
THE EFFECTS ON THE

REPRODUCTIVE ORGANS OF

MICE FOLLOWING IN

UTERO EXPOSURE TO KEPONE

Submitted in Partial Fulfillment of the Requirements 

for Graduation with Honors for the Department of Biology at

Carroll College, Helena, Montana

Shull Lemire

March 30, 1979

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA

CORETTE LIBRARY CARROLL COLL



/?7f

This thesis for honors recognition has been approved for the

Department of Biology by:

n

A AxA
Dr. J^rnes J. Manion, Advisor

March 30, 1979



ACKNOWLEDGEMENTS

I would like to thank Dr. Eroschenko of the University of Idaho 

for helping me get started and offering invaluable advice, Dr. Manion 

for his advice, and Fr. Harrington for his advice and supplies. I 

would also like to thank Judy Savage for her greatly needed assistance 

in preparing slides and Dr. List, Dr. Rizzo, and Dr. Pfeiffer for 

their histological help. Finally, special thanks goes to my father 

who kept me going on this study and did all he could to help me.



TABLE OF CONTENTS

ABSTRACT .......................................................................................................................... i

LIST OF TABLES . .................................................................................................... ii

INTRODUCTION ........................................................................................................... 1

MATERIALS AND METHODS ........................................................................................ 3

RESULTS AND DISCUSSION ................................................................................... 4

CONCLUSION................................................................................................................ 12

LITERATURE CITED ................................................................................................. 14



ABSTRACT

Twelve pregnant Swiss-Webster mice were injected, intraperitoneally 

with Kepone on days 7-16 of gestation. Four mice received 0.1 ml of 

2.5 mg of Kepone dissolved in 1.0 ml of sesame oil; four mice received 

0.1 ml of 5.0 mg of Kepone dissolved in 1.0 ml of sesame oil; and the 

last four mice received only 0.1 ml of sesame oil.

Litter size was reduced for those injected with Kepone. The male 

test progeny had a more rapid initial testicular development than the 

controls, but this slowed until at maturation, testicular development 

and histology were the same as the controls. The female test progeny 

had decreased corpus luteum formation, and a greater number and size

of developing follicles than the controls; although both female test 

groups showed these abnormalities, only those receiving 5.0 mg of 

Kepone were significantly affected.
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INTRODUCTION

In 1951, Allied Chemical obtained a patent for a new insecticide, 

Kepone* (decachloro-octahydro-1,3,4-metheno-2H-cyclobuta[cd]pentalen- 

2-one, or chlordecone). The insecticide was used to control the 

banana root borer, tobacco wireworm, ants, cockroaches, and other

domestic insect pests.

Relatively little information on Kepone reached the public until 

1975. At that time the Life Science Co. manufactured Kepone in 

Hopwell, Virginia for Allied Chemical. Here, through gross negligence, 

the insecticide polluted the factory and both the land and water around 

Hopwell. At least 75 of the 149 factory workers were hospitalized 

with symptoms varying from tremors, hyperexcitability and hyperactivity 

to liver damage and sterility (Raloff, 1976). As a result, Kepone man

ufacture stopped, and its use replaced by a similar insecticide, Mirex. 

(Sterrett, 1977). What biological effects are to be gained by this is 

at present unknown, as 5-10% of all Mirex decomposes to Kepone in the 

presence of anareobic microbes and artificial and natural light 

(Sterrett, 1977)•

Kepone's mode of action, to date, is not fully understood. For

ethical reasons little study has been done on humans. Kepone is

believed to be absorbed from the intestine, stored in adipose, and then

released into the blood where it is captured by the liver and combined 

with bile; from there it reenters the intestine and, released from the 

bile, enters into this cyclic process again (Raloff, 1976; Anonymous,

* Supplied by Allied Chemical, Morristown, New Jersey



1976). Once in the blood., the Kepone may travel to other parts of 

the body.

