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Summary

The present Ph.D dissertation comprises of two parts, part A and part B.

The part A describes extraction, isolation and structure elucidation of isolated
compounds. Pharmacological and biological activities of crude extract, different
fractions thereof and some compounds isolated in reasonable quantity from Vitex agnus
castus have been investigated.

As regarded phytochemical study three new compounds namely vitexcarpan (01)
vitexcarpan 1 (02) and Vitexoide (03) were isolated from the aerial parts of the plant in
amount of 10.0, 16.4 and 5.0 mg respectively. Other known compounds (04, 05 and
06) were also isolated from this plant along with.

Crude methanol extract, different fractions thereof and some compounds isolated in fair
guantity were investigated for various pharmacological / biological activities including,
Antibacterial, Antifungal, Brine-shrimp lethality, Phytotoxic, Heamagglutination,
Insecticidal, Anti-termites, Anti-inflammatory, Spasmolytic, Nitric oxide free radical
scavenging assay and Enzyme inhibition assay.

The Pharmacological / Biological investigations revealed that the plant possess significant
Antibacterial, Anti-inflammatory and Spasmolytic activity. The plant materials showed
Good Phytotoxicity (at higher concentrations), Anti-termites and Nitric oxide free radical
scavenging activities. Moderate insecticidal and Brine shrimp lethality were aso
observed. The plant was also found to exhibit no Antifunga and Heamagglutination
activity. Moderate and low Enzyme inhibition and Anti-inflammatory activities were

observed for the isolated compounds.

viii



Part B describes extraction, isolation and structure elucidation of isolated compounds,
Pharmacological and Biological investigations of the crude methanolic extract and various
fractions of Myrsine africana.

A tota of five compounds were isolated from Myrsine africana, including two new
compounds Myrsinene (07) and Myrsigenin (08), along with compound (09), isolated for
the first time from the plant specie. Two known compounds (10 and 11), already reported
from the plant.

Crude methanol extract and different fractions of the plant were investigated for various
pharmacological / biological activities including, Antibacterial, Antifungal, Brine-shrimp
lethality, Phytotoxic, Heamagglutination, Insecticidal, Anti-termites, Anti-inflammatory,
Spasmolytic and Nitric oxide free radical scavenging assay.

Biological / Pharmacological investigations revealed that the crude methanolic extract of
the plant shows significant Spasmolytic activity, the plant was found to possess good and
moderate Antibacterial activity against certain strains of bacteria, the n-hexane fraction of
the plant shows good Brine shrimp lethality at higher dose while rest of the fractions
including crude extract shows low activity. Moderate Anti-inflammatory activity was
shown by the plant crude extract and fractions against human neutrophils. Moderate and
week Heamagglutination effect was observed for the test samples against red blood cells.
The plant also possesses good Anti-termite and Nitric oxide free radica scavenging
assays. Similarly the plant shows low phytotoxic effect against Lemna minor at various
concentrations. However the plant was found inactive against most of the Fungi used and

has also a non-significant Insecticidal effect against tested insect.



Chapter 1 Part-A Introduction & Literature review

1.0 INTRODUCTION AND LITERATURE REVIEW

1.1 General Introduction

Throughout the ages, human race have fulfilledbésic needs such as production of
foodstuffs, fertilizers, fragrances, clothing, sbed, flavors and means of transportation
from nature. Progressively they started to usespaftplants (leaves, stems, roots and
rhizomes), some animal parts and minerals for tire of different diseases. The modern
medicine or allopathy is a result of scientific astaservational development of traditional
medicine and practices.

The main sources of traditional medicine systenstieg for thousands of years, are plants.
Nearly all civilization, from ancient times, hasedsplants as a source of medicine. Among
the Egyptian medicine (2900 BC), the well known gign pharmaceutical documentation
is “Ebers Papyrus” (1500 BC). This document inclsdgen hundred drugs mostly (plants,
though animal organs were included together witmesaninerals) including formulae i.e.
poultices, infusions, gargles, pills, snuffs andtmients, with beer, wine, milk and honey
commonly used as solvents [1].

The first record from Mesopotamia (2600 BC), wrtten hundreds of clay tablets in
cuneiform; amongst the approximately 1000 plantsved substances which they used
were Cedrus species (cedar)Commiphora species (myrth),Cupressus sempevirens
(cypress) Papaver somniferum (poppy juice) andslycyrrhiza glabra (licorice) oils. All of
these are still in use for the handling of inflantima and parasitic infections to colds and
coughs [1].

Ayurveda, an ancient system of medicine, has adsenperimental and philosophical basis
is still widely practiced in South Asia. The two imalasses of Ayurveda, Atharvaveda
(around 1200 BC)Charak samhita and Sushrut Samhita (500-1000 BC), give a detailed

description of over seven hundred herbs [2].
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The ChineseMateria Medica extensively documented over the centuries. With filst
documentation (1100 BC) Wu Shi Er Bing Fang withg&scriptions followed by works
such as Shennong Herbal (~100 BC) and Tang He@3@ AD) containing 365 and 850
drugs, respectively [1].

In the prehistoric western world, the Greeks cbuoted considerably to the rational
development of the use of herbal drugs. Theophsa@tB800 BC), a natural scientist and
philosopher, in his book (History of Plants), dewilih the medicinal properties of herbs and
noted that through cultivation their medicinal dmeristics can be changed. A Greek
physician, Dioscorides (100 AD), accurately docutedrthe collection, storage and use of
the medicinal herbs during his travels with Romamias throughout the “Known world”.
Galen (130-200 AD), known for his complex presddptand formulae used in compound
drugs, practiced and taught pharmacy and medicirRome and published upto 30 books
on these subjects [1].

In many developing countries, people are still dejpey on traditional medicine for their
healthcare. In developed countries too, peopletiareng to herbal remedies for multiple
reasons. Many of the modern medicines still dep@mdsubstances of plant origin and the
knowledge gained from them.

According to an estimate of the World Health Orgation (WHO), about 80 % of people
rely almost entirely on traditional medicines fbeir primary healthcare needs, living in
developing countries. Over three billion peoplettie developing countries utilize plant
based medicines on a regular basis. Natural phautiaals (Naturaceuticals),
nutraceuticals and cosmecuticals have enormoudisagrce as a pool of chemical diversity
which has used in different types of drug discov&ugh as antimicrobial, cardiovascular,
immunosuppressive and anticancer. According toNkO survey, the international market

of herbal products is estimated to be US$ 62 hbilper year. It has been estimated to grow
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upto US$ 5 trillion by the year 2050. The US anddpean nutraceutical marketplaces are
estimated to be US$ 10-12 and 9 billion, respelstigsad expanding at a rate of more than
20 % annually [2, 3].

Natural products chemistry actually began with thelation of morphine from opium
(Papaver somniferum) by Serturner. This was followed by isolation ofiiine from
Cinchona tree in 1860. Cocaine, responsible for paralynihthe nerve endings responsible
to transmit pain, was isolated by a German cher@stl Koler. Reserpine, an anti-
hypertensive alkaloid was isolated fré&auwolfia serpentine [2].

Secondary metabolites which are produced by lianganisms (microbes and plants) for
the purpose of their own survival have huge impuargain drug discovery. This group has
been providing a large number of structurally nobiactive molecules and life saving
drugs. Secondary metabolites with therapeutic atdos include cyclosporine
(immunosuppression), mevinolin (hypercholesterolagmavermectin (parasitic disease),
artemisinin (malaria), vinblastine, vincristine aadol (cancer).

In present time discovery and development of difugsy natural sources competes with
combinatorial chemistry, which recommends a sigaiit complementary way for drug
development. In a single experiment it can produbeadisands of compounds, which are
immediately available for bio-assay screening.

On the other hand, plants and microorganisms gpalda for the production of unusual
chemical structures in unpredictable ways. The gere pathways by which plants and
microbes used to produce novel skeleton are stéstethderstand and it has been used in
drug discovery. The secondary metabolites bioswighén plants and microbes also
represents combinatorial chemistry. Natural prodbicisynthesis is mostly carried by

enzymes, which represents an immense gene podeevover billions of years [4].
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Recent improvements in instrumentation, robotiod bimassay technology have increased
the speed of bioassay-guided isolation and strecelucidation of natural products
significantly. These improvements have allowed ratwproduct research to be more
competitive and cost effective with synthetic compad screening.

Since 2005, thirteen natural product (NP) deriveagd have been lunched in the market
(Table-1.1), in addition to the 37 late stage clhidevelopment NP-based candidates (6 in
registration and 31 in phase Ill). The traditiorstitengths of NPs in oncological and
transmittable diseases is still continuing with(52%) compounds being evaluated for the
treatment of cancer and 10 (27 %) treat bactanfaktions. The remaining compounds are
for the treatment of metabolic diseases (4), pa)nafid multiple sclerosis (2). The large
number of NP-derived compounds are in various stageclinical development indicates
that natural products are still a feasible souceew drug candidates. In the absence of
these natural products, there would be a signifidherapeutic shortage in important
clinical areas like cardiovascular disease, immumfammatory diseases such as
rheumatoid arthritis, neurodegenerative diseasavarsl solid tumors [5].

During the current study, bioprospecting studieduding biological/pharmacological and
phytochemical investigations were carried out fog selected plantd/itex agnus castus

andMyrsine africana, members o¥/erbenaceae andMyrsinaceae family, respectively.
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Table 1.1Natural Product derived drugs launched since 2605

Year Generic name (trade Lead Classification Disease area|
name) compound
2005 | Dronabinol / Cannabidgl Dronabinol / NPs Pain
(Sativex®) Cannabidol
2005 Fumagilin (Flisirft) Fumagillin NP antiparasitic
2005 Doripenem (FinibaX Thienamycin NP-derived antibacterig|
/ DoribaX™)
2005 Tigecycline (Tygadi) Tetracycline | Semi-synthetic NP antibacterigl
2005 Ziconotide (Priafy Ziconotide NP pain
2005 | Zotarolimus (Endeavo' Sirolimus Semi-synthetic NP Cardiovascular
stent) surgery
2006 | Anidulafungin (Eraxi$" | Echinocandin| Semi-synthetic NP antifungal
/ Ecalta™) B
2006 Exenatide (Byetta) Exenatide-4 NP diabetes
2007 Lisdexamfetamine | amphetamine NP-derived ADHD
(Vyuanse™)
2007 Retapamulin (Altabax | pleuromutilin| Semi-synthetic NP antibacterigl
™/Altargo ™)
2007 | Temsirolimus (Torisél") Sirolimus Semi-synthetic NP oncology
2007 | Trabectedin (Yondelid") | Trabectedin NP oncology
2007 | Ixabepilone (Ixemprd") | Epothilone B] Semi-synthetic NP oncology
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1.2 VERBENACEAE (FAMILY)

1.2.1 Description

Verbenaceae is a large family of about 75 genera and 2500 ispemcludes several
ornamental and medicinal plants in addition to teddich is highly prized for its wood.
Members of this family are mainly herbs, shrubs &mees, and rarely woody climbers;
branches and twigs tetragonal, not prominently sedor articulated. Leaves opposite,
decussate, rarely whorled or alternate, exstipukiteple, rarely compound. Inflorescence
definite and centrifugal or indefinite and centtigde spicate, racemiform or panicled to
umbellate or a head, very rarely solitary and awjll Flowers are usually zygomorphic,
bisexual and hypogynous. Calyx gamosepalous, masiiylar or campanulate, (2-) 4 (-7)-
lobed or toothed to subentire, persistent, someatier@arging and concealing the fruit.
Corolla gamopetalous, often with as many lobesascalyx and somewhat bilabiate, with
unequal lobes above and tubular below. Stamendynbsind didynamous, inserted on the
corolla tube and alternating with the lobes; stardes often present; anthers dithecous,
mostly dehiscing longitudinally. Gynoecium 2(4-8grpellary, syncarpous, somewhat 4-
lobed and 2-4-loculed, with usually one ovule icleapparent cell on axile placentation;
style simple, terminal. Fruits usually schizocarpic drupaceous with + hard endocarp,
indehiscent or dehiscent into 1-2(-10)-celled pgerseeds are few [6].

1.2.2 Distribution

The family is native to South Europ, cultivated alidand now naturalized in most of the
eastern and South United States and in the trapidswarm temperate regions of both
hemispheres [7]. In Pakistan this family is maidigtributed in tropical and sub-tropical

regions, represented here by 17 genera and 35%especi
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1.2.3 Importance

Members of this family have shown a wide range eflitinal applications, berries, flowers
and leaves are used in various decoction, syragljtional tincture, elixir, cider vinegar
tincture and can also simply eaten as medicinad.f@®rries of the plant are considered a
tonic for the reproductive system of both male fardale [8, 9].Clerodendron squamatum
Vahl and Sphonanthus indicus give non-specific agglutinating reactions whilehey
species of the family i.eVitex divaricata Sw, Sachytarpheta jamaicensis (L.) Vahl and
Clerodendrum speciosissnum Paxt give no agglutinating reactions with the human Red
Bloods Cells [10]. Callicarpa japonica oil was selectively phytotoxic, with 80-100%
growth reduction to bentgrass compared to lettiesds [11]. The fruit seeds &fitex
negundo possess antifungal activity [18hd the plant is used in various preparation far sk
diseases [13], anti- inflammatory and anti-andriggh4]. The CO2 extract fronVitex
agnus castus seeds, can be used as mosquitoes repellent, tekjuitoes biting flies and
fleas from animals and humans [15].

1.3VITEX (GENUS)

1.3.1 Description

Members of the genus may be shrubs or trees, ralietping, often whitish pubescent or
tomentose. Leaves opposite or ternate, palmate)y3(b (-7)-foliolate, petiolate; leaflets
mostly petiolulate, unequal, entire to dentatelohefscence terminal or axillary, cymose,
often in racemiform or spicate panicles, usuallgnghted and tapering above. Flowers
small, white, blue, violet or yellowish, bracteat€slyx usually campanulate, truncate, with
5-fid or -toothed apices, slightly enlarged in fri@orolla-tube cylindrical, short, straight or
slightly curved; limb * 2-lipped. with 5, unequaldes, oblique; upper lip usually erect, 2-
fid; lower lip 3-fid, with larger middle lobe. Stans 4, didynamous, often exserted,

inserted on corolla-tube; anther cells parallelndudous, becoming divaricate and



Chapter 1 Part-A Introduction & Literature review

somewhat twisted later. Ovary 4-locular with laligrattached 1 ovule in each locule; style
fili form with slightly 2-fid stigma. Fruit drupacais, small, globose or ovoid, fleshy,
invested below by somewhat enlarged calyx, endobarp and horny; seeds oblong or
oblong-obovate, exalbuminous [6]

1.3.2 Distribution

Vitex genus is a large genus, represented by approxynz26 species, mainly distributed
in the tropical, subtropical and warm temperatéaregy In Pakistan the genus is represented
by three species i.&/tex trifolia, Vitex negundo and Vitex agnus castus. Other species of
the genus areYitex divaricata Sw, Vitex glabrata R. Br., Vitex parviflora Juss and/itex
rotundifolia L.

1.3.3 Importance

The members olVitex genus have significant medicinal importance and irs the
traditional system. Traditionallyyitex is used as anthelmintic, expectorant, for menstrual
problems due to deficiency of corpus luteum, spaendysmenorrhoea, febrifuge, anti-
inflammation, sprains and expectorant &fitex peduncularis leaves and bark are used in
malarial and black water feveyitex trifolia extract possesses antimicrobial activity against
Mycobacterium tuberculosis and roots of the plant are used as poultice inmfagism [16].
The aerial parts (leaves, fruits and stemYitdx trifolia are used as emmenagogue, diuretic,
antipyretic, antitusive, antiseptic, vermifuge azaminatives. The roots of the plant have
medicinal role in headache, eczema, spleen, rhéemmaswelling, constusion, sprains and
anodyne. Fruits and roots Wftex trifolia are also used to cure rheumatism, contusion and
fever also used as diuretic. Decoction of the lsaye/itex negundo are considered to be
vermifuge and tonic, given along with long papecatarrhal fever, extracts from the leaves
and roots is important and sold as drug, leaf ekisaused in Unani and Ayurvedic systems

of medicine and anti-inflammatory, anti-histaminedanalgesic activities are reported for
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the water extracts of the mature fresh leaves [Ifig methanol extract from the root of
Vitex negundo exhibit significant snake venom neutralizing capad8].

1.4VITEX AGNUS CASTUS (PLANT)

1.4.1 Description

Botanical Name.\Vitex agnus castus

Family: Verbenaceae
Genus: Vitex
Species agnus castus

Vitex agnus castus is an aromatic shrub or low tree belong/@benaceae family. Branches
are densly short- puberulent, 5-9 digitate and etylMeaves and 5-7 leaflets which are
mostly unequal, the central one is largest, theetowost pair smallest, the three largest
piteolates, 2-4 smallest usually sessile and naethptical, the central one 4.5-11.5 cm
long and 9-21 mm wide. Attenuate or acuminate #t bads, pulverulent or glabrate above.
Petiole 1.5-2.5 cm long are densly puberulent asthous granular. Flowers are pale purple
or violet in color, in interrupted spikes, found gmoups of several. Drupes are small, 4-
celled, globose and exceeding the calyx [7].

1.4.2 Distribution

The plant grows in sandy (light) and loamy (mediwu)ls and in nutritionally poor soil
cannot grow in the shade. The plant prefers badkal{ne), neutral, acidic and moist or dry
soils. The plant is native to Southern Europ amddtient it is widely cultivated. The plant
is now naturalized in most of the Eastern and SztlhJnited States and in the tropics and
warm temperate regions of the both hemisphereslfi7Pakistan the plant is present in

Hazara, Mansehra regions of Khyber Pakhtunkhwaipcev
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1.4.3 Importance

The plant,Vitex agnus castus, known as women's herb, used for thousands ofsymar

treatment of female associated problems, hormogelec The Hippocrates (father of

medicine) first mentioneitex agnus castus in 450 B.C. since then traditional herbalist
recommends the plant for ailments including headsckever, promote urination and to
dispel wind. The seeds and fruits of the plantaphrodisiac, anaphrodisiac, ophthalmic,
stomachic, galactogogue and sedative. The prol@mages of the plant prove to restore
carpus luteum function.

The dried seeds are used as emmenagogue and fact@gyel taken orally. Hot water

extracts are used as contraceptive and in Unanicmedthe whole plant is inhaled as an
emmenagogue, by fumigation [19]. Fruits are takeailyoand the hot water extracts from
the leaf and flowering top are used as an antispdemsedative and anaphrodisiac [20].
For antiestrogenic and antispasmodic effect thenater extract of the fruits are used [21].
The plant is source for clinically important dopaerigic compounds, used for the
improvement of premenstrual mastodynia and otherpsyms of premenstrual syndrome

[16].

1C
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PHYTOCHEMISTRY OF GENUS VITEX

1.5 PHYTOCHEMISTRY OF THE GENUS VITEX

Literature reports volatile oils, sesquiterpenesgrdenes, steroids, iridoids, lignins and

stilbene derivatives from the gend4tex. The results of the previous phytochemical

investigations on the genus are presented in fleiog table.

Table 1.2 Phytochemical constituents from genus Vitex.

S.NO | Mol. Formula | Compound Structure / Name Reference
/ Mol. wt
1 CooH260 / 284 Ono, M. et al., J. Nat.
5:‘/ ~ Prod., 2002, 65, 537-541
Vitexifoline C
2 CooHzo 1272 Sakurai, A. et al., Nippon
Kagaku Kaishi, 1999,
207-211; CA, 130,
349730k
9(11), 12-Abietadieane
3 CooH320, / 304 o Sakurai, A. et al., Nippon
Kagaku Kaishi, 1999,
207-211; CA, 130,
349730k
90, 110: 120, 13u-Diepoxide
4 CooH3O / 286 o Chawla, A.S. et al.,
Indian J. Chem., Sect. B
1991, 30, 773
8,11,13-Abietatrien-6-ol; (% 6a)-form
5 CyH1405 /1 170 ° Zhao, W. et al.,
= Phytochemistry, 1996,
S;Cf 41, 1553-1555
o
Argyol: (+) form

11
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6 C31H40016 / \ Seifert, K. et al., Helv.
668 Chim. Acta, 1982, 65,
a ° 1678-1685
%
Aucubigenin;10-p-D-glucopyranoside ,®-
[3hydroxy-4-methoxycinnmoyl-62)- a-L-
rhamnopyranoside
7 CooHo6011 / N Ahmad, I. et al.,
466 o= Heterocycles, 2004, 63,
1875-1881
Aucubigenin;100-(4- Hydroxybenzyl) ,10- B-D-
glucopyrano-side
8 Co3H25011/ R Suksamrarn, S. et al.,
480 = Planta Med., 1999, 65,
392; 2002, 68-72
~
Aucubigenin;100-(4-methoxybenzyl) ,15- 3-D-
glucop-yranoside
9 Co3H28012/ A Suksamrarn, S. et al.,
496 §:|i>) Planta Med., 1999, 65,
. oj:;(\ 392; 2002, 68-72
D\ °
Aucubigenin; 100-(4-hydroxy-3-meth
oxybenzyl),10- B-D-glucopyranoside
10 GeH28015/ T Seikel, M.K. et al.,
580 Phytochemistry, 1966, 5
439
Carlinoside

12
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11 GoH3603/ 324 \ Ono, M.et al., J. Nat
© Prod., 2002, 65, 537-54]
14-Clerodine-3,4,13-triol; (84a,50,8 a,13€)-form
12 GoH3,03/ 320 ° Ono, M. et al.,
Phytochemistry, 2000,
° 55, 873-877
o
9,11:12,13-Diepoxy-3-Abietanol ;
(3B,90,110,120,130)-form
13 G3H3505/ 394 ~, Ono, M.et al., J. Nat
Prod., 1999, 62, 1532-
P 1537
9,13:15,16-Diepoxy-6,15-labdanediol;
(6B,80,90,13R,15R) -form, 15-Me-ether, 6-Ac
14 G3H3g05/ 394 ~ Ono, M.et al.,, J. Nat
Prod., 1999, 62, 1532-
1537
9,13:15,16-Diepoxy-6,15-labdanediol;
(6B,80,90,13R,15) -form, 15-Me-ether, 6-Ac
15 G3H305/ 394 ~, Ono, M.et al., J. Nat
Prod., 1999, 62, 1532-
7 1537
9,13:15,16-Diepoxy-6,15-labdanediol;
(6B,80,90,13515R) -form, 15-Me-ether, 6-Ac

13
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16 GH3505/ 394 ~c Ono, M.et al.,, J. Nat
Prod., 1999, 62, 1532-
1537
9,13:15,16-Diepoxy-6,15-lab-danediol;
(6B,80,90,135159)-form, 15-Me-ether, 6-Ac
17 G4H4Os/ 424 o ° o Ono, M.et al.,, J. Nat
Prod., 1999, 62, 1532-
o 1537
9,13:15,16-Diepoxy-6,15-labdanediol;
(6B,80,90,13515R) -form, 15 ,16-di-Me-ether, 6-
Ac
18 G4Ha0s/ 424 P ° ° Ono, M.et al., J. Nat
Prod., 1999, 62, 1532-
° 1537
9,13:15,16-Diepoxy-6,15-labdanetriol;3{8a, 9%,
13S15R, 16S)-form, 15-Me-ether, 6-Ac
19 G4H4Os/ 424 o ° ° Ono, M.et al.,, J. Nat
Prod., 1999, 62, 1532-
o 1537
9,13:15,16-Diepoxy-6,15-labda-netriol;
(6B,80,90,13515516R) form, 15,16-Me-ether, 6-
Ac
20 G4HaOs/ 424 _o© ° o Ono, M.et al., J. Nat
Prod., 1999, 62, 1532-
° 1537
9,13:15,16-Diepoxy-6,15-labdanetriol;
(6B,80,90,135 155 169-form, 15,16 Me - ether,6
Ac

14
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21 GoH3504/ 377 Li, S.-H. et al., Tet. Lett.
o 7 2002, 43, 5131-5134
/ N
o
O\n/
6,9-Dihydroxy-13Labden-15,16-lactam ;
(6B,8a,98)-form, 6-AC
22 GoH3405/ 378 ‘: Taguchi, H.Chem
° Pharm. Bull., 1976, 24
1668
6,9-Dihydroxy-13Labden-15,16-olide; {Ba,9%)-
form, 6-AC
23 G,oH3405/ 378 Ono, M.et al., Chem
- Pharm. Bull., 2001, 49
/A 82-86
6,9-Dihydroxy-13Labden-16, 15-olide;[{®a,9p)-
form, 6-AC
24 CyoH1405/ 378 Ono, M.et al., Chem
Pharm. Bull.,, 2001, 49
82-86
6,9-Dihydroxy-13Labden-16,15-olide; @B, 9)-
form, 6-AC
25 CsoH4604 /1 470 o 2° Chawla, A.S. et al., J.
Nat. Prod., 1992, 55,
163-167
2,3-Dihydroxy-5,12-oleanadien-28-oic acid;
(2a,30)-form
26 C34Hs006/ 554 N Ulubelen, A. et al., Nat
Prod. Lett., 1992, 1, 141
147
2,3-Dihydroxy-5,12-oleanadien-28-oic acidf(2
,30)-form, di-AC

15
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27 Co3H26010/ o 3 Okuyama, E. et al.,
462 Chem. Pharm. Bull.,
o S 1998, 46, 655-662
o
o
>= o o
o
o
4-(3,4-Dihydroxyphenyl)-2-butanone;@{4-
Hydroxybenzoyl-{-2)- B-D-glucopyranoside
28 CosH25011/ ° Okuyama, E.et al,
504 . Chem. Pharm. Bull.
sé 1998, 46, 655-662
4-(3,4-Dihydroxyphenyl)-2-butanone;@-3,4-
dihydroxy-E-cinnamoyl(~6)-3-D-
glucopyranoside
29 CosHog011/ ° Okuyama, E.et al|
504 /@o Chem. Pharm. Bull.
Os&\ 1998, 46, 655-662
4-(3,4-Dihydroxyphenyl)-2-butanone@3,4-
dihydroxy-Z-cinnamoyl{6)-p-D-
glucopyranoside
30 CioH180g/ 374 ° Flavonoids: Chemistry
and Biochemistry, (ed.
Andersen, O.M. et al)
31 Ci1oH1505/ 374 Nair, A.G.R. et al., Curr.

