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SUMMARY

Terminalia arjuna Linn. of the family Combretaeeae grow abundantly all over
Bangladesh. It is popularly known as aIjun in Bangladesh. It is a very important
medicinal plant of our country. From Vedic period its bark is being used for the
treatment of various types of heart diseases26,27and for hundreds and thousands of years
the bark of T. arjuna tree has been used in Bangladeshi and Indian traditional Medicines
for cure of a large number of ailments.

A thorough literature survey reveals that though the bark powder of Tarjuna is
considered as a super drug against various heart diseases and as a potent anticancer
agenrOo4S.46,47,its fruits were never used as a medicine. But the fruits of other species like
T. beleriea (Bahera) and T ehebula (Harithaki) of the same genera Terminalia are
extensively used as traditional medicines. In spite of wide medicinal uses of its bark, why
its fruits are not taken as a medicine like the fruits of the other species of this genus is not
known. As a result no report on the clinical evaluation is available though there is the
report of some preliminary phytochemical work on these fruits. This prompted us to
make a phytochemical and biochemical investigations on the fruits of this important
medicinal plant.

Naturally dried fruits hanging in the tree were collected from Tarjuna trees growing in
the house gardens and road sides of the Laxmipur and Chittagong districts of Bangladesh
during the early part of April, 2001 before any shower of the rainy season poured. These
were powdered and successively extracted with Pet. ether, CHCb, EtOAc, MeOH and
80% EtOH to give the crude fractions PE,CE, EE, ME and EA respectively as shown in
the fractionation scheme 3.1.

The crude fraction EE on standing at room temperature for - 4 days gave a residue (
section 3.4.1 ) which was insoluble in conventional organic solvents but soluble in
dimethyl sulphoxide (DMSO). This residual fraction was purified by its repeated
dissolution in DMSO followed by precipitation with water and was isolated by
centrifugation followed by washing with organic solvents and finally with water yielding
the compound EER1.

The mother liquior from the residual fraction EER1 when subjected to column chromato-
graphic separation yielded nine (9) fractions e.g., EECI, EEC1, EEC), EEC4, EECs, EEC6,
EEC7, EECs, EEC9 (Table 3.1, section 3). Further fractionation of these fractions yielded
the fractions EECI.,EEClb (section 3.5.1), EEC2a(section 3.5.2), EEC).(3.5.3), EEC4a
(3.5.4), EECsa,EECsb(3.5.5),EEC6a,EEC6b(3.5.6), EEC7a(section-3.5.7), EECsa,EECSb
(section-3.5.8) and EEC9a (3.5.9). Of all these fractions only three fractions EEC1b,
EECs. and EEC6. were pure and anaIyzable. The other fractions were either impure or
not adequate in amount for analysis. Thus these three fractions were subjected to further
analysis.

On basis of IR, IH_nmr,13C_nmr and Mass spectral data the molecular weight of the
compound EER1 was established as CSOH74016(section-4.1.3 ) and tbe tentative
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structure (35) (P-VII) was assigned to it. On the basis of its .tentative structural
formula, it was given the name 2-0-a-[4111-(ethyl gallate)) -3-f3-D-arabinofuranosyl-
23-deoxy arjunolic acid -28-0- (3-D-rhamnopyranoside. Previously this compound
was not reported from T.arjuna or any other plant species.

On the basis oflR, IH-nmr,I3C-nmr and Mass spectral data the molecular weight of
the compound EEC1b was established as C44H62014(section-4.1.4 ) and the tentative
structure (36) (P-VII) was assigned to it. On the basis of its tentative structural
formula, it was given the name 2-0-a-(4"-methyl gallate)-2a,3f3 - dihydroxy-ll-oxo-
0Iean-12-en-28-oic acid-28-0-f3 -D-glucopyranoside. Previously this compound was
not reported from T.arjuna or any other plant species.

On the basis oflR, IH_nmr,13C_nmr and Mass spectral data, the molecular weight of
the compound EECs• was established as C44H70017(section-4.1.6 ) and the tentative
structure (37) (P-VII) was assigned to it. On the basis of its tentative structural
formula, it was given the name 2-0-a-(methyl ester}-3f3 -D-galactopyranosyl-19a -
hydroxy-arjunolic acid -28-0-13 -D-glucopyranoside. Previously this compound was
not reported from T.arjuna or any other plant species.

On the basis of IR, IH_nmr,13C_nmr and Mass spectral data, the molecular weight of
the compound EEC6. was established as C4sHnOl6 (section-4.1.7 ) and the tentative
structure (38) (P- VII) was assigned to it. On the basis of its tentative structural
formula, it was given the name as 2-0-a-(ethyl ester}-3f3 -D-rhamnoyranosyl-19a •
hydroxy-arjunolic acid -28-0-13 -D-glucopyranoside. Previously this compound was
not reported from T.arjuna or any other plant species.

Molisch's test and phenol sulphuric acid test of Dubois et al. qualitatively confirmed the
presence of sugar residues in the Methanolic extract (ME) and 80% ethanolic extract
(EA). Paper chromatoghraphic analyses identified the presence of 5 sugar residues of
which two were the pentoses xylose and arabinose, two were the hexoses glucose
and galactose and the rest one was a deoxy hexose L-rhamnose. But we could not
quantify them. There are previous reports regarding the presence of sugar residues from
the bark powder of T.arjuna.

Methanolic extract (ME) and 80 % Ethanolic extract (EA) when subjected to qualitative
test for amino acids using ninhydrin solution as a reagent, a overwhelming positive
response was obtained confirming the presence of amino acids in the fruit T.arjuna.
Paper chromatographic analyses using ninhydrin as a spray reagent further confirmed the
presence of amino acids in these two extracts. However, we could not identify or quantilY
or isolate any of the amino acids from these extracts.

The toxicity of the all the crude extracts PE, CE, EE, ME, EA ( Scheme 3.1) and purified
fractions EERI( Section-3.4.1 ), EEC1b(3.5.1 ), EECs.(3.5.5 ) and EEC6a (3.5.6) were
determined by brine shrimp lethality method and it was found that neither the crude
extracts nor the purified compounds were toxic.

\
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Though the compounds (35), (36),.(37) and (38) isolated by us were not reported earlier,
similar compounds were reported to be found in the barks and other parts of the T.
arjuna. The other important thing is that the compound (35) and (36) contain the anti
cancer agents ethyl gallate and methyl gallate as their constituents. From the biological
study, it was found that the various extracts from the fruit powder was not toxic. Hence
ethnobotanical use or oral applications of the fruits of T.arjuna like those of its bark and
the fruits of T. beleriea and T. ehebula belonging to the same genus Terminalia is quite
justified.

CH,CH

it
EFR, (C SoH74016}(35)
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1.1 : General Introduction:

1.0

I

CHAPTER!

Food, cloth and dwelling are the three basic needs of human being for which they are
absolutely dependant on plant kingdom. At the dawn of civilization, in absence of any
synthetic drug, people also used plants and their extracts to combat decay, disease and
death. Their slowly acquired knowledge has been gradually handed down through
generation after generation. With the development of Science and Technology, Scientists
exploited that slowly growing knowledge which rewarded them with the discovery of the
modem drugs and pharmaceuticals. With the development of modem Chemistry and
Pharmacy at the beginning of the nineteenth century, the study of natural products
utilizing medicinal plants gained a tremendous momentum. Morphine, the hypnotic and
anaesthetic principle isolated from opium; quinine the anti-malarial drug from chincona
bark and cocaine isolated from coca leaves used as local anaesthetic are some examples
in the list of early discovered drugs. It was followed by the discovery of reserprine, an
alkaloid from Rauwolfia serpentina. After the discovery of the alkaloids of the Rauwolfia
group used in the mental conditions including tension and anxiety as well as in the
treatment of hypertension more and more potent drugs continued to be isolated from
plant bodies.

But the introduction of the synthetic drug stood as a major obstacle and became the main
cause of decline in the use of natural drugs. Due to the tremendous advancement of
medicinal chemistry, the developed countries began to export more and more synthetic
drugs which invaded the markets of developing and underdeveloped countries during the
period from 1950 to I970s. That was really a booming period for synthetic drugs. The
result was a gradual vacuum in the trade and research in medicinal plants and extracts
during the period of early 1980s.

Soon the people round the globe, could realize about the side effects, toxicity, adverse
reactions and particularly high costs of these synthetic drugs. The pendulum began to
swing back and the value of medicinal plants began to receive more and more attention
again. As an example, during the past 25 years Kampo, the Japanese traditional medicine,
made an impressive come back because 70% of 200,000 Japanese physicians have been
regularly prescribing kampo drugs for all sorts of ailments ranging from gynecological
disorder to cardiovascular diseases. Even the National Institute of Health, USA has given
a new thought as an alternative to synthetic drugs, e.g. ginkgo biloda to prevent dementia,
glucosarnine chondroitin sulfate for arthritis, shark cartilage for lung cancer and Gonzalez
protocol for pancreatic cancer). A survey of the registered Swedish drugs in early
seventies of the 20th century has shown that natural products account for 5 I % of all
medicinal preparation] and this might be true for many other countries of the world.
Sticher estimated that 50 % of all drugs in the industrialized countries are natural
products 3. In many countries of the world native medicinal plants are thus looked upon
as possible additions to the WHO list of "essential drugs" once their medicinal value has
been clinically established 4.
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After the end of the 20th century and at the beginning of the 21st century, there is a
tremendous resurgence of public opinion in the study and use of traditional herbal
medicines. In particular, the poor and developing countries like ours have taken a more
serious attention to explore the possibility of utilizing these herbal medicines in primary
health care. The moderately tropical weather and fertile soil of Bangladesh has made it an
ideal place for the growth of a diverse medicinal plants and herbs. With such a rich
heritage of medicinal plants Bangladesh is regarded as a storehouse of herbal medicines
in the region of the South East Asia.

From time immemorial, these medicinal plants and herbs took primary care of health for
thousands and millions of people of this country as they were mainly used as remedy for
multiple diseases under various traditional systems e.g. the Ayurvedic, the Unani and the
Kaviraji. But for various reasons only a very few of these plants have been investigated
chemically and yet then not systematically. The truth is that most of them have not yet
undergone any phytochemical and biomedical investigations. Now-a-days Bangladesh at
the cost of a lot of foreign currency imports huge quantities of plant materials and their
extracts which are used principally for the manufacture of the Ayurvedic, the Unani, the
Kaviraji and the Homoeopathic medicines and also as basic raw materials in the
pharmaceutical and agrochemical based industries.

Quite a large number of plant bodies grown in Bangladesh have been reported to be
effective against different diseases. Most of these medicinal plants grow widely in forest,
jungles, hillocks and gardens. Research in our country in the field of medicinal plants and
herbs are carried out mainly in the laboratories of the of Chemistry, Biochemistry,
Pharmacy, Pharmacology and microbiology Departments of different Universities as well
as in the Medical Institutes and also to a some extent in the laboratoroies of the
Bangladesh Council of Scientific and Industrial Research (BCSIR ). But the study is not
adequate and systematic and suffers from many obstacles. The most important one is the
lack of funds. The existing scientific aids and instrumental facilities in our country is
quite inadequate in comparison to the enormous potential of our natural resources. The
lack of trust over the third world scientists by those of the first world is another great
barrier in the transfer of technological knowledge in the field of natural product
chemistry and this stands as a major obstacle in the discovery of drugs from our natural
products.

More economic and scientific support or cooperation is necessary amongst the scientists
of advanced countries with those of the third world countries in order to strengthen the
existing research projects and facilities as well as to. explore new research areas for
proper studies of the medicinal plants and herbs in a country like ours for discovery of
newer drugs. In spite of these limitations we have to remember that the modem
medicines with all its glories cannot satisfy the demands of our roral people which covers
nearly 80 % of our total population. Over and above as the modem medical science is
getting more and more developed, the treatment is getting more and more expensive and
going out of the reach of our common people. On the contrary, the traditional medicines
though much more less reliable, are cheap and readily available for the poor people of
this country.
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On the basis of the above discussion it is the high time for us to pay serious attention to
the phytochemical, pharmacological and clinical evaluations of our medicinal plants and
herbs that will lead to the discovery of newer and newer drugs to combat complicated
diseases e.g. heart diseases, cancers, diabetes, rheumatism, arthritis and AIDS.

1.2 : Medicinally important plants and herbs of our country :

The following is a brief summary of the useful medicinal plants and herbs that grow
abundantly in our country and are tradionally used as remedies against various ailments
by the Ayurvedic, Unani and Kabiraji physicians.

Abortion:

Rhizomes of Gloriosa superba L. (Beng.Ulatchandal) (Fam. Liliaceae), leaves and seeds
of Achyranthes aspera L.(Beng.Apang) (Fam.Amaranthaceae) are used as folklore medi-
cines to prvent abortion by our local peopleS.

Anamea:

The leaves of Hygrophilia auriculata ' (Beng. Kulekeshara, talmakhna ), the flowers of
Gmelina arborea ( Beni. Gamari ), the fruits of Phyllanthus amblica4 (Beng. Amla,
Amlaki ), Piper nigram (Beng. Golmarich), the leaf and stem of fresh green plants of
Scoparia dulcis ' ( Beng. Madhumisti ), plant juice of Oxalis corniculata ( Beng. Amrul,
amboli ), the bark of Ixora arborea '(Beng. Sweet rangan ), the plant of Glycomis
penta phyla 4 ( Beng. Matkila, datmajan ), Eclipta alba' (Beng. Kalokeshi,bhimraj) and
the plant of Myrica nagi ' (Beng. Kayaphul ) mixed with ginger are used as medicine for
the treatment of anaemia by the rural people of our country.

Antidiabetes:

The leaves of Coccinia indica ( Beng. Telakucha ), are reported to have sugar lowering
activity and clinical tests on the capsule made of it have proved to be so s.The leaves of
Jatropa curcas L. ( Beng. Jamalgota, Baghverenda)7, the seeds of Mangifera indica 8

Linn. ( Beng. Aam), The leaves of Michelia champaca8 Linn. (Beng. Champa ), the
leaves and seeds of Musa sapientum8 linn. (Beng. Kola ), the leaves and flowers of Vinca
rosea (Beng. Nayantara) (Fam.Apocynaceae), roots of Asparagus race-mousus L.(Beng.
Shathamuli) (Fam.Liliaceae),leaves and seeds of Sesbania grandiflora (L.) pers.(Beng.
Bak-phul), (Fam. Legumminosae)setc.are used for the treatment of diabetes.
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ceptive pill comprising of a mixture of exudates of Acacia catchu ( Beng. Khoyer ),
powdered seeds of Trigia involucerta, powdered barks of Acacia arabica has been
shown to inhibit fertility of female rats to the extent of 87.5 % without affecting the
oestrous cycles of the rats6; roots, leaves and flowers of Hibiscus rosa-sinensis L.(Beng.
Jaba) (Fam.Malvaceae)s are also found to inhibit antifertility activity.

Appetiser:

Roots of Asparagus racemosus L.(Beng.Shatamuli) (Fam. Liliaceae) ; roots and leaves of
Scoparia dulsis L.(Beng. Bandhonia); (Faro. Scrophulariaceae) ; leaves of Mohania
macrophylla willd.( Beng. Moghania) (Fam. Leguminosae),; fruits of phyllanthus
emblica L.(Beng. Amlaki) ( Fam. Euphorbiaceae) and fruits of Terminalia chebula
tetz.(Beng. Haritaki) (Faro. Combretaceae)s are traditionally taken as appetiserby the
rural people of our country.

Antiseptic:

Bulbs of Allium sativum 6. (BOOg.Rasun ) (Fam. ), leaves of Pistia atraides L6 (Beng.
Topapana ), Azadirachta indica (Beng. Neem) ,Eucalyptus globules8, seeds of Cleome
viscosa L6• (Beng. Hurhuria )(Fam.Capparidaceae), Trigonel/a foenumgraecum9 (Beng.
Methi), the plants like Oxalis comiculata L.(Boog. Amrul), Saccharum officinarum L6.
(Beng. Akh) ; leaves of Moghania macrophylla (Willd.) 0, Kuntze.(Beng. Moghania)
(Fam.Leguminosae), leaves of Tridax procumbens L.(Beng.Tridhara) (Fam.Compositae),
upper part of the plant of Eupatorium triplinerve Yah!' (Beng.Ayapan)
(Fam.Compositae), whole plant of Cymbopogon citrates (DC.) Stap f. (Beng.Lemon
grass) (Fam.Gramineae)s etc. are used by the people as antiseptic for cuts and wounds.

Asthma:

The juice of the plant of Coccinia indica6 (Beng. Telakucha ) (Fam.Cucurbitaceae ), the
barks of Alstonia scholaries8 (Beng. Chatim ), Caesalpinia cristia 8 ( Beng. Nata ), the
fruits of Mimusops elengi S ( Beng. Bakul), Terminalia chebulas (Beng. Horitoki), the
leaves of Datura metal 8 Linn. (Beng. Dhutura ), Ricinus communis 8 Linn.(Beng.
Yerenda ), the barks, fruits and leaves of Aegel marmelos 8 ( Beni' Bel ), Mangifera
indica ( Beng. Aam), the barks and leaves of Calotropis gigantia (Beng. Akando) (
Fam.Asclepiadaceae), the plants of Hydrocotyl asiatica8 Linn. ( Beng. Thankhuni),
(Fam.Umbelliferae), roots,leaves, barks and seeds of Cassia occidentalis L. (Beng.Bara
kalkaesunde) (FamLLeguminosae)s,whole plant of Cissus quadrangularis L.(Beng.
HaIjora) (Faro.Yitaceae), roots,fruits,barks and latex of Ficus hispida L. (Beng.
Jagadumur)(Fam.Moraceae), roots and leaves of Tylophora indica(Burm.f.) Merr. (Beng.
Antamul) (Fam.Asclepiadaceae), whole plant of Euphorbia hirta L.(Beng. Dudhi)
(Fam.Euphorbiaceae), Fruits and barks of Terminalia belerica Roxb.(Beng.Bohera)(Fam.
Combretaceae),fruits and seeds of Elettaria cardamomum Maton.(Beng. Elache) (Fam.
Zingiberaceae), roots, leaves, flowers and young stems of Acalypha indica L.(Beng.
Muktajhuri) (Fam.Euphorbiaceae), roots and whole plant of Boerhaavia diffusa L. (Beng.
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Purnanaba) (Fam. Nyctaginaceae), whole plant of Marsilea quadrifolia L. (Bengali.
Sushuni) (Fam. Marsiliaceae), roots, leaves and flowers of Adhatoda Vasica Nees ( Beng.
Basak) ( Acanthaceae), roots, leaves and seeds of Datura metel L. (Beng. Dhuthra) (
Fam.Solanaceae), leaves and fruits of Passifloraedulii L.( Beng. lhumkalata) (
Passifloraceae), leaves and rhizomes of Typhonium trilobatum(L.) Scott. (Beng.Ghetu
Kachu),(Fam.Araceae), roots and fruits of Solanum sesembifolium L.(Beng.Kantakini)
(Fam.Solanaceae) and whole plant of Marselea quadrifolia L. (Beng. Sushni ) (Fam.
Marsiliaceae) S are used as medicine for the treatment of asthma.

Blood pressure:

Roots of Raowlfia serpentina Benth.(Beng. Sarpagandha) ( Fam. Apocyanaceae), roots
and leaves of Catharanthus roseus (L.) G. Don. (Beng. Nayantara) (Fam.Apocyanaceae),
whole plant of Marselea quadrifolia L. (Beng. Sushni ) (Fam. Marsiliaceae)s are
traditionally used for alleviating blood pressure.

Blood purifier:

Roots, leaves and sterns of Amaranthus spinosus L (Beng. Kanta notey) ( Fami.
Amaranthaceae), rhizomes of Kaempferia rotunda L.(Beng. Bhuin champa), (Fam.
Zingiberaceae), roots, leaves and flowers of Tagetes erecta L.(Beng. Ganda) (Fam.
Compositae), roots and leaves of Crystolepis buchanani Roem.& Schult ( Beng.
Dudhilata), ( Fam. Apocyanaceae), whole plant of Enhydra j1uctuans Lour.( Beng.
Helencha) (Fam. Compositae), rhizomes of Curcuma longa L. (Beng. Halud) (Fam.
Zingiberaceae) and whole plant of Mimosa pudica L.(Beng. Lajjabati), (Fam.
Leguminosae)s are used as blood purifier.

Bronchitis:

Roots,leaves, barks and seeds of Cassia occidentalis L. (Beng.Bara kalkaesunde)
(FamLLeguminosae), roots,fruits,barks and latex of Ficus hispida L. (Beng. Jagadumur)
(Fam.Moraceae), roots and leaves of Tylophora indica(Burm.f.) Merr.(Beng.Antamul)
(Fam.Asciepiadaceae), whole plant of Euphorbia hirta L.(Beng. Dudhi)
(Fam.Euphorbiaceae), roots, seeds, barks and leaves ofClome viscosa L. (Beng.Hurharia)
(Fam.Capparidaceae), leaves and seeds of Achyranthes aspera L.(Beng. Apang)
(Fam.Amaranthaceae), whole plant of Cymbopogon citrates (DC.) Stap f.(Beng.Lemon
grass) (Fam.Gramineae), leaves and rhizomes of Typhonium trilobatum (L.) Scott.
(Beng.Ghetu Kachu),(Fam.Araceae), roots, leaves and stems of Amaranthus spinosus L
(Beng. Kanta notey) ( Fami. Amaranthaceae), rhizomes of Acorus calamus
L.(Beng.Boch) (Fam. Araceae), roots and leaves of Indigofera tinctoria L. (Beng. Nil)
(Fam. Leguminosae), fruits and seeds of Capsicum jrutescens L.(Beng. Marich) (Fam.
Solanaceae),roots, leaves of Tridax procumbens L.(Beng.Tridhara) (Fam.Compositae),
leaves and flowers of Tagetes erecta L.(Beng. Ganda) (Fam. Compositae), leaves of
Uesmot1ium gangeticum (L.) uC.(l:leng.Salpam), V'am. Legummoase) and the whole
plant of Enhydra j1uctuans Lour.( Beng. Helencha) (Fam. Compositae) are frequently
used by the local people for the treatment of the bronchitic patientss.
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Cancer:

The alkaloids, vincristine and vinblastine isolated from Vinca rosea6 (Beng.Nayantara)
(Fam.Apocynaceae) are widely used against blood cancer, leukemia. The latex of Ficus
racemosa6 Linn. (Beng. Jagadumur) (Fam.Moraceae) is useful as anticanceral agent. The
Leaves of Rhinacanthus nasuta6 Linn. (Beng. Juipana ) are applied in the treatment of
cancer. The plant Vi/ex trifolia6 Linn. (Beng. Panisamalu) shows anticancer activity.
Roots of Asparagus racemousus L.(Beng. Shathamuli) (Fam.Liliaceae), roots and leaves
of Piper betel L.(Beng.Pan) (Fam.Piperaceae); seeds and whole plant of Hyptis
suaveolens Poir.(Beng.Tukma) (Fam.Labiatae) and the whole plant of Xanthium indicum
Koen. ex Roxb.(Beng.Ghagra) (Fam. Compositae) are used against cance~.

