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Captan, a dicarboximide and phthalimide der ivat ive,  is a fungicide 
which is widely and current ly  used in the protection of agricul tural  
products against fungal diseases, and in household locations (Ware 
1978). From a reproduct ive standpoint, captan was demonstrated 
to be more toxic in pregnant than in non-pregnant rats, while at 
the same time producing inflammatory reactions, and inducing lesions 
in the lung, l iver  and kidneys (Alnot et al. 1974). When admin- 
istered to mature female rats for d i f ferent  durat ions dur ing 
pregnancy, captan suppressed embryonic development for all 
doses and at all exposure periods (Zhorzholiani 1970). In another 
s tudy involv ing pregnant white rabbi ts,  McLaughlin et al. (1969) 
indicated that d i f ferent  doses of this fungicide produced only a 
few malformations among implantations - 12% and 2% at dosages of 
75 mglkg and 37.5 mglkg respect ively.  In experiments with pre- 
gnant mice treated with captan by three di f ferent  routes-oral ly,  
subcutaneously and by inhalation - reductions in maternal body 
weights, without the occurrence of any fetal malformations, were 
observed (Courtney et al. 1978). Untreated female rats and mice, 
which were mated to males that were treated with f ive daily doses 
of captan by intraperitoneal or gavage administrat ions, responded 
with an increase in the mean number of early fetal deaths per 
pregnancy and moderate mutagenicity (Collins 1972). 

In association with these di f ferent  dosages and routes of admini- 
strat ion of captan, it was noted that in golden hamsters, a single 
injection of this compound dur ing organogenesis, was more effect- 
ive than multiple administrat ions, in promoting teratogenic i ty 
(Roberts 1970). Finally, doses of 30 and 60 mglkg captan caused 
no adverse effects in the mothers or progeny of beagles (Kennedy 
et al. 1975), and were nonteratogenic in rabbits,  rats and hamsters 
following gestational administratior~s (Kennedy et al. 1968). 

Decidualized (DCR) pseudopregnant and pregnant rats were em- 
ployed as experimental animals and as manifestations of reproduc- 
t ive states. These animals were exposed to groups of low level 
and high level of  the test compound in order to fu r ther  c lar i fy  the 
role of captan as a toxic agent dur ing mammalian reproduction 
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MATERIALS AND METHODS 

The experiment employed female Sprague-Dawley rats which were 
purchased from the H oltzman Company, W I .  These animals ranged 
from 200 - 260 g at the beginning of each experiment and were 
maintained under controlled ambient conditions of photoperiodici ty 
( 1 4 h r  l ight :  10 hr  darkness) and temperature (20 + 2~ Purina 
lab chow and tap water were provided freely.  Stages of the estrous 
cycle were determined microscopically by vaginal lavage, and only 
those rats which exhibi ted two consecutive 4 to 5 days estrous 
cycles were randomly chosen for experimentation. The induction 
of DCR pseudopregnancy, previously described (Tat-Sing and 
Spencer 1981), was accomplished by cervicovaginal stimulation 
dur ing p roestrus and estrus.  This was followed by uter ine scratch 
trauma on Day 4 of the period of leucocytic in f i l t ra t ion which follow- 
ed stimulation. Pregnancy was achieved by mating with a fert i le,  
act ive male, and ver i f ied by the microscopic observation of a sperm- 
posi t ive vaginal smear. 

The soluble protein fractions of the supernatant protein concentra- 
t ions were analyzed by the Folin phenol reagent in accordance with 
the method of Lowry et al. (1951), using bovine serum albumin as 
the standard. Glycogen concentrations were determined by the 
method of Seifter et al. (1950) and modified by Zarrow et al. (1964), 
us ing  Type I I I  rabbi t  l iver  glycogen as the standard. Implantation 
sites were assessed by a ta i l -vein injection of Chicago blue dye 
in association with laparotomy and observation of the uter ine horns 
(Labhsetwar 1971). 

Captan, provided by the EPA, Research Triangle Park, NC and 
obtained from the Chevron Company, was mixed with pulverized 
Purina chow pellets to obtain the desired concentrations. This 
compound was oral ly administered for 5 days dur ing Days 6-10 in 
both DCR pseudopregnant and pregnant rats. These feeding 
schedules were applicable after implantation, which in rats 
normally occurs on Day 4 of pregnancy. The results of  this study 
were generated by DCR pseudopregnant rats which were fed low 
levels of  captan designated 100, 1000 and 10000 ppm, and by both 
pseudopregnant and pregnant rats whose diet consisted of high 
levels (2, 3, 5 and 10%) of captan. Statistical evaluations were 
carr ied out by analysis of variance (ANOVA) and the Student's 
t test,  with a probabi l i ty  value of at least 0.05 considered s igni f icant .  

