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Preface

From the down of human civilization man is in close
contact of nature and is still trying to find out solu-
tions of their problems from natural sources. The
plants have been considered as the most natural of all
the other natural things and, therefore, attracted the
attention of scientific community. There was a time
not too long ago when most compounds came from
plants. But beginning about 50 years ago, chemistry
took over the charge from botany and started synthe-
sizing the compounds. Infact, with increasing popula-
tion, maintenance of our current standard of living and
improvement in our quality of life forced the society
to depend on the products of chemical industry. The
20" century has been highly successful in this regards.
However, with advent of 21* century, a wave of envi-
ronmental awareness and consciousness is developed
regarding the side effects of used and generated haz-
ardous chemical substances. An increasing concern
is realized for using renewable natural resources in a
manner which does not diminish their usefulness for
sustainable development of future generations. Today,
chemists, botanists, microbiologists, environmental-
ists, engineers and medicos have joined their hands
for greening the chemistry and working for the
search of remedies from natural resources.
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The research all over the world on known and
unknown plants has resulted in good amount of natu-
ral magic bullets. These researches have created in-
terest and awareness among the people and they are
changing their taste.

The picture of advertisements noticed these days
demonstrates the unmistakable trends of popularity of
natural green products.

Phytochemicals are classified as primary and sec-
ondary plant metabolites. Various primary metabo-
lites like vegetative oils, fatty acids, carbohydrates,
etc are often concentrated in seeds or vegetative stor-
age organs and are generally required for the physi-
ological development of the plant. The less abundant
secondary plant metabolites, on the other hand,
have apparently no function in plant metabolism
and are often derived from primary metabolites as a
result of the chemical adaptation to environmental
stress. Thus, unlike compounds synthesized in the
laboratory, secondary compounds from plants are
virtually guaranteed to have biological activity.Plants
are known to produce a wide range of secondary me-
tabolites such as alkaloids, terpenoids, olyacetylenes
flavanoids, quinones, phenyl propanoids, amino acids
etcwhich have been proved to possess useful prop-
erties. Ten of thousands of secondary products of
plants have been identified and there are estimates
that hundreds of thousands of these compounds exist
unexplored. These secondary metabolites represent a
large reservoir of chemical structures with biologi-
cal activity. With introduction of modern scientific
methods of research, our knowledge in Plant Products
has expanded vastly. Discoveries of physiological and
pharmacological functions of medicinal plants, has
initiated extensive research to utilize the properties of
the plants in human needs and sufferings.
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Presence of multiple active phytochemicals in
plants offers exciting opportunity for the development
of novel therapeutics, production of eco-friendly value
added materials including agricultural, food products,
enzymes, neutraceuticals, personal care products,
herbal cosmetics, industrial products and sources of
energy generations.

Our country has a long tradition of using plants
derivatives for curing diseases. Rigveda and Athar-
veda describe various plant products used by our
forefathers for various ailments. The varied climatic
conditions have bestowed our country with a rich
natural flora. Indian Material Medica shows that more
than 90% of the drugs mentioned therein are of plant
origin. A common Indian kitchen with onion, garlic,
ginger, turmeric, tejpat, coriander, pepper, Ajowain,
Jeera, tea, tulsi and neem leaves etc is actually a small
herbal medical store.

Is it a fashion or mass hysteria which has gripped the
world? Millions of people have started taking juice
of roots; shoots, flowers and stem bark of the plants
or incredibly dilute aqueous alcoholic solutions of
Homeopathic drugs. Herbalism is in great demand
and giving wake up call for conventional. Society is
increasingly shopping for health, trying all the avail-
able options in magazines newspapers and on the
Internet. Plants are the source of half the pharmaceuti-
cal in our modern medicine cabinet. Herbs could lead
us away from synthetic bullets and towards a new
generation of drugs. There are various health disor-
ders from depression to multiple sclerosis for which
no magic bullets are suitable.

Is crude extract more potent than isolated chem-
ical? The issue is debatable and closely associated
with the use of herbalism. Why to take a risk by swal-
lowing something as unpredictable as plant material
when modern science can isolate the active gradient
and serve it to you straight. This approach has initi-
ated intensive scientific research towards the isolation
and characterization of bioactive principle of numer-
ous plants for their respective pharmacological prop-
erties. While the Herbalists are of their views that as:
mixtures are better than pure chemicals. Several bio-
logically active compounds in a plant work together
to produce greater effect then single chemical on its
own. The mixture of chemicals found in herbs can
be more potent than the single purified ingredient so
beloved of drugs companies. Chemical partnerships
explain why whole herbs can work better than single
purified ingredients. In other words, the mixture has
an effect greater than the sum of its parts. The syner-
gism arises when two or more factors interact in such
a way that outcome is not additive but multiplicative.
The compound impact of the relationship can be so
powerful that the result may be a whole order of mag-
nitude greater than the simple sum of the components.
The observation suggests that synergistic or antago-
nistic effect of various components of plant material in
its crude natural state may enhance therapeutic effects
and reduce side effects, which may not occur when
one or more isolated chemical component are used
alone in purified forms. Synthesizing the bioactive
ingredients would inevitably reduce or eliminate that
benefit. Anyway, herbal extract hopefully would delay
resistance against diseases, while bioactive principles
can become our therapeutic armamentarium.

Therapeutic Effect + Del:z:;;::s::: o
Therapeutic Increasein
Armamentarium COCKT[?:{I_ERIFGEILSMHVE immunity
A
Synergistic/ Antagonistic Effect
(Plant constituents)

A Enough reason to believe
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(Secondary metabolites)
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In recent years, research attention revolves around the
trends of bringing technology into harmony with natu-
ral environment and to achieve the goals of protection
of ecosystem from the potentially deleterious effects
of human activity.Research findings have clearly
raised strong doubts about the use of conventional
methods based on the use of synthetic coagulants for
water purification. Several serious drawbacks viz.
Alzheimer’s disease, health problems carcinogenic
effects of alum lime, aluminum sulphate, polyalumi-
num chloride, polyaluminumsilico sulphate, iron hy-
droxide, iron chloride, soda ash, synthetic polymers
and the reduction in pH of water resulting from such
treatments have not been appreciated.

Phytoremediation involves processes that reduce
overall treatment cost through the application of ag-
ricultural residues. This green process of remediation
by plants lessen reliance on imported water treatment
chemicals, negligible transportation requirements
and offer genuine, localized and appropriate solutions
to water quality problems. Regeneration of the plant
biomass further increases the cost effectiveness of the
process thus warranting its future success. Sorption
using plant biomass thus has emerged as potential
alternative to chemical techniques for the removal
and recovery of metal ions. Structural modifications
onto the biomaterials leading to the enhancement
of binding capacity or selectivity are, therefore, in
great demands. A special emphasis has been paid on
chemical modifications resulting into tailored novel
biomaterials improving its sorption efficiency and
environmental stability making it liable for its com-
mercial use as simple, fast, economical, ecofriendly
green technologies for the removal of toxic metals
from waste water particularly for rural and remote
areas of the country.

Plants have also been explored for the generation
of energy resources. The energy of sunlight has been
harnessed through the process of photosynthesis not
only to create the plant biomass on our planet today
but also the fossil fuels. The overall efficiency of
plant biomass formation, however, is low and cannot
replace fossil fuels on a global scale and provide the
huge amount of power needed to sustain the techno-
logical expectations of the world population now and
in the future. However, the photosynthetic process is

the highly efficient chemical reaction of water split-
ting, leading to the production of hydrogen equiva-
lents and molecular oxygen. This new information
provides a new dimension for scientists to seriously
consider constructing catalysts that mimic the natural
system and thus stimulate new technologies to address
the energy/CO2 problem that humankind must solve.
After all, there is no shortage of water for this cyclic
non-polluting reaction and the energy content of sun-
light falling on our planet well exceeds our needs.

India, with its rich floral wealth still needs intensive
research on plants for their multidimensional uses.
This resource is largely untapped for use. Several
issues are to be resolved before such ideas can become
a reality. No one expects these experiments to yield
commercial benefits soon; there is growing awareness
that basic studies implants biology may reap impres-
sive and unusual harvest in the future and plants will
be proved a dominant source of preventive and thera-
peutic safe drugs. Several plants’ extracts have been
characterized for various bioefficacies, but not many
have reached to the level of commercialization. In
fact, mainstream pharmaceutical industry is not really
interested in herbs because they are difficult to pat-
ent. The marketing of herbal derivatives with patent
protection are to be based on complete clinical trials.
Manufacturers try to ensure the safety, along with the
efficacy. The side effects must be taken into account
for herbal preparation exhibiting any beneficial activ-
ity. Without the support of the pharmaceutical indus-
try, herbs are likely to remain mired in uncertainty.
There should be general worldwide guidelines for the
registration of herbal products and special guidelines
should be provided for natural products by various
regulating agencies which will help in a long way in
their promotion. It is time to think.

The present conference offers chemists from di-
verse areas to come to a common platform to share
the knowledge and unveil the chemistry and magic
potentials of phytoproducts leading to level of com-
mercialization.

Conference Secretariat
Natural Products Research Laboratory
Dayalbagh Educational Institute, AGRA
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Abstract

Recent studies have shown that crucifers provide greater cancer protection than a diet high in a general mix-
ture of fruits and vegetables. A diet rich in crucifers, such as Brussels sprouts and broccoli, is inversely associ-
ated with the risk of many common cancers. The high concentration of Glucosinolates (GLs) and their hydro-
lysis products (GLsHP) occurring in crucifers provide this protection through some mechanism. The present
article describes the anticarcinogenic bioactivities of novel green bullets (Glucosinolates and their hydrolyzed

products) and the mechanism of cancer protection.

Introduction

Glucosinolates are anionic, hydrophilic plant second-
ary metabolites. Toxic effects of GLs and their deriva-
tives in humans have been described in animals. They
are now less dramatic since new varieties of rape con-
taining very low amounts of GLs have been bred. Nev-
ertheless an ever increasing number of publications
suggest a new potential of GLs-containing vegetables
and are considered genuine candidates for protection
against chemically induced cancer. Glucosinolates are
found to play an important role in the prevention of
cancer and other chronic and degenerative diseases.
The intact Glucosinolates are capable of every car-
cinogen-metabolizing enzyme systems. Glucosino-
lates may breakdown to form isothiocyanates in plant
material during processing by the diseases, especially
cancers of various types. Recent researchers support
that the chemopreventive effect of brassica vegetables
and their constituents in various animal and clinical
experiments. Such observations led the (American)
Committee on Diet, Nutrition and Cancer to suggest
that the consumption of cruciferous vegetables “was
associated with a reduction in the incidence of cancer
at several sites in humans”.

Cruciferous are important sources of Glucosino-
lates (GLs) whose degenerated products like isothio-
cyanates were attributed to chemo-preventive activity.

Vegetables of the Brassica genus (broccoli, cabbage,
caulifiower, radish, mustard, etc.) have received much
attention, because they are reported to have anticancer
activity both in vitro and in vivo. Red cabbage (Bras-
sica oleraceae var rubra) contains similar amounts
of Glucosinolates like glucoraphanin, glucobrassi-
cin, glucoiberin, progoitrin, sinigrin, gluconapin and
glucoerucin. Broccoli sprouts are widely consumed
in many parts of the world. A considerable number
of epidemiological studies revealed an inverse rela-
tionship between consumption of Brassica vegetables
(broccoli, red cabbage, Brussels sprout, kale, cauli-
flower, cabbage) and risk of cancer in various human
organs. When brassica plant tissue is broken, GLs are
hydrolyzed by the endogenous enzyme myrosinase
(Myr), releasing many products including isothio-
cyanates (ITC). ITCs exert chemopreventive effects
against chemically induced tumors in animals, modu-
lating enzymes required for carcinogens activation/
detoxification and/or the induction of cell cycle arrest
and apoptosis in tumor cell lines.

Crucifers
Vegetables of the Cruciferae family are in the botani-

cal order Capparales, which includes the Brassicas
genus. Crucifers contain a group of secondary meta-

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 3
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bolites called Glucosinolates (GLs) as well as numer-
ous other bioactive compounds that play a role in can-
cer protection. The plant family Cruciferae (mustard
family or Brassicaceae) includes broccoli, parsnip,
Brussels sprouts, Chinese cabbage, radish, horserad-
ish, wasabi, white mustard, watercress, and cauli-
flower. Crucifers also contain many other bioactive
components including flavonoids. The chemopreven-
tive effect of cruciferous vegetables is thought to be
due to their relatively high content of Glucosinolates
(B-thioglucoside N-hydroxysulfates), which distin-

guishes them from other vegetables.

Fig. 1: Cruciferous Vegetables

Table 1: Vegetables and fruits of the family Cruciferae

Genus species (sub species)

Vegetable

Armoracia lapathifolia

Horseradish

Brassica camoestris (rapifera) Turnip

Brassica camoestris (oleifera) Rape

Brassica napus (napobrassica) Swede

Brassica oleracea (capitata) White/red cabbage
Brassica oleracea (sabauda) Savoy cabbage

Brassica oleracea (gemmifera)

Brussels sprouts

Brassica oleracea (cauliflora)

Cauliflower

Brassica oleracea (cymosa)

Sprouting broccoli

Brassica oleracea (laciniata)

Curly kale

Brassica pekinensis

Chinese white

cabbage
Lepidium sativum Garden cress
Nasturtium officinale Watercress
Raphanus sativus Radish
Sinapis alba White mustard
Carica papaya Papaya

Among all of the cruciferous vegetables, broccoli
sprouts have the highest level of the glucosinolates
relevant to this enzymatic process. Just two or three
tablespoons of broccoli sprouts a day provide a pow-
erful dose of Glucosinolates. After broccoli sprouts,
caulifiower sprouts are second highest in terms of
containing the relevant Glucosinolates.

Glucosinolates

The Glucosinolates are a class of organic compounds
that contain sulfur and nitrogen and are derived from
glucose and an amino acid. They occur as secondary
metabolites of almost all plants of the order Bras-
sicales. The Glucosinolates are a class of secondary
metabolites found in fifteen botanical families of di-
cotyledonous plants. So far about 100 Glucosinolates
have been reported. Generally, levels in the seed are
high (up to ten per cent of the dry weight). Studies
have shown that myrosinases are localized in vacu-
oles of specialized plant cells, called myrosin cells.
Thus the two components of the system are separated
until autolysis or tissue damage brings them into con-
tact.

Glucosinolate research has made significant progress,
resulting in near-complete elucidation of the core bio-
synthetic pathway, identification of the first regulators
of the pathway, metabolic engineering of specific Glu-
cosinolate profiles to study function, as well as identi-
fication of evolutionary links to related pathways.

Hydrolysis of Glucosinolates

When crushed plant tissue or seeds containing Gluco-
sinolates are added to water, myrosinases catalyze the
hydrolytic cleavage of the thioglucosidic bond, giving
D-glucose and a thiohydroximate-O-sulfonate (agly-
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cone). The latter compound rearranges non enzymati-
cally with release of sulfate to give one of several pos-
sible products. The predominant product is dependent
on the structure of the Glucosinolate side chain and the
presence of protein co-factors that modify the action
of the enzyme. The most frequent fate of the unstable
aglycone is to undergo rearrangement spontaneously
via a proton independent Lossen rearrangement with a
concerted loss of sulfate to yield an isothiocyanate, or
a competing proton dependent desulfuration yielding
a nitrile and elemental sulfur. Some Glucosinolates
also give rise to the formation of thiocyanates.

Myrosinase is not properly identified as a single
enzyme, but as a group of similar-acting enzymes.
Multiple forms of the enzymes exist, both among spe-
cies and within a single plant, and all perform a simi-
lar function. Myrosinases are fairly specific toward
Glucosinolates. These enzymes cleave the sulfur-glu-
cose bond regardless of either the enzyme or substrate
source. Myrosinase is a cytosolic enzyme associated
with membranes, perhaps surrounding a vacuole con-
taining Glucosinolates. Glucosinolates are probably
contained in vacuoles of various types of cells. In
contrast, myrosinase is contained only within struc-
tures, called myrosin grains, of specialized myrosin
cells that are distributed among other cells of the plant
tissue. As Glucosinolate vacuoles do not appear to be
present within myrosin cells, intercellular rather than
intracellular separation occurs. Disrupting cellular tis-
sues allows Glucosinolates and myrosinase to mix, re-
sulting in the rapid release of Glucosinolate degrada-
tion products. Myrosinase activity and Glucosinolates
are preserved in cold-pressed meal and are no longer
physically separated. Thus, adding water immediately
results in the production of the hydrolysis products,
including isothiocyanate, without the need for addi-
tional tissue maceration.

Isothiocyanates

Glucosinolates are sulfur-containing molecules pro-
duced from amino acids by the secondary metabolites.
Glucosinolates are not biologically active but are the
precursor for the formation of a variety of potential
allelochemicals, most important of these are Isothio-
cyanates (ITCs). They occur predominantly in various
families: Tovariaceae, Resedaceae, Capparaceae,
Moringaceae and Brassicaceae. Species belonging

to these families are widely consumed or cooked as
salad vegetables (cabbage, Brussels, sprouts, cauli-
flower, radish, water cress) or condiments (horserad-
ish, mustard caper) cruciferous forages (kale, rape,
turnip) and oilseed meals (rape, turnip rape) are used
as foodstuffs for animals. Glucosinolates on enzy-
matic degradation by myrosinase enzyme in pres-
ence of water release isothiocyanates (ITCs), organic
cyanides and ionic thiocyanates (SCN"). Degradation
also occurs thermally or by acid hydrolysis. Myrosi-
nases are fairly specific towards Glucosinolates.

? Myrosinase enzymes

7o m— R N=C=S

Glucosinolate Isothiocyanate

Fig. 2: Conversion of GLs into ITC

Isothiocyanates (ITCs) are found in many cruciferous
vegetables, which are consumed widely. The flavor
and odor peculiar to these vegetables are mainly as-
cribed to ITCs. They are classified as chemopreventive
agents for cancer. Most studies on the cancer-preven-
tive activities of crucifer-derived ITC have focused on
those that occurs abundantly in common cruciferous
vegetables which are frequently consumed by humans.
ITC inhibits both the formation of cancer cells (anti-
carcinogenic activity) and the survival and prolifera-
tion of existing cancer cells. Such activities with each
compound have been demonstrated in multiple organ
sites of rodents. Considerable information on the mo-
lecular basis for both the anticarcinogenic and anti-
cancer effects of ITC is available. It is now clear that
ITC can target cancer in multiple directions, including
inhibition of carcinogen-activating enzymes, induc-
tion of carcinogen-detoxifying enzymes, induction of
apoptosis and arrest of cell cycle progression, as well
asother mechanisms. It should be emphasized thatITC
are dichotomous modulators of oxidative stress. While
ITCtranscriptionally stimulate many antioxidative en-
zymes and nonenzymatic proteins, leading to enhanced
protection against oxidative stressors.
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Table 2: Isothiocyanate structures and their efficacy

Isothiocyanate | Structure of ITCs Efficacy
2-methylbutyl Determine Bio-
Isothiocyanate N Cc . genetic pathway
=S
4-hydroxy S=C=N Essential oil,
benzyl Iso- L<i}0 H Food preservative
thiocyanate
Benzyl NCS Cell cycle arrest in
Isothiocyanate G -S phase, reduce
atherosclerosis
2-Phenethyl- S=C=N Anticarcinogenic
Isothiocyanate Apoptosis induc-
tion, Antiin-
flammatory,
Sulforaphane 0 Cell cycle ar-
4 rest Apoptosis,
o S Anticarcinogenic
§=C=N NN activity, Antioxidant
Methyl Iso- CH, Biofumigation
thiocyanate S=C=N
1-methylpropyl \/ Herbicidal activity
Isothiocyanate N=C =S
3-butenyl S=C=N" "X Cytotoxic and
Isothiocyanate Antioxidant activity
4-(methylthio) |~ S N < Antidiabetic, Anti-
butyl Iso- S| oxidant, Antiulcer,
thiocyanate Antigenotoxic
(Erucin)
Ethyl Iso- L _S Apoptosis, Anti-
thiocyanate N -C cancer activity
4-pentenyl /\/\/N N Antibacte-
Isothiocyanate = C\\S rial activity
Allyl S=C=N""N" Anticarcinogenic
Isothiocyanate activity, Apop-
tosis induction

They also directly alkylate and deplete cellular thiols,
damage mitochondria, and elevate reactive oxygen
species, leading to cellular stress. These paradoxical
effects appear to occur in tandem: exposure of cells
to ITC rapidly leads to an acute increase in stress,
which is followed by a delayed but lasting increase in
cellular protection against oxidants and carcinogens.

Ironically, although ITC-induced stress may lead to
oxidative damage, it has become increasingly clear
that much of the chemopreventive activity of ITC
stems from the response of cells to the stress induced
by these compounds.

The most studied bioactive isothiocyanates are
Sulforaphane, Phenyl ethyl isothiocyanate, Allyl iso-
thiocyanate, but many other isothiocyanates present
in lower quantities may contribute to the anticarcino-
genic properties of crucifers. The isothiocyanates are
strong inhibitors of phase I enzymes, particularly the
cytochrome P, enzymes. Another important activity
of the isothiocyanates is induction of phase II detoxi-
fication enzymes including sulfotransferases, NAD(P)
H quinone oxidoreductases, and N-acetyltransferases.
Phase II enzymes catalyze the conjunction of carcino-
gens with endogenous ligands, resulting in the forma-
tion of hydrophilic conjugates, which are often less
toxic and more easily excreted in the urine or bile.
The isothiocyanates activate phase II enzymes and
consequently reduce carcinogen titre within the body.
The chemopreventive effects of the isothiocyanates
were traditionally attributed to the enhancement of
carcinogen detoxification by phase II induction and
the blocking of carcinogen activation by phase I in-
hibition. Both of these actions explain the ability of
the isothiocyanates to prevent tumorigenesis when
administered prior to carcinogen exposure.

Protection against Oxidative Stress resulting from
excessive exposure to environmental pollutants, ul-
traviolet light, or ionizing radiation may overwhelm
the body’s antioxidant system and result in oxidative
damage to proteins and nuclear acids. This may lead
to initiation of cancer and other degenerative diseases.
Extracts of crucifers have direct free radical-scav-
enging properties ex vivo. Isothiocyanates may slow
proliferation and increase apoptosis of cancer cells,
resulting in a retardation of tumor growth. I3C arrests
human breast cancer cells and prostate cancer cells in
the G1-phase of the cell cycle. Cell cycle arrest is ac-
companied by abolished expression of cyclin-depen-
dent kinase-6 and increased apoptosis. Sulforaphane
arrests human colon cancer cells in G2/M-phase and
increases expression of cyclin A and B, bax, and cell
death by apoptosis.

Natural Products Research Laboratory, Department
of Chemistry, Dayalbagh Education Institute, Dayal-
bagh, Agra is actively engaged in the research pertain-
ing to extraction, isolation, structure elucidation and



1 Cruciferous Vegetables: Novel Cancer Killer and Guardians of Our Health 7

modification of bioactive principles of indigenous
plants for antidiabetic, antioxidant and anticancer ac-
tivities. The present focus is on the evaluation of can-
cer protective activity (antimelanoma, antimammary,
anticolon) of isothiocyanate rich taramira (Eruca sa-
tiva) oil, addressing the role of stable conjugated and
micro-encapsulated dietary isothiocyanates as prom-
ising cancer chemopreventing agent.

The article has been written as review paper and
material is taken from sources that the authors have
been directly involved with. Every effort has been
made to acknowledge materials drawn from other
sources.
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Abstract

The synthesis of some new thiosemicarbazides derived from N-(substituted) phenyl malonamic acid hydrazide
with 4-nitro phenyl isothiocyanate. All the new derivatives have been characterized by elemental analysis, IR,
& NMR. The IR and NMR spectral data suggest the involvement of C=S, N-H, CH, N-N, CONH, N-C=0. Com-
pounds have been synthesized in an open vessel under microwave irradiation (M WI) using a domestic micro-
wave oven. The reaction time decreases from hours to minutes with improved yield as compared to conventional
heating. The thiosemicarbazides have been tested in vitro against a number of microorganisms in order to assess
their antimicrobial properties. The results indicate that the thiosemicarbazides possess antimicrobial properties.

Introduction

In the field of medicine the importance of thios-
emicarbazides is well known. Thiosemicarbazides
(—N=C=S group) have been known to show pro-
nounced biological activities!!!. Thiosemicarbazides
have shown activity against protozoa®, small pox!!
and certain kinds of tumor!. The anticonvulsant ac-
tivity of thiosemicarbazides has been reported in the
isolated cerebral cortex preparation®. The influence
of the thiosemicarbazides has also been on the electri-
cal activity in the interior brain stem of the cat!®. The
anti-viral activity was tested of some thiosemicarba-
zides against the influenza virus (strain PR-8, type)!#l.
Thiosemicarbazides have also been reported to posses
hypoglycemic activity and usefulness in agriculture.
Such types of compounds have been found to be use-
ful as a large number of anticonvulsant, insecticides,
rodenticides, anti-tubercular activity against M. Tu-
berculosis (H,,R), anti-viral, hypoglycemic, hypo-
tensive as well as metabolic convulsants. The increas-
ing application of microwave irradiation (MWI) in
the synthesis of organic compounds has been receiv-
ing attention during recent years. Microwave heating
has proved to be very useful tool to carry out certain
organic transformations which not only excludes the
use of hazardous non-eco friendly solvents but also

enhances the reaction rates greatly. A much faster re-
action under microwave makes it less expensive in
terms of energy, yield and time compared to its ther-
mal analogue. Also, reactions under this condition are
very clean and no byproduct form even at high power
irradiation. These features make microwave approach
very compatible with the upcoming concept of “Green
Chemistry”.

Materials and Methodology

N-(substituted) phenyl malonamic acid hydrazide was
prepared from N-(substituted) phenyl malonamate
ester of various substituted aromatic amines. 4-nitro
phenyl isothiocyanate used were of Sigma-Aldrich.
Ethanol and other solvents of A.R. grade were used
as received.

Synthesis of Thiosemicarbazides
Classical Heating Based Synthesis (Method A)
A mixture of N-(substituted) phenyl malonamic acid

hydrazide (0.01mol) and 4-nitro phenyl isothiocya-
nate (0.01mol), dissolved in 10ml ethanol was re-

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 9
mental Perspectives, DO1:10.1007/978-3-642-23394-4 2, © Springer-Verlag Berlin Heidelberg 2012
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fluxed for two hours. The solid obtained on cooling
was recrystallized with hot absolute ethanol and was
found to be N-(malon substituted anilic)-4-(4’-nitro
phenyl) thiosemicarbazides.

Microwave “Jump Start” Synthesis (Method B)

A mixture of N-(substituted) phenyl malonamic acid
hydrazide (0.01mol) and 4-nitro phenyl isothiocya-
nate (0.01mol), dissolved in 4ml ethanol and were
exposed to microwave irradiation for 4—-6 minutes.
The solid obtained on cooling was recrystallized with
hot absolute ethanol and was found to be N-(malon
substituted anilic)-4-(4’-nitro phenyl) thiosemicarba-
zides.

Physical Measurements and Analytical Data

Melting points were determined in open capillary
tubes and are uncorrected (Table 1). The purity of the
compound was checked by on TLC. The structures of
the compounds are confirmed on the basis of their IR
and '"H NMR. All the compounds gave satisfactory
microanalysis. Microwave irradiations were carried
out in an unmodified IFB domestic microwave oven.
All the chemicals were of analytical grade.

H

R
C/CONH4©7 N{%No2
4 .

CONHNH, C=s

{h (I
Substituted acid hydrazide 4-nitro phenyl isothiocyanate

j Method A & B

R
/CONHG
HC_

CONHNH—CS—NH NO,

I

Thiosemicarbazide

Fig. 1: Chemical reaction of N-(malon substituted anilic)-
4-(4’-nitro phenyl) thiosemicarbazide

Antibacterial Activity

Antibacterial activity was evaluated by the paper disc
method. The Miiller-Hinton agar (beef infusion, ca-

sein hydrolyzate, starch, agar) and 5 mm diameter pa-
per discs of whatman No. 1 were used. The compound
was dissolved in DMSO. The filter paper discs were
soaked in different solutions of the compounds, dried
and then placed in the petriplates previously seeded
with the test organisms E. coli and S. aureus. The
plates were incubated for 24-30 hours at 28+2°C and
the inhibition zone around each disc was measured™.

Antifungal Screening

The antifungal activity of the compounds was evalu-
ated against Aspergillus niger by the agar plate tech-
nique. The Sabouraud dextrose agar (dextrose, pep-
tone, agar) and 5 mm diameter paper discs of whatman
No. 1 were used. The compounds were dissolved in
DMSO and then were mixed with in the medium.
These petriplates were wrapped in the polythene bags
containing a few drops of alcohol and were placed in
an incubator at 25+2°C. The activity was determined
after 96 hours of incubation at room temperature
(25°C)yton,

Results and Discussion
Infrared Spectra

Infrared spectra of the substituted thiosemicarbazides
show medium intensity bands at 3455-3168cm™ due
to v NH vibrations. A sharp bands found at 1245-
1025 cm™ due to v C=S. v N-N stretching bands in the
thiosemicarbazides appeared at 980—1219cm™'. In the
IR spectra of the substituted thiosemicarbazides the
band appeared at 2997-1330cm™ due to the v CH,.
v CONH band appeared at 1620-1488cm™ in the
compounds. A sharp and medium bands of v N-C=0
showed at 1529-1718cm'.

'H NMR

The bonding patterns of these compounds are further
supported by the proton magnetic resonance spectral
studies in DMSO-d, The compounds exhibit a singlet
at 6 4.9-3.22 ppm due to NH. This compound shows
multiplet in the region at 3 7.98-6.49 ppm attributable
to the aromatic protons. Another singlet appearing at &
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4.34-3.33 due to the CH,.. A singlet due to the -CONH
group appears around & 11.20-8.61 ppm.

Antimicrobial Activity

The data in Table 2, showing zone of inhibition
against the bacterium S. aureus, E. coli and fungus
Aspergillus niger due to the different substituted thi-
osemicarbazides. G & H compound of thiosemicar-
bazides were found to be weak in activity against E.
coli and compound D & F against S. aureus. Highest
antimicrobial potential was observed with compound
B & D against E. coli and compound C & G against
S. aureus.

Compound A showed highest antifungal potential
against Aspergillus niger.

Fig. 2: Antibacterial activity of N-(malon substituted anilic)-
4-(4’-nitro phenyl) thiosemicarbazides against (a) Escherichia
coli and (b) Staphylococcus aureus

Table 1: Thiosemicarbazides obtained by the condensation of N-(substituted) phenyl malonamic acid hydrazide with 4-nitro

phenyl isothiocyanate:

S. | Substi- Mol. Formula Color M.P. |%Yield C% H% 0% N % S %
N tuted (R °
o |tuted (R) O A B Found/ |Found/ |Found/ |Found/ |Found/
Calc. Calc. Calc. Calc. Calc.
I |m-toluidine |C H,O,N,S Yellow |146 [80.51 |8238 |[50.64 [4.70 |15.86 [20.80 |7.91
(A) (50.62) |[(4.71) |(15.88) |(20.84) |(7.94)
2 2,4-di C,H, ON,S Yellow | 164 91.26 [95.38 |51.78 5.01 1533 20.21 7.60
methyl (B) (51.79) [(5.03) |(15.34) |(20.14) |(7.67)
3 3,4-di C,H, ON,S Yellow | 152 73.26 [75.65 |51.81 5.02 15.31 20.23 7.69
methyl (C) (51.79) [(5.03) |(1534) |(20.14) |(7.67)
4 3,5-di C,H, ONS Yellow | 160 87.15 |90.00 |[51.76 5.05 15.35 20.19 7.70
methyl (D) (51.79) |[(5.03) |(15.34) |(20.14) |(7.67)
5 p-anisidine |C _H ON.S Yellow | 160 84.76 |89.50 |[48.67 4.51 19.10 20.02 7.59
(E) (48.68) [(4.53) |(19.09) |(20.04) |(7.63)
6 |p-chloro (F) |C H,O,NSCl |Yellow [140 |82.42 [85.16 (4540 [3.76 |15.14 [19.79 |7.58
(45.39) [(3.78) |(15.13) |(19.85) |(7.56)
7 2,4-di C,H,,ONSCl, Yellow | 160 74.78 [78.59 |42.00 3.29 14.01 18.42 7.02
chloro (G) (42.01) [(3.28) |(14.00) |(18.38) |(7.00)
8 3,4-di C,H,,ONSCl, Yellow | 152 75.65 [80.00 |42.02 3.26 14.02 18.36 7.05
chloro (H) (42.01) [(3.28) |(14.00) |(18.38) |(7.00)
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Fig. 3: Antifungal activity of N-(malon substituted anilic)-
4-(4’-nitro phenyl) thiosemicarbazides against Aspergillus
niger

Table 2: Antimicrobial Studies of N-(malon substituted
anilic)-4-(4’-nitro phenyl) thiosemicarbazides

S. Comp- Zone of inhibition (in mm)

No | ounds E. coli | S.aureus | Positive Aspergil-
control lus niger
(Amika- (Fungus)
cin)

1 (A) 10 11 25 30

2 B) 14 12 25 25

3 © 10 15 23 22

4 D) 15 9 25 26

5 (E) 11 11 25 22

6 ) 12 10 25 23

7 ((6)) 8 14 25 22

8 H) 9 11 24 24

Conclusion

In conclusion, from our point of view, microwave
irradiation method has been proved here as a better
method for the synthesis of thiosemicarbazides and
increase in percentage (%) yield is in following order:
Method-1(Classical heating synthesis) < Method-2
(Microwave “jump start” synthesis). N-(substituted)
phenyl malonamic acid hydrazide with 4-nitro phenyl
isothiocyanate were proved to have some antibacterial
activity against Gram-negative E. coli & Gram-posi-
tive Staphylococcus aureus bacteria and these com-
pound also showed highly antifungal activity against
Aspergillus niger.
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Abstract

A spiro-isoxazolidine derivative of parthenin namely SLPAR13 was taken up for this study which induced cell
death in three human cancer cell lines namely HL-60 (acute promyelocytic leukaemia), SiHa and HeLa (cervi-
cal carcinoma) with various inhibitory concentrations. The cytotoxicity test was also done on the normal cells
hGF (primary human gingival fibroblast) and the inhibitory concentration was found to be more than 10 times
higher than HL-60 cells. The cell death was confirmed by cell cycle arrest exhibited by the test compounds
in a concentration dependent manner in HL-60 cells. The nuclear condensation and morphological changes
induced by the test compounds further marked the HL-60 cell death which was confirmed to be apoptosis by
DNA ladder which is hallmark of apoptosis by the formation of 180bp fragments.

Introduction

Parthenium hysterophorus (popularly known as Con-
gress weeds, White top, Star weed, Carrot weed, Ga-
jar ghas, Ramphool) is one of the ten worst weeds in
the world. As a curse for the bio-diversity, this weed
has always been criticized for its ill effects. Sesqui-
terpene lactones are the active constituents of a vari-
ety of medicinal plants used in traditional medicine.
However, it has been found to be of interest due to its
anti-cancer [1, 2] anti-bacterial [3], anti-malarial [4]
and allelopathic properties. The Spiro-isoxazolidine
derivative of parthenin have been synthesized [5] and
chosen for this study because of the fact that halogen
substituted derivatives of most of the natural com-
pounds show higher cytotoxicity [6]. Therefore this
compounds has been identified for the present study
to determine its potential as a novel anticancer thera-
peutic.

In cancer, the therapeutic goal is to trigger tumor-
selective cell death. One of these events in cell de-
regulation is obligate compensatory suppression of
apoptosis (programmed cell death), which provides
support for neoplastic progression. Studies are being

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

focused towards the induction of apoptosis in the can-
cer cells but being milder with the adjoining normal
cells [7]. For the same reason natural and modifica-
tions of these natural compounds have become the
centers of attraction of the oncologists and drug dis-
covery groups [8].

Aim

This study involves evaluation of anticancer potential
of SLPAR13. Whatever the mechanisms involved, if
the test compound induces apoptosis then that test

compound may be the potential candidate for anti-
cancer lead optimization.

Materials and Methods

Synthesis of SLPAR13

The synthesis of N-(phenyl)-C-(5-Bromo, 2-methoxy
phenyl)-spiro-isoxazolidinyl parthenin (SLPAR13)

(Fig.1) was done as described earlier [5, 9].
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Cell Proliferation Assessment by MTT Assay

HL-60, Hela and SiHa cells were grown in suspen-
sion in T-75 flask and centrifuged at 100 g for 5 min.
Cell pellet was suspended in RPMI medium and then
15x 103 cells (HL-60) and 10 x 10° cells (HeLa, SiHa
and hGF) were transferred to each well of Nunclon
96-well flat bottom plate and treated with SLPAR 13
and samples processed as described earlier [10]. 0

0

Fig. 1: Structure of SLPAR 13

DNA Content and Cell Cycle Phase Distribution

HL-60 cells (1 x 10%/1.5 ml/well) treated with different
concentrations of SLPAR 13 and incubated for 24h.
The preparations were made as described earlier [11]
then analyzed for DNA content using BD-FACS
CALIBUR. Data were collected in list mode on
10,000 events for FL2-A vs. FL2-W.

Control Camypto-1 pdM
N 2%
[ a—
-u 200 400 800 800 1000 0 200 400 600 8O0 100C
FL2-A FL2-A
SLFPAF13-1 pdd SLPAR13-3uM SLPAFR13-5 kI SLPAFRI13-10pM
] 980
3% 21% S0%o
2 L -
s | .
[=]
)
A T '_h‘ 4 " _" ¥ - T T ' T T
a 200 400 |00 800 100 0O 200 400 &00 800 1000 1] 200 400 500 800 100 0 200 400 600 800 100
FL2-A FL2-A FL2-A FL2-A
PI fluorescence -

Fig. 2: HL-60 cells treated with SLPAR13, incubated for 24 h, were processed for acquisition in flow-cytometer as described
in materials and methods. The compound inhibited cell cycle in a concentration dependent manner with maximum inhibition at
10 uM concentration
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Control

SLPAR13-1 SLPAR13-3

Camptothecin- 1pM

SLPAR13-10pM

SLPAR13-5

v

-

Fig. 3: SLPAR13 induced nuclear condensation stained by Hoechst dye. The nuclei of the control cells are round and uniform
while the SLAPR13 treated cells, when stained with Hoecsht, exhibited condensed nuclei. The segregation and condensation of
nuclei increased with increasing concentrations and was maximum at 10 pM concentration

Hoechst 33258 Staining of Cells
for Nuclear Morphology

HL-60 cells (2 % 10° cells/3 ml/well) were treated with
SLPAR 13 in a concentration dependent manner and
incubated for 24h. Cells were treated with Hoechst
solution and spread on a clean slide and observed
for any nuclear morphological alterations and apop-
totic bodies under inverted fluorescence microscope
(Olympus 1X70, magnification 60x) using UV excita-
tion [12].

Fragmentation of Genomic DNA

The genomic DNA was extracted from SLPAR 13
treated HL-60 cells. Cells (2 x 1053 ml/well) after
various treatments, incubated for 24h were centri-
fuged and processed for electrophoretic analysis as
described earlier [13].

Results
Cell Proliferation Assessment by MTT Assay
SLPARI13 inhibits cell proliferation in the three can-

cer cell lines namely HeLa, SiHa and HL-60 with the
IC, values 7.8, 9 and 0.7uM respectively (Fig.4). The

IC,, of SLPAR13 was also calculated in normal cells
hGF and was found out to be 14 M.

—~—HeLaIC50=7.3uM —=—SiHa IC50=0uM
120 HL-60 ICS0=0.7yM —s—hGF IC50=14pM

0 2 4 6 8 10 12 14 16 18 20
Conc.inpM

Fig. 4: The IC, values of SLPARI13 were calculated by MTT
assay against 3 different cancer cell lines HeLa, SiHa and HL-
60 and one normal cell line hGF as described in materials and
methods

DNA Content and Cell Cycle Phase Distribution

The peaks obtained by flowcytometry denoted arrest
in cell cycle by SLPAR13 in a concentration depen-
dent manner (Fig.2). Higher concentration increased
the extent of cell cycle arrest (Fig. 5).
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Fig. 5: Increasing cell cycle arrest activity of SLPAR13 against
HL-60 cells. Camptothecin was taken as positive control

Hoechst 33258 Staining of Cells
for Nuclear Morphology

Condensation of nuclei is observed in the treated HL-
60 cells and the nuclear condensation increased with
increasing concentration. The condensed nuclei are
indicated by arrows (Fig.3).

Fragmentation of Genomic DNA

Fragments were obtained at 5uM concentration of
SLPARI13 as indicated (Fig. 6).

SLPARI3. pM — 1 3 5

Fig. 6: Fragmentation of genomic DNA induced by SLPAR13.
Other details are described in materials and methods

Discussion

Contemporary research in the anticancer drug devel-
opment from plants has been focused on investigat-
ing the molecular mechanism by which an agent in-
duces cytotoxicity and apoptosis in cancer cells [13].
A spiro-isoxazolidine derivative of parthenin namely
SLPARI13 is a semi-synthetic derivative of parthenin.
Parthenin is already known for its cytotoxicity but the
novelty of this work is that we report for the first time
the apoptotic inducing activity of a spiro-derivative
of parthenin SLPAR13 in human leukemia and cer-
vical cancer cell lines. The compound was tested in
various models, one of them being the MTT assay,
which induced cell death in three human cancer cell
lines selectively namely HL-60 (acute promyelocytic
leukaemia), SiHa and HeLa (cervical carcinoma)
with various inhibitory concentrations. This indicated
the potent cytotoxicity of the said compound against
cancer cell lines at the same time being milder on
normal cells. The IC, of SLPAR13 in the hGF cells
was found to be 14 uM. The therapeutic window was
more than 10 times when the IC,, values of HL-60
and hGF were compared. The study demonstrated
that SLPAR13 is a potential pro-apoptotic agent and
hence can be developed into an important anti-cancer
lead of therapeutic potential. This is evidenced from
measurement of several biological end-points of the
apoptosis such as appearance of apoptotic bodies,
DNA fragmentation and increase in sub-GODNA fac-
tion inHL-60 cells. The cell death was confirmed by
cell cycle arrest exhibited by the test compound in a
concentration dependent manner in HL-60 cells. The
arrest marked the termination of series of events that
takes place in a cell leading to its division and du-
plication (replication) which caused the cell death as
a result of treatment of SLPAR13. The nuclear con-
densation and morphological changes induced by the
test compound further marked the HL-60 cell death
which was confirmed to be apoptosis by DNA ladder.
The formation of fragments is hallmark of apoptosis
due to the breaking of DNA strand into 180bp frag-
ments. This created a clear picture of apoptosis in-
duced by SLAPR13 in the HL60 cells. Apoptotic cell
death may involve intrinsic mitochondrial signaling
pathway [14, 15] or extrinsic signaling cascade ema-
nating through the activation of apical death receptors
leading to caspase activation [16] and finally death of
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the cell. Successful drug treatment in human disease
requires an adequate therapeutic index reflecting the
treatment’s specific effect on target cells and its lack
of clinically significant toxic effect on the host [17].
Whatever the mechanisms involved, if the test com-
pound induces apoptosis then that test compound may
be the potential candidate for anti-cancer lead opti-
mization. This study is expected to lead us to identify
the active molecule that may have the potential for the
treatment and management of cancer.

Conclusion

This study points towards the fact that natural com-
pounds like parthenin and its halogenated derivatives
induce death in human cancer cells. The mode of cell
death was confirmed to be apoptosis which is a posi-
tive indication of these compounds being taken up for
further studies as potential anticancer agents.
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Abstract

In this study we investigated in vitro antioxidant activity and tumor growth inhibition by Pistia stratiotes L. on
melanoma cell lines. The methanolic extract of Pistia stratiotes showed that percentage inhibition of DPPH
increases with the increasing concentrations of test sample. The percentage inhibition of MEPS was (17.24—
79.3 %) on DPPH against reference ascorbic acid (22.7-83.4 %) ranges (10-100 ug/ml). The effect of MEPS
on the proliferation of BI6F1 and B16F10 melanoma cell lines was determined by MTT and TBE bioassay.
Among the two cell lines studied, the extract exhibited maximum anticancer activity with IC_, (5.09). Structural

elucidation of its bioactive principle is in progress.

