is 
found in the urine following consumption of cranberries, and has been shown 
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to interfere with bacterial attachment  [19] . Fructose, found in all fruit, prevents 
adhesion of type 1-fi mbriated bacteria  [15] . 

   Proanthocyanidins found in cranberries have been shown to prevent attach-
ment of P-fi mbriated  E. coli  to cellular surfaces        [15, 18] . Although proanthocy-
anidins are likely absorbed and metabolized, there is evidence that they have 
high bioavailability in humans  [20] . Proanthocyanidins can be subject to deg-
radation over time when exposed to light and heat, particularly at pH greater 
than 5  [21] . Keeping juice at cool temperatures and away from light may help 
to maintain these levels. Levels of proanthocyanidins have been shown to vary 
widely in commercially available products   ( Table 10.1   )  [21] .  

    Cranberries and Prevention of UTIs 

   Cranberries are one of fi ve the most-commonly used herbal remedies for the 
prevention and treatment of UTIs  [8] . However, the evidence supporting the 
use of cranberries in the prevention of UTI was not strong until recent rand-
omized controlled trials of adequate power and design were reported  [22] . 

TABLE 10.1  Anthocyanin content of some commercially-available 
cranberry products 

   Cranberry material  Total 
anthocyanins
(mg/g)

 Estimated daily consumption 
(mg/dosage recommended 
on packaging) 

   Raw    0.7  3.5 (125       ml      �      50       g) 

   Capsule/tablet product 1    6.3   no recommendation

   Capsule/tablet product 2    1.3   no recommendation

   Capsule/tablet product 3    1.3   no recommendation

   Capsule/tablet product 4    1.8   no recommendation

   Capsule/tablet product 5    1.2   no recommendation

    Cranberry beverages    Total 
anthocyanins
(ppm) (mg/l)  

   Juice 1, pasteurized  116  29 (8 oz) 

   Juice 2, pasteurized  208  52 (8 oz) 

   Cranberry Cocktail 1    9  2 (8 oz) 

   Cranberry Cocktail 2   23  6 (8 oz) 
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   A 2004 Cochrane systematic review of the literature on cranberries for the 
prevention of UTIs  [9]  found seven trials, four of which were cross-over stud-
ies, and three of which were parallel group studies. Two of the studies were 
good quality randomized controlled trials, both of which showed reduction 
in the incidence of symptomatic UTIs. However, the dropout and withdrawal 
rates were high, and side effects, primarily gastric, were common. 

   Among older women, one randomized double-blind study  [19]  demon-
strated that drinking 300       ml of cranberry cocktail daily reduced the incidence 
of UTIs in elderly women by almost 50%. Unfortunately, there were signif-
icant baseline differences between the two groups in this study. In a second 
study  [23] , reported only in a letter, data on only 7 of the 38 patients initially 
enrolled in the study were included in the analysis. 

   Since the Cochrane review, there have been few additional reports of stud-
ies of cranberry juice in the prevention  of UTI. In one open-label study of 
women aged 25–70 with recurrent UTI (minimum of six UTIs in the pre-
ceding year), women taking two capsules of concentrated cranberry extract 
(standardized to 30% phenolics) experienced no UTIs during treatment  [24] . 
In a randomized, placebo-controlled, double-blind study assessing the effi cacy 
of 300       ml of sweetened cranberry juice cocktail in older people in hospital, 
the overall infection rate was lower than anticipated, and the study lacked 
power  [25] . The study did fi nd that, although 3% of patients were regular con-
sumers of cranberry products (and were therefore eliminated from the study), 
over 30% refused to participate in the study because they did not like the 
cranberry juice fl avor. There are several important randomized control-
led trials underway, funded by the National Center for Complementary and 
Alternative Medicine (NCCAM) branch of the National Institutes of Health 
NCCAM [26] . 

   The evidence that ingestion of cranberry products, including unsweetened 
juice [27] , juice cocktails  [25] , lite (calorie-reduced) cocktails  [25] , dried cran-
berry (Craisins™) [28] , dried cranberry juice  [29] , and even cranberry sauce 
 [30] , prevents UTIs is mounting. Further research is needed to determine the 
amount of cranberry product required to be effective, and to standardize meth-
ods for reporting the products ’  active components. Cranberry juice as a pure 
unsweetened juice is tart and therefore patients are more likely to regularly 
consume cranberry juice cocktail. These preparations typically include dilute 
juice sweetened with fructose, which has also been shown to have a therapeu-
tic effect on UTIs.  

    Cranberries and Treatment of UTIs 

   A Cochrane systematic review of the literature (initially performed in 1998 
and updated in 2004) on cranberries for the treatment of UTIs found no tri-
als meeting the inclusion criteria  [31] . One study in people with spinal cord 
injuries and indwelling catheters who had proven UTIs prior to beginning 
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treatment found no difference in outcome of 6 months of treatment with cran-
berry compared with placebo  [32] . However, many women continue to claim 
that taking cranberry products when they fi rst experience the symptoms of a 
urinary tract infection (i.e., as treatment of the infection) is curative and stud-
ies are needed to assess this. 

    OTHER HERBS OR VITAMINS 

●       Other members  of the Vaccinium  family : The fact that many people dis-
like the fl avor of cranberry products  [25]  has encouraged the investiga-
tion of the potential of other Vaccinium  berries to prevent or treat UTIs. 
Blueberries, bilberries, lingonberry, and huckleberries, all of which are 
members of the Vaccinium  family may also be effective in prevention of 
UTIs [32] . These berries have the benefi t of being generally held as more 
palatable in their full fruit form compared to cranberries. Blueberries are 
only about 1/3 as effective as cranberries because more of the proanthocy-
anidins in blueberries are B-linked than A-linked, the more anti-adhesive 
type of proanthocyanidins  [33] . However, because they are much more pal-
atable, consumption is likely to be higher, possibly balancing the difference 
in effectiveness. Also, different blueberry species have different levels of 
proanthocyanidins, with the wild low-bush blueberries having higher levels 
than commercially grown high-bush blueberries  [33] . Currently, blueberry 
products are generally less available, but as demand increases, availability 
is also increasing [33] . No studies have been done on blueberries, but one 
study on lingonberry showed that the juice is effective in preventing UTIs 
 [34] . Studies are needed on the potential of blueberries and other  Vaccinium
products to prevent or treat UTIs.  

●       Arctostaphylos uva-ursi  (bearberry or umbabazane) leaf extracts contain arbu-
tin, which has been shown to kill bacteria in the urine  [35] . Arbutin is metab-
olized to hydroquinone and hydroquinone derivatives that make it potentially 
useful for urinary conditions. It has been approved for treating infl ammation 
of the lower urinary tract by Commission E of the German Federal Institute 
for Drugs and Medical Devices, which is the German governmental agency 
that evaluates the safety and effectiveness of herbal products  [36] . 

●       Forskolin , an herbal medicine made from the Asiatic coleus plant ( Plectranthus 
barbatus ), raises levels of cAMP which might help move bacterial colonies 
out of the cells and into the bladder where antibiotics or antiadhesives can 
be effective        [37, 38] .  

●       Hypericum perforatum  (St. John’s Wort) is recommended by herbalists for 
viral and bacterial infections. An in vitro  study showed that the extracts 
have antibacterial activity against  E. coli  but it is not known whether this 
effect is passed into the urine  [39] .

●       Berberine : Berberine-containing plants include goldenseal root ( Hydrastis 
Canadensis) , goldenthread ( Coptis chinensis ), Oregon grape ( Berberis
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aquifolium ), barberry ( Berberis vulgaris ), and tree tumeric ( Berberis aristata ). 
These plants have been used for hundreds of years in Ayurvedic and Chinese 
medicine, and berberine is used in almost all traditional medicine systems 
 [40] . Extracts have been shown to have antimicrobial activity against bac-
teria, viruses, fungi, protozoans, helminthes, and Chlamydia. Isolates have 
shown low antibiotic activity, and initially it was believed that this indi-
cated that berberine was not an effective antibiotic. However, recent work 
indicates that there are other chemicals in the plant that work symbiotically 
with the berberine, allowing it to enter the bacteria where it can be effective 
 [41] . Further studies are needed.  

●       Juniper : Juniper oil has been shown  in vitro  to have antibiotic character-
istics against several gram negative and gram positive bacteria, including 
E. coli in vitro   [42] . Some extracts or decoctions use the berries and some 
use the leaves. Different species differ in the specifi c components or ratios 
of the compound believed to have antimicrobial activity (36). Testing  in
vivo  is needed before any recommendations can be made.  

●       Agathosma betulina  (buchu) has been used by the natives of the Western 
Cape of Southern Africa for many centuries. Early Dutch settlers used buchu 
to make a brandy tincture and Boegoebrandewyn (buchu brandy) is still 
used today to treat many disorders. Buchu is described as a urinary antisep-
tic and diuretic [43] . However, it has been shown to have very low activity 
against E. coli , so there is little potential for the oils to be used as antimi-
crobial agents [44] .

●       Other agents  that have been suggested (from various sites on the World 
Wide Web), but for which there is either little scientifi c evidence or minimal 
health benefi ts include, but are not limited to, vitamin A, vitamin C, bro-
melain, nettle, Oregon grape, plantain, horsetail, horseradish, and green tea. 
Rigorous studies investigating the antimicrobial activity of these are needed 
before comments can be made. 

    POTENTIAL FOR ADVERSE SIDE EFFECTS 

    Cranberries 

   Complications reported with the use of cranberry as an herbal medication are 
rare. There have been rare reports of allergic reaction. 

   There have been several reports of cranberry appearing to increase the anti-
coagulant effect of warfarin        [45, 46] , possibly secondary to the presence of 
naturally occurring salicylic acid in cranberries, but studies designed to inves-
tigate the interaction have found no adverse effects            [47–50] . Nevertheless, 
recommendations are that physicians monitor closely patients taking both war-
farin and cranberry products        [51, 52] .

   Although there is evidence that cyclosporine interacts with pomelo juice, 
no evidence has been found to indicate that it interacts with cranberry  [53] . 
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  Cranberry contains high levels of oxalates, raising concern that it might 
increase the risk of renal stones  [54] . However, other studies have suggested that 
cranberry consumption decreases the risk of renal stones, and components of the 
juice have been described as a treatment modality for renal stones        [55, 56] .  

    Others 

  The adverse effects and potential for interactions with drugs have not been well-
investigated for most herbal products. However, over 10% of women in Canada 
report using herbal products in the previous 2 days so the issue of interactions 
is of concern [57] . Older women use herbal products more often than younger 
women, and more often than men. They also often use them in combination 
with conventional medications  [58] , with more than half of women reporting 
herbal use also reporting that they took conventional medications in the same 
2-day period. Physicians should be careful to inquire specifi cally about the use 
of herbal products and document usage. 

   There have been some reports in the medical literature of adverse effects 
with some of the supplements suggested for UTIs. These include bull’s-eye 
maculopathy with bearberry (uva-ursi) use  [59]  and contact dermatitis from 
coleus (forskolin)  [60] . There is one report in the literature of an allergic reac-
tion to lignonberry [61] . 

   One plant assessed extensively, because of its utility in treating depression 
is St. John’s wort. It has been shown to have a low incidence of adverse effects. 
Reversible photosensitivity may occur  [62] . There is one report of convulsions 
following an overdose of St. John’s wort  [63] .   

    POTENTIAL SUPPLEMENTARY BENEFITS OF CRANBERRIES 

   Apart from the urinary tract benefi ts of cranberry, cranberries have been sug-
gested to have  cardioprotective  potential and to reduce low-density lipoprotein 
(LDL) levels        [64, 65] . They have also been shown to provide antioxidants that 
likely contribute to cardiovascular health          [66–68] . Cranberry and blueberry 
products have been described as a treatment for  Helicobacter pylori  infection 
 [69] , and to increase the effectiveness of current treatment modalities  [70] . 

   The use of cranberry has been investigation for other diseases that com-
monly affect the elderly. One study of the  neuropsychologic  effects of cran-
berry consumption in older cognitively intact, community-dwelling adults 
found that cranberry improved self-reported memory compared to placebo 
 [71] .  Rheumatoid arthritis , a disease primarily affecting older women, is now 
believed to be initiated by sub-clinical UTIs with  Proteus mirabilis  microbes, 
and thus, particularly in the early stages, be amenable to treatment with cran-
berry products       [72, 73] . This concept is at the hypothesis stage, and assumes 
effi cacy of cranberry products in treatment (rather than prevention) of UTIs, 
and also assumes effi cacy against  Proteus  rather than  E. coli . 
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  Cranberry has also been shown to have antimicrobial activity against 
Streptococcus mutans , the bacteria responsible for dental caries  [74] . Gingivitis, 
another disease that increases in prevalence with age, has been shown to be 
responsive to cranberry products  [75] . 

   Cranberry products have also been clearly shown in both  in vitro  and
in vivo  studies to have anti-proliferative activity, both by inhibiting growth and 
by stimulating apoptosis, and are described in the prevention and management 
of various cancers            [67, 68, 76, 77] . Cranberry has also been shown in  in vitro
studies to have antimicrobial activity against bacteriophages and rotaviruses 
and thus may play a role in treatment of viral infections [78] .

    SUMMARY 

   A wide range of herbal remedies and other complementary medicine regimes 
are used in traditional medicine for the prevention and treatment of UTIs. 
There is now good evidence in the literature that cranberry products of all 
types (juice, juice cocktail, tablets, and dried sweetened berries) prevent adhe-
sion of E. coli  to uroepithelial cells. The evidence is becoming more convinc-
ing that cranberry products are effective in preventing UTIs. There are several 
randomized clinical trials (RCTs) being conducted with NCCAM funding to 
verify this. The evidence supporting the use of other  Vaccinium  family berries,
such as blueberries, lingonberries, huckleberries, is mounting. However, it is 
less clear whether cranberry products are effective in the treatment of UTIs. 
Other herbal remedies that may contribute to the prevention or treatment of 
UTIs include bearberry (uva-ursi), forskolin (coleus), berberine (from golden-
seal or other plants), juniper oil, and St. John’s wort. Products for which there 
is little evidence include buchu, vitamin A, vitamin C, bromelain, nettle, 
Oregon grape, plantain, horsetail, horseradish, and green tea. 
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    Abstract 

   Extracts and purifi ed components of black cohosh ( Actaea racemosa  L. syn.  Cimicifuga
racemosa  Nutt), a North American perennial used for centuries to treat infl amma-
tory and female health conditions, may be able to prevent and treat breast and other 
cancers. Many women use the herb today to alleviate the symptoms of menopause. 
Epidemiological studies suggest that such menopausal treatment is correlated with 
reduced breast cancer risk. Numerous in vitro  studies indicate that the herb has a sig-
nifi cant effect on growth inhibition and other physiological processes related to car-
cinogenesis. Black cohosh suppresses tumor development in certain mouse models of 
carcinogenesis. The rhizomes and roots of the plant contain two major classes of sec-
ondary metabolites, triterpene glycosides and phenylpropanoids. Scientifi c knowledge 
of related compounds suggests that actein and functionally similar triterpene glycosides 
isolated from the plant may represent new lead compounds for the synthesis of potent 
derivatives. Black cohosh is, in sum, a promising agent, but with many unknowns – 
including its primary molecular target, off-target effects, bioavailability, safety, toxicity, 
impact on different types and stages of carcinogenesis and tumor-initiating subpopula-
tions, as well as unique effects on aging men and women. Once these questions are sat-
isfactorily addressed, scientifi cally controlled black cohosh extracts or components can 
be advanced for cancer prevention or therapy. 

Keywords:  Actaea racemosa, actein, black cohosh, Cimicifuga, cimigenol, phenylpro-
panoid, triterpene glycoside, unfolded protein response  

Abbreviations: ACCX, 25-acetylcimigenol xylopyranoside; CDDO, 2-cyano-3,12-
dioxooleana-1,9-dien-28-oic acid; EBV-EA, Epstein-Barr virus early antigen; ER	/�,
Estrogen Receptor	/�; HPLC, High performance liquid chromatography; HRS, hor-
mone-related supplements; iCR, isopropanolic extract of Actaea (�Cimicifuga) race-
mosa; ISR, integrated stress response; SO, synthetic oleanane triterpenes; TNM, 
classifi cation of malignant tumors; TPA, 12-O-tetradecanoylphorbol-13-acetate; UPR, 
unfolded protein response.
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    INTRODUCTION 

   This chapter will review the evidence for a chemopreventive and anticancer 
role for black cohosh, a North American perennial that has been used to treat 
infl ammatory and female health conditions and is now sought out as an alter-
native medicine to alleviate menopausal symptoms. Black cohosh is primarily 
used by midlife and older women, a population segment that is at relatively 
high risk for developing cancer. 

   Breast cancer and colorectal cancer have been associated with mutations in 
189 genes (average of 11 per tumor). These numbers do not include mutations 
in non-coding genes, non-coding regions of coding genes, nor deletions, inser-
tions, amplifi cations or translocations       [1, 2] . The optimal treatment for cancer, 
it can be reasoned, most likely requires an agent or combination of agents that 
can correctly target multiple pathways with minimal toxicity. As studies have 
already shown for the related synthetic oleanane triterpenes (SOs)  [2] , the trit-
erpene glycosides in black cohosh may be multifunctional, relatively nontoxic 
agents and thus useful for the prevention and treatment of cancer. 

   Numerous studies indicate that extracts and purifi ed components from 
black cohosh inhibit the growth of human breast, prostate, oral and skin cancer 
cells. However, there are only a limited number of patient and animal studies 
to support these fi ndings, and a mechanism of action has not been established 
( Table 11.1   )  . 

   This chapter will address the following about black cohosh: 

●      Properties  
●      Chemical constituents 
●      Evidence of a role in cancer prevention and treatment  
●      Mode of action of extracts and components  
●      Comparison to the mode of action of other triterpene glycosides and 

aglycones
●      Bioavailability, metabolites, safety and toxicity of extracts and components    

   Since most studies involving black cohosh have targeted breast cancer, this 
review will concentrate on this research and also include studies on prostate, 
skin and oral cancers.  

    BACKGROUND 

    Historical Use 

  Black cohosh ( Actaea racemosa  L. syn.  Cimicifuga racemosa   { L }  Nutt) is 
a North American perennial in the buttercup family (Ranunculaceae) used for 
hundreds of years by Native Americans for a variety of purposes, including 
infl ammatory conditions, stimulation of menstrual fl ow, dysmenorrhea, cough 
suppression, diarrhea, rheumatism, arthritis and muscle pain [3] . Traditionally, 
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black cohosh has served as an herbal remedy for female conditions, as the native 
name “ squaw root ”  implies. It has also been known as black snakeroot, mac-
rotys, bugbane, bugwort, rattleroot and rattleweed.  “ Cohosh ”  is an Algonquin 
word which means  “ it is rough, ”  with hairs  [4] . The plant grows in the under-
story of hardwood forests east of the Mississippi River, from Georgia to Ontario. 
Early settlers used it as a sedative and muscle relaxant  [5] . From 1820 to 
1926, black cohosh was an offi cial drug of the US Pharmacopoeia, under the 
name “ black snakeroot. ”  The eclectic John King (in 1832) reported that the 
medical effects resembled, but were not as strong as, those of digitalis  [4] . In 
1848, the American Medical Association “ uniformly found  Macrotys  to lessen 

TABLE 11.1        Black Cohosh’s Role in Chemoprevention and Anticancer 
Activity

Positive
evidence

●       Black cohosh appeared to reduce the risk of primary breast 
cancer  [23] , and prevent its recurrence  [22]  in patients  

●      An aqueous/ethanolic extract of black cohosh inhibited the 
development of prostate cancer in a mouse xenograft model 
 [57] , and purifi ed triterpenes inhibited the initiation and 
promotion of skin cancer in a two-stage model of mouse skin 
carcinogenesis        [41, 42]  

●       Extracts and purifi ed components of black cohosh consistently 
inhibited the growth of human breast                  [24, 28–33] , prostate        
[37, 53] , oral  [40]  and skin        [41, 42]  cancer cells. Black cohosh 
extracts enhanced the effects of chemotherapy agents on mouse 
 [8]  and human breast cancer cells, and actein enhanced the 
effects on human breast cancer cells        [43, 66]   

●       An isopropanolic extract and fractions of black cohosh inhibited 
the invasiveness of breast cancer cells  [36]   

●       Nonmalignant breast and oral cells were more resistant to the 
inhibitory effects of triterpene glycosides and an ethyl acetate 
extract of black cohosh than malignant cells        [33, 40]   

●       The growth inhibitory effect of 100% methanolic and lipophilic 
extracts and actein from black cohosh on human breast cancer 
was associated with the activation of stress response pathways 
         [18, 64, 92] 

●       Synthetic oleanane triterpenes, which are structurally related 
to the triterpenes in black cohosh, have been shown to affect 
multiple pathways and to be relatively nontoxic  [2] . These 
fi ndings may lend insight into the mode of action of black 
cohosh

Precautions          ●        An extract of black cohosh increased the rate of lung metastases 
in a MMTV-neu mouse model of mammary carcinoma  [58]   

●       Little is known about the metabolites, bioavailability or toxicity 
of black cohosh. There have been isolated reports of 
co-occurring liver toxicity        [105, 106] .    
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the frequency and force of the pulse, to soothe pain and to allay irritability. ”  
Related Asian species have been employed in Traditional Chinese Medicine to 
treat infectious diseases [6] . 

    Current Use 

  Black cohosh has been used in Europe for the last 50 years as a natural alterna-
tive to hormone replacement therapy and for other gynecological conditions  [7] . 
It has recently been prescribed by physicians and examined in clinical studies as 
an alternative therapy for menopausal symptoms that include hot fl ashes, night 
sweats and vaginal dryness  [3] . In the United States, women have increasingly 
turned to black cohosh as a “ more natural ”  alternative to estrogen replacement 
therapy, in the belief that its has the benefi ts, without the risks, of estrogen ther-
apy        [8, 9] . Interest in the herb particularly increased since the Women’s Health 
Initiative published fi ndings indicating that hormone replacement therapy may 
increase the risk of cardiovascular diseases and breast cancer  [10] . 

   A standardized black cohosh extract (Remifemin®), has been developed 
and manufactured in Germany for over 40 years, and more recent preparations 
have been studied both in animals and in short-term clinical trials of menopau-
sal women. The studies have yielded contradictory results regarding its ability 
to alleviate menopausal symptoms, particularly hot fl ashes            [10–13] . This could 
be related to differences in the preparations, doses, durations of treatment and 
outcomes measured. For instance, the preparation and recommended doses of 
Remifemin® have been altered during the last 20 years  [14] . The drug was 
originally prepared as a liquid ethanol extract and then changed to an isopropa-
nol extract in pill form. It is also unclear if it contained 20 or 40       mg of extract 
or extract from 20 to 40       mg of plant material. 

    Chemical Constituents 

   The roots and rhizomes of black cohosh are used for medicinal purposes. 
These contain two major classes of secondary metabolites: triterpene glyco-
sides (such as actein) and phenylpropanoids (such as fukinolic acid) ( Table 11.2   ; 
 Fig. 11.1   )  . Both of the novel classes of compounds – triterpene glycosides and 
phenylpropanoids – have been shown to exhibit signifi cant anticancer effects 
in vitro         [15, 16] , but little is known about how these and other compounds in 
black cohosh are metabolized in vivo . 

   Black cohosh can contain more than 42 triterpene glycosides  [17] , one 
of which is actein, constituting about 2.3% of a methanolic extract of black 
cohosh  [18] . The total percent of triterpenes in this extract is greater than 10.5% 
and the total percent of phenylpropanoids exceeds 4%. The composition of the 
extract can be affected by the source, solvent and ratio of material to solvent in 
the preparations, as well as the presence of contaminants therein. For instance, 
HPLC (high performance liquid chromatography) analysis of black cohosh 
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collected in various regions of Appalachia and extracted using different material-
to-solvent ratios revealed different triterpene patterns. No triterpenes were 
detected in a plant that had been growing on a rock  [19] , indicating that the 
source of the plant can affect its constituents. It is essential, therefore, to pre-
serve root and rhizome samples from each source for later assay. 

  Black cohosh can be distinguished from related Asian species by the presence 
of cimiracemoside C, while cimifugin is characteristic of Asian species [17] . 

    Extracts Vs. Pure Compounds 

   Studies of the chemopreventive and anticancer properties of black cohosh have 
employed extracts and purifi ed components. Arguments can be put forth for 
the use of either extracts or pure compounds for chemoprevention and cancer 
therapy. One advantage of using pure compounds is that it is simpler to defi ne 
a mode of action for a pure compound than an extract. Different extracts may 
contain different chemicals. An extract also must be carefully standardized as 
to source and method of preparation. One solution is to use a defi ned mixture; 
a paradigm for this is the extract polyphenone E from green tea, which con-
tains a defi ned mixture of green tea polphenols  [20] . 

   Studies of extracts are nevertheless essential because a majority of 
black cohosh consumers ingest extracts of the herb, not pure compounds. 

TABLE 11.2        Constituents of Black Cohosh [3, 4, 17, 44] a,b,c

   Class  Compounds 

   Triterpene glycosides  Actein; 26-deoxyacein, 23-epi-26-deoxyactein (formerly 
27-deoxyacteinb );12-acetylactein; cimifugoside (aglycone:
cimigenol), cimiracemoside C 

   Phenylpropanoids  Aromatic acids such as isoferulic, ferulic, caffeic, salicyclic, 
fukiic, piscidic and cinnamic acid; aromatic acid esters 
such as fukinolic acid, cimicifugic acids 
A, B, E, F, G 

   Alkaloids  Cimipronidine c

   Lignans  Actaealactone  [44]  

   Other constituents  Tannins, sugars, resins; fatty acids 

a  Zheng, Q. Y., He, K., Pilkington, L., Yu, S. and Zheng, B.(2000) CimiPure ( Cimicufuga racemosa ): a 
standardized black cohosh extract with novel triterpene glycosides for menopausal women.  Phytochem Phytopharm , 
360–370.
b  Chen, S. N., Li, W., Fabricant, D. S., Santarsiero, B. D., Mesecar, A., Fitzloff, J. F., Fong, H. H.  &  Farnsworth, N. R. 
(2002). Isolation, structure elucidation, and absolute confi guration of 26-deoxyactein from  Cimicifuga racemosa  and 
clarifi cation of nomenclature associated with 27-deoxyactein.  J Nat Prod   65 , 601–5. 
c  Fabricant, D., Nikolic, D., Lankin, D., Chen, S., Jaki, B., Krunic, A., van Breemen, R., Fong, H., Farnsworth, 
N. and Pauli, G. (2005) Cimipronidine, a cyclic guanidine alkaloid from  Cimicifuga racemosa. J Nat Prod   68 , 
1266–1270.
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   Structure  Compound  R-groups 

   (A)  Actein  R�     OH 

 23-epi-26-deoxyactein  R     �     H 

   (B)  Cimiracemoside C  R1     �α - L -arabinoside, 
R2�     H 

 Cimigenoside  R1     �β - D -xyloside, R2     �     H 

 25-acetylcimigenol 
xylopyranoside (ACCX)  [56]  

 R1     �β - D -xyloside, R2     �     Ac 

   (C)  Caffeic acid  R 1�     H, R 2�     H 

 Ferulic acid  R 1�     H, R 2�     CH 3

 Isoferulic acid  R 1�     CH 3 , R 2�     H 

   (D)  Fukinolic acid  R 1�     H, R 2�     H 

 Cimicifugic acid A  R 1�     H, R 2�     CH 3

 Cimicifugic acid B  R 1�     CH 3 , R 2�     H 

FIGURE 11.1 Chemical structures of the triterpene glycosides (A, B) and phenylpropanoids
(C, D).
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Since cancer affects multiple genes, one can argue, the optimal treatment may 
require mixtures, including extracts, containing multiple components that can 
target multiple pathways. For example, a study of the effect of tomato extract 
and lycopene on the development of prostate cancer indicates that the extract, 
but not lycopene, inhibited carcinogenesis; it is also possible that lycopene is 
only one of numerous components responsible for the effects  [21] . 

  Epidemiologic,  in vitro , and animal studies provide evidence that both 
extracts and pure compounds from black cohosh have chemopreventive and anti-
cancer potential. Where possible we have indicated the source, solvent and dose 
of the black cohosh extract used in the experiments discussed in this review. 

    EPIDEMIOLOGIC STUDIES 

   Two recent case-control studies suggest that black cohosh may generate che-
mopreventive activity. A retrospective cohort study tracked 18,862 breast can-
cer patients over a mean time of 3.6 years  [22] . After being diagnosed, 1102 
patients were given a prescription for the iCR (isopropanolic extract of  Actaea
(�Cimicifuga )  racemosa ) therapies Remifemin® or Remifemin® plus. The 
study indicates that use of iCR was associated with prolonged recurrence-free 
survival after breast cancer. The rate of recurrence was 14% after two years for 
the control group, whereas the treated group reached this rate after 6.5 years. 
The Cox regression model, with control for age and other confounding factors, 
such as tamoxifen usage and natureopathic therapy, indicated a 17% decrease 
in the rate of recurrence. iCR also increased the time of recurrence-free sur-
vival when used in combination with tamoxifen, compared to tamoxifen alone. 

  Age did not signifi cantly infl uence the effectiveness of iCR in prolonging 
recurrence-free survival after breast cancer; iCR reduced recurrence risk simi-
larly in those women above and below age 55. The mean age at diagnosis was 
61.4 years. Data was accessed from IMS’s Disease Analyzer MediPlus database, 
one of the largest medical databases worldwide and the only European database 
that registers links between diagnoses and therapies. Patients were excluded if 
they used black cohosh other than as Remifemin® or Remifemin® plus. 

   The importance of the study is supported by a number of objective fac-
tors in its approach: (1) the investigators were blinded to the iCR status of the 
patients; (2) the use of strict inclusion criteria for breast cancer diagnosis; and 
(3) the duration of follow-up, which was 3.6 years. However, several relevant 
variables, including receptor and TNM (classifi cation of malignant tumors) 
status, were not available. 

   In a population-based case control study of 2473 women (949 breast can-
cer cases and 1524 controls), the use of hormone-related supplements (HRS), 
taken at least 3 times a week for 1 month or more, was shown to reduce breast 
cancer risk [23]  ( Table 11.3   )  . The incidence of breast cancer was signifi -
cantly lower for women who reported use of any of the HRS, including soy, 
dong quai or ginseng, versus women who reported no use (adjusted OR 0.65, 



TABLE 11.3          Association of Hormone-Related Supplement (HRS) Use and Breast Cancer in a Population-Based Sample 
of Women in the Philadelphia Metropolitan Area  [23]  (© 2007; reprinted with permission of Wiley-Liss, Inc., a subsidiary 
of John Wiley  &  Sons, Inc.)  

Exposure  Use in European 
Americans

 Use in African 
Americans

Cases
(N       �      272)

Control
(N       �      619)

Ever use of specifi c 
herb vs. never use 
of specifi c HRS, OR 1

Ever use of specifi c 
herb vs. never use 
of any HRS, OR 1

 Cases 
( N       �      677) 

 Controls 
(N       �      905) 

   Any HRS  77 (11.4) 2  155 (17.2)  46 (16.9)  125 (20.2)  0.65 [0.49–0.87] 3  0.65 [0.49–0.87] 

   Any phytoestrogen  20 (3.0)   44 (4.9)  20 (7.4)   46 (7.4)  0.76 [0.48–1.21]  0.69 [0.43–1.11] 

   Any Isofl avone or genistein   9 (1.3)   19 (2.1)   2 (0.7)   8 (1.3)  0.74 [0.32–1.67]  0.67 [0.29–1.53] 

   Isofl avone   9 (1.3)   17 (1.9)   0   5 (0.8)  ND 4  ND 4

   Genistein   0    2 (0.2)   2 (0.7)   3 (0.5)  ND 4  ND 4

   Red clover   2 (0.3)    8 (0.9)  13 (4.8)   29 (4.7)  0.78 [0.38–1.61]  0.70 [0.33–1.47] 

   Soy medications  11 (1.6)   21 (2.3)   6 (2.2)   14 (2.2)  0.81 [0.39–1.67]  0.69 [0.33–1.44] 

   Black cohosh or Remifemin®  15 (2.2)   36 (4.0)  10 (3.7)   40 (6.5)  0.47 [0.27–0.82]  0.44 [0.25–0.77] 

   Black cohosh  13 (1.9)   34 (3.8)   9 (3.3)   39 (6.3)  0.39 [0.22–0.70]  0.37 [0.20–0.66] 

   Remifemin®   3 (0.4)   6 (0.7)   2 (0.7)   2 (0.3)  ND 4  ND 4

   Biestrogen   0   1 (0.1)   0   0  ND 4  ND 4

   DHEA   8 (1.2)   16 (1.8)   2 (0.7)   4 (0.7)  ND 4  ND 4

   Dong quai  12 (1.8)   21 (2.3)   9 (3.3)   20 (3.2)  0.83 [0.43–1.59]  0.75 [0.39–1.45] 

   Estrovin   3 (0.4)   4 (0.4)   3 (1.1)   7 (1.1)  ND 4  ND 4

   Ginseng  41 (6.1)   84 (9.3)  31 (11.4)   80 (12.9)  0.74 [0.53–1.06]  0.75 [0.53–1.06] 

   Promensil   1 (0.2)   4 (0.4)   0   2 (0.3)  ND 4  ND 4

   Rejuvex   7 (1.0)   10 (1.1)   2 (0.7)   8 (1.3)  ND 4  ND 4

   Steroid creams   6 (0.9)   13 (1.4)   1 (0.4)   3 (0.5)  ND 4  ND 4

   Yam creams   5 (0.7)   10 (1.1)   1 (0.4)   4 (0.7)  ND 4  ND 4

a   The odds ratio (OR) represents the relationship of herbal exposure and breast cancer risk as estimated from conditional logistic regression matched on age and race, and adjusted for the following 
variables: (i) education (less than high school, high school grad, greater than high school but not a college graduate, or college graduate or higher), (ii) age at fi rst full-term pregnancy (nulliparous vs. 
age of fi rst live birth  � 20       vs. age at fi rst live birth 20–24       vs. age of fi rst live birth 25–29       vs. age of fi rst live birth  � 30), (iii) menopause status (known natural, assumed natural at reference age of 50 
if menopausal status is unknown, and induced), (iv) family history of breast cancer (any vs. none), (v) time from diagnosis/ascertainment to interview ( � 86 days vs. 87–135 days vs. 136–208 days 
vs. � 209 days), (vi) reference age as a continuous variable and (vii) ever use of hormone replacement therapy.   b   Values within parentheses indicate percentages.   c   Values within square brackets indicate 
95% CIs.   d   Odds ratio associations not undertaken due to limited number of women who used this preparation.  *  
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95% CI: 0.49, 0.87). Of these HRS, only black cohosh (Remifemin® or other 
black cohosh preparations) appeared to reduce the incidence of breast cancer 
(adjusted OR 0.39, 95% CI: 0.22, 0.70), especially PR positive tumors. 

   The results of the study are encouraging, but there are numerous poten-
tial confounding factors, including: (1) unspecifi ed content and dose of black 
cohosh preparations; (2) differential recall bias between cases and control; 
(3) no data on timing of exposure; and (4) other factors that could infl uence the 
results, such as diet, physical exercise, or the use of antibiotics. It is possible 
that women who use black cohosh may have healthier diets and lifestyles. 

   Nevertheless, these studies lend credence to the theory that nontoxic, 
menopausal doses of black cohosh may also be chemopreventive. The epi-
demiological evidence is critical as a hypothesis generator and is consistent 
with numerous in vitro  and  in vivo  studies indicating that black cohosh may be 
effective as a chemopreventive and anticancer agent.  

     IN VITRO  STUDIES 

   Studies have shown that extracts, fractions and purifi ed compounds from black 
cohosh inhibit various types of carcinogenesis,  in vitro . 

    Growth Inhibitory Effects on Breast Cancer 

  Though it was once thought to have estrogenic effects, most recent data suggest 
that black cohosh does not stimulate breast cancer cell growth  in vitro  or  in vivo
         [3, 24, 25] . A review of 15 animal and 15  in vitro  studies indicated that the effects 
of black cohosh are central, rather than hormonal  [26] . Neither a 50% ethanolic 
extract nor phenolic esters (at 10 � 8  to 10 � 6  M), obtained from the rhizomes of 
black cohosh, signifi cantly increased the proliferation of MCF7 cells  [27] . 

   Instead, crude extracts of black cohosh have been shown to inhibit the 
in vitro  growth of a variety of breast cancer cell lines, as discussed later in this 
chapter                  [24, 28–33] . Extracts of black cohosh (ethanol extract, 0.1% v/v) sup-
pressed the growth of serum-stimulated T-47D (estrogen receptor (ER 	 ), Her2 
low) breast cancer cells  [28]  and also slowed the proliferation of the MDA-
MB-435 cancer cell line [29] . Isopropanolic extracts of black cohosh reduced 
MCF7 (ER 	 , Her2 low) cell proliferation and estrogen-induced proliferation 
of MCF7 cells  [24] , and enhanced the inhibitory effect of tamoxifen  [30] . The 
methanolic extract has been shown to be more active than both the ethanolic 
and isopropanolic extracts, in inhibiting the proliferation of MDA-MB-453 
(ER� , Her2 overexpressing) breast cancer cells  [18] . 

   Purifi ed triterpene glycosides and aglycones have also been shown to sup-
press the growth of various types of cancer cells,  in vitro . Actein and related 
triterpene glycosides inhibited the proliferation of MCF7 and MDA-MB-453 
breast cancer cells  [33] . MCF7 cells transfected for Her2 (MCF7/Her2-18, 
45-fold increase Her2) [34]  were more sensitive than the parental MCF7 cells 
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to the growth-inhibitory effects of actein. This indicates that Her2 plays a role 
in the action of actein  [35] . In these studies, 25-acetyl-7,8-didehydrocimigenol 
3-O - β - D -xylopyranoside, isolated from  Cimicifuga acerina , was about twice as 
active as the parent compound 7,8-didehydrocimigenol 3- O - β - D -xylopyranoside 
or actein. Thus, the acetyl group at position C-25 enhanced growth inhibitory 
activity. The order of decreasing activity of the triterpene glycosides tested on 
MCF7 human breast cancer cells was actein, cimifugoside, 23-epi-26-deoxy-
actein and cimiracemoside  [33] . Nonmalignant mammary epithelial cells 
appeared to be less sensitive to the growth limiting effects of the ethyl acetate 
fraction or actein than breast cancer cells, indicating that these agents possess 
specifi city and may have limited toxicity,  in vivo.

    Anti-Angiogenic Effects on Breast Cancer 

   Black cohosh extract (iCR) and two major fractions, triterpene glycosides and 
caffeic acid esters, inhibited the invasiveness of breast cancer cells assayed by 
cell invasion through a Matrigel matrix  [36] . The assay correlates with the pro-
gression of cancer to a more aggressive state. iCR and the two fractions sup-
pressed MDA-MB-231 breast cancer cell invasion at doses that did not inhibit 
proliferation. The iCR extract (77.4        μ g/ml) induced the maximal effect, 50% 
inhibition – comparable to the effects of paclitaxel or doxycycline. The two 
fractions, triterpene glycosides and caffeic acid esters, were less active, induc-
ing the greatest inhibition, 34% and 25.5%, respectively, at 5        μ g/ml. It is possi-
ble that different doses may alter the properties of the cellular membrane, and 
be less effective at higher doses.  

    Growth Inhibitory Effects on Prostate Cancer 

   Another hormone-dependent malignancy, prostate cancer, appears to be sup-
pressed by extracts and purifi ed components from black cohosh. An isopro-
panolic extract of black cohosh dose-dependently inhibited the growth of 
androgen-responsive (LNCaP) and unresponsive (PC-3 and DU145) prostate 
cancer cells and increased M30 antigen level in these cell lines  [37] . Similarly, 
the Cimicifuga racemosa  (CR) extract BNO 1055 (aqueous/ethanolic, 50%) 
subdued the growth of the prostate cancer cell line LNCaP  [38] . The effect 
may be mediated by the aryl hydrocarbon receptor since the extract reduced 
tracer binding to the receptor to 71%. 

   The phenylpropanoid petasiphenone, isolated from an ethanolic extract of 
black cohosh, alone and combined with estradiol or dihydrotestosterone, also 
inhibited the growth of the prostate cancer cell line LNCaP  [39] . It did not 
affect the secretion of prostate specifi c antigen. Petasiphenone is a structural 
homologue of petasiphenol, which has been shown to inhibit the proliferation 
of human leukemia cell lines by inhibiting the activity of DNA polymerase 
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lambda, an enzyme that mediates DNA repair. Petasiphenone does not appear 
to have growth inhibitory effects on MCF7 human breast cancer cells  [27] ; the 
compound’s activity may, therefore, be due to a mechanism specifi c to prostate 
cancer cells, or the anti-proliferative activity may vary for different cell lines.  

    Growth Inhibitory Effects on Oral Cancer 

   In a study that tested the growth inhibitory effects of 12 cycloartane glyco-
sides, isolated from the rhizomes of black cohosh, on oral squamous cell 
carcinoma (HSC-2) cells and nonmalignant gingival fi broblasts (HGF), the 
cycloartane glycosides were found to slow the increase of HSC-2 cells  [40] . 
The most active compound tested was cimiracemoside G, a minor component, 
with an IC 50  value of 18        μ M. Among the cimiacerogenin derivatives, the 7(8) 
dehydro-saponins were more active than the corresponding saturated saponins. 

   The second most active was 25- O -methoxycimigenol-3- O - α - L -arabino-
pyranoside (IC 50       �      30        μ M), while the parent compound, cimigenol-3- O - α - L -
arabinopyranoside, was inactive. Actein, the C-26 hydroxyl derivative of 
23-epi-26-deoxyactein, was more active (IC 50       �      44        μ M) than the parent com-
pound (IC 50       �      211        μ M) in inhibiting the growth of HSC-2 oral squamous 
carcinoma cells. Thus the structure of the triterpene skeleton infl uenced the 
activity and potency of the compounds. 

  It is notable that the compounds were all more active on malignant HSC-2 
than nonmalignant HGF cells. The ratio of activity on malignant vs. nonmalignant 
cells was about 15.6-fold for cimiracemoside G and about 3.2-fold for actein. 

    Effects on EBV-EA: Structure–Activity Relations 

   The ability of compounds to inhibit Epstein-Barr virus early antigen (EBV-
EA) activation by tumor promoters correlates with their ability to inhibit 
tumor promotion in vivo   [41] . Cimigenol (an acid- and base-stable compound) 
and related compounds, as well as isoferulic acid, isolated from Cimicifuga
species, inhibited EBV-EA activation induced by the cocarcinogen 12- O -
tetradecanoylphorbol-13-acetate (TPA) in Raji cells        [41, 42] . The most 
active compounds (100% inhibition of activation at 1000       mol ratio/TPA) 
were cimigenol, cimigenol-3-one, cimigen-3,15-dione, 12-hydroxycimigenol, 
15-deoxycimigenol, 7 β -hydroxycimigenol  [41]  and isoferulic acid  [42] . Their 
activity was greater than the activity of the strong antitumor promoter glycyr-
rhetic acid. In most instances, the addition of sugars or an acetyl group to the 3- or 
25-hydroxyl groups decreased activity. The presence of 16,23; 16,24-diepoxy 
and hydroxyl or carbonyl groups at positions 3 and 25 in the 9,19-cycloartane 
skeleton appeared to be related to antitumor promotion activity. 

  Thus, the inhibitory effects of  Cimicifuga  components on EBV-EA activa-
tion, as well as cancer cell growth, point to a relationship between the triterpene 
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structures and their anticancer activity. Investigators in one group of studies 
conjectured that the 9,19-cycloartane triterpenes could be divided into four 
structural groups: cimigenol, cimifugoside, hydroshengmanol and actein/deoxy-
actein compounds [42] . The cimigenol and cimifugoside compounds were, in 
general, more active than the latter two classes of compounds. Of the cimifugo-
sides, the H-4 and H-2 possessed more activity than the H-1 compounds. The 
activity, therefore, appeared to be related to the triterpene structure, especially 
the D ring side chain. With the exception of cimigenol, the xylosides exhib-
ited slightly greater or equal activity compared to the corresponding aglycones. 
The dimethyl succinyl diesters were less active than the aglycones. Cimigenol 
and 25- O -acetylcimigenol were more active than the C-3 ketone derivatives and 
cimigenol and cimigenol-3-one were more active than their esters. The pres-
ence of more hydroxyl groups increased activity. The activity  in vitro  and  in
vivo  could also be dependent on the metabolic changes of the compounds  [42] . 

    Growth Inhibitory Effects in Combination with 
Chemotherapy Agents 

   The optimal treatment for breast cancer most likely requires a combination 
of agents or modalities [2] , Since extracts of black cohosh are used by breast 
cancer patients [8] , it is important to determine whether there are synergis-
tic, additive or antagonistic effects exhibited by extracts, in combination with 
chemotherapy agents. 

  Extracts of black cohosh enhanced the effi cacy or toxic side effects of the 
chemotherapy agents adriamycin (doxorubicin) and taxotere on EMT6 mouse 
breast cancer cells [8] . The extract protected the cells from cisplatin and did not 
alter the effect of radiation or 4-hydroxycyclophosphamide. The absence of an 
effect on radiation suggests that the extract may affect drug uptake or effl ux. 

   In agreement with these fi ndings, a partially purifi ed ethyl acetate extract 
of black cohosh enhanced the effects of doxorubicin on MDA-MB-453 human 
breast cancer cells [43] . Actein also: (1) exerted a synergistic effect on growth 
inhibition when combined with doxorubicin or 5-fl ourouracil; (2) increased the 
percentage of cells in the G1 phase of the cell cycle and had a similar effect 
when combined with 5-fl ourouracil or doxorubicin; and (3) enhanced the 
induction of apoptosis by paclitaxel, 5-fl ourouracil or doxorubicin. 

   Relatively low concentrations of actein or the ethyl acetate fraction of black 
cohosh appear to cause synergistic inhibition of breast cancer cell prolifera-
tion when combined with different classes of chemotherapy agents. The ethyl 
acetate fraction exerted a synergistic effect even though actein constitutes only 
about 2.5% of the extract; the compound or compounds responsible for syn-
ergy are not known. The activity of this fraction could be due to the presence 
of other triterpene glycosides (13.9%), aglycones or other compounds, such as 
phenylpropanoids (2.5%), but a study suggested that some phenylpropanoids 
may have little activity  [44] . 
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   In sum, extracts and purifi ed components from black cohosh, alone and in 
combination with chemotherapy agents, exhibited signifi cant growth inhibi-
tory activity on breast, prostate and oral cancer cells. Additional studies are 
required to determine the effects on tumour-initiating subpopulations  [45] .

    Effects of Black Cohosh Extracts and Components on 
Other Biological Activties 

   Studies have shown that black cohosh has effects on other biological activities 
that are thought to be related to carcinogenesis. 

   Anti-Infl ammatory Activity 

   Black cohosh has been traditionally used to treat infl ammation. Studies have 
shown a correlation between the infl ammatory process and carcinogenesis, and 
attributed the linkage to the transcription factor nuclear factor-kappaB (NF- κ B) 
pathway        [46, 47] . This key interrelationship between infl ammation and cancer 
suggests that a study of the anti-infl ammatory activity of black cohosh com-
ponents would be fruitful. Fukinolic acid (2-E-caffeoylfukiic acid) has been 
shown to inhibit the activity of neutrophil elastase, which is involved in the 
infl ammatory process  [48] . Ferulic and isoferulic acid inhibited murine inter-
leukin-8 synthesis, induced by infection with infl uenza virus  in vitro  and  
in vivo   [49] . This evidence suggests that black cohosh may inhibit a process 
that, in turn, can lead to cancer.  

   Anti-Oxidant Activity 

   Reactive oxygen species induce DNA damage, which may result in the devel-
opment of cancer. The anti-oxidant activity of certain compounds in black 
cohosh is another characteristic that may help explain the ability of the herb to 
help prevent cancer. Bioactivity-guided fractionation of the methanolic extract 
resulted in the isolation of nine anti-oxidant compounds, of which methyl 
caffeate was the most active in reducing menadione (a cytotoxic derivative 
of vitamin E)-induced DNA damage in cultured S30 breast cancer cells  [50] . 
None of the compounds were cytotoxic to S30 cells. The fi ndings of a sec-
ond study support these results  [44] : a new lignan, actaealactone, and a new 
phenylpropanoid ester derivative, cimicifugic acid G, displayed anti-oxidant 
activity in the 1,1-diphenyl-2-picrylhydrazyl (DPPH) free-radical assay with 
IC50  values of 26 and 37        μ M, respectively. Other anti-oxidants identifi ed from 
A. racemosa  included cimicifugic acid A, cimicifugic acid B, the most active 
with an IC 50  value of 21        μ M and fukinolic acid.  

   Anti-HIV Activity 

   A methanolic extract of black cohosh, in which actein was the active principal, 
was shown to inhibit HIV activity  [51] . Among 83 related saponins isolated 
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from various plant species, the tetracyclic triterpenes exhibited the great-
est anti-HIV activity. The most potent compound was actein, with an EC 50  of 
0.375        μ g/ml and a therapeutic index (TI) of 144. The TI is the ratio of IC 50 , 
the dose of the agent that induced 50% cell killing of the mock-infected H9 
cells, to EC 50 , the dose that suppressed HIV replication by 50%. The anti-HIV 
activity of actein may be related to anticancer potential since the SO 2-cyano-
3,12-dioxooleana-1,9-dien-28-oic acid (CDDO), discussed later, inhibits HIV 
replication by inhibiting the expression of p21  [2] .

   Serotonergic, Dopaminergic and Opioid Activity 

  Extracts of black cohosh have been reported to have serotonergic, dopaminergic 
and opioid activity which could contribute to its vasomotor (menopausal) effect. 
Extracts of the plant appear to bind to the two serotonin receptors 5-HT 7  and 
5-HT1A . The methanolic extract has been shown to be the most active, exhibit-
ing a higher binding affi nity to these serotonin receptors than the 2-propanolic 
(40%) or ethanolic (75%) extracts  [52] . It also possessed the greatest growth 
inhibitory activity on MDA-MB-453 breast cancer cells  [18] . In studies using a 
dopamine D2 receptor assay, the black cohosh CR extract BNO 1055 (contained 
in Klimadynon and Menofem) induced dopaminergic activity  [53] . Black cohosh 
extracts also appear to act as mixed competitive ligands of the human  μ  opiate 
receptor; the most active extract is the clinically used 75% ethanolic extract  [54] . 

   Osteoclastogenesis 

   Black cohosh has been shown to induce osteoprotective effects, especially 
in osteoblasts. The CR extract BNO 1055, given to ovariectomized rats for 
3 months- at a dose of 33       mg/day, reduced the loss of bone mass density in 
tibia and serum osteocalcin levels  [55] . Estrogenic effects were observed in the 
bone and fat tissue, but not the uterus of ovariectomized rats. 

  Of 48 compounds from black cohosh screened for an effect on  in vitro  osteo-
clastogenesis, 25-acetylcimigenol xylopyranoside (ACCX) was the most active, 
with an IC 50  value of 5        μ M, followed by cimigenol, actein and cimiracemoside 
B  [56] . ACCX blocks osteoclastogenesis induced by the cytokines RANKL or 
TNF-α , resulting in inhibition of the NF- κ B or ERK pathways, respectively. 
ACCX also reduced TNF- α  induced bone loss in mice. The specifi c target in the 
NF-κ B pathway is not known, but may be upstream of I κ B α  phosphorylation. 

   This correlation of affected activities and pathways is not only evidence of 
black cohosh’s potential to inhibit carcinogenesis, but also opens a portal into 
its mechanism of action, which is discussed later in the chapter.    

     IN VIVO STUDIES 

In vivo  studies on the effects of black cohosh in mouse models of carcinogenesis 
lend support to the epidemiological and in vitro  studies, but the animal studies 
are limited. In vivo  studies on prostate and skin cancer present strong evidence 
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that black cohosh extracts or components exert an anticancer role          [41, 42, 57] .
But a recent breast cancer study found contradictory evidence and raises a red 
light which warns that the effects of black cohosh are still unknown  [58] . 

    Effects on Prostate Cancer 

   In an animal model of prostate cancer, the  CR  extract BNO 1055 inhibited 
development, proliferation, size and malignancy of tumors induced by LNCaP 
cells in immunodefi cient mice  [57] . After subcutaneous inoculation of 1 mil-
lion cells in immunodefi cient nu/nu mice, 12/18 control mice developed 
tumors, whereas 5/18 treated mice developed tumors. The treated animals 
developed smaller tumors and less overall tumor tissue, which was mostly 
confi ned to connective tissue ( Fig. 11.2   )  . The tumors in the treated animals 
thus appeared to be less malignant than those in the untreated animals, indicat-
ing that black cohosh components may inhibit the progression, as well as the 
development of tumors. 

   In another study, mixtures of herbs which contained black cohosh inhibited 
the growth of xenografts of CWR22R and PC3 human prostate cancer cells 
in athymic mice. Inhibition may involve anti-angiogenic mechanisms, but the 
nature of the active extracts or components is not known  [59] .  

    Effects on Skin Cancer 

  Components from  Cimicifuga  species have potent antitumor initiating and pro-
moting activities in an animal model of skin cancer        [41, 42] . Previous studies  [42] 
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FIGURE 11.2      Tumor volume in male CD1 nu/nu mice after s.c. inoculation of LNCaP cells 
(n       �      18/group). Development of subcutaneous tumors after inoculation with LNCaP cells. The 
apparent tumor volume in animals without tumor is due to the size of the scar that developed fol-
lowing inoculation of the cells. Note the dramatically increased number and size of tumors in the 
control animals in comparison to the CR-treated animals  [57]  (© 2006; reprinted with permission 
of Georg Thieme Verlag KG Stuttgart, New York).    
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indicated that the inhibitory effects of other herbal components on EBV-EA induc-
tion by tumor promoters were related to antitumor promoting activity. Two of the 
most active compounds from  Cimicifuga  species in this assay (EBV-EA), cimig-
enol and cimigenol-3,15-dione, inhibited mouse skin tumor promotion       [41, 42]  
in a 2-stage mouse skin carcinogenesis model that used the carcinogen DMBA 
as an initiator and TPA as a promoter. Cimigenol, applied before each TPA treat-
ment, delayed and reduced the development of tumors. It reduced the incidence of 
papilloma-bearing mice from 100% of the positive control to 27% and 93% at 10 
and 20 weeks, respectively and the average number of tumors per mouse from 4.8 
and 9.1 in the positive control to 1.0 and 4.3 at 10 and 20 weeks, respectively. 

   To assess an effect on tumor initiation, a two-stage mouse skin carcino-
genesis model that used the carcinogen peroxynitrite as an initiator and TPA 
as a promoter was employed  [42]  ( Fig. 11.3A   )  . When administered orally 
1 week before and 1 week after initiation, cimigenol and cimigenol-3,15-dione 
(0.0025%) increased the latent period compared to the parent group and 
reduced the incidence and multiplicity of tumors. Cimigenol reduced the inci-
dence of tumor-bearing mice from 100% of the positive control to 27% and 
80% after 11 and 20 weeks of promotion, respectively. The average number 
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FIGURE 11.3  Inhibition of peroxynitrite/TPA-induced tumor promotion by multiple applica-
tion of cimigenol ( 1 ), cimigenol-3,15-dione ( 2 ), EGCG and tocinol (topical administration). All mice 
were carcinogenically initiated with peroxynitrite (390 nmol) and promoted with 1.7 nmol of T1PA 
given twice weekly starting 1 week after initiation. (A) Percentage of mice bearing papillomas; 
(B) average number of papillomas per mouse  [42]  (© 2005; reprinted with permission of Elsevier BV) .
    (- � -): positive control, peroxynitrite (390       nmol)      	      TPA (1.7       nmol): group I 
    (-    �-): peroxynitrite (390       nmol)      	      0.0025% of cimigenol (2 weeks)      	      TPA (1.7       nmol): group II  
    (-    �-): peroxynitrite (390       nmol)      	      0.0025% of cimigenol-3,15-dione (2 weeks)      	      TPA (1.7       nmol): 
group III  
    (-    �-): peroxynitrite (390       nmol)      	      0.0025% of ECGC (2 weeks)      	      TPA (1.7       nmol): group IV  
    (- � -): peroxynitrite (390       nmol)      	      0.0025% of Tocinol (2 weeks)      	      TPA (1.7       nmol): group V  
    At 20 weeks of promotion, groups II, III, IV and V were signifi cantly different from group I 
(p    �       0.05) on papillomas per mouse.       
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of papillomas per mouse was reduced by one-half, with respect to the controls 
(from 8 in the positive control to 4) at 20 weeks. Indeed, cimigenol and cimig-
enol-3,15-dione had antitumor initiating activity commensurate with EGCG, 
suggesting a chemopreventive role for these compounds ( Fig. 11.3B ).

    Effects on Breast Cancer 

   The few studies that have evaluated the effects of black cohosh on breast can-
cer in animal models have reported contradictory results. 

   An unpublished study of black cohosh performed using MMTV-neu trans-
genic mice yielded alarming results: The spontaneous activation of the proto-
oncogene neu (erb2, Her2), the most common oncogene in breast cancer, in 
MMTV-neu female mice, results in primary and metastatic mammary tumors. 
The herb was included in the diet of the mice from 2 to16 months, at a dose 
equivalent to the dose given to women for relief of menopausal symptoms. It 
did not affect the incidence or number of mammary tumors in the mice, but 
did increase the rate of lung metastases [58] . The percentage of mice with 
detectable lung tumors at necropsy increased, compared to those on a con-
trol diet (27.1%, n       �      96, vs. 10.9%,  n       �      110, of females with primary mam-
mary tumors). Furthermore, the number of lung tumors/female was increased 
after long-term exposure to black cohosh. Survival time was not altered, even 
though metastatic disease increased in the mice [60] . 

   The study, however, suffers from several problems. The duration of expo-
sure lasted from adolescence until death, a treatment period that is atypical 
for humans taking black cohosh  [60] . The more signifi cant problem is that the 
promoter is hormone-responsive and can respond to a number of conditions, 
including pregnancy, as well as glucocorticoids and progestins. Black cohosh 
could have activated the promoter used in this mouse model, so that it is pos-
sible that the murine model of carcinogenesis may not yield effects relevant 
to breast cancer  [61] . Given the widespread use of black cohosh, it is impera-
tive to confi rm these results and clarify the effects of black cohosh extracts on 
human breast cancer, before these results are accepted. 

   Manipulating the TGF β  pathway can induce a similar pattern of effects. A 
decrease in tumor metastases was observed in an MMTV-neu animal model 
with impaired TGF β  signaling  [62] . An increase in TGF β  signaling resulted 
in a decrease in the formation or growth of primary mammary tumors, but 
an increase in metastatic growth in the lungs  [63] . Both methanolic extract 
(100%) of black cohosh and actein have been shown to activate the expression 
of genes in the TGF β  pathway, such as ATF3 and MIC-1        [18, 64] ; this fi nding 
may, in part, account for the stimulation of lung metastases. 

  Other studies suggest that black cohosh has a protective or no effect on 
breast cancer. An isopropanolic extract of black cohosh did not stimulate the 
growth of mammary tumors induced by 7,12-dimethylbenz[a]anthracene (forms 
DNA adducts)  [65] . In fact, the extract slightly reduced the growth of tumors 
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that remained after ovariectomy.Consistent with these results, black cohosh and 
tamoxifen have synergistic effects in an animal model of mammary carcinoma 
 [66] . Compared to animals that received only tamoxifen, black cohosh increased 
the number of animals without tumors from 20% to 50%, and retarded neo-
plastic growth. The results of necropsy confi rmed that the tumor burden was 
reduced by 50%. However, no synergistic effects were observed when iCR 
(60       mg/kg) was combined with two low doses of the aromatase inhibitor, form-
estane, in a rat model of chemically induced mammary carcinoma  [67] . 

  In contrast to the fi ndings in a mouse model of breast cancer, in-uterus 
derived tissue (an  in vivo  tumor model of implanted RUCA-1 rat endometrial 
adenocarcinoma cells) an isopropanolic black cohosh extract did not increase or 
antagonize the tumor-promoting effects of high doses of tamoxifen (200       mg/km), 
but slightly decreased the metastases rate to the lung and abdomen  [68] .

    Summary of Animal Studies 

  While the fi ndings that black cohosh extracts and compounds decrease some 
instances of tumor growth suggest that the herb may be a promising chemopre-
ventive agent, it is premature to draw conclusions about its effectiveness and 
safety, especially in view of the confl icting study results. It is important to note 
that the studies were few in number and performed with different black cohosh 
preparations. Furthermore, animal models are limited because they cannot rep-
licate and therefore adequately predict all aspects of the disease. The xenograft 
model is limited in its ability to predict anticancer activity in that the hosts lack a 
normal immune response, and the epithelial breast cancer cells are transplanted 
to a foreign environment and cannot coevolve with the surrounding stromal cells 
       [45, 69] . To resolve the confl icting results, it is important to replicate existing 
studies and examine the effects of black cohosh on different stages of carcino-
genesis as well as before the development of mammary and other tumors, using 
varied animal models of carcinogenesis such as genetically engineered mouse 
models of breast cancer [70] . It will also be important to examine the effects of 
black cohosh on models that replicate tumor-initiating subpopulations  [45] . 

    MODE OF ACTION 

    Effects of Extracts and Components on Apoptosis 
and the Cell Cycle 

  Studies suggest that the growth inhibitory activity of black cohosh on various 
breast and prostate cancer cell lines may be due to induction of apoptosis and 
caspase action. Isopropanolic and ethanolic extracts of black cohosh inhibited the 
proliferation of ER 	  MCF7 and ER –  MDA-MB-231 breast cancer cells by induc-
tion of apoptosis and the action of caspases, which cleave intermediate fi lament 
CK 18 in epithelial cells – detected by an increase in reactivity of the M30 mono-
clonal antibody [31] . Similar effects were observed in hormone responsive and 
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unresponsive prostate cancer cells  [37] . Pretreatment of the isopropanolic black 
cohosh extract with rat liver microsomal S9 fraction containing P450 enzymes 
did not affect cell killing or apoptosis. The two major fractions of black cohosh, 
the triterpene glycosides or the cinnamic acid esters, did inhibit cell growth and 
induce apoptosis at concentrations lower than those required for cell killing  [32] . 

  Other studies have examined the effect of black cohosh on cell cycle con-
trol. An ethanolic extract of black cohosh inhibited the activity of the cyclin D1 
promoter and increased the activity of the p21 cip1  promoter in the ER –  human 
breast cancer cell line T-47D  [71] . The ethyl acetate partition of the methanol/
water (80%) extract of black cohosh inhibited growth of MCF7 and MDA-MB-
453 cells; the nonmalignant cells were the least sensitive and the Her2 over-
expressing MDA-MB-453 cells were the most sensitive to the growth inhibitory 
effects of black cohosh. In MCF7 cells, the extract induced cell cycle arrest at 
G1 after treatment with 30 μg/ml and at G2/M after treatment with 60        μ g/ml 
 [33] . This suggests that the fraction contained a mixture of components with the 
more active or more abundant component causing G1 arrest and the less active 
causing G2/M arrest, and/or that individual component(s) in the fraction exerted 
different effects at different concentrations. Possibly, at high concentrations the 
fraction affects proteins that regulate phases later in the cell cycle. 

    Molecular Effects of Triterpene and Cardiac Glycosides 

   How triterpene glycosides act is not known with certainty. Triterpene mol-
ecules, structurally related to steroids, are synthesized by the cyclization of 
squalene. This can occur by approximately 100 different folding patterns  [2] . 
Over millions of years, some of the molecules may have evolved to interact 
with receptors on animal cells. These may have less inherent toxicity than 
totally synthetic drugs. When cells are injured, hydrophobic areas of lipid and 
proteins may be exposed in individual proteins or cell membranes. Triterpenes 
are hydrophobic structures that can interact with these portions and prevent or 
repair such injury. It is notable that most of the targets of triterpenes protect 
cells from injury or repair the injury. 

   For insight into the mode of action of triterpene glycosides from black 
cohosh, it is useful to consider the mode of action of triterpenes and cardiac 
glycosides from other plant species. Avicins, triterpenoid saponins from the 
plant Acacia victoriae  (Bentham), are potent inhibitors of the transcription fac-
tor NF- κ B and act by inhibiting its translocation to the nucleus and its capacity 
to bind DNA, perhaps by altering sulfhydryl groups critical for NF- κ B acti-
vation  [72] . Betulinic acid, a pentacyclic triterpene in the bark of white birch 
trees, is a selective inhibitor of melanoma and induces apoptosis by a direct 
effect on mitochondria in neuroectodermal tumors  [73] . It also suppresses 
NF-κ B activation induced by carcinogens and infl ammatory stimuli  [74] . 
Betulinic acid and boswellic acid, also a pentacyclic terpenoid, from  Boswellia
serratia , have both been shown to inhibit Topoisomerase I        [75, 76] .
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   Cardiac glycosides bind to the alpha subunit of the Na 	 /K 	 -ATPase; they 
act as potent and highly selective inhibitors of the active transport of Na 	  and 
K	  across cell membranes  [77] . This leads to a small increase in intracellular 
Na-	  and a large increase in intacellular Ca 2	 . In heart muscle, this enhances 
the force of contraction. Recent studies indicate that extracts of foxglove and 
cardiac glycosides also inhibit the growth of breast and other cancer cells  [78] . 
Moreover, digitalis is selective for malignant vs. non-malignant cells  [79] . 

  Cardiac glycosides appear to alter multiple pathways. The ability of car-
diac glycosides to induce apotptosis may be related to the abilty to generate 
an increase in Ca 2	  and a decrease in K 	 . BCL-2 family members may play a 
role  [80] . The cardiac glycoside ouabain affects both the ion pumping function 
and the signal transducing function of the Na 	 /K 	  ATPase in the heart and in 
human breast cancer cells; doses that inhibit breast cancer growth also induce 
Src, activate the EGFR and, in turn, activate Erk1/2 and p21 cip1   [81] . The  Ki  for 
inhibition of pumping is amplifi ed 7.2-fold for inhibition of cell signaling  [82] . 
The ability of cardiac glycosides to inhibit cancer cell growth may be related to 
the ability to inhibit topoisomerase activity, FGF-2 and NF- κ B  [83] . Digitoxin 
appears to block phosphorylation of I κ B κ , the inhibitor of NF- κ B, in cultures of 
cystic fi brosis lung epithelial cells  [84] . Digitoxin and other cardiac glycosides 
also inhibit TNF- α /NF- κ B signaling by blocking recruitment of the TNF recep-
tor-associated death domain (TRADD) to the TNF receptor  [85] . 

   Triterpene glycosides from black cohosh have been shown to inhibit growth 
of MCF7 (ER 	 , Her2 low) and MDA-MB-453 (ER � , Her2 overexpressing) 
breast cancer cells and induce cell cycle arrest at G1  [33] . The most potent 
component tested in this study, actein, decreased the levels of cyclin D1, cdk4, 
pEGFR and the hyperphosphorylated form of pRb and increased the level of 
the Cdk inhibitory protein p21 cip1  in MCF7 cells. These are changes which 
may contribute to the arrest in G1. 

   Actein induced an increase in caspase 3 activity  [43] , consistent with the 
fi nding that an isopropanolic or an ethanolic fraction of black cohosh induces 
apoptosis in MCF7 cells, which lack caspase 3, by the activation of caspases, 
such as caspase 7 [32] .

    Effects of Actein and the Methanolic Extract on the 
Unfolded Protein Response 

  Knowledge of the mode of action of black cohosh could help determine how 
to optimally customize the agent to target a particular cancer or patient. Gene 
expression allows a comprehensive view of an agent’s pattern of gene effects. 
Gene expression analysis of the molecular effects of a methanolic extract (100%) 
and actein, on MDA-MB-453 and MCF7 breast cancer cells has revealed sig-
nifi cant effects on genes that respond to diverse cellular stresses        [18, 64] , in par-
ticular, the unfolded protein response (UPR). This fi nding lends support to the 
hypothesis that triterpenes may protect cells from or repair cell injury. 
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   Different types of stress are known to induce four mammalian protein 
kinases to phosphorylate the eukaryotic initiation factor (eIF2). The response, 
referred to as the integrated stress reponse (ISR)  [86]  results in repair or apop-
tosis. The ISR is one of three signaling pathways that comprise the UPR; the 
other two signaling pathways are inositol-requiring enzyme 1 (IRE1)/XBP1 
and ATF6          [87–89]  ( Fig. 11.4   ).   

  Actein induced four genes that mediate the ISR, including activating tran-
scription factor 4 (ATF4), GRP78, a calcium dependent endoplasmic reticu-
lum stress molecular chaperone, PERK and GADD34 [64] . Both the extract 
and actein appear to induce the expression of the stress gene GRP78, apoptotic 
gene GDF15 and lipid biosynthetic genes at 6 hours and to repress the expres-
sion of cell cycle related genes (HELLS and MCM10) and RNA metabolism 
gene RIBC2 at 24 hours       [18, 64] . Both the extract and actein increased the level 
of the apoptotic stress protein DDIT3. Unique to the extract was induction of 
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FIGURE 11.4    Cellular responses to diverse stresses including the integrated stress response 
(ISR), unfolded protein response (UPR), endoplasmic reticulum (ER), stress response, cholesterol 
and NF-κB pathways. The responses to stress are integrated in this diagram: the ISR is adapted from 
Wek et al.1   , the UPR from Benjamin and Xu et al.       [87, 88] , the cholesterol and NF-κB pathway 
from Harding et al.  [86]  and the ATF3 pathway from Jiang et al.      2    The underlined genes are those 
whose expression was signifi cantly altered in the RT-PCR analyses, when the cells were treated 
with the methanolic extract  [18]  (© 2007; reprinted with permission of Dr. John G. Delinassios). 
1   Wek, R. C., Jiang, H. Y.  &  Anthony, T. G. (2006). Coping with stress: eIF2 kinases and transla-
tional control. Biochem Soc Trans   34 , 7 – 11.
2  Jiang, H. Y., Wek, S. A., McGrath, B. C., Lu, D., Hai, T., Harding, H. P., Wang, X., Ron, D., 
Cavener, D. R.  &  Wek, R. C. (2004). Activating transcription factor 3 is integral to the eukaryotic 
initiation factor 2 kinase stress response.  Mol Cell Biol   24 , 1365 – 1377. 
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the multidrug resistance gene ABCC3 and the cytochromes CYP1A1 and 
CYP1B1, an action thought to be generated by the aryl hydrocarbon receptor 
 [90] . Presumably, these differences refl ect the effects of compounds, in addi-
tion to actein, present in the methanolic extract or to synergistic or antagonistic 
effects. Nevertheless, both the extract and actein induce two phases of the ISR, 
the survival or the apoptotic phase, depending on the duration of treatment; and, 
for actein, on the dose and duration of treatment. 

   Actein and the extract activated transcription of apoptotic factors and 
repressed cell-cycle related genes, indicating that they may be useful in the 
prevention and treatment of breast cancer. The induction of lipid biosynthetic 
genes and, for actein, VEGF, which can enhance angiogenesis  [91]  may be 
cause for concern and requires further investigation. 

   Although the above results indicated that the exposure of cells to actein or 
the methanolic extract can induce a complex array of cellular stress responses, 
they do not reveal the primary cellular molecules that actein or the extract and 
related compounds target        [18, 64] . The putative targets may play a role in cel-
lular processes involving calcium since actein altered the expression of sev-
eral genes involved in calcium homeostasis, including GRP78, STC2, ADPN, 
JAG2, CALML5 and TRAM2. 

   The effects of actein and the extract on the expression of genes related to 
the ISR are not cell type specifi c since similar effects were observed on the 
ER	  breast cancer cell line MCF7. Treatment of this cell line with actein 
also induced increased expression of ATF4, DDIT3, GDF15, SLC7A11 and 
CYP1A1 [64] . 

  Consistent with these fi ndings, a lipophilic extract of black cohosh rhizome 
activated the expression of stress response genes (DDIT4, HIF1A, VEGF, 
HMOX1, DNAJB4) and enriched the expression of anti-proliferative genes 
(cell cycle, CCNE2, CCNG2; transcription regulators, PCNA, E2F2) in the Er α
positive breast cancer cell line MCF7, as assayed by gene expression analy-
sis [92] . The apoptotic genes (BIRC5, GADD45A, GDF15) also displayed an 
enriched expression. The extract induced the expression of several oxidoreduct-
ases, including the cytochrome P450 family genes CYP1A1 and CYP1B1. The 
most highly upregulated gene was CYP1A1. CYP1A1 converts estrogen (E2) to 
non-carcinogenic 2-hydroxy-E2, whereas CYP1B1 metabolizes E2 to the carci-
nogenic compound 4-hydroxy-E2. Since the ratio of CYP1A1 to CYP1B1 was 
greater than one, this effect could contribute to the anticancer activity of black 
cohosh. The expression of the aryl hydrocarbon receptor (AhR), which has been 
shown to induce CYP1A1, was also upregulated. Transcripts coding for tumor 
promoting activity, such as S100P, as well as transcripts coding for antitumor 
activity, were altered. RT-PCR analysis indicated that the triterpene glycoside 
actein and a triterpene aglycon mixture displayed patterns similar to those of 
the extract on transcripts representing six regulated functional categories: apop-
tosis, proliferation, general growth, signaling and transport and metabolism and 
others. This suggests that these may be the active agents. 
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   With respect to proliferation and cell survival genes, the pattern induced 
by the extract resembles that induced by tamoxifen, but is opposite to that of 
estradiol. The extract did not alter the expression of estrogen regulated genes, 
except for ER α  and VEGF. However, these genes could be induced by the 
hypoxia response. The extract induced more genes than E2 or tamoxifen, indi-
cating that the response is more complex. It is neither estrogenic nor antiestro-
genic, but multifaceted.  

    Comparison to the Mode of Action of Synthetic Oleananes 

   To better understand the mode of action of actein and related compounds from 
black cohosh, it is useful to consider the mode of action of SOs, especially the 
highly potent triterpene CDDO, because these have been extensively studied in 
both animal and in vitro  systems. 

   Suh  et al .  [93]  have generated a series of derivatives of the triterpenes 
oleanic and ursolic acids that are highly potent in suppressing the expression of 
inducible nitric oxide synthase and cyclooxygenase-2 in primary mouse mac-
rophages. Indeed, the derivative CDDO is 1000 times more potent than oleanic 
acid in this cell system [16] . CDDO also displays potent differentiating, anti-
proliferative and anti-infl ammatory activities  [94] . It induces apoptosis by a 
caspase-8-dependent mechanism       [95, 96]  and inhibits NF- κ B-mediated gene 
expression at a point after translocation of the activated form to the nucleus 
 [97] . This compound is a ligand for the peroxisome proliferator activated 
receptor- γ   [98] . CDDO-imizadole has been shown to induce cytoprotective 
genes through KEAP1-NRF2 anti-oxidant response element (ARE) signaling 
 [99] ; the transcription factor NRF2 binds to and activates the ARE, a cis-acting 
sequence found in the 5 �  fl anking region of genes encoding many cytoprotec-
tive enzymes, including NAD(P)H:quinine oxidoreductase (NQO1). 

   In a similar manner to actein, CDDO activates the expression of stress-
related genes in MCF7 breast cancer and MDA-MB-435 cells  [100] . The pri-
mary cellular target of CDDO and related SOs that mediate the above biologic 
effects is not known. SOs are not targeted therapeutics with a single high-
affi nity receptor-ligand, but rather they appear to target multiple pathways  [2]
by altering regulatory proteins that control the activity of transcription factors. 
Molecular targets include KEAP1 (NRF2 pathway), IKK (NF- κ B pathway), 
TGFβ  signaling and STAT. 

  SOs appear to interact with sulfhydryl groups on specifi c cysteine resi-
dues. The accessibility of the residues is an important factor. The mechanism 
appears to be mediated by Michael addition (the reaction of a nucleophile with 
an α , β  unsaturated carbonyl compound yielding an addition product) to an active 
nucleophilic group on proteins, such as the SH groups on cysteine residues. 
A major complication is the reversible nature of the formation of Michael adducts. 

   The binding affi nity of drugs that react by Michael addition may vary for 
different protein targets. The affi nity may be high for some, such as KEAP1, 
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resulting in the release of NRF2, and activating phase 2 enzymes, and low for 
other targets, such as tubulin or IKK, resulting in inhibiton of cell proliferation 
and apoptosis. Thus the response to SOs could be dose dependent: low doses 
may result in survival and high doses may result in apoptosis. 

   Selective apoptosis of cancer cells may result from their higher levels of 
oxidative stress. Cells that are already stressed are susceptible to cell-killing by 
SOs, which further increase reactive oxygen species production. It is signifi -
cant that SOs induce apoptosis in cancer cells that are resistant to conventional 
chemotherapeutic agents. 

   Analogous to SOs, the ketal-hemiacetal and epoxide grouping of actein 
suggest that the agent would readily react with nucleophiles. The activity of 
actein resembles that of CDDO in that it induces two phases of the ISR, the 
survival or apoptotic phase, depending on the dose and duration of treatment. 
Similar to CDDO, actein activated the expression of the phase 2 gene HMOX. 
At 24 hours after treatment with actein at 40        μ g/mL, HMOX1 was the most 
highly upregulated gene  [64] . Both compounds are selective for malignant vs. 
nonmalignant cells. 

    SAFETY 

    Bioavailability 

   Bioavailability studies of black cohosh are limited, and most remain unpub-
lished. It is essential to determine the bioavailability of black cohosh in pre-
clinical or human studies to ascertain its anticancer and chemopreventive 
potential. Important considerations in assessing chemopreventive activity 
are whether suffi cient blood and tissue levels can be achieved following oral 
administration and whether the agent exerts signifi cant toxicity. 

   While doses prescribed for menopausal therapy may also be suffi cient for 
chemoprevention        [22, 23] , the optimal dose to prevent or treat cancer may be 
higher or lower. Further studies are required to determine these doses. 

   Relatively low concentrations of actein or the ethyl acetate extract of 
black cohosh (0.2 μg/ml to 2 μg/ml (3 μM)) have been shown to cause syn-
ergistic inhibition of the proliferation of breast cancer cells when combined 
with chemotherapy agents  [43] . In this study, the exposure time was only 
96 hours; it is possible that during continuous administration to patients the 
effective concentration might be even lower because of cumulative effects 
and because of the compound’s possible concentration in specifi c tissues. 
This seems likely since other natural products, like extracts of green tea, have 
antitumor effects in rodent models  [101] , even though the oral doses would 
predict very low blood levels  [102] . It may also be possible to synthesize 
derivatives of black cohosh components, such as actein or other triterpene 
glycosides that are more potent inhibitors of breast cancer cells.  
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    Clinical Studies 

   Isopropanolic and ethanolic extracts of black cohosh have been in use for over 
40 years in Europe with few reported toxic effects  [3] . The side effects reported 
were relatively mild, except for recent reports of co-occurring hepatotoxicity 
       [103, 104] . Liver toxicity is often the major reason drugs are withdrawn. It 
is not clear, however, whether black cohosh was responsible. The reports of 
liver toxicity all involved middle-aged and older women and it is possible that 
black cohosh may have precipitated a pre-existing hepatic problem. Since 
most studies of black cohosh have been performed for the relief of menopausal 
symptoms in women in midlife  [105] , the results may have been infl uenced 
by changes in hormone levels. Although most studies of black cohosh and 
menopause report that isopropanolic and ethanolic extracts of the herb are free 
of signifi cant side effects, they have not been suffi ciently long – greater than 
6 months – to determine safety. Additional studies are required to establish 
the safety of higher doses, as well as other extracts and pure compounds. 

  Studies have disagreed on the effects of the agent on lipid levels. Administering 
the CR extract BNO 1055 at 40       mg for 3 months resulted in a statistically sig-
nifi cant increase in TTG, but no effects on total, LDL or HDL cholesterol  [106] . 
A randomized, placebo-controlled trial using the same extract at a higher dose, 
120       mg/kg for 12 weeks, showed no effect on either cholesterol or TTG  [105] . 
Yet, another study demonstrated that black cohosh administered at 40       mg for 
52 weeks without a placebo control increased both TTG and cholesterol (HDL-
cholesterol) while lowering LDL-cholesterol  [107] . 

   These apparently contradictory results could be due to the use of different 
preparations, isolates of the same preparation or to chance  [105] . It is impor-
tant to resolve the effects of black cohosh on lipid and other physiological 
parameters before it is used for chemoprevention or therapy.  

    Animal Studies 

   Animal studies indicate that black cohosh extracts do not induce toxic, muta-
genic or carcinogenic effects  [3] . Wistar rats given 5       g/kg of Remifemin® 
granulate for 26 weeks did not show any organ or chemical toxicity  [108]  nor 
was toxicity observed in dogs given 400       mg/kg/day of black cohosh for 26 
weeks [109] . The LD 50  (lethal dose) of a black cohosh preparation in mice was 
7.7       g/kg (intragastric) and 1.1       g/kg (intravenous). Results of the Ames test for a 
40% 2-propanol extract were negative. 

  A study of the hepatic effects of black cohosh indicated that an ethanolic 
extract of black cohosh given to female Wistar rats (at doses greater than 500       mg/kg) 
induced hepatic mitochondrial toxicity; this was evidenced by microvesicular stea-
tosis [110]. Black cohosh reduced mitochondrial β -oxidation starting at 10        μ g/ml 
in freshly isolated rat liver mitochondria; since this effect was pronounced, and 
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was detected at a lower dose than other effects on mitochondria, it could be the 
primary effect. Blockage of  β -oxidation can result in the accumulation of long-
chain acyl CoA’s, which may induce liver damage and apoptosis. Indeed, the 
extract induced a dose dependent increase in early apoptotic HepG2 liver cancer 
cells. However, the dose required to cause microvesicular steatosis in rats was sig-
nifi cantly higher than human doses, suggesting that black cohosh is safe. 

     In Vitro  Studies 

  Moderate doses of black cohosh appear to be safe, with respect to the forma-
tion of quinoid metabolites       [19, 109] . Black cohosh catechols are converted 
(by metabolism or chemicals) to electrophilic quinones in vitro . The catechols 
do not appear to be absorbed across the intestinal epithelium, whereas the tri-
terpenoids are absorbed. No catechols were detected in the blood or urine of 
10 women who ingested 40, 80 or 120       mg of black cohosh for 1 week. In 
addition, there was no change in liver enzymes from 6 women in this study. 
Quinones were not detected in the urine of women who ingested up to 256       mg of 
a standardized ethanolic extract of black cohosh (70% prepared by Pure World 
Botanicals). However, metabolic activation could be a hazard at higher doses. 

   A number of fi ndings may be a cause for concern: (1) cimifugoside and 
actein inhibited thymidine transport into phytohemagglutinin-stimulated lym-
phocytes; (2) actein and cimigenol appear to be immunosuppressive in PHA-
stimulated lymphocytes  in vitro   [111] ; (3) black cohosh may interact with 
CYP2D6 substrates  [112] ; and (4) commercially available black cohosh, whose 
active constituents were identifi ed as triterpene glycosides, inhibited CYP3A4 
in intestinal epithelium [113] ; black cohosh may thus increase the bioavailabil-
ity of a variety of CYP3A4 substrates. These diverse fi ndings require further 
investigation. 

   Extracts and components of black cohosh have been shown to preferen-
tially inhibit the growth of malignant breast and oral cells, but not nonmalig-
nant cells, as discussed earlier. It is therefore likely that actein, cycloartane 
glycosides and fractions of black cohosh will have limited toxicity  in vivo .

    CONCLUSIONS 

   Recent case control studies suggest that black cohosh can help to prevent pri-
mary and recurrent breast cancer. These studies are consistent with numerous 
in vitro  fi ndings indicating that black cohosh has powerful growth inhibitory 
capabilities and limited toxicity, and with some animal studies indicating that 
black cohosh can suppress tumor development and malignancy. Research has 
begun to explain the herb’s mode of action and identify its most active com-
ponents. This will open the possibility of synthesizing more potent anticancer 
compounds based on the structure of actein and related triterpene glycosides 
from black cohosh. 
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   These successes show that further research of this remarkable herb is 
a necessary and worthwhile pursuit. Questions remain about the herb’s 
bioavailability, safety, toxicity, mode of action, effect on various cancers, stages 
of carcinogenesis and unique effects on older men and women. It will be impor-
tant to examine the effect of black cohosh on models that replicate tumor-initi-
ating subpopulations of cells. If these issues are adequately addressed, various 
forms of black cohosh may be identifi ed in the near future as useful agents for 
chemoprevention and cancer therapy.  
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Chapter 12

Integrating Comprehensive and 
Alternative Medicine into Stroke
 Herbal Treatment of Ischemia 

   Baowan   Lin 
  Cerebral Vascular Disease Research Center, Department of Neurology, University of Miami Miller 
School of Medicine, Miami, FL, USA 

    Abstract 

   Plants manufacture their own compounds to protect themselves against dangers and ill-
ness. Those defenders turn out to protect humans against diseases. Chinese herbs have 
been used to treat humans ’  illness for thousands of years. This chapter reports that one 
specifi c nine-herb combination, believed to be effective in mitigating ischemic stroke 
injury in patients in China, protected the brain from focal and global ischemia in animal 
studies, demonstrated by behavioral and histopathological tests. Daily administration 
of the nine-herb cocktail soup by gavage, initiated at 4 hours after ischemia, reduced 
the infarct volume by 53 and 62%, compared to nontreated groups, at days 3 and 28, 
encouraged neurological function recovery, prevented brain cavitation and enhanced the 
self-repair in brain infarcts; the therapy reduced neuronal death in hippocampal CA1 
and striatum in the acute stage, prevented the delayed encephalopathy and improved 
coordination at the chronic stage after global ischemia. This chapter documents 2 for-
mulas and 19 single herbs which have been used applying to treat ischemia in China 
for centuries. All of these herbs are nontoxic. Their dosages and disease-fi ghting com-
pounds are depicted. 

   Keywords: Brain, infarction, ischemia, neuroprotection, herb  

    INTRODUCTION 

    Stroke Treatment in Western Medicine (Orthodox Medicine) 

   Stroke is the third leading cause of death in industrialized countries and a major 
cause of permanent disability. With the increase of aging population, stroke 
becomes a major health problem. One in three North Americans will suffer 
a stroke, becomes demented, or both  [1] . Most strokes ( � 80%) are cerebral 
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focal ischemia, that is brain infarction, resulting from occlusion of a major cer-
ebral artery by thrombus or embolus blocking blood fl ow to a specifi c brain 
region  [2] . 

   Thrombolysis of clots in occluded arteries in order to restore blood supply 
to the affected territory is the current and standard therapy for limiting brain 
infarction  [3] . Tissue-plasminogen activator (t-PA) is the only thrombolytic 
drug that has been approved to treat the acute brain infarction by blood clot 
resolution, but, t-PA is restricted to administration within 3 hours after the clot 
formation, and has a risk to induce brain hemorrhage  [3] . No effective conven-
tional pharmacotherapy or approved treatment has been established in humans 
to increase brain repair, to reduce infarct volume or to prevent neurological 
defi cits        [3, 4] . In the last decade, stem cell and gene therapy have become the 
two hottest topics in the stroke fi eld. However, transforming the informa-
tion obtained from animal studies into the clinic faces many huge challenges. 
Therefore, the viewpoint is shifting to combine therapies to reduce neuronal 
damage and enhance endogenous neurogenesis to replace the damaged neu-
rons  [5]  because neurogenesis exists in human brain  [6] .

    Stroke Treatment of Comprehensive and Alternative 
Medicine (CAM) 

   Complementary and alternative medicine (CAM) may offer a way to com-
bat stroke. Traditional Chinese medicine (TCM), based on herbal medicine, 
is ancient but still vital. It is an important element in the treatment of brain 
ischemia in clinic in China, Korea, and Japan        [7, 8] . Many people including 
doctors have turned to TCM to help stroke victims because cerebral ischemia 
is not responsive to the current Western medicine (WM). In Korea, 25% of 
stroke patients visit traditional medicine doctors  [8] . In China, about one third 
of brain ischemia patients are treated with TCM [9] . The Chinese government 
encourages integrating TCM into WM to serve patients better because some 
diseases not responsive to WM may be cured by TCM. Bedside herbal treat-
ment has been present in WM hospitals in China since 1960s. Meanwhile, the 
Chinese government continuously provides huge fi nancial support to the sci-
ence research of TCM. 

   The theory of, and formulas for,  enhancing the circulation to encour-
age self-repair  by TCM were conceived and tested clinically long ago, long 
before the establishment of laboratory studies of disease models in the United 
Kingdom and United States of America. Today, experimental animal studies 
can be used to explain why and how medications are effective. The experimen-
tal study on Chinese medicine combating stroke in the United States started 
in 1998 in the Cerebral Vascular Disease Research Center, Department of 
Neurology, University of Miami, School of Medicine, in Miami, Florida. 

