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Srinivasan G. V. “phytochemical investigation and biological studies of secondary
metabolites from some folk medicinal plants” Thesis. Department of Chemistry,
University of Calicut, 2015



INTRODUCTION

1. General Introduction

The chemistry of natural products forms a wide eanportraying every kind of
organic chemistry and going beyond. It acts agdge for transferring principles
and concepts of chemistry to the biosciences — phoxgiding molecular basis for
biological phenomena. The term natural productoimmonly reserved for those
organic compounds of natural origin that are unijuene organism or common
to a small number of closely related species. astnmstances they appear to be
non essential to the plant, insect or organismuygciog) them, in marked difference
to the other natural organic compounds such as aramds, carbohydrates,

nucleotides, fatty acids and the polymers derivethfthem.

They function primarily in defense against predatand pathogens, provide
reproductive advantage as intra species and ipamies attractants and may also
act to create competitive advantage as poisonwalfspecies. For example plant
terpenoids are toxins, feeding deterrents to herbs; attractants to pollinators
and many possess pharmacological activity. Phemolinpounds play important
roles in plants. Tannins and flavonoids serve dendes against herbivores and
pathogens. Many flavonoids are important attrastdot pollinators and seed
dispersers. Some phenolic compounds have allelapadhbtivity and may
adversely influence the growth of neighbouring parirhroughout evolution,
plants have developed defenses against herbivody raitrobial attack and

produced other natural products to foster competitss?



Throughout the history plants have been used agtimeary source of food,
timber, fuel and medicine, among other purposeantBlare one of the most
important sources for the development of new ddigsto their amazing ability to
produce a vast structural array of chemical comptmef which only relatively
few have beestudied.Today plants, plant extracts and plant-derived maments
are being used in a multitude of herbal remediab @nytopharmaceuticasnd

also as flavouring agents, biopesticides etc.

A WHO survey (in the year 2000) reveals that 47%some 300 million new
prescriptions contained one or more active ingradief drugs as drugs of natural
origin. About 70% of the world population, espelgidtom third world countries
relies chiefly on traditional medicines for theirimary health care needs and
major part of traditional therapy involves the a$g@lant extracts. There are about
120 distinct chemical substances derived from pldhat can be considered as
important drugs currently in use. They are use@litherapeutic categories. Many
well-known drugs have also been isolated from glamtluding artemisinin from
Artemisia annua paclitaxel fromTaxus brevifolia vinblastine and vincristine
from Catharanthus roseusnd galanthamine from the Amaryllidaceae family

which forms the drugs of choice for the treatmentasious cancers.

In the biosynthesis of secondary metabolites tleqist four principle building

blocks: acetate, mevalonate, shikimate and amiigs.atlowever, most of these
intermediates are also used for the productionriohgry metabolites such as the
fatty acids, nucleosides and polypeptides. A theloeyefore has been put forward
which suggests that the secondary metabolism @a®seway of using the acetate,

shikimate and amino acids that were excess to r@ments (‘shunt metabolites’).

It was proposed that changes in genetic make ugnobrganism (mutations),

whether they are natural, chemical mistakes or gxmoto chemicals, viruses or



radiation have lead to the increased productiothefkey intermediates. When
these compounds are able to provide useful bicdbgictivities that increase the
chances of survival for an organism, they are nikedy to be passed on through

the generatiors

2. Medicinal plants - Indian Wealth and Heritage

India is a varietal emporium of medicinal plantsl & one of the richest countries
in the world as regards to genetic resources oficmed plants. All known types
of agro climatic and ecologic conditions are methwi India. The biogeographic
position of India is unique which makes India righ all the three levels of
biodiversity such as species diversity, genetiedity and habitat diversity A
survey conducted by the All India Coordinated Rese#roject on Ethnobiology
(AICRPE) during the last decade recorded over 8fji¥ries of wild plants used
by the tribals and other traditional communitiesndia for treating various health
problem§. The Indian subcontinent, with the history of opé the oldest
civilization, harbors many traditional health casgstems. One of the ancient
classics, “Charaka Samhita” is the oldest textlalée on the complete treatment
of diseases which specifies the use of hundredieidfs in the complete treatment
of disease’s The Ayurveda, whose history goes back to 500 BsCone of the
ancient health care systems, which is a potentiaice information of indigenous
drugs and formulations based on medicinal planttarge number of such herbs
are mentioned in “Bhavprakasfias well as "Aryavaidhya Kalanidfi’“Indian
Materia Medica” also gives description of a largenter of medicinal plants for

the treatment of various disea%es

In the rural areas, 75% of the population is depahan herbal medicines for

healthcare. In the last few decades, herbal meglicas been found to have some



impressive credentials. In India, over 2600 plamtcses have been considered
useful in the traditional system of medicine likgudveda, Unani, Siddha and
Home remediés. Number of herbal drugs and their compositions are
recommended for combating human ailments in theeahdexts as well as in

modern medicing.

3. Plants as sources of important Drugs

The knowledge of plants began with use and endsén In prehistoric age, man
started to use plants growing around in varioussnas/ diet and drugs. When the
concepts were developed on later stage, their lpessnode of action and
properties were defined scientifically. The objetthis scientific knowledge was
to enable physician to make judicious use in a naffiective way. Looking to the
prime importance of use (prayoga), Charaka hastbatdreal expert of medicinal
plants is he who is well versed in their use besitteeir names and forms”.
Charaka Samhitha, a classic work of Charaka (100C.Bsays “the proper use
makes a good remedy even out of poison while a goedicinal plant acts as
poison if used improperly”. He also opinioned thia best among physicians is
the one who knows the administration of medicidahts and their rational use in

different treatment protocdfs

The significance of traditional medicine in the afigery of biologically active
chemical compounds from natural sources is veryomamt. Among some of the
earliest successes in developing drugs from nagwomlucts, one can mention the
isolation of the antimalarial drugs such as thecliima tree alkaloids, pain
relievers such as the morphine alkaloids and tiveldpment of aspirin. Quinine
(1), originally isolated from the bark of cinchonads,Cinchona succirubrawas

one of the principal antimalarial drug. MorphinB){ the major alkaloid of



Papaver somniferurwas first isolated between 1803/06 and was widsbdufor
pain relief. It is being used in modern medicinadkird line analgesic despites its
addict forming characteristit The Egyptian pharmaceutical record, “Ebers
papyrus”, indicates the use of willow leaves asatipyretic agent. Following on
this knowledge, chemists began to isolate the comg® responsible for the
remedy and salicinll{ ) was isolated from the bark of the white willo®alix
alba, in 1825-26. It was subsequently converted tocghdi acid via hydrolysis
and oxidation and proved potent as an antipyrbat was manufactured and used
worldwide. To overcome the severe gastrointestiozicity of salicylic acid, it
was converted into acetylsalicylic acid (ASA) vieetylation and started to be
marketed under the trade name aspirin in 1899.riks@ still the most widely

used analgesic and antipyretic drug in the wrld

More recently, the vinca alkaloids, vinblastink/Y and vincristine V) were
isolated as antineoplastic agents fr@atharanthus roseusind subsequently
derivatized to vinorelbine and vindesine. Thesegdrare currently used for the
cancer treatmeht Similarly, a potent antimalarial drug, artemisin{Vl), a
sesquiterpenoid endoperoxide was isolated framemisia annuaas a remedy
against the multidrug resistant straindPtdsmodium This plant is long been used
as an antimalarial drug in the traditional Chingsalicine (TCM). Using the basic
structure of artemisinin, semisynthetic compoun@sensynthesized with the aim
of optimizing the pharmacology of the principal eaclle leading to the
identification of artemether and dihydroartemisiai® potent antimalarial agents

that are now in a widespread use around the World

Rouvolfia serpentinawhich has now attained world wide popularity, dfén
mention in ancient Hindu scriptures as well as he monumental works of
Charaka. The plant was mentioned as useful antifdotenake bites and insect

stings. The great important of this drug, resergifi¢) have been realized also in



modern therapy. From Ma Huangphedra sppof China, EphedrineMll ) was
isolated in 1887 and later introduced as a dru@985. Some of the important
plant drugs are atropinéX() from Atropa belladonnacodeine X) from Papaver

somniferumetc. The structures of these compounds are @ehictFig 1.

These few accounts underscore not only the poteotimatural products as a
source of drugs and the solid link between the fafledicine and drug

development but also the necessity of natural prsdesearch.
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4. Folk Medicinal Plants

Folk medicine is an indigenous healing practiceeduso treat injuries and
diseases. This comprises knowledge systems tha&iap®d over generations in
different societies that have been passed downghrdamilies before the advent
of modern medical system. The folk medical pramtiérs mainly use herbal
preparations such as juices decoctions of mediglzaits for the healing action.
Folk medicine may also be referred to as tradilionzdicine, alternative

medicine, indigenous medicine, complementary medijcbr natural medicin@"’

All cultures and societies have knowledge best riesd as folk medicine. Folk
medicine often coexists with formalized, educatlmsed and institutionalized
systems of healing such as Allopathic system or aGiraditional
medicine systems like Ayurveda, Unani and Chinesedione. But they are
distinguishable from formalized or institutionakikzehealing systems. Some
examples of strong informal and to some degreatutisnalized folk medicine
traditions are: Traditional Korean medicine, Aralmcligenous medicine (source
of Unani medicine, along with Ancient Greek med&imHaitian folk
medicine, Various African herbal folk remedies,tiedraditional medicine (in
part practiced by thelrish medical families), Jegse Kamp medicine,

Traditional Aboriginal Bush medicine and Georgiatkfmediciné®.

In ancient scripturetike the Vedas, Samhitas and the Puranas andbial toral

tradition, a vast data on medicinal plants of Indiavailable. Here the folklore
medicine is taken to mean the knowledge and pedthiat have survived through
only traditions in certain human societies, patédy among the primitive and

rural societies. The side effects and limitatiofisnodern medicine forces us to



accept and appreciate the utility of folk medicineresent erd*® The details of
folk uses of selected Indian medicinal plants avergbelow?’.

Acacia catechiiKhadir) - Kols of Uttar Pradesh use its leavastiood dysentery.
Ailanthus excelsgAralu) - Inhabitants of Saurashtra district inj&@at use its

leaves for rheumatism.

Argemone mexicana(Swarnakshiri) - Korku tribes of Akola district in
Maharashtra use its roots for piles. Roots are tbhanmu fermentation is done.
Bhils, dhanka, dubada and nayaka tribes of Khedhaategion in north Gujarat

use the leaf juice for syphilis.

Bauhinia variegata(Kanchanar) - Inhabitants of Garhwal Himalaya itseébark

for malaria.

Berberis asiatica(Daruharidra) - Inhabitants of Assam use its rofais the

treatment of bleeding piles.

Betula utilis (Bhoj patra) - Johari tribes of Uttar Pradesh (WBg its bark for

jaundice and ear ache.

Boerhaavia diffusgPunarnava) - Inhabitants of Garhwal Himalaya its@oots
for piles. Bhils of Jhabua district in Madhya Prsldeise its roots paste to cure

blood dysentery.

Butea monosperm@alash) - Andh, Bhil, Gond, Halba, Korku and Malkribes

of Kandala region in Gujarat use its flower fomany complaints.

Calotropis gigantea(Arka) - Bhil, agaria, dhodia, dubla and khaknabes of

Dahanu forest in Maharashtra use its root extakilitguinea worms.

Cassia tora(Chakramarda) - Buksa of Bijnor district in UP #a@ young leaves

for rheumatic pain.

Cissampelos pareiréPatha) - Local people of Assam use its leavegaiamdice.

Kol, kutia kondh and soura tribes of Orissa usedtd paste for leprosy.
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Clitoria ternatea (Aparajita) - Inhabitants of Dhasan valley in Betkthand
region of UP apply the powdered root externally toe treatment of goiter and

leprosy.

Curcuma aromaticgVana haridra) - Khasi and gangte tribes of Megyaluse

internally its rhizome paste with water to kill @stinal worms.

Cuscuta reflexd Amar bel) - Tharu of Kheri district of UP use thaste of plant

for treatment of swelling of testicles. It is alssed to check fall of hair.

Datura metel(Datura) - Inhabitants of Rajasthan and West BengaDhatura

for leprosy.

Ficus religiosa (Ashwatha) - Rabha tribes of West Bengal use #sk for
haematuria. Inhabitants of Jammu & Kashmir give éxéract of its bark to

relieve whooping cough.

5. Natural Product Analysis over the Last Decades

Since antiquity, man has strived to study andyaeathe products of the natural
world around himThe study of natural products had a number of rdsvdt has

led to the discovery of a variety of useftdmpounds that finds application in
diverse applications that benefits the quality afmlan life. The most important

areas of application of natural products are in tt@atment of human and
veterinary ailments. Currently, around 119 chemsa#bstances derived from 90
plant species are considered important drugs thatira use in one or more

countries®.

The plants were the source of most therapeutithddo the twentieth century, the
main method used for their quality control was tixservation of characteristic
anatomicalelements of plants under the microscope, while etenanalysis of

constituents played a minor role. As the importantehe contribution of the
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individual natural products to the pharmacologi@adl biological activities of the
organism wasunderstood the demand for more suitable qualitative and
guantitative analyticalechniques has been realizéd first, adequate methods did
not exist for the analysis of the very complex migs like plant extracts. It was
not until the 1950’s that the breakthrough in thalgsis of natural products was
provided by the application of chromatographic sefan methods and
spectroscopic identification and structure eluéadatechniques. These have been
progressively improved over the last few decadetjzing very efficient
chemical, physicaland biological and most importantly physicochemical
(Spectroscopicnethods are now availabté The other innovation has been the
progressive reduction in sample size necessarth®analysis. The general term
“separation techniques” refers to various formglofomatography. The choice of
analytical methods depends on the chemical classeofinalytes in question. An
example is given by the flavonoids, for which aemcreview article has been
published®. The different techniques which can be used fairtanalysis are
shown inFig 2 and these can be applied to many classestofal products.

Extraction and sample preparation are also neceéSiay 2).

Biological Fluids Plants Food

Fig 2 Strategies for the analysis of flavonoids hiological fluids, beverages, plants and food.
Abbreviations: LLE, liquid-liquid extraction; SEplvent extraction; MSPD, matrix solid-phase exti@tt
SPME, solid-phase micro-extraction; SPE, solid-phestraction; GC, gas chromatography; LC, liquid
chromatography; MS, mass spectrometry; MS/MS, tandenass spectrometry; CE, capillary
electrophoresis; TLC, thin layer chromatographyD Filame ionisation detection; ECD, electron caetur
detection; Q, quadrupole; QqQ, triple-quadrupole;ibn-trap, FLU, fluorescence; NMR, nuclear magnet
resonance; TOF, time-of-flight and ED, electrocheahdetection
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Bioactivity guided fractionation of crude extraessthe approach adopted in the
search for bioactive constituents from plants onfrother natural sources By
following this procedure alone, there is a riskunsinecessarily isolating known
compounds. Furthermore, potentially lead compouwmish are not active in the
given bioassays may simply be missed. The redisgowt known compounds
poses a significant challenge in natural produseaech and calls for ingenious
dereplication strategies, i.e., ways of avoiding thme-consuming isolation of
known constituents. This can be achieved by thdicgtipn of sophisticated
techniques such as LC MS or LC UV and LC NMR at #aliest stage of
separatioff. These analyses are valuable to detect compouittisinteresting

structural features and to target their isolation.

Suitable bioanalytical methods for the detectiomafural products in biological
matrices, their structural characterization and do@ntitative analysis of their
metabolites are needed. The analytical methodsdbural products should be
incomplete without a mention of biological or phawculogical tests. These
biological screening methods are an essential comgmt to the chemical
screening methods. In order to obtain resultsdadtwith the minimum of outlay
in terms of expense and material, simply so-cdlmehch top bioassays” can be

used*. Some of these are listed in Table 1.
Table 1 Some simple bench top bioassays

Antifungal: Cladosporium cucumerinum, Candida albicans
Antibacterial:Escherichia coli, Staphylococcus aureus, Bacilluistitis
Molluscicide:Biomphalaria glabrata, Bulinus globosus
Piscicide:Oryza latipesTilapia sp.

Larvicide: Aedes aegypti, Anophelgg, Culex sp

Spermicide: human spermatozoids



13

Insecticide Diabrotica sp, Aphis sp
Antifeedant:Spodoptera spEpilachna varivestis
Antioxidant and free-radical scavengers

Germination inhibitors

6. Aim and Objective of the present work

The objective of thepresent work isghe isolation, identification, chemical and
biological studies of the chemical compounds anaeiion of the essential oils

and their antimicrobial activities from the follavg folk medicinal plants.

I. Biophytum reinwardti(Zucc.) Klotzsch.
. Salacia fruticosaHeyne ex Laws.

il Ixora coccined..

V. Costus pictu®. Don

V. Leea indicaBurm. f.) Merr.

These five plants have been chosen for the preserit as they are extensively
used in folk medicine for the treatment of arraydideases and only limited
phytochemical works have been reported in thesetglé&or exampléhe leaves
and roots ofB. reinwardtii are used for the treatment of fevéor chest
complaints, convulsions, cramps and inflammatoryndurs. The leaves are
diuretic and possess astringent and antisepticeptiep. In Bihar, the leaves and
roots are given for insomnia, fever, gonorrhoea khéasis. In Philippines, the
powdered seeds are used as a vulnerary; alongowitar applied to abscesses to
promote suppuration. The root, bark and sterS.dffuticosais used in Ayurveda
and folk medicinal practices for the treatment @beétes type IIS. fruticosais
endemic to this region of Western Ghat and no mthdmical investigation has

been carried out in this plant.
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The roots ol. coccineaare reported to possess astringent and antisepperies
and are used in headache and applied to soreshamaic ulcers in folk medicine.
The root is made into a paste with coconut milk apglied to ulcers, wounds and
skin eruptions, especially in children. The Korkibes of Maharashtra use the
roots of this plant along with long pepper andditivater to treat acute dysentery.
The people in Kerala used to consume the freshleawes ofC. pictusfor its
antidiabetic properties. In Malaysia, the whole npleof L. indica is used

traditionally for headache, body pain and skin claimps.

7. Abstract of the present work

The research work carried out has been presentedhiapters in the thesis.

i. The Chapter-1 is divided into 2 sections. Seetl.1 describes the isolation
and structural elucidation of a new flavonoid daggide namely apigenin-
4’ 5-O--D-diglucoside (BR-1) from the whole plant ofBiophytum
reinwardtii. The structure of this compound was identified bgraical and
spectroscopic techniques viz., UV, Iy & *C NMR, 2D NMR & MS
techniquesThe antioxidant activity of the compouBdR-1 viz., DPPH free
radical scavenging activity and modified ferric weshg/antioxidant power

(FRAP) assayvere also investigated.

The section-1.2 describes the anticancer actividfeBR-1 against Hela,
human cervical cancer cell lines and HT 29, hun@arccancer cell lines
by MTT assay. BR-1 showed significant activity agghiHelLa cell lines

and moderate activity against HT 29 cell lines.
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In Chapter-2, the isolation and structural elucaabf mangiferin (28-D-
glucopyranosyl-1,3,6,7-tetrahydroxyxanthen-9-onepnt the roots of
Salacia fruticosaHeyne ex Laws is described. It was characterizethe
basis of chemical and spectroscopic techniques (BYH & *C NMR,
ESIMS and APCIMS). Mangiferin has been reportedtiierfirst time from
this species. In order to determine the mangifedntent in the aqueous
methanol extract of the roots 8f fruticosa quantitative analytical methods
by means of HPLC and HPTLC were developed. Theosidant potential
of 80% aqueous methanol extract®f fruticosawas evaluated viz., free
radical scavenging activity by 2,2’-diphenyl-1-piirydrazyl (DPPH)

reduction.

In Chapter-3, the identification of chemical compds in the essential oil
extracted from the roots ¢fora coccinea.. and the chemical compounds
present in its cold hexane extract by GC-MS teammigs described.
Twenty seven compounds were identified in the dsderil that
constitutes 98.50% of the total essential oil. Thain sesquiterpenes
identified werep-sesquiphellandrene (17.83%)-curcumene (2.77%)-
a-bergamotene (2.07%)p-zingiberene (1.92%), caryophyllene oxide
(1.88%) ands-nerolidol (1.44%). The antimicrobial activity ofdlessential
oil was evaluated against three Gram-positive amd Gram-negative
bacteria and five pathogenic fungi by disc diffusimethod. The results
showed that the oil exhibited good antibacteriad amoderate antifungal

activities.

. The Chapter-4 is divided into 2 sections. Sectidn-dlescribes the

extraction of essential oil/hydrodistillate fromethlifferent plant parts of
Costus pictuyiz., leaves, stem, flowers, root & rhizome; idfcation of

the chemical compounds present in them by GC-MSysisaand the
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screening of antimicrobial activity of the essentids//hydrodistillates by
disc diffusion method. Section-4.2 describes th@aton, identification

and quantification of diosgenin from the root@fpictus

. Chapter-5 is divided into 3 sections viz., sectioh- describes the
phytochemical works oheea indicaleaves & root, section-5.2 describes
the phytochemical works dn indicaflowers and section-5.3 describes the

phytochemical works oh. indicafruits.

Section-5.1 describes the isolation and identilocabf gallic acid, ursolic
acid, lupeol,p-sitosterol and ethyl palmitate from the root lof indica
(Burm. f.) Merr.Gallic acid, lupeolp-sitosterol and ursolic acid were also
identified from the leaves df. indica This seems to be the first report of
the presence of gallic ac& other compounds the roots and leaves bf

indica.

The antimicrobial activity of the petroleum etheddamethanol extracts of
leaves and root df. indicawas evaluated against three Gram positive and
two Gram-negative bacteria and five pathogenic ifungdisc diffusion
method. The results showed that the plant exhdotsd antibacterial and
moderate antifungal activities. The phenolic cohtarthe leaves and root
of L. indica were also estimated and compared by adopting st@nda

procedures.

Section-5.2 describes the identification of themsloal compounds present
in the essential oil extracted from the flowerd oindica (collected from 2
different accessions) by GC-MS technique. More tl9&80 of the oil
consisted of the esters of phthalic acid. Dibutihalates were identified

as the major components in the essential oil. Mahglrarbonotrithioate,



17

a sulphur compound was also identified in trace w@rhd0.01%). The
essential oil showed moderate antibacterial agtiaigainst three Gram

positive and two Gram negative bacteria and fivggenic fungi.

Section-5.3 describes the identification of gallicid, p-sitosterol and
ursolic acid from the fruits of. indica by directly doing co-TLC of the
fruit extract with these standards. The prelimingopytochemical
screening of the 80% aq. MeOH extract of the freitealed the presence
of the following compounds: triterpenes, sterolgvdnoids, phenolic
compounds, saponins, glycosides etc. Since theisreidible, it would be
desirable to study its phytochemical profile. Themcterization of still
unexplored constituents in the fruits lof indica remains open to future

investigation.
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Biophytum reinwardtii(zucc.) klotzsch.
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CHAPTER-1

ISOLATION & IDENTIFICATION OF A NEW APIGENIN
DIGLYCOSIDE FROM BIOPHYTUM REINWARDTII
(ZUCC.) KLOTZSCH., ITS ANTIOXIDANT AND

ANTICANCER STUDIES

INTRODUCTION

BiophytumDC. is a large genus of herbaceous plants belontginthe family
Oxalidaceae with seventy species distributed intrpaital regions including
twelve species from Indid@iophytum reinwardtiiZucc.) Klotzsch. is a common
plant seen during the rainy season throughout themwparts of India. It is
distributed from Kumaun to Arunachal Pradesh, wpotoaltitude of 1800 m and
extending into peninsular Indidt is also distributed in Malaysia and Chinaisla
member of Dasapushpa group of plants. Its vernacular names are
Lajjaluka/Jalapushpam in Sanskrit; Mukkutti in Mgéam and Tamil; Lajalu in

Hindi and Jhalai in Bengali.

The leaves and roots 8f reinwardtiiare used for feveiThe plant is reported to

possess tonic and stimulant properties, used festchomplaints, convulsions,
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cramps, inflammatory tumours and its ash for stdraehe. The whole plant is
dried, powdered and given internally to cattletpsexcess salivation. The leaves
are diuretic and possess astringent and antisppdigerties. The pounded and
bruised leaves or their juice is used in dressimg$ and convulsions. Leaf paste
is applied to wounds and cuts and leaf decoctieergifor asthma and phthisis.
The mature leaves contain insulin like principled aare recommended for
diabetes. Saline extract of the leaves showed Hypagmic activity in rabbits.
The whole plant is used as a sedative, for remoslangdruff and as hair tonic. In
Bihar, the leaves and roots are given for insonfieler, gonorrhoea and lithiasis.
In Philippines, the powdered seeds are used aslreerany; along with butter

applied to abscesses to promote suppuration

B. reinwardtiiand B. sensitivungrow sympatrically and thus are mixed in drug
collection and both are used in the same 3wayey are used in a number of

Ayurvedic formulations likeChemparuthyadi tailafh

The aqueous extract of the fresh leaves of thetpianreported to have
antimicrobial activity againstMycobacteriumtuberculosis The aqueous and
alcoholic extracts of the plant showed antifungaivity againstAspergillus niger
and antibacterial activity againStaphylococcus aureu8oth the extracts were

inactive againsk. colf.

(I) Morphological description of B. reinwardtii

It is a variable hairy annual, 5-15 cm in heighthapinnate leaves 3-12 cm long,
leaflets 3-12 pairs, oblong, yellow dimorphic floweand globose capsules

approximately 0.35 cm loAg
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(I1) Abstract of the present work

The Chapter-1 is divided into 2 sections. Sectidndescribes the isolation and
structural elucidation of a new flavonoid diglyadsinamely apigenin-4’,5-@-D-
diglucoside (BR-1) from the whole plant oB. reinwardtii The antioxidant
activity of the compoundR-1 viz., DPPH free radical scavenging activitydan
modified ferric reducing/antioxidant power (FRARsaywere also investigated.
The section-1.2 describes the anticancer activiafeBR-1 against HelLa, human

cervical cancer cell lines and HT 29, human colancer cell lines by MTT assay.

REVIEW OF LITERATURE

Only very limited phytochemical studies have be@aported so far inB.
reinwardtii (Zucc.) Klotzsch. Ethyl palmitate, lupe@ksitosterol and linoleic acid
has been isolated from the whole plantBof reinwardtii’. Chlorophyll, sugar,
proteins and the non-enzymic antioxidants sucheaasmoids, tannins and phenols
present in the plant were also reported. The thtédrophyll content in thes.
reinwardtii was reported to be 1.16 mg/g of plant tissue. piteéein and sugar
content in the plant was reported to be 7.34% &% fespectivelyThe amount
of non-enzymic antioxidants such as phenols, flaidsy and tannins were
reported to be 9.24%, 4.64% and 3.77% respecfivalye methanol and 80%
agueous methanol extracts Bf reinwardtii exhibited poor DPPH free radical

scavenging activity

A few phytochemical and pharmacological works waublished from its closely
related specieB. sensitivum(L.) DC. and are given as follows. Amentoflavone

(13", 118-biapigenin) was reported from the rootk B. sensitivum It has been
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proved to be a selective inhibitor of cyclooxygema€OX-1 catalyzed
prostaglandin biosynthesis when testedvitro with an 1G, value of 12.4uM.
Doses of up to 3iM showed only a slight inhibition in the corresporglCOX-2
assay. The quantification of amentoflavone wasi@arout by reversed phase
HPLC in methanol and aqueous extracts of the rogttsns and leaves. The
highest amount of amentoflavone was detected irhamed extract of roots and
stems (0.26-0.35%), while considerably lower amowss detected in the
corresponding water extrdct Two biflavones, cupressuflavone and
amentoflavone, three flavonoids, luteolin 7-metlether, isoorientin and 3'-
methoxyluteolin 7-O-glucoside, as well as two ac#lgaffeoylquinic acid and 5-

caffeoylquinic acid were reported from the aeriaitp ofB. sensitivurh

Essential oil was extracted from the whole plantBof sensitivumby steam
distillation and identified the chemical constitterby GC-MS analysis. Few

terpenoid glycosides and phenolic compounds weaieraiportetf.

Amentoflavone isolated frorB. sensitivums reported to inhibit the process of

angiogenesis in mice by vivo studies™.

Immunostimulatory and antitumour activity anti-inflammatory activit}?,
Immunomodulatory activity, apoptotic effect of B. sensitivumhas been

reported.

Alcoholic extract ofB. sensitivumwas studied for its immunomodulatory and
antitumour activities. The extract was 100% toxia @oncentration of 0.5 mg/mL
to Dalton's lymphoma ascites (DLA) and Ehrlich sesicarcinoma (EAC) cells.
B. sensitivunextract was also found to be cytotoxic towards9.82lls in culture
at a concentration of 0.1 mg/mL. Administration Bf sensitivumextract (500

png/dose/animal) could inhibit the solid tumour depenent in mice induced with
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DLA cells and increase the lifespan of mice beatiglich ascites carcinoma
tumours by 93.3%B. sensitivumireatment significantly (p<0.001) reduced the
tumour cell glutathione (GSH) levels as well asusergamma glutamyl

transpeptidase (GGT) and nitric oxide (NO) levaisaiscites tumour bearing
animals. The total WBC count was also increaset4t687 cells/mm on the 12th
day in BALB/c mice. The number of plaque formingli€ealso enhanced

significantly (p<0.001) and bone marrow cellulariyd beta-esterase positive

cells were also increased by the administratioB.afensitivunextract®.

An ethanolic extract oB. sensitivunwas evaluated for its antioxidant potentral
vitro and in vivo. B. sensitivumwas found to scavenge superoxide radicals
generated by the photoreduction of riboflavin agdrbxyl radicals generated by
the Fenton reaction and inhibitéd vitro lipid peroxidation at concentrations of
50, 95 and 20 pg/mL (K9 respectively. The drug also scavenged nitric exid
(ICs¢= 100 pg/mL). The extract also induced the dosesdéant scavenging of
nitric oxide in culture. Intraperitoneal adminigtom of Biophytum extract
inhibited superoxide generation in macrophaigegivo. The administration oB.
sensitivumto mice significantly increased the catalase #gtivThe extract
produced a significant increase in glutathione Ieve blood and liver. The levels
of glutathione-S transferase and glutathione rexhectincreased and those of
glutathione peroxidase decreased after adminigteha Biophytumextract. The
results of this study indicate thBt sensitivunhas significant antioxidant activity

bothin vitro andin viva''.

The leaf extract oB. sensitivunhas been reported to have hypoglycaemic effect

on alloxan diabetic rabbits'®and have good antibacterial actidfty

The antiinflammatory activity of agueous and metiaxtracts of aerial parts, an

aqueous extract of roots as well as ultrafiltrafi@ctions of a methanol extract of
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roots ofB. sensitivunwere evaluated in the carrageenin induced rat @asema
model. All the extracts except the methanol extraictaerial parts exhibited
antiinflammatory activity. The inhibition of oedenwas found to be maximum

with aqueous extracts

A pectic substance, a bioactive polysaccharide, deen isolated from the aq.
extract of the aerial part @. petersianunKlotzsch. This pectic substance has

reported to contain both rhamnogalacturonan anogafacturonan regioffs
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SECTION - 1.1

ISOLATION & IDENTIFICATION OF A NEW APIGENIN
DIGLYCOSIDE FROM BIOPHYTUM REINWARDTII

(ZUCC.) KLOTZSCH. AND ITS ANTIOXIDANT STUDIES

MATERIALS AND METHODS

() Plant material

The whole plant oBiophytum reinwardtiwas collected from Kozhikode, Kerala,
India during September 2009 and was authenticagedDb P. S. Udayan,

Professor, Dept of Botany, Sri Krishna College, @ayoor. A voucher specimen
was deposited at the herbarium of the Universitgalicut for future references.
The collected material was then washed with tapewatried in the shade and

coarsely powdered in the mixer grinder.

