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INSTRUMENTATION AND METHODOLOGY

Meting Point

Melting points are in degree Celsius. These were determined in open capillary
tubes and are uncorrected.
Infrared Spectra

The IR spectra were :'.recorded in Perkin-Elmer Kbron Unicam FTIR and Perkin-
Elmer FT-IR Spectrum 1000 Spectrophotometers. Wave numbers are expressed in cm’™.
NMR Spectra

The 'H NMR spectra were recorded on JEOL MODEL GSX 270 FT NMR
spectrophotometer and NMR 300 MHz Supercon Machine, using CDCl3 od DMSO-ds as
solvent and TMS as internal standard reference. Chemical shifts are expressed as & values
[ppm].
Mass spectra

The Mass Spectra wére recorded on Brucher Apex-IIl Mass Spectrometer.
Purity

Purity of compounds was checked by TLC.
Analysis |

Calculated percentage of C, H and N are given in parenthesis.
Biological activity and Pharmacological Screening

Antifertility activity, antimicrobial, anthelmintic, anti-inflammatory, analgesic
and diuretic activities were carried out at National Pharmacy College, Shim.ga.
Antipyretic and anticonvulsant activities were carried out at TMAE Society’s SCS

college of Pharmacy, Harapanahalli.






Population means the number of inhabitants in a specified territory. During the 20"
century two important demographic phenomena have occurred. The first one is the
unprecedented growth of human population and the second one is the movement of penple
from rural to urban areas. This migration of people, which started during the industrial
revolution, gained significant momentum over the past 50 years. This has resulted in
overcrowding of urban areas.

As per the estimation of United Nations, the world population in the middle of
1991 was 5.385 billion'™. During this period, the average rate of increase in population
was 1.7%. At present the world population is growing at the rate of 176 people per
minute, 10,564 people per hour, 253,542 people per day and 92,543,000 people per year.
The world population has reached an amazing figure of 6 billion at the end of the last
century. If the growth of population continues to increase at this rate, it is estimated that it
will cross 7 billion mark by the end of 2022*.

Percentage wise, Asian countries contribute 58.8% to the world population, with a
growth rate of 2.2%. China has largest population in the world. India is placed second
with the contribution of 16% of the population.

In India, population was 344 million in 1947°, it was 439 million in 1961, 548
million in 1971 and 844 million in 1991°. It has reached the alarming figure of 1 billion in
the year 2000. As per the census of 2001, carried out by the Indian government, the
population of India is 1,02,70,15,247.

Uttarpradesh ranks first among the states of India, with a population of 138 million
as on 1996. Amongst the cities of India, Mumbai has the largest population of 12.57

million and Kolkata comes second with 10.86 million.



Due to the advancement of medical sciences, the cruel balance between the births
and deaths maintained by the dreaded diseases like smallpox, cholera, plague, malaria etc.
no longer exists. People all over the world now lead healthier and longer life, when
compared with the earlier situation.

The present food production is increasing in arithmetic progression, while the
population is increasing in geometric progression. When compared with natural and
human resources of the country, one can easily conclude that India is overpopulated.
Bangladesh, Srilanka, Afghanistan and Pakistan, which are neighbouring countries of
India, fall in the same category.

To control the menace of population explosion, many nations have enmarked
various programmes of family planning and family welfare. Because of these steps,
encouraging demographic progress has been achieved in the last 20 years. Fertility rates
have declined worldwide. This has brought down the growth rate of population to some
extent. Statistically, the rate of population growth, which was 2.5% per year in 1960, was
brought down to 2.3% per year in 1981 and presently it is 2.0% per year. However the
base is so large that this reduced rate of growth has very little impact on the population
scenario. According to the forecast by experts, the world population may reach 12 or even
14 billion before it stabilizes.

Human settlement existed 1.5 million years ago in Africa as indicated by various
evidences such as '*C dating etc. and others. The following figures indicate the rapid rate
at which population is increasing - to reach 1 billion mark of population it took a very long
period and happened in the year 1800. It took 130 years, from then, to add one more

billion, which occurred in the year 1930. The third billion was added in the shorter period



of time of 30 years, which happened in the year 1960. Then, only 15 years were required
to add 4" billion, whereas only 12 years were required for the addition of 5™ billion. This
unprecedented growth was mainly attributed in the failure in making wide variety of
effective, efficient and affordable methods of family planning. The rampant population
growth has been viewed as the greatest single obstacle to the social and economic
advancement of the majority of the people in. the underdeveloped world.

In India overpopulation is due to manifold reasons. However, the major two
causes are early marriages and longer span of reproductive activity. The other contributing
factors are lack of respect for women and recreational facilities, tropical climate, total
beliefs, ignorance, illiteracy, absence of proper welfare schemes and decline of death rate’.

The uncontrolled growth of population, results in the creation of various
fundamental problems which include unemployment, overcrowding of urban areas,
starvation and increase in crime rate. This has also resulted in communal clashes, social
inequalities and conflicts.

Population growth will add many problems to the already existing ones, like
limited availability of clean water, food, energy, education and job opportunities. If this
continues, the process of deforestation, soil erosion and desertification® will accelerate. At
the end, economic and social foundation of the nation will collapse under the pressure and
environmental balance will also be disturbed causing global climate changes.

The spurt in population growth has resulted in urbanization. One half of the
world’s population today lives in cities that occupy only 2% of the world land.
Surprisingly, it consumes 75% of the resources and produce 75% of the waste material in

the world. It is expected, by the year 2050, 2/3™ of the world’s population will be in urban .



area. Thus large cities are faced with serious basic problems such as depletion of natural
resources, mushrooming of slums, traffic congestion etc.

The rural areas continue to suffer from gross inadequacies in health services,
sanitation, educational facilities, drinking water problems etc’.

According to the report from United Nations Family Planning Association (UNFPA),
the rapid population growth is primarily attributed to the following three main reasons

1. Increase in life expectancy

2. Decrease in infant mortality

3. Development of medical science

The continuing high growth rate is also due to ignorance of married couple t) use
proper methods of fertility regulations. In developing countries, out of 600 million
couples, nearly 500 million couples are not using suitable family planning methods. This is
also due to the fact that the available methods and services of family planning are too
expensive and also sophisticated to meet the demands of the underdeveloped and
developing countries'’.

To solve the above problems, the urgent requirement is to modernize as well as to
amplify the present fertility regulation methods. Thus fertility control has become most
important and urgent mainstay of all biosocial and biomedical problems faced by mankind.

Improvement and innovation in the technology of birth control are very essential in
the present day situation. In the international conference on population and development
held in Kairo in the year 1994, it was resolved to focus on the following major
programmes

1. The eradication of illiteracy



2. Full employment opportunities for Women

3. Achieving the lowest possible rates of infant mortality, and

4. Universal access to the knowledge and affordable methods of family planning
to prevent unintended pregnancy.

To achieve the last aim, it is necessary to evolve more acceptable and eﬁ‘ectivé means
of contraception, for both male and female with nil or minimum side effects. It is also
needed to update the research in human reproduction and fertility regulation, including
biochemical research in order to improve safety and efficacy of the existing family planning
methods.

A comprehensive discussion of the existing methods of contraception and some
newly developed techniques is provided in the following pages.

1.1 Natural Family Planning methods

1.1.1 Abstinence during the fertile phase

This method emphasized on the safe period, which is also known as rhythm
method involving the avoidance of sexual intercourse during ovulation period. Ovulation
occurs normally on the 14™ day of the estrus cycle, in a 28 days normal cycle. However, in
some cases, ovulation may occur any time between the 12* and 16" day. Hence, the safe
period is calculated from the 1* day of the menstrual period until 8" day of the cycle,
which is generally known as pre-ovulation period. The post-ovulation period can also be
regarded as the safe period, which normally occurs from 18™ day to 28™ day.
1.1.2 Withdrawal method (Coitus interruptus)

This is the very common method of family planning, but it is observed that it is

quite inefficient in regular practice.



1.1.3 Cervical mucus method

This method 1s also considered as ovulation method or billing method. Cervical
mucus becomes clear, slippery, profuse and smooth, at the time of ovulation. After
ovulation, the mucus thickens and lessens in quality. By careful examination of the cervix

by females, the sexual intercourse during this period can be avoided.
1.2 Barrier Contraceptives

1.2.1 Condom"'

The use of condoms is the most widely used method of contraception. The
developments in technology have produced extra thin membrane sheaths, marketed in a
variety of colours, with or without lubricants under different trade names. These are
commonly called as “Nirodh”, which are easily available in market even in rural areas. No
medication is required for this method either by male or female. Condoms have a
satisfactory efficacy when used properly. The additional advantage of using condoms is
that it prevents the transmission of veneral diseases and AIDS.

1.2.2 Diaphragms

These are used by females as the sacks to cover the passage of the sperms to the
cervix. It has more failures than success. This is because of the fact that the sizes of
diaphragm vary and desired fitness is not achieved.

1.2.3 Spermicidal agents

It has been recommended to use foams, creams and jellies containing spermicidal
agents for the prevention of pregnancy. The spermicidal agents are “Surface active
agents”, which attach themselves to spermatozoa and inhibit oxygen uptake and kill

sperms'2. The spermicidal agents contain surfactants such as octoxynol, nanoxynol-9 and



menfegol. Recently a new agent ORF 13900 has been introduced in market, which
agglutinates sperms and thus acts as spermicidal agent".
1.2.4 Douching

The dutch cap, cervical cap, dumas cap, contra cap and vaginal sponge are widely
used barrier devices today for the purpose of immediate postcoital douching of the vagina

with spermicidal solution, to wash away the sperms.
1.3 Intrauterine Contraceptive Devices (IUD)

The antifertility action of a foreign body in the uterus was known since ancient
times in India. IUD were introduced in the family planning method about 30 years back.
IUD is an effective and safe method of contraception. It prevents the implantation of
blastocytes in the uterus. A variety of IUDs like Lippe’s loop, Dalken Shield, Soonawala
Device, differing in shape have been proposed. Most of these are made up of silastic
polymers with or without metallic component. However, this method suffers from major
drawbacks like bleeding disorders, pain and expulsion. These side effects have been
reduced in the second generation of IUD. This contains copper wire, known as Cu-IUD
and the Cu-Ag IUD'. These are marketed in the trade names like Copper-T, Copper-T-
200, TuCu-220c, TuCu-380 Ag, Nova-T, ML-Cu-250, ML-Cu-375.

1.4 Contraceptive Steroids (Oral Contraceptives)

Existence of a feedback control between the steroid hormones produced by ovaries
and pituitary gonadotrophins which stimulates their synthesis, give rise to the property
which forms the basis of utilizing progestogens and estrogens to inhibit the secretion of

gonadotrophins and thereby block the ovulation.



The natural hormones, estradiol and progesterone, which are not employed due to
their very short biological half-life. In place of these, synthetic steroids with estrogenic and
progestogenic activity are used. In earlier days, these drugs were administered orally in the
form of oral pills containing a combination of progestones with little amount of estrogens.
Now a days these oral pills are available iﬁ three types.

i). An orally active progestogen, which contains 19-nor testosterone or 17-

hydroxyprogesterone derivatives. These pills suppress pituitary hormone
FSH and LH and thereby prevent ovulation.

ii).  Combined oral pills containing either ethinyl estradiol or mestranol®’.

iif).  Triphasic combined pills-These have been recently introduced and normal

preparations contain ethinyl estradiol (EE2) and levonorgestrel (LNG).

Many side effects have been attributed to the use of oral contraceptives.
Cardiovascular side effects and induction or promotion of tumors are more concerned
ones. To overcome this difficulty, injectible contraceptive steroids have been evolved in
recent times. The steroids commonly used are methoxy progesterone acetate or nor-
ethindrone acetate.

1.5 Interceptive Agents (Post-coital Agents)

These agents interfere with postowlatow events leading to pregnancy and are,
therefore, called as “interceptives”. Ethinyl estradiol + norethisterone or levonorgestrel,
ethinyl stilbesterol, mifepristone (Ru. 486) are the common examples of interceptives.
These steroids have high affinity for the progesterone receptors. They act by blocking the

action of progesterone on the endometrium.
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Prostaglandins act by virtue of their luteolytic effect on the ovary and increased
mobility effect on fallopian tube and the uterus, which prevents implantation and induce

menstruation.

1.6 Immunological methods

In this method antibodies to sperm antigens are produced by introduction of
enzymes like lactate dehydrogenase, hyaluronidase and acrosin. These cause
immobilization and destruction of sperms. Inhibin, an anti-FSH vaccine is also under trial.
Temporary sterility can be evoked by the use of B subunits of HCG (33 ug). Zona
pellucida plays an important role in implantation. If zona pellucida antibodies are
developed, which either prevents sperm penetration in the ovum or shedding of zona after

fertilization, it can evoke antifertility.

1.7 Sterilization (male and female)

The sterilization operation is undertaken with primary objective of preventing
further pregnancy permanently. In tubectomy and vasectomy, the continuity of the duct
meant for the transport of ovum and spermatozoa respectively are interrupted. The
Minilap Pomeroy technique is considered a revolutionary procedure for the femaie
sterilization. Laproscopic fulgarition is becoming more popular. It is highly effective and
very quick. However, these methods have many side effects and also psychological
complaints of diminution of sexual vigor and impotency. To overcome these drawbacks,
new developments and improvements of the presently available methods have been

devised, amongst which, the following two are the most important ones.
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1.7.1 The subdermal implants norplant

In this method, a set of six celastic capsules filled with progesterone-
levonorgestryl, are introduced beneath the skin under light anaesthesia. The release of the
steroid at a steady rate ensures effective contraception for nearly 5 years. These can be
used by young women, who require contraception for a longer time and also want to
retain the option of another pregnancy.
1.7.2 Progestin release IUD

These are the new methods, which are still in trial stages.
1.7.2.1 Analogues and Antagonist of Luteinizing Hormone Release Hormone (LHRH)

Daily administration of the synthetic analogues of LHRH having prolonged
biological half-life, by systematic injections or nasal spray results in blockage of ovulation
in the females.
1.7.2.2 Gossypol

This compound was used by an accident in China by several thousands of males
causing azospermia. This compound was extracted from the seeds of cotton. It binds with
sperm proteins and causes hypokalemia in human beings. However, due to low efficacy
versus toxicity ratio in conventional experiments, it is not likely to be approved for human

usage.

Gossypol
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1.7.2.3 Prostaglandins and Antiprogesterone Fcompounds for menstrual regulation

and termination of pregnancy

These are contraceptive vaccines, which are still in the stage of experimental
developments. In all probabilities this may emerge as the most advanced birth control
vaccine.

1.8 Herbal options to control fertility

Most of the methods mentioned above are effective. However, none of them is free
from one or the other drawback either in the form of side effects or complications in its
use. Therefore vigorous and sincere attempts are being made for the improvement of these
existing methods. Simultaneously new techniques of fertility regulations are being
constantly explored. The encouraging fact is that the demand for new methods for fertility
control has increased enormously in India. It is because, every newly married couple, rural
or urban, educated or uneducated, want to have smaller family norms. Hence, search for
harmless and inexpensive oral agents for fertility control in human beings to reduce the
population size is more actually felt now than ever before.

Due to severe and long lasting side effects of modern medicines, the people are
now looking back to age-old tradition of using herbal medicines for curing various
diseases and also for fertility control. Fortunately India has rich heritage of use of
medicinal plants for fertility control. In this context, it is appropriate to locate the large
number of indigenous plants that are used as oral contraceptives by tribals and other
section of people. Many such plants are even recommended in folk medicines, Ayurvedic

16-19

and Yunani medicines” " very ancient times. A good number of scientific papers have
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been already published related to the use of medicinal plants for antifertility. However, still
many more medicinal plants are either less investigated or left uninvestigated.

Encouraged by these facts, many scientists all over the world in general and India
in particular, are presently engaged in the search for a safe, acceptable both by male and
female, effective, easily administrable, cheap and non-steroidal antifertility agents derived
from medicinal plants, which are commonly grown in India and other parts of the world.

Plants have been screened for variety of fertility regulating activities in both
females and males. The plants, which exhibit fertility control in females, may possess
antiovulatory, antiimplantation, abotifacient and uterine stimulating activities™. The plants,
which exhibit fertility control in males, may possess androgenic, antiandroyenic,
spermicidal and antispermatogeinc activities®'.

Research on antifertility activity of Indian medicinal plants has been reviewed

exhaustively by Choudhury and Haq?*® Kamboj and Dhawan**?*

, Sathyavathi’® and
Bhargava®’.

In this context, it is felt appropriate and necessary to gather information on such
medicinal plants related to fertility control. However, detailed discussion on such plants is
not within the limit of this thesis. Hence, a brief account of Indian medicinal plants, used
for fertility control is given in the following pages.

1.8.1 Medicinal plants showing antiovulatory activity
Some of the medicinal plants available in India have been shown to possess

antiovulatory activity. The list of such plants is given in Table-1.1 along with the parts

used with relevant references.
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Table-1.1 Plants showing antiovulatory activity.

Name of the Plant Part used Reference
Albizzia lebbeck seeds 28
Aloe barbadensis leaves 29
Capsella bursa-pastoris | leaves and dry powdered plant 30
Mentha arvensis leaves 31
Polygonum hydropiper | root 31
Randia dumetorium fruits, seeds and pulp 32
Solanum khasianum whole plant 33
Taxus baccata leaves 34
Vitex negundo seeds 35

Vohra and Khan®® isolated some saponins from the seeds of Albizzia lebbeck and
shown them to possess antiovulatory activity. Aqueous extracts of leaves of Aloe
barbadensis® and dry powder of the plant Capsella bursa-pastoris® are also shown to
exhibit considerable antiovulatory activity. Similarly, extract of leaves of Mentha
arvensis®', petroleum ether extract of the root of Polygonum hydropiper’', ethanolic
extracts of the fruits and seeds of Randia dumetorium®, ethanolic extract of the whole
plant of Solanum khasianum™, aqueous extract of leaves of Taxus baccata® and seeds of
Vitex negundo® showed potent antiovulatory activity in albino rats.

1.8.2 Medicinal plants showing antiimplantation activity
The survey of literature revealed that there are variety of medicinal plants, which

exhibit antiimplantation activity. Some of such plants are listed in Table-1.2 and discussed

in brief.



Table-1.2 Plants showing antiimplantation activity.

Name of the Plant Part used Reference
Abroma augusta root 36
Achrostichum aureum whole plant 37
Allium sativum bulbs 36
Artabotrys odoratissimum | leaves 38
Areca catechu nuts 39-40
Artemisia scoparia whole plant 41
Butea frondosa seeds 42
Butea monosperma flowers 42
Caesalpinia decapetala aerial parts 43
Calatropis procera root 44
Carica papaya seed oil, seeds, unripe fruits 45
Cicer arietinum seed oil 42
Costus speciosus rhizomes 46
Cuminum cyminum seeds 47
Curcuma longa rhizomes 48
Cyperus rotundus rhizomes 49
Dacus carota seeds 50
Datura quercifolia fruits 51
Desmodium qangeticum seeds 52
Dieffentachia amoena leaves 53
Embelica ribes berry 54
Ensete superbum seeds 55

14



Glycyrrhiza glabra fruits 56
Hibiscus rosa-sinensis flowers 57
Hyptis suaveolens leaves 58
Illicium anisatum seed oil 59
Ischnochiton campus plant 60
Michelia champaka anthers 61
Nigella sativa seeds 62
Ocimum sanctum leaves 63
Plumbago zeylanica root, fruits 64
Pueraria tuberosa tubers 65,66
Revia hypercroteriformis | aerial parts 67
Rubus ellipticus plant excluding roots 68
Salix babylonica plant excluding roots 69
Salix tetrasperma stem bark 69
Sarcophyton chrenbergi plant 65
Sesamum indicum seeds 35
Striga densiflora plant 70
Striga lutea plant 71-73
Thespesia popuine seeds 74
Trifolium alexandrium seeds 54
Uraria lagopodioides whole plant 75

The root of Abroma augusta has been reported to possess estrogenic activity in

female albino rats’¢.

15
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Dhar et al., investigated the antifertility activity of the ethanolic extract of the plant
Achrostichum aureum in female albino rats. They observed that the water-soluble fraction
of ethanolic extract exhibited very significant antiimplantation activity*’.

Investigation of the nuts of Areca catechu revealed that petroleum ether extract,
ethanolic and aqueous extracts of nuts possess antiimplantation activity in albino rats**.

. The seeds of Butea frondosa and the flowers of Butea monosperma were shown to
exhibit considerable antiimplantation activity when tested on albino rats*>.

Ethanolic extract of Caesalpinia decapetala, administered orally on days 1-8,
postcoitum, at 500 mg/kg dose exhibited significant contraceptive activity in female
hamster but devoid of any estrogenic activity®.

Kamath et al., have tested the effect of ethanol extract of the root of Calatropis
procera in albino rats, in order to explore its hormonal and antifertility activities*. A
strong antiimplantation activity and uterotropic activity was observed at the dose level of
250 mg/kg.

Keshri et al., carried out extensive research work on Carica papaya. Oral
administration of the hexane extract of the dry seeds of this plant at the dosage of 1 gm/kg
daily, to adult female rats on day 1-10 post coitum, prevented pregnancy in 70% of the
animals*”. Undocumented evidences on this plant, which is used in folk medicine, indicate
that this plant has considerable antiimplantation activity in human beings also.

Similarly Khanna and Chowdhary carried out pharmacological investigation of
seed and seed oil of Cicer arietinum® and observed that these exhibited estrogenic activity

in female albino rats.
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When screened for antifertility activitj rhizomes of Costus speciosus were found
to possess significant estrogenic activity in albino rats*. On the other hand the rhizomes of
Cyperus rotundus were shown to possess antiestrogenic activity®. However, both the
plants exhibited antiimplantation activity.

Various extracts of the seeds of Dacus carota have been extensively investigated
for possible antifertility activity’®. The chromatographic fractions of petroleum ether,
ethanolic and aqueous extracts of the seeds were also studied. The chloroform and
methanol fractions of petroleum ether extract and ethanolic extracts showed 80-100%
inhibition of implants in albino rats.

Significant interceptory and estrogenic properties were observed in the plant
Datura quercifolia. Datura lactone isolated from this plant was found to be responsible for
these properties®.

Application of Embelin isolated from the fruit of Embelica ribes exhibited

significant antiimplantation activity™*.

OH

il C121-125

0]
Embelin

Saraf and Gomao investigated the root of Glycyrrhiza glabra and reported that it
exhibited considerable estrogenic activity*®.

Extensive research has been carried out on the flowers of Hibiscus rosa-sinesis
and ethanolic and benzene extracts have been reported to possess antiimplantation activity

. 7
n WOITleI'l5 .
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The ethanolic extract of Hyptis “ suaveolens leaves completely inhibited
implantation at the dose of 200 mg/kg body weight when administered orally from day 1-7
of pregnancy™. It was observed that unsaponifiable mass isolated from the leaves and
floral parts of this plant showed 20-40% implantation activity at the dose of 250 mg/kg
body weight in albino rats. Further research work in this regard showed that
antiimplnatation activity was due to estrogenic effect.

Antiimplantation activity to the extent of 100% was reported with the fruits of
Illicium anisatum when administered orally at a dose of 80 mg/kg body weight in albino
rats’’. The trans-anethole isolated from the oil obtained from the fruits of this plant was
shown to be responsible for this activity. Significant estrogenic activity has been
demonstrated by the experiments carried out on young rats.

Dhar et al., have studied the antifertility activity of Ischochiton campus and found
that its aqueous and methanolic fractions, exhibited considerable postcoital antifertility
activity®’. Investigations of the leaves of the plant revealed that ethanolic extract showed
80% and aqueous extract 60% antiimplantation activity in albino rats.

The benzene extract of Michelia champaka (anthers) exhibited 67%
antiimplantation activity at 1 gm/kg per day dose level®'.

Prevention of pregnancy in Sprague-Dawley rats was observed when n-hexane
extract of the seeds of Nigella sativa was administered orally at the dose of 2 gm/kg body
weight daily from day 1 to 10 post coitum®.

The leaves of well-known sacred plant Ocimum sanctum have been investigated

for various biological and pharmacological activities. Petroleum ether extract of the
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leaves of Ocimum sanctum has been found to possess significant antiimplantation activity
in albino rats.

It was reported that fruits and root of Plumbago zeylanica possess
antiimplantation activity when given orally at the dose of 122mg/100 gm weight to albino
rats®. Further investigations of this plant by Premakumari et al., revealed that Plumbagin
(2-methyl-5-hydroxy-1,4-naphthoquinone), a crystalline compound from this plant was

responsible for such an activity.

T
™

[l
OH O
Plumbagin

Various extracts of the tubers of Peuraria tuberosa have been tested for their
effect on early and late pregnancy in rats, mice, hamsters and guinea pigs®. Butanol
fraction of the extracts was found to be active due to its inherent hormonal properties.
Shukla has described the mechanism of action and toxicological studies of this plant.
Puerarin, diadzein and tuberosin were isolated from the chloroform and butanol fractions
of ethanolic extract of this plant. The antiimplantation activity exhibited by this plant was
attributed to the presence of these compounds®.

Shivalingappa et al., have tested the petroleum ether, chloroform, ethanol and
aqueous extracts of the aerial parts of the plant Rivea hypocrateriformis for

antiimplantation activity and pregnancy interruption properties in albino rats®’. Among
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these, ethanolic extract was shown to be most effective in causing significant
antiimplantation and interruption of early pregnancy.

Encouraged by various reports mentioned above, Hiremath et al., took up a major
research programme of searching non-steroidal antifertility agents from medicinal plants.
The following plants have been investigated for antifertility activity.

1. Striga densiflora”

2. Striga lutea’™™

3. Acalypha indica

4. Striga orobonchiosides

They could isolate and identify the different flavones from these plants possessing the

following structures.
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The extract of the seeds of the plants Thespesia populne’™ and Trifolium
alexandrium®® were found to possess significant antiimplantation activity in rats.
Khanna et al., reported that, the aqueous extract of the whole plant of Uraria

lagopodiioides prevented implantation in albino rats when administered orally”.

1.8.3 Medicinal plants with abortifacient activity
The plants listed in Table-1.3 have been shown to possess abortifacient activity. A

brief account of the same is described in the following paragraphs.
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Table-1.3 Medicinal plants with abortifacient activity

Name of Plant Part used Reference
Achyranthus aspera stem, bark 76
Adhatoda vasica whole plant 77
Ananas comosus unripe fruits, juice 78
Aristolochia indica root 9
Curculigo orchoiodes whole plant 80
Derris brevipes whole plant 81
Gardenia jasminoides flowers 82,83
Marsdenia koi whole plant 84
Physalis minima plant without root 85,86
Pseudolarix kaempferi root, bark 87-89

Gupta et al, observed that benzene extract of Achyranthus aspera exhibited
abortifacient effect in rabbits at a single dose of 50 mg/kg’.

Uterotonic activity in guinea pigs was reported with vasicine, an alkaloid isolated
from the plant of Adhatoda vasica’. This compound also potentiated prostaglandin
induced ﬁterine contractions in rats.

The unripe fruits and juice of Ananas comosus were shown to exert abortifacient
effect in mice, which was attributed to antiluteotropic activity’®.

Pakrashi and Shaha isolated methyl ether of aristolochic acid from the roots of
Arisolochia indica and found that it caused 100% abortion effect at a single dose of 60

mg/kg body weight in albino rats”.
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The aerial parts of Curculigo orchioides were found to exhibit significant
aortifacient activity due to powerful uterine stimulant property of flavone-glycoside
isolated from this plant®.

Badami et al., have shown that the ethanolic extract of Derris brevipes exh'bited
40% antiimplantation activity when given orally at 600 mg/kg bodyweight®'. However, the
results of further investigation suggested that the extract possessed more abortifacient
type effect than antiimplantation activity.

The ethyl acetate extract of the flowers of Gardenia jasminoides was found to
possess significant pregnancy termination effect*>. The activity was due to triterpenoids-
gardenic acid and gardenolic acid B.

Investigations of aerial parts of Marsdenia koi indicated that they can cause
termination of early pregnancy in animals®*. Chinese workers Yuan and et al., isolated
Marsdekoiside A from this plant.

Ethanolic extract of Physalis minima was reported to show significant
abortifacient activity. Physalin B155 and Physalin D isolated from this plant were found to
be responsible for this activity®>*.

The root and bark of Pseudolarix kaempferi have been investigated extensively for
their abortifacient activity®”*. This activity was due to the presence of pseudolaric acids A
& B, present in this plant.

In addition to theses plants listed in Table-1.1 to Table-1.3, many other plants
have been shown to possess considerable antifertility activity in various animals. However,
detailed discussion about theses plants is out of the scope of this thesis. Hence, only few

plants possessing antifertility activity are listed in Table-1.4.



Table-1.4 Plants with antifertility activity

Name of Plant Part used Reference
Actiniopteris radiata whole plant 90
Adina cordifolia - 91
Ailanthus excelsa leaves, stem bark 92
Andrographis paniculata = 93
Anona squamosa - 94
Artabotrys odoranti leaves 95
Bombax malabaricum root 96
Cassia fistula seeds 97
Catharanthus roseus -- 98
Caulerpa taxifolia whole plant 99
Cedrus deodara stem 100
Combretodendron africanum | bark 101
Coriandrum sativum seeds 102
Curcuma domestica rhizomes 48
Dictamnus oleifera root bark 103
Dysdercus koenigii -- 104
Echinops echinatus -- 105
Ferula jaeschkeana fruits 106
Gleditschia horida -- 107
Hagenia abyssinica flowers 39
Ipomoea fistulosa -- 108
Juniperious communis fruits 109
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Lygodium flexosum whole plant 110
Malvavisens conzatii flowers 111
Mallotus philippensus glands, hairs from the| 112,113
capsules
Marsdenia oreophila stem 114
Momordica charantia root, leaves 115
Momordica linn leaves 115
Murraya paniculata root 116
Nelumbo nucifera seeds 117
Piper chaba fruits 118
Polygonum stenophyllum root 119
Podophyllum peltatum root 120
Salvia fruiticosa | - 121
Seigesbeckia glabrascens - 122
Senecia vulgaris - 123
Sida carpinifolia - 124
Spondias cythera bark 125
Sophera japonica whole plant 126
Stephania herandiifolia rhizomes 127
Tabernaemontana heyneana -- 128
Tripterygium wilfordii -- 129
Wilbrandia species rhizhomes 130

25
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1.8.4 Medicinal plants for male antifertility activity

The search for male contraceptives began in 1950. The researchers all over the
world, who are working in this direction, aimed at the following aspects of male
contraception.

a) Prevention of spermatogenesis.

b) Interfering with the storage of sperms and maturation.

c) Prevention of the transport of sperms through vas deferens.
d) Changing the constituents of the seminal fluid.

Most of the work carried out in this connection was devoted to prevent
spermatogenesis. Surgical vasectomy, non-scalpel vasectomy and chemical occlusion of
vas deferens are receiving active attention at present. Follicle Stimulating Hormone and
sperm surface protein are considered as immunogens and hence has led to the
development of vaccines.

An ideal male contraceptive is the one, which maintains normal level of
testosterone, with simultaneous decrease in the sperm count. However, many of the
contraceptives for males tend to lower the testosterone level, which suppresses the
potency of the contraceptive.

‘Many compounds were reported to possess male antifertility activity ranging from
alkylating agents to gossypol but none of them are free from toxicity. Surgical methods
even though successful, have the major drawback in the form of creating weakness, loss of

sexual activity etc.
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Hence, researchers are looking at the ﬁuse of medicinal plants for male antifertility
activity. But scientists are not successful in getting the reproducible results from medicinal
plants.

Several plants have been identified to possess male antifertility effect. Some of
these plants are listed in Table-1.5.

Table-1.5 Medicinal plants possessing male antifertility activity

Name of the plant Part used Reference
Abrus precatorius seeds 131,132
Andrographis paniculatus - 133
Austroplenckia populnea 134
Azadirachta indica seed oil 135
Bambusa arundinacea - 136
Barleria prionitis root 137
Carica papaya seeds 138-142
Celastrus paniculatus seeds 143
Colebrookia oppositifolia leaves 144
Martynia annua 145
Mentha arvensis leaves 146
Mondia whitei - 147
Mucuna urens 148
Piper betel - 149
Quassia amara 150
Sarcostemma acidum 151
Solanum lycocarpum -- 152

~ | Tripterygium hypoglaucum -- 153
Tripterygium wilfordii -- 154-160
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Rao™! and Sinha™? investigated male antifertility effects of ethanolic extract of
seeds of Abrus precatorius Linn. in male albino rats. The post-testicular antifertility effects
of this plant received attention by Sinha.

A well-known plant, Andrographis paniculatus, has been shown to exhibit

significant male antifertility activity'**.

Mazaro et al., studied aqueous methanolic extract of Austroplenckia populnea for
male antifertility activity. They observed that sperm concentration in cauda epididymis was
decreased significantly at the dose of 500 mg/kg/day"*.

An alternative approach to vasectomy has been investigated in detail by Upadhyay
et al., and they arrived at the conclusion that oil obtained from the plant Azadirachta
indica can be effective by single intra-vas administration'®’.

Gupta et al,, carried out antifertility studies of the root extract of Barleria
prionitis™’ and leaf extract of Colebrookia oppositifolia'*in male albino rats with special
reference to testicular cell population dynamics.

It has been reported that the seeds of the Carica papaya inhibit motility of sperms
when administered orally™**'*2. Pathak et al., and several other researchers directed their
research work on the extracts of this plant for male antifertility activity. The
chromatographic fraction of the chloroform extract eluted with benzene exhibited
maximum activity'*.

The seed extracts of Celastrus paniculatus have been shown to possess

antispermatogenic action in male albino rats with reversible changes in the liver'®’.
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Investigations on the effects of ethanovl» extract (50%) of Martynia annua root on
reproduction in male rats revealed that, there is dose related reduction in the testicular
sperm count, epididymal sperm count and motility'®.

Antifertility investigation and toxicological studies of petroleum ether extract of
the leaves of Mentha arvensis in male albino mice has been reported by Sharma and
Jacob'*.

Watcho et al.,, during their investigation for male antifertility agent observed that
Mondia whitei L. has been associated with reversible antispermatogenic and antifertility
activity'".

Udoh et al., tested the effect of seeds of Mucuna urens on the gonads and sex

accessory glands of male guinea pigs and found them to be potential male antifertility

agents'*. I I
ks Similarly, the extracts of Piper betel L. have been shown to possess reversible
antifertility effect'®. S

Parveen et al., have tested the chloroform extract of the bark of Quassia amara for
its impact on male reproductive system in albino rats'*°. A marked decrease in the sperm
count, motility, and viability was observed in sperm collected from the cauda epididymis
of treated animals when the extract was administered daily for 15 days in the form of
intramuscular injections.

It has been reported that methanol extract (70%) of the stem of Sarcostemma
acidum, arrests spermatogenesis in male rats without noticeable side effects'’.

The plants Solanum lycocarpum'® and Tyipterygium hypoglaucum' have been
3 P yip g

investigated for male antifertility activity.
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Chinese researchers investigated aﬁtispermatogenic effect of Trypterygium
wilfodii. They isolated multiglycosides from this plant, which are responsible for
antispermatogenic activity. A series of research papers by group of these scientists have
been published'**'.

1.9 Synthetic antifertility agents

Apart from plant extracts, various synthetic compounds also have been tested and
proved to have antifertility activity in both female and male. Some of the compounds with
promising activity are listed in the following Tables.