Introduction

Reactive oxygen species (ROS) capable of damaging
DNA, proteins, carbohydrates and lipids are generated
in aerobic organisms. These ROS include superoxide
anion radical (O, ), hydrogen peroxide (H,0,), hy-
droxyl radical (OH"), and single molecular oxygen.["
Free radicals are associated with various physiologi-
cal and pathological events such as inflammation, ag-
ing, mutagenicity and carcinogenicity. Cancer is one
of the leading cause of the death worldwide. Among
cancers melanoma is the most malignant skin cancer
and its occurrence has remarkably increased during
the past few decades due to increased UV-ray intensi-
ties and artificial skin tannings. ? Melanoma now ac-
counts for approximately 4 % of all cancers diagnosed
in the United States. Studies on the pharmacological
mechanisms and searching for chemical structures
from herbal extract for new anticancer drug caught
great interest. ] Considering herbalism as an impor-
tant strategy for cancer prevention, variety of animal
experiments and cell lines culture have been carried
out. M

Several research studies have demonstrated that
herbal plants contain diverse classes of compounds

such as steroids, polyphenols, alkaloids, tannins and
carotenoids. P'From the previous research it was found
that P, stratiotes L. contains large amount of two di-C-
glycosylflavones of the vicenin and lucenin and lesser
amounts of the anthocyanin cyaniding-3-glucoside
and a luteolin-7-glycoside, and traces of the mono-
C-glycosyl flavones, vitexin and orientin. ) With this
background and abundant source of unique active
components harbored in plant, the present study was
taken up on this plant namely Pistia stratiotes belongs
to the family Araceae. P. stratiotes is used in tradi-
tional medicine for its diuretic, antidiabetic, antide-
rmetaphytic, antifungal and antimicrobial properties.
"l Research on relationships between antioxidants and
prevention of non-communicable disease, such as
cardiovascular disease, cancer and diabetes has been
increasing sharply in recent year.! ! BI6F10 murine
melanoma cells have been widely used to elucidate
the regulatory mechanisms of melanogenesis and pig-
ment cell proliferation. B16F1 cell lines with melanin
producing capability have an adherent growth pat-
terns and fibroblast like morphology. Evidence for
the utility of in vitro cytotoxicity tests has led many
pharmaceuticals companies to screen compound li-
braries to remove potentially toxic compounds early

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 19
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in the drug discovery process. However, the property
of this plant, especially its anticancer activity, has not
yet been investigated. Therefore, this prompted us to
investigate the inhibitory growth effect of this plant
on two different melanoma cancer cell lines, B16F10
and B16F1.

Materials and Methods
Preparation of Plant Material

The P. stratiotes leaves were collected from upper
lake, Bhopal (M.P.), India during the month of Oc-
tober. The collected plant material was dried under
shade and then powdered with mechanical grinder.
MeOH extract was prepared by macerating a powder
with methanol/water (50/50, v/v) for 48 hr with con-
stant stirring. Then it was filtered and the filtrate was
evaporated in water bath at low temperature. The con-
centrated MeOH extract was then dried at 40°C in an
oven and finally weighed.

Chemicals

(DPPH) 2, 2diphenyl-1 picrylhydrazyl-hydrate) re-
agent was purchased from Sigma chemical Co. Ascor-
bic acid were obtained from SD Fine Ltd, Baisar. All
the other chemicals used were of analytical grade.

DPPH Assay"!

The effect of methanolic extract of P stratiotes
(MEPS) leaves on DPPH radical was estimated us-
ing the method of Mensor et al. A solution of 0.3 mM
DPPH in methanol was prepared. One ml of 0.3mM
DPPH methanol solution was added to 2.5ml of dif-
ferent dilutions of MEPS (10-100ug/ml), and al-
lowed to react at room temperature. After 30 min. the
absorbance values were measured at 518nm using
UV-Spectrophotometer (VIS 260 Shimadzu, Japan).
Methanol (2.5ml) in DPPH solution (1 ml) was used
as a control. Ascorbic acid was used as reference
standard. The IC, value is the concentrations of the
sample required to scavenge 50 % DPPH free radical.

The percentage inhibition of DPPH assay was cal-
culated using the formula-% Inhibition = [(Abs —
Abs(s) / Abs(c)) X 100] , where Abs(c) — Absorbance of
blank, Abs(s)f Absorbance of sample.

In Vitro Antitumor Activity
Cell Lines and Culture

Melanoma cell line was obtained from National Cell
Center of Science, Pune and maintained in Depart-
ment of research, Jawaharlal Nehru Cancer Hospital
and Research Center, Bhopal (M.P.). Cells were cul-
tured in EMEM, supplemented with 10 %(v/v) fetal
calf serum (FCS), 2mM glutamine, streptomycin plus
penicillin (100 pg/ml and 100 IU/ml, respectively).
Cultures were maintained in a 5% CO, humidified at-
mosphere at 37 °C until near confluence.

Determination of Inhibition of B16F10
and B16F1 Melanoma Cell Proliferation

Trypan Blue Exclusion Assay "

Cells (1 x 10%/plate) were seeded in poly-I-lysine pre-
coated tissue culture petri plates and allowed to adhere
for 24 h in CO, incubator at 37 °C. The medium was
replaced with incomplete EMEM medium contain-
ing dilution series of MEPS (10—-100 png/ml) again for
24 hin CO, incubator at 37 °C. 0.1 ml Trypan blue dye
(0.4% in water) was mixed with cell suspension, 15
min prior to completion of incubation period. At the
end of incubation period, the petri plates were care-
fully taken out and 1.0 % Sodium dodecyl sulfate was
added to each petri plates by pipetting up and down
several times unless the contents get homogenized
and the number of viable cells (not stained) counted
using a hemocytometer. Viability was expressed as a
percentage of control number of cells excluding Try-
pan blue dye. Although numbers of Trypan blue dye
staining cells were not counted and it is recognized
that these may be lost from the population relatively
quickly.

Microculture Tetrazolium (MTT) Assay 1!

Cells (1 x 10%well) were seeded in poly-I-lysine pre-
coated 96 well tissue culture plates and allowed to ad-
here for 24 h in CO, incubator at 37 °C. The medium
was replaced with the serum free medium containing
dilution series of MEPS (10-100 pg/ml) separately
again for 24 h in CO, incubator at 37 °C. Tetrazolium
bromide salt solution (10 pl/well) was added in cell
suspension (100 pl), four hours prior to completion of
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incubation period. DMSO (200 pl) was added to each
well and mixed the solution thoroughly to dissolve the
crystals. Plate was placed in the dark for four hours
at room temperature. The plates were kept on rocker
shaker for 4 hr at room temperature and then read at
550nm using Multiwell microplate reader (Synergy
HT, Biotech, USA).

The average values were determined from tripli-
cate readings and subtract from the average values
of the blank. Percent of inhibition was calculated by
using the formula: Percent of inhibition = (C — T)/C
x 100, where C = Absorbance of control, T = Absor-
bance of Treatment.

Statistical Analysis

All experimental data were expresses in percent in-
hibition with respect to the control. The percentage
inhibition was used to determine the IC, values. The
experiment was done in triplicate. The results are
given as mean +standard deviation. Significance of
differences between the mean values was determined
using student #-test. The IC_ | value was calculated us-
ing probit analysis.

Results
DPPH Scavenging Activity of MEPS

Antioxidant react with DPPH, which is a nitrogen
centered radical with a characteristics absorption at
518 nm and convert to 1, 1-diphenyl-2-picryl hydra-
zine due to its hydrogen accepting ability at a very
rapid rate.

90 1
80 1

70 A
60 I/
50 A /'

40 1
30 1 "
20 1 A/%
10 1
0

—— Ascorbic acid
—=— MEPS

Percent Inhibition

10 20 30 40 50 60 70 80 90 100
Concentration (ug/ml)

Fig. 1: Percentage inhibition of DPPH Scavenging Assay of
MEPS against ascorbic acid

Since DPPH assay has been largely used as a quick,
reliable, and reproducible parameter to search the in
vitro general antioxidant activity of pure compounds
as well as plant extracts. MEPS had significant scav-
enging effect on the DPPH radical which increased
with increasing concentration in the 10-100pg/ml
range; the scavenging effect of MEPS was lower than
that of Ascorbic acid. DPPH was reduced in the ad-
dition of the extract in concentration dependent man-
ner. The MEPS indicated potencies of antioxidant by
the discoloration of solution. The IC_ value of MEPS
and ascorbic acid in DPPH radical scavenging activity
was 5.74 ng/ml and 5.25 pg/ml.

Inhibitory Effect of MEPS on B16F1
and B16F10 Melanoma Cell Lines

Cytotoxicity activity of MEPS was screened against
murine cell line BI6F10 and B16F1 with ten increas-
ing concentration (10-100pg/ml) for 24hr first by
the TBE and then followed by MTT bioassay. Per-
cent inhibition of MEPS was calculated for B16F10
and B16F1 cell lines. The cytotoxicity of test sample
varied with concentration level and the types of cell
lines. The MEPS significantly inhibited the cell pro-
liferation in a dose dependent manner in a range of
10-100 pg/ml Figure 2. The percentage of cytotoxic-
ity observed shows an increasing pattern with increas-
ing dosage. The maximum percent inhibition 83.3 %
was achieved at 24hr exposure at the concentration
level of 100 pug/ml by TBE assay while in MTT as-
say the growth of B16F1 cells was inhibited up to
85% respectively at concentration level 100 ug/ml.
Figure 3 indicate the noticeable percent inhibition
of MEPS against BI6F10 cell line by the TBE and
MTT bioassay. Here also, in TBE assay the MEPS in-
hibit 65 % at 24 hr exposure at the concentration level
100 pg/ml. In MTT assay, the growth was inhibited
up to 67.2% at the same concentration. The percent
inhibition for MEPS showed more pronounced effi-
cacy against B16F1 compared to B16F10 cell lines.
However, MEPS showed its best activity in the con-
centration level 100 pg/ml in B16F1 cell lines which
was approximately similar to the activity of standard
drug doxorubicin (Figure 4).

The IC,, values of MEPS calculated from MTT
assay using probit analysis: B16F1 (5.09 ug/ml) and
B16F10 (8.05pg/ml). The regression constant and
correlation coefficient were calculated for the MEPS



22

Section A Health Perspectives

(leaves) against BI6F1 cell lines; Regression con-
stant: (7.649x + 11.06) and Correlation coefficient (r):
(0.986).
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Fig. 2: Methanolic extract exhibited significant antiprolifera-
tive activity against cell line B16F1 showing maximum 83.3 %
and 85.0 % inhibition in TBE and MTT bioassay at the concen-
tration 100 pg/ml at 24 hrs. student t-test p>0.05
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Fig. 3: Methanolic extract exhibited significant antiprolif-
erative activity against cell line BI6F10 showing maximum
65.4% and 67.2 % inhibition in TBE and MTT bioassay at the
concentration 100 pug/ml at 24 hrs. student t-test p>0.05

Discussion

A positive correlation between the antioxidant po-
tential and antitumor potential has been reported and
shown that the high content of antioxidants is respon-
sible for the inhibition of tumor cell proliferation.
(21 The present study of the methanolic extract of P.
stratiotes showed that the leaf possesses strong anti-
proliferative properties against the tested mouse tu-
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Fig. 4: In vitro cytotoxicity of doxorubicin against Melanoma
cell lines

mor cell lines, and also showed antioxidant effects at
certain concentrations. In this sense, new studies on
this fraction are necessary for a better characterization
of its possible biological application. Nowadays anti-
oxidants have been at the centre of focus in chronic
disease prevention research. The reduction of DPPH
absorption is indicative of the capacity of the MEPS
to scavenge free radicals, independently of any enzy-
matic activity and our results are in agreement with
earlier reports on the ability of MEPS to scavenge
free radicals and active oxygen species. [¥] Therefore,
we have evaluated the antioxidant potency through
DPPH radical scavenging with the methanolic extract
or ascorbic acid standard and the results indicated that
the DPPH radical-scavenging activity of the extract
enhanced with increasing concentration.

Melanoma is highly resistant to conventional che-
motherapy; it is an invasive disease that shows prefer-
ential metastatis to the brain, lung, liver and skin. '
Many naturally occurring agents have shown chemo-
protective potential in a variety of bioassay systems
and animal models. ''MTT and TBE assay was used
to study the antiproliferative activity of P. stratiotes.
MTT is reduced to an insoluble purple formazan by
mitochondrial dehydrogenase. Cell proliferative ac-
tivity was measured by comparison of the purple color
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formation. Dead cells, on the other hand, did not form References

the purple formazan due to their lack of the enzyme.
In TBE bioassay, dead cells uptake dye while the via-
ble cells are excluded. The percent inhibition resulting
from TBE and MTT assay demonstrated that MEPS is
the efficient candidate as cytotoxic bioagent against
these cell lines (B16F10 and B16F1). The cytotoxic-
ity screening models provide important preliminary
data to help select plant extracts with potential anti-
tumoral properties for future studies. We demonstrate
for the first time that MEPS has a strong dose- depen-
dent antiproliferative activity on B16F1 and B16F10
cells as observed from the results of Trypan blue and
MTT bioassay. This result is important because these
cell lines are particularly resistant to cell death. In the
study MEPS being potent, therefore it can be further
use to study the time dependent (24—72hr) % inhibi-
tion at the dose of 10-100 pug/ml. The further study
has to be extended for carrying out the in-vivo tumor
potential of the MEPS extract using animal models in
melanoma cancer. The efforts on the above lines are
in progress.

Conclusion

In conclusion, our present in vitro study of the extract
showed that MEPS possesses strong anti-proliferative
effect against the tested melanoma cell lines, and
also showed strong antioxidant potential through free
radical scavenging ability in a concentration depen-
dent manner. These observations also suggest that at
least some of the flavonoids of this plant present in
its methanolic extract are responsible for its antican-
cer property. More elaborative study in this plant with
its pure compounds may lead to the development of
natural antioxidant and alternative anticancer agent of
clinical significance.
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Abstract

Derivatives of propofol (2, 6-diisopropylphenol) were prepared by coupling with 12-hydroxy-octadec-Z-
9-enoic acid and Z-9-octadecenoic acid (oleic acid) with the Cl-a-hydroxy function of propofol. Spectroscopic
studies confirmed the formation of the desired product. The compounds were then investigated for its in-vitro
anticancer activity against a panel of solid human tumor cell lines including human malignant melanoma, hu-
man leukemia cells. Their cytotoxicity was also determined against non-cancerous mammalian cells (VERO
cells). The analogs were cytotoxic against all cancer cell lines whereas no effect was observed against normal

cells. The compounds showed good antimicrobial activity against E. coli and S. albus.

Introduction

Synthesis and biological studies of short chain-
length esters of propofol have been reported here. 3
to 8 ug/ml concentrations of propofol were reported
to decrease the metastatic potential of human can-
cer cells, including HeLa, H71080, HOS and RPMI-
7951 cells [1]. Siddiqui et al. [2] first reported the
effect of two omega-3 fatty acids, combined with
propofol on a breast cancer cell line in vitro. In view
of the significance of long-chain FA in the treatment
of cancer, we report here the synthesis and spectral
studies of new propofol analogs containing two fatty
acids12-hydroxy-octadec-Z-9-enoic acid and oleic
acid along with their in vitro evaluation against a
panel of human cancer cell lines including HeLa,
SK-MEL, MCF-7 and HL-60 (human leukemia).
Their cytotoxicity was also determined against non-
cancerous mammalian cells (VERO cells). Ricin-
oleic acid (12-hydroxy-octadec-Z-9-enoic acid) is
active component of castor oil (85 to 90%). (www.
kristinasoil.com). Castor oil (Cremophor) is a che-
momodulator and a MDR reversing agent used in
anti-cancer drugs [3]. Oleic acid blocks the action
of a cancer-causing oncogene called HER-2/neu

which is found in about 30 percent of breast cancer
patients. (www.oliveoilfarmer.com).

Experimental
Chemicals and Materials

A thin layer chromatographic applicator (Toshniwal,
India), 20 x 3.5 cm glass plates and 24 x 6 cm glass jar
were used for performing TLC. Silica Gel “G” (E.
Merck, India) was used as a stationary phase. Petro-
leum ether and diethyl ether (1: 1, vol / vol) was used
as a developing solvent. Reaction products on TLC
plates were visualized by UV light and by exposure
to iodine vapors. Column chromatographic separa-
tions were performed using silica gel “G” packing of
particle size 60—-120 mesh (petroleum ether/diethyl
ether, 1: 1, v/v). '"HNMR and *CNMR spectra were
recorded on an Advance DRX-200 Bruker, (Switzer-
land) NMR Spectrometer. Mass spectra were obtained
on a Jeol SX-102 (FAB) spectrometer (JEOL, Tokyo,
Japan). FTIR Spectra were recorded in chloroform on
a Spectrum RX-1 FTIR, Perkin Elmer Spectrometer.
2, 6-diisopropyl phenol, 4-dimethyl amino pyridine
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(DMAP) was procured from Acros chemicals. The
coupling reagent-N, N-dicyclohexylcarbodiimide
(DCC) was purchased from Fluka chemical corpora-
tion (New York). Oleic acid and — B-mercaptoethanol
was purchased from Sigma Aldrich Chemicals and
methylene chloride was purchased from CDH Chemi-
cals (Mumbai, India). 12-Hydroxy-octadec-Z-9-enoic
acid was isolated from Ricinus communis seed oil [4].
All solvents and reagents were of AR or HPLC-grade.

Synthesis of Compounds

Appropriate amounts of Fatty acid (1 mmol) and pro-
pofol (1 mmol) were dissolved in dry dichlorometh-
ane (5 mL), and DMAP (catalytic amount) was added
to this solution. The reaction mixture was stirred at
room temperature under nitrogen for 10 min before
DCC (1 mmol) was added to it. The reaction mixture
was allowed to stir at room temperature. Progress of
reaction was monitored on TLC plates. Both coupling
reactions showed the formation of single product and
were completed in 12 h. The reaction mixture was fil-
tered to remove solid dicyclohexylurea, and the fil-
trate was evaporated under reduced pressure at 20 °C.
The semisolid mass was subjected to column chroma-
tography (petroleum ether/diethyl ether, 1:1, v/v) on
silica gel to purify the desired products.

Characterization of 12-Hydroxy-octadec-Z-9-enoic
Acid (from Seed Oil of Ricinus Communis)

Viscous oil, R, = 0.2, isolated yield, 95 %. IR (CHCI,
cem): 3418.0,3013.0,2930.4,2858.4,1710.8, 1640.0,
1460.5,1216.9, 1104.4, 932.6, 763.5, and 668.8. MS-
EI found [M+H] * 298.4638; C H, O, [M+H] * re-
quires 298.4659. '"HNMR (CDCI,, 6H, ppm): 0.89(t,
J=6Hz, 3H of terminal —CH3), 3.39(s, 1H, CH-OH),
3.62(s, 1H, OH), 5.37(m, 1H, -CH=CH), 5.84(m, 1H,
-CH=CH), 3.81-4.47(m, 4H), 2.13(m, 4H), 2.33—
2.63(m, 6H), 1.31-1.83(m, 12H). "CNMR (CDCI,
0c):14.03, 22.53, 23.5, 24.6, 25.46, 27.14, 29.12,
31.83, 33.9, 35.86, 37.24, 42.8, 129.07, 130.63, and
179.46.

Spectral Studies of the Compound [1]-2,

6-diisopropyl-[1-12-hydroxy-octa-Z-9]-decenoate
Viscous oil, R, = 0.5, (petroleum ether/diethyl
ether, 1:1 v/v as a developer), isolated yield, 90 %.
IR (CHCI, cm): 3429.2, 3012.6, 2931.3, 2859.3,

1744.0, 1694.8, 1646.6, 1525.4, 1383.7, 1372, 1216,

1164, 1098.5, 930.7 and 754.7. MS-EI found [M+H]
+ 458.7287; C, H, O, [M+H] * requires 458.7297.
'HNMR (CDCl,, 0H, ppm): 0.88(t, J=6.4Hz, 3H),
1.182(d, J=6.6 Hz, 6H), 1.27, 1.248(d, J=6.6 Hz, 6H),
2.615(m,6H), 2.40(m,3H), 2.92(m,2H), 3.20(m,2H),
3.615(m,1H), 3.90(m,2H), 4.22(m,2H), 5.38(m,1H),
5.673(m,1H) 6.894(m,1H), 7.042(d, J=7.5Hz,
1H), 7.230(d, J=8.1Hz, 1H), 1.308-2.14 (m, 12H).
BCNMR (CDCL, oc): 14.47, 22.72, 23.53, 24.95,
25.34, 26.29, 26.98, 27.44, 29.33, 31.46, 32.67,
34.10,35.77,37.35, 38.64, 49.65, 55.96, 68.08, 71.61,
73.60, 120.45, 123.30, 123.78, 126.34, 132.5, 149.97,
154.06, 172.34.

Spectral Studies of the Compound [2] — 2,
6-diisopropyl-[1-octa-Z-9]-decenoate

Viscous oil, R, = 0.4, (petroleum ether/diethyl ether,
1:1 v/v as a developer), isolated yield, 90%. IR
(CHCI,, cm™): 3012.6, 2931, 2859.3, 1744, 1628,
1645.2, 1512.1, 1362, 1243.6, 1160.4, 1089.6, 894.6,
752.6. MS-EI found [M+H] + 442.740; C,H O,
[M+H] * requires 442.747.'"HNMR (CDCI, OH,
ppm):0.88(d, J=6.8Hz, 6H), 1.194(d, J=6.8Hz,
6H),1.22—1.55(m, 26H), 2.4(t, J=6.5Hz, 3H), 2.615(t,
J=6.5Hz, 2H), 2.91(m, 1H), 3.197(m, 1H), 5.38(m,
1H, -CH=CH), 5.673(m, 1H, -CH=CH), 6.87(m, 1H),
7.06(d, J=6.8 Hz, 1H), 7.23(d, J=6.8 Hz, 1H).>*CNMR
(CDCI,, 0c):22.72, 24.06, 24.95, 25.62, 26.32, 27.37,
28.75, 29.06, 34.02, 46.1, 53.39, 56, 114.1, 120.8,
123.3, 123.8, 126.34, 132.5, 140.2, 145.5, 150.0,
157.36, 172.32 and 173.6.

Assay for in Vitro Anti-cancer Activity

In vitro screening of new drug candidate against hu-
man cancer cell line panel is carried out and results
are tabulated in Table 1. The assay is the same as we
had done earlier [5] The number of viable cells was
determined using modified Neutral Red assay [6]
procedure. 1C, values were calculated from the dose
curves generated by plotting % growth v/s the test
concentration on a logarithmic scale.

Assay for Antimicrobial Activity

The in vitro antimicrobial activity was carried out
against E. coli, S. aureus and S. albus. The assay is
the same as we had done earlier [5]. To determine the
zone of inhibition cup-plate method was employed [7].
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Results and Discussion

After isolation of 12-Hydroxy-octadec-Z-9-enoic
acid from seed oil of Ricinus communis it was char-
acterized by various spectroscopic techniques. The IR
spectra of the compound revealed strong absorption
bands at 1710.8cm™ and 1216.9 cm™! corresponding to
C=0 and C-O bonds respectively, indicating the pres-
ence of carbonyl carbon, showing carbon signal at 0.
179.46. Presence of hydroxyl group was confirmed by
absorption band at 3418.0cm™ and its respective car-
bon signal appeared at 0. 71.77 with 0, 3.625ppm (s,
1H). IR spectra revealed a sharp band at 1640.0cm’!
indicating the presence of double bond which is fur-
ther related to chemical shifts at 9, 5.37(m, 1H) and
5.84(m, 1H) ppm for the two olefin protons 9H and
10H respectively with d. 129.07 and 130.63. The
bands at 2930.4 and 2858.4 cm™! correspond to the ali-
phatic CH bonds. Some significant signals appeared at
0, 0.89(t, J= 6 Hz, 3H of terminal CH, group), 3.39(s,
1H, CH-OH) and 1.31-1.83(m, 12H) for the rest of the
fatty acid chain length. The efficient synthesis of fatty
acid conjugates of propofol is shown in (Scheme 1).
DCC/DMAP was used to esterify the la-hydroxy
group of propofol with the carboxylic acid.

H
HC CH;

[0} / \

(CHy7C CH;-(CHy)s
: : OH

(Scheme 1)

DCC, | DMAP
CH,Cl,

The IR spectrum of the compound [1] revealed broad,
strong absorption bands at 1744.0cm™ and 1216 cm
'which are attributable to C=0 and C-O bonds ,re-
spectively, and indicate the presence of an ester with
their respective carbon signal at 9, 172.32. A strong
band at 3429.2 cm™! indicate the presence of hydroxyl
group with 0, 3.615ppm, and its respective carbon
signal appeared at 0. 71.61. The band at 3012.6cm

is characteristic of an aromatic C-H (propofol) and
the band at 2931.3 and 2859.3cm! is characteristic
of aliphatic C-H bonds. A distinct band at 1646.6cm’!
shows the presence of alkene. The two olefin protons,
9’H and 10°H were observed at 0, 5.38ppm and 5.673
ppm and correlated with observations at 6. 126.34 and
132.5 respectively. The chemical shifts for aromatic
protons are moved downfield at 6, 6.894 (m, 1H),
7.067 (d, J=7.5Hz, 1H), 7.230 (d, J=8.1 Hz, 1H) and
their respective carbon signals appeared at 0. 120.45,
123.30, 123.78. For 12 protons of the two isopropyl
groups, two doublets were observed at 0, 1.182(d,
J=6.6Hz, 6H) and 1.248 (d, J=6.6Hz, 6H) and their
respective carbon signals appeared at 0. 23.53 and
24.95. The broad and strong absorption bands at
1744 cm and 1243.6 cm™ of the compound [2] are at-
tributable to C=0, C-O bands respectively, that indi-
cate the presence of ester group with their respective
carbon signals at 0. 172.32 and 173.6. The band at
3012.6cm™ is characteristic of an aromatic C-H and
the bands at 2931.0cm™ and 2859.3 cm™ for aliphatic
C-H bonds. A distinct band at 1628 cm™ show the
presence of C=C of alkenes. The two olefin protons
(terminal alkenes), 9’H and 10°H were observed at
5.38 (m, 1H) and 5.673 (m, 1H) which are correlated
with 0. 126.34 and 132.5 respectively. No O-H band
was seen, indicating the absence of nonesterified pro-
pofol. The chemical shifts for three aromatic protons
are moved downfield at 0, 6.87 (m, 1H), 7.06 (d, J=
6.8Hz, 1H), 7.23 (d, J= 6.8 Hz, 1H) and their carbon
signals appeared at 120.8, 123.3 and 123.53 0. values.
For 12 protons of the two isopropyl groups, two dou-
blets were observed at 6, 0.88(d, J= 6.8 Hz, 6H) and
1.194 (d, J= 6.8 Hz, 6H) and their respective carbon
signals appeared at 0, 24.06, 24.95.

The compounds were examined for their in vitro
cytotoxicity against a panel of solid human tumor cell
lines. Its cytotoxicity was also determined against
non-cancerous mammalian cells (VERO cells) for
comparison. The compounds [1] and [2] were cyto-
toxic against all cancer cell lines where as no effect
was observed against normal cells (VERO cells) up to
the highest concentration of 15uM in the assay, thus
demonstrating selectivity towards the tumor cells.
The cytotoxic potency of compounds is expressed in
terms of IC, values as shown in Table 1. The signifi-
cantly higher anti-cancer activity of [1] is attributed to
the presence of a methylene interrupted 12-hydroxy
and Z-9- monounsaturation in its C-18 fatty acid moi-
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ety. Compound [2] also show significant cytotoxicity
against all the cancer cell lines especially HL-60 (hu-
man leukemia) because of Z-monounsaturation, but
its anti-cancer activity is slightly lesser than that of
[1], because of the presence of hydroxyl group in [1]-
as it has been described earlier that w-hydroxy and
hydroxy fatty acids are potent anti-cancer agents.

Table 1: Anti-cancer activity of compounds

O ——
Compound® Cell lines” (ICsp, pM)

MCF-7 HelLLa HL-60 VERO

1 042 022 026 NA

2 054 030 024 NA

“The highest concentration tested was 15uM. "NA, not active; HeLa,
Human cervical epitheloid carcinoma; MCF-7, Human breast adenocar-
cinoma; HL-60, Human leukemia; VERO, monkey kidney fibroblasts.

The compounds were also screened for their antimi-
crobial activity against E. coli, S. aureus and S. albus.
Both of the compounds [1] and [2] exhibit significant
antimicrobial activity against E. coli and S. albus
while remain not active against S. aureus. Results of
anti-microbial screening are reported in Table 2.

Table 2: Anti-microbial activity of compounds

]|
Diameter of zone of mhibition

Compound E.coli §. aureus S. albus
1 12mm NA 1lmm
1 15mm NA Ymm
Chloromycetin 22mm 18mm 20mm

DMEF used as the control; concentration = 100pg/m! of DMF; NA, not active.

Conclusion

These results suggest that the novel propofol-fatty
acid conjugates reported here may be useful for the
treatment of cancer as all of them show significant cy-
totoxicity against a panel of human solid tumor cell
lines. Interestingly, none of them showed any cytotox-
icity to normal cells. This feature places these prod-
ucts into the class of anticancer agents that possess
selectivity toward cancer cells over normal cells. The
conjugates also showed significant anti-microbial ac-
tivity against E. coli and S. albus.
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Abstract

In the present study in vitro antioxidant activities of Salix babylonica and Triumfetta pillosa were carried out by
using scavenging activity of DPPH (1,1 diphenyl-2-picrylhydrozyl) radical method. The plant extract showed

remarkable antioxidant activity.

Introduction

In the past few years, there has been growing inter-
est in the reactive oxygen species (ROS) due to their
involvement in several pathological situations [1].
Reactive oxygen species (ROS) include, superoxide
anion (O-2) and alkoxyl (RO.) radical, nitricoxide
(NO), hydrogen peroxide (H202), peroxyl radical
(ROO.) and hypochloride (HOCI). Superoxide an-
ion radical(O-2) and hydrogen peroxide (H202) can
interact in the presence of certain transition metal
ions to yield a highly reactive oxidizing species, the
hydroxyl radical (OH.) [2]. The oxidation induced
by ROS may result in cell membrane disintegration,
membrane protein damage and DNA mutations which
play an important role in aging and can further initiate
or propagate the development of many diseases, such
as arteriosclerosis, cancer, diabetes mellitus, liver
injury, inflammation, skin damages, coronary heart
diseases and arthritis [3—4]. Although, the body pos-
sesses such defense mechanisms, as enzymes and an-
tioxidant nutrients that arrest damaging properties of
ROS [5] however, their prolonged exposure may lead
to irreversible oxidative damage [4]. Therefore, anti-
oxidants with free radical scavenging activities may
have great relevance in the preservation and therapeu-
tics of diseases involving oxidants or free radicals [6].
The antioxidants serve as a defensive factor against
free radicals in the body. Enzymes such as superox-
ide dismutase, catalase and glutathione peroxidase are
the main enzymes that oppose oxidation. If the free
radical production becomes more than the capacity of

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

enzymatic system to cope up with, then the second
line of defense (vitamins) may come torescue. Vita-
min A and C quench free radicals by oxidizing and
inactivating them. The polyphenolic compounds com-
monly found in plants, mushrooms, and fungi have
been reported to have multiple biological effects such
as anti-inflammatory, antiarteriosclerotic, antitumor,
antimutagenic, anticarcinogenic, antibacterial and
cardioprotective actions including antioxidant activity
[7]. Salix babylonica belongs to family salicaceae is a
sub-deciduous or evergreen tree upto 15 meter high.
Branches glaborous, drooping, leaves narrowly lan-
ceolate commonly found along moist places and often
cultivated as an ornamental tree [8]. Triumfetta pil-
losa belongs to family tiliaceae is an annual or peren-
nial herb upto 2 meter high. Petals yellow, narrowly
lanceolate, obtuse. Capsules tomentose, subglobose,
commonly found in open waste places, forest edges
and field terraces. The fruit juice of the plant is ap-
plied on cuts, its fruit infusion is given to women to
facilitate delivery [9].The ethanolic extract of the rhi-
zome of the plant showed significant antifungal activ-
ity. The ethanolic extract of the roots were analyzed
for anticandidala activity [10].

Plant Material and Extract Preparation

The Plant materials of Salix babylonica and Triumfetta
pillosa were collected from Bharsar, Pauri Garhwal,
Uttrakhand, India in the month of August 2009 and
identified from Taxonomy Laboratory, Department
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of Botany, H.N.B. Garhwal University Srinagar. A Table 1 and Table 2: Antioxidant activity of Salix babylonica

voucher specimens (GUH-8388, for Salix babylonica
and GUH-8874, for Triumfetta pillosa) of the plants
have been kept in the Departmental Herbarium for fu-
ture records.

Determination of Antioxidant Activity

In order to measure antioxidant activity DPPH free
radical scavenging assay was used. This assay mea-
sures the free radical scavenging capacity of the ex-
tract under investigation. DPPH is a molecule con-
taining a stable free radical. In the presence of an
antioxidant, which can donate an electron to DPPH,
the purple color which is typical for free radical de-
cays and the absorbance was measured at 517 nm us-
ing a double beam UV-VIS spectrophotometer [11].
The ethanolic extracts of the plants were re-dissolved
in ethanol and various concentration (10, 20, 50 and
100 pg/ml) of extracts were used. The assay mixture
contained in total volume of 1 ml, 500ul of extract,
125ul prepared DPPH and 375 pl solvent (methanol).
After 30 min of incubation at 25°C, the decrease in
absorbance was measured at 517nm on spectropho-
tometer. The radical scavenging activity (RSA) was
calculated as a percentage of DPPH using a discolor-
ation using then equation

% RSA = [(A, A )/A,] x100

Where A and A are the absorbance of control and test
sample respectively

Results and Discussion

The DPPH radical has been widely used to test the
potential of compounds as free radical scavengers
of hydrogen donor and to investigate the antioxidant
activity of plant extracts [12]. The ethanolic extract
of plants showed an effective free radical scaveng-
ing in DPPH (2, 2 diphenyl-1-picryl hydrazyl) assay
(Table 1 and 2).

and Triumfetta pillosa on DPPH free radical

Table 1
Concentration DPPH Free radical
(ng/ml) Scavenging activity (%)
10 10.12
20 21.9
50 46.67
100 88.00
Table 2
Concentration DPPH Free radical
(ng/ml) Scavenging activity (%)
50 3.12
100 6.15
150 10.69
200 23.27

The extract of Salix babylonica exhibited antioxidant
effect at low concentration. When the extract of the
plant was tested for DPPH radical scavenging activ-
ity, it was found that 50 pg/ml and 100 pg/ml of the
extract lowered the DPPH radical levels above 46.7 %
and 88 % respectively. Inhabitation of DPPH radicals
50% considered as significant antioxidant properties
of any compound [13]. The extract of plant Triumfetta
pillosa also showed antioxidant property but at higher
concentration which was found to be 10.69% and
23.27 % at the concentration of 150 ng/ml and 200 pg/
ml respectively. The results obtained in this study that
the plant extract of Salix babylonica showed remark-
able antioxidant activity in comparison to Triumfetta
pillosa on DPPH free radical.

100 A

80 |
= 0.8511x + 3.3665
60 - R? = 0.9983
40 A
20
0 : : : : : )

100 120

Fig. 1
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Fig. 1 and Fig. 2: Antioxidant activity of Salix babylonica and
Triumfetta pillosa
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Abstract

Andrographis paniculata Nees, a well-known plant of Indian and Chinese traditional system of medicines, has
drawn attention of researchers in recent times. An attempt was made to isolate the active principle from the
plant using chromatographic methods. Andrographolide isolated from Andrographis paniculata (burm. f.) Nees
(Acanthaceae) ameliorated the diabetes induced renal failure when treated for 28 days. The results demon-
strated that andrographolide showed alleviation in terms of serum creatinine (54.73 %), serum urea (63.92 %),
urinary proteins (32.35%) at a dose of 90 ug/ml. The structure of the isolated compound was confirmed by

various spectroscopic methods.

Introduction

Diabetic nephropathy is a common problem that is
most likely to occur in patients who have worse gly-
cemic control, hypertension, glomerular hyperfiltra-
tion or a genetic predisposition. The lifetime risk of
nephropathy is roughly equivalent in type 1 and type
2 diabetes [1]. Diabetic nephropathy is one of the ma-
jor complications of non-insulin dependent diabetes
mellitus (NIDDM) which is a common cause of death
in diabetic patients. The severity of renal disease in
diabetic patients correlates with the levels of blood
urea and serum creatinine [2]. Diabetic nephropathy
accounts for considerably morbidity and mortality
even in patients with well controlled blood sugar val-
ues [3]. Insulin therapy and oral hypoglycemic agents
offer effective glycemic control; yet, their shortcom-
ings limit their usage [4].

Plants are reputed in the indigenous systems of
medicine for the treatment of various diseases [5]; the
available literature shows that there are more than 800
plant species showing hypoglycemic activity [6]. The
world health organization has also recommended the
evaluation of the effectiveness of plants in conditions
where we lack safe modern drugs [7]. Phytochemicals
isolated from plant sources are used for the prevention

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

and treatment of cancer, heart disease, diabetes mel-
litus and high blood pressure [8].

The hunt for complementary and alternative medi-
cine is an ongoing process in the area of renal failure
research. Andrographis paniculata (Burm. f.) Nees
(Acanthaceae), a renowned plant in South-Asian tra-
ditional medicine is an established antidiabetic herb;
hence attracts attention towards exploring the possible
anti renal failure properties, especially against diabetic
nephropathy. Andrographis paniculata is reported as a
cold property herb in TCM and is used to get rid of
body heat and to expel toxins. The plant is particularly
known for its extremely bitter properties (often called
king of bitters) and is used traditionally as a remedy
against common cold, dysentery, fever, tonsillitis, diar-
rhea, liver diseases, inflammation, herpes, etc. [9—11].
The traditional uses and pharmacological aspects of A.
paniculata have been well-documented in an extensive
review recently [12]. A number of active principles are
reported from the plant, which mainly include diter-
pene lactones, flavonoids and polyphenols [13—-14].
However, the prime constituent andrographolide has
been is mainly attributed for its therapeutic properties.
Diterpenoid lactone andrographolide (C, H, O,) is the
principle compound found in A. paniculata, which is
mainly concentrated in leaves and can be easily iso-
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lated from the crude plant extracts as crystalline solid
[15—16]. The structure of the compound has been eluci-
dated by X-Ray crystallographic analysis and the mo-
lecular stereochemistry, bond distances, bond angles,
etc. all were determined [17]. Chemically designated
as (3-[2-[decahydro-6-hydroxy-5-(hydroxymethyl) -5,
8-adimethyl-2-methylene-1-napthalenyl] ethylidene]
dihydro-4-hydroxy-2(3H)-furanone),andrographolide
(Fig. 1) exhibits extraordinarily vast range of biologi-
cal activities [18-23]. In recent past, the compound is
reported for its anti-tumor, anti-HIV and Cardioprotec-
tive properties [24-30]. In view of present literature
and our previous experiments [31-32], an attempt
was made to evaluate the effectiveness of isolated ac-
tive principle ‘Andrographolide’ from Andrographis
paniculata against stz-induced diabetes and renal
damage in rats by studying the effect on blood urea
and serum creatinine and urinary proteins levels.

CH,

HO

HyC CH,0H

Fig. 1: Structure of the principle phytochemical compound of
andrographolide

Materials and Methods
Plant Material

Plants were procured from NBRI, Lucknow (Ac-
cession No. AP-D02, Herbarium Voucher No.
445785) for the study. The fresh plants were washed
quickly with the water to remove any foreign mat-
ter, shade dried and powdered and stored in airtight
containers.

Isolation of Andrographolide

Andrographis paniculata (300g) were macerated
and extracted with methanol. The solvent was con-
centrated in vacuo to yield methanol extract (30g),
which was diluted with aqua distillate, and then parti-
tioned by ethyl acetate, from which 10 g residue was
obtained. The ethyl acetic fraction was subjected to
silica column chromatography and gradiently eluted
with chloroform methanol to afford andrographolide.
The andrographolide crystal was recrystalized from
hot methanol. Its IR, '"H-NMR, *C-NMR and MS data
were in accordance with those of andrographolide [33]
and standard (Sigma, USA). Isolated andrographolide
equivalent to dose 90 pg/ml was administered to rats.

Animals

Male Wistar albino rats weighing 250+50g were
housed in polypropylene cages and maintained at 24 =
2°C under 12 hour light/dark and 60 + 5% humidity.
They were fed with Amrut Laboratory Animal Feed,
manufactured by Nav Maharashtra Chakan Oil Mills
Ltd., Pune, India. Water was provided ad libitum. The
animals were acclimatized for a week under labora-
tory conditions. All experiments were performed ac-
cording to the norms of the local ethical committee.

Experimental Design

Experimental animals were distributed randomly, in
eight groups, containing six animals each.

a. Normal animals
Group I received vehicle only, throughout the experi-
mental period.

b. Streptozotocin induced diabetic animals

Diabetes was induced in rats deprived of water for
24 hr followed by a single intraperitoneal injection
of streptozotocin (STZ, 50mg/kg) [34] dissolved in
freshly prepared 0.01 M sodium citrate buffer, pH
4.5 [35] and the rats were left to develop diabetic ne-
phropathy for a week. A week after the STZ injection,
blood glucose levels were determined in blood sam-
ples collected from the tail vein, using Glucometer
(Accu-Chek, one touch ultra). Animals were consid-
ered to be diabetic if they had elevated plasma glucose
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concentrations > 250 mg/dl [36]. Then, these diabetic
rats, referred to as STZ rats, were considered to show
diabetic nephropathy if their blood urea and creatinine
values were elevated. These animals further divided
into two groups. Group II received vehicle only and
group III received andrographolide, daily at a dose
of 90 ug/ml (p.o.), respectively, for 28 consecutive
days. Renoprotective activity against streptozotocin
induced diabetic nephropathy, was screened in terms
of alleviation in serum creatinine and serum urea.

Sample Collection

Individual rats belonging to different groups were
placed in metabolic cages over a period of 24 h and
urine was collected. At the end of 24 hours, rats
were anesthetized with a combination of ketamine
(60mg/kg) and xylazine (5mg/kg) given intraperito-
neally. Blood samples were collected via retro orbital
puncture in plain plastic tubes, left to stand at 4 °C for
1 hour, and centrifuged (900 x g for 15 min at 5°C)
to separate serum. The serum obtained was stored
at — 5°C until analysis.

Biochemical Analysis

Plasma and urine samples were assayed using stan-
dard diagnostic kits, viz. serum creatinine (Human,
Germany), serum urea (Beacon Diagnostics, India)
and urinary protein (ERBA Diagnostics, Germany).

Statistical Analysis

All values were expressed as mean + standard error.
Differences within groups were evaluated by paired #-
test. One-way analysis of variance was used for exam-
ining differences among groups. Inter-group compari-
sons were made with Dunnet’s multiple-comparison
test. A p-value of < 0.05 was considered to indicate
significance.

Results and Discussion

A. paniculata is cited in Ayurveda as a plant with di-
uretic, antioxidant and antidiabetic properties. Our
previous study indicating renoprotective activity of
Andrographis paniculata in gentamicin induced acute

renal failure, thereby suggests this study as a com-
plementary research for its anti renal failure effects
against streptozotocin induced diabetic nephropathy.

Andrographolide (Figure 1) showed a significant
alleviations in diabetes induced renal failure. Data
presented in table 1 demonstrate that the isolated
compound ‘andrographolide’ showed amelioration
in terms of serum creatinine (54.73 %), serum urea
(63.92 %), and urinary proteins (32.35 %) at a dose of
90 png/ml. The isolated compound also diminished the
blood glucose level. The currently available drug regi-
mens for management of diabetes mellitus have cer-
tain drawbacks and therefore, there is a need to find
safer and more effective antidiabetic drugs [36—38].
Diabetes mellitus of long duration is associated with
several complications such as atherosclerosis, myo-
cardial infarction, nephropathy etc. These complica-
tions have long been assumed to be related to chroni-
cally elevated glucose level in blood [39].

Table 1: Change in renal profile after the treatment of diabetic
nephropathy rats with andrographolide at a dose of 90 pg/ml

Groups/Bio- Andrographolide

markers 0" Day 28" Day

Serum

Glucose (mg/dl)  [314.22+0.12 112.14+0.44
(-64.31)

Creatinine (mg/dl) |2.43+0.11 1.10+£0.02
(-54.73)

Urea (mg/dl) 89.02+3.21 32.12+1.14
(-63.92)

Urine

Proteins 10.54+1.56 7.13+0.08

(mg/dl/day) (-32.35)

Values are mean = SE of 6 rats.
Figures in parenthesis indicate percent change with
respect to 0 day.

p<0.0001 (28" day is compared with O* day).

