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It has been proposed that a global decline in sperm
counts, semen quality, and several male reproductive
disorders are associated with exposure to environmen-
tal chemicals. Thus, the present study examined the
effects of two estrogenic chemicals, octylphenol (OP)
and bisphenol A (BPA), on epididymal sperm counts
and sperm motility, luteinizing hormone (LH)–releas-
ing hormone (LHRH)–stimulated plasma LH and ste-
roid hormones, insulin-like growth factor I (IGF-I), and
accessory reproductive organs in pubertal male Wistar
rats. Fifty-day-old rats in the OP group (n = 11) and
BPA group (n = 11) received daily sc injections of the
respective chemical at a dose of 3 mg/kg bw dissolved
in 0.2 mL DMSO. Rats in the control group (DMSO
group; n = 10) received 0.2 mL DMSO alone. After 2
wk of treatment, a jugular blood sample was taken,
and, on the next day, a second blood sample was taken
1 h after an sc injection of LHRH (250 ng). After 5 wk
of treatment, rats were deeply anesthetized and heart
blood was collected. Epididymal sperm motility and
sperm head counts were determined. LHRH increased
plasma LH to higher levels in all groups, but the increases
were significant (p < 0.01) in the BPA and OP groups.
However, despite higher LH levels after LHRH injec-
tion, the incremental responses of testosterone and pro-
gesterone in the OP and BPA groups were small com-
pared to those in the DMSO group, which showed a
small LH response. After 5 wk of treatment, plasma tes-
tosterone levels were significantly (p < 0.01) reduced
in the OP and BPA groups and this was accompanied by
reduced (p < 0.05) epididymal sperm counts. However,
the chemical-treated groups had high basal progester-

one levels. No significant effects of chemicals on sperm
motility parameters were noted. The chemical-induced
increases (p < 0.05) of the weight of ventral prostate
gland were coincided with elevated plasma IGF-I levels
in the BPA (p < 0.05) and OP (p < 0.01) groups. The pres-
ent results demonstrated that OP and BPA can reduce
sperm counts resulting from lowered plasma testoster-
one in male rats just after puberty. The enlarged ventral
prostate gland may possibly be associated with increased
plasma IGF-I, raising the possibility of a link between
these chemicals and prostate diseases because IGF-I
has been implicated in the pathogenesis of human pros-
tate cancers.

Key Words: Bisphenol A; octylphenol; sperm; testoster-
one; IGF-I; prostate.

Introduction

It has been proposed that a global decline in sperm counts

and the semen quality is associated with exposure to environ-

mental chemicals, in particular those with estrogenic activ-

ity (1) and reviewed by Toppari et al. (2). The reports indi-

cated that the reduction in mean sperm counts in some men

has been estimated to be around 20–50% over the past 50 yr.

Previous studies have confirmed that many of these man-

made chemicals with estrogenic activity bind to estrogen

receptors, mimic estrogenic action, thus leading to a disrup-

tion of vital endocrine system (3–5). Two such chemicals

that have been widely studied for their estrogenic potency

both in vivo and in vitro are p-tert-octylphenol (OP) [p-(1,

1,3,3-tetramethylbutyl)-phenol and Bisphenol A (BPA) [p,

p'-isopropyridenebiphenol] (5–8).

OP is an alkylphenolic compound derived as one of the

major biodegradation products of non-ionic surfactants

alkylphenol polyethoxylates (APEOs). These APEOs are

released to the environment from the use of many chemicals

such as detergents, paints, plastics, herbicides, and pesti-

cides, and have become a major component in wastewater
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systems (4,9). Bisphenol A (BPA), on the other hand, is a

chemical primarily used as a monomer in the manufacture

of numerous chemical products such as polycarbonate plas-

tics and epoxy resins for use in the food packaging industry

(10). It has also been discovered that BPA is released in con-

siderably larger quantities in the mouth in patients treated

with plastic dental sealant (11). In addition, concentrations

of BPA in human maternal and fetal plasma and in the

placenta at term were found to be comparable to a range that

was shown to be toxic to reproductive organs of male and

female animal offspring (12). Because of large quantities

of alkylphenols and BPA are manufactured every year to

provide substrate for the production of APEOs, and poly-

carbonate plastics/epoxy resins, respectively, they continue

to contaminate the environment along with their respective

monomeric forms of the chemicals.

