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1« INTRODUCTION




INTRODUCTION

Past couple of decades have seen widespread use
of pesticides for improving agricultural practices, in
health programmes and for household purposes, The fear
of adverse effects of pesticides in man, domestic animals
and wild life have become a matter of public concern,
Toxicity may be the result of access to treated areas,
stored or discarded pesticide containers, contaminated

food, air and water,

Pesticides have made a great impact on human life
by its widespread use. In agricultural practices,
pesticides are used for preservation and protection of
e¢rops, fibres, fruits. grains and cereals from spoilage
by microbial diseases and pest attack, Pesticides are
also used for the control of vectors transmitting human
and animal diseases, and for the control of houséhold

pe Sts.

The widespread application of pesticides for
agricultural purposes and in industrial and residential
premises, exposes large group of population of different
ages, diseased individuals and sex to hazards. The hazards
due to pesticides occur at different stages, such as

occupational during manufacture, operational hazards during



application of pesticides, persistence of pesticides
and contamination of food, air and water, Apart from
these, hazards may result due to accidental or

intentional poisoning.

Organophosphate pesticides are used all over
the world today. The first organophosphorous compound,
Triethyl pyrophosphate (TEPP) was developed in Germany

during the World War II1

» Since then many new pesticides
have been introduced. Organophosphate pesticides are
estérs, amides or thiol derivatives of phosphoric,

phosphonic phosphorothioic¢ and phosphonothioic acids.2

In a study conducted by the Indian Agricultural
Research Institute, the estimated requirement of organo-
phosphate pesticideé for the year 1983-1984 was about
10,900 tonnes. Amongst the pesticides, Dimethoate is one
of the largest pesticides used in India (900 tonnes
during 1983--1‘984)3. Dimethoate ﬁo,o-dimethyl ‘S—(N-methyl,
carbamoyl methyl)phOSphorodithioate_jis marketed under
the commercial names of Rogor, Cygon, Daphenei De-Fend,
Trimethion, Dimeton, Ferkethion, Fortion, Fosfamid,

Fosfotox, Lurgo, Perfektion, Rebelate, and Roxion,

Dimethoate is used as a residual spray in farm

buildings for the control of house flies and wide range of



insects and mites on food grains, cash crops, vegetables,
fruits and ornamental plants,4 The retail use of

Dimethoate is in the formm of emulsifiable concentrates (EC).

During their actual usage, pesticides are generally
used as their formulations. Formulations are composed
of different concentrations of technical grade material
along with various solvents, emulsifiers, stabilizers
and other additives., Because of variation in percentage
of technical grade material in different EC formulations,
the impurity levels vafy and the possible toxicity,.
Impurities may also be féund in formulated pesticides
because of degradation which may arise during synthesis
and storage, Thevlevelé of impurity may differ according
to the route of synthesis chosen, the formulating

ingredients added or the storage conditions,

The percentage of varying impurities may be
present in the form of solvents, emulsifiers, stabilizers
and other additives, These ingredients may exert their
own toxicity or interfere with the metabolism/kinetics
of technical grade material in the formulation. For
exampde, the solvents used in formulation increase the
chance of contact of the pesticides and the target and
non-target organisms., The presence of impurities in

formulations may result in various degrees of toxicity to



the biological system on exposure to these pollutants.

Various toxicity studies are required by State
and Federal regulations to aésess and prevent the
possible hazards of pesticide chemicals., Different
‘toxicity studies such as acute, sub=-chronic, chronic,
 neurotoxicity, mutagenecity, carcinogenecity and terato-
genecity are conducted in different species of animals
to asséss the potential toxicity of chemicals so as to
extrapolate the data obtained in animal studies to

-huﬁaﬁ beings.

Amongst the specialized toxicity studies,
teratogenecity is one of the most important study as it
directly deals with the fetus or birth defects. The
study is concerned with the generation, cause and mani-
festation of structural and functional alterations in
fetal development. The data regarding the potential
hazards of formulations to pregnant females is inadequate,
Therefore, the present study was undertaken to evaluate
the teratogenic effects in rats of a widely used,
indigenously manufactured‘formulation Dimethoate 30 EC
and compare its effects with Aspirin, a known teratogen

(positive control).5
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REVIEW OF LITERATURE

The term teratology was first coined by Etienne
and Isidore Geoffrey Saint-Hilare in between 1822-1832
during their investigations of malformations or monsters
(teras - plural-terata, from Greek monsters) mostly in

the chickvembryos.6’7

However, mankind's intense interest
in humans born with deficiencies and deformities is known
since centuries., The first recorded account of malforma~
tions dates back to as early as five thousand years ago

in Egyptian wall paintingsa8

Till the 19th century

it was felt that the fetus is inviolate by the environ-
ment, The first evidence df the role of environment in
the production of abnormal offspring was brought aboht

in the 20th century,

The credit forx experimental mammalian teratology
goes to Hale who in his experiments between 1933-1937
reported that pregnant sows fed with vitamin A deficient
diet gave birth to piglets without eye balls. Some
piglets also had facial clefts, accessory ears, misplaced
kidneys and occasionally malformed hind legs. By mating
blind male to the blind dam (blind sister) normal pigs
were born, which proved that these birth defects were
not hereditary.9 Studies with various teratogens soon

followed and during the last 50 years, scientific attempts



underlying the basis for such birth defects were made.
Greg in 1941 reported a German measles epidemic in
Australia which resulted in offspring with cataracts,
deafness and congenital heart disease,>’
In 1948 two positive teratogens, Trypan blue and
Nitrogen mustard were identified.9 Female mice, when
placed in a low pressure chamber for five hours at
260-280 mm of Hg from 2nd to 18th day of gestation,
anomalies such as fused ribs, cleft palate and
cranioschisis resulted and anoxia was identified as the
cause of fetal death and congenital malformations.9
During the same period it was reported that congenital
anomalies could be produced o administration of coriisone
to pregnant mice during gestation.9 Various studies
were conducted with X-ray as teratogenic tool during

World War 11. Study with drugs soon followed. Soon

Thalidomide was shown to be teratogenic.

During the World War II, severely deformed
childien were born to mothers who received Thalidomide
to relieve morning sickness during pregnancy. About
8000 children were born in 28 countries of the world with

birth defects due to Thalidomide. '

Various workers
have worked on the cases of Thalidomide. Animal

experiments were also reported. In humans this drug



caused limb reduction anomaly such as phocomelia.5’6'1°

In animals Thalidomide was administered to rabbits, rats,
hamsters and mice during gestation period, Fratta et al,,
(1964)1’ observed that when rabbits were administered with
50, 150, and 300 mg/kg Thalidomide, dose dependant skeletal
anomalies wers observed, No fetal anomalies were produced
in the fetuses of the mice treated with 200 mg/kg

and 150 mg/kg in hamsters, neither did it produce

anomalies in the rats. These results were confirmed by

Goran Jonsson (19‘72).12

This lack of teratogenic
hazard in rats and hamsters were attributed to the slower
absorption of the compound.5 The results of Thalidomide
catastrophe were confirmed by the birth of almost

20,000 defective children following rubella epidemic

in the U.S.A.".

Congenital malformation is one of the leading
causes of infant mortality and morbidity. The food,
water, air, occupational and recreational environment can be
heavily contaminated with pesticide pollutants. Hence
suspected pesticide teratogens can be a potential threat
to piegnant females as they may be present in every
component of the environment, Pesticides are highly
toxic in contrast to other pollutants in one important
respect that they are deliberately added to the environ-

ment, The increasing concern about teratogenic risks is



therefore to women of the child bearing age.

Teratogenic effects of various classes of
pesticides have been reported by various workers. The
imporfant pesticide of the organochlorine class, DDT,
does not produce any teratogenic effect, but a DDT‘
carrier women may show frequent abortions and complica-

tions during pregnancys13

In a study conducted by

Alice QOttoboni (1968)14 it was observed that DDT produced
no gross teratogenic effects in the raté with 20 and

200 ppm doses. In another study McLachlan and Dixon
(1972)15 administered p‘ pt DDT to pregnant mice at

‘the rate of 1 mg/kg on days 10, 12 to 17 of gestation

and did not observe any gross teratogenic effects.

Aldrin, Dieldrin and Endrin at 1/2 LDy, doses
were teratogenic and produced embryocidal effects in

16 Single oral dose of Aldrin

experimental animals.,
(50 mg/kg) , Dieldrin (30 mg/kg) and Endrin (5 mg/kg)
administered to pregnant golden hamsters on day 7, 8

or 9 of gestation, caused high incidence of fetal death,
congenital anomalies and growth retardation., Defects
such as cleft palate, open eye and webbed foot were also
noted frequeﬁtly. Mice treated on day 9 of gestation,
given equivalent dose, showed similar anomalies. However,
13

Chlordane was not found to be teratogenic. When

Endosulfan, a pesticide of the organochlorine class was



administered in rats at 10 mg/kg, incidence of maternal
mortality, fetal death and resorption were observed.13
In a study with carbamate pesticides, Carbaryl upto
500 mg/kg in diet resulted in no teratogenecity, but at
500 mg/kg dose there was reduction in maternal weight
gain and fetal death.17
Organophosphates are important class of pesticides
used all over the world., Teratogenic studies with various
d.'® Fish

(1966) 1% treated albino rats with isofluorophate {DFP),

class of these compounds have been reporte

Parathion and Methyl Parathion. Isofluorophate when
administered at the doses of 1,2, 4 mg/kg on days 8, 9
and 12 of gestation had no effect on fetal weight., During
later stages of implantation and premitive streak
formation, low dose treatment with DFP had no effect on
birth weight or fetal development. Parathion when
administered as split and singie doses of 2.4, 5, 0.77,
0.63 and 0.5 mg/kg on days 8, 9, 15 and 16 of ¢estation,
there was no difference between treated and control
animals. Similarly single dose of Methyl parathion at

4 and 6 mg/kg administered on days 9 and 15 of gestation
produced negative results. Large sub-cutaneous hemato-
mas were found in several offspring of the Parathion

and Methyl parathion treated groups but no significant
developmental defects were observed, High still birth

and neonatal death rates were also reported in the offspring



of all Parathion and Methyl parathion treated animals
which weré allowed to deliver, '
Parathion was embryocidal to pregnant mice at
12 mg/kg dose on days 12 to 14 of gestation period and
produced incidence of 90 % death in utero and also
significantly reduced fetal body weight (Harxbison
Raymond D.,, 1975).20 Another important organophosphate
pesticide, Dipterex was found to be teratogenic at the
dose of 80 mg/kg during the critical period of embryo-
genesis but not at 8 mg/kg. Imidan at 30 mg/kg once on
day 9 of gestation, and at the dose of 1.5 mg/kg daily
throughout the gestation, increased post implantation
mortality of the embryos., The dose of 30 mg/kg of Imidan
on day 9 or 13 of gestation caused developmental anomalies
including hypognathia and hydrocephaly (Marﬁfpn L.Vey 1976)?1
Staples et al. (1916) found that Dipterex administration
with the diet at 432 and 519 mg/kg from day 6 to 15 of
gestation caused major external and skeletal anomalies,
but not with 145 mg/kg.22
Technical grade and formulations of Linuron,
Methoxychlor and technical grade of Malathion were studied
for teratogenecity, Formulations of Linuron, from one
supplier at 200 mg/kg were not teratogenic, while the

same formulation, from another supplier was teratogenic



at 200 mg/kg but not at 100 mg/kg. Treatment with
technical grade or formulations of Methoxychlor
resulted in reduced maternal weight gain at the doses
of 50 to 400 mg/kg during gestation. At 200 and
400 mg/ kg they were fetotoxic and produced a dose related
increase in the incidence of wavy ribs at 100, 200 and
400 mg/kg/day. Malathion at doses as high as 300 mg/kg
was not teratogenic (Khera K.S, et gl.).zs In a study
with Biphenyl (99.9%), Ethoxyquine (unknown purity),
Piperonyl buioxide (80%) or Mertect (45 ¥ Thiobendazole)
at 0, 125, 250 or 500 mg/kg when administered from day 6
to 15 of gestation, by oral route, were not found to be
teratogenic. Similarly Zeclone (30 % Phosalone) at‘the
doses of 0, 12.5, 25 or 50 mg/kg and Benesan (50 %
Lindane) at 0, 6.25, 12.5 or 25 mg/kg were also not
teratogenic in the rats. Doses of Karmex (80 % Diuron)
at 250 mg/kg and 500 mg/kg (Maternally toxic dose) was
associated with increased incidence of wavy ribs (Khera
K.S. et al., 1979)%%

Chlorpyrifos at the dose of 25 mg/kg in mice
produced maternal and fetal toxicity., (Deacon M.M., 1980);25
In a mice study by Budreau and Singh where Demeton was
administered as single intraperitoneal dose at 7 to 10 mg/kg
or as three consecutive doses of 5 mg/kg to mice between

days 7 to 12 of gestation was found to be embryotoxic with



6 Decreased fetal weight

mild teratogenic potential.2
‘and fetal mortality were the main embryotoxic effects,
Similar results were obtained with 40 and 80 mg/kg doses
of Fenthion.26 In one study where Thimet was studied
for teratogenic effects by inhalation route, rats were
exposed at 1.94 + 0.48 mg/m from day 7 to day 14 of
gestation. Thimet caused increased fetal mortality and
decrease in fetal weight.27
Teratological studies with Dimethoate technical
and formulations have been reported.s The toxicological
evaluation of Dimethoate technical of 95 ¥ purity in
mice showed a very high incidence of maternal mortality
with 40 and 80 mg/kg doses. However, at 10 and 20 mg/kg
doses, there was decrease in maternal weight gain, but
there were no significant anomalies when compared to
the control.4 In a five generation mice study where
Dimethoate was incorporated in drinking water at 60 ppm,
there was reduced pregnancy rate and decreased survival
and growth of pups.28
Teratogenic studies with Dimethcate formulation
(47.3 % EC) at 12 and 24 mg/kg was asscciated with a
statistically significant increase in the number of
anomalous litters and wavy ribbed fetuses. There were

also other non-significant anomalies such as extra ribs,

12
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fused sternebrae, runted fetuses, hydroureter and

dilated urinary bladder.2?

With the aftermath of Thlidomide tragedy,
protocols for teratogenic screening were set. In 1960
a wide number of publications from different committees
and individuals suggested various pi:otocols.30 The
Commission on Drug Safety in its meeting in June 1963
placed emphasis on the know-how of teratogenecity to be

studied.30

The general guidelines for teratogenecity
testing were laid down in 1967 where choice of animal
model, dosage, duration of treatment, route of administ-
ration, care and breeding of animals were specified.5
The protocol was designed to evaluate the safety of new
drugs and environmental pollutants, Teratoiogical study
involves treatment during organogenesis period. For
example, from day 6 to day 15 of the gestation in the
rat. This is the period of maximum susceptibility to

teratogenic agents,

The pre-differential period is resistant to
teratogenic agents (from 0 to 6 days of gestation) except
in conditions like hypoxia, nypothermia and with
Actinomycin D, This resistance is because of a small
cell population, there may be cell death resulting in

no term fetuses or small but normal fetuses, The fetal



pericd is refractory to teratogens though there are
7

exceptions as lead, methyl mercury etc.

Wilson has described the susceptibility of
embryonic¢ organ system to teratogenic agents during
organogenesis. He has reported that anomalies of vari-
ous degrees can be attained if the dam is treated with
teratogens during different days of organogenesis.31
A positive control such as Aspirin at 250 mg/kg is used
for cémparison. Josef Warkany (1959)32 had produced
congenital malformations in female rats by administering
salicylates during early stages of pregnancy. Defects
such as craniorachischisis, exencephaly, facial clefts,
eye defects, vertebral and rib defects'were observed,
Aspirin though is teratogenic in rodents, is not terato-
genic in primates.7 This may be because of higher
concentration and longer duration of concentration in
embryo of the rats on day to day basis (Wilson et al.,
1977).34 .

Differences also exist among strains for the
susceptibility to teratogens. 1In a study, differences

were reported in mice strains with respect to the

incidence of cortisone induced cleft palate.34 Depass

35

and Weaver in 1982 found that the frequency of soft

tissue malformations including cleft palate and severe

14
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cardiac malformations was much higher in Wistar rats
as compared to the Fischer 344 strains on administration
of single oral dose of Aspirin at 500 and 625 mg/kg on
day 10 of gestation. Similar results were observed
with an intraperitoneal injection of Hydroxyurea at
500 mg/kg on day 11 of gestation,3>

It is believed that teratogens act on genetic
locus or locci which controls the toxicokinetics of the
teratogen, or the target tissue or organ is directly
susceptible for teratogenic action. A teratogen therefore
increases the incidence of previously existing malforma-
tion.7 After administering the test material from day
6 to day 15 of the gestation period, dams are sacrificed
one day before the anticipated date of parturition to
deliver the fetuses by cesarean section. Relevant data
suéh as number and position of the implantation sites,
live and dead fetuses, fetal weight, fetal length, and.
sex is recorded. One third of the fetuses are examined
for soft tissue defects and two thirds are stained for
skeletal examination. This protocol is used all over
the world as guide lines for teratogenecity tests.
Research to improve the existing tests and develop new

tests is in progress.

Many substances are known to be teratogenic in



one or more species of mammals including man.36'37

Human teratogens have been discovered from annecdotal
observations and on examinations of epidemiological
studies., Researchers suggest that if a substance is
found to be teratogenic in two or more species of mammals,
it is also suspected to be teratogenic in humans. Alcohol,
antibiotics, anticonvulsants, metals like lead are some

eXamples.7

The most important part of teratogenic studies
is perhaps extrapolation of the animal data to human beings.
This part is difficult as there does not exist a perfect
animal model that is similar to the humans in all respects.
The first important aspect is to select the animal model
that is closest to the human metabolism so as to extra-
polate the possible hazard.7 The problem that interferes
with application of animal data to the humans are
variability of the response between the‘species.so

Specieg difference in metabolism plays an
important role in differences in foxicoldgical manifesta—-
tion. As far as possible there should be a similarity
between the test system and the humans, Genetic
heterogenecity is also equally important. Dose levels
tested in animals and expected dose that may cause insult

to the human biological system may differ markedly.

