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Chapter I General Introduction

Plants are considered to be the most potent objects to human beings not only
because of their support for food and shelter, but also because they provide ,aimost all the
requirements for the survival of the civilization. Within the past few decades the world
advanced rapidly with remarkable development in pesticide technology and medicine, but
there are slill some problems especially in the field of pesticides for undesirable changes
in the gene-pool for the presence of some mutagenic agents and also for increasing
pesticide resistance in insects. So, a question has arisen for the sustainability and the
survivability of the living beings on the planet with non-hazardous environment. Hence a
worldwide interest has created in the reevaluation and use of age-old traditional botanical

agents (Heyde et al., 1983).

Until now only a smali part of the plant kingdom (estimated at 2,50,000-5,00,000
species around the globe) has been investigated-phylochemically and the fraction
subjected to biological and pharmacological screening is even lower. Since plants may
contain hundreds or even thousands of metabolites, there is currently a resurgence of
interest in the vegetable kingdom as a possible source of new lead compounds for

introduction into therapeutical screening programmes (Hostettmann et al, 1995).
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Moreover botanicals, because of their low mammalian toxicity, have received much
atiention as control agents against stored grain pests. According to Feinstein (1952) over
2000 species of plants representing 170 odd families are said to have some insecticidal
values. There are many species of plants of these families in Bangladesh which are used

as traditional medicine by the native people from the remolest antiquity.

In the agricultural sector awareness has created for continuous or heavy use of
some pesticides which caused serious problems arising from factors, such as, direct
toxicity to parasites, predators, poliinators, fish and man (Munakata, 1970; Pinmental,
1981), pesticide resistance (Brown, 1968; Georghiou and Taylor, 1977; Schmutterer,
1981; Waiss et al., 1981), susceptibility of crop plants to insect pests (Pimental, 1977),
and increased environmental and social costs (Pimental et al., 1980), genetic resistance of
pest species, toxic residues, increasing costs of application, environmental pollution,
hazards from handling, elc. (Ahmed ef al., 198]), cross and multi-resistant strains in
many important insect species (Dyte, [970; Pasalu and Bhatia, 1983; Dylte and Halliday,
1985; Irshad and Gillani, 1990; Zettler and Cuperus 1990; Zettler, 1991). It has, therefore,
becorie necessary to complement our reliance on synthetic pesticides with less hazardous,
sale and biodegradable substitutes. Recently, the search for naturally occurring
antifeedants against pests of yield crops and storage has been intensified. A number of
investigators isolated, identified and screened compoundé from parts of many botanical
families for insect feeding deterrence and growth inhibition (Jacobson et af., 1975;
Bernays and Chapman, 1977; Doskolich et al., 1977; Jacobson, 1977; Shudhakar et al.,
1978; Carpentier et al., 1979; Warthen, 1979; Jurd and Manners, 1980; Menn, 1980;
Saxena, 1983). Locally available plants and minerals have been widely used in the past to
protect stored products against damage by insect infestation (Golob and Webley, 1980).
The main advantage of botanicals is that they are easily produced by farmers in small-

scale industries and are potentially less expensive. Motreover, botanical insecticides are
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broad-spectrum in pest control, many are safe to apply and unique in action and can be

easily processed and used (Talukder and Howse, 1995).

In recent years much interest has been cenlered around the family Meliaceae o
produce a number of terpenoids (Chatlerjee and Kundu, 1967) of diverse structural
skeleta which has been reported as toxic principles and have traditionaily been used as
fish or dart arrow poisons (Nishizawa et al., 1984). This induced to examine A. rohituka
W. & A. (syn= Aphanamixis polystaciiya Wall and Parker) commonly known as Pithraj/
Pitraj/ Tiktaraj/ Royna in Bengal. Its bark, leaves and fruits taste bitter and are widely
used in folk medicine (Chatlerjee et al, 1970). The bark is used as an astringent (Watt,
1889), for spleen, liver, lumours, for abdominal diseases and in rtheumatism (Agnihotri et

al., 19870).

A. rohiluka seeds are used o produce ghees/powders/bolmes/enemas to cure
abdominal tmours (Hartwell, 1970). The seed oil is burnt by the poorer classes and is
used as a stimulating liniment in rheumatism (Walf, | 1889) and it is suitable for
manufacture of soap (Razzaque et al., 1983). The fruits after the removal of bitter oil are
generally used as fertilizers. The otl, when burnt on small ea.rthen plate with cotlon wicks,
are said to repel mosquitoes and [lies. Very recently the plant has been studied and proved
as a source of repellents, antifeedants, toxicants and protectants in storage against stored

grain pests (Talukder and Howse, 1995).

Villagers in Bangladesh use the seed oil to protect flies from the wounds and rub
the body with it Lo prolect lecches and other problematic water organisnis belore gelting
down into water bodies in the rainy season. So, it is likely to happen that this plant can

give suitable constituents to produce pesticidal properties for a safer application.
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Some optimistic workers have already isolated some interesting compounds from
dilferent parts of this plant, but i-t was not attempted or never taken as a complete work Lo
be done. So, it needs an assemblaged step to conduct various types of bioassays and to go
though phytochemical analysis for further invention of more in{cres'ling compounds
which can help in the development of desirable pesticides and can promote

chemotaxonomic characteristics of this species.

As part of the above mentioned aim the present research work has been done to
evaluate the different extracts on different strains (CR-1,. FSS-II and CTC-12 strain) of

the red flour beetle, Tribolium castaneum (Hbst.) (Coleoptera:Tenebrionidae).

1.1. Background information on the target plant

Careful selection of plant material is obviously very important in order to arrive at
uselul compounds for pesticidal or medicinal application in the shortest possible time.
Random coliection is one melthod, but it is more judicious to lace the selection on certain
criteria. By way of illustration, plants used in traditional medicine are more likely to

provide pharmacologically active compounds (Huxtable, 1992).

Choice of plants according to chemotaxonomical consideration is another
possibility. If, for example, a search for xanthones is being undertaken, it is advisable to
start by investigating families which are known to contain this class of natural products-
the Gentianaceae, the Polygalaceae, or the Guttiferae if prenylated xanthones are
required. Aqueous plant extracts which foam copiously are giving indication of the
presence of saponins. Plant parts or extracts which are dark red in colour may show the
presence of tannins. Field observations can also be very important. If a brush or a tree
shows no sign of being attacked by pests and has neither pieces eaten out of the leaves

nor discolourations due to the presence of some foreign organism, there is a good chance
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that same metabolites are present in it which act as insecticides or antimicrobial agents

(Hostettmann et al., 1995).

The family Meliaceae, comprising about 50 genera and 1400 species, forms a
large botanical family of mostly pantropical distribution (Willis, 1966). Of all the plant
families the Meliaceae is among the more useful to man, chiefly for its high quality
timbers and for the ease with which some species can be grown in plantations. Alimost
confined Lo the tropics, its species nevertheless pervade them, and occur, conspicuously,
in a variety of habitats from rain forest to mangrove swamps and semi-desert (Pennington

and Styles, 1975).

With a [ew exceptions most of the genera currently recognized as meliaceous have
been regarded as such since the time of their discovery. But there has been persistent
disagreement as (o the number of genera and their circumédiplion and as to the best way
to accommodate them in tribes and subfamilies. Even the n.umber of families has been
uncertain fron_1 the time of Jussieu (1789) to that of Harms (1940). A still more detailed
account of the Meliaceae was published in 1830 by Jussieu. This thorough and
painstaking work remained in use for a very long time. Jussieu’s (1830) classification
which is based on a longer number of characters than any previous one, is a definite

nnprovement.

During the first half of the nineteenth cenlu;y, a number of botanical works,
dealing with the flora of restricted geographical regions, were published, particularly for
parts of Asia, in which genera of the Meliaceae were mentioned. The Meliaceae are well
represented in India, and the first account for this country was by Roxburgh (cited in,
Penninglon and Styles, 1975). A list of plants published in 1814 in his ‘Hortus

Bengalensis’ included the names Heynea, Walsura, and Andersonia. Andersonia was
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described and illustrated under the new name Amoora by Roxburgh himself, in his
‘Plants of the coast of Coromandel’ published in the year 1820 (cited in, Pennington and

Styles, 1975).

Hooker (1862), in the ‘Genera Plantarum’ of Bentham and Hooker followed
Candolle (1824) but differed from Jussieu (1830) in uniting the Cedrelaceae and
Meliaceae. All authors since then have done (he same. "I-Iooker (1862) included thirty
seven genera in the Meliaceae, and all of them are [ully and accuralely described. Sonme
ol the genera he recognized have since been split into two :c_)r more and others have been
subordinated (o synonyiny, but the majority are still accepted today. These genera are
arranged in tribes: Tribe | Melieae, contains Quivisia, Calodryum (=Turraea), Turraea,
Vavaea, Naregamia, Munronia, Melia, (including Azadiracita), and Mallea
(=Cipadessa), Tribe I Trichilieae, contains Dysoxylum, Chlisocheton, Epicharis
(=Dysoxyluigz}, Cabralea, Sandoricum, Aglaia, Milnea (=Aglaia), Lansium, Amoora
(=Aglaia), Synoum, Guarea, Dasycoleum (=Chisocheton), Ekebergia, Walsura, Heynea,
Beddomea (=Aglaia) Moschoxylon (=Trichilia), Odontandra (Tricluf'lia), Trichilia,
Owenia, Carapa (including Xylocarpus); Tribe Ul Swietenieae, contains Swielenia,
Khaya, Soymida, Chukrasia (Chickrassia), Elutheria (=Schmardaea); Tribe 1V
Cedreleae, conlains Cedrela, Chloroxylon and Flindersia. In addition to a number of
genera now regarded as synonyins, a considerable number have been described during the

tast one hundied years.

Candolle (1878), in ‘Monographiae Phanerogamarum’, resurrected Vavaea and
Walsura, but reduced Aphanamixis to Amoora. Candolle’s ciccumscription of Dysoxylum
included Didymocheton and Epicharis, Guarea included Ruagea, Carapa included

Xylocarpus, and Cedrela included Toona.
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In 1896, Harms published his first account of the Meliaceae in Engler and Prantl’s
'‘Die Natiirlichen Pflangenfamilien'. In this work he described 4 new genera and
Aphanamixis was again reinstated as a genus in this work. It was also similar to those of
Hooker (1862) and of Candolle (1878) but contains some important differences. He
divided the Meliaceae into three sub-families and tribes were then six in number: [
Carapeae, 11 Turraeae, 111 Vaveae, 1V Melicae, V Azadim&htﬁeue and VI Triclilieae. In
the second edition of “Die Natiirlichen Pflanzenfamilien”, Harms (1940) did not alter the
circumscription of the sub-families, except to include those genera described since 1896.
His division of the Melioideae into tribes remained virtually unchanged, except that
Azadirachia was included with Melia in the tribe Melieaq reducing the number of tribes

into live.

This taxonomic perplexity was a lengthy phen;)menon since it was a difficuit job
Lo differ meliaceous species each other and Pennington and Styles (1975) dealt with it for
the later years. Most of the genera they recognized differ from all others in the family and
at least two characters were common to all species. Consequently they considered that
Amoora should be reduced to Aglaia and they proposed a new type of classification for

the family Meliaceae.

Kostermans (1982¢) disagreed with Pennington and Styles (1975) to include
Amoora in Aglaia. He mentioned that the genus is so entirely different from Aglaia in its
inflorescence and flower characters, and it seems better to keep it like as it was. He was
working for the Family Meliaceae for long been time and reported about the title species

A. roliituka citing his specimen number as Kostermans 28006, (Kostermans, 1982a).

Being a family member of the heavily studied Neem plaat, Azadirachta indica A.

Juss. and being considered as a medicinal plant in India and Bangladesh, Amoora
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rohituka W. & A. is sclecled for this investigation. The ltle plant A. rohitika was in a
clumsy of nomenclatuic because of some confusions about its proper bolanical identity
(Razzaque et al., 1983). Mabberly in the year 1982 published on behalf of the Mcdalaysian
Forester giving a new information on' the derivation of the generic name
Ricinocarpodendron Boehmer. This generic name, validly published in 1760, and was
considered o be refcrable to a tree wilh llowers of the l'OSﬂCG;)US kind and was recognized
as meliaceous one. A description and drawing (Fig. 1.) published by Amman (1730) is
such that he must ha(ll seen Lhe living plant or had a description thereof, for he mentions
the colour of the flowers and of the fruits at diffcrent stages ol development. Elsewhere,
he described living p-lunls from the St Petersburg (=Leningrad) Botanic Garden and his
herbarium was at Leningrad, but Mabberley (1982) assured that there was no speciinen (o

be found there with his name Ricinocarpodendron.

Crmment At S Tom SR T Ty, 272,
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Fig. 1. Amman’s (1736) Ricinocarpodendron after Mcbberley, (1982).
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Fortunately, the published plale is clearly recognizable and represents the
widespread Indomalayan genus, currently known as Aphanamixis, probably A.
polystachya (Wall) RN Parker. Although Amman’s (17306) name Ricinocarpodendron,
would seem rather inappropriate in some respects and might have been more usefully
applied Lo say Nephelium (Sapindaceae), and it is the earliest name for Aphanamixis. This
genus is small (about six species from China, India and Malaysia to the Solomon Isfands)
and only lately has its distinctness been argued cogeilll)". In consequence, these plants,
none of which is of any real commercial importance, have had many names in Aglaia
Lour. and Amoora Roxb. while Aphanamixis has been used recently to induce
Sphaerosacnie Wulll. and species now referred Lo Reinwardtiodendron. Mabberley (1982) -
then advised, therefore, that there is very little chance that an attempt to conserve
Aphanamixis against Ricinocarpodendron would be successful, and proposed, rather

refuctantly, that the latter name be taken up again.

Mabberley (1982) gave the key to the Malayan species of Reinwardtiodendron as
follows: Reinwardtiodendron palystacliyum (Wall) Mabb. comb. neva. Aglaia
polystachya Wall. in Roxb., Fl. Ind. 2:429 (1824). Type: India, Assam and Silhet, ‘1821’
de Silva in EIC 1277 (K-W! holo; K!). Buchanania spicata Roxb., MSS., B. paniculata
Roxb., MSS. Aphanamixis grandifolia Bl., Bijdr.: 165 (1825). Type: Indonesia, Java, Mt.
Salak, Blumne s. n. (L! holo) Guarea amaris Buch. -Hom. in Mem. Wern. Soc. 6:307
(1832). Andersonia rohituka (Roxb.) Fl. Ind. 2:213 (1832). Amoora rohituka (Roxb.) W.
& A, Prodr. L:119 (1834). Aphanamixis rolituka (Roxb.) Piérre. FI. For Cochinch., Sub.
L. 334 (1895) and L. 344 (1896). A. polystachya (Wall.) R.N. Parker in Ind. Flor. 57: 486
(1931). This species is found throughout the range of the genus and has been described

under many names in different parts thereof.
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1.2. Morphological attributes, systematic posilion and distribution of the

title species

Amoora Roxb. a genus of trees belonging to Meliaceae comprising some 15
species, inhabilants of the tropical and extra-tropical regiohs of Asia and Australia, 12
occurring in India and one being endemic to Australia (Watt, 1889). But (Anon, 1952)
mentioned Amoora as a genus of evergreen trees, comprising about 25 species. The
Generic name Amoora is derived from the Bengali vernacular name Anuir. The local
names of the title species Amoora rohituka W. & A.: Pitraj/Pithraj/Pittiraj/Tiktaraj/Royna
in Bangla; Harin hara/Harin khana in Hind; Sikru in Kol.; Sohaga in Oudh; Bandriphal in
Nep.; Lota amar-i/Amora amari in Ass.; Okhioungza/Okhyang in Magh.; Shein maram
(the red wood plant) in Tam.; Chaw-a-manu/Rohitakah in Tel.; Shem maram in Mal.;

Rohituka in Sans.; Hingal gass in Singh.; Thitni/Chayan-ka-you in Burm.; (Watt, 1889).

The specilic characteristics are as follows: leaves [-3 feet long, leaflets 9-15,
oblique, quite entire in size 3 to 9 by 1.33 to 4 inches; young parts tawny, closely
pubescent, early glabrescent; inflorescence sub-dioecious, paniculate, female spicate or
- racemose; [lowers while, bracteate, sub-sessile; male spikes panicled, female simple;
calyx S-partite, petals 3, anthers 6, ovary 3 celled with 2 superposed ovules in each cell;
stigma sessile, style elongated, capsule subglobose, thickly coriaceous, 3-4 celled and
seeded, seeds with a fleshy aril, hilum ventral (Watt.1889). Backer and Bakhuizen Van
Den Brink, (1965) indicated in the Flora of Java that the leaves are spirally arranged,
thinly or thickly coriaceous and trees hairy with stellate scales. The chromosome number

of this title plant is n=18, 2n=76, C. 150 (Pennington and Styles, 1975).

Pending a complete revision of the genus, the transforms currently being prepared
are mentioned herc to give a nearly complele account of Awioora species in briefl:

Reinwardtiodendron polystachywm (Wall.) Mabb. comb. nova.  Amoora rohituka

General Introduction 10



(Roxb.) W. & A. Type: India, Assam, Silhc; R. Swmairanum (Miq.) Mabb. comb. nova.
A. sumatrana Miq. Type: Indonesia, Sumatra, near Padang; R. horneense (Miq.) Mabb.
comb. nova. A. borneensis Miq. Type: Indonesid, Bormeo, ML Prararuﬁvin; R.
cumingianum (C.DC) Mabb. comb. nova. A. cumingimm,_'C.DC, Type: Philippines;
Aglaia malaccensis (Ridley) Panell, comb. nova. Amoora malaccensis Ridley. A. ridleyi
(King) Panncil, comb. nova. A. ridleyi King. A. rubenscens (Hicrn.) Panncll, comb
nova. A. rubescens Yiem., A. rubiginosa (Hiem.) Pannell comb. nova. A. rubiginosa
Iiern. Furthermore, Amoora cucullata Roxb., Amoora decandra Hiern and  Amoora
spectabilis Miq. or Amoora wallichi King., these (hree are the Indo-Himalayan species.
New another species  A. beddomei Kosterm. of Cylonese origin introduced by

Koslermans (1982D).

Fig. 2. The World map showing the distribution of the title species A. rohituka
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Family

MELIACEAE

|

Sub family 1]

Sub family ]

QUIVISIANTHOIDEA

Sub family 1V

Quivisianthe .
MELIOIDEAE SWIETENOIDEAE
Sub Tamily 111
CAPURONIANTHOIDEAE
Capuronianthus
Tribe | Tribe H1
CEDRELEAE Tribe 11 XYLOCARPEAE
Cedrela, Toona; SWIETENIEAE Carapa, Xylocarpus,
Soymida, Entandrophragma, Khaya,
Neobeguea, Swictenia, Psudocedrela,
Schmardaea, Chukrosia, Lovoa;

Tribe 11

| VAVALEAE I

Vivaca

Tribe 11

MELIEAE |

Melia, Azadirachta

Tribe )

TURRAEAE

Munronia, Naregamia, Twrraea,
Humbatioturraca, Calodecaryia,
Nymania

Irig. 3.

Tribe VIl
SANDORICEALR

Tribe VI Sandoricum

| GUAREEALE I

Heckeldora, Cabralea,
Chisocheton,  Synoum,

Tribe V Anthocarapa, Ruagea,
| AGLAIEAL Turraeanthus, Guarea,
Dysoxylum
Aglaia lansium,
Tribe IV Reimwradtiodendron

TRICINLIFAR Sphaerosacme

Tricliilia, pseudobersama, Walsura,

Lepidonrichiltia, Owenia,

Malleastrum,

Lkebergia  Astrotrichilia,  Cipadessa,

Aphanamixis,

A. cucullaia Roxb.,

A. wallichi King, |

A. rubiginosa ltiem,,
A. rubescens Hiern.,

A. beddomei Koslerm A decandra Hiern,,
A. roltituka. W. & A., |  A. borneensis Miq.,
A, cumingiana C. DC., A. sumatrana miq.,

A. malaccensis Ridley and A, ridleyi King.

Ricinecarpodendron palystachyum (Wall.)
= Aphanamixis polystachya Wall. and Parker
= Amoora rohituka W. & A,

Infra structure of the family Meliaceae.
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1.3. Social utilities of the title plant

A. rohituka (Meliaceae) is a useful timber tree in Bengal. The trunk of this plant is
hollowed out to make big canoes called ‘Odis’ in Nicobarese by (he Nicobarese tribals of
the Andaman and Nicobar Archipelago (Dagar, 1986). Its sceds, bark and leaves are
employed in our indigenous system of Indian medicine (Chandrasekharan and
Chakrabortly, 1968), as an astringent, for spleen, liver, tumours, for abdominal diseases

and in rheumatism (Chopra et al., 1956; Kirtikar and Basu., 1935).

In Bengal an oil is collected from the seed. The natives, where the tree grows
plentifully, extract this oil, which they use for various economic purposes. The oil is used
by the poorer classes as {uel for lamps and as a stimulating liniment in rheumatism. The
seeds are [ried and bruised, then boiled with water, when the oil floats on the top (Watt,
1889). The seeds are acrid with a sharp taste, refrigerant, laxative, anthelmintic, cure
ulcers, discases of the blood, of the eye and of the ear; lessen muscular pain as reported in
the Ayurveda. Villagers in Bangladesh use the seed oi} to protect (lies from the \younds
and rub the body with it Lo protect leeches and other problematic water organisms before

getting down into water bodies in the rainy season.

The bark is used in spleen and in liver diseases, tumours and in abdominal
complaints. The powdered bark is said to be very beneficial in cases of enlarged spleen.
But, it was administered to a case of enlarged ép]een with no beneflit. {t was later
administered to cases of enlarged spleen and enlargement of liver of infants and the result

was unsatisfactory (Kirtikar and Basu, 1935).

Ghees, powders, bolmes and enemas, of seeds are used against abdominal tumours

in India as reported in Charaka Samhita as indicated by Hartwell, (1970).

General Introduction 14



1.4. General components of the title plant and its related species

Plants of the lamily Meliaceae have repeatedly been the object of chemical study
on account of the occurrence of interesting di- and triterpenoids (Chatterjee et al., 1970)
and of volatile oils (Ilegnauer, 1969a,b). The presence of a large number of terpenoids of
diverse structural skeleta in the family is well documented (Chatterjee and Kundu, [967).
The presence of alkaloids has been recorded in several species of Meliaceae. These plants
grow luxuriantly in Bengal and their leaves and fruits taste extremely bitter because of the
presence of the bilter substances which are collectively called 'meliacins’. These
Meliaceae conslituents, occurring either as esters or in the [ree state, are ali chemically
closely related and from the bitter principles of (he meliacin group, are called 'linonoids'

(Dreyer, 1968; Connolly et al.,1970).

