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The Ameliorating Effect of Sodium Selenite on the Histological
Changes and Expression of Caspase-3 in the Testis of
Monosodium Glutamate-Treated Rats: Light and Electron
Microscopic Study

Nahla Reda Sarhan
Department of Histology and Cell Biology, Faculty of Medicine, Mansoura University, Mansoura, Egypt

Monosodium glutamate (MSG) is a commonly used flavor enhancer that may contribute to male infertility. Sodium selenite is inorganic chemical
form of selenium (Se). Se is best known as an antioxidant. This study was designed to investigate the possible ameliorating role of sodium
selenite against MSG-induced testicular toxicity and histological changes. Forty male albino rats were allocated into four groups. Control
group received distilled water, SE group received sodium selenite (0.25 mg/kg/day) dissolved in distilled water orally, MSG group received
MSG (6 mg/g/day) dissolved in distilled water orally, and MSG + SE group received both MSG and sodium selenite for 45 days. Testicular
samples were prepared for biochemical, light, and electron microscopic studies. Immunohistochemical staining for caspase-3 was done. MSG
group demonstrated a significant increase in malondialdehyde level, marked damage of seminiferous tubules with a significant reduction in
diameter and height of the lining epithelium. Spermatogenic cells showed disorganization, dark nuclei, reduction in number, and maturation
arrest. Vacuolations of interstitial tissue and Leydig cells were also observed. Percent area of fibrosis and caspase-3 immunoexpression was
significantly increased. Ultrastructurally, irregular tubular basement membrane and damaged germ cells were found. The spermatogenic,
Sertoli, and Leydig cells showed irregular shrunken nuclei, cytoplasmic vacuolations, and swollen mitochondria. MSG + SE group showed
much better histological and ultrastructural picture and improvement of the measured biochemical and morphometric parameters. Percent
area of caspase-3 immunoexpression was significantly decreased. In conclusion, sodium selenite ameliorated the testicular damaging effect
of MSG through reduction of oxidative stress and apoptosis.
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therefore, MSG has positive effects on appetite and leading
to weight gain.%)

INTRODUCTION
Monosodium glutamate (MSG), the sodium salt of glutamic

acid, consists of 78% of glutamic acid, 22% of sodium, and
water. Glutamic acid is one of the most widespread amino acids
that form the main component of most tissue proteins and is
found in many natural protein-rich products.!!!

MSG is used as a flavor enhancer throughout the world.!
It is commonly used as food additive in food industry, in
restaurants and homes. It is present in many packaged
foods.B’! However, abuse of MSG may occur due to its
abundance mostly without appearing on the label in
many food ingredients.*! MSG stimulates the orosensory
receptors and improving the palatability of meals;
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Many previous studies were done studying the toxic effect
of MSG in different animal’s tissues. It was reported that
high doses of MSG in animals damage the hypothalamic
neurons and alter the neural control of reproductive hormone
secretion through the hypothalamic—pituitary—adrenal axis.®!
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Furthermore, MSG causes damage in the rat liver, kidney,!"*
and cerebellum.”! Furthermore, MSG has a toxic impact on
the testis of rats which may be involved in male infertility.!'*!"]
Moreover, a significant oligozoospermia and abnormal sperm
morphology were reported in male Wistar rats receiving MSG
in a dose-dependent manner.[*?!

Oxidative stress occurs when there is an imbalance between
reactive oxygen species (ROS) production and its removal in
cells.¥] MSG can induce oxidative damage in many organs
by the generation of ROS, increased lipid peroxidation, and
change in the activity of antioxidant enzymes.['4-1¢!

Selenium (Se) is an essential trace element important for
human health.['”? Sodium selenite is the inorganic chemical
form of Se.l'8 High levels of Se found in cereals, fish, and
meat.l'”) Se is best known as an antioxidant that exerts its
action through its incorporation into various selenoproteins,
for example, glutathione peroxidases (GPxs) and thioredoxin
reductases.?*?! Se is essential for male reproduction and
normal spermatogenesis; its deficiency affects the sperm
number, motility, and fertility.?>*! It was previously reported
that Se has a protective effect against heavy metals induced
testicular.?¥ and cardiac toxicity!*! in experimental animals.

