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Immediate and late effects of chronic stress in the
testes of prepubertal and adult rats

Carina T Ribeiro’, Diogo B De Souza', Waldemar S Costa', Francisco J B Sampaio’,
Marco A Pereira-Sampaio'?

The objective of this study was to investigate the effects of chronic stress on the testes of prepubertal and adult rats and to evaluate
whether any alterations could be reversed when stress induction is ended. Seventy-six male rats were assigned to eight groups
depending on the type of treatment (control or stressed), the age at which stress was initiated (prepubertal or adult), and the time of
evaluation (immediate or late). Stress stimuli were applied for 6 weeks. Stressed prepubertal and adult rats evaluated immediately
after the last stress stimulus were included in SP-I and SA-I groups, respectively. The late prepubertal (SP-L) and adult (SA-L)
groups of stressed rats were evaluated 6 weeks after the last stress stimulus. Age-matched rats were used as controls (CP-1, CA-I,
CP-L, and CA-L groups). Application of stress stimuli to rats in the SP-I group resulted in body weight and seminiferous tubule
diameter reduction. The rats in the SA-I group also showed several functional (testosterone level and sperm parameter) and
morphological (testicular weight and seminiferous tubule diameter) reductions. The rats in the SP-L group showed increased body
weight and intertubular compartment volumetric and absolute densities and reduced tubular compartment volumetric density.
The rats in the SA-L group presented only reduced sperm viability. Stress stimuli promoted changes in the rats in all the study
groups. The testes of the adult rats were the most affected by chronic stress. However, the stressed adult rats recovered well from

the testicular alterations.
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INTRODUCTION

Stress may be characterized as a reactive process that triggers systemic
and behavioral responses related to a set of physiological changes. This
condition is important as it enables the organism to respond to different
situations.' However, prolonged stress has a destructive effect on tissues,
inhibiting several bodily activities and negatively influencing cellular
proliferation and differentiation.?

Several studies have demonstrated that chronic stress leads to
morphological and functional alterations in the testes. Rats subjected
to chronic stress stimuli showed impaired sperm production and
reduced serum testosterone levels.** Experimental studies have also
demonstrated reduced testicular weight,>* with several histological
alterations’™® in stressed rats.

The influence of psychosocial stress on testosterone levels and
semen quality has been also demonstrated in men. Guay et al.” found
a strong association between work stress and low testosterone level.
Furthermore, psychosocial stress was associated with decreased semen
quality in fertile men.® Male occupational stress is also associated with
sperm damage’® and decreased number of conceptions.'* Healthy men
were examined to evaluate several socio-psycho-behavioral factors
in China, and psychological stress is associated with semen quality."

Despite several reports of the influence of stress stimuli on the
testes, one important point has not been addressed, which is whether

recovery from testicular damage after exposure to stress stimuli
is possible. Furthermore, some studies focused on prepubertal
individuals, while others investigated adult individuals, but no study
has compared prepubertal and adult animals subjected to the same
stress stimuli.

Thus, the objectives of the present study were to evaluate the
testicular alterations in prepubertal and adult Wistar rats subjected
to chronic stress and to investigate whether the potential chronic
stress-induced testicular alterations could be reversed after termination
of the stress stimuli.

MATERIALS AND METHODS

Animals

Seventy-six male Wistar rats were used in the experiments. The
animals were allocated into two groups as follows: prepubertal
rats (n = 40, 4 weeks old) and adult rats (n = 36, 10 weeks old),
with mean weights of 84.8 g and 283.4 g, respectively. The rats were
kept in a temperature-controlled room (22 + 1°C) with an artificial
dark-light cycle (lights on from 7:00 a.m. to 7:00 p.m.) and fed
standard rat chow and water ad libitum. The Animal Care and Use
Committee of the State University of Rio de Janeiro (Brazil) approved
the handling of the animals and the study design (protocol number
CEUA/004/2015).

