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Effect of Dietary Selenium and Vitamin E Supplementation
on Testicular Morphology and Serum Testosterone Concentration
in Goats Following Scrotal Insulation”

Guadalupe Carvalho Xavier’, Pierre Castro Soares?, Valdemiro Amaro da Silva Junior?,
Sandra Maria de Torres?, Ana Cristina Marinho Maymone?, Rosana Nogueira de Morais?,
Cristiane Scavuzzi Moura? & Maria Madalena Pessoa Guerra?

ABSTRACT

Background: Heat directly applied to the testis has been providing information regarding the damage triggering mechanisms on
spermatogenesis and possible treatments to prevent testicular changes. Testis submitted to heat-shock have inhibition of the local
antioxidant defense mechanisms against lipid peroxidation and free radicals. Vitamin E and Selenium protect biological membranes
against free radicals to prevent membrane lipid peroxidation. The current assay evaluated the effect of dietary supplementation with
Selenium and Vitamin E on testicular parenchyma and testosterone levels of goats submitted to heat shock by scrotal insulation.
Materials, Methods & Results: The effect of dietary selenium and vitamin E supplementation on testicular parameters and se-
rum testosterone concentration was evaluated in goats subjected to scrotal insulation. The animals were randomly allocated into
two groups (n = 6) to receive either a control diet (CO) or a diet supplemented with selenium and vitamin E (SE). The animals
received supplementation for 120 days: 60 days prior to scrotal insulation, 18 days during scrotal insulation and 42 days after
scrotal insulation. Orchiectomy was performed on three animals from each group, immediately after the end of scrotal insulation.
The remaining animals were neutered at the end of the experimental period (120 days). Testicles were routinely processed and
embedded in glycol methacrylate, stained with toluidine blue/1% sodium borate and evaluated qualitative and quantitatively.
Serum testosterone concentrations were determined by enzyme immunoassay at the time of the orchiectomy. Scrotal circum-
ference was greater (P < 0.05) in goats of the SE group (23.0 = 1.00 cm) than those of the control group (20.0 = 1.00 cm) at
the end of the scrotal insulation period (Day 18). At the end of the experimental period (Day 42 post-scrotal insulation (PSI)),
the seminiferous tubule diameter and seminiferous epithelium height were greater (P < 0.05) in the SE group than in control.
Histological changes associated with testicular degeneration were detected after 18 days of scrotal insulation in the goats of the
control group. The animals of SE group had some histological changes of seminiferous tubules but the majority of them had
normal association of germ cells. Selenium and vitamin E supplementation did not seem to avoid testicular damage caused by
scrotal insulation but accelerated testicular recovery after the removal of insulation. Testosterone serum levels were not changed
in the animals submitted to scrotal insulation, with or without dietary supplementation with selenium and vitamin E.
Discussion: In the current study, scrotal insulation for 18 days caused testicular degeneration in both groups. However, selenium
and vitamin E supplementation were capable of maintaining the scrotal circumference on the 18" day of insulation in the SE
group. Previous reports suggested that selenium and vitamin E could protect cell membranes against the harmful effects of reac-
tive oxygen species. However, the histopathological changes and morphometric data observed in the both groups after 18 days
of insulation demonstrated that supplementation with these antioxidants did not prevent the damage caused by heat stress. In
turn, at 42 days after the removal of insulation, the tubular diameter and seminiferous epithelium height was greater in animals
supplemented with selenium and vitamin E. In addition, the animals that received supplementation had most of seminiferous
tubules with cell associations of the seminiferous epithelium cycle. Vitamin E and selenium may reduce testicle sensitivity to heat
and thereby shorten the spermatogenesis recovery time by 10 to 20 days. Selenium plus vitamin E added to feed was unable to
prevent the degeneration of the testicular parenchyma in these animals. Nonetheless, the supplementation with both antioxidants
hastened the recovery of spermatogenesis after the thermal injury.
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INTRODUCTION

Testis exposure to heat can trigger testicular
degeneration, which is defined as a process that causes
deterioration of testis structure, resulting in the loss of
testicular function [29]. Germ cells are vulnerable to
heat stress and undergo apoptosis if scrotal tempera-
tures rise above the normal physiological temperature
range [9]. Heat directly applied to the testis has been
providing new information regarding the damage trig-
gering mechanisms on spermatogenesis and possible
treatments to prevent damage to the testis by blocking
apoptosis [27].

