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ARSTRACY

Tnduction of Leydig Cell Adenomaz by Ammonlum Perfluoroo

1ible Endocrine-Relsted Hechanisn COOK, J.C., WKURRAY, S5.M.,

HURTT, W.B. (1291). Toxicol. &ppl. Phavmacoi. 000, 000-000. Ammoniu
perfluorooctacate {C8) produced an increased incidence of Leydig crll
adenomas in Crl:CDOBR (CD) rats fed 300 ppm for tvwo ywars. A hormonal
{(non-genotoxic) mechanism was eramined since C8 was negs

for genctonicity. Adult wale CD rats vere gavaged vwith eithe

or 20 mg/kg €8 for 14 days. In addition, a countrol group vas pair-

50 mg/kg C8 group. A dose-dependent decrease in body and relative
accessory sex organ (ASQ) weights was seen, with the relative A30
the 50 mg/kg group significantly less than the pair-
estradiol levels vere elevated in the 10, 25, and 50 mg/kg C
Estradiol levels were 2.7-fold greater in the 50 mg/kg CB groun vhen compared
to the pair-fed control. The increase in serum estradiol levels occurred at
the same dose levels as the increase in hepatic B-oxidation activity.
statistically significant downward trend with dosec was seen in serum
testosterone levels when compared with the ad libitum control. Hovever, when
the 50 mg/kg CB-treated rats were compared with their pair-fed cortrol,
significant differences were seen. Challenge experiments, whicl
the presence and location of a lesion in an endocrine axis,
clarify the significance of this downwvard trend in serun
folloving C8 exposure. 1In the challenge experiment37 adult CO rats:
gavaged with either 0 or 30 mg/kg C8 for 14 days. - 0ae houy béfOfﬂ,SECiw

rats Leﬂelved either a human chorionic gonadotropin (HCGY, gsﬁ&ﬁafv pin

releasing hormone (GhRﬂ), or naloxene ch@ll nge. Fellowing




gerum testosterone levels antly deoreasard

Ch grouvp vhen compaved to the ad likirt S5imilar denreases,

although not significant, vere secen in = 5 (DY alluving GuRH

naloxone challenge. The challenge expersiments svpgest that

serum testogieronce following CB exposiuve iz due to 2 legion at

the testis. In addition, progesteroue, 17o-hydrozyprogesterone, and
endrogtenedione we mined in the 50 mg/kg CB-treated males folloving
challenge. A 60% decrease was obzaerved in awlrostenedione levels

vere seen. Fhese da uggest that the decrease in

following hCG chellenge may be wue to a decrease in the conversion of

17 o-hydroxyprogesterone to androstenedione. The chserved effects desorii
above can be attributed to the elevated serum estradiol levels.

been shown that estrogens can induce Leydig cell tumors in mice.

elevated estradiol levels in CB-treated rats may be responsible for the

decreased relative accessory sex organ weight and serum testosterone levels

cen in this study as well as the increased incidence of Leydig cell adenomas

in the two-year feeding study with C8.




ENTRGRICTION

Ammonium perfluorooctansate (C8)f3’ is a dr dvative of
acids which have been used in a vide variety of industrisl
as plastieiy » lubricants, and vetting agenis (Cuenthner

viffith and Long, 1980; Glson and Andersen, 1983).
in the pharmacokinetics of CB are seen in rats but noi in mice, monkey
dogs (Griffith and Long, 1980; Hanhijérvi st al., 1988).
sengitive to the toxic effects of C8 than
slover excretion of C8 (Griffith and Loug, 1980; Hanhijirvi ot al.,
1987). The half-life of C8 in female rats has been estimated to be
(Ophaug and Singer, 1980; Hanhijirvi et al., 1987}), vhile the half-l
male rats has been estimated to be 5-7 days (Kennedy et al., 1986). Humans
also appear to excrete €3 very slovly. 1In a men exposed to €8, the half-1
in blood was estimated to be greater than 18 months (Ubel et al., 1980). ‘The
rapld excretion of C8 by female rats appears to be due to active renal tubular
secretion (organic acid transport system) which can be inhibited by probenscid
(Hanhiidrvi et al., 1982). This renal tubular secretion appears to be
male rats treated with estradiol have

similar excretion rates of (8 as female rats (Ylinen et al., 19
similar experiments, other investigators have shown that C8-induction of
biochemical parameters can be blocked in castrated wale rats treated vith
estradiol (Kawashima et al. 1989) presumably due to the enhanced wieretion of
C8 . (Ylinen et al., 1989). Kawvashima and covorkers {1989) have esiimateé tha

male rats are 32-64 times more sensitive to CB than female rats.




