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Abstract--The effect of the pesticide, chlordecone, on murine follicular development was examined. Female 
CD-1 mice were exposed to chlordecone for 5 consecutive days for each of 4 consecutive weeks (0.25 mg/day). 
Controls received sesame oil vehicle or estradiol-17[3 (E-17~; 0.1 rag/day) since chiordecone has been ascribed 
estrogenic activity. Animals were sacrificed 24 h following the final exposure. Ovaries were removed, serially 
sectioned, and stained. Follicles were classified as small, medium, or large and were tabulated. Twice as many 
medium-sized follicles were found in the E-1713-treated mice as in both the chlordecone-exposed and sesame oil 
control groups. Both pesticide- and E-1713-exposed mice displayed a much higher percent of atresia in the large 
follicles; however, there were more actual healthy, large follicles in the E-1713 group. Thus, both chlordecone and 
E-17~ induced increased atresia among large follicles, which could be due to the estrogenicity of these agents. 
However, a decreased pool of healthy large- and medium-sized follicles occurred in chlordecone-treated mice, a 
condition not seen in E-1713-treated mice. Thus, the pool of potentially ovulatory follicles is reduced in the 
pesticide-treated animals. 
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INTRODUCTION 

Chlordecone (Kepone), a polycyclic chlorinated pesti- 
cide, is characterized as a reproductive toxin, since 
exposure to it has been shown to result in infertility in 
both male and female rodents (1,2). The cause of this 
infertility has eluded investigators. Some investigators 
reported this loss of fertility to be linked to the induction 
of persistent vaginal estrus (PVE) (1,3,4). A mouse is 
considered to be in PVE when its vaginal smear exhibits 
a cornified appearance for 4 consecutive days. Huber (1) 
theorized that it was a chlordecone-induced block of the 
preovulatory LH surge that caused the PVE. More 
recently, Uphouse and coauthors (5) observed that PVE 
occurred even in chlordecone-treated mice without block- 
age of the proestrus surge of LH. 

Estrogenic activity has been attributed to chlorde- 
cone, since it has an affinity for binding to estrogen 
receptors in the cytosol (6) and since it increases uterine 
weight when administered to immature rodents (7). 
Swartz and coauthors (8) reported that mice exposed to 
either chlordecone or estradiol-17[3 (E-1713) both dis- 
played PVE as early as 10 days of exposure; however, 
when these groups of animals were induced to ovulate 
with a superovulatory regimen of pregnant mare's serum 
gonadotropin (PMSG) and human chorionic gonadotro- 
pin (hCG) following a 4-week exposure to chlordecone, 
those mice exposed to chlordecone failed to respond 
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normally, whereas E-1713 treated animals ovulated large 
numbers of oocytes in response to the exogenous gona- 
dotropins. This suggested that, although both chlorde- 
cone and estrogen were exhibiting similar effects on 
vaginal cytology, different effects might be exhibited on 
the ovary. Such effects appear to be due not to the 
estrogenic activity of the chlordecone but rather to its 
toxic effects. 

The fact that fewer oocytes were stimulated to 
ovulate in chlordecone-exposed mice implies that the 
infertility observed in such animals in earlier studies 
resulted from fewer oocytes being ovulated. However, 
the reason for an absence or a reduced number of 
ovulated oocytes from chlordecone-exposed animals is 
not known. It could be due to a reduction in the pool of 
oocytes that respond to the gonadotropic stimulus, or 
there could be a pesticide-induced effect directly on the 
ovulatory process. Although the effects of many toxic 
agents on the female reproductive system have been 
evaluated, little attention has been directed toward ex- 
amining the morphologic status of the components of the 
pesticide-exposed adult ovary. A few reports exist on the 
histologic condition of ovaries exposed to pesticides, but 
these exposures took place in the neonatal period. 
Heinrichs and coauthors (9) observed cystic follicles and 
a reduced number of corpora lutea in rats exposed 
neonatally to DDT. Gellert (7) reported an increased 
incidence of cystic follicles in ovaries exposed to DDT 
neonatally. The purpose of this study was to perform a 
detailed histologic assessment of the ovary following 
exposure of the adult mouse to chlordecone for 4 weeks 
in order to detect a morphologic basis for the decreased 
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ovulatory response observed following exogenous go- 
nadotropin stimulation. 

