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ABSTRACT 



The aim of present study was to examine the effects of hypo- and hyperthyroidism 

induced during pre- and postnatal period of life on ovarian function and structure 

in female rats at 120 days of age. Three chemicals were used in this study. In 

prenatal group, treatment was given from conception to parturition. While in 

postnatal group, treatment was given from parturition to 25 days postpartum. 

Hypothyroidism was induced by administration of 0.1 % PTU in drinking water and 

by oral administration of 0.06mg malathion to mothers both for the pre- and 

postnatal treatment. Hyperthyroidism was induced by subcutaneous injection of 

0.25~g thyroxine given to mothers in prenatal group, while in postnatal group 

0.3~g/g BW (body weight) thyroxine was administered to the pups. Weekly body 

weight of the female pups were measured. In each group 10 female rats were 

sacrificed at 120 days of age. 

Postnatal PTU treated pups show delay in eye opening, teething , fur development 

and weaning (35-37 days) compared to control (28-30 days). Body weight of 

female rats in postnatal PTU, pre-and postnatal thyroxine treatment group was 

significantly decreased (P<0.001) while , prenatal PTU treatrnent group showed 

significant increase (P<0.0001) compared to control. There was significant 

(P <0.05) reduction in paired ovarian weight of postnatal PTU and thyroxine 

treatment group compared to control. Malathion treatment caused no effect on 

body and ovarian weight. Diameter of the ovaries was not affected by any 

treatment. Regarding the morphometery, only prenatal PTU treatment showed a 

significant (P<0.001) increase in diameter of graafian follicles. No significant 
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difference was observed in morphometery of granulosa layer, primary and 

developing follicles of control and all treated groups . Number of primary, 

developing and graafian follicles of all the treated group were similar to that of 

control. The corpora lutea of postnatal PTU and thyroxine treated group contained 

a population of large numbers of luteal cells compared to control. All other treated 

groups have no profound effect on ovarian morphology, histology and 

morphometery. No difference was found ir serum estradiol concentration of 

control, pre- and postnatal PTU, malathion and thyroxine treated groups. 

In summary it is concluded from the present study that successfu l treatment of 

0.1 {Yo PTU to immature fernale rats from 0-25 day postpartum effect the growth, . 

physical development ,caused a decrease in body weight and ovarian weight at 

day postpaltulTl also decrease the body and ovarian weight. T Ilis illdicate tile 

importarlce of tllyroid 110rmone ciuring the early postnatal period of life regardirlg 

the growth, physical development and ovarian weight. While pre- and postnatal 

. . 
malathion and pr Gnatsl PTU arld tllyroxine have no profound offect on ovarian 

Illor pllOlogy, histology and rnorphornetery All the treatment during the pre- and 

postr lat<ll [ler iod ()f life do !lot 811m tile concentration of estradiol at 120 day of 

age. 
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INTRODUCTION 



It is well established fact that thyroid hormones play an important ro le in 

embryonic or foetal development of vertebrates (Sull ivan et aI. , 1987). Normal 

sexual and reproductive function depends upon thyroid act ivity and its secretion 

(Guyton, '1996; Turner and Bagnara, 1976). Thyroid activi ty is studied in different 

species with respect to development and reproduction. For example, it plays an 

important role in regulating the onset of puberty and reproductive function in birds 

(Kirby et aI., 1996). Deficiency or excess of thyroid hormones (hypothyroidism and 

hyperthyroidism) induces abnormalities in reproduction (Mattheij et ai , 1995; 

Kalland et a!. , 1978). Hypothyroidism appears to delay sexual development in 

young male and toxic levels of thyroxine appear to impair reproductive function 

(Turner and Bagnara, 1976). Hypothyroidism in rats results in fewer pregnancies 

and reduction in litter size (Varma et aI., 1978) . Many of the young die because of 

insufficient lactat ion by mothers (Turner and Bagnara, 1976). 

It was observed by Maia et al (1990) that reproductive system of the immature rat 

is held to be more influenced by thyroi d dysfunction than that of the adult. 

Hypothyroidism in rats has been shown to adversely affect foetal development 

(Kalland et aI., 1978). Presence of atrophied and under weight ovaries in 

hypothyroid rats were observed by Ortega et al (1990); Turner and Bagnara 

(1976). While , Fitko and Szlezyngier (1994) studied the effect of hyperthyroidism 

and found that ovaries of hyperthyroid rats were diminished in size. 

Interference between function of the thyroid gland and the ovary was studied in 

humans by Wurfel (1992). He noticed that thyroid disorders may influences 
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ovarian cycle , secretion of GnRH i.e, FSH and LH, steroid metabolism (androgen 

and estrogen) and prolactin (PRL) metabolism. Mattheij et al (1995) observed the 

effect of thyroid hormones on reproductive organs of female rats. They induced 

hypothyroidism in female rats by thyroidectomy, and found that ovaries of 

hypothyro id rats conta in more large atreitic fo llicles whose steroid metabolism 

was also disturbed. In addition, in these hypothyro id female rats the disturbed 

steroid metabolism both in the growing fo ll icles and in the corpora lutea causing 

tile prolongation of luteal phase. They concluded that deficiency of thyroid 

hormone decreases the ovulation rate, because hypothyroidism reduced the 

number of foll icles which are able to ovulate. 

Thyroid hormone imbalance effects other developmental process in different 

species. For example, adult hypothyroid human and mice can loose their sense of 

smell (Beard and Mackay-Silll, 1987; Mackay-Sirn and Beal d, 1987). 

Hypothyroidism in rats results in reduced body weight (Madeira et aI. , 1991; 

Madeira et aI. , 1992; Madeira and Paula-Barbosa, 1993). It delays but does not 

abolish weaning process (Blake et aI., 1985) causes eNS abnormalities (Akaike 

and Kato , 1997) and also produces general inattention to the environment (Rial et 

aI. , 1987). 

Hypothyroidism can be induced experimentally by thyroidectomy or an antithyroid 

drug. While the severity of hypothyroidism induced by thyro idectomy is hard to 

regulate, the degree of hypothyroidism induced by antithyroid drug can be easily 

contro lled by changing the dose of drug (AI~aike and Kato, 1997). 
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PROPYL THIOURACIL (PTU): 

6-n-propyl-2-thiouracil (PTU) (Hardy et al; 1996) is a derivative of thiocarbamide 

(Turner and Bagnara, 1976). It is an antithyroid (Yang and Gorden, 1997) 

reversible goitrogen drug (Cooke et aI., 1992; Kirby et aI., 1992; Mendis

Handagama and Sharma, 1994; Hardy et a!., 1996). PTU is a potent inducer of 

hypothyroidism in the rats (Blake et aI., 1985). It is effective in producing 

hypothyroidism early in the life (Guedes and Pereira-Oa-Silva, 1993). PTU is 

transferred from mothers to their pups through placenta (Marchant et a!., 1977; 

Mortimer et a!., 1997) and milk (Kawada et a!., '1988). Administration of PTU 

decreases serum thyroxine and triiodothyronine levels during the postnatal period 

of life which was indicative of severe hypothyroidism (Van Haaster et aI., 1992; 

Cooke et aI., 1993; Yang and Gorden 1997). 

PTU is in white powdered form and has bitter taste. Effects of PTU treatment has 

been studied in birds, humans and rats . PTU is effective and safe in the treatment 

of hyperthyroidism in pregnancy in human (Mortimer et aI., 1997; Deborah et aI., 

1994). In domestic fowl, PTU treatment may re~u lt in permanent increase in testes 

size and OSP (Kirby et aI., 1996). 

Cooke et al (1993) studied in rats, that water uptake of the mothers offered water 

containing 0.1 % PTU from 0-25 day postpartum is markedly reduced immediately 

after parturition and remains reduced until the end of suckling period. 
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It has been observed by Maia et al (1990) that reproductive system of immature 

rat is held to be more influenced by thyroid dysfunction than that of adult. Dijkstra 

et al (1996) studied the effect of prepubertal hypothyroidism on ovarian 

development in rats . Hypothyroidism was induced by giving 0.1 % PTU in drinking 

water of mothers and pups from birth to day 40 postpartum. They found that 

hypothyroidism of immature female rats resu lted in decreased body and ovarian 

weight. At day 40, they observed that ovaries of PTU treated rats contained more 

secondary and less antral follicles, smaller non-atretic antral follicles and more 

atretic follicles as compared to control. While corpora lutea were absent at day 

40. This disturbed folliculogenesis further affecting the follicular development by 

influencing the granulosa cell differentiation but not their proliferation. They 

concluded that this disturbed folliculogenesis is due to inadequate thyroid 

hormone supply which lead to anovulation. 

Effect of hypothyroidism was also observed on reproductive system of female 

mice. Chan and Ng (1995) induced hypothyroidism by giving subcutaneous 

injection of 50f.1g/g BW PTU from postnatal day 1 onward. No difference was 

observed on ovarian histology between control and PTU treated mice at day 14, 

21 and 28. While postnatal hypothyroidism affect the number of ovarian follicles 

at different maturation stages. There was reduction in the number of graafian 

follicles and multi laminar follicles in PTU treated mice studied at postnatal day 14, 

21 and 28 as compared to control. At postnatal day 28 Chan and Ng (1995) also 



observed dead follicular cells around the oocyte, although the oocyte themselves 

appeared to be normal. 

Different scientists studied the effect of PTU during postnatal period of life and 

reported , that the postnatal PTU treated pups have retarded growth and physical 

development, delay in eye opening and teething, slow in responding to general 

environment and also have depressed body weight as · compared to control 

(Meisami, 1984; Tamasy et aI., 1984; Kawada et aI., 1988; Akaike et aI. , 1990; 

Madeira et aI., 1991; Cooke et aI., 1992; Madeira et aI., 1992; Madeira and Paula

Barbosa, 1993; Akaike and Kato, 1997). 

MALATHION: 

Malathion (0,0- dimethyl- (1,2- dicarbethoxyethyl) dithiophosphate (Pluth et aI., 

1996) is an insecticide (Akhtar et aI., 1996; Lechner et aI., 1984; Husain et aI., 

1989) belonging to the group of organophosphorus (Balasubramanian et aI., 

1987; Seal, 1988; Akhtar et aI., 1996). Organophosphate compounds are widely 

used in the control of pests (Samaan et aI., 1989; Ozmen and Akay, 1993). 

Likewise, malathion is used for both domestic and commercial agriculture 

purposes.(P luth et aI., 1996). Its residues have been detected in various food 

stuffs (Balasubramanian et aI., 1986). It has been observed by Akhtar et al (1996) 

that administration of 0.06mg. malathion fo~ 21 days to adult rats caused a 

decrease in serum thyroxine and triiodothyronine levels. Balasubramanian et al 

(1986) have reported that malathion, depending upon the dosage, route and 
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administration resulted in altered thyroid function in rats . Therefore, malathion is 

used to induce hypothyroidism in rats. Akhtar et al (1996) observed no effect of 

O.06mg. mala- thion on body weight of adult rats. Samaan et al (1989) compared 

the toxicity of malathion, methomyl and pyrethroid fanvalerate in rats. Their study 

demonstrates that tested insecticides induced marked and dose dependent 

growth retardation, among which, malathion was least toxic. 