Past laboratory experiments have shown Kepone induced scoliosis 

in fish, with eventual breakage of the spine (Couch et al., 1977).

Also, hepatomas are reported in treated rats, mice, and dogs (Raloff, 

1976). Other studies reveal Kepone causes mice to be in constant 

estrus (Huber, 1963) and reduced reproductivity in the bobwhite and 

Japanese quail, pheasant (McFarland and Lacy, 1969; Le Witt et al., 

1962; Eroschenko, 1978), and rats and mice ( Good et al., 1965; Rogers 

and Chernoff, 1976; Huber, 1963). All disorders increased in severity 

with increasing Kepone concentration and duration of ejjposure.

With regard to reduced reproductivity, little is known other 

than reduced litter size and the constant estrus effect inhibiting 

normal ovulation. Studies on Japanese quail testes reveal enlarged 

and atrophic testes with reduced sperm count and other abnormalities 

(Eroschenko, 1978). This report continues the reproductive study to 

determine whether any structural differences appear in the testes and

ovaries of mice exposed to the insecticide in utero. While some of the

testes and ovaries of the newborn are examined at birth, others are 

allowed to mature in case the abnormalities, if any, undergo reparation
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MATERIALS AND METHODS

In this study 12 male and 12 female Swiss-Webster mice* were used. 

One male and female were placed in each of 12 plastic cages with wire 

tops and allowed to mate. The pairs of mice were equally divided into 

three groups and fed Purina Rat Chow and water ad libium.

The Kepone was dissolved in sesame oil. One test group received 

0.1 ml of 2.5 mg of Kepone per 1.0 ml of oil, and another group 

received 0.1 ml of 5«0 mg of Kepone per 1.0 ml of oil. The control 

group received only 0.1 ml of sesame oil. Only the females were in

jected, and this was done intraperitoneally on days 7-16 of gestation. 

Day one of pregnancy was determined by the presence of a vaginal plug.

The females and their offspring were observed daily to note tremors, 

mortality, or other abnormalities.

At birth, individuals of each litter were weighed, and their weight 

averaged per test group. Then, one-half of the newborn males and 

females of each litter were sacrificed and fixed in 10^ formalin. The 

remaining animals of each litter were again weighed at 45 days of 

maturation, sacrificed, and fixed in 10^ formalin.

The testes and ovaries of each group, both newborn and mature, 

were removed, embedded in parafin, sectioned, stained with hematoxylin 

and eosin, and compared microscopically. For statistical analyses, the

Student’s t test was used.

* Supplied by the University of Montana, Missoula, Montana.^
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RESULTS AN1) DISCUSSION

No tremors or abnormalities were observed at any time in either 

the injected females or their offspring. Also, no mortality was 

noted for the injected females.

The number of progeny and those progeny sacrificed at birth are

shown in the table below.

TABLE 1

NUMBER OF INDIVIDUALS BORN TO KEPONE INJECTED FEMALE
MICE AND NUMBER OF PROGENY SACRIFICED AT BIRTH

Dosage Number of Offspring Number Sacrificed at Birth

Total ?_ Total

Control3,

Case 1 8 6 14 4 3 7
Case 2 9 5 14 4 2 6
Case 3 4 8 12 2 4 6
Case 4 0 0 0 0 0 0
„ b
2.5 mg
Case 1 3 1 4 1 0 1
Case 2 3 2 5 2 1 3
Case 3 0 0 0 0 0 0
Case 4 4 2 6 2 1 3
c „ c 5.0 mg

Case 1 0 0 0 0 0 0
Case 2 0 0 0 0 0 0
Case 3 0 4 4 0 2 2
Case 4 9 6 15 4 3 7

a. 0.1 ml of sesame oil injected intraperitoneally :into the mother
after mating.

b. 0.1 ml of 2.5 mg Kepone per 1.0 ml of sesame oil injected intra-
peritoneally intci the mother after mating.

c. 0.1 ml of 5.0 mg Kepone per 1.0 ml of sesame oil injected intra-
peritoneally into the mother after mating.

