Available online at www.sciencedirect.com

SOIENCE@DIHEOTG Repl'()ductive
'lbxicology

ELSEVIER Reproductive Toxicology 21 (2006) 148—153

www.elsevier.com/locate/reprotox

In vivo exposure of young adult male rats to methoxychlor reduces serum
testosterone levels and ex vivo Leydig cell testosterone formation and
cholesterol side-chain cleavage activity

Eisuke P. Muron8?*, Raymond C. DerR, Yucel Akgul?

@ Centers for Disease Control and Prevention, National Institute for Occupational Safety and Health, Health Effects Laboratory Division, Pathology and
Physiology Research Branch, M/S L-2015, 1095 Willowdale Road, Morgantown, WV 26505-2888, USA
b Department of Physiology and Pharmacology, West Virginia University (Y.A.), Morgantown, USA

Received 10 May 2005; received in revised form 3 August 2005; accepted 11 August 2005
Available online 12 October 2005

Abstract

Methoxychlor (MC) was developed as a replacement for the banned pesticide DDT. After in vivo administration, it is metabolized in the liver to
2,2-bisp-hydroxyphenyl)-1,1,1-trichloroethane (HPTE), which is proposed to be the active agent. Both MC and HPTE have been shown to exhibit
weak estrogenic and antiandrogenic activities, and they are thought to exert their effects through estrogen and androgen receptors, respective
Although in vitro studies using cultured rat Leydig cells have reported that HPTE inhibits both basal and hCG-stimulated testosterone formation
the response of circulating testosterone levels to in vivo MC has been more variable. Therefore, the current studies evaluated whether the daily
vivo administration of MC (0, 5, 40 and 200 mg/kg body weight) for a short duration (days 54—60 of age) by gavage altered serum testosterone level
and ex vivo Leydig cell testosterone formation in young adult male rats. These results demonstrate that both fluid-retained and fluid-expresse
seminal vesicle weights declined to 44 and 60% of control, respectively, in the 200 mg/kg MC-exposed animals. Similarly, serum testosterone
and dehydroepiandrosterone levels declined to 41 and 45% of control, respectively, in the 200 mg/kg MC-exposed animals; however, serum LI
and FSH levels were unaffected. Ex vivo Leydig cell basal testosterone formation over 4 h declined to 49% of control in animals exposed to
200 mg/kg MC, and ex vivo Leydig cell P450 cholesterol side-chain cleavage activity declined to 79 and 50% of control in animals exposed to 40
and 200 mg/kg of MC, respectively, supporting previous in vitro studies which demonstrated the sensitivity of this step to MC.
© 2005 Elsevier Inc. All rights reserved.
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1. Introduction chemicals and the increased prevalence in male reproductive
disorders is controversial and not fully accepfep
Recent articles have proposed that the environmental or occu- Methoxychlor  (2,2-big{-methylphenyl)-1,1,1-trichloro-
pational exposure to endocrine-disrupting chemicals has alterexthane; MC) is an insecticide which is currently in use
the normal functioning of the endocrine system in humans andn agricultural crops, especially following the ban of 2,2-
various wildlife species and that this has resulted in adversbis(p-chlorophenyl)-1,1,I-trichloroethane (DDT) use in the
reproductive effectfl,2]. Several reproductive trends that have United States in 1972. Its advantages over DDT are: (1)
occurred over the past 40-50 years as a result of these expib-is more rapidly metabolized and excreted in mammals
suresin males include: (1) a world-side decline in semen qualitj8], (2) it is acutely less toxic than DDT9] and (3) it is
[3], and (2) an increase in the prevalence of cryptorchidim more readily biodegradef8]. The in vivo administration of
hypospadia$5] and testicular cancg6]. However, the causal MC to immature female rats increases uterine weifjitf]
connection between exposure to potential endocrine-disruptingnd ornithine decarboxylase activif{t1], which are both
estrogen-associated responses. In addition, following in vivo
administration of MC in rats, it is metabolized in the liver
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higher affinity to the estrogen receptor (ER) than the parenin vivo exposure to MC altered ex vivo Leydig cell P450scc
compound[12]. However, other studies have demonstratedactivity.