There has also been some evidence that malathion have a teratogenic effect (the 

ability to cause birth defect). The offspring of rats fed with 240mg/Kg/day mala

th ion resulted in growth retardation and elevated mortality, although no negative 

effect has been observed in the parents. (Pluth et aI., 1996). 

Effect of malathion has also been studied in mouse by Mufti and Asmatullah 

(1 997). They used different doses of malathion (55.84, 111.67 and 233.34 ~Lg/g 

BW) which ware orally administered to mothers on different gestation days. The 

pups were removed at 15 day of gestation. They found that malathion caused a 

dose dependent foetal mortality. Highest foetal mortality, and in some cases, total 

resorption, and also decreased body weight of foetus was observed by the 

administration of highest dosage of malathion.' While, lower doses caused overall 

reduction in body size, but other organ differentiation was normal in comparison to 

control. Polydactyly was also noticed with different doses of malathion. Therefore, 

they concluded that high doses of malathion are embryotoxic and teratogenic in 

mice. Toxicity of malathion was observed by Ozmen and Akay (1993) . They used 

two dosage levels of malathion (10 and 100mg/Kg) given to rats daily for 15 
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weeks. No histopathological changes have been observed in the ovaries of the 

rats. No difference was observed in serum estradiol levels between control and 

both treatment groups. 

THYROXINE: 

Scanty information are available regarding the effect of thyroxine on female 

reproductive function and structure. The thyroid has greater capacity than any 

other endocrine gland for storing its secretions (Gentile et aI., 1995). Major role of 

thyroid gland is the production of thyroxine and triiodothyronine. Thyroxine is 

highest in concentration and is the only one that arise solely by direct secretion 

from the thyroid gland (Larsen and Ingbar, 1992). The normal plasma 

concentration of thyroxine increases rapidly after birth and is maximal during the 

third week of life (Clos et aI. , 1974). Thyroxine along with thyroid stimulating 

hormone (TSH) are used as biochemical indicator of thyroid function, which aids 

the diagnosis and monitoring of either hyperthyroidism and hypothyroidism 

(Guyton, 1996). 

Thyroxine is primarily a growth and differentiation promoting hormone which also 

control the rate of metabolic process in the body and influencing the physical 

development (Turner and Bagnara, 1976). Thyroxine is essential for the normal 

development of foetus and differentiation of the e NS (Johnson and Everitt, 1995). 

Importance of thyroid hormones regarding the growth and development is also 

reported by Coulombe et al (1980). Thyroxine repair the pituitary defects in the 



thyroid less rats. In the hypophysectomized animal, thyroxine increases the rate of 

oxygen consumption, accelerates the heart rate , but it does not restore the normal 

body growth or reproductive development (Turller and Bagnara, 1976; Gill, 1991). 

It is observed by Besa and Pascual-Leone (1984) that administration of high 
, 

doses of thyroxine to rats during their first week of life results in decreased body 

and gonadal weight. Decreased ovarian size in hyperthyroid rats is also noticed 

by Fitko and Szlezyngier (1994). Van Haaster et al (1993) induced 

hyperthyroidism in rats by means of triiodothyronine and found decrease in their 

body and gonadal weights of these rats at 100 day of age. Toxic levels of 

thyroxine impair reproductive function (Turner and Bagnara, 1976). It has been 

suggested by Mestman (1997) that hyperthyroid womtln should be renderd 

euthyroid before conception. Because the incidence of maternal and neonatal 

morbidity is significantly higher in those patients whose hyperthyroidism is not 

medically controlled. 

Thyroxine is also used for the treatment of hypothyroidism (Gill, 1991). Treatment 

with 0.20 or 1.501-/g thyroxine/100g BW/day to rats, partially reversed the changes 

induced by Juvenile-onset hypothyroidism (Marcos et aI., 1994). Clos et al (1974) 

noticed that in young male rats, the concentration of thyroxine in the plasma 

progressively increases from birth to the third postnatal week. Thyroxine turnover 

is significantly higher during this period. They found that body weight of 

hypothyroid rats was completely restored bj administration of thyroxine (0.20 and 

O.25I-/g/day) during the first three postnatal weeks. It remains controversial that 
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whether there is significant transfer of thyroid hormone in a normal pregnancy in 

any species or not (Porterfield and Hendrich, 1981). 

The objective of the present study is to examine the effect of hypothyroidism 

induced by PTU, malathion and hyperthyroidism by thyroxine during the prenatal 

and postnatal period of life on ovarian morphology, histology, morphometery and 

serum estradiol concentration in rats at 120 day of age. 
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MATERIALS AND METHODS 



Male and female Sprague-Dawely rats were obtained from National Institute of 

Health (Nil-I) Islamabad, and maintained at the Anima l I-louse of Biology 

Department, Q.A.U, Islamabad. Rats were kept under standard laboratory 

conditions, fed standard diet and received tap water ad libitum. After mating, 

female rats were caged separately. Just before the initiation of experiment, female 

rats were weighed and their body weight rang~d from 21 0-240gm. 

Female rats were randomly divided into three groups, Control, Prenatal and 

Postnatal group. Three different c.hemicals were used in this study to induce 

hypo- and hyperthyroidism. Therefore, six groups were designed on the basis of 

chemical and duration of treatment. Total seven groups were used in present 

study, one was control and six were treated groups, with five animal (n=5) in each 

group. 

Three chemicals which were used in this study are given below: 

a-PROPYL THIOURACIL(PTU): 

6-n-propyl-2-thiouracil (Sigma-chemical Co. St. Louis USA) was used to induce 

hypothyroidism in female rats. 0.1 % PTU /day (0.1 gm. PTU dissolved in 95ml 

distilled water) in drinking water was given to mothers both in pre- and postnatal 

treatment group. 5ml. Rooh-Afza (Hamdard laboratories (WAQF), Lahore, 

Pakistan) was added to minimize the bitterness of PTU. 
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b-MALATHION: 

Malathion (Fufanon 57% EC (cheminova Agro AlS ; Lemvig Denmark) contain 

57mg of Malathion-O,O-Oimethyl-s-[1 ,2-(ethoxycarbonyl) ethyl] phosplloroditllio

ate per m!.) was used to induce hypothyroidism in female rats . O. OGmg. 

malahtion/ml of saline was orally administered by gastric tubulin to mothers of 

both pre- and postnatal treatment group. 

c-THYROXINE: 

Thyroxine Tablets (Glaxo Welcome Paki3tan Ltd., Karachi, Pakistan) containing 

50~lg of thyroxine sodium B.P were used. One tablet was dissolved in 1 m!. of 

distilled water. Subcutaneous injection of 0.25 ~Lg thyroxine/day was given to 

pregnant rats in prenatal treatment group, while 0 . 3~lg thyroxine/g body 

weight/day was given to pups (postnatal treatment group) to induce 

hypothyroidism. 

One control and two major experimental groups were designed: 

1. CONTROL: 

No treatment was given to the mothers and tlleir pups. Simple tap water and 

standard diet was given. 

2. PRENATAL EXPERIMENTAL GROUP: 

In this experiment treatment was given to dams from conception to the day of 

parturition. This experiment was further sub-divided into three groups on the basis 



of chemicals. But duration of treatment was same for all the three chemicals. 

1 hese three sub-groups were given below: 

a-PTU prenatal treatment group. 

b-Malathion prenatal treatment group. 

c-Thyroxine prenatal treatment group. 

J . POSTNATAL EXPERIMENTAL GROUP: 

In this experiment treatment was given from parturition to 25 day postpartum. This 

experiment also contained three groups on the basis of chemicals. Treatment 

period was same for three chemicals. But PTU and malathion were given to 

mothers while, thyroxine was given to pups. Total three groups designed which 

were given below: 

a PTU postnatal treatment group. 

b-Malathion postnatal treatment group. 

c-Thyroxine postnatal treatment group. 

The pups from all the seven groups were weaned (25-30 days), weighed, sexed 

and housed 4-5 per cage. Only female pups were used in this study. Weekly feed 

consumption and water uptake of the female pups from all the seven groups were 

recorded from weaning to the end of experiment (120 days), by measuring the 

water remaining in drinking bottles and the remaining feed in the food box. Body 
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weight of pups from seven groups were recorded at weekly intervals through out 

the experiment (0-120 days). 

COLLECTION OF BLOOD SAMPLE: 

Blood was drawn from the aorta of the anaesthesized rats at 120 day of age by 

means of 5ml. sterilized syringe. All the blood sample were collected in glass 

centrifuged tubes. After chilling, samples were centrifuged at the rate of 2000 rpm. 

for 20 minutes. Serum was carefully collected with the help of pasture pipette and 

frozen for the estimation of estradiol by RIA. 

SAMPLING: 

At the age of 120 days, female rats from all the groups were randomly selected , 

weighed and sacrificed. Number of animals for each group was same (n=10). 

Ovaries were dissected out from each animal. Tissues debris were removed to 

make the organ clear. After which tissues were fixed for histological examination. 

OVARIAN SIZE AND WEIGHT: 

After removing the tissues debris, ovarian size was taken by Vernier Calliper. 

Paired ovarian weight (right + left ovary) was measured by using the Sarotoreious 

Digita l Balance. 
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HISTOLOGICAL PROCESSING: 

The ovaries from all the groups were fixed in sera fixative. Constitution of sera 

fixative is given below: 

a- Absolute alcohol 

b- Formaldehyde 

c- Glacial acetic acid 

=60ml. 

=30ml. 

=1 0ml. 

After fixation tissues were processed for routine embedding in paraffin wax. The 

tissues were than sectioned (5flm. thick) and stained with hematoxylene and 

eosin (Mc Manus and Mowry, 1960; Drury and Wallington, 1980). Ocular 

micrometer was used at different magnification for Morphometeric analysis. 

ESTIMATION OF ESTRADIOL: 

Concentration of estradiol in serum was measured by using a specific radio

immunoassay (RIA) procedure. The RIA reagents were supplied by the World 

Health Organization's Special Program of Research in Human reproduction .300~tI 

of serum extracted with 4ml of diethyl ether. Dried extracts were reconstituted with 

1.0ml. of buffer steroid. 500~tI samples and estradiol standard were incubated with 

100111 estradiol antiserum and 1 OO~tI estradiol tracer (Tritiated 1-2-6-7 H3 estradioO 

for 18h at 4°C. Next day 200fli of activated charcoal was added to each tube and 

them incubated for 30 minutes at 4°C. After incubation, tubes were centrifuged at 

3000rpm for 15 minutes and supernatant was decanted in scintillation vials. In 
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each scintillation vial 5ml Scintillation cocktail was added. Radioactivity was 

counted in a Beckman (LS5801) liquid scint illation counter. Results of RIA were 

calculated by Logit-Iog transformation of data. 

