
may recognize different multiples of the 
same chemical determinant; either of 
these possibilities is supported by the 
fact that an antigen in a preparation of 

pneumococcal type XIV polysaccha- 
ride is precipitated by 603 but not 167 
(see above). 

Finally, it is of considerable biologic 
interest that three proteins in our se- 
ries of 64 and one in Cohn's series of 
53 IgA myelomas (6) identify the same 

antigen. In addition, a relatively high 
and unexpected frequency of tumors 

producing myeloma proteins that react 
with DNP has also been found (1). 
The method of production of tumors 
used in these studies may selectively 
stimulate proliferation of clones of 
cells producing a restricted range of 
antibodies. 
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to a greater extent than p,p'-DDT. 

The similarity in the configuration of 
DDT (1) to the synthetic estrogen, di- 

ethylstilbestrol, has prompted investiga- 
tion of the estrogenic activity of DDT 
in mammals and birds (2). These studies 
have yielded conflicting results and both 

positive (2) and negative (3) evidence 
of estrogenicity was obtained. Recently, 
Levin, Welch, and Conney (4) reported 
that o,p'-DDT is estrogenic, while p,p'- 
DDT is only weakly active. Since com- 
mercial technical DDT contains ap- 
proximately 80 percent p,p'-DDT and 
15 to 20 percent o,p'-DDT, this finding 
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offers a possible explanation for incon- 
sistent reports in the literature. 

We investigated the estrogenic activ- 
ity of o,p'-DDT and p,p'-DDT, com- 
paring the time course of effects of 
these DDT isomers with 17/--estradiol 
on several biochemical constituents of 
the immature rat uterus. Glycogen, an 
extremely sensitive indicator of estro- 
gen action (5), increased after o,p'- 
DDT administration in a manner very 
similar to 17f/-estradiol (Fig. 1), while 
p,p'-DDT exhibited only slight activity. 
The o,p'-DDT stimulated characteristic 
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Fig. 1. Glycogenic response of immature 
rat uterus to DDT isomers and 17p,-estra- 
diol. Four milligrams of o,p'-DDT or 
p,p'-DDT, or 0.4 fig of 17p/-estradiol, was 
injected subcutaneously at 0 time. Each 
point consists of determinations of 4 to 
14 uteri of 22- to 25-day-old rats; the 
control level was established by use of 
70 rat uteri. Glycogen was determined by 
the anthrone procedure (12). 

estrogenic responses in the uterus-in- 
creases in wet weight, water content, 
and RNA content 24 hours after ad- 
ministration being similar to those elic- 
ited by estradiol. 

Woodwell (6) and Wurster and Win- 
gate (7) have determined DDT residues 
in a number of species of bird and have 
implicated contamination by insecti- 
cides as a probable major cause of the 
decline in reproduction in several spe- 
cies. In view of the estrogenicity of 
o,p'-DDT in the uterus of a mammalian 

species, it was of interest to determine 
whether sublethal concentrations of this 
isomer of DDT would have an effect 

upon the oviduct, the reproductive tract 
of avian species. Five-week-old chick- 
ens (Cornish, weighing 700 to 900 g) 
and 25-day-old Japanese quail (Cotur- 
nix quail, weighing 70 to 90 g) received 
three daily intraperitoneal injections of 
o,p'-DDT, p,p'-DDT, or 17/3-estradiol 
in olive oil. Twenty-four hours after the 
last injection (72 hours after the initial 
injection), the birds were killed and 
oviducts were removed for analysis. 
The results (Table 1) demonstrate that 
o,p'-DDT produced the same effects as 
estradiol in the oviducts of chickens 
and quail. A 100 percent increase in 
oviduct weight and 150 to 175 percent 
increases in glycogen content occurred. 
Little if any estrogenic activity was 
shown by p,p'-DDT. 

