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ABSTRACT

Objective: It seems that with increasing age, the speed of contractile proteins and the synthesis
of mitochondrial proteins of muscles decreases.The purpose of this study was to investigate the
effect of eight weeks of resistance training and creatine-hydrochloride supplementation on
myogenin and HSP70 gene expression in the soleus muscle of aged male rats.

Methodology: 32 old male were randomly divided into 4 groups: control, supplement,
combined and exercise. Resistance training consisted of eight weeks of ladder training with
moderate intensity (70% of MVCC) and five days a week. Rats in the supplement and combined
groups received creatine-HCL at the rate of 200 mg/kg of body weight by gavage 5 days a
week for 8 weeks. myogenin and HSP70 were obtained using real-time PCR method. Statistical
analysis was performed with two-way and Tukey's post hoc test.

Results: The results showed a significant increase in the expression of HSP70 and myogenin
gene in the soleus muscle in the combination group compared to the control and supplement
groups (p=0.001). No significant difference was observed between the control and supplement
groups (p=0.158).

Conclusion: It seems that the increase of HSP70 and the inhibition of muscle apoptosis caused
by sarcopenia and the increase of mitochondrial function as well as the increased effect of
myogenin on muscle hypertrophy and the creation of an anabolic environment for muscle
growth in old age indicate the importance of resistance training and the consumption of protein
supplements in old age.
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Extended Abstract

Introduction and State of Problem

Aging is associated with a progressive decline in skeletal muscle mass and size, known as sarcopenia,
which is accompanied by muscle atrophy. Myogenin is a regulatory factor that contributes to muscle
development by controlling myoblast differentiation. Muscle growth and hypertrophy are influenced by
several myogenic regulatory mechanisms. With advancing age and reduced physical activity, the
production of reactive oxygen species (ROS) increases, and one of the main cellular responses to this
stress is the induction of heat shock proteins (HSPs). Evidence suggests that resistance training and
creatine supplementation can prevent muscle loss. Creatine hydrochloride (HCL), due to its higher
solubility and absorption and fewer gastrointestinal side effects, is considered an effective form of
creatine. Therefore, this study aimed to examine the effects of eight weeks of resistance training and
creatine HCL supplementation on myogenin and HSP70 gene expression in the soleus muscle of aged
male rats.

Methodology

This study, thirty-two aged male Wistar rats (24 months old; mean body weight: 443.2 + 2 g) were used.
Following a two-week familiarization period, the rats were randomly assigned to one of four groups:
control, supplement (creatine HCL), combined (resistance training + creatine HCL), and training
(resistance training). The resistance training protocol consisted of climbing a specially designed ladder
(110 cm in height, 80° incline, 26 rungs spaced 2 cm apart). The training groups performed ladder
climbing at 80% of their maximum voluntary carrying capacity (MVCC), with 9-10 climbs per session,
five days per week, for eight consecutive weeks. Rats in the supplement and combined groups received
creatine HCL at the same time as the training sessions.

Twenty-four hours after the final training session, all animals were anesthetized with intraperitoneal
injections of ketamine and xylazine. Surgical procedures were then performed to extract the soleus
muscle tissue. The excised tissues were rinsed in physiological saline and immediately immersed in
microtubes containing 1.8 mL of RNAlater™ solution (20% concentration). The expression levels of
HSP70 and myogenin mRNA were determined using TagMan miRNA gRT-PCR reagents (Applied
Biosystems, Foster City, CA, USA). Real-time PCR was performed using PCR Master Mix and SYBR
Green (Applied Biosystems) on a StepOne Detection System (Applied Biosystems, Foster City, CA),
following the manufacturer’s instructions.

Data normality was confirmed using the Shapiro-Wilk test. A two-way factorial ANOVA (2x2) was
employed to evaluate the main and interactive effects of resistance training and creatine supplementation.
When significant main or interaction effects were identified, one-way ANOVA followed by Tukey’s post
hoc test was applied for pairwise group comparisons. Statistical significance was set at p < 0.05, and a
95% confidence interval was used for all analyses

Results

At the beginning of the study, there was no significant difference in the mean body weight among the
experimental groups. However, during the intervention period, body weight significantly decreased in
both resistance training groups (training and combined) compared with the control and supplement groups
(p <0.001). Table 1 presents the general characteristics of the rats in each experimental group. The mean
initial body weight of the animals ranged between 421.25 + 20.3 g and 451.65 + 23.6 g, while the final
body weight varied from 413.68 + 17.5 g to 487.13 + 23.5 g. Soleus muscle weight did not show



significant differences across groups, and daily food intake remained consistent (24.22 g/day) in all
groups.