STATISTICAL ANALYSIS: 

Data of all the seven groups were expressed as Mean ± SEM. To compare the 

control , pre- and postnatal treatment group one way-ANOVA, two way-ANOVA 

and Tukey's test was performed. 
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RESULTS 



GENERAL OBSERVATIONS: 

Litter size of PTU, malathion and thyroxine treated mothers, receiving treatment 

from conception to parturition or from parturition to 25 day postpartum are shown 

in Table 1A, 1 8; Figure 1A,1 8. Mothers receiving PTU from conception to 

parturition have lower pregnancies (60%) and small litter size (1 5%) compared to 

control. These mothers have decreased feed consumption, water uptake and 

body weight during the treatment period compared to control. , 

In case of mothers receiving PTU from parturition to 25 days postpartum, it is 

observed that as the treatment starts they show reduction in feed and water 

consumption and start loosing their weights compared to control. 

Malathion and thyroxine treated mothers are normal in their pregnancies and litter 

size. 

Postnatal PTU treated pups have normal body weight at the time of birth. It is 

observed that as the treatment is administered to mothers (parturition to 25 days 

postpartum) postnatal PTU treated pups start loosing their weight. Low survival 

rate (30%») of postnatal PTU treated pups is also observed . They also show 

retarded physical development, delayed eye opening, teething, fur development 

,and show inattention to general environment. Postnatal PTU treated pups 

weaned between (35-37 days) later than control, malathion and thyroxine treated 

pups (28-30 days). 
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TABLE 1A: MEAN LITTER SIZE OF CONTROL AND TREARED MOTHERS RECEIVING 
PTU, MALATHION AND THYROXINE TREATMENT FROM CONCEPTION 
TO PARTURITION. 

Groups 
n=5 

Control 

PTU 

Malathion 

Thyroxine 

Female 
Mean ± SEM 

6.00 ± 1.15 

2.40 ± 0.68 

4.80 ± 1.02 

6.75 ± 0.63 

Litter Size 
Male Total 

Mean ± SEM Mean ± SEM 

4.33 ± 1.76 10.33 ± 0.67 

3.00 ± 0.45 5.40 ± 0.68 

4.40 ± 1.33 9.20 ± 1.53 

5.50 ± 0.96 12.25 ± 0.63 

TABLE 1 B: MEAN LITTER SIZE OF CONTROL AND TREARED MOTHERS RECEIVING 
PTU, MALATHION AND THYROXINE TREATMENT FROM PARTURITION 
TO 25 DAY POSTPARTUM. 

Groups 
n=5 

Control 

PTU 

Malathion 

Thyroxine 

Female 
Mean ± SEM 

6.00±1.15 

4.00 ± 1.29 

4.80 ± 0.97 

4.75 ± 0.95 

19 

Litter Size 
Male Total 

Mean ± SEM Mean ± SEM 

4.33 ± 1.76 10.33 ± 0.67 

6.00 ± 0.91 10.00 ± 2.04 

5.20 ± 1.02 10.00 ± 1.26 

5.50 ±1.19 10.25 ± 0.25 
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8 

Thyroxine 
32% 

Malathion 
25% 

Thyroxine 
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Control 
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Figure 1: Litter size (%) of control, PTU, malathion and thyroxine 
treated mothers (A) mothers receiving treatment from conception. 
to parturition (8) mothers receiving treatment from 0-25 day 
postpartum. 
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Pre- and postnatal malathion and thyroxine treated pups are normal in their 

behaviour, growth and physical development as compared to control. 

CONTROL AND TREATED MOTHERS (FROM CONCEPTION TO 25 

DAYS POSTPART UM): 

FEED CONSUMPTION AND WATER UPTAKE: 

Weekly mean feed consumption of control, PTU, malathion and thyroxine treated 

mothers are shown in Table 2, 3; Figure 2A. There is rio significant (P>O.05) 

difference in total mean feed consumption of the control, PTU, malathion and 

thyroxine treated mothers. 

Weekly mean water uptake of contro l, PTU, malathion and thyroxine treated 

mothers are shown in Table 4, 5; Figure 28. Malathion treated mothers 

(conception to parturition) show significant increase (P<O.01) in total mean water 

uptake as compared to control. PTU ar ld thyroxine treated mothers show no 

difference (P>O.05) in total mean water uptake as compared to control. 

BODY WEIGHT: 

Weekly mean body weight of control, PTU, malathion and thyroxine treated 

mothers are shown in Table 6 and 7; Figure 3. Malathion treated mothers show a 

highly significant (P<O.01) increase in total mean body weight as compared to 

control. There is no significant (P>O.05) difference in total mean body weight of 

control, PTU and thyroxine treated mothers. 
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TABLE 2: WEEKLY FEED CONSUMPTION (g) OF CONTROL AND TREATED MOTHERS 
RECEIVING PTU, MALATHION AND THYROXINE TREATMENT FROM 

CONCEPTION TO PARTURITION. 

WEEKS CONTROL PTU MALATHION THYROXINE 

0 17.04 ± 2.27 9.69 ± 3.43 22.87 ± 3.14 21.10 ± 2.85 

1 19.75 ± 0.74 7.34 ± 1.15 19.80 ± 2.34 24.90 ± 2.56 

2 25.52 ± 0.95 8.68 ± 0.75 16.66 ± 1.61 19.78 ± 2.39 

3 22.74 ± 3.14 14.92 ± 3.43 22.93 ± 2.57 33.59 ± 3.83 

4 39.12 ± 4.00 25.04 ± 1.05 32.59 ± 2.99 36.47 ± 5.97 

5 27.86 ± 3.76 36.55 ± 1.64 42.70 ± 4.62 43.10 ± 4.47 

6 45.91 ± 11.68 39.08 ± 2.32 48.81 ± 4.39 41.50 ± 8.60 

7 25.78 ± 13.36 47.23 ± 8.21 61.26 ± 12.74 10.16 ± 1.24 

Total Meal 27.97 ± 3.46 23.57 ± 5.55 33.45 ± 5.65 28.83 ± 4.12 

Values (Mean ± SEM) 
There is no significant (P>O.05) difference in mean feed consumption of control and 
treated mothers. 
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TABLE 3: WEEKLY FEED CONSUMPTION (g) OF CONTROL AND TREATED MOTHERS 
RECEIVING PTU, MALATHION AND THYROXINE TREATMENT FROM PARTURITION 
TO 25 DAYS POSTPARTUM. 

WEEKS CONTROL PTU MALATHION THYROXINE 

0 17.04 ± 2.27 24.87 ± 4.1 5 19.53 ± 2.93 14.76 ± 1.70 

19.75 ± 0.74 25.87 ± 4.45 17.34 ± 2.30 23.47 ± 6.52 

2 25.52 ± 0.95 20.56 ± 2.84 19.98 ± 0.90 20.17 ± 0.63 

3 22.74 ± 3.14 20.27 ± 3.91 17.64 ± 1.81 17.44 ± 1.60 

4 39.12 ±4.00 30.38 ± 6.42 29.48 ± 3.86 27.30 ± 3.98 

5 27.86 ± 3.76 22.48 ± 6.32 40.57 ± 2.13 30.15 ± 4.86 

6 45.91 ± 11 .68 20.55 ± 3.81 52.45 ± 5.23 37.77 ± 10.70 

7 25.78 ± 13.36 27.31 ± 6.52 69.51 ± 10.71 46.56 ± 16.57 

Total Mean 27.97 ± 3.46 24.04 ± 1.31 33.31 ± 6.83 27.20 ± 3.80 

Values (Mean ± SEM) 
There is no significant (P>0.05) difference in mean feed consumption of control and 
treated mothers. 

23 



80 

- 70 en -c 60 
0 
:g, 50 -
E 
;:, 40 
II) 
c 
0 30 
0 
'tJ 20 CIt 
CIt 
u. 10 

0 

0 1 

A 

90 

80 

::::- 70 
E 
- 60 CIt 

~ 50 -::§" 40 ... 
B 30 
co ;: 20 

10 

0 
0 1 

8 

2 3 4 5 

Weeks 

p~ 

2 3 4 5 

Weeks 

6 7 

6 7 

~Control 

-+- PTU 
Malathion 

~Thyroxine 

-..- .Ell! 
Malathion 

~Thyroxine 

~Control 

-+- PTU 

Malathion 

~Thyroxine 

-..-ElY, 
Malathion 

~Thyroxine 

Figure 2: Weekly mean feed consumption (A) mean water uptake (8) of control, 
PTU, malathion and thyroxine treated mothers. Single line indicates mothers receiving 
treatment from conception to parturition. Double line indicates mothers receiving 
treatment from 0-25 day postpartum. C=Conception and P=Parturiton. 
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TABLE 4: WEEKLY WATER UPTAKE (ml) OF CONTROL AND TREATED MOTHERS 
RECEIVING PTU, MALATHION AND THYROXINE TREATMENT FROM 
CONCEPTION TO PARTURITION. 

WEEKS CONTROL 

0 26.63 ± 4.51 

1 24.98 ± 3.07 

2 29.87 ± 3.25 

3 31 .11 ± 2.56 

4 49.58 ± 1.37 

5 37.03 ± 5.90 

6 59.00 ± 1.05 

7 35.53 ± 14.29 

Total Mean 36.72 ± 4.19 

Values (Mean ± SEM) 
a= treated groups vs control 
P<0.01** 

PTU 

13.90 ± 1.65 

17.30 ± 0.90 

15.83 ± 0.75 

27.10 ± 2.94 

40.53 ± 4.49 

51.17 ± 3.26 

58.83 ± 3.38 

66.37 ± 4.43 

36.38 ± 7.34 

25 

MALATHION THYROXINE 

41.17 ± 3.43 35.34 ± 4.85 

39.47 ± 3.54 43.80 ± 3.60 

34.23 ± 3.82 33.54 ± 3.93 

40.13 ± 8.28 41 .68 ± 4.21 

42.90 ± 3.99 50.36 ± 7.74 

59.20 ± 5.77 58.30 ± 6.73 

69.93 ± 6.37 49.48 ± 8.99 

80.49 ± 18.39 16.05 ± 2.31 

50.94 ± 5.96a
- 41.07 ± 4.59 



TABLE 5: WEEKLY WATER UPTAKE (ml) OF CONTROL AND TREATED MOTHERS RECEIVING 
PTU, MALATHION AND THYROXINE TREATMENT FROM PARTURITION TO 25 DAYS 
POSTPARTUM. 

