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Abstract

Homeobox C8 (HOXC8) and Homeobox C9 (HOXC9) are hemoproteins involving in
white adipose tissue (WAT) development. The current study aimed to investigate the
effect of endurance training on gene expression of HOXC8 and HOXC9 in subcutaneous
WAT. For this, 16 Wistar rats (8 weeks old, an average of 210 gram) were divided into
1) control (n=8), and 2) endurance training (n=8) groups. The subjects of the training
group underwent continuous endurance training (by the average speed of 25 m/min; the
average duration of 25 min) on the treadmill for eight weeks (5 sessions per week). Real-
time PCR was used to measure the gene expression of subcutaneous tissue. Data showed
that uncoupling protein 1 (UCP1) expression was significantly higher in the trained
group than control (P=0.018). However, the gene expression of HOXC8 and HOXC9
was not significantly different between trained and control groups (Phoxcs=0.36;
Phoxco=0.52). The results of the present study indicated that the endurance training did
not change the gene expression of HOXC8 and HOXC9 in subcutaneous WAT, likely
representing that the endurance training could not change the features regarding to
whitening and browning of WAT.
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Extended Abstract

Background and Purpose

Browning of white adipose tissue (WAT) plays an essential role in energy
expenditure and, thus, in protection against obesity (1). Homeobox C8 (HOXCB8)
as a white-fat regulatory factor and homeobox C9 (HOXC9) as a brite-fat
regulatory factor are complicated in gene expression related to the browning of
WAT (2).

Although the role of exercise training on the expression of uncoupling protein 1
(UCP1) and browning of WAT has been established (3), the effect of exercise
training on HOXC8 and HOXC9 has not yet been determined. This study aimed
to investigate the effect of endurance training on gene expression of HOXC8 and
HOXC9 in subcutaneous in WAT.

Methods

Sixteen male Wistar rats (eight weeks old) were used as study subjects. The rats
were randomly assigned into 1) control (n=8), and 2) endurance training (n=8)
groups.

The rats of the endurance training group were subjected to aerobic training for
eight weeks (five sessions per week). The aerobic training was done as a
continuous running protocol on a rodent treadmill at 0% inclination. The training
load was progressively increased from 20 min per session at 15 m/min in the
first week to 35 min at 30 m/min in the last week of the protocol. The animals
were euthanized 48 h after the last session of exercise training to avoid exercise-
related acute effects.

After fasting overnight, the animals were euthanized, and the subcutaneous
(inguinal) WAT depots were quickly dissected out.

Relative gene expression of UCP1, HOXCS8, and HOXC9 was measured by a
real-time PCR method that consists of multiple stages, including RNA
extraction, cDNA synthesis, primers design, real-time PCR, and quantification
of gene expression.

Data of gene expression were analyzed using an independent t-test by SPSS 22.
A p-value of p<0.05 was considered statistically significant.

Results

Data showed that the gene expression of UCP1 was significantly higher in the
trained group than control (P=0.018). However, the gene expression of HOXC8
and HOXC9 were not significantly different between trained and control groups
(Proxcs=0.36; Phoxcs=0.52). These results indicated that endurance training could
increase UCP1 gene expression and could regulate the browning of WAT.
However, endurance training could not affect the HOXC8 and HOXC9 gene
expression.
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Conclusion

HOXC8 and HOXC9 play a critical role in changing the WAT phenotype (4).
Indeed, HOXC8 mediates the transcription of genes related to the whitening of
WAT (5). However, HOXC9 regulates the transcription of the genes associated
with the browning of WAT (2). Therefore, HOXCS8 is recognized as a marker of
white adipose tissue; however, HOXC9 is considered a brite adipose tissue
marker (2).

The finding of this study showed that endurance training could induce
transcription of the UCP1 gene but not the HOXC8 or HOXC9 genes, indicating
that endurance training could induce the browning of WAT by a mechanism
independent of HOXC8 and HOXC9.

Keywords: Endurance Training, UCP1, HOXC8, HOXC9, White Adipose
Tissue
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1. Thermo, USA
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. Prostaglandin (PGE)

. Cardiac Natriuretic Peptides (CNP)

PPARy

. Retinoid

. AMP-Activate Protein Kinase (AMPK)

. Fibronectin Type Il Domain Containing 5 (FNDC5)/Irisin
FGF21

. Fibroblast Growth Factor 21 (FGF21)

. Bone Morphogenetic Protein 7 (BMP7)

. PGC1-a
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Abstract

The aim of the present study was to compare the effects of three models related to high-
intensity intermittent exercise (HIIE) with synchronous, consecutive, and alternate upper
and lower body activity on plasma Irisin and brain-derived neurotrophic factor (BDNF)
among obese women. To do so, 11 untrained obese women (30.5+5.8yrs; body fat:
9%39.9+4.0) completed three protocols on the elliptical ergometer in the cross-design
method. Regarding consecutive protocols, the arm and leg pedaling exercises were
consecutively performed, 10 repetitions each with 90% wmax for 40 minutes. In
synchronous protocols, 10 repetitions of arm and leg pedaling exercises were
simultaneously performed with 90% wmax for 29 minutes. As for alternate protocol, arm
and leg pedaling exercises were alternately done; 14 repetitions each with 90% wWmax for
26.6 minutes. Then, each bout of activity was separated by one-minute active rest with
30% Wmax. In addition, the blood samples were taken before the first protocol and one hour
after completing each protocol. Results of repeated measure ANOVA and LSD post-hoc
test reported no significant difference (p<0.05) in Irisin or BDNF changes between
protocols. However, 28.24 (p=0.02), 21.86, and 17.18% (p=0.03) increase occurred at the
synchronous, consecutive, and alternate protocols in Irisin levels, respectively, while 0.01,
10.08, and 10.76% reduction happened in BDNF levels, respectively, compared to
baseline values. Despite less time expenditure in synchronous and alternate models than
the consecutive one and lower perceived exertion in the alternate model than the
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synchronous one, it seems that Irisin and BDNF secretion is mainly affected by energy
expenditure during exercise than activity intensity, duration, or order of muscle activity.

Keywords: High-Intensity Intermittent Exercise, Upper and Lower Body, Irisin, Brain-
derived neurotrophic Factor, Obese Women

Extended Abstract

Background and Purpose

The role of Irisin and brain-derived neurotrophic factor (BDNF) as neuromuscular
secretory agents in improving metabolism, energy regulation and balance, and
subsequently in weight loss has attracted a lot of attention (1-5). In addition, the
positive effects of exercise on improving metabolism and weight loss have been
approved (6). However, the effect of physical exercise and its types, especially
effective HIIT exercises (2) through increasing Irisin (7-9) and BDNF (10-13) on
obesity, requires further investigation. In addition, the effect of different types of
HIIT exercises with different intensity and duration, as well as the effect of upper
and lower body activity layout model in designing a whole-body activity session
by HIIT method on possibly intelligent neuromuscular secretions of Irisin and
BDNF need more examination. Thus, the aim of the present study was to compare
the effects of three models related to high-intensity intermittent exercise (HIIE)
with synchronous, consecutive, and alternate upper and lower body activity on
plasma Irisin and BDNF among obese women.

Materials and Method

In the ongoing study, 11 untrained obese women (30.5+5.8yrs; body fat:
%39.9+4.0) completed three protocols on the elliptical ergometer in the cross-
design method. The protocols were designed based on Isoloade watt (Isobar,
Isocaloric) and included three different models of using upper and lower body
activity such as consecutive, synchronous, and alternate models in one session on
the Elliptical ergometer. The relative intensity of upper and lower body activity
was considered the same in all three models with 90% wWmax, determined under the
principles of designing incremental tests (14) based on a pilot study. The rhythm
of the pedals was at 50 rpm in all groups and performances and was controlled by
the metronome and the digital display of the Elliptical ergometer.

However, the consecutive protocol with less absolute intensity (heart rate) and
more duration than two other ones, and synchronous and alternate ones with
absolute intensities without significant differences, along with small and
negligible time differences (control of other factors as much as possible to
evaluate the effect of the layout) in the secretion of Irisin and BDNF were
evaluated and compared. In addition, the subjects’ perceived exertion was
assessed by the Borg's Ratings of Perceived Exertion (RPE) Scale (6-28 S?%).
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Regarding consecutive protocols, the arm and leg pedaling exercises were
performed consecutively; 10 repetitions each (60s) with 90% Wmax for 40 minutes.
In synchronous protocols, 10 repetitions (60s) of arm and leg pedaling exercises
were performed simultaneously with 90% Wmax for 29 minutes. As for alternate
protocol, arm and leg pedaling exercises were alternately done; 14 repetitions each
(60s) with 90% wmax for 26.6 minutes. Then, each bout of activity was separated
by one-minute active rest with 30% wmax. In addition, the blood samples were
taken before the first protocol and one hour after completing each protocol.

Results

Based on the results, no significant difference (p<0.05) in Irisin or BDNF changes
was reported between the protocols. However, 28.24 (p=0.02), 21.86, and 17.18%
(p=0.03) increase occurred at the synchronous, consecutive, and alternate
protocols in Irisin levels, respectively, while 0.01, 10.08, and 10.76% reduction
happened in BDNF levels, respectively, compared to baseline values.

According to repetitive measurement and LSD post-hoc tests in intergroup
comparison of heart rate results, the heart rate in the consecutive protocol was
significantly lower than the alternate one (P= 0.01) and significantly lower than
the synchronous one (P= 0.00). However, no significant difference was observed
between the heart rate in synchronous and alternate protocols (P = 0.49). Based
on the repetitive measurement and LSD post-hoc tests in intergroup comparison
of perceived exertion, the perceived exertion in the alternate protocol was
significantly lower than the synchronous one (P= 0.00). However, there was no
significant difference between the perceived exertion in consecutive and
synchronous protocols (P= 0.28) and consecutive and alternate ones (P= 0.10)
(p<0.05). Totally, the absolute intensity range was considered as 80-85% of target
heart rate and severe (Table 1).
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Table 1- Mean values of plasma levels of Irisin (ng /ml) and BDNF (ng/ml) in
consecutive, synchronous, and alternate pre-tests and post-tests, as well as mean values
of heart rate (bp) and perceived exertion (s) in consecutive, synchronous, and alternate

post-tests.
+Indicates a significant difference (p<0.05) compared to the pre-test

The mean absolute intensity based on the target heart rate in synchronous,
consecutive, and alternate protocols was 84-85, 79-80, and 83%, respectively,
which was considered as 80-85% of target heart rate and severe. Despite the lack
of significant differences in absolute intensity and duration, lower significant
perceived exertion in the alternate protocol than the synchronous one can be
related to the division of working exertion between upper and lower body
discontinued activity and temporary muscle recovery, imperceptible reduction in
intensity, and "distraction™ as a factor in overcoming central fatigue (15-16).
There were four possible situations in comparing the levels of Irisin and BDNF
secretion between synchronous, consecutive, and alternate protocols.

In case A, a significant difference in comparison between synchronous and
consecutive protocols or between alternate and consecutive ones, and lack of
difference in comparison between synchronous and alternate protocols indicate
the effect of intensity and duration components. In addition, the lack of difference
between synchronous and alternate protocols represents the definite and dominant
effect of the layout model.

In case B, lack of significant difference in comparison between synchronous and
consecutive protocols or between alternate and consecutive ones, and a significant
difference between synchronous and consecutive protocols approve the dominant,
modifying, and neutralizing effect of intensity and duration components on the
layout model. Therefore, the effect of the layout model, along with the effect of
intensity and duration becomes zero, and the manipulation of the intensity and
duration of the effect of the layout model is covered. Further, the lack of
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significant difference in comparison between synchronous and alternate protocols
indicates the dominant effect of expended energy and watt.

Conclusion

In general, synchronous or alternate upper and lower body activity is effective in
taking advantage of the increase in Irisin in an HIIE session. Lack of significant
difference in the amount of Irisin or BDNF in comparison between synchronous,
consecutive, and alternate models of using the upper and lower body in one HIIE
session confirms the greater share of energy expenditure in neuromuscular
secretions of Irisin and BDNF than variables such as severity, duration, and
models of muscle utilization.

However, the priority is with a model which perceives less exertion and time
expenditure. Synchronous or alternate models are preferred to consecutive ones
with no significant difference in perceived exertion due to time efficiency. In
addition, the alternate model is preferred to synchronous one with almost the same
time expenditure due to significantly lower perceived exertion. In general, the
alternate model is at the top with less time expenditure than the consecutive one
and with a significantly lower perceived exertion than the synchronous one.
Despite less time expenditure in synchronous and alternate models than the
consecutive one and lower perceived exertion in the alternate model than the
synchronous one, it seems that Irisin and BDNF secretion is mainly affected by
energy expenditure during exercise than activity intensity, duration, or order of
muscle activity.

