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Abstract Objective: We examined time-dependent changes in the levels of meteorin-like protein (Metrnl), inter-
leukin (IL)-7, IL-8, and follistatin-like 1 (FSTL1) myokines in mouse gastrocnemius-soleus tissue and plasma
samples following acute and long-term swimming exercises.

Materials and Methods: Seventy 8-12 weeks-old adult male BALB/c mice were classified as control
(sedentary) and exercise groups. Either an acute or chronic exercise regime was applied to the exercise
group. Samples were collected at 0 h, 3 h, and 48 h. The acute exercise group completed a 30-min single
swimming session. The chronic exercise group completed the 30-min swimming exercise every day, 5 days
a week, for 6 weeks. Metrnl, IL-7, IL-8, and FSTL1 levels in the m. gastrocnemius-soleus muscle and plasma
samples were determined by enzyme-linked immunosorbent method (ELISA) kits.

Results: No changes were observed in the Metrnl, IL-7, IL-8, and FSTL1 levels in the gastrocnemius-soleus
muscle complex following acute or 6 weeks of swimming exercise (p>0.05). IL-7, IL-8, and FSTL1 levels did
not change in the plasma in response to the exercises (p>0.05). Plasma Metrnl levels were higher at 3
h after 6 weeks of chronic exercise compared with the control (sedentary) and the 3 h samples of the
acute swimming (3.49 + 1.75 ng/mL, 1.75 = 0.48 ng/mL, and 1.66 + 0.33 ng/mL; p<0.001, respectively) groups.
Conclusion: These findings suggest that unlike IL-7, FSTL1, and IL-8, only Metrnl may play a role in mediating
adaptation to long-term exercise in mice.
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INTRODUCTION

The skeletal muscle is the largest organ, accounting for
approximately 40% of the body weight (1). Exercise has various
positive effects on distant tissues and organs, as well as on
the muscle groups (2). Cytokines called myokines, released
into the circulation by muscle cells, mediate some of these
effects (2). Although it is known that exercise affects the
whole organism depending on its characteristics, such as
type, intensity, frequency, and duration, the most important
beneficial effects are on the musculoskeletal, respiratory,
cardiovascular, immune, and endocrine systems (2-5). These
effects vary between episodic and long-term exercise (3, 4).
With the cessation of exercise, these changes are known to
gradually regress (5).

Recent studies have revealed many beneficial effects
mediated by exercise-related myokines, describing their
expression, mechanisms, and effects (6-8). However, the
mechanisms of action of many myokines remain unclear.
Of these, follistatin-like 1 (FSTL1) is proposed to be a
multifunctional molecule with critical roles across various
physiological systems. It has been shown to be essential
for normal afferent synaptic sensory transmission (9), to
exert cardioprotective effects via the Akt and ERK signaling
pathways (10, 11), and to promote neovascularization in
response to ischemia in skeletal muscle endothelial cells
through the activation of the Akt-eNOS pathway (11). It is
also associated with inflammation and influences cardiac
remodeling through aerobic exercise (12). Meteorin-like
(Metrnl) affects thermogenesis and the regulation of insulin
sensitivity in metabolic syndrome and obesity (4). It also
induces skeletal muscle hypertrophy through Peroxisome
proliferator-activated receptory coactivator-1a4 (PGC-1a4) and
exerts effects on the immune system (4, 13, 14). Interleukin-8
(IL-8) is considered an angiogenic chemo-myokine (15) and a
proinflammatory factor exhibiting chemoattractant properties
(16). It has been associated with osteoclastic activity (17)
and is thought to play an important role in wound healing
(18). Interleukin 7 (IL-7) is associated with inflammation and
increases in the peripheral circulation in exercises such as
high-intensity ultra-marathons (19). It primarily exerts its
effects through the JAK/STAT signaling pathway (20) and plays
a role in immune regulation and muscle hypertrophy (21).

Studies on the production and release of myokines into
the peripheral circulation are mostly focused on resistance
exercises and are conducted in the acute period (4, 21).
In contrast, aerobic exercise studies usually involve weight-
bearing activities such as walking, jogging, and cycling, which
predominantly stress the muscles and joints of the lower
extremities (22). The feature that distinguishes swimming
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exercise from others is that the load on the muscle-
joint system is lower; thus, such exercises are preferred
in physiotherapy for certain disease conditions. Moreover,
swimming is considered a natural form of physical activity in
mice, making it a commonly used modality in animal exercise
models (23).

The synthesis and release times of myokines change
differentially during acute and chronic exercises, which may
influence time-dependent adaptations to swimming exercise
(24). Thus, we aimed to examine the time-dependent (at 0 h, 3
h, and 48 h) changes in IL-7, IL-8, FSTL1, and Metrnl myokines in
the mouse gastrocnemius-soleus and plasma following acute
and chronic swimming exercise. In this study, we evaluated the
levels of these myokines following swimming exercise, which
may be in response to minimizing the stress factors that may
arise from exercise on mice that are natural swimmers, as
well as minimizing the load on the joints thanks to swimming
exercise, thereby preventing their potential impacts on our
data. Our data could provide useful insights for developing
new myokine-related agents and physiotherapy methods that
may contribute to the monitoring and treatment of various
diseases.

MATERIALS AND METHODS

Pamukkale University Animal Experiments Ethics Committee
approved the study number PAUHADYEK-2019/29, dated
22.082019 and numbered 2019/06. We followed the
national and institutional ethical guidelines throughout the
experimental procedure.