Renal disease is one of the most common and severe
complications of diabetes. In diabetes mellitus, in-
creased blood glucose, lipids and oxygen free radicals
can induce glomerulosclerosis and chronic tubuloin-
terstitial damage in the kidneys leading to diabetic
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nephropathy [39-43]. A progressive decline in the
glomerular filtration rate due to loss of functioning
nephrons and histological renal damage are common
characteristics in the development of diabetic ne-
phropathy [44].

Seven days after streptozotocin injection, the
serum urea concentrations significantly elevated
(p<0.01) in STZ induced diabetic nephropathy mod-
els. There were significant elevations in serum cre-
atinine and urea levels when compared to that of
the normal control animals, indicating impaired re-
nal function of diabetic animals. In renal disease,
the serum urea accumulates resulting in uremia, as
the rate of urea production exceeds the rate of clear-
ance [45]. Urea is the principal end product of pro-
tein catabolism and accumulates with renal failure.
A. paniculata treatment showed a significant ame-
lioration in all the renal biomarkers evaluated in the
study, in a solvent-dependent manner. These results
indicate that propolis can attenuate renal damage in
diabetic rats. 4. paniculata has a strong antioxidant
and free radical scavenging effect [46]. This finding
suggests that A. paniculata may improve the disturbed
metabolism associated with diabetes. In this study, se-
rum levels of glucose, was significantly elevated in
diabetic rats compared to that of the normal control
rats.

The present piece of work demonstrates that MeOH
extract of the plant 4. paniculata exhibited renopro-
tective activity against diabetic nephropathy. The
chromatographic fractionation of the MeOH extract to
its derived compound a diterpene lactone ‘Androgra-
pholide’ has resulted into the amelioration with an
effective concentration of 90 pg/ml and hence makes
the plant metabolite interesting for further research.
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Abstract

Ajmalicine is an important antihypertensive obtained from Catharanthus roseus. Transformed hairy roots were
generated for the plant which had the ability to accumulate increased concentrations of ajmaciline. These roots
can serve as the parent cell line for the economic mass in vitro production of ajmaciline, if cultivated in the
appropriate media and right bioreactor configuration. The medium for hairy root cultivation was statistically
optimized and thereafter the roots were subjected to different stress conditions primarily to influence the final me-
tabolite accumulation. The objective of the present study was to investigate the effect of five stress factors manni-
tol, sodium chloride, potassium chloride, cadmium chloride and PVP polyvinyl pyrrolidone K-30 on growth and
ajmalicine accumulation under in-vitro mass hairy root cultivation of Catharanthus roseus. Ajmalicine accu-
mulation in actively growing hairy root was increased by addition of PVP to 2.53mg/gDW (182 % increase than
blank control) and by KCI to 4.09 mg/gDW (227 % increase). The maximum secretion of ajmalcine in the medium
for mannitol, cadmium chloride, PVP and NaCl was 5.4mg/l, 1.74mg/l, 2.192 mg/l and 2.02 mg/l respectively as
opposed to 1.32mg/l in blank control. The mechanisms responsible for these stress effects are discussed herein.

Introduction stresses on Catharanthus roseus hairy root cultures
cultivated in statistically optimized Gamborg’s B5/2

Plant hairy root culture has been a matter of active in- medium.

terest due to their distinct ability to grow actively and

indefinitely in phytohormone free medium producing

secondary metabolites at levels comparable to or even Materials and Method

better than that of intact plants. Catharanthus roseus

hairy root cultures have been widely investigated 1. Maintenance of cell line and media optimization:

for the pharmaceutically important alkaloids. In the The hairy roots of Catharanthus roseus (L.) G.

present investigation transformed hairy root line was Don cv. Prabal [4] were maintained in 40 ml of the
used which had a distinct ability to overproduce an- independently statistically optimized media. Trial
tihypertensive ajmalicine. Mass scale bio-processing experimental protocols for concentration optimiza-
requires the understanding of the influence of external tion were formulated using Design-Expert version
factors on the accumulation of secondary metabolites. 5.0.9 software (Stat-Ease Corporation, USA) using
One such yield enhancement strategy could be appli- Gamborg’s B5/2 medium (pH 5.8) at 25°C under
cation of stress factors so that the content and/or rate 16/8 hours illumination conditions and 70 rpm.
of final metabolite can be enhanced. The present work The optimal values of the selected key nutrients
focuses on the effect of osmotic salt and chemical sucrose, potassium nitrate and sodium phosphate
M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 39
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being 16 g/1, 2790 mg/1 and 37.5 mg/L respectively,
the rest of the components were kept similar to
Gamborg’s B5/2 medium.

2. Kinetics of growth: Knowledge about the growth

kinetics of the hairy root culture in the optimized
medium was a prerequisite for optimization of the
various physical and chemical process parameters
to achieve maximum ajmalicine volumetric pro-
ductivity. Hence the hairy roots were cultivated
in 250 ml Erlenmeyer flasks rotating on a gyratory
shaker at 70 rpm containing 40 ml of the optimized
medium. Temperature and pH were maintained at
25°C and 5.8 respectively. The hairy root inoculum
used for the experiment was 0.55 g/l of 15 days old
culture on dry weight basis. The experiment was
conducted in duplicate under 16/8 h L/D illumi-
nation conditions and the flasks (containing roots)
were harvested at regular intervals for the analysis
of biomass substrate and ajmaciline.

3. Analytical methods: Ajmalicine was extracted

from the roots and quantified by High performance
Liquid Chromatography[3]. The cell growth index
was calculated by the formula: relative growth
index = cell dry weighttreatment/cell dry weight-
blank control. Cell viability rate was tested by TTC
method. [2]

4. Addition of stress factors: With an aim to improve

ajmalicine production several stress factors were
applied. All chemicals used in the experiment were
analytical grade. For salt stress treatment 2,3,4,6 g/1
of NaCl and 3,4 and 5 g/l of KCl was used. For os-
motic shock treatment,100mM, 200 mM, 400 mM
and 600 mM mannitol, 0.1%, 0.2 %, 0.4%, 0.6 %,
0.8% (w/v) PVP (polyvinyl pyrrolidone K-30
(PVP, MW: 40 000)) were used. Cadmium chloride
concentrations used were 1,10,100,1000 um. All
the above trials were conducted in the statistically
optimized medium and the pH was adjusted to 5.8
before autoclaving. The controls received the same
amount of water.

Results and Discussions

1. Growth curve: After optimization of the medium

the growth kinetics was established in shake flasks
as shown in Fig 1. Each time point on the growth
curve was an average of two replicates initiated
with the same inocula from 15 day old cultures.
After 30 days of cultivation the maximum biomass

obtained was 42.71 g/ (fresh weight) equivalent to
5.025 g/l of dry weight. The stationery phase was
reached at around 25" day. It was observed that af-
ter 30 days there was no further increase in growth.
This may be due to the decrease in the limiting sub-
strate by day 30.
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Fig. 1: Kinetics of growth

2.

Osmotic Stress: The osmotic stress treatment by
exposure to mannitol resulted in a maximum aj-
malicine content of 1.27mg/gDW at 400mM .The
ajmalicine secreted in the medium was higher than
the control for all treatments with the maximum
being 5.4mg/l at 200mM (Fig 2a.). However the
root viability (Fig 2b.) as well as biomass concen-
tration (Fig 2a.) decreased with the increase in the
mannitol concentration. The viability was found to
be 78% for 100mM and decreased to 15.4% for
600mM.

3. PVP treatment: As shown in Fig 3a. the PVP treat-

ment did not result in any improvement in biomass
concentration but the highest ajmalicine content in
the roots (2.53 mg/gDW) was observed at 0.2 % w/v
ajmalicine which is 182 % higher than the control.
At 0.6% w/v no ajmalicine was detected. The re-
lease of ajmalicine was stimulated at all concentra-
tions with the highest being 2.192 mg/1 at 0.4 %w/v;
this yield was 66 % higher than the blank control.
The viability of the roots was more or less same
between 40—50 %, higher than that for the salt stress
treatment though less than the control. (Fig 3b.)
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Fig. 2a: Effect of different concentrations of mannitol on
growth and ajmalicine accumulation and secretion. Treatment
was given on the day of inoculation and the roots were exposed
to stress for 15 days
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Fig. 2b: Effect of different concentrations of mannitol on
viability. Treatment was given on the day of inoculation and
the roots were exposed to stress for 15 days

4. Salt Stress: The hairy roots were exposed to differ-
ent concentrations of NaCl and KCl (Fig 4a.b.). It
was observed that for KCI treated hairy roots the
ajmalicine concentration was higher at all concen-
trations with the maximum being 4.09 mg/gDW
at 4g/l as compared to the control for which the
concentration was 1.25 mg/g DW (227 % increase).
The maximum ajmalicine secreted was 1.33 mg/l
at 5g/l KCI treatment. However for the case of
NaCl the maximum ajmalicine content accumu-
lated in the roots was 0.98mg/gDW at 4g/1 whereas
the maximum ajmalicine obtained in the medium
was 2.02 mg/l at 6g/l NaCl, 53% higher than the
control. The NaCl treatment resulted in less ajma-
licine in the roots than KCl treatments
The viability saw a decrease from 24.6 % to 18.2%
for KCI. The viability was same for all NaCl treat-
ments. Reports on Catharanthus roseus cell cul-
tures have shown similar observations wherein the
ajmalcine content in the cells for NaCl treatment
was more or less same as that in the control but the
ajmalcine accumulated in the medium was higher.

Also the report suggests that though the cell cul-
tures became yellowish but the viability decreased
for both salts.[3]
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Fig. 3a: Effect of different concentrations of PVP on growth
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Fig. 3b: Effect of different concentrations of PVP on viability.
Treatment was given on the day of inoculation and the roots
were exposed to stress for 15 days

5. Cadmium Chloride Treatment: It was observed
that the root viability was low at all concentrations
(Fig 5b). The ajmalicine secreted in the medium
increased with the increase in concentration of cad-
miumchloride (Fig 5a). The maximumajmalicine se-
creted was 1.74 mg/1. Cadmium chloride treated cul-
tures showed browning and the condition increased
with increase in concentration with decreased vi-
ability which decreases with 20.2 % to 13.3 %. (Fig
5a.). This may be due to the exposure time to stress.
Recent reports for Catharanthus roseus hairy roots
and cell cultures of different ages (lag phase, mid
exponential and stationery phase) treated with cad-
mium chloride suggest that treatment at the day of
inoculation can lead to cell lysis whereas inoculating
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during the early stationery phase enhances both the
biomass and ajmalicine [1,5].
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Fig. 4a: Effect of different concentrations of NaCl and KCI
on growth ajmalicine accumulation. Treatment was given on
the day of inoculation and the roots were exposed to stress
for 15 days. KCl1, KCI2, KCI3 represents 3,4,6 g/l of KCl and
NacCl 1, NaCl 2, NaCl 3, NaCl 4 represents 2,3,4,5 g/l of NaCl
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Fig. 4b: Effect of different concentrations of NaCl and KCI on
growth ajmalicine accumulation and viability in hairy roots.
Treatment was given on the day of inoculation and the roots
were exposed to stress for 15 days. KCI1, KCI2, KCI3 repre-
sents 3,4,6 g/l of KCland NaCll, NaCl2, NaCl3, NaCl4 repre-
sents 2,3,4,5 g/l of NaCl
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Fig. 5b: Effect of different concentrations of Cadmium Chlo-
ride on viability .Treatment was given on the day of inocula-
tion and the roots were exposed to stress forl5 days

Conclusion

In conclusion it was demonstrated that the Catharan-
thus roseus hairy roots are sensitive to these stress fac-
tors. PVP and KCl increased the ajmalcine accumula-
tion in the roots to 2.53 mg/gDW and 4.09 mg/gDW
respectively which was 182% and 227% increase
with respect to additions of 0.2% w/v PVP and 4 g/l
KCI respectively. Mannitol, NaCl and PVP strongly
affected the release of ajmalicine in the medium with
maximum being 5.4 mg/l, 2.02mg/l and 2.192 mg/I re-
spectively. Cadmium chloride treatment was found to
be strongly dependent on the age of culture and time
of exposure. The viability of the roots was low for
salt stress treatment maximum being 24.6 % for KC1
and 35 % for NaCl. The maximum viability for addi-
tion of stress factors, mannitol and PVP was 78 % and
40.8 % respectively which eventually decreased with
increase in concentration(s).
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Abstract

Azdirachta indica, Tinospora cordifolia, Ocimum sactum, Triticum aestivum, Aloe barbandesis are Indian
medicinal plants and has several medicinal properties. Antioxidants are essential substances which possess
the ability to protect the body from damaged caused by free radical induced oxidative stress. A variety of free
radical scavenging antioxidants exist with in the body which many of them derived from nutritional sources
like food, vegetables. In this study the antioxidant activity of acetone and methanol (30:70) combine extract
of selected plant materials, traditionally used by Indian population was evaluated against 2,2-diphenyl-1-pic-
rylhydrazyl radical. This study suggests the possible mechanism of antioxidant activity due to the presence of

flavonoids in each plant extract.

Introduction

About 80% of the world population depends abso-
lutely on plants for their health and healing. Whereas
in the developed world, confidence on surgery and
pharmaceutical medicine is more usual but in the re-
cent years, more and more people are complementing
their treatment with natural supplements [1]. Further-
more, motivation of people towards herbs are increas-
ing due to their concern about the side effect of drugs,
those are prepared from synthetic materials. The
people want to concern their own health rather than
merely submitting themselves to impersonal health
care system. Many botanical and some common di-
etary supplements are good sources of antioxidants
compounds [2]. Plant materials containing phenolic
constituents are increasingly of interest as they retard
oxidative degradation of lipids and thereby improv-
ing quality and nutritional value of food [3, 4]. The
importance of the antioxidant constituents of plant
material is the maintained of health and protection
from cancer [5]. They are very important substances
that possess the ability to protect the body from dam-
age caused by free radical induced oxidative stress [6,
7]. Several researches on the phenolic constituent and
antioxidant activities in various plants have been con-

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

ducted [8]. In the meantime, Galvez et al. [9] pointed
out that there was a correlation between antioxidant
capacity and phenolic content.

Recently, natural have received much attention as
source of biological active substances including anti-
oxidants. Numerous studies have been carried out on
some plants, vegetables, fruits because they are rich
sources of antioxidants such as vitamin C, vitamin A,
vitamin E, carotenoids, polyphenolic compounds and
flavonoids [10] which prevent free radical damage, re-
ducing risk of various diseases. Thus the consumption
of antioxidants from these resources is beneficial in
preventing disease. The search for newer antioxidant
compounds, especially of plant origin has ever since
increased.

Materials and Methods

Collection of Plant Material

Fresh leaves of Azadirachta indica, Ocimum sac-
tum, Aloe barbandesis, Stem of Tinospora cordifolia,

Whole grass of Triticum aestivum were collected from
their proper origin.
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Extraction of Plant Material

The plant materials (leaves of Azadirachta indica,
Ocimum sactum, Aloe barbandesis, stem of Tinospora
cordifolia, Whole grass of Triticum aestivum were air-
dried at room temperature (26°C) for 2 weeks, after
which it was grinded to a uniform powder. The mix-
ture of acetone and methanol (30:70) extract were
prepared by using 75g each of the dry powdered
plant materials in Soxhlet apparatus at 40°C for 48 h.
The extract were filtered after 48 h, the extracts were
concentrated using a rotary evaporator with the wa-
ter bath set at 40°C. The percentage yield of extracts
ranged from 7-17 %w/w. The extract of each plant
material were mixed in equal proportion and make a
single sample.

Determination of Antioxidant Activity
DPPH Scavenging Activity

1 mg of extract powder were dissolved in 1 ml of 90 %
methanol solution to obtain 1000 pg/ml sample solu-
tions were series diluted in to concentration ranging
from 400-1000 pg/ml (i.e. 400, 500, 600, 700, 800,
900 and 1000 pg/ml). 200 uM solution of DPPH in
methanol was prepared and 1.5 ml of this solution was
added to 1.5 ml of methanol extract solution at differ-
ent concentrations (400-1000 pg/ml). Mixture of

Table 1: Characteristics of the used medicinal plants

methanol and DPPH were used as the standard con-
trol. Thirty minutes later, the absorbance was mea-
sured at 517nm. The absorbance of DPPH solution
decreases when kept in contact with antioxidant test
sample and free radical scavenging activity is in-
versely proportional to the absorbance of DPPH solu-
tion [11, 12]. Percent inhibition of DPPH free radical
scavenging activity was calculated using the follow-
ing formula.

X 100

cont

DPPH Scavenged (%) = (A, —A_) /A

cont

Where A is the absorbance of the control reaction.
A__is the absorbance in the presence of the sample

test

of the extract.

100 1 y=0.0716x + 22.306
90 R?=10.8224

80 1
70 1
60 1
50 1
40 1
30 1
20 1

——Seriest
=== Linear(Series1)

% inhibition

0 500 1000 1500

Concentration pl/ml

Figure 1: Inhibition of DPPH by the combine extract Azadi-
rachta indica, Ocimum sactum, Aloe barbandesis, Tinospora
cordifolia, Triticum aestivum

Extract yield Part used Family name Scientific name Chemical constituent

Yow/w

17.24 Leaves Meliaceae Azadirachta indica Reducing sugar, Terpenoids, Flavo-
noids, Saponins, Alkaloids, Cardiac
glycosides

16.09 Leaves Lamicae Ocimum sactum Flavonoids, Tannins

10.08 Branch Asphodelaceae Aloe barbandesis Flavonoids, Tannins, Alkaloids

9.26 Stem Menispermaceae Tinospora cordifolia Reducing sugar, Flavonoids,
Saponins, Alkaloids, Cardiac
Glycosides, Tannins

7.94 Grass Poaceae Triticum aestivum Flavonoids, Tannins, Alkaloids
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Scavenging of Hydrogen Peroxide

Sample with different concentration (i.e. 400, 500,
600, 700, 800, 900 and 1000 pg/ml) were added to
0.1M phosphate buffer solution (pH 7.4, 3.4ml) re-
spectively and mixed with 43mM H,O, solution
(0.6 ml). After 10 minutes, the reaction mixture absor-
bance was determined at 230nm. The reaction mix-
ture without sample was used as the blank [13].

The % inhibition activity = (A —A_ ) /A, X 100

cont
Where A__ is the absorbance of the control reaction.
A__1is the absorbance in the presence of the sample

test

of the extract.

80 1 y=0.0682x + 15.688

R?=10.9866

70 1
= 60
o
50 1 —&—Series1
2
=40 1 = inear(Series1)
o
=30
=

0 500 1000 1500
Concentration pg/ml

Figure 2: Inhibition of Hydrogen peroxide by the combine ex-
tract of Azadirachta indica, Ocimum sactum, Aloe barbande-
sis, Tinospora cordifolia, Triticum aestivum

Results and Discussion

The percentage yield of Azadirachta indica, Ocimum
sactum, Aloe barbandesis, Tinospora cordifolia, Triti-
cum aestivum was found to be 7-17 % w/w. Prelimi-
nary phytochemical screening of the extracts of indi-
vidual plant showed the presence of flavonoids.
DPPH assay is based on the measurement of scav-
enging ability of antioxidant towards the stable DPPH
radical. DPPH is relatively stable nitrogen centered
free radical that can accept an electron or hydrogen
radical to become a stable diamagnetic molecule.
DPPH radicals react with suitable reducing agent as a
result of which electron become paired off forming the
corresponding hydrazine. The solution therefore loses
color stoichiometrically at 517 nm [14]. From result it
may be postulated that the combine extract have hy-
drogen donor thus scavenge free radical DPPH.

H,O, is a weak oxidizing agent and can inactivate
a few enzymes directly, usually by oxidation of essen-
tial thiol (SH) groups. Hydrogen peroxide can cross
cell membrane rapidly. Once inside the cell, H,O, can
probably react with Fe*" and possibly Cu?* to form hy-
droxyl radical and this may be the origin of many of
its toxic effects. It is therefore biologically advanta-
geous for cell to control the amount of hydrogen per-
oxide that is allowed to accumulate. The decomposi-
tion of H,O, by the combine extract may result from
its antioxidant activity.

Results obtained in the present study indicate that
the combine extract of Azadirachta indica, Ocimum
sactum, Aloe barbandesis, Tinospora cordifolia, Triti-
cum aestivum showed the maximum antioxidant ac-
tivity with IC,;386.7 pg/ml in DPPH and 504.7 pg/ml
in hydrogen peroxide.

Conclusion

Results obtained in the present study indicate that the
combine extract inhibit free radical scavenging activ-
ity. The overall antioxidant activity of extract might
be attributed to its polyphenolic content and other
phytochemical constituents. It could be a source of
natural oxidant that could have greater importance as
therapeutic agent in preventing various diseases.
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Abstract

Eruca sativa seed oil has been explored for antioxidative and antimutagenic potential. Seed oil exhibited maxi-
mum percentage inhibition of hydroxyl (93.42 %) and 2,2-diphenyl-1-picrylhydrazyl (92.02 %) radicals at the
concentration of 90 ug/ml. Treatment of mice with seed oil significantly (p<0.01) reduced oxidative stress and
attenuated the altered changes of reduced glutathione. Seed oil treated group reduced the aberrant metaphase
(47.50 %) and micronucleus formation (85 %) in the bone marrow of melanoma induced mice. The presence
of isothiocyanates [allyl (40.3 ug/g), 3-butenyl (259.6 ug/g), 4-methylsulfinybutyl (743.1ug/g), 2-phenylethyl
(158.5 ug/g) and bis(isothiocyanatobutyl)disulphide (~5000 ug/g)] was confirmed by HS/SPME/GC-MS anal-
ysis of seed oil and found to be responsible for the observed bioefficacy. Our findings support the use of E.

sativa seed oil (ignored edible oil) as health promoting food and its potential for clinical use.

Introduction

The involvement of reactive oxygen species (ROS)
in degenerative diseases, including cancer, is now
widely accepted [1]. An overproduction of ROS from
disrupted metabolism referred as oxidative stress may
cause damage through mutations terminating into
cancer [2]. Mutations are the cause of innate meta-
bolic defects in cellular system, triggering the mor-
bidity and mortality in living organisms. A plethora
of synthetic substances, apart from various genotoxic
physical and biological agents, are known to act as
mutagenic and or carcinogenic agents [3, 4]. How-
ever, these drugs are restricted by legislative rules be-
cause of doubts over their toxic and non-selective kill-
ing of the cells [5, 6]. Plants produce a great diversity
of substances that could be of therapeutic significance
in many areas of medicine. Dietary constituents and
plant secondary metabolites viz., flavonoids, phenolic
and glucosinolate compounds have been explored for
significant antioxidant and anticarcinogenic proper-
ties [7, 8]. This in turn justifies the recent realization
that a plant which has been explored for some particu-
lar pharmacological activities must be explored for
other bona fide biological effects.

In continuation of our work on herbal screening for
various pharmacological activities and chemical char-
acterization of bioactive principle [9, 10], the present
paper reports the antioxidant and antimutagenic ac-
tivities of seed oil of Eruca sativa against melanoma.
Eruca sativa Mill Thell (Cruciferae family) is bian-
nual herb originated in the Mediterranean region but
is presently found all over the world. It is consumed as
salads in India and European countries. Traditionally,
it is used as an astringent, diuretic, emollient, laxative,
stimulant and rubefacient [11-13].

Materials and Methods
Authentication of the Plant

The plants were collected from Dayalbagh Agricul-
tural Farms, Dayalbagh, Agra in March, 2008, and
characterized as Eruca sativa Mill by Taxonomy Di-
vision, Department of Botany, Dayalbagh Educational
Institute, Agra (India).

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 47
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Extraction of the Seed Oil

E. sativa seed oil was obtained by standard hot wa-
ter extraction from (partly sprouted) ground seeds for
3-5 hours. Aqueous fraction was separated and dried
over anhydrous Na,SO,. Seed oil was sealed under ni-
trogen and kept refrigerated (+4 °C) in the dark.

Fenton Assay

The hydroxyl radical scavenging activity of test sam-
ples was evaluated according to the Fenton reaction
[14].

DPPH Assay

The DPPH radical scavenging activity of test samples
was evaluated according to the DPPH assay [15].

a-tocoferol was used as reference antioxidant. All
the tests were performed in triplicate and the percent
inhibition of OH and DPPH radicals generation was
calculated using the formula: [(C-T)/C]x100 where C
was the absorbance of the control and T for the test
samples.

Animals and Cell Line

C57BL/6 mice of 67 weeks old, weighing 25+5 gm
were maintained in ventilated animal house of De-
partment of Research, INCH & RC, Bhopal (India).
All mice were kept at controlled environmental con-
dition (22£2°C, 60+£5 % humidity) with 12 hrs light/
dark cycle. They were provided with standard pellet
diet and water ad libitum. The animal experiments
were performed according to the guidelines of Ethical
Committee for the Purpose of Control and Supervi-
sion of Experiments on Animals (CPCSEA), Govt.
India.

B16F10 mouse melanoma cells were maintained in
DMEM supplemented with antibiotics, L-glutamine
(2mM) and 10% FBS and propagated by subcutane-
ous injection of 1x 103 cells in the abdominal region
of mice.

Animal Experiments, Treatment and Monitoring
To investigate the effects of test samples and reference

anticancer drug (doxorubicin), mice were randomized
and divided into 5 groups of 5 animals each. Group I

was kept as normal control and Group 2-5 were in-
jected with B16F10 melanoma cells subcutaneously
into foot-pad on day zero. Mice were injected intra-
peritoneally with either Group II) saline; Group III)
doxorubicin [16] (1 mg/kg body weight in 4 doses on
the 1st, 5th 9th and 13th day of treatment); Group IV)
seed oil (1 mg/kg body weight/day); Group V) seed oil
(2mg/kg body weight/day).

Mice in all groups were observed daily for survival
and sacrificed after 21% day of the experimental sched-
ule. The liver of each group of mice was dissected,
weighed and stored at -80 °C until analyses were com-
pleted.

Assay for Reduced Glutathione (GSH)

The liver was homogenized in 154 mM saline (KCI)
to give a 10% homogenate (w/v). The crude homog-
enate was centrifuged at 2000 rpm for 15 min and su-
pernatant was assayed for reduced glutathione activity
[17]. The final mixture (5.0 ml) contained supernatant
(1ml), phosphate EDTA buffer (4.5ml) and DTNB
(0.5ml) solution. The reaction mixture was incubated
at room temperature for 20 min and monitored by the
reduction of 5,5’-dithio-bis-(2-nitrobenzoic acid) to
5-thio-2-nitrobenzoate at 410 nm.

Chromosomal Aberrations Test

Cytogenetic damage in the bone marrow cells was
studied by chromosomal aberration analysis at the end
of experiment. All the animals were injected 0.025 %
colchicines i.p and sacrificed 2 hr later to arrest the
cells in metaphase by cervical dislocation. The femurs
were dissected and cleaned to remove adherent mus-
cles. Metaphase plates were prepared by the air drying
method [18]. The bone marrow cells were flushed out,
treated with pre-warmed 57 % hypotonic saline, fixed
in Cornoy’s fixative, stained with 4 % Giemsa and ob-
served under a light microscope. A total of 400 meta-
phase spreads were scored per animal and the number
of aberrations, namely chromosome and chromatid
breaks, fragments and rings were scored.

Micronucleus Assay
The bone marrow was flushed out using minimum es-

sential medium and the slides were prepared by the
method of Schmid, 1975 [19]. Bone marrow was cen-
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trifuged and the pellet was resuspended in few drops
of fetal bovine serum. Smears were prepared on pre-
clean glass slides, stained with May-Grawnwald and
followed by Gimsa stain and observed under a light
microscope for micronuclei in polychromatic eryth-
rocytes (PCEs) and normochromatic erythrocytes

(NCEs).
Analytical Profile of Seed Oil

Chemistry Profile of Seed Oil

Head Space/Solid Phase Micro Extraction analysis of
the crude oil resulted in the identification of isothiocy-
anates by GC-MS. Identification of ITCs was accom-
plished by comparison with NIST 05 MS-library (f-fit
> 700; r-fit > 650) and was confirmed using authentic
standards in all cases. Seed oil revealed the presence
of significant amount of allyl-ITC (40.30 ug/gm),
3-butenyl-ITC (259.60 ug/gm), 2-phenylethyl-ITC
(158.50 pg/gm), 4-methyl sulfinyl butyl isothiocya-
nate (743.10 pg/gm) and bis(4-isothiocyanatobutyl)
disulphide (~5000 pg/gm) and traces of erucin [20].

Statistical analysis

All experimental data are given as mean + SD. Statis-
tical analysis was carried out using the one-way anal-
ysis of variances (ANOVA). Post Dunnett test was
applied between control, reference and herbal test
samples using Graph Pad Prism software. Probability
values were found to be equal to or less than 0.05.

Results and Discussion
Free Radical Scavenging Activity

Seed oil was tested for their radical scavenging effect
using known antioxidant (a-tocoferol) as a positive
control in the concentrations range (10—100 pg/ml).
Seed oil showed percent inhibition 95.55% against
hydroxyl radicals at the concentration 100 pg/ml
while standard (a-tocoferol) antioxidant inhibited
99.46%. A gradual increase in percent inhibition of
DPPH" with ten increasing concentrations of test
samples was also found to be dose dependent. The or-
der of free radical scavenging in our experiment was
as follows: a-tocoferol> seed oil at the concentration
90 ng/ml (Fig. 1).
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Fig. 1: Percentage inhibition of hydroxyl and DPPH radi-
cals, concentration dependency of seed oil against standard
a-tocoferol. Each value is mean £ SD (n=3). P>0.05 (SO) vs.
a-tocoferol

Cancer Mediated Modulation of GSH Level

After induction of B16F10 melanoma cells, the weight
and the level of reduced glutathione of liver tissues of
experimental mice were recorded. The liver weight of
seed oil treated mice was found similar to the nor-
mal control group mice (1.22 gm). The tumor con-
trol group shows lowering of reduced GSH (24.20 %)
compared to normal control (51.54%). Seed oil in-
creased the level of down-regulation of reduced glu-
tathione (49.54 %) at the concentration 2 mg/kg body
weight. Seed oil also rendered significant protection
against oxidative stress induced by melanoma in liver
tissues in a dose dependent manner (Fig. 2).

Grp V
GrpIV
é’G‘rpHI
5(3@11
GrpI

0 10 20 30 40 50 60
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Fig. 2: Effect of E. sativa seed oil and doxorubicin drug on
glutathione depletion in melanoma bearing mice
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Table 1: Effect of E. sativa seed oil on percent of aberrant metaphases in the bone marrow of C57BL/6 mice after induction of

melanoma tumor

S. Group CB CR FR ACA Pulvi ICD Abnormal

No. metaphase

1 Normal Control 0.20+0.40 0.0£0 0.60+0.54 0.0+0 0.0£0 0.0+£0 0.8+0.84

2 Tumor Control 12.80+2.28" | 6.20+0.83> [23.80+2.49° |34.20+1.92° |4.20+£1.09° |[4.40+3.20° |82.60+2.49°

3 Doxo + Tumor 10.60+3.36° |5.60+1.14° | 17.40+2.30° |33.60+2.88" |3.20+1.92° |5.40+1.94° |77.80+3.76°

4 SO 1 mg/kg 8.60+1.82¢ |[2.60+1.14¢ |11.24+1.51¢ |28.92+3.12¢ | 0.0+0? 2.60£1.14¢ |51.20+£5.32¢
+ Tumor

5 SO 2mg/kg 8.20+1.09¢ |2.40+0.70° |10.30+1.93¢ |23.35+3.42¢ | 0.0+£0* 3.60+£1.14¢ [47.50+2.95¢
+ Tumor

Mean + SE (n=5). Where; DOXO: Doxorubicin, SO: Seed Oil.

P value: *P>0.05 vs. Normal Control; PP<0.001 vs. Normal Control; “P<0.01 vs. Normal control and Tumor Control

Antimutagenic Activity

Antimutagenic activity of seed oil was observed in
terms of chromosomal aberration and micronucleus
assay by the induction of melanoma cells. Seed oil ex-
hibited statistically significant (p<0.01) reduction in
chromosomal aberration like chromatid breaks, cen-
tric rings, acrocentric association, acentric fragments,
intercalary deletion, pulverization and total abnormal
metaphases in bone marrow cells compared to tumor
control and standard doxorubicin drug (Table 1). The
decreasing order of chromosomal aberration in test
sample treated mice was as follows: seed oil> doxoru-
bicin drug> tumor control group (Fig. 3).

Fig. 3: Chromosomal aberration in (A) Normal control animal
and (B) Tumor control animal (D) E. sativa seed oil treated an-
imal (C) Doxorubicin treated animal after induction of B16F10
melanoma cells

The micronucleus assay has been used in cytoge-
netic studies to detect chromosomal changes such as
acentric chromosome, chromatid fragments and chro-
mosome lagging at anaphase. Micronuclei were con-
sidered an indication of a mutation effect [21]. Results
of this study indicate that the seed oil reduced the fre-
quency of micronuclei per polychromatic (PCEs) and
normochromatic erythrocytes (NCEs) as compared to
tumor control group (Fig. 4). The observed antimuta-
genic efficacy showed the similar trends of chromo-
somal aberration assay. However, ITCs-rich SO has
been found to exhibit more potent inhibitory effect on
melanoma growth in C57BL/6 mice without any tox-
icity and loss of body weight.
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Fig. 4: Effect of the E. sativa seed oil and doxorubicin on fre-
quency of micronuclei per PCEs and NCEs

Each value is mean + SD (n=5). Grp I: Normal; Grp

II: Tumor control; Grp III: Doxorubicin, Grp IV: Seed

Oil (1 mg dose); Grp V: Seed oil (2mg dose).
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Conclusion

The present piece of work highlights the existence of
significant antioxidant and antimutagenic bioeffica-
cies in seed oil of E. sativa plant. ITCs-rich seed oil
was notably capable of significant reduction of chro-
mosomal aberration and micronuclei formation in
vivo at 21 day, at doses only twice as large as those
effective for the reference drug doxorubicin. It is sug-
gested that this seed oil could be of potential use as di-
etary supplement as a naturally occurring antioxidant
and antimutagenic bioagent.
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Abstract

The biosynthesis of silver nanoparticles and their notable in vitro antibacterial activities against E. coli, a
Gram-negative bacterial strain are reported here. Spherical shaped silver nanoparticles with a diameter of
20nm are prepared by a fungus Penicillium expansum. The formation process of the silver nanoparticles is
investigated by UV-visible (UV-vis) spectroscopy, X-ray diffraction (XRD) measurements and transmission
electron microscopy (TEM). Bacteriological tests were performed in Luria—Bertani (LB) medium on solid
agar plates and supplemented with 3.10ug/ml concentration of nanosized silver particles. These particles
were shown to be an effective bactericide. Scanning electron microscopy (SEM) was used to study the biocidal
action of this nanoscale material. The results confirmed that the treated E. coli cells were damaged, showing
deform morphology exhibits a significant increase in permeability, resulting in death of the cell.

Introduction

Nanotechnology collectively describes technology
and science involving nano scale particles (nanopar-
ticles) that increases the scope of investigating and
regulating the interplay at cell level between syn-
thetic materials and biological systems [1]. It can
be employed as an efficient tool to explore the finest
processes in biological processes [2] and biomedical
Sciences. The enormous interest in the biosynthesis
of NPs is due to their unusual optical, chemical, pho-
tochemical, electronic and magnetic [3] properties.
NPs are either newly created via nanotechnology or
are present naturally over the earth’s crust.
Fabrication of NPs, through technology, can be un-
dertaken using either chemical or biological systems
[4]. The importance of biological synthesis is being
emphasized globally at present because chemical
methods are capital intensive, toxic, non ecofriendly.
Utilizing potential biological systems from higher an-
giospermic plants or microbes, biosynthesis of NPs is
currently under wide exploration [5]. The fungal me-
diated green chemistry approach towards the fabrica-
tion of NPs has many advantages. This includes easy

and simple scale up method, economic viability, easy
downstream processing and biomass handling, and re-
covery of large surface area with optimum growth of
mycelia [6]. Aqueous Ag ions exposed to Fusarium
oxysporum leads to the fabrication of extremely stable
Ag hydrosol. The particles are in the 5-15nm range
and are stabilized in solution by the proteins excreted
through the fungus [7]. Extracellular biosynthesis of
Ag NPs in the 5-25nm range using Aspergillus fu-
migatus is found to be quite fast and manifested the
production of dense fungal biomass [8]. White rot fun-
gus, scientifically known as Phaenerochaete chryso-
sporium has also been used for biomimetics of Ag
NPs. Fabrication of NPs, phytochelatin and NADPH
dependent nitrate reductases for in vitro production of
Ag NPs have been isolated from Fusarium oxysporum
and been elucidated [9].

Ag-nanoparticle has been tested in various field of
biological science Viz. drug delivery, wound treat-
ment, binding with HIV gp-120 protein [10], in wa-
ter treatment and an antibacterial compound against
both Gram (+) and Gram (-) bacteria [11-12]. Most of
the bacteria have yet developed resistance to antibiot-
ics. Viewing all the above facts, it is future need to
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develop a substitute for antibiotics [13]. Ag-nanopar-
ticles are attractive as these are non-toxic to human
body at low concentration and having broad-spectrum
antibacterial nature. Agnanoparticle inhibits the bac-
terial growth at very low concentration than antibiot-
ics and as of now no side effects are reported [14].

Here we report a novel method for the synthesis
and characterization of silver nanoparticles synthe-
sized by fungus Penicillium expansum with their an-
tibacterial properties against gram negate bacteria E.
coli.

Experimental Details
Preparation of Silver Nanoparticles

The plant pathogenic fungus, Penicillium expansum
was isolated from the fruits and maintained on potato-
dextrose agar slants at 25°C. The fungus was grown
in 500ml Erlenmeyer flasks each containing 100 ml
MGYP medium, composed of malt extract (0.3 %),
glucose (1.0%), yeast extract (0.3%), and peptone
(0.5%) at 25-28°C under shaking condition (200
rpm) for 96 h. After 96 h of fermentation, mycelia
were separated from the culture broth by centrifuga-
tion (5000 rpm) at 10°C for 20 min and the settled
mycelia were washed thrice with sterile distilled wa-
ter. the carefully weighted 0.5 gm biomass was added
to 100 ml of 1 mM aqueous AgNO 3 solution, in coni-
cal flasks of 250 ml content at room temperature and
the reaction carried out for a period of 24 h. The bio-
transformation was routinely monitored by visual in-
spection of the biomass as well as measurement of the
UV-vis spectra from the fungal cells.

UV-Vis Spectroscopic Studies

The bioreduction of Ag+ in aqueous solution was
monitored by periodic sampling of aliquots (0.2 ml)
of the suspension, then diluting the samples with 2ml
deionized water and subsequently measuring UV-Vis
spectra of the resulting diluents. UV-Vis spectroscopy
analyses of nanoparticles produced were carried out
as a function of bioreduction time at room tempera-
ture on ELICO UV-Vis spectrophotometers at a res-
olution of 1 nm.

X-ray Diffraction Measurements

X-Ray diffraction (XRD) measurements of the bio-
reduced silver nitrate solution drop-coated onto glass
substrates were done for the determination of the for-
mation of Ag by an X Pert Pro analytical X-ray dif-
fractometer instrument with X’Pert high score plus
software operating at a voltage of 45 kV and a current
of 40 mA with Cu Ka radiation.

TEM Observations

Samples of the aqueous suspension of silver nanopar-
ticles were prepared by placing a drop of the centri-
fuged suspension on carbon-coated copper grids and
allowing water to evaporate. TEM observations were
performed on an H-600 electron microscope (Hitachi,
Japan) operated at an accelerating voltage of 120 kV.

Antimicrobial Activity

Bactericidal effect of silver nanoparticles was studied
against Gram-negative bacteria. The bacterial culture
was obtained from Microbial Type Culture Collec-
tion and Gene Bank Institute of Microbial Technol-
ogy, Chandigarh, India. Aqueous dispersions of silver
nanoparticles of desired concentrations were made.
An axenic culture of E. coli MTCC-443 was grown in
liquid nutrient broth medium CM-01 (Oxoide, Eng-
land) (containing (g/1): Lab lemco powder 1g, NaCl
5g, peptone 5 g and yeast extract 2 g). The experimen-
tal investigation, freshly grown bacterial inoculum
(108 cells/ml) of E. coli was cultured on Mueller-Hin-
ton agar plates. Empty sterile discs having a diameter
of 6mm were impregnated with silver nano solution
at 3.10 pg/ml concentrations placed on inoculated sur-
face of agar plate. These plates were incubate for 24
hour at 37°C and measured the zone of inhibition in
millimeter.

SEM Abservations

Interaction between bacteria and silver nanoparticles
is shown in the scanning electron micrographs. For
SEM analysis bacterial cells collected by centrifu-
gation of liquid samples at 10000 r/min for 10 min.
Collected bacterial cells that reacted with the silver
nanoparticles were first fixed in 2.5 % glutaraldehyde
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and 2 % paraformaldehyde (PF), in 0.1 M phosphate
buffer (pH 7.4) for 6-12 hr at 4 °C. After being washed
with 0.1 M phosphate buffer for 3 times, collection of
the pellet by centrifugation and then dehydrolysis the
sample by different ethanol volumes starting; 30 %,
50%, 70%, 80 %, 90% and 100 % and for each etha-
nol volume incubated for 10 minutes. The cell bio-
mass were fixed on the aluminum stubs and coated
with a thin layer of gold for SEM analysis (ZEISS
EVO 40 EP).

Results and Discussion

It is well known that silver nanoparticles exhibit red-
dish color in water [15]; this color arises due to ex-
citation of surface plasmon vibrations in the metal
nanoparticles [16]. The biomass incubated with de-
ionized water retained its original color i.e. yellow-
green, while the silver nitrate treated biomass turned
dark red (as shown in Fig.1a) after 6 hours due to the
formation of silver nanoparticles extracellularly.

Fig. 1: Pictures show the color changes (a) before and (b) after
the process of reduction of Ag+ to Ag nanoparticles

The surface plasmon resonance (SPR) band for spher-
ical silver nanoparticles occurs in the range 380-
440 nm. Graph shows the evolution of the absorbance
spectra emanating from silver nanoparticles over time
manifests increasingly sharp absorbance with increas-

ing time of reaction at around 420 nm attributed to the
surface plasmon resonance band (SPR) of the silver
nanoparticles. After 24 h of incubation, no change in
intensity at 420 nm was observed indicating the com-
plete reduction of silver ions (as shown in Fig. 2).

1.024

0.654

0.285

-0.084

192.0 373.0 554.0 735.0

Wavelength (Nanometer)

Fig. 2: UV-Vis spectra recorded as a function of time of reac-
tion of 1 mM AgNO, aqueous solution with fungal biomass

Figure 3 shows the XRD pattern obtained for silver
nanoparticles synthesized using fungal biomass rep-
resented by the curve. A number of Bragg reflections
are observed for the silver nanoparticles, which may
be indexed based on the fcc structure of silver and
is shown in Table 3.1. In Fig. 3, a couple of Bragg’s
reflections are distinctly exhibited, which may be in-
dexed on the basis of the face-centered cubic structure
of silver. It exhibits a sharp and intense peak at ~38°
and ~32° corresponding to diffraction from the (111)
and (101) planes of silver with FCC lattice (JCPDS
no. 04-0783). The XRD pattern thus clearly shows
that the silver nanoparticles formed by the reduction
of Ag+ ions by the fungal biomass are crystalline in
nature. The XRD pattern of pure silver ions is known
to display peaks at 26= 7.9°, 11.4°, 17.8°, 30°, 32°,
38°, and 44° [17]. This stimation confirmed the hy-
pothesis of particle monocrystallinity. The sharpening
of the peaks clearly indicates that the particles are in
the nanoregime.
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Fig. 3: XRD patterns recorded from drop-coated films of silver
nanoparticles on glass substrates

Table 1: Lattice spacing values calculated from the 26 values
obtained from the XRD pattern of silver nanoparticles

Pos. Lattice Standard Fungal bio-
[°2Th.] Planes (hkl) |Ag (A°) mass — Ag (A°)
32 (101) 2.815 2.81246

38 (111) 2.359 2.35291

Fig. 4: TEM images of silver nanoparticles formed by reduc-
tion of Ag+ ions

Figures 4 show representative TEM images recorded
for the Ag nanoparticles synthesized by treating

AgNO; solution with fungal biomass for 24 h. The
silver nanoparticles are observed to range in size from
10 to 30 nm with an average size of ca. 15nm (Figure
3.11A). The morphology of the Ag nanoparticles is
predominantly spherical. It is known that the shape of
metal nanoparticles considerably changes their opti-
cal and electronic properties [18].