IUrogenital Research Unit, State University of Rio de Janeiro, Rio de Janeiro, RJ 20551-030, Brazil; 2Department of Morphology, Fluminense Federal University, Niteroi,

RJ 24210-150, Brazil.
Correspondence: Dr. DB De Souza (diogobenchimol@gmail.com)
Received: 20 June 2017; Accepted: 07 November 2017



Effects of chronic stress on the testis
CT Ribeiro et al

Experimental design

Four groups of age-matched (prepubertal and adult) rats categorized by
age were used to evaluate the immediate effects of stress stimuli at the
beginning of the experiment. The SP-I group (n = 10) was composed
of 4-week-old rats (stressed prepubertal animals killed immediately
after 10 weeks of life) and the SA-I group (n = 9) was composed of
10-week-old rats (stressed adult animals killed immediately after 16
weeks of life); both groups were subjected to the same stress stimuli.
We compared each of these groups with age-matched control groups:
CP-I group (n = 10, control prepubertal animals killed immediately
after 10 weeks of life) and CA-I group (n = 9, control adult animals
killed immediately after 16 weeks of life) (Table 1).

The SP-I and SA-I groups were subjected to chronic stress using the
immobilization method.'? Each animal was kept in a rigid opaque plastic
tube for 2 h daily to restrain its movements during the 6-week period.
The plastic-restraint tubes with different diameters and lengths were
adjusted weekly depending on the rats’ size (Supplementary Figure 1).
Meanwhile, the control groups (CP-I and CA-I) were kept under
normal conditions and not subjected to any stresses. Control groups,
as well as stressed groups when under stress stimuli, were deprived of
food and water for 2 h per day. All the animals were killed 24 h after
the last day of stress stimuli application when the rats were 10 (SP-I
and CP-I) and 16 weeks old (SA-T and CA-I).

Furthermore, to investigate whether the potential changes caused
by the stress stimuli were transitory or permanent, we studied four
other groups. These groups were categorized by the same age used
previously and subjected to the same stress stimuli protocol. However,
they were evaluated much later, at 6 weeks after the end of the stress
stimuli (what represents the same period that they were subjected to
stress). Thus, we had the rats in the SP-L prepubertal (n = 10) and
SA-L adult groups (n = 9) subjected to stress stimuli during the 6-week
period (i.e., until their 10" and 16™ weeks of age, respectively). These
groups of rats were killed at 16 and 22 weeks of age, respectively. The two
age-matched control groups, CP-L (n=10) and CA-L (n =9), kept under
normal conditions throughout the study were used for comparison. All
the animals were killed using isoflurane (Forane, Abbott Laboratories,
Buenos Aires, Argentina) inhalation until cardiac arrest.

Testosterone and sperm analyses
Just before death, blood sample was collected by heart puncture for

Table 1: Experimental groups

Group name Description

Control groups

CP-I Control animals aged 4 weeks (prepubertal) included in the
immediate group

CA-I Control animals aged 10 weeks (adult) included in the
immediate group

CP-L Control animals aged 4 weeks (prepubertal) included in the
late group

CA-L Control animals aged 10 weeks (adult) included in the late
group

Stress groups

SP-1 Animals subjected to chronic stress from 4 weeks of

age (prepubertal), killed immediately after 10 weeks of life
SA-| Animals subjected to chronic stress from 10 weeks of

age (adult), killed immediately after 16 weeks of life
SP-L Animals subjected to chronic stress from 4 weeks of

age (prepubertal), killed immediately after 16 weeks of life
SA-L Animals subjected to chronic stress from 10 weeks of

age (adult), killed immediately after 22 weeks of life
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the determination of testosterone levels using a commercially available
enzyme-linked immunosorbent assay kit (Cat. ADI-900-065, Enzo,
New York, NY, USA; sensitivity of 5.67 pg ml™")."*

During testicular harvest, the epididymal tail was sectioned in
five fragments and homogenized in 5 ml of phosphate-buffered saline
with 0.5% bovine serum albumin (A9647, bovine serum albumin,
Sigma, Frederick, MD, USA) under 37°C. This homogenized solution
was denominated the spermatic solution. This solution was observed
in a Neubauer chamber to determine spermatozoa concentrations
and motilities. In addition, sperm viability was assessed using the
hypo-osmotic test;'* 200 spermatozoa per rat were evaluated blindly
in different fields.”