Caspase-3 is a member of cysteinyl aspartate-specific proteases
that play a vital role in regulation of apoptosis.?®! Caspases are
also essential for apoptotic death in the human seminiferous
epithelium.?” During spermatogenesis; a balance between cell
survival and apoptosis is fundamentally required.®

Little information exists on the effect of Se on MSG-induced
changes in the rat testicular tissue. Moreover, to our knowledge,
no previous studies reveal this effect at the ultrastructural
level. Hence, the present work was carried out to investigate
the possible ameliorating effect of sodium selenite on the rat
testicular structural, immunohistochemical, and ultrastructural
changes that can be provoked by MSG treatment.

MareriaLs AND METHODS

Chemicals

MSG was obtained in the form of white crystalline powder
from Sigma-Aldrich (France). Sodium Selenite (Apeldoorn,
Holland) was obtained in the form of powder from Moustafa
Salama for Chemicals and Medical Trading, Cairo, Egypt.

Animals and experimental protocol

A total of 40 adult male albino rats were used in this work.
Their weights range from 180 to 200 g. The experimental
protocol was approved by the Institutional Review Board of
Mansoura Faculty of Medicine (R/17.02.110). The animals
were maintained at separate cages in a controlled temperature
of 22°C + 2°C, with average humidity and under a 12 h light:
12 h dark schedule. Water and food were allowed ad libitum.
All experimental procedures were carried out at Histology
and Cell Biology department, Faculty of Medicine, Mansoura,
Egypt. The rats were treated with the tested chemicals orally
by the gastric tube for 45 days. They were randomly assigned

into four groups (10 rats each). Control group received
1 ml of distilled water. SE group received sodium selenite
(0.25 mg/kg/day) dissolved in distilled water.?’ MSG
group received MSG (6 mg/g/day) dissolved in distilled
water.’% MSG + SE group received both MSG and sodium
selenite (6 mg/g/day +0.25 mg/kg/day dissolved in distilled
water) as the previous two groups

Obtaining the specimens

At the corresponding time of sacrifice, the animals were
anesthetized intraperitoneally by pentobarbital (40 mg/kg).
Then, intracardiac perfusion was done by 2.5% glutaraldehyde
with 0.1 M phosphate buffer at pH 7.4 for partial fixation of the
specimens. Both testicles were dissected out from the animals
of all groups and processed for biochemical assay, light and
electron microscopic studies.

Biochemical assay for malondialdehyde
Malondialdehyde (MDA) was determined in the testicular
tissue as a biochemical marker for oxidative stress-induced
lipid peroxidation. The tissue samples were homogenized in
5—-10 ml cold buffer (50 mM potassium phosphate, pH 7.5) per
gram tissue and centrifuged at 4000 rpm for 15 min at 4°C.
The supernatant was collected and kept at —80°C to be used
for colorimetric estimation of MDA according to thiobarbituric
acid reaction described by Ohkawa et al.P! using the kit
provided by Bio-Diagnostics (Dokki, Giza, Egypt, Cat. No.
MD 2529). The value is expressed as nmol/g tissue.

Light microscopic study

Samples from the right testis were fixed in 10% buffered
neutral formalin and processed using the standard procedure
to obtain paraffin blocks. Five micrometers thick serial
sections were cut and stained with hematoxylin and eosin
(H and E)B for the routine histological examination of the
structural changes, Masson’s trichrome stain**! for collagen
fibers’ demonstration, and immunohistochemical stain with
anti-caspase-3 antibody.

Immunohistochemical staining for caspase-3

Avidin-biotin-peroxidase technique¥ was used for the
detection of activated caspase-3 as an apoptotic marker.
Brown cytoplasmic or nuclear staining is considered positive
reaction. After deparaffinization and rehydration of the
sections, antigen retrieval was achieved by boiling sections
in citrate buffer in a microwave. Endogenous peroxidase was
blocked using H,0,. After blocking of nonspecific background
with 10% serum-tris buffer for 20 min at room temperature,
the sections were then incubated with the primary antibody
anti-caspase-3 rabbit polyclonal antibody (catalog no RP096,
Diagnostic Biosystems; USA,) diluted 1/100 at room
temperature for 120 min. The slides were subsequently
incubated with Biotinylated polyvalent secondary antibody
and then incubated with avidin—biotin—peroxidase complex
solution (LSAB 2 Kit; Dako). The reaction was visualized by
adding 3,3'-diaminobenzidine tetrachloride to the sections.
Hematoxylin was used to counterstain the sections. Slides
stained with secondary antibody IgG only were used as
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negative controls. Specimens from palatine tonsil were used
as positive controls.

