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Abstract

We investigated whether chronic stress applied from prepuberty to ftdl words
sexual maturity interferes with spermatogenic and androgenic testicimmobilization
lar functions. Male Wistar rats (40 days old) were immobilized 6 h-&permatogenesis
day for 60 days. Following immobilization, plasma concentrations otH
corticosterone and prolactin increased 135% and 48%, respective H

while plasma luteinizing hormone and testosterone presented a sig=tosterone

nificant decrease of 29% and 37%, respectively. Plasma concentra'tionOIac“n

of follicle-stimulating hormone was not altered in stressed rats. Chronic
stress reduced the amount of mature spermatids in the testis by 16%
and the spermatozoon concentration in the cauda epididymidis by
32%. A 17% reduction in weight and a 42% decrease in DNA content
were observed in the seminal vesicle of immobilized rats but not in its
fructose content. The growth and secretory activity of the ventral
prostate were not altered by chronic stress.

Introduction creased plasma luteinizing hormone (LH)
concentration but caused a marked increase
Although short- or long-term immobili- in plasma testosterone; a lower extent of
zation is stressful to laboratory animals, théesticular maturation was also found in pu-
magnitude of the response depends on theertal stressed animals (Almeida SA,
intensity and duration of the stimulus (1-11)Petenusci SO, Anselmo-Franci JA, Rosa e
Experiments are in progress in our laboraSilva AAM and Lamano Carvalho TL, un-
tory using a model of aversive stimulation -published results).
6 h of daily immobilization — to investigate  The purpose of the present study was to
the effects of stress on the onset of puberty investigate the progression of these repro-
male rats. When applied from prepubertyductive disorders by examining the effects
(40 days of age) to early puberty (55 days aff stress-induced immobilization, applied
age) the stressful stimuli significantly de-from prepuberty, on spermatid production,
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spermatozoon concentration in the caudaoiselessness throughout the experiment.
epididymidis and on the accessory sex glands Stressed and control rats were killed by

of adult rats. decapitation in the morning after the last
stressing session. Trunk blood was collected
Material and Methods into heparinized tubes and plasma was sepa-

rated by centrifugation and stored at°@0

Male Wistar rats were submitted to im-for hormone determinations. Testosterone
mobilization from prepuberty (40 days of(T), prolactin (Prl), LH, and follicle-stimu-
age) to full sexual maturity (100 days oflating hormone (FSH) were measured by
age). The phases of sexual development wetiuble-antibody radioimmunoassay as de-
established according to Zanato et al. (12xcribed by Zanato et al. (12). A commercial
The animals were housed four to a cage ikit (Coat-A-Count Rat Corticosterone, DPC
plastic boxes (40 x 32 x 17 cm) under con- Diagnostic Products Corporation, Los An-
trolled environmental conditions (12-h lightgeles, CA) was used to measure plasma cor-
period starting at 8:00 h, temperature 23 ticosterone.
2°C). Laboratory chow and tap water were The seminal vesicle and ventral prostate
givenad libitum. were removed, weighed and stored aP€0

The animals (N = 8) were immobilized for colorimetric measurements of DNA and
inside plastic tubes dimensioned to produckuctose (13). The sperm suspension was
stress without promoting pain (4.5 cm incollected from the cauda epididymidis for
diameter x 15.5 cm long up to 55 days of agesvaluation of spermatozoon concentration,
5.0 cmin diameter x 25.5 cm long up to 10@&s described by Kempinas and Lamano
days) for 6 h a day over a period of 60 daysCarvalho (14).
Control rats (N = 8) were left undisturbed in  The testes were removed, weighed and
their cages. Undesirable stress was avoideehmersed in Alfac fixing solution (85% etha-
as much as possible by gentle handling amibl 80°, 10% formaldehyde and 5% glacial

acetic acid) for 24 h. Seven-um thick equato-

Table 1 - Plasma hormone concentrations of rial paraffin sections were stained with he-
chronically immobilized adult rats. matoxylin and eosin for histological and
Rats were immobilized for 6 h/day from day 40 to hIStome_mC analySlS' Spermatld prOdUCthn
100 of life. Data were obtained by radioimmu- was estimated by the amount of spermatids
noassay and are reported as means = SEM for 8 in the maturation phase (stages 15 to 18 of

rats in each group. *P<0.05 compared to control

s s, spermiogenesis, identified according to Ref.