1.9.1 Synthetic female antifertility agents

Synthetic antifertility agents interfering with different phases of reproduction have
been brought to light, which can be classified under different headings as follows.
1.9.1a Synthetic agents interfering with estrous cycle

The compounds listed in Table-1.6 have been reported to disturb estrous cycle.
However, the exact mechanism of their action is not yet established with ceitainity.

Table-1.6 Agents interfering at estrous cycle and / or reducing fertility

Agent Species Reference
Ascorbic acid human female 161
Alkylendiamine derivatives house fly 162
Chloroguanide Rat 163
Dimethylphosphate Rat 163
Genistein and related compounds | domestic animals 164
Mimosine Rat 165
Nikoceptin and Galatoceptin human female 166
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1.9.1b Synthetic agents interfering with development of ova
Antimitotic agents included in the Table-1.7 are reported to interfere with the
development of ova by causing the degeneration of cleaving egg.

Table-1.7 Agents interfering with development of ova

Agent Species Reference
6-Azauridine human female 167
2-Deoxy-D-glucose rabbit 168
Diethyl stilbestrol and derivatives rodents 163
Methallibure rat 169
Staphylococcal a-toxin rabbit 167

It is well established that oral administration or injection of non-steroidal estrogens
after coitus, interfere with the tubal transport of ova in several rodent species. lu this
process, alterations in the tubal mobility, fluid volume, ciliary movement and some
metabolic incompatibility between ova and tubal milieu may be involved. The extaustive

work carried out in this connection has been reviewed systematically by Pincus'®.
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1.9.1c Synthetic agents having antiimplantation activity
Many synthetic compounds have been reported to inhibit implantation in rats on
post coital administration. Some of these compounds are listed in Table-1.8.

Table-1.8 Synthetic agents having antiimplantation activity

Agent Species Reference
Clorhiphen, MRL-37 rhesus monkey, rat 170
2,3-Diphenylindenes rodents 171
1,2-Diphenyl-3,4-dihydronaphthalenes rodents, rhesus monkey 171
Diethyl stilbestrol, Dimethyl stilbestrol rat 172
2,3-Diphenylindoles rat 173
3,4-Diphenyl coumarins rat 174
3,4-Diphenyl chromanes rat 175
1,2,3,4-Tetrahydro-2,2-diarylnaphthalene | rat 176
2,3-Diphenylacrylophenones rat 177
Isoflavone derivatives rat 173
Non steroidal estrogens rodents, rhesus monkey, 171
human female
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During the last 15 years, extensive research work on animal studies have been

carried out. These studies have established that it is possible to prevent pregnancy by

variety of non-steroidal compounds. Special attention has been focused on synthesis of

potential post coital antifertility compounds with special reference to structure activity

relationship studies. Increasing knowledge of the physiological process of fertilization,

zygote development and transport and implantation mechanism is providing leads for more

rational design for synthesis of new non-steroidal contraceptive agents. These

developments would be valuable additions to the existing family planning methods and

techniques for birth control.
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1.9.2 Synthetic male antifertility agents

The survey of literature reveals that, till today no plant extracts have been found to
be authentically useful for male antifertility activity. Hence, researchers have diverted their
attention for synthetic compounds with potential male antifertility activity simultaneously
with exploration of medicinal plants for such an activity. The synthetic work carried out so

for has resulted in the discovery of some new antifertility agents which are listed in the

Table-1.9.
Table-1.9 Synthetic male antifertility agents
Chemicals Reference
a -Chlorohydrine-3-Cl-7,2-propanediol 178
6-Cl-6-Deoxyglucose 179
2,4, Diaminopyrimidines 180
Formaldehyde 181
17-B-Ethinyl estradiol and 9,11-tritiated norethindrone 182
Ornidazole 183
4-Methyl-7-hydroxycoumarin, 4-methyl-(tetrahydrobenzo 184

furano)[6,7-b]coumarin

2,3,4,4a,5,9b-Hexahydroindeno(1,2-c)pyridine 185
Pyrimethamine 186
Styrene maleic anhydride 187
Sulphapyridine, N-1-Me-sulphamilamide, N-1-diethyl 188
Sulphanilamide

Sulphasalazine 189
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The list of compounds mentioned in Table-1.6 to Table-1.9, reveal that the
compounds possessing antifertility activity both in male and female belong to different
classes of compounds having diverse structures. It is also observed that structure activity
relationship studies have not been established for many of the synthesized compounds.
These facts encouraged several researchers to synthesize and investigate antifertility

activity of new non-steroidal compounds belonging to different classes. Variety of
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heterocyclic compounds containing oxygen, nitrogen and sulphur have been synthesized
and screened for antifertility activity both in males and females. Some of the important
class of compounds discovered so for are listed below.
Flavones and flavonoids

Wani'® et al., and Moersch'® et al., synthesized several flavones, isoflavones,
flavonoids and coumarins and evaluated them for antifertility activity and estrogen
receptor binding property.
Derivatives of benzopyran

Extensive research work has been carried out by several synthetic organic chemists
in connection with the synthesis and evaluation of antifertility activity of benzopyran
derivatives.

Ismail et al., have synthesized some novel 4H-benzopyran-4-one derivatives as
non-steroidal antiestrogens for their uterotropic, antiuterotropic and antiimplantation

activities in mature female albino rats'™?

. Among the products, the 2-(4'-methoxyphenyl)-
7-methoxy-4H-1-benzopyran-4-one exhibited highest antiestrogenic activity to the extent
of 65 %.

l 0]
H,Co i O OcH,

0]
2-(4'-methoxyphenyl)-7-methoxy-4H-1-benzopyran-4-one

Some derivatives of 2,3-diphenyl-4H-oxofuro[3,2-c]benzopyran have been

synthesized and evaluated as possible antifertility agents'*.
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Sharada et al, have synthesized 2-aroyl-3-methyl-7-phenyl-5H-furo[3,2-g)
[1]benzopyran-5-ones for their antifertility activity. However, none of these compounds
194

were found to exhibit antifertility activity =

Synthesis of some 9,10-diphenyl-5-oxo-5H-benzofuro[6,5-c]benzopyran have been
reported by Rao et al. Considerable anti-implantation activity was observed with some of
the newly synthesized compounds'®.

Rao and Somayajulu have synthesized several benzopyran derivatives and noticed
that many synthesized compounds possessed significant anti-implantation activity in
ratsl%'l97.

Derivatives of furans, benzofurans and naphthofurans

Several furan derivatives have been synthesized and when evaluated for in vitro for
binding to the estrogen receptor and in vivo for uterotropic and antifertility activities
revealed that, 4',17-dioxo-5'H-estra-1(10),4-dieno[3,2-b]furan was capable of inhibiting
(BH)E2 binding by 16%, while still eliciting high uterotrophic and post coital
antiimplantation activities relative to estradiol'**.

Substituted furan compounds such as 2,3,4-triphenylfurans and 2,3,4-triphenyl-5-

methylfurans have been synthesized and evaluated their antifertility effect on albino rats'”’.

CeH, H,C, CH,
I 73
C.H, H,C

0 (0] CeH;

H,Cq

2,3,4-Triphenylfurans 2,3,4-Triphenyl-5-methylfurans
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Kar et al., synthesized 2-phenyl-3-diéthylpyrolidinoethoxy-6-methoxy benzofuran
hydrochloride and investigated its biological activities. These investigations revealed that,
this compound has got antifertility activity when administered orally*™.

Several 2,3-diphenylbenzo and  5,6-polymethylbenzofurans, 1,2-diphenyl
naphthofurans and many other related compounds have been shown to exert antifertility
action”',

Antiuterotrophic activity of some derivatives of benzofurans and naphthofurans
has been reported in literature®”. In this connection, Saksena et al., investigated the
pharmacological properties of some benzofurans with special reference to their anti-
inflammatory and antifertility activities®.

Tiwari and co-workers carried out an extensive research work on synthesis of
antifertility agents. In this connection, they reported the synthesis of diphenylnaphtho
[1,2-b] and diphenylnaphtho[2,1-b]furans®*.

Derivatives of pyridine

Cook et al., have synthesized analogs of (4aRS, 5SR, 9bRS)-2-ethyl-2,3,4,4a,5,9b-
hexahydro-7-methyl-5-p-tolyl-1H-indeno[1,2-c]pyridyne and tested in mice for male
antifertility activity. They studied this activity with special reference to the ability of the
compounds to reduce testes weight and disrupt spermatogenesis. Some of the tested
compounds proved to be effective antifertility agents?.

Derivatives of pyridazine

In continuation of the research work for the discovery of potential antiestrogens,

Ismail et al., have synthesized few pyridazine derivatives and screened them for antifertility

activity®®.
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Derivatives of quinolines and isoquinolines

Several derivatives of quinoline and isoquinoline have been reported to possess
antifertility activity both in male and female. A new series of non steroidal female
antefertility agents such as, 1-phenyl-2-phenethyl-1,2,3 4-tetrahydroisoquinolines have
been shown to exhibit antifertility activity by Paul et al*”’.

Sangwan and et al., synthesized several 3-Aryl-4,5-dihydro-2-substituted-5-tosyl-
2H-pyrazolo[4,3-c]quinolines and evaluated them for their CNS, CVS and antifertility
activity. However, none of the compounds were found to possess considerable antifertility
activity™®.

Basic ethers of 1-(4-hydroxyphenyl)-2-phenyl-1,2,3,4-tetrahydroquinoline have
been shown to exhibit antifertility activity®”.

Kulkarni et al., took up a major research programme devoted towards the
synthesis of several nitrogen heterocycles having potential antifertility activity. In this
regard, they have synthesized 10,12-substituted [1,4]-benzoxazino [3,4]-quinazolin-8-
ones, 2-(N,N-substituted-aminomethyl)-3-(2-pyridyl)-4(3H)-ox0-3,1-quinazolines and
several derivatives of quinazolin-4-one and screened them for antifertility and anthelmintic
activities. The work carried out by theses scientists has resulted in severai rasearch
publications®'*%'2,

Kelkar et al., have synthesized some 2-acetyl-3-aryl-5-tosyl-7/8-H(or methoxy)-
3,3a,4,5-tetrahydropyrazolo[4,3-c]quinolines and tested them for their antifertility activity.

In preliminary screening, two of the synthesized compounds have been found to prevent

pregnancy at 20 mg/kg dose in female albino rats*"’.
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4-Nitroisoquinoline synthesized by Chaudhary has been shown to exhibit

considerable antifertility activity®'*.

Chloroquin, which is generally known as antimalarial drug, has also been shown to
exhibit antifertility activity in male rats®'’.

Winters et al., have tested the pregnancy terminating activity of pyrazolo[1,5-a]
indoles and quinolines. The new pyrazoles were found to be more active for abortifacient
activity®'S.

Derivatives of benzopyranopyridazines

It is well known fact that when two or more heterocycles are connected to each
other, the resulting compounds will be having enhanced pharmacological and biological
activities than the individual heterocycles. Hence, Hajela et al., have synthesized some
substituted benzopyrano pyridazines and pyridazines for their antifertility activity®"”.

The above facts clearly reveal that compounds possessing both male and female
antifertility activity could be obtained from various medicinal plants as well as by the way
of synthesis in the laboratory.

The worldwide use of indigenous plant products, to regulate fertility, may indeed
prove a rich source of information on a variety of possible new approaches to
contraception. Research in traditional medicines and ethnopharmacology, all over the
world, has received more attenfion from the Governments of various countries as well as
the World Health Organization. It is widely acknowledged that India has tremendous
wealth of medicinal plants. Hence, investigation of medicinal plants for various biological

and pharmacological activities and their phytochemical studies is a very fruitful field for

further research work.
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Kuvempu University, which is situéted in the heart of Malnad region, has
enormous source of medicinal plants. More than 50% of the flora in this area is useful to
mankind for the treatment of diseases starting from simple cold and cough to very
complicated diseases like cancer and AIDS.

Survey of literature revealed that not much work has been carried out on these
medicinal plants, as regards to their phytochemical investigé.tion and pharmacological
studies, available around Kuvempu University area. Many Ayurvedic pandits and Unani
hakims of this region have been using some of the medicinal plants for Jertility control
both for male and female. Moreover there are plenty of unwritten evidences of usage of
these medicinal plants in folklore.

These facts encouraged us to enumerate medicinal plants of this area, which are
useful as antifertility agents. The same has been presented in Chapter-2.

Several heterocyclic compounds containing furan, benzofuran, naphthofuran,
quinoline and isoquinoline moieties in them have been found to possess various
pharmacological properties including antifertility activity, as discussed earlier. Many
naphthofuran compounds possessing nitrogen heterocycle either in condensed form or in
coupled form have been synthesized by well-established procedures in our laboratory.
Many of these compounds synthesized have been found to possess wide spectrum of
biological and pharmacological activities. Several research papers have been published,
describing the synthesis of naphthofuran derivatives and their antimicrobial, anthelmintic,

analgesic, antiinflammatory, diuretic and antifertility activites®'**%.
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From the above discussion it is very clear that the compounds exhibiting

antifertility activity possess diversified structures belonging to different classes including

heterocyclic compounds. Some of the heterocyclic compounds encompass furan,

benzofuran, naphthofuran and pyrimidine ring systems in their structures. This provides

extensive field of research work in the direction of synthesis of many heterocyclic systems

either condensed or coupled with each other. Encouraged by the wide scope of synthetic

research work in this area, it was contemplated to synthesize condensed heterocyclic

systems enclosing both naphthofuran and pyrimidine rings and evaluate them for various

pharmacological activities and antifertility activity.

For a systematic presentation, the work now carried out is presented on the

following lines.

¢

Enumeration of medicinal plants for antifertility activity in and around Shimoga
and Chitradurga.

Extraction and phytochemical investigation of the plant Balanites Roxburghii.
Analysis of soil.

Investigation of antifertility activity of the crude extracts in female albino rats.
Investigation of the crude extracts for antifertility activity in male albino rats.
Investigation of the crude extracts for other biological activities.

Separation, isolation and identification of compounds in crude extracts.
Antifertility activity of pure fraction (both in female and male).

Synthesis and evaluation of various pharmacological activities of some

naphtho[2,1-b] furo[3,2-d]pyrimidines derivatives.
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Kuvempu University area, situated in the heart of Malnad region, comprises of

three distinct regions as follows,

1. Malnad region (Chickmagalur district)
2. Semi malnad region (Shimoga district)
3. Maidan region (Chitradurga and Davanagere districts).

It has enormous wealth of flora and more than 50% of this is useful to mankind in

the treatment of several diseases. All the types of plants i.e. evergreen, seasonal, grown in

dry and irrigated lands, are available in this area, which are of medicinal importance.

Many government and non-government organizations have set up medicinal plant

gardens in this area. In these gardens, different types of medicinal plants have been

collected and maintained.

d)

The important medicinal plant gardens are listed below.

“Ashwini Aushada Vana” - At Gajanur near Shimoga.
Maintained by Department of Forest, Government of Karnataka.

Medicinal Plant Garden - At Malladihalli (Chitradurga district).
Maintained by private Ayurvedic Hospital at Malladihalli.

Garden of Medicinal Plants - At Agumbe (Shimoga district).

Maintained by Foundation for Revitalization of Local Health Traditions
(Government of Karnataka).

“Garden of Aushadi Sasyagalu” - At Koppa (Chickmagalur district).

Maintained by private ayurvedic college.

However, survey of literature revealed that, not much work has been done

regarding biological, pharmacological and phytochemical investigations of these plants.

Hence, there is a plenty of scope to take up research work in this direction.
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Thus, study of these medicinal plantsA with special reference to their antifertility
activity and other pharmacological activities has been initiated in our laboratory. In
addition, phytochemical investigation was also undertaken. Such type of work has been
done on Momordica dioica Roxb. and few papers have already been published'.

In continuation of this work, it was contemplated to investigate some more plants
for antifertility activity. Survey was carried out in all districts coming under Kuvempu
University area. Discussions with native Ayurvedic physicians and Unani he;.kims, who
practice age-old Indian System of Medicine (ISM), revealed that the fruits of the plant
Balanites Roxburghii have been in use as antifertility agents especially in males. Hence it
was planned to take up detailed investigation of the fruits of Balanites Roxburghii for its
antifertility, other biological activities and chemical constituents present in it. This plant
is available in Maidan region and semimalnad region. Chitradurga district, which comes
under Maidan region, has some protected forest area, in which this plant is available in
plenty. Hence, the plant was collected from Jogimatti protected forest area near
Chitradurga during fruiting season i.e. in the month of June. The location of the area from

which the plant is collected is shown in Figﬁre-Z.l.
2.1 About the plant Balanites Roxburghii

The genus Balanites belongs to the family Simarubaceae, which has Ailanthus
and Samadera as two other members. The plants of this genus are generally shrubs. There
are three species in this genus, which are as follows.

1. Balanites Roxburghii
2. Balanites aegyptica

3. Balanites pedicellaris



Figure-2.1  The location of area from which the plant Balanites Roxburghii is
collected i.e. Jogimatti protected forest area.
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Balanites Roxburghii is sometimeé placed in a separate family called
Balanitaceaé’. Tt is popularly known as Hingan or Hingota in Hindi, Hingala in Kannada,
Ringri in Telugu, Nanjunda in Tamil, and Ingudam in Sanskrit*,

2.1.1 Geographical distribution

Balanites Roxburghii is a small evergreen thorny tree growing in drier parts of
India, Arabia, Egypt, Eritria and tropical Africa. In India, it is distributed in Bihar,
Punjab, Delhi, Gujarat, Sikkim and in Deccan peninsula. It is frequently available in
scrub forests of southern interior Karnataka ie. Bangalore, Belgaum, Chitradurga,
Dharwad, Mysore and Tumkur during the months of March-July*>’.

2.1.2 Morphology:

The young parts of the plant are pubescent or tomentus or glabrescent. Twigs
armed with stout axillary or supra axillary spines, 1-6 cm long, which often bear leaves or
flowers.

Leaves : Leaves are alternate, 2-foliate ; petioles 3-6 mm. long ; leaflets elliptic or
varying from ovate or obovate pointed, 1.5 cm long ; petiolules up to 5 mm long.

Flowers : Flowers are small, greenish white, fragrant, in axillary fe'v or
many-flowered, short peduncled cymes or fascicles. Sepals 5, oblong-obovate, glabrous
outside, silky villous or glabrous inside, very little longer than the sepals. Stamens 10 ;
filaments subulate, glbrous ; anthers dorsifixed. Disc copular, with a 10-lobed glandular
margin. Ovary ovoid, silky, 5-celled ; ovules solitary in each cell ; style short, conical.

Fruit : Fruit is an ovoid drupe, 2.5 - 6 cm long, on a short thick stalk, faintly
5-grooved, pale yellow when ripe ; pulp 5 mm thick with an offensive greasy smell ;

stone hard, fibrous. It has an average weight of 10 gm.
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Seed exalbuminous ; embryo with thick plano-convex, cornegated or 2-lobed
cotyledons and a superior radicle.

The photograph of the plant and fruit are shown in Figure-2.2 and Figure-2.3.
2.1.3 Medicinal uses

The survey of literature revealed that, plant as a whole and many parts of this
plant, find applications for the treatment of various ailments.

In Sushrutha, this plant is prescribed in the treatment of snakebite. The flowers
are sweet smelling, are used to cure “watha and kapha”. The bark, unripe fruit and leaves
are used as purgative and are considered to have anthelmintic properties. The fruits are
also found to be associated with alexipharmic, analgesic and antidysenteric activities It is
also known to remove watha and cure ulcers. The fruit is also used in the treatment of
many skin diseases including leucoderma. There are reports in the literature of fruits
being used for rat bites also. The seeds are used in coughs, colics and also used as
expectorants™”,

Dixit et al., have tested fruit pulp extract of this plant in dogs for hyperglycemia
induced testicular dysfunction®,

The root bark of this plant is used for curing herpes zoster disease’.

2.1.4 Phytochemical investigations

Even though considerable work has been done, as for as phytochemical
in}'estigation on Balanites aegyptica, there are only few reports of such investigations on
Balanites Roxburghii and Balanites pedicellaris. The phytochemical investigations

carried out on Balanites Roxburghii, have been summarized in the following pages.



Figure-2.2  Photograph of the plant Balanites Roxburghii.

Figure-2,3  Photograph showing the fruits of the plant.
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The leaves are found to contain diosgenin, the percentage of which varies
depending upon the season®. This compound is also reported to be present in the stem
bark of this plant’.

Diosgenin glucoside was isolated from fresh roots of Balanites Roxburghii and its
structure was established on the basis of NMR and mass spectral data'®.

- Amalraj carried out research on various pigments present in the leaves. The
results revealed that level of chlorophyll and carotenoid pigments show similar monthly
variations'!.

In Gujarat, it is observed that Sambar strips the bark of the trees of different
families including Simurubaceae, especially in the summer season. During this -season,
the percentage of proteins and carbohydrates were found to be high in Balanites
Roxburghii'?.

Amalraj and Satyanarayana carried out research on fruit development of Balanites
Roxburghii®®.

Some new steroidal glycosides (I) have been isolated from different parts of this
plant. They have diosgenin as common aglycon whereas sugar moieties consisted of
either glucose and rhamnose or glucose, arbinose, xylose and rhamnose in different

proportions' ¥,
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|
R = Glu[(2 = 1)Rha](4 —> 1)Glu(2 =1)Rha

R = Glu[(2 =1)Rha](3 — 1)Glu(6 —=1)Xyl
R = Glu[(4 —=1)Rha](2 — 1)Rha

A new saponin with insect antifeedant activjty has been isolated from the stem
bark and characterized as (25R and S)-spirost-5-en-3b-ol-3-O-[a-L-rhamnopyranosyl
(1,2)]-b-D-glucopyranosyl(1,3)-b-D-glucopyranosyl(1,4)-b-D-glucopyranoside. In
addition to this, two other known saponins were identified as deltonin and
protodeltonin'®.

Keeping in view of the above facts, it is now contemplated to subject the fruits of
Balanites Roxburghii for a detailed investigation of its antifertility activity. It is also
planned to evaluate other pharmacological activities of the fruits systematically.

It is well known that steroids have severe harmful side effects. Hence, in the
present work it is envisaged to isolate non-steroidal active principles of the fruits of this

plant.

Kuvempu University Library
Jnana Sahyadri, Shankaraghatta

p 4

SHo
PAD
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© 2.2 Extraction of the fruits of Balanités Roxburghii

The fruits of Balanites Roxburghii were collected at Jogimatti protected forest
area, near Chitradurga, in the month of June (fruiting season). The plant was
authenticated by comparing with herbarium (F.D.D. 822) maintained at Department of
Biotechnology, Kuvempu University, Shankaraghatta.

The collected fruits were sprayed with ethanol to prevent enzymatic reactions, and
shade dried to prevent photochemical reactions. The coarsely powdered material (450 g)
was extracted successively with petroleum ether (60°-80°C, 2 1), chloroform (2 1), and
ethanol (2 1) in a soxhlet extractor. After each extraction, the remaining residue was shade
dried and then used for next extraction. Each extraction was carried out for 16 hr
(approximately 40 cycles). The remaining plant material was extracted by maceration
with water at room temperature for 7 days. The petroleum ether, chloroform, and ethanol
extracts were concentrated to dryness in a rotary flash evaporator under reduced pressure
and controlled temperature. The aqueous extract was concentrated on water bath by slow
evaporation at 50°-60°C. The yield, color and consistency of each extract is given in the
Table-2.1.

Table-2.1 Yield, Color and Consistency of the extracts.

Extract Yield Color and Consistency
Petroleum ether 10g Yellow viscous liquid
Chloroform 2g Greenish black paste
Ethanol 28¢g Dark brown paste
Aqueous 20g Brown solid

All the extracts were preserved in a refrigerator.
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23 Phytochemical investigation of the crude extracts

Each extract was subjected to phytochemical investigation to study the presence of
the following constituents
1. Alkaloids
2. Steroids and Triterpenoids
3. Carbohydrates
4. Flavonoids
5. Phenolic compounds and Tannins
6. Saponin glycosides
7. Proteins and Amino acids
8. Lignans
9. Coumarins
10. Chalcones
11. Aurones
12. Anthraquinones
~ 13. Irridoids
14. Phytosterols
15. Fixed oils and fats
16. Gums and mucilages

17,18

Standard procedures """ were followed to carry out various tests and the results are

presented in Table-2.2.
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Table-2.3 Summary of phytochemical investigations

Sl No. Extract Constituent present

1 Petroleum ether extract | Steroids, triterpenoids, saponin glycosides,
Steroids, triterpenoids, saponin glycosides,

2 Chloroform extract phytosterols, fixed oils and fats.
Carbohydrates, flavonoids, phenolic

3 Ethanolic extract compounds and tannins, saponin glycosides,
proteins and amino acids.

4 Aqueous extract Carbohydrates, alkaloids, proteins and

amino acids.
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It is well known fact that chemical constituents of the given plant, varies
depending upon factors like climatic condition and nature of the soil. The compoéiﬁon of
soil plays vital role in the biosynthesis of various chemical components of plants. Hence,
number of constituents and their relative percentage present in plant, changes from place
to place and season to season. This factor also depends on the age of the plant. Many a
times it is observed that there is a large variation in relative percentages of the'
constituents when collected from different areas.

Therefore, it was contemplated to carry out soil analysis of the soil of the area
from which the plant material i.e. fruits of Balanites Roxburghii were collected.

The soil analysis was carried out as detailed below:

1. Sample collection

2. Testing of the soil for its constituents
a) Determination of pH
b) Determination of available carbon
c) Determination of available phosphorous
d) Determination of potassium content and
e) Determination of micronutrients

For these determinations standard procedures available in the literature were
adopted'”.

3.1 Sample Collection

Soil samples were collected from different sites, from the place of collection of
plant material i.e. at Jogimatti protected forest area near Chitradurga. Totally six samples

were collected as described below:
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Sample 1 — Collected near the plant 1 of Balanites Roxburghii at 1 foot depth
surrounding the tuberous roots.

Sample 2 — Collected 3 mt. away from the plant.
Sample 3 — Collected 15 mt. away from the plant.

Sample 4 — Collected near the plant 2 of Balanites Roxburghii at 1 foot depth
surrounding the tuberous roots.

Sample 5 — Collected near the plant 3 of Balanites Roxburghii at 1 foot depth
surrounding the tuberous roots.

Sample 6 — Collected near the plant 4 of Balanites Roxburghii at 1 foot depth
surrounding the tuberous roots.

All the samples were sun dried for 2 days, powdered and mixed in cqual
quantities to prepare the sample for testing. The mixed sample was heaved and divided
into 4 quarters. Opposite quarters were discarded and the remaining quarters were once
again mixed and heaved and divided into four quarters. This process was repeated so as

to get around 500 gm of the sample for soil analysis.
3.2. Soil Testing

The collected soil sample was tested for the following parameters:
3.2.1 Determination of pH of the soil

pH of the soil is an indicative measure of chemical and biochemical properties of
the soil under consideration. It includes ion exchange, retention of ions by colloids,
biclogical activity and nutrient availability in soil. Thus, the soil pH assists in
understanding the fertility status of the soil and also it is a parameter used in the
classification of the soil.

The pH of the soil was determined by potentiometric method.
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Potentiometric Method
The soil sample for the determination of the pH was prepared as follows,

Soil sample (10 g, 2 mm sieved) was mixed with distilled water (20 ml) and the
mixture was stirred for half an hour. The two electrodes used in this experiment were
glass electrode, which served as indicator electrode and calomel electrode, which served
as reference electrode.

The electrodes were immersed in the suspension of the soil and emf of the cell
was recorded after stabilization. The pH of the solution was calculated by using the
following equation

emf of the cell (E)

pH = >
2.303 RT/nF

Where R = Gas constant
T = Temperature
n = Number of electrons
F = Faraday constant
E = Electrical potential of the cell

At 25°C, the equation (1) can be written as
emf of the cell

pH = > @
0.0591

The emf of the cell in this case was observed to be 0.3568 V. Substituting this value in
equation (2)

0.3568
pH= =57
0.0591
Therefore, the pH of the soil under investigation was found to be 5.7. This value

indicates that the soil sample is slightly acidic in character.
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3.2.2 Determination of organic carbon in soil

Nitrogen is an essential constituent of the plant, which they get from soil. Thus
percentage of nitrogen in the soil, plays a significant role as for as fertility is concerned.
Generally, carbon and nitrogen exists in a definite ratio of 10:1 in almost all soils. Hence,
the determination of organic carbon in the soil, leads to the percentage of nitrogen in it.
Generally, colorimetric method is adopted for the determination of organic carbon.
Principle : Organic matter of the soil is oxidized by potassium dichromate solution in
presence of dilute sulphuric acid. Potassium dichromate, being oxidizing agent, oxidizes
the organic carbon of the soil to carbon dioxide. The corresponding amount of potassium
dichromate is reduced to green colored chromium sulphate. The intensity of this color
thus depends on the amount of organic carbon present in the soil. Thus, by measuring the
amount of chromium sulphate liberated by colorimetric method, the amount of carbon
can be determined.

K2Cr,07 + 4HS04 > K3S04 + Crz (SO4)3 + 4H,0 + 3[0],
3C+6[0] = 3CO,

Colorimetric Method

The procedure for the determination of carbon content by colorimetric method
involves the following steps.
Preparation of reagents :
1). Potassium dichromate solution (1N) was prepared by dissolving potassium

dichromate (29.04 g) in distilled water (1000 ml).

2). Standard sucrose solution was prepared by dissolving sucrose (0.5 g) in distilled

water (1000 ml).
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Standard curve:

Standard curve was obtained by oxidizing the carbon content in the sucrose.
Accurate volumes of standard sucrose solution i.e., 0, 1, 2, 3, 4, 5 and 6 ml were pipetted
out into different conical flasks and the volume was made up to 10 ml by adding
corresponding volume of potassium dichromate solution. Then, to each conical flask,
concentrated sulphuric acid (20 ml) was added slowly. The resulting solution was
allowed to stand for half an hour and distilled water (10 ml) was added and left overnight.
The intensities of the colours developed in different conical flasks were measured next
day with the help of colorimeter by using red filter at 660 nm. The graph of concentration
against absorption was plotted to get the standard curve.

Soil sample (10-15 g) was ground and sieved through 100 mesh sieve. Then, 1 g
of this sample was transferred to a conical flask (100 ml). To this, standard potassium
dichromate solution (10 ml) and concentrated sulphuric acid (20 ml) were added slowly.
After Half an hour, this solution was diluted by adding distilled water (10 ml). It was left
overnight and next day the intensity of the color was measured by using colorimeter.

With the help of this reading, using standard curve, the percentage of organic
carbon present in the soil was calculated with the help of the following equation.

Percentage of organic carbon = Graph reading x 0.042

=5.952 x 0.042
=0.25

Hence, the percentage of carbon in soil sample was found to be 0.25% and
corresponding nitrogen content was calculated as 0.025%. The results indicate that the

soil is less fertile with respect to organic carbon.
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3.2.3 Determination of available phosphorous (kg/acre)

Numerous methods are available for determination of phosphorous in soil
samples. However, molybdenum blue method is most sensitive and widely used method
for accurate determination of available phosphorous.

Generally, available phosphorous in the soil sample is extracted in the solution
form. For this purpose mainly two extractants are commonly used.

1. Olsen extractant

2. Bray’s extractant

The proper extratcant was selected on the basis of the nature of the soil. Olsen
extractant is used for neutral and alkaline soils, whereas Bray’s extractant is used for
acidic soils. Bray’s extractant was used, as the soil under examination was found to be
acidic, to get available phosphorous in the solution form. It was estimated by converting
the dissolved phosphorous into phosphomolybdate complex. This complex was reduced
by using standard solution of ascorbic acid. The reduced compound has blue color, the
intensity of which depends upon the concentration of phosphorous present in the solution.
The intensity of the color can be measured colorimetrically.

H3PO4 + 12 H; MoO4 = H3P [M03040]4 + 12 H,O
Colorimetric method

The determination of available phosphorous by colorimetric method, involved the
following steps.

Bray’extractant : It was prepared by dissolving ammonium chloride (22.2 g) in distilled

water (200 ml). This solution was filtered and distilled water (18 1) containing
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concentrated hydrochloric acid (40 ml) was added. The resulting solution was further
diluted with distilled water to make the volume to 20 1.

Reagent A : Ammonium molybdate (12 gm) was dissolved in distilled water (200 ml).
Similarly potassium antimony tartarate (0.2908 gm) was dissolved in distilled water (200
ml). These two solutions were mixed and to the mixture, sulphuric acid (5N, 1000 ml)
was added and the solution was made up to 2 litres by using distilled water. The solution
was stored in cold and dark place.

Reagent B : It was prepared by dissolving ascorbic acid (1.056 g) in reagent A (200 ml).
This solution was prepared just before the experiment.

Stock solution of phosphorous pentoxide : Ammonium dihydrogen orthophosphate
(0.479 g) was dissolved in distilled water and the volume was made up to 1000 ml with
distilled water. This solution had 250 ppm concentration of P;Os.

Working standard : The stock solution (20 ml) of P,Os was diluted to 1000 ml by using
distilled water, to reduce the concentration of P,Os to 5.0 ppm.

Standard curve :

The working standard solution was accurately pippetted out 0, 2, 4, 6 and 10 ml
beakers (50 ml). To this solution, Bray’s extractant (5 ml) was added and the volume was
made to 20 ml by adding appropriate amount of distilled water. To the resulting solution,
reagent B (4 ml) was added and kept aside for 15-20 minutes. The intensity of the color
was measured using colorimeter. The graph of concentration against absorption was
plotted to obtain standard curve.

Soil sample (2.5 g) was taken and Bray's extractant (50 ml) was added, shaken

thoroughly and filtered. The above filtrate (5 ml) was taken in a separate conical flask



77

and to this, sulphuric acid (SN, 0.5 ml) and distilled water (16 ml) were added. To this
solution, reagent B (4 ml) was added, stirred well and allowed to stand for 15-20 minutes.
The intensity of the color developed was measured colorimetrically. The concentration of
available phosphorous present in the soil was determined by using standard curve as
follows.
Average P,Os kg/acre= A x 3.6
Where A is graph reading = 8.89
Therefore, Average P,Os kgs/acre = 8.89 x 3.6 = 32

Thus, the amount of available phosphorous in the soil under examination is 32
kg/acre, which indicates that the soil is highly fertile with respect to available
phosphorous.

3.2.4 Determination of potash (kg / acre)

) Mineral soils generally contain potassium in larger quantities than nitrogen and
phosphorous. Most of the potassium is present in the inorganic form as part of the
crystalline structure of mica, fieldspars and micaceous clay fraction.

The technique of flame emission spectroscopy (FES), formerly called flame
photometry, is employed for the determination of potassium present in the soil in terms of
available potassium oxide (in kg/acre).

Principle of FES :

In this technique, a solution containing metallic salt is aspirated into the flame.

The vapours now contain atoms of the metal. Some of these gaseous metal atoms absorb

energy and are raised to higher energy level to permit emission of radiation characteristic
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of that metal. The intensity of the radiation can be measured by using photoelectric
detectors.

The experiment is carried out in following steps.

Preparation of standard solution : The standard solution of 1000 ppm potassium oxide
was prepared by dissolving potassium chloride (1.583 g) in distilled water (1000 ml).
From this stock solution, 10, 20, 30 and 40 ppm K0 solutions were prepared by diluting
10, 20, 30 and 40 ml of stock solution with neutral ammonium acetate solution (1N, 1000
ml). The neutral ammonium acetate solution helps to extract potassium present in the soil
sample in solution form.