During the intervening years after the constitution of limonin was established in
1960 by Arigoni et al., a number of genera of this family have been investigated. The
most exlensively studied genera are Khaya, Entandrophragma, Melia and Cedrela
(Banerji and Nigam, 1984), but most of those works were in the field of phytochemical
analysis of new lead compounds which revealed the presence ol (erpenoids, limonoids,
alkaloids, saponins and many different polyphenols. Limonin, the characteristic bitter
principle of citrus species which are also found in the Rutaceae family was also reported.
As is now known, a great number ol compounds isolated [rom the same or a bolanically
related family Meliaceae, have a structure similar to limonin and comprise the bitter
principles of the limonin group, (structure m, Chart-3) wﬁich are limonoids. It could be
added that these bitter principles which have been isolated from the Meliaceae family

have cytotoxic aclivity (Pettit ef al., 1983).

A number of Meliaceae speices are well known medicinal plants, such as Amoora
rohituka (India), Khaya ivorensis (Nigeria), Melia azadirachta (Columbia), Sandoricum
indicum (Mexico) and Trichilia hirta (Venezuela), have been used in the primitive

treatment of cancer (Hartwell, 1970). A series ol Letranortriterpenoids, as a source for
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potentially useful antincoplastic agents have been uncovered which inhibit growth of the
Murine P-388 lymphocytic leukemia (PS system) cell line of the National Cancer Institute

(Pettit et al., 1983).

The characteristic lerpencs of the family are Aglaiol, CiollsoO2; Melianon,
CaollaOs; Turracanthin, CsallsoOs elc., and (he characteristic bitter principles arc
Cedrelon Ca6l1390s; Nimbin, CagtlagOg; Gedunin, Cigl13407; Andirobin, Cz7H4;07 and

Sweitenin, CaH4209. Drawn structures of these compounds are given in chart .

’

Aglaiol Melianon Turraganthin

Cedrelon - Nimbin Gedunin
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“?HOH

COOCH, COOCH,

Andirobin - Swielenin

Chart 1. Characteristic constituents of the family of the title species.

These interesting compounds have some bio-aclive nature on different organisins.

¥

¢ is possible to cornrol many human and animal pathogenic micro-organisms with

melabolites mentioned above. So, interests in naltive plants as polential sources of new
antibiolics, anticancer agents and other pharmaceutical agents has been rewarded by the

discovery of an unexpecled diversity of new natural products (Sundarrao et al., 1993).

- A number of Meliaceae plants have been subjected. lo anticancer Lest given some

surprising results in table I.
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MELIACEAE

Botar:ical Name Common Name Plant Part I Preparation i Tvpe of disease Conmiments References
Aglaia roxburginona (Wight & Am.)
Miq. Priyanguka, - ghees, powders, bolmes,  Abdominal India Kaviratna, 1888-1909
Priyangu enemas mmours
Aglaia roxburghiana (Wight & Am.) Priyangu - clarified butter Abdominal India Hoermle, 1893-19i2
tumours
Amoora rohituka (Roxb.) Wight & Rohita creeper seed ghees, powders, bolmes,  Abdominal India Kaviratna, 1388-1909
Am enemas tumours
- wood - Tumours Cochin-China Loureiro, 1790
Dysaxylum leureiri Pierre Marinheiro de folha
Guarea spiciflora A. Juss. harga root-bark - Skin Brazil Martius, 1843
Trompillo leaf with coconut oil indurations Venezuela native Pompa, 1875
Guarea trichiloides L. Tumeours medicine.
African or Lagos bark lotion Nigeria Ainslie, 1937
Khaya ivorensis A. Chev. mahogany Tumours
Melia azadirachta L. Nimva - ghees, powders, bolmes,  Abdominal India Kavirama, 1888-1909
enemas mmours
Melia azadirachia L. Nim. margosa leaf Poultices Tumours India O'Shaughnessy, 1841
Melia azadirachia L. (A. indica) Neem-tree leaf poultices Glandular [ndia Drury, 1858
tumours
Azadirachia indica) Margosa (Neem) oil injections Parotid turnours  India, report of two Chatterjee, 1961
and epidermoid  patients
carcinoma
Melia azadirach L. Paraiso leaf - Tumours Colombia Arbeldez, 1956
Melia azadirach L - root - Tumours India. (Ayurvedic Chopra, 1933
medicine)
Plaeroxylon vbligiunm Radlk. - Juice - Warts South Africa, (used by Watt and Breyer-Brandwijk.
of wood the Africans). 1962
Plaeroxylon utile Eckl. and Zeyh. Um-tote, Sneeze-wood twig juice painted on Warts Banw folklore. - . Hewar, 1908
Sandoricum indicum Cav. - root, leaf - Tumours - Kosteletzky, 1831-1836
Sandoricum indicum Cav. - leaf - Tumours - Rosenthal. 1861
Swietenia sp. Tzopilottzonte-comad - - Tumours Mexico, 1577 Hemaidndez, 1942-1946
Swierenia sp, Tzopilotzontecomatl, seed oily liquid Tumours Mexico Ximenez, 1888
tzopilod
Toona ciliara Roemer Tun, toon bark, leaf liniment Indurations of  Acc. to Rumphius Fleming, 1810
(Cedreia toona Roxb. ex Rottl. & : the spleen used by the Javanese.
Willd.)
Trichilia hirta L. Trompillo. cazabito leaf with coconut oil Tumours Venezuela, native Pornpa. 1875

medicine.

Table 1. A checklist of the Meliaceae activities against cancer.
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Amongst all meliaceous plants A. rohituka is well known and widely used in folk
medicine. A systematic chemical investigation of the leaves, seeds, fruil-shell, barks and
roots yielded a number of such inleresting compounds, viz. amoorinin, rohitukin,
rohitukine, aphanamixin, etc. Interesting alkaloids, limonoids, diterpenes, triterpenes,

tetranortriterpenoids, glycosides and even saponins were also there in this title species.

Having all possible application of most of the important species of the family
Meliaceae, all over the world, another pharmacological interest has crealed among the
scientists since the given species has been used against cancer in the past in India by the

native people.

The plant was studied a little mostly for chemotaxonomical purposes, and most of
the previous workers were chemists. But some were interested in biological context to
have toxicological or pharmacological data and carried out some works in this regard, of
which a few works done by bicassay guided fractionation and this induced to examine
the plant to find more bio-active constituents from different parts of this plant and (o
isolate some of its interesting compounds to enhance the expedition of development of
natural means to protect pests and to cure diseases and to develop chemotaxonomic

progress as well.
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1.5. Constituents reported from the target plant

The species A. rohituka has been studied and a very [ew coinpounds are isolated
without indicating their activities in different aspects of pesticidal, medical and
pharmacological interests. Different parts of this plant, viz. leaves, seeds, fruit-shell,
stem-bark and roots were subjected to afford a number of compounds within passed few
decades. A diterpene alcohol (Aphanamixol), an alkaloid (rohitukine), a prieurianin-type
limonoid (rohituka-7), two limonoids (amoorinin and rohitukin or 3-di-hydroandirobin), a
triterpene (aphamamixin), a seco-ring P-tetranortriterpenocid (aphanamixinin), three
glycosides (l,5-dihydroxy-6, 7, 8- trimethoxy-2- methyl -anthraquinone -3 -0 - -D-

.
xylopyranoside, naringenin 7, 4’-dimethyl ether -5-0-a-L-rhamnopyranoside and (24 R)-
24-ethylcholestra-5, 22-diene-3-O-rhamnoside, a f-sitosterol and a stigmasterol, an
aglaiol-3-O-rhamnosyl-xyloside, , three saponins (poriferasterol-3-rthamnoside, betulin-3-
B-0-B-D-xylopyranoside, and stigmasta-5, 24 (28)-dien-33-0-f-Dglucopyranosyl-O-o-L-
rhamnopyranoside) and a flavone glycoside (8-C-methyl-quercetin-3-0-3-D-
xylopyranoside) have been reported by previous workers. These findings were not
received with their complete stereochemistry and pi'larll'lagologiczll or pharmacognostical
information, rather most of them were isolated without acli\}ily guided fractionation. Only
aphanamixin was reported with its strong bio-active action, thus information on
loxicological affair is available, and this is considered as the major toxic constituent of
the title plant. The alkaloid found in this species is declared as the first alkaloid of the
family Meliaceae. A complete checklist in this regard is given in tables 2a and 2b, and the

structures given in chart 2.
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Plant Molecular Mass Melting point Name Activity
part formula (Authors)
Leaves CyoH360, M™308 130°C Aphanamixol Neutral®
(a diterpene alcohol) (Chandrasekharan and Chakrabortty, 1968)
CisHgNOs | M7305.126 218-219°C Rohitukine (an alkaloid) nr
4 (Harmon et al., 1979)
Rohitukin (Connolly et al., 1976)
Ci4H4:045 - 275-280°C (a limonoid) antifeedant against tobacco budworm,
(Lidert et al., 1985);
P-388:EDsp=100 (Pettit er al., (1983);
Seeds - - - Rohituka-7 antifeedant against tobacco budworm,
(prieurianin-type limonoid) (Lidert et al., 1985)
Stigmasta-5, 24 (28) -dien 33-0-3- nr
- 65-66°C D glucopyranosyl-O-a-L- (Bhatt et al., 1981)
rhamnopyranoside (a saponin)
Fruit- (Chatterjee and Kundu, 1967);
pericarp Cs2Hso0s M*514 232-234°C Aphamamixin (triterpene) (Chatterjee er al., 1970);
- .- The major toxic constituent,
LCsp 0.06 ppm (48h) (Nishizawa et al., 1984)
Aphanamixinin, nr
Ca7H3404 M*470 210°C (a seco-ing B-tetranortriterpenoid) (Chandrasekharan er al., 1968);
(Chatierjee et alf., 1970)
Stem-bark 1.5-dihydroxy-6,7,8-trimethoxy -2- nr
CnH1.04, - 158-162°C methyl-anthraguinone-3-0-3-D- (Srivastava and Agnihotri 1985)

xylopyranoside.

nr = Not reported, * = Found active on Candida albicans and Bacillus subtilis in the present investigation.

Table 2a. A checkiist of Amoora rohituka properties.
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Plant Molecular Mass Melting point Name Activity
part formula Authors
Cy:H1609 - 125-128°C Naringenin 7, 4’-dimethyl ether - nr
5-0-c-L-rthamnopyranoside (Srivastava and Agnihotri, 1985)
Stem- C»7H3.04 M*470 172-174°C Amoorinin (a limonoid) nr
bark (3-di-hydroandirobin) (Agnihotri et al., 1987a, 1987b)
Cy1HssOnp - 138-40°C A Saponin nr
(Srivastava and Agnihotri, 1984)
- - - (24 R)-24-ethylcholestra-3, 22- nr
diene-3-O-rhamnoside (Srivastava and Agnihotri, 1985)
- - - B-sitosterol Neurral
(Srivastava and Agnihotri, 1984, 1985)
- - - Stigmasterol nr
(Srivastava and Agnihotri, 1984, 1985)
- - -' Aglaiol-3-O-rhamnosyl-xyloside . nr
(Srivastava and Agnihotri. 1985)
Ci5Hs305 - 122-125°C Poriferasteroi-3-rhamnoside nr
(a saponin) (Agnihotri. 1987)
Cs5Hs506 - Betulin-3-5-0-B-D- nr
360°C xylopyranoside (Jain and Srivastava, 1984)
’ (a saponin)
Root 8-C-methyl-Quercetin -3-0-f-D- nr
Cs1H5001 M*448 - xylopyranoside (Jain and Srivastava, 1985)
(a flavone glycoside)

nr = Not reported, * = Found active on Candida albicans and Bacillus subtilis.

Table 2b. A checklist of Amoora rohituka properties.
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1.6. Bio-active and pharmacologically important principles reported from
the given species

Amongst the phylochemists dealing with isolation, purification and structure
elucidation of plant derived compounds some were involved in evaluating biologically
aclive principles. Workers active with A. rohituka plant found a mentionable number of
limonoids, saponins, glycosides, steroids and terpenoids of which a few are isolated by

aclivity guided [ractionation, and a very few of them were [ound aclive.

The major toxic component was a known triterpenoid, aphanamixin (structure e,
Chart-2), derived from the petrol extract of the fruit-shell of Aphanamixis polystachya
Wall. (Parker) (Challerjee ef al., 1970). The [ractionation was always 1116nitored by
loxicity against fish Oryzias latipes, and it showed toxicity of LCsp 0.06 ppim (48h),

(Nishizawa et al., 1984).

Rohitukin (structure ¢, Chart-2), was isolated from A. rolituka seeds, and found
active against Murine P-388 Iymphocytic leukemia cell line of the National Cancer
Institute and the loxicity was EDsg= 100 T/C inactive (2—0.25mg) (Pellit e/ al., 1983),

and also found antifeedant against tobacco budworm (Lidert’er al., 1985).

Another limonoid rohituka-7 (structure d, Chart-2), was also isolated from the
seeds of the title plant showed activity as an insect-antifeedant while test was

administered against Mexican bean beetle and southern army worm (Lidert ef al., 1985).

The major toxic constituent aphanamixin of the target species A. rohituka was

also reported [rom the fruit-shell of the closely related species A. grandifolia (Chatterjee

et al., 1970).
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Chapter 2 Materials and Methods

2.1. Investigation for further bio-active commpounds from the titie plant

Post harvest application of plant parts in the tropical and subtropical countries are
still prevalent even in these days of development Lo protect slored grain pests. But the
technique used is not scientific and it hampers conservation of same endangered species
of plants. It needs more materials to make sure the storage free from pest infestation. By
isolation of active principles from these plants, it could be possible to reduce the volume
of utilization of plant materials, moreover, the rapid disappearance of tropical forests and
other important areas of vegetation has meant that it is essential 1o have access to
methods which lead to the rapid isolation and identification of bio-aclive natural products

for this purpose.

Furthermore, we can control many human, animal and plant pathogenic orgaitisms
with antibiotics that are derived initially from either micro-organisims or plant secondary
metabolites. Interest in native plants as potential source of new antibiolics, anticancer

agents, pesticides and other pharmaceutical agents has been rewarded by the discovery of
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an unexpected diversity of new natural products. Since plants may contain hundreds. or
even thousands of metabolites, this is currently a resurgence of interest in the vegetable
kingdom as a possible source of new lead compounds for introduction into screening
programmnies. After development of multimedia techniques natural resources have been
focused to be the potential sources for safe, biodegradable and more beneficial drugs,
remedics or pesticides for a sustainable environment on lh;é planet. Insects, mites,
sponges, algae or even micro-organisms have also been subjected to yield aclive
compounds in this regard, but plants are the most suitable source for such a propagation
in the field of pesticide technology while some plants in different parts of the world are
considered toxic and some are used in the traditional medicine. A literature search on the
title plant offered some ésscnlial openings that this species bears repellent, antifeedant
and toxicological properties which is subjected to go through screening and then
isolation, purification and structure elucidation of essential constituents to develop natural

non-hazardous biodegradable pesticides.

The approach adopted to obtain an exploitable pure plant constituent involves
interdisciplinary work in botany, zoology, pharmacognosy, pharmacology, chemistry and

toxicology as described by Hostettmann ef al., (1995) and can be shown in Fig. 5:
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Toxic and medicinal plants

Selection, collection,
botanical identilication,
Wild plants culture and preparation of
plant materials

‘

a) extraction with suitable solvents and preliminary
analysis, b) biological and pharmacological screening of
crude extracts, c) Chromatographic separation of pure
hio-uctive constituents, guided by hioassay (activity
guided fractionation), d) loxicological testing, e)
structure determination, [) partial and total synthesis.

¥

[ Plant drugs / Pesticides

infusions extracis pure components easential oils
Clinical modification by - Pharmacological
galenical analysis for toxicological for
standardization clinical registration
L 4

Output as
Mcdicines / Pesticides

To simplily the technique of the pathway from the plant to the bio-active
constituents (alter Hostettmann et al., 1995) could be shown as a diagram given below:

Synthesis

Structure elucidation

. .. traction separation N
Toxic : : cx 5| ¢ id Sk S .
xic/Medicinal plant extracl | Pure constiuents Toxicology
l N /
Bioassay 1
Bioassay Structure modification
Bioassay

Fig. 5. The basic pathway from the plant to the bio-active conslituents.
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For the selection of bioassays to employ in research on plant constituents, the first
step is to choose suitable target organisms (e.g. micro-organisms, insects, molluscs),
isolated subcellular systems (enzymes, receptors, or organelles), cultured cells of human
or animal origin, isolaled organs of vertebrates, or whole animals. However, the right
target has to be found for the right disease. The complexity 6f the bioassay has (o be
designed as a function of the facilities and resources available. A selection of these

bioassays is shown in the table 3:

Aclivity Targel organisms

Insecticidal . 1. Tribolitun castaneum
(Stored grain pest in the tropics)

Larvicidal 2. Aedes aegypti
(Mosquito vector of yellow fever and
Dengue)

Molluscicidal 3. Biomphalaria glabrata

(Schistosomiasis transmitting snails)
Antifungal 4. Cladosporium cucumerinum
(plant pathogenic fungus)
5. Candida albicans
(Human pathogenic yeast)
Antibacterial 6. Bacillus subtilis

(Human pathogenic bacteria)

Table 3. List of test agents used in this investigation.

The list covers a variety of targets, ranging from a test for general loxicity with
mosquito to snail killing activity. Different properties and types of ailment, including
microbial afflictions and parasitic diseases, can be investigated in this way. Assays for
antimicrobial agents occupy an important place in any screening programme. With the
problems of drug resistance and limited spectrum of aclivity, new lead compounds are

aclively being sought (Mitscher and Rao, 1984).
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2.2.1. Insecticidal test

Biological test is an essential tool to evaluate aclivilies of any compound that
could be used to develop pesticides and medicines.: Now-a-days, plant derived
compounds are being subjected to produce insecticides or insect antifeedants or insect
repellents. To conduct insecticidal tests of the materials it needs a easy cultivable test
insect and a suitable way of investigation by bioassay with which it could afford all

expected parameters we need for the summary conception.

Collection and culture of 7, castaneum strains

Three standard strains of T. castaneum (HbsL), i.e. CR-1, FSS-Il and CTC-12
were collected from the Crop Protection Laboratory, Departiment of Agricultural and
Environmental Science, Universitly of Newcastle Upon Tyne, England; during September
1989. The strains were reared in the Crop Protection and Toxicology Laboratory, Institute
of Biological Sciences, Rajshahi University, Bangladesh and cultures were made {or the

present study.

Preparation of the food medium

A Standard mixture ol whole wheat flour with powdered dry yeast (19:1) was
used as a food medium throughout the experimental period (Park and Frank, [948; Park
1962; Zyromska-Rudzka, 1966). The cultures were maintained in glass beakers (500 mi)
and pieces of filter papers were placed inside the beaker for the easy movement of the
adult beetles. The beakers were covered with pieces of cloths tied with rubber band and
kept in an incubator at 30°C + 0.5°C without light and humidity control. For continuous
and huge supply of the beelles mass cultures were maintained on a culture rack without

lemperature conlrol.
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checked and the eggs were separaled in sub-cultures sieving the medium in sieves (mesh
60 for eggs and mesh 30 for larvae). For dose-mortality cxpéi‘imcnl adults were separcted
from the food medium using pieces of papers inside the cuiture beakers to allow the
beetles Lo crawl on to it. The adults in the sub-cultures were collected by a camel hair

brush from the food medium and used in the experiments.

Preparation and appiication of doses

For the preparation of doses the extracts were dissolved in with a definite amount
of the solvent of extraction (the dry-weight of the dust subjected Lo exiract with the
solvent) was converled in the volumeltric weight of the solvent at 20°C and this was
considered as the highest dose, which was diluted step by step in a serial dilution on the
basis of the range of activities found in the test experimelits. The schematic pathway is

given in the table 4.

The application of doses were carried out by topical treatment system. One uul of
each of the doses were applied on the back of each insect with a micro-syringe. Forly
insects were used for each dose with four replications on a 90 mm petridish separated
each 10 of them by 30 mm rings and covered during the whole observation period. One
control batch was also placed and all sets kept in an incubator at 30 + 0.5°C. The
mortality of the insects were recorded after 24-, 48- and 72- hours of treatment. The
recorded mortality was then subjecled to probit analysis according to Finney (1947) and

Busvine (1971).
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2.2.2. Larvicidal test

A test for general loxicity has been done by a larvicidal test using the larvae of the
mosquito vector of yellow fever and Dengue, Aedes aegypti. The cggs were supplied by

Ciba Geigy Lid. spawned on filter papers.

A piece of egg-bearing paper put into a beaker with fresh water (collected from
the nearby stream ‘La Sorge’ followed over the University campus of the Université de
Lausanne, Switzerland.) and kept in an incubator at 30° + 0.5°C temperature for 24 h to

afford sufficient number of larvae for the experiment.

For each sample 5.5 mg of each of the crude extract of different parts of the target
plant A. rohitika taken in small tubes and added 110 pl of DMSO (for apolar extracts,
viz. Pet. spt., EtOAc and acelone extracts) and H,0 for MeOH extracts and dissolved by
using ultrasound bath or by a sonnicator tip. Up to half of each 10 ml tubes filled with
fresh water 30 larvaec were released in each and 100 pl of the dissolved extracts were
added in different ones and mixed on vortex before adding more half (5 ml) stream water
into each of the tubes to give a concentration of 500 ppm = 500 pg/ml. The tubes then
placed in an incubator at 30 * 0.5°C and miortality of the larvac were observed after 30
min. and 12-, 24- and 36- hours respectively. A control only with DMSO in fresh water

also maintained during the experimental period.
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2.2.3. Molluscicidal test

To Lest biological activities of any test sample, test on aquatic organisms could be
a suilable manner. Schistosomiasis transmitting snails Biomphalaria glabrata were used

for molluscicidal test of A. roliitika ex(racts.

Culwure of Snails

An adaptation of the WHO method (WHO Tech. Rep. Ser. 1965) was performed

along with the help of the system applied by Sukumaran et al, (1994) and Zani et ol
(1993), who followed the procedure developed by Hostettmann ez al., (1982). B. glabraia
snails were reared in aquaria with a continuous circu]a_t?ion of dechlorinated water
maintained at 28°C through a filter system. Snails of uniform size (diameter of shell ~75

mm) were used.

Preparation and application of doses

Forty mg of each sample extract was dissolved in 100 ml of dechlorinated walter
to afford a concentration of 400 ppm. In cases, where the compound was not soluble
directly in water it was dissolved in a small amount of ELOH that was then made up to a
voltine with dechlorinated water to produce a 1% E(OH solution. Control group of snails

were placed in dechlorinated water or in a 1% E(OH solution in this case.