In humans, cryptorchidism [19] and varicocele
[18] inhibit the local antioxidant defense mechanisms
and cause lower sperm concentrations and fewer
mobile sperm cells [2]. All cellular components are
potential targets of oxidative stress and its damages
depend on the nature and amount of reactive oxygen
species (ROS) as well as on the duration of exposure,
together with extracellular factors, such as temperature,
oxygen tension and environment [1].

Selenium and vitamin E are distinct chemi-
cal elements with unique antioxidant characteristics
in biological systems. Vitamin E ( -tocopherol), the
major lipid soluble antioxidant present in all cellular
membranes, protects against lipid peroxidation [10].
Selenium is a major component of the glutathione
peroxidase enzyme (GPx) which neutralizes peroxides
before they attack the cell membrane [30].

The current assay evaluated the effect of se-
lenium and Vitamin E supplementation on testicular
parenchyma and testosterone levels of goats submitted
to heat shock by scrotal insulation during 18 days.

MATERIALS AND METHODS

Animals

Twelve male mixed-breed goats, seven to
eight months old, were selected following a breeding
soundness examination. The animals were randomly
allocated into two groups (n = 6) to receive either a
control diet (CO) or a diet supplemented with selenium
and vitamin E (SE). All animals were kept in pens and
fed with Tifton grass and balanced feed (corn and soy
bean; 200 g/animal/day). The balanced feed contained
87.2% dry matter, 17.8% crude protein, 9.75 ME/kg
metabolizable energy, 0.41% calcium and 0.32% phos-
phorus. The animals also had free access to mineral
salt (to meet Ca and P needs) and water.

Animals in the SE group were supplemented
with selenium (0.1 mg/kg BW) and vitamin E (0.3 UI/
kg BW) [Selevit E]' from 60 days before the scrotal
insulation until the end of the experiment. Prior to the
scrotal insulation, all animals were weekly weighed to
ensure a linear relation between body weight gain and
daily supplementation with selenium and vitamin E in
the SE group. Insulation comprised the enveloping of
the scrotum in a plastic bag containing two sheets of
polyethylene separated by a 5-mm thick layer of cotton
[5]. The plastic bag covered all testicular parenchyma
and was fixed at the spermatic cord region, close to the
abdominal wall, whose circumference was adjusted
with a ribbon according to the diameter of the spermatic
cord of each animal, to ensure the constant position of
the plastic bags. The plastic bags were observed daily to
avoid any position variation during the experiment. The
temperature of the scrotal surface was daily measured
using a thermometer inserted in the space between the
plastic bag and the testis. All animals remained with
the plastic bag during the 18 days of scrotal insulation.
On Day 18 (scrotal insulation=Day 0), three animals
from each group were randomly selected for bilateral
orchiectomy. The remaining animals continued to
receive control or supplemented diets for another 42
days (until Day 60), when bilateral orchiectomy was
also performed.

Testicular parameters

Scrotal circumference was measured before
and after scrotal insulation with a metric tape placed
around the middle section of both testes. After orchi-
ectomy, the testis were separated from the epididymis
and weighed. Six samples were taken from different
parts of the organ near the albuginea tunica. The go-
nadosomatic index (GSI%) was established by the
following formula: GSI=(Testis weight/body weight) x
100. The parameter is applied to determine the quantity
of overall body mass allocated to the testis.

All testicular fragments (2 mm in thickness)
were fixed in Phosphate Buffered Saline (PBS)
solution containing 4% glutaraldehyde (pH 7.2
and 0.01M). The tissue fragments were routinely
processed for embedding in glycol methacrylate?,
sectioned (4 pum thick) and stained with toluidine
blue/1% sodium borate. Seminiferous tubule diameter
and epithelium height were measured with a linear
micrometric reticulum?® (10 mm/100) magnified 100X
and calibrated with a standard micrometer. Fifteen
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round or almost round tubules per testis/animal at
different stages of the seminiferous epithelium cycle
were randomly selected for measurement. Thirty
seminiferous epithelium heights per testis/animal
were measured in the same tubules used for the mea-
surement of the tubular diameter.