Electron microscopic study

Small specimens (1 mm?) from the left testis were fixed in 2.5%
glutaraldehyde and 2% paraformaldehyde in a 0.1 M phosphate
buffer (pH 7.4) overnight. Then, specimens were postfixed
in 1% osmium tetroxide for 1 h at 4°C then washed three
times in phosphate-buffered saline (10 min each). Semithin
sections (1 wm) were cut using ultramicrotome (Leica ultracut
UCT, Germany) and stained with 1% toluidine blue. Ultrathin
sections (60—80 nm) were obtained and stained with uranyl
acetate and lead citrate for 10 min each® to be examined
by JEOL-JEM-100 SX transmission electron microscope in
the Electron Microscopy unit, Faculty of Medicine, Tanta
University, Egypt.

Morphometric study

Slides were photographed by a digital camera (Olympus;
E420, China) installed on Olympus microscope with
0.5 x photo adaptor, using objective lens x 10 (TX31
Philippines). The images were then analyzed on Intel
Core 13 based computer using VideoTesT Morphology
software (VideoTesT, Russia, Saint-Petersburg) with a specific
built-in procedure for calibrated distance and percent area % of
fibrosis and immunoexpression. The diameter of transversely
cut seminiferous tubules (STs), height of seminiferous
epithelium (measured from the cells on the basement
membrane till the most advanced cells toward the lumen),
percent area % of blue stained collagenous fibers that indicate
fibrosis, and percent area % of caspase-3 immunoexpression
were quantified from ten nonoverlapping fields per rat, in each
group from H and E, Masson’s trichrome, and immuno-stained
sections, respectively.

Statistical analysis

Statistical analysis for the data was done using Statistical
Package for Social Science 17.0 (SPSS Inc., Chicago,
USA). Comparisons between groups were carried out using
analysis of variance followed by post hoc Tukey test. Data
were represented as mean + standard deviation. P < 0.05 was
considered statistically significant.

ResuLts

Biochemical results

MDA level in the testicular tissue of MSG group was
significantly higher (P < 0.05) than Control and SE groups.
While it showed a significant reduction (P < 0.05) in MSG + SE
group compared with MSG group, but it still significantly
higher than Control and SE groups [Figure 1].

Light microscopic results

Hematoxylin and Eosin stain

The testis of Control and SE groups showed the normal
histological appearance of the STs and the intervening
interstitial tissue. Basement membrane was seen surrounding
the tubules enclosing myoid cells. The tubules were lined with
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Figure 1: Changes in malondialdehyde level in the testicular tissue
of different studied groups. Each bar represents mean = standard
deviation of ten animals in each group. Significance: P < 0.05.
a: significance relative to Control group. b: significance relative to SE
group. c: significance relative to MSG group

seminiferous epithelium that was formed of Sertoli cells and
layers of spermatogenic cells that include spermatogonia,
primary spermatocytes, spermatids, and spermatozoa. The
spermatogonia with their dark nuclei were seen resting
on the basement membrane. Primary spermatocytes were
the largest cells in the spermatogenic series and showed
nuclei with splitted chromatin. Near the lumen there were
the spermatids; the early (rounded) and the late (elongated)
ones. Many spermatozoa were seen in the tubular lumen.
Leydig cells were found in the interstitial tissue between the
tubules [Figure 2].

MSG group demonstrated remarkable histological changes.
The STs were damaged, deformed, and irregular. There was
a significant reduction (P < 0.05) in the mean diameter of
the STs and mean height of their lining epithelium relative
to Control and SE groups. The tubular basement membrane
was irregular or interrupted. The spermatogenic cells showed
disorganization, darkly stained nuclei, reduction in number, and
maturation arrest up to early spermatid stage in some tubules.
Few spermatozoa were also observed. Moreover, the cells
showed detachment from the basement membrane, cytoplasmic
vacuoles, empty areas, and vacuoles between them. Shrunken
Sertoli cells with dark nuclei were also noticed. Widening of the
intertubular space with congested blood vessels and reduction
or hyalinization and vacuolations of the interstitial tissue was
noticed. The Leydig cells were apparently reduced in number
and showed vacuolations [Figures 3 and 4].