It has been shown that at higher doses OP can severely

reduce the size and/or function of all of male gametogenic

and accessory reproductive organs, alter the release of pitui-

tary and gonadal hormones, and disrupt sperm production

in adult male rats (13). Male rat offspring born to the mothers

exposed to a low dose of OP during gestation and lactation

(1) or male mouse offspring born to the mothers exposed to

either OP or BPA during gestation (6) had reduced testicu-

lar size and/or sperm production in adulthood. Similarly,

either direct or indirect exposure of neonatal male rats to

nonylphenol, another alkylphenolic compound with weak

estrogenic activity, has been reported to adversely affect

various reproductive parameters including a decrease in the

size of the testes and male accessory organs that were associ-

ated with a reduced sperm count and sperm motility (14,15).

Although the developmental abnormalities of male re-

productive system have been linked mainly to in utero ex-

posure of estrogen-mimicking chemicals, exposure to these

chemicals during postnatal life may equally pose a threat to

the health of human and animals. However, there has been

no report to date comparing the adverse effects of both

OP and BPA on luteinizing hormone–releasing hormone

(LHRH)–stimulated steroid hormone profiles, and the effect

on sperm motility parameters in male rats immediately after

puberty, as this stage may be considered as one of highly

sensitive periods to subtle effects of these chemicals during

sexual maturation. In addition, no data available to exam-

ine a possible connection between such chemicals, the size

of ventral prostate gland and plasma insulin-like growth

factor-I (IGF-I) levels because IGF-I has been implicated

in the pathogenesis of androgen-independent prostate can-

cer and hyperplasia, the prevalence rate of which is reported

to be high in aged men (16). Thus, there is a need for addi-

tional in vivo studies to investigate the possible connection

between exposure to these chemicals and adverse effects on

male reproductive health.

In the present study we examined the effects of a rela-

tively low dose of OP and BPA on plasma concentrations of

steroid hormones, immunoreactive inhibin (ir-inhibin), and

IGF-I, basal and LHRH-stimulated luteinizing hormone

(LH) and plasma steroids, and the effects on the weight of

testes, accessory reproductive organs, sperm motility, and

epididymal sperm counts.

Results

The rats in all treatment groups grew normally and there

was no difference of the body weights between the groups

(Table 1).

Effects of Exogenous LHRH on LH,

Testosterone, and Progesterone

After 2 wk of chemical treatment, blood was collected

before and after LHRH injection to investigate the effects

of the chemicals on pituitary and gonadal responses (Fig.

1). Repeated measures analysis showed that LHRH-induced

effect (p < 0.001) and the interaction between the chemi-

cals and LHRH (p < 0.01) on LH response were highly sig-

nificant. Before LHRH injection, a reduction in plasma LH

concentrations was observed in the OP (p < 0.05) and BPA

(p < 0.06) groups compared with that in the DMSO group.

LHRH-stimulated rise of LH in the DMSO group was not

statistically significant; however, the increases in both the

BPA (p < 0.01) and OP (p < 0.001) groups were highly sig-

nificant. The mean incremental response of LH following

LHRH injection was higher in the OP group (Fig. 1A), but

did not achieve statistically significant levels, apparently

due to a higher biological variation.

Plasma testosterone concentrations were not different

between the groups before LHRH injection. However, LHRH

injection caused a significant elevation (p < 0.001) of plasma

testosterone in the DMSO and BPA groups, but not in the

OP group (Fig. 1B). Repeated measures analysis showed

Table 1

Mean Body Weights and the Weights of Testes and Accessory

Reproductive Organs of Rats in Each Treatment Group

after 5 wk of Treatment with Either DMSO or Chemicalsa

Mean weight (±SEM) (g)

Description DMSO BPA OP

Body weight 344 ± 6 348 ± 6 343 ± 5

Testes 1.35 ± 0.02 1.35 ± 0.02 1.34 ± 0.02

Seminal vesicles 1.6 ± 0.08 1.61 ± 0.08 1.52 ± 0.07

Right epididymis 0.48 ± 0.02 0.5 ± 0.01 0.45 ± 0.01†

Ventral prostate 0.42 ± 0.03 0.54 ± 0.03** 0.51 ± 0.03*

aDMSO: Dimethyl sulfoxide (control group; n = 8). BPA: Bis-

phenol A (n = 10), OP: Octylphenol (n = 11). Note that wet weight

of seminal vesicles is given.