The snails were kept at 20°C for 24 h and then taken out from the small tanks and
placed on a petridish. Light was shone from the boltom of the dish, and each snail
examined for the presence of heart beat. Snails showing no heart beat were placed for 24
h in dechlorinated water and then reexamined to check mortality or recovery, the [ater
being demonstrated by observance of hearl beat. For active extracts the assays were
repeated in duplicate at a lower sample amount (o prod_uce a concentration of 200 ppm or

even (00 ppm of the extract.
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2.2.4. Fungicidal test

The increasing incidence of opportunistic systemic mycoses in man and the
associated therapeutic difficulties require the search for new antifungal drugs. Plant
derived compounds may offer potential leads for novel agents against systemic fungal
diseases, as demonstrated by Hullord and Clark (1988). As par of our continuing search
for new bio-active constituents from A. rohituka 20 crude extracts of different parts of the
plant in different solvent have been screened for antilungal activity against the plant
pathogenic fungus Cladosporium cucumerinum and the hunlmn pathogenic yeast Candida
albicans. These two fungi are suitable indicator organisms for screening purposes. Bio-
autographic assays on TLC with these two micro-organisms can be used for evaluation of
the activity of chemically applied antimycotic drugs and of a broad spectrum of antifungal
plant constituents. Bio-autography can be considered as the most efficient assay for the
detection of antimicrobial compounds because it allows the localization of the activity
even in a complex matrix and thus a target-directed isolation of the active constituents

possible (Rahalison et al., 1993).

Test on C. cucumerinum

Preparation of the sample

The extracts were concentrated in a rotary evaporator and lyophilized before
adding 1 ml of the solvent of extraction in 10 mg of each sample (o give a concentration
of 10 mg/iml. All samples are freshly prepared prior lo the bioassay. For isolated
compounds which showed activity at 20 pg or less were subsequently investigated against

the same fungus in classical dilution experiments (Barry, 1980).
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Thin Jayer chromatography

Silica-gel GO0 Fasq4 coated Al sheets (Merck) were used. The volume spotted on
the TLC plate was 10 pl, corresponding to 100 1g of extract. For active extracts, the
assays were repeated in duplicate at a lower sample amount (50 pg). The following

mobile phases were used for the separation: Pel. ether-EtOAc (1:1) for Pet. spt., EtOAc
and acetone extracts and CHCl;:MeOH:H,0 (65:35:05) for MeOH extracts. TLC were
run in duplicate of which one platc was used for the bioassay, whereas the second plate

serving as reference chromatogram was stained with Godin reagent (Godin, 1954).

Bio-autography

Direct biography with C. cucumerinun was performed on Al-backed TLC sheets
according to Homans and Fuchs, (1970) and Goltstein e al., (1984). After developing the
TLC plates they were dried weil to remove the solvent and UV active spots were detected
at 254 and 366 nm. A suspension of the spores of the fungus C. cucumerinum (prepared
with CIBA samples) sprayed over the plates and kept at a room temperature for two days
in polythene boxes with water. The grayish colour created by the grown fungus on the
plates flushed the inhibition zones clear. To kill the fungus on TLC plates EtOH solution
is sprayed. All these activities have been done according to the successful screening

formulation applied by Rahalison et al., (1993).

Direct bio-autography for antimicrobial test is very sensitive and gives accurate
localization of active compounds and therefore permits a target-directed isolation of the
active constituents (Rahalison et al., 1991). For simple comparison with the inhibiting
compounds present in the sample, sample and compounds can be used on the same plate

as a reference (Rahalison, 1994).
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Test on C. albicans

Preparation of the sample

Concentrated extracts were lyophilized and 1 ml of the solvent of extraction added
in a 10 mg material to give a concentration of 10 mg/ml. Samples were prepared prior to

the application.

Thin layer chromatography

Silica gel GO0 Fas4 glass-backed plates were used. Dilution corresponding (o 100
ug of extract and fractions were applied. The TLC were developed with the solvent
systems: petroleum ether:ELOAc (1:1) for Pet. spt., E(OAc and acelone extracts and
CHCIl3:MeOH:HO (65:35:5) for MeOH extracts. Chromatograms were dried with a hair
dryer for complete removal of solvents. All TLC plates were run in duplicale. One of
them being used as the reference chromatogram. UV aclive spots were detected at 254
and 366 nm. The reference chromatogram were stained with Godin reagent (Godin,

1954).
Culture media

Sabouraud liquid medium (Diagnostic Pasteur, Marnes La coquette, France) was
used for the cuiture of C. albicans yeasts were maintained on sabouraud agar slants. All
media were autoclaved al 120°C for 20 min. In order to obtain an exponential growth
phase of C. albicans the sabouraud broth (20 ml) was inoculated 5-6 h before the test.

The cultures were shaken al room temperature on a rotary shaker at 200 rpm.

Inoculation for the assay

Malt agar (Oxoid) for C. albicans was used as the solid media lor the overlays.

The mollen media were maintained in a water bath at 45°C. The oplical density of 600
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nm {ODgoy) of the C. albicans culture was measured with a UV/VIS spectropholometer
(an ODgon equal o 1 corresponds lo approx. 107 cells/m1). The linal concentration in the

. . 5 . . .
solid medium was approx. 107 cells/ml. The suspension was prepared immediately before

carrying out the test.

Bio-autography

Chromatograms were placed on a hot plate maintained at 35°C. Approx. 10 ml of
the inoculum was rapidly distributed over the TLC plate (10x5 cin) with a sterile pipetle.
After solidification of the medium, TLC plates were incubated overnight at 30°C in
polythenc boxes lined with moist chromatographic paper. The bicaulograms were sprayed
with an aqucous solution (2.5 mg/ml of thiazolyl blué‘(melhylthiazolyl letrazoliumn
chtoride, MTT, Fluka), and incubated for 4 h at 30°C. Clear inhibition zones were

observed against a purple background.

\ 0
A B A
4
v 1
2 ' »

Fig. 10. Application of agar-overlay and the visible inhibition zones.
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2.2.5. Bacteriocidal test

Actlivity against B. subtilis was assessed on glass-backed TLC plates in an agar
overlay assay (Rahalison er al, 1991). Propiconazole (Ciba) and miconazole (Janssen)

were used as possible controls.

Preparation of the saimple

The extracts were concentrated in a rotary evaporator and lyophilized before
adding I ml of the solvent of extraction in 10 mg of each saimple to give a concentration

of 10 mg/ml. All samples were freshly prepared prior to the bioassay.

Culture media

B. subtilis strains were lyophilized or maintained on Luria-Bertani (LB) agar
slants (bacto-tryptone 10 g/l., yeast extract 5 g/L, NaCl 10 g/L, bacto-agar 15 g/L).
Cultures were grown in LB broth (same composition but ‘w‘ithout bacto-agar). All media
were autoclaved at 120°C for 20 min. B. subtilis was gr'O.Wn in LB broth about 8 h before

the test. The cultures were shaken at room temperature on a rotary shaker at 200 rpm.

Inocujum for the assay

LB agar for B. subtilis was used as the solid media for the overlays. The molten
media were maintained in a water bath at 45°C. The suspension of B. subtilis was
prepared at a final concentration of approx. 10°® cells/ml (ODgo =1 for the bacteria). The

suspension was prepared immediately before carrying out the lest.
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Thin layer chromatography

Silica gel G60 Ias4 glass-backed plates were used. Dilution corresponding to 100
pg of plant extract and fractions were applied. The TLC were developed with the
following solvent systems: Petroleum ether:E{OAc (I:1) for Pet. spt, EtOAc and acetone
extract and CHCl3:MeOH:H,0, (65:35:05) for McOH extract, Chromatograms were dried
with a hair dryer for complete removal of solvents. All TLC plates were run in duplicate.
One of them being used as the reference chromatogram. UV .z_xct‘ive spots were detected at
254 and 366 nm. The reference chromatograms were stained with Godin reagen! (Godin,
1954). For active exlracts, the assays were repeated in dqplicalé at a lower sample amount
(50 pg). The mixture of equal volume of the ethanolic solution of vanillin 1% and water
solution of 3% parchloric acid. After spraying the TLC plate; with this reagent ethanolic

solution of 10% H,50; is sprayed and dried with 100°C with a hair dryer.

Bio-autography

Chromatograms were placed on a hot plate maintained at 35°C. Approx. 10 ml of
the inoculum was rapidly distributed over the TLC plate (10x5 cm) with a sterile pipette.
After solidification of the medium, TLC plates were incubated overnight at 30°C in
polythene boxes lined with moist chromatographic paper. The bioautogramms were sprayed
with an aqueous solution (2.5 mg/ml) of thiazolyl blue (Methy! thiazalyl tetrazolium
chloride; MTT (Fluka), and incubate for 4 h at 30°C. Clear inhibition zones were

observed against a purple background.
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2.3.  Fractionation techniques
2.3.1 General pathways

The key to any successful program involving the investigation of biologically
active plant constituents is the availability and choice of chromatographic techniques for
the separation of pure substances. The aim is to have maximum yield with minimum
effort (to reduce the time and cost of the separation procedure). Preparative separation
techniques can be tedious and time consuming, especially when complex mixtures, such
as, crude plant exu'a_'cts have to be resolved. Over the past 'decade or so, several new
techniques have been introduced, leading (o the “acceleration and simplification of
different separation problems (Hoslettmann et al., 1986; Marston and Hosteltmann, 1991;
Hostettmann ef al., 1991). However, there is no unive:rs'al technique capable of solving
every isolation problem. All methods have advantages and limitations, so much, so that

the best results are often obtained by a combination of two or more of these.

The most important preparative separation techniques employed in the isolation

and purification of plant constituents are as follows:

Preparative separation methods for plant constituents

Solid phase chromatography

Paper chromatography

Preparative TLC, Centrifugal TLC

Open-column chiromatography

Vacuum liguid chromatography

Pressure column chromatography, flash chromatography
Low-pressure liquid chromatography (LPLC)
Medium-pressure liquid chromatography (MPLC),
High-pressure liquid chromatography/High performance liquid chromatography(HPLC)
Liquid liguid chromatography

Craig distribution

Droplet countercurrent chromatography (DCCC)
Rotation locular countercurrent chromatography (RLCC)
Centurifugal parlition chromatography (CPC)
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Of the methods in the solid phase category, column chromatography is very
popular and used extensively. It can include non-exchange resins, polymeric columns,
gel-filtration, and chromatography over silica-gel or chemically modified silica-gel. Open

column chromatography has a high load capacity but the separation time is long and the

resolution respectively fow,

To find the probable elution time and to check the purity of (he isolaled
compounds HPLC, HP1090 Series Il (Hewlett packard) has i)een used, while the column
was Novapak C-18 (.3.9><300 nm, 60A 4 pm). For the dis'tilllalion of the HPLC organic
solvents Fontavapor 210 (BUCHI) 0.5 pum and for H,0 0.45 pm (Millipore) were used.
For the low pressure liquid chromatography the pump was Duramat-80 (Chemie un fitter,
Regendrof), column Lichroprep® DIOL (Merk) 40-63 pm, detector LKG Unicord 11 and
collector Bromma 2138 UVICORDS were used. HPTLC RP-18 WFE,s; S (Merck) was
used for the selection of the solvent system for Lobar. Melting point (uncorrected) of the
powder like one (compound 2) was determined with a mettler FP80 hot-stage apparatus.
'"H-and ""C-NMR spectra were recorded with TMS as internal standard on a Varian VXR-
200 spectrometer operating at 200 and 50 Mz respectively. Carbon multiplicitics were
eslablished by DEPT experiments. Electron impact (EI) mass spectra were taken on a
Nerimag R 1030/ Tandem TSQ 700 (Finnigan MAT) mass spectromeler at 70 €V. The IR
spectrum was laken by Perkin-Elmer 781 infrared spectromeler. The structures were
readily determined from 1D (‘H and ”C) and 2D (COSY, "H- detected direct, and long
range '*C-"H correlations) NMR spectra recorded. The sticky one of the two isolated
compounds showed activity at 20 ig as less was subsequently investigated against C.

cucumerinum in Barry's (1980) classical dilution experiments.
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2.3.2. Chromatographic methods

Different chromatographic methods have been utilized in this investigation to
detect the presence of biologically active properties, to isolate the active ones given
inhibition zones on the bioaulograms and to purify the isolated components. Thin layer
chromatography (TLC), High potential thin layer chromatography (HPTLC), Column
chromatography, Low-pressure liquid chromatography (LPLC/Lobar), Medium-pressure
liquid chromatography (MPLC) and High performance liquid chromatography (HPLC)

were used in this regard.
2.3.2.1 Chromatography on TLC plates

For the normal phase chromatography Silica gel G60 Fasq on Al sheets (Merck)
were used. Ten mg/ml of the sample in the solvent of extract offered 100 pg/spot while
spotted 10p] for each of the samples. The chromatograms then developed within a

conventional chamber (Camnag) with the following solvent systems:

Pet. spt. extract Pet. ether:EtOAc (1:1)
EtOAc extract ' do

acelone exiract do

MeOH extract CHCl3:MeOQOH:H,0 (65:35:5)

All chromatograms were observed under UV at 254 and 366 nm and marked with

a pencil.
2.3.2.2. Godin reagent (Godin 1954)

The reagent is the mixture of the equal volume of 1% ethanolic solution of

vanillin and 3% aqueous solution of perchloric acid. After spraying the reagent on the
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dricd TLC plate 10% cthanotic solution of H2S804 is also spayed belore drying the plale at

100°C to reveal the spots of the compounds.
2.3.2.3. Column Chromatography

For the open colunn chromatography, Si60 (63-200 mesh) and silica gel SiG0
(230-400 mesh) (Mcrck) and glass column of dilferent size (45x5 cm, 45%1.75 cm,
44%2.75 cm ete) were used. The cotlon pad used at the base ol the column were soaked in
acetone and dricd belore application. Sea sand (Merck) was used at the top over the
prepared sample Lo protect destruction of the sample layer. Dry appl-iculion was made
mixing the sample with a litle amount of the given silica-gel and dissolved within
required amount ol the solvent of extraction (only to make the sample dissolved) and then
dricd in a rotary evaporator to give a powder. Different selvent systems were used as
cluent. The clution rate was 1 ml/min. A fraction collector was used o collect the

[ractions.

Mobile phase

Dry sample mixed

Higea wilh silica
0

S LXH

s I

PR Silica

‘1G. 4

Sand and cotton

IFig. 11. Open column chromatography.
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2.3.2.4. Gel filtration

Open columns are used using sephadex LH-20 (Pharmacia) for the
chromatography of exclusion. The separation of the methanolic extracts done with MeOH

using as the eluent and other lipophilic extracts also with MeOH with a little amount (not

more thau 50%) of CHCIs. The eluent allowed about 0.5 ml/min.
2.3.2.5. Low-pressure liquid chromatography

Low-pressure liquid chromatography was used with lobar columns (Merck) with a
pump Duramat-80 (Chemie and Filter Regensdrof). The pressure was environ [-3 bar.

The columns were (31%2.5 d.i.) containing silica-gel (40-63 pm) or reverse phase (40-63

1m) RP-8, PR-18 or Diol with the help of a detector LKB 2010.

2.3.2.6. Medium-pressure liquid chromatography

The medium-pressure liquid chromatography was used with a pressure below 20 bar and
silica gel Si6G0 230-400 mesh (ASTM) was ‘used. A detector was also used to record the

spectra.
2.3.2.7. High performance liquid chromatograply

For the analytic HPLC the equipment used were, pump- Spectra physics 8700,

Injector- Rheodyne; Detector- HP 1090 (Hewlett Packard); Columns-Novapak C-18.
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2.4. Isolation of bio-active principles

~ Air-dried leaves, sceds, fruit-pericarp, stem-bark and roots of A. rohituka were
pulverise'd with liduid nitrogen in a Retsch mill and exlracted at room temperatlure
successi\{ely with Pet. spL., ELOAc, acetone and MeOH giving a 72 hours reflux for each
of the ilems separately. Extracts were filtered and concentrated in a rotary evaporalor
under reduced pressure, and after lyophilization twenly samples were collected in vials. In

comparison to the dry weight of the plant materials percent output was recorded weighing

the collected exiracts.

Silica-gel GFas4 coated Al sheets (Merck) and glas;-backed plates (Merck) were
used for antimicrobial tests. All samples were freshly pl‘epal'ed prior to the bioassay. The
volume spotted on the TLC was [0 pl, corresponding to 100 pg of extract. In llepetition of
the bioassays the volume spotted on TLC was 200 pg to check and trace out the weak
activity. Leaf extracts shown moré acti'vily, and especially the ELOAc extract of leaves
were active on all the test organisms. For activity guided fractionation EtOAc extracts of
A. rohituka leaves was selected regarding the aclivity against C. cucwmerinum. Test
samples were prepared in favour of each of the extract type with a concentration of 10 mg
/m} where Pet. spt., EtOAc and acetone extracts were dissolved in CHCl; and MeOH

extract in MeQH.

The EtOAc extract of leaves (3.5 gm) was taken for bioassay guided fractionation
on a 45.5x 5 cm open column of silica gel Si60 63-200 mesh (ASTM) with a mobile
phase of Pet. ether:EtOAc (1:1) to afford 64 fractions. All fractions were then subjected
to bioassay regarding the activity against C. cucumerinum, B. subtilis and C. albicans and

two major batches were prepared, Fr. (14-20) as batch 'A’ and Fr. (28-43) batch 'B'. After

Materials and Methods 51



removing the solvent in vacuo, the lirst 'A' batch yielded 230 mg and the second batch 'B'

yiclded 700 mg alter lyophilization.

The solubility of the yields of the two batches 'A'. and 'B' were tested and it was
found that both of them were soluble in MeOH, EtOAc separately and in a mixture of Pet.

ether and EtOAc.

2.5. Purification of the isolated compounds
First batch, 'A'

Batch-'A’ yield (230 mg) was subjected to purify on a LH-20 open column
(45%1.75 em) with 100% MeOH as eluent, which gave no good separation and offered a
loss of 35 mg ol the product. The rest 195 mg was then set on a silica-gel Si60 230-400
mesh (ASTM) open column (44x2.75 cm) with a mobile phase CHCIl;:MeOH:H;0,
(95:05:01) to give (Fr. 35-46) 106 mg of the expected product (confirmed over bioassay)
with fittle impurity. The sample was then repeated with the same size (44x2.75 cm)
silica~-gel Si60 230-400 mesh (ASTM) open column with a changed mobile phase of
CHCl3:MeOH: 1,0, (98:02:01) to afford three sub-batches Fr. Fr. 92-101 (15 mg), Fr.
102+103 (9.9 mg), and Fr. [04-128 (5.5 mg). With a trace impurity 9.9 mg output was
then subjected to purify over LH-20 (42x2 cm) open column with 100% MeOH as a
mobile phase to offer (Fr. 35-40) 8.5 mg of the product alter evaporation on rotavapor
and complete lyophilization. This is compound 1, and it was a colourless sticky

substance highly active on C. cucumeriium.
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Second batch, 'B’

Batch-'B’ yield (700 mg) was subjected Lo fractionation to find a compound active
on B. subtilis and C. alhicans. Using MPLC for silica-gel Si60 230-400 mesh (ASTM)
with a mobile phase Pet. ether:EtOAc (I:1) no perfect fraction was adopted, while the
whole mixture was evaporaled to get back the extract and was applied on diol column on
lobar with a mobile phase of MeOH 100% which offered a less satisfactory result. The
material then subjecled to purify on LH-20 (45x1.75 cm) open column wilh
CHCL;:MeOl (7:3) to alford 280 (Fr. 57-99) gm of the product with little impurity. On
an open column of silica-gel Si60 230-400 mesh (ASTM) with CHCl-McOH-11,0

(70:35:01) as a mobile phase it was purified having 78 mg (Fr. 36-42) as compound 2.

One more fraction was also purified further by gel filtration and crystallized in
hexane:iso-propanol; (1:1) mixture to yield the same compound which was compared
with a simple TLC spotting the both to check same Rf values and colouration (violet) for

both of them afler revelation with Godin reagent.

The schematic pathway of isolation given below where the used apparalus and the

amount yield is mentioned:
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Plant A. rolituka W, & A.
leal extract in BIOAc, 3.5 gm

Fractionation by open column of silica-gel Si60 63-200 mesh (ASTM)
(45%5 cm) with Pel. ether:EtOAc (1:1)

/\

Batches Batch A’ 230 mg Batch 'B' 700mg
(FFr. 14-20) (Ir. 28-43)

LH-20 (45%1.75 cm) with MeOH 100%
I

Lobar with MeOR 100% after an
I i unsuccessful step with MPLC
S Ay (Fr. 3-7) A (Fr. 12-19) 195 mg
u ) LLH-20 (45%1.75¢m) open column
Fractionation with open column (44%2.75) of silica-gel mesh 230-400
by silica~gel Si60 230-400 mesh (ASTM) (ASTM) with CHCI;:MeOH (7:3)
b with CHCl;:McOH:H,0, (95:05:01)

b I l '

Az (Fr. 15-24) Az (Fr. 25-40)
a 106 gm B, (Fr. 44-56) B, (Fr. 57-99)
280 mg
| |
Fractionation by open column changing the
c solvent system CHCl;:MeOH:H,0, (98:02:01‘)
Open column of silica-gel Si60 230-
h 400 mesh with CHCl;:MeOH:H;O,
r | ] (70:35:00)
(Fr. 92- (Fr. 102-103) (Fr. 104-128)
© 101) 9.9mg 5.5mg
: | |
LH-20 (42x2 cm) with McOH 100% By, (Fr.33) B, (Fr. 34-35)
(Fr. 35-40) 8.5 ing B, 3 (Fr. 36-42) 78 mg
COMPOUNDS Compound 1 Compound 2

Fig. 13. Pathway of isolation of the two found compounds.
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Chapter 3  Results

3.1.  Oulput extracts

The extracts evaporated and lyophilized were sufficient to go through

[ractionation. A extract checklist including per cent collection is given in table 5:

Plant parts I Solvents used I Wit. of dust I Wt. of cxtract I % collection
Pet. spt. 113.50 8.81 7.76%
Leaves ElOAc 104.69 5.01 4.79%
acetone 99.68 3.61 3.02%
MeOH 96.07 9.66 10.06%
Pet, spL. 100.84 26.18 25.96%
Seeds EtOAc 74.66 12.59 16.86%
acclone 62.07 3.04 5.86%
McOH 58.43 2.34 4.00%
Pet. spt. 100.00 5.28 5.28%
Fruit-pericarp EtOAc 94.72 11.90 1.26%
acclone 82.82 1.95 2.35%
McOH 80.87 3.47 4.29%
Pel. spL. 152.39 1.43 0.94%
Stem-bark E(OAc 150.96 2.51 1.66%
acelone 148.45 10.43 7.03%
MeOD 138.02 12.28 8.90%
Pet. spt. 111.00 0.88 0.79%
Rool ElOAe 110.12 1.72 1.56%
acclone 108.40 0.79 0.73%
McOH 107.61 16.29 15.14%

Table 5. A checklist of output extracts.
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3.2.  Activity against red flour beetle T. castaneum strains
3.2.1. Activities of the extracts from leaves

Resulls ol topical application of the leaf extracts in diﬂfferent concentration applied
on three strains of the red (lour beelle T. castaneun: in the dose-mortality experiments are
given in tables 6-9. Highest mortality found for EtOAc extracts of Jeaves, where LDsg
values were ranging between 0.387 g/l (on FSS-I adult for 48 h) to 137.380 pg/pl (on
CTC-12 adult for 48 h) and 14.392 pg/ul (on CR-1 pupae for 72 h) to 233.484 pg/pt (on

CR-1 pupae for 24 h) (Table-7).

e e 2 . .
No significant " value and no recovery was [ound in case of leal, in any of the

collected extracts.