Constipation:

Roots and whole plant of Boerhaavia diffusa L. (Beng. Purnanaba)(Fam. Nyctaginaceae),
roots,leaves and seeds of Clitoria ternatea L. (Beng.Aporajita) (Fam.Leguminosae),
roots,leaves,flowers and young stems of Acalypha indica L.(Beng. Muktajhuri)
(Fam.Euphorbiaceae), fruits and seeds of Elettaria cardamomum Maton.(Beng. Elache)
(Fam.Zingiberaceae), roots, leaves, flowers, barks and white latex of Calotropis procera
Br.(Beng.Akanda)(Fam. Asclepiadaceae),fruits and barks of Terminalia belerica
Roxb.(Beng.Bohera)(Fam. Combretaceae), whole plant of Eclipta alba (L.)
Hassk.(Beng.Kesuti) (Fam.Compositae) and the leaves of Aloe indica Willd. ( Beng.
Grithakumari) (Fam.Liliaceae)5 are used as folklore medicine against constipation.

Diarrhoea:

The bark of Alstonia scholaris 4 Linn. (Beng. Chatim) is a valuable remedy in chronic
diarrhoea. The bark and seeds of Albizzia lebbech6 linn. (Beng. Sirish), are given in
diarrhoea. The roots of Bergenia ligulata8 ( ben!. Pathorkuchi ) ,Ipomoea batatai (
Beng. Misti alu ), the plants of Cyndon dactylon (Beng. Durba ), Oxalis corniculata
Linn. (Beng. Amrul), the leaves of Hydrocotyl asiatica (Beng. Thankuni) ( Fam.
Umbelleferae), roots of Asparagus racemousus L.(Beng. Shathamuli) (Fam.Liliaceae),
Fruits and barks of Terminalia belerica Roxb.(Beng.Bohera) (Fam. Combretaceae),
leaves of Paederiafoetida L. (Beng.Gandhabhadal) (Fam.Rubiaceae), roots and leaves of
Tylophora indica(Burm.f.) Merr.(Beng.Antamul) (Fam.Asclepiadaceae), roots and leaves
of Phy/lanthus amarus Wab.(Beng.Bhui amla) (Fam.Euphorbiaceae), flowers and fruits
of Bombax ceiba L.(Beng.Shimul) (Fam.Bombacaceae), tender leaves of Lippia alba
L.(Beng. Matkila) ( Fam.Verbencceae), whole plant of Euphorbia hirta L.(Beng. Dudhi)
(Fam.Euphorbiaceae), leaves of Jasminum sambac(L.) Ait.(Beng.BeIiXFam.Oleaceae),
leaves and seeds of Sesbania grandiflora (L.) pers.(Beng. Bak-phul), (Fam.
Legumminosae), roots, leaves and barks of phyllanthus reticulates Poir (Beng. Chitki)
(Fam.Euphorbiaceae)5 etc. are traditionally reported to be effective against diarrhoea.
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Dysentry :

The barks and seeds of Acacia catechu8( Beng. Khoyer), Aegel marmelol ( Beng.Bel),
Diospyros embryopteris (Beng. Gub), Mangifera indica8 L. (Beng. Aam), Phyllanthus
emblict? Linn. ( Beng. Amoloki), the plants and leaves of Oxalis comiculata6 Linn.
(Beng. Amrul), Andrographis paniculata8 (Beng.Kalomegh),roots of Asparagus race-
mousus L.(Beng. Shathamuli) (Fam.Liliaceae), Fruits and barks of Terminalia be/erica
Roxb.(Beng.Bohera) (Fam. Combretaceae), fruits and barks of Terminalia chebula Tetz
(Harithaki) (Fam. Combretaceae), roots and leaves of Tylophora indica(Burm.f.)
Merr.(Beng.Antamul) (Fam.Asclepiadaceae), roots and leaves of Phyllanthus amarus
Wab.(Beng.Bhui amla) (Fam.Euphorbiaceae), whole plant of Euphorbia hirta L.(Beng.
Dudhi) (Fam.Euphorbiaceae), flowers and fruits of Bombax ceiba L.(Beng.Shimul)
(Fam.Bombacaceae), Roots of Raowljia serpentina Benth.(Beng. Sarpagandha) ( Fam.
Apocyanaceae), roots, leaves and flowers of Hibiscus rosa-sinensis L.(BengJaba)
(Fam.Malvaceae), whole plant of Portulaca oleracea L. ( Beng. Nune shak) (Fam.
Portulacaceae) roots, leaves and flowers of Adhatoda Vasica Nees ( Beng. Basak) (
Acanthaceae), roots, leaves, flowers, barks and white latex of Calotropis procera
Br.(Beng.Akanda)(Fam. Asclepiadaceae), roots, flowers, barks and fruits of Baulhinia
acuminita L. (Beng. Kanchan) (Fam.Leguminosae), leaves of Moghania macrophylla
(Willd.) 0, Kentz. (Beng. Moghania) (Fam.Leguminosae), flowers and seeds of
Spilanthes acmella L. (Beng. Marhatitiga) (Fam. Compositae), roots, barks and seeds of
Bixa orellana L.(Beng.Latkan) (Fam. Peperomiaceae) leaves and flowers of Leucas
aspera (Willd)Link. (Beng. Dandakalas), leaves of Tridax procumbens L.(Beng.Tridhara)
(Fam.Compositae), barks, fruits and flowers of Phyllanthus emblica L. (Beng. Amloki)
(Fam. Euphorbiaceae), leaves of Desmodium gangeticum (L.) Dc.(Beng.Salpani), (Fam.
Leguminoase), whole plant of Enhydra jluctuans Lour.( Beng. Helencha) (Fam.
Compositae), roots and leaves of Scoparia du/cis L.( Beng. Bandhania), (Fam.
Scrophulariaceae), roots and barks of Urena sinuate L. (Beng. Ban-okra) (Fam. Malva-
ceae), leaves and seeds of Sesamum indicum L.(Beng.Til)(Fam.Pedaliaceae), roots and
leaves of Polygonum orientale L.(Beng. Bishkantali) ( Fam. Polygonaceae)' are used as
medicine for the treatment of dysentery in Bangladesh.

Eczema:

Roots, leaves and stems of Amaranthus spinosus L (Beng. Kanta notey) ( Fami.
Amaranthaceae), roots, leaves and seeds of Achyranthes aspera L.(Beng.Apang)
(Fam.Amaranthaceae), whole plant of Peperomia pellucida Kunth. (Beng.Luchipata)
(Fam. Peperomiaceae), rootes and leaves of Cassia alata L.( Beng. Dadmardan) ( Fam.
Leguminosae) sare used for the treatment of eczema.

General tonic:

The flowers of Helianthus annus8 (Beng. SUljamukhi), Jasminium sambac8 (Beng. Beli,
Banmallika), Rosa centijolia8 (Beng. Golap), the leaves and flowers of Acacia arabias

(Beng. Babla), Psidium guyava8 (Beng. Peyara ), the seeds of Carica papaya8 (Beng.
Papaya ), the roots of Bergenia ligulata8 (Beng. Patharkuchi), Plumbago zeylanica8
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(Beng.chitruk), the fruits of Terminalia arjuna8 (Beng. Arjun,Arjuna) ( Fam. Combreta-
ceae), the plants ofVemonica cinerea' (Beng. Kalajira), etc. are used as general tonic.

Gonorrhoea:

Roots,leaves, barks and seeds of Cassia occidentalis L. (Beng.Bara kalkaesunde)(Fami.
Leguminosae);the roots, leaves and flowers of Coccinia cordifolia L.Cogn. (Beng.
Telakucha) (Fami.Cucurbitaceae); seeds and flowers of Linium usitatissimum L.
(Beng.Tisi) (Fam.Linaceae);leaves of Ipomoea aquantica Forsk.(Beng.Kalmi shak)
(Fam.Convolvulaceae); roots,leaves and seeds of Clitoria tematea L. (Beng.Aporajita)
(Fam.Leguminosae); leaves and barks of Abroma augusta L. (Beng.Ulatkambal)
(Fam.Sterculiaceae); rhizomes of Gloriosa superba L. (Beng.Ulatchandal) (Fam.
Liliaceae); roots and barks of Urena sinuate L. (Beng.Ban okra) (Fam.Malvaceae); roots
and leaves of Phyllanthus amarus Wab.(Beng.Bhui amla) (Fam.Euphorbiaceae); tender
leaves of Camellia sinensin (L.) O.kuntze. (Beng.Cha) (Fam.Theaceae);leaves of
Premna integrifolia Linn.(Beng.Goniari) (Fam.Verbenaceae); roots and fruits of Solanum
sesembifolium L.(Beng.Kantakini) (Fam.Solanaceae); roots, seeds, barks and leaves of
Clome viscosa L. (Beng.Hurharia) (Fam.Capparidaceae); leaves and fruits of Physalis
minima L.(Beng. Phutki) (Fam.Solanaceae) and roots, leaves and stems of Amaranthus
spinosus L (Beng. Kanta notey) (Fami. Amaranthaceae)5 are used by the Ayurvedic and
Unani practioners of Bangladesh for making various preparations used against the
veneral disease gonorrhoea.

Haemorrhage:

Roots and leaves of Pogostemon pubescence Benth(Beng.Shul) (Fam.Labiatae), leaves
and rhizomes of Typhonium trilobatum(L.) Scott. (Beng.Ghetu Kachu),(Fam.Araceae),
roots and leaves of Withania somnifera Dunal. (Beng.Aswangandha) (Fam. Solanaceae),
and the upper part of the plant of Eupatorium triplinerve Vahl.( Beng. Ayapan ) (Fam.
Compositae)5 are used to stop haemorrhage.

Heart disease:

Fruits and barks of Terminalia arjuna Bedd (Beng. AIjun)(Fam.Combretaceae), leaves
and seeds of Cajanus cajan (L.) Mill (Beng. Arhar) (Fam. Leguminosae), leaves and
fruits of Solanum migrum L.(Beng.Kakmachi) (Fam.Solanaceae), upper part of the plant
of Eupatorium triplinerve Vahl. (Beng.Ayapan) (Fam.Compositae),roots and fruits of
Carissa congesta Wight.(Beng.Karamcha) (Fam.Apocynaceae) and leaves of Pandanus
odoratissimus L.f. (Beng.Keya) (Fam.Pandanaceae)5 are used by the traditional praction-
ers against various heart diseases.

Hypertension:

The roots of Rauwolfia serpentinalO ( Beng. Sarpagandha ) are known to be an important
source of hypertensive and tranquillizer reserprine. Recent clinical trials on the capsule
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made from the dried powered leaves of Moringa oleijerall (Beng. Sajna) have shown
encouraging results as antihypertensive agents.

Jaundice:

The leaves of Aloe indica Willd ( Beng. Grithakumari) (Fam.Liliaceae); roots of
Asparagus racemousus L.(Beng. Shathamuli) (Fam.Liliaceae); fruits and barks of
Terminalia chebula tetz.(Beng. Haritaki)(Fam.Combretaceae); roots, leaves, fruits,barks
and seeds of Azadiracta indica L.(Beng. Nim) (Fam. Meliaceae); roots and whole plant
of Boerhaavia diffusa L. (Beng. Purnanaba)(Fam. Nyctaginaceae); barks,seeds and seed
oil of Carthamus tinctorius L.(Beng.Kusum phul) (Fam.compositae); roots and leaves of
Phylanthus amarus Wab.(Beng. Bhui amla) (Fam.Euphorbiaceae);barks, fruits and
flowers of Phyllanthus emblica L. (Beng. Amloki) (Fam. Euphorbiaceae) ; whole plant of
Hedyotis corymbosa(L.) (Beng. Khet papra) (Fam.Rubiaceae); whole plant of Centilla
asiatica(L.) (Beng.Thankuni) (Fam.Umbelliferae); leaves,barks,fruits and seeds of
Flaceourtia indica Merr.(Beng. Baichi)(Fam.F1aceourtiaceae); leaves and seeds of
Cajanus cajan (L.) Mill (Beng. Arhar) (Fam. Leguminosae); roots, barks and seeds of
Bixa orellana L.(Beng.Latkan) (Fam. Peperomiaceae) leaves and flowers of Leucas
aspera (WiIld)Link. (Beng. Dandakalas)5; the roots, leaves and flowers of Coccinia
indica8 (Beng.Telakucha) (Fami.Cucurbitaceae); the leaves and barks of Lawsonia
inermis8 (Beng. Mehendi); the plants of Sphaeranthus indicus8

( Beng. Chagal nadi); the
roots of Ipomoea turpethum12 (Beng. Dud kalmi), etc. are used as cure of jaundice.

Leprosy:

Leaves,flowers,fruits and seeds of Lawsonia inermis L.(Beng.Mehedi)(Fam.Lythraceae)
;fruits and barks of Terminalia belerica Roxb.(Beng.Bohera)(Fam. Combretaceae);
roots,leaves,flowers,barks and white latex of Calotropis procera Br.(Beng.Akanda)(Fam.
Asclepiadaceae); flowers and fruits of Bombax ceiba L.(Beng.shimul) (Fam.Bombaca-
ceae) ; leaves,flowers and fruits of Vernonia patula(Dryand)Merr. (Beng.Kooksim)
(Fam.Compositae);leaves and seeds of Cajanus cajan (L.) Mill (Beng. Arhar) (Fam.
Leguminosae); whole plant of Cymbopogon citrates (DC.) Stap f.(Beng.Lemon grass)
(Fam.Gramineae); leaves of Pandanus odoratissimus L.f. (Beng.Keya) (Fam. Pandana-
ceae); roots and barks of Urena sinuate L. (Beng.Ban okra) (Fam.Malvaceae) roots,
leaves, flowers, barks and white latex of Calotropis procera Br.(Beng.Akanda)(Fam.
Asclepiadaceae)5 are employed as treatment of leprosy.

Malaria:

An infusion of the flowers of Caesalpinia pulcherima 6 (Beng.Krishnachura) in malarial
fever, ground leaves of Calycopteris floribunda 4 Linn. (Beng. Goachelata ), leaves of
Helianthus annus 4 Linn. (Beng. Surjamukhi),the decoction of Lantana camara 4 Linn. (
Beng. Chotra) etc. are considered useful in the treatment of malaria. leaves,flowers and
fruits of Vernonia patula(Dryand)Merr. (Beng.Kooksim) (Fam.Compositae)5, the whole
plant of Xanthium indicum Koen. ex Roxb.(Beng.Ghagra) (Fam. Compositae), leaves and
barks of Vitex negundu L.(Beng.Nisinda) (Fam.Verbenaceae), leaves, flowers, seeds and
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whole plant of Ocimum sanctum L.(Beng. Tulshi) (Fam.Labiatae), roots, leaves and
flowers of Adhatoda Vasica Nees ( Beng. Basak) ( Acanthaceae)5 are used for the cure of
malaria in the roral areas of our country.

Piles:

Fruits and barks of Terminalia belerica Roxb.(Beng.Bohera)(Fam. Combretaceae), fruits
and barks of Terminalia chebula Tetz (Harithaki) (Fam. Combretaceae), the leaves of
Aloe indica Willd ( Beng. Grithakumari) (Fam.Liliaceae); roots,fruits,barks and latex of
Ficus hispida L. (Beng. Jagadumur) (Fam.Moraceae); leaves of Paederia foetida L.
(Beng.Gandhabhadal) (Fam.Rubiaceae); leaves and seeds of Cajanus cajan (L.) Mill
(Beng. Arhar) (Fam. Leguminosae); leaves and fruits of Solanum nigrum L.
(Beng.Kakmachi) (Fam. Solanaceae); roots, flowers, barks and fruits of Baulhinia
acuminita L. (Beng. Kanchan) (Fam.Leguminosae); leaves of Jasminum sambac(L.)
Ait.(Beng.Beli)(Fam.Oleaceae); leaves of Desmondium gangeticum (L.) Dc. (Beng.
Salpani) (Fam.Leguminosae); roots and leaves of Withania somnifera Dunal. (Beng.
Aswangandha) (Fam. Solanaceae); fruits of Carum coptieum Benth.(Beng.Jowan) (Fam.
Umbelliferae); roots, leaves and seeds of Achyranthes aspera L.(Beng.Apang)
(Fam.Amaranthaceae), leaves and fruits of Solanum migrum L.(Beng.Kakmachi)
(Fam.Solanaceae), whole plant of Mimosa pudica L.(Beng. Laliabati), (Fam. Legumino-
sae) and leaves and seeds of Sesamum indicum L.(Beng.Til)(Fam.Pedaliaceaet are used
against piles.

Rheumatism : Fruits and barks of Terminalia belerica Roxb. ( beng. Bohera) (Fam.
Cobretaceae); roots and seeds of Ricinus communis L.(Beng.Bherenda)(Fam.
Euphorbiaceae); barks and white latex of Calotropis procera Br. (Beng. Akanda) (Fam.
Asclepiadaceae); fruits and seeds of Elettaria cardamomum Maton (Beng. Elache) (Fam.
Zingiberaceae); roots, leaves and seeds of Clitoria ternatea L. (Beng. Aparajita)(Fam.
Leguminosae); whole plant of Centella asiatica L. (Beng. Thankuni)(Fam. Umbelliferae)
; barks and seeds of Azadirachta indica Linn.(Beng. Neem) (Fam. Meliaceae); seeds and
whole plant of Hypitis suaveolens Poir (Beng. Tokama) (Fam. Labiatae); leaves and
flowers of Leucas aspera (willd)(Beng. Dandakalas) (Fam. Labiatae); Rhizomes of
Acorus calamus L.(Beng. Boch)(Fam. Araceae); roots of Hemidesmus indicus L.(Beng.
Anantamul) (Fam. Asclepiadaceae); whole plant of Cymbopogon citrates(Beng. Lemon
grass) (Fam. Gramineae); Seeds of Trogonellafoenum -graceum L.(Beng. Methi) (Fam.
Leguminosae); roots and leaves off Withania somnifera Dunal(beng. Aswagandha)
(Fam. Solanaceae) and seeds of Nigella sativa L. (Beng.Kalojira) (Fam. Ranunculaceae)
are usually used against rheumatism5.

Skin diseases:

The flowers of Helianthus annus8 Linn. (Beng. SUljamukhi), the leaves and barks of
Lawsonia inermis 8 (Beng. Mehendi), Hydrocotyl asiatica8 (Beng. Thankuni), the barks
of Albizzia amara (Beng. Amoloki), the plants of Cynodon dactylon13 (Beng. Durba ) ,
sthe barks, leaves and juice of ripe fruits of Cassia fistula8 linn. ( Beng.Bandarlathi ) etc.
are used as medicines for the cure of skin diseases.



11

Syphilis:

Leaves of Pandanus odoratissimus L.f. (Beng.Keya)(Fam.Pandanaceae); roots, leaves,
flowers,barks and white latex of Calotropis procera Br.(Beng.Akanda)(Fam. Asclepiada-
ceae);leaves and seeds of Sesamum indicum L.(Beng.Til)(Fam.Pedaliaceae);roots,leaves,
barks and seeds of Cassia occidentalis L. (Beng.Bara kalkaesunde) (Fami.Leguminosae)
and roots of Hemidesmus indicus (L.) R.Br.(Beng.Anantamul)(Fam.Asclepiadaceae)5are
used as folklore medicines for the treatment syphilis.

Ulcers :

The leaves of Psidium guyava8 (Beng. Payara) ,Lawsonia inermis8 (Beng. Mehendi) , the
barks of Acacia jamesiana8 (beng. Guyababla), Acacia catechu4 (Beng. Khoyer),
Eugenia jambolana8 ( Beng. Jam ), Punica granatum8 (Beng. Dalimagoch), Terminalia
arjuna 8(Beng. Arjun), the plants and roots of Ipomoea turpethum 12(Beng. Dud kalmi ),
the leaves and fruits of Areca catechu8 (Beng. Shupari) etc. are used as medicines for the
treatment of ulcers.

1.3 : Studies on the medicinal plants and herbs of our country :

Attempts for chemical investigations on a number of Bangladeshi medicinal plants
including some of those already mentioned in the above section 1.2 were done by
different groups of Chemists, Biochemists and Pharmachists of our country. But in most
of the cases the work done are preliminary in nature and consequently inadequate.
Therefore, the medicinal plants of our country demand further phytochemical, pharmaco-
logical and clinical investigations in a systematic manner for isolation usuable drugs.

The present work involves the phytochemical and biological investigations on the fruits
of Terminalia arjuna tree belonging to the genus Terminalia of the family Combreta-
ceae. As reported in the literature, the following sections represent a brief review on the
various aspects of the species Terminalia arjuna belonging to the genus Terminalia and
family Combretaceae.

1.4 : The plant family Combretaceae :

The plant family Combretaceae consists of 16 Genera comprising of 480 speciesl4• But
according to Hartwell15, the genus Terminalia. with some 250 species represents a
substantial tropical component of the family Combretaceae which consists of approxi-
mately 600 species. Early investigation of the genus Combretum (Combretaceae) that led
to the discovery of the combretastatinslr.-18was extended to include the genus Terminalia.

1.5 : The genus Terminalia and its distribution:

!tees ot the genus lerminalia l- :.t:>u species) have a Wide geographical distrIbution and
several species with high growth rates are being evaluated in Papua New Guinea for
commercial production of pulp wood 19'. Now-a-days these trees are cultivated
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extensively in the Indian forests by the sericulture experts since silk worm relishes the
tender leaves of this tree and grow very fast to prepare cocoons at a very rapid pace.
Trees of the genus Terminalia also grow in the road sides of the big cities as an
ornamental trees and grow very well where there is collection or flow of water 19b. They
are distributed mainly in the tropical parts of the world i.e. India, Bangladesh, Burma,
Srilanka, Indo-China, The philipine islands, Malayan Archipelago, Jamaica, Brazil,
Papua New Guiana, La Reunion, South Africa, Guinea, Senegal and Egyptl4• There are as
many as fifteen (15) different species of Terminaliagrowing in Bangladesh, India, Sri-
Lanka, Burma and the Andamans. Table-I represents six (6) different species of
Terminalia that grow abundantly in Bangladesh and also in other parts of the Indian
subcontinent.

Table-l.l : Terminalia species growing in Bangladesh and in other countries of the
Indian-subcontienent.

Native name Scientific name
Genus Species

Terminalia CIltappa
Linn.

Terminalia belerica
Roxb.

Terminalia chebuJa
Retz.

Terminalia Citrina
Flemin

Terminalia Arjuna

Terminalia Tomentosa
W&A.

