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FOREWOPD

The many benefits of our modern, developing, industrial society
are accompanied by certain hazards. Careful assessment of the relative
risk of existing and new man-made environmental hazards is necessary
for the establishment of sound regulatory policy. These regulations
serve to enhance the quality of our environment in order to promote the
public health and welfare and the productive capacity of our Nation's
population.

The Health Effects Research Laboratory, Research Triangle Park,
conducts a coordinated environmental health research program in toxicology,
epidemiology, and clinical studies using human volunteer subjects.

These studies address problems in air pollution, non-ionizing

radiation, environmental carcinogenesis and the toxicology of pesticides
as well as other chemical pollutants. The Laboratory participates in

the development and revision of air quality criteria documents on
pollutants for which national ambient air quality standards exist or

are proposed, provides the data for registration of new pesticides or
proposed suspension of those already in use, conducts research on
hazardous and toxic materials, and is primarily responsible for providing
the health basis for non-ionizing radiation standards. Direct support

to the regulatory function of the Agency is provided in the form of
expert testimony and preparation of affidavits as well as expert advice
to the Administrator to assure the adequacy of health care and surveillance
of persons having suffered imminent and substantial endangerment of

their health.

This report evaluates the effects of different pesticides upon the
mammalian reproductive system, and to what extent these agents can
induce changes in biochemical and hormonal activities.

F. G. Hueter, Ph. D.
Acting Director,
Health Effects Research Laboratory



PREFACE

Metabolic interactions can occur between a variety of chemicals in the
environment (xenobiotics) that can produce biologic effects different from
those caused by the compounds individually. Many of these effects have been
found to be mediated by alterations in the hepatic microsomal enzyme system(s).
Changes in the activities of the microsomal enzymes can affect the biologic
activity of xenobiotics, such as pesticides, herbicides, carcinogens, drugs,
and hormenes. Hormonal imbalances may be magnified by pesticide~induced
changes in certain enzyme systems.

While the volume of literature regarding the effects of a single pesti-
cide upon the male reproductive system of mammals continues to increase, few
studies have been devoted to investigating the simultaneous effects of more
than one pesticide.

The present report reveals the interaction of major classes of pesticides

on hormone metabolism, and attempts to explain molecular actions of certain
pesticides by demonstrating their affinity for hormone receptor molecules.
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ABSTRACT

The metabolism of 1,2—3H—testosterone in vitro was studied in prostate
glands and livers of rats and mice treated with different pesticides including
dieldrin and parathicn. The metabolism of 1,2—3H—test03terone (T-31) in vitro
by mouse anterior prostate glands c¢r hepatic microsomes has been studied after
the oral administration of dieldrin (2.5 mg/kg dailv % 5 or 10) and/or para-
thion (1.3,2.6,0r 5.2 mg/kg daily x 5 or 10). T-3H metabolism in the prostate
was unaffected by the various treatment regimens. Dieldrin (10 days) caused
some reduction in the microsomal production of androstenedione-3H but failed
to affect the biotransformation to androstanediol-3H or dihvdrotestosterone-
3H. oOnly treatment regimens with dieldrin stimulated hepatic testosterone
hydroxylases; parathion alone had no effect. This study revealed that dieldrin
and parathion can interact and preduce biological effects different from those
caused by eithey pesticide alone.

Liver microsomal steroid hydroxylaring enzvmes and prostatic testosterone-
Sa-reductase were studied in rat and mouse. Organochlorine and organophosphate
pesticides tended to inhibit liver steroid hvdroxylations, while carbofuran
slightly stimulated them. Neither species was consistently more sensitive tn
pesticide effects than the other. All the ;esticides (viz, heptachlor,
carbofuran, diazinon and parathion) bound to cytochrome P-450, producing tvpe 1
spectral cnarges. Values of Ks ranged from 1.9 to 8.7mM for organochlorine and
organophosphate compounds. Affinity for carbofuran was much lower (Ks=100-200m).

The binding of [3H] dihydrotestosterone ({3E1DHT) to cellular components
from prostate, seminal vesicles, kidney, and liver of the male mouse was studied
using a dextran-coated charcoal method to separate bound steroid from free
steroid. Optimum conditions for binding include incubating tissues from animals
3 days postcastration for 12 hr at 09C. Separation of bound steroid from free
steroid was found to be optimal when the samples were incubated with the char-
coal suspension for 15 min. 7Two componrents of DHT binding were found in all
tissues studied, but a higher capacity was noted in androgen target tissues
such as the prostate gland. The high affinity binding was also very specific
for DHT as evidenced by competition studies employing various hromones, such as
estriol, corticosterone, estrone, progesterone, estradiol, cyproterone acetate,
testosterone, and DHT. The effects of various pesticides of “H-DHT binding in
these tissue cytosols were also assessed. Parathion (10-8 - 107>M) was found
to be an effective inhibitor of total 3H-DHT binding in the prostate, seminal
vesicle, kidney and liver. This organophosphate was unable to compete with
3H~DHT for cytosol binding sites in the intestine. Similar in vitro binding
studies using bieldrin, DDT, or carbaryl failed to reveal any_interference
with 3H-DHT binding in any of the tissues studied. The mechanism of parathion's
interference with 3H-DHT binding in unclear.

This report was submitted in fulfillment of Grant No. R0803578 by West
Virginia University under the full sponsorship of the Environmental Protection
Agency. Work was completed as of February 14, 1978.
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SECTION I

INTRODUCTION

The presence of many chemical classes of pesticides in the environment
offers numerous opportunities for metabolic interactions to occur in various
species of animals including man, Investigations have demonstrated that many
environmental chemicals (xenobiotics) can interact to produce effects different
from those effects produced by the compounds individually (Richardson et al.
1952; Conney et al., 1956; Conney, 1967; Schein and Thomas, 1976). Many of
these pesticide interactions have been found to be due to altered hepatic
microsomal enzyme activity (Conney and Burns, 1972; Krampl et al., 1973).

Such pesticide interactions may result in lowered chronic toxicity of
certain pesticide combinations (DuBois, 1969; Murphy, 1969). Endocrine
imbalances may be caused due to pesticide-induced alterations in certain
enzymes (Peakal, 1967; Street et al., 1969). Methoxychlor decreases the storage
of dieldrin in the body fat of rats (Cueto and Hayes, 1963). Joint lethality
of DDT and dieldrin appeared to be additive in both Japanese quail and ring-
necked pheasants (Kreitzer and Spamn, 1973).

Although there has been an increasing interest in studying the effects of
single pesticides on the mammalian reproductive system, few investigations have
examined the simultaneous effects of more than one pesticide upon the male
reproductive system. DDT and dieldrin have been shown to interfere with male
rodent sex accessory gland metabolism of testosterone (Smith et al., 1972;
Schein and Thomas, 1975). Studies by Wakeling and Visek (1973) have shown that
0,p-DDT can inhibit the binding of dihydrotestosterone to specific receptor
proteins in the cytoplasmic fraction of the rat prostate gland.

