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Preface to Series

Does Traditional Chinese Medicine Work?

History should be acknowledged and respected. Despite this, the historical
value of Chinese medicine in China and some parts of Asia should not be
used as the only important evidence of efficacy.

While clinical science has followed closely the principles of deductive
research in science and developed its methodology of wide acceptance,
there is a natural demand from both users and service providers that the
same methodology be applied to the traditional art of healing. There
should be only one scale for the measurement of efficacy. Thus, evidence-
based medicine, which apparently is the only acceptable form of treatment,
would also claim its sovereignty in Chinese medicine.

In spite of influential proponents and diligent practitioners, efforts
relating to the application of evidence-based medicine methodology to
Chinese medicine research have been slow and unimpressive. This should
not come as a surprise. Evidence-based medicine requires the knowledge
of the exact chemistry of the drug used, the exact physical or chemical
activitiesinvolved and above all, the biological responsesin the recipient.
All these are not known. Working back from the black box of old historical
records of efficacy requires huge resources and time, if at al possible.
Insistence on this approach would result in either unending frustrations
or utter desperation.

Paralel with the modern attempts, respectable Chinese medicine
practitioners have unendingly and relentlessly cried out their objection to
the evidence-based approach. They insisted that al the evidences were
aready there from the Classical Records. Forcing the classical applications
through a rigid modern framework of scrutiny is artificially coating
Chinese medicine with a scientific clothing that does not fit.

XVii
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Thus, the modern proponents are facing an impasse when they
rely totally on modern scientific concepts. The traditional converts are
persisting to push their pilgrims of defense. Where do we stand so as to
achieve the best results of harmonisation?

There must be a compromise somewhere. Classic evidences can be
transformed into a universal language to be fairly evaluated and to be
decided whether suitable for further research, using the deductive
methodology or an innovative one after intelligent modifications.

There is aneed for a platform on which a direction can be developed
in the attempt to modernise the traditional art and science of healing,
while remaining free and objective to utilise the decaying wisdom without
prejudice.

With the growing demand for complementary/alternative medicine
from the global public and a parallel interest from the service providers,
there is an urgent need for the provision of valuable information in
this area.

The Annals of Chinese Medicine is a timely serial publication
responding to this need. It will be providing authoritative and current
information about Chinese medicine in the areas of clinical trials,
biological activities of herbs, education, research and quality control
requirements. Contributors are invited to send in their reports and reviews
to ensure quality and value. Clinicians and scientists who are willing to
submit their valuable observations, resulting from their painstaking
researches are welcome to send in their manuscripts. The Annals of Chinese
Medicine has the objective of providing a lasting platform for all who
concentrate their efforts on the modernization of Chinese medicine.

Professor Ping-Chung L eung
Institute of Chinese Medicine
The Chinese University of Hong Kong



Preface tdvolume 3

The third volume of thénnals of Traditional Chinese Medicine carries

the theme of Cancéfreatment. Since the commencement of this book
series, the Editorial Board has emphasized its main objective, that is to
help modernize Chinese medicine, thus providing a convenient platform
for all scientists, including those who belong to the traditional camp as
well as members of the modern scientific community who insist on strict
deductive approaches.

Cancer is obviously one of the most common areas where demand
for alternative treatment is overwhelmingy.significant portion of the
American and European populations regularly consumes health
supplements to either prevent cancer or as adjuvant therapy during
cancer treatment. Health surveys conducted in Hong Kong (a city of
predominantly Chinese people) have shown that over 90% of cancer
patients consume products of Chinese medicine, either prescribed by
Chinese medicine practitioners or purchased-twercounter Choosing
Cancer as the theme of our third volume is therefore appropFiatee
is no intention of guiding the reader on the choice of theraqyis there
any suggestion of preferences of the available options of treatment
(although a few solid examples are given). Instead we want to introduce
the justification and logic of using Chinese medicine as an adjunct, discuss
about the basic principles and the options that are available, expose the
regional and cultural varieties, and some problems related to their use,
describe some natural products of particular interests and, lgstéy
examples of specific cancers being treated with herbal therapy

Using modern scientific concepts to understand and explain traditional
or alternative medicine is logical and unavoidable. IndeedAtimals
has already adopted this principle. Nevertheless, we welcome distinguished

XiX
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scholars of the very traditional stream to explain their views, particularly
at this time, in the popular field of cancer

Professor Dai-Han Zhou is a learned scholar in Chinese medicine
who has written extensively on the principles and practice of Chinese
medicine for cancer patients. Readers will find his articles quite out-
of-the-norm as he stresses on holistic care and the importance of
individualized therapyOn the other hand, Prof. Zhou tries to equate
herbalists’ observations as evidence-based medicine, and assumes that
some herbs work via specific channels resembling those begejadr
by new therapies like IressBarceva andvastin. Professor Zhou quoted
one clinical trial using a proprietor herbal medicine. In that situation, he
accepts generalization and ignores individualizafidre article is really
interesting because it exposes the complexity of thoughts of the modern
day Chinese medicine expevthile the discrepancies observed may be
controversial, Prof. Zhosg' strong criticisms against oveeatment in
modern medicine and his call for higher rates of survival among cancer
patients should be established as good advice for all.

Professor Zhow orthodox account is well balanced with Professor
Stephen Sagas Western medicine perspectives on the scientific basis of
cancer care in Chinese medicine.

This volume attempts to give very rich accounts of the varieties of
cancer treatment available, as well as the culturérdifices in China,
Hong Kong, Japan, India, Italfhe United Kingdom and the United
States.There are altogether seven chapters sharing this load.

Since herbal medicine can be the main basis for the maintenance of
survival in spite of the persistence of cancer or cancer metastases, natural
products and phytochemistry that contribute toward survival via various
channels should be explorethis volume provides a number of high
quality articles (by authors from Canada, India and the US) on the subject.
Lastly, there are some real examples of integrated treatment for specific
cancers that will be of interest to readefaio good examples from
China are chosen.

With the growing demand for complementary and alternative medicine
from the global public and a parallel interest from the service providers,
we believe that this volume will provide valuable information in the area
of cancer for all.



Chapter 1

The Scientific Basis of Chinese Medicine and
Cancer CareA Western Medicine Perspective

Sephen M. Sagar & Raimond Wong

Abstract

Traditional Chinese medicine (TCM) may be integrated with conventional
Western medicine to enhance the care of patients with caReeent
evidence confirms a scientific basis for the use of acupuncture, herbs, diet
and engygy therapiesWe suggest a holistic care plan based on the concepts
of biological response maodification, enhancement of psycho-immunological
function, better symptom control, and improvement of psycho-spiritual
well-being. There is enough preliminary evidence to encourage good quality
clinical trials to evaluate the fafacy of integratingTCM into Western
cancer care.

Keywords: Traditional Chinese Medicine (TCMMVestern Medicine;
Cancer Treatment.

1.1 Introduction

Recent evidence suggests that many traditional Chinese medical therapies
can be effective for the supportive care of cancer patients. This is a
review of the published literature (indexed in Medline) and our own
practical experience. It provides various levels of evidence that support
further research into a developing model of integrative care. Most published
studies are at evidence leWél in other words trials without randomization,
single group pre-post, cohort, time series, or matched case-controlled
studies. Levelsand Il evidence from well designed randomized controlled
trials of appropriate size is emphasized in the text of this reWewew
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of the paucity of quality data from levdland Il evidence, meta-analysis
of the data is usually not possibWell-designed randomized controlled
trials are encouraged in view of the promising initial observations. It is
important not to discount TCM as a system simply because an individual
study is negativeThe same applies Western biomedical mediciné.
negative drug study does not negate the whole of biomedicine. The challenge
for TCM is to develop repeatable and provable outcomes, standardization,
and quality assurance. The scientific bases of herbs and acupuncture are
rapidly being established, but well designed, pragmatic, controlled clinical
studies are lacking in most domains.

Traditional Chinese medicine (TCM) may be practiced alongside
conventionaM/estern medicine to enhance patient cate philosophy
of TCM proposes novel hypotheses that will suppwtdevelopment of a
science-based holistic medicine.

1.2 Cancer as a Systemic Disease

In Western medicine, cancer is conventionally viewed from the somatic
point of view as a clone of cells which has outgrown its environmental
constraints and control mechanisms. These cells are abnormal and are
considered to be foreign to the bodye main philosophy of cancer
treatment is direct annihilation of the cancer cells using aggressive and
destructive therapies. Chinese medicine emphasizes the importance of
the body-mind communication network. The science of psychoneuro-
immunology (PNI) has demonstrated a potential physiological basis for
cancer cell progression through the effects of emotions on cellular immunity
and other mechanisms.

In TCM, the development of cancer is viewed as a part of the
presenting features of a syndrome representing an imbalatie=whole
body-mind network (Macek, 1984). In other words, camneer systemic
disease from the start, and the terrainassidered to be as important as
the tumor itself (Schippeet al., 1995). It is believed that if one can
strengthen andebalance the body-mind network, the normal pattern will
be restored and this will help to resolve the canddrs conceptis
currently being incorporated into a more holistic sciend¢ere the whole
picture is as important as the part®. quoteHanahan andVeinbeg
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(2000), “The metaphors used ¢onceptualize cancer cell function will
also shift dramaticallyFor decades ngwve have been able to predict
with precision théoehavior of an electronic integrated circuit in terms of
its constituent parts — its interconnecting components, processiilg,
emitting signals. Having fully charted the wiring of eveeflular signaling
pathway it will be possible to lay out theomplete ‘integratedtircuit. We

will then be able to apply thmols of mathematical modeling to cancer
cells.With holistic clarity of mechanism, cancer prognosis and treatment
will become a rational science.” Recent evidence suggests that bone
marrowstem cells may play a significant role in the perpetuaticsoofe
cancers, including the production of pro-angiog@eiptidesThusWestern
science is now exploring the possibilibhat both hematological and solid
cancer may sometimes besgstemic disease from the outset (Rafii and
Lyden, 2003; Kerbeand Kamen, 2004; Houghtah al., 2004).

1.3 The Body-Mind Network

TCM recognizes that the human being functions as a body-mind network
(Ikemi and Ikemi, 1986)T'he philosophy o CM analyzes therocess of
body-mind communication, rather than a “snap shot” of structural, material
entities such as moleculesMestern medicine is viewed as the hardware

of a computerthenTCM could represent the software. It recognizes a
correspondence between patterns of information that are independent of
the carrier of the information. For example, the pattern of information may
be similar regardless of whether it is mediated by pulses of hormones
and neuropeptides, or the electrophysiological frequency pattern of the
heart (Watkins, 1995; Dardik, 1996; Pennisi, 1997; feedl., 1998; Song

et al., 1998). Acupuncture stimulation of specific points on the body
releases neuropeptides (such as somatostatin and vasoactive intestinal
peptide) within the central nervous system (Zhetrad., 1997 and 1999).

The body-mind information system may be partly regulated by the relative
contributions of the sympathetic and parasympathetic components of
the autonomic nervous system. This corresponds to the traditional Chinese
concept of a balance between yin and yang, which represents a pattern of
information, rather than concrete material entities. Analysis of the pulse,
using the classical Chinese technique, may indicate the relative imbalance.
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This has been demonstrated indirectly by spectral analysis of the electro-
cardiogram, using appropriate computer softwAcelpuncture has been
shown to rebalance the relative contributions of the sympathetic and
parasympathetic nervous systems (Hadteal., 2000). The patterns of
information transfer may interact to entrain and reinforce information
flow in a complex dynamical system (Lee aidi, 1983; McCratyet al.,

1995; Rubik, 1995). The system is an autopoietic process. In other words,
it can recreate itself and evolve through learning, so that the body can
adapt to changing circumstances.

When the person is healthgommunication between systems flows
freely through a complex, non-linear heterarchical and hierarchical process
of information transfewia physiological interactions. Metaphoricatyind-
body communication is represented by an informatics system of energy-in-
motion, in other words, “e-motion.” Cancer may be associated with a
disturbance in information flonmanifest by an oveaslastic system that
loses process structure and becomes irreversibly chaotiteyCh998;
Cuzicket al., 1998). Experiments in rats show that chronic restraint stress
promotes lymphocyte apoptosis through modulating CD95 gene expression
via a pathway that involves opioid receptorsn(é al., 2000). In other
words, stress can influence both the function and structure of the nervous
system that, in turn, may modulate lymphocyte gene expression, thereby
influencing immunity and resistance to cancen @ al., 2000). Intervention
with a technique, such as acupuncture, may restore the imbalance in
information flow for example through the autonomic nervous system by
balancing the sympathetic and parasympathetic components (Thomas
etal., 1992; Chaat al., 1999). The same model may help us understand
how the compassionate intentionality of a healer can restore health through
entrainment and normalization of the imbalanced systeatk{is, 1996).

In order to understand these processes, we will need to consider systems
outside of our current reductionist pharmacological model. These may
include electromagnetic and non-local effects between molecules, and the
analysis of information flow between cells by novel mechanisms, such as
gquantum mechanics (Jovanovic-Ignjatic and Rakovic, 1999). In order to
understand the concurrent, synergistic contributions of multiple systems, it
is necessary to develop computerized algorithmic modeling, such as power
spectral analysis (Haket al., 2000), neural networks (Riess ailobas,

2000), and fuzzy logic (Kosko and Isaka, 1993).
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The beauty of this body-mind network model is that it can combine
constitutional personality factors (such as emotions and feelings) with
bodily symptoms, into a single diagnostic and treatment paradigm. This is
represented in TCM terms by patterns of disharmonies in the main organ
systems, as well as abnormalitiesgpf(energy flow), essence (energy
reserves), blood, heat and moisture. It is interesting that there is
correspondence with the TCM model of cancer predisposition being
associated with risingi (sheng qi) or Liver fire (representing anger), and
the scientific evidence that repressed anger both suppresses the immune
system and may increase the risk of breast cancer in the so-Dgled
C personality (Amkraut and Solomon, 19T2moshok, 1985femoshok
and Dreher1992).

1.4 Pharmacology of Chinese Herbs

In TCM, herbs are used in combinations that enhance their benefits while
reducing their side effects (Rosenberg, 1997). In effect, multiple low dose
pharmacological agents are being administered gigtieally. Western
medicine usually focuses on maximally tolerated doses of single agents.
Although chemotherapy drugs are usually combined, the reason is to
minimize drug resistance and the consequence can be to further increase
drug toxicity According toTCM practitioners, combinations of herbs can
reduce the side effects of anti-cancer drugs, but further research is
indicated to determine their pharmaco-kinetic interactions with drugs and
any potential adverse effects.

A scientific approach to introducing Chinese herbs\iviéstern practice
involves a rigorous and systematic approach to phytochemical profiling,
quality control, preclinical evaluation, safety evaluation, and PHhases
1l clinical trials (Fig.1.1). More data is required to establish optimal com-
binations of herbs that produce sygistic activity Traditionally Chinese
herbs have been used as complex mixtures. One study evaluated the
DNA microarray data for 12,600 genes to examine the anti-proliferative
activity of the single herlZoptidis rhizoma and eight constituent molecules
against eight human pancreatic cancer cell lines (Hara, 2005). They
identified 27 genes showing a strong correlation with the 50% inhibitory
dose (ID50) ofC. rhizoma after 72-h exposure. Hierarchical cluster
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Systematic Research

Traditional Observations
Authentication

Trandational
Research

Dose Optimization

Phase |l potential efficacy Phase Il randomized placebo
and adver se effects controlled efficacy study

Figure1.1. Scientific approach to introducing Chinese herte Western practice.

analysis with correlation coefficients between expression levels of these
27 C. rhizoma-related genes and the ID50 of each constituent molecule
classified these test molecules into two clusters, one consistiiy of
rhizoma andberberine and the other consisting of the remaining seven
molecules. Their results suggest that one specific phytochemical,
berberine, can account for the majority of the anti-proliferative activity
of C. rhizoma and that DNA microarray analyses can be used to improve
our understanding of the actions of an intact herb. In contrast, there
appears to be merit in using combinations of herbs and their derivatives.
For example, PHY106Radix scutellariae, Paeonia lactiflora pall,
Fructus, ziziphi, Radix glycyrrizae) is an authenticated combination of
herbs that may increase the efficacy and reduce the adverse effects of
the cytotoxic drug, Capecitabine, which is used in treating colorectal
cancer (Farrell, 2003)The biotech companyPhytoceutica In€.
(Newhaven, CT USA) has systematically profiled the phytochemical
content of each hernd tested various combinations at the preclinical
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stage tooptimize the complex mixture. Quality has been assured by
establishing profiles using chemical chromatography spettroscopy
along with biologic, proteomic and genonmpeofiling. Through these
techniques, they have developedPaytomics Similarity IndeX.
Interestingly their moderntechnological approach confirms traditional
Chinese medicaheory of optimizing efficacy through a hierarchy of herb
combinationsThe combination enhances anti-tumor actjviguces toxicity
and enhances the pharmacokinetics of the chief herb (the Emperor herb).
The mechanisms include inhibiting drug resistance proteins that may
decrease absorption, inhibiting cytochrome p450 enzymes that metabolize
phytochemicals, inhibiting microfloral beta-glucuronidase, chemical
stabilization, and modification of solubilitinitial clinical trials demonstrate
a reduction of gastrointestinal toxicity and enhancement of the tumoricidal
effect of the chemotherapWany preclinical studies are now demonstrating
that specific combinations of Chinese herbs can be synergistic with cytotoxic
chemotherapy through pharmacodynamic, as well as pharmacokinetic,
interactions. For exampl@hellinus linteus is a mushroom, which mainly
consists of polysaccharides. It sensitizes apoptosis induced by doxorubicin
in anin vitro prostate cancer cell line (Collins, 200B)linteus or doxo-
rubicin, at relatively low doses, do not independently induce apoptosis
in the cells. Howevercombination treatment with both low doses of
P. linteus and doxorubicin result in a sygéstic efect on the induction of
apoptosisP. linteus has a syneistic efect with doxorubicin to activate
caspases in prostate cancer LNCaP cells. Sensitization can be obtained at
subtoxic concentrations of doxorubicihlinteus is an apoptotic syngiser
for conventional chemotherapeutics such as doxorubicin, which can keep
normal, surrounding cells unharmed.

Gene expression profiling coupled with promoter assay®\aluate
the efect of a herbal mixture on canc&uchapproaches may be used
for the standardization of herbal extraattivity. An example is the
comparison of the gene profile 8C-SPES with that of PC-CARE, a
product with a similar herbaomposition. Prior studies have shown that
PC-SPES containsstrogenic organic compounds, and such compounds
are known to déct prostate canceAn important question is whether
these are the primary drivers of the gene profile. The data suggest that
gene expression profiles of LNCaP human prostate cancer cells in response
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to PC-SPES are different from those found when diethylstilbestrol (DES),
a synthetic estrogen, is used, suggesting that the estrogenic moieties
within PC-SPES do not drive this expression signature (Biglet.,

2003). In contrast, the expression profile of PC-CARE is almost identical
to that of DES, highlighting that mixtures containing similar herbal
compositions do not necessarily result in similar biological activilies.
validate the expression profiling data, the investigators evaluated the protein
expression and promoter activity of prostate-specific antigen (PSA), a
gene induced by PC-SPES but repressed by DES. In order to gain a
mechanistic understanding of how PC-SPES and DES affect PSA
expression dferently LNCaP cells were transiently transfected with
wild-type and mutagenized PSpromoter ARE concatemers and
appropriate controls. The evidence suggests that the androgen response
elements (ARE) Il and Il within the promoter region are responsible for
the suppressive effects of DES and stimulatory effects of PC-SPES. The
effects on PSAtranscription are specific tARE in the case of DES,
while PC-SPES &cts this promoter non-specificallfhe expression
profiling coupled with mechanistic target validation yields valuable clues
as to the mode of action of complex botanical mixtures and provides a
new way to compare objectively mixtures with similar components either
for effect or quality assurance prior to their use in clinical trials. In the
case of PC-SPES, the effectiveness of the complex mixture of herbs has
been shown in a randomized controlled clinical trial to be more effective
than DES alone (Oh, 2004).

Current technology is demonstrating the multi-dimensional activities of
Chinese herbs as anti-cancer agents. Many are potent antioxidants that
can induce apoptosis and others are anti-angiogenic agents (Cai, 2004;
Yance, 2006). Many of the herbs that are traditionally consideiextie¢
against cancer cells are now being shown to have subtle effects on
genetic expression and may play a key synergistic role in anti-cancer
treatment through synergistic activity with cytotoxic agents and maintenance
regimens for prevention of recurrenceofghe, 2004). Future research
should maximize the use of technology to validate scientific mechanisms
for quality assurance, safetptimization and clinical &ctiveness within
the modern cancer treatment environment. Rigorous adherence to the
development of research protocols and standards of reporting are necessary
as stated by a recent publication of the CONEQ@QRup, which establishes
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the standards for clinical trials (Gagni@006). Further development of
Chinese herbal medicine for administratioMiastern cancer clinics will
require both international collaboration and an improved working
relationship between national governments, industries and universities.

1.5 Physiology of Acupuncture

Acupuncture is a technique that allows us to modulate communication
within the body-mind network through concurrent changes in multiple
signaling pathways.

Most evidence suggests that acupuncture modulates neurotransmitters,
cytokines and neuropeptides through electrophysiological changes in the
nervous system (Bucinskaitet al., 1996; Dawidsonet al., 1997).
Interaction with the brain stem, hypothalamus, limbic system and autonomic
nervous system occurs through either stimulating or suppressing the activity
of afferent peripheral nerves (Kegral., 1978; Kumat al., 1994;Alavi
et al., 1997; Choet al., 1998;Wu et al., 1999; Zonenshayet al., 2000).
Acupuncture may also modify the somatic electromagnetic field (Jessel-
Kenyonet al., 1992). Recent research suggests that the initial transduction
of the acupuncture needle is through myofascial tissue planes. The network
of acupuncture points and meridians can be viewed as a representation of
the network formed by interstitial connective tissue. Langeivah (2002)
mapped acupuncture points in serial gross anatomical sections through the
human arm. They found an 80% correspondence between the sites of
acupuncture points and the location of intermuscular or intramuscular
connective tissue planes in postmortem tissue sections. The surface points
appear to connect to a web of vessels that cover internal organs. This is
demonstrated by special DNA staining (Skiral., 2005). The de qgi or
“needle grasp” may be due to mechanical coupling between the needle
and connective tissue with winding of tissue around the needle during
needle rotation. Needle manipulation could transmit a mechanical signal to
connective tissue cells via mechanotransduction (Langgah, 2001).

This may be converted into an electrophysiological response through a

change in electrical impedance that spreads through the connective tissue
planes, interacts with cellular genomic expression, and releases local

cytokines and other messenger molecules that may initiate neurological

transmission (Ahret al., 2005).
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In view of the power of the placebo effect, a sham acupuncture
control arm is required as a standard for randomized contitoiédsl of
acupuncture. Sham needles have been validatediroted extent. The
results may depend on whether the subjeas past experience of
acupuncture. These devices, withdraklunt needle back into the sheath
during application. This ismore valid sham technigue than using superficial
penetration othe skin or randomly assigning points away from known
meridians. Evaluation of the widely used Streitberger sham needle
concludedthat most patients were unable to discriminate between
the needles by penetration; howeweearly 40% were able to detect a
difference in treatment type between needles. No major differences in
outcome between real and placebo needling could be found. The fact that
nearly 40% of subjects did not find that the two interventions were
similar, however raises some concerns with regard to the wholesale
adoption of this instrument as a standard acupuncture placebo. The authors
conclude that further work on inter-tester reliability and standardization of
technique is highly recommended before we can be confident about using
this needle in further studies (Whieal., 2003).

1.6 Roles of TCM in Cancer Supportive Care

The goals of cancer treatment should be to increase patients’ survival,
when possible, and to improve their quality of life. TCM is able to support
patients being treated with convention&kstern medicine (sgery
radiotherapy and chemotherapy) through four major approaches:

(1) modification of biological response to improve therapeutic gain;
(2) improved psycho-neuro-immunological response;

(3) enhancement of symptom control,

(4) psychospiritual integration.

Very often, TCM therapy works through more than one approach
synepistically.

(1) Biological Response Modification

[I1 Adjunctive Cancer Treatment
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(a) Modification ofTumor Physiology
() Herbs

There is increasing evidence that suggests TCM can favorably modify
the tumor response to conventiokédstern cancer treatmeifihere is a
correspondence between the TCM theory of cancer and recent medical
research findings.

TCM herbs have been extensively investigated in the laborataty
are known to have multiple pharmacologicdkefs (Wanget al., 1992;
Todeet al., 1993; Laoet al., 1994; Boik, 1996 and997; Kanget al.,
2000). It is often important to specify thetanical parts from which the
herbal agent is prepared, sirtbe active pharmacological agents depend
on their source. RadifRx) denotes the root, Cortex (Cx) denotes the bark
or rind, andRhizome (Rh) denotes the rhizome. There are plenty of
examplesof anti-cancer multiplicityRx Ginseng has anti-tumor activity
inhibits platelet aggregation, and inhibits chemotherapy-indmeedino-
suppressionGlycyrrhizic acid has anti-tumor activitis anti-inflammatory
through increasing serum cortisol, and dtsreases natural killer (NK)
cell activity against cancecells. Rx Astragali membranaceus is a
powerful stimulator of thémmune system, has anti-tumor activity and
inhibits plateletaggregationRx Angelica sinensis stimulates the immune
systemhas anti-tumor activityinhibits platelet aggregation, aihibits
vascular permeabilityRh Atractylodis macrocephala has anti-tumor
activity, and is an anti-thrombotic and fibrinolytgent.Ginkgo biloba
has multiple dects including inhibitiorof platelet activation factor &),
stimulation of the immunsystem, fibrinolyis and anti-thrombosis, scavenging
of freeradicals, and dilation of blood vessels to increase perfusion. The
effects on the hemostatic coagulation system are interesting as we learn
more about the interactive roles of the bone mgrh@mopoietic system,
and angiogenesis in the progression of cancand® and Saga2006).

Extracts of multiple Chinese herbs traditionally usedaiuti-cancer
therapy Anemarrhena asphodeloides, Atremisia argyi, Commiphora
myrrha, Duchesnea indica, Gleditsia sinensis, Ligustrum lucidum,
Rheum palmatum, Rubia cordifolia, Salvia chinensis, Scutellaria
barbata, Uncaria rhychophylla, Vaccaria segetalis) demonstrate growth
inhibitory activity againsvarious cancer cell lines, but limited inhibitory



12 SM. Sagar & R Wbng

activity against normal cell proliferation (Shoemaketral., 2005).
Occasionally herbs alone are associated with tumor regredsoon.
example, a 51-year-old lady with pathological provsgiuamous cell
carcinoma of the lung attained complete regression with sole treatment
using a combination of herbdHérba Hedyotis diffusae, Radix
ophiopogonis, Herba taraxaci, Radix notoginseng, Pseudobulbus
cremastrae seu pleiones, Radix panacis quinquefolii, Herba
houttuyniae, Bulbus Fritillariae thunbergii, Rhizoma Pinelliae
preparata) (Liang et al., 2004).

These herbs contain a variety of chemicals that magyaetgistically
to inhibit tumor cell division, increase tumeell death (apoptosis), increase
the proportion of immune celisithin the tumoyand increase blood flow
through the tumorThis is associated with a change in the balance of
cytokines(communicating peptides released by the immune cells) that
may improve thetherapeutic gain. This means that they reduce the
proliferation of tumor cells, increase tumor cell death, whilst minimizing
many side effects for normal tissues. Recent meta-analyses confirm the
utility for Chinese herbs to both enhance the control of particular cancers
(particularlyviral-induced cancers such as hepatocellular carcinoma and
nasopharyngeal cancers) and reduce sfdetefof chemotherapy éixang
et al., 2005; Shwet al., 2005). This synergy appears to be secondary to
inducing apoptosis, anti-angiogenesis, antagonism of the viral genome, and
induction of an immune response. In addition, some herbs can reverse
multidrug resistance (Zhou and Liu, 2005). Examples of some studies that
illustrate these principles are discussed elsewhere in this chapter

In TCM, the malignant tumor is viewed as being associated with
stagnation ofgi (energy) and bloodQi may be viewed as a modeir
intra- and intercellular information and potential gyetransfer This
would correlate with the known abnormalitiessajnal transduction, cell
contact, and electrophysiology oéncer cells (Cééy, 1998; Cuzicket
al., 1998; Kanget al., 2000). It has been shown that there is increased
fluid contentand a stagnant blood supply in malignant tumors (Baxter and
Jain, 1989; Boucher and Jain, 1992; Sagjat., 1993; Milosevicet al.,
1998). The microcirculation within a tumor is very abnormal, and there
are regions within the tumor where the blood flow is sluggish. In TCM,
stagnation of blood is classically associated with tumors. The impaired



The <cientific Basis of Chinese Medicine and Cancer Care 13

blood circulation leads to areas of poor oxygenation in the tudaorcer

cells that survive in a low oxygen tension environment are also found to
be more resistant to radiotherapy and some types of chemotherapy (Brizel
et al., 1997; Fylest al., 1998).

In TCM, destagnation or detoxification herbs are used to nimwe
blood andgi within the malignant tumornterestingly the use of anti-
coagulants, such as heparin and coumadin (warfaagpn adjunctive
treatment to chemothergpyas been shown farevent the development
of blood-borne metastases in aninaboratory studies, and to improve
the survival of cancepatients in clinical studies (Lebeau al., 1994,
Hejnaet al., 1999). Many of these herbs are proving to be anti-angiogenic
agents (‘dnce and Saga2006).

The possible usefulness déstagnation herbs was demonstrateid a
randomized controlled clinical trial evaluating thembined modality
treatment of Chinese herbal destagndtiomula and radiotherapy in patients
with nasopharyngealarcinoma (Xwet al., 1989). In this trial, 9@atients
receivedcombined herbal and radiation treatment compared @m8&nts
who were randomized to receive radiation treatment alone. The ingredients
of the herbal formula includeil@x Astragali membranaceus, Rx Paeoniae
rubrae, Rx Ligustici Chuan xiong, Rx Angelicae sinensis, Sermen persica,

Flos Carthami tinctorii, Rx et Caulis Jixueteng, Rx Puerariae, Peri-
carpium citri reticulatae, and Rx Codonopsitis pilosulae. The combined
treatment group showed a statistically significant increase in local tumor
control and overall five-year survival as compared with the group treated
with radiation alone (p-value 0.05). The rate of local recurrence in the
intervention group was halved from 29% in those receiving radiation alone,
to 14% in the group receiving destagnation herbs as well. The five-year
disease free survival was increased from 37% in the control group to 53%
in the group receiving destagnation herbs. It is postulated that this herbal
destagnation formula may have improved tumor microcirculation and
increased tumor blood flow leading to an improvement in the oxygen
tension inside the tumoFhe oxygen tension increases the radiosensitivity
of the tumor In other words, the destagnation formula has acted as a
radiation sensitizer

In animal experiment&ingko biloba has also been showniterease
perfusion and radiosensitivity (Kleijnen and Knipschilé92; Sungt al .,
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1996). Chinese herbs, suchSasviae miltiorrhizae, which inhibit tumor
edema caused by free radicalay also increase tumor perfusion, oxyge-
nation and response tadiotherapy (Sageet al., 1995; Peigeret al.,
1996). Otheherbs may directly sensitize neoplastic cells to radiotherapy
(Huali et al., 1994). Some herbs may protect normal tissues femto-
therapy For examplePanax ginseng and Panax quinguefolium water
extract (especially Rh2 ginsenoside) may radioprotect thnmagianisms
involving antioxidative and immunomodulatipgoperties (Leet al., 2005).

More clinical trials need to be done to further evaluatepiomising
role of herbs in potentially improving the therapewain. Novel non-
invasive techniques such as functional MRI grabkitron emission
tomography may be useful (Saghgl., 1993).

(i) Acupuncture

The interaction of acupuncture with appropriate acupoints modulates
blood flow (Thomaset al., 1992; Chacet al., 1999; Zhouet al., 1995;
StenerVictorin et al., 1996). This may be through a localfeft via
release of cytokines, or through neurological reflexes that adjust the
balance between the sympathetic and parasympathetic nervous system. Its
effect on tumor physiology and response to therapy remains to be
investigated. Howevewe do know that electric pulses to the tumor can
increase the response to chemother@pyhasdl study of electro-
chemotherapy using cisplatin in patients with skin nodules from malignant
melanoma demonstrated a significantly increased control rate compared
to cisplatin alone (Sers# al., 2000). Howeverthe efect of acupuncture

may be more diverse through the promotion of local cytokines at
physiological levels.

(b) Enhancement of Immunity
() Herbs

Another strategy that TCM uses in cancer therapy is to strengthen the
whole body-mind system by enhancing and harmonizing the energy balance
between all the organs. This may be viewed as correcting an imbalance
in the body-mind communication network and is reflected by an
enhancement in immunityThis is calledFu Zheng treatment and is
mediated by the specific group of TCM herbs calfedZheng herbs
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(Ning et al., 1988; Linget al., 1989; Chen, 1990vu et al., 1990; Hou
et al., 1991; Racet al., 1991; Li, 1992Yu et al., 1993; Cacet al., 1994;
Cheng, 1994; Horiet al., 1994; Linet al., 1995). There is some limited
evidence that improvement of the immunological function of cancer patients
is associated with an improvement in their survival. In CHiweZheng
herbs have been reported to increase survival when combined with
radiotherapy for patients with nasopharyngeal carmecet when combined
with chemotherapy for patients with stomach and liver cancer (Macek,
1984;Wang, 1990).

Fu Zheng herbs, includingRx Ginseng, Ganoderma, Rx Astragali
membranaceus, Rx Angelicae sinensis, Cordyceps sinensis and Fructus
Lycii, have been shown to enhance the ®dgfensenechanisms. Clinical
studies, including two randomized triafgve found that the NK cell and
OKT4 (immune-enhancintymphocyte) cell counts were increased with
the use ofFu Zheng herbs (Ninget al., 1988; Linget al., 1989; Chen,
1990;Yu et al., 1990; Houet al., 1991; Racet al., 1991; Li, 1992;Yu
et al., 1993; Cacet al., 1994; Cheng, 1994; Horgt al., 1994, Linet al.,
1995). These immunocytes are known to attack cancer cells. In a study
of gastric cancer patients, increased survival was found in the combined
treatment group receiving bou Zheng herbs and chemotherapy versus
the chemotherapy alone group. Many of these herbs are associated with
an increase in cytokines, such as interferon and interleukin (Kavetkita
al., 1990; Jiret al., 1994; Fengt al., 1995). Chinese studies also suggest
that healing of normal tissues may be enhanéedi-inflammatory
constituents may diminish radiation-induced ulcers and chemotherapy-
induced stomatitis (Zhu and Zhang, 1993; Zhu, 1994). Howdlvese
studies still need to be verified in thest, using acceptable standards
and quality assurance.

Recently the concept of immune enhancement has gainedyrawd
with the discovery that both the cytotoxic therapiesthedcancer suppress
immunity, and that low immune levels maycrease the probability of
relapse. In addition, an intaicinate immune system is necessary for the
activity of new cancewvaccines. The interaction of host immunity with
the naturahistory of cancer is suggested by Bura@&timune surveillance
theory; the fact that immunodeficiency diseases are assoeidtedn
increased risk of cancer; and the fact thmhune-enhancing therapies in
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malignant melanoma and renal cedircinoma have produced anti-tumor
responses. There is evidenhat the healthy immune system is necessary
for the control ofmalignant disease and that immune suppression associated
with cancer contributes to its progression. Natural immune medters
implicated in resistance against tumor developniéhiteside, 2006).
Adaptive immunity is often suppressedumor-bearing hosts, and specially
designed agents are requitedboost this defense (Berkeyal., 1998).
Hormonalmanipulation of the host can result in the elevation of immune
defenses against cancBuch manipulation strengthens both akaptive

and natural immune defenses of the host, both of whieh significant

roles. Cytokines and hormones boost natdesénse mechanisms during
febrile reactions, which are now knovas the acute phase response.
Hormonal stimulation of immunenechanisms coupled with the other
immunostimulants may bEmployed to good advantage for the combination
immunotherapy o€ancer Many Chinese herbs contain glycoproteins and
polysaccharides that can modulate metastatic potential and the innate
immune system. Metastasis of malignant tumors may be a specific receptor-
mediated process in which organ-specific lectins play a role in the adhesion
of disseminated tumor cells. Glycoprotein-mediated membrane identity is
part of the HLA antigen histocompatibility system. The abnormal
carbohydrate group on the tumor cell could have formed during malignant
transformation. The metastatic tumor cell, with its membrane-associated
glycoprotein (often identical with the tumor marker) is recognized by the
organ specific lectins as belonging to the organ, and is thereby captured.
In vitro experiments show that galactoglycoconjugates can inhibit the
adhesion of tumor cells to hepatocytes (Beuth, 1988). Immune suppression
in cancer contributes to progression and relapse (Kediuali, 1995;
Vuckovi-Deki et al., 1992; Maieret al., 1995; Miyazakiet al., 1995;
Baniyash, 2006Whiteside, 2006; Sasadhal., 2003;Wichmannet al.,

2003; Banget al., 2006; Koukourakist al., 2003). There are currently
multiple strategies to identify candidate tumor antigens, and we now
understand more about activation and regulation of immunity against.cancer
Vaccines can tget tumorspecific antigens, but adjuvants are required to
boost the innate immune response, especially in patients who already
have depressed immunity from tumor-derived signaling molecules and the
effects of cytotoxic therapies tg&enson, 2005; Mine2002; Hofmann
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et al., 2004). Phytochemicals, such as specific polysaccharides, have
been shown to boost the innate immune system, especially through
interaction withToll-like receptors (TLRs) in mucosa associated lymphoid
tissue (MALT) (Tsan, 2006; Seet al., 2005; Rezaie, 2006)LRs evolved

to interact with polysaccharides found in the walls of bacteria and are an
essential part of developing and maintaining a competent immune system
(Heine andAlmer, 2005). Polysaccharide extracts and complexes from
Chinese medicinal herbs and mushrooms may have a potential role for
enhancing innate immunityhere is some evidence from clinical trials
that they can improve survival (Chang, 2002). The polysaccharide
complexes and extracts include constituentSanfolus versicolor (extract

is Krestin, PSK or PSP) (Zerg al., 2005; Itoet al., 2004; Ohwada

et al.,, 2004; Kodaet al., 2003; Tsanget al., 2003; Kanazawat al.,
2004;Wong et al., 2004 and 2005; Munemot al., 2002; Hayakawa

et al., 1997; Ogoshkt al., 1995; Mitomiet al., 1992; Nakazatet al.,
1994), Ganoderma lucidum (Shaoet al., 20044a; Lin, 2005; Kuet al.,

2006; Gaaet al., 2003; Kodamat al., 2005a)Grifola frondosa (maitake
MD-fraction) (Kodamaet al., 2002, 2003, 2005a and Atsuyuki et al.,
2002), Astragalus membranaceus (Shaoet al., 2004b),Panax ginseng
(Shinet al., 2002 and 2004; Haret al., 2005; Limet al., 2004), and
various other medicinal mushrooms (Ooi and Liu, 2000; Zaidehah,

2005; Lindquistet al., 2005). Molecular mechanisms for the immuno-
biological functions may be through various receptors on macrophages,
monocytes and NK cells, which activate NF-kB and anti-tumor
cytokine secretion. Interactions may include complement receptor
type 3, CD14, mannose, and beta-glucan receptors. There is evidence of
interaction with TLRs, especially TLR4, with polysaccharides derived
from Astragalus membranaceus, Acanthopanax senticosus/koreanum,
Ganoderma lucidum and Platyloden grandiflorum (Han et al., 2003;
Schepetkin and Quinn, 2008hn et al., 2006). Immuno-suppression

in cancer patients can reduce the efficacy of anti-cancer vaccines and
increase complications from opportunistic infections. Polysaccharides
(mainly beta-D-glucans alone or linked to proteins) from the cell walls of
various traditional Chinese medicinal mushrooms and plants show anti-
tumor and anti-infection activities through activation of monocytes,
macrophages and NK cells future research strategy should authenticate
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the source of these polysaccharide extracts and screen them for interaction
with TLRs in the gastrointestinal tract of animals. Oral agents that boost
cell-mediated immunity through the MALmnay be subsequently evaluated

in human Phaskstudies for dose-response (cytokine and immune cell
assays) and safet@ptimized, authenticated polysaccharides may play a
role in enhancing the potency of anti-cancer vaccines and other therapeutic
modalities. These non-cytokine molecules appear to signal primarily through
the TLRs, which are expressed by dendritic cells. In the MAhese
agonists can induce a host of proinflammatory cytokines such as tumor
necrosis factor-alpha, IL-12, and IL-6, as well as €hd CD& T

cells. Combining radiation therapy and TLR agonists may reduce the
amount of radiation therapy required to eradicate tumors, thus acting as
an “immunosensitizer” (Koski and Czerniecki, 2005; DeMeiri., 2005).
Further evidence of the potential usefulness of polysaccharides in stimulating
an enhanced immune response comes from a study of orally administered
betaglucans (from maitake mushroom) that demonstrates an enhancement
of anti-tumor effects of monoclonal antibodies (Cheehal., 2002).
Ganopoly (aGanoderma lucidum polysaccharide extract) modulated
immune function in advanced-stage cancer pati€rgatment for 12veeks
resulted in a significant increase in the mean plasma concentrations of Il-
2, II-6, and IFN- gamma, whereas Il-1 and TNF-alpha were decreased.
NK activity was increased, but there was no significant change in
the levels of CD4, CD8+ or the CD4/CD8+ ratio (Gaoet al., 2003).
Lymphoproliferative neoplasms, such as lymphomas and leukemias, may
be particularly sensitive to changes in cytokine balance. The Memorial
Sloan-Kettering Cancer Center (N&tork, NY, USA) has commenced

an NCI-sponsored Phabkstudy of beta-glucan and rituximab in pediatric
patients with relapsed or progressive CD-20 positive lymphoma or leukemia
(Clinical Trials Government, 2006).

Evidence indicates that the healthy immune system is necdesary
control of malignant disease and that immune suppreassotiated with
cancer contributes to its progressidimorshave developed strategies
to successfully evade the host immsgstem, and various molecular and
cellular mechanismsesponsible for tumor evasion have been identified.
Some ofthese mechanisms target immune anti-tumor effector cells.
Dysfunction and apoptosis of these cells in the tumor-behdagcreates
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an immune imbalance that cannot be correcteichbyunotherapies aimed

only at activation of anti-tumor immunesponses. Reversal of existing
immune dysfunction andiormalization of lymphocyte homeostasis in
patients with cancemeeds to be a part of future cancer immunotherapy
(Whiteside,2006). Therapeutic strategies are being designed to correct
the immune imbalance, deliver adequatevivo stimulation, transfer
effector T cells capable ah vivo expansion and provide protection for

the immune effector cells re-populating the host. Survival of these cells
and long-term memory development in patients with malignancy are
necessary for improving clinicddenefits of cancer immunotherapies.
Polysaccharides derived from Chinese herbs and mushrooms are emerging
agents that seem to enhance cytotoxic drugs, radiothesapery, and

the newer targeted therapies and vaccines (Chang, 2002; Chan, 2005a
and b; McCulloch, 2006).

(i) Acupuncture

Multiple animal and clinical studies have also suggested that acupuncture
has a positive immune-modulating effect in cancer patients (Biahchi
al., 1991;Yuan and Zhou, 1993Vu et al., 1994 and 1996&anget al.,

1994; Liuet al., 1995;Wu, 1995; Satet al., 1996; Pettiet al., 1998;

Zhou et al., 1999a). In these studies, acupuncture has been shown to
increasel-lymphocyte proliferation, increase NK cell activities, activate
the complement system and heat-stable mitogenic humoral, factdr
increase OKT4 cell counts. Inhibition of the growth of transplanted
mammary cancer has also been shown in mice with the use of acupuncture.
The main acupoints that were used in these studies were thoseppait

blood formation and Spleen functiofhese points include LI 4, LI11 S

36, Sp 6, Spl10, P6, UB 20, GB39 and GVAA.increased level of all
components (red blood cells, white blood cells and platelets) was found.

(c) Hormonal effects

Some Chinese herbs inhibit hormone-responsive tumor cells. PC-SPES is
a combination of herbs with partial estrogenic activity associated with
activity against prostate cancéne study correlated laboratory activity
with clinical response (DiPaolat al., 1998). On the basis of these
findings, a National Cancer Institute (NCI) randomized controlled trial
was initiated. Unfortunatelythe clinical trial was terminated when a
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batch of PC-SPES was contaminated with the hormone stilboestrol and
other pharmacological agents. It is not certain whether there was deliberate
adulteration or accidental contamination (Guns, 2002).

Acupuncture may stimulate steroid levels and other hormasues,
as melatonin, somatostatin, and vasoactive integigyaide, which could
potentially have anti-tumor effec{dassionet al., 1995; Zhanget al.,
1997 and 1999k xposure of the popliteal fossa (over the Bladder meridian)
to bright light modulates the circadian release of melatonin frenpineal
gland (Campbell and Murph$998).

[I1] Cancer Prevention

TCM also emphasizes appropriate nutrition according to specific
constitutional and disease patterns. Green Gzangllia sinensis) and
Panax Ginseng are two dietary supplements which have been extensively
investigated in both the laboratory and in epidemiological studies. Both
reduce the risk of cancer induction, and they both may prevent cancer
recurrence (#ng andVang, 1993; Kaegi, 1998un and Choi, 1998).

Green tea Camellia sinensis) contains isoflavones and powerful
antioxidant called epigallocatechin (EGC) (McKeredal., 2000). The
latter may potentiate the destruction of carmmls through the process
of apoptosis (nhatural programmed akdhth) and by inhibiting angiogenesis
(new blood vessdbrmation that enhances tumor growth and metastasis)
(Cao andCao, 1999; Fujikiet al., 1999).Panax Ginseng may induce
the differentiation of neoplastic cells into normal tissue (leteal.,
1996). Both EGC and Ginseng appear to restore nommeicellular
communication through the gap junctions (Kahgl., 2000). Both dietary
supplements seem to work through nowedchanisms of signaling and
communication through the body-mindtwork.

The soy bean contains genistein, which is an isoflavonemittiple
anti-cancer effects demonstrated in the labora(Bgik, 1996). These
include the induction of tumor cell deatirough the process of apoptosis,
inhibition of cancer celproliferation through decreasing the availability of
sex hormones, inhibition of angiogenesis, inhibition of tyroskiease
(involved in intracellular signaling from the membranéh® nucleus), and
inhibition of platelet aggregation (Kiet al., 1998; Liet al., 1999a and b).
Someepidemiological studies suggest that populations with a higlrsoy
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tofu content in their diet may have a reduced risk of bremster (Wi

et al., 1996b;Witte et al., 1997; Luet al., 2000),whereas other studies
cannot confirm this link (Kewt al., 1999). The phytoestrogens contained
within soy may reduce theymptoms of hot flashes associated with
chemotherapy-inducedenopause (Scambghal., 2000), although not all
studiessupport this (Quellat al., 2000). The isoflavones aptiytoestrogens

in soy also appear to reduce the incidencerobtate canceland may
play a role in prevention and as atjunctive therapy to reduce the risk
of recurrence (Jacobsen al., 1998; Kamat and Lamm, 1999; Moyad,
1999; $ephens, 199%Adlercreutzet al., 2000). Cell culture and animal
xenograftstudies show that treatment with soy is associated with inhibition
of prostate specific antigen, deactivation of NF-kappa B (a nuclear
transcription factor), induction of apoptosis (programmed cell death), and
inhibition of angiogenesis (Aronsa al., 1999; Daviset al., 1999 and
2000; Zhouet al., 1999b).

TCM herb combinations may reduce the risk of lung cancexin
smokers An NCI sponsored study through the British ColumBGancer
Agency led by Dr Sephen Lam, is recruitingarticipants aged54-74
years, who are ex-smokers, to evaluateestfieacy of a herbal combination
called Anti-Cancer Preventivélealth Agent (ACAPHA) (personal com-
munication). This contain§Sophora tonkinensis, Polygonum bistorta,
Prundlla vulgaris, Sonchus brachyotus, Dictamnus dasycarpus, and Dio-
scorea bulbifera. In Chinese studieACAPHA reduced the risk ofso-
phageal cancer by 50%, through reversing severe esopkiggpkisia. In
addition, a pilot study of 20 former heavy smokeith bronchial dysplasia
treated withACAPHA showed that, afte6 months, 50% had complete
regression of dysplasia, comparedaily 13% in the placebo group.
Panax quinquefolium (Americanginseng) appears to reduce death and
increases quality of lifen survivors of breast cangesuggesting that some
botanicalsmay prevent recurrence (Gatial., 2005).

(2) Psychoneuroimmunology (PNI)

Psychoneuroimmunology (PNI) is a scientific discipline that has produced
evidence for a dynamic mutual interaction between the mind, nervous
system, endocrine system, and immuriitye interaction of emotions and

immunocytes through molecules, such as neuropeptides, is now well
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recognized. In fact, the immune system can be viewed as a complex
evolutionary communication system within the body-mind network (Page
and Ben-Eliyahu, 1997; Jessop, 1998; Nutt, 1998;dPalt, 1998; Rabin,
1999). TCM recognizes this complex interaction between personality
mood states, and susceptibility to illness through malfunction of the body-
mind network.

There is accumulating evidence that psychological functitinked
with outcomes in cancer patients (Sheketlal., 1981;Levy andWise,
1987; Ramirezet al., 1989; Orsiet al., 1996; Andersonet al., 1998;
Watsonet al., 1999).There is evidence suggest a link between mood
disorders and function of tiemmune system. Indeed, the experience of
pain and sdéring isintimately connected to immunity mood disorder
such ashelplessness and hopelessness may lead to a depressed immune
system.Treatment of depression and feelings of hopelessnessatay
only increase quality of life, but may also increaservival (Spiegett al.,
1989; Fawzyet al., 1995; Fawzy1999).In a cancer practice, 50% of
patients suffer from clinicallyecognized depression. In 15% of these
patients, the degree depression is severe. Therefore treatment of de-
pression is aimportant intervention in the management of the body-mind
network of cancer patients.

Conventionallyclinical depression is treated with ana¢dication, such
as amitriptyline or the newer serotomguptake inhibitor drugs. Studies
indicate that acupunctuteeatment may be an equally effective alternative
treatmenimodality to drugs in patients suffering from mild depression. In
one studythe profile of side ééct associated with acupuncture treatment
was shown to be better than amitriptylifiéan, 1986). In a single-blind
placebo-controlled study of ttentidepressant, mianserin, supplementary
acupuncture improvetthe course of depression more than pharmacological
treatmentvith the drug alone (Roschiekal., 2000). Since pharmaceutical
antidepressants are not usually effective until two weeks after starting
therapy their combination with acupuncture may enable more rapid results
with less side effects.

(3) Symptom Control

Cancer patients experience multiple symptoms related either to the cancer
itself or late treatment side fe€ts. Even if a patiers’ cancer were
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clinically “cured”, the person may still be suffering from late treatment
side effects. For example, radiation may cause xerostomia, trismskiand
ulceration. These side effects have an adverse effect on quality of life,
and are often not fefctively managed by conventionafestern medicine.
Chinese medicine plays a useful role in symptom supportive care for
cancer patients. Symptoms that can be effectively managed include general
constitutional symptoms, such as fatigue and depression, pain, and specific
symptoms such as gastrointestinal side effects and myelosuppression.
Cancer patients receiving chemotherapy usually develop myelo-
suppression (with risk of infection and bleeding) and gastrointestinal side
effects (nausea, vomiting and diarrhea). They easily become fatigued and
develop a reduced appetite. In TCM terms, the chemotherapeutic agents
are causing Spleen and Kidney deficiency leading to a general decrease
in gi and blood. Radiotherapy and chemotherapy act as “heat toxins” that
damage thgin andqi. “Heart fire” is expressed as stomatitis; “deficient
Spleengi” is manifest as diarrhoea. Chemotherapy drugs “disturb Spleen
and Stomachyi”, expressed physically as damage to the lining of the
stomach and intestines (Rosenberg, 1997). These physical expressions
are only part of the disturbance in the body-mind network and will inevitably
be accompanied by emotional disorders (such as depression, anxiety
insomnia), and constitutional change (such as fatigue or hyper-excitability
and poor concentratiorfter an evaluation and diagnosis of the disturbance
in the body-mind network, appropriate combinations of herbs, acupuncture,
nutrition, and Qigong may be utilized.

(i) Herbs

Spleen and Stomadih are supported by appropriate formulas containing
Rx Ginseng, Poria, and Rh atractylodis macrocephala (Rosenbady,
1997). Depletedin leads to dry and sore mouth, thirst, constipation and
scanty dark urine. The harmonious relationship between Kidney and Heart
is disturbed, leading to insomnia, restlessness, disorientation, palpitations
and low back pain. This combination of symptoms is traditionally alleviated
with combinations ofRh Anemarrhenae, Cx Phellodendron, and Rx
Rehmanniae. The weakening diji is associated with depressed immunity
and susceptibility to infection and cancer progression. Medicinal mushrooms,
such asGanoderma, Cordyceps sinensis, and Shitaki strengthen thej,
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which is associated with an improved immune profile and anti-tumor
activity. Another herb with potent immune-stimulating propertiefvis
astragali membranaceus.

At least five randomized controlled trials have shown that Chinese
herbal treatment can decrease the degree of myelosuppression, reduce
gastrointestinal side fefcts and increase the patisrappetite (Ningt al.,

1988; Linget al., 1989; Chen, 1990vu et al., 1990;Wang, 1990; Hou

et al., 1991; Racet al., 1991; Li, 1992Yu et al., 1993; Cacet al., 1994;
Cheng, 1994; Horiet al., 1994; Linet al., 1995). Importantlyit can also
increase the probability of patients completing the scheduled chemotherapy
One randomized trial recruited 6fatients with late-stage gastric cancer
(Yu et al., 1993). One group of patients was treated with herbs that
support the Spleen and Kidney functialat Pi Yi Shen prescription)

twice daily for four to six weeks with concurrent chemotheraytyile
another group was treated with the same type of chemotherapy alone.
The combined treatment group showed significantly higher leukocyte and
platelet counts with less general and gastrointestinal side effects. The
percentage of patients completing the scheduled chemotherapy was 95%
in the combined treatment group versus 74% in the chemotherapy alone
group (p-value< 0.01). Unfortunatelythe quality and verification of the
data from these studies, which were reported from China, are not at a
high enough standard that a definitive meta-analysis can be done at this
stage.

In TCM, systemic Chinese herbal treatments and topical herbal
applications appear to be effective in treating cancer-related pain. In one
study the efectiveness in pain control was shown to be over 90&hd@Y
et al., 1995).

Ginger root has been shown in many clinical studies to have anti-
emetic activity (Mowrey and Clayson, 1982; Grontved and Hernt286;
Grontved et al., 1988; Boneet al., 1990; Fischer-Rasmusse&h al.,
1991). It appears to particularly help nausea that may be intransigent to
standard anti-emetics. Ginger syrup is shown to be effective in a randomized
controlled trial (Keating and Chez, 2002). Caution should be used with
patients on anticoagulants and those with low platelet levels, since it does
have anticoagulant effects at higher doses.

Vitexina (Migna radiata) is a flavonoid herb with radio-protective
effects that may be useful for reducing some siflects of radiotherapy
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It treats the heat or yin-deficiengjde effects of anti-cancer treatment,
such adatigue, restlessness, insomnia and constipation. This dmpty
syndrome is characterized through tongue diagnosis, wineals a red,
denuded and cracked tongue. Since the tongubeismost densely
innervated agan in the bodyit may reflectthe imbalance between yin
and yang, via the autonomic nervaystem, which in turn may influence
blood flow and epitheliakell turnover through the local release of
neuropeptides ancytokines A randomized controlled trial of breast cancer
patients receiving radiotherapy showed Wigexina preventethe empty
heat syndrome, reduced weight loss, and protegaihst a reduction in
peripheral lymphocytes and platelétsan, 2002).

The role of Chinese herbs, together with conventioiaktern
pharmaceuticals, for symptom control is currently uncleaboratory
data suggests that they can be effective modifidogoohemical pathways,
immunostimulants, and signal transductioodulators. Potential detrimental
interactions and idiosyncratioxicity are possible. Future studies need to
be done using momgorous methodology and quality assurance. The use
of appropriate modeling and suitable evaluative methodolshadd enable
the integration of Chinese herbology into@merging model of holistic
Western medicine.

(i) Acupuncture

Acupuncture treatment at acupoint P6 has been shown to increase the
anti-emetic effect of drugs for peri-operative and chemotherapy-induced
nausea and vomiting (Dundes al., 1986 and 1989). Innovative
randomized single blind controlled trials have since confirmed these results
(Al-Sadiet al., 1997; Schlageet al., 1998; Lee and Done, 1999) and led

to the NIH (US) consensus statement that, “acupuncture is a proven
effective treatment modality for nausea and vomiting” (NIH Consensus
Development Panel oAcupuncture, 1998)A three-arm randomized
controlled trial of conventional modern anti-emetics (such as the;5-HT
antagonists), versus electro-acupuncture, versus the combination of anti-
emetic drugs plus acupuncture, clearly demonstrated that the combination
arm was the most effective for preventing nausea and vomiting (Shen
et al., 2000). Stimulation of P6 may be done more conveniently with
a small transcutaneous nerve stimulation (TENS) device, such as the
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ReliefbandM. A recent randomized controlled trial could not confirm its
efficacy in the control of chemotherapy-induced nausea in women
with breast cancer (Roscae al., 2005). This may have been due to
tolerance or because these patients were already maximally controlled by
pharmaceutical anti-emetics, and therefore provided no advantage over
medication aloneA meta-analysis of acupuncture-point stimulation for
chemotherapy-induced nausea or vomiting shows a benefit over and above
drug therapy (Ezzet al., 2005). Howevemot all the studies used optimal
drug therapyand this may need to be optimized before using acupuncture
for refractory cases. Self-administered acupressure appears to have a
protective effect for acute nausea.

Pain is a common symptom of candeauses of pain can bissease-
or treatment-relatedAcupuncture has been shown to éffective in
managing pain and other symptoms in cancer pat{@msmpson and
Filshie, 1998). In a retrospective study from Bwyal Marsden Hospital
(London, UK), 183 cancer patients witalignant pain, iatrogenic pain
and radiation-induced chronidcers were treated with acupuncture (Filshie,
1984, Filshie andRedman, 1985). There was an improvement in 82% of
the patientsbut effectiveness only lasted for more than three days in half
of the patients. latrogenic pain (for example, pain duadation fibrosis
or skin ulceration) and pain due to secondamyscle spasm responded
better than malignant pain. Furthermdmereased blood flow with improved
healing of skin ulcers wademonstrated after treatment with acupuncture.
A randomizedcontrolled trial using ear acupuncture showed a profound
effecton cancer pain (Alimét al., 2003).We also have similaxperience
with the high but short lasting effectivenessaotipuncture treatment in
malignhant painWWe suggest thatcupuncture is a useful treatment modality
that may best beombined with other treatments to improve pain control,
resulting in reduced doses of pharmaceutical analgesics. This has the
benefit of reducing the incidence and degree of drug-induced side effects.
A systematic review could not demonstrate the effectiveness of
acupuncture as an adjunctive analgesic method for cancer patients (Lee,
2005). Howeverthere was only the one randomized controlled trial (Alimi
et al., 2003), and all the other studies were generally of poor scientific
quality (Lee et al., 2005). The intensity of stimulation, especially
electrostimulation, may be important (Barlas, 2006).
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Some patients may not be able to access an acupuncturist because
geographic restrictions or poor performance statumldition, some patients
may not tolerate needle insertions. foese patients, a transcutaneous
nerve stimulator (TENS) has trelvantage of easy administration by
patients or staff withminimal basic training. Recently acupuncture-like
TENS (AL-TENS)devices have been developed to mimic the treatment
of acupuncture using low-frequency (e4dz), high-intensity stimulation
(Pomeranz and Niznik, 1987). The goal is to recruit the high threshold
type Il afferent nerve fibers that are potent releasers of endorphins.
Recent meta-analyses (including a Cochrane Database systematic review)
have shown thaL-TENS is more dective than placebo, and improves
function more than standard TENS, when treating chronic pain (Patel
et al., 1989; Gadsby and FlowerdeW997; Ernst andVhite, 1998;
Ghonamest al., 1999).AL-TENS devices are very simple machines that
patients can learn to operate in less than an’$idtaining.An acupoint
prescription may then be given to the patient who can administer the
appropriate treatments withL-TENS at home.The Codetrof is a
sophisticatedL-TENS device that has the advantage of reducing tolerance
to its analgesic effect, by electronically rotating through a series of random
electrical stimulation patterns and acupoint locations.