15) counted in 10 seminiferous tubule cross-
Groups sections per animal.

The results were analyzed statistically by
the non-parametric Mann-Whitney test.

Control Immobilized

Corticosterone  98.8 + 19.4 231.9 + 43.9"

(ng/ml) Results

Prolactin 19.0 + 2.3 28.1 + 4.0"

et} Sixty days of immobilization markedly
FSH 141+08 124 +03 increased plasma corticosterone (135%) and
(ng/mi) Prl (48%) concentrations. Plasma LH and T
(LnZ/mn 519 £193 370 + 040 decreased by 29% and 37%, respectively,

following chronic stress, while no signifi-
e s cant change was observed in plasma FSH
(ng/ml)

(Table 1).



Immobilization stress in adult male rats

No change was observed in the testicular Our results support literature data show-
weight (1.77 £ 0.03 g in control and 1.69 #ing no significant change in plasma FSH (7)
0.05 g in immobilized rats) or in the grossand a decrease in plasma LH (7,9,10) after
histological features. However, a significanthronic immobilization of male rats. The
decrease in spermatid production was destress-induced decrease in LH has been at-
monstrable by histometric evaluation, whichtributed to inhibition of gonadotropin releas-
revealed a 16% decline in the amount oing hormone (GnRH) secretion (10).
maturing spermatids per seminiferous tu- In the present study, immobilization of
bule cross-section. A 32% decrease in thmale rats from prepuberty to sexual maturity
concentration of spermatozoa stored in theaused a significant decrease in T secretion.
cauda epididymidis was also observed ifThe inhibitory effect of chronic immobiliza-
stressed rats (Figure 1). tion on plasma T has been a common finding

Immobilization caused a significant re-in adult rats (5-7,10,11) attributed to re-
duction in seminal vesicle weight (17%) andduced LH concentration (7,20). The precise
DNA content (42%) but not in in its quantity mechanism of the inhibitory effect of pro-
of fructose. Ventral prostate growth and selonged stress on plasma T, however, is not
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cretory activity were not altered (Table 2).
Discussion

Stress caused by chronic immobilizatior
was confirmed by a significant rise in plasme
corticosterone. Literature data have show
that frequent stimulation with a low-inten-
sity stressor often leads to habituation of th
hypothalamic-pituitary-adrenal axis, while
lower frequency and/or high-intensity stimuli
can promote an exaggerated response (1f
A recent review (17) summarizes the role o
the hippocampus in the control of a variety
of vegetative functions, such as ACTH se
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Figure 1 - Amount of spermatids
(stages 15 to 18 of spermiogen-
esis) counted in 10 seminifer-
ous tubular sections per animal
(left) and concentration of sper-
matozoa in the cauda epididymi-
dis (right), in chronically immobi-
lized adult rats. Rats were im-
mobilized 6 h/day from day 40 to
100 of life. Data are reported as
mean + SEM for 8 rats in each
group. *P<0.05 compared to
control (Mann-Whitney test).

cretion, and provides evidence that repeateu
restraint stress can promote hippocampal

atrophy. Considering the inhibitory role of
the hippocampus in glucocorticoid synthe-
sis, stress-induced dendritic atrophy may hav
contributed to high corticosterone levels fol-
lowing prolonged immobilization.

Plasma Prl is also expected to increase
response to stress (18,19), but the respon
is usually of short duration because of th
suppressive effect of the concomitant in:
crease in adrenal glucocorticoids (18). In th
present study, however, Prl remained el
evated above control levels even 24 h afte
the last episode of repeated exposures to t
stressor.

Table 2 - Effect of immobilization on rat seminal vesicle and
ventral prostate weight, and DNA and fructose content.

Rats were immobilized 6 h/day from day 40 to 100 of life.
Data are reported as means + SEM for 8 rats in each group.
*P<0.05 compared to control (Mann-Whitney test).

