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Effect of Saxagliptin on Oxidative Stress
Parameters in Streptozotocin-Induced Diabetic
Testicular Damage

ABSTRACT

Objective: The present study aimed to evaluate the effects of the dipeptidyl peptidase-
4 (DPP-4) inhibitor saxagliptin on streptozotocin (STZ)-induced testicular injury in rats
by assessing biochemical markers of oxidative and nitrosative stress and antioxidant
status.

Methods: Male rats were randomly divided into four experimental groups: Control, Sax,
Diabetes Mellitus (DM), and DM + Sax. Diabetes was induced by streptozotocin
administration. Oxidative and nitrosative stress were assessed by measuring
malondialdehyde (MDA), advanced oxidation protein products (AOPP), ischemia-
modified albumin (IMA), and nitrate/nitrite levels. Antioxidant status was evaluated by
determining reduced glutathione (GSH) and ceruloplasmin levels, as well as the
activities of superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase
(GPx) using standard biochemical methods.

Results: Diabetes induction resulted in a significant decrease in SOD and CAT activities,
GPx activity, and GSH levels, accompanied by a marked increase in MDA, AOPP, IMA,
and nitrate/nitrite concentrations, indicating enhanced oxidative and nitrosative stress
in testicular tissue. Treatment with saxagliptin significantly restored SOD, CAT, and GPx
activities, increased GSH levels, and normalized ceruloplasmin concentrations,
reflecting an improvement in antioxidant defense capacity. Moreover, saxagliptin
administration significantly reduced MDA levels, AOPP and IMA levels, and
nitrate/nitrite concentrations, demonstrating its effectiveness in attenuating lipid
peroxidation, protein oxidation, ischemia-related modification, and nitrosative stress.
Conclusion: Saxagliptin exerts a protective effect against STZ-induced testicular damage by
reducing oxidative and nitrosative stress and enhancing the antioxidant defense system.
These findings suggest that saxagliptin may play a beneficial role in preserving testicular
tissue integrity and cellular function in diabetes-related testicular injury.
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INTRODUCTION

Infertility is a significant health concern in both developed and developing countries.! The
underlying complex mechanisms of male infertility, including congenital genetic defects,
oxidative stress, diabetes, environmental factors, and endocrine disruptions, can lead to
dysfunctional spermatogenesis and impaired sperm maturation.? Male infertility is among
the most common complications of diabetes mellitus.> The World Health Organization
reported that in 2021, 463 million adults were diagnosed with diabetes.?
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Diabetes mellitus is a long-term condition that profoundly
compromises the quality of life for millions worldwide,
primarily due to its complications associated with chronic
hyperglycemia.> Prolonged exposure to chronic
hyperglycemia damages the reproductive system, leading
to dysfunction, which results in the production of reactive
oxygen species (ROS) and an imbalance between
antioxidant and oxidant enzymes in testicular tissue.®
Studies have shown that increased oxidative stress and
hyperglycemic conditions can cause changes in glucose
and lipid metabolism in the testes, leading to reduced
sperm motility and count, decreased seminal fluid volume,
reduced testosterone levels, and histological alterations in
testicular tissue. These changes ultimately result in
abnormal sperm production and testicular dysfunction.’
Uncontrolled hyperglycemia plays a crucial role in
triggering complications associated with diabetes and
male infertility.® Therefore, compounds that help regulate
blood glucose levels are often the focus of scientific
research.’

Saxagliptin, a dipeptidyl peptidase-4 (DPP-4) inhibitor
approved by the FDA for the treatment of type 2 diabetes,
enhances pancreatic insulin  secretion indirectly.
Commonly utilized in clinical practice for glycemic
management, saxagliptin has also been shown to exert
anti-inflammatory properties and positively influence
metabolic parameters in experimental models of
diabetes.® Furthermore, it has been reported to reduce
oxidative stress and promote cellular survival.® The
supplementary advantages of saxagliptin may play a role
in safeguarding testicular tissue in the context of diabetes,
positioning it as a potential therapeutic option for
managing both glycemic regulation and diabetes-
associated reproductive complications.