Finally, zone of inhibition test was done for iden-
tification of inhibition with 3.10 pg/ml Ag nanopar-
ticle. It was found that 3.10 pg/ml concentration of Ag
nanoparticle was able to inhibit bacterial growth and
create a zone of 12 mm in E. coli (Figure 5). We found
that increasing the Ag-nanoparticle concentration did
not show a consistent increase in the zone size in E.
coli, because the nanoparticles settled at the bottom of
the wells in the plates and the particle solution was not
able to diffuse properly in the agar medium.

Fig. 5: Zone of inhibition of E. coli against silver nanoparticles

Interaction between Gram-negative E. coli and Ag
nanoparticle is shown in the scanning electron pho-
tomicrographs (Figure 6). Reports on the mechanism
of inhibitory action of silver ions on microorganisms
show that upon Ag nano treatment, DNA loses its rep-
lication ability [19] and some other cellular proteins
and enzymes essential to ATP production becomes
inactivated [20]. In a previous report, silver has a
greater tendency to react with sulfur- or phosphorus-
containing soft bases, such as R-S-R, R-SH, RS or
PR3. Thus, sulfur-containing proteins in the mem-
brane or inside the cells and phosphorus-containing
elements like DNA are likely to be the preferential
sites for silver nanoparticle binding [21].
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Fig. 6: SEM microphotographs of E. coli. (a) Untreated E. coli
(magnification 6.40 KX). (b) E. coli supplemented with Ag
nanoparticles indicates partial membrane damage (magnifica-
tion 6.41 KX).

Conclusion

In conclusion, it has been demonstrated that the
Penicillium expansum is capable of producing silver
nanoparticles extracellularly and the silver nanopar-
ticles are quite stable in solution. The antibacterial ac-
tivity of the fungal synthesizes nanoparticles disper-
sion was measured by zone of inhibition method. The
results of this study clearly demonstrated that the sil-
ver nanoparticles inhibited the growth and multiplica-
tion of the bacteria and the major mechanism through
which silver nanoparticles manifested antibacterial
properties was by anchoring to and penetrating the
bacterial cell wall.
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Abstract

The potential application of the present research findings is of particular interest to search a natural preserva-
tive for milk products which could inhibit pathogenic Escherichia coli and Listeria monocytogenes. To achieve
the aim pathogens were isolated and identified from cottage cheese samples, produced by the traditional meth-
ods using biochemical tests as well as sequencing of 16S rRNA gene sequence and their control was studied
using natural products extracted in ethanol and water. In vitro studies shows that Mango seed and hime are more
effective against E. coli whereas mausami leaves and peepal leaves inhibit L. monocytogenes more effectively.

Introduction

Milk and milk products represent an ideal growth me-
dium for microorganisms. Escherichia coli, and Liste-
ria monocytogenes are the most important pathogens
which indicate the unhygienic conditions in milk and
milk products. Most strains of E. coli are harmless but
several strains are extremely pathogenic like E. coli
0157:H7 causing complications and death associated
with hemorrhagic colitis and acute renal failure, es-
pecially in children. The infective dose of E. coli is
estimated to be very low, about 10 cells: in contrast,
the infective dose required for the L. monocytogenes
is still unknown but it is believed that it varies with
the specific strain of the bacterium and the suscep-
tibility of the individuals. Regular FDA standards
include ,zero tolerance* for L. monocytogenes in all
ready-to-eat products. L. monocytogenes is the only
species in the genus Listeria that has been involved
in known food-borne outbreaks of listeriosis, particu-
larly in risk populations including neonates, immune-
compromised hosts and pregnant women.

Food borne infections should be cured immediately
after being diagnosed because they may lead to seri-
ous health problems and some time even death. Drugs
used to cure these infections are known as ,antibiot-
ics‘. The clinical efficacy of many antibiotics is being
threatened by the emergence of multidrug resistant
pathogens. Natural products like Neem, Tulsi, and

Garlic etc either as pure compounds or as standard-
ized plant extracts provide unlimited opportunities for
new drugs due to the unmatched availability of inher-
ent chemical diversity of the natural products. Plant
derived antimicrobial compounds may be of value
as a novel means for controlling antibiotic resistant
zoonotic pathogens which contaminate food animals
and their products [1]. The urgent need to discover
new antimicrobial compounds with diverse chemical
structures and novel mechanism of action for new and
re- emerging infectious diseases prompted us to take
up the study on the inhibition of E. coli and L. mono-
cytogenes by using various antibiotics and natural
products. For this purpose we have isolated these mi-
crobes from cottage cheese and identified them by us-
ing the novel culture dependent methods that involve
PCR amplification of bacterial small-subunit rDNA of
all the two selected microbes using single set of uni-
versal primer.

Materials and Methods

Samples of cottage cheese were collected seasonally
from in and around the different market areas of Agra
city and examined for the presence of E. coli and L.
monocytogenes. Standard strains of E. coli (MTCC-
723) and L. monocytogenes (MTCC-1143) were pro-
cured from MTCC Chandigarh, India. Isolation and

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 59
mental Perspectives, DO1:10.1007/978-3-642-23394-4 12, © Springer-Verlag Berlin Heidelberg 2012


mailto:prakashdr.dei@gmail.com

60

Section A Health Perspectives

preliminary identification of the 100 isolates of each
selected pathogenic bacteria were done using bio-
chemical characterization (Singh and Prakash, 2008)
and finally these were identified by 16S rRNA gene
sequencing [2].

Extraction of DNA

Extraction of the template DNA was done as per the
method of Tsai and Olson (3) with suitable modifica-
tions. 100 pl of 24 hrs pure culture was centrifuged in
a micro-centrifuge at 4000 rpm for 12 minutes. The
recovered pellet was suspended in 100 ul of steril-
ized DNase and RNase free water, heated in a boil-
ing water bath for 10 min and then snap chilled in
crushed ice. The obtained lysate was used as the DNA
template. 50 pl Master mixture was prepared at a fi-
nal concentration of 1X (10 X PCR buffer), 0.2mM
(2mM dNTP mix), 2mM (25mM MgCl,), 5pM (22pM
each primer), 1.25U Taq DNA Polymerase, template
DNA and MiliQ water. Amplification was done by
using primer set 27F (5-AGAGTTTGATCCTGGCT-
CAG-3) and 1492R (5-TACGGTTACCTTGTTAC-
GACTT-3) [4, 5]. The PCR mixture was subjected to
thermal cycler (initial incubation 95°C for 5 min, 34
cycles of 30 s at 95°C for denaturation step, 30 s at
55°C for annealing step and 30 s at 72°C for extension
step). 8ul of the reaction products were resolved by
electrophoresis on a 1 % agarose gel containing 0.5 pg
of ethidium bromide per ml in .5X Tris-borate-EDTA
buffer at 7V/cm. A 100 bp DNA ladder (Bangalore
genei) was included. The gel was visualized and pho-
tographed over the UV transilluminator (Zenith gel
documentation system) and analyzed by gel doc soft-
ware named UN-SCAN-IT gel 6.1.

Inhibition by Antibiotics and Natural
Products

Inhibition under the influence of natural products in-
cluding Trechyspermum copticum (Ajwain), Gycyr-
rhiza glabar (Mulethi), Chebulic myrobalan (Hime),
Piper chaba (Choti pepper), Mangifera indica (Mango
seed), Ficus religiosa (Peepal leaves), Syzygium cum-
ini (Jamun seed) and Citrus sinensis (Mousami) was
analyzed by agar well diffusion method. Extracts of
natural products were prepared by soaking the prod-

uct in ethanol and water in a ratio of 1:4 and 1:8 re-
spectively, for 72 hrs, in sterile conical flasks at room
temperature with uniform shaking. The extracts were
then filtered and concentrated by evaporating to dry-
ness at 45°C [6].

Results and Discussion

On the basis of Gram’s staining and biochemical char-
acterization (MR, VP, Indole, Nitrate, citrate utiliza-
tion, H,S production, fermentation of various sugars,
hemolysis, and growth on chromogenic medium) 4
isolates have been confirmed as pathogenic E. coli,
and 6 isolates as pathogenic L. monocytogenes. They
were further confirmed to the species level by the am-
plification of 16S rDNA coding ~ 1400 bp 16S rRNA
gene sequence using universal primer set 27F/1492R.
Amplified products were submitted to the Institute of
Molecular Medicine, New Delhi for sequencing. Ob-
tained sequences were aligned through National cen-
tre for biotechnology Information (NCBI) database by
using the Basic Local Alignment Tool (BLAST, 2.0
search programs) to determine their approximate phy-
logenetic affiliations. Sequence alignment with BLAST
database Sequence determination by 16S rRNA gene
confirmed the isolates as E. coli and L. monocytogenes.

Inhibition of two of the confirmed isolates, along
with standard strain was studied in the presence of natu-
ral products (Trechyspermum copticum (Ajwain), Gyc-
yrrhiza glabar (Mulathi), Chebulic myrobalan (Hime),
Piper chaba (Choti pepper), Mangifera indica (Mango
seed), Ficus religiosa (Peepal leaves), Syzygium cumini
(Jamun seed) and Citrus sinensis (Mausami)) (Fig 1).

There are many reports available that prove anti-
viral, antibacterial, antifungal, antihelmintic, antimol-
luscal and anti-inflamatory properties of plants [7, 8].
For determining the MIC of the natural products the
agar well diffusion method was employed (on Muller
Hinton Agar, MHA). MIC of the natural products ob-
served for E. coli shows that the least effective natural
products were the extract of mausami leaves, jamun
seed and ajwain while the most effective were the ex-
tracts of mango seed, followed by hime, choti peepal,
and mulathi. (Fig 2).

Results obtained for the MIC of natural products
against L. monocytogenes show that all the natural
products were effective in inhibiting both the standard
L. monocytogenes (MTCC 1143) and the two isolates,
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Fig. 1: Plate showing MIC (a) E. coli (b) L. monocytogenes

though the former was inhibited to a greater extent
than the latter. The difference may be due to the dif-
ferences in the virulent genes present in the standard
L. monocytogenes (MTCC 1143) and its isolates from
milk products. Of all the natural products the extracts
of mausami leaves and peepal leaves were found to be
most effective in inhibiting L. monocytogenes (Fig 3).

Ethanolic extracts were found to be more effective
then aqueous extracts, this variation in the activity
may be due to the better extraction of biologically ac-
tive compounds (Alkaloids, flavonoids, essential oils,
tennins etc.) which were enhanced in the presence of
ethanol [9,10].

However, the present work suggests that if the ac-
tive molecules are isolated from the crude extracts of
the natural products they may prove to be more effec-
tive than the well known antibiotics currently in use
for the control of these pathogens and can be easily
incorporated in one’s diet and exert no side effect as
compared to antibiotics.

Besides antibiotic resistance, which poses an in-
surmountable problem in the cure of these bacterial
infections could be taken care of by an increased use
of natural products which possess a magical potential
against these pathogens.
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Abstract

The world today is witnessing a sharp rise in the number of people suffering from ailments such as hyperten-
sion, heart attacks, asthma, cancer, etc. One of the major causes of health related issues is our daily diet, the
quality of which is reflected through our physique. There is a gamut of such natural edibles obtained from
plants which can certainly enhance our physical health and also help in curing the ailments. Sesame is also one
such plant which has magical potential to positively affect our health. The present paper highlights nutraceuti-
cal uses and health benefits of sesame seeds and sesame oil.

Introduction

Sesame or til (Sesamum indicum, L.) is one of the old-
est products cultivated since the olden times, and is
said to be one of the oldest seasonings used. It has
long been used as a food, medicine, and for cosmetic
applications. Sesame seed, composed of 50% lipid
and 20% protein, is one of the important oil seed
crops in the world. Many scientific studies have found
health- promoting effects of sesame [1].

Sesame: General Characteristics

Sesame is a small annual plant growing up to 1 m high
cultivated for its edible seeds, which grow in pods,
and the oil which can be extracted from these. The
species has a long history of cultivation, mostly for
its yield of oil. The original area of domestication of
sesame is obscure but it seems likely to have first been
brought into cultivation in Asia or India [2].

The plant is usually 60 to 120 cm tall and the fruit
is a dehiscent capsule held close to the stem. When
ripe, the capsule shatters to release a number of small
seeds. The seeds are protected by a fibrous ‘hull’ or
skin, which may be whitish to brown or black depend-
ing on the variety. 1000 seeds weigh some 4-8 g. The
seeds have a high oil content of 44—60% [2].

The plant is deep rooting and well adapted to with-
stand dry conditions. It will grow on relatively poor

soils in climates generally unsuitable for other crops,
and so it is widely valued for its nutritional and finan-
cial yield from otherwise inclement areas. It is well
suited to smallholder farming with a relatively short
harvest cycle of 90-140 days allowing other crops
to be grown in the field. It is often intercropped with
other grains [3].

Sesame is grown for its seeds, and the primary use
of the sesame seed is as a source of oil for cooking.
The young leaves may also be eaten in stews, and the
dried stems may be burnt as fuel with the ash used for
local soap making, but such uses are entirely subordi-
nate to seed production.

Nutrients Found in the Sesame Seeds

Sesame seeds are a very good source of manganese,
copper, calcium, magnesium, iron, phosphorus, vita-
min B1, zinc and dietary fiber [2]. In addition to these
important phytonutrients, sesame seeds contain two
unique substances: sesamin and sesamolin [4]. Both
of these substances belong to a group of special ben-
eficial fibers called lignans, and have been shown to
have a cholesterol-lowering effect in humans, and to
prevent high blood pressure and increase vitamin E
supplies in animals. Sesamin has also been found to
protect the liver from oxidative damage [5]. An in-
depth analysis of other nutrients present in sesame
seeds are shown in Table I [6].
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Nutrients Found in the Sesame Seeds Oil Vitamins

Like any oil, sesame oil is high in fat, much of which vitamin A 1U 3241
is the heart-healthy unsaturated variety [7]. The major | Yitamin A RE 036 RE
components of sesame oil are shown in Table I [2]. |A - carotenoid 0.36 RE
Some of the valuable nutrients are discussed below. A — retinol 0.00 RE
Vitamin K: One cup of sesame oil provides 37 per- [, — """ - 2.16 meg
cent of the recommended dietary allowance for vita- —

min K, based on a 2,000-calorie diet. thiamin ~ B 0-28mg
Vitamin E: Sesame oil is also a good source of the |riboflavin — B2 0.08mg
antioxidant vitamin E, containing 75 % of the recom- | niacin - B3 1.64mg
mended daily allowance in 1 ounce of oil. niacin equiv 3.44mg
Omege3 ity Aeds: One s, o ssans 1 0
Sesamin: Sesamin is a lignan, a plant compound that | Vitamin B2 0.00 meg
offers nutritional benefits to the body. biotin 3.96 meg
Lecithin: A molecule that plays a role in the preven- | vitamin C 0.00mg
tion of vascular diseases, improves blood vessel elas-  [. - =0 0.00 [U
ticity, and hinders cholesterol buildup in the arteries. —

Sesame oil also contains small amounts of magne- vitamin D meg 0.00 meg
sium, copper, calcium, iron, silicic acid, phosphorus | vitamin E alpha equiv 0.80mg
and vitamins A and B. vitamin E TU 1.20 IU

vitamin E mg 0.80mg
Table 1: Nutritional Value per 36.00 gm of Sesame Seeds folate 34.80 meg
Nutrient Amount vitamin K 0.00 meg
calories 206.28 pantothenic acid 0.00mg
calories from fat 160.92 Minerals
calories from saturated fat 22.56 calcium 351.00mg
protein 6.40¢g chloride 3.60mg
carbohydrates 8.44¢g chromium -- mcg
dietary fiber 424¢ copper 1.48mg
soluble fiber 0.88¢g iron 5.24mg
insoluble fiber 3.36¢g magnesium 126.36 mg
sugar — total 040g manganese 0.88mg
disaccharides 032g molybdenum 10.64 mcg
other carbs 3.80¢g phosphorus 226.44mg
fat — total 17.88¢g potassium 168.48 mg
saturated fat 2.52g selenium 2.04 mcg
mono fat 6.76g sodium 3.96mg
poly fat 7.84¢g zinc 2.80mg
trans fatty acids 0.00g Saturated Fats
cholesterol 0.00mg myristic 0.04¢g
water 1.68g palmitic 1.60g
ash 1.60g stearic 0.76¢g
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Source: George Mateljan Foundation (www.whfooods.org) [6]

Nutraceutical Uses of Sesame

According to Morris (2002) [3], many nutraceutical
uses have been discovered from sesame. Sesame lig-
nans have antioxidant and health promoting activities
[8].

High amounts of both sesamin and sesamolin have
been identified in sesame [4]. Both sesamin and sesa-
molin were reported to increase both the hepatic mi-

arachidic 0.08g| Table 2: Nutritional Value per 100 gm of Sesame oil

Mono Fats Nutrient Amount

palmitol 0.04¢g Energy 3,699 kJ (884 kcal)

oleic 6.68¢g Carbohydrates 0.00g

eicosen 0.04g Fat 100.00g

Poly Fats -saturated 14.200g

linoleic 7.68g -Monounsaturated 39.700 g

linolenic 0.12¢g -Polyunsaturated 41.700g

Other Fats Vitamin C 1.40mg (9%)

omega 3 fatty acids 0.12¢g Vitamin E 13.6 ug (0%)

omega 6 fatty acids 772¢g Vitamin K, Calcium, Iron, Mag- 0mg (0%)

Amino Acids nesium, Sodium, Phosphorus

alanine 0.28¢g Percentages are relative to US recommendations for

.. adults. Source: USDA Nutrient database

arginine 084g | Available on Wikipedia [3]

aspartate 0.52¢g

cystine 0.12g

glutamate 1.24¢

glycine 0.40g| tochondrial and the peroxisomal fatty acid oxidation

histidine 0.16g| rate. Sesame seed consumption appears to increase

solencine 024g pla§ma gargmg—tocqpherol and enhanced vitamin E
activity which is believed to prevent cancer and heart

leucine 0442|  disease [9]. Cephalin from sesame seed has hemostat

lysine 020g| activity and ranges from 133,168 to 233,856 ppm

methionine 0.20g| [10]. Historically, fiber is used as an antidiabetic, anti-

phenylalanine 0.28¢ tumor, antiulcer, cancer preventive, cardioprotective,

- and laxative. Fiber ranges from 27,100 ppm to 67,000

proline 024¢ ppm in the seed with up to 166,000 ppm in the leaf.

serine 032g|  Sesame seed contains lecithin which has antioxidant

threonine 0.24g| and hepatoprotective activity and ranges from 58 ppm

tryptophan 0.12g| to 395 ppm [10]. Lecithin is also likely effective for

tyrosine 024¢ re.d.ucing l}epatic steatosis in long term parenteral nu-
trition patients and a successful treatment for dermati-

valine 0-32¢| {5 and dry skin [11]. Myristic acid has cancer preven-

tive capability and is found in sesame seed ranging
from 328 to 1,728 ppm [10]. The oil was used during
the 4th century by the Chinese as a remedy for tooth-
aches and gum disease. Sesame oil is known to reduce
cholesterol due to the high polyunsaturated fat content
in the oil. Other uses include the treatment of blurred
vision, dizziness, and headaches. The Indians have
used sesame oil as an antibacterial mouthwash, to re-
lieve anxiety and insomnia [7]. In addition, sesame
oil contains large amounts of linoleate in triglyceride
form which selectively inhibited malignant melanoma
growth [3].
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Health Benefits of Sesame Seeds

According to Takano [12] the rich assortment of min-
erals in sesame seeds translates into the following
health benefits:

Copper Provides Relief for Rheumatoid Arthritis

Copper is known for its use in reducing some of the
pain and swelling of rheumatoid arthritis. In addition,
copper plays an important role in the activity of lysl
oxidase, an enzyme needed for the cross-linking of
collagen and elastin — the ground substances that pro-
vide structure, strength and elasticity to blood vessels,
bones and joints.

Magnesium supports vascular and respiratory
Health. Studies have supported magnesium’s useful-
ness in: Preventing the airway spasm in asthma, Low-
ering high blood pressure (which is a contributing fac-
tor in heart attack, stroke, and diabetic heart disease),
Restoring normal sleep patterns in women who are
experiencing unpleasant symptoms associated with
menopause.

Calcium helps prevent colon cancer, osteoporosis,
migraine and PMS.

Phytosterols of Sesame Seeds Lower Cholesterol:

Phytosterols are compounds found in plants that have
a chemical structure very similar to cholesterol, and
when present in the diet in sufficient amounts, are be-
lieved to reduce blood levels of cholesterol, enhance
the immune response and decrease the risk of certain
cancers.

As an Antioxidant — A special element called “ses-
ame-lignin” helps get rid of free radicals that cause
aging and cancer, including fatty acid production.
Cholesterol reduction — Sesame seeds are effective
for atherosclerosis as it has been confirmed by various
experiments.

Beauty treatment — Sesame seed and sesame oil are
now commonly talked about among beauty enthusi-
asts. Modern science discovered that sesame seed has
been used traditionally for beauty. Initially, scientific
findings show that the seed and its oil can keep the
skin healthy and make the hair stronger.

Stress prevention — Scientific studies indicate that
stress contributes to range of diseases. Because of

sesame seed’s chemical structure, it has a unique abil-
ity to reduce tension and stress when used regularly.
It also helps nourish the nervous system, and relieves
fatigue and insomnia.

Cancer prevention — Sesame seeds contain ‘phytate’,
which is one of the most powerful antioxidants and
one of the most potent natural anti-cancer substances.
It helps inhibit the growth of various cancer cells.
Relieves constipation — Sesame seeds contain a lot of
fiber that provides roughage to the stool, which soft-
ens the contents in the intestines making it easier to
eliminate.

Prevention of anemia and osteoporosis

Iron and calcium contents of sesame seeds are valu-
able in prevention of anemia, osteoporosis, etc.

Health Benefits of Sesame Oil

Sesame oil is made from sesame seeds and proves to
be a rich source of polyunsaturated fats, monounsatu-
rated fats, antioxidants, and several vitamins and min-
erals. Clinical studies and anecdotal reports suggest
that this oil offers a number of potential health ben-
efits and indeed can help one maintain a normal body
balance. Sesame oil is an excellent source of poly-
unsaturated fatty acids including omega-3, omega-6
and omega-9. Polyunsaturated fatty acids are neces-
sary for growth and development and strong evidence
supports their role in the prevention and treatment of
chronic diseases such as coronary heart disease, hy-
pertension, diabetes and arthritis. Sesame oil has been
shown to help lower blood pressure, increase good
cholesterol, decrease bad cholesterol levels and help
maintain normal blood pressure levels. These effects
have been primarily attributed to the naturally high
polyunsaturated fat content found in sesame oil [13].
Consumption of polyunsaturated fatty acids may
also help to prevent osteoporosis caused by estrogen
deficiency, although the exact mechanism remains un-
known. Another factor that renders sesame oil a health-
ful food is that sesame seeds and their oil are rich in
antioxidants. Antioxidants counter the effects of mol-
ecules in the body that damage cells and accelerate the
aging process, including bacteria, inflammation and
viruses. Sesame oil contains significant amounts of
sesame lignans: sesamin, episesamin, and sesamolin.
Lignans are compounds that are found in plants and
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are partially responsible for the antihypertensive and
antioxidant properties of sesame oil [13]. Vitamin E is
cardio-protective and has been shown to reduce risk
of coronary heart disease. Vitamin E may also reduce
cancer risk and preliminary evidence supports the role
of vitamin E in the prevention of Alzheimer’s disease
and cataracts. Because sesame oil increases the fluid-
ity and flexibility of membranes throughout the body,
sesame oil is often recommended to treat conditions
related to dryness which include cough, constipation,
arthritis, and dry skin. Anecdotal evidence suggests
that regular consumption of sesame oil reduces anxi-
ety, enhances circulation, prevents disorders of the
nerves and bones, boosts the immune system and pre-
vents bowel problems. Additional claims associated
with sesame oil use include increased vitality, alert-
ness, better sleep, reductions in chronic pain and mus-
cle spasms, and even slowing of the aging process. A
recent study in hypertensive diabetic patients showed
that sesame oil supplementation for 45 days decreased
systolic and diastolic blood pressure, body weight,
body mass index, waist girth, hip girth, waist-to-hip
ratio, glucose, glycosylated hemoglobin (a measure of
long-term blood sugar control), total and LDL cho-
lesterol and triglycerides. Sesame oil increases leptin
(a hormone that regulates body weight) levels in the
circulation, which may contribute to weight loss. An-
other recent study conducted at Louisiana State Uni-
versity reported that sesame oil consumption reduced
total cholesterol, bad cholesterol and triglyceride lev-
els [14].

Considerations

While a healthful addition to the diet, too much of a
good thing can certainly backfire. According to the
American Heart Association, not more than 10% of
daily calorie intake should come from polyunsatu-
rated fat. Therefore, despite the overwhelmingly posi-
tive health effects, sesame oil should be consumed
in moderation as sesame oil is dense in calories. One
tablespoon serving has 120 calories and 14 grams of
fat. People suffering from digestive problems should
avoid sesame seeds as they can intensify the disorder.
Overconsumption of sesame oil may result in weight
gain because of its high caloric content [15].

Conclusion

Although, the benefits of including sesame in daily
diet have been acknowledged, there is still insufficient
awareness and motivation among general masses re-
garding the usage of sesame oil. Hence, it is important
to carry out further investigations in this direction and
adopt appropriate methods for spreading the informa-
tion for the benefit of society. Attention also needs
to be given to the cultivation and processing aspects
of sesame plant to get a better yield of it. To sum up
it can be said that research based evidence of posi-
tive health effects of sesame oil suggests that sesame
oil may play a future role in prevention, treatment of
chronic diseases, and assuring a healthy life.
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Abstract

Alstonia scholaris is traditionally known for its medicinal properties. It contains many phenolic compounds
that may have potential as antioxidant. High performance liquid chromatography coupled with electrospray
mass spectrometry (LC-ESI/MS) was used for the identification of flavonoids in the bark of Alstonia scholaris.
Mobile phase used in the chromatographic separation was 2mM ammonium acetate buffer (solvent-A, pH-2.5
with acetic acid) and acetonitrile (solvent-B) with gradient programming. The peaks were identified by the
comparison of retention time, UV-vis spectroscopic and mass spectrometric data with authentic standards and/
or literature data. The identified flavonoids included three anthocyanins (cyanidin 3-O-galactoside, cyanidin
3-O-glucoside and malvidin 3-O-glucoside) and three flavonol glycoside (quercetin 3-O-galactoside, quercetin

3-O-glucoside and kaempferol 3-O-glucoside).

Introduction

Alstonia schloris Linn is used extensively in various
parts of the world against a wide range of ailment
[1,2]. It is believed that the major active dietary con-
stituents attributed to these protective effects are fla-
vonoids [3,4]. The health related properties of flavo-
noids are due to their antioxidant activity.

During the study on the antioxidant and other pro-
tective activity of some medicinal plants, Alstonia
schloris was found to have higher antioxidant activity.
The objective of this research was to identify the fla-
vonoids constituents in the bark of Alstonia schloris
using High performance liquid chromatography-elec-
trospray ionization mass spectrometry (LC-ESI/MS).

Experimental

All flavonoid standards were of HPLC grade. cyani-
din 3-O-galactoside, cyanidin 3-O-glucoside and mal-
vidin 3-O-glucoside were obtained from Polyphenol
(Sandas, Norway). Quercetin 3-O-galactoside, quer-

cetin 3-O-glucoside and kaempferol 3-O-glucoside
was purchased from Indofine Chemical Co Inc (Hill-
sborough, NJ). Distilled and deionized water was
further purified by a Milli-Q water system (Millipore
1td., Watford, U.K.) and used for all chromatographic
analysis and sample standard preparations. All other
solvents were of HPLC grade and were purchased
from Qualigens fine chemicals.

The bark of Alstonia schloris Linn were collected
from vidisha, MP, India during the month of October
and identified by Dr. S.K. Jain dept of botany S.S.L.
Jain P. G. College Vidisha.

Extraction and Isolation

The barks were dried in shade for a week. Then pow-
dered and extracted with 90% alcohol and water by
Soxhlet extraction (24hrs) to yield extract. The extract
was filtered with filter paper under reduced pressure.
The residue was resuspended in 100ml of the same
solvent and extracted for Shrs. This extraction step
was repeated twice. The combined alcoholic extract
was concentrated with a rotary evaporator at 40 °C un-
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der reduced pressure to remove ethanol. The resulting
solution was mixed with 200 ml of water. After filtra-
tion, the aqueous solution was applied to a 23 x2.7cm
i.d. Diaion HP-20 absorption resin column (Supelco,
Bellefone, PA), which was preconditioned by wash-
ing with ethanol and then equilibrated with water.
Non phenolic impurities including sugars, amino ac-
ids, proteins and minerals were washed out with water
(500ml). Phenolic compounds were eluted from the
resin with ethanol (200 ml), and the eluent was dried
with a rotary evaporator under reduced pressure. The
phenolic residue was redissolved in water (40mL) and
freeze-dried to give a phenolic extract powder.

HPLC Analysis

HPLC analysis was performed using a Waters 2690
separation module system (Waters Associates, Mil-
ford, MA) equipped with an autosampler and a waters
model 996 photodiode array detector. A phenomenex
Luna C18 (2) analytical column (250x4.6mm i.d.,
particle size, 5um) with a C18 guard column (Phe-
nomenex, Torrance, CA) was used for separation. The
binary mobile phase consisted of 2mM ammonium ac-
etate buffer (solvent A, pH-250 with acetic acid) and
acetonitrile (solvents B) and gradient program was as
follows 0%B to 15%B in 45 min, 15%B to 30%B
in 15 min, 30 %B to 0%B in 5Smin. The flow rate was
1.0ml/min for a total run time of 65min. The injec-
tion volume was 10ul for all samples. All standards
except for anthocyanins were dissolved in methanol.
The letter were dissolved in 1 %HCI in methanol. The
detection were set at 280, 360 and 520 nm for simul-
taneous monitoring of the different group of phenolic
compounds.

LC-ESI/MS Analysis

LC-ESI/MS analysis were performed with the same
HPLC system as described above interfaced to a
Waters micromass ZMD model mass spectrometer
equipped with an ESI source, operated in both nega-
tive and positive ion modes.

Determination of Flavonoids

The Alstonia schloris bark powder was soaked in 80 %
methanol containing 0.1 % HCl and kept in an airtight

capped bottle at room temp for 2hrs. The suspension
was then incubated at 45 °C in a water bath with con-
tinuous shaking for an additional 30min. after cooling
to room temp the suspension was filtered by a syringe
filter, and 10l of the filtered extract was injected into
HPLC analysis.

Compounds were tentatively identified by congru-
ent retention times and UV-vis spectra with those of
standards. Confirmation of identity was achieved by
comparing the retention time and ESI-MS spectra of
both standards and samples determined by LC-MS.
All samples were prepared and analyzed in duplicate.

Results and Discussion

Once the LC-ESI/MS condition had been established
for the compound studied, the bark extract was an-
alyzed by the method in the full scan mode. Figure
1 shows the HPLC-UV-vis chromatograms of puri-
fied phenolic extract prepared from bark of Alsto-
nia schloris. 1dentification of individual compounds
was performed by comparison of LC retention time,
photodiode array UV-vis spectroscopic, and ESI-MS
spectrometric data (Table 1) with those of authentic
standard or with published data. A total of 6 flavo-
noids were identified in the bark extract including
three anthocyanins and three flavonol glycosides.

Anthocyanins

In the HPLC-vis chromatogram acquired at 520nm
three peaks (compound 1, 2 and 3) were detected.
The UV-vis spectra of these compounds all showed
strong absorption at 520nm, which is characteris-
tic of anthocyanin [5,6]. In mass chromatogram se-
lected at m/z 449 and 479, three peaks (compounds
1, 2 and 3) were observed. The mass spectra of which
showed their protonated aglycon ions (A + H) * to be
m/z 287, 331 respectively corresponding to cyanidin
and malvidin [7]. The protonated aglycon ion were all
formed by loss of a sugar moiety with 162 units from
their (M+H)*, indicating that they are anthocyanidine
monoglucoside. These suggest the presence of cy-
anidin 3-O-galactosides, cyanidin 3-O-glucosides and
malvidin 3-O-glucosides in addition to comparison of
their retention time, UV spectra and ESI mass spectra
patterns with those of authentic standards.
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Fig. 1: HPLC chromatogram of purified phenolic extract of
bark of Alstonia scholaris. 1, cyanidin 3-O-galactoside; 2, cy-
anidin 3-O-glucoside; 3, malvidin 3-O-glucosides; 4, quercetin
3-O-galactoside; 5, quercetin 3-O-glucoside; 6, kaempferol
3-O-glucoside.
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Table 1: Identification of anthocyanins and flavonol glycosides
in the bark extract of Alstonia scholaris based on HPLC reten-
tion time (t,), UV-vis spectroscopic characteristics (Amax) and
ESI/MS spectrometric pattern

Anthocyanins
Peak | t, | Identified | Amax | Molec- | Agly- | Com-
(min) | compounds | (nm) |ular ion | conion | pare
(M+H)" | (A+H)* | with
stan-
dard
1 15.92 | cyanidin | 280, 449 287 Yes
3-O-ga- | 519
lactoside
2 | 17.95| cyanidin | 280, 449 287 Yes
3-0O- 514
glucoside
3 [24.92 | Malvidin | 279, 493 331 Yes
3-O-glu- | 526
cosides
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quercetin 3-O-glucoside
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HO 0
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kaempferol 3-O-glucoside

Conclusion

Dietary intake of flavonoid antioxidant is shown to be
related to various beneficial effects including risk car-
diovascular diseases and certain forms of cancer. With
regards of flavonoids in Alstonia scholaris, most stud-
ies focus on leaves of Alstonia scholaris [10,11]. Very
limited information is available on other parts. This
is the study on the composition of flavonoids pres-
ent in the fruit of Alstonia scholaris. The high content
of flavonoids present in the bark may contribute to
high antioxidant activity observed for bark of Alstonia
scholaris.
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Abstract

Morinda pubescens varpubescens (Rubiaceae) is a tropical plant whose leaves, bark, roots and fruits have
been used as traditional remedy for various diseases. In our study we identified four Known compounds as two
Pentacyclictriterpenoids Ursolic acid and Taraxerol,two sterols B-Sitosterol and Stigmasterol from Morinda
pubescens var. pubescens (Rubiaceae).Solvent extraction, column chromatography were major techniques used
for isolation of compounds, while structures were elucidated by integration of data from IR, UV, '"H NMR AND
I3C NMR analysis. We are reporting presence of Taraxerol a pentacyclictriterpenoid first time from the leaves
of Morinda pubescens var. pubescens of Rubiaceae family.

Introduction

The history of medicinal plants goes back to the his-
tory of human civilization. The ancient medical men
through their trial and error mechanism identified
herbs which are useful in healing various diseases and
the same knowledge was passed on to the generations
[1]. Even in recent times the plant products play very
vital role in all the forms of medicine like Ayurveda,
Sidda and Unnani. As the time proceeded the use of
herbs transformed from raw form to purified form and
extraction of chemical compounds leads to the syn-
thesis of modern drugs [2]. The present study focuses
on the Chemical Examination of Morinda pubescens
var. pubsescens of Rubiaceae family and isolation of
crystalline constituents.

Identification of the Plant Material

The plant was collected from Acharya Nagarjuna
University Campus, Guntur. Andhra Pradesh, India.
Based on Morphological and the Anatomical data [3]

the plant was identified by B.S.I. Coimbatore as
Morinda pubescens (J.E. Smith) var. pubescens of
Rubiaceae family.

Chemical Composition of Morinda Species

The various chemical compounds were extracted from
Morinda species like Anthraquinones [4, 10], Flavo-
noids [5], Iridoids [6, 9], Steroids [7] and Terpenoids
[8].The molecular formula, Structure was elucidated
based on melting point; .R,U.V and 'HNMR data in
the present work.

Extraction Procedure Adopted

The leaves were dried at room temperature. Dried and
powdered leaves are weighed. The weight of the ma-
terial is 690 Grams. The powdered leaves are taken
in a 5-liter Soxhlet apparatus and 4 liter of acetone is
added. The mixture is kept for 24 hours. The first 3
liters cold fraction is collected into 5 liters round bot-
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tom flask. The acetone extract-1 was kept for distilla-
tion. The remaining solvent about 2.5 liters collected
after distillation of cold extract-I is again added to the
Soxhlet jar. The cold acetone fraction—I after dryness
under reduced pressure yielded a residue of 7.770
grams. The acetone cold extract-II was collected next
day about 3 liters in round bottomed flask and kept
for distillation under reduced pressure yield around 3
grams of residue.

The remaining material after cold extraction, taken
into the Soxhlet apparatus under controlled tempera-
ture the hot acetone extract —I was collected after suc-
cessive 12 siphons. The methanol hot extract also col-
lected after 6 siphons. The hot acetone extract yield
1.200 gms and the hot methanol extract give 3gms
residue.

The cold acetone extract I, II and hot acetone ex-
tract-I mixed up; the substance weighted around 11.97
grams. The column is setup with 200 grams column
silica gel (acme) 100 — 200 mesh in 1250ml of n-
Hexane and Benzene in 9:1 ratio. The residue (around
12 grams) is taken and dissolved in acetone and im-
pregnated in silica gel and the acetone is evaporated
on water bath. The powdered substance with silica gel
is further fine powdered (without granules). The fine
powder is mixed with 9:1 Hexane: Benzene solvent.
The column thus set is run with n-hexane, Benzene,
ethyl acetate, ethyl alcohol (9:1 to 1:1) and finally
with ethyl acetate.

Materials and Methods

General procedure: — TLC was carried out on perco-
lated silica gel 60 F254 plates (Acme). Spots were
detected under UV (254 and 366 nm) before and af-
ter spraying with 1% methanol sulfuric acid spray
reagent, followed by heating the plate at 110°C for 5
min. Preparative TLC was performed on percolated
silica gel 60 F254 plates, layer thickness 0.5 mm
(Merck) unless indicated otherwise. Column chro-
matography was carried out on silica gel 60 (acme
100-200mesh) and sephadex LH20.

Chemical Examination of Morinda
Pubescens Var. Pubescens Leaves:

The air-dried leaves powder was soxheleted with,
n-hexane, Acetone and methanol. The hot and cold

extracts of Acetone and n-hexane were found to be
similar on TLC these extracts were combined and chro-
matographed extensively to yield eight compounds
which are designated as AMP-1 to AMP-8 (Table 1)
only four of them were isolated in a pure form for this
present study. They are AMP-1 (Fig 1), AMP-4 (Fig
2), AMP-5 (Fig 3) and AMP-8 (Fig 4). The methanolic
extract was in the form of greenish gummy substance.
Hence the work was not pursued further.

Table 1: TLC of compounds AMP1-8

Compound |Yield |TLC Solvent R, value

Code System

AMP - 1 70mg |n-Hexane : Ethyl |0.59
acetate 9:1

AMP -2 30mg |n-Hexane : Ethyl |Long Streaks
acetate 8:2 with no prom-

ising spots

AMP -3 60mg |n-Hexane : Ethyl |No promis-
acetate 8:2 ing spot

AMP -4 150 mg | n-Hexane : Ethyl |0.78
acetate 4:1

AMP -5 120 mg | n-Hexane : Ethyl |0.71
acetate 4:1

AMP -6 40mg |n-Hexane : Ethyl |0.61, Long streaks
acetate 1:1 green color

AMP -7 50mg |n-Hexane : Ethyl |0.66, Long streaks
acetate 1:1 green color

AMP -8 75mg |n-Hexane : Ethyl |0.59 with
acetate 9:1 shot tailing

Examination of AMP — 1 :- (Urosolic Acid XCI)

COOH

OH
Fig. 1: structure of urosolic acid XCI

AMP-1 was colorless solid and recrystallized from
ethylacetate gave a colorless compound. Indicated it
is as triterpene. It give effervescences with NaHCO,
and Na,CO,, [a]3 + 72.2°C (methanol) soluble in hot
CHCI,, MeOH, ethyl acetate. Melting point of the
compound is 285.5°C. L. B. Test gave +ve result with
pink to violet coloration. Molecular formula C, H,,
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O,.Element analysis Found C, 83.72%, H, 11.78%
Requires: C, 83.82%; H, 11.82%. I.R.: 3421, 1620
Cm™.'H (400, MHz, CDCl,): 50.8 (3H, S 24-Me),
0.84 (3H, S, 28-Me), 0.90 (6H, S,25, 29-Me), 0.95
(3H, S, 30-Me), 0.98 (3H, s, 23-Me), 1.20 (6H, S, 26,
27-M2), 3.15 (1H, M,H-3), 5.2 (1H dd, 15-H).

Examination of AMP — 4 :- (B-Sitosterol LXXXVI)

- .
HO i ==

Fig. 2: structure of f-Sitosterol LXXXVI

AMP-4 isolated as white colored compound and
recrystallized from methanol as colorless needles
(150mg) melting point is 135-136°C, [a]3]-35°,
(C, 1.0, CHCI,) positive L.B. test for sterols (violet
— blue — green)

Molecular formula C,, H, O. Element analy-
sis Found : C, 83.86%, H, 11.90%Requires: C,
83.98%; H, 12.16% Rf : 0.67 (n-hexane, ethyl ace-
tate-4:1).U.V.: No prominent absorption was noticed.
L.R.:v)wel: 3436, 1690, 1607, 1460, 1366, 985 Cm'.'H
NMR (400, MHz, CDCl,) : 80.6 (3H, S 18-Me), 0.81
(6H, d, J=7Hz, 26, 27-Me), 0.84 (3H, t, 29-Me), 0.89
(3H, d, J=6.3Hz, 21-Me), 0.99 (3H, s, 19-Me), 3.2
(1H, m, 3 -H], 5.3 (1H, m, 6-H),”C NMR (125.70,
MHz, CDCL,) : 836.1(C-1), 39.7 (C-2), 71.8 (C-3),
56.8 (C-4), 140.7 (C-5), 121.1 (C-6), 29.1 (C-7),
28.9 (C-8), 50.0 (C-9), 37.2 (C-10), 31.8 (C-11), 36.4
(C-12), 42.2 (C-13), 42.1 (C-14), 11.7 (C-15), 28.2
(C-16), 56.8 (C-17), 11.8 (C-18), 18.9 (C-19), 29.6
(C-20), 0.98 (C-21), 21.1 (C-22), 28.2 (C-23), 51.2
(C-24), 24.2 (C-25), 21.0 (C-26), 31.6 (C-27_, 19.4
(C-28), 19.3 (C-29).

Examination of AMP — 5 :- (Stigmasterol XCVII)

H(}
Fig. 3: Structure of Stigmasterol XCVII

AMP-5 was crystallized from chloroform-methanol
as needles (120 mg). Melting point was 168 — 170°C,
[a],-45° (C, 1.2 CHCL,). It showed pink color, which
finally turned to green. It gave positive L.B. test for
steroids. Molecular formula:C,, H,O.Elementanal
ysis:Found:C,83.78 %,H,11.60 %Requires:C,84,40
%;H, 11.72% Rf: 0.65 (n-hexane, ethyl acetate-4:1)
U.V.: No prominent absorption was noticed. I.R.:
vl 3442, 2928, 1693, 1457, 1387, 1031, 996 Cm
"'"H NMR (400, MHz, CDCl,) : 60.70, 0.80, 0.90,
1.00, 1.05, 1.30, (18H, 6xMe), 3.25 (1H, br, 3 -H),
5.1 (2H, m, 22, 23-H), 5.3 (1H, m,6-H).*C NMR
(125.70 MHZ, CDCl,):837.4 (C-1), 31.7 (C-2), 71.8
(C-3) 42.4 (C-4), 140.9 (C-5), 121.7 (C-6), 31.9 (C-
7), 31.9 (C-8), 50.3 (C-9), 38.6 (C-10), 21.1 (C-11),
39.8 (C-12), 42.4 (C-13), 57.0 (C-14), 24.4 (C-15),
28.9 (C-16), 56.0 (C-17), 12.2 (C-18), 19.4 (C-19),
40.5 (C-20), 21.1 (C-21), 138.4 (C-22), 129.4 (C-23),
51.3 (C-24), 31.9 (C-25), 19.0 (C-26), 21.1 (C-27),
25.4 (C-28), 12.0 (C-29).