**p < 0.01, *p < 0.05, significantly different from corresponding

DMSO group.
†p < 0.05, significantly different from corresponding BPA group.
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Fig. 1. Plasma concentrations of luteinizing hormone (LH) (A), testosterone (B), and progesterone (C) before and after luteinizing
hormone–releasing hormone (LHRH) injection (250 ng, sc) in pubertal male rats treated with either dimethyl sulfoxide (DMSO, solid
bars) as a control group or bisphenol A (BPA, hatched bars) or octylphenol (OP, open bars) administered as daily sc injections for 2 wk.
Jugular blood was drawn at 15:00 h on the first day, and on the next day, LHRH was injected at 14:00 h and jugular blood was drawn
at 15:00 h. LHRH-stimulated percentage increments of the respective hormonal response are shown at far right corner of each panel. The
BPA and OP were administered at 3 mg/kg bw. Each bar represents the mean ± SEM concentration of each hormone or mean ± SEM
incremental response from nine to eleven rats per treatment group. ***p < 0.001, **p < 0.01, *p < 0.05 when compared to pre-LHRH
injection levels within the same group. Means with different superscript letters (i.e., a, b) are significantly (p < 0.05) different when
compared among different treatment groups before LHRH injection, and also within the incremental responses.
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highly significant effects of LHRH (p < 0.001) and the

interaction (p < 0.01) between LHRH and the chemicals on

plasma testosterone concentrations. The mean incremental

responses of plasma testosterone were lower in both BPA

and OP groups compared with that in the DMSO group.

However, only OP group showed a statistically significant

(p < 0.05) reduction in testosterone incremental response

(Fig. 1B).

Plasma progesterone concentrations before LHRH injec-

tion were higher in the BPA and OP groups compared to

those in the DMSO group; however, the difference between

the concentrations of OP and DMSO groups was signifi-

cant (p < 0.001) (Fig. 1C). In a marked contrast to plasma

testosterone responses, LHRH increased plasma proges-

terone concentrations to significantly (p < 0.05) higher

levels only in the DMSO group but not in the BPA and OP

groups. In fact the concentrations in the OP group fell sig-

nificantly (p < 0.05) following LHRH injection. Repeated

measures analysis showed significant effects of the chemi-

cals (p < 0.05), and the interaction (p < 0.01) between the

chemicals and LHRH on plasma progesterone concentra-

tions. The mean incremental responses of plasma proges-

terone in all groups showed a similar pattern to that of plasma

testosterone with lower responses in both BPA (p < 0.05)

and OP groups (p < 0.01) compared with that in the DMSO

group (Fig. 1C).

Effects on Testes, Accessory Reproductive

Organs and Plasma Hormones

Body weight and the weights of testes and accessory re-

productive organs are shown in Table 1. Weights of testes

and seminal vesicle (wet weight) were not affected by the

chemical treatment. However, OP caused a significant (p

< 0.05) reduction in right epididymal weight compared to

that in the BPA group. In marked contrast, interestingly,

both BPA (p < 0.01) and OP (p < 0.05) treatments caused

a significant increase in the size of ventral prostate gland.

After 5 wk of the chemical treatment, plasma concentra-

tions of LH were not different between the groups (Fig.

2A). However, the treatment effect was highly significant

(p < 0.01) on testosterone and thus plasma testosterone

concentrations were significantly (p < 0.01) reduced in both

the BPA and OP groups compared to the levels in the DMSO

group (Fig. 2B). Plasma progesterone, on the other hand,

was elevated and that the levels in the OP group were signifi-

cantly (p < 0.05) higher than those in the DMSO group (Fig.

2C). Similarly, plasma IGF-I also elevated significantly in

the BPA (p < 0.05) and OP (p < 0.01) groups compared to

that in the DMSO group (Fig. 2D). Plasma ir-inhibin levels

were not different between groups (data not shown).

Effects on Epididymal Sperm Count

and Sperm Motility Parameters

After 5 wk of the treatment, the chemicals BPA and OP

significantly (p < 0.05) reduced epididymal sperm head

counts in chemical-treated groups in comparison with that

in the rats treated with DMSO (Fig. 3). Data from compu-

ter-assisted sperm motility analysis are shown in Fig. 4. The

effect of the chemicals on different sperm motility param-

eters as shown in Fig. 4 was not significant. However, there

was a slight trend toward an increased number of slow-non-

linear sperms (Fig. 4A) and an increased number of slow-per-

rapid motile sperms (Fig. 4B) in both BPA- and OP-treated

rats when compared with those in the DMSO-treated group.

In contrast, there was a slight reduction in the number of

rapid-linear sperms in both BPA- and OP-treated rats when

compared with those in the DMSO-treated rats (Fig. 4C).

No trends of percentage motile sperm, curvilinear velocity,

and straightline velocity were observed and therefore are

not shown. Although a slight reduction in linearity index

was noted in rats in both BPA and OP groups, it was not con-

sidered as a possible effect as other sperm velocity param-

eters were not changed.

