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The o,p' isomer of DDT, constituting about 15-20 percent of
commercial preparation of the insecticide, has recently been found
to exert estrogenic effects in a variety of animals when given at
relatively high doses (1, 2). Speculation immediately ensues re-
garding the likelihood of reproductive abnormalities caused by
contamination of feed, This experiment was designed to test the
effacts of dietary o,p'-DDT on reproduction and lactation in the
rat. Although feeding studies have been made in the past (3, 4, 5,
6) these apparently considered the effect of technical DDT without
regard to its molecular configuration. The present experiment was
designed to determine whether the estrogenicity of o,p'-DDT in doses
likely to be encountered by environmental pollution or accidental
feed adulteration would cause measurable changes in reproductive
performance or lactation,

Procedure

The estrogenic effectiveness of o,p'-DDT and p,p'-DDT in re-
ducing the age of vaginal opening was determined in young Wistar
rats, Seventy 18-day-old females were randomly assigned to each
of 7 groups., They were given the following preparations in daily
doses by stomach tube: 0,1 ml olive o0il (the injection medium),
10 pg o,p'-DDT, 50 pg o,p'-DDT, 10 pg p,p'-DDT, 50 ug p,p'-DDT,
0.025 pg 17 -estradiol, and 0,1 pg 17 -estradiol, all in 0.1 ml
olive oil, Daily observations of vaginal patency were made and
the rats were killed when 33 days old after being treated for 15
days, The uteri, ovaries and adrenals were excised, dissected
free of fat and weighed on a torsion balance to the nearest 0.1
mg. Whole uteri were used for either water or glycogen determina-
tion,

In a longer term feeding experiment, 288 Wistar rats, both
male and female were raised from birth on a ground commercial
small animal ration containing added o,p'-DDT at levels of 0, 1,0,
and 2.5 ppm. DDT was incorporated in the feed of suckling rats
from the day of parturition and continued for various intervals
through 168 days. Some rats were raised in cohabitation and the
reproductive and lactational performance of these were compared,
Milk samples for insecticide analysis were obtained on the 22nd
day of lactation, 18 hours after removal of the young, The time
of vaginal opening was not observed. Representative groups of
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animals were killed at 50, 75, 107-112 and 168 days of age. Male
rats were observed for differences in body, testes, and seminal
vesicle weights, Females were compared by determining the body
weight and weights of ovaries and uteri. Samples of each uterus
were taken for glycogen, glucose, and water analyses, Percent
water was determined by reweighing after overnight drying in vacuo
at 1000C, Glycogen was determined by the colorimetric anthrone
method of Seifter et al, (7) and glucose by the glucose oxidase
method as describea—b§_fhe Worthington Biochemical Corporation
(Manual No, 11:75, Freehold, N, J.).

For analysis of pesticide residues, tissues and milk were
ground with sufficient anhydrous sodium sulfate to disintegrate
the solids and absorb the moisture., The samples were extracted
with petroleum ether and cleaned-up using a florisil column (8).
The concentrations of the compounds were determined by electron-
capture gas chromatography and the identity of the compounds con-
firmed by thin-layer chromatography (9). Recovery of compounds
added to the samples were 94,1 + 1,3%. Results were compared
statistically by Student's t test with correction for unequal group
size,

Results and Discussion

The results of the vaginal patency experiment are shown in
Table 1, Distinct differences were observed at 33 days when the
young rats were killed, All of the vaginae of rats receiving the
high oral dose of estradiol were open, and 907 of those given 50 g
daily of o,p'-DDT were patent, When these openings are expressed
as "rat days open" a better estimate of the relative estrogenicity
of feeding the various materials is provided, 1In addition to estra-
diol both the o,p'-DDT and, to a lesser extent, p,p'-DDT at 50 pg
per day were effective in hastening the time of vaginal opening,
For the relatively short time that the materials were fed, neither
o,p'-DDT, p,p'-DDT nor estradiol caused significant changes from
the olive oil control animals in any of the other parameters
measured at the time of killing,

The long-term feeding of o,p'-DDT to female rats for four dif-
ferent time periods showed only one parameter mean that differed
significantly from controls, Weights of the ovaries of 168 day old
animals receiving 2.5 ppm o,p'-DDT were 6 mg heavier than control
ovaries (75 + 5 mg vs. 59 + 2 mg respectively), All other compari-
sons of ovarian, body or uterine weight, as well as percent uterine
water, glucose and glycogen concentrations were without significant
difference within the age groupings.