Fig 1.1.1Biophytum reinwardtiiwhole plant
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(I) Reagents and instrumentation

Solvents used were of analytical/ HPLC grade (MerEPPH (2,2’-diphenyl-1-
picrylhydrazyl) was purchased from Sigma Aldrich.HB (3-t-butyl-4-
hydroxyanisole), ascorbic acid, gallic acid and ZR2,4,6-tripyridyl-s-triazine)
were purchased from Merck. All other reagents vedrenalytical grade. Silica gel
(Merck, 60-120 mesh) was used for column chromafagy. Precoated silica gel
60 Fs4 plates (Merck) of uniform thickness 0.2 mm weredusor TLC analysis.
The melting point was determined using a GUNF meglpoint apparatus and are
uncorrected. Optical rotation was measured on &iP&imer 241 polarimeter.
HPLC system (Shimadzu, LC-20AD) equipped with diadey detector (SPD-M
20A) and SIL-20A HT autosampler was used for thé. @Rnalysis.

UV and IR spectra were measured on a Shimadzu W@-Bnd on a Shimadzu
FTIR-8400S spectrophotometer respectively. and *C NMR spectra were
obtained on a Supercon, Bruker NMR spectrometerabipg at 300 MHz foby

and 75 MHz foréc in DMSO-dg using TMS as internal standard. 2D NMR
experiments were carried out on a Bruker NMR spaotter operating at 500
MHz in DMSO-d. ESIMS spectrum was recorded in Waters TQD LC MSMS
system using the following parameters: Capillarytage: 3 kV, cone: 30 V,
extractor: 3 V, source temp: 150 °C, dissolvatiemp: 350 °C, dissolvation gas
(N,) flow: 650 L H*, collision gas (Ar) flow: 0.1 mL minh

The elemental analysis has performed in Thermoi@mFLASH EA 1112 series
CHNS analyzer. GC-MS analysis was carried ou?énkin Elmer Clarus 680 GC
and Clarus 600 T MS systelBIMS spectrum recorded at 70 eV and NIST library

was used for the library search.
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RESULTS & DISCUSSION

(I) Isolation and Structural elucidation of BR-1

A 80% aqg. methanol extract &. reinwardtii was fractionated with petroleum
ether, ethyl acetate and n-butanol in that ordee Butanol extract was subjected
to column chromatography over silica gel followeddreparative TLC to yield a
pure compound BR-1 (Fig 1.1.2). This was checkedhfumogeneity by HPLC
which afforded RT of 7.12 min (Fig 1.1.3).

Fig 1.1.2 Photo of the isolated compound BR-1
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Fig 1.1.3 HPLC Chromatogram of BR-1

The compound BR-1 was assigned the molecular fa@ Hz0O,5 by analysis

of ESIMS (+ve & -ve modes). BR-¢dhowed a quasi molecular ion peak at m/z
595.3274 [M+H] and 593.2058 [M-HJn the ESIMS. CHN analysis of BR-1 also
agrees with the assigned molecular formula: (Fouhd54.3%; H, 5.15%. &
H30045 requires: C, 54.55%; H, 5.05%). UV-Visible spentrof BR-1 exhibited

maximum absorption at 271 and 332 nm with a charatic flavonoid pattern
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indicates the presence of a flavonoid nucleus enrttolecule The IR spectrum
presents characteristic absorption bands at 3#05far OH group and 1654 ¢
for o,B-unsaturated carbonyl group and absorption at b&iBfor C=C group in

the molecule.

(I. i) NMR spectral studies of BR-1

The'H NMR spectrum (Table 1.1.1) taken in DMSg-eixhibited a characteristic
signal atd 13.52 corresponding to free phenolic group. Thematic protons
exhibited at 7.96 (2H, d, J = 9.2 Hz) for H-2' and H{frotons and ai 6.94 (2H,
d, J =8.6 Hz) for H-3and H-5protons. The other AX coupling systenb &.73
(1H, d, J = 2.0 Hz) and 6.84 (1H, d, J = 2.0 Hz) was assigned to H-6 argl H
protons respectively. Thedel NMR & values mostly corresponds with flavonoid
proton shifts. The spectrum also supported thegoee of two glucose moieties
with the anomeric proton signals&®b.15 (J = 7 Hz) and &t5.03 (J = 7 Hz). The
other proton signals of glucose moieties are atesgnt ab 3.18 (H-2"), 3.50 (H-
3"”), 3.38 (H-4"), 3.22 (H-5"), 3.60 & 3.80 (H-6), 3.25 (H-2""), 3.38 (H-3"),
4.60 (H-4"), 3.90 (H-5""), 3.40 & 3.80 (H-6"). This confirms the presence of
two glucose moieties in the molecule. TieNMR & values mostly corrosponds
with flavonoid aglycon proton shifts (see Appendi)- These data indicates that
the molecule is a hydroxy flavonoid diglycosider Rarther confirmations th&C

and 2D NMR studies are explained below.

The *C NMR (Table 1.1.1) spectrum gave 27 carbon signalish indicated the
presence of 15 carbon signals due to the flavoskéleton. The DEPT spectrum
indicates the presence of two €Ehlrbons, eight quaternary carbons and 17 CH
carbon atoms in the compoulisee Appendix-11l). On comparisonH and**C
NMR spectral data of the aglycone moiety matchels wigh those reported for

apigenin in the literatufé
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'H-'H COSY spectra showed cross peaks between B-296) and H-3'§ 6.94);
H-6 (0 6.73) and H-8  6.84) indicating that they are adjacent to eadierot
(Scheme 1.1.3). HMBC spectra showed the long racmeelations between
signals ab 161.45 (C-4’) and the protons &6.03 (H-1"),6 6.94 (H-5'& 3’) and

o 7.96 (H-2° & 6’) confirming that the glycosylatiomvas at C-4'. Further
correlations were showed between the signal H4.25 (C-5) and the anomeric
proton ats 5.15 (H-1"") and the proton at 6.73 (H-6) (Scheme 1.1.1 & Scheme
1.1.2). If the glycosylation is at C-7 OH, the @ation would have been obtained
between C-7 (156.52) with C-8 (6.84, H-8) and &8, H-6). This observation
confirms that the second glycosylation is at C#e Bther correlations in HMBC
spectrum are given in Table 1.1.1.

Table 1.1.1'H and **C-NMR spectral data of BR-1 in DMSO-d¢

Carbon position 8 1°c §H HMBC
1
2 162.53 H-3, 2', 6’
3 103.26 6.7 (1H, s)
4 182.17 H-3
5 164.25 H-6, 1"”
6 104.24 6.73 (1H,d, J=2 Hz)
7 156.52 H-6, 8
8 94.00 6.84 (1H, d, J =2 Hz)
9 159.41 H-8

10 106.00 H-3,6, 8



7-OH

1”

2”

3”

4”

5”

6”

1”1

2”1

3”1

4”1

5”1

6’17

121.90

128.68

115.08

161.45

115.02

128.68

101.26

80.99

77.29

73.85

70.91

60.87

101.26

78.97

75.81

72.71

69.55

60.37

13.52 (1H, s)

H-3,2, 3,5, 6
7.96 (1H, d, J = 9.2 Hz)
6.94 (1H, d, J = 8.6 Hz)

H-2’, 3,5, 6, 1"
6.94 (1H, d, J = 8.6 Hz)

7.96 (1H, d, J = 9.2 Hz

5.03 (1H, d, J = 7 Hz)
3.18 (1H, m)
3.50 (1H, m)
3.38 (1H, m)
3.22 (1H, m)

3.60 (1H, dbi= 10.2, 2 Hz)
3.80 (1H, dd, J = 11.8, 4.2 Hz)

5.15 (1H, d, J = 7 Hz)
3.25 (1H, m)
3.38 (1H, m)
4.60 (1H, m)
3.90 (1H, m)

3.40 (1H, dd, J = 102Hz)
3.80 (1H, dd, J = 11.8, 4.2 Hz)
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On acid hydrolysis, BR-1 yielded only D-glucose w@hiwas identified by
comparison with an authentic sample by TLC andocaptiotation §]*%: 51°
(H,O, c 0.5). Its absolute configuration was determhiby GC-MS analysis of
their TMSi derivative. D-glucose was identified b¥C-MS of the
pertrimethylsilylated methylglucoside. Furthermd#MBC spectrum disclosed
long range correlations between the anomeric preitdy (6 5.03, d, J = 7 Hzand
C-4’ (5 161.45)and also between H-1""5(5.15, d, J = 7 Hzand C-5 § 164.25)
which confirmed the situation df-glucopyranosyl moiety at C-4’ and C-5 of
apigenin. With the interpretation 8ff NMR, **C NMR & other 2D NMR spectra

(Table 1.1.1), all protons and carbons were asdigne

The above information suggests that BRs15-((2S,3S,4S,5S)-tetrahydro-3,4,5-
trinydroxy-6-(hydroxymethyl)-2H-pyran-2-yloxy) -244{((2S,3S,4S,5S)-
tetrahydro-3,4,5-trihydroxy-6-(hydroxymethyl)-2H+ay-2-yloxy)phenyl)-7-
hydroxy-4H-chromen-4-one named apigenin-4’,3-0-diglucoside. This
diglycoside is not previously reported from plardusces. The structure of
apigenin-4’,5-0OB-D-diglucoside is shown in Fig 1.1.4. All the spacbf BR-1 are
given in Appendix — .

Fig 1.1.4 Structure of apigenin-4’,5-Op-D-diglucoside(C,7;H3¢015)
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Scheme 1.1.3 H-H Correlation between H of aglyocone

(i) Mass spectral studies of BR-1

The mass spectral characterization of BR-1 wadechout by +ve and —ve ion

ESI-MSMS spectral analysis. The molecular ion iseslded at m/z value of 595
(M+H)" in +ve mode and m/z value of 593 (M-kf) —ve mode indicating that the
molecular wt is 594. A peak at m/z 577 [M+B®" indicates loss of water

molecule from the molecular ion, a pattern usueahhibited by flavonoids. The

pattern of degradation is represented in the scHeind. This is based on the ESI-
MS (positive & negative ion) degradation patternflafvoniods and flavonoid

glycosides published earlfér*>?

The prominent daughter ions formed in the MSMS speaf the compound BR-1
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gave major ions with the m/z values 355, 312, 24¥, and 282 apart from the
molecular ion. The possible mechanism of formatbthe fragment ions and the
structures of the ions are depicted in the schenie5 lbelow. These are
characteristic of flvonoid diglucoside and thus tbempound BR-1 can be

assigned the structuagpigenin-4’, 5-Of-D-diglucoside.

I)ET;

N

HO

Ss .:
e e e
~ ~Z
_/_\\\/ ~
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Scheme 1.1.4 MS degradation pattern of BR-1
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Scheme 1.1.5 MS degradation pattern of BR-1 and foration of

daughter ions

(L.iif) Mass spectral studies of Trimethysilylatedglucose
The compound BR-1 on hydrolysis with methanolic togthloric acid and
subsequent trimethyl silylation and MS analysisegavdegradation pattern with

ions of m/z values characterstic of methyl-2,3#8a-O-trimethylsilylg-D-



40

glucopyranoside (Mion 435). Other peaks at m/z 129, 147, 191, 208,88l 345
can be observed in the spectrum (Fig 1.1.9) estahblj that carbohydrate moiety
is B-D-glucopyranoside. This observation corresponds wiat of the published
data on the studies of trimethylsilylated monosadctes publishel .The pattern

of degradation is represented in the scheme (scheh®).

Scheme 1.1.6 MS degradation pattern of trimethylsflated glucose

(1) Antioxidant studies

The antioxidant activity of BR-1 was evaluated ibyvitro DPPH free radical
scavenging activity and FRAP assay. The resultsioét in the present study
demonstrate that BR-1 showed good antioxidant ptiggein DPPH &FRAP
assay. BR-1 showed a concentration dependent digataactivity by inhibiting
DPPH radical with an Efg value of 7.85 £ 0.32ug/mL, a better activity than
BHA (ECs: 16.30 + 0.2Qug/mL), which was used as the positive control (€abl
1.1.2, Fig 1.1.5). The lower the E{the higher the antioxidant level.
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Table 1.1.2 DPPH free radical scavenging activityfetd BHA and BR-1

BHA BR-1

Conc. % Inhibition  *ECso (ug/mL) Conc. % Inhibition *ECsq (ug/mL)
(wg/mL) Hg/mL)

5 15.65+£0.11 2 28+ 0.18

15 48.23 £ 0.18 4 b+ 0.23

25 71.65+0.14 16.30 £ 0.20 6 3851044 7.85%0.32

30 78.35+£0.23 8 A1+ 0.32

40 82.55+0.35 10 &+40.46

50 88.69 + 0.42 12 76.63.98

14 85.36 £ 0.61

®ECso = Concentration of antioxidant required to redbgés0% the initial conc. of DPPH
n =4, Mean + SD

‘—.—BHA —Q—BR-l‘

100

50

% inhibition

20 40

Conc.

60

Fig 1.1.5 Plot of DPPH free radical scavenging aeity of BHA and BR-1
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Similarly in FRAP assay BR-&xhibited good ferric reducing ability comparable
with ascorbic acid but lower than gallic acid (Taldl.1.3, Fig 1.1.6). Ascorbic
acid and gallic acid are used as reference stasdardntioxidant studies. EC
values of these antioxidants are in the order BRstorbic acid>gallic acid, the

higher the EGvalues, expressed amsol/L, the lower the antioxidant activfty

Table 1.1.3 FRAP assay of std antioxidants and BR-1

Gallic acid Ascorbic acid BR-1
EC, 183 +5 396 +7 410 + 8

(umol/L)

®EC, = Concentration of antioxidant having a ferricueithg ability equivalent to that of 1

mmol/L FeSQ.7H,0.

n =3, Mean = SD

B Gallic acid B Ascorbic acid O BR-1
600
396 410
400 ~
—
O
L
200 | 183
1
0 -
1 2 3

Fig 1.1.6 Plot of FRAP assay of gallic acid, ascarbacid and BR-1
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EXPERIMENTAL

(I) Extraction and Isolation of BR-1

1.2 kg of the dried and coarsely powdered planensatwas extracted with 80%
ag. methanol (10 L) in a Soxhlet extractor for 12 Ih was filtered and
concentrated under suction in a rotary flash ewapoto obtain about 400 g of the
crude green coloured extract. It was then fracteshavith petroleum ether (b.p.
60-80 °C) followed by ethyl acetate. The red codmliaqueous methanol extract
thus obtained was again fractionated with n-butaf@olL). The butanol was
removed from the extract under suction in a roflash evaporator to obtain 150 g
of the solid mass. It was subjected to column clatography on a column (100
cm x 4.5 cm) filled with silica gel (200-400 meslBefore filling up into the
column, silica gel was activated at 110° C for thta hot air oven. The column
was eluted with acetone and different combinatibnacetone and methanol.
Aliquotes of 20 mL fractions were collected in difént test tubes and monitored
by TLC (7.5 x 2.5 cm). Identical fractions were fexbtogether. The fraction
eluted with acetone-MeOH mixture (10:90), yieldedsimgle spot in TLC
(acetone-CHGHH,0O-MeOH-2-propanol, 5:0.6:2.5:2:1; B.34). The fractions 33-
61 (580 mL) were combined, concentrated in rotighf evaporator and subjected
to preparative TLC on pre coated silica gel 68,Fplates using the above
mentioned solvent system to afford yellow coloucedhpoundBR-1. It was then
recrystallized from MeOH-water 1:1 (v/v) to obtapure yellow amorphous
compound BR-1 (110 mg).

(1) High Performance Liquid Chromatography

BR-1 was dissolved in 1:1 DMSO-MeOH solvent systamd 20 puL of BR-1 was
injected into the HPLC system. Reversed phase @Rfire C18 column (100 x
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4.6 mm, S5um)was kept at 40 °Gn a column oven. The compound was eluted
with the isocratic mobile phase 45:55 MeOBCHV/V). The flow rate was set at 1
mL min™®. The diode array detector was set at a wavelenig®32 nm. BR-1 was
eluted at RT of 7.12 min.

(1ll) BR-1 - Apigenin-4’,5-O-p-D-diglucoside

Yellow amorphous powder, melting at 232 with charring. §]*%: 82° (DMSO,

€ 0.01). UVAmax nM: 271, 332 in DMSO; IR (KBiJmay cmi’: 3405, 2925, 2854,
1654, 1618, 1457, 1189, 1093, 923; ESIASe mode): m/z 593 [M-H] ESIMS

(+ ve mode): m/z 595 [M+H] The'H and**C NMR spectral data are given in
Table 1.1.1. BR-1 was subjected to the acid hydislpy refluxing 25 mg of it
with 5 mL of 2 N HCI for 3 h. It was then analyzieg pre-coated silica gel TLC in
CH,CI,-CH;0H-CH;COOH-H,0O (5:5:2.5:1) solvent system. After spraying the
developed plate with 10% ethanolic30, and heating at 110 °C in the hot air
oven for 5 min, only a dark spot correspondingltecgse at R0.87 fig 1.1.7)was

obtained.

Fig 1.1.7 Track 1: Unhydrolyzed BR-1; Track 2: BR-1lhydrolyzed;
Track 3: Std glucose
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(IV) Configuration of the glucose

Glucose was extracted from the hydrolysate by ssiljel TLC in the above
described solvent system. It was dissolved in pyeicind analyzed as their TMSI
methylglucoside obtained after methanolysis (0.516l in MeOH for 24 h, 70
°C) and trimethylsilylatiofr. The configuration of the glucose was established
capillary GC and GC-M%,

(V) Methanolysis, trimethylsilylation and GC MS analyss

The dried sugar (10 mg) was dissolved in 0.5 mlmethanolic 0.5 N HCI. N

was bubbled through the solution for 30 s. Aftethmeaolysis for 24 h at 70 °C,
the acid solution was neutralized by the additibsilver carbonate. This mixture
was kept at room temperature for 24 h. The prempitvas centrifuged and the
supernatant collected. The residue was washed twitte 0.5 mL of methanol.

The pooled supernatants were evaporated undereéduessure at 35 °C. The
residue was dried for 12 h in a desiccator. Finalthe sample was
trimethylsilylated with 0.1 mL of silylating age(pyridine - hexamethyldisilazane

- trimethylchlorosilane, 5:1:1, by vol) for 30 ma room temperature.

GC-MS analysis was performed by the splitless tigecof 1 uL of the sample on
a Perkin Elmer gas chromatograph fitted with crbesded 5% diphenyl-95%
dimethyl polysiloxane Elite-5 capillary column (3@ x 0.25 mm x 0.25um
coating thickness), coupled with a mass detect@-M& operating conditions are
as follows: injector temperature 200 °C, transiee P20 °C, detector temperature
220 °C. The oven temperature was kept at 175 °@iecayas: helium at a flow
rate of 1 mL mift, mass spectra: electron impact at 70 eV, ion sotemperature:
250 °C. The components were identified by NIST loizsa matching (Fig 1.1.8 &
1.1.9).
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(V1) Antioxidant studies — DPPH free radical scaveging activity

Stock solutions containing 2E/mL of BR-1 and 5Qug/mL of BHA was prepared
in methanol. A stock solution of DPPH (1.3 mg/mLthanol) was prepared such
that 75uL of it in 3 mL methanol gave an initial absorbarafe0.9. Antioxidant
activity was measured by a decrease in the absoeban516 nm of methanolic
solution of coloured DPPH brought about by the coumul BR-£"?%?° Decrease
in the absorbance &R-1 at different concentrations was noted aftemld. EGy

was calculated from % inhibition. BHA was used/ss positive control.

(VII) Antioxidant studies — FRAP assay

The antioxidant capacity of the BR-1 was estimatsitig standard protocdf*?
with some modifications. Briefly 90(GL of FRAP reagent, prepared freshly and
warmed at 37 °C was mixed with 9Q of distilled water and 3QL of the BR-1.
The final dilution of the test sample in the reastmixture was 1/34. The FRAP
reagent contained 2.5 mL of 10 mmol/L of TPTZ solutin 40 mmol/L HCI, 2.5
mL of 20 mmol/L Fed.6H,O and 25 mL of 300 mmol/L acetate buffer (3.1 g of
CH;COONa in 1 L of distilled water) having pH 3.6. Tldsorbance was
measured at 4 min at 595 nm using a UV-vis spebttmpneter. Aqueous solution
of known Fe (Il) concentrations in the range of -R0®0 umol/L (FeSQ.7H,0)
was used for calibration. The parameter equivabemicentration 1 or ECwas
defined as the concentration of antioxidant haanigrric-TPTZ reducing ability
equivalent to that of 1 mmol/L FeQ@H,O. EG was calculated as the
concentration of the antioxidant giving an absodeaimcrease in the FRAP assay
equivalent to theoretical absorbance value of arolt. concentration of Fe (llI)
solution. Water is used as reagent blank and gaticcascorbic acids were used as

positive controls.
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CONCLUSIONS

During the process of metabolism the unwanted nutdscare produced as the by-
product of the aerobic process within mitochonduidyich are known as free
radicals; they are highly reactive in nature. Thewtain unpaired electron and
have short life. Free radical damages the membaawkethere by changes the
receptors alignment and ion channels. They alsaclatthe sulphur containing
enzymes resulting in their inactivation, crossHlingk and denaturation. Nucleic
acids are also affected by free radicals. Ultimagsult is the destruction of
endothelial cells of blood vessels, macrophage siova suppressed immune
response, inflammatory response, destruction of ltissue, hasting of ageing
process and also impotency and infertility. Frestaals are involved in more than
50 diseases. Day to day researches is adding nionber of diseases to this list.
Alzheimer’'s disease, coronary heart diseases, canteumatoid arthritis,

malignancy, immune deficiencies etc are examplesioh diseases.

Antioxidants are scavengers of free radicals, wipattects the organism against
free radicals. Antioxidants play very importanteroh protecting the body from

the harmful effects of free radicals. Many meditipkants are potent sources of
antioxidants. Several plant extracts and differdasses of phytochemicals have
been shown to have antioxidant activities. Incrédastakes of dietary antioxidants
may help to maintain an adequate antioxidant statughe living organism.

Increased intakes of fruits and vegetables have belated to a reduction of the
risk of cardiovascular disease and certain typesapicer. Dietary antioxidants
other than vitamins such as flavonoids have beenvshto be a major dietary

factor responsible for such protective effects.

In the present study, apigenin-4’,58zD-diglucoside, a novel flavonoid

diglycoside has been isolated from the whole ptdrBiophytum reinwardtii This
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compound has been screened for the antioxidantitgcttiz. DPPH free radical
scavenging activity and FRAP assay. From theseassays, it has been found
that apigenin-4’,5-(B-D-diglucoside exhibits good antioxidant properti@he
plants containing such radical scavengers are kedwn for their therapeutic
activity. The above results suggest that, this coump due to its good antioxidant

properties may have good potential to act as antter agent.
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SECTION - 1.2

EVALUATION OF ANTICANCER ACIVITY OF APIGENIN-

4’ 5-O-4-D-DIGLUCOSIDE BY MTT ASSAY

INTRODUCTION

Cancer is a dreadful disease, which features uraltatile cellular growth, local

tissue invasion and metastasis and cause sevetilsdper year. In the case of
modern therapy, there are serious side effectsh@motherapy, surgical and
radiation treatment protocols. Hence current phaatagical research is focused
on Indian traditional system of medicine, whichnetural and safe without any
side effects. Use of herbs has been authorized adternative form of medicine
with less toxicity and safe for patients. The plejemicals such as alkaloids,

flavonoids and others play a major role in fightiagt cancer celf&

The present study was designed to evaluate cytotpxaf apigenin-4’,5-OB-D-
diglucoside BR-1) in two cancer cell lines viz., HeLa, human ceaVicancer cell
lines and HT 29, human colon cancer cell linesfdbgnt concentrations &R-1
such as 6.25, 12.5, 25, 50 and 100 pug/mL wereddstecytotoxicity by MTT
assay. DMSO was used as the control. Based on ewopis research findings
that BR-1 possesses good antioxidant activity, the study exésnded to test the

anticancer potential of this compound.
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MATERIALS AND METHODS

(I) Apigenin-4’,5-O-p-D-diglucoside (BR-1)

BR-1 isolated fromBiophytum reinwardtias described in section 1.1 was used for
this anticancer study. The different concentratiohsBR-1 were prepared in
DMSO.

(1) Cell lines & cultures used

The two cancer cell lines viz., HeLa, human ceivaamcer cell lines and HT 29,
human colon cancer cell lines were purchased fromioNal Centre for Cell
Sciences (NCCS), Pune, India. The cells were mamdain Dulbecco’s Modified
Eagles Media (Hi Media) supplemented with 10% HoBtvine Serum (FBS-
Invitrogen) and grown to confluency at 37 °C in 52®, in a humidified
atmosphere in a COincubator (NBS, EPPENDORF, GERMANYThe cells
were trypsinized [500 pL of 0.025% Trypsin in PEBS% mmol EDTA solution
(Hi Media)] for 2 minutes and passaged to T flasksomplete aseptic conditions.
Extracts were added to grown cells at a final catre¢gion of 6.25, 12.5, 25, 50
and 100 pg/mL from a stock of 20 mg/mL and incubbater 24 hours. The
untreated cell lines (DMSO) were used as the cbnifbe % difference in
viability was determined by standard MTT assayra#é hours of incubation.
MTT and DMSO were purchased from S.D. Fine Chersjddumbai.



57

RESULTS & DISCUSSION

The present study suggests significant toxicitamfenin-4’,5-OB-D-diglucoside
(BR-1) against HelLa cancer cell lines and moderate tiyxagainst HT 29 cell
lines. MTT, a pale yellow substrate that producedaek blue formazan product
when incubated with live cells. From MTT assaygeaftreatment with various
concentrations oBR-1, cell viability and percentage toxicity were comgzhwith
untreated cells (DMSO).

Cell counting and cell viability tests confirmedtiaancer activity in both cell
lines. The decrease in cell viability and increasecytotoxicity by BR-1 was
observed on HelLa and HT 29 cell lines in a doseedéent manner. The
photographs of anticancer activity BR-1 at various concentrations against HeLa
and HT 29 cell lines are given in Fig 1.2.1 and Eig.2.

Concentration required for a 50% inhibition of \vlap (ICs,) was determined
graphically (Fig 1.2.3). Graphs were plotted uskgof cell viability against the
conc. of the sampleBR-1 exhibited cytotoxicity towards HelLa and HT 29 cell
lines with 1G, values of 24.77 pug/mL and 106.76 pg/mL respectiv@lable
1.2.1).

In the present studyBR-1 is found to be effective against both cervical anbbn
cancer cell lines. This is in support with its gattioxidant propertie8R-1 did
not show cytotoxic effect towards normal cell lind=urther antiproliferative
activity of total flavonoids and alkaloids isolatdcbm different plants were
reported earliéf. The association between flavonoids and reducadecaisk has
been reported which showed that a decrease in rcaiskewith consumption of

vegetables and fruits rich in flavonofds
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A B

C D
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Fig 1.2.1 Cytotoxicity of BR-1 on HeLacell lines at different concs.
A) 6.25 pg/mL, B) 12.5 pg/mL, C) 25 pg/mL, D) 50 dgL, E) 100 pg/mL and F)
Control
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E F

Fig 1.2.2 Cytotoxicity of BR-1 on HT 2%cell lines at different concs.
A) 6.25 pug/mL, B) 12.5 pg/mL, C) 25 pg/mL, D) 50 pgiL, E) 100 pg/mL and F)
Control
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The aglycone, apigenin, a common dietary flavorabdndantly present in fruits

and vegetables is reported to have promising bicdb@ffects such as prevention
and therapy of prostate cancer, suppression of utgenesis and angiogenesis in
melanom&’ and breast, skin and colon carcinoMal has been shown to exhibit
antitumoural effects in leukemia cells by inductmfimapoptosis through activation
of caspases, inhibition of fatty acid synthase pdisomerase and modulation of

Bax and Bcl-2 expressidhand reported to have antileukemic effétts
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Fig 1.2.3 MTT assay for cytotoxicity and cell viality
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Table 1.2.1 MTT assay for cytotoxicity and cell vihility

Sample Conc. HeLa Cell lines HT 29 Cell lines
(ng/mL) Ao % cell 4Cs0 Ao % cell 4Cs
viability  (ng/mL) vidiiy (ng/mL)
Control 0.9995 0.7012
6.25 0.8907 89.11456 0.5806 82.80091
12.5 0.7615 76.18809 0.5272 75.1854
25 0.4864 48.66433 24.77 0.4321 61.62293 106.76
50 0.2988 29.89495 0.4081 58.20023
100 0.102 10.2051 0.3922 55.93269

4Cso = Concentration of the sample required for 50%ikitlon of cell
viability

EXPERIMENTAL

() In vitro assay for cytotoxicity (MTT assay) using BR-1

The anticancer activity oBR-1 was determined by MTT ass&y* MTT is a

colorimetric assay that measures the reductioretbdw 3-(4,5-dimethylthiazol-2-
y)-2,5-diphenyl tetrazolium bromide (MTT) by mitoondrial succinate
dehydrogenase. The MTT enters the cells and passethe mitochondria where

it is reduced to an insoluble dark purple coloui@thazan product. The cells are
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then solubilised with an organic solvent DMSO ahé teleased, solubilised
formazan product was measured at 540 nm. Sinceethestion of MTT can only
occur in metabolically active cells the level ofiaity is a measure of the viability

of the cells.

MTT was dissolved in phosphate buffered saline (P&S5 mg/mL. The cells
(1x105/well) were plated in 1 mL of medium/well 24- well plates. After 48
hours incubation, the cell reached the confluefben the cells were incubated in
the presence of various concentration8Bf1 in DMSO for 24 h at 37 °C. After
removal of the sample solution and washing with B8 uL/well (pH 7.4), stock
MTT solution (10 pL per 100 pL medium) was addedltovells of an assay and
plates were incubated at 37 °C for 4 h. After MA,T was removed by washing
with PBS and 200 pL of DMSO was added to the celtimcubation was done at
room temperature for 30 minutes until the cell f§ted and the colour was
obtained. The solution was transferred to centdaftigoes and centrifuged at top
speed for 2 minutes to precipitate cell debris.i€@ptdensity was read at 540 nm
using DMSO as blank in a micro plate reader (ELISASI, ERBA).