Other symptoms that may be helped by acupuncture include
constipation, trismus (post-radiotherapy contracture afnideseter muscle)
(Ernst and White, 1999), radiotherapy-associatedtitis (Zhang, 1987),
hiccups (Mn, 1988), persistent yawninVong and Sagar2000),
chemotherapy-induced peripherauropathy (Wng and Sagar2006),
and dysphagia secondary toemophageal neoplasm (Feng, 1984). Although
observational studieBy Filshieet al. (1996) showed that acupuncture
may improvecancer-associated dyspnoea, this was not supported by a
laterrandomized controlled study using semi-permanent acupurstiuie
(Vickers et al., 2005). Suppression of anxiety lygupuncture may be
associated with an increase in the pthireshold (Viderstrom-Nogaet
al., 1998).Acupuncture may alsplay a role in the treatment of fatigue
and malignant cachexiarough the modulation of cytokines and hormones
(Lissoni et al., 1996; Campbell and Murphy998; Glaus, 1998;t&ne
et al., 1998). A Phasdl study of acupuncture for post-chemotherapy
fatigue (average of two years) showed a mean improvement of 30% on
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the Brief Fatigue Inventory (@kerset al., 2004).This met theresearch
groups pre-specified criterion of clinical importanit®t has prompted the
initiation of a randomized shaatupuncture controlled trial.

Patients who are in remission from their cancer maycstiitinue to
suffer from late treatment side effects with reducpality of life.
Radiation-induced xerostomia (dry mouth) is afidhe distressing late
side effects seen in patients wiegeived radiation treatment that involved
the parotid glandsThe presence of this condition renders patients with
loss of taste and diffculty in speaking and swallowing. Recently
acupuncture treatment has been found to increase blood flaheto
parotid glands and may stimulate tissue regeneratigratiatid glands
damaged by radiotherapy (Bloghal., 1992 andl993;Talal et al., 1992).

A randomized controlled trialf 38 patients with radiation xerostomia was
reported from theKarolinska Institute (Sweden) (Bloe al., 1996).
Subjects wererandomized to either deep acupuncture treatment or
superficial acupuncture treatment. The latter group was used as the
control,despite previous evidence that superficial acupuncture treatment
can have a certain degree of effectiveness and should niteldeas a
control in acupuncture treatment trials. In this stitdyas found that in

both groups, there was more than a 20%ease in saliva flow rate in
more than 50% of patients. line deep acupuncture group, 68% of
patients demonstrated amcrease in salivary flow rate. Changes in the
control groupwere smaller and appeared after a longer latency phase.
Moreover patients in the treatment group reported less dryress,
hoarseness and improved taste. In another,stOgatients with xerostomia

due to either Sjogres’ syndrome orlirradiation were treated with
acupuncture (Blom and Lundebe2000).A statistically significant increase

in unstimulated andtimulated salivary flow rates (SFR) was found in all
patientsimmediately after acupuncture treatment, and up to six months
follow-up. After a review at three years, those patients wainase to be
treated with additional acupuncture demonstrated a consistently higher
median SFR, compared to those not having additional acupuncture. Despite,
some limitations in the study design, both studies provide evidence
suggesting acupuncture can be effective in treating radiation-induced
xerostomia, with minimal side effects. In a prospective single cohort,
visual analogue assessed study of acupuncture in palliative care patients
with xerostomia, there was a highly significant alleviation of subjective
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xerostomia (Rdholm and 8ang, 1999). Other studies are confirming the
clinical use of acupuncture for relief of radiation-induced xerostomia
(Johnstonest al., 2001).

At the Hamilton Regional Cancer Centre (Canada), a PhaseH|
study of AL-TENS in the treatment of radiation-inducgerostomia has
been completed (Mget al., 2003). Forty-fivepatients were randomized
into three treatment groups withL-TENS stimulation using the
Codetron™ to three different seibacupuncture points: Growp— CV
24, St 36, Sp 6, LI 4; Group — CV 24, St 36, Sp 6, P6; and Groop—

CV 24, St 5, St 6, Sp ®6. The goal of this study was to determine the
optimum pattermof stimulation (based on TCM theory) prior to designing

a placebo-controlled studAL-TENS treatment was administeréalice

a week for a total of 1&eeks. Unstimulated arsfimulated salivary flow
rates before, during and afteeatment were measured, and a survey of
the patientsyguality of life was assessed during a follow-up of one year
There wasn improvement in xerostomia symptoms with a mean increase
in the visual analogue score at three and six months @fatment
completion All patients demonstrated a significantrease in the mean
basal and citric acid primed saliva production. The results suggest that
Codetron™ treatment improves saliva production and related symptoms
in patientssuffering from radiation-induced xerostomiaeatment décts

are sustained at least six months after completion of treatfeetent

fMRI study showed activation of the insula region of thrain, the
location associated with gustatory function (Denhgl., 2006).

Acupuncture can reduce the hot flushes associatedanttfcancer
hormone therapyThree prospective uncontrollezbhort studies have
been done, one in men castrated for prostateey and two others in
women taking tamoxifen for breastncer They all demonstrated a
reduction in vasomotor symptorfftdammaret al., 1999;Tukmachi, 2000;
Cumins and Brunt, 2001)ong-term administration using semi-permanent
studs or withneedles, especially at SP6 appears to be associated with
morelong-term relief of symptoms (Filshat al., 2005).

(4) Improved Function and Quality of Life Through Psycho-Spiritual
Integration

Psycho-spiritual philosophy plays an important role in Chinese medicine.
It is a complex philosophy beyond the scope of this chapteresponding



30 SM. Sagar & R Wbng

concepts between Eastern aldstern philosophies include the mind or
shen (in the Heart meridian), the intellectyofin the Spleen meridian),

the will power orzhi (in the Kidney meridian), the corporeal soulpor

(in the Lung meridian), and the ethereal sodiwr (in the Liver meridian).
Balancing of the Five Elements, associated with these psycho-spiritual
concepts, through herbs and acupuncture, may improve psychological and
spiritual well-being. The philosophy is well described in the literature
(Hammer 1990), but no scientific studies have addressed the interaction
of herbs and acupuncture with psycho-spiritual adaptation. Hoywseer
previously quoted studies of acupuncture being effective for some patients
with depressive-anxiety states, and treatment of these symptoms may have
a positive effect on psycho-spiritual transformation and transcendence
(Han, 1986; Roschket al., 2000).

Both Eastern andlVestern cultures have evolvedfdient forms of
“hands-on-healing”, prayeand intention to heal through altered states of
mind. The philosophy of Chinese medicine encourages an appropriate
state of mind, such as compassion and healing intent, to accompany a
practical procedure such as acupuncture (Ragigaly, 2000). Meditation
is important for both the practitioner and the patient. It induces beneficial
physiological adaptations. For example, meditation can restore a balance
between the sympathetic and parasympathetic nervous systems (Benson,
1975). It can also increase melatonin levels that can relieve insomnia, and
may have an anti-neoplastic effect (Massinal., 1995). There are
currently multiple hypotheses that scientifically support the rationale of
healing through influencing the patientiody-mind memory and information
system. These include manipulation of the systemic memory system
(Schwartz and Russek, 1999), electromagnetic entrainment (Zimmerman,
1990; Setat al., 1992:Walleczek, 1992; Sisken aldalder 1995; Cuzick
et al., 1998; Benfordet al., 1999; Childre and Cryefl999), interaction
with subtle engyy (Childre and Cryel999), and non-local positive intention
through compassion and centering (Grinberg-Zylberbatiad., 1994;

Tiller and Pecci, 1997; Nadeau and Kafatos, 2000). Clinical trials of the
effect of intent through prayer have shown efficacy in reducing side-
effects and complications (Dosse¥995; Harriset al., 1999), and a
recent systematic review and meta-analysis has confirmed the positive
effects of “distant healing” (Astiet al., 2000).
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A similar process is seen in the practice of Reiki (from Japan), external
Qigong (from China), Polarityherapy andrherapeuticlouch.There is
some evidence that they can all reduce the side effects of cancer and its
treatment, and possibly even help to inhibit neoplastic cells (Macek, 1984;
Fenget al., 1988; Quizi and Li, 1988; Cohen, 1997; Olson and Hanson,
1997; Shatet al., 1999).

These practices involve the practitioner laying-on her harastadrt
distance from the patient, with a positive and lovimgnt to heal. The
patients “enegy field” is assessed for theesence of any disturbance,
which may be detected over areastlé body involved by disease
processes. If an areadi$turbance is detected, the practitioner will “smooth”
the disturbance with her hands and channel “external energy” tdheeal
patients disturbed somatic erpgr field.

Many studies have been done to evaluate the usefulnesstittise.
Therapeutic touch can reduce anxiety and pain in dyamger patients.

It can be associated with an objectikeduction of biochemical and
biophysical indicators (Cox andayes, 1999)A meta-analysis has also
suggested that therapeutmuch has a low to moderate positive effect
size with an averageffect ratio of 0.39 (Whstead-Fry and Kijek, 1999).
Althoughthere are still a lot of controversies regardingédffectiveness
of therapeutic touch (Roset al., 1998), particularly with respect to
technique, end points and contralse patients’ subjective experience
should be considered @&sportant since it influences quality of life and
immunological status (Engebretson antfardell, 2000;Wardell and
Weymouth,2004).A recent randomized controlled trial of polarity therapy
demonstrated a reduction of fatigue associated with radiothéRaggoe

et al., 2005).

Qi gong, tai chi and awareness meditation are scientifically
demonstrated to affect physiological processes, incluglggromagnetic
changes that may represent the flowgigfTiller and Pecci, 1997; Syldona
and Rein, 1999). These technigeesourage a personal sense of control,
improve mood, reduce siddfects of treatment, increase immunignd
may be associatedith an improved outcome from cancer treatment
(Meares, 1978Young et al., 1999).Tai chi is a simple exercise for
cancersurvivors that deserves further investigation. It is a wigedgticed
movement exercise combining characteristicsnetlitative practice and
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aerobic exercise. Cancer survivors may benefit most from a mind-body
intervention such as tai chi. While studies previously have compared
changes of physiologic parameters comparing tai chi and aerobic exercise,
representing the “body” aspect of tai chi, studies are lacking that may
demonstrate differential effects of a mind-and-body activity compared to
aerobic exercise programAs the concept of the human being as a
mental-spiritual-physical entity is widely held and fundamental to many
health systems, there is a need to establish ways of investigating the mind
and body dects, as well as their benefits for disease and well-baing.
review of published randomized trials of tai chi suggests benefits in the
elderly and in cardiovascular diseases (Mangksgl., 2006). It is also
likely to help cancer survivors and to contribute to their rehabilitation.

1.7 Conclusions

There is emerging scientific evidence that Chinese medicine can play an
important role in the supportive care of cancer patients. There is enough
preliminary evidence to encourage good quality clinical trials to evaluate
the eficacy of integrating Chinese medicine inWestern cancer
care (Fontanarosa and Lundipet998; Sagar998 and 1999%agliaferri

et al.,, 2001). Currentlythe evidence for the utility ofCM in cancer

care is promising, but prospective randomized clinical trials for specific
clinical scenarios are necessary to obtain reliable and generalizable data.
Appropriate stratification and individualization according to TCM diagnostic
criteria is possible within the context of a randomized controlled trial
(Bensoussaret al., 1998).We believe that an evidence-based approach
can be integrated into an individualized therapeutic plan and that
there is still a major role for individual belief-systems and psycho-
spiritual experienceAssessment and measurement of coping strategies,
maintenance of function, quality of life, and patient satisfaction is important.
We are hopeful that future integration offdrent models of health, such

as TCM, may lead to further improvement of cancer patients’ survival
and quality of life (Saga2001).
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Chapter 2

Recent &tus and Outlook ofraditional
Chinese Medicine in Cancé@reatment

Dai-Han Zhou

Abstract

Traditional Chinese Medicine (TCM) has contributed significantly to the
health of the Chinese people; it has participated widely in anti-tumor
therapy and has formed a unique fieldT@M oncology This article,

which is based on literature revieelinical and basic research, explores
the role and efficacy of TCM in cancer treatment, discusses the problems
in the development of cancer therapy with TCM, and demonstrates that
this field could be developed on the basis of inheritance. In the process of
TCM development, the investigation of theory and concept can be divided
into stages so as to make it more objective, standardized and quantitative.
One should aim at the establishment of an evaluation system to assess the
clinical efficacy of TCM cancer therapy by using its own academic
characteristics, and TCM oncology could also strive for the combination
and integration oTCM with modern technology

Keywords. Traditional Chinese Medicine; Cancer Treatment; Evaluation.

2.1 Introduction

This article aims at the investigation of the effect and role of traditional
Chinese medicine (TCM) in current cancer treatment and explores the
development of TCM oncology in the future.

Traditional Chinese medicine has a very long history and becéuse
the concept that “herbal drug and food are of the same origiaty
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Chinese food and herbal medicines which are consumed in daigrdife
also applied in anti-tumor therapies. This wagglication of TCM gives a
unique pattern ohnti-cancer treatment. In China, few people\Wsstern
medicine (WM) alone in cancer treatmeAt.rather lage number of
patients place their hope on TCM because of the cultural background
and, reallyquite a few have obtained good clinical results. Clinical practice
has provedhat TCM has good effects on the detdytumor growth and

for certain cancers, initiates a direct inhibitory effect, improves the
quality of life and survivalincreases in the effects of radiotherapy or
chemotherapyor decreases their toxicfetts. TCM has its advantage in
cancelttreatment, which has been recognized by both megtiaatitioners

and patients. There is a Chinese folk saying: ‘&l to happiness is full

of hardships.” In the clinicglractice of cancer treatment or in the medical
market,quite a few patients are deceived by inaccurate newspgjpbes,
medical advertisements or possibly by medmrakers. They encourage
people to take functional food or dietasypplementary as chief anti-
cancer drugs for long-term use, which results in a waste of a lot of
money and delay in proper treatment. Driven by market economy
the “cancer swindlers” (including some so-called scholars, dishonest
advertisements, erroneous directions of newspapers and magazines or
duplicity with posting of the banner of an academic society) take advantage
of the grey region in layand proceed with illegal sale of “drugs”, causing
impairment of the reputation of anti-cancer TCM drugs. Medical specialists
and academic associations should strengthen popular science education
for the public, and the government should strengthen the management
according to the regulations, so that TCM in clinical cancer therapy can
proceed and develop in the right way

2.2 Methods

Through literature reviemclinical and basic research we use analytical
and inductive methods to objectively lay out the present status and inade-
quacy of TCM in cancer treatment.

TCM treatment of cancer possesses a long history andxjetiences;
its academic essence was recorded in the anaowedtical books of
internal medicine, sgery, gynecology pediatrics and other specialties.
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The clinicaldiagnosis and treatment guidelines were formed in Han Dynasty
and recorded in the bodkeatise on Febrile and Miscellaneous Diseases
(Shanghan Zabing Lun); its developmenivas brilliantly displayed by the
four famous scholars in the Jifuan Dynasty and the gical specialists

in the Ming Dynastyand its academic characteristics ripened in the
Qing Dynasty Therapeutic techniques on cancer were scattered over the
written experiences of sgery internal medicine, gynecologgnd of
miscellaneous diseases in the folk literature. It walsdrmediocre period

of the last century that this branchrogdicine sprouted from the many
clinical fields and formed a neindependent clinical branch of TCM. In
academic connotations, it requires prompt strengtheamigperfection.

For thousands of years, the experiences of T&dAtment in cancer
were scattered among the vast territoryan€ient literatures and in the
inheritance among families dierbal practitioners. The wide application
of TCM formeda unique pattern of Chinese anti-cantegrapy and
promoted the development €M oncology This TCM oncology covers
tumor etiologypathogenesis, early diagnosis, prognostic evaluatioical
treatment, convalescent therapgw TCM anti-cancer drug preparation,
mechanism research of anti-cancBCM drugs, research of TCM
therapeutic principles, thiterature review and study of ancient TCM
books and recordedmor cases. Through the experiences of TCM cancer
treatmenbver several thousand years, we can see that TCM was entrusted
with the task of treating tumors and it®mplications after surgical
operations, increasing the effectivenessd lowering of toxicity in
chemotherapy and radiotherapydthe increase of body resistance and
consolidation of patientgonstitution in the late stages of canttéwwever
there are divergemstandards of clinical research in Chisa the objectives
and research methodology ati-cancer herbs still have to be improved;
the problem of having netandard treatment for cancer patients should
not be ignored.

2.3 Results

From the recent status of clinical applications, we can see that the majority
of our patients prefer the TCM-WM combined therapy or the use of
TCM drugs as the chief treatment option. Individualized syndrome
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differentiation are adopted by most TCM practitioners in the vast rural
basic medical units, who prescribe drugs according to different symptoms.
Herbal drug decoctions are taken oradlytreatment method that is simple,
low in cost and easily accepted by patients. There are TCM treatments
that are combined with modern therapeutic measures, but such combination
approaches can only be applied in hospitals. Patients usually obtain clinical
or pathological diagnosis in hospitals and if they are weak after an operation,
physicians give them adequate convalescent treatmesdtments to
increase the effect of radiotherapy or to lower the toxicity of chemotherapy
are also available to patients. For patients in the late stages of,cancer
TCM therapy can also be administered, especially for the in-patients of
hospitals or out-patients whose tumor masses are comparatively large or
have shown metastasiat this stage, these patients are weak and the
measures of modern medicine arefidiflt to suppress the cancer
Treatment, therefore, chiefly aims at alleviating the symptoms, improving
quality of life and prolonging the survival time in the presence of tumors.
Research on the development of Clasmd Clasdl new anti-cancer
drugs or on adjuvant treatment of radiotherapy and chemotherapy with
Classlll and ClasdV new drugs is ongoing. Investigations of new drugs
are usually carried in universities, clinical research centers or State clinical
research bases for new drug evaluation where well-designed clinical trial
and quality of the study medication make the results more reliable.
However for new drug development, the financial input is comparatively
greater and thus no mor&CM drugs are developed in this manner
general, the number of patients who benefited from this pattern of drug
development is low

In China, over 10,000 TCM drugs, over 50,000 T@dmpound
formulas, over 3000 TCM drugs and nearly 300 T@&vmulas were
screened and validated in the anti-canaetivities. It was found that
some TCM drugs and preparatidmasd confirmed effectiveness in anti-
cancer (including singlaerbal, herbal formulae, oral liquid or parenteral
injections)such ad.iu Shen pill, Xi Huang pill, Pin Xiao capsuleHechan
Pian, Huai’er Keli, Shen Yi capsulelndigo Naturalis, Mylabris, Radix
Sophorae Flavescentis, Fructus seu Radix Camptothecae Acuminatae,
Ramulus et Folium Cephalotaxi Fortunei, Fructus Bruceae, Arsenic,
Kang Lai Te (Coixenolide), Elemene Emulsiofi Di injection, and so on.
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Research of natural drugs from natural sources usually includes the
following steps: pharmacological studies, tumor inhibition studies, ingredient
analysis, mechanism of action and clinical verification. In the recent
decades, the research of anti-cancer TCM drugs, in general, did not
deviate from this methodology

In the development of TCM anti-cancer drugs, complete adoption of
WM research methods may lead to the retrogression of efforts because
the unique characteristics of TCM are ignored. The soul of traditional
Chinese medicine lies in its basic principles and theories. The use of TCM
drugs cannot depart from the direction of TCM principles. The characters
and functions of Chinese herbal medicines is displayed through the four
properties and the five flavors, lifting and lowering, floating and sinking of
drug actions, and its influence on #amg- andfu-organs, channel tropism
(such as “supplemerji”, “nourish yin”, “activate blood”, “purgation”,
etc.). The investigation of anti-cancer TCM usually starts at the
effectiveness of a certain herbal formula. If the research results in the
formation of one anti-cancer TCM formula, the TCM principle would be
neglected and totally forgotten when applied clinically so that the anti-
cancer agents originated from TCM formulae become bodies without
soul. These problems lead us to think about the connotations of
modernization of TCM. The scientific implication of conventional TCM
drugs is revealed in its therapeutic effect, but TCM drugs are different
from WM drugs, which are chemically pure TCM formula is composed
of many herbs and these herbs decocted singly or in combination may
vary in ingredients as well as in quantity of the contents. One TCM
formula may give off a hundred chemical ingredients and this is why
TCM drugs have the character of action on multiple sites, multiple levels
and multiple tagets.Take the research &fuctus Bruceae as an example:
this drug was used in ancient times and in folk community to treat intestinal
cancer carcinoma of oesophagus and cervical canaad now the
Fructus Bruceae oil is extracted to fornmFructus Bruceae emulsion
injection for intravenous use or for arterial perfusion to treat digestive
system cancer or lung carcinoma. The composition of this herb is
complicated; it contains brucamarine, bruceantarin, glucosides (brucealin),
organic acid, fatty oil and bitter ingredients which are similar to guassin.
The Fructus Bruceae oil, water extract and alcohol extract all have anti-
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cancer effects; in the course of extractifigictus Bruceae emulsion,
the amaroid, which has four nigakilactone-like monomers, and also has a
comparatively good anti-cancerfext, is discardedThat is to saythe
now clinically usedFructus Bruceae oil injection does not represent
entirely the drug effectiveness of the TCM draguictus Bruceae. The
TCM decocta is time-consuming in preparation and difficult to take, while
the preparation of herbal instant powder is convenient to consume and is
a good exploration in TCM modernization. But in the process from herb
extract to the instant powdesome ingredients may be lost such as
pigments, starch and protein, and, in this wmaintenance of its
effectiveness is questionable. During the preparation process, when the
herbal formula decoction is heated, every herbal ingredient may undergo
combination, hydrolysis, aggregation, dissociation, oxidation-reduction
reactions with other herbal ingredients in the solution so that the component
and the contents are different between the separately decocted and the
mixed decoctedAn ancient herbal formula is formed according to the
“principle of sovereigntyminister assistant and envdyThese ancient
formulae had been used for several thousands of years and the efficacy
has been validated bowl of bitter decocta may be time-consuming to
prepare; howeveits efectiveness is reliable. Patients accept this kind of
herbal preparation and that is why TCM could pass from generation to
generation till today

A prominent problem in cancer therapy is over-treatment, whedms
that patients have to accept unnecessatiya-routineand ineficacious
treatment. The main direction of tumor treatmbas turned from the
20th century “search and destroy” to the r@nmtury “target and control”.
But, influenced by the olghattern of treatment, physicians in many
hospitals still usenon-standard, over-aggressive measures in different
degrees. Foexample, it may be harmful to perform gigal operations
for patients with late stage cancer and metastases wiitfestitreatening
complications. For some patients, chemotherapyleseh performed on
tumors under proper indicationafter several treatments, the tumors
may not be under control yet.olWever by this time, the patient has
become weak, the bomearrow and multiple organs are damaged. Thus,
perseverance of chemotheragy this stage would only aggravate the
deterioration. Moreovesomeradio-resistant tumors have shown multiple
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metastases, therefoenforcement of radiotherapy would undoubtedly
add sufering tothe patientWhile overtreatment may not cause much
jeopardy in patientaith primary cancer of lower malignancy and longer
survivaltime, howeverthe harm caused is obvious in thesth primary
cancer of higher degree of malignancy and relatively shuxtival time

like pulmonary carcinoma, liver carcinonma,adenocarcinoma of pancreas.
This is one instance in which theffects of over-treatment are most
disastrousRepeated use of ineffective over-treatment aggravates damage
of visceral organs, lowers the quality of life and shortensstheival

time. In China, statistics revealed that 15% ofrtiatality of late stage
cancer had been accelerateddwer-treatment and irrational treatment.
Over-treatment neglects the human body but pays too much attention to
the tumor It is pitiful that patients ardliterate to medicine so that they

still expect recovery dhealth in spite of the suffering imposed, resulting

in early death.

2.4 Discussion

TCM oncology is an old but also young field of medicine. For half a
century the Chinese government has madertf for the protection and
development of TCM, explored and examined the special measures of
TCM in cancer treatment as well as discovering the secret formulae for
eliminating tumors in the folk communitpue to the wide application of
TCM, a special pattern of Chinese anti-cancer treatment is formed and
the development of Chinese style oncological sciences is promoted. TCM
oncology displays its own characteristics, and at the same time, it develops
into a condition that is quantitative, standardized and specified with regu-
lations. Its specific features are still the treatment according to syndrome
differentiation and the concept of holism — both are the quintessence of
TCM. Treatment according to syndromefeitntiation is to apply the
theoretical concept, method, formula and drug principles to clinical practice
and finally to decide the formula and drugs based on four diagnosis
methods and syndrome differentiation of eight principles to clarify the
cause of disease, pathogenesis and symptoms and signs. Race¢hdy

field of clinical research, there is a rapidly developing field named
evidence-based medicine (EBM), which is medicine based on evidence.
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It stresses on individual experience in clinical practice associated with
scientific evidence newly obtained in systemic research, making diagnosis
and therapeutic means and methods more effective and safe. The simplicity
of treatment according to syndrome differentiation in TCM has substantive
similarity with EBM.At the end of the previous centufyhinese medical
researchers used the TCM drug arsenic, which had been used in practice
for thousands of years, to treat acute promyelocytic leukemia (M3 type)
and obtained a complete remission rate of over 93%. This drug was
acknowledged as the first choice in treating M3 type leukehngenic is

a highly toxic TCM drug and its heavy metal content is seriously over the
standard dosage, but EBM research provided reliable laboratory and clinical
evidence and under adequate clinical application, it became an effective
anti-cancer drug. The concept of holism acknowledges that the human
body is integrated: human body is in union with natAreegional tumor
belongs internally to a certain visceral organ, so that treatment of tumor
should vary according to the individual, to time and to the living environment.
At present, there are a large number of patients suffering from late stage
cancer who are not suitable for operation, chemotherapy or radiotherapy
or who are suéring from relapse of tumoiThese patients are seeking

for help from TCM. TCM stresses on the support of vital energy (resistant
power of the body) and, at the same time, elimination of the causative
agents (regional tumors) and considers that the methods of eliminating
evil such as chemotherapy and radiotherapy would give harm to the body
and vital enagy. Restoration ofvin and Yang balance can decrease the
damage given by the tumor to the bodke rising and lowering of the
resistant power decisively affects the speed of tumor growth; this explains
the special phenomenon that some patients carrying tumor can live longer
and have a better quality of life. TCM considers that the basic point in
tumor is “toxic expulsion of five visual organs”, and “the interior displays
itself through the exterior” and therefore, a tumor is a local display of a
generalized disease. Huangdi Neijing (Inner Canon of Huangdi or
Yellow Emperor), it was written “Featment of disease should aim at the
fundamental”, so besides paying attention to the tuanphysician should
focus on the whole body that grows the tumiar avoid oveitreating
tumors, it is important to adopt the concept of “basing on the human
body” and apply treatment that is rational, adequate and standardized.



Recent Satus and Outlook of TCM in Cancer Treatment 63

TCM anti-cancer research should follow the line of thinking that is inherited
based on evidence and innovation; it should minimize passive imitation of
WM and avoid the increasing tendency of breaking away from its own
theory and specific clinical system in the development of anti-cancer
TCM drugs.

In 1979, WHO laid down standards for solid tumor treatment and
effective rate depending on complete remission (CR) and pamis$sion
(PR), but an obvious drawback was that some sureasgs not reaching
the standard of CR or PR were not groupedinn2000, scholars in
Europe,America and Canada established a maluation standard for
solid tumor treatment (RECIST) (¥X2003) andoroposed that some steady
(SD) cases surviving with tumors iman-progressive state (PFS) should
be evaluated asfettive.This promoted a fresh setup for the research of
gastrointestinaktancer in Europe. The TCM proposal of survival with
tumor issimilar to the above PFS standard and the establishment of a
TCM standard of treatment in solid tumor became an important iwork
scientific research, objective evaluation and TCM acaddevelopment.
Scholars in China have proposed “an evaluation staridaswlid tumors
in traditional Chinese medicine (draft)” in tHmok namedClinical
Traditional Chinese Medicine Oncology (Zhou, 2003). Zhouwet al.
(2005a) conducted a prospective multiple center randomized controlled
clinical research to investigate 2f4tients with stag#l and IV pulmonary
carcinoma. Patients were divided into the TCM groupcgses), taking
Hechan Pian, Shen Yi capsule;WM group (92cases), taking NVB+
DDP; and TCM and WM combination group (1€&ses), takingdechan
Pian, Shen Yi capsule plus NVB and DDRfter treatment, the median
survival time and ongear accumulated survival rate was 2@8%s and
45.38%, respectively; 23fays and 42.17%; and 355 daysd 48.86%.
The quality of life was best in the TCM groupetter in combination
group and least in th&M group. In the studythe TCM group andVM
group were evaluated at the same time by uaimgvaluation standard
for solid tumors in TCM and the RECIST standauat] correlation analysis
indicated that there was correlatibatween the two evaluation methods
(P <0.01) (Zhouet al., 2005b), suggesting that the evaluation system of
TCM treatment effectiveness in solid tumors is betterewelation of
TCM treatment effectiveness than the simple tumamission rate
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estimation, and thus, it deserves furtiverestigation. TCM drugs have
prominent properties in the delay tumor development, improvement

of quality of life and inprolongation of survival time. It also has a
supplementaryaction with modern anti-cancer and molecular target
orientatedtherapy such as TCM treatment in the relapse of tumor at the
original site after liver transplantation, the dredging of channels and
cooling of blood therapy in serious skin eruptions secondary to the Iressa
or Tarceva therapyand prevention and treatment of hemorrhagic tendency
after Avastin infusion, and these measures contain rich scientific impli-
cations. The implicative development of TCM oncology has stepped on a
scientific road; treatment according to syndromdedéntiation has
concrete similarity with evidence-based medicine. Understanding survival
with tumor with the concept of holism and the tumor non-progressive
survival time (PFS) are two things belonging separately to TCM and
WM, but they are actually “reaching the same goal througlerdiit
routes”. We can see the road ahead T®M anti-cancer research is
rough and uneven; it requires muckoefand has to go a long wayut

the future is brilliant.
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Abstract

Cancer is a pathological condition. Removal of the cancer is a necessity in
the treatment process. However, removal has reached its limitations as the
cancer could, in the first place, be too extensive, or, in spite of the removal,
recurrence still occurs. When the pathological process is not stopped, no
matter how effective is the cancer removal, the formation of cancer is
going to be repeated. Cancer treatment has therefore gone beyond the
stage of cancer removal and other approaches such as controlling the
blood supply initiating apoptosis, and regulating the responsible genes,
are considered important. The treatment approach needs to be modified
from a single target, eliminative direction towards a multiple target, holistic
direction. Chinese medicine lacks a perfect understanding of the causative
pathology hence it follows a multi-tget holistic approactis new systems

of cancer treatment are not yet mature, using Chinese medicine as an
adjuvant therapy could be an innovative and practical investment, to bring
about better results of cancer control.

Keywords: Traditional Chinese Medicine; Cancer

3.1 Intr oduction — Cancer and Ancient Chinese Medicine

Although not documented as cancer in the ancient days, this pathological
condition should have been in existence for as long as the human race
exists. The word “tumor” £ ) in Chinese, started to appear in prehistoric
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cave carvings in North-@st China, as far back as 1000BQe word
“tumor” probably referred to the appearance of a lump over some parts
of the human body (Baet al., 2006).Another word(J:), which carried
the same literal meaning, appeared around 1200AD. This medical term
referred to ulcerative lumps, which were often described together with
deformities in the limbs, kyphosis in the spine and occurrences of sinuses
and fistulae somewhere in the human body (Li, 1996). Descriptions of
treatment related to such tumorous conditions have been scattered, neither
systematic nor specialized. When the causative pathology was unclear or
not known, clinical presentations described would be mixed, and with
regards to treatment, the local appearances would invite policies like
those used for infection and inflammation, while the general physiological
state of the individual sférer would provide other basis of treatment.
Cancerous conditions were likely to initiate general states of anemia or
debilitation, and clues relevant to cancer therapy might also be found
under the treatment schemes of these clinical states.

The ancient Chinese healers, therefore, formed three main prirafiples
treatment approach to cancerous conditions. The pathological background
was thought to be related to:

() toxic internal derangement;
(ii) circulatory stagnation; or
(i) collapse of defence.

Treatment policy therefore followed the alleged pathological background,
so that

(i) toxic derangement was balanced with detoxication through the cooling
down of heat;

(i) circulatory stagnation was removed with the activation of blood
movements and resolution of bruises; and

(i) collapse of defence was rebuilt with the promotion of internal strength.

In addition, the clever ancient healers have observetbthiatmaterial
could have controlling effects on cancer growtlence a system of
treatment relying on these of toxic preparations to counteract toxic
derangements waaso developed.
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3.2 Interest Over the Use of HerbsAgainst Cancer

Since cytotoxic agents after extensive research appeared on the market
as powerful drugs to control cancer growth, the search for new cell-
killing items has never stopped. Successful examples demonstrated that
powerful cytotoxic material could exist within herbs; like flowers, leaves
and tree barks are well shown in the exampled/iotristine from
Periwinkle flower artemisinin from ginghao leaves and taxol from yew
tree barks (CNRS, 1999; Kaptchuk and Eisenberg, 1998).

As cytotoxic agents were known to be useful but not ideeduse of
generalized toxic &tcts and the readiness adveloping drug resistance
for some items, research on oth@chanisms of cancer control flourished.
The prevention of druggsistance, the induction of apoptosis, the blockage
of cancercell messages, the restriction of angiogenesis, anurdingotion
of immunological defence abilithave all gaineéxtensive attention, and
explorations for herbal components wapecific cancer control abilities
were started Rhizome chuanxiang, radix stephaniae tetrandrae and
mylabris phalerate pallus have been identified for the prevention of
cytotoxic drugresistance (¥ et al., 2006). For apoptosis, the ancient
formula usingarsenic trioxide brought on a breakthrough in childhood
leukemia(Zhanget al., 1996); after that, other herbdz Radix milti-
orrhizae and Radix Trichosanthis were found to induce apoptosid
cancer in all cell lines in the laboratory (Létial., 2000).A number of
herbs were found capable of slowing down caneémivision by blocking
cytokine messages; these wdRadix Astragalus, Radix Angelica sinuses,
Solani Nigri andRadix Puerariae (Liu et al., 2001b).Angiogenesis isn
important facilitating factor for cancer growth. Pharmacological agents
anti-angiogenesis have already been developed and are being sold on the
market. Herbs likeHerba Scutellariae Barbatae (2}4i3&) and Rhizoma
Paridis (35—454L , =) were known to possess anti-angiogenetic
properties (Kamatet al., 1993).A lot of work had already been done on
the broad front of immunological defence, both in the laboratory and
biochemically on preparations of fungal origin @ffg et al., 1994). One
of the most popular fungal product being used in South China as an
adjuvant agent during and after cancer treatme@otigolus versicolor.
Frameworks on the study of cytotoxigitanti-angiogenesis and
immunomodulation are represented schematically in Bigso 3.3.
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3.3 A Practical Approach to the Clinical Use of Chinese Herbs
for Cancer Patients

While it is realistic to look forward to the production of effective anti-
cancer drugs developed from herbs, which may follow new innovative
pathways of cancer control, one could choose to start clinical research
using herbs of expected promise immediatd@llyge need to look for
innovative supplement to the conventional cancer therapy is obvious
because of its disappointing limitations and the cytotoxic complications.
The current fashion on pharmacological research is aiming at molecular
targets with an eventual aim towards drug production.

However on the practical side, in the Chinese community in Hong
Kong, over 90% of cancer patients are receiving supplemengatynents
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of various natures in an attempt to gain better chaoiceancer control
and survival (V@ng et al., 1993). It is therefore justifietb explore the
effectiveness of the adjuvant use of the pophkbs through clinical
trials. Such efforts should not be viewedpasper endorsement of popular
beliefs. But ratherthey aregoractical, responsible plans of clinical stuidly
well designed according to the modern concepts of good clipiaatice,
could have a lot to &r in the holistic care atancer treatmenfter all,
developing an innovative drugéspensive and time-consuming. The use
of herbal supplements could Ibeadily administered and safety is not
difficult to ensure.

Of all the possible pathways of actionfeséd by diferent herbs,
since their active components and chemistry areustthown, the most
logical selection would be those that aimhatlistic support through
nutritional or immunologicainodulations. Innovative new pharmaceuticals
offer specific,immediate dects. Holistic support &frs non-specific,
slow influences that could be defined as supplementaajliative or
preventive.

A reasonable aim of cancer treatment is not only to removwiei ritner
mass and the harmful cells, but also to stopdimemic process that has
led to the development of the canc&he logical expectation is: the
holistic support works througtomplicated, yet unknown indirect pathways,
whereby the cancetevelopment process is kept at biythe following
paragraphsxamples of clinical trials using herbal preparatioredfisvants
will be given.

3.4 A Clinical Trial Using Herbal Preparation as Supplements
to Chemotherapy for Cancer

A Phasdl, randomized, placebo-controlled trial using herbal preparations
was done at the Prince Wfales Hospital of Hong Kong in 2262004,
whereby 60+ 60 patients suffering from advanced cancer of the breast
or colon were being treated with cytotoxic chemotherdje use of
herbal preparations as supplementary support to control pain and other
symptoms, tumor size and survival were checkeglalified, experienced
Chinese medicine expert served as the partner of the oncologist in charge.
The expert was responsible for the prescription of the herbal preparations
given according to the symptom complexes and their individualized
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indications. The results of this study indicated that symptom control over

pain, appetite and diarrhea were improved more with the herbal medicine
group compared with the placebo group. The most remarkable improvement
was observed with the control of nausea. The important parameters of
survival, tumor size and chemotherapy-induced hematological toxicity were

not improved in both groups.

This randomized controlled trial was carefully plannedtjectively
measure the &tacy of herbal supplements iattempts to make
chemotherapy more comfortable. Thousandsaokcer patients have been
relying on the support fronraditional Chinese medicine healers who
prescribendividualized treatment. This form of individualized treatment
was fully respected in the trial. The results might have supported the
popular supplementary use of herbal medicine because it did no harm
and was alleviating symptoms like nausea. Howeber results failed to
improve survival and other vital parameters like cytotoxic complications
affecting the hematological state (Mekal., 2007).

3.5 A Clinical Trial Using a Herbal Formula as Supplement
to Radiotherapy for Cancer Patients

The second trial was done in the same hospital on nasopharyngeal cancer
patients receiving radiothergpyhich was the standard curative treatment
for this cancercommon for the male population of South China. It was
designed as a small pilot, randomized, placebo-control and double-blinded
trial. Apart from general fatigue, the head and neck symptions related to
irradiation were well-known and included local skin irritations, muscle
tightness and spasm, mouthfsiifss, loss of taste, loss of salivation, dry
eyes, etc.

For this studya uniform herbal formula consisting of two heviss
used and the principle of generalization was observed rdkizar
individualization of treatment. This preparation contaireedungal
component,Coriolus, which had the reputation of immuno-boosting
property For this reason, the immunological state of the-ZD clients
was assessed before and after foonths of treatment.

Results of the pilot study revealed that fatigue wagificantly
relieved in the treatment group compared wpitiicebo p < 0.05), but the
general trend of decline in thlgality of life score in both groups after
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irradiation showed ndifference between the two groups. In the
immunologicalassessmenil-lymphocytes suppression was obvious in
both groupsut the decline was significantly less in the herbal supplement
group (Baoet al., 2006).

The objectives on the use of herbal supplement in this stedy not
confined to the control of symptoms arising from rih@iotherapylnstead,
possible positive &cts of the herbapreparation in the promotion of
immunological defense wesxplored. Moreovetthis cancer is unique in
that it possesses serological markerthe DNA of Epstein-BarrVirus
(EBV-DNA), which offers a direct indication of cancer activiti
significant decline indicates a positive control of cargewth. After
radiotherapy EBV-DNA dropped dramaticallyl he herbal study tried to
look for possible supplementaryfefts ofthe Coriolus preparation, which
might initiate further drops dEBV-DNA. No difference, howevemwas
seen between the herbal aymhtrol groups, both of which showed limited
changes of the DNAThis observation might indicate that tBeriolus
preparationdid not work through a direct control of the cancer growth,
butrather indirectly via the immuno-supportive pathway

3.6 A Clinical Trial Using Herbal Preparation as a Palliative
Agent in the Treatment of Multiple Bone Metastases

This was a clinical trial done in the same hospital in Hong Kong on 46
46 patients known to be suffering from multiple bone metastases arising
from various types of cancelt was a randomized, comparative trial
using a herbal formula and a bisphosphonate. The assessments included
bone mineral density (BMD), control of secondaries, biochemical bone
markers, quality of life and adverse effects.

The design was based on observations on the Usispifosphonates
for bone secondaries. Bisphosphonates supphesdione resorption
initiated by osteoclasts without fa€ting the osteoblastsThe newer
bisphosphonate preparations were first ukgdbone metastases when
they were found to be effective in thentrol of pain arising from bone
destruction. Latert wasobserved that bisphosphonate also lessened the
destruction of bone, henceniiight even prevent more secondary deposits.
It was therefor@leduced that if there were herbal agents which supported
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bonemineral densitythe same agents should have protectifectfon
bone metastases like bisphosphonadserbal preparation active for the
support of osteoporosisas therefore compared with a bisphosphonate
(clondronate), anthe parameters of assessment followed closely those
of BMD studies (Wi, 2006).

A total of 46 + 46 patients were recruited randomly into the
clondronate and herbal groups. Six months of respective treatmasnt
given, followed by six months of further assessment.

The study was not totally successful because too many @#s%)ted
patients died before the completion of treatm&nalyzing the fullytreated
patients, the herbal group showsdme trend of superiority over the
bisphosphonate group in paiantrol and the average quality of life scores.

As some modern drugs non-specific for cancer treatmentdtasted
to be used in cancer patients to achieve secormargfits, such as the
control of angiogenesis and the relief lobne pain, many herbal
preparations could be studied adeveloped for similar &cts in an
attempt to look forpractical solutions of symptom control for cancer
patients.

3.7 A Clinical Trial Using Herbal Preparation as Peventive
Agent for Immuno-Support

Many herbal items are popular among the general public of the Chinese
community for use as health promotion agents. These are particularly
popular among the elderlthe frail and weak after illnesses, survivors of
serious accidents, and those bothered by different forms of derangement.
Apart from the large choices of food rarities, well-known energizers and
life-supporting herbs include the ginsengs, cordyceps, gonoderma, and
other fungi.

A large scale clinical trial using healthy volunteers wasigned in
2002 to examine the immuno-modulatindeetfs of asimple preparation
consisting of a fungusCoriolus, andanother herb. It was a randomized,
placebo-controlledgross-over trial. A group of S5éblunteers given the
herbal preparatiomvas tested against S@hers who received placebos.
Four months oEonsumption was required for each group, followed by a
cross-over for another four months.
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The results showed very convincing immuno-boostering effects of
the herbal preparation on all immunological parameterBhelper cells,
T-suppressor cellsT-helper/Fsuppressor ratio, B-lymphocyte levels
were all increased. Quality of life also showed significant improvement
when the volunteers were maintained on the herbal preparationg(\W
et al., 2005).

3.8 System Review of Effects o€oriolus on the Survival
of Cancer patients

This review was done by BVong of the Institute of Chinese Medicine at

the Chinese University of Hong Kong in 2005. The main outcome measures
were set at the survival rate at five years and adverse effects encountered.
Fifty-eight potentially eligible trials were identified, of which 42t the
criteria for inclusion in the data-analysis. One trial was split into two sets
of comparisons because there were three treatment groups. Therefore, a
total of 13comparisons were included in the meta-analysis. Most trials
were of poor to average qualifyhe overall five-year survival rate was
significantly better in patients receivi@priolus than in patients receiving

the same conventional cancer treatment withootiolus RR = 1.1

(95% ClI, 1.0-1.16), but sub-group analysis showed that the significant
effect was restricted to poor quality trislemong patients randomized to
receiveCoriolus, there was &—12% absolute reduction in the five-year
mortality. There was no significant ddrence in the risk of adverse
events in the groups treated with and with@ariolus. The benefit
remained after possible publication bias was corrected. It was therefore
concluded thaCoriolus had a beneficial effect on the survival of cancer
patients. This seemed to be particularly evident w®anolus was used

in conjunction with chemotherapy @ifget al., 2007).

Many other clinical trials have been done on the immuno-modulating
effects of various herbs, particularly those of the fungal family (Chen
et al., 2002;Wonget al., 2001; Liu and Xu, 1985Y.he clinical observation
from volunteers further support these past reports. Nevertheless, in spite
of the positive evidences of immunological boostering effects, how that
translates to the direct applicative of cancer control is still not understood.
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3.9 Conclusion

Cancer is a pathological condition. Removal of the cancer is a necessity
in the treatment process. Removal has been achieved througgrysur
radiotherapy or chemotherapyowever removal has reached its limitations

as the cancer could, in the first place, be too extensiya spite of the
removal, recurrence still occurs, an all too frequent occurence.

Cancer is a pathological process in which the cells either grow too
much or too rapidly; or the normal programmed cell death (apoptosis) is
not functioning properlywhen the pathological process is not stopped, no
matter how effective is the cancer removal, the formation of cancer is
going to be repeated (van de Greef, 2003).

Cancer treatment has therefore gone beyond the stage of cancer
removal and other approaches aiming at the causations, such as controlling
the blood supplyinitiating apoptosis, and regulating the responsible genes
have started. The treatment approach needs to be modified from a single
target, eliminative direction towards a multiple targets, holistic direction.
Chinese medicine lacks perfect understanding of the causative pathology
hence it has followed a multi-geat holistic approaciis new systems of
cancer treatment are not yet mature, using Chinese medicine as an adjuvant
therapy could be an innovative and practical investment, to bring about
better results of cancer control.
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Chapter 4

Advancements oRyurveda
in Cancer Management with
Special Focu®n Hepatocellular Carcinoma

Premalatha Balachandran

Abstract

In recent decades, the incidence of hepatocellular carcifd@@&) has
been found to be increasing. In China, HCC rardezmbnd of cancer mor-
tality since 1990s, which accounted for arols8% of the total HCC
deaths in the world. With clinicaldvances made in the modern medicine,
though there has beesmall improvement in survival, the outlook for
HCC remains generally dism@hedian, eight monthsis alternative or
complementary therapgyurveda, the most ancient traditional system of
Indian medicinehas been emerging with scientific advancements in the
treatmenbf cancerRapidly growing knowledge of anti-cancerous ayurvedic
herbs in basic science appears at biochemical and molxdbAlthough
such research reports provide scientific bagil-designed case studies are
needed for more clear evidenceriany anti-cancer treatment modalities that
are in debate. Theutcome of these studies will open new gateways in drug
discovery from bench to bedside for anti-cancer drugsyafveda. This
review focuses on the ayurvedic concept of capet¢nology especially
hepatocarcinoma, the scientific basis &mti-cancer herbs with hepato-
protective dicacy, andrecommendations for research design towards further
advancementf ayurveda in the study of HCC invasiveness.

Keywords. Ayurveda; Hepatocellular Carcinoma; Candegatment; Herbal
Medicine.
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4.1 Introduction

According to a recent report on worldwide incidence of priniamgr
cancey it remains the fifth most common cancer in men anctidpath in
women (Boschet al., 2004). In the United StateByer cancer ranks
eighth as a cause of cancer mortality in raad age-adjusted incidence
have doubled over the past two decadEsSerag, 2004). Similar
increases worldwide have affected thertality and hospitalization rates.
Multidisciplinary scientificinvestigations are making impressive efforts
towards combating thidisease, but a sure-shot, perfectly curative remains
elusive.Although there has been a small recent improvement in survival,
the outlook remains generally dismal (median, eight mor{iisperag,
2004). This dreadful condition has generated geeatern in the minds
of ayurvedic practitioners from the vesarly times with an aim of
preventing or suppressing it froamgles of treatment and management.
The aim of this chapter is to provide a general outline on ayurvedic
description of cancers, and in particuldiscuss cancer pathology and
treatment with a special focus on hepatocellular carcinoma from the
ayurvedic practitioners’ perspective, underlying its scientific principles in-
volved in treating these conditions with the use of naturally available plant
products. This article reviews the efficient and effective therapies for liver
cancer based on an extensive literature search of ayurvedic texts and
research reports on hepatoprotective herbs with anti-cancerous property
It is written with an intention to raise awareness and encourage
implementation of ayurvedic therapies in hepatocellular carcinoma,; it also
recommends research design for the further advancement of ayurveda in
liver cancer treatment.

4.2 Cancer Definition

Ayurvedic classics namelgZharaka (Sharma, 1981) anushruta
(Bhishagratha, 1991) sambhitadgscribe cancer aSranthi or Arbuda,
which can appear in anigsue or agan of the bodywhose characteristic
symptoms varnaccording to their function of the affected organ.

Granthi or minor neoplasm is a gland like abnormal growth of localized
small swelling within the subcutaneous fat or muscular tisseesthi
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Table4.1. Characteristics of dérent types ofyranthi.

Granthi Characteristics

Vatika granthi Black colored swelling characterized by contacting,
stinging,puncturing, exploding, twisting and incising
types of painandwhen opened up, releases a
transparent clear discharge.

Paittika granthi Red or yellow colored swelling with blood mixed
discharge andharacterized by different types of
pain like burningfumigating, sucking, suppurating,
heating with fire, etc.

Kaphaja granthi Characterized by painlessiassive stony hard, cold
swelling with white and dense pus discharge.

Medaja granthi Characterized by large, painless growth associated
with itching. Fat-like oily discharge occurs.

Sraja granthi Occurs when vayu gets vitiated and afflitie ne

(Angioma) work of vessels by contraction, pressure and dryness

as a result of which round and elevated tumors are
formed. It is mobile with painful symptoms and is
almost incurable (Sankaran, 1976; Dash and Rashyap,
1987).

has been classified into five types according to their characteristics
(Table4.1) (Sankaran, 1976; Dash and Kashyap, 1987).

Arbuda or major neoplasm is an abnormal, spherical, stable, massive,
painless swelling occurring at one site and expand slowly with deeper
roots (Bhishagratha, 1991; Sankaran, 1976). These uninfectious and non-
suppurative nature of abnormal growths composed of fatty substances
secreted from mucous membranes (Bhishagratha, 1991) which could be
due to stability and rigid confinement of tbeshas in a particular place
(Parkinet al., 1984).Arbuda can also be divided into féifent types like
Vataja, Pittaja, Kaphaja, Raktaja (leukemia), Mamsa and Medoja
(Bhishagratha, 1991). Immobile recurrence anbuda at the site of
previous swelling is calleddshyarbuda. When two arbudas appear
simultaneouslythe condition is known agdvirarbuda, which indicates
their malignant nature (Bhishagratha, 1991; Sankaran, 1976).
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4.2.1 Benign versus malignant tumors

Among three body control systems namely the nervdats: or air), the
venous Pitta or fire), and the arteriaK@pha or water), in benign tumpr

one or two of these three systems are out of control. This abnormal
growth in any part of the body cannot be very harmful because there is
still coordination among the systems, which to some extent controls
the damage (Bhishagratha, 199The word Vataja’ or “Pittaja” or
“Kaphaja” or a combination of any two of them is used to signify a
benign neoplasm. The study carried out by Parmer (1983) oase® of
different types ofarbuda suggests thaKaphaja and Medhaja Arbudas

could be closely correlated with different benign growths.

Malignant tumor has been indicated afitosaja” neoplasm, in
which all the three major bodily control systems are out of control, losing
mutual coordination and cannot prevent damage to tissues resulting in a
deadly morbid condition (Bhishagratha, 1991), e.g. The malignant lesions
viz, Mansaj and Raktaj arbudas, show the features of squamous cell
carcinoma, andaphaj shows adenoma andedaj shows lipoma.

4.2.2 Classification

According to ayurvedic texts, the cancer related diseaseshlmuldssified
as follows (Prasad, 1987):

Group I: Disease that can be labeled as clear malign&isgases
falling under this category includ#buda, granthi, e.g.
mamsarbuda (melanoma) andaktarbuda (leukemia),
mukharbuda (oral cancer).

Group II: Diseases that can be considered as caragttridosaj
Gulmas (abdominal tumors like carcinoma of the stomach
and liver orlymphomas).

Group I Disease with the possibilities of malignancthese
diseases areisarpa (erysipelas),Asadhya kamala
(incurable jaundice)yridosha andNadi vrana (sinusitis)
(Prasad, 1987; Singh, 2002).
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4.2.3 Etiology

Cancer is ultimately the result of interplay betwesmmvironmental
(exogenous) and genetic (host) fact@xgurvedaexplainsarbuda as a
disease resulting from the derangementdoshas due to dietary
constituents (chemical carcinogenesis). Hencejideases in each person
differ according to dferent persors doshas (pathogens, exogenous) and
constitutions (genetidyijadosha).

Table4.2. Causative factors responsible for the vitiation of doshas (S2§0\).

Aggrevating factors

Food factors

Behavioral factors

Vata prakopa karanas
(Vata aggrevating factors)

Pitta prakopa karanas
(Pitta aggrevating factors)

Kapha prakopa karanas
(Kapha aggrevating
factors)

Rakta prakopa karanas
(Blood aggrevating
factors)

Mamsa prakopa karanas
(Muscle aggrevating
factors)

Medo prakopa karanas
(Fat aggrevating factors)

Excessive intake of bitter
pungent and astringent
foods; dry foods.

Excessive intake of sour
and salty and fried food.

Excessive intake of
sweet, sour and salty diet;
oily food.

Excessive intake of acidic
or strongalkalis
containing food, e.qg. fried
roasted food, sour or
over-ripened fruits,
alcoholic beverages,
rotten, greasy or stale
foods.

Excessie useof
exudative foods like
meat, fish, yogurt, milk
and cream.

Excessive intake of oily
foods, sweets, alcohol.

Stress and strain conditions.

Excessive anger

Sedentary nature.

Improper behaviors like
excessive anger or severe
emotional upset, sunbathing
or working under scorching
sun or too close to fire or
hot conditions, etare
some of the additional
causes.

Behaviours leading to
exudation, like sleeping
during the day and
overeating are some other
causes for pathogens
invading the muscular
tissues (Sharma, 1981).

Lazy attitude (Sastry
2001).
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Sushruta called the sixth layer of the skin BsHini”, (represents
epithelium) where thgranthi and thearbuda manifest their abnormal
growth (Bhishagratha, 1991). Pathogenic injuries to the inner layer of the
dermis Rohini) in muscular tissues or blood vessels can be caused by
lifestyle errors, such as unhealthy foods, poor hygiene, or poor behavior
physical trauma, or imbalanceswata, pitta andkapha, and such damage
often cause ulcerous conditions. Because of the rapidly growing nature of
the rohini, which have a tendency to form poorly vascularized tissue
during repairthe process of healing often leaves behind some tiny scars.
These slow healing ulcers would develop into egrinthis or arbudas,
which are complicated and difficult to cure (Bhishagratha, 1991; Sankaran,
1976). Causative factors responsible for the vitiatiotodifias are detailed
in Table4.2.

4.3 Ayurveda's Special Focus on LiverDiseases

Although, cancer can develop from any organ, the clirs@lificance
depends on the tissue of origin, prevalence analfiiy of the medical

world to accomplish complete cure. Amosgveral types, liver cancer
represents 4% of all malignacdéncers and is the seventh most common
cancer in manvorldwide (Parkinet al., 1984).Treatment of liver cancer

is one of the several gray areas in modern medicine, which evade complete
cure.

4.3.1 Description of liver

In ayurvedic texts, the liver is mentioned ¥skrut or Yakrit. “Ya”
denotes “activity” and Krut” denotes “to breakdown adisintegrate.”
Henceyakrut is continuously engaged in tlaetivity of breaking down
various stimuli and is instrumental sastaining life process (Nanal, 2001).
Ayurveda describes that the liver hadlula sthana (prime center) of
the “Raktavaha srotas’ (circulatory system) and the role of liver is
explained irrelation withdosha (pathogens)ihatu (tissues)rakta (blood),
mamsa (muscle), mala (stool), pranavaha srotas (respiration) and
hridroga (heart) (Tlay, 2001) and this is helpful for understanding the
pathophysiology of liver disorders and for designing treatmpegibcols.
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Therefore, the maintenance of a healthy liver is vital to overall health
and well-being, but unfortunatelyhis vital ogan is often abused by
environmental toxins, poor eating habits, alcohol consumption and
unprescribed drug use, which can damage the, lased consequently
there is an overall decline in metabolic functions of the .liféns
hepatotoxicity eventually leads to dreadful diseases like hepatitis, cirrhosis,
alcoholic liver disease, and ultimately resulting in hepatocarcinoma (liver
tumors).

4.4 Neoplasm of the Liver

Liver cell cancer (hepatocellular carcinoma) and carcinontleobiliary
epithelium (cholangiocarcinoma) are most comnpoimary malignant
hepatic tumors.

4.4.1 Hepatocellular carcinoma

Hepatocellular carcinoma (HCC), a fatal malignansyegardeds the
most aggressive tumor with poor prognosis that affeat a million
people worldwide (El-Serag, 2004). It accounts for 90% opthary
liver cancers.

4.4.1.1 Epidemiology

Estimates from the year 2000 indicate that 564,000 new casesred
worldwide, including 398,364 cases in men and 1659 #men (Bosch
et al., 2004). It is the fourth most common caudedeath from cancer
the highest age-standardized mortalitynisChina (34.7/10), the second
cancer Killer since 1990s), whicdlone accounts for 53% of all liver
cancer deaths worldwid@isaniet al., 1999). HCC once thought to be
limited to Eastern countries, is now on the increase even inatwv
medium risk countries (Saracci and Repetto, 1986)ording to recent
statistics in the US, there have been ntben 850-11,500 new cases
of HCC and mortality rates increaséom 2.7per 100,000 persons in
1997 to 4.7%er 100,000 persons in 20(H!l-Serag, 2004).
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4.4.1.2 Pathogenesis and diagnosis

In ayurveda, on the basis tfdoshas (vata, pitta andkapha), the pitta
(fire) present in each cell is responsible for digestiod metabolism and
its decrease is inversely proportional to tekted tissue, andce versa.
In arbuda, the decreased state difatwagni (deranged metabolism) will
result in the excessivissue growth.Vata can be correlated to the
anabolic phase ardpha to the catabolic phase. Cancer is the metabolic
crisiswhere anabolic phase exceeds the catabolic phase, reabltiognal
growth. It has got a parallelism with the aggravatiévata forces and
suppression okapha forces interacting withone another to produce
proliferation. In liver cancethere isexcessive growth at a particular site
(Eka Desa Vriddhi), i.e. liver enlagement accompanied by deficit on
other parts of thdody @Anya Shaniya Kshaya), i.e. body weight loss
(Sastry 2001).

Sushruta has proposed six stages of pathogenesis of all the diseases but
his concept is more appropriate towards the pathology of neoplasms,
especially liver tumors:

(1) Sanchaya — early stages of localized neoplastic changes;

(2) Prakopa — transformation into metastatic tumors;

(3) Prasara— metastasis;

(4) Sthana samsraya — complete metastasis and secondary growth;

(5) Wakti — stage where clinical signs and symptoms of neoplasms are
expressed; and

(6) Bheda — the stage where differentiation of growths is made into
specific groups on the basis of histopathology (Sa2091).

Since liver tumors develop from advanced stages of chimpatic
ailments like hepatitis and cirrhosis, all thegmptoms have to be correlated
for accurate diagnosis. All thebepatic diseases have the symptoms of
increased serum bilirubirittaviridhi), decreased hepatic uptaklfuta
Dhatwagni Manya), decreased hepatic conjugatiosarfan vikruti),
hepatocellular damagegakruta shotha), biliary stasis ¢ang), steostasis
(medomay, yakrut medoj siragranthi) and cirrhosis(yakrut shosh)
(Mali and Kulkarni, 2001).

Although a description about the diagnosis of liver pathology is available
in old literature, an ayurvedic physician uses modern technology to understand
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the underlying mechanisms of the diseagasous imaging modalitiesz.
several conventional radiography methods and scanning methods are widely
used for proper and speedy diagnosis of hepatic diseases.