Keywords: High-intensity intermittent exercise, Upper and lower body, Irisin,
Brain-derived neurotrophic factor, Obese women
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Abstract

There have been limited studies on the effect of the combination of aerobic exercise and alcohol
consumption on regulators of antioxidant defense systems, especially erythroid nuclear factor
2 associated with factor 2 (Nrf2) in heart muscle. The aim of this study was to investigate the
effect of eight-week aerobic exercise with ethanol consumption on Nrf2 gene expression in
heart tissue and antioxidant parameters of plasma in male rats. Totally, 32 rats with an average
weight of 230 £ 6 g were divided into four groups including control, aerobic exercise, ethanol
20% at a dose of 4 g/kgbw, and ethanol+ aerobic exercise. At the end of the period, levels of
Nrf2 gene expression, total antioxidant capacity (TAC) and malondialdehyde (MDA) were
evaluated. Data were analyzed by two-way ANOVA at the significant level of p<0.05. The
results showed that aerobic exercise had a significant effect on Nrf2 gene expression
(P=0.0068). The results suggested no significant effect of ethanol consumption (P=0.312) and
interaction effect between aerobic exercise and ethanol consumption (P=0.237) on Nrf2 gene
expression. Aerobic exercise significantly increased the expression of Nrf2 gene in the aerobic
exercise and ethanol+ aerobic exercise groups compared to the control. Ethanol consumption
significantly reduced TCA and increased MDA levels compared to other groups. The findings
suggested that ethanol consumption was decreased and plasma levels of TAC and MDA were
increased, respectively. In contrast, aerobic exercise through increasing TAC and Nrf2 gene
expression levels led to a decrease in the oxidative damage caused by ethanol consumption.

Keywords: Ethanol, Aerobic Exercise, Erythroid Nuclear Factor 2 Related to Factor (2)
(Nrf2), Gene Expression, Antioxidant
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Extended Abstract

Background and Purpose

There have been limited studies on the effect of the combination of aerobic
exercise and alcohol consumption on regulators of antioxidant defense systems,
especially erythroid nuclear factor 2 associated with factor 2 (Nrf2) in heart
muscle. The transcription factor Nrf2 is a major regulator of antioxidant proteins
(). Nrf2 is expressed in all tissues of the body, but most strongly in the heart,
brain, kidney, muscle, lung, and liver (2). Regulation of Nrf2 transcription factor
is affected by various factors including exercise (3). Physical activity has been
suggested as a useful non-pharmacological approach to modulate gene expression
of this antioxidant pathway, especially in the heart muscle. The aim of this study
was to investigate the effect of eight-week aerobic exercise on the damages caused
by 20% ethanol consumption on oxidative stress indices (malondialdehyde
(MDA) and total capacity antioxidant (TAC)) in plasma and Nrf2 gene expression
in the heart tissue in rats.

Materials and Methods

Totally, 32 male rats with an average weight of 230 + 6 g were divided into four
groups including control, aerobic exercise, ethanol 20% at a dose of 4 g/kgbw and
ethanol+aerobic exercise. All groups were anesthetized with an intraperitoneal
injection of ketamine (30-50 mg/kg body weight) and xylazine (3-5 m /kg body
weight) 48 hours after the last ethanol ingestion and exercise session during
overnight fasting. The blood sample was taken from the liver vein, and
immediately the heart tissue was collected and frozen at -80°C. The whole RNA
was extracted from the heart tissue of different rat groups. The extracted RNA
samples were used for cDNA synthesis after genomic contamination with DNasl,
RNase-free enzyme (Sinaclone, Iran). Nrf2 gene expression was evaluated using
real-time PCR performed using SYBER Green gPCR Master Mixes (Ampligon,
Denmark) in Rotor gene 6000 (Corbett). Real-time PCR reactions were conducted
in a final volume of 20 pl and each reaction was performed duplicate. The reaction
mixture consisted of 3 ul cDNA (50 ng/ul), 8 uL RealQ Plus 2x Master Mix Green
(Ampliogon, Denmark), 0.4 pL of each specific primer (10 pmol), and 8.2 pL of
DNase/RNase free water. PCR in real-time was applied with the following
primers: Forward: 5- GCTGCCATTAGTCAGTCGCTCTC -3' and Reverse: 5'-
ACCGTGCCTTCAGTGTGCTTC -3' for the rat Nrf2 gene (4) and Forward: 5'-
GGCAAGTTCAACGGCACAG -3 and Reverse: 5'-
GACGCCAGTAGACTCCACGAC -3' for the rat GAPDH gene. Relative gene
expression was quantified by the 242t method. Plasma TAC was determined by
the ferric reducing antioxidant power assay proposed by Benzi et al. (1996) (5),
and MDA was measured using the thiobarbituric acid method (6). Graph Pad
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Prism 6.07 was applied for data analysis. Data were analyzed through two-way
ANOVA analysis at the significant level of p<0.05.

Result

The results showed that aerobic exercise had a significant effect on Nrf2 gene
expression (P=0.0068). The findings indicated no significant effect of ethanol
consumption (P=0.312) and interaction effect between aerobic exercise and
ethanol consumption (P=0.237) on Nrf2 gene expression. Aerobic exercise
significantly increased the expression of Nrf2 gene in the aerobic exercise and
ethanol+ aerobic exercise groups compared to the control group (p<0.05). In the
current study, TAC was measured as an estimate of the potential composition of
different antioxidants in the body. The results of two-way ANOVA analysis
suggested that the effect of aerobic exercise (P=0.013) and ethanol consumption
(P=0.024), as well as the interaction effect between aerobic exercise and ethanol
consumption (P=0.0005) were significant for TAC. The results of Tukey's post-
hoc test demonstrated that ethanol consumption significantly decreased TAC in
the ethanol group compared to the other groups. The TAC decreased significantly
in the ethanol group (0.0809ng/mgProtein) compared with the control group
(1.121ng/mgProtein) (p<0.01) and the exercise group (0.825ng/mgProtein)
(p=0.05). Moreover, TAC increased significantly (p<0.01) in ethanol+ aerobic
exercise group (1.172ng/mgProtein) compared with the ethanol group. In the
present study, MDA was measured as an index for lipid peroxidation. The results
of the two-way ANOVA analysis showed that the effect of aerobic exercise
(P=0.0001), ethanol consumption (P = 0.0001) and interaction effect between
aerobic exercise and consumption ethanol (P=0.0001) was significant for plasma
MDA levels. The results of Tukey's post hoc test showed that ethanol
consumption significantly increased MDA in the ethanol group compared to other
groups. The amount of MDA in the ethanol group was 0.365ng/mgProtein which
was significantly increased compared with the control group (0.149ng/mgProtein)
(p<0.0001). The level of MDA in the aerobic exercise group was 0.104
ng/mgProtein, which was significantly decreased compared to the ethanol group
(p<0.0001) and the control group (p<0.05). Further, the MDA in the ethanol +
aerobic exercise group was 0.128 ng/mg Protein, which was significantly
decreased compared to the ethanol group (p<0.0001). The present study evaluated
the combined effects of physical exercise and chronic ethanol consumption and
concluded that alcohol consumption might increase cardiac MDA and reduce
myocardial antioxidant potential. Like the ongoing study, Benzie et al. (6)
suggested that resistance exercise could reduce the harmful effects of alcohol on
the heart and improve the heart's capacity antioxidant. Regular exercise might
improve the damage caused by oxidative stress and reduce lipid peroxidation
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through adaptations created by the expression level of genes controlling
antioxidant defense systems.

Conclusion

The findings of the present study showed that ethanol consumption was decreased
and TAC and MDA levels in plasma were increased. In contrast, aerobic exercise
through increasing TAC levels in plasma and Nrf2 gene expression levels led to
a decrease in the oxidative damage caused by ethanol consumption. On the other
hand, the results of the current study illustrated that regular aerobic exercise
combined with ethanol consumption improved ethanol-induced oxidative
damage. Regular and moderate exercise seems to maintain health and reduce the
risk of cardiovascular disease not only by modulating some of the genes that
control cell oxidation/reduction status but also by improving the performance of
the cardiovascular system via various mechanisms. If the positive effects of the
current study are repeated in human subjects, regular aerobic exercise may have
therapeutic potential to counter the harmful effects of chronic alcohol usage.
Keywords: Ethanol, Aerobic exercise, Erythroid nuclear factor 2 related to factor
(2) (Nrf2), Gene expression, Antioxidant

References

1. Kandola K, Bowman A, Birch-Machin MA. Oxidative stress—a key emerging impact
factor in health, ageing, lifestyle and aesthetics. Int J Cosmet Sci. 2015;37:1-8.

2. Nguyen T, Sherratt PJ, Pickett CB. Regulatory mechanisms controlling gene
expression mediated by the antioxidant response element. Nguyen T, Sherratt PJ,
Pickett CB. Regulatory mechanisms controlling gene expression mediated by the
antioxidant response element. Annu Rev Pharmacol Toxicol. 2003;43(1):233-60.

3. Gounder SS, Kannan S, Devadoss D, Miller CJ, Whitehead KS, Odelberg SJ, et al.
Impaired transcriptional activity of Nrf2 in age-related myocardial oxidative stress is
reversible by moderate exercise training. PloS one. 2012; 7(9):e45697.

4. Liang J, Li L, Sun Y, He W, Wang X, Su Q. The protective effect of activating
Nrf2/HO-1 signaling pathway on cardiomyocyte apoptosis after coronary
microembolization in rats. BMC Cardiovasc Disord. 2017; 17(1):272.

5. Esterbauer H, Cheeseman KH. [42] Determination of aldehydic lipid peroxidation
products: malonaldehyde and 4-hydroxynonenal. Methods Enzymol. 186: Elsevier;
1990. p. 407-21.

6. Benzie IF, Strain JJ. The ferric reducing ability of plasma (FRAP) as a measure of
“antioxidant power”: the FRAP assay. Anal Biochem. 1996; 239(1):70-6.

7. Chicco AJ, McCarty H, Reed AH, Story RR, Westerlind KC, Turner RT, et al.
Resistance exercise training attenuates alcohol-induced cardiac oxidative stress. Eur
J Cardiovasc Prev Rehabil. 2006; 13(1):74-9.


https://onlinelibrary.wiley.com/doi/abs/10.1111/ics.12287
https://onlinelibrary.wiley.com/doi/abs/10.1111/ics.12287
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.43.100901.140229
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.43.100901.140229
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.43.100901.140229
https://www.annualreviews.org/doi/abs/10.1146/annurev.pharmtox.43.100901.140229
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3471973/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3471973/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3471973/
https://link.springer.com/article/10.1186/s12872-017-0704-1
https://link.springer.com/article/10.1186/s12872-017-0704-1
https://link.springer.com/article/10.1186/s12872-017-0704-1
https://www.sciencedirect.com/science/article/pii/007668799086134H
https://www.sciencedirect.com/science/article/pii/007668799086134H
https://www.sciencedirect.com/science/article/pii/007668799086134H
https://www.sciencedirect.com/science/article/abs/pii/S0003269796902924
https://www.sciencedirect.com/science/article/abs/pii/S0003269796902924
https://pubmed.ncbi.nlm.nih.gov/16449867/
https://pubmed.ncbi.nlm.nih.gov/16449867/
https://pubmed.ncbi.nlm.nih.gov/16449867/

FO-AN (o 1P jlac ¥R o5kl (VY 6y90 39 55909 jud

g3y Al
das 9o Nrf2 gjglgﬁdﬁméﬂlgpiﬁgﬂp@ﬂmc&b}‘
P 20 Jige SIS I WT S S L §f (B 5 g
Tt 3 b (g pwai dms (b by, ¢ Jlig 910

ekl (55l oSl (o555 pole 0aSCails (05555 (STalsnied 09,8 bl guelids )15 At gal il )
Oyl

(Ui 332t Gl bl ke sl s 5,5 ol oSl o5 ol 3,8 sl
Ol e kil (olya55le olails ¢ o555 pole 0aSLailS (25555 (53502 523 09,5 Jlisliwl ¥

Sl eyl e oSS 55 ke S 555 S35l 8250 42 sal s B

WANFIYD : by iy g )b WAA/F/Ye bl o gyl

EBS i sosiiSmulili y JSII Bpan 3 (ohiyg Olay cuSy T 55k Gogume wlalllas
ilouds plovil bl dlac yo (NIT2) 90 55356 b daipo (530 odg yis sl (glaiumd ;giSL 03194 (SlamnS T 5T
9 s dlas NIf2 o5 gle » Joibl Spao b plgi (s3lgp cp po8 4idd Colid i1 (omiypr Bud b pil> aalllae
£ 39 oSilen b (g1l ym0 Gligo s VY Slasi o ool 5 (0l y2m0 Sige 30 Loty Sl T 5T (slo a5 L
Ul g o 039 50k 2 055 Sl 599 b oy Ve Jgilil csilan (n pod (J 505 09,5 )z 41 0,5 VY- £
oI o Cad B olmn 3 NIMT2 05 ol ol5ee Totams 0330 (bl 30 Wik a0 50 ol yoay
Sololizo gelaws 33 43.gaigd il g Jaloxi (39031 b osls i S35l (MDA) wiwlgogile 9 (TCA)
P =) cilo NIf2 o5 ol » lobxe 51 gilgn oy poi 45 ol ylid zubs .wivud Judoxs' g 4y 325 P <0.05
Jl1 Gy 9 63leh 030 305 oyt Solai il g (P = 0.312) Jgilil G puas yicisloti ylolino il gy lii .(0.0068
oo oy S 50 [yNI2 (5 Gl (5 loline jabay (55lg o poi 0 (L N2 (5 Lo 5o 1, (P = 0.237)
w0 GBS s (5 folino s34 ST b o 515 Sl 55 09,5 s dumglis 55 S5 ol pads (505 3
9 Gl o i iy JolT B o a5 010 (L gl b Bog ¥ plw b e )0 MDA (41381  TCA
TAC gk ial331 G255 31 53150 (52785 916! a5 Lol s MDA s TAC losdly gt 39
s i J1 B e 31 30 sailibmmnS ol 5l5 4 NFF2 55 ol il 9