WEEKS CONTROL PTU MALATHION THYROXINE 

0 26.63 ± 4.51 47.38 ± 6.55 35.13 ± 5.44 42.51 ± 3.58 

1 24.98 ± 3.07 44.38 ± 2.68 36.70 ± 2.26 41.01 ± 5.26 

2 29.87 ± 3.25 34.20 ± 1.98 32.30 ± 2.18 35.61 ± 1.52 

3 31 .11 ± 2.56 27.52 ± 5.54 30.60 ± 4.03 34.43 ± 2.65 

4 49.58 ± 1.37 24.61 ± 3.02 42.63 ± 4.50 44.86 ± 5.29 

5 37.03 ± 5.90 22.56 ± 3.95 47.70 ± 4.54 44.46 ± 6.77 

6 59.00 ± 1.05 20.49 ± 5.74 55.43 ± 4.42 45.29 ± 11.33 

7 35.53 ± 14.29 38.38 ± 5.94 62.89 ± 15.08 54.71 ± 13.54 

Total Mean 36.72 :!: 4.19 32.44 :!: 3.61 42.92 :!: 4.10 42.86 :!: 2.24 

Values (Mean ± SEM) 
There is no significant (P>0.05) difference in mean water uptake of control and treated mothers. 
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TABLE 6: WEEKLY BODY WEIGHT(g) OF CONTROL AND TREARED MOTHERS RECEIVING 
PTU, MALATHION AND THYROXINE TREATMENT FROM CONCEPTION TO 
PARTURITION. 

WEEKS CONTROL 

0 177.62 ± 18.68 

1 229.22 ± 20.97 

2 264.96 ± 19.02 

3 246.97 ± 12.56 

4 236.64 ± 25.21 

5 233.32 ± 9.87 

6 190.08 ± 13.82 

7 166.47 ± 1.31 

Total Mean 218.20 ± 12.55 

Values (Mean ± SEM) 
a= treated groups vs control 
P<0.01 ** 

PTU MALATHION THYROXINE 

237.00 ± 7.18 239.00 ± 5.79 206.53 ± 10.63 

223.00 ± 11.25 274.00 ± 6.96 235.79 ± 13.17 

234.00 ± 10.77 311 .00 ± 7.97 268.04 ± 18.17 

219.00 ± 10.05 266.00 ± 7.81 223.63 ± 28.22 

234.00 ± 7.81 270.00 ± 7.07 250.88 ± 2.40 

238.00 ± 13.47 259.00 ± 8.12 222.05 ± 11 .31 

224.00 ± 10.42 196.36 ± 31.09 147.16 ± 11.60 

199.31 ± 0.64 227.86 ± 1.48 145.86 ± 1.54 

226.00 ± 4.57 255.40 ± 12.17a
- 212.50 ± 15.85 
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TABLE 7: WEEKLY BODY WEIGHT (g) OF CONTROL AND TREATED MOTHERS 
RECEIVING PTU, MALATHION AND THYROXINE FROM PARTURITION 
TO 25 DAYS POSTPARTUM. 

WEEKS CONTROL 

0 177.62 ± 18.68 

1 229.22 ± 20.97 

2 264.96 ± 19.02 

3 246.97 ± 12.56 

4 236.64 ± 25.21 

5 233.32 ± 9.87 

6 190.08 ± 13.82 

7 166.47 ± 1.31 

Total Mean 218.20 ± 12.55 

Values (Mean ± SEM) 
a= treated groups vs control 
P<0.01** 

PTU 

241.77 ± 17.71 

266.41 ± 18.35 

291.29 ± 18.02 

233.28 ± 13.94 

219.02 ± 6.39 

170.45 ± 38.03 

152.60 ± 37.56 

178.67 ± 18.87 

219.20 ± 17.21 

29 

MALATHION THYROXINE 

244.00 ± 6.20 255.40 ± 12.05 

264.00 ± 10.05 239.13 ± 15.40 

291.00 ± 12.39 282.62 ± 10.19 

280.00 ± 27.20 243.10 ± 28.40 

257.00 ± 7.52 259.08 ± 11.04 

241.00 ± 6.40 191.06 ± 43.45 

216.00 ± 11.77 126.06 ± 45.03 

182.57 ± 5.91 180.05 ± 5.81 

246.90 ± 12.37a~ 222.10 ± 18.33 



CONTROL, PRE- AND POSTNATAL TREATED YOUNG FEMALE 

RATS: 

FEED AND WATER CONSUMPTION (FROM WEANING UPTO 120 DAYS): 

Weekly mean feed consumption of control, pre- and postnatal PTU, malathion 

and thyroxine treated young female rats are shown in Table 8 and 9; Figure 4A. 

Pre- and postnatal PTU and malathion show a significant (P<O.01) reduction in 

total mean feed consumption as compared to control. Prenatal thyroxine treatment 

significantly (P<O.001) increases ,and postnatal thyroxine treatment significantly 

(P<O.001) decreases the total mean feed consumption as compared to control. 

Weekly mean water uptake of control, pre- and postnatal PTU, malathion and 

thyroxine treated young female rats are shown in Table 10 and 11; Figure 4B. 

Total mean water uptake of pre- and postnatal PTU and malathion treatment show 

signif icant (P<O.01) decrease as compared to control. In comparison to control 

prenatal thyroxine treatment exhibit highly significant (P<O.001) increase, while 

postnatal thyroxine treatment show highly significant (P<O.001) decrease in total 

mean water uptake. 

BODY WEIGHT (FROM BIRTH UPTO 120 DAYS): 

Total mean body weight of control, pre- and postnatal PTU, malathion and 

thyroxine treated young female rats are shown in Table 12 and their weekly mean 

body weight are shown in Figure 5. Total mean body weight of prenatal PTU 

treated female rats (155 ± 21.57g) exhibit highly significant (P<O.0001) increase 
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TABLE 8: WEEKLY FEED CONSUMPTION (g) OF CONTROL AND PRENATAL PTU, 
MALATHION AND THYROXINE TREATED FEMALE RATS FROM WEANING 
TO 120 DAYS OF AGE. 

WEEKS CONTROL PTU MALATHION THYROXINE 

4 71.00 ± 8.50 30.20 ± 5.67 60.64 ± 12.04 74.57 ± 11.89 

5 100.30 ± 18.37 39.76 ± 6.61 72.83 ± 15.33 129.16 ± 17.24 

6 98.08 ± 17.18 57.54 ± 13.05 79.73 ± 16.36 136.41 ± 22.97 

7 95.97 ± 15.29 61 .26 ± 11.54 82.34 ± 18.76 167.24 ± 32.57 

8 123.82 ± 18.15 44.81 ± 9.05 93.38 ± 25.65 186.23 ± 39.71 

9 119.89 ± 14.49 53.05 ± 12.66 86.74 ± 17.47 164.02 ± 38.98 

10 108.96 ± 10.06 56.41 ± 9.84 126.41 ± 35.11 184.45 ± 34.57 

11 96.00 ± 6.39 62.93 ± 15.53 108.40 ± 25.41 158.25 ± 27.08 

12 92.04 ± 9.78 60.87 ± 13.77 117.01 ± 36.59 173.50 ± 25.85 

13 102.58 ± 20.31 58.30 ± 12.80 100.61 ± 29.87 131.78 ± 6.34 

14 134.70 ± 26.98 63.60 ± 15.01 75.93 ± 10.77 181.79 ± 30.74 

15 133.05 ± 19.60 53.29 ± 11.55 49.86 ± 14.09 200.60 ± 33.60 

16 135.53 ± 14.31 59.13 ± 11 .11 79.82 ± 9.50 180.27 ± 20.10 

17 140.58 ± 6.12 55.81 ± 9.97 116.81 ± 20.89 198.30 ± 26.86 
Total Mean 110.90 ± 5.52 54.07 ± 2.56a

- 89.32 ± 5.96a
- 161.90 ± 9.11 

Values(Mean ± SEM) 
a= treated groups vs control 
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TABLE 9: WEEKLY FEED CONSUMPTION(g) OF CONTROL AND POSTNATAL PTU, MALATHION 
AND THYROXINE TREATED FEMALE RATS FROM WEANING TO 120 DAYS OF AGE. 

WEEKS CONTROL 

4 71.00 ± 8.50 

5 100.30 ± 18.37 

6 98.08 ± 17.18 

7 95.97 ± 15.29 

8 123.82 ± 18.15 

9 119.89 ± 14.49 

10 108.96 ± 10.06 

11 96.00 ± 6.39 

12 92.04 ± 9.78 

13 102.58 ± 20.31 

14 134.70 ± 26.98 

15 133.05 ± 19.60 

16 135.53 ± 14.31 

17 140.58 ± 6.12 

Total Mear 110.90 t 5.52 

Values(Mean ± SEM) 
a= treated groups vs control 
P<0.001-* 

PTU MALATHION THYROXINE 

29.16 ± 16.19 59.88 ± 15.55 46.36 ± 13.83 

44.73 ± 17.30 72.73 ± 18.10 57.17 ± 15.09 

58.49 ± 19.89 85.56 ± 20.64 63.40 ± 17.36 

62.53 ± 19.84 82.92 ± 23.55 60.54 ± 17.02 

70.07 ± 16.47 81.39 ± 21.64 46.86 ± 13.05 

72.94 ± 14.25 74.24 ± 17.29 53.84 ± 12.25 

84.72 ± 19.73 92.68 ± 26.08 67.20 ± 15.99 

89.37 ± 18.97 91.58 ± 25.97 86.14 ± 23 .1 4 

101.97 ± 28.85 112.29 ± 37.85 71.43 ± 18.18 

90.35 ± 17.56 76.12 ± 19.03 47.95 ± 13.12 

86.22 ± 14.36 69.27 ± 15.65 46.90 ± 10.01 

81.88 ± 15.57 59.64 ± 11.78 54.24 ± 12.05 

92.40 ± 16.46 77.56 ± 16.16 49.49 ± 10.11 

92.45 ± 16.84 78.10 ± 17.56 47.71 ± 7.77 

75.52 t 5.50a
- 79.57 t 3.64a

- 57.09 t 3.12a
-
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Figure 4:Weekly mean feed consumptior(A) mean water uptake(8) of control, 
prenatal and postnatal PTU, malathion and thyroxine treated young female rats. 

W=Weaning. 
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TABLE 10: WEEKLY WATER UPTAKE (ml) OF CONTROL AND PRENATAL PTU, MALATHION 
AND THYROXINE TREATED FEMALE RATS FROM WEANING TO 120 DAYS OF AGE. 

