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ABSTRACT

Article history Background and Aims: Diabetes mellitus causes testicular damage by
Received 4 May 2017 increasing oxidative stress and inflammation. In the present study,
Accepted 29 Jan 2018 modulation of oxidative stress by pioglitazone, a synthetic ligand

Available online 18 Mar 2018 . . . . . .
of peroxisome proliferator-activated receptor-y, was examined in testis of

streptozotocin-induced diabetic rats.

E%e\{[\grds Materials and Methods: Diabetes was induced by a single dose of
Inflammation streptozotocin (65 mg/kg, i.p.) injection in male Wistar rats. 32 adult male
Oxidative stress rats were divided into four groups (n=8): control, diabetic, diabetic
Pioglitazone pioglitazone (1 mg/kg/day) and diabetic pioglitazone (10 mg/kg/day). Rats
Testicular damage were treated with pioglitazone for 5 weeks. Serum testosterone levels were

estimated. Reproductive damage was evaluated by sperm parameters
(viability, motility, morphology and count). Oxidative stress markers were
evaluated in testicular homogenate. Pro-inflammatory cytokines (tumor
necrosis factor-o. and interleukin-1B) levels, expressions of inflammatory
(inducible nitric oxide synthase and nuclear factor-x B) and apoptotic
markers (caspase-3) in testicular tissue were performed by enzyme-linked
immunosorbent assay and western blot.

Results: Pioglitazone treatment significantly increased sperm parameters
(p<0.05). No significant decrease in serum level of testosterone was
observed in the pioglitazone treated mice (p>0.05). Aside from reducing the
elevated tissue nitric oxide and malondialdehyde levels, pioglitazone
increased the reduced superoxide dismutase, catalas and total antioxidant
capacity in testes compared to diabetic rats (p<0.05). Pioglitazone reduced
testicular inflammation by decreasing the expressions of inducible nitric
oxide synthase, nuclear factor-xB and pro-inflammatory cytokines levels
and inhibited cell death by decreasing the expressions of caspase-3 (p<0.05).
Conclusions: Pioglitazone attenuated testicular damage in diabetic rats by
decreasing oxidative stress, testicular inflammation and testicular damage.
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Introduction

Diabetes is considered as one of the greatest
health problems globally [1]. It has been shown
that diabetes mellitus has adverse effects on the
male sexual and reproductive functions [2].
Impaired homeostasis under diabetic conditions
is connected with the increased production of
free radicals and defiant capacity of antioxidant
systems [3]. Previous studies have shown that
diabetes induces changes in reproductive
functions especially on steroidogenesis,
histology of testes, spermatogenesis, sperm
quality and fertility both in diabetic men and
experimental diabetic animals [4, 5]. Oxidative
stress is one of the major pathophysiological
routes during diabetes [6]. Enhanced oxidative
stress and changes in antioxidant capacity have
important roles in the pathogenesis of chronic
diabetes mellitus [7]. Oxidative stress causes
the activation of various transcription factors
including the nuclear factor-xB (NF-xB). NF-
kB plays a crucial role in inflammation and
activation of inducible nitric oxide synthase
(iNOS) [8, 9]. Pioglitazone is a synthetic
ligand of the peroxisome proliferator-activated
receptor-y (PPAR-y) that is an antidiabetic
agent, which improves insulin production
in the patients with Type 2 diabetes [10].
Several investigators have demonstrated that
pioglitazone is able to reduce oxidative
stress [11-14]. The activation of PPAR-y
protects pancreatic p-cells from cytotoxicity
by preventing NF-kB activation [15, 16].
Furthermore, pioglitazone increases insulin
sensitivity thereby elevating glucose uptake and

inhibits hepatic glucose output [10]. Previous

studies have demonstrated that pioglitazone is
potent inhibitor of inflammatory [14, 17, 18]
and potent antioxidants [12, 13, 19]. However,
the effect of pioglitazone on insulin sensitivity
and reproductive damage in type 2 diabetes
has been examined [10] No study to date
has explored the effect of pioglitazone on
reproductive damage and its roles in
pro-inflammatory cytokines response such
as tumor necrosis factor-a (TNF-o) and
interleukin-1p  (IL-1B), expressions of
inflammatory (iNOS and NF-xB) and
apoptotic markers (caspase-3) in testicular
tissue of type 1 diabetic rats. The present
study was thus undertaken to examine the
protective effect of pioglitazone on anti-
oxidative and anti-inflammatory system
in the testis of streptozotocin (STZ)-induced

diabetic rats.
Materials and Methods

Animals

Adult male Wistar rats, weighing 180-210 g,
were obtained from animal house of the
faculty of veterinary medicine in Iranian
Urmia University. Animals were housed in a
room with a 12-h light/dark cycle and 25+2°C
temperature for one week and had free access
to tap water and ad standard rodent chow
(supplemented with 18% proteins, 3% lipids
and 10% fibers). This experimental study was
conducted with the approval of the local
Ethics Committee of the faculty of veterinary

medicine in Urmia University.
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Experimental design

Diabetes was induced via a single intra-
peritoneal injection dose of 65 mg/kg STZ
(Sigma, Germany). STZ was dissolved in 0.01
mM citrate buffer (pH 4.5) and used within 10
min. after preparation [20]. Control animals
received intraperitoneal injection of citrate
buffer only as a vehicle. The blood samples
were obtained from the tail vein of non-fasted
rats and glucose was measured using a
glucometer (Accu-Chech Active). Rats were
considered diabetic when their non-fasting
blood glucose levels were >250 mg/dl. All the
32 adult male rats were divided into four
groups. They included the control group, STZ-
induced diabetic group and STZ-induced
diabetic group treated with low or high dose of
pioglitazone (Sigma, Germany) of 1 or 10
mg/kg/day oral gavage for 5 weeks after the
induction of diabetes [21, 22].

Sampling

At the end of the 5" week, Blood samples
were collected from the orbital plexus of veins
by capillary tube and left to clot formation for
separating the serum after centrifugation at
3000 rpm for 15 minutes. Animals were then
sacrificed and their testicular tissues were

dissected and stored at —80 °C till analysis.

