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Glutathione (GSH) improves sperm quality and
testicular morphology in streptozotocin-induced
diabetic mice

Fathiah Abdullah'?, Mohamed Noor Khan Nor-Ashikin'?, Renu Agarwal?, Yuhaniza Shafinie Kamsani'?,
Mastura Abd Malek', Nor Salmah Bakar®, Aqila-Akmal Mohammad Kamal', Mimi-Sophia Sarbandi'?,
Nor-Shahida Abdul Rahman'®, Nurul Huda Musa®

Diabetes mellitus (DM) is known to cause reproductive impairment. In men, it has been linked to altered sperm quality and
testicular damage. Oxidative stress (OS) plays a pivotal role in the development of DM complications. Glutathione (GSH) is a part
of a nonenzymatic antioxidant defense system that protects lipid, protein, and nucleic acids from oxidative damage. However, the
protective effects of exogenous GSH on the male reproductive system have not been comprehensively examined. This study determined
the impact of GSH supplementation in ameliorating the adverse effect of type 1 DM on sperm quality and the seminiferous tubules
of diabetic C57BL/6NTac mice. GSH at the doses of 15 mg kg-! and 30 mg kg! was given intraperitoneally to mice weekly for
6 consecutive weeks. The mice were then weighed, euthanized, and had their reproductive organs excised. The diabetic (D Group)
showed significant impairment of sperm quality and testicular histology compared with the nondiabetic (ND Group). Diameters of the
seminiferous lumen in diabetic mice treated with 15 mg kg-! GSH (DGSH15) were decreased compared with the D Group. Sperm
motility was also significantly increased in the DGSH15 Group. Improvement in testicular morphology might be an early indication
of the protective roles played by the exogenous GSH in protecting sperm quality from effects of untreated type 1 DM or diabetic

complications. Further investigation using different doses and different routes of GSH is necessary to confirm this suggestion.
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INTRODUCTION

Diabetes mellitus (DM) is the most common human endocrine
disorder in the world. In 2019, the overall prevalence of DM among
adults aged 18 years and above in Malaysia was 18.3%.! The current
trend worldwide shows that DM tends to manifest early, afflicting
younger population.?”

Oxidative stress (OS) plays a pivotal role in the development of DM
complications. It results from the overproduction of free radicals and
reactive oxygen species (ROS) and depletion of antioxidant defenses in
cells and tissues, which may perturb cellular redox balance.®” OS leads
to structural changes and functional modulation of macromolecules,
including nucleic acids, lipids, and proteins. Oxidative degradation of
lipids yields malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE),
while protein damage may occur with thiol oxidation, leading to
loss of biological activity in the affected cells. This may underlie the
pathogenesis of several diseases including DM.” DM has been shown
to be associated with male infertility, resulting from changes in sperm
quality and testicular tissue damage.*® Excessive ROS generated

in the testes and epididymides have been found to induce sperm
DNA damage in murine models of diabetes.” Thus, interventions to
counteract OS may be of potential therapeutic use for protection against
diabetes-associated male infertility.

The increasing incidence of type 1 DM in young males of
reproductive age is a critical concern in this regard, as the altered
infertility rates may compromise the quality of life. Type 1 DM
lowers seminal fluid volume."® The concentration, motility, vitality,
and proportion of morphologically normal spermatozoa are also
lowered in diabetes.!! Furthermore, DM has been associated with
reproductive impairment in men, by causing subtle molecular changes
in sperm quality and function. Diabetes-related alterations occur in
the nucleus of the spermatozoa, and it has also been reported to cause
mitochondrial DNA fragmentation, alter metabolism of glucose,
glucose transport, and glucose transporters (GLUTs), as well as result
in programmed cell death.'