that MC, itself, has weak intrinsic estrogenic actiiyd] and

that it binds to both ER isoforms (kERand ERB) [14]. There 2. Materials and methods

are differences in the binding characteristics of HPTE to the

two ER isoforms with HPTE acting as an agonist tocER 2./. Animals

in human hepatoma cells (Hep G2), but acting mainly as a

competitive antagonist to BRin this cell Ime[15]' In addition chased from Hilltop Lab Animals Inc., Scottdale, PA. They were purchased at

to exhibiting e_StrOgeniC aCtiViti?S: MC _has been repprted Q48 days of age and housed individually in polycarbonate shoebox cages contain-
act as an antiandrogen following in vivo exposure in maléing a mixture of Alpha-dri (Shepard Specialty Paper, Watertown, TN) and Beta

rats [16]. In Hep G2 cells transiently transfected with the Chip (virgin hardwood chips from NEPCO, Warrenburg, NY) as the bedding
androgen receptor (AR) and an androgen-responsive reportél?aterial.TheywereexposedtoalZ—hIightand 12 hdark cycle, and they received

s Plrina rat chow (R-M-H 3500 with 5% fat content) and tap water ad libitum.
both MC and HPTE were antagonistic, althoth HPTE WasAnimalswere maintained in an AAALAC-accredited facility in compliance with

apprOXimately an order Of _magnitUde more pOlEﬁt]. Thus,  the Guide for the Care and Use of Laboratory Animals. All animal protocols
with respect to the specific type of reproductive effect thatwere reviewed and approved by the local Animal Care and Use Committee.
can be exerted by MC and HPTE, this can be influenced by
the steroid receptor type (ER or AR) and the sub-typedoER 2.2. Reagents
and ERB) present in responsive cells. It should be noted that _ o _
although blocking AR-mediated actions offers one mechanism Collagenase (Sigma Blend Type L), penicilin G, streptomycin sul-
to explain the antiandrogenic effects of MC and HPTE, othef2®: deoxyribonuciease | (DNase 1), corn oil, methoxychior (MC), 25-
. . . e hydroxycholesterol, and neutral alumina were purchased from Sigma Chemical
pptentlal meChan'SmS_ include the _mhlb-mon of teStOSteron%o.| St. Louis, MO. Bovine serum albumin (BSA, clinical reagent grade) and
biosynthesis by Leydig cells, the inhibition of testosteroneecolite (liquid scintillation fluid) were from ICN Pharmaceuticals Inc., Costa
conversion to dihydrotestosterone (DHT) in DHT-sensitiveMesa, CA. Diethyl ether and chloroform were from Fisher Scientific, Pitts-

tissues or the increased elimination of androgen. burgh, PA. Dulbecco’s Modified Eagle Medium (DMEM) without phenol red,
Ham’s F-12 nutrient mixture (F-12) without phenol red, medium 199 (Med

Previous in vitro stuQ|es have reported that HPT_E mhlb_ltslgg), Hank’s balanced salt solution (HBSS) withoutCand Mg, sodium
both basal_and hCG'St'mUIated testosterone formation by ISQicarbonate, soybean trypsin inhibitor, phosphate buffered saline (PBS) and
lated Leydig cells from immaturfl8] and adult{18,19] rats.  n-2-hydroxyethylpiperazing?-2-2-ethane sulfonic acid (HEPES) were from
However, the effects of in vivo MC exposure on circulating Life Technologies, Grand Island, NY. [2,3,63F{N)]-testosterone (specific

i iti i i i _activity ~100 Ci/mmol), 25-[26,272H]-hydroxycholesterol (specific activity
or interstitial fluid androgen levels or ex vivo testicular andro / ) andon 4 : e oo
gen production have been variable. Thus, the daily dosing OESOCl/mmo),an C-isocaproic acid were rom Per_m-E mer Li eSuences,_