Discussion

The present study demonstrates and confirms the previ-

ously published data that the environmental toxicants BPA

and OP are capable of disrupting vital endocrine systems

resulting in the reduction of sperm production in rats. There

may be some adverse effects on sperm motility, although

the differences observed in the present study were not sta-

tistically significant between the groups. It is also interest-

ing to note that opposite to the depressive effects normally

seen as a result of administration of environmental chemi-

cals, BPA and OP at a dose of approx 9–15 ppm resulted in

increased size of ventral prostate gland.

A small but significant reduction in basal LH was ob-

served in rats treated with BPA and OP after 2 wk of treat-

ment, although this effect had disappeared after 5 wk of

chemical treatment. The effect observed after 2 wk of treat-

ment in this study is opposite to the effect observed on LH

in adult matured male rats given BPA for 2 wk (17), pos-

sibly due to the difference in developmental stage of rats

between the two studies. However, a previous study reported

that BPA and OP reduced the amount of follicle-stimulat-

ing hormone (FSH) beta subunit in the pituitaries of the

chemical-treated immature male rats (18). In the present

study, it is not known whether the two chemicals had a sim-

ilar effect on LH synthesis. The LH lowering effect may be

acute because a previous study did not find any difference

in basal LH in mice treated orally with BPA for 4 or 8 wk

(19). Similar to plasma LH levels after 5 wk of treatment,

we did not observe a difference in plasma inhibin after the

same period of chemical treatment, and thus the effect on

inhibin may be similar to that observed for plasma LH with

no observable effect after 5 wk. In the present study, LHRH

administration caused significant increases of plasma LH

in rats in the BPA and OP groups, although an incremental

response appeared prominent only in the OP group. The
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mechanism by which the chemicals have affected LHRH-

induced LH is not known. One possibility is that OP- and

BPA-induced reduction of inhibin levels after 2 wk of chem-

ical treatment (17,18) favored the increased secretion of

LHRH-stimulated LH because inhibin has been shown to

suppress LHRH-stimulated LH release (20–22) and upreg-

ulation of LHRH receptor by LHRH itself (23) in vitro. Age

of our rats at the time of LHRH experiment was nearly same

as the age of rats used by Kotsuji et al. (21) for obtaining

pituitary cells. In addition, we have previously shown that

plasma inhibin has a strong negative association with plasma

LH in male rats (24) and plasma inhibin has a suppressive

effect on LH secretion in the cyclic female rat (25).

It is well known that pituitary LH is the major stimulus

for testicular production of steroid hormones (26,27). In

the present study, higher plasma LH levels sustained by

exogenous LHRH, increased plasma testosterone levels in

all groups except the OP group in which the increase was

not significant. These findings suggest that BPA and OP

did not shut down steroidogenesis. However, in spite of a

small incremental LH response following LHRH adminis-

tration, plasma testosterone levels were highest in the DMSO

group. Conversely, plasma testosterone increments in the

BPA and OP groups following LHRH treatment were found

to be lower than that in the DMSO group despite relatively

higher incremental LH responses in the two chemical-treated

groups. This suggests that though not completely affected,

the chemicals BPA and OP had adversely affected ster-

oidogenesis, possibly through their effects at different steps

of steroidogenic pathway. It has been demonstrated that

Fig. 2. Plasma concentrations of luteinizing hormone (LH) (A), testosterone (B), progesterone (C), and insulin-like growth factor I (IGF-
I) (D) in pubertal male rats treated with either dimethyl sulfoxide (DMSO, solid bars) as a control group or bisphenol A (BPA, hatched
bars) or octylphenol (OP, open bars) administered as daily sc injections for 5 wk. The BPA and OP were administered at 3 mg/kg bw.
Each bar represents the mean ± SEM concentration of each hormone from 7 to 11 rats per treatment group. **p < 0.01, *p < 0.05 when
compared to DMSO group. Means with different superscript letters (i.e., a, b) are significantly (p < 0.05) different when compared among
different treatment groups.
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environmental estrogenic chemicals such as OP can de-

crease human chorionic gonadotropin (hCG)-stimulated

testosterone production by interfering at several steps of the

steroidogenic pathway and raised the possibility that this

effect of OP is apparently mediated through some other path-

ways other than classic estrogen receptor alpha and beta

pathways (28–31).

Progesterone, on the other hand, showed differential

response as a result of elevated LH levels following LHRH

administration. Basal progesterone levels were elevated in

both BPA and OP groups. This agrees with previous reports

that demonstrated a relatively low dose of BPA (30,32) and

OP (33) stimulated basal progesterone production by rat and

mouse Leydig cells and rat granulosa cells, respectively.