   A formula consisting of nine specifi c herbs has been demonstrated to 
possess signifi cant neuroprotection by our experimental studies, including 
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decreasing infarct volume, preventing cavitation, enhancing self-repair, accel-
erating functional recovery in brain focal ischemia and attenuating neuronal 
injury, preventing delayed encephalopathy and maintaining good coordination 
in global forebrain ischemia. Other effective formulas and herbs were reported 
by bench studies from many labs. Phytochemical efforts to identify the herbs ’
active ingredients and to investigate each ingredient’s properties are now being 
conducted in laboratories around the world in the recent decade. 

   This chapter will review the functions of formulas and herbs that have been 
demonstrated for neuroprotection in ischemic stroke including disease-fi ghting 
compounds and their properties. Since formulas are usually more effective 
than single herbs in mitigating diseases, thus, 2 formulas are introduced fi rst 
and, then, 19 herbs in this chapter.   

    BRAIN ISCHEMIA 

   Several hypotheses and theories are involved in the mechanism of ischemic 
damage development. However, this chapter will focus on the histopathology 
following ischemia. 

    Focal Brain Ischemia 

   Cerebral blood vessel occlusion impedes or blocks the focal cerebral blood 
fl ow (CBF) resulting in focal brain ischemia, infarction. Infarction happens if 
the CBF drops below 25% of normal. The initial CBF reduction determines 
the area of the latter infarct  [2] . In humans, brain infarction is characterized by 
coagulative necrosis and infl ammation with neutrophil infi ltration in the fi rst 
3 days. Monocytes emigrate later; necrotic tissue is liquefi ed by lytic enzymes 
released from leukocytes; infarct progresses to re-sorption at around 1 month 
with neovascularization, cavitation, and ultimately becomes a cavity in most 
cases [10] . Infarct volume is related to the functional status after middle cer-
ebral artery stroke  [11] . About 25% of patients develop dementia in 3 months 
       [12, 13] . Both β  amyloid precursor protein ( β APP) and amyloid  β  peptide 
(Aβ ), the prominent feature of Alzheimer’s disease (AD), are deposited in 
cortical and subcortical areas in the brains of non-dementia patients following 
stroke  [14] . 

   The process of focal ischemia in animals is similar to humans. Delayed 
neuronal death and continuous change exist until the end of the 4th week; 
necrotic neurons are still visible in both striatum and cortex at this time  [15] ; 
brain infarction induces neurodegeneration in remote region, including thala-
mus and hippocampus       [16, 17] .

  Endothelial damage in the infarcted region is prominent        [18, 19] . The endothe-
lial injury results in (1) blood–brain barrier (BBB) disruption leading to release 
of potentially toxic chemicals in the plasma into the brain parenchyma to induce 
destruction and infl ammation, and (2) a 2-week secondary CBF decline via 
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vasoconstriction and micro-thrombosis            [20–23] , which may promote the death of 
injured neurons in the penumbra. Leukocyte-platelet aggregates are increased two-
fold in peripheral blood vessels and adhered to cerebral microcirculation to result 
in signifi cant postischemic CBF decrease  [24] . Endothelin-1 (ET-1) over-formation 
by injured endothelia leads to water accumulation and brain edema  [25] . 

   Many articles reported that endogenous neurogenesis exists in the brain 
including humans after ischemia. However, the brain’s atrophy and cavity 
make repair unrealistic; detrimental infl ammation and inadequate blood supply 
in situ  cause massive loss of newborn neurons  [26] .

    Global Forebrain Ischemia 

  Global cerebral ischemia is the consequence of cardiac arrest, and may occur 
after heart surgery. Delayed encephalopathy characterized by dementia and 
ataxia, associated with parenchymal lesions and damage in white matter 
emerges after a symptom-free period following an initial recovery  [27] . The 
encephalopathy is not uncommon after brief cardiac arrest and surgery          [27–29] . 
About one third of survivors from resuscitation have the signifi cant neurological 
dysfunction  [30] . Two main types of irreversible brain lesions exist in humans: 
(1) acidophilic neurons with consecutive neuronal loss and reactive astroglial 
activation in the brain regions vulnerable to ischemia and in the micro-infarcts 
or (2) perivascular and diffuse tissue sponginess without the gliosis. The pri-
mary injury is neuronal death in the form of acidophilic neurons, necrosis, in the 
hippocampal CA1 sector, the area vulnerable to ischemia. The second injury, 
delayed encephalopathy, occurs later, including macro- and micro-infarcts or 
confl uent areas of pan-necrosis associated with perivascular and diffuse tissue 
sponginess  [31] . Lesion exists in the watershed zones of parietoocipitotemporal 
cortex, basal ganglia, thalamus, hippocampus, pons as well as cerebellum, are 
in a progressively changing manner        [27, 31] . Such lesions are associated with 
diffuse brain atrophy in patients having persistent vegetative state            [27–29, 32] .
Beta-amyloid protein (A β ) also is deposited in the brain after cardiac arrest  [33] . 
Platelets contribute to the cerebral A β  deposition in humans        [34, 35] .

   Previous animal studies demonstrated such two kinds of damage existing 
in the brain after a brief forebrain ischemia [36]  and revealed the mechanisms 
of the damage         [36–38] . Brief transient ischemia results in necrosis  [39]  and 
triggers slowly progressive pathological alterations in rat brains at 4–10 weeks 
 [36] . Components of this delayed secondary injury are: (a) endothelial degen-
eration associated with thrombosis, infarction and perivascular neurodegenera-
tion and spongy change; and (b) the abnormal cerebral accumulation of β APP 
and A β  emerged at 2 months, concentrated in perivascular regions and released 
from blood vessels.  β APP and A β  induce neuronal shrinkage and disappear-
ance. Therefore, cerebral endothelia play a key role in the chronic neuronal 
injury development          [36, 37, 40] . Platelet activity and aggregation associated 
with thrombi signifi cantly increase for 1 year after global ischemia  [41] .
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    BASIC THEORY ABOUT STROKE IN TCM 

   Traditional Chinese medicine is a coherent and independent medicine system 
to WM. It has a totally different process from WM on critical thinking, exten-
sive clinical observation and testing. Because my medical training was in WM, 
as a neurologist, I originally speculated that the effect of herbs was an accident 
from the viewpoint of WM whenever I saw that diseases were cured by herbs. 
Later, I was convinced by the facts of clinical outcomes that some severe syn-
dromes were certainly healed by herbs. I came to our lab to investigate the 
herbal effi cacy with experimental studies. The studies revealed that the bed-
side therapy of the nine-herb evidently protected the brain from ischemia and 
eliminated doubts about the potential of phytomedicine. Now we are trying to 
integrate TCM into WM. 

   The TCM theory about ischemic stroke will be simply depicted below. 

    TCM Emphasizes that Blood Supply Decline Causes 
Ischemia, Wind Stroke  

   The character of stroke, including a sudden onset, quick change of the severe 
multiple-symptoms and the strong destruction in the human body, is compa-
rable to the character of a wind-gust in nature: a sudden and strong rush asso-
ciated with violent and fast direction shifting. Thus, brain ischemia is called 
wind stroke  in TCM  [42] . 

   Blockage of blood supply results in the  endogenous wind  to induce stroke. 
Prompting blood circulation to relieve the stroke symptoms and encourage 
brain’s repair is the therapeutic strategy. Some specifi c herbs have been exten-
sively used to improve blood circulation, to relieve stroke symptoms and to 
encourage self-healing. Combining one major active herb and several support-
ing ones to synergize the pharmacodynamic action has been the philosophy 
underlying prescribing practice in TCM and is supported by the knowledge 
accumulated during centuries.  

    Strategy of Treatment: Prompting Blood Circulation and 
Rebalancing Yin and Yang in Liver and Kidney 

   TCM considers that unbalance of  Yin  and  Yang  breaks body’s harmony to 
induce diseases. To rebuild the body’s harmony is the principle to treat dis-
eases. Disturbance of blood circulation are caused by hypertension, arterioscle-
rosis, decreased body function due to aging, overwork and mental stress  [42] . 
TCM terms hypertension and arteriosclerosis as  exuberant Yang  in  liver  and 
defi cient Yin  in  liver . In addition, TCM realizes the importance of hormones. 
When people are aged, formation of sexual hormone in the body is decreased. 
TCM calls this Yin defi ciency  in  kidney . The imbalance of  Yin  and  Yang  in the 
 “liver  and  kidney  ”  induces the  internal wind  to cause the stroke. The rebalance 
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of Yin  and  Yang  in  liver  and  kidney  prevents the new  internal wind  produc-
tion. Some herbs are able to increase the liver Yin  or decrease the  liver Yang
and other herbs increase the kidney Yin . Such herbs are given to patients in 
chronic stage. 

Liver  and  kidney  in TCM have a different conception from WM. The  liver
in TCM includes liver and involves part of the central nervous system, the veg-
etative nervous system, retina, and blood vessels. The  kidney  includes part of 
the endocrine system and nervous system, reproductive system, kidney, and 
urinary system. 

    FORMULAE AND MAJOR HERBS FOR ISCHEMIA 
TREATMENT 

   During my 15-year practice as an academic neurologist of WM in Beijing, I 
observed that drinking a specifi c nine-herb cocktail soup relieved the symp-
toms of ischemic stroke without adverse effects. We demonstrated the neu-
roprotection of the nine-herb cocktail-therapy in our lab and will report the 
effi cacy in this chapter. 

    Formulae 

   Formulae, consisting of several herbs with many functions work synergisti-
cally, are employed to treat diseases because a single herb is usually less effec-
tive than expected, or has no effi cacy at all        [8, 43] .

   Specifi c Nine-herb Modifi ed Buyang Huanwu Tang (Decoction) 

   The present studies, the fi rst time, provided experimental evidence for the 
known protective effi cacy of the nine-herb formula on humans ’  brain ischemia 
by means of an animal model of ischemia with behavioral and histological 
studies. Tang means decoction in Chinese language. 

   The combination of nine herbs consists of  Ligusticum wallichii ,  Angelica 
sinensis ,  Carthamus tinctorius ,  Prunus persica ,  Astragali ,  Paeonia veitchii , 
Scutellaria baicalensis ,  Paeonia suffruticosa , and  Glycyrrhiza . Their LD 50

responses were tested and reveal no toxicity          [44–46] . These 9 herbs are safe 
and documented in Pharmacopoeia of P. R. China . 

   Decoction leads to a better bioavailability since aqueous extracts are 
absorbed quickly by the gastrointestinal tract, give a rapid onset of action, and 
provide longer and higher effi cacy than other preparations and administra-
tion including intravenous injection              [42, 47–50] . The aqueous extracts of the 
nine herbs are rapidly absorbed         [44, 47, 50] . The amount of baicalin is about 
10-fold of the baicalein in Scutellaria baicalensis . Baicalin rapidly appears in 
plasma to exist for 24 hours after oral administration and metabolizes into bai-
calein, in part, by bacteria prior to intestinal absorption [47] , and subsequently 
metabolizes into baicalein in the human body [49] .  Glycyrrhiza  enhances the 
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absorption of other herbs and leads to higher bioavailability in the body 
       [50, 51] . Thus, oral administration provides longer and higher effi cacy. 

   Phytochemical studies found that these herbs are multi-functional. The 
nine herbs and their compounds work as neuroprotectant, antioxidant, anti-
infl ammatory, and antithrombotic agents, as well as vasoconstriction antagonists 
(see Section “ Herbs ” ). Their known disease-fi ghting compounds are fl avonoids, 
saponins, and 1,2,3,4,6-penta- O -galloyl-beta- D -glucose (PGG), etc., including 
baicalin, baicalein, wogonin, oroxylin A, and Skullcapfl avone II in  Scutellaria , 
astragalus saponins in Astragalas,  tetramethylpyrazine (TMP) in  Ligusticum , 
vitamin E and ferulic acid in Angelica , saffl ower yellow in  Carthamus , PGG 
and paeonol in Paeonia veitchii  and  Paeonia suffruticosa,  as well as glycyr-
rhizin in Glycyrrhiza           [44, 52, 53] . Baicalein, baicalin and TMP, readily cross 
the BBB and become evenly distributed throughout the intact rat brain in 20 
minutes after oral administration           [44, 54–56] , and the onset of their action is 
rapid       [47, 57] . 

   We designed two experiments, supported by National Institutes of 
health (NIH)/National Center for Complementary and Alternative Medicine 
(NCCAM) grant AT001598-01, to investigate whether the nine-herb formula 
works on brain infarction and global ischemia. Animals were given the herbal 
cocktail soup in the same manner given to patients including dosage and 
administration. Histopathology and behavioral tests were employed to test neu-
roprotection as the most important and the key methods. Bromodeoxyuridine 
(BrdU) was precluded owing to BrdU injection is beyond the treatment to 
humans and because it would be improper to test the herbal therapy’s effi cacy 
since BrdU may produce cell toxicity and unspecifi c labeling        [58, 59] . Water-
maze test was not employed owing to swimming does not apply in the clinic. 
To prevent the infl uence of postischemic change of estrogen on the outcome, 
the use of female lab animals was avoided.

          Experiment 1 (Focal cerebral ischemia) and 
Experiment 2 (Global forebrain ischemia)      

Decoction Preparation

   Each dry herb was individually weighed into 10       g (0.2       g/kg/day) amounts for each 
of Ligusticum wallichii, Angelica sinensis, Carthamus tinctorius, Prunus per-
sica, Astragalas, Scutellaria, Paeonia veitchii, and Paeonia suffruticosa, and 3       g 
for Glycyrrhiza (0.07       g/kg/day), same as the dosage for one adult Chinese per day. 
Herbs were macerated together in cold drinkable water and boiled for 45 min-
utes, and then the decoction was fi ltered. The procedure was repeated 3 times. 
The three fi ltered decoctions were mixed and concentrated to yield a fi nal volume 
of 750       ml. The decoctions were tested by HPLC (high performance liquid chroma-
tography), and the extraction is reproducible (see chromatographs in    Fig. 12.1   ). 
The amount of baicalin was � 0.65       mg/ml. The decoction was stored at  � 20°C 
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until for administration. Contamination-free herbs were obtained from Mayway 
Co., Oakland, CA.  

    Experiment 1 (Focal cerebral ischemia) 

Materials and Method 
Animal Preparation and Production of Cerebral Ischemia
  Thirty-nine male Sprague-Dawley rats weighing 280–350       g participated in the focal 
cerebral ischemia study. Brain infarction was produced by a 2-hour middle cerebral 
artery occlusion (MCAo) by intraluminal suture insertion following one overnight 
fast  [18] . A 3–0 monofi lament, poly- L -lysine-coated nylon suture inserted under 
anesthesia conducted with halothane (induced at 2%, maintained at 1%) into the 
internal carotid artery and advanced a distance of 20–23       mm to block the MCA. 
Rectal temperature was monitored and maintained at 36.5–37°C, the cranial tem-
perature was at 36–36.5°C. Rectal temperature was measured during the fi rst 3 
days of survival. All of the physiological variables during surgery were controlled 
in normal ranges. The rats were sacrifi ced for histopathological assessment on day 
3 or day 28. 

Medicine Treatment 
   The rats in the treated groups received the nine-herb cocktail soup (HC) daily up 
to 28 days by gavage, started at 2 hours after recirculation. The 15       ml/kg/day, that 
is 6       ml/day, of decoction were administered in two divided doses. The dosage of 
baicalin in the decoction given to the rats is 10       mg/kg/day. Rats were allowed to 
survive for 3 days ( n       �      9) and 28 days ( n       �      11). The rats in the control groups 
received drinkable water (DW,  n       �      10 and 9 respectively).  

Neurobehavioral Testing and Evaluation
   A standard neurobehavioral test battery was employed to assess the brain defi cits 
 [60] .  Postural refl ex test  detects both cortical and striatal lesions. Five  forelimb placing 
tests  refl ect sensorimotor integration, assessing the forelimb response to visual, 
tactile and proprioceptive stimuli. The total defi cit score ranges from 0 to 12, des-
ignating normal to maximal defi cit. All of the rats received the behavioral tests 
before surgery and at 60 and 110 minutes, days 1, 2, 3, 14, and 28 after MCAo.  
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    Histology 
   Histopathological exams were on days 3 or 28 after the ischemic insult. Under 
halothane anesthesia, rats were perfused via the ascending aorta with FAM (a mix-
ture of 40% formaldehyde, glacial acetic acid, and methanol, 1:1:8 by volume) for 
20 minutes following a 2-minutes initial perfusion with physiological saline. The 
head was immersed in FAM at 4°C for 1 day. The brain was removed and placed in 
FAM for an additional day. Coronal brain blocks were embedded in paraffi n. Rats ’  
brains were cut into 10- μ m thick sections from 5.5       mm to      �     7.5       mm from bregma at 
nine standard levels to cover the whole infarcted areas. The sections were stained 
with hematoxylin and eosin (H & E) to determine the infarct volume or processed 
for immunohistochemical studies.  

    Immunohistochemistry 
   Consecutive sections were obtained at the nine standard intervals. Expression of 
the targeted proteins was visualized by routine immunoperoxidase techniques. 
Primary antibodies were: anti-rat endothelial barrier antigen (EBA) for normal 
endothelia (SMI 71, 1: 2000; Sternberger Monoclonals, Lutherville, MD)  [18] , NeuN 
(MAB377, 1: 400; Chemicon) for mature neurons  [61] , anti- β III tubulin (TUJ1, 1: 400; 
Sigma Chemical Corp.) for developing neurons  [62] , doublecortin (DCX, 1: 200, 
Santa Cruz Biotech.) for migrating neurons  [63] , BS-1 isolectin B4 (GSA1-B4, 1: 200, 
Sigma, St. Louis, MO) for active microglia, antiglial fi brillary acidic protein (GFAP, 
1: 1500, Dako Corp.) for active astrocytes, anti-human myeloperoxidase (MPO, 
1: 1000; Dako Corp., Carpenteria, CA) for neutrophils, ED-1 (MCA 341R, 1: 400;
Serotec, Raleigh, NC) for macrophage, and anti-COX2 (Cat # 160126, 1: 400; 
Cayman Chemicals, Ann Arbor, MI) for cyclooxygenase-2  [64] . As negative controls, 
sections were incubated in mouse IgG1 or rabbit Immunoglobulin fraction (X0931, 
X0903, Dako Corp.). The Vectastain ABC method (Vector Labs, Burlingame, CA) 
and 3,3 � -diaminobenzidine (DAB) were used for visualization of primary antibody 
binding. Specifi c staining was identifi ed by the dark-brown appearance.  

    Image Analysis and Cell Counting 
   Infarct volume analysis was conducted with the MCID system (Imaging Research, 
Inc., St. Catherine’s, ON, Canada). The volumes of infarcts were computed on the 
nine sections across the nine standard coronal levels stained by H & E with numer-
ical integration using Simpson’s method. Quantitative histopathological infarct 
frequency maps were computer-generated for each group with image analysis 
methods  [65] . Sections were examined and analyzed under a computer-assisted 
light microscope connected to the imaging system. Cell counting was performed 
on sections spaced at bregma level      �      0.3       mm. Counting of neutrophil, macrophage 
and normal endothelia was conducted on the infarcted hemispheres, and positive-
stained cells were digitized under microscope (10-fold objective)  [18] . Image anal-
ysis was conducted under a blind manner.  

    Statistical Analysis 
   Results were presented as mean � SD. Data were analyzed by one-way analysis of 
variance (ANOVA) followed by Dunn’s test for multiple comparisons. Signifi cance 
was accepted as p       �      0.05.   
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TABLE 12.1 Physiological variables (Values are means � S.D. MABP means arterial blood pressure)

Herbal cocktail soup (HC) Drinkable water (DW)

3-Day 4-Week 3-Day 4-Week
n � 9 n � 11 n � 10 n � 9

Before MCAo (15 minutes)
 Body weight (g)    320 � 24    320 � 27    314 � 30    318 � 23
 MABP (mm Hg)    117 � 7    117 � 14    114 � 5    119 � 24
 Arterial pH   7.44 � 0.07 7.439� 0.05 7.448� 0.05 7.453� 0.03
 PaCO2 (mm Hg)   39.6 � 0.8   37.5 � 4.3   37.2 � 6.2   36.7 � 4.1
 PaO2 (mm Hg)    141 � 43    118 � 24    172 � 66    147 � 42
 Plasma glucose (mg/dl)    157 � 28    150 � 40    159 � 38    132 � 27

During MCAo (15 minutes)
 MABP (mm Hg)    119 � 3    113 � 39    119 � 14    125 � 15
 Arterial pH 7.407� 0.07 7.432� 0.04 7.451� 0.05 7.421 � 0.04
 PaCO2 (mm Hg)   40.7 � 7   39.3 � 3   36.6 � 4   39.1 � 5
 PaO2 (mm Hg)    139 � 29    132 � 17    152 � 38    147 � 46
 Plasma glucose (mg/dl)    164 � 46    153 � 23    149 � 53    133 � 18

After MCAo (2 hours)
 Plasma glucose (mg/dl)    218 � 87    218 � 70    193 � 48    187 � 32
 Rectal temperature (°C)   37.2 � 0.6   36.8 � 1.2   37.8 � 1.0    37.3 � 1.2

During survival
 Rectal temperature (°C), day 1   37.5 � 0.8   37.5 � 0.8   37.8 � 1.0    37.8 � 0.7
 Rectal temperature (°C), day 2   37.7 � 0.7   37.2 � 0.5   37.5 � 0.6    37.7 � 0.3
 Rectal temperature (°C), day 3   37.5 � 0.6   37.3 � 0.5   37.5 � 0.6    36.5 � 1.0
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    Results 
Physiological variables:  Physiological variables including arterial blood gases, 
plasma glucose, mean arterial blood pressure (MABP) rectal and cranial tempera-
tures at the time of surgery and after were in the normal range in all groups, and 
no inter-group differences existed ( Table 12.1   )  . 

Behavioral analysis:  All rats were normal before surgery, and displayed 
marked neurological defi cits at 110 minute after MCAo. Signifi cant neurological-
functional recovery began at 24 hours and continued up to 28 days, which was 
completely recovered in all HC rats while some defi cits persisted in DW rats. 
Defi cit scores were more markedly reduced in HC groups than DW rats   ( Fig. 12.2   ). 

Histopathology:  The infarct volumes of HC groups decreased by 53% [194  �  70 
(DW,  n       �      10) vs. 91  �  69       mm 3  (HC,  n       �      9) ( p       �      0.01)] at day 3, and by 62% 
[101�  51 (DW, 9) vs. 38  �  22 mm 3  (HC, 11) ( p       �      0.01)] at day 28. The protection 
was present in penumbra, infarct periphery (       Figs. 12.3 and 12.4     ). 

   At day 3, 8 of 10 DW rats had massive hemorrhagic infarcts in dorsal lateral 
striatum. In contrast, seven of nine HC rats displayed very small peri-arterial 
hemorrhages. Five of 10 DW rats displayed many eosinophilic and shrunken neu-
rons in ipsilateral thalamus; one DW rat had necrosis in ipsilateral hippocampus. 
HC rats showed no injury in the two regions. 

   At day 28, frank cavities were seen in 8 of 9 brains in DW group, with smaller 
cavities in 2 of 11 HC rats ( Fig. 12.3A ). Several neurons were scattered at the edge 
of infarct in the striatum of DW rats ( Fig. 12.5A   ). Many neurons, including spindle-
like neurons, were distributed along the edge of the infarct in the striatum in HC 
rats ( Fig. 12.5B ), which was different from the distribution of neurons in DW rat 
( Fig. 12.5A ) and in the contralateral striatum of the HC rats ( Fig. 12.5C ). While 
massive proliferation was seen in the subventricular zone (SVZ) of the lateral 
ventricle ipsilateral to MCAo in nontreated (DW) rats ( Fig. 12.5D ), mild genesis 
showed in this region in HC treated rats ( Fig. 12.5G ), which was astrocytic gliosis 
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FIGURE 12.2      Neurobehavioral scores (mean � SD) for the 3-day and 28-day studies 
after 2-hours MCAo. The HC animals showed a signifi cant improvement, compared to DW 
groups, from day 1 to day 28 (* denotes p      �      0.01).    
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confi rmed by GFAP immunostaining. We investigated the source of the migrat-
ing neurons, spindle-like neurons, adjacent to the lesion in the inferior striatum. 
Unexpectedly we found the source in the rostrum of 3rd ventricle, distant from 
infarct, where young (presumably newly produced) neurons, that is spindle-like 
neurons, and mature neurons were apparently existed in the HC rat ( Figs. 12.5H 
and 12.5I)  and confi rmed by NeuN-immunostaining ( Fig. 12.5K ). Such neuronal 
proliferation was not present in DW rats ( Figs. 12.5E, 12.5F and 12.5J) . 

   The peri-infarct zone had abundant ghost neurons and obvious infl ammation 
in three of nine DW rats ( Fig. 12.6A)   . However, the peri-infarct injury ceased and 

(B) (C)

3-Day

28-Day

DW

HC

DW

HC(A)

FIGURE 12.3 (A) Low-power photographs of H&E-stained coronal sections at the 5th 
level of the central lesion (bregma ��1.3 mm) in DW and HC rats. Eight brains in each 
group are ranked in descending order of ipsilateral hemisphere tissue injury. At day 3, seven 
DW rats displayed typical infarction occupying the whole territory of the MCA and mid-
line shifting toward the contralateral hemisphere indicates severe hemisphere enlargement. 
Smaller infarcts were seen in eight HC rats. At day 28, eight DW rats showed cavitation and 
evident infarct, while only two HC rats had smaller cavities and all eight brains present much 
milder damage. (B) Herbal treatment reduces infarct volume. The herbal cocktail therapy 
begun at 4 h after initiation of ischemia reduced infarct size as measured by H&E staining. 
The infarct volume in HC groups was 53 and 62% less than that of DW groups at days 3 and 
28. * indicates signifi cant difference from the corresponding value in DW groups (p � 0.01). 
Infarct volume at 4 weeks was smaller than day 3. # represents the signifi cant difference 
from day 3 in DW group (p � 0.005); @ denotes signifi cant difference from day 3 in HC 
group (p � 0.05; error bars represent SD). (C) HC treatment signifi cantly reduced infarct 
size in 8 of 9 levels at day 3 and in 4 of 9 levels at day 28. * indicates signifi cant difference 
from HC group in the same time (p � 0.05).
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normal neurons remained in this region in all 11 HC rats ( Fig. 12.6B ). Meanwhile, 
no neurons were seen in the lesions in DW rats while many normal neurons 
existed in the infarcted regions in all HC rats. NeuN-immunoreactivity was com-
pletely lost in the infarct in all DW rats ( Fig. 12.6C ) but numerous NeuN-labeled 
neurons were seen in the lesion, in the core ( Fig. 12.6D ) and the border ( Fig. 
12.6E ) in all HC rats. They were distributed in different sites along or around 
blood vessels. Many neurons in the infarct had long and short processes, resem-
bling axons and dendrites; these processes extended and reached other neurons 
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FIGURE 12.4 Distributions of infarction frequency and comparisons. Color-coded com-
puterized image fi gures show the percentages of animals with infarcted tissue at 8 rostro-
caudal coronal levels in DW and HC rats. Red � 95% of rats’ infarcts in panels A and B. 
Panel C shows the comparison between panels A vs. B on a pixel-basis by Fisher’s exact 
test. Color bar depicts (1�p), where p is the signifi cance level of inter-group statistical sig-
nifi cance. The lower threshold of the color bar has been set to 1�p � 0.95, so as to high-
light those pixels with p � 0.05. The fi gures reveal that the majority of neuroprotection of 
the therapy presents in the penumbra (A, B) and exists in the cortex (C).
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FIGURE 12.5 A few neurons appear in the edge of the striatal infarct in DW rat at day 28 
after MCAo. (A). More neurons are seen in the border zone of the striatal infarct of HC rat; some 
spindle-like neurons is distributed along the boundary of the infarct (B). Neurons appear oval in 
shape in intact contralateral striatum of the HC rat (C). Cell proliferation exists in the SVZs of 
lateral ventricles ipsilateral to MCAo in DW and HC rats (D, G). Prominent cell proliferation is 
seen in the rostrum of 3rd ventricle in HC rat (H), but not in DW rat (E). The views of the regions 
(arrows) in panels E and H are magnifi ed (F, I). NeuN-labeling shows some neurons existing in 
the rostrum in the adjacent section of the DW rat (J), numerous neurons in the same HC rat (K).
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FIGURE 12.6 Neuronal injury in infarction at day 28 after 2-hour MCA occlusion. At day 
28, in cortex, the peri-infarct zone of DW rat is fully fi lled by ghost neurons and infl amma-
tory cells with no normal neurons (* indicates infarct) (A); while the extent of infl ammation is 
apparently less and a high-density of neurons persist in this zone in the HC rat (B). The corners 
images are magnifi ed views of the histological changes. NeuN immunoreactivity is absent in 
the infarct core in striatum (C) and in the inner boundary zone in cortex (not present) in DW 
rats. In HC rat, many NeuN	 neurons are observed in the injured region closed to cavity in 
striatum (D) and in the inner border zone of infarct in cortex (E). Clusters of neurons are gath-
ered around and along the blood vessels from border toward the core (E). A magnifi ed view of 
neurons in panel D is presented. The neurons have long processes morphologically resembling 
axons and dendrites (arrows) (F). βIII Tubulin (TUJ1) immunostaining is seen in the infarct 
next to the cavity in cortex (G) and striatum (H) of HC rats. The TUJ1	 neurons have shorter 
processes. The corner images are the magnifi ed views of the immature neurons exhibiting TUJ1 
in cytoplasm of soma and processes (* denotes infarct).
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Normal endothelia in brain after MCAo
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FIGURE 12.7 EBA immunoreactivity in cerebral microvessels after MCAo. Normal 
endothelia are detected in the ipsilateral parietal cortex part I in DW (A) and HC (B) rats at 
day 3; and in striatum, the center of infarct, on day 28 after MCAo in DW (C) and HC (D) 
rats. (E) The normal endothelia (NE) labeled by anti-EBA in the anatomic regions of inter-
est (ROIs) marked by rectangles in the hemisphere ipsilateral to MCAo and the correspond-
ing regions of the contralateral hemisphere in the diagram were quantitatively assessed. The 
area of each ROI is 0.27 mm2. Amount of NE at day 3 in DW rats decreases in the ipsilateral 
agranular insular cortex (AIP), zone 1 of parietal cortex (Par 1), cingulate cortex, and stria-
tum, compared to contralateral hemisphere. The amount of NE in Par 1 and cingulate cortex 
in HC group is signifi cantly higher than DW rats. On day 28, NE was signifi cantly increased 
in central striatum of HC rats. * indicates signifi cant difference from corresponding value in 
DW groups at the same time (error bars denote SD;  p  0.01). # presents signifi cant differ-
ence from contralateral hemispheres ( p � 0.05).
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in four HC rats ( Figs. 12.6D and 12.6F ); the long process is the sign of new mature 
neurons        [61, 66] . The numbers of neuroblasts labeled by  β III Tubulin were 60  �  50 
(DW) vs. 140  �  100 (HC) (sum of three bregma levels  � 1.2,  � 1.3 and  � 3.8       mm; 
p    �      0.02). The therapy prevented neuronal degeneration in the infarct. The study 
demonstrated that this nine-herb treatment successfully reduced the brain injury. 

  Endothelial injury was detected by endothelial barrier antigen (EBA) ( Fig. 12.7   ). 
EBA-immunoreactivity is a reliable index of intact endothelial function (e.g., BBB 
intactness, recovery from infl ammation or injury), and is performed in all of normal 
endothelia in rat brains except those in the choroid plexus. The absence of EBA-
immunostaining is the sign of endothelial injury induced by ischemia, edema, and 
infl ammation in the injured area and the adjacent zone in rat brain          [18, 67, 68] . 

   On day 3, more normal endothelia were observed in the infarcted hemisphere 
of the HC rats ( Figs. 12.7B and 12.7D ). The proportional area occupied by normal 
endothelia profi les in the fi eld were 0.8  �  0.4% (DW) vs. 1.5  �  0.4% (HC) in the 
whole ipsilateral cortex, 1.0  �  1.0 (DW) vs. 2.1  �  1.0% (HC) in zone 1 of parietal 
cortex, and 1.1  �  0.5 (DW) vs. 1.6  �  0.3% (HC) in the cingulate cortex ( p             0.01) 
at day 3, and 0.3  �  0.02 % (DW) vs. 0.8  �  0.4% (HC) in the central striatum 
(p       �      0.001) at day 28. Normal endothelia increased in the infarct core in HC group 
at day 28. Quantitation of EBA immunoreactivity is shown in  Fig. 12.7E . The treat-
ment signifi cantly protected endothelia. 

   At day 3, neuronal COX2 expression was scattered in cortical layers II and III in 
both groups. Massive peri-infarct neuronal COX2 overexpression was detected in 
the normal-appearance neurons and in the necrotic neurons in the penumbra, not 
in the core, in DW rats ( Figs. 12.8A and 12.8C   ). Overexpression was not seen in HC 
rats ( Figs. 12.8B and 12.8D ). The treatment inhibited the early peri-infarct neuronal 
COX2 expression. 

   Quantitative counts of neutrophils labeled by MPO were 1343  �  413 (DW) 
vs. 548  �  252 (HC) ( p       �      0.01); macrophages marked by ED-1 were 7374  �  1824 
(DW) vs. 4485  �  1487 (HC) ( p       �      0.05) in the lesioned hemisphere in bregma level 
��     0.3       mm at day 3. The treatment inhibited infl ammation inside the infarct and 
in the peri-infarct zone ( Figs. 12.8E and 12.8F ). The numbers of the two kinds of 
infl ammatory cells were signifi cantly decreased in the HC group. At day 28, numer-
ous monocytes appeared inside the infarct in DW rats ( Fig. 12.8G ), but only a few 
monocytes were seen in HC rats ( Fig. 12.8H ).  

    Discussion 
   This study, for the fi rst time, provides experimental support for the protective effi -
cacy of the nine-herb formula in human infarcted brain by means of an animal 
model of focal ischemia with behavioral-histological studies. The daily treatment 
of the nine-herb combination, initiated at 2 hours after recirculation, reduced 
the infarct volume by 53–62% at days 3 and 28 respectively, compared to control 
groups. The treatment improved neurological defi cits and protected endothelia, 
inhibited infl ammation, decreased the risk of hemorrhage, prevented cavitation 
and alleviated infarct-periphery destruction in rat brains. Many normal neurons 
existed in the infarcts in all of the treated rats, and these neurons settled along 
and around the blood vessels in the peri-infarct inner zone while no normal neu-
rons were seen in the infarcts in the nontreated rats at day 28. Many neurons 
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FIGURE 12.8 DW rats exhibit cytoplasmic COX2 overexpression in numerous normal-like 
neurons in the peri-infarct region (A) and in shrunken neurons in the penumbra (C) at day 3 
after MCAo. HC rats display scattered COX2-positive neurons in the infarct periphery (B, 
D). Massive macrophage migration in cortical infarct is more prominent in DW rat (E) than 
in HC rat (F) at day 3. Infl ammation in striatal infarct is characterized by intensive mono-
cyte infi ltration associated with neuronal disappearance in DW rat (G), whereas infl ammation 
involves only a few monocytes (arrow), and many neurons are seen in HC rat (H) at day 28.
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even formed long processes resembling axons which indicated they were newly 
matured. More neuroblasts, more normal blood vessels and less infl ammation 
coexisted in the lesions at day 28 in treated rats. 

   Reactive oxygen species (ROS) markedly increase in the postischemic recircu-
lation and infl ammation; and antioxidants prevent ROS injuring the mitochondrial 
membrane of neurons and endothelia, thus, decreasing infarct volume        [69,70] . 
Seven herbs in the formula are antioxidants. Scutellaria  and its fi ve fl avonoids are 
the most powerful antioxidants            [71–74] .  Ligusticum  via TMP reduces ROS formation 
in infarct  [75] .  Angelica ,  Astragali ,  Carthamus ,  Paeonia veitchii  and  Paeonia suffruticosa  are 
strong antioxidants because they contain vitamin E, astragalus saponins, saffl ower 
yellow, paeonifl orin and PGG          [44,53,76] . Thus, this therapy targets ROS to amelio-
rate ischemic injury. 

Neuroprotection:   Scutellaria  and baicalein protect neurons from lethal dam-
age in ischemia  [71] . Five fl avonoids of  Scutellaria  are 5- and 12-lipoxygenase (LO) 
inhibitors, and protect neuronal and mitochondrial membranes by effectively 
inhibiting lipid peroxidation        [71, 73] . Baicalin  [77] , wogonin  [78] , TMP  [75] , paeo-
nol  [79]  and  Angelica   [80]  reduce infarct volume. Saffl ower yellow protects against 
neuronal degeneration caused by ischemia          [53, 81, 82] .  Angelica sinensis  reduces 
apoptotic neurons by prohibiting protein BAX expression  [80] . 

   Our study shows that the treated rats had mature neurons and more new-
born neurons inside the infarcts. Numerous studies have reported endogenous 
neurogenesis following brain ischemia. Newly generated neurons migrate into 
the severely damaged striatum and cortex at 1–6 weeks after MCAo          [61, 63, 66] . 
Newborn neurons marked by β III tubulin peak at day 21  [83] , grow to have multi-
ple processes        [63, 66] , and fi nally express NeuN to differentiate into mature neu-
rons with formation of long processes at week 5        [61, 66] . However, detrimental 
infl ammation and inadequate blood supply to the infarct core cause massive loss 
of neuroblasts  [61] . Our results are similar to the information reported by these 
recent studies. The density of new matures and neuroblasts increased, vasculari-
zation improved and infl ammation was mitigated inside the infarcted area simul-
taneously at day 28 in the treated rats, which indicates an adequate environment 
for survival and growth of neuroblasts. 

Endothelial protection:  The treatment protected endothelia, as evidenced by 
more normal endothelia in the penumbra at day 3 and in the core at day 28, coex-
isted with neuroprotection and ameliorated infl ammation. 

  The nine-herb combination is able to protect endothelia because  Scutellaria
 [84]  and PGG  [85]  inhibit the expression of endothelial leukocyte adhesion mol-
ecule-1 (ELAM-1) and intercellular adhesion molecule-1 (ICAM-1) to suppress 
vascular infl ammation. The cocktail therapy might prevent CBF decline owing to 
TMP,  Angelica  and  Carthamus   [44]  antagonist platelet aggregation, inhibit synthesis 
of thromboxane A2 (TXA2) and endothelin-1 (ET-1) to prevent vasoconstriction and 
dilate blood vessels. In addition, the combination of Ligusticum ,  Angelica ,  Astragalas , 
Carthamus , and  Prunus persica  encourages capillary angiogenesis via basic fi broblast 
growth factor (bFGF)        [86, 87] . This is very important for patients because sprouting 
angiogenesis is involved in the brain recovery and the increase of neovasculariza-
tion is correlated with longer survival of patients  [88] . 
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Broad anti-infl ammatory effects:  Necrotic tissue is liquefi ed by lytic enzymes 
released from leukocytes. Acute infl ammation may be healed without conse-
quences if infl ammation mediators are no longer secreted  [89] . COX2 is the key 
infl ammation mediator and converts the released arachidonic acid (AA) to pros-
taglandins (PGs)  [90] . Toxic PGs instigate tissue damage        [70, 90] . Neuronal COX2 
overexpression exhibits in the peri-infarct zone        [64, 91] ; and inhibiting COX2 
expression reduces infarct volume  [91] . Our treatment prevented the early neuro-
nal COX2 overexpression in the peri-infarct zone. In the therapy, wogonin, oroxylin 
A, and PGG enable the inhibition of COX2 expression and PGs formation        [52, 85] . 

   The herbal cocktail possibly inhibited infl ammation by: (1) protecting 
endothelia to reduce BBB disruption, (2) binding to infl ammatory cytokines inter-
leukin (IL)-1 β , -6, and tumor necrosis factor- α  (TNF- α ) to abolish their function 
by baicalin and Astragali           [92–94] , (3) decreasing neutrophils migration into the 
lesions by TMP  [75] , and decreasing macrophages ’  immigration by wogonin  [78] , 
and paeonol  [79] , to reduce the tissue destruction and prevent cavitation in the 
infarct. Baicalein reduced the microglia-mediated neuronal degeneration  [95] . 

   A combination of six of the nine herbs and earthworm,  Buyang Huanwu  Tang, is 
for treating brain infarction after the acute stage in TCM. However, postischemic 
treatment with Buyang Huanwu  decoction has not been reported to reduce infarct 
volume by animal experiments yet. In the present study, adding  Scutellaria ,  Paeonia
suffruticosa , and  Glycyrrhiza  to enhance inhibition of COX2 and infl ammation allevi-
ated infarction. Taken together, the nine-herb formula confers multiple salutary 
actions: neuroprotection, endothelia-protection, and infl ammation inhibition. 

  In conclusion, the nine-herb treatment accelerated neurological functional 
recovery, reduced infarct volume, prevented cavitation and encouraged brain repair.   

    Experiment 2 (Global forebrain ischemia) 

Materials and Method
Global Ischemia Production
   Sixty-seven male Wistar rats weighing 256–405       g and aged 2.8  �  0.6 months and 
9 aged male Wistar rats weighing 478–567       g and aged 10  �  2 months were sub-
jected to 12.5-minute global forebrain ischemia produced by common carotid 
arteries occlusion plus systemic hypotension (40–50       mm Hg) following an over-
night fast. Blood was withdrawn into a heparinized syringe to reduce the systemic 
blood pressure to 40–50       mm Hg. After 12.5-minute ischemia, the carotid ligatures 
were removed, and the warmed shed blood was re-infused to restore blood pres-
sure to normal. The physiological monitoring was continued for 3 hours into the 
postischemic period. After the experiment fi nished, the wounds were infi ltrated 
with 1% lidocaine. Rats were placed in cages at room temperature with free access 
to water and food. Sham rats received similar surgery but not ischemia  [36] .  

Medicine Treatment
   Rats in the treated groups received the herbal cocktail (HC) decoction throughout 
survival. Gavage was used to daily administer the decoction 6       ml/day in 2 divided 
doses, began at 4 hours after reperfusion. Nontreated rats received vehicle, drink-
able water (DW). Rats were allowed to survive for 3, 7, 28 and 56 days. Sham rats 
had drinkable water.  
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   Behavioral Test 
   Rats were trained to walk on the 1.5       cm wide, 95       cm long beam at 62       cm high to 
assess the rats ’  ability to maintain balance during walking before the surgery. 
While arriving at traverse without slips, time to traverse was recorded with stop-
watch. The test detects the defi cits of coordination and integration of motor 
movement.

Histopathological Studies
   The 10- μ m sections at bregma levels  ��     0.2,  � 3.3, and  � 4.8       mm were stained 
with hematoxylin and eosin (H & E) to determine ischemic injury, displaying 
necrotic neurons, or processed for immunohistochemical studies. Expression of 
the targeted proteins was visualized by routine immunoperoxidase techniques. 
Adjacent sections were stained by H & E and were reacted for the histochemical 
visualization of active microglia with BS-I isolectin B4. Primary antibodies for 
immunocytochemical visualization were: anti-GFAP for activated astrocytes, anti-
COX2 for COX2, and ED-1 for macrophage. 

   The striatum and hippocampus were examined in a blind manner. Cell counts 
of normal neurons, necrotic neurons, COX2 	  neurons, lectin 	  microglia and mac-
rophages were carried out in a standardized, consistently located high-power 
microscopic fi eld in the dorsolateral striatum and central striatum (bregma 
� 0.2       mm), and in the pyramidal cell layer of the hippocampal CA1 sector (bregma 
� 3.3       mm). Both hemispheres were counted and the results were averaged. Cell 
counting in striatum was counted at      �     400; cell counting in the hippocampus was 
performed at      �     100. Normal neurons were defi ned as those having normal prop-
erties, nucleus and nucleolus.   

    Results 
Physiological Variables:  Preischemic physiological variables were in the normal 
range in all groups, and no signifi cant inter-group differences existed ( Table 12.2   )  . 

   All animals gained weight over the chronic survival period and all treated rats 
had white shining hairs while nontreated rats showed brown-yellow rough hairs 
on the back at day 56. 

Behavioral analysis:  Time to traverse the beam at day 56 by the rats were 
12 �  5.9 (DW group,  n       �      7) vs. 4.4  �  1.6 (HC,  n       �      6) seconds ( p       �      0.01), 
5.2 �  0.86 seconds in sham rats ( n       �      4). The nine-herb therapy encouraged rats ’  
coordination performance and neurological function recovery. 

Neuronal Histopathology 

Striatum : All of the rats showed mild ischemic changes in the dorsolateral stria-
tum and several rats had mild damage in the central striatum at days 3–7. The 
necrotic injury disappeared at days 28 and 56. Quantitative cell counting revealed 
that necrotic neurons in dorsolateral striatum were 56 � 27 (DW,  n       �      10) via 20 � 17 
(HC, n       �      12) per fi eld ( p       �      0.0001) at day 3, and more normal neurons in dorsola-
teral striatum in HC groups days 3–56 ( Fig. 12.9   ). Aged rats sustained severe his-
topathological change and more neuronal loss in striatum. The injury was much 
severer and extended into central striatum. H & E staining revealed these zones 
were demarcated and pale. GFAP staining showed large numbers of  reactive 
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TABLE 12.2 Physiological Variables in Rats Subjected to Global Brain Ischemia (values are mean � SD)

Group n Weight Age MABP pH pCO2 pO2 Glucose
(g) (month) (mm Hg) unit (mm Hg) (mm Hg) (mg/dl)

3 Day
DW 10 365�10 3.4�0.4 127�12 7.390�.04 41�3 124�24 160�17
HC 12 337�31 3.2�0.5 128�11 7.395�.03 39�4 136�30 143�29

7 Day
DW 8 322�49 3.0�0.4 125�11 7.374�.04 41�4 148�29 145�15
HC 7 308�24 2.9�0.3 125�14 7.406�.05 39�3 140�35 152�22

4 Week
DW 6 288�29 2.7�0.2 133�12 7.374�.04 40�4 145�18 144�24
HC 6 271�25 2.5�0.1 132�8 7.400�.03 39�4 141�31 151�25

8 Week
DW 7 319�46 2.7�0.5 129�10 7.428�.08 38�3 126�17 139�23
HC 6 324�17 3.1�0.5 133�10 7.391�.05 40�4 137�19 141�25
Sham 5 304�23 2.7�0.4 137�11 7.395�.05 40�4 157�16 142�14

Aged
DW 5 522�35 10�1.3 134�9 7.441�.04 39�4 109�2 141�17
HC 4 527�19 10�1.6 136�6 7.470�.01 37�2 127�16 143�31
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FIGURE 12.9 Sections of striata in DW rats studied 8 weeks following 12.5 minutes of 
forebrain ischemia. Sections stained with H&E (A, C–E) and GFAP (B). Discrete striatal 
lesion characterized by pallor on H&E stain (A) and associated with GFAP immunoreac-
tivity (B). Up-corner image magnifi ed the view of the striatum processes. Severe and evi-
dent spongy changes present in striata (C, D) and next to enlarged perivascular space (D). 
Thrombus associated with enlarged perivascular space is noticed in striatum (E). Numbers of 
normal neurons in striatum (St) in HC groups are higher than DW groups at days 3–56 fol-
lowing ischemia (p � 0.05) (F).

astrocytes in these foci. Normal neurons in the 5 aged DW rats had almost dis-
appeared. However, the HC group had fi vefold normal neurons compared to the 
DW group. The large incomplete infarcts presented in 10 of 10 striata of the aged 
DW rats at day 56 ( Figs. 12.9A and 12.9B ), and 2 of 8 striata in the HC group had 
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small infarcts. Sponginess in striatum was present at day 56: severe or moderate 
sponginess in fi ve adult DW rats, and mild spongy damage in one HC rat ( Figs. 
12.9C and 12.9D ). 

Hippocampal CA1 : Numbers of normal CA1 pyramidal neurons signifi cantly 
reduced at days 3–56; micro-infarction was seen in CA1 at day 56 (       Figs. 12.10 
and 12.11     ). At days 7–56, the numbers of normal CA1 neurons of treated groups 
were 3–4-fold of the nontreated groups. Associated with this neuronal loss 
were the massive increase of neuronal COX2 protein expression, the increase of 
reactive microglia and macrophages in CA1 at day 3. The therapy signifi cantly 
decreased the neuronal necrosis, inhibited the neuronal COX2 expression and 
reduced the infl ammation in the hippocampus CA1 sector at day 3 ( Figs. 12.10G 
and 12.10H ). 

   Signifi cantly apoptotic neurons were seen in the brains including midbrain 
at day 56. The numbers of apoptotic neurons of cortex (sum in the three stand-
ard levels) were 62  �  44 (HC,  n       �      6) and 213  �  140 (DW, 7) at day 56 ( p       �      0.05), 
89 �  44 in sham group ( n       �      5). These data indicate that the nine-herb therapy 
reduced neuronal necrosis and prevented neurodegeneration.   

    Discussion 
   This present study reported, for the fi rst time, that the postischemic daily cock-
tail treatment of the specifi c nine-herb up to 56 days, initiated at 4 hours after 
ischemia, protected striatum and hippocampal CA1 from the acute and delayed 
injury including infarction in 3–56 days. The therapy ameliorated neuronal COX2 
expression and infl ammation in hippocampal CA1 at day 3. 

   The present study found that severe neuronal death in striatum and in hippoc-
ampal CA1 at days 3–56 associated with macro- or micro-infarction and spongi-
ness in the brain at day 56 after 12.5-minute transient forebrain ischemia, which 
is consistent with previous study  [36] ; increase of neuronal COX2 expression in 
hippocampal CA1 at day 3 are similar to other reports        [96, 97] . 

Antioxidants and other protection:  Seven herbs in the treatment are antioxi-
dants, thus were able to scavenge ROS and reduce ROS production in the present 
experiment. Scutellaria baicalensis  is defi ned as the most powerful antioxidant owing 
to its fi ve compounds          [71, 72, 74] .  Angelica ,  Carthamus ,  Astragalas ,  Paeonia veitchii , and 
Paeonia suffruticosa  are strong antioxidants via vitamin E, saffl ower yellow, astra-
galus saponins, paeonifl orin and PGG          [44, 53, 76] . Therefore, this therapy could 
target ROS to ameliorate neuronal peroxidation to reduce necrosis in the study. 
The fi ve compounds of  Scutellaria baicalensis  are 5- and 12-LO inhibitors and pro-
tect cellular and mitochondrial membranes by effectively inhibiting neuronal 
lipid peroxidation to protect neurons        [71, 72] ; paeonifl orin and PGG protect neu-
rons via heme oxygenase-1 induction  [76] ; paeonifl orin blocks the sodium current 
infl uxes into neurons after ischemia  [98] . 

Neuronal death and COX2 expression in hippocampus CA1:  Neuronal 
death of CA1 is delayed, does not appear in the fi rst 24 hours after ischemia in 
both humans  [99]  and animals  [100] . COX2 is critical to the delayed neuronal 
death        [96, 101] . COX2 activity has been considered one of mechanisms of the 
neuronal injury in CA1 following the ischemia        [96, 97] . 
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FIGURE 12.10 Neuropathological changes in hippocampus CA1 3 days follow-
ing ischemia. Signifi cant reduction of normal CA1 neurons, H&E stained (A, B), and 
COX2 expression (C–F) are present in hippocampus. Almost all of the normal neurons in 
CA1 disappear in DW rats (A) while numerous normal neurons remaining in HC rats (B). 
Nontreated-ischemic brain shows dense COX2 immunostaining in cell layers of CA1 sector 
(C), and high-intensity cytoplasmic immunoreactivity within widespread shrunken neurons’ 
soma and axons (D); the treated brain displays lower COX2 immunostaining in CA1 (E), 
and low-density COX2 immunoreactivity is seen in apparently normal neurons and shrunken 
neurons of CA1 (F). The therapy reduces the neuronal death, COX2 expression and infl am-
mation in CA1 (p � 0.05) (G, H).
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FIGURE 12.11 Many normal neurons remain in hippocampus CA1 at 8 weeks in HC rat (A), 
but no normal neurons are seen in CA1 (arrowheads) in DW rats (B–D). Micro-infarct (arrow-
head) and macro-infarct exist in CA1 sectors (B, C). Many eosinophilic and shrunken neurons 
are noticed in cortex (E) and in midbrain (F) in nontreated rats at day 56 after 12.5-minute glo-
bal ischemia.

   In humans, COX2 was induced robustly in the neurons ’  cell bodies and dendrites 
during the acute stages of ischemia  [102] . COX2 may express in normal-appearing 
neurons  [102] . Animals ’  COX2 up-regulation is similar to humans ’   [101] , and is 
rapidly induced in the neurons of hippocampal CA1          [97, 101, 102] . Our study is 
consistent with the previous studies. 

   Stress leads TNF- α  releasing to activate nuclear factor NF-kappa B (NF-�B) to 
result in COX2 induction to cause the great portion of neuronal damage  [103] . 
The enzyme COX2 converts the released AA from ischemia to PGs, including TXA2

       [101, 102] . COX2 leads to tissue damage through ROS and PGE2 to mediate lipid 
peroxidation  [104] . Inhibiting COX2 expression ameliorates the neuronal death in 
CA1  [96] . 

Scutellaria baicalensis   [105] , oroxylin A  [106]  and paeonifl orin  [98]  protect neu-
rons in CA1 after global ischemia. Wogonin and oroxylin A block NF-�B  activation 
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to prevent COX2 expression          [52, 106, 107] . PGG inhibits COX2 activity  [109] ; 
astragalus saponins inhibit PGE2 production  [92] . Therefore, the therapy is able 
to protect neurons and inhibit COX2 expression in CA1. 

   Infl ammatory inhibition might ameliorate ischemic injury in the present 
study. Wogonin  [108]  and baicalein  [95]  are neuroprotective via inhibiting 
infl ammatory activation of microglia. Astragalus saponins  [92] , wogonin  [107] , 
and baicalin  [94]  bind to infl ammatory cytokines IL-1 β , -6 and TNF- α  to inhibit 
infl ammation. 

   This study substantiated that herbal therapy attenuated the neuronal apop-
tosis during the chronic stage. TMP, ferulic acid in  Angelica , and  Carthamus  protect 
against neuronal degeneration caused by ischemia        [53, 98] . 

Platelet aggregation and activity contribute to ischemic injury:  The 
fact that occasional nontreated animals showed a delayed appearance of focal 
ischemic pathology at week 8 in our study, suggests that a delayed second-
ary insult occurred. Vascular damage associated with thrombosis and infarction 
was noticed. These phenomena are consistent with our previous report. Platelet 
aggregation and thrombosis are found in large- and micro-vessels associated 
with infarction in the brain for 4–10 weeks after transient forebrain ischemia  [36] . 
Platelet aggregation exists in the brain for 1 year and is more widespread in the 
basal ganglia and hippocampus  [41] . Platelets and leukocytes accumulated in 
micro-vessel branches or vessel bifurcations which are correlated with BBB alter-
ations        [36, 41] . Thus, platelet aggregation and accumulation are one of the major 
causes which induce the chronic injury. 

   We did not fi nd a right antibody to detect the platelets with immunostaining 
in rat brain. However, the therapy has the ability to inhibit platelet aggregation 
because PGG  [109] , TMP        [110, 111] ,  Angelica sinensis ,  Carthamus   [44]  antagonist 
platelet aggregation. In addition, Scutellaria   [84]  and PGG  [109]  inhibit the expres-
sion of ELAM-1 and ICAM-1 to suppress vascular coagulation. 

   Preischemic treatment of  Buyang Huanwu  decoction for 7 days has been 
reported to ameliorate neuronal death in hippocampal CA1 at days 3–7 after glo-
bal ischemia  [45] . Effi cacy of its postischemic treatment has not been reported 
yet. In the present study, adding  Scutellaria ,  Paeonia suffruticosa , and  Glycyrrhiza  to 
enhance the inhibiting COX2 expression and infl ammation leads to a strong neu-
roprotection, even the treatment started 4 hours after ischemia. 

   The neuropathological changes following both focal and forebrain ischemia 
in rats are comparable to the humans. Oral administration of the nine-herb 
 decoction provides neuroprotection in both focal and global cerebral ischemia, 
and inhibiting neuronal COX2 activity involved in the protection. However, much 
information is still not available or understood. Phytochemistry is only begin-
ning to reveal the herbal components, functions and the synergistic effects 
because Phytomedicine has largely been abandoned in the USA in the last 

century.    
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  Shengmai San (     or     ) 

Shengmai San  consists of  Panax ginseng  ( Ginseng ),  Ohiopogon japonicus
(Mai Don ), and  Fructus schisandra chineses  ( Wu Wei Zi ). This formula has 
been applied to acute myocardiac infarction associated with shock in the clinic 
in China. This therapy was reported to elevate the blood pressure, and improve 
the blood microcirculation and cardiac function in 829 cases [112] . If blood 
pressure is maintained at 60       mm Hg during resuscitation, brain injury signif-
icantly decreases in patients [113] . Recently,  Shengmai San  was reported to 
prevent the progression of injury in brain infarction by animal experimental 
study         [114–116] . The mechanism is not clear. The combination of  Fructus 
Schisandra chineses  and  Ginseng  has been found benefi cial in memory consol-
idation of humans [44] .  Ginseng  extract is effective in inhibiting the increase 
in capillary permeability, reducing infl ammation, and improves healing of 
wounds  [44] .  Ginsenoside Rb1  effectively prevents the delayed neuronal death, 
stabilizes the mitochondrial structure in hippocampal neurons, and reduces the 
degenerative process of aging  [44] .

    Herbs 

   The principle to treat ischemia is to promote blood circulation plus anti-
infl ammation in the acute stage, for instance, adding the anti-infl ammatory 
agent Scutellaria baicalensis  to the treatment to inhibit and clean the infl am-
mation if the patient has fever and adding the herbs which depress  liver Yang
as well as increase kidney Yin  to the formula to rebuild  Yin-Yang  balance at the 
chronic stage. The herbs listed below are neuroprotectant, antioxidant, anti-
infl ammatory agents, and anti-coagulant. 

   Improve Blood Circulation 

   Sprouting angiogenesis is involved in brain recovery in humans after stroke; an 
increase of neovascularization is correlated with longer survival of the patients 
 [88] . Five herbs, including  Ligusticum wallichii (Chuan Xiong) ,  Angelica sin-
ensis  ( Dang Gui ),  Radix Astragali membranaceus  ( Huang Qi ),  Carthamus
tinctorius  ( Hong Hua ) that is saffron, and seed of  Prunus persica , that is 
peaches ( Tao Ren ) are the core to treat ischemia and routinely used in TCM. 

Ligusticum wallichii  (    , Chuan Xiong) 

   The root of  Ligusticum wallichii  is the part used for medicine. Dosage: dried 
crude herb 3–9 g day/adult patient. Nontoxic; LD50 is 65.9  �  31.3       g/kg. 
Alkaloids tetramethylpyrazine (TMP) is the main active principle        [44, 117] .
It also contains ferulic acid [44] .  Ligusticum wallichii  protects endothelial 
cells against reperfusion injury, improves the microcirculation  [118] , promotes 
blood fl ow and removes blood stasis  [44]  as well as prevents proliferation of 
vascular smooth muscle cells        [46, 119] . Ligusticum  and TMP have been used 
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in treatment of ischemic stroke and angina pectoris in China since the 1960s. 
TMP has been used to work in three ways: as  antithrombotic agent ,  antagonist 
of vasoconstriction ,  and anti-infl ammatory compound . 

   TMP reduces the infarct volume via scavenging free radicals and prohib-
iting neutrophil migration [75] . It releases the vascular resistance to abolish 
coronary vasoconstriction and increase blood circulation by reducing plasma 
endothelin-1 (ET-1) levels during and after acute ischemia        [120, 121]  and by 
inhibiting platelet aggregation and decreasing the synthesis of ET-1 and TXA2

in endothelia         [44, 122, 123] . Inhibiting ET-1 production from endothelia  [122]
lowers the vascular resistance and increases CBF            [44, 120, 121, 124] .

   TMP has antithrombotic effects  [110]  by inhibiting platelet activity in 
humans         [111, 120, 125] . In addition, TMP is an infl ammatory inhibitor  [75] , 
antioxidant  [126] , and calcium antagonist  [127] . TMP readily crosses the BBB 
and is evenly distributed throughout the intact rat brain in 20 minutes after oral 
administration       [55, 56] . LD 50  of TMP is 239       mg/kg i.v.  [44] . In addition, feru-
lic acid also inhibits infl ammation after ischemia  [128] .

Angelica sinensis (    , Dang Gui) 

   The root is the medical part of the plant and contains signifi cant quantities of 
vitamin B12 and E, folic acid, biotin, ferulic acid, succinic acid, nicotinic acid, 
uracil, adenine, and ligustilide [44] . Dosage: 6–15       g/day/adult. Nontoxic; no 
LD50. It dilates coronal arteries and increases coronal blood fl ow        [42, 44] . The 
water-extract of  Angelica sinensis  markedly inhibits platelet action to decrease 
5-HT release and TXA2 and ET-1 formation, reduces myocardial injury from 
ischemia, lowers blood cholesterol and reduces atherosclerosis formation  [44] . 
Angelica sinensis  decreases the infarct volume in brain and reduces neuronal 
apoptosis after brain ischemia via prohibiting protein BAX expression after 
MCAo [80] .  Angelica  protects human’s vascular endothelia  [129] , and relaxes 
arteries [130] . Vitamin E is a major endogenous antioxidant and an inhibitor 
of intracellular phospholipases A2 (PLA2)         [131–133] . In addition,  Angelica 
sinensis  stimulates hematopoiesis in bone marrow because of its high vitamin 
B12 content (0.25–0.4       μg/100       g dried root) as well as the content of folic acid 
and biotin [44] .

Astragalas membranaceus (    , Huang Qi) 

   The root of  Astragalas  is the medical portion and called as  Radix Astragali . 
Dosage: 10–15 g/day/adult. Nontoxic; LD50 is tested and none. The active prin-
ciples are astragalus saponins, fl avonoids, and polysaccharide        [44, 134] .

   Water extract of  Astragali  dilates coronal arteries  [42] .  Astragali Radix
promotes DNA synthesis, inhibits platelet aggregation  [44]  and protects neu-
rons from anoxic damage [135] .  Astragali  has a broad anti-infl ammatory effect 
since Astragalus saponins  strongly inhibit production of IL-6 and PGE2, and 
block the effect of IL-1 β   [92] , decrease the formation of TNF- α  and scavenge 
free radicals [93] . It inhibits fi brosis progression via decrease of transforming 
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growth factor  β 1 (TGF- β 1)  [93] . While  Astragali radix  works together with 
Angelica , estrogenic and anti-platelet aggregation activities are inserted  [136] , 
and good angiogenesis of capillaries is enhanced [87] . 

Astragalus saponins  are antioxidant to scavenge free-radicals  [134] , and 
promote DNA synthesis  [44] . Astragaloside IV upregulates t-PA expression in 
human endothelia after ischemia  [137] , thus it is a fi brinolytic potential agent.  

Carthamus tinctorius (    , Hong Hua) 

   Saffron fl ower’s stigma is the working part of  Carthamus tinctorius , saffron. 
Dosage: 3–9 g/day/adult. Nontoxic; LD50 is tested and saffron fl ower’s stigma 
has no LD50. The principle active component is saffl ower yellow        [124, 137] .
Carthamus tinctorius  is a strong antioxidant and a potent Ca 2	  channel antag-
onist         [44, 124, 137] . The water extract of  Carthamus tinctorius  dilates arteries 
to increase the cells ’  tolerance to oxygen deprivation and lower blood pressure, 
inhibits platelet aggregation and prevents blood coagulation        [44, 124] . It pro-
tects against neuronal degeneration caused by ischemia            [42, 53, 81, 82] , and 
alleviates retinal ischemic damage  [82] . It lowers plasma cholesterol and trig-
lyceride level  [44] . In China it is used to treat cerebral thrombosis and angina 
pectoris to increase the coronary circulation [44] . Saffl ower yellow protects 
against neuronal degeneration caused by ischemia  in vivo   [53] .  

Prunus persica (    , Tao Ren) 

   The kernel in the seed is believed to be the most powerful herb in improving 
circulation and maintaining the endothelial integrity, although its exact mech-
anism of action is still unknown. Dosage: 6–9       g/day/adult. Nontoxic; LD50:
222.5 �  7.5       g/kg. It inhibits platelet aggregation and coagulation, dilates blood 
vessels ,  increases cerebral blood fl ow (CBF), decreases capillary permeabil-
ity and inhibits infl ammation while orally administered  [46] . However,  Prunus
persica  is active only by oral administration.  Prunus persica  contains vitamin 
B1  [46]  and a lot of oil to solve constipation  [42] . Overdosage can cause cya-
nide intoxication [42] . 

   These fi ve herbs:  Astragali ,  angelica ,  Ligusticum ,  Carthamus tinctorius , 
and Prunus persica , are the most important components of the common for-
mula used to treat brain ischemia by inhibiting platelet activity, preventing 
thrombosis, dilating and protecting blood vessels, and maintaining BBB integ-
rity       [42, 46] . They promote circulation by inhibiting blood aggregation, main-
taining vascular integrity, vasodilatation and encouraging self-healing. The 
combination of these fi ve herbs works more favorably and effectively than any 
single one of them           [42, 134, 138, 139] , and encourages angiogenesis       [86, 87] .  

Cinnamomum cassia (    , Gui Zhi) 

   The twig is the medical portion in the plant. Dosage: 3–10       g/day/adult. 
Nontoxic; LD50 is not available. The ingredients are cinnamic aldehyde and 
cinnamyl acetate. Cinnamomum cassia  has antioxidant  [140] , antibacterial, 
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and vasodilatation functions        [42, 44] . Working together with  Prunus per-
sica  and  Paeonia suffruticosa  will get a better effect. Attention: Do not give 
Cinnamomum cassia  to patients who have fever.  

Ginseng (    ) 

Ginseng  is the root of  Panax ginseng  C.A. Mey. Dosage: 3–9       g/day/adult. 
Nontoxic; LD50: 5       g/kg. It is the most valued herb and widely used in China, 
Korea, and Japan, and among the overseas Chinese in the United States. For 
thousands of years, ginseng has been used by the common people as a tonic and 
in emergency medicine to rescue dying patients, and by the rich and emperors 
as a revitalizing agent. Ginseng contains multiple active elements. The research 
on Ginseng started in the early 19th century. Some of its chemical structures 
have been well studied and recognized, but many are not yet fully understood. 
Its component saponins, that is ginsenosides are the principles. It contains mal-
tol, salicylic and vanillic acid, three antioxidants, and vitamins. Extract of gin-
seng lowers serum cholesterol levels and prevents atherosclerosis  [44] . 

   Ginsenosides increase learning performance, improve memory and move-
ment activity, increase protein in the brain, stabilize the membrane structure of 
mitochondria of neurons in the hippocampus, reduce the degeneration of aging, 
and prevent delayed neuronal death. Ginsenosides enhance the biosynthesis of 
DNA and protein in the brain, bone marrow, testis, and increase sex hormone 
production. Such increase in biosynthesis of DNA and protein exert some indi-
rect action in prolonging cell life [44] . Ginsenosides increase the synthesis 
of high-density lipids (HDL) in serum [44] . Rb 1 , one of ginsenosides, is the 
principle for neuroprotective action        [42, 44] . Rb 1  effectively prevents delayed 
neuronal death, and reduces the degenerative process of aging  [44] . However, 
ginseng should not give to patients who have high fever or hypertension. 

    Fructus Crataegus pinnatifi da (    , Shan Zha, Haw Fruit) 

   It is the dried fruit of  Crataegus pinnatifi da , nontoxic and sold on street corners 
as a popular snack food in North China. Dosage: 10–15       g/day/adult. Nontoxic; 
LD50: 33.8       ml/kg of 10% water extract. The active principles are chlorogenic 
acid, caffeic acid, citric acid, crataegolic acid, maslinic acid, ursolic acid, and 
some saponins. The herb lowers blood cholesterol by increasing cholesterol’s 
catabolism to help the surface of the atherosclerotic area in the arterial wall 
to shrink and become smoother. It increases myocardial contractility, and pro-
motes coronary circulation via increase of blood fl ow. This reduces the oxygen 
consumption and protects against myocardiac ischemia. In addition, it is very 
good to help in digesting meat       [42, 44] .  

Ginkgo biloba (    , Yin Xing Ye) 

   The leaf of  Ginkgo biloba  has been used for circulatory disorders to increase 
peripheral and cerebral blood follow for decades. Nontoxic; LD50: 7725       mg.
Leaf of Ginkgo biloba  has several fl avone glucosides, including ginkgolide 
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A and B, and bilobalide. It improves the contractile function of the ischemic 
heart, exerts a protective effect on myocardium and increase cerebral blood 
fl ow in animals.  Ginkgo  extract showed neuroprotection on hippocampus 
 neurons  [44] .   

   Infl ammation Antagonists 

Scutellaria baicalensis (    , Huang Qin) 

  The root of  Scutellaria baicalensis  is used as medicine. Dosage: 3–9       g/day/adult. 
Nontoxic; LD50 is tested, none. Scutellaria baicalensis  is a very well-known 
anti-infl ammatory agent widely used in oriental medicine.  Scutellaria  is multi-
functional: antioxidant, anti-infl ammatory, and antithrombic agent, as well as 
neuroprotectant according to recent studies. Baicalin ,  baicalein ,  wogonin ,  orox-
ylin A , and  Skullcapfl avone II  are the active compounds: strong antioxidants, 
lipoxygenase inhibitors, anti-infl ammatory, and anti-coagulation agents              [44, 74, 
106, 141, 142] . Baicalein and baicalin decrease blood cholesterol  [124] . 

Scutellaria  is defi ned as the most powerful antioxidant owing to these fi ve 
compounds               [71, 72, 143–146] . It protects neurons in CA1 in vivo         [71, 105]  and 
in vitro           [71, 72, 145]  from lethal oxidant damage in ischemia/reperfusion. 
Baicalin and baicalein directly scavenge and quench superoxide, hydrogen perox-
ide, and hydroxyl radicals          [71, 73, 147] , and inhibit hydroxyl radical production 
to protect cellular and mitochondrial membranes               [71, 73, 144, 147–149] . Baicalin 
improves the cellular repair potential of oxidatively damaged DNA  [150] . 

   These fi ve fl avonoids are 5- and 12-lipoxygenase (LO) inhibitors        [72, 142] 
to protect neuronal and mitochondrial membranes by effectively inhibiting 
lipid peroxidation             [71, 73, 144, 147, 149] . In addition, baicalin and baicalein 
inhibit (Ca 2	 ) i  elevations  [151]  to protect neurons from ischemia                [71–73, 95, 
144, 147] , and prevent neurotoxicity induced by glutamate  [152] . Wogonin 
protects neurons from lethal damage in ischemia/reperfusion       [152, 153]  and 
decreases the infarct volume  [78] . 

Scutellaria  has strong anti-infl ammatory actions        [94, 154] . It is used in 
the acute stage of ischemia if patients have fever and acts powerfully against 
bacteria to treat infection in the respiratory system. Baicalin, baicalein, and 
wogonin are strong infl ammation inhibitor  [154] . 

   Wogonin inhibits COX2 expression, and reduces synthesis of PGE2 by 
retarding arachidonic acid release following ischemia            [52, 106, 149, 151]  and 
blocking nuclear NF-kB activation            [52, 106, 107, 155] . Wogonin markedly 
reduces the microglia activation and macrophages in the infarct  [78] . Baicalin 
binds infl ammatory cytokines IL-1 β , -6, and TNF- α  to limit their biological 
functions and inhibits their production         [44, 94, 105] . Baicalein and baicalin 
inhibit fi brillation and disaggregate the existing fi brils in the brain  [156] . 

Scutellaria baicalensis  protects vascular endothelia and prevents throm-
botic tendencies by inhibiting TXA2 release to inhibit arterial vasoconstric-
tion [157] , preventing platelet aggregation        [151, 158] , decreasing expression 
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of ELAM-1 and ICAM-1       [84, 159] , reducing [Ca 2	 ] elevation  [160] , and pre-
venting the decrease of t-PA production  [161] . Part of cerebral A β  deposition 
is released from platelets in humans       [34, 35] . Baicalein and baicalin inhibit 
COX2/LO from human platelets  [142]  and protect neurons from A β  toxicity-
induced apoptosis       [162, 163] .

Scutellaria  is nontoxic when given orally and absorbed fast by the gastroin-
testinal tract         [44, 47, 54] . The amount of baicalin in  Scutellaria  is 10-fold of 
baicalein; baicalin is metabolized into baicalein in human body [57]  and by 
bacteria prior to intestinal absorption and subsequently metabolized into bai-
calein  [49] . Baicalein, baicalin, and wogonin, the aqueous extracts are absorbed 
immediately, onset action quickly, and provide longer and higher effi cacy by 
oral administration         [47, 57, 164] . Baicalin rapidly appears in plasma and exists 
for 24 hours  [47] , and enter brain parenchyma: cortex, hippocampus, striatum, 
thalamus, and brain stem       [77, 165] . Baicalein crosses BBB quickly and evenly 
distribute in intact rat brain in 20 minutes        [44, 54] .  

Paeonia veitchii (    , Chi Shao) and Paeonia suffruticosa
(    , Mu Dan Pi) 

  The roots of  Paeonia veitchii  and the bark of rhizome of  Paeonia suffruticosa
are the portion for medicine. Dosages: 6–12       g/day/adult. Nontoxic; LD50: none 
for Paeonia veitchii , 3.43       g/kg for  Paeonia suffruticosa . They are important 
agents to decrease infl ammation and reduce capillary permeability to inhibit tis-
sue swelling in TCM. Paeonia veitchii  and  Paeonia suffruticosa  have paeonol, 
paeonoside, paeonifl orin, and PGG as the active compounds          [44, 76, 124] .

   Both  Paeonia veitchii  and  Paeonia suffruticosa  inhibit COX2 activities and 
infl ammation  [109] , prevent fi brosis        [44, 124] , and are antioxidant [140]  to 
protect neurons from ROS-mediated death  [76] . In addition,  Paeonia veitchii
increases endothelium-dependent relaxation, and Paeonia suffruticosa  antag-
onizes platelet aggregation, thus inhibiting TXA 2  production  [166] . They are 
absorbed quickly from the gastrointestinal tract       [51, 167] .

   Paeonol reduces cerebral infarction via scavenging superoxide anion and 
inhibiting activated microglia and macrophages in the infarct  [79] . Paeonifl orin 
and PGG reduce capillary permeability [44] . Paeonifl orin and PGG pro-
tect neurons by induction of heme oxygenase-1 (HO-1) and scavenging free 
radicals against ischemic stress  [76] . Blocking Na 	  channels is considered 
as a target for protecting brain damage. Paeonifl orin blocks sodium channels 
in hippocampal neurons to prevent sodium current into neurons after ischemia 
 [98] , and upregulates heat shock protein (HSP) expression, the lifeguard 
against proteotoxic stresses, to protect neurons [168] . PGG inhibits COX2 
activity  [109] , prevents NF- � B translocation induced by TNF- α  in human 
endothelia, and suppresses ELAM-1 and ICAM-1 expression to inhibit vas-
cular infl ammation  [85] . PGG inhibits platelet aggregation and the synthesis 
of TXA2 and ET-1 to prevent vasoconstriction and dilate blood vessels, thus, 
PGG is a vasorelaxant  [85] .
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Glycyrrhiza uralensis (    , Gan Cao) 

  Its root is used to treat diseases. Dosage: 3–6       g/day/adult. Nontoxic; LD50: none. 
The major active compounds are glycyrrhizin, fl avonoid licorice, and ferulic 
acid [169] .  Glycyrrhiza  is an antioxidant  [140]  and enhances the absorption of 
the constituents of Scutellaria baicalensis ,  Paeonia veitchii , and  Paeonia suf-
fruticosa  to lead to a higher bioavailability of baicalin in the body          [50, 51, 164] .
Glycyrrhizin is an antioxidant and infl ammatory inhibitor        [44, 169] . Licorice 
reduces capillary permeability [44] . Since gycyrrhizin is about 170% sweeter 
than cane sugar, glycyrrhiza is the principal adjuvant in formulae  [44] . 

Anemarrhena asphodeloides Bunge (    , Zhi Mu) 

  The medical part is the rhizome. Dosage: 3–15       g/day/adult. Nontoxic; LD50 is not 
available. Recent studies reported that  Anemarrhena asphodeloides  decreases the 
infarct volume through inhibiting neutrophils migrating into injured brain cortex 
in the early stage after ischemia [170] . Its active principle timosaponin lowers 
blood sugar by increasing the metabolism of glucose and increasing glycogen 
synthesis in the liver, and inhibits platelet aggregation        [44, 124] .

   Decrease liver Yang 

Gastrodia elat Blume (    , Tian Ma) 

   The rhizome is used to subdue  “ exuberant  Yang  ”  in  liver , to calm internal  wind
and relieve convulsions and fainting  [44] . Dosage: 3–9       g/day/adult. Nontoxic; 
LD50 is not available. Its active principles are gastrodin, vanillyl alcohol, and 
vanillin. This herb has analgesic, anticonvulsive and sedative effects, increases 
coronary and cerebral blood fl ow, and lowers peripheral blood pressure        [44, 
46] . It relieves convulsion, treats hypertension, dizziness, and headache. 
Recent studies found it protects neurons in brain ischemia       [171, 172] .   

   Enhance Yin in liver and kidney 

Lycium barbarum (    , Gou Qi Zi) 

  The red color fruit of  Lycium barbarum  is the medical part. Dosage: 9–15       g/
day/adult. Nontoxic; LD50 is not available. Its water extract signifi cantly 
increases nonspecifi c immunity, lowers blood pressure, plasma cholesterol and 
glucose, improves visual acuity, protects liver function, encourages generation 
of liver cell. It increases blood 17-ketosteroids in old men          [42, 44, 169] . Lycium 
polysaccharides reduce the fragmentation of DNA and inhibit apoptosis  [44] . 

   Tonics for  kidney Yang 

Epimedium brevicorum Maxim (    , Yin Yang Huo) 

   The whole plant is used for the medicine. Dosage: 10–15       g/day/adult. Nontoxic; 
LD50 is not available. The active principles are 28 fl avonoids, including icariin, 
noricariin, and Vitamin E  [42] . Extract of  Epimedium brevicorum  increases the 
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sperm production and 17-ketosteroids excretion  [44] , lowers blood pressure 
and decreases blood sugar  [42] , increases the activity of immune system        [44, 
169]  and enhances the synthesis of DNA and protein  [169] . Icariin protect neu-
rons in cerebral ischemia [173] .

Ophiopogon japonicus (    , Mai Dong) 

   The root is the medical part. Dosage: 6–15       g/day/adult. Nontoxic; LD50 is not 
available. The principles include  β -sitosterol, stigmasterol, and ophiopogonin 
B. Ophiopogon  increases coronary blood fl ow ,  myocardial contractility, and 
slowly elevates blood pressure  [44] .

    Fructus Schisandra chinesis (    , Wu Wei Zi) 

   The fruit of  Schisandra chinesis  ( Wu Wei Zi ) is the medical part. Dosage: 
3–9       g/day/adult. Nontoxic; LD50: 5       g/kg in mice does not induce mortality. 
Fructus Schisandra chinesis  can improve mental function, and the aqueous 
extract increases myocardial contractility  [44] . 

   Phytochemicals which protect plants against dangers and illness may save 
humans ’  lives; antioxidants in plants function as antioxidants in humans  [174] . 
All of the herbal dosages are small. However, small amounts of phytochemi-
cals also have a protective effect when they are combined  [174] . All of the 
19 herbs are safe and have been used of centuries, as well as documented in 
Pharmacopoeia of P. R. China.
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    Abstract 

  This chapter discusses the socioeconomic determinants of complimentary and alternative 
medicine (CAM) use in the US based on empirical evidence found in the literature. The 
fi rst section provides an overview of CAM use patterns in the US. The second section 
introduces theories from two disciplines in social sciences, sociology and economics, to 
establish the frameworks for further discussions. The third section discusses sociodemo-
graphic characteristics of CAM users, age, gender, race, ethnicity, culture, acculturation, 
health beliefs and education, and their roles in predicting CAM use. The fourth section 
examines factors emphasized in the microeconomic theory, price, insurance, income, and 
the relationship and choices between CAM and mainstream medicine. Because federal 
and state policies and legislations directly affect market conditions, they are analyzed 
along with the economic factors. The fi fth section addresses barriers to CAM use. In par-
ticular, this section shows that mainstream medical providers ’  negative attitudes toward 
CAM may greatly deter patients ’  use of CAM. The last section concludes. 

Keywords:  Economics, sociology, demographics, utilization and policy  

    INTRODUCTION 

   More and more consumers used complementary and alternative medicine 
(CAM) in the past two decades. Between 1990 and 1997, the proportion of the 
US population who used CAM increased from 34% to 42% and the expendi-
ture increased from $427 million to $629 million [1] . The 2002 National 
Health Interview Survey data, collected by the Center for Disease Control 
(CDC) and National Center for Health Statistics, showed that about 36% of 
adults used some type of CAM, excluding prayer. The fastest growing CAM 
types at the turn of the century were herbal medicine and yoga [2] . 
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   Many factors have contributed to the trend of CAM utilization. At the 
national level, increasing numbers of Americans have realized or experienced 
the limitations of conventional medical care that is based on Abraham Flexner’s 
medical education model in the US. The pace of development in modern 
biomedical sciences seems to lag behind the prevalence of life-threatening 
diseases such as HIV and cancer, and chronic diseases such as diabetes and 
chronic pain. Consequently, patients with these conditions have incentives to 
seek out alternative treatments that are not based on conventional western bio-
medical theories. For example, researchers have shown that the use of chiro-
practic services doubled in the last two decades of the last century  [3] . 

   In response to the demand for CAM research, the Congress passed a leg-
islation (P.L. 102–170) that provided $2 million to establish an offi ce under 
National Institutes of Health (NIH) to investigate various CAM practices. In 
February 1999, this offi ce became the National Center for Complementary and 
Alternative Medicine (NCCAM). The current budget for NCCAM is over $100 
million. In March 2000, the White House Commission on Complementary 
and Alternative Medicine Policy was authorized by the President to conduct, 
deliver and disseminate research on CAM practices, products, access and edu-
cation. The importance of CAM as part of integrated medicine is also recog-
nized by several state governments. Many states ’  public insurance plans cover 
some CAM types, particularly chiropractors ’  visits. 

   It is evident that the nation’s push towards the integration of CAM and 
mainstream medicine has yielded positive results. The current macro environ-
ment has certainly improved access to CAM services as compared to 20 years 
ago. It is very likely to observe a higher utilization rate of CAM in the near 
future. Further basic, clinical and social science research on CAM are essential 
to ensure optimal and effi cient CAM use. An important topic in CAM research 
is how and why consumers seek CAM care. Given a disease or health level, 
a host of consumers ’  characteristics ultimately determine whether they seek 
CAM care or not. As in seeking conventional medical care, whether a patient 
has insurance, his or her knowledge of the services, education, culture and 
most importantly, price and disposable income, play crucial roles in the CAM 
care-seeking behavior. This chapter focuses on the socioeconomic aspects of 
the utilization of CAM. Sociological and economic theories that can be used 
to explain CAM utilization are briefl y reviewed. Empirical evidence from the 
literature is then reviewed and summarized.  

    THE THEORIES 

   Researchers have long been interested in why certain individuals seek medical 
care, mainstream or CAM, whereas others do not, given the same disease or 
health condition. From the perspective of psychology, one can argue that there 
are various degrees of perceived urgency. Individuals take the action of seek-
ing care when the perceived urgency exceeds a critical threshold. Clearly, the 
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threshold differs by individuals. Naturally, the next question is: what factors 
determine this threshold? 

   All behaviors in the social setting, including care-seeking, are subject to 
infl uences of factors that may not be biological. How receptive an individual 
is to medical treatments, whether he or she can afford the treatments, whether 
he or she has time for the treatments, and the availability of the treatments 
all play a role in defi ning the threshold of urgency. It is clear that there are 
numerous determinants; some are as “ trivial ”  as the ability to get a babysitter, 
whereas others are signifi cant, such as having health insurance or a medical 
care provider in the area. In order to summarize and categorize these factors 
and to understand the mechanisms by which the factors interact and act upon 
the decision to seek care, conceptual and mathematical models are built to 
better describe and predict individuals ’  care-seeking behavior. 

    The Behavioral Model 

   The behavioral model developed by Ronald Andersen in the late 1960s and 
early 1970s is essentially a sociological model [4] . A revised version of this 
model was published in 1995  [5] . The early version intends to explain why and 
how families use health care and to defi ne various concepts of access to care. 

   The behavioral model categorizes factors that infl uence the utilization of 
health services into predisposing characteristics, enabling resources and need. 
Included in the predisposing characteristics are demographics, social struc-
ture, and health beliefs. Examples of the demographic characteristics are age, 
race, and gender. These characteristics are indicators of biological imperatives. 
Social structure is measured by education, occupation, ethnicity, culture and 
social networking. Health beliefs encompass knowledge, attitudes and values 
that predict the use of health care. 

   Enabling resources can be defi ned at both the personal/family and the 
community levels. Examples of personal/family enabling resources are income, 
having health insurance, having a usual source of care and having a means to 
reach a medical provider. At the community level, the enabling resources are 
mainly the availability of providers. In contrast to predisposing characteristics, 
most of which are exogenous or have very low mutability, enabling resources 
are more mutable and serve as necessary but not suffi cient conditions of 
care-seeking.

   The third category, need, can be perceived or evaluated. In most empirical 
studies using the behavioral model as the conceptual framework, need is often 
measured by either general health status or specifi c diseases. However, per-
ceived health need is probably more pertinent to infl uencing the ultimate use 
of health services, at least for the fi rst attempt to access the health care system 
at the beginning of an illness episode. In the behavioral model, need is depend-
ent on certain predisposing characteristics. For example, the old and females 
are more likely to have the need for health services. There have been numerous 
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studies showing genetic and epidemiological differences between races. In 
addition, education level may infl uence the formation of perceived needs. 

  The early version does not emphasize on how system, organization and 
other macro level factors affect the utilization of health services. In addition, 
individuals ’  health practices are not taken into consideration. More impor-
tantly, the interactions between factors and possible feedback loops between the 
determinants and outcomes are left out. The causal relationships in the early 
version are mostly linear. The revised behavioral model includes four compo-
nents: environment, population characteristics, health behavior and outcomes. 
Environment includes health care system and external environment. Population 
characteristics include the original predisposing, enabling and need factors. 
Examples of health behavior are personal health practices and use of health 
services. Outcomes include perceived health status, evaluated health status and 
consumer satisfaction. 

   In the revised model, the use of health services is only a component of a 
larger concept, health behavior in general. The predisposing characteristics, 
enabling resources and need are retained. Different from the early version, out-
comes and health behaviors can feedback to some of the mutable factors. In 
addition, the utilization of health services is not the ultimate outcome. Instead, 
it serves as a means to obtain better health outcomes and higher satisfaction. 

  The behavioral model constructs a concise framework that illustrates the 
mechanism by which the determinants of health service use and outcome inter-
act. It conceptualizes some causal relationships. For example, environment 
affects population characteristics and outcomes. Population characteristics 
affect health behavior, which in turn determines outcomes. Many empirical 
researchers adopt this model and form their hypotheses. Because of the model’s 
generalizability, extensions of the model to focus on a specifi c aspect, for exam-
ple, patient – physician relationship as an enabling factor, can be easily achieved.  

    The Economic Model 

   The behavioral model is constructed specifi c to the care-seeking behavior in 
a social context. In contrast, the health economic model to explain the utiliza-
tion of medical care is derived from microeconomics that describes individu-
als ’  general behaviors not specifi c to health. Microeconomics, a discipline that 
studies decision-making under constraints, describes an individual’s social 
obtained under a very general premise: everyone wants to be happy and as 
happy as possible. Happiness is measured by the utility level.      1    Utility is 
obtained via consumption of goods and services that can be purchased in the 
market or produced by the individual using the materials purchased. However, 

1 Not all economists would agree that utility can be approximated by happiness. After all, utility 
is an economic concept whereas happiness is a psychological one. Well-being is perhaps another 
good proxy for utility. 
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consumption is constrained by the disposable income he or she possesses. His 
or her goal, then, is to maximize the utility by strategically and optimally allo-
cating income to purchase goods, services and materials. 2

  One year before Ronald Andersen and John Newman published the  Societal
and Individual Determinants of Medical Care Utilization in the United States , 
Michael Grossman published his work that extended the conventional micro-
economic model of individual behavior to health-related behaviors  [6] . The 
Grossman model uses a human capital approach. That is, an individual invests 
in himself or herself through education, training and health to increase their 
earnings. The ultimate resource the individual has is his or her time that is fi xed. 
His or her fi nancial budget is determined by how he or she allocates time to 
work and leisure. His or her goal is to maximize utility subject to both budget 
and time constraints. There are several assumptions. Individuals desire health 
rather than medical care itself. Health cannot be purchased; instead, it can only 
be produced by the individual putting together input factors, for example, medi-
cal care and healthy diet, which can be purchased from the market. In addition, 
because health lasts more than one period of time, it depreciates. Lastly, health 
is both a consumption good and a investment good with a return. 