4.4.1.3Tr eatment modalities in modern medicine

HCC is an important cause of morbidity and mortality worldwidinat
makes this neoplastic cell stop growing is the questiirunanswered in
the medical world. The course of clinicalipparent disease is rapid and
if untreated, most patients dithin three to sixnonths of diagnosis.
Individual prognostic factorsuch as the extent of the disease, the site of
metastasis, thparticular histological condition of the tumdine functional
status of other vital organs, the nutritional status andbibehemical
abnormalities have to be considered in selectioa tiferapy Based on
these factors, treatment modalities cawlibled into either local therapies
consisting of radiotherapgnd sugery, or systematic therapies like
chemotherapylkylating agents, antimetabolites, and antibiotics are widely
usedin chemotherapybut assessed response rates are irb¥e25%
range (O'Reillyet al., 2001). Few qgramguably no chemotherapeutic
agents have been shown to have any significapact on survival and
HCC also been resistant to curreitemotherapeutic regimes (Okada,
1998; Penget al., 2000). Otherapproaches includes hepatic artery
embolization, ultrasound-guidedryoablation, immunotherapy with
monoclonal antibodiesagged to cytotoxic agents, and gene therapy with
retroviral vectorsontaining cytotoxic agents (Isselbacher and Dienstay
1998), butall these methods have some limitations.

To summarize conventional treatment modalities for HC@esyris
seldom of value for hepatic metastases and in radiothettagpylinical
benefits are of modest valualthough chemotherapy is an essential
component of an effective multidisciplinary cancer treatment program,
current systematic therapies for hepatic cancers are less effective and
responses are incomplete and short-lived (WHO, 1284 transplantation
may be considered as another therapeutic option, but again, the recurrence
of tumor or metastases after transplantation has limited its usefulness. The
major problem with the treatment of HCC is that it has a significant
propensity to develop metastases with major sites of spread to other parts
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of the liver lymph nodes, lungs, bones, adrenal glands, and peritoneal cavity
(Okadaet al., 1977; Lee and Gheere, 1987). Thus, multi-focal HCC is a
very difficult neoplasm and WHO categorized hepatic cancers under group
3 tumors for which there are nofextive drugs (WHO, 1994Venook,
1994; Colombo, 1995).

These indicate that there is still a long way to go in modern medicine
in conquering HCCAn alternative solution to this problem is the use of
medicinal plant preparations and many herbs have been evaluated in pre-
clinical and clinical studies and are currently being investigated
phytochemically to better understand their actions in revitalizing the liver
and treating liver dysfunction and disease. Reports also show that the
traditional Chinese medicinal herbs were also used in China since long
time for the effective treatment of primary liver cancers (Campbell, 1984).

4.4.1.4 Basis for ayurvedic therapy

The therapeutic approaches suckaghana chikitsa usingpancha karma
procedures (purification and elimination of vitiatixghas), somana chikitsa
(pacification of doshas), dhatwagni chikitsa (correction of metabolic
defects)rasayana prayoga (immunotherapy)yyadhipratyanika chikitsa
(anti-cancerousdrugs), lakshanika chitkitsa (symptomatic treatment),
sastra chikitsa (surgical treatment)prakritisthapani chikitsa (health
maintenance)roganashani chikitsa (cure of disease), anehishthiki
chikitsa (spiritual therapy) are widely used in cangg&nagement (Thatte
and Dhahanukad991; Sonata, 1986). $@ryis considered only as a last
resort.

Alchemic drugs containing poisonous plants, mercury-like minerals and
animal products which were rendered non-toxic by process of alchemy
were used for rejuvenation. Blood-letting, and cauterization with alkalis
and acids and other surgical procedures were also performed with the help
of herbal and mineral medicines. Arbuda is excised completely from its
deep root seat and cauterization done to destroy any of the remaining cell
particles left. If this is not done thoroughly the remaining cancerous cells
will flare up again to developdhyarbuda andDviarbuda, which could
have poor prognostic value and usually results in fatality (Sonata, 1986).
Additionally, a greater emphasis on health promotion forms an integral part
of ayurvedic cancer treatmeAyurvedic health enhancement approaches
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includes stress management, spirituality and meaning issues, dietary and
nutritional counseling, exercise and fitness, addiction or habit management,
especially for tobacco and alcohol use. The classical treatment protocols
for Granthi andArbuda and list of herbs used by ayurvedic practitioners
were previously tabulated previously (Balachandran and Govindarajan,
2005).

4.4.1.5Ayurvedic treatment modalities

Although specific treatment protocols for liver cancer weredestribed

well in classical ayurvedic texts, the herbal treastivest of ancient
ayurveda offers a host of new phytochemidhiat can be used both
preventively and clinically to managepectrum of liver related imbalances
including hepatocarcinomadence during liver cancer management,
ayurvedic practitionerare taking the advantage of available knowledge
of treatment orarbuda from the old classical texts and combining them
with theirexperience and scientific basis of hepatoprotective formulations
and are applying those methods in practicing modern ayurtlestiapy

They are utilizing the recent research outcomesamtircancer herbs,
which also show hepatoprotective propertegs] are designing their own
appropriate drug formulations. For treating liver disorders, herbal decoctions
of ayurvedic drugs that consist of multiple herbs, each possessing
tremendous potential for a cure, are commonly used. These formulations
are reported to work on multiple biochemical pathways and are capable
of influencing several gan systems simultaneousiyhe benefit of an
herbal decoction is that one can nourish the body as a whole by supporting
various organ systems, yet its main focus will be on nourishing the liver
and its functions (feadway 1998).

4.5 Anti-cancer Drugs of Ayurveda Meets Modern Science

Recently a greater emphasis has been given towardsegearches on
ayurvedic plant products that have anti-camm#encyA series of studies
have been conducted on folkloresder ethnobotanical researches. For
example, J. Hartwell L(Loydia, 196 -1971) has collected data on about
3000 plantdhat possess anti-cancer properties, and these plants products
have subsequently become potential anti-cancer drugs (R20d2y).
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4.5.1 Andrographis paniculata (Kalmegh)

Andrographolide, the active constituent isolated frémdrographis
paniculata, was found to be more potent than silymarin, a standard hepato-
protective agent, and it significantly increases the viability percentage
of the hepatocytes and antagonizes the toxic effects of paracetamol
(Visenet al., 1993), CCJ and galactosamine, through stimulation of hepatic
regeneration, activation of reticuloendothelial system and inhibition of protein
biosynthesis (Handa and Sharma, 198@yitionally, andrographiside and
neoandrographolide isolated from this plant showed anti-lipoperoxidative
activity (Kapil, 1993), and have proved to be beneficial against hepatic
tumorigenesis (fivedi and Rawal, 1998)he hydroalcoholic extract of

A. paniculata enhances carcinogen detoxification by the regulation of
antioxidant defense system and microsomal drug metabolisvedTand
Rawal, 2001; Singht al., 2001). ThusA. paniculata is clearly known to
possess anti-hepatocarcinogenic properties.

4.5.2 Annona atemoya/ muricata (Sitaphala)

Bullatacin, an acetogenin isolated frolmnona atemoya, was studied

by Chih et al. (2001) for its cytotoxic activity in 2.2.15 cells, a
hepatocarcinoma cell line. From microscopical studies, these authors found
that bullatacin-induced cell death is preceded by cell blebbing, chromatin
margination and condensation, and that most of the cell death was due to
apoptosis and not due to cell necrosis. The efficacy of anti-tumor treatment
has been assessed with the intrinsic ability of tumor cells to respond by
apoptosis. It acts as a potent inhibitor of mitochondrial electron transport
(Ahammadsahilet al., 1993) and NADH oxidase activity (Moret al.,

1995). It arrests abnormal cell growth by inhibiting oxidative phosphory-
lation and lowerindATP levels.The new acetogeningz. muricinsA-G,

and muricatetrocirA and B, longifolicin, corossolin, and corossolone,
isolated fromAnnona muricata, showed significantly selectivin vitro
cytotoxicities toward the human hepatoma cell lines HepG(2) and 2.2.15
(Chang andWu, 2001).These observations provésinona species as
anti-hepatocarcinogenic.
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4.5.3 Boerhavia diffusa (Punarnava)

An alcoholic extract oBoerhavia diffusa given orally exhibitechepato-
protection against Cgltoxicity in rats and mice bjncreasing normal
bile flow, suggesting a strong cholereéictivity (Chandaret al., 1991).
Rawatet al. (1997) showed frontheir studies that the roots of plants of
diameter £3 cm, andraw material collected during summer exhibited
very highhepatoprotective effect as assessed by liver function tests.

4.5.4 Eclipta alba (Bhringaraj)

The hydroalcoholic extract d&. alba reduces GSH depletioregulates
the drug metabolizing enzymes and restoresattiwities of lysosomal
acid and alkaline phosphatases dutmgpatic damage in Cginduced
toxicity in rats (Saxena&t al., 1993).1t is also used as a cholagogue
and as a deobstruent in hepatic enlargemedtin other hepatic ailments,
and has been shown to down-reguldBSAg (Thyagarajaset al., 1982).
Wedelolactones from this plant source shovsgghificant stimulatory
effects on liver cell regeneration aadti-hepatotoxic activity in cultured
rat hepatocyte¢Balachandran and Govindarajan, 200#agneret al.,
1986).

4.5.5 Phyllanthus niruri /amarus (Bhumyamalaki)

In a clinical study conducted on 55 patients with chronic wieglatitis B,
all the 30 patients undd? amarus treatment wereured within three
months (Vénget al., 2001) with remarkable recovery of livemctions
as well as with inhibition of HBV replication. Bnother study (Mehrotra
et al.,, 1991), 59% of thd. amarus treated patients become HBsAg-
negative.

The aqueous extract & amarus increases the life-span of the HCC
bearing rats (33 to 52 weeks) and normalizes serum HCC marker activities
(Rajeshkumar and Kuttan, 2000a and b). The ethanolic extract exhibited
a hepatoprotective effect on alcohol induced liver damage in non-/partially
hepatectomized rats and in G@hd galactosamine-induced cytotoxicity
in primary cultured rat hepatocytes (Prabhak@0?2).
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P. amarus extract has the ability to down-regulate HBARNA tran-
scription in theAlexander HCC-derived cell line by specific mechanisms
involving interactions between HBV enhancer | and C/EBP transcription
factors (Ottet al., 1997; Leeet al., 1996).P. amarus also inhibited HBV
polymerase activitydecreased episomal HEMWNA content and suppressed
virus release into culture medium (Leeal., 1996). Thus, it plays a
major role in the disruption of HBsAg mRNA transcription and post-
transcription, which could be beneficial against hepatitis mediated hepatic
cancers.

4.5.6 Picrorrhiza kurroa (Katuki)

P. kurroa has been used traditionally in ayurveda for centuagesa
general liver tonic for liver cleansing, liveoisoning (Nadkarni, 1994),
hepatitis and alcohol-inducdeepatotoxicity (Rastogit al., 1996). In a
randomizedplacebo-controlled trial in patients with acute viral hepatitis,
P. kurroa led to a rapid fall in serum bilirubin and other Lparameters
towards normal range with quicker clinical recovesiyhout side effects
(Vaidya et al., 1996a and b)Clinical and biochemical clearance was
100% on treatmer(Rajalakshmiet al., 1992). It acts as a direct viricidal
agent andnduces a state of non-specific increase in resistarenarmals,
which may also contribute to its anti-viral activ{§inghet al., 1982).
Picroliv is a standardized preparation of active constituentB. of
kurroa viz, picroside-1 and kutkoside, iridoid glycoside mixtures. Picroliv
pre-treatment prevented the hepatotoxic effects of paracetamol,
galactosamine, ethanol and ¢@inghet al., 1992; Anandaset al., 1999;
Visen et al., 1996; Santraet al., 1998), which could be due to an
alteration in the bio-transformation of the toxic substances (Ramesh
et al., 1997) and its ability to inhibit the uncoupling between respiration
and oxidative phosphorylation. It also showed antioxidant property
against enhanced lipid peroxidation induced by aflatoxinaBoowerful
hepatocarcinogenic mycotoxin (Rastagi al.,, 2001). This drug has
the ability to regulate lipid metabolism by reactivating lipolytic enzymes,
resulting in a normal level of circulatory lipoproteins and reversal of
low-density lipoprotein binding to hepatocytes during hepatic damage
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(Singh et al., 1992; Ramestlat al., 1997).As an efective inhibitor of
hepatocarcinogenesis, Picroliv causes reduction in liver enlargement
and hepatic nodular formation, and reduces the elevated levels of
bilirubin and other marker levels iN-nitrosodiethylamine induced
hepatocarcinoma conditions (Rajeshkumar and Kuttan, 2000a).

4.5.7 Podophyllum hexandrum (Giriparpata)

P. hexandrum is a potent hepatic stimulant, a blood purifier amdi-
cancer drug and is prescribed in liver disordeosiophyllotoxin, its active
principle, is known for itxytotoxic effects by virtue of its properties of
mitotic arrest, nuclear fragmentation and impaired spindle formation
dispersing the chromosomes, and it affects both dividingnanelividing
cells. The mechanism of action has been suggestetecrosis and is a
direct consequence of its cytotoxic effest tumor tissues and a rapid
and a marked reduction of tiegtochrome oxidase was also observed in
animal tumors (Pande2002).

In Western medicine, chemically modified podophyllotoxins are proved
to be potent anti-tumor agents and are used in cancer th¥Rdp, a
semi-synthetic derivative of podophyllotoxin has been used for more than
15 years against HCC and tested Hatkitro andin vivo (Cavalliet al.,
1977). Pallavacingt al. (1997) have done a phase Il study on the anti-
cancer effectiveness of etoposide (VP-16) in combination with epirubicin,
one of the anti-cancer agents used in HCC chemotherapy (Nerenstone
et al., 1988). Out of 36 HCC patients studied, 3% achieved complete
response, 36% had partial response and 31% exhibited stable disease,
while in the remaining 31%, the disease progressed. Thus this combination
appears to be an active and tolerable therapeutic option for HCC patients.
Pharmacokinetic studies on etoposide showed that this drug is safer even
for the above therapeutic doses and is without hepatotoxic effects (Aita
et al., 1999). P-glycoprotein, an energy-dependent drug efflux pump which
reduces intracellular concentration of drugs in tumor cells seems to be
less effective in reducing VP-16 concentration in hepatoma cell lines,
and hence this drug is found to be more efficient in hepatocarcinoma
(Parket al., 1994).
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4.5.8 Tinospora cordifolia (Guduchi)

In a clinical study treating malignant obstructive jaundiane in the
T. cordifalia treated group developed blood poisonany] amazingly92.4%
survived after surgery as compared to 40% surviva conventionally
treated group (Reget al., 1993).In another clinical trial on infective
hepatitis, allof the 20 patients treated with this platract showed
symptomatic relief, improvement in yelladiscolorations of urine, sclera,
nails and skinTreatment alsoeduced bilirubin and serum marker levels
with 75% cure and 25%mprovement (Prakash and Rai, 1996).

T. cordifolia prevents liver fibrosis, a major complication during HCC,
by stimulating regeneration of hepatic tissue mediating through the activation
of kupffer cells in CCGfinduced liver damage in rats (Nagarkaitial.,
1994). During obstructive jaundice, when it is administered in the pre-
operative period, there was a decrease in morbidity and mortality due to
sepsis and liver failure (Bapetal., 1995). It appears to improve surgical
outcome by strengthening host defenses, normalizing phagocytic and killing
capacities of neutrophils (Sohini and Bhatt, 1996).

The active principles frorm cordifolia are powerful immunomodulators
and significantly enhances the humoral and cell mediated immunity (Sohini
and Bhatt, 1996; Kapil and Sharma, 1997). It stimulates proliferation of
stem cells and increases WBCs and bone marrow cells. It has the ability to
reduce solid tumor volume by 58.8%, which is comparable to a well-
known anti-cancer drug cyclophosphamide (Matthew and Kuttan, 1999).
These beneficial properties can be used in the prevention of tumor
progression and hence could be a drug choice for HCC therapy where
immunosuppression is a major complication.

4.5.9 Semecarpus anacardium (Bhallataka)

An extensive review describes the phytochemical gimairmacological
especially anti-cancerous propertiesSfanacardium. The chloroform
extract of theS anacardium nut possesseanti-tumor action against
L1210, P388 and advanced P388 leukeBi® melanoma and glioma 26,
and increase in life-span of affectautlividuals after treatment was
observed in all theseases (Cassady al., 1981; Chitiniset al., 1980).
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In our earlierin vivo studies on this plant product agaiAdiatoxin
Bs-induced HCC in rats, this drug produced regression of HCC by decreasing
abnormal nucleic acid content in tissues (Premalatha and Sachdanandam,
1999a) and normalizing serum bilirubin. The activities of liver tumor marker
enzymes were brought back to normal on drug treatment (Premalatha
et al., 1999) with the dramatic reduction Alpha-fetoprotein, a specific
marker for HCC (Premalatha and Sachdanandam, 1999b). The drug was
able to correct the immunosuppression that occurs in this type of cancer
The extract acted as an immune stimulant (Premalatha and Sachdanandam,
1998a), stabilized the lysozomes and normalized the glycoprotein content
(Premalatha and Sachdanandam, 2000a) and regulated the abnormal mineral
metabolism (Premalatha and Sachdanandam, 1998b). It cured hypoglycemia
(Premalathaet al., 1997b) and controlled abnormal lipid peroxidation
(Premalathaet al., 1997a) by its free radical quenching property and
maintenance of antioxidant defense status of the host (Premalatha and
Sachdanandam, 1999c). In the microsomes, the nut extract acts as a
bifunctional inducer and induces both phase | and phase Il biotransformation
enzymes. This property helps in detoxification of carcinogens in liver and
prevents their accumulation (Premalatha and Sachdanandam, 2000b). In
addition to detoxification, the nut extract also inhibits the metabolic activation
of carcinogens to its ultimate state and thus prevents tumor initiation
(Premalatha and Sachdanandam, 2000c). HistologicHtlsr treatment
with the extract, the tumor nodules become completely regressed and
necrotic tissues are replaced by newly regenerated hepatocytes (Premalatha
and Sachdanandam, 1999a).

Anacartin forte, an ayurvedic preparation frorBemecarpus
anacardium, exhibited not only a broad spectrum of anti-cancer properties
in clinical and animal studies but also a wide margin of safety in therapeutic
dosage even when used for longer periods, giving subjective and objective
improvement, alleviation or disappearance of troublesome symptoms and
clinical benefit with extension of survival time in various types of cancers
like oesophageal cancethronic myeloid leukemia, urinary bladder and
liver cancerA case report shows the complete regression of the early
stages of hepatocarcinoma after the treatment Sitmacardium drug
(Vad, 1973)The patient gained weight and liver abnormalities reverted to
normal. There was marked clinical improvement with normal blood count
and L.ET was within normal limits.
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Another ayurvedic drug containinSemecarpus anacardium nuts,
Amura rohitaka, Glycyrrhiza glabra, and copper powder has been
subjected to clinical trials; 250 cancer patients with different types and
stages of cancer were divided into the following groups:

(1) chemotherapy (Mcristine, Cyclophosphamide, 5-flurouracil) and
adriablastin + radiotherapy (4086000v) + above-mentioned ayurvedic
drug;

(2) chemotherapy + radiotherapy;

(3) chemotherapy + ayurvedic drug;

(4) chemotherapy alone; and

(5) ayurvedic drug alone.

The response of patients to different kinds of therapy is ifoffaving
order: Groupl > Group3 > Group5 > Group2 > Group4. The estimation

of y-aminobutyric acid levels and glutamic adiecarboxylase activities at
different time intervals clearlsuggest the anti-cancer efficiency of ayurvedic
drug withouttoxic manifestation. It also reduces the toxic effects of other
chemotherapeutic agents, prolongs the drug efficiencyiremedases the
body’s resistance to cancer (Prasad and DeshpaQés).

4.5.10 Hepatoprotective ayurvedic formulations

A comparative hepatoprotective efficacy of four differayurvedic
formulations was studied by Nadral. (1998). These drugse Gudapippali
(includes Embelia ribes, Piper longum, Zingiber officinale, Piper
nigrum, Plumbago rosea, Nigella sativa, salt and mineral additives),
Vasagulu chyadi arkom (consists ofAdhatoda vasica, T. cordifolia,
Glycyrrhiza glabra, Strychnos potatorum, Melia azadirachta),
Patolakaturohinyadi arkom (includes Trichosanthus cucumarina,
Picrorrhiza kurroa, Santalum album, T. cordifolia, Chonemopha
fragrans) and Draksnadi arkom (includes Vitis vinifera, Madhuca
latifolia, Glycyrrhiza glabra, Symplocos racemosa, Cyperus rotundus).
Of these four drugRatolakaturohinyadi arkom was found to be highly
effective andhas the highest potential in the treatment of liver diseases
(Table 4.3).
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Table 4.3. Beneficial ayurvedic formulations in hepatic diseases.

Name of the ayurvedic formulation

Composition

Arogyavardhini
(Antarkaret al., 1980)

Hepax (500mgQ)
(Dangeet al., 2001)

ov valiliv (250mg)
(Dangeet al., 2001)

Kamalahar forte (250mg)
(Dangeet al., 2001)

Mercury — 2mg, Sulfur — 2mg, Lohabhasma —
2 mg, Tamrabhasma — g, Abhrakbhasma —

2 mg, Triphala churna — 4ng, Shilajit — 6mg,
Guggul — 8mg, Chitrakamal Churna —r8g,
Kutaki churna — 36ng, decoction oA. indica

— 128mg (total approx 20ng). In the case of
moderate hepatitigyrogyavardhini is used in
combination with viricidal and virechaka drugs. In
the case of severityninerals likeTapyadi lauha
and srothoshodhaka drugs likeshilajithu,

nirgundi, bhallataka, guduchi and shallaki are
additionally used (Shripathi, 2002).

Plumbago zeylanica (Chitraka) — 30mg;
Picrorrhiza kurroa (kali kutki) — 30mg; Piper
nigrum (kali Miri) — 30mg; Zingiber officinalis
(Suntha) — 30mg; Carbonate of soda
(Sgjikhar) — 30 mg; Phyllanthus emblica (Amla)
— 25mg; Calcium hydroxide (Chuna) — 25mg;
Pearlash (Papadkhar) — 275mg.

Arogyavardhini — 60mg; Picrorrhiza kurroa
— 15mg; Terminalia chebula — 15 mg; Eclipta
alba — 30mg; Solanam nigrum — 15mg;
Kanthloh bhasma — 15mg; Caparis spinosa —
15mg; Fumaria parviflora — 15mg; Tamarix
gallica — 10mg; Embelica ribes — 15mg;
Somnathi tamra — 15mg.

Chichorium intybus — 25mg; Solanum nigrum
— 50mg; Mineral salts — 75mg; Mandur
bhasma — 20mg; Terminalia arjuna — 20mg;
Achyaranthes aspera — 15mg; Tinospora
cordifolia — 10mg; Tephrosia purpurea —

12 mg; Boerhavia diffusa — 5mg; Emblica
officinalis — 5mg; Terminalia chebula — 3 mg;
Andrographis paniculata — 3 mg; Berberis
aristata — 3 mg; Plumbago zeylanica — 3mg.
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Table 4.3. (Continued)

Name of the ayurvedic formulation Composition
Liv. 52 (275mg) Capparis spinosa — 65 mg; Cichorium intybus
(Dangeet al., 2001) — 65mg; Solanum nigrum — 32mg, Cassia

occidentalis — 16 mg; Terminalia arjuna —
32mg; Achillea millefolium — 16 mg; Tamarix
gallica — 16mg; Mandur Bhasma — 33mg.

Two reviews have been published so far on hepatoprotective ayurvedic
drugs: (1) Vaidya et al. (1996b) have reviewed the experimental and
clinical research of hepatoprotective effects of medicinal plants and their
preparations; an(®) Bhatt and Bhatt (1996) have compiled the information
on various studies on these plant medicines.

A combination of the following herbsiz., Aegle marmelos,
Andrographis paniculata, Bacopa monnieir, Citrullus lanthus, Eclipta
alba, Phyllanthus niruri, Phyllanthus asperulatus, Piper longum,
Picrorrhiza kurroa, Plumbago zeylanica, Sphaeramthus indicus, and
Tephrosia purpurea may give rise to a potent drug formulatiofeefive
against hepatic disease. These herbs possess one or more properties sucl
as hepatoprotective, antiviral, cholerectic, regeneration of hepatocytes,
antifibrotic, etc. (\didyaet al., 1996b)

4.6 Benefits and Risks of Ayurvedic Medicine in Cancer Care

Among the several potential benefits of ayurvedic medidiekef of
cancer symptoms is especially valuable. This medialse results in a
total healing process, reduces unnecessuty-effects and the cost of
care. Each herbal product contaimsiltiple chemical agents as active
principles that may operasynenqistically, producing therapeutic benefits
and loweringrisks on adverse effects. It also avoids unnecessary
supplemental therapyhis treatment promotes health rather tlast
focusing on disease by carefully attending to illness saufflering.
Empowerment, participation in the healing processe and personal



Advancements of Ayurveda in Hepatocellular Carcinoma 97

attention are essential elements in catreatment. This kind of orientation
toward self-healing andhealth promotion makes ayurvedic treatment
approach to livecancer especially attractive.

Despite the presence of above said benefits in liver cancer treatment,
the extent of research on this disease condition and practice is minimal.
The anti-cancer products available in the market greatly vary in the
method of their preparations. Thus, even if one drug is proven safe and
effective, other similar products on the market may have quite different
effects that preclude consistent dosing. Some of the medicines in this
system and methods of treatment needs new observations, hypothesis-
driven testing, innovations and paeriew

4.7 Recommended Research Design

The clinical efficacy and extent of toxicity of many of the natural anti-
cancer agents are largely unknown. Research on majority of ayurvedic
hepatoprotective drugs is in the pre-clinical phase or is not being actively
pursuedAyurvedic practitioners and researchers in medical sciences can
help to improve this medicine by increasing their involvement and
contribution.Although the word “research” may inspire images oféar

and expensive clinical trials, a multitude of research design exist that are
less complicated and less expensive.

The case study is a research design particularly suited to the ayurvedic
practitioners. These studies form the basis for the future directions in
research and provide valuable contributions to the body of knowledge on
a subject. Case studies have been suggested byftbe @ffAlternative
Medicine at NIH as a means to determine whether a complementary
anti-cancer therapy demonstrates potential efficacy against particular
cancer and whether clinical development of the therapy should
continue. The essential elements of a best case series are suggested in
Table4.4 (OAM, 1994; Boik, 1996). Such case studies on ayurvedic
drugs will help to identify safe and effective drug for dreadful hepatic
disorders and will further the understanding of the mechanism of their
action.
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Table 4.4. Essential elements of case study (OAM, 1994).

Treatment protocols Details of records to be maintained

Diagnosis records « A record about confirming the disease by tissue biopsy
technique during patient diagnosis and about other
diagnosis tools used.

* A note about the date of identification of the primary
tumor site and further metastasis.
* A record of nature and sites of metastasis.

Pre-treatment records  « Details of cancer treatment given to the patients before
this trial.
« Details of disease status at the onset of therapy and also
the progress during treatment.

Treatment schedules « Maintenance of each patient's health records and
examination schedules.
« Details of the treatments employed.

Response * A record on the measures udedexamine the extent of

tumor reduction during treatment.

« A definition of the objective response criteria used.

« A description of each patient's overall clinical status
during therapy and medical condition.

» A criteria such as abnormal clinical observations or
treatmentassociate toxicities which was made to modify
the proposed original treatment protocol.

4.8 Conclusion

A complete cure of HCC is one of the biggest challenges to hikmdn
and the medical world. The future therapy for liver cangérrest on a
better understanding of the molecular patholo§yhe disease and the
development of non-cytotoxic therapiedthough much progress has
been made in the study of ayurveaigti-cancer herbs, the increasing
promise of targeted drutperapy needs to be particularly pursued in the
treatment of HCC. These issues stress the need for the multi-angled
scientific research in ayurveda in order to find out a pergoedy for

this most dreadful disease.
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Chapter 5

ComplementanApproaches to Cancer
in Italy

Ralph W. Moss

Abstract

This article contains some observations on cancer and complementary and
alternative medicine (CAM) in Italyitaly does not have a strong tradition

of using CAM approaches in the treatment of cand#iile the Italian
population is eager to learn more about CAM, the medical profession is
largely dismissive of these methods. In 792998 the notorious Luigi Di
Bella Affair occurred in Italywhen a professor of physiology at Modena
proposed a non-conventional approach to cancer treatment, based around
the off-label use of somatostatin. This treatment found champions in the
media and general public, but was opposed by most of the medical
profession. This affair divided Italian public opinion. Italy no longer has
prominent proponents of non-conventional treatments in cadoarever

it continues to have innovative scientists who do work that is consonant
with a CAM approach. This article considers the work of three such
scientists: Paolo Lissoni, MD, of Monza (Milan), who has carried out
numerous clinical trials with the pineal hormone, melatonin; Giancarlo
Pizza, MD, of Bologna, who has done extensive work on the use of
transfer factor (TF) and other immunomodulators in the treatment of
renal cell and other kinds of cancer; a&ido Mancini, MD, of Naples,

who has isolated a mutated form of Mn-SOD-2 from the growth medium
of a unique liposarcoma cell line. These scientists have introduced some
flexibility into a rigid state-run hospital system byfesfng patients in-
novative treatment options in the context of approved clinical trials.

Keywords: Cancer; Italy; Complementanglternative; Immunotherapy;
Melatonin; Transfer Factor; Somatostatin; Di Bella.
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5.1 Introduction

Italy has a long and venerable tradition in mediciflee Wests first
medical schools were established in Salerno (10th ceh)rand Bologna
(11th centuryAD), and during the late medieval period Italy was in the
vanguard of medical research. The science of anatomy had its origins in
Renaissance Italyand its early pioneers — Malpighius, Fallopius,
Eustachius and many others — remain as foundational to modern medicine
as Michelangelo and Leonardo Manci are to the world of art.

Indeed, as the historian of cancer Michael Shimkin, MD poésted
out, modern medicine as a whole could claim lItaly abirthplace and
1543AD as its birth date, since this was tihear in which Andreas
Vesalius, then a professor at theiversity of Padua, wrote the first
complete textbook of humaanatomy De Humani Corporis Fabrica
(Shimkin, 1979).

Italian physicians were among the first to document the ravages
of cancer and to devise plausible treatments for it: thedestriptions
of stomach cancer came froAntonio Benivieni(1443—1502AD) of
Florence, and Gabriele Fallopius (B52562AD) of Pisa and Padua was
one of the first to propose the useaodenic-containing pastes for cancer
Four centuries latetheUS Food and Druddministration approved the
use of arsenic aan internal treatment for cancer (FDA, 2000).

This distinguished tradition continues. In the mid-1960&ntists from
an Italian pharmaceutical companiyarmitalia, isolated Sreptomyces
peucetius from a rare species of fungtisat was found growing in a
ruined tower overlooking the shore$ the Adriatic Sea (Sikora and
Thomas, 1990)This oganismyielded the first anthracycline drugs,
daunorubicin andloxorubicin. Because of the seaside location of the
original discovery the latter drug was given the trade nakdeiamycin.
This compound, and related anthracyclines, are nhow among the most
widely used chemotherapeutic agents in the world, especially for the
treatment of metastatic solid tumors (Ratain, 2001). The CMF regimen
for breast cancer was also devised in Italy (Nagykalnai, 2808yether
Italy has had a long, proud record in the field of cancer therapy

However Italians are not great users of complementaryattechative
medicine (CAM) During 198-1999 only 15.6% of thialian population
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used some form of unconventional theragy approximately one-third of
American usage. Herbal medicimas used by only 4.8%lthough such
usage may be increasingnd one sees herbalists and homeopathic
pharmacies in all thieig cities, Italy still ranks “among the ‘light’ users [of
CAM, ed.] compared with other European countries (Menniti-lppetito
al., 2002).”

By all accounts, then, the knowledge and utilization of CANMaily is
low. There are no CAM treatment, education, supportnformation
services listed in an international directoryadternative therapy centers
(Fink, 1997). None of the physicians listedAhernative Medicine: The
Definitive Guide to Cancer, practicesin Italy (Diamondet al., 1997).

5.1.1 The Di Bdla affair

In modern times, Italy had at least one contentious encounter with
alternative cancer treatments. Duigi Di Bella was a long-time professor
of physiology at Modena University who died in July 2003 at the age of
91 (Wlliam, 2003). For some years, .0Di Bella quietly used an anti-
cancer regimen of his own devising, which consisted of a combination of
the drug somatostatin, as well as vitamins, retinoids, melatonin, and
bromocriptine (Simini, 1998).

The afair that bears his name was precipitated in Decenil®&7,
by the case of a pediatric cancer patient in Lecce, a towpuglia,
whose parents sought to have him treated byB&lia’'s method.The
medical authorities refused to adminigech an unconventional treatment
and the case was brought befdie courts. The judges sided with the
parents and ordered locahcologists to administer the treatment and
the healthauthorities to pay for it. The case came to the attention of
the media and became a national scandal. Although the child died in
February 1998, public interest in the Di Bella treatnoentinued to build.
A growing number of patients and thaupporters organized demon-
strations calling for medical freedowf choice.Various newspapers,
magazines and television statiolegused intently on the case and its
far-reaching implicationsoncerning who should properly make treatment
decisions irltalian society (Villan, 2003).
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In early July 1998, the first results of a clinical trial frailme Lombardy
region were released. Out of 333 evalughéients, only one (0.3%)
showed a partial response, amke-third of patients showed no change.
Half the patients hatbcal growth of their tumors, and 14% had new
metastaticinvolvement. Adverse efiects (nausea, vomiting, diarrhea,
neurological signs) were reported in 23% of patients, and Badsto
stop the treatment because of adversect.

Such results were understandably interpreted as proving thBi the
Bella treatment had failed. But ODi Bella was quoted ithe New York
Times as saying that the clinical trials had be&yged by oncologists
jealous of his success. Many ordindtglians agreed with him: 67% of
Italian adults continued thave faith in the Di Bella treatment.

The Di Bella affair demonstrated both a pent-up interestan-
traditional cancer treatments on the part of the Itagdialic as well as an
unsuspected degree of cynicism over tb@nter establishment.”

On the positive side, the fair raised to prominence the issoé
non-conventional treatments in a country that until then el little
exposure to such ideas. But in the aftermath ofaffigr, with its pola-
rizing effect, proponents of unusual sdientifically reputable treatments
became more fearful afpeaking out about their own treatments. Each
was afraid obecoming “the next Di Bella.”

5.2 Methods

In November 2003, | visited Italy to speak at a conference on cancer
prevention at the Santa Famiglia Hospital in Rome. | also toured the
country to visit with clinicians doing innovative work in the field of
cancer treatment. What follows are some of my observations on cancer
and complementary and alternative medicine (CAM) in this ancient
country

5.3 Results

The first of these was the New San Gerardo Hospital (Ospedale S.
Gerardo defTintori) in Monza, an industrial suburb of Milan..Raolo
Lissoni, the head of oncologis the author of over 250 pe@aviewed,
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PubMed-listed articles, 33 of which are randomized controlled trials{RCT
| will focus on a few of the most provocative RC®f the past dozen
years.

Non-Small Cell Lung Cancer: In 1992, Lissoni found that adding melatonin

to chemotherapy in metastatic non-small cell lung cancer had a beneficial
effect on survival. In addition, not only was no drug-related toxicity
noted but, on the contraryreated patients “showed a significant im-
provement in performance status (Lisseinal., 1992).”

Solid Tumors Other Than Renal Cell and Melanoma: Lissoni published

an article in theBritish Journal of Cancer in which they showed that
melatonin added to the standard immune stimulant interleukin 2 increased
survival, even in cancers in which IL-2 was not thought to be effective
(Lissoniet al., 1994a).

Brain Metastases. In a study that appeared the same yea€ancer,
Lissoni et al. showed that the outcome for patients with unresectable
brain metastases could also be improved by administration of melatonin.
The authors concluded that “the pineal hormone melatonin may be able to
improve the survival time and the quality of life in patients with brain
metastases due to solid tumors (Lisssiral., 1994b).”

Colorectal Cancer: In 1995, Lissoni published a study on théeets of
immunotherapy with IL-2 and melatonin versus supportive care alone
in the treatment of patients with metastatic colorectal cancer that was
no longer responsive to the standard 5-fluorouracil-based chemotherapy
of the time (Barniet al., 1995). No complete response was observed.
However a partial response (PR) was achieved in two out gatiénts
treated with CPTL1 alone versus five out of Jhtients also treated with
melatonin (MLT). Moreover stable disease (SD) was obtained in five out
of 16 patients treated with CPIL alone but in seven out of 14 patients
treated with CPL1 plus MLT.

Metastatic Colon Cancer: According to Lissoni, melatonin was able to
amplify the efects of IL-2, which allowed it to be given at lowand
therefore less toxic, doses. Lissgngroup performed a clinical trial to
evaluate the impact of low-dose IL-2 plus melatonin on the survival time
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in metastatic colon cancewhich had progressed following treatment
with 5-FU plus folates. The study included fisitients. Patients were
randomized to receive either supportive care alone or else low-dose
subcutaneous IL-2 (thremillion IU/day for six days/week for fowweeks)
plus melatonin (4@ng/day orally).

A partial response was achieved in three out of 25 (12%) of patients
treated with combined immunotherapy

5.3.1 A visit to Bologna

| also visited the Immunotherapy Module, Department of Urology and

Nephrology S. Orsola-Malpighi Hospital, in Bologna, Italjhe director

of that unit is Giancarlo Pizza, MD. For his long career he has been
affiliated with this 1500-bed hospital. He is presently the chief of the

Immunodiagnosis and Immunotherapy Unit in the hospital's First Division
of Urology.

Dr. Pizzas protocol for metastatic renal cell carcinoma (MRRC)
consists of one monthly intralymphatic injectionirgérleukin-2 (IL-2) and
lymphocyte-activated killer (LAKXxells. This comes after three conse-
cutive days of IL-2 inhalationPatients also receive i.m. injections of
transfer factor (TF) monthly and interferon (INdF)siweekly The initial
treatment cycle lasts simonths, withrestaging at three and smonths.

If the disease is put into completamission then an additional six-month
cycle is initiated as preventive measure. Similaylgersistent disease is
alsofollowed by an additional six-month cycle in an attemphibate a
response. In cases of progression, howdkietreatment is discontinued,
unless the patient expresses a ddsingursue it, in which case he/she is
given an additional cycl@ll patients are included in the ongoing statistical
analysis (Pizzat al., 2001).

The results from April 1986 to September 2000 were as follb23:
MRCC patients were treateddverse efects were negligibleThere
were complete responses ib 4nd partial responses in fidtients, for a
total response rate of 19.7%. Of ther24ponding patients, 17 resumed
progression, whereas seven remaiiedemission 1-69 months later
The overall median survival dfeated patients (28onths) was 3.5-fold
higher than the mediasurvival of historical controls (7.months).A
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Kaplan-Meiercurve showed 25% survival years after the beginning of
immunotherapyThe addition of IL-2 by inhalation appeared to improve
survival.

The authors concluded: “The present immunotherapy proappaars
to be eficacious, safe, devoid of adverse side@s,far less costly than
others and able to fer a good quality ofife to MRCC patients. If
confirmed in a multicenter trial, @ould set the basis for developing low-
cost immunomodulatorreatments.”

5.3.2 Santa Famiglia conference and LSA-CM

My final destination was Casa di Cura Santa Famiglia in Rome for a
conference entitled “An International Day of Study on Prevention in
Oncology: Present and Future Developments” (November 13, 2003). This
event was hosted by Massimo Bonucci, MD, chief of the Pathological
Anatomy Service at this gynecological diagnosis and treatment center
which is afiliated with the University of Rome. DBonucci, who is
also an oncologist, is an ardent proponent of integrating complementary
methods into cancer care.

| would like to focus on the presentationfdflo Mancini, MD, chief
of Experimental Oncology at the Ospedale Pascale, Napfeaks,an
associate of the Fondation Pascale of the It&iational Cancer Institute.
His presentation was on certarahcer proteins” that are being developed
as both a therapy arab a preventative. The essential feature is that this
is a novelcancer cell line, named LSA, that has been isolated from a
humanliposarcoma. These cells have both morphological and biochemical
features that strongly resemble adipocytes (fat-storing cells found mostly
in the abdominal cavity and subcutaneous tissue). When grown in a
conditioned cell growth medium (a modification of the standard F12
medium), these liposarcoma cells confer both cytostatic and cytotoxic
effects on the medium, which then itself becomes a potential therapeutic
agent. In 2006, he and his colleagues published encouraging results with
LSA (Manciniet al., 2006).

LSA-CM (i.e.the “culture medium” of LSA cells) appearsitmluce
both apoptosis and cell necrosis, and is also associteda down-
regulation of c-myc and the up-regulation of p53éweral human cancer
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cell lines (breast, lung, glioblaston&c.).A toxicity analysis of LSA-CM,
performed in thredifferent animal species, showed that this new
therapeuticsubstance is absolutely free of acute, subacute, and chronic
toxicity.

According to a limited amount of published work, the MCF-7 human
breast cancer cell line and also glioblastoma cells are killed by LSA-CM
in five to sixdays. Howeverthese same cells are killed in justi&furs
by LSA-CM that has first been co-incubated with low doses of the
standard chemotherapeutic drug cisplatin. LSA-CM therefore has promise
not only as monotherapy but also as an adjunct to low-dose cisplatin
chemotherapy (Mancirgt al., 2000).

In animal experiments on mice with mammary tumors (Balb-c-fc3H),
Mancini has been able to demonstrate that LSA-CM delivered fdays
through peritumoral injections resulted in the rapid disruption of existing
malignant growths and the prevention of metastases. By contrast, in
untreated controls, tumor masses were fooes larger than the initial
lesions, and numerous metastases were found in the lungs.

From the LSA-CM, Mancini and his coworkers isolated a protein
that expressed this cytotoxic activityhis protein wasspecific and
selective only for tumor cells that expresstrogen receptoré&amino
acid sequencing revealed that it wadfact a mutated form of manga-
nese superoxide dismutase (Mn-SOD-B)ese results have also been
confirmed by using &rm of recombinant Mn-SOD-2 that is expressed
in E. coli. As a free radical scavengdin-SOD-2 may also be useful in
the prevention of ischemic injury (Mancini, 2004). Having been patented
internationally the substance is now in toxicological testing by Fidia, &aly’
fourth largest pharmaceutical company (ltaly Global Nation, 2003).

Although still in an early stage of development, the uséMof
SOD-2 (with or without chemotherapy) could be an excitieparture
from standard toxic treatments..DMancini isperformingin vitro and
in vivo tests and Phas#d clinical trials have already been approved
in Italy. Dr. Mancini is eageto find international colleagues who wish
to further develophis exciting concept and, along with.Bonucci,
to foster thedevelopment of a truly integrative form of oncology in
Italy.
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5.4 Discussion

Cancer is a problem of considerable gravity in |talgt as it is in other
industrialized countries. There are elements of the Italian lifestyle that
are conducive to low cancer incidence and mortality rates, such as the
legendary Mediterranean diet, with its outstanding wine and olive ail.
However the country is also pulled in the opposite direction by high
tobacco and saturated fat consumption and an increasing reliance on
American-style fast food restaurants. It is thus a study in contrasts
(Moss, 2004). Similarlyit is divided in its attitude towards CAMVhile

there is an atmosphere of disapproval of such methods in fic&lof
medical system, there is huge public interest, and a few examples of
innovative work even in state-run hospitals.
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Chapter 6

Kampo Treatment for Cancer

Kenji Watanabe

Abstract

Kampo medicine originated in ancient China and developed uniquely in
Japan. More than 70% of Japanese physicians use Kampo medicine in
daily practice As for cancer treatment, Kampo medicine is widely used
by surgeons and oncologists. It is used in the regular practice for the
treatment of cancer and cancer-related symptoms from the early stage to
the terminal care. This paper describes Kampo treatment for cancer, making
references to publications in clinical and basic research.

Keywords: Kampo Medicine; Cancer

6.1 Introduction

Kampo medicine originated in ancient China and developed uniquely in
Japan. It has been both taught to, and usecdcdayventionalWestern
physicians for the last 3@ears.

Currently more than 70% of Japanese physicians (including nearly
100% of Japanese obstetrics and gynaecology (Ob/Gyn) doctors) use
Kampo medicine in daily practice including the university hospital, together
with high-tech medical treatments like organ transplantation or robotic
sumgery (Watanabeet al., 2001). Kampo medicine is considered a
government-regulated prescription drug and currentlyf@#Bulas are
listed on the Japanese national insurance program.

As for cancer treatment, Kampo medicine is widely used by surgeons
and oncologists. It is widely used in the regular practice for the treatment
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of cancer and cancer-relatsymptoms from the early stage to the
terminal care. Becaus€éampo medicine has been totally integrated into
Western medicine inJapan, motivation to promote clinical trials is
lacking. Onthe contrary basic research concerning cancer treatment
havepiled over the last 3@ears by the physicians and pharmaceutical
researchers. Prevention of recurrence or metastasis of cancer cells have
been well studied in basic research, however there is little data in the
clinical study because it takes time to accomplish.

In this review article, Kampo treatment for cancer willdascribed
based on the clinical and basic research articles.

6.2 Prevention of Cancer

Chemoprevention is one of the topics in cancer treatment since it has
been reported that non-steroidal anti-inflammatory drugs (NSAIDs) reduce
the prevalence of colon cancer (Theiral., 1991).

6.2.1 Shosaikoto (/]\££#85%) for the prevention
of the hepatocellular carcinoma

Since Shosaikoto was reported to decrease the serum levels of AST and
ALT (Fujiwaraet al., 1988), it has been widely used for the treatment of
chronic hepatitis. Because chronic hepatitis is very common in Japan as
well as other Asian countries and no established treatment is available,
Shosaikoto is widely used for the purpose of liver protection. @kal.
(2002) reported on a five-year follow-up study of liver cirrhosis patients.
The subjects were 26gatients and randomly divided into two groups, one
treated with Shosaikoto and the other without. Onset of the hepato-
cellular carcinoma and survival rate were evaluated. The results revealed
that the onset of hepatocellular carcinoma decreased and longevity
improved in the group wittghosaikoto especially in the group of liver
cirrhosis by non-B viruses. In the US, the effectivenesShosaikoto,
Hochuekkito and Ninjinyoueito as well as glycirrhizine are listed as the
effective treatment for chronic hepatitis (Shietaal., 2002). However
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the mechanism is not obvious, it is assumed that oxidative stress plays an
important role in hepatocarcinogenesis. Shabtal. (2002) investigated

the anti-oxidative actions oBhosaikoto, and found thatShosaikoto
inhibited the 8-hydroxy-2 deoxyguanosine (8-OHDG) formation, which

is a DNA adduct by reactive oxygen species and known to be a genetic
risk for hepatocarcinogenesis (Seetffal., 2001).

6.2.2 Shoseiryuto (/& &%) for the prevention of lung cancer

In the basic research, there are several reports. One &hdberyuto

(/N #Ev) for the prevention of lung cancer (Konoshietaal., 1994).
Lung cancer was induced in the mouse model by 4-nitroquinolone-N-
oxide (4NQO) s.c. followed by the glycerol intake. This treatment induced
the lung tumor in 93.3% of mice witho&hoseiryuto, and 33.3% with
Shoseiryuto. This data showed the reduction of the onset of lung cancer
with Shoseiryuto.

6.2.3 Shosaikoto (/)v4#87%) for the prevention of melanoma

Another study was done by Ka#b al. (1998). He established RET-
transgenic mouse line (304/B6) in which stepwise development of a skin
melanocytic benign tumor and malignant melanoma can be observed. In
this mouse model, he demonstrated that the herbal me®uoisaikoto

has anti-tumor and anti-metastatiteefs on malignant melanoma through
regulation of protein expression levels of matrix metalloproteinase (MMP)
and its inhibitorThis study was followed by additional evidence showing
that Ret protein expression levels of tumorsSiosaikoto-treated mice
were higher than those of tumors in untreated mice at benign, malignant,
and terminal stages of the tumors. The reduced Ret expression at the
terminal stage was partially restored. From this experiment, it was
concluded that the anti-tumorfedt of Shosaikoto involves the promoted
preparation of Ret protein as a tumor transplantation antigen, which
probably overcomes its potentially increased oncogenic activity (Kato
et al., 2005).
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6.3 Treatment with Surgical Operation

6.3.1 Daikenchuto (XiEd35) for the prevention of post-surgical
ileus

Daikenchuto has been shown to be effective in preventing the post-
surgical ileus and widely used to prevent ileus after abdominal surgeries in
the field of not only gastrointestinal but also gynecology (kblal.,
2002). Daikenchuto also prevents post-surgical intestinal adhesion by
gastroprokinetic and anti-inflammatory effects. Motilin, one of the neuro-
peptides which is a powerful inducer of motor activity in the gastro-
intestine, was elevated in the blood after the administratiBaigEnchuto
in humans (Naganet al., 1999). In additionDaikenchuto has been
shown to induce production of vasoactive intestinal peptide (VIP) and 5-
hydroxytryptamine (serotonin) in human plasma (Nakareuah, 2002).
These neuropeptides may play a role to induce the motility of the gastro-
intestine.Also, Sanshol irzanthoxylum piperitum binds to the vaniloid
receptor and stimulates the peristalsis (Satah., 2001). [6]-shogaol is
an important component in dried ginger and produces an increase in the
gastrointestinal blood floywvhich is medicated by calcitonine gene-related
peptide (CGRP), and explains wByikenchuto is useful in the treatment
of intestinal ischemia-related diseases (Musettal., 2001; Hashimoto
et al., 2001). This action is observed only when steamed ginger is used
and not the dry gingeBeam manipulation is observed in converting the
Gingerol to Shogaol in the ginger and this Shogaol is important in secreting
CGRP leading to the increase of blood flow of the gut as a result.
Prolonged paralytic ileus occurring in the hepatectomized patients
may induce hyperammonemi®aikenchuto is used to suppress the
elevation of serum ammonia in hepatectomized patients (Katilab,
2005). PresumabyDaikenchuto stimulates the peristalsis and does not
allow the growth of the intestinal bacteria producing ammonia. Ireazu
al. (2006) showed this hypothesis with a different Kampo formula,
Juzentaihoto. He showed that the change of the intestinal flora is the
main resource of the serum ammonia elevation and this is suppressed by
Juzentaihoto, because withJuzentaihoto, the change of the intestinal
flora was suppressed.
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6.4 Treatment with Chemotherapy

There are many reports that Kampo treatment reduces the side-effects
of chemotherapyJuzentaihoto alleviates the side-fefct of UFT (Uracil-
Tegafur anti-cancer drug). Six months follow-up study of gastric cancer
patients with UFT after curative operation revealed that suppressor T cell
function was lower and cytotoxic/killer cell function higher in the group
with Juzentaihoto (Yamadaet al., 1993).This study also showed that
subjective and objective adverse symptoms caused by UFT were less
with Juzentaihoto.

6.4.1 Saireito (4£%;5) alleviates the side-effects of CDDP

Another study examined 26 cases of lung camekich was divided into

2 groups, one witlsaireito (n = 10) and the other withoun (= 16)
(Okimotoet al., 1991). Nephrotoxicity with cis-diamminedichloroplatinum
(CDDP) was evaluated. Serum levels of BUN increased in the group
without Saireito, while serum BUN levels were not elevated in the group
with Saireito. Also, creatinin clearance became lower and N-acetyl-D-
glucosaminidase increased, while those markers stayed as normal in the
group with Saireito. This study showed thaaireito is efective in
alleviating the nephrotoxicity of CDDP

6.4.2 Juzentaihoto (+£X#4;5) alleviates the side-effects of CDDP

Sugiyamaet al. screened IlKampo formulae to evaluate the protection
of nephrotoxicity induced by CDDP (Sugiyardaal., 1993a and 1994).
Among the 1 Kampo formulae, ninéormulae showed significant
reduction of nephrotoxicityAlthough Flosemide also reduced the
nephrotoxicity it also diminished the fctiveness of CDDPAmMong
nineKampo formulae that reduced the nephrotoxjcltgentaihoto was
the most effectiveJuzentaihoto also protected the liver and suppressed
the liver injury Among the herbs iduzentaihoto, Angelicae radix showed
the most effectiveness in liver and kidney protection (Sugiyetnad.,
1993b). Sodium malate ingelicae radix was responsible for protecting
the liver and kidney functions. The mechanism of action of sodium malate
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was that this compound binds to CDDP and forms the diammino-
platinum(ll) malate, which has a similar chemical structure to the
CDDP-derived chemical, Carboplatin (CBDCA). This CBDCA is used
clinically and it has less toxicity against the kidnegweverthe efect is
weaker Also, this sodium malate did not increase bone toxicity;
Juzentaihoto protected the bone marrow and blood cell count was not
decreased withJuzentaihoto.

6.4.3 Hangeshashinto (}E:3E.,38) alleviates the side-effects
of CPT-11

Another good example that showed the reduction of the side-effects of
chemotherapy i$langeshashinto. Irinotecan hydrochloride (CPI1), a
semi-synthetic derivative of camptothecin, is an anti-cancer drug which
inhibits nucleic acid synthesis by topoisomerase | inhibition. -CIPT
possesses a wide anti-tumor spectrum and is widely used for the treatment
of lung cancer colon cancer and malignant lymphoma. Diarrhea is
the main side-effect that occurs in the early stage and causes the
discontinuation of the drug administratiodangeshashinto is used to

stop the irinotecan-induced diarrhea. Metial. (2003) reported the
result of RCTof Hangeshashinto and CPT11. Of the 41patients with
advanced lung canget8took Hangeshashinto and 23 did notAmong

41 patients, 3%®xperienced diarrheAlthough there were no dédrences

of diarrhea frequency and duration, severe diarrhea (gBaded 4) was
reduced in the group withlangeshashinto (oneamong 1&atients) as
compared to the group withodiangeshashinto (nineamong 23atients).

This study showed thatlangeshashinto is recommended for use with
CPT-11. The mechanism of action is also well studiedk@suneet al.,

1995). CPT11 is changed to 7-ethyl-10 hydroxy-camptotecin (SN-38) in
the liver and SN-38 undgoes glucronate conjugation changing into
inactive SN-38 glucronide. Lateit is excreted into the bile, and is then
deconjugated by-glucronidase, which was contained in the intestinal
bacteria to become SN-38 again. This SN-38 induces delayed diarrhea.
Hangeshashinto contains baicalin, which serve as another resource of
B-glucronidase. This competitive action of baicalin against SN-38 glucronide
inhibited the formation of active form of SN-38 without glucroniéie.a
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result, the delayed diarrhea caused by deconjugated SN-38 was alleviated
by Hangeshashinto.

6.5 Treatment with Irradiation

There is a report that the irradiation with Kampo improved the survival
rate in the progressive uterus cervical can€eratment was the com-
bination of low dosen situ irradiation and external irradiation. Kampo
formulae wereduzentaihoto (-}-4= X A4iiv%), Ninjinyoueito (A 22 5&5)
andHochuekkito (i H 75 %.7%)- Irradiation only survival rate is higher in
the group treated with Kampo formulae. Five- and ten-year survival rates
were 65.6% and 49.1% in the irradiation only group (total number was
119; stage llb, 64ases and stage lllb, 88ses). On the other hand,
these were 75.6% and 65.9% in the irradiation with Kampo group (total
number was 82; stage Ilb, 43 cases and stage lllb, 39 cases). This study
showed that the combination of Kampo formula and irradiation improved
the survival rate of progressive uterus cancer patiemtseKhwaet al.,
2000).

6.5.1 Juzentaihoto for the hematopoiesis after irradiation

Effects of Juzentaihoto on the recovery of hemopoietic systems from
radiation injury are analyzed (Ohnigdial., 1990). Colony-forming unit-
spleen (CFU-S) are hematopoietic colonies formed in the spleen of
recipient mice that have been lethally irradiated and injected with donor
bone marrow cells. Day-14 CFU-S represents primitive hematopoietic
stem cells (HSCs) and day-9 CFU-S represents more mature HSCs. The
mice injected withJuzentaihoto-treated bone marrow cells showed better
general condition, heavier spleens witly&arand more numerous colonies
than the control mice on day 14. On the other hand, there waderertt

in the number of CFU-S betweduzentaihoto-treated and control groups

on day 9. Since the day-14 CFU-S assay is thought to reflect the most
primitive progenitor cells in the hematopoietic system, these results strongly
suggested thaluzentaihoto acts on stem cells in the GO phase to manifest
recovery-enhancing fefcts from radiation injuryAfter this study the
same group fractionatellizentaihoto to obtain oleic acid and found that
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linolenic acid inJuzentaihoto was the responsible compound (Hista
al., 1997).

6.6 Prevention of Recurrence and/or Metastasis

This is one of the very interesting points with Kampo treatment. There
are a lot of basic research studies and several clinical studies currently
ongoing. The mechanism is also being studied.

6.6.1 Juzentaihoto for the prevention of colon cancer metastasis

Oral administration ofluzentaihoto before tumor inoculation resulted in

the dose-dependent inhibition of liver metastasis of colon 26-L5 carcinoma
cells and significant enhancement of survival rate compared to the
untreated control (Ohnishet al., 1998). This efect was lost when
macrophages and T-cells were eliminated. These data support the fact
that immunological function plays a central role in the mechanism of
Juzentaihoto.

6.7 Palliative Care

Kampo medicine is also used in palliative cad@jinto (A £29%), Shi-
kunshito (JU# T%), Rikkunshito (/5# 7%;) and Bukuryoshigyakuto
(PR£-1Uiiv5) were often usel to improve patients appetiteard help
them recover from the cachexia.

6.7.1 Daikenchuto for the constipation by morphine

Morphine is the most #&fctive anti-nociceptive agent and is used to
manage pain experienced by terminal cancer patients. Hqvitemduces
severe constipation, causing an obvious reduction in quality of life.
Daikenchuto is evaluated in the mouse model and has been shown to
improve the gastrointestinal movement. The mechanism is assumed to
enhance the contraction of longitudinal muscle and relax the tonic
contraction of circular musclgukudaet al., 2006). This mechanism
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explains the mechanism of action Daikenchuto for the constipation
induced by morphine.

6.8 Conclusion

| introduced a part of the evidenceskampo medicine for the treatment

of cancerAs a matter of factkampo medicine is broadly used for the
treatment of cancer from the early stage to the end of life amatai hoto

and Hochuekkito are the most commonly useduzentaihoto is
investigated to a greater extent thdochuekkito. However we need to
further investigate the indications and mechanism of action and clarify
the usefulness of Kampo treatment for cancer
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Chapter 7

Risk Management of Complementary
Alternative Medicines in Cancer

Ursula Werneke

Abstract

Purpose: Cancer patients widely use complementary alternative medicines.
Although some remedies have been shown to be of benefit, there is also a
risk of potentially serious interactions with conventional cancer therapies
and diagnostic procedures. The aim of this review is to identify the main
factors which might make complementary medicines potentially unsafe in
cancer

Method: Systematic review of potential interactions with chemo- and
radiotherapy and review of the purported mechanisms of action.

Results: Four factors were identified. These included the potential modification
of the clinical course, interaction with the pharmacodynamics and pharma-
cokinetics of conventional therapies and potential alterations of investigations.
Complementary immunostimulants may be contraindicated in lymphomas
and other cancers in which suppression of the immune system is desired.
Phytoestrogens could stimulate growth of hormone sensitive cancer cells.
Antioxidants should not be used in chemotherapies whose mechanisms of
action rely on cell damage through oxidative stress. Many remedies can
interact with the cytochrome P450 system thereby potentially changing
plasma levels of conventional medicines. Howewaitro effects or findings

from animal studies may not translate into clinically relevant effects. Some
remedies may interfere with the membrane transporter proteins thereby
contributing to multi-drug resistance. Finally some complementary medicines
remedies may interfere with unsealed source radiotherapy or nuclear scans.

Conclusions: Predicting the safety profile of complementary medicines is
complex and may depend on personal and genetic factors. In cancer, therapy
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where the therapeutic ntan of chemotherapies is very narrguotential
risks and benefits need to be meticulously evaluated.

