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Abstract

Background/Aim: Obesity is a low-grade chronic inflammatory state
that promotes a pro-inflammatory immune response. Exercise is consid-
ered to be able to prevent inflammation in obesity. The main objective was
to determine the effect of the interaction between exercise and sex on
inflammation and adipokine in obese rats.

Methods: This research is an experiment using a factorial design with a
post-test only. The subjects of this study were 30 Sprague Dawley rats.
The rats were 4 months old and weighed 120 g. The rats were given a diet
high in carbohydrates and fats. Lee's obesity index was used to measure
rats’ obesity. The obese rats were then randomly divided into six groups
to be given exercise interventions. The intervention provided consisted
of aerobic exercise and anaerobic exercise. The primary outcome is adi-
ponectin, leptin, dipeptidyl peptidase-4 (DPP4), tumour necrosis factor al-
pha (TNF-a) and adipose tissue hypertrophy.

Results: The study found that increased serum adiponectin levels were
influenced by exercise (p < 0.05) and the interaction between exercise
and gender (p < 0.05). Decreased serum leptin levels were influenced by
gender (p < 0.05) and exercise (p < 0.05). Decreased serum DPP4 levels
were influenced by exercise (p < 0.05). Decreased TNF-a expression was
influenced by gender (p < 0.05) and the interaction between gender and
exercise (p < 0.05). Decreased adipose cell size was influenced by gender
(p < 0.05).

Conclusion: This study found that aerobic exercise, anaerobic exercise
and the interaction between sex and exercise significantly increased se-
rum adiponectin and decreased TNF-a expression.
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Introduction

Energyimbalancebetweenfoodintakeandenergy
expenditure will lead to obesity. Low-grade
chronic inflammation is associated with obesity,
providing signals promoting pro-inflammatory
and persistent immunity."? Adipose tissue plays
an essential role in regulating obesity.* In obesity,
the size of adipocytes increases (hypertrophy),

consequently increasing macrophage infiltration
and ultimately increasing the secretion of various
inflammatory cytokines, such as tumour necrosis
factor alpha (TNF-a).* TNF-« is a cytokine that
regulates glucose and lipid metabolism and
increases its concentration in obese patients.®
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White adipose tissue (WAT) is the primary
place for storing excess energy in animals with
triacylglycerol stored in adipocytes. WAT targets
various hormones and adipokines produced by
active endocrine organs, namely polypeptides
that act on multiple organs and tissues (muscle,
liver and hypothalamus) for general physiological
and metabolic regulation. In obesity, several
adipokines, such as adiponectin levels, decrease
while leptin production increases.® White
adipose tissue produces and secretes leptin,
whereas peripheral metabolic tissues and the
brain secrete leptin receptors. Leptin is essential
in appetite suppression and increased energy
expenditure, a core component in obesity
prevention.” Dipeptidyl peptidase 4 (DPP4) can
affect adipogenesis, adipocyte inflammation and
insulin sensitivity.® The plasma activity of DPP4
increases with obesity. The study’s results explain
that adipose tissue releases proinflammatory
adipokines, including circulating soluble DPP-4
(sDPP4)?

Chronic low-grade inflammation can be reduced
by reducing body fat, which increases the
production of anti-inflammatory cytokines
such as adiponectin. Aerobic exercise is an
intervention that can reduce body fat and has
anti-inflammatory properties,’® protects against
diseases associated with chronic low-grade
inflammationin obesity!*and aerobicexercise can
lower adipocyte size and lipid content, resulting
in a decrease in adiposity.'? Anaerobic exercise
causes the body to burn more calories and
improve insulin sensitivity for hours after rest. It
can effectively reduce fat and insulin sensitivity
in the body, affect cytokine regulation and
maintain a balanced antioxidant status.** Aerobic
and anaerobic exercise has extraordinarily
beneficial non-pharmacological effects on
various functional systems of the human body.**
Although the beneficial mechanisms of aerobic
and anaerobic exercise are unknown, several
biological mechanisms have been studied, namely
decreased visceral adiposity, triglycerides and
low-density lipoproteins,’® increased high-
density lipoproteins,!> 7 decreased blood
pressure,'® decreased systemic inflammation®
and increased insulin sensitivity.?°

Based on the background explanation above,
researchers are interested in researching the
interaction effects of physical exercise and sex
on obese rats. This study hypothesises that there
is an effect of exercise (aerobic and anaerobic)
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interaction with sex on the decrease in TNF-q,
increase in adiponectin, decrease in leptin, DPP4
and hypertrophy of adipose tissue in obese model
rats. The study aimed to determine what effects
aerobic exercise, anaerobic exercise and sex could
have on adipokines in obese rats.