   The simplifi ed Grossman model can be represented by the following  : 

Max [ ( , ), ( , ); ]H BU U I M T B X T E�   Eq. (13.1) 

s.t. H B L WT T T T T� � � � Eq. (13.2)

Y wT p M p X� � �W M X   Eq. (13.3) 

   Equation 13.1 states that an individual’s utility ( U ) is a function of health 
(I  ) and all other home goods produced ( B ), for example, dinners and watch-
ing TV. In order to produce health, the individual needs market health input 
factors ( M ), for example, medical care, and time spent producing health ( TH ). 
Similarly, other home goods B has to be produced by using market goods ( X ) 
as input and time ( TB ). Letter E stands for technical effi ciency, that is, how 
the individual puts health and other goods together to achieve a utility level. 
Equation 13.2 shows the time constraint. A given period of time, 24 hours, or 
a week, can be spent on producing health ( TH ), producing home goods ( TB ), 
being sick ( TL ) and work ( TW ). Equation 13.3 is the budget constraint. All 
income comes from TW  hours of work at a wage rate ( w ). Earned income ( Y ) 
can be spent either on health input factors at a price of  pM  or home good input 

2 The conventional microeconomic model may leave the impression that there are no social inter-
actions, except for market transactions. Altruism can be incorporated in the model. That is, an indi-
vidual can derive utility from other individuals ’  high utility levels, which explains the gift-giving 
behaviors and donations.
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factors at the price of  pX . The individual tries to maximize the utility subject to 
the two constraints. He or she is left to choose the levels of  M ,  X ,  TH , and  TB .      3

   Theoretically, if the functional forms of  U ,  I  and  B  can be established, one 
can mathematically solve this maximization. Many useful conclusions can be 
derived from this model, for example, the labor-leisure tradeoff and the effect 
of market wage changes, even when the model is not fully parameterized. 
More pertinent to our discussion is the choice of health input factors, including 
medical care. Without solving the equations formally, it can be seen that the 
choice of using medical care and how much to use are ultimately determined 
by production effi ciency, market prices for input materials, market wage rate, 
consumer preferences, and technical effi ciency in the production of utility. 

   One interesting implication of this model is the effect of aging. Intuitively, 
as in other non-economic models, older people tend to have more health prob-
lems, thus need more medical care, because of the biological process. The eco-
nomic model implies that the reason older people use more health services is 
that they have a higher depreciation rate of their health stock. It reasons that 
a higher depreciation rate means increased cost of holding a certain level of 
health capital stock. Consequently, a higher level of medical care utilization is 
needed to reach this desired level of health capital stock. 

    THE CONVERGENCE OF THE BEHAVIORAL AND 
THE ECONOMIC MODELS 

  Although the behavioral and the microeconomic models have different 
premises, structures and mechanisms, the derived empirical model and conclu-
sions are surprisingly similar. Many of the predisposing characteristics in the 
behavioral model such as age, gender, race, and culture are considered con-
sumer preference parameters in the economic model to construct the production 
function and the utility function. The enabling factors such as having health 
insurance, waiting time, and usual source of care enter the budget and time con-
straint.4    In the behavioral model, outcomes are determined by health behaviors 
that are predicted by population characteristics. The model also allows out-
comes to feed back into mutable factors in population characteristics and health 
behaviors. These interactions can also been seen in the economic model in 
health production and the relationship between a health-state dependent utility 
function and the feedback of health status to the time constraint. More impor-
tantly, both models recognize that the utilization of medical care in any form is 
not the ultimate goal of an individual. It is health that individuals desire. 

   The role of education is worth further discussion in both models. In the 
behavioral model, education is mainly considered part of social structure in 

3   In theory,  TL  can be determined by  TH  and  M .    
4   It can be argued that with a usual source of care in place, the provision of health services is more 
effi cient because of the decreased amount of time spent in physicians ’  offi ces and a lower cost 
of information exchange.    
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predisposing characteristics. It is likely that education also infl uences individ-
uals ’  health beliefs because persons with a higher education level are likely 
to have different attitudes, values and knowledge about health, conventional 
medical care, and CAM. More educated individuals are more likely to be 
employed, hence suffi cient income, to enable them to seek care. According 
to the economic model, education has a dual role. First, it is an input factor 
for health production. Second, it infl uences production effi ciency, that is, an 
individual with more education are more effi cient in producing health using 
the same input factors than one with less education. Empirically, the latter role 
translates into the interactions between education and other input factors.  

    SOCIODEMOGRAPHIC DETERMINANTS OF CAM USE 

  Many sociodemographic characteristics of consumers predispose them to CAM 
use and form their preferences for various CAM treatments. Some of the pre-
disposing characteristics and consumer preferences are determined genetically, 
for example, gender and race, whereas others are shaped by the environment 
and the social context an individual lives, for example, culture and education. 
To complicate the mechanism even more, genetic factors often interact with the 
environment to infl uence an individual’s behavior of care-seeking. Keeping these 
interactions in mind, we now turn to specifi c sociodemographic characteristics 
and discuss empirical evidence of how they affect individuals ’  use of CAM. 

    Age 

   In studying health and health behavior, aging is often thought as only a bio-
logical concept, defi ned by chromosomal degradation, cellular deterioration, or 
progressive free radical damage, leading to the decline of heath and ultimately 
death. Aging is also a sociological concept, a process of gaining experience 
and knowledge. Health economists often consider death endogenous. That is, 
an individual can determine, to certain extent, of course, when he or she dies, 
by making choices related to health over his or her lifetime. In this regard, 
aging is behavioral. Consequently, many empirical studies of CAM include 
age as a predictor of CAM care-seeking. 

  Several studies have found that younger age is associated with a greater like-
lihood of using CAM among patients undergoing general surgeries  [7] , surgical 
patients using CAM modalities to treat anxiety [8] , patients with colorectal can-
cer  [9] , patients visiting emergency departments  [10] , and patients with glaucoma 
 [11] . On the other hand, among diabetic patients in a nationally representative 
sample, older age predicts a higher likelihood of CAM use  [12] . In a review of 52 
articles, the general pattern is that a younger age is associated with a higher likeli-
hood of CAM use [13] . 

   Interestingly, some studies have demonstrated that middle-aged (35 – 64) 
individuals are more likely to use CAM than their older and younger counterparts 
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in various types of CAM              [2, 14–17] . Among adolescents and children, being 
older has been found to increase the likelihood of CAM use        [18, 19] . Because 
researchers often dichotomize age in various ways and the samples have differ-
ent age groups, it is diffi cult to reach a simple conclusion in regard to whether 
older or younger individuals are more likely to seek CAM care and use more 
CAM services. However, based on age ranges of the samples in the empirical 
studies discussed here, it seems reasonable to conclude that the middle-aged 
are most likely to use CAM. 

   Health apparently is not the reason for this conclusion, for the older individ-
uals (65 years of age or older) have more health problems. One can argue that 
CAM may be an idea too novel for elderly persons to adopt even when they 
have poor health. As compared to elderly persons and adolescents, the middle-
aged not only are used to changes and new concepts yet with more life experi-
ence, but also have more exposure to diversifi ed information because of their 
employment status, fi nancial resources, social circles and knowledge of new 
technology. Consequently, the effect of age on CAM use is probably more 
socioeconomic than based on health needs.  

    Gender 

   The effect of gender on CAM use is the least ambiguous among all sociodemo-
graphic characteristics. In examining the use of various types of CAM, females 
are more likely than males to use CAM and tend to have to a higher utilization 
level. This pattern is observed among patients with cancers            [9, 20–22] , diabe-
tes [23] , HIV  [24] , multiple sclerosis  [25] , infl ammatory eye disease  [26] , and 
smoking cessation [27] . The gender difference is also observed across all age 
groups, children and adolescents       [19, 28] , young adults [18] , adults                [2, 10, 14, 
15, 17, 29] , and elderly persons  [30] . 

   It is not surprising that females are more likely than males to use CAM. 
However, this pattern may have nothing to do with CAM or specifi c CAM 
types. Females are more likely to seek medical care in general. They tend to 
have more health needs than males. Also, females have a longer life expect-
ancy than males. Chronic diseases and conditions are often associated with 
older ages. Aside from the explanation related to physical health, the gender 
difference is probably, in part, due to different attitudes towards mainstream 
medicine and CAM between females and males [31] .

    Race, Ethnicity, Culture and Acculturation 

   The infl uence of race and ethnicity on CAM is probably through cultural 
differences. For example, among Native American Indians, spirituality is 
a signifi cant part of their daily lives. Consequently, spiritual healing is 
commonly used by this group. Chinese descendents tend to be more 
predisposed towards Chinese herbs and acupuncture. A higher level of 
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religiosity among African-Americans predicts more use of prayers. It is argued 
that minorities may in fact be the heaviest users of alternative care due to their 
 “ long standing cultural and traditional signifi cance ”  and the fact that they may 
face more barriers in accessing the mainstream healthcare system than their 
Caucasian counterparts [32] . 

   Interestingly, several studies have indicated that  “ typical ”  CAM users are 
usually Caucasian           [1, 15, 33, 34] . This is generally the case in studies of over-
all CAM use. One problem with investigations of racial and ethnic differences 
in CAM use is that minorities are usually under-represented in the data collec-
tion of the general population. Data on CAM use by minority populations are 
especially diffi cult to obtain because utilization of certain CAM forms, such 
as the use of the curanderos by Hispanics, are not well documented [32] . This 
may explain the observed minimal differences in CAM use by ethnicity          [29, 
35, 36] . In addition, what constitute complimentary and alternative therapies 
differ by studies, which makes the validation and comparison of these racial 
and ethnic differences diffi cult. 

Non-Hispanic Whites : The most frequent users of CAM among non-
Hispanic whites have been described as being employed, female, highly edu-
cated, of higher socioeconomic status, and covered by private health care 
insurance             [1, 15, 33, 34, 37] . They tend to be heavier users of chiropractic and 
massage therapies       [38, 39] . In a study on CAM use among women with breast 
cancer, white women report use of dietary methods, massage and acupuncture 
more often than minority groups [39] . 

Hispanics : Hispanics utilize herbal remedies more than non-Hispanic whites 
 [40] . Among a sample of women with breast cancer, Latino women most often 
use dietary therapies and spiritual healing as a means of CAM [39] . In addition, 
older Hispanics are most likely to use dietary supplements, home remedies and 
curanderos when compared to Asians and non-Hispanic whites [38] . Moreover, 
Hispanics from El Paso, Texas, were found to utilize CAM to a much greater 
extent than national trends suggest, with massage therapists and herbalists being 
the CAM practitioners most often consulted [41] . 

African-Americans : African Americans have been found to be frequent 
users of orally ingested alternative therapies  [39] . Relaxation techniques and 
spiritual healing have been cited by another study as being more frequently 
used by African-Americans than other minority groups  [42] . One study showed 
that African-Americans were less likely to utilize biologically based therapies 
and manipulative or body-based methods than non-Hispanic whites  [15] . 

Asian and Pacifi c Islanders : Oriental medicine and acupuncture are the 
CAM modalities most often employed by Asians  [38] . In a study of ethnic dif-
ferences in CAM use among individuals with cancer living in Hawaii, it was 
found that one in four respondents had utilized CAM at least once since diag-
nosis  [43] . This study also found that CAM use was the heaviest among whites 
and Filipinos, intermediate for Native Hawaiians and Chinese and lowest for 
Japanese. Religious healing and prayer were the preferred methods of CAM 
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among Filipinos, herbal medicines among Chinese and Hawaiian healing 
among Native Hawaiians. 

Native American Indians : Alternative medicines and therapies employed 
by Native Americans seek to fi nd  “ wholeness, balance, harmony, beauty, 
and meaning ”  among the individuals who use them  [44] . A study found that 
38% of the subjects who attended an urban Indian Health Service clinic saw a 
healer, and 86% of those who did not would consider seeing one in the future 
 [45] . Furthermore, another study reported that 80% of Native American Indian 
patients with chronic illnesses in the sample showed signifi cant, long-last-
ing benefi ts from a time-intensive treatment program that involved traditional 
medicine coupled with Native American healing philosophies  [46] . 

   Due to the variations across racial and ethnic groups in their CAM use, 
Hsiao and colleagues attempted to identify ethnic-specifi c CAM modalities 
using 9187 subjects in California  [47] . For Asian-Americans, the ethnic-specifi c 
modalities are acupuncture, traditional Chinese medicine, green tea and soy 
products. For American Indians, the modalities are Native American healer 
and healing ritual. For African-Americans, the modalities are prayer for health 
by others and garlic pills. For Hispanics, the modality is curandero. For non-
Hispanic white, the modalities are massage and osteopath. The authors further 
demonstrated that when ethnic-specifi c CAM modalities were used, the predic-
tors of utilization differed from those used in models of overall CAM use. For 
example, they showed that gender was signifi cant predicting ethnic-specifi c 
CAM use among only African-Americans and non-Hispanic whites. 

   Because of the important role of culture in determining CAM use, research-
ers have suspected that a person’s nativity may infl uence utilization. Foreign 
born persons or descendents of foreign born persons may have unique values 
and attitudes about various CAM types and mainstream medicine in the US. 
For example, a study found that foreign born Latinas were more likely than 
their US born counterparts to believe that several behaviors, for example, early 
initiation of sexual intercourse and having sex during menstruation, were risk 
factors for cervical cancer and these beliefs were associated with a lower like-
lihood of receiving a Pap smear  [48] . 

  Acculturation is an adaptation process when an individual from one culture is 
in contact with a host culture  [49] . During this process, the individual gradually 
takes up characteristics of the host culture and relinquish or retain his or her tra-
ditional culture. Past studies have investigated the relationship between accultur-
ation and CAM use to establish whether less acculturated individuals are more 
likely to use CAM. Mixed empirical results have been found. Among Asians 
and Hispanics, individuals who were not profi cient in English were found to be 
more likely to use ethnic-specifi c CAM modalities  [47] . When the subgroups of 
Asians were analyzed separately, another study by Hsiao and colleagues found 
that acculturation was unrelated to CAM use for most subgroups  [50] . In a study 
of 143 Koreans in New York metropolitan area, more acculturated individuals 
indicated preference for CAM [51] . Among Hispanics with osteoarthritis, less 
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acculturated individuals were found to be more likely to use CAM therapies than 
their well acculturated counterparts  [52] . The details regarding how acculturation 
should be measured are beyond the scope of our discussion. However, it should 
be noted that in most past studies of acculturation, it is language-based and/or 
approximated by the length of residence in the US. 

    Health Beliefs and Education 

   Whether an individual seeks medical care, be it CAM or mainstream, is partly 
dependent on his or her health beliefs. Health beliefs are a component of an 
individual’s predisposing characteristics in the behavioral model and shape 
the individual’s preferences in the economic model. Skepticism towards main-
stream medicine, an aspect of health beliefs, has been shown to lower the utili-
zation level  [53] , as well as mortality  [54] . 

   The sense of control, a key dimension of health beliefs, has been cited as a 
main reason for cancer patients to seek CAM care             [22, 55–58] . As expected, 
believing that CAM therapies are safe has been reported to be a reason to use 
CAM             [56, 59–62] . The perceived effectiveness is another main reason for 
patients to use CAM therapies         [62–64] . However, the safety and effectiveness 
of CAM seem to be at odds with how modern sciences evaluate them and how 
mainstream culture in the western world perceives them. In a recent UK study 
of adults, evidence shows that positive attitudes towards science are associated 
with elevated skepticism about CAM  [31] . As a result, it is not surprising to 
observe that health beliefs regarding mainstream medicine are intertwined with 
those regarding CAM. It has been shown that dissatisfaction with mainstream 
medicine and physicians are reasons for patients to use CAM              [19, 64–67] . For 
some patients, however, the use of CAM is driven by the belief that CAM can 
enhance the benefi cial effects and diminish the undesired side effects of main-
stream medical treatments       [55, 68] .

   Education, although traditionally considered a component of social struc-
ture in the behavioral model, certainly interacts with and can shape an individ-
ual’s health beliefs. Most empirical studies of overall CAM use fi nd that more 
educated individuals, as indicated by formal schooling, are more likely to use 
CAM for various diseases                                  [8, 10, 11, 14–17, 20, 23–25, 27, 29, 30, 69] . One 
possible explanation for this observation is that more educated individuals have 
more exposure to CAM, either through formal learning or through the social 
circles that are diverse. More educated individuals tend to have better under-
standing of health and health care. In addition, according to economic theories, 
better educated individuals are more effi cient in producing health. They have 
better skills and means to seek out options and alternatives. On average, better 
educated individuals have more disposable income that enables them to use 
alternative forms of care. However, because education affects many mutable 
determinants of CAM use, it is diffi cult to sort out the exact mechanisms and 
pathways through which it affects CAM use. 



Complementary and Alternative Therapies in the Aging Population286

    ECONOMIC DETERMINANTS OF CAM USE 

   One aspect that distinguishes the economic model from the behavioral model 
in explaining CAM and mainstream medicine use is that market information 
and indicators are explicitly incorporated. The mechanisms through which 
income and price affect utilization are straightforward. In addition, in eco-
nomic analyses of general commodities in a competitive market, a particular 
product or service does not monopolize the market. Consequently, the use of 
CAM is naturally linked to the utilization of mainstream medicine. That is, 
they are co-determined. The co-determination yields two possible outcomes, 
CAM as a complement of mainstream medicine and CAM as a substitute, 
which coincides with the name of complementary  and  alternative  medicine. 
Following this logic, a non-mainstream therapy cannot be both complementary 
and alternative (substitutive) of mainstream medicine. 

    Price 

   The reasons for inadequate information regarding the market prices of CAM 
therapies in the literature are apparent: there are various types of CAM, many 
CAM type-specifi c prices are evaluated at the regional level, and disease-specifi c 
price combines all CAM types together. Using a nationally representative data 
set, one study estimated the effective price (out-of-pocket payment) of several 
CAM types [70] . The average price per visit for nutritional advice, acupunc-
ture, massages, herbs and spiritual healing was found to be $49, 44, 33, 23 
and 9, respectively. The national annual average out-of-pocket expenditure 
among CAM users was estimated to be $214  [71] . Between members of a tra-
ditional indemnity plan through a Preferred Provider Organization (PPO) and 
a Health Maintenance Organization (HMO) plan, the average annual costs on 
CAM were $376 and $347, respectively  [72] . In a study of 2002 data from 
Washington, the median per-visit cost was $39  [73] . In treating breast, colon 
or prostate cancer, the annual expenditure on CAM was found to be $68 in 
western Washington  [74] . In treating back pain, the average cost was found 
to be $50 in Washington  [75] . For CAM use among children and adolescents, 
the average prices for visits and remedies were found to be $73.40 and $13.06, 
respectively  [19] . As the results from these studies show, there is a high degree 
of variations in the CAM price estimates, depending on the region, type of 
CAM, diseases and insurance coverage.  

    Insurance 

   Insurance coverage enters the budget constraint in the economic model by 
modifying the effective price of CAM. There are growing numbers of insur-
ers and employers that have included various CAM services in the insurance 
policies provided. In a survey of several managed care organizations in 2000, 
the companies indicated that meeting market demand was a key driving force 
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for them to offer CAM coverage  [76] . The most frequently covered CAM 
type is chiropractic service  [77] . In a 2004 survey of employer benefi ts con-
ducted by Kaiser Family Foundation and the Health Research and Educational 
Trust, about 87% of employers included chiropractic in the insurance plans 
offered. Due to the increased demand for CAM, states ’  insurance policies 
also have started to address issues related to CAM use. To date, many laws 
and regulations regarding CAM services and provisions have been passed at 
the state level. Among all states, Washington has been the most pioneering to 
include CAM in designing insurance coverage. In 1995, the  “ Every Category 
of Provider ”  (ECOP) law was passed. Under this law, the state requires that 
commercial insurance companies have to offer plans that cover all providers 
who are licensed to treat medical conditions the plans cover. At the federal 
level, some CAM types, such as chiropractic, are recognized and reimbursed 
by Medicare and Medicaid. 

   Several studies investigated the effect of CAM insurance on utilization. 
For example, using a nationally representative sample, one study showed that 
having CAM insurance was a strong independent predictor of frequent CAM 
use, controlling for other correlates [77] . Another study investigated the imme-
diate effect of ECOP in Washington using data of a PPO and a HMO from 
11/01/1996 through 10/31/1997  [72] . Only 1% of all patients covered for CAM 
used it. Enrollees of the PPO were found to be more likely to use CAM than 
those in the HMO. A later study of claims from three large insurance compa-
nies in Washington reported that among more than 600,000 enrollees, about 
13.7% made CAM claims in 2002 [73] . This study found that patients enrolled 
in PPO and point-of-service (POS) plans were more likely than those enrolled 
in HMOs to use CAM. Empirical evidence also shows that state-level legisla-
tions seem to have made signifi cant impact on the CAM insurance provision. 
In a study funded by Robert Wood Johnson Foundation based on data from 
1997 and 1998, states with at least two CAM mandates demonstrated a signifi -
cant increase in the likelihood of CAM use and CAM insurance provision  [71] . 
It is inevitable that the trend of the inclusion of CAM in health insurance will 
continue in the future as market conditions and the health care system become 
more inclusive and integrative.  

    Income 

   Income imposes a limit on the available fi nancial resources an individual has. 
In theory, individuals who have more income tend to consume more goods, 
provided that the goods are desirable. However, empirical evidence found by 
CAM researchers seems to be mixed. Previous studies have included income 
or poverty level in their analyses of CAM utilization. In the general US adult 
population, CAM use seems to be correlated with higher income [2] . When 
specifi c diseases and conditions are analyzed, higher income is found to be 
associated with higher utilization in breast cancer       [78, 79] , chronic liver diseases 
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 [80] , colon or prostate cancer  [74] , gynecologic cancers  [81] , chronic pain fol-
lowing spinal cord injury  [82] , HIV/AIDS  [83] , prostate carcinoma  [84] , head 
and neck cancers [85] . However, income is not found to be a signifi cant pre-
dictor of CAM use for older patients with arthritis [86] , patients with prostate 
cancer  [87] , children with cerebral palsy  [88] , chronic liver and gastrointesti-
nal diseases [89] . 

  The mixed results regarding the effect of income is not surprising, consider-
ing the relatively small amount an average individual spends on CAM per year. 
Because CAM services are still not mainstream in most individuals ’  considera-
tion when choosing care, the spending on CAM is probably more “ discretion-
ary ”  than the amount spent on mainstream medicine. After all, the US ’  total 
spending on CAM is only a very small fraction of that on mainstream medi-
cine. In addition, the strength of the correlation between income and CAM use 
is probably dependent on specifi c types of CAM, some of which may not fi nan-
cially cost an individual, for example, meditations and prayers. Furthermore, 
many individuals who report CAM use are those who  “ just want to try it out. ”  
In this scenario, either a non-signifi cant or a positive correlation is possible. 

    CAM AS A SUBSTITUTE FOR OR A COMPLEMENT OF 
MAINSTREAM MEDICINE 

   Historically, CAM was often used as an alternative approach when mainstream 
medicine failed. The term  “ alternative medicine ”  was widely used in the 1980s 
       [90, 91] . In the 1990s, several studies reported that many patients used CAM 
in conjunction with mainstream medicine for preventive and curative purposes 
       [37, 92] . In 1999 when NCCAM gained its status of a center, Congress adopted 
the now commonly used term  “ complementary and alternative medicine. ”

   A recent study showed that for 16 types of CAM, having diffi culties 
obtaining mainstream medical care dramatically increased the likelihood of 
seeking CAM treatments [93] , indicating a substitution effect. On the other 
hand, using a nationally representative sample, one study examined the associ-
ation between the utilization of CAM and mainstream medicine and found that 
only 1.8% of the study population used CAM in the absence of using main-
stream medicine  [94] , suggesting a complementary relationship between CAM 
and mainstream medicine. The tendency of patients to use CAM as a comple-
ment is also found among elderly diabetic patients [95] . 

  One study explicitly examined 12 types of CAM to establish whether the 
substitutive or complementary relationship differed by race and ethnicity  [96] . 
Although the use of many types of CAM was independent of mainstream medi-
cine use, complementarity between CAM and mainstream medicine was found 
in three types of CAM among non-Hispanic whites and four among Asians. All 
signifi cant relationships between CAM types and mainstream medicine among 
Hispanics and other races (predominantly Native American Indians) were sub-
stitution. The effect of substitution was the strongest among other races. 
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  To ascertain whether the relationship between CAM and mainstream medi-
cine is substitution or complementation has signifi cant implications in design-
ing insurance plans, health policies and regulations. If a particular CAM type 
is a substitute for mainstream medical treatments, then including it in the insur-
ance coverage may encourage patients to seek CAM that is usually less expen-
sive than mainstream medicine. Provided that the CAM type is effi cacious and 
effective, its insurance coverage may lead to lowered total health care cost. In 
contrast, if the complementarity between a CAM type and mainstream medicine 
is in place, covering CAM would unambiguously increase the total expenditure, 
at least in the short run. In this case, it is imperative to establish that the com-
bination of CAM and mainstream medicine is more cost-effective than the use 
of either. An exemplary study of the cost-effectiveness of the combination of 
the two showed that presenting guided-imagery to patient with heart problems 
before surgery decreased the length of hospital stay and pain level  [97] . Another 
example is a study of fi bromyalgia patients  [98] . This study reported that users of 
both CAM and mainstream medicine (physician visits) and those who used only 
mainstream medicine had similar total expenditures because the cost per CAM 
visit was lower than the cost per physician visit. CAM users in this study had 
heavier overall disease burdens than the users of only physician visits. 

    BARRIERS TO CAM USE 

   Despite the increasing popularity of CAM in the US, the utilization rate is 
rather low if compared to that of mainstream medicine. The barriers to CAM 
exist at multiple levels, the patient, the health care system, health policies and 
the macro environment at large. Discussions in the previous sections examined 
factors at the patient level and some system level barriers, for example, CAM 
insurance. However, the key barrier to CAM use exists at a more macro level, 
that is, the society’s acceptance of CAM as a legitimate approach for disease 
prevention, health promotion and therapeutic purposes. 

   Historically, CAM therapies were associated with the  “ New Age ”  move-
ment in the 1960s. Consumers tended, and some still do, to consider CAM 
as non-scientifi c. From the perspective of research and science communities, 
the gold standard of randomized clinical trials (RCTs) was not met by CAM 
in the early days because these therapies were not originally developed from 
the European-styled scientifi c philosophy. For example, the points used by 
acupuncturists initially were not connected by meridians. They were individ-
ual points that ancient Chinese healers “ accidentally ”  identifi ed through trial 
and error. As more points accumulated over time, the meridians began to take 
shape. Using the modern sciences ’  terminology, these methods were at best 
experiments based on convenience samples. Recent CAM research has put 
more emphasis on RCTs of CAM to establish its effi cacy and effectiveness. 
Although safety is often proven, the results on effi cacy and effectiveness of 
various CAMs are mixed. 
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  The infl uence of mainstream medical service providers on CAM use is 
strong because for most Americans, mainstream medicine is still the fi rst 
line of defense against diseases. Physicians ’  unwillingness to accept CAM 
hence is one of the main barriers to CAM use. In 1965, the American Medical 
Association (AMA) formally declared that chiropractic was  “ quackery and cult-
ism ”  and considered a physician’s professional association with chiropractors 
unethical. The litigation between AMA and the chiropractic profession left the 
public with the impression that chiropractic was not an effective or legitimate 
treatment option [99] . The anti-CAM culture has certainly left a mark on the 
mentality of both physicians and the public. The impact is still visible today in 
physician– patient communications regarding CAM use. In several recent stud-
ies, researchers found that from one-third to over half of patients did not talk 
about CAM with their physicians                  [10, 38, 69, 100–103] . The consequences of 
no discussion of CAM with physicians can be severe, including adverse drug 
interactions, non-compliance, distrust and dissatisfaction with care. 

   Fortunately, the misperception of CAM on the part of mainstream medi-
cal care providers has diminished. In the 1990s, physicians ’  support and 
referrals for CAM grew rapidly  [104] . In a study of medical care providers 
in New Mexico and Alaska, over 97% of surveyed providers suggested CAM 
to their patients  [105] . About 70% of primary care clinicians in the Kentucky 
Ambulatory Network expressed their interest in continuing education about 
CAM  [106] . Future medical care providers may be better prepared for patients ’
CAM use because many schools have included CAM education in their cur-
ricula. Studies have shown that most current students of health sciences have 
positive attitudes towards CAM        [107, 108] .  

    CONCLUSION 

   This chapter examined empirical evidence of socioeconomic predictors 
of CAM use based on sociological and economic theories. The utilization 
of CAM is infl uenced by factors at multiple levels, the patients, the main-
stream medicine providers, the health care system, and government health 
policies and regulations. In general, the factors at the physician, system and 
policy levels are mutable. Consequently, interventions at these levels would be 
expected to have immediate impact for all patients. These interventions have 
greater impact on the trend of CAM use in the US than those targeting only 
patients.

   To improve access to CAM services and the eventual integration of CAM 
and mainstream medicine, two crucial tasks must be accomplished. The fi rst 
one is to establish the effi cacy and effectiveness of various CAM types. This 
is essential in changing the perception of CAM as non-scientifi c. Collaboration 
between CAM and mainstream medicine providers would help to bridge the gap 
between the providers, to promote mutual respect, and to gain a deeper under-
standing of the nature of medicine from different perspectives. The second task 
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is to establish the cost-effectiveness of CAM, either as a stand-alone alterna-
tive or a complement to mainstream medical treatments. The cost-effectiveness 
of CAM, once established, would serve as the most convincing evidence in 
pursuing insurance coverage of CAM in both private and public insurance 
plans by demonstrating CAM’s fi nancial viability. 

   The outlook of access to CAM services is promising. Clinics in many parts 
of the country are offering integrative medicine or have a network inclusion 
of CAM providers. Patients are more open to the idea of using CAM. If the 
research about the effectiveness and cost-effectiveness of CAM is successful 
in the near future, Americans will soon have a true integrative health care sys-
tem, a system that benefi ts from both the East and the West, and the past and 
the future. 
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    Abstract 

Background:   Morinda citrifolia  (noni) is a tree widely found throughout Asia and the 
Pacifi c Basin. Noni fruit products include its juice serving as a functional food, and 
dietary supplements in the form of freeze-dried pills, concentrated extracts, powders, 
tinctures, and fruit leather. These products are claimed in the lay press as complemen-
tary treatments for a variety of medical conditions common to the aging population. 
Numerous questions arise from consumers and researchers seeking to separate the sci-
ence from the sensationalism, but no independent review of the scientifi c literature has 
been conducted. 

Purpose:  To provide an independent review of PubMed articles related to the noni’s 
potential medicinal uses in order to provide (1) a list of health conditions possibly 
treated in a complementary manner with noni products, and (2) an evidence-based 
response for health practitioners. 

Methods:  We conducted a literature review utilizing Medline on PubMed to sum-
marize any research relating noni to health conditions using the key words  “ noni, ”  
 “Morinda citrifolia  ”  and  “  Morinda citrifolia  and cancer. ”  

Results:  An online search of the literature, dated from inception to November 2007, 
resulted in a total of 125 articles. Nine of these articles were related to cancer (summa-
rized in a review article by Brown). Other studies reviewed here investigated the use of 
noni for health conditions such as high blood pressure, anti-infl ammation, osteoporosis 
related to hearing loss, tuberculosis, and HIV. 

Conclusion:  No conclusions can be made at this time regarding the effectiveness 
of noni products on various health conditions due to the limited number of research 
 studies. Of interest, is some anti-cancer activity  in vitro  and in laboratory animals uti-
lizing a noni precipitate and not the juice itself, anti-infl ammatory action of noni and its 
possible benefi t in arthritis, and apparent decreased bone loss in the middle ear bones 
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that may delay hearing loss. While some interesting preliminary results have been 
reported, most of these studies were singular in nature, or only three to fi ve in number 
for each category. As a result more research is needed in these areas to elucidate a ben-
efi cial effect, if any, of noni on these and other health conditions. 

Keywords:  Noni,  Morinda citrifolia , cancer, high blood pressure, osteoporosis  

    INTRODUCTION 

   Noni juice, an extract of the  Morinda citrifolia  tree’s fruit, is widely found 
throughout Asia and the Pacifi c Basin, especially in Tahiti and Hawaii. 
Products derived from noni fruit include its juice as a functional food, and die-
tary supplements in the form of freeze-dried pills, concentrated extracts, pow-
ders, tinctures, and fruit leather. Noni products are touted in the lay press as an 
excellent complementary treatment for a variety of medical conditions com-
mon to the aging population. However, no independent review of the literature 
has been conducted to determine the strength of the science behind the sensa-
tionalism surrounding noni products. 

   According to the Commission of Dietary Supplement Labels, it is important 
for health and nutrition professionals to become more knowledgeable about 
dietary supplements in order to help consumers make appropriate choices 
 [1] . Part of the concern is that prescriptions and over-the-counter medications 
are utilized more frequently in seniors creating an increased risk for possible 
drug– dietary supplement interactions  [2] . 

   This is coupled with the concern that seniors are purchasing more non-
vitamin, nonmineral (NVNM) dietary supplements defi ned as a class of dietary 
supplements including herbals, botanicals, proteins and amino acids [3] . The 
percentage of people over 65 years of age utilizing herbal/botantical dietary 
supplements daily varies depending on the survey conducted. Kirkpatrick  [4]
reported 40% of rural older adults in Idaho consumed NVNM supplements, 
while Gordon and Schaffer reported that among female seniors enrolled in a 
Kaiser-Permanente Medical Care Program, 32% had taken a NVNM in the 
past year, while 25% had consumed a herbal  [2] . 

   How a NVNM dietary supplement is defi ned infl uences these survey out-
comes. Herbs are technically  “ non-woody seed-producing plants that die at 
the end of the vine after growing season ends. ”  Botanicals are more broadly 
described as  “ substances derived from plants ”   [1] . Interpreting research using 
the NVNM, herbal and botanical terms becomes diffi cult because researchers 
often use them interchangeably. 

   As a result, data regarding the most common NVNM supplements con-
sumed differ depending on the agency conducting the survey, the type of 
instrument used, and the demographics of the population surveyed. Reported 
use for NVNM supplements in the third National Health and Nutrition Survey 
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was highest for lecithin, garlic, amino acids, oils (primarily fi sh), alfalfa, and 
ginseng [1] . 

   The main reasons for NVNM supplementation in the elderly popula-
tion reported by Wold  [5]  are arthritis, memory improvement, and generally 
health and well being. Cheung et al . found that maintaining health and treat-
ing a health condition were the primary reasons that 21% of older adults ( � 65 
years of age) used herbal supplements. Wold’s  [6]  survey in a healthy elderly 
population found glucosamine as the most frequently used NVNM followed 

TABLE 14.1        Common Dietary Supplements Claimed in the Popular 
Press to Benefi t Certain Age-Related Health Conditions  

   Age-Related Health Area  Selected Dietary Supplements 

   Aging  Antioxidants 

   Arthritis  Glucosamine/chondroitin, bromelain, cat’s claw 

   Brain function Ginkgo biloba , phytochemicals, alpha-lipoic acid 

   Cancer  Potassium, omega-3 fatty acids, antioxidants, 
selenium, saw palmetto for prostate cancer, 
probiotics

   Depression (mild)  St. John’s Wort, MSM, SAMe, B-vitamins 

   Digestive problems  Probiotics, prebiotics, digestive enzymes, fi ber 

   Energy  Ginseng, maca 

   Eye health  Vitamin A (beta-carotene), E, C, zinc, lutein, 
lycopene

   Heart
   Hypercholesterolemia  Omega-3 fatty acids, plant sterols, garlic, 

fl axseed oil 

          Hypertension  Omega-3 fatty acids, calcium, magnesium, 
coenzyme Q10 

   Immune function  Zinc, protein, vitamin C, maca 

   Insomnia  Certain homeopathic remedies, magnesium, 
chamomile tea, melatonin 

   Liver function  Milk thistle 

   Menopause  Evening primrose oil, black current oil, black 
cohosh, soy products, dehydorepiandrosterone 
(DHEA)

   Osteoporosis  Calcium, vitamin D 
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by ginkgo biloba, chondroitin, and garlic. Women tended to consume black 
cohosh, borage, evening primrose, fl axseed oil, chondroitin, dehydroepian-
drosterone, garlic, ginkgo biloba, glucosamine, grapeseed extract, hawthorn, 
and St. John’s wort, while men tended to focus on alpha lipoic acid, ginkgo 
biloba, and grape-seed extract. Results of the surveys reporting the most com-
mon NVNM consumed would also differ if focusing on the  “ top-selling herbs ”  
that are often conducted by the dietary supplement industry. 

   Overall,  Table 14.1    lists some common dietary supplements claimed in 
the popular press to be useful for a variety of age-related health conditions. 
Despite evidence-based research supporting the use of certain NVNM dietary 
supplements in an elderly population, a lack of controlled, double-blind clini-
cal studies for some of the lesser well known NVNM dietary supplements 
remains a problem. Noni products fall into this category and the purpose of 
this chapter is to provide a description of the  M. citrifolia  plant, its common 
uses as a functional food, a PubMed review revealing potential medicinal uses, 
suggested future research, and an evidence-based response for practitioners to 
give to seniors interested in consuming noni juice.  

    NATURAL HISTORY 

Morinda citrifolia , is a small evergreen tree that belongs to the family 
Rubiaceae and its genus has 80 species. It grows mainly in the coastal areas, 
but can also grow up to 1300 feet  [7] . It is thought to have originated in 
Southeast Asia before spreading throughout the Pacifi c via either seeds fl oat-
ing in the ocean or distributed by birds. Alternatively, the noni plant may have 
been one of the most important medicinal plants brought to Hawaii and other 
Pacifi c Basin islands by early Polynesians approximately 1500 years ago. 

   The migration of the tree through various countries resulted in its fruit 
being known by a variety of common names such as Indian Mulberry in India, 
Ba ji tian in China, cheesefruit in Australia, Nono in Tahiti, and noni in Hawaii 
 [8] . The lumpy-surfaced noni fruit is produced by the plant all year. It is the 
size and shape of a  “ grenade. ”  Initially, the unripe fruit is green, turns yel-
low as it ripens, and softens into a translucent sheen as it becomes over ripe 
( Fig. 14.1)   . The odor and taste of the translucent fruit is not pleasant which 
makes it unpalatable for many consumers unless it is fi rst mixed with juice or 
some other beverage to mask the fl avor  [9] . 

   Very few instances of recorded history depict the use of noni fruit or other 
parts of the tree among Hawaiian healers. Hawaiian history along with its 
medicine was passed down through generations through oral tradition. Bishop 
Museum records reveal that the leaf was most commonly used as a poultice 
over wounds, after fi rst being held briefl y over fi re, to release the contents. The 
unripe green noni fruit was primarily used for external remedies such as mouth 
sores, gingivitis, toothache, and abscesses. Interviews with Hawaiian heal-
ers do not support the use of ripe fruit for other medical conditions, including 
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 cancer. As a result, it was suggested that Chinese immigrants may have intro-
duced their medicinal herbal techniques to the use of noni, a method of juice 
extraction that later grew in popularity  [10] .

    NONI AS A FUNCTIONAL FOOD 

  The most common form of noni is juice derived from  M. citrifolia  fruit. 
Commercial concentrations range from 10% to 100% of the pure juice. 
Manufacturers incorporate other juices to reduce the cost and/or cover the 
unpalatable fl avor. Noni juice can be extracted either through homemade or 
commercial methods. The homemade version method provides 100% noni 
juice. Fully ripened fruits are placed into a glass jar; some cover the fruit with a 
small amount of water. It is then tightly sealed so the contents naturally decom-
pose and ferment over 1 week to 3 months depending in the quality of the fruit. 
The juice is then strained through cheesecloth and stored in the refrigerator. 

   Commercially, noni juice is manufactured in large vats and sold as juice or 
used to create freeze-dried pills, concentrated extracts, powders, tinctures, and 
even fruit leather. 

    Popular Uses of Noni 

   Noni was used in Asia and the Pacifi c Basin for many years before being pop-
ularized in the United States. Although the utilization of noni was prevalent 
in the Far East, this article only focuses on the use of noni within the United 
States. Its use by the Hawaiian’s as a poultice (noni leaves) over external 
wounds or mouth sores shifted to the fruit juice as an internal remedy prima-
rily for the treatment for cancer, diabetes, and hypertension. How this change 
in using noni juice occurred remains elusive, because not even the early popu-
lar uses of noni juice were purported for cancer. 

FIGURE 14.1      Noni ( Morinda citrifolia ) fruit that has ripened from a solid dark green to a 
cream-yellow color.    
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  The fi rst claims within the United States of noni juice being helpful for 
a cornucopia of medical ailments appears to have been started by Dr. Ralph 
Heinicke who was a biochemist living in Hawaii (1950 – 1986) working for Dole 
Pineapple Company. Many of these broad claims were popularized through his 
published article,  “ The Pharmacologically Active Ingredient of Noni, ”  in the 
Pacifi c Tropical Botanical Garden bulletin  [11] , and his 2001 book entitled  The 
Xeronine System. A New Biological System   [12] . It should be noted that he was 
the fi rst to receive a patent on the use of noni in which he claimed one of its 
uses was  “ complete cures of hard core drug addicts with no withdrawal symp-
toms ”  ( www.uspto.gov) . His garden bulletin article list of unsubstantiated health 
claims for noni included, “ arthritis, atherosclerosis, blood vessel problems, drug 
addiction, gastric ulcers, high blood pressure, injuries, menstrual cramps, mental 
depression, poor digestion, relief of pain, senility, sprains, and many others ”   [11] . 

   Dr. Heinicke proposed that the active substance in noni was similar to the 
unknown ingredient in bromelain (pineapple enzyme) that he called  “ xero-
nine. ”  Although no chemical structure of xeronine was ever provided, vari-
ous chemical constituents in noni juice have been reported by a number of 
researchers who continue to decipher potential bioactive components in noni 
fruit juice                                             [13–33] . 

   Dr. Heinicke’s research came to the attention of John Wadsworth, a food 
scientist, who according to Tahitian Noni ®  Juice’s website, traveled to Tahiti 
from the United States in 1993 to fi nd a commercial noni source. Apparently, 
his partner, Stephen Story, had heard a story from a neighbor returning from 
Tahiti about a  “ miracle fruit ”   [34] . A company was formed that was later 
became Tahitian Noni International, Orem, UT. This multi-level marketing 
(MLM) company self-reported $33 million in sales during their fi rst year. 
Six years later they claimed $33 million in sales in 1 month with annual sales 
totaling $300 million. In 2004, the government of French Polynesia gave an 
award to Tahitian Noni International for  “ the nation’s economic growth and 
overall positive impact ( www.tahitiannoni.com ). ”    

    MEDICINAL USES OF NONI 

   The popularization of noni linked to commercial interests overshadowed the 
search for evidenced-based research revealing what, if any, medicinal value is 
obtained from noni juice. Numerous questions from consumers and research-
ers sought to separate the science from the sensationalism, but no independ-
ent review of the scientifi c literature had been done. As a result, Brown  [9]  
conducted a literature review utilizing Medline on PubMed to summarize any 
research relating noni to health conditions. Key search words were  “ noni, ”  
 “Morinda citrifolia  ” , and  “  Morinda citrifolia  and cancer. ”  Results from the lit-
erature dated 1964 to November 2007 resulting in a total of 125 articles. Most 
of these articles related to health were written on the topic of cancer, and these 
are summarized in a review article by Brown  [9] . However, other conditions 
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were reported and include high blood pressure, infl ammation, osteoporosis, 
tuberculosis, and HIV. The literature on these heath conditions and cancer pos-
sibly being treated by noni juice and/or its extract(s) is now briefl y reviewed. 

    Noni and Blood Pressure 

   The earliest research conducted on noni relating it to a health condition was 
reported in French by Dang-Van-Ho from Vietnam        [35, 36] . He reported that 
a  “ total root extract ”  was used in 58 patients and resulted in an 81% effec-
tive treatment with no side-effects  [37] . In a follow-up, Youngken studied 
M. citrifolia  from Thailand and India and in elegant detail delineated the root 
and stem structures  [38] . Then, using the water-soluble part of the root admin-
istered intravenously to anesthetized dogs, they found a 26-minute marked 
lowering of blood pressure. 

   A more recent study by Ettarh  [39]  noted that  Morinda lucida  (L.) is 
widely used in Africa to treat malaria and diabetes. This sister species of 
M. citrifolia  is not noni, but rather an African tree generating red fruit that 
grows in Nigeria and the Congo basin. He studied the effect of these leaves 
on the aortic rings of rats and reported a vaso-relaxing effect on aortic smooth 
muscle with and without endothelium. The endothelium effect is due to the 
endothelium release of nitric oxide, prostacyclin and endothelium-derived 
hyperpolarizing factor (EDHF. In aortas without endothelium, the leaf solution 
acted directly on smooth muscle cells by lowering intracellular calcium, how-
ever, this effect was not derived from noni ( M. citrifolia )  [39] .  

    Noni and Anti-infl ammation 

   Infl ammation is involved in many diseases of the aging population. A small 
group of noni and anti-infl ammation studies reveal mixed fi ndings. Infl am-
mation’s complex pathways involve several mediators including the nitric 
oxide radical. In 2007, Berg  et al .  [40]  studied the antioxidant and super-
oxide-mediated lung injury, tumor necrosis factor (TNF) and interleukin 1 (IL-1)
in rats.They found that noni and noni precipitate did not protect rats against 
pulmonary oxygen toxicity induced by hyperoxia. 

   Another study by Batsu  et al .  [41]  also failed to show nitric oxide scaven-
ger activity by noni in either an  in vitro  spectrophotometric tests or in murine 
macrophages ( ex vitro ). However, in another  in vitro  study of the reducing 
and antioxidant capability of noni, strong oxygen superoxide scavenger action and 
potassium ferricyanide reduction was demonstrated by chromatography and 
UV spectrophotometry  [42] . They suggested that  M. citrifolia  is a complex 
mixture of iridoid glycosides and fl avonolglycoside antioxidant compounds. 

   Since noni is used to treat rheumatoid arthritis in traditional oriental medicine, 
a group of researchers  [43]  determined that noni might have anti-infl ammatory 
properties. They injected (ip) aqueous extracts of noni derived from a slurry of 
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ripe fruits (10       mg and 200       mg) into rats and reported a dose-dependent reduc-
tion in paw infl ammation triggered by an injected pro-infl ammatory. 

   Although not studying  M. citrifolia , Choi  et al .  [44]  researched the sister 
species of Morinda offi cinalis  and separated its root chromatographically into 
monotropein and deacetylasperulosidic acid. They then studied the antinocic-
eptive and anti-infl ammatory action of the monotropein and found signifi cant 
reduction in acute paw edema in hot plate exposed rats and mice. Another 
study on the same sister species by Kim et al .  [45]  on the methanol extraction 
of M. offi cinalis , demonstrated strong inhibition of nitric oxide, prostaglandin 
E2, TNF-alpha, nuclear factor kappa B or anti-infl ammatory and antinocicep-
tive activity. 

   Su  et al .  [27]  purifi ed noni and identifi ed two new iridoid glucosides: 
6-alpha-hydroxyadoxoside and 6-beta-7-beta-epoxy-8-epi-splendoside, 17 
known compounds, half of which were identifi ed for the fi rst time in noni. All 
components were tested for antioxidant activity. Neolignan and Americanin A 
were strong antioxidants.  

    Noni and Osteoporosis 

   Anecdotally, elderly oriental people have reported hearing again after drink-
ing noni juice. Osteoporosis might be linked to conductive hearing loss caused 
by diminishing middle ear bones due to osteoporosis-related changes of struc-
ture and function that naturally occur with age in postmenopausal women. 
A study by Langford et al .  [46]  suggested that noni juice (Tahitian Noni Juice) 
may increase bone remodeling and made a difference in hearing at the 8000 hz, 
sensorineural range. The researchers indicated that their small pilot study of 
eight subjects (fi ve in the treatment group; three in the control group) needs 
to be repeated on a larger scale over a longer time period with pure noni juice 
rather than a commercial product containing lesser percentages or other poten-
tial infl uencing ingredients. 

   It is interesting to note that Seo  et al .  [47]  examined the effect of providing 
a noni sister species, Morindae radix  extracts, to sciatic neurectomized mice. 
They reported that the extract showed signifi cant and dose-dependent suppres-
sion of decrease in hind limb thickness, tibia failure load, bone mineral den-
sity of the tibia and tibia phosphorus and calcium contents as well as increased 
serum osteoclacin levels. This non-noni extract was both a suppressor of bone 
resorption and increased bone formation in vivo  in mice.  

    Noni and Tuberculosis 

   In 2002, Saludes  et al .  [48]  studied noni leaves from the Philippines. Using 
Mycobacterium tuberculosis  cultures they identifi ed antitubercular lipids in the 
hexane fraction of ethanol extracted noni leaves.  
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    Noni and HIV 

   In an effort to address the fast replication problem of the HIV-1 virus and 
persistent low level viral production in latent T cell infections which leads to 
drug resistant viral strains, Kamata et al . searched 504 bioactive compounds to 
identify those with inhibitory effects. They identifi ed a component of noni root 
(not fruit), damnacanthal, which inhibits viral protein inducted cell death [49] .

    Cancer 

   An aging population faces an increased risk of cancer morbidity and mortality. 
As a result, complementary and alternative medicine (CAM) use is common 
among cancer patients. Mathews  et al .  [50]  reported 69% of their surveyed 
breast cancer survivors used some form of CAM treatment. However, the per-
cent of CAM users reported among other studies can vary depending on the 
defi nition of CAM and the type of cancer patient being surveyed. Since claims 
abound in the popular press about the use of noni juice against cancer, a litera-
ture review using PubMed (terms  “ noni ” ,  “  Morinda citrifolia  ”  and  “  Morinda
citrifolia  and cancer. ” ) was conducted by Brown  [9]  to determine if any anti-
cancer activity related to noni was reported in the scientifi c literature. 

   Fifteen studies (12%) of 125 articles found on noni relate to cancer studies: 

●      Nine of the 15 were  in vitro  studies                      [51–59] ;
●      Six were  in vivo  animal studies (some data overlapped with  in vitro  studies) 

             [51–53, 55, 60] ; and  
●      Two were  in vivo  human studies        [61, 62] .    

   In addition, not only did noni juice concentration range from 10% to 100% 
in these studies, but it was tested in more than one form (extract, powder, or 
more commonly in a concentrated precipitate. This limited number of studies 
on various forms of noni is now briefl y detailed to summarize the science of 
noni’s relationship, if any, to  in vitro  or  in vivo  anti-cancer activity. 

   Summary of In Vitro Studies on Noni and Cancer 

   The majority of studies (nine total) evaluating the anti-cancer activity of noni 
juice or extract were conducted  in vitro                       [51–59] . The fi rst study was a brief 
report in 1996 by Hirazumi, a pharmacology graduate student at the University 
of Hawaii who studied under Dr. Furusawa in the John A. Burns School of 
Medicine. Most of the studies conducted by Hirazumi and Furusawa utilized 
a polysaccharide ethanol-precipitate and not pure noni juice. They suggested 
this substance stimulated the immune system through macrophages reported 
to release cytokines, nitric oxide (NO), interleukin-1 and interleukin-12 (IL-1, 
IL-12), and TNF. Other immune related factors increased were natural killer 
(NK) cells and cytotoxic T cells. Unrelated to the immune system was a study 
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by Hornick et al .  [58]  showing that noni juice (5% v/v) inhibited initiation of 
new vessel sprouts, but other ingredients of greater concentration may have 
been responsible. Only a few anti-proliferation studies have been reported and 
these report some moderate, but not complete, inhibition on selected cancer 
cell lines. In 2006, Arpornsuwan  [59]  tested a crude extract of noni (0.1       mg/ml) 
against various cancer cell lines with a percent cytotoxicity ranging from 0% 
to 36% depending on the type of cancer cell line. There appears to be some 
unidentifi ed ingredient stimulating the immune system biomarkers.  

   Summary of In Vivo Animal Studies 

   Only six studies utilizing animals have been conducted testing noni extract or 
fruit juice             [51–53, 55, 60] , however, their results suggest a bioactive in noni 
juice extract may slightly increase the number of mice surviving against cancer 
up to approximately 30% (about 1/3; 25 – 45%) of the time  [9] . These interest-
ing results warrant further investigation. 

   Summary of In Vitro Human Clinical Studies 

   Despite the numerous claims promoted to consumers about noni products 
being “ effective ”  against cancer, only two gastric cancer case studies of lim-
ited data and one NIH clinical trial have been conducted        [61–62] . The NIH 
Phase I human clinical trial (dose fi nding study) investigated the effect of noni 
fruit extract, in the form of freeze-dried pills and not fruit juice, given to 29 
advanced cancer patients  [62] . The results reported in abstract form indicated 
no measured tumor regression, no decrease in Brief Fatigue Inventory (BFI), 
and no reduction in the Center for Epidemiologic Studies Depression Scale 
(CES-D). However, there was a signifi cant decrease in pain interference. No 
adverse events were reported on daily dosages of 4 capsules (500       mg each; 2       g 
total dose) with subsequent dose levels increased to 10       g (20 capsules) daily. 

  As with many cancers, the dietary or herbal treatment may be most effective in 
the early stages, as few drugs work to bring advanced cancer patients into remis-
sion for 5 or more years. Early treatment rather than advanced stage intervention 
is imperative for cancer treatment especially if the substance is thought to be effec-
tive through enhancing the immune system. In summary of the human research, 
clinical data is currently lacking to either support or refute the use of noni juice, 
and/or its concentrated extract, as a complementary cancer treatment  [9] . 

    SAFETY OF NONI 

  Potential toxicity is a common concern with many herbal and/or dietary supple-
ments and Potterat and Hamburger  [63]  published an extensive review on the phy-
tochemistry, pharmacology, and safety of  M. citrifolia  (Noni). Regarding human 
cases of potential toxicity, fi ve cases to date have been reported in PubMed relat-
ing noni juice ingestion to possible harmful effects            [64–67] . These case studies 
are explained in detail by Brown’s review  [9] , so only a brief summary follows. 
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   The fi rst case in 2000 reported by Mueller  [64]  consisted of a 45-year-old 
male patient with hyperkalemia that was on a low potassium diet because of 
renal insuffi ciency. He was unaware that noni juice was a high source of potas-
sium [68] . Although small amounts of noni juice are usually consumed on a 
daily basis, a cup (237       ml) has approximately the same amount of potassium 
(500       mg) as a cup of orange or tomato juice, or a medium banana. The other 
four cases involved liver hepatitis and/or jaundice. Confounding these case 
studies were pre-existing medical conditions and possibly prescribed drugs: 
Mueller’s patient had renal insuffi ciency, Stadlbauer’s  [66]  patients were 
affl icted with toxic hepatitis and chronic B-cell leukemia, and Yuce’s  [67]  
patient had multiple sclerosis. The only patient without a pre-existing condi-
tion was Millonig’s  [65]  45-year-old male with acute hepatitis  [9] . 

   As a result of these pre-existing medical conditions, West  et al .        [69, 70] 
(employed in the Research and Development Department of Tahitian Noni 
Juice, Provo, UT) reported that the causality within each of the fi ve case stud-
ies cannot be fi rmly established. He also reported that four of the fi ve case 
studies appeared in Europe around the time that noni fruit juice was approved 
as a Novel Food by the European Commission in 2003  [71]  based on a 2002 
report by the Scientifi c Committee on Food  [72] . 

    Drug – Supplement Interaction 

  Another possible side-effect arising from the consumption of noni products was 
a potential drug – supplement interaction. Carr  et al .  [73]  suggested that noni 
juice interferes with the coumadin or warfarin drug, however, both Carr  [73]  and 
West  [68]  reported that this brand of noni juice had added vitamin K at the time. 
Warfarin is one of the most widely used oral anticoagulants and the degree of 
anticoagulation in patients is signifi cantly affected by their vitamin K dietary 
intake  [74] . Wittkowsky  [75]  reported that  “ patients taking warfarin are at par-
ticular risk of interactions with dietary supplements, yet approximately 30% use 
herbal or natural product supplements. ”  Anticoagulant interactions with dietary 
supplements is currently being developed through the Clotcare Online Resource 
( www.clotcare.com ). It is important to monitor noni products, as with all dietary 
supplements, to determine if they interfere with warfarin or any other drug. 

    LIMITATION 

   Only Medline articles on PubMed were utilized for the compilation of sum-
maries found in this article. While limiting the literature review to this source 
ensures some degree of standardization, it also did not broaden the search to 
other valuable indexes such as those in botany, agriculture, anthropology, and 
other fi elds as well as other sources including, but not limited to, NapAlert and/
or FDA Poison control reports. Information from the Pacifi c Basin (especially 
Tahiti) and Asia regarding indications and usage of  M. citrifolia  botanical 
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use was not obtained. As a result, this review is strictly Medline-based, and 
while comprehensive with regard to this resource, is not entirely inclusive of 
all the literature or anecdotal reports, nor should it be viewed as such  [9] .   

    EVIDENCED-BASED CLINICAL RESPONSE FOR SENIORS 

    Medical Care 

   The fi rst take-home message to clients is to maintain their medical treatments 
under the care of a health provider, to inform this person of any functional 
food and/or dietary supplement consumption, and to understand that comple-
mentary medicine is “ complementary ”  to mainstream medicine, and preferably 
for healthy adults that are neither pregnant nor lactating.  

    Body of Evidence 

   Approximately 125 journal articles (as of November, 2007) exist using the 
key words  “  Morinda citrifolia  ”  which is very limited in the realm of scientifi c 
studies. Since the studies conducted on noni and various health conditions are 
very limited in number, no conclusions can be made at this time to the effec-
tiveness of noni products on various health conditions. 

   Health Conditions 

   The earliest research studies were conducted on high blood pressure, followed 
by anti-infl ammation, osteoporosis related to hearing loss, tuberculosis, and 
HIV. While some interesting preliminary results have been reported, most of 
these studies were singular in nature, or only three to fi ve in number for each 
category. As a result much more research is needed in these areas to eluci-
date a benefi cial effect, if any, of noni on these and other health conditions. 
Of interest, is the anti-infl ammatory action of noni and its possible benefi t to 
arthritis, and the decreased bone loss in the middle ear bones that may delay 
hearing loss.  

   Cancer 

   Again, questions regarding noni juice and cancer can be answered with the 
reply that too few studies exist to make any conclusions at this time other than 
freeze-dried noni capsules might reduce pain perception in advanced cancer 
patients. In fact, only 14 studies exist on the subject of which the majority (9) 
were  “ in-the-test-tube ”  studies. These studies also suggest that it was the  “ con-
centrated component ”  in noni juice or pure noni juice that may: 

    1.     Stimulate the immune system to  “ possibly ”  assist the body fi ght the cancer 
from within;  

    2.     Kill a small percentage (0 – 36% and not 100%) of cancer cells in vitro
depending on the type of cancer. 
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   About 6 of the 14 studies were  “ animal studies ”  suggesting that a concen-
trated component in noni juice or pure noni juice may: 

    1.     Boost the animals’ immune systems; but only; 
    2.     Slightly increases the number (about 1/3; 25 – 45%) of mice surviving.    

   Only one human clinical study exists to date. An NIH study determined 
that freeze-dried noni (not noni juice) may have reduced pain perception, 
but that it did not reverse cancer in patients with advanced cancer. However, 
very few conventional treatments can reverse advanced cancer either so the 
real question is whether or not noni juice, or its concentrated component, can 
infl uence cancer in its early stages when it might be infl uenced by the immune 
system [9] . 

   Although a few  in vitro  and  in vivo  animals studies suggest an unidentifi ed 
anti-cancer activity present to a small degree, the practicality and/or isolation 
of the active component warrants further research  [9] . More studies are neces-
sary to determine the potential, if any, of the specifi c bioactives in fermented, 
non-pasteurized noni juice (or if it exists in the pasteurized form) to affect 
early stage cancer in humans. 

    Potassium-Restricted Diets 

   Patients on low-potassium diets due to kidney, liver, or heart problems should 
avoid noni products. If such patients continue to consume noni products 
despite their healthcare providers ’  warning, then their potassium and liver 
enzyme levels should be routinely monitored.  

    Research Limitations 

  The extrapolation of these and future studies are all limited by the fact that com-
mercial noni juice concentrations range from 10% to 100% noni juice. Perhaps, 
the bioactive plant component in concentrated form is more potent, or produced 
in the fermented noni juice product? Another question is whether or not pasteuri-
zation, common to most commercialized fruit juices, destroys the bioactive(s)? 
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    CLINICAL CHARACTERISTICS OF THE PCOS PATIENTS 

   Polycystic ovary syndrome (PCOS) affects one out of 16 women. It is the most 
common endocrine disease affecting young women and the most common 
cause of anovulatory infertility        [1, 2] . Approximately 6.8 million women in the 
USA have PCOS. The clinical abnormalities related to PCOS can be divided 
to two main categories: reproductive and metabolic. The reproductive abnor-
malities include anovulation which lead to oligomenorrhea, amenorrhea and 
infertility, and androgen excess which leads to hirsutism. The metabolic abnor-
malities include insulin resistance, obesity, dyslipidemia and hypertension 
 [3] . In fact, 46% of the PCOS patients exhibit several of these disorders, thus 
fulfi ll the criteria for metabolic syndrome        [4, 5] ; 20% of the PCOS patients 
develop impaired glucose tolerance or type 2 diabetes before the age of 40  [6] . 
PCOS patients also have increased risk of premature cardiovascular disease 
       [7, 8] . The natural course of PCOS is summarized in  Fig. 15.1. 

   Since PCOS is a multi-faceted disease, at any given time, PCOS patients 
receive several medications to treat different aspects of the disease. The con-
ventional medical approach is symptom oriented  [9] . For example, oral con-
traceptives are used to regulate menstrual cycles and decrease hirsutism. The 
pharmaceuticals that block androgen receptors such as sprinolactone, or pre-
vent the production of active forms of testosterone such as Finasteride, are 
also used to treat hirsutism. The insulin sensitizers, such as metformin, are 
prescribed to improve insulin sensitivity, help weight loss and improve lipid 
levels. A fascinating aspect of PCOS is that insulin sensitizers also increase 
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FIGURE 15.1         The natural course of PCOS.    

ovulation and fertility, and improve the success rate of ovulation inducers (i.e., 
clomiphene). Finally, hyperlipidemias may require specifi c treatment. 

   A similar goal-oriented approach can be applied to the use of botanicals 
as well. A number of botanicals that can improve ovarian function, androgen 
excess, obesity, insulin resistance, blood lipids and infl ammation can exert 
benefi cial effects in PCOS.  Table 15.1    summarizes the botanicals that can 
potentially benefi t PCOS patients. 

TABLE 15.1          Potential Use of Botanicals in PCOS  

   PCOS 

   Ovarian Dysfunction  Metabolic Abnormalities 

   Anovulation  Androgen 
Excess

 Insulin 
Resistance

 Dyslipidemia  Infl ammation 

N-acetyl cysteine 
   D Chiro-inositol 
   Chaste 
 berry-Vytex 
   Flax seed 
   White peony 
   Indole-3-carbinol 

 Saw 
Palmetto

Urtica diocia
N -acetyl 
 cysteine 
 Quercetin 
Pygeum
 africanum
 Curcumin 
 Flax seed 

 D Chiro-inositol 
N -acetyl 
 cysteine 
 Chromium 
 Magnesium 
 Fish oil 
 Cinnamon 
 Gymnema 
 Quercetin 
 White peony 
Silybum marianum

 Fish oil 
 Red rice yeast 
 D Chiro-inositol 
 Curcumin 

 Fish oil 
 Flax seed oil 
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   Although the list of botanicals which can be used for PCOS is extensive, 
only a few of these have been directly tested in PCOS patients. Potential ben-
efi t has been extrapolated from other patient populations with similar repro-
ductive or metabolic abnormalities. The botanicals and supplements reviewed 
in this chapter are those that are commonly recommended by complemen-
tary medicine providers and natural medicine websites. However it cannot be 
overemphasized that more prospective mechanistic and safety related data are 
necessary to refi ne the use of botanicals for PCOS.  

    TARGETED USE OF BOTANICALS FOR PCOS 

    Ovarian dysfunction 

   Anovulation 

   Polycystic ovary syndrome is the most common cause of anovulatory infertil-
ity. These patients fail to ovulate because normal ovulation requires the matu-
ration of multiple follicles, followed by selection of the dominant follicle. In 
PCOS, multiple follicles start to maturate but there is a failure in the selection 
of the dominant follicle. This arrest in the ovulatory cycle results in the forma-
tion of multiple small cysts – giving the disease its name. Anovulation is usu-
ally associated with the decreased number of menses (oligomenorrhea) or no 
menses (amenorrhea). In addition, the stroma of the ovary is enlarged and the 
number of theca cells that produce the male hormone testosterone is increased. 
This leads to androgen excess and contributes to anovulation. 

   The incomplete follicular maturation and increased testosterone secretion 
are partly caused by the abnormalities in hypothalamic pituitary axis which 
result in excess production of luteinizing hormone (LH) and defi cient pro-
duction of follicle-stimulating hormone (FSH)  [9] . Secretion of LH vs. FSH 
from the pituitary is regulated by the pulse frequency of the hypothalamic 
gonadotropin-releasing hormone (GnRH). Increased pulse frequency favors 
secretion of LH-β subunit. In contrast, decreased pulse frequency favors tran-
scription of FSH-β subunit. PCOS patients exhibit increased GnRH pulse fre-
quency leading to preferential LH synthesis. The cause of this abnormality is 
unknown. 

  In the ovaries, FSH stimulates the maturation of the follicles and estrogen pro-
duction in the granulosa cell while LH stimulates the secretion of androgens from 
the ovarian theca cells. Consequently, increased LH to FSH ratio promotes the 
androgen synthesis and interferes with normal follicle maturation and ovulation. 

   Importantly, insulin acts synergistically with LH to enhance the androgen 
production of theca cells. In addition, insulin inhibits hepatic synthesis of sex 
hormone-binding globulin (SHBG), the key circulating protein that binds to 
testosterone. Thus, the unbound bioavailable fraction of testosterone increases. 
Reducing circulating insulin levels by various means improves ovarian func-
tion, increase ovulation and fertility                [10–15] . 
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   The traditional treatments for inducing ovulation and increasing fertility 
include clomiphene (a selective estrogen receptor modulator) and insulin sen-
sitizers (such as metformin or thiozalidinediones). 

   Botanical treatments can be used either by themselves or in combination 
with the traditional treatments. They increase ovulation either by regulating the 
hypothalamic pituitary function or by reducing insulin resistance. The botani-
cals that have been used for this purpose are as follows: 

      i.      N-acetyl cysteine  (NAC): It is a derivative of the amino acid cysteine 
and is a well recognized antioxidant. A recent study demonstrated that 
NAC effectively augmented ovulation in PCOS patients when given in 
conjunction with clomiphene, as compared to clomiphene alone [16] . 
Patients were given clomiphene citrate 50       mg tablets twice daily alone or 
with NAC 1200 mg/day orally for 5 days starting on day 3 of the men-
strual cycle. The ovulation rate signifi cantly improved with the addi-
tion of NAC (17.9% vs. 52%) as well as serum progesterone levels and 
endometrial thickness. The success of NAC may depend upon the sever-
ity of the disease: In a clomiphene-resistant PCOS population, addition 
of NAC did not increase ovulation while metformin increased ovulation 
signifi cantly  [17] .  

      ii.      d Chiro-inositol : It is a relative of inositol which is manufactured through 
the breakdown of phytic acids found in vegetables, fruits, legumes, whole 
grains (especially buckwheat) and nuts. It is a phosphoglycan mediator of 
the insulin action. A study reported that insulin resistant PCOS patients 
had low inositol levels; and d chiro-inositol supplementation reduced insu-
lin resistance and plasma testosterone levels  [18] . A prospective study ran-
domized 44 PCOS patients to 1200       mg of d chiro-inositol or placebo daily 
for 6 or 8 weeks. Nineteen of the 22 (86%) patients in the d chiro-inositol 
group ovulated during treatment as compared with 6 of the 22 (27%) 
patients in the placebo group [19] . Presently d chiro-inositol is unavail-
able in a drug or supplement form. Inositol and Pinitol are available; and 
both have been reported to reduce blood glucose at doses of 200       mg and 
600       mg twice daily, respectively. In another placebo controlled study, 
136 PCOS women who took inositol had signifi cantly higher ovula-
tion frequency  [20] . Although these supplements are generally consid-
ered safe, inositol can signal activation of serotonin receptors and could 
theoretically worsen manic or bipolar disorder and should not be used in 
conjunction with selective serotonin reuptake inhibitors (SSRI drugs) and 
5-hydroxytryptamine receptor agonists. 

    iii.      Chaste berry:  Vitex is a standardized supplement containing the extract 
and pure dried powder of the whole fruit of the chaste tree plant ( Vitex 
agnus-castus ). It is considered to be a hormone modulator and widely used 
in correcting irregular menses and improving premenstrual syndrome. 
Vitex can increase progesterone by regulating LH release and inhibit the 
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release of prolactin by acting as a dopaminergic agent. In a study, 93 
women who had tried to conceive for 6–36 months were given a supple-
ment containing chaste berry,  L  arginine, vitamins and minerals; proges-
terone level, menstrual cycle length, pregnancy rate and side effects were 
documented. After 3 months, the supplementation group demonstrated 
increased mid-luteal progesterone and normalized menstrual cycles com-
pared to no signifi cant changes in the placebo group  [21] . Fourteen out 
of the 53 women who received the supplementation became pregnant as 
compared to 4 of the 40 women who received the placebo. Three other 
women in the supplement group conceived after 6 months. The recom-
mended dose is 1–4       ml of a 1:2 dried plant tincture of 500–1000       mg of 
dried berries daily.  

     iv.      Flaxseed : Flax and soy products contain signifi cant amounts of phytoes-
trogens  [22] . They are particularly good sources of isofl avones and lignans 
(the main classes of phytoestrogens found in the human diet). The struc-
ture of phytoestrogens is similar to the estrogen/antiestrogen tamoxifen. 
Asian women have been found to have menstrual cycle length 2–3 days 
longer than Western women which may be due to the larger consumption 
of phytoestrogens in their diet [23] . However studies directly comparing 
fl axseed intake and menstrual cycle length have not been statistically sig-
nifi cant. Based on these observations, 1–2 tablespoons of ground fl ax seed 
or 1–2 capsule of fl ax lignan 78 mg/day have been recommended.  

      v.      White peony:  Paeonilifl orin is derived from the dried root of  Paenoia lac-
tifl ora Pall.  A number of effects have been attributed to Paeonia including 
elevating progesterone and lowering androgens.  In vitro  studies demon-
strated an increase in the aromatase enzyme activity, which is responsible 
for converting testosterone to estrogen, and consequently decreased testo-
sterone levels. A study from Japan found that Unkei-to, which contains 
paeonia, stimulates both estrogen and progesterone secretion in human 
granulosa cells suggesting stimulatory effects on both steroideogenesis 
and the ovulatory process within the ovary  [24] . In a Japanese clinical trial 
involving 34 PCOS women, a formula containing  Glycyrrhiza glabra  and 
Paeonia lactifl ora  (Shakuyaku-Kanzo-To™) was added to the regular diet 
for 12 weeks. In those women who became pregnant, the mean serum tes-
tosterone levels were decreased by 35% from the baseline, whereas those 
who did not become pregnant testosterone did not change  [25] . In a clini-
cal trial in China, the same formula was given to 20 PCOS women; testo-
sterone levels decreased in 90% of the subjects; and 25% them conceived. 
The daily dose for Paeonia used ranged between 4.5 and 9       ml of a 1:2 
dried plant extract.  

    vi.      Indole-3-carbinol (I-3-C):  It is isolated from cruciferous vegetables 
increases the 2-hydroxylation of estrogens. Although I-3-C exhibits both 
estrogenic and anti-estrogenic properties in animal models, its effects on 
ovulation and fertility have not been studied in humans  [26] .



Complementary and Alternative Therapies in the Aging Population322

   Androgen Excess/Hirsutism 

   In PCOS, ovaries produce excess testosterone. In addition, SHBG which binds 
the testosterone in the circulation is decreased [27] . Consequently, a larger 
fraction of testosterone is biologically available. Blood levels of SHBG cor-
relates inversely with insulin sensitivity; thus insulin resistant individuals have 
low SHBG levels  [27] . At the hair follicles, testosterone binds to the andro-
gen receptor and then it is converted to the more active form dihydro testoster-
one (DHT). The androgen excess causes male pattern hair distribution: excess 
facial and body hair along with scalp hair loss. 

   The conventional treatment for androgen excess comprise oral contracep-
tives which suppress ovarian testosterone production and increase SHBG; 
spironolactone which blocks the binding of testosterone to the androgen recep-
tor; and Finastride which inhibits the conversion of testosterone to DHT  [28] . 
There are botanical treatments with similar actions. These include: 

      i.      Saw Palmetto:  Saw Palmetto is a berry found on the palm tree ( Serenoa 
repens ). It is widely used for the treatment of benign prostatic hypertro-
phy because it inhibits 5  reductase enzyme which converts testosterone to 
DHT         [29–31] . Thus, saw palmetto can reduce the clinical consequences 
of testosterone excess such as hirsutism, male pattern balding and acne. 
Despite the lack of controlled studies of saw palmetto in PCOS patients, 
it is widely used with anecdotal good results and without side effects. 
A common starting dose is 320       mg one capsule a day with the option of 
increasing to two capsules later on.  

     ii.      Urtica dioica : It is more commonly known as stinging nettle. The roots 
of the nettle contain a mixture of compounds including lectins, phenols, 
sterols and lignans. Uritica dioica  has been used in the treatment of benign 
prostate hypertrophy because it inhibits the binding of SHBG to its recep-
tor and thereby increases the availability of SHBG to bind testosterone 
         [32–34] . Dosages of 50–200       mg are given daily. Although  Urtica dio-
ica  has not been clinically tested in PCOS patients, it is conceivable that 
increased SHBG activity can increase the binding of the excess androgen 
and help to alleviate hirsutism, acne and male pattern baldness.  

    iii.      N-acetyl-cysteine:  which has been outlined in the previous section, has 
been shown to decrease total testosterone levels and free androgen index at 
the doses between 1.8 and 3 g/day, over a 6-week period  [35] .

     iv.      Quercetin:  It is a fl avonoid found in onions, grapes and green vegeta-
bles and exerts anti-proliferative effects against various malignant cells 
by decreasing insulin like growth factor (IGF)1. A study investigating the 
secretion of IGF1 and IGF-binding protein in human prostate cells showed 
that quercetin treatment decreased IGF and increased IGF-binding protein 
levels  [36] . IGF1 also stimulates testosterone production in the ovarian 
stroma [37] . Thus it is conceivable that quercetin may inhibit secretion of 
testosterone by interfering with the effect of IGF1 on the ovarian stroma.  
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      v.      Pygeum africanum : It is extracted from the bark of the African plum tree. 
In Europe it has been used for prevention and treatment of benign pros-
tate hypertrophy. The dosage used in trials is 25       mg daily. It is thought to 
act by reducing prolactin levels and by acting on the sex steroid hormone 
receptors [38] . As with many of the botanicals, more prospective studies 
are needed to assess its benefi ts.  

     vi.      Curcumin:  It is a polyphenolic compound found in the spice turmeric. 
In the human prostate cancer cell lines, curcumin has exhibited potent 
anti-androgen activity  [39] . The mechanism of action was novel because 
curcumin behaved like 17α-substituted DTH. Thus it is speculated that 
curcumin may have a role in alleviating the androgen excess in PCOS.  

    vii.       Flax seed : As stated previously, fl axseed is a good source of phytoestro-
gens, specifi cally lignans and isofl avones, which may stimulate the syn-
thesis of SHBG. It has been reported that urinary lignan concentrations 
correlate directly with serum SHBG levels  [23] . However, small interven-
tion trials failed to show any signifi cant increase in SHBG or consistent 
changes in sex steroids with fl ax seed supplementation        [22, 40] . Effects of 
fl ax lignans on PCOS have not been tested. 

    Metabolic Abnormalities 

   Obesity 

   In the USA the majority of PCOS patients are obese. Relatively modest weight 
loss, approximately 6% of the original weight, improves fertility in PCOS 
       [41, 42] . Thus, the botanicals that facilitate weight loss can be extremely use-
ful in PCOS. These botanicals are discussed in another chapter in this book.  

   Insulin Resistance 

   Recognition of insulin resistance as a common characteristic of PCOS has rev-
olutionalized the management of PCOS. It is now well accepted that the insulin 
sensitizers used for treating diabetic patients, such as metformin or thiozalidin-
ediones, can be prescribed to reduce insulin resistance in PCOS         [43–45] . Non-
diabetic PCOS patients can also use these agents because insulin sensitizers 
do not cause hypoglycemia. Furthermore, insulin sensitizers improve the ovar-
ian function; regulate menstrual cycles and increase ovulation and fertility. In 
addition, metformin can facilitate weight loss whereas thiozalidinediones can 
cause weight gain  [46] . Metformin can also prevent miscarriages and is safe 
during pregnancy            [47–50] . 

   The success of insulin sensitizers in PCOS lead to the use of the botanicals 
with similar effects. These agents are as follows: 

       i.      d Chiro-inositol:  The action and potential benefi ts of d chiro-inositol has 
been outlined earlier in the section under anovulation/Infertility.  
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      ii.      N-acetyl–cysteine:  In a study including 6 lean and 31 obese PCOS sub-
jects, supplementation with 1.8–3g/day of NAC was associated with no 
change in glucose area under the curve (AUC). However, the insulin AUC 
was decreased in hyperinsulinemic patients, indicating increased insulin 
sensitivity in this population  [35] . Thus, NAC can be used to reduce insu-
lin resistance in PCOS.  

     iii.      Chromium:  It has been widely studied in the treatment of hyperglyc-
emia. The results have been variable depending on the type of chromium 
and the dose: In hyperglycemic subjects on a low chromium diet, supple-
mentation with 200 mcg chromium improved glucose tolerance and cir-
culating insulin levels, whereas normoglycemic subjects did not benefi t 
from chromium supplementation [51] . A recent study which investigated 
the effects of 1000 mcg of chromium piconilate supplementation on insu-
lin sensitivity in obese PCOS women reported a signifi cant improvement 
in the glucose disposal rate [52] .

      iv.      Magnesium:  Low serum magnesium (Mg) as well as high ionized cal-
cium (Ca) to magnesium ratio has been associated with insulin resist-
ance and diabetes mellitus. A study assessing the cation profi le of PCOS 
patients compared with control women found signifi cantly lower serum 
Mg and higher Ca/Mg ratio in PCOS patients [53] . However there was no 
correlation between these minerals and the steroid hormones (estrogen, 
progesterone and testosterone) in the PCOS women or controls.  

       v.      Fish oils:  These comprise omega-3 ( n -3) polyunsaturated fatty acids 
(PUFAs), specifi cally eicosapentanoic acid (EPA) and docosahexanoic 
acid (DHA). These PUFAs are used preferentially for energy production 
and increase glycogen storage. A large body of evidence indicates that 
fi sh oils reverse insulin resistance caused by high-fat or sucrose feeding 
by reducing adipocyte cell size and the release of fatty acids from the 
adipose tissue. The decrease in circulating fatty acid levels facilitates the 
glucose utilization in the muscle and improves whole-body insulin sensi-
tivity          [54–56] . Effects of fi sh oils on insulin resistance in PCOS patients 
are currently under investigation. 

      vi.      Cinnamon:  This spice has traditionally been recommended for type 2 
diabetes mellitus. Patient with type 1 diabetes do not benefi t from cin-
namon [57] . According to a recent literature search, three prospective, 
placebo controlled, peer reviewed clinical trials evaluated the effect of 
cinnamon supplementation in type 2 diabetes: Two studies reported mod-
est decrease in blood glucose, while one study showed no signifi cant 
change [58] . Although there is no established effective dose, the doses 
commonly used range between 1 and 4       g of cinnamon powder or 200 and 
300       mg of cinnamon extract. Effects of cinnamon were also studied in a 
small number of PCOS patients. Daily ingestion of 1000       mg of cinnamon 
for 8 weeks improved glucose response during oral glucose tolerance test 
(OGTT)   and the insulin resistance parameters in PCOS  [59] .
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    vii.        Gymnema : It is an ayurvedic herb used as antidiabetic, hypoglycemic, 
and lipid lowering agent. Gymnemic acid, isolated from the leaves of the 
herb, alters the perception of taste buds for sweets. It also inhibits the 
glycosidase enzyme in the intestine and reduces the absorption of glucose 
 [60] . The daily dose of Gymnema used is 3.5–11       ml of the extract.  

    viii.       Quercetin : Although quercetin has been studied for the treatment of 
neuropathy in diabetes, there has been no evidence to suggest benefi cial 
effects on either blood glucose or insulin resistance. Its effects on IGF1 
have been outlined under the Androgen excess section of this chapter.  

      ix.      White peony:  There is limited evidence suggesting that Paeonia may 
lower glucose in the setting of insulin resistance. This may be the mecha-
nism underlying its benefi cial effects on ovulation – as discussed earlier.  

       x.      Silybum marianum  :  More commonly known as milk thistle, has numer-
ous therapeutic properties. A randomized double-blinded study which 
compared silybum (200       mg 3 times daily) to placebo in 51 type 2 dia-
betic patients showed signifi cant decreases in glycosylated hemoglobin 
(HbA1c), fasting blood glucose, total cholesterol, LDL-cholesterol, trig-
lyceride and the liver enzymes  [61] . The more common use of this botan-
ical has been in liver disorders. Due to its antioxidant properties, silybum 
exerts anti-proliferative effects on the liver cells, suggesting a poten-
tial hepato-protective effect  [62] . Since fatty liver is common in PCOS 
           [63–66] , this botanical may be benefi cial in this population. 

   Dyslipidemia 

   Approximately 50% of the PCOS patients fulfi ll the criteria for the Metabolic 
Syndrome and are at risk for cardiovascular disease              [4, 5, 8, 67, 68] . Thus, 
management of PCOS goes beyond addressing the ovulatory function and 
infertility, and involves management of long-term health risks. The most com-
mon lipoprotein abnormality seen in PCOS is dyslipidemia which is character-
ized by high plasma triglyceride and low HDL-cholesterol. Some patients have 
mixed hyperlipidemia characterized by elevations of triglyceride and choles-
terol. The following botanicals can be used to treat these disorders: 

     i.      Fish oils : Fish oils have potent triglyceride lowering effects. They act 
through a dual mechanism: Fish oils decrease lipogenesis by decreasing 
sterol regulatory element binding protein (SREBP) production by the liver 
X receptor (LXR). They also increase peroxisomal β-oxidation of the fatty 
acids by regulating peroxisome proliferator-activated receptor (PPAR) 
α  [69] . Although the traditional lipid risk factor for atherogenesis is the 
LDL-cholesterol, recent research has underlined the importance of elevated 
triglyceride concentrations in cardiovascular disease. Omega-3 fatty acids 
in doses of 2–4 g/day can lower serum triglyceride by approximately 25–
30% within 4 weeks of treatment         [70–72] . It should be mentioned however 
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that fi sh oils also cause a small increase in LDL-cholesterol        [70, 72] . So 
far, there is no evidence to suggest that the increase in LDL-cholesterol 
caused by fi sh oils leads to an increase in cardiac events. In addition, when 
added to the statins, fi sh oils cause further reduction in triglyceride, sug-
gesting a complementary mechanism of action [73] . 

     ii.      Red rice yeast : It is produced by cultivating the fungus  Monascus pur-
pureus  on polished rice. It contains several substances including sterols, 
monounsaturated fats, isofl avones and mevinolin. Mevinolin is a potent 
inhibitor of the HMG CoA reductase, and in fact, it is marketed as the pre-
scription medication Lovastatin. A recent meta analysis including 93 ran-
domized controlled trials reported signifi cant decreases in total cholesterol 
with red rice yeast. [74] . Notably, there was no statistically signifi cant 
differences in total cholesterol lowering, LDL lowering and HDL increas-
ing effects of the two red rice yeast preparations ( Xuezhikang  1.2 g/day or 
Zhibituo  3.15 g/day) vs. 10–20 mg/day doses of simvastatin, pravastatin, 
atorvastatin or fl uvastatin. As compared to fi brates, red rice yeast prepara-
tions were more effective in lowering in LDL, less effective in lowering 
triglyceride and equally effective in increasing HDL. Across the trials red 
rice yeast was more potent in improving all lipid parameters as compared 
to inositol, fi sh oil, and conjugated estrogen. Seventy-seven trials reported 
adverse effects outcomes, the most common being dizziness, decreased 
appetite, back ache, abdominal distention and diarrhea. A small number 
of patients had elevated in serum blood urea nitrogen and liver enzymes. 
Since the active component of red rice yeast is identical to a prescription 
medicine, the Food and Drug Administration has recently issued a warn-
ing regarding the use of red rice yeast  [75] .

    iii.      d Chiro-inositol : As discussed above this compound improves sev-
eral metabolic abnormalities and ovulatory function in PCOS women. 
The report in the New England Journal of Medicine (NEJM)   indicated 
that PCOS women supplemented with d chiro-inositol had a signifi -
cant decrease in the plasma triglyceride as compared to the placebo [19] . 
Although total cholesterol also decreased from the baseline level, this 
decrease was similar to that seen with the placebo group. High density 
lipoprotein- and LDL-cholesterol concentrations did not change.  

     iv.      Curcumin : which was described under the androgen excess section has 
also been studied for its potential benefi ts on the lipid profi le. The are 
confl icting data showing both a modest increase and a decrease in total-
cholesterol without any change in HDL-cholesterol  [76] .

   Infl ammation 

  The circulating infl ammatory markers such as C-reactive protein (CRP), interleukin 
(IL)-6, tumor necrosis factor (TNF) α are considered non-traditional risk factors 
for cardiovascular disease. Women with PCOS have increased infl ammatory 
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markers in the circulation        [77, 78] . It is not clear however whether this increase 
is related directly to PCOS or a consequence of obesity which commonly 
accompanies PCOS [79] . 

   Fish and fl ax seed oils may be used to reduce infl ammation in PCOS 
because the prostaglandins and leukotrienes produced from omega-3 polyun-
saturated fatty acids have anti-infl ammatory effects  [80] . However, there is evi-
dence to suggest that these oils may not be very effective  in vivo  for reducing 
infl ammation  [81] . 

  In summary, several botanicals and supplements listed above are used as com-
plementary and alternative treatments for PCOS. The use of some these agents is 
supported by well designed trials. On the other hand, several products are being 
used based on the speculated benefi ts. At the present there is little information 
regarding the safety profi le of these treatments and their interactions with conven-
tional treatments. These limitations should not cast a shadow over these agents 
but rather emphasize the need for continued research to understand the mechanis-
tic reasons for the apparent benefi ts of these agents in the treatment of PCOS. 
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  Abstract

 The chicken egg is a storehouse of several biologically active nutrients such as polyunsat-
urated fatty acids, cholines, sialic acid, sphingolipids, and antioxidants. However, concern 
over the possible risks of high saturated fat and cholesterol has led to the reduction in per 
capita consumption of eggs. Incorporation of functional nutrients into eggs could lead to 
alternate and novel health-promoting nutrients for humans. In this regard, several functional 
nutrients such as omega-3 fatty acids, conjugated linoleic acids, vitamin E, vitamin D, sele-
nium, folic acid, lutein, zeaxanthin, and iodine have been incorporated into eggs, making 
eggs an excellent choice as a functional food. Particular emphasis is given in this chapter to 
research conducted during the past two decades on enrichment of chicken eggs with func-
tional nutrients, their health effects in humans and the role of eggs as an alternate route to 
provide those nutrients that are in short supply or lacking in the current human diet. 

Key words:  Eggs, bioactive nutrients, omega-3 fatty acids, functional food 

    INTRODUCTION 

   The chicken egg has been an important part of the human diet since the dawn 
of civilization. It is the only food from the animal kingdom that can provide 
nutrients to humans as well as sustain a new life (when fertile) upon incuba-
tion. Thus the egg contains several nutrients that are essential for life. In a typ-
ical American diet, eggs supplied  � 10% of total calories, 2.0% fat and 3.9% 
proteins in addition to many biologically active nutrients that are essential for 
maintaining human health [1] . This chapter describes the chicken egg’s com-
position, nutrient content of the edible portion and the eggs ’  role as a carrier in 
providing health-promoting nutrients to humans. Particular emphasis is given 
to research conducted during the past two decades on enrichment of chicken 
eggs with functional nutrients, their health effects in humans and the role of 
eggs as an alternate route to provide those nutrients that are in short supply or 
lacking in the current human diet.  
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    EGG COMPOSITION 

   The egg is comprised of four main parts: yolk, egg white or albumen, shell 
membranes, and shell. In general, the shell contributes 9–11%, the yolk 
25–33% and the egg white 56–64%  [2] . The total edible portion of the egg 
is 89–91%. The egg yolk is a homogeneously emulsifi ed fl uid and is the fi rst 
part of the egg to develop. Egg yolk is comprised of 51–52% water, 16–17% 
protein, 31–33% fat including cholesterol, fat soluble vitamins and pigments, 
0.2–1.0% carbohydrates and some minerals (1%)  [3] . Egg white is composed 
of mainly water (80%), and proteins (11%), with the remaining made up of 
carbohydrates ( � 0.4%) and water soluble vitamins and pigments. Other inor-
ganic components include phosphorus, magnesium and trace amounts of iron 
and sulfur comprise less than 0.05%. The nutrient content of a large egg is 
shown in  Table 16.1   .   As can be seen from Table 16.1, protein and fat constitute 
the major macro nutrients in the egg. 

