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male rats submitted to prolonged
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Abstract

In order to investigate whether prolonged stress interferes with the
onset of sexual behavior at puberty and with fertility at adulthood,
prepubertal male Wistar rats (40 days of age) were immobilized 6 h a
day for 15 days (up to early puberty) or for 60 days (until sexual
maturity). Pubertal stressed rats showed a two-fold increase in the
latency for the first mount (probably due to repeated aversive experi-
ence in which a change of environment was always followed by
immobilization) and a 2.5-fold increase in the frequency of thrusting
(indicative of enhanced sexual performance). The apparently stimula-
tory effect of prolonged stress on the onset of sexual behavior is
discussed in terms of increased testosterone level and interference
with the complex interchanges between the neurotransmitters/neu-
ropeptides involved in the central control of male sexual activity.
Adult stressed animals were mated with normal females, which be-
came pregnant but exhibited a more than two-fold increase in both pre-
implantation and post-implantation loss, probably due to a smaller rate
of fertilization and/or fertilization with damaged spermatozoa.
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Introduction

As a result of hypothalamic-pituitary-ad-
renal axis activation, prolonged stress may
inhibit the male reproductive functions
through a depression of the hypothalamic-
pituitary-testicular axis (1). Previous studies
from our laboratory have shown that chronic
intermittent immobilization-induced stress
applied to male rats from prepuberty caused

a significant decrease in plasma LH of both
pubertal and adult rats, whereas plasma tes-
tosterone was lower than control levels in
adult stressed rats but was more than two-
fold higher in pubertal animals (2-4), sug-
gesting that prolonged stress probably acts in
a different way on the gonadal axis during
distinct phases of sexual development.

Since adrenergic innervation seems to
play a pivotal role in testicular steroidogen-
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esis around the onset of puberty (5), we
proposed that sympathetic overstimulation
might explain the increased testosterone lev-
els observed in pubertal stressed rats. Pro-
longed immobilization caused no significant
change in plasma FSH but induced a signifi-
cant delay in testicular maturation, in addi-
tion to a decrease in spermatid production
and in sperm density in both pubertal and
adult animals (3,4). Few literature data per-
taining to stress and sexual behavior have
shown that prenatal (6) or neonatal (7,8)
stimulation may impair the copulatory per-
formance of both male and female adult rats.
The purpose of the present study was to
determine whether prolonged immobiliza-
tion-induced stress applied from prepuberty
interferes with the onset of sexual behavior
at puberty and with fertility during adult-
hood.

Material and Methods

Prepubertal (40 days of age) male Wistar
rats were housed under controlled environ-
mental conditions (12-h light period and tem-
perature of 23 ± 2oC) and had free access to
laboratory chow and tap water. Stress was
attained by immobilization inside plastic
tubes for 6 h a day during the light period,
starting at 8:00 a.m., for 15 days (early pu-
bertal animals used for analysis of sexual
behavior) or for 60 days (sexually mature
rats used in fertility experiments) (see Ref. 9,
for the phases of male rat sexual develop-
ment). Control animals were left undisturbed
in their cages.

Sexual behavior

For analysis of the onset of sexual behav-
ior, pubertal control and stressed males (N =
8 per group) with no previous sexual experi-
ence were placed with adult receptive fe-
males in natural estrus during a 30-min ses-
sion. The males were placed in the observa-
tion cage (56 x 35 x 31 cm with a glass front

wall) 2 h after the beginning of the dark
phase and 10 min before the females, for
adaptation to the environment. The latency
and quantity of mounts and thrusting were
recorded simultaneously by two investiga-
tors, with light provided by a 40-watt red
lamp. In the mount behavior the male places
his forepaws on the female without pelvic
movements, while in the thrusting behavior
he executes repeated deep pelvic thrusts (10).

