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GENERAL ENDOCRINOLOGY
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Abstract

Objective. Cardiovascular disorders in diabetes
condition arise from increased oxidative stress. Both
regular mild exercise and testosterone influence on body’s
antioxidant system in diabetes. In this study, we evaluated
treatment of testosterone and voluntary exercise, alone or
together on oxidative stress in the heart and blood of diabetic
rats.

Methods. Type 1 diabetes was induced by
intraperitoneal injection of 50 mg/kg of streptozotocin in rats
(specify the rat strain). In the end of study, SOD, GPX and
CAT activities and MDA levels were measured in blood and
heart tissue samples in the groups of study.

Results. SOD, GPX and CAT activities significantly
(p<0.05) increased in groups that treated either testosterone
or exercise and MDA level significantly (p<0.01) decreased
in blood and heart tissue of diabetic and castrated diabetic
rats. Simultaneously, treatment with testosterone and exercise
had a synergistic effect on antioxidant enzymes level in
diabetic and diabetic castrated rats. In the castrated animals
with diabetes, SOD, GPX and CAT activities significantly
decreased (p<0.05) and MDA levels significantly increased
(p<0.05) in blood and heart tissue.

Conclusion. Voluntary exercise and testosterone
alone or together heightened body’s antioxidant system and
were able to reduce the MDA levels in blood and heart of
diabetic and castrated diabetic rats.

Key words: testosterone, rats, diabetes mellitus,
oxidative stress, exercise.

INTRODUCTION

Diabetes mellitus (DM) as a highest healthcare
concern worldwide, is a multifaceted endocrine and
metabolic syndrome (1). The cause of high mortality
in diabetic subjects is cardiovascular problems with
increased oxidative stress in cardiac tissue that can
worsen this condition (2).

Hyperglycemia in diabetes causes diabetes’s
patophysiology that mediated by oxidative stress (3).
Increased oxygen/nitrogen free radicals levels lead to
increased oxidative stress, that it plays a important role
in diabetic cardiovascular complications (4).

Exercise has beneficial effects on both types
of diabetes. Exercise performance improves blood
glucose metabolism, increases insulin sensitivity
in the whole body and diminishes cardiovascular
risk factors in diabetes condition (5). In exhaustive
exercise, oxidative stress induces through generation of
reactive oxygen species (ROS) but voluntary exercise
is beneficial to our health that considered mild to
moderate exercise (6). Our previous studies in animals
showed that voluntary exercise is efficient therapeutic
approach to diabetes complications (7, 8).

Testosterone is the main androgen produced
by the testes in men. There are numerous known
interactions between the endocrine system and
metabolism (9, 10). Testosterone directly affect energy
metabolism and, correspondingly, oxidative balance
(11, 12). It is shown that testosterone decreases in the
blood of diabetic men and male diabetic rats (13). Also,
it is reported that testosterone deficiency contributes to
many diabetes complication (14). It is assumed that
treatment with testosterone in diabetic men probably
reduce diabetes complications by diminishing oxidative
stress (15). In this study, we aimed to evaluate the
effects of concurrent use of testosterone and exercise,
on oxidative stress in blood and heart tissue in diabetic
rats and castrated rats with diabetes.

METHODS

Animals
Sixty three rats (specify strain, age, weight)
obtained from the animal house of University of
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Medical Sciences, Tabriz, Iran, and were designed in
nine groups. Normal conditions included temperature
22°C, 12 hours of brightness and, 12 hours of darkness
were observed for all animals. Herein, all animal care
and experimental procedure were done conferring
to the Principles of Laboratory Animal Care (NIH
publication, no. 85-23, revised 1985). The groups are
as follows:

1 - Sham: diabetic rats treated with placebo and
sham operated without removing the testicles ( Dia-S-
Cas).

2 - Diabetes: diabetic rats treated with placebo
(Dia).

3 - Diabetes - Testosterone: diabetic rats treated
with testosterone (Dia -T).

4 - Diabetes— Exercise: diabetic rats treated
with placebo and exercise (Dia-E).

5 - Diabetes -Exercise - Testosterone: diabetic
rats treated with testosterone and exercise (Dia-T-E).

6 - Diabetes - castrated: diabetic rats treated
with placebo and sham operated without removing the
testicles (Dia-Cas).