16



Variability in placental transfer is also important.

Also there are some malfbrmations that are restricted

to animal species under experimentation. For example,
absence of tail cannot be'correlated in the human beings,
whereas, absence of the limbs can be easily correlated.
Adequate physiological, anatomical and metabolié
infomation and correct correlation are the basis of
correct extrapolation. Rat is one 86f the choice species

of animals for teratecgenic studies.5

17
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CHOICE OF ANIMAL MODEL

In teratogenic studies, animal models are used,
because of the social and ethical implications in the use
of human subjects. Teratogenic studies are usually
¢arried out in animals during the gestation period and
fetal development. It is terminated prior to littering
’to observe structural deviations. 1In selection of
animal models, various complex factors are taken into
consideration such as their biological systems and their
numbers available. These varying complexities are

important in selection of experimental model thal has

similarity with human development, in order to extrapolate

results %o human situation.

Various animal models are used in teratogenic
testing of drugs and chemicals. These ‘are the avians,
amphibians, and the mammals. Some of the developmental
stages of the avians are similar to those of the humans.5
This factor may be important if initial embryologic
development is desired to be studied. The disadvantage
being that they do hot possess a placenta and the entry
of outside influences may not be possible due %o
presence of a shell. There are varied differences in
the developmental and other characteristics of the humans

and the amplfl.’Lbians.-5

18
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| Mammals have been extensively used in terato-
genecity studies. Mammals consisting of rodents, non-
rodents and primates have all been used. Amongst mammals,
rats and rabbits have been used most frequently in terato-
genic studies, They have a distinct advantage that they
are available in large numbers, they possess a placenta
and their embryo is in dynamic equilibrium with the
envirenment.5

Rat has been the animal of choice for various

teratogenic studies, The rat has a high fertility and a
short gestation period of about 21 days. Embryology
of rat is well known and also its placental and hormonal

5 In

characters are similar to these of the huméns.

terétogenic studies, the teratogens are administered

during the period of organogenesis, hence the mating

time becomes important. The‘time of copulation or mating

can be measured accurately in the zat, and also in this

species, the spontaneous occurrance of malformations

has béen well documentedasA
Another species, namely the rabbit is used

.frequently for teratogenic testing of compounds. The

rabbit also serves as a good model because of its high

fertility and a short gestation period. Its embryological

development and the spontaneous occurrence of malformations
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is also well documented, Foxr some teratogenic compounds
the rabbits are sensitive, similar to the humans, which
indicates its similarity with human metabolism. Hamsters
also practically have the same advantages as the
rodent species, but they do nof offer any specific
advantages.5
The model closest to the humans are the higher
simians. The disadvantages being that they are not
available in large numbers, they have a long gestation
period with small number of litiers and are difficult and
expensive to maintain. These factors preclude their use
in teratogenic studies. Using large animais like dogs,
cats, pigs is expensive and their breeding and maintenance
is difficult., Large amounts of compound is also required
for dosing. Rat therefore is one of the choice species

in teratogenic studies.
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MATERIALS AND METHODS

Test compounds : Dimethoate formulation as Rogor 30 EC
and Aspirin I.,P. These were obtained

from the lbcal market.

Acute toxicitj £

Acute oral toxicity of Dimethoate 30 EC was
carried out in albino rats (Haffkine Strain), weighing
80 to. 100 gms. Ten rats (five males and five females)
were taken per dose., The test compounds were given by
'oral intubation in different concentrations. Ten rats
were also taken as control. All animals were fasted
overnight prior to dosage, but water was given gd libitum.
Aspirin was administered as a suspension in distilled
water with Tween-80, whereas controi group for Aspirin
received distilied water with Tween-80., Dimethoate was
diluted with distilled water and its control group
received distilled water only. All the animals were
observed for a period of 7 days. The final tesi was
terminated 7 days after dosing as no delayed symptoms or
mortality was observed, All animals dsad during the
experimental period, and those that wexe alive at the
end of experimental period were postmoriemed for gross
pathological changes. LD5O values were obtained by the

method of Litchfield and Wilcoxon.>®

21



Teratological study

Female virgin albino rats (Haffkine strain)
of 100 to 120 days age were used. Twenty female rats
were taken per group. Females and males were paired
in the evening., Three females were mated with one male.
Females were examined for the presence of sperms in the
vaginal smears the next day in the morning. Thevvaginal
smear was prepared by flushing the vagina with little
saline with the help of a blunt sterile pasture pipette
and sucking back the saline with vaginal contents, The
day on which the spemm was found in the vaginal smear
of the female rat was considered as day zero. of the

gestation period.40

Females were housed in polypropylene
¢ages with paddy husk after mating, They were allowed
pelleted food and water ad libitum, All females wexe
housed individually from day 18 of gestation. Twenty
mated rats were allotted at random to all experimental

or control groups.

- . After the review of acute oral toxicity data
regarding the lethal dose a range finding study was per-
formed on three female xats of 100 to 120 davs age using
the LD5o obtained in the acute oral toxicity'study as a
guideline. The range study was conducted tec obtain the
least maternal toxic dose so that feta) toxic doses could

be identified for subsequent final teratogenic studies.



Three control groups were also taken, one group
of female rats received normal diet only (Negative
control)., Second group received Aspirin at 250 mg/kg

(Positive control)5’4°

and the third group received
equivalent amount of Tween 80 without Aspirin (Vehicle
control for Aspirin). The test materials were administ-

ered from day 6 to day 15 of the gestation period.

One day prior to term i.e., on day 20 of gestation,
fetuses were delivered by cesarzan section under ether
anaesthesia, It is reported that newly delivered maternal

1 Hence-

rats, tend to eat their defective offspring.?
pregnant rats were sacrificed a day before full term to

a¢curately evaluate a teratological result.

After opening the abdominal wall of the pregnant
rats, both the horns were promptly éxpOsed and the number
and position of implantation sites were counted (Fig.1).
This was done to find out live and dead fetuses and
resorptions, if any. Animals such as rats have multiple
implantations and resorb dead éonceptuseé in situ, hence
counting the number of resorbed or dead fetuses along with
the implantation sites may provide an interesting

correlate to the extent of teratogenecity.32

After recording the above parameters and removing

23
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the fetuses from the amniotic sac, the fetuses were

gently dried with folds of filter paper, ﬁo remove the
excess amniotic fluid (Fig, 2), Fetal weights which
indicate the developmental state of the entire litten,

were taken. External examination of each fetus was
conducted to record the external anomalies, Crown rump
measurement, indicating the fetal length was also recorded,
Sex of all the fetusés was determined by observing the

distance between the anus and the genital tubercle 42 (Fig.17).

On completion of external observation one thixd
of the fetuses randomly selected, were fixed in Bouin's
fluid43 for Wilson razor blade sections, The composition

of Bouin's fluid was as follows @

Saturated aqueous Picric acid vess 19 ml
Formaldenyde cres 25 ml
Glacial acetic acid e 5 ml

The Zenker's fluid is also usable, but Bouin's fluid

has ihe advantages causing less shiinkage and as it is
sufficiently acidic it calcifies bony structures within
a week or ‘cwo.3°’45 Before sectioning, the fetuses were
again observed for external malformations. The legs and
tail were clipped off with scissors. The neck was
firmly held between fingezs and the fotus was placed in

a supine position on a blocks, A sharp razor blade was



ingerted between the jaw to examine the palate. One mm
transverse sections of the head and trunk were cut and
subjected to observation under magnifying lens of high

order.

The remaining two thirds of the fetuses were
subjected for examination of skeletal anomalies, Fetuses
were fixed in 95% alcohol for a period of 4872 hours.
They were placed in a solution of 1% aqueous KOH, till
the bones were clearly visible through the surrounding
tissue. The fetuses were then stained, A dilute
solution of Alizarin red S in KOH (one part of Alizarin
red S to 10,000 parté of 1% KOH) was used ss a staining
solution., Ihe specimen were kept in the contact with
stain for 4-6 hours, Then the staining solution was
removed, After removal of the staining solutibn three
types of clearing solutions were added to the stained

fetuses for clearing, The c¢learing solutions werxe

20% Clearing solution : Water 79 parts, Glycerine

20 parts and KOH one part.

30% Clearing solution

L2 3

Water 69 paris, Glycerine
30 parts and KOH one parnt.

40% Clearing solution : Water 59 parts, Glycerine
40 parts and KOH one paxt,

29
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The stained and éleared specimen were
preserved in pure Glycerine, for examination of skeletal

anomalies.44

The results of the studies were expressed as

mean + S.E. and were statistically analysed.
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RESULTS

In the selection of doses for teratological
studies, it is essential to select doses which are not

maternally toxic but toxic¢ to the fetus.47

This is
because we are looking for toxic effects on the fetus at
dose levels below those producing‘toxic effects in the
mother, Toxic doses to mother méy directly affect the
mother resulting even in maternal mortality apd resorpt-
ion. For this puipose an indication is obtained
regarding the maternad toxic doses from an acute toxicity
study of the test sample. .From the acute toxicity data,

a préliminary‘range finding study is carried out for

selection of subsequent doses for teratogenic studies.,

In the present study, the acute oral toxicity of
the test materials was carried out (Dimethoate 30 EC,

Aspirin and Tween 80). Results show that the LD, of

350
Dimethoate 30 EC was found to be 776 mg/kg body weight
with fiducial limits between 662.4 (lower limit) and
905.6 (higher limit). The pattern of symptoms noted in
Dimethoate acute toxicity were tremors, hypeiexcitation,
convulsions, respiratory disturbances and death., It has
been reported that mothers show tendency of spontaneous
malformation, normally which cannot be attributed to

6

chemical inéult.4 Under such circumstances, it becomes
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essential to take two control groups of animals which
serve as negative control (rats on normal diet only)
and positive control (Aspirin at 250 mg/kg). These
groups. were taken to compare the spontaneous anomalies

and the anomalies occuring due to chemical insult.

The LDy of Aspirin (Positive control) in our
study was found to be 1600 mg/kg with fiducial limits
between 1386,7 (lower limit) and 1844.8 (higher limit)
(Table=1). In the LDy, study with Tween 80 the vehicle
control for Aspirin, no mortality and toxic symptoms were
observed even with 50 ml/kg and hence the LDy, seemed to
be more than 50 ml/kg body weight which is practically

45 From the range finding study, based on the

non=-toxic.
LDy data, the doses were calculated for the final study.
Animals administered with 77.6 mg/kg (¥10th of LDg,) and
51,73 mg/kg (V15th LDg) of Dimethoate 30 EC resulted in
maternal toxic s ymptoms such as tremors, hyperexcitations,
gasping, and convulsions, and produced 100 % resorptions.

The final doses selected for fetal anomalies were

38.8 mg/kg o0 é yzoth L050 'Y High dose

25,87 mg/kg  «es ¥30th LDgg +o. Intezmediate
ose

15.52 mg/kg ..« ¥50th LDg, ++s Low dose
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The body weight of all the dams from different
groups were recorded from day 6 to day 20th of gestation
period, The body weight of dams from day 6 to 20 of
gestation period increased'significantly in all the
groups irrespective of the treatment they received
(Table - 5). However, when the percent weight gain
between the Dimethoate treated groups and the negative
control group -were compared, there was a marked difference
(Graph = 1). This was also observed with Aspirin and
its vehicle control Tween 80 (Graph - 2), The percent
gain in body weight of the dams receiving 38.8 mg/kg (high
dose) was significantly lower than those observed in the
ﬁeéative control group. Similarly the percent weight
gain in the dams treated with Aspirin was significantly
lower than its control (Tween 80). The percent weight
gain in dams of the 16w dose group (15.52 mg/kg) and the
intermediate dose (25.87 mg/kg) were comparable with the
negative control (Table -~ 2) (Graph = 1).

One rat from the positive control group and one
rat from the high dose group died before term. The
pregnancy rate at necropsy was similar in all groups 6f
dams (75 to 80 % in each group) (Table ~ 5)., The number
of implantation sites was not similar in all the groups
receiving Dimgthoate. The position of implantation sites

was also variable in the right and left uterine horn in



different groups. A high percentage of regorption was
observed in the high doce group'of Dimethoate at

38,8 mg/kg (62 %) as well as in the positive control
group, Aspirin at 250 mg/kg (80 %) (Fig. = 3). The
percentage of resorption in‘the dams'receiving Dimethoate
wésvaund to be dose relateds As the dose of Dimethoate
decreased so also the percent resorption (45 % in the
intermediate dose group and 29 ¥ in the low dose group).
The negative control group showed 17 % and the vehicle

control group 20 ¥ resorption respectively (Tabled= 5),

Amongst the fetuses of rats receiving Dimethoate
there were gevere growth retardation, runted fetuses,
syndactyly (webbed or fused digits) short and abnormal
tail, hydrocephalus, cleft palate, micropthalmia (ab- |
normal smallness of the eye), micromelia (abnormal
smallness of the 1limb), ectrodactyly (congenital absence
of digits), drop foot and twisting of the limb;j'-;.-,i External
examination of the fetuses receiving high dose of
Dimethoate 30 EC showed marked reduction in bédy size
(Table - 5). Two fetuses of the high dose group and cone
from the positive control group exhibited meningocoele
(Fig, 4). Amongst the fetuses of the rats receiving
high and intermediate dose, there was severe growth
retardation (Fig. 8). The incidence of runted fetuses

was comparatively higher in the high dose group. The limb
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size of the growth retardéd fetuses was abnormally small
(micromelia) with one fetus of Dimethoate high dose group
with amelia {congenital absence of limbs) (Fig. 6).
Seventeen percent of the fetuses receiving high dose of
Dimethoate had webbed paws (Fig. 7). The incidence of
webbed paws was also observed in fetuses of the positive
control group though of low percentage (5,26 %) (Table - 4;
Fig. 8). 1In small sized fetuses of each group external
organs such as ears and eyes were not well developed,

The anomaly namely, twisting of the limb was observed in
the high dose group of Dimethoate and the positive control
group (Fig. 4). In the Dimethoate high dose group,

fetuses with curled and short tail constituted 17.14 %
(Table - 4) (Fig. 4). Other non significant anomalies

such as depigmented skin were observed in one fetus of

the high dose group and two fetuses of the positive control
grbup. However, the incidence of these external anomalies
was low in the intermediate.and the low dose group in

comparison with high dose group (Table -~ 4).

The length and the weigﬁt of the fetuses of the
dams which received Dimethoate in different doses were
significantly lower than their controls (Table - 5;

Graph - 3, B5). When both these parameters were expressed
as percent of their control, a pattern like dose response

relationship was found to be evident. The weights of the
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fetuses of dams receiving 38.:8 mg/kg, 25.87 mg/kg and
15.52 mg/kg were 43 %, 70.11 ¥ and 88,04 % respectively
of the control fetal weights. vSimilarly the lengths of
the same fetuses were 40.47 %, 67:92 % and 93,63 %
respectively of the control fetal length values. 1In
case of Aspirin, the fetal weights and lengths were

60,78 and 59,43 % of the control values.

Fetuses stained with Alizarin red S were observed
for skeletal defects (Fig. 9). The defects of the skull
such as missing and undérdeveloped bones, cranioschisis
were observed (Fig. 10). A high percentage of skull
defects was round to be evident in the high dose group
of Dimethoate (65,21 %) and in the positive control
group (83.33 %) when compared with respective control

values of 6,06 and 5.88 % (Table - 6).

Vertebral defects such as extra vertebrae, miss-
ing caudal and thoracic vertebrae and spina bifida were
observed (Fig. 11). The incidence of missing and under-
developed sternum, missing sternebrae, wavy, missing and
extra ribs were observed in each of the Dimethoate test
group. Incidence of missing sternum and other sternal
defects was much higher in the high dose group (60.87 %)
as compared to the intermediate dose group (20.51 %) and
3.87 % in the low dose group (Table - 6). High incidence
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of sternal defects wexe also observed (75 %)‘1n the
Aspirin group as compared to its control (3,92 %)

(Fig. 12) Tween 80. Majority of the fetuses of the
high dose group and the positive control group were
characterized by the absence of digits of the both

the hind limbs and the fore limbs, The absence of
phalanges was common amongst Dimethoate test groups
(Fig. 12). The percentage wise hind limb defects were
78.26v% in the high dose group, 20.51 in the intermediate
dose group, 3.85 % in the low dose group as compared to
the negative control with zero percent anomalies.
Similarly the percentages for fore limb defects were
73.91 % in case of high dose group, 20.51 % with inter-
mediate group and 3.85 % in the low dose group. The
incidence of skeletal anomalies decreased with the
decrease in dose of Dimethoate 30 EC. A very low‘
incidence of skeletal anomalies were observed in the

negative control group and the wehicle control group.

Fetuses preserved in Bouin's fluid were sectioned
by the Wilson razor blade technique, Evaluation of
visceral anomalies showed underdeveloped organs.
Incidence of cleft palate was as high as 42,86 % in the
positive control group and 16,67 % in the high dose
group of Dimethoate 30 EC as compared with their

respective controls. (Figs. 13 & 14). The occurrence
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of brain defects were 50 % in the high dose group of
Dimethoate 38.8 mg/kg, 15 ¥ in the intermediate dose

and 3;85 % in the low dose group. The negative control
group showed 3,33 % brain defects, Hydrocephaly was seen
in two fetuses of the high dose grbup of Dimethoate and
in one fetus of the positive control group. This anomaly

- ‘'was not evident in any other group.

Sections passing through the lung and the
oesophagus revealed underdeveioped organs., The percentage
was 41.67 % in high dcse group with 15 % in the inter-
mediate dose group and 3,85 % in the low dose group with
a control value of 3.33 % (Figs 16). On the other hand,
Agpirin showed 42.86 % and its control group 6,90 ¥. One
fetus from the high dose group and one from the positive
control group exhibited a missing septum in the heart
(Fig. 16). None of the fetuses of the other groups
revealed this anomaly. In small fetuses size of the
organs were comparatively small. Similarly, sections
passing through the liver, stomach,‘kidney, or the urinary

bladder showed underdevelopment (Fig. 15).