However, in response to LHRH-stimulated high LH, plasma

progesterone levels were increased only in the DMSO group

but not in the BPA group. In sharp contrast, despite its high-

est LH response, plasma progesterone levels in the OP group

fell by more than 50% of its basal levels. It has been shown

that hCG-stimulated progesterone production was inhib-

ited in cultured mouse or rat Leydig cells that had been

preincubated with either BPA or OP (29,31). The differen-

tial responses observed between the two chemical groups

on plasma testosterone and progesterone may probably be

due to their different estrogenic potencies with OP being

Fig. 3. Epididymal sperm head counts in pubertal male rats treated
with either dimethyl sulfoxide (DMSO, solid bars) as a control
group or bisphenol A (BPA, hatched bars) or octylphenol (OP,
open bars). The BPA and OP were administered at 3 mg/kg bw as
daily sc injections and after 5 wk, the rats were deeply anesthe-
tized and right epididymis removed, weighed, and homogenized
in 25 mL 0.85% NaCl (w/v) containing 0.05% Triton X-100 to
measure sperm head counts by a hemocytometer. Each bar rep-
resents the mean ± SEM sperm head count of each group from 5
to 10 rats per treatment group. *p < 0.05 when compared to DMSO
group.

Fig. 4. Epididymal sperm motility parameters in pubertal male
rats treated with either dimethyl sulfoxide (DMSO, solid bars) as
a control group or bisphenol A (BPA, hatched bars) or octylphenol
(OP, open bars). The BPA and OP were administered at 3 mg/kg
bw as daily sc injections and after 5 wk, the rats were deeply
anesthetized and the sperm motility parameters were measured
with C. IMAGING computer-assisted sperm motility analysis
system using sperms collected from left cauda epididymis. The
parameters shown are slow-nonlinear (A), number of sperms
showing slow motility per rapid-motile sperm (B), and rapid lin-
ear (C). Each bar represents the mean ± SEM from 9 to 11 rats per
treatment group.
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comparatively more potent than BPA (4) or, alternatively,

it may be due to a difference in non-estrogen receptor medi-

ated pathways (28–30).

Both BPA and OP caused a significant reduction in sperm

numbers in the epididymis and thus, agree with a number

of previous reports that demonstrated the adverse effects

of low doses of these chemicals on sperm production (6,

34). The reduction in sperm numbers in both BPA and OP

groups was accompanied by more than 50% reduction in

their plasma testosterone levels, suggesting that disruption

of basal testosterone production led to a reduction in the

sperm numbers. A previous report demonstrated that a dose

of OP slightly higher than that used in the present study

progressively decreased hCG-stimulated testosterone pro-

duction to about 40–80% below control levels in cultured

testicular cells (28,29). The reduction in testosterone pro-

duction in rats treated with BPA and OP is possibly due to

their interference in the steroidogenic pathway as shown

by several previous reports (18,28–31). In addition to the

effect via lowered testosterone, a direct toxic effect on sper-

matogenic and Sertoli cells cannot be ruled out as a previ-

ous report indicated that low doses of OP were toxic on the

viability of these cells collected from rats and cultured in

vitro (35). Similarly, peripubertal mice treated orally with

BPA had direct toxic effects with lesions found in the semi-

niferous tubules (19). A comparison between testosterone

levels after 2 wk and 5 wk of chemical treatment reveals that

basal hormone levels were not changed in both the BPA

and OP groups. This indicates that rats in the DMSO group

increased testosterone biosynthesis as they matured, but,

on the contrary, this did not happen in the rats treated with

BPA and OP resulting in the disruption of sperm produc-

tion. On the other hand, both chemicals were stimulatory on

plasma progesterone levels, and it was apparent that after

5 wk of treatment the levels had rose approximately as twice

as those found after 2 wk, probably indicating the persistent

effect of the chemicals on steroid biosynthesis whereas there

was no any drastic change in its level in the DMSO group.

There has been no report to date that demonstrated the

effects of both BPA and OP on sperm motility in pubertal

rats. Thus the present study investigated different sperm

motility parameters and found that at 9–15 ppm range there

were no significant effects of the chemicals on the param-

eters analyzed. It should be noted, however, that there were

some trends on some of the motility parameters in a manner

that is similar in both the BPA and OP groups. For example,

the percentage of rapid motile sperms showed a downward

trend in comparison with that in the DMSO group. On the

other hand, the percentage of slow-nonlinear sperms and the

ratio of rapid-to-slow sperms showed an upward trend in

comparison with those in the DMSO group. In support of

these findings, however, Chitra et al. (36) have reported

BPA-induced reduction in sperm motility. Thus, further

studies are warranted to confirm the adverse effects of BPA

and OP on various sperm motility parameters.