Methods

Design

This research was an experiment using a
factorial design 2x2 with a post-test only.?" %
This research was conducted at the Integrated
Biomedical Laboratory of the Faculty of Medicine,
Udayana University. Male and female Sprague-
Dawley rats aged 4 months and weighing 120 g
were included in this study. Rats were placed in
a temperature-controlled room (20-22 °C). The
method of calculating the sample size was based
on the ANOVA calculation and had an “E” value
called the degree of freedom, between 10 and 20.
If the value of E was less than 10, then the number
of animals was increased and if the value of E was
more than 20, then there were enough animals for
the experiment. Any sample size with an E value
between 10 and 20 was sufficient. The following
equation can calculate the value of E: E = Number
of animals + Number of groups.?® Based on these
calculations, the animal sample size in this study
was 5.

Obese rats that met the obesity Lee index?* %
were randomly divided into three groups: obese
rats given aerobic physical exercise, anaerobic
physical exercise and obese rats without physical
exercise as a baseline. After further intervention,
the rats were sacrificed for adipose tissue and
blood.

Preparation of rat obesity model

The experimental animals used in this study
were 30 Sprague-Dawley rats (Rattus norvegicus)
obtained from the Faculty of Medicine, Udayana
University. Adult male rats were 4-5 months
old. Standard rat feed comprises 26 % protein,
63 % carbohydrates and 11 % fat, but in high-
fat feed, the composition changes, with 58 %
of energy coming from fat.?® Rats were given a
diet high in carbohydrates and fats consisting of
22 % carbohydrates, 58 % fat and 10 % protein
obtained from Udayana University. The diet
was given ad libitum, 1x / day, 30 g/rat, for 4
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weeks before treatment and continued until
treatment was completed. Obesity criteria in
rats was obtained by calculating Lee obesity
index = ¥/ body weight (g) x 10 / Nasoanal length
(mm). Rats were declared obese if the Lee obesity
index value was > 0.300.2*2°

Exercise

The research equipment used to maintain
experimental animals was a plastictubmeasuring
45x35.5x 14.5 cm?, a cage lid made of woven wire
measuring 36.5x 28 x 15.5 cm?, water bottles and
trash. Rats swimming exercises were performed
using a divided box of acrylic measuring 37 x
30 x 50 cm? with a water depth of 50 cm. Before
swimming training began, rats were adapted for
3-5 minutes to adjust to a water temperature of
33 = 1 °C. Anaerobic exercise were performed on
days 1and 2, 3 and 4 and 5 and 6, rats swam with
loads of 10 %, 13 % and 15 % of body mass. The
exercise lasted 8 x 10 seconds for 6 days, with
an interval of 40 seconds between swimming.?’
In aerobic exercise, the rats swam initially for 10
minutes, then increased their swim time by 10
minutes each week to 60 minutes. Next, exercise
time was maintained at 60 minutes until day
30/4 of the week.?®2°

Adipokines profile

Forty-eight hours after the last training session,
0.5 mL of venous blood was collected via a retro-
orbital vein in all the rats. In these samples,
adiponectin, leptin and DPP4 were measured
by using an ELISA kit. Adiponectin ELISA Kit,
Cat. No EO0758Ra. Leptin ELISA Kit, Cat. No
E0561Ra. Dipeptidyl Peptidase 4 ELISA Kit, Cat.
No E0226Ra (Bioassay Technology Laboratory,
Shanghai, China).