WEEKS CONTROL 

4 73.57 ± 5.69 

5 92.77 ± 9.79 

6 109.50 ± 9.13 

7 122.43 ± 3.90 

8 128.17 ± 2.34 

9 152.93 ± 8.16 

10 120.97 ± 8.06 

11 131.37 ± 9.62 

12 137.03 ± 10.27 

13 159.35 ± 5.44 
14 155.30 ± 2.86 

15 157.45 ± 5.34 

16 131.27 ± 10.21 

17 142.41 ± 6.71 

Total Mean 129.60 ± 6.68 

Values(Mean ± SEM) 
a= treated groups vs control 
P<0.01** 
P<0.001*** 

PTU MALATHION THYROXINE 

42.23 ± 7.03 61.97 ± 13.12 76.13 ± 9.67 

63.07 ± 12.12 81.43 ± 20.66 109.53 ± 6.56 

89.87 ± 24.13 102.37 ± 31.38 119.67 ± 14.20 

69.20 ± 11.29 108.03 ± 28.74 151.27 ± 16.45 

77.70 ± 12.24 139.37 ± 39.12 156.17 ± 13.72 

79.23 ± 17.65 123.00 ± 33.20 168.70 ± 15.93 

91.50 ± 27.30 132.43 ± 36.12 179.47 ± 17.05 

92.67 ± 33.34 119.13 ± 30.12 172.83 ± 13.52 

100.53 ± 23.65 119.67 ± 30.52 170.47 ± 16.87 

132.68 ± 47.45 109.10 ± 27.05 200.85 ± 15.99 
95.15 ± 26.72 113.50 ± 33.45 188.20 ± 25.84 

79.23 ± 19.37 83.03 ± 19.39 160.17 ± 12.87 

75.57 ± 17.16 116.33 ± 35.18 160.17 ± 14.24 

90.77 ± 21.69 119.03 ± 37.43 172.37 ± 17.76 

84.24 ± 5.51 a- 109.20 ± 5.62a
- 156.10 ± 8.90a

-
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TABLE 11: WEEKLY WATER UPTAKE (ml) OF CONTROL AND POSTNATAL PTU, 
MALATHION AND THYROXINE TREATED FEMALE RATS FROM WEANING 
TO 120 DAYS OF AGE. 

WEEKS CONTROL 

4 73.57 ± 5.69 

5 92.77 ± 9.79 

6 109.50 ± 9.13 

7 122.43 ± 3.90 

8 128.17 ± 2.34 

9 152.93 ± 8.16 

10 120.97 ± 8.06 

11 131.37 ± 9.62 

12 137.03 ± 10.27 

13 159.35 ± 5.44 

14 155.30 ± 2.86 

15 157.45 ± 5.34 

16 131 .27 ± 10.21 

17 142.41 ± 6.71 

Total Mean 129.60 ± 6.68 

Values(Mean ± SEM) 
a= treated groups vs control 
P<0.01** 
P<0.001 *** 

PTU 

40.26 ± 10.74 

42.83 ± 13.40 

53.93 ± 19.52 

58.77 ± 20.40 

80.90 ± 23.34 

86.53 ± 28.07 

91.67 ± 25.29 

90.33 ± 26.44 

83.93 ± 18.31 

92.53 ± 23.20 

109.13 ± 27.08 

82.40 ± 15.83 

88.70 ± 23 .1 2 

94.93 ± 23.82 

78.35 ± 5.57a~ 

35 

MALATHION THYROXINE 

60.67 ± 11.46 48.75 ± 11.47 

68.83 ± 13.78 63.75 ± 13.82 

88.13 ± 17.21 78.21 ± 20.59 

97.33 ± 18.06 67.04 ± 21.09 

117.40 ± 24.78 72.88 ± 17.68 

121.43 ± 34.22 70.67 ± 21.61 

120.87 ± 29.98 96.50 ± 16.13 

123.73 ± 29.80 122.54 ± 10.90 

96.87 ± 21.62 85.17 ± 12.08 

100.67 ± 32.65 71.17 ± 17.96 

115.20 ± 35.96 68.38 ± 15.04 

81.63 ± 12.91 80.19 ± 16.95 

105.33 ± 32.20 73.83 ± 18.04 

107.37 ± 34.34 79.92 ± 18.33 

100.40 ± 5.28a- 77.07 ± 4.56a .... 



TABLE 12: MEAN BODY WEIGHT OF CONTROL, PRE- AND POSTNATAL 
PTU, MALATHION AND THYROXINE TREATED YOUNG FEMALE 
RATS FROM BIRTH TO 120 DAYS OF AGE. 

Groups 
n=1 0 

Control 
Prenatal Treatment 

PTU 

Malathion 

Thyroxine 
Postnatal Treatment 

PTU 

Malathion 

Thyroxine 

Values(Mean ± SEM) 

Mean Body weight (g) 
Mean ± SEM 

136.10 ± 20.12 

155.20 ± 21.57a
**** 

136.60 ± 20.34 

126.10 ± 18.94a
-

109.10 ± 17.97a
**** 

143.30 ± 20.79 

102.10 ± 18.45a
-

a= treated groups vs control 
P<0.001*** 
P<O. 000 1 **** 
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compared to control (136 ± 20.12g), where as postnatal PTU treated female rats 

(109 ± 17.97g) show a highly significant (P<0.0001) decrease in total mean body 

weigllt as compared to control. There is no significant (P>O 05) difference in total 

mean body weight of female rats of control, pre- and postnatal malathion 

treatment group. Total mean body weight of prenatal and postnatal thyroxine 

treated female rats (126.10 ± 18.94, 102.10 ± 18.45g) exhibit highly significant 

(P<0.001) reduction as compared to control. 

MORPHOLOGICAL STUDIES: 

OVARIAN WEIGHT: 

Paired ovarian weight of control and treated groups are shown in Table 13; Figure 

6. Paired ovarian weight of prenatal PTU, malathion and thyroxine treatment 

groups although vary from control, but this variation is not appreciable (P>0.05). 

Paired ovarian weight of postnatal PTU treatment group (54.30 ± 3.62 mg) exhibit 

highly significant (P<0. 001) reduction as compared to paired ovarian weight of 

control (73.50 ± 2.67 mg) and prenatal PTU treatment group (82.50 ± 3.31 mg). 

Paired ovarian weight of postnatal malathion treatment group (68.10 ± 1.94 mg) is 

significantly (P<0.01) lower than paired ovarian weight of prenatal malathion 

treatment group (85.20 ± 4.43 mg), while it exhibit small but non significant 

(P>0.05) difference to control. 
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Figure 6: Ovarian weight of control and treated female rats at 120 day of 
age. Data are presented as Mean ± SEM. Postnatal PlU and thyroxine 
treatment group show significant reduction ***P<0.001and *P<0.05 
respectively in ovarian weight compared to control a), Postnatal PTU 
indicate significant reduction ***P<0.001 than prenatal PTU treated group b). 
Postnatal thyroxine show significant reduction *P<0.05 than prenatal 
thyroxine treaed group d ) .Postnatal malathion show significant reduction **P<O.01 
than prenatal malathion treated grouPC} . 
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TABLE 13: EFFECT OF PTU, MALATHION AND THYROXINE TREATMENT DURING PRE- AND 
POSTNATAL PERIOD ON OVARIAN WEIGHT AND DIAMETER OF FEMALE RAT 
AT 120 DAYS OF AGE. 

Groups Total Ovarian Weight Right Ovarian Diameter 
n=10 (mg) 

Control 73.50 ± 2.67 
Prenatal Treatment 

PTU 82.50 ± 3.31 b
-

Malathion 85.20 ± 4.43 

Thyroxine 71.60 ± 2.84d
-

Postnatal Treatment 

PTU 54.30 ± 3.62a-

Malathion 68.10 ± 1.94c** 

Thyroxine 60.10 ± 1.71·-

Values (Mean ± SEM) 
a= treated groups vs control. 
b= prenatal vs postnatal PTU treatment group. 
e= prenatal vs postnatal malathion treatment group. 
d= prenatal vs postnatal thyroxine treatment group 
P<0.05* and P<0.001*** 

(mm) 

6.12 ± 0.15 

5.93 ± 0.13 

6.01 ± 0.18 

5.95 ± 0.11 

5.44 ± 0.22 

5.65 ± 0.28 

5.54 ± 0.18 

Left Ovarian Diameter 
(mm) 

6.24 ± 0.19 

5.89 ± 0.16 

6.07 ± 0.20 

6.19 ± 0.15 

5.19 ± 0.16 

5.67 ± 0.17 

5.61 ± 0.15 
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Figure 7:0varian diameter of female rat at 120 day of age. Data are expressed 
as Mean ± SEM. Right (A)and left (8) ovarian diameter shows non significant 
(P>0.05) difference between control, pre- and postnatal treatment groups. 
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Paired ovarian weight of thyroxine treatment (60.10 ± 1.71 mg) during postnatal 

period exhibit significant (P<0.05) reduction than control. 

OVARIAN DIAMETER: 

Ovarian diameter of control, pre- Clnd postnatal PTU, malathion and thyroxine 

treatment groups are shown in Table 13; Figure 7A and 78. Right and left ovarian 

diameter of PTU, malathion and thyroxine treatment groups although vary from 

control, but the difference in all the groups is non significant (P>O.05). 

HISTOLOGICAL OBSERVATIONS: 

Ovary in rats is a paired structure, which is situated in abdominal cavity. It is 

observed that the outer most layer which surrounds the ovary is surface 

epithelium. Beneath it lies the tunica albuginea. Immediately beneath the tunica 

albuginea there is a cortical region which contain numerous follicles at various 

developmental stages, embedded in the ovarian stroma. Many blood vessels have 

also been observed in the stroma (Figure SA and SB). Among the follicles most 

common are the primary follicles which are smallest and simpler in structure. In 

primary follicles it is observed that oocyt~ is surrounded by a layer of granulosa 

cells. Nucleus which lies in the centre of oocyte is also observed. No difference is 

found in the structure of primary follicle of control, pre- and postnatal PTU, 

malahtion and thyroxine treated rats at 120 day of age (Figure 9A and 98). 
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Figure 8: Photomicrograph of the rat ovary at 120 days of age showing stroma 
containing follicle (F) corpus luteum (CL) blood vessel (8V). No difference is 
found in control and all treated groups. Control (A) postnatal thyroxine treatment 
group (8 ) (H.E) x 102.6. 
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Figur~: Photomicrograph of the rat ovary at 120 days of age showing 
Primary follicles. Nucleus (N) oocyte (0) granulosa cells (G) stroma (S). No 
difference is found in control and other treated groups. Control (A) postnatal 
PTU treatment group (8 ) at x330 H.E). 
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Developing follicles of diHerent sizes are observed in the ovaries of contro l rats. In 

developing follicles the oocyte is surrounded by multilayered granulosa ce ll s. It is 

observed that number of granulosa layers which contribute tile size of follicles 

vary in different developing follicles (Figure 10A). No difference is found in 

developing follicles of control and all treated groups. Polyovular follicles are 

observed in one female of postnatal PTU (Figure 1 DB) and in two female of 

postnatal thyroxine treated rats (Figure 1 DC and 100). Polyovular follicle means 

presence of more than one oocyte in the follicular envelop. 