7 - Diabetes - castrated - Testosterone: diabetic-
castrated rats treated with testosterone (Dia-Cas-T).

8 - Diabetes - castrated - Exercise: diabetic-
castrated rats treated with placebo and exercise (Dia-
Cas-E).

9 - Diabetes - castrated — Testosterone-
Exercise: diabetic-castrated rats have been treated with
testosterone and exercise (Dia-Cas-T-E).

Please describe what happened with rats
until the end of study period.

At the final, pentobarbital sodium (35 mg/kg,
i.p.) has been used for anaesthetize. Blood samples
were collected from the inferior vena cava and were
stored in tubes. Then the thorax was opened and heart
was removed, washed three times in ice cold saline and
blotted individually on ash-free filter paper, used for
preparation of tissue homogenates. The determination
of MDA, CAT, GPx and SOD in the blood and heart
are described in detail in the flowing paragraphs
(16). Sham data are not shown because there was no
significant difference with Diabetes group. They
should be or remove these groups from study.

Gonadectomy and testosterone therapy

At first, ketamine hydrochloride (80 mg/kg)
and xylazine hydrochloride (5 mg/ kg) were used for
anaesthetize. At that time, small cuts were made on
the abdominal skin and testes were removed. It should
be noted that testosterone therapy done instantly after
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surgery to escape from hormonal effect. Testosterone
propionate was purchased from UNIGEN, Life Science
and injected intraperitoneally (2 mg/ kg) for six weeks.
Rats not treated with testosterone, received the equal
volume of DMSO vehicle.

Creating diabetes model

Type 1 diabetes model was created by
intraperitoneal injection 50 mg/kg of streptozotocin
(Sigma, St. Louis, Missouri, USA) in 0.05 M citrate
buffer (17). To confirm diabetes, After 72 hours, blood
glucose levels was assessed by glucometer and rats
with blood glucose levels 2300 mg/dL (16.67 mmol/L)
were considered to have diabetes (17). It should be
noted that surgery was initially performed, then seven
days after, diabetes was induced.

Voluntary exercise

In this study, rats in Dia-E and Dia-Cas-E
groups had free access to vertical running the wheel that
attached to their cages for 6 weeks. Running distance
was monitored daily. Animals with a runed distance
<2000 m/day would go out from study.

On the last day of study, Heart tissue was
excised and blood samples were collected. Then, left
heart samples were homogenized and antioxidant
activities levels measured in 1.15% KCI solution. The
results substance were centrifuged for 1 min at the
speed of 1000 rpm at 4°C. The tissue homogenate was
then stored at -20°C for Glutathione peroxidase (GPx),
superoxide dismutase (SOD) and catalase (CAT)
activities and malondialdehyde (MDA) measurements
(16).

Determination of Antioxidant Enzymes

Superoxide dismutase (SOD) activity was
determined by a RANSOD kit (Randox Crumlin,
UK) according to Delmas-Beauvieux et al. (18). This
method uses xanthine and xanthine oxidase to generate
superoxideradicals whichreact with 2-(4-iodophenyl)-3
(4-nitrophenol)-5-phenyl tetrazolium chloride (ITN)
to form a red formazan dye which was evaluated at
505 nm by a spectrophotometer (Pharmacia Biotech;
England) and the levels of inhibition of this reaction
considered to be SOD activity and evaluated by using
associated formulation and SOD levels was calculated
comparing to the standard curve and was showed as U/
mg protein. Glutathione peroxidase (GPX) activity was
evalutad according to the method described by Paglia
and Valentine with a RANSEL kit (Randox Crumlin,
UK) (19).
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Malondialdehyde, Catalase Measurement

Thiobarbituric acid reactive substances
(TBARSs) in homogenates was used for evaluation
Malondialdehyde (MDA) levels (20). Catalase activity,
was assessed by Aebi method (21). The principle of
measurement is breakdown of H,O, in 240 nm at 25°C.
The supernatant obtained by myocardial homogenate
were mixed to 0.002% Triton X-100, 0.1 mM EDTA,
0.5 M potassium phosphate buffer, and 15 mM
H202 in 1 mL final volume at pH 7.0. Activity was
considered within the initial 15s breakdown levels.
The first absorbance was confirmed at 240 nm by a
spectrophotometer. Then, it mixed and the absorbance
records again (A240 at t = 15) and levels of was
considered as nM H,O, consumed/min/mg of tissue
protein.