Keywords: Cancer; ComplementaAfternative Medicines; Chemotherapy;
Radiotherapy; CYPABC; Multi-Drug ResistanceAntioxidants.

7.1 Introduction

The use of complementary alternative medicines (CAMSs) in patients
suffering from cancer is well documented. The reported evidence varies
widely and may depend on how CAMs are defined. Current estimates
suggest that between 7% and 80% of patients may take such treatments
(Bernstein and Grasso, 2001; Ernst and Cassileth, 1999). The reasons for
using CAMs may be complex. In cancer patients, themes identified evolve
around reduction of side effects, reduction of psychological distress,
attempts to gain control but also dissatisfaction with conventional care or
using CAMs when other treatment options have failed (Lengatiabr,
2006;Verhoefet al., 2005) At the same time, patients may havédiclifties
indicating why they chose a specific remetlgey may then give more
general reasons such as fighting caniseosting the immune system and
enhance well-being (Humpel and Jones, 20érnekeet al., 2004a).
Increasinglywhere CAMs are thought to be beneficial, iechanisms
of actions are identified. Anti-cancer mechanismetude anti-proliferative,
proapoptotic, antioxidangnti-angiogenic and endocrine properties. Other
remedies carinterfere with tumour promoter and suppressor genes.
Immunological mechanisms include stimulation of B lymphocytes,
modification of leukocyte activityactivation of complemeriactors and
cytokines (Vérnekeet al., 2004b). However‘proof of principle”studies,
often conductedh vitro or in animal experiments, neasbe followed by
systematic clinical testing of efficacy asdfety in human beings. This is a
time consuming process, amith the rapid expansion of the availability of
information andremedies over the Internet patients may be increasingly
lesswilling to wait for scientifically approved results. At the satimee
they may not be aware of the implications of CAM usetleir cancer
care (Ernst and Schmidt, 200Pgscilaret al., 2006).Clinicians need to
be aware oCAM-induced side effects or interactions and should be able
to identify hazards, advise patients accordingly and awwidritical
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encouragement of potentially harmful usesfWékeet al., 2006). Ignorance
in this area, given the independent usage of CAMSs, la@y/to criticism
and possibly litigation (Cohen and Eiserhe2002).Equally patients
should be encouraged to disclose information about CtbMealth care
professionals.
The aim of this review is to identify the main factgstentially

making CAM use unsafe in cancer patientschiically reviewing the
evidence base for the mechanisnaofion of such purported risks.

7.2 Methods

The Medline and Cochrane databases were searched for evidence in
regard to the safety of CAMs for the treatment of different cancers and
potential interactions with chemo- and radiother&gmarch terms included

the identified CAMs categorised as cancer treatments, immunostimulants,
antioxidants, CAMs with endocrine and psychotropic properties and other
CAMs identified to be used frequently by cancer patientsriékeet

al., 2004b). These terms were combined with various chemotherapeutical
radiopharmaceutical agent8dditional search terms included “side
effects”, “adverse drug reaction”, “interaction”, “antioxidants”, “ABC
cassette proteins”, “P-glycoprotein”, “BCRP”, “MDRP”, “multi-drug
resistance”, “cytochrome” and “CYP”. The recovered papers were
reviewed for further relevant referenc&¥eb-based resources such as
Natural Medicines Comprehensive Database (NMCD) 2006 were also
accessed for further information on the identified substances. Where
available, reviews summarising safety data and the proposed mechanism
of action were used, since presenting all the evidence in detail would have
been beyond the scope of this pageplicating existing work. For clinical
studies, meta-analyses and randomised controlled trials were given.priority
However due to the lack of systematic pharmacovigilance for CAMs,
case reports, animal studies andsitro evidence were also considered.

7.3 Results

Four potential factors were identified. These are the potential modification
of the clinical course of specific tumour types, interaction with the
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pharmacodynamics and pharmacokinetics of conventional therapies as
well as potential alterations of investigations.

7.3.1 Potential modification of clinical course

Potential interactions which could modify the clinical course will vary
according to cancer type. Haematological cancers including lymphomas
and hormone sensitive cancers may becédfd. Howeversome of the
findings are conflicting and pharmacological activity may be dependent on
type of extract, dose and length of exposure.

7.3.1.1 Haematological cancers

In haematological cancers and lymphomas, abnormal and dysfunctional
cell lines are produced with detrimental consequences for the immune
system. That is why it comes as no surprise that patients may wish to
undo damage to the immune system by using CAM immunostimulants.
Remedies which may induce leukocyte proliferation and increase cell survival
time include echinacea species, mistletoesadsiw and astragalus.

In animal and irin vitro experiments, echinacea has bassociated
with increase of white blood count and increasenoinonuclear cells
and decrease of granulocytes (Cundglhl., 2003), proliferation of T
lymphocytes (Morazzongt al., 2005;Jurkstieneet al., 2004), and pro-
liferation of Blymphocytes and macrophages (Luedtigl., 1989;Stimpel
et al., 1984). Howeversome studies didiot find increase ofl cell
activity (Stimpelet al., 1984;South and Exon, 2001) and suggested that
echinacea may even have immunosuppressant aqi8atyth and Exon,
2001). It is unclear whether these effects tmee dependent (Kemp
and Franco, 2002). Mistletdes been tested in clinical experiments and
shown to lead tdncreases in total lymphocyte, monocyte and natural
killer cell counts (Dohmeut al., 2004). Mistletoe has also been found to
be a potentactivator of human neutrophil-induced apoptosis (Lavastre
et al., 2002). Induction of tumour proliferation such as in B cell lymphoma
has been suggested lbutitro evidence has not substantiated this concern
(Kelter and Fiebig, 2006; Huga al., 2005). In animal experiments, at’
claw has been shown to increase lymphocyte survival time without
increasing proliferation rate (Akessenal., 2003).Astragalus stimulates
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lymphocyte proliferation in healthy individuals (Setral., 1983 and 2006).
At the same time, astragalus has been shown to improve T cell function
(Chuet al., 1988). The effects of astragalus may be dose dependent, and
immunosupression may occur at a higher dose (NMCD, 2006a).
Theoretically extracts from these plants could boost maligratit
proliferation. Such proliferative effects have to be ofégginst improved
function, for instance through activationaytokines. Howevemnon-specific
stimulation of the immunsystem not targeted at specific tumour antigens
is unlikely totranslate into a specific anti-carcinogenic effect (Block and
Mead,2003).

7.3.1.2 Hormone sensitive cancers

Sex steroid sensitive cancers include breast, endometrial ovarian, testicular
and prostate cancers. Sex steroid deprivation leading to successful therapy
of metastatic cancer has long been known and was first reported in 1896
(Ellis and Swain, 2001). Pharmacological mechanisms of sex steroid
deprivation include disruption of the biosynthesis, interference with the
hypothalamic-pituitary feedback mechanism targeting luteinising releasing
hormone (LRHR), action at end-organ receptors using full or partial
antagonists or administration of opposing sex steroids, for instance using
oestrogenic agents for the treatment of prostate cadeebal remedies

can unfold similar actions, but problems may arise when patients use these
remedies to counteract undesired side effects of hormone deprivation.
The main concern is that these agents stimulate proliferation of hormone
sensitive cancer cells, for instance oestrogenic agents may promote breast
cancer growthThese concerns can befii@lt to prove clinically since
studies which carry a tangible risk of harm, may not be approved by
ethics committeesThus, most research in this area will relyiarvitro

and animal experiments.

Oestrogen receptor agonists include panax ginsenge{late 2003),
liquorice (Maggioliniet al., 2002), red clover (Huntley and Ernst, 2003),
chaste berry and hops (Lat al., 2001). Soy with its active ingredient
genistein is an oestrogen recepagonist by itself but may unfold anti-
oestrogenic properties the presence of oestrogen (Messhal., 2006).

Wild yam with its activengredient diosgenin augments oestrogerfiects
(Aradhanaet al., 1992). Dong Quai has been also been implicated as a
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phytoestrogen (Oerter Klegt al., 2003). Blackcohosh exerts its activity
on the pituitary axis. Black cohodbinds to oestrogen receptors and
depresses the luteinisidgprmone (Dukegt al., 1991; Seidlova-\Wittke
et al., 2003).

Predicting an effect of these plants on breast canceprodifieration
is not straightforward. For instance, parginseng has many different
ingredients, some of which airghibitors of cell growth and proliferation
whilst others aréenducers of apoptosis and cell cycle arresaifgét al.,
2006). Such properties could outweigh a potentially adveesstrogen-
mediated cell proliferative stimulus, but only if suahti-carcinogenic
activities were sufficiently tumour specifiglso, oestrogenic activity may
depend on the extract chosen. Imeaentin vitro study onAmerican
ginseng, only a methanol bubt a water extract was able to elicit oestrogenic
activity andstimulate breast cancer cell proliferation at low concentrations
(King et al., 2006).

Converselyplants containing-linolenic acid such as evenipgmrose
or borage have anti-oestrogenic properties. These anidnce the
therapeutic response to tamoxifen in endocsaasitive breast cancer
through potentiation of théamoxifen-induced down-regulation of the
oestrogen receptdKenny et al., 2000 and 2001).

7.3.2 Potential interactions with pharmacodynamics
of conventional therapies

Cancer chemotherapies exert their function through causation of cell
damage, interference with cell metabolism, specific immune responses to
tumour antigens and reversal of endocrine acti@G#Ms are often used

to combat the significant adversefeets of such therapies. Howeyer
such improvements may come at the expense of a deterioration of the
long term prognosis if the chemotherapeutic effect is attenuated (Labriola
and Livingston, 1999).

7.3.2.1 Antioxidants

Chemically oxidation is defined as the loss of electrons and reduction as a
gain of electrons. Loss of electrons can leave the outer shell of an atom
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unstable producing a free radical. This will try to regain stability by
scavenging electrons from another atom, which then becomes unstable.
Thus, a chain reaction is started. Free radical production plays a role in
many physiological mechanisms at cellular level. Free radicals can lead to
cell damage when reactive oxygen species such as superoxide hydrogen
peroxides and the hydroxyl radical or reactive nitrogen species such as
nitric oxide are involved. For instance, reactive oxygen species can act as
secondary messengers in intracellular signaling cascades which induce
and maintain the oncogenic phenotype of cancer cells. Howeagtive
oxygen species can also induce cellular ageing and apopto#ie &

al., 2006).Although these properties can be used therapeutically they can
also cause organ damage as an unwanted effect.

Antioxidants are substances which can donate free radidtisut
becoming unstable themselves though electron loss. dorag from a
variety of sources including metals, minerals plaaht products. Commonly
used antioxidants include some vitamansl trace elements such as vitamins
A, C and Ef3-carotenego-enzyme Q10 and selenium. Many plant extracts
also haveantioxidant properties such as green tea, grape seed, tomato
and tumeric (Wernekeet al., 2004b). Other antioxidants include N-
acetylcysteineglutathione and melatonin. Zinc, manganese and copper
are considered antioxidants when incorporated into superoxide dismutase
and iron when incorporated into catalase (Labriola and Livingston, 1999).

Chemotherapeutic agents relying on oxidative stress inallgliating
agents such as cyclophosphamide, anthracydmigbiotics such as
doxorubicin, and epipodophyllotoxins such etsposide (Labriola and
Livingston, 1999; Pommieat al., 2001).Essentiallythese agents produce
reactiveoxygen species to target DNA thereby arresting cell cycles and
inducing apoptosigAntioxidants may suppress free radit@imation and
thus compromise the ability of chemotherapewtgents to destroy
micrometastases. This could translate ihtgher risk of recurrence.
Antioxidants may also promotaulti-drug resistance mediated through
membrane transportgrroteins. Expression of p-glycoprotein may be
inhibited byreactive oxygen species @ffenbeg et al., 2005) although
the evidence is not consistent. For instance, glutamate has been shown
to increase reactive oxygen species formation and enhance expression
and activity of p-glycoprotein. This process could be reversed by
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n-acetylcysteine (Zhu and Liu, 2004). Equaligdiotherapy depends on
irradiation-induced free radical formation and antioxidants may potentially
compromise radiotherapy results (Agostinelli and Seed6; D’Andrea,
2005). However individual antioxidants vary in action and may not
necessarily compromise chemo- and radiotherapy (Labriola and Livingston,
1999).

7.3.2.2 Antifolates and folic acid

Probably the best known antifolate is methotrexate (MTX) which interferes
with DNA biosynthesis. One mechanism of action is based on the inhibition
of dihydrofolate reductase leading to accumulation of inactive folate forms
(Messmann anédllegra, 2001).Theoretically folate supplementation could

at least partly reverse the antifolate activibn the one hand, this could
lead to relief of adverse effects including the reduction of treatment related
death (Calvert, 2002). On the other hand, this could also adversely affect
the efectiveness of chemotherapyhe research evidence remains
conflicting (Kelemen, 2006). For instance, one study in children with
lymphoblastic leukaemia showed that folic acid could stimulate the bone
marrow (Schrodeet al., 1986).

7.3.2.3 Endocrine therapies and immunether apies

The most commonly used sex steroid therapies include anti-oestrogenic
and anti-androgenic therapiesafle 7.1). Mechanisms of action include
direct activity at end organ receptors, interference with the hypothalamic-
pituitary feedback mechanism or inhibition of synthesis. Anti-androgens
currently used include non-steroidal anti-androgens such as flutamide,
ketoconazole and finasteride. Saw palmetto is an herbal anti-oestrogen
commonly used in benign prostate hyperplasia (Preigér, 2002). Anti-
oestrogens include tamoxifen, a mixed oestrogen receptor agonist and
antagonist and aromatase inhibitors such as anastrozole, which inhibit
the production oestrogen through aromatization of adrenal androgens
(Ellis and Swain, 2001)As well as increasing oestrogen-sensitive cell
proliferation, herbal oestrogens could reverse the endocrine action of
anti-oestrogenic therapies. Howevemical experience is limited.



Table 7.1. Examples of common anti-cancer drugs and @Rabolism.

Drug class Drug Pharmaco- Main CYP Metabolite MDR resistance
logically  enzyme for  pharmacologically gene (Zhou-Pan
active primary active et al., 1993)
conversion
Alkylating Cyclophospha- No 2B6, 3A4  Yes (Scriptureet al.,
agents mide 2005; Baumhakel
et al., 2001)
3A4 Inactivation of
primary metabolite
(Scriptureet al .,
2005)
Ifophosphamide No 3A4 Yes (Scriptureet al.,
2005)
Camptothecins Irinotecan No N/A Yes (Scriptureet al.,
(Topoisomerase 2005)
! targtetlng 3A4 No (Scriptureet al.,
agents) 2005)
Topotecan Yes 3A Yes: weaker ABCB1
(Takimoto and ABCG2

Arbruck, 2001)
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Table 7.1. (Continued)

Drug class Drug Pharmaco- Main CYP Metabolite MDR resistance
logically enzyme for  pharmacologically gene (Zhou-Pan
active primary active et al., 1993)
conversion
Epidodophyollo Etoposide Yes 3A4, 3A5 Yes (Pommieet al., ABCB1
-toxins 2001; Rellinget al., ABCC1
(Topoisomerase 1994) ABCC3
Il inhibitors) ABCG2 c
Teniposide Yes 3A4, 3A5 Unclear (Pommier ABCB1 é
et al., 2001; Relling i
et al., 1994) o
Taxols Paclitaxel Yes 2C8, 3A4, Yes: weaker ABCB1
3A5 (Scriptureet al.,

2005; Rowinsky and
Donehower, 2001)

Docetaxel Yes 3A: 3A4, Yes: weaker ABCB1
3A5, 2B, 1A (Scriptureet al.,
2005; Rowinsky and
Donehower, 2001)




Table 7.1. (Continued)

Drug class Drug Pharmaco- Main CYP Metabolite MDR resistance
logically enzyme for pharmacologically gene (Zhou-Pan
active  primary active et al., 1993)
conversion
Vinca alkaloids Vincristine Yes 3A4, 3A5 Unclear (Baumhakel ABCB1
et al., 2001; ABCC1
Rowinsky and
Donehower, 2001;
Dennisonet al.,
2006)
Vinblastine Yes 3A, 3A4 Yes (Rowinsky and ABCB1
Donehower, 2001; ABCC2
Zhou-Paret al.,
1993)
Partial Tamoxifen Yes 3A4, 2D6 Yes: stronger

oestrogen
antagonists

(Scriptureet al .,
2005)
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Glucocorticoids have cytotoxic as well immunosuppress#etts.
They are integrated into many chemotherapdugatment schemes. CAMs
stimulating the immune system, such asiragalus, beta-glucans, eat’
claw, echinacea and mistlet@®uld theoretically modify the immuno-
suppressant effects. Son@AMs can also theoretically interfere with
monoclonal antibodieby inducing proliferation in the same cell lines
targeted by theantibody This could either lead to symgstic efects as
demonstrated at molecular level for beta-glucaren@ al., 2005) or
antagonistic effects such as stimulation of B lymphodyiesigh echinacea
(Stimpelet al., 1984).

7.3.3 Pharmacokinetic interactions

The pharmacokinetics of most anti-cancer drugs is highly variable between
patients and may be genetically modified. For instance, the oxidative
metabolism depends on the cytochrome (CYP) system. Several proteins
mediating drug transport through cell membranes have been identified in
the context of multi-drug resistance (MDR). Finally direct interactions
between CAMs and anti-cancer drugs may possibly lead to accumulation
of toxic metabolites. Genetics may account for 20% to 95% of the variability
in therapeutic response and toxic effects (Scripttia., 2005).

7.3.3.1The CYP system

The liver is the most important site of CYP metabolism but other organs
can also express these enzymes. About 60% of all clinically used drugs are
metabolised through CYP 3A4 including HIV protease inhibitors, HIV
non-nucleoside reverse transcriptase inhibitors, warfarin, cyclosporine,
ketoconazole, oral contraceptives, some anti-convulsants such as carba-
mazepine, digoxine and theophylline (CSMMCA, 2000).

In anti-cancer agents, metabolisation through the CYP system
may not necessarily lead to a decrease in plasma level or dimiraftion
effect. For instance, cyclophosphamide is an inagireedrug, which is
transformed to the fective substance b€YP2B. Tamoxifen although
pharmacologically active, isnetabolised to much more potent anti-
oestrogenic metabolitéScriptureet al., 2005). Corticosteroids are mainly
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metabolised through CYP3A4, but the activity of the metabolites depends
on the formulation of the different subtypes. The effects of CYP inducers
and inhibitors are essentially differential depending on whether metabolites
are more or less activedgble7.1). If metabolites are less active than the
original agent, CYP inhibitors increase whereas inducers reduce therapeutic
effectiveness. Converselly metabolites are more active than the original
agent, CYP inhibitors reduce whereas inducers increase therapeutic
effectiveness. Howevgethe pharmacodynamic nefedfts may change in
those drugs whose active metabolites undergo CYP mediated inactivation.
For instance, cyclophosphamide metabolites are further inactivated by
CYP3A4 (Scriptureet al., 2005).

This differential metabolic activity has to be considered wtien
safety profiles of CAMs are evaluated. Many herbal remexiasnodify
CYP activity, however activity demonstratad vitro does not always
translate into clinical é&cts (Tbles7.2a—d). Also for some remedies,
microsomal activity may be extract depend@parreboonet al., 2004).
Given that the expression of thecrosomal enzymes is also affected by
age, sex, type of tumaquiver function and genetic polymorphisms (Scripture
et al., 2005) as well as type of remedy and ext(&@garreboornet al.,
2004), the clinical impact on metabolism may be extrerddficult to
predict.

7.3.3.2ABC transporters

The ABC cassette genes represent proteins which birATBand use

this energy to drive various molecules through cell membranes. The
transport is mostly unidirectional (Sparreboeral., 2003). This can lead

to drug resistance in cancer chemotherapy when drugs are increasingly
transported out of the target cells. Multi-drug resistance can occur when
a transporter protein is stimulated by one agent but the resulting resistance
affects several agents transported by the respective protein. Three ABC
genes seem to be responsible for nearly all the drug resistance in cancer
chemotherapyABCB1 encoding p-glycoprotein (p-GBBCC1 encoding
multi-drug resistance associated proteifMRP1) andABCG2 encoding
breast cancer resistance associated protein (BCRP) (Sparrebabm
2003). Howevernot all chemotherapies ardeafted by these transporter
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Table7.2a. CAMs and CYPand MDR activity: anti-cancerimmunostimulant and
antioxidant remedies.

Remedy CYPin vitro activity” CYPin vivo activity” MDR in vitro MDR in vivo

Goldenseal 2C9 INH (Chatterjee 3A4, 3A5, 2D6 INH
and Franklin, 2003) (Gurleyet al., 2005)

Quercetin  3A4 IND long term  3A4 IND in animal  P-gp’ INH P-gp INH
or INH short term  model (Choi and Li, (Wanget al., (animal

(Pal and Mitra, 2006) 2005) 20068; model) (Choi

1A, 2BIND (Rahden- Limtrakul and Li, 2005;

Staronet al., 2001) etal.,, 2005) Hsiuetal.,
2002)

Echinacea 2C9,3A4 (weak) INH 3A4 INH (weak)
(Yale and Glurich, (Yale and Glurich,

2005) 2005; Gurleyet al.,
2004)
IND or INH
depending on extract
(Sparreboonet al.,
2004)

Grape seed2E1 INH (Rayet al., 3A IND (animal
2001) model) (Nishikawa

et al., 2004)

Green tea 1Al, 1A2,3A4 INH 3AIND in liver and P-gp, MRP2:
or IND depending on 3A INH in small no effect
cell lines (Netsch intestinum(Nishikawa (Netschet al.,
et al., 2006;Yang and et al., 2004) 2005)

Raner 2005)

1A1, 2A6, 2C19, 2E1, P-gp INH

3A4INH (Muto et al., (Kitagawa

2001) et al., 2004;
Mei et al.,
2004; Jodoin
et al., 2002)

HNH: Inhibition, IND: Induction.

TP-gp: P-glycoprotein.

*MRP: Multi-resistance protein.

SBCRP: Breast cancer resistance protein.
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Table7.2b. CAMs and CYPand MDR activity: endocrine remedies.

Remedy

CYPin vitro activity

CYPin vivo activity MDR in vitro MDR in vivo

Liquorice

Red clover

Soy

Evening
primrose

Saw
palmetto

3A4, 2C9, 2B6 INH
(Kentet al., 2002) model (Muet al.,
2006)

3A, 1A2, 2B1 IND

after repeated doses

(Paoliniet al., 1999)

1A1, 1B1 INH
(Robertset al., 2004)
1A2, 2C8, 2C9, 2C19,
2D6,3A4 INH (Unger
and Frank, 2004)

1A1, 1A2, 2E1 INH 3A4: no induction
(Helsbyet al., 1998) (Sparreboonet al.,
2004)

Unhydrolysed: 1A2,
2A6, 2D6 INH and
3A4 IND (Anderson
et al., 2003)
Hydrolysed1A2, 2A6,
2C9 2D6, 3A4 INH
(Andersoret al.,2003)

1A2, 2C9, 2C19, 2D6,
3A4 INH (Zouet al.,
2002)

2C9, 3A4 in animal

BRCP but  P-gp INH
not P-gdNH (animaimodel)
(Imaietal., (Greenetal.,
2004) 2005)

P-gp, MRP1,

MRP2 INH

(Sparreboom

et al., 2003)

2C9, 2D6, 3A4 INH 1A2, 2D6, 2E1, 3A4:

(Yale and Glurich, no significant effect

2005) (Gurleyet al., 2004)
2D6, 3A4: no signifi-
cant effect
(Markowitz et al.,
2003b)
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Table7.2c. CAMs and CYPand MDR activity: psychotropic remedies.
Remedy  CYPin vitro activity CYPin vivo activity MDR in vitro MDR in vivo
Ginkgo 1A1, 1A2, 2B1/2, 3A12C19, 3A4 INH cf. Quercetin
INH (Zhaoet al., (Sparreboonet al.,
2006) 2004)
2C9, 3A4 INH (Mle  3A4 INH (weak)
and Glurich, 2005) (Markowitz et al.,
2003c)
2C19INH
(Sparreboonet al.,
2004)
Ginseng 1A1, 1A2, 1B1, 2C9, 2D6 INH (weak) in BRCP INH Rg (3) in-
2C19, 2D6, 2E1, 3A4 elderly (Gurleyet al., (weak) (Jin  creased life
INH or 3A4: no 2005) et al., 2006) span in mice
effect (Sparreboom P-gp INH of implanted with
etal., 2004) protopanaxatrioldoxorubicin-
ginsenosides resistant
in high con- leukaemia
centrations  cells (Kim
(Choietal.,, etal., 2003)
2003)
P-gp INH of
Rg (3) ginse-
noids (Kim
et al., 2003)
. Johns  3A4 IND long term or 2E1, 3A4 IND in P-gp IND
wort INH short term (Pal elderly (Gurleyet al., (weak)
and Mitra, 2006) 2005) (Weberet al.,
CYP 1B1 INH 2004)
(Chaudhary and P-gp IND
Willett, 2006) (Tianet al.,
2D2, 2A2 INH and 2005)
2C6 IND (Dostalek P-gp INH
et al., 2006) (Patelet al.,
2004)
Valerian 3A4 INH (Lefebvre 3A4 INH (weak) P-gp INH
et al., 2004) (Gurleyet al., 2005) (Lefebvre
3A4: minimal INH  etal., 2004)

and 2D6 no effect
(Donovanet al.,
2004)
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Table7.2d. CAMs and CYPand MDR activity: other remedies.

Remedy  CYPin vitro activity CYPin vivo activity MDR in vitro MDR in vivo

Milk thistle  2D6, 2E1, 3A4 INH: 1A2, 2D6, 2E1, 3A4: P-gp INH

not at clinically no significant effect (Chunget al.,
achievable doses (Gurleyet al., 2004) 2005)
(Sparreboonet al., P-gp: no
2004) effect (Patel
et al., 2004;
DiCenzo
et al., 2003)
2C9, 3A4 INH (Sridar
et al., 2004)

Garlic CYP2C91, 2C19, 2D6 INH in elderly  P-gp INH
3A4, 3A5, 3A7 INH, (Gurleyetal., 2005) and MRP2
2D6: no effect IND
(Sparreboonet al., (Demeule
2004) et al., 2004)

2E1 INH, 1A, 2B P-gp INH
IND long term (Patelet al.,
(animal model) 2004)
(Sparreboonet al .,

2004)

2D6, 3A4: no effect p-gp INH

(Markowitzet al., (weak)

2003a) (Fosteret al.,
2001)

proteins (Bble7.1). Equally although many CAMs may also exert such
an efect (Tables7.2a—d), the clinical relevance of such pharmacokinetic
interactions remains unclear (Morris and Zhang, 2006).

7.3.4 Toxic effects

Toxic effects are a great concern not only in cancer chemotherapy but also
in CAMs. Such concern may be even greater in view of compromised liver

and kidney function found in many cancer patients. Here three examples
are given which have raised clinical concerns and highlight general principles.
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7.3.4.1 Vitamin C and methotrexate

Many cancer patients take supplements and over 10% may take doses
higher than recommended @mekeet al., 2004a). Howeverthe
combination of high dose vitamin C and methotrexate (MTX) should be
avoided since this could lead to kidney damage and increased MTX
plasma levels and thus MTX toxicityitamin C acidifies urineThis leads

to the precipitation of MTX and its less water soluble metabolites 7-
hydroxy-MTX and 4-diamino-N(10)-methylpteroic acid (DAKR which

cannot be excreted (Sketesal., 1984).

7.3.4.2 Kava: alcohol or water extracts?

Kava has been withdrawn from the market in many high-income countries
due to concerns about liver toxicigbout 78cases have been reported.

Of these, 1 patients required a liver transplant, and four died. Reduction
of liver glutathione, an antioxidant which plays a role in hepatic detoxification,
has been implicated as mechanism of this adverse reaction (Clouatre,
2004). The glutathione content in a kava extract depends on the mechanism
of extraction. Whereas in agueous extracts the glutathione is extracted
along with the kavalactones, in acetone or alcohol solutions glutathione is
not extracted. This would explain why the indigenous Polynesian population
using water mixture have not developed significant liver problems, whilst
medicinal use mostly relying on acetone or alcoholic extracts has led to
reports of liver toxicity (Coteet al., 2004). Inhibition of CYP3A4,
CYP1A2, CYP2C9, and CYP2C19 may also be more pronounced for the
commercial rather that the traditional preparations (@btal., 2004).
However this hypothesis still requires confirmation.

7.3.4.3 Pyrrolizidine alkaloids and hepatotoxicity

Many plants of the boraginaca and senecio species contain genotoxic
pyrrolizidine alkaloids (NMCD: Borage). The major metabolites of many
of these compounds are/€) 6,7-dihydro-7-hydroxy-1-(hydroxymethyl)-
5H-pyrrolizine (DHP) and pyrrolizidine alkaloid N-oxides giget al.,
2005b). DHP can react with DNA to form a set of eight DNA adducts
involved in the formation of liver tumours (Xehal., 2006).Additionally,
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under hypoxic conditions N-oxides can be converted to DHP and the
parent alkaloid, whereas under oxidative conditions this reaction is in-
hibited (Wanget al., 2005b). CYRBA4 inhibitors also hinder this reaction
(Coteet al., 2004) but conversely CYP3A4 inducers may facilitate DHP
production (NMCD, 2006b).

7.3.5 Potential interaction with nuclear medicine

Most cancer physicians will be aware of radiopharmaceutical interactions
with conventional medicines. For instance the uptaké3®fand %3
MIBG (meta-iodo-benzyl-guanidine) are affected by thyroxin and tricyclic

Table7.3a. CAMs and nuclear medicine: potential interactions with unsealed source
radiotherapy

Radio- Target condition CAM Uptake Other &cts
pharmaceutical

(RP)/method

Bodine Thyroid cancer lodine supplements, kelp, !

selenium(facilitates
T4 - T3), garlic
preparation with high
selenium contents

23 MIBG Phaeochromo- . Johns wort, ephedra, | 1 blood pressure
(meta-iodo-  cytoma cholinergic stimulants such

benzyl- as lobelia and areca, ginkgo,

guanidine) ginseng, hydergine

Grapefruit juicer nifedipine 1
levels through CYP3A4

inhibition

Somatostatin - Gastro-entero- Licorice, gingerrhubarb, !
(SS) analoguegpancreatic- cannabis: Low dose
1YIn Octreo  neuro-endocrine High dose cannabis, ginkgo, |
Scan) tumours, neural panax ginseng, hydergine,

crest, small cell greca

lung and

lymphoma

Source: Werneke and McCready (2004).
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Table 7.3b. CAMs and nuclear medicine: potential interactions with diagnostic procedures.

Radio- Tamet CAM Uptake Other efects
pharmaceutical condition
(RP)/method
Glomerular Kidney Chromium I GFR
filtration rate Parsleyjuniper L-amjinine t GFR
(GFR) High dose parsleyigh dose Potentially
measurements . ;
vitamin C, Ca oxalate nephrotoxic
containing plants such as
rhubarb
Bone scans Bone  Iron supplements !
Vitamin C increasing iron
absorption
Phytoestrogens Accumulationof
RP in breast
tissue
CholescintigraphyGall bladder Opiate derivatives Possiblyt of
common bileduct
activity, but
effect variable
Agents enhancing the effect Investigation of
of barbiturates such as neonatajaundice
valerian and kava to increase the
accuracy of
99mTe-IDA
scintigraphy in
differentiating
extrahepatic

biliary atresia
from neonatal
hepatitis

Source: Werneke and McCready (2004).
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Table 7.3b. (Continued)

Radio- Target CAM Uptake Other édcts
pharmaceutical  condition
(RP)/method
Adenosine Heart: Methylxanthines (purinergic t myocardial
(perfusion perfusion stimulants) containing ischemia?
studies) imaging caffeine such as green tea
or theobromine such as cola
and cocoa
Feverfew Vasodilatation of
smooth muscle
Milk thistle | doxorubicin
metabolismi
doxorubicin
plasma level,

diffuse uptake?

123 |oflupane  Brain: Substances binding to !
(DaTSCAN) Parkinsors dopamine (DA) transporter
disease or DA pre-synaptic

receptors, affecting DA
release such as iboga,
<. Johns wort, anise

chromium
Sestamibi Breast P-gp inducers such as !
(breast imagingmulti-drug St. Johns wort,
multi-drug resistance, (cf. Tables7.2a—d)
resistence,  perfusion P-gp inhibitors 1
perfusion imaging (cf. Tables7.2a—d)

imaging)

Source: Werneke and McCready (2004).

anti-depressants or decongestants, respect®@alMs can equally compete

for uptake targeting the same mechanisms as conventional medicines.
This may affect unsealed source radiotherapy such as treatmtytrfod
cancey phaeochromocytoma, some gastro- entero- pancreatic- neuro-
endocrine tumours, as well as neural crest, small cell lung cancer and
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some lymphomas @ble7.3a). Diagnostic procedures such as glomerular
filtration rate (GFR) measurements, bone scans, cholescintigraphy
adenosine perfusion studies and MDR scans may be equally affected
(Table7.3b). Unfortunately at present, the clinical evidence for such
potential interactions is extremely limited and prediction depends on the
hypotheses of the mechanism of action. In clinical practice, such interactions
may go unnoticed and may possibly account for a proportion of unexplained
or unexpected results of nuclear scanerfWeke and McCread004).

7.4 Conclusions

Predicting the safety profile of CAMs is extremely complex. Potential
interactions may depend on the extract chosen, age, sex, conventional
medication and genetic factors. This poses a particular challenge in cancer
therapy when the therapeutic margin of chemotherapy is very narrow and
interference with conventional therapy could destabilise the course of
treatment. Many CAMs are taken to counter side-effects of chemo- and
radiotherapyAlthough this is intuitively appealing, alleviation or even
reversal of side-effects may come at the expense of poorer long term
outcomes. For instance, partial deactivation of chemotherapy could facilitate
the spread of micro-metastasis (Labriola and Livingston, 1999). Much
attention has been given to metabolic effects exerted through the hepatic
microsomal system leading to alterations in plasma levels and hence
therapeutic dicacy. However in vitro effects or findings from animal
studies may not translate into equivalent effects in humans and will require
extensive and systematic clinical studies with standardised CAM
formulations. The same applies to interference of CAMs with nuclear
medicine. Whereas use of iodine containing remedies should be avoided
when patients receiv®l, patients undergoing glomerular filtration rate
measurements should not change their CAM regimen prior to the
investigation because sudden changes in kidney activity could alter
the results (Wrneke and McCready2004). However clinicians and
researchers should consider CAM use as a potential cause when the
results or treatments or investigations are unusual and unexpAtted.
present it remains clinically and legally prudent for health professionals to
take a detailed history of CAM use and advise patients on the potential
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risks and benefits as applicable to their individual clinical case. However

in most cases, CAMs may not have be discontinued if conventional
treatments are closely monitored. Pharmacovigilance systems for CAMs,
which can be easily incorporated into routine clinical practice, need to be
developed. At the same time, increasingfafts to systematise CAM
research and produce standardised remedies may expand the evidence of
potentially adverse interactions and allow quantification of such risks.
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List of English and Scientific Names of Plants

English Names

Scientific Names

American ginseng
Astragalus
Beta-glucans
Black cohosh
Borage/star flower
Cat's claw
Chaste berry
Dong quai
Echinacea species
Evening primrose
Grape seed
Green tea

Hops

Kava

Liquorice
Mistletoe

Panax ginseng
Red clover

Saw palmetto
Soy

Tomato

Tumeric

Wild yam

Panax quinquefolium
Astragalus membranaceus
1-3, 1-6-beta-glucan
Actaea racemosa
Borago officinalis
Uncaria tomentosa
Vitex agnus castus
Angelica sinensis
Echinacea
Oenothera biennis
itis vinifera
Camedllia sinensis
Humulus lupulus
Piper methysticun
Glycyrrhiza glabra
Viscum album

Panax ginseng
Trifolium pratense
Serenoa repens
Glycine max
Lycopersicon esculentum
Curcuma longa
Dioscorea alata
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Chapter 8

Complementary Therapies for Cancer Patients

Barrie R. Cassileth, Jyothirmai Gubili & K. Smon Yeung

Abstract

Complementary therapies are increasingly sought by cancer patients to
control treatment-related symptoms. Unproven methods that do not actually
treat cancer are often promoted falsely as cancer cures. These are termed
“alternative therapies.Typically expensive and potentially harmful, they

can interact with chemotherapy drugs and other medication. Complementary
therapies such as music, massage, acupuncture and meditation are non-
invasive, gentle techniques applied to control physical and emotional symptoms
commonly experienced by cancer patients. These therapies are used as
adjuncts to mainstream cancer treatment. Patients and physicians should be
aware of the distinction between questionable methods that are not helpful,
and complementary therapies that successfully reduce symptoms and
enhance quality of life. Easy access to information and misinformation
about these therapies via the Internet and print media compounds this
problem.

Keywords: Cancer; Symptom Control; Complementary Therapies;
Alternative Therapies;Acupuncture.

8.1 Introduction

Since the beginning of civilization, all cultures have developed means of
treating illness. Herbs and minerals were used as medicine, and many
spiritual and physical practices were also applied to restore health. This
knowledge was passed along to subsequent generations, recorded in classical
textbooks, and came to form what we know todayraslitional Medical
Systems (&ble 8.1).
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More recently advances in science have dramatically transformed
the study and practice of mediciri@day physicians visualizéhe inner
organs for abnormalities with sophisticated technicaueh as MR, test
blood for genetic defects and prescrpgmverful synthetic drugs. While
these advances enable cures fmany previously incurable illnesses,
including cancerthey arenot always successful. Chemotherapy and
other therapies that aseiccessful against disease cause adverse effects.
This has lednany cancer patients to seek treatments outside of conventional
care for cure and also to relieve distressing symptoms.

The umbrella term, “Complementary and Alternative Medicine (CAM)”
today is commonly used in the US. Howewvitie diferences between
complementary and alternative therapies are important to understand.
“Alternative” therapies are not supported by evidence. Most are expensive
and potentially harmful as they may worsen the disease state or interact
with drugs used in standard treatments. Patients may also delay seeking
more effective mainstream treatment in hopes of cure offered by such
therapies, which may be falsely claimed to be more natural as well as
effective.

Complementary therapies, on the other hand, serve as adjuncts to
mainstream care. They can relieve symptoms commonly experibgced
cancer patients, and enhance patients’ physical, mentapartdal well-
being. As scientific evidence increasinglypports the value of acupuncture
and other complementatkierapies, these therapies have gradually been
incorporated intanodern mainstream medical care. They are now offered
in manyhospitals’ cancer programs as therapies for symptom control.

8.2 The Prevalence of Complementary and Alternative Medicine
(CAM) Therapies

The rates of CAM usage internationally are higher among cancer patients
than in other groups. A systematic review in 1998 (Ernst and Cassileth,
1998) of 26surveys in cancer patients from d@untries showed that the
average prevalence of CAM use across all studies was 31%. This number
has ballooned to 45% in this decade based on ten other similar studies
published after 2000. Prevalence rates vary from 30% among prostate
cancer patients in Canada (Bogral., 2003) to as high as 98% among
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Table 8.1. World Health Oganization fact sheet on traditional medicine.

< In China, traditional herbal preparations account #350% of the total medicinal
consumption.

< In Europe, North America and other industrialized regions, over 50% of the population
have used CAM at least once.

« In San Francisco, London and South Africa, 75% of people living with HIV/AIDS use
TM/CAM.

* 70% of the population in Canada has used complementary medicine at least once.

* In Germany90% of the population has used a natural remedy at some point in their life.
Between 1995 and 2000, the number of doctors who underwent special training in
natural medicine had almost doubled to 10,800.

« In the United States, 158 million of the adult population use complementary medicines
and according to the USA Commission for alternative and complementary medicines,
US$17 billion was spent on traditional remedies in 2000.

 In the United Kingdom, annual expenditure on alternative medicine is US$230 million.

« The global market for herbal medicines currently stands at over US$60 billion annually
and is growing steadily

Source: [WHO]http://mmww.who.int/mediacentre/factsheets/fs134/en

breast cancer patients in China (€udl., 2004). Commonly used therapies
include herbs, homeopathhypnotherapy imagery or visualization,
meditation, megavitamins, relaxation and spiritual healiadpl€r8.2).

8.2.1 CAM literature

In the 1970s and early 1980s, unconventional therapies typically
were reported in medical journals as quackémythe last two decades,
however a significant increase in high quality research articles on
complementary therapies publications has occuAedEDLINE search

using “Complementary Therapies” as key words reveals this trend. In the
1980s, the medical literature contained 2800 articles with only 71 (3%)
randomized controlled trials (RG) In the 1990s, of 3000 articles listed,
255 (8%) were RCH. The increase is even greater in the 2000s. In the
past seven years, more than 4000 articles were Medline indexed and the
number of RCT doubled to more than 500 (12%).
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Table 8.2. North American classification of complementary therapies.

CAM categories Modalities derived from TCM

Whole Medical Systemsnclude naturopathic Traditional Chinese medicine
and homeopathic medicine as well as traditional
systems derived from non-western cultures.

Mind-Body Medicineinvolves treatment techniquesTai Chi
that connect the mind to bodyphysical functions

and to treat symptoms of disease. Meditation,
prayer, as well as art, dance, and music therapies
fall into this category

Biologically Based Practicassually refer to using Chinese herbal medicine, green tea,
natural products like herbs, minerals, vitamins, amdushroom products

diet to alter disease outcome. These include many

unproved cancer therapies such as shark cartilage

and Essiac.

Manipulative and Body-Based Practic@se Acupuncture, moxibustiorfui Na
therapies based on moving and/or manipulating

body parts or joints. Some examples are massage

and chiropractic manipulation.

Energy Medicingnvolves use of purported energyQi Gong
flow to treat diseases. It can be divided into Biofield
therapies such a®i Gong and Reiki that use

energy emitted from the healer or the patient; and
bioelectromagnetic-based therapies that use magnet

or other electric current fields as therapy

8.2.2 Herbal remedies

Herbs and dietary supplements are the most popular CAM therapies.
Medicinal herbal agents, or phytomedicinals, are made from the whole
plant or its leaves, stems, flowers, seeds, and/or roots. Herbal supplements
may consist of a single herb or a combination of several, as used in
traditional Chinese medicine aAglurvedic medicine from Indi&ccording

to theWorld Health Oganization, 80% of the worlkslpopulation continues

to use botanicals as the primary source of medicine tddagry cancer
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Table 8.3. Herbal products with potentially serious adverdeat$.

Product (responsible constituents if krmgw Adverse dfects

Aristolochia, Bragantia or Asarum species Renal toxicity that can lead to renal failure
(aristolochic acid)

Common comfrey prickley comfrey and Hepatotoxicity veno-occlusive disease
Russian comfreypyrrolizidine alkaloids)

Ma huang (ephedrine alkaloids) Sympathomimetic activityhypertension,
tachycardia, increased risks for stroke,
heart attack and heart failure

Phytoestrogens Estrogenic effects
Kava kava Hepatotoxicity
S. Johns Wort Potent cytochrome P4503A4 inducer,

altered metabolism of many drugs

Source: U.S Food and Drug Administration.

patients use herbal supplements for relief from symptoms associated with
cancer treatments. Howeyeafety and éttacy of many botanicals are
not known.

For example, the hertMa Huang” traditionally used in China tyreat
respiratory congestion was marketed as a dietapplement for weight
loss in the US. Howevgoverdosagded to at least a dozen deaths, heart
attacks, andtrokes. In Belgium, at least 70 people required remasplant
or dialysis for interstitial fibrosis of the kidnesfter taking an herbal
preparation made from the wrong speaésglant as slimming treatment
(Table 8.3).

8.3 Complementary Therapies
8.3.1 Mind-body techniques

The very existence of placebo effect, in which suggestions and expectancy
can induce biological change, demonstrates the connection between mind
and bodyThe potential to influence health with our minds is an appealing
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concept and an undetilized opportunity It affirms the power of the
individual. Some mind-body interventions have moved from the category
of alternative, unconventional therapies into mainstream complementary
supportive care. For example, the effectiveness of meditation, biofeedback,
and yoga in stress reduction and the control of some physiologic reactions
have been documented (Deng and Cassileth, 2005). Mind-body therapies
in palliative care are geared to decrease distress and promote relaxation
in different ways.

Hypnotherapy for pain is well supported (Sellick and Zaza, 1998).
This can be integrated into f#ifent stages (the Initial Crisi$ransition,
Acceptance, and Preparation for Death) of pasergaction to the lack
of curative options (Marcust al., 2003). Other techniques, including
visualization and progressive relaxation, also decrease pain and promote
well-being (Walkeret al., 1999).

Meditation can help stress reduction. In a randomized waddigrol
study of 109 cancer patients, participation in a 7-wéeldfulness-Based
Stress Reduction Program was associatedsagthificant improvement in
mood disturbance and symptomsstriess (Specet al., 2000). Another
single arm study of breast and prostaacer patients showed significant
improvement in overatjuality of life, stress and sleep qualibyt symptom
improvement was not significantly correlated with program attendance or
minutes of home practice (Carlsetal., 2004).

In another studyTibetan yoga that incorporates controlla@athing
and visualization significantly decreased sldspurbance when compared
to wait-list controls (Cohesat al., 2004).Mindfulness-Based Stress Reduc-
tion techniques must be practicemjularly to produce beneficial effects
(Astin et al., 2003).

8.3.2 Acupuncture

Conventional medical regimens may not satisfactorily treat cancer-related

pain. The acceptance of complementary medicine as an adjunct to

treatments opens a wide array of tactics to treat pain syndromes. Several
complementary medicine modalities such as hypnosis, massage, music
therapy mind-body exercises, and dietary supplementation have been shown
to reduce anxiety as well as chronic pain.



Complementary Therapies for Cancer Patients 169

Acupuncture is perhaps the most extensively studisdplementary
modality for pain controlA randomized placebo-controllddal tested
auricular acupuncture for patients with paespite stable medication.
Pain intensity decreased by 36% at twonths from baseline in the
treatment group, a statistically significant difference compared with the
two control groups, for whom little pain reduction was seen. Most patients
in this study had neuropathic pain, which is often refractory to conventional
treatment.

Neurophysiologic studies show that acupuncture-induced analgesic
effects appear mediated by endogenous opioids andnetineatransmitters.
Functional brain imaging studies suggest Htatpuncture also modulates
the affective-cognitive aspect pfin perception. Correlations between
functional MRI signalintensities and analgesic effects induced by
acupuncture havieeen reported.

Large clinical trials support the efficacy of acupuncture tassiment
for various cancer-related symptoms. Althoagipuncture in an integral
part of TCM, it is practiced moreften than any other modalities of
Chinese medicine in non-Asiacountries. Among patient groups
internationally howeveyracupuncture is used by less than 10% of cancer
patients. This igrue even in countries where acupuncture has been used
traditionally For example, fewer than 5% of cancer patientSshima and
Japan use acupuncture (@uial., 2004; Hyodcet al., 2005). In Europe,

4% of patients had tried acupuncture but o2¥% continue to receive
treatments after cancer diagna@olassiotiset al., 2005).

Most acupuncture research has been conducted in anaigesés.
Acupuncture was shown to be effective for both afelig post-operative
dental pain) and chronic (e.g. headache) fg&ensonet al., 2004;
Melchartet al., 1999) A recenrandomized controlled trial of 570 patients
with osteoarthritis of the knee found that a 26-week couraeuguncture
significantly improved pain and dysfunction wheoampared to sham-
acupuncture control (Bermaal., 2004).

In another studya randomized placebo-controlled trial tesiadcular
acupuncture for cancer patients with pain despiteotipain medication.
Ninety patients were randomized to neegillesed at correct acupuncture
points (treatment group), verswupuncture or pressure at non-
acupuncture points. Paintensity decreased by 36% at two months from
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baseline in thetreatment group, a statistically significant difference
comparedvith two control groups, in whom little pain reduction was seen
(Alimi et al., 2003).

Acupuncture also helps lessen nausea and vomiting assoeittted
chemotherapy and gery, as well as with pregnancy anwbtion sickness
(Bermanet al., 2004; Ezzoet al., 2006; Chernyak and Sess|e2005;
Jewell androung, 2003)In one study104 breast canceatients receiving
highly emetogenic chemotherapy weandomized to receive electro-
acupuncture at the PC6 acupunctyreint, minimal needling at
non-acupuncture points, @harmacotherapy alone. Electroacupuncture
significantly reducedhe number of episodes of total emesis when compared
with pharmacotherapy only (Shehal., 2000).

Acupuncture has been reported to reduce xerostomia (seveneutty)
caused by salivary gland injury from radiation therdpy head and
neck cancerAcupuncture improved Xerostomlaventory scores in 18
patients with head and neck cancer pitmtcarpine-resistant xerostomia in
uncontrolled trials (Johnstoretal., 2001).

Post-chemotherapy fatigue has few reliable treatmentsaiients
without a correctable cause such as anemia. It camriagos contributing
factor in lowering the quality of life irpalliative care patients. In an
uncontrolled trial of fatiguafter chemotherappcupuncture reduced fatigue
31% after siweeks of treatmentAmong those with severe fatigue at
baseline,79% had non-severe fatigue scores at follow-upk@fset al.,
2004). An uncontrolled study cannot answer the important question of
whether the fatigue would have abated on its own during the sa®e
period, however

Investigation of acupunctuse’mechanisms reveal that idfects
are due to modulation of the nervous system (KaptcRBOR2; Han,
2004).

8.3.3 Massage therapy

Numerous approaches involve touch and manipulation techniques, including
hands-on massage, very light touch or no touch at all. No-touch therapies
such as Reiki or therapeutic touch have been termed “energy medicine,”
but more recently deemed to be mind-body intervent®dsgmilar method
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is therapeutic touch (TT), which, despite its name, involves no direct
contact. InTT, healers move their hands a few inches above a patient’
body and sweep away “blockages” to the patieatiegy field, although

a study in theJournal of the American Medical Association showed

that experiencedT practitioners were unable to detect the investigator
“energy field” (Rosaet al., 1998). The clinical effect of the purported
bioenergy field, as well as its response to practitioner manipulation, has
never been convincingly demonstrated.

Massage involves application of pressure to musclecandective
tissue to reduce tension and pain, impreireulation, and encourage
relaxation. Swedish massage, the momtnmon form of massage, is
gentle and comprised of five basitrokes (stroking, kneading, friction,
percussion andibration). The movement is rhythmic and free-flowing.
Othervariations include reflexologghiatsu andtui na.

The benefits of massage therapy are documented in pallzee
populations (Wkinson et al., 1999). Massage was showifiective for
pain reduction in cancer patients at varistages of illness (Ferrellefry
and Glick, 1993)0Other studies found similar results for patients with
post-operative pain. In an analysis of 12@@ient reports ofymptom
severity pre- and post-massage therppin, fatiguestress/anxietynausea,
and depression were reduced dgproximately 50%, even for patients
reporting high baselinscores. Benefits persisted with no return toward
baseline scorethroughout 48-hour follow-up (ekerset al., 2004).

In a randomized trial of 150 post-operative cancer patiprasjding
massage and acupuncture in addition to standardesarked in decreased
pain and depressive mood (Mehliggal., 2007).Massage has also been
demonstrated to be effective in control of nausdaéast cancer patients
(Billhult et al., 2007).

8.3.4 Tai Chi

Tai Chi has its roots in ancient Chinese martial art and traditional medicine.
Simplified and modernized forms are now practiced as exercise programs
by people of all ages around the world. Its sequence of precise body
movements together with meditation can improve health and well-being.
Tai chi movements are designed to express a sense of balance and
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harmony yet it improves stamina and agilifyhe practice of synchronized
breathing may help reduce stress and improve pulmonary functions.

In a randomized controlled study of 256 elderly patiemés,Chi
exercise programs resulted in significantly fewer falfg] fewer injurious
falls when compared with the stretchiogntrol group (Liet al., 2005).
Recent reviews also show tiat Chi can improve quality of life, alleviation
of pain, and improvedlexibility and strength (Klein and Adams, 2004;
Taylor-Piliaeand Froelicher2004).A clinical study showed thaai Chi
exercises slowed bone loss in early post-menopausal w@hanet al.,
2004). Unlike other form of exercis&i Chi is gentle with minimal stress
on the bodylt can be modified tsuit the physical capability of cancer
patients in differenstages. In fact, preliminary data showed that regular
Tai Chi exercise (three times a week for ihutes) improved the
quality of life and self-esteem of breast cancer survifdrsstianet al.,
2004).

8.3.5 Music therapy

Music offers creative, lyrical and symbolic means to address existential
and spiritual needs, is aesthetic, beautiful and expressive, brings form,
order comfort and hope, transcends predicaments, space and time, and
affirms or re-establishes relationship with self, others and the universe.
Formal music therapy programs in palliative medicine exist in many major
institutions. Although music therapy extends back to folklore and Greek
mythology it has been studied scientifically only in recent years.

Studies in oncology setting showed that music therapybeaefit
cancer patients. In a randomized controlled studycaoicer patients
undergoing autologous stem cell transplantatimmsic significantly reduced
mood disturbance and psychologidistress (Cassilett al., 2003). Listening
to music alseeduces anxiety and increase comfort in hospitalized children
with cancer (Barrer&t al., 2002) and in patients undergoing radiation
therapy (Smittet al., 2001). Other data suggest that music may improve
the quality of life of terminal stage cancer patients (Srtiidd., 2001).

Music therapy was also shown to be effective in reducing both
laboratory-induced pain (Beck, 1991) and chronic gaimmermaret al.,

1989) in cancer patients.
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Table 8.4. Reputable sources of online information on complementary
and alternative medicine.

Medline Plus:
http:/Ammwnim.nih.gov/medlineplus/druginformation.html

British Medical Journal:
http:/Amwwbiomedcentral.com/bmccomplementalternmed/

Memorial Sloan-Kettering Cancer Center:
http://imwwmskcc.og/aboutherbs

National Center for Complementary and Alternative Medicine (NCCAM):
http://nccam.nih.gov

American Cancer Society:
http://www.canceorg/docroot/ETD/ETO_5.asp?sitearea=BT

NIH Office of Dietary Supplements:
http://dietary-supplements.info.nih.gov

US Pharmacopeia:
http:/mww.usp.og/dietarySupplements

8.4 Summary

Medical professionals should be aware that many spurious techniques are
falsely promoted as viable treatments for cantable8.4 lists reliable
sources of information about these and also about useful complementary
therapies that can help reduce symptoms and improve quality of life.
Although many complementary therapies have been practiced over time as
components of traditional medical systems, efforts to study them scientifically
only started in recent decades. These investigations have produced a body
of evidence that supports the use of acupuncture, massage timeuapy
and mind-body therapies to reduce physical and emotional symptoms.
Many mainstream medical centers and practices have established
Integrative Medicine services to incorporate complementiagyapies
into multidisciplinary treatment plans. Professiogatieties such as the
Society for Integrative Oncology (wwimtegrativeOnc.com) have also
been established to raise awareness emtburage use of evidence-
based complementary therapiespalliative and supportive care. These
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therapies have an important role in the total care of cgraténts, so
that symptoms faced by patients can be addressed.
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Chapter 9

Positive Findings about Herbs and
Natural Productéction on Cancer

Muriel J. Montbriand

Abstract

Recent findings show that 2iérbs and natural products have potential to
decrease cancer growth or to be used as adjuncts with cancer .therapy
This discussion provides an update on evidence-based findings from
preliminary in vitro andin vivo studies, and some initial clinical trials.
Clearly, the testing for these herbs and products has not advanced to
proven eficacy, yet these initial research findings show promising results.
This discussion includes scientific and common names, a typical dose of
the product where possible, and adverse or dangerous fedes&flso
included are potential interactions with prescriptions, other herbs,
laboratory tests, and diseases or conditions. Sources include selections
from Natural Medicines Comprehensive Database (2006) plus recent
refereed research publicatioAstable and references are provided to help
health care professionals peruse products and herbs that may be beneficial
to patients undergoing cancer treatment. Through this information health
professionals are encouraged to become better resource persons for their
patients.

Keywods Herbs; Natural Products; Cancer

9.1 Introduction

Twenty-seven herbs and natural products show potential to benefit
individuals with canceraccording to preliminary evidence-based research.
These products may be used as adjuvants with conventional cancer, therapy
or they may be used as treatment for side-effects of conventional cancer
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therapy Some of these products show potential in regression of metastatic
tumors. Howevercaution is advised because the evidence-based research
cited here is preliminary and awaiting future research to confirm or reject
the value of each product or heMet at the same time, this discussion
chapter is designed to show these preliminary and promising results of
evidence-based research studies, providing quick references in text and
table form. Health professionals are encouraged to understand the possible
potential of these products and become better resource persons for their
patients.

The use and appeal of herbal and natural products has steadily increased
over the past years, with up to 89% reported use (Banak 2004,
Bargawi et al, 2004; Eisenbergt al, 1993 and 1998; Harnaak al,

2001; Kennedy2005; Montbriand, 1994, 1995a and b, 1997 and 2000a;
Skelly, 1997) A major reason for the increase seems related to consumers’
perceptions that these products are environmentally pure and without side-
effects. While herbs and natural products enjoy continued popularity with
consumers, 60% to 75% of consumers avoid telling their health professionals
that they use these products (Montbriand, 1994, 1995a and b, 1997 and
2000a; Eisenbergt al, 2001). Reasons for the non-disclosure include lack
of trust in conventional medical professionals, popularity of lay sources,
and encouragement by consumers’ social-groups (Montbriand, 2000a).

Contrasted to the non-disclosure by patients, health professionals may
be inadvertently avoiding the subject of herbal or natural product use
because or their own lack of evidence-based knowledge on these products.
Findings show that 97% of health care professionals admit to a lack of this
information, usually because of time commitments to their own practice
knowledge and in some cases cost of obtaining sources (Montbriand,
2000a and b)Yet, according to Montbriand (2000a and b), professionals
embraced the idea of being better resource persons for their patients,
especially if access to evidence-based information on herbal and natural
products could be more accessible, organized and succinct.

Information in this chapter may be useful to health professionals in
their efforts to help patients make informed choices when receiving care
for cancer The research cited here shows potential that these products
may be useful as adjuvants to cancer treatment or may decrease cancer
growth. The information given in this chapter is not intended as a



Herbs and Natural Products Action on Cancer 181

recommendation for any of these herbs or naturadpcts When

the words “recommended dosage” are used, the recommendation comes
from either US-FDA or Health Canada or are doses used in a quoted

research. Previous studies show that individuals tend to self-medicate
with higher than recommended doses (Montbriand, 1994, 1995a and b,
1997 and 2000a). Disclosure of self-medication with these products and

the dosages used should be encouraged. Findings show that individuals
tend to be cautious about use of herbals and natural products if a health
professional gives information to ensure patients can make informed

choices.

This free exchange of information between health-professionals and
patients is critical. While information consumers generally receive is mainly
advertisement or anecdotal from their social group (Montbriand, 1994,
1995a and b), a growing body of evidence-based research is showing the
interactions of herbs and natural products with prescription drugs, diseases,
other herbs, and laboratory tests. Therefore, the importance of helping
health care professionals become better resource persons is paramount.

The information in this chapter is an update to previous publications
about alternative products and herbals (Montbriand, 1999,a2@0&nd
2005). This chapter specifically is an update on the herbs and natural
products that may decrease cancer growth (Montbriand, 2004a). Notice
that some of the previously reported information in one of Montbsand’
latest articles (2004a) has undergone changes, eliminatingrtk and
natural products, and introducing thew herbs and products, which now
show new and promising research. Selections of the herbs and natural
products for this discussion are from Natural Medicines Comprehensive
Database (2006). Discussion about these herbs and products is based on
cited scientific literatureln vitro studies (preformed on tissue from living
organisms in glass) an vivo studies (preformed on living animal tissue)
are reported here, with only a few studies in the preliminary stages of
human clinical trials. The clinical trials usually reported are PHéses
Phasd trials are now increasingly including persons with specific diseases,
although in the past they were designated for healthy individuals to determine
dose-related pharmacological toxicities of new drugs. Now Rhesés
are often including persons for whom all conventional therapies have failed
(e.g.terminal cancer). These latter trials should properly be designated as
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mixed PhaseBIl or pure Phasd clinical trials, which examine short-
term pharmacological toxicity in populations with specific diseases.
Pharmaceutical research is conventionally made up of four phatas.
Phasdll clinical trials are included in this discussion. When testing advances
to Phasdll trials, the purpose is to look for pharmacological efficacy of
the potential new drug and short term toxicities.