The volumetric density (%) of the testicular
parenchyma was obtained with the systematic alloca-
tion of the micrometric grid®, with 441 intersections
points over the testicular parenchyma, under 400X
magnification. Fifteen randomly selected fields
were examined, totaling 6,615 for each animal.
The volume of the tunica propria, seminiferous
epithelium and lumen was evaluated in the tubular
compartment, whereas the volume of Leydig cells,
connective tissues and blood and lymphatic vessels
were evaluated within the interstitial compartment.
Since testis density varied between 1.03 and 1.04
[8], weight and volume of the testes were considered
equal. The volume of each testicular component
(expressed in mL) was determined by subtracting the
volumetric density of the testicular components (%)
from the net weight of the testis (testicular weight
minus the weight of the albuginea and testicular
mediastinum) [25]. The total length of seminiferous
tubules for each testis was calculated based on the
volume and diameter of the seminiferous tubules,
by the formula: TL = TVS/@R? in which TVS is
the total volume of the seminiferous tubules and R
is the tubular diameter/2 [4].

Histopathological changes in the testicular
tubular compartment were also taken into account.
They comprised epithelial desquamation, necrosis
and apoptosis of germ cells, syncytial giant cells and
macrophages, Sertoli cell vacuolization, and the thick-
ening of the basal membrane. The presence or absence
of inflammatory cells, Leydig cell degeneration and
vascular changes were analyzed in the interstitial or
intertubular compartment. The stages of the seminifer-
ous cycle were evaluated at different steps following
scrotal insulation. The main objective was to deter-
mine whether selenium plus vitamin E influenced the
recovery of the spermatogenic process after 18 days
of scrotal insulation or whether it inhibited the tubular
degeneration.

Testosterone concentrations

Blood samples were collected immediately
prior to scrotal insulation (Day 0), at the end of in-

sulation removal (Day 18) and after 7, 21, 35 and 42
days following the cessation of insulation. Blood was
drawn from the jugular vein, collected in a vacuum
container without any anticoagulant and centrifuged
(1000 g for 10 min). The serum was separated and
stored (-20°C) until analysis. Serum testosterone con-
centrations were determined by enzyme immunoassay
[21] with a polyclonal antibody raised against human
testosterone (R156/7)* in a dilution 1:7500 and tes-
tosterone HRP conjugate at 1:20,000. Validation of
the method for goats was performed beforehand by
demonstrating parallelism between the standard curve
and the curve generated by a pool of all the goat serum
samples to be analyzed, diluted serially from 1:1 to
1:128 with EIA buffer [0.04 M sodium phosphate
(monobasic, monohydrate), 0.06 M sodium phosphate
(dibasic), 0.87% NaCl and 0.1% BSA, pH 7.0]. The
dilutions closest to 50% of binding (1:2 or 1:4) were
used for assaying the samples. Standards were run
in triplicate, while control and samples were done
in duplicate. Assay sensitivity was 78 ng/mL and the
intra-assay and inter-assay coefficients of variations
were 5.1% and 3.5%, respectively. After adjustment
for the dilution factor, testosterone concentration was
expressed as ng/mL.

Statistical Analysis

Data were submitted to variance of analysis
(ANOVA) for repeated measures, which considered
the effect of treatment, the sample collection time and
interaction of the two as the cause of variation. The
level of significance (P) was set at 5%. The minimum
significant difference (MSD) of the Student-Newman-
Keuls test compared averages when significant results
were detected. Data analysis was performed by the
Statistical Analysis System [26].

RESULTS

The temperature of the inner plastic bag varied
between 39 and 40°C. The scrotal circumference was
12.3% minor (P < 0.05) at day 18 in the CO group
when compared with day zero at the same group. This
parameter was greater (P < 0.05) in goats of the SE
group (23.0 = 1.00 cm) than of the control group (20.0
+ 1.00 cm) at the end of the scrotal insulation period
(Day 18), but no differences were detected at the end
of the experiment [Day 42 PSI; 22.17 = 0.76 cm and
22.3 = 1.53 cm in SE and CO groups, respectively]
(Table 1).
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Table 1. Mean, standard deviation and significance (P) values for scrotal circumference prior to scrotal insulation (SI) and end of post-scrotal insulation
(PSI) period in goats with and without dietary supplementation of selenium and vitamin E.