€CB bag been shown to induce peroxisowes in the liver of mice and rats

rashima at

(Ikeda et al., 1985; Pastoor et al., 1987

al., 1990). Paervoxisome proliferation in of particular
association with the industion of hepaiocelluar carclnoma (Revieved in Heddy

and Lalwani, 1983; Lock et al., 1989). In a ivo-year feeding study in

increased in raws fed diets containing 0, 30, or 300 ppm €8.14)  Thus, unlike

many other compounds which produce peroxisome proliferation,

appear to produce hepatocelluar carvcinoma even at doses wnich czeeed a maximum

tolerated dose. An apporent dose-dependent increase in Leye
vas seen in this study with male rats: 07 (0 ppm), 6% (30 npm), and 14% {300
ppm}.t1)  The historical control incidence for Leydig cell tumors {(benign,
marignant, and not cthervise epecified) in CD rats ranges from 2-12% with a
@ean of 6.3% (Lang, 1987). These data were compiled by Charles River from
eleven studies vwhose in-life phase spanned from 1977 to 1988. Hener, the

the Leydig cell adenoma incidence atv 30 ppm C8 is within th
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control range and may not be a compound-related effect. €8 was not found to
be mvi.renic, either in the presence or absence of metabolic activation, in

the Ames test u.ing five strains of Salmenella typhimurium, or in a seéparate

test using a single strain of Saccharmoyces cerevisiae {Griffith sad Long,

Y-ace,

b

1980). These da'a suggest :- t C8 is not a genotoxi- compound. he

induction of Leydiy cell tumors by C8 appears to b¢ due to a nongenotoxic

mechanism.

to produce follicui.r gp!

1 carcinoma in the thyroid gland (revieved in Ui

b d

o)

al., 1989). Therconcépﬁ that disvuption of Eha'hypsthaiamicépgtéif
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thyroid axls produces thyroid tumors should be applicable ro other
endoerine-controlled tigzsues such as the vestis {(Heumann, 1991y,  Ba-r

I

compounds (Christensen and Peavnck 1980; Heiler and Leach, 1971),

defects (Tremblay et al., 1972; ¥Faiman and ¥Vinter, 1974; J@perato-HeGinley
¥ 7 H

Petersorn, 1976), or xetnobiotics {(Viguier-Hartinex et al.g 1983a; 1983L
disrupt the regulation of the hyﬁoﬁhaiamicmpituitary—teﬁticular {HPT}
Sustained hypersecretion of luteinizing hormone (LH) is meen in each o
exanples and may be one mechanism . production of Leydig cell tumor:

. :

nstance, flutamide is an androgen receptor antagenist (antiandrogen) wi

%

competitively blocks the binding of testostereone ro the androgen

(Simard et al., 1986). This competition prevents the hypothalamus and

adenohypophysis from recognizing testosierone resulting in hypersecreti

LI with concomitant elevation of serum testosterone {(Viw
1983a; 1983b). In a one-year feeding study with Sprague-Daviey rats,
flutamide produced Leydig cell hyperplasia which progressed to Leydig

adenoma by the end of the study.(5!

To investigate whether the induction of Leydig cell tumors by €8

due to an endocrine-related mechanism, adult CD rats vere treated for

} can
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veelks- vith CB. In the dose-response experiments, che testes , epididynides,

dccessory sex organs, and levator ani muscle were weighed to assess th

androgen status of eachk rat. Serum hormone concentrations vere deters

In addition, hepatic B-oxidaticen was assessced to correlate whether per

proliferation and endocrine alterations cccurred at similey dege levels

the challenge experiments, rats vere sacrificed after treztment - vith e

3

inad

human. chorionis onadotro in hCG) Qnaéatro in relessing hormone (GunRH)
. . > Rk AY ER

naloxone.  Challenge experiments can identiiy the presence and locution of
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et al., 1974; Glass et al., 1979; Cicero et al
daty presented in this veport demonstrate that €8 rreatment
an increase in gerum esiradiecl levels and that this increase

responsible for the reduced accessory sex ovpgan weights and de

testosterone concentration following hCG challenge.




st chemical. CH, approxiwately 1007 pure, was supplied by the 3

Company (St. Paul; HNj.