The following herbs will not be included in the discussion because
they have already been accepted as cancer treatment drugs. Biomedical
chemotherapy agents derived from herbal plants are as follofes, (T
1994):

(1) vincristine sulfate (OncovihEli Lilly and CompanylIndianapolis, IN)
or vinblastine sulfate @bart Eli Lilly and Company Indianapolis,
IN) derived from the herkCatharanthus e@seus also known as
Vinca rosea common names periwinkle, old maid, myrtle, and others;

(2) Etoposide (¥Pesid Bristol-Myers Squibb Oncologyrinceton, NJ),
Teniposide (Mmort Bristol-Myers Squibb Oncology) is derived from
the herbPodophyllum peltatuptommon name Mayappl@merican
mandrake, oAmerican podophyllum; and

(3) Taxol (Bristol-Myers Squibb OncologyPrinceton, NJ) is derived
from the herbTaxus bevifolia, common name pacific yew

All three herbs have very toxic properties. Podophylum is |etdditional
references for these three herbs are Bisset (1994), Duke (1987), Duke
andVasquez (1994), Facts and Comparisons (2001)Ted (1993 and
1994). None of the above herbs appear on the provided table at the end
of the comments on herbs and products.

Neither the author nor publisher makes any medical claims for
any of the herbs or natural pducts in this eview or tables. This is
informational literatue. Note some of the herbs described deadly
poisons and some arextemely dangeus.

The information presented here does not pretend to be all-inclusive,
but has been selected to include discussion and findings from only
recognized professional authors or advisory boards. Common names and
scientific names for all herbs and natural products are provided when
possible. Herbal scientific names include the Genus (classification of a
plant group with common properties) followed by the Species name (each
plant group has many species).
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Information about the herbs and natural products that follows is in
alphabetic orderincluded are the scientific name(s), usual reason for
self-medication, positive evidence associated with cancer treatment, and
possible dose, when possibia easy-to-use table is provided at the end
of the following information. This table contains herb and natural product
common-names along with potential interactions with prescriptions, other
herbs or products, laboratory tests, diseases or conditions, plus a symbol
to remind the reader of possible toxic or adverse effects.

9.2 Comments about Herbs and Natural Products

Astragalus scientific nameAstragalusmembranaceyss an herb used
with conventional therapies by individuals who have breast, cervical, and
lung cancerPreliminary evidence seems to indicate that astragalus taken
with glossy privet,Ligustrum lucidum(another herb), adjuvantly with
con-ventional cancer treatment may improve survival of breast cancer
patients (Upton, 1999). Use of astragalus as an adjuvant with platinum-
based chemotherapy seems to be advantageous in treatment of advanced
non-small cell lung cancer (Xet al, 2006). Doses of 1 to 3ffams per
day seem to be typical, but Upton (1999) indicates that doses greater than
28 grams might cause immunosuppression.

Beta-glucans scientific namesl—3, 1-6-beta-glucan beta-1 3-D-
glucanandbeta-16, 1-3-beta-glucanis popular as an immunostimulant
by individuals who have conditions such as chronic fatigue syndrome.
Beta-glucans is also used by individuals with cancer who are receiving
chemotherapy or radiation. Others self-medicate with beta-glucans for help
with conditions such as HIV/AIDS canc¢er diabetes (Natural Medicines
Comprehensive Database, 2006). Considerable research indicates that
lentinan, a beta-glucan, appears to prolong the life of patients with gastric
cancer when it is used in combination with chemotherapy (Kireiad,
2003; Nagahastet al, 2004; Nakanet al, 1999; Nimuraet al, 2006).
These multi-centered and institutional trials show marked improvement in
appetite and sleep quality for cancer patieviemst-derived beta-glucans
seem well-tolerated orally (Nicolost al, 1999). Beta-glucans has been
used in oral doses of 7gsams twice daily added to juice (Nicoleial,
1999).
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Cesium scientific name£esium Cs andatomic number 55is self-
medicated to treat cancer and depression. Preliminary research found
that if cesium was taken together with minerals, such as magnesium,
potassium, and selenium and some vitamins and chelating agents, there
appeared to be 50% chance of recovery for patients with primary breast,
colon, prostate, pancreas, lung and liver catg@phoma, Ewing sarcoma
of the pelvis, and adeno-cancer of the gallbladder (Sartori, 1984). Caution:
high exposure to cesium can result in burns and death because cesium is
used in radiation therapy (BP2002).A maximum daily dosage of 6 to
9 grams has been given safely (Sartori, 1984). HowdNeulieb (1984)
reports side-effects of nausea, diarrhea, anorexia, and tingling of the lips,
hands, and feet whengBams per day are ingested in a self-experiment.

Chrysin same scientific name, is used to treat various conditions
including anxiety baldness, HIV/AIDS and to prevent candehnrysin is
a natural component of passionflonaglver linden, honeyand bee propolis
(Galijatovicet al, 1999). A string of research report a 20-fold induction of
glucuronidation of bilirubin by chrysin-treated cells, which may reduce the
bioavilability of dietary carcinogens (Galijatovat al, 2000 and 2001;
Walle et al, 2000). Similarly chrysin may reduce estrogen synthesis by
acting as an estrogen inhibiton a way similar to the action of breast
cancer drugs, anastrozole and letrozole (Jemingl, 1999; Kaoet al,

1998). No toxic effects have been recorded. Manufacturers suggest various
dosages for chrysin, but none have been tested on humans.

Coenzyme Q-10same scientific name, is self-medicated for the
cardiotoxic side-effect of chemotherapy agent doxorubicin. It is also self-
medicated for treatment of breast cané&rpducts with coenzyme Q-10
are also used for treatment of other heart conditions, diabetes, inadequate
immune system, and migraine headachiéile research is preliminary
coenzyme Q-10 has been shown to facilitate regression of breast cancer
when given as an adjuvant with conventional cancer therapy (Lockwood
et al, 1994 and 1995). These studies also include adjuvant use of other
antioxidants, omega-3, and omega-6 fatty acids with coenzyme Q-10. The
following researchers have not found toxic effects associated with ingestion
of coenzyme Q-10 (Bresolet al, 1990; Shult®t al, 2002; Huntington,
2001). A daily dose of 10fhg per day or less is recom-mended to minimize
adverse effects (Fuke, 2000).
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Coriolus mushoom scientific name ofCoriolus versicolor
synonymous witiframetes versicolgiis self-medicated to treat conditions
such as chronic fatigue syndrome and inadequate immune system. Some
patients with cancer use coriolus mushroom to treat side-effects of
chemotherapy or radiation treatments. Some use coriolus mushroom to
enhance the #dcts of chemotherapyCoriolus mushroom shows anti-
tumor and immuno-modulating effects (Dagtcal, 1996 and 1997; Harada
et al, 1997; Kanolet al, 1994; Kimet al, 1999; Kobayashet al., 1995;
Maehareet al, 1993; Mizutani an&Yoshida, 1991; Ng, 1998sukagoshi
et al, 1984;Wanget al, 1996). In Japan, this plant product has been
used as a biological response modifier in cancer chemotherapy treatments
(Haradaet al, 1997; Maeharaet al, 1993; Hayakaweet al, 1997,
Morimoto et al, 1996; Nakazatet al, 1994; Nioet al, 1992; Sugimachi
et al, 1997;Toi et al, 1992). Some authors report few adverdeces
from use of coriolus mushroom (Mizutani avidshida, 1991; Ng, 1998).
However some patients using this plant adjunctly with chemotherapy
experience nausea, leukopenia, and liver function impairment (Nakazato
et al, 1994).As an adjuvant, §rams has been used daily (Morimeto
al., 1996; Nioet al, 1992;Toi et al, 1992,Yokoeet al, 1997).

Diindolylmethane scientific name 3,3Diindolylmethane is self-
medicated to prevent breast and uterine cancers. The American diet contains
between 2 to 2dhg of diindolylmethane (Balk, 2000; Rilgt al, 2000).
Preliminary in vivo, studies established that diidolylmethane has estrogen
receptor agonist and antagonistic activities; therefore, this product may be
useful in treatment of breast cancer (Rétyal, 2000; Cheret al, 1998;
Chenet al; 1996; McDougalet al, 2000). Reports of toxic effects or
typical doses are unavailable.

Gamma linolenic acidGLA), scientific name of 4Z2)-Octadeca-
6,9,12-trienoic acidl is often self-medicated by individuals with rheumatoid
arthritis or pre-menstrual syndrome. Research has found that GLA can
hasten the response of tamoxifen (Keetyl, 2000). GLA is found in
two herbs: oil of primrosedenothera biennjsand borage Borago
officinalis). Capsules and tablets of evening of primrose are available
according to Facts and Comparisons (2001); howeher stability of
tablets is questionable. Furthesome capsules on the market may be
adulterated, containing only soy orfkafer oil. According toTyler (1994),
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theAmerican Food and Drugdministration put evening primrose oil on

the unapproved food additive listyler (1994) also indicates that some
borage contains unsaturated pyrrolizidine alkaloidsd&)Rand when given

in even minute amounts this substance can be toxic. Only borage products
labeled UR free are safe to use. Howeyvether scholars warn that even
when borage is taken in therapeutic amounts the level AfddR be toxic
(Fetrow andAvila, 1999).An adverse déct of GLA may be prolonged
bleeding time (Guivernaet al, 1994). Daily doses of GLA can vary
between 1.@rams and 366nhg, but these are for other conditions, not the
use as an adjuvant for cancer treatment (Natural Medicines Comprehensive
Database, 2006).

Genistein Combined Polysaccharideame scientific name, is self-
medicated by individuals with prostate and breast carRreliminary
research points to genistein having both antioxidant and anti-angiogenic
effects on cancer (Barnext al, 2000). Researchers have found that
genistein appears to decrease the expression of aromatase and 5-alpha
reductase (Ghafaat al,, 2002), possibly giving anti-proliferative effects
especially against hormone-dependent cancers such as prostate or breast
cancers (Barnest al, 2000). Using a mouse mod¥&llan,et al. (2003)
found genistein seemed to inhibit breast cancer tumors. Howdhweto
GCP5s estrogenic &ct, women with estrogen-sensitive cancers should
avoid this product (Barnest al, 2000). Estrogen-sensitive conditions
include breast, uterine and ovarian cancers, endometriosis and uterine
fibroids. No other adverse effects of GCP are available. Gleafat.
(2002) used a dose of lgkams per day

Germaniumscientific naméseor atomic number 34s self-medicated
for various conditions, including cancpain relief, and rheumatoid arthritis.
Some evidence indicates that germanium is beneficial in treating breast,
colon, prostate, ovaryhead and neck, and lung cancers, especially for
patients with poor prognosis and approaching palliative care (Budman
et al, 1982; Ettingeet al, 1989; Mainwaringet al, 2000; Scheiret al,
1980;Vogelzanget al, 1985). Except for one case study showing a patient
with complete remission (Mainwarireg al, 2000), all of the above studies
found were Phasdsor Il trials, and all the following studies and case
reports suggest germanium is unsafe because of life-threatening adverse
effects (Budmanet al, 1982; Ettingeret al, 1989; Vogelzanget al,
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1985; Krapfet al, 1992; Sanaet al, 1990;Takeuchiet al, 1992).The
adverse effects of oral ingestion of germanium are anemia, hepatic
steatosislactic acidosis, muscle weakness, myopattenal degeneration,
peripheral neuro-pathyenal failure, and death (Kraef al, 1992; Sanai

et al, 1990;Takeuchiet al, 1992;Asakaet al, 1995; Hes®t al, 1993;
Higuchi et al, 1989; Matsusakat al, 1988; Schauss, 199Tao and
Bolger, 1997;Yanagisawaet al, 2000). No dosage is available.

Gingkgq scientificGingko biloba is an herb with wide popularity in
self-medication for memory loss, dementia, &lzheimers diseaseA
combination of ginkgo extract (EGb 761) and 5-fluorouracil, given intra-
venously seems to have a positivefegdt on colorectal cancer (Hauns
et al, 2001). The leaf extract of ginkgo seems to be tolerated well in
typical doses (Kurz an¥an Baelen, 2004). Extracts of ginkgo up to
240mg were reported by LeBagt al. (1997), and Okemt al. (1998).

Mild adverse reactions to ginkgo leaf extract include gastrointestifieliityf
headaches, dizziness, palpitations, constipation and skin allergic reactions
(Cesarankt al, 1998; Diamonckt al, 2000; Kudolo, 2000). However

case reports have indicated concern with severe adverse reactions to ginkgo,
such as intracerebral bleeding leading to permanent neurological damage
and even death (Meisdt al, 2003; Vale, 1998). Of interest, while
individuals speak of ginkgo leaf extract, is the Chinese tdn¥Kuo,

“silver apricot” (Diamondet al, 2000).Gingko bilobatrees are reported

to live for thousands of years, and fruit and leaves have been used in
Chinese pharmacopoeia since 26

Gossypal scientific nameasossyplum hirsuturor Gossypium herba-
ceum is known commonly as cottonseed oil. This oil is used as a male
contraceptive and self-medicated for metastatic carcinoma of the endo-
metrium or ovary Gossypol is also used by individuals who are HIV
positive. Glossypol shows cytotoxic and anti-tumor properties on many
cytosolic and mitochondrial enzyme systems, suggestdd liwo and
in vitro research; these enzyme systems are fundamental for tumor cell
growth such as melanoma, endometrial, colon, lung, prostate breast, brain,
and adrenocortical cancer (Cogeal, 1994; Gilbertet al, 1995; Liang
et al, 1995; Shidaifaet al, 1996;Wu, 1989).Typical doses are unavailable.
Gossypol is potentially toxic and considered unsafe for self-medication
(Facts and Comparisons, 2001).
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Gotu Kolg scientific namé&entella asiaticaynonymous witlidydro-
cotyle asiatica is self-medicated for conditions such as anxipgptic
ulcer disease, trauma, shingles, diabetes, and many other conditions.
Preliminary studies show that gotu kola seems to exhibit cytotoxic and anti-
tumor properties and tends to be selective in toxid#gving normal
lymphocytes unharmed (Balet al., 1995). Babuet al.(1995) also found
gotu kola increased the life of tumor bearing miggical doses, 60hg of
dried leaves, three times a day have been tolerated well (Gruenwald
et al, 1998). Howeveran important adverse fett is gotu kolas
photosensitivity properties (Newat al, 1996). If individuals take gotu
kola, indicate the need to wear sunscreen and sun-protective clothing.

Graviola, scientific nameé\nnona muricatais self-medicated for such
conditions as cancer and herpes. Graviola is also used as an antibiotic,
or as a sedative. The important class of chemicals found in graviola
is acetogenins. Researchers have found that acetogenins obstruct the
production of adenosine triphosphate, which in turn inhibits the pump that
removes cancer drugs from the cell. Thus, the chemotherapy remains in
the cell and is more effective against the cancer (Obeatias, 1997).
Oberlieset al. (1997) also speculates that acetogenin may have potential
use against multidrug resistant cancers. Howegeviola may cause
movement disorders similar to Parkinsodisease (Lannuzet al, 2002).
No typical dose is available.

Greater celanding scientific nameChelidonium majusis self-
medicated for conditions such as stomach camgestroenteritis, or liver
and gallbladder disorders. Some evidence indicates that a semi-synthetic
alkaloid derivative of this plant called Ukrain has some anti-cancer
properties (Ernst and Schmidt, 2005; Pargienl, 2000b). Ernst and
Schmidts (2005) research was a meta-analysis, which also includes their
speculation that most of the research they reviewed was of poor
methodological quality Panzert al. (2000b) used a low dose vitro
study and found Ukrain to be selectively toxic to malignant cells. This
finding was confirmed by other studies (Coragsal, 2002; Panzeet
al., 2000a; Roublevskaigt al., 2000). Caution is advised in use of Greater
celandine because these studies are very prelimi@ases of acute liver
injury have been noted with the intake of Greater celandine, but rapid
recovery followed withdrawal of Greater celandine from the treatment
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regimen (Benningeet al, 1999; Stickekt al, 2003). Greater celandine,

at a dose of iInl three times a dayas been reported by Melzetr al.
(2004) who conducted a meta-analysis of six randomized-controlled trials.
No doses are given specifically for Ukrain.

IP-6, with a scientific name ofnositol hexaphosphates self-
medicated for numerous conditions including canaereasing white
blood cells counts, preventing heart attacks, or treating kidney stones
(Natural Medicines Comprehensive Database, 2006). Preliminary animal
research show that IP-6 has anti-cancer potential in breast, colon, liver
prostate and hematological cancers (Challal, 1997; Delilierset al,

2002; Saied and Shamsuddin, 1998; ShamsuddinVaceénik, 1999;
Shamsuddin andang, 1995Thompson and Zhang, 1992uceniket al,

1998 and 2004A recentin vitro study byTantivejkulet al. (2003) found

that IP-6 together with adriamycin or tamoxifen seems effective against
estrogen receptor alpha-negative cells and adriamycin-resistant cancer
cells. No adverse reactions or possible dose are available because all
these studies arm vivo or in vitro. Since none of these studies are
conducted on humans, caution is advised.

Lentinan(LNT) is a polysaccharide derived from shitake mushroom,
scientific namé.entinus edodeslso called_enticus edodesndLentinan
edodes Lentinula edodesTricholomopsis edoded his polysaccharide
has been given intravenousigtramuscularlyand intraperitoneally as an
adjunct treatment for cancer and HRA¢cording to Kosakaet al. (1987)
these post-surgery injections showed greater regression of tumor growth
after sugery Not only was there marked atrophy of tumors, there was
also intense infiltration of T cells, B cells, and macrophages into the stoma
around the tumorSlow drip parental infusion of lentinan seemed to be
tolerated well. Clinical trials used a dose of ng per week (Gordon
et al, 1995;Wadaet al, 1987;Yoshiyukiet al, 1994).

Limonenewith the same scientific name, is self-medicated for prevention
of cancer or treatment of bronchiti&n in vivo trial by Raphael and
Kuttan (2003) shows that limonene appeared to have positive effects on
the immune system. Preliminary clinical trials, Phase=l Il, were initiated
by Vigushinet al. (1998) to assess the toxicity and use of D-limonene.
They found three patients with colorectal cancer had prolonged stable
disease. The dosage they used for breast cancer patientsyimasp@r
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day (Mgushinet al, 1998). Finding this dose well tolerated with potential
clinical activity, they suggest further evaluation of limonene.

Magnesium scientific name oMg and atomic number 12is self-
medicated to prevent or treat hypomagnesemia, and for treatment of
asthma, constipation, heart conditions, leg cramps, or pre-menstrual
syndrome. In a clinical stud$2 oncology patients who responded poorly
to morphine for their neuropathic pain were given intravenous doses of
magnesium sulfatelwo patients received partial relief and one patient
reported that the pain was unchanged (Creadlal, 2000).A single dose
of 500mg to 1gram was used, and it seemed to relieve neuropathic pain
for a period of at least four hours. This finding requires further evaluation.
Oral self-medication of magnesium for pain is not advisable because this
mineral is fatal in large doses. Magnesium also interacts with numerous
drugs, herbs and supplements, and diseases or conditions, making the self-
medication of this mineral prohibitive.

Marijuana, scientific name offannabis sativais often used recre-
ationally Self-medication of marijuana (inhalation, usually three or four
“joints” (cigarettes) per day) for cancer afilDS is reported to decrease
pain, relieve nausea and vomiting induced by chemotheaagystimulate
appetite; howeverthese claims are not substantiated in bio-medical
researchln vitro studies shows regression of malignant tumoMistar
rats (Galve-Roperhkt al, 2000). Howevertwo other preliminary studies
show conflicting results, suggesting that Delta-9-tetrahydrocannabinol (THC),
the main psychoactive component of marijuana, accelerated tumor growth
in normal mice (Kleiret al, 2000; Zhuwet al, 2000). Regular smoking of
three to four joints of marijuana per day may cause as much histological
damage as smoking 20 to 22 tobacco cigarettes per day (Jatnsign
2000). The prescription products used in treatment of cancer chemotherapy-
induced nausea and vomiting are Delta-9-tetrahydrocannabinol (chemical
name) Marindl (Sanofi-Synthelabo Canada Inc., Markham, ON) and
nabilone (a synthetic creation of THC) Cesam@CN Canada Ltd.,
Montreal, QC).Typical dosage is 5 to Ig every two to four hours
(Bealet al, 1995).

Melatonin scientific name oN-acetyl-5-methoxytryptamines self-
medicated for cancer of the breast, brain, lung, prostate, head, neck and
gastrointestinal tract, with a most popular use for jet lag or insomnia.
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Preliminary research, on metastatic prostate cancer patients in poor clinical
condition, indicated that giving melatonin together with injections of triptorelin
to these patients, resulted in an achieved one year longer survival (Lissoni
et al, 1997). When used concomitantly with interleukin-2 or conventional
chemotherapy or hormone therapyielatonin seems associated with
regression of cancer tumors of the breast, gastrointestinal tract, ,kidney
liver, and lung (Lissonét al, 1992b, 1994b and c, 1995, 1996a and 1999).
For patients with advanced cancerelatonin has shown promise as an
adjunct when given with chemotherapy; it is tolerated well and seems to
reduce toxicity of chemotherapy (Lissoet al, 1997b and 1999). For
patients with advanced untreatable cancers, some preliminary studies
show that administering melatonin, alone, prolonged the survival time
(Lissoniet al, 1991, 1992a, 1994a and 1998).

The adverse effects of melatonin use are headaches, transient depression,
daytime fatigue and drowsiness, dizziness, abdominal cramps, irritability
(Wagneret al, 1998) and reduced alertness (Dolligtsal, 1993).A
typical safe dose is not established.

Pomegranate scientific namelLythraceaeor Punicaceag has been
used in folk medicines by many cultures, ancient and present. In the
present daypomegranate is self-medicated for conditions such as prostate
cancey artherosclerosis, hypertension, HiNsease, and as an astringent
for diarrhea and dysenteiiwvo Phasél studies found significant prolonged
doubling time for PSA when patients with prostate cancer drank
eightounces of pomegranate juice daily for two years (Panticil,
2006a and b)All patients with prostate cancer had urgiere sugery or
radiation before starting the daily regimen of pomegranate juice.

Srontium scientific nameSr and atomic number 38also has the
common name strontium chloride noted in dietary supplements. Individuals
self-medicate with this product for oesteoporosis, bone pain, sensitive
teeth, or seizuregwo preliminary studies conclude that treatment with
Sr-89 (strontium) appears to be effective for patients with chemotherapy-
refractory prostate cancer (Gunawardambal, 2004; Oosterhoét al,
2003). Howeverthe Natural Medicines Comprehensive Database (2006)
cautions individuals to avoid taking dietary supplements containing
strontium chloride because long-term safety has not been established for
this substance.
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Theanine scientific name5-N-ethylglutamingis self-medicated by
individuals who believe it enhances théeef of chemotherapynterest
in using theanine as an adjuvant with cancer treatment has been initiated
because theanine increases the doxorubicin and adriamycin in tumors,
which block cancer drug efflux from tumor cells. This is especially
important in drug-sensitive and multi-drug resistant tumors (Sadziuka
al., 1996; 2000; Sugiyamat al, 2001; Sugitama and Sadzuka, 1998).
Theanine is a major amino acid found in green tea (Natural Medicines
Comprehensive Database, 2006). Green tea seems to have properties
that may protect against cancAdverse efiects and typical doses of
theanine are not available.

Tiratricol, scientific name of3,3',5-triiodothymaceic acid is self-
medicated as a thyroid supplement and also may be used by individuals
with thyroid cancer Research has shown tiratricol to béeetive in
minimizing serum thyrotrophin concentration in differentiated thyroid cancer
(Jafiol et al, 1995; MuelleiGaertner and Schneidd©88).Yet, conclusions
from Mechelanyet al. (1991) determined that there was no justification
for using tiratricol as a supplement in treatment of patients with thyroid
cancer The former studies did tests with 127 andpaSents with dif-
ferentiated thyroid canceand the latter study did tests on@2ients,
respectivelyIn clinical trials, doses ofQk-24 mcg twice daily have been
used initially This dose has then been titrated to less themUQ/L
(Sherman and Ladenson, 1992). The Natural Medicines Comprehensive
Database (2006) points to the FDA designating tiratricol as an orphan drug
under study for use with levo-thyroxine for patients with well-differentiated
thyroid cancer Patients with dferentiated thyroid cancer who are
interested in tiratricol should discuss the product with their oncologist.
Individuals with normal thyroid function should avoid this product.

Turmeric has a scientific nam€urcuma longaand is synonymous
with Curcuma domesticand alsocCurcuma aomatica Individuals self-
medicate with turmeric for gastro-intestinal and respiratory conditions, as
well as for fibromyalgia and for cancek preliminary study with patients
who had advanced colorectal cancer showed that inclusion of turmeric
with other cancer treatments resulted in radiologically stable disefage in
patients for two to foumonths of treatment (Sharretal, 2001).Topical
use of turmeric for skin cancer also showed a relief of adverse symptoms
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(Kuttan et al, 1987). The dose used in the colorectal cancer study was
between 440 and 2200g per daycontaining 8—180mg of turmeric.

Whey Potein no scientific name, is used as a food supplement or as
a milk alternative by people with lactose intolerance. Whey protein is also

Table9.1. Herbs and natural products with potential to use as adjuvant with cancer
treatments or with potential to decrease cancer grewth.

Herb or Natural Product Interactions with Prescription Drugs (Rx), Herbs
Common Names and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

ASTRAGALUS (Upton, 1999) Rx Cyclophosphamide (Upton, 1999), Immunosuppre-
Other namesAstragali,Beg Kej  sants (Upton, 1999; Swet al, 1983)

Bei Qi Buck Qi Huang Qi DiseasesAutoimmune diseases (Upton, 1999; Sun
Huang Qi Hwanggi Mem- etal, 1983)

branous MilkVetch, Milk Vetch,

Mongolian Milk, Ogi

BETA GLUCANS Rx Immunosuppressants (Duwdt al, 1987;Browden
Other names Beta-Glycans, et al, 1990)

Gifolan (GRN), Lentinan, PGG Lab Tests White blood cell counts (Babineaat al,
Glucan, Poly-(%6)-Beta-D- 1995)

Glucopyranosyl-(33)-Beta-D-  DiseasesAcquired immunodeficiency syndrome (AIDS)
Glucopyranose, Schizophyllan or AIDS-related complex (ARC) (Duviet al, 1987)
(SPG), SSGYeast-Derived

Beta-Glucan

CESIUM (Neulib, 1984) Rx Potassium-depleting drugs (Sartori, 1984; Neulieb,
Other namesCaesium, Cesium- 1984)

137, Cesium Chloride, CsCl, High Lab Tests Potassium (Sartori, 1984; Neulieb, 1984)

pH Therapy

CHRYSIN Rx Aromatase inhibitors (Jeongt al, 1999; Walle
Other names 5,7-Dihydroxy- et al, 1999), Cytochrome P450 (CYP1A2) substrates
flavone, Flavone X, Flavonoid, (Leeet al, 1998; Lautraitet al, 2002), Glucuronidated
Galangin Flavanone drugs (Galijatovicet al, 2000; 2001)
Herbs and Supplementndrostenedione (Kellis and
Vickery, 1984; Browret al, 2000)

Hpotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product Interactions with Prescription Drugs (Rx), Herbs
Common Names and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

COENZYME Q-10 Rx Anti-hypertensive drugs (Langsjoet al, 1994;
Other namesCo, Q10 Hodgsoret al, 2002), Chemotherapy (Kisét al, 1977;
Zhou and Chowbay002; Lundet al, 1998) Warfarin
(Spigset, 1994; Heatt al, 2000; Engelseat al, 2002)
Rx That Affect Coenzyme Q-10 Lev@iske et al,
2000; Hanaket al, 1993)
Herbs and Supplements L-Carnitine (Bertelli and
Ronca, 1990; Robbers afgler, 1999)
Lab ests Glycosylated haemoglobin (haemoglohtC,
Hg A1C) (Hodgsoret al, 2002;Playford, 2003), Liver
enzymes (Hodgsoat al, 2002), T4/T8 ratio (Folker
et al, 1991)

CORIOLUS MUSHROOM No known interactions
(Nakazatcet al, 1994Y

Other names Boletus versi-

color, Coriolus, Kawaratake,

Krestin, Polypowus versicoloy

Polysaccharide Peptide, Polysac-

charide-K, Polystictus versi-

color, PSK, PSPTurkey Tail,

Yun-Zhi(cloud mushroom)

DIINDOLYLMETHANE Rx Cytochrome P450 1A2 (CYP1A2) substrates (Lake
Other namesDIM et al, 1998)

GAMMA LINOLENIC ACID Rx Anti-coagulant/Anti-platelet drugs (Guivernau
(Tyler, 1994; Fetrow andvila, et al, 1994)
1999; Guivernaet al, 1994Y Herbs and Supplementsierbs with anti-coagulant/
Other namesGamolenic Acid, anti-platelet potential (Newadt al, 1996; Brinker1996)
GLA Lab Tests Bleeding time (Guivernaet al, 1994), Lipid
profile (ibid.)
Diseases or Condition®leeding disordersilfid.)

Hpotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product Interactions with Prescription Drugs (Rx), Herbs
Common Names and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

GENISTEIN COMBINED Disease®or Conditions Estrogen-sensitive cancers or
POLYSACCHARIDE conditions (Barnest al, 2000)

Other names Basidomycetes

Polysaccaride, Fermented Geni-

stein, Fermented Isoflavone,

Genistein Polysaccharide, GCP

Isoflavone Combined Polysac-

charide, Soy Isoflavone Polysac-

charide

GERMANIUM (Budmanet al, Rx Furosemide (Lasix) (Becket996)
1982; Ettingeret al, 1989;
Vogelzanget al, 1985; Kraot
et al, 1992; Sanaet al, 1990;
Takeuchiet al, 1992; Asaka
et al, 1995; Hesst al, 1993;
Higuichi et al, 1989; Matsusaka
et al, 1988; Schauset al,
1991; Tao and Bolger 1997,
Yanagisawat al, 2000y

Other names Carboxyethyl-
germanium Sesquioxide, Ge-132,
Ge-Oxy 132, Germanium Se-
squioxide, Inorganic Germa-nium,
Organic Germanium, Spiro-
germanium

Spotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product
Common Names

Interactions with Prescription Drugs (Rx), Herbs
and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

GINKGO (Cesarangét al, 1998;
Diamondet al, 2000; Kudolo,
2000; Meiseket al, 2003;Vale,
1998}’

Other namesAdiantifolia, Bai
Guo ‘¢, Baiguq Fossil Tree,

Rx Alprazolam (Xanax (Markowitz et al, 2003),
Anti-coagulant/anti-platelet drugéiecket al, 2000;
Kudolo, 2002), Anti-convulsants (Miwet al, 2001),
Anti-diabetes drugs (Matthews, 1998; Kudolo, 2006),
Buspirone (BuSpar) (Spinella and Eaton, 2002),
Cytochrome P450 1ARCYP1A2) substrategGurley

Ginkgo Folium, Japanese Silveret al, 2000 and 2002; Budzinslét al, 2000),
Apricot, Kew Tree, Maidenhair Cytochrome P450 2C19 (CYP2C19) substrateis (Y

Tree, Salisburia Adiantifolia,
Yinhsing

et al, 2004), Cytochrome P450 2C9 (CYP2C9)
substrates (ale and Glurich, 2005; Gaudineatial,
2004), Cytochrome P450 2D6 (CYP2D6) substrates
(Gurleyet al, 2000 and 2002; Markowitt al, 2003;
Yasui-Furukoriet al, 2004), Cytochrome P450 3A4
(CYP3A4) substrates (Gurlest al, 2000 and 2002;
Markowitz et al, 2003;Yasui-Furukoriet al, 2004),
Fluoxetine (Prozac) (Spinella and Eaton, 2002), Ibuprofen
(Meiselet al, 2003),0meprazole (Prilosec) {iYet al,
2004), Seizure threshold lowering drugs (Mietaal,
2001; Gregory2001; GrangeR001),Trazodne (Desyrel)
(Galluzzietal., 2000),Warfarin (CoumadinjMatthews,
1998; Gaudineaat al, 2004; Jiangt al, 2005)Herbs
and SupplementsAnti-coagulant/anti-platelet herbs
and supplements (Kudolo, 2000), Seizure threshold
lowering herbs and supplements (Spinella and Eaton,
2002; Gregory2001; Granger2001)

Diseases or ConditionsBleeding disorders (Heck
et al, 2000), Diabetes (Kudolo, 2000 and 2006), Epilepsy
(Miwa et al, 2001; Gregory2001), Infertility Ondrizek

et al, 1999a and b) Surgery (Fessendé¢ral, 2001;
Yagmuret al,, 2005)

Spotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product
Common Names

Interactions with Prescription Drugs (Rx), Herbs
and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

GOSSYPOL (Facts and Com- Rx Digoxin (Lanoxin) (Facts and Comparisons, 2001),

parisons, 200%)
Other namesCottonseed Oil

GOTU KOLA (Newall et al,
1996)’
Other names Brahma-Buti,

Diuretic drugs (Facts and Comparisons, 2001), Non-
steroidal anti-inflammatory drugs (NSAIDs) (Miller
1998), Simulant laxatives (Brinker1998),Theophylline
(Cowartet al, 1994)

Herbs and Supplemeni8ardiac glycoside-containing
herbs (Brinker, 1998) licorice/horsetail (ibid.),
stimulant laxative herbshid.)

Diseases or ConditionsHypokalemia (Guo and
Reidenberg, 1998), Urogenital irritation or sensitivity
(McGuffin et al,, 1997)

Rx Cholesterol-reducing drugs (Newal al, 1996),
Diabetes druggibid.), Drugs withsedative properties
(ibid.)

Centella, Gotu Cola, Hydrocotyle, Herbs and Supplementderbs with sedative properties

Idrocotyle, Indian Pennywort,

Indian Water Navelwort, Marsh
PennyTalepetrakaTsubo-Kusa,
White Rot

GRAVIOLA (Lannuzelet al,

2002’

Other namesBrazillian Cheri-
moya, Brazillian Paw Paw
Corossolier Durian Benggal,
Guanavana, Soursop

GREATER CELANDINE
(Benningeret al, 1999; Stickel
et al, 2003Y

(Newall et al, 1996; Brinker 1998)
Diseases or Condition®iabetes (Newakt al, 1996)

No known interactions

Rx Hepatotoxic drugs (Stickeit al, 2003)

Herbs and Supplementddepatotoxic herbs and
supplements (Stickedt al, 2003)

Lab Tests Liver function tests (&kel et al, 2003)

SPotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product
Common Names

Interactions with Prescription Drugs (Rx), Herbs
and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

IP-6
Other namesFytic Acid, Insitol
Hexaphosphate, Phytic Acid

LENTINAN
Other namesNone

LIMONENE

Other namesAlpha-Limonene,
Dipentene, D-Limonene, L-
Limonene, r-Limonene, S-
Limonene

MAGNESIUM (Martindale,
1999; Birreret al, 2002)
Other names Magnesium

Rx Anti-coagulant/Anti-platelet drugs (eniket al,
1999)

Herbs and Supplement€alcium, Iron, Zinc (Zhou
and Erdman, 1995), Herbs with anti-coagulant/anti-
platelet potential (Mceniket al, 1999)

Lab Tests Cholesterol/triglycerides (Jariwalla, 1999)
Diseases or Condition<lotting disorders (Mcenik

et al, 1999),Iron-deficiency anenai (Jariwalla, 1999),
Osteoporosis/osteopenia (Pagdbisease) (Zhou and
Erdman, 1995)

Lab Tests CD4 Counts (Gordoet al, 1995)
Diseases or Condition#lalnutrition (Nishihiraet al,
1988)

Rx Cytochrome P450 2C19 (CYP2C19) inducers
(Crowell, 1999; Miyazawat al, 2002), Cytochrome
P450 2C19 (CYP2C19) inhibitoriid.), Cytochrome
P450 2C9 (CYP2C9) inducelibifl.), Cytochrome P450
2C9 (CYP2C9) inhibitorsil§id.), Cytochrome P450 2C9
(CYP2C9) substratesb{d.)

Rx Aminoglycoside antibiotics (Hommedieuet al,
1983), Bisphosphonates (Dunn and Goa, 2001), Calcium
channel blockers (Hansten and Horn, 1997), Potassium-

Sulfate, Magnesium Aspartate, sparing diuretics (fgan, 1987; Hollifield, 1987;
Magnesium Carbonate, Magne-Heidenreich, 1990), Quinolone antibiotics (Hansten, and

sium Citrate, Magnesium Gluco-

nate, Magnesium Hydroxide

Horn, 1997), Skeletal muscle relaxantdid.),
Tetracycline antibiotics (Sompolinsky and Samra, 1972)
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Table9.1. (Continuel)

Herb or Natural Product
Common Names

Interactions with Prescription Drugs (Rx), Herbs
and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

MAGNESIUM (Martindale,
1999; Birreret al, 2002)

Rx Influences on Nutrient Levels and Depletidi
desleukin (interleukin-2, IL-2, proleukin) (Kozeny

Other namesMagnesium Sul- et al, 1988), Amifostine (Ethyol, WR-2721) (Hirschel-
fate, Magnesium Aspartate, Scholzet al, 1988),Aminoglycosides (IHommedieu
Magnesium Carbonate, Magne-et al, 1983), Amphotericin-B (Abelcet, Amphotec,
sium Citrate, Magnesium Gluco- AmBisome, Amphocin, Fungizone) (Sabra and Branch,

nate, Magnesium Hydroxide

1990), Beta-2 agonists (Tveskevt al, 1994; Whyte

et al, 1987; Khilnaniet al, 1992; Boset al., 1988;
Gastafsoret al, 1996; Rollaet al, 1990), Carboplatin
(Paraplatin), Cisplatin (Platinol-AQ) (Martet al, 1992),
Cholestyramine (Questran) @tins et al, 1985;
Runeberget al, 1972), Corticosteroids (glucocorticoids)
(Quamme, 1986; Kleemaat al, 1975; Rickerst al,
1984), Cyclosporine (Neoral, Sandimmune) (Rahman and
Ing, 1989; Thomsoret al, 1984; Allenet al, 1985),
Digoxin (Lanoxin, Lanoxicaps) (&n, 1987; Gottlieb,
1989), Diuretics (KRan, 1987; Hollifield, 1987), Estrogens
and estrogen-containing oral contraceptives (Seelig, 1993;
Stanton and Lowenstein, 1987), Fluoroquinolones
(Hansten and Horn, 1997), Foscarnet (Foscavir)
(Gearhart and Sort, 1993), Insulin (De Leeetnal,
2004), Penicillamine (Cuprimine) (Cantilena and
Klaassen, 1982; Seelig, 1982), Pentamidine (NebuPent,
Pentacarinat, Pentam 300) (Stethal, 1990; Burnett
and Reents, 1990; Gradaet al, 1991), Sodium
phosphates (monobasic sodium phosphate and dibasic
sodium phosphate, fleet phospho-soda) (Schwarz and
Zagala-Navarez, 2002Jacrolimus (FK506, Prograf)
(Lote et al, 2000), Tetracyclines (Murry and Healy
1991)
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Table9.1. (Continuel)

Herb or Natural Product
Common Names

Interactions with Prescription Drugs (Rx), Herbs
and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

MAGNESIUM (Martindale,
1999; Birreret al, 2002)

Herbs and SupplemenBoron (Meachanet al, 1995;
Nielsenet al, 1987), Calcium (Spencet al, 1994;

Other namesMagnesium Sul- Sojkaet al, 1997),Vitamin D (Hardwicket al, 1991,

fate, MagnesiumAspartate,

Charleset al, 1987), Zinc (Nielsen and Milne, 2004)

Magnesium Carbonate, Magne-Lab Tests Alkaline phosphatase (ALK PHOS) ¢¥ng,
sium Citrate, Magnesium Gluco- 1995), Angiotensin-converting enzyme (ACH)id.),

nate, Magnesium Hydroxide

MARIJUANA (Johnsonet al,
2000y

Blood pressure (Sanjuliagt al, 1996), Calcium (¥ung,
1995), Diagnex blueil§id.), Electrocardigram (ECG)
(Lasserreet al, 1994; Brodsket al, 1994), Parathyroid
hormone (¥tter and Lohse, 2002)estosterone @ung,
1995)

Diseases or ConditionsAlcoholism (Rude, 1998),
Diabetes(ibid.), Elderly (Durlachet al, 1998),Heart
block (Santoreet al, 2000), Malabsorption syndromes
(Galland, 1988; Geerlingt al, 1998), Renal disease
(Rude, 1998), Restless leg syndrome (Fraekedl,
1974, Popovicitet al, 1993)

Rx Barbiturates (Hebel, 1998), CNS depressants
(ibid.), Disulfiram (Antabuse)ibid.), Fluoxetine

Other namesCannabis, Grass, (Prozac) ipid.), Theophylline {bid.), Alcohol (ibid.)
Hash, Hashish, Hemp, Kif, Herbs and SupplementSupplements with sedative
Mariguana, Marihuana, Pot, propertiesipid.)

Weed

Lab Tests Intraocular pressure (Merrigt al, 1980)
Diseases or Condition€ardiovascular diseases (Facts
and Comparisons, 2001), Compromised immune function
(Klein et al, 2000; Zhuet al, 2000), Respiratory
Diseases (Facts and Comparisons, 2001; Joheson
al., 2000), Seizure disorders (Facts and Comparisons,
2001)

Spotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product
Common Names

Interactions with Prescription Drugs (Rx), Herbs
and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

MELATONIN (Wagneret al,
1998; Dollinset al, 1993}
Other namesMEL, MLT, Pineal
Hormone

POMEGRANATE (Gaiget al,
1999§’

Rx Anti-coagulant/anti-platelet Drugs (Herxheimer and
Petrie 2002) Anti-diabetes drug€agnaccet al, 2001),
Benzodiazepines (Djeridane afmlitou, 2001), Cédéine
(Wright, 2000), Contraceptive drugbil.), Flumazenil
(Romazicon) (Golombelet al, 1992), Fluvoxamine
(Luvox) (Hartteret al, 2000; Grozingeet al, 2000;
von Bahret al, 2000), Immunosuppressants (Lissoni
et al, 1999), Nifedipine Gits (Procardia XL) (Lusardi
et al, 2000),Verapamil (Calan, Covera, Isoptiferelan)
(Wikneret al, 1997)

Herbs and Supplementsierbs with anti-coagulant/
anti-platelet potential (Herxheimer and Petrie, 2002),
Herbs/supplements with sedative propertiesef#
et al, 1998)

Lab Tests Blood pressure (Lusardt al, 2000), Heart
rate (bid.), Human growth hormone &¢avi et al,
1993), Luteinizing hormone (Nordlund and Le(ri&77),
Oxytocin (Forslinget al, 1999),Vasopressinilfid.)
Diseases or Condition€ancer (Lissonét al, 1996b),
Depression (Carmaet al, 1976), Diabetes (Cagnacci
et al, 2001), Hypertension (Lusare al, 2000), Seizure
disorders (Bazikt al, 2000)

Rx Ace Inhibitors (ACEIs) (&iram and Dornfeld, 2001),
Anti-hypertensive drugsk(id.), Cytochrome P450 2D6

Other namesDadima, Fruit of (CYP2D6) substrates (Kirat al, 2002), Cytochrome
the Dead, Granada, GrenadeP450 3A4 (CYP3A4) substrates (Hidagtaal, 2005),
Grenadier Roma,Shi Liu Gen Rosuvastatin (Crestor) (Sorokat al, 2006)

Pi, Shi Liu Pi

Herbs and Supplementilerbs and supplements with
hypotensive décts (Aviram and Dornfeld, 2001)
Diseases or ConditionsPlant allergies (Gaigt al,
1999)

Spotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product Interactions with Prescription Drugs (Rx), Herbs
Common Names and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

STRONTIUM (Natural Medi- Rx that canAffect $rontium Levels Androgens
cines Comprehensive Database(Eisenberg, 1996), Corticosteriudibid.), Estrogens
2006’ (ibid.)

Other namesStable Strontium, Lab Tests Blood cell counts (Metastron Prescribing
Strontium Chloride, Strontium-89 Information, 1998) Creatine phosphokinase (Meunier
Chloride, Strontium Citrate, et al, 2002 and 2004)

Strontium Ranelate Diseases or ConditionsBone disease (Gutteridge
et al, 1968), Renal institiency (Merberckmoes
et al, 2003)

THEANINE Rx Anti-hypertensive drugs Ekogoshi and Kobayashi,

Other names Gamma-Glu- 1998), Stimulant drugs (Kimura and Murata, 1986)
tamylethylamide, L-Theanine

TIRATRICOL (Natural Medi- Rx Anti-coagulant/anti-platelet drugs (McKevay998),
cines Comprehensive DatabaseAnti-diabetes drugsi{id.), Cholestyramine (Questran)
2006; McKevoy 1998; FDA, (ibid.), Stimulant drugsibid.), Thyroid hormone

2000y (Mueller-Gaertner and Schneider, 1988)
Other names Triac, Triodo- Herbs and Supplementslerbs and supplements with
thyroacetic Acid sympathomimetic activity (McKevoyl1998), Herbs

with thyroid activity (bid.), Vitamin K (bid.)

Lab Tests ProthrombinTime (PT), International
Normalization Ratio (INR)iid.), Thyroid function tests
(FDA, 2007), Thyroid Stimulating Hormone (TSH)
(Menegayet al, 1989), Thyrotrpin-Releasing Hormone
(TRH) stimulation (MuellexGaertner and Schneider
1988; Sherman and Ladenson, 1992)

Diseases or Conditionsdrenal insuficiency, Diabetes,
Hypopituitarism (McKevoy 1998), Angina, Cardio-
vascular disease, Hypertensidid.), Diabetesibid.),
Liver disease (Jean-Pastet al, 1986), Myxedema
(McKevoy, 1998), Prolonged clotting timé{d.)

Hpotential for toxic or adverse effect. Please see text or reference(s).
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Table9.1. (Continuel)

Herb or Natural Product Interactions with Prescription Drugs (Rx), Herbs
Common Names and Supplements, Laboratoy (Lab) Tests, Disease
or Conditions

TURMERIC RxAnti-coagulant/anti-platelet drugs (Shethal, 1999)
Other namesCurcumae longae Herbs and Supplemenkerbs with anti-coagulant/anti-
rhizomg Curcumin, Halada, platelet potentialiid.)

Haldi, Haridra, Indian Saffron, Diseases or ConditionsBile duct obstruction and
Nisha Radix cucumae Rajani  gallstones (Rasyidt al, 2002)

Rhizoma cucurmae longae

WHEY PROTEIN (Laoprasert Rx Alendronate (Fosamax) (Martindale, 1999), Levodopa
et al, 1998Y (Semiaet al, 1998), Quinoline antibiotics (Martindale,
Other names Bovine Whey 1999),Tetracycline antibioticsil§id.)
Protein Concentrate, Whey Lab Tests Blood Urea Nitrogen (BUN) (Whg and
Peptides Watson, 1995)
Disease®rConditionsMilk allergy (Laopraseret al,
1998)

Spotential for toxic or adverse effect. Please see text or reference(s).

self-medicated to treat metastatic carcinoma and colon c&teszarchers
have become aware that a high concentration of glutathione (GSH) is
present in most tumor cells and seems to be a factor in resistance to
chemotherapy (Kennedgt al, 1995).A Phase#/ll clinical study on
patients, with various cancers, showed that by administering an oral dose
of 30grams of whey protein daily for six months, these patients showed a
sustained drop in lymphocyte GSH levels. This finding suggests that whey
protein may deplete GSH in tumor cells and may make these cells more
vulnerable to chemotherapiore research is needed to confirm this
finding. Kennedyet al. (1995) used a dose of §@ams per day in their
research. Individuals allergic to milk products should avoid whey protein,
according to Laopraseet al. (1998) who report an anaphylactic reaction

to a product containing whey protein.

As indicated aboveTable9.1 follows with information about the
potential interactions of each of the above herb or natural products with
prescriptions, other herbs, laboratory tests, or diseases. Scientific and
common names are also included.
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Conclusion and Implications

This review chapter provides information to help health care professionals
become better resource persons for their patients. Through awareness
of significant clinical roles as resource persofib. professionals are
encouraged to improve liaisons between themselves and with patients to
discuss the possible benefits or dangers in use of these herbs and natural
products.All herbs and natural products presented show promise in
treatment of cancer

An update to a recent publication (Montbriand, 2004a), this review
specifically presents the latest evidence based research hmrlis7and
natural products with potential to decrease growth of cancers or to use as
adjuncts with cancer treatmenfdl of the research presented is fram
vivo, in vitro, and early Phase4l trials; therefore, the results are at
best preliminary but all the same encouraging. Since the last review
(Montbriand, 2004a), several new herbs and natural products have come
to the forefront through new and promising research. Other products that
showed promise only a few years ago, are now showing less promise and
have been eliminated from this revieWwntil products and herbs are
proven beneficial in clinical trials, health care professionals must stay
constantly alert to new findings. This constant vigilance can only be a
benefit to the health profession and especially to patients with cancer

The scientific and common names of natural products and herbs have
been included in this revieway careful attention to the spelling of these
names on all products of interest. Manufacturers who are careful about the
spelling of their products may be more attentive to the quality of the
product they sell, according tbyler (1996). Manufacturers may also
provide doses for their products, but these doses should be noted with
caution.The typical doses provided in this reviemhile not recommended
doses, are doses used by the researchers cited in their clinical trial or case
study The references for these studies can be found in the reference list.
These doses have at least some preliminary testing and seem more prudent
than doses found on manufacturers’ publication.

In most cases, herbs come in capsules or tablets, usually powder or
crushed forms of a whole plant. In some cases, the whole plant is available.
Keep in mind that the whole plant is a conglomerate of many chemical
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components, some medicinal, some benign, and some possibly poisonous.
One example is the elderberfhe inner bark has been used by the North
American natives as a medicinal tea, yet the stems and berries of the
elderberry contain cyanide (Facts and Comparisons, 2001). Encourage
patients who have grown herbs on their own, or who use scavenged herbs
from the wild for personal concoctions to talk about their experimentation
to health professionals. Some plants, such as mushrooms found in the
wild, are dificult to identify, Some plants are poisonous, and an in-
experienced individual may make mistakes in identification of wild plants,
with tragic results.

Even when a plant is correctly identified, one cannot be assured of
the quality or quantity of any medicinal components in that herb. The
growing conditions of that herb can vary considerably with the quality
of the soail, seed, bulb, or plant. This caution also applies to herbals or
products. Therefore, one should always be aware that when using an
herb or natural product, the amount of the medicinal component is not
constant and may not even be present.

On the other hand, all prescriptions and some herbal or natural products
have DIN (drug identification numbers) guaranteeing that the specified
medicinal components will be present. For examfnacet 125
(Ashbury Biologicals/Herbal Laboratories) contains the medicinal
component (tanacet) of the herb feverfagientific name Tanacetum
partheniu that has been used for headaches. When a product such as
Tanacet 125 has a DIN numbethis means that it is quality controlled.
The product will contain an exact amount of the medicinal component,
and in the example of the above case, tanacet is found in the exact
amount specified. Converselyhen the consumer buys an herbal product,
such as feverfeythe amount of the medicinal component is unknown, in
the above case tanacet.

This review also contains information to help identify situations where
herbs or natural products may interact with prescription medications,
other herbs or products, lab tests, or with diseases or conditions. Notations
are also given to ensure identification of possible dangers in using these
herbs or products. These notations have been provided on a table to
ensure quick reference. Keep in mind that these cautions are preliminary
and may change.
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While this review may seem overlain with cautions, health care profes-
sionals and patients may be encouraged to see the progress made by the
research community in discovering possible potentially useful herbs and
natural products that interact positively with canetwever this encou-
ragement should be taken responsilihatients with cancer often are
desperate to find a potential cure; therefore, health care professionals
have the unique opportunity in helping these patients make informed
choices. Health care professionals, should be aware that while this
information is available in the evidence-based research from biomedicine,
the alternative system gts individuals with canceencouraging them
to try products that have not been subject to the rigorous testing required
in conventional health care. Often the alternative system insists that their
products have undergone rigorous testing; yet, these rigorous tests cannot
be found in published refereed medical, pharmagssing, or other health-
science journals. My experience has been that patients appreciate and
want current evidence-based information from health professionals. Even
if the information seems overlain with technical terms, patients have often
informed me that they do not want just the vernacular version. Patients
want to be part of the whole discussion and want to be allowed to make
informed choices in their care. Being current with the latest evidence-based
information on potential cancer developments is a unique opportunity for
health care professionals and patients with cancer
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Chapter 10

Mechanistic Studies on Combination of
Phytochemicals and Synthetic Drugs
asAnti-CancerAgents

Shanmugam Hemalswarya & Mukesh Doble

Abstract

Environmental, endogenous DNA damaging agents and genetic factors cause
aberrant changes in the normally functioning genes leading to.tlitver
treatment strategies of cancer are varied and mostly they are administered
in combination. The application of complementary and alternative medicine,
which includes phytochemicals and herbal extracts, leads to chances of
herb-drug interactions. The interaction could be adverse or advantageous
and it is due to a number of factors which are not fully understood. Changes
in cell signaling pathways, pharmacokinetic interactions, reversal of multi-
drug resistance, and increase in immunity are a few mechanisms where the
phytochemicals can act in synergy with anti-cancer drugs.

Keywords: PhytochemicalsAnti-Cancer Agents; Complementary or
Alternative Medicine (CAM); Synergistic Effect.

10.1 Introduction

Cancer is the one of the top two causes of death in most of the industrialized
and developing countries. It is estimated that 80% to 90% of all cancers
are caused by environmental risk factors including chemicals, radiations
and virusesThe diferent treatment methodologies include chemotherapy
hormonal supplements, g@ry radiation therapyor complementary or
alternative medicine (CAMWith advances in the understanding of the
cellular and molecular levels of carcinogenesis, chemoprevention has grown
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into a promising strategy for treating candef course this is associated
with some limitations and drawbacks such as:

(1) most common tumors are resistant to available anti-neoplastic drug;
(2) limited anti-solid tumor activity;

(3) little impact on survival rates;

(4) when used at high doses, there is increased level of toxicity; and
(5) other side-effects (Surh, 1999).

All these problems can be addressed by the application of combination
therapy

Approximately 16% of the population use herbal remedies with pre-
scription medicines, which increases the risk of adverse herb-drug interac-
tions.The herbs may tdct theADME (absorption, distribution, metabolism
and excretion) of the anti-cancer drugs. More than 5000 individual phyto-
chemicals have been identified in fruits, vegetables and grains, which are
known to possess curative effects. They broadly fall under the following
major classifications, which includes carotenoids, phenolics, alkaloids,
nitrogen-containing compounds and organosulfur compounds. Most of
the phytochemicals have complementary or similar mechanisms of action
(Fig. 10.1).Also it is seen that a purified compound may have a lesser
bioactivity than the natural combination of phytochemicals in the whole
foods (Liu, 2004).

For instance, Crambene and indole-3-carbinol (13C), the bioactive
phytochemicals present in the cruciferous vegetables, like Brussels sprouts
or broccoli were found to synergistically enhance the detoxification enzyme
activity against aflatoxin B1 (AFB1At low concentrations present in the
crucifers, the synergy was not observed but on the contrary at high
concentrations, crambene and 13C groups demonstrated synergistic
protections fromAFB1 (Wallig et al., 1993). In addition to these two
compounds, cruciferous vegetables also contain sulforaphane, phenyl
ethyl isothiocyanate (PEITC), goitrin, 1,2—dithiol-2-thiones and various
polyphenols (Guet al., 1992; Kelley and Bjeldanes, 1995; Kenseal .,

1992; Chuet al., 2002). When rats are fed with crambene, I3C, iberion
and PEITC as individual components or as a mixture, the groups that
received the mixture showed more activity (induction of Phase Il detoxi-
fication enzymes) than the sum of individual treatments (Nho afrdyjef
2001).
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Fig. 10.1. Phytochemicals and mechanism of action.

Selenium, which is readily taken up by the crucifergagetables
(Banuelos, 2002), was found to act in synergy with retinoids/aaichin
E, to inhibit carcinogenesis (Horvath and Ip, 1988rpheyet al., 1988).
The same seleniumas found to reduce the sulforaphone and polyphenol
content inbroccoli, thereby decreasing the chemoprotection activity of
these compounds (Finlest al., 2005). But it worked in synergwith
crambene to kill MCF-3 canine mammary cellsaflig, 1993).

The interaction between herbal extracts or phytochemicalsyatitketic
drugs can be understood by the following examp(@-SPES is a herbal
product used for cancer treatment. kti®ngly cytotoxic and pro-apoptotic



Table 10.1. Interactions of various drugs with natural products.

No. Natural products Synthetic drugs Tamet System studied References
1. Carboxytriazole — Human breast Yehet al. (1995)
carcinoma cells
2. Triazofurin — Human ovarian Shenet al. (1999)
3. cis-diamminedichloroplatinum (1) carcinoma cells
4. Cytosine arabinoside (Ara-C) — HL-60 cells Teofili et al. (1992)
Human leukemic
Quercetin cells
5. Significant alterations Humqn pancreatic Mouriaet al. (2002)
in the cell cycle carcinoma cells N
6. Reseveratol kinetics and induce Squamous Elatter andVirji (1999)
apoptosis carcinoma ce!ls
7. Human leukemia Mertens-Blcott and
cells Percival (2005)
8. Tea catechins Sulindac Induce apoptosis Humgn lung Suganumaet al.
Epigallocatechin - (?aru.noma cells (199,9)
9. Inhibition of Min mice Fugiki et al. (2003)

allate (EGC
9 ( 9 intestinal tumors
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Table 10.1. (Continued)

No. Natural products Synthetic drugs Tamet System studied References
10. — Levels of gene  Fugikiet al. (2003)
expression in
human lung
carcinoma cells
1. €)-epicatechin Induction of apoptosis, Human lung Suganumat al. (1999)
growth inhibition carcinoma cells
12. Inhibition of TNF BALB/c-3T3 cells
Tea catechins release
13. Epigallocatechin Tamoxifen Induce apoptosis Human lung Suganumat al. (1999)
gallate carcinoma cells
14. Inhibition of intestinal  Min mice Fugiki et al. (2003)
tumors
15. Epigallocatechin Inhibition of induced  HepG2 cells Williams et al. (2003)

Epicatechin gallate
Epicatechin

expression of human
CYP1Al and
CYP1A2

(Cyt450 1A)
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Table 10.1. (Continued)

No. Natural products Synthetic drugs Tamget System studied References
16. Thearubigins Genistein Blocking cell cycle Human prostrate Sakamoto (2000)
tumor cell
17. Catechin NS398 — Bladder and prostrate Farivar-Mohenseni
cancer cells et al. (2004)
18. Eicosapentanoic acid  Modulation of DNA  Human breast Nakagawaet al.
synthesis through the carcinoma cells (2000)
alteration of glucose
o oxidation
19. Genistein Tamoxifen Anti-proliferative Dysplastic and Tanoset al. (2002)
effect cancerous breast
cells
20. 5-Fluorouracil Modulation of AMPK  Colon cancer cells Hwanget al. (2005)

and COX-2 signaling
pathways
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Table 10.1. (Continued)

No. Natural products Synthetic drugs Tamet System studied References
21. Doxorubicin Inhibition of NF-kB Hepatocellular Notarbartoloet al.
activation carcinoma cells (2005)
22. Curcumin Cisplatin — Ovarian Chanet al. (2003)
carcinoma cells
23. Genistein Inhibition of protein Breast cancer Wolff et al. (1993)

kinases

cells
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towards prostrate carcinonezlls, which was thought to be due to the
presence otontaminants. Batches of PC-SPES were removed from the
marketdue to the presence of traces of synthetic drugs like dettbgterol,
indomethacin and warfarin as contaminants. Stucdigxluded that the
traces of synthetic drugs found were redponsible for the cytotoxic and
pro-apoptotic activities ahis herb on small cell lung carcinoma cells, but
that the herbamnixture itself was responsible for the observed behavior
(Sadava antVinesbug, 2005).

Interactions of various drugs with natural phytochemicgt®rted in
the literature are tabulatedTable10.1.Themechanism and their gets
are not fully known. Experimentéchniques to determine the action of
combination drugs and tiesign effective mixtures have not been completely
standardizedlt is still being practiced as an art using trial and error
methods. This review deals with the effect of combinatigzhgfomedicines
and drugs acting in synergy at single or multifdeget sites and the
associated cell signaling network.