Days
Group P-value
Day 0 Day 18 SI Day 42 PSI
CO 22.80 +0.994 20.00 = 1.008° 22.33 + 1.534® 0.020
SE 23.00 + 1.824 23.00 = 1.00* 22.17 £0.76* 0.709
P-value 0.773 0.021 0.874

CO= Control group; SE= Selenium and vitamin E group; Different capital letters in same column differ at level of 5%; Different lowercase letters in
the same line differ at level of 5%.

Selenium and vitamin E supplementation had
no effect on body weight, testicular weight, epididymal
weight or gonadosomatic index (P > 0.05) [Table 2].
After scrotal insulation (Day 18), only the volume of
the testicular parenchyma occupied by blood vessels
was greater (P < 0.05) in the SE group than in control.

However, at the end of the experimental period (Day 42
PSI; Table 2), the volume of the parenchyma occupied
by seminiferous tubules and seminiferous epithelium as
well as seminiferous tubule diameter and seminiferous
epithelium height were greater (P < 0.05) in the SE
group than in control.

Table 2. Mean and standard deviation values of biometric parameters of testis and epididymis, net testicular weight, volumetric and biometric parameters
of testicular parenchyma in goats submitted to scrotal insulation (SI) with and without dietary supplementation with selenium and vitamin E after scrotal
insulation period (Day 18 SI) and at end of post-scrotal insulation (Day 42 PSI) period.

Immediately post-scrotal insulation

Recovery of scrotal insulation period

period (Day 18 SI) (Day 42 PSI)
Parameter
Experimental Groups Experimental Groups
CcoO’ SE™ CO SE
Body weight (kg) 27.180 £4.74 23.750 £ 2.08 25.290 +2.17 23070 = 1.50
Testicular weight (g) 44.63 +10.25 63.00 +£3.24 55.10 £5.56 55.60 = 10.87
Epididymal weight (g) 8.47 +0.84 9.90 £ 1.28 8.47 +2.08 7.83£1.27
GSI (%)! 0.16 £ 0.01 0.26 £ 0.01 0.22 £0.36 0.25 +£0.06
Net testicular weight (g) 38.23 £9.38 55.76 £3.26 49.07 +4.72 50.43 £10.42
Seminiferous tubule (mL) 29.87 £7.01 42.20+2.76 38.85 + 1.47 40.13 £ 8.23
Seminiferous epithelium (mL) 24.04 £ 6.29 33.30 +3.40 29.75 £ 1.19 30.78 £ 6.24
Tubular lumen (mL) 3.01 £0.66 5.62 +0.96 6.71 £ 2.55 7.68 £2.90
Tunica propria (mL) 2.80 £ 0.47 3.28 +1.05 2.39+0.37 1.67 +0.17
Leydig cell (mL) 1.49+0.48 229+0.13 1.70 £ 0.24 1.75+0.24
Connective cells (mL) 0.10 £0.07 0.30+£0.07 0.07 £0.03 0.13+0.03
Blood vessels (mL) 0.63 +0.43 0.65 +£0.07 0.30+0.12 0.48 +0.13
Lymphatic space (mL) 6.17 £ 1.88 10.33 + 1.96 8.15+3.32 7.94 +£2.10
Seminiferous tubular diameter (mm)  295.52 + 22.01 305.01 +22.68 330.52 +30.43° 339.34 + 3.35°
Seminiferous epithelium height (mm)  103.00 = 15.87 101.00 + 14.42 82.13 £61.85° 112.23 +7.41*

TLST (m)? 430.43 £ 45.85 581.90 + 71.01 460.13 + 80.74 44430 £ 95.52

“CO= Control group; “SE= Selenium and vitamin E group; 'GSI = Gonadosomatic index; *TLST = Total length of seminiferous tubule; Different low-

ercase letters on same line denote significant difference between groups in each scrotal insulation period (P < 0.05).