Mortality of the red flour beetle T. castaneum recorded in case of ELOAc and Pet.
spt. extract which tends to highlight that there may have bio-active compounds present in
the leaves. The diterpene alcohol aphanamixol was found neutral (Chandrasekharan and
Chakrabority, 1968). The alkaliod rohitukine was reported from the EtOH extract of the
leaves and stems which was an alkaloid (Harmon et al., 1979), but no information was
available on its activity. From the closely related species A. grandifolia amoorastatone
(isomeric with that of amoorastatin) and 12-hydroxy amoorastatin (two limonoids) were
reported from the leaves mentioning there activities on Murine P-388 lymphocylic

leukemia cell line that caused growth inhibition (Pettit et al, 1983; Polonsky er al.,

1979).
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Table 6. Activity of Pel. spt. extract of A. rohituka leaves against T. castaneum.

Strain | Life stage Fg‘lﬁzs(l;:‘)e Ll);;/v:llue Regression equation x? value
24 55.660 y= |.5é6 + 1.990x 0.320
Pupae 48 48.436 y= 1921+ 1.827x 0.193
CR-1 72 46.675 y=1.732+ ].958x 0.637
24 24.805 y =2.403 + 1.862x 0.856
Adult 48 23.832 y =2.426 + 1.869x 0.669
72 21.814 y =2.679 + 1.734x 3.067
24 89.671 y=2.922 + 1.064x 0.220
Pupae 48 53.104 y =3.090+ 1.107x 0.337
FSS-il 72 47.818 y=3235+1.051x 1.500
24 15.958 y=3.540+ 1.214x 1214
Adult 48 14.491 y =3.426 + 1.356x 1.243
72 11.489 y=3.457+ 1.455x 1.606
24 859.175 y= 2.909 + 0.713x 0.045
Pupae 48 423.110 y=2.787 + 0.847x 0.1006
CTC-12 72 330.850 y =3.094 + 0757x 0.182
24 224938 y =3.107 + 0.805x 0.216
Adult 48 39.063 y=3732+0.797x 0.059
72 27.529 y =3.807 + 0.829x 0.453
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Table 7. Activity of ELOAc extract of A. rohituka leaves against 1. castaneun.

Exposure

LDs, value

Strain Lifle slagf: time (h) wgiul Regression equation x2 value
24 233.484 y = 2.966 + 0.859x 0.243
Pupae 48 100.859 y =3.789 + 0.605x 0.369
CR-I 72 14.392 y = 4.359 + 0.554x 0.109
24 1.947 y = 4.682 + 1.099x 0.057
Adult 48 1.435 y = 4.827 + 1.100x 0.276
72 0.977 y = 5.010 + 0.960x 0.267
24 76.187 y=3.115+ 1.002x 0.599
Pupae 48 77.095 y = 4.088 + 0.483x 0.310
FSS-11 72 17.060 y = 3.455 + 1254 1.639
24 0.958 y = 5.009 + 0.472x 0.033
Adult 48 0.387 y =5.170 + 0.412x 0.141
72 2.347 y =4.533 + .261x 0.125
24 130.059 y = 1.486 + 1.662x 1.369
Pupae 48 141.275 y =2.675 + 1.081x 0.044
CTC-12 72 68.969 y =4.023 +0.531x 0.282
2 130.059 y = 1486 + 1.662x 1.369
Adult 48 137.380 y =2.251 + 1.286x 0.015
72 81.176 y=3.917 +0.567x 0.236
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Table 8. Activity of acetone extract of A. rohituka leaves against T. castaneum.

Exposure

LDsg value

Strain Life stage time (h) gl Regression cquation xz value
24 141.103 y =2.714 + 1.004x 1.400
Pupae 48 77.647 y =2.690 + 1.222x 0.841
CR-1 72 66.697 y =3.040 + 1.075x 0.993
24 64.302 y=2.152+ 1.575x 0.119
Adult 48 33.563 y =2.305 + 1.766x 1.382
72 47.744 y =2.874 + 1.266x 2.153
24 33.946 y =-2.578 + 4.950x 0.021
Pupae 48 36.205 y=1.131 +2.482x 0.948
FSS-11 72 47.634 y =2.580 + 1.443x 0.361
24 312.583 y = 2.814 + 0.876x 0.486
Adult 48 142919 y= 2.709 + 1.063x 0.534
12 322.477 y =3.095 +0.759x 0.008
24 621.396 y = 2.349 + 0.949x 0.068
Pupae 48 17799.5 y =3.240 + 0.414x 0.089
CTC-12 72 506.036 y =2.685 + 0.856x 0.339
24 1472.383 y =2.988 + 0.635x 0.826
Adult 43 170.607 y =2.758 + 1.004x 0.659
72 75.546 y =2.241 + 1.469x 0.032
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Table 9. Activity of MeOH extract of A. rohituka leaves against T. castaueun.

Strain Lifc stage F;;::(c)s((:se LD;og;':llue Regression equation xz value
24 609.340 y= 1774+ 1.158x 0.352
Pupae 48 5344.116 y=3.315+0.452x 0.007
CR-1 72 181.986 y=3.258+0.771x 1.362
24 336.122 y =2.805 +0.869x 0.145
Adult 48 169.043 y =3.808 + 0.535x 0.433
72 169.789 y =3.833 + 0.523x 0.923
24 718.672 y=1231+ 1.319x 0.454
Pupae 48 457.895 y = .2.010 + 1.124x 0.143
ESS-II 72 70.363 y =2.604 + 1.297x 1.065
24 85.068 y=2.561 + 1.264x 2.683
Adult 48 106.651 y =3.239 + 0.868x 0.134
72 94.067 y=3.302 + 0.861x 0.597
24 4048.622 y= 2.230 + 0.768x 0.160
Pupae 48 5457713 y=3.117 +0.504x 0.232
CTC-i2 72 576.568 y=3.295+ 0.617x 0.145
24 6207.093 y =3.658 + 0.354x 0.178
Adult 48 514.327 y =3.275+ 0.636x 0.200
72 494.789 y=3.175+0.677 0.056
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3.2.2. Activity of the extracts from seeds

The mortality of the insects in case of EtOAc exlracl of secds given in tables 10-

13. All the extracts were with a orange-red color. Highest pupal mortality was recorded in

case ol MeOH extract of seeds (Table-13) for all the strains.

Significant XZ values (4.657 and 4.818) at 1% level of probability for 2 degrees of
freedom was found for the EtOAc and acetone extract on CTC-12 pupae for 72 h and
CTC-12 adults after 48 h of reatment (Table-11, 12), whileg the LDsg values were 87.009
pe/ul and 14.530 pg/ul and the regression equations were y = 0.802 + 2.164x and y=

3.015 + 1.078x respeclively.

No-recovery was found in case of seed extracts applied on both pupae and adults

of three different strains of T. castaneun.

From the seeds all reported limonoids were bio-active. Rohitukin was isolated
from ELOH extract (Connolly et al., 1976; Lidert et al.,1985), and there was a report on
its activity that it inhibits Murine P-388 lymphocytic leukemia at LDsy=100; T/C inactive
(2—0.25 mg) (Pellit, et al., 1983) lesled al the National Cancer Instilute. Rohituka-7
(prieurianin-type limonoid) was also reported ﬁom the seed% Wthll is antifeedant against
tobacco budworm (Lidert ez al., 1985). The saponin, stigmasta-5, 24 (28)-dien 33-0-3-D
glucopyranosyl-O-a-L-rhamnopyranoside was also isolated from the seeds of A.
rohituka (Bhatt et al., 1981), but nothing was informed about its activity. Two other
limonoids aphanastatin and amooraslatin were also found strong to inhibit growth of
Murine P-388 lymphocytic leukemia (Polonsky et al., l978a,t?; Pettit et al., 1983), which

were reported lrom the seeds of the related species A. grandifolia.
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Table 10. Activity ol Pel. spt. extract of A. rohitika seed against T. castaneum.

Strain | Life stage E[:ﬂzs(l]lse LD;;;:‘:"G Regression equation ¥* value
24 488.215 y =3.048 + 0.726x 0.289
Pupac 48 213.384 y =3.223 4+ 0.763x (0.455
CR-1 72 37.120 y =3.863 + 0.725x 0.141
24 30.283 y =4.200 + 0.540x 0.291
Adult 48 38.530 y =4.052 +0.598x 0.449
72 36.678 y = 3.854 +0.732x 0.410
24 203.049 y = 3.547+ 0.630x 0.167
Pupae 43 103.773 y =3.169 + 0.908x 0.054
FSS-I1 72 37.090 y=3.011 + 1.268x 0.524
24 17.458 y =4.296 + 0.567x 0.556
Adult 48 22.624 y=3.755+0.919x 1.619
72 21.309 y =3.794 + 0.908x 1.228
24 230.742 y =2.555 + 1.035x 0.023
Pupae 48 150.081 y =2.949 + 0.942x 0.205
CTC-12 72 72.079 y =2.866 + 1.149x 1.599
24 61.694 y=3519+0.827x 0.206
Adult 48 36.595 y= 3951 +0.671x 0.043
72 15614 y=4.416+0.489x 0.095
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Table 11. Activity of E(OAc extract of A. rohituka seed against T. castaneum.

Strain | Life stage l?i'(l:)lzs(l;ge Llﬁy:llue Regression equation ¥ value
24 163.537 y=2.755+1.014x 0.172
Pupae 48 109.922 y= 1478 + 1.725x 0.887
CR-1 72 72.763 y =2.690 + 1.241x 1.046
24 2.756 y=4.641+0.816x 0.551
Adult 48 1.309 y=4.915 +0.729x 0.362
72 7.454 y = 3.654 + 1.543x 0.026
24 280.920 y= 1238 + 1.530x 0.243
Pupae 48 108.456 y =0.245 + 2.336x 0.660
FSS-1I 72 92.612 y=0.776 + 2.148x 0.592
24 0.789 y = 5.058 + 0.566x 0.027
Adult 48 5.206 y=4.203 + 1.113x 0.046
72 3.311 y =4.526 + 0.912x 0.121
24 139.762 y =0.703 + 2.003x 1.914
Pupae 48 112.314 y = 1.930 + 1.497x 1.913
CTC-12 72 87.009 y =0.802 + 2.164x 4.657
24 1.073 y =4.982 + 0.570x 0.742
Adult 48 1.779 y=4.816+0.737x 0.955
72 1.308 y =4.908 + 0.793x 0.035
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Table 12. Activily of acetone extract of A. rohituka seed against T. castaneumn.

Strain Life stage liﬁ::zq(l;lr)e Ll);"g;:llue Regression cquation xz value

24 93.3061 y =3.938 + 0.539x 0.025
Pupae 48 20.531 y=3.176+ I.390xl 1.234

CR-1 72 10.430 y =3.560 + 1.414x 0.857
24 20.091 y = 2.387 + 2.005x 1.681

Adult 48 11.883 y= 3.2;()6 + 1.669x 0.168

72 11.495 y =3.135 + 1.759x 0.380

24 28.150 y=3.152+ 1.275x 3.881

Pupae 48 17.664 y =2.140 + 2.293x 0.059
FSS-11 72 13.839 y =2.429 +2.253x 2.322
24 21.445 y= z.sob + 1.878x 0.109

Adult 48 14.962 y =2.365 + 2.242x 1.049

12 14.790 y =2.278 + 2.326x 0.884

24 36.033 v =3.804 + 0.768x 0.255

Pupae 48 11.807 y =4.009 + 0.924x 1.474

CTC-12 72 9.785 y =4.096 +(0.913x 0.524
24 17.790 y=3.190 + 1.448x 1.785

Adult 48 14.530 y=3.015+ 1.708x 4818

72 14418 y =3.453 + 1.335x 2411
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Table 13. Activity of MeOH extract of A. rohituka seed against T. castaneum.

Strain | Life stage Bl:::]lzs(l;lr)e LDJ;/\:]llue Regression equation ¥ value
24 131.361 y=3813+0.561x 0.175
Pupae 48 14.894 y =3.918 + 0.922x 0.042
CR-1 72 12,738 y =3.822 + 1.066x 0.122
24 109,043 y = 3.052 + 0.956x 0.244
Adult 48 140.326 y =3.146 + 0.864x 0.358
72 95.102 y=3.412 + 0.803x 0.600
24 118.675 y =3.948 + 0.507x 0.175
Pupae 418 13.185 y=4.130+0.777x 0.018
FSS-11 72 8.792 y=4.162 + 0.887x 0.128
24 218.809 y = 3.582 + 0.600x 0.349
Adult 48 173.752 y = 3.686 + 0.587x 0.009
72 61.318 y =3.655+ 0.752x 0.128
24 61.182 y =3.953 + 0.586x 0.155
Pupae 48 18.285 y =3.795 + 0.954x 0.098
CTC-12 72 13.483 y=4.010+0.876x 0.055
24 121.442 y =2.863 + [.025x 0.868
Adult 48 107.253 y =3.207 + 0.883x 0.634
72 75.458 y =3.623 + 0.734x 1.107

Results 65



3.2.3. Activity of the extracts from the fruit-pericarp

Results of the dose-mortality experiments on the pupae and adults of the T.
castaneunt strains with the fruit-pericarp extracts collected.in Pel. spt., ElOAc, acelone
and MeOll given in tables 14-17. Highest mortality was recorded for EtOAc extract of
fruit-pericarp, where LDsy values were ranging between 0.451 pg/pl (on ESS-I1 pupae for
24 h) to 9.597 pg/ul (on CTC-12 pupae for 72 h) and 3.565 pug/il (on FSS-II adults for 24
h) to 15.985 pg/ii (on CR-1 adult for 24 h) (Table-15), then Pet. spt. extract of fruit-
pericarp, where LDs, values were ranging between 0.220 pg/ul (on CTC-12 pupae for 24
h) to 1.335 pg/pd (on [FSS-1I pupae for 48 h) and 1.011 ug/ﬂl (on CTC-12 adult for 48 h)
to 21.265 pg/ul (on CTC-12 adult for 24 h) (Table-14). Lowest mortality was also in
case of this organ, j.e., MeOH extract of fruit-pericarp, where LDs, values were ranging
between 14220.850 pg/pl (on FSS-II pupae for 24 h) to 10.614 pg/ul (on CR-1 pupae for

72 1) (Table-17).

Recoveries were recorded in case of Pet. spt. (CR-1 and CTC-12 adults for 48- to
72 h) extract of the fruit-pericarp, and it was always in case of adults. Pupal mortality was
comparatively higher in cases of Pet. spt., EtOAc and MeOH extracts, while acetone

showed parallel effect for both pupae and adults.

The major toxic constituent of Amoora present in the lruit-pericarp isolated as a
terpenoid and named aphanamixin (Chatterjee and Ku;ldu, 1967, Chalterjee et al., 1970)
which was found biologically active, LCsy= 0.06 ppm (48h), (Nishizawa et al., 1984). It
was also reported along with two other minor toxic constituents aphanamol I and

aphanamol 11 [rom the fruit-peel of the related species A. grandifolia (Nishizawa et «l.,

1984).
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Table 14. Activity of Pet. spt. extract of A. rohitika lruit-pericarp against T. castaneun.

Exposure

L1, value

Strain | Life stage time (h) ngl Regression equation y” value
24 0.635 y=5.145+0.737x 0.550
Pupae 48 0.774 y = 5.105 + 0.940x 0.541
CR-1 72 1.074 y=4.960 + 1.281x 0.709
24 1.795 y = 4.848 + 0.600x 0.320
Adult 48 1.736 y=4731+ 1.119x 0.048
72 2.256 y =4.648 + 0.995x 0314
24 0.780 y =5.100 + 0.925x 0.274
Pupae 48 1.335 - y=4.821 + 1.425x 0.386

FSS-11 72 - - -
24 8.583 y =4.262 + 0.790x 0.084
Adult 48 1.853 y =4.827 + 0.647x 0.004
72 3.566 y =4.538 + 0.8306x 0.049
24 0.220 y=5337+0512x 0.718
Pupae 48 0.466 y =5.257+0.775x 0.097
CTC-12 72 [.061 y =4.965 + 1.358x 0.064
24 21.265 y =4.387 + 0.461x 0.755
Aduit 48 1.011 y =4.998 + 0.355x 0.125
72 3.840 y =4.777 + 0.382x 0.073
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Table 15. Activily of EtOAc extract of A. rolituka fruit-pericarp against T. castaneum.

Strain | Lile stage l'i:zzs(u;‘r)e Ll);]g/v:llne Regression equation x2 value
24 1.743 y = 4.847 + 0.636x 0.399
Pupae 48 4.189 y=4.224 + 1.248x 1.010
CR-1 72 1.527 y =4.801 + 1.080x 0.047
24 15.985 y =3.789 + 1.006x 0.101
Adult 48 12.003 y =3.052 + 1.249x 0.463
72 6.787 y=4.163 + 1.007x 0.341
24 0.450 ¥y =5.109 + 0.314x 0.092
Pupae 48 1.841 y =4.857 + 0.539x 0.108
FSS-11 72 5.502 y=4.180+ 1.100x 0.895
24 3.565 y =4.725 + 0.498x 0.295
Adult 48 5.160 y =4.499 + 0.703x 0.0i8
72 4.322 y =4.491 +0.801x 0.101
24 9.253 y =4.440 + 0.580x 0.376
Pupae 48 7.201 y =-_4.?;34 +0.777x 0.074
CTC-12 72 9.597 y =3.731+ 1.292x 0.023
24 13.183 y =4.034 + 0.802x 0.401
Adult 48 6.580 y =4.384 + 0.753x 0313
72 5614 y=4.389+ 0.815x 0.067
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Table 16. Activity ol acetone extract of A. rohituka fruit-pericarp against T. castaneum.

Strain | Life stage Et;:‘:lzs(l::;e LD;;;':IIue Regression equation x* value
24 91.711 y=2.913 + 1.063x 0.534
Pupae 48 129.795 y = 3.166 + 0.868x 0.890
CR-1 72 34.410 y =3.383 + 1.052x 0.032
24 99.945 y=2.742 + 1.129x 0.031
Adult 48 103.224 y =3.175 + 0.9006x 0.005
72 99.990 y =3.0660 + 0.670x 0.011
24 963.505 y =3.321 + 0.563x 0.005
Pupae 48 204.255 y=2.970 + (.838x 0.560
FSS-I1 72 74.601 y=3.575+0.761x 0.272
24 65.555 y =2.098 + 1.207x 0.260
Adult 48 253.000 y=3.520+0.616x 0.028
12 59.848 y =3.372+0.910x 0.870
24 830.940 y =3.324 + 0.574x 0.026
Pupae 43 641.801 y =3.334 + 0.594x 0.034
CTC-12 72 49.283 y = 3.500 + 0.888x 0.199
24 232.045 y =3.370 + 0.689x 0.262
Adult 48 61.121 y =3.803 + 0.670x 0.212
72 53.211 y=3511+0.803x 0.912
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‘Table 17. Activity of MeOH extract of A. rohituka lruit-pericarp against T. castaneum,

Strain | Life stage l'if‘["’s“m LDso value Regression equation v* value
ime (h) g/
24 2088.810 y =3.481 + 0.458x 0.137
Pupae 48 772.637 y=3.779 + 0.423x 0.391
CR-1 72 10.614 y =4.152 + 0.827x 0.639
24 6392.65 y =3.232 + 0.405x 0.041
Adult 48 620.004 y =3.310 + 0.605x 0.262
72 410.271 y =3.509 + 0.571x 0.013
24 14220.850 y =3.686 + 0.3106x 0.003
Pupae 43 276.343 y =3.072 + 0.544x 0.061
FSS-11 72 57.968 y=3.940 + 0.601x 0.664
24 2088.810 y=73.481+0.458x 0.137
Adult 48 1716.797 y =3.439 + 0.483x 0.024
72 2975.497 y =3.673 + 0.382x 0.041
24 2134.344 y =3.706 + 0.389x 0.028
Pupae 48 42.950 y =3.605 + 0.854x 0.268
CTC-12 72 14.886 y =3.883 + 0.952x 0.206
24 324.784 y =3.591 +0.560x 0.408
Adult 48 161.060 y=3.412 +0.720x 1.387
72 98.596 y =3.578 +0.713x 1214
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3.2.4. Activity of the extracts from the stem-bark

Results of topical application of the stem-bark extracts on the 7. castaneun strains
given in lables 18-21. Pet. spt. exiract of stem-bark, where LDsp values were ranging
between 0.888 pg/jul {on CR-1 adult for 48 h) to 8.775 pg/ul (on CTC-12 adult for 48 h)
and 0.946 g/} (on CR-1 pupae for 72 h) to 76.469 pg/ul (on FSS-U pupac for 24 h)
(Table-18), then ELOAc extract of stem-bark, where LDsq values were ranging between
2.271 pg/pl (on FSS-11 adult for 48 h) to 5.524 pg/jul (on CR-1 adult for 24 h) and 16.186
pg/pl (on CR-1 pupae for 72 h) to 161.641 pug/pl (on CTC-12 pupae for 24 h) (Table-19).
Activily of EtOAc extracts were more or less similar to that of Pel. spt. extract efficacy.
The lowest mortality was recorded in case of acetone extracts of the stem-bark, where
LDsp values were ranging between 30735.710 pg/ul (on ESS-1I pupae for 48 h) to 86.595
pg/id (on CR-1 pupae for 72 h) (Table-20). Recovery was recorded in case of MeOH

extract of the stem-bark for FSS-II adults for 48 to 72 hours of treatment and for CTC-12

24-, 48- 1o 72- hours of exposure (Table-21).