It has been reported that primary exogenous antioxidants in
fruits and vegetables, such as vitamins C and E, carotenoids, and
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phenolics complement the activity of the endogenous antioxidant
defense system.” Clinical studies have shown that a diet rich in fruit,
vegetables, whole grains, legumes, and omega-3 fatty acids may prevent
the occurrence of cardiovascular diseases, DM, obesity, cancers, and
neurodegenerative disorders.”” Other sources of exogenous antioxidants
may be dietary supplements such as vitamins, minerals, fibers, fatty
acids, or amino acids. Food supplements may also comprise several
antioxidants such as Vitamin A (retinoids and carotenes), Vitamins
C and E (tocopherols), lycopene, lutein, ubiquinone, polyphenols
(flavonoids and nonflavonoids), resveratrol, N-acetylcysteine, and
glutathione (GSH)."* Among these antioxidants, GSH or its building
blocks can be found in many vegetables such as asparagus, potatoes,
broccoli, and bean sprouts.’

GSH plays a vital role in the nonenzymatic antioxidant defense
system of the body. It is a natural antioxidant found in humans, animals,
fungi, and bacteria. It is an excellent free radical scavenger for a wide
variety of free radicals.”® It protects lipids, protein, and nucleic acids
from oxidative damage.'”” GSH is a tripeptide with a gamma-peptide
linkage between the carboxyl group of the glutamate side chain and
the amine group of cysteine. Thiol groups reduce disulfide bonds that
are formed within the cytoplasmic proteins to cysteines by serving as
an electron donor. In the process, GSH is converted to its oxidized
form, glutathione disulfide (GSSG). Several studies reported the
loss of endogenous GSH from the blood of diabetic patients.’*** In
addition, GSH deficiency has been shown to lead to the instability of
the spermatozoa midpiece, thus resulting in defective motility and
morphology of the spermatozoa.?** These changes must affect male
fertility potential, although the underlying molecular mechanisms
of such disturbances are not fully understood. Hence, it is necessary
to explore therapeutic options. In the current study, we evaluate the
efficacy of different doses of exogenous GSH in protecting against the
detrimental effect of type 1 DM on the spermatozoa and testes of mice.
The determination of the effective dose of GSH in this study is expected
to provide a baseline for further exploration into the mechanisms
underlying the possible protective effects of GSH and its development
for clinical application.

MATERIALS AND METHODS

Animal care

A total of 24 male C57BL/6NTac mice (8 weeks old to 12 weeks
old, 25-30 g) were maintained at the Laboratory Animal Care Unit
(LACU), Universiti Teknologi MARA Sungai Buloh Campus, Sungai
Buloh, Malaysia. Sample size was determined on the Resource
Equation method.”® The mice were acclimatized for at least 2 weeks
before treatments were started. They were housed in plastic cages
containing wood chip bedding, provided with water and standard
rodent maintenance diet (Altromin Spezialfutter GmbH and Co., Lage,
Germany) ad libitum. Temperature and humidity were maintained
at 24°C + 3°C and 50% * 5%, respectively, in a controlled light
environment (12 h light:12 h dark). Mouse bedding was changed daily.
The study was approved by the Committee of Animal Research and
Ethics (UITM CARE), Universiti Teknologi MARA, Puncak Alam,
Malaysia (UiTM CARE: 240/2/2018 [6/4/2018)).

Induction of type 1 DM with streptozotocin (STZ; day 1 to day 5)

The C57BL/6NTac mice were divided into four experimental groups.
Each group comprised six mice. The nondiabetic control (ND Group)
received intraperitoneal 0.1 mol I’ sodium citrate buffer (vehicle) daily
for 5 consecutive days. To induce type 1 DM, the mice were injected
with STZ (Sigma-Aldrich, St. Louis, MO, USA). Intraperitoneal
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(IP) injection of STZ at a dose of 50 mg kg™' body weight (BW) was
administered once daily for 5 consecutive days. Animals with blood
glucose levels of >16.7 mmol 17, 72 h after the final STZ injection,
were considered diabetic.?* After the onset of diabetes, 18 mice were
divided into three groups: D Group, DGSH15 Group and DGSH30
Group (details see below).