Histological changes associated with testicular
degeneration were detected after 18 days of scrotal insu-
lation in the goats of the control group. A reduction in the
epithelium due to degeneration caused by germinative
cell desquamation (Figure 1a), which, in turn, caused the
obliteration of the lumen of the seminiferous tubules, as
well as syncytial giant cells and macrophages (Figure
1b), were observed in the seminiferous tubules. The
following alterations were also observed: vacuolization

of Sertoli cells and thickening of the basal membrane
(Figures 1a and 1b); clusters of Leydig cells, with fatty
degeneration (Figure 1c); or necrosis (Figure 1d). Al-
though similar changes were reported in the goats of
the SE group (Figures le, 1f, 1g and 1h), seminiferous
tubules containing cell associations characteristic of
normal stages of the seminiferous epithelium cycle were

also observed in the animals (Figure 1f).
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Figure 1. Testis of goats supplemented or not with SE on Day 18 following of scrotal insulation. a- Cross section of seminiferous tubule (ST) of goats in
control group; rounded spermatids and desquamation of germinative epithelium (Ar); germ cell dead (Cd); Sertoli cells (arrow) and seminiferous tubules
with germ cell dead [bar = 35 um]. b- Testicular parenchyma of goats of control group; seminiferous tubules (ST) with atrophy of germinative epithelium;
seminiferous tubule containing germ cell dead (Cd), aggregates of rounded spermatids and presence of macrophages (Mo) [bar = 35 um]. c- Testicular
parenchyma of goats of control group; Cross section of seminiferous tubules with atrophy of germinative epithelium and germ cell dead (Cd); blood vessels
(arrow) and agglomerate of Leydig cells (LC); intertubule (IT) [bar = 35 um]. d- Detailed image of agglomerate of Leydig cells of goat of control group; cells
with vacuolization (arrow), necrosis (star) and cariolysis of nucleus (arrow head) [bar = 70 um]. e- Cross section of seminiferous tubules (ST) of goats treated
with SE; tubules with germinative epithelium containing few desquamated and (arrow) germ cell dead; intertubule (IT) [bar = 35 pm]. f- Cross section of
seminiferous tubules (ST) of goats treated with SE; seminiferous tubule (ST) in Stage I of seminiferous epithelium cycle; spermatocytes in pachytene (arrow)
and rounded spermatids (arrow head); seminiferous tubule containing vacuolized Sertoli cells (SC) and germ cell dead (Cd) [bar =35 um]. g- Cross section of
seminiferous tubules (ST) of goat treated with SE; germ cell dead (Cd) and vacuolized Sertoli cells (arrow); intertubule (IT) [bar = 35 um]. h- Cross section
of seminiferous tubules (ST) of goats treated with SE; longitudinal section of seminiferous tubule containing syncytial giant dead cells (SG) [bar = 35 um].

At the end of the experimental period (Day Contrastingly, seminiferous tubules containing round and
42 PSI), partial regeneration was registered in the elongated spermatids and seminiferous tubules at Stages
goats of the control group. It included the atrophy of I and VIII of the seminiferous epithelium cycle were
seminiferous tubules, reduced tubular diameter, thinned  observed in the goats of the SE group at the end of the
germinative epithelium and tubules obliterated withde- ~ experimental period (Figures 2e, 2f, 2g and 2h).
generated and desquamated germinative cells (Figures The testosterone serum levels (Table 3) were not
2a, 2b, 2c and 2d). Germ cells desquamated, Sertoli  changed in the animals submitted to scrotal insulation
cells vacuolated and thickening of the basal membrane  in either the non-supplemented or the vitamin E and
(Figures 2b and 2d) were also reported in some tubules. ~ Selenium-supplemented groups.

