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Abstract

Background and aims: The purpose of this study was to investigate the effect of 8-weeks of high-intensity interval exercise with
L-cysteine (LC) consumption on interleukin (IL)-13 and hydrogen peroxide of the heart tissue in young rats with type 2 diabetes (T2D).
Methods: The statistical population of the present study consisted of young (4-month) rats with T2D. Ten rats were selected as a
healthy group. Forty rats became diabetic. Diabetic rats were randomly divided into diabetes control, diabetics with exercise,
diabetics with supplements, and diabetics with exercise and supplements. High-intensity interval exercises were performed 3 days

a week for 8 weeks, and 500 pmol of LC were injected daily.

Results: The healthy control group had lower IL-13 than the control group (P=0.001). There was no significant difference in IL-13
between other groups. Based on the results, the diabetes control group had a higher H,O, value than the healthy control group
(P=0.001). A significant difference was found between the exercise group+LC consumption compared to the diabetes control
group, and the H,O, levels in this group were less than the diabetic control group (P=0.001). The exercise (P=0.015) and LC
(P=0.001) groups had a lower H,O, value than the diabetes control group. Eventually, the interval exercise group+LC was also

lower than the periodic exercise group (P=0.02).

Conclusion: High-intensity interval training, along with the use of LC, reduced hydrogen peroxide in the heart tissue, while it had

no significant impact on IL-13.
Keywords: Type 2 diabetes, IL-13, Oxidative stress, L-cysteine

Received: September 30, 2022, Accepted: November 19, 2022, ePublished: October 25, 2023

Introduction
Type 2 diabetes (T2D) is currently one of the most
common diseases, and its patients are gradually increasing
(1). More than 50% of people with diabetes die due to
cardiovascular disease (mainly heart disease and stroke),
and the only cause of kidney disease is the final stage
which requires dialysis or kidney transplantation. In this
regard, it has been shown that diabetes is associated with
increased oxidation pressure (2). The high concentration
of free radicals results in harmful processes that can
damage cellular structures due to oxidative stress (OS)
(3). OS is also highly involved in insulin resistance caused
by chronic hyperglycemia (4). Chronic hyperglycemia
has been reported as a major factor in the development of
microvascular complications in T2D. Also, hyperglycemia
has been shown to be responsible for DNA damage,
damage to lipids and proteins, and oxidative stress.(4).
In addition, the spread of inflammatory intermediaries is
due to the high concentration of glucose and OS (5).
Chronic inflammation and OS are involved in the
pathophysiology of diabetes. Inflammation and OS in
physiological and disease states are integrated separately
(5). Chronic inflammation causes its cellular side effects

mainly through the continuous production of free radicals
and reduced antioxidants (6). Experimental evidence in
mice has demonstrated that interleukin (IL)-13 may
also participate in systemic inflaimmation and insulin
resistance (7). In this regard, exogenous IL-13 has been
reported to improve insulin sensitivity while decreasing
tumor necrosis factor-alpha (TNF-a) and macrophages
in the adipose tissue of epididymal C57BL/6] mice fed
a high-fat diet (8). Interestingly, IL-13 is also associated
with improving insulin secretion. In this respect, Darkhal
et al found that excessive expression of the IL-13 gene
corresponds to an increased level of insulin in mice (9).

It seems that using proper dietary supplements and
exercise can be effective in reducing the complications
of diabetes. Cysteine is an amino acid with the formula
(Schach (NH,) Coh), which is produced in the human
body by the oxidation of two cysteine molecules that
form a disulfide bond (10). L-cysteine (LC) is a cellular
glutathione precursor that plays a key role in detoxifying
cellular OS (20). LC supplements can improve blood sugar
or vascular inflammation in normal or diabetic models
(11). Diabetic patients have lower blood levels of LC and
H2S, as well as altered cysteine homeostasis (12). Other
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studies have also represented that LC supplements reduce
OS markers in T2D patients and normal individuals (13).
The results have also revealed that feeding with LC and
NA2S reduces nuclear factor-«xB phosphorylation and the
secretion of TNF-a, monocyte chemoattractant protein-1,
IL-8, IL-1p, and IP-10 (14).