Tissue preparation and histological examination
After the exercise intervention, the rats were
sacrificed using a ketamine xylazine dose of 0.1
mg/200 g body weight. White adipose tissue was
isolated from subcutaneous fat, fixed in formalin
and embedded in paraffin. Five-micrometre slices
were cut using a Leica RM550 rotary microtome
(Leica, Vienna, Austria). The slices were sketched
with Mayer Himalayan and eosin. The slides were
examined using an Olympus CX41 microscope and
an OptilabPro camera using OptilabPro software.

Immunohistochemistry

Immunohistochemistry for TNF-a was performed
on white adipose tissue using a Kit (Dako
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EnVision®+ Dual Link System-HRP (DAB+)).
Unstained five-micrometre sections were
deparaffinised with xylene and rehydrated in a
graded ethanol series. Endogenous peroxidase
activity was inhibited by 0.3 % H,0,. Slides
were microwaved using a heat-induced epitope
retrieval technique for 3 minutes in tri-sodium
citrate buffer. Slides were incubated overnight
with anti-TNF-a polyclonal antibody at a dilution
of 1:250.

Data analysis

The Kolmogorov-Smirnov test verified the data’s
normality for all variables. Two-way variance
analysis determined the main effects of the
type of physical exercise (aerobic and anaerobic
exercise), sex and their interaction on serum and
adipose tissue variables. A statistically significant
difference was considered to be at the level of
0.05. SPSS software, version 16.0, was used for
data analysis.

Results

Table 1 shows the results of weight changes and
the Lee index. Obese rats that followed aerobic
and anaerobic exercise did not change their
weight and the Lee index compared to obese
rats that did not follow the exercise. Sex affect-
ed weight change (p = 0.000) and the Lee index
(p = 0.000) of obese rats who participated in
aerobic and anaerobic exercise and did not ex-
ercise. Changes in Lee's index were found to be
influenced by gender and exercise interaction
(p =0.038).

The results of the study (Table 2) found that aer-
obic exercise and anaerobic exercise were able to
increase serum adiponectin levels, serum leptin
levels, TNF-a expression (Figure 1) and decrease
in adipose cell size (Figure 2) compared to obese
rats who did not exercise. The difference in serum
adiponectin levels was influenced by exercise (p =
0.000) and the interaction between exercise and
sex (p = 0.002). The difference in serum leptin
levels was influenced by sex (p = 0.032) and exer-
cise (p = 0.000). The difference in serum levels of
DPP4 was influenced by exercise (p = 0.026). The
difference in TNF-a expression was influenced by
sex (p = 0.000) and the interaction between sex
and exercise (p = 0.012). The decrease in adipose
cell size was affected by sex (p = 0.000).
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Table 1: Changes in the body weight and Lee index after exercise (n = 30)

Variables Group (Mean = SD) Two-Way ANOVA p-value
oorcise  oeross Obese Sex Exercise go, 7 crcee

Initial body weight ~ 222.80 = 52.57 222.30 + 60.83 206.80 = 40.51 - - -

Final body weight 22110+ 39.82 21770 £53.10 212.90 +40.19  0.000 0.695 0.170

Initial Lee index 3.62 +0.58 3.60 = 0.56 3.43+0.39 - - -

Final Lee index 3.37 £ 0.40 3.15+0.68 3.49+0.50 0.000 0.423 0.038

Table 2: Mean comparison of adipokines after exercise (n = 30)

Group (Mean + SD) Two-Way ANOVA p-value

Variables Aerobic Anaerobic i« _Interaction
exercise exercise Obese Sex Exercise Sex*Exercise

Adiponectin (mg/L) 3.72+0.29* 401 +047* 2.61+0.97 0.356 0.000 0.002
Leptin (ng/mL) 1.67 £ 0.21* 2.07 + 0.46* 2.58 +0.42 0.032 0.000 0.112
DPP4 (mg/L) 9439 +13.04 9117 +16.26* 111.29+20.22  0.113 0.026 0.626
TNF-a 21.70+£10.72  26.20 = 6.71 26.80 £ 6.95 0.000 0.091 0.012
Adipose tissue
hypertrophy (um) 261.72 +10219 266.81 +93.49 315.47 +106.49 0.000 0.086 0.680