5°,7-Dihydroxy-3,3",4°,6-tetramethoxy flavone

Sci., 1975, 44, 214

16
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32 Co3H3606/ 408 ~ Ono, M. et al., Chem.
Pharm. Bull., 2001, 49,
2 82-86
9,13-Epoxy-6,15-dihydroxy-16,15-labdanolide;
(6B,80,90,13R,15€)-form, 15-Me ether, 6AC
33 Cy3H3606 / 408 ~ Ono, M. et al., Chem.
Pharm. Bull., 2001, 49,
2 82-86
9,13-Epoxy-6,15-dihydroxy-16,15-labdanolide;
(6B,80,90,13515€)-form, 15-Me ether, 6AC
34 Cy3H3606 / 408 e Ono, M. et al., Chem.
o Pharm. Bull., 2001, 49,
82-86
9,13-Epoxy-6,15-dihydroxy-16,15-labdanolide;
(6B,80,90,13R,165)-form, 15-Me ether, 6AC
35 Co3H3606 / 408 e Ono, M.et al., Chem
° Pharm. Bull., 2001, 49
82-86
9,13-Epoxy-6,15-dihydroxy-16,15-labdanolide;
(6B,80,90,135169)-form, 15-Me ether, 6AC
36 CooH3404/ 362 Ono, M. et al.,
Phytochemistry,  2000Q
55, 873-877

15,16-Epoxy-13(16),14-labdadiene 6,9-diol;
(6a,80,,90)-form, 6Ac

17
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37 CooH3404/ 362 Ono, M. et al.,
Phytochemistry, 2000,
55, 873-877
15,16-Epoxy-13(16),14-labdadiene 6,9-diol;(6
B,8a,90)-form, 6AC
38 CooH3,0,4 / 360 — Ono, M. et al.,
- Phytochemistry, 2000,
o 55, 873-877
o
15,16-Epoxy-5,13(16),14-labdatriene-6,9-
diol;(7B,80,90)-form, 6Ac
39 Co6H34011 / S, Okuyama, E. et al.,
522 . Chem. Pharm. Bull.,
o 1998, 46, 655-662
4,7 -Epoxy-37,4°,5,9,9 -lignanpentol; §8°R)-
form, 3°,5-di-Me ether,90- B-D-glucopyrano-
side
40 Cs3H35013/ o o o Okuyama, E.et al,
642 °‘®_‘/< o Chem. Pharm. Bull.
° . 1998, 46, 655-662
[¢]
o
O—
/
o o
/O
4,7 -Epoxy-37,4°,5,9,9 -lignanpentol; (7°€,8°€)-
form, 3°,5-di-Me ether, 98- [4-hydroxybenzoyl-
(—2)-p-D-glu-copyranoside
41 GH1405/ 202 o o Ono, M.et al., Chem
Pharm. Bull.,, 1997, 45
1094-1096
o o
o
Eucommiol; 1-carboxylic acid
42 GH1202/ 152 /0 Watanabe et al., 1998
Z\
[e]
2-formyl-3-Methyl-2-cyclopentene-lacetaldehyde;
(R)-form

18
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43 G1H38017 / ~ Subramanian, P.M. et a
o J. Nat. Prod., 1979, 47
-
682 540
o
I 0
o o
o
o
o
o
o
]
6-glucopyrano-syl-3°,4°,5,57, 7, 8-tetra Me ethér,
5-O-a-L-rhamnopyranoside
44 Co1H22011 / o Okuyama, E.et al|
o Chem. Pharm. Bull.
450 1998, 46, 655-662
o
(o) (o)
o
(o]
(] (o]
(o)
o
Glucose{}-D-pyranose- form,23-(4-hydroxy-
benzyl), 10-(4-hydroxy-3-methoxy-benzoyl)
45 GoH3504/ 364 Ono, M.et al., Chem
° Pharm. Bull., 2001, 49,
N 1220-1222
O,
O
Vitetrifolin F
46 CooH3604/ 364 on Ono, M.et al., Chem
B Pharm. Bull.,, 2001, 49,
o= 1220-1222
(o]
Vitetrifolin E
47 Cyo4H3505/ 40¢€ R Ono, M.et al., Chem
Pharm. Bull.,, 2001, 49,
X 1220-1222
Vitetrifolin D
48 GoH320,/ 304 R Ono, M.et al., Chem
Pharm. Bull.,, 2001, 49,
S 1220-1222
Vitetrifolin G
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49

G7H140g/ 496

2,3,5,14,20,22,25-Heptahydrox-ycholest-7-ene-p-
one; (8,38, 58 ,140,20R,22R)-form

Phytochemistry, 1997,
45, 1149-1152

50

G7H140g/ 496

O,

one; (8,38, 58, 140,22R,24R)-form

o Suksamrarn, A.et alf,
Phytochemistry, 1997,
45, 1149-1152

2,3,14,20,22,24,25-Heptahydroxycholest-7-ene6-

51

Cy7H440g/ 49¢€

o
o

o]
2,3,14,20,24,25,26-Heptahydr-oxycholest-7-eng
one; (B, 38, 140,24€, 25R)-form

-6-

Dos Santos, T.C. et al,
Fitoterapia, 2001, 72
215-220

52

G7H440s/ 496

]
2,3,5,14,20,22,25-Heptahydroxy -cholest-7-ene
one; (8,38, 58, 14u,24€,25)-form

Dos Santos, T.C.et a
Fitoterapia, 2001, 72,
215-220

6-

53

022H24Og/ 432

3',4',5,5,6,7,8-Heptahydroxy- flavone; Hepta-

Ngo, L.-V. et al.,
Phytochemistry, 1979
18, 1859; 1863

Me-ether
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54 G7H40,/ 478 Kubo, 1. et al., J. Chem.
Ecol., 1990, 16, 2581
2,3,11,14, 20,22-Hexahydroxy cholest-7,24 dien-
6-one;(3B,3B, 58,110,140, 20R,22R)-form
55 GH140,/ 480 0 ¢ Chapman and Hall, 1998
o
(o)
o
o
o
2,3,11,14,20,22-Hexahydroxy cholest-7-ene-6-
one;(3,3B,5p, 110,22R)-form
56 G7H4407/ 480 0 Suksamrarn, A. et al.,
o Nat. Prod., 2002, 65,
° 1690-1692
o]
o
(o]
[e]
2,3,11,14,20,25,-Hextahydroxy cholest-7,24-dien-
6-one; (8,3, 58,110,140,20S)-form
57 G7H4407/ 480 o Zhang, M. et al.
° Phytochemistry, 1992,
° 31, 247
[¢]
(o]
o
[¢]
2,3,11,14,22,25,Hextahydroxy cholest-7,ene-6-
one; (B,3B,5B, 110,a,205form
58 G7H4407/ 480 Chapman and Hall, 1998
2,3,11,14,22,24-Hexahydroxy cholest-7-ene-6-
one;(P,3B,56, 140,20R, 22R,28)-form
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59 GoH4g0g/ 522 . ° . Politova, N.K.et al.
)j\ Khim.  Prir.  Soedin.
° 1997, 33, 74-78; Chenj.
. j\/:igjzg\/w( Nat. Compd.
o)
o
o
2,3,14,20,22,25-Hexa-hydroxy-cholest-7-ene-6-
one; (2B,33,58, 14a, 20 R,22R)-form ,25-Ac
60 G7H4407/ 480 e P Suksamrarn, A.et all,
Phytochemistry, 1993,
° 32, 303
Pinnatasterone
61 GoH470g/ 573 = Suksamrarn, A.et all,
-~/ Phytochemistry, 1995,
Ny 38,473
Canescensterone
62 G7H4407/ 480 Suksamrarn, A. et al.,
°© Nat. Prod., 2002, 65,
o 1690-1692
o
o
(0]
o
(0]
24-Epipinnata-sterone
63 CooH2006/ 35€ Azhar-ul-Haq, et al.
Chem. Pharm. Bull.
2004, 52, 1269-1272
3',4,4",5,9,9-Hexa-hydroxy-2, 7 -cyclolignan;
(7°S,8R,8'R)-form, 7,8-Dihy-dro,9-aldehyde, 3°,b-
di-Me ether
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64 GHsOs/ 182 o o Gupta, G.S.et al, J.
Indian Chem. Soc., 197
50, 367-368
(]
(]
(]
5-Hydroxy-1,3-benzenedi-carboxylic acid
65 GoH3204/ 336 _o Ono, M.et al., J. Nat
r Prod., 2002, 65, 537-54]
A
Vitexifolin E
66 CagH26014/ ° 0 Hirobe, C. et al.
Phytochemistry, 1997
610 46, 521-524
67 G1H28014 / Hirobe, C.et al.
Phytochemistry, 1997
624 46, 521-524
Isoorientin;4™"Me ether 6°G-(3,4 Dihydroxy
cinnamoyl) E)
68 G1H20010 / Borodin, L..et al.,
Khim.  Prir.  Soedin.
432 1970, 6, 19; Chem. Naj.
Compd
Isovitexin
69 CooH2604/ 33C o Aphaijitt, S. et al., Aust
R J. Chem., 1995, 48, 133
\ o
(o]
7,13-Labdadiene-15,16:17,12-diolide;(ent#2-
form
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70 G4H3505/ 406 o ~_ Hoberg, E. et al.
OY Phytochemistry, 1999
o 52, 1555-1558
(o]
:
7,13-Labdadiene-6,7,13-triof}67 B,13R)-form,
6,7-Di-Ac
71 GoH340 / 290 = Ono, M.et al, J. Nat
oi Prod., 2002, 65, 537-541
Vitexifolin A

72 C34H36015 / Kurutizim-Uz, A. et al.
Phytochemistry, 2003

684 ¢ < > \ Z 63, 959-964

Agnucastoside C

73 GeH28015 / Seikel, M.K.Tet. Lett.,

1965, 1105

580

74 G7H300456 / Seikel, M.K.Tet. Lett.,

1965, 1105

610

Lucenin 2
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75 GH28015 / Seikel, M.K.Tet. Lett.,
1965, 1105
580
Lucenin 3
76 Structure not reportt Seikel, M.K.Tet. Lett.,
1965, 1105
Lucenin 4
77 G3Ho5012 / Sehgal, C.K.et al,
Phytochemistry, 1982
496 S~ 21, 363-366; 1983, 22
<. 1036-1038
Mussaen|3|d|c aC|d 2 (4-Hydroxybenzoyl)
78 Co3H2012 / Sehgal, C.K.et al,
S Phytochemistry, 1982
496 21, 363-366; 1983, 22
\'?E 1036-1038
Mussaenisidic acid; 6 -(4-Hydroxybenzoyl)
79 GaHz0012  / o
498 0
Nishindaside
80 CZ3H3()021 / §§:§0H
498 E =
NishindBHside;S—oEHpimer
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81 CisH>1INO / Structure not reported Basu, N.K. et al.,, Q. J.
231 Pharm. 1947, 20, 136-1
Nishindne
82 GgHse02/ 424
Octacosanoic acid
83 G7H4409/ 512 ° ° Suksamrarn, A.et all,
Phytochemistry, 2000,
53, 921-924
2,3,11,14,20,22,24,25-Octahydroxy-cholest-7-ene-
6-one;(B,3B,58,110,140,20R,22R,24R)-form
84 G7H4409/ 512 o © Suksamrarn, A.et alj,
Phytochemistry,  200Q,
° 53, 921-924
o o
O
o
o
o
2,3,11,14,20,22,25,26-Octahydroxy-cholest-7-epe-
6-one;(PB,3B,58,110,14 0,20R,22R,25€)-form
85 CsoH26014 / Leitao, S.G. et al.
Phytochemistry, 199§,
610 49, 2167-2169
Orientin;2""-0O-(3,4-Dihydroxy cinnamoyl)
86 GsHs,0 / 368 Cocker, W. et al.,, JCS,
o 1962, 5194
1-pentacosanol
87 C16H1606/ 304 o o Thuy, T.T.et al.,
Phytochemistry, 199§,

o

B,2°,4,4°,6,pentahydroxy-dihydrochalcone;(-)
form,2",Me ether

49, 2603-2605
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88 CigH1807/ 346 ° i Achari, B. et al.,
—° O Phytochemistry, 1984
~5 o 23, 703
QP
3,4°,5,6,7-pentahydroxy flavanong{form
4°,6,7-tri-Me-ether
89 CigH1807/ 346 Achari, B. et al.,
Phytochemistry, 1984
23, 703
3',4°,5,7,8-pentahydroxy flavanong{form
4°,7,8-tri-Me-ether
90 GgH32018 / Misra, G.S. et al., Plant
Med., 1980, 38, 155-160
656
3,3,5,5%, 7-pentahydroxy-4"-methoxy-flavonegs-
[B-D-Galactopyranosil-(3>4)-p-D-Galactopyrano
side]
91 CyoH3404/ 362 Asaka, Y. et al., Chen.
s Lett., 1973, 937
perotundifuran
92 C16H28014 / Bouillant, M.L. et al., C.
R. Hebd. Seances Aca
564 Sci. Ser. C, 1971, 2713
1759
Schaftoside; 2°,37",4 " -Triepimer
93 CioH1403/ 182 ~ Dos Santos, T.C. et al.,
Braz. Chem. Soc., 2001
< 12, 763-766
/O
Tarumal
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94 G7H160s/ 300 ° Thuy, T.T. et al.,
Phytochemistry, 199§,
49, 2603-2605
o f O\
(0]
2°,4,4°,6 -terahydroxy chalcone ; 2°,4-Di-Me ether
95 CigH1505/ 314 ° Thuy, T.T. et al.,
Phytochemistry, 199§,
49, 2603-2605
/O\‘ES/O\
2°,4,4° .6 -terahydroxychalcone;2",4,6™-Tri-Me-
ether
96 Co1H1506/ 36€ Kawazoe, K.et al., J
Nat. Prod., 2001, 64,
588-591
3,3",4,4 -Tetrahydroxy-2,7"-Cycloligna-7,7"-dief-
9,9'-olide; 3,37,4°-Tri-Me ether
97 Cy1H1506/ 36€ . © Kawazoe, K.et al., J.
- Oc . Nat. Prod., 2001, 64,
o 588-591
T 0
~
3',4,4°,5-Tetrahydroxy-2,7 -Cycloligna-7,7"-dien-
9,9'-olide; 3°,4",5-Tri-Me ether
98 Ci7/H1405/ 314 Sahu, N.P. et al., Plan
Med., 1984, 50, 527
3,4°,5,6-tetrahydroxyflavone; 3,6-Di-Me ether

28



Chapter 1

Part-A

Introduction & Literature review

99 GgH24013 / ° Hirobe, C.et al.
Phytochemistry, 1997
568 ° 46, 521-524
3°,4°,5,7-tetrahydroxyflavone;@-[4-Hydroxy-
benzoyl-(6)-B-D-Glucopyranoside]
100 GoHg00-/ 452 Cocker, W. et al., JCS
1962, 5194
o
Triaconanoic acid
101 GgH44011 / Ono, M. et al.,
Phytochemistry, 1998
556 48, 207-209
o
o
102 G3H3605/ 408 Ono, M.et al., Chem
Pharm. Bull.,, 2001, 49
82-86
6,9,15-Trihydroxy-13-Labden-16,15-olide;}6c,
15€)-form,15-Me-ether, 6-Ac
103 G4Hs00,/ 570 RN Chawla, A.-S. et al., J.
Nat. Prod., 1992, 55
163-167
b I
077\
2,3,18-Trihydroxy-5,12-Oleanadien-28-Oic acid;
(20, 3p,183)-for-2,3-Di-Ac
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104 GoH200g/ 348 Chawla, A.-S. et al. 1991

MeO

Artemetin

105 GoH40017 / S Hw Misra et al., 1980
696 {&
(o) (o]
HC
H
awe
3,6,7,3",4 -pentamethoxy-B-glucopyranosil

rhamnoside
106 G/H.0,/ 264 /0 Ono, M.et al., J. Nat
Prod., 2002, 65, 537-54]

(o]

14,15,16-Trinor-13,19-labdanolide;f(® o)-form

107 GgH3004/ 322 o Ono, M.et al.,, J. Nat
. Prod., 2002, 65, 537-54]

Vitexifolin D
10¢ C19H3004/ 322 ° Ono, M.et al., J. Nat
o Prod., 2002, 65, 537-54]

14,15,16-Trinor-13,19-labdanolide;o(® a)-form,
6B-Acetoxy
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109 GeHog014 / Seikel, M.K.et al,
Phytochemistry, 1966, 5
564 439
110 G7H30015 / Seikel, M.K.et al,
Phytochemistry, 1966, 5
594 439
OH OH
Vicenin 2
111 GH1,04/ 184 Q Ono, M.et al., Chem
Pharm. Bull.,, 1997, 45
7 1094-1096
o | o
Viteolide |
112 CoH 1,04/ 184 Q Ono, M.et al, Chem
Pharm. Bull., 1997, 45
1094-1096
o
o
o
Viteolide Il
113 GsH1403/ 242 o Vishnoi, S.P.et al.
° Phytochemistry, 1983
22,597
Y/
—/ o0
Viteralone;R)-form
114 GsH1403/ 242 Tada, H. et al.
Heterocycles, 1984, 237
2203

P
(@]
—
(@]
~
(@]

Viteralone;-form
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115 G1H20010 / Tomczyk, M.et al., Z
Naturforsch., C, 2002
432 57, 440-444
116 GgH24012 / Horowitz, R.M.et al.,
Chem. Ind. (London)
552 1966, 625
117 GeHog014 / Horowitz, R.M.et al.,
Chem. Ind. (London)
564 1966, 625
11¢€ CooH1506/ 354 Kawazoe, K.et al
Phytochemistry, 1999
52, 1657-1659
Vitrofolal B
119 CooH1805/ 33¢ = Kawazoe, K.et al
Phytochemistry, 1999
Ho 52, 1657-1659
OMe I
OMe
OMe
Vitrofolal A
120 GgH160s/ 340 Kawazoe, K.et al.
Phytochemistry, 2001
52, 1657-1659
Vitrofolal B;5-Demethoxy, 7-Methoxy,40-de-Me
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121 GgH1605/ 324 o ~ Kawazoe, K.et al
- CO ° Phytochemistry, 2001
o 52, 1657-1659
I
(o]
Vitrofolal B ;5-Demethoxy, 7-Methoxy, 3-deoxy,
4’-O-de-Me
122 G1H1505/ 366 Kawazoe, K.et al.
Phytochemistry, 1999
52, 1657-1659
123 G1H1606/ 364 Kawazoe, K.et al., J
Nat. Prod., 2001, 64
588-591
Vitrofolal C; 7-Ketone
124 GoHz603/ 324 \ Ono, M.et al.,, J. Nat
O§ % Prod., 2002, 65, 537-54]
Vitexifolin B
125 GoH30,4/ 366 1 oo Ono, M. et. al,2001
(5S8R,9R,10S513515516R)-9,13:15,16-
Diepoxy-15,16-dimethoxy labdane
126 CyoH3504/ 36€ z ) ol Ono, M. et. al,2001
(5S8R,9R,10S513515R,169-9,13:15,16-
Diepoxy-15,16-dimethoxy labdane

33



Chapter 1

Part-A Introduction & Literature review

127 GoH3g04/ 366 ° o ol Ono, M. et. al,2001
(5S8R9R,10S13515R,16R )-9,13:15,16-
Diepoxy-15,16-dimethoxy labdane
128 GeH200g/ 342 f Kouno, et al., 1988
HO
o
OH
o
HO
OH
OH
3,4 -Dihydro-xyphenyl butanone glucoside
129 C3oH4507/ 52( Zhang et al., 1992
0]
HO.
HO
Ajugasterone C-20,22-monoacetonoid
130 GeHzg012 / (FOOH Kurruzum Uz et al., 2007
542
o}
OR
HO OH
OH
Agnocastoside A
131 GeHagO12 / goon Kurruzum Uz et al., 2007
544
o
OR
HO OH
OH
Agnocastoside B

As flavonoids are the main subject matter of tlugipn an account of their types and
biosynthesis are discuss in the proceeding section.
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1.6 FLAVONOIDS

1.6.1 Introduction

Flavonoids are polyphenolic compounds, isolatechfeowide variety of plants and is one
of the most diverse and widespread groups of nlaproalucts. The name “flavonoid” is
derived from Greek word “flavus” (yellow). Theseedsiologically important active plant
ingredients and about 2% of all the carbon phottt®sized is converted into flavonoids
[22]. Flavonoids are the coloring co-pigments [28hich are also called anthoxanthins.
The wide range of colors and shades in flowers panecipally due to the presence of
flavonoids. These usually occur as pigments irctiks of flower tissues [24].

Flavonoids occur in a variety of structural formdl. contain fifteen carbon atoms in their
parent nucleus and share a common structural geafuwo phenyl rings linked by a three-
carbon chain (diphenyl propane derivatives). Thempounds possessing a 1, 3-diphenyl-
propane skeletons are regarded as chalconoidsréFigl)). The three carbon chain may be
cyclized into a five or six membered ring through @ygen atom with one of the pre-
existing phenyl rings, generating a tricyclic systelhe tricyclic compounds possessing a
five membered heterocyclic ring, referred to auidspwhereas those possessing a Six

membered heterocyclic ring are designated as fladsr(Figure 1.1).

O | 2 ‘ © @
<5

Flavonoids

Flavonoids

Figure: 1.1. Flavonoids having 1, 3-diphenylpropane skeleton

38



Chapter 1 Part-A Introduction & Literature review

From 1, 2-diphenylpropane system the tricyclic comms, isoflavonoids and 3-
phenylcoumarins are derived (Figure 1.2), whilesthderived from 1, 1-diphenylpropane

are called neoflavonoids (Figure 1.3).

e

Isoflavonoid

a

Neoflavonoids

Figure: 1.3. Flavonoids having 1, 1-diphenylpropane skeleton
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9 H
7 lO 25
5. OH
>
6 3 = 5 O O F
10 1 2
5
5
e

H

Aurononol
(e}

5

(6] & 4
8 1!
O - ° .0 R\, 3
1
2 2"
4 3
S 2, 6 10
H 5 Flavanone
Isoaurone o

e Isoflavanone

O (0] O @:;J“\\\Q
s,
o) Auronol O H

(@)

Flavanonol
(0]
L@

O

O
Isoflavone

Figure: 1.4.Basic skeleton and numbering patterns in flavasoid

In flavonoid, auronoid and isoflavonoid types, tiegs are labeled as A, B and C. The
individual carbon atoms are referred by a numbemsyggtem which utilizes ordinary

numerals for the ring A and C and primed numemaigte ring B (Figure 1.4).

The homo-flavonoids contain an additional carbomhigir skeleton which is designated as
C-11 (Figure 1.5). Most of the flavonoids occur@glycosides in which one or more of
the hydroxyl groups are bind to a sugar(s) throaghacid labile hemiactal bond. In

flavonoid withC-glycosides, the link is acid resistant [25-26].
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-
JoVe
(@]
Homoflavone Homoisoflavone
| O I
O .
Homoisoflavanone Homoisoflavan

Figure: 1.5. Basic skeleton and numbering patterns in homofiaias

1.6.2 Medicinal Importance

A variety of classes of flavonoids have been saddor different physiological activities.
No general function has yet been established fer ftavones or flavonols in plants,
although these are the most common and widelyilligéd flavonoids. On the other hand
many functions in individual plants or plant groupave either been established or
anticipated [27].

Willamanet al., [28] listed thirty three different manifestatsaf activity under the heading
“Bioflavonoids” while reviewing the biological posssions of the flavonoids. Rutine and
hesperidin (permeability factors or vitamin P) areed to cure various diseases like;
diabetes, allergic manifestation, capillary fragili capillary bleeding, increased and
hypertention. Bioflavonoids isolated from the ci#trbave been used for the treatment of
common cold [29]. The anti-protozoal activitiesahumber of flavonoids and chalcones
have been reported [30]. Phenolic substances allekm@wvn to have anti-inflammatory
activity. At non-toxic concentration, flavonoidkdi myrcetin and kaempferol-3-glucoside
have an anti-HIV-I potency [31 - 32].

Medicinal properties of bioflavonoids are also eféal by substitutions in position of
hydroxyl group. The twartho or para hydroxyl group, of flavonols, in the phenyl ring-C
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have anti-oxidant properties, while at the 5, 7Hpmss the free hydroxyl group have a pro-
oxidant effect [33]. Apigenin and genkwanin aresoged to have diuretic and anthelmintic
properties, are present in the Chinese drug “Yueai-hincreasing the number of OH
groups, these actions become more distinct. Flavaheng with their glycosides play a
vital role in the cardiac stimulation and vasocdogon [33].

Some flavones have the ability to protect from dydgrctic shock, against X-rays and cure
from frostbite [28]. The oesterogenic, insecticjdaiti-fungal and anti-bacterial activities of
simple isoflavones and coumestans, rotenoids,agoffloid phytoalexins respectively, are
reported [34]. Some minor flavonoids have veryneséing anti-microbial, anti-fungal and
cytotoxic properties [27]. Tricin plays an importaole in the smooth muscle movement
[35]. Anthocyanins, peonin and isorhamnetin, fr@mamydomonas are highly potent sex
determining hormones [36]. Due to the lack of tiyicflavones are suitable for further
pharmacological investigation and as a result thimwe a number of therapeutic
applications.

In fruits, vegetables and beverages, the flavommdtents are measured, which is very
important for the Dutch diet. The reported dailgtdry intake of flavonoids is ~26 mg for
Dutch population. Kaempferol, luteolin, quercetiapigenin and myricitrin are the
constituents of the flavonoid diet. The two compdsjnquercetin (63%) and kaempferol
(32%) make 95 % of total dietary flavonoids [37heTpolyphenolic contents in the plant
based foods vary to a great extent even amongvardtiof specie therefore, accurate
informations are not available about the dietartake on polyphenols. Environmental
conditions and genetic factors are involved in atawhs of polyphenolic contents of the
plants. Other factors which influence the plantrghie contents are; germination, degree of

ripening, variety, processing and storage [38].
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Antioxidants, inhibit lipid peroxidation and othéree radical-mediated processes, act as
radical scavengers and thus protect the human frody several oxidative diseases. The
phenolic antioxidants like flavonoids, tannins, cwuins, xanthenes, and recently,
procyanidins found to show free radical scavengiotivity in a dose-dependent manner
and are viewed as potential therapeutic drugsréar fadical pathologies [39].

Casticin (flavonoid), isolated fronvitex agnus castus (aerial parts), found to exhibit a
significant inhibitory effect on monocyte oxidatilrirst in a dose dependent manner. At
higher concentration it showed a significant supgpine effect against chemotaxic action on
fMLP (10 (-8) m) stimulated neutrophils. A potenippressive effect on PHA stimulated T-
cell (PMBC) was shown by casticin [40]. Casticirs@lpossesses a noticeable lipid

peroxidation inhibitory effect [41].

Four new flavonoids; luteolis-C-(4"-methyl-6"-O-trans-caffeoylglucoside), luteolin 6-C-
(6"-Otrans-caffeoylglucoside), luteolin 6-C-(2"-O-trans-caffeoylglucoside), and luteolin 7-
O-(6" —p - benzoyl glucoside) have been reported fiditex agnus castus (root bark).
Along with these other known flavones have alsonbeported from the root bark of the
plant; 5, 4'-dihydroxy-3, 6, 7, Y-tetramethoxy-ftae, luteolin, artemetin and isorhamnetin
[42]

The flavonoid glycosides have also a vital pharrf@goal role. 50-methyl-genistein-1-
B-D-glucopyranoside isolated frorJlex europaeus L. posses anti-viral activity [43].
Similarly, prenyl-flavonol glycoside, epimedokoreside, isolated from th&pimedium
koreamum (Berberidaceae) showed a hypotensive activity.[44]

Bioflavonoids function as UV filters. They functias guard on the leaf from insect and
microbial attack. They inhibit adhesion of blooctelets and block inflammatory effects.

Quercetin, rutin and related bioflavonoids alsoaacheart stimulant [45].

4C



Chapter 1 Part-A Introduction & Literature review

1.6.3 BIOSYNTHESIS OF FLAVONOIDS

Flavonoids comprise a miscellaneous family of arnmtnanolecules, derived from Phenyl
and malonyl-CoA (through fatty acid pathway). Themee six major subgroups of
flavonoids found in higher plants i.e. chalconetvdnes, flavonols, flavondiols,
anthocyanins and condensed tannins. The auror®syr@up) is widespread, but not
common. Isoflavonoids, a specialized form of flavmls, also synthesize by some of the
leguminous and a small number of non-leguminousitpépecies. 3-deoxyanthocyanins,
another class of flavonoids synthesized by fewtpdaecies i.eSorghum bicolor, Zea mays
andSnningia cardinalis [46].

1.6.3.1 Flavonoids Biosynthesis

Chalcone, a central 15 carbon intermediates ingblnethe biosynthesis of all flavonoids
and its role in the biosynthesis of flavonoids Haeen confirmed in a number of
investigations [46-47]. The enzyme involved in pithesis of flavonoid is chalcone
synthase, catalyzes formation of chalcone, for twtihe precursors are malonyl-CoA and 4-
coumaroyl-CoA (hydroxycinnamic acid CoA ester), lbatf which are derived from
carbohydrates. Malonyl-CoA is synthesized from aat@-CoA (glycolysis intermediate)
and carbon dioxide, this reaction is catalyze bstydeCoA carboxylas€Scheme 1)while
the 4-coumaroyl-CoA, synthesis of which is more ptam and it involves the shikimate
pathway(Scheme 2)the main course to aromatic amino acid, phenglataand tyrosine in
higher plants. The condensation of D-erythrose-dsphate and phosphoenolpyruvic acid

is the starting point for the biosynthesis of stiii acid(Scheme 2)48].

41



Chapter 1 Part-A Introduction & Literature review

-
SCoA
3 Hooc/\n’ ~€— CH;—C—SCoA —~e—— Carbohydrates
Acetyl-CoA
Malonyl -CoA
SCoA CoASH
CoAS
-H 4-hydroxy
coumaric acid
@)
Chalcone Synthase
—_— —

Scheme 1Biosynthesis of chalcones through malonyl-CoA [47]
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Scheme 2Biosynthesis op-hydroxy coumaric acid through Shikimate pathway
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Scheme 2Biosynthesis op-hydroxy coumaric acid through Shikimate pathway
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1.6.3.2 Flavanone Biosynthesis

Isomerization of chalcones result in flavanones #rid interconversion is catalyzed by
chalcone isomerase enzymesvivo. There is a good evidence for timevitro andin-vivo
existence of equilibrium between flavanones and abeesponding chalcones [48]. The
stereospecificity of this enzymatic reaction is gegtible in the $ chirality of C-2 in
flavanone derivative. Therefore, it is not inadeettthat all the flavanones found in nature
have the(S) pattern at C-2 and are levorotatory. In an aqueolgion, the equilibrium is
rapidly and completely shifted to flavanone, whdralcones having at least two free
hydroxyl groups at C-2 and C{&cheme 3) The interconversion rate and position of
equilibrium is greatly influenced by the stabilipat energy of strong H-bond between the
carbonyl andO-phenolic hydroxyl groups. The system tends to ramia the open
(chalcone) form when only 1 OH group is accessieither for hydrogen bonding or

cyclization [49].

H—A
C)HChagone u on @\H/\ U

OH
A
H O O -“\\\O - O H

"I//H *

OH O
Flavanone

Scheme 3Biosynthesis of flavanones.
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1.6.3.3 Isoflavone Biosynthesis

The migration of 2, 3 aryl side chain of a flavaeaantermediate (chalcone) is the key step
in isoflavone formation§cheme 3) It was recently found that the microsomal prepans
from elicitor challenged soybean cell suspensiotupes, contains an enzyme, catalyzing
the transformation d29)-naringenin (flavanone) into genistein (isoflavo(@¢heme 4)

This transformation involve two enzymatic stepse fiirst step involve oxidation and
rearrangement of naringenin to 2-hydroxy-2, 3-diogenistein, strictly NADPH and
molecular oxygen dependent. In the second steprwsteliminated from 2-hydroxy-
isoflavanone. The enzyme catalyzing this step heenhsolated but has not yet been
characterized [50].

An epoxidation step initiates the sequence of evdPtotonation and succeeding cleavage
of the epoxide would provide a positive chargehte ting B. Keto enol tautomerism, as
indicated by proton swap at C-3 in flavanones [&llpws homoallylic interaction between
C-3 and C-1and rearrangement of the structure then take pkaddition of OH to C-2
leads to the 2-hydroxy isoflavanone intermediateictvis transformed to the isoflavone by

eradication of water molecule.
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Scheme 4Biosynthesis of isoflavones [50].

1.6.3.4 Flavone Biosynthesis

In parsley plants, for the first time the-vitro conversion of flavanones to flavones was
observed and this reaction was studied in pargdlysaspension cultures arahtirrhinum
flowers, in more detail [52-53]. 2-oxoglutarate @@" are required for the parsley enzyme
along with ascorbate as co-factors, due to thisactsrs necessity the enzyme would be
classified as 2-oxoglutarate dependent dioxogeriHse.co-factor stimulates this enzyme
and other 2-oxoglutarate dependent dioxygenasegrawof the flavonoid pathway and it
also exhibits a notable stabilizing effect on tmzyene activity [54]. Both, parsley and
Antirrhinum flower enzymes catalyzed the conversion(2%)-naringenin (flavanone) to
apigenin (flavonejScheme-5) The mechanism of double bond formation is stili clear.

It has been suggested that 2-hydroxy flavanoneriaéd in the first step and water is then

eliminatedvia a dehydratase [52, 53]. However, no such 2-hydiokgrmediate has yet
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been isolated even with a nearly homogenous enpnatein [54]. On the other hand, 2-
hydroxy flavones certainly exist as plant metalesliand they are indeed, the substrates in

C-glycosyl flavones formation [55].

s

OH OH
OH
HO O HO R
[O]
Narlngenln
\\\\

O Avpigenin (Flavone)

Scheme 5Biosynthesis of flavones [52, 53].