A triterpenoid aphanamixinin (Chandrasekharan et al, 1968; Chatterjee et al.,
1970) from petrol extract, a B-sitosterol and a by Srivastava and Agnihotri (1984 and
1985), two saponins, aglaiol-3-O-rhamnosyl-xyleside from rectified spirit {Srivastava
and Agnihotri, 1985) and poriferasterol-3-O-rhamnoside from EtOH extract (Agnihotri,
1987) two glycosides 1,5-dihydroxy-6,7,8-trimethoxy-2-methyl-anthraquinone-3-O-
3-D-xylopyranoside and naringenin 7,4"-dimethyl ether-5-O-a-L-rhamnopyranoside
from the rectified spirit extract (Srivastava and Agnihotri, 1985) and a terpenoid
amoorinin (Agnihotri ez al, 1987a,b) from EtOH extract and Srivastava and Agnihotri,
(1985) reported (24 R)-24-ethylcholestra-5, 22-diene-3:(}-l‘llalllnoside but none on

these findings were reported with mentioning their biological activities.
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Table 18. Activity of Pet. spt. extract of A. rohituka stem-bark against T castaneunt.

Strain | Lile stage lt;:ll:zs(l;:; LDJ“g;:'llue Regression equation x* value
24 3.729 y=2.62!l+ 1.514x 1.013
Pupae 48 1.366 y =3.508 + [.314x 1.288
CR-1 72 0.946 y =3.984 + 1.043x 0.590
24 1.257 y =3.523 + 1.343x 0.252
Adult 48 0.888 y=4.144 + 0.903x 1.478
72 1.240 y =3.481 4 1.389x 0.675
'Zli» 76.469 y =3.534 + 0.509x 0.124
Pupae 48 7.474 y =4.097 + 0.482x 0.209
FSS-I1 72 3.974 y =4.105 + 0.560x 0.451
" 24 4.529 y=4.314+0414x 0.010
Adult 48 2.480 y =4.200 + 0.574x 0.087
72 2.076 y = 4.154 + 0.642x 0.097
24 7427 y=3.078 + 1.028x 0.510
Pupae 48 1.851 y =3.269 + 1.366x 0.211
C1C-12 72 1.725 y=3.221+ 1.439x 0.300
24 7.300 y =4.323 + 0.363x 0.025
Adult 48 8.775 y= 4_. 150 + 0.438x 0.007
72 3.709 y=4.139 + 0.548x 0.047
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Table 19. Activity of ELOAc extract of A. rohituka stem-bark against T, castaneun.

Strain | Life stage 'E?‘:’lzs(l;]r)e LD;;/V:llue Regression equation ¥* value
24 79.764 y =3.726 + 0.670x 0.011
Pupae 48 65.453 y=3.952 +0.577x 0.024
CR-1 72 16.186 y =4.034 + 0.799x 0.283
24 5.524 y =4.230+ 1.038x 0.702
Adult 48 4.534 y =4.380 + 0.944x 0.252
72 4.630 y=4.106 + 1.344x 0415
24 78.292 y=2.787 + 1.168x 0.166
Pupae 48 53.566 y =3.361 +0.948x 0.521
ESS-1I 72 33.727 y=3.374 + 1.064x 0.509
24 2.772 y =4.332 + 1.509x 0.522
Adult 48 2.271 y =4.561 + 1.234x 0.633
72 3.217 y=4.112 + 1.750x 0.154
24 161.641 y =3.313 + 0.764x 0.099
Pupae 48 94.066 y =3.492 + 0.764x 0.741
CTC-12 72 32.691 y =3.764 + 0.8106x 1.448
24 4754 y =4.483 + 0.763x 0.746
Adult 48 4.754 y =4.483 + 0.763x 0.746
72 3.975 y=4.562 +0.731x 0.374
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Table 20. Activity of acetone extract of A. rofituka stem-bark against T. castaneun.

Strain | Life stage lf;::)lzs(l;‘r)e LDJ;X:]I“C Regressign equation ¥? value
24 1226.767 y= |.96;5 + 0.983x 1.560
Pupae 48 [11.026 y=2.099 + |.418x 0.679
© CR-1 72 80.595 y =3.558 + 0.744x 0.524
24 2364117 y =2.035 + 1.249x 0.016
Adult 48 253.495 y= I.9‘7-’4 + 1.259x 0.219
72 899.526 y =3.025 + 0.669x 0.088

24 - - -
Pupae 48 30735.710 y =3.100 + 0.423 0.082
FéS-II 72 9395.678 y= 3.032 + 0.495x 0.100
24 2884.944 y =3.034 + 0.568x 0.012
Adult 48 655.038 y=2.778 + 0.789x 1.600
72 430.637 y =3.025 + 0.750x 0.827
24 11161.850 y= 2:,;/39 +0.559x 0.286
Pupae 48 615.378 y =2.535+ 0.884x 0.521
CTC-12 72 122.853 y=2.450+ 1.221x 2.562
24 994281 y =2.722 + 0.760x 0.477
Adult 48 263.414 y=1.928 + 1.269x 0.926
72 152.085 y=2313+1.231x 1.107
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Table 21. Activity of MeOH extract of A. rohitika stem-bark against 1. castanewm.

Strain | Lifle stage l%:(r:)lzs(l;:;e LD;"g/‘;i'lluc Regression equation %2 value
24 4766.368 y = 3.147 + 0.504x 0.232
Pupae 48 948.231 y =3.318 + 0.565x 0.784
CR-| 72 156.288 y = 3263+ 0.792x 0.656
24 1835.341 y =3:103 + 0581 0.589
Adult 48 1552.055 y =3.479 +0.477x 0.156
72 637.312 Y =3.132 4 0.666x 0.063
24 3906.750 y = 2,979 + 0.563x 0.005
Pupae 48 20941.310 ¥ =337 +0.292x 0.663
FSS-1I 72 806.502 y = 3.141 + 0.640x 0.012
24 1648.921 y =3.732 + 0.394x 0.176
Adull 48 728.092 y = 3.718 + 0.448x 0.079
72 720.077 y =3.532 4+ 0.514x 0.050
24 258.628 y=1.319 + [.526x 0.401
Pupae 48 451.052 y=2024 +1.121x 0.122
CTC-12 72 3339.128 y = 3.254 + 0.496x 0.017
24 1347.505 y = 3.289 + 0.547x 0.255
Adult 48 11604.330 y =3.312 +0.415x 0.102
72 836.176 y =2.658 + 0.801x 0.577
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3.2.5. Aclivily of the extraets from the roots

Results for the effects of root extracts collected in Pet. spt., EtOAc, acetone and
MeOL. on 1. castaneum strains are given in tables 22-25. In the present invesligation
highest mortality was recorded in case of the Pet. spt. extract of the roots, where LDsg
values were ranging between 0.657 pg/pl (on CR-1 pupae for 24 h) to 2.156 pg/pl (on
FSS-1II pupae for 72 h) and 1.897 pg/iil (on CR-1 adult for 24 h) to 7.271 pg/iu (on FSS-
IT adult for 48 h) (Table 22), ), then ElOAc extracl of roots, where LDsp values were ranging
between 0.597 pg/ul (on CTC-12 adult for 48 h) to 20.690 pg/u (on FSS-II adult for 24 h) and
3.462 pg/ul (on CR-1 pupae for 72 h) 1o 8.925 pg/pl (on FSS-1I pupae for 24 h) (Table-23), then
acetone extract of roots, where LDsq values were ranging between 8.841 pg/jul (on CR-1
pupae for 72 h) to 293.064 pg/pl (on FSS-II pupae for 24 h) and 6.117 pg/ut (on CR-1
adult for 72 h) to 63.590 pg/ul (on CR-1 adult for 24 h) (Table-24). The lowest mortality
was observed in case of MeOH extracts of roots, where LDsy values were ranging
between 34708.590 g/l (on FSS-1I pupae for 24 h) to 165.147 pg/il (on FSS-I pupac
for 72 h) (Table-25). In case of ElOAc extracts the mortali‘tyl was higher in adults, but in
case of acetone and MeOH extracts it created an equilibrium in mortality in both the
adults and pupae. The activity of Pet. spt. extract is significant enough because of
comparatively high mortality and of recovery found in case of all CR-1, FSS-lI and CTC-
12 pupae and CR-1 and FSS-II adults. Recovery was recorded for all possible cases which

could be traced out from the fluctuation or increased mode of the LDsq vaiues (Table-22).

From MeOH extract of roots a flavone glycoside 8-C-methyl quercetin-3-O-f3-
D-xylopyranoside (Jain and Srivastava, 1985) and, a saponin Betulin-3-3-0-3D-
xylopyranoside (Jain and Srivaslava, 1984) were reported without mentioning there

biological activity.
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‘Table 22. Activity of Pet. spt. extract of A. rohifuka root against T. castaneum,

Strain | Life stage Fﬁlﬁzs(l;lr)e Ll);“g;’:llue Regression equation 1* value

24 0.657 y=4.359 + 0.783x 0.323

Pupae 48 0.716 y =4.311 + 0.806x 0.093
CR-} 72 0.670 y =4.508 + 0.595x 0.0002
24 1.897 y =3.524 + 1.155x% 0.108

Adull 48 2,193 y=3.424 + 1.176x 0.315

72 3.012 y =3.187 + 1.220x 0.050

24 1.751 y =3.370 + 1.300x 0.232

Pupae 48 2.015 y =3.434 + 1.201x 0.138

FSS-11 72 2.156 y =3.659 + 1.000x 0.345
24 3.240 y =3.972 + 0.680x 0.058

Adult 48 7.271 y=3918+0.581x 0.422

72 3.256 y =2.948 + 1.356x 1.127

24 0.718 y=4.559+0.516x 0.928

Pupae 48 0.844 y=4.042 + 0.387x 0.174

CTC-12 72 1.831 y =4.585 +0.329x 0.085
24 6.488 y =3.638+0.752x 0.161

Adult 48 6.518 y =3.754 + 0.687x 0.327

72 5.729 y =3.429 + 0.894x 0.403
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‘T'able 23. Aclivity of ELOAc extract of A. rohitika rool against 7. castaneum.

lExposure

Strain | Lile stage time (h) Ll);;/‘;;lue Regression equation ¥* value
24 7.690 y =4.647 + 0.398x 0.070
Pupae 48 3.553 y =4.729 + 0.492x 0.327
CR-1 72 3.462 y =4.588 + 0.764x 0.010
24 2.506 y =4.730 + 0.676x 0.105
Adult 48 2.388 y= 4.7;’)0 +0.713x 0.483
72 2.195 y = 4.569 +1.263x 0.489
24 8.925 y = 4.544 + 0.480x 0.027
Pupae 48 7.402 y = 4.473 + 0.606x 0.594
FSS-11 72 5.126 y =4.408 + 0.749x 0.030
24 20.690 y =4.424 + 0.438x 0.007
Adull 48 5.809 y= 4.234 +0.937x 1.286
72 3.961 y =429+ 1.186x 0.365
24 4.437 y =4.6006 + 0.608x 0.144
Pupae 48 5.730 y =4.484 + 0.680x 0.160
CTC-12 72 6.942 y= 4.5i3 + 0.566x 0.097
24 9.966 y=15.251 +0.251x 0.107
Adult 48 0.597 y =5.086 + 0.385x 0.121
72 1.097 y=4.977+0.571x 0.065
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Table 24. Activily ol acelone extracl of A. rolifuka rool against 7" castaneum.

Exposure

LDz value

Strain [ Life stage time () gl Regression equation ¥ value
24 59.562 y= 2.353:+ 0.954)-( 0.068
Pupane 48 12.962 y =2.205+1.294x 0.769
CR-1 72 8.841 y = 1.905 + 1.590x 0.190
24 63.598 y =2.295 + 0.965x 0.447
Adult 48 22.486 y=2300+ 1.148x 0373
72 6.117 y=2.643+ 1.319x 1.574
24 293.064 y =3.049 + 0.563x 0.005
Pupae 48 42.678 y =3.271 + 0.658x 0.158
FSS-I1 72 9.411 y =2.258 + 1.390 0.180
24 50.329 y=3.082 +0.710x 0.674
Adult 48 28.497 y = 3.037 + 0.800x 0.498
72 9.337 y =2.744 + 1.145x 0.211
24 49.937 y =2.763 + 0.829x 0.194
Pupae 48 67.095 y =2.838 + 0.765x 0.024
CTC-12 | 72 10.100 y=2.6014 1.197x 0.900
24 36.091 y =3.030 + 0.770x 0.042
Adult 48 40.022 y =3.781 + 0.468x 0.726
72 10.655 y=3.611+0.685x 0.179
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Table 25. Activily of MeOH. extract of A, rohifika root against 7. castaneum.

Exposure

LDsp value

Strain | Lifestage time (h) g/l Regression equation x” value
24 7135.857 y =2.831 + 0.563x 0.005
Pupae 48 541.775 y= 3.6] I+ 0.728x 0.078
CR-1 72 295.097 y = 2.386 + 1.058x 0.047
24 858.918 y=2.186+0.959x (.262
Adult 48 468.937 y=1946 + 1.143x 0.225
72 565.188 y _= 2.452 + 0.926x 0.295
24 34708.590 y =3.385+ 0.356x 0.068
Pupae 48 2310.786 y = 2.963 + 0.606x 0.041
FSS-1I 72 165.147 y =3.208 + 0.808x 0.063
24 7971.730 y=3.377+0416x 0.023
Adult 48 820.670 y = 3.146 + 0.630x 0.200
72 309.346 y =3.297 + 0.684x 0.431
24 2520.053 y=3.114+0.554x 0.210
Pupae 48 1075.570 y = 2.605 4+ 0.790x 0.155
CTC-12 72 355933 y= 2.325 + 0.853x 0.014
24 1449.955 y = 1.985+ 0.954x 0.068
Adult 48 1451.680 y =2093+0.919x 0.004
72 849.3481. y =2.074 + 0.999x 0.939

Results 80



3,2.6. Summary discussion on insecticidal tests

Results of topical application of the crude extracts in different concentration in the
dose-mortality experiments were less satisfactory, while lcsi on three standard strains of
the red flour beetle 7. castaneum offered some predictions of the locations of biologically
active constituents in the title plant A. rohituka. The results were not so clear on the
differences on the resistant variety CTC-12 than to more susceptible variety FSS-I1, even
though, fair attention paid on this subject in repetition. To make the findings more
conspicuous and to make the concepts more furnished it was [elt necessary to conduct
other biological les(s.l'or other projections concerning various other activities of the plant
extracls. For the evaluation of the constituents for peslicidnl or medicinal properties it
needs tests for different directions, i.e., for pests: lest against insects, lr;olluscs,
nematodes, rodents, etc. and on different forms of their life stages; for medicine: test
against pathogenic organisms, vectors, elc. In Lhese perspectives some other bioassays

have been selected.
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3.3. Other I)iU'ﬂ“tUgl'apllic assessnients

Evaluation of the extractives of A. rohitika has been made by a series of bioassays
with human pathogenic bacteria B. subtilis, human pzltliogellic fungi C. albicans, Plant
pathogenic fungi C. cucumerinim, stored grain insect pest T. castanenm, mosquito vector
of the yellow fever A. aegypti larvac and schistosomiasis ransmilling snails B. glabrata
and it was found that different parts of this plant, viz. leaves, seeds, fruit-pericarp, stein-
bark and roots bearing biologically active constiluents. A checklist of the bioassays

carried out on the extractives of the experimental plant given in the table 26.

Table 26. Bioassay checklist of A. rohituka exlracts. °

Organs Extracts Test agents
Aedes Biomphalaria galabrata Cladosporium Candidu Bacillus
acgypii crcumerimm albicans subiilis
Pet. spt. + ++/ 400 ppm/24h + + +
Leal ElOAc + ++/ 400 ppn/24h + + +
acetone + ++/400 ppn/24h + + +
MceOH - - , + +
Pet. spt. - - - + -
Seed E(QAc - - . + .
acclone - - - - -
McOH - - - - -
Pet. spt. + - - + -
Fruit E10Ac + - - - -
pericarp acetone + - ' - N N
McOil - - - - -
et spt. - - - . )

Stem-bark E(QAc .

acetone - ++/400-200-100ppm/24h - + +
McOH + ++/400ppm/24h + . +
Pet. spl. - ++/400 ppm/24h 4 + +
Root EtOAc - ++400 ppm/24h - . R
acelone - ++/400 ppm/24h - + .
McOH * * * * .

+ = aclive, (-) = not aclive and * = sample was not available.
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3.3.1. Activity against A, aegypli larvae

Leal extracts collected in Pet. spt.,, ElOAc and acetone did not show aclivity
within 30 min. and offered mortality of 26.67%, 50% and 40% respectively after 12 h of
exposure. Those were also active in a lower concentration of 250 ug/mi and the mortality
recorded after 12 h of exposure was 20%, 26.67% and 23.33%, alter 24 h of exposure,
66.67%, 50% and 60%, and after 36 h of exposure, 86.67%, 63.33% and 90% for the

extracts collected in Pet. spt., EtOAc and acetone respectively.

The seed extracts, each with a concentration of 500 pg/m! in fresh-water offered
no activity within 30 min. for Pet. spt., acetone and MeOH. With a double concentration
it showed activity for Pel. spt., acetone and MeOH extracts alter 12 h of exposure and the
mortality found 6.67%, 33.33% and 6.67%,; after 24 h of exposure 20%, 10% and 16.67%

and after 36 h of exposure 23.33%, 16.67% and 13.33% respeclively.

The fruit-pericarp extracts, each with a concentration of 500 pg/mi in fresh-water
offered exciting results showed activity within 30 min. for Pet. spt.,, EtOAc, acetone
extract. After 12 h of exposure the mortality were counted 100%, 66.67%, 76.67% and
50% respectively. The concentration then diluted into 250 pg/ml for all four Pet. spt.,
ElOAc, acetone and MeOH extracts and the respective mértalily observed after 12 h of
exposure 26%, 20%, 20% and 10%, and alter 24 h of exposure 40%, 40% 33.33% and

43.33% and after 36 h of exposure 60%, 90%, 70% and 70% respectively.

No mortality was found alter 30 min. of exposure in case ol stem-bark extract.
Methanol extract of stem-bark offered mortality after {2 h of exposure 70%, after 24 h
80% and after 36 h 83.33%. With a double concentration it showed activity for Pet. spt.,

ELOAc. acetone and MeOH extracts after 12 h of exposurc and mortality found 33.33%,
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23.33%, 26.33% and 73.33%; after 24 h of exposure 43.33%, 33.33%, 36.67% and 80%
and alter 36 h 73.33%, 66.67% 60% and 93.33% respectively.

Rool extracls showed no mortality even for a double concentration after 30 min.
of exposure excepl Pet. spt. extract. The mortality was 10% after 12 h of exposure for Pet.

spt.,, EtOAc and acetone extracts, which were 20%, 30% and 26.67% after 24 h and
36.67%, 36.67% and 46.67% after 36 h of exposure (Table 27).

3.3.2. Aclivily against B. glabrata

Leal extracts collected in Pct. spt., ELOAc and acetone; stem-bark extract
collected in acetone and MeOH; and root extracts in Pet. spt., EtOAc and acetone, offered

mortality to B. glabrata with a concentration of 400 ppm in water after 24 h of exposure.

No mortality was found in case of MeOH extract of leaves, Pt. spt., EtOAc,
acetone and MeOH extracts of seeds and fruit-pericarp, Pet. spt and EtOAc extract of
stem-bark. On the other hand, acetone extract of stem bark offered mortality even in a

lower concentration (100 ppm) after 24 h of exposure (Table 28).
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Table 27. Activily of A.

rohituka extracts against A. aegypti larvae.

Sourcr materials
g‘:::fff ¢ Leal@ Seeds$ Fruit-pericarp@ Stem-bark$ Roots$
+ A B Cl+ A B + A B Cl+ A B Cl+ A B C
Pet.spt|n 6 20 26 n 6 y 8 12 {8 n [0 13 22 n 3 6 11l
OAc | n 8 15 19 * * = y 6 12 27 n 7 10 20 n 3 9 i
acetone [n 7 18 27 n | 3 y 6 10 21 n 7 il 18 n 3 8 14
MeOH [0 0 0 0 n 2 5 n 3 13 21 n 22 24 28 * * o+

+ = activity after 30 min.;

A, B and C=ortality after 12 -, 24- and 36 hours of exposure;

y= active; = not active: 1,2,6,12 etc. = # killed; @ =172 dose; $= double dose; *= sample not available.

The result discussed here justified changing doses to provide mortality in all

available samples and doses were lessen @, in case of leaf and fruit pericarp, and
doubled § in all other cases.

Table 28. Aclivity of A. rohituka extracts against B. glabrata.

Source materials

Solvents
used Leal = Seed Fruit- Stem-hark Rool
pericarp
Pet. spt. | 4 4/400ppm/24h -00- -00- -00- ++/400ppm/24h
EtOAc | 44/400ppm/24h -00- -00- -00- ++/400ppm/24h
acetone | 44/400ppim/24h -00- -00- ++/400-200-100 ++/400ppm/24h
ppm/24h
McOH -00- -00- -00- ++/400ppm/24h *
-00- = nol active;
* = sample not available;
++ = active for both of the snails.
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3.3.3. Aclivity against C. cucumerinum

For the standard amount of 100 pg/spot of the crude extracts run on TLC plates up
to 8 cm which showed inhibition zones for the leaf extract in Pt. spt. with Rf values 0.25; in
EtOAc, 0.09, 0.17 and 0.38 (of which the 2nd and the 3rd one from the base is more
distinct), in acetone 0.13, for stem-bark extract collected in EtOAc 0.08, root extract in Pet.

spt. 0.19 (very weak) and no activity found in case of all MeOH extracts (Table 29).