On the other hand, the histological changes in MSG + SE group
were relatively ameliorated. The STs revealed a preserved
morphology and were lined with all stages of spermatogenic
cells and Sertoli cells. The diameter of the tubules and
the height of seminiferous epithelium were significantly
higher (P <0.05) than MSG group with insignificant difference
compared to Control and SE groups. However, some tubules
showed some histological changes as a reduction in the number
of spermatogenic cells with spacing and vacuolations between
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Figure 2: H and E stained sections of the Control group testis. (a and b):
showing the seminiferous tubules (ST) and the interstitial tissue (asterisks)
in between containing the Leydig cells (LC). Each tubule is surrounded by
abasement membrane (arrows) and myoid cells (arrow heads) and lined
with Sertoli cells (SC) and series of spermatogenic cells. They include
spermatogonia (SG), primary spermatocytes (SP), early spermatids (ES)
and late spermatids (LS). (C) showing the early spermatids (ES), late
spermatids (LS) and many spermatozoa (SZ) filling the tubular lumen
(Ax100; B & C x 400)

them. The interstitial tissue and Leydig cells showed preserved
structure [Figures 4 and 5].

Masson’s trichrome stain

In control and SE groups, minimal amount of collagenous
fibers was observed in the interstitial tissue between the tubules.
However, MSG group demonstrated the excess amount of
collagenous fibers in the interstitial tissue and around the blood
vessels. MSG + SE group showed some collagenous fibers in
the interstitial tissue and perivascular [Figure 6]. The mean
percent area of fibrosis was significantly higher (P < 0.05) in
MSG group relative to Control and SE groups. In contrast,
it showed a significant reduction in MSG + SE group
compared to MSG group but still higher than Control and SE
groups [Figure 7].

Immunohistochemical staining for caspase-3

Negative to weak caspase-3 expression is found in the
cytoplasm of the seminiferous epithelium and in the interstitial
Leydig cells of the Control and SE groups. In MSG group, there
was increased expression of caspase-3 in the cytoplasm and
nuclei of the seminiferous epithelium. Leydig cells also showed
strong caspase-3 expression. In MSG + SE, a weak-to-moderate
caspase-3 expression was observed in the cytoplasm of the
seminiferous epithelium and in Leydig cells [Figure 8]. The
mean percent area of caspase-3 immunoexpression was
significantly higher (P < 0.05) in MSG group compared
to Control and SE groups. While it was significantly
lower (P <0.05) in MSG + Se group compared to MSG group
but still higher than Control and SE groups [Figure 9].

Electron microscopic results
In Control and SE groups, the STs were surrounded by thin
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Figure 3: H and E stained testicular sections of MSG group.(a) showing
degenerated STs with disorganized spermatogenic cells. Widening of the
intertubular space (asterisks) with congested blood vessel (V) is also
seen.(b) showing widening of the intertubular space (asterisks) with
reduction in interstitial tissue (arrow heads). The seminiferous tubules (ST)
appeared reduced in diameter, irregular (thick arrows) and deformed with
few disorganized spermatogenic cells that have many darkly stained nuclei
(arrows). Many vacuoles (V) are also seen among the spermatogenic
cells. (c and d): showing distorted ST with irregularity of their basement
membrane (arrows). The spermatogenic cells are apparently decreased
in height and number up to the early spermatid stage (thick arrows) in
some tubules. Empty areas (asterisks) are also found around and between
the cells. Hyalinization (H) and vacuolations (V) of the interstitial tissue
with decreased number and vacuolations (arrow head) of Leydig cells
are noted. Few spermatozoa are seen in the lumen (SZ). (e) showing
markedly degenerated tubules with detached spermatogenic cells (arrow
head) from the basement membrane which appears interrupted at
some areas (crossed arrow). The spermatogenic cells lost their normal
arrangement and some show vacuolations (arrows). Karyolysis (thick
arrow) is observed in some nuclei. (f) showing marked reduction in the
number of the spermatogenic cells. Few late spermatids (arrows) are
seen even in the basal part of the tubules. Vacuoles (V) among the cells
and shrunken Sertoli cells with dark nuclei (arrow heads) are also noticed
(A, B &C x100; D, E& F x400)