Name of the Countries in
which grow widely
Bangladesh, India and the
Andamans indi enous .
Bangladesh,India,Burma
and Sri-Lanka
Bangladesh, India, Burma
and Sri-Lanka
Bangladesh,India,Nicobars
and Mala Penisula
Bangladesh, India and Sri-
Lanka
Bangladesh, India (except
Sind and as' utana

1.6 : The species arjuna ofthe genus Terminalia :

The plant species arjuna , botanically known as Tenninaliaarjuna is one of the members
of the genus Terminalia which comprises of - 250 species. It grows widely in
Bangladesh, India, Burma, Sri-Lanka and also in other tropical and sub-tropical parts of
the world. It is one of the most important medicinal plants of Bangladesh and for over the
centuries, traditional practioners of our county have had been using different parts of this
valuable medicinal plant as a remedy against various ailments, particularly in heart
diseases and its recent chemical evaluations demand that it is also active against various
types of cancers20•

1.6.1 : Botany of Terminalia arjuna :

Tenninalia O1juna (Family-Combretaceae) popularly known as "atjuna" in Indian
medicine, is a large deciduous tree growing to a height of 60-90 feet with huge trunk and
horizontally spreading branches (Fig. I.l, page-14) and is found all over Bangladesh and
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India21• The bark is smooth and pinkish grey from outside and reddish from inside. The
sapwood is reddish white and heart wood is brown variegated with darker colored
streaks. The leaves are usually suboppositelO-15 by 4-7cm., oblong or eliptic oblong
,obtuse or subcute, pale dull green above, pale brown beneath, shallowly creanate-serrate
in the upper part or sometimes throughout, base rounded or cordate, often unequal-sided,
main nevers arcuate. I0-15 pairs, veins reticulate, pellucid; petioles 6-10 mm. long with
I or usually 2 prominent glands at the top immediately below the leaves. Flowers sessile,
in short axillary spikes or in terminal panicles; bracteoles Iinear-Ianceolate, shorter than
the flowers, caduceus. Calyx glabrous. Teeth triangular. Ovary quite glabrous; disk
clothed with yellowish or reddish hairs. Drupe fruits are 2.5-5 cm., ovoid or obovoid-
oblong, fibrous-woody, glabrous, dark brown with five hard projecting wings striated
with numerous curves veins (Fig. 1.2, page-14)8.

1.6.2 : Pharmacognostical properties of Terminalia arjuna :

The pharmacognostical features of T. atjuna bark have been systematically studied by
many workers 22-24. Lenticells are few and scattered. Beneath the cork there is a thin
green layer of cortex. The bark occurs as flat or slightly curved in varying size upto 15
cm or more in length and 10 cm in breadth with 3- I0 mm thickness. Lenticells are few
and scattered. Beneath the cork there is thin green layer of cortex. The bark occurs as flat
or slightly curved in varying size upto 15 cm or more in length and 10 cm in breadth with
3- I0 mm thickness. On the outer side of the axis of the bark is a single layered epidermis,
with many cells being developed as hairs. The epidermal layer consists of a rectangular
occasionally occurring crystals of calcium oxalate 14-30-52 microns in length and 12-32
microns in breadth. These crystals are found in phloem parenchymas of bark. The
sapwood is reddish white and heartwood is brown and variegated with brown dark
coloured streaks. Groups of lignified fibres are found in middle region of cortex.
Phellogen is in between fibres deep in cortex and secondary phloem region. The old and
thick bark consists of thick periderm and secondary phloem. The peridium is thin and
consists of 6-8 layers of corck cells, I -2 layers of phellogen and 3-5 layers of phelloderm.
The secondary phloem occupying broad zone consists of alternate tangential bands of
crystal fibres, lignified fibres and phloem elements, traversed by narrow bands or rays.
These tangential bands of crystal fibres and lignified fibres usually extend from one ray
to next and are arranged more or less in concentric rows. Seive tubes and companion cells
are confined only to inner region of bark; in middle and outer bark regions, they are
completely crushed and obliterated. The rays are usually uniseriate, but bi- and
multiseriate rays are also occasionally found in outer bark region. The rays are 3-26 cells
in height.

Tannin, resin, starch grains and calcium oxalate crystals are abundantly found throughout
the bark. Starch occurs both as simple and compound grains. Calcium oxalate crystals are
found in crystal fibres and sphaerulite forms. The cluster crystals are found in crystal
fibres and sphaeulite crystals are irregulary distributed throughout the bark22•

Udupa25 in 1986 reported that microscopically the free hand sections of the bark of T.
atjuna showed epidermis with a hairy covering followed by 3 to 4 layers of collenchyma

,
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and broad zone of parenchyma. There are two types of cork cells in the mature bark, a
layer of two big cells followed by two to three layers of smaller cells and many of these
cells contain crystal fibres with rosette crystals of calcium oxalate and carbonate .
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Fig.l.I : A section of a T. aljuna tree

Fig. 1.2 : Few fruits of T. arjuna showing their physical appearance
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1.6.3 : Medicinal importance of Terminalia arjuna :

In Indian subcontinent the bark of different species of Terminalia are being used since
Vedic period for the treatment of various types of heart diseases26.27and for hundreds and
thousands of years the bark of T. arjuna tree has been used in Indian traditional
Medicines for cure of a large number of ailments. It is acrid, sweet and used as a
cardiotonic and diuretic, in cases of antidysentric fractures, ulcers, blood diseases,
intoxications, urinary discharges, biliousness, aneamia, asthma, tumours, leucoderma,

d h d" . d' c'l d h . 28-33I . t. woun s, as expectorant, ap or IS lac, In car lac lal ure an ypertenslOn . n ancien
Indian medicines, the bark powder and fruit extract of T arjuna were extensively used for
preparing pur~tive, demulcent, laxative, stomachic, astrin~ent and in antidysentric
preparations34- . It is also useful as styptic and and febrifuge 2 ,39.T. arjuna bark powder
is used as "Asava"( alcoholic decoction), "Ghrita"(clarified butter), "Kshirpaka" ( boiled
with milk)46-43.The juice of T. arjuna leaves is traditionally used in the treatment of ear-
ache28.44.

Clinical investigations in near past have shown it to be highly beneficial in ischaemic
heart diseases28,44.Recent clinical evaluation of this Botanical medicine indicates that it
can be of benefit in the treatment of coronary artery disease, heart failure, and possibly
hypercholesterolemia. It has also been found to be antibacterial and antimutagenic4s,46.
Hartwell reported that at least seven Terminalia species are used in traditional treatment
of cancer47. G.R. Pettit et al.20 reported the presence of cancer cell growth inhibitory
constituents in the bark, stem and leaves of T. arjuna and hence accounted for the
rationale underlying the use of T.arjuna in traditional cancer treatments. Because of its
wide medicinal uses, particularly in heart diseases and cancers, T. arjuna, received a
tremendous attention of the Chemists, Biochemists, Pharmachists, Microbiologists and
Pharmacologists all over the world and they are very much intereSted in its
phytochemical investigations for isolation and characterization of its activb principles
that are effective against those ailments.

1.6.4 : Phytochemical studies on Terminalia arjuna :

A considerable amount of work has been done to isolate chemical constituents from
various parts of this important medicinal plant T. arjuna. Early attempt~ to isolate
medicinal agents from this important medicinal plant yielded a variety of relatively
simple secondary metabolites e.~. tannins, sugars, pentacyclic triterpenoid acids and
their glycosides and flavonones 19, 27,48,49. .

Dymock et al. reported the presence of calcium carbonate in the T.arjuna barkso and the
subsequent studies revealed the presence of sugar, tarmin, coloring matter, glycoside,
calcium carbonate and traces of chlorides of alkali metals in the bark of T. arjuna27.
Chopra and Ghoshs1 found large quantities of calcium salts, small amounts of aluminium
and magnesium salts, organic ester and acids, pyrocatechol tannins and coloring matters.
Later studies confirmed the presence of tannins, minerals and coloring matters in the bark
powder of T. arjuna and also showed the presence of two glycosides arjunine and
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Table 1. 2: Chemical constituents obtained from various parts of Terminalia arjuna

No Name of the compound Plant from where isoalted Refemces
1 B-sitosterol Bark, Heart wood, Fruit 53,54,59,60,61,62,63,64
2 Ariunetin Bark, Root bark 65,66,67,68,69,
3 Arjunglucoside -1 Bark, Root bark 67,69
4 Ariunglucoside-II Bark 67
5 Arjunglucoside-III Bark 68
6 Ariungenin Bark 67,68,70
7 Ariunolic acid Bark,Heart wood, Timber 53,54,62,67
8 Oleanolic acid Heartwood 53,62
9 Sitosterol glucoside Fruit 71
10 Ali unic acid Bark, Fruit 59,60,62,64,67,68
11 Ariunolitin Stem Bark 72
12 Terminolitin Fruit 73
13 Arjunoside-l Root bark 62
14 Ariunoside-II Root bark 62
15 Ariunoside-III Root bark 69
16 Ariunoside-IV Root bark 69
17 Terminic acid Root bark 64
18 Methyl oleanolate Fruit 64
19 Friedelin Bark 64,74
20 (+)Leucodelphinidin Heart wood 54
21 (+)Leucocvanidin Bark, Root bark 64,66
22 Ariunolone Bark 75
23 Baicalein Bark 75
24 Arjunone Fruit 64,76
25 Afrormosin Fruit 71
26 Cerasidin Fruit 64
27 Quercetin-7 -O-rhamnoside Fruit 71
28 Ellagic acid Bark, Fruit, Root bark 53,54,60,64,69
29 Gallic acid Root bark, Fruit, Stem 20,64,69,70
30 Mannitol Bark, Fruit 59,66
31 Catechol Bark 77
32 Oxalic acid Bark 27,58
33 Ethvl gallate Bark, Stem, Leave 20
34 Luteolin Bark,Stem, Leave 20

arjunetin 27. Several workers identified silica, chrcoal, tar, pyrollignean, triterpene etc. in
its bark powder while from petrol extract of heart wood j3-sitosterol was iidentified 27.52.

Ether extract of T. 31juna bark powder yielded 31junilic acid as a major product and
ellagic acid as a minor product 27,53. Leucodelphinidin and 31junolic acid were also
isolated from acetone extract of the heart wood of T. aTjuna27,54. Anjaneyuluss isolated
j3-sitosterol, ellagic acid, arjunic acid and arjunetin from T. arjuna bark powder. Rao
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and Co_workers27,56 isolated arjunetin, arjunolic acid, arjunic acid and glucose from T.
arjuna bark powder. The structure of the monoglucoside arjunetin was established as
2a, 313,19a-trihydorxyolean-1 2-ene-28-earboxy-14-13(+ ) glucopyranoside.

In the recent past Aroor et al.27, 57 found that the crude powder of T. arjuna contains rich
amount of magnesium (4000 J.lglg) in addition to calcium(3133 J.lglg), Zinc (119 J.lglg)
and Copper (19 J.lglg).Oxalic acid was also found in T arjuna27,S8 in very good amounts.

During the long course of work various authors isolated a good number of flavones,
flavonoids, flavonoid glycosides and triterpene ~Iycosides from the various parts T.
arjuna e.g. heart wood, bark, root bark and fruits 19 .27. Table 2 (page-16) is a brief list of
the important secondary metabolites that have been isolated from different parts of T.
arjuna along with their references of isolations. The following are the structures of the
isolated compounds (with melting points when available) as listed in the Table 2.

1.6.5 : The structures of the isolated compounds:

/l-sitosterol, (I)
m.p., 136-37 C

-0

Arjunglucoside-l
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1.6.6 : Pharmacological and clinical studies on Terminalia arjuna :

The initial mention of T. Q1juna as a " Hridya- a drug which strengthens the heart" was
interpreted as if the drug possesses cardiotonic action. It was also conceived that it
improves the rate and force of contraction of heart. The initial studies on T.arjuna was
cntered around this belief.Ghoshal as a Ph.D. student of Calcutta University was probably
the first to study the effect of crude bark powder of T.arjuna on frog' s and rabbit's
heart. He found the drug to be cardiac stimulant27 (Table2). .

The bark of T. arjuna in its powdered form mixed with milk is recommended in various
cardiac diseases. A decoction of the bark is also used as a wash in ulcers. The fruits are
reported to be used as tonic and deobstruent. The fresh leaves are said to be the remedy of
ear-ache. The ashes of the bark and plant are used in snake bite and scorpion sting8,19b.

Yagbhatta recommended the pulverised bark of T.arjuna with milk as a heart tonic in
various cardiac problems, According to him when administerd as decoction with milk
every morning in emrt~ stomach for a long period of about a year, all cardiac problems
are said to be curedl9 ,7 .

T. arjuna bark was recommended by Ayurvedic practioners in the treatment of all three
types of tumors e.g. Kapha, Yatta and Pitta and in cardiac failure and dropsy. The bark
and various preparations made from it are reputed to have marked stimulation on the
heart and belie~ed now-a-days to work as a heart tonic8,19b, 21.

On careful analysis Chopra and his co-workers found the presence of large quantities of
Ca-salts while minor amounts AI and Mg salts in the bark of T.arjuna. He prepared
different fractions from petroleum ether extract, alcohol extract and aqueous extract and
administered them in a number of patients suffering from congestive cardiac diseases.
But except the Ca-containing fractions no other fraction produced any fruitful effect in
any of the patient. Decoction of the bark of T. arjuna was also studied by Koman on
vulvular heart diseases with palpitation and pain but with no benefit 8,19b,2l.

Ghosh isolated a glycoside from the bark of T.arjuna and when it was injected
intravenously in animals, it produced a persistent rise in blood pressure. He also observed
that the alcoholic extract showed beneficial result in a number of cases of cardiac attack
might be due to the glycosidic principle present in the extract. On the otherhand, Caius,
Mhaskar and Isaacs studied the pharmacological action using hot infusion, decoction and
alcoholic extract of the dried cleaned bark of T.arjuna and carne to the conclusion that the
bark of the plant is mild diuretics, fairly potent cardiac stimulant and cardiotonic8,19b,2l.
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Ghosh further observed that the extract of T. arjuna bark stimulated the force of-
contraction of frog heart in situ with slight increament in the heartbeat. Though the
amplitude of contraction increased with the increase of the drug, at a certain limit the
heartbeat became slow. A pause caused in between contraction and ventricle stopped due
to the lowering of the auriculo-ventricular conductivity and the blocking effect was
gradually passed off8,19b,2l.

Gupta repeated the studies of Ghosh with almost similar results in the perfused frog heart
preparation. Thus he came to the conclusion that the drug had definite cardiotonic activity
with an increased cardiac output. But all his attempts to isolate physiologically active
compounds e.g. alkaloids, cardiac glycosides and sterols responsible for producing
cardiotonic effect came in vain. So, he was forced to came to the same conclusion as that
of the earlier workers that its cardiotonic action is possibly due the high calcium content
which might somehow interfere with the calcium channel. Further, the effect of the of
this drug on the prothrombin time was also studied in rabbits. But the oral examination of
the alcoholic extract of arjuna did not respond in in prolongation of prothrombin time in
these experimental animals19b,79.

Gupta also carried out ligation of the interventricular branch of the left coronary artery in
50 dogs to produce cardiac infarction. 25 dogs were kept under arjuna extract therapy and
the rest 25 dogs were kept as controls. Microangiographic and histological methods were
employed for assessment of the results. During the early stages of the healing following
experimentally produced cardiac infarction, both controlled and experimental groups of
elements displayed similar results. But during the later stages of healing good
collagenisation and early revascularisation of the infracted area in the experimental group
were found which clearly indicated a quicker and a favorable response in the aIjuna
treated experimental dogs 19b,79.

Chaturvedi et al. reported that the alcoholic extract of T. arjuna bark has statistical
significance in hypercholesterolemic, anticoagulant and fibrinolytic effects on
hypercholesterolemic rabbits. It has also no definite action on the serum
phospholipid.The alcoholic extract shows no protective action against isoprenaline
induced experimental myocardial injury. Pharmacological investigations reveals that
arjuna has cardiotonic actions in animals. It may be safely used for the prevention and
treatment of the patients of ischaemic heart diseases 19b,80.

Further observance of Udupa reveals that the bark of T.atjuna has a potent cardiotonic
action possibly due to its high calcium content which might be due to the interference in
the calcium channel. To obtain better results one might have to take this medicine for a
long period. It is highly beneficial in ischaemic heart diseases specialllt when there is the
disturbance in the cardiac rhythm or if there is angina of recent originl b,28. -

Alcoholic extract of T.Q1junabark when adiministered intravenously, it was found to
induce dose dependent decrease in blood pressure and heart rate. The extracts also
inhibited carotid occlusion response without intervening the pressor responses, induced
by intraveneous injection of norepinephrine and by electrical stimulation of preganglionic
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fibres of the abdominal splanchnic nerve. Hypotension and bradycardiac were also
observed following the injection of the extract into the lateral cerebral ventricle and
vertebal artery. The results indicated that the hypotensive and bradycardiac actions of the
T . . I fl" 19b 81.arJuna are mam Y0 centra orIgm '.

It was reported by Pathak et,al. that the T.arjuna bark powder in the dose of 20 mg/IOO
gm body weight has considerable reduction in plasma cholesterol, plasma
catecholamine, along with lowering in plasma protein and brain catecholamine in the
infarcted rats. The study clearly suggests the importance of the drug as a possible remedy
in myocardial infarction as it showed it to be hypocholesteremic, anticatecholaminic and
possibly an inhibitor of catecholamine release from the adrenal glandI9b,82.

The effect of T.mjuna bark powder on serum lipids and lipoproteins in hypercholesterol-
emic rabbits was studied by Tiwari et al.. It showed considerable reduction in total
cholesterol (P< 0.02) and low density lipoproteincholesterol (P< 0.02) in comparison to
the control. High density Iipoproteincholesterol was not changed, There was a slight rise
in triglycerides and very low density lipoproteincholesterol (P< 0.025 and P< 0.05
respectively) and considerable decrease in total cholesterol/high density lipoprotein
cholesterol ratio(P < 0.05/9b,83.

Dwivedi et aI. studied the action of the indegeneous drug of T.arjuna in isochaemic heart
disease patients and observed the alleviation in anginal pain, It was also active in those
patients who have rhythm disturbances, specially who have ventricular premature beats.
The drug was also found to modify known coronary risk factors e,g, body weight, blood
pressure, blood sugar and circulating catecholamins. In view of this consideration,
T.arjuna can be prescribed as a primary preventive measure against ischaemic heart
diseasesI9b,44.

When the bark of T. mjuna was used in the daily doses of 400 mg/kg body weight for 10
days, a significant increase in circulating histamine, a slight increase in 5-HT,
catecholamines and HDL-cholesterol and decrease in total lipid, triglycerides and total
cholesterol of rabbits were noticed by Pathak et al. . Obervance of such positive results
direct the appliance of T. arjuna in controlling the cardiac diseases besides its very
common use as cardiprotective and cardiotonic drug in clinical practice of indegeneous

f d" . I d' 19b 84system 0 me Icme m n la , . .

T. arjuna bark showed considerable antibacterial activity when assayed for antibacterial
activity against Escherichia coli, Klebsiella aerogenes, Proteus vulgaries and
Pseudomonas aerogenes ( gram-negative bacteria) at 1000-5000 ppm using the disc
ditfusion method85,

Effect of T. arjuna on angina pectoris, conjestive heart failure and left ventricular mass
was studied in patients of myocardial infarction with angina and ischaemic
cardiomyopathy. Bark stem powder ofT. arjuna, 500 mg 8 hourly was administered to 10
post-myocardial-infarction patients and two ischaemic cardiomyopathy patients for three
months ( Group A), The patients of Group-A were also on conventional treatment
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comprising of nitrates, aspirin and or calcium channel blokers. Twelve age-, sex-, body
mass index and ECG matched patients of postmyocardial infarction angina receiving only
conventional treatment were used as controls ( Group B). Significant reduction in anginal
frequency was noted in both the groups (3.5 +/- 1.98 to 1.08+ 1.08 per day vs 3.10+0.72
to 1.17+ 0.84 per day). But only Group-A patients showed considerable reduction left
ventricular ejection fraction ( 42.25+9.96 to 52.67+ 12.32 vs 51.831 5.99 to 49.83+2.52%
), and reduction in left ventricular masse 159.18+5I.lI to 127.47+52.40grn/m2 vs
159.1 1+38.92 to 160.78+54.23gm/m2) on echocardiography following three months
therapy. Both patients with ischaemic cardiomyopathy showed significant symptomic
relief in coronary heart failure from NYHA Class III to Class I. Prolonged administration
of T. arjuna did not show any adverse effects on renal, hepatic and haematological
parameters. However, the potential of T. arjuna in improving left ventricular ejection
fraction and reduce left ventricular mass in coronary artery diseases needs further
studies86.

An open study of the bark powder of T. arjuna in stable and unstable angina
demonstrated a 50-percent reduction of angina in the stable angina group after three
months( P< 0.01). A significant reduction was also noticed in systolic blood pressure in
these patients ( P< 0.05). During treadmill testing (TMT), both the onset of angina and
the appearance of ST-T changes on ECG were significantly delayed in the stable angina
groupe P< 0.001), indicating an improvement in exercise tolerance. The unstable angina
group did not experience any significant reductions in angina or systolic blood pressure.
Both groups showed improvements in the left ventricular ejection fraction. Evaluation of
overall clinical condition, treadmill result and ejection fraction showed improvement in
66% of stable angina patients and 20% of unstable angina patients after three months87•

A double-blind, placebo-controlled, two-phase trial of Terminalia extract treatment in
twelve patients with severe refractory heart failure (NYHA Class IV) was conducted.
Either 500mg Terminalia bark extract or placebo was given every 8 hours for two weeks,
in addition to the patients' current pharmaceutical medications (digoxin, diuretics,
angiotensin-converting-enzyme inhibitors, vasodilators, and potassium supplementation).
All patients experienced dyspnea at rest or after minimal activity at the start of the trail.
Dyspnea, fatigue, edema, and walking tolerance all improved while patients were in
Terminalia therapy. Treatment with Terminalia was also associated with significant
improvements in stroke volume and left ventricular ejection fraction, as well as decreases
in end-diastolic and end-systolic left ventricular volumes compared to placebo. In the
second phase of the study, patients from phase I continued on Terminalia extract for
approximately two years. Improvements were noted in the ensuing two to three months,
and were maintained through the balance of the study. After four months' treatment, nine
patients had improved to NYHA Class II and three improved to Class nr88•

Animal studies suggest Terminalia might reduce blood lipids. Rabbits made
hyperlipidemic by feeding them an atherogenic diet were given an oral Terminalia
extract. Animals given Terminalia had a significant, dose related decrease in total and
LDL-cholesterol, compared to placebo ( P < 0.01) 89. However, the amounts used (\00
mglkg body weight) were very large, and it remains to be seen if these significant
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changes will be seen in humans taking relatively smaller oral doses. In a similar study of
rat fed cholesterol ( 25mg/kg body weight) alone or along with Terminalia bark powder (
100 mg/kg) for 30 days, Terrninalia feeding caused a smaller increase in blood lipids and
an increase in HDL cholesterol compared to the cholesterol-only group. The researcher
felt inhibition of hepatic cholesterol biosynthesis, increased fecal bile acid excretion, and
stimulation of receptor-mediated catabolism of LDL cholesterol caused Terrninalia's
lipid lowering effects90.