The chemicals did not have any effect on normal body

growth. However, the present doses of both BPA and OP

affected the weight of accessory reproductive organs. On

the epididymis, OP was inhibitory and suppressed the size

of the gland. On the ventral prostate, on the other hand,

both chemicals were stimulatory. The suppressive effect

of OP on epididymis has previously been reported (13).

Higher doses of BPA are reported to suppress the prostate

gland (37). It has been shown previously that pregnant mice

fed with low doses of BPA gave male offspring with en-

larged prostate gland (38,39). Thus, natural estrogen such

as estradiol, artificial estrogen such as diethylstilbestrol

(DES), and chemicals with estrogenic activity at higher doses

inhibit the size of ventral prostate gland while at lower doses

they increase the size of ventral prostate gland (37–40). In

the present study, it is not known whether the effect on the

prostate is due to a direct action of the chemicals. It has been

demonstrated that DES, a potent synthetic estrogen, and

BPA stimulated the growth of 17-d-old fetal prostate in

culture (39,41), and that the effect was evident in the pres-

ence or absence of testosterone in the culture medium (39).

Moreover, although BPA and OP were without effect on the

prostate in immature rats treated with the chemicals during

first five days after birth (42), male rats exposed to BPA on

postnatal d 22–32 showed enlarged prostate when mea-

sured at 4 mo of age (43), and an enlarged prostate has been

observed in mature rats exposed to BPA (36), reflecting that

the sensitivity of prostate to such chemicals is high during

fetal life but appears to change with effects depending on

age after birth. On the other hand, in the present study, both

chemicals increased plasma IGF-I concentrations. Source

of this IGF-I is not known; however, estrogen has been

shown to increase plasma IGF-I levels in rats (44), wethers

(45), and humans (46), and that the liver appears to be the

major site of estrogen-induced IGF-I secretion in wethers

(45). Although the mechanism by which BPA and OP altered

plasma IGF-I levels is not clear, the stimulatory effect on

the somatotropic axis may occur through estrogen receptor

pathways (47,48). Thus, it is possible that, in the present

study, liver is a potential site that contributed to the ele-

vated plasma IGF-I levels in response to BPA and OP treat-

ments. The chemical-induced ventral prostate enlargement

may be due either to a direct action via estrogen receptor

mediated pathway (38) or an indirect action via elevated

plasma IGF-I. BPA has been shown to activate IGF-I gene

expression and signaling pathway leading to epithelial cell

proliferation in the mouse uterus (49). A strong positive

association has been observed between circulating IGF-I

levels and prostate cancer risk in men aged 40 yr and above

(50). IGF-I has been implicated in the pathogenesis of

androgen-independent prostate cancer and that inhibition

of growth hormone–releasing hormone (GHRH) secretion

by GHRH antagonists in mice implanted with PC-3 pros-

tate tumors caused a decrease of plasma IGF-I, thus leading

to a significant reduction of tumor mass (16). However, a

Herath (3012).p65 1/26/2005, 8:49 AM169



Adverse Effects of OP and BPA in Pubertal Male Rates / Herath et al.170 Endocrine

role for prolactin, the secretion of which is shown to be

induced by both BPA and OP, in the pathogenesis of pros-

tate enlargement cannot be ruled out (42,43). On the other

hand, it has been reported that concentrations of an OP-

related alkylphenolic compound 2,4-di-tert-pentylphenol

were in the 10�3 M range in fat tissue in carp in the Detroit

River’s Trenton Channel (51). This level is higher than that

reported for other derivatives of alkylphenol polyethoxy-

lates in drinking water, sewage sludge, and river water sedi-

ment (9,52) and well above the levels of the chemicals used

in the present study, indicating that these alkylphenolic com-

pounds have the ability to bioaccumulate in larger amounts

in tissues. Moreover, concentrations of BPA in human mater-

nal and fetal plasma and in the placenta at term were found

to be comparable to a range that was shown to be toxic to

reproductive organs of male and female animal offspring

(12). In light of above findings a possible link between envi-

ronmental estrogenic chemicals such as BPA and OP and

high prevalence rate of prostate-associated diseases in men

can not be ruled out.