Statistical analysis

Results are expressed as means + S.E.M.
Statistical analysis was performed using SPSS 17 (SPSS/
PC-17, SPSS Inc., USA). The statistical differences
between the groups were tested by conducting one or
two-way ANOVA and also Tukey’s test was used to
compare quantitative data. Statistical significance was
defined as p<0.05.

RESULTS

Effects of testosterone and voluntary exercise
on lipid peroxidation in heart tissue and blood samples

Figure la and Ic shows that, 6 weeks of
testosterone treatment or exercise performance,
meaningfully (p<0.01) reduced the level of MDA
in the heart and blood samples in Dia-T and Dia-E
groups compared to the Dia group. Also, a significant
difference can be seen in the level of MDA of Dia-
E-T group compared to the Dia-Tes in the heart tissue
(p<0.05) and blood samples (p<0.001). Also, 6 weeks
treatment of Dia group with both interventions had a
noticeable reducing effect on MDA levels in blood
(p<0.001) and heart tissue (p<0.05) compared to each
Dia -T or Dia -E groups.

Figure 1b and 1d shows that castration
significantly increased level of MDA in the heart tissue
(p<0.05) and blood samples (p<0.01) in the diabetic
castration groups relative to Dia group. After 6 weeks
of treatment with testosterone, we saw significant
setback of MDA levels in heart tissue (p<0.01) and
blood samples (p<0.01) in Dia-Cas-T group comparing
with Dia-Cas group. One-way ANOVA showed
that the MDA levels was significantly lower in the

Testosterone and exercise decrease oxidative stress in rats

diabetes-castration-exercise group in the heart tissue
(p<0.01) and blood samples (p<0.001) compared to
the Dia-Cas group. Treatment of the Dia-Cas group
with both interventions at the same time significantly
(p<0.001) decreased the MDA levels in the heart and
blood compared to the Dia-Cas-T and Dia-Cas-E (Fig.
1b, d).

Effects of testosterone and voluntary exercise
on antioxidant enzymes in heart tissue and blood
samples

SOD

Each one of testosterone or exercise in the
groups with diabetes markedly (p<0.05) improved SOD
activity in blood samples relative to Dia group (Fig.
2a). Also, treatment with both interventions at the same
time, in Dia group had a markedly effect (p<0.01) on the
SOD protein levels in blood samples compared to the
Dia-T and Dia-E. Gonadectomy markedly (p<0.001)
diminished SOD activity in blood samples compared
to the Dia group. Also, testosterone therapy of Dia-Cas
groups (p<0.01) or exercise (p<0.001) significantly
improved SOD protein levels in blood samples when
compared to the Dia-Cas. Treatment with testosterone
and exercise at the same time in diabetic castreated rats
had a marked (p<0.05) addictive result on SOD activity
in blood samples compared to the Dia-Cas-T or Dia-
Cas-E groups (Fig. 2b).

After 6 weeks of testosterone (p<0.01)
treatment or exercise (p<0.001) in the groups with
diabetes markedly increased SOD protein levels in
heart relative to the Dia group. Also, combination
therapy with both interventions in Dia group resulted
a marked effect (p<0.01) on the SOD protein levels
in heart tissue compared to the Dia- T and Dia- E
(Fig. 2c). Castration significantly (p<0.05) decreased
SOD protein levels in heart tissue compared to the
Dia group (Fig. 2d). The one-way ANOVA showed
that, treatment of Dia-Cas groups with testosterone or
exercise significantly (p<0.01) increased SOD protein
levels in heart tissue compared to the Dia-Cas in heat
tissue. Also, the Dia-Cas-T-E group had significantly
(p<0.001) higher SOD activity in heart tissue relative
to the Dia-T and Dia-E groups.