1.6.3.5 Flavonol Biosynthesis

During preparation of enzyme from parsley cell sumgion cultures, the enzymatic
conversion of dihydro flavonols to flavonols wassekved for the first time [52]. Flavonols
synthesis was found to be catalyzed by a solulded2futarate reliant oxygenase.

Flavonol synthesis, most probably, proceets a 2-hydroxy intermediate such as; 2-
hydroxy dihydrokaempferol with succeeding dehydmati giving rise to the particular
flavonols [56](Scheme 6) In flower extracts oMatthiola and Petunia, flavonol synthase

has also been identifiefb7-58]. Like parsley, flavonol biosynthesis is agzed by a

soluble 2-oxoglutarate dependent dioxygenase gsetlilowers.
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Scheme 6Biosynthesis of flavonols [56].

1.6.3.6 Glycosylation of Flavonoids

In nature an enormous number of flavonoid glycasidee present which indicates the
occurrence of a range of glycosyltransferases vétiing substrate specificities [59-60].
During enzyme preparations from tulip anthéhsum flowers, Chrysosplenium shoots and
Anethum cell cultures, the novel flavonolO-glycosyltransferases enzymes were
demonstrated [61 - 64]. These enzymes display tndisspecificity with regard to the
substrate, position and sugar transferred. Simgjlanigh specificity was observed for
isoflavone 70-glucosyltransferase, isolated fradicer [65]. FromChrysosplenium extracts
the enzymes were isolated which glycosylate thenB-of highly methoxylated flavonols in
the 2 and 5 positions [66]. A meticulous motivating situatidras been found during
extensive genetic and biochemical studies of thgcaglylation of isovitexin (&:-
glucosylapigenin) irSlene paratensis and Slene dioica. Eleven functional alleles, spread
over six loci, have now been identified. These soft different glycosyltransferases
which catalyzed glucosylation, galactosylation agtbsylation of the 7-hydroxyl group or
glucosylation, rhamnosylation, xylosylation andbanasylation of the 2-hydroxyl group of
the carbon bound glucose of isovitexin [67].
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1.6.3.7 Methylation of Flavonoid

Transfer of methyl group (methyl transferase) fr8radenosyl methionine to various OH
groups of flavonoid substrates is catalyzing byouss enzyme [68]. Some of these enzymes
need MJ? as obligatory co-factoS-Adenosyl homocysteine, formed in the reactioraris
inhibitor of these enzymes; an 8-hydroxyflavonaD8nethyltransferase was reported from
Lotus corniculatus flowers [69-70]. Lotus flowers also contain 3- and '-G-
methyltransferases, which have been shown to zatalye methylation of the flavones
(luteolin) and flavonols (quercetin, myricitrin amsbrhamnetin) in the relevant positions

[70].
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1.7 Aims and Objectives

Based on the reported literature, traditional amdliginal importance o¥itex agnus castus
andMyrsine africana, we set our objective for the present work afeihg;

Biological / Pharmacological investigations

The crude methanolic extracts and various fractafrithe selected plants will be screem,
vitro for possible biological / pharmacological actegj antibacterial, antifungal,
insecticidal, anti-termite, phytotoxicity, brine rshp lethality, haemagglutination, anti-
inflammatory, effects on rabbit's jejunum prepavas (spasmolytic activity), enzyme
(chymotrypsin and urease) inhibitory and nitricdexiree radical scavenging assay.
Phytochemical investigations

a. Screening for different groups of compounds. After screening the crude methanolic
extracts and various fractions of the selected tplafor the above mentioned
biological/pharmacological activities, the crudethamolic extracts of the plants will be
screened for occurrence of various groups of nhpnaducts like; alkaloids, flavonoids,
tannins and saponins.

b. I'solation of bioactive compounds/ constituents. Various fractions of these plants will be
subjected to column chromatography for isolatiorbimiactive compounds. The structures
of the fair quantity of isolated pure chemical ddognts will be determined by modern
instrumental techniques; UV, IR, GC/MS, EI/MS, FAMS, ESI/MS, HR-EIMSH-NMR,
¥3C-NMR, COSY, NOSY, HMBC, HMQC and X-ray crystallaghy (when applicable).

c. Biological / pharmacological screening of isolated compounds. The isolated
compounds (fair quantity) will also be screened different biological activities like

chymotrypsin and urease inhibitory and anti-inflaatony activities.
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2.0 EXPERIMENTAL

2.1 General Experimental Conditions

All biological, pharmacological, chemical and instrental analysis were carried out at the
Centre for Biotechnology and Microbiology (COBAM)University of Peshawar,
International Centre for Chemical and Biologicaldes (ICCBS) Karachi, University of
Karachi and department of Pharmacy, University aildkand. Analytical (Merck) and
commercial grade chemicals were used while perfagrdifferent experiments.

2.1.1 Physical Constants

For determination of melting points Buchi 535 apgas and JASCO DIP-360 digital Polari
meter was used for measuring optical rotationfi@fciompounds.

2.1.2 Spectroscopy

UV spectra were recorded on Hitachi UV 3200 sp@tiotometer in methanol. IR spectra
were recorded on a JASCO A-302 IR spectrophotomiete€CHCL. The EI-MS were
recorded on a double focusing mass spectrometeiafMAT 311 A) coupled with PDP
11/34 computer system. Jeol JMS HX-110 mass speetays was used to measure HR-EI-
MS and FAB (positive and negative) mass. Bruker AMDO and AMX-500 MHz
instruments were used to measure theNMR spectra, while’*C-NMR spectra were
measured at same instruments at 75, 100, 125 ahtMi&. Multiplicities of carbon signals
were determined by using DEPT°38nd 135 experiments. COSY 4%xperiments were
used to determine the homonucléide’H connectivities. HMQC experiments were done to
determine one-bontH-'*C connectivities. For the determination of two @hcke-bond'H-
13C connectivities HMBC experiments were performetie Toupling constantsl)( were

measured in Hzom*H-NMR chemical shifts, reported f(ppm).
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2.1.3 Isolation and Purification of Compounds

Various chromatographic techniques, for isolatiod aurification of different components
of plant extract, were employed.

2.1.3.1 Column Chromatography

In column chromatography the stationary phase wa&s gel-GFs4, 60 of E. Merck (Art.
7734, 70-230 mesh) while different organic solver(tshexane, chloroform, di-
chloromethane, acetone, ethyl acetate, methano® uwsed as mobile phase.

2.1.3.2 Thin-layer Chromatography (TLC)

For performing preparative TLC, preparative pretedasilica plates (20x20 cm, 0.5 mm
thickness, E-Merck Bk, Type 60) were used while pre-coated silica platesewused to
perform TLC (Pkss Merck, 0.25 mm).

2.1.4 Spot Locating Reagents

Different locating reagents were used to visudleespots on TLC plates. These were; ceric
sulphate-sulphuric acid, vanillin-phosphoric adadline solution and dragendorff's reagents.
2.1.4.1 Vanillin-Phosphoric Acid

Vanillin (1g), dissolved in aqueous phosphoric g&@d %) [71]. Steroids and terpenes gave
intense purple and blue or light pink color, respety, after spraying the vanillin-
phosphoric acid and subsequent heating at 108c1Steroidal and Terpenoidal glycosides
also gave pink color after spray and heating.

2.1.4.2 Ceric Sulphate-Sulphuric Acid

For visualizing the spots of oxidizable substansadurated solution of Ceric Sulphate in
sulphuric acid (65%) [71] was used as spray on Pplates. Pink color, upon heating reveals
the presence of terpenoids, while light yellow tckish color without heating reveals the

presence of alkaloids.
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2.1.4.3 Dragendorff’'s Reagent

(i) Potassium iodide (8 gm) dissolved in 20 ml ofiliest water.

(i) Basic bismith nitrate (0.85 gm) was dissolved imixture of acetic acid (10 ml) and
water (40 ml).

(i) (i) and (ii) were mixed in 1:1 which gave stockusion.

(iv) 5 ml from the stock solution was dilute with 10 aflacetic acid and 90 ml of distilled
water [71]. Light pink, light brown, dark brown dtackish color indicate the presence of
alkaloids and light yellow to light pink appearanggon spraying indicate the presence of
highly oxygenated terpenoids and steroids.

2.1.4.4 lodine Solution

In this test, few iodine crystals were placed inCTtank and warmed for few minutes at
temperature rage 40-%D. Spots will appear when the TLC plates are plasside the TLC

tank [71].
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2.2 PHYTOCHEMICAL INVESTIGATIONS

2.2.1 Plant material

Vitex agnus castus (Verbenaceae), aerial parts (leaves and stem) weodected from Hazara
division, Khyber Pakhtunkhwa, Pakistan, in DecemB&07- January 2008 and were
identified by Professor Dr. Habib Ahmad, Plant Tiammist, Hazara University, Khyber
Pakhtunkhwa, Pakistan.

2.2.2 Extraction

The shade dried plant material was chopped intdlgereces and ground to fine powder
using electric grinder. The powdered plant matexfalitex agnus castus (9 kg) was soaked
in commercial grade methanol for 15 days at roomperature with occasional shaking.
After 15 days of soaking, methanol soluble matewals filtered off. All filtrates were
combined and concentrated, under vacuum at 409 ustary evaporator, blackish crude
methanolic extract (900 g) was obtained.

2.2.3 Fractionation

The crude methanolic extract (850 g)\bfex agnus castus was suspended in distilled water
(400 ml) and partitioned with-hexane (3 x 400 ml), CH&[3 x 400 ml), EtOAc (3 x 400
ml) and BuOH (3 x 400 ml) to yiela-hexane (100 g), CHe[80 g), EtOAc (140 g), BuOH
(80 g) and aqueous (155 g) fractiosshieme 7) About 50 g of crude methanolic extract

was reserved for other pharmacological/biologicaéenings.
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Crude Methanolic
Extract 850
Distillechter
Partition

y

n-hexane insoluble
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(CHClz and EtOAC)

y

n-hexane soluble
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CHCl;soluble
fraction 80 ¢

EtOAc solubls
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Partitioned between
BuOH and water

l

BuOH fraction

80¢g

Aqueous fraction
155¢g

Scheme 7Fractionation of methanolic crude extract3/dEx agnus castus.
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2.2.4 Screening of crude extract for Different clases of Compounds

By refluxing the plant materials, in the soxhelpparatus with hydrous methanol, extracts
were obtained.

Alkaloids

Crude methanolic extract (2.5 g) in HCI (5 ml, 2M)s heated on boiling water bath till it
dissolved. The mixture was then filtered, cooled alivided into four parts. These parts
were treated as follow:

Mayer’s reagent was used to treat one part of tixeure and Wagner’s reagent was used to
treat other parts of the mixture. Precipitationtarbidity in the test sample(s) was then
observed. A (+) score was recorded for slight opagss, (++) for definite turbidity without
flocculation and (+++) for a definite turbidity alg with heavy floccules or precipitates [72].
Flavonoids

Dissolve 1 g of plant material in 5.0 ml metharan treated with few drops of concentrated
HCL and 0.5 g of magnesium. The appearance of pmknagenta red colors within 3
minutes indicates the presence of flavonoids irstraple [73].

Saponin

Plant material (2.5 g) was extracted with boilingter and then allowed to cool to room
temperature followed by vigorous shaking to forne finoth and then allowed for 15-20
minutes to stand and the results were recorded as:

No forth (-) negative, froth less than 1cm (+) wggbositive, froth up to 1.2 cm and more
than 2 cm (++) positive and (+++) strongly positivespectively [74, 75].

Tannins

Plant material (1 g) extracted with methanol washier partitioned with hot normal saline
solution (10 ml). The saline extract was filterétland divided into three equal parts. Each

portion was treated as following:
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Sodium chloride solution was added to the firstipar serve as blank.

Gelatin (1%) and gelatin-salt solution were addedsécond portion and third portion,
respectively. Tannins presence was indicated bydtion of precipitate in second or in both
second and third portions. Presence of tanninsfuréiser confirmed by the appearance of
characteristic blue-black, blue, blue-green or greelor, that was precipitated by adding
ferric chloride (FeG) solution to the test sample(s) [76].

2.2.5 Compounds isolated from th&/itex agnus castus

Ethyl acetate (EtOAc) fraction (60 g) ofitex agnus castus was subjected to column
chromatography and sequentially sub-fractionateidéneasing order of polarity-hexane /
EtOAc (9.5/0.5 (i), 9.0/1.0 (ii), 8.5/1.5 (iii), @2.0 (iv), 7.5/2.5 (v), 7.0/3.0 (vi), 6.0/4.0 (vii
5.0/5.0 (viii), 4.0/6.0 (ix), 3.0/7.0 (x), 8.0/2(Ri), 9.0/1.0 (xii) and (xiii) 100 % EtOAcC).
From the above, sub-fractions were then selected subjected to Flash Column
Chromatography (FCC) and isolate the following coomls Scheme § Before subjecting
the samples to FCC different solvent systems (EtOAdexane, acetonenthexane and
MeOH / DCM) were checked for good separation on pl#te.

Compoundl was obtained from the sub-fraction (vi) elutinglwsolvent system-hexane:
EtOAc (6.3:3.7). Compoun@ was isolated from sub-fraction (vii) eluting witlolgent
system ofn-hexane:EtOAc (5.5:4.5). CompouBdwas afforded from the sub-fraction (iii)
by subjecting to FCC eluting with solvent systemndiexane:acetone (6.5:3.5). The sub-
fraction (xi) was subjected to FCC and further fi@eated to different fractions (i, ii and iii)
eluting with solvent system of MeOH and DCM in ieasing order of polarity. The
compound4 wasafforded from the fraction ii eluting with solvesystem of DCM:MeOH
(8.8:1.2). Compoun® was obtained from sub-fraction (ii) eluting witbhgent system of
DCM:MeOH (9.9:0.1). Similarly compound$, was isolated from sub-fraction (v),

subjecting to FCC and eluting with solvent systdrdGM:MeOH (9.5:0.5).
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Scheme 8lsolation of compounds from EtOAc fraction\dtex agnus castus.
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2.2.6. CHARACHTERIZATION OF COMPOUNDS

2.2.6.1. Characterization of Vitexcarpan (1)

Yield: 9 mg from EtOAc fraction.

Physical state:white crystals.

M.P: 123-128°C

M. wt: (CoH2004) 324 a.m.u.

[a]p®: 17.230 (c = 0.26, MeOH)

UV (MeOH) nm (log €): 309, 291 and 286.0 nm

IR (CHCI 3) Vimax cm*; OH (3361), G=C (1609) and C — O (1138).

EIMS m/z (%): 324 (100), 268 (94), 251(06), 211 (08), 197 (1@)7 135), 134 (20), 91
(18), 55 (25).

13C-NMR (C3D60O, 100 MHz): $:159.7 (C-10), 158.9 (C-8a), 157.4 (C-4a), 155.818a),
133.1 (C- 12), 125.0 (C-6), 118.2 (C-12a), 117.06€(, 113.0 (C-13b), 110.4 (11), 109.1
(C-5), 103.9 (C-9), 79.3 (C-12b), 93.9 (C-4), 7€&Ct11a), 74.5 (C-3), 67.2 (C-7), 40.8 (C-
6b), 32.5 (C-2), 26.9 (C-14), 26.9 (C-15), 17.61(C-

'H-NMR (C3DsO, 400 MHz): See table 3.2

HMBC: See figure 3.2

NOESY: See figure 3.1

COSY: See figure 3.1
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2.2.6.2. Characterization of Vitexcarpan 1 (2)

Yield: 14 mg from EtOAc fraction.

Physical State:White crystals.

M.P: 121-125°C

M. wt: (C16H1205) 284 a.m.u.

[#]o> 40.76 (c = 0.6, MeOH)

UV (MeOH) nm (log €): 309, 291 and 286.0 nm

IR (KBr) V max cm™: OH (3382), G=C (1622) and C-O (1138)

EIMS m/z (%): 284 (100), 241 (10), 215 (15), 197 (18), 162 (3B (40), 115 (20), 77
(20), 69 (45).

¥C-NMR (CD3s0D, 100 MHz): $:157 (C-9), 153.3 (C-10a), 149.5 (C- 4a), 147.0 JC-3
143.8 (C-2), 133.0 (C-7), 114.0 (C-6b), 112.4 (114)0.0 (C-8), 105.8 (C-10), 105.1 (C-1),
93.9 (C-4), 79.1 (C-11a), 66.9 (C-6), 41.0 (C-84R.1 (OCHO).

'H-NMR (CD30D, 400 MHz): See table 3.3

HMBC: See figure 3.4

NOESY: See figure 3.3

COSY: See figure 3.3
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2.2.6.3. Characterization of Vitexoide (3)

Yield: 11 mg from EtOAc fraction

Physical State:White powder.

M.P: 98-102°C

M. wt: (Ca4H4004) 393 a.m.u.

[a]p? - 74.8 (c = 0.20, MeOH)

IR (KBr) V maxcm’: 3517, 100§0H), 1721, 1669 (C =0).

EIMS m/z (%): 392.0 (35), 374.2 (05), 356.2 (14), 302.2 (04),.2722), 255.2 (32), 201.2
(06), 159.1 (08), 121.1 (18), 93.1 (36), 55.0 (100)

FAB +vem/z 392.0

HR-ESI-MS m/z Pseudo M peak atnvz 410.3300; corresponding to formula484004
(Cacld. for G4H4004+NH4 =410.3270).

13C-NMR (C3D6O, 100 MHz): 6: 178.3 (C-24), 74.1 (C-16), 72.6 (C-3), 57.1 (C-149,3
(C- 9), 48.2 (C-14), 43.7 (C-5), 42.6 (C-13), 3¢®m7), 37.3 (C-12), 37.3 (C-23), 37.2 (C-
4), 36.4 (C-1), 36.3 (C-15), 35.3 (C-10), 34.8 (C-BL.1 (C-20), 29.9 (C-22), 28.6 (C-2),
28.4 (C-6), 24.8 (C-11), 23.7 (C-21), 17.5 (C-18,2 (C-19).

"H-NMR (C 3Ds0, 400 MHz): See table 3.4

HMBC: See figure3.5

COSY: See figure3.6

NOESY: See figure3.7
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2.2.6.4. Characterization of Compound (4)

Yield: 60 mg from EtOAc fraction.

Physical State:White powder.

M. wt: (C9H2603) 466 a.m.u.

M.P: 156-159°C.

UV (MeOH) nm (log €): 217, 275.

IR (KBI) V maxcm’: 3421, 1704, 1636, 1450

EI-MS m/z (%): 224.2 (3), 166.1 (6), 148.1 (12), 138.0 (46), 021.00), 94.1 (73), 73.0
(34), 65.0 (61).

ESI-MS m/z 950.3311, 484.1885, 449.1510, 123.1204.

3C-NMR (CD30D 150MHz): $:167.8 (C-1"), 163.7 (C-5"), 142.9 (C-8), 141.7 (§;432.9
(C-3"), 132.9 (C-7"), 132.4 (C-7), 122.1 (C-2"), 4B (C-4"), 116.3 (C-6"), 105.5 (C-4),
100.2 (C-1), 97.9 (C-1), 82.9 (C-6), 78.3 (C-317.9 (C-5"), 74.7 (C-2), 71.5 (C-4), 63.7
(C-10), 62.7 (C-6"), 48.6 (C-9), 46.3 (C-5),

'H-NMR (CD 30D, 600 MHz): See table 3.5

HMBC: See figure 3.8

NOESY: See figure 3.9
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2.2.6.5. Characterization of Compound (5)

Yield: 35 mg from EtOAc fraction.

Physical State:White crystals

Mp: 122 — 123C

UV (CD3OD) nm (logeg): 228 (3.62), 272 (3.77), 300 (4.01) nm.

IR (KBI) wmax cm™: 3260 - 2610 (COOH), 1705 (C=0).

HREIMS m/z 122.0367 (calcd. for {£s0,, 122.0360).

'H-NMR (CDCl 3, 400 MHz): § 11.92 (1H, s, O-H), 8.12 (2H, t, J= 8.5Hz, H- 2, B.60
(1H, t, J = 8.5 Hz, H-4), 7.46 (2H, t, J = 8.5 Ht,3, 5).

3C-NMR (CDCl3, 400 MHz): 181.0 (C-7), 134.5 (C- 4), 131.1 (C-1), 130.7 (BR and

129.7 (C-3, 5).
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2.2.6.6. Characterization of Compound (6)

Yield: 20 mg from EtOAc fraction.

Physical State:White crystals.

MP: 122-123°C

UV (MeOH) nm (log €): 285 (3.22), 326 (3.01).

HR-EIMS m/z 148.9701 (calcd. FordEgO,, 128.9703).

EIMS m/z(%): 148 (70), 131 (70), 103 (68), 91 (50), 77 (75)(43), 51 (100).

'H-NMR (CDCl3, 300 MHz): &: 7.52 (1H, 15.9 Hz, H-1"), 6.2 (1H, d, 15.9 Hz2H; 7.36
(m), 7.29 (m) and 7.21 (m).

3C-NMR (CDCI3, 75 MHz): &: 125.2 (C-1), 115.9(C-2), 117.0 (C-5), 122 (CH)4.6 (C-

4), 115.5 (C-3), 175.0 (C-1"), 123.5 (C-2"), 156083"),
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2.3 PHARMACOLOGICAL INVESTIGATIONS

2.3.1 ANTIBACTERIAL ACTIVITY
Various decoctions of plants materials, in folk megte, are used to treat infections. These
plant materials are used for the treatment of weuwrdfor relief from burns in the form of
poultice(s) or household remedies. Infectious dissacause approximately one half of all
deaths, especially, in the tropical regions of Wwld [77]. We performed our screening
against different pathogens while keeping in videirt clinical significance.
Materials
Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Salmonella typhi,
Enterobacter aerogenes, Bacillus Pumilus, Klebsella pneumoniae, Streptococcus
pneumoniae and Saphylococcus epidermidis species were used, available at Centre of
Biotechnology and Microbiology, University of Pesla. Organic solvents used in the
experiments were of analytical grade. Others malternclude nutrient broth, sterile cork
borers, petri dishes (14 cm), micropipettes, intahatandard antibiotics (amoxicillin), test
samples (plant Cr. Ext. and fractions).
Procedure
The crude extract and fractions of the plant wereened for possible antibacterial activity
against the above mentioned pathogens. The expariwess performed by following steps
as per our reported procedure [78].
Nutrient broth medium was prepared, poured intaleteest tubes and incubate for 24
hours at 37C to check its sterility.
After incubation for 24 hours, the test organisnesevnoculated to the sterile nutrient
broth and incubated for 24 hours at°g7
Nutrient agar medium was prepared on the same fllyeoexperiment and poured

into sterile petri dishes. The plates were incuthateernight for sterility test at 3.
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After sterility test of the medium, test cultureB{24 hours old) from the nutrient
broth were transferred and evenly distributed abver plates under the laminar air
flow.

After introducing the test culture to plates, wdlis mm) were made with a sterile
borer.

Sterile DMSO (< 1%) was used for preparation otktsolutions (test samples) at a
concentration of 3 mg/ml.

From the stock solution, 100 pl of the test samplas poured into the respective
wells, using a sterile micropipette.

Amoxicillin was used positive control in DMSO whil@MSO less than 1% was used
as negative control. For better diffusion of thst teamples to media the plates were
allowed undisturbed for two to three hours instuke laminar air flow.

The zones of inhibitions were noted after overnightibation at 37C.

After recording the zone of inhibitions, we procebd experiments to determine the
MICso according to the procedure of Banso [79] withtgliodifications. Following
steps were carried for determining the MyC

Nutrient broth medium was prepared, poured 4 nmhedlium into each sterile test tube
and incubate for 24 hours at 37 to check the sterility.

On the next day 18-24 hours old culture of the peshogen was inoculated to the test
tubes containing sterilized medium.

From the stock solution, prepared for the detertionaof zone of inhibition, 300, 500,
700 and 900 ul were poured to the test tubes aontatest pathogens.

Results were recorded after 24 hours of incubatd°C.
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2.3.2 ANTIFUNGAL BIOASSAY

Materials

Test fungi:Aspergillus niger, Aspergillus flavus, Penicillium notatum, Fusarium oxysporum,
Triticum harzianum and Rhizopus stolonifer, Sabouraud Dextrose Agar (SDA), autoclave,
incubator, micropipettes, magnetic stirrer, dimetbylfoxide (DMSQO), screw test tubes,
standard antifungal drugs such as Miconazole astdsgenples (Cr. Ext. and fractions).
Procedure

The anti-fungal activity of the test samples wasfgrened as per our reported procedure
[78]. Stock solutions (24 mg/ml) of Cr. Ext. anddtions were prepared in DMSO.
Sabouraud dextrose agar (SDA) medium, for the draviitfungal specie, was prepared as
per our reported procedure [78]. 4 ml aliquots &b ul from the stock solution were
transferred to screw test tubes that were stediliz&ing moist steam sterilization method.
The test tubes were allowed to cool in slantingtwes The final concentration became 400
pa/ml of SDA. Fresh culture of each specie was utaied to test tubes. Other test tubes
supplemented with DMSO and standard drugs were aseatkegative and positive control,
respectively. All the test tubes were incubated3fdr days at 27+1°C. On da¥,the visible
non mycelial linear growths (mm) of the microorgans were measured and percent linear

growth inhibitions of fungal strains were calcuthtey comparison with reference drug.
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2.3.3INSECTICIDAL ACTIVITY
Material
Test insects Tribolium castaneum, Rhyzopertha dominica and Callosobruchus analis),

organic solvent (methanol), growth chamber, tesnhpe, standard insecticidal drug
(Permithrine), petri dishes (9 cm diameter), migoefte (1000 ul), filter paper, glass vials
and brush.

Preparation of Test Sample

200 mg of the plant’s crude methanolic extracts \aaribus fractions were dissolved in 3 ml
of volatile solvent for preparation of the stockusion.

Rearing Technique

The stored grain pests were reared in plastic ditbntaining breeding media (sterile),
under controlled conditions required for the regrof pests. The insects, selected for the
experimental work, were of uniform size and age.

Procedure

The contact toxicity assay [80] was performed dis\iong:

On first day, the filter paper was cut, equal resand placed it in petri dishes of about 9 cm
or 90 mm in size. Sample solutions of the crudehamalic extracts and fractions were
loaded to the petri dishes using a sterile micregpg The plates were left overnight to
evaporate the organic solvents from the samplepleataty.

After complete evaporation of organic solvents frime petri dishes, on second day, 10
healthy insects small in size from each specie® welected and transfered with the help of
a clean brush to each plate including test sangidscontrol. The plates containing samples
and insects were incubated for 24 hours at 27°@rawth chamber with 50% relative

humidity.
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After incubation, the results were recorded by ¢imgnthe number of survived insects in
each plate. The percent mortality of insects tbatéh the test samples were calculated
according to the formula:

Percentage Mortality = 100 - No. of insects alivedst X100
No. oketts alive in control

Control
Standard insecticidal drug (Permithrine) was usedpasitive control while the organic

volatile solvent (methanol) was used as negativerob
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2.3.4 ANTI-TERMITES BIOASSAY

Materials

The plant materials were screened against terratesrding to the procedure of salihah et
al., [81]. Termite culture, test samples (crude haeblic extract, EtOAc and aqueous
fractions), blotting paper, sterile petri dishessidcators and magnifying glass with stand
were used during the experimental work.

Procedure:

The experiment was performed according to the falg steps:

1. Blotting paper and petri dishes were sterilizedbeiising in the experiments.

2. Blotting paper was cut uniformly according to tresé size of the petri dishes.

3. Stock solutions (2 mg/ml) of the plant materialsravgrepared in respective
solvents.

4. The blotting paper was soaked in solution of tle samples and leave for some
time at room temperature to evaporate the excdgsrgaand then place them in
respective petri dish.

5. 25 termites were transferred to each petri dish@aded the plates in desiccators
containing water at the base to maintain the hugnidi

6. The plates were observed after 24 hours, till fathe termites were dead.

7. Negative controls (MeOH and EtOAc) were also ruonglwith test samples.

All the experiments were performed three times Hrel average termites killed each day

were noted.
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2.3.5 PHYTOTOXIC ACTIVITY

Materials

The test samples (Cr. Met. Ext. and fractions) wested for phytotoxic bioassay against

Lemna minor. Micro-pipettes, flasks, growth chamber, test sasi@nd organic solvent

(methanol) were used in the experiments.

Procedure

The plant extracts were screened for phytotoxiassay according to McLaughlin protocols

[82]. The experiment was performed by followingpste

1.

Stock solutions (20 mg/ml) of the test samples wespared in methanol and E-
medium was prepared for the growthLofminor.

From the stock solution, test sample at conceotratif 10, 100 and 1000 pg/mi
were poured to flasks and left at room temperatoreevaporate the organic
solvent.

After evaporation of the organic solvent, 20 mitlo¢ E-media was added to all
flasks.

Sixteen healthy.. minor plants were selected, with a rosette of threedsoand
put in respective flasks.

The flasks containing. minor and E-media were incubated at 27&1in growth

chamber for seven days. Results were noted aftens#ays of incubation.
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2.3.6. BRINE SHRIMP LETHALITY BIOASSAY

Materials

Artemia salina, sea salt, shallow rectangular plastic dish, paspipette, syringes; 5.0 ml,
0.5ml, 10Qul and 1Qul, glass vials, magnifying glass. Organic solvgmtgthanol, dichloro-
methane, chloroform, DMSO), double distilled watdyminum foil and test sample (crude
extract and fractions).