By means of bioassay-guided separation methods, the cancer cell growth inhibitory
constituents residing in the bark, stem and leaves of the Mauritis medicinal plant T.
aljuna (Combretaceae) were examined. The cancer cell line active components were
found to be gallic acid, ethyl gallate and flavone lutelion.Lutelion has a well established
record of inhibiting various cancer cell lines and may account for most of the rationale
underlying the use of T.aljuna in traditional cancer treatments.Lutelion was also found to
exhibit specific activity against the pathogenic bacteria Neisseria gonorrhoeae20.

Table3 and Table 4 are the brief representations of the Pharmacological and Clinical
studies on T. aljuna done by different authors from time to time while Table 5 represents
the cancer cell growth inhibitory activities of various compounds isolated from T. aljuna.

Table 1. 3: Pharmacological studies on Terminalia arjuna27;

Author and Year Investillation and Resnlts
Ghoshal (1909)" Cardiotonic and stimulant action on frog's and rabbit's heart
Caius et al.(l930)33 Diuretic Properties.
Chopra et al.(l958i' Increase in Frog's heart rate, amplitude of contraction and

Gupta (1971 )79
finally stoppage of ventricle.
Increase the heart rate, amplitude and cardiac output in frog's
and dog's heart.

Gupta et at.(1976)92 No alteration in prothrombin time.
Singh et a/. (I 982)8\ Does Dependent decrease in blood pressure and heart rate.
Chaturvedi (1973)80 Prolongation of prothrombin time in rabbits.
Pandey et al. (1985)93 Hepatoprotective activity and improvement ofliver function in dogs.
Dwivedi et a/.(1987)'4 Enhancement aortic prostaglandin E2 like activity following

isoproterenol induced ischaemia in rabbits.
Dwivedi et aI.( 1988)'5 Onset delays of myocardialischaemiaand decreasesof its severity in rabbts.
Srivastava et a/.(I 988)" Heart rate reduction in isolated rat atrium.
Ram et al.(1997)89 An oral dose of Terrninalia bark extract to hyperlipidemic

rabbits had a significant dose related decrease in total and LDL

Khanna et al.(I996)90
cholesterol compared to placebo (p< 0.01).
By feeding Terrninalia bark powder to the rats, the researchers
felt inhibition of hepatic cholesterol biosynthesis, increased
fecal bile acid secretion and stimulation of receptor-mediated
catabolismofLDL cholesterol caused Terrninalias lipid
lowering effects.
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and oligomeric proanthocyanidins(OPCs) provide free radical antioxidant activity and
vascular strengthening. A dose-dependent decrease in heart rate and blood pressure was
noted in dogs given Termina/ia intravenousll'.

1.7: The aim ofthe present work:

A thorough literature review reveals that a considerable amount of phytochemical, phar-
macological and clinical studies have been done on the bark of T. aljuna. The authors of
the pharmachological and clinical studies (Table 3 and Table 4) came to the conclusion
that the bark of T.aljuna is highly beneficial for various types of heart diseases. Cancer
cell growth inhibitory constituents e.g., gallic acid, ethyl gallate and luteolin have also
been isolated from the leaves, stems and barks of T.aljunaYl. From the literature it
appears a very little phytochemical work on the fruits of T. Arjuna and no report of
pharmacological and clinical evaluations on the fruits of this medicinal plant is available.
So, the fruits of T. aljuna need thorough pharmacological and clinical evaluations. But
before that, the fruits of T. aljuna also demand more and more phytochemical
investigations to unveil its secondary metabolites as well as to know the toxicity of its
crude extracts along with its isolated secondary metabolites with a view to understand
whether the fruits of this important medicinal plant can also be used against heart
diseases and cancer like that of its bark.

The aims of the present project is

(a) to isolate, separate and purify the various secondary metabolites of the fruits of
T.aljuna by using conventional chemical methods.
(b) to determine structures of the isolated and purified compounds by spectroscopic and
chemical methods.
(c) to make preliminary toxicity tests of the isolated crude products and compounds
before doing any vigororous biological studies like pharmacological and clinical
evaluations of the fruits or fruit powders of T. aljuna like its bark.

1.8 : Economic importance of T.arjuna :

Now-a-days many countries of the world, specially China and India in Asia are earning a
huge amount of foreign exchange by exporting medicinal plants and herbs or crude
extracts from medicinal plants and herbs. The tree. T. arjuna grows all over Bangladesh
in large quantities and every year a huge quantity of arjun fruits from these trees are
either wasted away or burnt by the local 'people. The present project is economically
significant from the point of view that if we can isolate some compounds of medicinal
value from T. aruna's fruits, a waste material, perhaps it will be possible for us to earn
some foreign exchange by exporting at least its crude fruit extracts as China and India are
earning by exporting various kinds of crude medicinal extracts to the advanced countires.
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2.0 CHAPTER2

2.1 : General methods:

The following sections of this chapter are a brief description of the various methods
followed in extraction, fractionation and purification of the compounds in the course of
this dissertation.

2.1.1 : Preparation of extracts :

The plant powder was extracted exhaustively with organic solvents of increasing polarity
e.g. with petroleum ether ( 40-60°C), Chloroform (CHCh), Ethyl acetate (EtOAc),
Methanol ( MeOH) and Rectified spirit ( EtOH).

2.1.2 : Evaporation and concentration:

All evaporations and concentrations were done by rotary vacuum evaporation under
reduced pressure at bath temperatures ~ 400 C. Small volumes of non-aqueous solvents
such as chloroform (CHCh) and dichlora-methane (CH2CIz) were concentrated or
evaporated by blowing dry nitrogen through the solvents at room temperature.

2.1.3 : Determination of melting points:

All melting points were recorded in a Fisher John's Electrothermal melting point
.apparatus (Model no. lA 9000) and was uncorrected. The heating was done carefully in
order to maintain a uniform and steady temperature.

2.1.4 : Centrifugation:

All centrifugations were carried out in a Hettich Universal 16A centrifuge at 4000 rpm
for a period of at least 20 minutes.

2.1.5 : Crystallization and Fractional crystallization;

In natural product chemistry, the techniques of crystallization and recrystallization are
usually used for purification of the moderately pure fractions obtained from column
chromatographic(CC), vacuum liquid chromatographic (VLC) and preparative thin layer
chromatographic (PTLC) separations. In the technique of crystallization generally a
solvent is chosen in which the substance or the separated crude mass is least soluble. The
compound or the crude mass obtained from chromatographic separation is clearly
dissolved in a minimum volume of the solvent at an elevated temperature ( if necessary
filtered or centrifuged to make a clean solution) and left undisturbed at room temperature
or cooled in ice or kept in a refrigerator for crystallization or fractional crystallization. In
some cases, especially in case of fractional crystallization usually a mixture of solvents
are used. During fractional crystallization, the mixture of the compounds is usually
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dissolved in a suitable solvent and then a second solvent in which the compound is either
insoluble or sparingly soluble is slowly added until cloudiness is appeared. Then it is left
undisturbed at room temperature or cooled in ice or kept in a refrigerator for
crystallization. When a batch of crystals are formed, it is isolated either by decantation or
by filtration of the mother liquior. In order to remove the adhering materials, the isolated
crystals are washed very quickly with the solvent in which it is soluble. The washings are
added to the mother liquior from decantation or filtration, concentrated and is allowed to
stand for a second batch of crystals.

2.1.6 : Solvents and chemicals:

All the solvents and chemicals used in the extractions and experiments were procured
from E. Merck (Germany) or BDH (England) or Aldrich (America) and were either
meant for laboratory use or were of analytical reagent grade. All solvents either of
commercial grade or of analytical reagent grade i.e. dichloromethane, chloroform, ethyl
acetate, methanol and rectified spirit were distilled prior to use for extraction, chromato-
graphic separation or for any other analytical purpose. Before distillation pyridine was
dried over phosphorus pentoxide and the distillate boiling at 115°C was collected over
potassium hydroxide pellets. Before use pyridine was finally dried over molecular sieve.

2.1.7 : Chromatographic techniques :

In order to separate the crude extracts ( obtained from various solvent extractions) into
the individual pure components, various types of chromatographic techniquers were
employed e.g. paper chromatography (PC), Vacuum liquid chromatography (VLC), Thin
layer chromatography (TLC), Preparative thin layer chromatography (PTLC) and Gas
liquid chromatography (GLC).

2.1. 7.1 : Paper Chromatography:

Paper chromatograms were run on Whatman no. I filter paper by descending develop-
ment technique using anyone of the following solvent systems (v/v).

A. n-Butanol : Pyridine Water (10:03: 03)
B. n-Butanol Ethanol Water (40:11:19)
C. n-Butanol Acetic acid Water (06:02: 01)
D. Ethyl acetate Acetic acid Water (03:01:01)
E. Ethyl acetate Pyridine Water (10:04:03)

The irrigated papers are dried at room temperature and the sugars and the amino acids
were identified on the chromatograms by dipping in, or spraying with anyone of the
following reagents followed by heating at required temperature.

(A) The irrigated dried papers were dipped in aqueous saturated solution of silver nitrate
(I ml) diluted with acetone (500 ml) immediately followed by dipping in ethanolic
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solution of sodium hydroxide (O.5M). These are then washed with 2% sodium
thiosulphate solution followed by water.

(8) The irrigated dried papers were sprayed with an alcoholic solution of aniline oxalate
(1%) followed by heating at 120° for 10 minutes.

(C) The irrigated dried papers are sprayed with an alcoholic solution of P-anisidine and
Phathalic acid followed by heating at 100°C for 10 minutes.

(D) The irrigated dried papers were sprayed with ninhydrin for identification of amino
acids

2.1.7.2: Vacuum liquid chromatography:

The concept of vacuum liquid chromatography (VLC) is a recent development in the
field of chromatographic separation,03. It is a type of column chromatography done under
reduced pressure and the column is usually packed with TLC grade silica gel. The
advantage of this new technique is that it fractionates or splits the crude extracts either
into pure compounds or mixtures of compounds containing less number of components.

In this technique a glass tube of about of 25-30 cm in length and 3-5 cm in diameter fitted
with a water pump and a collecting flask at the bottom is used ( Fig.2.1, page-31). Fine
silica gel G-60, GF254 ( E Mark, 7731 ) is used as an adsorbent. The gel is packed into
the column under an applied vacuum in such a way so that a bed of about 5-7 cm height
is obtained. The mixture to be separated is then pre-adsorbed in the required amount of
the same gel ( as packed in the column) and is placed on the top ofthe bed. Alternatively
a clean concentrated solution of the extract or the mixture may be employed on the top of
the bed. A gradient elution is then carried out with solvents of increasing polarity until
more polar components ofthe mixture or extracts are eluted. The effluents are collected
manually in fractions of about 15-20 ml in test tubes and then the eluates from the tubes
are monitored by TLC. The fractions showing identical spots in TLC are pooled together
and are concentrated by rotary evaporation under reduced pressure.

The advantage of this technique in comparison to column chromatographic separation
lies in the fact that it requires less amounts of eluting solvents, minimum quantity of solid
adsorbents and a shorter time.
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Fig. 2.1 : Vacuum liquid chromatography (VLC)
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2.1.7.3 : Thin layer chromatography (TLC):

During the entire course of the experiments two types of plates e.g. precoated TLC plates
and manually prepared plates were used.

(i) Pre-coated TLC plates: A 0.2 mm thin coating of silica gel (60 GF254) on aluminium
sheets or glass plates were used.
(ii) Sometimes manually prepared silica gel plates were also used.

(a)Manual preparation of the silica gel plates: Glass plates ( 20 x 20 em ; 6 x 2 em )
were washed with detergent, water, distilled water and finally with acetone. Special care
was taken in handling the tubes to avoid any contamination. The glass plates were then
spreaded with slurry of silica gel G-60, GF254 ( E Mark, 7731) in distilled water ( 1:2 ) to
have a layer of - 0.2 mm in thickness to act as a stationary phase. The plates so prepared
were dried in the air. Finally the air dried plates were activated by heating them at 100°C
in an oven for about an hour followed by cooling at room temperature.

(b) Application of the samples and development of the plates: Capillary tubes were
used for spotting the samples on the plates. The spotted plates were developed by the
ascending technique in TLC tanks using selected solvent systems.

(c)Solvent systems: The solvents of various polarities used in thin layer chromatography
are given below:

(I) The following binary solvent systems were used for low polar compounds and
fractions e.g.
(i) n-hexane: chloroform (in different ratios)
. (ii) Chloroform: ethyl acetate ( in different ratios)
(iii) Chloroform: methanol ( in different ratios)
(iv) Ethyl acetate: methanol ( in different ratios)

(2) Ternary solvent systems were used for more polar compounds and fractions e.g
(i) Chloroform: ethyl acetate: methanol ( in different ratios)

(d) Detection of compounds on the developed chromatograms: The developed
chromatoplates were dried at room temperature by hot blow froma hair drier and the
compound/compounds on the plates were located by using anyone of the following
methods:

(i) UV light: The compounds on the developed and dried TLC and PTLC plates were
viewed under UV light source with two different wave lengths e.g. 254 nm and 350 nm.
Some of the compounds were found fluorescing while the others were seen as darks spots
of different colors.
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(ii) Iodine vapour : Iodine vapor is a very common and a versatile reagent for
identifying compounds in developed chromatoplates. The plates were placed into the tank
of iodine vapor to locate the spots. .

(iii) Vanillin in sulfuric acid spray : The plates were sprayed with I% solution of
vanillin in concentrated sulfuric acid and the sprayed plates are heated at 1100e for 10
minutes to identify the spots. The compounds were identified on account of the
development of specific colour ( Mathews, 1963).

(iv) Potassium permanganate spray : The chromatogram was sprayed with a 0.5%
potassium permanganate reagent. The resolved compounds were identified with the
development of colour instantly.

(v) Dragendorffs reagent: The presence of an alkaloidal compound is usually detected
by spraying the developed chromatoplates with Dragendorffs reagent when an orange
red-spot is appeared.

(e) The Rrvalue: Rrvalue is defined as the ratio of the distance travelled by a substance
to the distance travelled by the solvent ( Fig.2.2 ).

Distance travelled by a substance
Rf =

Distance travelled by the solvent

Rf value in a solvent system is a constant for any compound and it is a physical property
of that compound,04.
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Rr = AlB

Fig. 2.2 : A TLC plate showing calculation of Rr value
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(1) Preparation of reagents including spray reagents for chromatograms:

(i) Vanillin sulphuric acid reagent: Sulphuric acid (400 ml) and absolute alcohol (150
ml) is mixed in a beaker ( kept in an ice bath ). Vannilin (0.25 g) is added to this mixture
of alcohol and sulphuric acid, cooled. Thus vannilin sulphuric acid reagent was prepared.

(i i) Potassium permanganate spray reagent : Potassium permanganate ( 500 mg) is
dissolved in distilled water (100 ml). Thus 0.5% potassium permanganate spray reagent
was prepared.

(iii) Ninhydrin spray reagent : The standard reagent for identifYing amino acids is
ninhydrin (triketohydrindenehydrate). It is a 0.1% solution of ninhydrin in acetone and is
prepared by dissolving ninhydrin (100 mg) in acetone(lOO mt).

(iv) Dragendorffs reagent: Bismuth nitrate (1.7 g) was dissolved in distilled water (80
ml) and acetic acid ( 20 ml) was then added to give the solution A. Potassium iodide ( 32
g) was .dissolved in distilled water ( 80 ml ) to give solution B. The two solutions (
solution A and solution B ), 10 ml of each were mixed with distilled water (20 ml ) and
acetic acid (4 ml) to give the reagent.

(v) Mayer's reagent: Mercuric chloride (1.358 g) was dissolved in distilled water (60
ml) and was poured into a solution of potassium iodide ( 5 g ) in distilled water ( 10
ml).The volume of the solution was made 100 ml by adding required amount of water.

2.1.7.4: Column chromatography:

(a) Column: Glass tubes of different lengths and diameters e.g. 90 cm x 8 cm, i.d. and
60 cm x 3 cm i.d. and 30 cm x I cm i.d. fitted with a rota-flow control system were
used column chromatographic separation.

(b) Stationary phase: For normal column chromatographic separation, column grade
silica gel G60-GF254 was used as stationary phase.

(c) Preparation of normal silica gel column : To prepare a particular column, the
required amount of silica gel is swelled into a selected solvent e.g. n-hexane, chloroform,
dichloromethane, ethyl acetate or in a mixture of different solvents in different ratios and
then poured into the column with continous flow of the solvent. For homogenous
packing, the column is equilibrated with two or three column vcolume of solvent. Normal
phase column chromatographic separation is usually performed by gravitational flow
with solvents of increasing polarity.

(d) Application of sample into the column : The crude extract or a subfraction or a
mixture of compounds is applied into the column either in a powdered from or as a
solution. To prepare the powder form of the sample, the sample is dissolved in a
particular solvent or in a mixture of solvents and silica gel ( sample; gel = I : 2 w/w) is
added to the sample solution and the mixture is finally evaporated to dryness falling into
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lumps. The dried lumps are thoroughly powdered in a mortar and the powder so
obtained is applied on the top of the column.

For application of the sample in the form of solution, it is dissolved in a minimum
volume of the column equilibrating solvent and very slowly added on the top of the
equilibrated column with the help of a dropper. The sample layer is then leveled by gentle
tapping ofthe column. On the top of this layer about 0.5-1 cm of the silica gel was placed
so that the surface of the bed is not affected during solvent application.

(e) Fractionationation and monitoring procedure : After sample application, the.
column is eluted with the equilibrating solvent and the polarity of the mobile phase is
gradually increased by adding hexane, dichloromethane, ethyl acetate and methanol. The
eluted effluents are collected either in conical flasks or test tubes. The fractions are
monitored by TLC. The fractions having same Rr values are pooled together, concentra-
ted and is allowed to stand for crystallization or fractional crystallization.

2.1.8 : Tests for steroids:

(a) Tbe Salkowski Test for steroid: The extracted substance (- 2 mg) was taken in a
test tube containing a mixture of chloroform and methanol ( - 2 ml) and a few drops of
concentrated sulphuric acid was slowly added from the side of the tube. Development of
a reddish color in the chloroform layer indicates the presence of a steroid in the sample.

(b) Tbe Liebermann-Burcbard Test for steroids: The extracted sample C 2mg) was
taken in a test tube containing a mixture of chloroform and methanol and few drops of
acetic anhydride was added to it followed by the addition of a few drops of concentrated
sulphuric acid. The development of a greenish color which turns blue on standing indica-
tes the presence of a steroid in the sample.

2.1.9 : Tests for sugars :

(a) Pbenol~ulpburic acid test for sugars: Sample solution (0.5 ml) was taken in a test
tube ( 100 cm long) in such a way that it does not touch the sides of the test tube. Phenol
solution ( 5%, w/v, 0.5 ml ) was added from a dispenser to the sample solution taking
sufficient care not to touch the walls of the tube. Sulphuric acid ( 98%, 2.5 ml ) was
added directly and quickly into the sample using a dispenser. Sufficient care was taken to
avoid splashing of any acid out of the tube. Development of a reddish brown color
confirms the presence of a sugar in the sample lOS.

(b) Moliscb's Test for sugars: 1% sample solution ( 0.5 ml ) was taken in a test tube
and two drops of the Molisch's test reagent was added to it. The test tube was inclined
and with a dropper concentrated sulphuric acid ( 1.0 ml ) was carefully added so that it
flowed down the side of the tube and formed a layer beneath the aqueous solution. After
a few minutes a red-violet ring or coloration was seen at the interface of the two layers.
Gentle agitation, but not enough to mix the layers, caused the violet color to diffuse
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throughout the lower layer. For comparison, a parallel test with a pentose, hexose or a
disaccharide was done.

Molisch's test ragent : a-napthol ( 2.0 g ) was dissolved in 95% ethanol or rectified
spirit ( 50 ml ) to give the reagent.

2.1.1 0 : Spectroscopic methods:

(a) Infrared (lR) spectroscopy: Infra red spectra were recorded on SHIMADZU FTIR-
8400-9000 spectrometer as KBr disc in the Chemistry Department of Bangladesh Uni-
versity of Engineering and Technology (BUED, Dhaka, Bangladesh.

(b) Nuclear magnetic resonance (NMR) spectroscopy: IH-nmr and 13C-nmr spectra of
the samples in DMSO were recorded on a 400MHz NMR spectrometer at the Dhaka
Laboratories of Bangladesh Council of Scientific and Industrial Research (BCSIR),
Dhaka, Bangladesh and also on a Broker WH 400 MHz NMR spectrometer ( in DMSO)
at Ruhr University, Bochum, Germany.

(c) Mass spectroscopy:

The mass spectra were recorded in a high powered mass spectrometer at Ruhr university,
Bochum, Germany.
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3.0 CHAPTER 3

3.1 : Collection of plant materials:

Naturally dried fruits hanging in the tree were collected from T.arjuna trees growing in
the house gardens and road sides of the Laxmipur and Chittagong districts of Bangladesh
during the early part of April, 200 I before any shower of the rainy season poured. The
dried fruits were identified in the Botany Department of Chittagong University and also
in the Bangladesh National Herbarium (BNH), Mirpur, Dhaka.The fruits were thoroughly
cleaned by wet soft cloth and dried again in the air. Only the sound fruits were used for
the purpose of extraction.

3.2: Grinding of the fruits:

The seeds inside the dried fruits of T. arjuna being very hard nuts to crack, the dried
fruits were at first crushed under high pressure and then grinded into powder in a cyclotec
grinding machine (200 mesh). The powder was stored in polythene packets until used for
extractions.

3.3 : Extraction and fractionation of the powder obtained from T.arjuna fruits:

The powder of T. arjuna fruits (5.4 kg) was taken in a large aspirator bottle of capacity
20 L. Pet.ether ( 40-60°C, 16 L ) was added so that the whole of the powder gets
immersed under the pet. ether ( the level of pet ether being at least 3 cm above the
powder level). The extraction mixture so formed was allowed to stand at room
temperature with frequent shaking by a glass rod. After 72 hours, the extract was
decanted and filtered through a fine cloth followed by filtration through whatman no I
tilter paper. The process of extraction with pet. ether was repeated for another time and
the extracts obtained from filtrations were combined together. The residue left after pet.
ether extraction was extracted successively with other organic solvents of increasing
polarity e.g. Chloroform, Ethyl acetate, Methanol and 80% ethanol at room temperature
following the same procedure as described for Pet. ether extraction and the filtered
extracts obtained for different solvents were collected separately. The solvents from the
extracts were evaporated in a rotary evaporator under reduced pressure at a bath
temperature ,,; 40°C. These were then finally dried over phosphorus pentaoxide in a
vacuum desicator under vacuum. The pet ether, chloroform, ethyl acetate, methanol and
90 % ethanol extracts were named as PE ( 61 g), CE (28 g), EE ( 18 g), ME ( 50 g) and
EA (30 g). A flow sheet showing the whole process of extraction and fractionation by
different solvents is given in the Scheme 3.1
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Tarjuna fruit powder(5.4 kg)
Pet ether
2 X 16L

Pet. eth r extract
(20 L)
~Evaporation

Mass PE (61.0 g)

Residue
Ethyl acetate
2 X 14 L

Re idue
Chloroform
2X 14L

Chlorofo extract
( 16L)
. ~Evaporation

Mass CE ( 28.0 g )

Residue
IMethanol
.2X14L

Ethyl e extract
( 15 L)
~Evaporation

Mass EE ( 18.0 g)

R ldeSI ue
90% aqueous alcohol

2 X 14 L

IMethanol extract
( 15 L)

~EvaporatiOl

Mass ME ( 50.0 g )

90010 aqueous alcohol extract
(20 L)
+Evaporation

Mass EA ( 31.0 g )

Residue

Scheme 3.1 : Extraction of the powdered fruits ofI'.arjuna with various solvents

3.4 : Examination of the crude Ethyl acetate extract (Mass EE):

The semi solid Mass EE(-18 g) obtained from ethyl acetate extract had a deep green
colour. It was sparingly soluble in n-hexane, partially soluble in chloroform but
completely soluble in ethyl acetate and methanol. When subjected to TLC examination
on silica gel plates using different solvent systems (on exposition to iodine vapor)
continuous bands from the base rose up to the solvent front showing no good resolution.