* Statistically significant at p < 0.05, Two-Way ANOVA post hoc test; DDP4: dipeptidyl peptidase 4; TNF-a: tumour necrosis factor alpha;

&
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Figure 1: Immunohistochemistry (IHC) staining of tumour necrosis factor alpha (TNF-a) adipose tissue. IHC
staining was performed on adipose tissue from aerobic exercise group, anaerobic exercise group and obesity
group n = 10/group. A: IHC staining of TNF-a adipose tissue of aerobic exercise male rats; B: aerobic exercise
female rats; C: anaerobic exercise male rats; D: anaerobic exercise female rats; E: obese male rats; F: obese

female rats.
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Figure 2: Haematoxylin and eosin staining of adipose tissue. Representative images of haematoxylin and
eosin staining performed on adipose tissue from aerobic exercise group (AE), anaerobic exercise group (AnE)
and obese group (0B) n = 10/group. A: the adipose tissue cell size of aerobic exercise male rats; B: aerobic
exercise female rats; C: anaerobic exercise male rats; D: anaerobic exercise female rats; E: obese male rats;

F: obese female rats.

Discussion

This study found that sex affects the final
body weight and final index of obese rats. The
interaction of exercise and gender affects the
decrease in the level of obesity in rats. Aerobic
exercise and anaerobic exercise increase serum
adiponectin and decrease serum leptin. A
decrease in serum DPP4 was found in obese rats
that had done anaerobic exercise. A decrease in
serum leptin, a reduction in TNF-a expression
and a decrease in adipose tissue were influenced
by sex. The study also found an interaction effect
between sex and exercise on decreasing serum
adiponectin and decreasing TNF-o expression.

Aerobic exercise can reduce TNF-a in obese male
rats, while anaerobic exercise can reduce TNF-a.
Research by Jiménez-Maldonado et al found
the same thing when running exercise in male
mice reduced TNF-a.3° Santiago et al found that

resistance training for 8 weeks can reduce TNF-a
in 27 women.?! A study conducted by Rejeki
et al found that aerobic exercise can reduce
leptin levels.3? The study found that exercise in
obesity decreases leptin and increases leptin
resistance.®* Bharath et al found decreased body
weight, decreased waist circumference and low
plasma leptin levels in obese individuals who
underwent anaerobic and aerobic exercise.?*
However, each gender effect study used the same
training session.

This study found an interaction between exercise
type and gender on adiponectin levels. Sex is
important to an inflammatory response. A
comparison of eutrophic groups showed that
women had a lower inflammatory status than
men. Obese men and women both showed a
significantly increased inflammatory response
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compared to the eutrophic group, with explicit
sex dimorphism in inflammatory profiles in
adolescent obesity.?®> Aerobic exercise performed
by obese male rats can increase adiponectin
levels, while obese rats that perform anaerobic
exercise increase adiponectin levels. Garekani et
al found that aerobic running exercise in obese
rats can increase adiponectin levels.?® Rejeki et
al also studied the effects of anaerobic exercise
in obese women and found that it can increase
adiponectin levels.3? Exercise is a safe and
inexpensive non-pharmacological intervention to
interfere with metabolism.?” 3® Researchers have
stated that increased adiponectin is a beneficial
effect of exercise on metabolic disorders.?* The
type, volume, intensity of exercise and gender
influence adiponectin response.*®*

Significant differences in adipose tissue meta-
bolism between women and men have been
reported, with gender as a variable considered in
obesity and metabolic disorders.*> However, the
effect of gender on exercise remains unknown.*
Sex differences in the expression of Aquaporin-7
(AQP7) (associated with genetic predisposition
to type 2 diabetes) in women'’s subcutaneous fat
in response to exercise.** There was no difference
in the results of methyltetrahydrofolate (MTHFR)
epigenetic pattern analysis in sex,* confirming
that further studies are needed to investigate the
effect of sex. Regulation of adipose inflammatory
response by exercise found a decrease in the
expression of adiponectin and TNF-a in both
sexes. Only leptin decreased in women after
anaerobic exercise.*® A 2018 meta-analysis review
showed aerobic exercise increased adiponectin
and decreased leptin levels in diabetic adults, but
gender comparisons were absent.”’ In addition,
recent research suggests the impact of exercise
on inflammatory adipokines may not differ
significantly between men and women.*8

