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Abstract

Aim:The PKA/p38 MAPK-HSF1-UCP1 pathway is a key signaling cascade that, in response
to cold or adrenergic stimulation, leads to increased UCP1 expression and heat production in
brown adipose tissue through sequential phosphorylations. The aim of the present study was to
investigate the effect of endurance training on the PKA/p38 MAPK-HSF1-UCP1 pathwa
obese male Wistar rats.. Methods: Thirty healthy male Wistar rats with an average
eight weeks and an average weight of 187.5 + 9.37 grams were randomly selected
induce obesity, the rats were placed on a high-fat diet for 8 weeks. The rats were divided®
three groups: healthy control, obese control, and endurance training. After confi
endurance training was applied to the training group for 8 weeks and 5 sessio:
Time-PCR was used to measure the expression of PKA, p38 MAPK, HSF1,

One-way analysis of variance and Tukey's post hoc test were used to d i

is QR code to see

1- Department of Physical
Education and Sport Sciences,
Boj.C., Islamic Azad University,
Bojnourd, Iran.

UCP1 genes in the endurance training group was significantly incre
control group (p=0.003), (p=0.002) and (p=0.032). The expressi
control group was also significantly decreased compare control group
(p=0.005), (p=0.043) and (p=0.001). The expression of y ' significantly
decreased in the endurance training group compared tg | )
expression of this gene in the obese control group
healthy control group (p=0.009).Conclusions: End
MAPK-HSF1-UCP1 signaling pathway may be consid
disorders related to overweight and obesity.

pared to the *(correspondingauthor)
oving the PKA/p38 (s_birjandi2001 @yahoo.com)

Cite as:Cheragh-Bi
obese male Wistar ratg
Owner and Publisher:*
Journal ISSN (online):
Access Type: Open Acces:

DOR:

@ Gap t ©The authors Publisher: Azarbaijan Shahid Madani University
[ -ﬂ



JA H s s P http://jahssp.azaruniv.ac.ir/

http://dx.doi.org/10.22049/JAHSSP.2023.28273.1543
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Extended abstract
Background

Translate. Since the identification of metabolically active brown adipose tissue (BAT) in adult humans in 2009, there
has been growing interest in the idea of activating BAT as a therapeutic strategy to help treat obesity. Obesity, which is
defined as excessive fat storage, is associated with an increased risk of cardiovascular diseases and metabolic disorders
including type 2 diabetes (T2D) and dyslipidemia. Consequently, finding a therapy to reduce the development of
obesity and its related diseases is crucial. Obesity is characterized by an energy imbalance, where energy intake exceeds
energy expenditure (EE)(1).The sympathetic nervous system can regulate BAT activity and is a classic regulator of
brown adipose tissue function. Studies have shown that exercise can stimulate and activate the sympathetic nerve,
thereby increasing the level of norepinephrine (NE) in the circulatory system. The norepinephrine released by the
sympathetic nerve binds to beta-adrenergic receptors in brown adipose tissue to actiyate the cyclic adenosine
monophosphate (CAMP)-dependent protein kinase A (PKA) signaling pathway. The a of PKA can increase
lipolysis and upregulate the expression of uncoupling protein 1 (UCP1), therebyienhancing the activation and
thermogenesis of brown adipose tissue(2).Previous studies have demonstrated that p38 bed protein kinase
(p38MAPK) promotes the browning of white adipose tissue (WAT) by acti
PPARy, and Ucpl genes. Indeed, lactate induces the browning of WAT by up
via the p38 pathway(3).Heat shock factor 1 (HSF1) modulates PGC-1a expr

P 1onal and post-
. Importantly,

studies on the effects of various exercise modalities on PKA, p38
limited, the present study examined the influence of endurance exe
in obese male Wistar rats."

Materials and Methods

A total of 30 healthy male Wistar rats (8 weeks old, 187.
Following a one-week acclimation period, the rats yy 1ivi
high-fat diet (HFD, n=20). Over eight weeks, th
protein), while the HFD group was fed a high#fati«
Serum Institute. Obesity was assessed using
with values exceeding 310 indicating obesity(5
groups: a healthy control group (ND-fed, n=10),
training group (HFD-fed, n=10). To isolate the effec
entire study duration(6).

ise, both obese groups continued the high-fat diet for the

standards and was approved by the local ethics committee

Training protocol

week endurance protocol on a treadmill. VO 'max was first measured via an
eased every 3 minutes until exhaustion. The training sessions consisted of a warm-up,
75% VO[max, and a cool-down. Control groups were housed without any exercise

Rats were subjected to al
incremental test where speed
50 minutes of running at
intervention.

Extraction of laboratory animal tissue:At 48 hours following the last training session, mice were anesthetized by
intraperitoneal administration of ketamine (100 mg/kg) and xylazine (10 mg/kg). Subcutaneous adipose tissue was then
surgically collected through an abdominal incision. The harvested samples were immediately frozen at -70°C for
preservation and later analysis.Molecular tests were performed using the qRT-PCR method to evaluate changes in the
gene expression of PKA, p38 MAPK, HSF1, and UCP1.RNA extraction and cDNA synthesis were carried out using an
RNA extraction kit from Addbio Co. (Korea). The synthesized cDNA was stored at -70°C. Specific exon-junction
spanning primers for the genes PKA, p38 MAPK, HSF1, and UCP1 were designed using PRIMER3 and the online IDT
software and were ordered for synthesis from Mashhad Gene Azma Company.

Statistical analysis
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After data collection, the raw data were entered into SPSS software (version 27) and analyzed. The normality of the
data distribution was confirmed using the Shapiro-Wilk test, and the homogeneity of variances was verified using
Levene's test. For inferential statistics, a one-way analysis of variance (ANOVA) was used to test the research
hypotheses, followed by a Tukey's post hoc test for pairwise comparisons. The significance level for all tests was set at
p <0.05.

Results
The gene expression of PKA, HSF1, and UCP1 increased significantly in the endurance training group compared to the
obese control group (p = 0.003, p = 0.002, and p = 0.032, respectively). Conversely, the expression of these genes was
significantly lower in the obese control group than in the healthy control group (p = 0.005, p = 0.043, and p = 0.001,
respectively).

In contrast, the expression of the p38 MAPK gene decreased significantly in the endurance training group compared to
the obese control group (p = 0.014). The expression of this gene was significantly higher in the obese control group than
in the healthy control group (p = 0.009).

Discussion

The purpose of the present study was to investigate the effect of endurance training
UCP1 pathway in male Wistar rats with obesity. Catecholamines—epinephrine and
known lipolytic agents. These neurotransmitters stimulate lipolysis via (-adrener

A/p38 MAPK-HSF1-
repinephrine (NE)—are well-
Cite which increase
tvates Hormone-

s can significantly
hrine activates the 33-
activation subsequently

transform into beige cells, a process accompanied by elevated syst
adrenergic receptor (AR)/cAMP/PKA/p38 MAPK signaling pathw:
induces the expression of PGC-lo, increases UCP1 levels and

Article message

Based on the results of the present study, it appears t
expression of PKA, HSF1, and UCPI, and a si ne expression of p38 MAPK in obese male
rats. Therefore, endurance training, by mod ‘ -HSF1-UCP1 signaling pathway, could be
considered an effective strategy for mitigati and obesity.
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