Procedure : The standard solutions having different concentrations (1.0 ml each) was
aspirated into the flame and intensities of the radiation was measured by using flame
emission spectrometer. The standard ‘curve was obtained by drawing a graph of
concentration (known solution) against intensity of the radiation and the similar
procedure was employed for soil sample.

Soil sample (5 g) was ground and neutral ammonium acetate solution (1N, 25 ml)
was added and the mixture was shaken thoroughly to get phosphorous present in the soil
sample to solution form. Then, the solution was filtered and 0.5 ml of this solution was
aspirated into the flame in the instrument. The intensity of radiation was recorded and
compared with the standard curve. The amount of potassium present in the soil was
determined by using the following equation,

A Volume of the extractant 2x 10°

Available K20 (Kg/acre) = X X
10 Weight of the sample 2.2
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A 25 2x10°
Available K,0 (Kg/acre) = X X
108 5 2.2
=Ax45

Where A = concentration of K,0 in ppm
Therefore, Available K,0 (Kg/acre) = 15.56 x 4.5
=70

From this value, it can be concluded that the soil sample under consideration is
moderately fertile with respect to available potash.
3.2.5 Determination of micronutrients

Sixteen elements are known to be essential for plants. Out. of these, seven are
classified as micronutrients, since their requirement is in small quantities. They are zinc,
copper, boron, molybdenum, chlorine, manganese and iron. These nutrients are present in
the soil in different forms viz.,

1. Available form

2. Unavailable form

For the determination of micronutrients, Atomic Absorption Spectrophotometer
(AAS) is widely used. Fe, Cu, Zn and Mn are determined using AAS by extracting them
with Diethylene Triamine Penta Acetic acid (DTPA).
Principle : If a solution containing metallic salt is aspirated into a flame, a vapour
containing atoms of metal may be raised to an energy level, which is sufficient to permit
the emission of radiation characteristic of the metal. However, a much large number of
these gaseous metal atoms will normally remain in ground state. These are capable of

absorbing radiant energy of their own specific resonance wavelength, which in general is
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the wavelength of radiation that the atoms would emit if excited from ground state.
Hence, if the light of resonance wavelength is passed through a flame containing atoms in
question, then, the part of light will be absorbed and the extent of absorption will be
proportional to thé: number of ground state atoms present in the flame. This is the
underlying principle of AAS. By using AAS, the amount of Fe, Cu, Zn and Mn present in
the soil sample are determined. The procedure involves the following steps.

Preparation of reagents

Extractant : DTPA (1.97 g) and calcium chloride dihydrate (1.47 g) were dissolved in
distilled water (500 ml). To this solution, triethanol amine (13.3 ml) was added and the
pH of the solution was adjusted to 7.3 by using hydrochloric acid solﬁ;(i(;n (5N) and the
solution was diluted to 1000 ml with distilled water.

Stock solution of zinc, 1000 ppm : Zinc metal (1.0 g) was dissolved in hydrochloric acid
(5N, 20 ml). Then, the solution was diluted to 1 litre with distilled water.

Stock solution of copper, 1000 ppm : Copper metal (1.0 g) was dissolved in nitric acid
solution (5N, 20 ml). Then, the solution was diluted to 1 litre with distilled water.

Stock solution of manganese, 1000 ppm : Manganese metal (1.0 g) was dissolved in
hydrochloric acid solution (5N, 20 ml). Then, the solution was diluted to 1 litre with
distilled water.

Stock solution of iron, 1000 ppm : Iron metal (1.0 g) was dissolved in hydrochloric acid
solution (5N, 20 ml). Then, the solution was diluted to 1 litre with distilled water.
Preparation of working standards

W;)fking standards of zinc : Stock solution of zinc (10 ml) was diluted to 1 litre by using

DTPA solution to obtain a solution of 10 ppm concentration. This diluted solution was



81

accurately pipetted out 2.5, 5, 7.5 and 10 ml and then diluted to 100 ml with DTPA
solution in a standard flask. This gave 0.25, 0.50, 0.75 and 1 ppm zinc solutions.
Working standards of copper : Stock solution of copper (20 ml) was diluted to 1 litre by
using DTPA solution to obtain a solution of 20 ppm concentration. This diluted solution
was accurately pipetted out 2.5, 5, 7.5 and 10 ml and then diluted to 100 ml with DTPA
solution in a standard flask. This gave 0.50, 1.00, 1.50 and 2 ppm copper solutions.
Working standards of manganese : Stock solution of manganese (10 ml) was diluted to 1
litre by using DTPA solution to obtain a solution of 10 ppm concentration. This diluted
solution was accurately pipetted out 2.5, 5, 7.5 and 10 ml and then diluted to 100 ml with
DTPA solution in a standard flask. This gave 0.25, 0.50, 0.75 and 1 ppm manganese
solutions.
Working standards of iron : Stock solution of iron (10 ml) was diluted to 250 mi by using
DTPA solution to obtain a solution of 10 ppm concentration. This diluted solution was
accurately pipetted out 2.5, 5, 7.5 and 10 ml and then diluted to 100 ml with DTPA
solution in a standard flask. This gave 1, 2, 3 and 4 ppm iron solutions.
Prf)cedure : The working standard solution (0.5 ml) of each concentration of each metal
ion) was aspirated into the flame of AAS and intensity of the radiation was recorded
separately. The standard curve was obtained for each of the solution separately by
plotting the graph of concentration against the intensity of radiation.

Soil sample (10 gm) was mixed with DTPA solution (20 mi). The mixture was
shaken mechanically for 2 hr. The solution was filtered and the filtrate (0.5 ml) was
aspirated into the flame of AAS and the intensity of radiation was recorded for zinc,

copper, manganese and iron using appropriate filters. By using this intensity of radiation,
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the concentration of these metals was determined with the help of standard curves. The
exact amount of these micronutrients was calculated by using the following equation.
Xppm  Volume of the extractant

Available micronutrients in ppm = X x 10
10 Weight of the sample

X ppm 20
Available micronutrients in ppm = X x 10
10° 10
=Xx2

Thus, available zinc in the soil sample = 0.15 x 2 =0.30 ppm
Available copper in the soil sample = 0.275 x 2 = 0.55 ppm
Available manganese in the soil sample =2.25 x 2 = 4.50 ppm
Available iron in the soil sample = 3.625 x 2
=17.25 ppm
From values obtained, it can be concluded that the soil sample under
consideration has a deficiency of zinc and moderately fertile with respect te available

copper, manganese and iron.



Table-3.1 Summary of the soil analysis

SL No. | Examined parameter | Unit Report | Nature of the soil

1 pH -- 5.7 acidic

2 Organic carbon % 0.25 highly fertile

3 Available phosphorous | Kg/acre 32 moderately fertile
| 4 Available potassium Kg/acre 70 highly fertile

5 Zinc Ppm 0.30 deficiency

6 Copper Ppm 0.55 fertile

7 Manganese Ppm 4.50 fertile

8 Iron Ppm 7.25 fertile

83
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Pharmacological evaluation of crude extracts

The plant Balanites Roxburghii is known to exhibit many dynamic biological and
pharmacological activities'™. Particularly, the fruits of this plant are being used for male
antifertility by folk physicians of Chitradurga. Hence, it was contemplated to subject the

crude extracts of the fruits of this plant for investigation of the following activities.

Antifertility in female
Antifertility in male

Antimicrobial

c 0o w »

Anthelmintic
E. Anti-inflammatory
F. Analgesic

G. Diuretic

4.A Antifertility efficacy of crude extracts of the fruits of Balanites
Roxburghii in female rats |

Antifertility effect of any drug in female can be ascertained by studying the
following parameters.
1) Post-coital antifertility activity in female rats
2) Estrogenic and antiestrogenic activity in young female rats.

3) Biochemical changes.
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4.A.1 Post-coital antifertility testing in female rats

Post-coital antifertility testing was carried out in female Wistar rats as per the
method described by Khanna and Chaudhury®. Colony bred virgin female albino rats of
Wistar strain were used. All animals were maintained under controlled standard animal
house conditions, fed food as prescribed by Central Food Technological Research
Institute (CFTRI) and water ad libitum. These female rats were monitored daily for
different stages of estrous cycle. The rats weighing between 150-200 g of proven fertility
and with regular estrous cycle were selected for this experiment. The rats, which were in
proestrous stage were separated and caged with male rats that had sired litters before, in
the ratio of 2:1. Every morning the vaginal smears were examined for the presence of
lumps of spermatozoa. The day when spermatozoa were detected in the vaginal smear
was considered as day 1 of pregnancy. Then the pregnant rats were isolated and divided
into nine groups of six animals each.
Dose fixation

Dose fixation was carried out by stair-case method® on Swiss strain albino mice
(80-100 g body weight). It was observed that none of the extracts were found to be lethal
even at the dose of 3000 mg/kg body weight. Hence 1/10™ of 3000 mg/kg i.e. 300 mg/kg
body weight of the crude extracts was fixed as the dosage. As the extracfs were found to
be non-toxic, double of this dose i.e. 600 mg/kg body weight was also chosen to ascertain
the response of the animals and also to study the dose dependency.

The extracts were administered at the dose levels of 300 mg/kg and 600 mg/kg

body weight through intragastric catheter from day 1 to day 7 of the pregnancy. The
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animals were laprotomised under light ether anaesthesia on day 10 of pregnancy and both

the horns of the uterus were observed for number, color and size of implants.

Simultaneously, the number of corpora lutea were also noted. The abdomen was

sutured and the pregnancy was allowed to go to full term. After the delivery, the litters

were counted, weighed and examined for terratogenicity. The litters were allowed to grow

to check post-natal growth and monitored for any congenital abnormalities. The

observations made are presented in the Table-4.1. The photographs showing the uterus of

the rat are represented in Figure-4.1 and Figure-4.2.

Table-4.1 Abortifacient activity of the extracts of fruits of Balanites Roxburghii.

Dose No. of Mean Mean Percentage of
Treatment mg/kg Group | ., rats Wlﬂ.l . No. of 1‘.10. of abortifacient
body implantation | implants litters activi
weight sites on day 10 | on day 10 | delivered &y
Control - I 6 11.00 11.00 -
Petroleum 300 11 6 11.28 8.33 26.15
ether
extract 600 III 6 10.86 7.33 32.50
Chloroform 300 v 6 11.63 9.50 18.31
extract 600 \ 6 11.92 9.16 23.15
Ethanol 300 VI 6 12.37 6.66 46.16
extract 600 | VII 6 12.94 5.16 60.12
Water 300 VI 6 12.60 10.16 19.36
extract 600 IX 6 11.62 9.04 22.20




Figure-4.1  Photograph of uterus of the rat without implantation sites.

Figure-4.2  Photograph of uterus showing the implantation sites.



FIGURE - 4.1

FIGURE —4.2
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Petroleum ether extract and ethanol extract of the plant Balanites Roxburghii were
found to possess abortifacient activity. The phytochemical investigatioqs have proved the
presence of steroids in petroleum ether and chloroform extracts. Hence, only the ethanolic
extract was taken up for the detailed investigation of estogenic and antiestrogenic activity
in Wistar strain albino rats to investigate the possible mechanism of its antifertility action.
4.A.2 Estrogenic and antiestrogenic activity

Colony bred Wistar strain immature female albino rats, aged 21-23 days,
weighing between 35-45 g were bilaterally ovariectomised under light ether anaesthesia
and under sterile conditions. They were divided into 4 groups consisting of 6 rats each.
The first group served as control and received vehicle only (Tween-80, 1%, 5 ml/kg). The
second group received ethinyl estradiol in olive oil (1 pg/rat/day) subcutaneously. The
third group received ethanol extract at the dose of 600 mg/kg body weight. The fourth
group received, in addition to ethinyl estradiol (1 pg/rat/day), ethanol extract at the dose
of 600 mg/kg body weight. All the above treatments were given for 7 days. Vagina and
the vaginal smears were examined in all the animals in the treated groups for 7 days of
treatment. On day 8, the rats were sacrificed by decapitation, the uteri were dissected out
and the exact weights of the uteri were recorded. The two horns of the uterus were
separated, one of the horns was used for investigation of biochemical changes and the
other was utilized for histological studies. The separated horn was fixed in Bouin’s fluid
for 25 hr for histological studies. The diameter of the uterus, thickness of endometrium
and the height of endometrial epithelium were measured in 10 randomly selected sections
using a calibrated occular micrometer. The statistical analysis was carried out by using

student’s ‘t’ test. The results were expressed as meant SEM. The findings are



summarized in Tables-4.2 and Table-4.3. The photographs of the histological

observations of the uterus of the rats are represented in Figure-4.3 to Figure-4.6.

Table-4.2 Estrogenic and anti

estrogenic activity of the ethanol extract of fruits of

- Balanites Roxburghii.
Treatment group Uterine weight Vaginal
Group
(Dose/day) inmg+ SEM | cornification
I Control 62.14 +4.52 | Mucleated and
cornified cells
I Ethinyl estradiol 302.72 £ 13.38° | cornified cells
(1 pg/rat)

Ethanol extract . nucleated and
1 (600 mg/kg) 114.81 £9.17 cornified cells

Ethinyl estradiol (1 pg/rat) + . . .
\Y ethanol extract (600 mg/kg) 322.16 £ 9.62 comified cells

*p <0.001 vs control, student’s t-test, n=6

Table-4.3 Histological changes in the uterus

. Height of
Diameter of Thickness of the
Treatment the .
Group the uterus . endometrial
(Dose/day) endometrium e 1s
(um) £+ SEM (um) + SEM epithelium
H (um) + SEM
I Control 356.56 + 6.06 52.82+2.18 | 28.14+1.06
gy |Ethinyl estradiol 86124 +2.84 | 247.63 192" | 48.72£9.12"
(1 pg/rat)
Ethanol extract o o .
III (600 mg/kg) 571.40 + 1.48 75.92 +1.12 37.63 £1.52
Ethinyl estradiol
v (1 pg/rat) + ethanol 911.10 £2.66" | 268.32 +4.38° | 54.44 £3.72°
extract (600 mg/kg)

* p <0.1 when compared with control,

** p< 0.01 when compared with control



Figure-4.3

Figure-4.4

Photograph of the cross section of the uterus of immature control rat
showing normal myometrium and very few endometrial glands.

Photograph of the cross section of the uterus of immature rat treated with
ethinyl estradiol at 1 pg/rat/day showing increase in height of
myometrium, endometrium and endometrial glands.

ED Endometrium

EG  Endometrial gland
EP  Epithelium

MY Myometrium

L Lumen






Figure-4.5

Figure-4.6

Photograph of the cross section of the uterus of immature rat treated with
ethanol extract of the fruits of Balanites Roxburghii at 600 mg/kg body
weight showing mild estrogenic activity. Endometrial glands are visible.
Height of myometrium and endometrium is increased.

Photograph of the cross section of the uterus of immature rat treated with
ethanol extract of the fruits of Balanites Roxburghii at 600 mg/kg body
weight along with ethinyl estradiol at 1 pg/rat/day showing endometrial
glands, reduction in lumen and increase in thickness of endometrium.

ED  Endometrium

EG  Endometrial gland
EP  Epithelium

MY  Myometrium

L Lumen
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4.A.3 Biochemical changes

The biochemical changes in the uterus of the treated rats were carried out to know
the effect of ethanol extract on the total protein content and total glycogen content of the
uterus. Total protein content and glycogen content were estimated by the method as
described by Lowry® et al., and Good’ et al., respectively.
Estimation of total protein

Proteins are the polymers of amino acids, which are linked to each other by
peptide bonds. Proteins are present in all living organisms since they form the structural
and functional basis of the cell.
Principle : Proteins react with Folin-Ciocalteu reagent (FCR reagent) to give a blue
colored complex. The color so formed is due to the reaction of alkaline copper with
protein and the reduction of phosphomolybdic-phosphotungstic components in the FCR
reagent by the amino acids tyrosine and tryptophan present in the protein. The intensity of
blue color is measured colorimetrically.
Procedure : The tissue (0.5 g) was ground with ice-cold water (5 ml) and diluted with
distilled water (10 ml). Aliquot sample (1 ml)was taken in a separate test tube and
alkaline copper reagent (5 ml)was added, mix well and incubate at room temperature for
10 minutes. FCR reagent (0.5 ml) was added to this solution, mixed well and incubated at
room temperature in dark for 30 minutes. The intensity of blue color that developed was
measured colorimetrically at 660 nm.

Absorbance of solutions of standard protein at different concentrations was
measured and a standard curve was constructed by plotting the concentration on x-axis

and absorbance on y-axis.
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Amount of protein was calculated by comparing the absorbance of tissue protein

solution with the graph and using the formula

protein value Total volume

from graph (mg) of extract (ml)
Amount of protein present = X x 100
present in sample (mg/100gm) Aliquot sample Weight of the

used (1 ml) sample (mg)

Estimation of glycogen

Glycogen is the major storage polysaccharide in the liver and musqle of the animals.
It is a highly branched polymer made up of D-glucose units linked by both a-1,4 and a-
1,6 glycosidic bonds. In a well-fed animal, glucose is converted to glycogen in the liver,
but during starvation, the liver glycogen is broken down to glucose.
Principle: Glycogen is released from the tissue by heating with strong alkali, precipitated
by ethanol and separated by centrifugation. It is then hydrolyzed by dilute hydrochloric
acid, neutralized and 'estimated colorimetrically.
Procedure : The tissue (1.5 g) was taken into a calibrated centrifuge tube containing
potassium hydroxide (SN, 2 ml). It was heated on a boiling water bath for 20 minutes
with occasional shaking. The resulting solution was cooled in ice, and saturated solution
of sodium sulphate (0.2 ml) was added and mix thoroughly. The glycogen present was
precipitated by the addition of ethanol (5 ml), cooled in ice for 5 minutes and centrifuged.

The precipitated glycogen was dissolved in water (5 ml) by gentle warming. It was

diluted with water to 10 ml. Aliquot sample (1 ml) was taken into test tube and
concentrated hydrochloric acid (1 ml) was added. This solution was heatad on a boiling

water bath for 2 hr and neutralized with sodium hydroxide using phenol red as indicator.
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The neutral solution thus obtained was diluted with water (5 ml) and heated for 8 minutes
after the addition of anthrone-sulphuric acid reagent (4 ml). It was cooled rapidly and the
intensity of dark green color developed was measured colorimetrically at 630 nm.
Absorbance of solutions of standard glucose at different concentrations was
measured and a standard curve was constructed by plotting the concentration on x-axis
and absorbance on y-axis. Amount of glycogen was calculated by comparing the

absorbance of tissue glycogen solution with the graph and using the formula

Sugar value Total volume

from graph (mg) of extract (ml)
Amount of glycogen present = X — x 100
present in sample (mg/100gm) Aliquot sample Weight of the

used (1 ml) sample (mg)

The results are tabulated in Table-4.4.

Table-4.4 Biochemical changes in the uterus of the treated rats.

Treatment Protein content Glycogen content
(Dose) pug/mg + SEM pg/mg + SEM
Control 8.24 £ 0.40 1.52+£0.20
Ethinyl estradiol (1 pg/kg) 10.92 + 0.84 1.92 £ 0.45
Ethanol extract (600 mg/kg) 8.78 £ 0.30 1.50 £ 0.11
ft;h;;‘g} :i‘t’raaiif(légoﬁgfg; 12.41£0.15 2,06+ 0.5
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Results

All the extracts were evaluated for post-coital antifertility activity at the dose of
300 mg/kg and 600 mg/kg body weight. No toxic effects were observed either by gross
visual examination or in the weight of rats. After discontinuation of the treatment, all the
rats were mated. This resulted in pregnancy and delivery of normal litters, indicating that
the action of the extracts of fruits of Balanites Roxburghii is reversible.

There was no noticeable change in the color and size of the implants when
compared with rats of control group. These observations clearly indi_caie hat none of the
extracts possess antiimplantation activity. However, all the extracts exhibited
abortifacient activity. Amongst these, ethanol extract showed 46.16% abortifacient
activity at a dose of 300 mg/kg body weight and 60.12% at a dose of 600 mg/kg body
w;ight. All the animals in treated group showed open vagina, while the control group had
closed vagina. No vaginal bleeding was observed in any of the animals. This observation
revealed that all the implants have been absorbed by the uterus.

Oral administration of the .ethanol extract caused significant increase in uterine
weight. The uterotropic potency, as shown by the increase in weight of the uterus, was
about 40% in the case of ethanol extract, when compared with that of ethinyl estradiol.
This suggested mild estrogenic activity of the extract. This fact was well supported by
other parameters such as increase in diameter of the uterus, thickness of endometrium and
height of endometrial epithelium.

It was also observed that the ethanol extract potentiated the action of ethinyl

estradiol when administered together. This fact was well indicated by the significant
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increase in diameter of uterus, thickness of endometrium and height of the endometrial
epithelium.

Examinatioﬂ of the vaginal smears of the treated rats showed predominantly cornified and
nucleated epithelial cells.

The results of biochemical changes also support the observations made in
histological studies, that the ethanol extract of Balanites Roxburghii has mild estrogenic
activity. Administration of ethanol extract along with ethinyl estradiol at the dose of 600
mg/kg body weight and 1 pg/rat/day respectively for seven days, resulted in increase in
protein as well as glycogen content in the uterus.

Discussion

‘ In the present study, the extracts of the fruits of the Balanites Roxburghii were
tested at the dose of 300 mg/kg and 600 mg/kg body weight. All these extracts did not
exhibit any antiimplantation activity. However, abortifacient activity was exhibited by
these extracts. The ethanol extract showed 46.16% abortifacient activity at a dose of 300
mg/kg body weight and 60.12% at a dose of 600 mg/kg body weight.

It is a well known fact that for implantation and sustainance of pregnancy, exact
equilibrium of secretion of estrogen and progesterone is necessary. Any imbalance in the
levels of these hormones can cause antiimplantation or can induce abortion. Compounds
disturbing hormonal functions may evoke infertility. In this study, the histological
changes observed in the uterus of animals treated with various extracts supports an
unfavorable uterine milieu. Therefore, the abortifacient activity may be due to mild
estrogenic activity of the extracts causing expulsion or resorption of the implants by the

uterus.
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4.B Antifertility efficacy of the ethanol extract of the fruits of
Balanites Roxburghii in males.

Many plants are known to contain chemical component/s, which can affect
fertility in males. Gossypol is a very potent male antifertility agent, isolated from the
co;ton plant. After the discovery of this, many researchers have taken up screening of
various plants and their part/s for evaluation of antifertility effect in males.

Rural folk physicians of Chitradurga use the fruits of Balanites Roxburghii for
antifertiltiy activity. So far, this plant has not been studied for its male antifertility
activity. Therefore, the present investigation has been undertaken to examine the possible
androgenic and antiandrogenic effect of the ethanol extract of fruits of Balanites
Roxburghii.

The antifertility activity of the ethanol extract of fruits of Balanites Roxburghii in
young male rats was ascertained by studying the following parameters.

1) Androgenic/antiandrogenic activity in young male rats.

2) Bioche‘mical changes.

4.B.1 Androgenic/antiandrogenic activity

The androgenic/antiandrogenic activity has been carried out by following the
method as described by Lohiya and Goyal®.
Materials and Method

Colony bred young male albino rats, (Wistar strain) 22 days old and weighing
between 28-32 g, were used for the evaluation of androgenic or antiandrogenic activity.
They were divided into four groups, each group comprising of six animals. The first

group served as control and received the vehicle (Tween-80, 1%, 5 ml/kg). The second
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group received testosterone suspension in 1% Tween-80 solution at the dose of 1 mg/kg
subcutaneously. The third group received the suspension of ethanol extract in Tween-80
(0.1%, 1 ml) at 600 mg/kg body weight. The fourth group received, in addition to
testosterone, a test dose of the ethanol extract at 600 mg/kg body weight. All the
treatments were given for seven days. On eighth day of the experiment, all the animals
were sacrificed by decapitation. The testes, epididymes, vas deferens, seminal vesicle and
the ventral prostrate were dissected out, freed from surrounding tissues and weighed
quickly on a sensitive balance. Gravimetric changes were recorded and shown in Table-
4.5 and Table-4.6. The photographs showing the histological observations of the testes of

the rats are represented in Figure-4.7 to Figure-4.10.

Table-4.5 Effect of the ethanol extract of the fruits of Balanites Roxburghii on the
. weights of male reproductive organs when fed orally to young male rats
for seven days (in mg/100 g body weight + SEM).

Group Treatment Testes S\::il:;:l p‘:z:tt::tle det"’e:':ns Epididymes
dose (mg/kg) | + SEM + SEM + SEM + SEM + SEM
L | Control 647.76 49.26 56.68 31.52 7942
ontro +16.26 +2.16 +6.21 +3.65 +6.84
| Testosterone 654.32 78.45 89.46 44.81 88.73
(1 mg/kg) +14.62° +0.52" +4.83" +4.58* +814°
- fft‘r‘:;‘t" 58631 36.73 42.84 26.07 61.03
. " + * +
(600 mg/ke) +31.45 +1.68 +4.29 +3.12 +7.65
Ethanol
extract
| 642.05 38.31 45.97 29.76 62.82
IV 1 (600mghkg)+ |\ o ae | 11747 +3.12" | +228" +4.45"
testosterone
(1 mg/rat)

* p <0.1 when compared with control,
*** p<0.001 when compared with control,

** p<0.01 when compared with control
+ p<0.5 when compared with control




Figure-4.7  Photograph showing the cross section of testes of immature control male
rat.

Figure-4.8  Photograph showing the cross section of testes of immature male rat
treated with testosterone at 1 mg/rat/day.
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Figure-4.9

Figure-4.10

Photograph showing the cross section of testes of immature male rat
treated with ethanol extract of the fruits of Balanites Roxburghii at 600
mg/kg body weight.

Photograph showing the cross section of testes of immature male rat
treated with ethanol extract of the fruits of Balanites Roxburghii at 600
mg/kg body weight along with testosterone at 1 mg/rat/day.



FIGURE - 4.9




Table-4.6 Changes in the testes due to oral administration of the extracts of
Balanites Roxburghii on young male rats for seven days.

Diameter of the Diameter of the
Treatment . .
Group (Dose) testes (jLm) seminiferous tubules
+ SEM (um) + SEM
I Control 4132+ 237 132.7+4.1
II Testosterone (1 mg/kg) 4145 +16.2° 1458 £2.9"
Ethanol extract o oo
111 (600 mg/kg) 3986 + 08.7 1244 £3.6
Testosterone (1 mg/kg)
v + Ethanol extract 4016 + 12.3° 125.8+3.17
(600 mg/kg)

* p <0.1 when compared with control,

*+* p<0.001 when compared with control.

4.B.2 Biochemical changes

The biochemical changes of the testes were also carried out by the methods as

described earlier. The results are recorded in Table-4.7.

** p< 0.01 when compared with control,

Table-4.7 Biochemical changes in the testes of the treated rats.

Treatment Protein content Glycogen content
pg/mg + SEM pg/mg + SEM
Control 9.16+£0.2 224104
Testosterone (1 mg/kg) 540+0.5 1.23+ 0.6
Ethanol extract (600 mg/kg) 6.22+0.3 1.44 £ 0.1
;;S;;’Z‘fgg:\c(: ggogékri)g/lg) 6.53 + 0.6 1.6440.5
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Results

The administration of ethanol extract of the fruits of Balanites Roxburghii to
prepubertal male rats for seven days has significantly reduced the weights of testes,
epididymes, seminal vesicle and ventral prostrate when compared with the rats of control
and testosterone group. A significant increase in the weights of testes and other accessory
organs was observed when testosterone was administered alone, but androgenic effect of
testosterone was decreased with simultaneous administration of the ethanol extract and
testosterone, which was indicated by the reduction in the weights of all the organs when
compared to testosterone administered an}mals. Considerable reduction in weights of
seminal vesicle and ventral prostrate were observed, thus indicating moderate
an;iéndrogenic activity of the extract.

The diameter of the testes and seminiferous tubules decreased significantly in
ethanol extract treated rats, when compared with the control rats and testosterone treated
rats. The seminiferous tubules of the control rats contained healthy spermatogonia, both
primary and secondary spermatocytes, and a few spermatids indicating the normal
spermatogenesis. However the seminiferous tubules of ethanol extract treated rats showed
less spermatocytes and a very few spermatids.

Decreased levels of glycogen and protein content proved the catabolic nature i.e.
antiandrogenic effect of the ethanol extract. The inhibition of spermatogenesis may also

be due to low availability of glycogen, which is a nutrient for spermatogenesis.
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4.C Antimicrobial activity

It is a well known fact that the interactions between microorganisms, plants and
animals are natural and constant. The ecological role of microorganisms and their
importance in the bio-geochemical cycles in nature is well documented. The human food
supply consists basically of plants and animals or products derived from them.

Microorganisms are ubiquitous and are so small that they can only be visualized
with the aid of high-resolution microscopes.

Microbes are a heterogeneous group of several classes of living things. These
were originally classified under the plant and animal kingdoms. As this proved
unsatisfactory, a five-kingdom system was introduced namely,

a. Monera (Unicellular prokaryotes)

b. Protesta (Unicellular Eukaryotes)

c. Fungi
d. Plantae
e. Animalia

Protozoa are unicellular, non-photosynthetic eukaryotic microorganisms. Various
groups of protozoa exhibit differing strategies of locomotion, for example Ameoba can
change its cell shape by extending the cell wall and thus migrates along, whereas
Paramaecium is propelled by numerous beating structures called cilia.

As group, fungi are microorganisms that obtain their nutrition from organic
compounds. Their cells are usually surrounded by protective cell wall composed of chitin

or other polysaccharides.
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Fungi produce spores, which are specialized cells, involved in reproduction,
dissemination and survival. Depending on the cell morphology fungi can be divided into
four classes such as, yeast, yeast like fungi, moulds and dimorphic fungi.

- Yeasts are unicellular and other fungi called moulds are filamentous. Dimorphic
fungi may grow as mycelial or yeast-form depending upon prevalent growth conditions.
Fungi form multicellular filaments called hyphae. The only pathogenic yeast is
Cryptococcus neoformans. Fungi have been recognized as causative agents of human
disease earlier than bacteria. Fungal infections are extremely common and some of them
are serious and even fatal.

Antimicrobial activity of the crude extracts of the fruits of Balanites Roxburghii

was carried out in two parts namely, antibacterial and antifungal activities.
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4.C.1 Antibacterial activity
Introduction

The antibacterial activity of the extracts of Balanites roxburghiiwas studied
comparatively with that of standard ciprofloxacin, by cup-plate method® using a gram-

positive and a gram-negative organisms Staphylococcus aureus and Klebsiella

pneumoniae.

Materials and method

1. Nutrient agar

2. Sterilized petridishes, pipettes, boiling tubes and beakers
3. Sterilized test tubes

4, Sterile 6 mm borer

5. Sterile inoculation loops

6. Sterilized fine pointed forceps

7. Tuberculin syaringes

Preparation of media

Nutrient agar was prepared by dissolving of nutrient agar (14 g) in distilled water
(500 ml), the pH of the solution was adjusted to 7.4 and then sterilized for 15 minutes at
15 1bs pressure in autoclave,
Preparation (;f sub-cultures

One day prior to the experiment, the microorganisms were inoculated into
sterilized nutrient broth tubes and incubated at 37°C for 24 hr. The organisms used in the
present study for evaluating antibacterial activity of test compounds were obtained from

the laboratory at National College of Pharmacy, Shimoga. On the day of testing, the
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organisms were subcultured into sterile nutrient broth. After incubating the same for three
hours, the growth thus obtained was used as inoculum for the test.
Sterilization of media and glassware

The media used in the present study, nutrient agar and nutrient broth, were
sterilized in conical flasks of suitable capacity by autoclaving at 15 Ibs pressure for about
20 minutes. The cork borer, petridishes, test tubes and pipettes were sterilized in hot air
oven at 160°C for an hour.
Preparation of test solutions of the extracts

The suspension of each extract (500 mg) in Tween-80 (0.1%, 1 ml) was dissolved
in distilled water (10 ml) in suitably labeled sterile test tubes separately, to get the
solution of the extract of 50 mg/ml concentration.
Method of testing : Cup-Plate Method

This method depends on the diffusion of an antibiotic from a cavity through the
solidified agar layer in a petridish to an extent such that growth of the added
microorganism is prevented entirely in a circular area or zone around the cavity
containing a solution of antibiotic.

A previously liquified medium was inoculated appropriate to the assay with the
requisite quantity of the suspension of the microorganisms between 40-50°C and the
inoculated medium was poured into petridishes to give a depth of 3 to 4 mm., ensuring

that the layers of medium were uniform in thickness by placing the dishes on a leveled

surface.
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The dishes thus prepared were stored in a manner so as to ensure that no
significant growth or death of the test organism occurs before the dishes were used and
the surface or the agar layer was dry at the time of use. With the help of a sterile cork
borer, three cups of each 6 mm diameter were punched and scooped out the set agar in
each petridish (three cups were numbered for the particular compounds, solvent and a
standard) using sterile pipettes, the standard and the sample (0.1 ml) of known
concentration were fed into the bored cups. The dishes were left standing for 2 hr. at
room temperature as a period of pre-incubation diffusion to minimize the effects of
variation in time among the application of different solutions. These were then incubated
for 24 hr at 37°C. The zone of inhibition developed, if any, was then accurately measured
and recorded. Each zone of inhibition recorded was average of three mea:.urements. Zone
of inhibition for Tween-80 was done separately.

The data of antibacterial activity of standard and the extracts is given in Table-4.8.
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4.C.2 Antifungal activity

Introduction

The antifungal activity of the extracts of Balanites Roxburghii was studied in
comparison with that of standard antifungal drug, ciclopirox olamine, by cup-plate'®

method.
Materials and method

1. Potato dextrose agar

2. Micropipette

3. Sterilized petridishes

4, Potato dextrose broth (48 hours old)

5. Sterile test tubes for preparation of solutions of the test compounds.
Sterilization of media and glassware

The media used in the present study, nutrient agar and nutrient broth, were
sterilized in conical flasks of suitable capacity by autoclaving at 15 1bs pressure for about
20 minutes. The cork borer, petridishes, test tubes and pi;;ettes were sterilized in hot air
oven at 160°C for an hour.
Preparation of test solutions of the extracts

The suspension of each extract (500 mg) in Tween-80 (0.1%, 1 ml) was discolved
in distilled water (10 ml) in suitably labeled sterile test tubes separately, to get the

solution of the extract of 50 mg/ml concentration.
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Preparation of media

- - Potato dextrose agar was prepared by dissolving potato dextrose (20 g) agar in
distilled water (500 ml), the pH of the solution was adjusted to 5.6 and then sterilized for
15 minutes at 121°C at 15 Ibs pressuie in an autoclave.

Preparation of sub-culture

Two-days prior to the experiment, the microorganism were inoculated into
sterilized potato dextrose broth tubes and incubated at 25°C for 48 hr.
Method of testing : Cup-plate method

This method depends on the diffusion of an antifungal agent from a cavity through
the solidified agar layer in a petridish to an extent such that growth of the added
microorganism is prevented entirely in a circular area or zone around the cavity
containing a solution of antifungal agent.

A previously liquified medium was inoculated appropriate to the assay with the
requisite quantity of the suspension of the microorganisms between 40-30°C and the
inoculated medium was poured into petridishes to give a depth of 3 to 4 mm., ensuring
that the layers of medium were uniform in thickness by placing the dishes on a leveled
surface.