Conclusion

4 7
Decreased adipose tissue hypertrophy, de-
creased TNF-a expression and decreased DPP4
were found in obese rats who exercised com-
pared to obese rats who did not exercise, but
these decreases were not statistically signifi-
cant. Aerobic and anaerobic exercise increases
adiponectin and decreases leptin levels in obe-
sity. Further research needs to be conducted to
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optimally affect inflammation and adipokine
in obesity by considering longer durations and
types of exercise.

Ethics

All animal care and experimental procedures
were approved by the Health Research Ethics
Commission of Dr Moewardi Regional General
Hospital, decision No: 845/VI/HREC/2022, dated
23 June 2022.

Acknowledgement

None.

Conflicts of interest

The authors declare that there is no conflict of
interest.

Funding

This article received no specific grant from any
funding agency in the public, commercial, or not-
for-profit sectors.

Data access

The data that support the findings of this study
are available from the corresponding author
upon reasonable individual request.

Author ORCID numbers

Made Mahaguna Putra (MMP):
0000-0001-7800-646X
Muchsin Doewes (MD):
0000-0003-4799-2353



B Putra et al. Scr Med. 2025 Sep-Oct;56(5):955-62.

Bambang Purwanto (BP):
0009-0007-1881-2719

Dono Indarto (DI):
0000-0002-1057-8725

Hasta Handayani Idrus (HHI):
0000-0002-8563-6395

Author contributions

Conceptualisation: MMP, MD, BP, DI
Methodology: MMP, MD, BP, DI

Validation: MD, BP, DI

Formal analysis: MMP, HHI

Investigation: MMP, MD, BP, DI

Writing - original draft: MMP

Writing - review and editing: MD, BP, DI, HHI.

References

10.

Cooke AA, Connaughton RM, Lyons CL, McMorrow AM,
Roche HM. Fatty acids and chronic low grade inflamma-
tion associated with obesity and the metabolic syn-
drome. Eur ] Pharmacol. 2016 Aug 15;785:207-14. doi:
10.1016/j.ejphar.2016.04.021.

Bairwa SK, Kumari S, Khandelwal N, Kumar Dhaked G,
Dhaked S, Bhatt R. Obesity: an important predictor of
metabolic syndrome. Scr Med 2023 Mar;54(1):81-5. doi:
10.5937/scriptamed54-40389.

Coelho M, Oliveira T, Fernandes R. Biochemistry of adi-
pose tissue: an endocrine organ. Arch Med Sci.
2013;9(2):191-200. doi: 10.5114/aoms.2013.33181.

Ye ]. Mechanisms of insulin resistance in obesity. Front
Med China. 2013;7(1):14-24. doi: 10.1007/s11684-013-
0262-6.

WeiY, Chen K, Whaley-Connell AT, Stump CS, Ibdah JA, Sow-
ers JR. Skeletal muscle insulin resistance: role of inflamma-
tory cytokines and reactive oxygen species. Am ] Physiol
Regul Integr Comp Physiol. 2008 Mar;294(3):R673-80. doi:
10.1152/ajpregu.00561.2007.

Leal V de O, Mafra D. Adipokines in obesity. Clin Chim
Acta 2013;419:87-94. doi: 10.1016/].CCA.2013.02.003.
Shin SK, Song SE, Oh JU, Hwang M, Cho HW, Bae JH, et al.
Orexin A-induced inhibition of leptin expression and secre-
tion in adipocytes reducing plasma leptin levels and hypo-
thalamicleptinresistance. Pflugers Arch. 2019 Dec;471(11-
12):1407-18. doi: 10.1007/s00424-019-02318-8.