CAT

CAT protein levels in blood samples
significantly enhanced in diabetic-testosterone
(p<0.05) and diabetic-exercise (p<0.01) groups versus
Dia group. Also, testosterone and exercise treatment
at the same time in Dia group had a significant effect
(p<0.01) on the CAT protein levels in blood samples
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Figure 1. a) Effect of 6 weeks testosterone and exercise treatment, alone or together, on MDA levels in the blood of rats with diabetes b) Effect of
6 weeks testosterone and exercise treatment, alone or together, on MDA levels in the blood of castrated rats with diabetes. c) Effect of 6 weeks
testosterone and exercise treatment, alone or together, on MDA levels in the heart tissue of rats with diabetes d) Effect of 6 weeks testosterone
and exercise treatment, alone or together, on MDA levels in the heart tissue of castrated rats with diabetes. Data are expressed as meant SEM
for 7 animals. *p<0.05, **p<0.01, *** p<0.001 vs the Dia group. & p<0.05, &&& p<0.001 vs the Dia-T group. @ p<0.05, @@ @ p<0.001 vs the
Dia-E group. ++ p<0.01, +++ p<0.001 vs the Dia-Cas group. AAA p<0.001 vs the Dia-Cas-E group. A A A p<0.001 vs the Dia-Cas-T group.

compared to the Dia-T and Dia-E (Fig. 3a).

Gonadectomy markedly (p<0.01) diminished
CAT activity in blood samples compared to the
Dia group. Also, testosterone (p<0.01) or exercise
(p<0.001) meaningfully improved CAT activity in
blood samples when compared to the Dia-Cas. Apply
simultaneously both interventions on diabetic castrated
rats had a marked increasing effect (p<0.01) on CAT
protein levels compared to the Dia-Cas-T or Dia-Cas-E
groups (Fig. 3b).

After 6 weeks of testosterone treatment (p<0.01)
or exercise (p<0.001) in the groups with diabetes
markedly increased CAT activity in heart comparative
to the Dia group. Also, combined testosterone and
exercise had a marked effect on the CAT activity in
heart of Dia group compared to the Dia-T (p<0.01) and
Dia- E (p<0.001) (Fig. 3c). Gonadectomy meaningfully
(p<0.01) reduced CAT activity in heart tissue compared
to the Dia group. The two-way ANOVA showed that,
treatment of Dia-Cas groups with testosterone or
exercise markedly (p<0.001) improved CAT activity in
heart tissue compared to the Dia-Cas. Also, the Dia-
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Cas-T-E group had significantly (p<0.01) higher CAT
activity in heart tissue relative to the Dia-T and Dia-E
groups (Fig. 3d).

GPX

After 6 weeks testosterone (p<0.05) or exercise
(p<0.01) in the groups with diabetes significantly
improved GPX protein levels in blood samples
compared to Dia group. Also, apply both intervention
on Dia group resulted in a marked effect (p<0.01) on the
GPX activity in blood samples compared to the Dia-T
and Dia-E (Fig. 4a). Gonadectomy markedly (p<0.01)
declined GPX activity in blood samples compared to
the Dia group. Also, testosterone therapy of Dia-Cas
(p<0.01) or exercise (p<0.001) meaningfully increased
GPX activity in blood samples compared to the Dia-Cas
(Fig. 4b). Intervention with testosterone and exercise
at the same time in diabetic castrated rats showed a
significant growing effect (p<0.01) on GPX protein
levels compared to the Dia-Cas-T or Dia-Cas-E groups.

After 6 weeks of exercise training in the group
with diabetes markedly (p<0.05) improved GPX
activity in heart tissue relative to the Dia group. Also,
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Figure 2. a) Effect of 6 weeks testosterone and exercise treatment, alone or together, on SOD protein levels in the blood of rats with
diabetes b) Effect of 6 weeks testosterone and exercise treatment, alone or together, on SOD protein levels in the blood of castrated rats
with diabetes. c)Effect of 6 weeks testosterone and exercise treatment, alone or together, on SOD protein levels in the heart tissue of rats
with diabetes d) Effect of 6 weeks testosterone and exercise treatment, alone or together, on SOD protein levels in the heart tissue of
castrated rats with diabetes. Data are expressed as meant SEM for 7 animals. *p<0.05, **p<0.01, *** p<0.001 vs the Dia group. & p<0.05,
&& p<0.01 vs the Dia-T group. @@ p<0.01 vs the Dia-E group. ++ p<0.01, +++ p<0.001 vs the Dia-Cas group. A p<0.05, AAA p<0.001 vs the

Dia-Cas-E group. A p<0.05, A A A p<0.001 vs the Dia-Cas-T group.

concurrently treatment with both interventions in Dia
group presented a marked effect (p<0.001) on the GPX
activity in heart tissue compared to the Dia- T and Dia-
E (Fig. 4c). Castration significantly (p<0.01) decreased
GPX protein levels in heart tissue compared to the Dia
group. The one -way ANOVA showed that, treatment
of Dia-Cas groups with testosterone or exercise
markedly (p<0.01) improved GPX activity in heart
tissue compared to the Dia-Cas. Also, the Dia-Cas-T-E
group had markedly (p<0. 01) higher GPX activity in
heart relative to the Dia-T and Dia-E groups (Fig. 4d).