— 5T o055 ol «(NFF2) Y5356 by b yo ¥ iy i sl 535516 5315 (05 o J3iU1 2l U539
ool

1. Email: roz_fathi@yahoo.com; r.fathi@umz.ac.ir
3. Email: z.farajtabar19@gmail.com

4. Email: kh.nasiri@umz.ac.ir

5. Email: farhadahmadil9@yahoo.com



VFee Hlee FR o koh MY 090 (o359 59990 b &

donio

ssbd Ol Coxez 5l (S i o Col (IS Gla Sundag (n eatanslis 5l (S o]
99> iy (655l SpSadn g (RE1S 20 0929 b il Bpas S o Brae |y T plate
O Branrgus s Cusl (S g 0)ls Jlisay 55 0L sladaly )5 o 50 (5 J5LS Cuin
Ogelee a5l Gy 00,5582 VVA Lo o ' Gl el losle a5 (23155 el 05
odudslis ol (V) Wlesls cuws 1) 095 ol JSI 5l pe e Bolaiwl Judoas Yo7 Jlo jo a5
(V) 0Bl o Gl 1o ye 30 yeosSye ol polemdes 5l Ui 45 el Sye Yo yp 5l Spe Sy
)l 958 5 Slslos By x5 ons Sl Jole (pmnges JSU 05|y s
ssba (B955 9 (B piasns 08hoe p (pope Djgoh 02 g (Fu s (Sloje 50 @ JSUI B jan
B985 8 sl ylon b Lo sloseas Sy 5l (ol a5 psbas ol sl 6 pSetnr
5 93037 S B il ol b IS saases S (S5 il ST el
(F) cosl iy JSIol> g o B 0 (S5 jLid

ey IS 53 4 JSUI B s 51 G55 (B0 5 (ol (slaaml a5 ool (i Slalllas (ypizean
255 50 (el 00 d pan JSII (l5ee b aSly o (ASI Sligpie i o gzl (Sl slp) o
Gy b dlio )3 JSI Laugin B o8 e o8 Sl 51 ST o555 5 Sl
CPreyd FoS WS o Sras IS Aigfae a5 ool prizen g 0k by b e
cbli> o Jdoas 3l ol Yezs] () sl S8 Bose 5 B sl ot 51 (S8 oeg S a
I 85 Jlo il s oSl it 59 o] abo ey 5 (ol (slocipmgns (ol
Gy ibli 15 ) it il oty ot 5 ol sl o sl oas s ol S, e
(£) cwnl ol lawgie

oo sle cdl 5l iy waame piSS bl g pglae golannST codled Jdoay (L8 sl gl
B o Sloe zals 0590l 456 5k sils 13 o1 sla Jbal, adgi 5 (5L col (o yme )0
ok S e Jdoar LB sl b0y (12l5 5 silannST Gl 30 ol @) 6pm b
(V) 22 oo S el o) 5l 30

o Sdsilio s Jsll anle IS cla Sundss sge Sl gl (ounie (clapmeilo lilllas 4o
sl o0 5en 3, kae DS b 5l Sl ol a5 Canl o 4z S L s Sl
O 9 5l G ey 5 2Ll Glasets p el (8 dlae sl Jsle S5um T gilans]
CisT 5 by loreS| 5T s Jolas a5 5,0 0,L5] pndg 4y 5u3lapnST o yiasl (A) 955 co Jlos!

1. World Health Organization (WHO)



0 et S Sy b oyl 55190 (0o 43a0 Cadid 31555 58

wgdies P! s ROS wdsi (aal3dl b g lapsT il dudss Jdoa 5081 p0dy STy
looai¥T aile lame Jelge Liogs ROS algs «Sulgplio slocis gur yail padlgplio ogdle
Sl s slacdly 5l (S B dlae 955 o0 O jpe 5 Sl B ras 9 SIS B pae ()
5 Oiaed SeSln wenSThge Glon wile LROS 51 (L6 gilannsT slacawl 59
() Sl oS g 00

1Bl (FasS ST SIS L ablie gl ook wad oo (59, geilannST (o piul &S (olKin
(e 59) S8, 1 ()l 50, slaey (09,5 Ghgels b 9,5 Sl )b 5l ST wiiS e (S ROS
S5 it 1 (oS S il 1y ol e s s g 5 (ST T slars T
58S L e ye 90 audg il s [, slaJobo Lol ogenlananST 808 J 1S (omagis)
S5 s 9 95850 JUd ROS w I iy ags 32,k ) a8 ol (NM2 (si ,5518) T
O0) 3550 el b slapSsuls 5 (eI T slaintisy 5 o]

O3 05 V0w 3l e g Sl GlonST T sl ey ol 800S0 A N2 i 55256
lacdl don )3 NIM2 (cunsig) j5518 (V1) wiS oo malats guilannT ol 0 sy j0 1, (Jsho

O Sl S5 2l wazmale @S gae d8 )0 ol Gl cn it Lol wosdi oo Gl (o
Codlad 5,0l O Y) Sl 155 alojl gilisea Jalge 3B NIT2 cunygig) 553516 ()l rlais
3% 5% (SanST Il e (0l 0 Olo o 6l dete ogyl0pe Sal, S plsiea o
5 ol temg 5 laylamaS] 5T s ROS ol o s Loyl 1o il = ylae o5 dlise
i oy A E) 3l b o ST 5T wes walits o Bl ks N2 oyl by 25l
gty a5 ol i ol i mgasiay ROS il e 55 Jols

Sipgh Lawly e 5o 050 o0 Jsku ;o N2 (L (20l381 g guilacsT o il slom] csly
BB 15 5:51amaS| oyl Y game 5 loanST T Slgo i ly, s Ban by gl 3

Saw SYsb g plaiel wuals Dby ad a5 8l s92g ikl ! (V0) el g e guslanuS]
507) ssdie o Alie ;s ks 5316ST ol G138 o ROS sy (i3l ey
Slg 5l g wil anils GhaenS| Sl (ldlre Sl 51y oo Sl bawgle 5 elite (3555 Bk
aS Cowl 00l sols lid pizmen () Y) WS o 65 sl s 5l 86 o] sla IS,

1. Reactive Oxygen Species (ROS)
2. Nuclear Factor Erythroid 2-Related Factor 2 (Nrf2)



VFee Hlee FR o koh IV 090 (o359 59990 b vy

SISl s g 020 (2ol | (8 alae guilannST o il Wil o plate (o559 Dl o3

AT w8 J568 50 1) Al )3 (6 m 51 (AU 9lansST oyl al8l g 0iS” 2o g5 |,
oon a8y OMae ae (S wiile (platdl glannST Cundy (S Sl ped
ool slaasls 5 Jolil glitte slajes ks )0 o3k Gbaom, z cnln ogdle 5 Canl ond
Jlael b sogamme lallas g el iiony ooy olasly Syl siians] 4285 ploxi] guilongun
Orizre load plonl Gl S8L geilanST Cumdy p lawgte Dab b (p yed g U ite 90 50
N2 (5 ol (3555 1 dlaslsas (oS T (T s a5 80 3500 Slalllas (556
2 bgie DAl b siler aped Sl omyp Boa b gl (nl Galpln saslasd 5 el B o
5 "aWlgogglle) seilansT (il Glogasls yr ae)s Yo Joilil Bras 5l 36 glacawl
5 e Slaise ol8 dlas o NH2 s, (5551 5 (odly TSIl o6 2o b

gdse plox

SR9 3 95

VY aalllas cnl )3 09 g3l 9 (225 €951 o Blaal g Cudle 4y 4 b 0> hagh ()
gl 35y sl i (Al e g 0 YV 27 S59 (aS0leo b Jlimny 315 5 2l pme Shge e
YY BV los b e o gl olfiglosl &y JUil 51 Gy Sllgam 0 angs ol gy
WD (6, Cel VYT oLy - S0 a5 2 g 0o )0 FO U YO Cugb ) ( wgmndas a0
(Olphssnas &5 50 colu) Ghse pogase sl 5 Ol Bras 4y Sllgo (iagh 8,50 (b 5o
Sy Sodlad By g wax (6,IS Lo b olidl aian SO 5l Ly Sllgs aibls ol31 g s
S e JPUI+ 02 305 5 (0 pe3 (BT (J5S 09,5 Jloz 4 (Bolai jsbay Jees 5

Oigd b Sl slaincsy gilulid] 0,50 G L (sjlam (nped ihe Cot sy yoF JSTg
S Ve Sy b anlr as glasie (o8 (gloog S wgilelisl 890 (o po ok 5T s s,
O yekaieds S el (6,85l 8,90 5l e cadall 0018 s e 4B Ve Doedy 4BB
bl 5y 4 0seil Gl b 12l g Sy 2STae

09,5 Sllgr 51 oo aS Jlosl il Jaie aads o gy Copw b o a4 Sl
Al Lol L8 e pay aiBo e A B A 0 SIS b s, (s 4y (o el

1. Malondialdehyde
2. Total Antioxidant Capacity (TAC)



vr et S Sy b oyl 55190 (0o 43a0 Cadid 31555 58

Slads el lawgio Sad b goy codld b illas a5 0l dwloes Ce s 13510 30 )0 PO s
Ve lnyed Oloy e (s e 59, Gl 50 10 plol Jlgie dida 50 (gl atia )8 59, @ty (S oS
B0 Fr Doedy B ol aBlal g, 50 adds Ve (e 4 0 peT D i sl )0 9 0 Al
093] 0)lgd JlSy ke 90 52 oS (yed g 40 Sele Sy sl Sllg 2y g, 5l e
OA) as asle S s i3S Tas 0,0 FO g ol plodil L8 g, ol 4y Ce ps 2STas>

039 P 0kS 2 psS e 5e0 b oy Ve (b JSIN ST gl ol 5o i b1 B pae (09
G5l sl i olizid 3155 51 b ige 41 Jibl il e sy s osliia ailjs, & ygods (ot
4 pid jo) b Lol (L3 jlade 4 )5 /0 59) po g 0d £9yd )5 0 /0 598 51 JHLTL b tge
039, 5 Aol b FokS )5 Jloz 555 @ o Sl am e 05 Ll i Slaae 590
ANV ab ploxl 590 380 Jlade s sl 20200 (6250139

S ollisde

' pilel Sllsem 5l olinul 5 cudlye gl (BT glosaly Jpol 4 azgi b ol lagh
Sipos IS5 olwsle oKl B &S wnl 4 o isbesT ales o alwl IACUC)
S bl (bl slp Slge> ol 455 .o, IR.LUMZ.REC.1397.054 ,:l>
lilgem b ooliiul iaghy Jids 5 6 kel Como gl 5l S50 Olsem JBlas 5l Gl
Al s,y Ay Ohged byl Ay sadogly 050 g g, (il Glid rals b olis] ales
51 By 5 o5 ot ol Bl b e (il lnans o33 (slagyls 5 5ol
ol s 3T 5359 (S b (IS ol oo Sllsir (59,5 G5 a5 428, 13 bl
1 sl ole, U5 550 e 40 bl A8Y 180 5 (5045 eslapdis oo Ll
W pdy )90

O P ETI

ol alie SLS Lyl s ped &de o 5T 5 Jsill G pmn 5| ey cslos FA Laog 5 alos
& B aw) Tl 5 (0% 0s 5ok 2 5 e 00 Y ) TS’ Blaoiyg)s 35 b wlos
B33 Bl 3] 09 3 k8 4SS s A s WD G0 (5 033 pTOLS 0 S keo
A (65l B b alolidl g w8 S guS

1. Institutional Animal Care and Use Committee
2. Ketamine
3. Xylazine



VFee Hlae FR o koh MY 090 (o359 59990 b Ve

O3 ole 9 DNA yiww RNA z| yzuiw!