Various effects of pesticides have been demonstrated on hepatic metabolism
of androgens in rodents. Studies by Kuntzman et al. (1966) have shown that DDT
treatment caused a marked increase in testoste?shgﬁiéa—hydroxylase activity in
immature male rats. In the mouse DDT-inhibited hepatic microsomal testosterone
léa~hydroxylase activity while dieldrin stimulated this activity. Dieldrin
stimulated the 16a- hydroxylase to a much greated extent than either the 68- or
7a-hydroxylase (Thomas and Lloyd, 1973).

The presence of parathion has been shown to inhibit oxidation of hexobar-
bital and hydroxylation of aniline by mouse hepatic microsomes in vitro (Stevens
et al., 1971; Welch et al., 1967). On the other hand, administration of one-
half the oral LD5g of this pesticide to mice for 5 consecutive days reduced
hexobarbital sleeping time, indicating stimulation of oxidation by hepatic
microsomal enzymes (Stevens et al., 1972). Thomas and Schein (1974) using oral
doses of one-sixteenth to one-fourth the LD5g demonstrated no alterations in
mouse hepatic microsomal androgen hydroxylase activity. Swann et al. (1958)
reported that the acute toxicity of parathion was related to the sex of the
animal, and that sexual maturity conferred added protection against the toxic
action of this organophosphate.
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SECTION 2

CONCLUSIONS

Dieldrin and/or parathion can airfect androgen metabolism in the prostate
gland and the liver, but the extent of this effect is related to the dose
and duration of the pesticide(s).

Both organochlorine-type and organophosphate-types pesticides tend to
inhibit androgen hydroxylaticn reactions in hepatic microsomes.

Several pesticides such as heptachlor, carbofuran, diazinon and parathion
can bind in yityo to hepatic cytochrome P-450 producing type I spectral
changes.

Isolation of a cytosoclic protein reveals that in some tissues, it not
only has an affinity for hormones and certain drugs, but alsc for pesti-
cides,

The effects of a single pesticide on hermone metabelism and the reproduc—
tive system are different than those occurring from the administration of
more than one pesticide.



SECIION 3

RECOMNMENDATIONS

Efforts sheuld continue to disclose the toxicological effects of the
iifferenc chemizal classes of pesticides upon the reproductive system,
particularly since so little is known about their molecular mechanism(s)
of action(s).

Further consideration should be given to correlating pesticide~induced
changes in different hormone target crgans with the entire endocrine sys-
tem.

Studies must continue to be devoted to examining the effects of new (and
even 'old') pesticides on the male reproductive system with some considera-
tion devoted to spermatogenesis, fertility and possible teratogenicity.



SECTION 4

MATERIALS AND METHODS

METHODS

Animals--Male Swiss-Webster mice and sprague-Dawley rats (Hilltop Lab-
oratory Animals; Scottsdale, PA) were acclimated for at least two weeks in the
Medical Center Animal Quarters and were maintained on a standard diet of lab-
oratory chow (Purina laboratory chow) and water ad libitum. Castrations were

performed via abdominal incision under pentobarbital ancsthesia,

Preparation of cytosol--All preparative procedures were performed at 0° to
40C. Immediately upon sacrifice of the aninals by cervical dislocation, whole
anterior prostate glands, seminal vesicles, kidneys, and samples of liver were
excised, blotted, and placed temporarily in 0.05 M Tris-HCl (pH 7.2) containing
0.60 mM NapEDTA and 2.6 mM mercaptoethanol (Tris/EDTA buffer). Tissues were
subsequently blotted, weighed, and homogenized (Kontes Teflon-glass homogenizer,
15-20 manual strokes) in 10 vol of ice~cold Tris/EDTA buffer. The prostate and
seminal vesicle were chopped (McIlwain tissue chopper) just beforz homogeni-
zation. Homogenates were centrifuged(2000g for 20 min), and the supernatants
were decanted and recentrifuged (100,000z for 60 min) on a Beckman Model L
ultracentrifuge. The resulting supernatants were designated as the cytosols or
cytoplasmic fractions.

Steroid binding~-Purity of the [3H] DHT was assessed using thin-layer
chromatography with a chloroform: ether (7:3, v/v) solvent system and was con-
sidered acceptable only when it exceeded 95%. Stock solutions of [3H] DHT in
ethanol/benzene were dried under N and redissolved in an appropriate volume of
Tris/EDTA buffer immediately before each experiment.

Quantities of [3H] DHT (sp, act, 80 Ci/mmol; New England Nuclear, Boston,
Mass.) were incubated with cytosol prepared in Tris/EDTA buffer in a total vol-
ume of 0.45 ml. The concentrations of cytosol protein, [3H] DHT, and competing
steroid were among the experimental variablaes studied, as were the duration of
incubation and the incubation temperature. Corticosterone, cyproterone acetate,
dihydrotestosterone, estradiol, estrone, progesterone, and testosterone were
used as competing steroids. Samples of stock solutions of these compounds in
methanol were dried under nitrogen in the incubation tubes before cytosol pro-
tein and [3H] DHT were added. Final concentrations of competing steroids were
varied from 10-8 to 10-6m.

Separation of bound and free steroid--To remove free steroid from the in-
cubation mixture and allow the counting on only the bound steroid, a dextran-
coated charcoal method was employed (Binoux and Odell, 1973). A suspension of
activated charcoal (0.25%, w/v) was prepared in 0.9% NaCl containing 0.025%




dextran T~70 and stirred av U-42C Zor at least 1 hr. After incubation cof
cytosol and [3H] DHT, 1.0 ml of the charcoal suspension was added. The dura-
tion of incubation was wvaried from . to 15 min. The charcoal and the free
steroid adsorbed from the solution were sedimented by centrifugation (1000g
for 10 min), and the supernatents were decanted into scintillation vials.

Initial studies established the conditions for the c-timum remecval of
free stero’d by adsorption to charcoal and consistently revealed that no ad-
ditional cteroid was removed after 10 min of evpecsure to coarccal. Therefcore,
a 15-min charcoal incubation intcerval was routinely employed. No so-called
"stripping" of steroid from protein binding sites occurred during this 15-min
incubation period. Suitable blank tubes assessed the efficiency of removal
of unbound stercids, and revealed that more than 987 of the free {31] DHT was
removed under these experimental conditions.

Cvtochrome P-450--Difference spectra were recorded in a Cary 15 spectro-
photometer using hepatic microsomal suspensions at approximately 2 mg protein/
ml at room temperature. Pesticides were added to the sample cuvette in ace-
tone solutions; acetone aglone was added to the control cuvette, Total acetone
added never exceeded 1%. Spectral dissociation constants (Kg) were calculated
by the method of Schenkman, et al. (1967). Cytochrome P-450 was determined
from CO difference spectra (Omura and Sato, 1964).