Animpls. Adult male CD rats (12 weeks of age) vere cohtainad

River Breeding Laboratories (Raleigh, NC). Upnn recelpt,
stainless steel vire-mesh ecages, housed individually, ana

one-veek period. All rats were ubserved with respect to eating

ain, and any gross signs of disease or injury. Rats vare

0‘\:

and free of antibody titers to pathogenic murine vivusesz and mycoplasma, and

free of pathogenic endo- and ectoparasites znd bacteria. All
provided with Purina Rodent Chow?® #5002 meal {Ralston Puvina, St. Louls, HO)
and tap vater ad libitum. Animal rooms vere maintained at a temperature of

16%

23 + 2°C, a relative humidity of 50 + 10%, and artificially illuminated on a

12-hour light/dark cycle,

ned (¢

0%

Doge-response experiment. CD rats (15/group) were randomly assip

Y

receive aeither 0, 1, 10, 25, ov 50 mg/kg €8 (2 nl/kg). The CD rats were
gavaged daily with the appropriate dose of C8 or vehicla /deionized water) for
14 consecutive days. Pilot stuvdies indicated that 50 mg/kg C8 could be
tolerated for 14 days with little or no mortality. 1In addition, a secoad
concrol group vas pair-fed to the 50 mg/kg dose group to control for the
effects of inanition on  the hormoral status of the animals. On zest'déyilgp

rats were sacrificed by chloreform anesthesia and exsaugu.; atior between the

hours of 0740 and 0%40."  Blood wvas collecteu from. the descending venarcavéf

g
e
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placed in a 10 ml serum separator tube; and kept . on-ice until serus

Sogs




preparved by centrifugation (600 b4 g 30-min, jQ C;, Serum

storved at -~70°C until analyzed tor,testasgercﬂe§ esiradi@l,
concentrations. The folloving absolute and relacive (% of body
vatghts wvere measured: liver, tesgic¢s, epldidymides, accessor
including rluids but with bladder :emcvéd, ventral and dors
coagulating glands, seminal vesicles with fluid removed,

muscle.  The right testis was placeu in Bouin’s and
icroscopically. Interscitiat fluid wvas collected from the

each rat. A 20 gauge needle sas used to punciure the capeule.

vas piaced in a glass apparatus which supported the te and

collection of interstitial fluid into a 1.5 ml micrefuge tube.

centrifugation ¢f the testis (100 X g, b, 10°C), the intvrstitia

diluted 1:20 with phosphate buffered saline and stored at -70°C until analy:ed

for testosterone,

Challenge experiments. CD rats (30/group) vere randomly
receive either 0 or 50 mg/kg C8 (2 ml/kg) for 1. consecative
each group, ten rats vere assigned to receive : her wCG (100 IU, sc,
mi/rat}), GnRH (3 ug/kg, ip, 1 ml/kg), or nafoxone (2 mg/kg,
hour before sacrifice (0dell et al., 1974; Glass et al., 1979; Cicer
1979).  1In pravious vork {(Du Pont, unpublished), these conditions have been
shownt to produce a maximum increase in serum teszast rone concentrations one
hour after receiving these challenges. Rats were sacrificed, blood collecte
and serum prepared as described above. Serum was ahalyzed for testostferone
and LH concentrations. In addition, serum collected from the hCCwiﬁjeCteé'
angmals alsﬁrwas analyéed for progesterone, l?&»hydrﬁxyprqgestetgﬁé; and.

androstenedione concentrations.
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tion. Approximately 7 g of liver from rats in the
dose-response experiment (%/group) were homogenized in 50 wH Tris

(plt 7.43-0.25 Y sucrose-5.4 nd EDTA buffer (1 g liver/ & wl buffer). Tie
homogenate was centrifuged at 600 ¥ g for 15 min at 2°C. The 600 X g
supernatant was removed and centrifuged at 15,000 X g for 15 min

15,000 X g pellet was resuspended in the homogenization buffer, aliquoted, and
stored at -70°C. R-Oxidation activity vas determined using [!4Clpalmitoyl Soh
as the substrate, a 10-min reaction time, and approximately 5 wg peroxisomal
protein/tube (Lazarow, 1981). The reaction mixture also contained

potassium cyanide. The protein concentracion was determined using

protein assay dye and bovine serum albumin {BSA) fraction V

(Bradford, 1976).