In conclusion, both chemicals differentially affect basal

as well as LHRH-induced steroid production, and based on

the present and previously reported data, the effects of BPA

and OP on steroidogenesis appear to be varied depending

upon the developmental stage. The chemicals at 9–15 ppm

amounts can increase the size of ventral prostate gland and

that this effect may be either direct or indirect via elevation

of plasma IGF-I levels. The two chemicals are equally potent

in exerting adverse effects, suggesting that they are capa-

ble of posing a threat to reproductive health. The difference

between the two chemicals in exerting some of the effects

could be due either to the differences in their estrogenic

potencies or, alternatively, to a difference in non-estrogen

receptor mediated pathways. It should be noted that there

is a possibility that the absolute values for plasma hor-

mones may have been confounded by the effect of ether-

stress; however, the differences of hormone levels between

the treatment groups may not be expected to suffer due to

a presumably equal effect of ether on all groups. The present

results also demonstrated that environmental chemicals

such as BPA and OP can adversely affect sperm production

in rats just after puberty. Further studies are warranted to

confirm the possible effect of these chemicals on sperm

motility parameters.

Materials and Methods

Animals

Forty two-day-old male Wistar–Imamichi rats were pur-

chased from Imamichi Institute for Animal Reproduction,

Ibaraki, Japan. They were housed in metal cages and main-

tained in a room with controlled illumination (14 h light :

10 h darkness and lights on at 05:00 h) and temperature

(22–24°C), with free access to commercial pellets (Nosan

Corporation, Yokohama, Japan) and given tap water ad libi-

tum. The commercial pellets contain soy as one ingredient.

The humidity of animal room varied from 55% to 75%.

They were acclimatized during the next 8 d before the com-

mencement of the experiments. All procedures were carried

out in accordance with the guidelines established by the

Department of Veterinary Medicine, Tokyo University of

Agriculture and Technology, for use of laboratory animals.

Chemicals

The OP (min 95% pure), BPA (min 95% pure), and di-

methyl sulfoxide (DMSO) were purchased from Wako (Wako

Pure Chemical Industries, Ltd., Osaka, Japan). Known

amounts of OP and BPA were dissolved in DMSO, and these

stock vials were then sealed and kept at room temperature

during the experiments. Protective clothing such as gloves

and apron was used during handling of these chemicals.

Experimental Protocol

When rats were 50 d old the experiments were begun.

The dosage of OP and BPA used for injections in the present

experiments was 3 mg/kg body weight (bw). Although the

present dosage of the chemicals is relatively small com-

pared with that used in typical toxicological studies, 3 mg/

kg bw can be categorized as a pharmacological dose. Mean

body weight of rats (n = 32) was 204 ± 6 (±SD) g at the

commencement of the experiments. Ten to eleven rats were

randomly assigned per treatment group. The rats in each

treatment group received daily sc injections of either 0.2

mL DMSO alone (DMSO group = control group) or 0.2 mL

DMSO containing appropriate amount of OP (OP group)

or BPA (BPA group). Starting from day 1 of the experiment

all the rats were weighed every 5 d during the injection period

and the amount of OP and BPA to be injected into each rat

was calculated accordingly. Based on weights, the amount

of OP or BPA injected into each rat represented approx 9–

15 ppm during the 5 wk of the experimental period.

Effects of Exogenous LHRH on LH,

Testosterone, and Progesterone

To investigate the pituitary and gonadal hormonal re-

sponse to LHRH, after 2 wk of chemical treatment, rats

were bled by jugular venipuncture at 15:00 h under light

ether anesthesia. We have consistently used ether as an anes-

thetic agent for laboratory animals and to measure plasma

hormones in the past (24). On the next day at 14:00 h, the

rats were given an LHRH (250 ng, sc) injection dissolved

in 0.2 mL of 50% polyvinylpyrrolidinone (50% PVP) and

blood was drawn at 15:00 h. It was previously shown that

a single injection of LHRH (250 ng, sc) dissolved in 0.2 mL

of 50% PVP caused a clear time course increase of plasma

LH with a maximum level reaching at around 1 h postinjec-

tion (17,53). Moreover the pituitary responsiveness to LHRH

for LH release was maintained in ether-stressed rats (53).

Therefore, 1 h after an sc injection of LHRH dissolved

in 0.2 mL of 50% PVP was considered adequate to evalu-
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ate the capacity of pituitary for LH release. The blood sam-

ples were used for determination of LH, testosterone, and

progesterone.