Fertility assessment

Adult control and stressed males (N = 10
per group) were mated with sexually mature
normal females presenting at least three regu-
lar cycles confirmed by analysis of daily
vaginal smears. Females in the proestrus
stage in the morning were mated with males
overnight (2 females per male); the presence
of spermatozoa in the vaginal smear on the
next morning was indicative of copulation
and was considered as day zero of preg-
nancy. Maternal autopsy was performed on
day 20 of pregnancy when uterus and ova-
ries were examined for number of corpora
lutea, dead and live fetuses, embryo resorp-
tion and implantation sites (total amount of
live and dead fetuses plus embryo resorp-
tions) (see Ref. 11, for methodological de-
tails). The rates of pre-implantation loss (cor-
pora lutea minus implantation sites) and post-
implantation loss (implantation sites minus
live fetuses) were then determined.

Results

Compared to control animals, pubertal
stressed rats exhibited an increased latency
for the first mount followed by an increased
frequency of thrusting (Figure 1). Neither
control nor stressed animals ejaculated dur-
ing this period.

All but one female mated with adult con-
trol or stressed males became pregnant. Data
from maternal autopsy carried out on day 20
of pregnancy (Table 1) were used to estimate
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fertility rates, which showed that the females
mated with stressed males exhibited a sig-
nificant increase in both pre-implantation
and post-implantation loss (Figure 2).

Discussion

A previous study was carried out to in-
vestigate the prolonged intermittent immo-
bilization stress protocol applied throughout
male rat sexual development, focusing on
food intake, body weight gain, and stress-
related and sex hormones (2). The results
confirmed the presence of a sustained stress
condition on the basis of a significant rise in
plasma ACTH and corticosterone following
both 15 and 60 days of immobilization. When
applied from prepuberty (40 days of age) to
early puberty (55 days of age) the stressful
stimuli significantly increased plasma tes-
tosterone but delayed testicular maturation
(4). When applied from 40 to 100 days of age
(full sexual maturity) immobilization stress
caused a marked drop in plasma testosterone
besides a reduction in the amount of mature
spermatids in the testis and in spermatozoon
concentration in the cauda epididymidis (3).
The present experiment was conducted to
investigate whether prolonged immobiliza-
tion stress interferes with the onset of sexual
behavior at puberty and with fertility at adult-
hood.

Compared to controls, pubertal stressed
rats exhibited an increased latency for the
first mount that might be suggestive of a
lower sexual motivation (12) but may also be
related to a repeated aversive experience in
which a change of environment was always
followed by immobilization. Stressed ani-
mals presented also an increased frequency
of thrusting, indicative of enhanced sexual
performance since neither control nor
stressed animals ejaculated.

Since the time immediately after birth is
critical for brain development, numerous
studies have examined the long-lasting ef-
fects of neonatal stimulation on many emo-

Figure 1 - Latency and frequency of mounts and thrusting in control and stressed pubertal
rats with no previous sexual experience placed with adult receptive females during a 30-
min session. Stress was attained by immobilization for 6 h a day from prepuberty (40 days
of age) to early puberty (55 days of age). Upper and lower boundaries mark the 25 and 75%
percentiles and the intermediate horizontal bars are the median values. *P = 0.01, **P =
0.05 compared to the control group (Mann-Whitney test).

Figure 2 - Rates of pre-implanta-
tion and post-implantation loss
in normal females mated with
control and stressed adult rats.
Stress was attained by immobi-
lization for 6 h a day from prepu-
berty (40 days of age) to full
sexual maturity (100 days of
age). The rates of pre-implanta-
tion loss (corpora lutea minus
implantation sites) and post-im-
plantation loss (implantation
sites minus live fetuses) were
determined on day 20 of preg-
nancy. *P = 0.01 compared to
the control group (chi-square
test).
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Table 1 - Total amount of corpora lutea, live and dead fetuses, and resorption and
implantation sites observed in pregnant females mated with control and stressed
males.