Blood glucose estimation

Blood glucose level was measured by using
a glucometer (Accu-Chech Active, Roche
Diagnostics, Germany). The blood samples
were obtained from the tail vein of non-fasted
rats. The blood glucose level was recorded

immediately as mg/dI.

Sperm analysis

Semen collection

Epididymal sperms were collected by slicing
the caudal region of the epididymis in 5 ml of
human tubal fluid and incubated for 5 min. at
37°C in an atmosphere of 5% CO2 to allow
sperm to swim out of the epididymal tubules.
Assessment of sperm count

In order to count sperms, a 1:20 dilution was
prepared in a 1 ml micro tube 190 pl of distilled
water was poured and 10 pl of sperm mixture
was added to it. Then, 1 pl of the mixture was
dropped on a Neobar slide and the sperms were
counted [23].

Evaluating sperm motility

In order to evaluate sperm motility, 10 pl sperm
suspension was placed on a pre-heated slide
covered with a slip and then the motility was
observed under a light microscope (Nikon,
Tokyo, Japan) with 400xmagnification [24].
Sperm viability

Sperm viability was evaluated as follows:
Volume of 20 ul of 0.05% Eosin Y-nigrosin
was added into an equal volume of sperm
suspension. After 2 min. incubation at room
temperature, slides were observed by a light
microscope with magnification of 400x. Dead
sperms were stained pink but the live ones took
no color. Sperms (n=400) were counted in each
sample and the viability percentage was
computed [25].

Sperm morphology

To evaluate sperm morphology, aniline blue
staining method was implemented and
abnormal morphologies percentage was

determined. The cytoplasmic residual of
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sperms was especially considered as abnormal
morphology [26].

Determining damage to DNA

Fragmentation of sperm DNA was applied as a
biomarker for male infertility. Acridine orange
staining was used, after challenging at low PH,
to distinguish between denatured, native, and
double-stranded, DNA regions in sperm
chromatin [27]. Results indicated high level of
fluorescent in denatured DNA. Thick smears
were placed in carnoy’s fixative (methanol/
acetic acid 1:3) for 2 hr. for fixation [28]. The
slides were removed from the fixative and they
were left on the outside to be dried for 5 min.
at laboratory temperature. Then, slides were
placed in a stock solution of 1 mg of Acridine
orange in 1000 ml distilled water and stored in
a dark place at 4°C. The stained solution was
produced and 10 ml of the stock was added to
40 ml 0.3 M NaHPO4.7H20 solution [29].
After 5 min. staining, sperms were examined
using fluorescent microscope (Olympus BX51)
at 490 nm. Green colored sperms were
observable among normal sperms and yellow-
red sperms were categorized in abnormal or
damaged DNA [30].

Total antioxidant capacity assay

The total antioxidant capacity of the semen
was done Dby ferric reduction antioxidant
power (FRAP) assay [31]. 100 pl of cellular
supernatant was added to 1 ml of fresh Ferric
Reducing Antioxidant Power reagent (FRAP;
Tripiridyl triazine; Merck) and was incubated in
37°C for 10 min. at dark condition. Reading of
the blue-colored reagent was then taken at 595
nm every 20 second for 10 min. Aqueous
solution of Fe'!' (FeSO4.7H20) and appropriate

concentration of freshly prepared ascorbic acid
were used as blank and standard solutions,
respectively.

Estimations of testosterone

Serum levels of testosterone were determined
using the enzyme-linked immunosorbent
assay kit (Cayman Ltd., USA) according to
the manufacturer’s instructions.

Analysis of antioxidant status markers in
testicular tissues

Testes were homogenized in ice-cold phosphate
buffer (0.01 M, pH 7.4; 20% wi/v). Assessment
of testicular antioxidant defense mechanisms
was carried out in tissue homogenate.
Determination of Malondialdehyde, marker
of lipid peroxidation, measurement was
determined as measurement of TBARS
according to the method of Uchiyama and
Mihara [32]. The total NO content of the
testicular tissue was measured according to
the Griess reaction [33]. Reduced glutathione
was estimated by spectrophotometric Kit
(Biodiagnostic, Egypt). In brief, the method
was based on the sulfhydryl component of
glutathione reacts with 5,5-dithio-bis-2-nitro
benzoic acid (Ellman's reagent) producing 5-
thio-2-nitrobenzoic acid having a yellow color,
that was measured colorimetrically at 405 nm.
Testicular superoxide dismutase activity was
estimated following the method described by
Kono [34]. One unit of superoxide dismutase
is described as the amount of enzyme
required to cause 50% inhibition of pyrogalol
auto-oxidation at alkaline PH. Catalase activity
of testicular tissue was estimated following the
method described by Aebi [35].
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Analysis of myeloperoxidase activity in
testicular tissues

Myeloperoxidase activity in testicular tissues
was determined as described by Hillefass et al.
[36]. One unit of meloperoxidase was defined
as the amount of myeloperoxidase that degrades
one UM peroxide per minute.

Estimations of TNF-a and IL-1p levels in
testicular cells

Proinflammatory cytokines including TNF-a
and IL-1B levels in testicular cells were
assessed and quantified pg/mg protein) by
using enzyme-linked immunosorbent assay
technique (R & D systems, USA).

Western blot analysis

Testicular tissue samples (50 mg) were
homogenized in lysis buffer containing 20
mM TrisHCI PH 7.5, 2 mM EDTA, 50 mM
2-mercaptoethanol, 5 mM EGTA, 0.5%
deoxycholic acid, 0.1% sodium dodecyl
sulfate, 25 mg/ml leupeptin, and 2 mg/ml
aprotinin. The protein concentration was
determined [37] and 25 pg was applied in
each lane on 10% sodium dodecyl sulfate-
polyacrylamide gel. After electrophoresis and
transfer to the polyvinyl difluoride membrane,
the membrane was incubated in blocking buffer
containing 0.1% Tween-20 in Tris-buffered
saline and 5% non-fat milk powder and
dried for 1 hr at the room temperature.
Immunoblotting was carried out with primary
antibodies (diluted 1:1000 for iNOS, NF-«B,
caspase-3) (Santa Cruz, USA, cat. no. sc-7271,
sc-372, sc-7148) at 4°C overnight. [-actin
antibody was used for internal controls (Sigma).
After four washes in phosphate-buffered

saline containing Tween-20, the membrane

was incubated with anti-rabbit IgG (1:5000;
Cell Signaling Technology Inc., MA, USA
cat .no. #7074BC) conjugated to horseradish
peroxidase for 1 h at the room temperature.
Protein bands were detected by a standard
enhanced  chemiluminescence  method.
Densitometric analysis was made using ImageJ
software (freeware; rsbweb.nih.gov/ij). The
densities of target protein bands were
normalized to the corresponding density of
B-actin band. All experiments were repeated for
triplicate.