    Lipids 

  Among the macronutrients, lipids are one of the main components of the egg 
comprising 5.0–5.5       g in an average 60-g egg. Almost all lipids are present in 
the yolk as lipoprotein complexes. Trace levels of lipids have been observed in 
the white. Yolk lipids include neutral lipids or triacylglycerol, phospholipids, 
and free cholesterol. Triacylglycerol and phospholipids are the major compo-
nents of yolk lipids comprising up to 65 and 32%, respectively  [4]  ( Table 16.2   ).  

TABLE 16.1 Nutrient Content of a Large Raw Egg (adapted 
from http://www.aeb.org/food/nutrient.html)

Nutrient Whole egg White Yolk

Water (g)  37.7  29.3  8.1

Food energy (calories)  72.0  17.0  55.0

Protein (g)  6.29  3.60  2.70

Total lipid (g)  5.00  0.0  5.0

Total carbohydrates (g)  0.39  0.21  0.61

Ash (g)  0.47  0.21  0.29

Minerals (mg) 412.4 225.0 187.4

Vitamin A (IU) 244.0 — 244.0

Vitamin D (IU)  18.0  18.0

Vitamin E (mg)  0.48  0.48

B vitamins (mg) 221.5  2.03 220.7
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 Egg phospholipids are made up of phosphatidyl choline (lecithin), phosphatidyl 
ethanolamine, phosphatidyl serine, and sphingolipids. Minor levels of lysophos-
phatidyl choline and phosphatidyl ethanolamine are also present. Egg phos-
pholipids are also rich in long-chain polyunsaturated fatty acids (PUFA) such as 
docosahexaenoic acid (DHA; C22:6  n -3) and arachidonic acid (C20:4–6). Egg 
phospholipids, due to their amphipathic nature, are widely used as emulsifi ers in 
the baking, pharmaceutical, animal feed, and cosmetic industries. In addition, sev-
eral fat soluble vitamins and pigments are present in egg lipids making egg a mul-
tifunctional and multinutritional food. However, egg lipids are not fully exploited 
in the food industry to its full potential in comparison to plant-derived lipids. 

    Egg Fatty Acids 

  Fatty acids are the most prevalent components of triglycerides and phospholi-
pids and may constitute over 4       g in an average egg. Egg fatty acids are of dif-
ferent chain lengths varying from 14 to 22 carbons and of different degrees of 
saturation as well as different confi gurations. Egg fatty acids include saturated 
fatty acids, monounsaturated fatty acids and omega-6 and omega-3 polyunsatu-
rated fatty acids (PUFA). A list of some of the common fatty acids in egg yolk 
with their systemic names, shorthand notations and concentrations is shown in 
 Table 16.3   .   Several factors infl uence the fatty acid composition of egg includ-
ing the hen’s ration, strain, age and the storage and cooking methods employed. 
However, diet is the major determinant of yolk fatty acid composition [5]. 

    Saturated Fatty Acids 

   The predominant saturated fatty acids in eggs are palmitic (C16:0) and stearic 
(C18:0). The content of these two fatty acids in chicken eggs may range from 
22% to 26% and 8% to 10%, respectively. There are also minor amounts of 

TABLE 16.2 Major Lipid Classes and their Proportions 
in Chicken Eggs (adapted from references [3, 5])

Major lipid and fatty acid fractions Proportion (%)

Triglyceride 63–65

Cholesterol 4.9–5.0

Cholesterol ester 1.0

Phospholipids 30–31
 Phosphatidylcholine 21.0
 Phosphatidyl ethanolamine 7.3
 Phosphatidyl serine 0.9
 Sphingolipids 0.9
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other saturated fatty acids such as C14 and C20. Total saturated fatty acids in 
eggs may constitute 30–35%.  

    Monounsaturated Fatty Acids 

   The monounsaturated fatty acids in eggs are mainly palmitoleic (C16:1), oleic 
(C18:1), constituting to 42–46%. Other minor monounsaturated fatty acids 
such as 20:1 and 22:1 are present in trace amounts. Oleic acid (C18:1) is the 
major monounsaturated fatty acid in chicken eggs. The monounsaturated fatty 
acid content is affected by diet composition. Feeding PUFA-rich oils (e.g., sun-
fl ower oil, canola, fl ax) and conjugated linoleic acid (CLA) alters the content 
of yolk monounsaturated fatty acids  [6] .

    Omega-6 ( n-6) and Omega-3 ( n-3) Polyunsaturated Fatty Acids 

  Eggs contain both omega-6 and omega-3 fatty acids. The predominant omega-6 
fatty acid in egg lipids is linoleic acid (C18:2  n -6). Other omega-6 fatty acids may 
include arachidonic (C20:4 n -6), C22:4  n -6, and C22:5  n -6. The content of long-
chain omega-6 PUFA ( � 20-carbon) may vary from 1% to 2% and is refl ected by 
the type of the diet [4] . The content of omega-3 fatty acids in eggs is contributed 
by α -linoleic (C18:3  n -3), eicosapentaenoic acid (C20:5  n -3), docosapentaenoic 
(C22:5 n -3), and DHA. Among these, DHA is the major omega-3 fatty acid in the 

TABLE 16.3 Systemic Names and Shorthand Notations of Some 
of the Common Fatty Acids and their Content in Chicken Eggs*

Common or systemic names Shorthand notation Concentration

Myristic acid C14:0  0.50

Palmitic acid C16:0 26.0

Palmitoleic acid C16:1  3.2

Stearic acid C18:0  9.4

Oleic acid C18:1 n-9 43.0

Linoleic acid C18:2 n-6 15.0

α-Linolenic acid C18:3 n-3  0.5

Arachidonic acid C20:4 n-6  1.7

Eicosapentaenoic acid (EPA) C20:5 n-3  0.1

Docosatetraenoic acid C22:4 n-6  0.1

Docosapentaenoic acid (DPA) C22:5 n-3  0.2

Docosahexaenoic acid (DHA) C22:6 n-3  1.2

*Values reported as fatty acids (%) and may vary due to hen’s diet, strain, or age.
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egg. The  α -linolenic content in regular eggs is under 1% of total lipids. DHA may 
constitute between 1% and 3%. The content of omega-3 and omega-6 PUFA is a 
refl ection of the hen’s dietary fat. Addition of fl ax, chia, marine oil or other prod-
ucts such as marine algae into the diet leads to signifi cant increases in  α -linolenic, 
eicosapentaenoic, docosapentaenoic, and DHA in eggs  [4] . 

    Sterols 

   The major sterol in yolk lipids is cholesterol, which is found in the free form. 
Cholesterol content may vary from 11       mg/g to 14       mg/g yolk or 200       mg to 
220       mg/average egg. Although diet has very little effect on egg cholesterol  [4]
other factors such as egg weight, yolk size and strain of bird may affect the 
content of egg cholesterol        [7, 8] .   

    EGG PROTEINS 

         Proteins constitute another macronutrient in eggs and a typical egg would pro-
vide approximately 6       g of protein. Adding two eggs into the diet will meet about 
30% of the recommended dietary allowance (RDA) for protein in the United 
States. Egg proteins distributed in the yolk and white are complete proteins with 
a good balance of essential amino acids and high digestibility ( � 90%). The pro-
tein value of whole egg protein is considered to be 100 and is used as a stand-
ard for measuring nutritional quality of other food proteins. Egg white contains 
about 11% proteins. The major egg white proteins are ovalbumin (54%),        ovo-
transferrin (14%),        ovomucoid (11%),        ovomucin (3.5%),        lysozyme (3.5%),        and 
globulins (8%). Lysozyme is widely used in the food industry due to its anti-
bacterial properties. Most yolk proteins exist as lipoproteins. Low-density lipo-
protein is the major protein,        accounting up to 65% of total yolk proteins. The 
high-density lipoprotein exists as a complex with phosphoprotein as  “ phosvitin. ”  
Other yolk proteins include livetin and a ribofl avin-binding protein. Egg yolk 
also contains other immune proteins such as immunoglobulins. In eggs immu-
noglobulin Y (IgY) is present predominantly in the yolk,        whereas IgA and IgM 
are present in the white. Efforts have been made to separate IgY to be used for 
pharmaceutical and food industry purposes. Due to the multifunctional (gelling, 
       emulsifying,        foaming,        binding) and pharmacological properties,        egg proteins are 
highly desirable ingredients in baking and the food and drug industries. 

    EGG MICRONUTRIENTS 

   Egg micronutrients include fat soluble and water soluble vitamins, minerals 
and pigments (Table 16.1). Most fat soluble vitamins are concentrated in the 
yolk and water soluble vitamins in yolk and white. In addition, there are minor 
nutrients and pigments in the egg constituting up to 0.02%. The yolk pigments 
include xanthophylls and carotenes which contribute to the yellow color. The 
avian egg contains several kinds of free sugars and glycoconjugates. Glucose is 
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the most common of the free sugars and constituting up to 0.7, 0.8, and 0.7% 
in the whole egg, albumen, and yolk, respectively. Total carbohydrate in the 
whole egg, white, and yolk constitutes to 0.61, 0.34, and 0.30       g, respectively. 
Most of the carbohydrates in egg are oligosaccharides bound to protein. Sialic 
acid is a functional carbohydrate in egg with pharmacological potential due to 
its involvement in cell adhesion, receptor functions, and defense mechanisms. 
The inorganic components of egg white are sulfur, potassium, sodium, and 
chlorine. Many of the micro nutrients in the egg can be manipulated by dietary 
means. However, vitamin E, selenium and pigments are the nutrients that are 
highly researched for diet-modifi cation purposes. 

    DIET AND HEALTH 

   Major advancement has been made in the past two decades in our understand-
ing of the mechanisms whereby diet can infl uence health. As a result, func-
tional foods have been introduced as a new concept for foods that provide 
health benefi ts beyond basic nutrition. Consumer interest in functional foods 
is evidenced by the wide range of health-promoting specialty foods available 
and supplements in the marketplace. Annual sales of functional foods in the 
United States is estimated to be over $50 billion. Among the different nutri-
ents, omega-3 fatty acids have captured world-wide attention due to their sev-
eral positive effects on human heath  [9] . Benefi cial effects of omega-3 fatty 
acids in the prevention and management of coronary heart disease, hyperten-
sion, renal diseases, thrombosis, depression, type-2 diabetes, Crohn’s disease, 
and rheumatoid arthritis, in addition to the role of these fatty acids in brain and 
visual development in infants have been reported  [9] .

    CHICKEN EGGS AS FUNCTIONAL FOODS AND 
SUPPLEMENT CARRIERS 

   Claims of benefi cial health effects of certain fatty acids such as omega-3 led 
to extensive research on manipulating the fatty acid composition of chicken 
eggs  [3] . This has led to the creation of several brands of specialty eggs with 
labels such as designer, super, or modifi ed (to name a few) in super markets 
world-wide. At present, specialty eggs in US markets comprise about 5% and 
are growing by 1% a year. A national retail study conducted in US cities in 
2001 indicated an average price of $2.18 for specialty eggs (range from $0.88 
to $4.38) vs. $1.23 for regular white eggs with no special claims  [10] . The suc-
cess of creating and marketing eggs enriched with omega-3 led to attempts by 
several researchers in modifying other nutrients in eggs. Some of these nutri-
ents include fatty acids (CLA), antioxidant vitamins (vitamin E, vitamin A), B 
vitamins and minerals (selenium, iodine, vitamin B12, manganese)  [3] . A list 
of some of these nutrients, their concentrations in eggs and their potential ben-
efi t to humans is shown in  Table 16.4   .   



TABLE 16.4 A List of Some of the Bioactive Nutrients Reported in Eggs 
and their Functional Rolesa

Components Content/egg* Potential benefi tsb

Carotenoids
Carotenes 100–209μg Neutralizes free radicals, which may damage 

 cells; bolster cellular antioxidant defense;  
 can be made into vitamin A in the body

Lutein � Zeaxanthin 1.33–1.91 mg May contribute to maintenance of healthy vision
Lycopene .08–8.5 mg May contribute to maintenance of prostate health

Fatty Acids
Monounsaturated
 fatty acids

1.7–3.3 mg May reduce risk of CHD

Omega-3 fatty 
 acids (α-linolenic,
 EPA, DPA, DHA)

100–650 mg May contribute to maintenance of heart health 
 and maintenance of mental and visual function, 
 may reduce risk of CHD, may contribute to 
 maintenance of mental and visual function

Conjugated linoleic 
 acid (CLA)

0.15–0.9 g Maintains desirable body composition and 
 healthy immune function

Minerals
Phosphorus 110 mg May reduce the risk of osteoporosis
Selenium 7.1–43.4 μg Neutralizes free radicals, which may damage 

 cells; may contribute to healthy immune function

Vitamins
Vitamin A 100μg May contribute to maintenance of healthy 

 vision, immune function, and bone health; 
 may contribute to cell integrity

Vitamin B2 
 (Ribofl avin)

0.16–0.24 mg Helps support cell growth; helps regulate 
 metabolism

Niacin 0.05–1.94 mg Helps support cell growth; helps regulate 
 metabolism

Vitamin B12 0.84–3.35μg May contribute to maintenance of mental 
 function; helps regulate metabolism and 
 supports blood cell formation

Folic Acid 20–50 μg Maintains healthy pregnancy
Biotin 10–18 μg Helps regulate metabolism and hormone 

 synthesis
Vitamin D 18–90 IU Helps regulate calcium and phosphorus; 

 helps contribute to bone health; may 
 contribute to healthy immune function; 
 helps support cell growth

Vitamin E 
 (Tocopherols �
 tocotrienols)

0.70–6.7 mg Neutralizes free radicals, may contribute 
 to healthy immune function and 
 maintenance of heart health

Sphingolipids 2250 μmol/kg Maintain membrane structure, modulate 
 cholesterol metabolism

Choline 300 mg Involved in brain function, memory and 
 learning ability

CHD � coronary heart disease.
aValues reported are a range of those nutrients reported in conventional eggs or those from hens fed modifi ed diets.
bFDA approved health claim established for component.
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    Why Omega-3 Fatty Acids? 

  Current consumption of omega-3 fatty acids in the United States is 1.4 g/day 
α -linolenic acid (C18:3  n -3) and 0.2       g/day of long chain ( � 20-carbon omega-3) 
 [11] . Although no offi cial dietary recommendations have been made in the 
US, nutritional scientists suggest including α -linolenic acid at 2.2       g/day and 
long-chain omega-3 (C20:5  n -3      �      C22:6  n -3) at 0.65 g/day  [11] . Therefore 
an additional 0.8 and 0.45       g/day of  α -linolenic acid and long-chain omega-3 
is needed in the current US diet. Although marine foods are the major 
source of omega-3, cost, consumer preference, and seasonal availability limit the 
US percapita consumption of marine-based omega-3 fatty acids. To accommo-
date for the 57% ( α -linolenic acid) and 225% (long-chain omega-3) increase in 
omega-3, alternate dietary sources of omega-3 fatty acids need to be provided. 

  Flax seeds and marine oil have been added to the layer diet to increase 
omega-3 in eggs. Eggs from fl ax-fed hens are high in 18-carbon omega-3 (C18:3 
n -3) and those from fi sh-oil based diets are rich in long-chain  � 20-carbon 
omega-3 PUFA (e.g., eicosapentaenoic, DHA). A detailed review of omega-3 
studies in avians is written elsewhere  [4] . Addition of two eggs from hens fed 
10% fl ax to the daily diet could provide up to 440       mg  α -linolenic acid and 
100       mg of DHA. Similarly, addition of two eggs from hens fed diets with 3.0% 
fi sh oil could provide 20       mg  α -linolenic acid and 340       mg DHA. Several authors 
have reported benefi cial effects of omega-3 enriched eggs in humans including 
infants and seniors ( Table 16.5   ).   Most studies report signifi cant increases in 
serum α -linolenic, and DHA with omega-3 eggs. The effect of consumption of 
omega-3 eggs on total blood cholesterol has been controversial. Interestingly, 
several researchers have reported higher levels of high density lipoprotein 
cholesterol with the consumption of omega-3 eggs. Thus, including two eggs 
(fl ax-fed) will meet over 55% of the extra  α -linolenic needed in the US diet. 
Similarly, including two eggs (fi sh oil-fed) will meet over 75% of the extra 
DHA needed in the US diet. Although feeding fl ax and fi sh oil over 10 and 
3%, irrespectively to hens has been reported to increase the  α -linolenic and 
DHA content in eggs, additions exceeding these levels may lead to off-fl avors 
and reduced sensory appeal of omega-3 enriched eggs.  Table 16.6      shows the 
contribution of eggs in meeting the recommended daily allowance of several 
nutrients including omega-3 fatty acids. 

    Conjugated Linoleic Acids (CLA) 

  Recently, another fatty acid namely CLA, has received considerable attention 
for its anticarcinogenic, antiatherogenic, hypocholesterolemic, immunomodu-
latory, and body fat reduction properties  [12] . CLA is the generic name for a 
group of positional and geometric conjugated dienomic isomers of linoleic acid. 
Current intake of CLA is estimated to be several hundred milligrams/day  [13] . 
Based on animal data, it is estimated that approximately 3 g/day of CLA would 
be required to produce benefi cial effects in humans  [14] . Several researchers 



TABLE 16.5 Omega-3 Fatty Acid-Rich Egg Consumption and Reported Health Effects in Adults and Infants (adapted from 
reference [25])

No. of Egg Week/days fed Reported responses

4 eggs/day 4 weeks No change in plasma total cholesterol, reduction in serum triglycerides, and systolic and 
 diastolic blood pressure

4 eggs/day 2 weeks Reduction in serum triglycerides.
No change in total or HDL cholesterol, increase in omega-3 PUFA, DHA of platelet phospholipids

2 eggs/day 18 days Increase in plasma HDL cholesterol, reduction in plasma triglycerides. No change in total 
 cholesterol or and LDL cholesterol

2 eggs/day 4 weeks Reduction in plasma triglycerides, total cholesterol, systolic blood pressure in adults

4 eggs/day 14 weeks Increased DHA, omega-3 PUFA in platelet phospholipids, no change in plasma triglycerides, 
 total cholesterol or HDL cholesterol in adults

2 eggs/day 18 days Increase in plasma HDL cholesterol, reduction in plasma triglycerides. No change in total 
 cholesterol or LDL cholesterol

7 eggs/week 24 weeks Increase in HDL cholesterol, EPA, DHA, and total omega-3 PUFA

2 eggs/week 6 weeks Increase in linolenic and docosahexaenoic acids of breast milk in nursing women

1 egg/day 8 weeks Increased blood levels of docosahexaenoic acid, vitamin E, and lutein in adults

12 eggs/week 6 weeks Reduction in serum triglyceride in adults

4 eggs/week 6 months Increase in erythrocyte docosahexaenoic acids of formula-fed infants

4 eggs/week 6 weeks Decrease in platelet aggregation in adults

4 eggs/week 6 months Increase plasma omega-3 fatty acids, docosahexaenoic acids and blood content of iron in infants

6 eggs/week 4 weeks No effect on serum total, LDL or HDL cholesterol. Increase in serum α-linolenic and triglycerides

DHA- enriched egg 
 powder (150 mg/day)

9 months Increased DHA and arachidonic acid in elderly patients

PUFA � polyunsaturated fatty acids, HDL � high density lipoprotein, LDL � low density lipoprotein.
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have reported incorporating CLA into chicken eggs through diet. The CLA con-
tent varied from 0.21 to 0.9       g per average egg. The CLA supplied per serving 
(two eggs) could meet 14–58% of the suggested requirements for humans  [6] . 

    Choline 

  Chicken eggs are a rich source of choline (associated with phosphatidyl choline 
in phospholipids). Choline is responsible for the structural integrity and sig-
naling function of phopholipid-rich cell membranes. One large egg contains 

TABLE 16.6 Eggs as Supplement Carriers: Reported Values of 
Nutrients and Percent of Recommended Dietary Allowance Provideda

Nutrient Level reported in 
one servingb

Percent RDA 
Supplied

α-Linolenic acid (18:3 n-3) 400–800 mg �40

Docosahexaenoic Acid 400 mg �100

Total omega-3 fatty acids 500–1600 mg �50

Conjugated linoleic acid 150–900 mg RDA not established

Vitamin A 150 ug 16.6

Vitamin D 1.2–10 ug 23–30

Vitamin E 8–38 mg �150

Vitamin K 260 ug �200

Thiamin 134 ug 11.2

Ribofl avin 490 ug 37.6

Pyridoxine 66 ug 5.0

Biotin 36 ug �100

Folic Acid 20 ug 5.0

Niacin 154 ug 1.0

Pantothenic acid 2410 ug 48

Vitamin B12 6.7 ug �250

Lutein 1.91 mg RDA not established

Selenium 64–87 ug �130

Choline 300 mg 1/3 of the RDA

aRange of nutrient values reported in regular or eggs obtained from hens fed modifi ed diets. Adapted from references 
[4, 17, 20].
bOne serving � 2 average size eggs.
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about 300       mg of choline which provides 60% of the recommended daily intake 
of choline for adults, including pregnant and lactating women  [15] .

    Sphingolipids 

  The sphingolipid content of eggs has been reported to be the highest of any 
food at 2250       umol/kg  [16] . Sphingolipids are critical for the maintenance of 
membrane structure and modulate the behavior of extracellular matrix proteins. 

    Vitamins and Minerals 

  The egg content of several minor nutrients and the percent RDA supplied upon 
consumption of one serving (two eggs) is shown in Table 16.6. A recent sur-
vey in the US indicated that eggs contributed  � 10% of vitamin B6, 10–20% of 
folate, and � 20% of vitamin A, E, and B12  [1] . Several researchers have focused 
on producing eggs with higher levels of vitamins than regular eggs          [17, 18, 19] .
However, the effi ciency of hens in transferring dietary vitamin to eggs is varied for 
different vitamins, with effi ciency ranging from 5% to 80%. With the objective of 
producing eggs that can meet  � 50% of the daily recommended intake of vitamins, 
Leeson and Caston [17]  fed vitamin-enriched diets to hens. For the 12 vitamins 
explored (A, D3, E, K, B1, B2, B6, biotin, folic acid, niacin, pantothenic acid, and 
vitamin B12), meaningful enrichment (meeting � 20% of RDA) was noted only 
for vitamin D3, Vitamin E, pantothenic acid, and vitamin B12. In another study, 
House et al .  [19]  reported that by adding folic acid to the diet of laying hens, it 
was possible to increase the folate concentration of egg yolk two to fourfold. 
A folate enriched egg can potentially contain 12.5% of the RDA for this vitamin. 
These authors stated that the form of folate present in eggs is highly bioavailable 
since it is already in its metabolically active form (5-methyltetrahydrofolate)  [19] . 

  Due to the popularity of omega-3 specialty eggs, vitamin E enrichment of 
eggs has been most documented. This is because, incorporation of vitamin E 
has provided added antioxidant protection and product stability especially in 
specialty eggs rich in omega-3. The successful enrichment of chicken eggs with 
selenium has also been documented       [20, 21] . Consumption of one serving of 
eggs enriched with selenium can meet  � 100% of the RDA  [21]  (Table 16.6). 
Since selenium consumption in many countries falls below the RDA, such eggs 
may provide an alternate route to provide selenium to the human diet  [20] . 

    Egg Pigments 

   Several pigments are present in all parts of the egg. The yolk has the high-
est pigment content, constituting to 0.02%. The lipid matrix of the egg yolk pro-
vides a readily bioavailable dietary source of fat-soluble pigments. Carotenoid 
pigments constitute a group of lipid-soluble compounds. Carotenoids are of 
biological importance for their light-absorbing properties, antioxidant func-
tions and immunomodulatory functions. The yolk carotenes are classifi ed as 
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xanthophylls and carotenes. Leutin, zeaxanthin, and cryptoxanthin belong to 
the xanthophyll group and  β -carotene belongs to the carotene group. Lutein 
and zeaxanthin are two carotenoid pigments that accumulate in the retina of 
the eye  [22] . These pigments protect the retina by absorbing blue light which 
damages the retina  [23] , leading to age-related macular degeneration. Humans 
cannot synthesize lutein and zeaxanthin; therefore these pigments should be 
provided in the diet. Hens accumulate xanthophylls (lutein, zeaxanthin, and 
capsanthin) in the egg mainly from their diet. The yolks of chicken eggs pro-
duced commercially contain large amounts of the carotenoids lutein and zeax-
anthin ( � 292       ug/yolk and  � 213       ug/yolk, respectively) as compared to other 
dietary carotenoids. β -carotene is present in small amounts ( � 3.6       ug/yolk) and 
lycopene is undetectable. It has been reported that the bioavailability of egg 
yolk lutein is higher than that in supplements and green vegetables  [24, 25] .

    CHICKEN EGGS AS FUNCTIONAL FOODS AND 
SUPPLEMENT CARRIERS – FUTURE 

  Increased consumer awareness that certain nutrients may have benefi cial effects 
on health and disease prevention has led to seeking these nutrients from food 
or supplements. In eggs, these health-promoting nutrients include omega-3 
fatty acids, fat soluble vitamins, carotenoid pigments such as lutein and zeaxan-
thin, choline, B vitamins, and minerals. There is opportunity to enhance these 
nutrients in eggs through diet manipulation as reported in Table 16.4. However, 
feeding strategies should not increase the cost of egg production or be detrimen-
tal to the health of birds. Therefore, use of feed ingredients that are not usually 
consumed by humans should be investigated. Chicken eggs, due to their high 
content of nutrients, low cost and versatility in food preparation are a popular 
food item for all cultures and all ages. Although consumers are willing to pay 
extra for nutrient-modifi ed eggs  [9] , the real value for humans from nutrient-
enriched eggs comes only if those nutrients are in short supply in the diet and 
if consumption of such eggs contributes signifi cantly to the daily recommended 
intake of the nutrient, without side effects on human health. Therefore, in order 
to be accepted by consumers, the health effects of nutrient-modifi ed eggs need 
to be investigated clinically in different age and ethnic groups. This will enhance 
the nutritional potential of chicken eggs as supplement carriers to humans. Such 
research will generate new knowledge in using functional food strategies to pre-
vent or alleviate the progression of chronic disease and to defend human health. 
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    Abstract 

   The sum of epidemiologic evidence showing a protective effect of diets rich in fruits 
and vegetables against cancer is not as strong as originally thought. Nevertheless there 
is in vitro  evidence suggesting that the biologically active phytochemicals from berries 
have anti-carcinogenic activity. Many of these compounds also show anti-carcinogenic 
effects in animal cancer models.  In vitro  experiments have contributed much to the 
knowledge base regarding probable mechanisms of action that support chemoprotective 
activities of berry phytochemicals at the molecular level. These chemopreventive mech-
anisms include prevention of radical damage, DNA stabilization, detoxifi cation, inhibi-
tion of infl ammatory processes such as cyclooxygenase-2 expression, and induction of 
apoptosis. However, much of the  in vitro  research on the anti-cancer effects of berries 
and their components has been conducted at concentrations that are not relative to the 
in vivo  bioavailability and metabolism of the compounds studied. Many phytochemi-
cals present in berries are poorly absorbed by animals or humans and those that are 
absorbed are rapidly metabolized and excreted by xenobiotic metabolism. Indeed, this 
activation of phase II metabolism is a putative chemoprotective mechanism. Much of 
the anti-cancer bioactivity observed  in vitro  still requires additional research with ani-
mals and humans to verify these effects  in vivo . Additional necessary research includes 
concerted efforts to identify the bioavailability, metabolism, and tissue distribution of 
berry phytochemicals and their metabolites not only to the circulation but also to the 
target tissues. Research is also needed to determine whether berry phytochemicals aug-
ment or interfere with current day chemotherapeutic protocols. 

Keywords : Berries, cancer, phenolics, phytochemicals,  in vitro ,  in vivo   

    INTRODUCTION 

  Plants are the consummate chemist and, via evolution over the millennia, have 
diversifi ed their genome and biosynthetic pathways to produce an enormous 
number of distinct phytochemicals. Unlike animals, plants are not profi cient at 
 “ cleaning up ”  their genomes or disposing of genes no longer unnecessary to 
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present functional needs. As a result classes of phytochemicals within a sin-
gle plant often include many structurally similar but subtly different members. 
These phytochemicals either function in plants presently or have functioned in 
the past to attract mutual partners or repelling predators. In many cases phy-
tochemicals that were once harmful to organisms are still present in fruits and 
berries and in other cases mutualism results in delivery of benefi cial phyto-
chemicals to animal partners in the mutuality benefi cial relationship. For exam-
ple vitamin C is a benefi cial phytochemical to fruit eating animals that have lost 
the capacity to synthesize it. In contrast, amygdalin remains in stones of bitter 
almonds, peaches, and apricots although it is toxic to animals. Yet humans have 
used it as a natural and traditional anti-cancer drug [1] . As is the case for many 
phytochemicals, laboratory evidence suggests bioeffi cacy for amygdalin while 
clinical trials fail to support its anti-cancer effi cacy. Such may be the case for 
many phytochemicals from berries. 

   The body of  in vitro  evidence suggesting chemoprotective and anti-cancer 
effects for many berry phytochemicals continues to grow and there are prom-
ising animal studies; however, the small number of intervention studies con-
ducted to date have produced mixed results even for the ability of antioxidant 
rich berries in reducing radical induced DNA damage. Data from  in vivo  stud-
ies that show anti-cancer effects of berry phytochemicals suggests that these 
chemoprotective effects may depend upon multiple mechanistic pathways, 
synergy of action by phytochemicals, and may be cancer specifi c for particular 
berries. This chapter contains a review of many of the recent studies of the 
anti-cancer effects of berries, berry extracts, and a small number of the myriad 
individual phytochemicals contained within berries. 

    WHAT IS A BERRY? 

  Before any discussion of the health benefi ts of berries can proceed, a problem 
of terminology must be addressed. In the culinary arts and in the common lan-
guage usage, the term berry is a generic term describing any small, edible fruit 
with multiple seeds. Botanist, however, have a more restrictive defi nition of 
the term that technically excludes aggregate fruits, including the raspberry the 
blackberry, and the boysenberry. The defi nition of a berry in botanical terms 
refers to an indehiscent fruit derived from a single ovary having one or many 
seeds within a fl eshy wall or pericarp. Indehiscent fruit do not open spontane-
ously at maturity to release seeds. This defi nition includes fruits such as the 
cranberry, grape, and tomato. If asked, the vast majority of people would not 
recognize a tomato as a berry but would readily identify small, sweet, juicy, and 
brightly colored fruits as berries regardless of its botanical structure. 

  For the purposes of this chapter, we will consider the term berry to be the 
common term and as such will refer to the small, edible, colored fruits with mul-
tiple seeds and include plants of the species Vaccinium ,  Sambucus ,  Fragaria , and 
Rubus . A non-exhaustive list of commonly known berries is listed in  Table 17.1   , 
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TABLE 17.1        Names of Berries with Synonyms and Latin Names  

   Popular   botanical and common berries 

   Common name  Synonyms  Latin name 

   Highbush blueberry Vaccinium corymbosum

   Lowbush blueberry Vaccinium angustifolium

   Bilberry  European blueberry, whortleberry Vaccinium myrtillus

   Cranberry Vaccinium macrocarpon

   Lowbush cranberry  Mountain cranberry, cowberry 
lingonberry

Vaccinium oxycoccus

   Huckleberry Vaccinium ovatum

   Boxberry  Checkerberry, spiceberry, teaberry 
or wintergreen 

Gaultheria procumbens

   Pomegranate Punica granatum

   Kiwifruit Actinidia chinensis

   Banana Musa sapientum

   Blackcurrant Ribes nigrum

   Redcurrant Ribes triste

   Dewberry Rubus idaeus

   Loganberry Rubus loganobaccus

   Shadberry  Juneberry, Saskatoon, serviceberry Amelanchier laevis

   Hackberry  Sugarberry Celtis reticulata

   Persimmon Diospyros virginiana

   Acerola  Barbados or West Indian cherry, 
surinam cherry 

Maldighia glabra

   Mulberry Morus rubra

   Wolfberry  Snowberry Lycium barbarum

   Elderberry Sambucus nigra

   Açai  Palmberry, goji Euterpe oleracea

   Grapes Vitis vinifera

   Chili pepper Capsicum sp

   Blackberry Rubus villosus

   Raspberry Rubus idaeus

   Boysenberry Rubus sp

   Strawberry Fragaria sp
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and  Table 17.2    contains   illustrations of common misconceptions between the 
botanical and common perception of what a berry is. 

  Although evolution is responsible for the fact that we have such a diversity of 
fruits, it is humans that engage in taxonomy and comparative anatomy. Most fru-
givores (fruit eaters) recognize berry fruits primarily by color and size; for it is 
the color that plants use to attract animals to such small fruits in a scheme to dis-
perse their seeds, much like the process used to attract birds and insects during 
fertilization. By eating the fruit, animals unwittingly participate in the biological 
process termed mutualism. Upon eating the berries, we obtain nutrients and the 
plants that bore them obtain mobility for their seeds. Any animal could serve 
the role of seed carrier, but in the case of berries, this role has been reserved 
primarily for animals with vision capable of distinguishing color change in the 
fruit that indicates the point in time when the seeds are mature. When seeds are 
immature and not ready for dispersal the fruits carry bitter tasting fl avonoids to 
discourage herbivores. As berries ripen, they undergo a shift in fl avonoid ratios 
favouring the colored anthocyanins while also increasing in sugar content  [2] . 
The cranberry may be an exception to this generalization by evolving away from 
increased levels of sugar, perhaps driven by adaptation to a water seed dispersal 
scheme that has little need to attract animals with reward of sugar. 

   Is a little sugar all humans have derive from co-evolution and mutualism? 
Perhaps, in consuming berries there are more benefi ts for the animal than just 
a few calories. For humans, and some bats and birds, evolution as frugivores 
may have lead to the permitted loss of specifi c metabolic pathways and a form 
of obligatory mutualism        [3, 4] . Without vitamin C from fruits, humans are sub-
ject to scurvy, and without another source of vitamin C long term existence is 
not possible. Throughout evolution humans did not see berries and think,  “ Ah, 
vitamin C. ”  Rather, humans saw berries as a sweet tasty food source and their 
shamans even saw them as medicine. Do additional evolutionary benefi ts arise 
from mutualism, conferred by the berry producing plant to the berry consum-
ing animal?  

TABLE 17.2        Public and Scientifi c Perception of Berries  

 Botanical designation 

       Berry  Not a berry 

    Common 
usage

  Berry   Blackcurrant, redcurrant, 
cranberry, blueberry, and 
gooseberry a

 Strawberry, blackberry, 
raspberry, and 
boysenberry

  Not a 
berry

 Tomato, persimmon, 
eggplant, guava, chili pepper, 
pomegranate, avocado, 
kiwifruit, grape, and banana 

 Apple, peach, and cherry 
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    A SHORT HISTORY OF FRUIT AND VEGETABLE INTAKE 
AND CANCERS 

  By the early 1990s roughly 200 studies had examined the relationship between 
fruit and vegetable intake and cancers of the breast, cervix, ovary, esopha-
gus, oral cavity, lung, stomach, colon, bladder, and pancreas. This evidence 
was reviewed in 1992 and the weight of evidence suggested that individu-
als in the lowest quartile for fruit and vegetable intake have twice the risk of 
developing cancer compared with those in the highest quartile  [5] . In 1997 
the American Institute for Cancer Research published a report from the World 
Cancer Research Fund that concluded the evidence for protective effects of 
fruits and vegetables against cancers of the esophagus, stomach, and lung was 
 “ convincing ”  but the evidence for protection of fruits (as opposed to vegeta-
bles) against cancers of the colon and rectum was not strong  [6] . By the time 
The International Agency for Research on Cancer (IARC), which is part of the 
World Health Organization, published its 387-page review in 2003 of research 
on the relationship between fruits, vegetables, and cancer  [7] , inclusion of data 
from cohort studies had weekend the strong evidence proffered by earlier case-
control studies. The IARC concluded that data from studies in humans show 
 “ There is limited evidence for a cancer-preventive effect of consumption of fruit 
and of vegetables for cancers of the mouth and pharynx, esophagus, stomach, 
colon-rectum, larynx, lung, ovary (vegetables only), bladder (fruit only), and 
kidney. There is inadequate evidence for a cancer-preventive effect of consump-
tion of fruit and of vegetables for all other sites. ”  The IARC went on to exam-
   ine the combined data from human epidemiological,    animal,    and other types 
of studies, and concluded that that eating more fruit “ probably lowers the risk 
of cancers of the esophagus, stomach and lung ”  and  “ possibly reduces the risk of 
cancers of the mouth, pharynx, colon-rectum, larynx, kidney, and urinary blad-
der. ”  These reports dealt largely with the relationship between total fruit and 
total vegetable consumption and cancers. The IARC itself pointed out that these 
summaries may overlook the possibility that specifi c fruits (or vegetable) may 
be protective against particular cancers. 

  The early epidemiological conclusions had already fostered interest in identify-
ing which fruits and vegetables provide the best protection against the development 
of cancer and what bioactive constituents may be responsible for the chemopreven-
tive qualities of those fruits and vegetables. The identifi cation of protective sub-
stances in fruits and vegetables and the mechanisms by which they protect against 
cancer is inextricably linked to understanding the etiologic pathways leading to 
cancer. By the turn of the century investigators were realizing the common denom-
inator in pathogenesis of most chronic diseases, including cancer, is the involve-
ment of oxidative stress, via the actions of reactive oxygen and nitrogen species 
and biological damage infl icted by uncontrolled radical          [8–10] . Indeed there was 
molecular evidence that cancer was associated with radical induced DNA dam-
age and that, in isocaloric diets, individuals consuming fruits and vegetables had 
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lower levels of excreted markers of DNA damage  [11] . Dietary plants contain 
hundreds of electron donating antioxidants. Among edible vegetables, berries of 
the family of Rosaceae ( Rubus  and  Fragaria ) and those of the family of Ericaceae 
(Vaccinium ) are particularly rich in antioxidant compounds when compared to 
other fruit species       [12, 13] . In tests of potential to quench radicals, berries prove to 
be the fruits highest in total antioxidant capacity         [14–16] . Berries and fruits have 
also been shown to increase postprandial antioxidant capacity of human plasma 
 [17] . Yet, with the exception of evidence for prevention of digestive tract can-
cers, evidence for an anti-carcinogenic effect of berries in human studies is weak. 
In vitro  and animal studies show that extracts from some berries can decrease 
biomarkers of DNA damage and carcinogenesis. The mechanisms of action are 
being defi ned but it is clear they are manifold and complex and will probably rep-
resent many synergistic interactions. 

    PHYTOCHEMICALS IN BERRIES 

   The major nutrient and non-nutrient bioactive antioxidant components of berry 
fruits are comprised predominantly of the phenolics and polyphenolics com-
pounds and ascorbic acid. While berry plants can synthesize ascorbic acid via 
multiple pathways, present concentrations vary signifi cantly among berries and 
contents data is not complete for all berries. 

  Phenolics and polyphenolics are a large and chemically diverse class of anti-
oxidant compounds found in most fruits [18] . They include the anthocyanins, 
the fl avonols (e.g., quercetin), fl avanols, ellagic acid derivatives such as ellagi-
tannins and ellagic acid itself, and stilbenes (e.g., resveratrol). The phenolic 
content of berries depends not only on the species and variety of berry, but also 
on environmental factors and the stage of fruit. While most berries experience 
their highest concentrations of anthocyanins at ripeness, certain berries, such as 
the strawberry experience declining levels of ellagic acid as they ripen  [12] . 

   Gallotannins and ellagitannins are hydrolysable tannins that represent 
the most abundant phenols in berries  [20] . Hydrolysable tannins are rich in 
hydroxyl groups and are thus strong antioxidants and they can be hydrolyzed 
to ellagic acid. Tannins also have anti-cancer activities  [21]  however the rel-
evance of anti-cancer potential must also be tempered by an understanding of 
what is bioavailable to  in vivo  tumors. Proanthocyanidins are condensed tan-
nins, large branched molecules that result from the polymerization of fl avan-
3-ols. Flavan-3-ols are reduction of anthocyanidins and leucoanthocyanidins. 
Berry proanthocyanidins have been linked to prevention of urinary tract infec-
tions, cataracts, diabetes, and colon cancer             [22–26] ; however, much of this 
research has been conducted in vitro  and in animal studies where it is not clear 
that proanthocyanidin or their metabolites are responsible for observed effects. 

   Another group of phenolic fl avonoids abundant in berries belonging to 
the class termed anthocyanins and are the components of berries responsi-
ble for their color. In plants anthocyanin pigments are glycosylated forms of 
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aglycone base structures defi ned as anthocyanidins. Anthocyanidins structures 
confer particular colors: cyanidins are red, delphinidins are blue, pelargonidins 
are red-purple. The glycosylated forms exist in various ratios in berry fruits 
resulting in the endless hues observable in various berries. Blueberries   and bil-
berries are rich in cyanidins and delphinidins and are blue  [27]  while other ber-
ries such as the strawberry, rich in pelargonidins, are red in color  [28] . Other 
fl avonoids found in berries include catechin, quercetin, and kaempferol. 

   Another phenolic in the stilbene class, resveratrol, has received notoriety 
lately for its ability to mimic caloric restriction in mice on high caloric diets 
and its presence in wine. Resveratrol is not only present in grape berry, but 
is also present in other berries and a growing body of evidence points to its 
potential as an anti-cancer agent. 

   As with any living organism, many phenolic acids have been identifi ed in 
berries. Berries also contain high levels of other compounds believed to reduce 
malignant transformation, including the B vitamins, such as folic acid, essen-
tial minerals such as calcium and selenium.  

    CURRENT THEORIES REGARDING CHEMOPROTECTION AND 
ANTI-TUMORIGENIC PHYTOCHEMICAL COMPOUNDS 

  The concept of chemoprevention was fi rst forwarded by Sporn in 1979  [29]  and 
has since blossomed into a fi eld of molecular research examining the ability of 
natural and pharmacologic chemicals to not only to prevent, but also to cure 
cancer. In the current era of molecular drug development, the National Cancer 
Institute (NCI) has encouraged development of highly specifi c, targeted therapies 
for the treatment of cancer. Recent advances in our understanding of the genetic 
and molecular changes involved in the progression of malignant cells have accel-
erated development of targeted drugs to treat specifi c tumors. However, to date 
only a modest clinical benefi t, limited to subsets of patients, has been demon-
strated. Furthermore, despite a high degree of target selectivity, the use of targeted 
therapies often is associated with systemic toxicity [30] . Meanwhile, although 
funded to a lower level, research has proceeded on the anti anti-cancer activity of 
naturally occurring molecules [31] . In most cases, when an epidemiologic asso-
ciation is observed between a food and reduction in incidence of cancer, the next 
steps in the research effort generally involve separation of putative bioactive com-
ponents and investigation of the effects of these components in cell culture and 
animal model. To some degree this effort to determine chemopreventive effects 
depends heavily on what markers or measures of anti-cancer mechanism is cho-
sen. To qualify as a chemopreventive compound a phytochemical must either 
prevent cancer initiation by enhancing genomic stability, preventing carcinogens 
from reaching and activating their cellular targets, or suppress cancer cell growth. 

  Cancer initiation can be prevented via antioxidant mechanisms that scaveng-
ing reactive oxygen and nitrogen species and limiting the extent of oxidative 
damage to DNA and other critical cellular mechanisms or by enhancing repair of 
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damaged DNA. Initiation can also be prevented by altering the uptake, metabo-
lism and clearance of carcinogen by enhancing detoxifi cation. Once initiation 
has occurred, cancer promotion and progression can be inhibited by disrupt-
ing pre-neoplastic signal transduction, transcriptional regulation, and cell cycle 
regulation and/or by establishing (or re-establishing) apoptotic cell death  [32] . 
Cancer cells show increased reactive oxygen species (ROS) production and this 
trait has been linked to genomic instability and cancer initiation and progres-
sion [33] . The theory of ROS induced cancer raises the question of the corol-
lary. Dietary antioxidants may present a means of chemoprevention by lowering 
ROS and protecting cells from cancer  [34] . While the oxidative stress theory fi rst 
brought investigators to investigate berry phytochemicals as anti-cancer agents, 
the evidence demonstrating that consumption of berries can reduce oxidative 
stress in vivo  is mixed with null and positive effects          [35–37] . 

  Most of the literature supporting the effi cacy of any oxidants against cancer 
is based on in vitro  studies and from chemical carcinogen induced tumor animal 
models [38] . Much of this literature has been recently reviewed in light of the 
potential for berry phytochemicals to act as cancer chemotherapeutic agents by 
protecting against genomic instability  [39] . Unfortunately, much of the research 
on phytochemicals conducted in vitro  was done without consideration of the bio-
availability and metabolism of the phytochemicals examined. Many plant phy-
tochemicals are not absorbed by animal or human subjects at levels that have 
been studied in vitro . The compounds that do exert anti-carcinogenic effects at 
realistic doses may be responsible for the effects seen by berries and other phe-
nolic rich foods; however, much more research is required to verify the  in vivo
effects of individual compounds. It should be highlighted that synergistic effects 
between multiple compounds may be responsible for effects observed by whole 
berries or extracts where effects are not observed (or below observable limits) 
for individual berry components. 

   In light of the fact that berries possess predominently water soluble anti-
oxidants or polyphenolic antioxidants with relatively low bioavailability, the 
question has been raised about how effectively dietary antioxidants compete 
with endogenous antioxidants in vivo  as direct radical quenchers. 

   Plant polyphenolic, and especially fl avonoids such as anthocyanins, are 
excellent antioxidant  in vitro ; however,  in vivo , their more important chemo-
protective role may be as modulators of signal transduction pathways, gene 
regulation, and regulators detoxifying enzymes (e.g., glutathione  S -transferase 
(GST), NADPH (nicotinamide adenine dinucleotide phosphate): quinone oxi-
doreductase and heme oxygenase) [40] . An excellent review of the effects of 
fl avonoids on mammalian cells is presented by Middleton  et al .  [41]  including 
chemoprotective effects citing studies of mutagenicity, anti-carcinogenic and 
apoptotic effects, anti-proliferative activity, effects on differentiation, adhesion, 
metastasis, heat shock proteins, multidrug resistance, and xenobiotic metabo-
lism. Middleton et al . also extensively review studies of fl avonoid effects on 
enzyme systems, many directly relevant to carcinogenesis and infl ammation. 
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  An example of the effects phytochemicals can have is found in the modu-
lation of the antioxidant response element or electrophile responsive element 
(ARE/EpRE). Detailed studies of the detoxifi cation enzymes revealed the exist-
ence of the ARE, a DNA sequence regulating the cellular response to many che-
mopreventive agents as well as the response of cells to changes in redox status 
 [42] . Many of the phytochemicals in berries, especially the fl avonoids, activate 
different pathways resulting in ARE modulation of numerous chemoprotec-
tive genes, including the pro-infl ammatory cyclooxygenase 2 (COX2) gene. 
The PKC (protein kinase C), PI3K, MAPK (mitogen-activated protein kinase), 
JNK (c-Jun NH 2 -terminal kinases) pathways can all be affected by berry phyto-
chemicals [43]  and all these pathways can modify the relationship between the 
transcription factor Nrf2 and Keap1, its negative regulator initiating transloca-
tion of Nrf2 to the nucleus activating the ARE  [44] . Other pathways affected in 
phytochemicals chemoprotection are reviewed elsewhere  [45] . 

     IN VITRO EVIDENCE OF BERRY CHEMOPREVENTION 

   Carcinogenesis begins with alteration of the genomic stability in the process 
of initiation leading to mutagenesis. Damage to DNA induced by carcinogenic 
compounds, their reactive metabolites, or reactive oxygen and nitrogen spe-
cies results in mutations of critical genes regulating proliferation, cell death, 
or apoptosis. These mutations are exacerbated by damage to the DNA repair 
mechanisms themselves. The inevitable result of un-repairable damage to these 
genes is loss of cell death capability and cancer proliferation. Strong evidence 
exists from  in vitro  studies that berries can intervene in many of the mecha-
nisms of cancer at multiple stages in cancer development and there are several 
reviews of these effects for individual berries          [46–48] . 

   Strawberry, blueberry, and raspberry extracts induce cell death in breast 
and cervical cancer cell lines [49]  and their juices are more potent inhibitors 
of chemically induced mutagenesis than are juices of many other berries  [50] . 
Blackberry juice and purees have also been shown to inhibit mutagenesis  [51]
via the in vitro  Ames test, a relatively reliable  in vitro  indicator of  in vivo  che-
moprotective potential. Further tests of blackberries however have shown that 
there is a high degree of variability in anti-mutagenic potency even within vari-
eties or cultivars within a species  [52] . These differences are linked to phyto-
chemical content and may vary with soils, microclimate, cultivation practices, 
and stage of ripeness. For example, a difference in the  in vitro  ability to inhibit 
proliferation has been suggested between organically and conventionally culti-
vated strawberries that was attributed to their antioxidant levels  [53] . 

   Both extracts and individual berry phytochemicals have been examined 
for their anti-mutagenic qualities. Some of these in vitro experiments clearly 
point to the existence of synergistic effects between berry components in che-
moprotection. Cranberry phenolics, ellagic acid, and rosmarinic acid have 
synergistic interactions in inhibiting chemically induced (sodium azide and 
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N-methyl-N′-nitro-N-nitrosoguanidine) mitogenesis in a Salmonella typhimu-
rium tester system against the mutagens whereas ellagic acid and rosmarinic 
acid were equally effective in protecting the DNA from oxidative damage  [54] . 
Ellagic acid and rosmarinic acid enhanced the anti-mutagen activity of cran-
berry phenolics suggesting that these compounds may protect cells from muta-
tions by modulating DNA repair systems. 

   A few  in vitro  and  in vivo  studies have demonstrated anthocyanins abil-
ity to reduce cancer cell proliferation and to inhibit tumor formation         [55–57] . 
Berry anthocyanins anti-carcinogenic properties appear to stem from their 
ability to affect multiple mechanisms, including inhibition of cyclooxygenase 
enzymes (such as COX2) and blocking activation of a MAPK pathway  [58] . 
Anthocyanins are phytochemical components that are present in all berries 
and although the individual components, concentrations, and ratios may vary 
between berries, their presence may contribute to the overall potential of any 
berry’s anti-carcinogenic properties. 

   Strawberry extracts containing high antioxidant activity levels of the 
enzymes glutathione peroxidase, superoxide dismutase, guaiacol peroxidase, 
ascorbate peroxidase, and glutathione reductase have been shown to inhibit 
proliferation of a human lung epithelial cancer cell line and inhibit tetrade-
canoylphorbol-13-acetate (TPA) or ultraviolet-B (UVB) induced activator 
protein-1 (AP-1) and nuclear factor-kappaB (NF- κ B) when applied to JB6 P �

mouse epidermal cells in vitro   [59] . The implication of down-regulation of 
AP-1 and NF- κ B activities is the blockade of MAPK signaling, and suppress-
ing cancer cell proliferation and transformation. 

  Organic extracts of black raspberries have also been shown to inhibit 
benzo(a)pyrene (BaP)-induced cell transformation  in vitro  via inhibiting AP-1 
and NF- κ B transactivation in mouse epidermal JB6 Cl 41 cells mediated via 
inhibition of MAPK activation and inhibitory subunit B phosphorylation, 
respectively  [60] . None of the fractions was found to affect p53-dependent 
transcription activity. In view of the important roles of AP-1 and NFB in tumor 
promotion/progression, these results suggest that the ability of black raspberries 
to inhibit tumor development may be mediated by impairing signal transduc-
tion pathways leading to activation of AP-1 and NFB. The methanolic fraction 
appears to be the major fraction responsible for the inhibitory activity of black 
raspberries. Experiments with components of black raspberries, ellagic acid, 
ferulic acid, and β -sitosterol, as well as with ethanolic extracts of black raspber-
ries have demonstrated that components within black raspberries can inhibited 
the growth of premalignant and malignant oral cells  [61] . Evidence was pre-
sented suggesting that these effects on cell proliferation of premalignant and 
malignant human oral cells may involve specifi c berry components that inter-
fere with aberrant signaling pathways regulating cell cycle progression. 

  Similarly, blackberry extracts inhibit 12- O -tetradecanoylphorbol-13-acetate 
(TPA) induced proliferation of cancer cells and neoplastic transformation of a 
human lung cancer cell line, A549 and blackberry extract pretreatment of these 
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cells inhibits 8-hydroxy-2 � -deoxyguanosine (8-OHdG) formation induced by UVB 
irradiation [62] . Furthermore, blackberry extract blocked UVB- or TPA-induced 
phosphorylation of extracellular signal-regulated protein kinases and (JNK), but 
not p38 kinase. These results indicated that an extract from fresh blackberry may 
inhibit tumor promoter-induced carcinogenesis and associated cell signaling. 
The chemopreventive effects of blackberry may be via blockade of ROS-mediated 
AP-1 and MAPK activation. 

  In experiments using human breast cancer MCF-7 cells, cranberry extracts 
possessed the ability to suppress proliferation and evidence has been presented 
that partly attribute this effect to both the initiation of apoptosis and the G1 
phase arrest [63] . Observation that cranberry presscake (the material remain-
ing after squeezing juice from the berries) fed to mice bearing human breast 
tumor MDA-MB-435 cells decrease the growth and metastasis of tumors led 
to examination of cranberry anti-tumor activity in other tumor types.  In vitro
experiments showed varying degrees of inhibition of proliferation by a cran-
berry fl avonoid extract fraction in the androgen-dependent prostate cell line 
LNCaP and DU145, the estrogen-independent breast line MDA-MB-435, the 
breast (MCF-7), skin (SK-MEL-5), colon (HT-29), lung (DMS114), and brain 
(U87) cell lines [64] . Experiments in MDA-MB-435 cells demonstrated block-
ade of cell cycle progression and induction of apoptosis as the likely mecha-
nisms responsible for these effects. The dried extracts and fl avonoid fractions 
of blueberries show anti-proliferation and apoptotic activities toward HT-29 and 
Caco-2 cells. Flavonol, tannin, and anthocyanin fractions inhibited cell prolifer-
ation better than did the phenolic acid fraction; however, the anthocyanin frac-
tion also increased DNA fragmentation, indicating the induction of apoptosis. 
These fi ndings suggest that blueberry intake may reduce colon cancer risk  [65] . 

  Different fractions of phenolic compounds in blueberries and muscadine 
grapes have been investigated for their effects on HepG2 liver cancer cell viabil-
ity and apoptosis [66] . Polyphenols were extracted from four cultivars of each 
berry species and further separated into phenolic acids, tannins, fl avonols, and 
anthocyanins fractions. The phenolic acid fractions both muscadine grapes and 
blueberries inhibited HepG2 cell proliferation. Once again, however, the greatest 
inhibitory effects were observed from the anthocyanin fractions. Flavonol and tan-
nin fractions did show anti-proliferative activities. Anthocyanin fractions of both 
berries increased DNA fragmentation compared to control suggesting that both 
blueberries and grapes may contribute to reduction in liver cancer risk. Another 
group found a different active anti-cancer ingredient in muscadine grapes effec-
tive against a different human cancer cell line. Four polyphenolics fractions of the 
muscadine grape extracts, (1) an ellagitannin-rich fraction, (2) a free ellagic acid 
and fl avonoids fraction, (3) an anthocyanin, and (4) an ellagic acid glycosides 
fraction had inhibitory effects on vital cell parameters. These effects correlated 
with the ellagic acid glycosides and fl avonoids and also to the antioxidant capac-
ity. The investigators concluded that the anti-cancer properties of red muscadine 
juice were related to ellagic acid components within the grapes [67] . 
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   Extracts of six commercial berries, blackberry, black raspberry, blueberry, 
cranberry, red raspberry, and strawberry, have been evaluated for their abil-
ity to inhibit the growth of human oral (KB, CAL-27), breast (MCF-7), colon 
(HT-29, HCT116), and prostate (LNCaP) tumor cell lines at concentrations 
ranging from 25        μ g/ml to 200  μ g/ml  [68] . A dose-dependent inhibition of cell 
proliferation in all of the cell lines was observed. The berry extracts were also 
shown to induce apoptosis in Ht-29 colon cancer cells with black raspberry 
and strawberry extracts showing the most potency. 

   Fractionated extracts of four  Vaccinium  species (lowbush blueberry, bil-
berry, cranberry, and lingonberry) show anti-carcinogenic properties  in vitro
by inducing the phase II xenobiotic detoxifi cation enzyme quinone reduct-
ase and inhibiting tumor promoter phorbol 12-myristate 13-acetate induction 
of ornithine decarboxylase  [69] . In these  in vitro  experiments components of 
the hexane/chloroform fraction of bilberry and of the proanthocyanidin frac-
tion of lowbush blueberry, cranberry, and lingonberry exhibit potential anti-
carcinogenic activity as evaluated by  in vitro  screening tests. 

  High molecular weight tannins of proanthocyanidin-rich fractions from both 
wild and cultivated blueberries have inhibitory effects  in vitro  on the prolifera-
tion of prostate cancer cells. While different proanthocyanin fractions from wild 
and cultivated blueberries showed different activities, in general proanthocy-
anins suppressed proliferation of the androgen-sensitive prostate cancer cell 
line, LNCaP, but are even more effective at inhibiting the androgen insensitive 
prostate cancer cell line, DU145  [70] . Questions remain regarding the bioavail-
ability of tannins and proanthocyanins to tissue tumor sites. While the amount 
day intake of proanthocyanidins from berries and other plant sources generally 
represents an amount twice that of other fl avonoids, the bioavailability of proan-
thocyanidins above the dimer level is improbable.  In vitro  effects of proanthocy-
anidins must be tempered by the realization that they are unlikely to have effects 
in tissues where delivery to an active site in interstitial space is required. 

   Another important anti-cancer therapeutic property of berries and berry 
components derives from their ability to inhibit angiogenesis. Angiogenesis, 
while essential during growth, development and normal wound healing, is 
also necessary to the process of tumor growth and malignancy. Cancer cells 
secrete growth factors such as vascular endothelial growth factor. Tumors can-
not grow without a blood supply and stimulation of new capillaries is essential 
to their growth and to formation of additional tumors resulting in the proc-
ess of malignancy. Berry extracts of strawberry, bilberry, wild blueberry, cran-
berry, elderberry, and raspberry seeds inhibit angiogenesis by inhibiting tumor 
necrosis factor-alpha (TNF- α ) induced VEGF expression in human HaCaT 
keratinocytes  [71] . Using a matrigel assay this study also showed that edible 
berries impair angiogenesis in human dermal microvascular endothelial cells. 
Black raspberry extracts are also anti-angiogenic in a human tissue-based 
in vitro  fi brin clot angiogenesis assay. Assay-guided fractionation of a crude 
black raspberry extract identifi ed one of the active compounds as gallic acid. 
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However, individual subfractions were not as potent as the original extract 
implying multiple active ingredients that may be additive or synergistic in their 
anti-angiogenic effects  [72] . 

  Lately, interest is growing in the effects of microfl ora on phytochemical 
constituents of foods and the consequent health implications. Interestingly, 
the bacteria Serratia vaccinii, isolated from blueberry microfl ora, is capable of 
increasing the antioxidant capacity of berry juices by increasing its phenolic 
content. Saskatoon berry, cranberry, strawberry, and grape wines co-fermented 
with Serratia and wine yeast in anaerobic fermentations were high in antioxi-
dant activity and strongly inhibited activated-macrophage NO (nitric oxide) 
production and induced tumor necrosis factor-alpha production  [73] . It remains 
to be determined if this effect extends to other cell types, and its implication for 
cancer is unclear. This data does bring forward the concept that berry phyto-
chemicals that are consumed, are also available to gastrointestinal (GI) micro-
fl ora that can alter and metabolize them, generating bioavailable compounds 
that have not been thoroughly investigated. 

    PHYTOCHEMICALS IN VITRO AND IN VIVO 

In vitro  studies have generally employed berry extracts or individual berry chemi-
cal components used at μ g/ml concentrations. These concentrations are far higher 
than the concentrations either expected or found  in vivo . Nevertheless, some of the 
activities observed  in vitro  have been observed in animal studies. As cited above, 
the potential chemopreventive activities include reduced proliferation, increased 
apoptosis, and cell cycle arrest in tumor cells, down-regulation of expression and 
activity of infl ammatory enzymes and signaling pathways and enhancement of 
carcinogen detoxifi cation pathways. Strawberry and saw palmetto berry extract 
have been shown to inhibit COX enzymes  in vitro  in prostate cancer cells sug-
gesting berry components could modulate the infl ammatory process  [74]  yet there 
is insuffi cient research conducted to date to verify that these effects exist  in vivo . 
In many cases there is disconnect between the concentrations required to produce 
these effects  in vitro  and the levels of compounds reaching tissues  in vivo . There 
are, however, several points that must be kept in mind. Bioavailability of all berry 
phytochemicals to the various tissues has not yet been thoroughly investigated 
 [75]  and when phytochemicals are absorbed they are metabolized. Many of the 
in vitro  anti-cancer studies were conducted using compounds that are not physio-
logically relevant. For example, no study to date has identifi ed the aglycone 
anthocyanidins in plasma much less tissues. Studies have identifi ed the original 
plant anthocyanins and the animal produced glucuronide and/or methylated metab-
olites in circulation              [76–80] ; however, currently there is little direct evidence of 
anthocyanin aglycones existing in the circulation or urine of humans  [78] . The 
absorption, metabolism and pharmacokinetics of anthocyanins have been recently 
reviewed  [81]  and as is the case for many berry phytochemicals, basic aspects of 
their absorption and metabolism need to be more fully investigated. Furthermore, 
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little or nothing is known about the biological activity of individual metabolites. 
Another point to keep in mind involves the concept of biological synergy of pho-
tochemical compounds [82] . The concept has been forwarded to explain why 
combinations of natural phytochemicals acquired through whole-food consump-
tion in fruits and vegetables show health benefi ts not seen in the individual com-
ponents at physiologically relevant concentrations. 

     IN VIVO EVIDENCE OF BERRY CHEMOPREVENTION 

  Nitric oxide is now recognized as playing important roles in cancer etiology and 
progression and it can infl uence the outcome of cancer treatment. It is synthe-
sized by the action of nitric oxide synthases on the amino acid arginine. Nitric 
oxide plays a role in production of nitrite and important signal regulator in mam-
malian cells [83] ; however, it can also react with other oxygen radicals produc-
ing peroxynitrite, nitrogen dioxide, and dinitrogen trioxide, highly damaging 
reactive nitrogen species. These are potent inducers of apoptosis and necrosis. 
However, they can also inhibit DNA repair mechanisms, leading to mutation and 
carcinogenesis. There is clear evidence that administration of competitive inhibi-
tors of nitric oxide synthetase can signifi cantly slow the growth of solid tumors 
in rodent models. Both inhibition and over-production of nitric oxide can pro-
vide strategies for cancer therapy and these have been reviewed  [84] . 

In vitro  and  in vivo  experiments have been conducted to investigate berry 
inhibition of nitrosation. When whole strawberries were provided immediately 
after an amine-rich diet with a nitrate, N -nitrosodimethylamine (NDMA) excre-
tion in humans was decreased by 70% compared to ingestion of an amine-rich 
diet with a nitrate [85] . These results suggest that consumption of whole straw-
berries can reduce endogenous NDMA formation. In vivo , dietary freeze-dried 
strawberries have been shown to possess the ability to inhibit NMBA-induced 
tumorigenesis in the rat esophagus [86] . Rats consuming diets containing 5 and 
10% freeze-dried strawberries experienced reductions in esophageal tumor mul-
tiplicity of over 50% with the higher dose compared to control diet fed animals. 
In further studies of arylalkyl isothiocyanates inhibition of NMBA-induced 
tumorigenicity and DNA methylation, freeze-dried strawberry preparation were 
not as effective as phenylpropyl isothiocyanate or phenylethyl isothiocyanate in 
inhibiting NMBA-induced esophageal carcinogenesis in the F344 rat esophagus 
 [87] . The chemopreventive activity of the strawberries could not be attributed 
solely to the ellagic acid content of the berries. 

  Reduced glutathione ( L -gamma-glutamyl- L -cysteinyl-glycine, GSH) is the 
prevalent low-molecular weight thiol in mammalian cells and the primary endog-
enous defence molecule against oxidative radical damage, and plays critical roles 
in detoxifi cation and cell signaling (involved in the regulation of gene expression, 
apoptosis, and cell proliferation). Two enzymes are responsible for GSH synthe-
sis, γ -glutamylcysteine synthetase and glutathione synthetase. Alterations in GSH 
concentrations been demonstrated to be a common feature of many pathological 



Chapter | 17 Berries and Cancer 361

diseases, including cancer. GSH modulation has been recently to modulate redox-
sensitive components of signal transduction cascades  [88] . 

   Transgenic mice expressing luciferase controlled by the  γ -glutamylcysteine 
synthetase heavy subunit promoter were used to investigate the effects of berry 
juices or extracts on  γ -glutamylcysteine synthetase. Transgenic mice fed berry 
juices or extracts or ellagic acid showed upregulation of  γ -glutamylcysteine 
synthetase via change in GCSh promoter activity  [89] . The experiments 
showed that there were responders or nonresponders among the animals. Thus 
berry consumption can lead to in vivo  induction of  γ -glutamylcysteine syn-
thetase, a protective enzyme that is chemopreventive. 

   As previously mentioned, activation of MAPK pathways has been impli-
cated in cell migration, proteinase induction, apoptosis, and angiogenesis, that 
is events involved in tumorigenesis and metastasis  [90] . Different kinases in 
the MAPK family including JNK, p38, and ERK regulate cell migration via 
distinct mechanisms. Inhibition of MAPK pathways and pro-carcinogenic 
mechanisms mediated by AP-1, NF- κ B, and COX2 by berry extracts and berry 
phytochemical components may contribute to the suppression of tumor cell 
proliferation and metastasis in vivo . In a combination of  in vitro  and  in vivo
experiments in rodents, the berry anthocyanin cyanidin-3-glucoside (C3G) 
has been shown to exhibits chemoprevention and chemotherapeutic activities 
by interfering with signal transduction via AP-1, MAPK, NF- κ B, COX2, and 
TNF-α   [91] . 

   The ability of berry extracts and phytochemicals to modulate TNF- α  and 
other signal transduction pathway components  in vitro  and  in vivo  suggest 
strongly that they may also inhibit angiogenesis in animals. Hemangiomas 
represent a powerful model to study  in vivo  angiogenesis. Mouse endotheli-
oma cells injected into compatible host animals proliferate to form blood vessel 
conduits that fuse with the systemic circulation, drawing blood into the heman-
gioma. Monocyte chemotactic protein 1 recruits macrophages to sites of infec-
tion or infl ammation and facilitate angiogenesis. Wild blueberry and the berry 
mix (OptiBerry) signifi cantly inhibit inducible monocyte chemotactic protein 1 
transcription and inducible NF- κ B transcription in endothelioma cells  [92]
diminishing their ability to form hemangioma. These data provide  in vivo  evi-
dence substantiating the anti-angiogenic property of edible berries. 

   Lyophilized black raspberries are also effective against NMBA-induced 
esophageal tumorigenesis in the F344 rat during both the initiation and post-
initiation phases of carcinogenesis showing similar potency as strawberries 
 [93] . Lyophilized black raspberries inhibited formation of the promutagenic 
adduct O6 -methylguanine and signifi cantly reduced tumor incidence and mul-
tiplicity, proliferation indices and preneoplastic lesion formation. 

   Blueberries, un-like strawberries and black raspberries, are not able to 
inhibit NMBA-induced tumorigenesis in the rat esophagus  [94] . They differ 
from strawberries and black raspberries, however, in that they contain only 
small amounts of the chemopreventive agent ellagic acid. Blueberries did not 
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reduce the formation of NMBA-induced  O6 -methylguanine adducts in esopha-
geal DNA when fed at 10% of the diet. 

   Of the alimentary tract cancers, therapeutic protocols against oral cavity 
cancers are perhaps the most ineffective. Using a hamster cheek pouch model, 
black raspberries have been shown to inhibit 7,12-dimethylbenz(a) anthracene 
(DMBA)-induced oral cavity tumors  [95] . The mechanisms for the observed 
effects of black raspberries on chemically induced oral and esophageal can-
cer appear to be mediated by down-regulation of COX2, inducible nitric oxide 
synthase, and c-Jun [96] . 

  Further down the alimentary tract, lyophilized black raspberries had effects 
on azoxymethane (AOM)-induced aberrant crypt foci, colon tumors, and uri-
nary 8-hydroxy-2 � -deoxyguanosine (8-OHdG) levels in male Fischer 344 rats 
 [97] . Aberrant crypt foci multiplicity decreased in berry fed animals relative to 
the AOM only group. Total tumor multiplicity and adenocarcinoma multiplicity 
declined and, although not signifi cant, a tumor burden was observed in all berry 
fed groups. Urinary 8-OHdG levels, a marker of DNA damage, were reduced in 
the berry fed animals. The research concerning berry effects on esophageal and 
colon cancer has recently been reviewed  [98] . 

   Research began in humans in autumn of 2006 to examine the potential ben-
efi ts of dietary black raspberries on Barrett’s esophageal cancer. This is the fi rst 
human clinical trial of dietary berries as a preventative dietary agent against 
cancer. Interim fi ndings from 10 patients suggest that daily consumption of 
lyophilized black raspberries decreases urinary excretion of two markers of 
oxidative stress, 8-epi-prostaglandin F2 (8-Iso-PGF2) and, to a lesser extent, 
8-hydroxy-2� -deoxyguanosine (8-OHdG), among patients with Barrett’s 
esophageal cancer [99] . 

  A Chinese study showed that wolfberries reduce DNA strand breakage via a 
buccal cell comet assay in a limited number of healthy humans compared with 
controls [100] . Other studies of berry consumption in humans have shown that 
Aronia, blueberry and boysenberry juice decreases in oxidative DNA damage 
in blood cells [101] . However, all berries do not appear to prevent DNA dam-
age in humans. Human consumption of blackcurrant juice for 3 weeks resulted 
in an increase in oxidative DNA damage when compared to control subjects 
 [102] . While controversial, it has been suggested that the high vitamin C con-
tent of blackcurrant juice (210 mg/l) was acting as a pro-oxidant as blackcur-
rant anthocyanins alone was neither protective nor did it cause increased DNA 
damage. Other berry supplementation studies using cranberries  [103]  or blue-
berries [104]  at nutritionally relevant levels also showed no reductions in DNA 
damage. The ability of berries or their extracts to prevent genomic instability by 
diminishing DNA damage has not been unequivocally proved in humans. 

  To date relatively few of the bioactive compounds identifi ed in berries have 
proceeded to clinical trials for cancer prevention          [105–107] . Indeed there are 
currently only half a dozen trials of any phase listed at  http://www.cancer.
gov/clinicaltrials   [108]  being conducted in the United States using either fruit 
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extracts or components identifi ed as active components from them. In addition 
to that of dried raspberries mentioned above, trials are currently underway using 
mistletoe, resveratrol, grape pro-anthocyanins, and strawberries. These studies 
include phase II, phase I trial for “ Resveratrol for Patients With Colon Cancer, ”  
a phase I  “ Study of Resveratrol in Patients With Resectable Colorectal Cancer, ”  
a phase I “ Biomarker Study of Dietary Grape-Derived Low Dose Resveratrol 
for Colon Cancer Prevention, ”  a phase II  “ Randomized Study of Fruit and 
Vegetable Extracts in Patients With Stage I-IVB Head and Neck Cancer, ”  a 
phase I “ Pilot Chemoprevention Study of IH636 Grape Seed Proanthocyanidin 
Extract in Healthy Postmenopausal Women at High Risk of Developing Breast 
Cancer, ”  and a phase II randomized study of  “ Mistletoe as Complementary 
Treatment in Patients With Advanced Non-Small-Cell Lung Cancer (NSCLC), 
Treated With Carboplatin/Gemcitabine Chemotherapy Combination. ”

    CONCLUSIONS 

In vitro  and  in vivo  evidence suggests that lyophilized berries, berry extracts, 
and berry phytochemicals including proanthocyanins (or their metabolites), 
anthocyanins, other fl avonoids such as quercetin, ellagic acid, and stilbenes 
have effi cacy in preventing some cancers. Very little is known regarding the 
effects of berries on metastasis. Much more research is necessary to understand 
the bioavailability, tissue distributions, and metabolism of berry phytochemi-
cals. Research to date suggests that different berries may possess different effi -
cacies against different cancers. A high degree of synergy exists between berry 
phytochemicals in their chemoprotective activities and this is likely driven by 
actions that modulate a variety of pathways affecting carcinogenesis and pro-
carcinogenic mechanisms such as infl ammation and angiogenesis. 

   There is a defi cit of animal studies examining the effects of dietary ber-
ries on breast and colon cancer. No studies have yet investigated the degree to 
which berry phytochemicals will complement or interfere with current chemo-
therapy protocols.  
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          Abstract 

   Flavonoids are considered as health promoting, disease preventing dietary supplements 
and are focus of much current nutritional and therapeutic interest. They are found ubiq-
uitously in higher plants with variable phenolic structures. Epidemiological,  in vitro  and 
animal studies indicate that fl avonoids exert protection against cardiovascular diseases. 
Flavonoids possess the bioactivity to benefi cially affect the cardiovascular risk factors 
such as lipoprotein oxidation, dyslipidemia, endothelial dysfunction and blood platelet 
aggregation. The cardioprotective effect of fl avonoids can be attributed to its antioxi-
dant, antithrombogenic, and lipid lowering properties and also its effect on promot-
ing endothelial function. This chapter is to provide an overview of the recent research 
developments on the protective effect of fl avonoids, particularly tea fl avonoids on car-
diovascular health. Though many experimental evidences on fl avonoids are promising, 
substantial studies are still required to prove the effectiveness for cardiovascular dis-
ease prevention and/or treatment and further understand the mechanism underlying this 
action of fl avonoids.  

Keywords:  Flavonoids, tea, dyslipidemia, oxidative stress, platelets, endothelial dys-
function, cardiovascular disease 

    INTRODUCTION 

   Flavonoids are a ubiquitous group of naturally occurring polyphenolic com-
pounds characterized by the fl avan nucleus and represent one of the most prev-
alent classes of compounds in fruits, vegetables and plant-derived beverages. 
More than 8000 compounds with fl avonoids structure have been identifi ed, 
many of which are responsible for the attractive colors of fl owers, fruits and 
leaves. In plants, these compounds afford protection against ultraviolet radia-
tion, pathogens, and herbivores        [1, 2] . 
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   Flavonoids are considered as health promoting and disease preventing 
dietary supplements. Epidemiological, clinical and animal studies reveal that 
fl avonoids may exert protective effects against various disease conditions 
including cardiovascular disease and cancer. Flavonoids also possess antibac-
terial, antiviral, and anti-infl ammatory effects. Population studies have shown 
that fl avonoid intake is inversely correlated with mortality from cardiovascu-
lar disease           [3–6] . Flavonoids have been reported to benefi cially impact param-
eters associated with atherosclerosis, including lipoprotein oxidation, blood 
platelet aggregation, and vascular reactivity. Antioxidant, antithrombotic, anti-
infl ammatory, and hypolipidemic properties are illustrated to play a signifi -
cant role in the lower cardiovascular mortality observed with higher fl avonoid 
intake          [4, 5, 7] . Thus recently fl avonoids are the focus of much current nutri-
tional and therapeutic interest. 

   Continued studies of the mechanisms underlying the biological effects of 
plant fl avonoids may provide new strategies for the prevention and treatment 
of cardiovascular disease. A thorough knowledge and understanding about fl a-
vonoids and their health benefi ts will help establish the dietary recommenda-
tions for fl avonoids. This chapter provides an overview of recent developments 
on the biological activities responsible for the cardioprotective effect of fl a-
vonoids. Though variety of fl avonoids play signifi cant role in cardiovascular 
diseases, this article will specifi cally focus on tea fl avonoids.  

    STRUCTURE AND CLASSIFICATION 

   Flavonoids are benzo- γ -pyrone derivatives consisting of phenolic and pyrane 
rings and are classifi ed according to substitutions  [3] . Flavonoids have a 
common basic chemical structure as shown in  Fig. 18.1   . The structural com-
ponents common to most of the fl avonoids include basic fl avonoid skeleton 
and various combination of multiple hydroxyl and methoxyl group substitu-
ents. All of the major classes of fl avonoids are comprised of three six-mem-
bered rings: an aromatic A-ring fused to a heterocyclic C-ring that is attached 
through a single carbon–carbon bond to an aromatic B-ring. Flavonoids differ 
in the arrangements of hydroxyl, methoxyl, and glycosidic side groups, and in 
the conjugation between the A- and B- rings. Based on specifi c structural dif-
ferences, fl avonoids are classifi ed into six major classes: fl avonols, fl avones, 
fl avanones, fl avanols, anthocyanidins, and isofl avones  [8] . The six main groups 

O

A C

B

FIGURE 18.1     Basic chemical structure of fl avonoids.
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of  fl avonoids with the best-known members of each group and food source in 
which they are present are listed in  Table 18.1   . The molecular structure of each 
group of fl avonoids is given in  Fig. 18.2   . The contents of the fl avonoids in 
common foods have been reported in numerous publications [2–5] and are also 
available in the United States Department of Agriculture databases. 

   The hydroxyl groups found on all three rings are potential sites for links to 
carbohydrates. Flavonoids that are bound to one or more sugar molecules are 
known as fl avonoid glycosides, whereas those that are not conjugated to sugar 
molecules are called aglycones. With the exception of fl avan-3-ols, fl avonoids 
occur in plants and most foods as glycosides. The structure complexity of fl a-
vonoids is further increased with the linking of acetyl and malonyl groups to 
the sugar conjugates. The combination of fl avonoid structures, sugars, and 
acylation contribute to their complexity and the large number of individual 
molecules ( � 5000) that have been identifi ed  [8] . 

    Tea Flavonoids 

   Tea, the dried leaves of the plant  Camellia sinensis , is a popular beverage 
consumed worldwide. It can be categorized into three types, depending on 

TABLE 18.1       Flavonoid Subclasses, Representative Dietary Flavonoids, 
and Common Food Sources  

   Flavonoid 
subclass

 Prominent dietary 
fl avonoids 

 Food sources 

   Flavanol  Catechin, epicatechin, 
epicatechin gallate, 
epigallocatechin,
epigallocatechin gallate 

 Tea, cocoa, red wines, 
chocolate, apples, hops 

   Flavone  Rutin, apigenin, luteolin, 
chrysin, diosmetin 

 Red wine, tomato skin, citrus, 
parsley, red pepper, herbs, 
cereals, vegetables 

   Flavonol  Kaempferol, quercetin, 
myricetin, rutin 

 Black tea, grape fruit, broccoli, 
onion, broccoli, tomato, tea, 
red wine, cranberry grapes, 
red wine 

   Flavanone  Naringenin, eriodictyol  Citrus fruits, peppermint, 
grapefruits

   Isofl avone  Genistein, daidzein  Legumes (e.g., soybean) 

   Anthocyanidin  Apigenidin, cyanidin  Colored fruits, cherry, 
raspberry, strawberry 
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the level of oxidation, that is green tea (non-oxidized), oolong tea (partially 
oxidized), and black tea (oxidized). Green tea manufactured by inactivat-
ing the enzyme polyphenol oxidase in the fresh leaves by either fi ring or by 
steaming, to prevent the enzymatic oxidation of catechins. Green tea is an 
excellent source of polyphenol antioxidants, known as green tea catechins. 
The important catechins of green tea are (–)-epicatechin (EC), (–)-epicate-
chin-3-gallate (ECG), (–)-epigallocatechin (EGC), and (–)-epigallocatechin-
3-gallate (EGCG). In manufacturing black tea, the leaves are crushed to allow 
the polyphenol oxidase to catalyze the oxidation, leading to polymerization of 
catechins. Theafl avins and thearubigins, are complex condensation products, 
called as derived polyphenols, generated during the processing of black tea. In 
green tea, catechins represent 80–90% and fl avonols  � 10% of total fl avonoids. 
The catechin content of black tea is only 20–30% whereas the theafl avins and 
thearubigins represent � 10 and 50–60% of total fl avonoids  [9] .

Flavanol Flavone

O

OH

O

O

Flavonol Flavanone

O

O

OH

O

O

Isoflavone Anthocyanidin

O

O

O
+

FIGURE 18.2           Molecular structure of six major fl avonoids.
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    Absorption 

  Though there are no long-term stores of fl avonoids in the body, they do con-
centrate in certain tissues at concentrations that are adequate to exert biological 
effects. The fl avonoids that are absorbed suffi ciently to exert a possible effect on 
cardiovascular parameters  in vivo  include isofl avones, fl avonols, fl avanones, and 
the fl avan-3-ols. For these fl avonoids, a dose of 50       mg would give rise to a max-
imum plasma concentration ( Cmax ) between 0.4        μ M ((–)epicatechin) and 2.5        μ M 
(genistein) [10] . Four classes of fl avonoids (fl avonols, fl avanones, isofl avones, 
and fl avan-3-ols) can be predicted to be absorbed in suffi cient amounts to exert 
biological effects even as conjugated forms  [11] . Studies indicate that catechins 
and their gut fl ora metabolites are well absorbed. The increase in plasma total 
catechin concentration is greater after ingestion of single large dose of green tea 
than one of black tea solids (equivalent to 3–6 cups), ranging from 0.6        μ mol/l to 
1.8        μ mol/l and from 0.2        μ mol/l to 0.34  μ mol/l, respectively  [12] . 

    EPIDEMIOLOGICAL STUDIES 

  Many epidemiological studies have evaluated the relationship between fl avonoid 
intake and cardiovascular disease risk            [13–16] . There is considerable evidence 
that fl avonoid consumption can reduce the risk of cardiovascular diseases and 
total mortality. In Zutphen study, which assessed 805 male subjects over a period 
of 5 years, reported that incidence of fatal and nonfatal fi rst myocardial infarc-
tion and mortality from stroke decreased signifi cantly with intake of fl avonoids, 
derived mainly from tea, in a dose-dependent manner  [15] . A follow-up of this 
study found that high intake of fl avonoids signifi cantly lowered the risk of stroke 
in study participants  [17] . In a case-control study it was reported a 44% reduc-
tion in cardiovascular risk in the individuals drinking more than one cup of tea 
per day [18] . Consistently, a cohort study demonstrated a 31% and 39% reduc-
tion in cardiovascular risk in moderate and heavy tea drinkers after adjustment of 
other risk factors  [19] . In Saudi Coronary Artery Disease Study it was found that 
those who drank more than six cups of tea per day ( � 480       ml) had signifi cantly 
lower prevalence of coronary heart disease than non-tea drinkers  [20] . A large 
Japanese population study of over 40,000 middle-aged Japanese found that those 
who drank just over to two cups (about 17 ounces) of green tea per day reduced 
their risk of death from cardiovascular disease by 22–33%, compared to those 
who drank less than a half-cup of green tea daily [21] . 

   Epidemiological studies also show that fl avonoids can improve the cardio-
vascular risk factors such as hypertension, dyslipidemia, and endothelial dys-
function and reduce the cardiovascular mortality. In a cross-sectional study, the 
consumption of 120–599       ml of green tea per day for at least 1 year reduced the 
risk of developing hypertension by 46%, compared to those subjects consum-
ing less than 120 ml/day. Consuming more than 600 ml/day reduced the risk 
by 65%  [22] . In Japanese subjects undergoing coronary angiography, it was 
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observed that there is an inverse relationship between green tea consumption 
and coronary atherosclerosis  [23] . Consumption of 8       g powdered green tea per 
day for 2 weeks was shown to enhance fl ow mediated blood vessel dilation in 
chronic smokers and it was suggested that green tea consumption may prevent 
future cardiovascular events in smokers  [24] . In a randomized, double-blind, 
placebo-controlled, cross-over study, supplementation of 300       mg EGCG daily 
for 2 weeks acutely improved brachial artery fl ow mediated dilation in sub-
jects with endothelia dysfunction. A Japanese study involving 1371 men older 
than 40 years of age reported the association between the consumption of � 10 
cups (1500       ml) of green tea a day with a decreased serum concentration of 
total cholesterol, LDL, and triglycerides, and with an increased HDL concen-
tration  [25] . In clinical study it was found that regular ingestion of tea resulted 
in a signifi cant and consistent increase in endothelium-dependent and endothe-
lium-impendent blood vessel dilation  [26] . Although many studies suggest the 
benefi cial effect of fl avonoids on cardiovascular risk, few studies indicate that 
there is no signifi cant inverse relationship between fl avonoids intake and car-
diovascular disease        [16, 27] . This discrepancy could be due to the differences 
in fl avonoid doses used, treatment duration, ages of subjects and other experi-
mental conditions.  

    BIOCHEMICAL MECHANISMS 

   Cardiovascular disease is multifactorial involving oxidative stress, abnormali-
ties in lipid profi le, disturbances in vascular tone, and platelet aggregation. 
Flavonoids were reported to improve these abnormalities and improve the 
markers of cardiovascular health by several mechanisms. 

    Antioxidant Effect 

   The pathological mechanisms involved in cardiovascular diseases include the 
generation of supraphysiological levels of reactive oxygen species (ROS). ROS 
cause deleterious effects on cellular membrane and internal structure which 
alter the cardiac metabolism and contribute to the onset of cardiovascular dis-
ease. To reduce the oxidative stress and to maintain redox homeostasis humans 
have endogenous and exogenous mechanisms. Dietary fl avonoids including tea 
have been largely studied for their strong antioxidant capacities and are consid-
ered as an important endogenous antioxidant. The best described property of 
almost every group of fl avonoids is their capacity to act as antioxidants  [2–5,
28] . The antioxidant effects are reported to be a primary mechanism that medi-
ates the cardioprotective role of tea  [6] . It is well documented that fl avonoids 
can exert both direct and indirect antioxidant effects on cardiovascular system 
         [6, 29, 30] . Flavonoids present antioxidant activity through scavenging free 
radicals, chelating redox active transition metal ions, inhibiting redox sensitive 
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transcription factors, inhibiting pro-oxidant enzymes and inducing antioxidant 
enzymes       [3–6, 29] .

   An increase in plasma antioxidant capacity after consumption of fl avonoids 
especially green or black tea was reported using different assay systems  [31] . 
Consumption of green tea and encapsulated green tea extracts for 1–4 weeks 
has been demonstrated to decrease biomarkers of oxidative status  [32] . Green 
tea consumed within a balanced controlled diet was shown to improve over-
all the antioxidative status and to protect against oxidative damage in humans 
 [33] . Accordingly, a signifi cant increase in plasma antioxidant capacity was 
reported in humans after consumption of moderate amounts of green tea [34] . 
On the contrary, few studies reported that chronic green and black tea con-
sumption had either little or no increase in plasma antioxidant activity [31]. 
Studies show that the rise in plasma antioxidant capacity peaks about 1–2 
hours after tea ingestion and subsides shortly thereafter [32] . It was proposed 
that this could be due to limited absorption and rapid metabolism and excre-
tion of tea catechins [31] . 

   Flavonoids can be oxidized by radicals, resulting in a more stable, less-
reactive radicals. This is due to the high reactivity of the hydroxyl group of the 
fl avonoids with the reactive compound of the radicals. Therefore, fl avonoids 
can stabilize the ROS and prevent oxidative injury by directly scavenging the 
free radicals. Flavonoids can directly scavenge superoxides and highly reactive 
oxygen-derived radical peroxynitrite. Green tea catechins can act as scaven-
gers of free radicals and thereby prevent radical damage. Catechins isolated 
from green tea have been shown to scavenge (or neutralize) H 2 O 2  and O 2  gen-
erated by the xanthine–xanthine oxidase system [35] . 

   Flavonoids possess ideal structural chemistry for free radical scavenging 
activities. Due to the number and arrangements of their phenolic hydroxyl 
groups catechins are excellent electron donors and effi cient scavengers of 
free radicals such as superoxide anions, singlet oxygen, nitric oxide, and per-
oxynitrite       [31, 32] . The scavenging activity of different catechin molecules 
is related to the number of o -dihydroxyl and  o -hydroxyketol groups, C2–C3 
double bonds, concentration, solubility, the accessibility of the active group to 
the oxidant, and the stability of the reaction product       [36, 37] . Several impor-
tant features of the radical scavenging mechanism are delocalization of elec-
trons, formation of intra- and intermolecular hydrogen bonds, rearrangements 
of molecules and chelatation of metals that may be involved in oxidation        [38, 
39] . The  o -trihydroxyl group and 3-gallate esters in catechins appear to play an 
important role in antioxidant activity, radical scavenging, and preventing oxi-
dative destruction of biological compounds. EGCG is the most potent tea anti-
oxidant with four dihydroxyl groups  [36]  and its additional phenyl hydroxyl 
groups makes this gallate-containing catechin more able to donate the proton 
due to resonance delocalization [40] . 