~
Tissue Protein--Protein was estimated by the method of Lowry et al. (1951)
using bovine serum albumin as standard.

Incubation techniques--Twenty-four hours after the last daily pesticide
dose, animals were sacrificed by cervical dislocation and anterior prostate
glands and samples of liver were rapidly excised. The liver samples were
homogenized in ice-cold 0.154 M KC1-0.05 M Tris HC1 (pH 7.4). Cell debris,
nuclei, and mitochondria were removed by centrifugation of the homogenate at
10,000g for 25 minutes. Microsomes were sedimented from the postmitochondrial
supernatant at 100,000g for 60 minutes, then resuspended in cold buffer.

Whole prostates or aliquots of hepatic microsomes (about 600 g of protein)
were incubated with 1,2-3H-testosterone (New England Nuclear, sp.act.40 Ci/
mmole, 98.5%) in 0.1 M sodium phosphate (pH 7.4) containing 4 mM NADP, 5 mM
glucose-6-phosphate, 5 mM MgSo4, 4 mM nicotinamide, and 5 1.U/ml of glucose-6-
phosphate dehydrogenase. Incubations were carried out aercbically in a total
volume of 1 ml at 37°C with shaking.

Incubations of hepatic microsomes were terminated by adding cold chloro-
form—ether (7:3). Prostate incubations were stopped by immersing the tissue
in cold 0.4 N perchloric acid and simultaneously adding chloroform—ether to the
medium. The prostate tissues were homogenized and radiometabolites of 3H-T
extracted from these homogenates as well as the incubation mixtures with
chloroform-ether. The extracts were evaporated to dryness under nitrogen and
redissolved in 500 ul of chloroform.

Twenty-five-microliter samples of the redissolved extracts were spotted on
prepared thin-layer chromatography plates (Eastman Company) or on hand-made
Silica Gel-G plates, Chromatograms were developed with chloroform-ether (7:3)
and spots visualized by iodine vapor (nonpolar metabolites) on ultraviolet light



(polar metabolites). Spots were scrapped irom the plates and radioactivity
determined by a Packard Tyi-Carb Scintillation Counter. These methods are
described in detail elsewhere (Schain and Thomzs, 1976).

Liquid scintillation counting--Quantitation of radioactivity was carried
out in scincillation counting solucion contszining 0,05 g POPOP, 4 gm PPO, and
200 ml of Beckman Biosolv in 1 liter of toluene. Samples were counted on a
Packard Tricarb scintillation specetremster at an efficiency of 25 to 30%,
using [3H] toluene (New England Nuclear) as an external standard. All data
were expressed in dpm or moles of [3H] DHT.

Statistics--Data were analyzed by Dunnett's method for comparing multiple
treatment means (Dunnett, 1955). Scatchard analyses (1949) were calculated
for several tissues to determine binding affinity of both hormones and pesti-
cides.

Chemicals and Pesticides--Solutions of dieldrin {1,2,3,4,10,10a-
hexachloro-6,7~epoxy-1,4 4a, 5,6,7,8,8a-octahydroendoexo-1,1,4:5,8~dimethano~
naphthalene] (K & K Laboratories, Plainfiew, NY., 95-997%) and parathion [0,0-
diethyl-0O-(p-nitrophenyl) ester phosphothioic acid] (City Chemical Corp., NY,
98.76%) were prepared im corn oil. Daily doses of dieldrin (2.5 mg/kg) and/
or parathion (1.3,2.6 or 5.2 mg/kg) were administered by gastric intubation in
a volume of 0.1 ml. Methoxychlor (DuPont), carbofuran (FMC), and diazinon
(CIBA-Geigy) were received from the Environmental Protection Agency. Henry K.
Suzuki, Velsiccl Chemical Corporation, Chicago, kindly supplied a sample of
chlordane., DDT was obtained from Nutritional Biochemical Corporation.
Cyproterone Acetate (l,2a-methylene-b6-~chloro-A4,b6-pregnadien-1780l 3,20~-dion-
17a~acetate) was obtained from Schering Corporation, DHT (S5a-androst-2-ane-
178~0l) and corticosterone (4-pregnene-118, 21-diol~3,20-dione) were obtained
from Sigma Corporation. Dextran was purchased from Pharmacia Fine Chemicals,
and scintillation fluors and toluene from Fisher Scientific Company. All
other rveagents were obtained commercially from Sigma Chemical Corporation.




SECTION 5

RESULTS

Regardless of the dose or dose sequence, neither parathion nor dieldrin
caused any significant changes in prostate gland weigits (Table 1). Similarly
these dose regimens produced no significant alterations in hepatic microsomal
proteing. Thus, these dosing protocols represent no-effect levels insofar as
weights and protein levels are concerned.

Testosterone-JH metabolism by the prostate gland was largely unaffected
by the pesticide regimens (Table 2). There was an unexplained increase in pro-
duction of androstanediol-SH in a dieldrin-parathion group, but it is evident
that the enzymes catalyzing formation of the major nonpolar radicmetabolites of
testosterone-3H are not substantially altered bv the organochlorine-or the organo-
phosphate dose regimens,

Unlike the prostate gland (Table 2), hepatic microsomal testosterone-3H
metabolism was extensively altered by certain of the pesticide regimens (Table
34). With the exception of deildrin plus the highest dose of parathion, a 10-
day regimen of dieldrin significantly reduced the formation of androstenedione-
34 (P<0.05). The highest dose of parathion administered concomitantly with diel-
drin appeared to abolish or negate the inhibitory effect of the organochlorine
on formation of androstenedione-3H. Testosterone-3H levels were generally lower
in those groups receiving dieldrin for a period of 10 days. Again, the highest
dose of parathion seemed to counteract the lowering effects of the dieldrin upon
testosterone-JH levels. Neither androstanediol-3H nor dihydrotestosterone-3H
was significantly affected by the different pesticide dose regimens.

The most conspicuous alterations produced by parathion and/or dieldrin were
observed in the hepatic polar metabolites (Table 3B). Of the three testosterone
hydroxylase activities examined, two (the 68- and 7a-hydroxylases) were signifi-
cantly stimulated by several treatment regimens. These stimulatory effects most
consistencly seen on the 6B- and 7o-hydroxylases were not restricted to either
dieldrin or to parathion, but were recorded after all combined treatments as
well as after administration of dieldrin only. The greatest stimulatory effect
appeared to occur in the Ja-hvdrexytestosterone levels., No significant changes
were evident in the 16a-hydroxytestosterone-SH levels. It is apparent that only
some of the androgen hydroxvlases present in hepatic microsomes (viz., 6B- and
7a~hydroxytestosterone) were affected by these dose regimens of pesticides.