Statistical analysis

One-way analysis of variance followed by
Tukey’s test were used for multiple
comparisons between groups. Data are
expressed as meanstSEM. P<0.05 was
considered as significant.

Results

Effect of pioglitazone on serum glucose and
testosterone levels

Non-fasting blood glucose levels in STZ-
induced diabetic rats significantly increased
compared to the control group (p<0.05)
(Table 1). Administration of pioglitazone for
5 weeks did not affect blood glucose. All
STZ-induced diabetic rats with pioglitazone
treatment remained hyperglycemic on day 35,
and no significant difference in blood glucose
levels was observedbetween pioglitazone and
diabetic control groups.

To evaluate testes function in terms of
testosterone release, we measured the plasma
testosterone levels. Pioglitazone prevented the
STZ-induced reduction in plasma testosterone

(p<0.05) indicating a possible protective effect
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of pioglitazone against testes damage compared
to the control group (Table 1).

Effect of pioglitazone on semen parameters
The results revealed that the number of
sperms, sperm motility and viability, sperm
with normal morphology and damaged DNA
were decreased significantly in the diabetic
group (p<0.05). Pioglitazone treatments
significantly increased these parameters when
compared to the diabetic rats (p<0.05) (Table 2).
Effect of pioglitazone on testicular oxidative
stress markers in STZ-induced diabetic rats
STZ caused significant reduction (p<0.05) in
three powerful endogenous anti—oxidants
(glutathione level, superoxide dismutase and
catalase activity), total antioxidant capacity

levels, and increase testicular malondialdehyde
and NO levels compared with control group.
Treatment of rats with pioglitazone, in low
and high dosage, significantly increased
glutathione, superoxide dismutase, catalase
in testicular tissue of diabetic rats and
ameliorated abnormalities in testicular NO and
malondialdehyde levels (p<0.05) (Table 3). The
total antioxidant capacity levels in treatment
groups with pioglitazone were significantly
higher (p<0.05) than those in the diabetic
group. It also appeared that treatment with
high dose of pioglitazone caused the highest
protective effects in these parameters and nearly
normalized them to control values in diabetic
rats (Table 3).

Table 1. Effect of low (1 mg/kg) and high (10 mg/kg) doses of pioglitazone on serum glucose and testosterone
levels in streptozotocin-induced diabetic rats

Non-fasting blood glucose level

Groups

Testosterone level

(mg/dl) (mg/dl)
Control 99+0.1 4.09+0.32
Diabetic 345+0.54* 1.92+0.22*
Diabetic+ pioglitazone

338+0.43* 2.03+0.42*
(1 mg/kg)
Diabetic+ pioglitazone

330+0.48* 2.07+0.31*
(10 mg/kg)

Data are represented as mean+SEM of observations from 8 rats. *p<0.05 vs. control

[ Downloaded from ijml.ssu.ac.ir on 2025-11-04 ]

Table 2. Effect of low (1 mg/kg) and high (10 mg/kg) doses of pioglitazone on semen parameters in streptozotocin-
induced diabetic rats

Groups Count (10%  Motility (%) Viability (%) Morphology (2%0) DNA integrity (%)
Control 20.63+0.04 74.08+0.07 92.34+0.45 85.46+0.03 1.74+0.21
Diabetic 13.43+0.12*  51.23+0.41*  67.44+0.02* 54.08+0.09* 13.03+0.44*
Diabetic+pioglitazone

16.22+0.24*# 69.81+0.37*# 76.63+0.18*#  74.95+0.38*# 7.72+0.54*#
(1 mg/kg)
Diabetic+pioglitazone

19.16+£0.31#  70.18+0.28#  88.95+0.07# 75.04+0.66# 6.69+0.09#
(10 mg/kg)

Data are represented as mean+SEM of observations from 8 rats. *p<0.05 vs. control ;#p<0.05 vs. diabetic;
+p<0.05 vs. diabetic+pioglitazone (1 mg/kg) group.
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Table 3. Effect of low (1 mg/kg) and high (10 mg/kg) doses of pioglitazone on testicular oxidative stress markers
in streptozotocin-induced diabetic rats.

Total
. ) o Superoxide L
Glutathione Malondialdehyde  Nitric oxide ] Catalase antioxidant
Groups dismutase i
(nmol/g tissue)  (nmol/g tissue) (nmol/g tissue) (U/mgprotein) capacity
(U/mg protein)
(nmol/L)
Control 4.95+0.56 32.45+0.11 50.04+0.03 3.32+0.28 6.12+0.31 1.51+0.07
Diabetic 2.16+0.38*  58.92+0.32* 101.75+0.24* 1.74+0.32* 4.55+0.72*  0.21+0.12*
Diabetic+

pioglitazone  3.22+0.65*# 41.87+0.28*#
(2 mg/kg)
Diabetic+
pioglitazone  3.99+0.44#  34.44+0.15#
(10 mg/kg)

83.41+0.12*# 2.22+0.42*#  4.31+0.21*# 1.09%0.33*#

52.00+0.20#  3.15+0.48# 5.73+0.53#  1.49+0.85#

Data are represented as mean£SEM of observations from 8 rats. *p<0.05 vs. control ;#p<0.05 vs. diabetic;

+p<0.05 vs. diabetic+pioglitazone (1 mg/kg) group.

Effect of pioglitazone on diabetes-induced
apoptosis in testicular tissues

Levels of caspase 3 expression in the treatment
groups (low and high dosage) with pioglitazone
showed a significant decrease as compared with
that in the diabetic control group (p<0.05). High
doses of pioglitazone succeeded in reverting
caspase 3 expression to levels not significant
from normal control (p< 0.05) (Fig. 1).