The dish thus prepared were stored in a manner so as to ensure that no significant
growth of death of the test organism occurs before the dishes were used and the surface or
the agar layer was dry at the time of use. With the help of a sterile cork borer, three cups
of each 6 mm diameter were punched and scooped out the set agar in each petridish using
sterile pipettes, the standard and the sample solution (0.1 ml) of known concentrations

were fed into the bored cups.
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The dishes were left standing for 2 hr at room temperature as a period of pre-
incubation diffusion to minimize the effects of variation in time among the application of
different solutions. These were then incubated for three days at 25°C. The zone of

inhibition developed, if any, was then accurately measured and recorded in the tables.

Each zone of inhibition recorded was average of three measurements.
The data of antifungal activity of standard and the extracts is given in Table-4.8.

Table-4.8 Antimicrobial activities of the extracts of Balanites Roxburghii.

Antibacterial activity Antifungal activity
Zone of inhibition (in mm.) zone of inhibition /in mm.)
Compound ==

S. aureus K. pneumoniae A. niger C. albicans
Control - - - -
Standard 20 22 24 26
Petroleum ether 08 13 10 1
extract
Chloroform 1 14 12 14
extract )
Ethanol extract 07 09 08 12
Water extract 06 08 10 11
Results

The results revealed that both petroleum ether extract and chloroform extract
exhibited antimicrobial activity. Considerable zone of inhibition was observed for
chloroform extract against K. pneumoniae when compared to the standard drug. The
chloroform extract has also shown good antifungal activity. against C. albicans and
A. niger. The antimicrobial activity of other extracts was less when compared with the

standard.
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4.D Anthelmintic Activity

Introduction:

Helminthiasis is a disease caused by infestation of parasitic worms living in the
alimentary canal or in the other tissues of the host. This disease is one of the major
prevalent diseases in the world, particularly in the tropical countries. The main reasons
responsible for the widespread nature of this disease in the developing countries are the
lack of adequate sanitary facilities and supply of water, coupled with poverty and
illiteracy.

The helminthus infection can be acquired by,

1. Contact with infected animal

2. The ingestion of infected meat

3. The animal or human excreta via ground water

4. Means of certain mosquitoes

The worms enter the body in the form of either larvae or egg. In some cases they
produce diseases immediately, whereas in other cases they take weeks or months to
produce diseases. Thus to take preventive measures against these worms, one should have
exact understanding of the life cycle of helminthes. The main danger of helminthiasis is
that, the worms may cause injuries to the vessels and organs. They may cause loss of
blood, nutritional deficiency, urticaria and other allergic conditions.

Anthelmintics are the drugs, which are used to kill or to remove the parasitic
worms. Those anthelmintics, which kill the worm, are called vermicidal while those that
help in expelling them by making the environment uncomfortable for living are called

vermifuges.
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An anthelmintic drug may act by causing narcosis or paralysis of worm either by
penetrating the cuticle or by the worm ingesting. It may damage the cuticle of the worm
or partially paralyze it. The specificity of anthelmintic reveals that they interfere with
metabolism of the worm, each worm is having its own metabolic requirement.

The human and animal parasitic worms zoologically belong to the class Cestodes
(Tape worm), Schistosomes (Trematodes, flukes), Filaria (Thread wona), Nemuatodes
(Round worm) and Pheritima pos.thuma (Earthworms, order-Annelida, class-Oligichaeta).

Literature survey revealed that, researchers all over the world are engaged in
reséarch work to synthesize compounds, which are capable of paralyzing these worms or
causing death. In animals and human beings, roundworms and tapeworms cause sufficient
trouble in the form of abdominal pain or crippling of movement. Therefore scientific
community has been making continuous effort to control menace of these worms.

Fayard'' was the first scientist to discover piperazine, a heterocyclic compound, as
the drug having anthelmintic activity. Since then many derivatives of piperazine have
been synthesized in order to increase the efficacy of the drug and also to minimize side
effects. In addition, many other compounds have been synthesized, but only diethyl
carbazine could find place in human therapeutics.

The fruits of Balanites Roxburghii are reported to exhibit anthelmintic activity
and henceforth, it was contemplated to investigate the various extracts o. the fruits for
possible anthelmintic activity. As it was difficult to procure either roundworm or
tapeworm, the experiment was performed on earthworms, which have similar life cycle.

The technique adopted was that described by Giand'? et al., with slight

modification' "’
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Anthelmintic activity was evaluated by using earthworm Pheritima posthuma
(class-Annelida and order-Oligicheata).

The worms were procured from local supplier at Shimoga at the time of carrying
out the experiment. The worms were washed with water to remove adhering materials
and were sorted out for uniform size and length. The worms were kept in 6% dextrose
solution for acclimatization. The worms with normal motility were selected for the
experiment. Petridishes of equal size were selected and in each petridish, 2 ml of each
extract (50 mg/ml) in 0.1% Tween-80 suspension were placed and the vclume was made
up to 25 ml with an aqueous solution of dextrose (6%). In another pretidish Tween-80 (25
ml, 0.1% solution) prepared in 6% dextrose solution was placed, which served as control.
1 ml of piperazine citrate (100 mg/ml) suspended in Tween-80 (0.1%, 1 ml) was placed
in another petridish and the volume was made up to 25 ml using dextrose (6%) solution.
The piperazine citrate solution was served as standard. In each pretidish 8 worms were
placed. The time taken by each worm for paralysis was noted and the paralysis of worms
was tested by placing the worms in water maintained at 50°C. Non-motility at 50°C was
taken as the death of the worm and correspondingly the time taken for death was
recorded. The results were tabulated in Table-4.9. The Figure 4.11 shows the worms in
1% Tween-80 solution and Figure-4.12 shows the worms in the solution of chloroform

extract of the fruits of Balanites Roxburghii in dextrose solution.



Figure-4.11 Photograph showing earthworms in 1% Tween-80 solution.

Figure-4.12 Photograph showing earthworms in the solution of chloroform extract of
the fruits of Balanites Roxburghii.



FIGURE-4.11

FIGURE-4.12
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Table-4.9 Anthelmintic activity of the extracts of Balanites Roxburghii.

No. of Concentration Mefm . Mean death
Compound earthworms (Wt./Vol., mg) paralysis time time (in min
tested /Y oL, Mg (in min.) e J)
Control 8 - NP ND
Standard 8 100 120 160
Petroleum
ether extract 8 100 142 200
Chloroform 8 100 130 190
extract
Ethanol extract 8 100 162 ND
Water extract 8 100 NP ND

ND = no deathNP = no paralysis

Results

The chloroform extract and petroleum ether extracts of the fruits of Balanites

Roxburghii exhibited significant anthelmintic activity against earthworm at 100 mg/ml

concentration when compared with the standard piperazine citrate. However ethanol

extract and water extract showed very less anthelmintic activity against earthworms.
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Discussion

Earthworms have the ability to move by ciliary movement. Outer layer of the
earthworm is a mucilaginous layer and composed of polysaccharides. This layer, being
slimy, enables the earthworm to move freely. Any damage to the mucopolysaccharide
membrane will expose the outer layers, and this restricts its movement and can cause
paralysis. This action may lead to the death of the worm. The drugs possessing
anthelmintic property will paralyze the worms by causing damage to the
mucopolysaccharide layer. This causes irritation leading to paralysis. Since, the werm is
incapable of movement, it will be expelled out from the body. The anthelmintic activity

of the various extracts may be attributed to similar type of action.
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4.E Anti-inflammatory Activity

Introduction

Inflammation is a normal, essential protective response to any noxious stimulus
that may threaten the host and may vary from a localized reaction to a complete response
involving the whole organism. Rheumatic diseases are inflammatory conditioas that
probably cause more disability than any other group of diseases and are very common
among persons with age more than forty years.

In ordinary conditions the inflammatory and reparative processes progress
smoothly from injury to healing and here the whole process is beneficial. Under special
circumstances, eosinophils may concentrate in large number in tissue leading to
restoration, as in the case of acute inflammation. In contrast, many chronic inflammatory
conditions of unknown etiology, which affect organ system in the body, produce tissue
destruction rather than restoration. Chronic inflammatory reactions can be divided into
two groups, those with and without the formation of granuloma depending on the agent
responsible for inflammation. When the irritant cannot be easily disposed by the
mononuclear phagocytes, granuloma formation unusually occurs. Such inflammation may
become much more complex and inflammatory response try to isolate them from the rest
of the organisms by forming granuloma or pus, this is the case which is observed in
pulmonary tuberculosis and in syphilis. Apart from these, there are various chronic
inflammatory conditions of unknown etiology like rheumatoid arthritis, spondylitis, gout
etc. Anti-inflammatory drugs are the drugs used to diminish or to reduce inflammation and
pain arising from it. They modify the inflammatory response to disease. So an ideal anti-

inflammatory drug should only affect the aberrant, uncontrolled inflammation and should
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not interfere with the normal inflammatory system. Anti-inflammatory drugs have been
evaluated by studying inflammatory responses produced in animals by injecting foreign or
noxious agents. These responses mostly comprise of the development of edema.

An attempt was made to test the anti-inflammatory properties of the extracts 6f the
fruits of Balanites Roxburghii.

Among several models available for evaluating anti-inflammatory activity, the rat
paw edema model is the simplest and widely used method for this purpose. The
inflammatory reaction is readily produced in rats in the form of paw edema with the help
of irritants or inflammagens. Substances such as carrageenan, formalin, bradykinin,
histamine, 5-hydroxytryptamine etc., produce acute paw edema within a few minuets of
the injection. Carrageenan induced paw edema is the most commonly used method in
experimental pharmacology.

Materials and Method

Albino Rats weighing 150-200 g of Wistar strain
Plethysmograph

Beaker and measuring jar.

Standard drug (Ibuprofen).

Potassium permanganate solution (0.1%).
Tween-80 solution (0.1%).

Carrageenan (0.1%).
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Rat paw edema method
This method was based on plethysmographic measurement of carrageenan-

induced acute rat paw edema'$2

produced by subplantar injection of carrageenan in hind
paw of the rat. The method described by Wilhlmi and Domenjoz?' later on modified by
Sirodia and Rao? was used for measuring the paw volume. The photographs showing

plethysmograph and the measurement of rat paw volume??%’

are given in Figure-4.13 to
Figure-4.16.

This procedure of measuring the paw volume required two operators, one for
dipping the paw of the rat in potassium permanganate solution and another to measure
and record the paw volume simultaneously.

Before measuring the paw volume of the rat, the volume of solution in graduated
tube ‘F’ was set to zero by operating the side tube ‘G’, after filling the apparatus with
potassium permanganate solution without any entrapment of air bubble. The paw was
dipped in limb ‘A’ up to the line marked on the foot of the rat by keeping the stcpcock
‘C’ open and ‘E’ closed. The first operator held the foot of the rat firmly in potassium
permanganate solution till the stopcock ‘C’ was kept closed by the second operator. The
solution in the limb ‘B’ rises and now the stopcock ‘C’ was kept closed. The stopcock ‘E’
was slowly opened to bring back the raised solution in limb ‘B’ so as to bring the level of
solution equal in limbs ‘A’ and ‘B’.

Immediately the stopcock ‘E’ was closed. The solution rises in the graduated part
‘E’ of the apparatus and the increase in volume of the solution was noted. Now the side
limb ‘G’ was opened to remove the solution in the graduated tube to l;ring it to zero and

immediately the stopcock ‘G’ was closed. The stopcock ‘D’, meant for removing the air



Figure-4.13 Photograph showing the carrageenan being injected in the right hind paw
for inducing edema.

Figure-4.14 Photograph showing the inflamed right hind paw.
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Figure-4.15 Photograph showing plethysmograph used for measuring paw volume.

Figure-4.16 Photograph showing the inflamed right hind paw of the rat being dipped in
plethysmograph for measuring the paw volume.
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bubble in limbs ‘A’ and ‘B’, was kept closed through out the experiment. This procedure
was repeated every time for measuring the paw volume.

For this study, albino rats (Wistar strain) of either sex weighing tetween 100-200
g were used and divided into 6 groups of 4 animals each. The group I served as control
and received Tween-80 (0.1%, 1 ml) solution orally. The group II received Ibuprofen at a
dose of 40 mg/kg body weight in Tween-80 (0.1%, 1 ml) and served as standard. The
group III, IV, V and VI received orally the petroleum ether extract, chloroform extract,
ethanol extract and water extract respectively at the dose of 600 mg/kg body weight in
Tween-80 (0.1%, 1 ml) solution. These drugs were administered one hour before the
injection of the irritant. After 1 hr all the animals were injected subcutaneously
carrageenan solution (0.1%, 0.05 ml) to the right hind paw in the subplantar region,
immediately the paw volume was measured (‘0’ hour). After 3 hr the paw volumc was
measured in control, in standard and in test animals.
The percentage inhibition of paw volume was calculated by using the formula,

Vit
1-

x 100
Ve
Where, Vt = Mean increase in the paw volume in test animal group.
V¢ = Mean increase in the paw volume in control group.

Statistical analysis was carried to determine % protection,



Table-4.10 Anti-inflammatory activity of the extracts of Balanites Roxburghii

Dose Difference in Percentage
Group | Compound (mg/kg) paw volume + inhibition of
g SEM after 3 hr edema after 3 hr

I Control - 0.600 £+ 0.028

11 Ibuprofen 40 0.146 £ 0.046 75.7

qp | Petroleumether | ., 0.441 +0.078 26.4
extract

y | Chloroform 600 0.372 4 0.061 38.0
extract

A" Ethanol extract 600 0.320 +£0.420 46.7

VI Water extract 600 0.403 £ 0.325 32.8

Index for anti-inflammatory activity.

Model

Method

Animals

Number of animals per group :

Route of administration

Standard
Control

SEM.

Acute inflammation

Carrageenan induced edema

Albino rats

4

Oral

Ibuprofen

Tween-80 (0.1%)

Standard Error Mean.
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Results

The four extracts of the fruits of Balanites Roxburghii were tested for anti-
inflammatory activity against carrageenan—induced rat paw edema. The activity was
compared with Ibuprofen. Ethanol extract and water extract showed considerable anti-
inflammatory activity when compared with the standard drug.
- Discussion

The results clearly indicate that ethanol extract and water extract possess anti-
inflammatory activity. Carrageenan—induced rat paw edema model is commonly used for
evaluating anti-inflammatory activity. The effect is believed to be biphasic. The initial
phase is due to the release of histamine, serotinin and kinin in the 1 hr after
administration of carrageenan, a more pronounced phase, 2" phase, is attributed to the
release of bradykinin, protease, prostaglandin and lysozyme. The later phase is reported to
be sensitive to most of the clinically effective anti-inflammatory agents. The results

suggest that mechanism of action of the tested extracts requires more investigation.
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4.F Analgesic activity

Introduction
In early days, the mankind depended on divine healing through laying on of hands

or prayer for relief of pain. Héwever, after sometime, man did not rely exclusive on
spiritual methods for pain reduction. Portions concocted form herbal extracts were used
by earlier physicians for this purpose. Alcohol and methanolic extract of opium were used
by Hippocrates for the production of the insensibility to pain. It was only when the first
alkaloid morphine, isolated in 1803 by Serturner, the scientific era of analgesia was
realized. Analgesia can be defined as a reduction of pain perception without the loss of
consciousness. The diminution of pain may be a consequence of febrifuge effect of the
drug. After the discovery of morphine as an analgesic, lot of research work has been
carried out to increase the efficacy of morphine and reduce its undesired side effects. The
research work mainly was on the following lines.

1. Structural modification of morphine

2. Synthesis of morphine like compounds

3. Synthesis of other heterocyclic compounds

4. Random screening of synthesized compounds

5. Subjecting different plant extracts for analgesic response on mice or rats

6. Isolation of active components from plant extracts

It is a well known fact that plant possessing anti-inflammatory property can act as

analgesic also. As various extracts of the fruits of the Balanites Roxburghii have been
shown to possess significant anti-inflammatory activity, it is envisaged now to subject

various extracts for analgesic activity in albino mice.
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There are mainly three methods available to evaluate analgesic activity namely,

a. Acetic acid induced writhing method in mice

b. Tail flick method in rats

c. Eddy's hot plate analgesiometer method in mice

In the present investigation, analgesic activity of various extracts was evaluated by
using acetic acid induced writhing method in mice.

Acetic acid induced writhing method

The analgesic activity of the extracts of Balanites Roxburghii was done on albino mice.
Materials and Method

Albino mice weighing 22-35 g of Swiss strain.

Acetic acid (0.6%).

Standard drug (Acetyl salicylic acid).

Stop clock.

Tween-80 solution (0.1%).

Colony bred albino mice (Swiss strain) of either sex weighing 22-35 gm were used
to evaluate analgesic activity’®. Analgesic activity was determined as described by the
method based on acetic acid induced writhing in mice??®. To study the response of
various extracts of Balanites Roxburghii for analgesic activity, 24 mice were selected and
divided into 6 groups comprising of 4 animals each. All the animals received 0.6% acetic
acid solution (10 ml’kg body weight) intraperitoneally and number of writhing were
recorded after 5 minutes for a period of 20 minutes. These groups served as control

group. The same groups of animals were used next day for evaluating analgesic activity of

various extracts of the plant.
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First group received of Tween-80 (0.1%, 0.5 ml) and served s control, second
group received the suspension of acetyl salicylic acid (150 mg/kg body weight) in Tween-
80 (0.1%, 5 ml) orally and served as standard. The animals in III, IV, V and VI groups
received various extracts of the fruits of Balanites Roxburghii at a dose of 200 mg/kg
suspended in Tween-80 (0.1%). After one hour, all the animals received 10 ml/kg body
weight of acetic acid (0.6%) intraperitoneally, and number of writhing were recorded
after 5 min. for the duration of 20 min. The results are recorded in the Table-4.11. The
photographs showing analgesic activity are represented in Figure-4.17 and Figure-4.18.
The percentage protection was calculated by using the formula

Vit
1-

x 100
Ve

Where, Vt = Mean number of writhing in test animals
V¢ = Mean number of writhing in control.

Table-4.11 Analgesic activity of the extracts of Balanites Roxbiwr ghii.

Mean No. of writhing
Dose Without the With the Percentage
Group | Compound (mg/kg) administratio | administration rotecti g
g n of the drug of the drug protection
+ SEM + SEM
I Control - 45.8311.28 45.83+1.28 -
Acetyl
I salicylic acid 150 47.00+2.50 11.80+1.27 74.9
Petroleum
111 ether extract 600 20.50+1.58 07.83+£1.79 61.8
Chloroform
v extract 600 40.00+2.73 14.33+3.88 64.2
Ethanol
\Y% extract 600 28.76+2.17 12.18+1.06 57.6
VI | Water extract 600 27.34£1.56 17.67£1.89 35.4




Figure-4.17 Photograph showing the mice being injected with acetic acid for inducing
writhing,

Figure-4.18 Photograph showing the mice exhibiting writhing.



FIGURE-4.18
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Method Acetic acid induced writhing
Animals Swiss albino mice

Number of animals per group : 4

Route of administration Oral

Standard Acetyl salicylic acid

Control Tween-80 (0.1%)

SEM. Standard Error Mean.
Results

The observations revealed that the petroleum ether, chloroform and ethanolic
extract exhibited considerable analgesic activity when compared with that of standard drug
and water extract showed poor analgesic effect. Among all the extracts, the chloroform
extract was found to exhibit maximum analgesic activity.

Discussion

Any injury or tissue damage is associated with pain and inflammation. Analgesics
can act on peripheral or central nerves system. Peripherally acting analgesics act by
blocking the generation of imphlses at chemoreceptor site of pain, while centrally acting
analgesics not only rise the threshold of pain, but also alter the physiological response to
pain and suppress the patient's anxiety and apprehension. The petroleum ether, chloroform
and ethanolic extracts of the fruits of Balanites Roxburghii exhibited significant analgesic

activity when compared with acetyl salicylic acid.
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4.G Diuretic activity

Introduction

Diuretics are class of drugs that increase the rate of urine flow, however clinically
useful diuretics also increase the rate of excretion of Na* and an accompanying anion,
usually, CI". Sodium chloride in the body is the major determinant of extracellular fluid
volume and most clinical applications of diuretics are directed towards reducing the
extracellular fluid volume by decreasing the total sodium chloride content of the body. A
sustained imbalance between the dietary sodium loss is incompétible with the life. A
sustained positive sodium balance would result in volume overload with pulmonary
ed;ma and a sustained negative sodium balance would result in volume depletion and
cardiovascular collapse. Although, continued administration of a diuretic causes sustained
net deficit in total body sodium, the time course of natriuresis was finite as renal
compensatory mechanisms bring sodium excretion in line with sodium intake, a
phenomenon known as diuretic braking. Frusemide is a standard drug, used to evaluate
diuretic activity.
Materials and Method
Albino rats weighing 150-200 g of (Wistar strain).
Tween-80 solution (0.1%).
Stop clock.
Standard drug (Frusemide).
Metabolic cage.

Measuring jar.
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For evaluation of diuretic activity on albino rats (Wistar strain) the method
adopted by Lipschitz’® was employed. Rats of either sex, weighing between 100-200 g
were divided into 6 groups each containing 4 animals. Group one served as control and
received 5 ml of 0.1% Tween-80 in distilled water orally. Group two received 40 mg/kg
body weight of frusemide in 0.1% Tween-80 orally and served as standard. Group 3, 4, 5
and 6 received the extracts at the dose of 600 mg/kg body weight suspeaded in 0.1%
Tween-80 orally. Each group of animals was kept in different metabolic cages provided
wi;h a wire mesh at the bottom and a funnel to collect urine. Sieves made up of stainless
steel were placed on the funnel to retain feces. The rats were fed with standard diet and
water ad libitum. Food and water were withdrawn 24 hr prior to the experiment. Urine
excretion was collected after 5 hr and the values were tabulated in Table-4.12. The

Figure-4.19 shows the rats in metabolic cage.

Table-4.12 Diuretic activity of the extracts of Balanites Roxburghii.

Dose Volume of T/S
Group Compound (m g/:( ) urine collected | (Lipschitz
g after S hr. values)

I Control 600 08 0.27
I Standard 600 29 1.00
I Petroleum ether 600 14 0.55
extract o

v | Chloroform 600 17 0.58

extract

A" Ethanol extract 600 12 0.41
VI Water extract 600 8 0.69



Figure-4.19 Photograph showing rats in metabolic cage.



FIGURE-4.19
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Albino rats

4

Frusemide

Urine collected for extracts
Urine collected for standard drug

Tween-80 (0.1%)

The Lipschitz value for the standard drug Frusemide is taken as 1. The tested

extracts of Balanites Roxburghii showed less T/S value. Hence, only water extract

exhibited diuretic property and the other extracts showed less diuretic activity.
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S.A Isolation and characterization of active components from ethanolic
‘extract of fruits of Balanites Roxburghii

Ethanolic extract of the fruits of Balanites Roxburghii exhibited considerable
abortifacient and estrogenic activities in Wistar strain female albino rats. It also exhibited
good anti-inflammatory, analgesic and anthelmintic activities. In view of these findings,
isolation and characterization of components present in ethanol extract was carried out.
Isolation of pure components
The isolation of pure components involved the following steps:
1. Chromatographic separation using silica gel (100-200 mesh)
2. Chromatographic separation using silica gel (60-120 mesh)
3. High performance liquid chromatography (HPLC)

5.A.1 Chromatographic separation using silica gel (100-200 mesh)

Ethanol extract, which was obtained as dark brown colored gummy mass (80 g),
was stirred with ethyl acetate (500 ml) to remove residual amount of chlorophyll. The
remaining residue was stirred with n-butanol (500 ml) and left overnight. The supernatant
liquid was collected and the solvent was removed by using rotary flash evaporator, which
yielded brown colored pasty mass (8 g) and it was labeled as butanolic-fraction. The
residue, which was obtained as dark brown paste, was labeled as ethanolic-fraction.

The ethanolic-fraction (20 g) was chromatographed over silica gel (100-200
mesh) on column of 52 cm length and 6 cm diameter. Elution was carried out with
solvents and solvent mixtures of increasing polarities. Fractions were collected in 100 ml
portions and monitored on TLC (silica gel G as adsorbent, solvent system-carbon
tetrachloride:ethyl acetate, 60:40) and the fractions showing similar spots were pooled

together. The chromatography details are given in Table-5.1. Elution with ethyl acetate
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and methanol (60:40) gave yellowish hygroscopic solid (2.5 g) and was named as IBR-1.
Similarly elution with ethyl acetate and methanol (30:70) yielded light brown colored
crystalline solid (6.5 g) and it was named as IBR-2. Elution with pure méthanol produced
dark brown colored gummy mass (1.5 g) and was labeled as IBR-3.

: The butanolic fraction, which was obtained as pasty mass, was further purified by
column chromatography using silica gel (100-200 mesh). The elution of the column with
ethyl acetate and methanol (50:50) produced dark brown colored gummy mass (2.5 g)
and it was named as IBR-4. “

The details of the column chromatography are given 1n 1able-5A.1 and l'able-5A.2.
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Table-5.A.1 Column chromatography of the ethanolic fraction over silica gel (100-200
mesh) (each fraction 100 ml).

Number Residue on Yield
of Eluent . .
fractions evaporation ing
1-7 Petroleum ether No residue -

Petroleum ether : Chloroform
8-15 90:10 . -
16-22 80:20 . -
23-28 70:30 . -
29-34 60:40 . -
35-40 50:50 ” -
41-46 40:60 . -
47-52 30:70 > -
53-58 20:80 . -
59-64 10:90 . -
65-70 Chloroform ' -
Chloroform : Ethyl acetate

71-76 90:10 . -

-l 77-82 80:20 . -
83-88 70:30 . -
89-94 60:40 . -

95-100 50:50 v _ -
101-106 40:60 . -
107-112 30:70 . -
113-118 20:80 ’ -
119-124 10:90 " -
125-130 Ethyl acetate . -
Ethyl acetate : Methanol
131-136 90:10 ’ -
137-142 80:20 . -
143-154 70:30 v -
Yellowish white solid
155-169 60:40 (IBR-1) 25¢g
170-185 50:50 No residue -
186-210 40:60 No residue -
Light brown crystalline
211-225 30:70 g colid (IBI"{_ 2 6.5¢
226-242 20:80 No residue -
243-265 10:90 No residue -
266-272 Methanol D una | 15e
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Table-5.A.2 Column chromatography of the butanolic fraction over silica gel (100-200
mesh) (Each fraction 100 ml).

Number of Residue on Yield
. Eluent . .

fractions evaporation ing

100 ml Petroleum ether No residue -
Petroleum ether : Chloroform
1-7 90:10 . -
8-15 80:20 ’ -
16-21 70:30 v -
- 23-27 60:40 ’s -
28-33 50:50 ’ -
34-40 40:60 ” -
41-47 30:70 . -
48-51 20:80 ’ -
52-57 10:90 . -
58-63 Chloroform ' -
Chloroform : Ethyl acctate o
64-70 90:10 ’ -
71-75 80:20 " -
76-81 ‘ 70:30 ' -
82-87 60:40 ’ -
88-93 50:50 ’ -
94-99 40:60 ’ -
10-106 30:70 ’ -
107-112 20:80 v -
113-116 10:90 ’ -
117-121 Ethyl acetate ’ |
Ethyl acetate : Methanol

122-127 90:10 ” -
128-140 80:20 ” -
141-149 70:30 s -
150-156 60:40 ’ -

157-180 50:50 Dark brown gummy |, ¢

' mass (IBR-4)
181-185 40:60 No residue -
186-190 30:70 No residue -
191-196 20:80 No residue -
197-200 10:90 No residue -
201-204 Methanol No residue -]
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5.A.2 Purification of IBR-2 by column chromatographic separation using silica gel
(60 —120 mesh)

The fractions IBR-1, IBR-2, IBR-3 and IBR-4 were subjected for screening for
antifertility activity and other biological activities as described in Chapter-4. It was
observed that IBR-2 exhibited considerable antifertility activity (described in Section-B),
whereas remaining fractions showed relatively less activity. Hence it vas thought of
interest to purify and isolate the compounds present in IBR-2.

The IBR-2 was found to be impure and it was contemplated to purify it further.
Thus IBR-2 (6 g) was chromatograhped over silica gel (60-120 mesh) on column of 15
cm length and 3 cm diameter. Elution was carried out with solvents and solvent mixtures
of increasing polarities. Fractions were collected (25 ml portions) and monitored on TLC
(silica gel G as adsorbent, solvent system-ethyl acetate:methanol 60:40) and the fractions

showing similar spots were combined. The chromatography details are given in the

Table-5.A.3.
Table-5.A.3 Purification of IBR-2
Nfumb.er of Eluent Residue on Yield in gm
ractions evaporation
Ethyl acetate : Methanol | Light brown solid Negligible
1-10 90:10 Light brown solid Negligible
11-18 80:20 Light brown solid Negligible
19-26 70:30 Light brown solid Negligible - |
27-34 60:40 Light brown solid Negligible
) Light brown
35-47 20:30 crystalline solid 48

The last fraction yielded a light brown-colored solid showing a single spot on
TLC with slight tailing. IBR-2 showed the absence of nitrogen and sulphur in elemental

analysis. This ruled out the possibility of the presence of any alkaloid or protein or any
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other nitrogenous compounds. IBR-2 also showed the absence of steroid compounds as
indicated by negative Libermann sterol test. It failed to give positive Shinoda test,

confirming the absence of 5-hydroxy flavanoids.

5.A.3 High performance liquid chromatography
In a classical liquid chromatography, the mobile liquid phas- flows slowly
through the column by means of gravity. This method is characterized by low column
efficiency and long separation time. Since 1969, there has been a marked revival of
interest in the technique of liquid chromatography because of the introduction of High
performance liquid chromatography (HPLC) by Kirkland and Huber. HPLC systems are
capable of operating at pressure of 1000-6000 psi. The columns have small diameter of
1-3 mm with support particle size in the region of 30 um. The eluent is pumped through
the column at high flow rate. The efficiency is nearly 100 times more than that of
conventional liquid chromatography.
The apparatus of HPLC
The modern high performance liquid chromatograph comprises of the following
four basic components:
1. Solvent delivery system (mobile phase)
2. Sample injection system
3. Chromatographic column (stationary phase)

4. Detector and recording system
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1. Solvent deiivery system (including pump)

The mobile phase is pumped under pressure from reservoir and flows through the
column at a constant rate. It is always advisable to use doubly distilled HPLC grade
solvents after deaeration.

The choice of mobile phase is very important in HPLC. The eluting power of the
mobile phase is determined by its overall polarity, the polarity of the stationary phase and
the nature of sample components. For normal phase separation, eluting power incrgases
with increasing polarity of the solvent, but for reverse phase separations, eluting power
decreases with increasing polarity of the solvent. Optimum separating conditions can
often be achieved by making use of a mixture of two solvents.

Another important component of HPLC is the pump, because its performance
directly affects the retention time, detector sensitivity and reproducibility. For analytical
applications in which column of 25-50 cm in length, packed with particles of 5-10 pm,
the pump must be capable of delivering mobile phase at flow rate of 1-10 ml min™' and at
nearly 5000 psi of pressure.

2. Sample injection system

There are two important ways of introducing the sample into the injection port,
viz.,

e Valve injection

¢ On column injection

There are two types of valve injectors, the one in which a fixed volume is
introduced by making use of a fixed volume loop injector and the otaer in which a

variable volume can be introduced by making use of an injection valve.
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In on column injection, variable volume can be introduced by means of a syringe
through a septum. The most widely used devices, in currently marketed commcreial
HPLC instruments, are the micro volume sampling valves which enable samples to be
introduced reproducibly into pressurized columns without significant interruption of the
mobile phase flow. The sample, in solution form, is first loaded into an external loop in
the valve and then introduced into the mobile phase by rotating th¢ valve.

3. The éhromatographic column

The column is usually made up of heavy glass or stainless steel tubing to
withstand high pressure, having length of 10-50 cm narrow tubes and filled with
stationary particles of diameters of 25 mp or less. The column packing material is
generally silica or modified silica particles.

4. Detectors

The function of the detector in HPLC is to monitor the mobile phase as it emerges
from the column. An ultraviolet photometer operating at wavelength of 215-280 nm is
‘one of the most widely used detectors for HPLC, because of its relatively low cost and
high sensitivity to change in temperature, flow rate and mobile phase composition.

In the present investigation, careful examination of TLC indicated that the IBR-2
contained more than one component in it. But, it was not possible to isolate the
components by conventional chromatography. Hence, it was envisaged to make use of

more effective HPLC to accomplish desired separation and isolation of pure compounds

from IBR-2.
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The HPLC instrument of Shimadzu with ultraviolet detector having micro volume
sampling valves as sample injection system was used in the present work. The C-R 5 A
chromatopac recorder was used to obtain corresponding chromatogram.

To start ;»vith, analytical work was carried out by using Hypersil Analytical
Column, to find out the exact number of compounds present in the impure sample and
also to fix the proper solvent éystem. Reverse phase chromatography was used in which
mixture of solvents i.e., methanol and water (70:30) was found to be most suitable
combination for separation. Double distilled HPLC grade methanol was used and it was
deaereated by using sonicator. Similarly, water was also double distilled and deaereated
before using as mobile phase. The analytical work was carried out by using both 254 nm
and 215 nm wavelengths in the detector. The sample was prepared by dissolving 5 mg of |
the impure sample in 5 ml of solvent system used for mobile phase. Each time 1 ml of the
solution was injected maintaining a flow rate of 10 ml min!. Even after repeated trials,
effective separation could not be achieved. Hence, it was contemplated to use Videx
Protein and Peptide (C-18) column. Even though the separatiox; was more effective than
Hypersil Analytical Column, it was not found to be suitable for semi-preparative or
preparative work.

This necessitated the use of more effective, though expensive, Spherisorb ODS
analytical column. Effective separation was obtained using methanol-water (70:30),
mobile phase, having concentration of 1 mg/ml of sample. The chromatogram recorded
showed as many as five peaks (Figure-5.1). Careful examination of peak areas revealed
that the impure sample contained mainly one compound and remaining four being in

negligible quantity.
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Thus, it was planned to scale up the work of separation. by uvsing preparative
column. For this purpose 250/20 mm ID preparative column was used.

" The separation was carried out by using methanol and water (70:30) as mobile
phase and keeping the detector at 254 nm wavelength. The impure sample (50 mg)
dissolved in mobile phase (10 ml) was injected into the column. The fraction having the
retention time 4.528 was collected. Evaporation of the solvent using rotary film
evaporator (Buchi) at reduced pressure and controlled temperature, afforded 12 mg of

pure compound designated as Compound-1. The pure compound was stored under

vacuum and anhydrous condition.

5.A.4 Characterization of pure compound

The pure compound compound-1 was characterized by different physical
parameters and spectral studies.
Melting point

Melting point was recorded in an open capillary tube and is uncorrected.
Ultraviolet spectrum

The UV spectrum was measured in aldehyde free spectral grade methanol using
JASCO module UVIDEC-610 double beam spectrophotometer and UV-160A from
Shimadzu Corporation, Japan.
Infrared spectrum

The infrared spectrum of the compound was recorded in Nujol mull in the range

of 4000-600 cm™ on Unicam FTIR (Research spectrometer series).
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Nuclear magnetic resonance spectrum

The nuclear magnetic resonance spectrum was recorded on Jeol GSX 27 FT NMR
spectrophotometer (300 MHz) using TMS as an internal standard. Sample was prepared
by dissolving the compound in DMSO-d6. Chemical shifts are expressed in 8 ppm.
Mass spectrum

The mass spectrum was recorded on Brucher Apex-II mass spectrometer at 70 ev

ionization energy with direct inlet system.