Exogenous GSH treatment (day 8 to day 50)

Mice in the DGSH15 and DGSH30 Groups were then treated weekly,
for 6 weeks, with reduced L-glutathione (Sigma-Aldrich) starting from
experimental day 8 until day 50. In these groups, 0.1 ml of GSH was
administered at 15 mg kg' and 30 mg kg BW, respectively. The doses
were chosen based on the previous studies.>*® At the same time, mice in
the ND Group and D Group were injected with 0.1 ml of distilled water.

Body weight, relative organ weights, and blood glucose levels

The body weight and blood glucose levels were monitored weekly for
50 days (experimental day 1 to day 50). Nonfasting blood glucose levels
were estimated via tail vein prick at noon using a handheld glucometer
(Accu-Chek Active, Roche Diagnostics, Mannheim, Germany).
Mice were euthanized on day 50. Their testes, seminal vesicles, and
epididymides were excised and weighed. Relative organ weight was
calculated by dividing organ weight by body weight.

Sperm parameter evaluation

Sperm parameters were determined on spermatozoa retrieved from
the cauda epididymidis. The parameters examined were sperm
number, motility, and morphology. For each parameter, three
replicates were examined. All measurements were carried out by two
investigators unaware of the treatment. Average of the readings from
two independent investigators was taken as the final estimate for
statistical comparison.

Sperm number

For spermatozoa collection, each epididymis was minced separately
in 1 ml of 0.9% NaCl. Then, 10 ul epididymal suspension was
transferred onto a Makler counting chamber (Sefi Medical Instruments
LTD, Haifa, Israel) and observed in a light microscope (x200; BX53,
Olympus, Tokyo, Japan). The number of spermatozoa in ten squares was
counted and the average from triplicates determined. Sperm number
was expressed in million per ml (x10°ml™).

Sperm motility

A total of 200 spermatozoa were observed in random fields for motility
and expressed as percentage of motile cells. This was recorded for all
groups and reported as mean.

Sperm morphology

For sperm morphology, 200 spermatozoa per replicate per animal
were assessed to determine their normality. Smears were stained with
Eosin Y (Leica Biosystems Richmond Inc., Buffalo Grove, IL, USA) and
spermatozoa with the following morphologies were considered to be
abnormal: (i) headless, (ii) hookless, (iii) double headed, (iv) broken
tail, (v) coiled tail, and (vi) double tailed.?”?*

Testicular morphological evaluation

The excised testes were fixed in 10% formalin and kept at room
temperature overnight. The fixed testicular tissues were dehydrated
through a series of graded ethanol baths in ascending concentrations
(70%, 80%, 90%, 95%, and 100%) to displace the water. The tissues
were then infiltrated with wax. Tissue processing was run overnight in
an automated tissue processor. The processed tissues were embedded
into paraffin wax for subsequent tissue sectioning. The testicular tissue



samples were sectioned into 5-pm slices on a rotary microtome and
transferred onto slides. The slides were then stained with hematoxylin
and eosin (H and E; Leica Biosystems Richmond Inc.) and examined.
Fifty seminiferous tubules that were round or nearly round were chosen
from five sections, ten tubules for each section. The diameter of the
seminiferous tubule and seminiferous lumen was measured across the
minor and major axes, and the mean diameter was obtained.” The
tubular diameter, luminal diameter, and height of the seminiferous
tubule epithelium were captured at x100 and x400 magnifications
using Cell D software Olympus Soft Imaging Solutions GmbH
(BX53, Olympus), and the length was measured using Image] software
(US National Institutes of Health, Bethesda, MD, USA). These data were
used for morphometric measurements of the testicular morphology. All
measurements were done by two investigators blind to the treatment.
The average of the two readings was taken as the final estimate for
statistical comparison.

