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Abstract

Diabetes is a common metabolic disease that increases the risk of cardiovascular disease. It seems that the reduction of oxida-
tive stress or increasing antioxidant levels improves diabetic cardiomyopathy. Antioxidant effects of immunomodulatory drug
(1MOD™) and also beneficial influences of exercise on diabetic complications have been shown. The present study examined the
effects of IMOD™ and exercise on cardiac oxidative stress and antioxidants in diabetes. For this purpose, 64 rats were divided into 8
groups: control (C), exercise (E), IMOD™ (20 mg/kg) (1), exercise plus IMOD™ (E +1), diabetes (D), diabetic rats treated with exercise
(D + E), diabetic rats treated with IMOD™ (D + 1), and diabetic rats treated with exercise plus IMOD™ (D + E + I). Treatments with
exercise andjor IMOD™ were performed for 8 weeks. Type 1 diabetes was induced by intraperitoneal injection of 60 mg/kg strep-
tozotocin. After the treatment period, all rats were anesthetized, and blood and heart samples were gathered for measurement of
malondialdehyde (MDA) as an oxidative stress marker, lactate dehydrogenase (LDH) as a cardiac injury marker, total antioxidant
capacity (TAC), and superoxide dismutase (SOD) as well as glutathione peroxidase (GPx) as antioxidant enzymes. The present study,
for the first time, showed that IMOD™ alone or in combination with exercise had positive effects on alleviating hyperglycemia, MDA,
and LDH along with elevation of antioxidant enzymes activities in type 1 diabetic rats.
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1. Background

Diabetes is the most common metabolic disease,
which characterized by hyperglycemia. Type 1 diabetes is
associated with the destruction of insulin-producing pan-
creatic B-cells (1). Diabetes, with complex and not fully un-
derstood pathophysiology, increases the risk of cardiovas-
cular complications at least 10-fold (2, 3). Diabetes-induced
impairments in cardiac function and structure are termed
as diabetic cardiomyopathy (DCM) (4, 5). There are sev-
eral hypotheses about the pathophysiology of diabetes-
induced cardiomyopathy. Among them, the role of ox-
idative stress in DCM is a more experimentally supported
mechanism (6). In diabetes, an increase in free radical gen-
eration along with a reduction in free radical elimination
results in oxidative stress and promotes production of mal-
ondialdehyde (MDA), a product of lipid peroxidation, as an
oxidative parameter (6-8). Considering the crucial role of
oxidative stress in DCM, it seems that approaches for re-
duction of reactive oxygen species (ROS) or elevation of an-

tioxidant defense mechanisms in the myocardium can im-
prove cardiac function in diabetes (9). In this regard, the
beneficial effects of antioxidants on complications of dia-
betes have been suggested (6). IMOD™ is a selenium-based
mixture from Rosa canina, Urtica dioica, Tanacetum vulgare
extracts, as well as selenium and urea. This herbal com-
pound is used as an antioxidant and anti-inflammatory as
well as an immunomodulatory agent (10-12).

It has been shown that physical activity has beneficial
influences on diabetic complications, which is partly de-
rived from its antioxidant properties (13, 14). As suggested
previously, exercise reduces the cardiovascular risk factors
in obese as well as diabetic patients (15, 16). Positive ef-
fects of exercise on systemic oxidative stress and reduction
of cardiac oxidative stress in diabetes have been demon-
strated by human and animal studies, respectively (13, 17,
18). For instance, Lee et al. (13) showed that regular exer-
cise improved coronary vascular function through the re-
duction of diabetes-induced oxidative stress and inflam-
mation.
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2. Objectives

Based on the main role of oxidative stress in DCM
and also antioxidant and anti-inflammatory properties of
IMOD™ and exercise training, the present study investi-
gated the effects of IMOD™ in combination with regular
exercise on oxidative stress-related cardiac consequences
of type 1diabetes in rats.

3. Methods

3.1. Experimental Animals and Diabetes Induction

In this study, 64 male Wistar rats (250 - 300 g) were
housed in standard conditions (at the temperature of 22 &
2°Cand12-hour darkness and light cycle) with free access to
food and water. All experimental protocols were directed
according to the regulations for the use and care of Labora-
tory Animals (1996, published by National Academy Press,
2101 Constitution Ave. NW, Washington, DC 20055, USA).

After the acclimatization period (1week), animals were
randomly divided into 8 groups (n = 8): control (C), treated
with exercise (E), treated with IMOD™ (1), treated with ex-
ercise and IMOD™ (E +1), diabetes (D), diabetic rats treated
with exercise (D + E), diabetic rats treated with IMOD™ (D
+ 1), and diabetic rats that were treated with exercise and
IMOD™ (D +E+1). Treatments with exercise and/or IMOD™
were performed for 8 weeks.