The concentrations of tH&R-1 showing complete cytotoxic effect were recorded.
Viable cells were determined by the absorbance4@trim. Measurements were
performed and concentration required for 50% irttahi of viability (1Cso) was
determined graphically. The minimum concentratioon rntoxic in Vero but
completely inhibiting the cancer cells (HeLa or D) is considered as the
effective drug concentration. The effect of the gka® on the proliferation of the
cell lines HeLa and HT 29 were expressed as theebbovability using the

following formula:

% cell viability = Absorbance at 540 £4) of treated cells x 100

As400f control cells
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CONCLUSIONS

Apigenin-4’,5-O$-D-diglucoside possesses good anticancer actinityne with
its antioxidant activity. It is very effective agat HeLa and moderately cytotoxic
to HT 29 cancer cell lines. Hencapigenin-4’,5-OB-D-diglucoside has the
potential to be developed as a drug for cervicateatreatment. Further detailed
in vivo studies are required before the use of apigenBx@4-D-diglucoside as

an anti cancer drug.
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CHAPTER -2

ISOLATION, IDENTIFICATION, QUANTIFICATION &
ANTIOXIDANT STUDIES OF MANGIFERIN FROM THE

ROOTS OF SALACIA FRUTICOSA HEYNE EX LAWS.

INTRODUCTION

Salaciabelongs to the Hippocrateaceae (Celastraceae)yfasma large genus of
about 200 species distributed in Tropical Amerid&ica and Asia. About 21
species are reported in Inliahis genus consisting mainly of climbing or
creeping shrubs or rarely small tress known to contain anthocyanidines,
catechins, phenolic acids, quinones, friedooleasiag@inonemethide and related
triterpenoids (celastroloids), mangiferin, guttaghe and dulcitol. Salacia
fruticosaHeyne ex Laws. is a climbing shrub, endemic toWestern Ghats (in
semi evergreen to evergreen forests, up to 1308neh)ts distribution is restricted
to the states of Maharashtra, Goa, Karnataka, Thiaiu and Kerala of Indian
sub continent. Its vernacular names are Vairi/Ritikin  Sanskrit;
Ekanayakam/Korandi/Ponkorandi in Malayalam and Boskti in Tamil. The

root of Pitika is an important ingredient of Ayudie formulations like
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Paranthyadi Taila Nisakatakadi Kashaya Neerooryadigudika Valiya
MarmagudikaNarayanaGula, AmrithadiChoornaetc.

The roots ofS. fruticosaare acrid, bitter, thermogenic, urinary, astririgen
anodyne, anti-inflammatory, depurative, emmenagpgubnerary, livertonic and
stomachic. They are useful in vitiated conditiohvata, diabetes, haemorrhoids,
inflammations, leucorrhoea, leprosy, skin diseaaegnorrhoea, dysmenorrhoea,
wounds, ulcers, hyperhidrosis, heptopathy, dyspepfiatulence, colic and

spermatorrho€a

Salacia reticulatawight, also known as Pitika in Sanskrit is a redutemedy for
diabetes in Ayurvedic practice. Its distributiorréstricted to India and Sri Lanka.
Due to the acute scarcity of this species, othecisg belonging to the same genus
are being used in its placB. reticulataroots are useful in vitiated conditions of
vata, diabetes, haemorrhoids, inflammations, laho®a, leprosy, skin diseases,

amenorrhoea, wounds, ulcers, colic and spermateatho

In traditional medicine of Sri Lanka, an aqueousraot of S reticulata root is
used in the treatment of diabetes. Its oral hypmagynic activity also has been
demonstrated in experimental FatSalacinol is one of the active principles in the
agueous extract ob reticulata which are traditionally used in India and Sri
Lanka for the treatment of Type Il diabetes. Maagif has been reported from the
root bark ofS. reticulatd. Aldose reductase and alpha glucosidase inhibitors
salacinol and kotalanol were isolated from the sawtS. reticulata These are the

antidiabetic principles found in the aqueous extedS. reticulata’®.

Roots and stems @&. oblongaare being used in the treatment of diabetes in the
Ayurvedic system of Indian traditional medicindt also possess anti obese

properties. The ethyl acetate extracts of leavek sdems ofS. beddomewere
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reported to possess antibacterial activitfntidiabetic activity of roots ofS.
macrospermahas been report&d Furthermore, several plants from tBalacia
genus (egS prinoides S fruticosaandS reticulatgd) have been used for many

years in the Ayurvedic system to treat diabeticditbons’.

There is a considerable interest in the antioxidamd free radical scavenging
properties of medicinal plants and compounds iedl&tom therft. For example
polyphenols are a broad family of naturally ocaugriphysiologically active
compounds. Xanthones are closely related to thgppehols. They have a
remarkable effect on cardiovascular system, aréiatic, antiviral and anti-
inflammatory. They include some of the most poweriatural antioxidants. It is
desirable to search for natural products that @anded to prevent the free radical
initiation or the progression of a number of dissad-ree radical damages can be
considered as one of the major causative factoolwed in many diseases,

including inflammation and dementfa

It is well established that antioxidants preventiiy to blood vessel membranes,
thereby optimizing blood flow to the heart and braihey defend against cancer-
causing DNA damages and thus help lowering the afskancer, cardiovascular
and various mental illnesses including AlzheimediseaseS. The reactive
oxygen species such as @nd OH play a prominent role in the stimulation,
propagation and maintenance of both acute and chiffemmatory processes as
well as pain causing tissue damages. These adeffsets due to pain and
excessive inflammation has been shown to be redbgethe use of suitable
antioxidants either by preventing the formation amdygen free radicals or by
scavenging them before they react with sites sgalnagaturated lipids in the cell

membrang"*®
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(I) Morphological description of S. fruticosa

S. fruticosais a Climbing shrub with rough branchlets. Leaves arelate to
elliptic- lanceolate (5-12 x 2.5-5 cm), apex acltase cuneate, chartaceous and
margin serrate. Flowers are pale yellow, many re8cence; cymes branched and
1.5 cm long. Calyx lobes deltoid and minutely ¢diaPetals orbicular, 2 mm
across margin, white Stamens, 3 filaments recuresdyy rounded, partially
immersed in the disc, 3- loculed; stigma capit&lit, a berry, globose or sub
globose and smooth (2.5 x 2 cm). Seeds are an@utax 1 cm).

(1) Abstract of the present work

In the present work, mangiferin (Fig 2.1), B23-glucopyranosyl-1,3,6,7-
tetrahydroxy-®$-xanthen-9-one, a xanthone glycoside has bee &bfat the first
time from the roots of. fruticosa Mangiferin is present in large amounts in the
roots and obtained directly from the aq. Methanebltract. HPLC and HPTLC
methods were developed for the quantification ohgif@rin in the 80% aqueous
methanol extract o8. fruticosaroots. The antioxidant activity of 80% aqueous

methanol extract of the root was also studieihbyitro DPPH method.

REVIEW OF LITERATURE

Only very limited phytochemical studies have beeported so far irSalacia
fruticosaHeyne ex Laws. From the root barkSffruticosg3-sitosterol,a-amyrin,
friedelan-3-one (friedelin), friedel-1-ene-3-one,rieflelan-3-one-29-al and
friedelan-3-one-29-ol have been repotfedSome literature reviews of other

species oBalaciaare given below.
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Salacinol, a potent antidiabetic principle with gqure thiosugar sulfonium sulfate
structure has been isolated fr@nreticulatd. Two quinonemethide triterpenoids
(celastroloids), isoiguesterinol and 30-hydroxygmerin, along with salacenonal,
several known celastroloids and friedo-oleananterpenoids has been isolated
from the outer root bark @&. reticulata’. An alpha glucosidase inhibitor kotalanol
has been isolated fror8. reticulata which has an action similar to that of
acarbosg Three active components salacinol, kotalanolraadgiferin have been
isolated from the extracts @& oblongaand S reticulatd. Mangiferin, gutta-
percha, sitosterol, pristimerin, epikokoondiol,as@nonal and salaciquinohas
been isolated from the root bark 8f reticulata and iguesterin, pristimerin and

epi-kokoondiol from its stem batk"%

Friedelane-type triterpenes, salasones D and Hriedelane-type triterpene,
salaquinone B and a polyacylated eudesmane- t\gupigerpene, salasol B have

been isolated from the stems@ifchinensisinn?..

Four stilbenes- Lehmbachols A-D have been isoldtedn the bark ofS.

lehmbachiicollected in Papua New Guirféa

Triterpene, B, 15o-dihydroxy-friedelan-3-one has been isolated frdm stem
bark of S. beddomé&i. Two lupane triterpenoids, 20,29-epoxysalacian@®e29-
epoxylupane-3, 21-dione) an@-6ydroxysalacianone fBhydroxylup-20(29)-ene-
3, 21-dione] have been isolated from the hexaneetimgl acetate extracts of the
stem bark ofS. beddomeitogether with the known compounds, 328-
dihydroxylup-20 (29)-ene (betulin) and,23p-dihydroxylup-20(29)-erfé. The
lupine  compounds namely lup-20 (29)-en-3-one, &ied-3-one,
15ahydroxyfriedelan-3-ondj -sitosterol, 1&-hydroxyfriedelane-1, 3-dione and

pristimerin, salacianone and salacianol have beaated from the stem bark 8f
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beddomér. The ethyl acetate extracts of the leaves andssh$. beddomei

shows excellent antibacterial activity

The norfriedelene-1,3-dione has been isolated fiteerroot bark of5. oblong#&’.
The water-solubleportion of the methanolic extract &. oblongainhibits a-
glucosidase and two of the active ingredients—sathcand kotalanol—have
been isolated from that fractidn S. oblongaimproves cardiac fibrosis and
inhibits postprandial hyperglycemia in obese Zuckats®. S. oblongaroot

improves cardiac lipid metabolism in Zucker diabé#itty rats™.

Since the planS. fruticosais endemic to this region of Western Ghat and no
phytochemical investigation has been carried ouve lundertaken this

phytochemical study.

MATERIALS AND METHODS

(1) Plant material

The roots ofS. fruticosawere collected from Koorachundu, 40 Km from
Kozhikode, Kerala, India in May 2007 and were anotlvated by Dr. P. S.
Udayan, Professor, Dept of Botany, Sri Krishna &y, Guruvayoor. A voucher
specimen was deposited at the herbarium of theddsity of Calicut for future
references. The roots were washed with tap waterg ¢h the shade and coarsely

powdered.

(I) Reagents and instrumentation

Solvents used were of analytical/ HPLC grade (Erdle DPPH was purchased

from Sigma Aldrich. BHA was purchased from E. MerEkecoated silica gel 60
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Fos4 plates (E. Merck) of uniform thickness 0.2 mm wersed for HPTLC
analysis. The Shimadzu UV-1700 model with a dodil#dgam spectrophotometer
was used for UV (both absorbance and spectrum)ysisallR spectrum was
recorded in Shimadzu FTIR-8400S spectrophotometsingu 8000 DRS
reflectance attachment. Integration was done usirgelka Munk conversiortH
and**C NMR spectra were recorded in Supercon, Bruckerr@ny) at 200 and
50 MHz respectively using TMS as internal standak&CI-MS and ESIMS
spectra were recorded in LCMS-2010A Shimadzu spewuter.

(111) HPLC instrument

The Shimadzu (Japan) HPLC system consisted of LAF1IVYP pump, SPD
M10A VP photodiode array detector, SCL-10A systeomtmller, CLASS-VP
6.12 SP5 integration software and a Rheodyne ma@d2b i syringe-loading
sample injector fitted with a 2QL injection loop, was used for the analysis.
Baseline resolution of mangiferin was obtained@t2 °C using a Phenomenex
Luna Gg column (250 x 4.6 mm i.d; pm) and Phenomenex guard column (4 x 2
mm i.d; 5um). HPLC method was validated by performing thesgesty, linearity

and recovery studies.

(IV) HPTLC instrument

A Camag HPTLC system (Switzerland) equipped withsaanple applicator
Linomat V, twin trough linear developing chambeLCTscanner Ill attached with
integration software CATS 4.06 and precoated sijeb60 Fs4 plates (E. Merck)
were used. The mobile phase used was ethyl aaettteanol-water (20:2:1 v/v).
The stationary phase, mobile phase, scanning wayleand mode of detection
(by densitometry) for the chromatographic methods waptimized. HPTLC

method was validated by performing the sensitiihearity and recovery studies.
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RESULTS & DISCUSSION

(I) Structural elucidation of SF-1

The isolated compound (SF-1) from 80% aqueous methaxtract fromsS.
fruticosaroot gave green colour with 10% MeOH/Fg@hd deep red colour with
Fast Blue Salt (FBS) reagents. The intensity abyefluorescence on exposure to
UV 365 nm increase after spraying with 10% EtOH/K@hgent and also on
exposing it to NH vapours. These observations are characteristict/pital

flavonoid compound/compounds.

(II) Spectral data

The spectral data of SF-1 are as follows:

UV A (NM): 263 (band-11), 322, 373 (band-I) in DMSO:92825, 360, 406 in
(DMSO + NaOMe): 270, 332, 393 in (DMSO + AL1264, 322, 370 in (DMSO

+ AICI; + HCI): 273, 333, 396 in (DMSO + NaOAc): IR (KBW) cri*: 3369,
3184, 2940, 1652, 1622, 1259; APCIMS (+ ve modéy 423 [M+H], 405, 303,
279, 193; APCIMS (-ve mode): 421 [M-H]331, 301, 191; ESIM& ve mode):
m/z 421 [M-H]. The'H and**C NMR spectral data of SF-1 are given in Table

2.1.All the spectra of SF-1 are given in Appendix IV.
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Table 2.1'H and **C NMR spectral data of SF-1

Carbon No. C NMR (5 in ppm) "H NMR [ in ppm,
multiplet, J (Hz)]
1 161.65 -
2 108.41 -
3 163.59 -
4 93.91 6.35, s
4a 156.65 -
5 102.65 6.82, s
153.86 -
143.58 -
8 106.98 7.43,s
8a 112.17 -
9 179.42 -
9a 101.77 -
10a 151.13 -
¥ 80.97 4.80, d, 9.6
2 73.63 4.33,1,9.0
3 71.17 4.01, m
4 70.35 3.78, m
5 78.84 3.73, m
6’ 61.38 °3.64,dd, 11.2,2.9
°3.58, dd, 11.2, 5.4
1 (OH) - 13.78, s
3,6,7 (0OH) - 9.94, broad s
2,3,4,6 - 3.32, s

(OH)
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UV-Visible spectrum of SF-1 exhibited maximum alptmnm at 263, 322 and 373
nm indicating it to be a xanthone. In the UV spawty recorded with the shift
reagent AIC], bathochromic shifts in all absorption bands webyserved from 263

to 270, 322 to 332 and 373 to 393 nm and the laftérese shifts is characteristic
for the presence of chelating hydroxyls at the tmmss C-1 or C-8 of the

molecule. Additionally, a bathochromic shift appehin the UV absorption band
from 322 to 333 nm, when recorded the UV spectrsingisodium acetate as
shift reagent, which is characteristic for the pre of moderately acidic
hydroxyl groups at positions C-3 or C-6. The UV &pem, recorded in sodium
acetate showed a pronounced bathochromic shifthef longest wavelength

maximum ¢ = 373 to 396 nm), indicating a free 3-OH in the ¥ame molecule.

The IR spectrum exhibits characteristic absorptiamds at 3369 cfor OH
group, 1652 fon, p-unsaturated carbonyl group and 1622'dor C=C group.

The compound SF-1 showed a quasi molecular ion aeakz 423 [M+H] in the
APCIMS (+ve mode), m/z 42ih the APCIMS and ESIMS (-ve mode) which

suggested an elemental composition gHO, ;.

The'H NMR of SF-1 revealed the presence of three daiehfaromatic singlet
signals at 6.35 (1H, H-4), 6.82 (1H, H-5) and 7.43 (1H, H-Burthermore, the
characteristic chemical shifts of the sugar movetye observed at4.80 (1H, d, J
= 9.6 Hz, H-1), 4.33 (1H, t, J = 9.0 Hz, H-2"),04. (1H, m, H-3'), 3.78 (1H, m,
H-4"), 3.73 (1H, m, H-5’), 3.64 (1H, dd, J = 1129, H-6’a) and 3.58 (1H, dd, J =
11.2, 5.4, H-6'b).

13C NMR revealed 19 carbon atoms in the molecule.adigcone had 13 carbons,
including 10 quaternary aromatic carbons d461.65 (C-1), 108.41 (C-2), 163.59
(C-3), 156.65 (C-4a), 153.86 (C-6), 143.58 (C-72.17 (C-8a), 179.42 (C-9),
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101.77 (C-9a) and 151.13 (C-10a) and 3 methinés @8.91 (C-4), 102.65 (C-5)
and 106.98 (C-8).

The anomeric carbon at 80.97 (C-1"), suggested the C-glycoside moiety. In
addition the other shifts of the sugar carbons amgaka® 73.63 (C-2"), 71.17 (C-
3’), 70.35 (C-4’), 78.84 (C-5’) and 61.38 (C-6')h& location of the OH at C-1
was based on the downfield singlet protord d413.78, hydrogen bonded with the
carbonyl. The location of the protons at C-4, Crlel £-8 was based on their
singlet form in'"H NMR. From the values of'H and**C NMR spectra, which are

suggestive of a xanthone molecule with a C-glydodidk.

From the above mentioned spectroscopic data, thmpaond SF-1 was identified
asMangiferin . The'H and™C NMR spectra of the isolated mangiferin agree well
with those reported in the literatufed*2 The structure of Mangiferin is as
follows (Fig 2.1).

H H 4 10 5

Fig 2.1 Structure of Mangiferin (CgH1g011)

(111) Quantification of Mangiferin — by HPLC & HPTL C techniques

The standard calibration curve of Mangiferin wastield using standard solutions
at concentrations of 5, 10, 20, 30, 40, 50, 60,180, and 200 pg/mL. The extract

was injected in HPLC system and run the system witivile phase acetonitrile-
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H,O containing 0.1% ortho phosphoric acid (25:75 wét)a flow rate of 0.8
mL/min and the detection was done at 261 nm. Usireg response from the
system, mangiferin was quantified. The amount ohgifarin present in the dried
root of S. fruticosawas found to be 5.80% w/w. The HPLC chromatograrthef

std Mangiferin and the extract are given below ER & 2.3).

<40 Detestar 4261 im
—— Mangitferin
Mangi repest 1

521

400

350

300

250

mAl

200

150

o0

Fig 2.2 HPLC chromatogram of standard mangiferin
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Fig 2.3 HPLC chromatogram ofS. fruticosaextract

Similarly mangiferin was also quantified by usin@ FLC method. The amount of
mangiferin present in the dried roots was found&06.34% w/w. The view of

developed TLC plates (Vis light, UV 254 nm & UV 36&) showing mangiferin

is given in Fig 2.4. The chromatogram of the staddand the extract are given
below (Fig 2.5 & 2.6)

The quantification of Mangiferin has been reportedvpusly from two of the
species oBalacianamelySalacia oblongandSalacia roxburghiiand are.174%
and 0.319% respectivefy

From the literatures, it was found that the highastount of mangiferin was
reported from the bark dflindi sinnaravariety of Mangifera indica(11.80%j*
Now to the best of my knowledge the mangiferin eaftin the roots ofS.

fruticosaseems to be the second highest.
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Fig 2.4.1 View of Tlglate in Visible light

Fig 2.4.2 View of Tlflate in UV 365 nm

Fig 2.4.3 View of TLC plate in UV 254 n

Fig 2.4 TLC plates showing mangiferin spots
Track 1 & 2 extract,

Track 3-6 Mangiferin
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Fig 2.5 HPTLC chromatogram of Mangiferin

Track 2,10: Salacia fruticosa extract
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Fig 2.6 HPTLC chromatogram ofS. fruticosaextract
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All tracks @ 261 nm
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Fig 2.7 Densitometric plot of the extract and stdmangiferin

Spectra comparison
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Fig 2.8 Spectral comparison of Mangiferin peak in@mple and standard
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(IV) Antioxidant studies

The antioxidant activity of 80% aqueous methanelitract of the roots 08.
fruticosawas evaluated by vitro DPPH radical scavenging activity. The results
obtained in the present study demonstrate thatanetic extract of the roots &.

fruticosahas good antioxidant properties.

The root extract ofS. fruticosashowed promising antioxidant properties with
DPPH assay. The methanol extract showed a contentidependent antiradical
activity by inhibiting DPPH radical, with an Egvalue of 6.9ug/mL. The
methanol extract of the roots & fruticosashowed a better activity than BHA
(EGCso= 16.5ug/mL), which was used as the positive control. (€&h2, Fig 2.9).

% Inhibition of DPPH radical = Ab&tract absen‘t‘AbSextract present X 100

Ab%xtract absent

The present study which attributes higher freecaldscavenging activity for the
roots ofS. fruticosaand it could be directly correlated with the higlenount of
mangiferin present in it, which has already beamshto have strong antioxidant
activity. EGoof mangiferin was reported to be of 5.80 O;.@,ﬁmL35.

The role of free radical oxidative stress in vasi@isease conditions has been well
established. Superoxide radical, hydroxyl radigaroxy radical and singlet
oxygen are some of the important reactive spedias tause damage to the
biological systerif. Certain plants exhibit efficient antioxidant pesties due to
their phenolic constituents. The plant drugs caorihal radical scavengers are well
known for their therapeutic activity®® The free radical scavenging property may

be one of the mechanisms by which these drugsfi@aiee in tradition medicine.



83

Table 2.2 Antioxidant activity of standard BHA and 80% aq methanol extract

of S. fruticosaroot

Std. BHA S.fruticosaroot
Conc. % EC Conc. % EC
e a e g
(ug/mL) Inhibition (ug/mL)  (ng/mL) inhibition (ng/mL)
5 15.78 £0.10 1.75 24.29 +1.53
15 47.26 +0.18 3.51 28.90 + 3.67
25 70.45 + 0.09 5.26 39.91 +2.46
30 76.65 + 0.33 16.50 7.02 51.01+4.72 6.90
40 81.41+0.24 8.77 53.49 +5.11
50 85.65 + 0.43 10.52 58.18 £ 5.01

14.03 72.36 £6.48

®ECs5o = Concentration of antioxidant required to redbgé0% the initial conc. of DPPH

n = 43%Mean + SD

—— BHA

100 —— S. fruticosa
root

80

0 20 40 60

ggpnméntration (

Fig 2.9 Plot of antioxidant activity of BHA andS. fruticosaextract
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EXPERIMENTAL

(1) Isolation of mangiferin

500 g of the powdered root was extracted with 186 aqueous methanol in a
Soxhlet extractor for 8 hours at 65 °C. It wasefiétd and concentrated to 75 mL
under suction in a rotary flash evaporator. Theaettwas kept for a period of 12
h at room temperature without disturbing. The yellmoloured compound (SF-1)
separated out at the bottom was filtered and wastigd 10 mL portions of
methanol (x 4). It was then recrystallized from>@ine-water 1:1 (v/v) to obtain

yellow crystals having (yield: 6.2 g) m.p. 271-21&

(1) Quantification of Mangiferin — HPLC & HPTLC me thods

() Preparation of standard solution of the extractand mangiferin for HPLC

and HPTLC analyses

1.3 g of the powdered root &. fruticosaextracted with 100 mL 80 % aqueous
MeOH in a soxhlet extractor for 8 h. The solvenswamoved under suction. The
residue was redissolved in 80% MeOH and made ufng¢omark in a 10 mL
volumetric flask so that 1 mL of standard solutioontains 3.5085 mg of the
extract. While making up 0.5 mL DMSO was added mdeo to ensure the
complete solubility of mangiferin in the extradt.was then filtered through 0.20

um nylon-6, 6 membrane. This solution was used f8L.& and HPTLC analyses.

A std. solution containing 1.1 mg/mL of isolatedng#erin was prepared in 80%
methanol. While making 5 drops of DMSO was addedrsure the solubility of

mangiferin.



85

(i) HPLC analysis

Baseline resolution of mangiferin was obtained@t2 °C using a Phenomenex
Luna C-18 column using the solvent system aceitmitH,O containing 0.1%
ortho phosphoric acid (25:75 v/v). The mobile phass passed through 0.4/
PVDF filter and degassed before use. The flow rveds kept constant at 0.8
mL/min and the detection was done at 261 nm. Flioredéion, standard solutions
of mangiferin were prepared at concentrations df5,20, 30, 40, 50, 60, 80, 100,
and 200 pug/mL using methanol as solvent. The stdnslalution was injected in
triplicate and the average detector response wasuned. The root extracts were
assayed in triplicate, peak areas correspondimgatagiferin (Retention time: 5.23
min) were compared with the calibration curve damastthe amount of mangiferin
was determined. The amount of mangiferin presetitenroot is 5.80% w/w (dry

weight basis).

The developed HPLC method was validated for spmifilinearity, precision and
accuracy. The limit of quantification for mangiferin was 0.0pg/mL. A
correlation coefficient of 0.987 indicates goocehmity between the concentration
and the area. The recovery studies were also dastieand the recovery value of
mangiferin by this method was 97.1 + 0.6%. The psga method is simple,

accurate and reliable for quantitative monitorifignangiferin inS. fruticosa

(iif) HPTLC analysis

A 1.1 mg/mL solution of mangiferin and 3.5 mg/mUwmn of methanol extract
were used for HPTLC analysis. Methanolic extracBofruticosa(2, 4 and GulL)

and standard solution of mangiferin (1, 2, 4, Garel 10 uL) were applied on
precoated TLC plate (20 x 10 cm) using Linomat Wlaator with a band width

of 6 mm and the distance between the tracks wam5 The applied plates were
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developed in a solvent system of ethyl acetate-anelhwater (20:2:1 v/v) in a
Camag twin trough developing chamber for 15 minuiése developed plates
were observed under UV and visible lights and tbeanned densitometrically at
261 nm in order to identify the spots (Fig 2.7 &)20of active ingredients ¢Fof

mangiferin 0.34). The amount of mangiferin was dateed using the calibration
curve plotted between the concentrations and tlea af the peaks for the

standard. The amount of mangiferin was found t6.84 % (w/w).

Calibration curve of standard mangiferin was exadirby using 1 mg/mL

working solution prepared from stock solution. Tésslutions were applied to the
HPTLC plate at different concentrations and devetbfo a distance of 8 cm. The
concentration of mangiferin was then plotted agatihe area under curve of the
respective peaks of the chromatograms developed. sBme data were also
subjected to statistical analysis using linearesgiion analysis and the correlation
coefficient was determined. A correlation coeffitieof 0.977 indicates good

linearity between the concentration and the arde. rEcovery studies were also

carried out and the recovery value of mangiferinthy method was 96.4 + 1.2 %.

(111) Antioxidant studies

10 g of the powdered root of tt& fruticosawas extracted with 80% aqueous
methanol in a Soxhlet apparatus for 8 h at 65 & 3olvent was then removed
under suction below 65 °C. A stock solution coritainl 7.54ug/mL of the extract
was prepared in methanol. A stock solution contgriOug/mL of BHA was also
prepared in methanol. A stock solution of DPPH (in§/mL methanol) was
prepared such that 78 of it in 3 mL methanol gave an initial absorbammée.9.
These stock solutions were used to measure thexatdnt activity. Antioxidant
activity was measured by a decrease in the absoebain516 nm of methanolic

solution of coloured DPPH brought about by the dafip’ Decrease in the
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absorbance in the presence of 80% methanol extahagdferent concentrations
was noted after 15 min. E@vas calculated from % inhibition. BHA was used as

the positive control.

CONCLUSIONS

Mangiferin has been isolated for the first timenfréhe roots of. fruticosalt was
characterized using different spectroscopic teakesg The amount of mangiferin
present in the dried roots was estimated by HPL80X%) and HPTLC (6.34%)
techniquesThe developed HPLC & HPTLC methods were found tabeurate,
precise and sensitive and can be used for theneogtiiality control analysis and
guantitative determination of Mangiferin in the t®oof S. fruticosa The
appreciable amount of mangiferin present in thetsroof S. fruticosa is
noteworthy. The antioxidant activity of the 80% aqus methanol extract was
also measured by vitro DPPH assay. The roots exhibited very good antantid
activity (EGg=6.9 ng/mL), two times higher than that of BHA (E£16.5
ug/mL). The higher antioxidant activity exhibited the roots ofSalacia fruticosa

is attributed to its higher mangiferin content.

Mangiferin has showed to have various biologicaivitees. Mangiferin is useful
in medicine for the treatment of viral diseaseskifi and mucous membrafies
Mangiferin possess anti-inflammatory, antihepatmand antiviral activities. It
also stimulates the central nervous system. ltdely distributed in the following
families: Anacardiaceae, Malpighiaceae, Guttiferakidaceae, Liliaceae,
Gentianaceae, Leguminosae, Flacourtiaceae, Corauokae, Celastraceae and

Sapotaceae and in the fekthyrium mesosorur(Polypodiaceae). It occurs in the
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above plants along with isomangiferin (where thgl@ose is at the"4position)
and in O-glycosidic combinatiéh Mangiferin was found to inhibit sucrase,
isomaltase and aldose reductase from rat wityy @lues of 87, 216 and 1.4
ng/mL respectively. The inhibitory activities of ngaferin are competitive for
sucrase and isomaltase with inhibition constant) (K5 and 70 pg/mL
respectivel§’. The present investigation supports and scieatificvalidates the

traditional use of the roots &f fruticosdor the treatment of diabetes.
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Ixora coccinea L.
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CHAPTER -3

IDENTIFICATION OF CHEMICAL COMPOUNDS IN THE
ESSENTIAL OIL FROM THE ROOTS OF IXORA COCCINEA

L. AND ITS ANTIMICROBIAL STUDIES

INTRODUCTION

Ixora coccineal. and other species d¢fora are shrubby members of the family
Rubiaceae. They are distributed in the tropical anbtropical regions of the
world. About 30 species occur in Indlacoccineais a small evergreen shrub. It is
a traditional medicinal plant, cultivated as wedl seen in the wild throughout
India’. It has vernacular names in almost all the langsadf is called ‘Jungle

Geranium’ and ‘Flame of the Woods' in English. lanSkrit, it is called

Bandhuka/Raktaka; in Malayalam as Thetti/TechiTamil as Tachi/Sinduram/

Sedaram efc

The roots ol. coccineaare reported to possess astringent and antisepperies
and are used in headache and applied to soreshamaiculcers in folk medicine.
These are also reported to stimulate gastric aledseicretion to provide relief in

abdominal paifi*. The roots exude a yellow juice and give out aagliseable
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rancid odour. They are reported to possess sedatidestomachic properties and
are used in hiccups, fever, gonorrhoea and dysériteFhe root is made into a
paste with coconut milk and applied to ulcers, wasirand skin eruptions,
especially in children. Even the discolouration sl by using silver ornaments
will disappear on using this paste. The roots aexldor wound healing in case of
viper bite$ and as ointments to treat scabiehe Korku tribes of Maharashtra
use the roots of this plant along with long pepped little water to treat acute

dysenter§.