3.4.1 : Isolation of the fraction EER1 from Ethyl acetate extract (Mass EE) :

The whole of the Ethyl acetate extract ( Mass EE, 18 g ) was again dissolved in ethyl
acetate ( 500 ml ) giving a deep green colored solution. It was filtered through Whatman
no I filter paper to remove any suspended impurities. The clean solution was subjected to
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concentration in a rotary evaporator under reduced pressure. When it was reduced to a
volume (- 250 ml), cloudiness was observed following which the process of concentra-
tion was stopped. The whole ofthe solution was transferred from the evaporating flask to
a conical flask. The evaporating flask was washed twice with Ethyl acetate ( 2 X 10 ml ).
The washings were added to the main solution, giving a total volume of the solution ( -
270 ml). The solution was allowed to stand at room temperature in the darkness of the
desk for -24 h when some white colored residue was deposited at the bottom of the
conical flask. To ensure formation of further residue, it was allowed to stand undisturbed
for a period of another 72 h. The residue was then recovered by centrifugation. The
centrifugate (mother liquior-260 ml) was allowed to stand in a refrigerator while the
crude residue was dried over phosphorus pentaoxide in vacuum desiccator under vacuum
amounting to ( -1.7 g). When tested for its solubility, it was found insoluble in the
convetional organic solvents i.g. n-hexane, chloroform, dichloromethane, ethyl acetate,
methanol, benzene and toluene. It was also insoluble in water but highly soluble in
dimethyl sulphoxide (DMSO). The whole of the crude residue was then suspended in
hexane ( 25 ml ) and was stirred by a small magnetic follower for about an hour. The
suspension was centrifuged and the centrifugate was transferred. The entire process of
suspension in n.hexane, stirring and centrifugation was repeated for another two times. In
a similar way, this residue was washed with the solvents dicloromethane, ethyl acetate
and methanol and finally with water and dried in a vacuum desiccator over P20S under
vacuum to give a off white colored mass ( - 1.5 g).

The whole of the mass ( 1.5 g) was dissolved in DMSO ( - 2 ml ) and was precipitated by
addition of water. The precipitate was recovered by centrifugation and washed several
times with water, n-hexane and ethyl acetate. The entire process was repeated for another
two times. The mass obtained was off white color. It was finally dried over P20s in a
vacuum desiccator to give the compound EER1 ( -1.4 g). When subjected to TLC in the
solvent system EtOAc : DCM : MeOH ( 80 : 10 : 10), it gave a single spot with Rf value
0.85. .

3.4.2 : Examination of the remaining Mass EE (mother Iiquior) after removal of the
fraction EERI :

The deep green colored mother liquior (- 260 ml, -17.3 g) obtained after removal of the
residual fraction EER} on standing for several days at room temperature and in
refrigerator did not form any other residue or precipitate. When subjected to TLC with
conventional solvents and mixtures of solvents no good resolution was found. Hence
nearly 50% of the mother liquior ( - 8 g ) was subjected to column chromatographic
separation.

3.5 : Column Chromatographic fractionation of the mother liquior :

The mother liquior ( -130 ml :; 8 g) was concentrated to about -30 ml while a very little
suspension appeared. The suspension was removed by centrifugation while a highly
concentrated deep green colored solution was formed. This highly concentrated solution
was applied to the top of a column ( 49 X 3 cm ) prepared by using silica gel as stationary
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phase and n-hexane as mobile phase. After sample application, the column was allowed
stand for about an hour without any elution in order to ensure proper adsorption of the
sample on the top of the column.The column was then eluted first with pure hexane and
then with gradiant mixtures of n-hexane-chloroform, chlorform-ethyl acetate, ethyl
acetate-methanol and finally with pure methanol. Quite a good number colored bands
e.g., deep yellow, pale yellow, deep green, greenish black etc. were observed during the
elution of the column. The eluents were collected in 149 tubes, each containing -15 m\.
The TLC behavior of the eluents were checked and eluents of the tubes showing similar
TLC behavior were pooled together to give in all 9 fractions ( EECI to EEC9). The details
of this column chromatographic separation is given in the Table-3.1.

Table-3.l : Column chromatographic separation of the Mass EE ( after removal of
the fraction EERCt.

Collection TLC Examination Observation Yield Fractions
Tube Nos.

1-9 n-hexane : Chlorofrom There might be two -1.75 g EECI
(60:40) compounds

2 spots, Rf 0.94 and 0.33
10-32 n-hexane : Chlorofrom Might be one -20mg EEC2

(20: 80) compound with
One spot, Rf 0.37 with impurities
small tailing from base line

33-72 Chloroform Might be one EEC3
One spot, Rf 0.39 with compound with
tailing from base line impurities

73-98 Chloroform No resolution EEC4
Tailing from the base line
to the solvent front

99-116 Ethyl acetate: n-hexane There might be two -0.80 g EECs
( 85 : 15 ) different

2 soots, Rr 0.94 and 0.88 compounds
117-119 Ethyl acetate Might be a mixture -0.55 g EEC6

2 spots with tailing, Rf of two compounds
0.98 and 0.88 with other

impurities
120-139 Ethyl acetate and mixtures No resolution EEC7

of ethyl acetate and CHCI3
(Tailing from the base line)

140-144 Chloroform: Ethyl acetate Might be a mixture EECs
(20:80) of three compounds

3 spots with tailing from along with other
base, Rf 0.94, 0.87, 0.81 impurities

145-149 Chloroform: Ethyl acetate No resolution EEC9
(40:60)

Long tailing from base
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3.5.1: Examination of the fraction EEC1 and isolation ofthe compounds EEC1a and
EEC1b'

Tubes I to 9 having similar TLC behavior were pooled together and was designated as
fraction EEC1• Solvent from the fraction was removed by rotary evaporation under
reduced pressure at a temperature :0; 40°C to give a highly viscous greenish liquid. It was
finally dried over P20S in a vacuum desiccator under vacuum (- 24 h ) to give a greenish
brown mass ( 1.75 g). The mass was found to be insoluble in conventional organic
solvents. But it was soluble in dimethyl sulphoxide (DMSO). So the entire mass was
dissolved in DMSO ( -3 ml ) giving a clean solution. Water ( 20 ml ) was added to the
solution while a dense brown precipitate was formed. When subjected to centrifugation (
4000 rpm for 25 min), it was distinctly separated into three layers. One heavy layer (deep
brown colored) was sedimented as residue at the bottom of the centrifuge tube. Above
this heavy layer there was a brown colored liquid layer. A very light layer of a mass
floated above the middle liquid layer.

The floated light mass was separated mechanically by means of a spetula and was taken
in another centrifuge tube. It was washed 3 times with water ( 3 X 10 ml ) and
centrifuged. The washings were discarded and the residue was dried over phosphorus
pentaoxide in a vacuum desiccator under vacuum for 24 hours to give a mass ( - 0.22 g
). The mass was redissolved in DMSO ( I ml) and was precipitated by addition of water
( - 5 ml). When subjected to centrifugation ( 4000 rpm for 20 min.) it again floated on
the top of the liquid layer but this time with no residue at the bottom of the liquid layer.
Again this light top floating layer was separated by means of a spetula and was collected
in a separate centrifuge tube, washed 3 times with water (3x IOml) and was dried in a
vacuum desiccator over phosphorus pentaoxide to give the Yel10wish brown colored
compound EEC1a ( 0.14 g ). The process of dissolution in DMSO followed by
precipitation with water was repeated for several other times and the mass was final1y
dried in a vacuum desiccator to give the fraction EEC1a (102 mg). Its TLC was checked
using different solvent system but no good resolution was obtained. Hence further
studies on this fraction were not done.

The middle liquid layer or the mother liquior from the original centrifuge' tube was
decanted and was taken into the conical flask containing the liquid layer and washings
from the light layer. The heavy bottom layer remained in the centrifuge tube as residue.
The inner walls of the centrifuge tube ( from above the residual heavy layer) was
thoroughly cleaned by means of wet cotton so that any adhering ofEEC1a is removed not
to contaminate the residual heavy layer. The residual layer so obtained was washed 3
times with water ( 3 X 15 ml ). The washings were discarded and the residue was dried
in a vacuum desiccator to give a mass (0.31 g). This was again dissolved in DMSO ( 2
ml) and reprecipitated by addition of water ( - 10 ml) and centrifuged. The mother liquoir
from centrifugation was added to the total mother liquior of the conical flask.The residue
was washed 3 times with water ( 3 X 10 ml ) and the washings were discarded. The
washed residue was dried over phosphorus pentaoxide in a vaccum desiccator to give a
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greenish black colored compound EEC1b( 210 mg ). It gave a single spot in TLC with the
solvent system EtOAc: DCM : MeOH (80: 10: 10), with an Rfvalue 0.78.

The combined mother Iiquior from EEC1. and EEC1b containing DMSO was evaporated
to a gummy mass which was redissolved in DMSO (5 ml) but on addition of water it did
not form any residue or precipitate and hence could not be processed any further.

3.5.2 : Examination of the fraction EEC2 and isolation of the compound EEC2.:

Depending on the similar TLC behavior tubes 10 to 31 were poled together and was
designated as fraction EEC2• The solvent from the fraction was evaporated by rotary
evaporation into a highly viscous liquid which was finally dried over PzOs in a vacuum
desiccator to give a semi-solid yellowish-black mass ( 20 mg ).The mass was insoluble in
conventional organic solvents but soluble in DMSO. The whole of the mass was
dissolved in DMSO (- I ml ) and water ( -5 ml ) was added to it when dense black
precipitate was formed. When centrifuged ( 4000 rpm, 25 min), the black precipitate from
the bottom of centrifuge tube rose up and floated on the top of the yellowish liquid layer.
This upper black layer was mechanically separated by a spetula into another centrifuge
tube and thoroughtly washed with n-hexane ( 3 X 5 ml ), chloroform ( 3 X 5 ml), ethyl
aceate ( 3 X 5 ml ) and methanol ( 3 X 5 ml). It was dried over PzOs in a vacuum
desiccator to give the compound EECza( 4 mg).The fraction was too small to continue
further studies. The yellowish liquid layer with the washings were collected together but
could not be processed any further as it was very difficult to remove DMSO from this
portion.

3.5.3: Examination of the fraction EEC3 and isolation of the fraction EEC3a:

On the basis of similar TLC behavior, the tubes 32 to 72 were pooled together to give the
fraction EEC3• The fraction was concentrated to a light brown solution ( - 10 ml ) and
was allowed to stand in a refrigerator for several days while a very small amount of a
colorless needle shaped crystalline compound was formed. The mother Iiquior was
decanted and was allowed to stand in the refrigerator for further crystallization. The
needle shaped crystals were washed several times with n-hexane and dried in a vacuum
desiccator to give the compound EEC3• ( 2 mg ). The fraction was too small to do further
studies. On standing in the refrigerator for a long time, the mother liquior did not form
any other crystal and could not be processed further.

3.5.4 : Examination of the fraction EEC4 and isolation of the fraction EEC4.:42

The eluents from the tube nos. 73 to 98 were combined together on the basis of their
similar TLC behavior and was designated as EEC4. It was concentrated by rotary
evaporation to a bright yellow liquid (- to ml) and was allowed to stand in a refrigerator
for several days but no crystal or precipitate was formed. The whole of the solvent from
this fraction was removed by rotary evaporation and it was finally dried over PzOs in a
vacuum desiccator to a semi-solid mass ( 5 mg ) and was named as EEC4a. The fraction
being very small in amount further studies on it were not done.
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3.S.5 : Examination of the fraction EECs and isolation of the compounds EECsa and
EECsb:

The elunets from the tube nos. 99 to lIS were pooled together on the basis of their
similar TLC behavior and this fraction was designated as EECs. The fraction was
concentrated ( -2S ml) by rotary evaporation and allowed to stand a in refrigerator for
several days with no crystallization or precipitation. So the remaining solvent from the
fraction was also removed by rotary evaporation and it was finally dried over P20s in a
vacuum desiccator to give a greenish black mass ( - 0.8 g ).The mass was insoluble in
conventional organic solvents but soluble DMSO. The whole of the mass was dissolved
in DMSO ( - S ml ) and water ( -20 ml ) was added followed by stirring. When
centrifuged a light black mass floated on the top of a yellowish liquid layer. The black
mass was separated mechanically by a spetula and taken into another centrifuge tube. The
mass was washed 3 times with n-hexane ( 3X 10 ml) and 3 times with ethyl acetate ( 3
X 10 ml). The washings were added to the yellowish liquid layer. The residue was dried
over P20S in a vacuum desiccator to give a light brown colored compound named EECsa (
121 mg). It gave a single spot in TLC with the solvent system EtOAc : DCM : MeOH (
70: IS: IS). with an Rrvalue 0.70.

Hexane and ethyl acetate from the yellow colored mother liquior was evaporated by
rotary evaporation and the remaider ( - 2S ml ) was transferred into a separatory funnel
and was thoroughly extracted with an excess of ethyl acetate ( 3 X 60 ml ).The pale
yellow colored extract was dried over anhydrous sodium sulphate and filtered. The
filtrate on evaporation and drying in a vacuum desiccator gave a yellowish green mass ( -
200 mg). The mass was dissolved in DMSO ( - 2 ml ) and was precipitated to a greenish
colored mass by addition of water ( -S ml ). It was centrifuged. The mother liquior from
the top was removed. The residue was washed 3 times with n-hexane and 3 times with
ethyl acetate. The washed residue was dried over P20S in a vacuum desiccator to give a
greenish colored mass ( 98 mg ) which was called as compound EECSb.But on doing its
TLC it was observed that it gave two or three very close spots which were not separable
by easy methods. Hence further studies on it were not continued.

3.S.6 : Examination of the fraction EEC6 and isolation of the compounds EEC6a and
EEC6b:

Tube nos. 117 to 119 were pooled together according to their similar TLC behavior and
was designated as EEC6. The fraction was concentrated by rotary evaporation (- 20 ml)
and kept in a refrigerator for several days while no residue or crystal was formed. The
fraction was further concentrated ( - 10 ml ) and n-hexane was added while a pale yellow
colored precipitate was formed. When centrifuged the precipitate was settled at the
bottom.The mother liquior was decanted and the precipitate was dried over P20S in a
vacuum desiccator to give a mass ( 0.18 g ). The mass was insoluble in conventional
organic solvents and water but it was soluble in DMSO. It was solubilized in DMSO ( - 4
ml ) and completely precipitated by addition of water. The precipitate was recovered by
centrifugation and the mother liquior was discarded. The precipitate was washed with



44

hexane ( 3 x 10 ml ) and ethyl acetate ( 3 x 10 ml ) and dried over P20S in a vacuum
desiccator to give a light yellow colored mass ( 101 mg ) which was designated as
EEC6a. It gave a single spot in TLC with the solvent system EtOAc : DCM : MeOH ( 75 :
10: 15), with an Rrvalue 0.55.

The yellow colored mother liquior from the decantation of the fraction EEC6a was
concentrated by evaporation in a rotary evaporator and finally dried over P20s in a
vacuum desiccator to give a mass ( .I 5 g). It was insoluble in organic solvents and water
but soluble in DMSO. Therefore, it was dissolved in DMSO (- 4 ml). When water (-15
ml ) was added, a yellow colored residue was formed which was recovered by
centrifugation and the mother liquior was kept aside. The residue was redissolved in
DMSO ( - 2ml ) for several times and reprecipitated by addition of water ( - 10 ml ) and
the residue was recovered by centrifugation. The residue was washed with water, n-
hexane and ethyl acetate to give an yellow colored compound ( - 87 g ) and was
designated as EEC6b.On doing TLC it was found that it was a mixture two or compounds
which were not easily separable. Hence no further studies were done on it.

The washings were added to the mother liquior and the whole of it was concentrated (-
20 ml) to remove the organic solvents. It was then taken in a separatory funnel and was
thoroughly extracted with ethyl acetate ( 3X60 ml). The total extract was dried was dried
over anhydrous sodium sulphate to to give a pale yellow liquid. The solvent from the
extract was removed from the extract by rotary evaporation to give a bright yellow
colored semi-solid mass which was washed with water, n-hexane and ethyl acetate. The
washed residue was finally dried over P20S in a vacuum desiccator to give a bright
yellow colored compound ( 8 mg ) which was designated as EEC6C.The compound
found was inadequate for doing further studies.

3.5.7: Examination of the fraction EEC7and isolation ofEEC7a:

The eluents from tube nos. 120 to 139 were combined together and the combined fraction
was designated as fraction EEC7. The solvent from the fraction was evaporated by rotary
evaporation and it was finally dried over P20S in a vacuum desiccator to give a light
yellow mass ( -4 mg) name EEC7a.The amount being very small, the fraction could not
be processed any further.

3.5.8 : Examination of the fraction EECs and isolation of the compounds EECsa and
EECSb: 44

Tube nos. 140-144 were pooled together on the basis of their similar TLC behavior and
was called as the fraction EECg• It was concentrated to to a dark brown colored viscous
liquid ( - 5 ml ). DMSO ( - 10 ml ) was added to it followed by addition of water ( - 20
ml ) with stirring. A brown precipitate was formed which was recovered by
centrifugation and the mother liquior was kept aside. The precipitate was thoroughly
washed with water ( 3X 10 ml ). The washed residue was redissoved in DMSO ( - 2 ml )
and treated with water ( - 10 ml ) to form a deep brown precipitate. This was washed
with water, n-hexane and ethyl acetate and the washed residue was dried over P205 in a
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vacuum desiccator to give a drak brown colored fraction ( 71 mg), named as EECSa. On
doing TLC, it was that fraction was mixture of more than compounds. So, further studies
were not continued.

The washings and the mother liquior was mixed together and concentrated (-20 ml) to
remove the organic solvents and the concentrated fraction was taken in a separatory
funnel and was thoroughly extracted with ethyl acetate ( 3 X 60 ml ). The total extract
was dried over anhydrous sodium sulphate and was recovered by filtration to give a light
brown colored liquid. The solvent from the extract was removed by rotary evaporation to
give a light brown colored semi-solid mass which washed with water, n-hexane and ethyl
aceate. The washed residue was finally dried over phosphorus pentoxide in a vaccum
desiccator to give a light brown colored compound ( - 44 mg ) and was designated as (
EECSb). This fraction was also a mixture of two or more substances and hence further
studies on it were not done.

3.5.9: Examination ofthe fraction EECg and isolation ofEECg.:

Test tube nos. 145-149 were pooled together on the basis of their similar TLC behavior
and was designated as EECg• The solvent from the fraction was evaporated by rotary
evaporation and it was finally dried over P20S in a vacuum dessicator to give a yellow
colored semi-solid mass (3 mg). The amount being very small, it was not processed any
further.

3.5.10: Properties of the isolated compound EER1:

Physical appearance: Off white amorphous powder

Solubility: soluble in dimethylsulphoxide ( DMSO)

Melting point: Color changes at 240°C and sharply melts at 250°C

TLC : Single spot with R[ 0.65 in a solvent system EtOAc: DCM : MeOH (80:10: 10)

Amount: 1.40 g, 8.75 %

IR spectra in KBr:

Vmax 3400 (br.,OH), 1700 (S, O=C-o-), 1600 (w, C=C), 1450, 1240, 1160, 1150 em-I.

IH-nmr spectral data: (DMSO-d6)

o 0.54 (lx S, 3H ; I x CH3), 0 0.70 (l x d, 3H ;1x CH3), 0 0.90,0.92, 0.95 (2 x S, I x
t, 9H, 3 x CH3),01.07 (I x S, 3H; I x CH3), 01.22 ( 2 x S, 6H; 2 x CH3 ), 01.23 ( I x S,
3H; Ix CH3 ) 15 0.7 - 0.9; 01.4 - 1.55; 0 1.58 - 2.0; 02.1 - 2.4; 02.5 - 3.2 [ 18H, 9 x CH2;

4H, 4 x CH; 2H, 2 x OH ]
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1) 3.3 - 3.8 (m, 13H ), 1) 4.1 - 4.6 ( m, 4H ), 1) 4.8 - 4.95 (m, IH); 1) 5.1 - 5.4 ( m, 2H );
1) 7.0 (2 x S, 2H; 2 - aromatic protons)

13C-nmr spectral data:

1) 46.94 (C - I ),67.21 (C - 2 ),82.40 (C - 3 ), 39.00 ( C - 4 ), 54.90( C - 5 ),18.20 (C
- 6 ),32.67(C -7 ),39.80(C - 8 ),47.34(C - 9 ),37.70(C -10 ), 24.56 (C - II
), 126.80 (C - 12 ), 133.46 (C - 13 ),41.44 (C - 14 ), 29.03 (C - 15 ),25.24 (C - 16
),46.86 (C - 17 ),40.32 (C - 18 ),43.25 (C - 19 ),37.30( C - 20 ),28.85 (C - 21
), 34.92 (C - 22 ), 28.16 ( C - 23 ), 16.32 ( C - 24 ), 17.16 ( C - 25 ), 16.80 ( C - 26
),29.03 (C - 27 ), 178.60 (C - 28 ),31.32 (C - 29),23.30 (C - 30 ),100.56 (C - I'
), 72.oo(C - 2' ), 71.59(C - 3'), 71.68(C - 4' ),68.50(C - 5'), l7.OO(C - 6'
),108.0 (C - I" ),82.3 (C - 2" ),75.7 (C - 3" ),84.9 (C - 4" ),67.48 (C - 5"
),122.0 (C - I'''), 110.6 (C - 2"', C-6"'), 138.6 (C - 3"'), 143.6 (C - 5'''), 174.60 (C
4"'), 178.9 (=C- 0), 13.65 (CH)-CH2-O, gallic ester ),64.33 (CH)-CH2-O, gallic
ester )

13C-DEPT Spectra:

1): 13.62 ( CH)-CH2-O, gallic ester), 16.22 (C-24), 16.84( C~'), 17.36 ( C-25)
,16.80 (C-26)18.50(C-6)23.27 (C-30), 24.40 (C-II), 25.60 (C-16), 28.05 (C-
23),28.95 (C-21), 28.95 (C-27), 29.85 (C-15), 31.34 ( C-29), 32.50 (C-
7), 34.25 ( C-22), 40.32 ( C-18), 43.5 (C-19), 46.43 ( C-I), 47.45 (C-9), 54.57 ( C-5
),64.15 (CH)-CH2-O, gallic ester ),64.5 (C - 5" ),67.16 (C - 5' ),67.17(C-
2), 69.80 ( C - 3' , C - 4' ), 72.40 ( C - 2' ), 75.3 ( C - 3" ), 82.04 ( C - 2" ),82.05(C-
3),82.5 (C - 4"), 100.56 (C - 1'),107.9 (C - 1"),109 (C - 2"', C-6"'), 126.51 (C-
12 )

Mass spectrum:

The molecular ion peak was calculated at m1z930.After removal of two Hydrogen atoms,
one prominent peak was found at 928. The other peaks were found at 796, 778, 736, 732,
586, 582, 540 and 408 as shown in the fragmentation scheme 4.1.