Type 1 diabetes was induced by intraperitoneal injec-
tion of 60 mg/kg streptozotocin (dissolved in a citrate
buffer) (19, 20). After 72 h of diabetes induction, initial
blood glucose levels were measured by a digital glucome-
ter (Gluco Sure, Star, Taiwan), and animals with blood glu-
cose levels higher than 300 mg/dL were classified as dia-
betic.

In exercise groups, running exercise was performed on
atreadmill (5 days/week, 60 min/day at 22 m/min, 0 degree
slope), at 10:00 AM, for 8 weeks. Moreover, rats in the non-
exercised group were placed on the treadmill for the same
duration. An effective dose of IMOD™ (Rose Pharmed co.,
Iran) (20 mg/kg) (11) was injected intraperitoneally, once a
day at 8:00 AM for 8 weeks, in IMOD™ treated groups.

3.2. Tissue Sampling and Preparation of Heart Homogenate

At the end of treatments, the animals were kept fasted
(overnight) for 12 h, and fasting blood glucose (final blood
glucose) was measured by a digital glucometer (Gluco
Sure, Star, Taiwan). Then, all rats were deeply anesthetized
by ketamine (60 mg/kg) and xylazine (10 mg/kg) (21), and
afterwards, blood samples were collected and stored at

deep freeze (-70°C). Moreover, heart samples were imme-
diately removed, frozen in liquid nitrogen, and stored at -
70°C for later measurements. The blood samples were cen-
trifuged (1000 rpm for 15 minutes at 4°C), and the serum
was collected and stored at -20°C for total antioxidant ca-
pacity (TAC) and MDA assays. The heart samples were ho-
mogenized in a KCl solution (1.15%) (Sigma-Aldrich, Stein-
heim, Germany) and centrifuged (1000 rpm for 1 min at
4°C)(22). Then, the supernatants were collected and stored
at -20°C for LDH, MDA, superoxide dismutase (SOD), and
glutathione peroxidase (GPx) measurements. Protein con-
tentin the serum and heart samples’ homogenates was es-
timated by the Bradford technique (23).

3.3. Measurement of Oxidative Stress

Levels of LDH, as a cardiac injury marker, were mea-
sured in supernatants obtained from the heart samples
spectrophotometrically by an automatic biochemistry an-
alyzer using a commercially available kit according to
manufacturer protocol.

Furthermore, MDA was assayed, as a lipid peroxida-
tion indicator, by measuring thiobarbituric acid-reactive
substances (TBARS) in the serum and the supernatant ob-
tained from the heart samples. In brief, all samples were
mixed with 10% trichloroacetic acid (1 mL) and 0.67% thio-
barbituric acid (1 mL) and heated in boiling water (for 15
min), and N-butanol (2:1, viv) was added to this solution. Af-
ter centrifugation, TBARS were determined by absorbance
at 532 nm through a spectrophotometer (24).

3.4. Measurement of Enzymatic Antioxidants Activities

The activity of SOD in the supernatant obtained from
the heart was assayed through RANSOD kit (Randox
labs. Crumlin, UK), as previously described by Delmas-
Beauvieux et al. (25)at 505 nm through a spectrophotome-
ter. This method uses a xanthine-xanthine oxidase system
as a superoxide radical generator which reacts with 2 (4
iodophenyl) 3 (4 nitrophenol) 5 phenyl tetrazolium chlo-
ride (ITN) to generate a red formazan dye. Substrate con-
centrations were 0.025 mmol/l for ITN and 0.05 mmol/L for
xanthine. The SOD activity was assayed through the rate of
inhibition of this reaction. Then, the activity of this antiox-
idant enzyme was calculated and expressed as ng/mg pro-
tein in tissue, as previously described (22).

The activity of GPx in the supernatant obtained from
the heart tissue was measured by a RANSEL kit (Randox
Crumlin, UK) as previously described by Paglia and Valen-
tine (26) at 340 nm by a spectrophotometer. This enzy-
maticactivity was determined through measuring the rate
of oxidized glutathione formation, which is generated by
the reduction of organic peroxide ((26, 27), and was ex-
pressed as U/mg protein in the tissue.
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Measurement of TAC in supernatant from heart tissue
homogenate was performed using a Randox commercial
kit according to the manufacturer’s protocol (28). Then, fi-
nal absorbance was detected at 600 nm by a spectropho-
tometer.

3.5. Statistical Analysis

In the present study, results are expressed as mean
=+ SEM. The one-way ANOVA, followed by Tukey’s post-hoc
test, was used for comparing data between experimental
groups, and P < 0.05 was considered statistically signifi-
cant. Graphs were created using GraphPad Prism 7 (Graph-
Pad Software, Inc., La Jolla, CA, USA) software.