Biometrical and morphometrical analyses
The rats were weighed before they were killed; this was considered as the
final body weight, expressed in grams. Both testes were dissected from their
appendages, and their weights and volumes were measured by Scherle’s
method.” The right testis was fixed in Bouin solution by immersion
for 24 h, followed by immersion in 3.7% formaldehyde (Formaldeido,
Isofar, Duque de Caxias, Brazil) for at least 48 h. Furthermore, the
samples were sliced transversely and processed for paraffin embedding
to obtain 5-um-thick histological sections. Morphometric analyses were
performed in hematoxylin and eosin (H&E)-stained sections using
a microscope (BX51, Olympus, Tokyo, Japan) coupled with a digital
camera (DP70, Olympus). All images were saved in the tagged image file
format (.tiff) at a resolution of 2040 x 1536 pixels.'®

For each rat, the diameters of 125 cross sections of seminiferous
tubules were measured on images obtained at x100 magnification. At
least 25 fields were captured for this analysis using the straight-line tool
of the Image] software (National Institutes of Health, Bethesda, MD,
USA). Only round-section tubules were considered, and the straight
line always crossed through the center of the tubules. The seminiferous
epithelium height was also measured in 125 tubules per rat using images
obtained at X200 magnification. For this analysis, three equidistant lines
were drawn from the tunica propria of the seminiferous tubules to the
last germinative cell, thus excluding the spermatozoa. The mean of these
three lines was considered as the height of that seminiferous tubule.”

The volumetric density (Vv) of each testicular structure was
assessed using the point counting method.” For each rat, 25 fields
randomly captured were evaluated. Briefly, using the Image]J software,
a 99-point grid was superimposed over images at X400 magnification.
However, to overlay the grid, the area of the image was previously
measured using the “measure” tool of the ImageJ software. Each
structure touched by the grid point was counted using the “cell
counter” tool of Image]. The density was determined as a percentage
of the analyzed field. In this way, we quantified the Vv of the tunica
propria, seminiferous epithelium, tubular lumen, and intertubular
compartment. The sum of the Vv (tunica propria), Vv (seminiferous
epithelium), and Vv (tubular lumen) was considered the Vv (tubular
compartment). The points on the interstitial space were considered
the Vv (intertubular compartment). For each parameter, the result
was expressed as a percentage and calculated from the average of the
results of each analyzed image. Furthermore, the absolute volume (Av)
of each of the aforementioned structures was calculated by multiplying
the testicular volume by the Vv of each structure. This parameter was
expressed in milliliters. For this purpose, the following formula was
used: Y (analyzed structure) volume = (Vv [Y]/100 X testicular volume)

The protocols used for morphometrical analyses are presented
in a Supplementary Document 1 and illustrated in Supplementary
Figure 2.



Statistical analysis

All parametric values were analyzed using the Kolmogorov-Smirnov
normality test, and all sample data were normally distributed (Gaussian
distribution). The mean values in each group of rats subjected to
stress stimuli were compared with those of the corresponding control
group using the Student’s t-test. All analyses were performed with the
GraphPad Prism 5.0 software (GraphPad Software, San Diego, CA,
USA). Mean differences were considered significant when P < 0.05.
All results are presented as mean * standard deviation.

RESULTS

Immediate effects of stress stimuli on the testes

Serum testosterone levels were altered only in the animals subjected
to chronic stress in adulthood. The SA-I group showed a decrease
of 21% in testosterone levels in comparison with the CA-I
group (8.83 £ 1.53 ng ml™" vs 11.25 + 2.14 ng ml™, P = 0.04).
These data are represented in Figure 1. No significant difference in
serum testosterone level was observed between the SP-I and CP-I
groups (11.93 + 1.21 ng ml™' vs 13.00 + 1.67 ng ml™'; P = 0.23).

Spermatic changes were found only in the animals subjected to
stress in adulthood. Sperm motility decreased by 19% in the SA-I group
(43.4% * 10.1%) as compared with that in the CA-I group (54.1% +
5.0%). Furthermore, sperm viability was reduced by 46% in the SA-I
group (8.8% =+ 2.3%) as compared with that in the CA-I group (16.4%
+ 3.6%). No significant differences in the evaluated sperm parameters
were observed between the SP-I and CP-I groups. All sperm-related
analysis results are listed in Table 2.