. oston, MA. Testosterone was from Steraloids, Wilton, NH. Human chori-

Long-Evans hooded male rats with 0, 25 or 50 mg/kg of MCopic gonadotropin (hCG, CR-127, 14900 1U/mg) was a gift from NIDDKD,
by gavage from the day of weaning for 56 consecutive daySethesda, MD. Radioimmunoassay (RIA) kits for rat FSH (RPA550) and LH
had no effect on serum testosterone ley2§. However, daily  (RPA552) were purchased from Amersham Biosciences, Piscataway, NJ. RIA
exposure of Long—Evans rats to higher doses of MC (O, 100 ofits to que;]ntitatef serum dehyd_roepiandrosterone (!DHEA) and clorticosterone
200 mg/kg) from the day of Weaning until day 77-100 of r:lge,were purchased from Diagnostic Products Corporation, Los Angeles, CA.
reduced serum and interstitial fluid testosterone levels at the Treatment of animal
100 mg/kg dose but not the 200 mg/kg dose and also decreaséd: ! 7¢ment of animals
Ex Vivo hC_G'StImU|.a‘ted testosterone formation of decapsulated Animals were 54 days of age at the start of treatment. They received 0,
Wh0|eteStIS atthe highestddgd]. Italso has beenreported that 5, 40 or 200 mg/kg body weight of MC dissolved in corn oil once daily for
daily exposure by gavage of male Long—Evans hooded rats tsven consecutive days by gavage. Fresh MC was prepared every other day
0, 200, 300 or 400 mg/kg of MC for a more extended periodduring this treatment period. This dose range was selected because these doses
(from weaning to~11 months of age), did not significantly have been l_Jsed in previous studies without de_monstratlng toxic effects in the

d interstitial fluid testosterone levels. althou ﬁxposed animals, and the 7-day exposure period was selected because longer
re u.ce seru.m or 'n ) ! g 9 xposure periods appeared to make the animals less sensitive in previous studies.
seminal vesicle weights declined to 27% of control at the high-The volume of corn oil alone or MC in corn oil that each animal received was
est dosd16]. These differences in results among these studiesquivalent to 5ml/kg body weight. Body weights were taken daily to adjust
may be related to differences in the dose and length of expdhe volume or dose of corn oil or MC administered for these weight gains, and

; : Il treatment groups gained weight during this treatment period. Animals were
sure to MC. Regarding the length of exposure, relatively Iongﬁeated between 08:00 and 10:00 h each day. Approximately, 22 h following the

durations were used in these reports. To our knOWIGdge' thl‘gst exposure, animals were sacrificed by immersing each animal in a container
effect of relatively short-term in vivo exposure to MC has notsaturated with Cg Whole body weights were determined, and trunk blood was
been studied in post-weaned male animals. The current studiedllected. After sitting at room temperature fs80 min, blood samples were
evaluated the sensitivity of circulating testosterone levels ange_ntrifug_ed to obtain _serum.Testicular_(paired) and semir_1a| vesicle (paired, both
ex vivo Leydig cell testosterone production following exposure/!Vid-retained and fluid-expressed) weights were determined.

by gavage to MC at 0, 5, 40 or 200 mg/kg for seven consecu- . ) ) )

tive days in young adult male rats. In addition, because the ig# solation and incubation of Leydig cells

V|tr0'exposure .of 'ra.t Leydig cells to HPTE_ was dgmonstrated Animals were 61 days of age when sacrificed. Testes were decapsulated
previously to inhibit P450 cholesterol side-chain cleavagesnd digested in 0.25 mg/mi collagenase in Med 199 containing 0.1% BSA and
(P450scc) activity18,19], the current studies evaluated whether 10.g/ml DNase 1 for 20-30min at 3T. The dissociated interstitial cells