Romacho T, Sell H, Indrakusuma I, Roehrborn D,
Castafieda TR, Jelenik T, et al. DPP4 deletion in adipose
tissue improves hepatic insulin sensitivity in diet-in-
duced obesity. Am ] Physiol Endocrinol Metab. 2020 May
1;318(5):E590-E9. doi: 10.1152/ajpendo.00323.2019.
Varin EM, Mulvihill EE, Beaudry JL, Pujadas G, Fuchs S,
Tanti JF, et al. Circulating levels of soluble dipeptidyl
peptidase-4 are dissociated from inflammation and in-
duced by enzymatic DPP4 inhibition. Cell Metab. 2019
Feb 5;29(2):320-34.e5. doi: 10.1016/j.cmet.2018.10.001.
Gleeson M, Bishop NC, Stensel DJ, Lindley MR, Mastana
SS, Nimmo MA. The anti-inflammatory effects of exer-
cise: mechanisms and implications for the prevention
and treatment of disease. Nat Rev Immunol. 2011 Aug
5;11(9):607-15. doi: 10.1038/nri3041.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Ghoshal K, Bhattacharyya M. Adiponectin: Probe of the
molecular paradigm associating diabetes and obesity.
World ] Diabetes. 2015;6(1):151. doi: 10.4239/W]D.V6.
11.151.

Stanford KI, Middelbeek R]JW, Goodyear LJ. Exercise ef-
fects on white adipose tissue: Beiging and metabolic ad-
aptations. Diabetes. 2015;64(7):2361-8. doi: 10.2337/
db15-0227.

Lee MC, Chung YC, Thenaka PC, Wang YW, Lin YL, Kan
NW. Effects of different HIIT protocols on exercise per-
formance, metabolic adaptation, and fat loss in mid-
dle-aged and older adults with overweight. Int ] Med Sci.
2024 Jun 24;21(9):1689-700. doi: 10.7150/ijms.96073.
Nieman DC, Wentz LM. The compelling link between
physical activity and the body’s defense system. ] Sport
HealSci.2018;8(3):201.doi: 10.1016/].JSHS.2018.09.009.
Smith GI, Mittendorfer B, Klein S. Metabolically healthy
obesity:factsandfantasies.]ClinInvest.2019;129(10):3978.
doi: 10.1172/]JCI129186.

Warburton DER, Nicol CW, Bredin SSD. Health benefits
ofphysicalactivity:theevidence.CMA]2006;174(6):801-
9.doi: 10.1503/CMAJ.051351.

Mitsui R, Fukushima M, Taniguchi A, Nakai Y, Aoyama S, Taka-
hashi, etal. Insulin secretory capacity and insulin sensitivity in
impaired fasting glucose in Japanese. ] Diabetes Investig. 2012
Aug 20;3(4):377-83.doi: 10.1111/j.2040-1124.2012.00201 x.
Imazu AA, Goessler KF, Casonatto J, Polito MD. The influ-
ence of physical training status on postexercise hypo-
tension in patients with hypertension: a cross-sectional
study. Blood Press Monit. 2017 Aug;22(4):196-201. doi:
10.1097/MBP.0000000000000255.

Batista ML Jr, Rosa JC, Lopes RD, Lira FS, Martins E Jr,
Yamashita AS, et al. Exercise training changes 1L-10/
TNF-alpha ratio in the skeletal muscle of post-MI rats.
Cytokine. 2010 Jan;49(1):102-8. doi: 10.1016/j.
cyt0.2009.10.007.

Tan X, Chapman CD, Cedernaes ], Benedict C. Association
between long sleep duration and increased risk of obesi-
ty and type 2 diabetes: A review of possible mecha-
nisms. Sleep Med Rev. 2018 Aug;40:127-34. doi:
10.1016/j.smrv.2017.11.001.

Collins LM, Dziak J], Kugler KC, Trail JB. Factorial exper-
iments: efficient tools for evaluation of intervention
components. Am ] Prev Med. 2014 Oct;47(4):498-504.
doi: 10.1016/j.amepre.2014.06.021.