Procedure

Artemia salina (brine-shrimp eggs) was used to determine the eyidty of the plant
materials as per our reported procedure [83]. Tus ®f brine shrimpArtemia salina) are
easily hatched when placed in the sea water. Ashakctangular plastic dish of 22x32 cm
in size containing the artificial sea water pregdangth a commercial salt mixture (Instant
Ocean, Aquarium System, Inc., Mentor, OH, USA) dodble distilled water. A perforated
device was used for unequal partition in the pdadish. To the larger compartment, which
was darkened, eggs of about 50 mg were spargedsmider compartment of the plastic
dish was kept open to ordinary light. This wholstsyn was kept at room temperature for 48
hours and allowed the eggs to hatch and matureusieg a Pasteur pipette the nauplii were
collected from the lighten side. From the stockugsoh (20 mg/2 ml) of the test samples 5,
50 and 500 pl were transfer to vials (3 vials/caomicdion) with final concentration of 10,
100 and 1000 pg/ml, respectively. The vials welewadd over-night or placed in the hood
for half an hour to evaporate the organic solventapletely. 1 ml of sea water was added to
each vial and placed 10 larvae per vial with thip loé Pasteur pipette. The final volume of
each vial was 5 ml, adjusted with sea water. Théswvere incubated under illumination at
26x1°C for 24 hours. Other vials were supplememti respective organic solvent as
negative control and reference cytotoxic drug astpe control. After incubation period the

survived shrimps were counted using a magnifyirgsg)l
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2.3.7 HEAMAGGLUTINATION ACTIVITY

Materials

Materials required for heamagglutination are; &od group samples, KIRO,, NaoHP Oy,
test tubes, centrifuge, incubator and phosphateb(gH 7.0).

Procedure

Haemagglutination activity of test samples was grened according to procedure of Naqvi
et al., [84]. Phosphate buffer (pH 7.0) was pregdrg dissolving 0.453g of KHPO, and
0.47g of NaHPQ, each in 50 ml of distilled water. The dissolved @, and NaHPQO,
were mixed in ratio of 3:7 (V/V). Stock solution (hg/ml of DMSO) was prepared and
different dilutions i.e. 1:2, 1:4, 1:8 and 1:16 wenade in phosphate buffer, from the stock
solution. Fresh blood samples, from healthy persaese collected on the same day of the
experiment and centrifuged, the plasma was disdaadd red blood cells were collected for
the next steps. 2% RBC’s suspension was prepardteirphosphate buffer. From each
dilution 1 ml of sample was taken in a test tube @ren adds 1 ml of the RBC’s suspension
to the sample. Incubate the test tubes for 30 regat 37C. After incubation the test tubes

were examined for the button formation, indicataagitive results.
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2.3.8 IN VITRO ANTI-INFLAMMATORY ACTIVITY

Inflammation, a self-protective retort, induces gbjogical adaptations to remove
pathogenic infections and reduce tissue damage @B&dctive oxygen species (ROS) are
formed following to the assemblage and activatibtNADPH oxidase (phagocyte-specific
enzyme). The process initiates, during respirabamgt of non-mitochondrial oxygen uptake
by NADPH oxidase system, by production of superexadion (02) [86].

A water soluble tetrazolium salt (WST-1) was usedhis study for the measurement of
superoxide production by neutrophils which will betivated by opsonized zymosan,
induces phagocytic activation of neutrophils. Tidsa more sensitive and consistent
technique among other existing techniques [87].

Isolation of human neutrophils

A modified method of Siddiqui et al., [88] was ewytd for the isolation of human
neutrophils. Briefly; from healthy volunteers fresleparinized blood was collected and
diluted with an equal volume of modified Hank’s wayn (MHS) at pH 7.4. The upper
leukocyte layer was collected, after leaving atmaemperature for 20 minutes, layered over
Ficoll paque. The pellets obtained after centrifigga (1500 rpm) were resuspended with
MHS. The cells obtained were counted using an ingaid\Neubaur chamber. Trypan Blue
method was employed to determine the viabilityelfs; was above 97%.

Respiratory burst assay

A modified assay [89] was used to determine the-iaflammatory activity of the test
samples. Thign-vitro assay was based on the reduction of WST-1 in tesepce of
activated neutrophils. A total volume of 200 ul M8 7.4), containing neutrophils (1.0-
104 /ml), WST-1 (250 pM) and test samples (variomscentrations) was used to determine
the anti-inflammatory activity. Neutrophils, buffeplution and WST-1 were added to the

control. At 37°C the samples were equilibrated byéddition of opsonized zymosan A (15
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mg/ml), prepared by mixing with human pooled serthm, reaction was initiated. The pellet
obtained after centrifugation (3000 rpm) was resuasgied in PBS buffer. The absorbance of
the reaction mixture was determined at 450 nm.desitive control the non-steroidal anti-
inflammatory drugs like aspirin and indomethacirrevased which are widely used for the
treatment of several inflammatory diseasesp Malues of were measured with reference to
the DMSO (blank) and expressed as percent inhibiod the production of superoxide
anions. The percent inhibitory activity showed dgnp extracts was determined against
blank and calculated as following:

% Inhibition = 100 - {(OD test compout@D control) x100}.
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2.3.9 EFFECTS ON RABBIT’'S JEJUNUM PREPARATIONS

Our present studies were done on isolated rabjaji;ium tissues to explore the plant
extract for possible spasmolytic activity.

Drugs, standards and solution preparation

Analytical grade chemicals, Acetylcholine (BDH Cheats, Poole, England), Atropine and
rest of the chemicals (E. Merck, Germany) were usede experiments. On the same day of
the experiments all solution(s) were freshly predan distilled water. Kobayashi et al., [90]
method was used for the preparation of Normal Tgrealution (Table 2.1).

Stock solutions of Acetylcholine (FOuM) and KCI were prepared. The acetylcholine
solution was diluted upto TOpM by serial dilution of the stock solution anchdi
concentration of the KCI solution was made 80 mMbath solution. The sample (crude
methanolic extract) solution was prepared in diéstilwater by suspending 300 mg/ml and

diluted upto 30 mg/ml and 3 mg/ml by diluting séyidhe stock solution.
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Table 2.1Composition of Tyrode solution used.

Normal Tyrode’s Solution _ ) _
. Constituents in gram / liter
Constituents
NaCl 8.0 gn
KCI 0.2 gm
MgCl; 0.1gm
NaH,POy 0.5gm
Glucose 1.0gm
NaHCG; 1.0gm
CaC, 0.2 gn
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Animals and data recording
Rabbits either male or female (local breed; weightKg 1.0-1.4) were used in the
experiments. The rabbits were maintained at tharf¥ah House of University of Malakand”
according to the standards mentioned in the Anirf@atsentific Procedures) Act 1986, UK
and “Animals Bylaws 2008 of the University of Ma#aid (Scientific Procedures Issue-1)".
All of the rabbits were fed with standard diet aap water. They were given only water, 24
hours prior to start of the experiments. The tisssponses were noted by Teaching Force
Transducer (Model No: MLT 0210/A Pan Lab S.l.) elftted with Power lab (Model No:
4/25 T) AD Instruments, Australia. Range for redogdthe data was 20 mv, Low pass 5 Hz
x 10 gain using input 1 at rate 40/s.
Rabbit’s jejunum preparations
The tissue preparation for the experiments wasethaut through following procedure [91].
1. The rabbits maintained at animal house were seedfand the jejunum portion(s)
of the rabbits were isolated. The carbogen gas@@%and Q mixture) was used
to aerate these isolated tissues placed in tyrostdigtion. The constituents and
their concentrations (mM) used in tyrode’s solutisere: KCI 2.68, NaCl 136.9,
MgCl, 1.05, NaHC@11.90, NaHPO, 0.42, CaCl 1.8 and glucose 5.55.
2. 1.5 cm pieces of jejunum, maintained in the tyrede@/ere mounted in 10 ml
tissue bath maintained at°87in tyrode’s solution aerated with carbogen gas.
3. Pressure (one gram) was put on over tissue. Eabiegiving the sub-maximal
doses of acetylcholine (048M) to the tissue to keep the tissues undisturbetl an
stabilized for an equilibrium period of 30 minutasd to produce a reproducible

response (normal response).
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4. The plant crude methanolic extract at concentrégjoaf 0.01, 0.03, 0.1, 0.3, 1.0,
5.0 and 10 mg/ml were tested for the possible spbgim activity throughout
experiments.
Spasmolytic activity
The highly concentrated’isolution (80 Mm) was used to treat tissues in otdetepolarize
it and to get them in position of sustained conegiun [92]. The test samples were then
applied on those pre-treated tissues mountedsuodibath, in cumulative manner, to obtain a
dose response curve and their relaxation was ktaxh as percent of the*Kinduced

contractions [93].
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2.3.10 NITRIC OXIDE FREE RADICAL SCAVENGING ASSAY

Sodium Nitroprusside in aqueous solution at physjiglal pH, spontaneously generate nitric
oxide, to produce nitrite ion. These nitrite iomsreaction with sulphanilic acid produce-a
diazonium salt. Napthylethylenediaminedihydroctder{0.1% wi/v) on reaction witt+
diazonium salt, form a pink complex of Azo dye ane absorbance of the pink
chromophore is measured at 570 nm.

Requirements

96-well microtiter plate reader (UV region), 96-Wehicrotiter plate, multi-chamber
micropipettes, test samples (crude extracts andaii®us fractions), Sodium Nitroprusside
(10 mM) (Sigma Co), sulphanilic acid (0.33% in 2086etic acid) (Sigma Co), [N-(1-
Napthyl) Ethylenediaminedihydrochloride] (0.1% ir2®) (Sigma Co)), Phosphate buffer
(20 mM) (pH = 7.4), Vitamin C as positive controldaDMSO as negative control.
Procedure:

The NO free radical scavenging activity was perfednby following the procedure.

Stock solution (3 mg/ml) of the test samples waspared in DMSO. From this stock
solution, by dilution, different concentration diettest samples like 0.3, 0.6, 0.9, 1.2 and 1.5
mg/ml were prepared. 10 pl from each concentratibrine test sample were taken in
microtiter plate and add 20 ul of phosphate butferit. Then add 70 ul of sodium
Nitroprusside. The microtiter plate is then incaohat 20-2%C for one and half hour. The
plate is well shaked after incubation and adds I58f gulphanilic acid. Take the absorbance
(pre-absorbance) at 570 nm. After pre-reading adal |5 of [N-(1-Napthyl)
Ethylenediaminedi-hydrochloride], shake well ankletéhe final reading. Similarly vitamin

C and DMSO were run as positive control and blaegpectively.
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2.3.11 ENZYME INHIBITORY ASSAYS

2.3.11a Chymotrypsin Inhibitory Activity

The chymotrypsin inhibitory activity of the compaiswas performed by following method
[94]. Chymotrypsin (9 units/ml of 50 mM Tris—HCI ther pH 7.6; Sigma Chemical Co.
USA) was preincubated with the compounds atC2for 20 minutes. Substrate solution
(2 mgof N-succinyl-phenylalanin@-nitroanilide/ml of 50 mM Tris—HCI buffer, pH 7.@&f
100ul was added to start the enzymatic reaction. Pretroaniline released during the
reaction, was continuously monitored by measurimg absorbance at 410 nm until we
achieved a significant change in color. In the tieacmixture the final concentration of
DMSO was 7.0%. The percent inhibitory activity fbe compound was found out using the
formula; E-9S /E x 100

WhereE andS are the activity of the enzyme without and in finesence of test compound,
respectively.

2.3.11 b Urease Inhibition Assay

The urease inhibition activity was performed acomydo the procedure of Akhtar et al.,
[95]. A solution containing 2pl of Jack bean Urease, 100 mM urea andubéf buffer,
were incubated with &l (0.5 mM conc.) of the test compounds for 15 miB@&C in a 96
well microtiter plate. For the determination of ase inhibition activity, release of ammonia
was measured using indophenol. To each well thaliakagents (7@l, 0.5% w/v sodium
hydroxide and 0.1% NaOCI) and phenol reagentsu(4% % w/v phenol and 0.005 % wi/v
sodium nitroprusside) were added. After 50 minatesicroplate reader (Molecular Device,
USA) was used to measure the increasing absorlzdrG20 nm. The results were processed
using Soft-Max Pro software (Molecular Device, USAjter measuring change in

absorbance per minute. The experiments were peefbrim triplicate at pH 8.2 (0.01 M
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K2HP04.3HZO, 1.0 mM EDTA and 0.01 M LiCz). The percent inhibition activity was

calculated using formula:

100- (OD_ _/OD__ ) 100.

test well control

The standard inhibitor thiourea was used as pesaontrol.
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3.0 RESULTS AND DISCUSSION

3.1 PHYTOCHEMICAL INVESTIGATIONS

3.1.1 Screening for Different Groups of Compounds

The presence of different groups of natural proglugiroduced by plants such as
Flavonoids, Alkaloids, Tannins and Saponins ets tiaectly linked with the medicinal
values of a particular plant. These natural proslace used as medicines for treatment of
various diseases, after isolation and formulatiowarious pharmaceutical dosage forms.
The plantVitex agnus castus/as screened for occurrence of various groupsatdral
products. The results for the phytochemical scregmrire shown in table 3.1; reveal that
alkaloids give positive result with confirmation pfecipitate formation, settled down at the
bottom The development of pink color was observed infastlavonoid, confirms that the
plant also contains flavonoid group of natural prctd. Result for saponins was also
positive by the forth formation of about 1.2 cm alsserved. Negative test result was

observed for tannins showing the absence of tannitie plant

Table 3.1Phytochemical screening fdfitex agnus castus

S. No. TEST Results Remarks
1 Alkaloids + Positive
2 Flavonoids ++ Positive
3 Saponins + Positive
4 Tannins - Negative
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3.1.2Structural Elucidation of Isolated Compounds

3.1.2.1 Structural Elucidation of Vitexcarpan (01)

The Vitexcarpan (01) was obtained as a white chyfsten sub-fraction (vi) (8.0/2.0 Pet.
Ether/EtOAc) eluting with solvent system of 6.3/3Ret. Ether/EtOAc) on silica gel
column, of the EtOAc fraction of th¥itex agnus castudts optical rotation, {f]p>°> =
+17.230 (MeOH, c = 0.26)} indicated the presencelofal center in molecule. The HREI-
MS displayed M at 324.1460 which is consistent with the molecditamula GoH20O4
(calcd for GoH2004 = 324.1452) with eleven degrees of unsaturatioe. IRnmax (KBr) cm

1. 3461(0-H stretches), 1609 #C stretches) and 1138 (C-O stretches) compared with
reported values [96].

The 'H-NMR spectrum (table 3.2) showed four proton sigrad 3.51 (1H, dd J7ax,7eq=
10.4 Hz,37ax669.0 Hz), 4.23 (1H, ddlzeq7ax = 10.4 HZ,J7eq . 6b = 4.5 Hz), 3.50 (1H, ddd),

ob, 7ax= 9.0 Hz,J 6p, 120= 7.0 Hz,J b, 7eq= 4.5 Hz) and 5.48 (1H,d] 126, 6b = 7.0 Hz)
characteristic of the Haf H-7eq H-6b and H-12b, -O-CH2-CH-CH-O- unit forming the
rings B and C of a pterocarpan nucleus [97]. THENMR spectrum further revealed the
five proton signals in the aromatic regionpa&.24 (1H, dJse = 8.4 Hz), 7.02 (1H, d] 65

= 8.4 Hz), 6.34 (1H, dJ 9, 1= 2.4 Hz), 6.54 (1H, dd] 11,12= 8.4 Hz ,J 119= 2.4 Hz), and
7.31 (1H, d,J;211 = 8.4 Hz) were assigned to the H-5, H-6, H-9, Hdrld H-12
respectively. Presence of signals®hNMR spectrum ab 2.55 and 2.61 (1H each, m),
1.74 (2H, t,J 1 = 6.8 Hz), 1.34 (3H, s), 1.36 (3H, s) were attidolito the methylene
protons of C-1, methylene protons of C-2, methgkpns of C-14 and methyl protons of C-
15 respectively. This indicated the presence ofetlyl dihydropyran ring. The placement
of dimethyl dihydropyran substituent was deducedth®y help of splitting pattern of the

protons of the aromatic ring§C-NMR values and HMBC correlations.
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Strong NOESY correlation (figure 3.1) between H-Hu H-Z, revealed that , H-12b is
axially oriented, coupling constant value of H-1®ith H-6b (7.0 Hz) indicated that they
are trans (both are axially oriented) to each otfiEansring fusion at carbon number 6b
and 12b was further confirmed by the comparisoitsobptical rotation {{]o> = + 17.70}
and negative cotton effect at 342 nm on CD spectmith reported pterocarpan skeleton
which hascis ring fusion with negative optical rotation and pies cotton effect [98].
Proton carbon connectivities were determined by BShile long range proton carbon
interactions were predicted by using HMBC interasi (figure 3.2)*C-NMR spectrum
broad band and DEPT (table 3.2) displayed twentparasignals, including two methyl,
three methylene, seven methine and eight quatercamyons. From the above spectral
discussion the structure of compound is (6b R, BR®b 3, 3 - dimethyl - 2, 3, 6b, 12b —
tetrahydro - 1H, 7H - chromeno{6’,5: 4,5}uro{3,&}chromen-10-ol, which is trivially

named vitexcarpan.

Vitexcarpan
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Table 3.2'H and™*C-NMR chemical shift values of Vitexcarpan (ppmPgO, 400 and
100 MHz, respectively)

C. No [ Multtiplicity [DEPT] | 6C (°C-NMR) 6™H (*H-NMR)
1 CH, 17.6 2.55m, 2.61m
2 CH, 325 1.741(6.8)
3 C 745 |-
4a C 1574 | -——-
5 CH 109.1 6.24 d (1H, dJ) 56 = 8.4 Hz)
6 CH 125.0 7.02 (1H, dJ¢5= 8.4 Hz)
6a C 1170 |-
6b CH 40.8 3.50 (1H, dddJ) gp, 7a= 9.0 Hz,J 6p, 106= 7.0 Hz,
J 6b, 7e= 4.5 HZ)
7 CH, 67.2 3.51 (1H, ddJax 7e= 10.4 HZ,J70609.0 Hz),
4.23 (1H, ddJreq7a = 10.4 Hz J7ec 60 = 4.5 H2)
8a C 158.9 |-
9 CH 103.9 6.34 (1H, dJ ¢ ;= 2.4 Hz)
10 C 159.7 | -
11 CH 110.4 6.54 (1H, ddJ1;11,= 8.4 Hz J 1, 0= 2.4 Hz)
12 CH 133.1 7.31 (1H, dJ121.= 8.4 Hz)
12a C 118.2 |-
12b CH 79.3 5.48 (1H,d,J 120, 6= 7.0 H2)
13a C 155.8 | -
13b C 1130 |-
14 CH; 26.9 1.34s
15 CH; 26.9 1.36s
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HAWWY

Figure: 3.2 Key HMBC interactions of Vitexcarpa@1).
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3.1.2.2 Structural Elucidation of Vitexcarpan (02)

The Vitexcarpan 1 (02) was isolated as white amorphous material fromEt@Ac fraction
of the plant, its optical rotation ]p>>= + 40.76 (MeOH, ¢ = 0.6) indicated the presence of
chiral center in molecule. An intense negative @oteffect {\¢ = -11.7) at 285 nm was
observed for the compound on CD spectrum. The EleM8bited the M peak aim/z284.
HREI-MS displayed M at 284.1213 which is consistent with the molecutammula
Ci6H1,0s (calcd = 284.1216).The IR max (KBr) énindicated OH at (3382), & C at
(1622) and C-0O at (1138) functionalities. The chamastic absorptions showed by UV
spectra were at 309, 291 and 286 nm which confdrat the compound skeleton is
flavonoid [99-100].

IH-NMR (Table-1) exhibited resonancedaB.53 ( 1H, dddJ s eax= 10.0 Hz,J 64 11a= 7.0
Hz, J 6a, seq= 3.6 Hz) was assigned to H-6a, its axial orientativas predicted on the basis
of coupling constant values as it showed with |-@0.0 Hz), while a signal @t3.61 (1H,

t, J 6ax.6a / 6ax.6eq 10.0 Hz ) and ai 4.25 (1H, dd,] eeq, 6= 10.0 HZ,J 6eq, 6= 3.6 Hz) were
assigned for H-G, and H-6¢q protons, respectively. While signal&b.48 (1H, dJ 11a 6a=
7.0 Hz) was assigned to the H-11a. This revealatldbmpound has pterocarpan as basic
skeleton [101]. Resonancesbad.89 (1H dJ = 14.0 Hz) and 5.92 (1H d,= 14.0 Hz) were
assigned to the oxymethylene (O-£8) protons. Two aromatic signals @6.88 (s) and
6.38 (s) were assigned to H-1 and H-4, respectiwghereas H-7 was appeareddal.28
(1H, d,J 75= 8.5 Hz) while H-8 resonated &t.53 (1H, ddJg ;= 8.5 Hz and) g ;0= 2.0
Hz). A meta coupled signal &t6.38 (1H, d,J 106= 2.0 Hz) was attributed to H-1&°C-
NMR (broad band and DEPT) displayed resonancesiiteen carbon signals including
two methylene, seven methine and seven non hydaseercarbons (table-13H and*C-

NMR inferred that compound has pterocarpan typéchkseleton, with oxymethylene and
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hydroxyl group as substituent, which was furthernfocaned by using 2D-NMR
spectroscopy such as COSY, HSQC and HMBC.

Different spin system was revealed with the helpC®SY spectrum. H-11ad(5.48)
showed cross peaks on COSY spectrum with H-®a3.63) which in turn showed
correlation with H-6 (6 3.61 and 4.25). Key COSY correlations in compoarelshown in
figure 1. Different spin system and functionaliyere assembled by using HMBC
interactions. Careful study of HMBC interactionsealed the fact that oxymethylene was
attached to ring A. H-15(6.88) showed HMBC interactions with C-11b%12.4), C-2 §
143.8) and C-3, similarly H-4(6.38) displayed interactions with C-8147.0) and C-4a&(
149.5), this further confirmed that oxymethylenaitached to the ring A. Furthermore H-
11a showed HMBC interactions with H-11& 112.4), H-1 § 105.1) and H-6a3(41.0),
while H-6a ¢ 3.53) displayed HMBC correlations with C-6 (66.6),6b ¢ 114.0) and C-
11a ¢ 79.1). Oxymethylene protons £42) displayed HMBC interactions with C-3 (
143.8) and C-3)147). Key HMBC interactions in compound are shaomvfigure 2.
Stereochemistry at carbons C-6a and C-11a weeer@d by the help of coupling constant
values and it was confirmed by NOESY interactionl+h proton appeared &6.48 has a
NOESY correlation (figure 1) with H-16(6.88), Which confirm that H-11a is equatorially
oriented, Cis ring fusion between ring B and C (at carbon noaéd 11a) was further
confirmed by the comparison of coupling constai@:NMR chemical shift values and CD
data with reported pterocarpan skeleton whichcssng fusion [101-104].

From the above spectral discussion the structuwoifpound is, 6a, 11a- dihydro- 6H-[1]

benzofuro [3, 2-c] [1, 3] dioxolo [4, 5-g] chrom&rel.
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Vitexcarpan 1
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Table 3.3'H and**C-NMR chemical shift values of Vitexcarpan 1 (pp®DsOD, 400
and 100 MHz, respectively)

C. No| Multiplicity 6 3C (Bc- I
[DEPT] NMR) 6 'H ("H-NMR)

1 CH 105.1 6.88 s

2 C 143.8 -

3 C 147.0 -

4 CH 93.9 6.38 s

4a C 149.5 -

6 CH2 66.9 4.25 dd { geq6ax 10.0, J geq, 623.6) 3.61 t

(JGax,BaIGax,6eq: 10.0)
6a CH 41.0 3.53 ddd Q 6a,6ax— 10.0,J 6a, 11a=7.0, J 6a, 6eq—
3.6)

6b C 114.0 -

7 CH 133.0 7.28d (,5=8.5)

8 CH 110.0 6.53dd §g,= 8.5,J510=2.0)
9 C 157.0 -

10 CH 105.8 6.38 d (105=2.0)

10a C 153.3 -

1la CH 79.1 5.48d (114,6a= 7.0)

11b C 112.4 -

OCH CH2 102.1 5.89d (0=14.0)

O

? 5.92d (= 14.0)
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Figure: 3.4 ey HMBC Interactions of Vitexcarpan(D2)
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3.1.2.3 Structural Elucidation of Vitexoide (03)

The Vitexoide (3) was isolated as amorphous material from sub-bactiii) (1.5/8.5
EtOAc/ih-hexane) eluting with solvent system of 3.5/6.5 dfaneh-hexane) on silica gel
column, of EtOAc fraction of the plant. Its opticaitation, {[a]po> = - 74.8 (MeOH, ¢ =
0.20)} indicated the presence of chiral center menule and negative cotton effect at 388
nm on CD spectrum. EIMS of compound showed ibh peak atm/z 392. Which was
further conformed by FAB [(M+H)= 393]. HR-ESI-MS showed pseudo molecular ion
peak aim/z410.3300, corresponding to the formulatoO,4 (Cacld. for G4H4004+ NHy =
410.3270).

The'H and**C-NMR spectrum clearly indicated that compoundésaidal type [101, 102].
TheH-NMR spectrum exhibited three methyl signalé &t70 s, 0.92 s and 0.99 @1(20=
6.5 Hz) which were assigned to the methyl protdn8-49, C-18 and C-21 respectively. A
downfield signal ad 3.51 (br, mwy,= 18.5 Hz) was assigned to the C-3 methine pra®n i
axial orientation was inferred on the basis ofwig value, while another signal &t3.94
(br, s) was attributed to the H-16.

BC-NMR spectrum (BB and DEPT) display 24 carbonsluding, three methyl, ten
methylene, eight methine and three non-hydrogergabns.

Structure of compound was further conformed by 2RN spectra (HMBC, HMQC,
COSY (figure 3.6) and NOESY). Position of the fuaotl group was determined by the
help of ®*C-NMR values and HMBC interactions (figure 3.5).18% 3.94 br s) displayed
HMBC correlation with C-15§ 36.3) and C-17§(57.1), methyl proton of C-21, showed
HMBC correlation with C-17§ 57.1). Shifting of C-17 value to lower field andtb H-16

(6 3.94) and H-21§ 0.99) showed HMBC correlations with C-17 cleanylicated that

hydroxyl group is substituted at C-16.
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Stereochemistry of the compoul@3) was determined with the help of biogenesis basis
[105], coupling constant values and literature galuwhich were further conformed by
using NOESY spectrum. NOESY cross peak observeddsgt H-3 and H-5, H-5 and H-9,
H-18 and H-8, H-14 and H-16, H-8 and H-19. CorietaH-16 with H-14 clearly indicated

that H-16 is in pseudo axially oriented. Key NOE&¥relations are shown in figure 3.7.

CHs

ol H

OH

HO

H

Vitexoide (03)
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Table 3.4'H- and™*C- NMR chemical shift values of Vitexoide (ppmsBE0O, 400 and 100

MHz, respectively)

C.No ac Multiplicity [DEPT] oy (J, Hz)
1 36.4 CH; 1.63,1.75m
2 28.6 CH; 1.31,1.71m
3 72.6 CH 3.51 (br, mw.,= 18.5)
4 37.2 CH; 1.34,1.62m
5 43.7 CH 1.26 m
6 28.4 CH; 1.17,1.39m
7 39.0 CH; 1.23,1.41m
8 34.8 CH 1.80 m
9 49.3 CH 1.54m
10 35.3 C e
11 24.8 CH; 1.91,1.60m
12 37.3 CH; 1.36, 1.52 m
13 42.6 c |-
14 48.2 CH 1.75m
15 36.3 CH, 1.69,1.73 m
16 74.1 CH 3.94brs
17 57.1 CH 1.55m
18 17.5 CHs 0.92s
19 13.2 CHs 0.70 s
20 31.1 CH 1.51m
21 23.7 CHs 0.99d (021= 6.5 Hz)
22 29.9 CH, 1.41, 1.59m
23 37.3 CH; 2.33,2.19m
24 178.3 c |-
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Figure: 3.7.Key NOESY correlationsf Vitexoide (03)
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3.1.2.4 Structural Elucidation of compound (04)

The compound (04) was isolated in non-crystallidedm, from sub-fraction xi (8/2
EtOAc/ih-hexane) with solvent system of MeOH/DCM (1.2/8.@&)EtOAc fraction of the
plant. The compound did not give the i the EI-MS. The ESI-MS showed peak at 950.3
for 2M*+NH4, a peak at 484.2 for M NH4 and a peak at 449.1 for'MH20 + H. The
molecular weight of compound was deduced to be446Bhe UV spectrum exhibited
maxima at 217 and 275 nm and IR spectrum givesrptisos at 3421, 1704, 1636, and
1450 cmt indicating OH and ester=€D functionalities and aromatic=€C bonds.
The*H-NMR spectrum of compound showed three olefiniakseats 5.11 (1H, dd) = 3.6,
6.0Hz), 5.82 (1H, s) and 6.33 (1H, dd= 1.8, 6.0 Hz), respectively. The spectrum also
showed five hydroxyl peaks, four for the sugar moand the fifth at C-6. The ppm values
for these hydroxyl protons appeareda.70 (1H, dJ = 7.8 Hz, C-1"), 3.23 (1H, m, C-2’),
3.26 (1H, m, C-3’), 3.30 (1H, m C-4’), 3.37 (1H,®a5’), 3.65 (1H, dd) = 5.4, 12.0, C-6"),
3.84 (1H, dd) = 12.0, 1.8, C-6’) and 4.45 (1H, br. s, C-6), exdjvely. The stereochemistry
at C-1 was confirmed by the presence of NOESY autigon of H-1 with H-9. Both H-5 and
H-9 were showing NOESY interactions and were asslgasfp. The H-6 also displayed
NOESY interactions with H-5, suggesting that thé lis orienteds to the plan. NOESY
correlations are shown in figure 3.9. Aromatic prit for the disubstituted benzene ring
appeared af 6.83 (2-H, dJ = 9.0 Hz) and 7.91 (2H, 3= 9.0 Hz). Thé*C-NMR spectrum
showed four olefinic peaks at105.5, 132.4, 142.9 and 141.7, respectively. Trbans of
the sugar moiety appeared &tl00.2, 74.7, 78.3, 71.5, 77.9 and 62.7, respdgtiviche
aromatic region displayed peaksdat22.1, 132.9, 116.3 and 163.7, respectively. Tée k

HMBC correlations are shown in figure 3.8.
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Compound (04)
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Table 3.5'H and**C-NMR chemical shift values of compout@#) (ppm, CROD, 600 and
150 MHz respectively).