   Tea fl avonoids can also chelate iron and copper to prevent their participa-
tion in Fenton and Haber-Weiss reaction in protecting cells against transition 
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metal-catalyzed free radical formation       [41, 42] . The o -3 � 4 � -hydroxyl group of 
the B ring and gallate moiety of gallocatechins was reported to be the metal 
binding site for catechins       [43, 44] .

   Tea catechins were shown to modulate the redox-sensitive transcription 
factors such as nuclear factor kappa B (NF- κ B) and activator protein-1 (AP-1) 
in cardiovascular cells  [45] . NF- κ B has been shown to participate and mediate 
various oxidative stress-regulated vascular events. Administration of EGCG 
during reperfusion signifi cantly decreased I κ B kinase activity resulting in 
reduction of I κ B α  degradation and NF- κ B activity. In this study, EGCG treat-
ment also reduced the AP-1 activity by diminishing phosphorylation of c-Jun 
 [46] . Oral administration of green tea catechins was reported to decrease the 
activity of NF- κ B in murine cardiac transplants  [47] . 

   The two important ROS generating enzymes are inducible nitric oxide syn-
thase (iNOS) which produce large quantities of nitric oxide upon stimulation 
of infl ammatory cells and xanthine oxidase which oxidizes hypoxanthine and 
xanthine to uric acid. Different types of cells, including endothelial cells and 
macrophages produce nitric oxide (NO). Endothelial-derived NO through the 
activity of constitutive NO synthase is important for maintaining the dilation 
of blood vessels. However higher concentrations of NO produced by iNOS 
in macrophages can cause oxidative damage. The activated macrophages to 
a great extent increase the simultaneous production of both NO and super-
oxide anions. NO reacts with free radicals, thereby producing the highly dam-
aging peroxynitrite. Peroxynitrite can directly oxidize low-density lipoprotein 
(LDLs), resulting in irreversible damage to the cell membrane. Flavonoids by 
directly scavenging the free radicals reduce the formation of peroxynitrite, 
resulting in less damage. Indeed, fl avonoids result in a reduction in ischemia-
reperfusion injury by interfering with iNOS activity and catechins were 
reported to suppress the expression of iNOS        [48, 49] . It has been hypothesized 
that NO scavenging plays a role in the therapeutic effects of tea fl avonoids. 
The xanthine oxidase metabolic pathway has been implicated as an important 
route in the oxidative damage to tissues, particularly after ischemia-reper-
fusion. During reperfusion, xanthine oxidase reacts with molecular oxygen, 
thereby releasing superoxide. Catechins were reported to inhibit the reaction 
catalyzed by xanthine oxidase and reduce the oxidative damage  [50] . EGCG 
inhibits xanthine oxidase to produce uric acid and also acts as a scavenger 
of superoxide  [51] . Therefore, the antioxidative activity of polyphenols may 
be due not only to their ability to scavenge superoxide, but also because of 
their ability to block xanthine oxidase and relative oxidative signal transducers 
 [51] . Cyclooxygenase and lipoxygenase play an important role as infl amma-
tory mediators. They are able to oxidize proteins other than their regular sub-
strates, thereby aggravating oxidative damage and tea catechins were shown to 
inhibit both types of oxygenases  [52] . Epicatechin inhibited 15-lipooxygenase 
mediated LDL oxidation more effectively than ascorbic acid or  α -tocopherol 
at similar concentration [53] . 
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   Several studies have found that catechins are able to up-regulate and/or 
activates enzymes that play important roles in cellular antioxidant defense 
mechanisms. Hairless mice given 0.2% green tea catechins increase the activity
of superoxide dismutase, catalase and glutathione peroxidase [54] . Both 
black and green tea induces the expression of catalase in aortas of spontane-
ously hypertensive rats  [28] . Administration of green tea extract (containing 
80% catechins) was shown to favorably modulate the activities of antioxidant 
enzymes such as catalase, superoxide dismutase, and glutathione peroxidase in 
the aorta and heart of diabetic rats [55] . 

   Tea catechins also have the ability to participate in vitamin E recycling and 
thus complement some of the functions of glutathione (GSH), one of the anti-
oxidant systems essential for cellular protection  [56] . The vitamin E sparing 
effect of fl avonoids was reported earlier and green tea was shown to increase 
the plasma GSH level  [57] . Several animal studies state that tea administration 
prevented a decrease in tissue GSH concentrations          [55, 58, 59] . Catechins also 
limit consumption of α -tocopherol and allow it to act as a scavenger within 
cell membranes while catechins scavenge aqueous peroxy radicals near the 
membrane surface [56]. 

   Increased lipid peroxidation has important implications for vascular dis-
ease such as atherogenesis. The markers of lipid peroxidation were shown to 
be reduced by fl avonoids in both  in vitro  and  in vivo  studies  [4] . While it is not 
completely clear which components in tea primarily contribute to this effect, 
in animal studies, tea catechins administration was shown to decrease plasma 
levels of thiobarbituric acid reactive substances (TBARS), a widely used lipid 
oxidation marker  [57] . The catechins in tea exhibit the most powerful anti-
oxidant activity, 20 times more potent than vitamin C, which may essentially 
attributable to the observed inhibitory effect of tea on lipid peroxidation  [60] . 
Consistently, a diet containing 1% tea catechins inhibited dietary polyunsatu-
rated fatty acid-induced lipid peroxidation as determined by measuring plasma 
TBARS in Wistar rats  [61] . Plasma TBARS were also lower in hamsters given 
green or black tea in their drinking water  [62] . Green tea was shown to inhibit 
lipid peroxidation in the plasma and lens of diabetic rats [63] . It was report 
that treatment with green tea for 4 weeks can reduce the lipid peroxidation in 
the aorta and heart of diabetic rats [55] . 

  While increasing evidence provides such a benefi cial effect of green 
tea extract on lipid peroxidation, adequate dosage intake and treatment dura-
tion may be important to achieve this effect in humans. Recent studies 
showed that a signifi cant 22% decrease in plasma TBARS after consumption of 
3 g/day of green tea extract (equivalent to 10 cups/day of green tea) for 4 weeks 
compared with a placebo  [64] . However no signifi cant changes in plasma TBARS 
were found in studies where volunteers consumed green tea extract equivalent to 
two cups of tea acutely or three cups of tea daily for 7 days        [65, 66] .

   LDL is by far the most studied risk factor for cardiovascular disease. At 
the fi rst stage, LDL deposits at lesion sites of the arterial wall and is subjected 
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to oxidation when protector such as tocopherols are depleted. Oxidation of 
LDL then induces modifi cations in lipoproteins, stimulates infl ammatory reac-
tions, causes monocytes and monocyte-derived macrophages to uptake oxi-
dized LDL, and ultimately leads to the formation of lipid-loaden foam cells 
and atherosclerotic plaques. These plaques protrude from the inner surface 
of the arteries, narrow the lumen, and reduce blood fl ow which leads to coro-
nary heart disease. Flavonoids including tea catechins were reported to inhibit 
the oxidation of LDL both in vitro  and in animal studies [2–5]. EGCG was 
reported to be very effective among the tea catechins in reducing the LDL oxi-
dation and has a lipoprotein bound antioxidant activity greater than tocopherol. 
Peroxynitrite, a potent oxidant generated by the reaction of NO with superox-
ide in the vascular endothelium, induces LDL oxidation and pro-infl ammatory 
cytokine mediated myocardial dysfunction        [67, 68] . Catechins could also 
decrease the peroxynitrite-induced nitration of tyrosine and protect the apoli-
poprotein B-100 of LDL from peroxynitrite induced modifi cation of critical 
amino acids, which contribute to it surface charge  [69] . The addition of fl avo-
noids to the macrophages conserved the  α -tocopherol content of the LDL and 
delayed the onset of lipid peroxidation [4] .

    Effect on Lipid Profi le 

   Hyperlipidemia, an elevation of lipids in the blood stream, is one of the major 
risk factors for the development of cardiovascular disease. A casual relation-
ship between the elevated plasma lipids and the development of atherosclerotic 
plaques has been well established  [70] . Evidence suggests that drugs with the 
ability to lower LDL-cholesterol also reduce the probability of cardiovascu-
lar death. Flavonoids especially green tea catechins affect lipid metabolism 
by various mechanisms and prevent the appearance of atherosclerotic plaque. 
Catechins infl uence intestinal lipid absorption, luminal lipid hydrolysis and 
intestinal uptake and intracellular processing of lipids. It is well documented 
that tea is associated with benefi cial effects on lipid profi le and with reductions 
of atherosclerotic lesions in various models of hyperlipidemia. 

   In hypercholesterolemic rats, green tea considerably reduces serum and liver 
cholesterol, the atherogenic index, and liver weight by lowering the deposition 
of lipids [71] . In a cholesterol-fed hamster model, black and green tea con-
sumption was reported to reduce the plasma cholesterol levels by 20 and 28%, 
respectively  [62] . Green tea extract (300       mg/kg body weight) treatment for 
4 weeks was shown to reduce the accumulation of cholesterol in the heart 
of diabetic rats  [72] . Rats fed a cholesterol-rich diet and given Chinese 
green tea or jasmine tea for 8 weeks had signifi cantly lower cholesterol lev-
els in serum and liver. It was hypothesized that due to poor absorption and 
greater availability of green tea catechins in the intestinal lumen, it is pos-
sible that the lipid-lowering effect of green tea and catechins is medi-
ated, at least in part, via their infl uence on the intestinal lipid digestion and 
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absorption [73] . Green tea and its catechins interfere with the luminal emul-
sifi cation, hydrolysis, and micellar solubilization of lipids  [73] . It was dem-
onstrated that mixtures of catechins extracted from Japanese green tea 
lowered the absorption of cholesterol and triglyceride in rats with thoracic 
lymph-duct cannula [74] . Studies also observed that a mixture of EGCG 
and ECG was more effective than a mixture of EC and EGC in lowering 
the absorption of cholesterol, suggesting that the gallate esters of green tea 
catechins were more potent inhibitors of cholesterol absorption [74] . 

   The micellar solubilization of hydrolyzed lipids is the critical step for 
the uptake and absorption of lipids by the enterocyte. Green tea may infl u-
ence the uptake of cholesterol and other lipids by the enterocyte through 
interaction with transporters, particularly those exposed to the intestinal lumen 
 [73] . Tea catechins, in particular gallate esters are shown to decrease the cho-
lesterol absorption by forming insoluble co-precipitates of cholesterol and 
decreasing the bile acid induced micellar solubility [74] . However, EC, one 
of green tea catechins, inhibits cholesterol absorption primarily by binding 
to cholesterol, thereby increasing fecal excretion of cholesterol  [75] . In addi-
tion, catechins may have direct inhibitory effect on cholesterol synthesis. It 
was recently found that green tea catechins are potent and selective inhibitors 
of rat squalene epoxidase, a rate limiting enzyme of cholesterol biosynthesis. 
The presence of galloyl moiety was suggested to be important for squalene 
epoxidase inhibition activity  [76] . Therefore, the hypocholesterolemic effect 
of tea catechins may be a collective result of their inhibitory action on cho-
lesterol absorption and biosynthesis and their action on enhanced cholesterol 
excretion. 

   In a randomized cross-over study, consumption of moderate (224       mg) and 
high (674       mg) amounts of catechins 3 times, along with a standardized light 
meal (bread and 20       g butter) was shown to reduce the postprandial triglycer-
ide response by 15.1% and 28.7%, respectively  [77] . Green tea catechins were 
shown to inhibit the action of digestive lipases. Tea catechins, particularly 
those with a galloyl moiety, dose-dependently inhibit the activity of pancreatic 
lipase, thereby suppressing triacylglycerol absorption and postprandial hyper-
triacylglycerolemia [74]. In addition, green tea catechins at the levels achiev-
able by typical daily intake, markedly altered the physicochemical properties 
of a lipid emulsion by increasing its particle size and reducing the surface area 
 [78] . These changes reduce the interaction of pancreatic lipase with fat and 
therefore decrease the rate of hydrolysis of fat  [78] . EGCG was identifi ed as 
the main catechin compound present on the lipid phase of the emulsion that is 
responsible for the changes in emulsion properties [79] . It was proposed that 
the hydroxyl moieties of EGCG interact with the hydrophilic head group of 
phosphatidyl choline at the exterior of a lipid emulsion by forming hydrogen 
bonds, and that such interaction may lead to formation of cross-links followed 
by coalescence of the emulsion droplets [79] . The postprandial hypertriacylg-
lycerolemia is a risk factor for coronary heart disease and these results thus 
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suggest that catechins with a galloyl moiety may have a benefi cial effect on 
this disease. 

   EGCG also has been shown to exert a potent inhibitory effect on pancreatic 
phospholipase A 2 , which may also be attributable to the decreased absorption 
of lipid because luminal phosphatidyl choline hydrolysis is critical to facilitat-
ing intestinal lipid digestion and absorption       [73, 80] . Regarding this, EGCG 
may interact with the surface phosphatidyl choline of a lipid emulsion and 
hinder the access to the substrate by phospholipase A 2 . Alternatively, EGCG 
may directly interact with the enzyme protein and subsequently alter its con-
formation and catalytic activity        [81, 82] .

   It was also suggested that green tea may inhibit intestinal acyl CoA:
cholesterol acyltransferase in the enterocyte  [83] . Green tea catechins 
may infl uence critical steps involved in the assembly and secretion of chy-
lomicrons from the enterocyte into the lymphatics  [73] . The synthesis of fatty 
acid is the key step for lipogenesis. The suppression of lipogenesis by oolong, 
black, pu-erh, and green tea leaves has been demonstrated in the experimen-
tal animals [84] . EGCG profoundly suppress fatty acid synthase (FAS) gene 
transcription through the epidermal growth factor (EGF) receptor/phos-
phoinositide-3 kinase (PI3K)/Akt/Sp-1 signal transduction pathway  [85] . 
In addition, EGCG and ECG were shown to inhibit the activity of acetyl CoA 
carboxylase, which catalyzes the carboxylation of acetyl-CoA to malonyl-
CoA, the rate limiting step in fatty acid biosynthesis  [86] . Green tea admin-
istered to hamster fed a high fat diet had higher fecal excretion of total fatty 
acids [75] . 

   Several studies indicate that green tea fl avonoids can favorably modify the 
lipoproteins. EGCG was reported to suppress LDL-cholesterol but promote 
HDL-cholesterol in rats fed with high fat and high cholesterol diet  [87] . Two 
cross-sectional studies conducted in Japan showed that green tea consump-
tion was associated with a lower ratio of LDL-cholesterol to HDL-cholesterol 
       [25, 88] . Apolipoprotein B (ApoB) is the primary apolipoprotein component 
in LDL that comprises of 90% of total protein mass. While it is still unclear 
exactly what functional role ApoB plays in LDL, high levels of ApoB are 
related to the pathogenesis of atherosclerosis. Interestingly, green tea EC sup-
plemented in either diet or drinking water was shown to reduce ApoB and 
improve the balance of apolipoproteins  [75] . In addition, treatment with green 
tea extract for 4 weeks has been shown to reduce LDL- and VLDL-cholesterol 
whereas increase HDL-cholesterol in diabetic rats [72] .

    Effect on Vascular Homeostasis 

  One of the most important focuses of cardiovascular disease research is on the 
function of endothelial cells, which not only serve as a biological barrier separat-
ing circulating blood and peripheral tissues, but also secrete various vasoactive 
substances for maintaining normal vascular function. Vascular endothelial cells 
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playing a central role in vascular homeostasis and alterations in the endothe-
lial function contribute to the pathogenesis of cardiovascular diseases  [89] . 
Endothelial cells regulate vascular homeostasis by producing factors that act 
locally in the vessel wall and lumen. Endothelium-derived vasodilator, NO, 
regulates important aspects of vascular tone and homeostasis  [90] . NO inhibits 
expression of leukocyte adhesion molecules at the endothelial surface and pre-
vents the interaction of leukocytes and endothelial cells, thereby exerting anti-
infl ammatory and antiatheroclerotic effects, given that it is well recognized now 
that infl ammation is involved in all stages of the pathogenesis of atherosclerosis. 
In addition, NO prevents platelet adhesion, platelet aggregation, and vascular 
smooth muscle cell proliferation [89] . Thus the reduced production or bioavail-
ability of NO can lead to endothelial dysfunction which is one of the initial steps 
in atherogenesis, even before structural changes in the vessel wall become appar-
ent. Indeed, a growing body of literature demonstrates that endothelial dysfunc-
tion is linked to future cardiovascular events. Therefore, agents that are capable 
of preventing damage to endothelial cells or of restoring endothelial function 
may have important clinical implications. Many interventions known to reduce 
cardiovascular risk such as lipid lowering agents, angiotensin converting enzyme 
inhibitors, angiotensin receptor blockers have the ability to reverse endothelial 
dysfunction in patients with cardiovascular disease  [91] . Furthermore, endothe-
lial function has evolved into a clinically useful endpoint for developing effi ca-
cious strategy for the prevention and treatment of cardiovascular disease  [92] . 

   Several studies demonstrated that fl avonoid containing beverages have 
benefi cial effects on endothelial function. Data from experimental and clini-
cal studies suggest that tea constituents signifi cantly improved endothelial 
function, thereby providing a plausible mechanism for the benefi cial effects 
of tea in patients with cardiovascular disease. Duffy  et al .  [93]  reported that 
tea consumption reverses endothelial dysfunction. Both short- and long-term 
consumption of black tea improved endothelium-dependent fl ow-mediated 
dilation of the brachial artery in patients with coronary disease, whereas fl ow-
mediated vessel dilation was not affected by an acute dose of caffeine, sug-
gesting that caffeine content of tea was not responsible for the observed results 
 [93] . Hodgson and colleagues reported that consumption of fi ve cups of black 
tea per day for 4 weeks improved brachial artery fl ow-mediated dilation in a 
group of otherwise healthy subjects with modest hypercholesterolemia  [26] . 
Administration of EGCG (200       mg/kg for 3 weeks) was shown to reduce systo-
lic blood pressure and enhanced endothelial function  [94] . These studies sug-
gest that reversing endothelial dysfunction is one of the mechanisms to explain 
the benefi cial effect of tea consumption on cardiovascular disease risk. 

  While the precise mechanism by which tea improves endothelial function 
is not exactly clear, recent studies demonstrating that tea consumption was also 
associated with an improvement in nitroglyerin-mediated vascular dilation, sug-
gest that tea may improve the bioactivity of endothelium-derived NO and/or have 
a benefi cial effect on the function of vascular smooth muscle. Actually,  animal 
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studies demonstrated tea catechins evoked endothelium- and NO-dependent
vasorelaxation in precontracted rat aortic rings  [95] . In cultured endothelial 
cells, EGCG rapidly activates endothelial NO synthase (eNOS) activity without 
altering eNOS protein content, an effect that is mediated through the PI3K/Akt-
dependent pathway  [96] . Interestingly, activation of PI3K/Akt and eNOS by 
EGCG in endothelial cells requires ROS and Fyn, a protein associates with the p85 
subunit of PI3K  [97] . Green tea catechins were also shown to inhibit the prolif-
eration of aortic smooth muscle cells via activation of p53 to prevent the devel-
opment of atherosclerosis [98] . EGC and ECG were reported to be an active 
inhibitors of H 2 O 2  induced endothelial cell injury  [99] . 

   One of the earliest events in the development of atherosclerosis is the 
recruitment of infl ammatory white blood cells from the blood to the arterial 
wall and is dependent on the expression of adhesion molecules by the vascu-
lar endothelial cells that line the inner walls of blood vessels  [100] . Vascular 
smooth muscle cells (SMC) adhesion and migration are critical events in 
disease-related vascular remodeling such as atherosclerosis. EGCG and ECG 
were reported as potent inhibitors on SMC adhesion by interfering with 
SMC’s integrin  β 1 expression and binding to extracellular matrix proteins 
 [101] . EGCG was also shown to reduce cytokine-induced VCAM-1 expression 
and monocyte adhesion to endothelial cells  [102] . EGCG was also reported 
to inhibit SMC migration at low concentrations  [101] . Green tea catechins 
suppress or inhibit the proliferation of aortic SMC which produce connective 
tissue leading to luminal narrowing and sclerosis of the arteries  [103] .

    Effect on Platelet Abnormalities 

  Blood platelet activation and aggregation also have an integral role in the devel-
opment of cardiovascular disease. Variations in the platelet sensitivity correlated 
directly to mortality from coronary artery disease. There is extensive evidence 
that antiplatelet therapy reduces cardiovascular disease risk. Dietary fl avonoids 
can inhibit platelet activation and aggregation. Animal studies have reported the 
benefi cial effects of tea consumption on platelet aggregation. Tea consumption 
reduced plasma concentrations of P-selectin, a cell adhesion molecule secreted by 
activated endothelial cells and platelets that mediate the interaction of activated 
endothelial cells or platelets with leukocytes, therefore a useful marker of  in vivo
platelet aggregation  [104] . Platelet activation and subsequent thromboembolism 
are important pathological mechanisms of ischemic cardiovascular events. 

  Several fl avonoids inhibited platelet adhesion, aggregation and secre-
tion  [4] . Kang  et al .  [105]  reported that green tea catechins can inhibit ade-
nosine diphosphate (ADP)- and collagen-induced rat platelet aggregation 
ex vivo  in a dose-dependent manner. EGCG and other tea catechins were also 
shown to dose-dependently inhibit ADP-, collagen-, epinephrine- and calcium 
ionophore-induced human platelet aggregation  in vitro  without changing 
the coagulation parameters such as activated partial thromboplastin time, 
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 prothrombin time, and thrombin time  [105] . It was proposed that the mode of 
antithrombotic action of tea may be due to antiplatelet activities rather than to 
anticoagulant activity. Thrombin-induced aggregation was reduced in platelets 
from rats that drank green tea. Another study reports that the antiplatelet activity 
of green tea catechins is mediated by inhibition of cytoplasmic calcium increase, 
which leads to the inhibition of fi brinogen-GPIIb/IIIa binding via the activation 
of Ca 2� -ATPase and inhibition of inositol 1,4,5-triphosphate formation  [106] . 
However, Sugatani  et al . proposed that catechins may reduce the production of 
platelet activating factor (PAF) by inhibiting acetyl-CoA: lysoPAF acetyltrans-
ferase [107] . EGCG can inhibit PAF decreasing the stickiness of platelets and 
decreasing the probability of platelet aggregation. EGCG was reported to block 
tyrosine phosphorylation and reduce gene expression of platelet-derived growth 
factor- β -receptor  [108] . 

   Platelet aggregation contributes to acute thrombus formation, followed by 
embolization of stenosed arteries. Adhesion of activated platelets to vascular 
endothelium generates lipid peroxidation and ROS which inhibit endothelial 
production of prostacyclin and NO. Tea catechins may protect against throm-
bosis by directly scavenging free radicals, thereby maintaining proper concen-
trations of endothelial prostacyclin and NO. Arachidonic acid, which release 
is increased in infl ammatory conditions, is metabolized by platelets to form 
prostaglandin, endoperoxides, and thromboxane A2, leading to platelet activa-
tion and aggregation. Flavonoids are believed to exert antiaggregating effect 
mainly through inhibition of thromboxane A2 formation possibly as a result of 
suppressing arachidonic acid liberation and thromboxane A2 synthase [109] . 

   Platelet responses can involve activation of phospholipase C and phosphol-
ipase A2, as well as hydrolytic release of arachidonic acid and its subsequent 
conversion through cyclooxygenase to thromboxane A2, which potentiates 
platelet activation. The effects of green tea catechins on phospholipase A2 
activity and the antithrombotic reaction of platelets have been investigated in 
diabetic rats [110]. Catechin supplementation maintains normal level of platelet 
thromboxane A2 formation and improves platelet aggregation. The antiplate-
let effect of fl avonoids may be explained by both inhibition of thromboxane 
synthesis and thromboxane receptor antagonism. 

    CONCLUSION 

   Epidemiological, clinical and experimental studies suggest that fl avonoids, 
particularly tea fl avonoids have benefi cial effects on cardiovascular system and 
reduce the risk of cardiovascular disease. The underlying mechanisms involve 
improved endothelial function, antioxidative, antithrombiotic, and lipid lower-
ing effects. Though many experimental evidences on fl avonoids are promising, 
substantial studies are still required to prove the effectiveness for cardiovascu-
lar disease prevention and/or treatment and further understand the mechanism 
underlying this action of fl avonoids.  
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    Abstract 

  Ibogaine is a hallucinogen which has gained attention in the treatment of opioid 
addiction. Preliminary scientifi c studies have indicated that Ibogaine can reduce drug crav-
ings, weaken withdrawal symptoms, and improve self-control. Due to the severe side 
effects, Ibogaine is not often used recreationally, and it has a low potential for addic-
tion. Ibogaine is currently a Schedule I Controlled Substance in the United States, which 
means it is illegal to manufacture, buy, possess, or distribute without a DEA (drug 
enforcement administration) license. Ibogaine is administered in many clinics through-
out the world, most prevalently in Canada, Europe, and Latin America. There are risks 
of fatalities with Ibogaine. Due to this fact, advocates say it should be used as a last 
resort. Not enough tests have been conducted to examine its safety, but its potential is 
promising and should be investigated. 

Keywords: Ibogaine, Iboga root, opiates, addiction, treatment

    INTRODUCTION 

   Ibogaine is an indole alkaloid found in the roots of an exotic rainforest 
shrub native to West Africa called  Tabernanthe iboga   [1] . Ibogaine is a 
hallucinogen which has gained attention due to its use in the treatment of 
opioid addiction. It is extracted from the root of the Iboga shrub and is being 
studied and tested for the treatment of substance abuse, in particular opioid 
addictions. Preliminary scientifi c studies in the Americas and Europe indi-
cate that Ibogaine can create immediate reductions in drug cravings, weaken 
withdrawal symptoms, and improve self-control  [1] . The chemical name of 
Ibogaine is 12-methoxyibogamine, and the chemical formula is C 20 H 26 N 2 O 
 [2] . Currently Ibogaine is used in the form of crystalline hydrochloride salt. 
This process prevents decomposition during extraction from the root  [2] . 
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  At low doses (5       mg/kg of body weight) Ibogaine has a mild stimulant effect, 
similar to that of caffeine  [3] . Chewing the root of the shrub can deliver low 
doses of Ibogaine. When used in high doses (20–30       mg/kg of body weight) 
Ibogaine is a strong, long-lasting hallucinogen and is currently classifi ed as a 
psychedelic [4] . There are three types of hallucinogens: psychedelics, dissocia-
tives, and deliriants  [4] . Ibogaine, like all drugs of abuse, is considered a psy-
choactive. Psychoactive drugs cause subjective changes in perception, thought, 
emotion, and consciousness. Unlike other psychoactive drugs, such as stimulants 
and opioids, the hallucinogens do not merely amplify familiar states of mind, but 
rather induce experiences that are qualitatively different from those of ordinary 
consciousness. These experiences are often compared to non-ordinary forms of 
consciousness such as trances, meditations, conversion experiences, and dreams 
 [5] . The term  psychedelic  was coined in the 1960s and means  “ mind viewing. ”  
Prior to that, starting in 1931, the hallucinogens were referred to as “ phantastica ”  
meaning that they could create a world of fantasy within a person’s mind  [5] . 

   Ibogaine is an indole hallucinogen. The basic structure of the neurotrans-
mitter serotonin is referred to as an indole nucleus. Other hallucinogens, such 
as LSD   (lysergic acid diethylamide) and psilocybin, also contain the indole 
structure [2] . Ibogaine is not widely used like other hallucinogens, such as 
LSD, Psilocybin Mushrooms, and Peyote, but it does have effects similar to 
ones produced by those. Due to the severe side effects, Ibogaine is not often 
used recreationally, and its potential for addiction is extremely low. Ibogaine 
lasts much longer than other psychedelics, often having an active window of 
24 hours and sometimes even up to 48 hours. Ibogaine is usually ingested in 
the form of a powder and is taken orally, most often put into a capsule then 
swallowed. Once ingested it is often physically and mentally exhausting and 
produces ataxia for as long as 12 hours. A state of panic usually hits the user 
within the fi rst 2 hours of ingestion. Excessive sweating and nausea that may 
lead to vomiting is not uncommon throughout the experience, especially in 
the fi rst 4–6 hours. Some people who have taken Ibogaine said that once the 
fi rst few hours passed, it was an interesting experience where they visualized 
everything from when they started using drugs, to life experiences, to intense 
 “ storms of vibrant colors and unusual textures ”   [2] .  

    HISTORY OF IBOGAINE 

  Ibogaine has been used in some countries for many centuries. In the mid-1800s 
Ibogaine was used in Gabon, Africa in initiation rights of the Bwiti religion. 
When boys would come of age, usually around age 9–12, it was tradition to have 
them ingest large amounts of the root and, once they got through the day or two 
long “ trip, ”  they were thought to be adult men  [2] . During this 24-hour period 
they were cared for by older members of the community who would stay awake 
by chewing on Ibogaine roots. It was known even then that when using Ibogaine 
at the hallucinogenic level, suffocation and other side effects could be risks. 
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  In 1901 Dybowski and Landrin fi rst isolated Ibogaine from the root of the 
shrub  [2] . In 1966 the total synthesis was accomplished by G. Buchi, and since 
then several further totally synthetic routes have been developed  [2] . The use 
of Ibogaine in treating substance use disorders in human subjects was fi rst pro-
posed by Howard Lotsof in US Patent 4,499,096 which was awarded in 1985 
 [6] . Ibogaine’s ability to attenuate opioid withdrawal was fi rst confi rmed by a 
rat study done by Michailo Dzoljic and associates in 1988 and again in 1994 
 [3] . Since then there have been numerous studies, but there have not been any 
peer-reviewed studies demonstrating statistically signifi cant long term improve-
ment following Ibogaine administration to humans with drug abuse problems. 

    IBOGAINE AND LEGAL ISSUES 

   Ibogaine is denoted as a Schedule I Controlled Substance in the United States, 
which means it is illegal to manufacture, buy, possess, or distribute without a 
DEA license [7] . To be categorized as a Schedule I drug the following three 
statements must all be true: (1) The substance has a high potential for abuse; 
(2) The substance has no currently accepted medical use in treatment in the 
United States; (3) There is a lack of accepted safety for use of the drug under 
medical supervision [5] . 

   After the Harrison Act was passed in 1914, narcotics became less freely 
available and more expensive  [8] . Prior to this time heroin had been sold in 
stores and manufactured by the Bayer Company. In the early 1900s growing 
opiate abuse was recognized as a problem  [2] . Ibogaine was regulated by the 
US Food and Drug Administration in 1967 pursuant to its authority to regulate 
stimulants, depressants, and hallucinogens granted by the 1965 Drug Abuse 
Control Amendments (DACA) to the Federal Food, Drug, and Cosmetic Act. 
In 1970, with the passage of the Controlled Substances Act, it was classifi ed 
as a Schedule I Controlled Substance. Since that time, several other countries 
including Sweden, Denmark, Belgium, and Switzerland have also banned the 
sale and possession of Ibogaine  [1] . Two non-profi t organizations in the United 
States advocate Ibogaine to patients. A treatment center in Florida actually 
provides Ibogaine to patients, and a center in New York helps patients locate 
treatment facilities, which are mostly in Canada        [9, 10] . Presently, only two 
arrests have been recorded for the use of Ibogaine. Jack Brian Hout and his 
wife, Karen Sue Hout, were arrested for conspiring to import Ibogaine. They 
had both suffered from opiate addictions and had Ibogaine shipped to them 
from Belize to their home in Casper, Wyoming in December of 2005  [2] .

    PHARMACOLOGY OF IBOGAINE 

   The pharmacology of Ibogaine is complex, affecting many different neuro-
transmitter systems simultaneously [2] . Ibogaine is metabolized in the human 
body by cytochrome P450 2D6; the major metabolite is noribogaine  [2] . 
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Noribogaine is most potent as a serotonin reuptake inhibitor.  “ Among recent 
proposals for Ibogaine mechanisms of action is activation of the glial cell line 
derived neurotrophic factor (GDNF) pathway in the ventral tegmental area 
(VTA) of the brain. The work has been accomplished in preclinical opiate 
research where 30 mg/kg of Ibogaine caused increases in RNA expression of 
GDNF in keeping with reduction of opiate intake in the rat, absent of neuro-
toxicty or cell death ”   [6] .  

    STUDIES ABOUT IBOGAINE 

   Many studies of the effects of Ibogaine on rats have been conducted. In 1994 
the journal Behavioural Brain Research  published a study done by Susanne 
Cappendijk, Durk Fekkes, and Michailo Dzoljic on the effects of Ibogaine 
in morphine-addicted rats [6] . Male Wistar rats, weighing 290–330       g, were 
housed in groups and had free access to food and water. The room was kept at 
a constant temperature (21°C) and humidity (55%). Morphine dependence was 
induced by implantation of a morphine base pellet on the back of the rat under 
ether anesthesia. All of the morphine-addicted rats were only used once. The 
morphine-dependent rats were separated into two groups, some treated with 
Ibogaine and the others with water. The rats were not given morphine again 
and were studied and observed for withdrawal symptoms. Upon withdrawal, 
the rats treated with water had severe withdrawal symptoms including diarrhea, 
chewing, excess grooming, shaking, chattering, and jumping. The rats treated 
with Ibogaine had a few of the same symptoms, like diarrhea and shaking, but 
not to the same extent, and the symptoms didn’t last as long. After a few days, 
the rats that had been given Ibogaine did not show any withdrawal symptoms, 
but those given water were still exhibiting withdrawal symptoms. The study 
was conducted by the Addiction Research Institute in Rotterdam  [11] . 

   Similar studies have been done with human subjects. Dr. Mash of the 
University of Miami, Department of Neurology obtained a large sample size 
case series study of human volunteers. Taking part in this study were 274 
addicts from self-help programs (202 males and 72 females) who were depend-
ent on opiates  [2] . European and American addiction selfhelp groups provided 
testimonials that drug cravings and opiate withdrawal symptoms were blocked 
after only a single dose administration of Ibogaine  [2] . 

   Ibogaine has provided scientists with a new tool to study the brain to under-
stand the addict’s motivation for treatment. Future developments include the 
possibility of delivering the long-acting metabolite of Ibogaine with a system 
similar to that of a nicotine patch, but because of the extreme side effects, it 
would be a one-time-use patch. This technology might even be developed to 
stabilize people with other types of addictions, such as drugs and alcohol. One 
shortcoming of Ibogaine in its current form is that for it to be successful, the 
patient has to have enough substance-free time to have effects of other drugs 
out of the body [12] .
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    EFFECTS OF IBOGAINE 

   Once ingested, Ibogaine affects the neurotransmitters and actually  “ resets ”
them by essentially clearing them. This process is thought to delete the history 
of opiate dependency. To use Ibogaine for the purposes of curing an opioid 
addiction, there must not be any opiates present in the body, which otherwise 
could result in fatality  [1] . A period of clean time away from all substances 
is recommended for a minimum of a few days prior to taking Ibogaine. Once 
subjects ingest the Ibogaine, they usually become sick with symptoms, such as 
excessive sweating and vomiting. After the initial side effects subside, many 
users of Ibogaine report experiencing visual phenomena during a waking 
dream state, such as instructive replays of life events that led to their addiction. 
Others report therapeutic visions that help them conquer the fears and nega-
tive emotions that drive their addiction. The ensuing time is said to be both 
physically and mentally exhausting. After 24–48 hours, the initial hallucina-
tions wear off. It is believed that intensive counseling and therapy following 
the treatment is very important. Some patients require a second or third treat-
ment session with Ibogaine over the course of the next 12–18 months, as it 
provides a greater effi cacy in extinguishing the opiate addiction. Only a small 
minority of patients relapse completely into opiate addiction within weeks of 
treatment [9] .

    IBOGAINE ADMINISTRATION 

   Ibogaine is being administered in many clinics throughout the world, most 
prevalently in Canada, Latin America, and Europe. In the United States, two 
drug rehabilitation centers encourage patients to seek Ibogaine therapy. The 
Dora Weiner Foundation in New York, founded by Howard Lotsof in 1983, 
and named after his grandmother, advocates Ibogaine use to its patients  [9] . 
According to its mission statement, “ the activities of the foundation are exclu-
sively charitable, educational, and scientifi c with the intent to encourage and 
promote public knowledge of research in the study of chemical dependence 
and substance-related disorders and to advocate for the rights of patients being 
treated for dependence to drugs. In furtherance of its activities DWF will 
encourage the exchange of information among persons interested in such study 
and works through activities which include sponsoring research, conferences, 
seminars, and workshops ”   [9] . The foundation explains that  “ Ibogaine pro-
vides a somewhat different scenario wherein the medication’s discovery as an 
anti-addictive agent came from the drug using counter culture ”   [1] . Lotsof has 
maintained a strong working relationship with patients and patient advocates 
who were incorporated into early research through the International Coalition 
for Addict Self-Help (ICASH). 

   The second United States treatment facility, the Healing Transitions 
Institute for Addiction, is located in Miami, Florida. For decades this facility 
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has been researching Ibogaine’s therapeutic effects. This institute was founded 
by Dr. Deborah Mash of the University of Miami, Department of Neurology, 
who is recognized worldwide as a leading neuroscientist and neuropharmacol-
ogist. Over the past 15 years, her research has been continuously supported by 
a variety of peer-reviewed basic science research grants. Dr. Mash has reported 
results of her studies on aging, neurodegenerative and neuropsychiatric disor-
ders, and drug and alcohol abuse in more than 250 articles and presentations 
 [1] . According to Dr. Mash,  “ many drug dependent clients enter treatment in a 
revolving door manner; from one program to the next, only to fi nd themselves 
unable to break out of the vicious cycle of relapse. Ibogaine is an important 
fi rst step on the road to recovery ”   [13] . 

   Dr. Mash has been an advocate of Ibogaine and has found success with 
it in her patients. People have come from around the country to partici-
pate in her research studies on Ibogaine. In July 1996, Dr. Mash was inter-
viewed by Pacifi ca Radio reporter Paul DeRienzo about her research with 
Ibogaine. Dr. Mash’s goal was to study Ibogaine in a  “ credible labora-
tory, in a credible medical center with appropriate people looking over eve-
ryone’s shoulder ”  to collect appropriate data  [13] . To possess the Ibogaine 
needed to go forward with her research, Dr. Mash had to fi le with the Drug 
Enforcement Administration and be granted a Schedule I license, which 
she said was a time consuming process. In addition, she had to fi le with the 
University of Miami’s Human Subjects Review Board to obtain permission 
to have people ingest Ibogaine. Dr. Mash had to present her case in front 
of people from various disciplines: medical ethicists, clinicians, and other 
scholars. Once the board accepted her proposal, Dr. Mash had to  “ convince 
the Public Health Service to garner some sort of support from the National 
Institute on Drug Abuse ”  which had funded work that Dr. Mash did earlier. 
Lastly, in order to work with Ibogaine and human subjects, Dr. Mash had 
to win approval from the Food and Drug Administration. Only then, could 
Dr. Mash proceed with her research on the effects of Ibogaine on human 
subjects [1] . 

   In a testimonial of the positive effects of Ibogaine, a patient of Dr. Mash 
(C.M. from Denver) writes,  “ Who would have thought that over 14 months 
ago I’d now be clean and sober? Who could have imagined I’d be happy, joy-
ous and free from the sickness that I’ve lived with each and every hour of 
each and every day – let alone still be alive to speak of it? I’ll never forget 
the night that I got to Miami and met Dr. Mash and her staff. I couldn’t know 
that this program – these wonderful people and the root Ibogaine – was to be 
the catalyst for change in my life, the catapult to hurl me into my recovery. 
I was someone who hadn’t long to live and I could barely get well enough 
to take Ibogaine. Now I hate to even imagine missing the chance. I couldn’t 
have dreamed a better dream. I could go on for hours about how Ibogaine 
changed my life. I am willing: willing to change, to live, to love and to be 
loved ”   [13] .  
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    RISKS OF IBOGAINE 

   Some risks of fatalities are associated with the use of Ibogaine. Due to this fact, 
advocates for the drug say it should be used as a last resort. As of February 
2006, at least eight people had died in Europe and the United States from using 
Ibogaine. Dr. Mash, in referring to one fatality, stated that a patient whose 
heart is not strong should not receive this treatment  [12] . Most of the fatalities 
occurred under “ remarkable circumstances: some of the fatalities being several 
days after Ibogaine consumption. Four persons had taken less than half of the 
dose recommended for drug therapy. To date, there is no conclusive explana-
tion for the fatalities ”   [12] . Some scientists suspect that the deceased had taken 
opioids concurrent with Ibogaine, which is known to cause fatalities. Fatalities 
were only documented at doses over 10 mg/kg. The effects of Ibogaine in 
small amounts on the autonomic nervous system are well known. Tablets with 
a total of 8       mg of Ibogaine (which is a trace amount) were sold in the 1960s in 
Europe as a stimulant [8] .

    OPIOID ADDICTION AND TREATMENT 

   Opiate use and abuse has been recognized as a problem for thousands of years. 
The opium poppy was cultivated in lower Mesopotamia as long ago as 3400 
 BC   [5] . In Homer’s  Odyssey  there is a passage that refers to the common use 
of opium, and that was said to be in the year 1000  BC . In the 1800s there were 
numerous Opium dens in England  [5] . The oldest known treatment for opiate 
addiction was written about in 1902 in a medical guide which recommended 
reduced use, gradually stopping, cold showers, travel abroad, and a change of 
lifestyle such as going west to work on a cattle ranch or in a mine. Today many 
people are affected by heroin addiction. Opiates are strong central nervous 
system depressants, but regular users develop physiological tolerance allow-
ing gradually increased doses. In combination with other depressants, such as 
alcohol, even experienced users can easily overdose. Today, three treatments 
are medically recognized: Methadone, LAAM, and Buprenorphine [5] . 

   Methadone is a synthetic narcotic analgesic developed in Germany during 
World War II. It was found to be a substitute for the then-unavailable opium-
based agent. It is said to be quite effective if taken orally, and it has a long 
duration, which means it needs to be taken less frequently then recrea-
tional heroin. The withdrawal symptoms are also less severe. Although long 
approved as a narcotic analgesic, methadone gained fame as a drug useful 
in treatment programs for heroin dependence [14] . When taking methadone, 
either by pill or injection, some patients will gradually reduce the dose to even-
tually be weaned off the drug. Others must remain on a high dose. Methadone 
use can result in abnormal drug-seeking behavior, addiction, and depend-
ence, just like heroin use can  [5] . There are many side effects associated with 
taking Methadone. Some common ones are nausea, vomiting, constipation, 
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lightheadedness, dizziness, dry mouth, drowsiness, blurred vision, fl ushing, 
and increased sweating. Methadone clinics are set up to deliver the drug to 
patients daily. A negative stigma is associated with methadone clinics, and they 
are often not successful because they need to see all patients daily. Essentially, 
methadone is a substitute drug to opiates. 

   In 1993, the FDA approved another synthetic opiate,  L -alpha-acetyl-
methanol (LAAM) for use in treating narcotic-dependent patients. Due to 
the fact that LAAM is metabolized in the liver, it has longer-lasting effects 
than methadone. Instead of daily visits, patients are able to take the drug only 
3 times a week, which is the major advantage of LAAM  [14] . Otherwise, it is 
quite similar to Methadone. 

   Because a large number of opioid-dependent individuals do not respond 
well to the Methadone and LAAM treatments, another drug has recently 
been approved. It is a semi-synthetic opioid analgesic called Buprenorphine. 
Buprenorphine fi rst received FDA approval in 2002 and is marketed under the 
name Suboxine [5] . Buprenorphine is a partial opioid antagonist. This means 
that it has a relatively large margin of safety and low overdose potential, which 
differs from both Methadone and LAAM  [14] . It works by preventing with-
drawal symptoms, since Buprenorphine is actually a type of narcotic (opioid) 
itself. The packaging for Buprenorphine states that it should be used as part of 
a complete narcotic dependence treatment plan  [5] . It has side effects similar to 
Methadone, which include drowsiness, dizziness, weakness, constipation, and 
vomiting. A growing number of scientists have reported that intravenous her-
oin self-administration is signifi cantly reduced when heroin dependent research 
participants are maintained on Buprenorphine [  14]. Buprenorphine, however, 
is very costly, so it is not an option for patients with a limited income.  

    CONCLUSION AND RECOMMENDATIONS 

   Of the three available treatments for opiate addicts (Buprenorphine, Methadone, 
and LAAM) none are a perfect solution, and all could be improved upon as 
far as actually helping substance abusers stop using opiates. The current sys-
tem of delivering Methadone is fraught with problems. Methadone clinics 
continue to wrestle with a negative stigma, which discourages people from 
seeking help, and their required daily visits are problematic for many with 
jobs and other obligations. Use of the drug Ibogaine could be implemented 
into treatment that would prove more successful than the others. Not enough 
tests have been conducted to satisfactorily examine its safety, but its poten-
tial is promising and should be investigated. Although, the main focus of this 
paper has been on Ibogaine and opiate addiction, newer research is testing its 
benefi cial effects on alcohol, cocaine, and methamphetamine abuse. Some sci-
entists, namely Howard Lotsof, are of the opinion that Ibogaine might help 
all addictions. If that proves to be the case, Ibogaine should be reconsidered 
for treatment and be taken off the Schedule I status, to become a prescribed 
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medicine. The potential for abuse and recreational use is low in Ibogaine, due 
to the fact that it has such intense negative side effects. Hallucinogens are 
rarely described as addictive, so with its low potential for addiction, Ibogaine’s 
inclusion as a Schedule I is inappropriate. Although some deaths were caused 
by its use, Ibogaine might prove to be a preferred alternative and, in fact, a 
more successful remedy in treating substance abuse.   
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    Abstract 

 The global phenomenon of a growing elderly population is likely to bring about an 
increase in the incidence of age-related cognitive decline and stimulate interest in the 
development of strategies to prevent it. Various reports have suggested that moder-
ate to high consumption of caffeine and some other stimulants have potentially ben-
efi cial effects on several measures of cognition, including improved attention and 
enhanced information processing speed. Due to the widespread use of caffeine, it is 
unclear as to whether consumers experience additional cognitive benefi ts relative to non-
consumers or if the observed effects are only the result of reductions in withdrawal symp-
toms upon re-administration of caffeine. Although caffeine appears to be metabolized 
similarly in the young and old, few studies have examined the effects of caffeine on cog-
nition in the elderly. (The majority of studies on the effects of caffeine and other stimu-
lants have involved young adult subjects.) Thus, the purpose of this chapter is to examine 
the known and potential effects of caffeine on the prevention or inhibition of cognitive 
decline in the aged. These potential benefi ts are weighed against the known side effects 
of stimulants, such as hypertension, sleeplessness, and anxiety. The interaction of diet and 
other lifestyle factors with stimulants and the development of dosing regimens that may 
more specifi cally enhance cognition with fewer side effects are also discussed. 

Keywords:  Caffeine, cognitive decline, stimulants, disease prevention, elderly  

    INTRODUCTION 

  In 2007, the youngest members of the United State’s  “ Baby Boom ”  genera-
tion entered their fi fth decade of life  [1] . Given their projected life expectancy of 
approximately 70 years, it is probable that the incidence of age-related conditions, 
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including cognitive decline, will increase in the coming decades  [2] . By the year 
2030, nearly 20% of the US population is projected to be 65 years of age or older 
 [3] . This trend is not restricted to Western nations as the percentage of persons 
over 65 years of age is expected to increase worldwide from its present 7.5–12% 
over the same time period  [4] . Although the age distribution of developing coun-
tries is still shifted in the direction of the young, worldwide birth and death rates 
have declined over the past century and are projected to continue declining, result-
ing in an increase in the aged population [5] . Since dementia risk rises from 1.5% 
at age 65–30% at age 80, dementia-related diseases will be a worldwide issue in 
subsequent decades [6] . The aging of global populations has spurred an increased 
interest in diseases associated with the aging process. Although they have not been 
strictly defi ned in terms of chronological age, the terms  “ aged ”  or  “ elderly ”  will be 
used interchangeably in this chapter to refer to individuals 65 years of age or older. 

  Aside from physical limitations, one of the most obvious effects of 
advanced age is a decline in mental capacity, principally demonstrated by 
a reduced ability to acquire and retain new information (short and long-
term memory), impaired attention, and decreased speed of information process-
ing  [7] . Functionally, this results in diffi culty in attaining new skills and in 
 “ multi-tasking. ”  This may partially explain the contention over the Federal 
Aviation Administration’s proposal to raise mandatory retirement age for airline 
pilots from 60 to 65 years of age  [8] . Age-associated cognitive decline can be 
grouped into two general categories: normal aging and pathological cognitive 
decline due to disease. Although normal aging results in all of the impairments 
described above, diseases such as Alzheimer’s and Parkinson’s, as well as condi-
tions such as stroke result in a much more rapid decline of mental abilities. 

   Caffeine has been reported to improve mental function, but most of these 
studies have been conducted in the young or under conditions of sleep depriva-
tion or induced fatigue. This leaves many unanswered questions with regard to 
the effects of caffeine and other stimulants on cognitive decline in the elderly. 
This chapter therefore addresses the following questions regarding caffeine: 

    1.     Can caffeine slow the gradual cognitive decline associated with normal 
aging?

    2.     Can caffeine prevent or delay the onset of diseases associated with rapid 
cognitive decline?  

    3.     Are caffeine’s potential benefi ts outweighed by negative side effects?  
    4.     How does diet affect caffeine’s function relative to cognitive decline?     

    CAFFEINE CHEMISTRY AND CONSUMPTION PATTERNS 

  Caffeine is a methylxanthine ( Fig. 20.1   ) that is found in a variety of plant prod-
ucts, most notably coffee, tea, and caffeinated soft drinks, while the structurally 
similar methylxanthines, theophylline, and theobromine are found primarily in 
tea and chocolate, respectively          [9–11] . Caffeine, theophylline, and, to a lesser 
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degree, theobromine, function as stimulants. Caffeine is by far the most fre-
quently consumed stimulant in the world and for that reason will be the focus of 
this chapter [12]. Caffeine consumption varies widely by country. According to 
1998 data, the highest annual consumption per capita was observed in Finland, 
Sweden, and Denmark (greater than 10       kg of coffee beans were consumed per 
person per year). In contrast, per capita consumption in the United States was 
less than half that amount (4.7 kg/person/year). This translates to approximately 
200       mg of caffeine or two cups of coffee per person per day  [12] . 

    CAFFEINE MECHANISMS 

  The known stimulant effects of caffeine and other methylxanthines at typi-
cal consumption levels (100 – 250       mg, or the equivalent of approximately 1 – 2.5 
cups of coffee) are primarily due to their function as non-specifi c inhibitors 
of adenosine receptors A 1  and A 2A . The adenosine A 1  receptor is distributed 
throughout the central nervous system, with the highest concentrations in regions 
of the brain associated with the formation of new memories (hippocampus),
language (cerebral cortex), and motor skills (cerebellum). Binding of adenosine 
to A 1  receptors serves to lower intracellular levels of the secondary messenger 
cyclic AMP (adenosine monophosphate). In contrast, adenosine A 2A  receptors 
are localized to the basal ganglia, which serve numerous cognitive functions, 
and to areas of the brain associated with both learning and memory (nucleus 
caudatus and putamen), as well as with reward and addictive behavior (nucleus 
accumbens) and the sense of smell (tuberculum olfactarium)  [13] . Unlike A 1
receptors, binding of adenosine to A 2A  receptors raises intracellular cyclic AMP 
in GABAergic neurons and opposes the stimulatory effects of dopamine binding 
to its D 2  target receptors  [14] . Regardless of receptor type, binding of adenosine 
to target receptors has a general depressant effect of slowing heart rate, lowering 
blood pressure, and reducing spontaneous activity. 

  Caffeine acts as a stimulant by either stabilizing (where A 1  and A 2A  receptors 
are found together) or by increasing (where A 1  receptors predominate) cyclic 
AMP levels. Recent evidence indicates that A 1  and A 2A  receptor proteins may 
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FIGURE 20.1       Caffeine structure.    
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form heteromers in the brain  [15] . Moderate caffeine intake has also been 
reported to improve cognition by increasing noradrenaline turnover in human 
subjects [16] . Although 100 – 250 mg/day is a typical dose for many consumers, 
caffeine’s effects may be apparent for doses as low as 60       mg (approximately 
one cup of tea) and may be felt before peak plasma levels are reached  [17] . 

  Acute consumption of high doses of caffeine (defi ned here as 500       mg, or 
approximately fi ve cups of coffee at one sitting) results in activation of stress 
responses as demonstrated by increased cortisol and beta-endorphin levels. The 
result of this stress response is an elevation of plasma epinephrine levels. This, in 
turn, raises heart rate and blood pressure and releases free fatty acids from stor-
age  [18] . The mechanism by which this stress response is initiated is not entirely 
clear, and may involve both inhibition of adenosine receptors and of phosphodi-
esterase (the enzyme that converts cyclic AMP to AMP). The conversion of 
cyclic AMP to AMP inactivates cyclic AMP’s secondary messenger function. 
The inhibition of phosphodiesterase was once thought to be the primary mecha-
nism by which caffeine exerted its stimulatory effects. More recent reports have 
suggested that the concentration of caffeine necessary to inhibit phosphodieste-
rase may be as much as 10 times greater than that needed to inhibit adenosine 
receptors, so it appears unlikely that phosphodiesterase plays a major role at nor-
mal caffeine consumption levels  [13] . This is especially true for the aged, who 
generally tend to consume less caffeine than younger persons [7]. 

  Genetic factors appear to infl uence caffeine consumption patterns and 
response to caffeine intake. A study of caffeine consumption among fraternal 
(335 women) and identical twins (486 women) found that genetics may have an 
infl uence on the effects of caffeine consumption. Based on data from the twins 
study, it was estimated that between 35% and 77% of caffeine consumption pat-
terns could be explained by genetic factors  [19] . A population-based study of 
2735 individuals found that the 1083TT polymorphism of the adenosine A 2A

receptor was associated with lower caffeine dependence. The authors hypoth-
esized that this was indicative of a greater resistance to caffeine dependency 
 [20] . A double-blind study of 54 men and 46 women who were self-reported 
infrequent caffeine users found that two separate polymorphisms of the A2A 
receptor gene were linked to anxiety after consuming 150       mg of caffeine. These 
two polymorphisms have also been linked to panic disorders  [21] . 

  One of the most well-known and most frequently reported effects of caf-
feine is its ability to temporarily stave off fatigue and drowsiness  [22] . There 
is disagreement among researchers, however, as to whether the reported 
improvements in cognition are real or are nothing more than an alleviation of 
withdrawal symptoms (known as the  “ withdrawal reversal hypothesis ” )  [23] . 
In support of this hypothesis, Rogers  et al.  indicated that among regular caf-
feine consumers, no additional benefi ts are observed from caffeine intake 
until 8 hours after a morning dose  [23] . In contrast, a study by Haskell  et al.
indicated that caffeine did appear to have some effects beyond the reversal of 
withdrawal symptoms. This conclusion was based on measurable improvements 
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(reaction time, memory tasks, alterness) both in non-deprived chronic caffeine 
users and in non-consumers of caffeine. Caffeine was reported to improve mood 
in chronic consumers and to improve performance in caffeine-naive subjects to 
a greater degree than chronic users  [25] . Other authors have logically argued 
that observable effects in habitual non-consumers show that caffeine’s effects 
are not exclusively due to the reversal of withdrawal symptoms  [26] . 

  In addition to debate over the withdrawal reversal hypothesis, the effects of 
chronic caffeine consumption on cognitive function are largely unknown. Many 
studies that have examined the effects of caffeine on cognition have used either 
habitual caffeine consumers deprived of caffeine for varying lengths of time or 
individuals who do not choose to consume caffeine on a regular basis. Neither of 
these approaches addresses the effects of caffeine in habitual users. In rodent stud-
ies, one physiological response to caffeine consumption appeared to be an increase 
in the number of adenosine receptors in the brain. Marangos et al. reported a 20 –
 30% increase in the number of adenosine receptors in the caffeine treated rodents 
versus control rodents over a period of several weeks  [27] . Whether this response 
is indicative of caffeine tolerance in chronic users (as would seem logical) or if it 
suggests a change in cognition is still unknown  [28] . Short-term caffeine consump-
tion in caffeine-naive or caffeine-deprived subjects is known to have negative side 
effects, namely reductions in cerebral blood fl ow and impaired glucose tolerance 
       [29, 30] . In contrast, chronic caffeine consumption has no effect on blood fl ow to 
the brain [31] . Although it is well known that habitual caffeine users develop a tol-
erance to caffeine, some authors have suggested that the tolerance is incomplete in 
that an intake above a certain level of caffeine would demonstrate effects similar to 
those observed in habitual non-users        [31,32] . Based on recent animal study data, 
this incomplete tolerance may primarily involve A 2A  receptor antagonism  [15] . 

    CAFFEINE AND NORMAL AGING 

  Can caffeine slow the gradual cognitive decline associated with normal aging? 
The answer(s) to this question are mixed, particularly with regard to memory. 
The Maastricht aging study, which included individuals ranging from 24 years 
to 81 years of age, has been used on two separate occasions as a source of data 
to examine the effects of caffeine on cognitive decline. The fi rst report involved 
1875 members of the study and found that consumption of coffee and tea, used as 
surrogates for caffeine intake, did not prevent cognitive decline, but did appear to 
improve certain aspects of cognition such as long-term memory and motor speed 
relative to age-matched peers  [33] . In a subsequent report involving 1376 mem-
bers of the Maastricht study, caffeine intake did not signifi cantly affect memory, 
but did appear to slow declines in information processing speed  [34] . As part of 
the second report, members of the Maastricht aging study were tested for choice 
reaction time or the time required to choose between or among a variety of options 
and then tested again 6 years later. The results indicated that increasing caffeine 
consumption was associated with improvements in this psychomotor measure of 
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cognition only. A cross-sectional study of 9003 British adults who participated in 
the Health and Lifestyle Survey reported that coffee and tea consumption improved 
simple and choice reaction time, as well as incidental verbal memory (the abil-
ity to remember words or speech), and visuo-spatial reasoning (the ability to think 
about and manipulate shapes). As with other studies, coffee and tea consumption 
were used as surrogates for caffeine consumption. The reported effects were dose-
dependent in terms of the amount of beverage consumed and were stronger for 
coffee than for tea. If the observed effects were due to caffeine, this would be logi-
cal since a particular volume of coffee contains approximately twice the caffeine 
as an equal volume of tea. The effects also appeared to be greater for the elderly 
than for the young [32] . 

  Not all studies comparing the effects of tea and coffee consumption on cogni-
tion have reported coffee to be superior. The Surugaya Project, a cross-sectional 
Japanese study involving 1003 subjects in their seventh decade of life reported that 
tea, but not coffee consumption, was associated with a reduced risk of  “ normal ”  
cognitive decline, as assessed by the mini-mental state examination. This exami-
nation included a questionnaire designed to be used as a rapid screening tech-
nique for dementia in clinical settings. Interestingly, green tea was more protective 
than oolong tea or coffee in this study  [35] . Since green tea contains less caffeine 
per serving than coffee (approximately 50       mg in green tea versus approximately 
100       mg in coffee) non-caffeine components of this beverages may merit further 
investigation, especially with regard to their ability to prevent cognitive decline. 

  If, as indicated by other authors, normal cognitive aging can be viewed as 
a progressive loss of alertness or arousal, stimulants may be potentially ben-
efi cial. A study by Rees  et al . reported that the consumption of 250       mg of pure 
caffeine in non-withdrawn young and old subjects improved cognitive perform-
ance and reduced fatigue-associated declines in performance in older people 
 [36] . This double-blind parallel study involved 48 men and women, with half of 
the study participants in the 20–25 age range and half in the 50–65 age range. 
Caffeine appeared to be particularly effective at inhibiting the late-day declines 
in cognitive performance observed in the 50 – 65 year age group relative to those 
receiving the placebo. This fi nding is in keeping with the increase in fatigue 
that occurs with aging, coupled with studies indicating that physical fatigue 
adversely affects mental performance. van Duinen  et al . reported that caffeine 
maintained performance and accuracy during a fatiguing motor task, suggesting 
that the aged may benefi t from this approach  [37] . To summarize, caffeine does 
appear to have potential benefi ts relative to cognitive decline in normal aging, 
particularly with regard to improved reaction time and attention. Effects on 
short and long-term memory have been reported, but are less well-established. 

    CAFFEINE AND DISEASE PREVENTION 

   Can caffeine or other stimulants prevent or delay the onset of diseases associ-
ated with rapid cognitive decline? The answer to this question appears to be 
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yes, at least with regard to Parkinson’s and Alzheimer’s diseases. The effects 
of caffeine on Parkinson’s disease risk appear to be both dose and gender 
dependent. A 22-year prospective study of 6710 Finnish men and women, aged 
50– 79 at the outset of the study reported that those consuming 10 or more cups 
of coffee per day had a relative risk of 0.26 of developing Parkinson’s disease 
relative to those who did not drink coffee  [38] . Although these results are strik-
ing, the practical signifi cance of this very high level of coffee consumption 
for those that consume 1 – 2 cups per day is unclear. In the Cancer Prevention 
Study II Cohort, a U.S.-based prospective study of greater than one million 
people, coffee intake was reported to be inversely associated with Parkinson’s 
disease mortality in men and in women who did not use postmenopausal estro-
gen. In contrast, coffee consumption was associated with an increased relative 
risk of Parkinson’s disease mortality in women who underwent postmenopau-
sal estrogen therapy  [39] . A previous study of 77,713 women from the nurses 
health study also reported that coffee consumption was only protective against 
Parkinson’s disease in the absence of estrogen therapy  [40] . Unlike the results 
for women, data from the health professional’s follow-up study and other pro-
spective studies indicates that caffeine from coffee and other caffeine-contain-
ing beverages appears to be consistently protective against Parkinson’s disease 
for men [41] . 

   Based on human, animal, and cell culture studies, caffeine and other A 2A

receptor antagonists may play a role in preventing Alzheimer’s disease. A case 
control study involving 54 subjects with probable diagnosis of Alzheimer’s dis-
ease to 54 age and sex-matched controls found that individuals that consumed 
199       mg of caffeine (approximately two cups of coffee) per day for the previous 
20 years were at a signifi cantly lower risk of developing the desease than those 
consuming less caffeine. This was true after controlling for other dementia risk 
factors including hypertension, diabetes, stroke, head trauma, and family his-
tory  [42] . A meta-analysis of two case controls and two prospective studies 
examining the effects of coffee on Alzheimer’s disease also reported that cof-
fee was protective  [43] . Since it was pointed out earlier that chronic caffeine 
consumption increased the number of adenosine receptors, it is interesting to 
note that Alzheimer’s patients have been reported to lose adenosine A 1  recep-
tors, specifi cally in the hippocampal region of the brain  [44] . 

  Based on animal study data, caffeine may prevent Alzheimer’s disease 
by protecting against beta-amyloid toxicity through adenosine A 1  recep-
tor inhibition. Although caffeine is a non-specifi c inhibitor of adenosine A 1
and A 2A  receptors, only A 1  receptor antagonists appear to protect against 
beta-amyloid toxicity  [45] . A second animal study that used transgenic 
mice highly susceptible to the formation of beta-amyloid plaques showed 
that caffeine protected against their formation via inhibition of presenilin-1
and beta-secretase, and through normalization of adenosine levels, which 
were reduced in animals not treated with caffeine  [46] . These animal stud-
ies are of interest since the presence of beta-amyloid proteins is considered 
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to be a major causative factor in the etiology of Alzheimer’s disease. Data col-
lected from cell culture work on a neuroblastoma cell line indicate that caffeine 
may protect against Alzheimer’s through the induction of neutral endopeptidases 
that are capable of degrading beta-amyloid proteins  [47] . Interestingly, green tea 
ingredients, such as epicatechin and epigallocatechin gallate also induced neutral 
endopeptidase activity in this model, raising the possibility that non-stimulant 
food ingredients may augment the protective effects of caffeine. 

  In addition to direct preventative effects against Parkinson’s and Alzheimer’s 
diseases, caffeine consumption may also indirectly inhibit cognitive decline 
via prevention of type II diabetes, a disease associated with accelerated rates of 
cognitive decline        [48, 49] . Several authors who have analyzed data from the nurses 
health study and the health professional’s follow-up study have reported that cof-
fee, tea, and caffeine consumption are generally associated with a reduced risk of 
type II diabetes         [30, 50, 51] . As mentioned earlier, acute caffeine intake in caffeine-
naive subjects is associated with impaired glucose tolerance. However, regular 
caffeine users do not experience impaired glucose tolerance. This may be due to 
tolerance to caffeine, to non-caffeine components present in caffeinated beverages, 
or both. In support of this idea, a study by Battram et al . reported that caffeine from 
coffee caused glucose intolerance to a lesser degree than pure caffeine  [52] . 

    NEGATIVE SIDE EFFECTS OF CAFFEINE 

  Although caffeine consumption may have some benefi ts with regard to slow-
ing normal cognitive decline and the prevention of diseases associated with 
rapid cognitive decline, it is important to consider the potentially negative 
effects of caffeine consumption in the elderly. Potential concerns include the 
hypertensive and anxiety-producing effects of caffeine, as well as withdrawal 
symptoms and possible drug interactions. Data from the nurses health studies I 
and II involving 155,594 women found that neither caffeine in general nor caf-
feine consumption via coffee were signifi cantly associated with the diagnosis of 
hypertension, although the reasons for this observation are unclear  [53] . Among 
men, caffeine appears to have the greatest effects on those already diagnosed 
with hypertension. A study of 182 men, categorized as having optimal, normal, 
high-normal, or stage I hypertension, were administered 250       mg of caffeine. An 
hour after caffeine administration, men in the stage I and high normal catego-
ries were most likely to exhibit elevated blood pressure readings consistent with 
hypertension [54] . Caffeine withdrawal symptoms can result from doses as low 
as 100 mg/day and range from lethargy to headaches to muscle and joint pain. 
Withdrawal symptoms peak between 24 hours and 48 hours after cessation of 
use and may last for up to a week. Since the elderly are more likely to undergo 
medical procedures more frequently than the young, it is important to consider 
the effects of caffeine use and withdrawal on these patients  [55] . Caffeine with-
drawal symptoms often result in self-medication via re-administration of caf-
feine. This suggests that caffeine produces signifi cant dependency. 
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    INTERACTIONS BETWEEN DIET AND CAFFEINE 

  A number of dietary and lifestyle factors appear to infl uence the effects of caf-
feine on cognitive decline. These include: the consumption of caffeine with or 
without meals, the timing of those meals, and the non-caffeine chemical com-
position of caffeine-containing beverages. Smith and co-workers examined the 
effects of caffeine consumed with breakfast, lunch, and dinner. Coffee consumed 
after either a hot or cold breakfast was reported to improve memory related to 
concepts, the ability to recognize items, and free recall. Improved logical rea-
soning was also observed in a double-blind, placebo-controlled trial involving 
24 men and 24 women, all university students. In this study, caffeine was added 
directly to decaffeinated coffee at 4 mg/kg body weight, or approximately equiva-
lent to the caffeine content in three cups of regular coffee. In addition to effects on 
cognition, caffeine also signifi cantly increased blood pressure and pulse rate  [56] . 
Caffeine consumed with lunch effectively eliminated the post-lunch declines in 
attention. The effects of caffeine were greatest on less anxious individuals, as they 
are also the ones that have the largest drops in attention after lunch  [57] . In a double-
blind, placebo-controlled trial involving 24 men and 24 women, the consump-
tion of 3 mg/kg body weight caffeine, or approximately equal to the amount of 
caffeine in two cups of regular coffee after an evening meal, improved alertness 
compared to subjects that did not consume caffeine  [58] . Little data exists regard-
ing the interactive effects of individual macronutrients with caffeine on cognitive 
function. A randomized, double-blinded crossover study used to test the interac-
tion of caffeine and glucose reported a synergistic improvement in memory and in 
attention when 75 mg of caffeine and 37.5 g of glucose were ingested at the same 
time after an overnight fast  [59] . 

  Aside from coffee, tea is the most common means of caffeine consumption. 
Coffee contains a wide variety of chemical compounds, but, unlike those in tea, 
no single compound in coffee has been reported to infl uence caffeine’s stimula-
tory effects. In contrast, tea contains a number of substances that may modulate 
caffeine’s effects, including theanine and catechins. Theanine is an amino acid 
found in green, oolong, and black teas and is a biochemical precursor of catechins. 
Catechins are fl avonoid compounds. Rogers  et al . observed that theanine effec-
tively opposed the hypertensive effects of caffeine in a randomized, double-blind, 
placebo-controlled group of 48 adults between 18 years and 28 years of age [60] . 
Both theanine and catechins have been reported to possess neuroprotective effects 
in animal models in which an ischemic stroke was simulated        [61, 62] . Due to its 
theanine content, tea may be preferable to coffee in terms of caffeinated beverage 
consumption for the elderly, especially for those suffering from hypertension. 

    SUMMARY 

   In this chapter, we have discussed the known and potential effects of caffeine 
and other stimulants on the aged. Several observations and recommendations 
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can be made relative to the effects of caffeine on cognitive decline in the eld-
erly. First and most obvious, the small number of studies involving elderly 
subjects makes fi rm conclusions diffi cult. As the elderly population grows 
worldwide and the expected burden of Parkinson’s, Alzheimer’s and other age-
related forms of cognitive decline rises, the need for this information will also 
increase. Second, the data related to the effects of caffeine on cognition is diffi -
cult to interpret due to the myriad of assessment tools. Standardization of cog-
nitive testing across studies is an essential step in ensuring that experimental 
results are comparable. Third, caffeine does appear to have potential cognitive 
benefi ts for the elderly, particularly with regard to reducing fatigue, improv-
ing reaction time and attention, and enhancing mood. Fourth, the side effects 
of caffeine, especially hypertension, need to be carefully considered before 
recommendations for its use are made for elderly persons. Further studies are 
needed to identify optimal caffeine dosing regimens, or more selective stimu-
lants that can separate caffeine’s apparent cognitive benefi ts from its known 
side effects.   
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 Chapter 21 

    Five   or More Servings of Fruit and 
Vegetables Each Day for Better 
Health! 

   Lyn M.   Steffen 
  Division of Epidemiology and Community Health, University of Minnesota School of Public Health, 
Minneapolis, MN, USA 

    Abstract 

  Over 2.5 million deaths were attributable to low fruit and vegetable intake accord-
ing to the World Health Organization. Epidemiologic evidence has shown low 
consumption of fruit and vegetables is associated with higher risk of cardiovascu-
lar disease (CVD), stroke, type 2 diabetes, high blood pressure, osteoporosis, cer-
tain cancers, and obesity, although study fi ndings are not consistent. Paradoxically, 
the French population has a high intake of saturated fat, but a low rate of CVD. 
A recent study demonstrated that polyphenols (i.e., red wine, fruit, or vegetable 
intake) consumed together with high fat foods may reduce the effect of dietary fat 
on the development of atherosclerosis. Further, fi ndings from two meta-analyses 
provide strong support for the  Dietary Guidelines for Americans  that consuming 
more than 5 servings of fruit and vegetables daily is benefi cial for cardiovascular 
health. However, study results are inconsistent regarding the relation between fruit 
and vegetables and several other chronic diseases, including peripheral artery dis-
ease, type 2 diabetes, cancer, and obesity. Higher intake of fruit and vegetables is 
inversely associated with blood pressure, as shown in several studies. Moreover, 
recent studies of novel CVD biomarkers, including infl ammation and oxidative 
stress, have shown lower concentrations of these biomarkers with greater amounts 
of fruit and vegetable intake. Fruit and vegetables are colorful packages of phyto-
chemicals that promote health. Despite the favorable effects of fruit and vegetables, 
intake is not suffi cient in the majority of populations nationally or internationally; 
only 23–26% of adults consume at least 5 servings of fruit and vegetables each 
day. Clearly, nutrition education interventions are necessary to promote fruit and 
vegetable consumption in adult and youth populations. 

Keywords: Fruit and vegetables, cardiovascular disease, stroke, blood pressure, oxida-
tive stress
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    INTRODUCTION 

   Over 2.5 million deaths were attributable to low fruit and vegetable intake 
according to the World Health Organization  [1] . Epidemiologic evidence has 
shown low consumption of fruit and vegetables is associated with higher risk 
of cardiovascular disease          [2–4] , stroke  [5] , type 2 diabetes  [6] , high blood pres-
sure       [7,8] , osteoporosis  [9] , certain cancers        [10, 11] , and obesity [12] , although 
study fi ndings are not consistent          [11, 13, 14] .

   According to the  Dietary Guidelines for Americans , children and adults 
should eat a suffi cient number and variety of fruits and vegetables each day 
while staying within individual energy needs  [15] . In particular, foods from all 
fi ve vegetable subgroups should be eaten several times a week, including dark 
green, orange, legumes, starchy vegetables, and other vegetables. The  Dietary
Guidelines for Americans , fi rst developed in 1980 and updated in 2005 by 
the United States Department of Agriculture (USDA) and the Department of 
Health and Human Services (DHHS),  “ provides science-based advice to pro-
mote health and reduce risk for major chronic disease through diet and physi-
cal activity ”   [15] . In addition, the USDA also developed a tool called the Food 
Guide Pyramid (found at www.myPyramid.gov) which translates the  Dietary
Guidelines for Americans  into messages that may assist consumers to improve 
their eating habits [16] .

    PREVALENCE OF FRUIT AND VEGETABLE CONSUMPTION 

  Results from Behavioral Risk Factor Surveillance System (BRFSS), a national 
survey, show that the proportion of US adults consuming at least 5 servings of 
fruit and vegetables daily increased from 19% in 1991 to 22% in 1994 and to 
23% in 1996  [17] . Findings from the National Health and Nutrition Examination 
Survey (NHANES) III conducted in 1988–1994 and in 1999–2002 were similar 
with only 24.3 and 23.6% of US adults, respectively, consuming at least 5 serv-
ings of fruit and vegetables each day  [18] . Even though the  “ 5       A Day for Better 
Health ”  nutrition education campaign was conducted in 1991, only a small pro-
portion of adults increased their fruit and vegetable consumption  [19] . However, 
in the 1999–2002 NHANES, 84–88% of older adults (65 �  years old) and 70% of 
adults ages 19–64 years reported consuming some fruit each day. Most (94–96%) 
adults reported eating almost 2 servings of vegetables on a given day  [18] . 

   In Europe, guidelines for consumption of fruit and vegetables vary by 
country from 400 g/day to 750 g/day  [20] . However, similar to the US, only 
27% of adult women achieve the minimum intake of 400 g/day, with an aver-
age of 297 g/day  [21] . According to the Australian National Nutrition Survey 
results, the average daily intake of fruit and vegetables for men was 138 and 
285       g, respectively; while women reported 132 and 230       g, respectively  [22] . 
Clearly, national and international interventions are necessary to promote fruit 
and vegetable consumption in adult and youth populations.  
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   NUTRIENTS AND FOOD COMPOUNDS IN FRUIT 
AND VEGETABLES 

   Why are fruit and vegetables benefi cial to health? Fruit and vegetables are 
colorful foods chock full of different combinations of nutrients and bioactive 
compounds interacting with one another that may subsequently lead to better 
health for individuals who eat plenty of them  [23] . 

    Bioactive Compounds 

   There are four major classes of bioactive compounds found in fruit and veg-
etables, including nitrogen-containing alkaloids, phenolics and polyphenolics, 
sulfur-containing compounds, and terpenoids. Polyphenols,  “ bioactive ”  food 
compounds that are found in fruits, vegetables, coffee, tea, chocolate, and 
soy, have been shown to protect against chronic disease, including coronary 
heart disease (CHD)  [24] . Major polyphenol subgroups include fl avonoids, 
fl avonols, phenolic acids, anthocyanidins, and tannins. Over two-thirds of the 
polyphenols consumed in the diet are fl avonoids  [25] . The French population 
has been known to consume a diet high in saturated fat and also red wine; 
interestingly, the French have a low incidence of CHD. This phenomenon has 
been labeled “ the French Paradox. ”  Even though saturated fat intake is posi-
tively associated with CHD, the food compounds resveratrol and fl avonoids 
found in red wine (grapes) are known for their antioxidant, antithrombotic, 
and anti-infl ammatory activities  [26] . Thus, if consumed together, polyphenols 
may reduce the effect of fatty food consumption on the development of athero-
sclerosis  [27] . In a prospective study of women living in Iowa, dietary intake 
of fl avanones, anthocyanidins, and fruit rich in fl avonoids were associated with 
reduced risk of death due to all causes and CHD  [28] . The polyphenolic com-
pounds in fruit and vegetables may also be benefi cial in slowing the neuronal 
defi cits of aging  [29] . The fl avonoid anthocyanidin (e.g., found in blueberries) 
is known for potent antioxidant and anti-infl ammatory activity and inhibition 
of lipid peroxidation. Although most nutrition intervention studies of cognitive 
function in aging have used rat models, recent studies have shown signifi cantly 
improved cognitive and motor behavioral performance in animals supple-
mented with blueberries       [30, 31] .  

    Total Antioxidant Capacity 

   Fruits and vegetables are major sources of antioxidants, including vitamin C, 
folate, carotenoids (alpha carotene, beta carotene, lycopene, lutein, and zeaxan-
thin), and selenium, as well as the previously mentioned bioactive compounds 
(nitrogen-containing alkaloids, phenolics and polyphenolics, sulfur-containing 
compounds, and terpenoids). There are situations in which the levels of the 
individual antioxidant components may not be useful, but one measure of total 
antioxidant potency of total dietary intake or in the plasma would be benefi cial 
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to answer a research question. Total antioxidant capacity (TAC) may be meas-
ured in the extracellular fl uid and is the sum of endogenous and food-derived 
antioxidants or it may be measured in foods and is the sum of all antioxidants 
in the food. TAC may be determined by Trolox equivalents antioxidant capac-
ity assay (TEAC), total radical-trapping antioxidant parameter (TRAP), and 
ferric reducing-antioxidant power (FRAP)  [32] . 

   In a cross-sectional study, TAC in foods, particularly in fruits and vegeta-
bles, was evaluated relative to biomarkers and chronic disease. The average of 
three 1-day dietary records was used to determine the TAC of food and bev-
erages consumed by 243 healthy adults  [33] . Dietary TAC was signifi cantly 
higher in adults with low plasma high-sensitivity C-reactive protein (hCRP) 
levels than in those with lower hCRP levels. In addition, individuals with high 
CRP levels also had increased levels of white blood cells, greater BMI (body 
mass index) and waist circumferences, less insulin sensitivity, lower levels of 
HDL (high-density lipoprotein) and beta-carotene, and were more likely to 
have hypertension than those with low CRP levels. This anti-infl ammatory 
effect could be one of the mechanisms by which fruits, vegetables, and red 
wine have been shown to be protective against cardiovascular disease. 

   Nutrient- vs. Food-Based–Disease Relations 

  There are numerous studies examining the relations between single nutrients 
or nutrient scores, as in the example above, and chronic disease or risk fac-
tors for a disease. However, nutrients are not consumed in isolation and there 
likely is important synergy among the nutrients, particularly in foods. Because 
we eat foods, it is logical to conduct analysis of food-based–disease relation-
ships. In the following example, we evaluate the relations of nutrient and food 
intakes with incident VTE (venous thromboembolism) . To examine these rela-
tions, data were analyzed from the ARIC study – the Atherosclerosis Risk in 
Communities – a prospective study of almost 16,000 African American and 
white middle-aged adults recruited from one of four fi eld centers, including 
Minneapolis, MN, Jackson, MS, Forsythe County, NC, and Washington County, 
MD. Investigators found that consumption of 4 or more servings of fruit and 
vegetables per day was associated with lower incidence of VTE as shown in 
Table   21.1  [34] . To support the food fi ndings, nutrient intakes of vitamin B6 
and folate were also inversely related to VTE. Studying the effect of a food or 
diet pattern on the outcome-of-interest may be synonymous to studying the 
interaction among nutrients in a food [23] . 

    FRUIT AND VEGETABLE INTAKE REDUCES THE RISK OF 
CHRONIC DISEASE 

   Consumption of 5 or more servings of fruit and vegetables each day is recom-
mended to reduce the risk of chronic disease, including CHD [35] , stroke  [35] , 
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cancer  [36] , type 2 diabetes  [37] , and obesity  [15] . Results from two recent 
meta-analyses of cohort studies showed that increasing intake of fruit and 
vegetable intake was inversely associated with occurrence of stroke and CHD 
events        [2, 5] . 

    Heart Disease and Stroke 

   The development of heart disease and stroke begins in childhood which is a 
consequence of modifi able CVD risk factors dietary intake, physical activ-
ity, and smoking habits and the non-modifi able risk factors of age, gender, 

TABLE 21.1       Hazard Ratios (HR) of Venous Thromboembolism Across 
Quintiles of Dietary Intake, ARIC, 1987–2001 ( n       �      14,962) (adapted 
from Steffen et al .  [34] )  

   Quintiles of dietary intake ptrend

 1  2  3  4  5   

Folate (mcg/day) 

   Range of 
intake

� 160  160–206  206–249  249–310   � 310 

   No. of 
cases

 57  34  40  32  34 

   HR 
   (95% CI) 

 1.0  0.58 
 (0.37, 0.91) 

 0.66 
 (0.41, 1.05) 

 0.49 
 (0.28, 0.86) 

 0.49 
 (0.24, 1.02) 

 0.06 

Vitamin B6  (mg/day) 

   Range of 
intake

� 1.25  1.25–1.57  1.57–1.86  1.86–2.26   � 2.26 

   No. of 
cases

 54  40  38  33  32 

   HR 
   (95% CI) 

 1.0  0.66 
 (0.43, 1.02) 

 0.57 
 (0.35, 0.93) 

 0.44 
 (0.25, 0.78) 

 0.37 
 (0.17, 0.80) 

 0.007 

Fruit and vegetables  (servings/day)

   Range of 
intake

� 2.5  2.5–3.5  3.5–4.5  4.5–5.8   � 5.8 

   No. of 
cases

 56  41  35  28  37 

   HR 
   (95% CI) 

 1.0  0.73 
 (0.48, 1.11) 

 0.57 
 (0.37, 0.90) 

 0.47 
 (0.29, 0.77) 

 0.59 
 (0.36, 0.99) 

 0.03 
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and genetics. The Boyd Orr survey is a longitudinal study of diet and health 
in 4334 British and Scottish children which began in 1937–1939 with recent 
follow-up on cardiovascular disease, stroke, and all-cause mortality  [38] . After 
an average 37 years of follow-up, there were 1010 deaths from all-causes with 
298 and 83 attributed to CHD and stroke, respectively. Dietary intake was 
obtained by a 7-day household, weighed inventory at baseline. Consumption 
of vegetables was signifi cantly and inversely associated with mortality from 
stroke ( ptrend �  0.01), but not with consumption with fruit. No relation was 
observed between fruit and vegetable intakes for all-cause or CHD mortality. 

   Two meta-analyses were performed for the relation of fruit and vegetable 
intake with incident CHD and stroke using data from 12 to 8 cohort studies, 
respectively        [2, 5] . Cohort studies included in at least one of the meta-analyses 
were the Adventist Health Study ( n   �  26,473), ARIC (Atherosclerosis Risk 
from Communities; n   �  11,940), Baltimore Longitudinal Study ( n   �  501), 
Danish Diet, Cancer And Health Study ( n   �  54,506), Framingham Study 
(n   �  832), Health Professional’s Follow-Up Study ( n   �  38,683), Life Span Study 
from Japan ( n   �  37,437), Mobile Clinic Health Cohort (Finland;  n   �  5133), 
NHANES I Follow-up Study ( n   �  9608), Nurses ’  Health Study ( n   �  75,596), 
Physician’s Health Study ( n   �  15,220), PRIME Study (France and Northern 
Ireland; n   �  7,981), Women’s Health Study ( n   �  39,127), Zutphen Study 
(n   �  552), or data from Finland ( n   �  25,372) and UK ( n   �  9980) studies. 

   Data from these studies were pooled and hazard ratios estimated. Among 
247,391 study participants, there were 2195 ischemic stroke events and among 
66,666 participants, there were 358 hemorrhagic stroke events. The risk of 
stroke for those consuming 3–5 and more than 5 servings of fruit and vegeta-
bles per day compared to less than 3 servings daily were 0.88 (0.79, 0.98) and 
0.72 (0.66, 0.79), respectively, for ischemic stroke and 0.92 (0.81, 1.05) and 
0.73 (0.61, 0.87), respectively, for hemorrhagic stroke  [5] . 

   Among the 278,459 study participants, there were 9143 incident CHD 
events. Compared to study participants consuming less than 3 servings of fruit 
and vegetables per day, the risk of incident CHD was 0.93 (0.86, 1.00) for 
those consuming 3–5 daily servings and 0.83 (0.77, 0.89) for those consuming 
more than 5 servings of fruit and vegetables per day  [2] . 

   The fi ndings provide strong support for the  Dietary Guidelines for 
Americans  that consuming more than 5 servings of fruit and vegetables each 
day is benefi cial for cardiovascular health.  

    Peripheral Artery Disease 

   Even though fruit and vegetable intake is inversely associated with CHD and 
stroke in most studies, peripheral artery disease (PAD) was not related to fruit 
and vegetable intake among over 44,000 male health professionals  [39] . Only 
one study has been published for PAD, therefore, further investigation in this 
area is warranted.  
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    Type 2 Diabetes 

   Few studies have examined the relation between fruit and vegetable intake and 
diabetes. In one national survey of almost 10,000 adults, consumption of 5 or 
more daily servings of fruit and vegetable intake was associated with a lower 
risk of developing type 2 diabetes over 20 years of follow-up among women, 
but not men  [6] . In contrast, fi ndings from the Women’s Health Study failed 
to confer a signifi cant relation of fruit and vegetable intake with risk of devel-
oping type 2 diabetes in over 38,000 middle-aged women after 8.8 years of 
follow-up  [13] .

    CVD Risk Factors 

   Reduction of CVD risk factors lowers the incidence and mortality of CHD. 
High blood pressure (systolic BP of 140       mm Hg or higher, diastolic BP of 
90       mm Hg or higher or taking antihypertensive medicine) is a major risk fac-
tor for CHD. About 33% of US adults are hypertensive  [40] . Interestingly, 
about 50% of US adults reported not consuming any fruit or fruit juice and 
25% reported not consuming any vegetables every day  [18] . Among CARDIA 
study participants, plant food intake, especially fruit, was inversely related to 
elevated blood pressure (systolic BP of 130       mm Hg or higher, diastolic BP 
of 85       mm Hg or higher or taking antihypertensive medicine) over 15 years of 
follow-up  [7] . These study fi ndings are consistent with those of other stud-
ies which have examined the relation of fruit, vegetable, fi ber, and plant pro-
tein with hypertension          [8, 41, 42] . In a randomized clinical trial, systolic and 
diastolic blood pressure were signifi cantly reduced in adults randomized to 
the intervention group (5 servings of fruit and vegetables daily) compared to 
those in the control group over 6 months of study  [43] . Finally, the dietary 
approaches to stop hypertension (DASH) feeding study found that a combi-
nation diet rich in fruit, vegetables, and low-fat dairy products substantially 
lowered blood pressure in 459 moderately hypertensive African American and 
Caucasian men and women  [44] . 

   Numerous studies have shown that vegetarians have a lower blood pressure 
than do nonvegetarians  [45]  and that the addition of meat to a vegetarian diet 
increases blood pressure [46] . 

   Elevated LDL-cholesterol (low-density lipoprotein) is a risk factor for 
CHD and dietary modifi cation may control concentration levels. A plant-
based diet lowered plasma lipids in hypercholesterolemic adults  [47] . Patients 
were randomized to one of two diet groups: a low-fat diet (LF) consistent 
with the former American Heart Association (AHA) Step 1 guidelines and the 
other a low-fat plus (LFP), including fruit, vegetables, legumes, and whole 
grains, consistent with the 2000 AHA guidelines. The macronutrient compo-
sition for the two diet groups was similar: about 30% of calories from total 
fat, 10% of calories from saturated fat, 55% of calories from carbohydrate,
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and 15% of calories from protein. The LF group consumed 2.6 and 2.5 serv-
ings per day of fruit and vegetables, respectively; while the LFP group con-
sumed 3.4 and 10.1 servings per day, respectively. A signifi cantly greater 
reduction in total- and LDL-cholesterol was demonstrated in the LFP diet 
group compared to the LF group. The difference between groups for change 
in total cholesterol was –0.22 mg/dl (  p   �  0.01) and –0.18 mg/dl (  p   �  0.01) 
for LDL-cholesterol. No difference between groups was observed for change 
in HDL-cholesterol or triglyceride levels. The study was not designed to 
determine which of the food components promoted the observed cholesterol-
lowering effect; however, the difference in number of vegetable servings con-
sumed was substantial. The group with the greatest reduction in cholesterol 
consumed more vegetables. 