In order to determine whether o,p'- 

371 

100 

80 x 

to 
60 

- 
C 

40 - 

20 Control 

0 --- - I ! I .!, I 
0 12 24 48 72 

Time (hours) 

Fig. 1. Glycogenic response of immature 
rat uterus to DDT isomers and 17p,-estra- 
diol. Four milligrams of o,p'-DDT or 
p,p'-DDT, or 0.4 fig of 17p/-estradiol, was 
injected subcutaneously at 0 time. Each 
point consists of determinations of 4 to 
14 uteri of 22- to 25-day-old rats; the 
control level was established by use of 
70 rat uteri. Glycogen was determined by 
the anthrone procedure (12). 

estrogenic responses in the uterus-in- 
creases in wet weight, water content, 
and RNA content 24 hours after ad- 
ministration being similar to those elic- 
ited by estradiol. 

Woodwell (6) and Wurster and Win- 
gate (7) have determined DDT residues 
in a number of species of bird and have 
implicated contamination by insecti- 
cides as a probable major cause of the 
decline in reproduction in several spe- 
cies. In view of the estrogenicity of 
o,p'-DDT in the uterus of a mammalian 

species, it was of interest to determine 
whether sublethal concentrations of this 
isomer of DDT would have an effect 

upon the oviduct, the reproductive tract 
of avian species. Five-week-old chick- 
ens (Cornish, weighing 700 to 900 g) 
and 25-day-old Japanese quail (Cotur- 
nix quail, weighing 70 to 90 g) received 
three daily intraperitoneal injections of 
o,p'-DDT, p,p'-DDT, or 17/3-estradiol 
in olive oil. Twenty-four hours after the 
last injection (72 hours after the initial 
injection), the birds were killed and 
oviducts were removed for analysis. 
The results (Table 1) demonstrate that 
o,p'-DDT produced the same effects as 
estradiol in the oviducts of chickens 
and quail. A 100 percent increase in 
oviduct weight and 150 to 175 percent 
increases in glycogen content occurred. 
Little if any estrogenic activity was 
shown by p,p'-DDT. 

In order to determine whether o,p'- 

371 

Estrogenic Activity of o,p'-DDT 
in the Mammalian Uterus and Avian Oviduct 

Abstract. When rats and birds were treated with o,p'-DDT, their reproductive 
tissues exhibited the same response as when they were treated with estrogen. 
Weight, water content, glycogen, and RNA increased in uteri and oviducts of 
rats, chickens, and quail receiving o,p'-DDT; p,p'-DDT produced little if any 
response. The o,p'-DDT did not accumulate in the reproductive or adipose tissues 
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Table 1. Effect of DDT isomers on oviduct weight and glycogen 
quail. S.E., standard error. 

content of chickens and 

Treatment No. Oviduct wt. Glycogen 
tested (mg ? S.E.) (Ag/oviduct ? S.E.) 

Chickens 
None (control) 9 65 : 3 22 ? 2 
p,p'-DDT, 3 X 50 mg 10 73 ? 3 29 3 
o,p'-DDT, 3 X 50 mg 8 122 ? 16 55 ? 8 
Estradiol, 3 X 500 ug 10 110 ? 7 39 ? 5 

Japanese quail 
None (control) 6 14.9 ? 0.8 5.8 ? 0.2 
p,p'-DDT, 3 X 5 mg 6 14.9 ? 2.3 5.4 ? 0.7 
o,p'-DDT, 3 X 5 mg 6 32.0 ? 2.2 16.0 ? 2.1 
Estradiol, 3 X 50 tg 6 42.8 ? 6.6 20.6 ? 5.0 

Table 2. Concentrations of o,p'-DDT and p,p'-DDT in uteri and oviducts of rats, chickens, and 
quail after treatment with o,p'-DDT or p,p'-DDT. Rats (21 days old; body weight 43 g) re- 
ceived three daily injections of 2 mg of o,p'-DDT or p,p'-DDT subcutaneously; 14-week-old 
white Leghorn chickens (body weight 1100 g) received three daily injections of 50 mg of o,p'- 
DDT or p,p'-DDT subcutaneously; and 25-day-old Japanese quail (body weight 79 g) re- 
ceived three daily injections of 5 mg of o,p'-DDT or p,p'-DDT subcutaneously. All animals 
were killed 72 hours after the first injection. 