C. NO | Multiplicity[DEPT] 6°C (*CNMR) | 6'H (*H-NMR)
1 CH 97.9 497d(,0=7.8Hz)
3 CH 141.7 6.33dd 55=1.8,J34= 6.0 Hz)
4 CH 105.5 5.11, dd J,5=3.6,J43= 6.0 Hz)
5 CH 46.3 2.69 brs w, = 21.4
6 CH 82.9 4.45brsw, =125
7 CH 132.4 5.82s
8 C 142.9 -
9 CH 48.6 2.97t(0o.= 7.2 Hz)
10 CH, 63.7 4.90 m, 5.08 m
1 CH 100.2 470d (> =7.8Hz)
2 CH 74.7 3.23m
3 CH 78.3 3.26 m
4 CH 715 3.30m
5 CH 77.9 3.37m
6 CH, 627 3.65 dd g5 = 5.4 Hz,Jps = 12.0 Hz,
3.84) dd §s5 = 1.8 Hz,Jg.¢ = 12.0 Hz )
1" C 167.8 -
2 C 122.1 -
3 CH 132.9 7.91d (34 =9.0Hz)
4 CH 116.3 6.83d (4 3= 9.0 Hz)
5 C 163.7 -
6" CH 116.3 6.83d (¢ 7=9.0 Hz)
7" CH 132.9 7.91d{7¢ = 9.0 Hz)
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Figure: 3.8.Key HMBC correlations of compour{@4)

Figure: 3.9.Key NOESY correlations of compouifa4)

102



Chapter 3 part A Results & discussion

3.1.2.5 Structural Elucidation of Compound (05)

The compound05) was isolated from the ethyl acetate fraction ef derial parts o¥itex
agnus castus.

The structure was determined by combined interpeogtadf *H NMR, *C NMR, HMBC
and HMQC spectroscopic techniques. Its UV absaonptad 272 and 300 nm was
characteristic of an aromatic carboxylic acid grodfe 'H NMR spectrum showed
aromatic protons signals &@8.12 (2H, tJ = 8.5Hz), 7.60 (1H, ) = 8.5 Hz), 7.46 (2H,d =
8.5 Hz) for positions (H-2, H-6) and (H-4), (H-3;3) respectively. A chelated OH was also
displayed at 11.92 in the proton NMR spectrum. THE NMR spectrum Broad Band
(BB, DEPT) of the compound showed seven carbonatsgnfive methane and two
quaternary carbon atoms in the molecules of comgoufhe *H-'*C correlations were
determined by HMQC. In the spectrum the signaleapgd ad 180.0, 134.5, 131.1, 130.7
and 129.7 for C=0, (C-4), (C-1), (C-2, 6) and (C53, respectively. The structure was

established as benzoic acid.

Benzoic acid
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3.1.2.6 Structural Elucidation of Compound (06)

The HR-EIMS of the compound showed [Mjeak atm/z 148.0701 (calcd for §E100,)
consistent with the molecular formulaghGoO.. Beside the [M] other fragments were
observed am/z77.0 [GHs]" , 91.1 [GH/] and [GH-]".

The 'H-NMR spectra of the compound corroborate the presef three aromatic protons,
observed ab 7.21 m, 7.23 m and 7.36 m. The oleifinic protossonate at 6.2 (d,J = 15.9
Hz) and 7.52 (dJ = 15.9 Hz). The larger coupling constant of thefimlie protons were in
the conformity tde configuration.

The *C-NMR spectrum (BB and DEPT) of the compound shonieg carbon atom signals
comprising seven methine and two quaternary carbidms physical and spectral data of the

compound correspond to reported Cinnamic acid.

OH

Cinnamic acid
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3.2 PHARMACOLOGICAL INVESTIGATIONS

3.2.1 ANTIBACTERIAL ACTIVITY

Antimicrobial resistance has become a global probl8trategies to improve the current
situation include research in finding new and iratoxe antimicrobials [104 Antibiotics
and the chemotherapeutic agents have been of vattantrolling many infections but they
depend on judicious use to minimize the inciderfaesistance [107]

Crude methanolic extract and various fraction¥itéx agnus castusere screened against
the said test pathogens for possible antibactegtiity. The results are summarized in
table 3.6 and presented in figures 3.10 to 3.1%8leOof the antibacterial activity of the
crude methanolic extract and fractions, agakhstoli wasn-hexane = BUOH (69.56%) >
crude extract (60.80%) > EtOAc = aqueous (56.52%)HCl; fraction (52.17%). Against
S. epidermidisEtOAc (62.96%) >n-hexane (57.69%) > CHE(53.85%) > crude extract =
BUOH (50.00%) > aqueous (42.30%). AgaiBstyphj CHCL (62.96%) > EtOAc = BuOH
(51.85%) > crude extract (59.25%) > aqueous (57)68Pte n-hexane showed no activity.
AgainstS. pneumoniagqueous (48.27%) > BuOH (44.82%) > crude extractwexane =
CHCl; (41.37%) > EtOAc (37.93%). AgainSt aureusBuOH (53.85%) > CHGI(53.84%)
n-hexane = aqueous (50.00%) > EtO@8.15%) > crude extract (42.30%). The activity
againstP. aeruginosawas EtOAc (62.96%) > BuOH (59.25%) > CHQB7.69%) >
aqueous (51.85%) > crude extract (48.18%)¥exane (44.44%). AgaingL pneumoniag
CHCI; (80.95%) >n-hexane = EtOAc = BuOH (61.90%) > crude extract.18%) >
aqueous (52.38%). AgainBt pumilusEtOAc (52.00%) > BuOH (48.00%) > crude extract
= n-hexane (44.00%); and no activity was shown by GHId aqueous fractions. The
activity of the test samples agaifistaerogenesvas in order ofp-hexane (51.72%) > crude

(48.27%) > CHGJ (44.82%) > BUOH (41.37%) > EtOAC = aqueous (37.83%
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From the above results it is revealed that GH@iction of Vitex agnus castushowed
significant antibacterial activity againikt pneumoniag¢zone of inhibition = 80%, MIg =
2.19 mg/ml), while rest of the fractions and cruethanolic extract showed moderate and
low activity exceptn-hexane, CHGland aqueous fractions, exhibit no activity aga®Bst
typhi and B. pumilus respectively. The lower the Migvalues, the higher will be its
potency and vice versa. The Miralues (mg/ml) of the crude methanolic extract atd
fractions of Vitex agnus castusvas calculated from three separate reading byguain
Microsoft XL sheet and are measured as given itetaly and summarized in figures 3.16
to 3.21. In a comparative study with some therdpelly used antibiotics, different extracts
of Vitex negunddeaves were investigated for its antimicrobialiaigt on five bacterial
species, among all extracts water-ethanol (50:%0pet showed maximum antimicrobial
activity against all tested species [108]. The raedtic extracts of stem bark d&fitex
donianawere screened agairfSt typhj Shigella dysentariaandE. coli. The extracts were
able to inhibit the growth pattern of the testednmorganisms. In all cas& dysentariae
showed the highest sensitivity [109]. Five Africafitex species were screened for
antimicrobial activity, mostly good antimicrobiahhibition was evident against Gram
positive bacteria (0.02—8.00 mg/ml) and lower agtiagainst the Gram negative bacteria
and the yeast (0.50-8.00 mg/ml) [110]. The reszdtsfirm that the plant specie could be a
potential target for activity guided isolation difet bioactive constituents against the Gram

positive pathogens.
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Table 3.@\ntibacterial activities (zone of inhibition andngent) of crude extract and various fraction¥itéx agnus castus

G = Crude Extract| n-hexane CHCl; EtOACc BuOH Aqueous
25 E < € < E < E < € < E| <
Name of 2 g sE|l S |sE|l S |sE| S |5sE = |5E| S |s5E| S
. £E8 o c c c c c c
Bacteria —o2|285] & |es5|] & |25 & |¢25 &S |e@5| & |e5| 8
°s8|o=| 5 c=| B o=| B o=| & c=| B o=| 5
02 N2 £ N2 2 |[Ng T |[N2| T NE] £ |[ME E
o8O c c c = [ £ c £ c = c c
N & — = = = = = =
E. coli 23 14 | 60.80] 16| 69.56 17 52.17 13 56/52 16 69.56 |B®.52
S. epidermidis 26 13 | 50.00f 15| 57.6% 14 53.85 17 69,23 13 50.00 |xrr.30
S. typhi 27 16 | 59.25| 00| 00.0(¢ 177 6296 14 5185 14 51.85 |15 6957.
S. pneumoniae 29 12 41.37 12 41.37 120  41.37 10 37.93 13 4482 14 2748.
S. aureus 26 11 | 42.30f 13| 50.00 14 53.84 1p 4345 14 5385 |13 0050.
P. aeruginosa 27 13 | 48.18| 12| 44.44 15 57.69 1y 62pP6 16 5925 |14 8551.
K. pneumoniae 21 12 | 57.14] 13| 61.90 17 80.95 183 61/90 13 6190 |BR.38
B. pumilus 25 11 | 44.00f 11| 44.0C 00 00 13 52.00 12 4800 |00 00
E. aerogenes 29 14 | 48.27) 15| 51.72 13 44.82 109 37)93 12 41.37 |1B.93
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Table 3.7MICs values (mg) of crude extract and fraction®/éx agnus castusgainst
tested pathogens.

Name of Bacteria | Crude extract | n-hexane| CHCI3 | EtOAc | BUuOH | Aqueous
E. coli 1.82 1.65 1.9 1.95 1.68 1.65
S. epidermidis 2.18 2.7 1.7 1.8 1.76 1.87
S. typhi 24 51 1.89 2.22 2.65 2.1
S. pneumoniae 2.23 1.95 2.19 2.48 2.43 1.7
S. aureus 2.38 21 3.15 2.21 2.57 1.6
P. aeruginosa 4.8 1.96 2.53 2.24 2.25 1.9
K. pneumoniag 2.59 1.83 2.19 2.4 1.72 1.8
B. Pumilus 1.83 2.45 1.72 1.98 2.94 1.7
E. aerogenes 2.7 2.08 2.49 2.38 2.5 2.29
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Figure: 3.12 Antibacterial activity of CHGlfraction ofV. agnus castuagainst tested pathogens.
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Figure: 3.15 Antibacterial activity of aqueous fractionfagnus castuagainst tested pathogens.
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Figure: 3.16. MICsq values of crude extract d. agnus castuagainst tested pathogens.

Figure: 3.18 MICs, values of CHG fraction ofV. agnus castuagainst tested pathogens.
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Figure: 3.21 MICs, values of aqueous fraction \df agnus castuagainst tested pathogens.
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3.2.2 ANTIFUNGAL ASSAY

The plant materials were screened for antifungdivic against Aspergillus niger,
Aspergillus flavus, Penicillium notatum, Fusariurmysporum, Triticum harzianurand
Rhizopus stoloniferThe results were recorded as percent growth inbihitcompared
with positive control. Amphotericin-B and Miconaeolere used as standard drugs.

The n-hexane (20%), CHEI(15%) and BuOH (10%) fractions of the plant shovma
activity while the crude extract and EtOAc fractimere found inactive against niger
Similarly, the CHC{ fraction showed low inhibiting effect (15%) fév. flavusand rest of
the fractions along with crude extract showed riobibory activity. The crude extraat;
hexane, CHGland EtOAc fractions showed low antifungal activi®p, 10, 20 and 10%
respectively, again®. notatumand rest of the fractions failed to produce anyhibry
effect againsP. notatum Similarly, in the antifungal experiments the Bu@hid aqueous
fractions of the plant showed low inhibitory effe@ainstF. oxysporumwhile rest of the
fractions and crude extract were found inactiveregdhe tested speci€he test samples
were also screened agaifistharzianumand low antifungal effect was observed for crude
extract and CHGlfraction, 10% each and BuOH 15% while rest of trextions were
found to be inactive against the tested pathogenileéBly 20% growth inhibition was
shown by BUOH fraction againBt stoloniferand crude extract along with other fractions
doesn’t show any antifungal activity. The result® aummarized in table 3.8 and
presented in figures 3.22 - 3.27.

The above results reveals that the crude extratwarious fractions from the aerial parts

of the plant were showed no significant antifureivity against the tested organisms.
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Table 3.8.Antifungal activity of the crude extract and fracts ofVitex agnus castus

Name of Fungi Percent Inhibition
Negative | Positive | Crude | n-hexane | CHCh | EtOAc | BUOH | Aqueous
control control Extract
A. niger 0 100 0 20 15 0 10 0
A. flavut 0 10C 0 0 15 0 0 0
P. notatum 0 100 20 10 20 8 0 0
F. oxysporum 0 100 0 0 0 0 15 15
T. harzianum 0 100 10 0 10 0 15 0
R. stolonifer 0 100 0 0 0 0 20 0

% inhibition of fungal growth = 100 — linear grdwin test (mm) X 100
linggrowth in control (mm)
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Figure: 3.24.Antifungal activity of crude extract and fractiookV. agnus castuagainstP. notatum.
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Figure: 3.27.Antifungal activity of crude extract and fractioo&V. agnus castuagainsiR. stolonifer
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3.2.3 INSECTICIDAL ASSAY

Due to the toxic effects of the synthetic insecticides teeth@ronment, more interests are
developed in the environment friendly insecticides from the natesaurces [111]. The
insecticidal activity of crude methanolic extract and varioagtions ofVitex agnus
castus were determined againstribolium castaneum, Rhyzopertha dominiead
Callosbruchus analigpests The results are summarized in table 3.9 and presented in
figure 3.28. Crude methanolic extract showed moderate (40%) ands @Adn-hexane
fractions showed low insecticidal activities (25 and 20%) ag&@nstnalisrespectively

The BuOH fraction showed weak insecticidal activity againstastaneun20%) andR.
dominica(20%). Rest of the test samples showed no activity againstdtesl insects. The

CO, extract from theVitex agnus castus used as insect repellent for animals [10].
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Table 3.9Insecticidal activity of crude extract and varidtections ofV. agnus castugy contact toxicity method.

Name of Insects

% Mortality

Control Control |Crude Extract n-hexane| CHCI; EtOAc | BuOH | Aqueous
Positive* | Negative
Tribolium castaneum 100 0 0 0 0 0 0 20
Rhyzopertha dominiga 100 0 20 0 0 0 0 20
Callosbruchus anali$ 100 0 40 0 0 25 20 0

* Permethrin at concentration 23518/cnf was used as standard drug (positive control).
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Figure: 3.28.Insecticidal activity of crude extract and fractiond/ofagnus castus.
* Permethrin at concatitm of 235.9Qug/cnt was used as standard drug .
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3.2.4 ANTI-TERMITE ACTIVITY

The results of anti-termite activity of crude methanolitract, EtOAc and aqueous
fractions ofVitex agnus castusre mentioned in table 3.10.

The results indicated that average of the termites killedayn®' was 10, on second day
the average was found to be 18 and on day three all the termitesfauerd dead.
Similarly, the EtOAc fraction was screened for anti-tieenactivity. The results indicated
that average of the termites killed on ddywias 10. On second day the average was found
to be 18. On day three all the termites were found dead. ThHsrebtained, for the
aqueous fraction, showed that average of the termites killed ot™'dags 2. On second
day the average was found to be 14 and on day three all the tenaieslead. In the
control average of the termites killed othand 2° day was 0 and only two termites were
found dead on day three. The results indicated that the EtOA®iranft Vitex agnus

castusshowed significant activity against termites.
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Table 3.10Anti-termites activity of crude extract, EtOAc and Aqueous
fractions \df agnus castus

Test No. of Day | Average termites killed by | Average | Average
Sample| Termites —ive controls termites | termites killed
killed by | by sample
MeOH | EtOAc | H,O | .rositive
Control
1 0 NA NA 23 10
Crude 2 0 NA NA 25 18
extract
3 2 NA NA |  --—--- 25
1 NA 0 NA 22 10
EtoOAc| 2° [2 | NA 0 NA 25 18
3 NA 2 NA | - 25
1 NA NA 0 23 2
Aqueo 2 NA NA 0 25 14
us
3 NA NA 2 | - 25

* Termisolve B-PRO was used as positive control
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3.2.5 PHYTOTOXIC ACTIVITY

Herbicides of the plants origin are friendly to the environnikat necessitate for their
search.L. minor is miniature aquatic monocot, sensitive to bioactive compounds a
Lemnaassay is used to detect natural anti-tumor, phytotoxic compounds andbema
useful to detect new plant growth stimulants [112]. The phytotesalts of the crude
methanolic extract and various fractions \dtex agnus castusgainstL. minor are
summarized in table 3.11 (a) and 3.11 (b) and presenteduire f§y29. The methanolic
crude extract showed (50 and 6.25%Yexane (62.5 and 12.5%), CHQK3.75 and
25.0%), EtOAc (43.75 and 25.0%), BuOH (37.5 and 18.75%) and aqueousa(ilr.5
18.75%) growth inhibition at concentrations 1000 and 100 pg/ml, resggctike

concentration 10 pg/ml, no activity was observed.
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Table 3.11 (a)Phytotoxic activity of crude extract and fractiafs/. agnus castus.

Name of | Concentration No. of fronds Concentration of
plant of sample standard drug *
(ng/mi) (ng/ml)
Crude extract n-hexane | CHCI; | EtOAc | BuOH | Agqueous Control
1000 08 06 09 09 10 10 16
Lemna 0.015
minor 100 15 14 12 12 13 13 16
1C 1€ 1€ 14 15 14 15 16
Table 3.11 (b)Percent growth regulation of themnaminor.
Concentration Percent growth regulation
of sample
(ug/ml) Crude methanolic | n-hexane CHCl; EtOAcC BuOH Aqueous Standard
extract
100(C 5C 62.5 43.7¢ 43.7¢ 37.t 37.t 10C
100 6.25 12.5 25.0 25.0 18.75 18.75 100
10 00 00 12.5 6.25 12.5 6.25 100

*Paraquat was used as standard drug
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» 1000 pg/ml » 100 pg/ml ® 10 pg/ml
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Figure: 3.29Phytotoxic activity of the crude extract and fraction¥ oagnus

castusgainsi. minor
* StandardParaquat at a concentration 0.015 pg/ml was ussthadard drug
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3.2.6 BRINE SHRIMP CYTOTOXICITY

The higher the mortality of the sample(s) in the shrimps testlower will be the safety

of the drug and vice versa. The results shown in table 3.12€f8j80), reveals that crude
extract of the plant showed 23% cytotoxicity at higher dose Wity izalue 20683 pg/ml,

the lower and upper toxic concentration limits were 1.31175 and 1960.b3Gwialue
0.7513. The cytotoxic activity showed byhexane fraction was 26.66% at higher dose
with LDso value 26757 pg/ml. The upper and lower limits were 1746.6 and 1.70141
respectively with G value 0.8962.16% cytotoxicity was observedhfiCHC} fraction
having LD value of 4733740 pg/ml, upper and lower limits toxic concentratiomssli
were 5249.78 and 0.0001, respectively, with G value of 2.9128. Ef@&ton of the
plant shows 23% cytotoxicity at higher dose withshDalue 4263428 pg/ml, upper and
lower toxic concentration limits were 0.0015 and 11002.63 with G vall@66. The
cytotoxicity observed for the BUOH fraction was 13% at higher auretgon with LDy
value 11277070 pg/ml, upper and lower limits were 5792 and 0.0005, reshectith G
value of 2.001. Aqueous fraction of the plant killed 33% of thergigivs. control having

an LDsp value 0.0016ug/ml. The lower and upper toxic limits (concentrations) for the
aqueous were 2.3067 pg/arid 1755340.0 pg/ml, respectively G value was 3.4278, at
temperature 28C. The crude ethanolic and methanolic extracts of ripened &itigex
agnus castushowed significant cytotoxic effect against various humarmerans cells
[113], similarly Vitex pubescen¥ahl. member ofVerbenaceaealso possess cytotoxic

effect against cancerous cell lines [114].
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Table 3.12.Brine shrimps cytotoxicity of crude extract andigas fractions o¥. agnus castus.

Dose *Standard drug | Crude extract n-hexane CHCE EtOAcC BuOH Aqueous
(Hg/ml) Sumi % . % . % . % . . % . %
urvivors Killed Survivors Killed Survivors Killed Survivors Killed Survivors Killed Survivors Killed Survivors Killed
1000 0 100 23 23 22 26 25 16 23 23 26 13 20 3B
100 0 100 27 10 26 13 26 13 26 13 28 6 25 16
10 0 100 29 3 28 6 28 6 28 6 29 3 27 1(

* Etoposide at concentration of 7.4625 pg/ml wasl @sestandard drug.
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Figure: 3.30.Brine shrimp cytotoxicity of crude extract and fraction¥ofgnus castus.
* Etoposide at concentration of 7.4625 pg/ml weeduss standard drug.
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3.2.7 HAEMAGGLUTINATION ACTIVITY

Certain plants have been found to contain agglutinins in their ditfesets, which can be
extracted and used for the production of blood typing reagents in the wayas
agglutinins from animal sources. Lectins (carbohydrate-binding ps)tare one of the
most important toxic, anti-nutritional and resistant to digestten ingested [115]. In
addition to their ability to agglutinate the erythrocytesminerous animal species, lectins
also clump certain bacteria and precipitate glycogen and dtanmrhsolutions. Lectins
also negatively affect nutrient utilization by different ahanisms. The plant source
agglutinins have advantage over the animal sources becaysaréh@conomical and
available in large quantities.

Each test sample dilutions &fitex agnus castusrere screened for haemagglutination
activity against human RBCs of all blood groups. In neitherettses agglutination was
shown by the test samples, results are shown in table 3.13prékent investigation

reveals thaVitex agnus castusontains no phytolectins.
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Table 3.13Haemagglutination activity of the crude extract and foagtiofV. agnus
castusat various dilutions.

BIOOd groups AB-IVe’ AB +|ve’ O +|ve’ O—IVe,A—IVe’ A +|ve’ B-IVe’ B +ive

Dilutions 1:2 1:4 1:8 1:1€

Crude extraci - - -

n-hexane - -

CHCl; - -

EtOAc - -

BuOH - -

Agueou: - - -

No activity = (-)
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3.2.8 ANTI-INFLAMMATORY ACTIVITY

Crude extract and fractions

Inflammation is a protective attempt to remove the injurioimsusi and also to initiate the
healing process for the tissue. It is a complex biologicglorese of vascular tissues to
harmful stimuli like pathogens, damaged cells or irritabl$6]. Results are shown in table
3.14 and presented in figure 3.31. Indomethacin, a clinically aisgdnflammatory drug,
was used as positive control. At concentration of p80nl the crude extract showed
significant anti-inflammatory activity (90%). EtOAc and tG&ICl; fractions of the plant
exhibited moderate activity 43 and 41%, respectively. Othetidres; n-hexane, BUuOH
and aqueous fractions showed low anti-inflammatory activity €t@l4). The leaves,
fruits, roots and seeds Witex negunddave anti-inflammatory activity [117-119]. As the
crude extract of the plant exhibited significant anti-inflartana activity, thus it can be

used as a source for isolations of natural anti-inflammatory itgeTsts.
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Table 3.14Percent inhibition of reduction of WST-1 by NADPH oxidag&e
Super oxides in presence of test samples and positive coningl, us
freshly isolated human neutrophils.

Test sample Percent Inhibition at 50Gug/ml

Crude extract 90.01

n-hexane 35.30
CHCl3 43.43
EtOAcC 41.32
BuOH 32.18
Agueous 24.35
*Indomethacin 98.0

* Standard drug (positive control)
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Figure: 3.31 Anti-inflammatory activity of crude extract and ¢teons ofV. agnus castus
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| solated compounds

Different compounds i.e. Casticimp-hydroxybenzoic acid, methyl 3, 4-dihydroxy-
benzoate, 3, 4-dihydroxybenzoic acid, isolated from the aerial platte itex agnus
castuspossessed significant anti-inflammatory activity with M@ the range of 156-400
pg [120]. The compounds isolated from the aerial parts of tim ywikre screened for the
anti-inflammatory activity. The compouridand2 showed moderate (41.3, 48%) activity
while low (37.2 and 28.5%) anti-inflammatory activity wasered for the compounds

and4 as shown in table 3.15 and presented in figure 3.32.
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Table 3.15Anti-inflammatory activity of isolated compounfitem Vitex agnus castus

Test Compound Anti-inflammatory activity (%)
1 41.3
2 48.0
3 37.8
4 285
Indomethacin* 98.0

* Standard drug (positive control)
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Figure: 3.32Anti-inflammatory activities of isolated compounds frémagnus
castus
* Standard drug (positive control)
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3.2.9 EFFECTS ON RABBITS JEJUNUM PREPARATIONS

Spasmolytic activity

According to the figure 3.33, crude methanolic extract produced coatientdependent
relaxation on spontaneous rabbit’'s jejunum preparations. Maximumatielaxwas
obtained at concentration 3 mg/ml that 100% relaxed thaetiss another series of
experiments, the extract relaxed the tissue by 74% (fig34) at higher concentration of
10.0 mg/ml.

For comparison, we plotted a combined graph (figure 3.35), the changelear as the
curves are not superimposable and therefore have differgpvalGes. This explains that
the relaxation is not only through the calcium channel and some otlibaniems are

involved that requires further work to explain the mixed adiorspasmolytic activity.
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Table. 3.16 Spasmolytic activities of crude extract\bfagnus castus

Concentration of crude | Percent effect of control max. (Mean +
extract (mg/ml) S.D, n=3)

0.03 97.0

0.1 91.1

0.3 76.4

1.0 38.2

3.0 0.00
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Figure: 3.33.Spasmolytic activity o¥/. agnus castusn spontaneous rabbit’s
jejunum preparations.
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Figure: 3.34.Spasmolytic activity o¥/. agnus castusn spontaneous rabbit’s
Jejunum preparations.
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Spontaneous KCI (80 mM)
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Figure: 3.35.Spasmolytic activity oVitex agnus castusn spontaneous rabbit’s
jejunum preparations.
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3.2.10 NITRIC OXIDE (NO) FREE RADICAL SCAVENGING AS SAY

The role of NO can be attributed to the various physiologicdlpathological states [121].
NO is an important second messenger, thereby acting egratransmitter, which has a
role in the defense against pathogens and in control blood presstceis\gpes of cells
like neurons, endothelial cells and neutrophils produces NO, by thoéams of NO
synthase enzyme, which are encoded by a unigque gene, fronitrtdgem of guanidine
group of I-arginine and from molecular oxygen [122]. The formation ofrdama radicals
i.e. hydroxyl radical and per-oxynitrite anion, are due to theaotem of NO with other
radicals. In fact, the reaction of NO with superoxide is vapyd than the latter dose with
superoxide dismutase. The plant crude extract and fraction wexenedr for NO free
radical scavenging assay at different concentrations as showabl® 3.17. Results
revealed (fig 3.36) that at concentration of 0.3 mg/ml thederextract and CH¢l
fractions showed moderate NO free radical scavenging #ct{@®.5 and 30.69%,
respectively) while other test samples at this concentraxbibit low activity. Results
obtained for the assay at concentration of 0.6 mg/ml for thedesgples showed that crude
extract and CHGlfraction exhibited moderate activity (33.66 and 38.11%, resghgtiv
The rest of fraction showed low activity at this concerdrgtresults are summarized in
figure 3.37. Similarly the crude extract and Cki€action showed moderate (37.31 and
43.12%, respectively). The other test samples showed low NOrdidical scavenging
activity at concentration of 0.9 mg/ml (figure 3.38). At cartcation of 1.2 mg/ml
moderate activity was observed for methanolic crude extract 1%, n-hexane (37.63
%) and CHCJ (46.64%) fractions while other fractions showed low activitglasyn in
figure 3.39. As we increased the concentration to 1.5 mg/inpfahe test samples
showed moderate NO radical scavenging activity as shown irefigd0. Crude extract

(48.47%),n- hexane (45.09%), CHE(51.54 %), EtOAc (30.23%) and Aqueous (30.56%)
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while the BUuOH fraction of the plant showed low (26.69%) Né€fradical scavenging
activity at this concentration.

The specificity of the NO free radical scavenging assaybkas questioned as nitrite is
one of the final product between the NO and oxygen reaction, throtegmediates such
as NQ, N,O, and NO; [123] therefore, due to interaction of extract with other nitnoge
could decrease the production of nitrite. The above resultsabedicthat the crude
fractions of Vitex agnus castusshowed free radical scavenging activity as the
concentration increased. Therefore, further studies are chdedecover the important

bioactive compounds responsible for the free radical scavengimijyact
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Table. 3.17.Nitric Oxide free radical scavengirgsay of the crude extract and fractions
ofV. agnus castus

Percent Nitric Oxide free radical scavenging assay
Concentration
of samples Cr. Met. | n-hexane| CHCI; | EtOAc | BuOH | Aqueous
(mg/mi) Extract
0.3 30.5 23.1 30.69 7.00 3.14 4.67
0.6 33.66 24.58 38.11 11.4% 8.54 12.3b
0.9 37.31 27.22 43.12 18.84 13.15 17.41
1.2 47.41 37.63 46.34 23.56 19.7 24.18
15 48.47 45.09 51.54 30.23 26.69 30.56

Standard: Vitamen C was used as standard at concentration of A4g/nd.
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Figure: 3.36.NO free radical scavenging assay of crude and fractiovisagnus
castusat concentration of 0.3 mg/ml.
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Figure: 3. 37.NO free radical scavenging assay of crude and fractio¥sanus
castuat concentration of 0.6 mg/ml.