b solitel (e ) s s S 3l almo ige B il 31 S RNA gl sl oy
RNase & DNase (slocgais S 4y .0l plodil oaijle o8 0 coS Joalljgiws 3l 50l
039390 yidg o VO« ok 4 00iiS 5 B )] 4 g o aBlol aigen diges p,5 Lo O Free
Jolo bslien 4 39,15 205 S0 10+ 05d (0mlis S 4 iy ko akigad e 05
GBI sleod [0 aids au Saedy g ol ools I by Jols balie il VO (5l g ol a8l
5 e WWere Cepu LboolF il do o jlez 0 4280 VY Soedy Jols bl ol 46Xl
RNA (gl> oYL le 56 a5 0l oS 51 4w bgloue 590 yola 5l (.0l jody yiils aiiBs
G5 A e D biglis ao s Ve Uil USI1 iy S Fee L g ol laz Bl 56 ol oss
a5 el olas .ol 590y sl a8 1o 1o VW v e e o b alBo G Doy g o adlal G
o)bgd o w90 g 0ad rex (gt 2 PSS ey See yo HhS Sl e Sl
LS PW) gdgands 3L 51 yidg Seo Ve e gt b g o 0l )5 0 (9 41,9588 589 5o
25 0P8I g9 e ad ok il 4l 50 90 VWe e Ciep b 450 ST Sy e 0D
4 g9t Bl s Soo 00 0)lgs 5 0l (JI w0g 0nd ez 0] 50 eadaned mle 4 (g
93 WWere Copu b alds S Doty g 0B LSl (2l RNA i odls sl g
o a8l Sl gt & 'DEPC L oo )lews o ;idg Ko Vo Culed)o i o il adli o
Sy iSTas b dBBy 50 Sdeds et (e -0 (6,100 lase j0 4B8s Al Sdeds g
RNA coaS g S .o Jitie 6 oo V0 Cauig Ko 40 5 0 b RNA b 0 §gin il
GLRNA &igoi ol b)) (6 2agids mSmsl UV g 5,51 5 (55, 55989 5501 g, b ooy
(Ol ;915 L) DNasl, RNase-free o 51 L o555 sla Sogll Bas 5l o dalol o 5l
ol eolaiwl CDNA i sl p

obite s b solitul (o) p) Thosl 5l S 15 CDNA jiw oS 51 cDNA s sl
CDNA &y 0055k &8 5 sl s 3l Oligo dT 55T 51 snliul b Jbsi RNA o 55 Se S
DA olal 2 gz 8505 ® a2 yoal 5138105 b GAPDHT a2 jo 5 83121 (o b s i
eobaisl sla 55T 5INM2 o5 colais] 2S5 gl .0l alosl NCBI” 55 b ,o GAPDH 5

1. Pars Tous

2. Diethyl Pyrocarbonate

3. Yektatajhiz Azma

4. Glyceraldehyde 3-Phosphate Dehydrogenase
5. Primer Premier

6. National Center for Biotechnology Information



vo et S Sy b oyl 55190 (0o 43a0 Cadid 31555 58

"ng;u RA SN ENTYS L:e)f)’Lé—I o 00l (V) o o o 'S dalllae o o i ,l58
Obas S 8 leds Jgaz 4o mdgh (pl 5o eadoslaiul LgL:a)f)'Lé—I Slasuin 0w g9 5,5

Sl 00 00l

Real Time PCR wiul 8 yo sasbosliswl gla 53T olasine Y Jgus
Table 1-The charactriziation of primers used in Real Time PCR process

Jsb
s S Jsame
< ST Jig 03 Gl ca)
Gene Primer sequence (5-3") Accession  Product
number length
(bp)

F5- GCTGCCATTAGTCAGTCGCTCTC-
Nrf2 3 NM_031789.2 104
R5- ACCGTGCCTTCAGTGTGCTTC -3

F 5- GGCAAGTTCAACGGCACAG-3’

GAPDH - b5 GACGCCAGTAGACTCCACGAC-3

NM_017008.4 144
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Figure 1- PCR product electrophoresis using specific primers of GAPDH and Nrf2
genes on 1% agarose gel
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Figure 2- Fold change of Nrf2 gene in exercise, ethanol and exercise + ethanol
groups compared to control group
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Abstract

Neuronal nuclear (NeuN) proteins are one of the neuronal differentiation markers
expressed in mature neurons. The purpose of the present study was to investigate the effect
of 20-day swimming training on NeuN protein and ganglion cell number in the dorsal root
ganglion (DRG) in male Wistar rats. In this experimental study, 16 male Wistar rats (200-
250 g) were prepared from the Pasteur laboratory, and the animals were randomly divided
into two groups (control and experimental). The experimental group performed a
swimming exercise program for 20 days (30 min/day equal 65% Vo,max), and 48 hours
after the end of the last session, the experimental and control rats were anesthetized and
sacrificed in an unconscious state. The DRG was isolated from the lower limb region.
Cresyl violet assay and hemotoxylin-eosin staining were used to assess the ganglion
population and NeuN protein to assess the ganglion population and NeuN protein,
respectively. An independent t-student test was used to determine between-group
differences. The results of this study showed that swimming exercises significantly
increased NeuN protein (p<0.05). Additionally, the number of ganglion cells in the
exercise group significantly increased (p<0.05). This study indicated for the first time that
the swimming exercise caused an increase in the number of sensory neurons and induced
their differentiation, leading to the development of mature sensory neurons in the DRG in
the spinal cord.

Keywords: NeuN Protein, Swimming Exercise, Dorsal Root Ganglion, Sensory
Neurons
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Extended Abstract

Background and Purpose

Neuronal nuclear (NeuN) protein was discovered as a neuronal differentiation
marker in 1992 (1). NeuN is expressed in the cytoplasm of most neurons in the
mammalian central nervous system (2). Aerobic physical training is associated
with the expression of genes related to neuronal plasticity and enhances
neurogenesis in sensory and motor neurons (3). Several studies have investigated
the effect of physical activity on motor neurons (4, 5), but the effect of physical
activity on sensory neuron changes is small. Therefore, the purpose of the present
study was to investigate the effect of 20-day swimming training on NeuN protein
and ganglion cell number in the dorsal root ganglion (DRG) in male Wistar rats.

Methods

In this experimental study, 16 male Wistar rats weighing 200-250 g were prepared
from the Pasteur laboratory. The animals were randomly divided into two groups
according to the treatment protocol (control and experimental). The training
protocol was carried out by an experimentalist. Habituation to the Exercise
Training Program was done in four days for two groups, after habituation, the
experimental group performed a swimming exercise program for 20 days. The
main exercise program consisted of 30-minute swimming daily (equal to 65%
Vomax of rats) for 16 days. At the end of the exercise protocol and 48 hours after
the end of the last session, the experimental and control rats were anesthetized
with ketamine (90mg/kg) and xylazine (10mg/kg) and sacrificed in an unconscious
state. The DRG was isolated from the lower limb region. Cresyl violet assay and
hemotoxylin-eosin staining were used to assess the ganglion population and NeuN
protein in DRG, respectively. An independent t-student test was used to determine
group differences at significant level of 0.05.

Results

The results of the hemotoxylin-eosin staining test showed that swimming
exercises significantly (p<0.05) increased NeuN protein in the DRG region of
trained rats compared to control rats. Moreover, the result of the cresyl violet test
indicated that the number of ganglion cells of the DRG region in the training group
was significantly (p<0.05) higher than that in the control group.
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Discussion

This study suggested for the first time that swimming exercise caused an increase

in the number of sensory neurons and induced their differentiation, leading to the

development of mature sensory neurons in the DRG in the spinal cord. It seems
that an increase in mature sensory neurons in the DRG in the spinal cord due to
swimming training is the response to the increase in sensory stimuli induced by
training, and similar to motor neurons, neurogenesis enhances sensory neurons in
the DRG of the spinal cord. In the ongoing study, the factors that increased NeuN
protein and the population of ganglionic cells in the DRG of the trained rat were
still unknown, so it could be describe that according to various studies, factors
such as Nitric oxide (NO), Brain-Derived Neurotrophic Factor (BDNF), and Glial

Cell-Derived Neurotrophic Factor (GDNF) (4, 6) seemed to play a role in these

processes.

Keywords: NeuN protein, swimming exercise, dorsal root ganglion, sensory

neurons.
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Figure 1. Immunohistochemical measurement of NeuN protein in DRG and its increase in
trained rats after 20 days of swimming training.
** *: Significant difference with control group (P <0.05)
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Figure 2 - NeuN immunohistochemical staining photomicrographs in DRG rats of

swimming and control training group and significant increase of NeuN protein in DRG
swimming training group compared to control group (P <0.05)
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Figure 3. Ganglion cell population in DRG rats after 20 days of swimming training and a
significant increase in the number of ganglion cells in DRG trained rats.
***: Significant difference with control group (P <0.05)
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Figure 4 - Crystal-violet staining photographs of ganglion cells and a significant increase
in the number of ganglion cells in DRG rats that practiced swimming (P <0.05)
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Figure 5 - H&E stained photographs in DRG rats of swimming and control training group

(in this method, DRG, ganglion cell and nerve are shown in two swimming and control
training groups
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Abstract

Obesity, with upregulation of furin and downregulation of KLF-15, decreases the expression
of the insulin-sensitizing agent, namely, CTRP-12. Exercise training plays an important role in
controlling the signaling impairment of inflammation from obesity. Therefore, the purpose of
the present study was to investigate the effect of 8-week resistance, endurance and concurrent
training on serum CTRP-12, Furin, KLF-15 and insulin resistance in sedentary obese men. 40
inactive obese men (Age: 34.8 £ 3.58 years, height: 175.5 + 4.62 cm, weight: 95.9 + 4.88 Kg
and BMI: 31.1 + 1.05 Kg/m?) were randomly divided into 4 groups, resistance training (3 sets
with 10 repetitions and 30-70% 1RM), endurance training (15 to 45 minutes with the intensity
of 50-70% of maximum heart rate), concurrent training (combination of resistance and
endurance training), and control. Serum levels of CTRP-12, Furin and KLF-15 were measured
using ELISA kits. Data were analyzed by t-test and ANOVA at the significance level (p<0.05).
KLF-15 values of endurance training groups (p=0.006) and concurrent (p= 0.036) significantly
increased. However, furin values in these two groups showed a significant decrease (p=0.001
and p= 0.044, respectively). The values of CTRP-12 were only a significant increase in the
concurrent training group (p= 0.023). Endurance (p= 0.009) and concurrent (p= 0.006) groups
have significantly decreased in insulin resistance. In the intergroup analysis, aerobic training
induces a significant change in KLF-15 (p = 3.090, P = 0.039) and furin (F = 3.297 and p =
0.031) compared to control group. It seems that the use of endurance training, and in particular
concurrent training, has a better effect on lipid profiles, as well as the upregulation of new anti-
inflammatory adipokines such as KLF-15 and CTRP-12, and downregulation of inflammatory
adipokine furin.
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Extended Abstract
Background and Purpose

Obesity has been associated with some pathological conditions including insulin
resistance, metabolic syndrome, cardiovascular disease, and type Il diabetes (1).
The mechanism of such damage is attributed to adipokines secreted from white
adipose tissues (2). CTRP-12 is an adipokine expressed in adipocytes to improve
insulin sensitivity with anti-inflammatory effects (3). It has been shown that KLF-
15 stimulates CTRP-12 promoter activity in 293 cells. As KLF-15 increases,
CTRP-12 levels rise. Unlike KLF-15, furin is found to cause a negative regulation
of CTRP-12. Different modalities of exercise training have disparate effects on
adipose tissue metabolism and adipokine secretion. Only a few studies have
investigated the relationship between these three markers with different types of
exercise training. Therefore, the purpose of the present study was to investigate
the effects of 8-week resistance, endurance, and concurrent training on serum
CTRP-12, Furin, KLF-15, lipid profiles, and insulin resistance in sedentary obese
men.

Method of Research

Forty inactive obese men (Age: 34.8 £ 3.58 years, height: 175.5 + 4.62 cm,
weight: 95.9 + 4.88 Kg and body mass index (BMI): 31.1 + 1.05 Kg/m?) were
randomly divided into 4 groups, namely resistance training, endurance training,
concurrent training, and control. The resistance training group performed
resistance training for 8 weeks and 3 sessions per week. The training protocol for
these subjects consisted of 10 minutes of warm-up (jogging or cycling), the main
body of the exercise (8 core movements, including 3 sets with 10 repetitions and
intensity ranging from 30% 1-RM gradually to 70% 1-RM) which was continued
with 10 minutes of cooling (stretching). There was one-minute rest between each
set and 90 seconds rest between each movement. Endurance training protocol
included 10-minute warm-ups (jogging or cycling), and the main exercise training
was composed of treadmill running (the activity intensity from 50% maximum
heart rate (MHR) gradually to 70% and time to progressively from 15 minutes to
45 minutes) with 10 minutes allocated for cooling (stretching). The concurrent
training protocol consisted of a 10-minute warm-up (jogging or cycling), the main
body of training (a combination of both resistance and endurance training with the
same intensity and half time of each program) and 10-minutes cooling down
(stretching). Overall, the volume of concurrent training was similar to the other
two programs in terms of time, intensity, and sequence. The method of exercise
was such that resistance training was always performed before endurance training
to prevent early fatigue from endurance training (4, 5). Serum levels of CTRP-12,
Furin and KLF-15 were measured using ELISA kits. Data were analyzed by T-
test and ANOVA at the significance level (p< 0.05).
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Results