All the organs were observed at their respective
positions and the viscera intact. The visceral anomalies
decreased with the decrease in dose of the test material,
The percentage of visceral anomalies was of a very low

incidence in the control groups (Table - 7).



TABLE-1 : Acute oral toxicity of Dimethoate 30 EC,

Aspirin and Tween-80 in rats.

*
Lower LDSO

‘Highex *
Product limits limits
(mg/kg) (mg/kg) (mg/kq)
1. Dimethoate 662.4 776.0 905.6
30 EC
2. Aspirin 1387.7 1600.0 1844 .8
3. Tween-80 More than 53250 mg/kg

(50 ml/kg)

* At 95% confidence levels.
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TABLE-2 ¢ Comparative percent weight gain during the

gestation period of Control and Treated

Rats.
Group  Treatment No. of Percent Weight
No. observations gain in gms.
(Mean + S.E.)
1. Negative control 20 16.90 + 1.66
2, Positive control 19 9.68 + 0.92
(Aspirin 250 mg/kg)
3. Vehicle control 20 14,43 + 1.67
4, High Dose ‘ *
“Dimethoate 30 EC 19 8452 & 0486
38.8 mg/kg
5, Intermediate Dose 20 13.83 + 1.50
Dimethoate 30 EC ‘ 4 :
6. Low Dose 20 14.72 .£ 1.59

Dimethoate 30 EC
15.52 mg/kg

* Percent weight gain was significantly lower than

that observed in the negative control.(p< 0.09).
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TABLE-3 : Implantation sites and live fetuses of control and treated rats.

Dimethoate 15.52 mg/kg
(Y50th LD50)

St, Group/Treatment Number of Implantation Percent Alive

No. observations sites

¢ ~Negative ContTol 16 7.192 0.43 81.81% 8.30

2. Positive Control 15 6.60+ 0.36,  17.38+ 9.37
(Aspirin 250 mg/kg) ' : 4

3. Vehicle Control 15 6.80+ 0,63 73.48+ 9.65
(Tween-80)

4., Test : High Dose 14 7.214 0.57 28.55+ 11.33 "
Dimethoate 38.8 mg/kg _
(Y20th LDgg) 7 |

5., Intermediate Dose - 16 - 6.75+ 0.60 43.89+ 11.85
Dimethoate 25.87 mg/kg , o
(¥30th LDgg)

6. Low Dose - 16 6.94+ 0.59 69.79+ 10.99

LE



TABLE~-4 :7Incidence of anomalies in fetuses from Control & Treated Rats.

3 " ¥ 3 V T
No.i Group/Treatment i Meningo-'EDepigmen—$Micro— f Amelia i Webbed E Short and
! - ' ! cele lted skin !melia ! ! paws ! coiled
' t ' ' 1 1 t tatl
2 ) B S S, S L ' | !
1 Negative Control 0/96 0/96 1/96 0/96 0/96. 1/96
| (0%) (0%) (1.04%)  (0%) 0%) (1.04%)
2 Positive Control 0/19 2/19 2/19  0/19 1/19 2/19
(Aspirin 250 mg/kg) (0%) (10.53%) (10.53%) (0%) (5.26%)  (10.53%)
'3 Vehicle Control 0/80 0/80 1/80 0/80 0/80 1/80
(Tween-50) (0%) (0%)  (1.25%)  (0%)  (0%) (1.25%)
4 Dimethoate- 38.8 mg/kg 1/35 1/35 6/35 1/35 6/35 6/35
High dose ¥20th LDgy (o geg)  (2.86%) (17.14%) (2.86%) (17.14%) (17.14%)
5. Dimethoate- 25.87 mg/kg 0/59 0/59 3/59 0/%59 1/99 1/59
Intermediate dose , : ; ,
¥30th LDy, (o%) - (0%) (5.08%) (0%)  (1.69%)  (1.69%)
6 Dimethoate— 15.52 mg/kg 0/78 0/718 1/78  0/78 0/78 1/78

Low dose ¥50th LDgg (o) (0%) (1.28%) (0%)  (0%) (1.28%)

8¢



TABLE-5 : Prenatal Data of Control and Treated Rats on day 6 through 15 of Gestation.
: DAMS N FETUSES 'RESORPTIONS
T REA’BMENT : =lm. 1- : ' 1 A : Y
it iTotal Preg- 'Spont-'Walght ! g ‘Norm 1,Ma.l.« ,Dead 'Mean 'Mean iTotal |} %
iper ‘nant atianeous!gain % ia“ S aliform- ! thody 'body ! !
;grouo 'necIOf;death tDay 5 ! 'ed : wt, size  } !
H ipSy ~ jper ~y6~20 | -y P H i(gms)“}fcms3 H :
H ipeT  jgroup ' : H i H : H ; B
' 19TouUD | i ; : ; ; ' H H '
§ (%) ] : : : I R : i
Negative Control 20 (ééﬁ) 1?‘22 115 96 - 7 3.911 3.835 19 16.52
05 & T
Positive Control 20 15 9.68 99 . 16 3 2.06 2,03 79 79.80
(Aspirin 250mg/kg) (75%) + 0.92
Vehicle Control 20 15 14,43 102 82 - 3.885 3.412 20  19.61
(Iween—ao) (75%) + 1.67 '
Test : High dcse 20 19 8.82 101 31 4 1.675 1.56 63 61.76
Dimethoate 30 EC (75%) + 0.86
38.8 mg/kg
¥20th LD5O
Test:Intemmediate 20 16 13.83 108 55 2 2.618 2.47 49 45,37
Dose Dimethoate. (80% ) + 1.50 '
30 EC 25.87mg/kg
¥30th LDSO
Test: Low dose 20 16 14,72 141 78 - 3.443 3.58 32 28.83
Dimethoate 30 EC (80%) + 1.59

15.52 mg/kg
y50th LDg,

6¢




TABLE=6

Incidence of Skeletal Anomalies in Fetuses

of Control & Treated Rats.

in maximum numbexrs of .fetuses of the total fetuses examined.

2) Defective fetuses/Total fetuses examined.

l p . i ) t 3 []
No.?{ Group/Treatment i Skull | Vertebrae | Ribs ! Sternum ] Hind lxmb' Fore limb

o ' 1 & Verte- H : i H

H o t-bral collumny 1 ! !
E ) : E ] 4 k ] ' ;
1. Negative Control 4/66 1/66 0/66 0/66 0/66 " 0/66
(6.06%) (1.52%) (0%) (0%) (0/%) (0%)
2. Positive Control . 10/12 9/12 3/12 9/12 8/12 10/12
: (ASPirm 250 mo/k9)  (g3,33%) (75 %) (25%) (75%) - (66.67%)  (83.33%)

3. Vehicle Control 3/51 6/51 /“1 2/51 1/51 0/51
(Tween-80) (5.88%) (11.76%) (7. 84%) (3.92%) (1.96%) (0%)

4. TEST: High Dose 15/23 12/23 10/23  14/23  18/23 17/23

~ Dimethoate 38. amg/kg (65.22%)  (52.17%) (43.48%) (60.87%) (78.26%)  (73.91%)
¥20th LDy, _

5. TEST : Intermediate  10/39 19/39 7/39 5/39 8/39 8/39

| Dimethoate 25.87mg/kg (55 gax)  (48.72%) (17.95%) (20.51%) (20.51%)  (20.51%)
¥30th LD,

6. TEST : Low Dose. 5/52 3/52 6/52 2/52 2/52 2/52
Dimethoate 15.52m9/kg (g g0y  (5,77%) (11.54%) (3.05%) (3.85%)  (3.85%)
Y50th LDg,

“Note : 1) The percentage of abnormality reporied pertains to the defect which was observed

0%



TABLE=7 : Incidence of Visceral Anomalies in Fetuses of Control & Treated Rats.

T c»

18%52 mg/kg
(Y50th LD50)

’ ¥ 0 1 Y 7 — T T
Group/TreatmentiPalate iBrain !Thorax E Lung Eoeso—' E Hea;tELiver !Stomach'lntest-'Kldney tUrinary
‘ s : : . tphagus ! ' : tine : 'bladder
H ; : : H : ! H : H &
, R | S S N ’ .. e I P T :. LUreter
Negative 0/30 1/30 1/30 1/30 1/30 1/30 1/30 /30  1/30 t/30- 1/30
Control (0%) (3.33) (3.33) (3.33) (3.33) (3.33) (3.33) (3.33) (3.33) (3.33) (3.33)
_ . \
Positive - 3/7 3/7 2/7 3/7 3/7 3/7 3/7  3/7 3/7 3/7 3/7
Control
AspiTin 250mg/k842 +86) (42.86) (42. 86) {42.86) (42.86) (42.86)(42.86) (42.86) (42.86) (42.86) (42.86)
Vehicle Control 0/29 2/29 2/29 2/29 2/29  2/29 2/29 2/29 2/29. 2/29 2/29
Tween-80 (0) (6.90) (6.90) (6.90) (6.90) (6.90) (6.90) (6.90) (6.90) (6.90) (6.90)
TEST: High Dose *2/12 6.12 3/12‘ - 5/12 - 4/12 4/12 5/12 4/12 4/12 4/12 2/12
ggmgtggﬁtz (16.,67) (50.0) (25.0) (41.67) (33.33) (33.33)(41.67) (33.33) (33.33) (33.33) (16.67)
(Y20th LDg,) ' o
TEST:Intermed- 1/20 3/20 |, 2/20 3/20 3/20 3/20 3/20 3/20 - 3/20 2/20 0/20
éfggtﬁggie (5.0) (15-0) (10,0) (1%.0) (15.0) _(15;0) (15.0) (15.0) (15.0) - (10.0) (0.0)
25,87 mg/kg '
(¥30th LD50) . |
>TEST.Low Dose 1/26 1/26 0/26  1/26 1/26 2/26  3/26 2/26 2/26 2/26 2/26
. Di;methoate (3.85) (3.85)

(0.0) (3.85) (3.89) (7.69) (11.54) (7.69) (7.69) (7.69) (3.85)

* Cleft Palate.

Note : Fetus exhibiting under developed organs was treatedas anomalous fetus.
The figures in the parentheses denote percentage.
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PERCENT GAIN IN BODY WEIGHTS OF
NEGATIVE CONTROL AND DIMETHOATE
30 EC TREATED RATS.
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PERCENT GAIN IN BODY WEIGHT OF

VEHICLE CONTROL AND ASPIRIN
TREATED RATS.
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FETAL WEIGHTS OF VEHICLE CONTROL
AND ASPIRIN TREATED RATS.
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FETAL LENGTHS OF NEGATIVE GONTROL
AND DIMETHOATE 30 EC TREATED RATS
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FETAL LENGTHS OF VEHICLE CONTROL
AND ASPIRIN TREATED RATS.
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6. DISCUSSION




DISCUSSION

Teratclogical studies have become an important}
part of toxicological studies and safety data require-
ments for regulatory purposes., It is estimated that
about 130 million childréb are born every year all
over the world and at least 2 to 3 % of them are porn
with birth defects,6

The thalidomide diséster stimulated teratological
research all over the worlds Since then various workers
have correlated the use of Thalidomide in pregnant women
and the ﬁncrease in limb reduction anomalies in infants.
Epidemiological and experimental investigations have
revealed thaé congenital anomalies amongst humans are
estimated as 20-30 % may be due tovgenetic chromosomal
aberration, 10-20 % may be due to extrinsic factors
like drug interactions, toxins and environmental pollu-
tants anda the rest may be due to a complex interaction
of genetical and extrinsic facto;s.5’7’36'37

The knowledge regarding teratogens can be
obtained from case studies and énnecdotal cobservations.
Laboratory.animals are presently utilized in the
invest#gétions of teratogenecity, since ethical and

sccial factors prevent the use of human subjects. In

48



selecting the species for this study, various factors
are taken into consideration such as their gestation
period, availability in large numbers, ease of
maintenance in the laboratory and eéconomics. Animals
should have a fairly short gestétion period, a known
esterous cycle, an easily determinable time of concept-
~ion and high fertility for teratolegical studies, The
animals should bear large number of litters to make
di fferent studies possible, their embryological develop—
ment and the occurrance of spontaneous ancmalics must
be well documented. These criteria are probably best
met by the rat, mouse, rabbits and the hamsters.>
Amongst mammals, the rodents are the animals of
choice. The rat has a short gestation period of about
21 days, the time of copulation or mating can be measured
accurately, its embryology is well known and its placental
and hormonal characters are similar to those of the
humans.5 Also in this species, the spontaneous occurrence
of malformations has been well documented. Rats bear
largegnumber of litters, so that a teratologist can
couple; studies such as skeletal anomalies and visceral
anomalies together., It is also economic and easy to
maintain., Though for some compounds, the rats are less
susceptible as compared to the humans because of

differences in absorption, metabolism and excretion, the



rat nevertheless is one of the choice species;5

In the present study with rats, virgin animals
of the conceiving age were used, Virgin females are used
so that there are less chances of'increasing the
incidence of previously existing malformations by the
teratogens., The test matexrial was administered from day
6 to day 15 of the gestation period. This is the period
of orgénogenesis and is the most susceptible period for
chemical insult.5’7‘31’49

The pre-implantation period is characterized
by fertilization, blastulation and gastrulation. This
stage is susceptible to embryolethality but rarely to
teratbgenecity. Insult during this period may result in
embryonic death or repair of the damaged cells.48 This
period is the first six days in the rat and mice and
six days in the hamsters and rabbits. The pre-implanta-
tion period is foilowed by the period of organogenesis,
which is from day 6 to 15 in rats and mice, day 6 to 10
in hamsters, day 6 to 18 in the rabbits and apbroximately

third to 8th week in the humans,5'7’48

During this
period, migration and associlation of cells and tissues
into organ rydiments takes placé, hence this is the most
vulnerable period for production of structural anomalies.

Insult during this period can leéd to structural birth



defects and embryolethality. Many workers have
produced anomalies in animals by chemlical insult during

36, 49 It has been reported

the period of organocgenesis.
that the birth defects due to Thalidomide occurred
when the drug was consumed by pregnant women from day 27
to 40 of gestation period, the critical period of

organdgenesis,37

The fetal period aftexr the period of
organogenesis is increasingly resistant t¢ teratogens

though there are exceptions.

Two control groups are also taken for comparison.
The negative control group is used to study the occurrence
of spontaneous malformations under normal conditions of
maintenance. The positive control group is used to

compare the effects due to chemical insult.

In hamstexrs and rats the positive control is
Aspirin at 250 mg/kg, whereas, in mice Aspirin at 150 mg/kg
is ug2ds 1In rabbits, the positive control used is 6-amino-

nicntinamide at 2.5 my/kg and is administered on day ¢

only.‘5
The route of administration is an 1mportan£
factor., It is selected cn the basis c¢f human expcsure,
The route of administration selected in our study was the
oral route; Twenty mated animals are allotted to each

group
LIBRARY
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" Various end points are recorded and the data
obtained from animal studies are then extrapolated to the
human beings. This is a very important process and a
difficult one too. No single animal model is close to
the human system and hence no single animal test provides
assurance of safety to the human beings. This is mainly
‘because of variétion in species response, Many other
factors are involved in chemical induced teratogenesis
which cause difficulty in extrapolating results from
animal studies to human beings. These factors include
dif ferences in genotype, genetic heterogenecity, variation
in body size, diet and conditions of eXposure.30’48
Teratogenic testing in animals can be regardea és an
indication of the probability that the test substance will
or will not produce teratogenecity in humans. Also from
animals tests, tefatogens that cannot be identified by

epidemiological studies can be identified.

In the present study, the acute oral touxicity
of Dimethoate 30 EC was carried out . The LD50 value
observed in the acutelstudy serves to provide a convenient
way to classify pesticides into toxicity ciasses and the
value alsc serves as é guide for selecting subsequent
doses for long term studies. The LD50 of Dimethoate 30 EC
was found to be 776 mg/kg body weight as compared to
Dimethoate technical which is 320-380 mg/kg. In a study,

92
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the LDgy of Dimethoate technical of 95 % purity in rats
by oral route was reported to be 130-325 mg/ké50 and in
another study it was found to be 200-300 mg/kg body

weight, 2!

In a study regarding susceptibility between
sexes, it was concluded that there was'né significant
difference between sexes to acute lethal effects of
Dimethoate.so Based on known comparative toxicity data
and degradation in liver in other species, the acute
oral LDy, of Dimethoate to humans was predicted to be

92-% - 1n our study the pattern of symptoms

about 30 mg/kg.
noted in the acute oral toxicity of Dimethcate 30 EC were
tremors, hyperexcitation, convulsions, respiratory disturb-

ances and death,

The acute oral toxicity of the positive control,
Aspirih and its vehicle cont;ol Tween 80 was also carried
out (Table 1). The LDy, of Aspirin was found to be
1600 mg/kg which correlates with the reported value.53
The LDg, of Tween 80 was found to be more than 50 ml/kg
as no mortality and toxic symptoms were observed at this
dose, As a suspending agent, Tween 80 was nontoxic, as
per the ciassification of toxicity classes.45
In teratogenic siudies, a toxic dose that is

maximally toxic to the fetus is of importance as we are

observing the toxic effects on the fetus and not on the



mother. Maternal toxic doses may cause resorptions and
even'ﬁaternal mortality. Maternally toxic doses of the
teratogenic agents may kill toﬁ many cells to permit
survivai and cause embryolethality» Therefore onh the
basis of the LD50 data and variation in animal response,
a range finding study was carried out to obtain an ”
indication of the maternal toxic doses andithe.fetotokic

doses,

In our study animals administered with 77.6 mg/kg
(Y10th of LD50)_and 51;73 mg/kg (V15th of LDSO) of Dimetho=-
ate 30 EC resulted in maternal toxic symptoms such as
tremors, hypetexcitation. gasping, convulsions and deafh
and produced 100 % resorptions, Therefore the doses belowi
these levels were tried and the final doses selected for

fetal anomalies were =

38.8 mg/kg  eea ’/ZOth LD50 s High dose
25,87 mg/Kg ... Y30th LDgy  wee Intermediate dose
and 15,52 mg/kg ... ¥50th LDgy ... Low dose.