Effect of pioglitazone on testicular pro-
inflammatory cytokines and inflammatory
markers in diabetic rats

Testicular levels of pro-inflammatory cytokines
including TNF-o. and IL-1p were increased in
diabetic rats compared to the control animals
(p<0.05). IL-1p and TNF-a levels significantly
decreased only in high (10 mg/kg) dose of

pioglitazone group when compared to the
diabetic rats (p<0.05) (Fig. 2).

Diabetic rats exhibited significant high level in
the expressions of both iINOS and NF-kB-p65
in testicular tissues (p<0.05). Administration
of pioglitazone effectively inhibited these
increases in both iNOS and NF-kB-p65
expressions (p<0.05) (Fig. 3).

Effect of pioglitazone on testicular myelo-
peroxidase activity in diabetic rats

In testicular tissues, we measured myelo-
peroxidase activity to evaluate anti-
inflammatory effect of pioglitazone. Treat-
ment of diabetic rats with pioglitazone
significantly decreased myeloperoxidase
activity when compared to the diabetic rats
(p<0.05) (Fig. 4).
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Fig. 1. Effect of low (1 mg/kg) and high (10 mg/kg) doses of pioglitazone on testicular caspase 3 protein
expression in streptozotocin-induced diabetic rats. A: Electrophoretic analysis of western blotting products B:
Graphs present the ratio of densitometric measurements (OD) of caspase 3 to the corresponding reporter gene
(B-actin). Data are represented as mean+SEM Lane 1, Control group; Lane 2, Diabetic group; Lane3, Diabetic+
pioglitazone (L) group; Lane 4, Diabetic+pioglitazone(H) group. *p<0.05 vs. control; #p<0.05 vs. diabetic ;
*p<0.05 vs. diabeti + pioglitazone (L) group;+no significant difference compared with control.
pioglitazone (L)= low dose of pioglitazone; pioglitazone (H)= high dose of pioglitazone
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Fig. 2. Effect of low (1 mg/kg) and high (10 mg/kg) doses of pioglitazone on IL-1f (A) and TNF-a (B) levels in
testicular tissue of diabetic rats. Data are represented as mean+SEM *p<0.05 vs. control; #p<0.05 vs. diabetic.
pioglitazone (L)= low dose of pioglitazone; pioglitazone (H)= high dose of pioglitazone
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Fig. 3. Effect of low (1 mg/kg) and high (10 mg/kg) doses of pioglitazone on testicular iNOS and NF-«xB protein
expressions in streptozotocin-induced diabetic rats. A: electrophoretic analysis of western blotting products B:
graphs present the ratio of densitometric measurements (OD) of iNOS and NF-kB to the corresponding reporter
gene (B-actin). Data are represented as mean=SEM Lane 1, Control group; Lane 2, Diabetic group; Lane3,
Diabetic+ pioglitazone(L) group; Lane 4, Diabetic+ pioglitazone(H) group .*p<0.05 vs. control; #p<0.05 vs.
diabetic; +p<0.05 vs. diabeti+pioglitazone (L) group; +no significant difference compared with control.
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Fig. 4. Effect of low (1 mg/kg) and high (10 mg/kg) doses of pioglitazone on testicular myeloperoxidase activity
(MPO) in streptozotocin-induced diabetic rats. Data are represented as mean+SEM *p<0.05 vs. control;
#p<0.05 vs. diabetic. pioglitazone (L)= low dose of pioglitazone; pioglitazone (H)= high dose of pioglitazone
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Discussion

The present investigation outlines the
protective effects of pioglitazone against
experimentally-induced  diabetic  sexual
oxidative dysfunction in Wistar rats.
Administration of pioglitazone for five
consecutive weeks markedly reduced signs
of testicular inflammation, lipid peroxidation,
oxidative stress. The preventative properties
of pioglitazone were confirmed by semen
parameters evaluation. It was also shown that
treatment with high dose of pioglitazone
caused the highest protective effects in some
of these parameters and nearly normalized
them to control values in diabetic rats

The most suitable animal model of diabetes is
STZ-induced diabetes in rodents because it
reflects the symptoms of diabetes in human
[38]. In diabetes, impairment of glucose
transport from the blood to testicular germ
cells is followed by an increase in free radical
formation and oxidative stress [39] the result
of which is sperm nuclear damage [40]. Thus
an apoptotic response arises in sperm cells
causing higher percentage of spermatic
cellular death [41]. Pioglitazone is high-
affinity PPAR-y agonists with potent anti-
diabetic and antioxidant properties and
potential anti-inflammatory effects. PPAR-y is
expressed in a wide range of human tissues.
It has been suggested that PPAR-y is an
important immunomodulator and suppresses
the production of inflammatory cytokines [17,
18, 42, 43]. PPAR-y agonists, main tissue
expressing isoform, have potential to influence

inflammation processes, reduce oxidative

stress, improve endothelial function and play
an important role in lipid metabolism [44].
The potential anti-inflammatory properties of
PPAR-y ligands have been investigated in
experimental arthritis models [45].

Previous studies have shown that diabetes
can perturb spermatogenesis by significantly
reducing sperm density, sperm motility and
progressivity, and volume of the ejaculate
while increasing the incidence of deformed
sperm cells both in diabetic men and
experimental diabetic animals [46, 47]. Based
on our results, in semen, pioglitazone addition
had a positive impact on all semen parameters.
Results of the present study were consistent
with the previous observation where pio-
glitazone significantly reduced sperm shape
abnormalities and increased sperm count in
type-2 diabetic Wistar rats due to its ability to
enhance the antioxidant enzyme levels [48].
Another study also showed that pioglitazone
restores testicular histomorphometry and
improves semen quality in alloxan-induced
diabetic rats [49]. Men with diabetes were
found to have a significantly higher percentage
of spermatozoa with nuclear DNA damage
[50]. The present data demonstrated that
pioglitazone candecrease the percentage of
sperm with damaged DNA in diabetic rats.