The leaves of. coccineaare used to treat diarrhdedhe flowers are astringent,
bitter, sweet, carminative and digesfivand are used in the treatment of
leucorrhoea, dysmenorrhoea, haemoptysis, catasrbathitis and dysenterS; It

is also reportedly used to treat choler@he flowers ofl. coccineaalong with
Nigella sativaseeds are used to prepare medicated oil to trabtescespecially in
children. A paste of the fruit witlRRubia cordifoliaand coconut oil is used for
dermatitis. A decotion of the flowers or the baslkised as a lotion for eye troubles
and for sores and ulc&rsThe flowers have psychosomatic properties. They a
used in psychotherapy. A preparation usingcoccinearoots and flowers,
turmeric, Oxalis minimaleaves andJasmimum grandiflorums used to treat

stomach ailmenfs

The whole plant extract ¢f coccineais used as an astringent and in the treatment

of dysentery and catarrhal tuberculdSis

|. coccineais extensively used in the preparation of a numieAyurvedic
formulations. It is the source of the Ayurvedic grtParanthi’. Sahasrayoga
describes a recipe including flowers and rootshef plant, turmeric an@cimum
sanctunprepared in ghee to treat gastric ulcer. The ptansed in the preparation

of Ashtachoornamwhere its role is to maintain normal blood pressit is also
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used in the treatment of diabetes, especially gamgformation The root is an
important ingredient in the formulations lilaranthyadi Taila, Nisadi Kashaya,
Khadirasaradi Ghritha, Abhrabhasma&tc and the flowers are used in the

preparation oChemparuthyadi Taifd.

(I) Description of the plant

l. coccineais a shrub or small tree, occurring along the \&hestoast, widely

grown in gardens throughout India and other trdptoaintries as an ornamental
plant. The leaves are opposite, sessile or nearlglBptic, ovate or obovate, 2-4
inches long, apiculate, obtuse or mucronate, ceoias, glaucous; flowers tubular
in dense terminal corymbose cymes, numerous, bightlet red, sometimes
yellow, pink or orange yellow; fruits fleshy besiereddish, globose, about 0.25
inches in diameter, crowned with persistent calgyyple when ripe; seeds
concave. The fruits are edible and the flowersusexrl as flavouring agent. Based
on the flower colour and the length of corolla tuthe species was divided into

three varieties namelyoccineabandhucaandlute’.

(I1) Abstract of the present work

The literature survey revealed that the composibbrihe essential oil fronh.
coccinearoots and its antimicrobial activity has not beeweistigated in detail. In
the present work, a number of compounds has bewified in addition to the
already reported ones from the root essentialltie antibacterial and antifungal
activities of the root essential oil were also istigated by disc diffusion method.
The chemical compounds present in the cold hexatract of . coccinearoots

were also identified by GC MS technique.
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REVIEW OF LITERATURE

A number of chemical compounds have been isolateeh different parts of.
coccinea The roots were reported to contain acrid aromaiti@and fatty acid¥.
Palmitic, stearic, oleic, linoleic, myristic a?d9,11-octadecadienoic actds® o-
amyrin andB-sitosterol were reported from the rgdtsTannins were also reported
from the roots ofl. coccined®. Mannitol, myristic andA-9,11-octadecadienoic

acids have been reported from the root bark cdccined®.

From the flowers ofl. coccinea quercetrin®, monoglycosides of cyanidin and
delphinidint’, rutin, kaempferol-3-rutinoside, leucocyanidin apgidé®® d-
mannitof® and ursolic acif were reported. The anthocyanins were also reported

in thel. coccineaflowers'®,

Rutin and lupeol have been reported from the leaféscoccined. D-mannitol

was also reported from the stem bark. afoccined®.

The structures of some of the compounds isolateeh fr coccineaare presented
in Fig 3.1.

a- amyrin Ursolic acid
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delphinidin-3-glucoside

HO.

O——Glc——0—Rha O—Glc—0O0—Rha

Rutin kaempferol-3-rutinoside

Fig 3.1 structure of some compounds isolated frorn coccinea

A no. of pharmacological activities was reported tus plant. Central Nervous
System (CNS) depressant activity was reported Ifococcinea whole plant

excluding root in mice as revealed by its effeatsbehaviour, induced pyrexia,
barbiturate induced hypnosis and rotarod performariche CNS depressant
activity was found to be of low magnitude. The f the extract was 750
mg/Kg?% The extract also had a semen coagulant effeattibns obtained from
the ethyl acetate extract of the whole plant.ofoccineawere subjected to the
micronucleus test and found to be antimutageniinaga known carcinogen, 4-

nitroquinoline in twoBacillus subtilisstrains namely 3-Rec and Mis- Re¢ =
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Lupeol isolated from the leaves bfcoccineashowed marked anti-inflammatory
activity in the carrageenan induced paw oedema Mmodealbino rats and

antimitotic activity in cytotoxic studiés

I. coccinea roots showed anti-inflammatory activity comparabl
indomethacifi’. Petroleum ether extracts bfcoccinearoots is used against the

phytopathogentielminthosporium sativum

Antimicrobial principles have been reported frora 50% ethanolic extract of the
flowers of I. coccine&®. The therapeutic value of the alcoholic extradtghis
plant against prokaryotic infection is very highAn aqueous extract of the
flowers of I. coccineawas shown to be antimitotic to onion root tip &Il
Volatile oil distilled from the flowers ofl. coccineawas shown to possess
antibacterial activity againsBacillus subtili¢*. Ethanol extract of. coccinea
flowers was studied for its effect on wound heglinging a dead space wound
model in rats. Significant increase in granulonssue weight, tensile strength,
hydroxyproline and glycosaminoglycan content waseobed. The prohealing
action seemed to be due to increased collagen tiepoas well as alignment and
maturation. The drug induced a hypertrophic eftactthe thymus gland but had
no effect on the adrenals

The use ofl. coccineaflowers for a variety of skin disorders and for uad
healing is interesting. The presence of a varidtyflavonoids may very well
contribute to this property of the extract. Thesam® finding thatl. coccinea
hastened normal healing opens up a new era to rexfile possible interactions
between steroids and other drugs in influencing mohealing in a beneficial
manner, especially in situations like anti cancgerd induced suppression of
healing. The anticancer activity and cytotoxic arditumour principles fron.

coccineaflowers were reported. The intraperitoneal adntatsn of 200 mg/Kg
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of the active fraction of. coccineaflowers increased the life span of DLA and
EAC ascitic tumour bearing mice by 113 and 68% eespely. The active
fraction showed less activity against solid tumotlirshowed 50% cytotoxicity to
DLA, EAC and Sarcoma - 180 celis vitro at concentrations of 18, 60 and 25
Hg/mL respectively. It was not toxic to normal lyingeytes, whereas it was toxic
to transformed lymphocytes. The active fractionibited tritiated thymidine

incorporation into cellular DN&3%32

The active fraction from. coccineaflowers showed chemoprotective effects on
cyclophosphamide (CYP) induced toxicity by incregsthe life span of treated
mice. It prevents body weight loss and maintainmegr normal leucocyte and
haemoglobin levels, compared with CYP treated odsmtrDecreased serum
glutamate pyruvate transaminase and serum alkphiosphatase levels in the
coccineatreated groups indicatgorotection against hepatotoxicity. The active

fraction was identified by phytochemical methodsalic acid, a triterpenoid

MATERIALS AND METHODS

(1) Plant material

The roots ofl. coccineawere collected from Kottakamilzhthi Kunnu (Latitude
104°3’; Longitude: 76°12’ and Altitude: 120 m abosea level), 30 km from
Thrissur District, Kerala, India in June 2008 angydidentified by Dr. P. S.
Udayan, Professor, Dept of Botany, Sri Krishna €gdl, Guruvayoor, Kerala. A
voucher specimen was deposited at the herbariutimeof)niversity of Calicut for
future references. The roots were washed with watdr into small pieces and

grinded in a mixer grinder.
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Fig 3.2Ixora coccinea L.Roots

(1) GC-MS analysis

GC-MS analysis was performed by the split injeciipr0) of 0.1uL of the oil in
hexane and hexane extract on a Shimadzu GCMS QPZ04fan) gas
chromatograph fitted with cross bonded polyethylghgol RTX-WAX (MS)
capillary column (30 m x 0.25 mm x 0.2fn coating thickness), coupled with a
mass detector. GC-MS operating conditions are Bews. injector temperature
250 °C, transfer line 250 °C, detector tempera26 °C, oven temperature
programme: 60 °C hold for 5 min, 110 °C with rangpf°C mirt, 200 °C with
ramping 3 °C mit, 220 °C with ramping 5 °C mifn hold 220 °C for 15 min,
carrier gas: helium at a flow rate of 1.67 mL thimass spectra: electron impact
(El+) at 70 eV, ion source temperature: 220 °C.viddal components were
identified by Wiley 139.LIB and NIST 05.LIB datalmmatching. The percentage
composition was determined by area normalizatiaongf TIC). TIC of the

essential oil/hexane extractlottoccinearoot are given in Appendix V.
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RESULTS AND DISCUSSION

The essential oil obtained by hydrodistillationrobts ofl. coccineagave a yield
of 0.05% v/w on fresh plant material basis. Théaiteal oil was a yellowish liquid
with a strong aromatic fragrance. Table 3.1 shotgschemical composition.
Twenty seven compounds were identified by comparisibthe mass spectra of
each GC component with those of the standards.u8esguenes (29.93%) and
fatty acids (51.26%) predominated, with the mostirmant fatty acids being
dodecanoic acid (21.14%) followed by octanoic a€id.03%). The major
sesquiterpenes identified inclugesesquiphellandrene (17.83%@r-curcumene
(2.77%),E- o -bergamotene (2.07%);zingiberene (1.92%), caryophyllene oxide
(1.88%) ands-nerolidol (1.44%). These main components comprid@®8% of
the essential oil. The fatty acids were reportegvipusly from the roots of.

coccinea®314

A number of constituents which were not reporteeivjmusly inl. coccinearoot
essential oil were identified now. These includeapylisocyanateg-farnesenep-
farnesene,a-zingiberene, 2,4-decadienag-sesquiphellandrenear-curcumene,
nortricyclene,E-a-bergamotene, caryophyllene oxidenerolidol, 1-methylbutyl
nitrite, di-n-octyl disulphide, prop-1-enyl hydragecarbonate, 5-octen-1-ol,
9,12,15-octadecatrien-1-ol, 1,8-nonadiene and 8dedadiyne. The Structures of
some of the identified compounds from the essewilabf |I. coccinearoot are

shown in Fig 3.3.

The compounds present in the cold hexane extraitteofoot ofl. coccineawere
identified by GC MS analysis. The major compourdintified were (RT in min)
cyclopentaneundecanoic acid (5.25), nonanoic ddfd6B), azelaic acid (12.66),

cyclohexanepropanoic acid (14.88) and 7-nonenait(4@.3).
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Table 3.1 Chemical composition of essential oil &tora coccinearoot

Sr | Retention Compound identified Concentration (%)
No. | time (min)
1 9.41 propylisocyanate 0.44
2 18.94 a-farnesene 0.99
3 21.39 B-farnesene 1.03
4 23.71 a-zingiberene 1.92
5 24.16 A-9,11-octadecadienoic acid 0.07
6 24.26 2,4-decadienal 0.43
7 24.68 B-sesquiphellandrene 17.83
8 24.76 ar-curcumene 2.77
9 25.54 Nortricyclene 0.50
10 25.72 E- a -bergamotene 2.07
11 29.91 Linoleic acid 2.12
12 31.24 Caryophyllene oxide 1.88
13 33.73 d-nerolidol 1.44
14 34.02 Octanoic acid 11.03
15 39.19 1-methylbutyl nitrite 0.12
16 40.73 Decanoic acid 3.99
17 42.26 Di-n-octyl disulphide 0.13
18 45.23 Prop-1-enyl hydrogen carbonate 0.09
19 46.93 Dodecanoic acid 21.14
20 48.22 5-octen-1-ol 0.39
21 51.59 Oleic acid 1.46
22 52.19 Tetradecanoic acid 3.12
23 52.63 9,12,15-octadecatrien-1-ol 7.47
24 54.04 1,8-nonadiene 0.15
25 57.08 Stearic acid 0.62
26 58.51 3,9-dodecadiyne 7.59
27 59.99 Hexadecanoic acid 7.71
- Total Isolate 98.50
- Unknown 1.50
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a-zingiberene S-sesquiphellandrene

ar-curcumene E-a-bergamotene

Caryophyllene oxide Dodecanoic acid
7 ~ " l
d-nerolidol Nortricyclene
=z =z XX
AN Z Z
a-farnesene B-farnesene

Fig 3.3 Structure of some of the identified compoutts from the essential
oil of I. coccinearoot
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The antibacterial and antifungal activities of theoccinearoot essential oil have
been assayed at concentrations of 1% and 2% agstieshs of both Gram-

positive and Gram-negative bacteria and pathogé&mgi. The susceptibility

testing was carried out by measuring the inhibiteoype diameters on nutrient
agar, with conventional disc diffusion method ahd tnhibitory zone diameters
were read and rounded off to the nearest whole eurfthm) for analysis. The
inhibitory effects of the essential oil againsts®emicroorganisms are given in
Tables 3.2 and 3.3.

Plate 3.4.1Bacillus cereus Plate 3.4.Bacillus subtilis Plate 3.4.3Fscherichia coli

Plate 3.4.45almonella typhimurium Plate 3.4.5taphylococcus aureus

A = 1% test solution in DMSO
B = 2% test solution in DMSO
C = 0.1% Cephatoxime in DMSO

Fig 3.4 Antibacterial activities of essential oil bl. coccinearoot against different strains
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Table 3.2In vitro antibacterial activity of essential oil oflxora coccinearoot

Diameter of inhibition zone (mm)?
Tested bacteria Essential oil” Cephatoxime”
1% 2% 0.1%

Bacillus cereus 12+0.04| 15+0.05 35+0.08
Bacillus subtilis 10+0.01| 15+0.02 26+0.04
Escherichia coli 10+0.05| 10+0.05 35+0.07
Salmonella typhimurium15+0.08| 15+£0.07 30+0.08
Staphylococcus aureus12+0.05| 10+0.02 40+0.06

%alues are the mean of three replicates

®Standard and test solutions prepared in DMSO

Control DMSO = No activity against tested microarigans

Plate 3.5.JAspergillus nigel Plate 3.5.2Fusarium oxysporui Plate 3.5.3Aspergillus flavus

A = 1% test solution in DMSO
B = 2% test solution in DMSO
C = 0.2% Bavistin in DMSO

Fig 3.5 Antifungal activities of essential oil ofxora coccinearoot against different strains
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Table 3.31In vitro antifungal activity of essential oil ofIxora coccinea

root
Diameter of inhibition zone (mm)?
Tested pathogenic fungi Essential oil” Bavistin®
1% 2% 0.2%

Alternaria alternata - - -
Aspergillus flavus 8+0.04 | 10+0.06 40+0.04
Aspergillus niger - 20x0.06 30+0.02
Fusarium oxysporum - 8+0.03 25+0.03
Penicillium notatum - - 35+0.06

&/alues are the mean of three replicates
PStandard and test solutions prepared in DMSO

Control DMSO = No activity against tested micraamgms

The screening results indicate that the esseniiaslhmwed good antibacterial
activity against both Gram-negative bacterial sgdtscherichia coli(MTCC-
2125) andSalmonella typhimuriunfMTCC-1357) and Gram-positive bacterial
strains Bacillus subtilis (MTCC-1789), B. cereus (MTCC-1272) and
Staphylococcus aureMTCC-3160). Similarly, the screening results agaihe
pathogenic fungi indicated that the essential bibveed moderate antifungal
activity againstAspergillus flavus(MTCC-3306), A. niger (MTCC-2208) and
Fusarium oxysporuntMTCC-1755) and no activity againgiternaria alternata
(MTCC-1362) andPenicillium notatum{(MTCC-2647).
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In the present study, we may attribute the antdréadtand antifungal activities of
the root essential oil of coccineaare due to the higher percentage of various
sesquiterpenes in it. The antifungal activity ofyophyllene oxide has been well
established, which constitutes 1.88% of esseniiidl. d\ntimicrobial activities of
essential oils are well documented, which are foapglication as antibacterial,
antifungal or antiviral agents for food preservasivin clinical microbiology or in
pharmaceutical preparatiohd® According to literatures, these components exert
antimicrobial effects through the disruption of tem@l or fungal membrane
integrity and the inhibition of respiration and itransport processes. With the
alarming incidence of antibiotic resistance in manganisms of medical
importance, there is increasing interest in plaadssources of agents for the
treatment of infectious diseade®**243 Additionally, the main advantage of
naturally occurring antimicrobial agents is thaeyhdo not enhance resistance
among microorganisms, a phenomenon commonly enemhiwith the use of

synthetic antibiotic¥.

EXPERIMENTAL

() Isolation of the essential oil

The essential oil was obtained by hydrodistillatioh the root (900 g) in a
Clevenger apparatus (using 3L water) for 3 h. Theemtial oil obtained was
dissolved in diethyl ether (10 mL). The organic ghavas dried over anhydrous
sodium sulphate and filtered. After removal of #odvent, yellow transparent oil
(0.05% v/w) with pleasant odour was obtained whies stored in refrigerator at

4 °C until analyzed.
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(1) n-hexane extract ofl. coccinearoot

The dried and coarsely powdered root.afoccinea(50 g) was soaked in 300 mL
of n-hexane in room temp for 24 h with intermittahiaking. It was then filtered
and hexane was removed under suction. The reslataened was subjected to GC

MS analysis to identify the components present it.

(111)y Antimicrobial assay

Test microorganisms employed for vitro antimicrobial assay were obtained
from P. G. Centre, Department of Microbiology, Koyau University,

Dhavangare, Karnataka, India. The antimicrobiabpssf the essential oil was
performed by standard filter paper disc diffusiechniqué**> A total of three

Gram-positive, two Gram-negative bacteria (Fig 3aAll five pathogenic fungi
(Fig 3.5) were used for this antimicrobial scregniffhe test solution at two
different concentrations (1% and 2%) was prepasedissolving the essential oil
in Dimethyl sulphoxide (DMSO). Cephatoxime (0.1%idabavistin (0.2%) were

used as standards for antibacterial and antifuaga@ities respectively. A blank
disc impregnated with DMSO followed by drying offass used as a negative

control.

Briefly, the test discs, standard discs and blaisksdwere placed in the Petri
dishes that contain the specific bacterial or fungature and then left in a
refrigerator at 4 °C for 12-18 h in order to di#ufhe material from the discs to the
surrounding media. The Petri dishes were then am@dbat 37 °C for overnight to
allow the bacterial growth and 48-72 h for fungabwth. The antibacterial and
antifungal activities of the essential oil were thdetermined by measuring the

respective zones of inhibition in mm.
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CONCLUSIONS

|. coccineais regarded as a valuable plant source in botltivadl medicine and
modern drug development. The various compoundstifah from the root
essential ofl. coccineaare reported to possess a wide range of pharmacalog
activities. The results from the present study rofe scientific proof for the
traditional use ofl. coccinearoots. The essential oil from the root was found
effective against some bacterial and fungal pathegehich are associated with
fever, skin diseases, dysentery and respiratonyblenes. The antimicrobial
activity results presented here demonstrate thigt plant essential oil has a
commercial potential. The antimicrobial activityostn by the oil may be due to a
synergistic effect of various components preseiitt ith is usually found that such
combined effect of various components is respoadin therapeutic activities of

the plant extracts. However, this needs furtheestigation.
Though the existing chemical literature on this amant medicinal plant is

impressive, the characterization of still unexptb@nstituents remain open to

future investigation.
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CHAPTER -4

IDENTIFICATION OF CHEMICAL COMPOUNDS IN THE
ESSENTIAL OIL FROM THE COSTUS PICTUS D. DON
PLANT PARTS, ITS ANTIMICROBIAL STUDIES &
ISOLATION AND QUANTIFICATION OF DIOSGENIN

FROM ITS ROOT

INTRODUCTION

The genusCostusLinn. belongs tothe family Costaceae. On the basis of the
presence of spirally arranged leaves and rhizomesgbfree from aromatic
essential oils, it has been separated from famihgiBeraceae. More than 100
species of the genus are distributed in the troplicsver the worldCostus pictus
D. Don synCostus mexicanu®C.) Greene is commonly known as Spiral ginger,
Stepladder or Insulin plant. It is a plant origedin Mexico and introduced from

there to India very recently. In India it is grown gardens as ornamental plant
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especially in Kerala state. The major attractiorthid plant is its stem with spiral
leaves and light airy and tissue paper like flow&wsd painted stem enhances the

beauty of the glossy linear leaves and stronglsadijsig canes

The people in Kerala used to consume the freshleawes for its anti-diabetic
properties. The hypoglycaemic activity @. pictus is mainly because of
secondary metabolites present in Respite some preliminary studies the detailed

phytochemical investigation of this species hasbean reported so far.

Costus speciosugKoenig ex Retz) Smiththe species similar t&€. pictusis
commonly known as Channakkoova in Malayalam and ikeidindi. The leaves
of C. speciosuare less fleshy and have an acrid taste. Its mmegoare cooked and
eaten, the roots are used as tonic and anthelmamit the leaves for curing
diabetek

(1) Description of the plant

The C. pictusplant grows up to 2-3 m and spread 1.5-2 m. Thaells of the

plant are in a terminal cone, yellow in colour wéth orange red tip. The flowers
last for 3—4 days. The flowers are displayed inranvdhtic form high above the
leaves. While the flowers do not produce any arothay do make a beautiful
effect sitting atop of the tall spiralling stemsherl propagation of the plant is
carried out through stem cuttings and also fromaimes. LikeC. speciosusthe

leaves of this species are less fleshy and havacead taste. Its rhizomes are
cooked and eaten. People of Kerala eat the |davesiring diabetes. The roots

are used as tonic and anthelmihtic
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(I1) Abstract of the present work

The Chapter-4 is divided into 2 sections. Sectidndescribes the extraction of
essential oil/hydrodistillate from the different apt parts of C. pictus
identification of the chemical compounds preserthem by GC-MS analysis and
the screening of antimicrobial activity of the edssd oils by disc diffusion
method. Section-4.2 describes the isolation, ifieation and quantification of

diosgenin from the root @. pictus

The literature survey revealed that only very fewtpchemical works has been
reported in this plant. Even though there are feaports on the chemical
compounds from the essential 0il®f pictus it has not covered all the plant parts.
Moreover their antibacterial studies have beentdéichito the leaf essential oil.
Hence in the present work, all the plant parts et,rohizome, leaf, stem and
flower of C. pictushas been taken and their antifungal activities e studied
for the first time in addition to their antibactriactivities. A number of
compounds has bee identified by GC-MS analysis dditmn to the already
reported ones from the different plant parts nansedyn, leaf and flower essential
oil of C. pictus The antibacterial and antifungal activities ofeagtial oil from all
plant parts were also investigated by disc diffasimethod and a made it a

comprehensive work.

Diosgenin, a steroid saponin has been isolatethéofirst time from the root dof.
pictus It was identified by m.p., mixed m.p & co-TLC witthe reference
standard. The quantification of diosgenin in robCo pictuswas also carried out
by HPLC method.
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REVIEW OF LITERATURE

Costus pictuss well known for its antidiabetic propertfe§he antidiabetic effect
of the methanol extract &. pictusleaves has been reporte@he earlier studies
of the plant extracts on alloxan induced diabedts have shown the prevention of
diabetes and related complications. The methalkesicextract ofC. pictusis used
to lower blood glucose level in alloxan inducedbdific ratd. The powdered
leaves ofC. pictusareknown to possess therapeutic effect. When suppledda
streptozotocin induced diabetic rats, it is founddéduce blood glucose level by

21% after 15 days of supplementafion

The antioxidant and anticancer properties of thek b C. pictus has been
reported. The chloroform fraction of the bark ©f pictus possesses highest
antioxidant activity. Chloroform and methanol extsa of C. pictus has been

reported to possess potent anticancer propertaEssidiT29 and A549 cefls

The chloroform extracof C. pictusleaf has been reported to possess superoxide
radical scavenging activity, inhibition of lipid pexidation and potent antioxidant

activity in vitro®.

The antibacterial activities of the aqueous andhamal extracts of the leaf, root,
stem and flower oC. pictushas been reported. The antioxidant activity oséhe
different extracts was evaluated by DPPH free eldicavenging activity and in
all case methanol extract was reported to haveesighntioxidant activity. The
total phenolic content in the leaf, root, stem dloadver of C. pictushas been

reported and ranged from 148 to 38 of gallic acid/g of plant extracts. Also the
flavonoid content has been reported varies from t87930ug of quercetin/g of

plant extracts
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Jayasri et al. estimated the presence of traceeslisnnC. pictusand reported that
the leaves and rhizomes contain appreciable amadintsrious elements such as
K, Ca, Cr, Mn, Cu and Zn. These trace elements ipayresponsible for
potentiating insulin actidh C. pictusleaf has been reported to contain various
phytochemicals like alkaloids, glycosides, carbahyes, saponins, proteins and
phenol$®®. Shilpa et al isolated methyl tetracosanate from bioactivity dguai
purification of methanol extract of. pictusleaves which showed an optimum

glucose uptake at 1 ng/mL in 3T3-L1 adipocytes

Beena and Reddy analyzed the volatile constituein® pictusstems, leaves and
rhizomes and palmitic acid was found to be the meponponent in the stem, leaf
and rhizom&. The essential oils of the stems, leaves and rhigooi€. pictus
from southern India were reported. The essentiabfoC. pictusstem is rich in
hexadecanoic acid (28.3%) followed by 9,-d@adecadienoic acid (18.33%),
linalyl propanoate (6.03%), dodecanoic acid (5.62%tyadecanoic acid (4.82%),
a-eudesmol (3.55%)-eudesmol (3.21%) andethoxy phenol (3.06%). The leaf
essential oil contains hexadecanoic acid (24.5Bfpgntanol (22.48%)3-ionone
(8.69%), a-ionone (8.01%), farnesyl acetone (7.04%) and dodecaacid
(3.96%). Hexadecanoic acid (25.26%), dodecanoid éb6.56%), tetradecanoic
acid (10.20%), linalool (8.48%), 9, 4dttadecadienoic acid (7.74%) and

a-terpineol (4.44%) are the main constituents ofrtfieome essential dfl.

Shiny et al. isolated a glycosidic compound from thethanol extract &. pictus
leaf which was similar t@-L-Arabinopyranose methyl glycoside and suggested

that it might be the inducer molecule of its arsthmétic property.

The antibacterial property of the. pictusleaf essential oil was checked against
ten pathogenic bacteria naméwcillus cereus, Enterobacter faecalis, Salmonella

paratyphi, Staphylococcus aureus, Escherichia c@8treptococcus faecalis,
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Proteus vulgaris, Klebsiella pneumoniae, Pseudormaeruginosaand Serratia
marcescensand they showed varying degrees of antibacteriéivigc on the

microorganisms testél

A number of phytochemical and pharmacological wonese reported from its
closely related specie§ostus speciosuand are given as follows. The important
chemical constituents reported frdn speciosuare Diosgenin, glyceollins Il and
11, tigogenin, a-amyrin stearatel-amyrin, lupeol ett. The leaves were reported
to contain the antifungal compounds. Palmitatesnfrthe leaves and many
aliphatic esters from its rhizomes, seeds and mwetse reported. Seeds in addition

containa-tocopherol. The rhizomes are rich in starch ahref.

Dasgupta et al. reported diosgenin and tigogenthérrhizomes of. speciosus.

Sarin et al. determined the diosgenin contenténrtiizome ofC. speciosus.

Gupta et al. isolated and characterized new conmgmuiz, m-stigmast-9,11-en-
3p-ol, 24-hydroxy hentriacontan-27-one and 24-hydtoagontan-26-one from
the root ofC. speciosu8. Gupta et al. also reported new compounds suditas
oxotricosanoic acid, 14-oxooctacosanoic acid etomf the rhizome ofC.

speciosus®® De Kraker et al. isolated Germacrenes from frestiusroots™.

Singh et al. reported eight new saponins namelgtamoside A, B, C, D, E, F, G
and H from the seetfs Mahmood et. al isolated and characterized thms n

quinones and-tocopherol from the seeds 6f speciostfs?*

Six compounds were isolated from the rhizome&ofpeciosusnd elucidated as
diosgenin, prosapogenin B of dioscin, diosgenongcloartanol, 25-en-

cycloartenol and octacosanoic &cidFour compounds were isolated from the
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rhizome of another related speci@stonkinensisand elucidated as tetracosanoic

acid, succinic acidi-sitosterol and daucosteftn

C. speciosudas been reported for the pharmacological aawilike antifungal,
anti-inflammatory, astringent, stimulant, depurativanthelmintic, antidiabetic,

hyperglycemic etC.



127

SECTION -4.1

IDENTIFICATION OF CHEMICAL COMPOUNDS IN THE

ESSENTIAL OIL FROM THE COSTUS PICTUS D. DON

PLANT PARTS & ITS ANTIMICROBIAL STUDIES

MATERIALS AND METHODS

(I) Plant material

The root, rhizome, stem, leaf and flower ©@bstus pictusvere collected from
Kozhikode District, Kerala, India during May 201Adaduly identified by Dr. P.
S. Udayan, Professor, Dept of Botany, Sri Krishrmdlgge, Guruvayoor, Kerala.
A voucher specimen was deposited at the herbariutheoUniversity of Calicut
for future references. The root, rhizome, stem lkeadl were washed with water,
cut into small pieces and grinded in a mixer grindehe flowers were also

washed with water and grinded in a mixer grinder.



Fig 4.1.1Costus pictus- roots & rhizomes

(I) GC-MS analysis

GC-MS analysis was performed by the split injecti@l0) of 1.0uL of the
essential oil in hexane on a Perkin EImer GC (G&80) fitted with Elite 5 cross
bonded 5% diphenyl-95% dimethyl polysiloxane capyll column (30 m x 0.25
mm x 0.25um coating thickness), coupled with a mass detg&@tarus 600 T)
and Turbo Mass version 5.4.2 software. GC-MS opw®gatonditions are as
follows: injector temperature: 250 °C for all plg@rts; transfer line temperature:
280 °C for all plant parts; detector temperatuBfl ZC (for flower & stem), 300 °C

(for leaf, root & rhizome).

Oven temperature programme: (i) for flower: 100M8d for 5 min, 250 °C with
ramping 5 °C mifl, hold 250 °C for 10 min. (ii) for leaf: 150 °C ddior 10 min,
250 °C with ramping 3 °C iy 275 °C with ramping 1 °C niln hold 275 °C for
5 min. (iii) for stem: 60 °C hold for 5 min, 110 %Gth ramping 5 °C min, 220 °C
with ramping 3 °C mit}, 250 °C with ramping 5 °C mifn hold 250 °C for 5 min.
(iv) for root & rhizome: 100 °C hold for 5 min, 28C with ramping 10 °C mih
hold 280 °C for 10 min.

Carrier gas: helium at a flow rate of 1.0 mL fhimass spectra: electron impact
(El+) at 70 eV, ion source temperature: 250 °C flimver & stem), 280 °C (for

leaf, root & rhizome). Individual components wedentified by NIST database
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matching. The percentage composition was determimedirea normalization
from TIC. TIC of the essential oil of different plaparts ofC. pictusare given in

Appendix VI.

RESULTS AND DISCUSSION

The essential oil/ hydrodistillate obtained by thgdrodistillation of flower,
leaves, stem, rhizome and root@fpictusgave a yield of 0.06% v/w, 0.02% v/w,
0.10% v/w, 0.03% v/w and 0.05% v/w respectivelyfaash plant material basis.
Table 4.1.1 shows the chemical composition of teeestial oil/ hydrodistillate
from the different plant parts o€. pictus The chemical compounds were
identified by comparison of the mass spectra ohé&a€ component with those of
the standards available by library search. Palmaitid (n-hexadecanoic acid) was
found to be the major constituent in all the fiwatodistillate together with other

fatty acids, hydrocarbons and mono, di and sespeites.