The results of the T-test showed that the 8-week resistance training program
significantly changed the percentage of fat (p = 0.002), HDL (p = 0.001), and
waist (p = 0.001) in inactive obese men compared to baseline. Moreover, 8-week
endurance training significantly altered body weight (p = 0.001), BMI (p = 0.001),
body fat percentage (p = 0.001), VO2max (p = 0.001), total cholesterol (p =
0.017), HDL (p = 0.001), LDL (p = 0.013), glucose (p = 0.005), and insulin
resistance (p = 0.009). On the other hand, 8-week concurrent training also
revealed a significant change in weight (p = 0.008), body fat percentage (p =
0.001), VO2max (p = 0.001), waist circumference (p = 0.001), TG (p = 0.001),
HDL (p =0.016) VLDL (p = 0.017), glucose (p = 0.001), and insulin resistance (p
= 0.006). The results of independent t-test in aerobic training (p = 0.006) and
concurrent training (p = 0.001) demonstrated that KLF-15 significantly increased
compared to its pre-test, whereas furin values in both groups illustrated a
significant decrease (aerobic: p = 0.001 and concurrent training: p = 0.044).
However, the values of CTRP-12 represented a significant increase (p = 0.023)
only in the concurrent training group compared to the pre-test values. The results
of one-way ANOVA illustrated that there was a significant difference between
KLF-15 values in the study groups after 8 weeks of intervention (p =0.039 and F
= 3.090). The results of Tukey's post-hoc test revealed that the amount of KLF-15
changes during the intervention in the aerobic training group was higher than the
corresponding changes in the control group (p = 0.031). Besides, changes in serum
KLF-15 during the intervention in the resistance and concurrent training groups
were more than the corresponding changes in the control group, but their
significance was not confirmed (p = 0.451 and p = 0.137, respectively). Moreover,
there was a significant difference between the furin groups after 8 weeks of
intervention (p = 0.031 and F = 3.297). On the other hand, the results of Tukey's
post-hoc test indicated that the amount of serum furin changes during the
intervention in the aerobic, resistance, and concurrent training groups was lower
than the corresponding changes in the control group, but they were significant
only in the aerobic exercise training group (aerobic exercise p = 0.022, resistance
exercise p = 0.147 and concurrent training p = 0.214).
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Table 1- One-way ANOVA test results in research variables

Sum of Mean .
df F Sig.
Squares Square
Between Groups  108.635 3 36.212 3.090 0.039
KLF-15  Within Groups 421.943 36 11.721
Total 530.578 39

Between Groups 193226.570 3 64408.857 3.297  0.031
Furin Within Groups ~ 703372.330 36 19538.120

Total 896598.900 39
Between Groups 25.469 3 8.490 1424  0.252
CTRP-12  Within Groups 214.631 36 5.962
Total 240.100 39

Conclusion

It seems that the use of aerobic training, especially concurrent training, due to the
enhancement of aerobic and mitochondrial metabolic pathways, has better effects
on lipid profile as well as increased regulation of new anti-inflammatory
adipokines such as KLF-15 and CTRP- 12. Moreover, the ongoing study found
that such training down regulates inflammatory adipokines furin. However, based
on the research background, it is possible to predict the signal relationship of these
factors with exercise training. In other words, concurrent training through positive
regulation of KLF-15 and negative regulation of furin seems to play a role in
enhancing the beneficial factor CTRP-12. Therefore, concurrent and aerobic
exercises can be recommended for obese individuals to prevent metabolic diseases
such as diabetes.

Keywords: Resistance Training, Endurance training, Concurrent Training,
CTRP-12, furin, KLF-15
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Table 1- Aerobic, resistance and Concurrent training program (eight weeks, three sesions per week)
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1. Homeostatic Model Assessment of Insulin Resistance (HOMA-IR)
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Table 2- Mean, standard deviation, and dependent t-test results of anthropometric
variables, lipid profile, and insulin resistance index.

23 095 23 095 P RIT

Silgo Siled o9l JyES 095
Concurrent Aerobic Resistance Control Variable
training training training group
group group group
L.'J .
353380  34.6+3.83  34.3+333 353383 (JA;:*(“year)
174.8+4.46  174.243.39  178.8#556  174.5+3.83 (e ﬁ‘: gr:tfcm)
95.2+¢4.96  95.3+4.49  97.4+4.89 9564556 Pre s
94.0£398 9224531  98.6#529  96.1#6.37 Post (e S5L5) 05
20.008 20.001 0.311 0.204 P . NVeiONt(kg)
31.0£0.76  31.4+0.93  30.5+1.15  31.3*1.17  Pre C ow ey esls
30.740.70  30.3t1.04  30.8#0.72  31.5¢139 Post ° ce oSS
o rene =
0.058 20.001 0.353 0.229 R (e
BMI (kg/m?)
2314229  24.2+#160  23.7+257  23.243.07  Pre 3
20.0£1.70 206171  21.9+231  235%322 Post (30,9) 227z
20.001 20,001 20.002 0.760 I ()
315+6.81  32.9+4.03  30.6+5.79  31.848.08  Pre . OS] ST
39.146.76  45.6+6.49  31.1#517  32.3+7.35 Post ° o
40.001 20.001 0.726 0.561 P e VO;max

(ml/kg/mint)

(P <0.05) ;9051 i polie b awglio yo (s loline 903l s polie 1o yge;l i polie 13
Pre: pre-test, Post: post-test, a: Significance compared to pre-test (p<0.05)
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Table 2- Mean, standard deviation, and dependent t-test results of anthropometric
variables, lipid profile, and insulin resistance index.

o3 09,5 o3 09,5 o 09,5
Silge Silsn oglio JrS 095
Concurrent Aerobic Resistance Control Variable
training training training group
group group group
103.5+8.56  103.4+4.90 101.5+5.08 102.749.92 Pre 3 —l) a5 s
98.9+7.78 1011321 9824541  103.4+9.89 Post .
~ P
20.001 0.244 20.001 0.066 P olee  Waist (cm)
1.01+0.05  0.93+0.29  1.00+0.05  0.97+0.06  Pre 3 & oS )y o
0.99£0.05  1.02¢0.03  0.98+0.05  0.974#0.05 Post  _ im0
: St
0.098 0.346 0.294 0.139 P sl WHR (cm)
152.7#19.49 152.1+30.95 151.4+40.03 151.7+49.28 Pre 3 o
92.7¢33.17 124.9+26.86 132.5t#50.27 152.4+64.96 Post i (B
20.001 0.098 0.388 0.975 P ke O (MEMD)
186.0+28.10 185.0+22.58 185.0+27.24 186.1+31.41 Pre 3 Jgyids
173.1#25.95 145742612 175.2+29.59 186.0+25.63 Post Chojlesterol
0.292 20.017 0.324 0.994 P ke (mg/dL)
37.9+7.17  37.745.16 375651  38.3+8.79  Pre . b By e
476568  49.9+8.34  53.2+10.27 3894811 Post ° Y S
20.016 20.001 20.001 0.871 P @M HDL
€ (mg/dL)
135.3+23.15 134.8+17.18 134.9+23.41 134.1+1525 Pre . b ey ppnd
116.7420.35 110.2+13.53 121.7+14.88 134.6+19.35 Post ° ol s
0.077 20.013 0.192 0.934 P LDL
6P (mg/dL)

Pre: pre-test, Post: post-test, a: Significance compared to pre-test (p<0.05)

(P <0.05) ;9031 st polie b aunlie jo (5 lobine P cyg03l pm polin io cyg03l iy polie 5
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Table 2- Mean, standard deviation, and dependent t-test results of anthropometric
variables, lipid profile, and insulin resistance index.
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d:, ;; sile Soglio JyES 095 i
Aerobic  Resistance Control :
Concurrent - . Variable
training group training training group
group group
30.54+11.34 30.71+£7.81 30.96£7.99 30.15+9.41 Pre b ety g
23.26x8.84 26.2+4.96  25.61£8.60 30.21+14.40 Post 3 L s
= ok
40.017 0.124 0.192 0.991 P &, olins VLDL
(mg/dL)
45.8+12.2 45.7+5.58 46.516.37 44,9+£3.55 Pre S5 S
74.4£7.90 4744528 82.1+16.21 44.6+3.85 Post ) et
3 o e
20.001 20.01 20.001 0.769 P &, lias 1RM
Chest
press (kg)
104.7£22.54 106.6+9.27 108.5t14.16 107.3£12.40 Pre LSS
177.6£64.28 107.5+9.28 164.1+25.36 107.7£11.75 Post 3 e
. L
20,001 20.01 20.001 0.823 P oslee | JRM L
press (kg)
1.95+0.25 1.96+0.23 1.96+0.31 1.91+0.24 Pre . 4 Canglie
1.64+0.17 1.67+0.15 1.82+0.17 1.94+0.28 Post e dgd]
20.006 20.009 0.306 0.836 P .ok Insulin
resistance

(P <0.05) ;9031 sion polie b dnlie jo (5 lobine P cyg03l pm polin io cygo3l iy polie 5
Pre: pre-test, Post: post-test, a: Significance compared to pre-test (p<0.05)

o5 s (P = 0.001) (55lm 205 5 P = 0.008) (55150 (505 03,5 10 Aras (55 (y905] ol
30 st polie a5 Jlo o sclils ol ol 955 g0l i b avslie ;o KLF-15 ,laie a5
5leds Jguz) (P =0.044 : s5lae « P =0.001 : g3lgn) ols Llas |, g lolize jralS 09,5 g0
polie b aslae ;o (gilee (o ped 09,5 ;o L CTRP-12 ,olis a5 o Jb jo o) (e

(o 8yles Jgaz) ols lis (P =10.023) 1, (g lobine iol38l cyge;l o
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Table 3- Mean, standard deviation, and results of KLF-15, Furin, and CTRP-12

dependent t-test between research groups

RECRIT Ot ed 095 Ot ed 095
S5lge S3len swglie JsES 0g,S yuiie
Concurrent Aerobic Resistance Control group Variable
training group  training group  training group
12.86+2.56 12.9143.26 12.77£1.71 12.82+2.00 Pre
16.11+2.58 17.15+4.23 15.00£4.40 12.71+1.69 Post KLF-15
(ng/mL)
*0.036 *0.006 0.153 0.878 BRI
523.33+108.55 531.19+92.72 523.2+486.55 530.06+113.70 Pre 3 s
=)
400.69+£114.15 334.86+123.72 388.08+190.95 524.57+£115.52 Post - Furin
sl (MO/L)
*0.044 *0.001 0.090 0.930
4.16+1.36 4.74+1.18 4.57+1.34 4.45+1.62 Pre
5 CTRP-
6.06+2.21 6.61+2.27 6.21+3.32 4.51+1.65 Post ° 12
5 ng/mL
*0.023 0.100 0.238 0.923 P bl (ng/m=)

(P <0.05) 9031 i polie b awslio 4o (g lobine ¥ cyg03] m polie xo eyg03] i polie 1
Pre: pre-test, Post: post-test, *: Significance compared to pre-test (P<0.05)

P =0.997) (ps,5-8 (F=0.006 P = 0.999) KLF-15 slo e (o0l i gl (cwyp o
aS 0l jateie 2,8 b, iz o (F=0.330 P =0.818) CTRP-12 4 (F = 0.018
55 09elom @S s 0 B sgzs baos S geilin A pe ) (sl Bl s
3o g slrog,S 0 KLF-15 polas o oS ol lid asl, 6 slgsl g )bl g0l b
3Gl 8,leds Jgaz) (F=3.090 P =0.039) cuisls 0gzg (5 loline Dglas alslowe aiian cuin
5o aldlae Job jo g0y KLF-15 Ol lade oS ols (lis  Sof omdind (ao)] bl B8k
it (P = 0031) 55y iy J5iS 09,8 55 Bl i b amplia 5 (53150 (03 03,5
Ol et b dnalie ;0 (55lg0 9 (Soglite (2 o3 o 09,5 jo aldlae Jsbo )o (oo KLF-15 &l s
(P =0.137 P = 0451 s ja) i 0l ooyl (6 lobine Lol g yidan J S 09,5 j0 ,blie

(7 8)leds Jgaz)




VFee Hlee FR o kel IV 090 (o359 59990 b

\Y#

o 95 (sleog)S 50 yed polie (o aS ol LS el S 6‘55T LS)L"T Q?‘)‘i S iz
Glez 5,leds Jga) (F=3.297 P = 0.031) cuisls 0429 (5 lobine glis als-loe atan cuzn

5o allas Jsb 5o oy (2y58 Sl e a5 0ls i (S ol 03] S (b ]
JrES 09,8 5o bl SlpasS b aslie 13 (53l (2305 9 (Seglie (2 o3 (S5l (oS Sl0g S
s P =0.022 (55l5m 03 505) 1 Sl (5310 (2 03 09,5 5 S L] (5 lolins Lol gy oS
(e s Jior) (P= 0214 5 ln (a5 5P = 0,147 il
cilisee sloog,S oy CTRP-12 pyolio 5 45 ol ol dal, oSy (slail sl g0l gl L3,

(g b)less 5 4oz 5)led Jghaz) (F = 1.424 P = 0.252) i 0924 s Joline oglis

G 3 (S pudio Ol yud )0 39290 gl crauni 53 a2y (slg (3bT (ygo5T s -F Jgu
Table 4 - Results of one-way ANOVA statistical test to determine the differences
in changes in research variables

U"SJL“ a’)é 990
&,lobxe = lay po ;l’T ey po 30
Sig Mean ‘sdf) Sum of Variable
Square Squares
Between
76.262 3 228.786 Groups B35 o iy
0.060 2.705 Within gy PrEe) O
28.195 36 1015.007 Groups 6"’9);)5) Weight (kg)
39 1243.793 Total
Between _ oel  wasls
2.494 3 7.483 Groups  «®9S o= ?S .
ithi - S 9kS) S
0079 2451 1013 3p  3ee42 NI eysege TS
Groups s (p2yo 5w
39 44.125 Total BMI (kg/m?)
Between
23.521 3 70.562 Groups w55 ( )
- _ Qo,0) (2>
AU SRR ) 36 104802  VHNIN a5 vl
' ' Groups s Fat (%)
39 265.364 Total
454373 3 1363120 DCween IR ik adng
Grpups 95 O e
*0.001  10.765 42207 36 1519.459 X;ng)r; *3509°  \JO,max
ml/kg/min
39 2882.580 Total ( 1g)