On the other hand, lifestyle and environmental factors
have been reported as the main causes of a sharp increase
in the incidence of T2D (15). Cross-sectional, futuristic,
and retainer studies have found a significant relationship
between physical inactivity and T2D (16). During a long
session of physical activity, skeletal muscle contraction
increases glucose absorption in cells. This effect increases
blood flow to the muscle and increases the transfer of
glucose into muscle cells (15). Unlike intense short-term
exercise, chronic and long-term exercise has the effects
of reducing inflammation and OS (16). However, little
research has been performed on the effects of exercise on
IL-13. Tucker et al indicated that practiced women had
significantly higher IL-13 expressions than low-income
women (17). Nabilpour and Sadeghi examined the effect
of eight weeks of medium-intensity aerobic continuous
exercise on the levels of IL-1 and IL-13 in the male
tissue of the diabetic model, but no significant change
was observed in IL-13 (18). On the effect of exercise
on oxidation in diabetic patients, Man et al concluded
that exercise reduces oxidation and improves vascular
function (19). A combination of exercise and supplements
with antioxidant and anti-inflammatory content such
as LC leads to better results in reducing inflammation
and oxidation, but no clear results have been provided
in this regard.

Moreover, interval training programs are superior to
improving metabolic parameters compared to continuous
exercise diets, or high-level improvements but less
exercise volume. In this regard, some researches have
shown that interval aerobic walking exercises compared
to continuous walking exercises have similar or better
effects for improving body composition, fitness and blood
glucose control in patients with type 2 diabetes.(20,21).
In addition, chronic and long-term exercise is effective
in reducing OS and inflammation (16). Therefore, the
present study sought to evaluate the effect of 8 weeks of
high-intensity interval training with LC consumption on
IL-13 and oxidation stress of young rats with T2D.

Materials and Methods

The statistical population of this experimental study was
composed of young (4-month) diabetes mice. Totally, 50
rats were purchased from one of the research centers and
then placed in laboratory conditions with free access to
water and food and 24:12 laboratory conditions (12:12).
Next, a number of diabetic rats became diabetic. A single
dose of streptozotocin (STZ) was used and given to diabetic
mice. Induction of diabetes was done intravenously with
a single dose of 50 mg/kg STZ, and blood sugar above 250
mg/kg, 1 week after injection, was considered induced
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diabetes. Subsequently, mice in the field were divided into
five groups, including healthy control, diabetes control,
diabetics with exercise, diabetics with supplements, and
diabetics with exercise and supplements. High-intensity
periodic exercises were performed 3 days a week.
Supplements were also injected into the rats. After all the
training and supplementation, the rats were anesthetized
and the heart was extracted 48 hours later.

Planning of correction and frequency

e  Health control (10 rats): In this grade, the halls were
not the same as all three of them in the form.

e Diabetes control (10 rats): This group became diabetic
with a diabetic peritoneum with a single dose of 50
mg/kg STZ .

e Diabetic with exercise (10 rats): This group became
diabetic intravenously with a single dose of 50 mg\kg
STZ, and then the interval exercise was performed on
the 5th day.

e Diabetic with supplements (10 rats): This group was
dissolved by a single dose of 50 mg/kg STZ and then,
1/5 tablet of L-cysteine (200 mg; Hexal; Germany 3)
was dissolved in 3 mL water and was administered
daily by gavage (500 umol).

e Diabetic with exercise and supplement (10 rats):
This group was on an intra-peritoneal diet with a
single dose of 50 mg/kg STZ and then participated
in interval exercise for 6 weeks, and 1/5 pills (200 mg;
Hexal; Germany (3 mL of water was dissolved and
500 micro mols were soluble daily.

Interval training protocol

The high-intensity interval training protocol included 10
bouts of 2-minute high-intensity running on a treadmill
with 90% of VO, with 60-second rest at a speed of 20
m/minute in the first week, and the speed was gradually
increased to 30 m/minute in the 8th week (no slope).
Warming and cooling down time was 5 minutes (22), the
details of which are provided in Table 1.

L-cysteine-consuming Protocol

For this purpose, 1.5 LC tablets (200 mg; Hexal; Germany)
were dissolved in 3 mL of water and a 500 uM daily given
soluble. The dose of LC- was proportional to the dose of
the human being and was calculated based on the formula
of human to animal (23).

Sampling was performed 48 hours after the last training
session and after a fasting night. To collect samples,
first, the mouse was anesthetized with a combination
of xylazine (10 mg/kg) and ketamine (100 mg/kg) into
intra-peritoneal injection. Then, the heart of the mice was
extracted, and after washing in the physiological serum, it
was immediately frozen in liquid nitrogen and maintained
for molecular cell tests in a freezer of -80 °C.

