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Abstract

Aim:  Activation of AMPK signaling following exercise is widely associated with the muscle
atrophy pathway. The aim of this study was to investigate the comparison of the efficacy of 12
weeks resistance training and combined on the activation of AMPK signaling, muscle glycogen
and ATP levels, and gene expression of muscle atrophy markers in middle-aged women.
Methods: For this purpose, 30 untrained middle-aged women with 40-60 years were randomly
divided into 3 groups of incremental resistance training, combined resistance and high intensity
interval training, and control. Resistance training protocol included 6 exercises with 3 sets of 5-
7 repetitions with 90 seconds rest, and the intensity was 50-80%1RM. high intensity interval
training protocol was performed in 5 one-minute interval with an intensity of 60-90% of the
maximum heart rate with 2-3 minutes of active rest between each interval, and resistance training
included 4 movements in 3 sets with a 90-second rest interval and the number was 5-7 repetitions
and the intensity was 50-80% of 1RM. A tissue sample was taken from the vastus lateralis Scan this QR code to see the
accompanying video, or visit
jahssp.azaruniv.ac.ir

muscle .The difference between the pre-test and post-test data between the groups was evaluated

using one-way analysis of variance and Tukey's post hoc test at a significance level of P<0.05.
Results: The results showed that muscle glycogen concentration and ATP levels had
insignificant changes after 12 weeks of exercise training (P=0.07). Also, the results showed that
muscle AMPK levels decreased significantly after 12 weeks of resistance and combined training
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(P=0.005). The gene expression of Atrogin-1/MAFbx, MuRF-1 and FOXO3a in muscle sciences faculty, Urmia
decreased significantly after 12 weeks of resistance training (P=0.01). Conclusions: Although University, Iran.
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expression was stronger.
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Extended abstract

Background

The activation of AMPK signaling following sports activities is related to the muscle atrophy pathway. Muscle atrophy
occurs as a result of a change in the balance between anabolic and catabolic processes and a decrease in muscle mass due
to an increase in the resulting changes. Specific adaptations are made through the AMPK pathway with exercise training,
but results studies have seen mixed results. In the past decade, AMPK has been associated with E3 ubiquitin pathway
ligases. In the skeletal system, MuRF-1 and Atrogin-1/MAFbx and FOXO3a are important AMPKs and are upregulated
in the skeletal system. Sports training is one of the important methods recommended for the development or reduction of
atrophy, which increases the synthesis of contractile and structural growth, improves the translation process, increases the
proliferation markers of satellite cells and their number, the number of nuclei in each strand. Muscle increases the
differentiation of myoblasts and their fusion. The aim of the study was to compare the effectiveness of 12 weeks of
resistance and combined exercises on AMPK conduction activation, muscle glycogen and ATP levels, gene expression
of muscle atrophy markers in middle-aged women.

Materials and Methods

30 untrained middle-aged women with an age range of 40-60 years were selected. The criteria for entering the research
were being in perfect physical health, not taking any special medication, normal weight, not having regular exercise, not
being menopausal, and following the diet plan prescribed by the researcher..

Experimental design

Subjects were randomly divided into three groups: increasing resistance training, intense resistance-intermittent combined
training, and control

Training protocol

Resistance exercises in the combined training group include 4 exercises (barbell chest press, lat pulldown, machine leg
press, machine knee flexion) in 3 sets with a rest interval of 90 seconds, the number of repetitions is 5-7, and the intensity
of one repetition is 50-80%. Max was executed. The protocol of resistance training and combined training (intense
resistance-interval) was implemented for 12 weeks, and the intensity of resistance and interval training was controlled
and increased by 5% every four weeks. Resistance exercises in the resistance training group include 6 exercise (barbell
chest press, lat pulldown, barbell forearm press, machine leg press, machine knee flexion and machine knee extension)
in 3 sets with a 90-second rest interval and 5-7 repetitions and intensity of 50-80% of one repetition maximum was
performed. The high-intensity interval training protocol was performed in 5 intervals include running in a 1-min with
intensity of 60-90% of the maximum heart rate with 2-3 minutes of active rest with an intensity of 40% on the treadmill
(model Wellness&Muscle Spirit KT8000) between each interval.

Molecular and biochemical analysis

150 mg of muscle samples were taken from the subjects in two stages (before the test and after the 12th week) from the
middle part of the vastus lateralis muscle through local anesthesia when they were not in their menstrual period. In order
for the subjects to have access to the same caloric intake, a standard dinner including pasta, tomato sauce and fruit juice
containing (2.2 grams of carbohydrates, 0.2 grams of protein and 0.04 grams of fat per kilogram of body weight) the night
before Prepared from sampling. Also, two hours before sampling, 100 ml ready-made soup imported from England with
the formula (20 grams of carbohydrates, 6.3 grams of protein and 4.9 grams of fat per kilogram of body weight) was
prepared for the subjects. Three hours’ time interval was considered to accept changes in protein phosphorylation and
gene expression. In addition, the muscle sample was taken 72 hours after the last training session. Muscle sampling was
done from the needle based on the Bergstrom technique. ATP and glycogen levels were hydrolyzed as free glucose by
fluorometer. In order to measure the mRNA expression levels of AMPK factors and atrophy variables (FOXO3a, MuRF-
1, and Atrogin-1/MAFbx), quantitative Real Time PCR method was used using SYBR-Green according to the
manufacturer's protocol.

Statistical analysis

In order to ensure the normal distribution of the data, the Shapiro-Wilk test was used. The difference of the pre-test data
between the groups was evaluated using one-way analysis and Tukey's post hoc test at a significance level of P<0.05.
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Results

The results showed that the concentration of muscle glycogen and ATP levels after 12 weeks of sports training had no
significant changes between the groups (P=0.07). Also, the results showed that muscle AMPK levels decreased
significantly after 12 weeks of resistance and combined exercises compared to the control group (P<0.05). There was no
significant difference between the two training groups. The gene expression of Atrogin-1/MAFbx, MuRF-1 and FOXO3a
in muscle after 12 weeks of resistance training had a significant decrease compared to the control group (P<0.01). Also,
the resistance training group had a significant decrease in muscle MuRF-1 and FOXO3a compared to the combined
training group (P<0.05).

Discussion

The present study investigated the effect of AMPK activation caused by intense resistance and combined exercise on the
expression of muscle atrophy genes in middle-aged women. Our findings showed that both combined and resistance
training groups showed a decrease in AMPK gene expression, and although the decrease was greater in the resistance
group, this difference was not significant. A decrease in muscle atrophy markers was observed only after resistance
training, but combined training had no effect. It seems that resistance training alone is more effective in reducing AMPK
signaling and muscle atrophy, and the combination of intense intermittent training with resistance has disrupted the
hypertrophy process and reduced muscle atrophy markers in middle-aged women.

Article message

Both training groups had no effect on ATP and muscle glycogen content, but decreased AMPK gene expression. Only
resistance training decreased the expression of muscle atrophy genes. It seems that the combination of intense interval
training with resistance has disrupted the process of hypertrophy and reduced muscle atrophy in middle-aged women.
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