3.3.4. Aclivily against C. albicans

For C. albicans most of the crude extracts found active for the standard amount of
100 pg/spot on the TLC, while the inhibition zones for leaf extracts in Pel. spt. with Rf
vajues 0.19; in EtOAc 0.19, 0.38, 0.53 and 0.63, in acetone 0.19, 0.28 and 0.53; for seed
extract in Pet. spt. 0.06, 0.19 and 0.28, in EtOAc 0.19; in acetone 0.28; fruit-pericarp
extract in Pet. spt. 0.09 and 0.28; stem-bark extract in Pet. spt. 0.19 and 0.31; in acetone
0.31; and root extract in Pet. spt. 0.22, and 0.41; in acetlone at 0.19 and leaf, seed, fruit-
pericarp extract in MeOH showed inhibitilon zones all at 0.94, while root extract in

MeOH at zero (Table 30).
3.3.5. Aclivily againsl B. subtilis

Leaf extracts in Pet. spt., EtOAc, acetone and MeOH; seed extracts in Pet. spt.,
EtOAc and acetone, {ruit-pericarp extract in Pet. spt., EtOAc and acetone and root
extracts with Pet. spt. found active. The standard sarple amount is 100 pg/spot. The
samples spotted on the TLC plates run almost 8 cm and the active constituents showed
inhibition zones for leaf extracts collected in Pet. spt. with Rf values 0.13, 0.25 and 0.50;
in EtOAc 0.25, 0.44, 0.50 and 0.63; in acetone 0.19, 0.25 and 0.50; in MeOH 0.84; stem-

bark extract in acelone at zero; root extract in Pt spt. 0.19 (Table 3 ), while the seed and

fruit-pericarp extracts in Pel. spt., ELtOAc and acetone showed very weak activities but

were negligible, while seed and fruit-pericarp extract in MeQH were not active at all.
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Table 29. Activity of A. rohituka extracts against C. cucumerinum.

Solvents Source materials
used Leaf Seed Feait-pericarp Stem-bark Root
Pet. spt. y n o . .
EtOAc y . N g .
acetone y " . ) .
McOU n n " . .
y= aclive, n = nol active and *= sample not available.
Table 30. Activ'!ly of A. rohituka extracts against C. albicans.
Solvents Source materials
used Leaf Secd Fruit-pericarp L Stem-bark Root
Pel. spt. y y y y y
El0Ac y y n n n
acetone y y n y y
McOH y y y * y
y=active, n = not active and *= sample not available.
Table 31. Activity of A. rohituka extracts against B. subtilis.
Source materials
Solvents Leal Sced Fruit-pericam Stem-bark Root
uscd
Pel. spl. y n n n y
EtOAc y n n n n
acclone y n n y i
McOH y n n * n
= aclive, n = not active and *= sample not available.
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3.3.6. Conclusion and perspectives of bioassays

From ail these experiments regarding bioassays mentioned above it is found
that most of the extracts collected in four different solvenls are aclive against the
bacterium B. subtilis, fungi C. cucumerinum, and C. albicans, insect pest T. castaneum,
mosquito larvae A. aegypti and the snails B. glabrata. Much clear inhibition zones were
found in case of EtOAc exlract of leaves against B. subtilis, C. cucamerinum. and C.

albicans and it was also showed satisfaclory activity against the mosquito larvae and the

snails.

Morcover, in comparison to stem-bark and roots, leaves are studied less. And that
is why leaves were taken for this study. As in screening E(OAc extract of A. rofiituka
leaves was found aclive on all larget organisms, and it was subjecled to further
invesligalion by activity guided fractionalion. Activity agai;lsl C. cucumerinum was taken
as a tool experiment for this fractionation with a view to isolate, purify and characierize

antifungal properties that afforded two active compounds.
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3.4. Chromatographic information
3.4.1. Chromatography on TLC

For the normal phase chromatography Silica-gel Si60 F254 on glass and Al sheets
(Merck) were used. Ten mg/ml of the sample in the solvent of extract offered 100 pg/spot
while spotted 10 pl for each of the samples. The chromatograms then developed within a
conventional chamber (Camag) with the solvent systems: for Pet. spt., EtOAc and
acetone extracts- Pet. ether:EtOAc (1:1); and for MeOH extract CHCI3:MeOH-H20
(65:35:5); and all chromatograms were observed under UV at 254 and 366 nm and
marked with a pencil. After complete run, the plates sprayed with the Godin reagent and
on the dried TLC plate 10% ethanolic solution of H2804 is spayed before drying the plate

at 100°C to reveal the spots of the compounds (Fig. 17).

Fel- et : £¢0%c 1:4

R .
sy L .
) e ﬁaf‘r‘,\ Y S

¥ ¥ .I;i“ - 4 T T T
$p Sz SA L. P ScE 5A Bp ar

2B 1 T
8A RP RE RA

I = Leaf, S = Seeds, Sc = Seed-coat (Fruit-pericarp), B = Bark (Stem-bark), R = Roots,
P = Extracted in Pet. spt., E = Extracted in EtOAc, A= Extracted in acetone and M = Extracted in MeOH

Fig. 17. Revelation of the compounds of the A. rohituka extracts.
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3.4.1.1 Outlput by bioassay guided fractionation

The fractions received from the first step of isolation were spotted on a TLC plate

to reveal with Godin reagent for the fractions with a major spot of pink-violet in colour as

the batch ‘A" and another group of fractions for another major spol, violet in colour, as
the batch 'B'. The fractions were also lested against C. cucumerinum to be sure about their
aclivity on the lest organism. They were observed on the UV light at 254 and 366 nm and
the nature ol their colour revelation with Godin also observed. The fractions 14-20 for ‘A’
and 28-43 for 'B' were found active against C. cucumerin.um, (Fig.18) and 'A’ was visible

as blackish spot under UV at 254 nm while 'B' was not active for both the wave-lengths.
3.4.1.2. Activity comparison test of the purified compounds

To compare the activity of the isolaled compounds tests were carried out with a
serial dilution method against C. cucumerinum, C. albicans and B. subtilis. Both the
compounds were spotted on the same plate in each of the steps. For (he test against C,
cuctmierinum the spots contained 30-, 20-, 10-, 5- and |- pg of the products, and the
compound | was found active unlil the last concentration while the another one was
found not aclive (Fig. 19). The solvent system used (o run the TLC was
CHCI;:MeOH:H,0; (85:15:01). Other tests were done against C. albicans and B. subtilis
with a concentration of 1 and 5 jLg and were found active in both he cases (Fig. 20) while

the solvent system used to run the TLC was CHCl3:MeOH:H0; (97:03:01).
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IFig. 19, Activity of the found compounds on C. cucumerinum.
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IFig. 20. Activily of the found compounds on C. albicans and B. subtilis.
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3.4.2. High performance liquid chromatography

For the analytic IPLC (he equipment used, were pump- ‘Spectra physics 8700

detector- TIP1090" (llewlett Packard) and columns- ‘Novapak' to give the probable

resonance time of the compounds, and to furnish the purily of the isolated compounds as

well (Fig. 21, 22).
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Fig. 21. IPLC spectrum of the compound 1.
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Fig. 22. HPLC spectrum of the compound 2.
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3.5, Physiochemical methods

3.5.1. Infra red spectrometry

To prepare the sample for IR spectroscopy 1.5 ing of the compound 2 was mixed
well with 70 mg of Kbr in a mortar and pestle and a film was prepared using screw
devices as a (ool. Inlrared spectroscopy was donc only for the compound 2, which

revealed the presence of a -OH group showing a band at 3310 cm”! and tertiary 6-methyl

at 1449 cm™ and gem-dimethyl group at 1378 cm™ (Fig. 23).

3.5.2. Mass spectrometry

The samples were prepared with a concentration of less than 10 mg/ml in HPLC
grade MeOH (Fluka) and CHCL3 (CD3). From the mass spectrum the compound offered
a molecular ion peak appeared at M/z 239 (M") to give the molecular weight of the
compound is 238 which corresponds with the molecular formula C4H2205 (Fig. 24), and
for the compound 2 a molecular ion peak at M/z 308 (M"). So, the molecular weight of
the compound 2 is 308 which corresponds with the molecular formula CaH30, (IM71*

M/z 308) (Fig. 25).

3.5.3. Nuclear Magnetic Resonance of 'I1- protons and BC atoms

More than 7 mg of the compound 1 and 35 mg of the compound 2 prepared
separately in HPLC grade MeOH and CHCly because of super solubilily in these solvents.

A (race amount of TMS [(Tetramethylsilane, (CD3) 4 Si)] was added as reference (Fig. 20,

27).
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Fig. 24. Mass spectrum of the compound 1.
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Fig. 25. "H-NMR spectrum of the compound 1.
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Fig. 29. Mass spectrum of the compound 2.
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Fig. 30. 'H-NMR spectrum of the compound 2.
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3.5.4. Crystallization

- the compouy ; -
Foi pound 2 which was solidified soon after Iyophilization followed by

evaporation, crystallization was possible in a mixture of Hexan
ane

and iso-propanol; (I:1)

with high concentration of the compound selting the material for slow evaporation by the

air.
3.5.5 Measurement of melting point

Melting point (uncorrected) of the isolated powder like substance (compound 2)

was determined with a mettler FP80 hot-stage apparatus which was 130°C and the same

with the reported compound ‘aphanamixol firstly claimed by Chandrasekharan and

Chakrabortty, (1968).
3.5.6. Determination of the structure of the isolated compounds
3.5.6.1. Structure of the compound 1

The structure of the compound 1 can tentatively be assigned to “4-Hydroxy-5-
methyl undecadienedione” from its mass, 'H and *C-NMR spectral analyses. From its
mass spectrum a molecular ion peak appeared al M/z 239 (M*). So, the molecular weight

of the compound is 238 which corresponds with the molecular formula C4H220;.

In its '"H-NMR spectrum one olefinic proton appeared at 85.65 as broad singlet

which can be assigned to olefinic proton of C-3 position which showed a slight long
range coupling with the methyl groups of C-1 and C-5 position. Another olefinic proton
appeared at 85.15 as broad Uriplet assigned (o be C-6 olefinic proton showed a coupling

with the vicinal two protons of C-7 position and with the methyl group at C-5. Three

methyl protons appeared as singlet at 1.60. 1.93 and 2.14. Other CH; peaks appeared in

the high field between 1.40 to 280 ppm region.
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1hete arc
"C-NMR spectruin

dicating Lhe presence ar . ' ,
jndicaling ! ol 14 carbons iy the compound, or these, 3 quat b
) oL, quaternary carbon

signals appeared in the low field region at 2094, 17 2 ag 162.9 ppm. which can b
Nl . - which can be

assigned as the two carbonyl carbon and a >C-OH carbon From ils DEPT L
: 3PT speclruin

another quatesnary carbon of C-Me group appeared at 135.9 ppm. Two olefinic carbons

fqppeared at 124.2 and 115.9 ppm. There are three methyl groups were present in the

compound as indicated from jts '"H-NMR spectrum. "C-NMR DEPT spectrum also

confirmed the presence of (hrec methyl groups and (heir carbon signals appeared at 15.6

25.6 and 29.9 ppin. Other 5 CH, carbons appeared at 21.7, 26.6, 33.5, 38.8 and at 43.0
ppm. From the above experimental data the compound 1 can ten.lalivcly assigned lo be 4-

hydroxy-5-methy! undecadienedione.

O oH O

)K/\(\/\A)K

4-hydroxy-5-methyl undecadienedione

3.5.6.2  Structure of the compound 2

From its mass spectrum the compound 2 has a molecular ion peak appeared at
M/z 308 (M™"). So, the molecular weight of the compound is 308 which corresponds with
the molecular formula Cyl3602 (IM]" M/z 308). Its IR spectrum showed the presence of

hydroxyl group (3310 e’y and tertiary G-methyl (1449 em™) and gem-dimethyl group
(1378 cm™'). Other bands are 1118, 1078, 1004, 930 and 905. The 'H-NMR spectrum of

compound 2 exhibited [ive singlets at 50.83, 50.84, 50.88, 51.12 and 31.68 corresponding

to 5 methyls, a triplet at 85.36 due to an olefinic proton and a doublet at 64.07.
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* There are 20 carbon signals present in ;
present in ils complele decoupled "C-NMR spectrum

indicating the presence of 20 carbons in the Compound. Of these two qt;'llernary carb
: arbons

present al 41.2 and 34.2 ppm, one carbonyl carbon signal appeared at 140.8 ppm. one >C-

OH carbon at 74.9 ppm, three olefinic carbon signals appéarcd at 124.2. 62.5 and 57.5
ppm. There are [ ive methyl groups were [;l'esellt.i;; the compound as indicated from its
'H-NMR spectrum. 13C-NMR DEPT Spectrum also confirm the presence of [ive methyl
groups and (heir carbon signals appeared at 33.9, 23, 8 22.0, 6.4 and 16.2 ppm. Other 8
CHy carbons appcared al 59.4, 45.1,44.3, 432, 40.3, 25.2, 2] .6 and 19.5 ppm. From the
above mentioned data the compound 2 can be assigned as a diterpene alcohol which was
is'olnled and named as 'aphanamixol' by Chandrasekharari and Chakrabortty (1968).
Jefferies and Payne (1965) showed a compound with the sanie molecular formula as 13-
Epi.(-)- manoyl oxide isclated [rom the family Euphorbiaceae. The same compound also
reported by Rojatkar et al,, (1994), [rom the aerial part ol Cipadessa fruticosa designated
as a Jabdane derivative and from Grangea maderaspatana, a herb belonging to the family

Asteraceae.

CH,OH
OH

Aphanamixol
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Chapter4  Discussion

All the exlractives from leaves, seeds, [ruit-pericarp, stem-bark and roots of the
tile species A. rohituka collected in Pel. spt., ELOAc, acetone and MeOH were lested on
the red (lour beetle T. castanewn according to the title proposal, and all 'were found more
or less elfective on almost all the strains of the test insect. The aclivity found on all the
three strains viz. CR-1, FSS-1[ and CTC-12 of T. castaneum adults and pupae not salis-
[actory since there was nothing to comment or predict about the plant extractives. There
was no distinct scope of showing differences of action of the doses on the different strains
of the test insect, while some distinguished differences were found in case of pupal

mortality and adult mortality, as well as, recoveries were recorded in particulars steps.

Talukder and Howse (1994, 1995) studied the repellent, antifungal, toxicant and
protectant characteristics of A. polystachya, (Syn.= A. rohituka) on T. castaneum and
observed that sced extracts showed strong repellent effects. Among the four extracts they
tested, acetone extract showed highest repellent effect on beetle 100%, followed by
MeOH extract 98%, GIOH extract 95% and Pet. ether extract 92% respectively. They
(1995) also studied the contacl toxicity to red flour beetle for four extracts as EtOH>

acetone>McOlH>Pet. ether extracts. But in the present investigation highest mortalily was
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ocorded in case of the Pet .
recorde L. SpL. extract of the roofs where LDy, vl
’ so Values were ranging

between 0.657 g/l (on CR- pupae for 24 hy 19 2. 56 Mg/ul (on FSS-II pupae for 72 h)
- pae for

and 1.897 Mg/ith (on CR-1 adult for 24 1) 10 77y He/ul (on FSS-I1 adult for 48 h)
X - 3 1

(Table 22).

Acelone and McOF ac . .
t OH extracts offered fess mortality among all the experiments, and

acetone extracts were found comparatively more active than MeOH extracts. Lowest

mortality was recorded in case of MeOH extract of roots.

In contact toxicity test Talukder and Howse (1995) observed that ELOH extract of
Pithraj seeds was the most toxic to red flour beetle followed by acetone extract. Methanol
was the least toxic followed by Pet. ether extract. This proved matter was reported earlier
by Islam, (1983) by which he established the scientific conception about utilities of the
title plant which are still prevalent in folk use by our people for centuries together. Khan
and Hassan (1981) wrote a note book in Bangla for the army personnel to let them be
aquatinted with the toxic plants of Bangladesh, in which he didn't mention the name of A.
rohituka. So, it is a fine attribute to have properties from a: non-toxic but biologically
active plant. In the present investigation the seed exlracts showed contact toxicity in the
order of EtOAc> Pel. spt.> acetone> MeOH in general, while all tests have been carried

out on three standard strains of T. castaneun pupae and adults for 24-, 48- and 72- hours

of treatment.

The contact toxicity of pithraj fruit-pericarp extracts of Pet. spt. was the highest to

red flour beetles. Mortality was directly proportional to the level of concentration and to

time. Among the tested extracts, Pet. spt. extract showed the highest toxic elfects and

lowest LDsg values in case of all the strains. Higher concentrations contributed more

significantly to the efficacy of extracts on the mortality of insects and concentration

appeared to the degree of control obtained with pithraj friut-pericarp extracts. Khanawm et
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ol (1990) has reported deleterioys effect of
foyna seed-coat on the
growth and

development of T. castaneum and observed red
! uced larval pupal a i
) and adult weight. It is

pecessary to mention that pithraj and royna

are the vernacular synonyme of the
meliaceous species A, rohituka. ‘

To highlight the significance of (e activities found among the extracts of

different parts of the title plant it is necessary Lo discuss about the components have been

reported from dilferent organs of thig plant by indicating the previous media and

procedures of (heir collection. With the information on the probable component and

constituents reported it could be found that some active compounds offered referable

activities on T. castaneum. The compounds found in (he title plant are described here

indicating their activities if stated by the previous authors.

Petroleum spirit extract of the leaves upon chromatographic resolution over
neutral alumina using chloroform as the eluent yielded aphanamixol (structure a, Chart
2). 1t has the molecular formula CyH3,0; (M*308), m.p. 130°, and (ct)-11°. The com-
pound showed the absence of phenolic, methoxyl and carbony! groups from spectral and
chemical data. The infrared spectrum provides several important information regarding
the functionalities of this aphanamixol. The presence of hydroxyl unsaturation, tertiary C-
methyl and gem-dimethyl groups is revealed from the appearance of bands at 3300, 1666,

1408 and 1380 cm™ in the IR spectrum (Chandrasekharan and Chakrabortty, 1968).

It was a crystalline neutral compound. The isolation of the same substance was
reported by Jefferies and Payne (1965) from the leaves of Beyeria species, of the family
Euphorbiaceae and the authors designated this compound as eperu-13-en-8f3:15 diol; a

diterpenoid of manoyl-oxide series and it was found as compound 2 in thiis investigation

and found active against C. albicans and B. subtilis.
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Ethanol extraction of dried |eayeg and stems, followed
s owe by

. | acid base work up,
. . . ark-brov N « .y
furnished dark-brown resinous material a5 ltactionation of hig ( b

_ § extract by column

chromatography (silica gel; methylene chloride/MeQH 2:1)

alforded three widely

separated basic [ractions. Rohitukine (structure b, Chart-2) was isolated from I
as 1 'om the most

polar band and was obtained in crys|

alline from upon slow evaporation of the eluting

solvent. Recrystallization from MeOH gave pale yellow crystals, m p. 218-219°C. High

resolution mass spectrometry and elemental analysis established the molecular formula

4 '
C6H19NOs (M7305, 12064; calculated 305, 1264). Mass [ragmentation indicated the loss

of CO and I as a major pathway. The IR spectrum of rol;ilukinc established the presence
of hydroxyl and ketone groups and suggested the presence of a Y-pyrone. The nitrogen is
lertiary (absence of N-I stretching bands). It is the (irst example of a chromone alkaloid
(the flavone alkaloids ficine and iso-ficine) from Ficus pantoniana, (Moraceae), and it
scems Lo be the first alkaloid from (he family Meliaceae (Harmon et al., 1979). They
(1979) made an important comment on this compound that its isolation from the A.
rohituka extract does not prove that it occurs as such in the plant, rather it could have
formed from one or related alkaloids during the prolonged storage of the exiract. A
literature search at this stage revealed that an antiinflammatory cumn immunomodulatory

piperidinylbenzopyranone was isolated from Dysoxylum binectariferum which was

constitutionally was the same as the alkaloid rohitukine (Naik et al., 1988).

A limonin compound has been isolated from the sced of Aphanamixis
polystachya. m. p. 275-280°C (decomp.) [op-317, C14H420)5 as indicated by Connolly et
al., (1976), from the family Meliaceae, which they named rohitukin (structure ¢, Chart 2).
a structure, whose "H-NMR spectrum is very similar (o

For this limonoid they proposcd

that of prieurianin.
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The seeds extracted by refluxing with ELOH (95%) for 15 days densed
4y§, condensed under
reduced pressure and poured intg distilled H,0 with contj
ntinuou

rtion on extracti i
soluble po action with CHg gave 4 Saponin. It was purified [ f
: - AL wa on a column o

neutral alumina, crystallized as white needies w;
S with CHCL*;-MCOH m
; » M.p. 65-66°. The

homogeneity of the saponin wag checked by PC iy nBuOH-HOAc-H,0 (4:1:5), Rl 0.4(
- -H3 :1:3), 40.

. C -1 © 39 ] .
IR Vimax (€= 3420 (OH group), 2952, 1050, 1575 and 00 (strong) (A%(28)

ethyhidene sterol), 1475, 1390 and 995 (iso-propyl group). 'H-NMR (CDCly) : 50.81 (S
3) 1 00. ,
H-19). 0.99 (Tused d, H-21, H-26 and 11-27), 102 (5, H-18),1 55 (g, H-29), 2.81 (septet

H-25), 5.02 (q, H-28) and 4.7 (br.m. H-6). The isolated new saponin was stigmasta -5,

24(28)-dien-3 B—O—B—D-glucopyranosyl ~0-a-L-rhamnopyranoside, (Bhattet al., 1981).

Seeds produced by the Haimalayan Meliaceae species Aphanamixis grandifolia
Br. have been shown (o contlain (wo new and highly cylotoxic limonoids assigned
structures as aphanastatin (structure k, Chart-3) and amoorastatin (structure j, Chart-3)
and both substances were found strong to inhibit growth of Murine P-388 Iymphocylic

leukemia (Polonsky et al., 1979).

Separation directed by bioassay of the A. grandifolia secd extract (aqueous) led to
discovery of a new highly cytoloxic limonoid aphanastatin against Murine P-388:EDs
0.065 pl/ml. A chloroform-soluble fraction of the water extract was subjected to
successive gradient efution (Chloroform:Methanol) chromatographic separations on silica
gel (E. Merck) to afford this product as crystals (fflom Chloroform-Methanol)
decomposing at 269-271°C, [0]*2-389° (C. 0.46, 1:24 Pyridine:Methanol), and CDA"-
2.88 (31! nm) in the same solvent, corresponding to molecular formula CysHe013 (mass
spectrum M/z 674.2907 for m*) and (his may be an c-methyl butyrate diacetate derivative

of a tetranortriterpene. The 'H-NMR data also indicated the presence of a furan ring and
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double resonance experiments suggeseq Presence of the sysem CH(O
~rotein -CH(OAC)-CH(OH)-
CIH(OAC)-, (Polonsky et al, 19784). o

urther investigati ‘ . . .
o gation of the same extract (direcied by bioassay) has led (o isolate a
s h H H

growth (P388) inhibitory (EDs, = <0.001 ug/ml) properties; m.p. 205°C (sintering from

I70°C, crystals from CHCly-MeOH), CD in dioxane, A4.01 (300 nm) and 3,64 (310

nin). High resolution mass spectrometry allowed assignment of molecular formula

CosHisOs (M* M7z 516.2362). Amoorastatin crystallized with | mol of water (m-p
170°C) in the monoclinic form with space group Py a =7.780 (2), b = 12.818 (2), C =

13.003 3) A, B =91.51(3)°, ( Polonsky et al, 1978b).