Enzyme-linked immunosorbent assaytesting method
The Level of IL-13 was assayed in the heart tissue lysate
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sample by the RayBio® Rat IL-13 ELISA Kit (Catalog #:
ELR-IL13-CL) The hydrogen peroxide review of the
Fluorimetric Hydrogen Peroxide Assay Kit was employed
for the MAK165 Catalog Number Sigma-Aldrich.

Statistical methods

In this study, the Kolmogorov-Smirnov test was applied to
evaluate the normal data distribution. One-way analysis
of variance (ANOVA) test and Bonferroni post hoc test
were also used to compare the inter-group and the two
groups, respectively. All reviews were performed using
SPSS 22 (SPSS Inc., Chicago) software at a significant level
of P<0.05.

Results

Table 2 presents data on body weight. Body weight
in the diabetes control group increased significantly
compared to the healthy group (P=0.02). Conversely,
there was a significant decrease in the exercise group
with supplements compared to the diabetes control group
(P=0.04). However, no significant change was observed
in body weight in the exercise (P=0.053) and supplement
(P=0.051) groups in comparison to the diabetes
control group.

The results of the ANOVA statistical test demonstrated
that there was a significant difference between the groupsin
terms of the amount of IL-13 in the heart tissue (P=0.001,
Table 2). The Bonferroni post hoc test also revealed that
the healthy control group had a significant amount of IL-
13 than the diabetic control group (P=0,001). Contrarily,
interval exercise (P=0.99) and LC (P=0.19) alone
and interval exercise+LC (P=0.089), compared to the
diabetes control group, had no significant effect on IL-13
heart tissue levels (Figure 1).

Based on ANOVA statistical test results, a significant
difference was found between the groups in terms of
H,0, (P=0.001, Table 1). The Bonferroni post hoc test
also showed that the diabetes control group had a higher
H,O, value than the healthy control group (P=0.001).
There was a significant difference between the exercise
group+LC consumption compared to the diabetes
control group, and the H,O, levels in this group were less
than the diabetic control group (P=0.001). The exercise
group (P=0.015) and the LC group (P=0.001) had a lower
H,0, value than the diabetes control group. The interval
exercise group+LC was also lower than the periodic
exercise group (P=0.02, Figure 2).

Discussion

Our results on hydrogen peroxide represented that
diabetes control groups have a higher H,O, value than the
healthy control group. Asmat et al (24) and Zhang et al
(25) also reported similar results. OS is believed to play
an important role in causing vascular complications in
diabetes, especially T2D (24). Increased reactive oxygen
species (ROS) levels in diabetes may be due to decreased
degrees or/and increased production by catalase

Table 1. HIIT protocol

Week Slope Speed Time
1 0 20 10
2 0 20 10
3 0 22 10
4 0 22 10
5 0 24 10
6 0 26 10
7 0 28 10
8 0 30 10

Note. HIIT: High-intensity interval training.

Table 2. Weight in All Group.

Groups Mean+SD
Health control 215+15
Diabetic control 273+12
Training 251+8
Supplement 244+8
Training +supplement 233+8

Note. SD: Standard deviation.
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antioxidants (CAT-enzymatic/non-enzyme), superoxide
dismutase (SOD), and glutathione peroxidase. Diversity
in the levels of these enzymes makes tissues susceptible
to OS, leading to diabetes complications (24). According
to epidemiological studies, diabetes-related mortality can
be significantly explained by increasing vascular diseases
other than hyperglycemia (24).

In this study, LC and interval exercise alone had a
significant impact on hydrogen peroxide in the heart
tissue of diabetics, and in interaction with each other,

174 Journal of Shahrekord University of Medical Sciences, Volume 25, Issue 4, 2023



it significantly reduced H,O,. Salman et al also found
that LC reduces oxidation pressure in T2D (26).
Dludla et al reported similar results in this regard (27).
LC, a glutathione precursor, can fill all the hybrid
thiols (cysteine, cysteine glycerin, glutathione, and
homocysteine), interact with ROS electrophiles, and
then increase total antioxidant capacity (28). Previous
studies indicated the potential N-acetylcysteine (NAC)
antioxidant, anti-inflammatory, and potential properties
in chronic obstructive pulmonary disease (COPD). Adding
NAC to COPD standard treatment has shown beneficial
effects on exacerbation, improved symptoms, and reduced
OS parameters (28). Some studies represented that NAC
increases manganese-SOD protein and mRNA without
altering the mRNA expression of other antioxidant
enzymes, including glutathione peroxidase 1, copper/
zinc-SOD, and extracellular SOD (28).