Examination of AMP — 8:- (Taraxerol XCVIII)

HO
%,

Fig. 4: Structure of Taraxerol XCVIII
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AMP-8 was crystallized from chloroform-methanol,
as crystalline solid (75 mg). Melting point 279 —280°C,
[a]? +0.72 (C, 0.97, CHCL,). It showed pink color in
L.B. test for triterpenes. Molecular formula:C,) H,,
O. Element analysis: Found: C, 87.32%, H, 11.63%
Requires: C, 84.45%; H, 11.82% Rf : 0.59 (n-hex-
ane, ethyl acetate-9:1) L.R.: v§¢:3442 2933, 1694.
1458, 1376, 1033 Cm™.'"H NMR (500, MHz, CDCl,)
: 80.80 (3H, S, 24-Me), 0.84 (3H, S, 28-Me), 0.90
(6H, S, 25, 29 — Me), 0.95 (3H, S, 30 — Me), 0.98
(3H, S, 23-Me), 1.05 (6H, S, 26, 27 — Me), 3.15 (1H,
m, H-3), 5.33 (1H, dd, J = 8.1 and 4.0Hz, 15-H)."3C
NMR (150.8 MHz, CDCL,): 839.97 (C-1), 27.11 (C-
2),79.07 (C-3), 38.96 (C-4), 55.49 (C-5), 18.77 (C-6),
35.07 (C-7), 38.96 (C-8), 48.70 (C-9), 37.97 (C-10),
17.49 (C-11), 35.78 (C-12), 38.74 (C-13), 158.05 (C-
14), 116.85 (C-15), 36.65 (C-16), 37.70 (C-17), 49.25
(C-18), 41.29 (C-19), 29.36 (C-20), 33.67 (C-21),
33.07 (C-22), 27.98 (C-23), 15.45 (C-24), 15.45 (C-
25), 29.91 (C-26), 25.89 (C-27), 29.81 (C-28), 33.34
(C-29), 21.30 (C-30).
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Abstract

Secretion of a-L-rhamnosidase by Penicillium purpurogenum MTCC-3010, Penicillium greoroseum MTCC-
9424, Penicillium citrinum MTCC-3565, Penicillium corylophilum MTCC-2011, Penicillium brevicompactum
MTCC-1999, Penicillium corylophilum MTCC-6492, Penicillium waksmanii MTCC-6480 in the liquid culture
medium have been reported. The enzyme characteristics of a-L-rhamnosidase like K , pH and temperature
optima have been determine using p-nitrophenyl a-L-rhamnopyranoside as substrate. The K, values are found
to be in the range 0.25-0.50 mM, pH optima values are found to be between 6.0—11.0 and temperature optima

values are between 50—-60 °C.

Introduction

a-L-rhamnosidase [EC.3.2.1.40] cleaves terminal
a-L-rhamnose specifically from a large number of
natural glycosides!? such as naringin, rutin, hesperi-
din and quercetrin. The enzyme is widely distributed
in nature and has been reported from animal tissues?,
yeasts*, fungi® and bacteria®. The enzyme has several
biotechnological applications such as debittering of
citrus fruit juices caused by naringin™®, hydrolysis of
hesperidin to release hesperetin glucoside® which is an
important precursor in sweetener production, prepa-
ration of many drugs and drug precursors by der-
hamnosylating the terminal L-rhamnose containing
substrates'® and preparation of prunin'' and L-rham-
nose. The enzyme has also been used in enhancing
the aroma of wine'?> and derived beverages in grape
juice®.

Keeping in view, the biotechnological applica-
tions of this enzyme, we initiated studies on o-L-
rhamnosidases secreted by some indigenous fungal
strains belonging to Penicillium genera. Authors
have reported the secretion of a-L-rhamnosidase by
Penicillium purpurogenum MTCC-3010, Penicil-
lium greoroseum MTCC-9424, Penicillium citrinum
MTCC-3565, Penicillium corylophilum MTCC-2011,
Penicillium brevicompactum MTCC-1999, Penicil-
lium corylophilum MTCC-6492, Penicillium waks-

manii MTCC-6480 in the liquid culture medium. The
enzymatic characteristics of a-L-rhamnosidases like
K, pH and temperature optima have been determine.
Attempts have also been made to test the suitability of
the enzymes for various applications.

Material and Methods

p-nitrophenyl-a-L-rhamnopyranoside, naringin, L-
rhamnose, rutin, CM cellulose were purchased from
Sigma Chemical Company, St. Louis (USA).All the
chemicals including the protein molecular weight
markers used in the polyacrylamide gel electropho-
resis were procured from Bangalore GENEI Pvt.
Limited Bangalore (India). All other chemicals were
either from Merck Limited Mumbai (India) or from
s.d. — fine CHEM limited Mumbai (India) and were
used without further purifications.

The fungal strains Penicillium purpurogenum
MTCC-3010, Penicillium greoroseum MTCC-9424,
Penicillium citrinum MTCC-3565, Penicillium co-
rylophilum MTCC-2011, Penicillium revicompactum
MTCC-1999, Penicillium corylophilum MTCC-6492,
Penicillium waksmanii MTCC-6480 were procured
from MTCC Centre and Gene Bank, Institute of Mi-
crobial Technology, Chandigarh and were maintained
in the laboratory on the agar slants as mentioned in

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 77
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the MTCC catalogue-2000.The fungal strains were
screened for the secretion of the a-L-rhamnosidase in
the liquid culture medium consisting of CaCl, 1.0g,
MgSO,.7H,0 3.0g, KH,PO, 20.0g, N(CH,COONa),
1.5g, MnSO, 1.0g, ZnSO,.7H,0 0.1g, CuSO,.5H,0
0.1g, FeSO,.7H,0 0.1g, H,BO, 10.0mg, sucrose
40.0g, ammonium tartarate 8.0g. water (Milli-
Q)1000ml. The sterilized liquid culture medium was
improved by adding separately sterilized 2.0g rice
grain or 1.0g corn cob or 1.0g bagasse particles or
2.0 g orange peel or 0.005 g naringin or 0.005 g rham-
nose or 0.002 g rutin or 0.002 g hesperidin. The fungal
growth was allowed to take place in BOD incubator at
different growth temperature under stationary culture
conditions.

0.5ml aliquots of culture media were withdrawn at
the regular intervals of 24 hrs and analyzed for activ-
ity of a-L- rhamnosidases. 1.0 ml assay solution con-
sists of 0.4 ml of 1 mM substrate in buffer (0.1 m cit-
ric acid-NaH,PO, (Mcllvaine buffer pH 3-7, Clarks
and Lubs solution pH 8-10 and phosphate buffer
solution pH 11-13), 0.1 ml crude enzyme and 0.5ml
same buffer at 55 °C temperature. The activity of a-L-
rhamnosidase was assayed by using p-nitrophenyl-a-
L-rhamnopyranoside as the substrate and monitoring
the libration of p- nitrophenol spectrophotometrically
at A= 400nm using the molar extinction coefficient
value of 21.44mM"'cm™.

p-ritrophenyl-g-L-rharmopyrancside Rhammnose

In order to maximize the secretion of a-L- rhamno-
sidase in the liquid culture medium the appearance
of enzyme in the growth medium was followed with
time using growth medium amended by the addition
of rhamnose, rutin, naringin, hesperidin, corncob, ba-
gasse, rice grain and orange peel. The maximum ac-
tivity of the enzyme appeared between 3 to 11d after
inoculation of spores for different fungal strains. The
fungal strains were grown in fifteen sterilized 100 ml
culture flasks each containing 25 ml liquid culture me-
dium amended with different inducers and harvesting
the culture on the day of maximum enzyme activity.
The fungal mycelia were removed by filtering the cul-

ture medium through four layers of cheese cloth and
then centrifuged using Sigma refrigerated centrifuge
model 3K30 at 8,000 rpm for 20 minutes at 4°C to
remove the particles.

The Michaelis-Menten behavior of the puri-
fied enzyme for the substrate p-nitrophenyl-o-L-
rhamnopyranoside was determined by measuring
the steady state velocity of the enzyme catalyzed
reaction at different concentrations of p-nitrophenyl-
a-L-rhamnopyranoside (0.05 mM to 1.5 mM) using
the reported method. The K_and V__ value were
determined by linear regression analysis of the data
points of the double reciprocal plot. The pH opti-
mum of the purified enzyme was determined by using
p-nitrophenyl-a-L-rhamnopyranoside as the substrate
and measuring the steady state velocity of the enzyme
catalyzed reaction in solutions of varying pH in the
range 5.0 to 13.0. The steady state velocity was plot-
ted against pH of the reaction solutions and pH opti-
mum was calculated from the graph. The temperature
optimum was determined by measuring the steady
state velocity of the enzyme catalyzed reaction in so-
lutions of varying temperatures (40—70°C) using p-
nitrophenyl- a-L-rhamnopyranoside as the substrate.
The steady state velocity of the enzyme catalyzed re-
action was plotted against the temperature of the reac-
tion solution and temperature optimum was calculated
from the graph.

—\

T Ho —(

\ /N0

£

p- nitro phenol

Results and Discussion

The secretion of a-L-rhamnosidase the liquid culture
media amended with different inducers for the differ-
ent fungal strains of genera Penicillium are shown in
Figures 1-7. The growth conditions and the fungal
strains are described. Figure 1 shows the secretion of
a-L-rhamnosidase in the growth medium of MTCC-
3010. It is obvious from the figure that the enzyme
secretion was maximum in the liquid culture medium
amended with rutin it occurred on the 3™ d after the
inoculation of the fungal spores and was 0.215 TU/ml
of the culture medium. In the case of MTCC-9424,
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Fig. 1: Secretion of a-L-rhamnosidase in the growth medium
of MTCC-3010. Medium blank (e), medium + rutin (m), me-
dium + rhamnose (A ), medium + naringin ()
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Fig. 2: Secretion of a-L-rhamnosidase in the growth medium
of MTCC-9424. Medium blank (4), medium + rice grain (m),
medium + corncob (A), medium + orange peel (o)

also shown in the Figure 2 the maximum secretion
a-L-rhamnosidase occurred in the liquid culture me-
dium amended with rice grain on 7" d after the inocu-
lation of the fungal spores and was 0.271 IU/ml of the
culture medium. In case of MTCC-3565 shown in
figure 3 the maximum secretion of the enzyme took
place on the 4" d after the inoculation of the fungal
spores and 0.563 IU/ml occurred in the liquid culture
medium amended with corn cob. In the case of
MTCC-1999 the maximum secretion of enzyme was
in the liquid culture medium amended with bagasse
particles and occurred 0.195 IU/ml on the 11" d
after the inoculation of the fungal spores in the liquid
culture medium which is shown in the figure 4. The
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Fig. 3: Secretion of a-L-rhamnosidase in the growth medium
of MTCC-3565. Medium blank (), medium + corn cob (m),
medium + orange peel (A ), medium + rhamnose (@)
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Fig. 4: Secretion of a-L-rhamnosidase in the growth medium
of MTCC-1999. Medium blank (), medium + bagasse (m),
medium + corncob (A), medium + rice grain (@)

maximum secretion of a-L- rhamnosidase in the case
of MTCC-2011, shown in the figure 5, took place in
the liquid culture medium amended with corn cob and
occurred on the 3 d after the inoculation of the fungal
spores and was 0.128 IU/ml of the culture medium.
The enzyme secretion in the case of MTCC-6492, is
shown in the figure 6, it was in the liquid culture me-
dium on the 4% d after inoculation of the fungal spores
and was 0.139 IU/ml of the culture medium. Figure 7
shows the secretion of enzyme in the liquid culture
medium of MTCC-6480. It is obvious from the figure
that the maximum enzyme secretion was in the growth
medium amended with rutin on the 8" d after the in-
oculation of the fungal spores and was 0.211 IU/ml.
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Fig. 5: Secretion of a-L-rhamnosidese in the growth medium
of MTCC-2011. Medium blank (e), medium + corncob (m),
medium + bagasse (A ), medium + naringin (4)
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Fig. 6: Secretion of a-L-rhamnosidase in the growth medium

of MTCC-6492. Medium blank (m), medium + naringin
(®), medium + bagasse (A ), medium + corn cob (e)

Table 1: Enzyme characteristics of a-L-rhamnosidese
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Fig. 7: Secretion of a-L-rhamnosidase in the growth medium
of MTCC-6480. Medium blank (A ), medium + naringin (9),
medium + rutin (m), medium + hesperidin (e)

The enzyme characteristics of a-L-rhamnosidases

secreted by the above fungal strains of Penicillium
genera were summarized in Table 1.
It is obvious from the Table 1 that the highest peak
value of enzyme production is in the case of liquid
culture medium amended with corn cob containing P,
citrinum MTCC-3565 spores which is followed by P,
greoroseum MTCC-9424 in the liquid culture medium
amended with rice grain which, in turn, followed by
P purpurogenum MTCC — 3010 and P. waksmanii
MTCC — 6480 in the liquid culture medium amended
with rutin.

The K  value using p-nitrophenyl-a-L-rhamno-
pyranoside at the optimum pH and the optimum tem-
perature mentioned in the table for a-L-rhamnosidase
from different fungal strains varies from 0.25 to 0.5
mM. The optimum pH values of a-L-rhamnosidase

Fungal Strains Growth Peak Value of enzyme produced K, pH Temperature

Temperature 1U/ml mM O
O

P. purpurogenum  MTCC-3010 27 0.215 0.33 8.5 50.0

P. brevicompactum MTCC-1999 25 0.195 0.48 10.0 60.0

P. corylophilum MTCC-2011 25 0.128 0.50 11.0 55.0

P, corylophilum MTCC-6492 30 0.139 0.43 8.0 57.0

P, citrinum MTCC-3565 30 0.563 0.36 8.5 50.0

P. greoroseum MTCC-9424 30 0.271 0.28 6.0 53.0

P. waksmanii MTCC-6480 25 0.211 0.25 11.0 57.5
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from different fungal strains varies from 6.0-11.0 References

where as temperature optima are between 50—60°C.

Though the secretion of a-L-rhamnosidase in the
liquid culture medium containing different Penicil-
lium strains are not very high, with the development
in the area of molecular biology it would be possible
to isolate the gene of the above enzymes and over ex-
press them in suitable vector so that the amount of
enzyme needed for commercial applications could be
produced. The reported studies in this communication
will be useful in achieving the above objective.
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Abstract

Medicinal plants constitute an important group of non-wood forest products. Approximately 80 % of the world
population uses plants as a source of medicine for healthcare. Domestication and large scale cultivation is a
viable alternative and offers the opportunity to overcome the problems that are inherent with herbal drugs-
misidentification, genetic and phenotypic variability, extract variability and instability, toxic components and
contaminants. Harvesting from the wild, the main source of raw material, results in loss of genetic diversity
and habitat destruction. Asparagus racemosus being a rejuvenating herb, its restorative action is beneficial in
women s complaints and is mainly known for its phytoestrogenic properties. The tuberous roots of A. racemo-
sus are rich in the saponins — Shatavarin I to IV and used in several diseases. Use of this plant is ever increas-
ing and has become ‘critically endangered’. However, production of this crop has remained consistently low
to fulfill the higher market demands. The present paper discusses the strategy of in situ conservation by way
of collection, establishment and acclimatization of A. racemosus germplasm collected from different parts of
India. All plants grown in this study originated from different climatic zones. The plants that were acclimatized
Jfor over three years in the Botanic Garden of the Institute contained about 0.25 % and 0.31 % of Shatavarin IV

by dry weight of roots in thick and thin roots, respectively.

Introduction

Medicinal plants are a vital source of natural drugs
and thus constitute an important group of non-wood
forest products. Approximately 80% of the world
population uses plants as a source of medicine for
healthcare [1]. The economic value of plant based
drugs is over US $ 60 billion and is likely to rise to
US $ 5 trillion by the year 2050 [2]. In India, the me-
dicinal plant sector is part of a time-honored culture
that has traditionally occupied an important position
in the socio-cultural, spiritual and medicinal arena of
rural and tribal populations. The increased demand
for natural herbs is putting pressure on the natural re-
sources resulting in overexploitation, habitat destruc-
tion and loss of genetic diversity. There is an urgent
need to conserve the biodiversity and meet the genu-
ine needs through commercial cultivation. Domesti-

cation and large scale cultivation is the only viable
alternative and offers the opportunity to overcome the
problems that are inherent with herbal drugs collected
from the wild — misidentification, genetic and pheno-
typic variability, extract variability, instability, toxic
components and contaminants [3].

Asparagus belongs to the family Asparagaceae of
the monocot order Asparagales. The genus Asparagus
consists of herbs, shrubs and vines that are widespread
all over the world and is a highly valuable plant spe-
cies having therapeutic and nutraceutical importance
in addition to being consumed as food [4]. It includes
150 species distributed throughout Tropical Asia, Af-
rica and Australia. 17 species are reported from India
from the Sal and mixed forests of Madhya Pradesh,
Chattisgarh and Jharkhand [5]. Asparagus racemosus
(locally known as Shatavar) is one of the important
medicinal plants extensively used by the traditional
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practitioners in India for its medicinal value. Origin
of Asparagus racemosus is uncertain but it is believed
to be native to the East Mediterranean and the Middle
East.

The tuberous roots of 4. racemosus are medici-
nally important in several diseases. 4. racemosus is
distributed throughout tropical and sub-tropical parts
of India up to an altitude of 1500m [6]. It is strag-
gling or scandent, much branched perennial, spinose,
under shrub with fusiform, tuberous, fasciculated root
stock. Tuberous roots contain four saponins, Shatava-
rin I to IV. The healing qualities of Shatavar are use-
ful in a wide array of ailments. Being a rasayana or
rejuvenating herb, its restorative action is beneficial in
women’s complaints. 4. racemosus is mainly known
for its phytoestrogenic properties. With increasing
realization that hormone replacement therapy with
synthetic estrogens is neither as safe nor as effec-
tive as previously envisaged, the interest in plant-
derived estrogens has increased tremendously making
A. racemosus particularly important [7, 8]. Roots of
A. racemosus were found to possess antioxidant and
anti-ADH [9], antitumor and anticancer [10, 11] anti-
ulcerogenic [12] and antimicrobial activities [13].
The aim of the present study was to obtain informa-
tion on suitability of the semi-arid climatic conditions
of Agra, growth and biomass production, as well as
quantitative and qualitative aspects of secondary me-
tabolite produced under the adopted conditions with
an ultimate aim of conserving and developing suitable
cultivation practices for A. racemosus. To the best of
our knowledge no such work has been undertaken so
far for this region for this plant.

Materials and Methods

Germplasm Collection: The germplasm of 4. rac-
emosus was collected from different parts of India.
The different land races were established in the net
house of Botanic Garden at Dayalbagh Educational
Institute, Agra. IC471921 and 1C471923 were origi-
nally collected from Nauni Forest, Solan, Himachal
Pradesh and IC471924 was collected from Ochlaghat,
Solan, Himachal Pradesh. IC471910 was collected
from Mandala, Madhya Pradesh. The landraces of 4.
racemosus used in the present study and their sources
is given in Table 1.

Establishment: The crowns of Asparagus were
planted in 6 to 8 inches deep trench in rows 4 to 5
feet apart, and 12 to 18 inches between crowns. Roots
were spread out in trench with buds pointing upward
covered with soil and irrigated. Subsequent irriga-
tions were done at 4-6 day intervals until a month
and thereafter at weekly intervals. Initially crowns
were planted in the net house with 70 % shading net
in 2007. Growth rate was slow in the net house, there-
fore, the rooted plants were transplanted to the open
field in 2009. The plants were periodically treated
with urea. As the crop is a climber it required support
for its proper growth, which was provided by 4-6 feet
long iron stands with circular frames at the top.

Acclimatization: After transfer to field spears
sprouted from established plants. These spears devel-
oped into healthy plants with cladophylls at nodes.

Table 1: Collection sites of different landraces of A. racemosus

Name of the Line Cultivar source
FFDC Fragrance and Flavor Devel-
opment Centre, Kannauj
SG1 Forest Department, Jabalpur

KAU Thrissur (KAU), Kerala, India

CDH Haryana Forest Department, Chandigarh
1C471921 NBPGR New Delhi
1C471923 NBPGR New Delhi
1C471924 NBPGR New Delhi
1C471927 NBPGR New Delhi
1C471911 NBPGR New Delhi
1C471910 NBPGR New Delhi
1C471909 NBPGR New Delhi
IC471908 NBPGR New Delhi

Shatavarin Quantification: Roots of accession no.
IC471911 were harvested 18 months after establish-
ment dried and ground to a fine powder. 8 g of root
powder was weighed and extracted overnight in 50 ml
of Ethyl Acetate:Methanol (1:1) on a shaker [14].
Filtrate was collected on Whattman filter paper and
residue was re-extracted with 50 ml of Ethyl Acetate:
Methanol (1:1). Both the filtrates were combined.
The filtrate was concentrated in a Rotary evaporator
(Eyela, Japan) and Freeze Drier (Allied Frost, India)
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and samples sent to M.F.P. Processing & Research
Centre, Barkhera Pathani, Bhopal, India for HPLC
analysis.

Results and Discussion

It is true that most plants can be propagated from root
suckers but the success of this is dependent on fac-
tors such as the type of soil, rainfall and pests. To pre-
vent root rot and fungal diseases lines were treated
with dithane M45 periodically. The plants were
healthy and produced several spears during the grow-
ing season (Fig. 1a). Two accessions 1C471927 and
IC471910 showed comparatively poor growth. Color
of foliage and the time of flowering is given in Table
2. The plants flowered in the last week of October and
first week of November while fruiting occurred in late
November and continued till December (Fig. 1b).

Table 2: Variation in time of flowering and color of foliage in
established lines of Asparagus racemosus in the Botanic gar-
den

Name of the Line | Color of Foliage | Time of Flowering
FFDC Medium Green Mid November
SG1 Medium Green Late October
KAU Light Green Late September
CDH Dark Green Late October
1C471921 Dark Green Late October
1C471923 Dark Green Late November
1C471924 Dark Green Late November
1C471927 Dark Green Late November
1C471911 Medium Green Mid November
1C471910 Dark Green Late November
1C471909 Medium Green Mid November
1C471908 Medium Green Late November

The landraces varied in terms of foliage color, spear
pigmentation and berry color at maturity. There was
variation in the time of flowering in different races.
Those collected from Kerala region flowered ear-
lier than other lines while some lines collected from
FFDC, Kannauj flowered late in mid November.

Table 3: Qualitative and Quantitative analysis of the thick and
thin roots of Asparagus racemosus

Tests Thick Roots Thin Roots
Length (cm) 26.8 20.9
Diameter (cm) 4.44 2.89
Moisture, % loss 81.24 70.76
on drying

Saponins, % 4.62%* 5.11%
Shatavarin IV, % 0.25% 0.31%*

*Value expressed on dry weight basis.

Fig. 1: (a) Healthy Plants after acclimatization in Botanic Gar-
den of the Institute. (b) Fruiting in the month of November.
(¢) Roots harvested in the month March

Roots were harvested from accession no. 1C471911
and separated into two distinct groups on the basis of
diameter (Fig. 1c). Both the thick and thin roots were
sent for saponin analysis. Interestingly, the thin roots
showed greater content of the saponin and Shatavarin
IV. The thick roots had 4.62% saponins and 0.25%
Shatavarin IV, while the thin roots had 5.11 % sapo-
nins and 0.31% Shatavarin IV (Table 3). Shatavarin
IV as a marker has been identified in 4. racemosus by
HPLC with ELS detector [14], by HPTLC [15] and
also has been identified in A. gonoclados [16]. Steroi-
dal saponins have also been investigated in fruits of 4.
racemosus [17]. There are few reports on structural
revision of Shatavarin I and IV from roots of 4. race-
mosus [18, 19]. The quantity of both saponins and
Shatavarin IV was much less than the average re-
ported in the literature [15]. This low level of sapo-
nins and Shatavarin IV in the present study could be
attributed to the fact that this was the first root harvest
since establishment of the plant in Agra and the Shata-
varin IV amount might increase as the plant stabilizes
in the adopted home.
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Introduction of new plant species with different
economical value into the new environment and ag-
ronomic practices during the history have always had
great importance. The introduction and acclimatiza-
tion of any new plant species into a new environment
is a long-term research. All plants grown in this study
originated from different climatic zones characterized
by differences in soil conditions, temperature and
relative humidity. The cultivation system of 4. rac-
emosus needs additional research. Further studies on
molecular modeling and structural studies of second-
ary metabolites is required. In conclusion, the present
study describes successful acclimatization of 4. rac-
emosus collected from different climatic conditions in
the semi-arid region of Agra may result in increased in
vivo production of Shatavarin IV in roots.
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Abstract

Studies were undertaken to chemically examine the essential oils of different species of Cinnamomum grow-
ing in Kumaon region of Uttarakhand and screening of their antibacterial, and antioxidant activities. Eight
samples of Cinnamomum tamala, two samples of Cinnamomum zeylenicum and one sample of Cinnamomum
camphora were collected. Among all these oils, four chemotypes of C. tamala, two of C. zeylenicum and one
of C. camphora are introduced by GC-MS analysis. Antibacterial activity of essential oils of Cinnamomum
species were tested against three pathogenic bacteria viz. Pasturella multocida, Escherichia coli and Salmo-
nella enterica enterica by disc diffusion method and compared with Gentamicine. Antioxidant activities of the
essential oils were evaluated by three different methods viz. reducing power activity, DPPH radical scaveng-
ing activity and effect on the chelating activity of Fe (Il) ions. Results showed that the essential oils of Cin-
namomum species have effective antimicrobial and antioxidant activities. Therefore they could be used as food

preservatives and as medicines.

Introduction

Spices are dried seeds, fruits, roots, barks, leaves and
vegetative substances used for nutritive purposes in
insignificant quantities as food additive for the pur-
pose of flavor, color, or as preservatives. Many of
these substances are also used for other purposes such
as medicines, in religious rituals, as cosmetics, in per-
fumery or as vegetables [19].

Family Lauraceae or Laurel family comprises a
group of flowering plants included in the order Lau-
rales [28]. Himalayan region particularly Uttarakhand
region represent 10 genera and 23 species of the plant
belonging to family lauraceae [8]. The genus Cin-
namomum contains over 300 species, distributed in
tropical and subtropical regions of North America,
Central America, South America, Asia, Oceania and
Australasia. The genus Cinnamomum contains 250
species in Indo-Malaysia and south-cast Asia and 16
species in India [23]. The species of Cinnamomum

have aromatic oils and terpenoids in their leaves and
bark.

Cinnamomum tamala Nees & Eberm also known
as Indian Cassia, a native species of India [3] is
widely distribution in Himalayan region (900-2000
mt) also known as “Tejpat”, popular among the north
Indians as flavoring ingredient in various dishes. Cin-
namomum tamala is mainly used in pharmaceuticals
preparations because of its hypoglycemic, stimulant
and casuistic properties. It is also used in therapeutics,
colic, diarrhea, enlargement of spleen and snake bite.
Leaves are commonly used as spice and are reported
to possess antioxygenic, antibacterial and antifungal
properties. Essential oil of Cinnamomum tamala is
important for spices and perfumes [4, 30]. Cinnamo-
mum camphora is commonly known as camphor. It
has medicinal importance as Anti-inflammatory, anti-
septic, antiviral, bactericidal, counterirritant, diuretic,
expectorant, stimulant, rubefacient, vermifuge. Cin-
namomum zeylanicum Blume. (cinnamon) is known
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as ,Dalchini‘ in India. Cinnamon bark is widely used
as a spice. It is principally employed in cookery as a
condiment and flavoring material [4, 30].

Materials and Methods
Isolation and Chemical Investigation

Plant materials were collected from different natu-
ral habitats of the Kumaon region of Uttarakhand
during March to May 2009. Eight samples of Cin-
namomum tamala from Munsyari, Pithoragarh, Lo-
haghat, Champawat, Pantnagar, Dogaon, Nepal and
Tanakpur, two samples of Cinnamomum zeylenicum
from south India and Pantnagar and One sample
of Cinnamomum camphora from Pantnagar were
collected. 1 Kg. each of the fresh aerial part of the
plant were hydrodistilled in Clevenger’s type appa-
ratus for 8 hours. The oils were extracted in diethyl
ether. Removal of solvent under vacuum and drying
over anhydrous Na, SO, yielded varies amount of
essential oils. The oils were kept in refrigerator for
further study. The chemical analysis of volatile oils
was undertaken by Gas chromatography-mass spec-
trometry (GC-MS) technique. The GC-MS data were
obtained on Thermo Quest, Trace 2000, GC coupled
with Finnigan Mat Polaris Q MS. In GC-MS analysis
column was RtX- 5 (Res tex corp.) fused silica capil-
lary column (30mx0.25mm, 0.25 um) film coating,
helium used as carrier gas with 1 ml/ min flow rate,
EI (70 eV) mode and 210°C injection temperature.
Components of essential oils (Table 1) were identi-
fied by matching their Mass spectra and GC retention
indices with those in NIST- MS Wiley Library, com-
paring with literature reports and published data [24].

Antibacterial Activity

Antibacterial activity was screened against three gram
negative bacteria viz., Salmonella enterica enterica,
Escherichia coli and Pasturella multocida. These
were collected from Department of Virology, Indian
Veterinary Research Institute (Bareilly) and main-
tained in the laboratory by regular subculturing on to
nutrient agar. Antibacterial screening of the essential
oils against test bacteria was done by Disc diffusion
method as reported by [14] with slight modification.
Sul, 10ul, 15ul, 20ul concentrations of essential oils

were applied on each sterilized paper disc. The an-
tibacterial screening was measured by zone of inhi-
bition against bacteria. The plates were incubated at
37°C for overnight to observe the zone of inhibitions
around the disc, which were compared with the stan-
dard antibiotics (Gentamicin).

Antioxidant Activity

Antioxidant potential of the essential oils were eval-
uvated in terms of 2,2’-diphenyl-1-picrylhydrazyl
(DPPH) radical scavenging ability, effect on the che-
lating activity on Fe* and reducing power in compari-
son with the synthetic and natural antioxidants. Butyl-
ated hydroxyl toluene (BHT), catechin and gallic acid
were taken as standards.

Reducing Power Activity

The reducing power of the essential oils was deter-
mined by the method reported earlier [14—-16]. Dif-
ferent amount of essential oils (5pL, 10 pL, 15 pL
and 20 pL) were mixed with 2.5mL of the phosphate
buffer (200 mM, pH 6.6) and 2.5mL of 1% potas-
sium ferricyanide, K [Fe(CN),]. The mixtures were
incubated at 50°C. After incubation, 2.5mL of 10 %
trichloroacetic acid was added to the mixtures, fol-
lowed by centrifugation at 650 rpm for 10min. The
upper layer (5SmL) was mixed with SmL of distilled
water and ImL of 0.1% ferric chloride and absor-
bance of the resultant solution were measured at
700nm using UV-Vis spectrophotometer (Visis-
can-167, Indian).

DPPH Radical Scavenging Activity

The scavenging effect on DPPH radical was deter-
mined according to the methods developed earlier
[14-16, 21]. Various amounts of essential oils (SuL,
10 pL, 15 pL and 20 pL) were mixed with SmL of
0.004 % methanolic solution of DPPH. Each mixture
was placed for 30min. in the dark and the absorbance
of the samples was read at 517 nm using UV-Vis spec-
trophotometer (Visiscan-167, Indian). The percentage
(%) radical scavenging activity was determined ac-
cording to the Equation [1].
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Effect on the Chelating Activity of Fe?*

The chelating activity of essential oils on ferrous ions
(Fe*") was measured with slight modification of the
method reported earlier [12]. Different amounts of
essential oils (SpL, 10 pL, 15 pL and 20 pL) were
first mixed in 1mL of methanol. Then mixtures were
left for reaction with ferrous chloride (2mM, 0.1mL)
and ferrozine (5SmM, 0.2mL) for 10min at room tem-
perature and, absorbance was measured at 562 nm in
UV-Vis spectrophotometer (Visiscan-167, Indian). A
lower absorbance indicates a higher chelating power.
The chelating activity on Fe?* of the oil was com-
pared with that of EDTA (0.0lmM) and Citric acid
(0.025M) and percentage (%) chelating activity was
calculated according to the Equation [2].

Results and Discussion
GC-MS Analysis of Essential Oils

The present investigation shows several chemotypes
of Cinnamomum tamala which have mainly linalool,
1,8-cineol, cinnamyl acetate, E-cinnamaldehyde and
eugenol were presented in major quantities. The es-
sential oil of Cinnamomum tamala collected from
Munsyari has linalool (52.5%) and E-cinnamalde-
hyde (26.4%) as major components another major
component is 1,8-cineol (4.2%). 31 compounds have
been identified in the oil which contributes to 98.4 %
of the oil. The oil is rich in monoterpenoids contrib-
uting of the total oil 94.12% of which 7.44 % were
hydrocarbons and 86.68 % were oxygenated monoter-
penoids. Only 3.68 % sesquiterpenoids could be iden-
tified. Essential oil of Cinnamomum tamala collected
from Nepal has similar pattern of essential oil compo-
sition. It has 53.2 % linalool, 25.0 % E-cinnamyl ace-
tate and 16.1 % 1,8-cineol. In oil 34 components were
identified in the oil and the oil was rich in monoter-
penoids (92.60 %). The sesquiterpenes identified were
epi-cubenol (0.6 %) and caryophyllene oxide (0.6 %).
The above two species are linalool-E-cinnamaldehyde
type. No camphor was detected in these samples. The
essential oil of Cinnamomum tamala collected from
Lohaghat showed the presence of linalool (29.8 %),
camphor (44.0%) and E-cinnamaldehyde (14.3 %)
along with other constituents. Its constituents contrib-
uting 96.6 % of the oil were identified. Similar pattern

of essential oil components was formed in the essen-
tial oil collected from Champawat collection. It has
linalool (24.7 %), camphor (25.5%) and E-cinnamal-
dehyde (30.4 %). In all 25 constituents were identified
in the oil which contribute to 96.3 % of the oil. The
above two collections are linalool-camphor-cinnam-
aldehyde type. The Cinnamomum tamala essential
oils collected from Pithoragarh and Tanakpur showed
similar pattern of the major constituents. Samples
contains linalool (22.2%) and (38.0 %), E-cinnamal-
dehyde (44.6%) and (25.0%) and cinnamyl acetate
(15.1%) and (3.5%) respectively. Both the oils also
contain borneol. The oil of Cinnamomum tamala col-
lected from Dogaon also showed similar pattern in its
linalool (27.2%), borneol (2.2%), cinnamaldehyde
(42.5%) and E-cinnamyl acetate (1.8%). Essential
oil of Cinnamomum tamala collected from MRDC
Pannagar has eugenol (65.0%) as major constituent.
It also contains E-cinnamaldehyde (3.8 %) and E-cin-
namyl acetate (2.6 %) along with epi-cubenol (2.9 %)
and caryophyllene oxide (4.1 %) hence it is eugenol
type [1-2, 25-27].

Analysis of two sample of Cinnamomum zeyleni-
cum cultivated at MRDC Pantnagar and CIMAP (in-
troduced from South India) showed quit difference
in the chemical makeup. The essential oil of Cinna-
momum zeylenicum of Pantnagar contains linalool
(7.4%), E-cinnamaldehyde (10.9%) and E-cinnamyl
acetate 58.5% and 92.3% of the oil contributed by
25 compounds, identified by GC-MS. The essential
oil of Cinnamomum zeylenicum, south Indian col-
lection showed dominance of eugenol (74.1%). Un-
like other oils, this was also rich in sesquiterpenoids.
B-caryophyllene (1.2%), y-elemene (1.9%), aroma-
dendrene (0.1%), y-gurjunene (2.3%), spathulenol
(0.5%) and caryophyllene oxide (9.6 %) were among
the identified sesquiterpenoids [11, 18, 20, 31]. GC
analysis of essential oil of Cinnamomum camphora
cultivated at MRDC revealed the presence of a cam-
phor single major constituent (82.4%). However
other chemotypes of C. camphora are also reported in
literature [5, 7, 9-10, 17, 22, 29, 32].

Antibacterial Investigation
All the oils showed activity against Pasturella mul-

tocida, Escherichia coli and Salmonella enterica en-
terica in comparison to gentamicine which was used
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as standard. Antibacterial activity of essential oils of
the essential oil of Cinnamomum tamala collected
from Pithoragarh, Lohaghat and Champawat showed
zone of inhibition against Pasturella multocida but
minimum activity against Salmonella enterica en-
teric. Cinnamomum tamala collected from Dogaon,
Tanakpur and Munsyari were found to show maxi-
mum zone of inhibition against Salmonella enterica
enterica, Escherichia coli and Pasturella multocida.
Cinnamomum camphora oil collected from Pantnagar
was effective against Pasturella multocida but not
against Salmonella enterica enterica and Escherichia
coli. Concluding all these results, it can be said that
the volatile oils of Cinnamomum species posses ex-
cellent antibacterial properties even at very low con-
centration against tested bacterial strains due to their
major components. The results demonstrate that the
essential oils of Cinnamomum species posses anti-
bacterial activity against Pasturella multocida, Esch-
erichia coli and Salmonella enterica enterica which
are pathogenic bacteria which are responsible for dis-
eases in animals and human beings.

Antioxidant Investigation

Antioxidant activities of the essential oils were evalu-
ated by three different methods viz. reducing power
activity, DPPH radical scavenging activity and effect
on the chelating activity of Fe (I) ions. In presence of
chelating agents, the complex formation between fer-
rous and ferrozine is disturbed, resulting in decrease
the color of the complex. Measurement of color re-
duction therefore allows estimating the metal chelat-
ing activity of the coexisting chelator. Among all the
essential oils tested essential oil of C.zeylenicum of
south India (A, ,=1.685 to 2.396 (£0.000 to 0.002)),
C. tamala from Pantnagar (A = 3.812 to 4.000
(£0.020 to 0.000)) and from Pithoragarh (A, =1.565
to 1.895 (£0.003 to 0.005)) possess maximum reduc-
ing power, followed by essential oil of Cinnamomum
tamala from Tanakpur (A, =1.243 to 1.693 (+0.001
to 0.000)). The reducing powers of essential oils were
significantly lower compared to the BHT, gallic acid
and catechin (Fig 1).

For the determination of radical scavenging activ-
ity, DPPH radical method is a very fast method to
evaluate the antiradical power of an antioxidant activ-
ity by measurement of the decrease in absorbance of
the DPPH radical at 517nm. In the radical form this

molecule had an absorbance at 517nm which disap-
peared after acceptance of an electron or hydrogen
radical from an antioxidant compound to become
a stable diamagnetic molecule. The DPPH radical
scavenging activity was tested for the essential oil of
C.zeylenicum of Pantnagar (47.11+£0.000%) and C.
tamala of Tanakpur (39.64+0.006 %) exhibited maxi-
mum DPPH radical scavenging activity among all col-
lections which is followed by sample of Champawat
(78.08+0.468%) and Lohaghat (75.14+0.573%)
(Fig 2).

All the essential oils showed dose dependent che-
lating activity on Fe (II) ions. Among the transition
metals, iron is known as the most important lipid
oxidation pro-oxidant due to its high reactivity. The
ferrous state of iron accelerates lipid oxidation by
breaking down hydrogen and lipid peroxide to reac-
tive free radicals like Fenton type reaction. Among
all the essential oil, the oil of Cinnamomum tamala
cultivated at Pantnagar (62.48+0.126%) showed
maximum chelating activity, followed by oil of Cin-
namomum tamala from Munshyari (57.29+0.165 %)
and oil of Cinnamomum zeylenicum collected from
South India (54.33 £0.044 %) (Fig 3). Therefore it can
be concluded that the essential oils are an effective
chelating agent and could effort protection against
oxidizing agent. With the increase in the amount of
essential oils, increase in chelating activity was ob-
served for all the oils. Therefore we assume that the
observed variation in antioxidant potential is related
to differential chemical composition and concentra-
tion level. Therefore we can use the essential oils as
natural antioxidant in place of synthetic antioxidant.
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B C.t. Pithoragarh
OC.t. Lohaghat
OC.t. Champawat
3 M C.t. Pantnagar
OC.t. Dogaon

B C.t. Nepal
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B C.z.South India
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Fig. 1: Reducing power activity of essential oil of Cinnamo-
mum species
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Fig. 2: Radical scavenging activity of essential oils of Cinna-
momum species on DPPH
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Fig. 3: Effect of the essential oils of Cinnamomum species on
the chelating activity of Fe (II) ions

Equations
Equation [1]

DPPH Radical Scavanging Activity (%) =
[1- (A/A)] x 100

(Where A is the absorbance of the sample at 517nm
and A is the absorbance of the control at 517 nm).
Equation [2]

Chelating activity (%) =
[1- (A/A)] < 100

(Where A is the absorbance of the sample at 562nm
and A is the absorbance of the control at 562 nm).
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Abstract

The nutritional characteristics of the seeds of C. album and C. quinoa were investigated using standard ana-
Wytical methods. The results indicate that the seeds of the neglected species of C. album were rich in moisture
and ash content, crude proteins, crude lipids and carbohydrates. On comparison, the values of protein and
total sugar content in the seeds of C. album and C. quinoa is much lower than that of the other grains. However,
the total lipid and minerals like Na, Ca and Mg were found to be much higher in C. quinoa and all varieties of
C. album as compared with other grains. Thus, it is recommended for future commercial cultivation.

Introduction

Underutilized plants possess promising nutritional
and industrial importance for a variety of purposes
for humankind. The underutilized plant species of
economic importance are the key to sustainable ag-
riculture in most of the developing countries facing
resource constraints as well as rapid depletion of
natural resources due to ever-increasing population
pressure. Various health and nutritional problems can
be improved through wider cultivation and inclusion
of underutilized crops in our food habit. Thus, unde-
rutilized plants can help to make diets more balanced
and hence play an important role in combating silent
hunger.

Recently, a resurgence of interest has developed in
wild species for their possible medicinal values in di-
ets. Wild plant plays an important role in the diet of
inhabitants in different parts of the world. Wild plant
species provide minerals, fiber, vitamins and essential
fatty acids and enhance taste and color in the diets. In
addition, they have anti-bacterial, hepato-protective
and anti-carcinogenic properties and are therefore
having medicinal values [1, 2].

The family Chenopodiaceae is composed of herbs
and shrubs, or rarely small trees that usually grow in
alkaline soil. Plants of this family are generally weeds.

One of the genera of this family is Chenopodium. The
genus Chenopodium has a worldwide distribution and
contains about 250 species of which about eight spe-
cies are found in India. Chenopodium quinoa and C.
album are such species [3]. The nutritional character-
istics of Chenopodium quinoa (a food crop of the An-
dean region of Latin America) have been reported to
contain high amounts of proteins, carbohydrates, fat,
vitamins, and minerals. The protein content in quinoa
(15% dry basis) is much higher than that found in
cereals such as wheat, barley, oats, rice and sorghum
[4]. Quinoa also contains more carotene, riboflavin,
tocopherols and folic acid than wheat, rice, oats and
maize, and can supply the daily requirements of cer-
tain vitamins and several minerals [5, 6]. Interest in
quinoa as a valuable food source has therefore, been
renewed in Asia in recent years because of its versatil-
ity and its ability to grow under conditions normally
inhospitable to other grains [3].

Chenopodium album is a common weed in India.
Although eaten as a leafy vegetable in many parts of
the country, this plant commonly known as Goosefoot
or Pigweed, has been considered only as a source of
poultry feed [7]. C. album is the most widely dis-
tributed and is grown in the Himalayan region. The
Himalayan grain Chenopod is comparable to Andean
quinoa in nutrient composition and is much bet-
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ter than wheat, barley, maize and rice. Grain protein
quality equals that of milk and contains high lysine
(6g/100g protein), methionine (2.3 g/100g protein)
and cysteine (1.2 g/100g protein) [8]. The grains are
also used in local alcoholic preparations and out of
the four domesticated species, C. album is the most
widely distributed and is grown in the Himalayan
region [9-12]. The crop is also suited to the mixed
farming system, particularly the multiple cropping
systems. Analysis of foliage of ten species of Cheno-
podium at the National Botanical Research Institute
(NBRI), Lucknow, revealed a wide range of variation
for protein (26—64g/kg), carotene (78—190mg/kg),
vitamin C (0.5-2.4 g/kg), nitrate (2.6-5.0g/kg) and
oxalate (9-39 g/kg) [13].