The hydrodistillate from the flowers ofC. pictus contains mono and
sesquiterpenes such as thymol (5.23%), nerolid8I1¢®), a—farnesene (0.67%),
caryophyllene (0.28%) and transeZbisabolene epoxide (0.22%) together with
other compounds. The leaf hydrodistillate contdlasitosterol acetate (0.18%),
diterpenes such as phytol (2.16%), isophytol (1.)48d geranyl geraniol
(1.21%) together with other compounds. The stenrddidtillate contains 5.66%
of phytol together with other compounds. The hydtithte from the rhizome of
C. pictuscontains monoterpenes such as thymol (0.66%)pamgrcene (0.08%)
together with other compounds. The hydrodistillitam the root ofC. pictus
contains mainly fatty acids and long chain hydrboas. The chemical
compounds identified from the hydrodistillate of plant parts ofC. pictusare

given in Table 4.1.1.
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Table 4.1.1 Chemical compounds identified in the ldrodistillate of Costus

pictusplant parts

Sr.no | Name of the Flower Leaf Stem Rhizome Root
compound (RT min, (RT min, (RT min, (RT min, (RT min,
Conc %) Conc %) Conc %) Conc %) Conc %)

1 Thymol 10.06, 5.23 - - 8.19, 0.66 -

2 B-caryophyllene| 13.22, 0.28 - - - -
Trans-Ze-bis- | 15.42, 0.22 - - - -

3 abolene epoxide

4 o —farnesene | 16.70, 0.67 - - - -

5 d-nerolidol 24.28, 0.91 - - - -

6 Homopiperazing 20.22, 0.52 - - - -

7 Geranyl geranio - 27.27,1.21 - - -

8 Isophytol - 28.11, 1.64 - - -

9 Phytol - 31.53,2.16 | 27.14,5.66 - -

10 B-myrcene - - - 7.23, 0.08 -

11 Kaur-16-ene - - - - 16.96, 11.04

12 Thunbergol - - - - 19.41, 4.24

13 f —sitosterol - 21.74,0.18 - - -

acetate

14 | n-decanoic acid 12.12, 0.26 - - - -

15 Tetradecane | 12.67,0.51| 22.66, 0.13 - 9.98, 1.87 -

16 | Dodecanoic acid 17.25,0.80| 17.73, 0.11* - 12.37, 0.14* -

17 Tetradecanoic | 21.54,1.71| 24.46, 1.55 - 14.76, 1.72* 14.67, 0.52

acid
18 | E-7-octadeceng 22.89, 0.06 - - - -
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Pentadecanoic
acid

5-methyl
heneicosane

Heptacosanoic
acid methyl
ester

n-hexadecanoid
acid

Eicosanoic acid
1-octadecyne
Octacosane
Tritetracontane

9,12-octadeca-
dienoic acid

Octadecanoic
acid

17-pentatri-
acontene

Hexacosane
Hexatriacontane
1-octacosanol

Tetratetra-
contane

1-heneicosanol
1-decosene

1-tetracosanol

Tetracosane

23.58, 1.85

24.10, 0.05

24.55, 0.03

26.55, 36.82

27.50, 0.88
27.78, 0.97
27.87,0.72
27.93, 0.04

29.51, 28.68

29.69, 0.35

30.93, 0.24

31.61, 5.64
33.07, 2.15
34.19, 1.28

34.74, 3.22

37.62, 0.50
37.78,0.21

38.02, 0.43

38.18, 0.55

26.70, 0.68

30.12, 43.50*

25.35,1.24

40.67, 0.15

34.78, 0.03

25.79, 0.04

38.79, 0.12

23.14, 46.86

15.17, 2.84

28.30, 18.94*

26.92, 0.06

29.97, 0.48

32.86, 0.14

16.83, 2.33

17.04, 46.23*

15.38, 0.02

19.90, 2.58

18.58, 14.03

12.80, 0.09

14.0, 0.02

16.85, 38.17

15.75, 0.65
12.95, 0.12

17.16, 0.20

15.11,0.21

16.17, 0.04
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38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

2-aminonona-
decane

Dotriacontane
Hexadecane

Hexadecyloxira-|
ne

2-hexyl-1-
decanol

Z-5,17-
octadecadien-1-
ol acetate
1-pentacontano

Pentatriacontan

n_
butylmyristate

2-methyl-
octadecane

9,12-
tetradecadien-1
ol

1-hexacosene

14-hepta-
decenal

Octadecanal
Heneicosane
Oleic acid

Heptadecanoic
acid

D

9,17-

14.68, 0.05

15.43, 0.94
18.35, 0.09

26.25, 0.02

26.36, 0.76

32.86, 19.89

33.01, 0.48

35.97, 0.06

23.67,1.08

21.71,0.52

18.88, 0.26

20.14, 0.08

28.43, 6.32

28.95, 0.75

16.18, 0.01

12.96, 0.03

14.18, 0.89
15.13, 0.07
15.46, 0.02

17.79, 0.07

18.61, 4.65

19.02,0.11

9.97,5.83

13.99, 0.08
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56

57

58

59

60

61

62

octadecadienal
Heptacosane

11-tridecen-1-ol

2-heptadecenal
Hexadecanal
Octadecanol
Tetradecanal
9-octadecenal
Total isolate

Unidentified

95.78

4.22

75.62

24.38

84.01

15.99

20.73, 0.03

75.54

24.46

18.11, 0.02
10.11, 0.02
13.72,0.10
14.17, 3.96
15.30, 0.02
16.36, 0.01
18.48, 0.17
65.51

34.49

* Previously reported compounds

The structure of some of the identified compoundsnfthe hydrodistillate o€.

pictusplant parts are shown in Fig 4.1.2.

N
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Kaur-16-ene




134

/
)\/\)\/M \
\ OH
Phytol Thunbergol

F

o ,//,/,//H

n-hexadecanoic acid [-caryophyllene

/\/\/\/\/\/\/\/\/\/\/\/\/\/
Octacosane

P N N P a2 a2\ P P e P\ S
Tetratetracontane

\/\/\/\/\/\/\/\/\Oj/OH

Eicosanoic acid

P NP\ P P P

1-heneicosanol

HO/\/\/\/\/\/\/

11-tridecen-1-ol

P N N Vo e
9-octadecenal

Fig 4.1.2 Structure of some of the identified compmds from the

hydrodistillate of C. pictusplant parts
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Phytol, a diterpene alcohol is used in the frageandustry. It is also used in the
cosmetics, shampoos, toilet soaps, household cteanel detergents. Phytol can
be used as a precursor for the manufacture of sgatforms of Vitamins E and
K1. B-myrcene and-nerolidol are also used in the perfumery. Germggyhniol is
an intermediate in the biosynthesis of vitaminsrid &. It is pheromone for a
variety of insects and a potent inhibitor dflycobacterium tuberculosis

Trans-Ze-bisabolene epoxide andfarnesene are also act as pheromone.

The antibacterial and antifungal activities of thelrodistillate ofC. pictusplant

parts viz., flower, leaves, stem, rhizome and rdeive been assayed at
concentration of 2% against strains of both Gramitp@ and Gram negative
bacteria and pathogenic fungi. The susceptibilégting was carried out by
measuring the inhibitory zone diameters on nutragdr, with conventional disc
diffusion method and the inhibitory zone diameteese read and rounded off to
the nearest whole number (mm) for analysis. Thebitdry effects of the

hydrodistillate against these microorganisms avergin Tables 4.1.2 and 4.1.3.

Bacillus subtilis Escherichialic

Pseudomonas aeruginosa Staphylococcus aureus Salmonella typhimurium

Fig 4.1.3 Antibacterial activities of hydrodistillate of C. pictusplant parts

against different strains
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Table 4.1.2In vitro antibacterial activity of essential oil ofC. pictusplant

parts
Escherichia | Bacillus | Pseudomonas| Staphylococcus| Salmonella
Samplé coli subtilis aeruginosa aureus typhimurium
Diameter of Inhibition zone (mm)*
Positive 20+ 0.05 | 25+0.06 20+ 0.03 15+ 0.06 25+ 0.08
Control
(Streptomycin)
Negative - - - -
Control
(Hexane)
Leaf 5+ 0.02 - 5+ 0.06 6+ 0.02 -
hydrodistillate
Stem 5+ 0.02 - 4+0.02 8+ 0.05 -
hydrodistillate
Flower 5+ 0.04 6+ 0.03 6+ 0.05 6+ 0.05 -
hydrodistillate
Root - 5+0.01 8+ 0.04 10+ 0.08 6+ 0.03
hydrodistillate
Rhizome - 6+ 0.03 15+ 0.09 7+0.04 -
hydrodistillate

®/alues are the mean of three replicates

PStandard and test solutions prepared in hexane

The screening results indicate that the leaf amdnshydrodistillates showed

moderate antibacterial activity against both Graegative bacterial strains
Escherichia coli(MTCC-2125), Pseudomonas aeruginosgMTCC-1688) and

Gram positive bacterial straistaphylococcus aureu@MTCC-3160) and no

activity against Gram negative bacterial str&aimonella typhimuriungfMTCC-
1357) and Gram positive bacterial straacillus subtilis (MTCC-1789). The

flower hydrodistillate showed moderate antibacteaietivity against all the four

bacterial strains exced. typhimurium The root hydrodistillate showed good

antibacterial activity agains$. aureus moderate antibacterial activity agairist

subtilis, P. aeruginosaand S. typhimuriumand no activity againgE. coli. The
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rhizome hydrodistillate showed good antibacter@lvaty againstP. aeruginosa
moderate antibacterial activity agairdt subtilisand S. aureusand no activity

againstt. coliandS. typhimurium

E. coli strain was highly susceptible with MIC to 13.5 8 Gng/mL with leaf,
stem and flower hydrodistillate®. subtilis strain was highly susceptible with
MIC to 11 + 0.6 mg/mL with flower, root and rhizontgydrodistillates.P.
aeruginosawvas susceptible with MIC to 14.2 mg/mL with stendiodistillate; 13
+ 0.5 mg/mL with leaf and flower hydrodistillate§.39 mg/mL with root
hydrodistillate and 2.6 mg/mL with rhizome hydrddiste. S. aureuswas
susceptible with MIC to 12.8 = 0.2 mg/mL with flowand leaf hydrodistillates;
8.65 = 0.7 mg/mL with stem and rhizome hydrodiatds and 4.7 mg/mL with
root hydrodistillate S. typhimuriumwas susceptible with MIC to 14 mg/mL with
root hydrodistillate.

Similarly, the screening results against the pathayfungi indicated that only
root and leaf hydrodistillates showed moderate famgal activity against
Aspergillus tamarii (MTCC-8841) and Rhizopus stolonifer(MTCC-2591)
respectively and showed no activity against ottehg@genic fungi tested namely
Fusarium oxysporum(MTCC-4118), Cladosporium cladosporioide$MTCC-
3507) andNigrospora oryzadMTCC-8465). The hydrodistillate from other plant

parts showed no activity against these five tekiadi.

Aspergillus tamariistrain was highly susceptible with MIC to 11.5 8 Gng/mL
with root hydrodistillate Rhizopus stolonifestrain was highly susceptible with
MIC to 13 + 0.6 mg/mL with leaf hydrodistillate.
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Aspergillus tamari Rwsim oxysporum

Fig 4.1.4Antifungal activities of hydrodistillate of C. pictusplant parts

against different strains

Table 4.1.3In vitro antifungal activity of hydrodistillate of C. pictus plant

parts

Samplé

Fusarium
oxysporum

Aspergillus
tamarii

Rhizopus
stolonifer

Cladosporium
cladosporioides

Nigrospora
oryzae

Diameter of Inhibition zone (mm)?

Positive
Control
(Bavistin)

30+ 0.09

36+ 1.0

40+ 0.07

38+ 0.06

52+ 1.2

Negative
Control
(Hexane)

Leaf
hydrodistillate

5+0.03

Stem
hydrodistillate

Flower
hydrodistillate

Root
hydrodistillate

7+0.05

Rhizome
hydrodistillate

%alues are the mean of three replicates

bStandard and test solutions prepared in hexane




139

In the present study, we may attribute the antdréadtand antifungal activities of
the hydrodistillate ofC. pictus plant partsare due to the higher percentage of
various mono, di and sesquiterpenes present ifhie antifungal activity of
sesquiterpenes such as caryophyllene oxide has weénestablishe. The
antimicrobial activities of essential oils are wdlbcumented, which are found
application as antibacterial, antifungal or an@iVmgents for food preservatives, in
clinical microbiology or in pharmaceutical prepéwas’?® According to
literatures, these components exert antimicroldfaces through the disruption of
bacterial or fungal membrane integrity and the bittan of respiration and ion
transport processes. With the alarming incidenceanfibiotic resistance in
microorganisms of medical importance, there isd@asing interest in plants as
sources of agents for the treatment of infectiossases %1333 Additionally,
the main advantage of naturally occurring antinticabagents is that they do not
enhance resistance among microorganisms, a phemoncemmonly encountered

with the use of synthetic antibiotis

The antimicrobial properties of the mono, di andgseterpenes isolated from
different plants were reported earlier. Trans-Bisabolene epoxide, thymdp;
caryophyllene etc are reported to have good artebat and antifungal
properties. Essential oil with phenols such as tlyraugenol, carvacrol etc as
main compounds expresses the highest and broatestyaagainst both bacteria
and fungi. The highest activity of the phenolsxgplained by the acidic character
of the —OH group forming hydrogen bond with an eneyactive centre. The
antimicrobial activity of hydrocarbons is lower ththat of oxygenated essential

oil component$36:37:38

Thymol has been reported to show antibacteriavigtagainst bacterial strains

including Aeromoans hydrophilaand Staphylococcus aureudhe antibacterial
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activity is caused by inhibiting growth and lact@@duction and by decreasing
cellular glucose uptak® The antifungal nature of thymol is caused by thisn
ability to alter the hyphal morphology and causehat aggregates, resulting in
reduced hyphal diameters and lyses of hyphafvall

EXPERIMENTAL

() Isolation of the essential oll

The essential oil/hydrodistillate was obtained Ime thydrodistillation of the
rhizome (2 Kg), root (300 g), leaf (1.5 Kg), stetmd Kg) and flower (100 g) of.
pictus separately in a Clevenger apparatus for 3 h. Thirdaystillate obtained
was dissolved in diethyl ether (10 mL). The orgapitase was dried over
anhydrous sodium sulphate and filtered. After reahcof the solvent, yellow
transparent oil with pleasant odour in the caskeaf (0.02% v/w), stem (0.10%
v/iw) and root (0.05% v/w) and colourless oil witlegsant odour in the case of
rhizome (0.03% v/w) and flower (0.06% w/w) wasahbed which was stored in

refrigerator at 4 °C until analyzed.

(1) Antimicrobial assay

Test microorganisms employed fiorvitro antibacterial assay were obtained from
Department of Microbiology, Kuvempu University, Skarghatta, Shimoga,
Karnataka and antifungal assay were obtained fremattment of Microbiology,
University of Mysore, Manasagangothri, Mysore, Kaaka The antimicrobial
assay of the hydrodistillate was performed by stasdilter paper disc diffusion
techniqué® A total of two Gram positive, three Gram negativacteria (Fig

4.1.3) and five pathogenic fungi (Fig 4.1.4) werged for this antimicrobial
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screening. The test solution at a concentratio@%fwas prepared by dissolving
the essential oil in hexane and Minimum Inhibitd@pncentration (MIC) was
reported. 0.1% streptomycin (Hi Media) and bavis{ih2%) were used as
standards for antibacterial and antifungal acweitirespectively. A blank disc

impregnated with hexane followed by drying off weed as a negative control.

Briefly, the test discs, standard discs and blaisicsdwere placed in the Petri
dishes that contain the specific bacterial or flingdture and then left in a
refrigerator at 4 °C for 12-18 h in order to diutie material from the discs to the
surrounding media. The Petri dishes were then @iabat 37 °C for overnight to
allow the bacterial growth and 48-72 h for fungabwth. The antibacterial and
antifungal activities of the hydrodistillate welgeth determined by measuring the

respective zones of inhibition in mm.

CONCLUSIONS

The present investigation has justified the fol&larse ofCostuspictus The

potential for developing antimicrobial drug througtreening of higher plants is
rewarding as it will lead to the development of lyjpmedicine to act against
microbes. The plant based antimicrobials have eaosntherapeutic potential as
they can serve the purpose without any side effbetisare often associated with

synthetic compounds.

C. pictus is regarded as a valuable plant source in folkianed modern drug
development. The various compounds identified frivm hydrodistillate of the
plant parts ofC. pictusare reported to possess a wide range of pharmacalog

activities.
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The hydrodistillates fronC. pictus were found effective against some bacterial
and fungal pathogens which are associated withr feken diseases, dysentery and
respiratory problems. The antimicrobial activity suds presented here
demonstrate that this plant hydrodistillate has cmmercial potential. The
antimicrobial activity shown by the hydrodistillateay be due to a synergistic
effect of various components present in it. It $sially found that such combined
effect of various components is responsible forapeutic activities of the plant

extracts.

Eventhough the hydrodistillate from the differenargs of C. pictus shows
promising results for antimicrobial activity againsarious bacterial and fungal
strains, the higher palmitic acid (n-hexadecanoaid)a content in them is
worrisome. The hydrodistillates from the flowersaves, stem, rhizome and root
of C. pictuscontained palmitic acid as the major constituerihwbncs. 36.82%,
43.5%, 46.86%, 46.23% and 38.17% respectively. WBalmcid increases Low
Density Lipoprotein (LDL) cholesterol levels andseathe LDL to HDL ratio in
healthy adults. High levels of LDL cholesterol iease the risk for coronary heart
diseases. Consumption of foods rich in saturatégt fecids and cholesterol has
long been recognized as an important precursoth®rdevelopment of coronary
heart diseases and saturated fatty acids elevatedoDcentration in the blood.
Moreover palmitic acid induces degeneration of niydé in rat adult
cardiomyocytes. Exposure of adult rat cardiomyceytie palmitic acid for 18
hours has shown destroyed both the contractileeriesrand the cytoskeleton. The
deleterious effect of palmitic acid on myofibrileepeded DNA fragmentation and
was detectable 3 h after administration of palmatbed. Palmitic acid, being the
major component of the hydrodistillate from thefaliént parts ofC. pictus the
constant use of especially pictusleaves for diabetic treatment may cause serious

health hazards and it must be avoided.
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SECTION -4.2

ISOLATION, IDENTIFICATION & QUANTIFICATION OF
DIOSGENIN FROM THE ROOT OF COSTUS PICTUS D.

DON

MATERIALS AND METHODS

(I)  Plant material

The root ofC. pictuscollected as in section 4.1 was used for this gthmical
study. The roots were washed with tap water, dmedhe shade and coarsely

powdered in a mixer grinder.

(I1) Chemicals and Reagents used

Solvents such as methanol, petroleum ether, ethgtate etc used were of
analytical/ HPLC grade (E. Merck). Precoated silieh 60 ks, plates (E. Merck)

of uniform thickness 0.2 mm were used for TLC. HPlu@ter was obtained from
Millipore water purification system. The standaidsgienin was purchased from
Sigma Aldrich. Antimony trichloride was purchasedm S. D. Fine Chemicals,

Mumbai.
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(111) HPLC instrument

The Shimadzu (Japan) HPLC system consisted of LAF1IYP pump, SPD
M10A VP photodiode array detector, SCL-10A systeomtmller, CLASS-VP
6.12 SP5 integration software and a Rheodyne m@@2b i syringe-loading
sample injector fitted with a 2QL injection loop, was used for the analysis.
Baseline resolution of diosgenin was obtained atZ6°C using a Phenomenex
Luna RP Gg column (250 x 4.6 mm i.d; pm) and Phenomenex guard column (4
X 2 mm i.d; um). HPLC method was validated by performing thesgaifity,

linearity and recovery studies.

RESULTS & DISCUSSION

(I) Isolation and identification of diosgenin from the root of Costus

pictus

The preliminary phytochemical investigation of tlu®t of C. pictusrevealed
the presence of steroid and saponin compounds anotimgy secondary
metabolites. In line with the presence of diosgeminthe root of Costus
speciosugqa closely related species), an attempt has beste rto check the
presence of diosgenin in the root®@f pictus The TLC profile of the 80% aq.
methanol extract (acidified with HCI) gave a graénblue spot corresponding
to standard diosgenin at B.38 on spraying with 10% antimony trichloride
reagent in CHGI(Fig 4.2.1). Diosgenin was successfully isolatearf the root
of C. pictusby adopting the reported metfadThe diosgenin (Fig 4.2.2) was
confirmed by its m.p. (205-207 °C), mixed m.p. aodTLC with the authentic

standard.
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-
1 2 1 2
Visible light UV-365 nm

Fig 4.2.1 TLC Plate dipped in 10% antimony trichloride reagent
Track 1. Standard diosgenin

Track 2. Methanolic extract of C. pictusroots

Fig 4.2.2Structure of Diosgenin (GgH15011)
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(1) Quantification of diosgenin by HPLC method

HPLC method was developed for the quantificatiordiosgenin in theC. pictus
roots. 1 mg/mL solution of standard diosgenin waspared. From the stock
solution different concentrations viz. 50, 100, 2800, 400 and 50Qg/mL were
prepared and calibration curve was plotted to chek linearity. 1 mg/mL
solution of methanolic extract &. pictusroot was used as the test sample. The
mobile phase used was 70:30 v/v acetonitrile: watentaining 0.1% HCOOH) as
at a flow rate of 1.0 mL/min under isocratic comatis. The chromatogram was

viewed at a wave length of 203 nm. Diosgenin wated at RT of 3.91 min.

Calibration curve was plotted to check the lingardnge and diosgenin content
was found to be 1.32% w/w in the dried roots ©f pictus The HPLC
chromatogram of the std diosgenin and the methartvhct of the root ofC.

pictusare given below (Fig 4.2.3 & 4.2.4).

e
— Dizocgenin ztd

e
—LIgEEEnin izolatad

ra- f

(=]

Fig 4.2.3 HPLC chromatogram of standarddiosgenin



147

Fig 4.2.4 HPLC chromatogram ofCostus pictusoot extract

EXPERIMENTAL

() Isolation and identification of diosgenin

200 g of the coarsely powdered rootsfpictuswas completely defatted with
petroleum ether (b.p. 60-80 °C) in a Soxhlet apparalhe dried defatted marc
was extracted with MeOH (1 L) in a Soxhlet appasdr 12 h. MeOH extract
was then evaporated to dryness in a rotary evapotatder vacuum at 50 °C.
About 200 mL of 4N HCI was added to the residuatée to hydrolyse on a water
bath for 30 min. It was cooled, filtered and the &yer was partitioned with
50 mL of CHC4. The lower chloroform layer was collected. Thisswapeated 6
times. The combined chloroform extract was evapordd about 25 mL in a
rotary evaporator and allowed to coBIn cooling, colourless solid was separated
out. It was recrystallized from hot methanol whigklded crystalline diosgenin
(16 mg) with m. p. (205-207 °C). The diosgenin wasfirmed by m. p., mixed m.
p. and co-TLC with the authentic standard.
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The Thin Layer Chromatogram of the plant extract vaeveloped using the
solvent system toluene: ethyl acetate: formic g6i@:1). The analyte detection
was done under visible and UV light. The developkedes were derivatised using
10% SbC{ reagent in CHGI

(1) Quantification of diosgenin by HPLC method

(i) Preparation of standard solution of the extractand diosgenin for HPLC

analysis

10 g of the powdered root @. pictuswas extracted with 100 mL 80% aqueous
MeOH (acidified with 4N HCI) in a soxhlet extractor 8 h. The solvent was
removed under suction. The residue was redissolvéteOH and made up to the
mark in a 25 mL volumetric flask with MeOH so tHamL of standard solution
contains 1 mg of the extract. It was then filtetedough 0.20um nylon-6, 6

membrane. This solution was used for the HPLC aimly

A stock solution containing 1 mg/mL of standard sgjenin was prepared in
methanol. The working standards were prepared ltpldy diluting the stock

solution with methanol.

(i) HPLC analysis

Baseline resolution of diosgenin was obtained at2Z5°C using a Phenomenex
Luna C-18 column using the solvent system 70:30 abetonitrile: water
(containing 0.1% HCOOH). The mobile phase was phts®ugh 0.4%um PVDF
filter and degassed before use. The flow rate vep$ &onstant at 1.0 mL/min and
the detection was done at 203 nm. For calibrastandard solutions of diosgenin

were prepared at concentrations of 50, 100, 200, 800 and 50Qug/mL using
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methanol as solvent. The standard solutionyPPwas injected in triplicate and
the average detector response was measured. Thextoacts were assayed in
triplicate, peak areas corresponding to diosgeRif: (3.91 min) were compared
with the calibration curve and thus the amountiosgenin was determined. The
amount of diosgenin present in the root was founte 1.32% w/w (dry weight

basis).

The developed HPLC method was validated for spaifilinearity, precision and
accuracy.The limit of quantification for diosgenin was Quiy/mL. A correlation
coefficient of 0.998 indicates good linearity beémethe concentration and the
area. The recovery studies were also carried odt the recovery value of
diosgenin by this method was 83.1 + 0.5%. The psedomethod is simple,

accurate and reliable for quantitative monitorifigliosgenin in the rodE. pictus

CONCLUSIONS

Diosgenin, a steroid saponin has been reporteth&first time from the roots of
C. pictus.Diosgenin is a major bioactive constituent of vasiedible pulses and
roots. It is well characterized in the seeds ofutgeek Trigonella foenum
graecumLinn.) as well as in the root tubers of wild yan3igscorea villosa
Linn.). Diosgenin is structurally similar to cholesol and other steroids. Since its
discovery, diosgenin is the single main precursothe manufacture of synthetic
steroids in the pharmaceutical industryio§yenin is used for the commercial
synthesis ofcortisone, pregnenolone, progester@mel other steroid produéis
Diosgenin is reported to havantitumour, hypocholesterolemic, antidiabetic,

antioxidant, antiobesity, antiinflammatory etc witigs*.
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In the present scenario, China and Mexico are ¢ipetivo countries with the
richest yam resource in the world, the yield ofsdienin accounts for 67% of
world productionC. speciosusa closely related species ©f pictusis otherwise
known as the ‘Indian source of diosgenin’. The oate of the present study is
that, the root ofC. pictuscontains diosgenin. Hence the rootfpictuscan also
be used an important raw material for the produactb diosgenin along witic.
speciosugupto 3.37% of diosgenin has been reported fremhizome). In order
to find out for getting maximum yield of diosgenfirom the root ofC. pictus
different factors which may contribute the prodantiof diosgenin such as geo
climatical conditions, harvesting time, age of ft@nt etc has to be investigated in

detail.
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Leea indica (Burm. f.) Merr.
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CHAPTER -5

ISOLATION & IDENTIFICATION OF CHEMICAL
COMPOUNDS FROMLEEA INDICA (BURM. F.) MERR.

PLANT PARTS AND ITS ANTIMICROBIAL STUDIES

INTRODUCTION

Leea indica(Leeaceae) is widely spread in the forests ofi¢edpand subtropical
India from the Himalayas as far west as Kumaon3mathwards to the Peninsula.
It is a perennial shrub with stout, soft wooded glabrous stems. The leaves and
root of L. indicaare reportedly of medicinal value. Its flowers greenish —white
in large, trichotomus, divaricated cymes on shedymcles which flower during
June- August. The leaves are useful for the tremitimiediabetes and the ointment

prepared from roasted leaves relieves vettigo

Its root is reported to possess sudorific, antiiaeal, antidysenteric and
antispasmodic activities. According to ethnobotahiaformation, the roots are
used for the treatment of allergy, skin diseased @ar troubles while leaf is

effective against snake bite The traditional healers of Bilaspur region of
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Chattisgarh of Indian continent reported that adgipinsect ingest this herb in
wild. The healers use this insect as ‘medicinakat’'sin treatment of common

fever. The insect is actually used in the form déioo’.

In Malaysia, the whole plant is used traditiondily headache, body pain and
skin complaint%’. Its vernacular names are Karkatajihva in Sanskrit
Kutanaluku/Naluku/Nallu in Malayalam; Ottanali iramil; Kurkurjiwah in Hindi
etc. The root ot.eea indicaare used in a number of Ayurvedic formulationg lik
Nagaradi Tail&.

(I) Morphological description of Leea indica

Leea indicais a shrub or small tree with stout, soft woodgdprous stem, with
tough branches and sometimes developing aeriak.raaaves twice or thrice
pinnate, leaflets 3-7 variable in size and shapege, oblong or lanceolate,
acuminate, coarsely serrate. Stipules large. F®wgeenish-white, in large,
trichotomus, divaricate cymes on short pedunclesits- berries, black or dark
blue, succulent, depressed, 4-6 furrowed, 4-6 skdtlewering and fruiting from

June-Decembér

(1) Abstract of the present work

The Chapter-5 is divided into 3 sections viz., ie®cb.1 describes the
phytochemical works orLeea indicaleaves & root; section-5.2 describes the
phytochemical works onL. indica flowers and section-5.3 describes the

phytochemical works oh. indicafruits.
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The Section-5.1 describes the isolation and ideatibn of gallic acid, ursolic
acid, lupeol $-sitosterol and ethyl palmitate from the root.oindica Gallic acid,
lupeol, B-sitosterol and ursolic acid were also identifiednfr the leaves ot.
indica. The antimicrobial activity of the petroleum eth@damethanol extracts of
leaves and root df. indicawas evaluated against three Gram positive and two
Gram-negative bacteria and three pathogenic fupgligc diffusion method. The
phenolic content in the leaves and rootLofindica were also estimated and

compared by adopting standard procedures.

The Section-5.2 describes the identification of¢hemical compounds present in
the essential oil extracted from the flowerd_ofndica (collected from 2 different
accessions) by GC-MS technique. The antimicrobictividy of the flower
essential oil oL.. indicawas evaluated against three Gram positive and tvamé

negative bacteria and three pathogenic fungi by diffusion method.

The Section-5.3 describes the identification ofigaicid, -sitosterol and ursolic
acid from the fruits of.. indica by directly doing co-TLC of the fruit extract with
these standards. The preliminary phytochemicalesing of the 80% aqg. MeOH
extract of the fruit revealed the presence of tewing compounds: triterpenes,

sterols, flavonoids, phenolic compounds, sapomlysosides etc.

REVIEW OF LITERATURE

Very few phytochemical studies have been repontet.iindica Twenty-three
known chemical compounds were identified in thevésaofL. indica (Burm. f.)
Merr. by GC-MS analysis. The identified compoundsclude eleven

hydrocarbons, phthalic acid, palmitic acid, 1-eaws, solanesol, farnesol and
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three phthalic acid estérsThe methanol extract of. indica showed good
antioxidant and nitric oxide inhibitory activitie¥he antioxidant activity of the
methanol extract of the whole plantlafindicausing FTC and TBA methods was
higher than that of quercetin and tocopherol bwelothan that of 2,6-di-t-butyl-4-
methylphenol (BHT). Similarly the methanol extradtL. indica showed strong
DPPH radical scavenging activity @€ 25 ng mLY) compared with standards
vitamin C (IGg 9 pg mLh), quercitin (IGy: 11 pg mL*) and BHT (1Gq: 12.5 pg
mL™%)*. o-tocopherol, p-amyrin and D-glucopyranoside have been reported

recently from the whole plant af indica™.