Shaw R, Festing MF, Peers I, Furlong L. Use of factorial de-
signs to optimize animal experiments and reduce animal
use.ILAR]J.2002;43(4):223-32.doi: 10.1093/ilar.43.4.223.
Ilyas M, Adzim M, Simbak N, Baig A. sample size calcula-
tion for animal studies using degree of freedom (e); an
easy and statistically defined approach for metabolom-
ics and genetic research. Curr Trends Biomed Eng Biosci
2017;10(2):1-2. doi: 10.19080/ctbeb.2017.10.555785.
Damasceno DC, Sinzato YK, Bueno A, Dallaqua B, Lima
PH, Calderon IM, et al. Metabolic profile and genotoxici-
ty in obese rats exposed to cigarette smoke. Obesity
(Silver Spring). 2013 Aug;21(8):1596-601. doi: 10.1002/
oby.20152.

Campos KE, Volpato GT, Calderon IM, Rudge MV, Damasceno
DC. Effect of obesity on rat reproduction and on the develop-
ment of their adult offspring. Braz ] Med Biol Res. 2008
Feb;41(2):122-5. doi: 10.1590/s0100-879x2008005000001.
King AJF. The use of animal models in diabetes research. Br ] Phar-
macol.2012;166(3):877-94.doi: 10.1111/j.1476-5381.2012.01911.x.
Qiao D, Hou L, Liu X. Influence of intermittent anaerobic
exercise on mouse physical endurance and antioxidant
components. Br ] Sports Med. 2006;40(3):214-8. doi:
10.1136/bjsm.2005.020099.

Li NC, Wei XX, Hu YL, Hou X, Xu H. Aerobic exercise
blocks interleukin-6 levels and germ cell apoptosis in
obese rats. Andrologia. 2018 Mar;50(2). doi: 10.1111/
and.12880.

961



962

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Shaodong C, Haihong Z, Manting L, Guohui L, Zhengxiao
Z,Y M Z. Research of influence and mechanism of com-
bining exercise with diet control on a model of lipid me-
tabolism rat induced by high fat diet. Lipids Health Dis.
2013 Feb 20;12:21. doi: 10.1186/1476-511X-12-21.
Jiménez-Maldonado A, Montero S, Lemus M, Cer-
na-Cortés ], Rodriguez-Hernadndez A, Mendoza MA, et al.
Moderate and high intensity chronic exercise reduces
plasma tumor necrosis factor alpha and increases the
Langerhans islet area in healthy rats. ] Musculoskelet
Neuronal Interact. 2019 Sep 1;19(3):354-61. PMID:
31475943.

Macédo Santiago LA, Neto LGL, Borges Pereira G, Leite
RD, Mostarda CT, de Oliveira Brito Monzani J, et al. Ef-
fects of resistance training on immunoinflammatory
response, tnf-alpha gene expression, and body composi-
tion in elderly women. ] Aging Res. 2018 Oct
28;2018:1467025. doi: 10.1155/2018/1467025.

Rejeki PS, Pranoto A, Rahmanto I, Izzatunnisa N, Yosika
GF, Hernaningsih Y, et al. The positive effect of four-
week combined aerobic-resistance training on body
composition and adipokine levels in obese females.
Sports (Basel). 2023 Apr 20;11(4):90. doi: 10.3390/
sports11040090.

Peng ], Yin L, Wang X. Central and peripheral leptin re-
sistance in obesity and improvements of exercise. Horm
Behav. 2021;133. doi: 10.1016/].YHBEH.2021.105006.
Bharath LP, Choi WW, Cho JM, Skobodzinski AA, Wong A,
Sweeney TE, et al. Combined resistance and aerobic ex-
ercise training reduces insulin resistance and central
adiposity in adolescent girls who are obese: randomized
clinical trial. Eur ] Appl Physiol. 2018 Aug;118(8):1653-
60. doi: 10.1007/s00421-018-3898-8.

Simoes E, Correia-Lima ], Sardas L, Storti F, Otani TZDS,
Vasques DAC, et al. Sex dimorphism in inflammatory re-
sponse to obesity in childhood. Int ] Obes (Lond). 2021
Apr;45(4):879-87. doi: 10.1038/s41366-021-00753-1.
Garekani ET, Mohebbi H, Kraemer RR, Fathi R. Exercise
training intensity/volume affects plasma and tissue ad-
iponectin concentrations in the male rat. Peptides. 2011
May;32(5):1008-12.doi:10.1016/j.peptides.2011.01.027.
Amirazodi M, Mehrabi A, Rajizadeh MA, Bejeshk MA, Es-
maeilpour K, Daryanoosh F, et al. The effects of com-
bined resveratrol and high intensity interval training on
the hippocampus in aged male rats: An investigation
into some signaling pathways related to mitochondria.
Iran ] Basic Med Sci. 2022 Feb;25(2):254-62. doi:
10.22038/1JBMS.2022.57780.12853.