The plant is commonly available in India but day
by day its popularity is decreasing due to lack of
awareness about its unique medicinal properties. Che-
nopodium album is relatively inexpensive, easily and
quickly cooked green leafy vegetable. One does not
find much literature on seed of Chenopodium album
as it is generally discarded from the field as a weed
[14]. Since, Chenopodium album and Chenopodium
quinoa belong to same genus and thus, it is assumed
that the seeds of Chenopodium album may possess
similar nutritional characteristics as are well evident
in C. quinoa. Data on the nutritional composition of
the leaves of this plant is available but no data on nu-
tritional composition of its leaves is available. In this
study, an attempt is made to determine the amount of
carbohydrates, protein, lipids and to estimate the min-
eral content in the seeds of this neglected plant so that
it may be grown as a crop and provide nutritional sup-
port to human society.

Materials and Methods
Collection of Seeds

The seeds of three different varieties of Chenopodium
album, one cultivated in the botanical garden of Day-
albagh Educational Institute, Dayalbagh (C. album
B) and two wild varieties were collected from wheat
fields (C. album A) and from gram fields (C. album
C) of Dayalbagh. Treated seeds of C. quinoa were ob-
tained from USA.

Extraction and Estimation of Nutrients
Proximate Composition

Moisture, ash, protein, carbohydrates (reducing and
total sugars) and lipids were analyzed by standard
methods. Moisture was determined by drying oven
method, by drying 5 g sample in an oven at 105°C for
3 hours. Ash content was determined by incineration
of the samples (2 g) in a muffle furnace at 600°C for
6 hours until the ash turned white. The seed samples
were extracted in phosphate buffer by centrifugation
and the protein content of the seeds was estimated
colorimetrically by Lowry method. Reducing sugar
was extracted from the seeds with water and deter-
mined by Nelson- Somoygi’s method. Total sugar was
obtained by hydrolyzing the seed samples with conc.
HCI and then estimated by potassium ferricyanide
method, spectophotometrically. Seeds were extracted
with chloroform: methanol mixture and shaken with
NaCl to remove non-lipid contaminants and treated
for gravimetric estimation of lipids.

Mineral Levels

Mineral elements (Na, K, Mg, Ca and Mn) were de-
termined in homogenized samples after wet digestion.
The digestion was done by incineration of seed sam-
ple in muffle furnace at 600°C for 8 hours till seeds
are converted to white ash. Ash content was weighed
and treated with S5ml conct. HCI in 100 ml volumet-
ric flask and final volume was made up. The digested
samples were analyzed by using Dionex ICS 1100 Ion
Chromatograph system equipped with guard column
(CG12A), analytical column (CS12A), and cation
self-regenerating suppressor (CSRS 300) using 20
mM Methane Sulfonic Acid as an eluent.

Results and Discussion
Proximate Composition

The proximate composition of the seed samples (C.
album and C. quinoa) examined in the study is pre-
sented in Table 1.

All samples contained between 11-13% moisture
and 2-3 % ash. The protein content ranged from 2.5 to
3.5g/100 g with highest content (3.5g/100g) in C. qui-
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noa seeds followed by C. album A (3.3 g/100 g). Reduc-
ing sugar in all the four varieties ranges between 1.2 to
2.1%. Among the C. album samples, seeds of sample A
(sample from wheat fields) contain highest percentage
of reducing sugar (1.6 %) which is equal to the reducing
sugar content of C. album C seeds. The total sugar value
in C. album and C. quinoa ranges between 2.1 to 4.7 %.
Among all the album samples, C. album A (growing
wild in wheat fields) contained highest amount (3.7 %)
of total sugar and sample B contained lowest amount
(2.1%) of total sugar. Lipid content as estimated gravi-
metrically was found to be higher in C. album as com-
pared to the seeds of C. quinoa. Lipid content of differ-
ent seed samples varied from 3.5-5.8 %.

Mineral Levels

Mean value for the mineral content of nutritional im-
portance is presented in Table 1. The species analyzed
in the study showed remarkably high K content. The K
content varied greatly and ranged from 381.4mg/100 g
(C. album B, cultivated) to 550.8 mg/100 g (C. album
from wheat fields). Mn content in all the seeds was
nearly equal ranging from 0.8 to 1.8 mg/100 g in three
varieties but it is below detection limit in the seeds
of C. album B. However, the mineral content in C.
quinoa was found to be high but it is quite comparable
with the mineral content of C. album.

Discussion

The results of the present study potentially indicate
that album species of Chenopodium is at par with the
quinoa seeds and well endowed with essential nutri-
ents required for human consumption. Table 2 gives a
comparison of nutrient composition of C. album seeds
as compared with other grains.

The findings of moisture and ash content of the
seeds analyzed in the study conform to the previously
published data for grains. The values of protein in C.
album seeds in present study are lower than the values
of protein in leaves (3.69 %) as reported by [14]. Pro-
tein content of C. quinoa seeds was estimated to be
3.5%. Earlier reported literature [3] shows high con-
tent of protein in quinoa seeds (12—19 %). The lower
values in the present study are probably because the
seeds used in the present study were commercially ob-
tained and are debittered seeds in which the protein
seed coat was removed. The seeds of C. album contain
3.5-5.82/100 g of total lipid. The lipid content ranges
between the values reported by [3] (68 %) whereas
in fresh leaves of C. album total lipid is reported as
0.6g/100 g by [4]. Ahamed (1998) reported the value
of reducing sugar to be 2-3 % in the seed of C. quinoa
which is found low with the present study.

On comparison, the values of protein and total
sugar content in the seeds of C. album and C. quinoa is
much lower than that of the other grains. However, the
total lipid and minerals like Na, Ca and Mg are found
to be much higher in C. quinoa and all varieties of C.
album as compared with other grains. The K content
was found to be highest in C. quinoa (765.2 mg/100 g).
On comparing with other grains the K content in C.
album was much higher than wheat (370mg/100 g),
maize (286 mg/100g) and rice (150mg/100g). How-
ever, it is comparable with the K content of barley
(560mg/100 g). The Mn content in C. quinoa and C.
album is much lower than wheat (5 mg/100 g) but it is
found to be comparable with the rice (2mg/100 g) and
barley (1.6mg/100 g).

In all four varieties, the nutritional content of C.
album A was found to be comparable with that of C.
quinoa. Thus, the C. album growing as a weed in the
fields of wheat ad gram can be used as a future crop.

Table 1: Nutritional composition in the seeds of various species of C. album and C. quinoa in (g/100 g) while minerals in (mg/100 g)

Seed Sample | Moisture Ash | Protein Reducing | Total Lipids |Na K Mg |Ca Mn
Sugar Sugar

C. album A 11 2 33+0.5 1.6+0.3 3.1+03 |58 259 |[550.8 [175.8 |152.3 | 1.1

C. album B 12 2 25+04 12402 21£0.1 |35 14.1 |381.4 [110.7 |58.6 |-

C. album C 13 2 3.1+0.6 1.5+0.1 25+02 5.1 17.9 [471.1 [135.3 |67.4 |0.8

C. quinoa 12 3 3505 2.1+0.1 4704 |5.6 31.7 |765.2 [189.6 |172.8 | 1.8




96

Section A Health Perspectives

Table 2: Comparative account of nutrient composition of C. album and C. quinoa seeds compared with other grains in (%)

NUTRIENTS Q AA A.B A.C M* W R* B*
Moisture 12 11 12 13 15 13 15 13
Ash 3 2 2 2 2 2 1 3
Protein 3.5 33 2.5 3.1 13 14 8 12
Carbohydrate 4.7 3.7 2.1 2.5 66 69 78 70
(Total Sugar)

Lipid 5.6 5.8 35 5.1 4 2 1 1
Manganese 1.8 1.1 - 0.8 0.5 5 2 1.6
Sodium 31.7 259 14.1 17.9 1-16 3 8-9 3
Potassium 765.2 550.8 381.4 471.1 286 370 70-150 560
Calcium 172.8 152.3 58.6 67.4 30-90 29-48 40 10-80
Magnesium 189.6 175.8 110.7 1353 120-144 128 48-60 120

Q = C. quinoa, A.A = C. album A (from wheat fields), A.B = C. album B (cultivated in Botanical Garden),

A.C = C. album C (from gram fields), W = Wheat, M = Maize, R = Rice,

Conclusions

The nutritional characteristics of the seeds of C. al-
bum and C. quinoa were investigated using standard
analytical methods. The proximate analysis shows
that the seeds of the neglected species of C. album
were rich in moisture and ash content, crude proteins,
crude lipids and carbohydrates. Elemental analysis
in mg/100g (DW) indicated that the seeds contained
Na, K, Ca, Mg and Mn. Comparing the nutrients and
chemical constituents with other cereals reveals that
the seeds of C. album growing as a weed in agricul-
tural fields could be important contributor for improv-
ing the nutritional content of rural and urban people.
Thus it is recommended for future commercial culti-
vation.
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Abstract

Weed Calotropis procera (Ait.) R.Br. of the family Asclepiadaceae is a well known medicinal plant. It showed
potent activity against fungal isolates (M. canis, M. fulvum, T. mentagrophytes, A. niger and A. fumigatus).
Chemical analysis of ethanol leaf extract was carried out by using GC-MS technique. Spectra showed the
presence of fifteen components. The main components with major peaks were 3-Eicosene, (3E)-3-Icosene,
Tetratriacontane and 1-Tridecene. The combined bioactivity of these components against selected fungi was
estimated in comparison with ethanol crude extract itself. The results indicated that the ethanol crude extract
had lower bioactivity as compared to the bioactive fraction.

Introduction

Plants are exploited as medicinal source since ancient
age. The traditional and folk medicinal system uses
the plant products for the treatment of various infec-
tious diseases. In recent times, plants are being ex-
tensively explored for harboring medicinal properties.
Studies by various researchers have proved that plants
are one of the major sources for drug discovery and
development [1-3]. Plants are reported to have anti-
microbial, anticancer, anti-inflammatory, antidiabetic,
hemolytic, antioxidant, larvicidal properties etc.
Calotropis procera, a member of the Asclepiada-
ceae, is a woody, broadleaf, evergreen coarse shrub,
3 to Sm tall, widely growing in the tropics. It is dis-
tributed in arid to semiarid regions of the Caribbean,
Central America, South America, Africa, India and
Israel, mainly appearing on plains and in the uplands.
For decades, C. procera, also referred to as “The Ap-
ple of Sodom” has been used especially in traditional
folk medicine because of its pharmacologically active
compounds found in its roots, bark, leaves and mainly
in its latex which exudates from damaged leaves.
Meanwhile, chemical extracts from C. procera have
been shown to have ascaricidal, schizonticidal, anti-
bacterial, anthelmintic, insecticidal, anti-inflamma-
tory, antidiarrheal, larvicidal, cytotoxic and analgesic

effects, thus explaining a growing demand in today’s
medical research for the different parts of the plant [7,
8,9 and 14].

Present study attempts to determine the phyto-
chemistry and antidermatophytic effect of the C.
procera leaves fractions on Microsporum canis, Mi-
crosporum fulvum, Trichophyton mentagrophytes, As-
pergillus niger, and Aspergillus fumigatus. The results
would enable more rational exploitation of the plant
in both traditional and orthodox medicine.

Materials and Methods
Plant Material

C. procera plant was collected from the natural popu-
lation growing in the wasteland of DEI, Agra, India,
during March 2008. The plant has been characterized
by Taxonomy Division, Botanical Survey of India
(BSI), Allahabad as Calotropis procera and the as-
signed Accession No. is 79385 (BSA).

Processing of the Plant

Plant leaves were collected and washed properly with
distilled water. The leaves were shade dried at room
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temperature. Dried leaves were uniformly grinded
using mechanical grinder. The leaves powder was
extracted in different solvents on the basis of their
increasing polarity in Soxhlet extraction unit for 48
hours. The extracts were filtered using Whatman fil-
ter paper number 1. The filtrates were concentrated
using rotary evaporator and dried using lyophilizer.
Dried extract were collected in an air tight container
and stored at 4 °C.

Test Microorganism

The following five isolates of fungi were used for the
study: M. canis (MTCC 3270), M. fulvum (MTCC
7675), T. mentagrophytes (MTCC 7250), A. fumigatus
(MTCC 8636) and A. niger (MTCC 2587). All these
cultures were maintained on Sabouraud’s agar plates
at4°C.

Antifungal Sensitivity Test

The extracted powder was dissolved in the respective
solvent to make different concentrations and was used
to perform antifungal assay in terms of zone diameters
using the disc diffusion assay [8]. Two controls were
run parallel to the experiment. The positive controls
were gresiofulvin and ketoconazole at the same con-
centration of the crude extract (600 pg/ml). The nega-
tive control was of the respective solvent.

Column Chromatography

The ethanol leaf extract was separated on chromato-
graph over silica gel column. The column was first
eluted with petroleum ether and thereafter chloroform
was added in order of increasing polarity. Then the

column was eluted with different combinations of mo-
bile phase on the basis of increasing polarity of sol-
vents. The fraction with chloroform: methanol (5:1)
showed antifungal activity was analyzed by GC-MS.

GC-MS Analysis

The GC-MS analysis of the samples of Calotro-
pis procera was performed using a Shimadzu Mass
Spectrometer-2010 series system (AIRF, JNU, New
Delhi) equipped with a AB inno-wax column (60m
X 0.25mm id, film thickness 0.25 um). For GC-MS
detection, an electron ionization system with ioniza-
tion energy of 70 eV was used. Helium gas was used
as a carrier gas at a constant flow rate of 1.2 ml min..
Injector and mass transfer line temperature were set at
270°C and 280°C, respectively. The oven tempera-
ture was programmed from 50° to 180°C at 3°C min-1
with hold time of min-1 and from 180° to 250°C at
5°C min-1 with hold time 20 min respectively. Di-
luted samples (prepared in Ethanol) of 0.2 pl were
manually injected in the split less mode. Identification
of compounds of the sample was based on GC reten-
tion time on AB inno-wax column, computer match-
ing of mass spectra with standards (Mainlab, Replib
and Tutorial data of GC-MS systems).

Results

Medicinal plants are being proved as an alternate
source to get therapeutic compounds based on their
medicinal properties. C. procera is easily available
in most of the agricultural and non agricultural fields
and the usage of this plant for medicinal purpose was
reported by several researchers.

Table 1: The bioactivity of the eluted fraction compared to the crude extract against five fungal pathogens

Test concentration M. canis M. fulvum T A. niger A. fumigatus
(ng/ml) mentagrophytes

100 12.25+.020 - 09.50+.025 16.00+0.00 10.00+0.00
200 10.50+.025 - 09.75+0.02 07.00+0.00 10.50+.025
300 - 10.50+.025 - 11.00+0.00 11.50+.025
400 13.25+.020 11.80+.056 10.50+.025 - 12.80+.021
500 - 20.30+0.04 13.30+.041 - 16.00+.061
600 18.00+.040 16.80+0.05 19.00+.035 10.50+.025 17.30+.041
Plant extract(600) 17.50+.025 12.50+.025 15.50+.025 11.50+.025 -
Antibiotic (600) 16.25+0.02 15.50+.025 14.50+.025 - 12.50+.025
Control - 09.25+0.04 - - -
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Table 2: Components of the chromatographic fraction of the
ethanolic leaf extract of Calotropis procera

Peak report TIC
Peak R. Area |Area% Name

# Time

1 10.743 | 274843 | 7.97 |1-Tridecene

2 13.238 | 562444 | 16.32 |3-Eicosene

3 14.298 | 95392 2.77 | 8-Pentadecanone

4 15.596 | 447262 | 12.98 |(3E)-3-Icosene

5 16.548 | 147087 | 4.27 |(1-Proyloctyl)
Cyclohexane

6 17.683 | 234750 | 6.81 |1-Heptadecene

7 18.717 | 199263 5.78 | 1-Nonadecene

8 19.531 | 205357 | 5.96 | Sulfurous acid

9 20.414 | 207889 | 6.03 |Di-n-octyl phthalate

10 | 20.779 | 217926 | 6.32 | 1-Tricosene

11 21.216 | 202490 5.87 | Tetratriacontane

12 | 21.990 | 312639 | 9.07 |n-Tetratriacontane

13 | 22.776 | 124989 | 3.63 |2-ethylhexyl iso-
hexyl ester

14 | 23.644 | 169722 | 4.92 |2,6,10,15-Tetrameth-
ylheptadecane

15 | 24.624 | 44959 1.30 | Docosane

3447012 | 100.00

R. Time denotes retention time

Bioactivity of Fraction

The bioactivity of the eluted fraction was estimated
against M. canis, M. fulvum, T. mentagrophytes, A.
niger, and A. fumigatus (Table 1). It was found to
be positive against these pathogens and showed the
zones of 18 mm for M. canis at 600 pg/ml, 20.30 mm
for M. fulvum at 500 ug/ml, 19 mm for 7. mentagro-
phytes at 600 pg/ml, 16 mm for A. niger at 100 pg/ml
and 17.30mm for 4. fumigatus at 600 pg/ml. On com-
paring their bioactivities with that of the crude itself,
it was found that the ethanol crude extract had lower
activity as compared to bioactive fraction. The inhi-
bition zones were 17.50, 12.50, 15.50, and 11.50 for
M. canis, M. fulvum, T. mentagrophytes, A. niger and
absence of zone against A. fumigatus respectively.

Characterization of the Crude Extract
GC-MS Spectra

GC/MS spectra of the collected fraction showed pres-
ence of 15 components (Table 2). The major compo-
nents showed retention times of 13.28, 15.596, 21.99
and 10.743 minutes respectively (Figure 1) named as
3-Eicosene (16.32%), (3E)-3-Icosene (12.98 %), Tet-
ratriacontane (09.07 %) and 1-Tridecene (07.97 %) ac-
cordingly. The chemical properties of the majors GC/
MS obtained compounds were represented in Table 3.

Table 3: The chemical properties of four major compounds
of the chromatographic fraction of ethanol leaf extract using
GC-MS analysis

Library/ID Retention Mol. Mol.
Time Formula Weight
1-Tridecene 10.743 CH, 182
3-Eicosene 13.238 C,,H,, 280
(3E)-3-Icosene 15.596 C,H,, 280
n-tetratriconate ~ 21.990 C H 478

347770
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Fig. 1: GCMS Chromatogram (TIC) obtained from 0.2 pl in-
jection of the bioactive fraction of the leaves of C. procera
shows the appearance of four major compounds at different
retention times
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Discussion

Earlier studies on the antimicrobial activity of leaves,
latex and stem bark of C. procera [9-14] revealed
its antifungal potential against A. flavus, A. niger, M.
boulardii, C. albicans, M. gypseum, M. canis, T. men-
tagrophytes and T. rubrum.

We conclude that C. procera represents a rich
source of valuable medicinal compounds and leaves
of C. procera contain high antifungal property. The
antifungal activity of the bioactive fraction may be
due to the combination of different components or
may be due single component. However, it is impor-
tant to note that the activity guided fraction of ethanol
extract of C. procera leaf need to be further purified
through bioactivity guided fractionation to isolate and
identify the compound responsible for antifungal ac-
tivity.
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Abstract

A flavonoidal glycoside, named flavon-5, 3°, 4’-trihydroxy 7-O-p-D-glucopyranosyl (6”—1"") p-D-
glucopyranoside, has been isolated from the stem bark of Quercus leucotrichophora, together with f-sitosterol,
kaempferol, quercetin and 7-methoxy kaempferol. The structure of flavon-5, 3°, 4’-trihydroxy 7-O-f-D-
glucopyranosyl (6"—1"") p-D-glucopyranoside, by means of rigorous spectroscopic analysis including 2-D

NMR measurements.

Introduction

Quercus leucotrichophora vern. Banj belonging
to family Fagaceae is an evergreen tree of approxi-
mately 40 m height and is commonly found through-
out the Himalayan region at altitudes ranging from
800-2000m (Naithani, 1985). Gum of the Q. leuco-
trichophora is traditionally used for gonorrheal and
digestive disorders (Gaur, 1999). The seeds are as-
tringent and diuretic and are used in the treatment of
gonorrhea, indigestion, diarrhea and asthma (Chopra
et al., 1986). The leaves, seeds and bark are also used
in livestoke healthcare (Pande et al., 2006). Previous
research showed the isolation of quercetin and its
3-O-disacchride from the leaves (Kalra et al., 1966)
and PB-sitesterol, 7-methoxy kaemferol and 3-O-[ {a-L
rhamnopyranosyl-(1’—4")} {a-L rhamnopyranosyl-
(17°—6")}]-B-D-glucopyranosyl quercetin from the
stem bark (Sati et al., 2011a). The GC MS analysis
of volatile extract of Q. leucotrichophora stem bark
contained approximately 86.36% monoterpenoids,
6.53% sesquiterpenoids and 0.11% of aliphatic al-
dehydes. The oxygenated compounds accounted for
=~ 48.71% of the volatile extract, whereas hydro-
carbon compounds were only =~ 44.29. The major

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

components were 1,8-cineol (40.35%) followed by
v-terpinene (16.36 %), B-pinene (11.09 %), p-cymene
(6.22%), a-pinene (5.33%), 4-terpineol (3.70%),
aromadendrene (1.76 %), p-menth-1-en-8-ol (1.60%)
and B-eudesmol (1.05%) (Sati et al., 2011b). The
Ethanolic extract and volatile extract of its stem bark
showed potent antimicrobial activity against vari-
ous micro-organisms (Sati et al., 2011a; Sati et al.,
2011b). Herein, we report the isolation and structure
elucidation of flavonoidal glycoside, named flavon-5,
3’, 4 -trihydroxy 7-O-B-D-glucopyranosyl (6”—1")
B-D-glucopyranoside (compound 1).

Experimental

Collection of Plant Material

The barks of Q. leucotrichophora were collected in
January 2008 from Nagnath Pokhari, District Chamoli
Garhwal, Uttarakhand. The plant was properly identi-
fied from Taxonomy Laboratory, Department of Bot-
any, H.N.B. Garhwal University, Srinagar Garhwal,
Uttarakhand and the voucher specimen (GUH8835)
was kept in the Departmental herbarium.
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Extraction and Isolation
The air-dried and chopped bark was defatted with
petroleum sprit using Soxhlet. The defatted bark
material extracted exhaustively with 85% EtOH at
30-50°C (for 15 h, 3 times) on a heating mantle and
concentrated under reduced pressure. The extract was
then fractionated through column chromatography us-
ing Chloroform: Methanol as eluting solvent. The po-
larity of solvent was gradually increased by addition
of methanol. The repeated column chromatography
afforded Compound 1 along with 7-methoxy kaemp-
ferol, B-sitosterol, kaempferol and quercetin.
Compound 1 was isolated as yellow crystalline
solid; m. p.: 182-184 °C; molecular formula: C, H, O ;
molecular weight: 610; UV A nm: 245, 282, 340;
IR (KBr) v, cm™: 3350, 1640, 1610; FABMS (m/z):
610, 593, 576, 448, 286; '"H NMR (400 MHz, DMSO)
and ¥C NMR (125MHz, DMSO) &: Table 1.

Acid Hydrolysis of Compound 1

Compound 1 was refluxed with 8% aqueous HCI
(10ml) for 5h afforded an aglycone and D-glucose
identified by co-PC (n- BuOH: H,O: AcOH :: 4:1:5;
Rf value 0.18) with an authentic sample.

Results and Discussion

Compound 1 crystallized as yellow solid having m. p.
184-186 °C. The molecular mass of compound 1 de-
duced as 610, suggested by its FABMS spectrum,
showing the molecular ion peak at m/z 610 [M]* .
Compound 1 gave characteristic test for flavonoids
(green coloration with FeCl, and positive test with
Mg/HCI) and also a Molish’s test for carbohydrate,
thereby indicating its flavonoidal glycosidic nature.
The UV spectrum of compound exhibited the absorp-
tion maxima at 245, 282 and 340 nm which also sup-
port the flavonoidal nature of compound 1. The IR
signals at 3350, 1640 and 1610 cm™ showed presence
of hydroxyl group, unsaturated carbonyl group and
aromatic moiety in compound 1 respectively.

The '"H NMR spectrum of compound 1 displayed
presence of four doublets at & 6.46, 6.77 (J= 1.6 Hz),
7.45 (J=2.4Hz) and 6.93 (J= 8.4 Hz) were assignable
to H-6, H-8, H-2’ and H-5’ respectively and a double
doublet at 5 7.43 was ascribed for H-6 suggest pres-
ence of aromatic protones. Two doublets at 6 5.05 (J=
6.8Hz) and 4.16 (J= 7.2Hz) showed two B-linked
anomeric sugar proton H-1"" and H-1"". The *C NMR

Table 1: 'H and *C NMR data of compound 1 (300,125 MHz, CDCl,)

Position o o, HMBC Position S o, HMBC

2 161.24 6’ 119.25 7.43 (dd, J=2.4, 2’4
8.4Hz)

3 103.18 6.72's 1’,2,4,4a 1” 104.07 5.05(d,J/=6.8Hz) |7

4 181.95 - - 2” 76.56 3.08m -

4a 105.43 - - 3” 73.37 292 (t,J=84Hz) |-

5 164.61 - - 4” 75.61 3.61(t,J=84Hz) |-

6 99.60 6.46 (d, /= 1.6Hz) 4,5,7,8,4a 5” 69.34 3.25(ddd, /=3.2, -
6.4,9.2Hz)

7 162.94 - - 6” 68.30 3.91 (dd, = -
13.2Hz)

8 94.81 6.77(d, J= 1.6 Hz) 4a,8a,6,7 1 99.93 416 (d,J/=72Hz) |6”

8a 157.00 - - 2> 76.27 3.25m -

1 121.40 - - 3 73.11 3.35m -

2’ 113.70 7.45 (d, J/=2.4Hz) 1’,3°.6° 4 75.61 3.61lm -

3 145.84 - - 5 69.54 3.25 (ddd, J=2.4, -
5.2,7.8Hz)

4 150.04 - - 6" 65.67 3.67 (dd, J= -
12.8 Hz)

5 116.14 6.93 (d, J/=8.4Hz) 7,1°,2°.3°.4°
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Fig. 1: Structure of compound 1

HO,

HO
HO

Fig. 2: HMBC correlation of compound 1

of compound 1 displayedsignals for 27 carbon at-
oms. The downfield signal at & 181.9 (C-4) was at-
tributed due to carbonyl functional group. Two peaks
at 6 104.0 (C-1") and 99.93 (C-1""") were assigned
for anomeric carbon of sugar whereas other downfield
signals displayed at 6 161.2, 162.9, 150.0 and 145.8
was attributed to four oxygenated carbon atoms. Fur-
ther the HMBC experiment of compound 1 showed
long range coupling of anomeric proton (d 5.05) with
C-7 (8 162.94), indicated that the attachment of sugar
C-7 position. The full NMR data of compound 1 are
given in table 1. The acidic hydrolysis of compound
Q, afforded two molecules of glucose and aglycone as
flavonoid (5, 7, 3°, 4’-terahydroxy flavonoid). Finally
on the basis of above chemical and spectral details
compound Q9 was identified as flavon-5, 3°, 4’-tri-
hydroxy 7-O-B-D-glucopyranosyl (6”—1") B-D-
glucopyranoside.
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Abstract

Column chromatographic separation of alcoholic extract of the leaves of Anaphalis busua led to isolation of a
flavonoidal glycoside 1, together with p- sitosterol and sitigmasterol. The compound 1 identified as tiliroside

by spectroscopic and chemical methods.

Introduction

The genus Anaphalis (Asteraceae) consists of about
80 species distributed throughout the world and more
than 50 species are distributed in china [1] and 31 spe-
cies reported in India [2]. Anaphalis busua (Bugla) is
an erect tall herb. Stem usually branched from base,
somewhat winged. Leaves sessile, linear lanceolate or
oblanceolate most abundantly present in open places
of oak and pine forests of submountain and mountain
Himalayas. Leaf juice applied on bruises, wounds and
cuts [2]. Anaphalisqualenol, anapharenosoic acid and
araneosol isolated from the plant previously [3—4].
Isoquercitrin and astragalin, anaphalol, 5-hydroxy
7-0-3’-methyl bute 2’-enylpthalide and 5, 7-dihy-
droxyphalide, 5-methoxy-7-hydroxy pthalide and
[-sitosterol isolated form other species of the plant
[5-6]. The present paper deals with the isolation and
structure elucidation of a flavonoidal glycoside 1 from
alcoholic extract of the leaves of A. busua.

Test Plant Material, Extraction and Isolation

The leaves of Anaphalis busua was collected from
Singoli, Paurikhal, District Tehri Garhwal, Uttara-
khand, India and was identified by plant identification
laboratory Department of Botany H.N.B. Garhwal
University Srinagar Garhwal. A voucher (GUH 2180)
specimen was deposited in the Department. The air-
dried and coarsely powered leaves of the plant were
defatted with light petroleum in a Soxhlet. The defat-
ted mass was exhaustively extracted repeatedly with
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90% aqueous EtOH, until the extractive became col-
orless. All the extracts were mixed and concentrated
under reduced pressure using rotatory vacuum evapo-
rator. The concentrated extract was adsorbed on silica
gel and fractionated through column chromatography
using the solvent system chloroform: methanol (97:
4). The polarity of solvent was gradually increased by
addition of methanol. Repeated column chromatogra-
phy afforded compounds 1 together with B-sitosterol,
and stigmasterol.

Compound 1

Pale yellow solid, M.P. 269-271°C(uncorrected),
Molecular formula C, H, O,,, Molecular weight 594
amu, IR(A,**) 3262(OH), 1654(C=0), 1606(C=C)
cm’!, UV (A M") 227, 266, 310nm, 'H and "C

NMR (DMSO) data are given in Table 1.

Results and Discussion

Compound 1 gave green coloration with FeCl; and
positive Shinoda test (Mg/HCl). Compound showed
UV absorption band at 266 and 310nm. The IR spec-
trum furnishes a bands at 3262 cm'(OH), 1654 cm’!
(C=C) and 1606 cm™ (C=C). The 'H NMR spectrum
showed two signals both integrating for two proton
with J=7.7Hz at & 7.86(2H, H2’/H6’) and at & 6.71
(4H, H-3’/H-5") clearly indicating the kaemferol de-
rivative [7]. The signal at 6 6.02 and 6 6.18 were as-
signed to H-6 and H-8 proton respectively. Two other
doublets at 6 6.71(J=7.3Hz) and 6 7.20(J=7.2Hz)
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Table 1

Positions 4 . ppm 6 ., ppm Positions é . ppm 6 ., ppm
2 158.01 1 102.72 5.13 (1H, m)
3 133.93 2” 74.50 3.37 (1H, m)
4 178.09 3” 74.44 3.21 2H, m)
5 161.63 4” 70.42 3.21 (2H, m)
6 98.70 6.02 (1H, d) 5” 76.71 3.38 (1H, m)
7 164.65 6” 63.01 4.19 (2H, m)

8 93.57 6.18 (1H, d) | R 125.78
9 157.07 27 129.89 7.20 (2H, d)
10 104.28 3 115.48 6.71 (4H, t)

I 121.40 4 159.87
2’ 130.93 7.86 (2H, d) 5 115.48 6.71 (4H, t)
3 114.74 6.71 (4H, t) 6 129.89 7.20 (2H, d)

4 160.21 Ca 113.44
5’ 114.74 6.71 (4H, t) CB 167.53 7.31 (1H)
6’ 130.93 7.86 (2H, d) Cy 145.26 5.99 (1H, d)

were attributed to H-3"/H-5" and H-2/H-6""" of
the P-Coumaroyl moiety respectively. Two other dou-
blets at 8 5.99 (J=13.2) and 7.31 were assigned to Hy
and HP of P-Coumaroyl moiety with trans isomers
respectively. The anomeric proton were absorbed at &
5.13 (J=7Hz) was assigned for D-glucose moiety. The
linkage was found to be B configuration as indicated
from coupling constant value (J=7.0Hz). The *C
NMR spectrum present two intense signals at 130.9
and 114.7, assigned to H-2’/H-6" and H-3’/H-5" re-
spectively. The signals at 121.4 and 160.2 are typical
of an unsubstituted P ring of kaemferol like structure.
The signals at 63.6 (CH,) shows that the p-coumaroyl
linkage was at C-6 of the glucose unit. In APCIMS the
molecular ion peak was observed at 594 amu. The
molecular formula of compound 1 was determined to
be C,;H,O,,. On the basis of above spectral data com-
pound 1 was identified as Tiliroside or [Kaemferol-3-
0-p-D-6 (p-coumaroyl) glucopyranoside] [Fig.1].

HO

Fig. 1: Structure of compound 1
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Abstract

Tannins are a diverse group of poly-phenolic secondary compounds in plants which are redox active, water
soluble with sufficiently high molecular weights. Tannins account for a significant proportion of biomass in
terrestrial plants and their potential to affect biogeochemical processes is widely appreciated. Michelia cham-
paca L. an Indian medicinal plant rich in its chemistry and subsequent pharmacology was the chosen model
for extraction, quantitation and tentative characterization of tannins in this study. An attempt was made to
extract crude tannin which was characterized by TLC and UV spectrum. Folin-Denis method was employed to

estimate tannin levels in the plant material.

Introduction

Tannins contain sufficient hydroxyl groups and other
suitable groups, such as carboxyl’s to form effectively
strong cross-linked complexes with protein and metal
ions such as iron (III) and aluminum (III). On the
basis of structures and origin they can be classified
as condensed tannins which are composed of flavo-
nol units and are not readily degraded in the gut and
hydrolysable tannins which undergo microbial and
acid hydrolysis with the release of simpler phenolics.
Although tannins are distributed all through the cyto-
plasm of any vegetal cell, the highest concentration
is generally observed in tree barks.[1-4] The role of
these compounds in ecosystem ranges from plant de-
fense against herbivores (due to their astringent char-
acter) and pathogens (inhibit microbial processes) to
a strong influence on degradation of soil organic mat-
ter (SOM) and on nitrogen cycling. [1] Tannins enter
soil from aboveground living or dead plant material or
from roots in complex patterns influenced by interac-
tions between plants and soil. Together with non-tan-
nin phenolic substances, they comprise a substantial
soil dynamic flux of C-substrates in the soil that af-
fects numbers, diversity, and functioning of soil biota.
[5] Response of soil C and N transformations depends
strongly on the type of tannins. [1] Phenolics play a
role in pest resistance and are known to affect the ac-

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

tivity of various enzymes. Condensed tannins are ef-
fective feeding deterrents to many insects and spider
mites and also convey effective disease resistance.
[4] There is enough scientific evidence to believe that
tannins are also useful in improving animal health in
general and that of ruminants like cattle, deer, and
sheep in particular.

Low to moderate tannin concentration may im-
prove the digestive utilization on feeding, mainly due
to reduction in protein degradation in the rumen and
subsequent increase in amino-acid flow to small intes-
tine. These effects in nutrition are reflected in better
animal health. [3] Michelia champaca L. (Magnolia-
ceae) a tall evergreen tree with yellow fragrant blos-
soms thrives well in humid conditions. It is reported
to have a decent air pollution tolerance potential and
recommended for plantation on roadsides and around
industrial complexes. It also increases ground water
absorption and reduces pollution and also finds men-
tion as a fodder tree especially in the Southern parts
of India. [6,7] Since tannin concentration greatly in-
fluences organic matter formation, nutrient cycling,
nitrogen fixation and microbial processes, it was
thought to have a binding on the air purifying effects
of M. champaca and hence an attempt was made to
estimate the tannin levels in its leaves.
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Methodology (Fig 1)The solvent system employed was n-buta-
nol-acetic acid-water (4:1:5). The respective Rf for

Plant Material (1) and (2) were found to be 0.18 and 0.14.
e UV Spectrum of extracted materials: The ex-
The plant material was collected in and around Luc- tracted material in (1) and (2) was dissolved in
know, Uttar Pradesh in the month of August and au- AR grade methanol and scanned on a range of
thenticated by National Botanical Research Institute, 200-700nm in a UV 1700 Pharma Spec Shimadzu
Lucknow; also a voucher specimen was submitted for UV-Visible Spectrophotometer. A single peak was
future reference (Ref No. NBRI/CIF/176/2010). The afforded by (1) at 236 nm with absorbance 1.106
air dried plant material was size reduced to a moder- and by (2) at 237.5nm with absorbance 1.543 as

ately fine powder (#355/180) and stored in an air-tight illustrated in Fig 2 and Fig 3 respectively.
container for further studies.

e Extraction of Tannin: 5g of dried ethanolic ex-
tract (1) and 5g dried Soxhlet extracted methano-
lic fraction previously defatted (2) were digested
with boiling water for 30 min. Saturated solution of
lead acetate was added to the above to precipitate
out tannins. The solution was filtered, filtrate was
discarded and the residue containing tannins was
collected in water, to which H,S gas was passed to
remove excess of lead acetate as lead sulfide. The 0/d1 400,0m
solution was again filtered. The residue containing
excess of lead acetate was discarded and the filtrate
was concentrated to get tannins.

¢ Yields of the extracted tannin: The yield obtained
for (1) and (2) was 11.32% and 2.9 % respectively.

¢ Chromatographic characterization of extracted
materials: The extracted materials when subjected
to thin layer chromatography afforded single spots
(observed as black fluorescence) in UV at 254 nm.

Fig. 2: UV spectrum of extracted material (1); 236nm, abs
1.106

Fig. 3: UV spectrum of extracted material (2); 237.5nm, abs
1.543

Estimation of Tannins in Michelia Champaca
Leaves by Folin Denis Method:

Principle: Tannin like compounds reduces phospho-
Fig. 1: TLC Chromatogram of extracted material (1) and (2) tungstomolybdic acid in alkaline solution to produce a
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highly colored blue solution, the intensity of which is
proportional to the amount of tannins. The intensity is
measured in a spectrophotometer at 700 nm. [8]

Materials

1) Folin-Denis Reagent: 100 g sodium tungstate and
20 g phosphomolybdic acid dissolved in 750 mL
distilled water in a suitable flask to which was
added 50 mL phosphoric acid. The mixture was
refluxed for 2 hours and the volume was made up
to 1 L with water. The reagent was protected from
exposure to light.

2) Sodium Carbonate Solution: 350g sodium car-
bonate was dissolved in 1 L of water at 70-80°C.
It was filtered through glass-wool after allowing
standing overnight.

3) Standard Tannic Acid Solution: 100 mg tannic
acid was dissolved in 100 mL distilled water.

4) Working Standard Solution: 5 mL of stock so-
lution was diluted to 100 mL with distilled water.
(ImL= 5 mg tannic acid)

5) Sample Solution (Extraction of tannin): 0.5 g of
powdered plant material was transferred to a 250
mL conical flask, to which was added 75 mL of
water. The contents of the flask were put to boil-
ing for about 30 minutes. It was then centrifuged
at 2000 rpm for 20 minutes in a Refrigerate Centri-
fuge Sigma 3—18K Sartorius. The supernatant was
collected in a 100 mL volumetric flask and the vol-
ume was made up with water.

Procedure

ImL of sample extract was transferred to a 100 mL
volumetric flask containing 75 mL water. To this was
added 5 mL Folin-Denis reagent, 10 mL of sodium
carbonate solution and was diluted to 100 mL with
distilled water. The contents were shaken well and the
absorbance was read at 700nm in a UV 1700 Pharma
Spec Shimadzu UV-Visible Spectrophotometer. For
the standard curve the same procedure was utilized
taking 0—10 mL of the working standard of tannic
acid, and the blank was made with 1 mL of water in
place of the plant extract.

Estimation of tannin concentration: The tan-
nin content of samples was calculated as tannic acid
equivalents from the standard curve. (Fig 4)

Table 1: Concentration and absorbance values of standard tan-
nic acid and plant extract

S. No. X (Conc. pg/mL) Y (Absorbance)
1. 0 0
2. 10 0.007
3. 20 0.046
4, 30 0.077
5. 40 0.1
6. 50 0.132
7. 60 0.154
8. 70 0.19
9. 80 0.202
10. 90 0.22
11. 100 0.249
12. MC (L) 0.055
MC (L) = Michelia champaca leaf
0.3
025 y=0.0026x-
0.0041
0.2 R2=0.99®2 Seriesl
0.15
01 —Linear
0.05 (Series1)

0

0.05 050100150

Fig. 4: Tannic Acid Standard Curve
R? values represents mean data set of n=3

X axis: Concentration (pg/mL)

Y axis: Absorbance values as read from spectropho-
tometer

From the regression equation

y =0.002x — 0.004
Hence x = 28.5 ug/mL in MC (L)

i.e. 28.5ug from 0.5g drug, hence the tannin con-
centration in M. champaca leaves was found to be
57 ug/g of powdered plant material.
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Results and Discussion

The target material was successfully extracted and
the yields were found to be 11.32% and 2.9 % for (1)
and (2) respectively. The extracted material was con-
firmed as tannin by TLC; affording single spots (black
fluorescence at short UV wavelength) with Rf 0.18
and 0.14 for (1) and (2) respectively. The UV spec-
trum for the same were also recorded which afforded
single peaks at 236 nm with absorbance 1.106 for (1)
and at 237.5nm with absorbance 1.543 for (2). Folin
Denis method was used to quantify the amount of tan-
nins present in Michelia champaca leaves which was
found to be 57 ug/g of powdered plant material. Since
tannins are invariably involved in numerous bio-geo-
chemical processes and their role in ecosystem and
health have been put forward by the authors in the
introduction segment; the estimated tannin levels here
confirm a positive role in the air-purifying properties
of M. champaca, also contributing to its fodder qual-
ity and thereby improving animal health. The authors
are currently generating data on the isolation and
HPTLC studies for the same.
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Abstract

With the development of natural product chemistry the potential of chemotaxonomy is new becoming increas-
ingly obvious. The application of chemical data to systematic has received serious attention of large number
of biochemists and botanists. Chemically constituents may be therapeutically active or inactive .Several phy-
tochemical surveys have been carried on for detecting diverse groups of naturally occurring phytochemicals.
The phytochemical research approach is considered effective in discovering bioactive profile of plants of thera-
peutic importance. During the present study five medicinal plants i.e. Acacia concina (fruit), Citrus limon
(Fruit), Curcuma longa (Rhizome), Rosa indica (Petals ) and Spindus mucorosi (Fruit), which were commonly
used in various cosmetic preparations were selected 5 gm each of plant samples dissolved in 30 ml ethanol and
water separately to obtain plant extracts. The samples were subjected to qualitative phytochemical screening
further presence of various phytochemicals present by adopting standard methodology. The results showed the
efficacy of ethonolic extracts showing the presence of more phytochemicals in comparison to aqueous extracts.
Phytocompounds such as Alkaloids, Tannins, Saponins, Phenols, Flavonoids and Terpenoids are observed to
be present in the investigated plants in variable proportions. Ethanolic extracts of C. longa showed presence of
all the phytochemicals in comparison to the rest. Phytochemicals play an important role when used in cosmetic
preparations as antimicrobial agents as well as antioxidants. Herbal based cosmetics have gained popularity
due to technological advances in manufacturing processers. The application of investigated plant species in
various cosmetics was based on their phytochemical content and their pharmacological activities.

Introduction more herbal ingredients are used to provide defined

cosmetics benefits only, shall be called as “Herbal

In ancient Greece and Rome, countless ointments and
tonics were recommended for the beautification of
the hair, skin as well as remedies for the treatment of
scalp and skin diseases. Henary and Mondeveille was
the first to make a distinction between medicinal ther-
apies intended to treat diseases and cosmetics agents
for purpose of beautification [1]. The advancement in
the field of cosmetics and knowledge of skin biology
and pharmacology has facilitated the formulation of
cosmetics [2]. Many infectious diseases have been
known to be treated with herbal remedies through the
history of mankind [3]. A large number of cosmetics
and toiletry formulations have been developed based
on Indian herbs recently. Herbal cosmetics, referred
as products, are formulated, using various permissible
cosmetic ingredients to form the base in which one or

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

Cosmetics” [4]. The demand of herbal based cosmet-
ics is increasing rapidly due to lack of their side ef-
fects [5]. Bioactive compounds which are extracted
from plants are used in many ways including in cos-
metic preparations. Several phytochemicals surveyed
have been carried on for detecting diverse groups of
naturally occurring phytochemicals.

Materials and Methods

Plant Materials

100gms of each of fresh leaves of selected medicinal
plants growing under natural habitat were collected

early in the morning, they were cut into small pieces,
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washed under running tap water than with distilled
water. After air drying they were homogenized into
fine powder and were stored in air tight bottles till the
following analysis were performed.

Phytochemical Analysis

The phytochemical analysis was carried out using
the methanol extract with the standard methods of
Harbrone J.B., 1998 [6] and Kokate, 2001 [7]. The
phytochemicals studied were Alkaloids, Flavonoids,
Phenols, Tannins, Saponins and Terpenoids.