TABLE 1
DieLpris (D) anxp/or ParaTHion (P) EFFecTs ON PrROSTATE

WEicHT anp HepaTic ProTEIN OF THE MOUSE?

Hepatic
Ten-day Prostate wt  microsomal protein
treatment regimen (mg) (mg/g)

1 2 3 4 5 6 7 8 9 10
C €C €C € €C C € € € C 2000=15% 405036
p, P, P P P P P P P P 228 x].21 4.10 = 0.31
p, » P P P, P P, P, P, P 17.70x0.62 4.20 = 0.24
» P, P, P P P, P, P P P 18.92 + 0.94 4.37 » 0.28
D D D D D D D D D D 18.62 + 0.51 4.66 = 0.31
p P P P P D D D D D 16.76 £ 1.42 4.26 £ 0.22
P, P, P P, P, D D D D D 17.02 = 0.76 4.29 = 0.41
p;, P, P P, P, D D D D D 16.02 = 1.42 3.85 = 0.2
D D D D D p P P P P 17.82 = 0.69 3.78 x 0:44
D D D D D P P. P, P, P, 1826x046 3.09 £ 0.17
D D D D D P, P P P, P 18.40 = 1.13 3.68 = 0.17
p, P P P P P P P P P N
D D D D D D D D D D 18.40 + 0.13 4.20 = 0.26
p, B P P P P P P P P 5
D D D D D D' D D b D 19.04 = 0.40 3.82 = 0.17
P P, P, P, P P, P, P, P P 5 e 4 5
D D D D P D D D D D 12.15 = 1.91 4.62 = 0.34

= Dieldrin (D) (2.50 mg/kg daily X 5 or 10) and/or parathion (P) (P,, 1.3; P,, 2.6; P;, 5.2 mg/kg daily

x 5 or 10).

5 Corn oil vehicle.

cx = SEM of at least six samples.

TABLE 2
ErrecTs oF Dierorin (D) anp/or ParatrHion (P) on 11 10-Minure In Vitro
Merasouism orF *H~TesteroNE BY THE Mouse Prostate Grann®

Radiometabolites (dpm/100 ug protein)

3H-Testosterone

3H-Androstancdiol *H-Dihydrotestosterone ‘*H~- Androstencdione

Ten-day
treatment regimen

3 2 3 4 S 6 7 8 9 10
¢ ¢ ¢ € ¢ ¢ C¢c ¢ cCc ©
P, P, P, P, P P P P P P
P, P, P, P, P, P, P, P, P, P
P, B, P, P, P, P, P, P, P, P
b p b b b D b P D D
P, P, P, P, P, D D D D D
P, P, P, P, P, D D D D D
p, P P, P, P, D D D D D
D D D D D P P P P P
p bp b b b P P, P P P
p D D D D P, P, P P D
p P P P P P P P P P
D b D D D D D D D D
p, b P P P P P, P, P P
b p b D b D D D D D
Pﬂ PJ P.‘! P3 Pﬁ P3 P3 Pﬂ PS P:I
p bp p p b D D D D D

544 = 2%
552 + 116
729 + 127
564 + 96
534 = 52
610 = 62
513+ 69
495 + 59
401 = 23
575+ 72
556 = 36

465 = 57
611 = 40

614 + 105

215 = 62
220 = 70
198 + 56
179 = 20
212 + 23
174 + 47
216 + 39
295 + 49
369 x Sid
316 + 52
199 + 22

219 + 46
200 x 19

228 = 50

428 + 45
460 = 82
568 + 94
382 + 58
436 = 72
394 + 45
383 + 14
401 * 48
389 + 27
391 = 33
398 + 48

370 = 31

343 + 26

395 £ 40

43 = 13
0+ 8
40 = 20
38+ 13
38+ 8
44 = 10
30+ 6
49 = 11
45 = 10
43 = |7
29+ §
43 + 8
40 = 7
40 = 10

e Dieldrin (D) (2.50 mg/kg daily x 5 or 10) and/or parathion (P) (P, 1.3; P, 2.6; P;, 5.2 mg/kg daily x 5 or 10).
® Corn oil vehicle.
© x = SEM of at least six samples.
d Significantly different from control (P < 0.05).
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Pesticides were tested at three concentrations for their «bility to inhib-
it J--estostercne metabolism. With rat liver mi:c :omes, none were particular-
1v rotent (Table 4). Heptachler and methoxychler significantlv inhibited
hydroxvlation reactions at 1077 but n.c at 10-% or less. Carbofuran did not

Pstione, but actnally seemed to stimulate formation of 1bu-
hydroxytestostevrone and 65-Lydr o Zestuvicecl. mien present at low concentration.
Organophosphates had mixed effects (Table 4).

‘phib it hvdrews

D.sziron inhibited l6a hvdroxylation at 1074 tn a greater extent than it
reduced formation of the other hydroxysteroids. Parathion, on the other hand,
had no effect on l6a-hydroxylaticn but at 1041 ceverely reduced 7« and 68
hydroxylations.

A sdimilar arrav of effccrs was seen en cepatic microsomes from mice
were studied (Table 4). 1In general, the steroid hydroxylations were somewhat
less sensitive to organochlorines than were these reactions in the rat. The
exception was 16a and 68 hvdrowylatisus Wizl were inhibited by low concentra-~
tions of heptachlor. Carbofuran had the same tendency to slightly stimulate
metaboiism that it showed in the rat. Mouse micresomes were very sensitive to
diazingn at all concencratioens, but were nearly refractory to parathion even
at 107%M.

Spectral chances produced by direct interaction of pesticides with hepatic
microsomal cytochrome P-450 were measured beczuse this hemoprotein 1is a part
of the enzymic complex responsible for steroid hydroxviation, All the pesti-
cides in this study produced typiczl Type I spectral changes with an absorbance
peak at 385nm and a trough at 420nm.

Double reciprocal plots of the pesticide concentration dependence of the
peak-trough difference showed complex interactions with rat (Figs. 1A and 2A)
and mouse (Figs. 1B and 2B) microsomes. In both species, heptachlor appeared
to bind at two sites, one having a high affinity and the other having low
affinity (Fig. 1). The total capacity of the low affinityv binding sites was

about twice that of the high affinity tvpe (Table 5). Methoxvchlor also bound
to sites in both species with affinities comparable to the high affinity
heptachlor binding (Fig. 1). However, at concencrations greater than 2 x 107oM,

methoxychlor apparently disrupts microsomal membranes with consequent loss

of the Type I cytochrome P-450 spectrum. This change was accompanied by an
increase in turbidity which was visible to the unaided eye and accounts for the
increase in 1AA at low values of 1/S.

Carbofuran produced Type I spectral changes in both rat and mouse (Fig. 2),
but only at concentrations greater than 107*M., The affinity for this compound
was very low and the concentration of binding sites for it was also low (Table 5).