Recovery in tissue 
Species No. Total dose Treatment 

tested (mg/kg) with Uterus Oviduct Adipose 
(,g/g) (/,g per tissue) (/g/g) 

Rat 8 140 o,p'-DDT 0.26 0.012 36.7 
8 140 p,p'-DDT 2.57 .060 148.0 

Chicken 2 136 o,p'-DDT 3.07 .570 33.4 
2 136 p,p'-DDT 4.34 .564 55.0 

Quail 6 190 o,p'-DDT 7.23 .099 258.0 
12 190 p,p'-DDT 10.1 .128 331.0 

DDT accumulated in the uterus and 
oviduct to a greater extent than p,p'- 
DDT, and exerted an estrogenic action 
because of a preferential uptake, uterus 
and oviduct of treated rats and chick- 
ens were analyzed for pesticide content 
(8) by gas-liquid chromatography with 
the use of an electron capture detector 
(Table 2). The o,p'- or p,p'-DDT iso- 
mers were given at the same total dos- 
age, and the dosage rate administered to 
the two species was similar. In rats, o,p'- 
DDT was found to accumulate to a 
much lesser extent than p,p'-DDT. This 
finding is in accord with the accumu- 
lation factors given by Durham (9) for 
human subjects, in which o,p'-DDT 
has a value of 60, while p,p'-DDT is 
300 (five times greater). In chickens, 
however, o,p'-DDT accumulated to 
about the same extent as p,p'-DDT 
when given at equivalent dosage rates. 
It seems likely that the estrogenic ac- 
tivity of o,p'-DDT is associated with 
the o,p'-DDT molecule, or a metab- 
olite, and no apparent selective ac- 
cumulation of this isomer takes place 
in the reproductive tissues. The pres- 
ence of an active impurity in o,p'-DDT 
cannot be excluded at the present time, 
although we obtained it from two 

372 

sources (10). The doses used to elicit 
the estrogenic effects in the rats, chick- 
ens, and quail are certainly not mini- 
mal, and preliminary work has indicated 
that quantities ten times less are active. 

Woodwell (6) and other scientists 
engaged in investigation of pesticide 
problems (11) have estimated that over 
1 billion pounds (453 X 106 kg) of 
DDT is presently available in the bio- 
sphere. Since o,p'-DDT is present in 
technical DDT to the extent of 15 
to 20 percent, approximately 200 mil- 
lion pounds of an active estrogen may 
be present in the environment. The 
apparent lower accumulation of o,p'- 
DDT as compared to p,p'-DDT in rat 
and human tissues [Table 2 and (9)] 
raises the possibility that o,p'-DDT 
would be concentrated to a lesser 
extent in ecological food webs. If 
this were the case, o,p'-DDT might 
pose a less serious ecological hazard 
than would be expected from the 
amounts of technical DDT existing 
in the environment. A lack of informa- 
tion exists on the content of o,p'-DDT 
in feedstuffs, because surveys generally 
report total residues of DDT and its 
analogs and do not report the individ- 
ual compounds. Usual survey methods 

do not distinguish between o,p'-DDT 
and p,p'-DDD (8). Adjustment of the 
physical parameters of a gas chromato- 
graph will permit measurement of the 
separate isomers. A change in reporting 
of results by agencies currently making 
pesticide surveys might then make it 
possible to gauge the relative amounts 
of biologically active compounds more 
accurately. 

We have demonstrated that o,p'- 
DDT is estrogenic in a mammalian 
species (rat) and in two avian species 
(chicken and quail). The physiological 
significance of this has not yet been 
assessed in either laboratory or farm 
animals, poultry, wild species of birds, 
fish, or man. Further studies are need- 
ed to determine the effects of this wide- 
ly used pesticide upon fertility and 
reproductive parameters in all of these 
species. It is also essential to determine 
mechanisms of action and of metabo- 
lism of o,p'-DDT in plant and animal 
tissues. The estrogenicity of o,p'-DDT 
and its widespread occurrence in our 
environment form a possible basis for 
important ecological effects upon re- 
production in mammals and birds. 

JOEL BITMAN, HELENE C. CECIL 
SUSAN J. HARRIS, GEORGE F. FRIES 
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