*: Significance (P<0.05)
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Table 4 - Results of one-way ANOVA statistical test to determine the differences in
changes in research variables

CreSbeo PYRE
e &,lobxe F Ol po @il &y Oles yo B ]
Variable Sig Mean df Sum of Variable
Square Squares
454373 3 1363120 Cewween Sl e
Groups  29So= b e
*0.001  10.765 42207 36 1519450 WNIN - aisiss vomax
Groups .
Js (ml/kg/min
39 2882580  Total i
Between
55.267 3 165800 S iine eSS g
035 LI 49494 36  1781.800 WVIthIN 250 (e
Groups Js Waist (cm)
39 1947600  Total
Between
0.006 : s Groups GBI OR 4 paS 550 Lo
0.09% 2279 9003 36 0002 WHRIN 2 0ne Gl o8
Groups s WHR (cm)
39 0.109 Total
Between
6162492 3 18487475 ‘o0 Lo .
*0.049 2876 149553 36 77131.900 (\g\igﬂg 6‘”9’; 99 TG mg/dL)
39 95619.375  Total
Between
2943800 3 8831.400 Groups o35 s
*0.014 4075 790350 36 26004600 WIthin 25505 Cholesterol
Groups U5 (mg/dL)
39 34836.000 Total
Between .
373.933 3 21800 “Griing  epsoe oSl
0003 5473  ggarg 35 oasogon  WININ  assoss S
: ' Groups HDL
39 3581.600  Total (mg/dL)

*: Significance (P<0.05)
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Continuation of table 4 - Results of one-way ANOVA statistical test to determine
the differences in changes in research variables

Sl T JYRESS
§lobee Olasyo S Sl ¥
Sig Mean ‘Sdf) Sum of Variable
Square Squares
Between )
1068.067 3 3204200 o AR l,u_:.. j l;:J
*0.023 3579 298450 36 10744.200 g‘;ﬂl';s afope S
Js
39 13948400  Total (mg/dL)
3579.684 3  10739.053 %e:(‘;‘{f;s” SISE
4 Within  «sfom  on s
o001 OB 92036 36 313203 oo Lol e
Js 1RM Chest
39  14052.346  Total press (kg)
12618105 3  37854.316 %:;‘Le;s” eSS
*0.001  24.966 Within - sy 55,8 oo s
505421 36 18195161 oo Jsu > AN Leg
39 56049.475  Total press (kg)
Between
0.066 3 0.198 _
S\;_OEPS 295 Insulin
0216 1558  0.042 36 1.527 Grgug; sS0ss  (MIUL)
. H]
39 1725 Total + Oty
Between L
0.191 3 0.573 GI‘PUPS o295 et 44:51:&
*0.008 4538 o042 36 1516 é‘ﬁgﬂg iSO
Js :
39 2.089 Total Resistance
36212 3 108635 BGert(‘;‘feS“
*0.039  3.090 With?n 970 KLF-LS
' . 11.721 36 421.943 Groups #3505 (ng/mL)
39 530578  Total Js

*: Significance (P<0.05)
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Continuation of table 4 - Results of one-way ANOVA statistical test to determine
the differences in changes in research variables

il fo o 399xe
& lolize @lrs yo ;l'i @iz yo e
Slg Mean ‘Sdf) Sum of Variable
Square Squares
66408.857 3  193226.570 BGert(‘;‘l’f;S” i | gt
. OUf . :
0.031 3297 19538120 36 703372.330 (‘é\igﬂg‘s P55 0922 (';;‘;'If)
39 896598.900  Total
Between
8.490 3 25.469 Groups  «*sS=  CTRP-
0252 1424 5967 36 214631 C";‘Q)‘Bg; PR (ngfm_)
39 240100  Total

*: Significance (P<0.05)

GR35y 5095 33 (599 9 KLF-15 (gla puitio (Soi (cundind (9051 gl -0 Jgur
Table 5 - Tukey post hoc test results of KLF-15 and Furin variables in research

groups

@ lobixe 03,5 09,5 io
Sig Group Group Variable

0.451 (Resistance) uoglis

*0.031 (Aerobic) (s;lse (Control) J zus

0.137 (Concurrent) (s;ls KLF-15

Aerobic) ;| . (ng/mL)

0505 \ e (Resistance) _eglis J

0.886 (Concurrent) (s;ls

0.904 (Concurrent) ;ls (Aerobic) ;lsa

0.147 (Resistance) wglis

*0.022 (Aerobic) ;lsa (Control) J s

0.214 (Concurrent) ;lge Eurin
.82 (Aerobic) ¢ ) ng/L)

0829 9 (Resistance) wglie J

0.997 (Concurrent) (s3lse

0.720 (Concurrent) ;lse (Aerobic) ;lss

*P<0.05
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o Sl 2 (S3lge g el o hoglio (3 po3 td Catid 3T ) Ban b ol imghy
plsl Jud e Gl Glore )0 eyl & Cuoglie 5 g Jlogpy KLF-15 (0,58 CTRP-12
KLF- jlobixe il 38l conw (53150 9 (55190 (2 pod aldn Cotin a5 oo lis pols yhog 'ty goll .ol
KLF-15 Lo i a5 wols olis (YY) o) Kep 5 ' (3956 .o 905l b anlio ;0 15
S yso i 955 o0 S ynlS paedsilio TLXR o cs (g0 Liasy S 6 5 e 95042 2l
oo e alio b yolo (fog% (5lon (n oS 09,5 0394 5 (S5l98 (2 ped 09,5 KLF-15 (]33l
Sdsie Slalllas 0 g alas Cuia law TG rals (55lse (00 09,5 j0 155 il o e
OLKen 5 T garmgaung p (TVY) Sl T o 53550001 e 80 pdais S KLF-15 45 ilesls L
55 Ok 3 OselaenST B 0nS o 6, Kan ;K055 LOPPARR s KLF-15 a5 55,8 o)Ly 55 (Y9)
KLF- olis lgioe 58 p2le Gigly 5o oS oelaid 1) Tacarseagn s IS (o] sl
58 ol S 3l BB 50 (6l9n padilio Sorte 4 1) (Sloe (e 5 S3lee (npeS 095 15
S3loe 9 S5len 2305 09,5 99 2 VOamax (e Lol i (5 50503 IWIPPARE polie ol gl
S5l s 390 2 (S3l9 (a5 SISl dasie Slalllas o .2l (il (g oline O)g00,
7 9 5K pedolio 09 50 KLF-15 sy oo iy .ol o a0l b oy peedd il
Wl oo KLF-15 a5 sl oud ()l 1y sl 20 (s5l92 (5559 0394 (59559 (25 5l (55U
b e Sglie slag; asd 3ok 5l o Sliasiess Sl Sl BaiS e las G (g
L5 KLF-15 a5 ol oo a0l oyl ppizman (M) 035 Colos an sl Jskos ;5 CTRP-12
sz 8l CTRP-12 &l s 3 KLF-15 i5lie Ly 60,18 Comgms] OV ooy s agee
S o )3 Bl 3bees (CTRP-12 4 KLF-15) b yiite cnl 599, .ol 105,56
SalS 1, CTRP-12 ol ¢ yz il o KLF-15 oLy S s 1,k 5l Bl a5 ol oud s
oo Sl (js 2ol 5 So oz Bag el L (s s dumyse B4 (A) am5
sty s Ll ) 5l a8 WS eyl |y CTRP-12 g KLF-15 5y oo il 5l o5l Sl
CTRP- jyslis iy a3 sloog,5 5 KLF-15 215314 15 il gods ilgi o laazily ol b yol>
S S 5 S5l ayed ATyl ol GLAS | (g lobine (al38l (s lge (2 e 05,5 50 Lo 5312

1. Takeuchi

2. Liver X Receptors

3. Adipogenesis

4. Prosdocimo

5. Peroxisome Proliferator-Aactivated Receptor Alpha
6. Cardiomyocyte
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G 50 45) (39 SRl i Sl L g a3 Gy, ol e yisn a5 el oslia 5 555
5l LalS Ll aagss ;0 45 el 5 CTRP-12 g KLF-15 iyl (ad anb 5 ol
Sl llas ol w5e 5 (Sl 2y 09,5 HDL (]38l g VLDL TG polie (2ol 5 yeS )90
(523D CTRP-12 jy o559 e 5o gy 2 8,50 Sl gl gy (4o 8)let Jga2)
o b b ceghtd (o ped dtid Cade 3G sy 4 OF) oL Ken 5 el Coos, aslons plox!
Joline Liali3l 5 0iz3ls 3o slacs, 03 3 ool gms! 4 Canglia CTRP-12 lewdly olie
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5 7 sdshe slasls Sle bl ol hows cqa 53 (23559 (ryes L CTRP-12 (21531
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OLes 5 llows) (hagh @l b aS s5d o0 el glugmal Jloline (Rl o sl
Aozl o i guad (55198 a8 035 slaeil b Lol s s Ll sasgenns (1Y)
ol i (Bla 5 (LBU eyl Sl (o ped SS90 £9 Olee ) @S po @olis JYs
(YY) 0,350 CTRP-12 ol LialS o cjpm0] sl Jskos 31 ol ) Spamsdly 30l yo 2ol 5 TNF-a
by GRelS (355 GhelS 5 (o359 oyed 5l m el Dl 2B glugol S o5 TNF-a
CTRP- oo ool )0 (Sl (sliz) (2ol L (23559 (o3 Sy o0 SHai4 0l ol o(VF) 05 oo
b Sl glacasl 0ags ) 45 el o (et CTRP-12 8,8 cysizman ansl 350 525 12

(7) Sl Fi5e gl 2 Cenglia g (Sl ]
Oelgmdl a4y Cunglie (a3l CTRP-12. 2olj81 L gt 3 (5lgm [ yad 09,5 1o pol> (gl 5o
dslo) byl g 5S35 Gl (tal38 5 535555505 e b CTRP-12 .2, als
Ol el 5 adon o v |y gl 4 Sl (05 slasle) ewgile 5 (7
5 %S 2l )3 (AKD B LS (et 5 7 ARS-D) (el 83555 Som (gl igs (5edly i
Gl b CTRP-12 Lass (sl SilliSns Cuss 50 ol & (T0) osbso o2
Oan 9 (AKD LS (g 5l pos «IRSL 2) Gl gl SIS (Slacais py (9Dl y9ind
oS 35 e ol oled a5 Ceul oad (aseie T(MAPK) i b o Jlad 5Lus
G 5 |05 108 anl npe E3bee (nl i ol gy 534S WS e )8 (8550 Dl el
2l alS 55 el 4 Cunglie polio ws3lse (505 05,5 19 CTRP2 il suan 5l
U o7 5 Sl Splie sl e KU )3 CTRP-12 (285 sy o0 Slaidy (alds2 sl

1. Endoplasmic Reticulum (ER) stress.
2. Insulin Receptor Substrate 1
3. Mitogen-Activated Protein Kinase
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Abstract

the aim of this study was to evaluate and investigate the physical fitness of men and
women of Kermanshah city aged 18-60 years and to provide and develop the norm. The
subjects were 200 men and 200 women at the age of 18-60 years in Kermanshah city that
were selected based on the research standards. The variables of cardio-respiratory fitness,
percentage of body fat, waist/hip ratio (WHR), flexibility, muscle strength of two hands,
shoulder girdle endurance and abdominal muscle endurance were measured and registered
based on the following, respectively: Rockport one-mile walking test, measurement of
waist and hip with a tape measure, flexometer box, dynamometer, press- up and sit-up.
Descriptive statistics and computation of Z scores and percentage points were used to
analyze the data compilation of norm. The independent T-test was also used for comparing
mean variables between men and women. The findings of this study in men and women
showed that the mean of the age was 34.82+11.42 and 36.96 = 1.31 years, height
179.64+5.297 and 161.46 + 0.57 cm. and weight 80.97+8.586 and 70.86 + 1.17 kg; the
mean of BMI=26.12+4.016 and 27.30 + 5.7 kg/m2, WHR: 0.927+0.25 and 0.829,
flexibility=29.43+5.03 and 23.91 cm, right grip strength: 42.21+8.63 and 24.63 kg, left
grip strength: 36.02+7.75 and 23.13 kg, shoulder girdle muscles endurance: 44.18+8.63
and 14.32 push-up repetition, aerobic power:45.14+8.09 and 38.88 ml/kg.min, body fat
percentage:23.28+3.42 and 27.30 + 5.7 percent, abdominal muscle endurance:
32.81+6.27 and 28.94 sit-up repetition, respectively. Comparing the current norms and the
data of other studies, Kermanshah's males had better function compared to other cities and
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countries regarding the variables of aerobic power, grip strength and shoulder girdle
muscles endurance. On the other hand, women in Kermanshah had poor status in fat
percentage, grip strength and flexibility, but in the variables of aerobic power, WHR,
shoulder girdle and abdominal muscular endurance were relatively favorable conditions.