MATERIALS AND METHODS 

Adult virgin female CD-I  mice (Charles River 
Breeding Laboratories, Wilmington, MA) were used in 
this study. Mice, aged 7 to l0 weeks, were housed in 
animal quarters with a 14:10 light:dark cycle. Food and 
water were provided ad libitum. After a 7 day period of  
acclimatization, mice were randomly distributed into 3 
major treatment groups: l) a chlordecone-treated group, 
2) a group treated with estradiol-1713, and 3) a sesame oil 
vehicle control group. 

Mice were exposed to these agents for 4 weeks. 
Weekly procedures consisted of  5 consecutive daily 
exposures followed by 2 days of  no treatment. This 
timetable was established to mimic an ordinary five-day 
work week, which would represent the maximum weekly 
exposure to which a female working with such a com- 
pound might be subjected. 

Chlordecone (98% purity; Chem Service, West 
Chester, PA) was dissolved in sesame oil and adminis- 
tered in a 0.25 mg dose (8 mg/kg). This dosage has been 
shown to inhibit the ovulatory response to exogenous 
gonadotropins without eliciting any observable neuro- 
toxic effects during the duration of  exposure (8). Estra- 
diol-1713 (E- 1713) (Sigma, St. Louis, MO) was administered 
at a dose of  0.1 mg dissolved is sesame oil. Control mice 
received the sesame oil vehicle only. All compounds 
were administered by oral gavage in a 0.2 mL volume of  
sesame oil. 

Animals were sacrificed by cervical dislocation 24 
h following the final exposure of the 4th week. Both 
ovaries were removed and were prepared for histologic 
evaluation. Ovaries were fixed in Bouin's fixative for 
approximately 72 hours. Following alcohol dehydration, 
tissues were embedded in paraffin, then serially sec- 
tioned at 8 I~m and stained with hematoxylin and eosin. 
Sections of  both ovaries of  each mouse were examined 
under a light microscope, and the general histological 
appearance of  the ovary was assessed. Follicles were 
classified according to Chen and coauthors' (10) modi- 
fication of  the method of  Pederson and Peters (11). This 
classification is as follows: 

Small - -  smallest oocyte still without follicle cells to 
an oocyte surrounded by no more than a 
single layer of  follicle cells; 

Medium --  those containing growing oocytes surrounded 
by more than one layer of  follicle cells and 
having no antrum; 

Large - -  antral follicles including preovulatory ones. 

These follicle counts were performed by examining 
every 10th section of  each ovary and tabulating only 
those follicles in which the nucleus of  the oocyte was 
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Table 1. Mean numbers of follicles present in both ovaries 
of mice following 4-week exposure to chlordecone 

Types of follicles* 

No. of 
Treatment mice Small Medium Large 

Chlordecone 11 190.1 _+ 32.8~:~§ 103.8 _+ 11.8§ 27.5 ± 3.2 
Estradiol-1713 7 368.0 ± 47.5 231.9 _+ 41.0:~ 28.0 ± 8.3 
Sesame Oil 9 279.2 - 39.6 116.2 ± 7.8 21.3 _ 2.5 

*Tabulations made on every 10th section. 
?Standard error of the mean (SEM). 
:~P < 0.05 (chlordecone or estradiol-1713 compared to sesame oil). 
§P < 0.05 (chlordecone vs estradiol-1713). 

visible. These data were then compared and statistical 
significance was determined using the Student t test. 

While compiling the data, it appeared as if there 
were a large number of  large follicles undergoing atresia 
in the ovaries of chlordecone-treated mice. In order to 
statistically verify this observation, the ovaries were 
reexamined. This time each section of  both serially 
sectioned ovaries was examined for the presence of large 
follicles over 300 Ixm in their widest diameter. Follicles 
were classified as healthy or atretic according to the 
characteristics described by Mandl and Zuckerman (12,13) 
for antral follicles. Specifically, this characterization 
consisted of seeing more than three pyknotic cells in the 
granulosa cell layer, a free-floating oocyte detached 
from the granulosa cells, or an obviously degenerated 
oocyte. The percentage of  atretic large follicles was 
determined and then compared among the three groups 
for statistical significance using the Student t test. 

