
Insecticide Inhibition of 5a-Dihydrotestosterone 

Binding in the Rat Ventral Prostate 

Abstract. The chlorinated hydrocarbon insecticides dieldrin and o,p'-DDT inhibit 

binding of 5a-dihydrotestosterone to specific receptor proteins in rat prostate 

cytosol. Dieldrin is less inhibitory than o,p'-DDT. 

Chlorinated hydrocarbon insecticides 
have hormonal and antihormonal ac- 
tivity (1). Experimental data with o,p'- 
DDT show estrogenic activity in rats 
(2) and chickens (3), while evidence 
of interrupted estrus in rats has been 
obtained with aldrin, another member 
of this insecticide family (4). A me- 
ta;bolite of o,p'-DDT, o,p'-DDD, pro- 
duces atrophy of the zona fasciculata 
and zona reticularis of the adrenal cor- 
tex (5) and suppression of 17-hydroxy- 
corticord secretion (6). It has been used 
in the treatment of adrenocortical car- 
cinoma (7), Cushing's syndrome (8), and 
cancer of the breast and prostate (9). 
Administration of DDT has caused 
suppressed reproductive activity in male 
dogs (10) and retarded testicular 
growth and development of secondary 
sexual characteristics in young cock- 
erels (11). 

Recent evidence shows that DDT 
accumulates in the mouse prostate 
and inhibits uptake of testosterone by 
that organ (12). Men exposed to pesti- 
cides, including organochlorines, showed 
depression in sexual function which 
returned to normal after cessation of 
exposure and treatment with testos- 
terone (13). Studies in our laboratory 
have shown that dieldrin antagonizes 
the reduction in prostatic secretion of 
dogs fed the antiandrogenic compound, 
chlormadinone acetate (6-chloro-17a- 
hydroxypregna-4,6-diene-3,20-dione-1 7- 
acetate) (14) and inhibits binding of 
5a-androstan-17,-ol-3-one (5a-DHT) in 
the rat prostate cytosol and nucleus in 
vitro (15). 

Target organs for sex steroid hor- 
mones are distinguished by receptor 
proteins which bind appropriate hor- 
mones with a high affinity and speci- 
ficity. Several authors (16-18) have 
reported that 5a-DHT associates with 
specific receptor proteins in the rat 
prostate cytosol and nucleus. Our stud- 
ies show that dieldrin and o,p'-DDT 
can directly affect the binding of 5a- 
DHT to these specific receptor proteins 
in rat prostate cytosol. 

The presence of a 3.5S receptor pro- 
tein for 5a-[3H]DHT in rat prostate 
cytosol incubated in the presence of 
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0.4M KC1, is demonstrated in Fig. 1A. 
Cytosols incubated under the same con- 
ditions, with [14C]dieldrin or o,p'-14C]- 
DDT also showed (Fig. 1A) a binding 
peak sedimenting at the same distance 
from the origin as 5a-[3H]DHT. Poly- 
acrylamide gel electrophoresis of simi- 
larly labeled cytosols showed that ra- 
dioactivity of 5a-[3H]DHT, [14C]diel- 
drin, or o,p'-[14C]DDT migrates an 
identical distance on the gels. Dieldrin 
and o,p'-DDT strongly inhibit binding 
of 5a-[3H]DHT in the 3.5S region 
(Fig. 1B). o,p'-DDT reduces binding 
by 80 percent at a concentration of 
1.4 X 10-5M (5 ppm), whereas the 
same percentage reduction in binding 
with dieldrin requires a concentration 
of 2.6 to 3.9 X 10-5M (10 to 15 

ppm). Cyproterone acetate ( i,2a-meth- 
ylene- 6 -chloro - A 46-pregnadien-17 a-ol- 
3,20-dione-17a-acetate), which inhibits 
binding of 5a-DHT to specific receptors 
in the prostate (19), had no effect on 
this 3.5S binding. The binding was not 
saturated by concentrations of 5a-DHT 
up to 10-7M, and similar 3.5S binding 
fractions for 5a-[3H]DHT were present 
in serum and in liver and kidney cy- 
tosols. The nonspecific 3.5S binding 
peak demonstrated under these condi- 
tions is not characteristic of the high- 
affinity specific hormone receptors pres- 
ent in the prostate. 