3.5.11 : Properties of the isolated compound EEC1b:

Physical appearance: Greenish black powder

Solubility: soluble in dimethylsulphoxide ( DMSO)

Melting point: Color changed at 185°C and it decomposed at -300°C.

TLC : Single spot with Rr 0.80 in a solvent system EtOAc : DCM : MeOH (80: 10: 10)

Amount: 0.21 g
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IR spectrum in KBr

Vmax 3380 ( br.,OH), 1740 ( S, O=C-o-), 1690 (S, C=C-C=O), 1600 (w, C=C), 1450,
1275,1240, 1050 em-I.

150.67 (Ix S, 3H ; I x CH]), 150.69 (I x S, 3H ;Ix CH]), 150.84 (I x S, 3H ;Ix
CH]), 0.90 (I x S, 3H ;Ix CH]), 0.92 (I x S, 3H ;Ix CH]), 151.08(I x S, 3H; I x CH3),
151.22( I x S, 3H; I x CH3).

151.22-1.38 (8H); 151.4- 1.5 ( 2H) ; 151.6 (lH); 151.76 (IH); 151.80-2.0 (2H); 152.15-
2.3(2H); 152.37 (lH,OH); 152.45-2.65 (2H); 152.73 (IH); 153.2 - 3.4 [ m, IlH); 153.6-
3.8 [ m, IH) 154.05 - 4.45 (m,2H) ; 155.05 - 5.40 ( m, 2H); 156.8I(Id, lH, olefinic),
157.10 and 157.53 (2 x S, 2-aromatic protons), 1512.0 (2H, 2 x -0H, phenolic proton).

1JC_nmr :

1547.28 ( C - I ), 67.13 ( C - 2 ), 82.30 ( C - 3 ), 39.92 ( C - 4 ), 55.59( C - 5 ), 18.14 ( C
- 6 ), 33.64 ( C - 7 ), 44.75 ( C - 8 ), 62.90 ( C - 9 ), 38.41 ( C - 10 ),183.17 ( C - II
), 130.27(C - 12), 159.78(C - 13 ),46.1 (C - 14 ),28.53(C - 15 ),27.1 (C - 16
), 46.68 (C - 17 ),45.5(C - 18 ),44.50(C - 19 ),34.87(C - 20 ),28.10(C - 21
),32.59(C - 22 ),28.7(C - 23), 17.09(C - 24),17.01 (C - 25 ),21.l0(C - 26
), 24.11 ( C - 27 ), 178.90 ( C - 28 ), 29.02 ( C - 29 ), 22.95 (C - 30 ), I03.0 (C - I'
),82.30 (C - 2' ),75.5 (C - 3' ),71.6 (C - 4' ),75.50 (C - 5' ),62.9 (C - 6'
),122.16 (C-I"), 111.30 (C-2",6"), 143.53 (C-3"), 174.60 (C-4"),53.15(-OCH]),
I 78.25(C=O)

lJC_DEPT spectra :

1516.96 (C-25), 17.03( C-24), 18.07 (C-6) , 20.99 (C-26 ),23.88 (C-30 ),24.06 (C-
27),27.10 (C-16), 28.05 (C-21), 28.63 (C-15), 28.7 (C-23), 30.01 (C-29) 32.52 (C-
22), 33.57 (C-7), 44.1 (C-19), 45.60 (C-18), 47.1 ( C-I), 55.59 (C
5), 63.86 (C-6'), 63.91 (C-9), 67.07 (C -2),69.8 (C - 4' ),75.70 (C-3', Cs'
),82.24 (C - 2', C-3), 105.0 (C -I' ),115.6( C - 2"), 115.8 (C - 6" ),130.21 (C -12)

Mass spectrum:

The molecular ion peak was calculated at m/z 814.After removal of three Hydrogen
atoms, one peak was observed at 811. The other peaks were observed at 753, 652, 603,
594, 571, 577, 545, 513, 419, 402, 389, 361 and 344 as shown in the fragmentation
scheme 4.2.

3.5.12: Properties oftbe isolated compound EECs.:
Physical appearance: Light brown colored powder
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Solubility; soluble in dimethylsulphoxide ( DMSO)

Melting point; Color changed at 1700C and decomposed at -300°C

TLC : Single spot with Rr 0.70 in a solvent system EtOAc: DCM: MeOH (80:15: 15)

Amount: 0.121 g

IR spectrum in KBr :

Vmax 3400 '( br.,OH), 1700 ( S, O=C-D-), 1520, 1450, 1275, 1260, 1050 and 850cm-l.

o 0.70 (Ix S, 3H ; I x CH3), 0 0.84 (I x S, 3H ;Ix CH3), 0 0.87 (I x S, 3H ;Ix
CH3), 0.92 (I x S, 3H ; Ix CH3), 1.22 (2 x S, 6H ;2x CH3).

00.80-0.97 (m, 2H); 01.00 - 1.15 (m, 2H); 0 1.18-1.35 (m,6H); 0 1.60-2.30 (m,IOH);
01.45-1.58 (m,6H); 0 2.10-2.35(m,2H); 02.37 (s,IH); 02.46-2.60 (m,2H); 02.70-2.80
(m,2H); 03.25 - 3.50 ( m, 12H); 03.7 - 4.20 ( m, 2H) 04.20-4.55(m,2H)
,0 5.10- 5 .35 ( m,2H).

13C_nmr :

047.30 ( C - I ), 68.50 (C - 2),82.30 (C - 3 ), 39.92 ( C - 4 ), 54.82( C - 5 ), 18.14 (C
- 6 ), 33.64 (C - 7 ),44.70 (C - 8 ),46.86 (C - 9 ),38.90 (C - 10 ),24.47. (C - 11
), 129.67 (C - 12 ), 143.87 (C - 13 ),46.78 (C - 14 ), 28.54 (C - 15 ),28.02 (C - 16
), 46.68 (C - 17 ),44.70(C - 18 ),80.10(C - 19 ),34.87(C - 20 ),28.70(C - 21
),32.59 (C - 22 ),67.13 (C - 23 ),16.59 (C - 24 ), 17.08 (C - 25 ),17.01 (C - 26
),28.70 ( C - 27 ), 178.23 (C - 28 ),29.03 ( C - 29 ),25.10 (C - 30 ),95.80 ( C - l'
),82.30 (C - 2' ),78.90 (C - 3' ),71.6 (C - 4' ),78.90 (C - 5' ),63.00 (C - 6'
),103.6 (C - I" ),71.60 (C - 2" ),72.98 (C - 3" ),68.45 ( C - 4"), 72.90 (C - 5"
), 65.80 (C - 6"),178.52 (ctl

), 53.16 (Cill )

I3C-DEPT spectra;

0: 16.53 (C-24), 17.03 (C-6), 17.04 (C-25, C-26) ,24.43 (C-lI ),26.32 (C-30
),28.49 (C-16 ),28.65 (C-15 ),28.73 (C-27 ),28.98 (C - 21 ),29.02 (C-29
),32.54 (C-22 ), 33.59 (C-7 ),43.10(C-18 ), 46.95 (C-l ), 47.22 (C-9 ),53.10(C-
2"),54.83 (C5), 63.5 (Ct!), 65.5 (C6"), 66.90 (C-23), 67.50 (C"'),70.00 (C2"), 72.50
( C4'), 73.50 ( Cn, 74.1 ( Cs"),77.5 (Cl ,cl ), 80.04 (C-19 ), 82.24( C-3 ), 82.25 (
cn, 95.00( C/), 103.9 (CI"), 129.63( C -12)
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Mass spectrum:

The molecular ion peak was calculated at m/z 870. After removal of two Hydrogen
atoms, one peak was observed at 868. The other peaks were observed at 853, 842, 838,
824, 778, 764, 556, 527, 378, 346 and 330 as shown in the fragmentation scheme 4.3.

3.5.13 : Properties of the isolated compound EEC6.:

Physical appearance: Light yellow colored powdery compound

Solubility: soluble in dimethylsulphoxide ( OMSO)

Melting point: Color changed at 220°C and decomposed at -310°C

TLC : Single spot with Rr 0.70 in a solvent system EtOAc: OCM: MeOH (70:10: 15)

Amount: 101 mg

IR spectrum in KBr :

Vmax 3413 (br.,OH), 1697 (S,O=C-o-), 1510, 1460, 1390, 1050, 850cm-l.

IH_nmr spectral data: (DMSO-d6)

o 0.71 (Ix S, 3H ; I x CH3), 0 0.84 (I xs, 3H ;Ix CH3), 0 0.87 (Ix s, 3H, I x CH3),
00.90 (I x S, 3H; I x CH3 ), 00.92 (I x S,3H; 1 x CH3 ), 01.07 ( 1 x S, 3H; 1x CH3
),01.22 ( I x S, 3H; Ix CH3), 01.24 ( I x S, 3H; Ix CH3).

00.77 - 0.82 ( m, IH) ; 01.20 - 1.30 ( m,2H) ; 0 1.35 - 1.55( m,6H); 01.57 - 1.95( m,9H)
; 02.36( S,IH) 0 2.5 - 2.62 (m, 3H), 02.7 - 2.83 (m,2H), 0 2.92 (S, IH); 0 3.05 - 3.22
(m, 2H); 03.30-3.58 (m,15H), 0 3.75 (s,IH) 04.00 (q,1 x -Q-CHz, 2H)04.10-4.55
(m,IH) 0 5.10-5.35 (m,2H).

I3C-nmr spectral data:

o 47.35 ( C - I ), 67.02 ( C - 2 ), 82.39 ( C - 3 ), 39.90 ( C - 4 ), 54.89( C - 5 ), 18.14 ( C
- 6 ), 33.40 ( C - 7 ),44.77 ( C - 8 ),47.04 ( C - 9 ), 38.90 ( C - 10 ), 24.17 ( C - II
),126.77 (C - 12),143.50 (C - 13 ),46.95 (C - 14),28.10 (C - 15 ),27.89 (C - 16
),46.87 (C - 17 ),46.67 (C - 18 ),80.02 (C - 19 ), 34.87( C - 20 ),28.02 (C - 21
),32.33(C - 22 ),63.85(C - 23), 16.59(C - 24), 17.09(C - 25),17.01 (C - 26
),28.43 (C - 27 ),178.96 (C - 28 ),28.79 (C - 29 ),24.48 (C - 30 ),95.2 (C1'
),82.30 (Cz' ),75.5 (C3' ),71.62 (C4'), 75.50 (Cs' ),63.20 (C6').IOO.OO(Ct"
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),73.00 (C2" ),72.4 (C3"), 72.90 (Cl'), 68.5 (Cs"), 17.01 (Cl' )16.88 (1;.H3-CH2-0,
CH3 ofethoxy), 64.1 (CH3-~H2-0, CH2 ofethoxy), 179.16 (=C-O)

I3C_DEPT Spectra :

/): 16.52 (C-24) 16.89 (~H3 of~H3-CHrO), 16.95 (C-26), 27.03 (C-25,C-6')
,18.09 (C--6 ),24.40 (C-30 ),24.41 (C-I1 ),27.82 (C-16 ),28.04 (C-15 ),28.34 (C
_ 21 ),28.63 (C-27 ),28.72 (C-29 ),32.35 (C-22 ),32.52 (C-7 ),46.60 (C-18
),46.62 (C-I ),46.65 (C- 9 ),55.75 (C-5 ),63.6 (Cl ),64.9 (CH2 of CH3-~HrO)
,67.06 (C-2 ),67.35 (C-5" ),72.00 (C-3"), 72.50 ( C-4', C-2", C-4" ),75 (C-3', C-5'
), 80.03 (C -19), 82.23 (C-3 ), 82.25 ( C-2"), 95.00 (C-I'), 100.00 (C-I"), 126.64 (C -
12)
Mass spectrum:

The molecular ion peak was calculated at mlz 868. After removal of two Hydrogen
atoms, one peak was observed at 866. The other peaks were observed at 853, 838, 836,
795, 633, 605, 459, 415, 397, 383, 352 and 334 as shown in the fragmentation scheme
4.4.

3.6: Examination of the crude Methanol extract (ME) for sugars and amino acids:

The methanol extract (-5.0 g ) was exhaustively triturated with the solvents n-hexane,
Chloroform, Ethyl acetate and Methanol. The residual mass (- 2 g ) remained after
trituration was suspended in water ( - 30 ml ) and filtered through Whatman no. filter
paper to get a clean solution. The solution was concentrated ( - 10 ml). This concentrated
solution was used for the qualitative tests and paper chromatographic analyses for sugars
and amino acids.

(a) Phenol-sulphuric acid test for sugars: The concentrated solution (0.5 ml) was
taken in a test tube ( 100 cm long) in such a way that it does not touch the sides of the
test tube. Phenol solution ( 5%, w/v, 0.5 ml ) was added from a dispenser to the sample
solution taking sufficient care not to touch the walls of the tube. Sulphuric acid ( 98%,
2.5 ml ) was added directly and quickly into the sample using a dispenser. Sufficient care
was taken to avoid splashing of any acid out of the tube. A intense reddish brown color
was developed confirming the presence of sugar moieties in the ME extract.

(b) Molisch's Test for sugars: concentrated solution ( 0.5 ml ) was taken in a test tube
and two drops of the Molisch's test reagent was added to it. The test tube was inclined
and with a dropper concentrated sulphuric acid ( 1.0 mt ) was carefully added so that it
flowed down the side of the tube and formed a layer beneath the aqueous solution. After
a few minutes a red-violet ring was formed at the junction of the two layers. Gentle
agitation, but not enough to mix the layers, caused the red-violet color to diffuse into the
lower layer. This test also confirmed the presence of the sugar moieties in the ME extract.
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(c) Ninhydrin test for amino acids: The standard reagent for identifying amino acids is
ninhydrin ( triketohydrindenehydrate). It is a 0.1% solution of ninhydrin in acetone and is
prepared by dissolving ninhydrin (100 mg) in acetone(l 00 ml).

The aqueous concentrated solution ( 0.5ml ) of ME extract was taken in a test tube.
Nihydrin reagent ( - 2 ml ) was added to it. The solution mixture was heatyed in a water
bath for about \ minute. An intense pink color was developed showing the presence of
amino acids in the ME extract.

(d) Paper chromatographic identification of the sugars and amino acids: The paper
chromatograms were run on Whatman no.\ filter paper by descending development
technique using the internationally recognized solvent system of n-butanol : water :
pyridine ( \ 0 : 3 : 3 ). Two papers one for sugars and the other for amino acid were
spotted with aqueous concentrated solution of the ME extract. The papers were also
spotted with the standards. The spotted papers were allowed to run by the solvent in a
descending order for 48 hours in a chromatographic tank. After 48 hours the papers were
taken out of the tank. The irrigated papers were dried in a fume chamber. The sugars
were identified by using silver nitrate as a dip. Paper chromatographic analysis identified
the presence of arabinose, xylose, glucose, galactose and rhamnose in the ME extract of
the T. arjuna fruit.

The other paper was sprayed with ninhydrin spray reagent and heated at 1\ O°C for 10
minutes. Some violet and pink colored spots were developed in the paper confirming the
presence of amino acid in ME extract of T.Arjuna. But we could not identify the amino
acids probably for want of proper standard amino acids.

3.7: Examination of the crude 80% Ethanol extract (EA) for sugar and amino
acids:

Exactly the same procedure as done for detection and identification of sugars and amino
acids in Methanol extract ( ME) was repeated with 80% Ethanol extract ( -5 g) for the
detection and identification of sugars and amino acids. The result obtained was exactly
similar but the tests were prominent with 80% EA extract.

Thus 80 % EA extract contained the sugar residues arabinose, xylose, glucose, glactose
and rhamnose. Both the qualitative tests and paper chromatographic analyses of the 80%
EA extract confirmed the presence of amino acids in the extract but none of the amino
acids could be identified probably due to the lack of proper standard amino acids.

3.8 : Study on Biological activity of the isolated fractions:
Brine shrimp lethality assay was chosen for measuring the toxicity of the isolated
samples.
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3.8.1 : Brine shrimp lethality Test (BSLT): Brine shrimp lethality assay 106.107 of the

various extracts both crude and pure obtained from the fruits of Terminalia arjuna was
carried out according to the procedure described below:

3.8.2 : Procedure of brine shrimp lethality Test (BSLT):

(a) Preparation of sea water: Sea salt ( 199, bought from pet store,U.S.A) was
dissolved in double distilled water ( Y,L) and then filtered off. This solution was used as
sea water.

(b) Hatching of the eggs of brine shrimp: A small amount of sea water was taken in a
small tray. A partition was built in the tray to create two compartments ( one small and
the other large) in the ratio 1:4 in such a way that there remains a I cm gap below the
partition and the bottom of the tray so that hatched shrimps can readily swim through this
underlying gap of the partition. Some brine shrimp eggs were sprinkled in the large
compartment of the tray and the compartment was then covered with a aluminium foil.
The smaller compartment of the tray was put under a desk lamp. Within 24 hrs. the
hatched shrimps swam from the large compartment into the small compartment. Living
shrimps of age 48 h were used for measuring the toxicity test.

(c) Toxicity test for the isolated fractions (PE), (CE), (EE) (EER),(EEC) (EEC)
(EEC), (ME) and (EA): The crude Pet ether extract (PE, 10 mg) was taken in a vial
and sea water ( 4 ml) was added to it to obtain the main sample solution. From this main
solution I ml was taken in each of the three vials ( Vial type-I of capacity 6 ml), 200 /.ll
in each of the three vials ( Vial type-2 of capacity 6 m! ) and 40 /.ll in each of the three
vials (Vial type-3 of capacity 6 ml ). Solvents were evaporated from each of the sample
vials using vacuum evaporation system. Sea salt water ( 5 ml ) was added in each of the
sample vials. Each of the vials was ultrasonicated for a period of 5 minutes. Living
shrimps (10) were added by means of a pasteur pipette in each of the vials. Also a few
drops of yeast solution was added to each of the vials. For control experiment sea water (
10 ml ) and living shrimps (l0) were taken in separate vials. Number of mortality of the
shrimps were counted after 24 and 48 hours. The results are shown in the table-I. Lethal
dose, LDsowas calculated by a special software obtained from National Cancer Institute
(NCl), America. The same experiment was repeated for the fractions CE, EE, (EERt),

(EEClb), (EECsa) (EEC6a), (ME) and (EA) and the results are given in the Table-3.2,
Table-3.3. Table-3.4, Table-3.5, Table-3.G, Table-3.7, Table-3.8, Table-3.9 and
Table-3,10 respectively,
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Table-3.2 : Test for crude Pet ether extract (PE) and mortality of the shrimps

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LOsoat 24 h LOsoat 48 h

After 24 h After 48 h
2.5 I 2

Type-I 2.5 I I
2.5 2 2

0.5 0 I
Type-2 0.5 0 I

---- ----
0.5 0 I

O. I 0 0
Type-3 0.1 . 0 0

0.1 . 0 0

Control - 0 0

Table-3.3 : Test for crude chloroform extract (CE) and mortality of the shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LOsoat 24 h LOsoat 48 h

After 24 h After 48 h
2.5 2 3

Type-I 2.5 2 3
2.5 2 4
0.5 I 2

Type-2 0.5 I 2 -- --_ .•
0.5 I 2

0.1 0 I
Type-3 0.1 0 I

0.1 0 I

Control - 0 0
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Table-3.4 : Test for crude ethyl acetate extract (EE) and mortality of the shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LDsoat 24 h LDso at 48 h

After 24 h After 48 h
2.5 3 5

Type-I 2.5 3 4

2.5 2 4

0.5 I 2
Type-2 0.5 I 2 --- ----

0.5 I I

0.1 0 0
Type-3 0.1 0 0

0.1 0 0

Control - 0 0

Table-3.5: Test for the residual fraction EER1 obtained from the crude EE extract
and mortality ofthe shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LDsoat 24 h LDsoat 48 h

After 24 h After 48 h
2.5 2 6

Type-I 2.5 2 5

2.5 2 5
0.5 0 3

Type-2 0.5 0 3 .

---- ----
0.5 1 4
0.1 0 1

Type-3 0.1 0 2
0.1 0 2

Control -- 0 0
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Table-3.6: Test for tbe fraction EEClb obtained from the crude EE extract and
mortality of the shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LDsoat24 h LDsoat 48 h

After 24 h After 48 h
2.5 2 3

Type-I 2.5 2 3

2.5 2 2

0.5 I 2
Type-2 0.5 I 2

---- _ ..--
0.5 0 1

0.1 0 0
Type-3 0.1 0 0

0.1 0 0

Control -- 0 0

Table-3.?: Test for the fraction EECsa obtained from the crude EE extract and
mortality of the shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LDsoat 24 h LDsoat 48 h

After 24 h After 48 h
2.5 I 2

Type-I 2.5 I I
2.5 2 2
0.5 I 1

Type-2 0.5 0 I --- ---
0.5 0 I

0.1 0 0
Type-3 0.1 0 0

0.1 0 0

Control - 0 0
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Table-3.& : Test for the fraction EEC6a obtained from the crude EE extract and
mortality ofthe shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LDsoat24 h LDso at 48 h

After 24 h After 48 h
2.5 I 2

Type-I 2.5 2 2

2.5 2 . 2

0.5 0 I
Type-2 0.5 I I - ----

0.5 I I

0.1 0 0
Type-3 0.1 0 0

0.1 0 0

Control -- 0 0

Table-3.9: Test for crude methanol extract (ME) and mortality of the shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LDsoat24 h LDso at 48 h

After 24 h After 48 h
2.5 I 2

Type-I 2.5 2 3

2.5 2 2
0.5 1 2

Type-2 0.5 1 1
--- ---

0.5 I 1

0.1 0 0
Type-3 0.1 0 0

0.1 0 1

Control - 0 0
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Table: 3.10 Test for crude 80 % ethanol extreact (EA) aud mortality of the shrimps.