Largest follicles or the graafian follicles have also been observed in the ovaries of 

control and all treatment groups. A f luid filled antral cavity (antrum) is present in 

the graafian follicles. The size of antrum in developing follicles is variable, but 

fully formed large antrum is only observed in the graafian follicles. It is found that 

with in the antral cavity, oocyte is embedded in the mass of granulosa cells, called 

as crona radiata, lies at one side of tt Ie follicles, attached to the peripheral 

granulosa by means of ann like structure the cumulus oophorus (Figure 11 A). No 

difference is found in the graafian follicle of control and treated groups (Figure 

11B,11C and 110). 

Antral cavity is surrounded by granulosa layers above which layers of tl1eca cells 

have been observed (Figure 12A). There is no difference in granulosa and theca 

layers of control , pre- and postnatal PTU, malathion and thyroxine treatment 

group (Figure 128 and 12C). 
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Figure 10: Photom icrograph of rat ovary at 120 days of age showing 
developing follicle in control (A), polyovular follicles in postnatal PTU (8) 
postnatal thyroxine (C, D) treatment group. Granulosa cells (G) oocyte (0) 
antral cavity (AC) stroma (S) (H.E) x 228. 
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Figure 11: Photomicrograph of the rat ovary at 120 days of age showing 
graafian follicle containing oocyte (0) cumulus oophorus (CO) crona . 
radiata (CR) antral cavity (AC) granulosa layer (G) theca layer (T). No 
difference is found in control and all treated groups. Control (A) postnatal 
thyroxine (8) postnatal PTU (C) prenatal PTU (D) treatment group (H.E) x 
228. 
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Figure 12: Photomicrograph of the graafian follicles in rat ovary at 120 
days of age showing peripheral granulosa layer (PG) and theca layer (T). 
No difference in control (A) postnatal PTU (8) and postnatal thyroxine (C) 
treatment group (H.E) x 416. 
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It is observed that corpus luteum of control rat ovary conta ins two types of cells, 

the larger one are the large luteal cells and the smaller one are the small luteal 

cells. These cells are found to be very close to one another and present in almost 

equal proportion. Large luteal cells have spherical shaped large nucleus while, 

small luteal cell s have a spindle shaped nucleus (Figure 13A and 138). It is 

noticed that corpus luteum of postnatal PTU and thyroxine treatment group have a 

remarkable increased number of large luteal cells and lesser number small luteal 

cells (Figure 13C, 130 and 13E). All other treated groups show no difference in 

quantity of large and small luteal cells of corpus luteum. 

MORPHOMETRIC ANALYSIS: 

DIAMETER OF GRAAFIAN FOLLICLES AND OOCYTE: 

Total mean diameter of graafian foll icles of control, pre- and postnatal PTU, 

malathion and thyroxine treated ovaries are shown in Table 14; Figure 14A. 

Diameter of graafian follicles of prenatal PTU treatment group (585.40±24.03 \Jm) 

exhibit highly significant (P<O.001) increase as compared to diameter of control 

(414.80±21 .61 \Jm) and postnatal PTU treatment group (396.00±26.00 \Jm) . 

Pre- and postnatal malathion and thyroxine treatment groups does not show any 

significant (P>O.05) difference in comparison with control. 

There is very slight but non significant (P>O.05) difference in diameter of oocyte of 

control, pre- and postnatal PTU, malathion and thyroxine treatment groups (Table 

14). 
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Figure 13: Photomicrograph of the rat ovary at 120 days of age showing 
corpus luteum. Control x330 (A) same at higher magnification (8) showing 
large (L) and small (8) luteal cells. Postnatal thyroxine x 832 (C) postnatal 
PTU x330 (0) same at higher magnification x 832 (E) treatment group with 
greater number of large luteal cells (L). 

50 



TABLE 14: EFFECT OF PTU, MALATHION AND THYROXINE TREATMENT DURING PRE- AND 
POSTNATAL PERIOD ON GRAAFIAN FOLLICLES, OOCYTE AND THICKNESS OF 
PERIPHERAL GRANULOSA LAYER OF FEMALE RAT AT 120 DAYS OF AGE. 

Groups Diameter of Graffian 
n=10 Follicles (Hm) 

Control 414.80 ± 21.61 
Prenatal Treatment 

PTU 585.40 ± 24.03a
-

Malathion 393.20 ± 20.53 

Thyroxine 396.70 ± 22.63 
Postnatal Treatment 

PTU 396.00 ± 26.00b
-

Malathion 491.00 ± 21.96 

Thyroxine 488.00 ± 17.52 

Values (Mean ± SEM) 
a= treated groups vs control 
b= prenatal vs postnatal PTU treatment groups 
P<0.001 ....... 

Diameter of Oocyte Thickness of Peripheral 
(Hm) Granulosa Layer (Hm) 

49.38 ± 1.99 90.00 ± 4.70 

52.71 ± 2.55 109.20 ± 4. 99 

56.14 ± 2.42 81.82 ± 5.85 

53.80 ± 2.28 85.33 ± 6.16 

46.75 ± 2.38 77.00 ± 4.48b
-

52.00 ± 3.38 92.67 ± 3.00 

56.00 ± 1.55 82.00 ± 6.96 

..... 
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Figure 14:Diameter of graffian follicles (A) of control and treated rats at 120 day 
of age. Data are expressed as Mean ± SEM. Control vs pre- and postnatal 
treatment groups (a). Prenatal PTU treatment show a significant *** P<0.001 
increase compared to control (a) and postnatal PTU treatment group (b). 
Thickness of peripheral granulosa layer (8) shows non significant (P>0.05) 
difference between control, pre- and postnatal treatment groups. 
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THICKNESS OF PERIPHERAL GRANULOSA LAYER: 

Total mean thickness of peripheral granulosa layer of control , pre- and postnatal 

PTU, malathion and thyroxine treated ovaries are shown in Table 14; Figure '148. 

Thickness of peripheral granulosa layer of prenatal PTU treatment group (1 09.20± 

4.99 IJm) show a slight but non significant (P>0.05) increase as compared to 

control (90.00 ± 4.70 J..lm) . In contrast, thickness of granulosa layer of postnatal 

PTU treatment group (77.00 ± 4.49 J..lm) exhibit highly significant (P<0.001) 

reduction as compared to prenatal PTU treatment group. Thickness of granulosa 

layer of prenatal malathion treatment group (81.82 ± 5.85 J..lm) is also reduced as 

compared to control, but this difference is not appreciable (P>0.05) . 

All other pre- and postnatal treatment groups show no significant (P>0.05) 

difference in thickness of peripheral granulosa layer in comparison to control. 

DIAMETER OF PRIMARY FOLLICLES AND OOCYTE: 

Mean diameter of primary follicles of control, pre- and postnatal treatment group 

are shown in Table 15; Figure 15. Diameter of primary follicles ranged from 50-

100 J..lm. There is no significant (P>0.05) difference in mean diameter of primary 

follicles of control, pre- and postnatal PTU, malathion and thyroxine treatment 

groups. Although postnatal PTU treatment group (92.50 ± 2.55 J..lm) show slight 

increase, and postnatal malathion treatment group(67.31 ± 2.55 IJm) exhibit slight 

decrease in diameter of primary follicles as compared to diameter of control 
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TABLE 15: EFFECT OF PTU, MALATHION AND THYROXINE TREATMENT 
DURING PRE- AND POSTNATAL PERIOD ON DIAMETER 
OF PRIMARY FOLLICLES AND OOCYTE OF FEMALE RAT 
AT 120 DAYS OF AGE. 

Groups Diameter of Primary Diameter of Oocyte 
n=10 Follicle c..lm) (~m) 

Control 82.32 ± 4.31 30.00 ± 2.63 
Prenatal Treatment 

PTU 88.89 ± 4.02 36.67 ± 2.92 

Malathion 83.25 ± 5.65 31.00 ± 2.89 

Thyroxine 81.46 ± 3.74 31.46 ± 2.43 
Postnatal Treatment 

PTU 92.50 ± 2.56 35.00 ± 2.38 

Malathion 67.31 ± 4.61 28.08 ± 2.61 

Thyroxine 87.73 ± 2.83 30.68 ± 1.91 

Values (Mean ± SEM) 
There is no significant difference(P>0.05) in mean diameter of primary follicles 
and oocyte of control ,pre- and postnatal treatment groups. 
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Figure 15: Diameter of primary follicles of control and treated female rats 
at 120 day of age. Data are e~ressed as Mean ± SEM.There is non 
significant (P>0.05) difference between control, pre- and postnatal 
treatment groups. 
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(82.32 ± 4.30 j.Jm). But th is variation in diameter of prrmary foll icles is not 

appreciable (P>O.05). 

There is no significant (P>0.05) difference in oocyte of primary follicles of control, 

pre- and postnatal PTU, malathion and thyroxine treatment groups (Table 15). 

DIAMETER OF DEVELOPING FOLLICLES AND OOCYTE: 

Developing follicles are categorized into different groups with respect to the 

diameter. These groups ranging from 101 -150, 151 -200. 201 -250, 251-300 and 

301 -350 , .. un. Mean diameter of these different groups of developing follicles 

shows small but non significant (P>0.05) variation in control , pre- and postnatal 

PTU, malathion and thyroxine treatment groups (Table 16: Figure 16). 

Mean diameter of oocyte of different ranges of developing follicles show no 

significant (P>0.05) difference in control, pre- and postnatal PTU, malathion and 

thyroxine treatment group (Table 17). 

NUMBER OF OVARIAN FOLLICLES: 

GRAFFIAN FOLLICLES: 

Number of graafian follicles in control, pre- and postnatal PTU, malathion and 

thyroxine treated ovaries are shown in Table 18. There is no appreciable 

difference (P>0.05) in mean number of graafian follicles of control , pre- and 
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TABLE 16: EFFECT OF PTU, MALATHION AND THYROXINE TREATMENT DURING PRE- AND POSTNATAL PERIOD ON DIAMETER 
OF DEVELOPING FOLLICLES OF FEMALE RAT AT 120 DAYS OF AGE. 

Groups Different Ranges of Developing Follicles 
n=10 101-150 J,lm 151-200 J,lm 201-250J,lm 251-300 J,lm 301-350 J,lm 

Control 129.20 ± 3.08 185.00 ± 10.36 210.60 ± 3.44 275.00 ± 0.00 
Prenatal Treatment 

PTU 120.50 ± 5.28 177.10 ± 3.76 233.80 ± 7.40 267.50 ± 7.43 336.70 ± 8.46 

Malathion 140.00 ± 2.66 174.50 ± 6.63 257.50 ± 0.00 

Thyroxine 121.40 ± 5.00 169.00 ± 4.37 221.80 ± 5.77 275.00 ± 20.00 
Postnatal Treatment 

PTU 120.30 ± 5.83 175.00 ± 6.85 213.80 ± 1.25 340.00 ± 0.00 

Malathion 122.90 ± 6.31 185.80 ± 12.94 215.50 ± 3.91 260.60 ± 3.13 320.00 ± 0.00 

Thyroxine 116.10±4.85 188.80 ± 2.17 213.80 ± 6.25 262.50 ± 0.00 312.50 ± 0.00 

Values (Mean ± SEM) 
There is no Significant difference(P>0.05) in mean diameter of different ranges of developing follicles of control, pre- and postnatal treatment groups. 

absence of folli cles. 
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Figure 16: Diameter of developing follicles of control and treated female rats at 120 day of age. Data are 
expressed as Mean ± SEM.There is non significant (P>0.05) difference between control, pre- and postnatal 
treament groups. 

co 
It') 



TABLE 17: EFFECT OF PTU, MALATHION AND THYROXINE TREATMENT DURING PRE- AND POSTNATAL PERIOD ON DIAMETER OF 
OOCYTE OF DEVELOPING FOLLICLES OF FEMALE RAT AT 120 DAYS OF AGE. 