10.2 AP1 and NF-kB Pathway

NF-kB (nuclear factokB) and the AP-1 (activator protein-1) are a set of
transcription factors for genes that promote the cell survival and the
proliferation mechanisms. Both induce the transcription of target genes that
include cyclin D1, Bcl-2 (B-cell lymphoma-2), BCLXVEGF (vascular
endothelial growth factor), MMP (matrix metalloproteinase), and urokinase-
type plasminogen activatowhich are involved in cell dérentiation,
proliferation and angiogenesis (Dorai aAdgarwal, 2004). Several
phytochemicals individually or in combination are known to block these
initial transmission signals.

For instance, curcumin has more than one defined mechanism of
action. It is found to act in synergy with cisplatin atwkorubicin on the
hepatocellular carcinoma cell lines. Theral@vn-regulation of NFkB
target genes such as cyclooxygenas€@X-2), Bcl-X and c-myc when
it is combined with cisplatifChan et al., 2003). Pre-treatment with
curcumin enhances tlaati-proliferative and apoptotic effect of vinorelbine
by down-regulating anti-apoptotic Bcl-2 and Bcl-¥enesup-regulating
pro-apoptotic Bcl-xs andax genes and activating caspase-9 and -3
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genes.The suppressiomf NFkB and AP-1 by both curcumin and
vinorelibine may possibly explain the observed anti-proliferative and
apoptotic effects (Seet al., 2005). Curcumin has also been found to act
in synergy with other standard cytotoxic drugs through different
mechanisms of action as shownTable10.1.

10.3 Receptor Tyrosine Kinase (RTK) Related Pathways
of Signal Transduction

Various growth factors such as epidermal growth factor (EGF)-receptor
and VEGF-receptors promote the cell proliferation signals. They also suppress
apoptotic signals, anchorage independence and growth of blood vessels.
Many chemopreventive phytochemicals including curcumin, genistein,
resveratrol and catechins are known to be potent inhibitors of these growth
factor receptors (Korutlet al., 1995). R Ks stimulate the phosphorylation
of protein kinases such as the mitogen activated protein kinase (MAPK),
thereby activating a cascade of intracellular signals. This includes MEK1/2
(MAPK or ERK kinase), ERK1/2 (extracellular signal regulated kinase),
JNK1/2/3 (Jun N-terminal kinase) and p@B8/y genes that are involved in
signal transduction (Chang and Karin, 2001).

Protein kinases have now emerged as one of the most important
groups of drug targets, accounting for 20% to 30% of the diregveries
of many pharmaceutical companies (Soehal., 2003).RTK inhibitor
GW282974A (an analog of GW2016; Lapatinib) is effectivelemo-
sensitization of drug resistant EGFR over-expressing ddlis.gives rise
to a synergistic effect when used in combinatoth either cisplatin or
paclitaxel in chemo-sensitivity assgoleyet al., 2006). Phytochemicals
like curcumin, EGCg are known to inhilitf K and downstream signaling
pathwaysAlso EGCg can directlynhibit the binding of EGFplatelet
derived growth factofPDGF), and fibroblast growth factor (FGF) to their
respectivereceptors (Korutlat al., 1995; Lianget al., 1997; Sachinidis
et al., 2000).Therefore, RK inhibition by phytochemicals in combination
with synthetic drugs is an effective alternative to circumvent tumor cell
drug resistance, which occurs in conjunction with the over-expression of
EGFR.



242 S Hemalswarya & M. Doble

10.4 COX-2 and Cancer

COX-2 isozyme is involved in the neoplastic growth and its development.
It is highly over-expressed in pre-malignant and malignant tumors. A
correlation is also observed between COX-2 expression and increased
tumor cell densityCOX-2 is related to cancer through direct and indirect
mechanisms. Prostaglandins generated by COX enzymes may directly
stimulate mitogenesis through a direct effect on fibroblasts, osteoblasts,
and mammary cells. COX-2 indirectly affects mutagenesis, angiogenesis,
and increased cell migration and apoptosis, so inhibitors of COX-2
expression in tumor have a therapeutic potential (Subbaramaiah and
Dannenberg, 2003).

Sulindac, a non-steroidal anti-inflammatory drug (NSAID), which is
usedas a cancer preventive agent, is also associatedaoitbrse side-
effects that include gastrointestinal bleedi@pmbining sulindac and
tamoxifen (an anti-cancer drug) with EGCg viesnd to work in synergy
on lung cancer PC-9 celSuganumaet al., 2001).Also, EGCg in
combination with NSAIDss found to reduce the incidenoé tumor in
mice with multiple intestinal neoplasia ampoptosis induced against colon
carcinogenesis of rats. Thisdse to the fact that EGCg (blocks COX-2)
and NSAIDs (block€£0X-1); both act in tandem as dual inhibitors (Ohishi
et al., 2002).

10.5 Regulation of Cell Cycle

Cell cycle machinery controls cell proliferation, and cancer is a disease
arising due to inappropriate cell proliferation. The completion of a cell
division cycle requires the spatial and temporal coordination of a wide
diversity of processes that relies on the activity of a family of protein
kinases, namely the Cdks (cyclin-dependent kinases). Normal cells halt
their cell cycle progression at the G1/S and G2/M borders. This gives
them enough time to repair their damaged DNA in case of exposure to
genotoxic stresses. The inactivation of genes involved in these cell cycle
checkpoints would allow for the propagation of cells carrying DNA lesions
and hence give rise to tumors. Cancer is precisely the imperfections at
the cell cycle checkpoints, which prevents the cycle from stopping in the
face of adverse conditions, making them vulnerable.
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Drugs that block dferent phases of cell cycle can acsymeny, e.g.
quercetin and triazofurin. Quercetin cause cgtlle arrest in the G,
phase (¥shidaet al., 1990), the @M phase (Choet al., 2001), at the
G; and S phase boundafyoshidaet al., 1990) and induce caspase-3
activity and apoptosis (&hget al., 1999). It is found to act in syrgr
with triazofurin in human carcinoma cells (Shetral., 1999).Triazofurin
reducesthe cellular GTP pool and decreases inositol-1,4,5-triphosphate
concentration (\beret al., 1997).The latter is brought about by the
blockingof S phase of the cell cycle (Jayarearal., 1982)Also significant
alterations in the cell cycle kinetics induced thg single compounds
such as ellagic acid, quercetiesveratrol and their combinations is observed
against humaneukemia cells. This interaction synergistically induced
the apoptosis and reduced the cell growth (Mertessolit andPercival,
2005).

10.6 Modulation of Multi-Drug Resistance (MDR)

Prolonged cancer chemotherapy may lead to the selective proliferation of
MDR cells. Development of MDR is due to:

(1) the up-regulation or activation of transporter proteins;
(2) modification of the detoxification systems;

(3) changes in the target repair mechanisms; and

(4) deregulation of the cell death pathways (CoRH03).

One of the best multi-drug resistance mechanisms known is the over-
expression of membrane transport proteins including thekDa0P-
glycoprotein (Pgp). It is aATP-dependent membrane transporter that
extrudes a variety of hydrophobic anti-tumor drugs. Therefore, Pgp
inhibitors may resensitize the MDR cells. Examples of such inhibitors are
verapamil, reserpine, cephalosporin, gramicidin, cyclospo(@astaing
et al., 2000).These drugs are associated with severe sigetef(Coley
2003). They also share common physical and structural characteristics
such as cycli-city lipophilicity and a positive or neutral clygr at
physiological pH (Anuchapreedsal., 2002).

The other approach is through the modulation of the MDR1 gene.
These types of modulators may either block the induction of MDR1 gene
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expression or inhibit its promoter and down-regulate Pgp expression
(Huetal., 1996). There are many problems associated with these modulators:

(1) they also become transported by Pgp (Krishna and Magen);

(2) since inhibitory effect is through competition, the dose concentration
has to be extremely high, which leads to side-effects and toxicity
(Fisheret al., 1994; Ozol«t al., 1987); and

(3) when these agents are co-administered with fqrthey influence the
pharmacokinetics and biodistribution properties of the anti-cancer agents
(Lum and Gosland, 1995).

Due to the limitations of the synthetic modulators, phytochemicals can be
tried out in combination with the formétlerbs are known to interact with

the ATP binding cassette transporters such as Pgp, MRP1, MRP2, and
BCRP and play an important role in the transport of the anti-cancer drugs
(Sparreboon and Noote2000; Suzukét al., 2001; Ejendal and Hrycyna,
2002). The extract of rhizomes froAlisma orientalis (Sam) Juzep.,
which is commonly found in Southern China, show a synergistic inhibitor
effect with cancer drugs including actinomycin D, puromycin, paciltaxel,
vinblastine and doxorubicin against HEPGR and K562-DR, the two
MDR cancer cells expressing Pgp (Faal., 2007).

Curcumin down-regulates Pgp expression and reduces Pgp mediated
efflux in drug resistant human cervical carcinoma cellditgctly interacting
with it. It modulates both the expressi@md function of MDR1
(Anuchapreedeet al., 2002). Commerciaturcuminoids contain 77%
curcumin (1), 17% demethoxycurcumin (Il) and 8¥%demethoxycurcumin
(1. These individual components wemempared for their ability to
modulate the human MDR1 expressioiKB-V1 (Chearwaest al., 2004).
Preliminary experiments showdtlat the compound Il was the most
active modulator of the thrgimtrakul et al., 2004). But later studies
revealed that it wasompound I. These compounds in addition also inhibited
verapamilstimulatedATPase activity at high concentrations (Chearwae
et al., 2004).

Flavonols such as quercetin, Kaempferol and galanginnepogted to
increase adriamycin #fix from HCT-15 colon cancecells whereas a
hydrophobic quercetin derivative inhibitdtbdamine 12&fflux from MCF-

7 breast cancer cells and aboltekir MDR phenotype (Scambeét al.,
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1994). Quercetin was also found to prevém binding of transported
drugs such as colchicines (Shapamad Ling, 1997a) or Hoechst 33342
and also inhibit the MRP1 transporté€&hapiro and Ling, 1997bYyarious
other flavonols, particularhgenistein, inhibited drug efflux from cells
overexpressing PgpChieli et al., 1995; Castro andltenber, 1997).
Modifying flavonoids by prenylation was found to increase the binding
affinity and strongly inhibit drug interaction and nucleotigerolysis. This
approach constitutes a promising potemiadulators for MDR (Di Pietro

et al., 2002).

10.7 Alteration of Pharmacokinetics

The design of chemotherapy schedules for treatment of malignancies is
based on the selection of optimal drug doses with tolerable adverse effects.
Inter-individual variation in the ADME may exist for a given dose, which
depends upon both the physiological and pathological functions. These
factors are important for the outcome of the treatment in terms of effi-
cacy as well as toxicityAs chemotherapy uses combination of drugs,
pharmacological interactions may be expected. Many anti-cancer drugs
need specific enzymes for their metabolism and phytochemicals given in
combination can alter the ADME of the drugs. This is due to the altered
expression and functioning of cytochrome P450(CYP) isozymes. CYP450
are a very important drug metabolizing family of isozymes and CYP3A4 is
responsible for the metabolism of several classes of currently used anti-
cancer drugs. This isoenzyme can be easily induced or inhibited by other
drugs or herbs. Interactions combining the drugs that modify the action of
detoxification enzymes and the inhibitors of Pgp may result in enhanced
adverse effects to patients. Elevated CYP activity decreases the bio-
availability of the drug and loss of therapeutic activity whereas an increase
in plasma concentrations due to the inhibition of CYP activity will lead to
toxicity (Sparrebooret al., 2004). Phytochemicals are known to induce
and suppress the flifent classes of CYamily (Table10.2).The bioactive
agents that up-regulate the detoxification enzymes are divided into two
groups, namely: monofunctional inducers that up-regulate a number of
Phase Il enzymes (quinine reductase and glutathione S-transferases), and
bifunctional inducers that up-regulate some of the Phase Il and a few
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Table 10.2. Induction and suppression of Phas#etoxification enzymes by phyto-
chemicals (Meijermast al., 2006).

No. Cytochrome P450 Metabolize the Action Phytochemicals
chemotherapeutic drug

1. CYP2C91 Cyclophosphamide  Decrease Fresh garlic
Fresh garlic ol
Freeze dried garlic

2. CYP2C19 Teniposide Decrease Fresh garlic
Fresh garlic oil
Freeze dried garlic
Increase Ginkgo

3. CYP2E1 Dacarbazine Decrease Diallylsulfide
CYP2E1 Dacarbazine Increase Diallyldisulfide
Increase Allylmethyl sulfide
Allyl mercaptan

Etoposide Diallyl sulfone
CYP3A4 PaC|Itaer Genistein
Vinorelbine Increase When the above are
Vinblastine administered for long
Tamoxifen term & 6 weeks)
and at high
concentrations
4. CYP3A4 Etoposide Decrease Fresh garlic
Paciltaxel Fresh garlic oil
Vinorelbine Freeze dried garlic
Vinblastine Extract of Echinacea
Tamoxifen Quercetin
Increase Ginkgo
5. CYP3A5 Etoposide Decrease Fresh garlic
Fresh garlic ol
Freeze dried garlic
Genistein
6. CYP1A1 Dacarbazine Increase Quercetin

Kaempferol
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Phase | enzymes (CYP1A1). Glucosinolates (I3C and crambene) are a
group of secondary metabolites from cruciferous vegetables, which interact
to produce synergistic induction of Phase Il detoxification enzymes (Nho
and Jefery, 2001).The pharmaceutical behavior of a particular drug can
be identified only through preclinical and early clinical evaluation. Changes
in drug dose, sequence, or infusion duration, increase of time-interval
between drugs, etare the measures required to provide an optimal
therapeutic dose of combination chemotherapy for the patient with cancer

10.8 Enhancement of | mmune Function

Immune dysfunction has been found to be associated with c&aerer
immunotherapy relies on the ability of the immune system to identify and
destroy tumor cells and to elicit a long-lasting memory of this interaction.
Under ordinary circumstances, howewke ability of tumor cells to trigger

an effective immune response is limited. The nominal poor immunogenicity
of tumor cells results in part from their weak expression of immune cells.
Immunomodulation through natural and synthetic substances may be
considered as an alternative for the prevention and cure of neoplastic
diseasesMthania somnifera is observed to restore the numtagrd function

of immunocompetent cells, immune complexes and immunoglobulins to
counteract the side-effects of synthetic anti-cancer drugs, thereby enhancing
their efficacy (Senthilnathagt al., 2006).

10.9 Conclusion

The use of dietary supplements, phytochemicals, nutraceuticals in com-
bination with synthetic drugs for the treatment of cancer is increasing day
by day but the risk of their toxicity and sidefefts determine the fafacy

and safety of the combination therapkie additive and syngistic efects

of the phytochemicals in combination are responsible for the potent
antioxidant and anti-proliferative activities. A single antioxidant can never
replace a combination of natural phytochemicals due to the synergy of
various constituents. The use of phytochemicals in combination with the
anti-cancer drugs can be recommended once the entire molecular and
physiological interaction mechanisms are fully understood.
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Chapter 1

Ethnopharmacologypproaches
for Botanical Immunomodulators and
Chemoprotectants in Cancer Therapy

Patwardhan Bhushan & Gautam Manish

Abstract

Most of the cancer chemotherapeutic agents are associated with toxicity
towards normal cells and tissues that share many characteristics with tumor
cell, and in particulahigh cell turnoverOptimal dosing of cancer chemo-
therapeutic agents is often limited because of severe non-myelosuppressive
and myelosuppressive toxicities, therefore it is a continuing challenge to
design therapy that is effective and also efficiently targeted towards tumor
cells. Cytoprotective agents are expected to control or prevent these toxicities
and include the use of synthetic and natural products. Specific chemo-
protectants are emerging for cisplatin and anthracyclin antibiotics. None of
the available agents satisfy criteria for an ideal chemoprotection. This has
stimulated research for discovering natural resources with immunomodulatory
and cytoprotective activitie¥arious botanicals and ethnopharmacological
agents used in traditional medicine have been investigated by various workers
for their chemoprotective, immunomodulating, adaptogenic and anti-tumor
activities and have revealed promises towards developing into a potential
drug for cancer treatmeper se or as an adjuvant.

Keywords: Immunomodulation; Chemoprotection; Cancer; Chemotherapy;
AdaptogensAyurveda.

11.1 Introduction

The importance of host immunity has been ignored for years in clinical
oncology Modulation of host immunity was previously attempted with
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glucocorticoids and cytotoxic drugs like cyclophosphamide however could
not be established because of dose limiting toxicities. The routine therapy
continued with the Big hree — sugery, chemotherapy and radiotherapy

— all of which damaged host immunitylost of the chemotherapeutic
agents available today are cytotoxic and exert a variety of side-effects,
mainly immunosuppression. Howeyeaecent advances in cellular and
molecular immunology have allowed for an understanding of the complex
interactions between immune system and tumor cells. Cancer vaccines are
an outcome of these developments. In addition, the importance of host
immunity and its relation to mean survival time has now been established
in breast cancefhe same could be true for other solid epithelial tumors
such as lungs, stomach, pancreas, colon and so forth. Similaely
co-administration of immunomodulators such as IL-2 reverses the
chemotherapy-associated lymphopenia and neutropenia. Neutropenia
significantly impacts quality of life and is associated with immediate effects
such as sepsis, while lymphocyte counts are detrimental to survival time. It
is now recognized that immuno-modulatory therapy could provide a
complement to conventional chemotherapspecially where the host’
defense mechanisms have to be activated under immunocompromised
conditions. These trends emphasize the need to add the fourth modality to
cancer treatmentimmunotherapy (Elliot and Head, 2005). This has
stimulated the interest in search for newer and safer immunomodulators
for use in cancer therapy (Destial., 1992; Patwardhaet al., 1990). In
addition, chemical agents preventing site-specific toxicity of cytotoxic drugs
are among the current tools of cancer chemotherapy; howkegruse is
limited because of loco-regional protectiofieoéd. Traditional medicine
offers many strategies to manage cancer treatments, including the use of
anti-cancer therapeutic agents and adjuvants to chemotherapy (Patwardhan
and Patwardhan, 200@}aditional Chinese medicine and Ind&yurveda
represent two important great traditions. Both these systems have many
commonalities, including basic principles and the use of botanical materials
(Patwardhanet al., 2005). Many such botanicals reported by various
researchers as immuno-modulators, have exhibited promise as adjuvants
for cancer therapyWe review here potential immunomodulators from
botanicals, some of these mentionedAyurveda asRasayana, i.e.
exhibiting chemo- and radio-protection.
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11.1.1 Cancer therapy: a case for multitarget approach
and the role of botanicals

Considerable research effort that has gone into understanding the molecular
and cell biological processes that give rise to cancer and has provided a
wealth of information on various targets and mechanisms. Mechanism-
based drugs that specifically target these cancer-specific mutations have
undergone clinical exemplification. Gleevec (STI S71) inhibits the aberrant
Abl tyrosine kinase activity in CML, and has demonstrated remarkable
single-agent activity during CMblast crisis. Howevethe appearance of
clinical resistance to Gleevec has begun to be a significant clinical problem
(Druker and Karnofsky2003). Consequentlihe traditional pharmacological
paradigm of mono-target therapy is becoming increasingly compromised
by the appearance of resistance to target- and mechanism-based drugs.
This further reflects the redundancy in the pathways that govern signal
transduction networks (Faivetal., 2006). Relevant combination therapies

or multi-target approaches, where different mechanism-based agents are
combined to control multiple aberrant pathways seen in the figmem

like a possible option. On the other hand, the development of multi-target
molecules also appears to be an increasingly feasible and attractive option.
In order to improvise on both these options, exploration of newer chemical
diversity will be an utmost need (Kerr and La Thangue, 2004). Botanicals
that are chemically complex will be important starting materials for the
discovery of newer synergistic combinations and single agent multi-target
drugs.

11.1.2 Adjuvant therapy: newer avenues

Adjuvant treatment is defined as additional therapy given in association
with primary (initial) management. Previoustite adjuvant concept was
limited to use after surgery or for locoregional chemoprotection. However
with the success of tamoxifen in breast caniter discovery of safer and
effective adjuvants is on the rise. Moreqwsith increased understanding

of cytotoxicity and host immune response, apoptosis and identification of
targets for drug resistance, the scope of adjuvant concept and treatment
has widened. The approach of “one size fits all” is no longer preferred
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now and more personalized regimens are being developed. In addition,
various studies have shown positive correlations between immunocorrection
during cancer therapy and increased chemoprotection, radioprotection
and anti-tumor activityNewer and safer adjuvants will be required for
such regimens. The discovery of adjuvant currently relies on four important
attributes:

(1) minimum interference with applied chemotherapy;

(2) adjuvant should minimize the risk of relapse with minimum side-
effects;

(3) long-term safety; and

(4) cost-effectiveness.

Botanical immunomodulators especially based on ethnopharmacological
approaches will offer a safer and cost-effective platform for the discovery
of newer adjuvants.

11.1.3 Natural products: discovery approaches

There are two major ways of bioprospecting natural products for
investigation. First, the classical method that relies on phytochemical
factors, serendipity and random screening approaches. Second, uses
traditional knowledge and practices as drug discovery engine. This is also
known as ethnopharmacology approach, which is time- and cost-effective
and may lead to better success than routine random scre¥aimus
ethnopharma-cological agents are under investigation as immunomodulators.
Traditional Chinese medicine, Japanese Kampo, Indianmveda and

such are becoming important bioprospecting todsirveda remains as

one of the most ancient and yet living traditions practiced widely in India,
Sri Lanka and other countries and has sound philosophical and experiential
basis. India has about 45,000 plant species; medicinal properties have
been assigned to many to several thousaAgsrveda has detailed
descriptions of over 700 herbs and 400,000-registénaarvedic
practitioners routinely prescribe them particularly for treatment of chronic
disease conditioné considerable research on pharmacogncsymistry
pharmacology and clinical therapeutics has been carried odyancedic
database has detailed descriptions of over 700 medicinal plants
(Patwardhan, 2000; Patwardhetnal., 2004).
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11.1.4 Ethnopharmacology: Ayurveda, Rasayana and
immunomodulation

Ayurveda gives a separate class of immunomodulating botanicals named
Rasayanas. Rasayanas are non-toxic herbal preparations or individual herbs
used to rejuvenate or attain the complete potential of healthy and or
diseased individual in order to prevent diseases and degenerative changes
that leads to disease. Pharmacodynamic studid®asayana botanicals

have suggested many possible mechanisms such as non-specific and specific
immunostimulation, free radicals quenching, cellular detoxification, cell
proliferation and repaiAyurveda (with particular reference to botanicals)
may play an important role in modern health care, particularly where
satisfactory treatment is not available. There is a need to evaluate the
potential ofAyurvedic remedies as adjuvant to counteract sifistsf of
modern therapy and compare the cost-effectiveness of certain therapies
avis modern therapeutic schedules (Rege, 1999).

11.2 Material and Methods
11.2.1 Scope of botanicals

This is basically a review and we have used our own research as a basis
for this article. In following paragraphs, we have reviewed the literature
pertaining to botanicals (mainly froAyurvedaRasayana) as agents for
integrative oncology caréVe have focused on three leading botanicals
from the Rasayana class, namelyithania somnifera, Tinospora
cordifolia and Asparagus racemosus, which have attracted interest of
researchers globally for their potential as immunoadjuvakitssome
places, we have also included some examples from garvéda
botanicals that have shown similar kind of activities.

The reports obtained from MEDLINE databases have been organized
and discussed under different facets of beneficial activities for anti-cancer
therapy such as adaptogens, chemoprotectants, radioprotectants and
anti-tumor activities. Finallyan overview of studies carried out by our
institute has been discussed in purview of existing scenario of anti-cancer
discovery
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11.3 Results
11.3.1 Paraimmunity adjuvants:. adaptogens or adjustive medicine

Most of the synthetic chemotherapeutic agents available today are
immunosuppressants, cytotoxic and exert a variety of sfdetef N.V.
Lazarev; who phrased the concept of “a state of non-specifically increased
resistance” of the organism (SNIR), laid down the theoretical basis for
separation of a new group of medicinal substances. The medicinal substances
causing SNIR were named “adaptogens” (Brekhman and Dardir69).
Generally adaptogens refer to those drugs that enable one to withstand
stress and strain of life, impart immunity to give protection against diseases,
postpone aging and improve vigeitality and longevity They are also
referred as adjustive medicine. The concept of “adjustive” remedies has
been dificult to prove experimentall bi-functional information exchange
network between the nervous and immune system is established by specific
receptors for humoral substances on cells of nervous and immune systems.
In particular neuroregulators (neurotransmitters and neuromodulators) can
modulate specific immune system function(s) and immunoregulators (im-
munomodulators) can modulate specific nervous system function(s). Acute
and chronic inflammatory processes, malignareayyd immunological
reactions stimulate the synthesis and release of immunomodulators in various
cell systems. These immunomodulators have pivotal roles in the coordination
of the host defense mechanisms and repair and induce a series of endocrine,
metabolic, and neurologic response (Plata-Salaman, 1989). However with
recent insight into the neuroendocrine immune system regulation, such
adjustive effects on the homeostatic system of the body seem a very likely
possibility

11.3.1.1 Botanicals with adaptogenic activity

Mistletoe lectin: Defined, non-toxic doses of the galactoside-specific
mistletoe lectin (mistletoe lectin-1, a constituent of clinically approved plant
extract) have immunomodulatory potencies. The obvious ability of certain
lectins to activate non-specific mechanisms supports the assumption that
lectin-carbohydrate interactions may induce clinically beneficial
immunomodulation. Randomized multi-centre trials are being performed to
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evaluate the ability of complementary mistletoe lectin-I treatment to reduce
the rate of tumor recurrences and metastases, to improve overall survival
as well as the quality of life and to exert immunoprotection in cancer
patients under tumor destructive therapy (Beuth, 1997). In a recent study
on healthy human subjects, treatment with ML stimulates the production
of GM-CSF, IL-5 and IFNgamma by PBMC, and this is accompanied by
an increase of eosinophil- and granulocyte-counts (Hetlar, 2005). In
another clinical study on cancer patients, adjuvant potential of ML was
established with BCG for superficial bladder cancer (Elsasser-&eile
2005). These observations mayherefore, open rational therapeutic
indications for mistletoe extracts.

Panax ginseng: Panax ginseng (Araliaceae), a Korean/Chinesgdicine
employed for its putative medicinal properties in Sol$ia, stimulated

basal natural killer (NK) cell-activitfollowing sub-chronic exposure and
helped stimulate recovery biK function in cyclophosphamide-immuno-
suppressed mice but dibt further stimulate NK activity in poly I.C
treated mice, Tand B cell responses were not affectednax ginseng
provided adegree of protection against infection wiilteria monocytogenes

but did not inhibit growth of transplantsgingenetic tumor cells. Increased
resistance td.. monocytogenes was not detected in challenged mice
previously givenmmunosuppressive doses of cyclophosphamide. These
data suggeghatPanax ginseng have some immunomodulatory properties,
primarily associated with NK cell activity (Kimat al., 1990). Ginseng
alone, or in combination with vitamins and minerals, is mainly being
promoted as general tonics, which increases non-specific resistance and
sometimes even as an aphrodisiac. Ginseng on prolonged use shows a few
adverse effects, notable of which is the “Ginseng abuse syndrome” (Siegel,
1979). In a recent stud@inseng was found to enhance the anti-proliferation
effect of 5-FU on HCT116 human colorectal cancer cellsdiget al.,

2007). In another stugdyGinseng was found to reduce the genotoxic
effect of cyclophosphamide @¥get al., 2006).

Achyranthes bidentata: Achyranthes bidentata polysaccharide (ABP),
root extract (8—100mg/kg, day-1to 7), could inhibit tumor growth (S-180)
by 31%-40%. Combination of cyclophosphamide &P increased the
rate of tumor growth inhibition by 58%ABP could potentiate LAK cell
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activity and increase the Céninduced production of tumor necrosis factor
(TNF-B) from murine spleenocytes. The S-180 cell membrane content of
sialic acid was increased and phospholipid decreasedAffieacting on

cells for 24hours. Data suggest that the anti-tumor mechanigkBBfmay

be related to potentiation of host immunosurveillance mechanism and the
changes in cell membrane features &vid Zhang, 1995).

Viscum album and Echinacea purpurea: Extracts ofViscum album
(Plenosol) andechinacea purpurea (Echinacin) are used clinically for
their non-specific action on cell-mediated immuniiyese two were shown

to possess a stimulating effect on the production of lymphokines by
lymphocytes and in the transformation testtoxic efect on cells was
produced only with very high, clinically irrelevant concentrations. Clinical
application of these extracts can produce a stimulation of cell-mediated
immunity (one therapeutic administration followed by a free interval of one
week) or can have a depressive action (daily administration of higher
doses). These observations were confirmed by lymphokine production and
assay3H for at least thremonths, thymidine incorporation and a skin test
with recall antigens (Coeugniet and Elek, 1987). In another experimental
model, Echinacea purpurea extracts protected non-cancerous cells from
apoptosis (Huntimeat al., 2006). While, administration of Echinacea was
found to have a significant effect on survival time of leukemia mice. These
studies further support adjuvant potential of Echinacea (MAGD5).

11.3.1.2 Rasayana botanicals as adaptogens

Tinospora cordifolia: Treatment with aqueous, alcohol, acetone and petro-
leum ether extracts of stem dfnospora cordifolia (TC) resulted in
significant improvement in mice swimming time and body weights, petroleum
ether extract showed significant protective effect against cyclophosphamide-
induced immunosuppression. Prevention of cyclophosphamide-induced
anemia was also reported (Padilal., 1997). TC was also found to
promote thymic homeostasis via modulation of thymocyte proliferation
and apoptosis resulting in higher survival in tumor-bearing animals (Singh
et al., 2005).

Withania somnifera: Pre-treatment witWithania somnifera, Tinospora
cordifolia, Asparagus racemosus, induced a significant leucocytosis in
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cyclophosphamide-induced myelosuppressed animals. PMN functions, in
terms of phagocytosis and intracellular killing were stimulated, as well as
reticulo-endothelial system functions were greatly activated in treated
animals. The phagocytic functions of peritoneal and alveolar macrophages
were also stimulated witfiinospora cordifolia, Asparagus racemosus

and Emblica officinalis. Tinospora cordifolia, Asparagus racemosus,
Emblica officinalis, Terminalia chebula, Bacopa monira and Wthania
somnifera improved the carbon clearance, indicating stimulation of the
reticulo-endothelial systerA.significant increase in the proliferative fraction

in the bone marrow was observed in mice treatedTikbspora cordifolia

as revealed in flow cytometry analysis (Dahanukar and Thatte, 1997).
In a comparative pharmacological investigationVthania somnifera
(Ashwagandha) and Ginseng, showed a significant difference in anti-
stress activityGinseng exhibited higher anti-stress actpjhtywever gastric
ulcers due to swimming stress were notably les&shwagandha. The
anabolic study revealed thashwagandha-treated group had a greater
gain in the body weight than the Ginseng group (Graetdihi, 1994).

11.3.2 Chemoprotection

Modern cancer therapy produces substantial acute and chronic toxicity
which impairs quality of life and limits the effectiveness of treatment.
Recent clinical and laboratory data suggest that repair of treatment-related
injury is a multiphase and continuous process providing multiple opportunities
for pharmacologic intervention. A host of agents (toxicity antagonists) that
modulate normal tissue response or interfere with mechanisms of toxicity
are under development. Although significant challenges remain, the routine
application of such agents promises to substantially reduce treatment-related
morbidity and potentially allow treatment intensification in high-risk disease.
The concept of site-specific inactivation of cytotoxic anti-cancer agents has
been explored with numerous modalities. The goal of such chemoprotection
is to improve the therapeutic ratio of an agent by selectively reducing its
toxicity in non-tumor bearing tissue, which isgetrfor dose-limiting toxicity
Furthermore, a chemoprotectant cannot add new toxicities that might
otherwise limit the administration of maximally tolerated doses of chemo-
therapeutic agent (DqQrt991; Matthew and Craig, 1999).
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11.3.2.1 Chemoprotection: drug targetsand current trends

Chemoprotection and cytoprotection are studied under preventive oncology
and are interchangeable terms in cancer chemothé&raguentive oncology
applies pharmacological agents to reverse, retard, or halt progression of
neoplastic cells to invasive malignancy (Krzystyniak, 2002). Cancer chemo-
prevention is one of newer approaches in the management of.cancer
Epidemiological observations, pre-clinical animal pharmacolkgyckout
models, cancer cell lines and clinical trials have shown the efficacy of this
approach. Many drug targets are under clinical development; prostaglandin
pathway estrogen receptor modulation, gluthathione peroxidase inhibition
and immunomodulation appear promising. Celecoxib, tamoxifen, retinoids,
rexinoids, selenium, tocopherols and mofarotene are some of the promising
leads and are in clinical development (Krishiegal., 2003). New oppor-
tunities in clinical chemoprevention research include investigating the
chemopreventive effects of phytochemicals (Kucuk, 2002). Safer immu-
nomodulating agents suitable for long-term therapy remain an unmet
therapeutic need.

11.3.2.2 Botanical immunomodulators as chemoprotectants

Withania somnifera: It is an oficial drug mentioned in the Indian Herbal
Pharmacopoeia ardlyurvedic Pharmacopoeia (Indian Herbal Pharma-
copoeia, 1998)Studies indicate thatMthania somnifera (Ashwagandha)
(WS) modulated cyclophosphamide-induced toxidityis reduction was in

the terms of reversal of leuopenia, increase in bone marrow cellularity and
reduction in CP-associated urotoxicityowards pharmacological
mechanisms, WS was found to enhance interferon gamma (IFN-gamma),
interleukin-2 (IL-2) and granulocyte macrophage colony stimulating factor
(GM-CSF), which were lowered down by cyclo-phosphamide administration
(Davis and Kuttan, 1999)These studies indicatédithania somnifera

could reduce the cyclophosphamide toxicity is therefore useful in cancer
chemotherapy (Davis and Kuttan, 1998). WS was also shown to prevent
lipid peroxidation (LPO) in stress-induced animals indicating its adjuvant as
well as chemoprotectant activity (Dhuley998). In another mechanistic
study WS was found to be modulatory on O6-methylguanine-Dithyl-
transferase (MGMT), which is important for chemoprevention from
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alkylating agent-induced O6 alkyl guananidines (Nitateal., 2006).
Glycowithanolides, consisting of equimolar con-centrations of sitoindosides
VII-X and withaferin A, were isolated from the roots of WS and evaluated

for protection in iron-induced hepatoxicity in ratendays of oral
administration of these active principles, in graded doses (10, 20 and
50 mg/kg), resulted in attenuation of hepatic lipid per-oxidation (LPO), the
serum enzymes, alanine aminotransferase, aspartate aminotransferase anc
lactate dehydrogenase during iron-induced hepatoxicity (Bhattacharya
et al., 1987). In addition, anti-stress activity observed wittihania
somnifera will be an additional benefit along with chemoprotectant activity

Tinospora cordifolia: It is widely used imAyurvedic medicines and is
known for its immunomodulatoryanti-hepatotoxic, anti-stress and
antioxidant properties. It has been used in combination with other plant
products to prepare a numberAyfurvedic preparationslhe chemistry

has been extensively studied and its chemical constituents can be broadly
divided into alkaloids, diterpenoids, steroids, flavanoids and lignans. Reviews
have appeared on quaternary alkaloids and biotherapeutic diterpene
glucosides oflinospora species. Much of the work has been carried out
on berberine, jatrorrhizine, tinosporaside and columbin. Extragisashora
cordifolia (TC) has been shown to inhibit the lipid peroxidation and
superoxide and hydroxyl radicdls vitro. The extract was also found to
reduce the toxic side-effects of cyclophosphamidar{gikg, 10days) in
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mice hematological system by the free radical formation as seen from total
white cell count, bone marrow cellularity andesterase positive cells
(Matthew and Kuttan, 1997). Extracts Dhospora cordifolia have been
shown to inhibit the lipid peroxidation and superoxide and hydroxyl radicals
in vitro. The extract was also found to reduce the toxic siteesf of
cyclophosphamide administration in mice. Morepagiministration of the
extract partially reduced the elevated lipid peroxides in serum and liver as
well as alkaline phosphatase and glutamine pyruvate transaminase, thus
indicating the use oflinospora extracts in reducing the chemotoxicity
induced by free radical forming chemical (Matthew and Kuttan, 1997).
Active principles of TC were found to possess anti-complementary
and immunomodulatory activities (Kapil and Sharma, 1997). Té€pisrted
for its various immunopharmacological activities, @gibition of C3-
convertase of the classical complement pathiaynoral andatell-mediated
immunity were reported for cardiosidegrdifolioside A and cardiol and
its activation were morgronounced with increasing incubation time
(Patil, 1997). Extracts ofinospora cordifolia has been shown to inhibit
the lipid peroxidation and superoxide and hydroxyl radicalgitro. The
extract was also found to reduce the toxic side-effectydbphospha-
mide (25mg/kg, 10days) in mice hematologicalystem by free radical
formation as seen from total whitell count, bone marrow cellularity and
a-esterase positiveells. In a recent clinical studfC was found to
protectagainst cholorogunine-induced spleenomegaly in slow responders,
where 386-50% regression of spleen size coupled with increasébin
was observed, suggesting chemoprotection (Singh, 2005).

Tinospora bakis. A dose-dependent cytoprotection Biyiospora bakis;

a plant from Senegalese pharmacopoeia was observeuvitr® model.
Lyophilized aqueous extract of plant roots decreased intracellular enzyme
release (LDH andSAT) from CCLs-intoxicated hepatocytes isolated from
rats. The cytoprotective effect was more effective for long course treatment
(Diallo-Sall et al., 1997).

Asparagus racemosus. Chemically Asparagus racemosus (AR) contains
steroidal saponins, known as shatavarins, isoflavanones, isoflavones including
8-methoxy-5, 6,4trihydroxyisoflavone 7-O-beta-D-glucopyranoside,
asparagamine, a polycyclic alkaloid, racemosol, a cyclic hydrocarbon
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(9,10-dihydrophenanthrene), polysaccharides and mucilage. It has been
shown to stimulate macrophages and influence favorably long-term
adaptation. It has been shown to stimulate macrophages and influence
favorably long-term adaptation. Possible links between immunomodulatory
and neuropharmacological activity have been suggested. Extracts of
Asparagus racemosus were evaluated for its neuroendocrine immune
modulating effect. It prevents stress-induced increase in plasma cortisol
along with an activation of peritoneal macrophages and inhibition in gastric
vascular damage (Dahanukar ahldatte, 1988)A comparative study
betweenAsparagus racemosus, Tinospora cordifolia, glucan and lithium
carbonate against the myelosuppressive effects of singlem(@g,
subcut.) and multiple doses (three dosesngkg,i.p.) of cyclophosphamide

in mice revealed all four drugs prevented, to varying degrees, leucopenia
produced by cyclophosphamide (Thatte and Dahantk&8).Treatment

of Asparagus racemosus significantly inhibited Ochratoxim-induced
suppression of chemotactic activity and production of IL-1 and TNF-alpha
by macrophages (Dhulg$997).

Crocetin: A natural carotenoid, crocetin, at a dose ofrgflkg modulated

the release of chloroaceteldehyde; a urotoxic metabolite of cyclophosphamide
in the urine of mice given combined treatment. Crocetin at the same dose
significantly elevated glutathione-S-transferase enzyme activity both in the
bladder and the liver of mice treated with cyclophosphamide. In Sarcoma-
180 tumor-bearing mice, crocetin has the ability to protect against cyclo-
phosphamide-induced bladder toxicity without altering its anti-tumor activity
(Changet al., 1996). Crocetin also inhibited benzo (a) pyrene induced
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genotoxicity and neoplastic transformation in C3H10T1/2 cells. Crocetin
was found to increase the activity of GST and decreases the formation of
a benzo (a) pyrene-DNA adduct (Nairal., 1993).

UL-409: Oral administration of UL-409, a herbal formulation at a dose of
600mg/kg significantly prevented the occurrence of cold-resistant stress-
induced ulcerations iiVistar rats, alcohol- and aspirin-induced gastric
ulceration as well as cysteamine- and histamine-induced duodenal ulcers in
rats and guinea pigs, respectivdile volume and acidity of gastric juice

in pyloric-ligated rats was also reduced by UL-409. It also significantly
and dose-dependentlyromoted gastric mucus secretion in normal as well
as in stress-, drug- and alcohol-induced ulceration in animals (@dfa

1996).

Mikania cordata: Induction of Phasg2 enzymes is an effective and
sufficient strategy for achieving protection against the toxic and neoplastic
effects of many carcinogens. Literature reports suggest that chemopreventive
action ofMikania chordata is because of its fefict on Phas2 enzymes.
Mikani cordata oral administration resulted in increased activities of
microsomal uridine diphosphoglucose dehydrogenase, reduced nico-tinamide
adenine dinucleotide (phosphate): quinine reductase and cytosolic glutathione
s-transferases with a concomitant elevation in the contents of reduced
glutathione. It was also found to increase total protein mass, fractional rate
of protein synthesidylikania chordata ribosomal capacity andfefiency
(rate/ribosome) and high turnover rate of protein (protein/DNA) on pre-
treatment in CCl-treated hepatic tissue. This indicated the tissue repair
leading to a functional improvement of the G@lisorganized hepatocytes
(Bishayee and Chatterjee, 1992). Oral administration of methanolic fraction
of Mikania cordata (Burm., B. L. Robinson) significantly prevented
occurrence of water immersion stress-induced gastric ulcers in a dose-
responsive mannemhe extract also dose-dependently inhibited gastric
ulcers induced by ethanol, aspirin and phenylbutazone. The volume, acidity
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and peptic activity of the gastric juice in pylorus-ligated rates were not
altered upon administration of the extract but significantly and dose-
dependently promoted gastric mucus secretion in normal as well as stress-
and ethanol-induced ulcerated animals. It was claimed that, the observed
activity might be due to the modulation of defensive factors through an
improvement of gastric cytoprotection (Mandaél., 1992).

Indigenous herbal drug formulations. Brahma Rasayana and Ash-
wagandha Rasayana were found to protect mice from cyclophosphamide-
induced (50mg/kg daily for 14days) myelosuppression and subsequent
leucopenia (Praveenkumat al., 1994). Treatment withAsparagus
racemosus, Tinospora cordifolia, Withania somnifera and Picrorhiza
kurrooa significantly inhibited carcinogen ochratoxn (OTA)-induced
suppression of chemotactic activity and production of interleukin-1 (IL-1)
and tumor necrosis factor-alpha (TNE-by macrophages. Immu-21
poly herbal formulation that contains extract©ofmum sanctum, Wthania
somnifera, Emblica officinalis and Tinospora cordifolia at 100mg/kg,
daily, over sevemlays, and 3tng/kg daily over 14lays, prevented cyclo-
phosphamide-induced genotoxicity in mice (Jetna., 2003).
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11.3.2.3 Antioxidantsin cytoprotection

A number of phytochemicals like caffeine, genistein, melatonin, silymarin,
squalene, glycyrrhizic acid, plumbagin, eugenol, ledwe multiple physio-
logical efects as well as antioxidant activityhich result in cyto-protection

in vivo. Many antioxidants have additional immunomodulatory and anti-
mutagenic properties and their modulation of cytotoxicity needs further
examination and evaluation @¢s and Landaue2003).

11.3.3 Radioprotection

Radiotherapeutics is still one of the major treatment modalities practiced
for control of localized solid tumors. The major goal of therapy is the
achievement of a total tumor control with limited toxicity and complications.
Radiation doses that can be delivered without causing severe damage to
surrounding normal tissues can be ifisignt to eradicate a tumoNew
strategies for the prevention of radiation injuries are currently being explored
with the ultimate aim of developing globally radioprotective, non-toxic
pharmacologics. This include development of agents as radiosensitizers,
apoptosis inducers in tumor cells and radioprotectants, which can increase
the radiosensitivity of such resistant tumors, reduce the radiation dose
required and protect the normal tissue morbidity associated with tumoricidal
radiation doses. Radioprotective agents, although widely studied in past
four decades and include several thousand agents, have not reached the
level of providing the agent that conforms to criteria of an optimal radio-
protective, including ééctiveness, specificifyavailability, toxicity and
tolerance. The prophylactic treatments under review encompass diverse
pharmacological classes as novel immunomodulators, nutritional antioxidants,
and cytokines (Wiss and Landaug2003).

With the advancement in understanding of tumor cell biglaggny
molecular mechanisms/targets have been identified for modulation of
radiation response. Some important ones are COX-ll, MMRAIL
(TNFa-related apoptosis inducing ligand)/Apo2L, epiderrgabwth
factor receptor (EGFR), etc. (Lammering, 2003; Marini Betka, 2003;
Peterseret al., 2003). Substances reducitig radiation-induced toxicity
by modulating the biologicaksponse to radiation injury may represent an
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alternativeconcept in radioprotection and hence there is interest and a
needfor new compounds that can protect tissues from radiatjony.
Natural compounds may have an advantage, beingstramturally diverse

and saferand hence more acceptable for hurapplication.

11.3.3.1 Radioprotectants from botanicals

Withaferin A: A steroidal lactone froMthania somnifera inhibited growth

of Ehrlich ascites carcinoma in Swiss mice with increased survival and
life-span. Anti-tumor and radiosensitizing effect was observed with
combination treatment of abdominal gamma irradiation with withaferin A,
resulting in increased tumor cure and tumor-free survival (Devi, 1996).
WithaferinA showed growth inhibitory &fct in vitro on both Chinese
hamster V79 cells and HelLa cells. It reduced the survival of V79 cells in a
dose-dependent manner (Shareidal., 1996). Combination treatment of
alcoholic extract ofMthania somnifera (500mg/kg, i.p.10 days) with one
local exposure to gamma radiation @G9) followed by hyperthermia
(43°C for 30minutes) significantly increased the tumor cure (Sarcoma
180grown on the dorsum of adult BALB/c mouse), growth delay and
animal survival. This combination was also significantly and synergistically
depleted the tumor GSH level. Théshwagandha, in addition to having

a tumor inhibitory dect, also acts as a radiosensitizerd heat enhances
these effects. The severe depletion in the tumor GSH content by the

Withaferin A
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combination treatment must have enhanced the tumor response, as the
inherent protection by the thiol will be highly reduced (Daial., 1993).

The presence of a wide variety of effects such as hypotensive, anti-
spasmodic, anti-tumoanti-arthritic, anti-pyretic, analgesic, anti-inflammatory
and hepatoprotective activities and anti-stress properties show tiheatia
somnifera may be acting by non-specifically increasing the resistance of
the animals to various stressful conditions (Asthana and Raina, 1989).

11.3.4 Botanical Immunomodulators as anti-tumor agents

Plant products have contributed several novel compounds possessing
promising anti-tumor activityCrude extract ofMthania somnifera root

has a strong tumoricidal and tumor growth inhibitory activitye com-
bination of paclitaxel withW. somnifera could efectively treat the
benzo(a)pyrene-induced lung cancer in mice by offering protection from
reactive oxygen species damage and also by suppressing cell prolife-
ration (Senthilnathast al., 2006a). Furtherecreased activities GiCA

cycle key enzymes such as isocitrate dehydrogenase (ICDH), succinate
dehydrogenase (SDH), malate dehydrogenase (MDH) and alpha-
ketoglutarate dehydrogenase (alpha-KGDH) in lung cancer bearing animals
were observed (Senthilnathahal., 2006b) In a recent studwS was
inhibitory on vascular endothelium growth factor (VEGF), induced neo-
vascularization was recorded (Matlatial., 2006). In another report, WS
was found effective against forestomach and skin carcinogenesis and up to
60% and 92% inhibition in tumor incidence and multiplicigspectively

was observediowards immunological mechanisims, many reports including
ours have confirmed up-regulation of Thl response in various experimental
models (Banget al., 2006; Kharet al., 2006). A number of withanolides
isolated from this plant have been reported in literature to possess both
immunosuppressive and immunostimulatory properties. Hoywsitbaferin

A has been claimed to attribute anti-cancer propertidgiVithaferin A

has been reported to show marked tumor inhibitory aciiviitro against

cells derived from human carcinoma of nasopharynx and experi-mental
mouse tumors. A single i.dose of withaferin A injection 24 or 4®&urs

after Ehrlichs ascites tumor transplantation produced an immediate growth
reduction in 36-80% of mice followed by complete disappearance of
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tumor cells in the peritoneal cavity of the surviving mice with no signs of
tumor development. FurthexithaferinA was found to inhibit proliferation

in HUVECs (IGy = 12nM) at doses that are significantly lower than those
required for tumor cell lines through a process associated with inhibition of
cyclin D1 expression indicating angiogenesis inhibition. This phenomenon
was also observed in WS extract, supporting withafem@s the compound
responsible for anti-cancer profile WIS (Mohanet al., 2004).Towards
pharmacological mechanisms, withafeAinvas found to modulate NF
Kappa B expression, which is an important target for inflammation and
cancer (Kailelet al., 2007).

Asparagus racemosus. Anti-tumor activity of the crude saponins obtained
from shoots ofAsparagus racemosus (asparagus crude saponins, ACS),
was found to have anti-tumor activitly inhibited the growth of human
leukemia HL-60 cells in culture and macromolecular synthesis in a dose-
and time-dependent mann&he ACS at 5-100ugrams/ml range was
cytostatic, at concentrations greater than 2@@ms/ml was cytocidal to
HL-60 cells. ACS at 6 and §@grams/ml inhibited the synthesis of DNA,
RNA and protein in HL-60 cells by 41%, 5% and 4% or by 84%, 68% and
59% respectivelyThe inhibitory efect of ACS on DNAsynthesis was
irreversible (Shaet al., 1996).

11.4 Discussion

Critical analysis of these reports suggests that botanical immunomodulators
have a strong and developing case for integration in cancer th&hapy
analysis is based on the following observed facts/activities:

(1) significant modulation of chemotherapy-induced myelosuppression and
reversal of cell counts (mainlgeutrophils and lymphocytes);

(2) modulation of host protective immunity resulting in higher survival
percentages in tumor bearing animals (lag in tumor development and
higher clearance-like effects resulting in tumor free survivals);

(3) evidences of efficacy as chemo and radioprotectants (modulation of
genotoxicity also reported);

(4) evidences of synergism with chemotherapy in mediating higher anti-
tumor activity;
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(5) evidence of significant activity on relevant targets such as kinases,
VEGF, COX, TNF-alpha and GM-CSFetc.;

(6) modulation of host antioxidant enzyme systems such as isocitrate
dehydrogenase (ICDH), succinate dehydrogenase (SDH), malate
dehydrogenase (MDH) and alpha-ketoglutarate dehydrogenase (alpha-
KGDH), suggesting their beneficial effect on chemotherapy-induced
oxidative stress; and

(7) safety: these botanicals were found to be safe up torBgky levels
on oral administration.

Clearly, these reports are also supportive towards the potential of
ethnopharmacology approaches in drug discovery and the use of botanicals
as novel sources for discovery of curative synergistic combinations and/or
multi-target molecules for cancer therapiowever significant bottlenecks
remain for following up these observations to clinic, limited information on
efficacy of these botanicals in tumor models; little information on cellular
targets; and tissues relating to quality control and standardization (Diwanay
et al., 2004b).

We have been studyinRasayana botanicals namely\thania
somnifera, Tinospora cordifolia, andAsparagus racemosus. Our studies
on these plants revealed that these plantsdigniicant immunomodulatory
activity that varies according tmwological stimuli. Given that, we tried to
explore the efficacyf these botanicals in three different conditions such as
cancerinflammation and infection. In cancer studse followeda system
pharmacology approach, where the effect of test matemass studied
on three diferent aspects of anti-cancer therapyaisimilar model\We
studied the effect of these test matertadschemotherapy-induced myelo-
suppression, anti-tumor and effemt host immunity in tumor-bearing
animalsWe observed thdateatment of ascitic sarcoma bearing mice with
formulation oftotal extracts of WS and TC and alkaloid free polar extract
of WS resulted in protection towards cyclophosphamide-indogeso-
and immuno-suppression, while some polar fractions @8 showed
anti-tumor activity Further WS, TC andAR extractswere found to
potentiate antigen-specific immunityéhemotherapy-treated tumor-bearing
animals. WS and TC hagignificant effects on cellular immunity whereas
AR modulatechumoral immunity preferentially (Diwanag al., 2004a).
Taking lead from these observatioA&, WS andTC were evaluatetbr
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their immunoadjuvant potential in tipertussis model, where these plants
reduced the dose of vaccine required to confer proteatjaimsipertussis
intracerebral challenge, increasing survp@icentage and significant increase
in pertussis antibodytiters. The same trend was repeated where higher
humoral immunitywas observed with AR whereas TC and WS showed
preference towardsellular immunity (Gautaret al., 2004a and b). In the
inflammationmodel, WS has shown moderate analgesic, anti-inflammatory
anddisease-modifying activity in experimental animals and artlpatients
(Sarafet al., 1989; Ziauddiret al., 1996;Agarwalet al., 1999).Towards
clinical efiicacy, formulation containing sam#'S extract, showed disease-
modifying activity in arthritispatients (Choprat al., 2004). These trends
indicated that these plants haradevant tagets for addressing cancer
inflammation andnfection. This can be further supported by recent evidence
of common immunological targets in these three indicat{@agleish,
2005; Lucia androrkko, 2004).Towardspharmacological mechanisms,
we hypothesized that thetgst materials have significant effect on immune-
homeostasis. Ounypothesis is supported by studies on CpG oligonucleitides
thatmodulated tagets relevant to cangenflammation and infectioand
which was shown to have modulatory influence on immune homeostasis
or Th1-Th2 balance (&@hg, 2003Weinet 2000).Taking lead, wexplored

the efect of TC, WS andAR onTh1-Th2 balance inormal and immune
suppressed states using flow cytomdtgvamisole was used as positive
control. The studies indicatddat while WS and TC have a significant
effect on Thl (cellular targdor CMI immunity), AR showed mixed
Th1/Th2 activity The correlations ofThl and mixedTh1/Th2 activity
with cellular andhumoral immunity respectively are well established.
Moreover these plants exhibited modulatorfeets on cytotoxitymphocyte
(CD8" T cells) production leading to reduced turgoowth (Senthilnathan

et al., 2006a). In a comparatiy@harmacological investigation of WS and
Ginseng, the WS-treategroup showed better anabolic and anti-stress
activity thanGinseng with additional anti-inflammatory activity (Singh
et al., 2005).Towards standardization, the active groups@n(terpenoids),

AR (saponins) and WS (withanolides) watentified and effective ratios
were established. The studiesvards further identification of synergistic
moieties followingthe same approach are in progress.
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In summary there are clear trends to show te#thopharmacology
knowledge and experiential base have potettialffer a safer and cost-
effective approach towards discovefynewer chemical diversity for such
newer multi-taget approaches (@&fmuth, 2004; Patwardhan, 2003).
golden triangleconsisting offraditional Knowledge, Modern Medicine and
ModernScience with systems orientation will converge to forrmaavative
discovery engine for newesafer affordable andeffective therapies
(Mashelkay 2005; Patwardhan and Gautam, 2005).lidia, eforts in
these directions are underway to estabishrmacoepidemiological and
experimental evidence base for nelwemical/molecular entities and
development of standardizdwbrbal formulations under the Council for
Scientific andIndustrial Research and Government of Inslidlew
Millennium Indian Technology Leadership Initiative (CSIR, 2006) and
Department oScience andechnology and Government of Indidrugs
and Pharmaceutical Research Program (D3004).

11.4 Conclusion

Many chemical agents are used as chemoprotectants for conventional
cancer chemotherapy and/or radiation theratywever their efect is
locoregional and is dependent on dose and time of administration in
contest to anti-cancer drugs. The limitations and inconvenience of their
use has stimulated research for discovering natural resources with immu-
nological activity Various botanicals and ethnopharmacological agents of
traditional medicine are under investigation for chemoprotective and
immunomodulatory activities. The results are encouraging. Chemoprofiling
of these botanicals have been reported but most of the activity reports
are on crude, semi-processed extracts and or fractions. Several reports
suggest cytostatic, cytotoxic properties along with enhanced immune
function in extract and/or polyherbal formulations. Nevertheless, any single
component isolated from extract or formulation may not retain all
the three desired properties. There have been attempts to isolate and
characterize active moieties with limited success. Many authors have
hypothesized the presence of synergism and buffering in extracts,
however systematic scientific investigations on pharmacodynamics,
kinetics, dosing and interactions need to be undertaken to study these
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principles. Furthermore, studies are required to better understand the
molecular and biochemical mechanisms involved in immunoregulation and
its role in cytoprotection and radioprotection. Such efforts might lead to
effective integration of botanical medicine in cancer therd@is review

will be useful in the bioprospecting exercises for developing nesaéar

and efective agents for therapeutic management of cancer
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Chapter 12

Bioactive Polysaccharides from
TCM Herbs asAnti-CancerAdjuvants

Raymond Chang

Abstract

Purpose: To review the nature, extent, bioactivities and clinical application
of bioactive polysaccharides in Traditional Chinese Medicine (TCM),
especially as adjuvants in cancer treatment.

Methodology: Literature Review

Findings: Many fungal and plant derived bioactive polysaccharides with a
broad range of immunomodulatory activities are found in TCM. Some
such polysaccharides have been developed into drugs and showed clinical
efficacy in controlled trials while the majority of such compounds remain
as nutraceuticals with only preliminary research. Such polysaccharides are
generally non-toxic and also possess other bioactivities such as inducing
differentiation, stimulating hematopoiesis, anti-metastasis, and anti-
angiogenesis, which make them ideal adjuvants in modern cancer therapy

Conclusion: Bioactive polysaccharides occur extensively in TCM herbs
and is the basis of potential useful application of TCM as adjuvant in
cancer therapies.

Keywords: Polysaccharides; Medicinal Plants; Traditional Chinese
Medicine; Cancer

12.1 Introduction

As a major class of biomolecules, carbohydrates are the most complex
and least appreciated for their bioactivityr{®r, 1995). In the past three
decades, an increasing humber of reports describing the isolation and
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bioactivity of polysaccharide glucans and proteoglucans from plant and
other sources highlight the potential role of this class of molecules in
cancer therapy as a result of its immunostimulatory propertiemdW

et al., 1994). More recent)yther biological mechanisms such as apoptotic
and anti-angiogenic fefcts including its décts on the c-Myc, c-Fos, and
vascular endothelial growth factor (VEGF) expressioang, 2005)
highlight the potential broad spectrum bioactivity of this class of compounds
as anti-cancer adjuvants.

12.2 Bioactive Polysaccharides in Chinese Herbs

Known bioactive polysaccharides are found in fungi, lichens, higher plants,
marine as well as animal sources throughout the world, but some of the
most well characterized and clinically relevant polysaccharides are found
in Traditional Chinese Medicine (TCM) (Ooi and Liu, 2000), especially
those herbs from the TCM materia medica classically characterized as
tonic in nature or having “Fu-Zhen” (Swhal., 1981) properties. Many
such tonic Chinese herbs have been found to possess immunomodulatory
and other anti-tumor bioactivities and are potentially useful in cancer
therapy (Sun, 1986). As such, the search and characterization of novel,
safe and déctive natural compounds from Chinese herbs is a significant
goal for anti-cancer research.

12.3 Immunomodulatory Property of Polysaccharides
and the B-Glucan Receptor

Naturally derived polysaccharides including heteroglycans and proteogly-
cans of certain molecular weight and structure have specific broad-ranged
immunomodulatory properties which have been recognized for several
decades. Such immunomodulating activity includes activation of macro-
phages (Adachdt al., 1990), monocytes (Czop and Austen, 1985a), natural
killer cells (Petert al., 1988), lymphocyte activated killer cellsafviasaki

et al., 1989), dendritic cells (Kim, 2007), tumor-infiltrating lymphocytes
(Kariya et al., 1991) and other lymphocytes (Kumazagteaal., 1985).

The stimulated release of various cytokines including interferons
(Kandefer-Szerszen and Kawecki, 1973), interleukins (Sakagaahi,
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1988), tumor necrosis factor (Abel and Czop, 1992) and colony stimulating
factors (Hashimotat al., 1990) have also been well documented. Such
polysaccharides are thus considered multi-cytokine inducers and this
is probably due to induction of gene expression of various immuno-
modulatory cytokines and cytokine receptors (&lial., 1999).