regular basement membrane enclosing myoid cells with flat
central nuclei and lined with Sertoli cells and spermatogenic
cells. The Sertoli cell lied on the basement membrane
and showed a nucleus with a prominent nucleolus and the
characteristic longitudinal fold. Its cytoplasm contained
mitochondria, sER, and lipid droplets. The spermatogonia
had a pale nucleus with a prominent nucleolus and showed
peripheral clumps of chromatin. Mitochondria and rER
were seen in the cytoplasm. The primary spermatocytes
revealed large rounded nucleus and many mitochondria in
their cytoplasm. Early spermatid was rounded with rounded
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Figure 4: Changes in the diameter of seminiferous tubules (a) and height of their epithelium (b) in the different studied groups. Each bar represents
mean = standard deviation of ten animals in each group. Significance: P < 0.05. a: significance relative to control group. b: significance relative to

SE group. c: significance relative to MSG group
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Figure 5: H and E stained sections of MSG+Se group testis. (a)
showing seminiferous (ST) tubules with more or less intact histological
structure. However; some damaged (asterisk) tubules are noticed. (b)
The Seminiferous tubules are lined with more or less intact Sertoli cells
(SC) and spermatogenic cells at all stages of differentiation (SG, SP, ES
and LS). The interstitial tissue (asterisks) and Leydig cells (LC) have
preserved morphology. (c) some tubules showing reduced number
of spermatogenic cells with spacing (asterisks) and vacuolations (V)
between them (A x100, B& C x400)

nucleus that covered on its proximal part by acrosomal cap
and its vesicle. The cytoplasm showed peripherally situated
vesicular mitochondria and Golgi complex. However, the
late spermatid was elongated and formed of a head that
surrounded by an acrosomal cap and contained a dark
nucleus and a tail. The interstitial cell of Leydig demonstrated
large euchromatic nucleus with peripherally arranged
heterochromatin and prominent nucleolus. Many mitochondria,
sER, and lipid droplets were noted in its cytoplasm
[Figure 10].

MSG group displayed notable ultrastructural alterations. The
STs were markedly damaged with irregularity and thickening of
the basement membrane. The tubular lining cells were damaged
and separated by wide intercellular spaces. Some cells showed
shrunken or ruptured nuclei and large empty cytoplasmic areas.
Sertoli cell exhibited irregular nucleus, swollen mitochondria,

€ i 3 145 2 f‘ h 1\ L
Figure 6: Masson’s trichrome-stained sections of the testis among
the different groups. (a and b) control group showing minimal amount
of collagenous fibers in the interstitial tissue (asterisks) between the
seminiferous tubules. (¢ and d) MSG group showing excessive amount of
collagenous fibers in interstitial tissue (asterisks) and around (arrowhead)
the blood vessels. (e and f) MSG + SE group showing some collagenous
fibers in the interstitial tissue (asterisks) and around (arrowheads) blood
vessels ([a, ¢, and e] x100; [b, d, and f] x400)

and numerous cytoplasmic vacuolations. Wide perinuclear
space, swollen mitochondria, autophagic vacuoles, and
vacuoles were observed in the spermatogonia. The primary
spermatocytes appeared to have shrunken irregular nuclei with
many clumps of heterochromatin. Their cytoplasm showed
swollen mitochondria and many vacuoles. Early spermatids
were malformed with the absence of acrosomal cap and
showed large empty cytoplasmic areas. Late spermatids were
abnormally found near the basal part of the STs. Moreover, the
interstitial Leydig cell revealed irregular shrunken nucleus with
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Figure 7: Changes in percent area of fibrosis in the different studied
groups. Each bar represents mean = standard deviation of ten animals
in each group. Significance: P < 0.05. a: significance relative to control
group. b: significance relative to SE group. c: significance relative to
MSG group
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Figure 9: Changes in percent area of caspase-3 immunoexpression
in the different studied groups. Each bar represents mean + standard
deviation of ten animals in each group. Significance: P < 0.05. a:
significance relative to control group. b: significance relative to SE group.
c: significance relative to MSG group

widening of the perinuclear space. Damaged mitochondria and
vacuoles were also found the cytoplasm [Figure 11].

MSG + SE group demonstrated preserved testicular
ultrastructure. The STs surrounded by thin regular basement
membrane and were lined with intact Sertoli cells and other
cells of spermatogenic series. However, there was some
widening of the intercellular space. The interstitial tissue
showed relatively intact Leydig cell contained some damaged
mitochondria in the cytoplasm [Figure 12].