Mainwaring (17, 18) has demon- 
strated a region of nonspecific binding 
(3.5S) and a region of specific binding 
(8S), in sucrose density-gradient analy- 
ses of prostate cytosol incubated with 
5a-[3H]DHT without 0.4M KCI. We 
confirmed the presence of these two 
binding regions in the rat prostate cy- 
tosol (Fig. 2A). Binding in the 8S re- 
gion was abolished by parahydroxy- 
mercuribenzoate and greatly reduced 
by cyproterone acetate. These two 
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Fig. 1. (A) The 3.5S binding protein for 5a-[3H]DHT in rat prostate cytosol. Prostates 
from rats castrated 24 hours previously were homogenized in three volumes of ice- 
cold HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer, pH 7.4, 
containing 1.5 mM EDTA and 2.0 mM mercaptoethanol (HEM). The cytosol fraction, 
prepared by centrifugation of the homogenate at 105,000g for 1 hour at 0?C, was 
mixed with an equal volume of HEM containing 0.8M KC1 and either 5a-[2H]DHT 
(*), or o,p'-["C]DDT (X), or ["'C]dieldrin (0), and held overnight at -20?C. After 
the mixture was thawed, 0.2 ml of each cytosol was analyzed by centrifugation on a 
linear sucrose gradient (5 to 15 percent), made up in HEM and containing 0.4M 
KC1. Gradients were centrifuged at 45,000 rev/min for 19 hours at 0?C (SW-50.1 
rotor; Beckman L2-65B centrifuge). Sedimentation is from left to right in all cases. 
The position of bovine serum albumin is included as a marker. (B) The effect of 
dieldrin and o,p'-DDT on the binding of 5a-[H]DHT by the 3.5S fraction of rat 
prostate cytosol. The procedure was that described above except that all samples con- 
tained 5a-[-:H]DHT and either 5 ul of ethanol (?), or 5 ul of ethanol containing 2.6 
X 10-5M dieldrin (X), or 5 l1 of ethanol containing 2.8 X 10--M o,p'-DDT (0). 
These molar concentrations correspond to 10 ppm for the insecticides. 
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agents had little effect on the slower 
3.5S peak (20). Designation of the 
3.5S peak as nonspecific and of the 
8S peak as specific binding was con- 
firrod bv the response to increasing 
concentrations of 5a-[3H]DHT. The 
binding in the 3.5S region increased 
linearly with steroid concentration up 
to 4.3 X 10-8M, whereas binding in 
the 8S region was saturated at 2.4 X 
10-8M (Fig. 2A). 

o,p'-DDT inhibits the prostate cytosol 
8S specific binding of 5a-[3H]DHT 
(Fig. 2B). At a concentration of 2.8 
X 10-SM (10 ppm), o,p'-DDT in- 
hibited binding by 60.7 ? 10.4 percent 
in the presence of a saturating con- 
centration of 5a-[3H]DHT. Available 
concentration of 8S receptor was 2.4 
and 2.9 X 10-10 mole per gram of 
cytosol protein in two control experi- 
ments, and was reduced to 1.5 X 10-11 
mole/g in the presence of 2.8 X 
10-5M (10 ppm) o,p'-DDT. When 
o,p'[14C]DDT replaced 5a-[3H]DHT 
in the incubation, a small peak of radio- 
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activity was present in the 8S region. 
Dieldrin, at concentrations as high 

as ;2.6 X 10-'M (10 ppm), produced 
no significant inhibition of 5a-[3H]- 
DHT binding in the 8S region, in the 
presence of a saturating concentration 
of 5a-[3H]DHT. No binding of [14C]- 
dieldrin in the 8S region was detected 
after incubation of prostate cytosol with 
[14C]dieldrin. However, in studies with 
a constant concentration (2.6 X 
10-5M, 10 ppm) of dieldrin and in- 
creasing concentrations of 5a-[3H]- 
DHT the available receptor concen- 
tration was reduced to 3.1 x 10'11 
mole per gram of cytosol protein com- 
pared to control. 