Organophesphates had complex binding properties. In both species, diazinon
bound to one type of high affinity site and caused disrvuption of membranes and
reversal of spectral changes wvhen its concentration exceeded 10‘4M (Fig. 2).
The onlv major differences between the species was in the binding of parathion
(Fig. 2). Both mouse and rat liver microsomes showed high affinity binding
with Ks approximately 7mM (Table 6). Only wmice, however, had low affinity
binding wites for parathion.
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The pesticides studied had very little apparent effect on reduction of

H-testosterone to 3H—dihydrotestosterone by prostate glands from these animals.
Only mouse tissue showed reduced formation of 3H—dihydrotestosterone and that

only when 10-4M heptachlor or parathion was present.

Chlordane showed similar inhibitory prcperties to the other organochlorines,
that is, it inhibited microsomal hydroxylations in both species at high concen-
trations and showed weak inhibition of mouse prostate testosterone reduction.
Since chlordane is a mixture of many components, its cytochrome P-450 binding

spectra were not recorded.

TABLE 4

EFFECTS OF PESTICIDES ON FORMATION OF 3H~HYDROXYTESTOSTERONE
ISCMERS FROM Sil-TESTOSTLRONE BY RODENT LIVER MICROSOMES

RAT
160~0I1T 7a-OHT 68 0HT

Heptachlor '

10-83 g2t 111 96

10~-621 77 121 104

10-41 25 38 54
Methoxychlor

10-83 85 113 93

10-6x 79 120 106

10~4N 25 37 53
Carbofuran

10-8x 294 93 150

10-62 224 83 149

10-4uM 137 22 114
Diazinon

1081 90 77 104

10-6M 76 78 142

10-41 33 67 60
Parathion

10-81 105 108 92

1061 133 144 96

10793 96 22 22

A. All valucs are expressed as % of control dpm/mg Protein/Smin.
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__MOUSE
165 -QUT 70 =QUT 62-0lIT
40 90 52
56 1083 63
36 93 42
104 93 84
100 111 150
63 85 gL
139 86 104
141 84 117
172 g4 130
31 50 67
39 32 70
20 32 32
96 86 100
112 81 105
80 78 76



TABLE 5

LIS TN O LwpEn 0 LIVER MICROSOMES

A. Ks (it Loy /P =450
Rat
Heptachlor 2.8 ' 14.3
S 395.1
Moethonyehlor 1.9 15.0
Carbofuran 100 10.5
Diaz inon 2.6 28.9
Parathion _ 7.1 41,4

B.

Mouse

Heptachlor 8.7 14.3

33 20.7
Methonvchior 3.8 9.5
Carbofuran 2Q0 141
Diazinon 2.0 26.7
Parathion 6.7 22.7

42 38.6
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FICT?E 1a

(Rat Liver Microsomes)

015k © §

010F A/;///L,/”J

1/A ABSORBANCE 385-420nm
{(mM CYTOCHROME P450/AA)

OOS‘ O

1/S [PESTICIDE] (1/M x 10-%)

Figure 1. Double reciprocal plot of binding of organochlorine pesticides to
rodent liver microsomes. Absorbance spectra were recorded using a sample con-
taining 2 mg/ml microsomal protein plus pesticide and a reference containing
only microsomes. The peak-trough difference (385-420 nm) was divided by the
cytochrome P-450 concentration as determined from CO difference spectra and the
reciprocal of this quantity was plotted as a function of the reciprocal of the
pesticide concentration. e
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1/A ABSORBANCE 385-420nm
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(Mouse Liver ‘icrosones)
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A Heptachlor

o Metho:rychlor

1/S [PESTICIDE] (1/M x 10=%4)

Figure 1. Double reciprocal plot of binding of organochlorine pesticides to
rodent liver microsomes. Absorbance spectra were recorded using a sample con-
taining 2 mg/ml microsomal protein plus pesticide and a reference containing
only microsomes. The peak-trough difference (385-420 nm) was divided by the
cytochrome P-450 concentration as determined from CO difference spectra and the

reciprocal of this quantity was plotted as a function of the reciprocal of the
pesticide concentration.
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1/A ABSORBANCE 385-420nm

FIGURE 2a

(RAT LIVER MICROSOMES)

(mM CYTOCHROME P450/AA)

016 A

O Parathion

A Digzinon

o Carbofuran
ot2 ,.1

i
008t ]
A PSS, o el
- S—

o S —3
0N b, et T © o — o

1/S [PESTICIDE] (1/M x 10~%)

Figure 2. Double reciprocal plot of binding of organophosphate and carbamate

pesticides to rodent liver microsomes. Conditions and calculations were as
described in Figure 1.

16



1/A ABSORBANCE 385-420nm
(mM CYTOCHROME P450/AA)

FIGURE 2b

(MOUSE LIVER MICROSOMES)

012k 4

)

£

008 B

004

4

1/S [PESTICIDE] (1/M x 10 7)

Figure 2. Double reciprocal plot of binding of organophosphate and carbamate

pesticides to rodent liver microsomes. Conditions and calculations were as
described in Figure 1.
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Figure 3 reveals that several parameters can influence the amount of
‘bound [JH] DHT. Increasing the duration of postcastration time expectedly led
to a loss of endogenous androgen resulting in more [3H] DHT being bound to cyto-~
plasmic receptors in several tissues (Fig. 3A). The increased availability of
binding sites follewinzy castration was particularlv evident in the sex acces-
SOry organs (315., prostate and seminal wvesicles). A 3-dav postcastration
time seemed to reveal considerable binding of [BH] DHI,and i~ was arbitrarily
chosen as the interval alfording substancial bindine (Fig. 3A). Using several
in vitro incubation temperatures indicated that the total binding of [34] DHT
to prostate cytosol receptor increased exponentially (Fig. 3B). However, no
specific binding, as determined according to method of Chamnes and McGuire
(1975), was detected when the incubation temperature was elevated beyond 10°C,
and all further experiments were carried out at 00C to maximize the degree of
specific [3H] DHT binding by prostate cytosol proteins. Although not shown,
similar temperature curves were also obtained for other organ cytosols (viz.,
seminal vesicles, liver, and kidney).

If the duration of incubation was monitored over a 24-hr period, it was
observed that the total binding of [3H] DHT increased until about 10 hr and there-
after remained on a plateau until 24 hr (Fig. 3C). Subsequent experiments there-
fore utilized a 12-hr incubation interval in order to ensure the establishmnent
of an equilibrium between bount and free [3H] DHT in the tissue cytosols.

Just as an increase in incubation time led to an increase in binding of
[3H] DHT, as increase in the concentration of proscate cytosolic protein in the
incubation mixture lead to increased [3H] DHT binding (Fig. 3D). Based on this
dependence pattern, a protein concentration of 2 mg/ml was selected for sub-
sequent experiments. The dependence of bincing on protein concentration was
similar in all tissues studied, and the same standard concentration was chosen.