Streptozotocin-induced diabetes is a widely employed
model in experimental research to explore the impact of
diabetes on various organs, including the testes. The
observed alterations in the male reproductive system are
attributed not to the direct effects of streptozotocin but
rather to insulin deficiency. Despite this, research on the
protective role of saxagliptin in mitigating testicular
damage remains limited. Consequently, this study seeks to
evaluate the potential effects of saxagliptin on oxidative
stress within the testicular tissue of streptozotocin-
induced diabetic rats.

We hypothesized that DPP-4 inhibition with saxagliptin
protects diabetic testicular tissue by modulating redox
homeostasis—reducing lipid peroxidation (MDA) and
nitric oxide—derived reactive species (nitrate/nitrite) while

enhancing endogenous antioxidant capacity (SOD, CAT,
GPx activity and GSH levels).

MATERIALS

Chemicals

Saxagliptin (Onglyza 5 mg/kg) was purchased from
AstraZeneca Pharmaceuticals Industry and Trade Co. Ltd.
(Mt. Vernon, USA). Streptozotocin (STZ) was obtained
from Sigma-Aldrich Chemicals (St. Louis, MO, USA). All
other chemicals were also procured from Sigma-Aldrich
Chemicals (St. Louis, MO, USA).

Experimental Animals

The study utilized twenty-four male Sprague Dawley rats
weighing between 250 and 300 grams. The rats were
housed under standard laboratory conditions (24 + 2 °C,
55 + 5% humidity, and a 12-hour light/dark cycle).
Throughout the experiment, the rats were provided with
a balanced diet and ad libitum access to tap water. The
experimental protocol was approved in accordance with
the procedures established by the Atatlirk University Local
Ethics Committee for Animal Experiments (Approval
Number: July 23, 2024/169).

Experimental Design

The rats were randomly divided into groups, ensuring that
the average weights of the groups were similar. Each
group consisted of six rats. The experimental protocol was
designed based on reference doses from previous studies
for saxagliptin and diabetes mellitus.1%!

1. Control Group (C): Physiological saline was
administered orally to the rats for 14 days.

2. Saxagliptin Group (Sax): Rats were administered
saxagliptin orally at a dose of 10 mg/kg body weight for 14
days.

3. Diabetes Group (DM): Rats received a single
intraperitoneal (i.p.) dose of streptozotocin (60 mg/kg).
Diabetes was confirmed on day 7 by measuring blood
glucose levels. Following confirmation, physiological saline
was administered orally for 14 days.

4. Diabetes+Saxagliptin Group (DM+Sax): Rats received a
single intraperitoneal (i.p.) dose of streptozotocin (60
mg/kg). After confirming the development of diabetes on
day 7, saxagliptin was administered orally via gavage at a
dose of 10 mg/kg body weight for 14 days.

Twenty-four hours after the final administration (day 15),
the rats were decapitated under mild sevoflurane
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anesthesia, and testicular tissues were collected. The
collected testicular tissues were stored at -80°C for
subsequent biochemical analyses.

Determination of the blood glucose levels

Rats were considered diabetic when their blood glucose
values reached 2250 mg/dL based on glucometer
measurements obtained on the 7th day following STZ
injection. Blood glucose (mg/100 mL) was determined
using a Glucometer Elite device (Bayer), employing a
glucose oxidase—based assay system.

Measurement of MDA, Nitrite, and Nitrate Levels in
Testicular Tissue

The measurement of MDA in testicular tissue was
performed using the manual method described by Placer
et al.2. Briefly, MDA levels (nmol/g tissue) were
determined by adding thiobarbituric acid to the tissue
homogenate, followed by boiling in a water bath. The
resulting color was extracted with n-butanol and
measured at 532 nm.

The determination of nitrate and nitrite levels in testicular
tissue was conducted using the method described by
Oehme.'® The results were read at 520 nm.