Our results in terms of the impact of exercise are in
line with the findings of Afrundeh et al (29) and Hafezi
et al (30). Increasing antioxidant enzyme activity due to
exercise, including SOD and CAT, is effective in reducing
oxidation pressure due to exercise (2,31). However, no
clear results have been reported on the effect of exercise
and LC. Interval exercise and consumption of LC appear
to be effective in reducing oxidation by increasing
antioxidant enzymes.

Moreover, research on IL-13 in the heart tissue
demonstrated that the diabetes control group had a
significant amount of IL-13 than the healthy control
group. Martinez et al also concluded that IL-13 levels
increased in people with insulin resistance but with low-
degree systemic inflammatory markers (7). The serum
levels of IL-13 in type 2 diabetic patients with coronary
artery disease decreased compared to healthy people
(32). In contrast, it was also found that obese patients
with insulin resistance have higher amounts of serum
IL-13 than the normal weight control group and reduce
the semester level of IL-13 after 1 year of surgery (33).
This contradiction can be attributed to the potential
role of IL-13 in the pathogenesis of insulin resistance,
affecting the liver, adipose tissue, skeletal muscles, and
beta-pancreatic cells. In this regard, a previous study on
mice showed that the deficiency of the IL-13 gene was
associated with reduced insulin receptor substrate-1 and
protein kinase B phosphorylation in the liver, adipose
tissue, and skeletal muscles, which is directly associated
with reduced insulin sensitivity in the above-mentioned
tissues (34).

The findings of another study revealed that the
expression of the IL-13 gene tends to increase in the free
ventricle wall of T2D patients with heart failure compared
to healthy donors (35). Interestingly, although the IL-13
gene tended to adjust positively, the production of alpha
1 IL-13 (IL-13Ral) subdivision (IL-13Ral) is significant
in the same heart muscle samples of T2D patients with
heart failure, which decreased according to Are insulin
resistant (35). To some extent, these results are in line with
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our findings and indicate the gradual loss of cell capacity
to respond to IL-13 in the insulin resistance scenario. Such
an “IL-13” resistance may partially explain the serum
level of IL-13 in several groups of patients with insulin
resistance, including our studied population.

Similarly, our results demonstrated that interval exercise
and the use of LC did not make a significant change in
IL-13. Nabilpour and Sadeghi also examined the effect
of eight weeks of medium-intensity aerobic continuous
exercises on the IL-1 and IL-13 levels of the male muscle
tissue of the diabetic model but reported no significant
change in IL-13 (18). IL-13 is a cytokine, which is
produced during type 2 immune responses, contributing
to safety and many other allergic inflammatory diseases.
It also induces specific effects on the immune system
and is capable of deactivating the type 1 T helper (TH1)
or an inflammatory macrophage response. IL-13 also
results in a negative adjustment of the production of
pro-inflammatory  monocyte/macrophage, including
active oxygen species and nitrogen intermediaries (19).
There are no clear results on the effect of LC alone or in
interacting with exercise on IL-13. However, it seems that
LC is effective in increasing IL-13 by reducing oxidation
and inflammatory cytokines. Considering that LC reduces
insulin resistance (36) and reduced insulin resistance
is effective in reducing oxidation, oxidation changes are
effective at IL-13 levels.

Conclusion

Based on the findings, high-intensity interval training,
along with the use of LC, reduced hydrogen peroxide
in the heart tissue. However, it had no significant
impact on IL-1.3.

Acknowledgments
This article is taken from an M.A. thesis in the field of Exercise
Physiology at Urmia University.

Authors’ Contribution

Conceptualization: Mana Davoudi.

Data curation: Mana Davoudi, Akbar Nouri Habashi.
Methodology: Mana Davoudi.

Project administration: Akbar Nouri Habashi.
Supervision: Akbar Nouri Habashi.

Writing-original draft: Mana Davoudi.
Writing—review & editing: Akbar Nouri Habashi.

Competing Interests
The authors have no conflict of interests.

Ethical Approval
This article has been approved by the Ethics Committee of Urmia
University with the code IR.URMIA. RES.1401.013.

Funding
This article was financially supported by Urmia University.