Using the optimum experimental conditions of postcastration interval,
temperature, incubation time, and protein concentration, Scatchard analysis
(1949) was performed on [3H] DHT binding data from prostate gland and cther
organs (Fig. 4). The affinity of the cytosolic protein for [3H] DHT was sim-
ilar in all the tissues, but the total binding capacity varied among them
(Table 6). Capacity was highest in the prostate and lowest in the liver.

The specificity of the prostate cytosolic steroidophil was demonstrated
by competition studies using various agents (Fig. 5). As expected, nonradio-
active DHT and testosterone were very effective competitors of [3H] DHT binding
by prostate cytosol. Of intermediate inhibitory activity were cyproterone
acetate and estradiol followed by progesterone. Over a wide range of in vitro
concentrations, estrone, estriol, and corticosterone failed to compete effective-~
ly with [3H] DHT for its binding sites (Fig. 5). The specificity of the seminal
vesicles, liver, and kidney binding profiles for the various steroids was
analogous to the prostate response (not shown).
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A
Figure 5. Effects of incubation conditions on [°H] DHT bindiﬂg v cytoscl.
AT

All cvtesol incubaticns were nerformed in the oraserce of 5 x 107~ {3% DHT
in Tris/EDTA buffer (pH 7.2). Verticai bars show SE of the mear, and each
point represents the mean of at least eix values., (A) Relatzunship of {3H]
DHT bound/mg of protein to cytosols preparad from tissues tallen frem animals
at varying times postcastratzcen end incubatzg Zov L2 hr at 0°9C. (B) Relation-
ship of total nouspecific (NSP) and specific (SP) {34] DHT bound to cytosols
prepared from tissues taken from anim:lc 3 drvs -~ogtozszoraricn and incubated

for 12 hr at varying temperatures. The SE of each point is approximately 10%.
(C) Relarionship of [JH] DHT bound/mv of protein to cytesols prepared from tis-~
sues taken from animals 3 days postcastraticn and incubated for varyving times

at 0°C. (D) Relationship of [3H] DHT bound to protein concentration of cytosols
prepared from tissues taken from animals 3 days postcastration and incubated

for 12 hr at 00C.
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STURCID BINDING IN MOUSE TISSUES

Pri. 2'e
Semngl ves'cle
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DHT BOUND (10-11 Moles/Liter)

.

Figure 4. Scatchard analysis of L3H] DHT (radicactive) binding to specific
cytosol-binding proteins in various tissues from mice 3 days postcastration,
Incubations of the cytosols were performed in the presence of various concen-
trations of [BH] DHT for 12 hr at 0°C.
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TABLE 6

SCAICHARD  AnALYsiS oF CH-DHT BintinG 1o SpPECIHC
Cyvoser ROCLPTORS FROM Swiss—WeBSTER Micr 3 Davs
AFTER CASTRATION

A, Binding sites
{hters/mol x 10%) (mol'g of protein x 1074)

Prostate 17017 3.1 +0.1
Semunal vesicle 1.7+ 0.2 3.7+01
Kidney 1.3+-01 29+ 1.6
Liver 1.3 ~9.2 1.2 = 0.3

9 Values are cxpressed as means + SE of results of three experiments,
each containing triplicate values

100 £y PROSTATE
.
El
£ Estrot
o BOL < Corticosrerone
§ CY\ \ E, Es c-e
fos] P Priqes'srone
':E 60} Fo  Eston
o CY Cyprotercne
I
" T Tes'as'ersae
o 40F T CHT O.hyd-otestosterone
2 onT
fe}
-
2 z0f

e p—t. ;
10°8m 10" 1076w
. \

[compETITOR|

F%gu¥e 5. Ability of various hormones to compete with [3H] DHT for its
binding sites in prostate cytosol from castrate mice. Incubations of pro-
sgate cytosol, prepared from animals 3 days postcastration with 5 x 10~u
[H] DHT either alone or with competitor were carried out for 12 hr at 0°C.
Pgrcentage total [3H] DHT bound was determined by comparing the amount of
[“H] DHT bound in the presence of the competitor to the amount bound in the
absence of the competitor.
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Having extablished the specificitv of the prostate cytosol binding compon-

ents for 3H DHT, ancther series of expariments was conducted in order to examine
the ability of certain pest

cidizs to parturb the ivceraction of DHT with its
cytosolic binding comgonen;; (Fig. 6). Parathion (10~ -8 - 10-5M) was observed to
be an effective inhibitor of SH-DHT binding in the proscate cytosol (Table 7).
Comparable concencrations of caorbarvl and the »~zancchlorines, DDT and wi:ldrin,
had no effect of SH-DHT binding in the cytosol fraction of the mouse prostate.
These findinecs of the lack »f effect of the organcchlerines on meuse srestate

cytosol binding of SH-DHT are in contrast to tnose in the rat wherein either DDT
or dieldrin inhibited SH-DHT binding (Wakeling and Visek, 1973). Although not
shown, 3H-DET binding in the seminal vesicle, kidney and liver was similarly
affected by the various pesticides investigated. Again, parathion was a potent
inhibitor of SH-DHT binding in the cytosols of these tissues, whereas carbaryl,
DDT, and dieldrin had no effect.

In order to determine whether parathion's inhibitory effects on 3H—DHT
binding were specific for organs known to be influenced by androgens (e.g.
sex accessory organs, liver and kidney), a series of studies were undertaken
using cytosol prepared from the small intestine of the mouse (Fig. 7). Although
H-DHT can be bound to cytosol components of the intestine, such binding is
totally non-specific (Schein and Donovan, unpublished). Noue of the pesticides
studied caused inhibition of 3H-DHT binding in the cytosol of the small intestine
(Fig. 7). Tt is evident, therefore, that among the tissues utilized in these
investigations parathion's inhibitory erffect on SH-DHT binding resides prin-
cipally in those that are influenced bv male sex steroids, and not in a non-
target tissue such as the small intestine,
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MOLAR
CONCENTRATION
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PARATHION CARBARYL DDT DIELDRIN
Figure 6. Percent of total 3H-DHT bound in vitro to cytosol of the mouse

anterior prostate gland in the presence of various concentrations of different
pesticides. Each value represents the mean of at least 10 observations. Cyto-
sols prepared from tissues taken from animals 3 days post-castration were in-

cubated with 10-9M 3H-DHT and various concentrations of pesticides for 12 hours
at 00C,
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Figure 7, Percent total SH-DHT bound in vitro to cytoscl of the mouse intes-

tine in the presence of various concentrations of different pesticides. Each
value represents the mean of at least 10 observations. Cytosols prepared from
tissues taken from animals 3 days post-castration were incubated with 1077M
3H-DHT and various concentrations of pesticides for 12 hours at 00C.
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SECTION 6

DISCUSSION

The effects of various pesticides on hepatic steroid metabolism have
been previously reported (Conney et al., 1957; Welch et al., 1967; DuBois,
1969). 1In the liver, the effects of organochlorine pesticides seem to be
mediated through stimulation of the microsomal hydroxylating enzyme systems
(Hart and Fouts, 1965; Kuntzmann et al., 1966; Murphv, 1969). 1In the pro-
state gland, pesticides have been shown to alter the uptake and metabolism
of radiolabeled testosterone (Schein and Thomas, 1975), to interfere with
the binding of androgen metabolites to proteins (Wakeling and Visek, 1973)
and to change the composition of prostatic secretions (Blend and Visek, 1972).