Discussion

The current study revealed variable structural alterations
in the testis of MSG group that provide evidences for the
marked damage of the STs and degeneration of their lining
cells and Leydig cells together with the observed maturation
arrest that represented by decreased number of spermatogenic
cells up to the early spermatid stage. These results coincide

545""‘1

Figure 8: Caspase-3 expression in the testis of the studled group.
(a and b) Control group revealed negative to weak caspase-3
expression in the cytoplasm of the seminiferous epithelium (arrows)
and in interstitial cells of Leydig (arrowheads). (¢ and d) MSG group
showing moderate-to-strong caspase-3 expression in the cytoplasm
and nuclei of the seminiferous epithelium (arrows). Furthermore, the
interstitial Leydig cells show strong caspase-3 expression (arrowheads).
(e and f) MSG+SE group showing weak-to-moderate caspase-3
expression inthe cytoplasm of the epithelium (arrows) and in the interstitial
Leydig cells (arrowheads) (x400)

with the morphometric changes in the diameter of the STs
and the height of their lining epithelium. Such findings were
in consistent with previous studies on the effect of MSG in
rat testis.['**®! Kianifard®” observed reduction in the diameter
of STs and decreased number of primary spermatocytes and
spermatids following MSG treatment in rats and mentioned that
depopulation of germ cells led to tubular atrophy and indicated
a reduction of cell divisions. The widening in the intertubular
space that was observed in this study might be due to the
atrophy and reduced tubular diameter. In contrast, [gwebuike
et al.*¥ and Okoye et al.** did not find any histological lesions
in the testicular tissue of animals receiving MSG.

Rare studies were carried out to demonstrate the ultrastructural
changes in the testis following exposure to MSG. The present
study revealed many ultrastructural abnormalities in the
spermatogenic cells, Sertoli cells, and Leydig cells of MSG
group including cytoplasmic vacuolations, irregular shrunken
nuclei with widening of perinuclear space, and swollen damaged
mitochondria. Similar results were reported by Mohamed™” in
the MSG-treated adult rat testis. The cytoplasmic vacuolations
observed in the cells might be damaged mitochondria or a sign
of cellular toxicity and degeneration.
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Figure 10: Electron micrographs of the Control group testis. (a) showing the spermatogonia (SG), primary spermatocyes (SP) and the spermatids
(SD) lining a ST. Thin regular Basement membrane (BM) and Myoid cells (MY) are seen surrounding the tubules.(b) showing a Sertoli cell (SC) lying
on BM. The nucleus has a characteristic longitudinal fold (crossed arrow) and a prominent nucleolus (Nu). Its cytoplasm contains mitochondria (M),
lipid droplets (LD) and sSER (thick arrows). (c-€): high magnification of A. (c) showing a regular BM and a spermatogonial cell (SG) that has a pale
nucleus with prominent nucleolus (Nu) and peripheral chromatin clumps (arrows), mitochondria (M) and rER (arrow head). (d) the primary spermatocyte
(SP) shows large rounded nucleus (N) and many mitochondria (M) in the cytoplasm. (e and f) showing early spermatids (SD) with rounded nuclei (N)
that are covered on the proximal part by the acrosomal cap (AC) and its vesicle (V). Peripherally arranged vesicular mitochondria (M) are found in the
cytoplasm. (g) showing late spermatid (LS) formed of head that contains nucleus (N) and surrounded by acrosomal cap (AC) and a tail (T). (h) the
Leydig cell (LC) revealed large euchromatic nucleus with peripheral heterochromatin (arrows) and prominent nucleolus (Nu). The cytoplasm shows
many mitochondria (M), lipid droplets (LD) and SER (thick arrow) (Ax 1000; C x 3000 B, D, E &F x 2500; G x 4000; H x 2000)

The toxic effect of MSG and all the testicular changes and  spermatogenesis and testosterone secretion by the Leydig
maturation arrest that were observed in the current study  cells®’ and can lead to structural and functional alterations
in the testis of MSG group could be explained by different  of testicular tissue.