The final body weight was reduced by 14% in the
SP-I group (177 + 15.8 g) as compared with that in the CP-I
group (206 + 11.0 g), different from that of the animals subjected to
chronic stress in adulthood, where the final body weights did not show
asignificant difference between the groups SA-Iand CA-1. On the other
hand, the testicular weights and volumes both reduced by 12% in the
SA-Igroup (1.65+0.17 gand 1.69 + 0.17 ml, respectively) as compared
with those in the CA-I group (1.87 + 0.23 g and 1.93 + 0.10 ml,
respectively), different from those in the SP-I and CP-I groups, where no
significant difference in the testicular weights and volumes was found.

The SP-I group showed a seminiferous tubule diameter of
282 + 10.3 um, which was reduced by 4%, when compared with that
in the CP-I group (293 + 3.7 um, Figure 2). However, no significant
differences in all the other morphometric parameters analyzed were
found between the groups. All the biometrical and morphometrical
data of the rats in the SP-I and CP-I groups are listed in Table 3. The
immediate effects of chronic stress on testicular morphology induced

T

d
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Figure 1: The effects of chronic stress stimuli on the serum testosterone levels
in the adult group, showing alterations immediately after the end of stress
stimuli. The stressed adult group evaluated immediately after the end of stress
stimuli showed a decrease of 21% in testosterone levels in comparison with
the control adult group. Data are expressed as the mean + standard deviation.
CA-l: adult rats of control group immediately analyzed; SA-I: adult rats of
stress group immediately analyzed.
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more changes when it occurred in adulthood. The seminiferous tubule
diameter was reduced by 6% in the SA-I group (286 + 14.1 um) as
compared with that in the CA-I group (305 + 8.7 um). The seminiferous
epithelium Vv of the rats in the SA-I group (54.6% + 1.4%) increased by
9% as compared with that of the rats in the CA-I group (50.3% + 1.9%).
The tubular lumen Vv (31.8% + 1.2%) and Av (0.5 + 0.1 ml) in the SA-I
group decreased by 11% and 17%, respectively, as compared with those
(35.8% *2.2% and 0.6 + 0.1 ml, respectively) in the control groups. No
significant differences in the other morphometrical parameters analyzed
were found between the groups. All biometrical and morphometrical
data of the SA-I and CA-I groups are listed in Table 3.

Late effects of stress stimuli on the testes

The animals subjected to chronic stress before puberty and in
adulthood did not show significant changes in serum testosterone level,
when assessed 6 weeks after the end of the stress stimuli. The serum
testosterone levels of the SP-L and the CP-L groups were 11.85 + 1.91
and 12.03 + 2.59 ng ml™, respectively (P = 0.89). The SA-L and
CA-L groups presented serum testosterone levels of 12.59 + 2.17 and
10.08 + 2.43 ng ml™', respectively (P = 0.10).

As in the SP-I and CP-I groups, the animals of groups SP-L and
CP-L also did not show any significant changes in semen. However,
sperm viability was reduced by 24% in the SA-L group (15.9% =+
3.2%) as compared with that in the CA-L group (21.1% + 3.6%). All
sperm-related analysis results are listed in Table 2.

The final body weight increased by 14% in the SP-L group
(378 + 35.2 g) as compared with that in the CP-L group (331 £23.9 g).
These data are listed in Table 3. No significant differences were found
in the final body weight analyses between the SA-L and CA-L groups.
All biometrical and morphometrical data of the SA-L and CA-L groups
are listed in Table 3. Regarding the testicular weights and volumes, no
significant differences were observed between the groups.

Different from the rats evaluated immediately after the stress period,
the animals assessed 6 weeks after the last stress stimulus showed
significant morphological changes only between the SP-L and the CP-L
groups. Tubular compartment Vv decreased by 2% in the stressed group
(91.2% + 0.7%) as compared with the control group (92.5% + 0.9%). By
contrast, the Vv and Av of the intertubular compartment increased by

Table 2: Effect of chronic stress on sperm concentration and motility
and viabhility of rats stressed hefore puberty or in the adulthood