References

1. Sami W, Ansari T, Butt NS, Ab Hamid MR. Effect of diet on
type 2 diabetes mellitus: a review. Int ] Health Sci (Qassim).
2017;11(2):65-71.

2. Baghaiee B, Nakhostin-Roohi B, Siahkuhian M, Bolboli L.

Journal of Shahrekord University of Medical Sciences, Volume 25, Issue 4, 2023 175



Davoudi and Nouri Habashi

Effect of oxidative stress and exercise-induced adaptations. | 17.

Gorgan Univ Med Sci. 2015;17(2):1-15. [Persian].
3. Baghaiee B, BotelhoTeixeira AM, Tartibian B. Moderate aerobic
exercise increases SOD-2 gene expression and decreases

leptin and malondialdehyde in middle-aged men. Sci Sports. 18.

2016;31(3):e55-e63. doi: 10.1016/j.scispo.2015.12.003.
4. Oguntibeju OO. Type 2 diabetes mellitus, oxidative stress and
inflammation: examining the links. Int J Physiol Pathophysiol

Pharmacol. 2019;11(3):45-63. 19.

5. Burgos-Morén E, Abad-Jiménez Z, de Marandn AM,
lannantuoni F, Escribano-Lépez |, Lépez-Domenech S, et
al. Relationship between oxidative stress, ER stress, and

inflammation in type 2 diabetes: the battle continues. J Clin 20.

Med. 2019;8(9):1385. doi: 10.3390/jcm8091385.

6. Ushio-Fukai M, Ash D, Nagarkoti S, Belin de Chantemele
EJ, Fulton DJR, Fukai T. Interplay between reactive oxygen/
reactive nitrogen species and metabolism in vascular biology

and disease. Antioxid Redox Signal. 2021;34(16):1319-54. 21.

doi: 10.1089/ars.2020.8161.

7. Martinez-Reyes CP, Goémez-Arauz AY, Torres-Castro |,
Manjarrez-Reyna AN, Palomera LF, Olivos-Garcia A, et al.
Serum levels of interleukin-13 increase in subjects with insulin
resistance but do not correlate with markers of low-grade

systemic inflammation. ] Diabetes Res. 2018;2018:7209872. 22.

doi: 10.1155/2018/7209872.

8.  Tubau C, Puig L. Therapeutic targeting of the IL-13 pathway in
skin inflammation. Expert Rev Clin Immunol. 2021;17(1):15-
25. doi: 10.1080/1744666x.2020.1858802.

9. Darkhal P, Gao M, MaY, Liu D. Blocking high-fat diet-induced 23.

obesity, insulin resistance and fatty liver by overexpression of
1I-13 gene in mice. Int ] Obes (Lond). 2015;39(8):1292-9. doi:

10.1038/ij0.2015.52. 24.

10. Jariyamana N, Chuveera P, Dewi A, Leelapornpisid W,
Ittichaicharoen ], Chattipakorn S, et al. Effects of N-acetyl

cysteine on mitochondrial ROS, mitochondrial dynamics, and 25.

inflammation on lipopolysaccharide-treated human apical
papilla cells. Clin Oral Investig. 2021;25(6):3919-28. doi:

10.1007/500784-020-03721-7. 26.

11. Jain SK, Micinski D, Parsanathan R. L-cysteine stimulates
the effect of vitamin D on inhibition of oxidative stress,
IL-8, and MCP-1 secretion in high glucose treated
monocytes. ] Am Coll Nutr. 2021;40(4):327-32. doi:

10.1080/07315724.2020.1850371. 27.

12. Whiteman M, Gooding KM, Whatmore JL, Ball Cl, Mawson
D, Skinner K, et al. Adiposity is a major determinant of
plasma levels of the novel vasodilator hydrogen sulphide.
Diabetologia. 2010;53(8):1722-6. doi: 10.1007/s00125-010-

1761-5. 28.

13. Sekhar RV, McKay SV, Patel SG, Guthikonda AP, Reddy VT,
Balasubramanyam A, et al. Glutathione synthesis is diminished
in patients with uncontrolled diabetes and restored by dietary
supplementation with cysteine and glycine. Diabetes Care.

2011;34(1):162-7. doi: 10.2337/dc10-1006. 29.

14. David J, Muniroh M, Nandakumar A, Tsuji M, Koriyama C,
Yamamoto M. Inorganic mercury-induced MIP-2 expression is
suppressed by N-acetyl-L-cysteine in RAW264.7 macrophages.
Biomed Rep. 2020;12(2):39-45. doi: 10.3892/br.2019.1263.