Screening Procedure

Test for Alkaloids: Five ml of the extract was added
to 2ml of HCI. To this acidic medium, 1 ml of May-
er’s reagent was added. An orange or red precipitate

produced immediately indicates the presence of alka-
loids.

Test for Flavonoids: One ml of the extract, a few
drops of dilute sodium hydroxide was added. An in-
tense yellow color was produced in the plant extract,
which become colorless on addition of a few drops of
dilute acid indicates the presence of flavonoids.

Test for Phenols: Two ml of the extract was treated
with few drops of Neutral ferric chloride solution.
Deep green color developed indicated the presence of
Phenols.

Test for Saponin: The extract was diluted with 20 ml
of distilled water and it was agitated in a graduated
cylinder for 15 minutes. The formation of 1 cm layer
of foam showed the presence of saponins.

Test for Tannins: Five ml of the extract and a few
drops of 1% lead acetate were added. A yellow pre-
cipitate was formed, indicated the presence of tannins.

Test for Terpenoids: Two ml of the plant extract was
taken in a test tube and then added few pieces of Tin
and 3 drops of Thionyl chloride, violet or purple color
developed indicated the presence of terpenoids.

Results and Discussion

In the present study the results showed that maximum
six phytocompounds i.e. Alkaloids, Flavonoids, Phe-
nols, Saponins, Tannins and Terpenoids were present
in the ethanolic extract of Curcuma longa while five
phytocompounds, i.e., Alkaloids, Flavonoids, Phe-
nols, Saponins, Tannins were present in aqueous ex-
tract. On the other hand minimum phytocompounds,
i.e., Alkaloids, Flavonoids and Saponins in the etha-
nolic extract and Alkaloids, Flavonoids were present
in aqueous extract of spindus mucorossi. Herbal based
cosmetics are in existence from when the men started
to use the cosmetic products. So the quality control
for efficacy and safety of herbal cosmetic products is
of paramount importance. Quality control tests must
be carried out for herbal based cosmetics. It is as-
sumed to be safe for longer period of time.

Table 1

S. [Name of |[Solvent | A| B | C |D |E | F |G
No | plants
1 | Acacia Ethanol | - | + |+ |+ |+ ]| - | 4
conciona
aqueous | + | - | + | - | -] -2
2 | Citrus Ethanol | - | + |+ |+ |+ ]| - | 4
limon
aqueous | + | + | + | - |+ | - | 4
3 | Curcuma | Ethanol + |+ |+ |+ |+ +]6
longa
aqueous | + | + |+ |+ |+ | - |5
4 |Rosa Ethanol | - | + | - | + [+ | + | 4
indica aqueous | + | - |+ |+ | - |+ | 4
5 |Spindus- |Ethanol | + | - | + | - | + | - [ 3
mucorossi
aqueous | + | - | - |+ | - | - |2

A= alkaloids B= tannins C= saponins D= Phenols E= flavonoids
F= terpenoids G= No. of phytoconstituents
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Abstract

Torpedo shaped embryos dissected from young fruits of Boerhaavia diffusa were cultured in semisolid MS
basal medium supplemented with 2,4-D and BAP either alone or in various combinations. Callus from the
embryos was transferred to fresh medium of the same composition after 20 days. The callus when initiated
was creamish, compact to friable and fast growing. With passage of time the callus growth became slow and
the callus became brown. Cytological studies revealed that at the end of 30 days in culture most of the callus
was composed of elongated cells which were either nucleated or enucleated. Light microscopic studies indi-
cated depositions on the surface of these cells. The brown callus was dried and extracted in 50 % ethanol. The
extract was re-extracted with pure ethanol. UV scanning of the ethanolic extract gave a twin absorption peak
typical of flavonoids. HPTLC of the extract performed against kaempferol as standard revealed the presence of
kaempferol at 1.53 ug/mg of callus. The study demonstrated that callus cells growing in vitro are able to differ-
entiate and activate the flavonoid biosynthetic pathway resulting in the production of the important flavonoid,

kaempferol.

Introduction

Secondary metabolites render characteristic proper-
ties to the plants and their extraction, identification
and quantification is a vital step towards any drug
development process. Amongst the wide array of sec-
ondary metabolites that plant contain flavonoids ac-
count for more than half of the naturally occurring
phenolic compounds [1]. Flavonoids are a fifteen-car-
bon skeleton which includes two benzene rings linked
by a heterocyclic pyran ring [1]. Flavonoids exhibit
significant biochemical and pharmacological proper-
ties which includes anti-oxidation, anti-inflammation,
anti-platelet, anti-thrombotic action and anti-allergic
effects [2—-6]. One of the important flavonol, kaemp-
ferol, has been reported to possess anti-cancerous
properties [7]. The in vivo anti-cancerous activity of
kaempferol was successfully tested in BALB/c (nu/
nu) mice and was found to inhibit human osteosar-
coma cells both in vitro and in vivo [8]. Kaempferol

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

was studied by its scavenging activity of DPPH and
was observed to possess significant antioxidant prop-
erties [9]. Kaempferol has been found to stimulate
osteoblastic activity and thus can be used for the
treatment of osteoporosis [10]. The chemopreventive
properties of kaempferol inhibit the metabolic carcin-
ogens of cigarette smoke [11]. Kaempferol also has
a strong anti-melanin synthesis activity and inhibits
COX and has moderate antibacterial activity [12, 13].
Punnarnava (Boerhaavia diffusa) is an important
medicinal plant used widely in Ayurveda and Unani
medicines. Different parts of the plant have been used
in several ailments such as dyspepsia, jaundice and
spleen enlargement [14-16]. A large number of sec-
ondary metabolites such as geranylactone, limonene,
indoleresorcinol monoacetate, vanillin, eugenol and
kaempferol 3-O-robinobioside from leaves and quer-
cetin 3-O-robinobioside, caffeoyltartaric acid, eupali-
tin 3-O-galactosyl (1-2)-glucoside, and isomenthone
from roots [17] of this plant have been identified.
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Plant cell cultures are proving to be effective al-
ternative for producing in vitro secondary metabolites
[18, 19]. In this regard a study was undertaken to es-
tablish callus cultures of B. diffissa for in vitro produc-
tion of the secondary metabolite, kaempferol.

Materials and Methods
Plant Material

Young immature fruits were collected from the Bo-
tanical Garden of the Institute.

Sterilization of Fruits

Fruits were collected and dipped in 2 % Savlon (1.5 %
v/v chlorohexidine Gluconate solution and 30% Ce-
trimide solution; Johnson & Johnson, UK) for 8 min.
The fruits were then washed under running tap water
for about 30 min followed by a quick rinse (30 sec) in
90 % ethanol and finally surface sterilized with 0.1 %
(w/v) mercuric chloride for 8 min. Traces of mercuric
chloride were removed by five washes in sterile dis-
tilled water in a laminar air flow cabinet.

Embryo Isolation

The sterilized young immature fruits were carefully
dissected in a laminar air flow cabinet and embryos
released by carefully peeling off the seed coat fol-
lowed by inoculation on appropriate medium.

Preparation of Medium

For all studies MS basal medium [20] was used at
normal strength. The medium was supplemented with
various growth regulators such as 2,4-D, BAP as de-
scribed. All media were supplemented with 3% su-
crose and gelled with 0.8% agar and pH set to 5.7
with IN NaOH or HCI. The molten agar containing
medium was poured into 25mm x 150mm rimless
culture tubes and plugged with polypropylene caps.
The medium was steam sterilized by autoclaving at 15
psiand 121°C for 15 min.

Callus Establishment and Subsequent Subculture

Young immature embryos were cultured on MS basal
medium supplemented with 2,4-D alone at 0, 0.5, 1,
1.5, 2,2.5 and 3mg/l.

Callus Maintenance

The resulting callus was subcultured to a medium
containing 2,4-D alone or with BAP. Both 2,4-D and
BAP were used at 0.5, 1.0, 1.5, 2.0, 2.5 and 3.0 mg/1.
Callus was subcultured every 30 days.

Cell Type Composition of the Callus

To determine the type of cells the callus was sus-
pended in Sml of 3% sucrose and vortexed to dis-
perse the cells. The suspension was suitably stained
with 1% acetocarmine and temporary slides viewed
in a Nikon Eclipse E200 with Nikon digital photo-
graphic attachment.

Preparation of Callus Extract

Callus obtained from immature embryos was ex-
tracted for quantifying their secondary metabolite
content. The callus formed was dried in an oven at
40°C, ground into a coarse powder. Powdered callus
was extracted thrice in 50% ethanol and the super-
natant was filtered. The filtrate was concentrated in
Rotary evaporator (Eyela, Japan) and freeze dried in
a Lyophilizer (Allied Frost, India). The lyophilized
extract was fractionated successively three times
through a series of hexane, chloroform, ethanol and
water. The ethanolic fraction was further used as the
test extract. It was concentrated under reduced pres-
sure and further lyophilized. For further use 1 mg of
the extract was dissolved in 1 ml of the ethanol.

Spectrophotometric Conditions

The callus extract was diluted (1 mg/3 ml) with etha-
nol and scanned at 190—400nm with ethanol as ref-
erence in an UV-Vis Spectrophotometer (Systronics,
India).
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Preparation of Standard Solution

A 100 ppm stock solution of kaempferol (Sigma-Al-
drich, St. Louis) was dissolved in methanol and used
as a standard.

HPTLC Conditions

The following chromatographic conditions were used
to quantify kaempferol present in the test extract. Sta-
tionary phase consisted of Silica gel precoated 60F,,
TLC plates (Merck). Methanol was used as the mo-
bile place. Kaempferol standard was spotted at 25, 20,
15, 10, and 5 pl. Sample was taken at 10 and 5 ul.
HPTLC was performed at ambient room temperature.
Solvent front i.e. migration distance of the solvent
from origin was 8 cm. Standard solution was applied
in the form of bands on pre-coated HPTLC silica gel
plates (10 x 10 cm) by means of Linomat V automated
spray-on band applicator (CAMAG, France). Ascend-
ing development of the plates was carried out in Ca-
mag HPTLC twin trough chamber saturated with the
mobile phase. The optimized chamber saturation time
for the mobile phase was 10 min at room temperature.
Plates were developed for 20 min up to a distance
of 8cm beyond the origin. After development, the
plates were air-dried for 5 min. Densitometric scan-
ning was performed on Camag TLC scanner III in the
reflectance-fluorescence mode operated by winCATS
TLC software. The source of radiation utilized was
deuterium lamp emitting a continuous UV spectrum
between 190 and 400nm. The standard and sample
were scanned at 354 nm.

Results
Callus Establishment

In MS basal medium without 2,4-D the embryos nei-
ther grew nor survived. 2,4-D at lower concentrations
(0.5, 1 and 1.5mg/l) induced callus formation from
the embryos while at the higher concentrations (2, 2.5
and 3 mg/l) callus establishment was not possible. In
the higher concentrations embryos turned brown and
ultimately died within 15 to 20 days of culture. Best
callus initiation and growth from the torpedo embryos
was obtained in MS + 0.5mg/1 2,4-D. The callus was
creamish, compact and friable (Fig 1).

Callus Maintenance

The callus from initiation phase could not survive be-
yond 15 days when transferred to a medium contain-
ing either 2,4-D or BAP alone at all concentrations
tested. Presence of both 2,4-D and BAP and their con-
centration was critical for survival of the callus in sub-
sequent subcultures. A combination of 2,4-D at 1 mg/1
with BAP at 0.5 mg/1 supported the best callus growth.

Fig. 1: In vitro raised callus of B. diffusa on MS+ 2,4-D + BAP

Types of Cells in the Callus

Microscopic examination indicated that callus from
MS + 1mg/l 2,4-D + 0.5mg/l BAP at the end of 30
day growth period was composed of three types of
cells: (i) small, isodiametric cells with centrally
placed nucleus and intensely staining cytoplasm, (ii)
elongated cells with sparsely stained cytoplasm with
nucleus drifted to one side, and (iii) elongated cells
with sparse cytoplasm without traceable nucleus
(Fig 2a and 2b). However, as the callus became old the

Fig. 2: (a) Elongated nucleated cells, (b) Elongated enucle-
ated cells, (¢) Cells showing brown depositions on walls (ar-
row marked).
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Fig. 4: Overlaying UV spectra of different bands of standard kaempferol and sample

number of small cells decreased dramatically and
those of the elongated nucleated and enucleated cells
increased. Brown irregular depositions on walls of
cells were observed which could be possibly due to
the accumulation of flavonoids (Fig 2c).

Spectrophotometric Analysis

After scanning in an UV-Vis Spectrophotometer at
190—400nm twin peaks at 223 and 274nm were ob-
served (Fig 3). The twin absorption peaks resembled
the characteristic peaks of flavonoids, so further con-
firmation was done by HPTLC.

HPTLC Fingerprinting

Experimental conditions for carrying out HPTLC,
such as mobile phase composition, scan mode, scan
speed and wavelength of detection were optimized to
provide accurate and precise results. After develop-
ment with the mobile phase on the silica gel plates,
compact and distinct bands were visualized under UV
light.

The correlation between amount of standard ap-
plied and peak areas obtained showed a linear rela-
tion. The overlaying UV spectra showed a similar pat-
tern in the standard and the sample (Fig 4).
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Fig. 5: 3-Dimensional view of spectra of kaempferol standard and sample

The scan densitogram obtained from the test sam-
ple gave a selective baseline separation between the
standards of flavonoids and the other components in
the sample. The amount of kaempferol quantified was
1.532 pg/mg of the brown callus (Table 1) on the basis
of calibration curve obtained for standard kaempferol

(Fig 6).
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Fig. 6: Calibration curve of kaempferol (cross marks) with
sample lying on the curve (+ marks)

Table 1:Validation parameters for quantification kaempferol
by HPTLC

Linear Regression 1308.846 + 0.318*X

Standard deviation 7.39
R 0.92
Quantification (pg/mg) 1.532

Discussion

Plant based medicines are gaining popularity as such
remedies are often believed to be harmless and can be
used for self-medication without supervision [21]. B.
diffusa is an important medicinal plant in India widely
used in Ayurvedic medicine. In vitro production of fla-
vonoid via callus cultures ensures a steady production
of flavonoids. Macro and micronutrients have been
reported to have considerable influence on growth
and biosynthesis of secondary metabolite in cultured
plant cells [22]. Increments of nitrate, potassium, am-
monium and phosphate support rapid cell growth,
whereas the reduction of some of the nutrients leads to
growth limitation with a simultaneous enhancement
of secondary metabolite production [23]. The type
and concentration of auxin and cytokinin, either alone
or in combination strongly influence growth of callus
as well as secondary metabolite production in tissue
cultures. In an earlier report, addition of 2,4-D and
kinetin into the media was found to elicit flavonoid
production in Genista tinctoria [22]. Incorporation of
kinetin in combination with 2,4-D enhanced accumu-
lation of valeportiate in Valeriana gelechomifolia cal-
lus cultures [24].

In the present study we have shown successfully
that through appropriate use of growth regulators the
callus cells of B. diffusa could be made to differentiate
and the secondary metabolite pathway gets activated
resulting in the in vitro production of the flavonoid,
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kaempferol. Thus, the current approach of callus me-
diated biosynthesis of flavonoid could be used to scale
up flavonoid production in vitro.
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Abstract

A new green thin layer chromatographic system comprising of silica gel layer impregnated with 1 % aqueous
urea as stationary phase and double distilled water as mobile phase was identified as the most favorable system
for achieving selective separations of lysine and histidine from other amino acids. The detection limits of the

amino acids were also determined.

Introduction

Nowadays, the society needs the development of eco-
friendly analytical methods where the good selectiv-
ity and sensitivity are not sufficient but the methods
need to be “Green”. The emphasis has been on the
use of non-hazardous reagents and minimal genera-
tion of chemical waste. Solvents are important com-
ponents of nature providing one or more liquid phases
for chemical reactions and processes [1]. Amino acids
are critical to life, and have many functions in me-
tabolism. One particularly important function is to
serve as the building blocks of proteins. A number of
chromatographic techniques have been used for the
analysis of amino acids. Due to several advantageous
features such as a) wider choice of stationary and
mobile phases, b) open and disposable nature of thin
layer chromatographic plates, ¢) reasonable resolving
power, d) minimal sample cleanup, ¢) reduced need
of modern laboratory facilities, thin layer chromatog-
raphy (TLC) has been most popular for the routine
analysis of amino acids and other related substances
of pharmaceutical importance [1]. Stationary phases
with embedded amide groups were first developed
using a two-step modification process where amino-
propyl silica was acetylated to form the polar amide
groups. Embedded polar group in the bonded silane
reduces the hydrophobic properties of the stationary
phases and thus alters the overall selectivity. Interest-
ingly, silica gel containing embedded urea groups has

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

shown unique selectivity towards nonpolar and po-
lar compounds. The shielding effect due to the pres-
ence of polar urea groups in C18 urea phase has been
exploited to separate Neue test mixture at pH value
7.0 [2].

Finding environmentally benign green-solvents is
a top priority of the chemists working in the area of
organic synthesis, analytical separation, drug analy-
sis and bio-chemical processes [3]. Use of water as a
green mobile phase is favorable due to its Non toxic-
ity, non-flammability, easy availability in pure form,
low viscosity and pronounced solubility towards hy-
drophilic compounds. Being single component mobile
phase, water can be used repetitively without loss of
its chromatographic performance. Thus, the proposed
TLC system is novel for achieving important selective
separations of amino acids.

Experimental

Acetone, ninhydrin, silica gel G (were from Merck,
India), amino acids (leucine, isoleucine, norleucine,
phenylalanine, tyrosine, alanine, lysine, proline, ser-
ine, glutamic acid, methionine, arginine, histidine and
tryptophan) were from CDH, India. All reagents were
of Analytical Reagent Grade. 1% w/v aqueous solu-
tions (1 %) of all the amino acids were used as ana-
lyte. Ninhydrin solution (0.3% w/v) in acetone was
used to detect all the amino acids.
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Mobile phase:
Double distilled water

Stationary phase:
S1: Silica gel impregnated with 1.0 % aqueous urea
S2: Silica gel impregnated with 5% aqueous urea

Preparation of TLC Plates

To prepare plates, silica gel (20g) was homogenized
with 60ml of 1 or 5% aqueous urea by constant shak-
ing for 5 min. and the resulting slurry was coated im-
mediately onto 20cm x 3 cm glass plates as 0.25 mm
layers by use of a Toshniwal (India) TLC coater. The
plates were dried at room temperature and then ac-
tivated by heating at 100+ 1°C for 1h in an electric
oven. After activation, the plates were cooled to room
temperature and then stored in a closed chamber be-
fore use.

Chromatographic Procedure

Test solutions (0.015ul) were applied to the plates
using a Tripette micropipette Germany about 2cm
above the lower edge of the TLC plates. The spots
were dried at room temperature (30 +£5°C), and the
plates were developed in glass jars by ascending tech-
nique allowing the ascent up to 12 cm, after presatu-
ration for 10min. After development, the plates were
withdrawn from the jars, dried at room temperature,
and a glass sprayer was used to apply ninhydrin on
the plates to locate the positions of the analyte spots.
Plates were then heated for 15-20 min. at 60°C. All
the amino acids except proline (yellow) appeared as
violet spots. The amino acids were identified on the
basis of their R values, which were calculated from
R, (R, of leading front) and R (R, of tailing front) for
each spot, where as

R, = (R +R,)/2

For the separation, mixture containing lysine or histi-
dine in combination of other amino acids as reported
in Table 1 was applied to TLC plate (S,). The plate
was then chromatographed as described above.

Limit of Detection

The limits of detection of all amino acids were de-
termined by spotting successively the decreasing
amounts of these amino acids on S| plate until no spot
was detected. The minimum detectable amounts of
these amino acids were taken as their limits of detec-
tion.

Results and Discussion

Results of this study have been summarized in Tables
1-3. The results are discussed below. When silica gel
impregnated with 1.0% aqueous urea with water as
mobile phase were used for chromatography of amino
acids, compact spots with differential mobility of
amino acids were realized| (Table 1). In case of silica
gel impregnated with 5% aqueous urea as stationary
phase and water as mobile phase no improved separa-
tions were observed. From, this Table it is clear that
combination of silica gel impregnated with 1.0%
aqueous urea as stationary phase and double distilled
water as mobile phase gives the most satisfactory re-
sults of varying retention pattern of amino acids. From
these results it can be inferred that polarity of station-
ary phase has some influence on migration behavior

Table 1: Mobility in terms of R, values of amino acids on dif-
ferent stationary phase and water as mobile phase

Amino acids S, S,

Leucine 0.61 0.71
Isoleucine 0.77 0.82
Norleucine 0.75 0.75
Phenylalanine 0.72 0.78
Tyrosine 0.95 0.95
Alanine 0.94 0.95
Lysine 0.42 0.66
Serine 0.96 0.97
Glutamic acid 0.97 0.99
Methionine 0.81 0.84
Histidine 0.37 0.59
Arginine 0.63 0.70
Tryptophan 0.82 0.88
Proline 0.60 0.69
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of amino acids. It appears that silica impregnated with
polar urea may have a water layer tightly bonded near
the underlying silica surface due to hydrogen bond-
ing- ability and thus, provides unique separation op-
portunity of amino acids. Lysine and histidine have
been successfully resolved with other amino acids
(Table 2 and Table 3). The limits of detection of all
amino acids under study obtained on S1 with water as

Table 3: Selective separation of histidine from other amino
acids

1. Histidine-Leucine

2. Histidine-Isoleucine

3. Histidine-Norleucine

4. Histidine-Phenylalanine

eluent fall in the range 0.05-0.24 ug per spot. > Histidine-Tyrosine
6. Histidine-Alanine
Table 2: Selective separation of lysine from other amino acids |7, Histidine-Serine
1. Lysine-Leucine 8. Histidine-Glutamic acid
2. Lysine-Isoleucine 9. Histidine-Methionine
3. Lysine-Norleucine 10.  |Histidine-Arginine
4. Lysine-Phenylalanine 11. Histidine-Tryptophan

S. Lysine-Tyrosine

6. Lysine-Alanine

7. Lysine-Serine

8. Lysine-Glutamic acid
9. Lysine-Methionine

10. Lysine-Arginine

11. Lysine-Tryptophan
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Abstract

Cholesterol was detected in six edible market available oil brands using high performance thin layer chro-
matography. Standard conditions have been optimized based on simulation in R y values under experimental
conditions of polarity of mobile phase and saturation time of solvent chamber. The peanut oil contains highest
(0.71 %) while coconut oil contains lowest (0.15 %) cholesterol level. Among the oils studied, no oil was found

cholesterol free.

Introduction

Edible oils are directly linked with the human health.
Reports highlight that approximately 75% of the
World’s production of oil and fats come from plant
sources [1]. The oilseed plants commonly used world-
wide include; coconut, soybean, cotton, palm, rape,
sunflower, mustard, groundnut etc [2]. Many vegeta-
ble oils are consumed directly or used as ingredients
in food [3]. Cholesterol has been found in vegetable
oils as major component, where it could make up to
5% of the total sterols [4]. Cholesterol is produced
by the liver and is found in all body tissues where it
helps to organize cell membranes and control their
permeability [5]. It is a health-promoting substance
and critical component of cell membranes as well as
the precursor to all steroid hormones.

Due to increasing awareness of the health implica-
tions of high cholesterol in our diets, most people now
prefer to purchase cholesterol free vegetable oils. The
development of chemical and instrumental methods
for the identification and quantification of individual
components in food and beverages has become ex-
tremely important for establishing the oil quality and
their genuineness. Commonly used techniques for
the analysis of constituents of edible oils are GC and
HPLC [6]. High Performance Thin Layer Chromatog-
raphy (HPTLC) is recently introduced technique for
the analysis of food products without chemical treat-
ment of the sample and has the advantages of sim-

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

plicity, speed, reproducibility and cost effectiveness
[7]. It is an offline technique: the subsequent steps are
relatively independent, allowing parallel treatment of
multiple samples during chromatography, derivatiza-
tion and detection. Unlike other methods, HPTLC
produces visible chromatograms in which the com-
plex information about the entire sample is available
at a glance.

The present work reports standardization of
HPTLC method for the estimation of cholesterol in
market purchased six popular edible (Coconut, Soy-
bean, Peanut, Mustard), less popular (Taramira) and
cholesterol free (Sunflower) oils. Simulation in R,
values as a function of polarity of mobile phase and
time of saturation of solvent chamber has been carried
out. The proposed HPTLC method has been validated
according to ICH guidelines [8] based on selectivity,
linearity, accuracy in terms of recovery %, limit of de-
tection and quantification and precision.

Materials and Method
1. Chemicals and Reagents

Pure cholesterol was obtained from E. Merck (Darm-
stadt, Germany). Six popular edible (Coconut, Soy-
bean, Peanut, Mustard), less popular (Taramira) and
cholesterol free (Sunflower) oils available in the mar-
ket were considered for the study. HPTLC plates (sil-
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ica gel 60 F254, 20x10 cm) purchased from E. Merck
(Darmstadt, Germany) were used for analysis. Plates
were developed in a chromatographic chamber using
optimized solvent system comprising of n-Hexane-
Diethyl ether- MeOH. The solvent was allowed to mi-
grate up to a height of 80 mm from the lower edge of
the plate and then dried it.

2. Sample Preparation and Analysis

Standard solution of cholesterol was freshly prepared
by dissolving cholesterol (0.05mg/mL) in toluene.
Edible oils were mixed with toluene and sonicated for
30 minutes for proper mixing and then injected on the
HPTLC plates for the analysis. HPTLC system (Ca-
mag, Muttanz, Switzerland) consisted of a TLC scan-
ner which is connected to a PC running WinCATS; an
auto sampler Linomat V using 100 pL and 500 pL
syringes, connected to a nitrogen cylinder; a UV scan-
ner. Each HPTLC plate contains different tracks of
samples and standards under following conditions:
band width 6 mm; distance between bands 3 mm; ap-
plication volume of standard cholesterol 2—14 uL; gas
flow ratel0 s/uL. UV scanner was set for the maxi-
mum light optimization with the following settings:
slit dimension, 4.00mm X 0.30 mm, micro; scanning
speed, 20mm/s; data resolution, 100 pum/step. Re-
maining parameters were left as default settings. Re-
gression analysis and statistical data were automati-
cally generated by the WinCATS software.

Track 11 ,ID; B

Table 1A: Effect of polarity of solvent system on the R value
of cholesterol using silica gel

Solvent system (v/v/v) Satura- R,
tion

n-Hexane- Diethyl ether- MeOH (5:2:0.1) | No 0.24

n-Hexane- Diethyl ether- MeOH (5:2:0.3) | No 0.27

n-Hexane- Diethyl ether- MeOH (5:2:0.5) | No 0.37

n-Hexane- Diethyl ether- MeOH (5:2:1.5) | No 0.66

n-Hexane- Diethyl ether- MeOH (5:2:2.5) | No 0.71

Table 1B: Effect of saturation time on the R, value of choles-
terol using silica gel

Satura- R
tion

No

Solvent system (v/v/v) .

n-Hexane- Diethyl ether- MeOH (5:2:1.5)
n-Hexane- Diethyl ether- MeOH (5:2:1.5)
n-Hexane- Diethyl ether- MeOH (5:2:1.5)

0.66
0.71

15 minutes

30 minutes | 0.75

Results and Discussion

Preliminary tests on silica gel, alumina and cellulose
coated HPTLC plates indicated that silica gel layer
gave the best resolution of the cholesterol. Therefore,
all subsequent analyses were done on silica gel lay-
ers. Optimization of solvent system has been achieved
based on simulation in R, values obtained in differ-
ently designed solvent system as a function polarity
(Table 1A) and saturation time (Table 1B).
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Figure 1: Chromatogram and UV spectra of cholesterol
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Figure 3: Calibration curve of cholesterol

The chromatographic profile of cholesterol in the
samples was simple, showing cholesterol as the main
component (Figure 1).

Presence of cholesterol was confirmed by record-
ing the spectra of standard cholesterol and edible oil
samples in the range of 200400 nm.

Peak of cholesterol was identified using optimum
solvent system: n-Hexane- Diethyl ether- MeOH
(5 : 2 : L5, v/v/v) with the R, value of 0.66 = 0.01
and there was no overlap with any other analyte of the
sample at 200 nm (Figure 2).

The developed chromatographic method was vali-
dated according to ICH guidelines. Validation param-

eters include selectivity, linearity, accuracy in terms
of recovery %, limit of detection and quantification
and precision [9]. Selection of wavelength (200 nm) is
specific for the detection of cholesterol and enabled
its detection at R value of 0.66 = 0.01. The linearity of
the proposed method was confirmed in the range of
100 — 700 ng of standard cholesterol. This range was
suitable for the determination of cholesterol content in
edible oils. A linear regression of the data points for
standard cholesterol is resulted in a calibration curve
with the equation Y = 644.436 + 652.7908x [regres-
sion coefficient (r?) = 0.99831, standard deviation
(S.D.) =2.13%] (Figure 3).
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The correlation coefficient was found to be greater
than 0.998 which manifests a linear relationship be-
tween concentration and the peak area. Cholesterol
content in edible oils was found to be in the range of
150 — 710 ng selected for study (Table 2).

Table 2: Cholesterol levels in edible oils

Edible oils Cholesterol content [%]
Coconut 0.15
Mustard 0.28
Taramira 0.32
Soybean 0.42
Sunflower 0.56
Peanut 0.71

The peanut oil contains highest (0.71%) while co-
conut oil contains lowest (0.15 %) cholesterol level.
Among the oils studied, no oil was found cholesterol
free. The calibration curve was accurate within the
specified concentration range with a mean recovery
[10] 0f 90.32 + 1.04 % (Table 3).

Table 3: Recovery % of cholesterol

Standard added (ng) Found (ng) Recovery
(%)
500 449.20 89.84
600 537.60 89.60
700 640.64 91.52
Mean + S.D =90.32 + 1.04

The limit of detection (LOD) and quantification
(LOQ) was found to be 10 and 32ng respectively.
Precision (repeatability) was determined by running a
minimum of four analyses and the coefficient of vari-
ability was found to be 1.662 %.

Conclusion

Proposed method is simple, sensitive, rapid, specific
and could be applied for quality and quantity moni-
toring of cholesterol content in different edible oils.
Among the oils studied, no oil was found cholesterol
free.
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Abstract

In present work we have taken an attempt to develop vegetable seed oil [VSO] based microwave assisted (green
route) waterborne polyesteramide (zero toxicity), a green material. VSO based waterborne polyesteramide
[WBPEA] was synthesized by simple route through microwave irradiation within 4-5 min by amidation and
condensation of oil. The structure of the material was confirmed with the spectral techniques. The thermal
degradation analysis of WBPEA by TGA showed that the polymer was stable up to 220°C, suitable for use as
degradable “green polymeric material” for a variety of applications.

Introduction

Nowadays, biomass such as rosin, chitosan, starch,
cellulose, fats, proteins, lignin, jute, wood flour, ca-
shew nut shell liquid, bagasse, seeds and others are
used as alternatives of petrobased resources [1].
Among synthesized bio-based products from agricul-
tural resources, natural oils are useful raw materials in
the synthesis of polymers to replace traditional petro-
chemicals based polymers. Natural oils are inexpen-
sive, non toxic, biodegradable, found in abundance
and most importantly renewable in nature. Natural oils
such as linseed and tung oil have long found various
uses in coatings, printing inks and varnish industries.
Soybean oil, safflower oil, sunflower oil, canola oil
and karani oil have also been used in industrial appli-
cations including: plastics, lubricants, adhesives, inks,
paints, coatings, fuels/biodiesel, solvents, surfactants
[2-3]. Due to the presence of sufficient unsaturation,
unique molecular structure and diverse functionality
of vegetable oils, they play an important role towards
the development of polymers such as alkyds, poly-
esters, polyurethanes, epoxies, polyols, polyuretha-
neamides, polyesteramides, for different applications
and compete over petro-based materials[4]. Some
drawbacks are associated with these polymers during
synthesis and applications, which are elevated reac-
tion temperatures, longer reaction times, cumbersome

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

multi-step processes, low yield and use/emission of
harmful organic solvents (VOCs) [3]. In order for its
easy applications as eco-friendly material-green mate-
rials, the foregoing undesirable characteristics of these
resins can be overcome by the use of alternative route
that is “Green Chemistry”.

Green Chemistry means using green source (bio-
mass) through green route with zero negative impact
on environment (zero toxicity), and meeting green end
(biodegradable) that is from source to end everything
is green. Green route involves development of green
polymers via solvent free, enzymatic and microwave
irradiation methods [5—6]. Features of microwave ir-
radiation, i.e., solvent-free reactions, low waste, en-
ergy efficiency, high yield, short reaction time, and
possible use of alternative solvents can also play an
important role in the development of Green Chemis-
try methods [7].

Waterborne polymers- green materials have gained
much popularity for the most obvious reason and
perhaps the most important benefit of reduced emis-
sions of volatile organic compounds [VOCs]. They
are classified as: water-soluble/water-reducible (solu-
tions), water-dispersible/ colloidal (dispersions) and
emulsions (latex) paints. The physical properties and
performances of each type mentioned above depend
upon the choice of the resin. The resins generally used
are vinyls, two-component acrylics, epoxies, polyes-
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ters, styrene-butadiene, amine-solubilized, carboxyl-
terminated alkyd and polyurethanes. Interest in water
borne resins arises due to their non-polluting, easy to
handle, quick drying, economic and environmentally
friendly nature [8]. Waterborne polymer formulations
exhibit a wide range of uses and properties that can
frequently match and even exceed the conventional
solventborne polymers. They have been commercially
utilized in a wide variety of applications for civil en-
gineering, adhesives, structural end-uses, fiber sizing,
glass, synthetic and carbon fibers, tie-coats, primers
and laminates, textiles, sealants, insulating materials,
electronic photo imaging, and coatings-floor, cor-
rosion and microbial resistant [9—16]. Synthesis of
oil based water borne polymer is a challenging task
due to hydrophobic nature of oil triglyceride chains.
Aigbodion et al have synthesized waterborne alkyds
based on rubber seed oil for coating applications by
treating the glycerolysis product of molinate or fuma-
rized oils with phthalic anhydride and neutralizing the
final product with amine [17]. Several other reports
on oil waterborne resins are also available in literature
[8, 18-22].

Therefore, in present work, we have taken an at-
tempt to synthesize VSO based waterborne polyeste-
ramides [WBPEA] by microwave irradiation (green
route) as a small step for development of green
polymer for clean environment. VSO based polyes-
teramide is a polyester containing both ester (-COOR)
and amide (-CONRR”) linkages in one polymer chain.
Several polyesteramides have been synthesized from
different VSO and have found application as protec-
tive materials [23]. However, their overall synthesis
strategy by conventional heating methods is time con-
suming, multi-step process [24—26]. Literature survey
reveals that no work is reported yet on the synthesis
and characterization of such new material.

Experimental

Materials

VSO procured from local market. Diethanolamine,
phthalic anhydride (S.D Fine Chemicals, India), so-

dium metal, methanol and xylene (Merck, India), were
of analytical grade.

o]
[
NN

Vegetable seed oil )

Waterborne polyesteramide[ WBPEA|

Fig. 1: Synthesis of WPEA

Synthesis of WBPEA

The synthesis was carried out in domestic microwave
oven model LG MS 1927C operating at 230V- 50Hz
frequency. The synthesis of WBPEA was carried out
by reacting calculated amount of VSO, diethanol-
amine, and freshly prepared sodium methoxide as
a catalyst in an Erlenmeyer flask for 3—4 min under
microwave irradiation. Thin layer chromatography
[TLC] and FTIR spectral technique were used to
monitor the progress of the reaction. After completion
of the reaction, calculated amount of fine powder of
phthalic anhydride was added in same flask contain-
ing reaction mixture under microwave irradiation fur-
ther for 1-2 min. Acid value was used to monitor the
progress of the reaction. The reaction was carried out
till the product attained the desired acid value. The re-
action was stopped at this point; WBPEA was cooled
and preceded for characterizations.
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Instruments and Test Methods

Domestic microwave oven of microwave frequency
range 230V-50Hz (LG, Model No.LGMS 1927C)
was used for synthesis reactions. FT IR spectra of the
resin was taken on Perkin-Elmer 1750 FTIR spec-
trophotometer (Perkin Elmer Instruments, Norwalk,
CT) using a NaCl cell. '"H-NMR and *C-NMR spec-
tra were recorded on JEOL GSX 300MHZ FX-1000
spectrometer using deuterated chloroform as solvent
and tetramethylsilane (TMS) as an internal standard.
The thermogravimetric analysis (TGA) was done with
thermogravimetric analyzer, TA-51 (T. A. Instruments
U.S.A.) at 20 °C/min in nitrogen atmosphere. Solubil-
ity of the resin was tested in various polar and non-
polar solvents by taking 25mg of each resin in 5ml
of different solvents in a closed test tube and set aside
for a day.

Results and Discussions

WBPEA was synthesized by simple route through mi-
crowave irradiation within 4-5 min. Fig. 1 shows the
synthesis of polymer, which reveals that the synthesis
was carried out in situ by two step reaction. In the first
step amidation of VSO with diethanol amine in the
presence of sodium methoxide results in the formation
of diol fatty amide and glycerol in 2-3 min followed
by second step, that is condensation polymerization
with phthalic anhydride in 1-2 min under microwave
irradiation. The condensation polymerization of the re-
acting mixture of the first step with phthalic anhydride
results in WBPEA. In the synthesis, glycerol plays a
vital role for branching; it acts as a core molecule.

The presence of characteristic peaks of polyes-
teramide in FTIR, 'H-NMR and *C-NMR spectra of
WBPEA confirmed the structure [25]. These are as
follows:

FTIR (cm™): 3374 (-OH), 1724.2 (v, > C = O es-
ter), 1622 (> C = O, amide), 1278 (v, C — C (=0) —
O -C); 'H-NMR (3, ppm): 7.1-7.3 (phthalic ring
proton), 4.1-4.3 {CH,~ O — C (=0) -Ar/ CH- 0 - C
(=0)-Ar },3.1-4.0 (CH2 -N</CH,0OH), 5.3 (-OH),
0.88 (-CH3); BC-NMR: 171, 173 (amide carbonyl),
165, 167 (carbonyl of ester and acid), 61-62.5 [CH,
OC(=0O)Ar/ CH OC(=0)Ar], 44-48 (CH,N<), 28-29
(chain CH,), 14 (-CH,).

Solubility was checked in polar and non polar sol-
vents that showed the resin was soluble in non polar
as well as polar solvents. Solubility of the polymer in
polar solvents especially in water is due to the pres-
ence of hydroxyl functionality and substituted amide
linkages on branched structure collectively respon-
sible for excellent water solubility.

201

TG %

304

Temp Cel

Fig. 2: TGA thermogram of WBPEA

The thermal degradation of WBPEA studied by TGA
(Fig. 2) showed that the polymer was stable upto 220°C
but exhibited weight loss of 5%, 10 %, 20 %, 50 % and
70% at 240-250°C, 275-280 °C, 350-355°C, 410-
420 °C and 545-550 °C, respectively. The 5% weight
loss can be correlated to the entrapped moisture. 10 —
70% weight losses can be correlated to the degrada-
tion of ester and amide linkages followed by aromatic
and hydrocarbon moieties. The thermal degradation
trend of the polymer can be attributed to the presence
of ester and amide linkages along with aromatic ring
in same polymeric chain in addition to its branched
structure.

Conclusion

VSO was successfully utilized for the synthesis of
waterborne polyesteramide [WBPEA] by simple
route through microwave irradiation within 4-5 min
in situ compared to the conventional heating method,
which involves 6—8 hours and is a multi-step reaction.
The spectral studies confirmed the formation of poly-
esteramide. The synthesized oil (biomass) based mi-
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crowave assisted (green route) waterborne (zero tox-
icity) polymer can be used as thermally stable, novel,
“green” polymeric material for variety of applications
such as adhesives, biodegradable coatings and antimi-
crobial agents. The biodegradable studies of WBPEA
are under process.
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Abstract

The QSAR models were developed using multiple linear regression (MLR) and partial least square (PLS) for
2, 4-diamino-8-deazafolate analogues generated comparable models with good predictive ability and all other
statistical values, 1, 1°, 1° , 1’ (test set) F and s values were (.94, 0.88, 0.86, 0.84, 58.70 and 0.13 respectively for
MLR and v’ , i’ (test set) and statistical significance values were 0.87, 0.84 and 0.99 respectively for PLS, were
satisfactory. The analysis indicate the role of first atom E-state, number of H-bond doners and VAMP mean
polarizability in determining the activity of 2, 4-diamino-8-deazafolate analogues as potent antitoxoplasmal

agents.

Introduction

Toxoplasma gondii, the causal agent of toxoplasmo-
sis, is an important water and food borne protozoan
parasite ubiquitous throughout the world [1]. Toxo-
plasma gondii is a highly prevalent obligate intracel-
lular parasite that has no host specificity and infects
all warm-blooded vertebrates including mammals
and birds. There are three principal routes of trans-
mission of the parasite: ingestion of infective oocysts
shed by the cat, carnivory (consumption of raw or un-
dercooked meat) and congenital transmission.

The metabolism of folate plays an important role
in the biosynthesis of nucleic acid precursors. During
the synthesis of purines and thymidylate, the cofac-
tor tetrahydrofolate is oxidized to 7,8-dihydrofolate
and subsequently converted back to tetrahydrofolate
by the enzyme dihydrofolate reductase (DHFR). The
inhibition of DHFR causes the depletion of tetrahy-
drofolate and disrupts DNA synthesis, leading to cell
death. For this reason, DHFR inhibitors such as meth-
otrexate (MTX) have been used as antitumor, anti-
bacterial and antiprotozoal agents. Because MTX and
other classical antifolates require an active transport

mechanism for their uptake, they are not effective for
the treatment of infections caused by Toxoplasma
gondii (tg) that lack these mechanisms [2-3].

T. gondii infections are the principal cause of death
in patients with AIDS, and also affect patients with
other immune disorders [4]. Trimetrexate (TMQ)
and piritrexim (PTX) are potent lipophilic inhibitors
of pcDHFR and tgDHFR taken up by passive diffu-
sion, but inhibit mammalian DHFR to a greater extent
[5-6]. This results in toxicity to mammalian tissue
and requires that PTX or TMQ be co-administered
with leucovorin (5-formyl-5,6,7,8 tetrahydrofolate), a
reduced folate which is taken up by active transport
and protects the host tissue [7]. Treatment with leu-
covorin is costly and subject to serious side effects
that may require interruption of treatment. As such,
there is great interest in developing potent and selec-
tive inhibitors of T. gondii DHFR. In the present paper
we describe the QSAR studies of inhibition of DHFR
in Toxoplasma gondii by 2, 4-diamino-8-deazafolate
analogues. The study was aimed to identify the physi-
cochemical parameters associated with DHFR inhibi-
tor which are more selective for T. gondii than for
mammalian DHFR.

M.M. Srivastava, L.D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 131
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Material and Methods

The structures of 44 2, 4-diamino-8-deazafolate ana-
logues [8] (Table 1) were sketched using Chem Draw
software and were imported on TSAR (Version 3.3;
Accelrys Inc, oxford, England) software. The gen-
erated 3D models of all derivatives created were
cleaned up and subjected to charge calculation and
energy minimization.

More than 300 molecular descriptors were cal-
culated for all the compounds under consideration.
TSAR affords the calculation of the following de-
scriptors: atomic attributes (like molecular properties,
dipole moment and verloop steric parameters), atomic
indices (like shape, connectivity and topological indi-
ces) and Vamp electrostatic properties (total energy,
HOMO, LUMO, heat of formation, etc) [9]. To reduce
data redundancy, pairwise correlation analysis was
carried out [10]. Among the highly intercorrelated
descriptors the one that had high correlation with bi-
ological activity was kept and other was discarded.
This process was repeated number of times and finally
three descriptors were retrieved that were highly cor-
related with biological activity and were not having
intercorrelation among each other.

To develop QSAR models, stepwise MLR analysis
with leave out groups of rows cross-validation was
applied to the training set. The molecules of the series
were divided randomly into training set (31 molecules)
and test set (13 molecules). Training set was used to
build linear models so that an accurate relationship
could be found between structure and biological ac-
tivity [11]. The test set of thirteen molecules was not
used to develop the regression model but served to
check the predictive power of the developed model.
In addition to MLR, partial least squares (PLS) [12]
analysis was also performed to check the predictive
ability and robustness of the developed model.

Results and Discussion

Multiple linear regression (MLR) and partial least
squares (PLS) were used to derive the QSAR equa-
tions. The statistically significant model was con-
structed from the training set by using 3 parameters.
In order to improve the predictivity of the model, 5

potential outliers namely 5, 8, 25, 37 and 44 (which
exhibited high residual value and were to far away
from regression line) were identified and deleted.