Much interest has been focused on toxic principles of various meliaceous plants
which have traditionally been employed as fish or dart le'l:OW poisons. The major toxic
component ol Aphanamixis  polystachya was a known triterpenoid, aphanamixin
(structure €, chart 2). The petrol-extract of the bitter I ruit-shell furnished this compound
which has been isolated and purified by chromatography over Brockman alumina using
petrol ether and benzene: chloroform mixture (1:1) as the elyents. Aphanamixin migrated
out of the column with the latter solvent mixture and gave stellate crystals fromn methanol.
The elemental analysis and the mass spectrometrically derived molecular weight M*
514) of the compound established ils molecular formula as Ca;HsgOs, m.p. 232-234°,
[0]1y -45° (CHCI3). It contains an OAc group (1720 and 1260 cm’) and a OH (3380 cm™)
which forms an acetate (21, 23R, 24R, 25-c1iepoxytirucall-7—ene-3[‘5—2IB diol diacetate),
Ci4H5406, nip. 128-130°. The NMR spectrum of aphanamixin indicates the presence of

seven tertiary Me groups [singlets at 81.31 (6H), 0.78-1.00 (15H)]. One OAc [singlet at
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52.06 (3H)] and a OH lunction Isinglet at §3.24 (1H)] which disa I
appears when refluxed

with D20 (Chatterjee and Kundu, 1967; Chatterjee ¢f o/ 1970)

The same compound o .
. P as a major toxic component and two other minor toxi
oxic

prinClPIeSv aphanamol I and aphanamoy Jj (structure n,o, Chart 3) isol
0, Che were i1solated from A.

andifolia fruit-shell. Dri i
grandifolia fruit-shell. Dried peel of A grandifolia was crushed and extracted with
[¢ T

hexane in a soxhlet apparatus for 48h to give a crude extract. In this case fractionation
- b HN b

was always monitored by toxicily against fish, Oryzias fatipes. The major toxic
es. 1 d

constituent aphanamixin, showing a toxicity of LCso 0.06 ppm (48h) (Pettit et al., 1983)

was easily isolated by silica gel column chromatography foliowed by recrystallization in

1.1% yield.

The minor toxic components, aphanamols 1 and 11, were isolated after consecutive
purification by normal phase (silica gel, hexane-EIOAc) and reverse phase (Fuji-Devison
Micro Beads Silica gel 5D-ODS, 100-200 mesh, acetonitrile-water) column
chromatography and finally by HPLC (Nomura Chemicals Develosil ODS-5 colunn,

Altex RI deteclor, acetonitrile-water).

Aphanamol 1 obtained as colorless oil [0.015% yield, LCsyp' 28 ppm (48h);

C5H24507; [@] ]RD +13.8° (C 0.29, CHCl3)] showed hydroxyl (3400 cm’') and carbonyl

(1690 cm) absorption in the IR spectrum.

Aphanamol Il was obtained as colorless oil in 0.005% yield [LCsq 27 ppin (48h);
[0]'% + 6.9° (c. 0.94 CHCly); IR (ncat) 3450, 2720, 1680 cm 1. '"H.NMR (CDCls)

50.92(3H, d, J = 7 Hz), 0.93 (3H. d. J =7 Hz), 1.04 (34, s) 3.40 (IH, dd, ) = 6Hz), 6.62

(111, d, 3 = 510z) 9.37 (1H, s). The structure of the aphanamols represents a very rare type

of carbon skeleton for naturally occurring sesquuerpenmds.
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A new triterpenoid, aphanamixinin (structure g, Chart 2), Cy;H3,0;, (M* 470).

m.p. 208°, o]~ 120° (CHCIy), isolated from the petrol extract of the dried bark shows

bands in ils IR spectrum at 1510 and 875 em’ (firm ring). a broad band in the region
1715-1740 c¢m™ (carbonyl, ester and/or lactone functions),but no peak absorptions for
OH. The NMR spectrum shows signals at & 6.35 (1H) and 7.38 (2H) corresponding to
one f-furanoproton and (wo a-furnoprotons respectively, a singlet at § 3.75 (3H) for a

methoxycarbonyl group, four protons associated with singlets (3 5.65, 5.10, 4.90 and

3.82) and four tertiary C-Me groups (8 1.15, 1.10, 1.05 and (0.90).

Aphanamixinin is a lactone and consumes one equivalent of alkali in the cold and
is regenerated from the alkaline solution upon acidification. Alkaline hydrolysis of
aphanamixintn with alcoholic alkali produces aphanamixinic acid, Ca6H3,0, which with
diazomethane regenerates the parent compound, thus proving aphanamixinin as the

methyl esters of aphanamixinic acid. (Chatterjee et al., 1970).

Aphanamixinin, was also reported from the petrol extract of the dried bark of A.
palystacliya. Air dried and powdered stem-bark of A. polystachya extracted exhaustively
thrice to rectified spirit under reflux of 30 days and was concentrated under reduced
pressure and segregated into water soluble and insoluble fractions. The water insoluble
material was cxtracted with Pet. ether (b.p. 60-80°) gave a mixture of 3 compounds (on
TLC) which weré separated on Al;O3 column to yield compound the st (Hexane:Pet.
ether; 9:1) a B-sitosterol, the 2nd (Hexane:Pet. ether; 7:3) a stigmasterol and the 3rd (Pet.
ether) characterized as CajHgsOro. m.p. 138-140, [o]”” +53° (CHCl3), (M" 442) gave all
positive tests for a saponin, which the authors later called aglaiol-3-O-rhamnosyl-

xyloside. (Srivastava and Agnihotri, 1984 and 1985).
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Chart 3. Bio-active constituents reported from other related species of the title plant.

The continuous study led by the same authors offered two new glycosides. The
water insoluble {raction was successively extracted with Pet. ether, CgHg, CHCI3, EtOAc
and Me,CO. The EtOAc and Me,CO extracts yielded the 4th and 5th compounds D and E
respectively. Both the compounds were purified over silica gel column (MeOH:Me,CO;

5:5) and crystallized (Me,CO:EL;0O).
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The 4th compound was a reddish brown amorphous solid, Ca3H24012, m.p. 158-
162° gave positive lests for an anthraquinone glycoside. Rf 0.68 (CHCLx:MeOH; 7:3)
and Rl 0.85 (Me;CO:MeOH; 1:9) on TLC. The 5th compound was assigned as 1.5-

dihydroxy—6,7,8-lrimelhoxyﬂ2~melhyl—anlhraquinone—3—O~B-D- xylopyranoside.

Another compound, the 6th, was an yellow brown amorphous substance,
Ca3lT2600, mup. 125-128° (d), gave all the posilive tests for a fluvanon.e ghycoside. On
LTC. Rf. 0.62 (CHCIlz: MeOH; 7:3), 0.73 (Me,CO:MeOU; 1:9). This compound is
assigned as naringenin 7.4-dimethyl ether-5-0-o-L-rhamnopyranoside (Srivastava and

Agnihotri, 1985).

A new saponin reported by Agnihotri (1987) has been isolated rom air dried and
powdered stem-bark of A. rohituka exhaustively extracted thrice with ethanol under
reflux for 180h in ELOH. After reducing the amount the extract was then segregated into
water soluble and water insoluble fractions. The water soluble fraction was extracted with
Pet. ether and benzene respectively. The benzene extract was purified over Al;O5 column
(CeHg:CHCly; 5:5) and crystallized (MeOH:ether) as a reddish-brown crystalline

substance, m.p. 122-25 (dec.), CasltlsgOs, [OL]D‘m + 16.3° (CHCl3) which-gave all poéitive

tests for a saponin. The compound was assigned as a poriferasterol-3-rhamnoside.

The powdered stem-bark of A. rohituka was exhaustively extracted with ethanol
under reflux on a water bath for 200h. The ethanol from the percolates was removed
under reduced pressure and kept at room lcmperaturc- for a few days during which time a
dirty white mass was deposited. This was separated by [iltration and passed through a
column of neutral Al,Oy. Elution with C¢Hg:CHCl5 (1:1) and crystallization from CHCl,
afforded colorless needles which was characterized as C; 68.87, H; 7.18; Cy7H3404

required C; 68.93, H; 7.23%); [0l)p : -105°%; '"H-NMR 095, 100, 108, 1.10 (each, s, 12H,
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4CH3), 1.20-1.90 (complex pattern, CLl; and CIH), 3.20 (s, OH), 3.65 (d, j= 6Hz, 1H, H-
3),3.75 (s, 3H, COOCH; ), 3.80 (s, 1H, H-15). 4.90 and 5.10 (each s, 2H, >C=CH,). 5.65
(s, 1H, H-17), 5.90 (dd, J=6 and 10 Hz, 1H, H-2), 6.15 (d, J = 10 Hz, 1H, H-1) 6.40, 7.20

and 7.39 (each m, 3H, Furan H); MS : 470 (M), 457, 452, 437, 411, 403, 402, 389, 263
and 245.

The compound CyH30; (M* 470), mp. 172-174°C [o]y? : -105° (C 0.14,
CHCI3) exhibited in its IR spectrum absorptions characteristic for hydroxyl (3450) &
lactone (1739), ester (1725), trisubstituted double bond (1640, 825), furan (1510, 875),
epoxide (1285), and exocyclic methylene groups (910 cmn™'). The '"H-NMR spectrum
suggests that this compound is closely related to aphanamixinin. This assigned as
aimoorinin (3-di-hydroandirobin) (structure f, Chart 2) on the basis of spectral and

chemical methods.

A new flavone glycoside has been reported from the roots of A. rohituka by Jain
and Srivastava, (1985). The air dried and powdered roots: was extracted with ethanol
under reflux for [20 h and then concentrated under reduced pressure and poured into H,O
with conlinuous stirring. The H;0 soluble fraction was concentrated (o a syrupy mass that
was than extracted with MeOH which yielded the reporied glycoside, m.p. 360-365°
(dec.). The compound was then purified over a column of magnesol (hydrated magnesium
silicate) developed with MeOH and crystallized (MeOI-CHCI3) as a dark brown
amorphous solid (found C, 56.22; H, 4.40: Cy;HyO1y required C, 56.25: H, 4.46); TLC

silica gel, RT 0.45(Me,CO-MeOH, 8:2) and 0.28 (MeOH-CHCl3; 5:5).

Molecular weight determination by mass spectral and elemental analysis

established the molecular formula as Ca1HzpO4y (M* 448) and it gave all the positive
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colour tests for a flavone glycoside. This compound is assigned as 8-C-methyl-quercetin-

3-O-B-D-xylopyranoside.

The investigations on the species 4. rofinka W. & A. disclosed the presence of a
number of limonoids, sterols, saponins, flavanone and anthraquinone glycosides, di-and
triterpenoids, as well as, tetranortriterpenoids have reported in different parts of this plant.
An alkaloid has been claimed by Harmon et al,, (1979) an(-l named rohitukine as they
isolated it from the plant A. rohituka. To the best of knowledge, rohitukine is unusual in
several ways and il scems to be the frist alkaloid from the Meliaceae, because il is the
first example of a chromone alkaloid of the flavone alkaloids ficine and isoficine from
Ficus pentoniana, Moraceae, appear to be the closest analogues of rohilu.kine observed so
far. The presence of the 4-substituted 3-hydroxypiperidine moiety in rohitukine is unusual
in a natural compound, anatalline, from Nicotiana tabaciun and gentialutin, from,

Gentiana asclepiada being the only similar alkaloids which have come o our attention.

Concerning the naming of (his compound the authors probably did not pay
attention to Connolly et al., 1976 who isolated and determined a limonoid from the same
species and named rohitukin, which derived from the specific name of A. rohituka.
‘rohitukine’ and 'rohitukin’ is strikingly similar in hearing, while the compounds are not
the same, rather two different phencinena comprising :iotally different molecular
structures and functions. The alkaloid rahitukine was derived from the ethanol extract of
the leaves and bark compost but the fimonoid rohitukin was from the scéds. ICis reported

by the authors that the alkaloid rohitukine has no activity on microorganisms.

From the seeds of Aphanamixis grandifolia, a close related species of A. rohituka.
one limonoid amoorastatin has been isolated which showed a greater cell growth

inhibition reported by Polonsky et al., (1978a). In the following year (1979) they reported
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another limonoid from the same source which is isomeric with that of amoorastatin and

named amooraslatone (structure I, Chart-3). This isomer is also cytoloxic.

The major toxic constituent of the species A. rohituka aphanamixin (structure e,
Chart-2), a triterpene is reported firstly by Chalterjee and Kundu, (1967) from the fruit-
shell extract, but Srivastava and Agnihotri claimed in 1984 that it is a product from the
seeds, while in the same year Nishizawa and his co-workers furnished the same
compound which is said to have the activity on fish LCs, 0.06 ppin (48h) (Pettit, et al.,
1983). Their reported compound was the very one reported by Chatterjee and Kundu,
(1967) and they indicated the term ‘fruit-shell' as 'fruit-peel which in this investigation

mentioned as 'fruit-pericarp’.

The minor toxic components named as aphanamols I and II (structure n,o, Chart-
3) isolated from (he seeds of the related species A. grandifolia shown activity on fish
LCso 28 ppm (48h) and LCsy 27 ppm (48h) were colourless oils and were hydroazulene

type sesquiterperoids (Nishizawa et al., 1984).

Only these authors and Polonsky et al., (1978a,b) have been carried out bicassay
directed fractionation to afford some bio-active principles from the seeds and fruit-shells
of A. grandifolia and A. polystachya, but it is a very much insufficient volume for the
total investigation. And this is why this step has been taken to focus the presence of bio-
active components in different parts of A. rohituka and to carry on bio-assay directed

fractionation to find any active principle not yet reported.

Since the tests carricd out on (he red flour beetle 7. castancum offered
unsatisfactory results we have selected some other agents Lo conduct further experimnents
to make the findings more conspicuous and complementary. A. rohituka, being a

medicinal plant was heavily used, and now we have clear conception to comment on the
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actions of the constituents of different parts of the plant concerning the past scripts and

also for the future possibilities with the title plant.

The activitics established by other bio-antographic assessiments gave complete
sense of bio-active polentialities of the plant and induced us to go through further
investigation by [ractionation (o isolate biologically active compounds. The leaf extracts
collected in Pet. spt. found active on A. aegypti, B. glabrata, C. (,:l-lCllmei‘iHlml, C.
albicans and B. subtilis while MeOH extracts of the leaves active on C. albicans and B.
subtilis. Pet. spt. extract yielded aphanamixol (compound 2-) (structure a, Chart-2), with
the molecular formula CyyH350,. But the previous workers mentioned no report on its
biological activities, it was lound probably the same compound active on both C.
albicans and B. subtilis. The first alkaloid of the family Meliaceae rohitukine was also
reported from the leal and stem-bark extract collected in EtOH. Pet. spt. and EtOAc
extracts of seeds were active on C. albicans. A limonin compound rohitukin, C3sH40)4
has been isolated from seeds by Connolly ef al., (1976). The saponin, stigmasta-5,24(28)-
dien-3-8-0- B-D-glucopyranosyl-0-o-L-rhamnopyranoside, (Bhatt ef al., 1981) from the
seeds extracted by ELOH (95%) and poured into.dislilled HZO (500 ml) with continuous
stirring and extracting the water soluble portion with CGI-II(,. From a very close related
species A. grandifolia Br. two highly cytotoxic limonoids aphanastatin and amoorastatin

were isolated by (Polonsky ef «al., 1979) and they were found strong to inhibit growth of

Murine P-388 lymphocytic leukemia cell line.

Pet. spt., EtOAc and acetone extracts of fruit-pericarp were active on A. aegypli,
and Pet. spl. extract was active on C. albicans. The major loxic component of A.
polystachya was a known triterpenoid, aphanamixin, C3aHsoOs from the petrol-extract of

the fruit-shell (Chatterjee and Kundu, 1967, Chatlerjee et al., 1970). Aphanamixin and
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two other minor toxic principles, aphanamol I and aphanamol Il were isolated from the

related species A. grandifolia fruit-shell.

Acelone extract of stem-bark found active on B. glabrata even in a lower
concentration of 100 ppm, and showed activity on C. albicans and B. subtilis. MeOH
extract found active on all (he lest agents except C. albicans. A (rilerpenoid,
aphananixinin, has been isolated from (he petrol extract. Rectificd spirit extract
scgregaled into waler soluble and insoluble fractions and the waler insoluble material was
extracled with Petroleum to yield a f-sitoslerol, a stigmasterol (C4;HggOrp ) and a
saponin, zlglzliol—3-0—1_'l1amnosyl-xyloside (Srivastava and Agnihotri, 1984 and 1985) and
from the ethanol extracl, another saponin porifer;lslero]-j—rluunnoside,' (C35Hs305) was
isolated segregating it into water soluble and water insoluble fractions and extracting the
water soluble fraction with Pet. ether and benzene respectively indicating no biological
activity. From the water insoluble fraction an anthraquinone glycoside 1.5-dihydroxy -
6,7,8-trimethoxy-2-methyl-anthraquinone-3-O-B-D-xylopyranoside and a  flavone
glycoside naringenin7,4-dimethylether-5-0-o-L-rhamnopyranoside (Cy3H260y)
(Srivastava and Agnihotri, 1985) was reported. The compound closely related (o
aphanamixinin, amoorinin (3-di-hydroandirobin) (C;H3407) was also reported from the
stem-bark without indicating its biological activities. The minor toxic components named
as aphanamols 1 and Il were also isolated from the seeds ol the related species A.
grandifolia, were hydroazulene type sesquiterperoids and shown activity on fish LCso 28

ppm (48h) and LCsg 27 ppin (48h) (Nishizawa ef al., 1984).

A flavone glycoside 8-C-methyl-quercetin-3-O-B-D-xylopyranoside (struclure h,
Chart 2) (C2:H200,1) from the root extract, indicaling no activity, while root extracts

collected in Pet. spt. found active on all except A. aegypti, in EtOAc found active only on
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B. glabrata and in acetone active on B. glabratu and C. albicans, and no experiment was

possible with the MeOH extract as the collections were then missing.

From the tesls carried out on T, castaneum strains and on other test organisms,
viz. A. aegypti, B. glabrata, C. cucumerinum, C. albicans zm.d B. subtilis we have come (o
know that the A. roliituka extractives are biologically aclivé in different context and the
findings by these tests lounced in this investigation the facilitates to find two biologically
active constituents, of which one is found similar to formerly reported apanamixol (the
compound 2, found active on C. albicans and B. subtilis), and the other (compound 1,
which is strongly active against C. cucumerinum, C. albicans and B. subtilis) is probably

a new natural compound.

The colour bands on the TLC plates revealed with Godin reagent prompted to the
presence of a lot of compounds, of which only a little numbers (only about 18) have been
reported until now, and this could be a continuous step of going through investigation on
the title species A. rohituka for more interesting constituents for the promotion of

desirable medicines and pesticides for a sustainable environment on the planet.
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Conclusion

The family Meliaceae comprising several promising tropical species, of which
Amoora rohituka W. & A. is well known in its region of origin lor various folk use and in
the traditional medicine. The present investigation carried out by extraction from its
different from its different organs, viz. leaves, sceds, fruit-pericarp, stem-bark and roots
in four different solvents, viz. petreleum spirit, EtOAc, acetate and MeOH to extract out
different types of metabolites. The extracts were evaluated by bioassays made on different
strains of the stored grain pest Tribolium castanemn which revealed the overall view of
the location of biologically active constituents in the plant body. The activity found on all
the three strains viz. CR-1, FSS-II and CTC-12 of T. castancum adults and pupae not
satisfactory since there was nothing to comment or predict about the plant extractives.
There was no distinct scope of showing differences of action. Insecticidal test by topical
application on the red flour beetle 7. castanewmn was a phenomenon of control toxicily,
which offered mortality in different ratios for different extracts from different parts also
showed a phenomenon of recovery. It is essentially a symptom of potentiality of the

insect body to prevent unexpected activities of any foreign particle inserted into it.
It was basically a part of a step by step investigation for pesticidal properties:

a. to look for the presence of toxicants, antifeedants, repellents and prolectants;

b. to notily the particular location of the bio-active priciples (il present);
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to find out the type of action and other related nature of the component;

d. tofi : : . e L
to find the way of isolation, purification and charzdcterization of the

constituents actually present in the plant body;

to (I(’tv'elop the procedure of development of the target matter, such as,
pesticides or other remedies (if possible); and

. bring them to the state of public use.

Having Stlécessflll lests on a single pest it could not be possible to go ahead with
the aloresaid proposals. Several other bioassays have also been done to furnish the
achievement. Concepts extracted from literature search it influenced to go though some
other bioassays on different organisms having different volume of body-size and showing
exclusively different nature of damage to human interest. So, the approach covers many
parameters of exploration in the field of pest management and disease control. The
highest mortality of T. castanewm strains was recorded in case of the Pet. spt. extract of
the roots, where LDsp values were ranging between 0.657 pg/ul (on CR-1 pupae for 24 h)
to 2.156 pg/)u (on FSS-II pupae for 72 h) and 1.897 pg/pl (on CR-1 adult for 24 h) to
7.271 ng/ul (on FSS-1I adult for 48 h) and the lowest mortality was observed in case ol
MeOH extracts of roots, where LDs, values were ranging between 34708.590 pg/ul (on
ESS-II pupae for 24 h) to 165.147 pg/ul (on FSS-1I pup;ié for 72 h), while the results
were more-or-less satisfactory and supposed to do other bioassays. Other bioassays hrave
been done on the mosquito vector ol the 'denguc fevcr.' and 'yellow fever' Aedes aegypti
larvae, schistosomiasis transmitting snails Biomphalaria glabrata, plant pathogenic [ungi
Cladosporium cucumerinum, human pathogenic yeast Candida albicans and on the
human pathogenic bacteria Bacillus subtilis. These experiments revealed some interesting
information that the plant contains important properties in different location of its body,
by which several means of pest control and remedies to combat with diseases could be

possible to develop. From the pesticidal context, crude acetone extract showed strong
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activity agamnst B. glabrata even i g very lower concentration (100 ppm/24 h) and

Petroleum spirit extract of the fruit pericarp paid satisfactory action against A. aegypti.

Especially, these two lests have been made applying the sample dissolved in water. So,

the bio-active constituents present in these samples are water soluble substances and of

course polar in chromatographic nature,

The strong inhibition zones observed in case of C. cucumerinum, while the spores

sprayed on the TLC plates run the samples on it and kepl in a moist condition to grow the

fungi in plenty. EtOAc extract of Jeaves found to have aclivity observing clear inhibition

zones on C. cucumerinum grown sheets.