Amount of Mortality of shrimps
Vial type parts (mg) out of 10 LDsoat24 h LDso at 48 h

After 24 h After 48 h
2.5 2 4

Type-I 2.5 2 3
2.5 2 3

0.5 1 2
Type-2 0.5 I 2 --- ----

0.5 I 2

0.1 0 I
Type-3 0.1 0 0

0.1 0 0

Control - 0 0
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4.0 CHAPTER 4

4.1 : Results and Discussion:

4.1.1 : Plant material:

From the literature it appears that the fruits of Terminalia belerica ( (Beng. Bahera ) and
Terminalia chebula ( Beng. Harithaki ) belonging to the family Combretaceae are
extensively used against various ailments. Though the bark powder of T. arjuna of the
same family Combretaceae is considered as a super drug against various heart diseases
and very recently this bark powder is also recommended as a potent anticancer agent,
perhaps no one has ever heard the application of the fruits of this very important
medicinal plant T. arjuna as a traditional medicine against any ailment. So, we got
interested to have a phytochemical and biological studies, particularly the toxicity of
these fruits and fruit extracts with an aim to know whether these fruits can also be taken
orally as its bark powder and the fruits of T. belerica and T. cebula are taken orally as
traditional medicine by hundreds and thousands of the people of our country.

The dried fruits which were hanging in the tree of T.arjuna were collected ( section 3.1)
before any shower of the season. Only the sound fruits were selected for analysis. These
were cleaned, cut into small pieces and powdered ( 5.4 kg ) for the purpose of the present
work.

4.1.2 : Extraction of the plant powder:

The whole of the fruit powder ( 5.4 kg) was extracted with various solvents according to
the fractionation scheme-3.1 ( section 3.3 ). The various extracts were evaporated to
dryness by rotary evaporator and finally over phosphorus pentaoxide in a vacuum
desiccator under high vacuum.

4.1.3 : Characterization of the compound EER,

The compound EER" was a off-white amorphous powder obtained from the Ethyl
acetate extract EE ( Scheme -3.1, section-3.4.1 ) ofthe fruit powder of T. arjuna. It was a
residual fraction of the Ethyl acetate extract. The residue from EE was purified by
dissoloving in OMSO and precipitated by the addition of water. The method of
dissolution by OMSO and precipitation by water was repeated for several times, washed
with water and the product was dried in a vacuum desiccator over P20S to get the pure
compound EER1• It gave single spot with Rf 0.65 in a solvent system EtOAc : OCM :
MeOH (80: I0: 10)

It melted at 250°C with a change of colour at 240°C. It responded to the Terpenoid Tests [
Pink color in LB Test, yellow color with TNM Test] showing the presence of terpenoid
skeleton and also to the phenol-sulphuric acid Test and Molisch's Test confirming the
presence of sugar moiety in it.
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It's IR spectrum [FigA.J] showed a strong broad absorption band at 3400 cm-l indicative
of the poly-hydroxy system in the compound. It also showed a sharp absorption band at
1700cm-l for ester carbonyl group and a weak band at 1650cm-l for a trisubstituted
double bond. The band at 1450, 1240, 1050 cm-l are due to C - 0 stretching of the
glycosidic linkage.

The IH-nmr spectrum [ 400 MHz, DMSO, [Fig.4.2 (a,b,c,d,e)] of the compound showed
seven singlets at 00.54,0.90,0.92, 1.07, 1.22 and 1.23 ; these are angular methyl
protons.!t showed also one doublet at 0.70 for three protons of rhamnose methyl and
one triplet at 0.95 for methyl protons (-CH3) of ethyl ester of gallic acid.The multiplets
03.3-3.8 (13H), M.J-4.6 (4H),M.8-4.95(1H),o 5.1 - 5.4 (2H), were due to the presence
of different types of protons of the sugar moiety and the olefinic proton. The signals at
00.7-0.9, 0104-1.55, 01.55-2.0, 02.1-2.9,0 2.95-3.2 were due to the presence of methyne
protons ( 4 x CH, 4H ) and methylene protons ( 9 x CH2 , 18H) and hydroxyl protons ( 2
xOH,2H)

Two singlets at 07.00 are for two aromatic protons ( i",6///-H ). The ethyl ester is
confirmed by IH-nmr signals at 00.95 as triplets of 3H and at 0 4.3 as quartet of 2H
protons.

The l3e-nmr spectrum [400 MHz, DMSO, FigA.3 (a,b,c,d) ] of the compound EER1 was
analysed and the chemical shifts of all carbons were assigned on the basis of comparison
with the data reported for other glycosidesl9b (Table-4.1).

Table-4.1 : 1JC_nmr spectral data of tbe compound EER1 compared witb tbe
publi~bed data of triterpenoid glycosides and etbyl gallatelO8 and a_amyrinlO9.

CarbooNo. EECR, Ref. of Ref. of
glycosides (X-

amvrio
C.I 46.94 46.30 38.7
C.2 6721 67.05 27.2
C-3 82.40 82.19 78.3
C-4 39.00 39.80 38.7
C.5 54.90 54.83 55.2
C-6 18.20 18.20 18.3
C.7 32.67 32.80 32.9
C.8 39.80 39.80 40.0
C.9 47.34 47.20 47.7
C.IO 37.70 38.90 36.9
C-ll 24.56 24.30 23.3
C-12 126.80 129.0 124.3
C.13 133.46 144.0 139.3
C.14 4\.44 4\.83 42.0
C.15 29.03 2920 28.7
C-16 25.24 24.90 26.6
C.17 46.86 48.20 33.7
C-18 40.32 39.80 58.9
C-19 4325 44.50 39.6
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C-20 37.30 30.70 39.6
C-21 28.85 28.24 31.2
C-22 34.92 34.67 41.3
C-23 28.16 28.70 28.1
C-24 16.32 16.60 15.6
C-25 17.16 17.40 15.6
C-26 16.80 16.91 16.8
C-27 29.03 28.60 23.3
C-28 178.59 175.66 28.1
C-29 31.32 33.38 17.4
C-30 23.30 24.50 21.3Cl 100.56 100.10
C, 72.00 73.30C, 71.68 70.50C, 71.68 72.00C, 68.50 68.30
(". 17.00 17.90
C/l 108.00 108.00
c', 82.30 82.30
c', 75.70 78.00
C'4 84.90 85.00
c', 67.48 67.19

Gallic acid
c/" 122.00 12120

("",c". 110.60 110.60
c", 138.60 146.30
c", 174.60 168.00
e", 143.60 146.30

hH,-CH,..o 13.65
Gallic ester
CH,-£H,-Q 64.33
Gallic ester

C=O 17921 168.00

13C_nmr spectrum of EER, showed very clearly one low-field carbon at 178.59 ppm
accounting for the carbonyl carbon, C-28. The presence of carbon signals of two sugar
units in the EECR, was proved from the appearance of two anomeric carbon signals at
0100.56 and 108.00 for C - I' and C - I" respectively as well as other signals at 0 72.00 (
C - 2' ), 71.68 ( C - 3' ), 71.68( C - 4' ), 68.50( C - 5' ), 17.00( C - 6' ), 82.3( C - 2" ),
75.7( C - 3"), 84.9( C -4") 67.48( C - 5"), in its 13C_nmrspectrum. Comparison of the
data with the published data indicates the sugar moieties as rhamnose and arabinose. The
two sugar units rhamonse and arabinose are linked to the main triterpenoid skeleton at C-
28 and C-3 respectively.

In '3C-nmr spectrum of EER" the signals at 0126.8 and 133.5 ppm were accounted for
the two olefinic carbons C-12 and C-13 respectively. The oxygenated carbons C-2 and C-
3 gave signals at 0 67.21 and 82.4 ppm respectively. The six quarternary carbons at C-
4,C-8,C-IO,C-14,C-17, C-20 were due to the signals at 0 39.0,39.8,37.7,41.4,46.8 and
37.30 ppm respectively.



FigA.l : 1Rspectrum of the compound EER, :
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01 1.00000000 see

F2 Proeesslng parameters
SI 32768
SF .<100.1.<100043~Hz
WOW EM

SSB 0
i.B 0.30 Hz
GB 0
PC 1.40

10 NMR plot
ex
F1P
FI
F2P
F2
PPMCM
HlCM
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Current Data Parameters
NAME A325 ')1,
EXPNO 1
PROCNO 1

I ~~-~--~-'-I -~-~~-~--TI--~-~-~--TI--~-~--~-~I --~~-~-
ppm 1.4 1.2 1.0 0.8 0.6

FiQ_42h , 'H-omr .oectrum of the compound EER, ,

'"w

20010930
12.57

dpxtlOO
5 mm Multinuc

zg30
32768

Aceton
32

o
4789 272 Hz
o 1tl6157 Hz
3.4210291 sec

64
104.400 usee

6.00 usee
310.0 K

1.00000000 sec

Date
Time
INSTRUM
PRDSHO
PULPAOG
TO
SOLVENT
NS
OS
SWH
FlORES
AD
RG
OW
DE
TE
01

F2 - Acquisition Parameters

~=========== CHANNEL 11 :::::::::::::
NUCl 1H
Pl 8.30 usee
PLl -6_00 d8
$F01 AOO.1A20007 MHZ

10 NMR plot parameters
ex 20.00 cm
F1P 1.560 ppm
Fl 624.15 HZ
F2P 0.468 ppm
F2 187.43 HZ
PPMCM 0.05457 ppm/cm
HZCM 21.83607 Hz/cm

F2 ProceSSing parameters
SI 32768
SF 400.1400043 MHz
WOW EM
SS8 0

. LB 0 30 Hz

G8 0
PC 1.AO
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Fig. 4.2c : 'H-nmr spectrum of the compound EER, :
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'11,

CHANNEL f1 =============
IH

8.30 usee
-6.00 d8

400.1420007 MHz

parameters
20.00 em
2.<'141 ppm

976.92 Hz
1.3.48 ppm

539.33 HZ
0.05.468 ppm/em

21.87929 Hz/em

Data Parameters
A326

1
1

Current
NAME
EXPNO
PROCNO
F2 - Acquisition Parameters
Date_ 20010930
Time 12.57
INSTRUM dpx400
PRD8HO 5 mm Mullinuc
PULPROG zg30
TO 32768
SOLVENT Aceton
NS 32
OS 0
SWH 4789.272HZ
FlORES 0.146157 Hz
AQ 3.4210291 sec
RG 64
Ow 104.400 usee
DE 6.00 usee
TE 310.0 K
01 1.00000000sec

NUCl
PI
PLI
SFDI

F2 ProcessIng parameters
51 32768
SF .IlOO.14QOOLl3 MHz
WOW EM
SS8 0
LB 0.30 HZ
G8 D
PC 1. LlO

10 NMR plot
ex
FlP

FI
F2P
F2
PPMCM
HlCM
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NAME
EXPNO
PROCNO

Data Parameters
A326 "",

1
1

~ll-~~~~~--=-Ti=-~-~~~-"~-~-~-i,~-~,-~-,'-~-~-~-Ti -~-~-~~~-~_- _
ppm 5.2 5.0 4.8 4.6 4.4 4~2

Fig. 4.2e : 'H-runr spectrum of the compound EER, :
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F2 Processing parameters
51 32768
SF 400 14000<13 MHz
WOW EM
558 0
L8 0.30 Hz
68 0
PC 1. 40

C'>
C'>

CHANNEL fl ~============
IH

8.30 usee
-6 00 d8

400.1420007 MHz

parameters
20.00 em
5.464 ppm

2186.53 Hz
3.985 ppm

159.4.72 Hz
0.07395 ppm/em

29.59077 Hz/em

F2 - Acquisition Parameters
Oate_ 20010930
Time 12.57
INSTRUM dpx4QO
PADSHO 5 mm Multinuc
PULPROG zg30
TO 32768
SOLVENT Aceton
NS 32
OS 0
SWH 47S9.272Hz
FlORES 0.146157 Hz
AQ 3.4210291 sec
RG 64
OW 104.400usee
DE 6.00 usee
TE 310 0 K

01 1.00000000sec

NUCl
PI
PLl
SFOI

10 NMR plot
CX
FIP
FI
F2P
F2
PPMCM
HlCM
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F2 - Acquisition Parameters

Current Oata Parameters
NA,",E A2<l6
EXPND 2
PROCNO I
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p~;p~I II \~~\\\\\\\lJ71!rl\\171\~P\\Dale
TlInt!
iNSTRU,",
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PULPROG
TD
SOL VENT
N5
D5
S'","H
FIORES

""0-
DE
TE
Dl
'11
1l!2

0/1,

20010628
l3.00

llp~400
5 mm Multinue

Z9P9
32758

MeOH
7000

D
22075 055 HZ
0,673677 HZ

0.7422<l52 sec
16384

22 650 usee
6.00 usee

3000K
1.50000000 sec
0.03000000 sec
0.00002000 sec

~
00

.: __•• ~~_::= CHAN"EL 11 :._ •• ~"'=::: ••

NVCl l3C
PI 6.60 usee
PlI -6.00 c3
SFCI 100 6253045 Io!;-z

~-~-~-"-~-~-~-"~~I-~-~-~-~-~I-~-~-~-~-~I ---------'1-------
ppm 35 30 25 20 15

Fig. 4.3b : 13C_nmr spectrum of the compound EERl :

F2 PrOCeSSHlI;I oarameters
SJ 32756
SF 100 5153325 M..-Z
l;OW EM

sse 0
L8 250hZ
G8 D
PC 1. dO

~O NIolR clot parameters
CX 20.00 em
FIP 36.7040:::m
Fl 3894.25 HZ
F2P 11.471 ppm
F2 l154 13 HZ
P?MCN 35168 porn/em
HZCM 137.00618 Hz/em
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F2 - ACQuIsItion Parameters

Current Data Parameters
NAME A2416 ~ I
EXPNO 2
PROCNO 1
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ro ~ "''''- ;:: ~ ~ '"' "' ro "' ~~-wrnmm~mom~~wvvv~_~o
"' "' ~"'"' "' ~ '"' '" " '"' ~ruMwmmruowvMmMom~mrom~~
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a

'" " "' "' "' "' ;:: " ~~ ~ W~vmrum~www~mmvru _____ o
ro ro ~~~ ~ ~ "' "' "' "' mmmmmvvvvvvvvvvvvvvvv

I I \( I I I I \/ I I ~~~~~\ Date
Tune
INSTAUM
PROBHO
PULPROG
TD
SOLVENT
NS
DS

S""
FlORES

"RG
D'
OE
TE
Ol
Oll

'"

20010626
13 00

Clpx400
5 mm Multinuc

z909
32768
MeOH
7000

o
22075 _055 HZ
0.673677 Hz

o 7<:22452 sec
16384

22 650 usee
6.00 usee

300.0 K
1. 50000000 sec
0_03000000 sec
a 00002000 sec

?3

~:::::~~_ •• - CIiAr-."'EL t I ",.~".~""":,,,,:
NUCl l]C

Pl 6 60 usec
Pll -6.00 08
SFOI 100 6C'5]0<:5 MHZ

I Ii' I 'J I I I I
ppm 80 75 70 65 60 55 50 45

Fig. 4.3c : l3e_rum spectrum of the compound EER[ :

F2 ProeeSSln9 oararceters
51 32758
SF 100 6153]25 Ml-z
wow EM
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10 NMR clot
ex
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Fl
F2P
F2
PPM(M
HZCM

CHM'''EL 12 "" .•."'" ••••••••
wa j tIl6

lH
eo 00 usee
-6.00 08
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120,00 as
~OO :':00000 M"z
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20,00 em
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*"'* Acquisition Parameters .**
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Fig. 4.3d : 13C_nmr spectrum of the compound EER, :
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Fig.4.5 :Mass spectrum of the compound EER,



74

13C-DEPT signals [ 4.4(a,b)] gave clear indications of the methylene, methyne and
methyl protons. The methylene carbons at C-l ,C-6, C-7, C-Il, C-15, C-16,C-19,C-21 ,C-
22 and CH2-0-C=O were due to the signals at 0 46.43, 18.50,32.50,24.40,29.85,25.60,

43.50,28.95, 34.25 and 64.15 ppm respectively. The signals at 0 67.17, 82.05, 54.57,
47.45, 126.51,40.32 ppm were due to methyne carbons at C-2, C-3, C-5, C-9, C-12 and
C-18 respectively. The methyl carbons at C-23, C-24, C-25, C-26,C-27,C-29 and C-30

were assigned to the signals at 0 28.05,16.22, 17.36, 16.80,28.95,31.34, and 23.27 ppm

respectively. The esteric methyl carbon was at 0 13.65 ppm.

The gallic ester structure was assigned from 'H-nmr and 13C_nmrdata analysis. In the 'H-
nmr two aromatic protons ( of cl" and Cl/) are observed at 0 7.0 ppm as singlets. The
'3C_nmr signals at 0110.6 ( C2 III, C6/

1I
), 122.0 (Cl") 138.6 (CllII), 143.6(CS

Ill
) and 178.9

(Cl") are well fitted for the gallic acid structure.

The mass spectrum of the compound EERI( Fig 4.5 ) had the molecular ion peak at mlz
930 corresponding to the molecular mass of the compound. The calculated molecular
formula for EER, was CSoH74016.From IH and 13C-nmrspectrum it appears that EERI is
a combination of four fragments, a triterpenoid, two sugar units ( one pentose and one
deoxy hexose) linked to the triterpenoid skeleton and ethyl gallate also linked to the
triterpenoid skeleton. Hence such a high molecular mass of 930 is quite expected for the
compound EER,. A tentative mass fragmentation pattern of the compound is shown in
the scheme 3.1. In addition to the ion peak at 928 arising from the removal of 2H of gallic
ester,two prominent peaks were observed at 604 and 390. According to the fragmentation
scheme- 3.1 some other peaks should be at 796, 778, 736, 732, 586, 582, 540 and 408 as
shown in the fragmentation scheme 3.1. Although these peaks were not so prominent but
almost all of them were found in the mass spectrum (Fig. 4.5).
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Thus with 74 protons from IH_nmr, 50 carbons from 13C_nmr along with 16 related
oxygens, the compound EERI has the molecular fonnula CSOH74016which is quite in
confonnity with molecular mass (930) found in the mass spectrum. Thus on the basis of
all those spectral analyses, tentatively the following structure (35) may be assigned for
the compound EER, and it can be named as 2-o-a-[4111-{ethyl gallate)] -3-~-O-
arabinofuranosyl-23-deoxy arjunolic acid -28-0- ~O-rhamnopyranoside.

4.1.4: Characterization of the compound EEClb :

The mother Iiquior from the residual fraction EER1(section 3.4.1) when subjected to
column chromatographic separation yielded several fractions of which EEC1 is one of
them. This EEC1 on further fractionation in different solvents lead to the isolation of the
pure compound EEClb• It was a greenish black amorphous powder.It gave a single spot
with RrvalueO.80 in a solvent system EtOAc: OCM: MeOH (80:10: 10).

It changed its color at 185°C and decomposed at -300°C. It responded to the Terpenoid
Tests [ Pink color in LB Test, yellow color with TNM Test] showing the presence of
terpenoid skeleton and also to the phenol-sulphuric acid Test and Molisch's Test
confinning the presence of sugar moiety in it.

It's IR spectrum [Fig.4.6] showed a strong broad absorption band at 3380 Cm,l indicative
of the polyhydroxy system in it. It also showed a sharp absorption band at 1700cm,1 for
ester carbonyl group and a weak band at 162Scm,I for a trisubstituted double bond. The
bands at 1450, 1275, 1240 and 1050 cm" are due to C - 0 stretching of glycosidic
linkage.

The IH-nmr spectrum [ 400 MHz, OMSO, Fig.4.7 (a,b,c,d,e)] of the compound showed
seven singlets at 80.67,0.69, 0.84, 0.90, 0.92, 1.08 and 1.22 ; these are angular methyl
protons. The multiplets at 83.2-3.4 (I IH), 83.6-3.8 (IH), 84.0S-4.4S(2H),
85.05 - 5.40 (2H ) , were due to the presence of different types of protons of the sugar
moiety. The signals at 8 1.22-1.38, 81.4-J.5, 8 1.6, 8 1.76, 8 1.80-2.0, 8 2.15-2.3,8
2.37,82.45-2.65,82.73 were due to the presence ofmethyne protons ( 4 x CH, 4H ) and
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methylene protons ( 8 x CH2 , 16H ) and hydroxyl protons (I x OH, IH ). The sharp
singlet at 53.36 was for the methoxy proton attached to carbonyl carbon of the gallic
acid.

The two singlets at 5 7.I 0 and 7.53 are for two aromatic protons. The doublet signal at
56.81 was due to the presence of olefmic proton.The signals at 5 12.0 were due to the
presence of the phenolic protons.

The 13C_nmrspectrum [400 MHz, DMSO, Fig-4.8 (a,b,c)] of the compound EEClb was
determined and the chemical shifts of all the carbons were assigned on the basis of
comparison with the data reported for other glycosidesl9b (Table 4.2 ).

Table-4.2 : uC-nmr spectral data of the compound EEC1b compared with the
published data of triterpenoid glycosides,ethyl gallate and a-amyrin:

Carbon No. EEC'b Ref. of Ref. of
g1ycosides a-amvrin

C-I 47.28 48.30 38.7
C-2 67.13 68.30 27.2
C-3 82.30 83.40 78.3
C-4 39.92 39.90 38.7
C-5 55.59 55.56 55.2
C-6 18.14 17.19 18.3
C-7 33.64 33.40 32.9
C-8 44.75 44.50 40.0
C-9 62.90 62.60 47.7

C-IO 38.41 38.90 36.9
C-lI 183.17 200.10 23.3
C-12 13027 129.00 124.3
C-13 159.78 170.00 139.3
C-14 46.10 45.90 42.0
C-t5 28.53 28.30 28.7
C-16 27.10 27.60 26.6
C-17 46.68 46.60 33.7
C-18 45.50 45.50 58.9
C-19 44.50 44.50 39.6
C-20 34.87 35.60 39.6
C-21 28.10 28.30 31.2
C-22 32.59 32.10 41.3
C-23 28.70 28.70 28.1
C-24 17.09 17.50 15.6
C-25 17.01 17.90 15.6
C-26 21.10 19.60 16.8
C-27 24.11 24.30 23.3
C-28 178.90 176.70 28.1
C-29 29.02 29.20 17.4
C-30 22.95 22.90 21.3
c', 103.0 105.4
c', 82.30 82.10
c', 75.50 78.60
C. 71.60 71.20
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Cs 75.50 77.80
C. 62.90 62.60
C:', 122.16 1212
C',,/I. 111.30 110.60
C', 143.53 146.30
C'. 174.60 168.00
CiS 140.66 146.30

-Q.(;H, 53.15 51.S0
=CoO 17825 168.00

The 13C-nmr spectrum [400 MHz, DMSO,] of the compound EEClb clearly showed one
low field carbon at 178.90 ppm accounting for the carbonyl carbon. The presence of of
the carbon signals of one six membered sugar unit in EEClb was proved from the
appearance of the anomeric signal at S 103.00 for C - I' and other signals at S 82.30 (C-
2' ), 75.50 ( C - 3' ), 71.6( C - 4' ), 75.50( C - 5' ), 62.9( C - 6' ) in its 13C_nmrspectrum.
The data corresponds to that of the published data for the sugar glucose.