Keyword: Women, Men, Physical Fitness Factors, Preparation of Norms, Kermanshah
City

Extended Abstract

Background and Purpose

The health of men is mainly related to the state of physical fitness, and knowledge
of the valid references for studying the level of physical fitness of man is of
paramount importance. In order to prevent many common diseases and problems
in today's society and avoid the burden of high medical costs, as well as to increase
the quality of life and improve the physical and mental health of individuals, it is
important to pay attention to prevent and plan programs to increase physical
fitness (1,2). This has been considered by the developed countries, but a
comprehensive description about the state of physical fitness has not been
considered in our country so far, especially in Kermanshah, so the aim of this
study was to evaluate and investigate the physical fitness of men and women of
Kermanshah city aged 18-60 years and to provide and develop the norm.

Method of Research

The sample size was 400 persons of Kermanshah based on the Cochran formula
and using systematic cluster sampling. So that each geographical area in the city
was selected as a district and some blocks were randomly selected based on the
population density in that area. Five samples were selected from each block
systematically; finally, 40 blocks were selected in Kermanshah. A wall-mounted
height measuring device (Seca model) and a digital weight scale device (beurer
model) were used to measure the height and weight of subjects. The weight to
height (m?) ratio was also used to measure body composition. The one-mile
Rockport Walk test was applied to measure subjects' cardio-respiratory fitness
variables. Moreover, Jackson and Pollock's three-point formula was applied to
measure fat percentage by measuring the skinfolds of the triceps, thighs and
abdomen in women and the skinfolds of the chest, thighs and abdomen in men. In
this study, the strength of the subjects' right and left hands was calculated and then
the average strength of both hands was measured as a measure of hand strength.
A flexometer (sit-up and reach test) was used to measure the subjects' hamstring
and back extensor muscle flexibility, and a tape measure was used to measure
waist and hip circumference and then calculate the waist-to-hip ratio (WHR). The
sit-up test was used to assess abdominal muscle endurance, and the push-up test
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was also used to measure pectoral muscle endurance. Descriptive statistics were
used to describe mean and standard deviation, percentage points with 5% interval,
and percentiles of the variables (3). The independent t-test was used to determine
the differences between the research variables of males and females. The data
were analyzed using SPSS 23.

Results

The findings of this study showed that the mean age, height and weight of men
and women were 34.82+11.42 and 36.96 + 1.31 years, 179.64+5.297 and 161.46
+ 0.57 cm as well as 80.97+8.586 and 70.86 + 1.17 kg, respectively. The BMI
mean, WHR, flexibility, right grip strength, left grip strength, chest muscle
endurance, push-up aerobic exercise, body fat percentage and abdominal muscle
endurance were 26.12+4.016 and 27.30 + 5.7 kg/m2, 0.927+0.25 and 0.829 m,
29.43+5.03 and 23.91 cm, 42.21+8.63 and 24.63 kg, 36.02+7.75 and 23.13 kg,
44.18+8.63 and 14.32, 45.14+8.09 and 38.88 ml/kg.min, 23.28+3.42 and 27.30 +
5.7 percent and 32.81+6.27 and 28.94 sit-up, respectively. On the other hand, the
results of the independent t-test indicated that there was a significant difference in
BMI, fat percentage, WHR and endurance of the chest muscles between men and
women in all age categories (p <0.05). The highest mean BMI was found in
women aged 50-60 years (32.63 kg / m2), and the lowest BMI was observed in
women aged 18-29 years (24.13 kg / m?). The highest and lowest mean body fat
percentages were found in women aged 50-60 years (38.4%) and in men aged 18-
29 years (mean 21.8%), respectively. The highest mean WHR was observed in the
40-49-year-old males (0.93) and the lowest one was seen in the 18-29-year-old
females (0.79). The highest frequency of press-up test was recorded in males aged
18-29 with a mean of 46 repetitions and the lowest was recorded in females aged
50-60 years with a mean of 6 repetitions. The results of the independent t-test on
the variables of aerobic power and abdominal muscle endurance indicated that,
except for the 30-39-year-old age group (p>0.05), there was a significant
difference between men and women in all age categories (p <0.05). The highest
mean cardiovascular endurance was observed in the 18-29-year-old men (52.63
ml/ kg.min) and the lowest one was found in the 50-60-year-old women with the
mean of 20.46 ml/kg min. In addition, the highest frequency of sit-up test was
recorded in women aged 18-29 with a mean of 39 repetitions and the lowest one
was seen in women aged 50-60 years with a mean of 14 repetitions. Independent
t-test results in flexibility variable suggested that there was a significant difference
between males and females in the age categories of 40-49 years and 50-60 years
(p <0.05), but there was no significant difference between men and women in the
age categories of 18-29 and 30-39 years (p> 0.05). Moreover, the highest amount
of sit and reach test was observed in the age group of 18-29 years with a mean of
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32.57 cm and the lowest one was in women aged 50-60 years with a mean of 13.09
cm.

Conclusion

The findings of the present study suggested that because of the lack of any regular
physical fitness program, the physical fitness factors were reduced as age
increased. The measured variables in ages 40-49 and 50-60 were descending in
comparison with ages 18-29 in factors like aerobic power, grip strength, the
endurance of chest and abdominal muscles. But the variables of body fat
percentage, BMI and WHR increased as the age increased. Furthermore,
comparing the current norms and the data of other studies, the men of Kermanshah
had better condition than the men of other cities and countries regarding the
variables of aerobic power, grip strength and chest muscle endurance, but they
had a rather similar condition in BMI, flexibility, body fat percentage, WHR and
abdominal muscle endurance. On the other hand, women in Kermanshah had poor
status in fat percentage, grip strength and flexibility, but the variables of aerobic
power, WHR, chest and abdominal muscular endurance were relatively favorable
in women.

Keywords: Physical fitness, Cardio-respiratory fitness, Muscle strength, Muscle
endurance, Flexibility, Kermanshah city

Tablel- Statistical description of physical fitness variables in women and men aged
18-60 years in Kermanshah city

Physical fitness variables men (meanzsd) women (meanzsd)
Age (year) 34.82+11.42 36.96+1.31
Height(cm) 179.64+5.29 161.46+0.57
Weight(kg) 80.97+11.58 70.86+1.17

WHR 0.927+0.025 0.829+0.065
BMI (kg/m2) 23.28+3.42 31.95+6.11
Vo2max(ml/kg.min) 26.12+4.01 38.80+£13.13
Flexibility (cm) 29.43+5.03 23.91+8.84
Chest endurance(rep) 44.18+7.53 14.32+7.13
Abdominal endurance(rep) 32.81+6.27 28.94+1.20

Hand strength(kg) 38.2645.33 23.8+3.58
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Table3- Statistical description of measured characteristics in men and women aged
18 to 60 years in Kermanshah (200 females and 200 males)
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34.82+11.42 36.96+1.31 Age(year) (Jlw) o
179.64+5.29 161.46+0.57 Height(cm) (. sle) o
80.97+11.58 70.86+1.17 weight(Kg) (s,5sks) o35
0.927+0.025 0.829+0.065 WHR(M) S 4 a8 50 s
23.28+3.42 31.9546.11 body fat (%) (so,9)0m w5z
. Fa . 3 - . L‘,u
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BMI(kg.m-2)
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45.14+8.09 38.8+13.13 (4i8s 4o

VO2max (ml.kg-1.min-1)
29.43+5.03 23.91+8.84 (ostle) iyl

flexibility(cm)
(HSS) ks w08 e cula|
44.18+7.53 14.32+7.13 Shoulder Belt Muscular
Endurance (Repetition)
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32.81+6.27 28.94+1.20 Abdominal muscular endurance
(Repetition)
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Right fingertip strength (kg)
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Left fingertip strength (kg)
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Table 2- BMI (kg .m -2) norms of men and women aged 18 to 60 in Kermanshah

city
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Table 3- WHR(m) norms of men and women aged 18 to 60 in Kermanshah city
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Table 4- Body fat percentage (%) norms of men and women aged 18 to 60 in
Kermanshabh city
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Table 5 - Cardiovascular endurance (ml.kg*.min) of men and women aged 18 to
60 years in Kermanshah
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Table 6- Flexibility (cm) norms of men and women aged 18 to 60 in Kermanshah

city

olop ob
FooBe  FA-Fe  YA-Ye  YAIA FeBe FAFe  YA-Y.  YAOIA Gusuazyo
13-+ Yo oY) YV SYY O YASYY V-4 ). o\Y ja-Y. Y)Y oYY oS ks
YeoYY O YYSYF O YA-YY  YAasYY 4oy Y-S0 YY YD YF-YA oS
YYSYY O YE-YS YASYR O YA-YR Ve o) N8 YEYY YAYA ol oa lgie
YY-YF YV YA YeoYR O YY YT AV ST AV -Ye YASYY Y. oY) Lawgie
YO-YE  YA-F) Y. SF) O FY YA ¥ -1 YV SYY O YASYY O YYYS Yl a4 bugie




VFeo )LQ-?L fAa G)Lb.f:a Y 099 ‘Gw))s ‘5)9.‘94)..3

Y5 -¥)
Y -ra

¥Y vy
¥F v

¥Y vy
Yo vy

Yo -YyY
YV -f\

VO -YA
YA -YY

Y¥ Y0
Y5 Y

¥y vy
rY v

¥ -vY
YA -fY

ol

ol b=

olitilo S e Al £+ G VA (3150 3 313 (5 9heS) Comsly Camws aziy 308 it sl i =Y Jgor
Table 7- Right fingertip strength (kg) norms of men and women aged 18 to 60 in

Kermanshah city
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Table 8- Left fingertip strength (kg) norms of men and women aged 18 to 60 in

Kermanshah city
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Table 9- Shoulder Belt Muscular Endurance (Repetition) norms of men and
women aged 18 to 60 in Kermanshah city
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Table 9- Abdominal Belt Muscular Endurance (Repetition) norms of men and
women aged 18 to 60 in Kermanshah city
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Figure 1- Comparison of mean BMI (kg. m) between men and women aged 18 to

60 years. *: Significant difference with the aged groups of women at the level of P
<0.05
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Figure 2. Comparison of the mean WHR (m) between men and women aged 18 to

60 years. *: Significant difference with the aged groups of women at the level of P
<0.05
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Figure 3 — Comparison of the average variable of body fat (percentage) between

women and men 18 to 60 years. *: Significant difference with the aged groups of
women at the level of P < 0.05.
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Figure 4 — Comparison of mean Vo2max (ml. kg*. min') between men and women

aged 18 to 60 years. *: Significant difference with the aged groups of women at the
level of P <0.05
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Figure 5 - Comparison of the mean flexibility variable (cm) between men and women aged
18 to 60 years. *: Significant difference with the aged groups of women at the level of P <0.05
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Figure 6- Comparison of the mean right fingertip strength (kg) of men and women

aged 18 to 60 years. *: Significant difference with the aged groups of women at the
level of P <0.05
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Figure 7- Comparison of the mean left fingertip strength (kg) of men and women aged 18 to
60 years. *: Significant difference with the aged groups of women at the level of P <0.05
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Figure 8- Comparison of the mean shoulder belt muscular endurance (repetition)

of men and women aged 18 to 60 years. *: Significant difference with the aged
groups of women at the level of P <0.05
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Figure 9 - Comparison of the mean abdominal muscular endurance (repetition) of
men and women aged 18 to 60 years. *: Significant difference with the aged groups
of women at the level of P <0.05
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Abstract

Alzheimer's disease is the most common form of dementia and amyloid peptides play a
prominent role in its pathogenesis. Recently, regular exercise has been considered as one
of the most important non-pharmacological mechanisms in contrast with Alzheimer's
disease. The aim of this study was to investigate the effect of four weeks' aerobic exercise
on gene expression of Glial cell_drived neurotrophic factor and tumor necrosis factor in
rat’s hippocampus with Alzheimer's disease induced by Amyloid beta. 56 8-weeks-old
male rats with mean+SD weight of 190+20 g was randomly divided into four groups:
training group. Amyloid beta + training group, Amyloid beta group and control group.
Amyloid betal-42injected into the hippocampus by Hamilton syringe. Seven days after
surgery, rats of each groups were subjected to behavioral testing. Real-Time PCR were
used for the measurement of gene expression of Glial cell_drived neurotrophic factor and
TNF-a. There is a significant difference between the groups. GDNF Gene expression level
in training group was higher and in the Amyloid beta-42 induction group was lower
(P<0.001). There is a significant difference between the groups. TNF-a Gene expression
level in training group was lower and in the Amyloid betal-42 induction group was higher
(P<0.001). Moreover, spatial learning and memory were significantly better in the
exercise + Amyloid beta than Amyloid beta group (p<0.01). It seems that aerobic exercise
can have significant role in improving spatial memory, learning and also increasing gene
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expression of Glial cell_drived neurotrophic factor and reduce inflammation in
hippocampus that can help to improve memory and learning.

Key words: Alzheimer's Disease, Aerobic Exercise, Glial Cell_Drived Neurotrophic
Factor, Inflammation.