Being active against C. cucumerinum the EtOAc extract enables to conduct
aclivily guided [ractionation to yield two pure compounds. After isolation they were
tested and both of them were found aclive against C. albicans and B. subtilis and one of
them showed strong activity against C. cucumerinum, which is a colourless sticky
substance showed aclivity in a lower concentration of 10 pg/sopt on the TLC and it is

tentatively a new compound with a 14 carbon skeleton.

No doubt, this study revealed an arena new and promising to give emphasis on the
title species to lead further study to afford more inleresli)ng properlies, while only 18
compounds have been reported until now by previous workers and one more constituent
going to be added in the list to enhance the expedition of developing natural means of

controlling pests, curb diseases and to promole chemotaxonomic activities for the coming

generation.
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ADbstract

The Meliaceae is a botanical family confined to tropical and subtropical areas
with a distribution from the rain forest to the mangrove swamps and semi-deserts, Many
species of this family are used as drugs and in traditional medicine. The plant chosen for
study here, A. rofiiftka W. & A., a tree species is native lo Soulheast Asia, East Asia and
Australia. The present work deals with the phytochemical investigation of five different
materials (leaves, seeds, fruil-pericarp, stein-bark and roots of the plant). All air dried
materials were exiracted successively with Petroleum spirit, EtOAc, acetone and MeOH.
The title experiments were done on different strains of the stored grain pest Tribolium
castaneun. The highest mortality was recorded in case of the Pel. spt. extract of the
rools, where LDsy values were ranging between 0.657 g/l (on CR-1 pupae for 24 h) to
2.156 pg/itl (on FSS-II pupae for 72 h) and 1.897 pg/pl (on CR-1 adult for 24 h) to 7.271
pg/pud (on FSS-1I adult for 48 h) and the lowest mortality was observed in case of MeOH
extracts of rools, where LDs, values were ranging between 34708.590 pg/ul (on FSS-1I
pupae for 24 h) to 165.147 pg/pl (on FSS-IE pupae for 72 h), while the resulls were more-

or-less satisfactory and supposed to do other bioassays. Whereas, the ELOAc extracts of

leaves showed aclivily against the Gram-positive baclerium Bacitlus subtilis, the human
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athogenic  yeast  Cundi ot

p 24 yee lidu albicans, (he plant pathogenic fungus Cladosporium
ucumerininm, the vel .
e yellow fever and Dengue vecior mosquito Aedes aegypti larvae and the
schislosomiasis transmilling sn

aill Biomphalaria glabrata in bio-autographic assays,

Aclivity guided lractionation by a combination of silica-gel coluinn chromatography, gel

filtration on sephadex LH20 and low-pressure column chromatography provided {wo

i natur: . i . .
active natural  compounds: compound-1 '4-hydmxy-5-melhyl-undecadlene(honc' and

compound-2 as 'aphanamixol’

Beside furnishing chemotaxonomic data on the piant family Meliaceae, these

investigations have led to (he characterization of two compounds with interesting
biological activilies. The first one is aclive against C. cucrmerium, B. subiilis and C.
albicans and it showed strong activily against C. cucimerinmn even in a very lower
concentration of I ppm, i.e., 10 pg/1pl/spot and it is lentatively a new compound, and the
second one is active against B. subrilis and C. albicans, which is a known compound
reported earlier for the same plant. Spectroscopic methods ('H- and “C-NMR, MS and
IR) allowed the characterization of 2 compounds, one of which is tentatively a new

natural product with remarkable biological activities.
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Résumé

Les Méliacées forment une famille botanique, exclusivement tropicale cl sous-
tropicale avec une destribution dans la foret tropicale humide Jusca au marais de
mangrove et sous désert. Plusieurs espéces de cetle famille sont ulilisées comme
medicament et en médecine traditionnelle. Amoora rohituka W. & A. choisy est un arbs
native de la région sud-est de I’Asie, est de I’Asie et de I’ Australie. Le présent Lravail a
porté sur les cing organes dilferent (des feuilles, des graines, des péricarpes de fruits, des
ecorces et des racines) pour les investigations phyloclﬁmiques. Aprés séchage, tous les
organes a éL¢é extrait avee des solvants de polarilé croissante, a savoir |’spirit de pétrole
(Pct. spt.), I"acetate d’ethyle (EtOAc), I’acelone et le méthanol (MeOLl). Les expériences
du titre a fait sur les variété dillférences du nuisibles de céréales mettre un réserve,
Triboliim castanewm, La morlalité sur des extraites Pet. spt. de racines, et des valeurs
LDso a été au milicu 0.657 pg/pl (sur CR-1 pupae pour 24 h) & 2.156 pg/pl (sur FSS-I
pupae pour 72 h) et 1.897 pg/pl (sur CR-1 adult pour 24 h) & 7.271 pgil (sur FSS-I
adult pour 48 h); et la mortalité bas aussi sur des extrailes methanoliques de racines, et
des valeurs LDsy a é1é au milieu 34708.590 pg/ul (sur FSS-IL pupae pour 24 h) a 165.147
pig/pl (sur FSS-II pupae pour 72 h); et aussi il y a des guérisons de insectes; mais des

résultats son moins satisfaisantes et insister pour faire encore les lests biologiques. Mais,
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» 1l L]
extrail acelal d’elhyl & Présenta doe oz 1re oo .
| At accl yha présenté des activie d*inhibition de Ia croissance de la bactérie
s 3 €

Gram-positive Bacillus subiili T )
Lactivité dnlll'onglque a ¢€lé mesurée en observant

I’inhibition de la croissance de [’ve N
€ de Pycast human pathogene Candida albicans et en

observant 'inhibig = 1a eroicc: )
tion de la croissance du champignon phytopathogene Cladosporium

cucemerinum,; Celle extrait a démontré ume activité larvircide contre le moustique Aedes
‘AY ] " g - 4 -~ -
aegypitune vector de yellow fever et Dengue, et aussi démontré une activité molluscicide

contre le escargotl Biomphalaria glabrata,une agent de la transmission de schistosomiasis

dans les lestes bioautographiques.

son [ractionnement guide par activité par une combination de chromatographic
sur colonne (fash de gel de silice, filtration sur gel sephadex 11120 o chromatographic
liquide & basse pression a fourni les deux produits naturels, composé 1. 4-hydroxy-5-
methyl-undecadienedione et composé 2. aphanamixol, un composé connu et déja rapporté
sur la mé@me espéce. Oulre de mombreuses indication sur les caractéristiques
chiiniotaxonomiques des méliacées, nos recherches ont permis de caractériser deux
comiposés dont quelquesuns sort dolés d’activités biologique intéressantes. la premicre
compos€ a monti€ les activité contré la bactérie B. subtilis, le champignon C. albicans et
plus contré le champignon C. cucamerinmm, avec unc cmlllccnlmli()n I ppm, ic., 10
pg/pl/spot et provisoirement c'est une nouveau produit naturel, mais la deuxieéme
composé dans les deux que a isolée a ét€ actif contre la bactérie Gram-positive B. subtilis
ct contre le champignon C. alhicans. Les méthods spéctroscopiques (‘H-et "C-NMR, MS
et IR) ont permis tenlativement la caractérisation de deux composés ont une (la

deuxiéme) ont le nouveaux produit naturel avec des activité biologiques rémarquables.
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Meliaceae ©lgw -Earag SEem wify o CoIn, S, SAe(ss A e T
LT TS SR L Beprrel wwR fge 1 o Aferm wew AN Y BT @ A7
B amae 20 Felibs Amoora rohitka W. & A, -] @fm, f-abr o spakm
ST AR 1 TS el Tl @B (= B e (iret, A, w5, W @ ) oy T
SR Rl fe i S SARF AT AGIEEE PR, T3 o7FEss, WiFEsE e
BAFE FelPt stz Tl @0 el e e el CIES T wEwEE T
Tribolivm castanenm 93 e T @01 @ e B T9rRla {en oz TR AGIFRE PEE
FEllml @ LDs Bt o.0e4 Rg/ul (CR-1 B 28 TBR) @ .50 pg/pl (FSS-1I PETeg
R THR) 9 3.va P/l (CR-1 sjlieel 28 ) o 9,293 g/l (FSS-11 4eat. cotitm
8y THE) A T @ F [1zme el cire Im BeiRe Fllet, i LDsy Be 8 9ot ¢vo
P/ (BSS-1NERB 28 TOM) 20 due.d8 9 pg/jul (FSS-H TS a3 TOR) «@a 70g; NE frg
fre. o, AT Re 2eul Bl WHE QIR WS AT (UTE, 9+ SET B, T SFUE
AT R ARISEIRS] B ) Sy, BARA SYRIET uiRe Rl i RS ek
Bacillus subtilis, NWRE, @ A@E@RR %8 Candida albicans, Sz @l aE@@d
W Cladosporium cucumerinum, oG @ OF @A VZT U Aedes aegypti-a3, 9 @

=t ImUBRPE @is@ Az WS Biomphalaria glabrata-3 B=@ AGES @A SS-Gasl
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Appendices

To conduct probit calculation the following indications are followed:

I. Data sheets were prepared as nondocument files (pressing 'N') on a Word
Star programie on 1BM compatible computer and saved pressing ‘X'
2. GWBASIC opened, 'F3' pressed 1o load PROBIT programme;

3. 'T2 pressed to run the programme and input file name was given when
demanded. and similacly @ output file name also.

4. The output files then saved on Wordperfect programme to convert into
desirable formal belore printing oul.

Prograim list of Probit analysis:

S INPUT “ENTER INPUT FILE NAME “; A$

10 OPEN “17 3,A$

20 GOSUB 1120

25 INPUT “EN"-"iER OUTPUT FILE NAME “; B$

30 OPEN “O” 2, B}

35 INPUT #3,QW

40 INPUT#3.D

50 FOR =1 TO D

60 INPUT#H3 DS( 1), N(1)

70 NEXT |

75 FOR 1 TA =1 TOQW

80 ON ERROR GOTO 1810

90 CLS

100 "1F D> 10 THEN GOTO 130:(F D3 THEN GOTO 130

[0 FOR 1=1TOD
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120 INPUT#H3, K( )

130 NEXT |

[4OFORI=1TOD: PRINT] K(I): NEXT
240 FORT=1TO D

250 PC1) =K(T)*100/N( 1)

260 NEXT |

280 INPUTH3, CN, CK

330 C=( CK*100) /CN

340 MN=0 : J%-=|

350 FOR 1=} TO D

360 PCC)=(PCI)-CH(100-C) : PC(1)=PC( 1 y* 100
370 DL (1)=LOG( DS(1) )* 43429

380 IF DL (1) <MN THIEN MN=DL( 1)
390 DP=PC( 1 )-INT(PC( 1))

400 IF DP>=.5 THEN PC( 1 )=INT(PC( 1))+
4101F DP< .5 THEN PC( 1 )=INT(PC( 1))
420 EP( 1)=TB( PC( 1))

430 NEXTI

440 IF MN<O THEN UN=INT( MN )

450 FOR I=1 TO D:DL( 1 )=DL( I }-UN
460 NEXT |

470 SX=0:SY=0: X2=0: Y2=0 : XY=0
480 FOR I=] TO D

490 SX=SX+DL( 1) : X2=X2+( DL( 1)"2)
500 SY=SY+EP(1): Y2=Y2+(EP( 1)"2)
510 XY=XY+DL( 1 Y*EP( 1)

520 NEXT |

530 CX=X2-( (SX*2)/D)

540 CY=Y2-((SY"2)/D)

550 CR=XY-( ( SX*SY )/DD)

560 B=CR/CX

570 A=(SY/D )-(B*SX/D ))

580 MX=SX/D : MY=SY/D
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590 LD=MX+( ( 5-MY )/B )

660 COSUB 1740 : REM PRINOQUT

610 SX=0:SY=0:X2=0: Y2=¢ 1 XY=0:8W=0
620 J%=J%+|

630 FOR I=1 TO D

640 EY(1)=( LD'(1)*B ) +A

650 EZ=INT( LY (1)y*10)

660 WP(1)=TC( EZ, | }+TC( EZ,2)*PC(1)
670 WC=TC(EZ ,3)

680 WT(1)=N( I )*WC

690 SW=SW+WT (1)

700 SX=SX+WT(1)*DL(1)

710 SY=SY+WT(1)*WP(1)

720 X2=X2+WT( 1Y* LD(1) *LD (1)

730 Y2=Y2+WT( 1 )*WP( 1 )*WP(1)

740 XY=XY+WT(1 y*DL( 1 )*WP(1)

750 NEXT I

7060 MX=SX/SW

770 MY=SY/SW

780 B=( XY-( MX*SY ) }/( X2-( MX*SX ) )
790 A=MY-B*MX

800 LD=MX+( 5-MY )/B

810 GOSUB 1740 : REM PRINT QUT

820 DF=0 : MD=0

830 FOR I=1 TO D

840 FP(1)=( DL( 1)*B )+A

850 DE=ABS( FP(1)-EY(I))

860 IF MD<DF THEN MD=DF

870 NEXT I

880 GOSUB 1620 : REM PRINT TABLE
890 IF MD>=.1 THEN GOTO 610 : REM REPEAT ANOTHER CYCLE
900 V=( LD-MX )2

910 V=V/( X2-MX*SX )
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920 V=V-+1/SW

Y30 V=V/( B*B)

940 Cli=( Y2-MY*SY }-B*( XY-MX*SY )

950 DIF=INT( D-2)

960 PRINT “CII-SQUARED IS *.CH:" WITH “,DF;” DEGREES OF FREEDOM”
965 PRINTYI2, "CI-HJSQUARED IS *“,CH;” WITH “:DF;” DEGREES OF FREEDOM"
970 CK=AT( DF )

980 IF CH<CK THEN GOTO 1010

990 V=V*( CH/DI)

1000 PRINT * VARIANCE HAS BEEN ADJUSTED FOR HETEROGENEITY”
1005 PRINT#2, “VARIANCE HAS BEEN ADJUSTED FOR HETEROGENEITY”
1010 SE=SQR( V)

1020 IF CH<CK THEN PRINT “NO SIG HETEROGENEITY"

1025 IF CH<CK THEN PRINT#2, “NO SIG HETEROGENEITY"

1030 L1=LD-1, 96*SE : L2=LD+1, 96*SE

1040 PRINT “LOG LD-50 1S “; LD

1045 PRINT#2, “LOG LD-50 IS “:LD

1050 PRINT “LD-50 IS *; 107 UN+LD )

1055 PRINT#2, “L.D-50 IS “;10° UN+LD)

1060 PRINT “95% CONF LIMITS ARE “;10° UN+L1 ); “ TO “;10° UN+L2)
1065 PRINT#2, “95% CONF LIMITS ARE *;10MUN+LI )" “TO “* 107 UN+L2)
1100 PRINT : PRINT :PRINT#2, :PRINT#2,

FHOS NEXTITA

1110 END

1120 DIM TB( 99 ): REM TABLES

1130 FOR 1 =1 TO 99

F140 READ TB( 1)

150 DATA 2.67:,2.95 ,3.12 ,3.25,3.36,3.45 ,3.52 ,3.59 ,3.66

1160 DATA 3.72,3.77 ,3.82 ,3.87 ,3.92 ,3.96 ,4.01 ,4.05 ,4.08 4.12

1170 DATA 4.16 ,4.19 ,4.23 ,4.26 ,4.29 ,4.33 ,4.36 ,4.39 ,4.42 4.45

[180 DATA 4.48 ,4.50 ,4.53 ,4.56 ,4.59 ,4.61 ,4.64 ,4.67 ,4.69 ,4.72

1190 DATA 4.75 ,4.77 ,4.80 ,4.82 ,4.85 ,4.87 ,4.90 4.92 495 497

1200 DATA 5.00,5.03 ,5.05 ,5.08 ,5.10 ,5.13 ,5.15 ,5.18 ,5.20 ,5.23
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1210 DATA 5.25.5.28 .5.31,5.33 536 ,5.39 ,5.41 ,5.44 ,5.47 5.50
1220 DATA 5.52,5.55 5.58,5.61 ,5.64 5.67 ,5.71 ,5.74 577 .5.8]
1230 DATA 5.85,5.88 ,5.92,5.95 5.99 6.04 ,6.08 ,6.13 .6.18 .6.23
1240 DATA 6.28 ,6.34 ,6.41 ,6.48 ,6.55 6.64 6.75 ,6.88 .7.05 7.3
1250 NEXT

1260 DIM TC( 84 3)

1270 FOR I=16"TO 84

1280 FOR J=I TO 3

1290 READ TC( 1)),

1300 DATA 1.33 ,8.115,.005 ,1.42 ,5.805 ,.006 ,1.51 4.194 .008
1310 DATA 1.60,3.061 ,.011,1.70 2.256 .015 ,1.79 ,1 680 .010
1320 DATA 1.88,1.263 ,.0.25,1.97,,.959 ,.031 ,2.06 736 .04

1330 DATA 2.15,.57 ,.05,2.23 ,.446 ,2274 .11 2.58 185 .13
1340 DATA 2.41,.282,.092 2.49 ,2274 .11,2.58 185 i3]

1350 DATA 2.66 ..152 ,.154 2.74 127 .18 2.83 , .106 , 208

1360 DATA 2.91, 09 ,.238 2,98 , 077 ,.269 3.06 ,.067 ,.302

1370 DATA 3.14, 058 ,.336,3.21 ,.051 ,.37 3.28 ,.046 , 405

1380 DATA 334, 041,439 3.41,038 ,471 3.47,.034 503

1390 DATA 3.53 ,.032,.532,3.58 ,.03 ,.558 ,3.62,.028 , 581

1400 DATA 3.66., 027, .601 3.7, 026, 616 ,3.72 ,.026 ,.627

1410 DATA 3.74 , 025, .634 ,3.75 ,.025 ,.637 ,3.74 ,.025 , .634

1420 DATA 3.72 ,.026,.627 3.68 , 026 , .616 ,3.62 , 027 , 601

1430 DATA 3.54,, .028 , .581 342, .03, .558 3.27, 032, 532

1440 DATA 3.08,.034,.503, 2.83, .038 , 471 2. 52, .041 , 439
1450 DATA 2.13, .046 , 405 ,1.64, .051 , .37 ,1.03 , .058 , 336

1460 DATA .26, .067,.302 -71, 077, 269, -1.92 , .09, 238

1470 DATA -3.46 ,.106, 208 ,-5.41 ,.127, .18 7.9, .152, .154
1480 DATA -11.1,.185, 131 ,-15.23,.227,. |1 ,-20.6, 282 , 092
1490 DATA -27.62 , 353 , .076 ,-36.89 , 446 , .062 ,-49 2, 57,05
1500 DATA -65.68 , . 736 , .04 , -87.93,.959 , .031 ,-118.22 ,1.263 , .025
1510 DATA 159.8,1.68,.019 -217.3,2.256, .015,-297 .7 3.06 , . Ol
1520 DATA -410.9 ,4.194,, 008 ,-571 .9,5.805 , 006 , -802.8 ,8.115 , .005
1530 NEXT J : NEXT I
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1540 DIM TA( 20)

1550 FOR I=1 TO 20

1560 READ TA(])

1570 DATA 3.84 599 7.8] 9.49 11.07,12.59,14.07 ,1551 , 16.92 , 18.31

1580 DATA 19.68,21.03,22.36,23.68,25.00, 26.30 27.59 28.87 30,14 3141
1590 NEXT}

1600 CLOSE #1

1610 RETURN

1620 REM PRINT TABLE

1630 IF I>1 THEN GOTO 1640

1640 PRINT “Dose “ SPC( 3 ) “ Ldos” SPC(2) “#U” SPC(2) “KI” SPC(2) “%Kill SPC(2)
“Cr%” SPC(2) “E Pr" SPC(2) “Ex Pr” SPC( 2 ) “WK Pro « SPC( 2) “Weght” SPC(2) “F pro”
1645 PRINT STRING$( 70, 196)

1650 PRINT #2 , “ Dose “ SPC( 3 } “ Ldos “ SPC( 2) "#U” SPC( 2 ) “KI” SPC( 2 ) “%Kill”
SPC(2)“Cr% “" SPC(2) “E Pr” SPC( 2 ) “Ex Pt SPC(2) “Wk Pro” SPC( 2) “Weght” SPC(2)
“F pro"

1655 PRINT#2 ,STRING$( 70,196 )

1680 FPRI=1TOD

1690 PRINT USING CHHE I 7 DS(1) 0 PRINT USING “##ti# . ###* ; DL(1) ;

1691 PRINT USING “#####” ; N(1) ; : PRINT USING “ ###7 ;K( 1) ;

1692 PRINT USING * ##i## . ##H# ";P(1) ; : PRINT USING “ ### ”PC(1)

1693 PRINT USING “#i## . ## "EP(1) ; : PRINT USING “ ### . ### "EY(])

1694 PRINT USING “‘##t### . ### 7, WP(1 ) ; :PRINT USING “sit## . ## 7; WT( 1) ;

1695 PRINT USING “f## . #i# ";FP( 1)

1700 PRINT#H2 , USING “#it# . ### " ;DS(1) ; “ PRINT#2 , USING “#### . s “: DL(1) ;
1701 PRINT#2 , US[N(_} “HEHET N( L) 5 @ PRINT#H2 , USING “#HH##7;K(1) ;

702 PRINT#2 , USING “##i#i#t . #H### " ;P( 1) ; : PRINT#2 , USING “####”: PC(1)

1703 PRINTH2 , USING “#### . ## 7;EP( 1) ; : PRINT#2 , USING “### . ## . EY (1) ;

1704 PRINT#2 | USING “##HHt . ###t ", WP( 1) ; : PRINTH#2, USING “#HH . ## “WT(1) ;

1705 PRINT#2 , USING “#iH# . ##Ht;FP(1)

1710 NEXT

1715 PRINT#2 , STRINGS$( 70, 196)

1717 PRINT STRING$( 70, 196)
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1720 PRINT : PRINT#2,

1730 RETURN

1740 PRINT “ESTIMATE “J%

I750 PRINT#2 | “ESTIMATE « o,

1760 PRINT “Y = AT B

I770 PRINT#2 , “Y = TATEC Bk
1780 PRINT™

1790 PRINT#2 ,

1800 RETURN

I810 PRINT “BERROR AT LINE 7 ERL
1820 PRINT : INPUT “do youwant graph (y/n)”; A$
1830 IF A$ = “y” THEN 1850

1840 1F A$ = “n” THEN STOP

1850 OPEN “0” #1 , “dat2 *
I860FORI=1TOD

1870 PRINT #1, DL( 1), FP( 1)

1880 NEXT I

890 CLOSE #

1900 CHAIN “PROG2
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