A significant reduction in the serum levels of
the main androgenic hormone, testosterone,
was observed in diabetic rats [5]. No
significant  difference was reported in
intratesticular testosterone levels between the

diabetic and non-diabetic rats with and without
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pioglitazone treatment by Akinola et al. [49].
In the present study, STZ caused a significant
decrease in the testosterone level and this
level was not changed by administration of
pioglitazone compared to diabetic group. It has
been reported that hyperglycemia causes
dysfunction of Leydig cells thus these cells
can not secrete testosterone [51]. In this study,
it was shown that dysfunction of leydig cells
under hyperglycemic effect can cause
reduction of testosterone level in diabetic rats.
Moreover, diabetic animals treated with
pioglitazone demonstrated the activity of some
anti-oxidative enzymes. Pioglitazone had
enhanced the level of glutathione, superoxide
dismutase, catalase and total antioxidant
capacity. The improvement in the level of
glutathione, superoxide dismutase, catalase
and total antioxidant capacity indicated
that pioglitazone can either increase the
proliferation of the antioxidant enzymes or
reduce the formation of reactive oxygen
species. This means that administration of
pioglitazone can reduce excessive production
of reactive oxygen species with a resulting
decrease in the anti-oxidative defense.
Modulation of superoxide dismutase and
catalase activity by pioglitazone was
demonstrated in the heart and liver of the
alloxan-induced diabetic rabbits [21, 52].
Furthermore, it was shown that treatment
of alloxan-induced diabetic rabbits with
pioglitazone produces increased activity of
antioxidant enzymes including glutathione
peroxidase, superoxide dismutase, catalase and
glutathione reductase, as well as elevated

glutathione levels in testicular tissue [12].

Mehta et al. [53] identified that pioglitazone
treatment can reduce superoxide radical
generation in human coronary artery endothelial
tissue. These findings are indicative of the
potential of pioglitazone at improving
antioxidant capacity in different tissue types.

In our research, pioglitazone did not affect
blood glucose levels. This is in line with
findings in which pioglitazone did not produce
any significant changes in blood glucose levels
in the treated animals [11, 49]. It seems that
the effect of pioglitazone is to increase the
sensitivity of the cells to insulin. Therefore,
this drug is used in the treatment of type 2
diabetes. However, in type 1 diabetes, due to
the degeneration of beta-cells and the absence
of insulin secretion, the drug does not reduce
blood glucose levels. Thus, the observed
anti-oxidative effects can not be attributed to
the drugs anti-hyperglycemic action.

Previous studies have suggested that the
anti-inflammatory  effect of pioglitazone
is mediated by the inhibition of NF-xB
activation [17]. It has been shown that native
or synthetic PPAR-y ligands inhibit the
production of several inflammatory mediators,
nitric oxide synthase and NF-kB transcription
activity [54]. NF-xB plays a pivotal role in
regulating programmed cell death by having
the ability to activate both pro-apoptotic and
anti-apoptotic genes and regulating a variety of
additional genes, immune function, expression
of pro-inflammatory cytokines such as TNF-a,
IL-1B, and IL-6 [55]. Biological markers of
inflammatory responses are elevated level of
NF-kB and the associated inflammatory

mediators such as iINOS. This substance
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catalyses the production of large amount of
NO from L-arginine, and importantly, NO
inhibited insulin secretion [9]. IL-1p, alone or
in combination with TNF-a and IFNy induces
transcription of the iINOS gene [56]. In
diabetes, a reduction of plasma antioxidant
power and an increased production of NO
have clearly been shown [57]. This over-
production of NO induces testicular damage
and chronic testicular inflammation, leading to
the destruction of germ cells, testicular atrophy
and apoptosis in diabetes [9, 58].

Previous reports have also shown that diabetes
is associated with up-regulations of iNOS and
NF-kB-p65 expressions with a concomitant
increase in the level of NO in testicular tissues
of diabetic rats [59, 51]. Takagi et al. [17]
reported that pioglitazone can reduce
expression of iNOS mRNA in mice model of
colitis. The present study showed that
pioglitazone can not only inhibit the
expression of iINOS and NF-kB-p65 but can
also decrease the level of NO in testicular
tissues of diabetic rats.

Moreover, a significant increase in caspase-3
level was observed in diabetic testicular tissue
which was further decreased by the
administration of pioglitazone. This can
indicate the anti-apoptotic effect of
pioglitazone on diabetes induced germ cell
death. Several compounds, such as parkia
biglobosaprotein isolate [60], carvedilol
[61], lycium barbarum polysaccharide [62]
curcumin [63] and quercetin [64] possessing
antioxidant properties might confer testicular
protection against diabetes-induced oxidative

stress and apoptotic markers. The present data

demonstrated the significant elevation of
myeloperoxidase activity, a marker of
neutrophil infiltration, inflammation and
oxidative stress, in testicular tissues of diabetic
animals. In pioglitazone treated diabetic group,
significant reduction in myeloperoxidase
activity was observed in testicular tissue. Our
findings are in agreement with the previous
studies [59, 54, 65] indicating the anti-
inflammatory action of pioglitazone.

Results indicated significant elevation in
the levels of TNF-a and IL-1B in the
diabetic group of animals. These elevated
proinflammatory mediators antagonize insulin
action because of their ability to augment
insulin receptor substrate phosphorylation
leading to insulin resistance. Therefore,
attenuation of free radical induced NF-«xB
translocation and ameliorating oxidative stress
in diabetic rats explains an associative
relationship between the inflammatory cytokines
and diabetes. Rosiglitazone, another PPAR-y
ligand, inhibited NF-kB and expression of TNF-a,
and IL-1p in a mouse 24, 6-trinitrobenzene
sulfonic acid-induced colitis [66]. Our results are
consistent with the previous studies showing that
pioglitazone treatment decreases the levels of
TNF-a and IL-1B in the diabetic group of
animals; this indicates the anti-inflammatory

effect of pioglitazone.
Conclusions

In summary, the results of the present study
indicate that pioglitazone treatment protects
against diabetes—induced testicular damage.
The protective effect of pioglitazone possibly

involves the reduction of oxidative stress by

International Journal of Medical Laboratory 2018;5(1): 19-34. 30


https://ijml.ssu.ac.ir/article-1-172-en.html

[ Downloaded from ijml.ssu.ac.ir on 2025-11-04 ]

PIOGLITAZONE AND TESTICULAR DAMAGE IN DIABETIC RATS

decreasing nitric oxide and malondialdehyde
levels and increasing the level of superoxide
dismutase, catalas and total antioxidant capacity,
and inflammatory status by decreasing the
expressions of iNOS, NF-xB and pro-
inflammatory cytokines (TNF-o and IL-1pB)
levels, and cell death via down-regulation of

caspase-3 expressions.