Males Total amount

Pregnant Corpora Live Dead Resorption Implantation
females lutea fetuses fetuses sites sites

Control (N = 10) 19 275 247 0 15 262

Stress (N = 10) 20 293 218 13 23 254
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tional responses and behaviors in adulthood.
In contrast to our results, literature data have
shown a decreased sexual behavior in both
male and female prepubertal and adult rats
submitted to handling or more aversive
stimuli during early postnatal life (7,8).

Many central neurotransmitters and neu-
ropeptides are involved in the control of
male sexual behavior. Increased brain nor-
adrenergic and dopaminergic activities may
improve parameters of copulatory activity,
indicating their facilitatory role in the pro-
cess (12,13). Although early studies have
proposed an opposite role for serotonin (13),
more recent data have shown that 5-HT1A
and 5-HT2 receptor agonists may also stimu-
late sexual motivation and completion (10,14-
16). The effects of serotonin and dopamine
on male copulatory behavior seem to occur
by interaction with testosterone (10,12,14,
16). A proper androgenic status is also nec-
essary for a normal sexual performance, the
deleterious effects of castration being re-
versed by hormonal replacement; moreover,
chronic treatment of prepubertal rats with
testosterone can precipitate the onset of first
mount, thrusting and ejaculation, probably
by stimulation of sexual arousal (13). It is
possible that increased plasma testosterone
concentration (2,4), in addition to the higher
catecholamine and serotonin levels expected
to occur after prolonged stress (1), might
account for the enhanced sexual performance
herein described at the onset of puberty.

Adult animals submitted to intermittent
immobilization from prepuberty presented a
significant decrease in fertility rates, con-
firmed by a more than 2-fold increase in both
pre-implantation and post-implantation loss
in the progeny of normal females. Pre-im-
plantation loss corresponds to the sum of
unfertilized ova and/or embryo loss occur-
ring before endometrial implantation,
whereas post-implantation loss refers to a
later impairment of embryo-fetal viability.
The reduced fertility of stressed males is
probably due to a lower rate of ovum fertili-

zation and/or fertilization with damaged sper-
matozoa.

There are some reports about the delete-
rious effects of stress on animal and human
semen quality, such as a reduction in semi-
nal volume, in sperm concentration and mo-
tility, and in the amount of normal spermato-
zoa (17-20). These manifestations are less
obvious in men, being generally associated
with extreme physical or psychological situ-
ations and considered to be the basis of
temporary infertility (19). Although an anal-
ysis of spermatozoon morphology and mo-
tility was not performed in the present study,
the possibility of altered parameters cannot
be ruled out.

It is known that the production of sper-
matozoa able to fertilize and to develop a
normal progeny results, at least in part, from
normal sperm maturation in the epididymis.
The composition of the internal epididymal
milieu, responsible for sperm maturation, is
under androgen control. In rats, an andro-
gen-binding protein secreted by Sertoli cells
into the lumen of seminiferous tubules under
FSH stimulation is transported to the epidid-
ymis, where it accumulates at concentra-
tions higher than those found in the testes.
This leads to a high local concentration of
androgens, essential for maturation of epi-
didymal spermatozoa (17).

We have previously reported that adult
male rats exposed to prolonged immobiliza-
tion exhibit a decrease in spermatid produc-
tion and sperm density, in addition to lower
plasma testosterone concentration (3) and a
small but significant reduction in the amount
of Sertoli cells per seminiferous tubule cross-
section (from 14.1 ± 0.2 in controls to 12.5 ±
0.3 in stressed animals; P = 0.01, Mann-
Whitney test). Thus, the possibility of a dis-
turbance in the maturation of spermatozoa
should be considered. If so, the reduced
sperm density, side by side with fertilization
by immature and/or damaged spermatozoa,
might explain the reduced fertility observed
in stressed males.
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In conclusion, prolonged intermittent im-
mobilization stress applied to male rats from
prepuberty enhances sexual performance at
the onset of puberty but decreases fertility at
sexual maturity.
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