RESULTS AND DISCUSSION 

In DCR pseudopregnant animals wherein a regional analysis of  
s t ructural  weights was done with captan at concentrations of 100, 
1000 and 10000 ppm, the latter dose caused signif icant decreases 
in structural  features (Table 1). This t rend for reduction was 
continued with higher concentrations on uter ine and body weights 
(Table 2). There was also a prominent dose response reduction 
effect in the endometrial/myometrial weight ratios at these con- 
centrat ions (Fig. I ) .  However, data on ovarian weights were the 
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same in contro l  and experimental rats (Table 2). Among the non- 
reproduct ive  organs,  the spleen was prominent ly  affected, where-  
as the k idney and adrenal were general ly  unaffected (Table 2). 

Table I .  Effects of  low levels of  Captan in decidual ized pseudo- 
pregnant  rats 

Dietary . Wet weicjht a 
t reatment Final 
wi th b body .... (X + SE) 
Captan weight (g) Uterus Uter ine Adrenal  

(ppm! (X  + S E )  (m~l] water (~I) (~I) 
236.0 + 4240 + I .  99 + 0.077 + 

0 4.30 330 0.14 0.008 
247.6 _+ 4300 + 2.12 + 0.078 + 

100 24.63 730 0.42 0. 010 
219,4 + 3460 + 1.63 + 0.063 + 

1000 7.24 240 0.10 0. 009 
219.7 + 3090 + 1.39 +- 0.073 + 

10000 1.86 ** 230 * 0.12 * 0.003 

aEach ~eading represents the absolute mean weight of  4-7 
rats .  Rats were fed Captan from Days 6 th rough  10, sacri f iced 
on Day 11 of  pseudopregnancy.  
Student 's  t test :  *p<0.05 ;  ** p<0.01.  

From a biochemical s tandpoin t ,  low levels of  captan s ign i f i can t l y  
affected (ANOVA: p~0.05)  u ter ine  myometrial g lycogen in 
pseudopregnant  rats [contro l  (n=4] ,  X = 637.08; 100 ppm (n=5),  
322.78; and 1000 ppm (n=4),  358.68 mgl100 g t i ssue ] .  Add i t i on -  
a l ly ,  ovar ian prote in concent ra t ions  were not reduced by h igh levels 
of  captan treatment (X = 50.36, cont ro l ;  I% = 46.14; 3%=48.72; 5% 
= 62.28; and 10% = 57.06 per 1001Jg/100mg). These data were 
consistent  wi th  the lack of  in f luence of captan on ovar ian weights.  
Equal ly ev ident  a l terat ions among reproduct ive  (ovary)  and non- 
reproduc t ive  (spleen, k idney and adrenal)  organs were also observ -  
ed. The ovar ian t issue cont inued to remain cons is tent ly  unaffected 
by captan exposure.  Following administ rat ion of h igh level o f  
captan, fetal development as evidenced by the extent  of  abor t ions,  
was dras t ica l ly  affected (Table 4). Moreover,  at 5% captan, there 
was total abort ion in 7 out of  7 pregnancies,  and in 13 out of  15 
pregnancies at 10% captan (unpub l ished data) .  

I t  can general ly  be concluded t h e n  from these resu l ts ,  that  captan 
is capable of  a range of  r ep roduc t i ve  effects which is dependent 
on the dosage levels. The extent  of  th is  tox i c i t y  du r i ng  the 
reproduct ive  states of  DCR pseudopregnancy and pregnancy 
appears to be non-systemicr since the effects are not equal ly  
displayed by all organs.  Th is  action may be a t t r i bu ted  
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Fig. I .  Effect of  Captan on endometr ial /myometr ial  (E/M) weights 
of  decidual ized pseudopregnant  rats.  Each point  represents the 
mean of  7 rats.  Student 's  t test :  * p<0 .01 ;  * *p<0.001.  

to the rapid metabolism and excret ion of  ora l ly  administered captan 
(Debaun et al. 1974) which may affect i ts select ive uptake by these 
anatomical si tes. In th is  regard,  the g rav id  u terus appears to be 
especial ly vu lnerab le  to the tox ic insu l ts  emanating from captan. 
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