Male rats (Sprague—Dawley certified virus free, Hla (SD)CVF) were pur-



150 E.P. Murono et al. / Reproductive Toxicology 21 (2006) 148—153

Table 1
The effects of in vivo methoxychlor on whole body and organ weights
Final weights (g) Methoxychlor (mg/kg)

0 5 40 200
Whole body 334.0t 3.8 3439+ 4.4 328.4+ 4.4 3148+ 4.8b
Testes 3.44+ 0.06 3.36+ 0.05 3.38+ 0.04 3.25+ 0.05
Seminal vesicles (fluid-retained) 0.970.04 0.89+ 0.04 0.82+ 0.06 0.43+ 0.04 ¢, f
Seminal vesicles (fluid-expressed) 04£20.02 0.46+ 0.02 0.47+ 0.02 0.31+ 0.02¢, f

These results are the mears.E.M. of a minimum of 13 animals per treatment group. (b aitke).01 andP < 0.001, respectively, when compared to the appropriate
control group. (f)P <0.001 when compared to the immediate lower dose MC-treated group.

were layered over a 60% Percoll gradient and centrifuged24,000x g for 3. Results
1h at 4°C. Cells localizing between densities of 1.07 and 1.09 g/ml, which

represented-60% Leydig cells, based on positive histochemical staining f0r3 1. Changes in whole body and organ weights
3B-hydroxysteroid dehydrogenase activity, were isolated. o

Leydig cells (18/well) were plated into 24-well Costar culture platesin 1 ml . . . .
of a 1:1 mixture of DMEM/F-12 medium containing 15 mM HEPES (pH 7.4),  Although there were no differences in starting body weights
15mM NaHCQ, 100 U/ml penicullin G, 10@ug/ml streptomycin and 0.1% among all treatment groups (initial body weights were 305.5,

BSA as described previous[it9]. Cells were incubated at 3& for 4h in a 311.4, 305.8 and 310.7 g for the 0, 5, 40 and 200 mg/kg MC-
humidified atmosphere containing 5% €&nd 95% air, under basal conditions treated groups respectively) and animals within each treat-
and following stimulation with 10 mlU/m| hCG. Following incubation, media t ! d ight during the 7-dav treat t iod
were collected for quantitation of testosterone released into the medium. men_ group galne_ welg uring the /-day treatment period,
the final body weight of the 200 mg/kg treatment group was
2.5. Measurement of serum DHEA, corticosterone, FSH and LH less than control (6%)T(ab|e ]) TeSti_CUI_a_r Weight§ among the
four treatment groups were not significantly different; how-
Serum DHEA levels were quantitated on diethyl ether-extracted samples bgver, both fluid-retained and fluid-expressed seminal vesicle
RIA following the vendor’s instructions. Serum corticosterone, FSH and LHweights declined to 44 and 60% of control, respectively, in
were quantitated directly from the serum as described in the manufacturerﬂ,]e 200mg/kg MC-treated animals. Both fluid-retained and
rotocol. - . "
P fluid-expressed weights were determined to assess whether any
potential changes in seminal vesicle weights represented more
than the amount of seminal fluid produced or retained by the
Testosterone released into the medium was quantitated by specific RIA d3lands.
described previousl{22]. Serum testosterone levels were quantitated by RIA
following extraction with diethyl ether as described previoygj. 3.2. Changes in serum hormone levels

2.6. Measurement of testosterone

2.7. Measurement of P450 cholesterol side-chain cleavage activity Serum testosterone levels declined from 4452 ng/mlin

. N .
P450scc activity of intact Leydig cells was determined by measuring the congOrltrOI animals to 1.820.27 ng/ml (\/41 % of ContrOI) in the

version of 25-[26,2H]-hydroxycholesterol to pregnenolone afid-labeled 200 Mg/kg MC-treated grouf@ble 3. Similarly, serum DHEA

side-chain by utilizing a previously described procedag with slight modi-  levels declined from 0.1% 0.01 ng/ml in control animals to

fications[19]. 0.05+ 0.01 ng/ml ~45% of control) in the 200 mg/kg MC-
treated group. In addition, in the 40 mg/kg MC-treated group