Measurement of GSH and Ceruloplasmin Levels in
Testicular Tissue

GSH levels in testicular tissue were measured using the
spectrophotometric method.' Tissue homogenates were
prepared and GSH content was determined based on the
reaction with 5,5'-dithiobis-(2-nitrobenzoic acid) (DTNB) at
412 nm. Ceruloplasmin activity was measured
spectrophotometrically by assessing the ability to oxidize
o-dianisidine at 540 nm in acetate buffer (pH 5.4). Tissue
homogenates were prepared, centrifuged and the
reaction was carried out at 37°C for 5 min, followed by the
addition of sodium azide to terminate the reaction.®®

Measurement of SOD and CAT Activities in Testicular
Tissue

Testicular tissues stored at -80°C were ground into a
powder using liquid nitrogen, and up to 0.1 g was weighed.
The weighed tissues were homogenized in 0.1 mL of
phosphate buffer (pH 7.4) at a 1:10 (w/v) ratio using a
QIAGEN TissueLyser LT. The homogenates were
centrifuged at 11,000 rpm for 30 minutes at 4°C, and the
supernatant was collected for the measurement of SOD
and CAT activities. SOD activity in testicular tissue was
determined according to the method described by Sun et
al.’® and expressed as U/g tissue. CAT activity was
measured following the method of Goth'” and also
expressed as U/g tissue.

Statistical Analysis

Statistical significance was determined using one-way
analysis of variance (ANOVA), followed by Tukey's multiple
range post hoc test for pairwise comparisons, after
verifying the normal distribution of the data. Results were
expressed as mean * standard error of the mean (mean +
SEM), and a P-value of <.05 was considered statistically
significant.

Effects of Saxagliptin on MDA, Nitrite, and Nitrate Levels
in Testicular Tissue

In this study, the protective effects of saxagliptin on
testicular damage induced by DM were investigated, with
a focus on its impact on MDA, nitrite, and nitrate levels.
Testicular damage caused by diabetes in rats significantly
increased MDA, nitrite, and nitrate levels in the DM group
compared to control values (P=.001) (Figure 1). However,
saxagliptin administration was observed to significantly
reduce MDA, nitrite, and nitrate levels.
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Figure 1. Effects of Sax and STZ applications on MDA, Nitrate and Nitrite
levels in rat testicular tissue. Values are given as mean * SE.
Abbreviations: C, control rats; Sax, saxagliptin; DM, Diabetes Mellitus;
DM+Sax. b ¢ d: Significant differences between means indicated with
different letters in the same column.

Effects of Saxagliptin on GSH and Ceruloplasmin Levels in
Testicular Tissue

This study evaluated the protective effects of saxagliptin
on DM-induced testicular damage through its influence on
GSH and ceruloplasmin levels. The findings revealed that
DM reduced GSH levels in testicular tissue, but saxagliptin
treatment did not lead to significant changes in these
levels (Figure 2).
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Figure 2. Effects of Sax and STZ applications on GSH and
Ceruloplasmin levels in rat testicular tissue. Values are given as
mean + SE. Abbreviations: C, control rats; Sax, saxagliptin; DM,
Diabetes Mellitus; DM+Sax. ¢ Significant differences between
means indicated with different letters in the same column.

Effects of Saxagliptin on SOD and CAT Activites in
Testicular Tissue

This study investigated the protective effects of saxagliptin
against DM-induced testicular damage by evaluating SOD
and CAT enzyme levels. It was determined that DM
increased oxidative stress in testicular tissue, leading to
the suppression of antioxidant defense enzymes such as
SOD and CAT. Saxagliptin treatment was observed to
significantly enhance the activities of these enzymes
(Figure 3).
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Figure 3. Effects of Sax and STZ applications on SOD and CAT activity in
rat testicular tissue. Values are given as mean + SE. Abbreviations: C,
control rats; Sax, saxagliptin; DM, Diabetes Mellitus; DM+Sax. 2 b cd;
Significant differences between means indicated with different letters
in the same column.

DISCUSSION

This study was conducted to evaluate the protective
effects of saxagliptin on diabetes-induced testicular
damage. Diabetes not only leads to metabolic disorders
but also adversely affects reproductive health, causing

structural and functional damage to testicular tissue.®
Factors such as hyperglycemia, oxidative stress,
inflammation, and microvascular dysfunction associated
with diabetes can disrupt the spermatogenesis process in
the testes, potentially resulting in fertility loss.2101%20
Saxagliptin, as a DPP-4 inhibitor, emerges as a therapeutic
option that may offer protective effects against these
pathological processes.