mechanisms. One of these mechanisms is the direct effect

of MSG on the glutamate receptors and transporters that are . chanisms involved in MSG-induced testicular toxicity.
expressed in the epithelial cells of STs.*l Another mechanism N A s one of the major products of oxidative stress-induced
is the indirect effect of MSG on testis. MSG is neurotoxic, ipid peroxidation and its level is an indicator for the degree
when found in high concentration it causes excessive  of lipid peroxidation.* In the current study, the observed
glutamate receptor activation and can induce neuronal death.™ giopificant increase in MDA level in testicular tissue of MSG
Hypothalamic neuronal cell death™ and reduction in the  group when compared to the Control group indicating the
level of luteinizing hormone (LH), FSH, and testosterone and ~ development of oxidative stress. It was previously reported
decreased sperm count’*** were previously reported after ~ that MSG generates ROS that causes an increase in lipid
administration of MSG in mice and rats. Hence, the damage  peroxidation. In addition, MSG decreases the endogenous-free
of hypothalamic neurons by MSG may cause disruption of the radical scavengers such as antioxidant enzymes, glutathione,
hypothalamic—pituitary—gonadal axis that control the normal ~ and ascorbic acid that protect and stabilize the biomembranes

Oxidative damage is considered one of the most important
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Figure 11: Electron micrographs of the testis of MSG group. (a)

cells (arrow) show shrunken nuclei (N). Others shows ruptured nucleus (arrow heads) and cytoplasmic vacuolations (V). (b) A markdly damaged
tubule with irregular basement membrane (BM) is shown. The cytoplasm of spermatogenic cells revealed large empty areas (asterisks). Note late
spermatids (LS) are abnormally placed near the basal part of tubule. (c) showing a Sertoli cell (SC) with irregular nucleus (N) , swollen mitochondria
(M) and multiple cytoplasmic vacuoles (V) of variable size. (d) showing a thick irregular basement membrane (BM) and a spermatogonial cell (SG)
with wide perinuclear space (crossed arrows), swollen mitochondria (M), autophagic vacuoles (AV) and vacuoles (V). (e) A primary spermatocyte
(SP) revealed large nucleus (N) with heterochromatin clumps, swollen mitochondria (M) and vacuoles (V). (f) showing two malformed ealy spermatids
(ES) with absence of acrosomal cap. Large empty cytoplasmic areas (asterisks) are observed. A late spermatid (LS) is seen (g) showing a Leydig
cell (LC) with irregular shrunken nucleus (N) with more heterochromatin and wide perinuclear space (crossed arrow). Damaged mitochondria (M)
and vacuoles (V) is noted in the cytoplasm (A&B x 1000; C x 1500; D, E & F x 2500; G x 2000)

from the lipid peroxidation and oxidative damage.!!*!647]
Nayanatara et al.*7 stated that decreased level of ascorbic
acid by MSG in the testis leads to uncontrolled oxidative
damage that destroys most of the germ cells and affects
the spermatogenesis. Excessive free radicals can lead to
oxidative DNA damage and cellular death. Mitochondria are
the main source of ROS and are particularly susceptible to
oxidative stress that leading to mitochondrial DNA damage,
mitochondrial dysfunction, change in permeability, and
structure.”®! This might explain the mitochondrial swelling
and damage observed in the spermatogenic cells, Sertoli, and
Leydig cells in the present study.

Excess collagenous fibers were observed in the intertubular
interstitial tissue and perivascular in Masson’s trichrome-stained
sections of MSG group. Furthermore, the percent area of

fibrosis was significantly higher as compared to control group.
Similarly, MSG causes renal interstitial fibrosis in rats.[*"!
The oxidative stress secondary to MSG may contribute to
the observed testicular fibrosis. It has been documented that
ROS can induce the transformation of fibroblasts to the more
synthetic myofibroblasts.’%