2.8. Statistical analysis there was a tendency for both DHEA and testosterone levels to

Dat d asthe mezstandard ; (SEM)and be lower than control. However, serum corticosterone levels in
ata were expressed as the messtandard error of mean (S.E.M.) and ana- ~ . )

lyzed by ANOVA. Differences among treatment means were determined usin Il MC-treated grouPS were no different t_han control. Nelther
Student-Newman—Keuls’ test. Avalue of <0.05 was considered statistically LH nor FSH levels in the MC-treated animals were different

significant. than the control group.
Table 2
The effects of in vivo methoxychlor on serum hormone levels
Serum hormone levels (ng/ml) Methoxychlor (mg/kg)

0 5 40 200
Testosterone 4.4 0.52 4.944 0.91 3.85+ 0.77 1.82+ 0.27 a,d
Dehydroepiandrosterone 0.#10.01 0.10+ 0.01 0.08+ 0.01 0.05+ 0.01b
Corticosterone 50.6% 11.33 46.35+ 8.50 53.87+ 7.96 84.48+ 19.40
LH 4.87 + 0.16 487+ 0.12 497+ 0.24 4.44+ 0.33
FSH 20.18+ 0.89 20.60+ 0.69 20.32+ 0.94 20.41+ 0.92

These results are the mear$.E.M. of a minimum of 13 animals per treatment group. (a amtkh)).05 and” < 0.01, respectively, when compared to the appropriate
control group. (dP <0.05 when compared to the immediate lower dose MC-treated group.
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Fig. 1. The effects of in vivo methoxychlor on ex vivo Leydig cell testosterone production. These results are theSriean. of a minimum of 13 animals per
treatment group. Panel A, testosterone formation under basal conditions; panel B, testosterone formation following treatment with 10 milWy# ©1GGO0L
when compared to the appropriate control groupP0.001 when compared to the immediate lower dose MC-treated group.

3.3. Exvivo Leydig cell basal and hCG-stimulated Leydig cells isolated from control animals and incu-

testosterone levels bated in the presence of 10mliU/ml hCG produced
86.52+7.10ng/4h/1B cells Fig. 1, panel B). This value

Because previous in vitro studies demonstrated that testogs over 19-fold higher than the testosterone value of control

terone formation by cultured rat Leydig cells was inhibited bycells incubated without hCG. Leydig cells isolated from

exposure to HPTEL8,19] the current studies evaluated whetherMC-treated animals and incubated in the presence of hCG

the in vivo exposure of the parent compound, MC, to youngproduced testosterone levels comparable to control, although

adult male rats by gavage would inhibit the capacity of Leydigthe testosterone value of cells isolated from animals exposed to

cells isolated from these animals (ex vivo studies) to synthethe 200 mg/kg dose of MC was16% less than control.

size testosterone. Leydig cells isolated from control animals

produced 4.5& 0.31ng testosterone/4 hPlls under basal 3.4, Effect of MC on ex vivo Leydig cell P450scc activity

conditions Fig. 1, panel A). Exposing animals to 5 or 40 mg/kg

of MC for seven consecutive days had no effect on the ability of - P450scc activity of Leydig cells isolated from control animals

Leydig cells to synthesize testosterone; however, the exposuigas 20.44+ 0.92 ng side chain/h/P0cells Fig. 2). P450scc

of animals to 200 mg/kg MC lowered the capacity of isolatedactivity of Leydig cellsisolated from animals exposed to 5 mg/kg

Leydig cells to produce testosterone to 2£20.13ng/4h/1B  MC was no different than control; however, the enzyme activity

cells (~49% of control). of Leydig cells isolated from animals exposed to 40 mg/kg MC
had reduced to 16.18 1.29 ng side chain/h/2@ells (~79% of
control). P450scc activity of Leydig cells isolated from animals

25 exposed to 200 mg/kg MC declined further to 10416.98 ng
- side chain/h/1®cells (~50% of control).