Control group Stress group P

Prepubertal - immediate

Concentration (x108 ml-1) 1.3+0.7 1.1+0.8 0.72

Motility (%) 49.5+12.5 39.8+21.7 0.24

Viability (%) 12.0+4.0 11.0+2.2 0.54
Adult — immediate

Concentration (x108 ml-!) 2.2+1.5 1.8+1.5 0.20

Motility (%) 54.1+5.0 43.4+10.1 0.01

Viability (%) 16.4+3.6 8.8+2.3 <0.01
Prepubertal — late

Concentration (x108 ml-!) 1.4+0.2 1.1+0.5 0.20

Motility (%) 52.9+8.9 46.9+12.5 0.32

Viability (%) 10.3+3.8 9.0+4.8 0.55
Adult - late

Concentration (x108 mi-!) 1.6+1.2 1.6+0.8 1.00

Motility (%) 31.8+14.3 30.1+9.4 0.78

Viability (%) 21.1£3.6 15.9+3.2 <0.01

Data expressed as meanss.d. s.d.: standard deviation

7]
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Table 3: Biometrical and morphometrical data of prepubertal and adult rats submitted to chronic stress

CP-1 SP-1 P CA-1 SA-1 P CP-L SP-L P CA-L SA-L P

Final body weight (g) 206+11.0 177+15.8 <0.01 353+32.8 342+28.3 0.86 331+23.9 378+35.2 <0.01 406+46.3 395+31.0 0.56

Testicular weight (g) 1.7£0.1 1.7+0.1 0.31 1.9+0.2 1.6+0.2 <0.01 1.9+0.1 1.8+0.1 0.06 1.8+0.2 1.8+0.1 0.31

Testicular volume (ml) 1.8+0.1 1.7+0.2 0.51 1.9+0.1 1.7+0.2  <0.01 1.9+0.1 1.8+0.1 0.62 1.8+0.2 1.8+0.1 0.81

Seminiferous epithelium 55.1+1.1 53.6+2.6 0.19 51.6+0.2 51.3x3.5 0.87 56.5+2.3 55.8+1.8 0.45 51.7+¢2.1 51.2+1.9 0.64
height (um)

Seminiferous tubule 293+3.7 282+10.3 0.02 305+£8.7 286+14.1 <0.01 290+7.3 291+12.2 0.79 302+6.3 300+4.9 0.38
diameter (pm)

Seminiferous epithelium 54.2+1.3  55.8+¢4.5 0.37 50.3x1.9 546+1.4 <0.01 57.9+25 57.9+1.4 0.95 53.4+1.6 52.8+1.1 0.38
W (%)

Tunica propria Vv (%) 3.4+0.5 3.7+0.6 0.37 3.6x0.4 3.4+0.6 0.55 2.9+0.5 2.7+£0.7 0.32 3.9+0.6 3.8£0.5 0.55

Tubular lumen Vv (%) 32.2+1.7 30.845.3 0.50 35.8+2.2 31.8+1.2 <0.01 31.7+2.8 30.6+1.9 0.34 32.4+1.6 33.8t1.6 0.08

Tubular compartment 89.9+1.4 90.3t1.6 0.57 89.7+t1.4 89.8+1.1 0.85 92.5+0.9 91.2+0.7 <0.01 89.8+1.8 90.4+0.9 0.35
W (%)

Intertubular 10.0+1.4 9.6+£1.6 0.57 10.2+1.4 10.1#1.1 0.85 7.4+£0.9 8.7+¢0.7 <0.01 10.1+1.8 9.56+0.9 0.35
compartment Vv (%)

Seminiferous epithelium  0.9+0.1 1.0+0.1 0.26 0.9+0.1 0.9+0.1 0.68 1.1+0.1 1.1+0.1 0.55 1.0+0.1 1.0+0.1 0.70
Av (ml)

Tunica propria Av (ml) 0.05+0.01 0.06+0.01 0.38 0.06+0.01 0.05+0.01 0.24 0.05+0.01 0.05+0.01 0.44 0.07+0.01 0.06+0.01 0.59

Tubular lumen Av (ml) 0.6+0.1 0.5+0.1 0.61 0.6+0.1 0.5+0.1 0.02 0.6+0.1 0.6+0.1 0.82 0.6+0.1 0.6+0.1 0.49

Tubular compartment 1.6+0.2 1.6+0.2 0.99 1.6+0.2 1.5+0.1 0.30 1.7£0.1 1.7£0.2 0.65 1.6+0.2 1.6+0.1 0.96
Av (ml)

Intertubular 0.17+0.03 0.16+0.03 0.59 0.18+0.02 0.17+0.02 0.33 0.13+x0.01 0.16+0.02 0.01 0.17+0.02 0.17+£0.02 0.95

compartment Av (ml)