In 13C_nmrspectrum of EEC1b, the signals at S183.17 ppm was for C=O of C-II and at
62.90 for C-9. The signals at S 138.62 and 130.27 ppm were accounted for the two
olefinic carbons C-12 and C-13 respectively. The oxygenated carbons C-2 and C-3 gave
signals at S 67.13 and 82.30 ppm respectively. The signals of six quarternary carbons at
C-4,C-8,C-IO,C-14,C-17 and C-20 are due to the signals at S 39.92, 44.75,38.41,46.10,
46.68 and 34.87 ppm respectively.

I3C-DEPT signals[ Fig. 4.9 (a,b) 1 gave clear indications of the methylene, methyne and
methyl protons. The methylene carbons at C-I,C-6, C-7, C-15, C-16,C-19,C-21 and C-22
are due to the signals at S 47.10, 18.Q7, 33.57,28.63,27.10,44.10,28.05 and 32.52 ppm
respective!. The signals at S 67.07,82.24,55.59,63.86, 130.21 and 45.6 ppm were due to
methyne carbons at C-2,C-3, C-5, C-9, C-12 and C-18 respectively. The methyl carbons
at C-23, C-24, C-25, C-26, C-27, C-29 and C-30 were assigned to the signals at S 28.7,
17.03, 16.96,20.99,24.06,30.01, and 23.88 ppm respectively. The signals at S 103.00,
82.24,75.70,69.80,75.70, and 62.9 ppm were well fitted to the sugar carbons at C - I', C
- 2' C - 3', C - 4' ,C - 5' and C - 6' respectively for glucose moiety.

The gallic ester structure was assigned from IH_nmr and 13C-nmrdata analysis. In the IH_
nmr spectrum, the two aromatic protons ( of ct and cl') were observed at S 7.10 ppm
and 7.53 as singlets respectively. The 13C-nmr signals atSI I 1.3 (C/',C/'), 122.0 (C/')
143.53 (C/"), I74.60(Cl') and 140.66 (Cl") were well fitted for the gallic acid structure.

The mass spectrum of the compound EEC1b( Fig 4.10) had the molecular ion peak at mJz
814 that corresponds to the molecular mass of the compound. The molecular formula was
calculated for EEClb and it was found as C~201'. From IH and 13C_nmrspectrum it
appears that EEClb is a combination of three fragments, a triterpenoid, one sugar unit (
glucose ) linked to the triterpenoid skeleton and methyl gallate also linked to the
triterpenoid skeleton. Hence a high molecular mass like 814 is quite expected for the
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compound EEClb. A tentative mass fragmentation pattern of the compound is shown in
as shown in the fragmentation scheme 4.2. In additon to the molecular ion peak at m/z
814, other peaks were observed at 753, 652, 603, 594, 571, 577, 545, 513, 419, 402, 389,
361 and 344 as shown in the fragmentation scheme 4.2. Although all ofthese peaks were
not so prominent but most of them were found in the mass spectrum ( FigA.1 0 ).

Thus with 62 protons from 'H-nmr spectrum, 44 carbons from 13C_nmrspectrum along

with 14 related oxygens, the compound EEC'b has the molecular formula C44H620'4
which is quite in conformity with the molecular mass (814) found in the mass spectrum.
Thus on the basis of all those spectral analyses, tentatively the following structure (36)
may be assigned for the compound EEC Ib and it can be named as 2-0-u-( 4/1-methyl
gallate)-2u -313- dihydroxy-ll-oxo-olean-12-en-28-oic acid-28-0-13 -D-glucopyranoside

29 30
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fB:1bCc..l\:A.)1361
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Scheme 4.2 : Mass fragmentation pattern ofEEClb
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Fig. 4.8a : 13C_nmr spectrum of the compound EEC'b:
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Fig. 4.10 : Mass spectrum of the compound EEClb
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4.1.5 :Characterization of the compound EECs. :

The mother Iiquior from the residual fraction EER1(section 3.4.1) when subjected to
column chromatographic separation yielded several fractions of which EECs is one of
them. This EECs on further fractionation in different solvents lead to the isolation of the
pure compound EECs •.It was a light borwn amorphous powder.It gave a single spot with
Rrvalue 0.70 in a solvent system EtOAc : OCM : MeOH (70: 15: 15).

The compound EECsa was decomposed at _300. with a color change at 170.C. It
responded to the tests of Terpenoid [Pink color in LB Test, yellow color with TNM Test]
showing the presence of terpenoid skeleton and also to the phenol-sulphuric acid Test
and Molisch's Test confirming the presence of sugar moiety in it.

It's IR spectrum [Fig.4.11 ] showed a strong broad absorption band at 3400 cm'l for a
polyhydroxy system, the broadness of the peak suggests that more than one hydroxyl
group may be present in it The sharp absorption band at 1700cm'1 can be assigned to the
carbonyl ester group and the weak bands at 1520 and 850 cm'l are for a trisubstituted
double bond. The bands at 1450, 1260, and 1050 cm'l were due to C - 0 stretching
vibration that could be seen in the spectrum.

The IH-nmr spectrum [ 400 MHz, OMSO, Fig.4.12 (a,b,c,d,e,f)] of the compound
showed six singlets at I)0.70, I)0.84,1)0.87,1) 0.92, and I) 1.22 . for angular methyl
protons. The multiplet signals at 1)0.80-0.97 (2H), 1)0.1.0-1.15 (2H), 1)1.\8-1.35 (6H),
I) 1.60-2.30 (IOH) were due to the presence of methyne protons ( 4 x CH, 4H) and
methylene protons ( 8 x CH2• 16H ). The signals at I) 1.45-1.58 (m,6H), I) 2.10-2.35
(m,3H), I)2.37( s, IH), I)2.46-2.60 (m,2 H ) , I)2.70-2.80( m,2H), 1)3.25-3.50 (m,12H),
I)3.70-4.20 (m,2H), I)4.20-4.55 (m,2H), I) 5.10-5.35 (m,2H), were due to the presence of
different types of protons of the sugar moiety and olefinic protons. The sharp singlet at
I)0 3.35 was due to the presence of the methoxy proton attached with the carbonyl group.
The sharp singlets at I) 5.16 and 5.30 indicate the presence of the two anomeric protons
in the compound.

The 13C_nmr spectrum [400 MHz, DMSO, Fig-4.13 (a,b,c) 1of the compound EECsa was
analysed and the chemical shifts of all the carbons were assigned on the basis of compari-
son with the data reported for other glycosidesl9b (Table 4.3 ).

Table-4.3 : 13C_nmr spectral data of the compound EECs• compared with the
published data oftriterpenoid glycosides.

Carbon No. EEC", Ref. of
Rlvcosides

C-I 47.30 48.30
C-2 68.50 68.30
C-3 82.30 82.40
C-4 39.92 39.90
C-5 54.82 55.60
C~ 18.14 17.90
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C-7 33.64 33.40
C-B 44.70 44.50
C-9 46.36 4720
C-IO 38.90 38.70
C-II 24.47 24.30
C-12 129.67 129.00
C-13 143.87 144.00
C-14 46.78 45.90
C-15 28.54 28.30
C-16 28.02 27.60
C-17 46.68 46.60
C-IS 44.70 45.50
C-19 80.10 80.30
C-20 34.87 35.60
C-21 23.70 23.30
C-22 32.59 32.10
C-23 67.13 63.70
C-24 16.59 16.50
C-25 17.08 17.90
C-26 17.01 17.20
C-27 28.70 28.50
C-28 17823 176.66
C-29 29.03 28.62
C-3O 25.10 24.60
c', 95.80 95.50
c'2 82.30 82.10
C; 78.90 78.60
c'. 71.60 71.20
c's 78.90 77.80
c'. 63.00 62.60
c'/, 103.60 102.20
c'1, 71.60 71.10
c'I, 72.98 73.10
c'1. 68.45 68.10
c'/S 72.90 73.60
c'1. 65.80 65.20
ct' 178.52 168.00
C/I 53.16 51.50

The presence of the two sugar units in the compound EECsa was proved from the
appearance of two anomeric carbon signals at l) 95.8 and 103.6 ppm in its 13C_nmr
spectrum ( Table 4.3) for C/ and C/I respectively.The attachment of one of the sugar
moiety e.g, glucose through an ester Iink~ at C-28 carbon of the triterpenoid was
confinned according to the published data . The other sugar unit was considered to
be 3-O-galactosideon biogenetic grounds68 and the for this reason the signal of C-3 was
appeared at /) 82.30 which was at much down field than its nonnal value with the
triterpeniod skeleton. 13C_nmrdata of the aglycone were comparable with those of .
mjunolic acidl9b with only one difference that the compound bears a CH2-OH group
instead of a methyl group. The 13C-nmespectrum of the compound EEC5aexhibited a
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carbon signal at 067.13 ppm for the C-23 carbon atom as it was linked to the ---QH
group. The aglycone was thus characterized as arjunolic acid. The signals at
o 82.39 and 178.23 ppm were assignable to C-3 and C-28 bearing the O-galactoside and
O-D-glucoside moieties respectively. The signals at 0129.67 and 143.87 for C-12 and
C-13 respictively strongly suggest the presence of olefinic carbon in the compound. The
signal at 0 80.02 ppm. was assignable to C-19 bearing a hydroxyl group.The anomeric
signals at 095.8 and 103.60 were for c', and c'1, respectively and the signals of other
sugar carbons were at 082.30 (C'2) 78.9(c'l) 71.6(C'4) 78.9 (C's) 63.0 (C'6) 71.6(
c"2) 72.98( c"l) 68.45 (c"4) 72.9 (c"s) 65.8( c"6). The oxygenated carbons C-2 and C-
3 gave signals at 0 68.50 and 82.30 respectively.

The quarternary carbons C-4, C-8, C-IO, C-13 C-14, C-17 and C-20 gave signals at
039.92, 44.70,38.90,143.87,46.78, 46.68, and 34.87 ppm respectively. The signals at
129.67 and 143.87 ppm for C-12 and C-13 strongly suggested the presence of olefiniC
carbon in the structure.

llC-DEPT signals [Fig.4.14 (a,b)] gave clear indications of the methylene, methyne and
methyl protons. The methylene carbons at C-I,C-6, C-7, C-II, C-15,C-16,C-21 and C-
22 were due to the signals at 0 46.95, 17.03, 33.59, 24.43, 28.65, 28.49, 28.98 and 32.54
ppm respectively. The signals at 067.08,82.24,54.83, 47.22,129.63,43.10 ppm were
due to the methyne carbons atC-2, C-3, C-5, C-9, C-12 and C-18 respectively. The
methyl carbons at C-24, C-25, C-26, C-27, C-29, C-30 and C/" were assignable to the
signals at 016.53,17.04, 28.73,29.02,26.32, and 53.10 ppm respectively.

The mass spectrum of the compound EECs.( Fig. 4.15 ) had the molecular ion peak at
mlz 870 corresponding to the molecular mass of the compound. The molecular formula
was calculated for EECs• and it was found as C44H70017.From 'H and IlC_nmr spectrum
it clearly appears that compound EECs• is the combination of four fragments, the major
fragment being a triterpenoid. The three other smaller fragments e.g, the two sugar
moities e.g, galactose and glucose and the methyl ester (CHl-O-C=O) were linked to the
triterpenoid. Hence a high molecular mass like 870 is quite expected for the compound
EEes.. A tentative mass fragmentation pattern of the compound is shown in the Scheme
4.3. In addition to the molecular ion peak at mlz 870 other peaks were found at 853, 842,
838, 824, 778, 764, 556, 527, 378, 346 and 330 as shown in the fragmentation scheme
4.3. Although some of these peaks were not so prominent, they were found in the mass
spectrum ( Fig.4.15 ).
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Scheme 4.3 : Mass fragmentation pattern ofEECsa
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Thus counting 70 protons from IH-nmr spectrum, 44 carbons from IlC-nmr spectrum
along with 17 related oxygens, the compound EECsa has the molecular formula
C44H70017 which is quite in conformity with the molecular mass (870) found in the mass
spectrum. Thus on the basis of all those spectral analyses, tentatively the following
structure (37) may be assigned for the compound EECsa and it can be named as 2-0-a-(
methyl ester)--3J3-0-galactopyranosyl-19«-hydroxy- arjunolic acid-28-0-J3-
glucopyranoside.

29 30

4.1.6 :Cbaracterization oftbe compound EEC6• :

The mother liquior from the residual fraction EER,(section 3.4.1) when subjected to,
column chromatographic separation yielded several fractions of which EEC6 is one of
them. This EEC6 on further fractionation in different solvents lead to the isolation of the
pure compound EEC6a• It was a light yellow colored amorphous powder. It gave a single
spot with Rr value 0.70 in a solvent system EtOAc: OCM : MeOH (70:15: 15).

It decomposed at 310°C with a change of color at 220°C. It responded to the Terpenoid
Tests [ Pink color in LB Test, yellow color with TNM Test] showing the presence of
terpenoid skeleton and also to the phenol-sulphuric acid Test and Molisch's Test
confirming the presence of sugar moiety in it.

It's IR spectrum [Fig.4.16 ] showed a strong broad absorption band at 3413 cm"1 for.
polyhydroxy system, the broadness of the peak suggesting the presence of more than one
hydroxyl group in it. The sharp absorption band at 1697cm"lcan be assigned to the
carbonyl ester group and the weak bands at 1510 and 810 cm"1for a trisubstituted double
bond. The bands at 1460, 1390, and 1050 em"1are due to C - 0 stretching vibration that
could be noticed in the spectrum.

The IH-nmr spectrum [ 400 MHz, OMSO, Fig.4.17 (a,b,c,d,e)] of the compound showed
eight singlets at S 0.71, 0.84, 0.87, 0.90, 0.92,1.07,1.22 and 1.24 for angular methyl
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protons and methyl protons of C-6//. The signals at 0 2.36 (s, IH), 02.5-2.62 (m,3H),
o 2.7-2.83( m,2H), 02.92 (s,lH), 0 3.05-3.22( m,2H), 03.3-3.58 (m,15H), 0 3.75 (s,IH),
04.1-4.55( m,lH) , 05.10-5.35(m,2H) were due to the presence of different types of
protons of the sugar moiety and olefinic protons. The signals at 00.77-0.82(m,IH),
o1.20-1.30(m,2H),0 l.35-1.55(m,6H),0 1.57-1.95(m,9H), 04.O(q,2H) were due to the
presence of the methyne protons ( 4 x CH, 4H ) and methylene protons ( 8 x CH2 , 16H
).The ethyl ester is confinned by IH-nmr signals at 0 0.71as triplets of 3H and at 04.0 as
quartet of 2H protons. The triplet signal at 0 5.23 was due to the presence of olefinic
proton.

The 13C_nmr spectrum [400 MHz, DMSO, Fig-4.18 (a,b,c,d) 1 of the compound EEC6a

was analysed and the chemical shifts of all the carbons were assigned on the basis of
comparison with the data reported for other glycosidesl9b (Table 4.4 ).

Table-4.4: 13C-nmr spectral data of the compound EEC" compared with the
published data of triterpenoid glycosides.

Carbon No. EEc.. Ref. of
Idycosides

C-I 47.35 48.30
C-2 67.02 68.30
C.3 82.39 83.40
C-4 39.90 39.90
C.5 54.89 55.60
C~ 18.14 17.19
C.7 33.40 33.40
C-8 44.77 44.50
C-9 47.04 47.20

C.IO 38.90 38.70
C.II 24.17 24.30
C.12 126.77 129.00
C-13 143.50 144.00
C-14 46.95 45.90
C-15 28.10 28.30
C.16 27.89 27.60
C-17 46.87 46.60
C.18 46.67 45.50
C.19 80.Q2 80.30
C-20 34.87 35.60
C-21 28.02 28.30
C-22 32.33 32.10
C-23 63.85 63.70
C-24 16.59 16.50
C.25 17.09 17.90
C-26 17.01 17.20
C-27 28.43 28.50
C.28 178.96 176.66
C-29 28.79 28.62
C.30 24.48 24.60
C, 95.20 95.5
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C, 82.30 82.10
C, 75.50 77.80
C. 71.62 71.20
C, 75.50 77.80
C. 6320 62.60
C/l 100.00 100.10
cl, 73.00 73.30
c', 72.40 70.50
c'. 72.90 72.00
c', 68.50 68.30
C". 17.01 17.90

{;H,-CH,-O 16.88
c/'

CH,-{;H,.o 64.10
c/I

=C-O 179.16 168.00

c/II

The chemical shifts in the I]C-nmr spectrum (Table-4.4) of the compound EEC6a showed
very clearly the presence of two low field carbons at 1)178.96 and 179.16 ppm
accounting for the two carbonyl carbons, one of them for ethyl ester and the other for
glycosydic esterr. The anomeric carbons ap~ at 1)95.20 and 100.0 ppm respectively
which are reminiscent of the one observed in mjunetin and and mjunoglucoside III. It
has been noticed in the Iiterature68 that that the anomeric carbon of the O-glycosides
appears around 1)100.00 ppm irrespective of the nature of the sugar unit which thus can .
be readily distinguished from the anomeric carbon of the ester glycosides that appears
around 1)95.00 ppm. The signals at 1)82.39 and 178.96 assignable to C-3 and C-28
bearing the O-L-rhamnoside and O-D-glucoside moieties respectively. The signals at
1)126.77 and 143.50 ppm for C-12 and C-13 strongly suggest the presence of olefinic
carbon in the structure. The signal at 1)80.02 was assignable to C-19 bearing a hydroxyl
group. The signals at 1)39.90,44.77,38.90,143.5, 46.95, 46.85 and 34.87 are
assignable to the seven quarternary carbons at C-4, C-8, C-IO, C-I3, C-14, C-17 and C-
20 respectively.

BC-DEPT signals [Fig.4.19 (a,b)] gave clear indications of the methylene, methyne and
methyl protons. The methylene carbons at C-l,C-6, C-7, C-II, C-15,C-16,C-21 and C-
22 were due to the signals at 1)47.35, 18.14,33.40,24.17,28.10,27.89,28.02 and 32.33
ppm respectively. The signals at 1)54.89,47.04, 126.77 and 46.67 ppm were due to the
methine carbons C-5, C-9, C-12 and C-18 respectively. The methyl carbons at C-24, C-
25, C-26, C-27, C-29, C-30, Col and C/I were assignable to the signals at 1)16.59,17.09
17.01,28.43,28.79,24.48,17.01 and 16.88 ppm respectively. The signals at
1)95.00,82.25,75.00,72.50,75.00,72.50,75.00,63.66 and 100.00,72.50,72,72.50,67.3
5,17.03 ppm were well fitted to the sugar carbons at C/I,C2,C/], Cf

4, Cf
S,Cf

6• C III,Cf
2,

CII], Cf
4, Cis and Cfl6respectively for the two sugar moieties.
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The mass spectrum of the compound EEC6a( Fig. 4.20 ) had the molecular ion peak at
mlz 868 corresponding to the molecular mass of the compound. The molecular formula
was calculated for EEC6aand it was found as C44H62014.From IH and I3C-nmr spectrum

it clearly appears that compound EEC6a is the combination four fragments, the major

fragment is a triterpenoid while the three other smaller fragments e.g, the two sugars e.g,
rhamnose and glucose and the ethyl ester (CH3-CH2-0-C=0) are linked to it. Hence high
molecular mass like 868 is expected for the compund EEC6a.A tentative mass
fragmentation pattern of the compound is shown in the Scheme 4.4. In addition to the
molecular ion peak other peaks were observed at 868,other peaks were observed at
838,836,795,633,459,415,397,383,352, 334 as shown in the fragmentation scheme 4.4.
Although some of these peaks were not so prominent, they were found in the mass

spectrum ( Fig.4.20 ).

Thus counting 72 protons from IH-nmr spectrum, 45 carbons from I3C_nmr spectrum
along with 16 related oxygens, the compound EEC6a has the molecular formula
C4sH72016which is quite in conformity with the molecular mass (868) found in the mass
spectrum. Thus on the basis of all those spectral analyses, tentatively the following
structure (38) may be assigned for the compound EEC6a and it can be named as 2-0-<1-(

ethyl ester}- 3(>-D-rhamnopyranosyl-19a -hydroxy-23-deoxyarjunolic acid-28-Q-(>-
g\ucopyranoside.

29 30
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4.1.7 : Detection of sugars and amino acids in Metbanolic extract (ME) and 80% Etbanolic
extract (EA)

Positive reponse to the Molisch's test and phenol sulphuric acid test of Dubois et al.
qualitatively confirmed the presence of sugar residues in the Methanolic extract (ME) and
80% ethanolic extract (EA) of the fruits of T. arjuna. Methanolic extract (ME) and 80 %
Ethanolic extract (EA) when subjected to qualitative test for amino acids using ninhydrin solution
as a reagent, an overwhelming positive response was obtained which confirmed the presence of
amino acids in the fruit T.arjuna.

4.1.8 :Identification of sugars and amino acids in Metbanolic extract (ME) and 80%
Etbanolic extract (EA)

Paper chromatoghraphic analyses identified the presence of 5 sugar residues of which two were
the pentoses xylose and arabinose, two were the hexoses glucose and galactose and the rest one
was a deoxy hexose L-rhamnose. But we could not quantify them. There are previous reports
regarding the presence of sugar residues in the bark powder of T.arjuna.

Paper chromatographic analyses using ninhydrin as a spray reagent further confirmed the
presence of amino acids in these two extracts. However, we could not identify any of the amino
acids perhaps due to the lack of proper standard amino acid.

4.1.9: Determination of the of the toxicity of the extract by brine shrimp lethality assay:

Toxicity of the different crude extracts and the purified compounds e.g., PE, CE, EE, EER"
EEC, •.EEC" EEC••.ME and 80% EA were determined by brine shrimp lethality assay ( Tables
3.2 to 3.10). The serial dilution experiment was carried out. It was observed that the average
mortality in 24h was 2 out of 10 in case of high dose ( 2.5 mg in 5 ml sea water) while average
mortality in 24 h was lout of 10. in case of the low dose (0.5 mg in 5 ml sea water). After 48 h
the average mortality for the high dose was 4 out of 10 while for the low dose it was 2 out of 10.

From the above result it seems that none ofthe fractions either crude or purified is toxic.
Though the the bark powder ofT.mjuna is traditionally taken as a super drug all over Bangladesh
and India for ailments of various heart diseases and now-a-days it is also considered as a potent
anticancer agent but its fruits are never taken as a medicine while the fruits ofT.belerica (Bahera)
and T.chebula (Harithaki) belonging to the same genus terminalia are extensively used as
traditional medicine both in Bangladesh and India. The reasons why these fruits are not taken as a
traditional medicine is not known. But the results of the toxicity test clearly indicates that
biologically they are not toxic and can be taken as a medicine like its bark powder and like other
fruits of the genus Terminalia.

4.1.10: Conclusion:

Though the compounds (35), (36),.(37) and (38) isolated by us were not reported earlier, similar
compounds were reported to be found in the barks and other parts of the T. arjuna. The other
important thing is that the compound (35) and (36) contain the anti cancer agents ethyl gallate and
methyl gallate as their constituents. From the biological study, it was found that the various
extracts from the fruit powder was not toxic. Hence ethnobotanical use or oral applications of the
fruits of T.arjuna like those of its bark and the fruits of T. beleriea and T. ehebula belonging to
the same genus Terminalia is quite justified.
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