% NO free radical scavengin
activity

Figure: 3.38.NO free radical scavenging assay of crude and fractiodsadgnus
castusat concentration of 0.9 mg/ml.
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Figure: 3.39.NO free radical scavenging assay of crude and fractiosadnus
castusat concentration of 1.2 mg/ml.
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Figure: 3.40.NO free radical scavenging assay of crude and fractiovisagnus
castusat concentration of 1.5 mg/ml.
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3.2.11 ENZYME INHIBITORY ASSAYS

Urease

Urease, that serves as a powerful immunogen is the most anpprbtein component of
the Helicobacter Pylori[124-127]. Patients, which have active gastritis duél.tgylori
infection shows significantly, elevated IgG and IgA levelsngl with urease level in the
serum as compared to the normal levels [128]. In this sthdyisolated new compounds
were screened against urease enzyme. Compbdnghowed moderatel (= 32.0%,2 =
43.3% and3 = 39.6%) urease inhibitory activity, while the compouhdhowed low
(23.0%) urease inhibitory activity. Results are shown in talil® &nd presented in figure
3.41.

Chymotrypsin

The physiological role of serine proteases inhibitors (SPI) has uratiybbeen
recognized. It has been predicted that SPI are the part ofspherttiral defense system by
inhibiting insect proteinases against insect predation. Duketo inhibitory action, they
have gained attention as possible sources of engineered m@siagainst harmful pests
and pathogens for transgenic plants expressing heterologous inhibitor$3[lj29Fhe
lignans isolated from the roots &fitex negundoLinn. were found to be active and
noncompetitive and competitive inhibitors farchymotrypsin, respectively [132]. The
compounds isolated from the aerial parts of the plant werersmefor chymotrypsin
inhibitory activity. Moderate (39.8 and 31.4%) inhibitory activiyere shown by
compound? and 1, respectively, while low (29.7 and 21.3%) inhibitory activityswa
shown by Compound83 and4, against the chymotrypsin enzyme. Results are shown in

table 3.18 (figure 3.41).
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Table 3.18Enzyme inhibitory activities of compounds-4) isolated fronVitex agnus castus

Test Compound Urease inhibition (%) Chymotrypsin nhibition (%)
1 32.C 31.4
2 43.3 39.8
3 39.6 29.7
4 23.0 21.:

*Thiourea was used as the standard inhilidiourease inhibition.
*Chymostatin was used as the standard itainilm chymotrypsin inhibition.

» Urease » Chymotrypsin
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Figure: 3.41.Percent enzyme inhibition of compounds4] isolated fromV. agnus castus
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4.0 INTRODUCTION AND LITERATURE REVIEW

4.1 MYRSINACEAE (FAMILY)

4.1.1 Description

Myrsinaceae, a large family of about 35 generawgptd 1000 species, mainly distributed in
the tropical and subtropical regions. Members c# tamily include trees or shrubs,
sometimes scandent. Leaves are simple, alternastipelate, usually coriaceous and
glandular. Inflorescence racemose or short fasti¢iowers are small, 4-5-merous and bi or
uni-sexual. Sepals 4-5, free or basally connatesigient. Corolla 4-5-lobed, with very short
to conspicuous tube. Stamens 4-5, epipetalous, sippto corolla-lobes; staminodes in
flowers sometimes quite large; anthers 2-celledioise. Ovary superior, rarely semi-
inferior, 1-locular with few to many ovules on ashhor free-central placenta, often sunk in
placental tissue; style and stigma simple or stidoteed. Fruits a drupe or a berry, 1 to
many-seeded; seeds are globose with fleshy or hewdgsperm [133].

4.1.2 Distribution

Myrsine africana is widely distributed from the Himalayas, China and #eores to eastern
and southern Africa and found throughout SouthcafriSiberia, Japan, Mexico and Florida
and South to New Zealand, South America and Sotiticad common in the summer and
winter rainfall areas, growing naturally on rocksaktzes, in fynbos and forests. In Pakistan
the family is represented by 7 species and 5 gefmrad in tropical and subtropical regions
[133].

4.1.3 Importance

The Myrsinaceae are well established ethno-antimiicnand anti-bacterial. A few genera;
Myrsine, Ardisia, Lysimachia and Cyclamen are cultivated as ornamental plants, especially
Myrsine africana andArdisia crispa. Ardisia japonica is one of the fifty fundamental herbs

in traditional Chinese medicine.
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4.2 MYRSINE (GENUS)

4.2.1 Description

Shrubs or small trees, with closely placed, sntalijaceous leaves. Flowers small, in short
axillary fascicles, polygamous, often dioeciously&a4-5-lobed, persistent. Corolla 4-5-
lobed, rotate. Stamens 4-5, inserted at the baseomila-lobes; filaments very short to
obsolete; anthers short, dithecous. Ovary supeowojd-orbicular, 1-locular with several
ovules in several rows, on free-central placensge very short or obsolete with erect or
spreading stigma. Fruit small, globose, subfleshydny, often red and smooth, 1-seeded
[133].

4.2.2 Distribution

Myrsine is a small genus of about 7 species, mainly thisteid in tropical and subtropical
regions. In Pakistan the geniyrsine is represented by 2 species which dgrsine
africana andMyrsine semiserrata [133].

4.2.3 Importance

The Myrsine, a small genus of few species have both medicindlesmonomic importance.
Extracts of leaves and fruits &fl. africana and fruits of R. melanophloeos were not
efficacious againstiaemonchus contortus in sheep [134]. Anti-fertility activity oEmbelia
ribesis also reported [135]. The seed extract ofRapanes guinensis Aubl gave nonspecific
agglutinating reactions with human blood [136].frthe stem bark dflyrsine pellucida 3-
O-(6'-O-palmitoyl) beta-D-glucopyranosyl stigmasiewas isolated for the first time [137].
Embelin isolated fromRapanea melanophloeos acts as an anti-feedant f&chistocerca
gregaria and is larvicidal toAedes egyptii larvae [138]. Saponin isolated from the leaves of

M. lanceolata has shown virucidal, haemolytic and anthelmintitvaties [139-140].
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4.3 MYRSINE AFRICANA (PLANT)

4.3.1 Description

Botanical Name: Myrsine africana
Synonym: Myrsine retusa - Aiton
Family: Myrsinaceae

Genus: Myrsine

Species Africana

Myrsine africana, a small and slow-growing evergreen pubescentbstsametime soft, stiff
and upright shape when old, 1 to 2 m high over tifrffen and dark brown bark with large
lenticels. Moderately hard light brown wood. Brasland pitioles ferrungenous-pubescent.
Small oval-shaped leaves, glossy dark green cofmarly sessile, midrib prominent, shorply
toothed, lanceolate and %2 - in. Upper half of tted bdge is slightly cut with fine teeth; older
leaves are tough and leathery, while newly grovettsaft with a lovely deep red color.
Flowers are nearly sessile, small axillary fassicle cluster form, diameter less than ¥z in. 4
lobed Calyx and Carolla, 5 merous. 4 Stamens. Astlxceeding corolla, style short;
Stigma capitate, covered by minute prutoberancesd Blands dotted berries, smooth,
usually solitary, says Kanjilal; 1/10 in. diametand swelled when fully ripe. Berry says
Clarke, 1/ 8-1/ 6 in. diameter; style branchek 8peculate [141].

4.3.2DISTRIBUTION

Outer Himaliyas from Kashmir and the salt rang&l&pal and in khasi hills 300 - 2,700 m.
The plant is found in the hilly areas of Hazaraaeg of Pakistan [142].

4.3.3IMPORTANCE

Traditionally the plant is used as fragrance in $géces, carminative, appetizer and flavoring
agent. Its fruits are edible and locally used asamthelmintic [143-146], for the treatment of

diarrhea, rheumatism, toothache, pulmonary tubesisiland relieving hemorrhage [147].
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Fruits of the plant are taken as anthelmintics iafpatfor tapeworm [141], purgative,
externally used against ringworm and other skiedtibns. The aerial parts of the plant are,
antifertility and abortifacient [142]. The alcoholextract of twigs and leaves of the plants
possesses significant inhibitory activities agaiwstker intramuscular carcinosarcoma in
rates [148]. Emodin and 2-hydroxychrysophanol Hasen isolated from ethanolic extract of
the roots of the plants [149]. Preparations froe rixture of dried fruits and leaves Mt
africana in water has shown 77% efficacy agairt$hemonchus, Trichostrogylus and
Oesophagostomum spps [150]. The ethanolic extract of the fruits Myrsine africana
showed lethal action against tape worms while etilealcoholic and aqueous extracts had a
marked purgative activity in albino rats [151]. Myrinone A and Myrsininone B, the two
novel flavonoids were isolated from the stemMyrsine africana possesses very strong

antibacterial activities [152].
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44PHYTOCHEMISTRY OF THE GENUSMYRISINE
Literature survey revealed that Volatile oils, tmps, steroids, saponins are present in the
genusMyrsine. The results of the previous phytochemical ingggtons on the genus are

presented in the following table.

Table 4.1 Chemical constituents from the geriMgrsine.

No Formula/Mol. wt Compound structure/ Name Reference

1 C17/H24041/ 404 ° o . Zhong, XN. et al.,
/©/ mo . Phytochem 1998.

° o T ° 49: 2149 - 2153;
2-O-B-D-Apiofuranosyl
2 C,4H280,,/ 508 o o - Sakar MK. et al.,
o/©/ m Fitoterapia, 1991,

# 62, 176

2-0O-(5-O-Benzoylp-D-apiofuranosyl
3 CooHo6013/ 498 o o - Zhong, XN
o/©/ m et al., Phytoc.

/l;> ° 1999. 52: 923 -
° C 927

2-O-[(2-Furancarbonyl)-65)-B-D-
apiofuranosyl

4 Co7H35013/ 570 o o o Zhong, XN. et al.,
O/©/ IV;(: Phytochem 1999,

é(} o 52, 923 -927

o

\/‘O::'\/
7

2-O-[6E-Hydroxy-2,6-dimethyl-2E,7-
octadienoyl-{(-5)-p-D-apiofuranosyl
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5 Ca3H3,0412/ 500 /©/OIOI\O Zhong XN et al.,
o o Phytochem 1999.
/é} °© 52: 923 -927
oj:ll
2-O-[2E-Hexenoyl-{5)-B-D-apiofuranosyl
6 CosH25013/ 524 Q/OICI\O Zhong XN et al.,
o . o Phytochem 1999.
oq o® 52: 923 -927
2-Q-f[(4-Hydrcl)xybenzoyl)+>5)-[3-D-
apiofuranosyl
7 CoeH32015/ 584 /Q/OIOI\O Zhong XN et al.,
Phytochem 1998.
\%s 49: 2149 - 2153
e
O\ o
2-O-[(4-Hydroxy-3,5-dimethoxybenzoyl)-
(—5)-p-D-apiofuranosyl
8 Cy7H350.3/ 570 /©/O\)i.];(\o Zhong XN et al.,
- - ° Phytochem 1999.
/1;} - 52: 923 -927
7}/::(
2-O-[65-Hydroxy-2,6-dimethyl-2E,7-
octadienoyl-{-5)-3-D-apiofuranosyl
9 CosH30014/ 554 /©/OIOI\O Zhong XN et al.,
o o Phytochem 1998.
) Q"/ - 49: 2149 - 2153
Ry
2-0O-[(4-Hydroxy-3-methoxybenzoyl}-$5)-3-
D-apiofuranosyl
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10 CyooH3¢012/ 486 o o . Zhong XN et al.,
/©/ Phytochem 1998.
° /ée © 49: 2149 — 2153
2-O-(5-O-Tigloyl{3-D-apiofuranosyl
11 CoeH32015/ 584 °© . Zhong XN et al.,
° . . Phytochem 1999.
\©E ~ 52: 923 -927
O/ \ °
2-Me ether, 4-O-[4-hydroxy-3-methoxybenzoyl-
(—5)-p-D-apiofuranosyl-(32)-p-D-
glucopyranoside
12 G7H3505/ 410 '’ Makabe, H. et al.,
Biosci.,
Biotechnol.,
Biochem., 2003,
o 67, 2038-2041
Myrsinoic acid E
13 CigH3405/ 390 ° Otsuka, H. et al.,
© Chem. Pharm.
o 3 Bull., 2001, 49,
%‘iﬁio\/f\ 1093-1097
Myrsinionoside B
14 C1gH2504/ 308 Q Midiwo, J.O. et
° | al., Nat. Prod.
Lett., 1996, 8, 11-
i 14
2,5-Dihydroxy-3-methyl-6-undecyl-1,4-
benzoquinone
15 CigH3004/ 322 o Midiwo, J.O. et
° | al., Nat. Prod.
~, Lett., 1996, 8, 11-
14
2-Hydroxy-5-methoxy-3-methyl-6-undecyl-
1,4-benzoquinon
16 C17/H2604/ 294 7 . Midiwo, J.O. et
° al., Bull. Chem.
o Soc. Ethiop.,
1992, 6, 15
2,3-Dihydroxy-5-undecyl-1,4-benzoquinone
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17 Gi7H2604/ 294 Merian, M. et al.,
S Helv. Chim. Acta,
o 1948, 31, 2237
2,5-Dihydroxy-3-undecyl-1,4-benzoquinone
18 C1gH2504/ 30€ Merian, M. et al.,
- Helv. Chim. Acta,
° 1948, 31, 2237
2-Hydroxy-5-methoxy-3-undecyl-1,4-
benzoquinone
19 GoH3003/ 342 ° ° Hirota, M. et al.,
Biosci.,
Biotechnol.,
! Biochem., 1999,
3-Geranyl-4-hydroxy-5-prenylbenzoic acid | 63, 1650-1653
20 CasH3605/ 41€ Hirota, M. et al.,
Biosci.,
Biotechnol.,
Biochem., 2002
Myrsicorianol
21 GsoHgsOo1/ 1047 . o o Kohda, H. et al.,
o ° Chem. Pharm.
. ! Bull., 1989, 37,
° 3304-3305
9 ) 9]
[9) 9]
o o
o N
XX
9
3-O-[B-D-Xylopyranosyl-(1-2)-p-D-
glucopyranosyl-(3+>4)-[3-D-glucopyranosyl-
(1—-2)]-a-L-arabinopyranoside
22 Gs3HgsO1/ 1061 Kohda, H. et al.,
Chem. Pharm.
Bull., 1989, 37,
3304-3305

o 0
° o
o
o 0
0
0 o °
o o
o o
0 o

[¢)

o

o]
3-0-[B-D-Rhamnopyranosyl-(2)-p-D-
glucopyranosyl-(3>4)-[-D-glucopyranosyl-
(1—2)]-a-L-arabinopyranoside
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23 GsoHgsOo2/ 1063 ° Bloor, S.J. et al.,
o % Journal of natural
7 0 product, 1994, 57
o o 1354-1360
o o Q o
e}
o]
3-0-[B-D-Xylopyranosyl-(1-2)-p-D-gluco-
pyranosyl-(3-4)-[3-D-glucopyranosyl-(3>2)]-a-L-
arabinopyranoside
24 C53H83022/ 1077 ° Bloor, S.J. et al.,
o | Journal of natural
7 ° product, 1994, 57
o o 1354-1360
pode
[e]
o o o
o o
° [e]
o
3-0O-[B-D-Rhamnopyranosyl-&>2)-3-D-gluco-pyranosyl-
(1—4)-[3-D-glucopyranosyl-(3>2)]-a-L-
arabinopyranoside
25 Ci7H76017/ 913 2 Lavaud, C. et al.,
° O\ Photochem, 1994
o 37,1671
o]
e} [e] o
[e] O
[e] (o]
o]
pol
[e]
[e]
30-Aldehyde, 3-O4-L-rhamnopyranosyl-(&2)--
D-glucopyranosyl-(3>4)-o-L-arabinopyranoside
26 Cs3HgsO00/ 1075 o Lavaud, C. et al.,
o 0 Photochem, 1994
o 37, 1671
[¢]
o] [e] o
[e] 0.
[¢] o
[e]
PO
]
¢} o
o
[¢]
o
o]
30-Aldehyde, 3-O4-L-rhamnopyranosyl-
(1—2)-p-D-glucopyranosyl-(3>4)-[p-D-
glucopyranosyl-(+2)]-a-L-arabinopyranoside
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27 CysH76017/ 901 o Lavaud, C. et al.,
° ° Photochem, 1994
37,1671
(o} o o
o) o
[0) 0. [o]
o
o
[0) o (o)
o
3-0O-[B-D-Xylopyranosyl-(+-2)-p-D-gluco-
pyranosyl-(34)-a-L-arabinopyranoside
28 CoeH34041/ 522 i 7 Latté, K.P. et al.,
Cl‘ © Phytochem, 2008
° ° ° 69, 820-
O © ° 826 (Isolariciresin
7 o ol 9-glucoside
3,5-Di-Me ether, 90-3-D-glucopyranoside
29 GooH2404S / 440 © Zhong, X.-N. et
_-° al., Phytochem,
O‘ ° ° 1998, 49, 1777
~sF
© <0 -1778
O °© (Isolariciresinol
o 9'-sulfate
3',5-Di-Me ether, 90-sulfate
30 GisH24014/ 548 7 Timbola, A.K. et
O)J\ al., Fitoterapia,
\¢(O\H/ 2002, 73, 174-176
| o
3-0-(3,4-Di-O-acetyk-L-rhamnopyranoside
31 Co7H30016/ 610 P He, H-P. etal,
CA, 2001, 135,
o o ° o 270054n
l o
3,4-Di-O-a-L-rhamnopyranoside
32 G1H20012/ 464 ? He, H.-P. et al.,
° o CA, 2001, 135,
| 270054n
o o
o
7-O-u-L-Rhamnopyranoside

155



Chapter 4

Part-B

Introduction & Literature review

33 G7H30017/ 626 1 . David, J.M. et al.,
\O(:\/Ii J. Braz. Chem.
i - Soc., 1996, 7,
O o \'/T\Elio 115-148
3-O-0-L-Rhamnopyranoside,-®-3-D-
glucopyranoside
34 GiHz60;/ 376 ° Otsuka, H. etal.,
° Chem. Pharm.
ﬁ‘f\ /ﬁi(\)\c’ Bull., 1995, 43,
° ° 754-759
3-O-B-D-Glucopyranoside
35 CioH3607/ 376 /éi\/‘\ ° Otsuka, H. et al.,
° ° Chem. Pharm.
° \'-g“\/(o Bull., 2001, 49,
° 1093-1097
9-O-B-D-Glucopyranoside
36 CioH3607/ 376 °© Otsuka, H. et al.,
°© o o Chem. Pharm.
jiko/éi\)\ Bull., 2001, 49,
o 1093-1097
3-O-B-D-Glucopyranoside
37 C19H3407/ 374 © Otsuka, H. etal.,
° ° Chem. Pharm.
orij\i/o Bull., 2001, 49,
. 1093-1097
3-Ketone, 9-OB-D-glucopyranoside
38 G4H42011/ 506 9 Otsuka, H. et al.,
/ﬁﬁ‘i\/‘\ Chem. Pharm.
o Bull., 2001, 49,
Kcl)\);io 1093-1097
3-O-[B-D-Apiofuranosyl(1-6)--D
glucopyranoside]
39 GeH507/ 596 Arot Manguro,
L.O. etal.,
Phytochem, 2003
64, 855-862
Methylanhydrovilangin
40 C13H1805/ 302 ° Pettersson,
° s © o G.Acta Chem.
I;'/ Scand., 1965, 18
MyrsinosideB
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41 GeHs405/ 614 Arot Manguro,
LO et al.,
Phytochem, 2003
64, 855-862
Methylvilangin
42 CoH3004/ 358 o Januario, AH et
o o al., Phytochem
o 1991, 30, 2019
2023
Myrsinoic acid B
43 CGoHos03/ 340 o Blunt, S.B. et al.,
. J. Nat. Prod.,
1998, 61, 1400-
° 1403
1'-Deoxy, 1,2-didehydro(E-)
44 GoHg405,/ 1061 0 Lavaud, C. et al.,
I o Phytochem, 1994
’ ° ° 37, 1671
9]
0 (0] [0 (0] o
0 0. 9]
9]
9]
[0) [¢) [9)
0]
30-Aldehyde, 3-O4-D-xylopyranosyl-(3-2)-3-D-
glucopyranosyl-(3>4)-[-D-glucopyranosyl-
(1—2)]-a-L-arabinopyranoside]
45 G7H30016/ 610 o Zhong, X.N. et
al., Phytochem,
. 1997, 46, 943-944
0.
o}
o}
[0}
o o o
5 i
o (o]
(o]
3-O-u-L-Rhamnopyranoside,-®-3-D-
glucopyranoside
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46 GaoHs50025/ 918 Zhong,  X.N.et
al., Phytochem
1997, 46, 943-946
3-O-[B-D-Glucopyranosyl-(34)-a-L-rhamno-
pyranoside], 7-Od-L-rhamnopyranosyl-
(1—6)-B-D-glucopyranoside]
47 CisH100s5/ 270 Takido, M.Chem.
Pharm. Bull.,
1958, 6, 397
48 GoHgs002/ 1061 o 9 Bloor, S.J. et al.,
° ° J. Nat. Prod.,
! ° 1994, 57, 1354-
° ° <o | 1360 (Myrsine
° 0 o australis
saponins)
(¢} O
(¢} (o}
o
XX
(¢}
28—13 Lactone, 3-Off-D-xylopyranosyl-
(1—2)-B-D-glucopyranosyl-(3>4)-[B-D-
glucopyranosyl-(+2)]-a-L-
arabinopyranoside]
49 GssHgsOo2/ 1075 Bloor, S.J. et al.,

jesediral
A

28—13 Lactone, 3-O¢-L-rhamnopyranosyl-
(1—2)-p-D-glucopyranosyl-(34)-[p-D-
glucopyranosyl-(3+2)]-a-L-
arabinopyranoside]

J. Nat. Prod.,
1994, 57, 1354-
1360 Myrsine
australis
saponins)
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45 TRITERPENOIDS

Triterpenoids, characterized by a carboxylic ringstem and extended carbon chains
oxidized to unstable degrees to alcohol or carbgmglp, form a bulky group of natural
products. Essential oils are low molecular weightpénes, volatile in nature, are used in
perfume industry, pheromones in insects, emplogesiodvents in paints, artificial flavoring
agents and preservatives for various food stufisbdth plant and animal kingdoms the
terpenoids are widely distributed. The pentacytlierpenes are more widespread in plants
while the tetracyclic triterpenoids, in particulEmosterol and its derivatives are more
frequent in animals, these may be found free or bb&yn conjugated forms, with one or
more molecules.

The five carbon unit of terpenes called isoprerte iBoprene rule states that, “Terpenes are
derived from integral number of biological equivake of isoprene which are joined together
in a head-to-head or head-to-tail” fashi@he role of isoprene as the “monomer” of terpenes
is reflected in the term of isoprenoids, whichsed to describe this class of natural products.
4.5.1 Importance

Triterpenoids, oleanolic and ursolic acids are tbtmpossess strong activity against human
lymphoma and leukemia cell lines. The derivativethese triterpenoids possess significant
anti-inflammatory and anti-carcinogenic activitiésti-proliferative effect for the members
of cycloartane, lupine, ursane, oleanane, friedelgespecially quinine methides),
dammarene, cucurbitacin and limonoid terpenoidee lieeen demonstrated.

4.5.2 Biosynthesis of Triterpenoids

The following three steps are involved in the bidbgsis of triterpenoids;

1. The isoprene unit formation from acetate.
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2. The isoprene unit’'s condensation to form acyclipeeoids.
3. The conservation of acyclic terpenoids into terpgmand the introduction of
functional groups.

According to the followingScheme (9), the triterpenoids are resulting from mevalonic acid
(5), through squalene and 2,3-epoxysqulene (15) feord Acetyl Coenzyme A (Acetyl
CoA) (1) the formation of Mevalonic acid (5) takglsce. Acetyl CoA (1) (Two molecules)
give rise to acetoacetyl CoA (2) through Claisendsmsation reaction and through aldol
condensation reaction with another molecule ofydac@bA, acetoacetyl-CoA (2) produce 3-

hydroxy-3-methylglutaryl CoA (3) (HMG-CoA).

2CH,COOH + 2CoA-SH — 2H;0 + 20H,CO-SCoA —/
Acety-CoA (1)

OH

0 o]

— >
cor-sh+ S—Coa J CH:CO-SCoA
HMG-CoA
Synthetase HOC (s)

SCoA
Acetoacetyl CoA {2) HMG-CoA (3)

OH

. OH
NADP .
NADPH i % NADPH N?_DP ?<‘
0

HO,C CH HO,C CH,0OH

Mevaldic Acid (4) MVA (5)

Scheme 9: Biosynthesis of Mevalonic Aci(b)
After reduction of HMG-CoA (3) with NADPH the mewlic acid (5) is produced [153-
154] through melvaldic acid (4). The catalyzing yane for this reaction is hydroxy-methyl-
glutaryl CoA reductase(Scheme 9). The mevalonic acid (5) is converted into 5-
phosphomevalonic acid (6) through an ATP-dependetalonate kinase enzyme, catalyze

the reaction, the resulting 5-phosphomevalonic &)ds again phosphorylated to yield 5-
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phosphosphatemevalonic acid (7) and then by the édsone water molecule MVA 5-
pyrophosphate (7) form 3-methylbut-3-enyl (isopegtepyrophosphate (IPP, 8). The IPP is
a biological “isoprene unit” which then undergos®merization to yield dimethyl-allyl
pyrophosphate (DMAPP, 9) [155], isopentenyl diph@gp-isomerase is the catalyzing

enzyme for the reactigfscheme- 10).

ADP

-l

HO,C CH,OP
6

~H20 > &;chmopp
CO,

(‘ 1PP (8)
oP

\5 CH,OPP -3 § + CO, + HOP
H—0

CH,OPP
&CH,OFP Isomerase S :
0‘. Hb

H, Hp
PP (8) DMAPP (9}

Scheme 10: Biosynthesis of dimethylallyl pyrophosph43.
Then by the combination ®PP (8) and DMAPR9) geranyl pyrophosphate (GPP, 10, 11) is
produced, IPP act as nucleophilic reagent, whil® @® electrophilic reagent which give rise

to head-to-tail unioiiScheme 11).
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OPP  —3 HOPP +

H

DMAPP (9) PP (8)
GPP (10) trans GPP (11) cls

'

Monoterpenoids

Scheme 11: Biosynthesis of geranyl pyrophosphét)
The cis andtrans isomers of the 15-carbon compountinesyl pyrophosphate (FPP, 12,
13), is produced when GPP (10) reacts with IPRM@Eh extend the chain by another five-

carbon unifScheme 12) [156, 157].

GPP (10) IPP (8) FPP (12) trans l FPP (13) cis

Sesquiterpenoids

Scheme 12: Biosynthesis of farnesyl pyrophosphét@)
A thirty carbon molecule known as squalene, anriméeliate biological precursor for all
triterpenoids, is formed when two farnesyl pyropiteate (FPP, 12) molecules are joined in a

tail-to-tail dimerization process in the presenta suitable enzyme [158].

162



Chapter 4 Part-B Introduction & Literature review

PPO PPO
3 N
) l . + I Enzymae
\ ’.'-. .._.' /
VAN

FPP (12) FPP (12) Squalene (14)

Triterpenoids

Schemel3: Biosynthesis of squaler{&4)
Squalene is a symmetrical, unsaturated hydrocaamohcan undergo multiple cyclizations
because of its six double bonds. There are more tikanty skeletal types of triterpenoids
which are derived from squalene.
4.5.3 Cyclization of Squalene (14)
The process of cyclization of Squalene, promotdtieeiby oxidative or non-oxidative
agents, starts with the formation of a carbocatiorthe tertiary carbon of the end double

bond of squalene (14pcheme 14).
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Squalene (14)

+ OHl (b)

2,3-Epoxysqualene (15)

Triterpene (17) 3-Hydroxytriterpene (16}

Scheme 14: Oxidative (a, b) and non-oxidative (c) pathwaystfar biosynthesis of
triterpenoidd?)

In the oxidative route, cyclic compounds with riagbearing a OH group at carbon number
three by the renovation of squalene into 2,3- epgryalene then followed by protonation
and Markowniokoff's opening of the epoxy ring (rewt), or OH (protonated oxene) attack
on the C-2, C-3 double bond (route b). Protonatdnthe double bond followed by
cyclization (rout c), initiate the non-oxidative daligation processes. The fundamental or
primary triterpenoids are directly derived from thelization of squalene or its 2, 3-epoxide
and are further divided into three subgroups adngrtb their derivation i.e. 1; Those arising
from, oxidative cyclization starting from the soeaé terminal part, 2; Non-oxidative
cyclization, resulting from the terminal part ofusdene, 3; Both oxidative and non-oxidative

cyclization independently, involving both the temali double bonds of squalene.
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4.5.4 Oxidative Cyclization of Squalene or 2, 3-Epoxy Squalene

Formation of various types of tetra and penta cydliterpenoids depends on the
conformation that squalene (epoxide) adopts, prablynon enzyme surface prior to
cyclization. Each squalene stereospecifically lednlsa particular cyclization product
following the principles of the biogenetic rule.

4.5.5 Cyclization of Squalene Epoxidein Chair-Chair-Chair-Boat Sequence

From 2,3-epoxy squalene (15), the dammarnediols 22D [159-160] are derived, all with
trans conformation and held at the active site of theyere in a chair-chair-chair-boat
conformation (Schem-15). Isomerization of the non-classical cation (18)oirthe non-
classical (19) is responsible for the formation @ammarenediol | (20), but not
dammarenediol 1l (21).