DISCUSSION

Present study showed that oxidative stress
increases with castration in the diabetic rats, represented
by increased lipid peroxidation products (MDA) and
decreased antioxidant defenses (SOD,GPx,CAT).
Eight weeks after induction of diabetes, depletion of
endogenous testosterone in rats significantly reduced
SOD, GPx, and CAT and elevated MDA in the blood

and cardioyomyocites. Remarkably, testosterone
therapy with physiological dose inverted the decrease
of antioxidant defenses and enhanced lipid peroxidation
products due to gonadectomy. Furthermore, this study
presented that testosterone treatment of rats with
diabetes decreased the lipid peroxidation product
MDA and increased superoxide scavenger SOD, GPX,
CAT. Extensive study confirms that many of heart
complications are mediated by oxidative stress. Studies
have previously demonstrated the role of increased
oxidative stress and decreased antioxidant capacity in
diabetic heart (22-24). Testosterone exerts a variety of
anabolic effects on many organs (25, 26). It is confirmed
that cardiac tissue in all mammalian has many androgen
receptors (AR) that characterized the bold physiological
effects of androgens on cardiac tissue (9). Newly, a
research has uncovered that diabetic male rats have
decreased testosterone levels than normal rats (27).
According to other studies, lower free testosterone levels
diabetic man, has been proven (28). Few studies have
been conducted about the antioxidant effect of exogenous

5



MASTER SET

Please return to publisher
with your corrections

35

25

20 *
15

Blood CAT [K/gHg)

Dia Dia-T

25

1.5

*k

Heart CAT {K/mgpr])

|

Dia Dia-T

Dia-T-E

o

Heart CAT (K/mgpr)

L. Chodari et al.

h *kk
40
x> 35 s
m 30 ey
Sy
2 . -
=
g 2 +
'g 15
2 10 Ed
= e
5 =
e
0 e
Dia Dia-Cas  Dia-Cas-T Dia-Cas-E Dia-Cas-T-E
L]
1.4
EE 2 2
1.2 ++
'S
1 =
. %
0.8
+ %%
e
0.6 Lo
7]
7]
2]
o4 %
*k 204
7]
0.2 ”:
e [
o T,
Dia Dia-Cas Dia-Cas-T Dia-Cas-E Dia-Cas-T-E

Figure 3. a) Effect of 6 weeks testosterone and exercise treatment, alone or together, on CAT protein levels in the blood of rats with
diabetes b) Effect of 6 weeks testosterone and exercise treatment, alone or together, on CAT protein levels in the blood of castrated rats
with diabetes. c)Effect of 6 weeks testosterone and exercise treatment, alone or together, on CAT protein levels in the heart tissue of rats
with diabetes d) Effect of 6 weeks testosterone and exercise treatment, alone or together, on CAT protein levels in the heart tissue of
castrated rats with diabetes. Data are expressed as meant SEM for 7 animals. *p<0.05, **p<0.01, *** p<0.001 vs the Dia group. & p<0.05,
&& p<0.01 vs the Dia-T group. @@ @ p<0.001 vs the Dia-E group. ++ p<0.01, +++ p<0.001 vs the Dia-Cas group. A p<0.05, AA p<0.01 vs

the Dia-Cas-E group. A A p<0.01 vs the Dia-Cas-T group.

testosterone on the cardiac tissue, and inconsistent data
observed in different tissues. It can be assumed that the
inconsistent reports are related to variety of experimental
model used (29, 30). Nordeen et al., and Kujawa et al.,
in two independent studies showed that testosterone has
protective effect on the recovery of motoneurons (31, 32),
while Ahlbom et al., defined that testosterone protected
cerebellar granular cells from incresed oxidative stress
condition via a receptor-mediated mechanism (29).
Gonadectomy studies indicated that testosterone can
be a protector against oxidative injury in rats, and this
claim is confirmed by neuroprotective effect of other
androgens (33, 34). Marin et al. found that testosterone
treatment had not any effect on SOD and GPX levels
(35). Cardiovascular risk factor as attitude by modest
intensity exercise, it is recommended for patients that are
suffering from diabetes (36).