A number of chemical compounds have been reportad the plants belonging
to the genuseea Leeaoside, a new megastigmane diglycoside, witetesl along
with four known compounds; benz@-a-L-rhamnopyranosyl-(36)-5-D-
glucopyranoside, quercetin@-a-L-rhamnopyranoside,  myricetin-G-a-L-

rhamnopyranoside and citroside A from the leavds diorelli*2

Quercitrin-3'-sulphat€, antioxidant flavonoids and phenofitswere isolated
from the leaves oL. guinensis Sixty nine compounds were identified from the
essential oil of the leaves and wood Lofguinensisby GC-MS analysiS. The
agueous extract of the leaveslofguinensishas been reported to possess anti-

edematogenic activity.

The chemical composition of essential oil from teaves ofL. longifolia Merr.
has been establishéd

The crude methanolic extracts of the leaves, stethraot bark ofL. tetramera

was reported to possess antibacterial actitity
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SECTION - 5.1

COMPARISON OF ANTIMICROBIAL ACTIVITY AND

TOTAL PHENOLS OF THE LEAVES AND ROOT OF LEEA

INDICA AND ISOLATION OF COMPOUNDS FROM ITS

LEAVES AND ROOT

MATERIALS AND METHODS

(I) Plant material

The leaves and root af indicawere collected from Calicut University Campus,
Kerala, India (leaves in March 2005 and root in N&@8) and authenticated by
Dr. A. K. Pradeep, Department of Botany, University Calicut. A voucher
specimen No. 106601(CALI) has been deposited in Heebarium of this
University for future references. The collectedveEsnand roots were then washed
with tap water, shade dried and coarsely powdened mixer grinder. These

coarsely powdered materials were used for the ghgtmical investigation.
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L. indica leaves L. indicaroot

(I) Reagents and instrumentation

All the solvents used were of Guaranteed Reagemiitgu(Merck, India).
Precoated silica gel 60,4z plates of thickness 0.2 mm (Merck, Germany) were
used for TLC. The spots were visualized by sprayuity anisaldehyde-sulphuric
acid (AS) reagent followed by heating at 110 °CHanin and also by using 10%
MeOH/FeC} reagent. The standard samples were purchasedSrmgma Aldrich
(USA).

UV spectra were recorded on Shimadzu UV-1700 medisban) double beam
spectrophotometer and IR spectra on a Perkin - EEBYié spectrometer (USA) as
KBr pellet. '"H and**C NMR spectra were recorded in DMS@-at 300 and 75
MHz respectively on a Bruker Spectrospin NMR instemt (Germany) using
TMS as internal standard. EI-MS spectrum was sahrate70 eV on a JEOL
JMS600 instrument (Japan) and FAB-MS on a JEOL JMSGstrument using 3-
nitrobenzyl alcohol as matrix. CHN analysis was digted using VarioEL I

CHNS instrument (Germany).
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RESULTS & DISCUSSION

(1) Identification of chemical compounds from the eaves oL. indica

The PE extract of the leaves laofindicaon column chromatography yielded two
fractions.The compounds present in these two fractions wastified by using
GC MS analysis and are as follows:octadecane, n-eicosane, n-tricosane, n-
tetracosane, n-tetratetracontane, 17-pentatriacente n-heptacosane, n-
tetratriacontane, n-tritetracontane, lycoperseheptadecandarnesol, solanesol,
1-eicosanol, palmitic acid and phthalic acid. Samyf D1 obtained from the
butanol extract was subjected to GC MS analysistedhcompounds were
identified from this fraction - di-n-butyl phtha&tbutyl-2-ethylhexyl phthalate

and isooctyl phthalate.

From the fraction B a pure reddish brown solid was obtained which was
identified as n-buytlgallate (@H40s, 226.22) from the spectral data. The
structure of n-butylgallate is shown in Fig 5.1larg with thed values of theH
and*C nuclei. UV, IR,'H NMR, **C NMR and mass spectrometry data ofi®

as follows. All the Spectra of Lare given in Appendix — VII.

UV (Amax "M, CHOH): 221.51, 276.47; IR cmi*, KBr): 3493, 3329 (O-H str.),
2962 (C—H str.), 1687 (C=0 str’}4 NMR (5 ppm, 300 MHz, DMSO+ TMS):
0.92 (t, J = 7.5 Hz, 3H, G} 1.43 (sextet, J = 7.2 and 7.5 Hz, 2H, . H.58
(quintet, J = 6.3 and 7.8 Hz, 2H, @H4.15 (t, J = 6.0 Hz, 2H, Gl 6.90 (s, 2H,
ArH), 8.90 (s, 1H, OH), 9.25 (s, 2H, OH)YC NMR @ ppm, 75 MHz, DMSO-¢

TMS): 13.55, 18.77, 30.34, 63.55, 108.45, 120.589,21, 144.43, 166.80; EIMS:
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miz 226 (M, 100%), 211, 209, 181, 133, 75; FABMS: m/z 227 (y+171
(100%), 153, 149, 138, 125, 102, 89, 79, 57. Elaat@malysis: Anal. found (%):

C, 57.99; H, 7.01; O, 35. Calculated fori8,40s: C, 58.41; H, 6.19; O, 35.40.

During *H NMR analysis by the addition of,D, peaks a6 8.90 and 9.25 ppm
disappeared, which clearly indicate that both prstoelong to OH group.

63 30 18 13

0\166 /\/\ O\ /OH
N 415 158 1.43 0.92 T

9.25 HO OH
OH

(@) (b)

Fig 5.1.1 Structure of (a) n-butylgallate and (h)lig acid

The preliminary phytochemical screening of the 88§b methanol extract of the
leaves revealed the presence of some triterpertestaroids. In order to identify
these compounds co-TLC was carried out with a nurabstandards. Thus, two
triterpenes, lupeol (R= 0.85) and ursolic acid (R= 0.28) and one sterof-
sitosterol (R= 0.58) were identified from the methanol extragtch-TLC against
authentic samples (Fig 5.1.2).

The presence of gallic acid (R 0.49) (Fig 5.1.1b) in the leaves lof indica was
unambiguously confirmed by co-TLC against an auibesample (Fig 5.1.3). The
acidification of the methanol extract led to a pdate of gallic acid which

dissolved in butanol. This gallic acid gets eskedifinto butylgallate under hot



169

conditions while concentrating the butanol extradte butylgallate was isolated

using a silica gel column and identified by spestapic techniques.

In order to confirm this, the methanol extract wasjected to co-TLC with
isolated butylgallate and a standard of gallic acsthg a toluene-ethyl acetate-
formic acid-methanol (30:30:9:1.25) solvent systéfter spraying the TLC plate
with 10% MeOH/FeGl reagent, only the green spot of gallic acid waschiag
with the one present in the extract €R0.49). There is no corresponding spot in
the methanol extract for n-butylgallates €(R0.74). Therefore it can be stated that

the leaves oL. indicacontain gallic acid in the free state and notabutyl ester.

() 1dentification of B-sitosterol, lupeol, ursolic acid and gallic acid

from the leaves ofL. indica by co-TLC with standards

A co-TLC analysis was carried out with the 80% agethanol extract of the
leaves on a precoated silica gel 6g,lplate. For this analysis 10 pL of the extract
and standard solutions were applied on the predoplate (5 x 10 cm) and
developed to a distance of 8 cm. Lupe®isitosterol and ursolic acid in the
methanol extract were identified by co-TLC agaisistndard samples using PE-
ethyl acetate (4:1) solvent system. The presencgalic acid in the methanol
extract was also identified by spotting againshd#ad sample using 30:30:9:1.25
toluene-ethyl acetate (EA)-formic acid (FA)-methhrsolvent system. The

structures of the identified chemical compoundsgiven in fig 5.1.4.



1 2 3 4
Track: 1-Std. lupeol
Track: 2-Stdp-sitosterol
Track: 3-MeOH extract
Track: 4-Std. ursolic acid

Solvent system: 4:1 PE-EA
Visualization: AS reagent in Vis.

Fig 5.1.2 Co-TLC of MeOH extract
with lupeol,-sitosterol and ursolic acid

Ursolic acid
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1 2
Track: 1-MeOH extract
Track: 2-Std. gallic acid

Solvent system: 30:30:9:1.25
Toluene-EA-FA-MeOH
Visualization: 10%
MeOH/FeC}

Fig 5.1.3 Co-TLC of MeOH extract
with gallic acid

[-sitosterol

Fig 5.1.4 structures of some identified compoundsdm the leaves oL. indica
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(1) Identification of chemical compounds from the root of L. indica

The PE extract of the root &f indicaon column chromatography yielded ethyl
palmitate, lupeol-sitosteol and ursolic acid. From the methanol aetirgallic
acid was obtained which was identified from thecsfz@ data and co-TLC with

the standards.

(IV) Comparison of antimicrobial activities and total phenolic content

of the leaves and the root of. indica

Petroleum ether extract &f indica leaves showed good activity against Gram
positive bacterial strainBacillus subtilisand Staphylococcus aureusnoderate
activity against Gram negative bacterial straisxherichia coli(Fig 5.1.5) and
Salmonella typhimuriunand no activity against Gram positive bacteriahiat
Bacillus cereus Similarly methanol extract of leaves showed matemlctivity
against Escherichia coliand Staphylococcus aureuand no activity against

Bacillus cereusBacillus subtilisandSalmonella typhimuriuratrains.

The petroleum ether extract of root showed poaviagtagainstEscherichia coli
while the methanol extract showed moderate actaginstEscherichia coliand
poor activity againsStaphylococcus aurewsgrains. Both the extracts showed no
activity againstBacillus cereus Bacillus subtilisand Salmonella typhimurium

strains. The results are summarized in table 5.1.1.

Similarly the screening results against some pathiogfungi indicate that the

petroleum ether extract of the leaf and root showedd antifungal activity
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against,Aspergillus flavus moderate activity againgspergillus nigerand no
activity againstFusarium moneliformaePenicillium notatumand Alternaria

alternata strains. The methanol extract of the leaf showextlerate antifungal
activity againstAspergillus nigerand Fusarium moneliformaeand no activity
againstAspergillus flavusPenicillium notatumand Alternaria alternatastrains.

While methanol extract of the root showed poontgtiagainstAspergillus niger
and Aspergillus flavusand no activity against other tested strairie results are

summarized in table 5.1.2.

PE extract of L. indica leaf MeOH extract of L. indica leaf

PIE e Gl el e gt MeOH extract of L. indica root

Fig. 5.1.5Zone inhibition of (A) 1% solution of the extract; (B) 2% solution
of the extract;

(C) negative control; (D) positive control againsEscherichia coli
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Table 5.1.1 Antibacterial activity of Petroleum etler (PE) and methanol

(MeOH) extracts of L. indica leaf and root

Diameter of inhibition zone (mm}

L. indicaleaf L. indicaroot
PE extract MeOH PE extract MeOH | Cephatoxime
Tested bacterig extract extract 0.1%
1% 2%| 1% 2%/ 1% 2% 1% 2%
Bacillus cereus - - - - - -l - - 8
Bacillus subtilis| 10 12| - - - - - 12
Escherichia 8 10| 6 7 2 10 20 34
coli
Salmonella 12 12 - - - - - 36
typhimurium
Staphylococcus 10 10| 5 9 - 4 9 14
aureus

#Values are the mean of three replicates
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Table 5.1.2 Antifungal activity of Petroleum ether (PE) and methanol

(MeOH) extracts of L. indica leaf and root

Diameter of inhibition zone (mm}’

L. indicaleaf L. indicaroot
PE extract MeOH PE extract| MeOH extra¢t Bavistin
Tested extract carbendazim
pathogenic | 39 4% 3%  4%| 3% 49 3% 0 0.1%
fungi
Alternaria - - - - - - - 14
alternata
Aspergillus | 7 8 - -l 5 6 3 11
flavus
Aspergillus 1 3 2 5 3 2 1 20
niger
Fusarium - - 4 4 - . 9
moneliformae
Penicillium - - - -1 - - - 14
notatum

#Values are the mean of three replicates

The phenolic content in the leaves and root ofndica were estimated by the

method of Singleton and Rog3iable 5.1.3, Fig 5.1.6). The leaves are found to
have a higher phenolic content (5.43%) when congprés root (2.03%).
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Table 5.1.3 Estimation of total phenols in the leadnd root of L. indica

MeOH leaf extract MeOH root extract
Wt. of std. Mean Mean
gallic acid | Absorbance |  wit. Absorba- | Phenolic | phenolic | Wt. | Absorba- | Phenolic | phenolic
(ng) (ng) nce content content (ng) nce content content
(%) (%) (%) (%)
50 0.1820 1000 0.2051 55 2000 0.1596 2.15
100 0.4031 2000 0.4366 55 4000 0.3157 2.0
150 0.5903 3000 0.6210 5.33 5.43 6000 0.4620 20 2.03
200 0.8014 4000 0.8435 5.25 8000 0.6233 2.0
250 0.9987 4500 0.9976 5.56 9000 0.7155 2.0
10
g 8
3 6 5.43
c
o
o
L 4
g 2.03
0 -
1 2
leaves root

Fig 5.1.6 Plot of total phenols in the leaf and rdmf L. indica
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EXPERIMENTAL

() Isolation of chemical compounds from the leaves &f indica

The powdered material (2.7 Kg) was extracted widthanol (5x3 L) in a Soxhlet
apparatus for 12 h. The combined extract was cdrated to 700 mL in a Buchi
Rotary evaporator (India) at 60 °C. It was thermticmated using petroleum ether
(60-80 °C) and 1-butanol. The PE fraction was gsibge to column

chromatography and collected two fractions.

The residual methanol extract (85 g) after fraaimn with PE was shaken with
2M HCI and 1-butanol (1:10) for 5 min to obtain thdoutanol fraction which was
concentrated under reduced pressure to get 30 & redddish brown mass. A
column chromatographic separation of this residuea silica gel (60-120 mesh)
column using CHGl and CHC}—acetone mixtures as the eluant. The fraction
collected by elution with CHGlalone afforded a reddish brown liquid .08 g)
and 5:2 CHGacetone mixture yielded ;Das a pure solid, which was further
recrystallised from hot methanol to obtain reddisbwn crystals having m.p. at
120-123 °C (0.15 g). This compound was identifie@jallic acid by spectroscopic

techniques.

() I1solation and characterization of ethyl palmitate, lupeol,(3-sitosterol

and ursolic acid from the root of L. indica

About 600 g of the powdered root was extracted widthanol (2x5 L) for 12 h in

a Soxhlet extractor. The combined extract wasrétleand concentrated in a rotary
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flash evaporator to 500 mL. It was then fractiodatdéth petroleum ether (PE; b.p.
60-80 °C). The solvent was removed from the PEaektio obtained 16 g of the
residue. Solvent was also removed from the fraath methanol extract to
obtain 25 g of the residue. The PE extract was tbaded into a column packed
with silica gel (60-120 mesh; 200 g). The columnswaluted with hexane,
different ratios of hexane and ethyl acetate arah ttvith ethyl acetate alone.
Every 50 mL fractions were collected and similacfions were identified with
TLC and pooled together. PE-ethyl acetate (4:1yesudl system was used for
doing TLC and anisaldehyde-sulphuric acid (AS) ezador derivatization.

The fractions 1-8 (hexane) gave a blue spot @0.B4 on derivatization. The
concentrated volume was allowed to evaporate slatvlyhe room temperature
when a colourless waxy solid was obtained (m.p286€). The compound was
identified as ethyl palmitate (Cby co-TLC and mixed m.p. with its standard. The
fractions 17-23 (95:5 hexane-ethyl acetate) gavpink spot at R0.85. A
colourless amorphous solid was obtained on remotmgg solvent, which on
repeated crystallization from ethanol, colourlesedies (28 mg; m.p. 214-216)
was obtained. It was identified as lupeol,)®y co-TLC, mixed m.p. and

comparison of UV and IR spectra with its standard.

The fractions 29-37 (90:6 hexane-ethyl acetatepvi@und to consist of a mixture
of compounds. These compounds were separated pgrpteve TLC using PE-
ethyl acetate (4:1) solvent system. The compouh&s @alues 0.58 (¢) and 0.28
(C,) gave blue and pale pink colours respectively enivdtization with AS
reagent. @ on crystallization from ethanol gave colourlesgstalline compound
(15 mg; m.p. 140-142C). G; was identified a$-sitosterol by co-TLC, mixed

m.p. and comparison of UV and IR spectra with itsidard. Gwas obtained as
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colourless crystal (18 mg; m.p. 284-288) and was identified as ursolic acid by

co-TLC, mixed m.p. and comparison of UV and IR smewith its standard.

(1) Isolation of gallic acid from methanol fracti on of the root ofL.

indica

A column chromatographic separation of methanatueson a silica gel (60-120

mesh) column was done using CH@hd CHC}-acetone mixtures as the eluant.
The fraction collected by elution with 50:30 CH@ketone mixture yielded a

colourless solid, which was further recrystallisedm hot methanol to obtain

colourless crystals having m.p. at 250-253 °C (4f).rthe isolated compound

was identified as gallic acid by co-TLC, mixed mgmd from its UV, IR and

13C spectra and mass spectrometry.

(IV) Identification of lupeol, B-sitosterol, ursolic acid and gallic acid

from the root of L. indica by co-TLC with standards

A co-TLC analysis was carried out with the isolatenpounds C1 to C4 of the
root on a pre coated silica gel 6&fplate. For this analysis, 10 pL of the C1 to
C3 and standard solutions in methanol were applrethe pre coated plate (5 x 10
cm) and developed to a distance of 8 cm. Luppdlitosterol and ursolic acid
were identified by co-TLC against standards usifgefhyl acetate (4:1) solvent
system. The presence of gallic acid was confirmedsfotting the C4 against
standard and developed TLC plate using 30:30:9:thRfene-ethyl acetate (EA)-

formic acid (FA)-methanol solvent system.
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(V) Antimicrobial assay

For antimicrobial studies, the powdered materi@lgseach of the leaves and root
of L. indica were extracted successively with petroleum etle6®-80 °C) and
methanol in a Soxhlet extractor for 12 h. The solsevere removed under suction
to yield 1.70% (w/w) of petroleum ether extract ah65% (w/w) of methanol

extract.

Test microorganisms employed for vitro antimicrobial assay were obtained
from P. G. Centre, Department of Microbiology, Koyau University,
Dhavangare, Karnataka, India. The antimicrobiabpssf the essential oil was
performed by standard filter paper disc diffusiechniqué®?® A total of three
Gram positive, two Gram negative bacteria and pa¢hogenic fungi were used
for this antimicrobial screening. The test solusiavere prepared by dissolving the
extracts in DMSO. For antibacterial studies, 0.5% 4% of the test solution was
used and 3% and 4% of the test solution was emglayethe antifungal studies.
To compare the antibacterial and antifungal adtisjtcephatoxime (0.1%) and
bavistin carbendazim (0.1%) were used as standatitli@ics respectively. As
negative control, a blank disc impregnated with OMllowed by drying off

was used.

Briefly, the test discs, standard discs and blaisksdwere placed in a petridish
with a particular bacteria or fungi and then lefti refrigerator at 4 °C for 12-18 h
in order to diffuse the material from the discsth@ surrounding media. The
petridishes were then incubated at 37 °C for ogétnio allow the bacterial
growth and 48-72 h for fungal growth. The antibaateand antifungal activities
of the extracts were then determined by measurm respective zones of

inhibition in mm.
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(V1) Estimation of total phenolic content

1 mg/mL stock solution of the leaf and root metHaedract of the plant was
prepared in methanol. From the stock solution, rBl2 of the extract was taken
into a 25 mL standard flask and 10 mL of water dn8l mL of the Folin-
Ciocalteu’s phenol reagent were added to it. Theure was kept for 5 minutes
and then 4 mL of 20% N&Os; solution was added and made upto 25 mL with
double distilled water. The mixture was kept forBhutes and the absorbance of
blue color developed was read at 765 nm. Percentagetal phenolics was
calculated from the calibration curve of standaatlig acid plotted by using the

above procedure and total phenolics were expresseercentage gallic aéld

CONCLUSIONS

The present investigation has helped in identifyimg compounds present in the
leaves and root oLeea indica,a hitherto uninvestigated species. Among the
identified compounds, gallic acid is reported tedngood antifungal and antiviral
properties. Gallic acid is also an antioxidant comm and protects the cell
against oxidative damage. The leaves oindica contains a higher percentage of
gallic acid (5.43%) compared to its root (2.03%).

The presence of a large number of long-chain hyattmns reported in the leaves
of L. indicais typical in the leaves of tropical plants whichsome extent lower

the rate of transpiration. Strong antioxidant agtihas been reported for the
methanol extract of the leaveslafindica The strong antioxidant activity of the
leaves ofL. indica can be attributed due to the presence of gallid, aziwell

known antioxidant compound in its leaves.
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The petroleum ether and methanol extracts of theele and root df. indicawas
found effective against some bacterial and funggalrss which are associated with
fever, skin diseases, dysentery and respiratonyblenes. The antimicrobial
activity results presented here demonstrate thist plant has a commercial
potential. The antimicrobial activity shown by thetroleum ether extract of the
leaves and root of. indica may be due to a synergetic effect of various
components present in it. A number of compoundsnted from the petroleum
ether extract oL. indicaleaves had been found to possess antimicrobi&itaed.
Further investigations are needed to ascertainctiapounds present in the
petroleum ether extract of the root working agamstrobial strains. Gallic acid
present in the methanol extracts of the leavesraadplay a pivotal role in their
antimicrobial activities.

REFERENCES

19.Barry A.L. Procedure for testing antimicrobiajeats in agar media. In:
Antibiotic in laboratory medicine, (Ed. V Lorianyilliams & Wilkins Co.,
Baltimore, USA. 1986, 1-23.

20.Bauer A.W., Kirby W.M.M., Sherris J.C. and Turckl. Antibiotic
susceptibility testing by standardized single disgthod. American Journal of
Clinical Pathology. 1966, 44: 493-496.

21.Singleton V.L. and Rossi J.A. Colorimetry of alotphenolics with
phosphomolybdic acid-phosphotungstic acid reageMiserican Journal of

Enology and Viticulture. 1965, 16(3): 144-158.



182

SECTION - 5.2

CHEMICAL COMPOSITION AND ANTIMICROBIAL
ACTIVITY OF THE ESSENTIAL OIL OF LEEA INDICA

(BURM. F.) MERR.FLOWERS

MATERIALS AND METHODS

(1)  Plant material

The flowers ofLeea indicawere collected from Dhoni Forest, 16 Km from
Palakkad District, Kerala, India (accession 1, Ahd from Calicut University
Campus, Kerala, India (accession 2, A2) in AuguB072 (325 and 200 g
respectively) and duly identified by Dr. A. K. Pesb, Department of Botany,

University of Calicut.

(I1) GC-MS analysis

GC-MS analysis was performed by the split injatiin:40) of 0.1uL of the oil in
hexane on a Shimadzu GCMS-QP2010 (Japan) gas ctugmraph fitted with
cross banded 5% diphenyl 95% dimethyl polysiloxdEX5 (MS) capillary

column (30 m x 0.25 mm x 0.2bm coating thickness), coupled with a mass
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detector. GC-MS operating conditions were as faflpimjector temperature 250
°C, transfer line 250 °C, Detector temperature 280) oven temperature
programme: 60 °C hold for 5 min, 110 °C with rangpF°C mirt, 200 °C with
ramping 3 °C miri, 220 °C with ramping 5 °C nmifnhold 220 °C for 5 min. carrier
gas: helium at 1.67 mL nifn mass spectra: electron impact*jEat 70 eV, ion
source temperature: 220 °C. Individual componewtsre identified by
Wiley139.LIB and NISTO5.LIB database matching. Tfercentage composition
was determined by area normalization. TIC of treeasal oil ofL. indicaflowers

collected from two accessions are given in AppeMix

RESULTS AND DISCUSSION

The compounds present in the essential oil of ibwers ofL. indica collected
from two different accessions were identified anthpared by GC-MS analysis.
The major constituents present in the flowers weeatified to be phthalic acid
esters (96.93% in Al and 95.78% in A2). 3H-pyraza@ad monobutyl
carbonotrithioate were identified only in A1 whibés-(2-pentyl)phthalatand 5-
decyne were detected only in A2. The percentagetioér compounds differs
slightly in the two accessions (Table 5.2.1). Thercpntage of di-
isobutylphthalate, the major compound from the ®igskeoil of both accessions

was found to be more or less same (> 75%).

Phthalates are used as plasticers in the produetipolyvinyl chloride and other
plastics. It has been demonstrated that phthakteswidely distributed in the
environment but that their levels are low becaumy tare subject to relatively

rapid photochemical and biological degradatfon
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Table 5.2.1 Chemical composition of the essential of L. indica flower

Sr. Retention Chemical compounds identified
No. | time (min) Accession 1 Accession 2
(Conc %) (Conc %)

1 2.489 Homobenzvalene (0.07) Homobenzvalene (0.02)

2 11.611 Guaiacol (0.03) Guaiacol (0.01)

3 17.868 1,4-Benzenediol (0.49) 1,4-Benzenedi@g).

4 18.189 Anethole (0.07) Anethole (0.05)

5 20.459 3,5-Heptadien-2-one (0.08 3,5-Heptadieme (0.12)

6 29.707 3H-pyrazole (0.03) -

7 40.042 Di-isobutylphthalate (79.00) Di-isobutytiphlate (75.64)
8 40.166 Monobutyl carbonotrithioate -

(0.01)
9 41.251 Di-n-butylphhthalate (7.18) Di-n-butylphéalate (7.48)
10 41.812 Isobutyl-2-pentylphthalate (0.43%obutyl-2-pentylphthalate (0.58)
11 42.807 n-Butylisobutylphthalate (6.11)  n-Butghsitylphthalate (7.87)
12 42.960 n-Butyl-2-ethylhexylphthalate  Butyl-2-ethylhexylphthalate
(0.40) (0.40)

13 43.439 n-Butylisohexylphthalate (3.6}) Butylisaiilphthalate (3.71)
14 44.044 - Bis(2-pentyl)phthalate (0.06
15 44.106 n-Pentylphthalate (0.12) n-Pentylphtlea@t04)

16 47.211 Phytol (0.03) Phytol (0.10)

17 50.480 - 5-Decyne (0.04)

Unidentified (2.26)

Unidentified (3.22)

There are only fewer reports of the occurrencehefphthalates from plants. Di-

isooctyl phthalate has been reported fraimonium bicolof® and Dracaena

cochinensigLour.) S.C. Chefi. Butyl and isobutyl phthalates were reported from

Dracaena cochinensi¢Lour.) S.C. Cheh Di-(2-ethyl)hexylphthalate has been
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isolated from the leaves d@@assia auriculatd. Bis(2-ethylhexyl)phthalate was
reported from the roots dEuphorbia hylononf&. Bis(2-methylheptyl)phthalate
has been isolated from the aerial partHgpericum hyssopifoliunh?®, Diethyl
phthalate has been reported from the essentifonil the skin of water caltré
Diethyl phthalate and derivatives of phthalic acwsre isolated from the root

exudates of barnyard gra&shinochloa crusgalft-

Phthalates are reported to have antimicrobial dahdrgharmacological activities.
So far phthalic acid has been known to be prodibge@ibberella fujikurot®. Bis-
(ethylhexyl)phthalate reported fronStreptomyces bangladeshiensghows
antimicrobial activity against Gram positive baieand some pathogenic fufiyi
Bis(2-methylheptyl)phthalate isolated frofliongamia pinnataleaves exhibit
antiviral activity against White Spot Syndrome \&rwf Penaeus monodon
Fabricius®. Di(2-ethylhexyl)phthalate isolated fromAlchornea cordifolia
reported to lower anti-inflammatory activity Di-isooctylphthalateisolated form

Nigella glanduliferaFreyn. wasdentified as inhibiting melanogene¥is

Phthalates are also reported to affect the humarngfeDi-2-ethylhexylphthalate
(DEHP), a commonly used plasticizer is harmful toman healtt. Di-2-

ethylhexylphthalate, di-n-hexylphthalate and diatytphthalate were reportedly
affect the functioning of liver, kidney and thyrdid Di(2-ethylhexyl)phthalate,

was also hepatocarcinogenic in fats

The antibacterial and antifungal activities of thendica flower essential oil from
accession 1 have been assayed at concentratidh§%fto 4% against strains of
both Gram positive and Gram negative bacteria atdggenic fungi (Fig. 5.2.2).
The susceptibility testing was carried out by measguthe inhibitory zone
diameters on nutrient agar, with conventional pajise method and the inhibitory

zone diameters were read and rounded off to theeseahole number (mm) for
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analysis. The inhibitory effects of the essentihlagainst these microorganisms

are given in Tables 5.2.2 and 5.2.3.

The screening results indicate that the essentiashmwed good antibacterial
activity against Gram negative bacterial straissherichia coliand Salmonella
typhimuriumand moderate activity against Gram positive batetrainsBacillus

subtilis, Bacillus cereusindStaphylococcus aureus

Similarly the screening results against some pahiegfungi indicate that the
essential oil showed good antifungal activity agtiRenicillium notatum
moderate activity againgispergillus nigerand Fusarium moneliforma@and no

activity againstAspergillus flavusandAlternaria alternatastrains.

Phthalates are reported to have good antimicralmi@vities. In the present study,
the antibacterial and antifungal activities of gesential oil of. indicaflowers is
due to the higher percentage of phthalates in itai&ol, anethole and 3H-
pyrazole are reported to have antibacterial/ang&liractivity. The presence of
these compounds increases the antimicrobial pateotithe essential oil of.

indica flowers

e S o S 4

Anethole Guaiacol diisobutylphthalate
s 09 fi
di-n-butylphthalate n-butylisobutylphtate n-butylisohexylphthalate

Fig 5.2.1 Structure of some of the identified compmds from the

essential oil ofL. indica flowers
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Bacillus subitilis Escherichia coli

Salmonella typhimurium Staphylococcus aureus
A = 0.5% solutiol
B = 1% solution
C = -ve control
D = +ve control

Fusarium moneliformae Penicillium notatum

Aspergillus niger

A = 3% solutiol
B = 4% solution
C = +ve control
D = -ve control

Fig 5.2.2 Antibacterial and antifungal activities & essential oil against different

strains
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Table 5.2.2In vitro antibacterial activity of essential oil ofL. indica flower

Diameter of inhibition zone (mm}

Tested bacteria Essential oil Cephatoxime
0.5% | 1% 0.1%
Bacillus cereus 6 7 8
Bacillus subtilis - 6 9
Escherichia coli 10 10 25
Salmonella typhimurium 8 11 23
Staphylococcus aureus 5 6 10

% alues are the mean of three replicates

Table 5.2.3In vitro antifungal activity of essential oil ofL. indica flower

Diameter of inhibition zone (mm}

Tested pathogenic fungi  Essential oil Bavistin
carbendazim
3% 4% 0.1%
Alternaria alternata - - 16
Aspergillus flavus - - 9
Aspergillus niger 8 7 20
Fusarium moneliformae| 6 5 7
Penicillium notatum 18 21 40

4/alues are the mean of three replicates
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EXPERIMENTAL

() Isolation of the essential oll

The essential oil was obtained by hydrodistillatafrthe flowers ofL. indicain a

Clevenger apparatus for 3 h. The essential oil reagtracted with diethyl ether
and dried over anhydrous PBO,. The light yellow transparent oil (0.18% v/w
from Al and 0.13% v/w from A2) has a bitter odondatored in a refrigerator at

4 °C until analyzed.