15. Danaei G, Finucane MM, Lu Y, Singh GM, Cowan M], 30.

Paciorek CJ, et al. National, regional, and global trends
in fasting plasma glucose and diabetes prevalence since
1980: systematic analysis of health examination surveys

and epidemiological studies with 370 country-years and 31.

2-7 million participants. Lancet. 2011;378(9785):31-40. doi:
10.1016/s0140-6736(11)60679-x.

16. Knudsen NH, Stanya KJ, Hyde AL, Chalom MM, Alexander
RK, Liou YH, et al. Interleukin-13 drives metabolic

conditioning of muscle to endurance exercise. Science. 32.

2020;368(6490):eaat3987. doi: 10.1126/science.aat3987.

Tucker DM, Palmer AJ. The cost-effectiveness of interventions
in diabetes: a review of published economic evaluations in
the UK setting, with an eye on the future. Prim Care Diabetes.
2011;5(1):9-17. doi: 10.1016/j.pcd.2010.10.001.

Nabilpour M, Sadeghi A. Effect of eight-week aerobic
moderate-intensity continuous training on IL-1f and IL-13
levels of soleus muscle tissue in male diabetic rats. Iran )
Diabetes Metab. 2021;21(3):129-38. [Persian].

Man AWC, Li H, Xia N. Impact of lifestyles (diet and
exercise) on vascular health: oxidative stress and endothelial
function. Oxid Med Cell Longev. 2020;2020:1496462. doi:
10.1155/2020/1496462.

Karstoft K, Christensen CS, Pedersen BK, Solomon TP. The
acute effects of interval- Vs continuous-walking exercise on
glycemic control in subjects with type 2 diabetes: a crossover,
controlled study. J Clin Endocrinol Metab. 2014;99(9):3334-
42. doi: 10.1210/jc.2014-1837.

Karstoft K, Winding K, Knudsen SH, James NG, Scheel MM,
Olesen J, et al. Mechanisms behind the superior effects
of interval vs continuous training on glycaemic control in
individuals with type 2 diabetes: a randomised controlled
trial. Diabetologia. 2014;57(10):2081-93. doi: 10.1007/
s00125-014-3334-5.

Yazdani F, Shahidi F, Karimi P. The effect of 8 weeks of high-
intensity interval training and moderate-intensity continuous
training on cardiac angiogenesis factor in diabetic male rats.
J Physiol Biochem. 2020;76(2):291-9. doi: 10.1007/513105-
020-00733-5.

Amini Y, Moloudi R, lzadpanah E, Hassanzadeh K.
N-acetylcysteine provides analgesic effect in rats. J Isfahan
Med Sch. 2013;31(257):1682-9. [Persian].

Asmat U, Abad K, Ismail K. Diabetes mellitus and oxidative
stress-a concise review. Saudi Pharm J. 2016;24(5):547-53.
doi: 10.1016/}.jsps.2015.03.013.

Zhang P, Li T, Wu X, Nice EC, Huang C, Zhang Y. Oxidative
stress and diabetes: antioxidative strategies. Front Med.
2020;14(5):583-600. doi: 10.1007/s11684-019-0729-1.
Salman ZK, Refaat R, Selima E, El Sarha A, Ismail MA. The
combined effect of metformin and L-cysteine on inflammation,
oxidative stress and insulin resistance in streptozotocin-
induced type 2 diabetes in rats. Eur ] Pharmacol. 2013;714(1-
3):448-55. doi: 10.1016/j.ejphar.2013.07.002.

Dludla PV, Dias SC, Obonye N, Johnson R, Louw ],
Nkambule BB. A systematic review on the protective effect of
N-acetyl cysteine against diabetes-associated cardiovascular
complications. Am | Cardiovasc Drugs. 2018;18(4):283-98.
doi: 10.1007/540256-018-0275-2.

Zhang Q, Ju Y, Ma Y, Wang T. N-acetylcysteine improves
oxidative stress and inflammatory response in patients with
community acquired pneumonia: a randomized controlled
trial.  Medicine (Baltimore). 2018;97(45):e13087. doi:
10.1097/md.0000000000013087.