Figure 2. Testis of goats supplemented or not with SE on Day 42 after cessation of scrotal insulation. a- Cross section of testicular parenchyma of goats of control
group; seminiferous tubules (ST) with smaller diameter and atrophy of germinative epithelium (asterisk); intertubule (IT) [bar = 7 um]. b- Cross section of seminifer-
ous tubule (ST) of goats of control group; seminiferous tubules with atrophy of germinative epithelium; longitudinal section of seminiferous tubule with germ cell
dead (arrow), desquamated rounded spermatids (Ar) and vacuolized Sertoli cells (black arrow) [bar = 35 um]. c- Testicular parenchyma of goats of control group;
cross section of seminiferous tubules (ST) with desquamated germinative cells; lumen obstructed by large number of desquamated and degenerated cells (STo);
intertubule (IT) [bar = 7 um]. d- Cross section of seminiferous tubule (ST) of goats of control; longitudinal section of seminiferous tubule containing desquamated
cells (short arrow) and rounded degenerated spermatids (ArD); vacuolized Sertoli cells in basal compartment (long arrow) [bar = 35 um]. e- Testicular parenchyma
of goats treated with SE; cross section of seminiferous tubules with normal tubular diameter and normal epithelium height; atrophy of germinative epithelium and
desquamated cells (asterisk) [bar =7 pum]. f- Seminiferous tubules of goats treated with SE; tubules in Stage I of seminiferous epithelium cycle (ST); normal cell
association characteristic of this stage; intertubule (IT) [bar = 70 pm)]. g- Cross section of seminiferous tubules (ST) of goats treated with SE; seminiferous tubules
(ST) in Stage I of seminiferous epithelium cycle; normal cell association characteristic of this stage; adjacent seminiferous tubule in Stage II with elongated spermatids
(arrow head) and degenerated spermatocytes I in zygotene (arrows); intertubule (IT) [bar = 35 pm]. h- Cross section of seminiferous tubules (ST) of goats treated
with SE; seminiferous tubules in Stage I and VIII of seminiferous epithelium cycle; normal Leydig cells in intertubule area (arrow) [bar = 35 um].

5



G.C. Xavier, P.C. Soares, V.A. Silva Junior, et al. 2016. Effect of Dietary Selenium and Vitamin E Supplementation on Testicular

Morphology and Serum Testosterone Concentration in...

Acta Scientiae Veterinariae. 44: 1401.

Table 3. Mean and standard deviation values of serum testosterone concentration (ng/mL) before and at end of scrotal insulation period (SI) and post-
scrotal insulation period (Day 42 PSI) in goats submitted to scrotal insulation with and without dietary supplementation with selenium and vitamin E

Days
Groups Day 0 Day 18 SI Day 7 PSI Day 21 PSI  Day 35 PSI Day 42 PSI P -value
n=12 n=12 n=6 n=6 n=6 n=6
Cco’ 0.84 £0.76 0.64 £ 0.48 1.86+1.44 124+095 1.74+0.30 0.83 +0.47 0.97
SE™ 0.60 = 0.26 1.06 = 1.30 149+149 085+026 0.33x0.06 0.87 +£0.33 0.72
P -value 0.51 0.83 1.68 0.63 0.96 0.85

*CO= Control group; **SE= Selenium and vitamin E group.

DISCUSSION

Heat applied directly on the testis provides
insight on spermatogenesis damage mechanisms and
treatments to diminish or even prevent these lesions
[27]. Although the scrotal insulation during 18 days
had caused testicular degeneration in the CO and SE
groups, selenium and vitamin E supplementation was
capable of maintaining the scrotal circumference on the
18th day of insulation in the SE group. In fact, vitamin
E and selenium can reduce or even prevent damage
caused by ROS in the testes submitted to heat shock
and toxic agents [27,31]. The scrotal circumference
has a direct relation to daily sperm production [17],
Sertoli cell index and seminiferous tubule area and
an inverse relation with germ cell degeneration rate
[13]. It may be presumed that at the end of the scrotal
insulation period (Day 18), the seminiferous tubular
diameter and epithelium height would be greater in
the SE group than the CO group. However, in current
study, the morphometric and histopathological results
revealed that supplementation with selenium and vita-
min E failed to reduce the effects of heat shock induced
by scrotal insulation. Furthermore, there were no sig-
nificant differences in tubular diameter and height of
the seminiferous epithelium between the two groups.
Selenium and vitamin E may protect cell membranes
against the harmful effects of ROS [3]. In the present
study, pathological changes observed in the animals
of both groups after scrotal insulation demonstrated
that supplementation with these antioxidants did not
prevent the damage caused by heat stress.