Statistical analyses

One-way analysis of variance (ANOVA) with Tukey’s post hoc test was
performed using GraphPad Prism 8.0.1 for Windows (GraphPad Software,
San Diego, CA, USA). The data were expressed as mean + standard
deviation (s.d.). A significant difference was accepted when P < 0.05.

RESULTS

Body weight, relative organ weight, and blood glucose levels
Diabetic mice treated with 30 mg kg™ GSH showed a reduction in body
weight at the end of the treatment period compared with the body
weight at the start of treatment (P < 0.05; Figure 1a). None of the other
groups showed a significant change in the body weight throughout
the experimental period. The relative weight for both left and right
testes in all treatment groups did not show difference from the ND
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Figure 1: Effect of GSH on (a) body weight and (b) blood glucose level in
diabetic mice after 50 days of treatment (n = 6). Values are presented as
mean +s.d. "P< 0.05, the indicated group compared to day 0. ND: nondiabetic
control group; D: diabetic control group; DGSH15: diabetic mice treated with
GSH at 15 mg kg! BW; DGSH30: diabetic mice treated with GSH at 30
mg kg~! BW; GSH: glutathione; s.d.: standard deviation; BW: body weight.
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Group (Table 1). However, a decrease was observed in the weight of
seminal vesicle of the diabetic mice treated with GSH at 15 mg kg™ and
30 mg kg™ BW compared with the ND Group. The relative weights for
the left and right epididymides in the DGSH30 Group were higher than
those of the ND Group (P < 0.05). Blood glucose levels were increased
in D and both DGSH-treated groups from day 15 to day 50 compared
with the ND Group (Figure 1b).

Sperm number

A significant reduction was observed in the extracted sperm number of
the D Group (14.43 x 10° +2.20 x 10° ml") compared with the ND Group
(24.58 x 10° £ 2.84 x10°ml™'; P < 0.05), as shown in Figure 2a. Neither GSH-
treated group showed a difference from nondiabetic or diabetic groups.

Sperm motility

The D Group had a lower percentage of motile spermatozoa
(33.7% * 5.3%) than the ND Group (75.1% + 4.0%; P < 0.05). The
sperm motility was greater in the DGSH15 Group (73.3% * 6.8%) than
that in the D Group (33.7% + 5.3%; P < 0.05). However, the DGSH30
Group of diabetic mice showed no improvement in sperm motility
compared with the D Group (Figure 2b).

Sperm morphology

The D Group showed a higher percentage of spermatozoa with abnormal
morphology (65.9% + 6.1%) than the ND Group (41.0% * 5.8%;
P < 0.05), as shown in Figure 2c. The proportion of spermatozoa with
abnormal morphology in DGSH30 mice was higher (74.5% + 1.6%) than
that in the ND Group (P < 0.05) and was comparable to the D Group.
Spermatozoa with different morphologies are shown in Figure 3.

Testicular morphology

The testicular morphology from various groups is shown in
Figure 4. The mean diameter of seminiferous tubules was higher in
the DGSH30 Group (617.20 + 11.49 pm) than that in the ND Group
(529.00 + 17.75 um) and D Group (522.30 + 6.50 pum; P < 0.05 for
both groups), as shown in Figure 5. The diameter of the seminiferous
tubular lumen of mice in the D Group (203.00 + 5.64 um) and
DGSH30 Group (217.20 + 3.67 pm) was greater than that in the ND
Group (185.60 + 3.59 um; P < 0.05). However, the mean diameter
of seminiferous tubular lumen in the DGSH15 Group (179.40
+ 1.59 um) was lower than that in the D Group (203.00 + 5.64 um; P
< 0.05). No significant differences were seen in the epithelial height
of seminiferous tubules in any groups. In the DGSH30 Group, the
increase in seminiferous tubule lumen was accompanied by increase
in diameter, hence preserving the epithelial height.