References

[1].Wild S, Roglic G, Green A, Sicree R, King H.
Global prevalence of diabetes: estimates for the
year 2000 and projections for 2030. Diabetes
Care 2004; 27(5):1047-1053.

[2].Kanter M, Aktas C, Erboga M. Protective
effects of quercetin against apoptosis and
oxidative stress in  streptozotocin-induced
diabetic rat testis. Food Chem Toxicol. 2012;
50(3-4): 719-25.

[3].Mohasseb M, Ebied S, Yehia MA, Hussein N.
Testicular oxidative damage and role of
combined antioxidant supplementation in
experimental diabetic rats. J physiol biochem.
2011; 67(2): 185-94.

[4]. Kanter M, Aktas C, Erboga M. Curcumin
attenuates testicular damage, apoptotic germ cell
death, and oxidative stress in streptozotocin-
induced diabetic rats. Mol Nutr Food Res. 2013;
57(9): 1578-585.

[5].Roy S, Metya SK, Rahaman N, Sannigrahi S,
Ahmed F. Ferulic acid in the treatment of post-
diabetes testicular damage: relevance to the
down regulation of apoptosis correlates with
antioxidant status via modulation of TGF-p1, IL-
1B and Akt signalling. Cell Biochem Funct.
2014; 32(1): 115- 24.

[6]. Soudamani S, Yuvaraj S, Malini T,
Balasubramanian K. Experimental diabetes has
adverse effects on the differentiation of ventral
prostate during sexual maturation of rats. Anat
Rec A Discov Mol Cell Evol Biol. 2005;
287(2): 1281-289.

[7].Baynes JW, Thorpe SR. Role of oxidative stress
in diabetic complications: a new perspective on
an old paradigm. Diabetes 1999; 48(1):1-9.

[8].Rochette L, Zeller M, Cottin Y, Vergely C.
Diabetes, oxidative stress and therapeutic
strategies. Biochimica et Biophysica Acta
2014; 1840(9): 2709-729.

[9].Patel S, Santani D. Role of NF-xB in the

Conflict of Interest
The authors have no conflicting financial interests.

Acknowledgements

We would like to sincerely thank the members of
the faculty of veterinary medicine and Urmia
University Research Council for the approval and
support of this research.

pathogenesis of diabetes and its associated
complications. Pharmacological Reports 2009;
61(4): 595-603.

[10].Bell DS. Beta-cell rejuvenation with
thiazolidinediones. Am J Med. 2003; 115(Suppl.
8A): 20S-23S.

[11].Gumieniczek A, Hopkata H, Zabek A.
Protective effects of a PPARgamma agonist
pioglitazone on anti-oxidative system in testis of
diabetic rabbits. Pharmazie 2008; 63: 377-78.

[12]. Gumieniczek A, Krzywdzinska M, Nowak M.
Modulation of nitrosative/oxidative stress in
the lung of hyperglycemic rabbits by two
antidiabetics, pioglitazone and repaglinide. Exp
Lung Res. 2009; 35(5):371-379.

[13]. Bernardo A, Bianchi D, Magnaghi V,
Minghetti L. Peroxisome proliferator-activated
receptor-gamma agonists promote differentiation
and antioxidant defenses of oligodendrocyte
progenitor cells. J Neuropathol Exp Neurol.
2009; 68(7): 797-808.

[14]. Somi MH, Hajipour B, Asl NA, Estakhri R,
Azar AN, Zade MN, et al. Pioglitazone attenuates
ischemia/reperfusion-induced liver injury in rats.
Transplant Proc. 2009; 41(10):4105- 109.

[15].A0 C, Huo Y, Qi L, Xiong Z, Xue L, Qi Y.
Pioglitazone suppresses the lipopolysaccharide-
induced production of inflammatory factors in
mouse macrophages by inactivating NF-kappaB.
Cell Biol Int. 2010; 34(7): 723-30.

[16].Wan H, Yuan Y, Qian A, Sun Y, Qiao M.
Pioglitazone, a PPARgamma ligand, suppresses
NFkappaB activation through inhibition of
IkappaB kinase activation in cerulein-treated
AR42) cells. Biomed Pharmacother. 2008;
62(7): 466-72.

[17]. Takagi T, Naito Y, Tomatsuri N, Handa O,
Ichikawa H, Yoshida N, et al. Pioglitazone, a
PPAR-y ligand, provides protection from dextran
sulfate sodium-induced colitis in mice in

31 International Journal of Medical Laboratory 2018;5(1):19-34.


https://ijml.ssu.ac.ir/article-1-172-en.html

[ Downloaded from ijml.ssu.ac.ir on 2025-11-04 ]

F. Malekifard et al.

association with inhibition of the NF-xB-cytokine
cascade. Redox Report 2013; 7(5): 283-89.

[18].Ohga S, Shikata K, Yozai K, Okada S, Ogawa
D, Usui H, et al. Thiazolidinedione ameliorates
renal injury in experimental diabetic rats through
anti-inflammatory effects mediated by inhibition
of NF-kB activation. Am J Physiol Renal
Physiol. 2007; 292(4):1141-150.

[19]. Pathan AR, Viswanad B, Sonkusare SK,
Ramarao P. Chronic administration of
pioglitazone attenuates intracerebroventricular
streptozotocin induced-memory impairment in
rats. Life Sci. 2006; 79(23): 2209-216.

[20].Like AA, Rossini AA. Streptozotocin-induced
pancreatic insulitis: new model of diabetes
mellitus. Science 1976; 193(4251): 415-17.

[21]. Gumieniczek A. Effects of pioglitazone on
hyperglycemia- induced alterations in
antioxidative system in tissues of alloxan-treated
diabetic animals. Exp Toxicol Pathol. 2005; 56(4-
5): 321-23.