Characterization of compound-1
Solvent system

The compound-1 was isolated from IBR-2 using HPLC and 'methanol-water
(70:30) as a solvent system.
Melting point

Melting point of the compound-1 was found to be 180-186°C.
Homogeneity

The homogeneity of compound-1 was proved by a single iodine staining (and
also UV absorbing) spot in TLC using silica gel G as adsorbent at varying polarity
solvent systems.
Color reactions

The compound-1 exhibited a negative ferric chloride test indicating the absence

of phenolic hydroxyl groups.
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| Spectral properties of compound-1
Ultraviolet spectrum

The ultraviolet spectrum (Figure-5.2) of compound-1 was studied to determine
the nature of chromatographic groups. The UV spectrum recorded in methanol indicated
the presence of chromophoric group with an extended conjugation. A bathochromic shift
was observed when the spectrum was recorded in presence of sodium mrethoxide in the
same solvent. These observations support the presence of a cyclic ketonic group with
extended conjugation.

UV Amax (MeOH) : 358 nm, 300 nm
(NaOMe) :372nm, 316 nm

Infrared spectrum:

In the IR spectrum (Figure-5.3) of compound-1 exhibited predominant
absorption band at 1680 cm™.

IR A (Nujol) : 1680 cm™

Proton magnetic resonance spectrum

The '"H NMR spectrum (Figure-5.4) exhibited two multiplets centered at 8 7.90
and & 7.52 integrating for two and three protons respectively. Two doublets appeared at
d 6.60 and & 6.41 integrating for one proton each. A singlet was observed at & 6.7
integrating for one proton, which may be due to a proton situated adjacent to carbonyl
group and hence experiencing a deshielding effect. In addition, two singlets at upfield of

5 3.98 and &6 3.93 were observed integrating for three protons each.
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'"H NMR (300 MHz, CDCl;)
8 7.90 (2H, m)
87.52 (3H, m)
6 6.71 (1H, s)
8 6.60 (1H, d)
8 6.41 (1H, d)
83.98 (3H, s)
83.93 (3H, s)
Mass spectrum
The mass spectrum (Figure-5.5) exhibited the molecular ion peak at m/z 282
(100%). In addition, other peaks indicating the fragmentation pattern were observed at ,
m/z 253 (40%)
236 (32%)
209 (22%)
150 (18%)

127 (15%)

5.A.5 Conclusions drawn from the spectral data of compound-1

The UV spectrum of compound-1 indicated the presence of chromophoric group
with an extended conjugation. The bathochromic shift was observed when the spectrum
was recorded in presence of sodium methoxide. These observations support the presence

of a cyclic ketonic group with extended conjugation'.
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The methanol spectrum of flavones® exhibit two major absorption bands,
commenly referred as Band-I (300-380 nm) and Band-II (240-300 nm). Band-I is
considered to be associated with absorption due to B-ring cinnamoyl system and Band-II

with absorption involving A-ring benzyl system. The UV spectrum of compound-1 also

exhibited two bands characteristic of flavones.

The IR spectrum of compound-1 exhibited a predominant absorption band at
1680 cm’'. It may be assigned for the absorption of «, B-unsaturated carbonyl group. This
observation supports the conclusion drawn in the study of UV spectrum of tompound-1.

The 'H NMR spectrum of compound-1 exhibited two multiplets at & 7.90 and
8 7.52. This is the indicative of aromatic protons in compound-1. The integration of
these multiplets for 5 protons may be attributed to aromatic system in compound-1. A
singlet appearing at 8 ‘6.71 may be assigned to the methine proton adjacent to the
carbonyl group experiencing a deshielding effect. Two more doublets were observed at &
6.60 and 8 6.41 integrating for one proton each, may be attributed to another set of
aromatic protons. These doublets have coupling constant of 7 hz. Appearance of two
signals as singlets at 8 3.98 and  3.93 integrating for 3 protons each may be assigned to
the protons of two methyl groups. As these peaks appeared at considerable downfield as
compared with simple methyl groups, these may be assigned to methyl groups attached to
oxygen atom. These observations indicated that the compound-1 contains two methoxy

groups.
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On the basis of above spectral data, the compound-1 under investigation may be

assigned flavanoid nucleus having the following structure,

Structure-1

This structure accounts for the extended conjugated ketone as observed in UV and

IR spectra.

A multiplet appearing at & 7.90 for two protons can be assigned to 2' and 6!
protons. The multiplet observed at § 7.52 for three protons can be attributed to 3', 4! and
5! protons of benzene nucleus attached at position-2. The absorption peak at 8 6.71 for

one proton may be due to methine proton at position-3 of chromone nucleus. The
downfield shift of peak can be justified due to its location adjacent to the carbony! group.
A doublet appearing at 8 6.60 (AJ = 8 hz) can be attributed to proton at position-8. The
appearance of this signal at relatively downfield may be due to its conjugation with
carbonyl group. Another doublet observed at & 6.41 can be assigned to a proton at
position-6. As discussed earlier two singlets were assigned to the protons of two methoxy
groups, the singlet appearing at & 3.98, relatively at downfield, may be assigned to the
protons of OCHj group at position-7, which is in conjugation with the carbonyl group.
The signal appearing at & 3.93 can be assigned to the protons of OCHj; group at

position-5. The assignments made are in analogy with the observations reported earlier®™.
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The structure-1 assigned to the compound-1 was further supported by its mass
spectrum.. The molecular ion peak was observed at m/z 282 (M', 100%), which is
equivalent to the molecular weight of the compound. The f:ragment ion peak appearing at
m/z 253 (40%) accounts for the elimination of two methyl groups. The fragment ion at
m/z 209 (22%) accounts for the removal of CO; molecule. Further loss of phenyl group
resulted in the appearance of peak at m/z 150 (18%) followed by the loss of CO molecule
as indicated by the peak at m/z 127 (15%).

The appearance of other peaks in the mass spectrum of compound-1, results due
to the cleavage of compound-1 in another route. The fragmentation pattern compound-1 '
is shown in Scheme-5.1.

All the above physical and spectral data are in agreement with the structure-1 i.e.
5,7-dimethoxy flavone, which is assigned to compound-1.

Thus in the present investigation, isolation and identification of compound-1 is
reported for the first time from the plant Balanites Roxburghii.

The antifertility activity of the fruits of Balanites Roxburghii may be due to the
presence of 5,7-dimethoxy flavone, because flavones are known to exert antifertility

effect®® in both males and females.
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Scheme-5.1
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5.B Antifertility activity of IBR-2

The antifertility activity of IBR-2 obtained form ethanol extract has been divided into

two parts.

¢ Antifertility activity in females

¢ Antifertility activity in males
5.B.1 Antifertility activity in female albino rats
Antifertility effect of IBR-2 in female is studied in following two parameters.

1) Post-coital antifertility activity in matured female rats

2) Estrogenic and antiestrogenic activity in young female rats.
5.B.1.1 Abortifacient activity

Post-coital antifertility testing was carried out in female Wistar rats as per the
method described by Khanna and Chaudhury®. Wistar strain female albino rats weighing
between 150-200 g of proven fertility and with regular estrous cycle were selected for
this experiment. These female rats were monitored daily for different stages of estrous
cycle. The rats, which were in proestrous stage were separated and mated with male rats
that had sired litters before, in the ratio of 2:1 in separate cages. Every morning the
vaginal smears were examined for the presence of lumps of spermatozoa. The day when
spermatozoa were detected in the vaginal smear was considered as day 1 of pregnancy.
Then the pregnant rats were isolated and divided into two groups of 6 rats each. The rats
in group I were administered with the suspension of IBR-2 in 0.1% Tween-80 solution at
the dose of 60 mg/kg through instragastric catheter from day 1 to day 7 of pregnancy and
both the horns of the uterus were observed for number, color and size of implants.

Simultaneously, the number of corpora lutea were also noted. The abdomen was sutured
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and the pregnancy was allowed to go to full term. After the delivery, the litters were
counted and examined for evidence of terratogenicity. The observations made are
presented in Table-5.B.4.

_ Table-5.B.1 Abortifacient activity of the IBR-2 isolated from ethanol fraction.

Dose No. of Mean Mean Percentage of
Treatment mg/kg Group | . rats wnt!n . No. of 1‘.10. of abortifacient
body implantation | implants litters activi
weight sites on day 10 | on day 10 | delivered ctivity
Control - I 6 12.00 11.00 -
IBR-2 ‘60 mg I 6 11.23. 3.24 71.14

5.B.1.2 Estrogenic and antiestrogenic activity

For studying estrogenic and antiestrogenic activity, young female rats (21-23
days) weighing between 35-40 g were bilaterally ovariectomised under light ether
anesthesia and sterile conditions. They are divided into 4 groups consisting of 6 rats each.
The first group served as the control and received vehicle only (Tween-80, 1%, 5 ml/kg).
The second group received ethinyl estradiol in olive oil (1 pg/rat/day) subcutaneously.
The third group received the suspension of IBR-2 at the dose of 60 mg/kg. The fourth
group cbrrespondingly received the suspension of IBR-2 at the same dose along with
ethinyl estradiol, at the dose of 1pg/rat/day subcutaneously. All the above treatments
were given for 7 days. Vagina and vaginal smears were examined in all the animals in the
treated groups for 7 days of treatment. On day 8, the rats were sacrificed by decapitation,
the uteri were dissected out, weighed and fixed in Bouin's fluid for 25 hr for histological

studies. The diameter of the uterus, thickness of endometrium and the height of
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endometrial epithelium were measured in 10 randomly selected sections using a
calibrated ocular micrometer. The statistical analysis was carried out by using student's 't'
test. The results are expressed as mean + SEM. The findings are summarized in
Table-5.B.2 and Table-5.B.3.

Table-5.B.2 Estrogenic activity of the IBR-2 isolated from ethanol fraction.

Grou Treatment Uterine weight Vaginal
P (Dose/day) in mg/100mg cornification
1 Control 70,62+ 4.64 | Nucleated and
cornified cells
11 Ethinyl estradiol 322.43 +7.81° | cornified cells
(1 pg/rat)
IBR-2 + | nucleated and
ol (60 mg/kg) 87.13%3.59 cornified cells
Ethinyl estradiol (1pg/rat) . .
v + IBR-2 (60 mg/kg) 346.54 £16.28 | cornified cells
*p <0.001 vs control
Table-5.B.3 Histological changes in the uterus.
Diameter of Thickness of | Height of the
Treatment the endometrial
Group the uterus . (ot
(Dose/day) + SEM endometrium epithelium
(pm) (um)+ SEM | (um)+ SEM
1 Control 348.61 £ 12.72 48.06 £ 1.16 2649 £5.43
i | Ethinyl estradiol 832.14£9.63 | 236.72+17.08° | 44.21+6.64
(1 pg/rat)
IBR-Z - * e
11 612,45+ 1.22 81.94 £5.67 29.45 +3.58
. (60 mg/kg)
Ethinyl estradiol
v (1 pg/rat) 894.32+6.38" | 254.84 +8.36" | 49.54+13.12°
+ IBR-2 (60 mg/kg)

* p <0.1 when compared with control,

** p<0.01 when compared with control
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The compound IBR-2 was evaluated for post coital antifertility activity at the
dose of 60 mg/kg body weight. No toxic effects were observed either by gross visual
examination or in the weight of rats. After discontinuation of the treatment, all the rats
were mated. This resulted in pregnancy and delivery of normal litters, indicating that the
action of IBR-2 is reversible.

Since the number of carpera lutea and number of litters born were equal, it clearly
indicate that IBR-2 doen not possess antiimplantation activity. However, it exhibited
abortifacient activity of 71.14% at the dose of 60 mg/kg body weight. This observation
revealed that all the implants have been absorbed by the uterus.

Oral administration of the IBR-2 caused significant increase in uterine weight.
This suggested the mild estrogenic activity of the IBR-2. This fact was well supported by
other parameters such as increase in diameter of the uterus, thickness of endometrium and
height of endometrial epithelium. It was also observed that the IBR-2 potentiated the
action of ethinyl estradiol when administered together. This fact was well indicated by
the significant increase in diameter of uterus, thickness of endometrium and height of the
endometrial epithelium.

Examination of the vaginal smears of the treated rats showed predominantly
cornified and nucleated epithelial cells.

Hence, it was concluded that this fraction is mainly responsible for antifertility

activity of the ethanol extract of the fruits of Balanites Rroxburghii.
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5.B.2 Antifertility activity in male albino rats

Encouraged by the antiandrogenic property of the ethanol extract of the fruits of
Balanites Roxburghii, the compound IBR-2, obtained by the isolation of ethanol extract
was also investigated for androgenic/antiandrogenic activity.
Androgenic and antiandrogenic effect of compound IBR-2.

_ The androgenic/antiandrogenic activity has been carried out by following the

method as described by Lohiya and Goyal'®.
Materials and Method

Colony bred immature male albino rats, (Wistar strain) 22 days old and weighing
between 28-32 g, were used for evaluation of androgenic or antiandrogenic activity. They
were divided into four groups, each group combrising of six animals. The first group
served as control and received the vehicle (Tween-80, 0.1%). The second group received
testosterone suspension in 0.1% Tween-80 solution at the dose of 1 mgkg
subcutaneously. The third group received a suspension of the IBR-2 in 1% Tween-80 at
60 mg/kg body weight. The fourth group received, in addition to testosterone, IBR-2 at
30 mg/kg body weight. All the treatments were given for seven days. On eighth day of
the experiment, all the animals were sacrificed by decapitation. The testes, epididymes,
vas deferens, seminal vesicle and ventral prostrate were dissected out, freed from
surrounding tissues and weighed quickly on a sensitive balance. Gravimetric changes

were recorded and shown in Table-5.B.4 and Table-5.B.5.
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Table-5.B.4 Effect of IBR-2 on male reproductive organs when fed orally to immature

male rats for seven days.

Vas

Group Treatment Testes S:::ilcl;:l p‘:(e)::::tle deferens Epididymes
- dose (mg/kg) | + SEM + SEM + SEM + SEM + SEM
638.44 42.68 49.54 28.12 76.65

I

Control
' +4.81 +15.30 +12.10 +23.51 +10.84

I Testosterone 679.80 71.32 82.62 40.28 84.38
(Imghke)  111673" |+1.03° |+£086  |+289 |+7.94°
IBR-2 627.61 39.93 42.17 26.37 72.29

1 60 g/k ) *» » * . »
(60 mg/kg +11.21" | £2.09 +9.62 +9.72 +0.27
IBR-2

v |(60mgkg)+ | 66452 63.04 70.16 32.66 80.41
testosterone +3.02° +0.08" +4.01° +2.28" +4.04°
(1 mg/rat)

* p <0.1 when compared with control,

** p< 0.01 when compared with control

Table-5.B.5 Changes in the testis due to oral administration of IBR-2 on immature male
rats for seven days.

Treat ¢ Diameter of the Diameter of the
Group r&;‘olslgn testes (Lm) seminiferous tubules
+ SEM (um) + SEM
I Control 39.58 £ 0.86 130.2 £ 4.1
11 Testosterone (1 mg/kg) | 43.19 £ 9.44" 146.78 £2.9°
Ethanol extract . o
111 (600 mg/kg) 40.351+3.62 127 52+ 8.3
| Testosterone (1 mg/kg)
v + Ethanol extract 43.10+1.16" 142.8242.06"
(600 mg/kg)

* p < 0.1 when compared with control,

** p<0.01 when compared with control
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Results

The administration of the fraction IBR-2 obtained from ethanol extract of the
fruits of Balanites Roxburghii to prepubertal male rats for seven days has reduced the
weights of testes, epididymes, seminal vesicle and ventral prostrate when compared with
the rats of control and ethinyl estradiol group. A significant increase in the weights of
testes and other accessory organs is observed when testosterone was administered alone,
but androgenic effect of testosterone was decreased with simultaneous administration of
IBR-2 and testosterone, which was indicated by the reduction in the weights of all the
organs when compared to testosterone-administered animals. Considerable reduction in
weights of seminal vesicle and ventral prostrate were observed, thus indicating moderate

antiandrogenic activity of IBR-2.
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Synthesis of Naphtho|2,1-b]furo|3,2-d]
pyrimidine Derivatives
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INTRUDUCTION

The compounds encompassing furan nucleus are widely distributed in nature,
particularly amongst the plant kingdom. Many of these compounds are well known for
their useful physiological and pharmacological properties. This generated considerable
interest in the investigation of compounds containing furan moiety for pharmacological
activities. As a result of such iﬁvestigations S-nitrofuran and other furan derivatives were
brought to light and were found to possess interesting biological activities. Since then,
many research groups are involved in the synthesis of new heterocyclic compounds
containing furan nucleus and evaluating them for various biological activities. A number
of synthetic benzofuran derivatives have been found to possess wide range of biological
activities such as antimicrobial, analgesic, anti-inflammatory, analeptic and antiviral.
This research has resulted in the accumulation of voluminous work on benzofurans and
several monographs"’ devoted to the study of benzofurans have appeared in literature
from time to time.

Furan nucleus is often found fused with oxygen heterocycles rather than nitrogen
heterocycles in nature. Although the latter type of compounds are very less in number,
they have occupied a prominent place in medicinal chemistry. Morphine 1, galanthamine
2, heroin 3, codeine 4 and related alkaloids are the examples of such compounds in which

furan nucleus is condensed with nitrogen heterocycle.
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These compounds are well known for fheir analgesic activity and further research
work has indicated that furan ring is an essential part of the structures of these molecules
for medicinal properties®.

During last few years, interest in this area was hence focused on synthesis and
investigation of biological activities of various benzofurans fused with nitrogen
heterocycles such as pyrimdine, pyridine, diazepine, triazepine, oxazine, pyridazine,
thiazole, pyrazole, benzoxazole, quinoline, indole, benzimidazole, benzothiazole,
quinoxaline etc”!”.

In contrast with furan and benzofuran derivatives, naphthofuran and its
derivatives are very rarely found in nature. Only few of them are reported to occur in
some plants in the form of naphthofuroquinones. Mansonone D was found to be present

in the extracts of leaves of Mansonia alltissma belonging to Stuculiaceae family. This
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compound was identified as 3,4,8-trimethyl-2,3-dihydronaphtho[2,1-b]furan-5,6-dione'®
5. Price'®? et al., isolated a new compound named as Dunnione 6 from the leaves of
Streptocarpus dunnii and later assigned the structure 2,3,3-trimethylnaphtho[1,2-b]furan-

4,5-dione on the basis of spectral studies.

H, O 0
0 CI{S - CH3
CH, Y CH,
C
5 ¢ U

Heartwood of Tabebuia pentaphylla was found to contain many derivatives of 2-
acetylnaphtho[2,3-b]furan-4,9-diones 7',

OCH, (?

f
o

Encouraged by these reports some researchers attempted the synthesis of some
naphthofuran derivatives in the laboratory. First report in this connection appeared in the
literature way back in 1897 by Stoermer®. He reported the synthesis of parent
heterocycle, naphtho[2,1-b]furan from 1-naphthoxyacetaldehyde. Same author could
synthesize 2-acetylnaphtho[2,1-b]furan 8 by reacting 2-hydroxy-l-naphthaldehyde with

chloroacetone in presence of dry acetone and metallic sodium?®.
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O CI-CH;-C—CH, O
O —CHO Benzene, Na - Q

OH o~ ~COCH,
8

Since then Emmott?” et al., Loader®® et al., Chatterjiea29 et al, Weillthevorrot®
et al., Gilotdelhalle®® et al., Arrault®® et al., and few other researchers have synthesized
some derivatives of naphtho[2,1-b]furan. Some of the compounds were found to possess
mutagenic and carcinogenic activities.

Receiving impetus from these reports, synthesis of naphthofuran derivatives
especially coupled or fused or bridged with nitrogen heterocycle was initiated in our
laboratory. Several research papers describing the synthesis, characterization and
biological activities of naphthofuran compounds have been published from our

laboratory”“‘o.

These derivatives are found to possess various\ biological and
pharmacological activities such as antibacterial, antifungal, analgesic, anti-inflammatory
anthelmintic and diuretic activities.

In the present investigation, our interest is to search a new non-steroidal drug
possessing wide spectrum of pharmacological activities including antifertility activity.
Thus; the importance of the less explored naphthofuran and biologically active nitrogen
heterocycles encouraged us to take up the work of annulating suitable nitrogen
heterocycle on easily accessible naphtho[2,1-b]furan derivatives. The obvious choice of

the nitrogen heterocycle was pyrimidine, which is devoted with the important biodynamic

properties. Pyrimidines have been explored to a maximum extent by various chemists and
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biochemists and this has resulted in the accumulation of voluminous work in this field of
research and numerous research papers have appeared in literature. Detailed discussion of
the work carried out on pyrimidines is not within the scope of this thesis. However 1o
point out the importance of pyrimidine derivatives, only few recent reports in this regard
have been discussed in the following pages.

Pyrimidine nucleus occurs in biologically important products such as nucleic
acids, vitamins, coenzymes and pharmacologically useful natural products of plant origin.
The major interest in fused pyrimidines is mainly due to purine based components of
nucleic acids. The two purine bases adenine 9 and guanine 10, which are imidazo
pyrimidine derivatives, are most important components of DNA, RNA and ultimately the

genetic materials.

NH,
N—~">N N N—H

‘ S <)
~NH

9 10

Several synthetic analogues of the natural nucleosides, adenosine and guanosine
are prepared by modifying the base component for different purposes such as exploration
of antiviral and anticancer agents. Such modified base involved in the fusion of
pyrimidine with various nitrogen heterocycles like pyrrole, pyrazole, triazole, thiazole
etc. Hence fusion of pyrimidine ring on different heterocyclic systems resulted in novel
compounds possessing one or the other biological or pharmacological activities*'*'.

Some derivatives of thiazolo[3,2-c]pyrimidines 11 have been synthesized and

tested for antimicrobial activity and anthelmintic activity on a number of strains*>.
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Itoh et al., reported the synthesis of pyrrolo(3,2-d]pyrimidines 12 and studied tl.e

effect of these compounds on dihydrofoliate reductase™.

2N N
H

11
12
In search for novel agrochemicals with high activity and low toxicity, a series of

diheterocyclic compounds containing 1,2,4-triazolo[1,5-a]pyrimidine rings were designed
and synthesized by a four step synthetic route. When preliminary bioassay against
herbicidal activity was carried out, it was observed that some of the compounds displayed
activity at the low concentration of 100 ppm®*.

_ Moukha et al,, have synthesized some pyrazolo[3,4-d]pyrimidine 13 derivatives
and evaluated for their inhibitory effects against the replication of HIV-1 (IIIB), HIV-2

(ROD), various DNA viruses, tumor cell lines and tuberculosis™.

N
’
aa
\N \ N
|
H
13

Pyrimido[2,1-b]benzothiazole and benzothiazolo[2,3-b]quinazoline derivatives
have been syntheised and tested for their antitumor and antiviral activites. Some of the
compounds showed potential activity against Herpes simplex type-1 (HSV-1)*¢.

Pyrrolo[3,4-e}[1,2,3]-triazolo[1,5-a]pyrimidine and Pyrrolo[3,4-d][1,2,3])-triazolo
[1,5-a]pyrimidine, new tricyclic systems of biological interest have been reported by

Lauria et al*”.
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New polycyclic pyrimidine derivatives have been synthesized and investigated for
their l;iblogical activites. 5-Pyrrolidino-2-methyl-thiobenzopyrano[4,3-d]pyrimidine was
found to fulfill the chemical requirements to exhibit antiplatelet activity with gastro
protective effect’.

Biagi et al.,, have synthesized some 6-substituted pyrazolo[3,4-d]pyrimidine
derivatives and tested as inhibitors of the xanthine oxidase enzyme®’.

Tricyclic conformationally restricted tetrahydropyrido annulated furo(3,2-d]
pyrimidines have been synthesized and are reported as non classical antifoliate inhibitors
of dihydrofoliate reductase®’.

This fact revealed the wide scope for systematic investigation in this area of
heterocyclic chemistry. This led Agasimundin et al., to initiate an exhaustive research
programme devoted to the synthesis and biological evaluation of benzofuro[3,2-d]
pyrimidines. The results of such investigations are published in a series of research
papers“'“. However there are no reports of fusion of pyrimidine ring with naphthofuran
moiety in literature.

Present work

The initial work was devoted to the general synthetic approaches for this ring
system and later it was directed towards the synthesis of various substituted naphtho
[2,1-b]furo[3,2-d]pyrimidines. Invitro screening of these compounds has shown that
many of these compounds possess wide spectrum of biological activities®.

As a logical extension of earlier work, it was thought worthwhile to take up the
study of synthesis of naphtho[2,1-b]furo[3,2-d]pyrimidines and evaluation for various

pharmacological activity in addition to antifertility activity.
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In the present work, logically there appears to be three different synthetic
strategies for the construction of pyrimidine nucleus with naphtho[2,1-b]furan.

a) The desired nitrogen heterocyclic ring system may be fused on a
preformed naphthofurans.

b) Naphthofuran ring system may be fused on a preformed nitrogen
heterocycle with suitable functionalities.

c) The two preformed naphthofuran and nitrogen heterocycles may be fused
together.

In the present investigation, the synthetic strategy “a” involving the construction
of desired nitrogen heterocycle onto a preformed naphthofuran is followed for the
synthesis of condensed naphthofurans with nitrogen heterocycle, because of easy
availability of appropriately substituted naphthofuran derivatives through convenient
synthetic methods.

One of the methods for the construction of pyrimidine nucleus requires o-amino
carboxamide system. For building pyrimidine moiety on naphtho[2,1-b]furan nucleus,
such ; functionality in 2- and 3- positions was necessary. This necessiated the synthesis
of 2-hydroxy-1-naphthonitrile, which was subsequently converted into 2-substituted-4-
chloronaphtho[2,1-b}furo[3,2-d]pyrimidines by a sequence of reactions as shown in the

Scheme-1.
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Scheme-1

O i —CH C NH Ethanolic KOH

O—CH—-ﬁ—NH 0 \CONHz
14 15 16

R—C-C1

O N POCI, O IN NaOH O W
N
U T

0 i |
Cl o) 6 0~ “CONH,
19a-b 18a-b 17a-bR
a= CH,
b= CH,

The various steps involved in the synthetic strategy are as follows,
1) Synthesis of 2-hydroxy-1-naphthonitrile
2) Condensation of 2-hydroxy-1-naphthonitrile with chloroacetamide followed
by cyclization to obtain 3-aminonaphtho[2,1-b]furan-2-carboxamide.
3) Conversion of 3-aminonaphtho{2,1-b]furan-2-carboxamide into 2-substituted-
4-chloronaphtho(2,1-b}furo[3,2-d)pyrimidines.
4) Nucleophilic substitution reactions of 2-substituted-4-chloronaphtho(2,1-b]

furo[3,2-d]pyrimidines to get the title compounds.
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l; Synthesis of 2-hydroxy-1-naphthonitrile

2-Hydroxy-1-naphthonitrile 14 was synthesized by traditiona! method of
dehydration of the corresponding oxime by a well-established procedure in our
laboratory. The required 2-hydroxy-1-naphthaldehyde was prepared from 2-naphthol by
Reimer-Tiemann reaction and then converted into its oxime by adopting literature
procedure. The treatment of oxime with acetic anhydride formed initially
naphthisoxazole, which without isolation was converted into the desired 2-hydroxy-1-
naphthonitrile by treatment with sodium ethoxide followed by acidification (Scheme-2).

Scheme-2

Relmer-Tlemann O NHZOH / EtOH
reacnon O CHO — > CH=NOH
0 ;
O C=N C=N EtONa / EtOH _
OH \N
14

The structure of 2-hydroxy-1-naphthonitrile thus synthesized was ascertained by
superimposable IR and 1H NMR with that of authentic sample and by mixed melting

point.
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2; Condensation of 2-hydroxy-1-naphthonitrile with chloroacetamide followed by
cyclization to obtain 3-aminonaphtho[2,1-b]furan-2-carboxamide.
2-Hyroxy-1-naphthonitrile 14 was condensed with chloroacetamide in presence of
anhydrous potassium carbonate and dry acetone, to obtain the desired condensed product
1-cyano-2-naphthoxyacetamide 15.
1-Cyano-2-naphthoxyacetamide 15 underwent Thorpe-Ziegler cyclization
smoothly on refluxing with ethanolic potassium hydroxide and produced 3-amino

naphtho[2,1-b]furan-2-carboxamide in good yield.

Ethanolic KOH <\ /

0~ ~CONH,
15 16

The IR spectrum (Figure-6.1) of 15 exhibited absorption bands at 3451 cm™,
2220-cm™ and 1683 cm™ due to -NH,, -C=N and C=O stretching frequencies. The
structure assigned was further supported by its '"H NMR spectrum (Figure-6.2). It
exhibited a singlet at § 4.6 integrating for two protons of CH; and a broad singlet at § 5.8
(D20 exchangeable) also integrating for two protons of NH; group. In addition, it also
showed a multiplet at 6 7.0 - § 8.4 integrating for six aromatic protons.

The proposed structure was confirmed by recording its mass spectrum
(Figure-6.3). It exhibited a molecular ion peak at m/z 226 corresponding to its molecular
weight. The other peaks found in the mass spectrum correspond with the fragmentation

pattern as depicted in Scheme-3.
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Scheme-3
-CONH
—C=N —C_N
+
O—CI-I2 O—CH2 ?—NH
m/z 226

m/z 127 m/z 152

The IR spectrum (Figure-6.4) of 16 was conspicuous by the absence of peak at
2220 cm’! dﬁe to —C=N. As expected the absorption band due to -C=0 group appeared at
1689 cm™. The absorption at this frequency may be attributed to the involvement of
carbonyl group in intramolecular hydrogen bonding with -NH;, group on adjacent carbon
atom. In the '"H NMR spectrum (Figure-6.5) of compound 16, the peak due to -CH,
group at 8 4.6, which was observed in its precursor, was conspicuously absent. This
supported the involvement of -CH; group in Thorpe-Ziegler cyclization. The 'H NMR
spectrum exhibited a singlet at & 3.9 and another broad singlet at & 6.0 (D;0
exchangeable), which were attributed to -NH, and -CONH; protons. Six aromatic protons
appeared as a multiplet at & 7.0 - & 8.2. To obtain further evidence for the structure

assigned to compound 3, its mass spectrum was recorded (Figure-6.6). It exhibited a
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molecular ion peak at m/z 226 coinciding with its molecular weight. Even though the
molecular weights of compounds 15 and 16 are same, the mass spectra were different as
regards the fragmentation pattern. The fragmentation of compound 16 followed the

pattern as depicted in Scheme-4.

Scheme-4

e
- \ \
07 Tf TN, 07 ¢= 0~ ~C=NH
© OH OH
m/2226 .4 +
-OH

(I
B
¢
E
99

\/NHz ~NH,
+
y ‘1)81 o~ o~ ~C=NH
Zz
1 m/z 182 200

jou
9
\/\z_m

E
20

o + O/C+
m/z 154
in

O o O
+H
. \/C/H
+ +
0
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3. Conversion of 3-aminonaphtho[2,1-b]furan-2-carboxamide into 2-substituted-4-
chloronaphtho(2,1-b}furo3,2-d]pyrimidines.
3-Aminonaphtho[2,1-b]furan-2-carboxamide @ 16  was  converted into
corresponding acyl derivatives by treatment with acetyl chloride and benzoyl chloride in
presence of alkali. These acylated compounds underwent smooth ring closure on reaction
with aqueous sodium hydroxide and resulted in the formation of 2-substituted-4-ox6-

naphtho[2,1-b]furo[3,2-d]pyrimidines.

_— T e f
O \/NHz O \ —C—R

0~ ~CONH, 0~ ~CONH,

16 17a-b
lAqueous NaOH

(4 oo, 4/

o —H
19{" 18a-b
a CH,
b CH,

The structure of 2-methyl-4-oxo-naphtho[2,1-b]furo[3,2-d]pyrimidine 18a was
established by recording various spectra. The IR spectrum (Figure-6.7) exhibited
carbonyl stretching frequency at 1687 cm™. The 'H NMR spectrum (Figure-6.8)

exhibited a singlet at § 2.5 due to three protons of methyl group. A mulitiplet was
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observed at 8 7.2 - 3 8.2 integrating for six protons was assignable to aromatic protons.
The NH proton appeared as a singlet (D,O exchangeable) at § 9.3. The mass spectrum
(Figure-6.9) showed a molecular ion peak at m/z 250 corresponding to its molecular

weight. The fragment ions appearing at m/z 209, 181, 153 and127 were in accordance

with the fragmentation pattern as depicted in Scheme-6.

Scheme-6
9 oF oN.
e = et Qe
8 1
O [ o) i 0
M/Z 250
¢CH,CN
() () -
i N H
N QT
o+ 0\+ \ /0
M/Z.181 M/Z209 Oy
(0 g (O O
N
2 f D )
N ~_H
0] * 0/C+ O/C+
m/z 153 _
-CHO
+2H

m/z 126
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It is well-established fact that the change in substitutions at position 2 and 4 will
have marked effect on biological properties of compounds®® ™. Hence it was thought of
interest to synthesize various substituted naphtho[2,1-b]furo[3,2-d]pyrimidines and
investigate their biological activities with special reference to the effect of substituents.

With this view, 2-alkyl/aryl-4-oxo-naphtho{2,1-b}furo[3,2-d]pyrimidines were
conve;ted into 4-chloro derivatives by refluxing with POCIl3. The formation of 4-chloro
compounds was confirmed by their IR spectra, which showed absence of absorption
bands due to both -C=0 and —~NH stretching frequencies. The structure of 2-methyl-4-
chloronaphtho[2,1-b]furo[3,2-d]pyrimidine 19a was further confirmed by recording
'H NMR spectrum (Figure-6.10) which exhibited a singlet at § 2.5 due to three protons
of methyl group. A multiplet oBsérved at § 7.2 - & 8.2 integrating for six protons was
assignable to aromatic protons.

4. Nucleophilic substitution reactions of 2-substituted-4-chloronaphtho(2,1-b]
furo[3,2-d]pyrimidines to get the title compounds.
2-Alkyl/aryl-4~chloronaphtho[2,1-b]furo[3,2-d]pyrimidines 19a-b were subjected
for substitution reactions with different nucleophilic reagents in order to obtain various
4-substituted compounds. The main purpose of carrying out these reactions was to
investigate the effect of different kinds of substituents on biological activities. Thus the
compounds 19a-b was heated with various alcohols, phenols and amines to obtain
2-substituted-4-alkoxynaphtho[2,1-b]furo[3,2-d]pyrimidines = 20a-d,  2-substituted-4-
aryloxynaphtho{2,1-b]furo[3,2-d]pyrimidines 21a-h and 2-substituted-4-alkyl/arylamino

naphtho[2,1-b]furo[3,2-d]pyrimidines 22a-t respectively. Various amines selected in the
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present study contained either electron donating groups or electron withdrawing groups
in different positions of the aromatic system.

The displacement of chlorine atom by alkoxide ions was effected by heating the
comp;)ﬁnd 19a-b with sodium alkoxide in respective alcohols. There was separation of

sodium chloride in the reaction. The IR spectral data of some selected compounds is

shown in Table-6.1.