Afrundeh R, Khajehlandi M, Mohammadi R. Comparison of
the effect of 6 weeks aerobic training on the activity of catalase
enzyme and malondialdehyde in heart tissue of healthy
and streptozotocin-diabetic male Wistar rats (intervention:
experimental). Stud Med Sci. 2019;30(5):337-46. [Persian].
Hafezi M, Gholami M, Abednazari H. The effect of high
intensity interval training and thyme extract on oxidative
stress and antioxidative factors in diabetic rats. Iran J Diabetes
Metab. 2020;19(3):143-50. [Persian].

Baghaiee B, Bayatmakoo R, Karimi P, Shannon Pescatello
L.  Moderate aerobic training inhibits middle-aged
induced cardiac calcineurin-NFAT signaling by improving
TGF-B, NPR-A, SERCA2, and TRPC6 in Wistar rats. Cell J.
2021;23(7):756-62. doi: 10.22074/cellj.2021.7531.
Madhumitha H, Mohan V, Deepa M, Babu S, Aravindhan V.
Increased Th1 and suppressed Th2 serum cytokine levels in

176 Journal of Shahrekord University of Medical Sciences, Volume 25, Issue 4, 2023


https://doi.org/10.1016/j.scispo.2015.12.003
https://doi.org/10.3390/jcm8091385
https://doi.org/10.1089/ars.2020.8161
https://doi.org/10.1155/2018/7209872
https://doi.org/10.1080/1744666x.2020.1858802
https://doi.org/10.1038/ijo.2015.52
https://doi.org/10.1007/s00784-020-03721-7
https://doi.org/10.1080/07315724.2020.1850371
https://doi.org/10.1007/s00125-010-1761-5
https://doi.org/10.1007/s00125-010-1761-5
https://doi.org/10.2337/dc10-1006
https://doi.org/10.3892/br.2019.1263
https://doi.org/10.1016/s0140-6736(11)60679-x
https://doi.org/10.1126/science.aat3987
https://doi.org/10.1016/j.pcd.2010.10.001
https://doi.org/10.1155/2020/1496462
https://doi.org/10.1210/jc.2014-1837
https://doi.org/10.1007/s00125-014-3334-5
https://doi.org/10.1007/s00125-014-3334-5
https://doi.org/10.1007/s13105-020-00733-5
https://doi.org/10.1007/s13105-020-00733-5
https://doi.org/10.1016/j.jsps.2015.03.013
https://doi.org/10.1007/s11684-019-0729-1
https://doi.org/10.1016/j.ejphar.2013.07.002
https://doi.org/10.1007/s40256-018-0275-2
https://doi.org/10.1097/md.0000000000013087
https://doi.org/10.22074/cellj.2021.7531

33.

34.

subjects with diabetic coronary artery disease. Cardiovasc
Diabetol. 2014;13:1. doi: 10.1186/1475-2840-13-1.
Nestvold TK, Nielsen EW, Ludviksen JK, Fure H, Landsem A,
Lappegard KT. Lifestyle changes followed by bariatric surgery
lower inflammatory markers and the cardiovascular risk
factors C3 and C4. Metab Syndr Relat Disord. 2015;13(1):29-
35. doi: 10.1089/met.2014.0099.

Stanya K], Jacobi D, Liu S, Bhargava P, Dai L, Gangl MR, et al.
Direct control of hepatic glucose production by interleukin-13
in mice. J Clin Invest. 2013;123(1):261-71. doi: 10.1172/

35.

36.

Effect of training and L-cysteine on IL-13 and H,O,

jci64941.

Amit U, Kain D, Wagner A, Sahu A, Nevo-Caspi Y, Gonen
N, et al. New role for interleukin-13 receptor al in
myocardial homeostasis and heart failure. ] Am Heart Assoc.
2017;6(5):e005108. doi: 10.1161/jaha.116.005108.

PereiraS, Shah A, George Fantus |, Joseph JW, GiaccaA. Effect of
N-acetyl-L-cysteine on insulin resistance caused by prolonged
free fatty acid elevation. ] Endocrinol. 2015;225(1):1-7. doi:
10.1530/joe-14-0676.

Journal of Shahrekord University of Medical Sciences, Volume 25, Issue 4, 2023 177


https://doi.org/10.1186/1475-2840-13-1
https://doi.org/10.1089/met.2014.0099
https://doi.org/10.1172/jci64941
https://doi.org/10.1172/jci64941
https://doi.org/10.1161/jaha.116.005108
https://doi.org/10.1530/joe-14-0676