Measurements of 5a-[3H]DHT bind- 
ing to the specific receptor by Agarose 
gel chromatography (21) confirmed the 
results of the sucrose density-gradient 
studies. The available receptor concen- 
tration of rat prostate cytosol measured 
by this technique was 1.2 X 10-10 
mole per gram of cytosol protein. This 
value was significantly depressed by 
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Fig. 2. (A) The effect of increasing concentration of 5a-[3HjDHT on binding to rat 
prostate cytosol. Prostates were homogenized manually in an all-glass apparatus at 
4?C in the cold room, in three volumes of 0.02M phosphate buffer, pH 7.4, contain- 
ing 1.5 mM EDTA and 2.0 mM mercaptoethanol (PEM). Cytosol was prepared as 
described (Fig. 1A). Portions of the cytosol were incubated with increasing concen- 
trations of 5a-[3H]DHT added in 5 1A of ethanol. After incubation for 2 hours at 0?C, 
0.2-ml portions were mixed with an equal volume of dextran-charcoal solution (0.25 
percent dextran and 2.5 percent charcoal in PEM buffer) to remove unbound steroid. 
The charcoal was removed by centrifugation, and 0.2-ml portions of the supernatant 
were placed on linear sucrose gradients (5 to 20 percent) prepared in PEM buffer. 
The gradients were centrifuged at 30,000 rev/min (SW-50.1 rotor) for 20 hours at 
0?C, to give a sedimentation approximately one-half that described in Fig. 1, A and B. The 
total steroid concentrations were 4.3 X 10-~M (0), 2.4 X 10-M (X), 5.9 X 10-9M 
(0), and 1.4 X 10-?M (A). (B) The effect of o,p'-DDT upon binding of 5a-[3H]DHT 
by rat prostate cytosol. The procedure was that described above for samples contain- 
ing 5a-[3H]DHT and 5 ,ul of ethanol, control (0), or 5 ,il of ethanol containing 
o,p'-DDT to give a final concentration of 5.6 X 10-"M (X) or 2.8 X 10-M (0). 
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both dieldrin and o,p'-DDT, the inhibi- 
tion again being of greater magnitude 
for o,p'-DDT. The association constant 
for the prostate 8S 5a-[3H]DHT recep- 
tor was 2.0 and 1.9 X 10-9M-1 mea- 
sured by sucrose density-gradient and 
Agarose gel chromatography, respec- 
tively. These values are comparable 
with previous estimates for 5a-DHT 
binding in rat epididymis (22) and for 
estradiol-17/, binding in the uterus 
(23). 

Our studies demonstrate that chlori- 
nated hydrocarbon insecticides inhibit 
in vitro binding of 5a-DHT to its spe- 
cific receptor proteins in rat prostate 
cytosol. The results are characteristic 
of noncompetitive inhibition and may 
be due to a conformational change of 
the receptor protein induced by the 
insecticides. Direct competition of o,p'- 
DDT and dieldrin for hormone binding 
sites is not excluded however. It is 
possible that the concentrations of in- 
secticides required in the present studies 
relative to 5a-DHT concentration would 
tend to obscure such an effect. 

It has been suggested that insecticides 
produce endocrine responses in mam- 
mals by induction of liver microsomal 
steroid hydroxylase enzymes (24). We 
suggest, on the basis of available evi- 
dence (10-15) and the data presented 
here, that the inhibition of 5a-DHT 
binding to specific receptors in the rat 
prostate may be representative of a 
biochemical mechanism by which in- 
secticides modify hormonal action in 
mammalian reproductive organs. 

