Journal of Practical Studies of

" Biosciences in Sport

Effects of eight-week of resistance and endurance training on AMPK and AXIN1 gene
expression in the adipose tissue of obese rats with type 2 diabetes

Reyhaneh Gholami', Sadegh Cheragh-Birjandi*, Najmeh Rezaeian?, Ali Yaghoubi®, Mohsen Tavakoli®
' Ph.D. Candidate, Department of Physical Education and Sport Sciences, Boj.C., Islamic Azad University,
Bojnourd, Iran.
2 Assistant Professo at Department of Physical Education and Sport Sciences, Boj.C., Islamic Azad
University, Bojnourd, Iran.
® Associate Professor at Department of Physical Education and Sport Sciences, Boj.C., ic Azad
University, Bojnourd, Iran.

*Corresponding author: s_birjandi2001@yahoo.com 6

Background and Aim: Obesity and type 2 diabetes (T2DM) are cIoser@wetabollc disorders

characterized by insulin resistance and impaired signaling in adipose tis vated protein kinase

(AMPK) is a cellular energy sensor that suppresses lipogenesis and glug nesis and improves glucose

homeostasis, whereas axis inhibition protein 1 (AXIN1) is a multi scaffold protein proposed to

coordinate AMPK activation and mTORC1 inactivation and ther ose uptake. Exercise training
8 known to activate the AMPK

e regulation of adipose tissue, and the

is a well-accepted non-pharmacological strategy for mana

pathway. However, little is known about how AXIN tes

molecular response of the AMPK/AXIN1 axis tg nc d resistance training in this tissue remains

unclear. Therefore, the present study aimed to stigate the effects of eight weeks of resistance and
endurance training on AMPK and AXIN1 gene expression in the adipose tissue of obese rats with T2DM and

to compare the effectiveness of the two trai modalities.

Materials and Methods: This exp e stu sed an animal model. Twenty-four healthy male Wistar rats

(eight weeks old; mean body weight 5%9) were housed under controlled conditions (25 + 3 °C, 12:12-h
light/dark cycle, 35-55% humidity) and fed¥a high-fat diet (60% fat, 20% carbohydrate, 20% protein) for eight
weeks. Obesity was confirm he Lee index (values above 310). Six obese rats were randomly assigned
to the obese control gro e remaining 18 rats, T2DM was induced by an intraperitoneal injection of
streptozotocin dissolged in te buffer after the high-fat diet; animals with blood glucose between 150 and
400 mg/dL one la e considered diabetic. Diabetic rats were divided into three groups of six: diabetic

istance training (RT), and diabetic endurance training (ET). All animals continued the
ntervention. The ET protocol consisted of treadmill running five days per week for eight
session: 6-min warm-up, 32 min at 50-70% of maximal speed, 6-min cool-down). The RT

of five repelitions, with 1 min of rest between repetitions and 2 min between sets, five days per week. The load
started at 50% of body weight and increased by 10% weekly to 120% in week eight. Forty-eight hours after the
last session, animals were anesthetized with ketamine and xylazine and subcutaneous adipose tissue was
removed. Total RNA was extracted, cDNA was synthesized, and AMPK and AXIN1 expression was measured

by real-time quantitative PCR, normalized to B-actin, and calculated using the 2A-AACt method. Normality
(Shapiro—Wilk) and homogeneity of variances (Levene) were checked, and groups were compared by one-way
ANOVA with Tukey's post hoc test in SPSS 26 (significance level p < 0.05).
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Findings: Baseline body weights were similar across groups. At the end of the study, the DC group had the
highest mean body weight (388.1 g), whereas the ET (312.9 g) and RT (301.6 g) groups were lighter than the
DC group; the OC group averaged 332.1 g. Fasting blood glucose was markedly higher in the DC group (303.1

mg/dL) than in the OC group (139.3 mg/dL), confirming successful induction of T2DM, and it was lower after
training in both the ET (195.3 mg/dL) and RT (197.3 mg/dL) groups, a reduction of roughly 35% relative to DC.