Radicimmuwnoassays. Testosterone, estradiol, progesterone,

17 c-hydroxyprogesterone, end androstenedione concentrations were determined

using radioimmuncassay kits from Diagnostic Products Corp. (Los Angeles, C4).

LH concentrations vere measured using reagents purchased from the Pituitary
Hormones and Antisera Center (Torrance, CA). [125-T}LH and goat antirabbit
gamnaglobulin were obtained from Chemicon International Inc. {El Segundo, Ca)
and Antibodies Inc. (Davis, CA), respectively. The following lists éer each
assay the intra- and inter-assay: coefficient of variation, respectively:
testosterone- 2.7 andrl.l; estradiol- 2.5 and 8.8; progesterone- 7.2-and 7.
17 a-hydroxyprogesterone- 4.6 and 5.1; androstenedione- 5.5 and 8.8 aid, LH-

3.0 and 1.6.




Haterials. {palmitoyl-1-14C]Palmitoyl CoA (54 HCi/mmoly vas oblained from

NEN Research Products (Billerica, HMA). BSA (fraction V), «

3

dithiothreitol, BDTA (disodium salt), FAD*, GnRH, NAD*®, naloxone, paliitoyl

=
L

Coh, sucrose, Trizma-base, Trizma-HC1, and Triton X-100 yere purchased from

Sigma Chemical Co. (5t Louis, M0). Other chemicals and sour

follows: Bio-Rad protein assay dye reagent concentrate, Bio-Rad Laboratories
(Rockville Centre, NY); hCG, Wyeth-Ayerst Research (Paoli, PA); aud,

perchloric acid, VUR Seientific (Bridgeport, NJ).

Statistical analyses. Data were analyzed by a one-vay analysls of
variance. . Yhep the corresponding F-test for differences among tes? groups Vas
significant, pairvise comparisons were made with the Dunnett’s test
(p < 0.05). The Bartlett’s test for homogeneity of variances was also
performed and, if significant (p < 0.005), was followed by nonparametric
procedures. Nonparametric procedures included the Kruskal-¥allis test for
equal medians and the Mann Whitnéy U-test for pairvise comparisons (p < G.05).

The Jonckheere and Cochran-Armitage tests for trend vere also performed

(p < 0.01).




RESULYS

Doge-Kesponse Expeviment

There were no differences in the initial body weight among the groups in

the dose-response experiment (Table 1). After 14-de

dose-dependent decrease in tinal body weight and overall body weigh

3

observed. Body weight and body weight gain vere decreased significantly in:

10, 25, and 50 mg/kg C8 groups when compared to the ad libitu - control. The
daily food consumption of the pair-fed control group was matched to the
50 mg. kg C8 group and as a result the body veight and body weight gain vere

similar (Table 1).

the pair-fed conircl and the

The relative testes weights vere increased

ad 1ibitum control {Table 2}.

25 and 50 mg/kg €8 groups vwhen compared to the

These relative testes veight increases are due to the decreased body weight

because testes weights are considered body weight independent in the adult

rat. The relative testes weight in the pair-fed control was not different
from the 50 mg/kg C8 group. There vere nc compound-related changes seen upon

histologic examination of the testis.