RESULTS 

The data to be presented here consist of  not only a 
comparison of  the data between chlordecone-treated 
mice and those treated with the sesame oil vehicle 
control, but also between the pesticide-exposed mice and 
the E-1713-treated mice. This latter comparison is in- 
tended to determine whether any of  the observed effects 
elicited by the chlordecone might be due to its inherent 
estrogenic activity. 

In tabulating the number of  different-sized follicles 
in the 3 different groups of animals, there were no 
differences in the total number of  large follicles present 
when examining every 10th section (Table 1). With 
respect to medium-sized follicles, sesame oil controls 
contained a mean of  116.2 _ 7.8 follicles, which did not 
differ from the chlordecone-treated mice (103.8 -+ 11.8). 
The number of  medium-sized follicles in the E-1713 
group was significantly higher than both sesame oil 
controls and chlordecone-treated mice. In fact there were 
twice as many medium-sized follicles in the estrogen- 
treated animals as in each of the other two groups 
(Table 1). 



Chlordecone and follicular toxicology • W. J. Swnaax and G. M. MALL 205 

Table 2. Mean number and condition of large follicles in 
both ovaries of mice exposed to chlordecone for 4 weeks 

Large follicles* 
Treatment Total Healthy Atretic % Atretic 

Chlordecone 58.7 - 5.81" 18.5 --- 1.9:~§ 40.1 ___ 5.1 68.3 
Estradiol-1713 69.6 --- 6.7 25.4 --- 2.7 44.2 _+ 4.3:~ 63.5 
Sesame Oil 58.1 --- 7.3 28.4 --- 6.0 29.7 -+ 3.4 51.1 

*Tabulations made on every section. 
~'Standard error of the mean (SEM). 
:~P < 0.05 (chlordecone or estradiol-1713 compared to sesame oil). 
§P < 0.05 (chlordecone compared to estradiol-1713). 

A significantly reduced number of small follicles 
was observed in chlordecone-treated mice when com- 
pared to both E-1713 and sesame oil control mice (Table 
1). The number of small follicles found in E-1713-treated 
mice was not significantly different from that in sesame 
oil controls. 

When evaluating only large follicles in every sec- 
tion of the ovaries, it became readily apparent that there 
was a high percentage of large follicles that were atretic 
not only in chlordecone-treated mice (68.3%), but also 
in the E-1713-exposed mice (63.5%). Sesame oil control 
animals displayed a much lower percentage (51.1%) of 
visible atresia in their large follicles (Table 2). Since the 
actual numbers of large atretic follicles were quite 
similar in chlordecone and E-1713 treated mice and since 
the total number of large follicles (healthy and atretic) 
present, when examining every section, was greater in 
ovaries from E-1713 treated mice, it follows that the 
mean number of healthy large follicles in mice treated 
with E- 1713 (25.4 ___ 2.7) was greater than that of chlorde- 
cone-treated mice (18.5 _ 1.9) (Table 2). 

DISCUSSION 

The ovary of the adult mouse exposed to 0.25 mg 
chlordecone for 4 weeks fails to respond normally to 
exogenous gonadotropins (8). This diminished response 
could have its basis in an alteration of a specific 
reproductive process or a combination of several such 
functional activities. Possible explanations include a 
decrease in the pool of oocyte/follicle cell complexes 
able to respond to the gonadotropins, possibly due to an 
alteration in endogenous gonadotropin secretion during 
the chlordecone exposure. Chlordecone could also in- 
duce a physical impediment to ovulation such as occurs 
in the luteinized unruptured follicle syndrome where 
granulosa cells undergo premature luteinization (14). 
This chlorinated pesticide could also alter receptor sites 
for gonadotropins on ovarian cells. 

Chlordecone has been shown to possess estrogenic 
activity (6). Chlordecone produces disturbances in repro- 
ductive parameters similar to those induced by estradiol- 

1713. Estrogenic substances have been reported to disrupt 
the ovulatory responses in laboratory animals when such 
animals are exposed either prenatally or postnatally. 
Prenatal exposure of mice to diethylstilbestrol resulted in 
average numbers of follicles of all sizes; however, these 
females produced 70% fewer ova than controls when 
stimulated by gonadotropic hormones (15). GeUert (7) 
reported that neonatal exposure of rats to chlordecone 
induced precocious vaginal opening and anovulation. 
The induced anovulation caused by these agents when 
administered to prenatal or newborn animals is a result of 
the disruption of the normal differentiation of the hypo- 
thalamic-pituitary system, which in turn alters or inhibits 
normal secretion of both FSH and LH, gonadotropins 
necessary for normal follicular development and ovulation 
(16). However, very little information is available regard- 
ing exposure of adult mice to estrogenic compounds after 
the hypothalamic-pituitary axis is fully differentiated. 

