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Abstract

Objectives: Aging is associated with a decrease in skeletal muscle mass and an increase in key proteins
of the Ubiquitin-Poteasome System (MuRF-1 and Atrogin-1), which will lead to muscle weakness and
related damage. Therefore, the aim of the present study was to investigate the effect of eight weeks of
aerobic and resistance training on plasma levels of these proteins in inactive elderly men.

Methods & Materials: In this quasi-experimental study, 45 inactive older men aged 6074 years were
selected using convenience sampling and randomly assigned to three groups: aerobic training, resistance
training, and control. The aerobic training group performed exercise for eight weeks, three sessions per
week, at an intensity of 55-70% of Heart Rate Reserve (HRR). The resistance training group.also trained
for eight weeks, three sessions per week, at an intensity of 30-80% of one-repetition maximum, following
the principle of progressive overload. The control group did not participate in'any structured exercise
program. Blood samples were collected simultaneously from all three groups 48 hours before and after
the training period. Plasma levels of MuRF1 and Atrogin-1 proteins were measured using the
Enzyme-Linked Immunosorbent Assay (ELISA) method. Analysis of Covariance (ANCOVA) was used
for between-group comparisons, and paired t-tests were applied for within-group comparisons. Data were
analyzed using SPSS version 25, with the level of statistical significance set at.p < 0.05.

Results: The results indicated that eight weeks of resistance training led to a significant reduction in
plasma levels of Atrogin-1 and MuRF1, along with a significant increase in Skeletal Muscle Mass (SMM)
(p < 0.05). In contrast, eight weeks of aerobic training did not produce significant changes in these
markers (p > 0.05). Also, a significant difference was observed between the aerobic exercise group and
the resistance exercise group in MuRF-1 and Atrogin-1 indices (P < 0.05), but no significant difference
was found between the two groups in skeletal muscle mass index (P > 0.05).

Conclusions: Based on the findings of the present study, it is recommended that elderly people perform
regular exercise, especially resistance ‘training, to maintain the skeletal muscle mass and prevent the
muscle atrophy.

KeyWords: Exercise, Resistance Training, Ubiquitin, Aged



Extended Abstract

Objectives: Skeletal muscle is a vital tissue, accounting for approximately 40% of total body
weight and containing 50% to 75% of total body proteins. However, skeletal muscle mass
progressively declines with aging (sarcopenia). The ubiquitin-proteasome system (UPS) serves
as a key regulator of skeletal muscle protein degradation, with MuRF-1 and Atrogin-1 levels
acting as reliable biomarkers of UPS-mediated muscle atrophy. Exercise interventions can
enhance anabolic responses and attenuate proteolytic pathways by activating the. AkKt/mTOR
signaling cascade and suppressing FoxO transcription factors; however, these responses are
highly dependent on the modality, intensity, and duration of the physical activity. Current
evidence suggests that regular moderate-intensity physical activity can mitigate various
hallmarks of biological aging and is closely associated with improved health outcomes in older
adults. Given that age-related muscle decline not only impairs physical function and daily
activities but also escalates the risk of falls, fractures, and metabolic comorbidities including
Type 2 diabetes, chronic kidney disease, cardiovascular disease, dyslipidemia, and hypertension
and sedentary aging populations are particularly vulnerable. Therefore, the present study
investigated the effects of an eight-week resistance and aerobic training program on the plasma
levels of MuRF-1 and Atrogin-1 in sedentary older men.