4.5.6. Cyclization of Squalene Epoxidein the Chair-Boat-Chair-Boat Sequence

From the chair — boat — chair - boat conformatibisqualene epoxide (22), lanosterol (26)
and cycloartenol (28) are derived. The intermedia8) into (24) by isomerization, produces
an R configuration at C-20 of lanosterol and cydker@ol. The cyclization of squalene
epoxide (22) leads initially to a bridged catiorB2and thervia (23), either directly to
protosterol (29) or by a sequence of 1,2-hydridd arethyl shifts to lanosterol (26) and

cycloartenol (28)$cheme 16, 17) [161].
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A I BiC ! D
Chair : Chair i Chair ¢ Boat B

*Ho yra/p
Epoxy squalene (15)

Dammarene diol [1{21)
(Cy=9)

Dammarene diol 1(20)
{Cy=R)

Scheme-15: Biosynthesis route to the Dammare((@3 21)
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: C D
: Chair* Boat

Lanostero!l (26)
CZG =R

Scheme 16: Biosynthesis route to lanose(@b)
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H
Protosterol (29) Cycloartencl (28)

(Protostane : 20R, 175) {Cycloartane)

Scheme 17: Biosynthesis route to the cycloartar{28) and protosterol&29)
Oxidative cyclization of (22) to dammarenyl catiéwllowed by rearrangement to give
baccharenyl cation (30), which gives lupenyl catibat can collapse in two ways, yielding
B-amyrin (oleane) (31) om-amyrin (ursane) (32). A series the intermediagehyl cation
may reduce to Lupeol (33)uring the biogenesis pathway of oleane or urg&oleeme 18,

19) [161-162].
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Oleane serics
{ B-Amyrin)

Scheme 18: Biosynthetic route fop-amyrin(31) anda-amyrin(32)
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Scheme 19: Formation of Lupeo(33) from Lupenyl cation.
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5.0 EXPERIMENTAL

5.1 GENERAL EXPERIMENTAL CONDITIONS

The general experimental settings followed for Baerethe same as discussedRart-A
section 2.1.

5.2 PHYTOCHEMICAL INVESTIGATIONS

5.2.1 Plant material

Myrsine africana (Myrsinaceae), aerial parts were collected from Hazara divisiom
December 2007 - January 2008 and identified by. ®ofHabib Ahmad, Plant Taxonomist,
Hazara University, Khyber Pakhtunkhwa, Pakistan.

5.2.2 Extraction

The shade dried plant material was chopped intdl sneges and ground to fine powder using
electric grinder. The powdered plant materialMyrsine africana (7.6 kg) was soaked in
commercial grade methanol (MeOH) for 15 days atnroemperature with occasional
shaking. After 15 days the MeOH soluble materiateniitered off. The filtrates, obtained
after filtration, were combined and concentrateddarnvacuum at 40°C using rotary
evaporator. A blackish MeOH extract (800 g) wasaot#d.(Scheme 20).

5.2.3 Fractionation

The crude MeOH extract (750 g) blyrisine africana was suspended in distilled water (400
ml) and partitioned witm-hexane (3 x 400 ml), CHE(3 x 400 ml), EtOAc (3 x 400 ml) and
BuOH (3 x 400 ml) to yieldh-hexane (50 g), CHgI(45 g), EtOAc (255 g), BUOH (190 g)
and aqueous (210 g) fractions. About 50 gram oflemeOH extract was reserved for other

pharmacological/biological screenin@cheme 20).
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Myrsine africana
Dried Powder (7.6KQ)

owder extracted with methanol and evaporated

Methanol extract
(750 g)

n-hexane + water

Aqueous fraction n-hexane fraction
(50 9)

Fractionation with chloroform
| 1

Aqueous fraction Chloroform fraction
(45 9)
|

Fractionatiol with ethyl acetat

Aqueous fraction Ethyl acetate fraction
(250 g)

Fractionation witm-butanol
| |

Aqueous fraction n-butanol fraction
(210 9) (190 g)

Scheme 20Extraction and fractionation dflyrisine africana.
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5.2.4 Screening for Different Groups of Compounds

The plant materials were screened for the differeampound groups i.e. alkaloids,
flavonoids, glycosides and tannins as Bant-A, section 2.2.4.

5.2.5 Compounds isolated fronMyrsine africana

The EtOAc fractions oMyrsine africana were subjected to column chromatography and
successively sub-fractionated in increasing ordgrotarity with solvent system of EtOAw/
hexane (0.0:10 (i), 0.1:9.9 (ii), 0.2:9.8 (iii),30.7 (iv), 0.4:9.6 (v), 0.5:9.5 (vi), 1.0:9.0 (vii
1.5:8.5 (viii), 2.0:8.0 (ix), 2.5:7.5 (x), 3.0:7(@i), 4.0:6.0 (xii), 5.0:5.0 (xiii), 6.0:4.0 (xiv),
7.0:3.0 (xv), 8.0:2.0 (xvi), 9.0:1.0 (xvii) and 100 EtOAc (xviii) (Scheme 21)

From the above, sub-fractions were then selected ambjected to Flash Column
Chromatography (FCC) and isolate the following coommds Scheme 2] Before subjecting
the samples to FCC different solvent systems (Ef@Aexane, acetorrehexane and
MeOH/DCM) were checked for good separation on Tl&igp

Compound 7 and Compound 8 were obtained from thefragtion (ii) eluting with solvent
systemn-hexane (9.9) and EtOAc (0.1) in increasing ordepalarity. Compound 9 was
isolated from sub-fraction (ix) eluting with soluesystem oh-hexane (1.5) and EtOAc (8.5).
Compound 10 was obtained from sub-fraction (xitiey with solvent system afi-hexane
(7.25) and EtOAc (2.75). Similarly compound 11 waslated from sub-fraction (viii),
subjecting to FCC and eluting with solvent systefmneéhexane (5.5) and EtOAc (4.5)

(Scheme 21)
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EtOAc fraction
(255.0 g)
Subject to Column chromatography (CC)
elution with pet. ether-EtOAc (0-100%)

Pet. ether/EtOAC Pet. ether/EtOAc Pet. ether/EtOAC Pet. ether/EtOAC
9.9: 0.1 (ii) 8.0 : 2.0 (ix) 3.0: 7.0 (xi) 5.0 : 5.0 (xiii)

S : . g

— <

3 5 2 3

g - |FCC W Y. =

T3 2 7rcc ol ot

g 8 5 |Fcc 3 ¥ | FCC
8w 5 8 B
& a~ 0

y \

( Compound7 & 8 ) CompoundLO Compoundll

Scheme 21isolation of compounds from EtOAc fraction Miyrsine africana
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5.3 CHARACHTERIZATION OF COMPOUNDS

5.3.1 Characterization of Myrsinene (07)

Yield: 23 mg from EtOAc fraction.

Physical State:White powder.

M.P: 199 - 201°C

M. wt: (CzoH500) 426.3861 a.m.u.

[@]®5: 39.1 (c = 0.4, MeOH)

IR (KBR) V max cm™: 3400 (OH), 2820 (CH), 1640, 885 (isoprenyle grou65, 1100,
992 cni.

EIMS m/z (rel. int. %): [M] 426.2 (12), 392.3 (06), 302 (100), 287.2 (36)1.2310), 204.1
(100), 161.0 (28), 135.1 (58), 95.0 (48), 69.0 (98)

HR-EIMS m/z 426.3862 (Calcd for £Hs00. 426.3861).

13C-NMR (100 MHz, CsDsN) &: 35.3 (C-1), 28.0 (C-2), 78.1 (C-3), 37.7 (C-4),BEC-5),
17.8 (C-6), 33.3 (C-7), 39.4 (C-8), 158.4 (C-9),38C-10), 117.0 (C-11), 33.9 (C-12), 49.1
(C-13), 39.2 (C-14), 29.9 (C-15), 36.8 (C-16), 3@017), 49.5 (C-18), 41.6 (C-19), 28.9 (C-
20), 37.9 (C-21), 38.2 (C-22), 30.0 (C-23), 16.424), 21.5 (C-25), 26.1 (C-26), 15.6 (C-27),
28.6 (C-28), 33.3 (C-29), 30.0 (C-30).

'H-NMR (500 MHz, CsDsN): See table 6.2.

HMBC: see figure 6.1.

NOESY: see figure 6.2.
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5.3.2 Characterization of Myrsigenin (08)
Yield: 6 mg from EtOAc fraction.
Physical State:White powder.

M.P: 115-118C

M. wt: (Co7H4203) 414.3212 a.m.u.

[@]®p: - 16.P(c= 0.2, MeOH)

IR (KBR) V maxcm’: 3448, 2923, 980, 920, 900, 865 cm

HRESI MS m/z: 415.3217 (calcd, £H4,03 + H = 415.3212).

EIMS m/z (rel. int. %): [M*] 414 (04), 342 (08), 300 (14), 282 (18), 253 (A9 (04), 159
(06), 139 (100), 115 (18), 69 (54).

13C-NMR (100 MHz, CDCl3): 38.5 (C-1), 32.3 (C-2), 72.4 (C-3), 43.0 (C-4), BA(C-5),
121.8 (C-6), 32.8 (C-7), 31.8 (C-8), 51.7 (C-9),536C-10), 22.0 (C-11), 40.9 (C-12), 41.3
(C-13), 57.8 (C-14), 32.7 (C-15), 82.2 (C-16), 6@717), 19.8 (C-18), 14.9 (C-19), 29.9 (C-
20), 17.5 (C-21), 32.2 (C-22), 110.5 (C-23), 4X924), 32.4 (C-25), 67.9 (C-26), 16.8 (C-
27).

'"H-NMR (500 MHz, CDCl5): See table 6.3.

HMBC: See figure 6.3.

NOESY: See figure 6.4.

COSY: See figure 6.4.
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5.3.3 Characterization of Compound (09)

Yield: 9 mg from EtOAc fraction.

Physical State:White powder.

M.P: 123-126C

M. wt; (CagHa403) 429.3369 a.m.u.

HR-EIMS m/z: 429.3348 (Calcd for C28H4403. 429.3369).

EIMS m/z (rel. int. %): [M*] 429 (100), 411 (30), 393 (24), 377 (14), 315 (@7 (08), 191
(14), 175 (20), 159 (12), 125 (12), 83 (10), 69)(3# (10).

13C-NMR (CD30D, 100 MHz)%: 35.9 (C-1), 30.9 (C-2), 67.0 (C-3), 37.7 (C-4),B&C-5),
136.8 (C-6), 131.7 (C-7), 80.8 (C-8), 52.6 (C-9,B(C-10), 21.5 (C-11), 40.7 (C-12), 45.8
(C-13), 53.1 (C-14), 29.8 (C-15), 24.4 (C-16), 5{617), 18.6 (C-18), 13.3 (C-19), 41.1 (C-
20), 21.4 (C-21), 136.8 (C-22), 133.5 (C-23), 4CR4), 34.4 (C-25), 20.4 (C-26), 20.1 (C-
27), 18.2 (C-28).

'"H-NMR (CD 30D, 400 MHz): See table 6.4

HMBC: See figure 6.5.
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5.3.4 Characterization of Compound (10)

Yield: 10 mg from EtOAc fraction.

Physical State:Needle like crystals.

M. wt: (CagHs00) 414.3861 a.m.u.

M.P. 142-144C

IR (KBR) vmax: 3402, 2901, 1641 ch

EIMS (rel. Int. %) m/z 414 (100), 399(15), 396 (19), 329 (25), 303 (2783 (12), 213 (18),
161 (14), 145 (19), 135 (9), 119 (10), 107 (18)(®D).

HR-EIMS m/z: 414.3857 (calcd. 414.3861 fopdEl500).

'H-NMR (CDClI 3, 400 MHz)&: 5.32 (1H, m, H-8), 0.92 (3H, s, Ckt19), 0.88 (3H, dJo1.20

= 6.5 Hz, CH-21), 0.83 (3H, dJs25= 6.5 Hz, CH-26), 0.81 (3H, dJ27.25= 6.5 Hz, CH-27),
0.77 (3H, tJx928= 7.0 Hz, |CH-29), 0.63 (3H, s, Ck18).

3C-NMR (CDCIl3, 100 MHz) &: 140.9 (C-5), 121.9 (C-3), 56.8 (C-14), 56.2 (C-B0,8 (C-
9), 50.4 (C-24), 42.6 (C-13), 42.4 (C-4), 40.3 (®);139.5 (C-20), 37.3 (C-1), 36.6 (C-10),
36.3 (C-20), 35.6 (C-8), 34.0 (C-22), 33.0 (C-),13(C-7), 32.0 (C-8), 31.8 (C-2), 29.3 (C-
23), 28.2 (C-16), 26.2 (C-25), 24.3 (C-15), 23.12%), 21.1 (C-21), 21.1 (C-11), 19.8 (C-27),

19.4 (C-19), 19.1 (C-21), 18.8 (C-26), 11.9 (C-29).9 (C-18).
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5.3.5 Characterization of Compound (11)

Yield: 17 mg from EtOAc fraction.

Physical State:White powder.

M. wt: (CgoHs00) 426.3861 a.m.u.

MP: 215-216C

EIMS m/z (rel. int. %): [M™] 426 (14), 411 (30), 207 (10), 206 (8), 205 (10427), 203 (6),
189 (20), 133 (14).

HR-EIMS m/z 426.7189 (calcd. For4Hs00, 426.7194).

IR (KBR) V max cni'; 3450 (OH), 3070, 1650 and 880 (C = {H

'H NMR (CDCl3, 400 MHZz): § 4.63 (2H, m, H2-29), 3.64 (1-H, ddlax ax= 10.68, ax, eq=
4.27 Hz, H-3), 1.65 (3-H, br s, Me 30), 1.05 (341Me-26), 0.96 (6-H, s, Me-25, Me 27),
0.90 (3-H, s, Me-24), 0.85 (3-H, s, Me-28), 0.76H3s, Me-23).

13 C NMR (CDCI3, 100 MHz):3; 150.6 (C-20), 109.2 (C-29), 78.8 (C-3), 55 (CH),5 (C-
9), 48.2 (C-18), 47.9 (C-19), 42.9 (C-17), 42.81(©); 40.9 (C-8), 39.9 (C-22), 38.8 (C-4),
38.7 (C-1), 38.0 (C-13), 37.2 (C-10), 35.5 (Q;18.2 (C-7), 29.8 (C-21), 28.0 (C-23), 27.4
(C-15), 27.4 (C-2), 25.1 (C-112), 20.9 (C-11), 19.8-30), 18.4 (C-6), 18.1 (C-28), 16.1 (C-

25),15.9 (C-26), 15.4 (C-24), 14.5 (C-27).
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5.4 PHARMACOLOGICAL INVESTIGATIONS

5.4.1ANTIBACTERIAL ACTIVITY

Crude MeOH extract and all fractions Mlyrsine africana were screened for anti-bacterial
activity using the same procedure as describ&aittA, section2.3.1

5.4.2 ANTI FUNGAL ACTIVITY

Crude MeOH extract and all fractions bfyrsine africana were screened for anti-fungal
activity using the same procedure as describd®hit+A, section2.3.2

5.4.3 INSECTICIDAL ACTIVITY

Crude MeOH extract and all fractions bfyrsine africana were screened for insecticidal
activity using the same procedure as describd®hit+A, section2.3.3

5.4.4 ANTITERMITE ACTIVITY

Crude MeOH extract and all fractions bfyrsine africana were screened for anti-termite
activity using the same procedure as describd®hit+A, section2.3.4

5.4.5 PHYTOTOXIC ACTIVITY

Crude MeOH extract and all fractions bfyrsine africana were screened for phytotoxic
bioassay using the same procedure as descrilfeaitvf, section2.3.5

5.4.6 BRINE SHRIMP LETHALITY

Crude MeOH extract and all fractions Mfyrsine africana were screened for brine shrimp
lethality using the same procedure as describ&airA, section2.3.6

5.4.7 HEAM-AGGLUTINATION ACTIVITY

Crude MeOH extract and all fractions ®lyrsine africana were screened for heam

agglutinatiomactivity using the same procedure as describdehim-A, section2.3.7.

5.4.8 ANTI-INFLAMMATORY ACTIVITY

Crude MeOH extract and all fractions d®flyrsine africana were screened for anti-

inflammatory activityusing the same procedure as describdRhim-A, section2.3.8
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5.4.9 EFFECTS ON RABBIT'S JEJUNUM PREPARATIONS

Spasmolytic activity

Crude MeOH extract oMyrsine africana were screened for spasmolytic activity using the
same procedure as describedPant-A, section2.3.9

5.4.10 NITRIC OXIDE FREE RADICAL SCAVENGING ACTIVIT Y

Crude MeOH extract and all fractionsM§rsine africana were screened for nitric oxide free

radical scavenging activitysing the same procedure as describdehm-A, section2.3.10
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6.0 RESULTS AND DISCUSSION

6.1 PHYTOCHEMICAL INVESTIGATIONS

6.1.1 Screening for Different Groups of Compounds

The plant materials d¥lyrsine africana were screened for the presence of different types o
compounds groups of natural products i.e. alkajoidsonoids, saponin and tannin. The
results for phytochemical screening of the pla® smmmarized in table 6.1. There was
negative test for alkaloids with no precipitatishpwing the absence of alkaloidshityrsine
africana. The flavonoid test gave strongly positive resulthwihe appearance of pink color,
indicating the presence of flavonoids in relativilyge quantity. A froth formation of more
than 1.0 cm was observed showing that the plantagm saponin. Test for tannins gave

negative results showing the absence of tanniibynsine africana.

Table 6.1.Phytochemical Screening fbtyrsine africana

TEST Results Remarks

Alkaloids + Positive

Flavonoids ++ Positive

Saponin ++ Positive

Tannin - Negative
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6.1.2 STRUCTURAL ELUCIDATION OF COMPOUNDS

6.1.2.1 Structural Elucidation of Myrsinene(07)

This compound was isolated as white powder from dtig/l acetate fraction dflyrsine
africana, eluting with EtOAch-hexane (0.2:9.8) as mobile phase on flash silidanoo. EI-
MS of the compond showed MitmVz 426. Its optical rotation, o> = + 39.1 (MeOH, ¢ =
0.4)} indicated the presence of chiral center inenole. HR-EI-MS showed molecular ion
peak aim/z 426.3862, corresponding to the formulahlzO (Cal. for GoHs00 = 426.3861).
'H-NMR spectrum of the compourshowed eight singlets due to methyl group$ &t89,
0.94, 0.97, 0.98, 0.99, 1.06, 1.11and 1.23ppm, lwhie due to C-23, C-27, C-29, C-25, C-
30, C-24, C-26, C-28 methyl protons, respectivaple 6.2, figure 6.1). A down field proton
due to methine (H-3) &t 3.43 (ddJ 3, 2= 10.5 Hz,J 3, ,= 5.0 Hz). Thel values suggest the
axial orientation of (H-3) proton. A downfield shi&t$ 5.61 (dd,J = 8.0, 3.5 Hz) was
assigned to the H-11 proton (table 6.2, figure.6The 'H-NMR data clearly indicated that
compound is triterpene [163-164].

3C-NMR spectrum (BB, DEPT) displayed 30 carbon reswe including eight methyl, ten
methylene, five methine and seven quaternary cartable 6.2).

The structure of compound was further conformednfrdD NMR spectroscopy (HSQC,
HMBC, COSY and NOESY) data. Position of the douti@d was assigned with the help of
3C-NMR values and HMBC intaractions (figure 6.1). i@ protons of C-25 and C-26
displayed HMBC correlations with C-9 (158.4), camfied the position of double bond at C-
9 and C-11. CD spectrum indicates an intense pesitbtton effect at 280 nniH-'*C
connectivities were determined by using HSQC imioas. Stereochemistry of the
compound was deduced by the help of biosynthettbwmy [159, 160],'"H-'H coupling

constant values and NOESY correlations (figure.6.2)
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Table 6.2."H and**C-NMR and Chemical Shifts of Myrsinene (ppmDeN, 500 and

100 MHz)

C.No | Multiplicity (DEPT) | “C-NMR H (J=Hz)
1 CH, 35.3 1.12m, 1.38 m
2 CH, 28.0 1.21m. 1.82m
3 CH 78.1 3.43 (ddJ =10.5, 5.0 Hz)
4 C 37.7 | -

5 CH 55.9 0.81m

6 CH, 17.8 1.49m, 1.61m
7 CH, 33.3 1.26m, 1.37 m
8 C 39.4 | -

9 C 158.4 | ------

10 C 382 | ----—--

11 CH 117 5.61 dd)(= 8.0, 3.5 Hz)
12 Ch 33.9 1.51m, 1.59 m
13 CH 49.1 1.15m

14 C 39.2 | ------

15 CH 29.9 1.21m, 1.83m
16 CH 36.8 1.01m, 1.34m
17 C 36.0 | ----—--

18 CH 49.5 1.45m

19 CH 41.6 1.36 m, 2.25m
20 C 28.9 | ------

21 CH 37.9 1.69m, 1.99 m
22 CH 38.2 1.53m, 1.68 m
23 CHs 30.0 0.89s

24 CHs 16.4 1.06 s

25 CHs 21.5 0.98 s

26 Chs 26.1 1.11s

27 CHs 15.6 0.94s

28 CHs 28.6 1.23s

29 CHs 33.3 0.97 s

30 CHs 30.0 0.99s
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Figure: 6.2.Key NOESY correlations in Myrsinen874)

185



Part-B Results & discussion

Chapter 6

c

Hs

N
~

Myrsinene (07)

186



Chapter 6 Part-B Results & discussion

6.1.2.2 Structure Elucidation of Myrsigenin (08)

This compound was isolated as white powder fromgletbetate fraction o¥yrsine africana
eluting with EtOAch-hexane (0.3:9.7) as mobile phase on flash silidanwo. Its optical
rotation, {[a]p?®> = - 16.f (MeOH, ¢ = 0.2)} indicated the presence of chicehter in
molecule. HR-ESI-MS displayed quasi molecular iom& 415.3217, corresponding to the
formula G7H4203 (cal. G/H4,03 + H = 415.3212).

'H-NMR spectrum exhibited resonances$ & 72 d 21 20= 6.5 Hz), 0.80 (s), 0.95 (dz7.24=
6.5 Hz) and 1.06 ppm (s), which were assigned ¢oQGF1, C-19, C-27 and C-18 methyl
protons, respectively. Downfield methine protons &44 (m, broad)W., = 12.5 Hz) and
4.39 (q,J = 6.5 Hz) were attributed to the H-3 and H-16 refipely. Resonances &at3.35
(m) and 3.42 (m) were ascribed to the methylengopso of the C-27: this revealed the
presence of oxygenated methylene carbon in moleéulgown field signal resonated &t
5.33 brd {Je 7=5.0), was due to the H-6.

3C-NMR spectrum (BB, DEPT) displayed twenty severboas including: four methyl, ten
methylene, nine methine and four quaternary cadtoms (table 6.3)'H and*C NMR
clearly indicated that the compound has steroikeleson.**C NMR values ab 67.9 (CH),
82.2 (CH) and 110.5 (g C), indicated the presefiaciaxygenated spiro ring as a side chain
of the molecule. Structure of compound was furtbhenfirmed with the help of two
dimensional NMR spectroscopic techniques includ@@SY, HSQC, HMBC and NOESY.
COSY and HMBC revealed that ring E is a six memiberehile the ring F is a five
membered. H-16 showed cross peaks in COSY speatittmH-17, which in turn showed
correlation with H-20, this spin system extendedtoapghe C-22 methylene protons. This
clearly indicated that ring E is six membered. &nhy, H,-26 showed cross peaks on COSY
spectrum with 25, which in turn showed correlation with H-24istkpin system extended

up to C-27 methyl protons, this further supportedt tring E is six membered and ring F is
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five membered. Different spin systems, hetero atamd functionalities were assembled
using HMBC interactions. H-16, #26 and H-27 displayed HMBC correlation with C-23.
While Hs-21 exhibited correlation with C-22, C-20 and C-Kéy HMBC interactions in
compound are shown in (figure 6.3).

Stereochemistry in compound was assigned on this badiogenesis pathway, coupling
constant values and NOESY spectroscopy. H-16 disdl&NOESY interactions with H-26,
H-14 and H-17, this indicated theit ring fusion between ring D and E, and H-16 and@H-2
are close in space. Key NOESY interactions in campoareshownin (figure 6.4). CD
spectrum indicates an intense positive cotton @10 nm. This type of six membered
rings E and five membered F ring spiro fused compas not so common, this compound is

believed to have been biosynthesized from C-27][165
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Table 6.3H and**C-NMR and Chemical Shifts of Myrsigen{8) (ppm, CDC4, 500
and 100 MHz, respectively)

C. No | Multtiplicity (DEPT) | C-NMR H (3 = Hz)
1 CH2 38.5 1.71( m # of H), 1.93(m, #of H)
2 CH2 32.3 1.59m, 1.83m
3 CH 72.4 3.44 br mag, = 12.5)

4 CH2 43.0 2.21dd, 2.23dd
5 C 140.8 | ------

6 CH 121.8 5.53 br d (5.0)

7 CH2 328 1.81m,1.97m
8 CH 31.8 1.61m

9 CH 51.7 0.95m

10 C 365 | -

11 CH2 22.0 1.01m, 1.42 m
12 CH2 40.9 1.69 m, 1.40 m
13 C 413 | -

14 CH 57.8 1.09 m

15 CH2 32.7 1.49m, 1.63 m
16 CH 82.2 4.39 q like (7.5)
17 CH 63.7 1.75m

18 CH3 19.8 1.06s

19 CH3 14.9 0.80s

20 CH 29.9 1.60 m

21 CH3 17.5 0.72 d}f; ,0= 6.5)
22 CH2 33.2 1.2 dd (overlapped), 1.50 dd (overldppe
23 C 1105 | -----

24 CH 42.9 1.84 dd (5.5, 4.5)
25 CH2 324 1.65m, 1.81m
26 CH2 67.9 3.35m,3.42m
27 CH3 16.8 0.95 dJf7 4= 6.5)
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A

NOESY -
Figure: 6.4Key NOESY and COSY intaractions in Myrsigeijd8)
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Myrsigenin (08)
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6.1.2.3 Structural Elucidation of Compound (09)

This compound was isolated as white powder from dtig/l acetate fraction dflyrsine
africana eluting with EtOAch-hexane (0.25:9.75) as mobile phase on flash sibbamn.

The molecular formula of compound was determinetiByESI-MS and*C-NMR (BB and
DEPT). HR-ESI-MS showed pseudo molecular ion pedK] [at m/z 429.3348 [M+H]
corresponding to the molecular formulald4403 [Cald. for GgH4403 + H = 429.3369].
'H-NMR displayed the presence of two methyl singlet$ 0.82 and 0.89, which were
ascribed to C-19 and C-18 methyl protons: whiler fdoublets ab 0.84, 0.85, 0.92 and 1.02
were assigned to the C-26, C-27, C-28 and C-21 yhetlotons respectively. A methine
proton até 3.76 was assigned to the H-3, two downfield dou&ié 6.24 (s ;= 8.4 Hz) and

0 6.63 (7, 6= 8.4 Hz) were assigned to the H-6 and H-7 respeygt Two double doublets at
05.18 0 =7.6, 14.4 Hz) and 5.21 0 = 7.6, 14.4 Hz) were assigned to the H-22 and H-23
respectively.lBC—NMR spectrum (BB, DEPT) showed 28 resonancesudiimg six methyl,
seven methylene, eleven methine and four quatercarpons. Structure was further
conformed by 2D- NMR spectroscopy (HSQC, HMBC, CO&¥l NOESY). Key HMBC
correlations are shown in figure 6.5. All the spestopic data of the compourf@9) is

unambiguously matches with reported compound [166]
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Table 6.4H and*C-NMR and Chemical Shifts of Compour@) (ppm, CROD,
400 and 100 MHz, respectively).

C. No Multiplicity (DEPT) “C-NMR H (3 =Hz)
1 CH 35.9 1.64,1.89 m
2 CH 30.9 1.45,1.61 m
3 CH 67.0 3.76 m
4 CH, 37.7 1.62,1.81m
5 C 835 | -
6 CH 136.8 6.26l (Js 7 = 8.4Hz)
7 CH 131.7 6.63 dlg = 8.4Hz)
8 C 80.8 | ------eeeeee-
9 CH 52.6 1.41m
10 C 38.2 | s
11 CH 21.5 1.43,1.52 m
12 CH 40.7 1.21,1.02 m
13 CH 45.8 1.80 m
14 CH 53.1 1.59 m
15 CH 29.8 1.33,1.71m
16 CH 24.4 1.23,1.58 m
17 CH 57.6 1.33m
18 Chs 18.6 0.89s
19 Chs 13.3 0.82s
20 CH 41.1 2.09 m
21 Chs 21.4 1.02 dJ= 6.4 Hz)
22 CH 136.8 5.18 ddJ= 7.6, 7.2 Hz)
23 CH 133.5 5.21 ddJ= 7.6, 7.2 Hz)
24 CH 44.3 1.82m
25 CH 34.4 1.44m
26 Ch 20.4 0.84d (=6.8Hz)
27 Chs 20.1 0.85d (= 6.8 Hz)
28 Chs 18.2 0.92d (=6.8 Hz)
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Figure: 6.5Key HMBC correlations of compour(@9)

Compound (09)

194



Chapter 6 Part-B Results & discussion

6.1.2.4 Structural Elucidation of Compound (10)

This compound(10) was isolated as needle like crystals from ethydtate fraction of
Myrsine africana eluting with EtOAch-hexane (7.25:2.75) as mobile phase on flash silica
column. The EIMS of compoun@d0) showed the [M] at m/z 414. The HR-EIMS showed
the [M]" atnvz 414.3857 in agreement with the molecular formulgHgO (calcd. 414.3861
for CogH500) corresponding to five degrees of unsaturatidrar@cteristic fragment ions were
also observed atvz 399, 381, 329 and 303 in the EIMS spectrum ofctirapound. The last
two ions were diagnostic for sterols havifwginsaturation [167]. Other important fragments
were observed atvz 273 and 255 for [M-side chaifijand [M-side chain-bD]" respectively.
The IR spectrum showed the bands at 3050, 165@aBctm’ due to trisubstituted double
bonds and hydroxyl band at 3450tm

'"H-NMR spectrum of compoun(l0) was typical for a sterol molecule. Due to quateyna
CHs-18 and CH-19, two singlets integrating for three hydrogewsye appeared at 0.63
and 0.92, respectively. Three doublets integrafiimBH atd 0.88 ( 1, 0= 6.5 Hz), 0.83J

26, 25= 6.5 Hz) and 0.81](;7, .5=6.5 Hz) were due to secondary £21, CH-26 and CH-27,
respectively, while a triplet integrating for 3H&0.77 ( 29, 28= 7.0 Hz) was due to primary
CHs-29. The olefinic signals integrating for 1H sigraab 5.32 (m) was assigned to H-6 of
the B-bond. The chemical shift and splitting patterrited signal integrating for 1H &t3.36
was consistent with the Hx3and H-34 hydroxyl functions.