4



The combined number of offspring for the control group is 40; for the

2.5 mg group the number is 15 and for the 5«0 mg group 19. Compared 

to the controls, this represents a 62.5% reproduction decrease for 

the 2.5 mg group, and a 52.5% decrease for the 5«0 mg group. Earlier 

studies have shown a reduced reproductivity when Kepone was adminis

tered before mating (Huber, 19^5? Good et al., 1965; Chernoff and 

Roger, 1976); the Kepone induced a prolonged stimulation of FSH and 

estrogen, but insufficient LH stimulation, thus preventing normal 

ovulation (Huber, 1965)- In present study, Kepone was adminis

tered after mating. For normal uterine implantation of the fertilized 

egg, a delicate balance of estrogen and progesterone is required.

With the decrease in LH, corpus luteum formation will be abnormal and 

thus resulting in a reduction of progesterone secretion. With the 

increase in estrogen and decrease in progesterone, the balance cannot 

be properly maintained, and implantation may not occur for some or all 

of the eggs. This could account for the current reduction; however, 

this hypothesis remains to be proven. Sterility in either sex, failure 

of the sperm to reach the egg, or cannabalism may also account for the

zero births in all groups.

The only dosage-related progeny deaths occurred in group 4 of the 

5.0 mg group; all those not sacrificed died within 2 days of birth.

The average weight of the offspring are shown in Tables 2 and 3. 

The overall greater weight in the experimental groups may be due to 

accumulation of Kepone in the body tissues, although no actual deter

mination was made. An earlier study revealed that when a Kepone- 

infested mouse gave birth, her offspring had accumulated the chemical 

in their brains, livers, and stomachs (Huber, 1965).
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TABLE 2

AVERAGE WEIGHT OF NEWBORN MICE FOLLOWING POST-INSEMINATION 
TREATMENT OF MATERNAL PARENTS WITH KEPONE

Dosage Average
_______  Wei£ht_Xg}

Control3 1.8070 (4O)d
2.5 mg 2.0204 (15)
5.0 mg° 1.6673(19)

% Greater Than 
Control

Less Than 
Control

a. 0.1 ml of sesame oil injected, intraperitoneally.
b. 0.1 ml of 2.5 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
c. 0.1 ml of 5.0 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
d. Number of offspring in each group is shown in parentheses.

TABLE 3

AVERAGE WEIGHT OF MATURE (45 DAYS) MICE FOLLOWING P0ST-INSE4INATI0N 
TREATMENT OF MATERNAL PARENTS WITH KEPONE

Do sage 

Control3,

Average Weight (g) Greater Than Control

d"
$ I 

2.5 mg

J*
$

c n c 5-0 mg

25.6449 (11)
23.1847 (10)

34.5480 (5)
31.3040 (3)

0.0®
27.4970 (2)

35%
35%

19%

a. 0.1 ml of sesame oil injected intraperitoneally.
b. 0.1 ml of 2.5 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
c. 0.1 ml of 5.0 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
d. Number of offspring in each group is shown in parentheses.
e. No males in this group reached maturity.
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Ab stated earlier, the testes and ovaries of the newborn and 

mature mice were removed and weighed. However, no weights were 

recorded of the testes and ovaries taken from the newborn. The adipose 

attached to these organs was too difficult to remove without destroy

ing the organs, and weighing the adipose plus testes or ovaries would 

have given inaccurate figures. The weights of the mature testes and 

ovaries are listed in Tables 4 and 5«

TABLE 4

AVERAGE COMBINED WEIGHT OF THE TESTES, DUCTI EFFERENTES, CAPUT 
EPIDIDYMIS, CORPUS EPIDIDYMIS, AND CAUDA EPIDIDYMIS TAKEN FROM