= 20 i
_4;*.,,8 = 4. Discussion
; g 15
b E cf The current studies have demonstrated that the in vivo expo-
2 £ w0 7 sure of young adult male rats for seven consecutive days between
£ é‘: days 54-60 of age with MC (5, 40 or 200 mg/kg body weight)

B 5 inhibits Leydig cell testosterone biosynthesis at the highest

= exposure dose. Thisis reflected by a 59% decline in serum testos-

0. " Z e e terone levels, a 56 and 40% decline in wet and expressed seminal

vesicle weights, respectively, a 51% decline in ex vivo Leydig
cell basal testosterone formation and 50% decline in ex vivo
Fig. 2. The effects of in vivo methoxychlor on ex vivo Leydig cell P450scc | eydig cell P450scc activity at the highest dose of MC.

activity. These results are the meatS._E.M. of a minimum of 11 anlmal_s per These in vivo studies support previous in vitro studies on
treatment group. The cell concentration wa$/@® ml DMEM/F-12 medium. . lated Levdi lls f dult rafé8.191 In th .

The incubation time was 1 h at 38. (a and c)? <0.05 andP <0.001, respec- IS0 a ed Leyadig cells r9m aau rat ! ]' n these previous
tively, when compared to the control group. (e an§0.01 andP<0.001,  Studies, cultured Leydig cells from normal rats were exposed

respectively, when compared to the immediate lower dose MC-treated group.to the reported active metabolite of MC, HPTE. The studies

Methoxychlor (mg/kg body weight)
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by Akingbemi et al. suggested that the decline in testosterone Previous in vitro studies have suggested that P450scc activ-
formation following exposure to HPTE for 12 h was associatedty of rat Leydig cells is sensitive to HPTEL8,19] Conse-
with a decline in P450scc mRNA leve]$8]. However, in a quently, the current studies evaluated whether serum levels of the
later study, testosterone levels declined as early as 1 h followingpain glucocorticoid, corticosterone, in the rat might be affected
exposure of Leydig cellsto HPTE, suggesting that HPTE may bbecause P450scc activity of the adrenal cortex is the rate-limiting
acting directly on the catalytic activity of P4509d®] because stepin corticosterone biosynthesis in the rat. The present studies
the half life of P450scc mRNA was reported to-bé—8 h[24], did not detect declines in serum corticosterone levels in response
and, consequently, P450 protein and testosterone levels would in vivo MC. These results may suggest organ specificity in
not be expected to decline so rapidly. Although the current studsensitivity of P450scc activity to MC or HPTE. Alternatively,
ies did not determine whether the decline in Leydig cell P450scthe high variability in serum corticosterone levels (there was
activity was due to a decrease in P450scc mRNA and the resudr >20-fold difference between the lowest and highest control
tant reduction in P450scc protein levels, the fact that serum LHalues) may have limited our ability to detect any differences.
levels were unchanged in the current studies would suggest th@wur ability to detect declines in serum DHEA levels in the cur-
the decline in Leydig cell testosterone biosynthetic capacity isent studies probably reflects the contribution of Leydig cells
due to the direct effects of MC and/or its active metabolite(s) orto circulating DHEA in the ra{28,29] and supports the sen-
P450scc activity. sitivity of Leydig cell P450scc activity to MC or HPTE. It is