An important feature of the bioactivity of immunomodulatory
polysaccharides is the importance of its structure-funatidetionship.
Differences in molecular weight, tertiasyructure or conformation, and
composition all dect polysaccharide bioactivityin general, polysac-
charides in aconfiguration withf1-3, -4, or -6 branch chains are
necessaryor activity and complex branch-chained polysaccharides with
anionic structures and higher molecular weights have gremateuno-
stimulating activities (Cleargt al., 1999).Differences in bioactivity may
be due to dierences in receptaffinity or receptofligand interaction on
the cell surfacéMueller et al., 2000).

The description of a beta-glucan receptor on monocytes by Czop and
Austen (1985b) served as a basis to understanonimeinopotentiating
bioactivity of polysaccharides and explainetty herbs and materials
from different sources with similarlgtructured polysaccharide content
share similar immunomodulatoactivity.

12.4 Immunomodulatory Property of Polysaccharides
and the Toll-Like Receptor (TLR) System

The toll-like receptor (TLR) system constitutes a pylogenetically ancient,
evolutionary conserved, archetypal pattern recognition system, which is
the basis of antigen recognition by and activation of the immune system.
Toll-like receptor agonists have long been used as immunoadjuvants in
anti-cancer immunotherapy and increasing evidence suggests that cancer
may progress via subversion of the TLR signallpraghways(Killeen

et al., 2006). Natural as well as synthetic ligands of TLR receptors such
as lipid A analogs, poly(l:C), loxoribine, oligodeoxynucleotides have all
been shown to befettive in regulating immune response (Fasciano and
Li, 2006). The TLRs are expressed on macrophages and dendritic cells
which are key in newly developed immunotherapeutic protocols against
cancer (Buchsel and Demey2006). Immunomodulatory polysaccharides
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from single TCM herbs (Lirt al., 2005) as well as TCM/Kampo herbal
formulae (Chincet al., 2005) have recently been found to modulate TLR
receptors thus opening a new avenue to understand the biological basis
of potential usefulness of polysaccharides from TCM in cancer therapies.

12.5 Polysaccharides as Anti-tumor Adjuvants

The usefulness of bioactive polysaccharides found in TCM wigh-8

31-4 orB1-6 configuration in enhancing the immune system and therefore
indirectly reducing tumorigenesis as well as tumor growth has been
extensively demonstrated in animals while prolonged survival as a result
of treatment with polysaccharide derived nutraceuticals and drugs have
been noted in a number of controlled clinical trials carried out in Japan
and China.

12.6 Immunomodulatory and Anti-tumor Polysaccharides in TCM

Immunopotentiating traditional Chinese herbs with proven anti-tumor
activity may be broadly considered as fungals or botanicals. Almost 200
species of such fungi have demonstrable anti-tumor actalityough not
all such fungi are in the TCM pharmacopeia (Borchatral., 1999).
Fungals especially from the Basidiomycetes family have been found to
possess bioactive polysaccharidesa$@ér andlVeis, 1999)According to
a survey by Jong and Donovick (1989), 109 anti-tumor subsances from
fungi were from Basidiomycetes, and 51 of these were glucans or
polysaccharide compounds from no less than 26 different species. Some
of these fungal polysaccharides have been systematically studied as well
as developed into nutraceuticals [éAgaricus blazei (Itoh et al., 1994),
Cordyceps sinensis (Kuo et al., 1996), Ganoderma sp. (Chang, 1996),
Grifola frondosa (Hishida et al., 1988)] or drugs [e.Krestin from
Coriolus versicolor (Kondo andTorisu, 1985), Lentinan frorhentinus
edodes (Chiharaet al., 1987), Schizophyllan fronschizophyllum
communes (Komatsuet al., 1963)], but others have also been preliminarily
studied (sedablel2.1).

As a representative agent, Lentinan fraventinus edodes was
identified in the late 1960s by Chihaehal. (1970). It is a branched



Bioactive Polysaccharides from TCM Herbs as Anti-Cancer Adjuvants 289

Table12.1. Select medicinal fungi reported to
contain bioactive polysaccharides.

Agaricus blazei (Ohnoet al., 2001)
Auricularia auricula (Misaki, 1981)
Flammulina velutipes (Leunget al., 1997)
Hericium erinaceum (Mizuno et al., 1992)
Inonotus sp. (Ohtsukaet al., 1977)
Phellinus sp. (Hanet al., 1999)

Pleurotus sp. (Chenghueet al., 2000)
Polyporus sp. (Zhanget al., 1991)

Poria sp. (Kanayamaet al., 1986)
Tricholoma aggregatum (Komatsuet al., 1973)
Tremella sp. (Xia and Lin, 1989)

chain molecule with a backbone of3 (-D-glucan and side chains

of B1-3 andB1-6 D-glucose residues. It has been demonstrated to elicit
anti-tumor activity by the stimulation of host-mediated immune responses
and thus inhibit the growth of implanted tumors in laboratory animals
(Chihara, 1983). Lentinan has also been demonstrated to be active as a
parenteral agent in prolonging survival in recurrent and metastatic gastric
and colorectal cancer when given in combination with chemotherapy in
controlled clinical trial (Nimuraet al., 2006;Wakui et al., 1986). Recent
advances in the biological understanding of polysaccharide function identifies
the effect of Lentinan on dendritic cells to perhaps be a key factor for its
anti-tumor effect in chemoimmunotherapy (Mushiakal., 2005).

Another representative agent is Krestin [PSK], which is a protein-
bound polysaccharide extracted from the CM-101 strairCariolus
versicolor (Kondo andTorisu, 1985). Unlike Lentinan, PSK isfd-4
glucan containing 10% protein and is active ordf#$K has also been
statistically demonstrated to prolong survival in clinical trials involving
gastric (Nakazatet al., 1994), colorectal (Mitonmét al., 1992) esophageal
(Ogoshiet al., 1995), nasopharyneal (Go and Chung, 1989), non-small
cell lung (Hayakawaet al., 1993), and breast cancen{(Et al., 1992).

The polysaccharide peptide (PSP) isolated from the-CGWain mycelia
of Coriolus versicolor has proven benefits in clinical trials in China for
esoplageal, gastric and lung cancers (Ng, 1998).
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Table 12.2. Representative traditional Chinese/Kampo
herbs reported to contain bioactive polysaccharides.

Acanthopanax Giraldii Harms (Wang et al., 1992)
Achyranthes bidentata (Li and Li, 1997)
Aloe sp. (Zhang andrizard, 1996)
Atractylodes (Inagakiet al., 2001)
Beniscasa cerifera (Kumazaweet al., 1985)
Cinnamomum cortex (Haranakaet al., 1985)
Curcuma zedoaria (Kim et al., 2000)
Codonopsis pilosula (Wanget al., 1996)
Dipsacus asperoides (Zhanget al., 1997)
Epimedium sagittatum (Liu et al., 1991)
Imperata cylindrica (Pinilla and Luu, 1999)
Isatis indigotica (Xu and Lu, 1991)

Malva verticillata (Gondaet al., 1990)
Panax notoginseng (Gaoet al., 1996)
Pseudostellaria heterophylla (Wanget al., 1992)
Radix bupleuri (Geng and Chen, 1989)
Radix glycyrrhizia (Noseet al., 1998)

Radix hadysari (Lanet al., 1987)

Radix Rehmannia (Xu, 1992)

Salvia miltiorrhiza (Hromakovaet al., 1999)
Zizyphi fructus (Yamaokaet al., 1996)

Besides fungals, many so called “Fu-Zhen” (tonifyirtiggditional
Chinese herbs contain bioactive polysaccharideshand been studied
for their immunomodulatory and anti-tumactivity. All of these are ca-
talogued in a comprehensive and public onlila¢abase on anti-cancer
Asian materials developed and maintained by the Insitute of Easi-W
Medicine in NewYork (www.asiancancerherb.info)lhese botanicals
include commorherbs such aActinidia chinensis (Lin, 1988),Angelica
sinensis (Choy et al., 1994), Astralgalus membranaceus (Huanget al.,
1982),Ligustrum lucidum (Lau et al., 1994),Panax ginseng (Leeet al.,
1997) as well as others (s&ablel2.2).

TCM usually employs herbal formulae and most useful TCM formulae
for cancer patients contain herbs with immunopotentiating activity from
its polysaccharide content (Ito and Shimura, 1985a and b). Examples of
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standard TCM (and Kampo) formulae with published experimental results
demonstrating such immunostimulatory properties incKide-Chai-Hu-

Tang [Sho-saiko-to] (Nagatsuet al., 1989), Shi-quan-da-bu-tang
[Juzen-taiho-to] (Zee-Cheng, 1992) anBu-zhong-yi-gi-tang [Hochu-
ekki-to] (Li et al., 1999).

12.7 Clinical Observations on Polysaccharides
as Anti-cancer Adjuvants

It is important to realize that although TCM herbs that contain bioactive
polysaccharides may derive some of their anti-cancer efficacy via im-
munopotentiation, many such herbs contain other complementary anti-
neoplastic substances.

Converselysuch bioactive polysaccharides may have other anti-tumor
actions beyond immunopotentiation. Such anti-tumor mechanisms include
induction of cellular diierentiation (Chert al., 1997), anti-angiogenesis
(Kanoh et al., 1994), and anti-metastasis (Kobayashial., 1995).
Furthermore, the polysaccharides have other applications beyond anti-
tumor in cancer patients. Such agents may also be useful in enhancing
hematopoiesis (Liet al., 1991), ameliorating sidefetts of chemotherapy
and radiation as well as generally improving the well-being of the cancer
patient.

Most clinical trials of bioactive polysaccharides in cancer hesezl
the agents with conventional treatments suchclasmotherapy and
radiation. It is important to note that supblysaccharides have been
found to be clinically useful acrossspectrum of solid-tumors, including
colorectal, gastric, lungand breast cancers, with the overall result of
enhancingsurvival.

Regarding the issues of siddests, besides the report of law
incidence of allergic reactions to individual herbgolysaccharide drugs,
major complications and/or gan toxicity has not so far been reported
with this family of agents.

As there is always a concern of potential adverse interaetitin
conventional therapy with herbal or nutraceutical produtdtsjmportant
to note that there have been no studies to suggesttive interactions
with polysaccharide derived agents agmotherapy or radiation.
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Not all polysaccharides are comparable and it is not prudentitely
rely onin vitro data on one aspect ofpmlysaccharids’ efectiveness
(e.g.NK cell stimulation) as &asis of comparing various different poly-
saccharide derivedgents. While clinical trial data may not be available
for manysuch agents, clinical decision should be guided by trial data if
available, or by the extent and quality of available mediwahture on
each agent. Furthermore, it is important#wefully consider the choice
of polysaccharide agent as theam be significant differences in bioactivity
secondary tddifferences in species, cultivation, method of extraction,
formulation, as well as route and amount of dosage. Practaadijability
of agent, cost, and potentiafieAcy are the main clinical considerations
when choosing a suitable polysaccharide to prescribe to a patient.

12.8 Future Directions in the Development of Polysaccharides
as Cancer Adjuvants

From existing laboratory and clinical evidence, it is certain that bioactive
polysaccharides in TCM herbs are multifaceted and useful adjuncts in
cancer care. Howevelack of standardization and pharmacokinetic data
among a spectrum of popular polysaccharide based nutraceuticals, limited
controlled trial data in th&Vest on such agents, and relative lack of
knowledge about these herbal agents among conventional cancer care
professionals hamper the wide application of this unique class of agents.
It is hoped that standardization as well as further clinical studies will be a
basis for advancement in our knowledge and use of such agents.
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Chapter 13

Clinical Evaluation of Herbal Formula
Decoction inTreatingNon-Small Cell Lung
Cancer byarious Rating Scales

Jie You & Zhi-Ming Shi

Abstract

Objective: To comprehensively evaluate the clinicdéef of Herbal Formula
decoction in treating patients with non-small cell lung cancer by various
rating scales.

Methods: One hundred and twmases of non-small lung cancer were
randomly divided into two groups, namely the combination group (which
consisted of 61 cases and treated by both Herbal Formula decoction and
chemotherapy) and the control group ¢é&kes receiving chemotherapy
only). A total of two therapeutic courses were obser¥ée. eficacy was
evaluated by using various scales, including two international quality of
life scales — the European @amization for Research affdeatment of
Cancer Lung Cancer Quality of Life Questionnaire (HORQLQ-LCA43)

and the Functional Assessment of Cancer Therapy General and Lung
(FACT-L); and Karnofskys index of Performancet&us (KPS) and the
Eastern Cooperative Oncology Group (ECOG) performance status scales;
and the Primary Lung Cancer Symptoms Scal@raflitional Chinese
Medicine (LCSL-TCM).

Result: The quality of life scores in the combination group were significantly
improved after treatment in various fields, including the functional
symptomatic sub-fields, whereas those of the chemotherapy group
significantly decreased. The difference between them was statistically
significant P < 0.05). For the combination group patients, most symptoms
were alleviated after treatment, whereas most symptoms were aggravated
in the control group, and their quality of life scores decreased in many
fields. ECOG and KPS scoring showed similar results. The gastrointestinal
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reactions and bone marrow suppression of the combination group were
less than those of the control group < 0.05). The clinical remission
rates were not significantly ddrent between the two groud % 0.05).

Conclusion: Herbal Formula decoction can improve the quality of life in
non-small cell lung cancer patients, alleviate the disease or therapy-related
symptoms, reduce the siddexfts of chemotherapyand improve the
performance status.

Keywords: Herbal Formula Decoction; Non-Small Cell Lung Cancer;
Quality of Life; Rating Scales; Efacy Assessment.

13.1 Introduction

Quantitative rating measures have been widely used in lung cancer treatment
to assess the clinical fefacy. In this present stugdywe evaluated the
effectiveness of Herbal Formula decoction on improving the quality of life
and alleviating the symptoms in patients with non-small cell lung cancer
by a variety of scales, including two well-rated international
quality of life scales: the European Organization for Research and
Treatment of Cancer Quality of Life Questionnaire — Lung Cancer
(EORTC QLQ-LC43) and the FunctionAksessment of Canc&herapy

— General and Lung BCT-L); and two performance status scales:
Karnofsky's index of Performancet&us (KPS) and the Eastern
Cooperative Oncology Group (ECOG); and the TCM primary lung cancer
symptoms scale (LCSL-TCM).

13.2 Material and Methods
13.2.1 Case selection criteria
13.2.1.1 Inclusion criteria

(1) Accordance with the diagnostic (Chinese Anti-Cancer Association,
1997) and staging criteria of primary bronchogenic carcinoma (AJCC/
UICC, 1997);

(2) confirmed by pathological diagnostic;

(3) aged between8-75years old;

(4) first time chemotherapy;
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(5) KPS > 70;

(6) no abnormal liver and kidney functions;
(7) expected survivat 5 months; and

(8) willing to participate in the clinical trial.

13.2.1.2 Exclusion criteria

(1) Serious complications;

(2) severe systematic disease requiring special treatment;
(3) mental disease;

(4) tuberculosis and other specific infectious diseases; and
(5) poor compliance.

13.2.1.3 Omission criteria

Cases would be asked to leave the program if one of the following
occurred:

(1) Serious complications or acute deterioration requiring intensive care
during the treatment course;

(2) moratorium on chemotherapy and/or change to other therapies and
chemotherapy was not completed for teyzles due to the disease
situation; or

(3) questionnaires were not completed due to various reasons.

13.2.2 Clinical data

From January to December 2003, we observed 125 non-small cell lung
cancer patients with first-time chemotheragiwhich 23cases lost contact
due to various reasons and I23es (74.5%) completed the observation.
All the cases were recruited in Longhua Hospitdlliaied to Shanghai
University ofTraditional Chinese Medicine and Shanghai Chest Hospital.
The patients were randomly divided into combination and chemotherapy
groups — 61cases in the combination group andcéses in the chemo-
therapy group completed the trial, as showmable13.1. In the com-
bination group, 48ases were male and déses were female. The average
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Table 13.1. Clinical data of the combination and chemotherapy groups.

Group n Gender Ave.Age Marriage Tumor type
M F Married Unmarried Central Peripheral
Combination 61 45 16 57.4 56 5 19 42
Chemotherapy 41 29 12 57.4 40 1 18 23
Group Sage Pathology Geny
lib 1Ma Illb IV  Squamous Adeno-  With W/O
carcinomageyr sumgery
Combination 5 14 17 25 24 37 26 35
Chemotherapy 5 12 12 14 21 20 16 25

age was 57.fears. Fivecases were unmarried while 6&ses were
married; 19cases were central type andcédes were peripheral type of
primary carcinoma; five cases were in stage llb;dskes were in stadjéa,

17 cases were in stage lllb, and @ses were in stage;l¥4 cases were
squamous cell carcinoma and @&es were adenocarcinoma;caes
underwent swical operation while 3Bases did not receive gigal
operation. In the chemotherapy group,c28es were male and éases
were female. The average age was yéars. One€ase were unmarried
while 40 cases were married; d8ses were central type and @3es
were peripheral type of primary carcinoma, foases were in stage llb
stage, 1Zases were in stage llla, t&ses were in stage lllb, and dakes
were in stage IV21cases were squamous cell carcinoma and 20 cases
were adeno-carcinoma; téses underwent gical operation while
25cases did not receive gligal operation.The clinical data were not
significantly diferent between the two group® % 0.05).

13.2.3 Treatment methods

Both groups of patients received general and symptomatic treatments.
For example, a painkiller (acesodyne) was given to patients based on the
principle of theWorld Health Oganizations (WHO) three-step method
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of relieving pain; federal cough syrup was given to treat dry cough;
licorice mixture was given to treat expectoratioageine was given to
treat serious cough; G-CSF was used when the bone marrow was
suppressed to level Il; and anti-emetic was given prior to chemotherapy
The combination group was treated by both Herbal Formula decoction
and chemotherapy while the chemotherapy group received chemotherapy
only. Both groups received NEhemo-therapy regimen, on which
vinorebine was given by intraveneous injection atpn? on days 1

and 8, cisplatin was given by intraveneous infusion ang® on day

1. One cycle was 28ays and patients received two cycles of treatment
in total. Herbal Formula decoction was composed of the following Chinese
medicinal herbsSheng Huang Qi (Astragalus membranacens) 309, Sheng

Bai Zhu (Atractylodes Rhizome) 159, Bei Sha Sen (Radix glehniae) 159,

Shi Shang Bai (Selaginella doederleinii) 30g, Qi Ye Yi Zhi Hua (Paris
polyphylla var. chinensis) 24g, Bing Qiu Zi (Oreorchis patens) 309,

Shan Yu Rou (Determining) 12g, Xian Ling Pi (Epimedium) 159, etc. It

was continuously given from the third day of the first cycle of
chemotherapy to the 28th day of the second cycle of chemotherapy

13.2.4 Observation parameters and assessment criteria
13.2.4.1 Short-term ther apeutic assessment

Short-term therapeutic fefacy was assessed before treatment and after
completion of two cycles of chemotherapy using the product of the kesion’
longest diameter and its longest vertical diameter as criteria. It was divided
as complete remission (CRpartial remission, non-change (N&hd pro-
gressive development (PD), according to WikelO efiicacy criteria on
solid tumors (Sun, 2001).

13.2.4.2 Quality of life

International quality of life scales: Quality of life was evaluated one
day prior to the first therapeutic cycle and 28 days after completion of
the second cycle of chemotherapiie questionnaires were self-rated by
the patientsTotal quality of life score and the scores on all fields were
calculated using an international standard scoring methad,(10999).
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Performance status: Performance status was evaluated before and
after treatment simul-taneously with quality of life.

13.2.4.3 Symptoms

TCM symptomsscale: TCM primary lung cancer symptoms scale (LCSL-
TCM) in the Guiding Principles of Clinical Research on New Drugs of
TCM was used for assessment (Zheng, 2002). The scale uses scoring
method, in which non-symptoms are scobedslight symptoms are
scoredl, moderate symptoms are scogedand serious symptoms are
scored3.

EORTC QLQ-LC43 symptoms scale and lung cancer specific sub-
modules. EORTC QLQ-LC43 and EORC QLQ-LC3 were evaluated
using an international standard scoring systeran(Vi£999).

13.2.4.4 Toxicity and side-effects of chemotherapy

Toxicity and side-décts were graded once every therapeutic cycle using
theWHO criteria on general toxicity and siddesfts of anti-cancer drugs.

13.2.5 Statistics

Data were analyzed by SPS3.9 statistical softwareThe t-test and
analysis of variance were used to analyze quantitative and qualitative
data, respectivelyGrading data were analyzed Wjilcoxon Rank test.
Comparison of dference was applied as it was significantlyfetént
between the body field of EQR QLQ-LC43 and the baseline of lung
cancer LC13 before treatment.

13.3 Results
13.3.1 Short-term therapeutic effect

As shown inTable13.2, the remission rates of nongiaal patients were
not significantly diferent between the combination and the chemotherapy
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Table 13.2. Comparison of the remission rate between combination and chemotherapy
group.

Without sugery With sugery
Group n Partial Non-  Progressive n Non- Progressive
remission change development change  development

Combination 35 6 (17.1) 26 (74.3) 3 (8.6) 26 25(96.2) 1(3.8)
Chemotherapy 25 2 (8.0) 20 (80.0) 3(12.0) 16 12 (75.0) 4 (25.0)

groups, whereas the remission rate of surgical patients in the combination
group was higher than that in the chemotherapy group.

13.3.2 Quality of life

13.3.21 EORTC QL Q-LC43 scores in the combination and chemother apy
groups before and after treatment

As shown inTablel13.3, after treatment the EOR QLQ-LC43 scores
of the combination group increased in the following fields, including
role, emotional, and cognitive function, general health, and social function,
whereas it decreased in physical field. This indicated the quality of life
had improved in the above fields after treatment. In the symptom sub-
scales, scores on fatigue, pain, dyspnoea, insomnia, and appetite loss
were significantly lower than those of pre-treatmdnt<(0.05), while
nausea and vomiting, constipation, and diarrhea did not change after
treatment. By summarizing all the symptoms as general symptom sub-
scales and calculating the total score, it was found that the total score
was significantly lower than that of pre-treatmeRt € 0.05), which
suggested that the symptoms were alleviated after treatment in general.
After treatment, EORC QLQ-LC43 scores of the chemotherapy group
increased in body field, while they decreased in the fields of role,
emotional, and cognitive function, general health, and social fundion (
< 0.05). In the symptom sub-scales, scores on nausea and vomiting,
fatigue, pain, appetite loss, and constipation were significantly higher
than those of pre-treatmeft € 0.05), while dyspnoea, diarrhea, insomnia
did not change after treatmerfiotal symptom sub-scales score was



Table 13.3. EORTC QLQ-LC43 scores in the combination and chemotherapy groups before and after treatment.

Combination group

Chemotherapy group

Field Pre-treatment Post-treatment Margin Pre-treatment Post-treatment

Physical function 84.81+ 7.32 80.44+ 6.54° 437+7.97 81.62+ 7.27 88.29+ 7.5 6.67+ 8.03
Role function 51.64+ 24.67 66.39+ 22.87 14.75+ 29.04 56.91+22.04 43.90%+20.33 -13.01+22.21
Emotional function  62.70+22.80 82.38+ 19.73 19.67+ 27.64 67.28+ 16.29 60.16+ 16.82’ -7.11 +£19.24
Cognitive function ~ 65.85+ 20.43 80.87+17.96°  15.03% 23.90 67.07+£ 2251 59.76+20.74  -7.32+ 23.58
Social function 52.19+ 24.43 63.66+ 20.30 11.48+ 26.45 58.94+21.44 4431+ 18.1° -14.63+21.79
General health 55.33+19.43 68.17+16.77  12.84+ 22.03 51.83+15.08 41.46+17.53' -10.73+19.26
Symptom subscales 294.35+ 123.74 179.33+ 113.517 115.03+ 133.34 194.35+ 136.32 439.43+ 111.93" 109.21+ 133.94
Fatigue 57.74+22.21 36.98+ 17.06'  20.77+ 23.61 52.85+18.39 65.31% 16.527  12.47+ 23.73
Nauseandvomiting 12.02+ 17.51 8.20+ 14.15 -3.83+ 20.04 11.79+17.58 32.11 +17.63 20.33+ 25.42
Pain 30.05+21.04 15.58+ 18.97 14.49+ 24.05 31.30+ 16.75 40.24% 17.47 8.94+ 19.04
Dyspnoea 32.79+23.95 22.40+ 22.54 10.38+ 23.21 26.02+£ 2299 34.96+ 23.51 8.94+ 290.84
Insomnia 4754+ 26.15 25.68+ 28.15 21.86+ 31.56 39.84+28.11 47.97+ 25.87 8.13+ 33.98
Loss of appetite 41.53+24.84 19.13+22.33'  22.40+ 28.36 34.96+31.58 52.28+17.65'  20.33% 37.92
Constipation 18.03+ 24.02 13.11 + 18.54 —-4.92+ 24.2% 19.51+26.85 39.02+ 27.79 19.51+ 26.85
Diarrhea 7.10+ 15.05 3.83+ 1071 -3.28+ 17.96 6.50+ 22.63 5.69+ 12.70 -0.81+ 26.34
Financial dificulties 46.9+24.63 34.43+27.19 13.11 + 30.60 75.61+40.16  65.04+ 31.58’ 11.38+ 31.28
Lung Cancer 22.24+ 8.13 14.70+ 8.0 -7.54+ 10.05 18.05+ 7.777 26.02+ 10.03’ 797+ 11.17

specific subscales

Note: Compared to the same group before treatrAgrt, 0.05; compared to chemotherapy grolip< 0.05.
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Table 13.4. FACT-L scores in the combination and chemotherapy groups before and after treatment.

Group  Case Time Physical Community Emotional Functional Relationship Lung cancerTotal score
& Family with doctor additional care
Pre- 23.61+ 400 18.33+ 319 20.10+ 406 11.72+4.51 6.92+1.00 29.77+3.71 110.44+ 14.82
treatment
Combination 61 Post- 27.57+ 4.477 19.85+ 3.16" 23.63+ 3.51” 15.60+ 4.887 7.13+ 1.11 34.02+ 3.9 127.80+ 16.48
treatment

Difference 3.97+5.17 1.58+381 3.58+4.95 3.90+502 2.69+4.31 8.80+15.55 17.57+ 18.61

Pre- 23.95+ 486 17.32+ 304 19.02+ 479 11.61+4.13 6.88+ 1.03 30.10+ 4.12 109.05+ 15.73
treatment

Chemotherapy4l pogt. 18.76+ 3.8¢7 17.80+2.56 18.31+4.19 9.66+4.41° 6.66+ 1.11 27.27+ 3.457 98.46+ 14.84
treatment
Difference 0.49+ 359 -0.88+5.15 -1.95+ 550 -0.22+ 3.60 -2.83+ 3.43  10.59+ 17.90

Note: Compared to the same group before treatriiént,0.05; compared to the &ifence with chemotherapy group, < 0.05.
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significantly higher P < 0.05), which suggested the symptoms tended to
get worse.

13.3.2.2 FACT-L scoresin the combination and chemotherapy groups
before and after treatment

As listed inTablel13.4, for the combination group, except the score on
the relationship with doctor did not change obviously after treatment,
scores on all other fields increased significantly compared to pre-treatment
(P < 0.05). The scores on all fields in the chemotherapy group were
significantly lower after treatment compared to those of pre-treatment.
The scores on the fields of relationship with dagcsociety and emotion

did not show any significant change after treatment.

13.3.3 Changes in symptoms between the combination and
chemotherapy groups before and after treatment

13.3.3.1 Comparison of symptoms between the combination and
chemotherapy groups before and after treatment

As there was no dirence in the total symptom sub-scales score between
the two groups before and after treatment, whereas there ierenie

in the total score of lung cancer modules between the two groups, the
margin of pre- and post-treatment scores was comparallgT13.5).

After treatment, the scores on various fields in the com-bination group
tended to decrease, which indicated the symptoms were alleviated. In
contrast, the scores on various fields in the chemotherapy group increased,
indicating the symptoms were aggravated. After treat-ment, in the
combination group except the scores on constipation, diarrhea, dysphagia,
peripheral neuropathyalopecia, other site’pain, scores on all other
symptoms were significantly lower than those of pre-treatment. In the
chemotherapy group after treatment, scores on fatigue, nausea and
vomiting, pain, appetite loss, arm or shoulder pain were significantly
higher which indicated the symptoms were getting worse, with the
exception was that the scores on the fields of diarrhea, hemoptysis, oral
ulcer, and other sitg’ pain between the combination and chemotherapy
group showed no dérence, scores on all other fields in the combination



Table 13.5. Comparison of symptoms between the combination and chemotherapy group before and

after treatment.

Symptom

Combination group

Chemotherapy group

Pre-treatment

Post-treatment

Pre-treatment

Post-treatment

Symptom sub-scales 294.35+ 123.74 179.33+ 113.518

Fatigue

Nauseandvomiting

Pain
Dyspnoea
Insomnia
Diarrhea
Constipation

Lung cancer module
Dyspnoea resting

Walking

57.74+ 22.21
12.02+17.51
30.05+ 21.04
32.79+ 23.95
47.54+ 26.15
7.10+ 15.05
18.03+ 24.02
2224+ 8.1F
18.51+ 21.54
40.98+ 25.38

36.98+ 17.06°%
8.20+ 14.15°8
15.58+ 18.978
22.40+ 22.548
25.68+ 28.15°8
3.83+ 10.71
13.11+ 18548
14.70+ 8.01"8
8.89+ 19.28 8
23.33+ 18.72

294.35+ 136.32 439.43+ 111.93

52.85+ 18.39
11.79+ 17.58
31.30+ 16.75
26.02+ 22.99
39.84+28.11
6.50+ 22.63
19.51+ 26.85
18.05+ 7.77
17.07+ 22.52
34.96+ 23.51

65.31+ 16.52
3211+ 17.63
40.24+ 17.47
34.96+ 23.51
47.97+ 25.87

5.69+ 12.70
39.02+ 27.79
26.02+ 10.03
24.39+ 2360
48.78+ 25.92

Note: Compared to pre-treatmef®, < 0.05,'P < 0.01; compared to the chemotherapy group after

treatment*P < 0.05,5P < 0.01.
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Table 13.5. (Continued)

Combination group Chemotherapy group

AR

Symptom Pre-treatment Post-treatment Pre-treatment  Post-treatment
Ascending stairs 56.28+ 22.39 42.22+28.048 17.07+25.59 18.75+ 27.94
Cough 46.45+ 2458 20.00+ 23.120% 39.02+ 22.24 39.22+20.24
Hemoptysis 710+ 17.34  4.44+16.77%  28.39+ 20.59 47.49+ 34.20
Oral ulcer 6.01+14.28 6.67+ 2361" 4.88+14.07 9.76% 17.07
Dysphagia 14.75+ 28.88  3.33+ 10.08 13.01+ 19.55 19.51+ 21.05
Peripheral neuropathy 7.65+ 14.13 2.78+ 11.1% 2777+ 2026 15.45+21.21
Alopecia 29.51+29.25 35.56+ 30.60 21.61+ 2938 32.48%2911
Chest pain 33.33+20.18 13.89+ 17.67°% 11.38+1765 10.57+ 1891
Arm/shoulder pain 20.22+20.44 9.83+20.50°% 19.55+9.80 49.59+ 3433
Other site$ pain 240+ 15.78 23.33+ 16.58 29.17+ 2409 26.67+ 2290

Note: Compared to pre-treatmeH®, < 0.05,'P < 0.01; compared to the chemotherapy group

after treatmentP < 0.05,5P < 0.01.
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Table 13.6. Comparison of KPS and ECOG scores between the combination and
chemotherapy group before and after treatment.

KPS (score) ECOG (score)

Group Case Time 60—69 70-7980-89 90-1000 1 2 3 4 5

Combination 61 Pre-treatment 0 20 35 6 0 3461212 0
Post-treatment 0 2 28 31 02634 1 1 0

0

1

Chemotherapy 41 Pre-treatment
Post-treatment

25 14 0 4370 0 O
23 15 2 0 0182323 0

group were significantly lower than those of the chemotherapy group
after treatment.

13.3.3.2TCM symptoms scale

The score of TCM symptom scale in the combination group after treatment
was 6.05+ 5.50, which was lower than pre-treatment scofe3{l+

6.13) P < 0.05). In contrast, the score of TCM symptom scale in the
chemotherapy group after treatment was higher than pre-treatment score
(16.21% 6.64 vs. 10.7% 5.71) P < 0.01). It was significantly diérent
between the two groups after treatmdn(0.05).

13.3.4 Comparison of KPS and ECOG scores between
the combination and chemotherapy group before
and after treatment

As shown inTable13.6, the number of cases which KPS scores increased
and meanwhile ECOG decreased after treatment in the combination group
were more than those in the chemotherapy gréup @.01).

13.3.5 Comparison of side-effects between the combination and
chemotherapy groups

As shown inTable13.7, side-décts in the combination group were lower
than those in the chemotherapy group and what is more its reaction
period was shorteP(< 0.05,Wilcoxon rank test).



Table 13.7. Comparison of side-gdfct between the combination and chemotherapy groups.

Gastrointestinal Bone marrow Days of bone marrow
reactions suppression suppression
Group Case TherapeuticNon | Il [llor Non | Il lllor 0 <1W 1-2W >2W
cycle higher higher
Combination 61 1 8 3 17 1 10 23 22 6 9 42 10 0
2 21 27 13 O 20 23 15 3 20 39 2 0
Chemotherapy 41 1 7 24 9 1 9 7 10 15 9 15 17 0
2 2 24 10 5 4 9 17 11 4 14 21 0

V1€
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13.4 Discussion

Lung cancer is a chronic disease with poor prognosis (Brakt 2002).
Especially in the advanced stage, due to the serious disease-related
symptoms such as cough, pain, fatigue, and dyspnoea, etc. patients with
lung cancer always def from psychological distress and physical pain
and their quality of life is &#cted.Although chemotherapy is one of the
main therapeutic approaches for advanced lung canwamy patients
cannot endure chemotherapy due to various reasons. Even for those who
can tolerate chemothergpye median survival time only increased two

to fourmonths (Breathnackt al., 2001; Cella, 2003); furthermore, the
pain caused by the toxicity and sidéeef of chemotherapy may feét

the clinical advantages of tumor shrinkage or stabiliydeyet al. (2003)

found that in 177 lung cancer patients who received chemothehepy
symptoms of fatigue, pain, constipation, loss of appetite, and vomiting
were aggravated and might last for signths.

Quality of life is one of the independent factors for prognasid
survival expectation. Due to the limited survival perioduwfg cancer
patients, alleviating of disease-relatedlmrapeutic-related symptoms is
the main aim of treatment féung cancerespecially in advanced stages.
Therefore, currenthalleviation of symptoms and improvement of life
quality havebeen one of the end points of lung cancer therapy (Paris,
1996). Especially for those with metastatic or advanced disease, and
mainly treated by palliation, the combination of the traditioriadical
efficacy and quality of life which is mainly based jpatients’ subjective
feelings will provide more comprehensiggteria for justification when
evaluating the risk anddvantages of the treatment.

With Herbal Formula decoction as the basic recipe, we evalttaded
quality of life and symptom changes in lung cancer patiesd$ed by the
combination of chemotherapy and Herbal Fornddaoction before and
after treatment using two internatiorgplality of life questionnaires, and
compared with treatment lphemotherapy onlyr'he results showed that
after two cycles oftreatment, in the chemotherapy group scores of
quality of lifeon all fields (including sub-scales) and total score decreased
significantly, indicating the quality of life was lower than that of pre-
treatmentThis was in accordance with the clinical observations. Clinically
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aggravation or occurrence of the chemotherapy-related toxic and side-
effect reactions such as vomiting, nausea, constipation, and fatigue, etc.
could be observed. Furthermore, our results indicated scores on the fields
of physical, emotional, social, and role functions and self-review health
status decreased in chemotherapy patients. This was also supported by
Morita et al.’ s results (2003). Osolst al. (1994) studied 160 lung cancer
patients using QLQ-C30 and found that after chemotherapy scores on the
fields of social and role function and total score on quality of life decreased,
fatigue, nausea and vomiting became more serious than those

before chemotherapywhich was similar to what we observed on the
chemotherapy group in our studythough Bonomi (2003) anénderson

et al. (2000) pointed out that chemotherapy could alleviate patients’
clinical symptoms and improve their quality of life, we found only in a few
cases the symptoms were alleviated after two months’ observation in our
study and there were new symptoms occurrence or the existing symptoms
were aggravated for most patients. The variance could be due to different
cycles of observation.

The combination group received chemotherapy and meanwhile was
treated with Herbal Formula decoction site accordingytoptomsAfter
treatment, scores on most symptoms tendedetreaseThe magin
between pre- and post-treatmews significantly diferent, indicating
the symptoms weralleviated. Our results indicated that combination of
chemotherapy and Herbal Formula decoction can alleviatelifiease
and chemotherapy-related symptoms.

During the chemotherapy course, inhibition and remission of its
toxicity and side-effects will benefit patients in improvihegir quality of
life in the early stage of chemotheraptrengthen their confidence, and
help them tolerate andccomplish the whole course of chemotherapy
Our results showethat scores on the physical region, symptom sub-
scales, and lungancer specific modules decreased in the patients treated
by both chemotherapy and Herbal Formula decoction, indicating the
symptoms were alleviated and their physical status bedaetier;
meanwhile scores on the fields of social, role, entbtional function
increased, suggesting that the genqrallity of life was improved. The
disease-related symptoms sua$ cough, dyspnoea, pain, and fatigue
tended to be alleviatedhile the chemotherapy-related symptoms such
as nausea andomiting were not aggravated. The total scores on the
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whole symptom and the scores on various symptoms were significantly
lower than those in the chemotherapy group. Assessment through TCM
symptoms scale, KPS and ECOG scales also showed similar results.

In chemotherapytoxicity and side-éécts athough it was not tfent
with regard to gastrointestinal reaction and bone masappression
between the combination and chemotherapy grougiifirst therapeutic
cycle, the number of days bbne marrow suppression in the combination
group was less thaim the chemotherapy group. In the second cycle of
chemotherapythe level and duration of gastrointestinal reaction and
bonemarrow suppression of the combination group were less than those
of the chemotherapy group, which objectively furtliEmonstrated
Herbal Formula decoction could alleviate tlisease and chemotherapy-
related symptoms in patients witbn-small cell lung cancer and improved
their quality of life.Although the short-term therapeutidesft was not
significantly different between the two groups, the remission rate of the
combination group was higher than that of the chemotheyegpyp. As
the non-sugical cases were few and the observati@s only for two
treatment courses, the above results need forbdeer confirmed in the
future.

Quantitative measures have been widely used by the international
lung oncology field to assess clinical therapeutfcaty, of which the
quality of life scale, its symptoms sub-scale andhallitems of the mainly
symptom-composed specific modules wsceeened and selected based
on wide epidemiological survey atidough fixed scale-making procedures.

It has been tested for tgears in the clinic and amended thtieees.

Due totheir normalized and quantitative chara-cteristics, these scales
have been gradually accepted by the international lung onctitidyas
assessment tools; furthermore, they are completegalignts, which
then reflect patients’ sensation moobjectively and hence make
assessments more accurate.

Clinical studies have demonstrated that TCM can alleygatients’
symptoms and improve their quality of life. Howeveell-recognized
normalized and quantitative measures have bssking for a long time.

The application of the symptom sub-scafehe international quality of
life scale provided a neapproach for research in this field. In this study
we evaluatedhe effect of Herbal Formula decoction on alleviating the
symptoms in patients with non-small cell lung cancer usingyth@toms



318 J. You & Z.-M. Shi

sub-scale, lung cancer specific scale, and TCM prinhang cancer
symptoms scalele evaluated this decoction Imprmalized and quan-
titative measures. The results indicated daga measured via the above
scales were consistent.
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Chapter 14

New Approach for Evaluating
the Anti-Breast CanceActivity
of Traditional Chinese Medicine

John M. Pezzuto, Richard C. Moon,
Charles K.-H. Chang & Ching-Jer Chang

Abstract

Traditional Chinese medicine includes thousands of formulations, largely
based on mixtures of terrestrial plants, and these formulations are
administered for essentially all types of human diseases including cancer
Nonetheless, there are no generally accepted pre-clinical models for assessing
the potential clinical efficacy of traditional Chinese medicines for treating
cancer Based on extensive analyses of traditional use for the potential
treatment of human breast cancer, and systematic evaluations of
the literature reports indicating mediation of well-defined bioactivities
or biochemical markers consistent with control of proliferation or
differentiation of cancer cells, 18 different traditional Chinese medicines
have been selected as prime examples of promising leads. For the first
step of the experimental approach, the herbs need to be properly identified.
Next, complex formulations are produced by traditional methods under
cGMP conditions and characterized by means of HPLC-fingerprints.
Finally, anti-tumor or cancer preventive response can be assessed with (1)
transgenic mice engineered to develop mammary adenocarcinoma, and (2)
Sprague-Dawley rats bearidggmethylN-nitrosourea-induced mammary
tumors.Animals with intact immune systems are used since this may be
intimately related to the mechanism of action of traditional Chinese
medicine.As a result of these procedures, a good indication of the true
biologic potential of these traditional medicines should be established, and
sufficient chemical and botanical information should be available to permit
a smooth transition for more advanced translational studies.
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Keywords Traditional Chinese Medicine; Breast Cancer; Mammary
Tumor; Transgenic MicelN-Methyl-N-Nitrosourea.

14.1 Introduction

Breast cancer is the most predominant cancer in women worldwide.
An estimated 1 million new breast cancer cases were reported worldwide
in 2002 (Kamangaet al, 2006), and approximately 178,480 new cases
are expected in the US in 2007 (Jemiaal, 2007). Although significant
progress in breast cancer treatment has been made in recent years
(Winchesteret al, 2006; Popat and Smith, 2006; Ruso and Ruso, 2004),
in the US, approximately 40,460 breast cancer deaths are anticipated
in 2007. It is thus extremely critical to explore new treatment modalities
for breast cancerln addition, howeveran efective approach for the
control of breast cancer is prevention (Popat and Smith, 2006; Ruso and
Ruso, 2004; Chan and Morris, 200&ronesi and Bonanni, 2005; Hanf
and Gonder2005; Formaret al, 2003; Chemopreventidiorking Group,
1999). Our current understanding of multi-step carcinogenesis provides
many opportunities to block or inhibit the initiation, promotion and
progression of breast cancé&ts a result, several clinical trials for
breast cancer prevention are ongoing (Cuatkal, 2003;Arun and
Hortobagyi, 2002; International Breast Cancer Intervention Study
Investigators, 2002).

Conventional cancer chemotherapy often induces serious adverse effects.
In addition, the prognosis for advanced breast cancer is dismal. In part,
due to this situation, it is common for cancer patients to explore alternative
therapies. For example, according to a survey reported by Adler (1999),
the usage of an alternative modality by women with breast cancer in San
Francisco indicates that 72% used one form of alternative modality for
two to four monthsTraditional Chinese medicine (Cohenal, 2002) or
botanical remedies (Chemopreventi@vorking Group, 1999; Cuzick
et al, 2003;Arun and Hortobagyi, 2002; International Breast Cancer
Intervention 8udy Investigators, 200&dler, 1999; Coheret al, 2002;
Manson, 2003; Park and Pezzuto, 2002; Rexicht, 2003) are the most
frequently used modalitBoth low (Tanget al, 2003a) and high molecular
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weight (Tanget al, 2003b) compounds from Chinese herbal medicines
have been developed as anti-tumor agents. Most pre-clinical studies have
focused on the discovery and development of active components from one
single herb/diet as potential therapeutic or preventive agents. However
traditional Chinese medical practice rarely utilizes one single herb for the
treatment of disease. The essence of traditional Chinese medicine rests
on the harmony and balance of two key ggesources, “h” and
“Yang'. The physiological balance is accomplished by combination of
multiple medicinal herbs. The synergistic and additive effects of multiple
ingredients and multiple pharmacological targets result in the ultimate
efficacy of traditional Chinese medicine. The traditional decoction method
for the preparation of the complex formulae is designed to yield optimal
formulation for absorption, distribution, metabolism, excretion and toxicity
The complex formula may thus provide a distinct complemental and
alternative modality to the conventional treatment and prevention of breast
cancer Consequentlyit is important to focus on the complex formula
instead of one single herb.

Numerous anecdotal case studies on the intervention of breast cancer
with traditional Chinese medicine in Chinese women have been reported
(Cohenet al, 2002; Xie, 1997; Cheung, 1999; Hsu, 1982; Lang and
Mung, 1992). Most of these studies were not well controlled. The selection
of the herbal ingredients for each individualized formula was not clearly
defined. In this report, we have critically evaluated numerous complex
formulas of traditional Chinese medicine for the treatment of cancer
based on 12 highly relevant bioactivities for the prevention and treatment
of cancerThese complex formulas will then be evaluated by two animal
models:

(1) rat mammary adenocarcinoma inducedNsynethylN-nitrosourea;
and

(2) transgenic mouse mammary adenocarcinoma transformed by a
recombinant gene expressing the SV 40 large tumor antigen with a
hormone responsive promater

Thesein vivo efficacy results will provide essential justifications for further
clinical trials to establish the evidence-based anti-breast cancer activity of
traditional Chinese medicine.
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14.2 Selection of Traditional Chinese Medicine

For the purpose of this presentation, the selection of complex formulas
in traditional Chinese medicine were initially based on clinical case reports
compiled by Hsu (1982) and Lang and Mung (1992), mainly for the
treatment of breast cancén addition, any formula containing a protected
species was excluded. The final selection of the sample formulas rests on
an extensive literature review of the plant genera and species. As a result,
18 Chinese medicinal formulas were chosen. Each formula must be com-
posed of medicinal herbs of which more than 75% have been reported to
demonstrate at least one of the following bioactivities:

(1) anti-carcinogenicity/anti-mutagenicity;

(2) in vivo anti-tumor efficacy;

(3) in vitro anti-tumor cytotoxicity;

(4) immunomodulation activity;

(5) modulation of oncogenic signal transduction;

(6) induction of apoptosis or differentiation;

(7) inhibition of metastasis or angiogenesis;

(8) phytoestrogen activity;

(9) attenuation of the side effects of cancer chemotherapy or radiotherapy;
(10) inhibition of cyclooxygenase-2;

(11) modulation of nitric oxide synthase activity/expression; or
(12) antioxidation activity

The Chinese medicinal formulas meeting these criteria are listed. below
Only one to two representative references for the above bioactivities for
each herb are cited.

(1) Hai-zao-zhen-yin-targ: Cassia tora(seed, 3@) (Hongetal., 2002;
Koyamaet al, 2002),Citrus tangerina(peel, 15 g)Kris-Etherton
et al, 2002; Nangia-Makkeet al, 2002),Dendiobium nobile(stem,
2 9) (Yeetal., 2002),Laminaria japonica(wholeplant, 30g) (Teas,
1983), Ligustrum lucidum(fruit, 15 g) (Lauet al, 2002; Niikawa
et al, 1993),Lonicera japonica(flower, 15 g) (Shi et al, 1999),
Lucium chinesdseed, 12 g) (Gaat al, 2001; Chinet al, 2003),
Pseudostellaria hetephylla (rhizome,9 g) (Wbng et al, 1994),
Poria cocos(dry body 12 g) (Ukiyaet al, 2002), Rehmannia
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glutinosa(steamed root, 1§) (Kim etal., 1999; Lianget al, 1999),
Salvia miltiorrhiza(root, 15 g) (Cheret al, 2001; Gali Muhtasib
and Affara, 2000), andsaigassum fusiforméwhole plant, 30 g)
(Stevanet al, 2001;ltoh et al, 1995).

Tian-lou-tang: Ampelopsis japonic#root, 9 g) (Parlet al, 2000;
Lee and Lin, 1988)Brassica campestri¢seed, 30 gfvan Poppel
et al, 1999; Brignall, 2001)Caragana sinica(flower, 9 g) (Zhu
and Xu, 2003)Echinop latifolius(root, 15 g)(Lam et al, 1991;
Kim et al, 1998),Podophyllum(Dysosma pleianthum(root, 9 g)
(Gordalizaet al, 2004;Yin and Chen, 1989Eupolyphaga sinensis
(whole body 9 @), Ficus pumila (flower ovary 30 g) (Peraza-
Sanchezet al, 2002; Simonet al, 2001), andSemiaquilegia
adoxoides(root, 30 g).

Zhou-shi-ru-xian-ai-fang: Bupleuum chinensgroot, 10 g)(Tsai
et al, 2002b; Matsudat al, 1997),Citrus trangerina(green peel,
15 g) (Kris-Etheroret al, 2002; Nangia-Makker2002), Cypeus
rotundus(root, 15g), Curcumaaromatica(rhizome, 159) (Aggarwal
et al, 2003),0Oldenlandia diffusgwhole plant, 50 g) (¥shidaet
al., 1997; Chunget al, 2002),Prunus persicgsemen, 7.5 g) (Heo
et al, 2001), Scutellaria barbata(whole plant, 30 g)Lee et al,
2002a; Charet al, 2002), andVaccaria segetaligseed, 25 Q)
(Morita et al, 1997).

Er-dan-tang: Angelica dahuricaroot, 9 g) (Kapadiat al, 2002;
Paeet al, 2002), Angelica sinensigroot, 45 g) (Kapadiat al,
2002; Paeet al, 2002), Bombyx mori(dry body 6 g), Citrus
tangerina (seed, 12g) (Kris-Etheroat al, 2002; Nangia-Makker
et al, 2002),Justicia pocumbengwhole plant, 30 g) (Dagt al,
2002; Navarreet al, 2001),Paeonia suffruitocoséoot bark, 6 g)
(Lee et al, 2002b; Ohet al, 2001), Prunella vulgaris (flower,
459) (Heoet al, 2001), andsalvia miltiorrhiza(root, 15 g)(Chen
et al, 2001; Gali Muhtasib andffara, 2000).
Chai-hu-ching-kan-tang: Angelica sinensi¢root, 1.5 g) (Kapadia
et al, 2002; Paect al, 2002),Artium lappa(fruit, 1.5 g) (Hirose
et al, 2000; Moritaet al, 1984),Bupleurum chinenséoot, 2 g)
(Tsaiet al, 2002b; Matsudat al, 1997),Cnidium officinale(root,
1.5 g) (Kwaket al, 2002),Coptis chinensigroot, 1.5 g)XSchinella
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et al, 2002; Fukudaet al, 1999),Forsythia suspenséruit, 1.5 g)
(Schinellaet al, 2002),Gardenia jasminoidesfruit, 1.5 g) (Chang
et al, 2002; Tuchindaet al, 2002),Glycyrrhiuza uralensiqroot,
1.5 g) (Watanabeet al, 2002; Wang and Nixon, 2001)Mentha
haplocalyx (whole plant, 1.5 g)Villasenoret al, 2002; Zheng
et al, 1993), Paeonia lactiflora(root, 1.5 g) (Leeet al, 2002b;
Oh et al, 2001), Phellodendon chinense(bark, 1.5 g) (Gray
etal., 1988; Kishiet al, 1992), Platycodon grandiflorum(root,
1.5 g),Rehmannia glutinos&oot, 1.5 g) (Kimet al, 1999; Liang
et al, 1999), Scutellaria baicalensiqroot, 1.5 g) (Leeet al,
2002a; Charet al, 2002), andlrichosanthe kirilowii(root, 1.5 g)
(Kong et al, 1998; le Maiet al, 2002).

Chai-hu-kuei-chih-tang: Bupleuum chinensegroot, 5 g) (Tsai
etal., 2002b; Matsudat al, 1997), Cinnamomum cassiéark,
2.5 g) (Honget al, 2002), Glycyrrhiza uralensis(root, 1.5 Q)
(Watanabeet al, 2002;Wang and Nixon2001),Paeonia lactiflora
(root, 2.5 g) (Leeet al, 2002b; Ohet al, 2001),Panax ginseng
(root, 2 g) (\un, 2003; Bespaloet al, 2001), Pinella ternata
(rhizome, 4 g),Scutellaria baicalensiqroot, 2 g) (Leeet al,
2002a; Chanret al, 2002), andZingiber officinale (root, 1 Q)
(Murakamiet al, 2002;Vimalaet al, 1999).
Chai-hu-shu-kan-san: Bupleuum chinenséroot, 4 g) (Baietal.,
2002b; Matsudat al, 1997),Citrus aurantium(fruit, 2 g) (Kris-
Ethertonet al, 2002; Nangia-Makkegt al, 2002),Citrus tangerina
(green peel, 2 g) (Kris-Ethertat al, 2002;Nangia-Makkeret al,
2002),Cnidium officinale(root, 3 g) (Kwaket al, 2002),Cyperus
rotundus(root, 3g), Gardenia jasminoideffruit, 3 g) (Changetal.,
2002; Tuchindaet al, 2002), Glycyrrhiza uralensis(root, 2 Q)
(Watanabeet al, 2002;Wangand Nixon, 2001)Paeonia lactiflora
(root, 4 g) (Leeet al, 2002b; Ohet al, 2001), andZingiber
officinale (root, 1 g)(Murakamiet al, 2002;Vimala et al, 1999).
Chia-wei-hsiao-yao-sa: Angelica sinensiqroot, 3 g) (Kapadia
et al, 2002; Paeet al, 2002), Atractylodes maarcephala(root,
3 g) (M et al, 2001),Bupleuum chinensdroot, 3 g),(Tsaiet al,
2002b; Matsudeet al, 1997), Gardenia jasminoidegfruit, 2 g)
(Changet al, 2002;Tuchindaet al, 2002),Glycynrhiza uralensis
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(root, 2 g) (Vtanabeet al, 2002;Wang and Nixon, 2001Mentha
haplocalyx(whole plant, 1 g) (\Masenoret al, 2002; Zhenget al,
1993), Paeonia lactiflora(root, 3 g) (Leeet al, 2002b; Ohet al,
2001), Paeonia suffruitocosdroot bark, 2 g) (Leest al, 2002b;
Oh et al, 2001), andPoria cocos(dry body 3 g) (Ukiyaet al,
2002).

(9) Hsiang-pei-yang-jung-targ: Angelica sinensigroot, 9 g)(Kapadia
et al, 2002; Paeet al, 2002), Atractylodes maarcephala(root,
12 g) (M et al, 2001),Citrus aurantium(fruit, 6 g) (Kris-Etherton
et al, 2002; Nangia-Makkeet al, 2002),Cnidium officinale(root,
6 g) (Kwaket al, 2002),Cypewus mtundus(root, 9 g),Fritillaria
cirrhosa (rhizome, 6 g),Glycyrrhiza uralensis(root, 4.5 Q)
(Watanabeet al, 2002; Wang and Nixon, 2001),Platycodon
grandiflorum (root, 9 g),Poria cocos(dry body 12 g) (Ukiya
etal., 2002),Rehmannia glutinoséroot, 12 g) (Kimet al, 1999;
Liang et al, 1999), Salvia miltiorrhiza(root, 9 g) (Cheret al,
2001; Gali Muhtasib andffara, 2000),Zingiber officinale(fresh
root, 3 g) (Murakamet al, 2002;Vimalaet al, 1999), an&izyphus
jujuba (fruit, 4 g) (Suet al, 2002;Aliev et al, 2002).

(10) Hsiao-chai-hu-tang: Bupleuum chinensgroot, 7 g) (Bai et al,
2002b; Matsudeet al, 1997), Glycyrrhiza uralensis(root, 2 g)
(Watanabeet al, 2002; Wang and Nixon, 2001)Panax ginseng
(root, 3 g) (\un, 2003; Bespalogt al, 2001),Pinella ternata(root,
5 @), Scutellaria baicalensigroot, 3 g) (Leeet al, 2002a; Chan
etal., 2002), Zingiber officinale(root, 4 g) (le Maiet al, 2002;
Morita et al, 1997), andZizyphus jujuba(fruit, 3 g) (Suet al,
2002;Aliev et al, 2002).

(11) Hsiao-yan-san: Angelica sinensi¢root, 3 g) (Kapadi&t al, 2002;
Paeet al, 2002),Atractylodes maarcephala(root, 3 g) (Y etal.,
2001),Bupleuum chinensdroot, 3 g) (Baiet al, 2002b;Matsuda
et al, 1997),Glycyrhiza uralensig(root, 1.5 g)(Watanabeet al,
2002; Wang and Nixon, 2001Mentha haplocalywhole plant,
1 g) (Mllasenoret al, 2002; Zhengpt al, 1993),Paeonia lactiflora
(root, 3 g) (Leeet al, 2002b; Ohet al, 2001),Poria cocos(dry
body, 3 g) (Ukiyaet al, 2002), andZingiber officinale(fresh root,
2 g) (le Maiet al, 2002; Moritaet al, 1997).
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(12) Hua-yen-tang: Astragalus membranaceg®ot, 30 g Hsiehetal.,
2002;Wong et al, 1992), Atractylodes maacephala(root, 60 g)
(Yu et al, 2001),Brassica juncegseed, 6 g) (van Poppet al,
1999; Brignall,2001), Lonicera japonica(stem, 30 g) (Shét al,
1999), Panax ginsengroot, 30 g) (¥in, 2003; Bespaloet al,
2001),Poria cocos(dry body 9 g) (Ukiyaet al, 2002), andRubia
cordifolia (root, 6 g) (Vékitaet al, 2001;Adwankarand Chitnis,
1982).

(13) Huang-lien-chieh-tu-tang: Coptis chinensigroot, 2 g)(Schinella
et al, 2002; Fukudaet al, 1999), Gardenia jasminoidedfruit,
2 g) (Changet al, 2002; Tuchindaet al, 2002), Phellodendon
chinense(bark, 2 g) (Grayet al, 1988;Kishi et al, 1992), and
Scutellaria baicalensigroot, 3 g)(Lee et al, 2002a; Charet al,
2002).

(14) I-chi-yang-jung-tang: Angelica sinensi¢root, 6 g) (Kapadiatal.,
2002; Paeet al, 2002), Astragalus membranaceusoot, 6 Q)
(Hsiehet al, 2002;Wong et al, 1992),Atractylodes maarcephala
(root, 6 g),Fritillaria cirrhosa (rhizome, 6 g)Glycyrrhiza uralensis
(root, 1.5 g) (Vditanabeet al, 2002;Wangand Nixon, 2001)Paeonia
lactiflora (root, 6 g) (Leeet al, 2002b; Ohet al, 2001), Panax
ginseng(root, 6 g) (Yin, 2003; Bespalot al, 2001),Platycodon
grandiflorum (root, 1.5 @), Poria cocos(dry body 6 g) (Ukiya
etal., 2002),Rehmannia glutinosésteamed root, 6 g) (Kirat al,
1999; Lianget al, 1999),Zingiber officinale(root, 3 g) (Murakami
et al, 2002;Vimala et al, 1999), andZizyphus jujub&fruit, 2 g)
(Suet al, 2002;Aliev et al, 2002).

(15) Kuei-chih-fu-ling-wan: Cinnamomum cassiébark, 4 g) (Hong
et al, 2002), Paeonia lactiflora(root, 4 g) (Leeet al, 2002b;
Oh et al, 2001), Paeonia suffruticosdroot bark, 4 g) (Leet al,
2002b; Ohet al, 2001),Poria cocos(dry body 4 g) (Ukiyaet al,
2002), andPrunus persicasemen, 4 g).

(16) Kuei-pi-tang: Angelica sinensigroot, 2 g) (Kapadiat al, 2002;
Paeet al, 2002), Astragalus membranaceysoot, 2 g)(Hsieh
etal., 2002;Wong et al,, 1992),Atractylodes maarcephala(root,
3 g) (W et al, 2001), Euphoria longana(fruit, 3 g) (Minakata
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etal., 1985), Glycyrrhiza uralensis(root, 1 g) (Wtanabeet al,

2002; Wang and Nixon, 2001)Panax ginsendroot, 3 g) (MWn,

2003; Bespalowet al, 2001),Platycodon grandiflorun{root, 1 g),
Poria cocos(dry body 3 g) (Ukiyaet al, 2002),Saussuga lappa
(root, 1.5 g) (Jeonget al, 2002; Duan et al, 2002), Zingiber
officinale (root, 1 g) (Murakamet al, 2002;Vimala et al, 1999),
Zizyphus jujubdfruit, 1 g) (Suet al, 2002;Aliev et al, 2002), and
Zizyphus jujuba varspinosa(seed, 3 g) (Swet al, 2002;Aliev

et al, 2002).