Rajizadeh MA, Sheibani V, Bejeshk MA, Mohtashami Borzada-
ran F, Saghari H, Esmaeilpour K. The effects of high intensity
exercise on learning and memory impairments followed by
combination of sleep deprivation and demyelination induced
by etidium bromide. Int ] Neurosci. 2019 Dec;129(12):1166-
78.doi: 10.1080/00207454.2019.1640695.

Putra et al. Scr Med. 2025 Sep-Oct;56(5):.955-62. M

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Rajizadeh MA, Esmaeilpour K, Haghparast E, Ebrahimi
MN, Sheibani V. Voluntary exercise modulates learning
& memory and synaptic plasticity impairments in sleep
deprived female rats. Brain Res. 2020 Feb
15;1729:146598. doi: 10.1016/j.brainres.2019.146598.
Liu K, Zhao W, Li C, Tian Y, Wang L, Zhong ], et al. The
effects of high-intensity interval training on cognitive
performance: a systematic review and meta-analysis.
Sci Rep. 2024 Dec 30;14(1):32082. doi: 10.1038/s41598-
024-83802-9.

Rajizadeh MA, Moslemizadeh A, Hosseini MS, Rafiei F,
Soltani Z, Khoramipour K. Adiponectin receptor 1 could
explain the sex differences in molecular basis of cogni-
tive improvements induced by exercise training in type
2 diabetic rats. Sci Rep. 2023 Sep 27;13(1):16267. doi:
10.1038/s41598-023-43519-7.

Chang E, Varghese M, Singer K. Gender and sex differ-
ences in adipose tissue. Curr Diab Rep. 2018;18(9). doi:
10.1007/511892-018-1031-3.

Landen S, Voisin S, Craig JM, McGee SL, Lamon S, Eynon
N. Genetic and epigenetic sex-specific adaptations to en-
durance exercise. Epigenetics. 2019 Jun;14(6):523-35.
doi: 10.1080/15592294.2019.1603961.

Lebeck ], @stergard T, Rojek A, Fiichtbauer EM, Lund S,
Nielsen S, et al. Gender-specific effect of physical train-
ing on AQP7 protein expression in human adipose tis-
sue. Acta Diabetol. 2012 Dec;49 Suppl 1:5215-26. doi:
10.1007/s00592-012-0430-1.

Diniz TG, Silva AS, Dos Santos Nunes MK, Ribeiro MD,
Filho JM, do Nascimento RAF, et al. Physical activity lev-
el influences MTHFR gene methylation profile in diabet-
ic patients. Front Physiol. 2021 Jan 12;11:618672. doi:
10.3389/fphys.2020.618672.

Da Mota GR, Orsatti FL, Delbin MA, Zanesco A. Resistance
exercise improves metabolic parameters and changes ad-
ipocyte-derived leptin: a comparison between genders in
untrained adults. Mot Rev Educ Fisica. 2016;22(3):217-
22.doi: 10.1590/S1980-6574201600030014.

Becic T, Studenik C, Hoffmann G. Exercise increases adi-
ponectin and reduces leptin levels in prediabetic and
diabetic individuals: systematic review and meta-analy-
sis of randomized controlled trials. Med Sci. 2018;6(4).
doi: 10.3390/MEDSCI6040097.

Gonzalez-Jurado JA, Suarez-Carmona W, Loépez S, San-
chez-Oliver AJ. Changes in lipoinflammation markers in
people with obesity after a concurrent training pro-
gram: a comparison between men and women. Int ] En-
viron Res Public Health. 2020 Aug 25;17(17):6168. doi:
10.3390/ijerph17176168.