The accessury sex organ unit veight was decreased ‘significantly in the 25

: L (Table 2

oo In

St

and 50 mg/kg C8 groups vhen compared to the ad libitum conti:

addition, ‘the accessory sex organ unit and ventral prostate weights vere also

significently decreased in the 50 mg/kg C8 group when compared to its pair-fed

control. ~No statistically significant differences were seen in the individual

)

Y
i

organs which comprise theracceSSory'sex;organ unit (ventral énd,ﬁa:sal

g L e



prostate, seminal vesicles, and coagulating glands) when comparsd o the ad
Tibitum control, hovever, a dose~reclated decrease vas apparent in. the

CB-treated rats,

The relative liver weights vere increased in the 10, 25; and 50 wg/kg C8
groups when compared to the ad libitum control (Table 2). The relative livar

veight in the 50 mg/kg CB group was also increased when compared to its

o

pair-fed control. The rate of hepatic B-oxidation activity was inereased § to
11-fold in the 10, 25, and 50 mg/kg C8 groups when compared to the ad Llibitum
control (Table 3).. Thus, the increase in relative liver weights and
f2-oxidation activity occurred at the same dose levels. HNo differences wore
seen in the rate of hepatic f-oxidation between the ad libitum and pair-fed
controls.

Serum and interstitial fluid testosterone, serum LH, and serum estradicl
vere measured in the dose-response experiment (Table 4). There vere no
statistically significant differences among the groups for the time of blood
collection. Using the Jonchkeere and Cochran-Armitage tests for trend, a
significant rdownward trend with dose was seen in serum testosterone levels.
Hovever, no significant differences were secen in serum and interstitial
testosterone or serum LH in aay of the C8-treated groups vhen compared with
the ad. libitum control. -Serum and interstitial fluid testosterone levels in

the 50 mg/kg C8 group vere not different from those of its pairwfed control.

e




Serum estradiol levels vere
mg/kg C8 groups when compared fo
addition, serum estradiol levels were 2.7-fold greater in the
group vhen compared to its pair-fed contioel. The inerease in the gerum
estradiol concentration occurred at the same dose lavels ag the inercade in

nepatic Reoxidation acvivity (Table

Challenge Bxperiment

The time of blood collection was similar between
C8-treated rats for each challenge (data not shown). Serum testosterone
levels were measured one hour after hCG, GnRH, and naloxone challenge.
Post-hCG challenge serum testosterone levels in the 50 mg/kg C8-ireated ra
were approximately one-half those of the hCG-challenged control (Fig. 1a).
Although not statistically significant, serum testosterone levels alse were

lover in the C8-treated rats when compared to their respective control

folloving GnRH and naloxonsz challenges,

Serum LH levels were also measured one hour  after hCG, GnRH, and naloxone
challenge (Fig. 18). LH levels were unchanged following an hCG challenge in
the C8-treated rats. Although not statistically significant, LH levels were
slightly elevated in the CB-freated rats demonsfratiﬂg thatrcgrié not

affecting LH release from- the adenohypophysis. Following ‘rnaloxone challenge,

serum L levels were slightly lower -inm the CB-~treated rats, but were not

statistically different from the ~control group.




Progesterone, 17ce-hydrozyprogesterone, and androstenedione lovel

measured from the serum of the hCG-challenged rats {Fig. 23
17 w-hydroxypregesterone levels vere unaffected in the Ch-tres
compared to the control group. In contrast,
two~fold reduction in androstenedione levels

vhien compared to the control.




DISCUSHEION
C8 treatment of rats produced a doge-dependent <

relative accessory sex orgaa unit weight. Although not statistically

in the C8-treated rats were significantly different from

control. A significant dose-dependent increase in serum esiradi

seen in the 10, 25, ana 50 mg/kg C8 groups when compared to the
control. Serum estradiol levels were Z2.7-fold greater in th

group vhen compared to the pair-fed control. High circulating
estradiol are known to decrease the accessory sex organ weight, depress
ste-oidogenesis at the Leydig cell level, and inhibit LH release visa

negative-feedback influences on the hypothalamus and adenchypophysis

(Williams-Ashman, 1988; Price and Jilliams-Ashman, 1961). Therefo

levels.