The testicular data that characterize degenera-
tive process were similar to those described by Rock-
ett et al. [23], who reported germinative epithelium
degeneration due to germ cell necrosis and apoptosis.
The mechanism of cell death related to heat shock
stress should be apoptosis rather than necrosis and may
involve ROS [27]. In the current study, 42 days after
removal of scrotal insulation, the tubular diameter and

seminiferous epithelium height was greater in animals
supplemented with selenium and vitamin E. In addi-
tion, the animals supplemented had more seminiferous
tubules with germ cell associations of the seminiferous
epithelium cycle than animals of the CO group.

Tubular diameter and epithelium height re-
flect different levels of activity of the seminiferous
epithelium which may be related to seasonal changes
[14], ageing [16], unbalance of endogenous or exog-
enous gonadotrophic hormones [28] and temperature
increase [23]. These biometric parameters are impor-
tant to evaluate the sperm production since there is
a positive correlation between tubular diameter and
spermatogenic activity [7]. Despite the ineffectiveness
of the antioxidants selenium and vitamin E to avoid
testicular degeneration caused by scrotal insulation, the
supplementation at the dose used (0.1 mg/kg) acceler-
ated seminiferous epithelium recovery after insulation.

In the current study, the changes observed in
the Leydig cells were similar to those described by
other authors [20] in cryptorchidic boars, in which
degeneration and necrosis were characterized by in-
tracellular vacuoles, pyknotic nucleus, karyolysis and
karyorrhexis. These authors also described intertubular
fibrosis as well as anomalous and degenerated Leydig
cells.

The dietary mineral element selenium is essen-
tial for antioxidant protection and disease prevention
since it functions as a component of the glutathione
peroxidase enzyme (GPx), which destroys peroxides
before they attack the cell membrane. Vitamin E acts
as an antioxidant that interrupts the lipid peroxidation
cascade and eliminates ROS to protect these cells from
damage [11] as well as the glutathione peroxidase,
whose major role is the removal of hydrogen peroxide
and lipid peroxides from the cells [24]. Therefore,
selenium and vitamin E could act synergistically to
reduce Leydig cells damage of the SE group at the
18" and 42" day.
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After thermal exposure, the complete recover
of the seminiferous epithelium may occur at 60 days
[12]. However, azoospermia has occurred when heat
shock affect spermatogonia [6]. Therefore, the recovery
of the spermatogenesis after thermal stress depends
on the survival of the spermatogonium A0 and Sertoli
cells. Although semen samples were not collected in
current study for sperm analysis, the histopathologi-
cal evaluation revealed that 42 days after the thermal
injury, animals supplemented with selenium and
vitamin E had seminiferous tubules within round and
elongated spermatids (Figure 2h) as well as all the
stages of the seminiferous epithelium cycle. Vitamin
E and selenium may reduce testicle sensitivity to heat
and thereby shorten the spermatogenesis recovery time
by 10 to 20 days [27].

The literature is unclear on the association
between testosterone concentration and heat shock. It
was reported that the thermal stress caused by crypt-
orchidism induced an increase in testosterone levels,
and thereby characterized an endocrine alteration in
the testicular function in rats [22]. Wild-type mice
submitted to heat shock had an increased number of
Leydig cells surrounding seminiferous tubules with a
reduction of germ cells [15]. According to the results
of the current study, thermal stress did not alter serum
testosterone levels in the animals of either groups
during or after scrotal insulation. Degeneration and

necrosis of Leydig cells was observed in all groups,
mainly during the period of scrotal insulation.

To our knowledge, this is the first study on
the supplementation with selenium and vitamin E in
goats submitted to scrotal insulation, with a subsequent
analysis after the cessation of thermal injury.

CONCLUSION

Selenium plus vitamin E added to feed was
unable to prevent the degeneration of the testicular
parenchyma in these animals. However, the supplemen-
tation with both antioxidants hastened the recovery of
spermatogenesis after the thermal injury.
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