   Elevated urinary excretion of 8-isoprostane F 2a  (a metabolite of arachidonic 
acid) is one measure of lipid peroxidation or oxidative stress that is present in 
chronic disease, including CHD and type 2 diabetes [48] . Smokers and dia-
betics have greater levels of isoprostanes than non-smokers and non-diabetics, 
respectively. In a randomized clinical trial, 8-isoprostane F 2a  were signifi cantly 
reduced among women who consumed 9.2 servings of fruit and vegetables 
daily compared to those consuming 3.6 servings/day  [49] . Further, the greatest 
reductions were seen in women with the highest level of 8-isoprostane F 2a  at 
baseline. Dietary intake, including increased fruit and vegetable consumption, 
may prevent oxidation of LDL thus reducing oxidation stress and also the risk 
of developing atherosclerosis.  

    Cancer 

   Higher intakes of fruits and vegetables and cruciferous vegetables have been 
associated with lower risk of mortality from cancer, cardiovascular disease, 
and all-causes [50] . Further, results from the majority of case-control studies 
showed signifi cant and inverse relations between fruit and vegetable intake and 
cancers of the esophagus, lung, stomach, and colorectum       [10, 51] . Vegetable 
intake was protective for breast cancer, but not with fruit intake. In contrast to 
results from studies with case-control study designs and from studies of heart 
disease and stroke, the fi ndings from prospective studies for most cancer sites 
are suggestive of protection from fruit and vegetable intake, but are not statisti-
cally signifi cant; however the reduction in risk is signifi cant for bladder cancer 
and lung cancer and only for fruit [10] . According to Potter  [11] , the relation 
between dietary intake and cancer risk has yet to be clarifi ed due to differ-
ences in study design, heterogeneity of specifi c cancer outcomes, inadequate 
sample size of cancer trials, genetic variability, measurement error of both the 
exposure and outcome, and short follow-up periods. Given the inconsistent 
evidence based on study design and other limitations, further study of the rela-
tions of cancer with fruit and vegetable intake, other modifi able risk factors, 
and genetic factors is needed.  
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    Bone Health 

   Osteoporosis is a major public health problem which will affect one in three 
women, and one in 12 men, at some stage in their lives. Bone health starts in 
childhood and is infl uenced by genetic, endocrine, mechanical and nutritional 
factors. Previous studies focused on calcium and bone health, however, many 
lifestyle factors affect bone metabolism, including smoking, physical activ-
ity, and intakes of caffeine, protein, total energy intake and fruit and vegeta-
bles. Markers of bone metabolism, bone mass density, and dietary intake were 
measured in 62 healthy women aged 44–55 years. Although, the study of New 
et al . did not report the infl uence of fruit and vegetable intake on bone param-
eters, bone density was positively associated with intakes of nutrients found 
in abundance in fruit and vegetables, including magnesium and potassium, as 
well as a positive association with history of consuming high amounts of fruit 
and vegetables in childhood  [9] .

    Obesity 

  The prevalence of overweight and obesity has been increasing over the past 20 
years with over 60% of US adults who are overweight or obese  [52] ; clearly it is 
unknown which diet pattern best facilitates weight management. Epidemiologic 
evidence is inconsistent that fruit and vegetable intake is associated with weight 
gain or maintenance         [12, 14, 53] . In over 12 years of follow-up, middle-aged 
nurses who increased their intake of fruit and vegetables had a 24% lower risk 
of obesity; and those with the largest increase in fruit and vegetable intake low-
ered their risk of weight gain by 28%  [12] . However, in a study of children and 
adolescents, fruit and vegetable intake was not related to change in BMI  [14] . 
It seems feasible that greater consumption of fruit and vegetables would facili-
tate weight management given that lower-energy, nutrient-dense foods might 
replace more calorie-dense refi ned grain snack foods or high fat fast foods. In a 
randomized clinical trial testing the effectiveness of weight loss of two diets: a 
low-fat/fruit and vegetable (LFFV) and a low-fat (LF) diet in otherwise healthy, 
overweight women. The women were instructed to eat  ad libitum  amounts of 
food while following the principles of their respective diet. The LFFV group 
reduced fat intake and increased fruit and vegetable intake, while the LF group 
reduced fat intake only. Women randomized to the LFFV weight loss group lost 
7.9       kg compared to a loss of 6.4       kg in the LF group after 1 year. The difference 
in weight loss after 1 year between the groups was 1.5       kg;  p   �  0.002  [53] . The 
LFFV eating plan is adaptable to individual food preferences and potentially 
sustainable for lifelong weight management. 

    HEALTH PROMOTION AND BEHAVIOR CHANGE 

   Despite the favorable effects of fruit and vegetables on health, the majority of 
populations, nationally or internationally, are not meeting their country dietary 
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guidelines for fruit and vegetable intake. Even though US adults were aware 
of the  “ 5 a day for better health ”  nutrition campaign created in 1991, only 
23–26% of adults consume at least 5 servings of fruit and vegetables each day 
by 2002        [18, 19] . There are still many people missing the message. Several 
barriers to increasing consumption of fruit and vegetables have been identifi ed, 
including availability, accessibility, cost, nutrition knowledge, and marketing 
strategies        [54, 55] .

    Interventions to Promote Fruit and Vegetable Consumption 

   Both the European Union (EU) and the US have drafted plans, the White 
Paper in the EU  [56]  and a similar plan in the US  [57] , on how to promote 
healthy diets and physical activity in response to the growing incidence of 
obesity in youth in the world. The escalating number of obese youth in both 
US and EU teenagers may translate into tomorrow’s heart attack patients  [58] . 
In both regions of the world, awareness has been raised and key stakeholders, 
including government, industry, communities, and schools, have been asked 
to commit to coordinate and prioritize limited resources, evaluate policies and 
programs, monitor progress, and disseminate successful practices to reduce 
obesity       [56, 57] . 

   Many school programs have already successfully designed and implemented 
programs targeting school children and their parents and school staff to con-
sume less fat and more fruit and vegetables, and to increase physical activity 
       [59, 60] . Learning activities have been developed for the parents, classroom, 
school cafeteria, and after-school care programs. Other settings in which inter-
ventions to increase fruit and vegetable intake were successfully implemented 
include: churches [61] , worksites  [62] , health care organizations  [63] , super-
markets  [64] , community programs  [19] , and several other adult programs 
 [65] . However, research gaps that need to be fi lled are (1) to better understand 
the different intervention components that were effective and how these effects 
vary in different populations and (2) to better understand the factors infl uenc-
ing fruit and vegetable intake, such as economic, social and environmental fac-
tors that infl uence food availability, individual food choices, and barriers to 
change (or facilitators to change) eating habits  [65] .

    CONCLUSION 

   Fruit and vegetables are colorful packages rich in a myriad of nutrients and 
food compounds benefi cial to health. The evidence is consistent for preven-
tion of heart disease and stroke – fruit and vegetable consumption is benefi cial. 
However, the lack of consistency between study fi ndings for other chronic dis-
eases, particularly cancer, may be due to differences in study design, population 
studied, dietary and outcome assessment methods, environmental and genetic 
(potentially confounding) factors measured and unmeasured, and follow-up
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period. No single nutrient or food is responsible for overall health, but a food 
pattern including fi ve or more fruits and vegetables each day is benefi cial and 
an important strategy for improving the public’s health. 

   So, eat your fruit and vegetables every day! 
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    Abstract 

   The use of vinegar to fi ght infections and other acute conditions dates back to 
Hippocrates, but recent research suggests that vinegar ingestion favorably infl uences 
biomarkers for heart disease, cancer, and diabetes. The acetic acid in vinegar elicits 
these benefi cial effects by altering metabolic processes in the gastrointestinal tract and 
in the liver. However, there are indications that the direct ingestion of vinegar, as com-
pared to its ingestion as a condiment in foods, may slightly increase body acidity and 
raise liver enzymes. As a medicinal food, vinegar is affordable and appealing, but future 
research must better defi ne vinegar’s therapeutic value and role in health promotion. 

Keywords:  Vinegar, acetic acid, diabetes, chronic disease  

    OVERVIEW 

   For over 2000 years, vinegar has been used not only to fl avor and pre-
serve foods, but to heal wounds and fi ght infections. The Online Archive of 
American Folk Medicine has over 2000 entries for vinegar cures  [1] . Although 
scientifi c investigations do not support the use of vinegar as an anti-infective 
agent [2] , recent reports suggest that vinegar may have some medicinal value 
particularly for the diabetic condition. 

   Vinegar, from the French  “ vin aigre ”  or  “ sour wine, ”  can be made from any 
fermentable carbohydrate source including wine, molasses, dates, fruit, coco-
nut, honey, beer, maple syrup, potatoes, beets, grains, and whey. Yeasts fer-
ment the natural food sugars to alcohol, and acetic acid bacteria ( Acetobacter ) 
convert the alcohol to acetic acid, the organic compound that identifi es the 
product as vinegar. Commercial vinegar is produced by either fast or slow 
fermentation processes. For the quick methods, the liquid is oxygenated by 
agitation and the bacteria culture is submerged permitting rapid fermentation. 

1  This paper is an update of a previous review  “ Vinegar: medicinal uses and antiglycemic effect ”  
published online at Med Gen Med  2006 May 30,  8 (2), 61.    
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The slow methods are used for the production of the traditional wine vinegars; 
the acetic acid bacteria grows on the surface of the liquid and fermentation 
proceeds slowly over the course of weeks or months. A nontoxic slime, known 
as mother , composed of yeast, acetic acid bacteria, and vinegar eels ( Turbatrix 
aceti ) accumulate in this naturally fermented vinegar. Most manufacturers fi l-
ter and pasteurize their product before bottling to prevent these organisms from 
forming. After opening, mother  may develop in stored vinegar; it is considered 
harmless and can be removed by fi ltering. Many people advocate retaining the 
mother  for numerous, but unsubstantiated, health effects. 

   The sensory qualities of different vinegars are a function of the food source 
and the fermentation method. Acetic acid is responsible for the tart fl avor and 
pungent, biting odor of vinegars. In the United States, vinegar products gener-
ally contain 4–7% acetic acid; Japanese rice vinegars are mild at 2–4% ace-
tic acid, and pickling vinegars are acerbic at 18% acetic acid  [3] . Other minor 
constituents of vinegar include vitamins, mineral salts, amino acids, com-
pounds with antioxidant properties (e.g., catechin and caffeic acid), and other 
organic acids (e.g., citric, malic, and lactic acids)        [4, 5] . 

  Acetic acid, CH 3 COOH, is considered a weak acid, and the pH of com-
mercial vinegars (5% acetic acid) is 2.4. Acetic acid is produced naturally in 
over-ripe fruits and vegetables, presumably to serve as a natural insecticide  [6] , 
and it is present in human vaginal fl uids perhaps as an antibacterial agent  [7] . 
The antimicrobial properties of vinegar are well documented and relate directly 
to the pH-lowering effect of acetic acid; yet it is possible that some inhibitory 
compounds other than acetic acid may be present in vinegar  [8] . Vinegar and 
acetic acid solutions are effective preservatives against food-borne pathogenic 
bacteria        [9, 10] . In freshly ground beef, the effectiveness of a 2% acetic acid 
treatment at reducing Escherichia coli  and  Salmonella typhimurium  was sus-
tained over time in refrigerated and frozen storage, and this treatment did not 
cause adverse sensory changes as detected by a consumer panel  [11] . In iceberg 
lettuce, a 35% vinegar solution (1.9% acetic acid) was effective at reducing 
bacteria levels including  E. coli , and although the lettuce was noticeably sour 
and slightly wilted in appearance, consumer acceptability was maintained  [12] . 

    MEDICINAL USES OF VINEGAR 

   The use of vinegar to fi ght infections and other acute conditions dates back to 
Hippocrates (460–377 BC ) who recommended a vinegar preparation for clean-
ing ulcerations and for the treatment of sores. Oxymel, a popular ancient medi-
cine composed of honey and vinegar, was prescribed for persistent coughs by 
Hippocrates and his contemporaries, and by physicians up to modern day. The 
formulation of oxymel was detailed in the  British Pharmacopoeia  (1898) and 
the German Pharmacopoeia  (1872) and was prepared by mixing virgin honey, 
four parts, with white wine vinegar, one part, concentrating, and clarifying 
with paper pulp. 
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    Antimicrobial Properties 

   Recent scientifi c investigations clearly demonstrate the antimicrobial prop-
erties of vinegar, but mainly in the context of food preparation as discussed 
above. Experts advise against using vinegar preparations as household disin-
fectants since they are less effective at inhibiting bacterial growth when com-
pared to commercial disinfectants such as Lysol, Mr. Clean, and Clorox  [13] . 
However, undiluted vinegar may be used effectively for cleaning dentures, and, 
unlike bleach solutions, vinegar residues left on dentures were not associated 
with mucosal damage [14] . In the popular media, vinegar is commonly rec-
ommended for treating nail fungus, head lice, and warts, yet scientifi c support 
for these treatment strategies is lacking. Although investigations have dem-
onstrated the effectiveness of diluted vinegar (2% acetic acid solution at pH 
2) for the treatment of ear infections (otitis externa, otitis media, and granular 
myringitis), the low pH of these solutions may irritate infl amed skin and dam-
age cochlear outer hair cells [15] .

    Cardiovascular Disease 

   In spontaneously hypertensive (SHR) rats fed a standard laboratory diet mixed 
with an acetic acid solution or deionized water, a signifi cant reduction in systo-
lic blood pressure ( � 20       mmHg) was noted for the SHR rats fed the acetic acid 
 [16] . The acetic acid-induced decrease in systolic blood pressure was associ-
ated with reductions in both plasma renin activity and plasma aldosterone, fac-
tors associated with blood vessel constriction. Vinegar ingestion (0.57       mmol 
acetic acid) also inhibited the renin-angiotensin system in non-hypertensive, 
Sprague-Dawley rats  [17] . Vinegar has been demonstrated to modestly inhibit 
the angiotensin-converting enzyme (ACE) in rats  . Since ACE inhibitors are 
commonly prescribed to treat hypertension in adults, human trials should be 
conducted to determine if regular vinegar ingestion alters ACE concentrations 
and improves blood pressure in adults. 

   Dietary acetic acid, 0.3% (w/w), reduced serum cholesterol and triglycer-
ides in rats fed a cholesterol-rich diet  [18] . Acetic acid treatment reduced liver 
ATP citrate lyase activity, liver 3-hydroxy-3-methylglutaryl-CoA content, liver 
mRNA levels of sterol regulatory element binding protein-1, and fatty acid 
synthase; moreover, fecal bile acid content was signifi cantly higher in the ace-
tic acid-fed rats than controls. These data suggest that acetic acid treatment 
reduced serum total cholesterol and triacylglycerol via the inhibition of hepatic 
lipogenesis and the promotion of fecal bile acid excretion. Acetic acid is con-
verted to acetate  in vivo , and acetate metabolism by tissues activates AMPK 
which plays a key role in lipid homeostatsis which may explain the lipid-
lowering effects of ingested acetic acid in animals  [19] . 

   Human trials investigating the effects of vinegar ingestion on blood 
pressure or blood cholesterol concentrations have not been reported in the 
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 literature. Intriguingly, Hu et al. reported a signifi cantly lower risk of fatal 
ischemic heart disease (IHD) among participants in the Nurses ’  Health Study 
who consumed oil and vinegar salad dressings frequently ( � 5–6 times/week) 
compared with those who rarely consumed them (multivariate RR: 0.46; CI: 
0.27–0.76, P  for trend      �      0.001)  [20] . Frequent consumption of mayonnaise or 
other creamy salad dressings was not signifi cantly associated with risk for IHD 
in this population (multivariate RR: 0.84; CI: 0.50–1.44,  P  for trend      �      0.44).  

    Cancer 

   Antitumor properties have been demonstrated for vinegar in cultured cells 
and in animals. Sugarcane vinegar induced apoptosis in human leukemia cells 
 [21] . A traditional Japanese rice vinegar inhibited the proliferation of human 
cancer cells in a dose-dependent manner [22]  and stimulated the activity natu-
ral killer cells that target tumors  [23] . Rice vinegar added to drinking water 
(0.05	     0.1% w/v) signifi cantly inhibited the incidence ( 	 60%) and multiplic-
ity ( 	 50%) of azoxymethane-induced colon cancer in rats when compared to 
the same markers in control animals  [24] . Mice fed rice vinegar-fortifi ed feed 
(0.3	     1.5%       w/w) had signifi cantly smaller tumor volumes when compared to 
controls at 40 days after inoculation with sarcoma tumor cells [23] . 

  The antitumor factors in vinegar have not been identifi ed. In the human 
colonic adenocarcinoma cell line Caco-2, acetate treatment signifi cantly pro-
longed cell doubling time, promoted cell differentiation, and inhibited cell motil-
ity  [25] , effects that would inhibit tumor growth and metastasis. Vinegars are 
also a dietary source of polyphenols, compounds synthesized by plants to defend 
against oxidative stress. Ingestion of polyphenols by man enhances  in vivo
antioxidant protection and reduces cancer risk [26] . The Japanese rice vinegar 
Kurosu is particularly rich in phenolic compounds; the  in vitro  antioxidant activ-
ity of an ethyl acetate extract of Kurosu vinegar was similar to the antioxidant 
activity of  α -tocopherol (vitamin E) and signifi cantly greater than the antioxi-
dant activities of other vinegar extracts, including wine and apple vinegars  [27] . 

  Epidemiologic data, however, is scarce and unequivocal. A case-control study
conducted in Linzhou, China demonstrated that vinegar ingestion was associ-
ated with a decreased risk for esophageal cancer (OR: 0.37) [28] . However, 
vinegar ingestion was associated with a 4.4-fold greater risk of bladder cancer 
in a case-control investigation in Serbia  [29] .

    Diabetes 

   Vinegar has been utilized as diabetic treatment for nearly a century. In the 
1920s an Indiana doctor, Charles Kaadt, offered a  “ wonderful new treatment ”
for diabetes, an “ absolute cure. ”  The formula, Kaadt told his patients, was 
secret, “ disclosed ”  to him  “ by an old European woman. ”  The yellow-brown 
medicine, essentially saltpeter [potassium nitrate] dissolved in vinegar, was 
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proclaimed to “ stimulate ”  digestion. Kaadt maintained that diabetics lacked 
hydrochloric acid in their stomachs, and that the acetic acid would stimulate 
 “ those alkaline glands that empty into the duodenum. ”  Kaadt’s assertions that 
his medicine could replace insulin, however, lead patients to their demise, and 
he was eventually charged with malpractice, fi ned, and jailed  [30] . 

   Diabetes is characterized by elevated blood glucose, or hyperglycemia, 
in both the fasted state and following meal consumption. In type 1 diabetes 
(T1D), the pancreatic cells that produce insulin are destroyed, and the lack of 
insulin causes hyperglycemia. Individuals with type 2 diabetes (T2D) produce 
insulin; however, their tissues are resistant to the insulin which leads to eleva-
tions in blood glucose. Scientifi c evidence supporting an antiglycemic effect 
of vinegar at meal-time was fi rst reported in 1988. In rats, the blood glucose 
response to a starch load was signifi cantly reduced when co-administered with 
a 2% acetic acid solution [31] . Several years later, a trial in healthy subjects 
demonstrated that white vinegar (20       g or  � 2 tablespoons) as a salad dress-
ing ingredient reduced the glycemic response to a mixed meal by over 30% 
 [32] . Several placebo-controlled trials have corroborated this meal-time, antig-
lycemic effect of vinegar in healthy adults        [33, 34] . Pickled foods are also a 
source of acetic acid, � 2.5 acetic acid by weight, and researchers have demon-
strated that the substitution of a pickled cucumber (1.6       g acetic acid) for a fresh 
cucumber (0       g acetic acid) in a test meal (bread, butter, and yogurt) reduced 
post-meal glycemia by over 30% in healthy subjects  [35] . 

   To date, only one trial has examined the antiglycemic effect of vinegar at 
meal-time in individuals with T2D  [36] . This trial also included individuals 
with  “ pre-diabetes, ”  a condition characterized by a mild postprandial hyperg-
lycemia. The pre-meal ingestion of apple cider vinegar reduced postprandial 
glycemia in all subjects, but the effect was most marked in the individuals with 
prediabetes. Moreover, the vinegar treatment improved insulin sensitivity 19% 
and 34% in individuals with T2D and prediabetes respectively  [36] . These are 
potentially important fi ndings since reductions in postprandial hyperglycemia 
may reduce pancreatic stress and slow the progression of diabetes  [37] . Also, 
chronic postprandial hyperglycemia damages blood vessels and is a strong pre-
dictor of cardiovascular disease risk in both T2D and prediabetes  [38] . Thus, 
diabetics may be able to moderate meal-time glycemia by including vinegar as 
a dressing ingredient or condiment, or as a pickled food, in meal plans. 

   As the diabetic condition worsens, fasting glucose concentrations (e.g., 
glucose concentrations upon waking) deteriorate refl ecting altered hepatic glu-
cose processing  [39] . With this in mind, a recent trial examined whether vin-
egar ingestion at bedtime altered waking glucose concentrations in individuals 
with T2D [40] . During the two 3-day trial periods, participants consumed a 
standardized diet and recorded their fasting glucose concentrations in the 
early mornings. Using a randomized, cross-over study design, 2 tablespoons 
of apple cider vinegar or 2 tablespoons of water was consumed with 1       oz of 
cheese at bedtime. Fasting glucose was signifi cantly reduced after 2 days of 
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vinegar treatment, as compared to the water treatment, suggesting that vinegar 
may exert antiglycemic effects apart from meal time. 

   It is not known how vinegar alters blood glucose concentrations, but several 
mechanisms have been proposed. Acetic acid may interfere with the digestion 
of starch molecules thereby reducing the amount of glucose absorbed into the 
bloodstream after a meal  [41] . This research was conducted in cell culture, and 
since other dietary acids, such as citric acid or lactic acid, were ineffective, 
acidity does not seem to be a factor in this inhibition. Others suggest that vin-
egar slows the rate of gastric emptying which would slow the rate of glucose 
absorption into the bloodstream  [33] , or that acetic acid enhances the uptake 
of glucose from the bloodstream into tissues thereby keeping blood glucose 
concentrations low  [42] . 

   To date, the medicinal use of vinegar by individuals with T1D has not been 
investigated. 

    Obesity 

   Several investigators have reported that vinegar ingestion is associated with 
satiety and decreased energy intake at subsequent meals; hence, regular vine-
gar ingestion may reduce the amount of food ingested at meals contributing to 
weight loss success. In one trial, subjects consumed white bread (50       g carbo-
hydrate) alone or with 3 portions of white vinegar containing 1.1, 1.4, or 1.7       g 
acetic acid and were asked to rate feelings of hunger/satiety on a scale rang-
ing from extreme hunger ( 	 10) to extreme satiety ( � 10) prior to meal con-
sumption and at 15-minute intervals post-meal  [43] . Bread consumption alone 
scored the lowest rating of satiety (calculated as area under the curve from 
time 0–120 minutes). Feelings of satiety increased when vinegar was ingested 
with the bread, and a linear relationship was observed between satiety and the 
acetic acid content of the test meals ( r       �      0.41,  p       �      0.004). 

   In a separate trial, healthy subjects consumed a test meal (bagel and juice) 
under three treatment conditions: control, vinegar (1       g acetic acid), or peanut 
(� 1       oz)  [44] . One week separated each treatment condition. On treatment 
days, subjects were instructed to record food and beverage consumption until 
bedtime. On average, both vinegar and peanut ingestion reduced later energy 
consumption by 200–275 calories. Statistical analyses indicated that meal-time 
glyemia explained 15% of the variance in later energy consumption. In other 
words, if the amount of glucose that enters the blood after a meal can be mini-
mized, the desire to eat at later meals is lessened. Theoretically, a daily 200 
calorie defi cit would equate to a monthly weight loss of 1-1½ pounds. Only 
one report has examined the effect of daily vinegar ingestion on body weight. 
In this small pilot study, healthy adults ingested 2 tablespoons of apple cider 
vinegar ( � 1       g acetic acid) or 2 tablespoons of cranberry juice (control treat-
ment) twice daily for 4 weeks [45] . At the end of the trial, subjects ingest-
ing vinegar lost an average of 1.6 pounds whereas the control subjects gained 
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0.6 pounds. These data need to be replicated in trials with larger samples and 
longer durations. 

    SAFETY AND TOLERANCE OF MEDICINALLY 
INGESTED VINEGAR 

   Vinegar’s use as a condiment and food ingredient spans thousands of years 
and is safe; however, when ingested for medicinal purposes (e.g., apart from 
food and in large quantities), high amounts of acetic acid may have undesired 
consequences. Acetic acid, at concentrations greater than 20%, is consid-
ered a poison and can cause severe injury to the esophagus  [46] . Most vin-
egars purchased for consumption in the US are at 4–7% acidity; however, 
there are rare reports in the literature regarding adverse reactions to vinegar 
ingestion. Infl ammation of the oropharynx and second-degree caustic injury of 
the esophagus and cardia were observed in a 39-year-old woman who drank 
1 tablespoon of rice vinegar  [47] , and the unintentional aspiration of vinegar 
has been associated with laryngospasm and subsequent vasovagal syncope 
that resolved spontaneously  [48] . Hypokalemia was observed in a 28-year-old 
woman who had reportedly consumed  � 250       ml apple cider vinegar daily for 
6 years [49] . 

   Recently, the effi cacy and safety of medicinally ingested vinegar was 
examined in type 2 diabetics  [50] . Participants ( n       �      27) were stratifi ed by gen-
der, age, and body mass and randomized into three groups: commercial vine-
gar pills (0.03       g acetic acid daily), pickles ( � 1.4       g acetic acid daily), or vinegar 
(2.8       g acetic acid daily). The pill group represented the control group since the 
pills contained trace amounts of acetic acid, specifi cally  � 2% the amount of 
acetic acid in the pickles or vinegar treatments. Subjects continued their nor-
mal eating habits and oral hypoglycemic medication use during the 12-week 
trial. At baseline and at weeks 6 and 12, fasting blood and urine samples were 
collected and emergent adverse events were recorded. Hemoglobin A1c con-
centrations (a marker of recent blood glucose concentrations) fell 2.4% in 
subjects consuming the vinegar but rose 1.1% and 3.7% in the control group 
and pickle groups respectively. Reports of adverse events (e.g., burping, fl atu-
lence, acid refl ux) did not vary signifi cantly by group during the trial; how-
ever, 50–56% of subjects consuming either pickles or vinegar reported at least 
one treatment-emergent adverse event at week 6 as compared to 11% of REF 
participants. Urine acidity rose signifi cantly in subjects consuming vinegar at 
week 12 as compared to the other groups ( � 9% vs.  	 3% and  	 2% for the 
pickle and control groups respectively). At week 6 there was a tendency for 
liver enzyme concentrations to increase in the subjects consuming the vinegar 
as compared to the other groups ( � 17% vs.  � 8% and  	 8% for vinegar, pick-
les, and control groups respectively). These data indicate that chronic vinegar 
ingestion may favorably infl uence glucose homeostasis in individuals with type 
2 diabetes but may also impact liver function and metabolic pathways aside 
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from glucose metabolism. Since elevations in urine acidity and liver enzymes 
can signal undesirable changes in metabolism, more trials are needed to better 
characterize these vinegar-induced alterations in metabolism. 

    CONCLUSIONS 

   Much evidence suggests that vinegar has therapeutic value, particularly in the 
management of blood glucose in diabetic or pre-diabetic populations. As a 
medicinal food, vinegar is affordable and appealing, but future research must 
better defi ne vinegar’s role in health promotion. Preliminary data suggest that 
drinking vinegar, as compared to its ingestion as a condiment or ingredient, 
may be associated with undesirable side effects. Perhaps the health benefi ts of 
vinegar are best realized when it is consumed, as it has been through the ages, 
as a food component, such as a vinaigrette dressing on a leafy green salad or 
as a pickled vegetable.   
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                Health-Promoting Effects of 
Grape Bioactive Phytochemicals 

   Marcello   Iriti   and     Franco   Faoro  
  Istituto di Patologia Vegetale, Università di Milano and Istituto di Virologia Vegetale, 
Dipartimento Agroalimentare, CNR, Milano, Italy 

Everyone serves the good wine fi rst, and then the inferior wine after the guests have 
become drunk.     But you have kept the good wine until now

 (John, 2,10–11)   

    Abstract 

   The health-promoting effects of dietary styles rich in plant functional foods and bever-
ages have been recently pointed out, emphasizing on the reduced incidence of chronic 
illnesses, such as cancer, cardiovascular diseases, ischemic stroke and neurodegenera-
tive disorders, relative to the Mediterranean dietary tradition. The observed health ben-
efi ts can be ascribed to the bioactive phytochemicals occurring in functional foods, also 
known as  “ nutraceuticals. ”  Grapevine products (grape and wine), are important com-
ponents of the Mediterranean diet, whose moderate daily intake can help to prevent the 
aging-related diseases. Grape chemistry is rather complex, including phenylpropanoids, 
isoprenoids and alkaloids. The structure–activity relationship of some major phenylpro-
panoids, such as resveratrol and fl avonoids, has been more deeply studied in cancer 
chemoprevention, cardioprotection and for their free radical-scavenging mechanisms. 
Nonetheless, the pharmacokinetic of phytochemicals in humans represents a signifi cant 
topic, whose knowledge is still fragmentary. Only a little amount of these compounds 
reaches the plasma, in the main as mammalian conjugates after the fermentation by the 
colonic microfl ora, a very small fraction being detectable unchanged in the body fl uids. 

Keywords:   Grape, wine, functional food, functional beverage, nutritional therapy, 
nutraceutical, phytonutrient, chemoprevention, chronic disease, aging   

    INTRODUCTION 

   Compelling evidences indicate a relationship between human dietary patterns 
and the etiology of some chronic diseases. Therefore, if on the one hand it has 



Complementary and Alternative Therapies in the Aging Population446

been reported that from 10% up to 70% of human cancer mortality is attrib-
utable to dietary constituents, on the other hand healthful changes of dietary 
patterns, due to a consistently higher intake of plant foodstuffs, represent a 
fi rst line of defence in the prevention of cancer and other chronic illnesses of 
aging, such as cardiovascular diseases, ischemic stroke and neurodegenerative 
disorders         [1–3] . Furthermore, according to the modern dietary guidelines, low-
saturated fat, high-fi ber diets have a lower calorie content and increased nutri-
ent density, on the whole important preventive factors limiting the incidence of 
type 2 diabetes and obesity. These dietary patterns, including 400–600       g (5–9 
servings) of fruits and vegetables/day, legumes, whole cereals, nuts, olive oil 
and a moderate amounts of wine (two glasses/day) represent the main compo-
nents of the Mediterranean dietary traditions, hence associated with an array of 
health benefi ts          [4–6] . 

  The above reported health-promoting effects of plant foods and beverages 
are ascribed to their particular constituents, that is the chemicals present in 
some plant tissues and, consequently, occurring in foods. In other words, many 
plant foods can be considered as functional foods rich in dietary therapeutics or 
nutraceuticals. A functional food or beverage is a product consumed as part of a 
normal diet that may provide health benefi ts beyond basic nutritional functions, 
by virtue of its nutraceutical content, a restricted group of bioactive phytochem-
icals [7] . The latter comprise all the secondary metabolites produced by plants 
in order to defend themselves from biotic and abiotic stresses and, more in gen-
eral, to interact with the ecosystem       [8, 9] . Generally speaking, phytochemicals 
and nutraceuticals, as well as pharmaconutrients and phytonutrients can be con-
sidered as synonyms. They are not classifi ed as nutrients and they do not have 
to be confused with micronutrients, that is vitamins and minerals. Finally, nutri-
tional therapy is a healing system using functional foods and nutraceuticals as 
therapeutics. This complementary therapy is based on the fact that food is not 
only a source of nutrients and energy, but can also provide health benefi ts  [10] . 
Interestingly, about 2500 years ago, Hippocrates stated:  “ Let your food be your 
medicine and your medicine be your foods ”   [10b] . 

  Grapevine ( Vitis vinifera ) products, important dietary constituents in the 
Mediterranean area including grape and wine, represent a valuable source of 
nutraceuticals, as recently emphasized by a growing body of knowledge  [11] . 
The domestication of grapevine, by the early third millennium  BC  (Early Bronze 
Age), resulted in the large-scale production of wine for distribution in the Aegean 
(southern Greece)  [12] . Later, in Roman Age, viticulture was an economic matter. 
The fermented grape was the commonest source of alcohol, in the ancient world, 
and this created, for wine, a distinctive pattern of demand and consumption asso-
ciated with a variety of cultural behavior  [13] . According to Cato, the annual con-
sumption of wine was very high, about 10  amphorae  (1  amphora  ca. 25 liters), 
although the alcoholic degree of Roman wine remain unknown  [13] . 

   This chapter deals with grapevine products, that is grape and wine, as func-
tional foods and sources of nutraceuticals. In particular, the complex grape 
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chemistry will be examined, with emphasis on the health benefi ts arising from 
the grape product consumption.  

    GRAPE CHEMISTRY 

   The paradigm of the relationship between the chemical diversity of a particu-
lar food and the array of its biological activities may be symbolized by grape. 
Pharmaconutrients of grape, mostly detected in berry skins and seeds, arise 
from the three metabolic pathways which, on the whole, group nearly all the 
natural compounds spread in the Plant Kingdom: the phenylpropanoid, the iso-
prenoid and the alkaloid biosynthetic routes ( Fig. 23.1   ). 

   Despite the great variety of chemicals in grape and wine, the benefi cial 
effects of these commodities are mostly associated to their content in phe-
nylpropanoids, phenylalanine derivatives commonly named as phenolic com-
pounds or polyphenols, though improperly. Phenylpropanoid biosynthesis 
leads to simple phenols, or phenolic acids, and polyphenols, including fl avo-
noids, stilbenes and proanthocyanidins ( Fig. 23.1 ). Simple phenols occurring 
in grape include hydroxybenzoic and hydroxycinnamic acids. Flavonoids are 
mainly separated into fl avonols, fl avanols and anthocyanins. Flavanols provide 
catechin and epicatechin, the monomeric units of proanthocyanidins, whereas 
anthocyanins are pigments responsible for wine color. Resveratrol is the major 
stilbene, in addition to the less common piceids, pterostilbenes and viniferins, 
respectively resveratrol glucosides, dimethylated resveratrol derivatives and 
resveratrol oligomers. Finally, proanthocyanidins, also known as condensed 
tannins, are characterized by a polymerization degree (PD) ranging mainly 
between 3 and 11, up to 17 and more  [9, 11] . 

   Wine aroma is largely due to the presence of isoprenoid monoterpens 
in grape, above all acyclic linalool, geraniol, nerol, citronellol, homotrienol 
and monocyclic  α -terpineol, mostly occurring as glycosides ( Fig. 23.1 )  [14] . 
Monoterpenes, major components of essential oils, are C 10  representatives of 
isoprenoids, arising from geranyl pyrophosphate (GPP)   following the head-
to-tail condensation of two isoprene residues. Isoprenoids, or terpenoids, 
are a huge and diversifi ed group of plant chemicals derived from one sim-
ple C 5  isoprenoid building unit, isopentenyl pyrophosphate (IPP) ( Fig. 23.1 ).
Sensu lato , isoprenoids are lipids, coming from acetyl CoA metabolism via 
hydroxymethylglutaryl coenzyme A (HMG-CoA) synthase and reductase 
[reviewed in 15]. 

  Carotenoids are isoprenoid tetraterpens (C 40 ) accumulated in ripening grape 
berries ( Fig. 23.1 ). These compounds originate from the geranylgeranyl pyro-
phosphate (C 20 , GGPP), following different reactions of C 5  unit head-to-tail and 
head-to-head condensation. Oxidation of carotenoids produces volatile frag-
ments, the C 13 -norisoprenoids ( Fig. 23.1 ). These are strongly odoriferous com-
pounds, such as β -ionone (aroma of viola), damascenone (aroma of exotic fruits) 
β -damascone (aroma of rose), and  β -ionol (aroma of fl owers and fruits)  [16] . 



FIGURE 23.1      Grape chemistry. The main grape chemicals arise from aromatic amino acids and from mevalonate. C 13 -norisoprenoids derive from carote-
noid oxidation, while the reaction between indoleamines and aldehydes, in wine, leads to tetrahydro-β -carbolines.
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   Tetrahydro- β -carbolines are indole alkaloids occurring to a low amount in 
grape and contributing to its antioxidant power ( Fig. 23.1 )  [17] . Actually, these 
compounds have been fi rstly detected in fermented foods, such as cheese, 
yoghurt, beer and wine, arising from indoleamine (tryptophan derivatives) 
cyclization with carbonyl substrates, aldheydes typically  [18] . Additionally, 
tetrahydro-β -carbolines are synthesized in mammalian tissues via endogenous 
condensation [19] . 

   Melatonin ( N -acetyl-5-methoxytryptamine) has been recently discovered in 
grape  [20] . It was long thought to be a neurohormone found exclusively in ver-
tebrates, up to its recent detection in bacteria, protozoans, algae, plants, fungi 
and invertebrates  [21] . Ever since, melatonin has been detected in edible plants, 
medicinal herbs and seeds. The essential amino acid tryptophan is the precur-
sor of all the pineal 5-methoxyindoles, or indoleamines/tryptamines, including 
melatonin, through the intermediate serotonin (5-hydroxytryptamine) and the 
activity of hydroxyindole- O -methyltransferase ( Fig. 23.1 )  [22] . Nevertheless, 
animals lack the ability to synthesize trypthophan, thus they must obtain it 
from plant and microbial sources [23] . 

   As for other phytochemicals, particularly polyphenols, melatonin content 
differs, to a certain extent, among different grapevine cultivars. Nebbiolo and 
Croatina cultivars contain the highest melatonin concentration, 0.9 and 0.8       ng/g 
respectively, whereas the lowest level has been detected in Cabernet Franc 
(0.005       ng/g). Anyway, despite the observed intraspecifi c variability, mela-
tonin content in grape is slightly higher than that reported for fruits and veg-
etable (lesser than 0.6       ng/g), with some exceptions such as Brassicaceae and 
tart cherry, but slightly lower than that found in grains (ranging from 0.9        to 
1.9       ng/g)  [20] .  

    OXIDATIVE STRESS AND MUTAGENESIS 

   In metabolism of aerobic organisms, oxygen is essential for providing them 
with energy through the combustion of nutritive substrates. Because oxygen 
is the combustive agent, this controlled combustion is an oxidation, that is an 
aerobic respiration. However, this catabolic route unavoidably and continu-
ously leads to the production of partially reduced oxygen intermediates, more 
reactive than molecular oxygen in its ground state, including both radical and 
nonradical forms, collectively termed as reactive oxygen species (ROS)  [24] . 
In mitochondria, leakage of electrons, from their transport chain, leads to the 
single-electron reduction of oxygen, with the consequent formation of super-
oxide anion (•O2

	 ): approximately 1–5% of oxygen produced by the mito-
chondria is reduced to this ROS  [25] . Other ROS include either non radical, 
such as hydrogen peroxide (H 2 O 2 ), and radical species, or simply free radicals, 
such as hydroxyl radical (•OH).

  In eukaryotic organisms, damaging prooxidant shift may be the consequence 
of either an antioxidant-defi cient diet or an enhanced prooxidant environment, 
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due to a plethora of external adverse stimuli. Both these conditions may imbal-
ance the prooxidant vs. antioxidant ratio, thus rising the intracellular levels of 
ROS. External factors that exacerbate the oxidative stress include diseases, pol-
lution, cigarette smoking, radiations and inappropriate activation of phagocytes, 
such as in chronic infl ammatory disease  [26] . Pathological conditions mechanis-
tically linked to oxidative stress include infl ammation, atherogenesis, carcino-
genesis, and foods rich in antioxidant have been shown to play an essential role 
in the prevention of cancer, cardiovascular diseases, degenerative neurological 
disorders, such as in Parkinson’s and Alzheimer’s diseases and aging ( Fig. 23.2   ). 

   Because of their high reactivity, uncontrolled ROS production may cause 
injury to the nearest biomacromolecules, if the homeostasis of the oxidation/
reduction (redox) state is not preserved ( Fig. 23.2 ). In other words, a distur-
bance in the prooxidant–antioxidant balance, in favor of the former, may lead 
to an oxidative stress  [27] . Particularly, lipid peroxidation is a free radical-
mediated reaction damaging polyunsaturated fatty acid (PUFA), in membranes 
and plasma lipoprotein particles, such as low-density lipoproteins (LDL) (see 
the section on atherosclerosis). In order to overcome this side-effect of aerobic 
life, organisms evolved sophisticated strategies, collectively termed antioxi-
dant defences, to counteract the imbalance of the cellular redox state and keep 
the ROS concentration under the cytotoxic threshold        [28, 29] . Any compound 
capable of quenching ROS, without itself undergoing conversion to a destruc-
tive radical species, can be considered as an antioxidant, such as fl avonoids 
and melatonin. 

   The basic fl avonoid chemical structure is the fl avan nucleus, consisting of 15 
carbon atoms arranged in three rings (C 6 -C 3 -C 6 ): two benzene rings (A and B) 
combined by an oxygen-containing pyran ring (C) ( Fig. 23.3   ). The vari-
ous classes of fl avonoids differ in the level of oxidation and substitution of 
the C ring, while individual compounds within a class differ in the pattern of 
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FIGURE 23.2      Oxidative stress. Uncontrolled production of reactive oxygen species (ROS) may 
cause damage to biomacromolecules, thus resulting involved in the pathogenesis of important 
aging-related disorders.    
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 substitution of the A and B ring ( Fig. 23.3 )  [30] . Flavonoids act as antioxidant 
by donating electrons and stopping radical chains. This activity is attributed to 
the phenolic hydroxyls, especially in the 3 � ,4 �  positions of B ring, and to the 
2,3-double bond of C ring, in turn increasing with the number of OH groups in 
A and B rings [31] . 

   Melatonin, in addition to its neurohormonal functions, mediated by specifi c 
membrane-bound receptors, in regulating the circadian rhythm, retinal func-
tion, endocrine and reproductive physiology on a seasonal basis, is a powerful 
antioxidant too. It posses an electron-rich aromatic indole ring and easily acts 
as an electron donor for molecules defi cient in an electron, thereby reducing 
and repairing electrophilic radicals [32] . After oxidation by a free radical, for 
instance .OH, melatonin generates a resonance-stabilized nitrogen-centered 
radical, the indolyl (or melatonyl) cation radical ( Fig. 23.4   )  [33] . The latter, 
after a further scavenging of •O2

	 , forms the stable, non toxic  N1 -acetyl- N2 -
formyl-5-methoxykynuramine, that is able to improve mitochondria metabo-
lism, acts as cyclooxigenase-2 inhibitors and is itself a powerful antioxidants 
       [34, 35] . Intriguingly, it has been postulated a reaction between melatonin 
and peroxidases present in plant tissues, that would improve the production of 
kynuramines  [36] . Finally, melatonin counteracts the cell oxidative burden also 
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indirectly, by enhancing the production of cellular detoxifying enzymes, spe-
cifi cally glutathione peroxidase (GPX), glutathione reductase (GR) and super-
oxide dismutase (SOD) [37] . 

   Oxidative DNA damage due to modifi cations of DNA bases is related to 
mutagenesis, carcinogenesis and aging. The reported data on the antimuta-
genic activity of grape phytochemicals are still incomplete. In purifi ed calf 
thymus DNA treated with oxidants, resveratrol exhibited a bimodal response 
on the formation of 8-hydroxy-2-deoxyguanosine (8-OH-dG), a biomarker of 
oxidative DNA damage, with a slight prooxidant effect, at lower concentra-
tion, while, at higher concentration, resveratrol reduced the 8-OH-dG accumu-
lation in a dose-dependent manner. This biomarker causes G  →  T and A  →  C 
transversions during DNA replication, thus resulting relevant to carcinogenesis 
 [38] . Intriguingly, melatonin, another grape constituent, besides being more 
effective than resveratrol, reversed the prooxidant DNA damage induced by 
low concentration of resveratrol, when added in combination, thus showing a 
synergistic action  [39] . 

   Furthermore, pretreatment with resveratrol prevented the accumulation of 
DNA strand breaks induced by tobacco smoke condensate in cell lines of dif-
ferent histogenetic origin, as assessed by the comet test [40] . In agreement, 
in animal cell cultures, resveratrol failed to induce DNA damage, though it 
slightly increased chromosomal aberrations at the highest assayed doses [41] . 

   However, some prooxidant effects induced by polyphenols have been 
reported. In particular, resveratrol has been shown to increase oxidative DNA 
strand breaks, through the generation of copper–peroxide complexes, mainly 
in the presence of H 2 O 2         [42, 43] .  

    CANCER CHEMOPREVENTION 

   Cancer is a multistage and multifactorial disease. Cancer morbidity and mor-
tality have been steadily rising throughout the last century, with risk increas-
ing with age. Environmental factors, particularly the diet, play a main role 
in cancer etiology. In westernized countries, cancers of breast, prostate and 
colon-rectum predominate, because of a diet rich of animal foods and refi ned 
carbohydrates and defi cient of plant foods. Conversely, in developing coun-
tries, where diet is largely based on cereal/starchy foods, esophageal, stomach 
and liver cancer are more incident  [44] . 

   Chemoprevention of cancers is the strategy of preventing, arresting or 
reversing carcinogenesis with chemopreventive agents, pharmacologically 
safer than chemotherapeutic agents used in cancer patients. Moreover, the lat-
ter may induce time-dependent tumor resistance (chemoresistance) and non-
specifi c toxicity towards non-target cells  [45] . Chemoprevention can interfere 
with each step of neoplastic progression, which consists of three mechanisti-
cally distinct, temporally ordered and closely linked stages: malignancy ini-
tiation, promotion and progression ( Fig. 23.5   )          [46–48] . Tumor initiation is a 
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FIGURE 23.5      Carcinogenesis and cancer chemoprevention. Neoplastic progression consists of three distinct, temporally ordered and linked stages: initiation, 
promotion and progression. Chemopreventive agents are of two types: suppressing agents, that inhibit the malignant transformation of initiated/preneoplastic cells, 
and blocking agents, that prevent the metabolic activation of procarcinogens.    
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rapid, mutagenic and irreversible process transforming a normal cell into an 
initiated cell with a benign tumor phenotype. It includes the exposure to a pro-
carcinogen, its transport and distribution to organs and tissues where metabolic 
activation and detoxifi cation can occur, and the genotoxic damage due to the 
covalent interaction of its ultimate electrophilic species with target-cell DNA. 
The second stage, promotion, is a slow and reversible clonal expansion (prolif-
eration) of preneoplastic cells producing a benign tumor. In the fi nal step, pro-
gression, a neoplastic transformation occurs irreversibly, that is the conversion 
of the benign tumor to a malignant phenotype, with invasive and metastatic 
potential         [46, 48, 49] .

   Chemopreventive agents can be divided into two categories ( Fig. 23.5 ).
Blocking agents arrest the tumor initiation stage, inhibiting the metabolic acti-
vation of procarcinogens and preventing their ultimate reactive species to reach 
the cellular target sites. Blocking agents can also promote the detoxifi cation 
of procarcinogens, thus stimulating their excretion from the body. Differently, 
suppressing agents act on the tumor promotion and progression, inhibiting the 
malignant transformation of initiated cells       [48, 50] .

   Chemopreventive properties of grape products are more likely attribut-
able to the combined effect of their chemicals, rather than to specifi c mole-
cules [11] , although resveratrol represents the most studied example of active 
phytochemical. Resveratrol is a stilbenic phytoalexin that occurs in grapevine 
tissues, particularly of leaves, berry skins and petals, as well as in typical 
grapevine products, wines and grape juice. In plant, phytoalexins, including 
resveratrol, are synthesized in response to pathogen infections and abiotic 
stresses, and accumulate in different amounts within tissues  [51] . 

   Diverse pathways have been proposed as putative mechanisms for the 
reported anticarcinogenic activity of grape chemicals, above all the inter-
action with transcription factors. NF- κ B (nuclear factor  κ B) is a pleiotropic 
transcription factor involved in different signaling pathways, ranging from 
infl ammation, oncogenesis and apoptosis. Normally, it resides in the cytosol, 
forming a complex with the inhibitory subunit I κ B, whose phosphoryla-
tion, ubiquitylation and subsequent degradation, by 26S proteasome, allows 
NF-κ B to move into the nucleus, where it activates gene transcription by bind-
ing to specifi c gene promoter regions. Therefore, aberrant activation of NF- κ B, 
associated with proliferation of malignant cells and inhibition of apoptosis, is 
causally linked to the neoplastic transformation  [52] . The mechanism of res-
veratrol-induced inhibition of the NF- κ B activity includes the suppression of 
the pathway regulated by the infl ammatory mediator TNF α  (tumor necrosis 
factor  α )          [47, 53, 54] . Additionally, resveratrol inhibits the IKK (I κ B kinase) 
activity and the subsequent I κ B phosphorylation, thus blocking its degrada-
tion, NF- κ B translocation and DNA binding [54b]. Activator protein 1 (AP-1) 
is another transcription factor that regulates the expression of genes involved 
in cell adaptation, differentiation and proliferation, whose activation is inhib-
ited by resveratrol and anthocyanidins          [53–55] . 
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   Androgen receptor (AR) represents an essential mediator of the androgen 
activity. This transcription factor, belonging to the nuclear steroid hormone 
receptor family, controls the transcription of androgen-inducible genes, such 
as PSA (prostate specifi c antigen), and is implicated in the development of 
prostate cancer. A decrease in cell proliferation has been reported in androgen-
responsive prostate cancer cell lines treated with resveratrol and the fl avonoid 
quercetin, due to the inhibition of the expression and function of AR        [56, 57] .
Furthermore, the growth of androgen-unresponsive prostate cancer cells was 
inhibited too, although to a lesser extent than that of the androgen-responsive 
cell lines [58] . 

  Estrogens play a pivotal role in breast cancer, via their estrogen receptor 
(ER), another member of the nuclear receptor superfamily. Estrogens regulate 
gene expression by binding to different intracellular estrogen receptors (ER α
and ER β ) with tissue and ligand specifi city, infl uencing the growth, differentia-
tion and function of target tissues. Hence, in non initiated tissues, ligand (estro-
gen)/receptor (ER) binding leads to the transcription of estrogen responsive 
target genes, involved in the regulation of different molecular pathways. The 
phytoestrogen resveratrol has been shown to possess either estrogen agonist and 
antagonist activity, and these opposing activities have risen some controversy, 
regarding its therapeutical application against the estrogen-responsive breast 
cancers       [59, 60] . Phytoestrogens are naturally occurring plant metabolites that 
exert estrogen agonist/antagonist activity. They are diphenolic compounds with 
structural similarities to natural and synthetic estrogenic steroids and are either 
hormone-like, with inherent estrogenic activity, or can be converted by the 
intestinal fl ora to weakly estrogenic compounds. Other phytoestrogens include 
lignans and isofl avones, present in whole cereals and legumes respectively, clas-
sifi ed as selective estrogen receptor modulators (SERMs)  [61] . 

   Inhibition of aromatase activity by red wine components represents another 
mechanism of breast cancer suppression  [62] . Aromatase (estrogen synthetase) 
is a cytochrome P450 enzyme which converts C19 androgens to aromatic C18 
estrogens. Therefore, its overexpression in breast cancer cells may infl uence 
the cancer progression itself, because of the major role of estrogens on the 
breast cancer development  [63] . 

   Aryl hydrocarbon receptor (AHR) is a cytosolic protein that translocates 
to the nucleus upon ligand binding. Metabolic activation of aryl hydrocar-
bons (AH) results from their binding to AHR, that leads to the transcription 
of the CYP1A1  gene, encoding for the cytochrome P450 (CYP450) isozyme 
CYP1A1. CYP450 isozymes are involved in the metabolism of a wide vari-
ety of xenobiotics, including carcinogens such as AH, and are overexpressed 
in a variety of tumors. The metabolized active forms of carcinogens can sub-
sequently interact with DNA causing mutations. Resveratrol exerts a strong 
inhibitory effect on the AH-induced  CYP1A1  expression, both at the mRNA 
and protein level, as well as on other CYP450 isozymes, such as CYP1A2 and 
CYP3A4           [64–67] . 
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   Besides the signaling networks regulated by polyphenols, their anti-
proliferative effects can be due to the inhibition of the ribonucleotide reductase, 
the enzyme that catalyzes the reduction of ribonucleotides into deoxyribo-
nucleotides, as well as of the DNA polymerase and ornithine decarboxylase 
(ODC), the latter a key enzyme of the polyamine synthesis deeply involved in 
cancer growth          [68–70] . Moreover, a number of studies have established that 
resveratrol blocks cell proliferation by inducing cell cycle arrest at the G1/S 
and G2/S phase           [71–74] . The pro-apoptotic activity and the above described 
antioxidant power of polyphenols can be other mechanisms involved in the 
aberrant growth inhibition, as a prooxidant intracellular milieu represents a 
strong stimulus for cell proliferation [54] . In a variety of tumor cell lines, it 
has been reported that resveratrol activates the mitochondrial-dependent apop-
totic pathway, by the up-regulation of pro-apoptotic p53 and Bax proteins and 
the down-regulation of the death inhibitory protein Bcl-2            [75–78] . However, in 
different cell lines, the anticarcinogenic properties of wine polyphenols seem 
to be mediated by mechanisms other than p53 gene modulation [79] . 

   Apart from the effect on prostate and breast cancers, as above discussed, 
other tumor types may benefi t from regular, moderate wine consumption. 
Carcinomas of the digestive tract are common and the risk increases with age. 
Grape polyphenols, mainly quercetin, have been shown to suppress the for-
mation of aberrant crypt foci, in animal models of carcinogenesis, by modu-
lating both cell proliferation and apoptosis. The crypt is the fundamental unit 
of epithelial proliferation in the colonic mucosa, where apoptosis removes the 
genetically damaged stem cells from the epithelium before they undergo clonal 
expansion. Hence, increased apoptosis in the proliferating zone of the colonic 
crypt provides a protective mechanism against the crypt cell hyperproliferation 
and neoplasia       [80, 81] . Recently, the growth of human colorectal carcinoma 
cell has been inhibited by a grape seed extract rich in proanthocyanidins  [82] . 

   Photochemoprevention by plant compounds may prevent skin cancer at 
various stage of carcinogenesis, as shown in animal models. Accordingly, topi-
cal application of resveratrol and apigenin, the latter a fl avonoid, prior to UV 
(ultraviolet) exposure, has been shown to be effective in preventing the UV-
induced carcinogenesis. Some mechanisms involved in photochemoprevention 
include the inhibition of the UV-induced ODC activity and NF- κ B          [83–85] . 

  Among the tumors of the head and neck, the carcinomas of the oral cav-
ity, mainly of the squamous cell type, comprise an important group of 
neoplasia, whose incidence is increasing all over the world. Oral can-
cer, including either oral cavity and pharynx cancers, ranks as the sev-
enth most common cause of cancer worldwide and represents the 2–4% of 
all diagnosed cancers, associated with a poor prognosis and survival rate 
if not early diagnosed         [86–88] . Alcohol consumption and tobacco smok-
ing account for most of oral cancers, being possible to prevent approxi-
mately the 75% of cases avoiding these harmful habits. In particular, 
alcohol may act as a solvent for the carcinogens thus enhancing the permeability
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of the oral mucosa to carcinogens, such as those from tobacco. Besides, 
the ethanol metabolite acetaldehyde has been identifi ed as a tumor promoter 
       [89, 90] . However, the carcinogenic effect of alcohol may depend on drinking 
habits, though the effect of beverage types on the risk of developing oral cancer 
remains controversial (see up ahead the section relative to the effects of alcohol on 
cardiovascular diseases). On the whole, it seems that heavy alcohol consumption is 
associated to a major incidence of oral cancer, being higher among spirits consum-
ers than wine drinkers          [91–93] . Therefore, it seems that red wine, by virtue of its 
polyphenol content, may have a benefi cial effect on the risk of cancers of the upper 
aerodigestive tracts, specially in a context of Mediterranean diet        [94, 95] . In oppo-
sition, Maserejian and colleagues observed similar increases in the development 
of oral premalignant lesions with consumption of spirits, wine and beer, although 
the association with wine was not statistically signifi cant  [96] . Recently, admin-
istration of proanthocyanidins, main components of grape seeds, has been shown 
to suppress the proliferation of human oral squamous cell carcinoma in a dose-
dependent manner. More interestingly, proanthocyanidins inhibited the prolifera-
tion of cell carcinoma also after transfection with human papillomavirus (HPV), 
another important risk factor for oral cancer  [97] . 

    ALCOHOL 

   Wine is an alcoholic beverage. The harmful effects of alcohol (ethanol) on the 
cardiovascular system are not linear, as for cigarette smoking and other risk 
factors. Several large epidemiological evidences have highlighted a typical cor-
relation between alcohol intake, from whatever source, and all-cause mortality, 
whereby a regular light to moderate consumption is benefi cial and abstinence 
or a heavy intake are equally detrimental. The biphasic pattern of alcohol–
health relationship may be explained, at least in part, by the association of 
excessive alcohol consumption with systemic hypertension, whereas an estab-
lished benefi cial mechanism, in not heavy drinkers, is the increase in plasma 
high-density lipoprotein (HDL)-cholesterol levels, due to an enhanced hepatic 
synthesis [98] . Other effects of ethanol on lipoprotein metabolism include a 
reduction in HDL-cholesterol degradation and a higher hepatic metabolism of 
low-density lipoprotein (LDL)-cholesterol. Furthermore, alcohol has a benefi -
cial effect on lipid profi le, hemostatic factors and insulin sensitivity  [99] . 

   Apart from the hypertension, the ascendant leg of the J-shaped alcohol-
linked mortality curve has been explained by the increased risk of cirrhosis, 
cardiovascular diseases and both hemorrhagic and ischemic stroke, together 
with higher incidence of certain cancers, mainly those of the oropharynx and 
oesophagus, as previously described. Conversely, the protection conferred by 
alcohol consumption strictly depends on the drinking pattern, as well as on the 
type of beverage  [99] . Correlation studies suggest that different types of alco-
holic beverages may have dissimilar effects on human health. Mortality from 
all causes is lower in countries where wine is the predominant type of alcohol 
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than in  countries where beer and spirits are mainly drunk  [100] . Probably, this 
is due to the different effects of the diverse types of beverages on the abdomi-
nal obesity, that is beer drinkers are at higher risk of developing abdominal 
obesity than wine consumers [101] . Nevertheless, with regard to the incidence 
of obesity and type 2 diabetes, it seems that the type of alcoholic beverage is 
of little importance. The most favorable habit has been shown to be a regular 
(daily), light to moderate alcohol intake  [102] . 

   In view of the above considerations, red wine may be more protective than 
beer or spirits because of its qualities beyond the alcoholic fraction, whereas 
white wine seems to be less protective, though there is too little evidence to 
support this conclusion       [103, 104] . The array of the biological activities of the 
grape phytochemicals, as to a large extent previously described, is thought to 
be responsible for the protective effect of red wine on the endothelial function 
and hemostatic factors, infl ammation and atherosclerosis, and, fi nally, on car-
diovascular diseases and cerebrovascular accidents  [105] .

    ATHEROSCLEROSIS, CARDIOVASCULAR DISEASES AND 
CEREBROVASCULAR ACCIDENTS 

   Atherosclerosis is a chronic, infl ammatory, fi bro-proliferative process of large 
and medium-sized arteries that results in the progressive formation of fi brous 
plaques, which, in turn, impair the blood fl ow of the vessel. Atherosclerotic 
lesions, resulting from an eccentric thickening of the intima, can either pro-
mote an occlusive thrombosis, in the affected artery, or produce a gradual ste-
nosis of the arterial lumen. In the fi rst case, thrombus formation, due to the 
disruption of the lesion surface, can lead to an infarction of the organ supplied 
by the affl icted vessel, such as in a heart attack, when a coronary vessel is sud-
denly blocked, or in a thrombotic stroke, when a cerebral artery is damaged. In 
the second case, the stenosis of the vessel limits the blood supply to local tis-
sues, leading to a progressive and gradual injury of the affected organ  [106] . 

  Endothelial dysfunction and oxidative modifi cation of LDL are key factors in 
atherogenesis. Endothelial cells exert multiple physiological functions, maintain-
ing the integrity of the vascular wall and representing a permeable barrier through 
which diffusion and active transport of several substances occur. Furthermore, 
endothelial cells constitute a non-thrombotic and non-adherent surface for plate-
lets and leukocytes, they regulate the vascular tone by producing nitric oxide 
(NO), prostaglandins and endothelins, and, fi nally, they secrete growth factors and 
cytokines. Atheroma development begins with the expression of specifi c glyco-
proteins by endothelial cells that mediate the adhesion of circulating monocytes 
and T-lymphocytes ( Fig. 23.6   ). The recruitment of these immune cells and their 
migration into the subendothelium are triggered by adhesion molecules, such as 
VCAM (vascular cell adhesion molecules) and ICAM (intracellular adhesion 
molecules), synthesized in both endothelial and circulating cells, whose secretion 
is in turn regulated by cytokines released by both endothelium and  leukocytes, 
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such as IL-1 (interleukin-1), IL-2, IL6, TNF α  and INF  γ  (interferon  γ ). After 
the entry of monocytes through the arterial wall promoted by the monocyte 
chemotactic protein-1 (MCP-1), atheroma formation continues with the dif-
ferentiation of monocytes into macrophages, mediated by the macrophage 
colony-stimulating factor (MCSF), which, in turn, internalize large amounts of 
oxidized LDL (ox-LDL) particles, thus generating foam cells ( Fig. 23.6 ). Ox-
LDL arises from circulating native LDL which undergoes progressive oxida-
tion in the subendothelial space; afterwards, ox-LDL is specifi cally recognized 
by the scavenger receptors on the macrophage surface. Additionally, ox-LDL 
exerts several role other than foam cell formation, by activating the expression 
of genes for migration and adhesion molecules, such as MCP-1 and MCSF 
( Fig. 23.6 )  [107] . 

   At the beginning of the 1990s, the  “ French paradox ”  symbolized paradig-
matically the health benefi ts due to a regular and moderate consumption of red 
wine. This term refers to the low incidence of atherosclerotic cardiovascular 
disease in the French population, in spite of a diet rich in total and saturated 
fat, because of moderate daily red wine drinking. Promptly, it was hypoth-
esized, and then extensively demonstrated, that the observed epidemiological 
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FIGURE 23.6  Atherogenesis. After the entry of monocytes through the arterial wall, promoted by 
the monocyte chemotactic protein-1 (MCP-1), they differentiate into macrophages, by the macro-
phage colony-stimulating factor (MCSF), which, in turn, internalize large amounts of oxidized low-
density lipoprotein (oxLDL) particles and generate foam cells and fatty streaks. Polyphenols may 
block either the LDL oxidation and the monocytes activation, by scavenging ROS. 
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relationship between wine intake and health benefi ts was attributable to the red 
wine polyphenolic fraction [108] . Molecular mechanisms by which polyphe-
nols may play a role in the etiology and pathophysiology of atherosclerosis 
include mainly: (i) the decrease of ET-1 (endothelin-1) production, (ii) the 
increase of NO synthesis and (iii) the block of NF- κ B expression ( Fig. 23.7   ). 

  Procyanidins, red wine polyphenols, block the production of ET-1 by 
suppressing the transcription of the gene ET-1, in cultured bovine aortic 
endothelial cells. ET-1 is a highly potent vasoconstrictor, which also promote 
leukocyte adhesion, monocyte chemotaxis and smooth muscle cell prolifera-
tion, in addition to facilitating the LDL uptake by the endothelial cells        [109, 
110] . Polyphenols, mainly anthocyanins, trigger an endothelium-dependent, 
NO-mediated vasorelaxation, besides inhibiting platelet aggregation, modu-
lating primary hemostasis and preventing thrombosis. In addition, red wine 
increases the expression of human endothelial nitric oxide synthase (eNOS), a 
mechanism that may further contribute to its benefi cial cardiovascular effects 
       [111, 112] . Moreover, delphinidin, an antocyanin, has been shown to inhibit the 
endothelial cell apoptosis [113] . The NF- κ B signaling pathway is subject to a 
redox regulation. Therefore, it can be evoked by an oxidative stress and inhib-
ited by the antioxidant resveratrol, as already explained  [114] . A spectrum of 
different genes expressed in atherosclerosis has been shown to be upregulated 
by NF- κ B, including those encoding for TNF α , IL-1, MCSF, MCP1, VCAM 
and ICAM  [115] . Finally, increased resistance to LDL oxidation has been docu-
mented both experimentally and clinically  [116] . 

  The relationship between drinking and stroke is diffi cult to analyze, because 
of the available studies are far from being complete, and there is no clear evi-
dence regarding the effect of light to moderate wine drinking on stroke occur-
rence as a whole. Nonetheless, it is possible that the incidence of ischemic 
(occlusive) stroke is reduced, while that of hemorrhagic stroke is not, probably 
because of the different mechanisms involved in these cerebrovascular accidents. 
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FIGURE 23.7      Endothelial dysfunction. Molecular mechanisms by which polyphenols may play 
a role in the pathophysiology of endothelial dysfunction include the decrease of endothelin pro-
duction, the increase of nitric oxide synthesis and the block of either activation of NF-κB (nuclear 
factor κB) signal transduction pathway and LDL oxidation by scavenging ROS.    
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Ischemic stroke is due to the atherosclerosis in the carotid or cerebral arteries, 
resulting from plaque formation and thrombi, whereas hypertension is the main 
cause of the hemorrhagic stroke. Consequently, in chronic heavy spirits drink-
ers, hypertension exacerbate the risk for cerebral hemorrhage          [117–119] . 

    AGING 

  Aging is a complex physiological process that involves both morphological 
and biochemical changes occurring, with the passage of time, in single cells 
and in the whole organism. Aging is characterized by a diminished ability of 
responding to stress, because of the decline in the immune function, known 
as immunosenescence, predisposing to infectious diseases and cancer       [120, 
121] . Among the many theories proposed to explain the mechanisms of aging 
at molecular level, the oxidative stress, or free radical, hypothesis has received 
wide support  [122] . Therefore, ROS production and oxidative DNA damage can 
represent a suitable environment for the development of age-related diseases. 
For instance, the cumulative risk of cancer increases from the seventh decade of 
age, and approximately 30% of humans get cancer by age 85. Consequently, in 
many cases, cancer can be considered a degenerative disease of old age, related 
to the effects of the continuous exposure to ROS over a lifespan  [123] . 

  Recently, it has been reported a signifi cant positive correlation between 
age and 8-oxo-7,8-dihydroguanosine (8-oxodG) level in leukocyte DNA, with 
increased levels of this oxidative stress and mutagenesis biomarker in leukocyte 
DNA of the elderly and middle age group (mean age 67 and 50 years, respec-
tively), in comparison with adults (mean age 31 years)  [124] . With this regard, 
grape phytochemicals resveratrol and melatonin can be considered as promising 
anti-aging agents, because of their antimutagenic and antioxidant activity  [125] . 

   Melatonin, particularly, can counteract the aging process because of its 
immunomodulatory activity. Melatonin concentration in plasma decreases as 
aging progresses, and the decline of melatonin with age is coincident with the 
age-related impairment of the immune system, fi rst appearing around 60 years 
of age  [126] . In fact, an array of chronobiological disorders, such as the gen-
eral deterioration of cognitive, psychological and social functions, as well as 
sleep disturbances, can be related to the loss of the amplitude of melatonin 
rhythmic secretion [127] . A further support to this hypothesis arises from the 
fi nding that lymphocytes synthesize melatonin too, in addition to other tissues, 
thus explaining its immunostimulating affects mediated by the immune-opioid 
network        [128, 129] .

   The effi cacy of melatonin as a potential and promising anti-aging agent is 
due not only to its immunotherapeutic properties, but also to its antioxidant 
and antitumoral properties, as previously discussed, besides the antiamyloidog-
enic activity described in the next section        [32, 130] .

   Old fi ndings suggest that caloric restriction increases the life expectancy 
 [131] , but only recent discoveries link this phenomenon with the activation of 
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sirtuins, NAD (nicotinamide adenine dinucleotide)-dependent enzymes that 
remove acetyl groups from specifi c lysine residues on various proteins  [132] . 
In Saccharomyces cerevisiae , the functional  SIR2  (silent information regula-
tor 2) gene, coding for the Sir2 protein, a NAD-dependent histone deacetylase, 
is required for caloric restriction to promote an increase in yeast lifespan, by 
suppressing the genome instability, decreasing the metabolic rate and lower-
ing the production of ROS  [133] . Afterwards, in yeasts, other three sirtuins 
have been discovered (Sir1–4), whereas, in mammals, seven homologs have 
been identifi ed, SIRT1–7, which deacetylate both histones and nonhistone 
proteins, implicated in a variety of cellular functions, ranging from the epige-
netic regulation of genomic architecture and gene expression, the control of 
cell cycle and apoptosis, and the regulation of metabolic activity. Mammalian 
sirtuins are localized in nucleus, cytoplasm and mitochondria, and are ubiqui-
tously expressed in human tissues, with higher levels in the brain and testis. 
Sirtuin deacetylases are evolutionary conserved and, currently, numerous Sir2 
homologs have been identifi ed in archeans, bacteria, plants, protozoans and 
metazoans [134] . 

  A set of 18 small polyphenolic compounds, including resveratrol and quer-
cetin, has been found to increase the affi nity of SIRT1 enzyme for certain pro-
tein targets, possibly via an allosteric mechanism. These molecules, referred as 
sirtuin-activating compounds (STACs), extended the lifespan of  Caenorhabditis
elegans ,  Drosophila melanogaster  and  S. cerevisiae , through the same or a sim-
ilar pathway as caloric restriction        [135, 136] . Accordingly, STACs may increase 
longevity in mammals too, besides being of therapeutic signifi cance in the treat-
ment of the old age disorders, such as cancer, neurodegeneration and heart fail-
ure, as well as diabetes and muscle diseases       [137, 138] .  

    NEUROPROTECTION 

   Several epidemiological studies indicate that a moderate consumption of red 
wine is associated with a lower incidence of Alzheimer’s disease. 

   In Alzheimer’s disease, inhibition of  β -fi brillogenesis by melatonin has 
been reported, that is the ability of the neurotoxic and protease-resistant amy-
loid β  (A β ) protein to form  β -sheet structures or  β -amyloid fi brils, deposited 
within senile plaque in cerebral and meningeal blood vessels. Moreover, it has 
been suggested that the antiamyloidogenic and neuroprotective effects of mela-
tonin are mostly due to the structural interactions between the hormone and A β
peptides, rather than to its antioxidant properties exclusively        [139,140] . 

   Similarly, in different cell lines, resveratrol has been shown to promote the 
intracellular degradation of A β  peptides, via a mechanism that involves the 
proteasome, without inhibiting directly the enzymes β - and  γ -secretases impli-
cated in the A β  synthesis  [141] . 

   More recently, in a mouse model of Alzheimer’s disease, the moderate con-
sumption of Cabernet Sauvignon promoted the non-amyloidogenic processing 
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of amyloid precursor proteins mediated by α -secretase, thereby preventing 
or delaying the generation of A β  peptides  [142] . This different mechanism of 
neuroprotection is not in disagreement with the results of Marambaud and 
colleagues [141] . In fact, the resveratrol content in Cabernet Sauvignon used 
by Wang and colleagues was much lower than the resveratrol concentration 
employed  in vitro  and, thereby, the observed effect can be presumably ascribed 
to the pool of phenylpropanoids, including phenolic acids, fl avonoids, anthocy-
anins and stilbenes present in red wine [142] . 

   Protective effect of melatonin in experimental models of Parkinson’s dis-
ease has been reported too. This disease is a chronic neurodegenerative dis-
order characterized by the apoptosis of dopaminergic neurons, mainly in the 
substantia nigra. As oxidative stress seems to be the likely candidate in medi-
ating this process, melatonin, by virtue of its strong antioxidant power, would 
protect neuronal cells, preventing nigral dopaminergic cell damage, either 
in vivo  and  in vitro           [143–145] . 

   Finally, melatonin constitutes a potential and promising new therapeutic 
agent in degenerative neurological diseases, because of its solubility in both 
lipids and water, allowing it to easily permeate into any cell compartments 
and to cross the blood-brain barrier reaching either glial and neuronal cells. 
Additionally, melatonin has a lower toxicological profi le than other antiamy-
loidogenic drugs       [140, 145] .  

    CONCLUSIONS 

   Plant food pharmaconutritional properties are ascribed to their phytochemical 
composition. Thus, grape could represent the paradigm of the great variety of 
compounds synthesized and contained in plant tissues. These natural products, 
namely phenylpropanoids, isoprenoids and alkaloids, combined together, con-
tribute to the benefi cial effects derived from the large fruit and vegetable con-
sumption, especially in a Mediterranean dietary style. 

   A good understanding of the absorption and bioavailability of phyto-
chemicals is critical before evaluating their bioactivity ( Fig. 23.8   ). However, 
despite the extensive amount of indications on the bioactivity of phytochem-
icals, there is, up to now, only sparse information on their bioavailability. 
Particularly, biokinetic data on their absorption, distribution, metabolism and 
excretion in humans are still fragmentary and sometimes controversial        [146, 
147] . For instance, fl avonoids occur in plants both as glycosides and agly-
cones. Glycosylation, mainly with glucose, galactose, rhamnose, xylose and 
arabinose residues, increases their water solubility, allowing fl avonoids storage 
in the plant cell vacuole. After ingestion, both glycosides and aglycones can 
be absorbed       [148, 149] . Glycosylated fl avonoids are deglycosylated by lactase 
phlorizin hydrolase  [150] , a membrane-bound enzyme located in the luminal 
side of the brush border in the small intestine, whereas free aglycones in the 
lumen can diffuse into the epithelial cells, either passively or by facilitated  
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diffusion  [151] . An alternative mechanism involves glycoside transport into the 
cell by sodium-dependent glucose transporter (SGLT1) and, then, deglycosyla-
tion by cytosolic  β -glucosidase  [152] . Moreover, aglycones may be released 
by the colon microfl ora into the large intestine  [153] , though, in any case, the 
fl avonoid bioavailability is only partial, with the absorbed proportion of the 
ingested amount that is absorbed varying from 0.2% to 20%          [149, 154, 155] .
Another promising and interesting aspect is the development of reliable and 
sensitive intake biomarkers, in order to assess the response to functional foods 
and their active components at organism level  [7] . 

  In conclusion, the amount of evidence presented here clearly points out the 
potential of grape products as remedies in the fi eld of the complementary and alter-
native medicine, by virtue of the biological activities of the grape constituents as a 
whole. Additionally, the recent discovery of melatonin in grape opens a new fi eld 
of knowledge that, in the future, will certainly contribute to explain the plethora of 
the health benefi ts arising from the regularly moderate wine consumption  [20] . 
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 Chapter 24 

       Isofl avones Made Simple – 
Agonist Activity for the 
Beta-Type Estrogen Receptor 
May Mediate Their Health 
Benefi ts 

   Mark F.   McCarty 
  NutriGuard Research Encinitas, CA, USA 

    Abstract 

    Soy isofl avones, the focus of much research and controversy, are often referred to as  “ weak 
estrogens. ”  In fact, genistein is a relatively potent agonist for the recently characterized 
beta isoform of the estrogen receptor (ERbeta). The low nanomolar serum concentrations 
of unconjugated free genistein achieved with high-nutritional intakes of soy isofl avones 
are near the binding affi nity of genistein for this receptor, but are about an order of magni-
tude lower than genistein’s affi nity for the  “ classical ”  alpha isoform of the estrogen recep-
tor (ERalpha). Moreover, these concentrations are far too low to inhibit tyrosine kinases 
or topoisomerase II, in vitro  activities of genistein often cited as potential mediators of 
its physiological effects. S-Equol, derived from bacterial metabolism of daidzein in some 
individuals, is also a relatively selective agonist for ERbeta. The thesis that the physiologi-
cal effects of high-dietary levels of soy isofl avones are in fact mediated by ERbeta activa-
tion provides a satisfying rationale for the clinical activities of these agents. Hepatocytes 
do not express ERbeta; this explains why soy isofl avones, unlike oral estrogen, neither 
modify serum lipids nor provoke the prothrombotic effects associated with increased risk 
for thromboembolic disorders. The lack of uterotrophic activity of soy isofl avones refl ects 
the fact that ERalpha is the exclusive mediator of estrogen’s impact in this regard. Vascular 
endothelium expresses both ERalpha and ERbeta, each of which has the potential to induce 
and activate nitric oxide synthase; this may account for the favorable infl uence of soy iso-
fl avones on endothelial function in postmenopausal women and ovariectomized rats. The 
ERbeta expressed in osteoblasts may mediate the reported benefi cial impact of soy isofl a-
vones on bone metabolism. Suggestive evidence that soy-rich diets decrease prostate can-
cer risk, and possibly colorectal cancer risk as well, accords well with the observations 
that ERbeta appears to play an antiproliferative role in healthy prostate, and likely medi-
ates the reduction in colorectal cancer risk associated with hormone replacement therapy. 
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In the breast, ERalpha promotes epithelial proliferation, whereas ERbeta has a restraining 
infl uence in this regard – consistent with the emerging view that soy isofl avones do not 
increase breast cancer risk, and possibly may diminish it. Premenopausal women enjoy 
a relative protection from kidney failure; since ERbeta is an antagonist of TGF- β  sign-
aling in mesangial cells, soy isofl avones may have nephroprotective potential. Estrogen 
also appears to protect women from left ventricular hypertrophy and hepatic fi brosis, and 
recent evidence suggests that these effect are mediated by ERbeta. In conjunction with 
reports that isofl avones may have a modestly benefi cial impact on menopausal symptoms – 
perhaps refl ecting the presence of ERbeta in the hypothalamus – these considerations 
suggest that soy isofl avone regimens of suffi cient potency may represent a safe and mod-
erately effective alternative to HRT in postmenopausal women. Further clinical research 
is required to characterize the impact of optimal genistein intakes on endothelial and bone 
function in men. Studies with ERbeta-knockout mice could be helpful for clarifying the 
role of this receptor in mediating the effects of soy-rich diets. 

Keywords:  Soy, isofl avones, genistein, ERalpha, ERbeta 

    PHYSIOLOGICAL CONCENTRATIONS OF FREE GENISTEIN 
ACTIVATE ESTROGEN RECEPTOR-BETA 

  The key to understanding the health-protective potential of soy isofl avones may 
have been provided by Kuiper and colleagues, who fi rst established the existence 
of a  “ novel ”  estrogen receptor, now known as estrogen receptor beta (ERbeta) to 
distinguish it from the  “ classical ”  estrogen receptor alpha (ERalpha)        [1, 2]  These 
workers assessed the affi nity of these receptors for a range of xenobiotic and 
phytochemical estrogenic compounds, including the soy isofl avones        [3, 4] . They 
established that genistein has agonist activity for both ERalpha and ERbeta, but 
that genistein’s affi nity for ERbeta is considerably greater; genistein’s affi nities 
for ERbeta and ERalpha were determined to be 8.4       nM and 145       nM, respectively. 
For daidzein, the corresponding values were 100       nM and 420       nM, indicative of 
its much lower affi nity for these receptors. At saturating concentrations, both 
genistein and daidzein could interact with either of these receptors to activate 
transcription from estrogen response elements, at least as effectively as the phys-
iological ligand 17 β -estradiol. 

  A number of subsequent studies have examined genistein’s comparative 
abilities to bind to and promote transcription from the two estrogen receptor 
isoforms                   [5–12] . Although the absolute values obtained in these studies differ, 
genistein’s binding affi nity for ERbeta consistently emerges as 7–30-fold greater 
than its affi nity for ERalpha; this is paralleled by genistein’s ability to activate 
transcription with ERbeta at a lower concentration than with ERalpha. As a rule, 
ERbeta-mediated transcription is approximately half-maximal at a genistein con-
centration of 10       nM, whereas ERalpha-mediated transcription is minimal at this 
concentration, only becoming substantial as genistein rises above 100       nM. 

  One recent study has examined the impact of isofl avones on the rate at which 
the ER isoforms bind to the estrogen response element in DNA; they determined 
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the isofl avone concentration which would increase this binding rate by 50% 
 [13] . For genistein, this value was determined to be 30       nM for ERbeta and 
15        μ M for ERalpha – once again indicative of marked selectivity for ERbeta. 
The corresponding values for daidzein were 350       nM for ERbeta and  � 300        μ M 
for ERalpha. 

  Some of the key effects of estrogen result not from transcriptional activa-
tion at estrogen response elements, but from transcriptional repression of cer-
tain promoters that bind NF-kappaB, such as the IL-6 promoter  [14] . This latter 
effect refl ects interaction of the activated estrogen receptor with NF-kappaB in a 
manner that does not entail binding of the estrogen receptor to DNA. Genistein 
has been shown to activate ERbeta such that it is capable of inhibiting the TNF 
response element; this effect was half-maximal at a genistein concentration of 
only 8.5       nM  [7] . In contrast, in cells overexpressing ERalpha, only a moderate 
transrepression was seen with a genistein concentration of 1        μ M. 

   Estrogen receptors can also infl uence the transcriptional activity of AP-1, 
Sp1, and certain c-AMP response elements, through interactions that do not 
entail direct binding to DNA          [15–17] . In particular, agonist-activated ERalpha 
often increases the transcriptional activation mediated by AP-1, possibly by 
binding to coactivators that interact with fos/jun        [15, 18] . In contrast, acti-
vated ERbeta has the opposite effect, suppressing AP-1-mediated transcription
             [15, 19–22] . Since AP-1 exerts various pro-proliferative effects, these fi nd-
ings may help to rationalize the opposing effects of ERalpha and ERbeta 
on cell proliferation in certain tissues, as cited below. In particular, ERalpha 
activates the cyclin D1 promoter through its AP-1 and c-AMP response ele-
ments, whereas ERbeta has a suppressive effect in this regard  [21] . These con-
siderations suggest that low nanomolar concentrations of genistein may have 
the potential to exert certain effects opposite to those of the classical estrogen 
receptor – including anti-proliferative effects. 

   The relevance of these fi ndings becomes evident when one considers the 
plasma genistein concentration in subjects who habitually consume a soy-rich 
diet. Adlercreutz et al . reported that the mean concentration of total genistein 
(free plus conjugated) was 276       nM in Japanese men; however, only about 4% 
of this was in free or sulfated form, the balance consisting of the glucuro-
nate conjugate which presumably has limited intracellular access        [23, 24] .
More recent studies have specifi cally measured unconjugated plasma isofl a-
vones; one of these found that unconjugated genistein constituted only about 
1.1–1.5% of the total plasma pool of genistein – the higher percentage being 
observed transiently in the fi rst 2 hours after soy ingestion  [25] . The low con-
tent of unconjugated isofl avones is presumed to refl ect rapid glucuronidation 
(and to a lesser extent, sulfation) of these compounds in the liver and intesti-
nal mucosa  [26] . Since total serum genistein concentrations of around 1.5        μ M 
are noted during prolonged supplementation with high-physiological doses of 
genistein [27] , this would correspond to an unconjugated genistein concentra-
tion of about 20       nM if 1.3% of total genistein were in free form. After several 
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subjects ingested a meal providing 125       g (dry weight) of whole soybeans, free 
serum genistein rose to about 20–40       nM within about 2 hours, persisting at this 
level at 8 hours, but returning to baseline after 24 hours  [28] . About half of 
the unconjugated genistein in serum is bound to serum proteins, so the effec-
tive concentration available to cells may be about 50% of the measured total 
concentration  [29] ; in other words, the physiological impact of 20       nM serum 
genistein may be comparable to that observed with 10       nM genistein  in vitro . 

   These fi ndings encourage the speculation that high-physiological serum 
levels of free genistein – i.e. those achievable by ingesting a soy-rich diet – 
will achieve ample activation of ERbeta, but only minimal or modest activa-
tion of ERalpha. As we shall see, this thesis appears capable of rationalizing 
both the safety and the physiological benefi ts of dietary soy isofl avones.  

     S-EQUOL ALSO ACTS AS ERBETA AGONIST 

   Although daidzein  per se  would not be expected to exert estrogenic activity 
in plasma concentrations achievable by ingestion of high-nutritional doses of 
soy isofl avones, about a third of humans possess a colonic bacterial fl ora capa-
ble of converting daidzein to  S -equol          [30–32] . This latter compound is read-
ily absorbed and, like genistein, is rapidly and almost quantitatively converted 
to glucuronide and sulfate conjugates  [30] . Also like genistein,  S -equol is a 
relatively selective agonist for ERbeta; Katzenbogen and colleagues measured 
a Ki  of 16       nM for  S -equol’s interaction with ERbeta (as contrasted to 6.7       nM 
for genistein) [33] .  S -Equol’s  Ki  for ERalpha was reported to be 200       nM; thus, 
S -equol’s isoform selectivity appears to be comparable to that of genistein. 
Nonetheless, these authors found that the transcriptional bioactivity of  S -equol – 
measured in an endometrial carcinoma cell line transfected with ER expres-
sion vectors – was less potent and less selective than that of genistein. In any 
case, since total plasma S -equol concentrations (free      �      conjugated) in excess 
of 1        μ M can be achieved in equol producers consuming diets rich in soy iso-
fl avones  [34] , it is reasonable to suspect that equol could contribute to the 
physiological estrogen activity observed after soy isofl avone ingestion in equol 
producers. Indeed, several studies have concluded that soy isofl avones tend to 
exert greater physiological effects in equol producers than in non-producers 
           [30, 31, 35, 36] . A relatively high proportion (about 60%) of people habitually 
consuming low-fat vegetarian diets are equol producers  [37] ; however, whether 
long-term adoption of such a diet could turn equol non-producers into produc-
ers remains to be seen.  

    IRRELEVANCE OF OTHER SUSPECTED EFFECTS 

  Much of the speculation regarding the physiological effects of isofl avones 
makes reference to  in vitro  studies in which genistein has been shown to inhibit 
tyrosine kinases or topoisomerase II, or to modulate activation of mitogenic
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signaling pathways in cultured cells. The effects of genistein on tyrosine kinase 
or topoisomerase activity require concentrations well into the micromolar 
range       [38, 39] . Similarly, the great majority of studies showing that genistein is
a signal modulator in cells have used micromolar concentrations of this agent. 
These effects thus have no conceivable relevance to the physiological impact of 
genistein. To the best of my knowledge, activation of estrogen receptors is the 
only effect of genistein that has been documented in the low nanomolar range. 

   There is a recent report that genistein, as well as daidzein and biochanin A, 
have agonist activity for the so-called estrogen-related receptors (ERRs)  [40] . 
These receptors are structural relatives of genuine estrogen receptors, and can 
activate transcription from estrogen response elements, but do not bind estro-
gen, and possess constitutive activity. Although isofl avones can bind to ERR 
and modestly enhance their transactivational activity, this effect is minimal and 
statistically insignifi cant at a genistein concentration of 1        μ M – nor are daid-
zein or biochanin A much more active in this regard. Thus, interaction of soy 
isofl avones with ERRs is unlikely to be of physiological signifi cance.  

    SOY ISOFLAVONES HAVE NO DIRECT HEPATIC EFFECTS 

  Studies in rats, primates, and humans demonstrate that hepatocytes express 
ERalpha, but not ERbeta              [41–45] . Many of the notable physiological effects of 
oral estrogen are mediated in the liver. Thus, oral estrogen lowers LDL choles-
terol, raises serum triglycerides, boosts synthesis of angiotensinogen and sex 
hormone-binding globulin, and decreases hepatic production of IGF-I – effects 
which are thought to refl ect direct estrogenic activity in hepatocytes                    [46–53] . 
Moreover, oral estrogen up-regulates thrombotic mechanisms by modulating 
hepatic production of a range of plasma proteins which regulate thrombosis. 
Thus, oral estrogen increases plasma concentrations of clotting factors VII and 
IX, activated protein C, and C-reactive protein, while decreasing those of anti-
thrombin, proteins C and S, and tissue factor pathway inhibitor              [54–58] . These 
effects are much less substantial when estrogens are administered transdermally; 
this is thought to explain the observation that risk for venous thromboembolism 
is increased far more by oral estrogen than by transdermal estrogen        [56, 59] .
Since physiological concentrations of genistein can be expected to have only a 
modest impact on ERalpha activity, it is not surprising that none of these effects 
are observed when soy isofl avones are ingested                [60–65] . 

   Gallstone risk is higher for women than men, and this has been traced 
to the fact that activated ERalpha boosts cholesterol output to the bile. In 
mice, ERalpha-selective agonists, but not ERbeta-selective agonists, have this 
effect  [66] . It can be deduced that soy isofl avones will not increase risk for 
gallstones.