20a CH3 OCH3
20b CH; OC,H;s
20c C6H5 OCH3
20d CsHs OC;H:;

On the other hand 2-substituted-4-aryloxynaphtho[2,1-b]furo[3,2-d]pyrimidines
were synthesized by heating corresponding phenol with ammonium carbonate and
subsequently worked up by basification to get the compounds 21a-h in considerably gdbd

yield. The IR spectral data of some selected compounds is shown in Table-6.1.
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19a-b 21a-h

R R!
2la CH3 OC6H5
21b CHs OC¢Hs-2-CH;s
21c CH3 OC5H4-3 -CH3
21d CHs; OCsH4-4-CH;
2le C5H5 OC5H5
21f  Cg¢H;s OC¢H;-2-CH;3
21 g C5H5 0C6H4-3 -CH3
2lh  Ce¢Hs  OCg¢H4-4-CHs

Table-6.1 IR spectral data of 2-substituted-4-alkoxy/aryoloxynaphtho[2, 1-b]furo[3,2-d]

pyrimidines
. IR (KBr) cm™
Compound R R
~ C=N
20a CHs OCH; 1582
20b CH, OC.H;s 1586
20c CeHs OCH; 1574
20d CeHs OC,Hs 1578
2la CH; OCsHs 1570
21b CH; | OC¢Hs-2-CH; 1576
21e CeHs OCsHs 1566
21f Ce¢Hs | OCsH4-2-CH; 1569
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A series of 2-substituted-4-alkyl/arylaminonaphtho[2,1-b]furo[3,2-d]pyrimidines

were prepared by the reaction of 19a-b with various primary and secondary aliphatic and

aromatic amines. The amines such as ethylamine, which is commercially available in

aqueous solution, was condensed with 19a-b in aqueous solution of the amine itself. The

condensation with aniline, 4-methoxyaniline, 4-bromoaniline, m-toluidine, p-toluidine,

4-aminobenzoic acid, 3-nitroaniline, 4-nitroaniline and 4-hydroxyaniline was carried out

in an ethanolic solution.

The structures of all these products were routinely checked by recording IR

spectra of representative compounds in the series. The IR spectral data of some selected

compounds is shown in Table-6.2

22a
22b
22¢
22d
22e¢
22f
22¢g
22h
22i

22j

e,

CH;
CHs
CHs
CHs
CHs
CH;
CH,
CH3
CH;
CH;

R!

NHC;H;
NHC¢Hs
NHC¢Hs-4-OCH;
NHC¢Hg4-4-Br
NHC¢Hs-3-CH;
NHCgH4-4-CH3
NHCg¢Hs-4-COOH
NHC¢H4-3-NO;
NHC¢H4-4-NO,
NHC¢H4-4-OH

22k
221
22m
22n
220
22p
22q
22r
22s
22t

Rl

NHC,H;
NHCH;
NHC¢H4-4-OCH;
NHCsH4-4-Br
NHCsH,4-3-CH3
NHC¢H4-4-CH3
NHC¢Hs-4-COOH
NHCsH4-3-NO,
NHC¢Hs-4-NO,
NHCsHs-4-OH



Table-6.2 IR spectral data of 2-substituted-4-alkylamino/arylaminonaphthol[:,1-b]
furo[3,2-d]pyrimidines

Y
0
Rl
22
1 IR(KBr) cm™

Compound R R C= NE

22a CH; NHC,H; 1578 3400
22b CH; NHCgHs 1576 3380
22¢ CH; NHCH4-4-OCH; 1582 3382
22d CH; NHC¢H;-4-Br 1578 3376
22e CH; NHCsH;-3-CH; 1584 3380
22g CH; NHCsH;-4-COOH 1566 3360
22h CH; NHCsH;-3-NO, 1569 3365
22j CH; NHCsH,-4-OH 1582 3390
22k CeHs NHC,H; 1574 3400
221 CsHs | NHC¢Hs 1570 3296
22m CsHs | NHC¢H4-4-OCH; 1568 3300
22n CsH: NHCH;-4-Br 1562 3292
220 | CsH3s NHC¢H;-3-CHj; 1565 3300
22q CeHs; | NHC¢H,-4-COOH 1550 3290
22r CeHss NHC¢H4-3-NO, 1562 3300
22t CeH3s NHCsH,4-4-OH 1578 3360
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E.xperimental
1-Cyano-2-naphthoxyacetamide 15

To a solution of 2-hydroxy-1-naphthonitrile 14 (16 g, 0.07 mol) in dry acetone
(175 ml), 2-chloroacetamide (7 g, 0.074 mol) and anhydrous potassium carbonate (30 g)
were added and refluxed for 8 hr. The reaction mixture was filtered and the filtrate on
evaporation of the solvent gave 15 as light yellow colored solid. Some amount of 15 was
recovered from the potassium salts by suspending in large excess of water and collecting
the insoluble material. The combined yield was 96%. It was recrystallized from ethanol.

Yield, 96% ; m.p. 107°C ; Found : C, 69.00; H, 4.40; N, 12.26 ; C3H;oN;0;
required : C, 69.02; H, 4.42; N, 12.38%.
3-Aminonaphtho[2,1-b]furan-2-carboxamide 16

The compound 15 (12 g, 0.05 mol), in a solution of potassium hydroxide (8 g,
0.05 mol) in ethanol (160 ml) was refluxed for 2 hr on a water bath. The reaction mixtu.e
was diluted with water and cooled in ice and neutralized. The brown colored solid thus
separated was collected, dried and recrystallized from aqueous ethanol.

Yield, 86% ; m.p. 96°C ; Found : C, 68.97; H, 4.38; N, 12.28 ; Ci3H;oN;0;
required : C, 69.02; H, 4.42; N, 12.38%.
3-Acetylaminonaphtho[2,1-b}furan-2-carboxamide 17a

A mixture of 16 (5 g, 0.01 mol) and acetyl chloride (25 ml) was warmed on
water-bath for 15-20 min and then decomposed in ice water to get a crystalline solid of
17a. It was recrystallized from aqueous ethanol.

Yield, 74% ; m.p. 148°C ; Found : C, 67.00; H, 4.41; N, 10.37 ; C;sH;2N,03

required : C, 67.16; H, 4.47; N, 10.44%.
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3-Benzoylaminonaphtho[2,1-b]furan-2-carboxamide 17b

The compound 16 (5 g, 0.01 mol) was warmed on water-bath for 20 min wi;h'
benzoyl chloride (4 ml) in presence of aqueous sodium hydroxide (2N, 2 ml). The
product 17b thus separated as solid was collected and recrystallized from aqueous
ethanol.

Yield, 70% ; m.p. 152°C ; Found : C, 72.64; H, 4.14; N, 8.40 ; CyH14N,0;
required : C, 72.72; H, 4.24; N, 8.48%.
2-Methyl-4-oxo-naphtho[2;1-b]furo[3,2-d]pyrimidine 18a

Method A - Forgoing acetyl compound 17a (5 g, 0.02 mol) was suspended in
aqueous sodium hydroxide (IN, 500 ml) and warmed on water-bath for 20 min. The
resulting solution when acidified with dilute hydrochloric acid gave 18a as solid, which
was recrystallized from aqueous ethanol.

Yield, 64% ; m.p. 160°C ; Found : C, 71.88; H, 4.00; N, 11.03 ; C;sH;oN,O;
required : C, 72.00; H, 4.00; N, 11.20%.

Method B - To a mixture of hydrogen peroxide (3 %, 20 ml) and aqueous
potassium hydroxide (10 %, 15 ml), the acetyl compound 17a (1.5 g, 0.006 mol) was
added and the mixture was heated at 70-75° for about 30 min. The resulting solution
when acidified with glacial acetic acid furnished 18a as light brown colored crystals,
which was identical with the sample obtained in method (a).
2-Phenyl-4-oxo-naphtho{2,1-b}furo[3,2-d]pyrimidine 18b

The benzoyl derivative 17b (5 g, 0.015 mol) was suspended in aqueous sodium

hydroxide (1N, 500 ml) and warmed on water-bath for 2 hr. The resulting solution when
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acidified with dilute hydrochloric acid gave 18b as solid, which was recrystallized from
aqueous ethanol
Yield, 61% ; m.p. 144°C ; Found : C, 76.84; H, 3.72; N, 8.78 ; Cy0H2N,0,

required : C, 76.92; H, 3.84; N, 8.97%.

2-Substituted-4-chloronaphtho(2,1-b]furo[3,2-d]pyrimidines 19a-b

Compound 18a (5 g, 0.02 mol) in freshly distilled phosphorus oxychloride (50
ml) was heated under reflux until a clear solution was obtained. The resulting solution
was cooled and poured into crushed ice with stirring. The chloro compound 19a thus
separated was collected and recrystallized from ethanol. Compound 19b was prepared
from 18b in the similar way. The physical and analytical data of the compounds

synthesized is presented in Table-6.3.

2-Substituted-4-methoxynaphtho[2,1-b]furo[3,2-d]pyirmidine 20a, 20c

To a solution of 19a (0.6 g, 0.0022 mol) in absolute methanol (10 ml), a solution
of sodium methoxide prepared from sodium metal (0.3 g) and absolute methanol (10 ml)
‘was added. Immediately sodium chloride separated. The reaction mixture was warmed on
water-bath for 30 min, cooled and diluted with water. 20a was collected and
recrystallized from methanol. Similarly 20c¢ was also prepared. The physical and

analytical data of the compounds synthesized is presented in Table-6.3.
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2;Subsituted-4-ethoxynaphtho[2,l-b]furo[3,2-d]pyirmidine 20b, 20d
To a solution of 19a (0.6 g, 0.0022 mol) in absolute ethanol (10 ml), a solutior of
sodium ethoxide prepared from sodium metal (0.3 g) and absolute ethanol (10 ml) was
added. Immediately sodium chloride was separated. The reaction mixture was warmed on
water-bath for 30 min, cooled and diluted with water. 20b was collected and
recrystallized from methanol. Similarly 20d was also prepared. The physical and

analytical data of the compounds synthesized is presented in Table-6.3.

Table-6.3

0 0
OCH, OCH,
20a, 20c 20b, 20d
Compound R D:::::::" Yf;:d n(}cp Fgund (Calllculated)l':tv
[ on Jeumen | n e [GETRTRS
0 Cfy | CoMuNOCl) 72 | 12 ('71227:(55’1/) (gég) (gig)
2 CHy | CieHalo0; | 139 (;;;g) (3:23) (}gigcz))
20 Colly | CothMa0; | 67 | 14 (;;:;g) (::gg) (3123)
S N N R R P AP
20 Cls | CuMila0; | 6 140 433223) (3;23) (gifé)




2-Subsituted-4-aryloxynaphtho[2,1-b]furo[3,2-d]pyirmidines 21a-h
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A mixture of 19a (0.6 g, 0.0022 mol), freshly distilled phenol (6 g) and powdered

ammonium carbonate (2 g) was initially heated gently followed by heating on water-bath

for 40-50 min. Upon dilution with appropriate amount of aqueous sodium hydroxide

solution (10%), the solid 21a-d that separated was filtered, washed with water and

recrystallized from suitable solvent. Compounds 21e-h were also prepared in the same

way. The physical and analytical data of the compounds synthesized is presentedin

Table-6.4.
Table-6.4
W,
| Ne R
Ua !
0o
R!
21a-h
Comp | R Qi N:::::::r Y.i,/ild m é, qund Callc]ulated);?
2la CH; OC¢Hs C21H14sN202 58 150 (;—7,32) (3%3) ({8;23
21b | CH; | OC¢H4-2-CH; | Cy3H6N2O, 70 136 (;;g;) (:;Ig) (ggg)
2lc | CHs | OC¢H4-3-CH; | CoHiN202 | 64 | 153 (ZZ;‘;";) (3;2) (3133
21d | CH; | OC¢Hs-4-CHj | CoHigN2O2 | 55 160 (;;gg) (232) (g(z)zl
2le | C¢Hs OC¢H; CasHigN,O, | 82 180 (gg;;) (:}g) (;}g)
21f | C¢Hs | OCgH4-2-CH; | C7H;sN;0, 80 210 (282(9)) (:;é (ggg)_
21g AC6H5 OC¢Hs-3-CH; | C27H1sN,0, 79 206 (gggg) (:;Z) (2?75)
21h | C¢Hs | OC¢Hs-4-CH; | C27H3N,0, 86 218 (ggig) (::Z) (ggg)
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2-Subsituted-4-alkyl/arylaminonaphtho(2,1-b]furo[3,2-d]pyirmidines 22a-t

A mixture of 19a (0.6 g, 0.0022 mol) and appropriate amine (0.005 mol) in
absolute ethanol (12 ml) was heated on a water-bath for 4-6 hr. After diluting with water,
it was allowed to stand overnight. The solid product 22a-j was collected and
recrystallized from suitable solvent. Compounds 22k-t were also prepared in the same

way. The physical and analytical data of the compounds synthesized is presented in

Table-6.5.
Table-6.5
N%,(R
O \ N
(0]
Rl
22a-t
1 Molecular | Yield | m.p. |__Found (Calculated) %
Comp | R R formula % | °C C H N
73.64 5.41 15.16
il NHGH; CoHisNsO | 42| 129 | 53'55) | (520) | (15.02)
22b | CHs NHCH; N0 | 58 | 136 | 7754 | 460 | 1292

(77.62) | (4.55) | (12.67)

74.36 4.78 11.83

22¢ CH3 NHC5H4-4-OCH3 C22H17N302 64 142 (74'20) (4.66) (1 1 .80)

62.37 3.46 10.39

22d CH3 NHC5H4-4~BI' C21H14N30Br 62 153 (62 19) (329) (10. 19)

77.87 5.01 12.38

22¢ | CHy | NHCeH,3-CH; | CpHuNsO | 70 | 169 | 0'gny | 5710y | (12.24)

77.87 5.01 12.38

22f | CHy | NHGeHe-4-CHy | CpHiNsO | 72 | 142 | o6y | (4730) | (12.19)

71.54 4.06 11.38

68.1 3.78 15.13

22h | CHs NHC¢Hj4-3-NO, C21H14N4O; 78 164 (68.19) | (3.67) | (15.10)
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22i | CH; | NHC¢H4-4-NO; C21H14N4O;3 76 168 (6688_611) (g Zg) (}gég)
22j | CHs | NHCeHi4-OH | CuHisNsO; | 58 | 140 (33123) (:::323) (}gfgzls)
22k | CeHs NHC,Hs CuHiN;O | 70 | 195 (ZZ:SZ) (ngé) (g.'gi)
221 | CeHs NHCeHs CasHisN;O | 80 | 200 (gg:gg) (::gg) (13132)
22m | CeHs | NHCeHi4-OCHs | CpHiN:Op | 68 | 168 (;;:g?) (:;3) (igfgg
22n | CeHs| NHCeHed-Br | CoeHiNsOBr | 74 | 175 (22:33) é:‘;g) (3;8;)
220 |CeHs| NHCeH43-CHy | CyHiN:O | 86 | 186 (ggﬁgg) (ﬂg) (}8:‘311)
22p | CeHs| NHCeHs4-CHs | CpHusNO | 79 | 190 (33123) (::g) (}8:3;)
22q | C¢Hs | NHC¢H4-4-COOH | C27H7N30; 76 238 3755'_107) égg) (3'7/2)
22r | CgHs| NHCeH4-3-NOz | CpeHiNaO3 | 64 | 192 (ngg) (3:22) (13128)
22s | CHs| NHCeH4-4-NO; | CaHigNaOs | 69 | 189 égiﬁ) (:3;:22) (g:gg)
22t | CeHs| NHCeH4-4-OH | CpHiNsO, | 72 | 166 (;;:gg) (gigslg) (ig:g)
Some of the selected compounds have been evaluated for antibacterial,

anthelmintic, anti-inflammatory and antifertility activities and the description of the

pharmacological activities is discussed in Chapter-8.
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INTRODUCTION

A great deal of synthetic work describing the preparation of nitrogen containing
5-membered ring fused to different heterocyclic systems has appeared in literature. In this
connection, there are several reports in which triazole and tetrazole moteties have been
condensed with various heterocyclic moieties.

SeQeral derivatives of 11H-1,2 4-triazolo[4,3-b]pyridazino[4,5-b]indoles 1a-f
have been synthesized and screened for antimicrobial activity against E. coli, S. aureus
and C. utilis. Some of the compounds have been shown to exhibit considerable

antimicrobial activity against these organisms'?.

R R!
a CH, CH,
b OCH, CH,
¢ Br CH,
d CH; CH;
e OCH, CH;
f Br C.H,

Talwar et al, carried out synthesis and antimicrobial activity of various s-
triazolo[4,3-b][4,1,2]thiadiazinones 2 and observed that several of the newly synthesized
compounds exhibited considerable antimicrobial activity against bacteria E. coli and

B. cirrollagellosus and fungi C. albicans and A. niger’.
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An interesting report has appeared in literature in which triazole moiety has been
constructed on quinazoline ring 3. The compounds synthesized have demonstrated

significant antifertility activity hormonal profile*S.

L oy
s 1
| N
Hr—N\ﬂ) - N
= N
0 0 H
2 3

Pathak et al., have reported the synthesis of 1,2,4-triazolopyrimidines 4 for their
biological importance”*°.

The synthesis of 1,2,4-triazolo{4,3-a][1,8]naphthyridines 5 has been carried out
and the resulting compounds have been evaluated for antimicrobial activity by filter
paper technique. Some of the compounds were found to be active against the fungi

F. oxysporum and C. lunata and bacteria E. coli and B. polumyxa"'.

CH, ﬁ N (\ijh
o~ || D~en 'N/ N

S N N
) A=

4 Sa-b
R = H, CH,

Michel et al., have synthesized polyazaheterocyclic derivatives containing triazole
moiety and screened them for anti-inflammatory activity'>.
Several fused triazoles have been prepared as probes for retaining active sites of

B-glycosides".
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Markosyan et al., reported the synthesis and psychotropic activity of triazoles and
tetrazoles condensed with spirobenzo-2H-quinazoline-5,1’-cycloalkanes'.

Muscaranic activity of quinuclidine-3-yl-triazole and tetrazole derivatives we.e
carried out by radio ligand binding assay using 3H-oxo-tremorine'’. Potency and efficacy
were observed in few compounds in which azole moiety was attached to the azo bicyclic
ring.

Recently, Darias et al., reported the synthesis of SH-s-triazolo[4,3-d][1,4]-
benzodiazepines. The newly synthesized compounds were tested for acute toxicity and
central nervous system effect in mice. Many of the compounds showed a clear CNS
depressant activity. Some of the compounds presented a remarkable benzodiazepine like
action with a pharmacological profile similar to that of chlordiazepoxide'®.

Some 1,2,4-triazolo[4,3-c]quinazolines have been found to possess anti-

inflammatory, anxiolytic and antitumor'”"'

activities. Several pyrido[3,2-e]1,2,4-triazolo
[4,3-c]pyrimidines have been synthesized for their analgesic, CNS depressant and
antipyretic activities®’,

Similarly, fused tetrazoles such as pyrazolo[4,3-e]tetrazolo[1,5-c]pyrimidines and
tetrazolo[5, 1-c]purines have been evaluated for antimalarial activity and for inhibition of
blood platelet aggregation®"*?,

New triazolo- and tetrazolo-pyrimidobenzodiazepines have been synthesized and
screened as anti-HIV, anticancer and immunosuppressive agents”. Some of the

compounds showed immunosuppressive activity, similar to or stronger than that of

cyclosporine A.
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A convenient route for the synthesis of 1,2,3-selenadiazole, 1,2,3-thiadiazole,
1,2,4-triazolo[4,3-a]pyrimidine, tetrazolo[4,5-a]pyrimidine, benzimidazolo[1,2-a]
pyrimidine and pyrazolo[3,4-b]pyridine derivatives has been reported, in which the
naphthyl nucleus is incorporated. The preliminary results of antifungal testing indicated
that some of the compounds showed considerable antifungal activity®*.

Maxwell et al., have synthesized a series of 5-aryl-2H-tetrazoles, 5-aryl-2H-
tetrazole-2-acetic acids and (4-phenyl-5-aryl-4H-1,2,4-triazol-3-yl)-thioacetic acids and
tested in vitro for superoxide scavenging activity in vivo in the carrageenan-induced rat
paw edema assay and in the reverse passive Arthus reaction. The hydroxy-substituted
compounds were found to be effective as in vitro scavengers of superoxide but were not
effective as in vivo anti-inflammatory agents®.

Peet and Sunder have synthesized several SH-tetrazolo[1,5-d][1,4]benzodiazapin
-6(7H)-ones 6a-b and evaluated them for different pharmacological activities?®.

N
\

\z//

R!
6a-b
R R'
a OH CH,

In addition to these reports, there are many more evidences to point out biological
importance of condensed triazole and tetrazole derivatives. However, detailed discussion

about the research carried out in this field is not within the scope of this thesis. -



188

It is clear from the above discussion that condensation of triazole and tetrazole
moieties with various heterocyclic systems will result in new compounds with varioué
biological anci pharmacological properties. Encouraged by these reports, guided by the
observation that many a times the condensation of one or more heterocyclic nuclei in a
molecule enhances the biological profile many-folds and in continuation of our search for
biologically potent naphthofuran derivatives, we report in this chapter, the synthesis and
pharmacological investigation of 2-sustituted-s-triazolo[4,3-c]pyrimido[4,5-b]naphtho
[2,1-b]furans and tetrazolo[1,5-c]pyrimido[4,5-b]naphtho[2,1-b]furans.

Present work

One of the methods for the fusion of triazole/tetrazole moiety on pyrimidine ring
involves the intermediacy of corresponding hydrazino compound with -NHNH, group in
appropriate position. Hence, 2-substituted-4-chloronaphtho[2,1-b]furo[3,2-d]pyrimidines
7a-b synthesized during the present investigations (Chapter-6) were thought of as
potential starting materials for the synthesis of title compounds. Thus 2-substituted-4-
chloronaphtho[2,1-b]furo[3,2-d]pyrimidines 7a-b were treated with hydrazine hydrate
solution (80%) in presence of ethanol. The nucleophilic substitution reaction occurred
spontaneously and resulted in the formation of 2-substituted-4-hydrazinonaphtho([2,1-b]
furo[3,2-d]pyrimidines 8a-b.

The hydrazine compounds were confirmed on the basis of spectral data. The IR

spectrum of 8a (Figure-7.1) exhibited an absorption peak at 2918 cm’! due to -NH;

group.
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O o 7
Cl NHNH,
7a-b 8a-b
R
a CH,
b  C¢H,

'H NMR spectnim of 8a (Figure-7.2) was recorded, which exhibited a singlet at
8 2.6 due to —CH; protons, a broad singlet at § 6.0 (D,O exchangeable) due to -NH,
protons and a multiplet in the region & 7.2-8.2 for six aromatic protons and a proton of —
NH.

It was also envisaged to synthesize 4-hydrazinonaphtho(2,1-b]furo[3,2-d]
pyrimidines 11 with no substitution at position-2 of pyrimidine ring, in order to compare

the effect of substituents on biological activity.

Y

4

NH,
\

0~ “CONH,

3-aminonaphtho(2,1-b]furan-2-carboxamide
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The synthesis of compound 11 was accomplished by using 3-aminonaphtho
[2,1-blfuran-2-carboxamide as stating material. The 3-aminonaphtho[2,1-b]furan-2-
carboxamide was refluxed with formamide in ethanol. The resulting compound was
identified as 4-oxo-naphtho(2,1-b]furo[3,2-d]pyrimidine 9 on the basis of its spectral
data. The IR spectrum of compound 9 (Figure-7.3) exhibited absorption band at 1727
cm’ due to carbonyl stretching frequency. 'H NMR spectrum (Figure-7.4) of this
compound showed a multiplet at & 7.2-8 8.2 integrating for six aromatic protons. As
expected, the proton at C-2 position, which is flanked by two nitrogen atoms appeared as
singlet at downfield of & 10.2 whereas, the NH proton appeared at & 9.1 as a singlet
which was exchangeable with D,0. 4-Oxo-naphtho[2,1-b]furo[3,2-d]pyrimidine 9 was
converted into 4-chloronaphtho(2,1-b]furo [3,2-d]pyrimidine 10 by heating it with freshly
distilled phosphorous oxychloride. The formation of 4-chloro compound 10 was evident
by the absence of carbonyl peak in its IR spectrum (Figure-7.5). Nucleophilic
substitution of chloro compound was carried out by reacting it with hydrazine hydrate in
ethanol to obtain corresponding 4-hydrazino compound 11. The 'H NMR spectrum
(Figure-7.6) of hydrazino compound was recorded to confirm the structure assigned to
compound 11. It showed a broad singlet at 8 6.0 (D,O exchangeable) attributed to NH,

protons. Other protons appeared as multiplet at § 7.2 - & 8.8.
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Table-7.1 IR spectral data of 2-substituted-4-hydrazinonaphtho[2, 1-b]Jfuro[3,2-d]
pyrimidines

R
8a CH,
11 H
IR (KBr) cm™
Compound R

C=N NH
8a CH; 1582 2918
8b C¢Hs 1568 2910
11 H 1578 2912

The hydrazine compounds on refluxing with ethyl orthoformate afforded
anticipated triazolo compounds 1ie. 2-alkyl/aryl-s-triazolo[4,3-c]pyrimido[$,4-b]

naphtho[2,1-b]furan 12a-c.

/

N
O §(R Ethyl orthoformate _ O N\(R
\ \
0

N _H
NHNH, o \ \{(
8a-b, 11 12a-c -
R
a H
b CH,



192

The structure assigned to these compounds was established by recording the
spectral data. The IR spectrum (Figure-7.7) was in accordance with its structure. 'H
NMR spectrum of 12a (Figure-7.8) which exhibited a multiplet at & 7.1- 8 8.3 integrating
for six aromatic protons whereas the protons of pyrimidine ring and triazole ring
appeared as singlet at § 9.2 integrating for two protons. The IR spectrum (Figure-7.9) of
12b confirmed the structure assigned. The '"H NMR spectrum (Figure-7.10) exhibited a
multiplet at 8 7.1- 8 8.3 integrating for six aromatic protons, a singlet at 8 2.6 integrating
for three protons of methyl group, whereas the proton of triazole ring appeared as singlet
at 8 9.4 integrating for one proton.

The other two methods for the construction of triazole moiety available in the
literature were attempted. Thus hydrazine compounds when refluxed with acetyl chloride
produced corresponding 2-methyl compounds 13a-¢ and similar reaction with benzoyl

chloride yielded corresponding 2-pheny! derivatives 13d-f.
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sl

0
NHNH,
8a-b, 11

Acetyl chloride Benzoyl chloride

ok
| ~r ~

13a-c 13d-f

R R R R!
a H CH, d H CgHs
b CH, CH, e CH, CcH;
¢ C¢Hs; CH,4 f CeHs CeHs

However, the method of refluxing hydrazine compound with formic acid to obtain

triazolo compounds was not successful even after changing the reaction conditions.

Acetic acid O N
S Y
N R!
o~ T

N—N
13a
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In view of the growing interest in newer heterocycles, it was contemplated to
synthesize yet another pentacyclic heterocycle encompassing tetrazole moiety. The
synthesis was achieved by subjecting hydrazine compound to diazotisation by using
sodium nitrite in acetic acid. The structure of various tetrazolof1,5-c]pyrimido[5,4-b]
naphtho[2,1-b]furans 14a-c thus obtained were characterized by spectral studies. The
structure assigned to 14a was in well agreement with its IR spectrum (Figure-7.11). 'H
NMR spectrum (Figure-7.12), which exhibited only a multiplet at § 7.2-3 8.5‘ due to six

aromatic protons including a proton of pyrimidine ring.

:j\% NaNO, / Acetic acid
>

8a-b, 11

14a-c
R
a H
b CH,
c CH;

These new pentacyclic heterocyclic compounds were synthesized also by an

alternative route, in which the respective chloro compounds 8a-b and 11 were treated

with sodium azide in ethanol.

14a-b, 11 N~



-

gqals

|

f
i

Sasusase

et

H

r/

J

et

(

=

0°ECH |
AT

aLE

645 |

8688
A4
£°689
§°CIL
0°9+¢
8'¥6¢
£'618
} 'L001
56601
071601
['LBI
AL
o244
?°tLel
5'08el
1'Ghy1
1’8481
64051
C'ECH
£°TLsl
G061

£'661C

8°166¢
QM ATA

#'60IE

MAARY
L'oHE

3 '64bEL_

I T~ | I T I | I ] 1 T
3250 3000 2750 2500 2250 2000 1750 1500 1250 1000 750 500
Uaverumber cn™

3500

1
3750

8-

[

0§

1
08 0

I | 1 J

09 05 O Of
[y] d3ueiLrusue Jf

|
V4

1
of

I
g

4000

N H

I

N{

\

\

0

HoRiL 10
87 1,2003

AECTRA
DATE :

I

RSIC. IIT. MADRAS

BRUKER IFS s6v

FT-IR SPECTROMETER

TIME : 12:52:52

N—’

FIGURE-7.11



rA WA R IR L

00°¢ od

0 6]

ZH 0¢°0 a7
0 gs8s

W4 Mam

ZHH 676£7€T1 007 as
89LC¢ 1s
szajawexed HBurssaodoxd - ZJd
HT SNITONN

ZHW Z8ZP9€1° 007 104S
o3sn 78°9 1d
28s (00000000°T 1a
apP T T1H
A 0°00¢ aL
03sn QG ¢0T aa
29sn 000°¢8 Ma
218 9}

O3S (0970L89°C ov
ZH €80981°0 SIHUAII
ZH 19G6°L609 HMS
0 Sa

96 SN
£10pP2 INJATOS
89LC¢t aL

Bz D0¥d1nNd
QuUI3IINH W G aHa0ud

Q0 pxure WOYLSNI
0€°ST - |suTy,
¥250200¢ —ejeq
sxajsweIed UOTITSTNDOY - 24
1 ONOOY¥d

L ONdXd
Yr-Goyzaspeys IHNYN

sasisueaed vled Jualan)

31 o 1dures

(=] [a)) [54]
o o} lo
[os] oY Vel
- w|
wudd 1- 0 1 Z £ b S 9 L 8 6 01 1T A
anl i aal JTUT | ol 1 1 { 1 1 . 1 1. 1 ] |
[}
~N
L \
~N




195

These compounds were found to be identical with the compounds obtained by
tearlier method as indicated by the supertimposable IR and '"H NMR spectra and also by
the determination of mixed melting points.

It has been well established that -NH-N=CH- group is necessary for antibacterial
and antiparasitic activities of nitrofuran derivatives’””. Further efforts are made to
reduce the toxicity by using different heterocycles as carrier molecules®®. Receiving
impetus from these reports, it was planned to utilize hydrazine compounds for the
synthesis of various arylidine derivatives by condensation with different aldehydes in
ethanol. The resulting compounds were identified as 4-arylidinehydrazinonaphtho[2,1-b]
furof3,2-d]pyrimidines 9a-o0 on the basis of spectral studies. The various aldehydes uscd
for this reaction are listed below.

¢ Benzaldehyde

e 2-Hydroxybenzaldehyde
¢ 3-Nitrobenzaldehyde

¢ 4-Aminobenzaldehyde

e Furfural



R R'
a H  Cg¢H;s h
b H  C¢Hs-2-OH i
C H C5H4-3 -N 02 _]
d H  C¢Hs-4-NH, k
e H  2-Furyl 1
f CH3 C6H5 m
4 CH3 C6H4-2-OH n
- o

15a-0

194

NH—N=CHR!

R R'
CH; Cg¢Hs-3-NO,
CH; C¢Hs-4-NH,
CH; 2-Furyl
C6H5 C6H5
CéHs CgHs-2-OH
C5H5 C6H4-3 'NOZ
C¢Hs CgHs-4-NH,
C6H5 2-Furyl

The structures assigned to compounds were authenticated by recording the IR and

'H NMR spectra of the representative compounds. IR spectrum of 15a (Figure-7.13) was

in well agreement with the structure assigned. 'H NMR (Figure-7.14) exhibited a singlet

at a downfield of & 9.3 assignable to methine protons and a multiplet in between 8 7.2 - §

8.2 integrating for 12 protons, which was attributed to 11 aromatic and one —NH proton.

Similarly, '"H NMR of 15k (Figure-7.15) exhibited a singlet at § 9.3 assignable to

methine protons and a multiplet in between & 7.2 - § 8.2 integrating for 12 protons, which

was attributed to 11 aromatic and one —NH proton. It also exhibited a singlet at & 2.6

due to methyl protons integrating for three protons. IR spectral data of some

representative 4-Arylidinehydrazinonaphtho[2,1-b]furo[3,2-d]pyrimidines is given in

Table-7.2.
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The attempted oxidative cyclization of 15a to 16a by using nitrobenzene under

reflux condition was futile.

Nitrobenzene

15a

16a

In view of the different biological and pharmacological activities exhibited by
trizoles, tetrazoles and arylidine derivatives, some of the selected compounds synthesized
during the present investigations have been evaluated for antimicrobial, anthelmintic,

anticonvulsant and antipyretic activities. The method of screening, results and discussions

are presented in Chapter-8.

Table-7.2 IR spectrum of 4-Arylidinehydrazinonaphtho[2,1-b]furo[3,2-d]
pyrimidines

Compound
15a CH3 C5H5 1582 3400
15b CeHs CeHs 1568 3360
15¢ H CeHss 1578 3382
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Experimental
2-Substituted-4-hydrazinonaphtho[2,1-b}fure[3,2-d]pyrimidines 8a-b, 11

To a solution of 7a (4 g) in methanol (80 ml) was added, 80% hydrazine hydrate
(10 ml) and the mixture was heated under reflux on a water-bath for 4 hr. The yellow
colored hydrazino compound 8a, which separated on cooling, was collected and

crystallized from aqueous ethanol.

Similarly 8b and 11 were prepared. The physical and analytical data of the

compounds synthesized is presented in Table-7.3.

Table-7.3

Compound R l\g::::::r Y«i;old n;(l; lg)und (Calliculated) ;o
s | CHy |CuHaNO | e | a4 | S0 A | B0
8b CeHs | CooHiNO | 67 168 (gj?) (ﬁg) (}Z/f };)
| jodNo | 7 | e | 23 A
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Triazolo[4,3-c]pyrimido[S,4-b]naphtho(2,1-b]furans 12a-c

The compounds 8a (0.002 mol) was heated in ethyl orthoformate (3 ml) at 80%
for 20 min. The reaction occurred within a few minutes and a solid cake 12a was formed
in each case. After cooling, it was triturated with petroleum ether and recrystallized from
suitable solvent. The compounds 12b-¢ were prepared similarly from 8b and 11. The
physical and analytical data of the compounds synthesized is presented in Table-7.4.

The compounds 8a (0.002 mol) was heated in acetyl chloride (4 ml) at 80° for 20
min. The reaction occurred within a few minutes and a solid cake 13a was formed in each
case. After cooling, it was triturated with petroleum ether and recrystallized suitable
solvent. The compounds 13b-c were prepared similarly from 8b and 11. The physical and
analytical data of the compounds synthesized is presented in Table-7.4.