A previous in vivo study of daily MC administration (0, possible also that MC could damage P450scc catalytic activity
25 or 50 mg/kg body weight) from weaning for 56 consecu-by increasing the level of lipid peroxidation due to increased
tive days reported no changes in serum testosterone, LH @eneration of oxygen free radicdl30]; however, a previous
FSH levels[20]. In a subsequent study, a wider range of MCin vitro study reported that the concomitant inclusion of the
doses (0, 25, 50, 100 or 200 mg/kg) was administered dailgntioxidants Trolox (a water-soluble derivative of vitamin E) or
from weaning for nearly 3 month1]. In that study, serum ascorbate with the MC metabolite, HPTE, did not protect cul-
testosterone levels declined at the 100 mg/kg dose but not thared rat Leydig cells against the inhibitive effects of HPTE on
200 mg/kg dose, and interstitial fluid testosterone levels foltestosterone formatioii9].
lowed a similar pattern. HCG-stimulated testosterone formation Although the short-term exposure of male rats to MC in the
of decapsulated whole testes from these animals was generattyrrent study reduced serum testosterone levelgli®b of con-
lower in animals exposed to the higher doses of MC, but therérol in animals exposed to 200 mg/kg MC, this did not produce
was variability in these resulf®1]. The fact that serum LH the expected increase in serum LH levels. This may suggest
and FSH levels were unaltered in these animals suggested ththat exposure to MC reduces hypothalamic and/or anterior pitu-
MC was acting directly on the testis. Because of the variabilitary sensitivity to the feedback effects of testosterone on LH
ity in serum and testicular testosterone levels in response teecretion. It should be noted that in previous in vivo studies in
25-200 mg/kg MC, a follow-up study evaluated higher doses ofvhich male rats were exposed to varying doses of MG2+10
MC (0, 200, 300, 400 mg/kg), administered daily from wean-months, no changes in serum LH and/or FSH were detected
ing for ~10 monthg16]. However, in that study there were no [16,20,21]
changes in serum LH and testosterone levels with any of the In summary, the results of the present studies demonstrate
doses of MC. An explanation for the lack of change in serunthat the exposure of young adult rats to a short duration with
androgen levels in these animals is not apparent; however, oC lowers circulating testosterone levels and ex vivo basal
explanation is that male rats become less sensitive to MC dseydig cell testosterone formation in animals exposed to the
they get older. In a later study by Okazaki et al., the daily200 mg/kg dose. In addition, this decline in testosterone appears
gavage of 7-week-old male rats with 0, 20, 100 or 500 mg/kgo be related to a decline in Leydig cell P450scc activity, which is
MC for 28 days produced no change in serum testosterone leveduced at the 40 mg/kg dose and progressively at the 200 mg/kg
els at the two lower MC doses; however, levels declined atlose.
the 500 mg/kg dosg25]. It is of interest that seminal vesicle
weights declined progressively with the dose of MC adminis-A cknowledgement
tered[16]. Because both MC and HPTE also exhibit antiandro-
genic activity[17], the decline in seminal vesicle weights may  The authors thank Irene Fominko for the preparation of this
representantagonismto endogenous androgen(s) rather than t;anuscript.
decrease in circulating androgen. Whether the longer treatment
times to MC could explain the lack of sensitivity of Leydig peferences
cells in the previous studield6,21] is not known. Because
MC is known to induce liver cytochrome P4502B and P4503A 1] colborn T, vom Saal FS, Soto AM. Developmental effects of endocrine-
enzymes in the rg26], it could affect its own metabolism as disrupting chemicals in wildlife and humans. Environ Health Perspect
well as that of many endogenous substrates including testos- 1993;101:378-84.
terone[26,27] However, how longer periods of exposure to [2] NeubertD.\{uInerability of the endocrine system to xenobiotic influence.
MC would have less effect on Leydig cell testosterone for- Regulat Toxicol Pharmacol 1997;263:9-29. ,

. . ) . [3] Carlsen E, Giwercman A, Keiding N, Skakkebaek NE. Evidence for

mation or circulating androgen levels is not apparent at the = gecreasing quality of semen during the past 50 years. Brit Med J
present time. 1992;305:609-13.
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