Extended Abstract

Background and Purpose

Alzheimer's disease (AD) is one of the most common and devastating age-related
neurodegenerative diseases. This disease is characterized by massive neuronal
loss, cognitive dysfunction, and memory loss. The pathology in AD is well
known. Amyloid Beta (AB) and tau depositions are the main pathological features.
AP is associated with impaired learning and memory. AP deposition stimulates a
local immune response. Neurotrophic factors may play a role in the exercise-
induced neuroprotective effects. Glial cell line-derived neurotrophic factor is the
most potent survival factor identified for motor neurons. Recent studies have
shown that AP decreases trophic factors expression. On the other hand, it has been
shown that AP clearance in AD increases the expression of neurotrophic factors,
thereby maintaining neuron survival. Previously, it was demonstrated that chronic
stimulation of the immune response induced pro-inflammatory cytokines IL-13
and TNF-a, which contributed to neurodegeneration. The aim of this study was to
investigate the effect of 4-week aerobic exercise on gene expression of glial cell-
derived neurotrophic (GDNF) and tumor necrosis factors in the hippocampus of
rats with AD induced by AB1-42.

Methods

Totally, 56 8-week-old male rats with a mean+SD weight of 190+20 g were
randomly divided into four groups including training group, AB + training group,
AP group and control group. AB1-42 was injected into the hippocampus using a
Hamilton syringe.

Morris's water maze test was used to test spatial memory. Next, 24 hours after the
last training session, the animals' spatial memory was assessed using the Prob test.
To examine the animal's sensorimotor coordination and motivation, the visible
plate test was applied after reviewing the probe test.

Seven days after AB induction, rats in each group were subjected to behavioral
and exercise tests. Forty-eight hours after the last training session, after anesthesia
with ether, the animals' heads were severed with a guillotine, and the entire brain
was rapidly removed from the skull. Then the hippocampus was immediately
removed from the brain.
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Real-time PCR was used to measure the gene expression of GDNF and TNF-o.
Data were analyzed using one-way analysis of variance (ANOVA) and Tukey’s
post-hoc comparison to test for differences between groups. P values < 0.05 were
considered statistically significant.

Training protocol

Tablel-Aerobic exercise protocol

Week 1 Week 2 Week 3 Week 4

5 days in a week 5 days a week 5 days in a week 5 days in a week
Every Qay 2setsof  Every Qay 2 sets of Every day 3 sets of  Every day 4 sets of

15 minutes at a 15 minutes at a , .

15 minutesat 15 m 15 minutes at 15 m
speed of 10 meters  speed of 10 meters I mi X
- - min / min
per minute per minute
5 minutes rest 5 minutes rest 5 minutes rest 5 minutes rest

between each set between each set between each set between each set

Results

Cognitive result

The results of the one-way ANOVA indicated that there was a significant
difference between the elapsed time and finding the platform in different groups
on the second, third and fourth day. The time to find the platform was significantly
longer in the AB+training and AP groups on the second to fourth day than in the
other groups (p<0.05). In addition, the AB + training group had less time to find
the platform on the second to the fourth day than the AB (p<0/ 001). The results
of the one-way ANOVA demonstrated that there was no significant difference
between the training group and control group on the time for finding the platform
(p>0.05).

Gene expression Results

There was a significant difference between the groups. In the present study,
GDNF gene expression was significantly different in the training and AD+
training groups compared with the AD group. The GDNF gene expression level
in the training group was higher, and it was lower in the AB-42 induction group
(P<0.001). TNF-a gene expression level in the training group was lower and in
AP 1-42 induction group was higher (P<0.001). TNF-a gene expression level in
the training group was significantly lower than that in the AD group. TNF-a gene
expression was significantly different in AD + training group compared with the
AD group. TNF-a gene was lower in the AD + training group than in the AD
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group. Moreover, spatial learning and memory were significantly better in the Ap
+ training group than in the AB one (p<0.01).

Conclusion

There is evidence that increased inflammation in AD reduces trophic factor
expression. Recent studies have shown that exercise can alter the expression of
proinflammatory cytokines. In the current study, the expression level of TNF-a
gene was significantly decreased in the training group compared with the AD
group, indicating the anti-inflammatory effects of exercise. Furthermore, GDNF
gene expression was significantly higher in the training and AD+ training groups
compared with the AD group.

It seems that aerobic exercise may play a significant role in improving spatial
memory and learning, increases gene expression of GDNF and reduces
inflammation in the hippocampus, which may help improve memory and learning.
Keywords: Alzheimer's disease, aerobic exercise, Glial cell-derived neurotrophic
factor, Inflammation
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1. Alzheimer’s Disease

2. Beta amyloid Plaque

3. Neurofibrillary Tangles

4. Amyloid Precursor Protein

5. Cunningham

6. Tumor Necrosis Factor Alpha
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1. Tau Proteins
2. Neurotrophic Factors
3. Axonal Branching
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Table 1-Aerobic exercise protocol
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1. Paxinos & Watson
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Figure 1 - Coronal incision of brain tissue to ensure the accuracy of the injection
site
(Arrows indicate the passage of the needle in the brain. The tip of the needle is
located just above the CAL region.)
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Table 2- Sequence of primers studied in the study

Gene  Forward/Reverse Primer (5°— 3’) '?\lcjreszigrn
weE SOICASCCOMACTACRAS s owsoo:
o F MASACICTOCOTACOMICON oo
Ge1  h CIACMACCACTIIGONSCC . meresoons
GAPDH  p  CATACTCAGCAGCAGGATGACC XM-017503063.1

MME: membrane metallo-endopeptidase (Neprilysin); IDE: insulin degrading enzyme;
LRP-1: low density lipoprotein receptor-related protein 1; GAPDH: glyceraldehyde-3-
phosphate dehydrogenase; F: forward primer; R: reverse primer
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Figure 2 - Sample diagram of the melting temperature curve of IDE gene
(The presence of a curvature in this diagram indicates the unique melting temperature,
which indicates the absence of contamination in the sample and the specific performance

of the primers.)
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1. Probe Test

2. Visible

3. Kolmogorov-Smirnov
4. Levine Test
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Figure 3. Average time spent finding platform in the studied groups during the four
days of Mauritius water maze training.

a: significant difference with control group (p < 0.05), b: significant difference with

AP injection group (p <0.001)
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Figure 4 - Time spent in the quadrant of the target circle in the groups studied in
the probe test
a: Significant difference with other groups (p < 0.05), b: Significant difference with
control group (p <0.05)
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Figure 5. Mean GDNF mRNA in the groups
*: Significant difference with other groups (p < 0.05)
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Figure 6- Mean TNF-a mRNA in the studied groups
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Abstract

It is important to maintain the structure and function of the brain throughout life. The
main important brain developmental processes occur during the critical periods,
especially prepuberty. Thus, environmental interventions during this critical period can
lead to significant and permanent changes in developing structures such as the
hippocampus. Here, the current study investigated the effect of combined training and
play in an enriched environment during prepuberty on the hippocampal structure in adult
rats. For this purpose, in this longitudinal study, 27 male rats were divided into three
groups of combined training, play in an enriched environment, and control. Interventions
were performed for three weeks (28-48 postnatal days). Subsequently, all animals were
kept in the standard cages without any intervention until adulthood (48-85 postnatal
days). After this period, the animals were sacrificed and hippocampal tissues were
removed. The Western blotting and Nissl staining methods were used to assess the brain-
derived neurotrophic factor (BDNF) and the number of cells in the hippocampus,
respectively. The results showed that BDNF levels (P<0.0001) and the number of cells
in the hippocampus (P<0.05, P<0.001) increased significantly in the groups with training
and play in enriched environment. According to the findings of this study, it can be
concluded that training interventions such as organized exercise and active play during
sensitive developmental periods have strong and long-lasting effects on the hippocampal
structure by increasing BDNF expression.

Keywords: Brain Development, Combined Training, Play in an Enriched
Environment, Prepubertal Period
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Extended Abstract

Background and Purpose

It is important to maintain the structure and function of the brain throughout life.
The development of the brain takes place significantly after birth. The most
important brain developmental processes occur during the critical periods,
especially prepuberty. The remarkable changes in cortical and subcortical
structures, changes in receptor and growth factor expression, and myelination
are evident (1). The brain-derived neurotrophic factor (BDNF) plays an
important role in neuronal plasticity as a neurotrophic factor. BDNF is produced
endogenously throughout the brain, with high levels present in the hippocampus
(2). The regions DG and CA of the hippocampus, which are important for the
process of neurogenesis and long-term potentiation (LTP), respectively, may
influence this structure (3). Thus, environmental interventions during this critical
period can lead to significant and permanent changes in developing structures
such as the hippocampus. Molecular mechanisms, particularly neurotrophic
factors, likely support brain plasticity in adulthood through structural changes
(4). Here, the current study investigated the effect of combined training and play
in an enriched environment during prepuberty on hippocampal structure in adult
rats.

Materials and Method

For this purpose, the present study was longitudinal and used 27 male Wistar rat
pups, weighing 18.76 + 2.1 obtained from Laboratory Animals of Razi Vaccine
and Serum Research Institute, Iran. All animals were housed in a standard
temperature (22-23 °C), humidity of 55% and reversed 12-h light-dark cycle
(lights on 8 am) with ad libitum access to food and water. After weaning,
animals were acclimated to the treadmill and ladder for three days (23-25 days)
and then divided into three groups: combined training, play in an enriched
environment, and control (n=9). The combined training consisted of endurance
and resistance training, each performed on odd and even days, respectively.
First, the maximal running capacity test was performed to determine the
intensity of the training according to the previous specific protocols (5). After a
five-minute warm-up, endurance training was performed at 70% of maximal
running speed (14-16 meters per minute). The training duration was also
gradually increased to 45 minutes in the last week (6). Based on maximal
exercise capacity, a resistance training protocol was performed by climbing the
ladder. The first through fourth movements were carried out at 50, 75, 90 and
100 % of maximum load, respectively and then weights of 7 g gradually added.
There were a total of eight climbs up the ladder with a two-minute rest (7). In
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addition, an animal park was designed to create an enriched environment. The
prepubescent rats were housed together in a large metal cage with toys and
objects of various shapes and textures. The animals also had access to running
wheels and ladders for voluntary physical activity. In general, this environment
provided the animals with opportunities to play and have fun (8). Water bottles
were attached to the cage walls and food containers were placed on the floor.
The interventions lasted for three weeks (28-48 postnatal days). Subsequently,
all animals were kept in the standard cages without any intervention until
adulthood (48-85 postnatal days). After this period, the animals were sacrificed
and hippocampal tissues were removed for biochemical and histological
evaluation. The Western blotting method was used to measure protein BDNF
according to the manufacturer's instructions. Equal amounts of samples (25 ug)
were added to 8 % SDS-PAGE gel wells and GAPDH protein was considered as
reference or control protein. The number of cells in DG and CA regions of the
hippocampus was determined by Nissl staining. The Paxinos and Watson atlas
of the rat brain was used to section the hippocampus. Images of the tissue
section were then taken and Image J software was applied to count the cells in a
range of approximately 6000 pum. The data were analyzed using SPSS 19.
Accordingly, the normal distribution of the data was confirmed using the
Kolmogorov-Smirnov test and the one-way ANOVA test used to detect
significant differences between groups (P<0.05). In this study, ethical principles
were considered according to the laws of protection and care of laboratory
animals, approved by the National Ethics Committee in biomedical research of
Shahid Beheshti University. In this regard, the number of animals was
determined based on the research need, and harm to the animals during care and
training was minimized.

Results

Western blot results showed a significant difference in BDNF protein levels
between groups [(F (2, 15) = 14/82, P=0.0003)]. Tukey's post hoc test also
revealed that BDNF levels increased significantly in the groups with combined
training (P=0.0015) and play in an enriched environment (P=0.0004) after three
weeks of intervention. On the other hand, we found that the number of cells in
the DG region of the hippocampus was significantly different between the three
groups [(F (2, 9) = 7.157, P=0.0138)]. In this regard, the number of cells
increased significantly in both the combined training (P=0.0150) and play
groups in an enriched environment (P=0.0443) compared to the control group.
Furthermore, the number of cells in the CA1 region was different [F (2, 9)
=10.59, P=0.0043]. The results of the post-hoc test demonstrated that the
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number of cells in the CAL region was significantly higher in the play group in
an enriched environment than in the combined training (P=0.0344) and control
(P=0.0037) groups. No significant difference was also found in the combined
training group compared to the control one (P=0.3431).

Conclusion

The combination of endurance and resistance training may play an important
role in increasing BDNF levels and subsequent cellular changes. Increased cell
number in the DG region of the hippocampus might be indirectly associated with
cell proliferation and increased exercise-induced neurogenesis (9). In addition to
the type of exercise, animal studies have reported that growth factors and
neurogenesis are also affected by the intensity of training too. Moderate stress
probably leads to the observed beneficial effects (10). On the other hand, an
enriched environment may allow animals to exercise in spaces such as a well-
equipped playground (11). Play experiences involving endurance (cycling) and
resistance (ladder climbing) activities, as well as cognitive stimulation are
effective in increasing BDNF levels and the number of cells in the DG and CA1
regions of the hippocampus (12). According to the findings of this study, it can
be concluded that training interventions such as organized exercise and active
play during sensitive developmental periods have strong and long-lasting effects
on the hippocampal structure by increasing BDNF expression.

Keywords: Brain Development, Combined Training, Play in an Enriched
Environment, Prepubertal Period
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Figure 3- Effect of play in an enriched environment and combined training in the
pre-pubertal period on BDNF levels. (One replicate of the western blot is shown for
each condition) **P < 0.01, *** P < 0.001 vs. control group.
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