The comparative study of compouftD) NMR spectroscopic data with the reported data

revealed its identity as Sitosterol [168].

195



Chapter 6 Part-B Results & discussion

p- Sitosterol
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6.1.2.5 Structural Elucidation of Compound (11)

This compound was isolated as white powder frorgletbetate fraction o¥yrsine africana
eluting with EtOAch-hexane (5.5:4.5) as mobile phase on flash silibanoo.

The HRMS of the compoun(ll) showed molecular ion peak a¥z 426.3835 consistent
with the molecular formula £Hs0O (calcd. for GoHscO, 426.3861). It showed characteristic
band atViex 3450 cni* for hydroxyl group in IR spectrum. The terminahidopresence was
confirmed by bands & cm™* 3070, 1650 and 880 ¢

Beside [M], other fragments occurring at m/z 385 [M- 41320 [M- GsHag *, 218 [M-
CuaHag] ¥, and 207 [M- GgHo7] * were characteristics for lupine series [169].

The 'H NMR spectrum of the compoun(d1) corroborated the presence of seven tertiary
methyls atd 0.77, 0.79, 0.85, 0.94, 0.97, 1.05 and 1.65 (atlilst). The carbonylic carbon
resonance was centereddaB.21 as double doubled § ax = 9.9 Hz,J ax, eq= 4.5 Hz). Its
chemical shift and coupling constant reveglexhd equatorial configuration of the OH group
at C-3. The olefinic proton resonance were obseatsdl 4.62 and 4.75 (1H each, broad
singlets), while a sextet of one protord&.36 J = 10.5, 10.5 and 5.4 Hz) could be attributed
to 194-H.

The physical and spectral data of the compddiidicomplete agreement to those previously

reported for Lupeol [170-171].
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Lupeol
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6.2 PHARMACOLOGICAL INVESTIGATIONS

6.2.1 ANTIBACTERIAL ACTIVITY

Crude MeOH extract and various fractionsMyrsine africana were screened against the
said test pathogens for possible antibacteriaviactiThe results are summarized in table 6.6
and the percent inhibition of each samples areeptted in figures 6.6 - 6.11. Order of the
antibacterial activity of the crude methanolic extrand fractions againg&.coli is: crude
extract (60.86%)n-hexane = EtOAc (52.17%) > BuOH (47.82%) > CECAqueous
fractions showed no activity agairistoli. AgainstS. epidermidis: crude extract (39.39%) >
n-hexane = aqueous (36.36%) > CkI€I BUOH (33.33%) > EtOAc (30.30%). AgainSt
typhi crude extract (53.57%) > aqueous (52.57%) > BuBb000) > EtOAC (46.42%) n-
hexane (42.85%) > CHgI(39.28%). AgainstS pneumoniae: crude extract (57.69%) >
CHCI; (53.84%) >n-hexane = EtOAc = BuOH = aqueous (50.00%). Agaiistureus:
CHCl; (60.00%) >n-hexane (56.0%) > EtOA®2.0%) > crude extract = aqueous (48.0%) >
BuOH (44.0%). The activity againgt aeruginosa was: crude extract (60.0%) > CHG}
BuOH (56.0%) >n-hexane (52.0%) > EtOAc = aqueous (48.0 %). Agafngineumoniae:
crude extract = CHGI(68.42%) >n-hexane (63.15%) > EtOAc = aqueous (57.89%) > BuOH
(47.36%). AgainstB. pumilus. crude extract (54.83%) > aqueous (51.61%) > BuOH
(48.38%) >n-hexane = CHGI(45.16%) while the EtOAc fraction of plant extratiowed no
activity. The activity of the test samples agaiBsterogenes was in order of; crude extract
(40.62%) >n-hexane = CHGI (37.50%) > EtOAc (34.37%). The BuOH and aqueous
fractions were found inactive agairiStaerogenes. From the above results it is revealed that
crude methanolic extract, CHCAand n-hexane fractions show good antibacterial activity
againstk. pneumoniae while other fractions showed moderate to low andgckvity against
the tested pathogens. Extracts obtained from stevtyisinaceae plant showed antimicrobial

effect againskE. faecalis (MIC = 30pg/ml and MBC = 50 pg/ml) [172].
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The lower the MIGpvalues, the higher will be its potency and viceseeThe MIG, values
(mg/ml) of the crude methanolic extract and altfians were calculated from three separate
reading by using a Microsoft XL sheet that are nos@d in table 6.7 and presented in
figures 6.12 - 6.17. Interestingly, highest acyiiD0% was displayed by the CHGtaction
againstP. aeruginosa, n-hexane fraction againgf. pneumoniae and n-hexane fraction
againstS pneumoniae. The research can further be proceeded to isolaebtbactive

antibacterial compounds from the crude extractsi@nfdactions.
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Table 6.5Antibacterial activities of crude extract and vasdractions oMyrsine africana.

5 g Crude Extract n-hexane CHGI EtOAC BuOH Aqueous
SE =T T =T T = - =T - T = T =T
Name of EEO ‘SE 9:1 BE, 9:1 BE, 9:1 BE, 9:1 BE, 9:1 BE, 9\2
Bacteria 5 2 S = s 2 £ s 2 £ s| 2 = S| £ £ s 2 £ s 2
Q%S = = | = | = = = | = | =
E. Coli 23 14 60.86 12 52.1} 00 00 12 52.17 11 47182 DO 00
S epidermidis 33 13 39.39 12 36.3b 11 33.33 1d 30.830 11 33.33 126.36
S typhi 28 15 53.57 12 42.8b 11 39.28 13 46.42 14 50 L5 5750.
S pneumoniae | 26 15 57.69 13 50.0D 14 53.84 13 50.p0 13 50.00 130.00
S aureus 25 12 48.00 14 56.0D 15 60.00 13 52.00 11 44.00 128.00
P. aeruginosa 25 15 60.00 13 52.0D 14 56.00 17 48.p0 14 54.00 148.00
K. pneumoniae | 19 13 68.42 12 63.1p 13 68.42 11 57.89 09 47.36 1%97.89
B. Pumalis 31 17 54.83 14 45.1p 14 45.16 0d 00.po 15 48.38 161.61
E. aerogenes 32 13 40.62 12| 37.50 12} 37.%0 11 34.87 ([0} 0J00 00.00 @

Formula for % Inhibition = Zone of Inhibition of Sample x 100
Zone of Inhibition of Standard
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Table 6.6.MIC5p values (mg/ml) of the crude and fractionsvbfrsine africana

Name of MIC 50 (mg/ml)

Bacteria Crude extract | n-hexane| CHCI; | EtOAc | BUuOH | Aqueous
E. Coali 2.49 2.54 1.98 2.48 2.3 2.54
S epidermidis 2.52 2.52 3.1 2.0 2.4 2.7
S. typhi 2.5 2.1 1.94 2.1 2.25 2.1
S pneumoniae 1.9 1.9 2.3 2.3 2.7 2.53
S. aureus 2.7 2.2 2.2 2.38 2.3 2.48
P. aeruginosa 2.36 1.86 1.7 2.2 2.53 2.36
K. pneumoniae | 2.45 1.8 2.1 2.4 1.96 1.89
B. Pumilus 2.53 2.58 1.96 2.4 2.59 2.7
E. aerogenes 2.45 2.7 2.48 2.2 2.5 2.59
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Figure: 6.8. Antibacterial activity of the CHGlfraction ofM. africana against various test bacteria.
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Figure: 6.9. Antibacterial activity of the EtOAc fraction &f. africana against various test bacteria.
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Figure: 6.10. Antibacterial activity of the BUOH fraction ®. africana against various test bacteria
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Figure: 6.11. Antibacterial activity of the Aqueous fraction lgf africana against various test bacteria.
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Figure: 6.12.MICso (mg/ml)values of the crude extract . africana against tested bacteria.
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Figure: 6.14.MICs (mg/ml)values of the CHGlfraction ofM. africana against tested bacteria.
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Figure: 6.15.
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Figure: 6.17 MICso (mg/ml)values of the Aqueous fraction lef. africana against tested bacteria.
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6.2.2 ANTIFUNGAL ACTIVITY

Persistent opportunistic fungal infections haveooee an important factor for morbidity and
mortality in immune-compromised patients [173]. Thajority of the fungal infections are
mainly caused by théspergillus and Candida species. Recent trends in epidemiological
trends have pointed out a shift towards infectiansed byAspergillus and non-albicans
Candida [174].

The test samples were screened for antifungaligctigainstA. niger, A. flavus, P. notatum,

F. oxysporum, T. harzianum, R. stolonifer using agar tube dilution method. Amphotericin B
and Miconazole were used as standard drugs.

The crude methanolic extract and all fractions lahpwere failed to show antifungal effect
againstA. niger, P. notatum andR. stolonifer as shown in table 6.7. Low antifungal activity
was observed for crude extract (10%)hexane (10%), CH@I(15%) and BuOH (5%)
fractions againsA. flavus as presented in figure 6.18. In addition, the GH&Id aqueous
fractions showed low inhibiting effect, 15% and 24@6&pectively, againgt. oxysporum:
while crude extract and other fractions were in@ctigainst the tested fungal specie (figure
6.19) Similarly then-hexane, CHGland BuUOH fractions of the plant show low antifuhga
activity againstl. harzianum (figure 6.20). Rest of the fractions and crudeaottivas unable
to inhibit the growth of the tested fungal speciEse results showed thist. africana has no
significant antifungal activity against the tesfadal species.

A significant antifungal activity again&andida albicans, with MIC of 0.250 mg/ml have
been reported for the crude methanolic extradflofioporus clusiifolius (Myrsinaceae). The
methanolic extract of.abisia pumila Benth also possesses significant antifungal agtivit

againstCandida albicans[175,176].
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Table 6.7Antifungal activity of the crude extract and varsdsactions oMyrsine africana.

Name of Fungi Percent linear growth inhibition
negative| positive | crude | n-hexane| CHCIl; | EtOAc | BUOH | Agueous
control | control | extract

A. niger 0 100 0 0 0 0 0 0

A. flavus 0 100 10 10 15 0 5 0

P. notatum 0 10C 0 0 0 0 0 0

F. oxysporum 0 10C 0 0 15 0 0 24

T. harzianum 0 100 0 8 12 0 16 0

R. stolonifer 0 100 0 0 0 0 0 0

% inhibition of fungal growth = 100 — linear grdwin test (mm) X100
laregrowth in control (mm)
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Figure: 6.20.Antifungal activity of crude extract and variouadtions ofM. africana againsfT. harzianum.
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6.2.3 INSECTICIDAL ACTIVITY

The crude extract and fractions Mifyrsine africana were screened for insecticidal activity,
using impregnated filter paper method [177], adaiigee different insect species i.e.
Tribolium castaneum, Rhizopertha dominica and Callosbruchus analis. Results are
summarized in table 6.8 and presented in figur&,&&vealed that crude extract along with
other fractions of the plant, showed no activityiagt the tested insects except CHahd
agueous fractions showed low insecticidal acti{&9%, each) againdt castaneum andR.
dominica respectively.

Permithrine (copex) was used as positive contralentine organic solvent was treated as
negative control. The positive control shows 10@n#stality while the mortality rate was 0%
in case of negative control.

From the results it may be concluded thlatafricana has no insecticidal property.
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Table 6.8Insecticidal activity of crude extract and varidtections ofMyrsine africana by contact toxicity method.

% Mortality
Name of Insect
Control Control |Crude Extracf n-hexane| CHCIl; | EtOAc BuOH Aqueous
(Positive)* | Negative
Tribolium castaneum 100 0 0 0 20 0 0 0
Rhizopertha dominica 100 0 0 0 0 0 0 20
Callosbruchus analis 100 0 0 0 0 0 0 0

* Permethrin at concentration 235u8/cnf was used as standard drug in positive control.
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= 2

|lI

Figure: 6.21.Insecticidal activity of crude extract and varidtections of\.

africana against the selected insects
* Permethrin at concentratiors ZRig/cn? was used as standard drug in positive control
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6.2.4 ANTI-TERMITE ACTIVITY

The crude methanolic extract, CHClaqueous fractions oMyrsine africana were
screened for anti-termite activity in the “Termitied of Nuclear Institute of Food and
Agriculture (NIFA), Peshawar. All the experimentsre performed in triplicates.

The anti-termite activity of the crude methanolidract experiments extended for three
days. Twenty five termites were transferred toighthes containing negative control and
test samples, respectively. The results indicdiatithe average termites killed on day first
were eight, on day the second average killed w&eahd on day third all the termites
were found dead. Similarly, the aqueous fractiothefplant was screened for anti-termite
activity. The results indicated that average of tiwenites killed by aqueous fraction on
day first was six. On day second the average wasdfdo be fifteen. On day third all the
termites were found dead. Similarly, the EtOAc i@t of the plant was also screened.
The results indicated that average of the ternkiksd on day first was eleven, on day
second the average was found to be nineteen addythird all the termites were found
dead. In the negative control average of the tesnkilled on day first and second was
zero and only two termites were found dead on Heget The above results (given in table
6.9) indicated that EtOAc fraction Myrsine africana showed significant activity against

termites.
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Table 6.9Anti-termites activity of crude extract and seégtfractions oM. africana

Test No. of Day | Average termites killed | Average | Average
Sample Termites by —ive controls termites | termites
killed by | killed
MeOH | EtOAc | H,0 *Positive | by sample
Control
1 0 NA NA 23 8
Crude 2 0 NA NA 25 17
extract
3 2 NA NA | - 25
1 NA 0 NA 22 11
EtOA 25
C 2 NA 0 NA 25 19
3 NA 2 NA | - 25
1 NA NA 0 23 6
Agueous 2 NA NA 0 25 15
3 NA NA 2 | e 25
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6.2.5 PHYTOTOXIC ACTIVITY

Herbicides of the plants’ origin are friendly taetlenvironment that necessitates for their
search. The phytotoxic results of crude extract\arius fractions oM. africana against
Lemna minor are summarized in table 6.10 - 6.11 and presemefiure 6.22. The
methanolic extract showed (25 and 6.25f6hexane (25 and 12.50%), CH(B1.25 and
6.25%), EtOAc (18.75 and 6.25%), BUOH (25 and 1&y&nd aqueous (25 and 12.5%)
growth inhibition at concentrations of 1000 and 1@6/ml, respectively. While no
phytotoxic activity was observed at concentratiOnuyy/ml. Paraquat was used as standard

plant growth inhibitor.
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Table 6.10Percent growth regulation &emna minor

Results & discussion

Name | Concentration Number of fronds
of plant of sample
(hg/mi) Crude | n-hexane | CHCIl; | EtOAc | BUuOH | Aqueous| Contro
extract
1000 12 12 11 13 13 12 16
Lemna
minor 100 15 14 15 15 15 14 16
10 16 16 16 16 16 16 16
* Paraquat at a concentration 0.015 pgm / ml was as standard drug
Table 6.11Phytotoxic activity oMyrsine africana against.emna minor
Concentration Percent growth regulation
of sa;mf)le Crude | n-hexane| CHGI | EtOAc| BuOH | Aqueous| Contro
(Hg/mi) extract
1000 25.00 25.00 31.2% 18.7156  25.00 25.0 100
100 6.25 12.50 6.25 6.25 18.75 12.5 100
10 00 00 00 00 00 00 100
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* 1000 pg/ml  * 100 pg/ml ™10 pg/ml

rowth Regulation
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Figure: 6.22Phytotoxic activity of crude extract and variouactions ofM.

africana against.. minor.
*Paraquat at a concentration 0.015 pg/ml was usetisamdard drug
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6.2.6 BRINE SHRIMP BIOASSAY

The brine shrimp lethality test was performed teeas the toxicity dil. africana. The test
samples (crude and fractions) were used in corasgorir of 10, 100 and 1000g/ml.
Results for the lethality were noted in term of ttisaof larvae, compared with Etoposide
(standard drug). The calculated d4¢g¥alue for the standard drug was 7.4625 pg/ml.

The crude extract of the plant showed low cytotoaxativity 20.00, 13.33 and 6.66%,
against experimental shrimps, at concentratiori9pf00 and 100(g/ml respectively.
Different fractions exhibited various cytotoxic @dies. The n-hexane fraction showed
good cytotoxicity (66.66%) at concentration of 19@ml while low activity (33.33 and
13.33%) was observed at concentration of 100 anggd@l, respectively. The L§ value
for the fraction calculated as 30.344 pg/ml. The GGHshowed low activity at all
concentrations, 30.0% at 1000 pug/ml, 16.66% atl@dniand 13.33% at 10 pg/ml. The
EtOAc fraction showed low brine shrimp lethality r@spective test concentrations that
was; 26.66, 20.0 and 13.33% at 1000, 100 and I®lpggspectively. Similarly, the BuOH
fraction of the plant showed low cytotoxic activ{§0.0, 20.0 and 10.0%) at respective test
concentrations. The aqueous fraction screenedeaend of the experiment did not show
any significant cytotoxic activity against the &tshrimps. The maximum cytotoxicity
was 33.33% as shown by the aqueous fraction atehigbncentration. The crude extract
from the bark ofAegiceras corniculatum Blanco showed prominent cytotoxic effect against
Artemia salina with LDsg=5.5 pg/ml and LG=9.3 pg/ml [178]. Cytotoxic triterpene
saponins have been reported from sevitgisine species [179]. The cytotoxic results of
the crude and all fractions are summarized in téd@, also presented in figures 6.23.
From the above results it is concluded that riHeexane fraction the plant contains the

cytotoxic constituents.
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Table 6.12Brine shrimps activity of crude methanolic extraotl various fractions dflyrsine africana.

Dose *Standard drug Crude extract n-hexane CHGl EtOAC BuOH Aqueous
(Hg/ml) . % . % . % . % . % . % . %
Survivors Killed Survivors Killed Survivors Killed Survivors Killed Survivors Killed Survivors Killed Survivors Killed
1000 0 100 24 20.0( 10 66.6 21 30,00 22 26.66 21 0.003 20 33.33
100 0 100 26 13.34 20 33.3 25 16.66 24 20.00 24 .002p 24 20.00
10 0 100 28 6.66 26 13.3 26 13.83 26 13}33 21 010.0 26 13.33

* Etoposide at concentration of 7.4625 g / ml weedwas standard drug.
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* 1000 pg/ml = 100 pg/ml ®10 pg/ml
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Figure: 6.23Brine shrimp lethality of crude extract and vasdtactions oM. africana.
* Etoposide at concentration of 7.4625 pg / ml wssd as standard drug
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6.2.7 HAEMAGGLUTINATION ACTIVITY

Certain plants have been found to contain hemaiggistin their different parts, which can
be extracted and used for the production of bloggng reagents in the same way as
agglutinins from animal sources. The plant sourgglinins have advantage over the
animal sources because they are economical anthlaleain large quantities. Crude extract
and various fractions oM. africana at different dilutions were screened for possible
haemagglutination activity against human erythresyof all blood groups (ABO). The
results showed that crude methanolic extract andClgHraction possess moderate (++)
haemagglutination effect against ABood group. Aqueous fraction have moderate dgtivi
(++) against O blood groups at higher concentrations (1:2). Waatvity (+) was also
observed against the erythrocytes of other blomdigs at dilution of 1:2 and 1:4. The
hexane and EtOAc fractions of the plant showed aentagglutination activity against
human RBCs of all blood groups. Results are sunmedriin table 6.13. The present
investigations revealed that the plant containgilecand could be a useful source for

phytolectins.
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Table 6.13 Haemagglutination activity of the crude extract avatious fractions ofMyrsine africana at various dilutions

Blood Crude extrac n-hexane CHClL EtOAC BuOH Aqueou:

groups 12| 14| 16| 1:8 12 14 16 18 12 14 16 18 124 | 16| 1:8| 1:2| 14 1.6 1.8 12 14 1.6 18
AB - ++ + - 4 - - - - 4+ - - 4 - - - -l - - - -+ - - -
B- + - - . - - -+ - - L. - - - - - - -+ - - -
A~ - - - 4 - - - -+ - - - - - - 4 - - - 4+ - - -
B* + - - 4 - - - - + - - oo - - - - - - -+ - - -
AT + - - A - - - - - - - - - - - -+ - - - - - - -
AB * + - - 4 - - - - - - - - - - - 4 - - - I + - 4
o* + - - 4 - - - -+ - - - - - - -+ - - -+ - - -
O- + - - 4 - - - - - - { - - - 4+ - - R - - -
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6.2.8 ANTI-INFLAMMATORY ACTIVITY
The main causes of the inflammation are the immapstem reaction to infection,
malignancy, cellular changes, environmental agantsinjury. Inflammation is a key mark
in autoimmune disease. In conditions like, Hashoisothyroiditis, the disease process is
due to inflammation, while in some other conditidit® Crohn's disease, the cause of
inflammation is the diseased condition [180]. A® therbs possess anti-inflammatory
characteristics, we screen crude extract and vafi@ctions of the plant for possible anti-
inflammatory activity. The results obtained arewhan table 6.14 and presented if figure
6.24 which reveals that EtOAc fraction of the plaftowed moderate (41.8%) anti-
inflammatory activity at concentration of 5@/ml. The rest of the fractions and crude
methanolic extract of the plant showed low antianfmatory activity. Indomethacin was
used as positive control. Myrsinoic acids B, C &ndolated from the methanolic extract of
Myrsine seguinii, possess anti-inflammatory activity. The TPA-inddeedema of mouse
ear was suppressed by these compounds but thenmigrsicid F was found most potent
(77% at 0.56 puM). Another novel anti-inflammatogntpound has been reported from the
methanolic extract of thil. seguinii and its potency against TPA-induced inflammatibn o

mouse ears was 598 1.4 uM[181, 182].
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Table 6.14Anti-inflammatory activity of the crude extractémarious
fractions ofMyrsine africana

Test sample Percent inhibition at 5a§/ml
Crude extract 38.5

n-hexane 40.9

CHClz 37.6

EtOAC 44.8

BuOH 33.1

Agueous 29.7

* Indomethacin 98.0

* Standard drug
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Figure: 6.24 Anti-inflammatory activity of crude extract and ¢teons ofM. africana.

225



Chapter 6 Part-B Results & discussion

6.2.9 EFFECTS ON RABBIT’'S JEJUNUM PREPARATIONS

Spasmolytic activity

It is evident from figure 6.25 that extract proddca concentration dependent fall in
spontaneous rabbit's jejunum preparations. Theaektiotally abolished the spontaneous
contractions of tissues at concentration 5.0 mg/hhlis confirms that the plant specie
contains spasmolytic constituents and thereforeahtispasmodic action.

In order to explain the possible mode of actiong tned the extract on contractions
produced by high potassium concentration (80.0 mWg results are shown in figure 6.26.
Interestingly, the extract produced similar typeactions in the KCl-induced contractions.
The results of the higher concentration are supsiipe (figure 6.27). Thus the extract is
having almost similar values of Bgfor the spontaneous contractions and KCI - induced
contractions. The results suggest that the platisps having antispasmodic action possibly

through the calcium channel blocking mechanismé [90
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Table 6.15Spasmolytic activity of crude methanolic extratib Africana

Concentration of crude methanolic Percent response of control max.
extract (mg/ml) (Mean £ S.D, n=3)

0.01 0.00

0.03 6.80

0.1 31.04

0.3 65.00

1.0 86.20

3.0 93.00

5.0 96.50

10.0 100
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Figure: 6.25. Spasmolytic activity oM. africana on spontaneous rabbit’s jejunum

preparations.
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Figure: 6.26.Spasmolytic activity oM. africana on KCI (80 mM) induced contractions on
rabbit’s jejunum preparations.
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Figure: 6.27.Spasmolytic activity oM. africana on spontaneous and KCI (80 mM) induced
contractions on rabbit’s jejunum preparations.
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6.2.10 NITRIC OXIDE (NO) FREE RADICAL SCAVENGING AC TIVITY

Free radicals are constantly produced in the livdggtem, which can cause an extensive
damage to biomolecules and tissues thereby cauamgus diseases like extensive lysis and
degenerative diseases [183]. For reduction of tbgtative damages, many synthetic drugs
are used but their side effects cannot ignore. ddresumption of the natural food products
and traditional medicines containing antioxidamistduents, are alternative source to avoid
the side effect. Recently, from different naturalises various natural antioxidants have
been reported [184-186].

Due to importance of the natural antioxidants, wesned the crude methanolic extract and
various fractions oMyrsine africana at different concentrations (0.3, 0.6, 0.9, 1.2 arfsl
mg) for possible Nitric Oxide free radical scavengirsgay. The results obtained are shown
in table 6.16 and presented in figures 6.28-6.3gurEé 6.28 indicates that crude extract
(32.27%) and aqueous fraction (35.36%) of the pljaméses moderate NO free radical
scavenging activity. While low activity was obseidvi@r other fractions including-hexane
(23.49%), CHG (28.13%), EtOAc (22.03%) and BUOH (26.74%) at ewation of 0.3
mg/ml. The NO free radical scavenging activity wasreased by increasing the
concentration of the test samples and at 0.6 mtiiekcrude extract along with four other
fractions showed moderate activity i.e. 38.04% doude extract 34.47% fon-hexane,
34.30% for EtOAc, BUOH 30.24% and the aqueous ibracof the plant showed 45.28%
activity. Results are given in figure 6.29. At centration of 0.9 mg/ml all of the test
samples showed moderate NO free radical scavemgiigty the order of the activity of the
test sample is: aqueous 49.91% > crude extrac®%b 6 EtOAc 39.52% > CHER6.82% >
BuOH 33.98% >n-hexane 33.73% (figure 6.30). Similarly, the adyivivas performed at
concentration of 1.2 mg/ml. Results summarizedigure 6.31, indicates that the crude

extract along with other fractions showed modeR(efree radical scavenging activity with
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order; aqueous 52.68% > crude extract 49.17% > Et@#H69% > CHGI 39.26% > BuOH
38.94% >n-hexane 36.17%. The activity was also performecbatentration of 1.5 mg/ml
and the results are given in figure 6.32. The agsdmction and crude extract showed the
highest activity (55.36 and 53.05%, respectivelpd an rest of the fractions; EtOAc;
49.59%, CHGJ. 44.65%, BUOH; 43.65% and timehexane showed 41.94% NO free radical
scavenging activity. From the above results itaaatuded that the plant crude extract and
fractions possess concentration dependent nitiideoftee radical scavenging activity that
necessitates for further work to isolate the aatimdecules fronMyrsine africana.

A concentration dependent anti-oxidant activity Heeen reported for the ethyl acetate

extract ofR. melanophloeos, with 1Csp values were comparable with the standard used.[187

230



Chapter 6 Part-B Results & discussion

Table 6.16Nitric oxide free radical scavengiragtivity of the crude extract and
fractions oMyrsine africana.
Standard Vitamen C was used as standard at concentratigtv @8 pg/ml.

Concentration of Crude extract | n-hexane | CHCI; | EtOAc | BUOH | Aqueous
samples (mg/ml)
0.3 32.27 23.49 28.11 22.083 26.74 35.36
0.6 38.04 27.47 34.47 34.3 30.24 45.28
0.9 45.69 33.73 36.82 39.52 33.98 49.91
1.2 49.17 36.17 39.2¢ 43.69 38.94 52.48
15 53.05 41.94 44.6% 4959  43.65 55.36

231



Chapter 6 Part-B Results & discussion

o
=]

o
-
-~}
2
]
o
2
=1
=1
a4
L
1
(=
[:Z-
=

Figure: 6.28.NO free radical scavenging activity of crude aadaus fractions oM. africana
at concentration of 0.3 mg/ml.
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Figure: 6.29.NO free radical scavenging activity of crude aadaus fractions oM. africana
at concentration of 0.6 mg/ml.
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Figure: 6.30. NO free radical scavenging activity of crude aadous fractions oM. africana
at concentration of 0.9 mg/ml.
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Figure: 6.32 NO free radical scavenging activity of crude &adous fractions oM. africana
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at concentration of 1.2 mg/ml.

at concentration of 1.5 mg/ml.
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CONCLUSION

Based on the experimental work, it is concluded that, the CHCI; fraction of Vitex agnus
castus exhibited significant (80.95% with MI1Cs=2.19 mg) antibacterial, the methanolic
extract of the plant also showed significant (90.01%) anti-inflammatory activity. The
methanolic extract of the plant showed significant spasmolytic activity at concentration of 3
mg/ml that 100% relaxed the isolated tissue. Moderate insecticidal, anti-termites,
phytotoxic, brine shrimp cytotoxic and NO free radical scavenging activities were shown
by crude extract and various fractions of Vitex agnus castus. No haemagglutination and
antifungal activities were observed during this work.

The crude methanolic extract of Myrsine africana exhibited significant spasmolytic activity
as the extract completely abolish the spontaneous contractions of isolated tissues at 5.0
mg/ml. Good antibacterial, anti-termites, brine shrimp cytotoxicity (only by n-hexane
fraction) was shown by extracts of this plant. Similarly moderate phytotoxic, brine shrimp
lethality (at higher concentration), haemagglutination, anti-inflammatory and nitric oxide
free radical scavenging assay were shown by crude extract and various fractions of the
plant. The plant exhibited low insecticidal and no antifungal activity.

The phytochemical screening revealed the presence of alkaloids, flavonoids and saponinsin
these plants. A total of eleven compounds (six from Vitex agnus castus and five from
Myrsine africana) were isolated during current studies from these plants. Five compounds
were found new {three (Compound 1-3) from Vitex agnus castus and two (Compound 7-8)
from Myrsine africana}, one (Compound 9) for the first time from Myrsine africana and
five known/common compound {three (Compound 4-6) from Vitex agnus castus and two
(Compound 10-11) from Myrsine africana}. Compounds 1 and 3 exhibited moderate anti-

inflammatory activity against freshly isolated human neutrophils. Our current work opens a
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new window for researchers to further work on activity guided isolation from these species

so that we may standardize the extract, and snatch share(s) from the global market.
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