In a study with Dimethoate formulation 47.3 % EC
in rats the dose of 24 mg/kg was found to be maternally
toxic dose. This'dose produ;ed maternal toxic symptoms
such 'as clonic spasms and muscular tremors.zgv Gasping and
tremors were also observed in our study where rats were

admihistered with.doses of 77,6 mg/kg and 51,73 mg/kg.

d4%
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Similarly in another study in mice dose levels of
Dimethoate at 40 and 80 mg/kg produced a high incidence
of maternal mortality.4 In our study maternal mortality

was observed at- 77.6 mg/kg dose.

Regular measurements of body weights during the
gestation period is important as it may provide a ref=
erence point to judge the effect on fetal size, In our
study, the body weights were recorded from day 6 to day
20 of the gestation period as the test materials were
administered from day 6 of the gestation period. The body
weight of the dams increased significantly in all the
groups of dams irrespective of the treatment they received
(Table - 5, Graphs - 1 & 2)., However, when the percent
weight gaiﬂ between thevDimethoate treated groups and its’
control group weTe compared, there was a marked difference.
Dose of 38;8 mg/kg resulted in decrease in maternal
weight gaid. The percent weight gains of 25,87 mg/kg
and 15,52 ﬁg/kg doses were comparable. with the control
(Graph 1). In a study with Dimethoate formulation of
47.3 % EC in rats at 24vmg/kg resulted in reduction in
body wei:gth9 as found in our study with Dimethoate 30 EC,
In another mice study with Dimethoate, dose levels of
10 and 20 mg/kg produced significant decrease in maternal
weight gain.4 The decrease in maternal weight gain at

the dose of 38.8 mg/kg in our study suggests that



Dimethoate had an effect on maternal weight gain.
The percent weight gain in dams treated with Aspirin
was significantly lower than its control in our study

Tableg - 2,5, Graph 2).

One rat from the positive control group and one
rat from the high dose group died before term, Post-
mortem did not reveal any gross pathology. This can be
attributed to spontaneous deaths As the rodents tend to
eat their offspring at birth, the fetuses were delivered
by cesarean section (Fig. 1). Also by delivering the
fetuses by cesarean, the number and position of implanta-
tion sites can be counted, In the reported study,
Dimethoate formulation of 47.3 % EC and technical grade
pesticide (95%) did not alter the number of implantations.
Study with other organophosphate pesticides Dipterex
and Imidan did not reveal any effect on the implantation

sites t00.21’22

In our study there was no significant
difference in the implantation sites in Dimethoate treated

groups.

The percentage of resorption in the dams receiv-
ing Dimethoate in our study was found to be dose related,
A high percentage of resorption was found in the high
dose group (62%). As the dose of Dimethoate decreased,
s0 also the percent resorption (45% in the intermediate

dose and 29% in the low dose group) (Fig. 3). High

36

4,29



percentages of resorption and embryonic death have been
reported in teratogenecity studies with organophosphate
pesticides. A high incidence of still births and
neonatal death rates was reported in dams treated with
parathion, Methyl parathion and Isoflucrophate (DF,;P).19
In ano£her study, Parathion at 12 mg/kg dose when admini-
stered on days 12, 13, 14 of pregnancy produced 90%

resorptions.zo

In a study with Dipterex, it was observed that

Dipterex resulted in an insignificant increase in embryonic

death at the dose of 80 mg/kg (¥10th of LDSO) when
administered to rats on day 9 of gestation. Imidan
produced increase in post implantation mortality of the
embryos at the doses of 1.5 mg/kg and 30 mg/kg when given
throughout the course of the pregnancy and on day 9 of

,gestation~respectively.21

An interesiing result was
obtained while observing Parathion for teratogenecity.
When Farathion was administered on days 12, 13 and 14 of
gestation period to mice at the dose of 12 mg/kg, produced
90% resorptions, whereas the same dose on days 9 and 10
of gestation produced 27% resorptions.20 This study
confirms the importance of time and duration of administ-
ration of teratogens. A high percentage of resorption

was observed in our study witn Aspirin, the positive

control. It is reported that Aspirin at the doses of

37
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250 mg/kg and above increases the incidence of
35, 40, 56

resorption,
Amongst the fetuses of rats receiving Dimethoate,
there were severe growth retardation (Fig. 5), runted
fetuses, syndactly (webbed or fused digits), short and
abnormal tail, hydrocephalus, cleft plate, micropthalmia
(abnormal smallness of the eyé), micromelia (abnormal
smallness of the limb) (Fig. 6), ectrodactly (congenital
absence of digits), drop foot and twisting of the limb,
These anomalies were observed on a large percentage in
the high dose group (Table = 4). Anomalies such as
meningocoele was observed in two fetuses of thé'high dose
group but were not observed in any other groups (Fig. 4).
Fetuses that exhlbited a sm&all body size showed under=-
developed eyes and ears, specially in the high dose group.
Nonsignificant anomalies as depigmented skin were observed
in one fetus of the high dose group and the positive

control group.

In earlier reported teratological studies of
Dimethoate technical and formulations, fetuses exhibited
sévere growth retardation. The incidence of external

anomalies was nonsignificant.4’29

Other organophosphates,
Dipterex at the dose of 80 mg/kg on day @ of gestation

and Imidan at the dose of 30 mg/kg resulted in anomalies
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as exencephaly, non-closing eyelid symptoms, hypognathia,

21 when Imidan

dislocation of extremities and hematomas.
was administered at the dose of 1.5 mg/kg daily through-
out the gestation, subcutaneous hae¢morrhages were

observed.21

When Dipterex was administered in the diet
at dose levels of 432 and 519 mg/kg, 33 of the 109 mal=-
formed fetuses revealed exencephaly, meningocoele and

22 Dipterex gavage at the dose of 480 mg/kg

hydrocephaly.
three times daily in rats resulted in generalized oedema,
hematoma and various types of herniation of the brain.

A similar type of response was obtained after administra-
tion of Dipterex to hamsters from days 7 to 11 of gestation

55

at 400 mg/kg dose. In a study with Chlorpyrifos in

mice, at the dose of 1 mg/kg exencephaly was observed.2>
The above anomaly and anomalies as hematomas and hypow=

gnathia were not observed in any of our -test groups.

The length and weights of the fetuses of dams
receiving Dimethoate in different doses were significantly
lower than their control (Graphs « 3,%5), When both these
parameters were expressed as the percent of their control,
a pattern like dose response relationship was found to
be evident, The fetal lengths and weights of the dams
receiving high and intermediate dqse were less than that

of their control, whereas the fetal length was comparable



with the control in case of the low dose group. Various
workers have reported the effects of pesticides on fetal
weights., In a mice study with Dimethoate, it has been
reported that the fetal weights for the 20 mg/kg dose
levels were significantly lower than its control, and has
been correlated to the reduction in maternal weight.

In our study the weight of the fetuses were low..: with
the dose of 38.8 mg/kg of Dimethoate 30 EC which also
reflected on the maternal weight gain, and hence may be
related, Similarly teratogenic studies with other
pesticides as Methyl parathion, Parathion, Iscfluorophate,
Thimet Dipterex'and Imidan have resulted in reduction

in fetal weights, 9222027

The fetal weights for Aspirin,
the positive control in our study were also less than its

control Tween 80 (Graphs- 4 & 6).

Fetuses stained witlh Alizarin red S were observed
for skeletal defects (Table-6). A high incidence of
skeletal defects were observed with the high dose of
Dimethoate 30 EC, These defects were dose related., As
the dose of Dimethoate decreased, so also the skeletal
defects, Defects of the skull such as improper fusion
of the skull bones were found to be evident in high dose
group with a high percentage (65.22%) (Figs. 10 & i1).
Vertebral defects such as extra vertebraée, missing caudal

and thoracic vertebrae and spina bifida were also observed,
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The incidence of missing and underdeveloped sternum,
missing sternebrae, wavy missing and extra ribs were
observed in each of the Dimethoate test group. The
percentage of these defects were comparatively higﬁer in.
the high dose group (Table-6; Figs. 10 & 11). Incidence
of sternal defects, absénce of digits of the both the
limbs, with absence of phalanges being a common defect
were higher in the high dose group of Dimethoate. The
skeletal defects in case of the.low dose group were

comparable with the negative control group (Table- 6),

The causes and mechanisms of pesticide induced
skeletal defects is not fully understood., Defects in
the fetuses are believed to occur if there jis inter-
ference in the stages of development. Also administra-
tion of the chemical during the period of organogenesis,
may result in deviations in development from normalitiy
and produce malfcrmations. For example, the defect
spina bifida results from the failure of closure of the
posterior neuropore.57 This neuropore closure in the
rat takes place upto the 12th day of gestation period.
Administration of the teratogen during this period méy
increase the susceptibility of the embryo to the occurrence

of spina bifida.

Administration of organophosphate pesticides during

the period of organogenesis and the resulting skeletal
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anomalies are reported and correlate with the findings
of our study. Dimethoate decreased significantly the
number of calcified centres of the fore paws at the
doses of 20 mg/kgs The incidence of missing ribs was
found to be dose related and was significant at dose

levels of 40 and 80 mg/kg;4

In another study with
Dimethoate formulation of 47.3 ¥ EC it was observed

that 12 and 24 mg/kg doses were associated with a
significant increase in the number of anomalous litters

and wavy ribbed fetuses, Othei anomalies observed were,
presence of extra ribs and fused sternebraeszg In our
study too, high incidences of these anomalies were observed

with the high dose group of 38.8 mg/kg.

~ Skeletal anomalies have been reported with other

organophosphate pesticides, Dipterex with the dose of

80 mg/kg resulted in wavy ribs,2! The same pesticide

at the dose of 480 mg/kg severely shortened the radius
and ulna, caused hypophalangism and resulted in fused
55

sternebrae and xibs. Chlorpyrifos at the doses of

1, 10, 25 mg/kg resulted in minor skeletal variants,2>
In our study with Aspirin, the positive control exhibited
number of skeletal anomalies. Skeletal anomalies of

the skull spina bifida, sternal defects, rib and
vertebral defects of various degrees were observed,

which correlate with the reported findings,3°?40#56

(Fig. 12).



Irregularities of ribs and vertebrae with
salicylate poisoning of maternal rats during early
embryonic developmental stage has been reportedg32
Aspirin at 500 and 625 mg/kg doses on day 9 and 10 of
gestation respectively induce a wide variety of skeletal
variations such as extra ribs, fused or missing ribs,

56

extra and missing vertebrae, Similar defects were

reported in another study with Aspirin and with similar

35 A low incidence of skeletal anomaliés was

doses,
also observed in the control group of our study and
correlates with earlier dccumentation, In an earlier
reported study 1430 normal fetuses out of total 2155 rat
fetuses were studied for the incidence of teratological
anomalies: The most common skeletal anomalies‘found were
improper ossification of skull bones. This incidence

was found to be 11,05 % .46

with the control group was found to be 7 % (Table = 7).

ih our study, this incidence

The visceral evaluation'of the fetuses was done

by Wilson's technique.4‘

It revealed a high incidénce
of Underdevelopment, specially in the high dose group of
Dimethoate 30 EC 38.8 mg/kg., The incidence of specific
anomaly namely cleft palate was observed (Fig. 13). It
has been explained that the palatal shelves rotate from
a vertical position along the edges of the tongue to a
horizontal position above the tongue. These shelves

then fuse at the base of the skull to form the palate.
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If this closure is delayed beyond a critical time cleft

48

palate results. 1t has been reported that in man,

80 % of the isolated cleft palate occurs due to

environmental factors.>?

In our study cleft palate was
observed only with high dose of Dimethoate 30 EC

(38.8 mg/kg) and was not associated with cleft lip
(Fig. 13). This anomaly was not observed with low and
intermediate dose groups. When Dipterex was administered
to rats, hamsters and mice on days 10 to 14 or 12 to 14
of gestation period at doses of 400 mg/kg, there was
increase in the incidence of cleft palate.55 The
positive control, Aspirin in our study exhibited a high
percentage of cleft palate (42.86 %) when compared with
its control (Fig. 14)., Various workers have reported
the incidence of Aspirin induced cleft palate in rats
at different doses,S>s40s56

The brain defect namely hydrocephaly was observed
in two fetuses of the high dose Dimethoate group. This
anomaly was not evident in any other test group. Sections
passing through various organs showed underdeveloped
organs (Figs. 15, 16). One fetus of the high dose group
of Dimethoate 38,8 mg/kg exhibited missing septum in the
heart., In a study with Dimethoate formulation of 47.3%

EC at the doses of 12 and 24 mg/kg nonsignificant anomalies

as hydroureter and dialated urinary bladder were reported.29

Hydrocephaly was reported with Imidan.22
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CONCLUSTION

Teratological study was cenducted with Dimethoate
30 EC, an organophosphate pesticide, Based on the results

and discussions it may be concluded that :

The acute oral toxicity of Dimethoate 30Q EC
(LDSO 776 mg/kg body weight) was found to be less than
that of the reported acute oral toxicity of Dimethoate
technical (LD50 130-325 mg/kg body weight). These
results therefore suggest that the technical grade
material is more toxic than the formulation., This may
be probably attributed to the presence of less amount
of technical grade material (30 %) and the presence of

70% of non~pesticidal ingredients.

Dimethoate 30 EC at the.dose of 38,8 mg/kg was
found to be teratogenic in rats, similar to that
produced by Aspirin at 250 mg/kg., The doses above 38.8mg/kg
were found to be maternally toxic. The dose of 38.8 mg/kg |
of Dimethoate 30 EC reduced percent maternal weight gain
during gestation. It also reduced the fetal weight
and fetal size. A high percentage of resorption was
observed at the dose of 38.8 mg/kg and also in the
positive control Aspirin group., A dose resronse rela-
tionship was found to be evident when the fetal lengths

and weights were eipressed as the percent of their control.



Several external anomalies and growth retardation were
caused by Dimethoate 30 EC at the high dose of 38.8 mg/kg.
The skeletal anomalies were fouhd to be dose related
and decreased with the decrzase in dose, A high
incidence of skeletal anomalies was observed with the
dose of 38.8 hg/kg of Dimethoate 30 EC and also with
the positive control group. Visceral anomalies showed
uhderdeveloped organs specially in the high dose group
of Dimethoate 30 EC (38.8 mg/kg). Specific anomalies
such as cleft palate and hydrocephaly were of a low
incidence in the high dose group and were not observed
in low and intermediate dose groups. These anomalies

were also exhibited by the positive control group.

The low dose group of Dimethoate 30 EC at
195,52 mg/kg did not show any signs of teratogenecity
except for 29 % resorptions which was observed as 17 %
in the negative control group. Other parameters as
maternal weight gain, fetal weight and lengths, skeletal
and visceral anomalies were comparable with the'negative

control group.
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PHOTOGRAPH-1 : Arrangement of fetuses in the uterine
horn of the female rat at necropsy (day 20 of
gestation period).
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PHOTOGRAPH-2 : Normal fetuses after removal from the
uterus of the female rat at necropsy (day 20 of gestation).




PHOTOGRAPH=3 : Resorption observed in the left uterine horn
of the female rat at necropsy (day 20 of gestation).

A& " .

PHOTOGRAPH~4 : Fetus exhibiting meningocoele, twisted
hind limb and webbed paws,




PHOTOGRAPH = 5 : Comparative body sizes of the fetuses of
treated and contrcl groups.
A - Negative control.

- Test low dose ~ Dimethoate 30 EC - 15,52 mg/kg.

B
C - Test intermediate dose -~ Dimethoate 30 EC - 25,87 mg/kg.
D

~ Test high dose - Dimethoate 30 EC - 38.8 mg/kg

Test .
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N :5393 'ﬁl\ub}

PHOTOGRAPH=6 1 Fetus exhibiting absence of eyes, ears,
amelia and micromelia,
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PHOTOGRAPH~ 7 : Fetuses exhibiting webbed paws and
coiled tail.

PHOTOGRAPH- 8: Fetus of the positive control group
(Aspirin 250 mg/kg) exhibiting webbed paws.




PHOTOGRAPH~9 : Skeletal staining of normal fetus.

PHOTOGRAPH=~10 : Stained fetus exhibiting improperx

ossification of skull bones, split and wavy ribs, spina
bifida, absence of sternum and limb digits (Test High
Dose-~ Dimethoate 30 EC-~ 38.8 ma/ka).




PHOTOGRAPH-11 : Stained fetus exhibiting improper
ossification of skull bones, split and wavy ribs, spina
bifida, absence of sternum and limb digits (Test High
Dose-~ Dimethoate 30 EC- 38.8 mg/kg).

PHOTOGRAPH-12 : Stained fetuses of the positive control

group (Aspirin- 250 mg/kg) exhibiting improper ossification

of skull bones, split and wavy ribs and absence of limb
digits.




PHOTOGR PH-13 : Cleft Palate,

PHOTOGRAPH-14 : Cleft Palate.




PHOTOGRAPH=15 : Section Passing throu
and kidney of the fetus, Ne

Test high dose - Dimethoate

gh the liver, stomach
gavive control g% the right and
30 EC 3848 mg/kg at the left,

PHOTOGRAPH-16 :
heart of the fetus,

Section passing through the lung and

Negative control at the right and
test high dose- Dimethoate 30 EC 38.8 mg/kg at the left,
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PRENATAL DATA OF CONTROL AND TREATED RATS FROM DAY 6 THROUGH DAY 15 OF GESTATION
APPENDIX - 1 : NEGATLIVE CONTROL

—
Sex  lother
tanoimalies

No. of
fetuses
dead

No. of
fetuses!
alive

Weight
in
gms

Length
in
cms

0. and

Wt. of N
positlon
o
)

mother
before
cesarean

"}n gms .

Sr.
No.