DISCUSSION

This study demonstrates protection against diabetes-induced changes
in sperm quality and testicular morphology through exogenous
administration of GSH in mice with type 1 diabetes. DM is a chronic
disease characterized by abnormally high blood sugar levels. It is
linked to increased production of ROS.***! Even though ROS is
needed at low concentration for sperm capacitation and acrosomal
reaction, at high concentrations, it is capable of causing damage in
a cascade of reactions involving a wide range of biomolecules.?**-3*
Male reproductive organs and gametes are particularly vulnerable to
oxidative damage, as testicular tissue and sperm plasma membranes
are rich in polyunsaturated fatty acids (PUFA).*** When targeting
lipids, oxidant compounds can induce a peroxidation chain reaction
that produces several toxic lipid aldehyde species including MDA
and 4-HNE. Proteins and DNA are susceptible to alterations from
aldehydes, which play a critical role in multiple cellular processes and
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Table 1: Body and organ weight in mice of experimental groups (n = 6) after 50 days of treatment (meanzstandard deviation)

Group ND D DGSH15 DGSH30
Initial body weight (g) 26.91+2.97 28.52+2.04 26.25+1.76 29.13+1.11
Final body weight (g) 28.02+1.53 26.33+1.64 23.03+2.17 24.91+1.46
Weight gain (%) 3.9+1.6 -4.3+6.5 -6.5+4.6 -16.3+4.6
Left testis (g) 0.09+0.01 0.08+0.04 0.08+0.01 0.09+0.02
Relative left testicular weight (%) 0.3+0.0 0.3+0.1 0.4+0.0 0.4+0.1
Right testis (g) 0.09+0.01 0.08+0.04 0.08+0.01 0.09+0.01
Relative right testicular weight (%) 0.3+0.0 0.3+0.1 0.4+0.0 0.4+0.0
Seminal vesicle (g) 0.28+0.04 0.24+0.16 0.13+0.12 0.21+0.04
Relative seminal vesicle weight (%) 1.0+0.2 0.9+0.5 0.6+0.2" 0.8+0.2"
Left epididymis (g) 0.04+0.01 0.04+0.02 0.04+0.01 0.05+0.02
Relative left epididymis weight (%) 0.1+0.0 0.2+0.0 0.2+0.0 0.2+0.1"
Right epididymis (g) 0.04+0.01 0.04+0.02 0.04+0.01 0.05+0.01
Relative right epididymis weight (%) 0.1+0.0 0.2+0.1 0.2+0.0 0.2+0.0"

‘P < 0.05, the indicated group compared with ND Group. ND: nondiabetic control group; D: diabetic control group; DGSH15: diabetic mice treated with GSH at 15 mg kg=' BW;
DGSH30: diabetic mice treated with GSH at 30 mg kg! BW; GSH: glutathione; BW: body weight

40 9

304 H—— .
100 —_

Sperm number (x 10¢ mi)
N
o
.

Sperm motility (%)

Percentage of abnormal
sperm morphology (%)
o
S

o

© o

o]

o
A
o) <)
3 $

Figure 2: Effect of GSH on sperm parameters after 50 days of treatment
(n = 6) on (a) sperm number, (b) sperm motility, and (¢) abnormal sperm
morphology. Data are represented as mean + s.d. "P < 0.05, the indicated
group compared to ND Group, #P < 0.05, the indicated group compared to
D Group. ND: nondiabetic control group; D: diabetic control group; DGSH15:
diabetic mice treated with GSH at 15 mg kg-! BW; DGSH30: diabetic mice
treated with GSH at 30 mg kg! BW; s.d.: standard deviation; ANOVA: analysis
of variance; GSH: glutathione; BW: body weight.

may engage in secondary deleterious reactions through intramolecular
or intermolecular protein/DNA crosslinking.*”*

Although it has been documented that GSH is capable of protecting
cells from the harmful effects of excessive ROS, the ability of GSH
and its metabolites to promote oxidative processes by participating
in metal ion-mediated reactions leading to the formation of ROS and
free radicals has also been reported.*® GSH supplementation at a dose
of 5 g kg™ has been shown to increase myocardial GSH content, to
protect the heart from oxidative damage, and to protect kidney cells
against oxidative injury in rats."*! Pimson et al.** demonstrated that
the coadministration of insulin and GSH at 30 mg kg™ normalizes
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Figure 3: Smears of sperms were stained with Eosin Y (x1000). (a) Normal.
(b) Amorphous. (c) Bent head. (d) Headless. (e) Defective head. (f) Folded.
(g) Short tail. (h) Coiled tail.