[22]. Dobrian AD, Schriver SD, Khraibi AA,
Prewitt RL. Pioglitazone prevents hypertension
and reduces oxidative stress in diet-induced
obesity. Hypertension 2004; 43(1): 48-56.

[23].Agarwal A, Makker K, Sharma R. Clinical
relevance of oxidative stress in male factor in
fertility: An update. Am J Reprod Immunol.
2008; 59(1): 2-11.

[24]. World Health Organization. WHO laboratory
manual for the examination of human semen and
sperm-cervical mucus interaction. 3™ ed.
Cambridge, UK: Cambridge University Press
1992; 45-100 .

[25].Wyrobek AJ, Gordon LA, Burkhart JG,
Francis MW, Kapp RW, Letz G, et al. An
evaluation of the mouse sperm morphology test
and other sperm tests in nonhuman mammals.
Mutat Res 1983; 115(1): 1-72..

[26]. Narayana K, D'Souza UJ, Seetharama Rao
KP. Ribvirin induced sperm shape abnormalities
in Wistar rat. Mutal Res. 2002; 513(1): 193-96.

[27].Bungum M, Humaidan P, Spano M, Jepson
K, Bungum L, Giwercman A. Predictive value
of sperm chromatin structure assay (SCSA)
Parameters for the outcome of intrauterine
insemination, IVF and ICSI. Hum Reprod.
2004; 19(6): 1401-408.

[28].Hodjat M, Akhondi MA, Amirjanati N, Savadi
Shirazi E, Sadeghi MR. The comparison of four
different sperm chromatin assays and their
correlation with semen parameters. Tehran Uni
Med J. 2008; 65(3): 33-40.

[29]. Meistrich ML, Brock WA, Grimes SR, Platz
RD, Hnilica LS. Nuclear protein transitions
during spermatogenesis. Fed Porc. 1978; 37(11):
2522-525.

[30]. Talebi AR, Sarcheshmeh AA, Khalili MA,
Tabibnejad N. Effect of ethanol consumption on
chromatin condensation and DNA integrity of

epididymal spermatozoa in rat. Alcohol. 2011;
45(4): 403-409.

[31].Benzie IF, Strain JJ. Ferric reducing/
antioxidant power assay: Direct measure of
total antioxidant activity of biological fluids
and modified version for simultaneous
measurement of total antioxidant power and
ascorbic acid concentration. Methods Enzymol.
1999; 299: 15-27.

[32].Uchiyama M, Mihara M. Determination of
malonaldehyde precursor in tissues by
thiobarbituric acid test. Anal Biochem. 1978;
86(1): 271-78.

[33].Sastry K, Moudgal R, Mohan J, Tyagi J, Rao
G. Spectrophotometric determination of serum
nitrite and nitrate by copper-cadmium alloy.
Anal Biochem. 2002; 306(1):79-82.

[34].Kono Y. Generation of superoxide radical
during autoxidation of hydroxylamine and an
assay for superoxide dismutase. Arch Biochem
Biophys. 1978; 186(1): 189-95.

[35].Aebi H. Catalase Methods in enzymatic
analysis. Volume 2. Edited by Bergmeyer. New
York; 1974; 674-84.

[36].Hillegass L, Griswold D, Brickson B,
Albrightson-Winslow C. Assessment of
myeloperoxidase activity in whole rat kidney. J
Pharmacol Methods. 1990; 24(4): 285-95.

[37].Lowry OH, Rosebrough NJ, Farr AL, Randall
RJ. Protein measurement with the folin phenol
reagent. J Biol Chem. 1951; 193(1): 265-75

[38]. Shechter Y. Insulin-mimetic effects of vanadate.
Possible implications for future treatment of
diabetes. Diabetes. 1990; 39(1): 1-5.

[39].Zhao Y, ZhaoH, Zhai X, Dai J, Jiang X, Wang
G, et al. Effects of Z deficiency, antioxidants,
and low-dose radiation on diabetic oxidative
damage and cell death in the testis. Toxicol
Mech Methods 2013; 23(1): 42-7.

[40].La Vignera S, Condorelli R, Vicari E, D’Agata
R, Calogero AE. Diabetes mellitus and sperm
parameters. J Androl. 2012; 33(2): 145-53.

[41].Roessner C, Paasch U, Kratzsch J, Glander
HJ, Grunewald S. Sperm apoptosis signalling in
diabetic men. Reprod Biomed Online 2012;
25(3): 292-99.

[42]. Koufany M, Moulin D, Bianchi A, Muresan M,
Sebillaud S, Netter P, et al. Anti-inflammatory
effect of antidiabetic thiazolidinediones prevents
bone resorption rather than cartilage changes in
experimental polyarthritis. Arthritis Res Ther.
2008; 10(1): R6.

[43]. Massaro M, Scoditti E, Pellegrino M, Carluccio
MA, Calabriso N, Wabitsch M, et al. Therapeutic
potential of the dual peroxisome proliferator
activated receptor (PPAR) o/y agonist aleglitazar in
attenuating TNF-a-mediated inflammation and
insulin resistance in human adipocytes. Pharmacol
Res. 2016; 31(107):125-36.

International Journal of Medical Laboratory 2018;5(1): 19-34. 32


https://ijml.ssu.ac.ir/article-1-172-en.html

[ Downloaded from ijml.ssu.ac.ir on 2025-11-04 ]

PIOGLITAZONE AND TESTICULAR DAMAGE IN DIABETIC RATS

[44]. Ivanova EA, Myasoedova VA, Melnichenko
AA, Orekhov AN. Peroxisome Proliferator-
Activated Receptor (PPAR) Gamma Agonists as
Therapeutic Agents for Cardiovascular Disorders:
Focus on Atherosclerosis. Curr Pharm Des. 2017;
23(7): 1119-124.

[45]. Shahin D, Toraby EE, Abdel-Malek H, Boshra
V, Elsamanoudy AZ, Shaheen D. Effect of
peroxisome proliferator-activated receptor gamma
agonist (pioglitazone) and methotrexate on disease
activity in rheumatoid arthritis (experimental and
clinical study). Clin Med Insights Arthritis
Musculoskelet Disord. 2011; 4:1-10.