Early studies showed that the toxicity of various pesticides could be
either increased or decreased by the previous or simultaneous exposure to
other agents (Murphy 1969; DuBois 1969). These interactions among pesticides
seemed to occur as a result of differential effects on oxidative enzyme
activities (Conney and Burns, 1972). Resultant changes occurred in residue
accumulation (Street and Blau, 1966), detoxication (Murphy, 1969) and hormonal
balance (Street et al., 1569). Such changes, resulting from pesticide inter-
acticns might be responsible for altered sexual function (impotence) in farm
workers exposed to pesticides (Zspir et al., 1970).

Recently, the administration of dieldrin and parathiun was shown to pro-
duce effects on testosterone metabolism different from those produced by either
agent alone. Such effects occurred in liver and in androgen-dependent organs
(Schein and Thomas, 1976). Likewise, the present studies demonstrate some
differential effects of these two pesticides on androgen metabolism, but using
dieldrin doses twice as large as previously administered.

In the mouse prostate gland, parathion treatment followed by administra-
tion of dieldrin stimulated the production of nonpolar metabolites of 3H-tes-
tosterone in vitro (Schein and Thomas, 1976). 1In the present study, using
twice the dose of dieldrin previously reported (Schein and Thomas, 1976), the
effect upon nonpolar metabolites was absent and had presumably been abolished
(Table 2). Unlike the previous study using lower doses of dieldrin (Schein
and Thomas, 1976), the formation of metabolites of 3H-T was not significantly
different from that of the controls.

Similar to the response in the prostate gland (Table 2), there were changes
in androgen metabolism in hepatic microsomes (Table 3). Previous studies showed
that parathion alone stimulated the production of 3H-androstanediol (Thomas and
Schein, 1974) while dieldrin alone reduced the formation of 3H-androstenedione
(Schein and Thomas, 1975). When both pesticides were administered simultane-
ously, both effects were observed; formation of 3H-androstanediol was enhanced
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and of SH-androstenedione was reduced {Schein and Thomas, 1976). Table 3
shows, however, that when the dose of dieldrin was doubled, both the stimula-
tion of SH-androstanediol and the inhibition of 3H-androstenedione were abolished.

Parathion is an inhibitor of hepatic mic 2zomal steroid hydroxylases
(Kuntzman et al., 1966) while dieldrin induces these activities (Welch et al.,
1971). When these two pesticides were administersed simulctanecusly for 10 davs
or when dieldrin was administered for 5 days feollowed by 5 days of treatment
with parathion, no significart changes were recorded in androgen hydroxylations
(Schein and Thomas, 1976). The present findings extend these earlier studies
since higher doses of dieldrin resulted in further stimulation of androgen
hydroxylases (Table 3).

The present studies reveal that different pesticides can interact in
mammalian systems to produce effects different from those produced by a single
pesticide. The mechanism of interaction may be similar with different doses
or dose regimens., This seems apparent in the response of hepatic androgen
hydroxvlases to various doses of dieldrin and parathion. Increasing doses of
pesticides result in increasing stimulation of enzyme activities., It is pos-
sible, however, that pesticide interactions change eqalitatively with different
dose regimens. This was made evident by the effects of these same pesticides
on nonpolar metabolites of testosterone in liver and prostate. The effects of
lower doses of pesticides on these activities disappear when higher doses are
administered. Such pesticide interacticons should be considered when evaluat-
ing environmental and toxicological impacts. The effects shown here on hepatic
androgen metabolism have the potential to alter the hormonal balance. In ad-
dition, the effects on the prostate gland androgen metabolism could represent a
direct action upon hormone-dependent organs, The importance of pesticide in-
teractions is emphasized by the widespread agricultural use of many different
types of these agents.

Organochlorines have high affinity for the cytochrome P-450 protein (Table
5) as well as high lipid solubility. This could easily lead to their accumula-
tion in cellular membranes and produce concentrations sufficient to inhibit
steroid hydroxylations (Table 4)., Likewise.organophosphates bind with high
affinity to liver microsomes, and at high concentrations inhibit testosterone
hydroxylases. Mice seem especially sensitive to diazinon with a low Ks wvalue
and significant enzyme inhibition at 10-8y pesticide. 1In addition, methoxychlor
and diazinon both appear to physically disrupt membranes at higher concentrations.

Carbofuran appears to have a different sort of toxic liability. It inter-
acts only minimally with hepatic cytochrome P-450, but by some mechanism it
appears to stimulate microsomal hydroxylations reactions.

Direct effects on prostate metabolism did not appear to be very important
in this study. It is always possible that these pesticides did not adequately
permeate the tissue and were not present in sufficient amounts at potential
sites of action,.

27



Another objective in this study was to determine the optimum conditions
for [3H] DHT cytoplasmic binding in various tissues of the mouse. It was
decided that the best postcastration Ianterval was 3 days. At this time the
total binding capacity of the prostate glanc is at a maximum, but tissue
regression is minimal. It is essential that both preparation and incubation
with labeled steroid be carried out at 0 to 4°C. The high-affinity, hormone-
specific component of binding is excvzm2ly heat-labile and is destroyed at
100C; but the amount of the low-affinity, nonspecific component was increased
by higher temperatures. The heat lability of the gpecific binding compouc.a:
in the present studies was typical of androgen binding in wvarious species
(Mainwaring and Morgan, 1973). The optimum total concentration of protein in
the incubation mixture is about 2 mg/ml. At protein concentrations greater
than 3 mg/ml [“H] DHT binding was no longer a linear function of protein con-—
centration. A 12-hr period of incubation is necessary in order to reach
equilibrium between free and bound hormone.

The slow kinetics of clearance of endogenous androgen after castration
and of approach to [3H] DHT binding equilibrium in vitro in the mouse are
unusual. In the rat (Robinette and Mawhinney, 1978) and guinea pig (Belis
et al., 1978), both of these processes are much more rapid. For example, rat
prostates obtained 24 hr after castration and incubated for just 4 hr with
steroid yielded maximum binding of androgen to cytosol fractions (Robinette
and Mawhinney, 1978). In the presen*t studies, it is not clear whether both
high and low affinity componerts of [JH] DHT binding exhibit this slow reac-
tion rate nor is it clear just what structural of functional differences
in the mouse prostate account for this slow clearance rate of endogenous
androgens following castration.