MATURE (45 DAYS) MALE MICE FOLLOWING POST-INSEMINATION TREATMENT 
OF MATERNAL PARENTS WITH KEPONE

Dosage Average Weight (g) % Greater Than Control

Control^ 0.1183 (11)^ -
2.5 mg 0.1^47 (5) 14^
5.0 mg 0.0 -

a. 0.1 ml of sesame oil injected intraperitoneally.
b. 0.1 ml of 2.5 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
c. 0.1 ml of 5.0 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
d. Number of mice in each group is shown in parentheses.
e. No males in this group reached maturity.
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TABLE 5

AVERAGE COMBINED WEIGHT OF THE OVARIES AND OVIDUCTS 
TAKEN FROM MATURE (45 DAYS) FEMALE MICE FOLLOWING 

POST-INSEMINATION TREATMENT OF MATERNAL PARENTS WITH KEPONE

Dosage Average Weight (g) % Greater Than Control

Controla 0.00375 do)d
2.5 mgb 0.00535 (3) 43%
5«0 mgC 0.00933 (2) 149%

a. 0.1 ml sesame oil injected intraperitoneally.
b. 0.1 ml of 2.5 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
c. 0.1 ml of 5.0 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
d. Number of mice in each group is shown in parentheses.

Externally, the gross appearance and size, 6 mm x 8 mm., of the 

mature testes were the same for both the experimental and control 

groups. Earlier studies state that Kepone directly administered to 

mice accumulates in their gonads (Huber, 1965; Chernoff and Rogers, 

1976), and this may account for weight gains; unfortunately, no study 

was made to determine if the weight increase shown here was due to 

Kepone accumulation. However, if the insecticide were present, 

structural changes in the testes would also be present.

Histologically, while the immature excurrent ducts in both the

control and test groups were starting to open and had a well defined

columnar epithelium, the immature seminiferous tubules of the experi

mental groups had more spermatogonia and gonocytes than the controls,

as shown in Table 6.
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TABLE 6

AVERAGE NUMBER OF GONOCYTES AND IMMATURE AND MATURE (45 DAYS) 
SPERMATOGONIA PER SEMINIFEROUS TUBULE IN MICE FOLLOWING 

POST-INSEMINATION TREATMENT OF MATERNAL PARENTS WITH KEPONE

Dosage
Average Number 
of Gonocytes

Average Number 
of Immature

Spermatogonia

Average Number 
of Mature

Spermatogonia

Control3, 3.6 (io)d 17.4 (10) 60.6 (10)
2.5 mgb 4.7 (5) 25.6 (5)® 56.6 (5)
5.0 mgc 4.2 (4) 22.7 (4)f o.oe

a. 0.1 ml of sesame oil injected, intraperitoneally.
b. 0.1 ml of 2.5 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
c. 0.1 ml of 5.0 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
d. Number of mice in each group is shown in parentheses.
e. £< 0.01, significantly different from control.
f. £ < 0.05, significantly different from control.
g. No males in this group reached maturity.

Thus, contrary to reports that Kepone disrupts testicular development 

and spermatogenesis in animals (Chernoff and Rogers, 1976; Eroschenko, 

1978), this indicates the insecticide stimulates initial testicular 

development. Apparently, Kepone induces some germ cells in the male 

embryo to differentiate faster than normal. However, as the testes 

mature, the stimulatory effect is replaced by an inhibitory one. Past 

a certain maturation point, the cells of the treated animals differ

entiate slower than normal, until, at maturation, both the control and

2.5 n>g groups appear the same. The mature testes in both groups had

approximately the same number of spermatogonia, as can be seen in 

Table 6. Also, the mature testes in these groups had seminiferous 

tubules with a multilayered germinal epithelium in which all stages 

of spermatogenesis and prominent clumps of maturing spermatozoa were

9



seen; the interstitial tissue and Leydig cells were normal in both 

groups, and the excurrent ducts in all were packed with mature 

spermatozoa. No males in the 5*0 mg group survived to make compar

isons, but extrapolating the initial data, the same results would be 

expected. Thus, no severe disruption seems to occur in the testes

when exposed to Kepone in utero.