One-way ANOVA showed a significant difference among the groups in the expression of both AMPK and AXIN1
in adipose tissue (p = 0.001). Taking the OC group as the reference (1.00), AMPK expression in the DC group
fell to 0.70 and AXIN1 expression fell to 0.81, reductions of about 30% and 19%, respectively (p = 0.001),

indicating that diabetes suppressed both genes in adipose tissue. Tukey's post hoc test s d that both
training modalities significantly increased the expression of both genes compared with th ghoup (p =
0.001). AMPK expression reached 1.42 in the ET group and 1.31 in the RT group, appioxi -0-fold and

1.9-fold the diabetic control level. AXIN1 expression reached 1.75 in the ET grou ‘41 imthe RT group,

approximately 2.2-fold and 1.7-fold the diabetic control level. In both trained g , expression of the two
genes was numerically higher than in the OC group, meaning that traini ot ersed the diabetes-
related decline but pushed expression beyond the obese non-diabetic le
between the ET and RT groups (p = 0.12), although the ET gr

particularly for AXIN1. The main results are summarized in Tabl

Table 1. Body weight, fasting glucose, and relative AMP
(group means; expressi tive 1010

ignificant difference was found
numerically higher values,

gene expression in adipose tissue
=1.00)

Groups Final body weight | Fasting glucose | AMPK expression | AXIN1 expression
(9) (mg/dL)
oc 332.1 1303 1.00 1.00
DC 388.‘ 303.1 0.70* 0.81*
ET 312.9 195.3 1.42t 1.75t
RT 1.6 197.3 1.31¢ 1.41%

OC: obese control; DC: diab
*Significant difference vs?!
between ET and RT

ol; ET: diabetic endurance training; RT: diabetic resistance training.
=0'001); tsignificant difference vs. DC (p = 0.001); no significant difference

Overall, b ene wed the same pattern: diabetes lowered their expression, and both exercise modalities
rai it. rallel change in AMPK and AXIN1 is consistent with a coordinated response of the
AMP IN s in adipose tissue. The molecular changes also coincided with lower fasting glucose and
lower final"Body weight in the trained groups compared with the diabetic control group. However, because

these variables were not analyzed against each other, the data do not establish that the gene expression
changes caused the metabolic improvements.

Conclusion: Eight weeks of either endurance or resistance training significantly upregulated AMPK and AXIN1
gene expression in the adipose tissue of obese rats with type 2 diabetes, reversing the reduction caused by
diabetes, and the two training modalities produced statistically similar effects. These findings suggest that the
AMPK/AXIN1 axis in adipose tissue may be one of the molecular pathways through which exercise improves
metabolic regulation, and that both endurance and resistance training can be considered effective strategies
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for reducing disorders related to obesity and type 2 diabetes. Because only mRNA expression was measured

in an animal model, protein levels, AMPK activity, and downstream signaling should be examined in future
studies, and the results should be confirmed in human populations before clinical recommendations are made.
Differences in training variables such as intensity, duration, and type may also influence the response and
deserve further study.
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Abstract

Background and Aim: The use of exercise training to correct metabolicidiso an iseases has become widespread.
The aim of the present study was to investigate the effect ofﬁg eeks o jstance and endurance training on AMPK and
AXIN1 gene expression in adipose tissue of obese male diabetj WMaterials Methods: Twenty-four healthy male Wistar
+9.

ht weeks of high-fat diet. Intraperitoneal injection of

rats with an average age of eight weeks and an average weight o g were fed a high-fat diet for eight weeks.
Eighteen of these animals were induced to hav
streptozotocin was used to induce type 2 diabetes. ats were divided into three groups of six including diabetic
control (DC), diabetic resistance training (RT), and dia urance training (ET). Resistance training (at an intensity of 50 to
120 percent of body weight) and endurance training (wit

use‘ me

test were used to determine the difference between groups at a significance

intensity of 50 to 70% of maximum speed) were performed for eight

weeks, five days a week. Real Time-PCR re the expression of AMPK and AXIN1 genes in adipose tissue.

One-way analysis of variance and Tuk

level of p<0.05. Results: The \fesults s re was a significant difference between the groups of the present study in
terms of AMPK and AXIN1 gen ipose tissue of male mice (p=0.001). Using Tukey's post hoc test, there was a
significant decrease in M’-’K expression in adipose tissue of male mice in the DC group compared to the OC

group (p=0.001). A significa se in the expression of the aforementioned genes was observed in the ET and RT groups
OO% Also, no significant difference was observed between the training groups (p=0.12).
tance exercise training (with similar effects) resulted in upregulation of AXIN1 and AMPK gene
expressio
diabet:

d as an effective strategy for reducing disorders related to overweight and obesity and type 2
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