Wt. of
mother
on day 6

in gms.

f ime-
lants
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b 5020 Bap ot b b s o8 B B
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[t 7 o ot B
ot S AP Py W v o W w WD WP e
- ab = 5B 5 W b WP WD P~ -]
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Could not Nil
be indenti-

fied because

of small

size

1. 186 222 9 . ) - 1002
(4335L) 1.122
1.00
1.071
1.074
1.070
1.075
1.027
1.015

. 4 @

SNPOON OO NQU

.

* &£ 2 8

2. 195 238 7 6 1 resor- 4,380 Nil
(3R-4L) bed 4,097
4,481

© 4,531

4,230

4,195

L J

3. 180 230 5 5 - 4,921 Nil

(3R-2L) 4,645
4,823
4,901

4,861
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o
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Sr. Ewt. of iwt. of ENo. and iNo.,Of iNc. of Sex iother
~ 1

b < oy o)

¥ o
t s
weiaht t
No. jmother imother Jposition }fetuses !fetuses {"¢ight :lLength ' g
lon day 6 lbefore j}of im- jalive idead s LR ' 1“8 ! ranomalies
} in gms. jcesarean Eplants ; ' : g ; G2 5 ;
: pin gms. 4 ; : : : : :
M ] s T 1 ] ] ' ¥
4 | 3 L L ? L8
4, 180 225 & 8 - 3.726 3.6 F Nil
(4R—~4L) 3.513 3.4 F
3.638 3.6 F
3.523 3.4 I
3.736 3.3 M
3.605 3.5 M
3.615 3.5 F
3.683 3.5 M
S. 190 238 9 9 e 3.981 3.6 M Nil
(6R-3L) 3.872 3.5 M
4.201 3.9 F
3.825 3.7 M
3.955 3.8 F
4,082 3.9 F
3.828 3.7 ¥
3.905 3.8 F
4,012 3.9 M
6. 200 218 8 All re- All re- = - -
(4R=-4L) sorbed sorbed
7. 195 208 - - - - - - Not pregnant
8. 200 238 8 (4 1 Re- 4,217 4.1 M Nil
(5R=-3L) sorbed 4,325 4,2 M
4,197 41 M
4,316 4,2 F
4,258 4.1 F
4,223 4.2 F
4,162 4.1 F
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Sr. Wt. of  {Wt. of {No. and INo. of INo. of
No. imother tmother tposition {fetuses !fetuses
ton day 6 }before l!of im- }alive tdead
tin gms. !cesarean }plants.
: tin gms. }

-

Weight
in
CMmS.

Length
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CIS «

Other
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Sex
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9. 192 202 - - - - Not pregnant
10. 197 232 7 6 1 re= 4,612
(4R~-3L) sorbed 4,549

4.516

4,601

4,492

4,554

Nil
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11. 193 238 8 8 - 4,325 Nil
{4R-4L) 4,219
4,415
4,361
4,529
4,302
4,423

4,191

12, 186 218 7 7 - 3.929
' (3R=-4L) 4,125
4.165

4,224

4,137

4,162

13. 202 232 7 7 - 3.825
(4R=3L) 3.919

3.926

3.891

3.842

4,012

3.995
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Sex  {Other
tanomalies

1] [ 1 ] []

Sr. lwt. of tWwt., of !No. and !No. of [!No. of
No. !Mother Imother  }position [fetuses !fetuses
‘ton day 6 !before tof im- talive !dead

tin gms. 'cesarean !plants L

Weight

Jgrmis «

o an «».
P 0wt ot o oy
O
=3 i I |
(-]
.
0 2w - iy .
- - ) .

ol 9 ep ou oy ws wp W up |
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14, 172 182 - - - - - Not pregnant

15. 182 215 4 3 I -2 4,219
(2R-2L) sorbed 4,316
4,327

Nil

»

B SN
.
wWwih

16. 200 252 10 10 - 4,012
{(6R-4L) 3.927

44129

4,215

4,160

4,059

4,291

4,163

4,210

4,132

.

L
=N NN=NNWN O

Short & coiled
tail

*

Nil

& @
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NN N N N PR
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17. 198 242 8 8 - 4.321
(4R~4L) 4,465

4,348

4,621

4,219

4.359

4.560.

4,297

Nil
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18. 196 228 4 3 1 re- 4,921
(2R=-2L) sorbed 4,823
4,895
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INo, and iNo. of

r ] i ; [
' ' {
ST. iwt. of INo. of {weight ! Length i Sex i Other
No. ‘!mother imother Iposition}fetuses !fetuses ! in H in ! ! anomalies
ton day 6 Jlbefore l!of im= !alive !decad ! gns. ! cms. ! !
'in gms. tgesarean tplants ¢ ! ! i ' :
s in gns. s 1 : 1 z :
19. 182 200 6 - All re- - - -
(4R-2L) sorbed
20. 186 208 - - - - - - Not pregnant
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PRENATAL DATA OF CONTROL AND TREATED RATS FROM DAY 6 THROUGH DAY 15 OF GESTATION

APPENDIX-2

POSITIVE CONTROL

(Aspirin 250 mg/kgq)

[

[] ] [} ]
' t
sp.  |Wt. of IWt. of |No. and INo. of INo. of IWeight iLength 1} Sax S
No. imother imother !position'fetuses Jyfetuses | in | in : } aniamalies
* ton day 6 ‘before of im- - tdead ! gms. | cms. ! :
tin gms. tcesarean !plants ! ! ! i H '
¢ 'in _gms. ! ' . H
1. 170 185 8 All re- - - -
(5R=3L) sorbed
2, 210 223 6 All re=- - - -
(3R-3L) sorbed
3. 185 202 7 All re- - - -
(4R-3L) sorbed
4, 200 218 7 All re- - - -
(4R=-3L) sorbed
v 200 240 8 1 Dead 1.995 2.0 M ) Eyes and skin
(4R-4L) 1 Re- 2,397 2.5 F ) not developed
sorbed 2.174 2.3 F )
2,832 2,5 F )
2.594 2.3 M
2.063 2.2 F
6. 170 192 8 All re- - - -
(4R-4L) sorbed
7. 190 205 4 All re- - - - More fat.
(2R-2L) sorbed
8. 195 206 - - - - - Not pregnant
9. 170 180 - - - - - Not pregnant

Contd...

08



Sr.

‘Wt. of 1Wt. of !No. and INo. of 'Weight ! Length | !
No. |mother 'mother  !positionifetuses !fetuses ! in |} in ! Sex 10ther
'on day 6 !before !of im=- dead. $ gms. ! cms., ! lanomalies
tin gms. lcesarean !plants i : ! ! !
' _in gms.! - ' ! !
10« 190 208 8 All re- - - -
(5R~-3L) sorbed
19. 210 245 7 - 2.550 2.2 F'  * One leg
(4R~3L) 2,537 2,2 M absent,soft
2.624 2.3 F skin all over,
g:ggg g:j ﬂ ** Micromelia
2.862 2.5 F
2.626 2.4 F*%
12. 190 228 8 2 re= 1.140 . 1.3 g Short and
(5R~3L) sorbed 1.045 1.4 coiled tail
1.032 1.4 ,
1.066 1.4 Could not be identified
1.128 1.5 due to small size
0.970 1.2 Webbed paws
13. 190 205 ) All re- - - -
- (3R=3L) sorbed
14, 160 170 - - - - Not pregnant
15. 165 175 w - - - - ~ Not pregnant
16. 190 208 6 All re- - - -
(4R-2L) sorbed

Contd...
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Sr, Ewt; of iwts of iNo. and ENo; of iNo. of §Weight 5 Length E Sex Eother
No. !mother ‘mother tposition}! fetuses !fetuses ! in ! in s 'anomalies
ton day 6 !before }of im- talive |[dead t gms. ! cmS. ! !
tin gms. tcesarean !plants 1} 2 s H ! '
jin gns. | z s i z ; =
17. 185 202 4 - All re- - - &
i (4R-LO) sorbed
18. 180 198 anl ar - All re- - - =
(3R-4L) sorbed
19. 190 205 5 - All re- - - -
| (3R-2L) sorbed
20. 175 Dead on day 4 of gestation, gross pathology did not reveal any
abnormality.
M = Male F = Female; R = Right; L = Left, NWB = Not well developed.
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PRENATAL DATA OF CONTROL AND TREATED RATS FROM DAY 6 THROUGH DAYxiS OF GESTATION.
APPENDIX-3 : VEHICLE CONTROL

0 v Y - 7 T

, » '
Sr.No.'Wt. of IWt. of {No. and INo. of INo. of ‘weight

[] [N 1
EN *»
' f Length | Sex ! Other
'mother !mother !position }fetuses !fetuses ! in ! in ! ! anomalies
‘on day 6 {before lof im= l!alive tdead t gms. ! cms. |} :
!in gms. jcesarean! plants } 4 H ; ! .
H ‘in gms. ! H ‘ H H H :
1. 210 252 9 9 - 3,364 3.3 F Nil
(6R~3L) 3.418 3.9 F
2,710 3.0 F
3,490 3.4 M
3.760 3.5 M
3.735 3.5 F
3.780 3.5 M
3.910 3.8 F
3.566 3.5 M
2, 195 232 9 9 - 3.350 3.8 M Nil
(4R~SL) 3.440 3.9 F
3.587 3.9 M
3.688 4,0 F
3.605 3.9 M
3.480 3.8 M
3,310 3.7 F
3.494 3.8 F
3.519 3.8 M
3. 180 218 5 3 2 Re= 1212 14D Sex could not
(3R-2L) sorbed 1.123 1.4 be identified
due to small size
1.025 1.4 -  Short and coiled
tail
4, 182 198 6 - All re- - - -
(3R=-3L) sorbed
Contd. ve
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P”-‘ LA L L L L 2]
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Sex
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Other
anomalies
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7.

8.

175
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198

186

185
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235

196

L AP b P D v |

10
(6R~4L)

9
(6R=-3L)

3.567.
3.582
3.602
3.616
3.625.
3.569
3.514
3.609
3.551
3.491

3.325
3.219
3+.215
3.316
3,382
3.419
3.501
3.205
3.309
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Not pregnant
Nil

Nil

Not pregnant
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v ¥ ] ] T [ 1 ] '
Sr. !Wt. of ! Wt of {No. and | No. of } No. of } Weight | Length } = Sex 4 other
NO. 'mother ! mother |position ] fetuses} fetuses] in ! in !} ! anomalie
"~ lon day 6! before jof ! alive ! dead ! gms, ! cms. § ¢ ano +€8
!in gms. § cesareanjimplants | : $ ! : g
: { in gms. ° : ' ; : ; :
9. 178 220 10 10 - 2,935 2.8 M Nil
) (5R~5L) 3.495 3.3 F
3.570 3.5 F
3.805 3.8 M
3.650 3.5 E
3.3808 3.8 13
3.910 4,0 M
3.848 3.8 F
3.573 3.6 M
3.275 3.4 F
10. 185 210 5 2 3 Re- 0.915 1.2 Could net be .
(3r-2L) sorbed  1.10% 1.3 identified due to
_ small size
11. 202 212 4 2 2 Re- 1.050 1.8 M
(2R-2L) sorbed 1.048 1.7 F
12, 200 210 5 - All re- - - - -
(2R=3L) sorbed
i3. 195 242 6 5 1 Re= 3.825 3.6 M Nil
(3R=-3L) sorbed 3.910 3.7 M
4,012 3.8 F
3.995 3.8 F
3.895 3.7 F
14. 190 210 2 2 - 4,210 4.2 F Nil
CO‘ntd..-
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39
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Other
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15.

16.

; 175

18.
19.

20.

188

180

196

200
192
186

230

208

240

212
210
200

9
(5R=-4L)

{4R-2L)

(3r-4L)

8

1 Re-
sorbed

4,123
4,216
4.019
4.128
4,205
4,166
4,008
4.192

3.92%
4.105
2.981

1.125

3.992
3.879

3.562
3.429
3.551
3.610
3.512
3.601
3.529
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-

¢ o o @

LK 2

Swhw MADADAED
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Could
due to

MME ZEmmEEmm

T EMTmMTE Rm

Nil

Nil

not be identified
their small size

Nil

Not pregnant
Not pregnant
Not pregnant

M & Male;

NWD = Not well developed.
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PRENATAL DATA OF CONTROL AND TREATED RATS FROM DAY 6 THROUGH DAY 15 OF GESTATION

APPENDIX - 4 :

DIMETHOATE 30 EC - 38.8 mg/kg

Wte of

t
)
]

¥ ! ] : Y .l 13 !
Sr.f Wt.- of i E No. and } No.- of ! No. of 5 Weight E Length‘i Sex E Other
No:! mother ! mother } position} fetuses} fetuses! in : in H ! anomalies -
! on day 6! before } of ! alive ! dead 1 oms. | cms. ! ’
'} in gms. ! cesarean ]} implants; ' ! ' ! '
' Y in gms. |} ! ' 4 H 4 :
1. 200 232 9 8 1 2,567 2.1 F
2.716 2.3 M tail
20625 252 F . * .
5.451 5.0 M Micromelia.
2.690 22 F . e e
2’5?1 2.1 F *Depigmented -skin.
2.323 1.9 M*
1209 1et F¥
2. 200 212 6 - All re- - - -
(3R-3L) sorbed
34 194 205 7 - All re- - - - Excessive fluid
: (4R=~3L) sorbed = and more fat.
4, 195 208 7 - All re- - - -
(4R=3L) sorbed
B, 205 235 8 7 1 Re- 2.384 2.1 M
(6R*2L) Sorbed 2.295 2&0 M
2,463 2.2 F
2,362 2.1 F
2.591 2.3 F
1.802 1.7 F
1213 1.3% M* *Micromelia and

Meningococle.

Contd. ..
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1] [ ? L 1] [ (]
1 | ¥ . b ] . i 4 4
Sr.! Wt. of ! Wt.of | No. and } No. of | No. of s Weight E Length ! Sex ! Other
No.! mother | mother | position} fetuses | fetuses! in P inm - ) { anomalies
! on day 6! before | of im- | alive ! dead ! gms. t cms., ! '
! in gms. } cesarean; plants | : ! ' ! H
: 1 in gms. : ; H H } H
" 6. 182 192 - - - - - - Not pregnant
7. 177 188 - - - - - - Not pregnant
8. 195 210 - - - - - - Not pregnant
9. 186 - 205 9 - All re- - ~ -
(5R-4L) sorbed
10. 175 190 8 - All re-— - - -
' (4R-4L) sorbed
11. 200 235 10 9 1 dead 2,210 1.9 M
(5R~5L) 1.892 1.8 F
1910 1.9 F
2.325 2.1 F
2.190 2,0 M
24,121 2.1 M
1.235 T1e1 F *Micromelia,
1.410 1.4 F* short coiled
tailé
12. 200 238 9 9 - 1215 1.4 F
(5R-4L) : 1.672 1.5 M
1.732 1.5 F
1.819 1.6 M
1.935 1.5 F
1.710 1.5 F
0.982 1.0) Could not be
0.861 1.0) identified due to
1.010 1.1) small size.

Contdese

&8



1

“ N‘O‘o Of

- b ok

Length

] ] [ ] [
Sr. i Wt, of 5 Wt. of iNo. and } i No. of { Weight i E Sex 5 Other
No. ;} mother | mother . Iposition} fetuses} fetuses; in ! in -4 } anomalies
! on day 6! before jof im- ! alive | dead ! gms ! cms. ' H
'} in gms. } cesarean jplants |} ' 2 H i !
: 1. in _gms. 1 : H ! H : 3
13. 188 Dead on day 9 of gestation, gross pathology
did not reveal any abnormality
14. 183 200 ( 63 ) 2 4 Re- 1.5%3 1.2 M
3R-3L - sorbed 1.861 1.4 F
| (Fetal)  0.927 1.0 Could not be *Webbed
~ 0.857  *1,0 identified due to P3%s.
?:?gg *}:g their small size eyes NWD
15. 193 215 9 - 9 Fetal 0.980 1.0 - Small and NWD
(5R~-4L) | resorpt~-  0.991 1.0 -
‘ ions 1.005 1.1 F
NI 7
L3 ] ?.2 M )
0.898 0.9 - - Could not be identi-
0.873 0.9 - f:}.ed cdue to small
0.910 1.0 ~ Siz€
0.923 1.0 -
16. 189 200 - - - - - - Not pregnant
17. 175 185 - - - - - - Not pregnant
18. 203 218 2 - 1 Resor- - - - Entangled in fat
(2R-LO) bed. ~-5.,423 gms more
1 Dead fluid.
19. 200 214 6 - All re=- - - -
| (6R=-LO) sorbed
20. 191 205 5 - 5 reso- - - -
(3R-2L) rbed

M = Male; F = Female; R = Right; L = Left; NWD = Not well developed.

68
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PRENATAL DATA OF CONTROL AND TREATED RATS FROM DAY 6 THROUGH DAY 15 OF GESTATION
APPENDIX-5 : TEST - DIMETHOATE 30EC - 25.87 mg/kg.

-

Weight
in
gms.

Other
anomalies

1
No. of ! No. of Sex
fetuses] fetuses
a

live dead

Wt of
mother
before
cesarean
in gms.