Groups Diameter of Oocyte of Developing Follicles 
n=10 101-150 \Jm 151-200 \Jm 201-250 \Jm 251 -300 \Jm 301-350 \Jm 

Control 42.88 ± 1.83 48.13 ± 3.44 51.25 ± 2.60 57.50 ± 0.00 
Prenatal Treatment 

PTU 44.1 0 ± 1.90 52.50 ± 3.18 61.88± 3.73 56.25 ± 8.57 61.67 ± 4.64 

Malathion 44 .1 7 ± 5.19 47.50 ± 3.26 55.00 ± 0.00 

Thyroxine 39.39 ± 1.89 49.50 ± 3.30 51 .79 ± 2.48 50.00 ± 7.50 
Postnatal Treatment 

PTU 43.06 ± 3.28 53.13± 7. 39 57.50 ± 0.00 45.00 ± 0.00 

Malathion 36.25 ± 2.87 36.67 ± 5.47 45.00 ± 1.77 53.75 ± 5.05 62.50 ± 0.00 

Thyroxine 43.21 ± 5.02 49.38 ± 3.59 52. 50 ± 2.50 35.00 ± 0.00 62.50 ± 0.00 

Values (Mean ± SEM) 
There is no significant difference (P>0.05) in mean diameter of oocyte in different ranges of developing follicles of control ,pre- and postnatal. 
treatment groups. absence of follicles and their oocytes. 

a> 

'" 



postnatal PTU, malathion and thyroxine treatment groups. Although the number of 

follicles of postnatal PTU (2.5±0.64) and thyroxine (2.5±0.86) treatment groups is 

slightly decreased as compared to control (5.00±0.58), but the variation is not 

significant (P>0.05). 

PRIMARY FOLLICLES: 

Mean number of primary follicles present in the ovaries of the rats in pre- and 

postnatal PTU, malathion and thyroxine treatment groups although vary from 

control, but this difference is not significant (P>0.05) as shown in Table18. 

DEVELOPING FOLLICLES: 

Number of different ranges of developing follicles in control, pre-and postnatal 

PTU, malathion and thyroxine treatment groups are shown in Table '18. Pre-and 

postnatal PTU, malathion and thyroxine treatment groups have no significant 

(P>0.05) difference in mean number of developing follicles in the range of 101 -

150~lm as compared to control. Prenatal and postnatal malahtion (1 .50 ± 0.86, 

1.50±O.64) and postnatal PTU (1 .50 ± 0.50) show a slight but non significant 

(P>O.05) decrease in number of developing follicles (1 01 -150~lm) as compared to 

control (3.25 ± 0.94). 
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TABLE 18: EFFECT OF PTU, MALATHION AND THYROXINE TREATMENT DURING PRE- AND POSYNATAL PERIOD ON THE NUMBER OF 
OVARIAN FOLLICLES OF FEMALE RAT OVARY AT 120 DAYS OF AGE. 

Groups Number of Graafian Number of Primary Number of Develoeing Follicles 
n=10 Follicles (351 -600IJm) Follicles (50-100\Jm) 101-150 J,lm 151-200 IJm 201 -250 IJm 250-300 IJm 301-350 IJm 

Control 5.00 ± 0.58 2.75 ± 0.25 3.25 ± 0.95 1.00 ± 0.58 1.00 ± 0.41 0.25 ± 0.25 
Prenatal Treatment 

PTU 3.00 ± 0.41 2.25 ± 0.75 2.50 ± 0.87 1.75 ± 0.48 1.00 ± 0.41 1.00 ± 0.41 

Malathion 2.75 ± 0.63 2.50± 1.1 9 1.50 ± 0.87 1.25 ± 0.95 0.25 ± 0.25 0.75 ± 0.75 

Thyroxine 3.75 ± 0.48 3.00 ± 0.82 2.25 ± 0.48 1.50 ± 0.87 1.50 ± 0.87 0.50 ± 0.29 
Postnatal Treatment 

PTU 2.50 ± 0.65 2.75 ± 0.75 1.50 ± 0.50 1.25 ± 0.25 0.50 ± 0.29 0.25 ± 0.25 0.25 ± 0.25 

Malathion 3.75 ± 1.25 3.25 ± 0.48 1.50 ± 0.65 0.75 ± 0.25 1.25 ± 0.75 1.00 ± 0.71 0.25 ± 0.25 

Thyroxine 2.50 ± 0.87 4.50 ± 0.50 2.75 ± 0.63 2.00 ± 0.91 0.75 ± 0.48 0.25 ± 0.25 0.25 ± 0.25 

Values (Mean ± SEM) 
There is no significant difference (P>0.05) in mean number of graafian, primary and developing follicles of control, pre- and postnatal treatment group. 
---= absence of follicles. 
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Developing follicles ranged from (301-350~lm) are not found in control, prenatal 

PTU and thyroxine treatment groups. Other treated groups in which these follicles 

are present show no significant (P>O.05) difference to one another. 

Mean number of all other different ranges of developing follicles does not have 

any significant (P>O.05) difference in pre-and postnatal PTU, malathion and 

thyroxine treatment groups as compared to control. 

SERUM ESTRADIOL: 

Serum estradiol concentration of control, pre-and postnatal PTU, malathion and 

thyroxine treatment group is shown in Figure 17. All the pre- and postnatal 

treatment groups show a slight reduction in serum estradiol levels as compared to 

control although the reduction is statistically non significant (P>O.05). 
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Figure 17: Serum estradiol concentration of control and treated rats 
at 120 day of age. Data are expressed as Mean ± SEM.There is no 
significant (P>0.05) difference in control, pre- and postnatal PTU, 
malathion and thyroxine treatment groups. 
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DISCUSSION 



In present study hypothyroidism is induced by giving 0.1 % PTU in drinking water 

of mothers, as also used by different investigators (Cooke et a!., 1992; Cooke et 

a!., 1993; Mendis-Handagama and Sharma, 1994; Hardy et aI., 1996; Simorargkir 

et aI., 1997).1t has been observed in present study that PTU treatment to mothers 

from conception to parturition reduces their pregnancies and litter size. These 

findings are in accordance with the results reported by Varma et al (1978) that 

maternal hypothyroidism resulted in fewer pregnancies and small litter size. The 

mothers in present study receiving PTU from conception to parturition have 

reduction in feed and water consumption during the treatment period. It has been 

observed by Cooke at al (1993) that mothers receiving 0.1 % PTU from parturition 
water ~( 

to 25 day postpartum showed reduction in1Uptake during the treatment period. \ 

The result of this study indicates an interesting phenomenon that mothers 

receiving 0 .1 % PTU from conception to parturition have reduction not only in 

water uptake but also in feed consumption during the treatment period. These 

trealed molhers gained little weight during the treatment due to the small intake of 

feed and water during the gestation period as compared to control mothers. As a 

consequence prenatal PTU treated pups have small but non significant reduction 

in body weight only at the time of birth as compared to control. 

Present study revealed that with in one week after the withdrawal of prenatal PTU 

treatment, mothers have marked increase in their feed consumption, water uptake 

and body weight. As the diet and health of mothers improved gradually, there was 

gradual increase in body weight of their pups. At the end of present experiment, 
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body weight of these treated pups are comparable to thosf3 of control. Therefore, 

it is concluded that PTU treatment during the prenatal period of life has a 

reversible effect on feed consumption, water uptake and body weight during the 

postnatal period of life. 

On the other hand, postnatal PTU treatment shows different results . Marked 

decrease in feed consumption, water uptake and body weight of mothers 

receiving PTU from parturition to 25 days postpartum is observed during the 

treatment period. Pups of these mothers start to loose their body weight along 

with the initiation of the treatment. These treated mothers refuse to take sufficient 

amount of water even after the add ition of Rooh-Afza to minimize the bitterness of 

PTU. Cooke et al (1993) also observed decreased water uptake of mothers 

receiving 0.1 % PTU from parturition to 25 days postpartum even after the addition 

of some agent to give good taste to water. 

Low survival rate (30%) of postnatal PTU treated pups is examined in the present 

study. It is possible that reduction in feed and water consumption of the mothers 

receiving PTU from parturition to 25 days postpartum leads to low amount of milk 
, 

production (containing sufficient amount of PTU), which does not fu lfil the 

nutritional requirement of their pups. Transfer of PTU through milk was reported 

by Kawada et al (1988) and Cooke et al (1993). Many of the pups die (70%) due 

to insufficient lactation and remaining alive (30%) have retarded growth and 

physical development. Different scientists studied the effect of PTU during 

postnatal period of life and reported, that the postnatal PTU treated pups have 
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retarded growth and physical development, delay in eye opening and teething, 

slow in responding to general environment and also have depressed body weight 

as compared to control (Meisami, 1984; Tamasy et aI., 1984; Kawada et aI., 1988; 

Akaike et aI., 1991; Madeira et aI., 1991; Cooke et aI., 1992; Madeira et aI., 1992; 

Madeira and Paula-Barbosa, 1993; Akaike and Kato, 1997). Result of present 

study are in agreement with the findings of all the above mentioned scientists, but 

interestingly it is noticeable in this study that postnatal PTU treated pups also 

have delay in fur development as compared to control. 

In current study control pups are active in response and behaviour at the time of 

weaning (28-30 days). While postnatal PTU treated pups are less active in 

response and behaviour at the time of weaning which is initiated between 35-37 

days postpartum. This delay in weaning process by 0.001 % and 0.1 % PTU was 

previously reported by Blake et al (1985) . One possible reason for this delay is 

that the pups start to take their feed themselves at a later stage. As they have 

depressed growth and physical development as compared to control. 

It is concluded from the present study that after the withdrawal of treatment, 

postnatal PTU treated pups although show gradual increase in growth, physical 

development and body weight but they are still smaller than control at 120 day of 

age. Similar decrease in body weight of postnatal PTU treated rats was observed 

by Blake et al (1985) with 0.01 % and 0.001 % PTU at 28 day of age and Dijkstra et 

al (1996) with 0.1 % PTU at 40 day of age. 
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It is documented by the present study that pre- and postnatal malathion treatment 

have no profound effect on body weight of treated pups. Akhtar et al (1996) have 

studied that administration of 0.06mg malathion to adult rats for 21 days does not 

effect their body weight. Effectiveness of malathion was studied in mice by Mufti 

and Asmatullah (1997). They documented that administration of high doses of 

mnlnillinll (?:l:l:l lln/n nw) to tno\lmrs cAusod foolnl mnrlnlily. sorrrolimo roolnl 

resol plioll and decrease In foelal body weight at 15th day of geslatioll. Plulll et al 

(1996) reported growth retardation in rats fed with high doses of 

malathion(240mg/Kg/day). 