   The modest impact of soy protein-rich diets on elevated LDL cholesterol in 
some studies presumably refl ects replacement of  “ high-quality ”  animal protein 
(such as casein) with “ lower-quality ”  plant protein  [67] . Indeed, Sirtori, who 
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fi rst established the utility of soy protein-based diets for cholesterol reduction, 
pointed out that the soy protein isolate he used to fi rst demonstrate this effect 
was devoid of isofl avones!  [68]  He maintained that the utility of his regimen 
was contingent on replacing animal protein with plant protein  [69] . The studies 
which document reduction of elevated LDL cholesterol with supplemental soy 
protein have typically used comparable intakes of milk protein for the placebo 
group  [70] ; there is little evidence that simply adding soy protein to a diet that 
remains high in animal protein will lower elevated LDL. 

  While it may be disappointing to concede that soy isofl avones cannot lower 
LDL cholesterol, or diminish cancer risk by suppressing plasma IGF-I, it is 
nonetheless comforting to realize that isofl avones will not increase thrombotic 
risk in the way that oral estrogens do. Conceivably, the prothrombotic hepatic 
effects of oral estrogen are largely if not wholly responsible for the unantici-
pated increase in risk for myocardial infarction observed during recent prospec-
tive trials of oral hormone replacement therapy – despite the favorable infl uence 
of estrogen activity on vascular endothelium and LDL cholesterol  [71] . 

    NO UTEROTROPHIC ACTIVITY 

   Physiological concentrations of soy isofl avones can also be expected to be safe 
for the uterine endometrium, as the uterotrophic effect of estrogens appears 
to be mediated solely by ERalpha. This has been demonstrated elegantly in 
ERalpha-knockout mice, in which estrogens fail to exert a uterotrophic effect 
 [72] . As would be expected, soy isofl avones have shown no impact on endome-
trial proliferation in clinical studies             [73–77] . Although endometrium expresses 
both alpha and beta receptors, synthetic agonists specifi c for ERbeta do not 
decrease uterine weight in rats or prevent the proliferative response to a con-
currently administered ERalpha-specifi c agonist  [45] . In women, soy isofl a-
vones do not suppress the endometrial proliferative response to estrogen  [78] . 
Based on these observations, ingestion of genistein within the nutritional range 
would not be expected to either increase or decrease endometrial cancer risk. 

   Nonetheless, when rats are fed doses of genistein that could be considered 
pharmacological – for example, 750       mg/kg diet, resulting in a free serum gen-
istein level of 400       nM – uterotrophic activity is indeed seen  [79] . This fi nding 
is consistent with the responsiveness of ERalpha to high nanomolar concentra-
tions of genistein. The implication is that genistein doses which greatly exceed 
the nutritional range should not be presumed to be safe from the standpoint of 
endometrial cancer risk.  

    GENISTEIN UP-REGULATES ENOS ACTIVITY IN VASCULAR 
ENDOTHELIUM 

   One of the chief reasons for suspecting that hormone replacement therapy 
would decrease cardiovascular risk is that estrogens have a favorable impact on 
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endothelial function, promoting the activity of the endothelial isoform of nitric 
oxide synthase (eNOS); this results both from increased transcription, and also 
from extranuclear effects of activated extrogen receptors (both ERalpha and 
ERbeta) exerted at the plasma membrane                [80–85] . Estrogen can also enhance 
the bioactivity of nitric oxide by down-regulating NADPH oxidase expression – 
more specifi cally, that of its gp91phox subunit – in human endothelial cells 
 [86] . Vascular endothelium expresses both ERalpha and ERbeta, and their 
effects on human umbilical vein endothelial cells appear to be quite compara-
ble  [87] . Studies point to a role for ERalpha in the induction of eNOS and/or 
NO production in the endothelial cells of diverse species                [88–93] ; the impact 
of ERbeta in this regard is less clear. Whereas estrogen increased the expres-
sion of eNOS in the coronary arteries of ovariectomized ERalpha-knockout 
mice  [94] , consistent with a role for ERbeta in eNOS induction, no such effect 
was seen in their cerebrovascular arteries  [90] . Induction of eNOS by ERbeta 
in rat cardiac myocytes and in human myometrium has been reported        [95, 96] .
In the vascular smooth muscle cells of rodents, ERbeta exerts both antihyper-
plastic and antihypertensive effects        [97, 98] .

   Clinical observations appear consistent with the possibility that ERbeta 
supports endothelial eNOS activity in at least some vascular beds. Adequate 
oral intakes of genistein have been reported to improve endothelium-dependent 
vasodilation – as well as other markers for endothelial NO production – in post-
menopausal women            [99–102] . The most striking fi ndings in this regard have 
been reported by Squadrito and colleagues, who administered either 54       mg 
free genistein daily, a typical oral hormone replacement regimen, or a placebo, 
to 90 postmenopausal women for 1 year  [100] . Genistein treatment increased 
brachial endothelium-dependent vasodilation and post-occlusive blood fl ow 
relative to placebo; the effects of the hormone replacement regimen were quite 
similar. Moreover, plasma levels of nitric oxide metabolites were doubled, and 
plasma levels of endothelin-1 virtually halved, in both the genistein and hor-
mone replacement groups. (This suppression of endothelin-1 may refl ect the 
ability of NO to inhibit endothelial secretion of endothelin.) [103]  Other stud-
ies have likewise reported favorable effects of soy isofl avone supplementa-
tion (or administration of isofl avone-rich soy protein) on vascular endothelial 
function in women – albeit a few studies have failed to observe such an effect 
       [104, 105] . One study reported an improvement in arterial compliance, but not 
in acetylcholine-mediated vasodilation  [106] . In ovariectomized rats, dietary 
genistein has been shown to improve endothelium-dependent, but not endothe-
lium-independent, vasodilation          [107–109] . 

   Squadrito suggests that lower intakes of genistein, or shorter duration of 
supplementation, might account for the two negative reports. Indeed, each of 
these studies administered 80       mg of mixed conjugated soy isofl avones daily
       [104, 105] ; it would take about 150       mg of such a preparation to provide the 54       mg 
of pure genistein used in the Squadrito study. The fact that Squadrito adminis-
tered free genistein, rather than the genistein glycoside (genistin) that occurs 
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natively in unfermented soy foods, might also have some bearing in this regard. 
There are confl icting reports regarding the relative bioavailabilities of free iso-
fl avones and conjugated isofl avones; one Japanese study concluded that, dur-
ing long-term administration, administration of free isofl avones yielded plasma 
concentrations of total isofl avones that were roughly twice as high as those 
achieved during administration of conjugated isofl avones  [110] . On the other 
hand, three recent American and Swiss studies conclude that, after single oral 
doses, the availabilities of the two forms of isofl avones are roughly comparable 
         [111–113] . Although isofl avone glycosides are not taken up by intestinal cells 
 [114] , these compounds are readily converted to free glycosides by membrane-
bound or bacterial β -glucosidases in the intestinal tract  [115] ; the resulting free 
isofl avones are absorbable  [116] . The propensity of gut bacteria to degrade 
isofl avones varies from person to person and infl uences their bioavailability – 
slow metabolizers achieve higher plasma levels of genistein and daidzein 
 [117] . Since free isofl avones should be absorbed more rapidly, one would
suspect that they would be more effective than conjugates in rapid metabolizers – 
but this has not been documented. Evidently, more research is needed to evalu-
ate the relative impact of free vs. conjugated isofl avones on plasma isofl avone 
levels during long-term administration. 

   The favorable effects of genistein on endothelial function might be operative 
in men as well, in light of a report that intrabrachial administration of genistein 
led to a nitric oxide-mediated increase in forearm blood fl ow in male volun-
teers; infusion of 17 β -estradiol – but not daidzein – had a comparable effect 
 [118] . On the other hand, one study reported a modest reduction in endothe-
lium-dependent vasodilation after men had ingested isofl avone-rich soy pro-
tein (40       g daily, providing 118       mg isofl avones) for 3 months  [119] . The impact 
of dietary genistein on endothelial function in males should be studied further. 
Estrogen can boost endothelium-dependent vasodilation in males          [120–122] , 
and studies in aromatase-knockout male mice indicate that endogenous estro-
gen improves endothelial function in the males of this species  [123] . 

   In light of the versatile role which endothelial nitric oxide production 
plays in preservation of vascular health, it seems likely that genistein’s abil-
ity to up-regulate eNOS function could be exploited to decrease vascular risk. 
Epidemiological evidence suggests that estrogen may be largely responsible 
for the relative protection from cardiovascular disease enjoyed by premeno-
pausal women          [124–126] . It would be a fortunate development indeed if men 
could use genistein to achieve at least a portion of this benefi t without incur-
ring typical estrogenic side effects. 

   Sadly, induction of eNOS is not always an unalloyed benefi t; in endothelio-
pathies associated with increased superoxide production, tetrahydrobiopterin 
defi ciency leads to an  “ uncoupling ”  of eNOS that impairs its activity while 
turning it into a superoxide generator         [127–129] . Fortunately, there is recent 
evidence that high-dose folic acid can restore the proper protective function of 
eNOS when tetrahydrobiopterin is defi cient              [130–134] . Thus, it is reasonable 
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to suggest that concurrent administration of high-dose folate could be a pru-
dent adjuvant to genistein supplementation in patients at risk for endothelial 
dysfunction. Supplemental arginine, as well as various measures which lessen 
superoxide production by NADPH oxidase, may also help to optimize the bio-
effi cacy of the eNOS expressed by dysfunctional endothelium          [134–136] .

    IMPROVED INSULIN SENSITIVITY 

   More recently, Squadrito and colleagues have reported the results of a 2-year 
study in which osteopenic postmenopausal women were randomized to receive 
54       mg genistein daily or placebo  [137] . A range of cardiovascular risk fac-
tors was evaluated. The most striking fi nding was a signifi cant improvement 
in insulin sensitivity (HOMA-IR), coupled with reductions in fasting levels 
of both insulin and glucose, in the genistein-treated group. These fi ndings are 
consistent with those of a previous controlled study in which isofl avone-rich 
soy protein had been administered to postmenopausal type 2 diabetics  [138] . 
Although the mechanistic basis of this benefi t is not clear, one likely possibil-
ity is that it refl ects an improved capacity of insulin to dilate resistance arteries 
feeding skeletal muscle. The vasodilatory impact of post-prandial insulin – 
which aids storage of meal-derived glucose – is mediated by nitric oxide 
       [139, 140] ; it is reasonable to expect that genistein’s up-regulatory impact on 
endothelial expression of eNOS could potentiate this effect. 

   Intriguingly, Squadrito also noted signifi cant reductions in plasma levels of 
fi brinogen, F2-isoprostanes, and endothelial adhesion proteins in the genistein-
treated group; blood lipid levels were not infl uenced  [137] .

    FAVORABLE EFFECTS ON BONE METABOLISM 

   Both ERalpha and ERbeta are expressed in the main cell types present in 
human bone: osteoblasts, osteoclasts, and osteocytes          [141–143] . Studies with 
osteoblast-derived cell lines indicate that these two receptors modulate the 
transcription of distinctly different sets of genes, with only a modest amount 
of overlap  [144] . The effects of ERalpha on gene expression tend to be ampli-
fi ed in ERbeta-knockout mice, suggesting that ERbeta down-regulates some 
responses to ERalpha  [145] . Cortical bone density is greater, and age-related 
loss of trabecular density is lower, in ERbeta-knockout mice as compared to 
wild type  [146] . Yet in ovariectomized ERalpha-knockout mice, estrogen pro-
motes increased bone density – albeit not as effectively as it does in ERbeta 
knockouts; evidently, both types of estrogen receptor can act to preserve 
bone integrity  [147] . Indeed, trabecular bone density tends to be increased in 
ERalpha-knockout female mice  [148] . These effects may be sex-specifi c, as 
estrogen did not improve bone density in orchidectomized ERalpha-knockout 
mice  [147] . In a human osteoblast-derived cell line (MG63) in which ERalpha 
had been silenced with antisense plasmids, estrogen increased collagen and 
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alkaline phosphatase secretion, demonstrating an anabolic effect of ERbeta in 
these cells [149] . 

   The increase in bone osteoclastic activity and bone resorption ushered in by 
menopause is thought to stem primarily from an alteration of osteoblast func-
tion; soluble mediators produced by osteoblasts have a major impact on the 
functional status of nearby osteoclasts. Estrogen inhibits osteoblast production 
of IL-6, an important trophic factor for osteoclasts; it also boosts production of 
osteoprotegerin, a soluble  “ false receptor ”  which inhibits activity of RANKL, 
another important trophic factor for osteoclasts          [14, 150, 151] . It is thus of par-
ticular interest that, in physiological concentrations, genistein has been shown 
to suppress IL-6 production, and boost osteoprotegerin production, in human 
osteoblast-derived cell lines        [152, 153] . These effects are inhibited by concur-
rent incubation with an estrogen receptor antagonist. These fi ndings strongly 
suggest that genistein can interact with ERbeta to achieve transrepression of 
the IL-6 promoter – as it does with the TNF promoter [7] . 

   Genistein also has the potential to improve bone metabolism through its 
impact on vascular eNOS, in light of recent evidence that this enzyme is a 
mediator of the osteogenic impact of estrogen on osteoblasts         [154–156] . 

   In light of these considerations, it is not surprising that, in non-uterotrophic 
doses, genistein has repeatedly been shown to promote maintenance of bone 
density in ovariectomized rats and mice                [157–162] . Whether this effect would 
be lost in ERbeta-knockout mice – thus confi rming that ERbeta mediates the 
effect – has not been determined. Surprisingly, two drugs said to be potent 
and selective ERbeta agonists did not inhibit bone loss in ovariectomized rats
       [45, 163] . However, the fact that these agents have agonist activity for tran-
scriptional promotion in some contexts, does not necessarily imply that they 
will have such activity in other contexts – nor that they will interact with 
ERbeta in a manner that achieves transrepression of the IL-6 promoter. 

   Clinical studies of supplementation with soy isofl avones or isofl avone-rich 
soy protein in postmenopausal women have reached divergent conclusions: 
some fi nd that such supplementation has a favorable effect on markers of bone 
metabolism and on preservation of bone density                  [27, 164–169] , whereas others 
do not         [170–172] . These disparities prompted a recent meta-analysis, which 
included nine randomized controlled studies involving a total of 432 subjects; 
isofl avones were administered either as tablets or as isofl avone-rich soy protein 
 [173] . This analysis concluded that isofl avone supplementation does indeed 
suppress bone resorption – as assessed by urinary levels of deoxypyridinoline – 
while also stimulating bone formation – as assessed by serum levels of bone-
specifi c alkaline phosphatase. 

   Perhaps the most impressive study in this regard was that of Squadrito and 
colleagues  [27] . These researchers recruited 90 postmenopausal women, 47–57
years of age, who were randomized to receive either genistein (54       mg daily), a 
standard HRT combination (17 β -estradiol/norethisterone acetate), or a match-
ing placebo; response was evaluated at 6 and 12 months. Genistein treatment 



Chapter | 24 Isofl avones Made Simple – Agonist Activity 485

was found to decrease excretion of pyridinium cross-links (a marker for col-
lagen catabolism in bone) at both 6 and 12 months; this response was quite 
comparable to that achieved with HRT. In contrast to HRT, however, genistein 
increased serum levels of bone alkaline phosphatase and osteocalcin, mark-
ers for osteoblastic activity. At 12 months, the serum RANKL/osteoprotegerin 
ratio was notably reduced in the genistein group, to a greater extent than in 
the HRT group  [169] . Finally, after 12 months, bone mineral density in the 
femoral neck and lumbar spine had increased by 3–4% in both the genistein 
and HRT group, as contrasted to modest losses of density noted in the placebo 
group. This study is notable for its comparatively long duration – suffi cient to 
evaluate changes in bone density – and for its use of a fairly ample dose of free 
genistein. The total serum genistein (conjugated plus free) in the genistein-
supplemented group, measured during a morning fast, was 1.5        μ M at 6 months 
and 1.7        μ M at 12 months; assuming that about 1.3% of the genistein pool was 
unconjugated, this would be expected to correspond to a free genistein concen-
tration of about 20       nM, presumably suffi cient to activate ERbeta. 

  Isofl avone supplementation has also been assessed in premenopausal women 
and in men; no impact on bone metabolism or bone density was noted in these 
studies       [174, 175] . However, soy isofl avones were found to decrease loss of 
bone mass in orchidectomized male rats [176] . The possibility that isofl avones 
might infl uence bone metabolism in elderly men merits further examination. 

   Since East Asian women often consume ample amounts of soy isofl avones 
in their habitual diets, several studies have attempted to correlate habitual iso-
fl avone intake or serum isofl avone level with postmenopausal bone density 
and/or bone metabolism in such women. Two studies – one each from Japan 
and China – have reported that women in the highest quartile of soy intake, as 
contrasted to the lowest quartile, had higher bone density        [177, 178] . Several 
other studies, including those in the United States or Europe, where soy intake 
is comparatively low, did not observe such a correlation          [179–181] , albeit a 
Southern California study had a positive outcome  [182] .

    REDUCING PROSTATE AND COLORECTAL CANCER RISKS 

  Human prostatic epithelium expresses ERbeta, but not ERalpha – whereas pros-
tate stroma expresses ERalpha        [183, 184] . There is reason to believe that ERbeta 
activity has an antiproliferative impact both in healthy prostate and in prostate 
cancers       [185, 186] . Prostatic hypertrophy is common in aging ERbeta-knockout 
mice, whereas knockout of ERalpha has no such effect        [187, 188] . Furthermore, 
transfection of ERbeta into human prostate cancer cell lines induces apoptosis 
 [189] . As prostate cancers progress, ERbeta expression tends to decrease – 
consistent with the possibility that this receptor exerts a restraining effect on 
proliferation         [184, 190, 191] . In prostate cancer cell lines which express ERbeta,
a variety of estrogens and anti-estrogens – including genistein and the drug 
raloxifene – have an antiproliferative, pro-apoptotic effect            [192–195] . 
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   Genistein has been shown to decrease expression of the androgen recep-
tor in the human prostate cancer-derived LNCaP cell line, an effect mediated 
by activation of ERbeta  [196] . Moreover, soy phytochemical concentrates slow 
the growth of LNCaP in nude mice          [195, 197, 198] . Genistein feeding like-
wise down-regulates androgen receptor expression in rat prostate  [199] , and 
reduces the yield of prostate cancer in carcinogen-treated rats as well as in 
transgenic  “ TRAMP ”  mice that have a high spontaneous incidence of this can-
cer       [200, 201] . Pilot clinical studies evaluating the impact of oral genistein on 
early stage prostate cancer have achieved a moderate reduction of PSA in a 
minority of patients, and an apparent reduction in cancer growth rate in others
       [202, 203] . Case-control studies from the Orient are reasonably consistent 
with the thesis that diets high in soy products are associated with lower risk for 
prostate cancer          [204–206]  – albeit high soy intake may be a marker for diets 
and lifestyles that are more traditional. 

   Although the increased risk of breast cancer among women who use post-
menopausal hormone replacement therapy (HRT) has occasioned considerable 
comment, less attention has been paid to evidence that current or recent use of 
HRT markedly decreases risk for colon cancer; a meta-analysis concludes that 
such therapy reduces colorectal cancer risk by about 30%        [207, 208] . In light 
of the fact that colonic epithelium expresses ERbeta (but little ERalpha), it is 
reasonable to suspect that this protective effect is mediated by a direct estro-
genic effect on this epithelium  [209] . The possibility that an adequate dietary 
intake of soy isofl avones could provide comparable protection evidently merits 
consideration. Although epidemiological studies evaluating the association of 
soy consumption with colorectal cancer risk have yielded inconsistent results, 
some of these studies support a protective role for soy in this regard              [210–214] . 
Moreover, dietary soy isofl avones have reduced colon cancer yields in some 
though not all rodent models of colon carcinogenesis           [214–217] . 

   Of related interest are recent studies correlating good vitamin D status 
with a decidedly lower risk for colorectal cancer        [218, 219] . This phenomenon 
appears to refl ect the fact that healthy colon epithelium expresses CYP27B1, 
the hydroxylase which converts 25-hydroxycholecalciferol to the active hor-
mone calcitriol [220] ; since circulating levels of 25-hydroxycholesterol are 
refl ective of vitamin D status (unlike circulating calcitriol levels), it follows 
that that good vitamin D status should be associated with increased calcitriol 
production in colonic epithelium  [221] . However, increased vitamin D activity 
provokes a compensatory up-regulation of CYP24, which eliminates calcitri-
ol’s hormonal activity by catalyzing its 24-hydroxylation. There is now evi-
dence that estrogenic (ERbeta) activity in colonic epithelial cells or colorectal 
cancers promotes increased vitamin D activity in these cells by boosting the 
expression of CYP27B1, while decreasing the expression of CYP24; this phe-
nomenon has demonstrated in the colonic epithelium of mice fed genistein or 
isofl avone-rich soy protein  [222] . These considerations suggest that dietary soy 
isofl avones might potentiate the protective impact of good vitamin D status on 
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colorectal cancer risk. A similar phenomenon may obtain in breast and pros-
tate tissue, as genistein can modulate CYP27B1 and CYP24 expression in an 
analogous way in human mammary and prostate cells  [222] .

    ISOFLAVONES AND THE BREAST – SAFE AND POSSIBLY 
PROTECTIVE 

  How dietary soy isofl avones infl uence breast cancer risk is also a matter of con-
siderable interest. In the normal human breast, both types of estrogen receptor 
are expressed in epithelial cells  [223] ; ERbeta predominates in adult human 
mammary fi broblasts  [224] . In ERalpha-knockout mice, the breast is atrophic; 
conversely, in ERbeta-knockout mice, epithelium is hyperproliferative and the 
mice are prone to severe cystic breast disease as they age        [225, 226] . Transfection 
of ERbeta into an ERalpha-expressing human breast cancer cell line (MCF-7) 
results in a suppression of proliferation associated with up-regulation of cdk 
inhibitors p21 and p27, and down-regulation of c-myc and cyclins D1 and A; 
however, these effects are only partially ligand dependent  [227] . ERbeta trans-
fection also slows the estrogen-stimulated growth of the estrogen-sensitive T47D 
mammary cancer cell line  [228] , but has a pro-proliferative impact on the MDA-
MB-435 tumor  [229] . In the main, these fi ndings suggest that ERalpha and 
ERbeta may have a  “ yin-yang ”  role in breast development, with ERbeta oppos-
ing the proliferative impact of ERalpha; however, they do not necessarily imply 
that ERbeta-specifi c ligands will have an antiproliferative effect. 

  ERbeta is expressed by the majority of human breast cancers – even those 
considered “ estrogen negative ”         [230, 231] ; the standard assays for breast cancer 
 “ estrogen receptors ”  are ERalpha-specifi c. The prognostic signifi cance of ERbeta 
expression in breast cancer has been the subject of confl icting reports  [227] . 

   A number of studies have examined the impact of soy isofl avones on breast 
cancer risk or growth in rodents, but some of these are of limited interest 
owing to their use of high-parenteral doses that would likely have ERalpha-
agonist activity. High-dose genistein, administered pre-pubertally, induces a 
premature differentiation of breast tissue that diminishes susceptibility of adult 
rats to carcinogen-induced breast cancer         [232–234] ; this effect is also seen 
with estrogen administration, and there is no evidence that physiological lev-
els of genistein could achieve a comparable effect. There are however several 
studies which conclude that more modest intakes of genistein can favorably 
infl uence breast cancer induction. When administered at 250       mg/kg diet, either 
genistein or daidzein was found to slow the onset of breast cancer in cancer-
prone MMTV-neu mice; however, they did not infl uence the growth of estab-
lished tumors [235] . A functional food rich in unconjugated genistein slowed 
the growth of the MDA-MB-231 human breast cancer in nude mice; this was 
associated with increased apoptosis in the tumor  [236] . In the mouse mammary 
tumor virus-induced spontaneous breast cancer model, oral administration of 
biochanin A – but not daidzein – reduced tumor incidence at 15 months; this 
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effect was not seen in germ-free animals, and thus presumably was contingent 
on conversion of biochanin A to genistein by intestinal bacteria  [237] . 

  On the other hand, a number of studies show that dietary genistein can 
increase the growth of estrogen-dependent MCF-7 tumors in ovariectomized 
nude mice; this effect appears to hinge on activation of ERalpha            [238–241] . This 
cell line seems to be exquisitely sensitive to ERalpha activation, inasmuch as 
genistein concentrations as low as 10       nM can modestly increase its rate of pro-
liferation in vitro         [238, 242] . Nonetheless, a much more substantial response is 
seen with genistein concentrations in the high nanomolar range, consistent with 
the known affi nity of genistein for ERalpha; responsiveness at 10       nM presum-
ably refl ects that fact that activation of only a small minority of ERalpha recep-
tors can have a discernible impact on proliferation in this cell line. Administered 
at 750       mg/kg of diet to rats pretreated with the carcinogen MNU, genistein 
increases the size of MNU-induced mammary tumors in ovariectomized rats 
 [243] ; this dose of genistein also increases uterus size, pointing to an ERalpha-
mediated effect on estrogen-sensitive tumors. In DMBA-treated mice, 1       g/kg 
dietary genistein increases the yield of malignant adenocarcinomas – whereas 
no cancers develop with ERalpha-knockout mice  [244] . Overall, these fi ndings 
suggest that moderate intakes of genistein may slow the onset or progression of 
certain mammary tumors, but that very high intakes can be expected to boost 
the growth of estrogen-dependent tumors, and even moderate intakes may have 
the potential to at least modestly infl uence the growth of certain tumors that are 
highly sensitive to ERalpha activation. 

  The impact of soyfood ingestion on breast cancer incidence has been exam-
ined in a number of case-control as well as prospective epidemiological stud-
ies. Although many of these studies fi nd no link between breast cancer and soy 
consumption             [245–249] , four case-control studies found an inverse association 
between soy intake and risk for premenopausal breast cancer in Asian popula-
tions, and two such studies found a similar association with postmenopausal 
breast cancer             [250–254] . One recent prospective Japanese study found that high 
intakes of miso or of isofl avones – but not of soyfoods  per se  – were associated 
with decreased risk for pre- or postmenopausal breast cancer [255] . Other pro-
spective studies have had a negative outcome. One case-control study in Asian-
Americans focused on soy consumption during adolescence, and found that high 
soy intake during this time predicted a lower risk for postmenopausal breast 
cancer; such risk was lowest for those who maintained high soy consumption in 
adult life  [254] . Given the fact that most Asian diets provide suboptimal isofl a-
vone intakes from the standpoint of ERbeta activation, these fi ndings are reason-
ably consistent with the possibility that somewhat higher supplemental intakes 
of genistein might be protective in regard to breast cancer risk; however, they 
certainly don’t prove this proposition. A conservative but optimistic perspec-
tive is that, as contrasted with HRT, there is little reason to suspect that genis-
tein intakes in the high  nutritional  range would  increase  breast cancer risk – and 
some reason to suspect that such a measure might decrease this risk. 
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  On the other hand, in women who have been diagnosed with estrogen-sensitive 
breast cancers, the possibility cannot be excluded that nutritional intakes of gen-
istein will modestly boost cancer growth by promoting low-level activation of 
ERalpha. Theoretically, selective activation of ERbeta with moderate-dose gen-
istein might slow the growth of certain estrogen-sensitive mammary cancers 
which express this receptor – but this is speculative. Until further evidence is 
forthcoming, it might be prudent for women with estrogen-sensitive breast can-
cer to refrain from frequent soy ingestion or isofl avone supplementation. 

    MODESTLY EFFECTIVE FOR HOT FLASHES 

   A number of clinical studies have assessed the impact of supplemental soy 
isofl avones – with or without soy protein – on postmenopausal hot fl ashes. A 
recent overview notes that four of these studies had a positive outcome, fi ve 
were negative, and one showed a positive trend that missed statistical signifi -
cance [256] . This overview could not include a more recent study by Squadrito 
and colleagues  [257] . These researchers nested a hot fl ash study into their bone 
metabolism study by enrolling only women who were troubled by this compli-
cation; since this study achieved free genistein concentrations suffi cient to ben-
efi t bone metabolism, and since it included an HRT arm, its fi ndings may be 
particularly illuminating. At baseline, the daily hot fl ash score was very similar 
in the three groups, averaging 4.5–4.7/day. After 3 months, as contrasted with 
the placebo group, this score was 22% lower in the genistein group and 53% 
lower in the HRT group; these differences were statistically signifi cant. The 
fi ndings at 12 months were similar – relative to placebo response, the score was 
24% lower with genistein and 54% lower with HRT. Response to HRT was 
signifi cantly greater than that to genistein. 

  The available fi ndings appear consistent with the proposition that soy iso-
fl avone regimens which achieve an adequate plasma level of free genistein are 
mildly benefi cial with respect to hot fl ashes – though less effective in this regard 
than HRT. The inconsistency of the results of clinical studies examining this 
issue, may refl ect the fact that the benefi t to be expected is modest, as well as 
the likelihood that some of the isofl avone regimens tested failed to achieve ade-
quate free genistein concentrations in some subjects. It seems highly unlikely 
that about half of the clinical studies to date examining this issue would fi nd 
statistically signifi cant benefi t, if in fact isofl avones had no genuine potential 
for controlling hot fl ashes. Soy isofl avones have access to the brain, and certain 
regions of the hypothalamus express ERbeta          [258–260] ; conceivably, some of 
these receptors mediate the impact of genistein on hot fl ashes. 

    POTENTIAL FOR PREVENTION OF GLOMERULOSCLEROSIS 

   Chronic renal disease, of either diabetic or non-diabetic origin, tends to progress 
less rapidly in women than in men          [261–263] . The relative protection enjoyed 
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by women appears to be confi ned to the premenopausal period, and thus is likely 
to be mediated by estrogen       [263, 264] . Indeed, estrogen ameliorates, whereas 
ovariectomy exacerbates, the progression of glomerulosclerosis in various rodent 
models of this disorder                 [265–271] . Contrary fi ndings have been reported in 
certain hyperlipidemic strains of rodents, presumably because estrogen treat-
ment exacerbates nephrotoxic hyperlipidemia in these animals            [272–275] ; an 
estrogen-evoked increase in growth hormone secretion can also exert a coun-
tervailing negative effect in this regard          [276–278] . However, these latter fi nd-
ings do not appear to be germane to the impact of endogenously produced 
estrogen in women. 

   The various agents and circumstances which provoke glomerulosclerosis – 
such as hyperglycemia, glomerular hypertension, angiotensin II, advanced 
glycation endproducts, thromboxane, and oxidized LDL – appear to do so by 
boosting glomerular production of transforming growth factor-beta (TGF- β ); 
activation of AP-1 response elements in the TGF- β  promoter, often in response 
to PKC/MAP kinase activation, plays a role in these inductions                                [279–292] . 
This increased autocrine/paracrine production of TGF- β , in turn, activates 
mesangial receptors for this hormone, leading to increased production of vari-
ous ground substance proteins – including collagen types I and IV, laminin, and 
fi bronectin – decreased production of the collagenases MMP-2 and MMP-9,
and increased production of protease inhibitors such as TIMP-1                         [293–303] ; the 
net effect is an accumulation of mesangial ground substance and a thicken-
ing of glomerular basement membranes. TGF- β  is also a mediator of the pro-
teinuria characteristically seen in glomerular disorders             [304–308] . Injection of 
anti-TGF-β  antibodies into diabetic rodents can prevent and in some measure 
reverse glomerulosclerosis – demonstrating the central role of TGF- β  in this 
syndrome           [308–311] . 

   Mesangial cells express both ERalpha and ERbeta        [263, 312] ; it is notewor-
thy that expression of both types of ER is diminished in this mesangial cells 
of a strain of mouse prone to glomerulosclerosis [263] . Physiological concen-
trations of estrogen have been shown to suppress the response of mesangial 
cells to TGF- β         [313, 314] . This effect appears to refl ect the ability of activated 
estrogen receptors of both types to bind to, and suppress the transactivating 
activity of, the transcription factor SMAD3  [315] , whose phosphorylation and 
activation by TGF- β  receptors mediates most effects of TGF- β   [316]  (not sur-
prisingly, SMAD3-knockout mice are virtually immune to diabetic glomeru-
lopathy)  [307] . Moreover, estrogen can also suppress glomerular production of 
TGF-β , by boosting the NO production of glomerular endothelial cells  [317] . 
NO’s suppressive impact on TGF- β  production is poorly understood; the fact 
that eNOS inhibitors up-regulate glomerular TGF- β  synthesis suggests that this 
mechanism is of physiological signifi cance. It does not appear to be known 
whether glomerular endothelial cells express ERbeta, or whether this receptor 
can enhance eNOS activity in these cells. A further theoretical possibility is 
that activated ERbeta could inhibit transcription of TGF- β  by interfering with 
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AP-1 activity in its promoter; on the other hand, ERalpha would be expected 
to enhance AP-1 activity        [15, 20] . In any case, there is reason to suspect that 
high-physiological concentrations of genistein, via activation of ERbeta, could 
inhibit the effects of TGF- β  on mesangial cells, thereby helping to prevent 
glomerulosclerosis. Whether activation of ERbeta could also increase glomer-
ular NO production and/or interfere with AP-1 activity – resulting in suppres-
sion of glomerular TGF- β  production – is more speculative. 

   In fact, many rodent studies conclude that soy-based diets – in comparison 
to casein-based diets – are associated with slower progression of glomerulo-
sclerosis                     [318–326] . Two recent clinical studies in type 2 diabetics likewise 
report that proteinuria is lower during soy protein supplementation than dur-
ing casein supplementation       [327, 328] . At least a portion of this effect refl ects 
the fact that soy is of  “ poorer quality ”  than casein. It is well established that 
diets rich in “ high quality ”  protein promote glomerulosclerosis by increasing 
glomerular pressure and thereby increasing glomerular fi ltration rate; this pre-
sumably represents a homeostatic response which helps the body to cope with 
increased nitrogenous waste          [322, 329, 330] . Soy and other plant proteins have 
a less substantial effect in this regard          [331–333] . Thus, diets low but adequate 
in protein content have been used clinically to slow the progression of glomer-
ular disease       [334, 335] ; in particular, quasi-vegan diets, some featuring soy 
protein, have been used for this purpose              [332, 336–339] .

   The possibility that phytochemical components of soy – such as isofl avones – 
contribute to the nephroprotection afforded by soy-based diets has been sug-
gested by Valasquez and Bhathena        [322, 340] . Indeed, a subsequent study 
with hypercholesterolemic rats prone to glomerulosclerosis demonstrated that 
addition of an isofl avone-rich soy ethanol extract to their casein-based diets 
ameliorated subsequent renal damage; the interpretation of this study is com-
plicated by the fact that serum lipids declined in the isofl avone-supplemented 
rats [341] . Also of particular interest in this regard is a study by Neugarten 
and colleagues [342] . These researchers demonstrated that, in concentrations 
as low as 1–10       nM, genistein markedly inhibits synthesis of both type I and 
type IV collagen by murine mesangial cells; the authors propose that ERbeta 
mediates this effect. Conceivably, this fi nding simply refl ects the fact that gen-
istein-activated ERbeta can block the impact of autocrine TGF- β  on mesangial 
cells [315] . Whether physiological concentrations of genistein can also infl u-
ence glomerular production of TGF- β  remains to be seen. Of related interest is 
a report that a diet supplemented with red clover isofl avones decreases produc-
tion of TGF- β  by prostatic epithelium in mice  [343] . 

  If subsequent animal and clinical studies prove that soy isofl avones can 
indeed reduce risk for, or slow progression of, glomerulosclerosis, it won’t nec-
essarily follow that a diet high in soy protein should be recommended. Most 
likely, the most nephroprotective diet will be a vegan diet relatively low in pro-
tein content, supplemented with soy isofl avones. In this regard, adding soy pro-
tein to a diet already rich in casein did not protect hypercholesterolemic rats 
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from glomerular injury – albeit addition of a comparable surplus of casein exac-
erbated this injury [324] . 

    POTENTIAL FOR PREVENTION OF LEFT VENTRICULAR 
HYPERTROPHY AND HEPATIC FIBROSIS 

   The intracellular signaling mechanisms which mediate left ventricular hyper-
trophy (LVH) appear to be very similar to those that evoke glomerulosclerosis 
       [344, 345] ; moreover, NO has an antagonistic impact on development of LVH 
analogous to its impact on glomerulosclerosis [346] . Premenopausal women 
are relatively protected from LVH, and estrogen replacement has been shown 
to limit expansion of ventricular mass in postmenopausal women and ova-
riectomized rodents at risk for this disorder                   [347–354] . Cardiac myocytes and 
fi broblasts express both isoforms of the estrogen receptor, but, in neonatal rat 
cardiac myocytes, only ERbeta has an inductive effect on eNOS        [355, 356] .
A very recent study examining ERalpha- and ERbeta-knockout mice demon-
strates that ERbeta mediates the protective effect of estrogen on cardiac hyper-
trophy  [357] . Thus, it is reasonable to suspect that genistein has the potential 
to protect postmenopausal women, and possibly men, from LVH. 

  There is growing epidemiological evidence that premenopausal women 
affl icted with fi brogenic liver diseases such as hepatitis C are at lower risk for 
fi brosis and cirrhosis than are postmenopausal women or men with this disor-
der; furthermore, in postmenopausal women with hepatitis C, concurrent hor-
mone replacement therapy is associated with slower progression of fi brosis 
         [358–360] . This conclusion accords well with studies demonstrating that admin-
istration of estrogen or of estrogenic drugs attenuates hepatic fi brosis in rodents 
treated with hepatotoxic agents – whereas ovariectomy has the opposite effect 
             [360–364] . A likely site of estrogen’s action in this regard is the hepatic stellate 
cell, which, in response to numerous hepatotoxic agents, converts to a myofi -
broblast phenotype and proliferates, depositing the excessive collagen and other 
ground substance proteins observed in hepatic fi brosis  [365] .  In vitro , estrogen 
suppresses the proliferation and activation of stellate cells induced by various 
agents         [360, 366, 367] . In aggregate, these fi ndings have prompted suggestions 
that postmenopausal women with hepatitis C or other fi brogenic liver disorders 
should be treated with hormone replacement therapy (HRT)        [358, 359] .

  Studies with cultured rat hepatic stellate cells have concluded that these cells 
do in fact express estrogen receptors – but these receptors are of the beta iso-
form; these cells do not express ERalpha  [368] . Thus, the antifi brogenic hepatic 
effects of estrogen are likely to be mediated by ERbeta receptors. It is therefore 
reasonable to suspect that soy isofl avones could have potential for prevention of 
hepatic fi brosis. Indeed, Chinese researchers have demonstrated that concentra-
tions of genistein as low as 10       nM reduce the basal and PDGF-induced prolif-
eration of stellate cells in culture, while also inhibiting their transformation to a 
myofi broblast phenotype – that is blocking  α -smooth muscle actin expression 
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 [369] . (While these investigators interpreted this effect as refl ecting genistein’s 
tyrosine kinase inhibitory activity, such activity in fact require micromolar con-
centrations of genistein that are of no physiological relevance  [370] .) To date, 
there do not appear to be any published studies evaluating the impact of soy 
phytoestrogens or soy-rich diets on hepatic fi brosis in rodents. Nor have epi-
demiological studies examined the impact of soy-rich diets on susceptibility to 
hepatic fi brosis in humans. 

    DIRECTIONS FOR FUTURE RESEARCH 

   The thesis that ERbeta mediates the favorable physiological effects of mod-
erate-dose isofl avones on bone metabolism and endothelial function can best 
be tested in ovariectomized ERbeta knockout rodents, using dietary concentra-
tions of isofl avones that will achieve a free genistein plasma concentration not 
in excess of 50       nM. If these effects largely persist in the ERbeta knockouts, 
the thesis of this chapter will be falsifi ed, and it will be necessary to identify 
further molecular targets that respond to free isofl avones in the low nanomolar 
range. In light of current evidence, however, the contention that ERbeta is the 
key target of dietary isofl avones is credible and brings a satisfying unity to the 
diverse research literature on these compounds. 

   The fact that clinical studies with soy isofl avone supplementation have 
yielded inconsistent results may refl ect, at least in part, variations in the plasma 
levels of free genistein (and possibly equol) achieved by the diverse supple-
mentation regimens that have been assessed. Is genistin truly as effective as 
equimolar intakes of genistein during long-term administration in most sub-
jects? Or do variations in GI metabolism of genistin render supplementation 
with genistein a more fail-safe proposition? Too few studies have assessed the 
long-term impact of various isofl avone regimens on equilibrium concentrations 
of free genistein; we should bear in mind that acute pharmacokinetic studies 
do not take into account possible adaptive changes in enzyme expression that 
could infl uence achieved plasma levels. In light of the markedly benefi cial 
effects on endothelial function and bone metabolism achieved by Squadrito 
et al . with 54       mg genistein daily, efforts to confi rm these results in larger and 
more diverse populations are clearly warranted. 

  As a safer substitute for HRT in postmenopausal women, supplemental gen-
istein would appear to have great promise; in Squadrito’s studies, the impact of 
supplemental genistein on endothelium and bone was fully comparable to that of 
HRT, and the relief from hot fl ashes noted was worthwhile though less substan-
tial. Whether premenopausal women would benefi t is less clear, since the impact 
of genistein on endothelium or bone may be modest compared to that of ambient 
estrogen levels. However, the epidemiological and rodent literature provides just 
a hint that, by shifting the balance toward ERbeta activity in mammary tissue, 
premenopausal soy isofl avone ingestion may in fact be protective in regard to 
breast cancer risk. In this regard, more rodent chemoprevention studies, using 
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moderate genistein doses that will selectively activate ERbeta, would be desira-
ble; in regard to epidemiology, more attention should be focused on the possible 
impact of adolescent isofl avone intake on subsequent breast cancer risk. 

  Could supplemental genistein improve endothelial function and bone metab-
olism in men? Too few studies have examined this issue to allow any conclusions 
to be drawn. However, even if genistein cannot protect men in these respects, 
its likely favorable impact on risk for prostate cancer (and possibly colorectal 
cancer as well) may make genistein supplementation a very worthwhile option 
for men. Ongoing clinical studies with genistein in early prostate cancer may 
shed further light on this issue. The fact that ERbeta expression tends to be lost 
as prostate cancer progresses probably means that, as a therapy for pre-existing 
prostate cancer, genistein will have at best transient effi cacy; thus, its greater 
potential may be for chemoprevention. 

  With respect to expectations that isofl avone-rich diets may decrease risk for 
certain common cancers, a proviso is in order. Commentators frequently note 
that risks for certain  “ Western ”  cancers are comparatively low in East Asian cul-
tures which make frequent use of soy products. However, these rates are equally 
low in many other Third World rural societies in Africa and South America 
where soy consumption is minimal          [371–373] . The traditional diets of these 
societies tend to be low in fat and animal products, and moderate in total pro-
tein; lifelong consumption of such diets is likely to be associated with reduced 
serum levels of insulin and of free IGF-I – now known to have important cancer 
promotional activity          [374–376] . High intakes of soy protein can actually boost 
serum IGF-I         [377–379] ; thus, heavy use of soy protein  per se  may be inadvis-
able from the standpoint of cancer risk. These considerations suggest that ample 
intakes of soy isofl avones may best be achieved through supplementation rather 
than through heavy consumption of protein-rich soy products. Furthermore, we 
should take care not to encourage the delusion that simply adding soy products –
or soy isofl avones – to a meat-rich omnivore diet will reproduce the full meas-
ure of cancer protection associated with quasi-vegan Third World diets. The 
popular focus on soy protein runs the risk of obscuring the broader and deeper 
truth that diets featuring “ low quality ”  plant protein can have an important anti-
promotional impact on many types of cancer          [376, 380, 381] .  
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      Abstract 

   A variety of tumors are caused by either abnormal activation of proto-oncoproteins or 
dysfunction of tumor suppressors. The majority of these proteins are signal transduc-
ers such as G proteins, protein kinases and transcription factors that control the cell 
growth positively or negatively. Thus, recently several chemical compounds called sig-
nal therapeutics (STs) such as Gleevec emerged as a new generation of effective cancer 
therapeutics that selectively block the oncogenic signal pathways, to which tumors are 
highly addicted for their growth, but not for the normal cell growth. Unlike the conven-
tional anti-cancer drugs such as DNA/microtubule poisons, these STs show far less side 
effects. Interestingly, many natural plant products inexpensively available in the market 
such as fruits, vegetables and healthcare food supplements also contain a series of STs 
useful for cancer therapy. Here we discuss a few emerging examples of these natural 
STs such as propolis (bee wax) and pepper extracts that block the major oncogenic sig-
nal transducer  “ PAK1, ”  a unique Ser/Thr kinase, which is responsible for the develop-
ment of more than 70% of human cancers/tumors.  

Keywords :  Signal, therapeutic, cancer, neurofi bromatosis, PAK1, kinase, propolis, 
pepper

    INTRODUCTION 

    PAK1 and Cancers 

  Discovery of many different oncogenes and tumor suppressor genes during last 
three decades has completely changed both our understanding of cancers and 
approach to cancer therapy. For most of these gene products were found signal 
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transducers that regulate cell proliferation positively or negatively. Many onco-
gene products are abnormally activated GTPases (GTP-dependent proteins) such 
as RAS, or protein kinases such as SRC. Similarly, many tumor suppressor gene 
products are transcription factors such as p53 and RB, and inhibitors of GTPases 
or kinases, such as NF1 and NF2/merlin, respectively. Thus, it became possible 
to generate specifi c chemical inhibitors of these oncogenic signal transducers or 
mimetics (agonists) of these anti-oncogenic signals, which would be useful for 
the systemic treatment of a variety of malignant or benign tumors. 

  Here we call such a new generation of anti-cancer drugs  “ signal (blocking) ther-
apeutics, ”  to distinguish them from a series of the conventional anti-cancer drugs
which target mainly DNA or microtubules (MT), thereby handling mainly the 
fast-growing cancers. These DNA/MT poisons such as cisplatin, 5-FU, and 
Taxol have been successful for the treatment of a variety of cancers, but failed 
to suppress the growth of pancreatic cancers and slowly growing tumors such 
as NF (neurofi bromatosis). Furthermore, the DNA/MT poisons cause inevita-
bly a series of side effects such as hair loss and immuno-suppression. These 
side effects are due to damaging the fast-growing normal cells such as hair and 
bone marrow cells. 

  Among the fi rst signal therapeutics, so far Gleevec (STI-571) appears to be 
most successful. Gleevec is a specifi c inhibitor of the Tyr-kinases BCL-ABL, 
PDGF receptor (PDGFR), and Kit  [1] . It is an ATP antagonist which binds the 
ATP-binding pocket of these kinases. Since CML (chronic myeloid leukemia) 
and GIST (gastrointestinal stromal tumors) are caused by abnormal activation of 
BCL-ABL and Kit, respectively, Gleevec (400–600       mg daily) has been used for 
the treatment of these rather rare cancers  [1] . However, the remaining vast major-
ity of cancers and NF cannot be treated by Gleevec, simply because either BCL-
ABL, PDGFR or Kit is not essential for the growth of these cancers/tumors. 

   Which signal transducer is essential for the majority of those remain-
ing cancers/tumors? A systematic study by our group and a few others has 
recently led us to a conclusion that the Ser/Thr-kinase PAK1 is essential for 
more than 70% of cancers (including major cancers such as breast and pros-
tate cancers, and pancreatic cancer) and even slowly growing tumors such as 
NF               [2–7] . These tumors are highly addicted to this kinase for their anchorage-
independent growth, but not for the normal (anchorage-dependent) cell growth. 
So we call them PAK1-dependent tumors (PDTs). PAK1 is a Rac/CDC42-
dependent kinase that phosphorylates several effectors such as the kinase Raf, 
LIM kinase 1, BAD, and the kinase aurora       [8–9] . Thus, PAK1 is involved in 
several different features of tumorigenesis, including cell division, anti-apoptosis 
(cell survival), metastasis/invasion, and angiogenesis   ( Fig. 25.1   ). 

   First of all, PAK1 phosphorylates Ser 338 of Raf to activate this kinase 
 [10] , and eventually through the down-stream MEK-ERK signal pathway 
up-regulates cyclin D1 that activates CDKs (cyclin-dependent kinases), which 
in turn push the cell cycle from G1 to S phase for DNA replication  [11] . 
Secondly, PAK1 phosphorylates Thr 508 of LIM kinase 1 for the activation, 
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and in return LIM kinase 1 inactivates cofi lin by phosphorylating at Ser 3  [12] . 
Since cofi lin is an F-actin severing protein, fragmenting actin fi laments, and 
the phosphorylation blocks its actin-binding, the PAK1-LIM kinase pathway 
leads to actin polymerization (stabilization of actin fi laments) and stimulation 
of cell migration, and eventually metastasis of malignant tumors. 

  PAK1 also blocks apoptosis (programmed cell death) by phosphorylating and 
inactivating a pro-apoptotic protein called BAD  [13] . Furthermore, PAK1 acti-
vates  VEGF  gene which is essential for the tumor-induced angiogenesis  [14] . In 
other words, anti-PAK1 drugs can block not only cell division, but also metasta-
sis, and angiogenesis, and cause apoptosis of tumors as well. Among anti-PAK1 
drugs, so far a ring peptide called FK228 is the most potent anti-cancer drug (IC 50

around 5 pM). Its direct target is HDAC (histone deacetylase)  [15] . However, as 
shown in  Fig. 25.2   , FK228 blocks both down-stream and up-stream of PAK1, 
by up-regulating two tumor suppressors, p21/WAF1 and Rap1A, respectively 
       [16–17] . p21 is an inhibitor of CDKs, thereby antagonizing cyclin D1 that acti-
vates CDKs. Rap1A is a GTPase, that antagonizes RAS, thereby blocking the 
oncogenic RAS-PI-3 kinase pathway essential for PAK1 activation. FK228 is 
currently in clinical trials for a variety of PAK1-dependent cancers (phase 2), but 
it would still take several more years for FK228 to enter the market. 

   So recently we have started exploring anti-PAK1 drugs among natural 
products available in the market, hopefully being able to give an immediate 
benefi t to those who are currently suffering from these formidable cancers/NF 
(PDTs). The followings are a few examples of those which block the onco-
genic PAK1 signaling. 

    PROPOLIS 

   Propolis from bee hives (also called  “ bee wax ” ) is a 100 million years ’  wis-
dom of bee society protecting their larva from a variety of diseases ( Fig. 25.3   ). 

PAK1 Cyclin D1 “Cell division”

Metastasis
(Invasion)

VEGF LIM-kinase

Angiogenesis

>70% of human cancers are addicted to PAK1!

BAD Anti-apoptosis

GCase

FIGURE 25.1       Roles of PAK1 in tumorigenesis.    

Chapter | 25 Signal Therapy: as Cancer Therapeutics



Complementary and Alternative Therapies in the Aging Population526

Propolis has been used since the ancient Egypt as a traditional/folk medicine 
for the treatment of infection, wound and infl ammation as well as preparing 
mummies. Entering our modern era, propolis was fi rst identifi ed as an anti-
cancer remedy in a late 1980s when Dezider Grunberger’s group at Columbia 
University found that CAPE (caffeic acid phenethyl ester) is the major anti-
cancer ingredient in a propolis sample from Israel  [18] . As shown in  Fig. 25.4   , 
CAPE is a derivative of CA (caffeic acid) that down-regulates the GTPase Rac, 
a direct activator of PAK1  [19] . Thus, it would inactivate PAK1 eventually. 

FIGURE 25.3       Propolis is an extract of the honey cum (bee wax) that protects larva.    
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FIGURE 25.2       FK228 blocks both down-stream and up-stream of PAK1.    
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Interestingly, NZ (New Zealand) propolis reportedly showed the highest 
CAPE content (6–7% of extract) among a variety of propolis samples around 
the world ( Fig. 25.5   ), whereas Brazilian propolis samples (either green or red) 
contain no CAPE. Nevertheless the latter are also known to have an anti-cancer 
property, and the biochemical nature of the major anti-cancer ingredient in 
green propolis will be discussed in detail later. 

   The major source of CAPE in propolis is known to be young buds of poplar 
trees. Thus, most of propolis samples harvested in the Temperate Zone includ-
ing Europe and East Asia (China, Korea, and Japan) are expected to be rela-
tively rich in CAPE. Like many other anti-PAK1 drugs, CAPE has been shown 
to block both angiogenesis and metastasis, in addition to anchorage-independent 
growth of cancer cells        [20, 21] .

ETK

RAC PI3-kinase

Raf

ERK

PAK

RAS

Cyclin D1

AG879/GL-2003ST-2004

CDK

FK228

PIP3

p21

BAY43
-9006 Rap1aCAPE

FIGURE 25.4       CAPE inactivates PAK1 by down-regulating RAC.    
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5.    Netherlands,  0.4%

6.    Brazil/Egypt/India, 
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FIGURE 25.5       CAPE content of various propolis samples.    
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    NZ Propolis (CAPE-based) 

   NF (Neurofi bromatosis) 

   The major reason why we started to work on NZ propolis in an early 2006 
was to develop the fi rst effective NF therapeutics inexpensively available in 
the market. For no NF therapeutics was available in the market until then. NF 
(neurofi bromatosis) is a rare genetic disease which is often associated with 
either benign or malignant tumors developing in brain and along spinal cord 
and also in skins. There are around 2 millions people on this planet who suf-
fer from this NF. Unlike many other cancers/tumors which develop in the later 
stages of our life, NF tumors start to develop in a very early stage of our life, in 
around 6 months after the birth or even earlier. The conditions of NF patients 
get gradually worsen with time, losing eye-sight or hearing and eventually fac-
ing partial or total paralysis, and even the premature death if their NF tumors 
become malignant. 

   There are two types of NF: Type 1 (NF1) and type 2 (NF2). NF1 is caused 
by dysfunction (loss-of-function mutation) of a tumor suppressor ( NF1  gene 
product) which is a RAS GAP of 2818 amino acids [22] . NF2 is caused by 
dysfunction of another tumor suppressor, a  NF2  gene product of 595 amino 
acids called merlin, which was found recently to inhibit the kinase PAK1 
directly [3] . NF1 tumors include benign neurofi bromas, plexiform, and the 
malignant MPNST (malignant peripheral nerve sheath tumor), representing 
around 90% of NF tumors. NF2 tumors include mainly two tumors, meningi-
omas and Schwannomas, representing the remaining 10% of NF tumors. Since 
the total number of NF patients are less than 1% of the total cancer patients, 
the progress in R & D of NF therapeutics has been far behind the those of can-
cer therapeutics. Nevertheless, several years ago the development of an NF1 
tumor was found to depend on the key kinase PAK1  [23] , like RAS-induced 
cancers such as pancreatic, colon and lung cancers, because NF1 -defi ciency 
leads to abnormal activation of normal RAS, which in turn activates PAK1 con-
stitutively ( Fig. 25.6   ). More recently, we found that NF2 tumors also require 
the same kinase for their growth, mainly because  NF2 -defi ciency causes the 
abnormal activation of PAK1  [3] . Subsequently we confi rmed that FK228, 
the most potent anti-PAK1 drugs, is effective for the treatment of a human NF 
tumor (MPNST) xenograft in mice  [4] . Unfortunately, however, it turned out 
that FK228 would not be available for NF patients until the on-going clinical 
trials for cancer patients are completed, and this drug would enter the market 
with the FDA approval. Thus, an alternative NF therapeutics has been explored 
among the inexpensive and safe healthcare food supplements freely available 
in the market. 

   Among such alternatives we found that a water-miscible CAPE-rich 
extract of New Zealand (NZ) propolis called Bio 30 is the most effective 
NF therapeutics, using human NF1 and NF2 tumor xenografts in 
mice [24] .
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    NZ Propolis as NF/Cancer Therapeutics 

  First of all, Bio 30 (alcohol-free liquid) was found to contain not only CAPE 
but also several other anti-cancer ingredients such as galangin, chrysin, api-
genin and CA (caffeic acid) (   see Table 25.1   ). The IC 50  of CAPE alone for the 
growth of  NF1 -defi cient MPNST and  NF2 -defi cient Schwannoma cells is 25 and 
36 �M, respectively. However, the IC 50  of Bio 30 for Schwannoma cells turned 
out to be 1.5 �g/ml. Since the CAPE content of Bio 30 is around 12 mg/g, its 
contribution to 1.5 �g/ml is only 0.018 �g/ml, which is around 0.06 �M, mean-
ing that the anti-mitotic activity of CAPE is potentiated by around 600 times 
with several other anti-cancer ingredients in this extract  [24] . Furthermore, 
this propolis extract contains a lot of lipids which solubilize the water-
insoluble CAPE. Although CAPE has been shown to have an anti-cancer activ-
ity, its bioavailability is very poor (mainly due to its poor water-solubility) 
in vivo , and therefore it has never been in clinical trials. Thus, Bio 30 potentiates 
not only the anti-mitotic ability per se but also the bio-availability of CAPE. 

FIGURE 25.6      Oncogenic RAS-PAK1 signaling pathway blocked by NF1 and NF2 gene 
products.

TABLE 25.1        Content of Major Anti-Cancer 
Polyphenols in Bio 30  

 (mg/g) 

   Galangin  60 

   Chrysin  30 

   CAPE  12 

   Caffeic acid  12 

   Apigenin  12 
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  To determine its  in vivo  effect, we have treated nude mice bearing either 
human MPNST or Schwannoma xenografts with Bio 30 (100       mg/kg, i.p., twice a 
week). Over 100 days the slow growth of MPNST was suppressed by 90%, while 
the fast-growing Schwannoma was almost completely regressed over 30 days ( Fig. 
25.7   )  [24] . Furthermore, when Bio 30 was supplemented with an extra CAPE 
(5       mg/kg), in four out of six mice, MPNST was completely regressed, and also its 
metastasis was signifi cantly delayed and reduced to around 15% of the control. 

  Thus, Bio 30 has been proved to be the fi rst effective NF therapeutics avail-
able in the market. Furthermore, 5       ml of Bio 30 required for daily treatment of 
each adult NF patient (weighing 50–60       kg) costs only a dollar. Thus, it would be 
economically quite feasible even for a life-long treatment of both NF1 and NF2 
tumors. So far Bio 30 shows no side effect at this dose, except that only 5% of 
population is known to be allergic to the CAPE-based propolis such as Bio 30. 

   Using a similar xenograft system, we have confi rmed that Bio 30 is effec-
tive to suppress the growth of at least human pancreatic and breast cancers as 
well (Demestre, M. et al ., unpublished data).  

    Brazilian Propolis (ARC-based) 

   Artepillin C (ARC) 

   Generally speaking, propolis contains several distinct anti-cancer ingredients: 
not only CA and CAPE, but also artepillin C, chrysin, and propolins. In the 

Effect of Bio-30 on Growth of NF2-deficient 
Schwannoma Xenograft in Mice
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FIGURE 25.7       Bio 30 suppresses the growth of NF tumors (Schwannoma) grafted in mice.    
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case of Brazilian green propolis, it has no detectable CAPE, but instead a phe-
nolic acid called artepillin C (ARC), whose content is 6–7%, appears to be the 
primary anti-cancer ingredient in this propolis       [25, 26] . ARC was fi rst isolated 
as an antibiotic from this propolis by Masashi Kurimoto and his colleagues at 
Hayashibara Biochem Lab in Okayama, Japan [27] . Brazilian green propolis 
at the oral dose of 160       mg/kg strongly suppresses the growth of colon cancer 
xenograft in mice, as much as 10 mg/kg of ARC does, according to a recent 
report from a Japanese group led by Kazuki Kanazawa at Kobe University 
 [28] . In other words, unlike the NZ propolis, there is no synergy between ARC 
and the remaining ingredients in the green propolis for tumor suppression. 

   Interestingly, like CAPE and other anti-PAK1 drugs, ARC up-regulates 
p21, but not p27  [29] , suggesting the possibility that ARC also might block 
the PAK1 signal cascade which is required for down-regulation of p21 (but not 
p27). The down-regulation of p27 by the oncogenic RAS/PI-3 kinase signal-
ing appears to depend on the kinase AKT, and not PAK1. Several years ago 
two groups led by Takashi Tsuruo at Tokyo University in Japan, and by Carlos 
Arteaga at Vanderbilt University Medical School in Nashville, independently 
showed that AKT phosphorylates p27 at Thr 157 or 198, and this phosphor-
ylation blocks the importin-dependent nuclear localization of p27, causing a 
rapid degradation of p27 in the cytoplasm        [30, 31] . Two years later our group 
in Melbourne, Australia, found that both up-regulation of cyclin D1 and down-
regulation of p21, but not p27, requires PAK1  [11] . In an early 2007 our group 
in Hamburg, Germany, found that ARC inhibits the growth of NF1-defi cient 
(PAK1-dependent) MPNST cells with the IC 50  around 25 �M [32] , suggesting 
that like the CAPE-rich NZ propolis, Brazilian green propolis is also useful for 
the treatment of PAK1-dependent cancers and NF. Furthermore, almost simul-
taneously, another group of ours in Shizuoka, Japan, found that ARC inhibits 
angiogenesis both in vitro  and  in vivo   [33] , again supporting the notion that 
like CAPE, ARC blocks PAK1 activation somehow. Finally, during 2007–
2008, we confi rmed that ARC indeed blocks the PAK1/Raf/ERK pathway, but 
not the AKT pathway (see Fig. 25.8), and that both ARC alone and ARC-rich 
extract of Brazilian green propolis can suppress almost completely the growth 
of NF2 tumor xenograft in mice [32]. 

  Thus, ARC alone or ARC-rich extract of Brazilian green propolis appears 
to share a common pharmacological property with Chinese (Sichuan) pepper 
extract that selectively blocks PAK1 signaling, without affecting AKT signal-
ing, and suppresses the growth of NF1-defi cient cancer cells  in vitro  and  in vivo
 [34] . Thus, it would be of great interest to determine whether the major anti-
PAK1 ingredient in the Chinese pepper extract is ARC or a new compound. 

  As summarized in  Fig. 25.9   , the chemical synthesis of ARC was conducted 
by Hitoshi Hori’s group at Tokushima University in 2002  [35] . Thereafter they 
have synthesized a series of ARC derivatives to study their structure–function 
relationship, hoping to develop a much more potent and water-soluble anti-PAK1 
drug from ARC derivatives useful for PDTs such as pancreatic cancers and NF. 
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    PEPPER EXTRACTS 

    Chinese (Sichuan) pepper extract 

   Chinese pepper from Sichuan Province called Hua Jiao ( Fig. 25.10   ) has been 
used for a few thousands years as one of the two seasonings (spices) for cook-
ing a popular Chinese (Sichuan) dish called Mapo Tofu, a combination of bean 
curd and minced beef. Hua Jiao belongs to the genus Zanthoxylum , a member 
of Citrus family, and the ripe peppercorn is red-colored. It is closely related to 
a Japanese pepper called Sansho whose ripe pepper corn is green-colored. The 
latter also has been used as both a seasoning for a popular Japanese eel dish 
and a Chinese traditional (herb) medicine for several centuries. 

   A few years ago we found that 70% ethanol (or warm water) extract of 
both Hua Jiao and Sansho shows an anti-mitotic activity towards both breast 
and prostate cancer cells as well as MPNST cells, but not normal cells  [34] . 

ARC (Artepillin C) blocks PAK1(Raf-ERK), but not AKT, pathways.

6 h 12 h

0 3 12.5 50 0 3 12.5 50ARC (μμg/ml)

Phospho-ERK 1/2

ERK 1/2

Phospho-AKT

AKT

Phospho-RAF

FIGURE 25.8       ARC blocks PAK1-Raf-ERK, but not AKT, pathways.    
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FIGURE 25.9       Chemical synthesis of ARC.    
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The IC 50  of Hua Jiao extract is around 10        μ g/ml, whereas that of Sancho extract 
is around 100        μ g/ml. Interestingly, both pepper extracts selectively blocks 
PAK1 activation, but not the activation of another kinase called AKT. Both 
kinases act down stream of PI-3 kinase. Thus, the target of this pepper extract 
must be somewhere down-stream of PI-3 kinase, but up-stream of PAK1. 
We found that Hua Jiao extract (110       mg/kg, i.p. twice a week) suppresses the 
growth of NF1-defi cient breast cancer xenograft in mice by 50%. However, it 
still remains to be clarifi ed which ingredient of this extract is responsible for 
this anti-PAK1 activity.  

    Chili Pepper Extract 

   Another spice used for cooking the Mapo tofu is chili pepper. 
   It is a red fruit of the plant Capsicum from the nightshade family, 

Solanaceae. Chili peppers have been a part of the human diet in the Americas 
since at least 7500  BC  and perhaps earlier. There is archaeological evidence 
at sites located in southwestern Ecuador that chili peppers were already well 
domesticated more than 6000 years ago, and is one of the fi rst cultivated crops 
in the Americas ( http://en.wikipedia.org/wiki/Chili_pepper ) .

  Capsaicin was fi rst isolated in 1816 by P. A. Buchtholz and again 30 years 
later by L. T. Tresh in crystalline form, who also gave it the name capsaicin (see 
the chemical structure in  Fig. 25.11   ). In 1878 Hungarian doctor Endre Hogyes, 
who called it capsicol, proved that this substance is the cause of the burning 
feeling when in contact with mucous membrane and it also increases secre-
tion of gastric juice. Capsaicin was fi rst synthesized in 1930 by E. Spath and 

FIGURE 25.10       Chinese peppercorns (Hua Jiao) from Sichuan.    
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F. S. Darling. Later similar substances were isolated from chili pepper by two 
Japanese chemists S. Kosuge and Y. Inagaki in 1964, who named them cap-
saicinoids. Capsaicin is a homovanillic acid derivative (8-methyl- N -vanillyl-6-
nonenamide), and binds the capsaicin receptor TRPV1 (transient receptor poten-
tial vanilloid 1, VR1), a non-selective cation channel, and causes a heat-sensation. 

   For 400 years, Kimchi has been the keystone spicy food of the Korean diet. 
It consists mainly of fermented vegetables such as Chinese cabbage in brine 
with spicy seasonings. The most common seasonings include garlic, scallions, 
and chili pepper. Thus, Korean people were delighted when a Korean group 
led by Taik-koo Yun of Korea Cancer Center Hospital in Seoul found that 
Capsaicin suppresses the growth of MDBA-induced lung cancer in mice  [36] . 
How does capsaicin block the cancer growth? In 2003 Aree Moon’s group at 
Duksung Women’s University in Seoul, Korea, found that capsaicin inhib-
its the growth of RAS-transformants, but not its normal parental cells, and 
requires the oncogenic RAS-PAK1-p38 signaling pathway for its anti-cancer 
potential [37] . Why does capsaicin require the RAS pathway? 

   The answer came independently from two groups in England: Janet 
Winter’s group at Novartis Institute for Medical Research in London, and Peter 
McNaughton’s group at University Cambridge. In 2003, they found that NGF 
(nerve growth factor) induces the up-regulation of VR1 in dorsal root ganglion 
(DRG) neurons through the RAS-PI-3 kinase-PAK signaling pathway        [38, 39] .
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FIGURE 25.11       Chemical structure of Capsaicin and NADA.    
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This would explain well why more than 70% of cancer cells, where the onco-
genic RAS-PAK1 signaling is constitutively activated and VR1 is up-regulated, 
are much more sensitive to the anti-mitotic action of capsaicin than the normal 
cells where RAS-PAK1 signaling is transient, and the VR1 level is kept low. 

   In 2006, Phillip Koeffl er’s group at UCLA demonstrated that the oral 
administration of capsaicin (5       mg/kg, 3 times a week) suppresses the growth 
of human PC-3 prostate cancer xenograft in nude mice by 80%  [40] . In this 
cancer cell line the tumor suppressor PTEN is missing, and therefore PAK1 is 
abnormally activated. It would be of great interest to see the possible combined 
effect of Bio 30 and capsaicin (or Sichuan pepper extract) on NF tumors.  

    Capsiate 

   Since capsaicin is spicy, it would be better for clinical application if a non-
spicy derivative of capsaicin becomes available. In 1989 a Japanese group led 
by Susumu Yazawa at Kyoto University selected a unique non-pungent cultivar 
from a pungent pepper called CH-19 from Thailand [41] . This sweet cultivar 
called “ CH-19 Sweet ”  contains a capsaicin derivative called capsiate  [42] . In 
capsiate, the amide bond of capsaicin is replaced by an ester bond. In other 
words, the nitrogen (NH) in the latter is substituted with an oxygen (O) in cap-
siate. Nevertheless, like capsaicin, capsiate still binds TPVR1. Interestingly, 
however, in 2003 Giovanni Appendino’s group in Spain/Italy found that capsi-
ate also suppresses the growth of cancer cells and causes their apoptosis, but in 
a TPVR1-independent manner [43] . Furthermore, capsiate was recently found 
to boost the endurance swimming capacity of mice through TPVR1 by stimu-
lating their lipid metabolism [44] . Actually in Japan capsiate has been widely 
used to lose the body weight or an extra fat by stimulating the resting lipid 
metabolism (oxidation). Thus, capsiate appears to be potentially useful not 
only for cancer therapy but also for preventing the obesity.  

    NADA as an Endogenous Capsaicin 

   Furthermore, in 2003, the collaborative work by Vincenzo Di Marzo’s group 
at National Research Council in Napoli, Italy, and Mike Walker’s group at 
Brown University in Providence, US, discovered an endogenous  “ capsaicin-
like ”  molecule called NADA (N-arachidonoyl-dopamine) (see the chemical 
structure in  Fig. 25.11 ) in mammalian brain tissues, in particular the striatum, 
which stimulates TPVR1 with the EC 50  around 50 nM        [45, 46] . Thus, in a long 
term, it is worth looking for the optimal  “ mental ”  (or physiological) conditions 
which would induce the biosynthesis of NADA in NF/cancer patients so that 
each patient can cure the NF/cancer through his or her “ meditation, ”  instead 
of any exogenous medication such as Capsaicin or other anti-PAK1 drugs. 
This entirely new approach might be called self-cure, natural-healing or even 
 “ placebo ”  therapy. 
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  NADA could be synthesized by the condensation of dopamine (or tyrosine) 
and arachidonic acid through arachidonoyl-CoA. Since dopamine is the major 
pleasure hormone in human brains, perhaps the best conditions for self-cure 
would be those which make NF or cancer patients feel most pleasant, such as 
listening to his or her favorite classic music, disco dancing, hot bath, swimming 
or walking/running, and sexual pleasure, like  “ runner’s high ”  or euphoria. For 
the moment, it still remains uncertain whether or not these conditions alone are 
suffi cient for curing NF or other tumors, but they would surely improve at least 
the patients ’  QOL (quality of life) without any apparent side effect. 

    OGF (OPIOID GROWTH FACTOR) 

   Interestingly, more than two decades ago, another pleasure hormone called 
Met-enkephalin (also called OGF for opioid growth factor) was discovered 
by a group at University of Houston to inhibit the growth of (Raf-mediated) 
melanoma xenograft in mice  [47] . OGF is a pentapeptide that carries Met at 
the terminus, and also blocks metastasis of cancers. A decade ago Ian Zagon’s 
group at Pennsylvania State University found that OGF inhibits the growth of 
pancreatic cancer xenograft in mice  [48] , and blocks the angiogenesis, strongly 
suggesting that OGF and its receptor somehow block the oncogenic RAS-
PAK1 pathways. In 2006 OGF entered the phase 2 of clinical trials for pan-
creatic cancers. These fi ndings all together hint the existence of a self-curing 
system for PAK1-dependent cancers and NF in our own brain.  
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    Abstract 

   The Mediterranean diet is rich in fruits and vegetables, monounsaturated fatty acids 
from olive oil, and is complemented with the traditional use of culinary and medicinal 
herbs and spices. An important feature of this diet is the negative association with the 
incidence of metabolic syndrome, which is characterized by increased risk of cardiovas-
cular disease. Conformity to the Mediterranean diet has also been linked to a decreased 
risk of cardiovascular disease and cancer in US populations. Plants that originated in 
the Mediterranean basin have been used for centuries in botanical therapies. Many of 
these plants are believed to prevent and/or cure a wide spectrum of ailments based on 
their content in bioactive components that exert anti-oxidant, anti-infl ammatory, anti-
carcinogenic, anti-diabetic, and anti-thrombotic functions. This chapter underlines the 
health benefi ts that may derive from utilization through dietary assumption or medici-
nal applications of a selected group of plant products including extracts and specifi c 
bioactive components found in rosemary, licorice, chamomile, and olive oil. Each sec-
tion provides a scientifi c analysis of the most recent literature and attempts to highlight 
the mechanisms of action and molecular targets of bioactive components derived from 
these plants.  

Keywords: Mediterranean plants, health, disease, culinary, medicinal

    INTRODUCTION 

   In recent history, the Mediterranean diet has been the subject of much inter-
est because of its association in Mediterranean populations with reduced 
incidence of some chronic diseases including cancer, coronary heart disease 
(CHD), and cardiovascular disease (CVD), which represent in industrialized 
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countries, �75% of deaths for individuals of age 65 and older  [1] . The ben-
efi cial effects of the Mediterranean diet have been ascribed at least in part 
to high intake of antioxidants from fruits and vegetables, nuts, the prevalent 
consumption of monounsaturated fatty acids from olive oil, a moderately 
high intake of fi sh, and a regular but moderate intake of wine primarily dur-
ing meals       [2,3] . The health benefi ts of the Mediterranean diet have also been 
attributed to ingestion of a variety of botanical preparations from herbs and 
spices, which provide rich sources of fl avor-giving and bioactive components 
including phenolic compounds that possess antioxidant properties [4] . The 
literature concerning the cultivation and culinary use of vegetables, herbs, 
and spices in the Mediterranean area date back to the ancient Egyptian, 
Greek, and Roman civilizations  [5] . In modern history, there has been an 
increasing research focus to defi ne the health benefi ts of dietary constituents 
found in traditional Mediterranean foods  [6]  with the objective of identify-
ing bioactive components and develop strategies for their functional use in 
preventive medicine and maintenance of health        [7, 8] . Traditionally, herbs 
are referred to as leafy parts of plants, whereas the term spices is generally 
adopted for preparations from roots, seeds, root bark, berries, fl ower parts, 
fruits, or other plant parts. The main objective of this chapter is to discuss 
the health benefi ts of a selected group of traditional culinary and medicinal 
Mediterranean plants for which we deemed suffi cient scientifi c literature infor-
mation is available to support their potential use in food preparations or for 
preventative and therapeutic applications ( Table 26.1   ). Purposely, we have not 
covered vegetables and herbs that have been covered extensively in previous 
scientifi c reviews and limited our focus to selected traditional Mediterranean 
plants. Specifi c emphasis is given to the profi le of bioactive components; 
the chemistry and mechanisms of action of bioactive compounds; the health 
benefi ts associated with intake; potential toxicity; and recommendations for 
consumption.

    ROSEMARY 

   Rosemary ( Rosmarinus offi cinalis  Linn. Family Labiatae) is a perennial 
plant native of the Mediterranean area. Rosemary extracts are used routinely 
for cooking, preservation of foods, cosmetics, or in herbal medicine for anti-
infl ammatory and antimicrobial applications        [9, 10] , and for the prevention and 
treatment of diabetic and cardiovascular diseases  [11] . At least 30 components 
have been identifi ed in essential oils, which have been shown to possess olfac-
tory properties that infl uence cognitive performance including memory  [12] . 
Rosemary extracts contain many bioactive components including phenolic 
mono-terpenes ( α -pinene, camphene, limonene)  [13] , diterpenes (carnosic acid, 
carnosol), fl avones (genkwanin, isoscutellarein 7- O -glucoside), and caffeolyl 
derivatives (rosmarinic acid). The highest accumulation of these groups of com-
pounds occurs in leaves and it is related to young stages of plant development 
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TABLE 26.1        Mediterranean Plants and Health Benefi ts  

Plant extracts and bioactive 
food components

 Health benefi ts  References 

   Rosemary ( R. offi cinalis )  Anti-oxidant  15, 18, 19 
    Extracts  Reduced hepato-toxicity  20 

 Anti-viral ( H. simplex)  25 
 Anti-microbial ( H. pylori )  26 
 Anti-thrombotic  28 
 Food packaging  55–57 

    Rosmarinic acid  Epidermal anti-infl ammatory  34 
 Anti-allergic  35, 36 
 Inhibits angiogenesis  37 

    Carnosol, Carnosic acid  Anti-oxidant, anti-infl ammatory  41, 42 
 Anti-diabetic  50 

Licorice  ( G. glabra )  Anti-infl ammatory, anti-allergenic  67 
    Extracts  Anti-viral  59 
    Glycyrrhizic acid  Inhibits cortisol metabolism  63 
    Isoliquiritigenin  Anti-oxidant  68 

Chamomile  ( M. recutita  and  A. nobilis ) 
    Extracts  Treatment of gastro-intestinal spasm,

 anti-infl ammatory, bacterial skin 
 disease, wound healing 

 65, 72, 79 

    Apigenin  Anti-cancer  74 

Olive oil (O. europea)  Cardio-protective  99 
    Extracts  Anti-oxidant, anti-infl ammatory  97, 100 
    Oleic acid, phenolic
  compounds 

 Reduce hypertension, anti-
 thrombotic 

 108–110 

 Anticancer (prostate, breast, colon,  114–117 
  oral cavity) 
 Anti-diabetic 126

 [14] . In general, rosmarinic acid is present at the highest concentration in all 
rosemary plant organs. Carnosic acid and carnosol are found in stems during 
young stages, but their concentrations decrease in the vascular system follow-
ing aging. However, high levels of phenolic diterpenes and rosmarinic acid are 
found in fl owers as a result of  in situ  biosynthesis and transport from other plant 
organs. Rosemary extracts in both aqueous and lipid medium have been shown 
to possess antioxidant activity, which is due to the presence of a catechol group 
in the aromatic ring of the phenolic terpenes, and cathecols conjugated with a 
carboxylic acid group in rosmarinic acid. Interestingly, rosmarinic acid is more 
effective as antioxidant in bulk oil whereas carnosol and carnosic acid perform 
better in oil-in-water emulsions. These differences in antioxidant effi cacy have 
been attributed to interfacial partitioning of these compounds  [15] . 
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   Many studies have investigated the health benefi ts of extracts from rose-
mary plants and documented that extracts exhibited protective effects against 
oxidative damage to DNA by scavenging hydroxyl and singlet oxygen radicals 
 [16] , and prevented the activation of carcinogens by members of P450 fam-
ily of metabolizing enzymes while increasing detoxifi cation        [17, 18] . Aqueous 
extracts of the young sprouts of rosemary were found to exert anti-lipoperoxi-
dant activity, and protected against radiation-induced hepatotoxicity in Swiss 
albino mice  [19] . Similarly, the oral administration (250       mg/kg body weight) of 
rosemary extracts to male Sprague-Dawley rats reduced tetrachloride-induced 
acute hepatotoxicity [20] . Moreover, dietary rosemary extracts at doses rang-
ing from 0.5% to 1.0% were reported to suppress the binding of dimethyl-
benz[a]anthracene (DMBA) metabolites to DNA in female Sprague-Dawley 
rats        [21, 22] , DNA damage by the carcinogen benzo[a]pyrene  [23] , and at 
doses of 500       mg/kg body weight DMBA-induced skin tumors in mice  [24] . 
Extracts of rosemary have also been shown to possess antiviral effects against 
Herplex simplex   [25]  and inhibited the growth of the gram-negative bacterium 
Helicobacter pylori , which is recognized as the primary etiological factor in 
the development of gastritis and peptic ulcer disease  [26] . In association with 
vitamin D3, rosemary preparations and carnosic acid enhanced differentiation 
of HL60 cells in vitro  and exerted antileukemic activity in Balb/c mice  [27] . A 
recent study that screened herb extracts for antithrombotic effects  in vitro  and 
in a mouse model reported that rosemary along with thyme extracts showed 
signifi cant antithrombotic activity possibly through an inhibitory effect on 
platelet reactivity  [28] . Interestingly, the same study reported that the anti-
platelet activity of rosemary was heat-stable suggesting that the active compo-
nents may remain preserved after cooking. 

   Rosmarinic acid, which was fi rst isolated from  Rosmarinus offi cinalis  by 
two Italian scientists  [29] , is an esterifi cation product of caffeic acid which 
originates from the amino acid phenylalanine, and 3,4-dihydroxyphenyllactic 
acid which is produced from tyrosine  [30] . However, other medicinal herbs 
have been shown to contain rosmarinic acid including lemon balm ( Melissa
offi cinalis ), sage (Salvia   o ffi cinalis ,  Salvia aegyptiaca  L.), olives ( Olea euro-
pea  L), tobacco ( Nicotiana tabacuum ), and peppermint ( Mentha piperita  L.) 
 [31] . In plants, rosmarinic acid may exert a protective role against pathogens 
and herbivores. In humans, rosmarinic acid is absorbed, conjugated, and meth-
ylated in the intestine and liver and it is present in plasma and urine in a conju-
gated form (glucuronide and/or sulfated). Metabolites of rosmarinic acid have 
been shown to be excreted within few hours        [32, 33] .

   Studies have investigated in animal models the biological activity of ros-
marinic acid and reported that it inhibited epidermal infl ammatory responses 
by reducing neutrophil infi ltration, myeloperoxidase activity, cyclooxygenase-
2       mRNA expression, and reactive oxygen radical production  [34] . In humans, 
rosmarinic acid reduced the incidence of allergic rhinoconjunctivitis by inhib-
iting the infl ammatory response and scavenging of reactive oxygen species 
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(ROS)        [35, 36] . Recent studies have documented that rosmarinic acid inhibited 
a number of processes involved in angiogenesis and ROS-associated VEGF 
expression and Il-8 release  [37] . 

  Several studies have investigated the mechanisms of action of rosmarinic 
acid. In B16 melanoma cells, it induced melanin synthesis (melanogenesis) 
through activation of CREB via PKA signaling in a cAMP-independent manner 
 [38] . Other effects of rosmarinic acid included protection against adriamycin-
induced apoptosis in H9c2 cardiac muscle cells [39]  and inhibition of Ca 2� -
dependent pathways of T-cell antigen receptor-mediated signaling  [40] . 

   Carnosol and carnosic acid are diterpenes, which contribute to the antioxi-
dant and anti-infl ammatory activity of rosemary extracts        [41, 42] . In rosemary 
plants, carnosic acid protects chloroplasts from oxidative stress by scavenging 
free radicals [43] . Studies documented that carnosol exerted a variety of pre-
ventative effects by reducing DMBA-induced rat mammary tumorigenesis and 
in vivo  DMBA–DNA adduct formation  [44] , skin tumorigenesis  [45] , the inva-
sion of melanoma cells [46] , progression through the cell cycle  [47] , afl atoxin 
B1-induced oxidative stress  [48] , and platelet aggregatation  [49] . Both carno-
sol and carnosic acid have been shown to be activators of the human peroxi-
some proliferators-activated receptor gamma  [50]  thus raising the possibility 
these compounds may exert hypoglycemic and anti-diabetic effects. 

   Toxicity related to rosemary has been reported for skin applications of rose-
mary alcohol which induced contact dermatitis in one patient [51] . The dietary 
administration to Sprague-Dawley rats of rosemary at levels of 500       mg/kg of 
body weight for 63 days was associated with reduced fertility in females and 
a decline in spermatogenesis [52] . However, the clinical implications of these 
results to traditional dietary consumption of rosemary in human populations of 
the Mediterranean basin remain unknown. 

   These cumulative data suggest that rosemary extracts contain several bioac-
tive components including phenolic diterpenes, phenolic acids, and fl avonoids 
that may enhance the health benefi ts of the Mediterranean diet by acting as 
antioxidants and improving the detoxifi cation systems        [20, 53] . Also, rosemary 
extracts or selected constituents exert anti-infl ammatory, anti-thrombotic, and 
anti-tumor actions  [54]  which could be exploited for the routine preparation of 
foods as well as for the development of prophylactic dietary protocols. 

   Rosemary extracts have been used in a variety of applications. The addi-
tion of rosemary to ground chicken had an overall positive effect on raw meat 
appearance during storage and cooked meat fl avor, and improved redness 
 [55] . Similarly, antioxidant fi lms have been developed to incorporate a natu-
ral extract of rosemary and are intended for contact with foods  [56] . A study 
that examined the clinical safety and effi cacy of NG440, a phytochemical-
based anti-infl ammatory formula consisting of a combination of rho iso-alpha 
acids from hops, rosemary, and oleanolic acid, concluded that NG440 reduced 
pain scores in patients with joint discomfort suggesting that phytochemical 
preparations containing rosemary may be used as an alternative to specifi c 
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COX2 inhibitors  [57] . Aromatherapy acupressure in stroke patients with laven-
der, rosemary, and peppermint exerted a positive effect on hemiplegic shoulder 
pain compared to acupressure alone [58] .

    LICORICE (OR LIQUORICE) 

   The fi rst documented use of licorice ( Glycyrrhiza glabra ) in Europe is pro-
vided by the Greek botanist and pharmacologist Theophrastus in the third 
century BC. who was a disciple of Plato and Aristotle  [59] . The genus name 
of the licorice plant, Glycyrrhiza , is derived from the ancient Greek words for 
 “ sweet root ”    ( glykos       �      sweet and  rhiza       �      root)  [60] . The sweetness of lico-
rice is from the glycyrrhizin contained in the root and is 50 times sweeter 
than sucrose  [61] . Native to southeastern Europe, the licorice root was used 
as something sweet to chew on and the black juice extract was taken as a 
refreshing drink by both the Greeks and Romans. Today licorice is found in 
candies, soft drinks, tobacco products, cough syrups, Guinness beer, and sam-
buca  [60] . Medicinal uses of licorice throughout antiquity included treatment 
for asthma, cough, skin lesions, ulcers (bladder, stomach, and kidney pain), 
and diseases of the liver and arteries. Licorice also shows anti-infl ammatory 
and mineralocorticoid properties due to the activity of glycyrrhizinic acid and 
its metabolite glycyrrhetinic acid, which inhibit cortisol metabolism. Recent 
studies have shown licorice to possess antiatherogenic effects, and that the 
presence of saponins and fl avonoids in the root provide antioxidant activity 
 [59] . Modern research has verifi ed these uses fi nding licorice to be an effec-
tive expectorant and antiviral agent, as well as an aid for healing stomach and 
duodenal ulcers [61] . 

   The principle chemical component of the licorice root is glycyrrhizin. 
Glycyrrhizin is a triterpenoid saponin glycoside which occurs as a mixture 
of calcium and potassium salts of glycyrrhizic acid. Following hydrolysis, 
glycyrrhizin is converted to two molecules of glucuronic acid and the agly-
cone glycyrrhetinic acid  [59] . Glycyrrhizic acid and glycyrrhetinic acid 
competitively inhibit the enzyme 11 β -hydroxysteroid dehydrogenase  [62] . 
11β -Hydroxysteroid dehydrogenase normally catalyzes the oxidation of the 
active cortisol in the kidney, to the inactive cortisone. The inhibition of cor-
tisol metabolism by glycyrrhizic/glycyrrhetinic acid increases cortisol activ-
ity in the kidney. Cortisol has the same affi nity to the aldosterone receptors 
as aldosterone and the effects mimic aldosterone excess  [63] . The resulting 
hypermineralocorticoidism is characterized by sodium retention, hypokalemia, 
and hypertension [64] . 

   Licorice may be used as a demulcent for sore throats and as an expecto-
rant in facilitating the discharge of mucus from the upper respiratory tract  [65] . 
Licorice is useful in treating gastric and duodenal ulcers as it reduces stom-
ach secretions and produces protective mucus for the lining of the digestive 
tract  [66] . The anti-infl ammatory and anti-allergenic activity of licorice arises 
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mainly from the presence of the fl avones liquiritin and liquiritigenin which 
can treat rheumatism and arthritis. These properties are further extended to the 
treatment of atopic dermatitis; reducing erythema, edema, and itching [67] . 
Licorice possesses anti-viral properties and has long been used in the treat-
ment of chronic viral hepatitis [61] .  In vitro  studies have reported anti-viral 
effects for the infl uenza virus, the severe acute respiratory syndrome (SARS) 
corona virus, the Hepatitis B virus, and the Epstein Barr virus [59] . The anti-
oxidant activity of licorice stems from the presence of saponins and fl avonoids 
which are known for their antioxidant activity. Of the fl avonoids present in the 
root, isoliquiritigenin is among the most potent  [68] . Licorice is also useful as 
a gentle laxative  [66] . 

   The most widely reported side effects from licorice are caused by the inhi-
bition of cortisol metabolism by glycyrrhetinic acid causing hypertension and 
edema. Prolonged use and excessive consumption (more than 20       g/day) not 
only produce hypertension and edema, but can also induce hypokalemia and 
reduce plasma aldosterone levels  [65] . These symptoms are reversible with 
withdrawal from the herb. The acceptable daily intake of the active component 
glycyrrhizin is 0.015–0.229       mg/kg body weight  [61] .  