The increase in seérum estradiol concentration occurred at the same .«

levels as the increase in hepavic B-oxidation activity. .In male rats,

estradiol levels are maintained by the.conversion of testosterone’ to e

via aromatase, which is a cytochrome P-450 containing moncoxygenase




induce cytochrome P-452 {cytochrome P-450 I?j (Lock et al
recently been shown to bind to a receptor which activate:
receptor superfamily (Jssemann and Green, 1990). Hence,
estradiol levels may be due to €8 induction of aromatase, a

currently being explored,

In a two-year feeding study, €8 increased the incidence of Leydig cell
tumors in rvats at 300 ppm.{(?1) The elevated estradicl leve
rats seen in the current studies may be responsible for the
tumors since administration of estradiol to mice has been shown to
Leydig cell tumors (Bonser and Robson, 1940; Hooker and Pfeiffer, 1942;
Andervont et al., 1960). To the authors’ knovledge, similar studies have not
been conducted in male rats. In addition, it appears that human Leydig cell
adenomas and the surrounding hyperplastic Leydig cells secrete large
quantities of estradiol (Castle and Richardson, 1986; Due et al., 1989).
Estradiol has been shown to stimulate the secretion of transforming growth

1.

he overexpression of TG

I

factor alpha (TGFw) by mammary epithelial cells and 1 o
has been suggested as one possible facror in producing sustained cell
proliferation of mammary tumor cells (Liu et al., 1987). . TGFe biﬁds to the
EGF receptor and stimulates cell proliferation (Reviewed in Moses et al.,

1983). TGFo has recently been identified in Leydig celis {Teerds ot al.,

1990). Hence, it is possib:ze :hat the C8-induced elevation of astradiol

levels may be responsible for development of Leydig cell adénomas pessibly via

stimulating Leydig cells to secrete TGFo.




In order to clarify vhether iﬁe downvward trend in serum te
levels following CB exposure was due to decreased body weight, hormonal
challenge experiments were performed. An hCG challenge can identify whether
an agent is producing a les X i ic pathvay by binding to LH
receptors on Leydig cells which
al., 1974). A GnRHU challenge can identify a lesion
stimulating LH release from gonadotrophes (Glass et
challenge can identify a lesion at the hypothalamus by enhancing GaRH relesase
via removing the inhibitory action of opiate neurons on GnRi-containing
neurons {(Cicero et al, 1979). If a lesion is being produced in the testis,
lover testosterone levels would be seen following an hCG challenge. If a

lesion is being produced at the pituitary or hypothalamus, lower LH levels

would be seen folloving a GnRH and naloxone challenge, respectively.

The hCG-challenge data suggest that the decrease in serum testosterone
levels in the C8-treated rats is due to a lesion at the level of the testis.
The lower serum testosterone levels in the 50 mg/kg CB-treated rats folloving
GnRH and naloxone challenges support this conclusion. €8 does not appear to
be affecting LH release from the adenohypophysis since serum LH levels vere
slightly elevated in the C8-treated rats:. TFolloving naloxone challenge, serum
LH levels were slightly lower in the C8-treated rats vhen compaLLG to tha
control. - Whether this decrease represents a possible lesion at the level of
the hypothalamus is-uncerta.. :ince the collection time point was not -optimal
for the LH ﬁenk (Du Pont, unpub1i;hed results). To determine vhether

testostarone stcr01dogen 5. vas affected, progesterone, .

17 w-hydy oxyprogesteron@, and androstenedione vere measured from the

hCG—challenged :ats.” A'decrease in androstenedione levels W




suggests that the reduded serum testﬁsiérﬁne levels in the Ch-treated vata may
be due to reduced cenversion of 17¢-hydroxyprogesterone to andrestenedionc.
Estradiol has been shown to inhibit the 17e-hydroxylase thl 20 lya

in hCG-stimulated rat Leydig cells (Tsai-lMorris, et al

al., 1988). These data suggest that €8 may be inhibiting ~17,20 lyase

enzyme due to its elevation of serum eri.adiol leve

The challenge experiments utilized an ad Libitum contyx In subsequaent
experiments, no differences were found in serum testosterone levels
hCG challenge when compared to an ad libitum control and a control group
pair-fed to rats treated with 50 mg/kg C8 (data not shown). Undernutrition
also has been shown to have no effect on testosteronc secretion folloving
challenge of rats (Pirke et al., 1982) or decapsulated testes (Hoore
1991). These data demonstrate that the decrease in serum testosterc
in C8-treated rats from the challenge experiments did not reflect red
weight. In a time-course experiment with 30 mg/kg C8-treated rats, savum
testosterone levels vere shown to peak one hour following hCG challenge whirh

is identical to untreated rats demonstrating that CB8-treatment did not altev

the time required to achieve peak serum testosterone levels (data unot shown).