The compounds 8a (0.002 mol) was heated in acetic acid (4 mi) at 80% for 20
min. The reaction occurred within a few minutes and a solid cake 13d was formed in
each case. After cooling, it was triturated with petroleum ether and recrystallized suitable
solvent. The compounds 13e-f were prepared similarly from 8b and 11. The physical and

analytical data of the compounds synthesized is presented in Table-7.4.
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Table-7.4

N—N

12a-c, 13a-f

R! Molecular | Yield | m.p. Found (Calculated) %

Compound R

formula % °C C H N
12a H | H | CsHNO | 67 | 254 (gg:ﬁ) (328(7)) é}:i;)
| om | B [cdnao| e | s | 2000 ) 28 0
12¢ | CeHs | H | CaHuNO | 68 | 201 (7755.604) g:%) L}g:gg)
13a H | CH | CieHNO | 82 | 252 (gg:gZ) é:g) égﬁig)
- i | ot | Commio | 72 | 264 | 7083 | 416 | 1944

(70.71) | (4.10) | (19.36)

75.42 4.00 16.00

13¢ C6H5 CH3 C22H14N40 68 198 (75.37) 43.8Q (15.96)

75.00 3.57 16.66

13d H | Gy | CaHuNO | 70 | 194 | 69'93) | (3.58) | (16.68)

75.42 4.00 16.00

13e CH3 CsHs C22H14N4O 75 279 Qs 3 9) (3 .97) (l 5 94)

7864 | 3.88 | 13.59
(78.60) | (3.80) | (13.52)

13f CsHs | CsHs | C27H1sN4O 65 233

Tetrazolo[1,5-c]pyrimido[S,4-b]naphtho[2,1-b]furans 14a-c

Method A - A suspension of 8a (0.002 mol) in acetic acid (1N, 5 ml) was treated
with sodium nitrite (0.2 g) at 45°. The reaction mixture was heated at this temperature for 2
hr. After cooling, the solid 14a, which separated, was collected and recrystallized from

ethanol. Similarly 14b and 14c¢ were prepared from 8b and 11.
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Method B.:- A mixture of 7a (0.0015 mol) and sodium azide (0.3 g) in ethanol
(10 ml) was heated under reflux on a water-bath for 4 hr. The resulting solid 14a, that
separated, after cooling the reaction mixture, was collected and recrystallized from
ethanol. Compounds 14b and 14c¢ were prepared in similar manner from the respective
chloro compounds. The compounds were identical with those obtained in method A. The

physical and analytical data of the compounds synthesized is presented in Table-7.5.

Table-7.5

14a-c

i o
Compound R Molecular | Yield m.p. Found (Calculated) %

formula %o °C C H N
142 H | CulbNsO | 69 | 204 (231334 é:gg) ég:g)
14b | CHy; | CisHNsO | 65 2174 (221‘1‘3) éjz) é;gg)
l4c Ce¢Hs | CyHiINsO 69 198 L;i %})) (g %g) (gg;g)

4-Arylidinehydrazinonaphtho[2,1-b]furo[3,2-d]pyrimidines 15a-o0

To a solution of compounds 8a (0.0025 mol) in methanol (50 ml), freshly distilled
appropriate aldehyde (0.0025 mol) was added separately and the mixture stirred for about
2 hr. at room temperature and left overnight. The solid of 15a-e, which separated, was
collected and recrystallized from suitable solvent. Similarly, the compounds 15f-j were

prepared from 8b and the compounds 15k-0 were prepared from 11 by using appropriate
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aldehydes. The physical and analytical data of the compounds synthesized is presented in

Table-7.6.

Table-7.6

15a-0 NHE—N=CHR!
Comp| R R! 1\/:::::::.- Yij:d ngé) F(():und (Calllculated);b
152 | H CHs | CaHuNO | 75 | 122 (;:}513) (j:ig) (1213%
15b | H | CeHe2-OH | CyHNO | 73 | 139 (?/H?) (gigg) d?ﬁ%
15c | H | CeHe3-NO; | CaHiNsO; | 78 | 143 (gg;g) (3}312) (13233)
15 | H | CeHs-4-NH, | CxH;sNsO | 81 | 150 (31233) (::gcs)) (1322(3))
15¢ H 2-Furyl CisH12N4O, 69 187 (ggié) (ggg) (};8;)
15 | CHs CéHs ColliN©O | 69 ) 210 (;451:8(2)) (4412246‘) (g:gg)
15g | CH | CeHe-2-OH | CHigN4O; | 74 | 180 (Ziigﬁ) (‘3‘:28) (}gjé)
15h | CH3 | CeHs-3-NO; | CpHisNsO3 | 75 | 178 (22:2?) é:;g) g{;:gg)
15i | CH; | CéHa-d-NH; | CpH;NsO | 67 | 197 (;}:gg) (::2(3)) (ig:gg)
15j | CHy | 2-Furyl | CyHuN4O2 | 70 | 245 (;g:}g) (g:gg) (}g%)
ISk | CeHs |  CeHs | CyHiNO | 82 | 187 (Zggg) (23‘51) (132'27)
151 | CgHs | CeHa-2-OH | CpHigNOz | 66 | 243 (;/2:3‘11) (::(1)21;) (3:83)
15m | CeHs | CeHa-3-NOy | CsHiyNsO3 | 72 287 (Z/ggilg) (ggg) (iggf)
15Sm | Cels | CeHa-d-NHz | CHioNsO | 74 | 263 (77;2?) (::‘313) (}g:g’l/)
150 | CeHs |  2-Furyl | CpsHigNeO2 | 71 | 234 (Ziﬁgg) (gigg) (1133'§86o6)
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" INTRODUCTION

One of the major causes for the progress of chemistry of benzofurans and
naphthofurans is the association of these moieties with various biological activities. There
are numerous examples of plant extracts, containing these nuclei, being used for the
treatment of various diseases. This fact stimulated several researchers to take up the work
of isolation, identification and biological evaluation of many benzofuran compounds and
few naphthofuran compounds. This has resulted in development of some benzofuran
compounds as clinically useful drugs.

The major objective of the present investigation is to explore biologically more
potent synthetic naphthofuran derivatives. Hence, a number of naphthofuran compounds
with possible biological activities are designed, synthesized and selected compounds
have been evaluated for

A. Antifertility activity in female albino rats
Antifertility activity in male albino rats
Antimicrobial

Anthelmintic

m O 0O W

Anti-inflammatory

- .

Anticonvulsant
G. Aniipyretic

activities, which are described in the following pages.
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Section-A Antifertility activity in female rats

Antifertility effect of synthetic naphtho[2,1-b]furo[3,2-d]pyrimidine derivatives in
female rats was studied as described in Chapter-4. The observations made are presented
in Table-8.1 to Table-8.3.

Table-8.1 Abortifacient activity of some selected naphtho[2,1-b]furo[3,2-d]pyrimidine
derivatives.

O Il
I
No. of Mean
Dose rats with No. of Mean Percentage
Com mg/kg Group | implantation | implants No. of of
p- body . p litters | abortifac'ent
. sites on day | on day . ..
weight 10 10 delivered activity
Control - 1 6 12.00 12.00 -
I 60 mg 2 6 11.60. 5.82 49.82
II 60 mg 3 6 11.24 6.04 46.21
I 60 mg 4 6 10.36 - 6.20 40.15

As the compounds exhibited considerable abortifacient activity, it was
contemplated to investigate them for possible estrogenic/antiestrogenic activity. The
synthetic compounds were tested at the dose of 60 mg/kg body weight. The results are

tabulated in Table-8.2 and Table-8.3.
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Table-8.2 Estrogenic/antiestrogenic activity of some synthetic naphtho[2,1-b]furo[3,2-d]
pyrimidine derivatives.

Grou Treatment Uterine weight Vaginal
P (Dose/day) in mg/100mg | cornification
1 Control 70.62 + 1.06 nucleated
cells
2 Eﬂ“(‘;y:l;s:;:‘)dml 322.43 +2.28 | comnified cells
I N nucleated and
3 (60 mg/kg) 187.13 £4.35 comified
II . nucleated and
4 (60 mg/kg) 164.54 + 6.04 cornified
I1I . nucleated
5 (60 mgkg) 140.17 + 2.41 cells
*p <0.001 vs control
Table-8.3 Histological changes in the uterus.
Treatment Diameter of Thlc':::ss of I;I::;igol:;:frti:r
Group the uterus endometrium epithelium
(Dose/day) (um) + SEM (um) + SEM (um) + SEM
1 Control 348.61 £12.72 | 48.06+1.16 26.49 + 5.43
2 Eﬂ‘z‘;y:lgefrtarf)dml 832.14+9.63 | 236.72+820° | 4421t 6.64
3 60 n; o/kg) 462.34+6.82° | 56.73+1.44" | 26.15+1.25"
4 (0 I;Ig/kg) 42032+2.11° | 54084206 | 24.54+5.01°
5 - Ig;/kg) 422324235 | 53.12+5.72° | 2621324

* p <0.1 when compared with control,

** p<0.01 when compared with control
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Results and discussion

Some naphtho[2,1-b]furo[3,2-d]pyrimidine derivatives were evaluated for post
coital antifertility activity at the dose of 60 mg/kg body weight. No toxic effects were
observed either by gross visual examination or in the weight of rats. After discontinuation
of the treatment, all the rats were mated.

Since the number of carpera lutea and number of litters born were equal, it clearly
indicates that naphthofuran derivatives do not possess antiimplantation activity. This
observation revealed that all the implants have been resorbed by the uterus.

Oral administration of naphtho[2,1-b]furo[3,2-d]pyrimidine derivatives caused
significant increase in uterine weight. This suggested the mild estrogenic activity of the
compounds. This fact was well supported by other parameters such as increase in
di;rrieter of the uterus, thickness of endometrium and height of endometrial epithelium.
Examination of the vaginal smears of the treated rats showed predominantly cornified
and nucleated epithelial cells.

Amongst the tested compounds, 2-methyl-4-oxo-naphtho[2,1-b]furo[3,2-d]
pyrimidine exhibited comparatively more abortifacient activity. The construction of
triazole moiety resulted in the decrease in abortifacient activity to some extent and
building up of tetrazole moiety decreased the activity to a considerable extent.
Surprisingly, this observation was contradictory to the anticipation of enhancement of
activity when two or more heterocyclic systems are condensed with each other. Hence,
findings of antifertility activity revealed that detailed investigation is required to assign

any particular reason for the reverse trend in activity.
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Section-B Antifertility activity in male rats

Naphtho(2,1-b]furo[3,2-d]pyrimidine derivatives were also investigated for

possible androgenic/antiandrogenic activity in male albino rats by following the

procedure as described in Chapter-4. The synthetic compounds were tested at the dose of

60 mg/kg body weight. The results are tabulated in Table-8.4 and Table-8.5.

Table-8.4 Androgenic/antiandrogenic activity of some synthetic naphtho{2,1-b]furo
[3,2-d]pyrimidine derivatives.

New~CH N~ CH

3 3 N\CH3
& T O
0]

N<
o7 i 0 |
}\I/N 0 \ ’E
B I 11 m N
Seminal Ventral Vas =
Group dTre?::g‘;:;) : ess]tge;/[ vesicle prostrate | deferens E‘:dgg:; e
ose + SEM + SEM | + SEM :
638.44 42.68 49.54 28.12 76.65
1 Control
+4.81 +15.30 +12.10 +23.51 +10.84
) Testosterone | 679-80 71.32 82.62 40.28 84.38
(Imgke) | 41673° | +1.03° +086 | +2.89° +7.94°
I 627.61 39.93 42.17 26.37 72.29
3 .
(60mg/ke) | 4)1121" | 1200 +9.62" +9.72° | +027"
4 11 664.52 63.04 70.16 32.66 80.41
(60 mg/kg) +3.02° +0.08" +4.01° +2.28° +4.04
5 I 664.52 63.04 70.16 32.66 80.41
(60 mg/kg) +3.02° +0.08" +4.01° +2.28 +4.04

* p <0.1 when compared with control, ** p<0.01 when compared with control
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Diameter of the Diameter of the
Group Treatment . .
(Dose) testes (um) seminiferous tubules
+ SEM (um) + SEM
1 Control 39.58 £0.86 130.2 +4.1
Testosterone . .
2 43.19 + 2. . .
(1 mg/kg) +2.03 146.78 +2.9
I ] t 1]
3 40.13+4.72 14002 +4.2
(60 mg/kg) 00
I1 . .
4 40.28 + 3.01 4282+1.6
(60 mg/kg) 1428
5 I 40.47 +2.51° 13852 +6.0"
(60 mg/kg) e '

* p <0.1 when compared with control,

Results and discussion

** p<0.01 when compared with control

The administration of the compounds to prepubertal male rats for seven days has

incréased the weights of testes, epididymes, seminal vesicle and ventral prostrate when

compared with the rats of control and testosterone group. The observations presented in

Table-8.4 clearly indicate that all these compounds screened for androgenic activity are

less active than the testosterone. However, in this case it was observed that annulation of

naphtho([2,1-b]furo[3,2-d]pyrimidines with triazole and tetrazole ring system increased

the androgenic activity, in accordance with the general observation.
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Section-C: Antimicrobial activity

Some selected compounds synthesized during the present research work have

been screened for both antibacterial and antifungal activities.
C.1 Antibacterial activity

Introduction

One of the initial reports of antibacterial activity by furan compounds was due to
Dodd and Stillman!. Dibenzofuran derivatives such as didymic acid 1 and other
hydroxylated dibenzofurans are known since long time, to possess some activity against
S. aureus and A. tubercle’. Usnic acid 2 has been found to inhibit many Gram-positive
organisms’. The most interesting activity of this compound is its inhibition effect on
Mycobacterium tuberculosis against which it is potent in conjunction with small

quantities of streptomycin®.

C3H7 CSHll
COOH
H,CO O O OH
- 0
1 2

The development of resistance among the various pathogenic organisms towards
antibiotics stimulated the invention of newer antimicrobial agents’. Among the furan
derivatives, nitrofurans were the first to be developed as antibacterial agents. This was
followed by the use of alternative functional groups such as trifluoromethyl®, substituted
phenyl’, alkylsulphonyl®, isostearic and isoelectronic groups like sulpho, sulphamoyl,
carboxyl, methoxy carbonyl and cyano groups® in place of nitro group to get compounds

with improved chemotherapeutic indices.
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In contrast to substituted furans, the benzofuran ring system has received little
attention. The investigation of benzofuran derivatives as antimicrobial agents was
initiated only in recent years. Within this short period of 2-3 decades, several benzofuran
de_riilatives have been found to possess such an activity'®!®, 2-Furylbenzofurans'®,
benzofuran analogues of chalcones'’?® have been reported to possess antibacterial
properties. In vitro testing of series of benzofuran, benzofuro[3,2-d]pyrimidine,
4H-benzofuro[3,2-d]-m-oxazin-4-one derivatives prepared are found to be significantly
active against S, aureus and E. coli*',

Synthesis and antimicrobial screening of aminomethyl derivatives of naphtho
[1,2-b]furan was carried out by Mukhanova® ef al., they observed that all the synthesized
compounds exhibited weak antimicrobial activity.

It is evident from the above facts, that several compounds possessing furan
moiety are capable of exhibiting antibacterial activity. When this ring system is fused
with other heterocycle or coupled with other heterocycle directly or through bridges, the
resulting compounds would exhibit enhanced antibacterial property. Hence, selected
naphtho[2,1-b]furo[3,2-d]pyrimidine derivatives prepared in the course of present
investigation were screened for antibacterial activity. In the present investigation, the
bacteria used were S. aureus and K. pneumoniae and the fungi used were 4. niger and C.
albicans. The antibacterial activity of naphthofuran derivatives was studied in
comparison with that of standard drug ciproflaxacine by cup plate method? as described
in Chapter-4.

The results of antimicrobial activity of standard and selected compounds is given

along with antifungal activity in Table-8.6 to Table-8.7.
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C.2 Antifungal activity
Introduction

B-Coumaranones are well known for their antifungal activity. Among these,
griseofulvin is of great importance. It is quite active and harmless to the host. For this
reason griseofulvin®® 3 is used against several pathogenic fungi' and ringworms.
Chakraborthy and co-workers have studied antifungal activity of furocoumarins and

reported that psoralen was the most active antifungal agent’. Many other naturally

25

occurring benbzofuran derivatives like homopterocarpin®® 4, pterocarpin®® 5 and

terocarpan phaseolidin?’ are reported to serve as antifungal agents in plants.
p arpan p

0
OCH,

5

Not many synthetic banzofurans are investigated for antifungal activity. A few
benzofurans derivatives with imidazole nucleus have béen found to be useful as
fungicides.

In view of these observations, some selected naphthofuran derivatives, now
synthesized, have been subjected to antifungal screening against Aspergillus niger and

Candida albicans.
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Evaluation of antifungal activity

The antifungal activity of naphthofuran derivatives was studied in compa-ison
with that of standard antifungal drug ciclopirox olamine, by cup-plate method?® as
described in Chapter-4.

Table-8.6 Antimicrobial activity of some selected naphtho[2,1-b]furo[3,2-d]pyrimidine
derivatives IV - VII

R!
VII
Zone of inhibition in mm.
1 Antibacterial Antifungal
Comp.| R R 3 K 1 C.
aureus | pneumoniae | niger | albicans
1\ - - 04 12 14 10
Va CH;,3 - 06 14 10 14
Vb | C¢Hs - 04 12 - 16 15
Via | CHj - 08 16 17 17
VIb | C¢H;s - 10 18 15 12
VIila | CH; OCH; 04 08 12 14
VIIb | CH, OC¢H; 05 08 10 11
Vilc | CH; NHC,Hs 04 06 09 10
VIId | CH; NHC¢H; 08 09 09 08
Vile | CH; | NHC¢H4-4-OCH; 08 06 10 06
VIIf | CH; | NHC¢H4-3-NO, 04 10 17 09
VIlg | C¢Hs OCH; 04 17 14 11
VIIh | C¢H; OCg¢Hs 04 14 12 10
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VIIi | C¢Hs NHC,Hs 06 13 14 13
VIIj | C¢Hs NHC¢Hs 05 11 15 12
VIIk | C¢Hs | NHC¢Hs-4-OCHj, 06 14 14 10
VIII | C¢Hs | NHC¢H,4-3-NO, 16 16 12 09
Ciprofloxacin 12 26
Ciclopirox olamine - - 24 22
DMF Nil Nil Nil Nil
Water (Distilled) Nil Nil Nil Nil

Table-8.7 The antimicrobial activity of some selected triazolo[4,3-c]pyrimido[5,4-b]
naphtho[2,1-b]furans VIII, tetrazolo[1,5-c]pyrimido[$,4-b]naphtho[2,1-b]
furans IX and 4- Arylidinehydrazinonaphtho[2,l-b]fttro[3,2-d]pyﬁmidines X.

N’N N— NH-N=CHR!
IX X
Zone of inhibition in mm.

1 Antibacterial Antifungal
Comp. | R R P. P. A, C

vulgaris | aeroginosa | niger | albicans
Villa H H 09 10 06 04
VIIIb H CH; 07 11 08 02
Vllic H CeHs 08 09 06 02
IXa H - 06 12 08 02
IXb CH, - 04 10 03 02
IXc C¢Hs - 04 09 04 04
Xa H CeHs 13 13 12 05
Xb CH; | C¢Hy-2-OH 14 15 . 12 06
Xc C¢Hs | CeHy-3-NO, 14 14 13 06
Ciprofloxacin 19 25 - -
Chlotrimazole - - 22 10
DMF Nil Nil Nil Nil
Water (Distilled) Nil Nil Nil [ Nil
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Results and Discussion
On the basis of the results obtained during the screeﬁing of various naphtho[2,1-b]
furo[3,2-d]pyrimidine derivatives for antimicrobial activity, the following conclusion
could be drawn.
1. The compounds VIa, VIb, VIIg, VIIIi, VIIIk, Xa, Xb and Xc¢ exhibited
considerable antibacterial activity against S. aureus and K. pneumoniae and

antifungal activity against A. niger and C. albicans.

2. The compounds Xa, Xb and Xc¢ were found to exhibit moderate activity when
compared with the standard drug.
3. Introduction of electron withdrawing group in the side chain resulted in the

enhancement of antimicrobial activity.

4, On the other hand, introduction of electron donating group in different position of
the side chain has no significant impact on the antimicrobial activity.

5. The remaining compounds were found to be less active or inactive against all the

four microorganisms when compared with the standard drug.



Section-D Anthelmintic activity

The anthelmintic activity of some selected naphtho[2,1-b]furo[3,2d]pyrimidine
derivatives and some angularly fused pentacyclic heterocycles was done as described in
Chapter-4. The results are shown in Table-8.8 and Table-8.9.

Table-8.8 The anthelmintic activity of some selected naphtho[2,1-b]furo[3,2-d]
pyrimidine derivatives IV - VII

\211
No. (:lf Cone Melan Meall:
1 eart ’ paralysis deat
Comp. R R worms (Wt./Vol., time time
tested mg) (in min.) | (in min.)
Control - - 8 - - -
Standard - - 8 100 100 120
IV - - 8 100 162 185
Va CH; - 8 100 130 169
Vb Ce¢Hs - 8 100 142 160
Via CH; - 8 100 122 120
VIb C¢Hs - 8 100 116 122
Vlla CH, OCH; 8 100 133 160
VIIb CH; OCeHs 8 100 140 190
Vilc CH; NHC,H; 8 100 134 166
VIId CH; NHC¢Hs 8 100 120 168
Vile CH; | NHC¢H4-4-OCH; 8 100 112 160
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VIIf CH; | NHCe¢H4-3-NO, 8 100 132 166
Viig Ce¢Hs OCH; 8 100 147 170
VIih C¢Hs OC¢Hs 8 100 133 180
VIIi CeHs NHC,Hs 8 100 160 209
VIJj CeHs NHC¢Hs 8 100 146 172
VIlk CeHs | NHCsH4-4-OCH3 8 100 122 160
VIII Ce¢Hs | NHCgH4-3-NO, 8 100 135 164

Table-8.9 The anthelmintic activity of some selected triazolo[4,3-c]pyrimido[5,4-b)
naphtho[2,1-b]furans VIII, tetrazolo[1,5-c]pyrimido[5,4-b]naphtho{2,1-b]
furans IX and 4-Arylidinehydrazinonaphtho[2,1-b}furo[3,2-d]pyrimidines X.

N<
0 |
}“’N ° }\HE NH—N=CHR!
VIII IX X
No. of Conc Mean Mean
Comp. | R R! earth | v Vo, | Paralysis | death
worms mg) time time
tested g (in min.) | (in min.)
Control 8 - - -
Standard 8 100 100 120
Vlilla H H 8 100 146 172
VIIIb H CH; 8 100 164 186
Vilic H CeHs 8 100 120 168
IXa H - 8 100 112 160
IXb CH; - 8 100 132 170
IXc CeHs - 8 100 146 - 172
Xa H CeHss 8 100 133 180
Xb CH; C¢H4-2-OH 8 100 160 209
Xc CeHs Ce¢Hs-3-NO, 8 100 122 170
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Results and discussion

The following conclusions could be drawn from the observations presented in

Table-8.10 and Table-8.11.

1.

All the synthesized compounds screened for anthelmintic response, were less
active than the standard drug as regards both vermifuge and vermicidal activities.
Amongst the tested compounds VIIIa and VIIIb exhibited almost equipotent
vermicidal activity when compared with the standard piperazine citrate.

The presence of electron withdrawing groups decreased the anthelmintic activity.
Introduction of electron donating groups had no marked effect on the activity

even after changing the position of such groups in the side chain.
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Section-E Anti-inflammatory activity

In recent years, in a search for potent anti-inflammatory agents, several
benzofuran compounds have been explored. Mooradin®, prepared a series of
benzofuro[2,3-b]pyridine derivatives and found them to possess anti-inflammatory
activity. N-(O-carboxyphenyl)-3-methyl-benzofuran-2-carboxamide®® and some 2,3-

dihydro-2-oxo-benzofuran-3-carboxanilides®’

have been reported to possess anti-
inflammatory activity almost equal to that of aspirin. Since then a number of reports
revealing the potential anti-inflammatory properties of various benzofuran compounds
have appeared in literature®> %,

Hence, it was contemplated that some of the naphtho[2,1-blfuro[3,2-d]pyrimidine
derivatives synthesized in the course of present investigation may exhibit interesting anti-
inflammatory property. Thus, these compounds are now subjected for evaluation of anti-

inflammatory activity. The materials and method are discussed in Chapter-4. The results

are shown in Table-8.10.
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Table-8.10 Anti-inflammatory activity of some selected naphtho[2,1-b]furo[3,2-d}
Pyrimidines V - VII

0 | O
0O 1
\% V1
New R
Dad!
)
R!
VII
Paw Inhibition (%)
Compound R R! volume+SEM of edema after
after 3 hr. 3 hr.
Control - - 1.24+0.0204 -
Standard - - 0.2840.0600 77.50
_ Va CH; - 0.411+0.0126 66.93
Vb CeHs - 0.70+0.0190 43.54
Via CH3 - 0.32+0.0135 74.19
Vib CeHs - 0.68+0.0089 45.16
Vliia CH; OCH,3 0.3610.0152 70.96
VIilb CeHs OCH; 0.4810.0170 61.21
Vilc CH,3 NHCg¢Hs 0.371£0.012 69.23
VIId CeHs NHC¢Hs 0.4610.011 64.17
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Results and Discussion

The only selected compounds were screened for anti-inflammatory activity by
carrageenan induced rat paw edema method using Ibuprofen as the standard drug.

On the basis of results during the evaluation of anti-inflammatory activity, the

following conclusions could be drawn.

1. All the compounds tested for anti-inflammatory activity were found to be less
active than the standard drug.
2. Anti-inflammatory activity of the compounds Va, VIa, VIIa and VIIc was almost

equal to the activity of Ibuprofen.

3. The presence of electron donating —CHj group on pyrimidine moiety relat vely
increased the activity.

4, The introduction of electron withdrawing —C¢Hs group pyrimidine ring reiatively

decreased the activity.



3

Section-F Anticonvulsant activity
Introduction

Different types of epilepsies i.e. grand mal, petit mal or psychomotor type, can be
studied in laboratory animals. The maximal electroshock (MES) induced convulsions in
animals represent grand mal type of epilepsy. S@milaﬂy, chemo-convulsions due to
pentylenetetrazole, which produce clonic type of convulsions resemble petit mal type of
convulsions in human beings. These are thé two procedures used to study convulsions
and to test anticonvulsant drugs in laboratory animals. In the present study, the MES
induced convulsion method was adopted to carryout anticonvulsant activity in rats'’. s

In MES convulsions, electroshock is applied through corneal electrodes. Corneal
excitation is produced through optic stimulation. The MES convulsions are divided into
five phages such as

a) tonic flexion

b) tonic extensor

¢) clonic convulsions

d) stupor and

e) recovery or death

A substance is known to possess anticonvulsant activity if it reduces or abolishes
the extensor phase of the MES convulsions. Some of fhe selected angularly fused

pentacyclic heterocycles have been tested for anticonvulsant activity.
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Materials and method
Albino rats
Electroconvulsometer
Corneal electrodes
Sto‘pwatch
Preparation of test solutions of the extracts
The suspension of compound (500 mg) in Tween-80 (0.1%, 1 ml) was dissolved
in distilled water (10 ml) in suitably labeled sterile test tubes separately, to get the

solution of the extract of 50 mg/ml concentration.

Index for anticonvulsant activity in rats

Method : MES induced convulsion method

Animals : Albino rats (Wistar strain weighing 80-100 mg)
Standard - : Diazepam (25 mg/kg body weight)

No. of animals in each group : 06

Route of administration : Oral

The albino rats were weighed, numbered and were divided into eight groups of six
animals each. The first group received vehicle Tween-80 (1%) and served as control and
second group received the Diazepam at the dose of 25 mg/kg body weight and served as
standard. The groups 3 to 8 received the compounds at the dose of 80 mg/kg body weight
respectively. After 45 minutes, the animal was held properly and the comealv electrodes were
placed on both the ears. Then 150 mA of current was applied for 0.2 seconds and time spent
by the rat in different stages of convulsion were noted. The experiment was repeated for all

the animals of the groups. The results are recorded in the Table-8.11.
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Table-8.11 The anticonvulsant activity of some selected triazolo[4,3-c]pyrimido[5,4-b]
naphtho(2,1-b]furans VIII, tetrazolo[1,5-c]pyrimido[5,4-b]naphtho(2,1-b]
furans IX

§ 4

N\NR ) O \K(R

N<
T
N-N © }\I,E
VIII IX
Time in various phases of convulsion
Comp. Group | R R! (Mean in sec.)
Flexion Extensor| Clonus Stupor
Control 1 - - 3.3 10.4 2.4 120
Standard | 2 - - 3.2 0 4.8 123
Villa 3 H H 44 6.4 5.6 126
VIIIb 4 H CH,3 5.4 7.5 3.2 120
VIllc 5 H CeHs (4.7 6.8 6.6 128
IXa 6 H - 4.8 8.4 7.4 136
IXb 7 CH; - 54 8.6 6.7 128
IXc 8 C6H5 - 6.4 8.2 6.4 130
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Results and discussion

Anticonvulsant activity was determined by comparing the time spent in extensor i.e.
the second phase of convulsion. The following conclusions could be drawn from the
observations tabulated in the Table-8.13.

1. All the pentacyclic heterocycles screened for anticonvulsant activity, were found
to possess less activity when compared with the standard.

2. Relative anticonvulsant activity of these compounds was observed to be more
when compared to the control group.

3. Amongst the compounds screened for this activity, the parent heterocycle i.e.
triazolo[4,3-c]pyrimido[5,4-b]naphtho[2,1-b]furan VIIIa was found to
possess maximum anticonvulsant activity.

4, Introduction of electron donating group leads to reduction of activity to more
extent whereas electron withdrawing group leads to reduction of activity to

lesser extent.
5. All the three tetrazole compounds IXa-c were found to be less active when

compared with their triazole counterparts.
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Section-G Antipyretic activity

Introduction

The human body works almost like a thermostat. It always maintains the constant
body temperature. In feverish condition, this thermostat is set at high temperature. The drugs
that bring down the body temperature are called antipyretics. Some of the selected angularly
fused pentacyclic heterocycles have been tested for anticonvulsant activity.
Materials and method
Albino rats
Digital Tele-thermometer
Preparation of test solutions of the extracts

The suspension of compound (500 mg) in Tween-80 (0.1%, 1 ml) was dissolved
in distilled water (10 ml) in suitably labeled sterile test tubes separately, to get the
solution of the extract of 50 mg/ml concentration.

Antipyretic activity in rats

Method : Yeast induced hyperpyrexia

Animals : Albino rats (Wistar strain weighing 80-100 mg’
Standard : Acetyl salicylic acid (10 mg/kg body weight)
No. of animals in each group : 06

Route of administration : Oral

The antipyretic activity was carried out on Wistar strain albino rats by adopting

ya
yeast induced hyperpyrexia method'®. The rats weighing between 80-120 gm were
divided into 8 groups of 6 each. The normal rectal temperature and its hourly variation

were recorded at the beginning of the experiment using a digital thermometer. The
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animals were fasted for 24 hrs and kept at a constant temperature of 24-25°C before

giving the drugs but were freely permitted. The hyperpyrexia was induced by

subcutaneous injection of 2.0 ml of 15% yeast suspension in saline solution. The rats

developing 0.5°C or more rise in the rectal temperature were noted 18 hrs after the

administration of the suspension. Then drugs were administered to each test group

animals orally. The group 1 received Tween-80 solution (1%) and served as control,

group 2 received acetyl salicylic acid and served as standard and the groups 3 to 8

received test compounds VIIIa-c¢ and IXa-c respectively at the dose of 80 mg/kg body

weight. The rectal temperature was noted after 1, 3, 6 hrs interval and compared with

control group values. All values are expressed as mean £ SEM. The results are recorded

in Table-8.12.

Table-8.12 The antipyretic activity of some selected triazolo[4,3-c]pyrimido[5,4-b]
naphtho[2,1-b]furans VIII and tetrazolo[1,5-c]pyrimido[5,4-b]naphtho[2,1-b]
furans IX

Comp. 1 Mean rectal temperature after hours shown + SEM
Group | R | R 0 hr 1hr 3br | 6hr
Control - - 3800+1.42 383+£0.58 | 38.4+0.06 | 3831045
Standard - - 38.17+0.12 | 37.82+0.63 | 37.62+1.04 | 3741126
Villa H H 38.96+0.23 | 38.2+0.62 | 38.1+1.00 | 37.8+0.35
VIIIb H CH; |38.16+0.83 |37.84+1.26 | 37.64+0.64 | 37.6+1.41
Vllic H Ce¢Hs | 39.08 £0.64 | 384+£0.16 | 38.3+0.23 | 38.2+0.58
[Xa H - 39.16£0.76 | 38.4+1.02 | 383+1.34 | 38.2+0.24
IXb CH; | - 3942+0.17 | 39.6+0.23 | 39.3+£1.22 | 38.1+0.26
IXc CeHs | - 39.10+0.62 | 38.84+£0.16 | 38.3+0.28 | 38.2+0.48
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Results and discussion

The antipyretic activity of the pentacyclic heterocyles under investigation, was

determined by comparing the temperature recorded after 6 hr. The following conclusions

could be drawn from the observations recorded in Table-8.14.

1.

The compounds VIIIa and VIIIb were found to exhibit equipotent antipyretic
activity when compared with the standard drug.

Introduction of electron donating group in the triazole moiety decreases the activity
to certain extent.

Introduction of electron withdrawing group in the triazole moiety decreases the
activity to more extent.

All the tetrazole compounds IXa-¢ were found to possess less antipyretic activity.
Substitution by either electron donating or electron withdrawing groups in pyrimidine

ring of tetrazoles IXa-c¢ had no marked effect on antipyretic activity.
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OVERALL CONCLUSIONS

From the results arrived at the investigations on Balanites Roxburghii and some

derivatives of naphtho[2,1-b]furo[3,2-d]pyrimidine, regarding antifertility and other

biological activities, the following conclusions can be drawn,

1.

The fruits of the plant Balanites Roxburghii have considerable abortifacient
activity.

It has no toxic and side effects and the abortifacient activity is reversible.
Hence, fruits of this plant can serve as potential abortifacient agent.

This plant is commonly grown in many places throughout Karnataka. The fruits
can be preserved several days without any deterioration.

The fruits can be used, very safely by pregnant woman, even without the
consultation of the physiciar. and thus physiological and social inhibition of
woman for abortion can be avoided.

The active component present in the crude ethanol extract, which could be
responsible for abortifacient activity is found to be a flavonone. Generally
flavonoids are responsible for antifertility activity.

In the present investigation, it was not possible to isolate any other non-steroidal
antifertility agent from the fruits of Balanites Roxburghii.

The various extracts of the fruits of this plant are found to be associated with the
following pharmacological activities,

o Anthelmintic activity
. Anti-inflammatory activity
o Analgesic activity

. Diuretic activity.



Hence, in addition to potent antifertility agent, the fruits of this plant can also be
used safely for the treatment of helmenthiasis and rheumatic arithritis. It can also be used
as a pain reliever and in urinary disorders.

9. Amongst the heterocyclic compounds synthesized during the present
investigation,

o 4-Chloronaphtho[2,1-b]furo[3,2-d]pyrimidines were found to exhibit
antibacterial and antifungal activities.

. 4-Alkyl/arylaminonaphtho[2,1-b]furo[3,2-d]pyrimidines were found to
possess anthelmintic activity.

o 4-Arylidinonaphtho[2,1-b]furo[3,2-d]pyrimidines were found to show
antibacterial activity.

o Angularly fused pentacyclic heterocycles viz., triazolo[4,3-c]pyrimido[5,4-b]
naphtho[2,1-b]furans and tetrazolo[1,5-c]pyrimido[S,4-blnaphtho[2,1-b]
furans were found to possess significant anti-inflammatory and anticonvulsant
activity.

J s-Triazolo[4,3-c]pyrimido[5,4-b] naphtho[2,1-b]furan was found to exhibit
considerable antipyretic activity.