ALAN E. WAKELING* 
WILLARD J. VISEK 

Department of Animal Science, 
Cornell University, . 
Ithaca, New York 14850 
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(Z)-41 -Tetradecenyl acetate has been 
reported as the sex pheromone of two 

economically important insect pests- 
the European corn borer, the Iowa 
strain Ostrinia nubilalis (Hiibner) (1), 
and the redbanded leafroller, Argyrotae- 
nia velutinana (2). However, in studies 
at Ankeny, Iowa, the European corn 
borer was only weakly attracted and 
the redbanded leafroller was not at- 
tracted to geometrically pure (Z)-11- 
tetradecenyl acetate (3, 4). In contrast, 
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when small amounts of (E)-1 ll-tetra- 
decenyl acetate were added to (Z)-ll- 
tetradecenyl acetate, the attraction for 
both species was dramatically enhanced 
although neither species showed any 
behavioral response to the E isomer 
alone. Moreover, a defined concentra- 
tion of the E isomer in the Z isomer is 
required for maximum attraction of 
European corn borer and redbanded 
leafroller males, and each species re- 
sponds optimally to different propor- 
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tions of the geometrical isomers. The 
finding that the maximum attraction in 
these species depends on the isomeric 
proportion provides a useful concept of 
pheromonal specificity and speciation 
in Lepidoptera and suggests a poten- 
tially practical method of disrupting 
the chemical communication between 
the sexes of these two species. 

The requirement of the E isomer for 
optimum attraction became obvious in 
a preliminary field test (5). In the test, 
a total of 66 European corn borer males 
were caught in traps baited with the 
pure Z isomer, and 171 were caught 
in the traps baited with an isomeric 
mixture. Results with the redbanded 
leafroller were even more striking. 
None were attracted to traps baited 
with the pure Z isomer, and 127 
were attracted to the isomer combina- 
tion. In a definitive test of the effect of 
varying proportions of Z to E, samples 
of pure (Z)-l l-tetradecenyl acetate (100 
/tg) mixed with pure (E)-1 l-tetradecenyl 
acetate (0 to 10 j/g) (6) on rubber septa 
were exposed in the field traps. The 
results are shown in Fig. 1A. The pres- 
ence of as little as 0.5 percent of the 
E isomer caused the attraction of Euro- 
pean corn borer males to rise sharply, 
and maximum numbers were caught 
with the mixture containing 100 M/g of 
Z plus 4 ,ug of E. Further increase in 
the E isomer produced decreased at- 
traction, which is in accord with the 
known inhibitory effect of high con- 
centrations of (E)-1 1-tetradecenyl ace- 
tate (7). In contrast, the redbanded leaf- 
roller showed a continuous rise in cap- 
tures as the concentration of E was in- 
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Fig. 1. (A) The response of male European corn borers 
(Ecb) and redbanded leafrollers (Rbir) to increasing amounts 
of (E)-l11-tetradecenyl acetate added to the Z isomer. The 
experiment was conducted 10 to 31 August 1972 in a ran- 
domized block design with three subsamples of each con- 
centration of E isomer, and four replications. The standard 
error for Ecb means plotted is 10.4. Statistical analyses 
showed quadratic effects were highly significant for both 
Ecb and Rblr. (B) Sex attraction response maxima of four 
moth species to different proportions of the Z and E isomers 
of 11-tetradecenyl acetate. Dotted lines represent concen- 
trations where no data was obtained; Swb, smartweed borer. 
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Insect Sex Pheromones: Minor Amount of Opposite 
Geometrical Isomer Critical to Attraction 

Abstract. (Z) -1.-Tetradecenyl acetate is the reported sex pheromone of Euro- 

pean corn borer and redbanded leafroller moths. However, geometrically pure 
preparations of the compound are weakly attractive to these species. Presence of 
the E geometrical isomer in the Z is necessary for maximum sex attraction and 
these moths are "tuned" to respond optimally to specific proportions of Z to E. 
This discovery is important to considerations of moth pheromonal specificity, 
evolution, and in application of knowledge of the pheromones to insect-pest sup- 
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