The data presented here show interesting differ- 
ences when the numbers of the different-sized follicles 
are compared between chlordecone-exposed mice and 
controls. Two types of controls were employed in this 
experiment: the first, a vehicle control consisting of 
sesame oil only; the second, an E-1713 control. The use 
of the latter group is imperative since chlordecone, like 
its predecessor, DDT, has been shown to induce effects 
similar to that of estrogen, such as persistent estrus, 
vaginal comification, and uterine hypertrophy (7,17). 
Comparison of chlordecone- and E-1713-treated groups 
would serve to distinguish between effects resulting from 
the estrogenicity of the compound and those arising from 
its inherent toxicity. 

Significant differences were observed in the popu- 
lations of different-sized follicles. The significantly lower 
number of small follicles seen in the ovaries of chlorde- 
cone-treated mice could result from a high rate of 
induced atresia and subsequent disappearance of some of 
these small entities during the 4-week exposure period. 
This is similar to the toxic effects seen in mice exposed 
to a diet high in galactose where this sugar had a 
deleterious effect on small oocytes (10). Similarly, Mandl 
(18) and Krarup (19) found toxicity directed toward small 
oocytes by polycyclic aromatic hydrocarbons. 

The number of medium-sized follicles in chlorde- 
cone-treated mice did not differ from controls. However, 
a mean of more than twice as many was found in the 
E-1713-treated group. This large number of middle-sized 
follicles could have been due to either a stimulation of 
the pool of small follicles to undergo hyperplasia and/or 
an inhibition of further development of some medium- 
sized follicles into the large-follicle pool. The tabula- 
tions of the total number of large antral follicles revealed 
a significantly smaller number of healthy follicles in the 
chlordecone-treated mice than in the E-1713 group or the 
sesame oil controls. The percentages of large atretic 
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fol l ic les  in ch lordecone-  and E-17[3-treated animals  were  

similar.  The  fact that es t rogen induces atresia in preovu-  

latory fol l ic les  has been demonst ra ted  by Clark  and 

coauthors  (20) and Krey  and Evere t t  (21). Ataya  and 

coauthors  (22) demonst ra ted  somewha t  s imilar  f indings 

in animals  exposed  to cyc lophosphamide .  They  found 

the total number  o f  large  antral fol l ic les  to be lower  in 

treated groups than in controls ,  and more  atretic fol l ic les  

were  seen. H o w e v e r ,  in none  o f  these studies was an 

at tempt made  to tabulate the number  o f  heal thly fol l ic les  

present.  

In the present  study the number  o f  heal thy large 

antral fol l ic les  was greater  in the E-17[3-treated mice  

than in the pes t ic ide-exposed  animals .  This  coupled  with 

the larger  number  o f  med ium-s ized  fol l ic les  in es t rogen-  

treated mice  could  account  for the normal ly  observed  

induced ovula tory  response,  thereby offset t ing the high 

number  o f  atretic large fol l ic les  found in the estradiol-  

treated ovaries .  

Thus ,  both ch lordecone  and E-1713 cause an in- 

crease in atresia in the large fol l ic les ,  which  is probably  

due to the es t rogenic i ty  o f  these agents.  H o w e v e r ,  the 

decreased number  o f  heal thy large fol l ic les  and med ium-  

sized fol l ic les  in ch lordecone- t rea ted  mice  appears to be 

due to the toxici ty  o f  this agent.  As  a result ,  the pool  o f  

oocytes  avai lable  for ovula t ion  is reduced,  and response  

to exogenous  gonadot ropins  is reduced.  Whe the r  this 

response is revers ible  once  ch lordecone  exposure  ceases  

is not  known  f rom these studies. 

A c k n o w l e d g e m e n t s  - -  This study was supported by Grant No. OH00835 
awarded to William J. Swartz by the National Institute for Occupa- 
tional Safety and Health. The authors thank Archibald Fobbs for his 
valuable assistance. 