(1) Antimicrobial assay

Test microorganisms employed for vitro antimicrobial assay were obtained
from P. G. Centre, Department of Microbiology, Koyau University,

Dhavangare, Karnataka, India. The antimicrobiabpssf the essential oil was
performed by standard filter paper disc diffusiechniqué®?® A total of three

Gram positive, two Gram negative bacteria (Tab®Z.and five pathogenic fungi
(Table 5.2.3) were used for this antimicrobial saiag. The test solution was
prepared by dissolving the essential oil from A1DMSO. For antibacterial

studies, 0.5% and 1% of the test solution was @&t 3% and 4% of the test
solution was employed for the antifungal studiescompare the antibacterial and
antifungal activities, cephatoxime (0.1%) and btwvisarbendazim (0.1%) were
used as standard antibiotics respectively. As aathag control, a blank disc

impregnated with DMSO followed by drying off waseds

Briefly, the test discs, standard discs and blaisksdwere placed in a petridish

with a particular bacteria or fungi and then lefti refrigerator at 4 °C for 12-18 h
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in order to diffuse the material from the discsth@ surrounding media. The
petridishes were then incubated at 37 °C for ogéinto allow the bacterial
growth and 48-72 h for fungal growth. The antibdateand antifungal activities
of the essential oil were then determined by meaguhe respective zones of

inhibition in mm.

CONCLUSIONS

The results from the present study offer a scienpifoof for the traditional use of
the L. indica flowers. The essential oil from the flowers was rfdueffective

against some bacterial and fungal strains whichaasociated with fever, skin
diseases, dysentery and respiratory problems. fitilgaaterial/ antifungal activity

shown by the oil may be due to a synergetic efdéstarious components present
in it. It is usually found that such combined effed various components is
responsible for therapeutic activities of the plantracts. However this needs

further investigation and remain open to futuresstigation.

REFERENCES

22.Barry A.L. Procedure for testing antimicrobiajeats in agar media. In:
Antibiotic in laboratory medicine, (Ed. V LorianYVilliams & Wilkins Co.,

Baltimore, USA. 1986, 1-23.



191

23.Bauer AW., Kirby W.M.M., Sherris J.C. and Turckl. Antibiotic
susceptibility testing by standardized single disthod. American Journal of
Clinical Pathology. 1966, 44: 493-496.

24 Hurford N., Law R.J., Payne A.P. and Fileman T.@bncentrations of
chemicals in the north sea arising from dischardiogh chemical tankers. Oil
and Chemical Pollution. 1989, 5: 391-410.

25.Wei Y.X. and Wang J.X. Studies on the chemioalstituents of hypogeal part
from Limonium bicolor Journal of Chinese Medicinal Materials. 2006, 29:
1182-1184.

26.Wei H., Wen D., Liu X. and Tang R. Constitueintpetroleum ether and ethyl
acetate extract fractions @fracaena cochinensi@_our.) S.C. Chen. Chinese
Journal of Chinese Materia Medica. 1998, 23: 618-61

27 .Nageswara R.G., Mahesh K.P., Dhandapani V.SnaR&.T. and Hayashi T.
Constituents o€assia auriculataFitoterapia. 2000, 71: 82-83.

28.Ruan H.L., Zhang Y., Zhang Y.H., Pi H.F. and Wz. Studies on constituents
from roots of Euphorbia hylonoma Chinese Journal of Chinese Materia
Medica. 2006, 31: 742-744.

29.Cakir A., Mavi A., Yildirim A., Duru M.E., Harmadar M. and Kazaz C.
Isolation and characterization of antioxidant pHenecompounds from the
aerial parts ofHypericum hyssopifoliunk. by activity-guided fractionation.

Journal of Ethnopharmacology. 2003, 87: 73-83.



192

30.Liang R. and Peng Q.J. Analysis of constituehtsssential oil from the skin of
water caltrop. Journal of Chinese Medicinal Materid006, 29: 24-26.

31.Xuan T.D., Chung I.M., Khanh T.D. and Tawatdd&ntification of phytotoxic
substances from early growth of barnyard gr&sshihochloa crusgal)i root
exudates. Journal of Chemical Ecology. 2006, 33:8%6.

32.Cross B.E., Galt R.H.B., Hanson J.R., Curtis, &fove J.F. and Morrison A.
Isolation and characterizationf phthalic acid produced byGibberella
fujikuroi. Journal of Chemical Ecology. 1963, 85: 29-37.

33.Al-Bari M.A.A., Sayeed M.A., Rahman M.S. and Madik M.A.
Characterization and antimicrobial activities ofpathalic acid derivative
produced byStreptomyces bangladeshiens&-novel species collected in
Bangladesh. Research Journal of Medicine and Me8iciances. 2006, 1(2):
77-81.

34.Rameshthangam P. and Ramasamy P. Antiviral itgctiof bis(2-
methylheptyl)phthalate isolated froRongamia pinnatdeaves against White
Spot Syndrome Virus dPenaeus monodon Fabriciugirus Research2007,
126: 38-44.

35.Mavar M.H., Haddad M., Pieters L., Baccelli €enge A. and Quetin L.J.
Anti-inflammatory compounds from leaves and rootrkbaf Alchornea
cordifolia (Schumach. & Thonn.) Mill. Arg. Journal of Ethnapmacology.

2008, 115: 25-29.



193

36.Nguyen D.T., Nguyen D.H., Lyun H.L., Lee H.Bhi® J.H. and Kim E.K.
Inhibition of melanogenesis by dioctyl phthalateolaged from Nigella
glandulifera Freyn. Journal of Microbiology and Biotechnolog®007, 17:
1585-1590.

37.Du Q., Shen L., Xiu L., Jerz G. and WinterhaReDi-2-ethylhexyl phthalate
in the fruits ofBenincasa hispidaFood Additives and Contaminants. 2006, 23:
552-555.

38.Hinton R.H., Mitchell F.E., Mann A., Chescoe Brice S.C., Nunn A., Grasso
P. and Bridges J.W. Effects of phthalic acid estersthe liver and thyroid.
Environmental Health Perspectives. 1986, 70: 19&-21

39.Kluwe W.M. Carcinogenic potential of phthalic ichcesters and related
compounds:  structure-activity  relationships. Enwmental Health

Perspectives. 1986, 65: 271-278.



194

SECTION - 5.3

PHYTOCHEMICAL STUDIES OF THE FRUITS OF LEEA

INDICA

MATERIALS AND METHODS

(i)  Plant material

The fully ripened fruits ofL. indica were collected from Calicut University
Campus, Kerala, India. It is dried in sunlight aswhrsely powdered in a mixer

grinder.

Fig 5.3.1L. indicadried fruits
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RESULTS & DISCUSSION

(1) Identification of chemical compounds from the fuits of L. indica

The preliminary phytochemical screening of the 8866 MeOH extract of the
dried fruits of L. indica revealed the presence of the following compounds:
terpenoids, sterols, flavonoids, phenolic compousdponins, tannins, glycosides
etc. Further detailed study has to be carried @igdlate and identify the chemical

compounds present in the fruitslofindica

The TLC profile of PE (b.p. 60-80 °C) extract oétdried fruits ofL. indica was
found to contain ursolic acid {R0.66), B-sitosterol (R 0.72) among other
terpenoid compounds. The TLC plate was developedgud:1 Toluene-Ethyl
acetate solvent system (Fig 5.3.2). It was theayga with Anisaldehyde-4$0,
spray reagent and heated at 110 °C.

The methanol extract of the dried fruitslofindicawas subjected to co-TLC with
gallic acid. The TLC plate was developed with 5:83:3 Toluene-Acetone-
Methanol-Formic acid solvent system and sprayedh wif% MeOH/FeGl
reagent. The spot ati R.42 corresponding to gallic acid was obtainechdA of

other phenolic compounds were also detected i i@ plate (fig 5.3.3).
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Solvent system: 9:1 Toluene-Ethyl acetate
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Fig 5.3.3 TLC profile of methanol extract
Solvent system5:3:1:0.5 Toluene-Acetone-Methanol-Formic acid

Track 1: Extract; Track 2: Gallic acid
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- Alc. KOH in Alc. KOH
Alc. K.OH n UV 365 nm followed by
Vis. FBS

Fig 5.3.4 TLC profile of methanol extract

Solvent system5:3:1:0.5 Toluene-Acetone-Methanol-Formic acid

EXPERIMENTAL

(1) Preliminary phytochemical screening

50 g of the dried fruits oE. indica was extracted with 80% aqg. methanol. The
methanol extracts was concentrated under suctienratary flash evaporator and
subjected to preliminary phytochemical screeningtf® detection of the major

class of compound%** The details of the tests are as follows:
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1. Test for carbohydrates:

A. Molisch’s test Dissolved small quantity (300 mg) of the extragparately in 4
mL distilled water and filtered. The filtrate wasbgected to Molisch’s test. Violet

ring was obtained. This indicates the presencadfahydrates.

B. Fehling’s testDissolved small quantity of the extract in waaed treated with
Fehling’s solution. Reddish brown colour obtain€dis indicates the presence of

carbohydrates.
2. Test for phenols:

Phosphomolybdic acid testhe methanolic extract was spotted on a filter pape

A drop of phosphomolybdic acid reagent was addetth¢ospot and was exposed
to ammonia vapours. Blue coloration of the spot wlaserved. This indicates the

presence of phenols.
3. Test for flavonoids:

A. Shinoda testTo 2-3 mL of methanolic extract, a piece of maguasribbon
and 1 mL of conc. HCI were added. Red colour waainbd, which indicate the

presence of flavonoids.

B. Lead acetate testo 5 mL of the extract, added 1 mL of lead aeetalution.

Flocculent white precipitate was obtained, whictdicate the presence of

flavonoids.
4. Test for tannins:

Braemer’s testTo 2-3 mL of methanolic extract, 10% alcoholic Fe€blution

was added. Dark blue colour was obtained, whicicatd the presence of tannins.
5. Test for steroids/ terpenoids:

Liebermann-Burchard testio 1 mL of methanolic extract, 1 mL of CHCP-3

mL of acetic anhydride and 1 to 2 drops of conaatt HSO, were added. Red

coloration of the solution, which indicates thegmece of terpenoids.
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6. Test for alkaloids

A. Dragendorff’'s TestA drop of methanolic extract was spotted on a kpiate

of precoated TLC plate and the plate was spray# Bragendorff's reagent. No

orange coloration, which indicates the absencékaf@ds.

B. Hager’'s test The extract was treated with few mL of Hager'sgent. No

yellow precipitate, which indicates the absencalkéloids.

C. Wagner's testThe extract was treated with few mL of Wagnegagent. No

reddish brown precipitate, which indicates the abseof alkaloids.
7. Test for glycosides:

Legal’s test Dissolved the extract (0.1 g) in pyridine (2 mayided sodium nitro-
prusside solution (2 mL) and made alkaline with Maéblution. The red colour

solution, which indicates the presence of glycaside
8. Test for saponins:

Foam testDiluted 1 mL of methanolic extract separately wdiktilled water to 20
mL and shaken in a graduated cylinder for 15 mmuteormation of foam

indicates the presence of saponins.
9. Test for anthraquinones:

Borntrager’s testAbout 50 mg of methanolic extract was heated wiibo1FeC}

solution and 1 mL of conc. HCI. The extract wasledpfiltered and the filtrate
was shaken with diethyl ether. The ether extract fuather extracted with strong
NHs. No Pink or deep red coloration of aqueous layich indicates the absence

of anthraquinones.
10. Test for amino acids:

Ninhydrin test Dissolved a small quantity of methanolic extracta few mL of

water and added ninhydrin in acetone. Purple colag obtained which indicates

the presence of amino acids.
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(1) TLC fingerprint profiling

(a) Extraction:

About 50 g of the powdered material was extractetd @00 mL petroleum ether
in a Soxhlet extractor for 8 hours below 8D. The Marc dried and further
sequentially extracted with methanol. The individertracts were concentrated in
a rotary flash evaporator under reduced pressune. résidues obtained were
redissolved in the respective solvents and mad® 0® mL in volumetric flasks.

These solutions were used for TLC fingerprint giodj.

(b) Chromatographic conditions:
Chamber saturation: Developing chamber saturatddthe solvent system.

Stationary phase: Pre-coated silica gel 8Qptates.

(c) Solvent systems:
1. Toluene - Ethyl acetate (9:1) for PE extract

2. Toluene-Acetone-Methanol-Formic acid (5:3:1:0d) methanol extract

(d) Detection:

By visualization under visible light, UV 365 nm, modine chamber and by
derivatization with Anisaldehyde - Sulphuric aceggent, 10% EtOH/KOH, 10%
EtOH/H,SO, reagent and Nkvapours.

(e) Procedure:
10 uL of both the extracts were used for spotting. Thl&tes were then developed
with the above mentioned solvent systems. The Tkéfilps of two extracts

derivatized with different spray reagents.
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CONCLUSIONS

The presence of gallic acid, ursolic acid ghditosterol were identified in the
fruits of L. indica The preliminary phytochemical screening of thé48@q.
MeOH extract of the dried fruits df. indica revealed the presence terpenoids,
sterols, flavonoids, phenolic compounds etc. TL@&gdrprint profiles of the
extracts of the fruits oL. indica revealed the presence of a no. of steroid,
flavonoid and triterpenoids. Further detailed sthdg to be carried out to isolate
and identify the chemical compounds present irfrihies of L. indica Though the
present phytochemical investigation of the fruitsLo indica is impressive, the
characterization of still unexplored constituentemain open to future
investigation. Since the fruit is edible, it would desirable to investigate its
phytochemical profile in detail. It seems likelyatra humber of compounds from

fruits of L. indicamay provide interesting leads for pharmacologival@ation.
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Appendix I11

Spectra of apigenin-4’,5-O-f-D-diglucoside (BR-1)

isolated from the whole plant of Biophytum reinwardtii
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Title: SAIF-1IT, Powai, Mumbai

Operator ID: SMD
Company name: ThermoFinnigan
Method filename: C:\Eager 300 for EA1112\data\Sys_data_example\chn-2009\30-1 1-2009-CHNS.mth
Method name: NCHS
Analysed: 11/30/2009 13:37
Printed: 12-01-2009 10:34
Elemental Analyser method:
Sampler method:
Sample ID: 30-11-2009-012-BR-1-CHN-144 (# 12)
Analysis type: UnkNown
Chromatogram filename: 30-11-2009-012-BR-1-CHN-144 dat
Calibration method: Least Squares to Linear fit
Sample weight: 2.172
Protein factor: 6.25
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Elemental analysis of BR-1
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PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.68 dB
SFOZ 300.1312005 MHz
FZ - Processing parameters
s1
Lo} 75.4677867 MHz
WDW EM
S5B 0
LB 1.00 Hz
B 0
T T T T T T T T T T T T T T e 1.40
160 150 140 130 126 118 108 90 80 ie) 60 50 40 30 ppm

DEPT 135 Spectrum of BR-1
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39.71
39,42

Mwmwwmw "

Current Data Parameters

Hz
Hz
sec

usec
usec

sec
sec
sec
sec

NAME GGRW-X3
EXPNO

PROCNO 1
F2 - Acquisition Parameters
Date 20110417
Time 19.18
INSTRUM spect
PROBHD 5 mm DUL 13C-1
PULPROG dept135
TD 65536
SOLVENT DMSO
NS 256
Ds 4
SWH 17985.611
FIDRES 0.274439%
AQ 1.8219508
RG 16384
DW 27.800
DE 6.00
TE 300.0
CNST2 145.0000000
Dl 2.00000000
d2 0.00344828
di2 0.00002000
DELTA 0.00001184
DO 1

CPDPRG2
NUC2
P3

pd
PCPD2
PL2
PL12
SF02

a1

41.0 40.5 40.0 39..5 39.0 38.5 38.0 375

ppm

CHANNEL f1

.00
75.4762953

CHANNEL £2
waltzlé

15.68
300.1312005
15.4677867
EM

0

1.00

0

1.40

usec
usec
dB
MHz

usec
usec
usec
dB
dB
MHz

F2 - Processing parameters
32768

MHz

Hz

DEPT 135 Spectrum of BR-1

Tce
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o © ~ O~ ™~ [~ 0 © 0 Current Data Parameters
NAME GGRW-X3
EXPNO 2
PROCNO 1
F2 - Acquisition Parameters
Date 20110417
Time 19.18
INSTRUM spect
PROBHD 5 mm DUL 13G-1
PULPROG dept135
™ 65536
SOLVENT DMSO
NS 25
DS 4
SWH 17985.611 Hz
FIDRES 0.274439 Hz
AQ 1.8219508 sec
BG 16384
DW 27.800 usec
DE 6.00 usec
TE 300.0 K
CNST2 145.0000000
DL 2.00000000 sec
dz 0.00344828 sec
diz 0.00002000 sec
DELTA 0.00001184 sec
TDO 1
| 1
| | | f
A | TR Tl i I | I | p1 9.30 usec
| ATl b I P2 18.60 usec
It | PL1 0.00 dB
SFOL 75.4752953 MHz
- CHANNEL £2 ==
CEDPRG2 waltz16
NUC2 1H
P3 13.15 usec
pd 26.30 usec
PCPD2 80.00 usec
PL2 0.00 dB
PL12 15.68 dB
SEOZ 300.1312005 MHz
F2 - Processing parameters
S1 32768
SF 75.4677867 MHz
WOW EM
SSB 0
LB 1.00 Hz
B 0
T I T T T T I o 1.40
95 90 85 80 5 70 60 ppm

DEPT 135 Spectrum of BR-1

[AA
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Current Data Parameters
NAME May08-2014
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters

Date_ 20140508

Time 8.01

INSTRUM spect

PROBHD 5 mm PABBO BB-

PULPROG cosygpqf
2048

TD
SOLVENT DMSO
6

DS 8

SWH 6250.000 Hz
FIDRES 3.051758 Hz
AQ 0.1638900 sec
RG 64

Dw 80.000 usec
DE 6.50 usec
TE 297.0K

Do 0.00000300 sec
D1 1.47624195 sec
D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00016000 sec
======== CHANNEL {1 ====:
NUC1 1H

PO 10.65 usec
P1 10.65 usec
PL1 0.00 dB

PL1W 23.53637505 W
SFO1 500.1340221 MHz

====== GRADIENT CHANNEI
GPNAM1 SINE.100

GPZ1 10.00 %

P16 1000.00 usec

F1 - Acquisition parameters
NDO 1

D 128
SFO1 500.134 MHz

H-H COSY Spectrum of BR-1

vee
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Current Data Parameters

NAME May08-2014
EXPNO 11
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140508
Time 8.01
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG cosygpqf
TD 2048
SOLVENT DMSO
NS

DS 8

SWH 6250.000 Hz
FIDRES 3.051758 Hz
AQ 0.1638900 sec
RG 64

Dw 80.000 usec
DE 6.50 usec
TE 297.0K

DO 0.00000300 sec
D1 1.47624195 sec

D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00016000 sec

======== CHANNEL {1 ====:
1H

NuUC1

PO 10.65 usec

P1 10.65 usec

PL1 0.00 dB

PL1W 23.53637505 W
SFO1 500.1340221 MHz
====== GRADIENT CHANNEI
GPNAM1 SINE.100

GPZ1 10.00 %

P16 1000.00 usec

F1 - Acquisition parameters
NDO 1

D - 128 :

SFO1 500.134 MHz

H-H COSY Spectrum of BR-1

STAA
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BR-1.............Srinivasan,
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H-H COSY Spectrum of BR-1



BR—1............. Srinivasan, By
NAME May08-2014
EXPNO 13
PROCNO 1
X Y - L_A_‘ ppm F2 - Acquisition Parameters
Date_ 20140508
Time 9.07
0 INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  hmbcgpndqf
D 4096
' : 20 SOLVENT DMSO
NS 32
DS 16
4 40  SWH 6250.000 Hz
: FIDRES 1.525879 Hz
AQ 0.3277300 sec
RG 203
60 DW 80.000 usec
DE 6.50 usec
M. L TE 296.3 K
4 80 CNST13 8.0000000
’ ’ DO 0.00000300 sec
D1 1.47951996 sec
] D6 0.06250000 sec
L 100 D16 0.00020000 sec
' ol ® INO 0.00001790 sec
[] 0 o
] ======== CHANNEL {1 ======
{ } H-1200 NUCT 1H
| | 5 i P1 10.65 usec
| l || P2 21.30 usec
I} - L Il L | 140 PL1 0.00 dB
| | ! | | | | PL1W 23.53637505 W
| ! | | | I} SFO1 500.1340221 MHz
| | ] | | | [
| ‘ b | i
L | S . SN S - —======= CHANNEL {2 ======
IR | LA T Noe e
| | | | | | |t P3 7.80 usec
1 l | L : \ | | PL2 0.00 dB
. I . C | i | ] 180 PL2W  70.83519745 W
1 i | ‘ | ‘l ! SFO2 125.7703443 MHz
| | |
“ ! — ! ! e T o00 ====== GRADIENT CHANNEL :
| | | | | |l
A MAAAAAANAS RaA T s  DAARARARAS M TRaEaa e f ] t T
14 13 12 11 10 9 8 7 6 5 4 3] 2 ppm
|

HMBC Spectrum of BR-1

L2¢




............. Srinivasan,

Current Data Parameters
NAME May08-2014
EXPNO 13
PROCNO 1

F2 - Acquisition Parameters
Date_ 20140508
Time 9.07
INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG  hmbcgpndqf
D 4096
SOLVENT 3 DMSO

2

NS

DS 16

SWH 6250.000 Hz
FIDRES 1.525879 Hz
AQ 0.3277300 sec
RG 203

Dw 80.000 usec
DE 6.50 usec
TE 296.3 K
CNST13 8.0000000
DO 0.00000300 sec
D1 1.47951996 sec
D6 0.06250000 sec
D16 0.00020000 sec
INO 0.00001790 sec
—======= CHANNEL 1 ======
NUC1 1H

P1 10.65 usec
P2 21.30 usec
PL1 0.00 dB

PLIW 23.53637505 W
SFO1 500.1340221 MHz

—======= CHANNEL 2 ======
NUC2 13C

P3 7.80 usec

PL2 0.00 dB

PL2W 70.83519745 W
SFO2 125.7703443 MHz

—===== GRADIENT CHANNEL :

HMBC Spectrum of BR-1

8¢¢



Srinivasan,
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229

ppm

100
110
120

E l
E I
“1 .lll

|
|

g

) S Q S g

g 8 8§ 8 3§
ey

i ©

_ N R lm‘ 5

| 1N

S S T

M ©

e IS l‘l’n\ﬁl“w! ﬁ.o.

\ f w (&)

[ + (P I 1 =

\‘mm ges , P e

i | S

- TN
|

|-

S 2S
!

PN

PN
[ i

B I

— 1 - ” . N

| P

— 1 | TN

Lo

—t 1T [ [ N
;

1t

—t——T [ [N
| :

S

——t—T | | N

1

| i o

— == | DS

Lo

FN

d |

ol

et e L "ﬁ‘ . o

L by

S I S Sy

ppm

1355

HMBC Spectrum of BR-1



230

..Srinivasan,
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BR-1............. Srinivasan,

Current Data Parameters
NAME May08-2014
EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
l_’J_ate_ 20 81 420508
: ime .23
pPPm  INSTRUM spect
PROBHD 5 mm PABBO BB-
0 PULPROG hsqcetgp
D 1024
SOLVENT DMSO
10 NS 6
DS 16
20 SWH 6250.000 Hz
FIDRES 6.103516 Hz
20 AQ 0.0819700 sec
RG 203
bDw 80.000 usec
40 DE 6.50 usec
TE 296.4 K
50 CNST2 145.0000000
DO 0.00000300 sec
D1 1.49467504 sec
= 60 D4 0.00172414 sec
D11 0.03000000 sec
i B 70 D13 000000400 sec
e o D16 0.00020000 sec
= INO 0.00002400 sec
% 80  ZGOPTNS
: : 90 CHANNEL {1 ======
| 5 NUCT 1H
| | | P1 10.65 usec
| ] N I o 100 p2 21.30 usec
l | | P28 0.00 usec
—————— ——— _ , 110 PL1 0.00 d8
1 | L , | PLIW  23.53637505 W
I I N _ ~ 120 SFO1 500.1340221 MHz
| |
| | | ======== CHANNEL 2 ======
t | ] 130 I?IZI(J:I;RGZ g%arp
I 1 °
|
_ — 1} % A L ‘ _ _ | _ 140 P3 7.80 usec
B I S I I | s
] T o s
T T T T T T T T T
13 12 11 10 9 8 7 6 5 4 g ppm

HSQC Spectrum of BR-1

T€C
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BR—T..ocvevneeces Srinivasan,

Current Data Parameters
NAME May08-2014
EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 014051

Time .

INSTRUM spect
PROBHD 5 mm PABBO BB-
PULPROG hjqcetgp

D 1
SOLVENT DMSO
NS 6

DS 16

SWH 6250.000 Hz
FIDRES 6.103516 Hz
AQ 0.0819700 sec
RG 203

bw 80.000 usec
DE 6.50 usec
TE 296.4 K
CNST2 145.0000000
Do 0.00000300 sec
D1 1.49467504 sec
D4 0.00172414 sec
D11 0.03000000 sec

D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00002400 sec
ZGOPTNS

CHANNEL f1
1H

10.65 usec
21.30 usec

0.00 dB
23.53637505 W
SFO1 500.1340221 MHz

CPDPRG2
NuC2
P3 7.80 usec

HSQC Spectrum of BR-1




------------- Srinivasan, Current Data Parameters

NAME May08-2014
EXPNO 12

PROCNO 1

F2 - Acquisition Parameters
Date_ 20140508
Time 8.23
INSTRUM  spect
PROBHD 5 mm PABBO BB-
PULPROG hsqcetgp
0 1024
SOLVENT DMSO
NS 6

DS 16

SWH 6250.000 Hz
FIDRES 6.103516 Hz
AQ 0.0819700 sec
RG 203

DW 80.000 usec
DE 6.50 usec
TE 296.4 K
CNST2 145.0000000
DO 0.00000300 sec
D1 1.49467504 sec
D4 0.00172414 sec
D11 0.03000000 sec

D13 0.00000400 sec
D16 0.00020000 sec
INO 0.00002400 sec
ZGOPTNS

—======= CHANNEL {1 ======
NuUC1 . 1H

P1 10.65 usec

P2 21.30 usec

P28 0.00 usec

PL1 0.00 dB

PL1W 23.53637505 W
SFO1 500.1340221 MHz

s il AL A

S======= CHANNEL '2 sS=====
CPDPRG2 garp

NUC2 13C

P3 7.80 usec

\ L
L

HSQC Spectrum of BR-1

€ec




............. Srinivasan,

Current Data Parameters
NAME May08-2014

EXPNO 12
PROCNO 1
F2 - Acquisition Parameters
Date_ 20140508
Time 8.23
INSTRUM spect
PREY PROBHD 5 mm PABBO BB-
PULPROG hsqcetgp
60 D 1024
SOLVENT DMSO
NS 6
62 DS 16
SWH 6250.000 Hz
FIDRES 6.103516 Hz
64 AQ 0.0819700 sec
RG 203
DW 80.000 usec
66 DE 6.50 usec
TE 296.4 K
CNST2  145.0000000
68 DO 0.00000300 sec
D1 1.49467504 sec
D4 0.00172414 sec
£ L S R ) D11 0.03000000 sec
z o | D13 0.00000400 sec
= o o D16 0.00020000 sec
= 72 INO 0.00002400 sec
3 ZGOPTNS
|
—% w e . | I R I ) S ======== CHANNEL f1 ======
. | \ ¥ ] NUCT 1H
-§§ i i P1 10.65 usec
i | | | P2 21.30 usec
< % - g | 5 | 1o ge P28 0.00 usec
3| ; 1 5 . ; PL1 0.00 dB
2 R R R [ R 1 o 2 I N S PLIW  23.53637505 W
|| | } | : | ! SFO1 500.1340221 MHz
| | | |
.'i | | | | | - | 7Q | | ======== CHANNEL f2 ======
; ' - I I T - 80 CPDPRG2 garp
€ | i | ; l ‘, NUC2 13
g | | » ‘ | : } 82 P3 7.80 usec
| | | | |
§ 1 ! | ‘ | i |
e
4.8 4.6 4.4 4.2 4.0 3.8 3.6 34 3.2 3.0 ppm

HSQC Spectrum of BR-1
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Appendix IV

Spectra of Mangiferin (SF-1) isolated from the roots of

Salacia fruticosa



Abs.

236

2422 . .

2.000 - 25352

1.000 -

0.000

0517 1 1

190.00 400,00 B00.00
nm.

UV- Vis Spectrum of SF-1 (in DMSO)

200.00



Absz.

Abs.

-0.552

237

2358 — ; ;

269.54

2.000 -

1.000 -

0.000

-0.654 1 1

180.00 400,00 G00.00
nm.

UV- Vis Spectrum of SF-1 + AIC} (initial reading)

200,00

2o 27044 ' '

2395

2.000 -

1.000 -

0.000

180.00 <00 .00 G00.00
nm.

UV- Vis Spectrum of SF-1 + AICk (after 10 min)

S00.00



HAbs.

Abs.

-0.534

-1.062

238

2.402 . .
264.24
2154

2.000

1.000

0.000 =

180.00 400.00 60000 &00.00
nm.

UV- Vis Spectrum of SF-1 + AICl; + 2N HCI (initial reading)

4460 T T

4.000 |

2.000 H

0.000

190.00 400.00 60000 £00.00
nm.

UV- Vis Spectrum of SF-1 + AICl; + 2N HCI (reading after 30 min)



Absz.

Abs.

239

2,000 |m.

“" 289.349

nm.

1.507
325114
1.247 360.879
1.205
1.000
0.000 -
1082 1 L L n
190.00 400.00 G00.00 800.00
nm.
UV- Vis Spectrum of SF-1 + CHONa (initial reading)
2,000 o T T
1.000 H =
267.34
0.517
325114
0.213 414 .52
0.000 -
1082 L 1 1 ]
180.00 400.00 G00.00 800.00

UV- Vis Spectrum of SF-1 + CH;ONa (reading after 10 min)



HAbs.

Abz,

4.460

240

T
T -
4.000
2.000 -
0.000 -
I

274432
0s1s

333455

narz

306254
1584

nm.

-1.062
190.00 400.00 Go0.00 800.00
UV- Vis Spectrum of SF-1 + CH,COONa (initial reading)
4460 T T
4.000 -
39657
z.000 1584 ]
275694
0918
F33.405
0.375
0,000 -
-1.062 L L 1
190.00 400.00 Go0.00 800.00

UV- Vis Spectrum of SF-1 + CH,COONa (reading after 30 min)
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100 —

] 253571
- 294012

- 164 41

7 336847
90— 1622.04

— 58594
526,71

8 — 162242

b 1096 75
b 1496.50 14077
7 118302

1255 E6
L L L L B L L L B L L L L B

4500 4240 <4000 3750 3600 3260 000 7an 2500 22450 2000 1750 1500 12460 1000 TE0 a0
Salacia authentic 1fem

IR spectrum of SF-1
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7

SF1(H1 IN DMSO.D6+CDCL3 MIX.)

k& A SR RsARd Anaaeas e SR a s n ey

11

)

T T T T T T T T T

%

—6.8.