    CHAMOMILE 

   Chamomile is derived from the Greek words chamos (ground) in refer-
ence to its low-growing characteristics and melos (apple), in reference to the 
apple scent of fresh chamomile blossoms. The two primary types of chamo-
mile are German chamomile ( Maricaria recutita ) and Roman chamomile 
(Anthemis nobilis ). References to chamomile are found in medicinal writings 
of the ancient Egyptian, Greek, and Romans. The writings of Hippocrates, 
Dioscorides, and Galen contain descriptions of the chamomile plant. The 
Greeks and Egyptians used crushed chamomile fl owers to treat the skin condi-
tions erythema and xerosis caused by dry, harsh weather  [69] . Chamomile is 
one of the most widely used herbs and has been traditionally used for its mild 
sedative, spasmolytic, anti-infl ammatory, and wound healing properties  [70] . 
The German E Commission has approved chamomile for internal use to treat 
gastrointestinal spasms and infl ammatory diseases of the gastrointestinal tract. 
In addition, the German E Commission has approved external use of chamo-
mile for infl ammation of the skin and bacterial skin diseases, and respiratory 
tract infl ammation  [65] . In the United States, chamomile is one of the most 
widely consumed tea ingredients [70] . 

   Over 120 different components have been identifi ed in the chamomile 
fl ower  [71] . One of the primary bioactive components of chamomile is lev-
omenol ( α -bisabolol) and its oxides. Other components of chamomile include 
apigenin, azulenes, farnesene, spathuleno, and spiroethers  [72] . Teas brewed 
from chamomile contain approximately 10–15% of the essential oils available 
from the fl owers  [72] . The coumarins herniarin and umbelliferone make up 
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approximately 0.1% of the total constituents of the fl ower  [73] . Apigenin 
is found in relatively high amounts in chamomile (840       mg/100       g) and it has 
been reported to possess a number of anti-cancer properties in vitro   [74] . 
Chamomile has also been shown to possess antioxidant properties, although to 
a lesser degree compared to other medicinal and culinary herbs  [75] . Essential 
oils extracted from chamomile have also been reported to exert antimicrobial 
properties against certain species of bacteria, fungi, and viruses [72] . 

  Despite its widespread use in traditional medicine, only a few clinical trials 
have been conducted to evaluate the traditional medicinal claims of chamomile. 
In young Japanese males, one serving of chamomile tea decreased heart rate and 
ratings of sadness and depression compared to the placebo group  [76] . In heart dis-
ease patients hospitalized for cardiac catheterization ( n       �      12), two cups of chamo-
mile signifi cantly decreased the mean brachial arterial pressure  [77] . In children 
with acute, non-complicated diarrhea, a chamomile/apple pectin preparation sig-
nifi cantly decreased the duration of the diarrhea compared to the placebo  [78] . 

   Several clinical studies have examined the effects of topical preparations of 
chamomile. A randomized, placebo-controlled trial investigated whether or not 
chamomile infl uenced skin reactions induced by radiation treatment. Treatment 
with chamomile appeared to delay the onset and reduce the frequency of skin 
reactions, however the results were not statistically signifi cant  [79] . Topical 
preparations of chamomile have been reported to enhance wound healing        [80, 
81] . In a double-blind study of 14 patients with weeping wounds from der-
mabrasion following tattoo removal, a compress made of chamomile extract 
signifi cantly increased would healing and increased the drying of the wound 
 [80] . Another randomized double-blind study investigated whether a chamo-
mile spray relieved post-operative sore throat from intubation. The patients 
who received the chamomile extract spray (111       mg) did not report any differ-
ences from patients receiving a placebo spray  [82] . 

   Chamomile is most commonly prepared as a tea using the dried fl owers. 
Tea infusions can be prepared by taking 3       g of the whole fl ower head into 
150       ml of water. For infl ammation of the upper respiratory tract, steam vapor 
from aqueous infusions of chamomile can be inhaled. In other cases, com-
presses can be made with chamomile. 

   In rare cases, chamomile may result in an allergic reaction or irritation 
upon contact        [83, 84] . Individuals who are allergic to other members of the 
aster family (ragweed, asters, chrysanthemums) may also be allergic to cham-
omile [85] . Chamomile has also been reported to interact with cyclosporine in 
three renal transplant patients [86] . In addition, coumarin, which is a compo-
nent of chamomile, may potentiate the effects of warfarin        [73, 87] .  

    OLIVE OIL 

   Olive oil has been used for centuries in Greece and other Mediterranean 
countries for its benefi cial health properties. Ancient Egyptians and Romans 
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used olive oil to soothe wounds. Olive oil is extracted from the fruit ( Olea
europea ) by crushing the fruit to create a pomace, which is subsequently 
homogenized before it is pressed to produce the oil  [88] . Unlike other oils that 
are extracted by solvents, virgin olive oil is obtained solely from mechanical or 
physical means. The leftover pomace is sometimes processed again to extract a 
lower quality refi ned virgin olive oil. 

  The percentage of dietary vegetable fat obtained from olive oil in 
Mediterranean countries is 71% in Greece, 42% in Italy, and 37% in Spain  [89] . 
Since non-Mediterranean countries have relatively low consumption of olive oil 
compared to Mediterranean countries, the majority of studies investigating the 
benefi cial health effects of olive oil arise from countries of the Mediterranean 
basin. In non-Mediterranean countries, monounsaturated fatty acid intake comes 
primarily from meat and dairy products along with other plant oils. Therefore, it 
may not be appropriate to equate the health benefi ts of olive oil intake with those 
of monounsaturated fatty acids intake in non-Mediterranean populations  [90] . 

   The saponifi able fraction of olive oil consists of 98.5–99.5% of olive oil 
and the remainder accounts for the unsaponifi able fraction  [91] . Olive oil con-
sists primarily of oleic acid (55.0–83.0%) [91] . Additional fatty acids present 
in olive oil include palmitic acid (7.5–20.0%), stearic (0.5–5.0%), linoleic 
(3.5–21.0%), linolenic (0.0–0.9%), and palmitoleic acid (0.3–3.5%) [91] . Oleic 
acid (18:1 n 9) is a monounsaturated fatty acid containing one double bond, 
making it less susceptible to oxidation compared to polyunsaturated fatty acids 
with multiple double bonds. Therefore, olive oil tends to have a longer shelf-
life than many other oils containing higher amounts of polyunsaturated fatty 
acids [92] . In addition, antioxidant phenolic compounds increase the stability 
of extra-virgin olive oils compared to refi ned virgin olive oil  [93] . Long-term 
storage and heating can lead to degradation and changes in the composition of 
olive oil. 

   Phenolic compounds also contribute to the health benefi ts of olive oil, of 
which 30 have been identifi ed. The major phenolic compounds identifi ed in 
olive oil belong to fi ve different classes: simple phenols (hydroxytyrosol, tyro-
sol), secoiridoids (oleuropein, ligstroside, and their hydrolysis derivatives), lig-
nans (pinoresinol and acetoxypinoresinol), fl avonoids (luteolin and apigenin), 
and phenolic acids ( p -coumaric acid, vanillic acid). The reported total amount 
of phenolic compounds contained in olive oils ranges widely in the literature 
(between 200       mg/kg and 1500       mg/kg). The phenolic compounds are found in 
higher amounts in the less processed extra virgin olive oil  [91] . In addition, the 
concentration of phenolic compounds depends on the cultivar, degree of mat-
uration, climate, and extraction procedures        [91, 94] . The phenolic compound 
that has been implicated for the bitter taste of olive oil is oleuropein  [95] . In 
dried, unripe olives oleuropein accounts for approximately 14% of the dried 
weight. However, as the olive matures oleuropein undergoes hydrolysis to sev-
eral simple phenols that contribute to the complex taste of olive oil. The phe-
nols in the olive fruit are present in the more polar and hydrophobic glycoside 
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form, whereas the phenols present in olive oil are found in the more lipid-solu-
ble aglyconic form. Mediterranean diets rich in olive oil supply approximately 
10–20       mg of phenolic compounds per day  [96] . In addition to fatty acids 
and phenolic compounds, olive oil contains thousands of other components 
including tocopherols ( α -,  β -,  γ -, and  δ -) and β-carotene (which along with 
chlorophylls is responsible for the color of the oil). Olive oil also contains 
approximately 0.7% squalene [88] . 

   The antioxidant properties of the phenolic compounds in olive oil have 
been the subject of numerous investigations and may contribute to the healthy 
properties through a variety of mechanisms. For example, olive oil has been 
suggested to reduce oxidative stress that leads to lipid peroxidation and for-
mation of DNA adducts  [97] . Other mechanisms of action that may contrib-
ute to the health benefi ts of olive oil include modulation of signal transduction 
pathways, regulation of gene expression, alteration of the immune system, and 
modifi cation of cell membrane structure and function  [98] . 

   The cardioprotective effects of the Mediterranean diet were brought to light 
through results from the Seven Countries Study led by Keys  [99] . These stud-
ies demonstrated that dietary intake of saturated fatty acid was associated with 
increased serum cholesterol levels and coronary artery diseases. Furthermore, 
these studies revealed the cardioprotective effect of virgin olive oil. Since then 
numerous investigations have studied the role of olive oil in cardiovascular 
diseases. Consumption of olive oil has been associated with several benefi -
cial biological and clinical effects related to lipoprotein metabolism, oxidative 
damage, endothelial dysfunction, blood pressure, infl ammation, thrombosis, 
and carbohydrate metabolism [100] . 

   In Mediterranean countries, there is a strong correlation between olive oil 
consumption and reduced hypertension. In the Greek European Prospective 
Investigation into Cancer and Nutrition (EPIC) study of 20,343 men and women, 
olive oil consumption and the monounsaturated fatty acid to saturated fatty acid 
ratio were inversely associated with systolic and dystolic blood pressure  [101] . 
Results from the cross-sectional Italian Nine Communities Study with 4903 
men and women, olive oil consumption was also associated with decreased 
blood pressure  [102] . The Suguimiento Universidad de Navarra (SUN) study 
in Spain with 6863 men and women noted an inverse association of olive oil 
consumption and blood pressure in men but not women  [103] . However, sev-
eral cohort or cross-sectional studies conducted in the United States to exam-
ine the effects of monounsaturated fat consumption and hypertension have 
produced confl icting results, possibly due to the fact that meat is the primary 
source of monounsaturated fatty acids in the Western diet  [104] . 

   Several clinical trials have been conducted in controlled environments to 
examine the effects of olive oil on hypertension. A double-blind, randomized 
crossover study evaluated the effects of monounsaturated (MUFA) (extra-vir-
gin olive oil) and polyunsaturated fatty acids (PUFA) (sunfl ower oil) on blood 
pressure in 23 hypertensive patients. Resting blood pressure was signifi cantly 
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lowered in patients after 6 months of receiving the MUFA diet (30–40       g/
day) compared to PUFA diet along with reduced use of anti-hypertensive 
medications [105] . In several cross-over trials where olive oil replaced either 
polyunsaturated fatty acids or carbohydrate, olive oil signifi cantly reduced 
systolic and dystolic blood pressure  [104] . However, not all studies have 
reported a benefi cial effect of olive oil on blood pressure in short-term clinical 
trials [104] . 

   Olive oil may also infl uence hemostasis by altering components of platelet 
function, thrombogenesis, and fi brinolysis  [106] . Plasminogen activator inhibi-
tor-1 (PAI-1) is a procoagulant factor that has been linked to coronary heart 
disease (CHD). Several short-term clinical trials have investigated the effects 
of olive oil on PAI-1 and overall olive oil or MUFA diets lowered PAI-levels 
compared to diets rich in saturated fatty acids        [106,107] . Furthermore, human 
clinical trials have reported that interventions with olive oil reduced produc-
tion of thromboxane A2 (TXA2), which is produced by platelets to increase 
aggregation          [108–110] . 

   Oxidation of the lipids and lipoprotein in LDL is thought to play a major 
role in development of cardiovascular disease and atherosclerosis. One mecha-
nism through which olive oil may be cardioprotective is by inhibiting of LDL 
oxidation [96] . Diets high in MUFA reduced the susceptibility of LDL oxi-
dation in comparison to carbohydrate-rich diets  [111] . Diets containing extra 
virgin olive oil increased the resistance of LDL to oxidation  [112] . Numerous 
randomized, controlled, crossover human studies have examined the effects 
of phenolic compounds from olive oil on markers of DNA and lipid damage 
[summarized in 100]. Cumulatively, these studies have produced confl icting 
results in regards to the antioxidant effects of the phenolic olive oil compounds 
in vivo . However, recent results from the EUROLIVE study provided evidence 
that phenolic compounds from olive possess  in vivo  antioxidant properties. The 
EUROLIVE study was a large, crossover trial conducted with 200 individuals 
from fi ve different European countries  [113] . Participants were given 3 similar 
olive oils (25       ml/day) with different phenolic contents for intervals of 3 weeks 
followed by 2-week washout periods. The greatest increases in HDL choles-
terol levels and greatest decreases in lipid oxidative damage were observed 
during ingestion of olive oil containing the highest phenolic content  [113] . 

   The clinical effi cacy of olive oil on the cancer process is highly contro-
versial. Numerous epidemiological studies have reported an inverse cor-
relation between olive oil consumption and the incidence of cancers of the 
prostate [114] , breast  [115] , colon  [116] , and oral cavity  [117] . In comparison 
to other types of fatty acids, fewer experimental animal studies have investi-
gated the role olive oil on tumor development and have produced inconsist-
ent results [118] . Several mechanisms of action have been investigated  in vitro
for the anti-cancer properties of olive oil and its constituents including modu-
lation of signal transduction pathways, regulation of gene expression, altera-
tion of the immune system, and modifi cation of cell membrane structure and 
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function  [118] . Furthermore, the antioxidant properties of olive oil may reduce the 
formation of DNA adducts by decreasing oxidative stress from lipid peroxi-
dation [97] .  In vitro  experiments documented that olive oil down-regulated 
the expression of cyclooxygenase 2 (COX2) and Bcl-2  [119] . Minor polar 
compounds from olive oil inhibited NF-kappaB translocation in monocytes 
and monocyte-derived-macrophages isolated from healthy volunteers  [120] . 
Oleuropeuin aglycone isolated from extra virgin olive oil was found to inhibit 
cleavage of the HER2 extracellular domain (ECD) and subsequent HER2 
expression in breast cancer cells resistant to trastuzumab (Herceptin)  [121] . In 
addition, the oleuropeuin aglycone enhanced the trastuzumab-induced down-
regulation of HER2 expression  [121] . Phenolic extracts from olive oil inhibited 
the invasion of HT115 human colon carcinoma cells in the Matrigel invasion 
assay [122] . In HL-60 human promyelocytic leukemia cells, hydroxytyrosol 
inhibited cell cycle progression and altered expression levels of proteins asso-
ciated with cell cycle regulation including cyclin-dependent kinase (CDK) 6, 
cyclin D3, p21, and p27  [123] . In colon cancer cells lines, pinoresinol-rich 
olive oil induced the ATM-p53 cascade  [124] . 

   A meta-analysis that compared low-saturated-fat, high-carbohydrate diets 
vs. high-monounsaturated-fat diets in type 2 diabetic patients reported that 
the high-monounsaturated fat diets improved lipoprotein profi les and glyc-
emic control [125] . In a prospective cross-over study, obese and type 2 dia-
betes patients ( n       �      11) were placed on three different diets including a diet 
high in saturated fat, a diet rich in monounsaturated fat in the form of extra 
virgin olive oil, and a diet rich in carbohydrates  [126] . The diet rich in olive 
oil decreased postprandial glucose and insulin concentrations, increased HDL 
cholesterol, and glucagon-like peptide 1 (GLP-1) concentrations as compared 
with the carbohydrate rich diet. In another study, the effects of virgin olive 
oil consumption on changes in membrane fatty acids and signaling proteins 
were examined in elderly patients with type 2 diabetes ( n       �      16) compared to 
a control group ( n       �      28). After 4 weeks of olive oil consumption, signifi cant 
modifi cations were noted in the fatty acid composition of plasma membrane 
and there was a reduction in G-protein subunits (G α s and Gß) and protein 
kinase C alpha (PKC α ). These results suggest that diets rich in olive oil may 
infl uence glycemic homeostasis through alteration of membrane lipids and 
signaling proteins [127] . 

   In addition to protective cardiovascular and anti-cancer effects, olive oil has 
also been investigated for its antimicrobial properties  [128] . In particular, the 
phenolic compounds hydroxytyrosol and oleuropein have been noted for their 
inhibitory properties against selected standard bacterial strains  [129] . In addi-
tion, virgin olive oil extract was reported to exhibit antibacterial effects against 
eight strains of Helicobacter pylori,  which has been linked to peptic ulcers and 
some types of gastric cancers  [130] . These reports also demonstrated that sev-
eral of the phenolic compounds from the olive oil are stable for hours in an 
acidic environment similar to that of gastric juices. 
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   Besides dietary consumption, olive oil exerts benefi cial effects in topi-
cal applications  [69] . Skin application of olive oil after UVB exposure 
reduced 8-hydroxy-2′-deoxyguanosine (8-OHdG), a measure of DNA dam-
age, and decreased the subsequent formation of UVB-induced skin tumors 
in mice [131] . A topical application of olive oil in combination with honey 
and beeswax has been shown to be effective in a number of skin and fungal 
infections including pityriasis versicolor, tinea cruris, tinea corporis, and tinea 
faciei  [132] . 

   In 2004, the United States Food and Drug Administration released a 
report stating that two teaspoonfuls of olive oil (23       g) per day that replace 
other saturated fats had the potential to reduce coronary disease  [133] . There 
are no adverse effects associated with consumption of olive oil. However, one 
concern is the high energy density of olive oil could promote weight gain. 
Therefore, it is recommended to replace other fatty acids and simple carbo-
hydrates with olive oil, rather than add olive oil in addition to the normal 
diet [90] .  
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    Abstract 

       The role of fl avonoids in the diet is of great interest and the biological activity of these 
polyphenolic compounds is of signifi cant importance in understanding the health ben-
efi ts derived from these compounds. Quercetin (3,5,7,3 � ,4 � -pentahydroxyfl avanone) 
is one of the most common fl avonoids found in health foods or herbal products. It 
is believed to exert benefi cial effects on human health based on its ability to act as a 
scavenger of free radicals and its potency to inhibit proliferation of transformed epi-
thelial cells. However, high concentrations of quercetin have been reported to exert pro-
oxidant and pro-apoptotic effects. Intake of dietary quercetin through food sources and 
supplementation results in little or no free circulating quercetin, rather it is found almost 
exclusively as glycoside conjugates. Therefore, the knowledge of achievable blood/tissue 
concentration of quercetin, the form of quercetin and cell-specifi c characteristics is of 
great importance because these factors may dictate different mechanisms of action and 
infl uence cell response. The current chapter discusses quercetin absorption, achievable 
blood concentration, its role as an antioxidant/pro-oxidant and its effect on cancer. 

Keywords:   Quercetin, cancer, fl avonoid, therapy, toxicity, blood levels, mechanisms   

    INTRODUCTION 

   Flavonoids are plant polyphenolic compounds present in the daily diet and 
contribute to the fl avor and color of fruit and vegetables. The six major sub-
classes of fl avonoids include the fl avones, fl avonols, fl avanones, catechins or 
fl avanols, anthocyanidins and isofl avones. They have been proposed to exert 
benefi cial effects in a multitude of disease states including cancer, cardiovascu-
lar disease and neurodegenerative disorders  [1] . The daily intake of fl avonoids 
calculated on the basis of the aglycones was estimated to range from approxi-
mately 3       mg to 70       mg in different countries, but this may be exceeded based on 
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the particular diet [2] . The fl avonoid quercetin is one of the most studied fl a-
vonols and is ubiquitously present in fruits and vegetables and its daily intake 
is calculated to range between 6       mg/day and 31       mg/day  [3] . 

   Quercetin is best known as an antioxidant, but at high concentrations 
also exhibits pro-oxidant activity. Quercetin has additional bio-modifying 
properties such as induction or inhibition of apoptosis, anti-infl ammatory 
effects, cell cycle arrest and anti-proliferative effects. These effects appear to 
be concentration specifi c as well and are most commonly studied in cell cul-
ture systems. Quercetin is almost found exclusively as glycoside conjugates in 
the blood. Therefore, the achievable blood/tissue concentration of quercetin, 
the form of quercetin and cell-specifi c characteristics is of great importance 
because these factors may dictate different mechanisms of action and infl uence 
cell response. 

  The exploration of quercetin as a potential drug of the future is rapidly 
increasing, especially as an anti-cancer agent. Quercetin exhibits chemo-
p reventive action in animal models  [4] , and is known to inhibit the prolifera-
tion of colorectal, breast, gastric, ovarian and lymphoid cancer cell lines        [5,6] . 
In addition to its antioxidant activity, the protective effects of quercetin have 
also been attributed to the inhibition of key signaling enzymes like protein 
kinase C, tyrosine kinase and phosphoinositide 3-kinase (PI-3 kinase) involved 
in the regulation of cell proliferation, angiogenesis, inhibition of DNA dam-
age and apoptosis  [7] . However, its cellular concentration plays a vital role in 
determining its biological action which may differ with different cell lines. 

  The goal of this chapter is to explore the concentration specifi c effects of 
quercetin as an anti-cancer agent. The effects of quercetin on cancer cells as 
well as the forms and concentrations of quercetin that are biologically available 
through diet will be explored. The absorption and bioavailability of quercetin 
and its conjugates are of signifi cant importance due to the fact that little free 
quercetin is available in the blood after dietary intake or supplementation as a 
result of rapid glycosylation and methylation. Quercetin metabolism and absorp-
tion also represent major areas of interest in studies utilizing the dietary intake 
of quercetin because the cellular concentration of quercetin that is achievable 
plays a vital role in its biological activity. 

    ABSORPTION OF QUERCETIN 

   In plants and plant-derived foods, quercetin is found to be present mainly 
as glycosides. The hydrolysis of fl avonoid glycosides can occur in the oral 
cavity and in the small intestine by glucosidase and/or lactase phloridizin 
hydrolase [8]  and after this hydrolysis the aglycones formed are effi ciently 
absorbed although the bioavailability may be extremely low due to extensive 
pre-s ystemic metabolism  [9] . The absorption of quercetin occurs mainly in 
the small intestine and the sugar moiety is a major determining factor in the 
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intestinal absorption. Pharmacological doses are mostly absorbed in the same 
amount as dietary c oncentrations. In most of the animal studies and human tri-
als, quercetin  aglycone results in absorption of approximately 20%. Studies 
carried out by Graf et al .  [10]  in rats indicate that 6% of dietary quercetin is 
absorbed from the gastro-intestinal (GI) tract. The stomach, small and large 
intestines appear to absorb and actively metabolize quercetin because the tis-
sues contain both free quercetin as well as a complex and differing metabolite 
profi le depending on the region of the GI tract  [11] . 

   Of the various forms of quercetin glycosides (rhamnosides, glucosides, 
etc.) hydrolysis occurs in the oral cavity ( � 60%)  [12] . The absorption of 
quercetin glucosides is thought to occur through the interactions of quercetin 
with epithelial brush border membrane transporters such as sodium-dependant 
glucose transporter-1 (SGLT-1) followed by deglycosylation. It is further 
metabolized by conjugation to glucuronides and/or sulfates or methyl conju-
gates prior reaching to systemic circulation       [13, 14] .

   The transport of quercetin and its glucosides like quercetin 4�-glucoside,
quercetin 3,4�-diglucoside depends on the position and nature of glucosidic 
moiety [15] . The same authors further demonstrated that quercetin 4�-gluco-
side is transported by SGLT-1 across the apical membrane of enterocytes and 
its absorption is limited by a multidrug resistance associated protein (MRP2) 
mediated effl ux across the apical membrane as well as by an unknown trans-
porter on the basolateral membrane  [16] . Exposure of the intestinal epithelium 
to high concentration of fl avonoids also suggests that these compounds can 
have an important role in prevention of colon cancer by its role in the epithe-
lial cells  [17] . Quercetin metabolites may partly be responsible for the phar-
macological activity of the parent fl avonols and its elimination is found to be 
slow, with half-lives varying from 11 hours to 28 hours  [18] . Studies on intes-
tinal metabolism       [19, 20]  and in vivo  bioavailability reports  [21]  suggest that 
quercetin is metabolized to the extent that very less or no free quercetin agly-
cone is present in the circulation. Quercetin conjugates have also been reported 
to retain the properties of parent molecule such as antioxidation [22]  and to 
inhibit xanthine oxidase and lipoxygenase [23] .

    QUERCETIN DOSAGE AND ACHIEVABLE BLOOD 
CONCENTRATION 

   Quercetin is used in many countries as a vasoprotectant and as an ingredient in 
numerous multivitamin preparations and herbal remedies. It is sold as a dietary 
supplement with a recommended dose of 1200–1500       mg/day (400–500       mg, 3 
times a day) [24] . Dihal  et al .  [25]  reported that ingestion of 500       mg quercetin 
supplement would lead to an increase of approximately 40 times the physio-
logical colon concentration (2–3       mM). However, there are no scientifi c reports 
regarding human safety in this concentration range. In humans receiving 



Complementary and Alternative Therapies in the Aging Population566

TABLE 27.1        The Quercetin Concentration Achieved after 
Administration in Rats and Humans  

   Doses  Quercetin concentration  References 

In Humans
   100       mg single dose  0.8        μ M (serum)   [29]
   100       mg single dose
 intravenous 

 12        μ M (serum)   [86]

   1       g/day for 28 days  0.10–1.5        μ M (plasma)   [87]
   8       mg, 20       mg, 50       mg orally  0.14, 0.22, 0.29        μ M (plasma)   [26]  
   200       mg rutin (quercetin 
 glycoside) orally 

 0.49        μ M at 5 hours (plasma)   [88]  

   200–500       mg/day  1        μ  M  and 5        μ  M  aglycone 
 (serum) 

  [89]

   1–2       g (amount proposed 
 by supplement makers) 

 10–50        μ M (plasma)   [59]

In Rats
   Single meal, 0.2%  50        μ M of quercetin 

 metabolites (plasma) 
  [31]

   0.25% for 21 days  61.2    45        μ M (plasma)   [90]  
   0.2% for 3 weeks  133        μ M (sulfated and 

 glucoronidated) (serum) 
  [76]

   2       mg/day for 4 weeks   � 6.054        μ M (serum)   [44]
   20       mg/day for 4 weeks � 45.13        μ M (serum)   [44]

q uercetin or rutin, the plasma concentration of the quercetin aglycone reaches 
29       nM, 5 hours after ingestion  [26]  and a nearly similar concentration (25       nM) 
has been reported by Soleas et al .  [27] . The plasma half-life of quercetin in 
humans ranges between 17 hours and 28 hours.  Table 27.1    shows the quercetin 
concentration achieved in humans and rats. 

   Earlier investigations by Freireich  et al .  [28]  compared blood levels and 
toxicity of quercetin in different species. The studies revealed the quercetin 
dose used in rats by in terms of body surface area was 40.6       mg/m 2  (6.25       mg/
kg), which was approximately 4.5% of the dose given to humans in this study 
(945       mg/m 2 ). The plasma level (14        μ M) achieved in rats 5 minutes after quer-
cetin administration was approximately 5% of that observed in humans imme-
diately after quercetin administration, which was approximately 280        μ M        [29, 
30] . Rats fed quercetin 0.5%, 0.25% and 0.125% for 10 days reported a plasma 
concentration of 118    8        μ M, 79    7        μ M and 45    6        μ M respectively  [31] . In 
general, quercetin is considered safe, but at high doses, it has been suggested 
to possess mutagenic and carcinogenic properties, and there were indications 
of toxicity in humans.  Table 27.2    illustrates the effects of quercetin administra-
tion in humans and animals.  
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    ANTIOXIDANT AND PRO-OXIDANT ACTIVITY OF 
QUERCETIN 

   Compounds that enhance defense mechanisms by inhibiting cellular dam-
age infl icted by reactive oxygen species (ROS) may play an important role 
in disease prevention. The ROS are formed  in vivo  during normal aerobic 
 metabolism and can cause damage to DNA, proteins and lipids, when there 
is an imbalance in the natural antioxidant defense systems. The c hemical

TABLE 27.2        The Toxicity of Quercetin Administration in Humans and 
Animals

   Quercetin administration  Side effects  References 

   Intravenous 100       mg in humans  None, well tolerated   [71]

   Intravenous 1400       mg/m 2  once
weekly for 3 weeks in humans 

 Renal toxicity in two 
of ten patients 

  [71]

   Albino Norwegian rats 0.1% 
quercetin in diet treated for 
406 days (grain-based diet) 

 80% developed intestinal 
tumors and 20% developed 
bladder tumors 

  [91]

   1% Quercetin in diet (400       mg/kg) 
for 410 days in rats 

 No increase in gross 
pathology, no risk of cancer 

  [92]

   F344 rats supplemented 
with dietary quercetin
supplemented (2%) 

 Reduction in aberrant 
crypt foci (ACF) induced by 
azoxymethane (AOM) in the
colon

  [93]

   10% Quercetin in diet for 850 
days in rats (commercial diet) 

 No tumor incidence   [94]

   Wistar rats fed 25       mg/kg body 
weight quercetin weekly 
once for 4 weeks 

 Signifi cant reduction 
in tumor volume 

  [95]

   Rats were fed quercetin at 
1       g/kg after treatment with 
1,2-dimethylhydrazine to induce
aberrant crypt foci 

 Signifi cant reduction in the 
number of aberrant crypts 
and larger aberrant crypt
foci in colon 

  [96]

   Mice bearing abdominal tumors 
given daily intraperitoneal 
injection of quercetin (doses 
20, 200, 400 and 800       mg/kg) 

 Signifi cant inhibition 
of tumor growth 

  [97]

   10% Quercetin in diet to golden 
hamsters for 735 days 

 No tumor incidence   [98]
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s tructure of quercetin makes them capable of stabilizing free electrons obtained 
from free radicals such as ROS  [32] . In particular, the catechol moiety of quer-
cetin with two hydroxyl groups can exert a powerful free radical scavenging 
action mainly due to its electron donating nature [33] . The catechol group is 
also directly related to the chelating action of quercetin as demonstrated by 
numerous studies in which quercetin inhibits lipid peroxidation by its free 
r adical scavenging action. Quercetin at a concentration of 0.2 –1       mM has been 
shown to scavenge super oxide anion, singlet oxygen and lipid peroxyl radicals 
 [34]  as well as inhibit Cu-catalyzed oxidation and cytotoxicity of low density 
lipoprotein (LDL) in vitro   [35] . A 0.5        μ M of quercetin decreases the malond-
ialdehyde or MDA production in LDL samples in serum of healthy persons 
 [36] . Higher doses of quercetin (10–100        μ M) also diminished MDA concen-
tration  [3] . Pretreatment for 2 or 20 hours with all doses of quercetin (0.1–
10        μ M) prevented the decrease of reduced glutathione (GSH) and the increase 
of MDA initiated in the presence of tert-butyl hydroperoxide in HepG2 cells 
 [37] . ROS generation induced by tert-butyl hydroperoxide was signifi cantly 
reduced when cells were pretreated for 2 or 20 hours with 10        μ M and for 20 
hours with 5        μ M of quercetin in the same study. Studies in the same cell line 
later revealed increased lipid peroxidation at a concentration of 80        μ M for 
72 hours [38] . 

   Cellular studies indicate that quercetin can exert both antioxidant and pro-
oxidant effects depending upon its concentration ( Fig. 27.1   ). And it is sug-
gested that cellular oxidative balance and GSH content play a vital role in 
these effects. GSH is the main nonenzymatic antioxidant defense within the 

Antioxidant effects Mixed effects Prooxidant effects

�10 �M �100 �M

Increased antioxidant enzymes 
Decreased ROS, MDA, LPO

Decreased antioxidant enzyme function 
Increased ROS

(Ref: Antioxidant [131], [132] Mixed [3], [109], [130] Prooxidant [3], [41], [130], [133], [134])

30–100 �M

Antiapoptotic effects Mixed effects Proapoptotic/apoptotic effects

�10 �M 200–500 �M

Protected against loss of cell viability 
Protected against DNA strand
breaks

Varied effects Induced cytotoxicity, DNA 
strand breaks 

Increased Caspase 2, 3, 9

(Ref: Antiapoptotic [126], [127], [43], [128] Mixed [126], [129], [59], [108] Apoptotic [130], [59], [127])

10–200 �M

FIGURE 27.1       Dual effect of quercetin in cells.    



Chapter | 27 Quercetin: Complementary and Alternative Cancer Therapy 569

cell, bio-reducing different peroxides, hydroperoxides and radicals (alkyl, 
alkoxyl, peroxyl, etc.)  [39] . Glutathione is also known to stimulate quercetin-
related damage of DNA  [40] . Spencer  et al .  [41]  illustrated that quercetin con-
centrations upto 10        μ M rendered protection against fi broblast damage induced 
by oxidative stress and this effect was replaced by cytotoxicity following pre-
treatment with 30        μ M quercetin. Quercetin treatment to rat hepatoma cells 
(5–100        μ M) decreased the activities of enzymatic antioxidants like manganese 
superoxide dismutase, glutathione peroxidase and copper zinc superoxide dis-
mutase mRNA expression levels by 30–40%        [3, 42] . In vitro  pre-treatment of 
human lymphocytes with quercetin (low concentrations 1–10        μ M) was also 
reported to be very effective in preventing oxidative DNA damage in a concen-
tration-dependant manner [43] . 

  In animals, quercetin treatment 2 or 20       mg/day for 4 weeks to male Sprague-
Dawley rats signifi cantly decreased the concentration of glutathione both in 
vitamin E deprived rats as well as in undeprived rats  [44] . Similar investigations 
carried out by the same group later revealed that treatment of quercetin (20       mg/
day) or vehicle alone for 6 weeks in rats, signifi cantly increased the serum and 
liver alpha-tocopherol concentrations. Conversely, the treatment decreased glu-
tathione concentration and glutathione reductase activity signifi cantly confi rm-
ing the pro-oxidant role of quercetin [45] . 

   Cellular defense can also be regulated by genes with antioxidant respon-
sive elements/electrophile responsive elements (ARE/EpRE) in their promot-
ers. The antioxidant nature of quercetin has been attributed to its ability to 
chelate transition metal ions, such as Fe 2�  and Cu 2� , catalyze electron trans-
port and scavenge free radicals. Quercetin increases expression of the rate 
limiting enzyme γ -glutamylcysteine synthetase (GCS) in the synthesis of the 
most important endogenous cellular antioxidant, GSH which is required for 
numerous cellular functions and provides bio-reducing equivalents for many 
cellular reactions. NAD(P)H:quinone oxidoreductase 1 (NQO1) is a fl avopro-
tein known to catalyze metabolic detoxifi cation of quinones and protect cells 
from futile redox cycling, oxidative stress and neoplasia. Quercetin activates 
the promoter of NQO1 through ARE/EpRE-dependent mechanisms [46] . 
Investigation of the effect of quercetin on expression and enzymatic activity of 
NQO1 in the MCF-7 human breast carcinoma cell line revealed that treatment 
of these cells for 24 hours with 15        μ M quercetin results in a twofold increase 
in NQO1 protein levels and enzyme activity, and a three to fourfold increase in 
NQO1 mRNA expression  [46] . Similar upregulation of NQO1 protein levels 
after 25        μ M quercetin treatment for 24 hours were also observed by our group 
 [47] . The increase in NQO1 transcription in response to quercetin suggests that 
dietary plant polyphenols can stimulate transcription of phase II detoxifying 
systems, potentially through an ARE-dependent mechanism [46] . 

   Recent studies illustrate NQO1 mediated protection against quercetin tox-
icity, in incubations in the presence of 1       mM vitamin C in Chinese Hamster 
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Ovary (CHO) cells  [48] . But Boots  et al .  [49]  indicated that NQO1 offers 
no protection against quercetin. The overall reports based on the relation-
ship between NQO1 and quercetin has been quite confl icting so far. However, 
Asher et al .  [50]  provided evidence that NQO1 stabilizes p53 and that reduc-
ing the NQO1 level by small interfering RNA decreases the level of p53. In 
our studies, cells that overexpressed tyrosinase and were exposed to quercetin, 
died by apoptosis due to conjugate formation and the stabilization of p53 by 
NQO1, as NQO1 can stabilize p53 via a redox mechanism involving oxidation 
of NAD(P)H  [51] . It has also been suggested that a protein–protein interac-
tion may be responsible for the stabilization of p53 by NQO1 [52] . Therefore, 
induction of NQO1 may result in detoxifi cation and the stabilization of p53, 
thereby preventing cancer. While in other cells the induction of NQO1, by high 
levels of quercetin, may affect the metabolism of quercetin and produce pro-
oxidant species. The subsequent stabilization of p53 may result in cell death of 
tumor cells or induce cell cycle arrest or aiding cancer treatment.  

    MOLECULAR ACTIONS OF QUERCETIN 

    Cell Cycle, DNA Damage and Apoptosis 

   The relationship between nutrition and cancers has been well illustrated in 
several epidemiological studies. Quercetin has various characteristics that 
makes it as a potential anti-cancer compound. These functions include cell 
cycle regulation, interaction with type II estrogen binding sites, reversal of 
multidrug resistance and induction of tumor cell apoptosis. Inactivation of 
Akt-1 protein, alterations in Bcl-2 family of proteins and phosphorylation 
of ERK are reported to be associated with quercetin-related apoptosis [53] . 
The inhibitory activity of quercetin is associated with its ability to compete 
with the binding of ATP to the nucleotide binding site on the kinases. Binding 
of quercetin to PI-3 kinase has been studied on the atomic level through crys-
tallization of the kinase in the quercetin bound state. These studies reveal 
that quercetin and related kinase inhibitors bind in the ATP-binding pocket 
of the kinase [54] . The anti-cancer activity has also been related to the abil-
ity of quercetin to promote gap junctional communication between isolated 
cells stimulated by tumor promoters [55] . Park  et al .  [56]  hypothesized that the 
anti-tumor effects of quercetin are mediated by its ability to down-regulate the 
β -catenin/Tcf signaling. 

  A number of investigations demonstrate the molecular actions of quercetin 
but for the purpose of this chapter we focus only on the role of quercetin pertain-
ing to tumor growth. The protein p53 is a cellular gatekeeper for the cell growth 
and division and it can regulate cell cycle arrest, apoptosis, and DNA repair in a 
variety of cells. The p53 downstream effectors include p21, which participates in 
cell cycle arrest and Bax which triggers apoptosis  [57] . Kuo  et al .  [58]  observed 
that quercetin increased the levels of total p53, phospho-p53 (serine 15), and 
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p21 proteins in A549 lung carcinoma cells. Quercetin is also known to regulate 
AP-1, which regulates the expression of genes associated with cell growth and 
cellular stress and induce DNA ladder formation between 100        μ M and 500        μ M 
concentrations. Incubation with 250        μ M quercetin for 24 hours in rat H4IIE 
cells increased caspase-2, caspase-3 and caspase-9 activity by 100–500%  [59] . 
However in the same cell lines quercetin protected against H 2 O 2 -induced cyto-
toxicity, DNA strand breaks and apoptosis at a concentration of 10        μ M, and this 
effect was attributed to the antioxidant activity of the polyphenol. 

  Intravenous administration of quercetin at a dosage of 60–1700       mg/m 2  to 
cancer patients in advanced stages led to inhibition of lymphocyte tyrosine 
kinase [30] . After exposure to 50        μ M quercetin, cell proliferation decreased 
to 51.3% of control, and further decrease in the percentage of cells in the G1 
phase coincided with an increase in the percentage of cells in the sub-G1 phase. 
Studies with breast cancer cells       [60, 61]  show that micromolar concentra-
tions of quercetin inhibits cell proliferation, thus acting as a cytotoxic agent. 
In other studies 10       pM    [62]  or 10       nM quercetin  [63]  have been demonstrated 
to reduce cell proliferation. However there are also reports which show that 
1–10       nM quercetin stimulates the proliferation of breast cancer cells via an 
ER-mediated mechanism [60] . A biphasic effect of quercetin was observed on 
cell proliferation in HCT-116 and HT-29 colon carcinoma cell lines and mam-
mary adenocarcinoma (MCF-7) cell lines after 24 hours of exposure. Inhibition 
of cell proliferation in HCT-116 and HT-29 was observed at 30 and 80        μ M while 
the viability of MCF-7 cells was unchanged at concentrations up to 100        μ M 
 [64] . In a human squamous SCC-25 carcinoma cell line, growth stimulation 
was observed after 72 hours of exposure at concentrations of 1 and 10        μ M, and 
growth inhibition with 100        μ M quercetin further illustrating its dual effect  [65] . 
 Fig. 27.1  illustrates the apoptotic and anti-apoptotic role of Quercetin. 

  Quercetin-mediated apoptosis is suggested to result from the induction of 
stress proteins, disruption of microtubules and mitochondrial release of cyto-
chrome c , and activation of caspases        [66, 67] . Quercetin-induced apoptosis of 
murine melanoma B16-BL6 cells was related to its injurious effects on mitochon-
dria by decreasing the expression of Bcl-2 and increasing the activity of caspase-3
 [68] . Pretreatment of HeLa cells to quercetin sensitizes to cisplatin-induced 
apoptosis and it was related to induction of caspase-3 activity and inhibition 
of both heat shock proteins (Hsp72) and multidrug resistance proteins (MRP) 
levels  [69] . It could be therefore suggested from the available literature that low 
dose quercetin decreased apoptosis and necrosis occurring to some extent in the 
cultures, while higher concentrations increased both apoptosis and necrosis. Table 
27.3    illustrates the molecular actions of Quercetin in certain tumor cell lines. 

    QUERCETIN AND CANCER TREATMENT 

   Several studies postulate the anti-tumorogenic effect of quercetin in cancer 
therapy. Quercetin dose-dependently suppressed PC-3 tumor growth both 



TABLE 27.3       The molecular actions of quercetin in certain tumor cell lines  

   Cell lines  Dosage of 
Quercetin

 Molecular action  References 

   Colon cancer
 cells 

 5        μ M  Down-regulates the 
expression of CDC6, 
CDK4 and cyclin D1, cell 
proliferation and arrests 
cell cycle 

  [99]

   Human colon 
cancer cells 

 10        μ M  Inhibits expression 
of p21 ras oncogene 

  [100]

   Human lung cancer 
cell line (NCI-H209) 

 10        μ M 
(glucuronides)

 DNA laddering   [101]

   Murine osteoblastic 
cells (MC3T3-E1) 

 10        μ M  TNF- α -mediated 
cytotoxicity

  [102]

   Human leukemia 
cells (U937) 

 20        μ M  Caspase-mediated 
induction of apoptosis 

  [103]

   Human chronic 
myeloid (K562) 

 25        μ M  Cytotoxicity   [104]

   Human hepatoma 
cells (HepG2) 

 25–50        μ M  G1 phase arrest   [105]

   HepG2 cells  25–75        μ M  Increased expression of 
active caspase 3 and 9 
levels

  [106]

   Colon cancer cell 
(HT-29) 

 25–100        μ M  Markedly lowered 
phosphorylated and total 
levels of Akt 

  [107]

   Human 
myelogenous
leukemia (K562) 

 20–100        μ M  Protective effect against 
H2 O 2 -induced DNA 
damage

  [108]

   Human colon cells 
(SW480)

 50        μ M β -Catenin/Tcf 
transcriptional activity 

  [56]

   Human non-small 
lung cancer cells 
(A549)

 50–200        μ M  Concentration-dependent 
cytotoxicity

  [109]

   Human gastric 
cancer cells 
(HGC-27)

 70        μ M  Arrests G-1 phase of cell 
cycle, Reduction of cell 
growth

  [110]

   HeLa cells  100        μ M  Inhibits cell proliferation 
and cell cycle progression 

  [111]

   Human breast 
cancer cell 
MDA-MB468

 248        μ M  Down-regulates 
mutant p53 

  [112]
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in vitro  and  in vivo   [70] . Concentration up to 12        μ M in serum was achieved 
in humans with single intravenous doses with no side effects  [71] , whereas 
up to 400        μ M in serum showed minor toxicity  [30] . A phase I clinical study 
carried out by Ferry et al .  [30]  showed that quercetin can be safely admin-
istered by intravenous bolus at a dose injection. The patients received a dos-
age of 945       mg/m 2  at 3-or 6-week intervals for the phase I clinical trials. From 
these studies, it was suggested a bolus dose of 1400       mg/m 2  be used for phase II 
trials. The plasma levels achieved inhibited lymphocyte tyrosine kinase activity 
and showed evidence of antitumor activity. 

  Dietary administration of quercetin (2 or 5%) to Sprague-Dawley rats 
reduced the incidence of mammary tumor induction to carcinogens 7,12, dime-
thyl benzanthracene or N -nitrosomethyl urea  [72] .  In vivo  studies show that mice 
inoculated with ascites tumor cells and then treated intraperitoneally daily with 
either quercetin 40       mg/kg had a 20% increase in life span or its glycoside 160       mg/
kg rutin had a 50% increase in life span [73] . Inhibition of metastatic growth 
of B16M-F10 cells in the liver (73%) was observed in mice after intravenous 
administration of pterostilbene and quercetin (20       mg/kg/day). This antimetastatic 
role has been correlated to the combined effect of quercetin and pterostilbene 
associated inhibition of Bcl-2 expression which sensitizes these cells to vascular 
endothelium-induced cytotoxicity  [74] . However, Femia  et al .  [75]  demonstrated 
that none of the diets supplemented with variable quercetin-glycoside content 
demonstrated a potential chemopreventive effect on azoxymethane-induced 
Aberrant Crypt Foci, preneoplastic lesions in the colon of rats. 

In vitro  quercetin has a wide range of inhibitory effects  [76]  and specifi c 
properties of quercetin are being explored as an adjuvant to therapy. For exam-
ple, studies carried out by Debes et al .  [77]  in Ewing’s tumor cell lines suggest 
that quercetin potentially may be useful in cancer therapy as a thermosensitizer 
by increasing the cell killing effect of hyperthermia and chemotherapy because 
of its ability to suppress heat shock protein expression. 

   Recently, cyclooxygenase (COX) enzymes, especially COX-2, have been 
implicated in the early changes associated with carcinogenesis in a number of 
tissues studied most extensively. A noteworthy fact is the ability of quercetin 
to interfere with COX by inhibiting COX-2 promoter activity  [78] , COX-2 
protein expression  [79]  and COX enzyme activity. The IC50 for COX enzyme 
inhibition of quercetin has been reported to be approximately 10        μ M in HCA-7 
cells [80] . We further demonstrated that quercetin can be used to selectively 
target cells that overexpress tyrosinase, such as in DB-1 melanoma cell lines 
 [47] . Sensitization of these cell lines to apoptosis was observed at 25        μ M, but 
75        μ M resulted in signifi cant toxicity. 

    QUERCETIN METABOLITES AS BIOMARKERS 

   Determination of the relationship between dietary intake and cancer risk 
depends on the characterization of quercetin intake. The development and use 
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of biomarkers for quercetin intake may provide a basis for the objective clas-
sifi cation of this exposure. Most biomarker approaches refer to measurements 
of the original compound or its metabolite in blood and urine. After intake of 
a quercetin rich diet, quercetin metabolites accumulate in the circulation at a 
concentration of 10 	 7  to 10 	 5  M glucosides  [22] . Moon  et al .  [81]  isolated and 

TABLE 27.4        Levels of Quercetin and its Metabolites in Human 
Plasma

   Diet  Quercetin 
equivalent

 Plasma (total 
level)

 References 

   Onions  50       mg  0.83        μ M         [18, 113]  

   Onions  186       mg  2.18        μ M   [114]

   129       g onion/day  13       mg  0.0727        μ M   [115]

   150       g fried onions  71.7       mg  0.65        μ M   [116]

   160       g onions  100       mg  7.6        μ M   [117]

   200       g fried onions  57       mg  0.67        μ M   [118]

   220       g onions/day  114       mg  1.48   0.39        μ M   [119]  

   225       g fried onions  56.49       mg  0.82        μ M   [113]

   260–360       g 
onions/day

 67.32       mg � 0.69        μ M   [120]

   333       g fried onions  64.2       mg  0.648        μ M   [116]

   500       g fried onions  150       mg aglycone  1        μ M   [121]

   Quercetin aglycone  8, 20, 50       mg  0.14, 0.22, 0.29        μ M   [26]  

   Quercetin 
3-glucoside

 151       mg  5–6        μ M   [122]

   Quercetin 
4� -glucoside 

 150       mg  3.5        μ M   [123]

   Quercetin 
4� -glucoside 

 154       mg  4.5–5.2        μ M   [122]

   Pure quercetin 
3 rutinoside 

 100       mg  0.3        μ M   [29]

   Pure rutin  190       mg  0.18        μ M   [123]

   Rutin supplement  500       mg  0.13–0.73        μ M   [124]  

   Quercetin 3-  O
rutinoside

 200       mg  1.1        μ M   [125]
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identifi ed a quercetin metabolite, quercetin 3– O - β - D -glucuronide (Q3GA), in 
rat plasma after oral administration of quercetin aglycone. Their studies also 
demonstrated that this metabolite possesses a considerable free radical scav-
enging activity because of its catechol group. Wittig  et al .  [82]  reported 5�
quercetin glucuronides in human plasma whereas Mullen et al .  [14]  identifi ed 
18 metabolites including O -m ethylated products, in addition to glucuronide 
and/or sulfate conjugates, from rat plasma after oral ingestion of Q4G.  Table 
27.4    illustrates the levels of quercetin metabolites in human plasma. 

  Absorbed phenols may be metabolized, stored or excreted through differ-
ent routes and therefore the urinary content of phenols does not refl ect abso-
lute absorptive effi ciency or can be served as an effi cient biomarker. However 
Young  et al .  [83]  stated that urinary excretion refl ects the absorption and, 
therefore can serve as a better marker of bioavailability than dietary intake. 
Later studies by Kim et al.   [84]  portrayed urinary quercetin and kaempferol as 
biomarkers of dietary phenol absorption. 

  Fasting plasma quercetin concentrations seem to be promising biomarkers as 
they refl ect dietary intake on the day before sampling as well as they serve as a 
measure for the usual dietary intake for a week. In healthy women on a 7–day 
diet protocol, the mean intake of quercetin was found to be 17.89    9.5       mg/day, 
in fasting plasma samples collected at the end of the protocol period it was found 
to be 22.9   16.6       nmol/l  [85] . The fl avonoid content in fasting plasma samples 
seems to be a suitable biomarker of short-term intake and a possible biomarker 
of the medium-term intake. The ability to detect and quantitate reliable marker 
of quercetin intake and bioavailability will lead to a better understanding of how 
diet and supplementation can infl uence quercetin concentration and modes of 
action. 

    CONCLUSION 

   Quercetin is a dietary polyphenolic compound with potentially benefi cial 
effects on health. Most research has focused on the antioxidant properties of 
quercetin, its effects on several enzyme systems, and effects on biological 
pathways involved in carcinogenesis, infl ammation and cardiovascular dis-
eases. Upon absorption in the small intestine, quercetin is metabolized imme-
diately by enzymes in the epithelial cells and further metabolized by the liver. 
Even if the bioavailability of quercetin is now relatively well documented, data 
is still lacking on the association of this fl avonoid in the diet with respective to 
absorption and metabolism. As there is increasing evidence that there is little 
to no free quercetin in the plasma, the effects of the glucoconjugates and not 
free quercetin must be further investigated. Most of the studies presented focus 
on the aglycone form of quercetin, so the effects of the conjugates are still 
unkown, although, free quercetin may be readily absorbed and not detectable. 
Therefore, especially in the intestinal epithelial cells where there is evidence of 
deglycosylation, studying the effect of free quercetin may be of greater value. 
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Understanding the mechanism of action of quercetin and the determination 
of its free, and conjugated forms of quercetin in plasma and urine prior to or 
after supplementation seems to be an important aspect as its various biological 
actions seem to be dose-dependant in many of these studies we have cited in 
this chapter. The effects of quercetin concentration are varied with low doses 
(0–10        μ M) resulting in chemoprevention, mid ranges (10–200        μ M) resulting in 
mixed effects, and higher concentration ( � 200        μ M) in pro-oxidant or potential 
direct therapeutic properties. From the studies presented, these lower concen-
trations appear to be achievable by diet, while the therapeutic concentrations 
might require supplementation or intravenous administration and result in little 
or no side effects.  
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       ( 	 )-epigallocatechin-3-gallate (EGCG)   ,  377   , 
 378   ,  380   ,  381   ,  382   ,  385  

 2-E-caffeoylfukiic acid   ,  see   Fukinolic acid 
 2-cyano-3,12-dioxooleana-1,9-dien-28-oic acid 

(CDDO)   ,  215   
 3-hydroxy-3-methylglutaryl-coenzyme A 

(HMG-CoA) reductase   ,  118–19   
 5-hydroxytryptophan (5-HTP)   ,  70–1   
 6-alpha-hydroxyadoxoside   ,  306   
 6-beta-7-beta-epoxy-8-epi-splendoside   ,  306   
 7,12-dimethylbenz[a]anthracene (DMBA)   , 

 166   ,  167   
 8-hydroxy-2-deoxyguanosine (8-OH-dG)   ,  453   
 8-isoprostane F 2a    ,  424   
 9,19-cycloartane triterpenes   ,  204   
 17 β -estradiol (E2)   ,  169   
 25-acetylcimigenol xylopyranoside (ACCX)   , 

 206
β -carotene   ,  344   
β -fi brillogenesis   ,  463   
γ -glutamylcysteine synthetase (GCS)   ,  361   

A
 Acetic acid   ,  434   
 Achilles tendinopathies   ,  34   
Actaea racemosa    ,  see   Black cohosh 
 Actein   ,  196   
 Activator protein-1 (AP-1)   ,  356   ,  455   ,  477   , 

 491   ,  571   
 Adenosine A 1  receptors   ,  405   
 Adenosine A 2A  receptors   ,  405   
 Adriamycin   ,  204   
 Advanced sleep phase disorder (ASPD)   ,  60  

 melatonin supplementation for   ,  69    
Agathosma betulina    ,  185   
 Agency for Research Health and quality 

(AHRC)   ,  36   
 Aglycones   ,  201   ,  373   
 Albumen   ,  see   Egg white   
 Alles zutraut   ,  137   
 Alzheimer’s disease (AD)   ,  97   ,  98  

 caffeine effects on   ,  409–10   

 donepezil   ,  107   ,  108   
 EGb 761, effi cacy of   ,  106–7   
 therapeutic applications for   ,  99    

 Alzheimer’s disease assessment scale-cognitive 
subscale (ADAS-Cog)   ,  106   

 Androgen excess/hirsutism, botanical treat-
ments for   ,  322–3   

 Androgen receptor (AR)   ,  456   
Anemarrhena asphodeloides    ,  262   
Angelica sinensis    ,  234   ,  257   
 Angiotensin-converting enzyme (ACE)   ,  435   
 Anovulation, botanical treatments for   ,  319–23   
 Anthocyanidin   ,  419   
 Anthocyanins   ,  352–3   ,  356   ,  447   ,  461   
 Anthroposophic medicine and homeopathy:  

 for epilepsy treatment:  
 arnica   ,  88   
 Belladonna and Hyoscyamus   ,  87–8   
 Bufo Rana   ,  88   
Viscum album    ,  87     

 Anti-diol-epoxide   ,  167   
 Antiepilepsirine (AES)   ,  86   
 Anti-infl ammation and noni   ,  305–6   
 Antioxidants:

 fl avonoids   ,  376–80   
 in fruits and vegetables   ,  419–20   
 melatonin   ,  452   
 quercetin   ,  567–70    

 Anti-tumorigenic phytochemical compounds:  
 and chemoprotection, in berries:  

in vitro  evidence   ,  355–9   
in vivo  evidence   ,  360–3   
 theories   ,  353–5     

 Apigenin   ,  68   ,  138   
 Arbutin   ,  184   
Arctostaphylos uva-ursi    ,  184   
 Arnica   ,  88   
 Aromatase   ,  456   
 Artepillin C (ARC)   ,  531   
 Arthritis treatment:  

 botanical and marine oils for   ,  1–11    
 Aryl hydrocarbon receptor (AHR)   ,  214   ,  456   
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 Ashwagandha   ,  87   
Astragalas membranaceus    ,  257–8   
Astragali    ,  234   
Astragalus saponins    ,  257   ,  258   
 Atherosclerosis   ,  459–62   
 Ayurvedic medicine, for epilepsy 

treatment   ,  87   

B
Bacopa monniera    ,  87   
 Bacteriuria   ,  180–1   
 Baicalein   ,  260   ,  261   
 Baicalin   ,  234   ,  260   ,  261   
 Bamboo extract (BEX)   ,  159  

 in breast cancer prevention   ,  166–70   
 in diabetes prevention   ,  161–6    

 Behavioral model   ,  277–8  
 and economic model:  

 convergence of   ,  280–1     
Behavioural Brain Research    ,  396   
 Belladonna   ,  87–8   
 Benzodiazepine (BDZ)   ,  147   
 Berberine   ,  184–5   
 Berries   ,  347  

 chemoprotection and anti-cancer 
mechanism:

in vitro  evidence   ,  355–9   
in vivo  evidence   ,  360–3   
 theories   ,  353–5    

 evolutionary benefi ts   ,  350   
 phytochemicals in   ,  352–3  

in vitro  and  in vivo  studies   ,  359–60    
 terminology   ,  348–50    

 Beta-amyloid protein (A β )   ,  232   
 Betulinic acid   ,  211   
 Bio   ,  30   ,  528   ,  529   ,  530   
 Bioactive compounds:  

 in fruits and vegetables   ,  419   
 in soy isofl avones   ,  46    

 Biochanin A   ,  479   ,  487–8   
 Bisabolol   ,  137   ,  138   
 Black cohosh:  

 carcinogenesis,  in vitro  studies on:  
 anti-HIV activity, effects on   ,  

205–6
 anti-infl ammatory activity, effects 

on   ,  205   
 anti-oxidant activity, effects on   ,  205   
 breast cancer, anti-angiogenic 

effects on   ,  202   
 breast cancer, growth inhibitory 

effects on   ,  201–2   

 chemotherapy agents, growth 
inhibitory effects with   ,  204–5   

 Epstein-Barr virus early antigen (EBV-
EA) effects   ,  203–4   

 oral cancer, growth inhibitory effects 
on   ,  203   

 osteoclastogenesis, effects on   ,  206   
 prostate cancer, growth inhibitory effects 

on   ,  202–3   
 serotonergic, dopaminergic and opioid 

activity   ,  206    
 carcinogenesis,  in vivo  studies on:  

 animal studies   ,  210   
 breast cancer, effects on   ,  209–10   
 prostate cancer, effects on   ,  207   
 skin cancer, effects on   ,  207–9    

 chemical constituents   ,  196–7   
 current use   ,  196   
 epidemiology   ,  199–201   
 extracts vs. pure compounds   ,  197   ,  199   
 historical use   ,  194–6   
in vitro  studies   ,  218   
 mode of action:  

 actein and methanolic extract effects, on 
unfolded protein response   ,  212–15   

 apoptosis and cell cycle, effects on   , 
 210–11

 of synthetic oleananes   ,  215–16   
 triterpene and cardiac glycosides, mo-

lecular effects of   ,  211–12    
 safety:

 animal studies   ,  217–18   
 bioavailability   ,  216   
 clinical studies   ,  217     

 Black raspberry   ,  362  
 anti-angiogenic effects   ,  358–9   
 anti-cancer properties   ,  356    

  “ Black snakeroot ”    ,  195   
 Blackberries   ,  355   ,  361  

 anti-cancer properties   ,  356–7    
 Blood pressure and noni   ,  305   
 Blueberries   ,  181–2   ,  184   ,  186   ,  355   ,  361–2  

 anti-cancer properties   ,  357    
 Bone health:  

 and fruits and vegetables intake   ,  425    
 Bone metabolism:  

 ERbeta and ERalpha, effects of   ,  483–5    
 Botanical and marine oils:  

 for arthritis treatment   ,  1–11    
 Botanical products, as sleep aids:  

 chamomile   ,  68   
 hops   ,  64   
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 kava   ,  67–8   
 lavender   ,  65–6   
 lemon balm   ,  65   
 passion fl ower   ,  66–7   
 valerian   ,  61–4    

 Botanical treatment, for polycystic ovary 
syndrome   ,  318  

 metabolic abnormalities:  
 dyslipidemia   ,  325–6   
 infl ammation   ,  326–7   
 insulin resistance   ,  323–5   
 obesity   ,  323    

 ovarian dysfunction:  
 androgen excess/hirsutism   ,  322–3   
 anovulation   ,  319–21     

  “ Brahmi ghrita ”    ,  87   
 Brain ischemia:  

 focal brain ischemia   ,  231–2   
 global forebrain ischemia   ,  232   
 and TCM theory   ,  233–4    

 Brazilian propolis   ,  530  
 artepillin C (ARC)   ,  530    

 Breast cancer:  
 BEX preventive effects on   ,  166–70   
in vitro  studies on:  

 anti-angiogenic effects   ,  202   
 growth inhibitory effects   ,  201–2    

in vivo  effects on   ,  209–10   
 and obesity   ,  168–70    

 Bromodeoxyuridine (BrdU)   ,  234   
 Buchu   ,  see   Agathosma betulina   
 Bufo Rana   ,  88   
 Buprenorphine   ,  400   

C
 C2C12 cells   ,  161   ,  162   
 C 13 -norisoprenoids   ,  447   ,  448   
Caenorhabditis elegans    ,  101   
 Caffeic acid esters   ,  202   
 Caffeine   ,  403  

 chemistry and consumption patterns   ,  404–5   
 and diet, interactions between   ,  411   
 and disease prevention   ,  408–10   
 and normal aging   ,  407–8   
 mechanism of action   ,  405–7   
 negative side effects   ,  410    

Camellia sinensis    ,  373   
 Cancer:

 and fruit and vegetable consumption   , 
 351–2   ,  424   

 and noni   ,  307–8   ,  310–11   

 vinegar, medical use of   ,  436    
Cannabis sativa    ,  85   
 CAPE (caffeic acid phenethyl ester)   ,  526–7   
 Capsaicin   ,  533   ,  535   
 Capsiate   ,  535   
 Carcinogenesis and cancer chemoprevention   , 

 453   ,  454   
 Cardiac and triterpene glycosides, molecular 

effects of:  
 from black cohosh   ,  211–12    

 Cardiovascular disease(CVD) 
 and dietary styles   ,  459–62   
 risk factors, reduction of   ,  423–4   
 vinegar, medical use of   ,  435–6    

 Carnosic acid   ,  543   ,  545   
 Carnosol   ,  543   ,  545   
 Carotenoids   ,  343–4   ,  447   
Carthamus tinctorius    ,  234   ,  258   
 Casein-based diet   ,  491   
  “ Catamenial epilepsy ”    ,  89   
 Catechins   ,  411   
 Catechols   ,  218   
 Cell cycle:  

 black cohosh effects on   ,  211    
 Cerebral insuffi ciency   ,  100   
 Cerebrovascular accidents   ,  459–62   
  “ CH-19 Sweet ”    ,  535   
 Chamazulene   ,  137   ,  138   
 Chamomile   ,  68   ,  135   ,  547–8  

 adverse effects   ,  149–50   
 allergic reactions   ,  149–50   
 chemical constituents   ,  137–8   
 history   ,  136–7   
 plant description and nomenclature   ,  137   
 preparations and uses:  

 aromatherapy and massage oil   ,  141   
 bath additive   ,  140   
 chamomile vapour bath   ,  140–1   
 chamomile wine   ,  140   
 cosmetic preparation   ,  141   
 dosage recommendation   ,  141–2   
 dry powder, of heads   ,  138   
 gargle   ,  140   
 herb beers and lotion   ,  140   
 homeopathic medicine   ,  141   
 inhalation   ,  140   
 oral infusion   ,  139   
 poultice   ,  139–40   
 standardized extract   ,  138   
 tea preparation   ,  139   
 tincture   ,  139    

 safety issues   ,  149–50   
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Chamomile (Continued)
 scientifi c-evidence-based uses:  

 anticancer activity   ,  148–9   
 aromatherapy   ,  149   
 cardiovascular conditions   ,  143   
 colic/diarrhea conditions   ,  143–4   
 common cold   ,  142   
 eczema   ,  144   
 gastrointestinal conditions   ,  144   
 health promotion   ,  145   
 hemorrhagic cystitis conditions   ,  145   
 hemorrhoids   ,  145   
 infl ammatory conditions   ,  145   
 mucositis   ,  146   
 osteoporosis   ,  146   
 sleep aid/sedation   ,  146–7   
 sore throat/hoarseness   ,  147–8   
 vaginitis   ,  148   
 wound healing   ,  148    

 in traditional practice   ,  142    
 Chaste berry   ,  320–1   
 Chemoprotection and anti-cancer agents, in 

berries:
in vitro  evidence   ,  355–9   
in vivo  evidence   ,  360–3   
 theories   ,  353–5    

 Chemotherapy agents:  
 and black cohosh:  

 growth inhibitory effects of   ,  204–5     
 Chicken eggs   ,  see   Egg nutrients   
 Chilli pepper extract   ,  533–5   
 Chinese pepper extracts   ,  532–3   
 Cholesterol, in egg   ,  337   
 Cholesterol biosynthesis pathway   ,  118   
 Choline   ,  342–3   
 Cholinesterase inhibitors   ,  99   
 Chromium   ,  324   
 Chronic disease risk, reduction of:  

 and fruits and vegetables   ,  420  
 bone health   ,  425   
 cancer   ,  424   
 CVD risk factors   ,  423–4   
 heart disease and stroke   ,  421–2   
 obesity   ,  425   
 peripheral artery disease   ,  422   
 type 2 diabetes   ,  423     

 Chronic musculoskeletal pain, prolotherapy 
for   ,  see   Prolotherapy, for chronic 
musculoskeletal pain   

Cimicifuga racemosa  (CR)   ,  194   ,  202   
 Cimigenol   ,  203   ,  204   ,  208   
 Cimiracemoside C   ,  197   

Cinnamomum cassia    ,  258–9   
 Cinnamon   ,  324   
 Clinical Global Impression (CGI) score   ,  108   
 Clinical Global Impression of Change (CGIC)   , 

 106
 Clomiphene   ,  320   
 Cofi lin   ,  525   
 Cognitive and behavioral therapies (CBT)   ,  59   
 Colic/diarrhea conditions, chamomile in   , 

 143–4
 Colorectal cancer risk, reduction of   ,  486–7   
 Commission E   ,  184   
 Common cold, chamomile in   ,  142   
 Co-morbid insomnia   ,  59   
Compositae  family   ,  149   ,  150   
 Comprehensive and alternative medicine, 

stroke treatment of   ,  230–1  
 brain ischemia:  

 focal brain ischemia   ,  231–2   
 global forebrain ischemia   ,  232    

 ischemia treatment:  
 formulae for   ,  234   
 herbs for   ,  256–63    

 TCM theory   ,  233–4    
 Condensed tannins   ,  see   Proanthocyanidins   
 Conjugated linoleic acids (CLA)   ,  340   ,  342   
 Coronary heart diseases (CHD), risk reduction 

of   ,  421–2   
 Cosmetic preparation, chamomile in   ,  141   
 Cranberry:

 adverse side effects, potential for   ,  185–6   
 anti-cancer properties   ,  357   
 supplementary benefi ts   ,  186–7   
 for UTIs treatment in aging women   ,  

181–4
 Cryptoxanthin   ,  344   
 Curcumin   ,  323   ,  326   
 Cyanidins   ,  353   
 Cyclic AMP (adenosine monophosphate)   ,  405   , 

 406
 Cyclooxygenase (COX) enzymes   ,  378   ,  573   
 Cyclooxygenase-2 (COX-2)   ,  5   ,  573   
 Cynanchum otophyllum   ,  86   
 Cytochrome P450 (CYP450) isozyme   ,  456   

D
 D chiro-inositol   ,  320   ,  323   ,  326   
 Daidzein   ,  47   ,  479   ,  487   
 Delphinidin   ,  461   ,  353   ,  461   
 Diabetes:

 BEX preventive effects on   ,  161–6   
 vinegar, medical use of   ,  436–8    
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 Diarrhea/colic conditions, chamomile in   , 
 143–4

Dietary Guidelines for Americans    ,  418   
 Digitoxin   ,  212   
 Dihomogammalinolenic acid (DGLA)   ,  3   ,  4   
 Dimethyl sulfoxide (DMSO)   ,  161   
 Distillation Water, of Chamomile   ,  141   
  “ Dog chamomile ”    ,  150   
 Donepezil   ,  107–8   
 Dora Weiner Foundation   ,  397   
 Doxorubicin   ,  see   Adriamycin   
 Dyslipidemia, in PCOS:  

 botanical treatments for   ,  325–6    

E
E. coli    ,  180   
 E2   ,  see   17 β -estradiol
 Economic determinants, of CAM   ,  286  

 income   ,  287–8   
 insurance   ,  286–7   
 price   ,  286    

 Economic model   ,  278–80  
 and behavioral model:  

 convergence of   ,  280–1     
 Eczema   ,  144   
 Egg nutrients:  

 diet and health   ,  338   
 as functional foods and supplement carri-

ers   ,  338  
 choline   ,  342–3   
 conjugated linoleic acids   ,  340   ,  342   
 future of   ,  344   
 omega-3 fatty acids, purpose of   ,  340   
 pigments   ,  343–4   
 sphingolipids   ,  343   
 vitamins and minerals   ,  342   ,  343    

 lipids   ,  334–5   
 micronutrients   ,  337–8   
 monounsaturated fatty acids   ,  336   
 omega-6 and omega-3 polyunsaturated fatty 

acids (PUFA)   ,  336–7   
 proteins   ,  337   
 saturated fatty acids   ,  335–6   
 sterols   ,  337    

 Egg phospholipids   ,  335   
 Egg white   ,  334   ,  337   ,  338   
 Egg yolk   ,  334   ,  335   ,  337   ,  338   ,  343–4   
 Eicosanoids   ,  1   ,  3   
 Ellagic acid   ,  352   ,  355   ,  356   
 Endothelial nitric oxide synthase (eNOS)   ,  

384   ,  461  

 activity up-regulation   ,  480–3    
 Environmental pollutants and BEX   ,  166–8   
 Epilepsy treatment   ,  83  

 anthroposophic medicine and 
homeopathy:

 Arnica   ,  88   
 Belladonna and Hyoscyamus   ,  87–8   
 Bufo Rana   ,  88   
Viscum album    ,  87    

 ayurvedic medicine   ,  87   
 nutritional approaches:  

 GABA   ,  89   
 ketogenic diet   ,  88   
 magnesium   ,  91   
 melatonin   ,  90   
 modifi ed Atkins diet   ,  88–9   
 progesterone   ,  89–90   
 pyridoxine (Vitamin B 6 )   ,  90–1   
 taurine   ,  90   
 zinc   ,  91    

 traditional Chinese medicine   ,  86   
 western herbal medicine   ,  84  

Ginkgo biloba    ,  84–5   
 Marijuana   ,  85   
 Passionfl ower   ,  85–6     
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 prostate and colorectal cancer risks, 
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 ET-1 (endothelin-1)   ,  461   
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 Forskolin   ,  184   
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420–5
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 425–6
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 nutrients and food compounds in:  
 bioactive compounds   ,  419   
 nutrient- vs. food-based–disease 
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 cerebrovascular accidents   ,  459–62   
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 HIV and noni   ,  307   
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 administration   ,  397–8   
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 Indolyl (or melatonyl) cation radical   ,  452   
 Inositol-requiring enzyme 1 (IRE1)   ,  213   
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 Insulin sensitivity and isofl avones   ,  483   
 Insulin sensitizers   ,  317–18   ,  320   ,  323–4   
 Integrated stress response (ISR)   ,  213   
 Interleukin 6 (IL-6)   ,  169   
 International Agency for Research on Cancer 

(IARC)   ,  351   
 Ischemia, herbal treatment of   ,  229  
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 focal brain ischemia   ,  231–2   
 global forebrain ischemia   ,  232    
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 Isoprenoids   ,  447   ,  448   
 Isopropanolic extract, of black cohosh   ,  
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K
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 Kava   ,  67–8   
 Ketogenic diet   ,  88   
 Kidney  Yang , tonics for   ,  262–3   
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L
 L-alpha-acetyl-methanol (LAAM)   ,  400   
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 Lavender   ,  65–6   
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in   ,  492   
 Lemon balm   ,  65   
 Leukotriene B 4  (LTB 4 )   ,  3   
 Leutin   ,  344   
 Licorice   ,  262   ,  546–7   
Ligusticum wallichii    ,  234   ,  256–7   
 Lipids:

 in chicken eggs   ,  334–5   
 and lupus   ,  10–11    

 Lipoproteins, in egg   ,  337   
 Lipotoxicity:

 BEX preventive effects on   ,  161–6    
 Lipoxins   ,  4–5   
 Lipoxygenase   ,  378   
 Liquorice   ,  see   Licorice   
 Living fossil   ,  100   
 Low back pain, prolotherapy for:  

 case series and non-randomized studies   , 
 32–3

 clinical trials assessment   ,  28–31   ,  33–4    
 Low-density lipoprotein (LDL)   ,  379–80   ,  450   
 Low-fat (LF) diet   ,  425   
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 Luteinizing hormone (LH)   ,  319   
Lycium barbarum    ,  262   
 Lycopene   ,  199   
 Lysozyme   ,  337   

M
 Magnesium   ,  91   ,  324   
 MAPK pathways, in cell migration   ,  361   
 Mapo Tofu   ,  532   
 Marijuana   ,  85   
 Marine and botanical oils:  

 for arthritis treatment   ,  1–11    
 Mash, Deborah   ,  398   ,  399   
Matricaria recutita    ,  148   
 Medial collateral ligaments (MCLs)   ,  18   
 Mediterranean plants:  

 chamomile   ,  547–8   
 and health benefi ts   ,  543   
 licorice   ,  546–7   
 olive oil   ,  548–53   
 rosemary   ,  542–6    

 Melatonin   ,  68–70   ,  90   ,  449   ,  452   ,  462   
Melissa offi cinalis    ,  see   Lemon balm   
 Memantine   ,  99   
 Met-enkephalin   ,  see   OGF   
 Methadone   ,  399   
 Methylxanthine   ,  404   
 Milk thistle   ,  see   Silybum marianum   
 Misoprostol   ,  6–7   
 Mistletoe   ,  87   
 Modifi ed Atkins diet   ,  88–9   
Monascus purpureus    ,  326   
 Monoterpenes   ,  447   ,  448   
 Monounsaturated fatty acid (MUFA)   ,  550–1  

 in eggs   ,  336    
Morinda citrifolia    ,  see   Noni fruit   
Morinda lucida    ,  305   
Morindae radix    ,  306   
 Moso   ,  160   
 Mucositis   ,  146   
 Muscadine grapes:  

 anti-cancer properties   ,  357    
Mycobacterium tuberculosis    ,  306   

N
N -acetyl cysteine (NAC)   ,  320   ,  322   ,  324   
N -acetyl-5-methoxytryptamine   ,  see   Melatonin   
N -methyl- D -aspartate (NMDA) receptor 

antagonist   ,  99   
N -nitrosodimethylamine (NDMA)   ,  360   
N1 -acetyl- N2 -formyl-5-methoxykynuramine 

(AFMK)   ,  452   
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 Neuroprotection   ,  463–4   
 NF- κ B (nuclear factor  κ B)   ,  455   ,  461   
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  “ Night sweats ”    ,  59   
 Nine-herb modifi ed Buyang Huanwu Tang   , 
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 Nitric oxide (NO)   ,  360   ,  378   
 Non-botanical supplements, as sleep aids:  

 5-HTP   ,  70–1   
 melatonin   ,  68–70   
  l -tryptophan   ,  70–1    

 Noni fruit   ,  300  
 evidenced-based clinical response:  

 body of evidence   ,  310–11   
 medical care   ,  310   
 potassium-restricted diets   ,  311   
 research limitations   ,  311    

 as functional food   ,  303–4   
 limitation   ,  309–10   
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 in anti-infl ammation   ,  305–6   
 in blood pressure   ,  305   
 in cancer   ,  307–8   
 in HIV   ,  307   
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 in tuberculosis   ,  306    

 natural history   ,  302–3   
 safety considerations   ,  308–9    

 Non-rapid eye movement (non-REM) sleep   , 
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 Nonsteroidal antiinfl ammatory drugs 
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 Non-vitamin, nonmineral (NVNM) dietary 
supplements   ,  300–2   

 Noribogaine   ,  394–5   
 Noricariin   ,  262   
 Nutrient- vs. food-based–disease relations   ,  420   
 Nutritional approaches, for epilepsy treatment:  

 GABA   ,  89   
 ketogenic diet   ,  88   
 magnesium   ,  91   
 melatonin   ,  90   
 modifi ed Atkins diet   ,  88–9   
 progesterone   ,  89–90   
 pyridoxine (vitamin B 6 )   ,  90–1   
 taurine   ,  90   
 zinc   ,  91    

 NZ propolis   ,  528  

 CAPE-based   ,  528–9  
 NF (neurofi bromatosis)   ,  528    

 as NF/cancer therapeutics   ,  529–30    

O
 Obesity:

 BEX preventive effects on   ,  161–6   
 and breast cancer   ,  168–70   
 and fruits and vegetables intake   ,  425   
 vinegar, medical use of   ,  438–9    

 Octacosanol   ,  119   
 OGF (opioid growth factor)   ,  536   
Ohiopogon japonicus    ,  256   ,  263   
 Oleic acid   ,  336   
 Oleuropeuin aglycone   ,  552   
 Olive oil   ,  548–53   
 Omega-3 fatty acids   ,  1   ,  2  

 in eggs   ,  340   ,  341    
 Omega-6 and omega-3 polyunsaturated fatty 

acids, in eggs   ,  336–7   
 Omega-6-fatty acids   ,  1   ,  2   
 Opiates   ,  399   
 Oral cancer: 

 black cohosh, growth inhibitory effects 
of   ,  203    

 Oroxylin A   ,  260   
 Osteoarthritis   ,  18  

 prolotherapy assessment for   ,  35–6    
 Osteoclastogenesis   ,  206   
 Osteoporosis:

 and chamomile   ,  146   
 and noni   ,  306    

 Ovarian dysfunction, botanical treatments for   , 
 319–23

 Oxidized low-density lipoprotein (oxLDL)   , 
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 Oxymel   ,  434   

P
 p    21   ,  525   
Paeonia suffruticosa    ,  234   ,  261   
Paeonia veitchii    ,  234   ,  261   
 Paeonilifl orin   ,  see   White peony   
 PAK1 and cancers   ,  523–5   
 PAK1-dependent tumors (PDTs)   ,  524   
 PAK1 phosphorylates Ser   ,  338   ,  524   
 PAK1 phosphorylates Thr   ,  508   ,  525   
 Palmitic acid (PA)   ,  161   ,  335   ,  336   
Panax ginseng    ,  256   
 Parkinson’s disease (PD)   ,  98  

 caffeine effects on   ,  409   ,  410    
Passifl ora incarnata    ,  see   Passion fl ower   
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 Pelargonidin   ,  353   
 Pepper extracts   ,  532–6  

 capsiate   ,  535   
 chilli pepper extract   ,  533–5   
 Chinese pepper extracts   ,  532–3   
 NADA, as endogenous capsaicin   ,  535–6    

 Periodic limb movements in sleep (PLMS)   ,  60   
 Peripheral artery disease (PAD), risk reduction 

of   ,  422   
 Peroxynitrite   ,  378   ,  380   
 Petasiphenone   ,  202–3   
 Phantastica   ,  see   Hallucinogens   
 Phenol–glucose–glycerin (P2G)   ,  17   
 Phenolics   ,  352–3   
 Phenylpropanoids   ,  196   ,  197   ,  198   ,  447   ,  448   
 Phosphodiesterase   ,  406   
 Phospholipids   ,  334   ,  335   
  “ Phosvitin ”    ,  337   
Phyllostachys edulis    ,  160   
 Phytoalexins   ,  455   
 Phytochemicals, in berry   ,  352–3  

 as anti-cancer agents   ,  353–5    
 Phytoestrogens   ,  46   ,  49   ,  52   ,  456   
 Piper nigrum   ,  86   
  “ The Plant Doctor ”    ,  see   Chamomile   
 Platelet activating factor (PAF)   ,  385   
 Point-of-service (POS) plan   ,  287   
 Policosanol, for dyslipidemia:  

 older adults:  
 implications for   ,  129–30   
 studies of   ,  125–9    

 older studies/systematic reviews   ,  121   
 pharmacological profi le:  

 chemistry   ,  117–18   
 drug interactions   ,  120   
 mechanism of action   ,  118–19   
 pharmacokinetics   ,  119   
 toxicity   ,  119–20    

 recent studies, review of   ,  121–5    
 Polychlorinated biphenyls (PCBs)   ,  166   
 Polycyclic aromatic hydrocarbons (PAHs)   ,  166   
 Polycystic ovary syndrome (PCOS)  

 botanicals, targeted use of   ,  318  
 in metabolic abnormalities   ,  323–7   
 in ovarian dysfunction   ,  319–23    

 clinical characteristics   ,  317–19    
 Polyphenolics   ,  352   ,  354   ,  357   
 Polyphenols   ,  419   ,  461   
 Polyunsaturated fatty acid (PUFA)   ,  9   ,  550–1   
 Polyvalent actions   ,  100   
 Postmenopausal women:  

 soy isofl avone treatment for   ,  49–52    
 Poultice   ,  139–40   
 Primary insomnia   ,  58–9   
 Proanthocyanidins   ,  182   ,  352   ,  447   ,  448   ,  451   , 
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 Procyanidins   ,  461   
 Progesterone   ,  89–90   
 Prolotherapy, for chronic musculoskeletal 

pain   ,  16  
 adverse effects   ,  37   
 clinical recommendations   ,  38   
 clinical trial evidence   ,  18  

 case report and case series   ,  18   ,  19–26   , 
 32

 non-randomized studies   ,  27   ,  32–3   
 randomized trials   ,  28–31   ,  32    

in vitro  and animal model evidence   ,  17–18   
 low back pain:  

 case series and non-randomized studies 
for   ,  32–3   

 clinical trials assessment for   ,  28–31   , 
 33–4

 osteoarthritis:
 clinical trials assessment for   ,  35–6    

 research methods   ,  37–8   
 tendinopathies:

 clinical trials assessment for   ,  34–5     
 Prometrium®   ,  89   
 Propolis   ,  525  

 Brazilian propolis   ,  530–2   
 NZ propolis   ,  528  

 CAPE-based   ,  528–9   
 as NF/cancer therapeutics   ,  529–30     

 Prostacyclin   ,  see   Prostaglandin I 2
 Prostaglandin E 1  (PGE 1 )   ,  4   ,  5   
 Prostaglandin E 2  (PGE 2 )   ,  5   ,  6   
 Prostaglandin I 2  (PGI 2 )   ,  3   
 Prostaglandins   ,  3   ,  4   
 Prostate cancer:  

 black cohosh effects on:  
in vitro  studies   ,  202–3   
in vivo  studies   ,  207    

 risk reduction   ,  485–6    
Proteus mirabilis    ,  186   
Prunus persica    ,  234   ,  258   
 Psychedelics   ,  394   
Pygeum africanum    ,  323   
 Pyridoxine (Vitamin B 6 )   ,  90–1   
  “ Qingyangshen ”    ,  86   
 Quercetin   ,  322   ,  325   ,  457   ,  563  

 absorption   ,  564–5   
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 antioxidant and pro-oxidant activity   , 
 567–70

 and cancer treatment   ,  571   ,  573   
 dosage and achievable blood concentration   , 

 565–7
 metabolites as biomarkers   ,  573–5   
 molecular actions   ,  572  

 apoptosis   ,  572   
 cell cycle regulation   ,  570   
 DNA damage   ,  570–1     

Q
 Quinone reductase (NQO1)   ,  569–70   
 Quinones   ,  218   

R
Radix Astragali    ,  257   ,  258   
 Randomized controlled trial (RCT) control 

therapies   ,  37–8   ,  289   
 Rap1A   ,  525   
 Reactive oxygen species (ROS)   ,  354   ,  376   ,  378   , 

 449   ,  567   
 Red raspberry   ,  358   
 Red rice yeast   ,  326   
 Red wine   ,  459   ,  460   ,  461   ,  463   
 Reduced glutathione (GSH)   ,  360–1   
 Regenerative injection therapy (RIT)   ,  16   
 Remifemin®   ,  196   ,  199   
 Restless legs syndrome (RLS)   ,  60   
 Resveratrol   ,  353   ,  447   ,  455   
 Rheumatoid arthritis (RA)   ,  1   ,  186   
 Rokan®   ,  100   
 Roman chamomile   ,  137   ,  547   
 Rosemary   ,  542–6   
 Rosmarinic acid   ,  543   ,  544   ,  545–6   
Rosmarinus offi cinalis    ,  see   Rosemary   

S
S -equol, as ERbeta agonist   ,  478   
Saccharomyces cerevisiae    ,  463   
Saccharum offi cinarum    ,  1   
 Sansho   ,  532   
 Saturated fatty acids, in eggs   ,  335–6   
 Saw Palmetto   ,  322   ,  359   
 Sclerotherapy   ,  16   
Scutellaria baicalensis    ,  234   ,  256   ,  260–1   
 Ser/Thr-kinase PAK   ,  1   ,  524   
 Serotonin   ,  70   
 Serratia vaccinii   ,  359   
 Sex hormone-binding globulin (SHBG)   ,  319   , 

 322   ,  323   
Shengmai San    ,  256   

 Sialic acid   ,  338   
 Sichuan pepper extract   ,  see   Chinese pepper 

extract   
 Signal therapy   ,  523  

 OGF (opioid growth factor)   ,  536   
 PAK1 and cancers   ,  523–5   
 pepper extracts   ,  532–6  

 capsiate   ,  535   
 chilli pepper extract   ,  533–5   
 Chinese pepper extracts   ,  532–3   
 NADA, as endogenous capsaicin   ,  535–6    

 propolis   ,  525  
 Brazilian propolis   ,  530–2   
 CAPE-based   ,  528–30   
 NZ propolis   ,  528     

Silybum marianum    ,  325   
 Sirtuin-activating compounds (STACs)   ,  463   
 Skin cancer: 

 black cohosh, effects of   ,  207–8    
 Skullcapfl avone II   ,  260   
 Sleep aid/sedation, chamomile in   ,  146–7   
 Sleep disordered breathing (SDB)   ,  60–1   
 Sleep disturbances   ,  57  

 advanced sleep phase disorder   ,  60   
 consequences   ,  61   
 general safety considerations, for older 

adults   ,  71   
 herbs, as sleep aids:  

 chamomile   ,  68   
 hops   ,  64   
 kava   ,  67–8   
 lavender   ,  65–6   
 lemon balm   ,  65   
 passion fl ower   ,  66–7   
 valerian   ,  61–4    

 insomnia   ,  58–60   
 non-botanical supplements, as sleep aids:  

 5-HTP   ,  70–1   
 melatonin   ,  68–70   
  l -tryptophan   ,  70–1    

 periodic limb movements in sleep   ,  60   
 restless legs syndrome   ,  60   
 sleep disordered breathing   ,  60–1    

 Socioeconomic aspects, of CAM:  
 barriers   ,  289–90   
 behavioral model   ,  277–8  

 convergence of   ,  280–1    
 economic determinants   ,  286  

 income   ,  287–8   
 insurance   ,  286–7   
 price   ,  286    

 economic model   ,  278–80  
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 288–9
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 age   ,  281–2   
 culture   ,  284   
 gender   ,  282   
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 theories   ,  276–7    
 Sodium morrhuate   ,  17   ,  18   
 Sore throat/hoarseness, chamomile in   ,  147–8   
 Sour wine/vin aigre   ,  see   Vinegar   
 Soy isofl avones and cognition   ,  45  
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 and brain function   ,  46–7   
 effects of   ,  47–9    

 in males   ,  52–3   
 usage   ,  46   
 in women   ,  49–52    

 Soy isofl avones, for ERbeta activity:  
 bone metabolism, favorable effects on   , 

 483–5
 and breast cancer   ,  487–9   
 colorectal cancer risk, reduction of   ,  486–7   
 eNOS activity up-regulation   ,  480–3   
 future research, directions for   ,  493–4   
 genistein:

 physiological concentrations of   ,  476–8   
 tyrosine kinases/topoisomerase II, 

effects on   ,  478–9    
 glomerulosclerosis prevention, potential 

for   ,  489–92   
 hepatic effects   ,  479–80   
 hot fl ash study   ,  489   
 insulin sensitivity improvement   ,  483   
 left ventricular hypertrophy and hepatic 

fi brosis prevention   ,  492–3   
 prostate cancer risk, reduction of   ,  485–6   
S -equol as agonist   ,  478   
 uterotrophic activity   ,  480    

 Sphingolipids   ,  343   
 Sprague-Dawley (SD) rats   ,  167   
  “ Squaw root ”    ,  195   
Staphylococcus aureus    ,  6   
 Stearic acid   ,  335   
 Sterols, in egg   ,  337   
 Strawberry   ,  355   ,  360  

 anti-cancer properties   ,  356    

Streptococcus mutans    ,  187   
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