Still another purpose was to examine the manner in which [3H] DHT was
bound in the cytosols prepared from the various tissues of the mouse. Two
types of binding were found: (1) a heat-stable, high capacity type with lcow
affinity, and (2) a heat-labile type with high affinity (Kz 1.5 x 109 liter/
mol) and low capacity. This “wo-component androgen binding is commonly found
in cytosols of mammalian cells (Wilson and French, 1976; Aakvaag et al., 1972).

Table 6 shows that the affinity constants of the high affinity [3H] DHT
binding component are similar in all tissues studied. On the other hand, the
capacity of this binding component wvaries considerably among the tissues
studied, being greatest in androgen-dependent organs. These findings are con-
sistent with the distribution of binding activities among tissues of other
animals (Mainwaring and Morgan, 1973).

The high-affinity type of binding present in most tissues was very specific
with respect to competitors. At 10~ &M (1. L.e., at ten times the concentration
[3H] DHT), either DHT or testosteroune significantly reduced binding of [3H] DHT
to this b1nd1ng component Cyproterone acetate, estradiol, or progesterone
competed with [3 H} DHT for the high aftlnlty blndlng sites at concentrations
100~ to 1000-fold greater than the [ H1 DHT concentration. Estriol, esterone,
or corticosterone did not reduce | H] DHT binding at any concentration studied.
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The high affinity component of [3H] DHT binding in mouse tissues behaves
in the manner expected of a cytoplasmic androgen receptor. Its affinity for
androgens is high. It is present in cells of tissues dependent on androgens
for normal function and is also found in tissues responsive to but not dependent
on androcens. Binding fo this high affinit: co—penint is specific for androgens
and is dinhibited by antiandrogens such as cyproterone acetate, progesterone,
and estradiol.

These investigations have demonstrated a relatively simple method for
studying the in vitro effects of various compounds on the interaction of [3H]
DHT with its Egécific binding proteins in cytosol preparations of various
tissues of the mouse. These methods can be useful to determine whether or not
exogenous compounds (e.g., steroids, pesticides, etc.) have the ability to
interfere with androgen-receptor dynamics at the cellular level,

Previous studies in our laboratory have shown that parathion has little
or no direct effect upon 3H-testosterone assimilation and/or metabolism by the
mouse prostate gland if administered orally for a period of 5 days (Thomas
and Schein, 1974). In the present studies, using an in vitro cytosol system,
this pesticide was particularly effective in interfering with andregen binding.
Parathion was a potent inhibitor of 3H-pHT binding in the cytosol of several
tissues including the anterior prostate gland, seminal vesicle, kidney and
liver (Table 7). All of these tissues are subject to androgenic stimulation,
but vary in their magnitude of response. On the other hand, the intestine
does not appear to be stimulated by male sex hormones. Correspondingly, para-
thion had little effect on SH-DHT binding te cytosol components from this ovrgan.

Although the organochlorine pesticides DDT and dieldrin have been shown
to interfere with the assimilation and metabolism of SH-testosterone in mouse
sex accessory organs (Thomas and Lloyd, 1973; Thomas et al., 1973), neither of
these compounds altered the binding of “H-DHT to cytogbl binding components
from any of the tissues studied in this series of experiments. Cytosol binding
studies with the rat prostate (Wakeling and Visek, 1973), but not with the
mouse prostate (Fig. 6), reveal that either dieldrin or DDT can inhibit binding
of 3H-THT to cytosol binding components. The differences seen in these two
studies might be due to species differences or technique differences. Wakeling
and Visek (1973) used sedimentation gradient techniques to study the binding of
3H-DHT . These studies used Dextran-coated charcoal method to isolate the bound
stercid. Also, the constituents of their incubation buffer system (N-2-
hydroxyethylpiperazine-N'-2-ethanesulfonic acid [pH 7.4], containing 1.5 mM
EDTA, 2.0 mM mercaptoethanol and 0,4 M KCl) differed from that used in these
investigations. Furthermore, their in vitro incubation procedure included
freezing the incubate overnight. These studies did not allow samples to freeze.
Finally, the DDT used in these investigations was not analysed to determine the
amount of the o,p'-DDT isomer present. This isomer has been found to be much
more potent as an estrogen that the p,p'-DDT isomer (Welch et al., 1969).
Therefore, o,p'-DDT should be a more potent antiandrogen than the p,p'-DDT isomer.
The lack of effect in this series of experiments may be due to a relatively
large percent of p,p'~DDT present.
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in the present studics, carbaryl was found to have little effect on
H-~DHT binding to cytosol binding ccmponents of the various tissues studied..
This finding was not unexpected, since previous studies have shown that this
pesticide had little effect on 3H-testosterone uptake and metabolism in the
various androgen dependent tissues (Dieringer and Thomas, 1974; Thomas et al.,
1974). As a chemical class, the corbamates ssem to be unable to produce changes
in the reproductive system (Guthrie et al,, 1271).

Coaney et 2i. {1974) and Kuntzman et al. (1966) have suggested that organo-
chlorine and organophosphate pesticides, respectively, can perturb endocrine
responges in mammals by induction of liver microsomal steroid hydroxylase
enzymes. On the basis of the results presented in thisreport, an alternative
mechanism for modifying hormonal action in male reproductive organs may be
through the more direct inhibition of DHT binding to target tissue cytosol
binding proteins.

In summary, the results of this investigation reveal that parathion is a
potent inhibitor of 3H-DHT binding to cytosol binding components present in
androgen sensitive tissues, t would be of interest to examine the effects of
paraoxon (the active metabolite of parathion) on 3g-pHT binding in these tissues.,
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GLOSSARY

Carbaryl: (1-Naphthyl-N-methyl carbamate)

Carbofuran: (2,3-dihydro-2,2-dimethyl-benzofuran-7-vl N-methylcarbamate)
pDT: (1,1-bis[p-chlorophenyl]-2,2,2-trichloroethane)

DHT: (dihydrotestosterone)

Diazinon: (diethyl 2-isoprophvl-6-methyl-4-pyrimidinyl phosphorothionate)

pieldrin: (1,2,3,4,10,10-hexachloro~6,7-epoxy-1,4,4a,6,7,3,8a~octahydro-
endo-exo-1,4:5,8-dimethanonaphthalene)

Heptachlor: (1,4,5,6,7,8,8~heptachloro-3a,4,7,7a-tetrahydro~4,7-methanoindene)
Methoxychlor: (l1,1,l-trichloro-2,2,-bis-4-fmethoxyphenyl) ethane)

Parathion: (0,0-diethyl-0O-[p-nitrophenyllester phosphorothioic acid
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