Data expressed as meanss.d. s.d.: standard deviation; Vv: volumetric density; Av: absolute volume; CP-I: prepubertal rats of control group immediately analyzed; CA-I: adult rats of
control group immediately analyzed; CP-L: prepubertal rats of control group lately analyzed; CA-L: adult rats of control group lately analyzed; SP-1: prepubertal rats of stress group
immediately analyzed; SA-1: adult rats of stress group immediately analyzed; SP-L: prepubertal rats of stress group lately analyzed; SA-L: adult rats of stress group lately analyzed

Figure 2: Photomicrographs of the cross section of seminiferous tubules. The
images on the top row (a and b) are from the prepubertal group and those
on the bottom row (¢ and d) are from the adult group, the analysis results of
both samples were collected immediately after the end of stress stimuli. The
images (a) and (¢) are from the control groups. The images (b) and (d) are
from the stressed groups (H&E: x400). Scale bars = 50 um.

18% and 23%, respectively, in the SP-L group (8.7% + 0.7% and 0.16 +
0.02 ml, respectively) as compared with those in the CP-L group (7.4%
+ 0.9% and 0.13 + 0.01 ml, respectively). No significant difference
in testicular morphology was observed between the SA-L and CA-L
groups. Histological fields are presented in Figure 3.

DISCUSSION

Testicular morphology and function depend on adequate
microenvironment-related conditions such as adequate temperature,
blood supply, and hormonal stimulation.'”'® Stress, especially when it is
repeated or chronic, activates the hypothalamic-pituitary—adrenal axis,
which in turn affects the function of the hypothalamic—pituitary-gonadal
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Figure 3: Photomicrographs of a cross section of seminiferous tubules. The
images on the top row (a and b) are from the prepubertal groups and those on
the bottom row (¢ and d) are from the adult groups, both showing alterations
occurring 6 weeks after the end of the stress stimuli. The images (a) and (c)
are from the control groups. The images (h) and (d) are from the stressed
groups (H&E: x400). Scale bars = 50 um.

axis. Consequently, this mechanism reduces the amount of sex
hormones (testosterone and estrogen) in stressed individuals."

As the testes are the main producers of testosterone, which is
essential to maintain regular testicular function, morphological and
functional alterations are expected in the testes of stressed individuals.
This is the first study to assess the immediate and late effects of chronic
stress in the testes of prepubertal and adult rats.

In this study, chronic stress was more harmful when it occurred
in adulthood and was evaluated immediately. For example, serum
testosterone levels decreased only in the adult rats subjected to
stress stimuli, but in a long-term evaluation, the serum testosterone



levels were normal. Chronic stress increases glucocorticoid levels,*
thereby suppressing the release of gonadotropins and acting directly
on Leydig cell receptors, inhibiting testosterone biosynthesis.”! This
could explain the low levels of the male sex hormone in the stressed
adult rats and the recovery of the serum testosterone levels in the adult
animals when testosterone biosynthesis was not inhibited anymore.

Changes in such sperm parameters as viability and motility were
found only in the rats subjected to chronic stress stimuli in adulthood.
This could be explained by their low serum testosterone levels, as the
hormone is important for spermatogenesis and spermiogenesis.” By
contrast, the study by Nirupama et al.** demonstrated alterations in
sperm concentrations in adult rats subjected to stress for 60 days.
Probably, changes in sperm concentration only become conspicuous
after longer periods of stress. Although the stress induced in the adult
rats in this study was not enough to reduce sperm concentration, it
reduced sperm motility (19%) and viability (46%) in SA-I group when
evaluated immediately after the last stress stimulus was applied, enough
to impair the reproductive function.

In addition, the greatest morphological change in the seminiferous
tubules was found in the SA-I group. Besides the altered parameters
of the seminiferous tubules, the testicular weight and volume were
reduced, suggesting atrophy of the organ. This clearly demonstrated
that the effects of chronic stress were more pronounced in the adult rats.

On the other hand, the prepubertal rats subjected to chronic stress
and evaluated immediately after the end of the stress stimuli showed
a significant decrease in body weight. Although the rats subjected to
stress stimuli were unable to access food and water for 2 h per day,
the control groups were also subjected to this restriction during the
same period. The weight loss in the stressed rats during puberty was
demonstrated in earlier studies.'” The higher energy expenditure in
stress situations may explain the weight loss.** The weight loss indicated
that other organs could be affected by the chronic stress, as shown by
the reduced diameters of the seminiferous tubules in the rats subjected
to chronic stress.