No. and
_position
of im-

plants -

Sr. !Wt. of

No:. imother
ton day 6
1in gms.
1

'
1

Length
in
cmS,

pb S 4@ B Y T SR A RS D
ket B L L L L L L L 1L 4
- D 4P B ap o wn ]
D o D o h o oD
- D oo o
l‘a‘-’ﬂc.coiodcn‘-
eI L Y

G b e g iy wm

1. 198 . 245 10 10 - 3.797
: (6R-4L) 3.825
3.865

3.692

3.580

3.670

3.725

3.820

3.850

3,670

Nil

o o v & ¥ e e

2% 187 238 10 10 - 3.07
' (7rR-3L) 3.532

- 3.412

3.195

3.415

3,621

3.442

3.672

3.419

3. 182 222 9 8 1 Rew 3.215
( 5R~-4L) sorbed 3.412

3.116

3.219

3.325

3,205

3.119

3.238

Nil

LI

L ]

* 8¢

L]

N=a2NDNN=WN WHBNBNN=NDWO NDHWNN=NDWND

Nil

o & 0 9 & @

WWWRWWWEW WRRWWWRWEKW WWLOWWWwWWwww
MmEME2mmm MEMEZ MR MEEmamEImEa

Contd...
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I

™3 T T =3 : ¥ i T ¥
Srs ! Wt., of ! Wt. of ! No. and ! No. of ! No. of | Weight ! Length } 4
No, § mother f mother i position i fetusesi fetuses i in 3 in i Sex i Otherlie
! on day 6} before ! of im- ! alive ! dead g gms. } cms, | 1 anomalles
! in gms, ! cesarean} plants : 2 H ' ' !
' ! in gms. } ! ! : ; : :
4. 178 218 10 9 1 Re= : 1.024 1.3 Could not * Small eyes
' (5R=5L) sorbed 1.020 1.2* be identi- and “ears;
1.180 1.4 fied due to under-
1.121 1.4 their small development.
1.185 1.4 size.
1.091 1.3
1.065 1.3
1.042 Te3%% ** Micromelia,
1172 1.3 short &
1.178 1.4% coiled tail.
¥ Webbed paw
S. 195 225 5 2 3 resorbed 0,834 0.9%
(3R-3L) (1 fetal) 0.901 1.0 NIKLT SRS ¥
0.412 0. 5% ears NWD.
6. 180 195 7 - All reso- - - -
| (4R-3L) rbed
7. 173 190 6 - All reso- - - -
{3R-3L) rbed
8. 200 215 8 - All reso- - - -
(5R-3L) rbed
9. 183 194 - - - - - - Not pregnant
10. 197 208 - - - - . - Not pregnant
Contd...

16



Né. of

Sr. Wt. of Wt. of No. and No. of | Weight | Length Sex Other
No'. mother mother position fetuses| fetuses! in in anomalies
on day 6} before of im=- alive dead gms. cms.
in gms. cesarean| plants
| in gms. -
11, 204 238 r 4 7 2. 2.562 243 M Nil
{ 3R=-4L) 2,812 2.5 E
2.915 2.6 F
2.803 2.5 F
2,810 2.5 F
2.895 2<% M
2,719 2.4 M
12. 186 218 6 6 - 2.859 2.5 M Nil
(3R-3L) ‘ 3.261 3.0 F
3.315 3.1 M
3.201% 3.1 F
3.198 3.0 M
2.798 2:5 F
13. 192 228 6 5 1 re- 2.995 2.8 F Nil
-(3R-3L) sorbed 3.012 3.0 F
3.112 3.1 M
3.115 3.1 F
1.123 1.4 * * NWD
14, 175 208 3 - All re- - - -
' (1R=2L) sorbed
5. 180 215 2 - All re- - - -
(OR-2L) sorbed
16. 182 194 - - - - - Not pregnant

Contd...
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Sr.| Wt. of Wt. of | No. and | No. of | No. of | Weight | Length Sex Other
No.| mother mother position| fetuses| fetuses in in anomalies
on day 6| before of im- alive dead gms. cms. 7
in gms. cesarean| plants ‘ -
in'gms.
7. 190 - 202 - - - - - - Not pregnant
18. 176 202 8 - All -re- - - -
. (4R*4L) sorbed -
19. 183 198 6 - All re~ - - -
(3R-3L) sorbed '
20. 191 205 5 - All re- - - -
(3R-2L) sorbed
M = Male; F = Female; R = Right; L = Left; . NWD = Not well developed.

N
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PRENATAL

DATA OF CONTROL AND IREAIED RATS FROM DAY 6 THROUGH DAY 15 OF GESTATION

APPENDIX-6 : TEST - DIMETHOATE 30 EC - 15.52 mg/kg.

St.

i B B L L LU

wt. of
mother -
on day 6
in gms.

- ) P @ o W

- -

Weight Sex
in
amse.

No. of ! No. of
fetuses}! fetuses
alive dead

Length
in
cms.,

No. and
position
of im=-
plants

Wt. of
mother
before
cesarean
in gms.

- P N i P o W
- W R W
" D W N s ot 0 b o]
. Dy WD IR o W P v
LA L L L T L L K

-

o nq-dq-‘ic. |

Other
anomalies

198

200

186

245 10 10 0 3.987
(6R-4L) | 4,102

4.119

4,215

4,198

4,085

4.173

3.991

4,201

4,139

234 8 8 0 3.125
(4R-4L) 3.026

| 3.219

3.031

3,228

3.319

3.061

3.114

. NiEEEX
OV N=O UHONDOHO WHROWNWORNO

" F & »

WWhWwWww W #f*&bhbhh&b

215 6 6 0 3.981
(4R-2L) 4.005

4.127

4,089

3.997

4.039

L4

L

L]

2R EmymEmMmEa mgmEamEamamsE

-bw-b;b-bw

Nil

Contd...
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Length ! Sex’

- o=

Sr.! Wt. of Wte of No. and ! No. of ! No. of ! Weight.

o . - e

[] ] * [} [] [}
E s i i i i Ooth
No.} mother mother ! position! fetuses| fetuses] in ! in y ' an gilies
- ! on day 6} before } of im~= ! alive | dead ! gms 1 cms. |} 5 RS
! in gms. | cesarean ! plants } ! ! ! ' !
' ¢+ in gms. , : : H ] H :
4. 192 240 10 9 1 Re- 3.918 4.0 M Nil
| = (6R-4L) sorbed 3.825 3.9 F
4,013 4,1 F
3.995 4.0 M
3.862 4.0 F
4,005 4.2 F
3.961% 4,0 F
3.823 3.9 M
3.919 3.9 M-
Be 202 228 7 7 1.799 2,5 M
. ' (3R-4L) . 1.808 2.5 F
2.000 2.7 M
1.689 2.5 F
1.733 2.4 F * Short and coiled
1.830 2.4 M tail.
1.902 2,6 F#* Micromelia,
3 (4R-5L) 3.115 3.4 F
3.190 3.4 F
3.098 3.4 F
3.009 S F
3.118 3.3 M
3.121 3.5 M
3.200 3.5 F
3.169 3.4 M
Contd...
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Wt. of, ! Wt. of H

Sr.t ' { No. and ! No.of '} No, of ; Weight | Length } . = |
No.} mother | mother | position} fetuses! fetuses! in ! in ' .~ Y Other
! on day 6] before. : of im- ! alive |} dead ! gms. } cms. : ! anomalies
t in gms. | cesarean! plants | s ' ' ' t
§ : i in gms. j H : : H : H
7. 173 188 7 - All re- - - -
A | (3R~4L). sorbed
8. 182 202 10 - All re- - - -
(6R=-4L) sorbed
9. 170 180 - - - - - - Not pregnant
10. 165 175 - - - - - - Not pregnant
11. 195 240 8 8 - 3.813 3.2 F Nil
(4R-4L) 3.773 3.5 M
3.810 3eD M
3.820 3.6 M
3.294 3.2 F
3.815 3.5 F
3.512 3.4 M
3.787 3.5 M
12, 188 215 4 2 2 re- 3.213 3.2 F
i (28-21;) Sorbed 3'309 3@2 F
.13; 190 238 9 9 ' 0 - 3.418 3.4 M Nil
(4R-5L) 3,323 3.4 M
3.391 3.4 F
3.386 3.3 M
3.372 3.3 F
3.299 3.2 1
3.401 3.4 F
3.367 3s3 F
3.293 3.2 M

Contd.- ' o
N



No. and | No. of

Sr.| Wte. of Wt, of No. of aos e | : ’
No.| mother mother position| fetuses fetuses [ We%ght Lepgth e Otherl.
on day 6| before of im~ | alive dead & in anomalies
in gms. | cesarean| plants gms . cms.,
‘ in ams.
14, 195 212 6 - All Te- - R - More fluid
: 3R=-3L) sorbed '
15. 200 236 3 3 0 4.261 4.3 M
' | OR-3L) 4,385 4,5 F
14,332 4,5 F
16. 175 198 3 2 1 dead C.983 1.0 Could not pe  Small,
2R-1L) 1.023 1.1 identified due ngef od
1.100 1.2 to their smail @€VE€iOP
, size
17. 182 240 5 5 - 4,516 4,6 M Nil
4,541 4,7 F
4,516 4,7 F
4,433 4,6
18. 186 202 6 -  All re=- - - -
3R=3L) sorbed
1G. 200 210 - - - - - - Not pregnant
20. 198 212 - - - - - - Not pregnant
= Male; F = Female; R = Right; L = Left; NWD = Not well developed.
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APPENDIX = 7

INCIDENCE OF SKELETAL ANOMALIES IN CONTROL AND
TREATED RATS.

DEFECTS OF SKULL

Improper Undex- Missing

No. Group__ fusion of developed bones
2 cranial bones
Treatment bones
1. Aspirin 250 mg/kg 1) 5/5 0/5 -~ 0/5
Positive Control 2)  3/3 0/3 0/3
3) 2/4 0/4 0/4
Total := 10/12 0/12 0/12
2. High Dose = 1) 2/5 2/5 3/5
gngtgg7§g S0 EC 3 o5 0/5 0/5
y20th LDg, 3) 2/2 2/2 0/2
4) 0/6 0/6 0/6
, 5) 4/5 3/5 0/5
Total :- 10/23 7/23 3/23
3. Intermediate 1) 3/6 0/6 0/6
Dose - i .
Dimethoate 30 Ec 2 2/ 5/6 0/6
25.8 mg/kg 3) o0o/2 0/2 0/2
¥30th LDg, 4y 2/6 0/6 0/6
5) 0/6 0/6 0/6
6) ©/6 0/6 0/6
7))  2/4 0/4 0/4
8) 1/3 0/3 0/3.
Total s= | 10/39 5/39 0/39

Contdes.



No.  Group e Uvalaped  hiseind
Treatment cranial bones
bones

4o Low Resie 30ec 1) /0 0/% 073

15.52 mg/kg 2) 1/5 0/5 0/5

¥50th LDy 3) 0/6 0/6 0/6

4) 0/2 0/2 0/2

5) 0o/t 0/1 0/1

6) 1/2 0/2 0/2

7)  0/5 0/5 0/5

8) 0/6 0/6 0/6

9) 0/4 0/4 0/4

10) 1/4 2/4 0/4

1) 1/6 0/6 0/6

| 12)  1/6 0/6 0/6

Total :- 5/52 2/52 0/52

5. Vehicle control 1)  0/6 0/6 0/6

Tween-80 2) 0/6 0/6 0/6

3) 1/6 0/6 0/6é

4) 0/2 0/2 0/2

5  0/1 0/1 0/1

6) 0/3 0/3 0/3

7)  9/6 0/6 0/6

8) 2/6 0/6 0/6

9) 0/3 0/3 0/3

10) 0/6 0/6 0/6

11) 0/3 0/3 0/3

12) 0/3 0/3 0/3.

Total :~- 3/51 0/51 0/51

Contd..
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e Beinoen aaing
Treatment cranial bones
bones
6, Negative Control 1) 0/6 0/6 0/6
2) 0/5 0/5 0/5
3) 0/3 0/3 0/3
4) 1/6 0/6 0/6
5) 1/6 0/6 0/6
6) 0/5 0/5 0/5
7) 0/4 0/4 0/4
8) 0/5 0/5 0/5
9) 0/5 0/5 0/5
10) o/5 0/5 0/5
11) 0/2 0/2 0/2
12) 1/7 1/7 1/7
13) e/5 0/5 0/5
14) 0/2 0/2 0/2
Total &~ 1/66

3/656

1/66
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APPENDIX-8

INCIDENCE OF SKELETAL ANOMALIES IN CONTROL AND

TREATED RATS.

DEFECTS OF VERTEBRA & VERTEBRAL COLUMN.

101

No. Group Missing Extra Spina VUnder- Missing
Treatment caudal verte~ bifida devel- verte-
verte~« Dbrae oped VC Dbrae
‘ , brae " 7
1. Positive Control 1) 5/5 1/5 4/5 0/5 0/5
Aspirin ' '
250 mg/kg 2) 3/3 0/3 0/3 0/3 0/3
3) 1/4 0/4 0/4 0/4 0/4
Total :- 9/12 1/12 4/12 0/12 0/12
2, Dimetho7te 1) 3/% 0/5 2/5 2/5 2/5
38.8 mg/kg :
High Dose 2) 3/5 0/5 2/% 0/5 1/5
¥20th LDy, 3) 0/2 0/2 0/2 0/2 0/2
4) 3/6 0/6 1/6 0/6 2/6
5) 3/5 0/5 1/5 0/5 1/5
Total sz 12/23 1/23  6/23 2/23 6/23
3. Intermediate 1) 0/6 0/6 0/6 0/6 0/6
Dose :Dimetho- : '
ate 25.87 mg/kg 2) 5/6 0/6 2/6 0/6 0/6
¥30th LDg, 3) 0/2 0/2 0/2 0/2 0/2
4) 0/6 0/6 0/6 0/6 0/6
5) 0/6 0/6 0/6é 0/6 0/6
6) 6/6 0/6 0/6 0/6 0/6
7) 5/5 0/5 0/% 0/5 0/5
, 8) 3/3 0/3 0/3 0/3 0/3
Total := 19/39 0/39 2/39 0/39 0/39

VC = Vertebral column

Contd..
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Missing Extra

Spina

Under- Missing

No. Group caudal verte- bifida devel- verte-

Freatment Kgg:e— brae oped VC brae

4, Dimethoate 1) 0/5 0/5 0/5 0/% 0/5
}gaiﬁ {g/kg 2) 1/5 0/5 0/5  0/5 0/5

50

3) o/6 0/6 0/6 0/6 0/6

4) 0/2 0/2 0/2 0/2 0/2

5) 0/1 0/1 o/1 0/14 0/1

6) 0/2 0/2 0/2 0/2 0/2

7 0/5 0/5 0/5 0/5 0/5

8) 0/6 0/6 0/6 0/6 0/6

9) 0/4 0/4 0/4 0/4 0/4

10) 2/4 0/4 2/4 0/4 0/4

11) 0/6 0/6 0/6 0/6 0/6

12) 0/6 0/6 0/6 0/6 0/6
Total 3= 3/52 0/52 2/52 0/52 0/52

5. Venicle Control 1) 0/6 0/6 0/6  0/6 0/6
Tween 80 2) 0/6 0/6 0/6  0/6 0/6

3) o/6 0/6 0/6 0/6 0/6

4) 0/2 0/2 0/2 0/2 0/2

5) 0/1 0/1 0/1 0/1 0/1

6) 0/3 0/3 0/3 0/3 0/3

7) 0/6 0/6 0/6 0/6 0/6

8) 4/6 0/6 0/6 0/6 0/6

9) 2/3 0/3 0/3 0/3 0/3

10) o0/6 0/6 0/6 0/6 0/6

11) 0o/3 0/3 0/3 0/3 0/3

12) 0/3 0/3 0/3 0/3 0/3

Total s 6/51 0/51 0/51 0/51 0/51

Contdis.o
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No. Group Missing Extra Spina Under- Missing
B caudal verte~ bifida devel~ verte-
Treatment verte- brae oped VC brae

brae

6. Negative 1) 0/6 0/6 0/6 0/6 0/6

Control 2) 0/5 0/5 0/5 0/5 0/5
3) o/3 0/3 0/3 0/3 0/3

4) 0/6 0/6 0/6 0/6é 0/6

5) 0/6 0/6 0/6 0/6 0/6

6) 0/5 0/5 0/5 0/5 0/5

7) 0/4 0/4 0/4 0/4 0/4

8) 0/5 0/5 0/5 0/5 0/5

- 9) 0/5 0/5 0/5 0/5 0/5

10) 0/5 0/5 0/5 0/5 0/5

11) 0/2 0/2 0/2 0/2 0/2

12) 1/7 0/7 1/7 0/7 1/7

13) 0/5 G/5 0/5 0/5 0/5

14) 0/2 0/2 0/2 0/2 0/2
Total := 1/66 0/66 1/66 0/66 1/66




APPENDIX = 9

INCIDENCE OF SKELETAL ANOMALIES IN CONTROL AND

TREATED RATS.
DEFECTS OF RIBS

' ' Missing Extra Fused Wav
No. Groyp ribs ribs ribs ribg
Treatment
1. Positive Control 1) 0/5 1/5 1/5 1/5
Aspirin ‘
250 mg/kg 2) 0/3 q/s 0/3 1/3
3) 0/4 0/4 1/4 1/4
Total s= O 9/12 112 2/12 3/12
2.-gémgtho?§e 1) 2/5 0/5 0/5 2/5
38, mg/ Kg ‘
High dose i 2) 2/5 0/5 0/5 0/5
Y20th LDy, 3) 1/2 0/2 0/2 0/2
4) 4/6 1/6 1/6 3/6
| 5) 1/5 0/5 0/% 1/5
Total :- 10/23 1/23 1/23 6/23
. 3. Déme%hoa}i ' 1) ¢6/6 0/6 0/6 0/6
25,87 mg/kg ,
Intermediate Dose:z) 2/6 0/6 0/6 1/6
¥30th LDg, 3) 0/2 0/2 0/2 0/2
4) 0/6 0/6 1/6 1/6
5) 0/6. 0/6 0/6 0/6
6) 0/6 0/6 0/6 0/6
7) o/4 0/4 0/4 2/4
8) 3/3 0/3 1/3 3/3
Total :- '5/39 0/39 ' 2/39 7/39

Contd...
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No. Group Missing Extra Fused Wavy
Treatment ribs ribs ribs ribs

4, Dimethoate 1)  0/5 0/5. 0/5 0/5-
ﬁgﬁsgogglfg 2)  0/5 0/5 1/5 1/5
1]50th LDy, 3) 0/6 0/6 1/6 0/6
4) 0/2 0/2 0/2 0/2

5) 0/1 0/1 0/1 1/1

6) 0/2 0/2 0/2 1/2

7)  6/5 0/5 2/5 2/5

8) 0/6 0/6 0/6 0/6

9) 1/4 0/4 0/4 0/4

10) 0/4 0/4 1/4 1/4

1) 0/6 0/6 0/6 0/6

12) 0/6 0/6 0/6 0/6
Total :- 1/52 0/52 5/52 6/52

5,. Vehicle Control 1) 0/6 0/6 0/6 0/6
Tween 80 2)  0/6 0/6 0/6 0/6

3) 0/6 0/6 0/6 0/6

4) 0/2 0/2 0/2 0/2

5)  0/1 0/1 0/1 0/1

6) 1/3 0/3 1/3 0/3

7)  1/6 1/6 2/6 0/6

8) 0/6 0/6 0/6 4/6

9) 0/3 0/3 0/3 0/3

10) 0/é6 0/6 0/6 0/6

11) 0/3 0/3 0/3 0/3

12) 0/3 0/3 0/3 0/3

Total :- 1/51 3/51 4/51

2/51

Contd..
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No« Group Missing Extra Fused Wavy

ribs ribs ribs ribs
Treatment '

6. Negative Control 1) 0/6 0/6 0/6 0/6
2) 0/5 0/5 0/5 0/5

3) 0/3 0/3 0/3 0/3

4) 0/6 0/6 0/6 0/6

5) 0/6 0/6 0/6 0/6

6) 0/5 0/5 0/5 0/5

7) /4 0/4 0/4 0/4

8) 0/5 0/5 0/5 0/5

?) 0/5 0/% 0/5 0/5

10) 0/5 0/5 0/5 0/5

11) 0/2 0/2 0/2 0/2

12) 1/7 0/7 1/7 1/7

13) 0/5 0/5 0/5 0/95

14) 0/2 0/2 0/2 0/2

—— A o o ntoue e i aprey 900 G ey G954

Total :- 1/66 0/66 1/66 1/66




APPENDIX - 10

107

INCIDENCE OF SKELETAL ANOMALIES IN CONTROL AND TREATED RATS.