(17) Shih-liu-wei-liu-chi-yin: Angelica dehurica(root, 2 g)(Kapadia
et al, 2002; Paet al, 2002),Angelica sinensioot, 3 g) (Kapadia
et al, 2002; Paet al, 2002),Areca catechifseed, 2 g)Astragalus
membranaceugroot, 2 g)(Hsiehet al, 2002;Wong et al, 1992),
Cinnamomum cassidbark, 3 g) (Honget al, 2002), Citrus
aurantium(seed, 2 g)JKris-Ethertonet al, 2002; Nangia-Makker
et al, 2002),Cnidium officinale(root, 6 g) (Kwaket al, 2002),
Glycyrrhiza uralensis(root, 2 g) (Vétanabeet al, 2002; Wang
and Nixon, 2001), Lindera stychnifolia (root, 2 g) (Bai et al,
2002a),Magnolia officinale(bark, 2 g) (anget al, 2002),Paeonia
lactiflora (root, 3 g) (Leeet al, 2002b; Ohet al, 2001), Panax
ginseng (root, 3 g) (Yan, 2003; Bespalowt al, 2001), Perilla
frutescens varcrispa(leaf, 2 g) (Crowelkt al, 1994),Platycodon
grandiflorm (root, 3 g),Saposhnikovia divaricatéroot, 2 g) (Véng
et al, 2000), andSaussuza lappa(root, 2 g) (Jeongt al, 2002;
Duanet al, 2002).

(18) Tzu-ken-mu-li-tang: Angelica sinensigroot, 6 g) (Kapadiat al,
2002; Paeet al, 2002), Astragalus membranaceusoot, 2 Q)
(Hsiehet al, 2002;Wong et al, 1992), Cimicifuga foetida(root,
29) (Mufios and Pluchino, 2003%nidium officinale(root, 6 Q)
(Kwak et al, 2002), Glycyrhiza uralensis(root, 1 g) (Vétanabe
et al, 2002;Wang and Nixon, 2001},ithospermum easthrorhizon
(root, 3 g) (Kimet al, 2002), Lonicera japonica(flower, 1.5 g)
(Shi et al, 1999), Otrea rivularis (shell, 4 g),Paeonia lactiflora
(root, 3 g) (Leeet al,, 2002b; Otet al, 2001), andRheum palmatum
(rhizome, 1.5 g) (Shet al, 2001;Wanget al, 2002).
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14.3 Preparation and Quality Control
of Complex Medicinal Formula

Mingtong Pharmaceutical (MTP) Compaiay integrated member tfis
research team, has procured more than 300 herbglfffament suppliers.
MTP routinely utilizes approximately 20@rbs each year for the production
of a variety of Chinesenedicinal formulas under cGMiegulationsAll
procured herbare visually/microscopically examined and matched with
authenticherbarium samples. Thin-layer chromatographic profiles are
determined to verify the herb identit) TP has also initiated program to
establish the HPLC profiles for the most frequentbed herbs. In the
future, DNA fingerprinting of all activéerbs will be utilized to validate
the authenticity of therocured materials. All selected Chinese medicinal
formulas areprepared by a decoction method by MTP using a standard
cGMP processes.

As listed above, the traditional Chinese medicinal formulager
discussion consist of four to 16 herbs. Howevayne of theherbal
constituents for the prevention or treatment of breasicer has been
determined. Thus, standard quality contngthods used for single active
ingredients are not going to bdeectly applicable to the quality control of
these complexXormulas (Bai, 2001), but results should be useful for
helping to assure reproducibilitfoward this end, water extracts of the
formula can be fractionated by a solid phase extraction metsiod a
C,35 silica gel cartridge, and then sequentially washaith water and
ethanol. Both water and ethanol fractions carabalyzed by reversed
phase HPLC using a photodiode arrayed U¥vaporative light scattering
detector These chromatograms wilerve as fingerprints for the initial
quality control of thesenaterials. In the next phase of work with active
formulas, further refined HPLC systems can be developed for the
quantitative determination of potentially active compounds.

14.4 Animal Models for Breast Cancer

Animal models for human breast cancer have been used to testtithe
carcinogenic or anti-tumor efficacy of newly develomeinpounds, to
study interactions among anti-carcinogenicaati-tumor agents, and to
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investigate possible mechanismswiyich these chemopreventive or anti-
tumor drugs may act timhibit carcinogenesis or growth of breast cancer
cells (Matulka andWagner 2005). Among the variousn vivo andin

vitro models of breast can¢cghe most widely used ichemoprevention
studies have been the mammary adenocarcinatheed by chemical
carcinogens in the female Sprague-Dawhty Data obtained from studies
using the rat mammaradenocarcinoma model system have been
supplementedby the results of experiments conducted in several mouse
models for breast cancerMost notable among the latter are mouse
mammary tumors, induced by exposure to mouse mammary tumor virus
(MMTV) or 7,12-dimethylben&)anthracene (DMBA) and, more recently
several mouse transgenic models.

14.4.1 Maximum tolerated dose

The importance of selecting agent dose levels which dosugpbress
body weight gain or induce gross signs of toxiaignnot be over-
emphasized in all animal models. Manyestigators have noted an inhibition
of carcinogenesis thatan be associated with a reduced rate of body
weight gain.Should an agent be found to have significant anti-cancer
activity, it is imperative that this activity be disassociaft@in both the
induction of toxicity and the reduction of calorictake that may be
associated with ingestion of that age$tiould a compound concomitantly
inhibit carcinogenesis andduce the rate of animal body weight gain, the
utility of the finding will be severely compromised. It is then unclear
whetherthe inhibition was mediated via a true anti-carcinogenic activity
of the agent, or was secondary to caloric restriction, redomey weight
and/or the induction of other toxicity in testimals.

Dose tolerance studies for the transgenic mice can be conducted
using female non-transgenic litter mates (FVB) of the parent strain.
Previous studies in our laboratory have shown that the parent non-transgenic
female FVB mouse exhibits similar toxicity and/or dose tolerance profiles
as exhibited by the C3(1Hg female transgenic mouse. Such studies for
the rat can employ the female Sprague-DawleyAttanimals begin
treatment at the same age at which agent administration would begin in
the anti-cancer study; in the mouse, seweeks of age, and in the rat,
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Table 14.1. Protocol for dose tolerance assay in female
non-transgenic FVB mice or Sprague-Dawley rats.

Group No. of mice or rats Dose
1 10 Water
2 10 No dilution
3 10 1:1
4 10 1:2
5 10 1:4
6 10 1:8

approximately temveeks of age. Prior to beginning treatment, animals
should be randomized by body weight into treatment gréupmals are
observed twice daily and weighed twice weekly in order to assess any
possible adverse fetts. After sixweeks of treatment, all animals are
kiled and necropsies are performed in order to detect possible gross
toxicity of the herbal preparation. The highest dose of the herbal preparation
selected for the anti-cancer studies should that dose which does not
affect body weight gain or preseamy gross effect (maximum tolerated
dose, MTD), compared with vehicle controls. The mice and rats selected
for the MTD should continue on the dose until the end of the anti-
carcinogenesis studies to determine whether or not there is any evidence
of delayed toxicity Sample protocols for dose tolerance studies in the
transgenic mouse and Sprague-Dawley rat are givé@abte 14.1.

14.4.2 N-Methyl-N-nitrosourea rat mammary

The rat mammary adenocarcinoma model system, which can employ as
carcinogens polycyclic aromatic hydrocarbons such as DMBA,
methylcholanthrene or benzypyrene (BP), oN-nitrosocompounds such

as N-methyl-N-nitrosourea (MNU), has been widelssed to screen for
anti-carcinogenic activity of chemical agentsour laboratorythis model

has been used in studies of teti-carcinogenic activity of retinoids,
antioxidants, modifier®f arachidonic acid metabolism, anti-hormones,
endocrineablation, biological response modifiers, and natural products
(Park and Pezzuto, 2002).
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The MNU maodel, as originally described (Gullied al,, 1975)and
subsequently extensively modified in Mosnlaboratory (McCormick
et al, 1981), provides a rapid and reliable assay for anti-carcinogenic
activity, and the tumors induced in this experimental model have
many similarities to the human disease in terms of histpliiglogy and
hormone dependence which make it useful for studies of modification of
carcinogenesis and/or the effect of potential anti-cancer agents on
established tumors. These unique features are:

« mammary cancers can be induced with a single dose of carcinogen;

« tumor induction is specific for the mammary gland;

e tumors are induced in a dose-related manner with little @yatemic
toxicity, and the majority of MNU-induced mammargncer is hormone
dependent;

e our experience with this model over the past several yeashbas it
to be extremely reproducible in terms of bdtise-response and time-
response parameters;

 the latency period of induced tumors is such that, at the Mbie to
be used in this protocol, sufficient tumor numbershmEmattained within
100days, making this a relative shamtvivo assay;

e tumors are locally invasive and metastasize to distant sites; and

* histopathologically the tumors resemble human breast tunmose
closely than those of other animal models.

The experimental model to be used in these studies is the rat mammary
carcinoma induced by a single intravenous injectiorNahethylN-
nitrosourea (MNU) at 50 days of age. Our experience with this model has
shown it to be extremely reproducible in terms of its dose-response and
time-response parameters. The experimental animal to be used for the
mammary study is the virgin, female Sprague-Dawley [Hsd:(SD)BR] rat.
All animals are obtained at 42 days of age from Harlan/Sprague-Dawley
Indianapolis, IN. Sprague-Dawley animals were chosen because they are
readily available, relatively healthy animals which are extremely susceptible
to mammary cancer induction by MNU, and have been successfully used
in anti-cancer studies.

The experimental approach followgirgin, female Sprague-Dawley
rats are received at 4l2ys of age from the suppliemd maintained for
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Table 14.2. Protocol for efiects of various herbal preparations on
growth of palpable mammary tumors.

Group No. of animals Tumors/Group MNU  Agent

1 12 12-15 + Basal diet
2 12 12-15 + i.g. control
3 12 12-15 + A
4 12 12-15 + B
5 12 12-15 + C
6 12 12-15 + D
7 12 12-15 + E
8 12 12-15 + F
9 12 12-15 + G
10 12 12-15 + H

sevendays in isolationAnimals are housed in polycarbonate cages
(two to three per cage) in a windowless room that is illuminated for
12hours each day and is maintained at 22 + 1°C and at 50% relative
humidity. At 49 days of age, animals are randomized by body weight
into groups.

At age 50 days, rats receive a single intravenous injection of 50 mg
MNU/kg b.w. dissolved in sterile saline (pH 5) via the jugul@ontrol
animals receive sterile saline onlgeginning three weeks at MNU
administration, animals are palpated weekly to monitor mammary tumor
appearance. The date of appearance and location of all tumors are recorded.
Growth of the tumors are monitored twice weekly and measurements
taken withVernier caliperWhen an animad' first palpable tumor becomes
~6-8 mm in diameterthe animal is placed into one of the ten treatment
groups. Animals are observed twice daily to assess their general health, and
weighed weekly for the duration of the stuttythe protocol (&ble14.2),
the administration of the traditional medicine should begin when the first
tumor to appear attains a size &8 mm in diameter and continue for
six weeks at which time the animals are sacrifié®d.have previously
conducted such studies using similar protocols (Retkd, 1989; Moon
et al, 1989; Dowlatshahet al, 1989).



Evaluating Anti-Breast Cancer Activity of TCM 335

14.4.3 Transgenic mouse

Several transgenic mouse models are available for studying the
“spontaneous” development of cancer at several target Bites. of
these models involve the alteration for overexpressionne or more
oncogenes. Frequently used oncogenes for sactsgenic mice have
been certain transforming antigens of si@ian virus 40 (SV 40). Other
models have used specifimcogenes (cas, c-myg c-neu), particularly

as related tomammary oncogenesis. Recent efforts by Green and
associate$Maroulakouet al, 1994) have resulted in the development of
a transgenic mouse line in which the SN lage tumor antigen @g)

was combineavith a hormone responsive promofine specific regulatory
control element was derived from ther Slanking region of therat
prostatic steroid binding protein, C3(1) gene and tbgilatory region
directs expression diag to the prostate amdammary glands resulting in

a sequence of histopathologitanges.

In the male, the prostatic epithelium exhibits atypical hyperplasia and
dysplasia as early as three months of age and about a third of the animals
possess prostatic adenomas at age six to eighths. Furtherin those
animals surviving for eightonths or more, a majority exhibit prostatic
adenocarcinomas. The mammary glands of the female mice exhibit a
typical ductal and acinar hyperplasia in 75% of the mice within thoeghs
of age and virtually a 100% incidence of adenocarcinoma in animals
surviving fourmonths or more.

Although lesions of the mammary gland develop in these female
transgenic mice, a disadvantage of the model is the relative short life-span
of these animals. For example, females in which mammary adenocarcinomas
appear at foumonths exhibit a survival rate of only about 40%. Howgever
the model appears highly relevant for determining the chemopreventive
efficacy of various agents against early lesions of the mammary gland
which subsequently progress to carcinomas.

The experimental model to be used in these studies is the transgenic
mouse model developed for mammary and prostatic adenocarcinomas by
Green and colleagues (Maroulaketual, 1994).Transgenic female mice
bearing a recombinant gene expressing the SV 40 early-region transforming
sequence under the regulatory control of rat prostatic steroid binding
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Table 14.3. Protocol for anti-cancer assay in
mammary glands of female transgenic mice.

Group No. of animals Dose
1 20 Water
2 20 MTD
3 10 None

protein [C3(1)] gene can be obtained from the Biologieating Branch/
NCI at six weeks of age.

The protocols for evaluating the anti-cancer potential of the various
agents against tumorigenesis in the female transgenic mice are detailed
in Table14.3. Transgenic mice are received at six weeks of age and ac-
climated for at least one week. Animals will be housed in polycarbonate
cages (four or five per cage) in a windowless room that is illuminated for
14 hours each day and is maintained at 22 + 1°C and at 50% relative
humidity. After one week of quarantine, animals are randomized by body
weight into groups. Mice are sacrificed at the time indicated in the protocols.
The herbal preparation is administered intragastrically three times per
week at the maximum tolerated dose as determined by a dose tolerance
study Animals are observed twice daily to assess their general health,
and weighed weekly for the duration of the study

Moribund animals are killed by G@sphyxiation. All moribund animals
and any animals found dead during the course of the study are promptly
necrospied. At the termination of the experiment, all remaining animals are
killed by CQ, asphyxiation.

Mice are palpated for mammary tumors on a weekly basis. The
number and location of mammary tumors observed are recofded.
sacrifice, tumors are fixed in 10% buffered formalin, embedded in paraffin,
sectioned at p, stained with hematoxylin eosin, and are evaluated
histopathologically for tumor type.

14.5 Conclusions

The proposed evaluation procedure is designed to selecothplex
formulas of traditional Chinese medicine for preventantherapeutic
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control of human breast cancer on the basisno¥itro and in vivo
bioactivities pertinent to theodulation of growth and differentiation of
cancer cells. Sincthe selected complex formulas are reputed to be of
use intreating human breast cancdata obtained witin vitro systems
are not definitive, and further mechanistic studiesmaeaningless with
test substances incapable of mediatmgivo anti-tumor responses. The
most appropriate approach to asghes potential clinical efficacy is first
to establish theiefficacy in a clinically relevant animal model. The animal
models were selected based on our experience, and theiralsence

to the human cancer situation. Determining MDT i®eessary precursor
for the performance of anti-tumor studidsyt this work should also
provide insight regarding thpotential toxicity of the test substances.
Studies with théransgenic mouse model should indicate potential to alter
tumorigenesis, even though it would not be clear if a posigponse

is due to a cancer preventive effect or a cartberapeutic effect.
Nonetheless, in either case, a positegponse would be of great interest,
and future studies coutdadily be designed to differentiate these activities.
In addition, of course, the MNU rat studies are explicitly desigioed
explore the therapeutic effects, and this response muuitent clinical
use. In future studies, the MNU model, as vadl the DMBA model,
could be used to assess candemopreventive activity

Acknowledgments

Experimental work in this area is supported by program prdtedt
CA48112 awarded by the US National Cancer Institute.

References

Adler, S. (1999) Complimentary and alternative medicine use among women
with breast canceMed. Anthropol. Q. 13, 214-222.

Adwankar M.K. and Chitnis, M.P(1982)In vivo anti-cancer activity of RC-18:
A plant isolate fromRubia codifolia, Linn. Against a spectrum of experi-
mental tumour modelsChemotherapy28, 291-293.

Aggarwal, B.B., KumagA. and BhartiA.C. (2003)Anticancer potential of curcumin:
Preclinical and clinical studiefinticancer Re23, 363-398.



338 J.M. Pezzuto et al.

Aliev, A.A., Dzhafarova, S.D., Rustamova,M. and MedzhidoyM.M. (2002)
Protection of mammalian genome from the mutagenicity of styrene and aniline
using the extract from unaliZigyphus m)lfruit and a composite preparation.
Tsitol. Genet36, 26—29.

Arun, B. and Hortobagyi, &. (2002) Progress in breast cancer prevention.
Endocr Relat. CanceB, 15-32.

BespaloyV.G, Alexandroy V.A., LimarenkoA.Y., Voytenkoy B.O., OkuloyV.B.,
Kabuloy, M.K., PeresunkoA.P., Slepyan, L.I. and DavydpW.V. (2001)
Chemoprevention of mammargervix and nervous system carcinogenesis in
animals using cultureBanaxginseng drugs and preliminary clinical trials in
patients with precancerous lesions of the esophagus and endometrium.
J. Korean Med. Scil6, S2-53.

Brignall, M.S. (2001) Prevention and treatment of cancer with indole-3-carbinol.
Altern. Med. Rew, 580-589.

Chan, H.Y, Chen, Z.Y, Tsang, D.S.C. and Leung, L.K. (2002) Baicalein inhibits
DMBA-DNA adduct formation by modulating CYP1Al1 and CYP1B1
activities. Biomed. Pharmacotheb6, 260-275.

Chan, K. and Morris, G.J. (2006) Chemoprevention of breast cancer for women
at high risk.Semin. Oncol33, 642—646.

Chang,Y.C.,Tseng,T.H., Lee, M.J., Hsu, J.D. afang, C.J. (2002) Induction
of apoptosis by penta-acetyl geniposide in rat C6 glioma ¢&lem. Biol.
Interact. 141, 243-257.

ChemopreventionNorking Group (1999) Prevention of cancer in the next
millenium: Report of the chemoprevention working group toAheerican
Association for Cancer Researdbancer Resb9, 4743-4758.

Chen, X.G Li, Y., Yan, C.H., Li, L.N. and Han, R. (2001) Cancer chemopreventive
activities of S-3-1, a synthetic derivative of danshindnésian Nat. Pod.
Res.3, 63-75.

Cheung, C.S. (199®Breast Cancer Supptive Managemen A Collective Vidrks
from Taditional Chinese Medicine Practitioners of ChinbBlarmonious
Sunshine Press, San Francisco, CA.

Chin, Y.W,, Lim, S.W, Kim, S.H., Shin, D.Y Suh,Y.G, Kim, Y.B., Kim, Y.C.
and Kim, J. (2003) Hepatoprotective pyrrole derivativekyafum chinense
fruits. Bioorg. Med. Chem. Lettl3, 79-81.

Chung, H.S., Jeong, H.J., Hong, S.H., Kim, M.S., Kim, S.J., Song, B.K., Jeong,
I.S., Lee, E.J.Ahn, J.W, Baek, S.H. and Kim, H.M. (2002) Induction of
nitric oxide synthase byldenlandia diffusain mouse peritoneal macro-
phagesBiol. Pharm. Bull.25, 1142-1146.



Evaluating Anti-Breast Cancer Activity of TCM 339

Cohen, I.,Tagliferri, M. andTripathy, D. (2002)Traditional Chinese medicine in
the treatment of breast canc&emin. OncolR9, 563-574.

Crowell, PL., Ren, Z., Lin, S. and/edejs, E.M.N. (1994) t8icture-activity
relationships among monoterpene inhibitors of protein isoprenylation and
cell proliferation. Biochem. Pharmacol47, 14(b—-1415.

Cuzick, J., PowlesT., Veronesi, U., Forbes, J., Edwards, Rshley S. and
Boyle, P (2003) Overview of the main outcomes in breast cancer prevention
trials. Lancet 361, 29%-300.

Day, S.-H., Lin,Y.C., Tsai, M.L., Tsao, L.T, Ko, H.H., Chung, M.l., Lee, J.C,,
Wang, J.E Won, S.J. and Lin, C.N. (2002) Potent cytotoxic lignans from
Justicia pocumbensand their dects on nitric oxide and tumor necrosis
factoralpha production in mouse macrophagksNat. Pod. 65, 379-381.

Dowlatshahi, K., Mehta, R.GThomas, C.F Dinger N.M. and Moon, R.C.
(1989) Therapeutic effect df-(4-hydroxyphenyl)retinamide oN-methyl-
N-nitrosourea-induced rat mammary canceancer Lett.47, 187-192.

Duan, H.,Takaishi,Y., Momota, H., Ohmotdy. andTaki, T. (2002) Immunosup-
pressive constituents from Saussurea medeisgochemistryp9, 85-90.

Forman, M.R., Ballard-Barbash, R. and KipMs(2003) Nutritional strategies for
breast cancer prevention, What have we learned and where do we go from
here?Cancer98, 1782-1785.

Fukuda, K., HibiyaY., Mutoh, M., Koshiji, M. Akao, S. and Fujiwara, H. (1999)
Inhibition by berberine of cyclooxygenase-2 transcriptional activity in
human colon cancer celld. Ethnopharmacol66, 227-233.

Gali Muhtasib, H.U. and Affara, N.I. (2000) Chemopreventive effects of sage
oil on skin papillomas in micePhytomedicine7, 129-136.

Gan, L.,Wang, J. and Zhang, S. (2001) Inhibition the growth of human leukemia
cells byLycium barbaum polysaccharideWei Sheng &nh Chiu/J. Hyg. Res.

30, 333-335.

Gordaliza, M., Garcia,.R., Corral, M.D., Castro, M.A. and Gomez-Zurita, M.A.
(2004) Podophyllotoxins: distribution, sources, applications and new cytotoxic
derivatives.Toxicon44, 441-459.

Gray, A.l., Bhandari, PandWaterman, B (1988) New protolimonoids from the
fruits of Phellodendron chinens@hytochemistry7, 18(6—1808.

Gullino, PM., Pettigrew H.M. and Grantham,.H. (1975)N-nitrosomethylurea
as mammary gland carcinogen in ratsNatl. Cancer Inst54, 401-414.

Hanf, V. and GonderU. (2005) Nutrition and primary prevention of breast
cancer: Foods, nutrients and breast cancer Hsk. J. Obstet. Gynecol.
Repod. Biol. 123 139-149.



340 J.M. Pezzuto et al.

Heo, M.Y, Kim, S.H.,Yang, H.E., Lee, S.H., Jo, B.K. and Kim, HZ01) Protection
against ultraviolet B- and C-induced DNA damage and skin carcinogenesis
by the flowers oPrunus persicaxtract.Mutat. Res496, 47-59.

Hirose, M., Yamaguchi,T., Lin, C., Kimoto, N., Futakuchi, M., Konadrl.,
Nishibe, S. and Shiral, (2000) Efects of arctiin on PhIP-induced mammary
colon and pancreatic carcinogenesis in female Sprague-Dawley rats and
MelQx-induced hepatocarcinogenesis in male F344 @adacer Lett.155
79-88.

Hong, C.H., HurS.K., Oh, 0.J., Kim, S.S., Nam, K.A. and Lee, S.K. (2002) Evaluation
of natural products on inhibition of inducible cyclooxygenase (COX-2) and
nitric oxide synthase (iNOS) in cultured mouse macrophage cells.
Ethnopharmacol83, 153-159.

Hsieh,T.C., Lu, X., Guo, J., Xiong)V., Kunicki, J., Darzynkiewicz, Z. and/u,

J.M. (2002) Effects of herbal preparation Equigard on hormone-responsive
and hormone-refractory prostate carcinoma cells: Mechanistic stlidies.
J. Oncol. 20, 681-689.

Hsu, H.Y (1982) Treating Cancer with Chinese Herb®riental HealingArt
Institute, Los Angeles, CA.

International Breast Cancer Intervention Study Investigators (2002) First results
from the International Breast Cancer Interventiand$: A randomized
prevention trial.Lancet 360, 817-824.

Itoh, H., Noda, H., Amano, H. and Ito, H. (1995) Immunological analysis of
inhibition of lung metastases by fucoidan (GIV-A) prepared from brown
seaweedSalgassum thunbgii. Anticancer Resl15, 1937-1947.

JemalA., Siegel, R.Ward, E., MurrayT., Xu, J. andrhun M.J. (2007) Cancer
statistics, 2007CA Cancer J. Clin57, 43—66.

Jeong, S.J., ltokawd,., Shibuya, M., Kuwano, M., Ono, M., Higuchi, R. and
Miyamoto, T. (2002) Costunolide, a sesquiterpene lactone f&aussuza
lappa inhibits theVEGFR KDR/FIk-1 signaling pathwagancer Lett.187,
129-133.

Kamangar F., Dores, QM. and AndersonW.F. (2006) Patterns of cancer
incidence, mortalityand prevalence across five continents: Defining priority
to reduce cancer disparities in different geographic regions of the world.
J. Clin. Oncol.24, 2137-2150.

Kapadia, GJ.,Azuine, M.A., Tokuda, H., Hang, E., Mukainak&,, Nishino, H.
and Sridhar R. (2002) Inhibitory d&ct of herbal remedies on 12-
tetradecanoylphorbol-13-acetate-promoted Epstein-Barr virus early antigen
activation. Pharmacol. Res45, 213-220.



Evaluating Anti-Breast Cancer Activity of TCM 341

Kim, D.S.H.L.,Ashendel, C.L., Zhou, Q., Chang, G.Iee, E.S. and Chang C.J.
(1998) Novel protein kinase C inhibitoxs:Terthiophene derivativeBioorg.
Med. Chem. Letb0, 8661-8670.

Kim, H.M., An, C.S., Jung, K.Y Choo,Y.K., Park, J.K. and Nam, S.¥1999)
Rehmannia glutinosanhibits tumour necrosis factor-and interleukin-1
secretion from mouse astrocyt®harmacol. Res40, 171-176.

Kim, S.H., Kang, I.C.Yoon,T.J., ParkY.M., Kang, K.S., Song,.®. andAhn, B.Z.
(2002)Antitumor activities of a newly synthesized shikonin derivative, 2-hyim-
DMNQ-S-33.Cancer Lett172 171-175.

Kishi, K., Yoshikawa, K. andrihara, S. (1992) Limonoids and protolimonoids
from the fruits ofPhellodendron amurenshytochemistry31, 133%-1338.

Kris-Etherton, BM., Hecker K.D., BonanomeA., Coval, S.M., BinkoskiA.E.,
Hilpert, K.F, Griel,A.E. and Etherton].D. (2002) Bioactive compounds in
foods: Their role in the prevention of cardiovascular disease and cancer
Am. J. Med113, 71S-88S.

Kong, M., Ke,Y.B., Zhou, M.Y, Ke, X.Y, Lu, B. and Nie, H.L. (1998)t&dy on
Trichosanthin induced apoptosis of leukemia K562 cé&lsh ¥n Sheng
Wu Hsueh Pao/J. Exp. BioB1, 233-243.

Koyama, J., Morita, |.Tagaharra, K., NobukunY,, Mukainaka., Kuchide, M.,
Tokuda, H. and Nishino, H. (2002) Chemopreventifeat$ of emodin and
cassiamin B in mouse skin carcinogene€iancer Lett. 182 135-139.

Kwak, D.H., Kim, J.K., Kim, J.¥, Jeong, H.Y Keum, K.S., Han, S.H,,
Rho,Y.l., Woo, W.H., Jung, K.Y, Choi, B.K. and ChooY.K. (2002)Anti-
angiogenic activities oCnidium officinaleMakino andTabanus bovinus
J. Ethnopharmacol81, 373-379.

Lam, J., Christensen, L.BndThomasenT. (1991)Thiophene derivatives from
EchinopsspeciesPhytochemistr0, 115/-1159.

Lang, W.J. and Mung, L.C. (1992pne Thousand\nticancer Chinese Herbal
Formulas Chinese Medical Science Publisher

Lau, K.M., He, Z.D., Dong, H., Fung, K.Bnd But, FPH. (2002)Anti-oxidative,
anti-inflammatory and hepto-protectivefexfts of Ligustum mbustum
J. EthnopharmacoB3, 63—-71.

Lee, H. and LinY.Y. (1988)Antimutagenic activity of extracts from anticancer
drugs in Chinese medicin®lutat. Res.204, 229-234.

Lee, M.S., OhW.K,, Kim, B.Y., Ahn, S.C., Kang, D.O., Sohn, C.B., Osada, H.
and Ahn, J.S. (2002a) Inhibition o0¥HR dual-specificity protein tyrosine
phosphatase activity by flavonoids isolated fr&uoutellaria baicalensi
Structure-activity relationship®lanta Med 68, 1063-1065.



342 J.M. Pezzuto et al.

Lee, S.M.Y, Li, M.L.Y., Tse,Y.C,, Leung, S.C.L., Lee, M.M.Ssui, S.K.W, Fung,

K.P, Lee, C.YandWaye, M.M.Y. (2002b)Paeoniae radixa Chinese herbal
extract, inhibit hepatoma cells growth by inducing apoptosis in a p53
independent pathwalife Sci.71, 2267-2277.

Liang, A., Xue, B.,Wang, J., Hao, JYang, H. andyi, H. (1999)A study on
hemostatic and immunological actions of fresh and dry dihuémgngguo
Zhong 4o Za Zhi24, 663—666, 702.

Mai, le P, Guenard, D., Franck, M/an,T.M., Gaspard, C. and SevenEgt(2002)

New cytotoxic cucurbitacins from the pericarpsio€hosanthes tricuspidata
fruits. Nat. Prod. Lett16, 15-19.

Manson, M.M. (2003) Cancer prevention — the potential for diet to modulate
molecular signallingTrends Mol. Med9, 11-18.

Maroulakou, I.GAnver, M., Garrett, L. and Green, J.E. (1994) Prostate and mammary
adenocarcinoma in transgenic mice carrying a rat C3(1) simian virus 40 large
tumor antigen fusion genBroc. Natl. Acad. Sci. US®&L, 1123-11240.

Matsuda, H., Murakami., Ninomiya, K., Inadzuki, M. andoshikawa, M. (1997)
New hepatoprotective saponins, bupleurosides 11, VI, IX, and XIIl, from
Chinese Burpleuri Radix: Structure-requirements for the cytoprotective
activity in primary cultured rat hepatocyteBioorg. Med. Chem. Letf7,
2193-2198.

Matulka, L.A. andWagner K. (2005) Models of breast canc®rug Discov
Today 2, 1-6.

McCormick, D.L., Adamowski, C.B., Fiks, A. and Moon, R.C. (1981) Lifetime
dose-response relationships for mammary tumor induction by a single
administration ofN-methylN-nitrosourea.Cancer Res4l, 169-1694.

Minakata, H., Komura, HTamura, S.Y Ohfune,Y., Nakanishi, K. and Kada,

T. (1985)Antimutagenic unusual amino acids from plarEgperientia4l,
162-1623.

Moon, R.C., Pritchard, J,AMehta, R.G Nomides, C.TThomas, C.Fand Dinger
N.M. (1989) Suppression of rat mammary cancer development-gl
hydroxyphenyl)retinamide (4-HPR) following surgical removal of first palpable
tumor. Carcinogenesid0, 1646-1649.

Morita, H.,Yun,Y.S.,Takeya, K., Itokawa, HYamada, K. and Shirota, O. (1997)
Thionation of segetalins A and B, cyclic peptides with estrogen-like activity
from seed ofVaccaria segetalisBioorg. Med. Chemb5, 631-636.

Morita, K., Kada,T. and Namiki, M. (1984A desmutagenic factor isolated
from burdock Arctium lappalLinne). Mutat. Res.129 25-31.

Mufios, G.H. and Pluchino, S. (2008)micifuga racemosdor the treatment
of hot flushes in women surviving breast canbaturitas 44, SP-S65.



Evaluating Anti-Breast Cancer Activity of TCM 343

Murakami,A., Takahashi, D., Kinoshitd,, Koshimizu, K., Kim, H.W Yoshihiro,

A., Nakamuray., Kiwajinda, S.,Terao, J. and Ohigashi, H. (2002) Zerumbone,
a SoutheasAsian ginger sesquiterpene, markedly suppresses free radical
generation, proinflammatory protein production, and cancer cell proliferation
accompanied by apoptosis: The p-unsaturated carbonyl group is a
prerequisiteCarcinogenesi®3, 7%-802.

Nangia-MakkerP, Hogan)V., Honjo,Y., Baccarini, S.Tait, L., BresalierR. and
Raz, A. (2002) Inhibition of human cancer cell growth and metastatis in
nude mice by oral intake of modified citrus pectinNatl. Cancer Inst94,
18%1-1862.

Navarro, E.Alonso, S.J.Trujillo, J., Joge, E. and Perez, C. (2001) General behavior
toxicity, and cytotoxic activity of elenoside, a lignan frdusticia hyssopifolia
J. Nat. Prod64, 134-135.

Niikawa, M., Hayashi, H., Satd,, Nagase, H. and Kito, H. (1993) Isolation of
substances from glossy privetigustrum lucidumAit.) inhibiting the
mutagenicity of benza]pyrene in bacteriaMutat. Res319, 1-9.

Oh, GS., Pae, H.O., Oh, H., Hong, S.&im, I.K., Chai, K.Y, Yun,Y.G, Kwon,

T.0. and Chung, H.T(2001)In vitro anti-proliferative ekct of 1, 2, 3, 4,
6-penta©-galloyl-3-D-glucose on human hepatocellular carcinoma cell line,
SK-HEP-1 cells.Cancer Lett.174, 17-24.

Pae, O., Oh, HYun,Y.G, Oh, GS., Jang, S.I., Hwang, K.M., Kwom,O., Lee,
H.S. and Chung, H.T2002) Imperatorin, a furanocoumarin frakngelica
dahurica (Umbelliferae), induces cytochrome c-dependent apoptosis in
human promyelocytic leukaemia, HL-60 celBharmacol. ®oxicol. 91,
40-48.

Park, E.J. and Pezzuto, J.M. (2002) Botanicals in cancer chemopreveatiosr
Metastasis Rew1, 231-255.

Park, S., Lee, D.K\Whang,Y.H. andYang C.H. (2000) Momordin I, a compound
of ampelopsis radix, inhibisP-1 activation induced by phorbal estéancer
Lett. 152 1-8.

Peraza-Sanchez, S.R., Chai, H.B., SWIG, Santisuk,T., Reutrakul,V.,
Farnsworth, N.R., Cordell, G.A., Pezzuto, J.M. and Kinghorn, A.D. (2002)
Constituents of the leaves and twigs Kitus hispida Planta Med.68,
186-188.

Popat, S. and Smith, I.E. (2006) Breast cardpdated Cancer Thet, 187-210.

Ratko, T.A., Detrisac, C.J., DingemN.M., Thomas, C.F Kelloff. GJ. and
Moon, R.C. (1989) Chemopreventive efficacy of combined retonoid and
tamoxifen treatment following surgical excision of a primary mammary cancer
in female ratsCancer Res49, 4472—-4476.



344 J.M. Pezzuto et al.

Reddy L., Odhay B. and Bhooola, K.D. (2003) Natural products for cancer
preventionA global perspectivePharmacol. Thers5544 1-13.

Ruso, J. and Ruso, I.H. (200MIplecular Basis of Breast Cancer — Prevention
and Teatment SpringeNerlag, Newyork.

Schinella, R., Tourniet H.A., Prieto, J.M., Mordujovich de BuschiazzoaRd
Rios, J.L. (2002Antioxidant activity of anti-inflammatory plant extractste
Sci.70, 102-1033.

Shi, J., Chen, X. and/an, L. (1999) Hepatoprotectivefedt of several constituents
of Lonicera fulvotomentoskisu et S.C. Cheng, and inacranthoideHand.-
Mazz. on CC1(4) and D-galactosamine induced liver injuries in mice and rats.
Zhongguo Zhongat Za Zhi24, 363—364.

Shi, Y.Q., Fukai, T., Sakagami, H., Kuroda, J., Miyaoka, Ramura, M.,
Yoshida, N. and Nomurd,. (2001) Cytotoxic and DNAlamage-inducing
activities of low molecular weight phenols from rhuba#mticancer Res.

21, 2847-2853.

Simon, EN., ChaboudA., Darbour N., Di Pietro,A., Dumontet, C., Lurel, .F
Raynaud, J. and Barron, D. (2001) Modulation of cancer cell multidrug
resistance by an extract Bicus citrifolia. Anticancer Re21, 1023-1027.

Stevan, FR., Oliveira, M.B., Bucchi, D.FNoseda lacomini, M. and Duarte, M.E.
(2001) Cytotoxic effects against HeLa cells of polysaccharides from seaweeds.
J. Cytol. Pathol33, 477-484.

Su, B.N., Cuendet, M., Farnsworth, N.R., Fong, H.H., Pezzuto, J.M. and Kinghorn,
A.D. (2002)Activity-guided fractionation of the seeds4ifiphus jujubausing
a cyclooxygenase-2 inhibitory ass®anta Med .68, 1125-1128.

Tang,W., Hemm, I. and Bertram, B. (2003a) Recent development of antitumor
agents from Chinese herbal medicines: Part I. Low molecular compounds.
Planta Med.69, 97-108.

Tang,W., Hemm, |. and Bertram, B. (2003b) Recent development of antitumor
agents from Chinese herbal medicines, Part 1l. High molecular compounds.
Planta Med 69, 1983-201.

Teas, J. (1983The dietary intake ofaminaria a brown seaweed, and breast
cancer preventiomutr. Cancer4, 217-222.

Tsai, I.L., Hung, C.H., Duh, C.¥and Chen, |.S. (2002a) Cytotoxic butanolides and
secobutanolides from the stem wood of Formdsadera communisPlanta
Med.68, 142-145.

Tsai, T.H. (2001)Analytical approaches for traditional Chinese medicine exhibiting
antineoplastic activityJ. Chiomatogr 764, 27-48.

Tsai,Y.J., Chen, I.L., Horng, L.-NXandWu, R.T (2002b) Induction of diérentiation
in rat C6 glioma cells with Saikosaponif¥ytotherRes16, 117-121.



Evaluating Anti-Breast Cancer Activity of TCM 345

Tuchinda, R PompimonW., Reutrakuly., PohmakotrM., Yoosook, C., Kongyai,
N., Sophasan, S., Sujarit, K., Upathum, S.E. and Sanfis(®)02) Cytotoxic
and anti-HIVV1 constituents ofGardenia obtusifoliaand their modified
compoundsTetrahedon 58, 8073-8086.

Ukiya, M., Akihisa, T., Tokuda, H., Hirano, M., Oshikubo, M., Nobukuivi,
Kimura, Y., Tai, T., Kondo, S. and Nishino, H. (2002) Inhibition of tumor
promoting effects by poricoic acids G and H and other lanostane-type
triterpenes and cytotoxic activity of poricoic acids A and G frBoria
cocos. J. Nat. Rrd. 65 462-465.

van Poppel, G Verhoeven, D.T Verhagen, H. and Goldbohm, R.A. (1999)
Brassica vegetables and cancer prevention: Epidemiology and mechanisms.
Adv Exp. Med. Biol472 159-168.

Veronesi, U. and Bonanni, B. (2005) Chemoprevention from research to clinical
oncology Eur. J. Cancer4l, 1833-1841.

Villasenor .M., Echegoyen, D.E. amdhgelada, J.S. (2002) new antimutagen
from Mentha cordifolia Opiz. Mutat. Re515 141-146.

Vimala, S., NorhanonA.W. andYaday M. (1999)Anti-tumor promoter activity
in Malaysian ginger rhizobia used in traditional medicBe.J. Cancer80,
110-116.

Wakita, K., Minami, M. VenkateswarltA., Sharmay.M., Ramesh, M. anélkahane,

K. (2001)Antitumor bicyclic hexapeptide RA-VII modulates cyclin D1 protein
level. Anti-Cancer Drugd 2, 433—439.

Wang, C.C., Huangy.J., Chen, L.G Lee, L.T andYang, L.L. (2002) Inducible
nitric oxide synthase inhibitors of Chinese herbs Rheum palmatum.
Planta Med.68, 869-874.

Wang, C.N., Shiaoy.J., Kuo,Y.H., Chen, C.C. and Lir¥.L. (2000) Inducible
nitric oxide synthase inhibitors frorS8aposhnikovia divaricata and Panax
quinquefolium Planta Med.66, 644—647.

Wang, Z.Y and Nixon, D.W(2001) Licorice and cancédutr. Cancer39, 1-11.

Watanabe, M., Hayakawa, S., Isemura, M., Kumazawa, S., Nakayaayi, C.
and Kawakami;T. (2002) Identification of licocoumarone as an apoptosis-
inducing component in licoric&iol. Pharm. Bull.25, 138-1390.

Winchester D.J., Winchester D.R, Hudis, C.A. and Norton, L. (200@reast
CancerB.C. DeckerHamilton, ON, Canada.

Wong, B.Y, Lau, B.H.,Tadi, PP andTeel, R.W (1992) Chinese medicinal herbs
modulate mutagenesis, DNA binding and metabolism of aflatoxiiviaiat.
Res279 200-216.

Wong, C.K., Leung, K.N., Fung, K.Bnd ChoyY.M. (1994)The immuno-stimulating
activities of anti-tumor polysaccharides frdhseudostellaria heterophylla
Immunopharmacolog®8, 47-54.



346 J.M. Pezzuto et al.

Xie, W. (1997)Cancer and De#t Treatment of Cancer the ChinesayWew
World Press, Beijing, China 1997.

Yang, S.-E., Hsieh, M.zITsai, T.-H. and Hsu, S.-L. (2002) Down-modulation of
Bcl-X, release of cytochrome ¢ and sequential activation of caspases during
honokiol-induced apoptosis in human squamous lung cancer CH27 cells.
Biochem. Pharmaco63, 1641-1651.

Ye, Q., Qin, Gand ZhaoW. (2002) Immunomodulatory sesquiterpene glycosides
from Dendrobium nobilePhytochemistrgl, 885—890.

Yin, M.L. and Chen, Z.L. (1989) Chemical constituent®y$osma aurantiocaulis
(H.-M.) Hu andDysosma pleianthurioods.Zhongguo Zhongat Za Zhi
14, 420-421.

Yoshida, Y., Wang, M.Q., Liu, J.N., Shan, B.E. anthmashita, U. (1997)
Immunomodulating activity of Chinese medicinal herb d@ildenlandia
diffusa in paticular. Int. J. Immunopharmacoll9, 359-270.

Yu, K.W,, Kiyohara, H., Matsumotol., Yang, H.C. andramada, H. (2001)
Characterization of pectic polysaccharides having intestinal immune system
modulating activity from rhizomes ditractylodes lancedC. Carbohyd.
Polym.46, 15-134.

Yun, T.K. (2003) Experimental and epidemiological evidence on ngaror
specific cancer preventive effect of Korean ginseng and identification of
active compoundsMutat. Res.523-524, 63—74.

Zheng, Q., KenneyPM., Zhang, J. and Lam, L.K. (1993) Chemoprevention
of benzo[a]pyrene-induced forestomach cancer in mice by natural phthalides
from celery seed oilNutr. Cancer19, 77-86.

Zhu, L. and Xu, X. (2003) Selective separation of active inhibitors of epidermal
growth factor receptor frol@aragana jubatadby molecularly imprinted solid-
phase extractionl. Chiomatogr 991, 151-158.



Chapter 15

Functional Magnetic Resonance Imaging
Studies of Acupuncture

Gary Deng & Barrie Cassileth

Abstract

Background: Acupuncture has been evaluated in functional magnetic
resonance imaging (fMRI) studies to determine its modulatifegtebn
neuronal activity in the central nervous system. Howeliermethodology

and results vary across reported studies. A review of this research helps
illuminate the possible mechanisms of action of acupunciMethods:
Clinical studies of acupuncture with fMRI technolpgyblished in English
language, are reviewed. The data are summarized and disdRezet:

No two studies showed identical results, even when the same acupuncture
points were used. One common finding is that acupuncture is associated
with functional signal changes in somatosensory areas and the limbic
system. How the needle is stimulated also appears important, as it causes
varying patterns of activation and deactivation. Direct comparison across
studies is dficult due to absence of stable methodology across studies.
Conclusion: fMRI technology opens a new field of acupuncture research.
Studies conducted to date provide insight into how acupuncture renders
its physiologic dects. Better and less variable study design, plus additional
data from several study groups, are needed to realize the full potential of
this powerful neuroscience research tool in understanding the mechanisms
behind acupuncture activity

Keywords: Acupuncture; Neuroimaging; fMRI; Functional Magnetic
Resonance Imaging; Complementary Therapies.
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15.1 Introduction

Acupuncture is an ancient component of traditional Chinese medicine
(TCM). Historically it has been used to treat a variety of clinical conditions.
For some indications, its clinical efficacy is demonstrated in randomized
controlled trials; effectiveness for other indications remains to be studied.
The exact mechanisms of action of acupuncture are an area of active
research. Many clinical responses observed during acupuncture can
be explained by the effect of acupuncture on the nervous system. Most
mechanistic research used neurophysiologic techniques, focusing on
acupunctures ability to regulate neurotransmitter activiBuch research
shows that acupuncture regulates the expression and activity of a variety
of neurotransmitters, most notably endogenous opioids, although most of
this research was conducted in analgesia animal models (Han, 2004;
Kaptchuk, 2002).

However neurologic reactions are seldom the result of a lrathway
Rather they tend to be products of multidimensiomdéraction among
many parts of the central nervous syst@@NS). Neurophysiologic
approaches are suboptimal fdentification of complex neuronal networks
involved inacupuncture. Non-invasive neuroimaging techngldgyeloped
andrefined in recent years, offers a powerful, superior resd¢amtHor
this purpose. It enables measuring the activation and deactivation of
specific areas of the brain in real time in human subjects, thus providing
deeper and broader understanding of how acupuncture may induce clinical
responses.

One of the most common non-invasive neuroimaging techniques is
functional magnetic resonance imaging (fMR)full review of fMRI
can be found in Matthewst al. (2006). In brief, fMRI measures the
hemodynamic response related to neural activity in the bragpiogal
cord of humans or other animals. The magnetic resorsagical of blood
is slightly different depending on the level okygenation. Changes in
the concentration of deoxygenateemoglobin can be detected using a
special MR pulse sequendsmown as blood-oxygen-level dependent
(BOLD) contrast. Irgeneral, changes in BOLD signal are well correlated
with changesn blood flow which is an indicator of neuronal activity
By comparing the BOLD signals in the presence versus absence of
acupuncture stimulation, areas of the brain that are activatbehctivated
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Figure 15.1. An example of fMRI images during acupuncture.

by acupuncture can be identified. These areasbeaillustrated in a
pseudocolor image, usually with warm col@rsd or yellow) indicating
activation and cool colors (blue green) deactivation. A typical fMRI
image is shown in Fidl5.1.

To interpret fMRI acupuncture data, it is necessary to know the
study population (healthy volunteers or people with specifisdrders),
the specific acupuncture points used, and whedliféerent acupoints
were compared in the same studiypw resultscompare to previous
data using those acupoints, the naturanyf control intervention (pharma-
cologic, behavioralintervention, sham acupuncture) and any sham
acupuncture must loetailed. It is necessary also to describe any measures
of physiologic response and their correlation with neuroimagirange.
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The many fMRI acupuncture studies published in thedastde were
conducted using diérent methodologies, atlkerefore producing diérent
results. Here we review thostudies, summarize their data and discuss
the significance ofesults.

15.2 M ethods

Medline was searched in February 2007 using “acupuncture” and
“resonance” as keywords, with limits to English language and Clinical
Trials. The search results in 22 publicatioAglditional search ébrts
using “acupuncture” and “resonance” in the titles and abstracts, or
“acupuncture,” “resonance” or “MRI” as medline subject heading, yielded
no additional publications. Those not published in medjoafnals,
unrelated to fMRI or describing non-needling technique (asgr
acupuncture) were then excluded, resulting in the nine publications that
were extracted and analyzed for this review

15.3 Results

The taget studies were categorized by year of publication, study
population, sample size, acupuncture points tested, key neural areas of
activation or deactivation, and whether clinical responses were measured.
The results are summarizedTiable15.1.The five representative papers
are described below

In an early study byVu et al. reported in 1999, two groups nine
healthy volunteers were subjected to four stimulapamadigms: Real
acupuncture at acupoints S and LI4 andcontrol stimulations (minimal
acupuncture and superficigiricking on the leg). Stimulations were
performed insemi-randomized, balanced order nested within two ex-
perimentslmaging data were averaged for a group analysis. Acupuncture
atLl 4 and ST36 resulted in activation of the hypothalamus andleus
accumbens and deactivation of the rostral part ofatiterior cingulate
cortex, amygdala formation, and hippocampainplex. Control stimu-
lations, such as simple skin stimulatiby needle pricking, failed to
elicit such activations amgdeactivations. Instead, activation of the sensory
cortices wa®bserved. This study demonstrated for the first time specific



Table 15.1. Summary of fMRI studies of acupuncture.

First author

Sample Acupuncture point
size

Activated area Deactivated area

Li et al. (2006a)

Li et al. (2006b)

Hui et al. (2005)

Jeunet al. (2005)

n=24 Lli4,L11

n=9 L4
n=15 ST 36
n=10 GB 34

Somatosensory cortex (gre-
ater activation in stroke
patients)

Bilateral middle frontal gyri, Bilateral medial frontal gyri
secondary somatosensorand occipital lobe, right
cortex, middle temporalprecentral gyrus, precuneus,
gyri, occipital lobe, anteriorand pons; left superior
cingulate cortex, insula, androntal gyrus, temporal pole,
cerebellum (posterior lobe);parahippocampus, ACC, and
right superior parietal lobulemidbrain

Mixed in limbic and para- Limbic and paralimbic struc-
limbic structures in te- tures in telencephalon, dien-
lencphalon, diencephaloncephalon, brainstem and
brainstem and cerebellumcerebellum

During tactile stimulation

Bilateral sensorimotor areas

8Jnundndy Jo SBIPNKS [HINL
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Table 15.1. (Continued)

Zse

First author Sample Acupuncture point Activated area Deactivated area
size
Fanget al. (2004) n =15 Liv 3, G40, sham point Secondary somatosensory

Zhanget al. (2003)

Li et al. (2003)

Kong et al. (2002)

Wu et al. (1999)

n =48

(rotating versus non-cortical areas, secondary
rotating needle stimulation)frontal areas, thalamus (right
side), cerebellum (right side)

ST 36, SP 6 (ersus Secondary somatosensoryippocampus, contralateral

traditional acupuncture
versus visual stimulation)

[9)

100Hz electrical stimu- area and insula, contralaterahmygdala 'U
lation) anterior cingulate cortex and g
thalamus Ro

BL60, BL65, BL66, BL67 Visual cortex Bilateral occipital lobes, 2
(electroacupuncture versus temporal gyri, frontal gyri %
Y

-0

LI 4 (electroacupunctureElectroacupuncture: pre-Manual acupuncture:
versus manual acupun<entral gyrus, postcentralposterior cingulate, superior
cture) gyrus/inferior perital lobule central gyrus putamen/

and putamen/insula insula

ST36, LI 4 (traditional Hypothalamus, nucleusRostral anterior cingulate
acupuncture versus needlaccumbens cortx, amygdala, hippo-
prick and “minimal acu- campus

puncture”)
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neuronal substrates that are activated and deactivated with acupuncture.
Acupuncture at ST 36 and LI 4 was found to activate structures of the
descending antinociceptive pathway and deactivate pain-related areas of
the limbic system. Such changes appeared specific to the unique way
acupuncture needles were manipulated, as simple stimulation of the skin
by needle pricking was not associated with these chavgest al.,
1999).

Kong et al. compared manual and electroacupuncture stimulation
LI4 in an fMRI study of 1 healthy volunteersihe needle wamserted
to a depth of tm. Either low frequency (Bz) electrical pulses was
delivered or the needle was rotatednually back and forth at about
3 Hz (180times/minute). Therder of the stimulations was randomized.
Electroacupunctureainly produced fMRI signal increases in precentral
gyrus, postcentral gyrus/inferior parietal lobule, and putamen/insnla;
contrast, manual needle manipulation produced promibecrteases of
fMRI signals in posterior cingulate, superiemporal gyrus, and putamen/
insula. This study shows that manual verslegtrical stimulation of the
same acupuncture point produckigerent neuroimaging changes (Kong
et al., 2002).

In a largest study reported to date (N = 48), Zhaialy comparedow
frequency (2Hz) versus high frequency (16{) electrical acupuncture
at ST 36 and SP 6 on the left legh#althy volunteers. Both induced
activation at bilateradecondary somatosensory area and insula, contralateral
anterior cingulate cortex and thalamus. In the low frequency group,
activation in contralateral primary motor area, supplemematyr area,
and ipsilateral superior temporal gyrus were abeerved, along with
suppression in bilateral hippocampusthia high frequency group, activation
was observed igontralateral inferior parietal lobule, ipsilateral anterior
cingulate cortex, nucleus accumbens, and pons, while suppregsson
detected in contralateral amygdala. Four subjects receiving “minimal
electrical acupuncture” were included as controls. In these subjects,
contralateral primary somatosensory area and bilateral secondary
somatosensory area were activated. What is notable in this study is that
the investigators measured the analgesic effect of acupuncture during
the sessions and correlated clinical response to neuroimaging changes.
They found that, in subjects demonstrating greater neuroimaging changes,
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acupuncture tended to produce a greater analgesic effect as well. The
report suggests that electroacupuncture-induced analgesia with low and
high frequencies seems to be mediated by different, though overlapped,
brain networks (Zhangt al., 2003).

Fanget al. tested diferent needle manipulation techniquegetating
stimulation versus non-rotating stimulatidnvo realacupoints (3 and
G40) and a sham point were stimulated inh&&lthy volunteers who
were blinded to group assignment. Whanmpared to the non-rotating
stimulation method, rotatingtimulation resulted in activation in both
secondarysomatosensory cortical areas, frontal areas, the right side of
the thalamus and the left side of the cerebellum. Siftdrential efects
were not seen when the sham point wasdled (Fangt al., 2004).

In clinical practice, the therapeuticfext of acupuncture ithought
to be related to “deqi” (literally getting the “chi” -energy), a constel-
lation of sensation such as pressdudiness, soreness and/or heaviness
experienced by theecipient. Huiet al. compared fMRI changes in healthy
volunteers who experience deqi or simply sharp pain from needle
manipulations. They found deactivation in the limbic and paralimbic
structures of cortical and subcortical regions in the telencephalon,
diencephalon, brainstem and cerebellum associated with deqi. In individual
experiencing deqi mixed with sharp pain, signal in the cerebro-cerebellar
and limbic systems exhibited a predominantly activation pattern. Simple
tactile stimulation as control also induced mainly signal increases. The
report is notable for its data on the correlation of deqi and functional
neuroimaging changes (Het al., 2005).

The above studies were done in healthy voluntee.dli evaluated
neuroimaging differences between stroke patientshaadthy volunteer
controls during acupunctur@actile stimuli(brushing the subject’palm
and fingers with a rough sponga)d electroacupuncture LI 4 and 1 1
acupoint on the &ctedside of the body were performed in 12 clinically
stable strolpatients with left side somatosensory deficits and 12 control
subjects. Both tactile stimuli and electroacupuncture induced greater
activation in the somatosensory cortggtivation appeared greater during
the tactile stimulation in both patients and normal controlse(Lal.,
2006a).



fMRI Studies of Acupuncture 355

15.4 Discussion

Acupuncture has been shown to elicit physiologic response in many
clinical studies. Howeverthe underlying mechanisms are not clearly
understood. Non-invasive functional neuroimaginfersf a powerful
technique to evaluate the involvement of the central nervous system in
acupuncture in humans. This field of research is still in its developmental
stage with a limited number of published studies. Although many
limitations and unanswered questions remain, some common themes
emege from existing data reviewed here.

Variability of data: No two studies found identical neuedponse
patterns, even when the same acupuncture points wge This in-
consistency is likely attributable to even middferences in acupuncture
needle placement, variability in th@ay the needle is stimulated/
manipulated, the exact fMRlaradigm used, the software used to process
voxel data, andndividualized subject response to needling. The fMRI
technologyitself is still evolving. Despite hundreds of publication #sd
great potential in neuroscience research, there areds#breements
concerning how fMRI data should be interpreted tnedlevel of clinical
significance of fMRI results (Matthewet al., 2006).

The second common scheme is the involvement of somatosensory
areas and the limbic system in acupuncture activatitmoughthe areas
of activation and deactivation €f across studieshere is considerable
overlap in areas involved in the detectiand processing of sensory
signals (Wi et al., 1999; Konget al., 2002; Zhanget al., 2003; Fang
et al., 2004; Huiet al., 2005;Li et al., 2006a; Jeusmt al., 2005). This is
not surprisingconsidering that acupuncture starts as a somatosensory
stimulation by skin penetration. The limbic system is invoinvesecondary
and tertiary processing of somatosensory signahalf serve a bridge to
link sensory stimuli to other parts of tlENS that leads to downstream
responses in thefafent arm othe nervous system such as reduction of
distress and avoidanoay, reactions in the autonomic nervous system.

The third common theme is that how the needle is manipulated
appears to induce different patterns of functional neuroimagiagges.
Electroacupuncture versus manual stimulation,flequency versus high
frequency electrical stimulation, ootating versus non-rotating manual
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stimulation of the needleme associated with both common and specific
areas ofactivities (Konget al., 2002; Zhanget al., 2003; Fanget al.,
2004). Studies attempting to distinguish traeupuncture stimulation
with its “deqi” sensation from simpleeedle pricking showed that true
acupuncture is associated witoth deactivation of the limbic system
and activation of thesomatosensory area, whereas needle pricking is
associated wittonly the later (W et al., 1999; Huiet al., 2005).This
may explain the pleiotropic clinical reactions frequently obserired
patients receiving acupuncture treatment.

One of the major hurdles of acupuncture is how to standatickze
intervention to ensure valid comparison from one studariother
Acupuncture is a procedural intervention, akin moreatsugical
intervention than a pharmacologic intervention. Ribenan factor makes
it difficult to completely eliminatevariability among those who deliver
the intervention and imecipients of the intervention. This is reflected
in the fMRI studies that show non-identical areas of activatiomlesr
activation, despite sharing common patterns of signal ching¢herefore
important to have a critical mass of acupunctiM®I data to enable
emepgence of a stronger consensus.

Another major limitation of fMRI acupuncture research is the
interpretation of imaging data. Prior to functional imagiegearch,
understanding of the neural substrates involvextupuncture was limited
at the molecular and cellular levelith imprecise and non-real-time
anatomical localization. fMR3tudies take us one step closer to identifying
componentanodulated by acupuncture at the neuronal network level.
They putchanges induced by acupuncture in thgdarmperspective of
how the nervous system functions. They show reactions more complex
than simple reflex. This may be explained by concertedlvement of
various parts of the CNS. On the other hgmdtures painted by fMRI
studies are incomplete and may alsanbisleading.The oganization of
the CNS is such that mafynctional centers co-inhabit the same anatomic
location. Mostareas of activation and deactivation are not uniquely
associatedvith a single neurological response. Data from fMRI studies
reveal which parts of the brain are activated or deactivated by acupuncture,
but there is no direct evidence that swddtivation or deactivation is
responsible for the clinicagésponse observed. Functional imaging research
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to date carestablish only an association, but not a causal relationship.
More sophisticated tasks and paradigms for fMRI will help mihee
field forward in that direction (Buracas and Boynton, 2008; 2004;
Amaro and Barker2006).

In summary fMRI technology opens a new field of acupuncture
research. Studies conducted to date provide insight intcabapuncture
render its physiologic &fcts, but considerabheariability across studies
makes interpretation uncleaBetter study design and more data from
many study groups will helpealize the full potential of this powerful
neuroscienceesearch tool in the acupuncture treatment setting.
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