10.  Further systematic investigation of the newly synthesized pharmacologically
potent compounds would lead to the discovery of new agents possessing
relatively wide spectrum of activities.
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2-Hydroxy-1-naphthonitrile 1 has been condensed with chloroacetamide and the
resulting 1-cyano-2-naphthoxyacetamide 2 on Thorpe-Ziegler cyclization furnished 3-
aminonaphtho {2,1-b] furan-2-carboxamide 3 in good yield. This compound served as
an intermediate for the synthesis of 2-substituted-4-oxo-naphtho [2,1-b] furo [3,2-d]
pyrimidines 8a-b. The compounds 5a-b have been converted into 2-substituted-4-
chloronaphtho [2,1-b] furo [3,2-d] pyrimidines 6a-b which on nucleophilic substitution
reactions with alcohols, phenols, aliphatic and aromatic amines afforded 2-substituted-
4-alkoxy/4-aryloxy/4-alkylamino and 4-arylaminonaphtho [2,1-b] furo [3,2-d] pyrimidines
7a-p and 8a-p. All the newly synthesized compounds have been characterized by
elemental analysis and spectroscopic data and have been screened for antimicrobial,
anthelmintic and antiinflammatory activities.

Pyrimidine is an important ring system found
nucleic acids, antibiotics, antimalarials,
ticancer and antiinflammatory drugs and is
sociated with diverse biodynamic properties’.
any of the pyrimidine derivatives are reported to
ssess potential analgesic, CNS depressant and
tipyretic properties*S. Numerous compounds
ntaining such a ring system fused with nitrogen
terocycles have been extensively investigated®’.
ywever there are only few reports concerning
rimidines condensed with oxygen heterocycles®®.
weral derivatives of naphtho [2,1-b] furan have
.en synthesized in our laboratory'®'2 and are
Ind to possess significant biological- activities.
ince it was thought of interest to condense
rimidine nucleus with naphtho [2,1-b] furan ring
d investigate the biological activities of the
sulting angularly fused tetracyclic heterocycles.

One of the methods for the construction of
rimidine nucleus requires o-amino carboxamide
stem. For building pyrimiding moiety on naphtho
1-b] furan moiety, such a functionality in 2 and 3
sitions was necessary. To accomplish this, easily
cessible 2-hydroxy-1-naphthonitrile'® 1 was
ndensed with chloroacetamide in presence of
ihyd potassium carbonate and dry acetone. The
ndensed product 1-cyano-2-naphthoxyacetamide

2 underwent Thorpe-Ziegler cyclization on refluxing with
ethanolic potassium hydroxide and produced the desired
3-aminonaphtho [2,1-b] furan-2-carboxamide 3 in good
yield (Scheme-1).

The IR spectrum of 2 exhibited absorption bands at
3453 cm™, 2280 and 1678 due to -NH,, -C=N and C=0
stretching frequencies. Appearance of peaks at 4.6 § as
a singlet integrating for two protons of -CH, and a1 5.8 at
7.0-9.0 as a multiplet integrating for 6 aromatic protons in
the '"H NMR spectrum of 2 established the structure
assigned. The IR spectrum of 3 was conspicuous by the
absence of peak at 2280 cm™ due to -C=N. As expected
the absorption band due to C=0 group appeared at 1628.
'H NMR spectrum of 3 eéxhibited peaks at 3.7 as a singlet
and 6.0 as a broad singlet (D,0O exchangeable), and
multiplet at 7.0-9.0 were attributed to -NH,,-CONH, and 6
aromatic protons respectively.

The compound 3 was acylated using acetic anhydride
and benzoyl chloride/sodium hydroxide to obtain
corresponding acylated compounds 4a-b. These
compounds underwent smooth ring closure on treatment
with sodium hydroxide and resulted in the formation of
anticipated 2-substituted-4-oxo-naphtho [2,1-b} furo [3,2-
d] pyrimidines 5a-b. In order to synthesize various
derivatives of 5a-b it was decided to replace the carbony!
group by reactive chlorine atom. This was achieved by
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Cl

refluxing 5a-b with phosphorus oxychloride and 2-
substituted-4-chloronaphtho [2,1-b] furo [3,2-b]
pyrimidines 6a-b were obtained in excellent yield. With
a view to study structure activity relationships; it was
contemplated to replace chlorine atom by various
electron withdrawing and electron donating groups. The
desired nuclephilic substitution reactions were brought
about by the reaction of 6a-b with various alcohols,
phenols, aliphatic and aromatic amines under
appropriate reaction conditions. The products 7a-p and
8a-p thus obtained were screened for antimicrobial,
anthelmintic and antiinflammatory activities.

Antimicrobial activity

The antimicrobial activity of synthesized
compounds was determined by cup plate method'3-'4

SCHEME-1

The in vitro antimicrobial activity was carried out against
24 hr old cultures of two bacteria and two fungi. The
bacteria used were Proteus vulgaris and
Pseudomonas aeruginosa and fungi used were
Aspergillus niger and Candida albicans. The
compounds were tested at a concentration of 0.001
mol/mi in dimethylformamide against ail organisms.
Ciprofloxacin (0.001 mol/ml) and Chlotrimazole (0.001
mol/ml) were used as standard for comparison of
antibacterial and antifungal activities respectively. The
plates were inoculated with 24 hr old culture of bacteria
and fungi. The zone of inhibition was compared with
the standard drug after 24 hr of incubation at 37° for
antibacterial activity and 72 hr at 25° for antifungal
activity. All the compounds tested showed poor
antimicrobial activity.
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Table-1

Characterisation data of compounds
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Satisfactory C and H analysis were obtained for all the compounds.

Compd R R Mol M.P. Yield Nitrogen analysis %
formula (°C) (%) Found (Caled)
2 - - C,,;H, N0, 107 82 12.26 (12.38)
3 - - C,,H, N0, 96 86 12.24 (12.38)
4a CH, - C,;H,N,0, 148 74 10.37 (10.44)
4b CeH, - C,H,.N,0, 152 70 08.40 (08.48)
S5a CH, - C,H, N0, 160 64 11.03 (11.20)
5b CgH, - C,H,N,0, 144 61 08.78 (08.97)
6a CH, - C,;H,CIN,O 168 76 10.28 (10.42)
6b CeH, - C,H,,CIN,O 122 72 08.34 (08.47)
7a CH, OCH, C,eH,,N,O, 139 65 10.30 (10.52)
7 CH, OC_H, C,,H,N,0O, 143 64 09.82 (10.00)
7c CH, OC,H, C,,H,N,O, 150 58 08.51 (08.58)
7d CH, OC,H,-2-CH, C,H,:N,0O, 136 70 07.98 (08.23)
Te CH, OC,H,-3-CH, C,,H,N,0, 153 64 07.96 (08.23)
7f CH, OC,H,-4-CH, C,,H,N,0O, 160 55 08.02 (08.02)
79 CH, NHC,H, C,,H,N,O 129 42 15.02 (d45.16)
7h CH, NHC H, C,H,N,O 136 58 12.67 (12.92)
7i CH, NHCH,4-OCH, C,H N.O, 142 64 11.80 (11.83)
7 CH, NHC H,4-Br C,H,BmN,O 153 62 10.19 (10.39)
7k CH, NHCH,-3-CH, C,H,,N,O 169 70 12.24 (12.38}
n CH, NHC,H,4-CH, C,,H;N,O 142 72 12.19 (12.38)
m CH, NHCH,4-COOH C,H N.,O, 156 60 11.32 (11.38)
7n CH, NHC,H,-3-NO, C,H,N,O, 164 78 15.02 (15.13)
70 CH, NHC,H,4-NO, C,,H, N, O, 168 76 15.10 (15.13)
7p CH, NHC_H,-4-OH C,H,N,0, 140 58 12.28 (12.31)
8a CH, OCH, C,H,N,0O, 134 67 08.50 (08.58)
8b CH, OC,H, C,,HN,0, 140 65 08.16 (08.21)
8c CHs OCH, C,H,N,0, 180 82 07.12 (07.19)
8d CH, OCH,-2-CH, C,H, N, 0O, 210 80 06.83 (06.96)
8e CeH, OCH,-3-CH, C,,H,N,0, 206 79 06.87 (06.96)
8f CeH, OCH,-4-CH, C,,H N, 0O, 218 86 06.90 (06.€6)
8g CH, NHC H, C,HN,O 195 70 12.34 (12.38)
8h CeH, NHC.H, C,H,;,N,O 240 80 10.76 (10.88)
8i CH, NHCH,4-OCH, C,H N,O, 168 68 10.00 (10.07)
8 CH, NHC H,4-Br C,H,;BrN,O 175 74 09.02 (09.01)
8k CH, NHC,H,-3-CH, C,H,N,O 186 86 10.34 (10.47)
8 CeH, NHC,H,-4-CH, C,H,N,O 190 79 10.37 (10.47)
8m CgH, NHC,H,-4-COOH C,H N.O, 238 76 09.76 (09.74)
8n 4 C.H NHC.H,-3-NO, C,H N, O, 192 64 12.50 (12.66)
8o CeH; NHCH,4-NO, C,H,N,O, 189 69 12.52 (12.66)
8p C,H, NHC H, 4-OH C,H,N,O, 166 72 10.43 (10.42)




92 INDIAN JOURNAL OF HETEROCYCLIC CHEM. VOL. 12, OCT.-DEC., 2002

Anthelmintic activity

The activity was evaluated on earthworms Pheritima
posthuma by reported method'S. The compounds were
tested at a dose of 0.001 mol/ml suspension in 0.1%
Tween-80 solution. Solution of 0.1% Tween-80 in 6%
dextrose, 6% dextrose solution and Piperazine citrate
suspension were poured into separate petridishes as
a control, blank and standard respectively. The time
taken by the worm to become motionless was noted as
paralysis time. The time taken for the complete death
of worms was recorded.

Study of anthelmintic activity showed that
compound 8g possessed equipotent activity with that
of standard drug. Compounds 7g, 8a and 8j were
moderately active whereas remaining compounds were
found to be less active.

Antiinflammatory activity

Ca.rageenan induced rat paw oedema method was
employed for evaluating the antiinflammatory activity
of some selected compounds*s. The compounds were
given at a dose of 80 mg/kg body weight in albino rats
(Wistar strain) weighing between 150 and 200g. The
oedema was produced by injecting 1% carrageenan
solution at the left hind paw. lbuprofen was used as
standard drug. The percentage inhibition of oedema
was calculated and compared with the standard.

Antiinflammatory response of the tested
compounds was weak than the standard drug. However
itwas observed that the compounds containing electron-
withdrawing groups exhibited more activity than the
compounds ¢ontaining electron-donating groups.

Experimental

Meiting points were determined in open capillary
tubes and are uncorrected. IR spectra (in cm™') were
recorded in KBr on FT-IR (Research spectrophotometer
series) and Perkin-Elmer FT-IR (spectrum 1000) NMR
spectra on Jeol GSX 270 FT NMR spectrophotometer
using DMSO-d, or CDC, as solvent and TMS as an
internal standard [chemical shifts are given in  (ppm)
values]. Compounds were checked for their purity by
TLC on silica gel G plates using carbon tetrachloride-
methanol (v/v) of varying polarity and the spots were
located by iodine vapours.

1-Cyano-2-naphthoxy acetamide 2

To a solution of 2-hydroxy-1-naphthonitrile (16 g,
0.07 mol) in dry acetone (175 mi), 2-chloroacetamide

(7 9, 0.074 mol) and anhyd potassium carbonate (30
g) were added and refluxed for 8 hr. The reaction
mixture was filtered and the filtrate on evaporation of
the solvent gave 2 as light yellow colored solid. Some
amount of 2 was recovered from the potassium salts
by suspending in large excess of water and collecting
the insoluble material. The combined yield was 96%. it
was recrystallized from ethanol.

3-Aminonaphtho [2,1-b] furan-2-carboxamide 3

The compound 2 (12g, 0.05 mol), and potassium
hydroxide (8g, 0.05 mol) in ethano! (160 ml) was
refluxed for 2 hr on a water bath. The reaction mixture
was diluted with water and cooled in ice and neutralized.
The brown colored solid thus separated was collected,
dried and recrystallized from aq ethanol.

3-Acetylaminonaphtho [2,1-b] furan-2-carboxamide
4a

A mixture of 3 (5g, 0.01 mol) and acetic anhydrie
(25 ml) was warmed on water-bath for 15-20 min and
then decomposed in ice water to get a crystalline solid.
It was recrystallized from aq ethanol. IR: 1602 (-
COCH,), 1624 (-CONH,). '"H NMR : 2.4 (s, 3H, CH,),
4.8 (s, 2H, NH,), 10.4 (s, 1H, NH) and 7.0-9.0 (m, 6H,
ArH).

3-Benzoylaminonaphtho [2,1-b] furan-2-
carboxamide 4b

The compound 3 (5g, 0.01 mol) was warmed on
water-bath for 20 min with benzoyl chloride (4 ml) in
presence of aq sodium hydroxide (2N, 2 ml). The
product 4b thus separated as solid was collected and
recrystallized from aq ethanol.

2-Methyl-4-oxo-naphtho [2,1-b]-furo - [3,2-d]
pyrimidine 5a

Method A

Acetyl compound 4a (5g, 0.02 mol) was suspended
in aq sodium hydroxide (1N, 500 ml) and warmed on a
water-bath for 20 min. The resuiting solution when
acidified with dil hydrochioric acid gave 5a, which was
recrystallized from aq ethanol. IR : 1595 (-C=0), 'H
NMR: 2.5 (s, 3H, CH,), 10.2 (s, 1H, NH) and 7.0-9.0
(m, 6H, ArH).
Method B

To a mixture of hydrogen peroxide (3%, 20 ml)
and aq potassium hydroxide (10%, 15 ml), the acety!
compound 4a (1.5g, 0.006 mol) was added and the
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mixture was heated at 70-75° for about 30 min. The
resulting solution when acidified with gl acetic acid
furnished $a as light brown colored crystals, which
was identical with the sample obtained in method (A).

2-Phenyl-4-oxo-naphtho [2,1-b] furo [3,2-d]
pyrimidine §b

The benzoyl derivative 4b (5g, 0.015 mol) was
suspended in aq sodium hydroxide (1N, 500 ml) and
warmed on a water-bath for 2 hr. The resulting solution
when acidified with dil hydrochloric acid gave 5b as
solid, which was recrystallized from aq ethanol. IR;
1590 (-C=0).

2-Substituted-4-chloronaphtho [2,1-b] furo [3,2-d]
pyrimidines 6a-b

Compounds 5a (5g, 0.02 mol) and 5b (59, 0.016
mol) in freshly distilled phosphorus oxychloride (50 ml)
were heated separately under reflux until a clear
solution was obtained. The resuiting solution was cooled
and poured into crushed ice with stirring. The chloro
compounds thus separated were collected and
crystallized from suitable solvents. 6a. 'H NMR : 2.5
(s, 3H, CH,), and 7.0-9.0 (m, 6H, ArH); 6b. HNMR :
7.0-9.0 (m, 11H, ArH).

2-Substituted-4-methoxynaphtho [2,1-b] furo
{pyirmidines 7a, 8a]

To a solution of 6a (0.6 g, 0.0022 mol) in abs
methanol (10 ml), a solution of sodium methoxide
prepared from sodium metal (0.3 g) and abs methanol
(10 ml) was-added. Immediately sodium chloride
separated. The reaction mixture was warmed on a
water-bath for 30 min., cooled and diluted with water.
7a was collected and recrystallized from methanol.
Similarly 8a was also prepared. 7a. 'H NMR : 2.5 (s,
3H, CH,), 3.4 (s, 3H, OCH,) and 7.0-9.0 (m, 6H, ArH);
8a. 'H NMR : 3.6 (s, 3H, OCH,) and 7.0-9.0 (m, 11H,
ArH).

2-Subsituted-4-ethoxynaphtho [2,1-b] furo [3,2-d]
pyrimidines 7h, 8b

To a solution of 6a (0.6g, 0.0022 mo!) in abs ethanol
(10 ml), a solution of sodium ethoxide prepared from
sodium metal (0.3 g) and abs ethanol (10 mi) was
added. Immediately sodium chloride was separated.
The reaction mixture was warmed on a water-bath for
30 min, cooled and diluted with water. 7b was collected
and recrystallized from methanol. Similarly 8b was also

prepared. 7b. '"H NMR : 1.2 (t, 3H, CH,), 4.0 (q, 2H,
CH,) and 7.0-9.0 (m, 11H, ArH).

2-Subsituted-4-aryloxynaphtho [2,1-b] furo [3,2-d]
pyrimidines 7c-f, 8a-f

A mixture of 6a (0.6g, 0.0022 mol), freshly distilled
phenol (6g) and powdered ammonium carbonate (2g)
was initially heated gently followed by heating on a
waterbath for 40-45 min. Upon dil with appropriate
amount of aq sodium hydroxide solution (10.%), the
solid that separated was filtered, washed with water
and recrystallized from suitable solvent. Compounds
8c-f were also prepared in the same way.

2-Subsituted-4-alkyl and arylaminonaphtho [2,1-b]
furo [3,2-d} pyirmidines 7g-p, 8g-p

A mixture of 6a (0.6g, 0.0022 mol) and appropriate
amine (0.005 mol) in abs ethanol (12 ml) was heated
on a waterbath for 4-6 hr. After dilution with water, it
was allowed to stand overnight. The solid product was
collected and crystallized form a suitable solvent. The
compounds 8g-p were also prepared in the same
manner. 7i. 'HNMR 2.5 (s, 3H, CH,), 3.6 (s, 3H, OCH,),
10.2 (s, 1H, NH) and 7.0-9.0 (m, 10H, ArH); 8k. 'H
NMR: 2.4 (s, 3H, CH,) and 7.0-9.0 (m, 15H, ArH).

Acknowledgment

We are thankful to the Professor and Chairman,
Department of Chemistry Kuvempu University and the
Principal, Sahyadri Science College, Shimoga, for
providing laboratory facilities and the Principal, National
Coliege of Pharmacy, Shimoga, for giving permission
to conduct antiinflammatory and antimicrobial
screening.

References
1. R.G. Menon and E. Purushothaman, J. indian
Chem., Soc., 70 (1993), 553.

2. R.G. Memon and E. Purushothaman, J. Indian
Chem. Soc., 72 (1995), 731.

3. R.G. Menon and E. Purushothaman, J. Indian
Chem. Soc., 35 (1996), 1185.

4, C.J. Shishoo, M.B. Devani, G.V. Ullas, S.
Ananihan and V.S. Bhadti, J. Heterocyclic
Chen: , 18 (1981), 43.

5. Chem. Abstr., 88 (1978), 50908q.

6. Bharati Mishra and Nizamuddin, Indian J.
Chem., 28B (1989), 243.



94

10,

1.

INDIAN JOURNAL OF HETEROCYCLIC CHEM. VOL. 12, OCT.-DEC., 2002

Seema Mishra, S.K. Srivastava and S.D.
Srivastava, Indian J. Chem., 36B (1997), 826.
S.8. Sangapure and S. Agasimundin, Indian.
J. Chem., 14B (1976), 6686.

V.P. Vaidya and Y.S. Agasimundin, Indian J.
Chem.,20B (1981), 114.

K.M. Mahadevan, Basvaraj Padmashaliand V.P.
Vaidya, Indian J. Heterocyclic Chem., 11
(2001), 15.

H.M. Vagdevi, K.P. Latha, V.P. Vaidya, M.L.

Vijaya Kumar and K.S.R. Pai, Indian J. Pharm.
Sci., 63(4) (2001), 286.

12,

13.

14.

16.

K.M. Mahadevan and V.P. Vaidya, J. Ind. Council
Chem., 18 (2001), 78.

A.R. Saundane, K. Rudresh, N.D. Satyanarayan
and S.P, Hiremath, /ndian J. Pharma. Sci., 60
(1998), 379.

H.M. Vagdevi and V.P. Vaidya, /Indian J.
Heterocyclic Chem., 10 (2001), 253.

K.N. Giand, R.N. Dhar, B.M. Chopra and R.N.
Kaul, Indian J. Pharm., 27 (1965), 141.

V.N. Sonar and N. Sreenivasulu, Indian J.
Heterocyclic Chem., 4 (1995), 203.

1254/02



Ki-vempu Univ. Sci. J. 56-62, 2001

Anthelmintic activity of fruits of Balanites roxburghii

(Balanitaceae)
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ABSTRACT

The anthelmintic efficacy of Balanites roxburghii (fruits) has been studied
on earthworms Pheritima posthuma. The crude extracts have been
obtained by Soxhlet extraction, of powdered fruit, with different solvents
and further purification has been carried out by chromatographic separa-
tion. The methanol soluble fraction showed considerable activity.
Piperazine citrate was used as a standard drug.

Key words : Anthelmintic activity, Balanites roxburghii, Pheritima

posthuma, Piperazine citrate.

1. Introduction

Balanites roxburghii, Planch is an
important medicinal plant (small evergreen
tree) found in dry parts of India[1-2]. In
Karnataka it grows in both black and red
soils of Chitradurga and Bellary districts.
Survey of the literature revealed that there
are only few reports regarding the study
of this plant. The bark, unripe fruit and
leaves are reported to have anthelmintic
property. The bark is given to cattle as an
anthelmintic by the people of Western In-
dia. In addition, the fruits are associated
with analgesic, purgative and antidysenteric
properties[3-4].

Antifeedant active saponins have been
isolated from the stem bark[5] Studies

regarding hyperglycemia induced testicu-
lar dysfunction after chronic administration
of fruit pulp extract in dogs have been
reported(6]. Chemical irwvestigation and .
vegetative propagation of these plants have
appeared in literature[7-8].

Similarly, studies have been made regard-
ing phytochemistry and pharmacological
activity of different parts of the plants of
Balanites genus[9-12]. Encouraged by
these reports it is contemplated to take up
the investigation of anthelmintic activity of
fruits of the plant.

2. Experimental
2.1 Plant material

The fruits were collected from Chitradurga

* For Correspondence
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in the month of June (fruiting season). The
plant was authenticated by comparing
herbarium (F.D.D-822) maintained at
Department of Biotechnology, Kuvempu
University, Shankaraghatta.

2.2 Extract Preparation

The fruits were shade dried, coarsely
powdered and subjected to Soxhlet extrac-
tion for 6 hours using 2 liters each of
solvents with increasing polarity viz.,
petroleum ether (60°-80°C), chloroform,
ethanol and finally macerated with water
for 7 days at room temperature. Solvents
were removed from each extract by using
rotary flash evaporator under reduced
pressure and controlled temperature. The
ethanolic extract showed considerable
anthelmintic activity and hence was taken
up for investigation in detail.

Ethanolic extract, which was obtained as
dark brown coloured gummy mass (80 g.),
was stirred with ethyl acetate (500 ml) to
remove chlorophyll. The remaining
residue was stirred with n-butanol (500 ml)
and left over night. The supernatant liquid
was collected and solvent was removed
by using rotary flash evaporator, which
yielded brown coloured pasty mass (8 g.).

The remaining residue was subjected to
column chromatographic separation. The
column (75 cmin length, 4 cm in diameter)
was filled with Silica Gel (100-200 mesh)
using chloroform. The gummy mass (20
g) obtained from ethanolic extract was
mixed intimately with Silica Gel (20 g, 100-
200 mesh), dried and loaded on the top of
the column and eluted with solvent or
mixture of solvents as shown in Table-2.
The fractions showing similar spot on TLC
were pooled together and solvent was
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removed by using rotary flash evaporator.
Elution with ethyl acetate and methanol
(60:40) gave yellowish crystalline solid (2.5
g.) and was named as IBR-1. Similarly
elution with ethyl acetate and methanol
(30:70) yielded light brown coloured solid
(2.5 g.), which was named as IBR-4. All
these fractions i.e. IBR-1, IBR-2 and IBR-
4 were screened for anthelmiatic activity.

2.3 Phytochemical investigation of crude
extracts

Phytochemical tests were carried out to
find out the presence of alkaloids, carbo-
hydrates and glycosides, flavonoids, pro-
teins and free aminoacids and saponins
by the methods described in the literature.
Results of the phytochemical investigation
of the crude extracts are reported in
Table-1.

2.4 Animals

Earthworms Pheritima posthuma (Order-

~ Annelida, class-Oligichaeta) measuring 8-

10 cm in length were procured from local
supplier at Shimoga and maintained at
Sahyadri Science College, Shimoga.

2.5 Anthelmintic activity

The anthelmintic activity was carried out

. on earthworms Pheritima posthuma by

reported method[13-14]. The worms were -
washed with saline (5%) to remove ad-
hering material and sorted out for uniform
size and length. They were kept in glu-
cose solution (6%) and the worms with
normal motility were selected for the test.

Petridishes of equal size taken and in the
first set of petridishes dextrose solution
(6%, 20 ml) was placed. In the second,
third, fourth, fifth and sixth set of
petridishes, Piperazine citrate solution (20
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mg in 20 ml of 0.1% Tween-80)-and test
compounds IBR-1, IBR-2, IBR-3 and IBR-
4 (20 mg in 20 ml of water) were placed.
In each set of petridishes three worms
were kept. The time taken for paralysis
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and death was recorded. The experiment
was repeated with different concentrations .
i.e., 30, 60, 100, 160 and 200 mg of Pipera-
zine citrate and test compounds. The
results are shown in Table-4.

Table-1 : Phytochemical investigation of crude extracts.

Sl Phytochemical Petroleum  Chloroform  Ethanolic Aqueous
No. Constituents _ ether extract extract extract
: extract

1. Alkaloids - - + +

2. Carbohydrates - - + +
and Glycosides

3. Flavonoids - - - -

4, Phytosterols + + - -

5. Proteins and - - + +
Free Amino acids

6. Saponins + + + +

“+” Indicates the presence of phytochemical constituents.
“~" Indicates the presence of phytochemical constituents.
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Table-2 :' Chromatographic separation of ethanolic fraction

No.of Fractions Solvent System* Remarks
147 ' " Petroleum ether No residue
- -8-15 : 90:10 ?
1622 , 80:20 "
2328 70:30 "
29-34 v 60:40 ”
35-40 50:50 ?
41-46 - 40:60 N
47-52 30:70 »
53-58 20:80 ”
59-64 10:90 ”
65-70 Chloroform »
Chioroform:Ethy] acetate
41-76 90:10 i
77-82 80:20 "
83-88 70:30 ?
89-94 60:40 "
95-100 50:50 »
101-106 40:60 ”
107-112 30:70 »
113-118 20:80 "
119-124 10:90 ”
125-130 " Ethyl acetate _ "
Ethyl acetate:Methano|
131-136 90:10 , »
137-142 « - 80:20 ”
143-154 70:30 ”
155-169 60:40 Yellowish white mass
170-185 50:50 (IBR-1)
185-210 40:60 '
211-225 30:70 Light brown mass
226-242 20:80 (IBR-2)
243-265 10:90 | .
Methanol Dark brown mass
(IBR-3)

*Solvents were distilled and dried before use.
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Table-3 : Chromatographic separation of butanolic extract

No.of Practions * Solvent System* Remarks
100ml1 Petroleum ether No residue
Petroleum ether:Chloroform
1.7 90:10 "
8-15 80:20 "
16-21 70:30 »
22-27 60:40 "
28-33 50:50 "
3440 40:60 ?
41-47 30:70 »
48-51 20:80 »
52-57 : 10:90 ?
58-63 Chloroform »
Chioroform:Ethyl acetate
64-70 90:10 "
71-75 80:20 ”
76-81 70:30 »
82-87 60:40 , "
88-93 50:50 ”
94-99 40:60 *
100-106 30:70 »
107-112 20:80 ?
113-116 . 10:90 ?
117-121 Ethyl acetate ”
Ethyl acetate:Methanol
122-136 90:10 "
128-142 80:20 : "
141-154 70:30 »
150-169 60:40 ”
157-185 50:50. Brown coloured mass
181-210 40:60 (IBR-4)
186-225 30:70 ”
191:242 20:80 ”
197-265 10:90 ”
201-204 Methanol

yolvents were distilled and dried before use.
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lable-4 : Anthelmintic aétivlty of IBR-1, IBR-2, IBR-3 and IBR-4
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Compound Dose No. of Time of Paralysis Time of death -
inmg.  Worms used in min. in min.
Control _ - 03 - -
Standard drug 20 03 140 160
30 03 130 150
60 03 125 140
100 03 120 138
160 03 106 130
200 03 80 100
IBR-1 20 03 - -
30 03 - -
60 03 - -
100 03 - -
160 03 - -
200 03 - -
IBR-2 - 20 03 180 -
30 03 160 -
60 03 130 -
100 03 100 -
160 03 70 -
200 03 40 -
IBR-3 20 03 - -
30 03 - -
60 03 - -
100 03 - -
160 03 - -
200 03 - -
IBR-4 20 03 150 -
30 03 120 -
60 03 95 -
100 03 70 -
160 03 50 -
200 03 45 -

Standarda drug used
Worms used

- Piperazine citrate
- Pheritima posthuma
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3. Results and discussions

The compounds IBR-2 and IBR-4 showed
considerable anthelmintic activity by paral-
ysing earthworms in a quicker way as com-
pared with the standard drug. The com-
pounds IBR-1 and IBR-3 showed no ac-
tivity.

Earthworms have the ability to move by
ciliary movement. Outer layer of the earth-
worm is a mucilaginous layer and com-
posed of complex polysaccharides. This
layer being slimy, enables the earthworm
to move freely. Any damage to the muco-
polysaccharide membrane will expose the
outer layer and this restricts its movement
and can cause paralysis. This action may
lead to the death of the worm. The drugs
possessing anthelmintic property will
paralyse the worm by causing damage to
the mucopolysaccharide layer. This causes
irritatien leading to paralysis. Since worm
is incapable of movement it will be expelled
from the body. The anthelmintic activity
of the extracts of Balanites roxburghii
may be attributed to similar type of action,

4. Conclusion

Present study on the fruits of the Balan-
ites roxburghi planch reveals that
ethanolic fraction eluted by ethyl
acetate:methanol (30:70) has more anthel-
mintic activity than the standard drug at
higher concentration. On the other hand
butanolic extract (obtained from ethanolic
fraction) eluted by ethylacetate:methanol
(50:50) has less activity, whereas other
fractions failed to exhibit any activity.
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OP-95 : ANTHELMINTIC AND ANALGESIC ACTIVITY OF FRUITS
OF BALANITES ROXBURGHII PLANCH (BALANITACEAE)

Basavaraj] Padmashali, K. M. Mahadevan and V. P. Vaidya*
Department of Chemistry, Kuvempu University, Shankaraghatta-577
451, Dist : Shimoga, Karanataka

Balanites Roxburghii Planch (Balanitaceae) is an important
medicinal plant (small evergreen tree) found in drier parts of India. In
Karnataka it grows in both black and red soils of Chitradurga and
Bellary districts. The fruit has sharp bitter taste having anthelmintic,
amalgesic, purgative and antidysenteric properties. Hence it is
contemplated to take up the investigation of anthelmintic and analgesic
activities of fruits of this plant.

The fruits were collected from Chitradurga in the month of June
(fruiting season), shade dried, coarsely powdered and subjected to
Soxhlet extraction using solvents with increasing polarity viz.
petroleum ether (60°-80°C), chloroform, ethanol and water. Solvents
were removed by using rotary flash evaporator under reduced pressure
and controlled temperature. Ethanolic extract, which showed
considerable anthelmintic and analgesic activity, was subjected to
column chromotographic separation. The four fractions collected were
labelled as IBR-1, IBR-2, IBR-3 and IBR-4. These fractions were
screened for anthelmintic and analgesic activity.

Anthelmintic activity was carried out on earthworms Pheritima
posthuma by reported method. Piperazine citrate was used as a
standard drug. Analgesic activity was performed on albino mice
(German strain) weighing between 20g. and 30g. Acetic acid solution
(0-6%) was used to induce writhings and acetyl salicylic acid as standard
drug.

The fractions IBR-2 and IBR-4 showed significant anthelmintic
and analgesic activities where as remaining two fractions exhibited
negligible activity.
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00-23: SYNTHESIS AND PHARMACOLOGICAL
EVALUATION OF SOME NAPHTHO[2,1-b]JFURO[3,2- "
d]PYRIMIDINES

Basavaraj Padmashali* and V.P. Vaidya.
Department of Chemistry, Jnana Sahyadri, Kuvempu University,
Shankaraghatta-577 451.

Pyrimidine in an important ring system found in nucleic acid,
antibiotics, antimalarials, anticancer and anti-ioflammatory drugs
and is associated with diverse biodynamic properties. Many of the
pyrimidine derivatives are reported to possess potential analgesic.
CNS depressant and antipyretic properties. Though Numerous com-
pounds containing such a ring system fused with nitrogen hetero-
cycles have been extensively investigated, there are only few reports
concerning pyrimidines condensed with oxygen heterocycles. With
a view to expolre pharmaceutical leads, the fusion of pyrimidine
ring with naphtho[2,1-b]Jfuran moiety and the synthesis of its vari-
ous derivatives and biological evaluation of these compounds was
undertaken.

2-Hydroxy-1-naphthonitrile 1 has been condensed with
chloroacetamide and the resulting 1-cyano-2-naphthoxyacetamide
2 on Thorpe-Ziegler cyclization furnished 3-aminonaphtho|2,1-
b)furan-2-carboxamide 3 in good yield. This compound served as
an intermediate for the synthesis of 2-substitued-4-oxo-naphtho|2,1-
bjfuro [3,2-d|pyrimidines Sa-b. The compounds 5a-b have been con-
verted into 2-substituted-4-chloronaphtho(2,1-bjfuro(3,2-
d|pyrimidines 6a-b which on nuclephilic substitutions reactions
with alcohols, phenols, aliphatic and aromatic amines afforded 2-
substituted-4-alkoxy/4-aryloxy/4-alkylamino and 4
arylaminoanphtho [2,1-b]furo|3,2-d]pyrimidines 7a-p and 8a-p.

All the newly synthesized compounds have been character
ized by elemental analysis and spectroscopic data and have beer
screened for antimicrobial, anthelmintic and anti-inflammatory ac
tivities
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P-60
SYNTHESIS OF NOVEL ANGULARLY FUSED PENTACYCLIC
HETEROCYCLES OF PHARMACOLOGICAL INTEREST

Basavaraj Padmashali, K.M. Mahadevan and V.P. Vaidya’
Department of Chemistry, Jnana Sahyadri, Kuvempu University,
Shankaraghatta - 577 451, Karnataka, INDIA.

Historically, a wide range of biological activities have been attributed to fused triazoles and
tetrazoles. A number of {1,2,4)triazole derivatives were reported to show broad spectrum biological
activities. Some triazoloquinazolines and triazolo pyrimidines have been synthesized for their anxiolytic,
“antitumor, analgesic, CNS depressant and antipyretic activities.

Encouraged by these reports and guided by the observation that many a times the combination of
one or more heterocyclic nuclei in a molecule enhances the biological profile many-folds, it was
contemplated to take up the synthesis of new 2-substituted s-triazolo[4,3-c]pyrimido[4,5-b]napht1o[2,1-
b]furans and tetrazolo [1,5-c] pyrimido(4,5-b]naphtho(2,1-b]furans.

The required starting materials 2-substituted-4-chloropyrimido(3,2-d]naphtho (2,1-b]furans la-c were
synthesized from 2-hydroxy- 1-naphthaldehyde by series of reactions already reported from our laboratory.
Compounds la-c on reaction with hydrazine hydrate gave corresponding 4-hydrazino derivatives 2a-c,
which on subsequent treatment with ethyl orthoformate, acetic acid and benzoyl chloride separately,
yielded 2-substituted-s-triazolo[4,3-c]pyrimido[4,5-b]naphtho[2,1-b] furans 3a-i. On the other hand
compounds 2a-c on diazotisation reaction produced 2-substituted-tetrazolo (1,5-c] pyrimido (4,5-b]
naphtho{2,1-b}furans 4a-c.

The newly synthesized compbunds have been characterized by spectral studies and have been
evaluated for anticonvulsant activity by MES induced convulsion method and for antipyretic activity
by yeast induced hyperpyrexia method on albino rats.