DEFECTS OF STERNUM

N Missing Fused Missing Under-
Nas Group sternum sterne~ sterne-~ developed
Treatment brae brae sternum
1. Positive Control 1) 1/5 0/4 4/4 4/4
Aspirin 250 mg/kg 2) 0/3 0/3 1/3 2/3
3) o/4 1/4 0/4 3/4
Total := 1/12 1/41 5/11 9/ 11
2. gimetho7te 1) 5/5 - - -
8,8 ma/kg; ' v
High dose y20th  2) 0/5 0/5 3/5 3/5
LDg, 3) 0/2 0/2 0/2 0/2
4) 4/6 0/2 0/2 0/2
5) 5/5 - - -
Total := 14/23 0/9 3/9 3/9
3. Dimethoa}e 1) o0/6 0/6 0/6 0/6
25,87 mg/kg / ;
Intermediaté dose 2) 5/6 0/1 0/1 0/1
¥30th LDg, 3) 0/2 0/2 0/2 0/2
4) o/6 0/6 0/6 0/6
5) o/6 2/6 0/6 2/6
6) 0/6 0/6 6/6 0/6
7) 0/4 0/4 0/4 0/4
8) 3/3 o - -
Total = 8/39 2/31 0/31 2/31

Contd. .
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Ne. Group Missing  Fused Missing Under-
Treatment sternum sterne- sterne- developed
brae brae sternum
4, Dimethoate 1) 0/% 0/5 0/5 0/5
ﬁgasgogg/fg‘ 2) 0/5 0/5 0/5 0/5
¥50th LDg, 3) 0/6 0/6 0/6 0/6
4) 0/2 0/2 0/2 0/2
5) ©/1 0/1 0/1 0/1
6) 0/2 0/2 0/2 2/2
7) 0/5 0/5 0/5 0/5
8) 0/6 1/6 2/6 0/6
Q) 0/4 0/4 0/4 0/4
10) 2/4 0/2 0/2 0/2
11) o0/6 0/6 0/6 0/6
12)  0/6 0/6 0/6 0/6
Total - 2/52 1/50 2/50 2/50
5. Vehicle Control 1) 0/6 0/6 0/6 0/6
Tween 80 2)  0/6 0/6 0/6 0/6
3) 0/6 1 0/6 0/6 0/6
4) 0/2 0/2 0/2 0/2
5) 0/1 0/1 0/1 0/1
6) 0/3 0/3 0/3 0/3
7) 0/6 0/6 0/6 0/é
8) 0/6 0/6 0/6 0/6
9) 2/3 0/1 0/1 0/1
10) 0/6 0/6 0/6 0/6
11) 0/3 0/3 0/3 0/3
12) 0/3 0/3 0/3 - 0/3
" Total :=~ 2/51 0/ 49 0/49 0/49

Contd...'



Missing

Under-

Missing Fused
No. Group sternum sterne- sterne- developed
Treatment brae brae sternum
6. Negative Control 1) 0/6 0/6 0/6 0/6
2) 0/5 0/5 0/% 0/5
3) o/3 6/3 0/3 0/3
4) 0/6 0/6 0/6 0/6
5) 0/6 0/6 0/6 0/6
6) 0/5 0/5 0/5 0/5
7) 0/4 0/4 0/4 0/4
8) 0/5 0/5 0/5 0/5
9) 0/5 0/5 0/5 0/5
10) 0/5 0/5 0/5 0/5
11) 0/2 0/2 0/2 0/2
12)  0/7 1/7 1/7 0/7
13) 0/5 0/5 0/% 0/5
14) 0/2 0/2 0/2 0/2
Total :=- 1/66 1/ 66 0/66

0/66

109



APPENDIX-11

110

INCIDENCE OF SKELETAL ANOMALIES IN CONTROL AND TREATED RATS.

DEFECTS OF FORE LIMB

Missing

No. Group Fused Missing Missing Short
Treatment digits bones limb scapula bones
Aspiri? - 1) 5/% 0/5 0/5 0/5 0/5
250 mg/kg  «
Positive 2) 3/3 0/3 0/3 0/3 0/3
control 3) 2/4 0/4 0/4 0/4 0/4
Total i~ 10/12  0/12 0/12 0/12 0/12
2, Dimethogte - 1) 3/5 0/5 0/5 2/5 2/5
38.8 mg/kg 2)  3/% o/5  0/5 0/5 0/5
¥20th LDg, _ ,
High dose 3) 0/2 0/2  0/2 0/2 0/2
4) 6/6 2/6 0/6 1/6 4/6
5) 5/5 0/5 0/5 0/5 0/5
Total :~ 17/23 2/23 0/23 3/23 6/23
3. Dimethoate - 1) 0/6 0/6 0/6 0/6 0/6
25.87 mg/kg 5y g5/g 0/6  0/6 1/6 5/6
Y20th" LDg ;
Intermediate 3) 0/2 0/2 0/2 0/2 0/2
dose 4) 0/6 0/é 0/6 0/6 0/6
5) 0/6 0/6 1/6 0/6 0/6
6) 0/6 0/6 0/6 0/6 0/6
7) 0/4 0/4 0/4 0/4 0/4
8) 3/3 0/3 0/3 0/3 3/3
Total i= 8/39  0/39 1/39 1/39

8/39

Contd...
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NO. Group Missing Fused Missing Missing Short

digits bones limb stapula bones
Tre atmernt” B B

4, Dimethoate - 1) 0/8 0/5  0/5 0/5 0/5

;?%g%hmgégg 2) 0/5 0/5  0/5 0/5 0/5

3) 0/6 o/6- 0/6 0/6 0/6

4) 0/2 0/2 0/2 0/2 0/2

5) 0/1 0/1 0/1 0/1 0/1

6) 0/2 0/2 0/2 0/2 0/2

7) 0/5 0/5 0/5 0/5 0/5

a) 0/6 0/6 0/6 0/6 0/6

9) 0/4 0/4 0/4 0/4 0/4

10) 2/4 0/4 0/4 0/4 2/4

i1) 0/6 0/6 0/6 0/6 - 0/6

| 12) 0/§ 0/6 0/6 | 0/6 0/6
Total i~ 2/52 0/52 0/52 - 0/52 2/52

5 gehicle con- 1) 0/6 0/6 0/6 0/6 0/6

T e 2) 0/6 0/6  0/6 0/6 0/6

3) 0/6 0/6 0/6 0/6 0/6

4) 0/2 0/2 0/2 0/2 0/2

5) 0/1 0/1 0/1 0/1 0/1

6) 0/3 0/3 0/3 0/3 0/3

7)-0/6 0/6 0/6 0/6 0/6

8) 0/6 0/6 0/6 0/6 0/6

'9) 0/3 0/3 0/3 0/3 0/3

10) 0/6 0/6 0/6 0/6 0/6

11) 0/3 0o/3  0/3 0/3 0/3.

| 12) 0/3 70/3 ” 0/37 0/3 | 0/3

Total :~ 0/51 0/51  0/51 0/51 0/51
Contdoao

LIBRARY
'59 © i FFKINE INSTITUTE

BOMBAY-400 012,
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No. Group Missing Fused Missing Missing Short
digits bones limb scapula bones
Treatment

6. Negzstive 1) o/6 0/6 o/6 - 0/6 0/6
- Control 2) 0/5 0/5 0/5 0/5 0/5
3) 0/3 0/3 0/3 0/3 0/3

4) 0/6 0/6 0/6 0/6 0/6

5) 0/6 0/6 0/6 0/6 0/6

6) 0/5 0/5 0/5 0/5 0/5

7) 0/4 0/4 g/4 0/4 0/4

8) 0/% 0/5 0/5 0/5 0/5

9) 0/5 0/5 0/% 0/5 0/5

10) 0/5 0/5 0/5 0/5% 0/5

11) 0/2 0/2 0/2 0/2 0/2

12) 0/7 0/7 0/7 0/7 0/7

13)} 0/5 0/5 0/5 0/5 0/5%

14) 0/2 0/2 0/2 0/2 - 0/2

- o - —a S o

Total i~ 0/66 0/66 0/66 0/66 0/66
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- INCIDENCE OF SKELETAL ANOMALIES IN CONTROL AND.TREATEDTRATS

DEFECTS OF HIND LIMB

113

0/39

8/39

No. Group gtisﬂng Fused Missing Short
Tro atmen: igits tibia=- bones bones
Treatment fubula

1. Positive Control 1) 5/5 0/5 1/5 0/5
Aspirin - , '

250 mg/kg 2) 3/3 0/3 0/3 0/3
3) 0/4 0/4 - 0/4 0/4
Total :- - 8/12 . 0/12 1/12 0/12

2, Dimethoate - 1) 3/5 3/5 0/5 3/5
ggaﬁ mo/kg, 2) 3/5 0/5 0/5 0/5
y20th LDg, 3) 2/2 0/2 0/2 0/2

4) 6/6 0/6 0/6 2/6
5) 4/5 0/5 1/5 0/5
Total :=- 18/23 3/23 1/23 5/23

3. gime;hoa;e - 1) 0/6 0/6 0/6 0/6
5.87 mg/kg - a/i ;
Dose ¥30th LDy, 2) 5/6 0/6 0/6 5/6
Intermediate 3) 0/2 0/2 0/2 0/2
dose 4) 0/6 1/6 0/6 0/6

5) 0/6 0/6 0/6 0/6

6) 0/6 0/6 0/6 0/6

7) 0/4 0/4 0/4 0/4

8) 2/3 0/3 0/3 3/3
Total t= 7/39 1/39

Contd...



114

No. Group digite’ tipta-  bomes'd  benac
Treatment - fubula
4, Dimethoate - 1) 0/5 0/5 0/5 0/5
£2&5§°§g/§9 2) 0/% 0/5 0/5 0/5
¥50th LDy, 3) 0/6 0/6 0/6 0/6
4) 0/2 0/2 0/2 0/2
5) 0/1 0/1 0/1 0/1
6) 0/2 0/2 0/2 0/2
7) 0/5 0/5 0/5 0/5
8) 0/6 0/6 0/6 0/6
9)  0/4 0/4 0/4 0/4
10) 2/4 1/4 0/4 2/4
11) o0/6é 0/6 0/6 0/6
12) 0/6 0/6 0/6 0/6
Total :~ 2/52 1/52 0/52 2/52
5, Vehicle Control 1) 0/6 0/6 0/6 0/6
“Tween-80 - 2) 0/6 0/6 0/6 0/6
3) 0/6 0/6 0/6 0/6
4) 0/2 0/2 0/2 0/2
5) 0/1 0/1 0/1 0/1
"6) 0/3 0/3 0/3 0/3
7) 0/6 0/6 0/6 0/6
8) 0/6 0/6 0/6 0/6
9) 1/3 0/3 0/3 0/3
10) 0/6 0/6 0/ 0/6
11) 0/3 0/3 0/3 0/3
12) 0/3 0/3 0/3 0/3
Total := 1/51  0/51 0/5% 0/51

Contd,..
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No. Group Missing  Fused Missing Short
s digits tibia~ bones bones
Treatment fubula

6. Negative Control 1) 0/6 0/6 0/6 0/6
2) 0/5 0/5 0/5 0/5%
3) 0o/3 0/3 0/3 0/3

- 4) 0/6 0/6 0/6 0/6
5) 0/6 0/6 0/6 0/6
6) 0/5 0/5 0/5 0/5
7) 0/4 0/4 0/4 0/4
8) 0/5 0/5 0/5 0/5
9) 0/5 0/5 0/5 0/5
10) 0/5 0/5 0/5 0/5
11) 0/2 0/2 0/2 0/2
12) 0/7 0/7 0/7 0/7
13) 0/5 0/5 0/5 0/5
14) 0/2 0/2 0/2 0/2

Total = 1 0/66 0/66  0/66 0/66
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APPENDIX - 13

INCIDENCE OF ViSCERAL ANOMALIES IN CONTROL AND TREATED RATS.,

Group : Negative Control (Normal diet only)

Sr. Palate & Brain Thorax Lung Oeso- Heart
No. nasal phagus
cavity
1. N N N N N N
2, N N N N N N
3. N N N N N N
4, N N N N N N
5 N N N N N N
6. N N N N N N
7. N N N N N N
8. N N N N N N
9. N N N N N N
10. N N N N N N
11, N N N N N N
12, N N N N N N
13. N N N N N N
14. N N N N N N
15. N N N N N N
16, N N N N N N
17. N N N N N N
18, N N N N N N
19. N N N N N N
20. N N N N N N
21, N N N ‘N N N
22, N N N N N N
23. N N N N N N
24, N N N N N N
25, N N N N N N
26, N N N N N N
217, N N N N N N
28. N N N N N N
29. N N N N N N
30. N N N N N N

N = Normal
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APPENDIX-13 (contd..)

Sr. Liver Stomach Intestine Kidney Urinary

No. bladder &
ureter
1. N N N N N
2. N N N N N
3, N N N N N
4, N N N N N
5, N N N N N
6. N N N N N
7. N N N N N
8. N N N N N
9. N N N N N
10, N N N N N
11, N N N N N
12, N N N N N
13. N N N N N
14, N N N N N
15, N N N N N
16. N N N N N
17, N N N N N
18, N N N N N
19. N N N N N
20. N N N N N
21, N N N N N
22, N N N N N
23, N N N N N
24, N N N N N
25, N N N N N
26, N N N N N
27. N N N N N
28, N N N N N
29, N N N N N
30. N N N N N

N = Normal



APPENDIX «

14

INCIDENCE OF VISCERAL ANOMALIES IN CONTROL & TREATED RATS

Group

: Positive Control - Aspirin 250 mg/kg.

Sr.No. Palate & Brain Thorax Lung' Oeso- Heart
nasal phagus
cavity
1. cleft NWD NWD NWD NWD NWD
2, Cleft NWD NWD NWD NWD NWD
3. N N N N N N
4. N N N N N N
S. cleft NWD "N NWD NWD NWD
. N N N N N N
7. N N N N N N
N = Normal; NWD = Not well developed.

118



119

APPENDIX - 14 (contd...)

Sr.No. Liver Stomach Intestine Kidney Urinary

bladder
ureter

1. NwWD NWD NWD NWD NWD

2. NWD NWD NWD NWD NWD

3. -N N N N N

4, N N N N N

S, NWD NWD NWD NWD NwD

6. N N N N N

7. N N N N N

N = Normal; | NWD = Not well developed.
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APPENDIX-15

INCIDENCE OF VISCERAL ANOMALIES IN CONTROL & TREATED RATS

Group : Vehicle Control - TWeen'So

Sr. " Palate & Brain Thorax Lung Oeso=- Heart
No. nasal phagus
cavity

1.
2,
3,
4,
5,
6.
7.
8,
9.

10.

11,

12,

13.

14,

15.

16.

17.

18.

19.

20.

21,

22,

23,

24,

25,
26.

27.
28,
29.

2

2 22222

Z 22 2 2 2 2 2 2 2 222222

Z2 2 2 2 2 2 2 2 2 2 2 2222 2)

Z 2 2 22 22222222222

2 22 2 22 2 2 2222222 2
=z

Zzz22zE 2z

NWD NWD NWD NWD NWD
WD NWD NWD NWD WD

=
2 Z 2 2
=

22222222

=

2 22 22 22 2 22 22 22 2222 2222222222
=

2 2 222222 22 2
2 2 2 222222 2 =2
2 2222222 2 2 Z

2 2 2 202 22

N = Normal; NWD = Not well developed.
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APPENDIX-15 (Contd..)

Sr. LiVer Stomach Intestine Kidney Urinary bladder

No. & ureter
1. N N N N N
2, N N N N N
3. N N N N N
4. N N N N N
5, N N N N N
6. N N N N N
7. N N N N N
8. N N N N N
9. N N N N N

10. N N N N N
1. N N N N N

12, N N N N N

13. N N N N N

14, N N N N N

15, N N N N N

16, N N N N N
17.  NWD NWD NWD NWD NWD
18. NwD NWD NWD NWD NWD

19. N N N N N

20, N N N N N

21, N N N N N

22, N N N N N

23, N N N N N

24, N N N N N

25. N N N N N

26, N N N N N

27. N N N N N

28. N N N N N

29. N N N N N

N = Normal; NWD = Not well developed.