The study aimed to assess the protective effects of
saxagliptin on markers of oxidative and nitrosative stress
in diabetes-induced testicular damage. Hyperglycemia
caused by diabetes triggers excessive production of ROS
and reactive nitrogen species, leading to oxidative and
nitrosative stress.?! This process results in various adverse
outcomes in testicular tissue, including lipid peroxidation,
protein damage, and cellular dysfunction.?? In this study,
the levels of MDA, nitrite, and nitrate were evaluated as
key biochemical indicators of these pathological
processes. The findings suggest that saxagliptin
administration reduces MDA levels, indicating its role in
protecting against lipid peroxidation and oxidative
damage in testicular tissue.

Additionally, the observed modulation of nitrite and
nitrate levels implies that saxagliptin may influence nitric
oxide pathways, potentially improving vascular and
cellular function in testicular tissue. These effects might be
attributed to the drug's ability to enhance antioxidant
defenses and reduce inflammatory responses.?

Our study aimed to evaluate the protective effects of
saxagliptin on the antioxidant defense system in diabetes-
induced testicular damage. Diabetes is associated with
increased oxidative stress, which can lead to significant
structural and functional impairments in testicular tissue.
Antioxidant enzymes such as SOD and CAT, along with GSH
and ceruloplasmin, are critical components of cellular
defense mechanisms that play a key role in limiting the
harmful effects of oxidative stress.?*

Saxagliptin, by increasing GLP-1 levels, not only improves
glycemic control but also supports antioxidant defense
systems in combating oxidative stress.? In our study,
saxagliptin treatment was observed to enhance SOD and
CAT enzyme activities, elevate GSH levels, and regulate
ceruloplasmin levels, thereby mitigating the adverse
effects of diabetes on testicular tissue. These findings
suggest that saxagliptin may play a protective role in
diabetic testicular damage and help preserve the
physiological structure of the tissue through antioxidant
mechanisms. The results of our study provide significant
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contributions to the literature regarding the effects of
saxagliptin on oxidative stress and related mechanisms.

As a DPP-4 inhibitor, saxagliptin effectively contributes to
glycemic control and suppresses oxidative stress
mechanisms by increasing GLP-1 levels.?>?® In this context,
our study observed that saxagliptin reduces MDA levels,
preventing  lipid peroxidation, and  modulates
nitrite/nitrate levels, alleviating the adverse effects of
nitrosative stress. The findings of our study offer
important evidence of the protective effects of saxagliptin
in diabetes-induced testicular damage and underscore the
need for further research to investigate these mechanisms
in greater detail.

The main limitation of this study is the lack of
histopathological assessment of testicular tissue. Although
the biochemical findings suggest that saxagliptin
attenuates oxidative and nitrosative stress, we cannot
substantiate morphological protection (seminiferous
tubule integrity, spermatogenic epithelium layers, and
interstitial alterations) without microscopic evaluation.
Future studies combining histology with functional
reproductive endpoints are warranted.

CONCLUSION

Saxagliptin treatment in STZ-induced diabetic rats was
associated with a significant reduction in biochemical
markers of oxidative and nitrosative stress (e.g., MDA and
nitrate/nitrite) and a partial restoration of antioxidant
defense parameters (e.g., SOD, CAT, GPx, GSH, and
ceruloplasmin) in testicular tissue. These findings suggest
that DPP-4 inhibition may contribute to improving
testicular redox balance under diabetic conditions;
however, the present conclusions are limited to
biochemical outcomes. Because no histopathological
evaluation, fertility/functional assessments, or
inflammatory marker measurements were performed,
structural or reproductive benefits and specific
mechanistic pathways cannot be confirmed. Further
studies incorporating histological and functional
endpoints, direct inflammatory profiling, and detailed
molecular analyses—followed by long-term investigations
and clinical studies—are needed to clarify the translational
relevance of these results.
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