Group Weight DNA Fructose
@ (mg) (mg)

Seminal vesicle
Control 0.63 + 0.03 0.33 +£ 0.03 0.12 + 0.01
Immobilized 0.52 + 0.04" 0.19 + 0.01™ 0.11 + 0.01

Ventral prostate
Control 0.35 £ 0.03 0.14 = 0.01 0.26 + 0.03
Immobilized  0.34 + 0.02 0.16 + 0.02 0.27 + 0.03
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fully understood since the changes in andrand concentration of spermatozoa in the
genic response are not always associateduda epididymidis was observed. The de-
with altered LH levels (8,11,21). It was sug-creased androgenic status of stressed rats
gested that restraint stress may induce Leydigay be responsible, at least in part, for de-
cell hyposensitivity to gonadotropin leadingpressing spermatogenesis, since the stimula-
to a blockade of T biosynthesis at normal LHory action of both FSH and T is needed to
levels (21). More recent data have showmitiate and maintain the process (15). In
that increased glucocorticoids may act viaddition to the hormonal control, local regu-
glucocorticoid receptors on Leydig cells, thugatory interactions occur between all testicu-
suppressing the testicular response to gdar cell types (interstitial, peritubular myoid,
nadotropins (11). The proopiomelanocortigerm and Sertoli cells) and these cell-cell
(POMC)-derived peptides may also play awommunications, involving growth factors
autocrine/paracrine role in mediating theand POMC peptides, mediate the cell growth
stress-induced decline in testicular steroidoand differentiation required for the initiation
genesis (8). and maintenance of spermatogenesis (25).
In contrast to the considerations discusset@ihe stressful stimulus may have also inter-
above, studies under way in our laboratorfered with elements of this elaborate para-
have shown an increase in T concentratioarine control, impairing the spermatogenic
in early pubertal rats submitted to chronigrocess.
immobilization from prepuberty (Almeida  Although chronic immobilization did not
SA, Petenusci SO, Anselmo-Franci JA, Rosdisturb prostate growth or secretory activity,
e Silva AAM and Lamano Carvalho TL, the seminal vesicle became atrophied. The
unpublished results), indicating that theatrophic seminal vesicle of stressed rats might
stressful stimulus probably acts in a differenbe a consequence of decreased T secretion,
way on the gonadal axis during distinct phaseis addition to high Prllevels, since the growth
of sexual development. Sympathetic innerand secretory activity of male accessory
vation seems to modulate androgen biosyrglands are under the main control of testicu-
thesis, particularly at prepuberty and earlyar androgens and Prl (26,27). There are,
puberty. Previous studies from our laborahowever, clear differences between the glan-
tory dealing with the effects of chemicaldularresponse to androgens in distinct phases
sympathectomy showed decreased steroidof sexual development: the prostate of peri-
genesis in prepubertal and early pubertahubertal rats seems to be particularly respon-
but not in adult rats, at normal LH levels, angive to testosterone when compared to
suggested that adrenergic stimulation playgounger or sexually mature animals, while
a pivotal role in testicular steroidogenesishe seminal vesicles showed decreasing re-
around the onset of puberty (22-24). If sosponsiveness with increasing ages (28). Prl
and since immobilization induces a signifi-acts both independently and in synergy with
cant rise in plasma epinephrine and norepiF by intensifying the growth-promoting in-
nephrine levels (6), a sympathetic overstimufluence of androgens. However, while a nor-
lation might explain the increased T levelanal circulating Prl level is essential for male
observed in pubertal stressed rats. reproductive functions, high levels produce
No change was observed in testiculaadverse effects including glandular atrophy
weight or gross histological features aftef26,29).
immobilization from prepuberty to sexual In conclusion, immobilization-induced
maturity; however, a significant decrease irstress applied from prepuberty decreased
both the production of maturing spermatidspermatid production and spermatozoon
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concentration in the cauda epididymidiscount in studies of the reproductive re-
of adult rats. In contrast to the findings insponses to stress.

pubertal rats (Almeida SA, Petenusci SO,
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sexually mature stressed animals. Thusgroviding the facilities for hormone meas-
besides the intensity and duration of th&rements, and Sonia A.Z. Baptista, Mauro F.
stressful stimulus, the phase of sexual deSilva, Antonio de Campos and Edna A.S.
velopment should also be taken into acMoraes for technical assistance.
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