Chronic stress conditions during childhood can lead to
depression and anxiety, as well as obesity and metabolic syndrome.”
In addition, children and adolescents with increased hypothalamic—
pituitary—adrenal axis activity have greater weight gain in adulthood.”?*
Chronic stress causes different and permanent (systemic and testicular)
changes in adulthood when applied before puberty. These rats had
elevated body weights, indicating a tendency for obesity in the future.

The chronic stress applied before puberty resulted in important
testicular changes, with late alterations in adulthood. Morphological
changes were found in the assessment performed 6 weeks after the
end of the stress stimuli, but no alteration was found immediately after
the last stress stimulus was applied. For example, the space occupied
by the interstices increased, while the space occupied by the tubular
compartments decreased only when these parameters were evaluated later.

The results of the present study highlight the extreme importance
of avoiding stress stimuli in prepubertal rats, as rats exposed to chronic
stress before puberty developed a significant reduction in the tubular
compartment Vv and an increase in the intertubular compartment
Vv when evaluated 6 weeks after the last stress stimulus was applied.
As the testes did not present volume and weight alterations, the
tubular compartment of the animals seemed reduced, suggesting that
a late effect of chronic stress could cause a functional impairment in
the future. No study has investigated the effects of chronic stress on
reproductive function in prepubescent men. However, Almeida et al.”
showed that rats subjected to stress stimuli by immobilization before
puberty had reduced fertility. Although stress is more intense than that
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applied in our work, our results reinforce the idea that changes caused
by chronic stress before puberty may be more permanent. Based on the
morphological alterations in the testes of the prepubertal rats, we can
suppose that testicular damage would be more permanent if chronic
stresses occur in childhood.

The rats subjected to chronic stress in adulthood showed several
changes in testicular morphology, spermatic parameters, and serum
testosterone levels when evaluated just after the end of the stress stimuli.
However, only sperm viability was reduced when the rats were assessed
late. Moreover, the reduction in sperm viability was higher (46%) in the
rats evaluated immediately after termination of the stress stimuli than
in the rats evaluated late (24%). Therefore, the effects of chronic stress
stimuli in adult rats were almost completely reversible after interruption
of the stimulus. Some changes in spermatozoa production have been
reported even 4 months after the interruption of the stress stimulus.”

Although chronic stress promoted significant alterations in the
testicular parameters in the adult rats, the testes recovered almost
completely after the end of the stress stimulus. Such results could
stimulate a change of routine activities in men with fertility problems
who live a stressful life. Although the stress in rats and men are not
the same, men with stressful lifestyles are more prone to fertility
problems.” A report indicated that paternal stress at work is associated
with a decrease in the number of conceptions.® Our result suggests
that withdrawal of stress factors in men may improve fertility, and this
could be an important factor to consider in the treatment of infertility.

More studies on the subject area are necessary, as the present study
had a few limitations. The study was performed in an animal model
within controlled experimental conditions, so the results of this study
may not represent the events that occur in stressed men. Furthermore,
testicular alterations may vary according to the type, intensity, and
duration of the stress stimulus, besides the age of the individual. Thus,
the differences related to these factors may explain the divergences
presented between our results and other reports from the literature.

CONCLUSION

The results of the present study showed that chronic stress induced
before or after puberty led to testicular alterations in rats. Nevertheless,
the changes were more significant when the stress stimuli were induced
in adulthood; however, the alterations identified in the rats stressed
during adulthood may almost completely reverse after the end of the
stress-inducing stimuli. On the other hand, in the rats stressed before
puberty, testicular alterations appeared to be more permanent and
seemed to increase even after the end of the stress stimuli.
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Supplementary Figure 1: (a) Rigid opaque plastic tubes of different diameters and lengths used to restraint rats to induce chronic stress by the immobilization
method. (b) Animals inside the tubes (with tails outside). Each animal was kept in these tubes for 2 h daily to restrain its movements leading to a chronic stress.

Supplementary Figure 2: Testicular histological field, captured under x400 magnification, with a 99-point grid superimposed to assess the volumetric density
of each testicular structure.