Table 1. Characteristics of male rats in the research groups

Combined Exersice Supplement Control
Initial research weight 451/65+23/.6 447.65+£23.6 440.78+YY/Y  421.25+20.3
Final weight of the research 413.68+17.5 421.68+17.5 480.25+VA/Y  487.134+23.5
Soleus muscle weight (grams) .30+.08 .31.+.08 .38.£.05 .39+.06
Food intake (grams/day) 24.22 24.22 24.22 24.22

A two-way ANOVA revealed a significant difference in HSP70 and myogenin gene expression among
the four groups (p = 0.001). Post hoc analysis indicated a significant increase in the expression of both
HSP70 and myogenin genes in the combined (training + creatine HCL) and training groups compared
with the supplement and control groups (p = 0.001). The combined group demonstrated superior gene
expression levels compared with all other groups. However, no significant difference was observed
between the control and supplement groups (p = 0.105).

one-way ANOVA analysis showed that The expression of HSP70 exhibited significant between-group
variation (F = 9.39, p = 0.001). Similarly, myogenin expression showed a highly significant difference
across groups (F = 64.39, p = 0.001). These findings suggest that resistance training, particularly when
combined with creatine HCL supplementation, substantially upregulated HSP70 and myogenin gene
expression in the soleus muscle of aged male rats compared with control conditions.

Discussion and Conclusion

The results of the present study demonstrated a significant increase in HSP70 gene expression in the
soleus muscle of aged male rats in both the training and combined (training + creatine HCL) groups
compared with the supplement and control groups (p = 0.001). Consistent with these findings, Roberts et
al. (2024) reported that 12 weeks of moderate-intensity resistance training significantly increased HSP70
expression and reduced DNA fragmentation in the skeletal muscles of aged rats. They suggested that
enhanced HSP70 expression following resistance training was accompanied by decreased levels of pro-
apoptotic factors such as Bax and the Bax/Bcl-2 ratio, as well as increased anti-apoptotic Bcl-2 protein.
These changes likely reduced mitochondrial apoptotic potential by decreasing the release of apoptotic
factors such as cytochrome ¢ and Apaf-1, leading to downregulation of caspase-3 (22).

Aging is associated with progressive loss of skeletal muscle mass and strength, resulting in functional
decline and increased susceptibility to chronic metabolic diseases. Muscle atrophy in the lower limbs is
particularly pronounced and is characterized by reduced muscle fiber size and type grouping (15).
Previous research has reported a 25-40% reduction in muscle cross-sectional area across the lifespan
(21). Excessive production of reactive oxygen species (ROS) and mitochondrial dysfunction in sarcopenia
contribute to oxidative damage, inflammation, and apoptosis (23). One mechanism by which resistance
training protects skeletal muscle mitochondria is through the upregulation of heat shock proteins,
particularly HSP70 (26). Similar findings were reported by Bouri et al. (2024) and Zang et al. (2024),
who showed that resistance training reduced caspase activation and apoptotic signaling in older adults (3,
12).

The current study also found significant increases in myogenin gene expression in both the training and
combined groups, with the combined group showing superior effects. This finding aligns with Dem et al.
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(2023), who observed increased myogenin expression following exercise and hormone therapy in
postmenopausal women (5). Resistance training has been shown to promote myogenin-mediated
hypertrophy by activating the IGF-1 signaling pathway and suppressing myostatin-related inhibition of
myogenesis (7, 13). It is possible that creatine HCL supplementation enhances this response by
modulating circulating myostatin and follistatin levels, thereby promoting a more anabolic environment in
muscle tissue (14).

Discussion and Conclusion

Although the mechanisms regulating myogenin expression in response to exercise are not fully
understood, the present findings suggest that both resistance training and creatine HCL supplementation
may counteract age-related muscle atrophy by upregulating myogenin and HSP70 expression. This
response may reflect enhanced hypertrophic and anabolic activity in skeletal muscles of aged individuals.
However, additional studies are required to explore other cellular signaling pathways involved in protein
synthesis and muscle hypertrophy following resistance training. Further research on training type,
intensity, duration, and recovery in elderly populations is recommended to optimize resistance training as
an effective intervention against sarcopenia

Originality/Value

This study provides new insights into the combined effects of resistance training and creatine hydrochloride
supplementation on muscle aging. Unlike previous research using traditional creatine monohydrate, this study
focuses on creatine HCL and its influence on the expression of HSP70 and myogenin genes in aged rats,
highlighting its potential to counteract sarcopenia through molecular and cellular adaptations.

Research Limitations/Implications

This study was limited to aged male rats and a short intervention period. Future research should include both sexes,
longer durations, and more biomarkers to confirm the protective effects of resistance training and creatine HCL on
muscle aging
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