[46].Shrilatha B and Muralidhara. Occurrence
of oxidative impairments, response of
antioxidant defences and associated biochemical
perturbations in male reproductive milieu in the
streptozotocin-diabetic rat. Int J Androl. 2007;
30(6): 508-18.

[47].Amaral S, Moreno AJ, Santos MS, Seica R,
RamalhoSantos J. Effects of hyperglycemia on
sperm and testicular cells of Goto-Kakizaki and
streptozotocin-treated rat. Models for diabetes.
Theriogenology 2006; 66(9): 2056-2067.

[48].Rabbani SI, Devi K, Khanam SA. Pioglitazone,
a PPAR- gamma ligand inhibited the
nicotinamide- streptozotocin induced sperm
abnormalities in type-2 diabetic Wistar rats. Pak J
Pharm Sci. 2010; 23(3): 326-31.

[49]. Akinola OB, Dosumu OO, Sanusi SA,
Ajayi TF, Olajide TH. PPAR-y agonist
pioglitazone improves semen quality and
testicular histomorphometrics with partial
reversal of hyperglycaemia in alloxan-induced
diabetic rats. Middle East Fertil Soc J. 2015;
20(4): 271-79.

[50].Agbaje IM, Rogers DA, McVicar CM,
McClure N, Atkinson AB, Mallidis C, et al.
Insulin dependant diabetes mellitus: implications
for male reproductive function. Hum Reprod.
2007; 22(7): 1871-877.

[51].Heeba GH, Hamza AA. Rosuvastatin
ameliorates diabetes-induced reproductive
damage via suppression of oxidative stress,
inflammatory and apoptotic pathways in male
rats. Life Sci. 2015; 15(141): 13-9.

[52].Gumieniczek A. Effect of the new
thiazolidinedione- pioglitazone on the development
of oxidative stress in liver and kidney of diabetic
rabbits. Life Sci. 2003; 74(5): 553-62.

[53].Mehta JL, Hu B, Chen J, Li D. Pioglitazone
inhibits LOX-1 epression in human coronary
artery endothelial cells by reducing intracellular
superoxide radical generation. Arterioscler
Thromb Vasc Biol. 2003; 23(12): 2203-208.

[54].0Ohga S, Shikata K, Yozai K, Okada S, Ogawa
D, Usui H, et al. Thiazolidinedione ameliorates
renal injury in experimental diabetic rats through
anti-inflammatory effects mediated by inhibition

of NF-xB activation. Am J Physiol Renal
Physiol. 2007; 292(4): F1141-F1150

[55]. Touyz RM. Reactive oxygen species, vascular
oxidative stress, and redox signaling in
hypertension: what is the clinical significance?
Hypertension 2004; 44(3): 248-52.

[56].Aydin A, Orhan H, Sayal A, Ozata M, Sahin
G, Isimer A. Oxidative stress and nitric oxide
parameters in type Il diabetes mellitus: effect of
glycemic control. Clin Biochem. 2001; 34(1):
265-70.

[57].Sun YC, Chang PY, Tsao KC, Wu TL, Sun
CF, Wu LL, et al. Establishment of a sandwich
ELISA using commercial antibody for plasma
or serum 3-nitrotyrosine (3NT). Elevation in
inflammatory diseases and complementary
between 3NT and myeloperoxidase. Clin Chim
Acta. 2007; 378(1-2):175-80.

[58]. EI-Alfy AT, Ahmed AAE, Fatani AJ. Protective
effect of red grape seeds proanthocyanidins against
induction of diabetes by alloxan in rats. Pharmacol
Res. 2005; 252(3): 264-70.

[59]. Kushwaha S, Jena G. Telmisartan ameliorates
germ cell toxicity in the STZ induced diabetic
rat: studies on possible molecular mechanisms.
Mutat Res Genet Toxicol Environ Mutagen.
2013; 755(1): 11-23.

[60].Ogunyinka BI, Oyinloye BE, Osunsanmi FO,
Opoku AR, Kappo AP. Modulatory influence of
Parkia biglobosa protein isolate on testosterone
and biomarkers of oxidative stress in brain and
testes of streptozotocin-induced diabetic male
rats. Int J Physiol Pathophysiol Pharmacol.
2016; 8(3): 78-86.

[61].Eid AH, Abdelkader NF, El-Raouf OM,
Fawzy HM, Ezz-El-Din S. Carvedilol alleviates
testicular and spermatological damage induced
by cisplatin in rats via modulation of oxidative
stress and inflammation. Arch Pharm Res. 2016;
39(12): 1693-702.

[62].Shi GJ, Zheng J, Wu J, Qiao HQ, Chang Q,
Niu Y, et al. Beneficial effects of Lycium
barbarum polysaccharide on spermatogenesis
by improving antioxidant activity and
inhibiting apoptosis in streptozotocin-induced
diabetic male mice. Food Funct. 2017; 8(3):
1215-226.

[63]. Kanter M, Aktas C, Erboga M. Curcumin
attenuates testicular damage, apoptotic germ cell
death, and oxidative stress in streptozotocin-
induced diabetic rats. Mol Nutr Food Res. 2013;
57(9):1578-585.

[64]. Kanter M, Aktas C, Erboga M. Protective
effects of quercetin against apoptosis and
oxidative stress in streptozotocin-induced
diabetic rat testis. Food Chem Toxicol. 2012;
50(3): 719-25.

[65].Guan Y, Breyer MD. Peroxisome proliferator-
activated receptors (PPARs): novel therapeutic

33 International Journal of Medical Laboratory 2018;5(1):19-34.


https://ijml.ssu.ac.ir/article-1-172-en.html

[ Downloaded from ijml.ssu.ac.ir on 2025-11-04 ]

F. Malekifard et al.

targets in renal disease. Kidney Int. 2001; 60(1):
14 -30.

[66].Séanchez-Hidalgo M, Martin AR, Villegas I, de
la Lastra CA. Rosiglitazone, a PPARy ligand,

International Journal of Medical Laboratory 2018;5(1): 19-34.

modulates signal transduction pathways during
the development of acute TNBS-induced colitis
in rats. Eur J Pharmacol. 2007; 562(3):247-58.

34


https://ijml.ssu.ac.ir/article-1-172-en.html
http://www.tcpdf.org