REFERENCES 

1. Huber JJ. Some physiological effects of the insecticide Kepone in 
the laboratory mouse. Toxicol Appl Pharmacol. 1965;7:516-24. 

2. Canon SB, Kimbrough RD. Short-term chlordecone toxicity in 
rats including effects on reproduction, pathological organ changes 
and their reversibility. Toxicol Appl Pharmacol. 1979;47:469-76. 

3. Good EE, Ware GW, Miller DF. Effects of insecticides on 
reproduction in the laboratory mouse. I. Kepone. J Economic 

Entomol. 1965;58:754-7. 
4. Eroschenko VP, Wilson MA. Neonatal administration of the 

insecticide chlordecone and its effects on the development of the 
reproductive tract in the female mouse. Toxicol Appl Pharmacol. 
1979;49:151-9. 

5. Uphouse L, Mason G, Hunter V. Persistent vaginal estrus and 
serum hormones after chlordecone (Kepone) treatment of adult 
females. Toxicol Appl Pharmacol. 1984;72:177-86. 

6. Bulger WH, Muccitelli RM, Kupfer D. Studies on the estrogenic 
activity of chlordecone (Kepone) in the rat: effects on uterine 
estrogen receptor. Mol Pharmacol. 1979;15:515-24. 

7. Gellert RJ. Kepone, mirex, dieldrin, and aldrin: estrogenic activity 
and the induction of persistent vaginal estrus and anovulation in 
rats following neonatal treatment. Environ Res. 1978;16:131-8. 

8. Swartz WJ, Eroschenko VP, Schutzmann RD. Ovulatory response 
of chlordecone (Kepone)-exposed mice to exogenous gonado- 
tropins. Toxicology. 1988;51; 147-153, 

9. Heinrichs WL, Gellert RJ, Bakke JJ, Lawrence NL. DDT admin- 
istered to neonatal rats induces persistent estrus syndrome. Sci- 
ence. 1971;173:642-3. 

10. Chen Y-T, Mattison DR, Feigenbaum L, Fukui H, Schulman 
JD.Reduction in oocyte number following prenatal exposure to a 
diet high in galactose. Science. 1981;214:1145-7. 

11. Pederson T, Peters H. Proposal for a classification of oocytes and 
follicles in the mouse ovary. J Reprod Fert. 1968;17:555-7. 

12. Mandl AM, Zuckerman S. The number of normal and atretic ova 
in the mature rat. J Endocrinol. 1950;6:426-35. 

13. Mandl AM, Zuckerman S. The relation of age to numbers of 
oocytes. J Endocrinol. 1951;7:190-3. 

14. Marik J, Hulka J. Luteinized unruptured follicle syndrome: a 
subtle cause of infertility. Fertil Steril. 1978;29:270--4. 

15. McLachlan J. Prenatal exposure to diethylstilbestrol in mice: 
toxicological studies. J Toxicol Appl Pharmacol. 1977;2:527-37. 

16. Gorski RA.Gonadal hormones and the perinatal development of 
neuroendocrine function. In: Martini L, Ganong WE, eds. Fron- 
tiers in neuroendocrinology. New York: Oxford University Press; 1971: 
237. 

17. McFarland LZ, Lacy PB. Physiologic and endocrinologic effects 
of the insecticide Kepone in the Japanese quail. Toxicol Appl 
Pharmacol. 1969:15:441-50. 

18. Mandl AM. The radiosensitivity of germ cells. Biol Rev. 1964;39: 
288-371. 

19. Krarup T. Oocyte survival in the mouse ovary after treatment with 
9,10-dimethyl-l,2-benzanthracene. J Endocrinol. 1979;46:483- 
95. 

20. Clark, JR, Dierschke D J, Wolf RC. Hormonal regulation of 
ovarian folliculogenesis in rhesus monkeys. III. Atresia of the 
preovulatory follicle induced by exogenous steroids and subse- 
quent development. Biol Reprod. 1981;25:332-41. 

21. Krey, LC, Everett JW. Multiple ovarian responses to single 
estrogen injections early in rat estrous cycles: impaired growth, 
luteotropic stimulation and advanced ovulation. Endocrinol. 1973;93: 
377-84. 

22. Ataya K, Tadros M, Mohammed S. Cyclophosphamide inhibits 
antral follicular development in the rat ovary. Biol Reprod. 
1988;38(Suppl 1):157. 