The decrease in serum testosterone levels in the dose-response experiment
would be expected to result in elevated LH levels duz to the removal of the
feedback inhibition-of testosterone on the hypothalamus and pituitary. L

levels may not have ‘increased due to the ‘elevated serum esira

k2

and/or the -short duration.of treatment with C8.° Aromatase iﬁhiii ors, vhich

blockrestrogen synthesis, have. been shown tb increase “testos téreée anarh
 levels demonstratlng that estrogens play a major role in re Eﬁilvﬂ {
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the HPU axis anievicz et al,, 1°88). Vﬁencﬁ, the lack of an inéz

levels when testosterone levels are decreased may be due tgrthﬁ alevat
estrogen levels seen in the CB-treated rats. An experimental cale

blocker, SDZ 200-110, wvhich produces Leydig cell tumors has been shown (o
produce a sustained elevation in serum LH le&elg only in the second vy

two-year feeding study with Sprague-Dawley rats (Roberts et al , 19893. This
study also suggests that tvo-woek studies, such as the dose-response used here
with €9, may not be of sufficient duration to produce an elevation in gevum

Li.

The concept that a practical threshold exists for neoplasia has been
propoged for certain compounds which produce thyroid follicular cell carcinoma
via disrupting the hypothalamic-pituitary-thyroid axis (Hill et al., 1989).
The existence of a threshold for neoplasia was propised because exposure to
these compounds at levels which do not increase TSH have been shown not o
produce thyroid neoplasia. It is krown that compounds which diswupt the HPT
axis, such as flutamide(S)rand SDZ 200-110 .(Roberts et-al., 1989), produce
Leydig cell tumors. In both instances, sustained hypersecretion 02 LH has
been shown and is analégous to the mechanism by which compounds preduce
thyroid neoplasia. The data presented in this report demonstrate that C8
treatment of rats produces an iqcrease in serum estradiol levels and tliat - this
increase may be responsible for the ﬁeduced accessory sex organ veights and
decreased serum testosterone levéls; 'Itrhas been shown ‘that estrogens can

induce Laydig cell tumors in mice (Bonsex and Robson, -1940; Hoéker and

Pfeiffer, 1942; Andervant et al., 1960). Hence, the induction of Leydig cell

7711;,2077,
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TABLE 3

DOSE-RESPONSE UKPERTHENT :

BFFECT-OF €8 TREATHENT ON HEPATIC S-0XIDATION ACT

Rate Of p-Oxidation

Treatment : (ool /min(mg pr
Ad _Iiirp«{t“tlsll Control 7.8 + 0.7«
mg/kg CB 25.9 + 1.9
10 mg/ky CB 89.6 1+ 7.4%
25 mg/kg C8 19.7 v 9.8%
50 mg/kg €8 69.2 + 15.5%§
Pair-Fed Control 10.7 + 0.8

a Mean * SE.

* p < 0.05 compared to ad libitum control.

t p <0.05 compared to pair-fed control.
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CIRDEX TERHSE

ey

Ammonium perflucrooctancate (CAS Registry Lo, 3825.-26-1)

Perflucroccranoic acid

Steroidogenesis, inhibition by ammonium perflucrooctancate
Testosterone, decreased by ammonium perfluorcoctancate

Estradiol, iucreasad by ammonium perfluorooctancate

Leydig cell adenomas, induction by ammonium perflucrooctancate by

hormonally-mediated mechanism




GENDS

FIGURE LE

Effects of hCG-, GnRil~, and saloxone-challenge on serum
stosterone and LH levels from ad libitum control and 50 mg/kg C8-treated
rats. Rats wvere sacrificed one hour after challenge as described under

Methods. Serum hormone levels are expressed as a mean + SE. An asterisk

-

indicates statistical significence from the ad libitum control (p < 0.05).

Fig. 2. GEffect of hCG-challenge on serum progesterons,

17 o-hydroxyprogesterone, znd androstenedione levels from ad libitum
control and 50 mg/kg CB-treated rats. Rats were sacrificed one hour after
challenge as described under Methods. Serum hormone levels are expressed

as a mean + SE. An asterisk indicates statistical significance from the

ad libitum control (p < 0.05).
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