INCIDENCE OF VISCERAL ANOMALIES IN CONTROL & TREATED RATS

APPENDIX - 16

Group : Dimethoate 30 EC : 38,8 mg/kg.
High Dose ¥20th LDg,

Sr.

Palate & Brain

Thorax

Oeso~

'Lung Heart
No. nasal phagus
cavity . . )
1. Cleft Hydro- N NWD NWD NWD
cephaly
2, N NWD NWD NWD N N
© 3 N N N N NWD NWD
4, N N N N N N
5. Cleft NWD NWD NWD NWD NWD
6. N NWD NWD NWD NWD NWD
7. N NWD N NWD NWD NWD
8. N NWD N NWD N N
9. N N N N N N
10, N N N N N N
11. N N N N N N
12, N N N N N N

N = Normal;

NWD = Not well developed..
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APPENDIX~-16 (contd.,)

Sr.

Liver Stomach Intestines Kidney Urinary.
No. bladder &
ureter
1. NwD NWD NWD NWD N
2, NwD NWD NWD NWD N
3. NWD N N N N
4, N N N N N
5.  NWD NWD NWD NWD NWD
6., N N N N N
7. NWD NWD NWD NWD
8, N N N N N
9. N N N NWD N
10. N N N N N
11. N N N N
12, N N N N N

N = Normai;

NWD = Not well developed.
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INCIDENCE OF VISCERAL ANOMALIES IN CONTROL AND TREATED RATS.

APPENDIX = 17

Group : Dimethoate 30 EC -~ 25,87 mg/kg.
Intermediate Dose ¥30th LDSO

Sr;

Palate & Brain Thorax Lung Oeso- Heart
No, nasal - phagus
: cavity
1, N N N N N N
2, N N N N N N
3., N N N N N N
4, N N N N N N
5, N N N N N N
6, N N N N N N
7. N N N N N N
8.4 N N N N N N
9, N NWD NWD NWD NWD NWD
10, N NWD ~ NWD  NWD  NWD NWD
1. N N N N N N
12. N N N N N N
13, N N N N N N
14, N N N N N N
15, N N N N N N
16. N N N N N ‘N
17. N N N N N N
18. N N N N N N
19. N N N N N N
NWD NWD N NWD NWD NWD

20.

N = Normal;

NWD = Not well developed.
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APPENDIX~17 . (Contds..)

Sf.
NO:

Liver

Stomach Intestines Kidney

Urinary
bladder &
ureter

10.
11.
12,
13.
14,
15.
16.
17.

18.
19.

20,

2 2 2 2 2 2 2 2 2

NWD

=z 2
Z2 2 2 2 2 2 2 2
2 2 222 2 2

2 2 2 2 2

NWD

=
¥
o
=z
=
=}
=
-l
o

NWD NWD

2 2 22 2 2 2 2 Z
2 2 22 Z2 22 2 2 =2

NWD NwD NWD

2 2 2 2

Z 2222222222 2 =

N = Normal;

NWD = Not well developed.,
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APPENDIX - 18

INCIDENCE OF VISCERAL ANOMALIES IN CONTROL & TREATED RATS.

Group : Dimethoate 30 EC - 15.52 mg/kg;
: Low dose = ¥50th LD50_

Sr, Palate & Brain Thorax Lung Oeso- Heart
No. nasal phagus
cavity .

1.
2,
3x
4,
Sie
6.
T
8.
9.
10.
11,
12,
13,
14,
15,
164
17,
18.
19.
20,
21,
22,
23,
24,
25,
26,

g
=

2 22 2 2222
pd

2 2 222222 2222 22 222
=z

pid
2 22222 2222222 2222222222

2 22 2 2222222222
222242ZZZZZZZZZZZ'ZZZZZZZZ

2222222 222222222222 222

NWD
N
NWD

NWD
NWD NWD NWD
NWD NWD NWD

Z2 222 2 2 222 2222222222222 2222%2

2 222 22 2

N = Normal; NWD = Not well developed.
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APPENDIX-18 (Contd. . )

Sr. Liver Stomach Intestines Kidney Urinary
No. bladder &
~  ureter

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

1.
12,

13.
14,
15.
16.
17.
18.

19.
20,
21.
22.
23,
24, wD
25, . wD NWD NWD
26. NWD NWD NWD NWD NWD

ZZZZZZZ22'2222222222222222
ZZZ.,ZZZZ‘ZZZZZZZZZZZZZZZZZ'
- o 222222 22222222 Z 222
ZZZZZZZZZZZZZZZZZZZZZZZZ

N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N
N

=
=
o

N = Nbrmal; . NWb = Not well Developed.
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INTRODUCTION

Past couple of decades have seen widespread use
of pesticides for improving agricultural practices, in
health programmes and for household purposes., The fear
of adverse effects in man, domestic animals and wild
life have become a matter of public concern. Toxicity
may be the result of access to treated areas, stored.
or discarded pesticide containers or contaminated food,

water and air.

Dimethoate [79,0 dimethyl S=(N~methyl, carbomoyl
methyl) phosphorodithioate_7/ alsc known as Rogor, Cygon,
Daphene, De-~Fend, Trimethion, a selective inéecticide,
is extensgively uéed for the control df several insects
that infest vafiety of vegetableé and fruits., It is
one of the largest pesticide used in India (1). It is
used as a residual spray in farm building, for the
conﬁrol of house flies and a wide range of insects and
mites on food grains, cash crops, vegetables, fruits and
ornamental plants (2). The retail use of Dimethoate is

in the form of emulsifiable concentrates (EC).

Pesticides are generally used as their formula-
tions during their actual usage. Bacause of variation

in percentage of technical grade material in different



ii

EC fotmulations, the impurity levels vary and also the
possible toxicity. Formulations consist of different
levels of technical grade material along with solvents,
emulsifiers, stabilizers énd other additives, The
percentage of varying impurities in the form of solvents,
emulsifiers, stabilizers, additives may result in various
'degrees of insult to the Biological system on ,exposure -
to these pollutants. The data regarding the potential
teratogenic hazards of the formulation to pregnant females

is inadequate,

Thexre are various toxicity studies for assessing
the possible hazards of pesticide chemicals.  One of the
important study is teratogenic study‘which inveétigatesv
the effects of chemicals on the fetus itself or birﬁh
défects. The study is concerned with the generation,
¢ause and manifestétions of structural and functional
alterations in fetal deﬁelopment. The recorded ac¢count
of malformation dates back to as early as 5,000 years
ago in Egyptain wall paintings (3)., Since then mankinds
interest in birth defects has spanned centuries, Though
birth defects such as deficiencies and deformities have
been known for centuries (3), it was mainly during the
last 50 years that scientific attempts have been made to

understand the basis for such birth defects.
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Earlier credit for extrapblation of malforma-
tions to teratogenic agents goes to Hale and in 1940
the influence of dietary factors in fetal developments
was established (4). Congenital malformation is one of
the leading causes of infant mortality and morbidity.
Suspected teratogenic agents can therefore be a potential
threat to pregnant females since these agents may be ’
pre;gnt in' air, food, water as well as occupational and

recreational environments,

Ihe present study was undertaken to evaluate the
‘teratogenic effects in rats of a widely used indigenbusly
manufactured formulation Dimethoate 30 EC and compare
the effects with Aspirin, a known teratogen (positive

control (4,5).

CHOICE OF ANIMAL MODEL

Teratogenic studies are usually carried out in
animal models during gestation period and fetal develop-
ment, It is terminated prior to the littering to observe
the structural deviations. In selection of animal models,
various complex factors are taken into consideration
such as their biological system and numbers available,
Amongst animals, rodents have been used extensively,
which are available in large numbers, possess a placenta
and the embryo is in dynamic equilibrium with the

environment.
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Rat has been the most frequently used model for
teratogenic studies. It has a short gestation period
of about 21 days, the time of copulation or mating can
be measured accurately, its embryology is well known
and the placental and hormonal characteristics are
similar to the humans (4). Also in this species, the
spontaneous occurance of malformations has been well
documented, Though for some teratogenic compounds the
}ats are less susbeptible as compared to humans because
of differences in absorption, metabolism and excretion
of these compounds, the rat nevertheless is one of the

choice species,

MATERIALS AND METHODS

TEST COMPQUNDS :- Dimethoate formulation (30 EC)
Aspirin I.Ps

These were obtained from local market.

ACUTE TOXICITY :

Acute oral toxicity of Dimethoate 30 EC and
Aspirin was carried out in albino rats (Haffkine strain)
weighing 80-100 gms. Ten xats (five maiés'and five
females) were taken per dose and ten for control. All
animals were fasted overnight prior to dosage but water
was given ad libitum. Aspirin was administerxed as a

suspension in distilled water with Tween-80. Control group



of Dimethcate received only distilled water. Whereas
control group for Aspirin received distilled water

with Tween-80, The final test was terminated seven days
after dosing as no delayed symptoms or mortality were
observed. All animals dead during-tﬁe experimental‘

period and those that were alive at the end of the
experimental period were postmortemed for gross pathological
changes. The LDg, values were obtained by the method of
Litchfield and Wilcoxon (6).

TERATOLOGICAL PROTOOOL :

Female virgin albino rats (Haffkine strain) of
100-120 days age were used. Twenty female rats were
taken per group. Females and males were paired in the
evening., Three females were mated with one male., All
the animals received pelleted food and water ad libitum.
The presence of sperm was checked by vaginal smear on the
following morning. The day on which the sperm was found
in the vagina of the female rat was considered as day
zero of gestation (4,7). Pregnant female raté were
allotted at random to all control or‘eXperimental groups.,

All females were weighed throughout the gestation period.

After the review of acute oral toxicity data

regarding the lethal dose and variation in animal response,
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a dose range finding was performed on three female

rats of 100~120 daysrof ages; using the LD56 obtained

in the acute oral study., The range study was conducted
to obtain the least maternal toxic dose so that fetal
toxic doses could be identified for subsequent finai

teratogenic studies.,

All the final doses were calculated on the basis
of body weights on day 6 of gestation period. The test
material was administered by oral intubation (gavage)
from day 6 to day 15 of gestation period. Three doses

were selected for the final study.

38.8 mg/kg High dose
25,87 mg/kg ~.Intermediate dose
15.52 mg/kg Low dose

Three control groups were also taken., One group of
female rats received normal diet only (Negative control),
the second group received Aspirin at 250 mg/kg (Positivé
control) (4), and the third group received equivalent
amount of Tween-80 without Aspirin (Vehicle control for

Aspirin).

One day pricr to term i.,e,, on day 20 of gestation,
fetuses were delivered by Cesarean section under ether

anaesthesia. The number and position of implantation
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sites and fetuses dead or alive were recorded, Fetuses
were weighed and examined for malformations. Fetal

séx and crown rump measurement of each group were
recorded., One third of the fetuses, randomly selected,
were fixed for visceral anomalies by Wilson razor blade
sections (8)., The remaining two third of the fetuses
were examired for skeletal anomalies after clearing with

Alizarin red S (9),

RESULTS AND DISCUSSION

Teratological study has become an important part
of toxicological studies and safety data requirements
for regulatory purposes so as to prevent the recurrence
of the Thalidomide catastrophe. Various workers have
recorded the correlation between the use of Thalidomide
in pregnant women and incresse in limb.reduction anomalies
in infants (4,12,13). Epidemioclogical and experimental
investigations nave reﬁealed that congenital anomalies
amongst humans are estimated as 20-30 % may be due to
genetic chromosomal aberration, 10-20 % may be due to
extrinsic factors 1like drug interaction, toxins and
environmental pollutants. The rest may be due to a
complex interaction of genetical and extrinsic factors

(4,10,11).,
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In selection of doses for teratological study,
it is essential to select doses which are not maternally
toxic bﬁi fetotoxic. For this purpose, indication is
obtained regarding maternal toxic doses from an acute

toxicity study of the. test sample.

In the present study acute oral toxicity of
the test material Dimethoaie 30 EC was carried out,
Results show that LDy, of Dimethoate 30 EC was 776 mg/kg
‘body weight as compared to Dimethoate Technical which
is 320—380vmg/kg. In a study the\LD50 of Dimethoate
Technical (94 % purity) in.rats by oral route was'
reported to be 130-325 mg/kg (14) and in another it was
200-~300 mg/kg (15). 1In a study regarding the susceptibi-
lity between sexes, it was conéludedAthat‘there,was no
significant difference in susceptibility between sexes
to acute lethal effect of Dimethoate (14). The pattern
of symptoms noted in Dimethoate acute oral toxicity
were tremors hyperexcitation, COnVuléions. respiratory
disturbanéés and deaths The LD5O obtained for Aspirin,
the positive control, was 1600 mg/kg with fiducial limits
between 1386.7 and 1844,8 mg/kg, which correlates with
the reported value (18).

Teratological studies with Dimethoate Technical
and Formulations have been reported (2,16), The toxico-

logical evaluation of Dimethoate Technical (95% purity)
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in mice showed a very high incidence of maternal
mozxtality with 40 and 80 mg/kg doses (2). However,

at 10 and 20 mg/kg doses, there was decrease in maternal
weight gain but there was no significant difference in
incidence of anomalies when‘compared to control. 1In a
five generation mouse study, where Dimethoate was
incorporated in drinking water at 60 ppm, there'was
reduced pregnancy rate and decreased survival and

growth of pups (17)., Teratogenic study with Dimethoate
formulation (47.3 % EC) at 12 and 24 mg/kg was associated
with a statistically significant increase in number of
anomalous litters and wavy ribbed fetuses, There were
also other non-significant-anomélies such as extra ribs,
fused sternebrae, runted fetuses, hydroureter, and

dialated urinary bladder (15).

In our study animals administered 77.6 mg/kg
(Y10th of LDgy) and 51,73 mg/kg (Y15th of LDgy) of
Dimethoate 30 EC resuited in maternal téxic symptoms and
produced 100 % resorptiéns. The final doses selected
for fetal anomalies were 38,8 mg[kg (Y20th of LDSO)’
25.87 mg/kg (¥30th of LDg,) and 15,52 mg/kg (¥50th of

LDg,) .

The body weight of dams (from day 6 to day 20)
increased significantly in all the groups irrespective of



the type of treatment they received, However, when

the percent weight gain in body weights between the
treated groupsand control groups (negative and positive)
were compared; there was marked difference, The percent
gain in body weight of dams receiving 38.8 mg/kg (high
‘dose) was significantly lower than those observed in the
negative control. Similarly the percent,Weight gain in
Aspirin treated dams was significantly lower than its
control (vehicle control): The percent weight gain in
dams of the low dose group (15,52 mg/kg) and intermediate
dose group (25.87 mg/kg) were comparable with negative

control.

The pregnancy rate at necropsy was similar in
all the gréups of dams. The number of implantation sites |
weré not similar in all gioups receiving-Dimethoate.

A high percentage of resorption was observed in the high
dose group of Dimethoate 38.8 mg/kg (62 %) as well as in
the positive control group (Aspirin 250 mg/kg) (80 %).
As the dose of Dimethoate QecreaSed s0 also the percent
resorption (45%) in the intermediate dose and 29 ¥ in
the low dose), The negative control group showed 17 ¥
and the vehicle control group 20 % resorption respecti-
vely.' The fetal weight and size decreased in the high
dose group of Dimethoate. This was also seen in the

positive control group.
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The length and weight of fetuses of the dams
which received Dimethoate in different doses were
significantly lower than their control. When both these
parameters (lengths and weights) were expressed as
per cent of control, the pattern like dose response

relationship was found to be evident.

The weights of the fetuses of the dams receiving
38.8 mg/kg, 25,87 mg/kg and 15,52 mg/kg were 43,00 %,
70.11 % and 88,04 % respectively of the control fetal
Qeights. Siﬁilarly the lengths of the same fetuses were
40,47 %, 67.92 % and 93,36 % respectively of the cohtrol
fetal length values, In the case of Aspirin; the
weights and iengths were 60,78 % and 59.43 % of the

control values.

Fetuses stained with Alizarin Red S were observed
for skeletal defects, The defects of the skull such
as missing and under developed bones and Cranioschisis
were ébserved with high dose of Dimethoate 30 EC.
Defects such as extra vertebrae, missing caudal and
thoracic vertebrae and spina bifida were also observed,
The incidence of missing and under developed sternum,
missing sternebrae, wavy, missing and extra ribs was
obsexrved in each Dimethoate test group. The incidence
of skeletal anomalies decreased with the decrease in dose

of Dimethoate 30 EC., A low incidence of anomalies was
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observed in the control group.

Amongst the fetuses of rats receiving Dimethoate
there were severe growth retardation, runted fetuses,
syndaétyly (webbed or fused digits) short and abnormal
tail, hydrocephalus, cleft palate, micropthalmia (abnormal
smallness of the eye), micromelia (abnormal smallness of
the 1imb), ectrodactly (congehital absence of digits),
drop foot and tWisting‘of limb. Fetuses subjected for
evaluation of visceral anomalies showed underdeveloped

organs,

CONCLUSION

Teratological study was conducted with Dimethoate
30 EC an organophosphate pesticide. Based on the results
it may be concluded that :

Acute oral toxicity of Dimethoate 30 EC (LDgj
776 mg/kg) was found to be less than the reported acute
oral toxicity of Dimethoate Technical (LD50 130-329).
Technical grade material is more toxic than its formula-
tion. Doses higher thaﬁ'38,8 mg/kg were found to be
maternally toxic, Dimethoate 30 EC at 38,8 mg/kg dose
was teratogenic, similar to that produced with Aspirin at
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250 mg/kg. A high percentage of resorption was observed

in both the groups. The percentage of resorption was

lower in low dose groups. The incidence of skeletal

anomalies was high in the Dimethoate 30 EC group

receiving 38.8 mg/kg dose, This was also observed in

the Aspirin group.’ Visceral anomalies showed under-

developed organs specially in high dose group.
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