GSH content and the GSH/GSSG ratio and also restores superoxide
dismutase (SOD) and catalase (CAT) activities in STZ-induced type 1
DM (Institute of Cancer Research [ICR]) mice. However, the impact
of exogenous GSH treatment alone on type 1 DM remains unclear.
Thus far, there have been no reports on the doses of GSH that may
improve fertility in males.

This research explores the effects of exogenous GSH at two doses
on sperm parameter values and testicular morphology in diabetic
mice. In line with the findings of the current study, Pourentezari et al.**
reported reduction in sperm concentration and motility of diabetic
mice compared to normal mice, owing to chromatin damage. We have
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Figure 4: Effect of exogenous GSH on mice testes after 50 days of treatment
(n = 6). Embedded testis tissue blocks were cut into 5-pm sections and
stained with H and E. Black lines indicate diameter of seminiferous tubule,
red lines indicate diameter of seminiferous lumen, and yellow lines indicate
epithelial height of seminiferous tubule. Representative images of testicular
morphology at different magnifications. Scale bars in the left column
(a, ¢, e and g) represent 1000 pum, while scale bars in the right column
(b, d, f and h) represent 200 pym. ST: seminiferous tubule; SL: seminiferous
lumen; EH: epithelial height; ND: nondiabetic control group; D: diabetic
control group; DGSH15: diabetic mice treated with GSH at 15 mg kg™! BW;
DGSH30: diabetic mice treated with GSH at 30 mg kg! BW; GSH: glutathione;
H and E: hematoxylin and eosin; BW: body weight.

clearly demonstrated that GSH at a dose of 15 mg kg™ BW of GSH
provides significant protection against the diabetes-induced reduction
in sperm motility. Although the proportion of spermatozoa with
abnormal morphology in the DGSH15 Group was not significantly
improved over the D Group, it was notably maintained at the same level
as the ND Group, showing that GSH was able to reduce the number of
spermatozoa with abnormal morphology. GSH, therefore, confers an
improvement in sperm morphology in type 1 DM to some degree at
adosage of 15 mg kg™'. As the GSH/GSSG ratio decreases in diabetes,
exogenous administration of GSH appears to restore this ratio.” It is
presumably due to the availability of GSH to scavenge free radicals and
reduce OS. It seems to contribute to this protective impact of GSH.
Our observations are in line with a previous study that showed that
the restoration of GSH/GSSG ratio in diabetic Wistar rats prevented
diabetes-induced changes in sperm quality.* In the current study,
however, we did not observe a similar protective effect of GSH at a
dose of 30 mg kg™ BW.

Another important finding in the current study was that the
increase of GSH dose to 30 mg kg™' BW did not cause similar changes
in sperm parameters and testicular morphology, as in the case of the
15 mg kg™ bw dose. It is important to note that the use of high doses of
antioxidants may result in adverse effects. At higher doses, antioxidants
may scavenge even physiologically required amounts of free radicals,
thus resulting in deleterious effects on cell survival. Furthermore,
higher dosage of antioxidants may yield pro-oxidant effects by exerting

GSH improves sperm quality in diabetic mice
F Abdullah et al

=}

=

=]
1l

300

©
Q
=]
L

@
=}
=}

S
o
=}

f seminiferous lumen (um)
N
=1
<]

N
Q
=}
L
=}
=}

Diameter of seminiferous tubule (um)

o
1

E Diameterof

N o S
2] & L F
¢ Ic;
< 9
250
E 200
2
£ 150
©
2
T 100
©
=
5 50
0
c Q Q 2 o
C| S I
< 9