Normal survival, growth and development of pre- and postnatal malathion treated 

pups have been observed in the present study. Similar results have been 

obtained by Clemens et al (1990) working with another organophosphate, 

Metasystox-R(MSR) (0.5, 1.5, 4.5mg/Kg)given from6-15 day postpartum. Present 

study indicates that dose of O.06mg malathion is too sma" to cause any alteration 

in feed consumption, water uptake and body weight or pups. High doses of 

malathion used over long period of time have embryo toxic and feto toxic effect or 

cause profound developmental abnormality such as polydactyle in mice (Mufti and 

Asmatullah, 1997). 

It was previously reported that thyroid hormones regulate the body metabolism, 

physical development and growth (Guyton, 1996). It was reported by Gill (1991) 

that hyperthyroidism increase the metabolic rate and decreased the body weight. 

67 



It was reported by Sesa and Pascual Leone (1984) that high doses of thyroxine 

administered to rats during their first week of life leads to a decrease in body 

weight. Current results corresponds to this finding, as postnatal thyroxine treated 

pups have significant (P<0.01) decrease in body weight. Decrease in body weight 

of male rats was found by Van Haaster et al (1993) by illducing hyperthyroidism 

with subcutaneous injection of 100l--lg triiodothyronine/Kg BW from 1-16 day 

postpartum. Interestingly it is examined in the present study that prenatal 

thyroxine treatment (0.25IJg) also causes reduction in body weight as compared to 

control. It is concluded that exogenous supply of thyroxine irrespective of pre- and 

postnatal treatment, is responsible for reduction in body weights of female pups at 

120 day of age. 

It has also been noted in present study that prenatal PTU treatment caused a 

slight but non Significant (P>0.05) increase in ovarian weight as compared to 

control. The consequences of hypothyroidism on the ovaries of rats have recently 

been studied by Dijkstra et al (1996). They induced hypothyroidism in prepubertal 

rats by giving 0.1 % PTU in drinking water of dams and pups from 0-40 day 

postpartum. Lower ovarian and body weight of hypothyroid rats was observed at 

21 and 40 day of age. Decrease in ovarian and body weight of postnatal PTU 

treated hypothyroid rats has also been observed in present study at 120 day of 

age. The result of present and previous (Dijkstra et aI., 1996) study indicate that 

postnatal PTU treatment from birth onward resulted in lowered body weight and 

gonadal weight not only in prepubertal rats (40 day of age) but also in pubertal 
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rats (120 day of age). Therefore it is concluded that gonadal weight of an animal 

has a correlation to its body weight. 

Regarding the number of ovarian follicles in 40 day old hypothyroid rats, Dijkstra 

et al (1996) found that their ovaries contain 13.1 % more secondary follicles with 

only two or three layers of granulosa cells and less antral follicles . Chan and Ng 

(1995) studied the effect of hypothyroidism induced by PTU (50l1g/g BW) on 

reproductive system of female mice at 14, 21 and 28 day postpartum. According 

to the result of their study, postnatal PTU treatment reduces the number of 

primordial, multilaminar and graafian follicles at 14, 21 and 28 day of age. Present 

study revealed no change in number of primordial follicles of postnatal PTU 

treated rats at 120 days of age compared to control. Whereas, small but 

statistically non significant (P>0.05) reduction has been found in number of 

developing follicles and graafian follicles at 120 days of age compared to control. 

Mattheij et al (1995) also reported that hypothyroidism reduces the number of 

follicles which are able to ovulate. 

Present sludy revealed no differe;lce in structure of primary, developing and 

graafian follicles compared to control. However, polyovular follicles have been 

observed in the ovaries of postnatal PTU treatment group. Polyovular follicles in 

rats have already been observed by Peters (1978). The development of 

polyovular follicle is not clear. It might be formed during the process of follicular 

organization. It could be possible that they represent some phenomenon of 
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follicu lar atresia. Or deficiency of estrogen is responsible for their development 

(Peters , ·1978). 

No difference was found in mean diameter of various classes of secondary 

follicles and their oocyte of postnatal PTU treated rats at 40 day of age compared 

to control(Oijkstra et aI., 1996). Results of pre~ent study correlate to this finding in 

the sense, that postnatal PTU treatment has no effect on diameter of developing 

follicles and their oocyte at 120 day of age compared to control. No effect have 

also been found on diameter of primary follicles . 

It was reported by Greenwald (1978) that in normal rats, follicles having diameter 

larger than 400IJm have an antral cavity. In current study the diameter of graafian 

follicles in control ovary is found to be 414.801Jm which correspond to this finding . 

Oijkstra et al (1996) noticed, increased diameter of advanced antral follicles in 

postnatal PTU treated rats at 40 day of age compared .to control. It has been 

found by the present study that prenatal PTU treatment caused a significant 

increase (P<0.001) in diameter of graafian follicle while, postnatal PTU treatment 

caused a slight but non significant (P>0.05) reduction in diameter compared to 

control. 

Present study revealed that graafian follicle of prenatal PTU treatment exhibit a 

slight but non significant (P>0.05) increase in thickness of their peripheral layers 

of granulosa cells compared to control. Whereas, postnatal PTU treatment 

caused small but non significant (P>0.05) decrease in thickness of peripheral 
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granulosa layer as compared to control. From these result it can be suggested 

that thickness of peripheral granulosa layer is one possible cause for increasing 

or decreasing the diameter of graafian follicles. Size of antral cavity, antral f luid 

and oocyte also contribute to the diameter of graafian follicles (Johnson and 

Everitt, 1995). 

Current study revealed increase in body weight, ovarian weight and diameter of 

graafian follicle of prenatal PTU treatment compared to control. While postnatal 

PTU treatment show reduction in body weight, ovarian weight and diameter of 

graafian follicles compared to control. These result corresponds to the finding of 

Espey (1978) that in a given species, the size of mature graafian follicle is 

proportional to the body weight of female. 

Roelofs and Kramer (1977) documented that first ovulation occurs only in rats with 

a body weight over 90gm. It is well established fact that formation of corpus 

luteum takes place after the ovulation in mammals (Niswender and Nett 1994). In 

this study number of corpora lutea are found both in pre- and postnatal PTU 

treated rats at 120 day of age. These pre- and postnatal PTU treated rats have 

body weights 155 ± 21.57 and 109 ± 17.97g respectively which is greater than 90 

gm.Corpora lutea of normal rats contain large and small luteal cells in equal 

proportion (Niswender and Nett, 1994) The corpora lutea of postnatal PTU treated 

rats in the present study also contain more population of large luteal cells as 

compared to control. Presence of luteal cells is indicative of steroidogenic activity 

of corpora lutea (Niswender and Nett 1994). 
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There is very little information regard ing the effect of hypothyroidism induced by 

malathion on ovarian function and structure in female rats. Present study revealed 

no effect of malathion during the pre- and postnatal period of life on ovarian 

morphology, histology and morphometery. Ovarian weight, size, diameter and 

number of primary, developing and graafian follicles and corpora lutea of pre- and 

postnatal malathion treated groups are more or less similar to that of control. 

Ozmen and Akay (1993) found no histopathological changes in ovaries of rats 

after giving two dosage levels of malathion (10 and 100mg/Kg/day) to adult rats 

for 15 weeks. Ahmad et al (1993) studied the effect of another organophosphate 

on ovarian function and structure of rats. He found that administration of 

chlorpyrifos (7 and 14mg/Kg/day) to neonates rats from 8-23 day postpartum 

decreases the weight of female reproductive organs. It is concluded that dosage 

level of malathion (0.06mg) used in this study is too small to exert any toxic effect 

on ovarian function and structure. 

Scanty information is available concerning the effect of pre- and postnatal 

thyroxine treatment on ovarian function and structure. In present study 

hyperthyroidism is induced during postnatal period of life by giving daily 

subcutaneous injection of 0.31-1g thyroxine/g B.W to female pups from birth to 25 

day postpartum. Subcutaneous injection of thyroxine to induce hyperthyroidism 

was also used by different investigators (Lakshmanan et aI. , 1986; Lakshmanan 

and Landel, 1986; Paternostro and Meisami, 1991; Dipple et aI., 1993). At the end 

of experiment (120 day of age) decrease in ovarian weight is observed. These 
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results are in agreement to the findings of Besa and Pascual-Leone (1984) that 

Ille adrn ini sl f'8lion of thyroxine during the f ir s t w eel< of life result s in decreased 

gonadal weight compared to control. These results also coincide with the work of 

Fitko and Szlezyngier (1994) who noticed diminished ovarian size in hyperthyroid 

rats in comparison to control. Pre- and postnatal thyroxine treatment exert no 

effect on number and diameter of primary, developing and graafian follicles 

compared to control. Polyovular follicles also observed in postnatal thyroxine 

treatment group. Regarding the corpora lutea, in postnatal thyroxine treatment 

greater number of large luteal cells have been found compared to control. 

In present study concentration of serum estradiol shows no difference among 

control, pre- and postnatal PTU, malathion and thyroxine treatment groups. 

Although postnatal PTU and thyroxine treatment group have a small decrease in 

serum estradiol concentration as compared to control, but this decrease is 

statistically non significant (P>O.05). In control, pre- and postnatal PTU, malathion 

and thyroxine treated groups, there was no difference in the number of ovarian 

follicles and thickness of peripheral layer of granulosa cells . Finally it is possible 

that PTU, malathion and thyroxine do 110t exert any effect on FSH and LH 

receptors present on the granulosa cells to alter estrogen production. The 

granulosa cells are involved in steroidogenic activity (Johnson and Everitt, 

1995).Hence, there is no significant (P>O.05) difference in serum estradiol 

concentration of control, pre- and postnatal PTU, malath ion and thyroxine 

treatment groups. 
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In summary it is concluded from the present study that successful treatment of 

0.1 % PTU to immature female rats from 0-25 day postpartum effect the growth, 

physical development caused a decrease in body weight and ovarian weight at , 

120 day of age. Treatment of immature rats with 0.3~lg thyroxine/g BW from 0-25 

day postpartum also decrease the body and ovarian weight. This indicate the 

importance of thyroid hormone during the early postnatal period of life regarding 

the growth, physical development and ovarian weight. While pre- and postnatal 

malathion and prenatal PTU and thyroxine have no profound effect on ovarian 

morphology, histology and morphometery. All the treatment during the pre- and 

postnatal period of life do not alter the concentration of estradiol at 120 day of 

age. 
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