4. Results

4.1. Effects of Exercise and IMOD™ on Blood Glucose Level

As shown in Table 1, the initial blood glucose (after 72 h
of diabetes induction) and final blood glucose levels were
significantly (P < 0.05) increased in the D group compared
with the C group. On the contrary, IMOD™, in combina-
tion with exercise or either of them alone significantly (P <
0.05), reduced the final blood glucose in D + E, D +1,and D
+E +1groups compared with D group.

Table 1. Blood Glucose Levels in Experimental Groups®

Groups
Variables
Initial Blood Glucose, Final Blood Glucose,
mg/dL mg/dL
C 95.12 £ 2.68 98.87 £ 6.77
E 94.87 £ 311 96.12 £ 5.65
I 9537 £ 5.22 88.87 1+ 8.21
E+] 103.2 £3.04 94.75 £ 5.01
D 447.83 +28.98° 51550 = 39.38°
D+E 501.83 % 11.58° 385.67 4 30.51>
D+1 498.88 +1837 3791+ 22.66™ ¢
D+E+I 453.88 + 22.92° 34250 +27.8> ¢

Abbreviations: C, control; E, exercise; I, IMODTM; E +1, exercise and IMODTM; D,
diabetes; D + E, diabetic + exercise; D +1, diabetic + IMOD™; D + E + 1, diabetic +
exercise + IMOD™.

#Values are expressed as mean =+ SEM.

bp< 0.05 versus C.

“P< 0.05 versus D.

4.2, Effects of Exercise and IMOD™ on MDA and LDH

As shown in Figure 1A, serum MDA levels were un-
changed in D compared with the C group. However,
IMOD™ significantly (P < 0.001) decreased this variable in
D +Icompared with the D and C groups. In analyzing heart
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tissue data, results showed a significant (P < 0.001) eleva-
tion of MDA in the D (3.16 £ 0.19) group compared with the
C (2.6 % 0.12) group (Figure 1B). Moreover, IMOD™ and ex-
ercise significantly (P < 0.001) decreased cardiac levels of
this variable in D+E (1.9 + 0.07), D+1(2 + 0.04),and D +E
+1(1.84 = 0.04) groups compared with the D group (Figure
1B).

Regarding cardiac levels of LDH, results showed that
diabetes significantly (P < 0.001) increased LDH levels in
D (10.32 &= 0.2) compared with the C (7.36 £ 0.05) group
(Figure 1C). However, IMOD™ in combination with exercise
or either of them alone significantly (P < 0.001) reduced
LDH levels in D + E (8.56 &£ 0.15), D + I (8.02 = 0.05), and
D+ E +1(7.54 & 0.19) groups compared with the D group.
Treatment of healthy rats with exercise alone or in combi-
nation with IMOD™ significantly (P< 0.001) increased car-
diac LDH levels (Figure 1C).

4.3. Effects of Exercise and IMOD™ on Antioxidant Enzymes and
TAC

The current study showed a non-significant decrease in
GPx activity in the hearts of rats in D compared with the C
group (Figure 2A). Moreover, a significant elevation in GPx
activity was found in D+E (2.96 £ 0.1) (P < 0.001)and D+E
+1(2.56 £ 0.12) (P < 0.05) groups compared with the D (2.1
=+ 0.07) group (Figure 2A). As shown in Figure 2B, SOD ac-
tivity was significantly (P < 0.05) decreased with diabetes
induction in D (2.46 £ 0.05) compared with the C (3.38 £+
0.08) group. On the contrary, IMOD™ and exercise signif-
icantly (P < 0.001) increased SOD activity in the heart of D
+E(4.74 £0.26),D+1(5.5+ 0.3),and D+ E+1(4.18 + 0.24)
groups compared with the D (2.46 &+ 0.05) group (Figure
2B).

Regarding serum levels of TAC, diabetes significantly
(P < 0.001) decreased serum levels of TAC in D compared
with the C group. However, exercise alone or in combina-
tion with IMOD™ significantly increased these levels in D
+E(P< 0.01)and D+ E+1(P < 0.05) compared with the D
group (Figure 3).

5. Discussion

The present study for the first time showed that oral ad-
ministration of IMOD™ alone or in combination with exer-
cise had favorable impacts on alleviating diabetes-induced
hyperglycemia as well as systemic and cardiac oxidative
stress in type 1 diabetic rats.

This study showed that IMOD™, in combination with
exercise or either of them alone, reduced diabetic hy-
perglycemia. Consistent with these findings, exercise-
mediated improvement in hyperglycemia has been shown
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Figure 1. Effects of exercise and IMOD™ on serum (A) and cardiac (B) MDA and cardiac LDH (C) levels. Data are expressed as mean == SEM. ***, P< 0.001versus C; ###, P < 0.001

versus D.

by several previous studies (29-31). However, a previous
study suggested that the treatment of type 1diabetic mice
with IMOD™ (for 21days) had no significant effect on blood
glucose levels (32). It seems that the long period (8 weeks)
of IMOD™ administration in this study is responsible for
its blood glucose-lowering effect.