The effects of Kepone on the mature ovaries are shown in Table 7» 

Unfortunately, the ovaries of the newborn females were lost in the

slide preparation process.

TABLE 7

AVERAGE NUMBER OF CORPUS LUTEUM AND DEVELOPING FOLLICLES PER 
MATURE (45 DAYS) OVARY IN MICE FOLLOWING POST-INSEMINATION

TREATMENT OF MATERNAL PARENTS WITH KEPONE

Dosage Average Number of 
Corpus Luteum

Average Number of 
Devevloping Follicles

Control3, 9-2 (io)d 17.8 (10)
2.5 mgb 6.6 (3) 21.3 (3)
5.0 mgc 1.7 (2)e 31.3 (2)f

a. 0.1 ml of sesame oil injected intraperitoneally.
b. 0.1 ml of 2.5 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
c. 0.1 ml of 5.0 mg Kepone per 1.0 ml sesame oil injected intraperi

toneally.
d. Number of mice in each group is shown in parentheses.
e. £< 0.001, significantly different from control.
f. £< 0.01, significantly different from control.

The oviducts of the test groups were the same as the control,

all free of debris and bordered by a good columnar epithelium. As 

for the ovary itself, only the 5«0 mg group had significant differences
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from the control. Corpus luteum formation was retarded, and the

number of maturing follicles was greater when compared to the controls.

This indicates the treated ovaries were under a prolonged stimulation 

of PSH and estrogen, but insufficient LH stimulation. These results 

agree with earlier studies and indicate the possibility of abnormal 

or decreased ovulation and thus reduced reproductivity. However, an 

earlier study shows that normal ovulation in mice resumed after 6 weeks 

following withdrawal from a Kepone diet (Huber, 1965). In the present 

study, the mice had been free from Kepone administration for more than 

6 weeks and still had ovarian abnormalities. Thus, the lasting effects 

of Kepone on the female reproductive organs may be longer than first 

thought. Also, both test groups had larger follicles than the control, 

and this may be the reason for the weight increase in the test groups’ 

ovaries; the external dimensions of the ovaries in all groups were the 

same, 2 mm x 3 mm. Kepone accumulation may also be a reason for the 

increased weights, but this was not determined.
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CONCLUSION

The influences such as those observed in this study may be of 

great importance to the future reproduction of animals exposed to 

Kepone in utero. First, the insecticide appears to interfere with 

normal egg implantation in the uterus by disrupting the needed hor

mone balance, resulting in fewer implantations, and thus, diminished

reproductivity results. Second, this insecticide appears to cross 

the placental barrier and invade the developing embryo, the sex of 

which determines how it will be affected. Testicular development in 

the male is at first greatly stimulated and then slowed later, but

no overall deleterious effects result. This is not so with the female

the hormonal imbalance caused by Kepone disrupts normal ovulation 

(Huber, 1965). This imbalance may reverse itself once Kepone exposure 

halts so normal ovulation may proceed (Huber, 1965), but the present 

report indicates this reversal takes considerably longer than pre

viously indicated, if at all. This is of particular importance to 

women exposed to Kepone. Because mice and other animals ovulate 

more than one egg in each estrus cycle, they still may be able to 

bear young after Kepone exposure. Women, however, usually ovulate 

only one egg during each menstrual cycle. In the presence of Kepone 

or because of its lasting effects even after the insecticide has been 

excreted, ovulation may never occur, and for all practical purposes,

the woman will be sterile.

Drugs such as cholestyramine, which binds with the insecticide

in the intestine and accelerates its excretion, havebeen administered

to males to increase their sperm count following .Kepone exposure 

(Anonymous, 1976, 1978). Hopefully, this drug, or drugs like it, can

12



do the same for ovulation in women and return affected women to their

normal reproductive capabilities.
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