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ARTICLE INFO Abstract

Background. Aging is accompanied by a gradual decline in neuromuscular function, often
Article History: resulting in reduced motor performance and loss of independence. Sarcopenia, one of the
Received: 6 Oct 2025 biological consequences of aging, is characterized by a decrease in muscle mass and
Revised: 24 Dec 2025 strength, and several factors-including decreased physical activity-contribute to its
Accepted: 27 Dec 2025 development. Given the importance of preserving muscle function in the elderly and the
ePublished: 19 Apr 2026 limitations of current therapeutic approaches, exercise training-particularly resistance and
TS continuous training-has been considered as an effective non-pharmacological intervention.

Therefore, the present study aimed to investigate the effects of six weeks of resistance or
continuous training on muscle agrin protein expression and serum C-terminal agrin
fragment (CAF) levels in female rats with sarcopenia.

Methods. In this experimental study, female rats were randomly divided into four groups:
control, sarcopenia, sarcopenia+resistance training, and sarcopenia+continuous training
. L (n=3 per group). The training groups performed six weeks of resistance or continuous
* Resistance training exercise. Forty-eight hours after the final training session, fast-twitch extensor digitorum
* Sarcopenia longus (EDL) muscles were harvested to assess agrin protein expression, and blood
samples were collected to obtain serum for the measurement of CAF levels.

Results. The findings demonstrated that both resistance and continuous training
significantly increased agrin protein expression in the fast-twitch EDL muscle
(P<0.01) and decreased serum CAF levels (P<0.05).

Conclusion. The results suggest that resistance and continuous training exert
protective effects on the neuromuscular junction and may play a potential role in
delaying the progression of sarcopenia.

Practical Implications. The findings of this study can represent an effective step in the
field of exercise for elderly and provide valuable insights for preventing the
progression of sarcopenia in this population.
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Extended Abstract

Background Sarcopenia is widely used to describe the age-

Aging is associated with a progressive decline in related morphological and functional changes in
neuromuscular function, often leading to functional skeletal muscle, including neural alterations such as
impairment and a subsequent loss of independence. denervation within both the central and peripheral
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nervous systems. These combined factors ultimately
result in pronounced musculoskeletal atrophy and
weakness in the elderly, contributing to reduced
functional mobility, loss of independence, and
increased susceptibility to frailty. Considering the
critical importance of maintaining muscle function
in the elderly and the limitations of current
therapeutic  options,  exercise  interventions-
particularly resistance and continuous training-have
attracted considerable attention as effective non-
pharmacological strategies. Therefore, the present
study was conducted to investigate the effects of six
weeks of resistance and continuous training on
muscle Agrin protein expression and serum levels
of the C-terminal agrin fragment (CAF) in female
rats with sarcopenia.

Methods

In this experimental study, female rats were
randomly allocated to four groups: control (C),
sarcopenia (S), sarcopeniatresistance training
(SRT), and sarcopenia+continuous training (SCT)
(n=3 per group). The training groups performed
resistance and continuous exercise protocols for six
weeks. Environmental temperature was maintained
at 24 °C, with relative humidity controlled between
55% and 60%. The rats were fed standard pellet
chow and had ad libitum access to food and water
throughout the study. After a one-week
acclimatization  period to the laboratory
environment, sarcopenia was induced in three
groups  via intraperitoneal  injection  of
dexamethasone (0.2%; Razak Pharmaceutical
Company) at a dose of 0.012 mg per 100 g of body
weight, administered between 7:00 and 8:00 a.m.
This procedure was continued for 10 days. The
sarcopenia model was established according to the
protocol described by Kaasik P, Umnova M et al
(2007). The resistance training protocol consisted of
climbing a specially designed exercise ladder (110
cm in length, 80° incline, 26 rungs with 2 cm
spacing). Training intensity was set at a moderate
level. The main resistance training sessions were
performed at 60% of the maximum voluntary
carrying capacity (MVCC), three days per week. In
each session, the rats completed 14-20 ladder

climbs with one minute of rest between climbs. In
the continuous training group, rats initially ran on a
treadmill for 5 minutes at 40-50% of maximal speed
as a warm-up. This was followed by continuous
running at 60% of maximal speed during the first
week, 65% during the second week, and 70% from
the third week onward. At the end of each session, a
5-minute cool-down was performed at 40-50% of
maximal speed. Forty-eight hours after the final
training session, fast-twitch extensor digitorum
longus (EDL) muscle samples were collected, and
blood samples were obtained to isolate serum for
CAF analysis. Statistical analyses of the data were
performed using SPSS software (version 21), and
graphs were generated using GraphPad Prism
(version 9). Statistical significance was set at
P<0.05.

Results

The findings demonstrated that both resistance
and continuous training significantly increased
agrin protein expression in the fast-twitch EDL
muscle (P<0.01) and decreased serum CAF levels
(P<0.05). The mean agrin values in the control,

sarcopenia, sarcopenia+resistance training, and
sarcopenia+continuous  training groups  were
1.002+0.32,  0.141+0.19, 0.517+0.40, and

0.494+0.42, respectively. ANOVA followed by
Tukey's post-hoc test indicated that the mean agrin
levels were significantly lower in the sarcopenia
(P<0.001), sarcopenia+resistance training (P<0.01),
and sarcopeniat+continuous training (P<0.01)
groups compared to the control group. In both
training groups-sarcopenia+resistance training and
sarcopenia+continuous training-muscle agrin levels
were significantly increased compared to the
sarcopenia group alone (P<0.01 for both). No
significant differences were observed between the
two training groups. The mean + standard deviation
of CAF levels in the control, sarcopenia,
sarcopenia+tresistance training, and
sarcopeniat+continuous  training  groups  were
26.46+6.63, 77.85+11.34, 46.9348.60, and
45.02£10.66, respectively. One-way ANOVA
revealed a statistically significant difference across
groups (P<0.05). Post-hoc analysis showed that
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serum CAF levels were significantly higher in the

sarcopenia group than in the control group
(P<0.001). Furthermore, CAF levels were
significantly reduced in both the
sarcopenia+tresistance training and

sarcopenia+continuous training groups compared to
the sarcopenia group (P<0.05).

Conclusion

The results of the present study showed that the
induction of sarcopenia with dexamethasone led to
a significant decrease in agrin expression in the
EDL muscle and a marked increase in serum CAF
levels. Reduced agrin expression together with
elevated CAF levels reflects structural disruption
and degeneration of the neuromuscular junction
(NMJ), indicating that sarcopenia is associated with
NMJ instability and impaired neuromuscular
integrity. Importantly, six weeks of resistance and
continuous training effectively reversed these
alterations, resulting in increased agrin expression

and reduced serum CAF levels. These findings
suggest that exercise training can partially restore
NMJ integrity and attenuate neuromuscular
degeneration associated with sarcopenia. Another
notable finding of this study was the absence of a
significant difference between resistance and
continuous training. Since NMJ disruption is a key
pathological feature of sarcopenia, both training
modalities may promote NMJ remodeling and
stabilization ~ through  similar  physiological
pathways, possibly by facilitating partial NMJ
regeneration and reducing agrin degradation.
Overall, these results highlight the protective role of
regular physical exercise on the NMJ and
emphasize the importance of exercise as an
effective non-pharmacological strategy for delaying
the progression of sarcopenia. The comparable
effects of both training modalities further suggest
the activation of shared mechanisms involved in
NMJ stabilization and neuromuscular maintenance.
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