Apoptosis is a physiological process that controls cell number
in the testicular tissue and removes the defective germ cells
during spermatogenesis. However, excessive apoptosis causes
destruction of male reproductive function.®" In the present
study, MSG group showed strong caspase-3 expression in
the cytoplasm and nuclei of tubular cells and Leydig cells
and a significant increase in the percent area of caspase-3
immunoexpression relative to the control indicating that MSG
elicits apoptosis in the rat testis. These findings were in harmony
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Figure 12: Electron micrographs of the testis of MSG+Se group. ()
revealed a preserved seminiferous tubule with thin regular basment
membrane (BM). The Sertoli cell (SC), spermatogonia (SG) , primary
spermatocytes (SP) and the spermatids (SD) show a relative intact fine
structure. Some widening of the intercellular space is found (asterisks).
(b-e) High magnification of A showing intact ultrastucture of BM and the
tubular lining cells. Sertoli cell (SC) with its characteristic nucleus (N)
showed healthy mitochondria (M). spermatogonial cell (SG) showed intact
nucleus (N), mitochondria (M), rER (arrow head). Primary spermatocyte
(SP) with large rounded nucleus (N) and intact mitochondria (M) is seen.
The spermatid (SD) with acrosomal cap (AC) showed mitochondria (M)
in the cytoplasm. (f) showing intact Leydig cell (LC), however some
damaged mitochondria (M) are seen in the cytoplasm (A x 1000; B x
2000; C x 3000; D&E x 2500; F x 2000)

with Abd-Ella et al.,"! who observed increase in caspase-3
expression in the liver and testis of MSG-treated rats. Caspase-3
is a key mediator of apoptosis. Two main apoptotic pathways
were reported extrinsic (receptor pathway) and intrinsic
(mitochondrial pathway). Both pathways lead to activation
of effector caspase-3 that cleaves intracellular substrates,
resulting in dramatic morphological and biochemical changes
of apoptosis.’? Although the cytoplasmic localization of
procaspase-3, it was reported that active caspase-3 translocated
from the cytoplasm to the nucleus after induction of apoptosis
leading to the nuclear morphological changes (e.g. chromatin
condensation) of the apoptotic cells.®* This might explain the
noticed caspase-3 expression in the nuclei of the testicular cells
and the darkly stained, irregular shrunken nuclei observed in
this study in MSG group. ROS and the resulting oxidative
stress can cause cell death by triggering the two apoptotic
pathways." Hence, in the current study, the increased
expression of caspase-3 in MSG group might be caused by the
induced oxidative stress by MSG.

In the present work, MSG + SE group showed marked
improvement of the structural ultrastructural, biochemical, and
morphometric alterations of the testicular tissue. Significant
reduction of MDA level, percent area of fibrosis, and caspase-3
expression was observed as compared to MSG group. Such
improvement clearly indicates protective mechanisms of Se
which could be explained by its antioxidant action. These results
were in consistent with previous studies. Hamza and Al-Harbil*”
reported that Se decreases lipid peroxidation, increases the

activity of catalase, superoxide dismutase and GPx, and reduces
the histopathological changes induced by MSG in rats. Se also
decreases the oxidative damage caused by other toxic agents in
the testicular tissue of rats.® It has been shown that Se could
protect against hepatic fibrosis by attenuating the oxidative
damage and decrease expression of collagen and alpha-smooth
muscle actin.’® Kaur and Bansall®” observed that Se protects
against heat-induced apoptosis in the testis through modulation
of oxidative stress. It decreases the production of ROS, reduces
apoptotic index of spermatogenic cells, and expression of
apoptotic factors, for example, caspase-3 and 9. Se also can
protect against radiation-induced apoptosis.©®

Se is an important constituent of the antioxidant system through
its integration into many selenoproteins and enzymes. GPxs
are a large family of antioxidant selenoenzymes that reduce
hydrogen peroxides and lipids peroxides into water, thus
preserving membranes integrity, reduces oxidative damage
of lipids and DNA.F GPx 4 is found in high concentration in
testis and protects the developing sperm cells against oxidative
DNA damage.[6!]

Other possible explanation for the improvement of the
testicular changes in MSG + SE group is through the effect
of Se on testosterone and LH secretion. It has been mentioned
that Se administration increases the level of testosterone and
LH hormones.® Behne et al.[? observed decreased serum
testosterone and reduced diameter of ST in Se-deficient rats.
They stated that Se is important for synthesis of testosterone
and normal spermatogenesis and its deficiency can indirectly
affect the testicular morphology.

CoNncLuSION

Long-term consumption of MSG can induce biochemical,
structural, and ultrastructural alterations in the rat testicular
tissue through induction of oxidative stress which may affect
male fertility. Moreover, supplementation of Se is beneficial
in ameliorating the testicular damaging effects of MSG
by reducing the oxidative damage and apoptosis through
decreased expression of caspase-3.
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