Effects on Epididymal Sperm Count

and Sperm Motility Parameters

After 5 wk of chemical treatment, each rat was kept for

an extended period of time in a chamber containing ether

vapor to deliver deep anesthesia. Deeply anesthetized rats

were bled to death by heart puncture. Right epididymis was

removed and homogenized (TOMY, SEIKO Co. LTD,

Tokyo, Japan) in 25 mL 0.85% NaCl (w/v) containing 0.05%

Triton X-100 to measure sperm head counts by a hemocy-

tometer. The sperm motility parameters were measured with

C. IMAGING computer-assisted sperm motility analysis

system. Sperms from left cauda epididymis were incubated

for 3 min at 37°C in 0.01 M medium buffer, pH 7.2. The

medium buffer was made up of 59.8 mg of HEPES (Doj-

indo, Japan), 982 mg medium 199 (Biocell, CA, USA), 500

mg of bovine serum albumin (Wako, Japan), and 220 mg of

NaHCO3 (Wako) dissolved in 100 mL deionized water.

After sperms were incubated in medium buffer at 37°C, an

aliquot of the solution was then diluted 10- to 20-fold and

10 µL was placed onto the Micro Cell-HAC chamber, which

has a depth of 50 µm (Conception Technologies, San Diego,

CA, USA). Analyses of motility characteristics were per-

formed on at least 200 cells for each sample. Sperm motility,

as viewed on an Olympus microscope (4�, pseudo-dark filed

optics) with a stage warmer (37°C) (MP10DM, Kitazato,

Japan), was used by C. IMAGING system. The C. IMAGING

system settings were as follows: frames analyzed = 15;

framing rate = 30; maximum velocity = 1200 µm/s; thresh-

old velocity = 45 µm/s; pixel scale 3.26 mm/pixel; maxi-

mum average number of cells / field = 30; cell size range

= 350–1600 pixel. The following characteristics were ana-

lyzed: the percentages of motile, rapid linear and slow non-

linear spermatozoa, curvilinear velocity (the total distance

traveled divided by the total time the cell was tracked),

straightline velocity (straightline distance), linearity index

(ratio of the straightline distance to the actual tracked dis-

tance), and a ratio of slow-per-rapid sperm.

Effects on Accessory Reproductive

Organs and Plasma Hormones

Blood collected by heart puncture was used for determi-

nation of LH, progesterone, testosterone, ir-inhibin, and

IGF-I. Weights of testes, seminal vesicles (wet weight), right

epididymis and ventral prostate gland were recorded.

Blood Processing

All blood samples were collected into plastic tubes con-

taining heparin (15 IU/mL blood) as anticoagulant to pre-

vent clotting. The samples were stored in ice and centrifuged

at 3300g for 15 min at 4°C immediately after completing

the experiment. The resulting plasma was decanted and

stored at �20°C, until assayed for LH, progesterone, testos-

terone, ir-inhibin and IGF-I concentrations.

Radioimmunoassays

Plasma concentrations of LH were measured using NIDDK

radioimmunoassay (RIA) kit (Baltimore, MD, USA) for rat

LH. The antiserum used was anti-rat LH (S-10). Intra- and

interassay coefficients of variation were 5.4% and 6.9%.

Plasma concentrations of progesterone and testosterone

were determined by double-antibody RIAs using 125I-labeled

radioligands, as described previously (54). Dr. G. D. Nis-

wender (Animal Reproduction and Biotechnology Labo-

ratory, Colorado State University, Fort Collins, CO) kindly

supplied antisera against progesterone (GDN#377) and

testosterone (GDN#250). Intra- and interassay coefficients

of variation were 3.5% and 13.4% for progesterone, and

6.8% and 17.1% for testosterone, respectively.

Plasma concentrations of IGF-I were determined after

extraction using acid-ethanol-cryo precipitation method,

as described previously (55), with some modifications to

RIA procedure. Standards were prepared from hIGF-1 (Lot

# 126R01A C247, PEPROTECH EC LTD). The antiserum

used was NIDDK polyclonal antiserum made against hIGF-

1 (ID# AFP4892898). All samples were analyzed in a single

assay and the intraassay coefficient of variation was 6.3%.

Plasma concentrations of ir-inhibin were measured by a

double-antibody RIA as described previously (56). Purified

bovine inhibin (32-kilodalton) was used as standard. The

assay system does not distinguish dimeric inhibin from the

� subunit monomer. All samples were analyzed in a single

assay and the intra-assay coefficient of variation was 9.8%.

Statistics

Statistical significance between the means of treatment

groups was determined using ANOVA and Duncan’s Mul-

tiple Range test. Repeated measures analysis was carried

out for comparisons of LH, testosterone and progesterone

individually at three different time points. Data are pre-

sented as least square means ± standard errors (±SEM). A

probability value less than 0.05 was considered significant.

All statistical analyses were carried out using the computer

software package “SAS” (SAS Statistics, Version 6.11,

SAS Institute Inc., Cary, NC, USA).
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