More differences occurred among measurements in male rats, with
larger body weights, testes and seminal vesicles at the low level
(1.0 ppm) of DDT feeding than at the zero control level in the 112
day old group. Males fed 2.5 ppm of o,p'-DDT, however, did not
show larger body or testes weights at this same age, These scat-
tered significant parameters show no consistent patterns of DDT
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TABLE 3

DDT Residues in Body Fat of Rats Fed DDT, ug/g of adipose tissue

Females Males
o,p'-DDT Age, No. of o,p'-DDT Age, No. of o,p'-DDT
fed days rats days rats
0 5 .07%,01 3 .06%,01
1.0 ppm 50 5 .81%,04 50 4 47,09
2.5 ppm 5 1.74%,08 4 1.38%,18
0 14 05,00 11 .07%,01
1.0 ppm 75 11 .83%,05 75 17 .51%,02
2.5 ppm 13 2.20%,08 16 1.28%,05
0 4 .07%,00 8 .05%,01
1.0 ppm 107 6 .97%.05 112 16 .49%,03
2.5 ppm 14 2.79%,13 18 1.45%,07
0 7 12,01
1.0 ppp 168 7 .88+.06
2.5 ppm 5 2.37¢.16
TABLE 4
DDT Metabolites in Whole Rat Milk®
ng/g whole milk
0,p"~DDT No. of p,p'-DDE o,p'-DDT p,p'-DDT
fed rats
0 5 .020%,003 .013£,003 .047£,006
1.0 4 .046%.016 .238%,049% .097%,042
2.5 5 .040£,011 .403%,069% .090%,031

S

i1k samples were obtained on day 22 of lactation, 18 hours
after removing the young.

*Highly significantly different from control level P<.005.
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effects in either male or female rats fed o,p'-DDT from infancy to
maturity,

Effects of these low levels of o,p'-DDT on reproduction and
lactation were examined in some of the rats, Age of dams at partu-
rition, numbers and weight of young born, young surviving at wean-
ing and weight of young at weaning are shown in Table 2, The
single significant effect was in the mean weight of the young of
2.5 ppm o,p'-DDT rats at birth (6.6 vs. 5,9 g) for control rats,
and this may be related to the age of the dams at parturition
which, though different, were not significantly so. Slightly more
young were born to the rats that received DDT, and their weights at
21 days were heavier, though neither of these differences from
controls were significant.

The analyses of body fat taken from the dorsal area just pos-
terior to the kidneys are perhaps the most interesting data of this
experiment, The concentrations of o,p'-DDT for both males and
females for the different ages are shown in Table 3, Both p,p'-DDT
were found and both increased in concentration with age in females,
but this was less apparent in males, Concentrations of p,p'-DDE
ranged between ,22 and ,68 pg/g, and p,p'-DDT between .28 and ,83.
Neither seemed affected by the level of dietary o,p'-DDT. This
result is contrary to the finding of Klein et al. (10) who noted
transformation to p,p'-DDT in fat of rats fed 50 ppm of o,p'-DDT,

Residual concentrations of-o,p'-DDT in body fat of both sexes
increased with higher feeding levels, The o,p'-DDT was stored at a
rate approximately proportional to the dosage level, The tendency
for the fat to have similar concentrations of o,p'-DDT regardless
of the length of time of feeding indicates that this isomer probably
does not accumulate rapidly at the levels we fed, This supports
observations previously made in a number of species (2, 11, 12)
which indicate less storage of o,p'-DDT and more of p,p'-DDT. A
summary (13) of fat storage data following feeding of DDT (presumed
to be primarily the p,p'analog) to rats indicates concentrations
between 10 to 60 ppm for the levels that we have fed,

The concentration of DDT analogs was 98 and 92 percent greater
respectively in females fed 1.0 and 2.5 ppm than in similar males
at 107 days, We can only speculate regarding these observed dif-
ferences in DDT storage in body fat (Table 3). The lower concen-
trations in the males may be more apparent than real, and could be
caused by differences in feed intake, total body fat or sex differ-
ences in rate of metabolism., The sex difference in storage of DDT
analogs has not been observed to occur in all species studied (13).

Analyses of milk samples taken at the 22nd day of lactation are
shown in Table 4. Significant differences were found in o,p'-DDT,
which contained 18 and 31 times control amounts in the milk of
groups fed 1,0 and 2.5 ppm o,p’', The rats had been fed o,p'-DDT for
110-120 days at the time they were milked.

65



The presence of o,p'-DDT in the body fat and milk of the rats

was not unexpected. Observations (13) have previously demonstrated
rather large residues in the milk of rats, goats, dogs and cows fed

DDT,

The short-term experiments reported here have demonstrated that

0,p'-DDT in high dosage to immature rats exerted clear estro-
genic action in causing early vaginal opening. However, long-term,
low level, chronic feeding of o,p'-DDT exerted no detrimental ef-

fect,
with

Feed adulterated to the extent of 2.5 ppm does not interfere
normal reproduction in young rats, nor sufficiently alter

estrogen dependent physiological events to cause it to be considered
dangerous. It is noteworthy that no significant changes occurred in
uterine weight, water, glucose and glycogen, the parameters most
sensitive to estrogen stimulation,

10.

11.

12,

13.
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