The present study also showed that exercise
elevated antioxidant enzyme (SOD, CAT, GPx)
activities and declined levels of MAD in the blood
and cardiomyocytes in trained groups compared
with sedentary groups. In line with previous studies,

6

our outcomes showed that exercise rises activities of
antioxidant enzymes and shows a protective effects
against oxidative damage in almost all tissues (37).
Contrarely, Judge et al. presents that voluntary exercise
decreases MnSOD activity and has no significant effect
on enzymes measured (GPX, CAT) in heart. Moreover,
SOD, GPX, or CAT activities don’t change in heart
by voluntary exercise. Also, MDA levels had not any
significant change after 78 weeks exercise in rat (38).
This contradiction may be due to differences age at
the time of death and duration of exercise. However,
exercise can exert different bioactivities on diabetic
heart but exactly their mechanisms of action are
unknown. Several possible mechanisms can mediated
the role of exercise in oxidative stress shown by us.
The molecular mechanisms of the increasing
results of exercise on SOD, GPX and CAT enzyme
activities are perhaps strictly linked to increase in
phosphorylation and activation of Nrf-2 (nuclear factor
erythroid 2-related factor 2, an emerging regulator of
cellular resistance to oxidants) (39). So, Activated Nrf-
2 binds to the antioxidant response elements (ARE)
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Figure 4. a) Effect of 6 weeks testosterone and exercise treatment, alone or together, on GPX protein levels in the blood of rats with
diabetes b) Effect of 6 weeks testosterone and exercise treatment, alone or together, on GPX protein levels in the blood of castrated rats
with diabetes. c) Effect of 6 weeks testosterone and exercise treatment, alone or together, on GPX protein levels in the heart tissue of
rats with diabetes d) Effect of 6 weeks testosterone and exercise treatment, alone or together, on GPX protein levels in the heart tissue of
castrated rats with diabetes. Data are expressed as meant SEM for 7 animals. *p<0.05, **p<0.01, *** p<0.001 vs the Dia group. & p<0.05,
&& p<0.01 vs the Dia-T group. @@ p<0. 01, @@ @ p<0. 001 vs the Dia-E group. ++ p<0.01, +++ p<0.001 vs the Dia-Cas group. AAp<0. 01

vs the Dia-Cas-E group. A A p<0.01 vs the Dia-Cas-T group.

to activate gene transcription (40). Interestingly, each
testosterone and exercise increased SIRT1 (silent
mating type information regulation 2 homolog) activity
that can moderate the cellular stress response directly.
Also it improved antioxidants capacity and arrest of cell
cycle for helping DNA repair related to oxidative stress
(41, 42). It has been suggested that increased activity
of NO can be induced by testosterone and exercise (42,
43). In addition, according to this study, treatment of
animals with testosterone and exercise at the same time
had a synergistic increasing effect on SOD, GPX and
CAT activities and a synergistic decreasing effect on
MAD levels. In this study, testosterone and exercise
elicited protective role against oxidative stress, as
it seems that testosterone and exercise reinforce
each other’s effects mutually. Fry and Lohnes study
demonstrated that exercise thought unknown pathway
increases performance of testosterone. As, this claim
partially can been confirmed by the large muscle mass
of sportsman who take testosterone(44). It is also
described that, men with testosterone supplementation
and exercise program have structural or biochemical

changes in cardiac tissue that develops more efficient
(45).

Study limitation

We did not measure other factors involving
oxidative stress and we refer to previous studies.

In conclusion, this study, confirm the
hypothesis that increased oxidative stress in diabetes
condition can be due to testosterone deficiency.
Probably, heart malfunction in diabetes condition
mediated by testosterone deficiency through the
induction of oxidative stress. The present study also
revealed that each exercise training and testosterone
therapy improve diabetes-related increased oxidative
stress. Also, according to our results combination
of both of these interventions plays a have a more
powerful effect on decrease of oxidative stress.
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