6 5 4

(ppm

**¥ Current Data Parameters ***
NAME Q
EXPNO 23
PROCNO 1

#+% Acquisition Parameters ***
AQ mod qseq
AUNM

BF2 0.0000000 MHz
DEC NMR PO
DEC_MC PO
DECSTAT CPD
DP3000 5 191 dB
DS 0
FMFLAG 0

FW 5000.00 Hz
INSTRUM AM
LOCNUC

NUCLEUS

o1

02 500.00 Hz
PULPROG

RO 20 Hz
SFOI1 200.1342877 MHz
SOLVENT Solvent ?
SW 19.9867 ppm
SW h 1000.000 Hz
D g 8192

It 297 K
VD 3 0.0000000 sec
YMAX a 100.0000000
YMIN a 0.0000000

*+% Processing Parameters *

GB 0.0000000
LB 0.00 Hz
NC_proc

H NMR Spectrum of SF-1
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. SF1(H1 IN DMSO.D6+CDCL3 MIX.)

< CX—cl = SO~ S
2 grgd T 28= =
5 = & &8 § 2as 8F — g

= SR ,‘__.A

! NN

s

'"H NMR Spectrum of SF-1
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SF1(H1 IN DMSO.D6+CDCL3 MIX.)

,’,

—4.7478
4
581¢
181

'"H NMR Spectrum of SF-1
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SF1(H1 IN DMSO.D6+CDCL3 MIX.)

6.3483

H NMR Spectrum of SF-1
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* SF-1(13C IN DMSO0.D6+CDCL3 MIX.)

oy .m*b el l .mewmwwlquM T g

—T T YT T T T T T — W
2 0 |

240 () 8 160

ppm)

NAMI
EXPNO
PROCNO

Q
24

Acquisition Parameters *

AQ_mo
AUNV
BF2
DEC_NMR

DEC M(

DECSTAT
DP3000
DS
FMFLAG

PULL
RO
SFOI

SOLVENT

0.0000000 M1
PO
PO
CPD
12 dB
\
)

31300.00 Hz
AM
Lock
Nuc
4516.71 H
4890.50

50.3275167 Mi

Solvent

SW 1967851 pp
SW h 25000.000 1
D 68
[T 297 K

VI 0.000000(¢

YMAX 100.000000

YMIN a 0.0000000

5% Processing Parameters **

GB 0.000000(

B 200

OFFSI 326.874 pr
1) NMR Plot Parameters

He 14.6

Widtl 1¢ 8

XOIT 1

Y 1.00

250.01 ppn

0.01 ppm

¥C NMR Spectrum of SF-1
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SF-1(13C IN DMSO.D6+CDCL3 MIX.)

CEXI—X 3

1R B Wl

T T T T T T T T T T T T T T T T T T T T T T T T T .
180 175 ) 163 60 5 0 135 1 12 20 | ] S100 95 ) 85 80 5 7 S 50 S

(ppm

3C NMR Spectrum of SF-1
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SF-1(13C IN DMSO.D6+CDCL3 MIX.)

13C NMR Spectrum of SF-1
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~

.‘ SF-1(13C IN DMSO.D6+CDCL3 MIX.)

.

13C NMR Spectrum of SF-1
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...

SF-1(13C IN DMSO.D6+CDCL3 MIX.)

—156.6495

—153.8599

— 1616525

143.5810

T T T T T T T T T
180 178 176 174 172 170 68 6 16 16 58 154 5

3C NMR Spectrum of SF-1
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Date and Time
User

Vial #

Sample

Inj. Volume
Data Name
Method Name

mAbs

LCMS-2010A DATA REPORT
SHIMADZU

1 5/29/2007 15:40:45 PM

: Admin

14

: SF1

:5.000

: C:\LCMSsolution\User\Data\SF1-APCI-POS1.qld
: C:\LCMSsolution\User\Method\JAY-4-APCI.qlm

LC Chromatogram

o

et - — _—

Ch1(254.0nm)*1.00

MS Spectrum

Line#:1 R.Time:0.668(Scan#:40) Positive
MassPeaks:353 BasePeak:422.95(45632)

RawMode:Single 0.668(40)

BG Mode:Peak Start 0.527(32)

100
90
80
70
60
50
40
30
20
10 9

423

| |
333 | |
369 383 (411

| | 1l
TR
o f

‘ 405
\

| 455
209 227 241 263 |, 437
T

473

494 509 523 537

MS Peak Table
Peak# R.Time

1 0668 0527

LTime F.Time
0.843

200 230 260

410

380 440

Area Height ~ A/H Mark %Total Name
2645559 297294 8.89 100.00
2645559 297294 100.00

Base m/z Base Int.
42295 45632

470

500 530
m/z

APCI Mass Spectrum (+ve mode) of SF-1
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o ?

Date and Time

LCMS-2010A DATA REPORT
SHIMADZU

: 5/29/2007 16:32:22 PM

User : Admin
Vial # 14
Sample : SF1
Inj. Volume :5.000
Data Name : C:\LCMSsolution\User\Data\SF1-APCI-NEG1.qld
Method Name : C:\LCMSsolution\User\Method\JAY-4-APCI.qlm
LC Chromatogram

mAbs . -

{ /5 o - o N Ch1(254.0nm)*1.00

MS Spectrum

Line#:1 R.Time:0.671(Scan#:41) Negative

MassPeaks:271 BasePeak:421.00(47074)
RawMode:Single 0.671(41)

BG Mode:Peak Start 0.577(35)
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20-
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7:‘54“6‘8 78 93 ‘no’?" 136145
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301 |
I
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I 457466476 41 507 53
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191 | 31
181 [197 212 227 241 254 275 | 312 7" 3% 355367 385306 413
e T

(PR U e )
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MS Peak Table
Peak# R.Time
1 0671

LTime F.Time
0.577  0.793

'G,

170

Area
590755
590755

543

530
m/z

T R PR A i il e e e T
200 230 260 290 320 350 380 410 440 470 } 500

Height
95056
95056

Base m/z Base Int.
00.00 421.00 47074
100.00

A/H Mark %Total Name
6.21 1

APCI

Mass Spectrum (-ve mode) of SF-1
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LCMS-2010A DATA REPORT
SHIMADZU
Date and Time :5/29/2007 18:13:29 PM
User : Admin
Vial # 4
Sample : SF1
Inj. Volume :5.000
Data Name : C:\LCMSsolution\User\Data\SF1-ESI-NEG1.qld
Method Name : C:\LCMSsolution\User\Method\JAY-4-APCIL.qlm
LC Chromatogram
mAbs
1000 |

0628

Ch1(254.0nm)*1.00/

(S}

MS Spectrum
Line#:1 R.Time:0.733(Scan#:44) Negative
MassPeaks:288 BasePeak:420.80(59447)
RawMode:Single 0.733(44)
BG Mode:Peak Start 0.427(26)
100

90
80
70
60
50
40~
30+
20 ‘
10 67 255 ‘ 493
54 70 89 1) 127 143 161 174185 200 212 227239 | 279 293 307 334 355 369 389 412 43‘9 (454 473 487 | 507 51“9 545 557
™ T T LI | T L A T e e | T i

581

i T T T
50 80 110 140 170 200 230 260 290 320 350 380 410 440 470 500 530 560
m/z

ESI Mass Spectrum (-ve mode) of SF-1
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Appendix V

TIC of the essential oil & cold hexane extract of Ixora
coccinea roots and the MS Spectra of some identified

compounds
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IISR Calicut

Sample Information
Analyzed by : Leela
Analyzed : 6/26/2008 1:00:41 PM
Sample Type : Unknown
Sample Name : Vijay IC-Inew
Sample ID  Vijay IC-1new
Sample Amount : 1.000
Injection Volume : 1.000
Data File : D:\DATA\2008 Data\June 2008\06262008. Vijay IC-1new.QGD
Method File : D:\METHOD\Essoil-IISR-modified (1ml) wax.qgm

Chromatogram Vijay IC-1new D:\DATA\2008 Data\June 2008\06262008. Vijay IC-1new.QGD

Intensity .
1000000 11,000,000
950000 |

900000
850000

800000
750000
700000
650000
600000

550000
500000
450000
400000
350000
300000
250000
200000
150000
100000
50000 %

0

46936

2473
24684

52633

Fe———s8511

17355
878348
o RiP2
422067
=258
51591
5219
= —
454,04
457081

226812
27985

O a0 736
42261
45234
g
]

—e9.410
B0

Se-31.249

SERBL a0
3919

S
°
w ]
S|
°
w

3.0

1/1

TIC of the essential oil oflxora coccinearoots
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—

6/26/2008

<< Target >>
Line#:6 R.Time:l&‘)SO(Scan#:ZOll) MassPeaks: 14
RawMode:Averaged 18.942-18.958(2010-20\2) BasePeak:4l.lO(3563)

BG Mode:Calc. from Peak
100 &

9 o

105
33 120

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:1 Entry:50381 Lihrary:WlLEYl39.LlB
S1:80 Formula:C15 H24 CAS:26560-14-5 MolWeight:204 Retlndex:0
CompName:(Z.E)-,alpha _Farnesene $$ 1.3,6.10-Dodecatetraenc, 3.7.11-trimethyl-. (Z.E)- (CAS)
100 i

9

9
19

107

- ) ul ) (EE 147 161 189 204
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Hit#:2 Entry:43409 Library:NlST()S.LlB

SI:78 Formula:C15H24 CAS:0-0-0 MolWeight:204 Retindex:1458

CompName:(Z‘Z)-.alpha.-Famesene

100 i

93
5 19
2 105

133
147 (s 189 204

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Hit#:3 Entry:50482 Library:WlLEYl}Q.LlB
§1:78 Formula:C13 H24 CAS:87-44-5 MolWeight:204 Retindex:0
CompNameixrans-Caryophyllcne $$ Bicyclo[7.2.()1undec-4-ene, 4111 | -trimethyl-8-methylene-. [lR—(lR*AE.‘)S*)I- (CAS) I-Caryt
100

41 cHio

L @ Me

9

105 133

0
| 120 Me

| 189

147 161

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Hit#:4 Entry:45362 Library:WILEYl}‘)‘LlB
31:78 Formula:Cl1 H17N 02 CAS:80255-21-6 MolWeight:195 Retlndex:0
CompName:! —(2‘-Nilm-Z‘-propenyl)cyclooctene $$ Cyclooctene, l-(2—nitro-2-pr0penyl)- (CAS)
100 5

N 79

91
108
29 | 1 L0 133 it CAEE

| | H2C
! | | 18 LI 195

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Hit#:5 Entry:50477 l.ibrary:WlLEYlB().LlB
S1:77 Formula:C15 H24 CAS:87-44-5 MolWeight:204 Retindex:0
CompName:trans-Caryophyl\cne $$ Blcyclo[?v2.0]undec-4-ene, 4,111 | -trimethyl-8-methylene-. \\R-(IR*AE,‘)S*)\- (CAS) I-Cary¢
100
g} 9% CH2

-ﬁ, 133 Me
27 107 120 Me

148 161
175 w  Mow

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

6139

14:24:44

El Mass
Spectrum ofa-farnesene along with library search results
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6/26/2008 14:24:22

<< Target >>

Line#:7 R.Time:21.392(Scan#:2304) MassPeaks:10
RawMode:Averaged 21.383-21.400(2303-2305) BasePeak:69. 1 0(6524)
BG Mode:Calc. from Peak

100 il ®

93

55 ] 120 133

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:1 Entry:50390 Library:WILEY139.LIB
SI:84 Formula:C15 H24 CAS:18794-84-8 MolWeight:204 Retlndex:0
CompName: beta.-Farnesene $$ 1.6.10-Dodecatriene, 7,11-dimethyl-3-methylene-, (E)- (CAS) 7.1 1-DIMETHYL-3-METHYLEN-1
100 ®

¥ 107 120 B 161 204
20 30 40 S50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:2 Entry:50385 Library:WILEY139.LIB
SI:81 Formula:C15 H24 CAS:28973-97-9 MolWeight:204 Retindex:0
CompName:(Z)-.beta.-Farnesene $$ 1,6.10-Dodecatriene, 7,1 1-dimethyl-3-methylene-, (Z)- (CAS)
100 4 9

27 120 133

107 161 189 204

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:3 Entry:23881 Library:WILEY139.LIB
SI:78 Formula:C10 H18 O CAS:106-25-2 MolWeight:154 Retindex:0
CompName:Nerol $$ 2,6-Octadien-1-ol. 3,7-dimethyl-, (Z)- (CAS) cis-Geraniol $$ Neryl alcohol $$
100 ®
41

o HOCH2CH CMeCH2CH2CH CMe

7 121 -
20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Hit#:4 Entry:43398 Library:NISTO0S.LIB

SI:78 Formula:C15H24 CAS:18794-84-8 MolWeight:204 Retindex:1440

CompName:1,6,10-Dodecatriene, 7.11-dimethyl-3-methylene-, (E)- $$ .beta.-Farnesene $$ 7.11-Dimethyl-3-methylene-1,6,10-dode
100 @

)

07 161
! 148 189 204

20 30 40 50 60 70 8 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:5 Entry:50388 Library:WILEY139.LIB
SI:77 Formula:C15 H24 CAS:18794-84-8 MolWeight:204 RetIndex:0
CompName:.beta.-Farnesene $$ 1,6,10-Dodecatriene, 7,1 1-dimethyl-3-methylene-, (E)- (CAS) 7.11-DIMETHYL-3-METHYLEN-1

100 il m

93

(20 133 161

107 147 204

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

7139

El Mass Spectrum off3-farnesene along with library search results
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- 6/26/2008 14:26:29

<< Target >>

Line#:38 R.Time:58.508(Scan#:6758) MassPeaks:33
RawMode:Averaged 58.500-58.517(6757-6759) BasePeak:91.05(11233)
BG Mode:Calc. from Peak

100 9l

108
55 1o
67 3
i3 147
161

10 .20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:1 Entry:20620 Library:NIST05.LIB
SI:82 Formula:C12H18 CAS:61827-89-2 MolWeight:162 RetIndex:1249
CompName:3,9-Dodecadiyne
100 105

91
41 @ 79 1

27 161

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:2 Entry:87068 Library:NISTO0S.LIB
SI:81 Formula:C18H2802 CAS:7333-25-7 MolWeight:276 RetIndex:2202
CompName:10,12-Octadecadiynoic acid
100+ 91

7 108
P 19

133
| 145

10 20 30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:3 Entry:20600 Library:NIST05.LIB
SI:80 Formula:C12H18 CAS:0-0-0 MolWeight:162 Retindex:1106
CompName:1,8-Nonadiene, 2-methyl-5,7-dimethylene-
100 9

106

67
1 (9 147

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200
Hit#:4 Entry:28078 Library:WILEY139.LIB
SI:80 Formula:C12 HI8 CAS:0-0-0 MolWeight:162 Retindex:0
CompName:2-METHYL-5,7-DIMETHYLENE-1,8-NONADIENE $$
100 9

106
27 55
H 19 D 147
10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

Hit#:5 Entry:43544 Library:NIST05.LIB
SI:80 Formula:C15H24 CAS:23986-74-5 MolWeight:204 Retlndex:1515
CompName: 1,6-Cyclodecadiene, 1-methyl-5 hylene-8-(1-methylethyl)-, [s-(E,E)]- $$ Germacrene D $$ 8-Isopropyl-1-methyl-5-
100 16

105

91
41 19

55 133
67 204

| 147

1020 30 40 S0 60 70 80 90 100 110 120 130 140 150 160 170 180 190 200

38/39

El Mass Spectrum of 3,9-dodecadiyne along with lilary search results
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Print Date: 28 Feb 2008 15:55:45 -

Chromatogram Plot
File: ...0802\srinivasan, doc, calicut\saifgc080211a-01 (ix1) rpt12-7-2003.xms

Sample: Sample IX 1 Operator:

Scan Range: 1 - 4338 Time Range: 2.14 - 46.01 min. Date: 12/7/2003 12:34 PM
Sayie]otes:ESapie X\ NI

(*)E1QIMS 400-7000>

201 \TROID FILTERED |

]
4
20
ol

{

"10.632 min Scan: 841

Seg 1, Time: 2.1446.01, Chamels: 1

TIC of the cold hexane extract oflxora coccinearoots
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Print Date: 29 Feb 2008 09:59:33

Scan 841 from ...vasan,doc,calicut\saifgc080211a-01 (ix1) pt12-7-2003.xms

‘Spectrum from ...calicut\saifgc080211a-01 (ix1) rpt12-7-2003 xms

Scan No: 841, Time: 10.627 minutes

No averaging. Background corrected.

Comment: 15.627 min. Scan: 841 Channel: Merged lon: NA RIC: 8.851e+8
Pair Count: 35 MW:0 Formula: None

CAS No: None Acqired Range: 40 - 700 m/z

Method Description: EI

Scan 1 Channel Description: 40.0 - 700.0 >
Scan Information: cp = 0.1 PSI
Precursor Mass Range: 40 - 700 miz

Ton Int ¥8P  Ion Int $BP  Ion Int 88  Ion Int 3BP
| 40 4.089%+6 3| 57 1.243e+7 11 | 79 6.79le+6 6 | 95 7.842e+6 7
| 41 4.779e+7 40 | 59 3.727e+7 31 | 80 3.878e+6 3 | 97 1.818e+7 15
| 42 2.093e+7 18 | 67 2.147e+7 18 | 81 1.167e+7 10 | 98 8.838e+6 7
| 43 3.707e+7 31 | 68 8.647e+6 7 | 82 8.39%e+6 7 | 101  6.055e+6 5
|44 1.313e+7 11 | 69 2.596e+7 22 | 83 4.746e+7 40 | 109 7.990e+6 7
| 45" 8.913e46 8 | 70 6.473e+6 5 | 84 1.14%+7 10 | 111  3.593e+7 30
| 53 5.520e+6 5| 71 9.600e+6 8 | 87 8.565e+7 72 | 112 7.175e+6 6
| 55 6.487e+7 55 | 74 1.183e+8 100 | 88 6.419e+6 5 | 115 8.579e+6 7
| 56 3.555e+6 3| 75 8.298e+6 7 | 94 1.012e+7 9 | 143 8.809e+6 7

Spoc A
Exh . 10827 mn
U 118348 |
o
o0 ] 856507 3
s
sugrest
41 L) 3
7507 aicet?
59 11
727007 35007
‘ | I ‘
n*,_,,;A,AAAAAALlL e 1l | 1
) 3 13 £ =

e

El Mass Spectrum of nonanoic acid
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Appendix VI

TIC of the Hydrodistillate of Costus pictus flower,
leaves, stem, rhizome & root and the MS Spectra of

some identified compounds
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, 08-May-2014 + 14:37:1
test 1 Scan El+
31.61 TIC
1007 9.04e9
26.55
26.50)
26.43] 2951
26.40) 29'43
29.40
26.34
N 2034
26.29)
9 P9.56
26.24 29.27]
26.21 34.74
26.14)
29.17]
29.12)
%
35.13
29.70
7
33.07
34.49
N
30‘93 38.18
\\‘kJ‘L )
LM |
0l T T T R B s B A ARARE S s LASas e s haana sy T T T e Time
8.75 1075  12.75 1475 1675 1875 20.75 22,75 2475 2675 28.75 30.75 3275 3475 3675 3875  40.75 4275  44.75

TIC of the hydrodistillate of C. pictusflower
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1001

%]

, 21-May-2014 + 14:52:5

Leaf essential oil fairl Scan El+
30.12 TIC
6.58e9
32.86
32.74
N\
31.53
31.66|
7
28.11
33.01
7
27.27 28.16
L
35‘36 35.84
30.99 33.22
24.46 26.70
34.78 35‘97
T T T T T T T T T T T T T Time
10.50 12.50 14.50 16.50 18.50 20.50 22.50 24.50 26.50 28.50 30.50 32.50 34.50

TIC of the hydrodistillate of C. pictusleaf
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, 22-May-2014 +11:31:08
Stem essential oil fair Scan El+
- 23.14 TIC
100 1.33e9
23.12
23.09]
23.03|
22.97,
22.92]
22.90f
27.14 2830
22.87|
}0.01 N
28.23
2015 22.81
p 28.24]
28.43
7
28.15)
%
23.67
26.92
N
26.21
T T T T T T T T T T T T T T T T T Time
10.50 12.50 14.50 16.50 18.50 20.50 22.50 24.50 26.50 28.50 30.50 32.50 34.50

TIC of the hydrodistillate of C. pictusstem
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, 23-0ct-2014 + 15:21:0

Rhizome CP e oil fair4 Scan El+
17.04 TIC
1007 1.17e10

18.58

% 18.61
18.74 19.90
8.19 7
4.02
0 T T T T T T T T T T T T T T T T T Time
4.50 5.50 6.50 7.50 8.50 9.50 10.50 11.50 12.50 13.50 14.50 15.50 16.50 17.50 18.50 19.50 20.50

TIC of the hydrodistillate of C. pictusrhizome
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, 23-Oct-2014 + 16:09:10

Root CP e oil fairl Scan El+
16.85 TIC
100 3.89¢9
19.89
9.97
14.17 18.39
18.48
18.75
18.02 19.41
20.42
%
4.02
17.69
15.75
4.05 17.16
4 7/ 21.21
12.95 13.99
7 N
w 20.78
0 T T ; T ; T T T T T T T T T T T T T — Time
4.87 5.87 6.87 7.87 8.87 9.87 10.87 11.87 12.87 13.87 14.87 15.87 16.87 17.87 18.87 19.87 20.87

TIC of the hydrodistillate of C. pictusroot
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, 22-May-2014 + 11:31.08
Stem essential oilfair 5426 (27.139) C (5287:5479)
1.07e8
100:
o
| STl Jilsyl 951 11121232 1372 1512 1650 58,
L0l
R941 Nist 199488: PHYTOL
. HU1
100: 430
% zao 530 1230
% \mdh T e a0
[ =2
R1L Nist 43908: OXIRANE, HEXADECYL-
100 430 550 710820 Ht2
I [deeded
j / 28,2 230 g0 120
R:904 Nist 7147: OCTADECANAL, 2-BROMO-
100 430 570 HL3
w] 290 440‘ 69.0 830 g5
1090
ol R e o 2070 2240 240 2670 e
150 65.0 115.0 1650 2150 2650 3150 365.0 4150

, 21-May-2014 + 14:52:50
Leat essential oi fairl 6021 (30.115) Cm (5889:6059)

a1 37668
100 o L
301 1203
@2 o2
WL L 52 912 1152 29 1o sra 1ma o5 g0 304 g, B4 27 s v e o
0 byl SRR SR
Rio71 Nist 193994; N-HEXADECANOIC ACID
100 90 ma mo Hit L
o 00 50
. [ 58 250 0 2 o 170 710 150 90 710 o]
R:969 Nist 198159: N-HEXADECANOIC ACID
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1200
80
%1 M ?SOM ‘\ M U1 SIS M5O | w0 1570 1710 1850 1990 B0 270 =
o
R:946 Nist 7361: EICOSANOIC ACID
e
50 70
20 50 97.0 1200
i \ ‘H G0 o0 1110 120 1450 1570 1720 1850 1990 2130 2270 2410 2850 2690 2gg0 IR0
o JH Y ; -
15.0 115.0 165.0 215.0 265.0 315.0 365.0 415.0
. 08-May-2014 + 143711
test 1 2643 (13.219) Cm (2634:2656)
100 20 1897
571 691791 931,00, 1332
1192 18621622
QZ;] Wealleotleo i o 2 2182 Y52 3562 1892 2043 2100 280 2520 2671 oy 2ee7 v 7o amd X5 srao  aecs
Ri900 Nist 57000: CARYOPHYLLENE
Hit 1
100- 41.0 079.0 930 1380
%i % 1050 4500
1470 1610
1990
oLae L \\‘ bl e L e o 0 o
Ri894 Nist 3522: BICYCLOIT 2 O]UNDEC-4-ENE, 4,11, 11-TRMETHYL-8-VETHYLENE- [1R-(1R-4Z.95"]-
40 Hi 2
390 o 79.0 30 133.0
70
550 1050
1190 160
AR A ‘\‘ i ‘\‘u Tl 50 b, 470 4 1750 1890 om0
R 590 Nist 203556: BICYCLO[7.2.0JUNDEC-4-ENE, 4,11,11-TRIMETHYL-8-MET HYLENE-
69. 930 Hit 3
a0 10 | 1o 1380
1190 160
‘ \‘ A O ‘H G N R
oL A0 1 T R f : e
66.5 116.5 166.5 216.5 266.5 3165 366.5

, 23-Oct-2014 + 15:21.G

Rhizome CP e ol fair4 647 (7.235) Cm (601:679)
18

7.03e8
MW 91g a0 s el
0 i e
R936 Nst 192665: BETA-MYRCENE
100 “ 60 o Hit1
a1
21 | 48 5356 7070
lﬁ”\\%\ e ——————————————————
R928 Nt 203498: BETA-MYRCENE
Hi2
n;q 6
ES 67 91|94
7 B, ‘7079
o WES QPR N o w1 16
RO15 Nst 3524 BETA-MYRCENE
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100
B
Do r ol g o o )
2
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, 23-Oct-2014 + 16:09:1

Root CP e oil fairl 1997 (13.987) Cm (1992:2004)

1 6.4508
100
N ez 207 22
o 283243 57 71 g5 99 113 127 141 155 169 183 198 210250 265 281 295 316 380
R962 Nist 196976: HENEICOSANE
Hitl
100 "
%
ﬁ”{\‘ j‘“”‘/ \95“‘ 113 127 141 155 169 183 197 211 225 239 296
e
R960 Nist 196934: HEXATRIACONTANE
Hit2
100 4 N
4| s 85
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o s e
R959 Nist 196935: HEXATRIACONTANE
Ht3
100
85
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2
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El Mass Spectrum of some identified compounds frorthe flower, leaf, stem,

rhizome & root hydrodistillate of C. pictusalong with library search results
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Appendix VII

Spectra of n-butylgallate (D;) isolated from the leaves
and TIC of the essential oil from the flowers of Leea

indica
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Sophisticated Test &
Jnstrumentation Centre

(An itars blished

by the Govt. of Kerala in collaboration with
Cochin University of Science & Technology)

Analytic functional testing
VarioEL IIl CHNS
Serial Number 11035060

26/12/2005

Cochin University P.O.,

Kochi-682 022, Kerala, India

Tel.: +91-484-2575908

Fax: +91-484-2576699

e-mail: stic@vsnl.com

URL: www.sticindia.com
SAIF-Cochin

Date of receipt : 09-12-2005
Date of analysis :23-12-2005

Ref. No. SAIF/CH/051209A

Sample No Sample Name N%

C% H%

1 D2 0.00

57.99 7.01

® -

Analyzed by

\

Scientist in charge

Elemental analysis of R
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2502 — T T
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UV Spectrum of D,

oo

UV-Vis spectrum of D,
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Current Data Parameters

NAME saumini
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters
Date 20051018
Time 16.45
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG 2930

TD 22468
SOLVENT DMSO

NS 8

DS 2
SWH 7812.500 Hz
FIDRES 0.347717 Hz
AQ 1.4380020 sec
RG 256

DW 64.000 usec
DE 6.00 usec
TE .0 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

Pl 11.00 usec
PL1 0.00 dB
SFO1 300.1318008 MHz
F2 - Processing parameters
SI 32768

SF 300.1300012 MHz
WDW EM

SSB 0

LB 0.30 Hz
GB )

PC 2.00

'H NMR spectrum of D,
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Current Data Parameters

NAM saumini
EXPNO 4
PAOCNO 1

F2 - Acquisition Parameters

Date_ 20060922
Time 11.22
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG 2930
10 22468
SOLVENT OMSO
NS 8
DS 2
SWH. 7812.500 Hz
FIDRES 0.347717 Hz
AQ *1.4380020 sec
A6 812.7
oW 64.000 usec
DE 6.00 usec
TE 0.0 K
D1 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec
CHANNEL f1
1H
11.00 usec
0.00 a8

300.1318008 MHz

F2 - Processing parameters

SI 32768
SF 300.1300014 MHz
WOW EM
SSB 0
8 0.30 Hz
68 0
PC 1.40

10 NMR plot parameters

cx 20.00 cm

cy 0.00 cm

F1P 11.492 ppm

F1 344912 Hz

FeP -0.872 ppm
Fe -261.57 Hz
2PMCM 0.61818 ppm/cm
HICM 185.53435 Hz/cm

'H NMR spectrum of D, (before adding D.O)
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Current Data Parameters

NAME saumini
EXPNO 3
PROCNO 1

F2 - Acquisition Parameters

Date_ 20060920

Time 11.21
INSTRUM spect
PROBHD 5 mm Dual 13C/
PULPROG 2930

0 22468
SOLVENT coc13

NS 8

0s 2

SWH 11990.407 Hz
FIDRES 0.533666 Hz
AQ 0.9369656 sec
RG 256

oW 41.700 usec
DOE 6.00 usec
TE 0.0 K

01 1.00000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

1H
11.00 usec
0.00 dB

300.1336016 MHz

CHANNEL f1

F2 - Processing parameters

SI 32768
SF 300.1300057 MHz
WOW EM
SS8 0
i) 0.30 Hz
GB 0
PC 1.40

10 NMR plot parameters

cx 20.00 cm
cY 0.00 cm
FIP 11.332 ppm
F1 3401.03 Hz
Fop -2.151 ppm
F2 -645.73 Hz
PPMCM 0.67417 ppm/cm
HZCM 202.33813 Hz/cm

'H NMR spectrum of D, (after the addition of D,O)
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Current Data Parameters
NAME

sauminil3C

EXPNO

PROCNO 1

F2 - Acquisition Parameters
Date_ 20051021
Time 15.54
INSTRUM spect
PROBHD & mm Dual 13C/
PULPROG zgdc

™ 32768
SOLVENT DMSO

NS 458

DS i 400
SWH 18115.941 Hz
FIDRES 07.552855 Hz
AQ ©.9044468 sec
RG 2298.8

oW 27.600 usec
DE / 9.00 usec
TE 0.0 K
D1 3.00000000 sec
dil 0.03000000 sec
MCREST 0.00000000 sec
MCWRK 0.01500000 sec

17.23
300.1312005 MHz

F2 - Processing parameters

32768
75.4677871 MH
EM

0
1.00 Hz

3C NMR spectrum of D,
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Line#:1 R.Time:17.358(Scan#:1688)
MassPeaks:528 BascPeak:226.00(82184)
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Regional Reseirch Laboratory I P
821106 10:07:07 AM {
File: RDB-D2 Date Run: 08-21-2006 Time Run: 10:05:13
Sample: Rema devi
Instrument: JEOL JMS600 Run By: Mass Spectrum Lab .
Tonization mode: FAB+
( Secan: 9 RT.: 1:07.1
TIC: 116516 Base: m/z 171; 8%FS #lons: 172
&
100—‘ 171.20 X
e
-
80 ~
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FAB Mass spectrum of B
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