Figure 5: Effect of exogenous GSH on changes in the testicular morphology
of seminiferous tubules in diabetic mice after 50 days of treatment (n = 6).
(a) Diameter of seminiferous tubules, (h) diameter of seminiferous lumen, and
(c) epithelial height. All measurements were done under the same magnification.
Data are represented as mean + s.d. “P< 0.05, the indicated group compared to
ND Group, *P<0.05, the indicated group compared to D Group. ND: nondiabetic
control group; D: diabetic control group; DGSH15: diabetic mice treated with
GSH at 15 mg kg! BW; DGSH30: diabetic mice treated with GSH at 30
mg kgt BW. GSH: glutathione; s.d.: standard deviation; ANOVA: analysis of
variance; BW: body weight.

proglycation, disrupting cellular signaling, promoting expression of
inflammatory cytokines, and endocrine disrupting activities.* The
effects of high doses of antioxidants have also been referred as anti-OS."
Hence, one of the highlights of the current study is also the use of
appropriate doses of antioxidants for desired outcomes.

Some other significant finding to note in the current study is
that the exogenous GSH at a dose of 15 mg kg™ improved the sperm
parameters, particularly sperm motility and testicular morphology
without any effect on blood sugar and body weight of the animals.
Clearly, this is evident that exogenous GSH produces organ-specific
effects without affecting the basic metabolic abnormalities of diabetes.
It is likely that if combined with antidiabetic drug therapy, GSH can
provide additional benefits against organ-specific complications of
diabetes. However, this needs confirmation in further studies.

In the DGSH15 Group, it was noted that lumen of seminiferous
tubules was smaller than those in the D Group. The reduction in
lumen diameter without change in the overall diameter of seminiferous
tubules as observed in the DGSH15 Group was most likely resulted
from an increased epithelial height. While changes in epithelial
height were not large enough to show statistical differences from the
D Group, significant luminal diameter reduction was observed. The
significant increase of luminal diameter in the D Group seems to
accompany relatively smaller, nonsignificant reductions in epithelial
height. Although there were no changes in epithelial height of mice
in the DGSH15 Group compared with the D Group, we observed
that an epithelial height increases in the DGSH15 Group. In line with
our observations, a previous study has shown that increased OS is
associated with an increase in the diameter of seminiferous tubule
lumen and deterioration of sperm quality.*

In both GSH-treated groups, relative testicular weights did not
change in comparison to nondiabetic or diabetic control groups. In
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contrast to our finding, another study has reported decreased testicular
weight and density, reduced diameter and height of germ epithelium in
seminiferous tubules, and decreased Leydig cell count in STZ-induced
diabetic rats.* This is a pertinent finding as Leydig cells function to
synthesize and release testosterone that acts on peritubular cells and
Sertoli cells within the testis to stimulate spermatogenesis.*”*® The
disparities in results may be attributable to several factors. Testicular
changes reported in the study mentioned above were observed after
10 weeks (70 days) of experimental duration, which is much longer
than the 50-day duration in the current study. Moreover, differences in
outcomes may reflect the different species used. From the observations
made in the current study, GSH at 15 mg kg™' BW seems to preserve
sperm morphology in diabetic mice close to normal.

To the best of our knowledge, this is the first study documenting
the effects of exogenous GSH on sperm parameters and testicular
morphology of C57BL/6NTac mice with type 1 diabetes. In conclusion,
our results confirmed that diabetes impairs the quality of spermatozoa
and testicular histomorphology. Intraperitoneal injection of GSH at
15 mg kg™' BW resulted in enhanced sperm motility and improved
seminiferous tubule morphology, probably due to reduced OS via its
antioxidative property. Future work involving GSH at a dose of 15 mg
kg™ BW should require the elucidation of molecular mechanisms, so
that their ability to minimize type 1 DM adverse reproductive effects
can be identified.
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