The final regression equation obtained from MLR
analysis (final 26 molecules in training set) after de-
leting the outliers is represented as equation 1

Y =0.24*X1 - 0.82*X2 + 0.056*X3 — 1.11 [1]

r=0.94r>=0.88,r’ =0.86, F=58.70,S = 0.13,
predictive r? for test set = 0.84

This best model was selected on the basis of various
statistical parameters such as coefficient of determi-
nation (r?), predictive power of model (1*_ )standard
deviation (SD), sequential Fisher test (F) and test for
statistical significance (t). The value of r?should al-
ways be greater than 0.6 (a good model should have
an r*> 0.9) and the value of r°_ could fall into three
categories [13]:

* 1° > 0.6: The model is fairly good.
* 0.4 <r’ <0.6: The model is questionable.
¢ 17, < 0.4: The model is poor.

PLS analysis was also performed on the same data set
to check the soundness of the MLR model. The re-
sulted r* value of 0.87 clearly demonstrates the high
predictive ability of the developed PLS model equa-
tion 2.

Y =0.24*X1 - 0.82*X2 + 0.056*X3 — 1.11 [2]

Statistical significance = 0.99, rZCV: 0.87,r=10.88,
Predictive 12 for test set = 0.84

In equation [1] and [2], X1 is first atom E-state (subst.
1), X2 is Number of H-bond Doners (subst. 1), X3 is
VAMP Mean Polarizability (whole molecule).

Since for a well defined problem, both MLR and
PLS should generate comparable results [14], the r* |
values of MLR and the PLS models were evaluated
and it was found that both the models have compa-
rable r*  value of 0.86 and 0.87 for MLR and PLS
respectively. The predictive ability of the model was
also validated using the external test set of 13 com-
pounds in context of minimum difference between
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the actual and predicted biological activity values of 27 NH 34l
MLR and PLS analysis for training and test which —
is shown in table 2 and their respective plots are de- 28 NMe A,
picted in figure 1 and 2. 29 NH 37.4°,5’-(OMe),
29a NMe 3°4°,5°-(OMe),
H, 30 NH 34,5-Cl,
) N . @R 31 NMe 34,50,
)\O Q = 32 NH 3°,4°,6’-Cl,
H,N N
33 NMe 3°,4°,6°-Cl,
34 S 2’,3’-CH,
4 \(R 35 s 3’ 4-CH
R, = X W,
N 36 NH 2’,3’-CH,
37 NH 34-CH,
Table 1: Series of 2, 4-diamino-8-deazafolate analogues 38 NMe 2°3°-CH,
Compounds name R X 39 NMe 3’ 4-CH,
3 S H 40 NH 4’-COCH,
4 NH H 41 NMe 4’-COCH,
5 NMe H 42 N-propargyl 4’-COCH,
6 NH 2’-OMe 43 NMe 4’-COCF,
7 NMe 2’-OMe 44 N-propargyl 4’-COCF,
8 NH 3’-OMe
9 NMe 3’-OMe Table 2: Series of 2, 4-diamino-8-deazafolate analogues along
10 NH 4’-OMe with their actual & predicted biological values
1 NMe 4-OMe Compounds Actual Predicted | Predicted
12 NH 2’-Cl name (Log 1/¢) (MLR) (PLS)
13 NMe 2’-Cl 3 0.88 0.83 0.83
14 NH 3’-Cl 4 1.07 0.97 0.97
14a NMe 3’-Cl 5k* 2.07 -- -
15 NH 2’, #-(OMe), 6 0.92 1.12 1.12
16 NMe 2’,4’-(OMe), 7* 1.58 1.81 1.81
17 NH 2, 5°-(OMe), g 1 - -
18 NMe 2’, 5’-(OMe), 9 1.82 1.80 1.80
19 NH 3’,4-(OMe)2 10 1.26 1.12 1.12
20 NMe 3’,4’-(OMe)2 11 1.79 1.79 1.79
21 NH 2°.4°-Cl, 12 0.95 1.02 1.02
22 NMe 2°.4°-Cl, 13 1.82 1.74 1.74
23 NH 2°,5°-Cl, 14 0.88 1.02 1.02
24 NMe 2°,5°-Cl, 14a 1.69 1.69 1.69
25 NH 2°,6°-Cl, 15% 0.85 1.26 1.26
26 NMe 2°,6’-Cl, 16 1.85 1.95 1.95
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Compounds Actual Predicted | Predicted Compounds Actual Predicted | Predicted
name (Log 1/¢) (MLR) (PLS) name (Log 1/¢) (MLR) (PLS)
17* 0.92 1.26 1.26 31* 1.42 1.77 1.77
18%* 1.60 1.94 1.94 32 1.33 1.14 1.14
19 1.04 1.26 1.26 33% 1.35 1.78 1.78
20 2.00 1.93 1.93 34 1.30 1.34 1.34
21 1.30 1.15 1.15 35 1.31 1.31 1.31
22% 1.30 1.77 1.77 36 1.58 1.52 1.52
23 1.04 1.06 1.06 37%* 0.79 -- --
24 1.60 1.77 1.77 38%* 1.74 2.22 222
25%* 1.55 -- -- 39% 1.79 2.17 2.17
26* 1.52 1.78 1.78 40* 1.56 1.82 1.82
27 1.24 1.06 1.06 41* 1.82 2.48 2.48
28 1.56 1.73 1.73 42% 1.69 2.44 2.44
29 1.39 1.40 1.40 43 1.33 1.44 1.44
29a 2.32 2.06 2.06 44%* 1.26 -- --
30 1.06 1.10 1.10 * Compounds included in Test set.

** Qutliers (not included in the final regression model).

T T o T T
n -
L
L
. o
20 -
_% ] o a
-
T L] ™y o3
z e o
=
T
L o
B g
%
- o
o o ofo
o o o
o
08 | a -
1 1 1 1 1
Li1:] 10 12 14 15 18 20 22 24
® Test Set O Training Set Actual Value

Fig. 1: Actual vs. predicted activity for the training and test set of compounds derived from
MLR analysis
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Fig. 2: Actual vs. predicted activity for the training and test set of compounds derived from

PLS analysis

Conclusion

On the basis of present study, it can be concluded that
the physicochemical descriptors have sufficient reli-
ability to relate the biological activity of 2, 4-diamino-
8-deazafolate analogues synthesized with their struc-
tural features. A highly predictive QSAR model has
been obtained using the MLR. It was validated using
external test set of thirteen compounds and PLS to
all molecules. Based on the thorough analysis of the
experimental data of the target property, this compu-
tational approach will help to add up new molecules
as antitoxoplasma agents and to combat with exist-
ing problems of this class. The findings of present
study will certainly aid in the design of more potent
antitoxoplasma agents with improved activity and
reduced mechanism based side effects of traditional
antitoxoplasma agents.
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Abstract

The OSAR models were developed using multiple linear regression (MLR) and partial least squares (PLS) for
41 2-phenylbenzofurans derivatives against leishmania donovani. The MLR and PLS generated comparable
models with good predictive ability and all other statistical values, 1, 1°, 1, 1’ (test set) and F and S values, were
0.86, 0.74, 0.72, 0.70 and 38.56, 0.28, respectively, for MLR and rzc , 72 (test set) and statistical significance
value were 0.71, 0.70 and 0.99, respectively, for PLS, were satisfactory. The results indicate the importance of
dipole moment and Kier Chi in determining the activity of 2-phenylbenzofurans as potent antiprotozoal agents.

Introduction

Visceral leishmaniasis (VL) is caused by the proto-
zoan parasite Leishmania donovani [1] and transmit-
ted by the bite of around 30 species of phlebotamine
sandflies [2]. Research over the past decade has iden-
tified a number of drugs and formulations that offer
improved treatment for this disease [3]. The drugs for
leishmaniasis treatment are sodium stibogluconate
(pentostam) and meglumine antimonate (glucantime),
but they exhibit renal and cardiac toxicity. Alternative
drugs, such as pentamidine, amphotericin B, and some
azo-derivatives are also very toxic and exhibits seri-
ous side effects [4]. Although newer treatments exist,
they are not optimal due to problems of toxicity, high
price or difficulty in administration. Over the last two
decades, immunotherapy (immune based therapies),
either alone or combined with chemotherapy, has
been developed as an additional approach in the treat-
ment of leishmaniasis, but presents severe gastroin-
testinal problems [5]. Pentavalent antimony, the most
widely prescribed drug to treat leishmaniasis patients,
has serious side effects, requires a prolonged course
of treatment and is losing its efficacy in some regions
due to increasing parasite resistance. Although newer
treatments exist, they are not optimal due to problems
of toxicity, high price or difficulty in administration
[6]. Given the problems of toxicity, need for hospital-

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

ization, associated with the currently available drugs
for leishmaniasis, it is clear that patients urgently need
new, improved, treatments to replace or complement
these drugs [7]. So it will be beneficial to optimize ex-
isting anti-leishmanial agents using QSAR modeling
techniques to identify the important molecular prop-
erties required for the effective inhibition of parasite.
In view of this we decided to develop models from
classical QSAR descriptors using multiple linear re-
gressions and partial least square.

Material and Methods

A QSAR study was performed on the series of 49
2-phenylbenzofurans, compound number 4, 5, 7, 13,
16, 31, 40 and 48 were not having exact IC50 value,
therefore these eight compounds were not included
for analysis. Hence, we developed model with total
41 compounds in data set [8] (Table 1). The structures
of 41 cationically substituted 2-phenylbenzofurans
were sketched using Chem Draw software and were
imported on TSAR (Version 3.3; Accelrys Inc, oxford,
England) software. The generated 3D models of all
derivatives created were cleaned up and subjected to
charge calculation and energy minimization.

More than 300 molecular descriptors were cal-
culated for all the compounds under consideration.
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TSAR affords the calculation of the following de-
scriptors: atomic attributes (like molecular proper-
ties, dipole moment and verloop steric parameters),
atomic indices (like shape, connectivity and topologi-
cal indices) and Vamp electrostatic properties (total
energy, HOMO, LUMO, heat of formation, etc). To
reduce data redundancy, pairwise correlation analysis
was carried out [9]. Among the highly intercorrelated
descriptors the one that had high correlation with bi-
ological activity was kept and other was discarded.
This process was repeated number of times and finally
two descriptors were retrieved that were highly cor-
related with biological activity and were not having
intercorrelation among each other.

To develop QSAR models, stepwise MLR analysis
with leave out groups of rows cross-validation was
applied to the training set. The molecules of the se-
ries were divided randomly into training set (35 mol-
ecules) and test set (6 molecules). Training set was
used to build linear models so that an accurate rela-
tionship could be found between structure and bio-
logical activity [10]. The test set of six molecules was
not used to develop the regression model but served
to check the predictive power of the developed model.
In addition to MLR, partial least squares (PLS)[11]
analysis was also performed to check the predictive
ability and robustness of the developed model.

Results and Discussion

Multiple linear regression (MLR) and partial least
squares (PLS) were used to derive the QSAR equa-
tions. The statistically significant model was con-
structed from the training set by using 2 parameters.
In order to improve the predictivity of the model, 5
potential outliers namely 8, 27, 35, 36 and 22 (which
exhibited high residual value and were too far away
from regression line) were identified and deleted. The
final regression equation obtained from MLR analysis
(final 30 molecules in training set) after deleting the
outliers is represented as equation 1

Y=-0.16 *X1-0.36*X2+2.07 [1]

r=0.86,r"=0.74,r° =0.72, F = 38.56, S = 0.28
predictive r2 for test set = 0.70.

This best model was selected on the basis of various
statistical parameters such as coefficient of determi-
nation (r?), predictive power of model (r° ), standard
deviation (SD), sequential Fisher test (F) and test for
statistical significance (t). The value of r* should al-
ways be greater than 0.6 (a good model should have
an r*> 0.9) and the value of 1*_ could fall into three
categories[12]:

® 1’ >0.6: The model is fairly good.
® 0.4 <r’ <0.6: The model is questionable.
® 1’ <0.4: The model is poor.

PLS analysis was also performed on the same data set
to check the soundness of the MLR model. The re-
sulted r* value of 0.71 clearly demonstrates the high
predictive ability of the developed PLS model (Equa-
tion 2).

Y=-0.16*X1-0.36* X2 +2.07 [2]

Statistical significance = 0.99, r* = 0.74,r* = 0.71,
r=0.77, Predictive r? for test set = 0.70

In equation [1] and equation [2], X1 is Dipole Mo-
ment Y component (whole molecule) and X2 is Kier
Chi4 (Path) index (whole molecule).

Since for a well defined problem, both MLR and
PLS should generate comparable results [13], the r*
values of MLR and the PLS models were evaluated
and it was found that both the models have compa-
rable r*  value of 0.72 and 0.71 for MLR and PLS
respectively. The predictive ability of the model was
also validated using the external test set of 6 com-
pounds in context of minimum difference between
the actual and predicted biological activity values of
MLR and PLS analysis for training and test which is
shown in Table 2 and their respective plots are de-
picted in Figure 1 and 2.
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Table 1: Series of 2-Phenylbenzofurans used in QSAR analysis

N 15 ; H i-PrAm | H
2
\ R 1
17 O Am H OMe
R 0 Am
3
18 i-PrAm H OMe
A iPrAm Im i-PrAm
NH Jﬂ §</Nj 19 ::: . Im H OMe
“};%sz *, NJ\ ! 20 Om Am H OH
B 21 @M i-PrAm H OH
N
_§</ 2 O Im H OH
Im
N
H
23 Q Am H OH
Compounds| R1 R2 R3 R4 24 i-PrAm H OH
Name e
1 - Am H H -
" 25 O Im H Oh
2 O i-PrAm H H o
i-PrAm
26 Am H H
3 O Im H H
6 @ BzIM H H 27 Q i-PrAm H H
Im
8 ;A"‘ Am H H 28 @ Im H H
Im
MeO
9 S"P'A"’ i-PrAm H H 29 Am Am H H
10 i Im H H M
O 30 FPrAm i-PrAm H H
11 O H Am H C
Am MeO'
32 Am H H
12 Q H i-PrAm | H A
14 Am H Am H 33 O . i-PrAm H H
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Table 2: Series of 2-Phenylbenzofurans along with their actual
34 Im H ] e
In and predicted biological values
Hi
Compounds Actual Predicted Predicted
35 Am H
@ Name (Log 1/c) (MLR) (PLS)
o 1 0.004 -0.024 -0.025
36 iPrAm H 2 -0.755 -1.018 -1.016
Q 3 -1.113 -1.070 -1.070
i 6 -0.491 -0.585 -0.586
37 Im H gk -1.763 - -
Q 9 -1.079 -1.225 -1.225
10 -1.380 -1.643 -1.644
38 H Am
Am 11 -1.591 -1.593 -1.593
Mo 12 -1.113 -1.247 -1.247
39 H i-PrAm 14 -1.612 -1.286 -1.288
i-PrAm
g > 15 -1.176 -0.718 -0.717
MeO'
17 -0.204 -0.614 -0.614
41 Am H Am 18 -1.380 -1.396 -1.396
@ 19 -1.662 -1.283 -1.283
Med 20% -0.720 -0.536 -0.536
42 e H i-PrAm 21 -0.255 -0.448 -0.448
‘ 20%% -0.869 - -
* - - -
" H ™ 23 1.146 1.514 1.514
@ 24 -1.204 -1.516 -1.516
Med 25 -0.568 -0.804 -0.805
44 @Am H Am 26 -0.556 -0.925 -0.926
27%% -0.176 - -
HO
45 q PrAm 28 -1.397 -1.087 -1.086
o 20% -0.755 -2.284 -2.284
HO'
30 -1.146 -1.001 -1.002
46 H Im
@Im 32 -1.322 -0.904 -0.903
o 33 -0.477 -0.125 -0.125
47 Am H Am 34 -0.653 -1.007 -1.006
Q 35 -1.301 - -
HO 36%* -1.602 - -
49 H Im 37 -1.301 -1.033 -1.033
@ 38 -0.301 -0.350 -0.350
" 39% -1.505 -0.446 -0.446
41 -1.778 -1.289 -1.289
42 -0.255 -0.602 -0.602
43 -0.763 -0.671 -0.670
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Compounds Actual Predicted Predicted
Name (Log 1/¢) (MLR) (PLS)
44* -1.462 -0.015 -0.015
45 -1.755 -1.744 -1.744
46 -1.732 -1.655 -1.655
47 -1.531 -1.677 -1.677
49% -1.544 -1.005 -1.005

* Compounds included in Test set.
** Qutliers (not included in the final regression model).

Conclusion

On the basis of present study, it can be concluded that
the physicochemical descriptors have sufficient reli-
ability to relate the biological activity of 2-phenyl-
benzofurans series synthesized with their structural
features. A highly predictive QSAR model has been
obtained using the MLR. It was validated using exter-
nal test set of six compounds and PLS to all molecules.
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Fig. 1: Actual vs. predicted activity for the training and test set
of compounds derived from MLR analysis

Based on the thorough analysis of the experimental
data of the target property, this computational approach
will help to add up new molecules as anti leishmanial
agents and to combat with existing problems of this
class. The findings of present study will certainly aid
in the design of more potent anti leishmanial agents
with improved activity and reduced mechanism based
side effects of traditional anti leishmanial agents.
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Fig. 2: Actual vs. predicted activity for the training and test set
of compounds derived from PLS analysis
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Abstract

A set of sixteen Tetraimidazolebenzodiazepine -1- one (TIBO) derivatives with inhibitory concentration (pIC50)
activity was subjected to the two dimensional quantitative structure activity relationships studies using com-
putational drug design. Drug Designing module contain various combinations of physiochemical, electronic,
topological and indicator parameter. TIBO taken as the lead molecule and OSAR model developed using
multiple regression approach. For each set of descriptors, the best multilinear OSAR equations were obtained
by the stepwise variable selection method using leave-one out cross-validation as selection criterion. Value of
pIC50 was taken as dependent variable and physiochemical and topological parameter was taken as indepen-
dent variable. The best QSAR model (1’ = 0.9672, Fisher test value F=38.706, Se = 0.2628) has acceptable
statistical quality and predictive potential. From the build model it seems to be clear that indicator parameter
(presence of halogen atom at X position) and Balaban index along with Molecular Refractivity (MR) of the
molecule is very much responsible in the binding affinity of anti HIV drug. Thus this validated model brings

important structural insight to aid the design of novel anti HIV agents.

Introduction

HIV-1, the etiological agent of AIDS, has been identi-
fied in the beginning of the 1980s [1, 2]. There is cur-
rently no cure for AIDS. Highly active antiretroviral
therapy (HAART) is a powerful HIV treatment that
was introduced in the mid-90s. The therapy consists
of three or more different drugs that are used in com-
bination to suppress the virus. The combination drugs
consist of nucleoside reverse transcriptase inhibitors
(NRTIs), non-nucleoside RT inhibitors (NNRTIs),
and protease inhibitors (PIs). NRTIs and NNRTIs get
incorporated into newly synthesized DNA strands by
HIV-1 reverse transcriptase resulting in chain termi-
nation and inhibition of genomic DNA synthesis. Pls
specifically inhibit the virus- associated protease.
Unlike NRTIs, NNRTIs do not require cellular ac-
tivation to inhibit HIV-1 RT. They are not incorpo-
rated into nascent viral DNA, are noncompetitive in-
hibitors, and bind into a hydrophobic “pocket” in the

p66 subunit of HIV-1 RT located close to (but distinct
from) the NRTI binding site [3,4].

NNRTTI binding distorts the nearby RT polymerase
active site, thus affecting the chemical step of polym-
erization [5,6]. The NNRTI binding pocket does not
exist in the un liganded RT and is formed upon bind-
ing by the side chains of aromatic (including Y181
and Y188) and hydrophobic amino-acid residues
[7,8]. NNRTIs are highly specific for HIV-1 and do
not inhibit HIV-2 or any other retrovirus. NNRTI re-
sistance mutations affect the binding of the inhibitors
to their binding pocket. These mutations alter the size,
shape, or polarity of the NNRTI binding pocket or af-
fect the access of NNRTIs to this site [7].

A quantitative structure activity relationship
(QSAR) is an approach to build an activity model
based on the structural and physicochemical proper-
ties of the known active compounds through multi-
variate analysis. Traditional QSAR does not require
receptor information and is a ligand-based computer-

M.M. Srivastava, L.D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ- 143
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aided drug design (CADD) approach. Some important
QSAR models have been established in the study of
the HIV non-nucleoside inhibitor. The QSAR models
have provided critical help to identification, screen-
ing, and design of new potent HIV inhibitors. There is
no much QSAR has been reported for NRTTs.
Observations related to the relationships between
activity/property and compounds structure has been
actually reported before the apparition of the QSAR/
QSPR concepts. In 1868, Crum-Brown and Fraser
stipulate the idea that the activity of a compound is
a function of its chemical composition and structure
[9]. In 1893, Richet and Seancs shown for a set of
organic molecules that the cytotoxicity was inverse
related with water solubility [10]. Mayer suggests in

Table 1: Structures of the compound used in present study

1899 that the narcotic action of a group of organic
compounds is related with solubility into olive oil
[11]. Ferguson introduced in 1939 a thermodynamic
generalization to the correlation of depressant action
with the relative saturation of volatile compounds in
the vehicle in which they were administered [12].
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Material and Method
Data Set

As a part of ongoing efforts to design novel molecules
with potent anti-HIV activity, a QSAR analysis was
performed to relate HIV non-nucleoside reverse tran-
scriptase inhibitors activity of TIBO derivatives to
its 3D properties. The selected series consists of total
16 numbers of compounds. The biological activities
were expressed in terms of inhibitory concentration
(pIC50). The parent structure of the TIBO is given
in the Fig. 1. Table 1 shows the all 16 derivatives of
TIBO used in the present study. Experimental anti-
HIV activity (pIC50) complied from references [13—
21]. Table (2) shows the value of the parameter which
gives the better result in the QSAR model. Table (3)
describes the observed and calculated pIC50 value.

Regression Analysis

The relationship between biological activities and
various descriptors (Physiochemical and Topologi-
cal) were established by sequential multiple regres-
sion analysis (MLR) using in house made software
“ANALYSIS” in order to obtain best QSAR models
and to know the structural requirement of the drug in
particular set of compound.

Calculation of the Parameter

Some physiochemical parameter like Molecular Re-
fractivity (MR), Molecular Volume (MV), Parachor
(Pc), Index of Refraction (IR), Surface Tension (ST),
Density (D), Polarizability (Pol), were calculated us-
ing chemsketch and Different topological [8, 9] and
constitutional descriptors for each molecule is calcu-
lated Dragon freeware software in this study.

Results and Discussion

The calculated descriptors were gathered in a data
matrix. First, the descriptors were checked for con-
stant or near constant values and those detected were
discarded from the original data matrix. Then, the
descriptors were correlated with each other and with
the activity data. Among the collinear descriptors de-
tected, the one most highly correlated with activity

was retained and the rest were omitted. Finally, MLR
with stepwise selection and elimination of variables
was applied to the development of the model.

Table 2: Values of Descriptors used

Comp No. J? MR? IX©
1 1.78 94.86 1
2 1.78 91.97 1
3 1.78 87.25 1
4 1.759 87.25 1
5 1.759 91.97 1
6 1.78 91.76 0
7 1.86 82.79 1
8 1.86 82.59 0
9 1.72 101.23 1
10 1.557 90.22 1
11 1.799 82.37 0
12 1.509 90.22 1
13 1.564 86.8 0
14 1.817 78.2 0
15 1.817 77.97 0
16 1.8 92.13 0

= Balaban Index, ®= Molecular Refractivity, “= Indicator parameter in
which presence of halogen at X position of TIBO is taken as 1 other-
wise 0.

For each set of descriptors, the best multi-linear re-
gression equations were obtained by the stepwise se-
lection methods of MLR subroutine of the software.
The squared correlation coefficient (r2), standard
error of estimate (Se) and Fisher’s value (F) which
represents the F-ratio between the variance of actual
and predicted activity, were employed to judge the va-
lidity of regression equation. In order to validate the
generated QSAR models leave one out (LOO) method
was used. Only the indicator parameter (IX) shows
the greater (>0.5) correlation with the binding affinity
of the drug. Best monovariate combination from the
correlation matrix are given below

pIC50=1.5034(% .5336) IX + 6.4886

N= 16, r=.6015, Se=1.0588, F=7.938 Eq(1)
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Table 3: Values of observed and calculated pIC50 for given
sets of compound

Com- Observed Calculated Residual
pound no pIC50 pIC50

1 8.52 8.579 -0.0591

2 8.34 8.369 -0.0294

3 8.24 8.027 0.2132

4 7.838 7.918 -0.0801

5 8.48 8.261 0.2194

6 7.85 7.029 0.8208

7 8.33 8.118 0.2124

8 7.85 6.778 1.0719

9 7.92 8.731 -0.8106

10 7.88 7.087 0.7928

11 7.85 6.446 1.4039

12 6.38 6.839 -0.4586

13 5.61 5.55 0.0597

14 5.78 6.237 -0.4567
15 4.17 6.22 -2.05

16 6.31 7.16 -0.8496

The model above shows the dominance role of indica-
tor parameter over other parameter. In order to get
best model we were tasted various biparametric com-
bination and the best models are given below-

pIC50=1.7369(£ .5155) IX + 4.3191(= 2.4631) J
-1.1853

N= 16, r=.6956, Se= .9881, F=6.095 Eq(2)
In the above model Balaban index and indicator pa-
rameter both are very important to enhance the bind-
ing affinity of the drug but there is lower value of F is
not suggest that this one is the best model and hence
from here we tested several triparametric combination
and got the best model as follows-

pIC50=1.3250(x .5572) IX + 5.1800 (* 2.4050) J +
0726(+ .468) MR -8.8505

N= 16, r=.7550, Se= .9388, F=5.303 Eq@3)
Now, this model is giving much better relationship
with the drug binding affinity. But the higher value of
standard error (Se) and lower value of F is not support

our findings. So, from here we outlier several com-
pound (misfit or higher residual) from the date set.

pIC50=1.2075(% .4018) IX + 5.3713 (+ 1.7291) J +
.0314(x .356) MR -5.3188

N= 15, 1= .8002, Se= .6746, F=6.526 Eq(4)

pIC50=1.1091(x .3390) IX + 5.5388 (+ 1.4496) J
-0.0322(+ .0327) MR -2.6207

N= 14, r=.8356, Se=.5649, F=7.714 Eq(5)

pIC50=7477(+ .2964) IX + 6.0880 (£ 1.1510) J +
0251 (+.0272) MR -5.5278

N= 13, 1= .8920, Se= .4415, F=11.678 Eq(6)

pIC50=.5898(£ .1805) IX + 7.6002 (£ .7751) J +
.0360(x .0164) MR -9.1079

N=12, r=.9672, Se= .2628, F=38.706 Eq(7)
From equation (4—7) shows the gradual improvement
in the value of correlation coefficient (.8002-.9672)
and at the same time standard error of estimation be-
come low (.6746-.2628). The greater value of F stat
also suggests the deleted compound is not best fitted
in the set.

Equation (6) is the result of 3 outlier compound,
which could be the best model, because of the thumb
rule for the deletion of the compound we could not
perform the operation from equation (6), and hence
equation (7) is dishonor of the thumb rule. But tre-
mendous improvement in the value of r and F and
decrease in the value of Se, we outlier the fourth com-
pound.

So, from the above mathematical model present,
it can be said that the role of indicator parameter is
very essential. It will definitely increase the binding
affinity of the drug receptor interaction. Not only the
indicator parameter, but molecular refractivity is also
important. It is the property of the drug which is re-
lated to the polarity of the drug. More polar drug can
very easily penetrate the blood brain membrane.

All compound from the data for MLR resulted in
the generated model with improved statistical signifi-
cance and predictive ability, this generated model can
be developed for the series. All these models were
screened on the basis of > > 0.7 and the intercept to
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best fit line. The plots of calculated activity and the
observed activity (pIC50) are represented in Fig. (2).
Low standard error of estimate of this model (<0.2)
demonstrates the accuracy of the model.

9_

[us]
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-

|
*
\

o

Calculated (plC50)
-

m

Observed (pIC50)

Fig. 2: Plot of observed and calculated pIC50

Conclusion

In conclusion, above QSAR study reveals that the
indicator parameter (presence of halogen on benzene
ring) along with Balaben (J) and MR is vital in this set
of TIBO compound. This suggests that, by increasing
in Balaben index J, will be helpful for designing of
more potent anti HI'V agents. This strategy may, there-
fore, be followed for designing higher potency com-
pounds for future synthesis. These guidelines may,
therefore, provide a basis for rationalizing substituent
selection in the future designing of selective TIBO re-
ceptor ligands. The study may also help in proposing
the possible mode of action of TIBO.
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Abstract

DNA binding drugs form an important class of compounds which can be utilized as anticancer and antibacte-
rial agents. We have investigated the DNA binding ability of small indole derivatives using fluorescence and
molecular docking techniques. The results clearly demonstrate that small indole derivatives bind with DNA
double helix showing binding affinity of 10*—10°per mole. All the indole derivatives were found to be binding
in the minor groove of DNA. The binding was non-specific nature and dominated by van der Waals and hydro-
phobic forces. The experimental and computational results were found to be in good agreement as evident by

the high correlation constant values.

Introduction

Indole derivatives are extensively used in several in-
dustrial processes as substrate for chemical reactions
and used to synthesize complex synthetic molecules.
It is one of the most important groups of compounds
used in the pharmaceutical industry. Several synthetic
and natural indole derivatives have shown significant
DNA binding ability as well as DNA sequence speci-
ficity. Compounds like ellipticine, Hoechst-33258,
cryptolepine, etc are known to interact with double
stranded DNA. They possess indole nucleus in their
structure. Ellipticine is a well known DNA topoisom-
erase-1I inhibitor also having significant DNA interca-
lative binding [1, 2]. On the other hand Hoechst-33258
is a well studied DNA minor groove binder [3,4].
Cryptolepine is an antimalarial and cytotoxic drug
known to intercalate between cytosine-cytosine site
in the DNA duplex [5]. It is, therefore, clear that in-
dole ring present in the molecule plays an important
role in the DNA binding ability of such molecules.
We have investigated a series to small indole deriva-
tives for their DNA binding ability using fluorescence
quenching experiments along with molecular docking
technique.

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

Materials and Methods

Eight indole derivatives (I-VIII) (Figure 1) were se-
lected based on the variation of position and length
of the side chain attached to the main indole nucleus.
Four DNA decamer sequences (Figure 2) were used
based on their central GC/AT specific core.

All the chemicals were purchased from Sigma-Al-
drich chemicals Pvt. Ltd. New Delhi. The fluorescence
titrations were conducted in 20 mM sodium phosphate
buffer of pH 7.4 using Hitachi F-4010 spectrofluorim-
eter (Hitachi Ltd, Tokyo, Japan). Emission spectra of
free and bound alkaloid were measured according to
the reported method by Le Pecq and Paoletti [6]. The
excitation and emission bandpass were fixed at Snm
while scan speed was 240 nm/min. Double reciprocal
method was used to calculate the binding constants
(K,,,) of the drug-DNA complex titrations where the
binding affinity was small [7]. K,,, values were used
to calculate AGeXp using equation 1.

Molecular docking experiments were conducted
using DNADock program based on the minor groove
binding protocol [8]. Before docking, all the com-
pounds were energy minimized to eliminate bad
geometries and steric clashes. The docked struc-
tures obtained were then subjected to theoretical
energy calculations using PreDDICTA program [9].
PreDDICTA produced binding free energy values
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(AG,, ) which were used to calculate K, =~ val-
ues using equation 1. The structural analyses of the
docked conformations were carried out using Discov-
ery Studio visualizer from Accelrys Inc. USA.

AG=-RTInK Eq (1)

OH
N7 on e y
H H H

4-(1H-indol-3-yl)butanoic acid ~ 3-(1H-indol-3-yl)propanoic acid

()

\ OH
N
H (0]

IH-indol-3-ylethanoic acid
an am

NH,
Oy Oy
,\" ’\\‘ OH
H H

1H-indol-2-carboxylic acid 2-(1H-indol-3-yl)et i 1H-t imidazol-2-ol
avy \%) VD
g Oy
¥ y
H H

1H-benzimidazole

(VD

2,3-Dihydro-1H-indole
(VIID)

Fig. 1: Sketch of the Indole derivatives used in this study

Name Sequence % GC  Molar extinction ~ Wavelength (nm)
content coefficient £

DNA-1  5-d-(GATGGCCATC), 60% 95000 260

DNA-2  5-d-(GATCCGGATC), 60 96600 260

DNA-3  5-d-(GGCAATTGCC), 60 92600 260

DNA-4

5'-d-(GGCTTAAGCC), 6% 93200 260

Fig. 2: Four decamer DNA sequences with their GC content
and molar extinction coefficient values

Results and Discussion

Fluorescence quenching was observed (Figure 3) in
the case of all indole derivatives upon DNA addition
clearly suggested the interaction between small mol-
ecules and the DNA duplexes. The binding constant
values obtained from double reciprocal method (Kexp)
(Figure 4) are listed in Table 1. It is evident from the
binding constant values that side chain length affects
the binding affinity of indole derivatives. Compound
(I) showed highest overall binding affinity of the or-
der of 10° per mole while (VII) and (VIII) showed
lowest binding of the order of 10* per mole. The effect

of side chain position on the binding affinity is not
very significant since compound (III) and (V) showed
different binding affinities in spite of having similar
position and length of the side chain attached to the
indole nucleus. Compound (IIT) has a strongly elec-
tronegative OH group attached at the side chain ter-
minal while the (V) has a slightly weaker electronega-
tive NH, group. Therefore, the binding of (III) has a
greater electrostatic contribution than (V). Molecular
docking method furnished docked structures which
were used in the analysis of binding affinity, specific-
ity and forces responsible for binding.

The docked structures (Figure 5) obtained clearly
suggest that electrostatic and van-der-Waals interac-
tions were the main driving force in the complexation
of selected indole derivatives with DNA oligomers.
Inter-molecular H-bonding was observed in several
complexes indicating strong attraction between the
small molecules and the DNA. Since the binding af-
finity profile obtained from experimental and com-
putational methods are in good agreement with each
other (correlation coefficient between AG, =~ and
AG_, was 0.83 and between K. and K, ~was 0.83),
it is suggested that the docking protocol produces the
experimental conformations. The present study has
revealed that these molecular modeling approaches
were adequately capable of assessing the results from
solution studies like fluorescence, UV-absorbance and
other similar techniques. However, the details about
the precise inter-atomic distances can only be further
secured by NMR or X-ray methods.
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Fig. 3: Fluorescence quenching spectra of indole-3-acetamide
(V) with four DNA decamer sequences
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Fig. 4: Double reciprocal plots showing binding constant K values

5: docked of Indole-

Fig.
3-acetic acid (III) with four DNA decamer sequenc-

Representative structure
es. (a) docked structure with 5’-d(GATGGCCATC),
(DNA-1), (b) with 5-d(GATCCGGATC), (DNA-2),
(c) with 5-d(GGCAATTGCC), (DNA-3) and (d) with
5’-d(GGCTTAAGCC), (DNA-4)
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Table 1: Binding constant and free energy values from fluorescence quenching data and molecular docking experiments. K

(experimental binding constant from fluorescence quenching data), AG_, (calculated binding free energy from K. AG

(predicted binding free energy from docked structures) and K

PreDD

(predicted binding constant from docked structure)

Drug Complex AGM op AGMDD PreDD
with (Kcal/mole) (mole™) (Kcal/mole) (mole™)
Indol-3-butanoic acid DNA-1 -6.9 1.23x105 -7.0 1.26x10°
M DNA-2 -6.9 1.96x 105 -71.3 2.10%10°
DNA-3 -6.8 1.00x 105 -7.2 1.76 x10°
DNA-4 -6.9 1.11x10° -7.2 1.76x10°
Indol-3-propionic acid DNA-1 -6.7 7.33x10* -6.7 7.61x10*
an DNA-2 -6.7 7.30x10* -6.7 7.61x10*
DNA-3 -7.1 1.41x10° -7.1 1.49x10°
DNA-4 -7.1 1.38x10° -6.9 1.06x10°
Indol-3-ethanoic acid DNA-1 -6.5 5.81x10* -6.5 5.44x10*
(n DNA-2 -6.9 1.11x10° -6.9 1.06x 10°
DNA-3 -6.9 1.04x10° -6.9 1.06x10°
DNA-4 -6.6 6.39x 10* -6.6 6.43x10*
Indol-2-carboxylic acid DNA-1 -6.9 1.00x 103 -6.9 1.06x10°
av) DNA-2 -7.0 1.19x10° -7.0 1.26x10°
DNA-3 -7.1 1.48x10° -7.2 1.76 x10°
DNA-4 -6.8 9.44x10* -7.1 1.49x10°
Indol-3-ethanamide DNA-1 -6.5 5.28x10* -6.5 5.44x10*
AL DNA-2 -6.7 7.64x 10* -6.7 7.61x10*
DNA-3 -6.5 5.28x10* -6.5 5.44x10*
DNA-4 -6.6 6.47x 10* -6.6 6.43x10*
Benzimidazol-2-ol DNA-1 -6.6 5.93x10* -6.6 6.43x10*
VD DNA-2 -6.7 7.49 x10* -6.7 7.61x10*
DNA-3 -6.5 5.78 x 10* -6.5 5.44x10*
DNA-4 -7.2 1.68x10° -7.2 1.76 x10°
Benzimidazole DNA-1 -6.6 6.27x10* -6.6 6.43 x10*
(VID DNA-2 -6.6 6.33x 10 -6.6 6.43x 10
DNA-3 -6.5 5.30x10* -6.5 5.44x10*
DNA-4 -6.7 7.67 % 10* -6.7 7.61x10*
2,3-Dihydro-1H-indole DNA-1 -6.5 5.27x10* -6.8 8.99x10*
(VIID DNA-2 -6.9 1.05x10° -6.9 1.06 x10°
DNA-3 -6.7 8.23x10* -6.8 8.99x10*
DNA-4 -6.9 1.02x10° -6.9 1.06 x10°




32 Indole Derivatives as DNA Minor Groove Binders

153

References

1.

2.

A. Canals, M. Purciolas, J. Aymam’i and M. Coll; Acta
Crystallographica Section D 61 (2005) 1009.

N. C. Garbett and D. E. Graves; Current Medicinal Chemis-
try—Anti-Cancer Agents 4 (2004) 149.

P.E. Pjura, K. Grzeskowiak, R. E. Dickerson; J. Mol. Biol.
197 (1987) 257.

M.K. Teng, N. Usman, C.A. Frederick, A.H.J. Wang; Nu-
cleic Acids Res. 16 (1988) 2671.

J.N. Lisgartenl, M. Coll, J. Portugal, C. W. Wright & J.
Aymami; Nature Structural Biology 9 (2001) 57.

J.B. Le Pecq, C. Paoletti; J.Mol.Biol. 27 (1967) 87.

H. Benesi, J. Hildebrand; J. Am. Chem. Soc. 71 (1949)
2703.

A. Gupta, A. Gandhimathi, P. Sharma, B. Jayaram; Protein
and peptide letters 14 (2007) 632.

S.A. Shaikh, B. Jayaram; J. Med. Chem. 50 (2007) 2240



33
Structure Determination of DNA Duplexes by NMR

K. Pandav!, P. Pandya', R. Barthwal® and S. Kumar'*

'Department of Chemistry, Dayalbagh Educational Institute, Dayalbagh, Agra-282110
*Department of Biotechnology, Indian Institute of Technology, Roorkee-247667
Email: kumar.surat@gmail.com

Abstract

Identification of the structure of DNA is an important step towards understanding its function in various bio-
chemical processes. X-ray crystallography and NMR are the two most important tools for the evaluation of the
structure of the DNA double helix. The present work employs NMR method to identify the structural details of
the DNA oligomer sequences. 2D 'H NOESY experiments were used to find out the chemical shift values of each
cross peak. Complete structural assignment was furnished for DNA oligomers using 2D-NOESY technique. The
cross peak volumes obtained from most of the NOESY peaks clearly indicated that most of the nucleotides in
the DNA oligomer were in the B-form with a few residues in the A-form conformation. All the nucleotides were

shown to have anti-conformation of deoxyribose sugar with respect to the nuclear base.

Introduction

DNA is a genetic material vital for several living pro-
cesses. Various types of DNA duplexes exist in nature,
viz., A-DNA, B-DNA, Z-DNA, etc. The structure of
various forms of DNA differs significantly from each
other. Several methods exist for the determination of
the structural features of DNA duplexes. NMR spec-
troscopy and X-ray crystallography are the two main
techniques used for this purpose. We have investi-
gated the structural parameters of two DNA duplexes
viz., Dickerson dodecamer (DNA-I) and a tailor made
decamer sequence (DNA-II) using multidimensional
NMR methods and compared them with the predicted
model.

Materials and Methods

DNA-I [5’-d(CGCGAATTCGCG),] and DNA-II
[5’-d(GGCAATTGCC),] were purchased from Sigma
Aldrich as normal desalted bases. The duplex of each
DNA sequence was generated with the help of an-
nealing process. The annealing was carried out in Na-
Phosphate buffer of 20 mM and 1 mM EDTA. The
DNA bases in buffer were heated till 60°C at the rate
of 1°C /min. The DNA solutions were then allowed to
cool slowly to the room temperature.

M.M. Srivastava, L. D. Khemani, S. Srivastava, Chemistry of Phytopotentials: Health, Energy and Environ-

NMR experiments: All experiments were con-
ducted in 20 mM Na-Phosphate in D,0. NMR experi-
ments on DNA-I using following parameters [1-3]:
Temperature = 297K, Solvent = D, O, Mixing Time
= 300 ms, Number of Scans = 32, Total number of
experiments in first dimension= 256, FID Resolution
= 2.934 Hz/point, Sweep width = 6009 Hz and Pulse
program = noesyesgpph.

2D-NOESY "H-NMR experiments were conducted
on DNA-II using the following parameters: Tempera-
ture = 297 K, solvent = D,0, Mixing time = 300 ms,
Initial delay = 1.5 seconds, Number of scans = 48,
Total number of experiments in first dimension =
256, FID resolution = 2.93 Hz/point, Sweep width =
6009 Hz and Pulse program = noesyphpr. The analysis
of the NMR spectrum was accomplished on SPARKY
software developed at UCSF [4].

Results and Discussion

Structural assignment of DNA base pairs and their
connectivities (Figure 1) were accomplished using
2D NMR NOESY experiments. Complete assignment
of NOE cross peaks were accomplished with DNA-I
and DNA-IL

Tables 1 and 2 include details of the assignments of
non-exchangeable proton resonances secured from
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Fig. 1: Intra-nucleotide and Inter-nucleotide connectivities be-
tween various protons. These connectivities are observed as
NOE cross-peaks in the NMR spectra of DNA. Blue color in-
dicates inter-nucleotide connectivity while red color indicates
intra-residue connectivity. A = adenosine, G = guanosine, C =
cytidine and T = thymidine

2D-NOESY experiments for DNA-I and DNA-II re-
spectively. The corresponding spectra for ‘fingerprint’
region of each of the DNA sequences are shown (Fig-
ures 2 and 3). Base proton to sugar H1’ proton region
(w1 =53-6.3ppmvs ®2=7.1—-8.4 ppm) is known
as the fingerprint region of the spectrum and contains
the H8/H6 protons of the nitrogenous bases and H1’
protons of the deoxyribose sugar residues. This region
contains two types of peaks, viz., the inter-nucleotide
peaks and the intra-nucleotide peaks.

In case of DNA-I, strong intensity of cross peaks
for base protons and H1’ protons were assigned for
all the residues. Cross peaks for base protons to H1’,
H2’, H2” protons, Cytidine H6 to HS5 protons and

Thymidine H6 protons to methyl protons for all the
residues were also unambiguously assigned. Signifi-
cantly, assignments of H3’ and H4’ protons were also
furnished for 12 base pairs.
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Fig. 2: NOESY spectrum of DNA-I showing sequential NOE
connectivities between base protons and sugar H1’ protons

Similarly, in case of DNA-II (Table 2), base protons
for residue G1 and G2 were found to be overlapped
and the stronger intensity of cross peaks for H8-H1’
proton of guanosine residues. This resulted in the
same value of 7.72 ppm for both the H8 protons of
guanosine residues. Cross peaks for base protons to
H1’, H2’, H2” protons, cytidine H6 to H5 protons and
thymidine H6 protons to me