Furthermore, the role of hyperglycemia in the produc-
tion of oxidative stress has been documented. Oxidative
stress plays a principal role in the pathogenesis of vascu-
lar diabetic complications (33, 34). In this condition, oxida-
tive stress is caused by an imbalance between the produc-
tion of the common oxidant (reactive oxygen and nitrogen
species)and the antioxidant defense system in favor of pro-
oxidants (34).

This study examined the effects of IMOD™ and exer-

cise on MDA and LDH levels to determine oxidative stress
and cardiac damage, respectively. It has been shown that
MDA is a primary marker for oxidative stress, and its ele-
vation in diabetes has a role in diabetic complication de-
velopment (35,36). Moreover, previous studies introduced
LDH as a cardiac tissue damage marker and also an early
predictor of heart damage (37). In the present study, di-
abetes led to the elevation of cardiac MDA and LDH lev-
els. However, IMOD™ alone or, in combination with ex-
ercise, reduced heart levels of these variables in diabetic
rats. Consistent with the present study, the beneficial ef-
fects of regular exercise on decreasing lipid peroxidation
and oxidative stress have been shown by some studies (18,
38, 39). Coskun et al. (38) suggested that regular exercise
exerted a protective effect against diabetes through the
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Figure 3. Effects of exercise and IMOD™ on cardiac TAC. Data are expressed as mean
=+ SEM. *, P < 0.05 versus C; ***, P < 0.001 versus C; **, P < 0.01 versus C; #, P < 0.05
versus D; ##, P< 0.01versus D.

preservation of pancreatic S-cells, reduction of lipid per-
oxidation, and also elevation of antioxidant enzyme activ-
ity. In agreement with the present study, Mohseni-Salehi-
Monfared et al. (32) reported that IMOD™ reduced oxida-
tive stress in the pancreas of streptozotocin (STZ) injected
diabetic mice. Moreover, a recent in vitro study showed
that IMOD™ reduced oxidative stress in erythrocytes (40).
Regarding the effect of exercise on healthy rats, in this
study, swimming exercise increased cardiac LDH levels. In
agreement with this study, a previous study indicated that
the treatment of rats with 4 hours of swimming exercise
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increased LDH activity in the plasma, which could result
from an escape of LDH from the liver, heart, skeletal mus-
cle, and possibly platelets and red cells (41).

In the present study, diabetes decreased serum TAC lev-
els, and exercise alone or in combination with IMOD™
increased these levels in diabetic rats. However, IMOD™
could not affect this variable. Moreover, this study showed
the reduction of SOD activity in diabetic rats, which was
reversed by IMOD™ in combination with exercise or ei-
ther alone. Furthermore, our findings suggested the role
of exercise alone or in combination with IMOD™ in el-
evation of GPx activity. However, IMOD™ could not af-
fect cardiac GPx activity in diabetic rats. In line with this
study, Ghattas et al. (42) showed that activities of antioxi-
dant enzymes decreased in diabetes. It has been reviewed
that regular physical exercise, as a therapeutic and pre-
ventive strategy for diabetes, improved the antioxidant de-
fense system (39). Other study showed antioxidative prop-
erties of exercise training in chronic heart failure through
increasing antioxidant enzyme activities (43). Regarding
the beneficial effects of IMOD™, antioxidant properties of
IMOD™ were shown by some studies (12, 44). Rezvanfar
et al. (12) reported that IMOD™ significantly decreased
oxidative stress, and also increased antioxidant potential
through the elevation of serum and ovary SOD and GPx ac-
tivities in a rat model of polycystic ovary. Larijani etal. (44)
reported that IMOD™ atlow doses exerted antioxidative ef-
fects as well as increased insulin secretion and cell viability
in isolated rat pancreatic islets. In addition, antioxidant,
anti-inflammatory, and immunomodulatory properties of
IMOD™ have been confirmed by another previous study in
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arat model of immunologic colitis (11). Therefore, regular
supplementation of IMOD™ in combination with exercise
training may protect type 1 diabetic rats against diabetes-
induced heart injury through their hypoglycemic and an-
tioxidant properties. Moreover, in this study, the benefi-
cial effect of exercise on diabetic-induced impairment in
antioxidant defense system is stronger than IMOD™,

5.1. Conclusions

In summary, it seems that IMOD™, in combination
with exercise, decreases systemic and cardiac oxidative
stress markers and also improves the cardiac antioxidant
defense system, which leads to alleviating cardiac LDH lev-
els as a cardiac injury marker in diabetic rats.
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