Materials and Methods

This quasi-experimental study employed a pre-post test design with a control group to evaluate
the impact of eight weeks of aerobic and resistance training on plasma Atrogin-1 and MuRF-1
levels in sedentary older men. The study population consisted of sedentary men aged 60-74
years in Ahvaz, Iran. Following screening, 45 participants were selected via convenience
sampling and randomly assigned to three groups: resistance training (RT), aerobic training (AT),
or a control group (CON). The RT program was conducted three days per week for eight weeks,
comprising four upper-body exercises, four lower-body exercises, and one abdominal exercise,
with an escalating intensity ranging.from 30% to 80% of one-repetition maximum (1RM). The
AT group performed sessions three times per week for eight weeks at an intensity of 55-70% of
heart rate reserve (HRR). Blood samples-were collected 48 hours prior to the first session and 48
hours after the final session. Samples were centrifuged at 3,000 rpm for 10 minutes to isolate
plasma. Plasma concentrations of Atrogin-1 and MuRF-1 were quantified using enzyme-linked
immunosorbent assay (ELISA) kits specifically designed for human samples. Skeletal muscle
mass (SMM).was assessed using the InBody 370s bioelectrical impedance analyzer. Data were
analyzed using. paired t-tests for intra-group comparisons and Analysis of Covariance
(ANCOVA) for inter-group comparisons, with statistical significance set at P<0.05 using SPSS
version.25.

Results

Paired t-test results revealed significant intra-group changes in MuRF-1 (P=0.025, ES=0.67),
Atrogin-1 (P=0.012,ES=0.74), and SMM (P=0.044,ES=0.53) within the resistance training
group. In-contrast, no significant changes were observed in the aerobic or control groups
(P>0.05). Inter-group comparisons via ANCOVA demonstrated significant differences among
the three groups for MuRF-1 (F=67.42, P=0.014), Atrogin-1 (F=59.81, P=0.027), and SMM
(F=42.53,P=0.035). Post-hoc analysis using Tukey’s test indicated that Atrogin-1 levels differed
significantly between the RT and AT groups (P=0.001) and between the RT and CON groups
(P=0.004), while no significant difference was found between the AT and CON groups
(P=0.254). Similarly, MuRF-1 levels showed significant differences between RT and AT



(P=0.001) and RT and CON (P=0.007), with no significant difference between AT and CON
(P=0.227). Regarding SMM, a significant difference was observed only between the RT and
CON groups (P=0.040); differences between AT vs. CON (P=0.071) and RT vs. AT (P=0.085)
did not reach statistical significance.

Discussion

The findings of the present study demonstrate that eight weeks of resistance training significantly
reduces plasma levels of Atrogin-1 and MuRF-1 while concurrently increasing skeletal muscle
mass (SMM). Conversely, aerobic training exerted no significant impact on these markers.
Resistance training is known to activate the mTORC1 pathway, thereby promoting overall
muscle protein synthesis. This activation may indirectly attenuate atrophic transcriptional
pathways, leading to the downregulation of Atrogin-1 and MuRF-1 activity. Furthermore,
resistance exercise stimulates the secretion of growth factors, such as IGF-1, which can directly
or indirectly (via mTOR activation) suppress Atrogin-1 expression and inhibit MuRF-1 activity.
Additionally, IGF-1 enhances the activation, proliferation, and fusion of satellite cells into
existing myofibers, facilitating protein synthesis. Another potential mechanism is the reduction
of myostatin levels a potent inhibitor of muscle growth—thereby. reducing the activity of
Atrogin-1 and MuRF-1. In contrast, the moderate-intensity aerobic training (55-70% HRR)
failed to significantly alter plasma Atrogin-1, MuRF-1, or SMM levels. Aerobic exercise
primarily targets oxidative capacity, mitochondrial ~biogenesis, and metabolic adaptation
pathways. In contrast, significant alterations in protein degradation markers typically require
more robust mechanical or anabolic stimuli. Therefore, the @erobic signals in this study may have
been insufficient in terms of intensity or duration to trigger these specific proteolytic changes.
These findings have significant implications for rehabilitative programming and sarcopenia
prevention, supporting the hypothesis that resistance training plays a pivotal role in inhibiting
key proteolytic pathways in older adults.

Conclusion

Aging is characterized by an increased catabolic-to-anabolic ratio in skeletal muscle. This study
demonstrated that an eight-week resistance.training program significantly reduces Atrogin-1 and
MuRF-1 plasma levels and increases SMM, whereas aerobic training does not. Consequently,
resistance training should be considered a potent non-pharmacological strategy to mitigate age-
related muscle atrophy, reduce muscle-weakness-related impairments, and enhance the overall
quality of life in‘the elderly.
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