Animals

We used 8-12 week-old adult male BALB/c mice. The animals
were housed under standard conditions throughout the study
50 + 5% humidity, 22 + 2 °C, a 12-h light-dark cycle, etc.) and
specially prepared cages and were kept under the control of a
veterinarian (25-27). A total of 70 mice were divided into seven
groups, with 10 mice in each group. The mice were checked
daily by a veterinarian for general condition disorders and
infections. The evaluation criteria included generally accepted
animal welfare and behavior criteria such as the brightness
and liveliness of the animals’ fur, their general nutritional
status, and normal movements. The mice were allowed free
access to water and food and were all (exercising and non-
exercising groups) subjected to daily handling. Animals that
did not swim, were infected, or deteriorated during the study
were planned to be excluded from the experiment. However,
such problems were not observed during the study (25, 26).

The mice were classified as the control (sedentary) and
exercise groups. The exercise group was also divided into
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two groups as acute and chronic swimming (25, 26). Each of
the acute and chronic exercise swimming was divided into
three groups at 0, 3, and 48 h in terms of the time passed
from the end of the exercise to the end of the experiment. A
total of 7 groups were obtained (Table 1). The animals were
randomly assigned to the groups. In the chronic swimming
group, exercise was started when the mice were 10 weeks
old. It was applied for 6 weeks and in the 16" week, all
animals were sacrificed on the same day immediately after
the last swimming session, 3 h later and 48 h later. After
the familiarization period, mice in the acute swimming group
underwent a single 30-min exercise session at week 16,
followed by cessation of all acute groups at 0, 3, and 48 h.
Control (sedentary) mice were also sacrificed when they were
16 weeks old.

Table 1. Experimental groups

Experimental groups Number of animals

Control 10
Acute swimming 0. Hour 10
Acute swimming 3. Hour 10
Acute swimming 48. Hour 10
Chronic swimming 0. Hour 10
Chronic swimming 3. Hour 10
Chronic swimming 48. Hour 10

Swimming Exercise Administration

Swimmingtraining was performed in the Experimental Surgery
Application and Research Center in plastic tanks filled with
tap water (68 cm x 44 cm = 34 cm) similar to our previous work
(25, 26). The temperature of water was kept at 32 + 3 °C (25,
27). In order to familiarize the mice of the exercise groups with
swimming, all animals of the exercise groups were subjected
to swimming for 10 min on the first day, and the exercise was
lengthened to 30 min on the third day (25, 26, 28). On the last
day when 30 min of swimming was applied, the acute exercise
groups were sacrificed at 0, 3, and 48 h following 30 min of
swimming. The chronic groups swam for 6 weeks following the
familiarization. Swimming exercise was applied 30 min/day, 5
days/week, 6 weeks to this group (25, 26) and the mice were
sacrificed 0, 3, and 48 h following the last exercise session. The
conditions under which the sedentary (non-exercised control)
and exercise groups were the same except for the application
of acute and chronic swimming procedures. The animals
were matched for daily handling, water exposure, or other
environmental factors to minimize confounding variables. The
control (sedentary) group was subjected to swim 2 times for 10
min each. This procedure was applied to eliminate the stress
caused by exposure to water (25, 26). After each swimming
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exercise, the mice were dried thoroughly with a towel and then
placed in their cages (25, 27). We ensured that all mice were
age-matched (16 weeks old) at the time the tissue and blood
were collected.

Euthanasia, Blood and Tissue Samples

While the mice were under intraperitoneal ketamine-HCl /
Xylazin-HCL (75 mg/kg / 10 mg/kg) anesthesia, approximately
0.5-0.7 mL of blood was collected from their hearts with
a sterile syringe, and the experiment was terminated. The
collected blood was discharged into heparinized (15 U/
mL) tubes, centrifuged with 1555 = g for 20 min, and
the separated plasma samples were stored at -80°C for
later analysis. For standardization, approximately 0.20 g of
the right gastrocnemius-soleus tissue samples were first
weighed, homogenized in phosphate-buffered saline (PBS),
and centrifuged at 1555 x g for 20 min. The resulting
supernatants were collected into 1.5 mL of eppendorf tubes
and stored at -80 °C for later analysis (25, 26). During the
collection and handling of the blood and tissue samples, the
cold chain protocols were strictly maintained to preserve the
sample integrity.

Enzyme-Linked Inmunosorbent Assays (ELISA)

The double-antibody sandwich ELISA was used to measure
L7, Metrnl, IL-8, and FSTL1 levels in mouse plasma and
the gastrocnemius-soleus muscle complex. Metrnl, IL-7, IL-8,
and FSTL1 in the gastrocnemius-soleus muscle complex
were measured using ELISA (SinoGeneClon Biotech Co.
Hangzhou, China, Cat. No. SG-31275, SG-30226, SG-30224
and SG-34986, respectively), following the manufacturer’s
recommendations. Plasma Metrnl, IL-7, IL-8, and FSTU
levels were measured using ELISA kits (AFG Bioscience,
Shanghai, China, Cat. No. EK731275, EK730226, EK732214 and
EK730881, respectively) in accordance with the manufacturer’s
recommendations. Standards and samples (10 uL) were added
to wells pre-coated with monoclonal antibodies specific for
mouse Metrnl, IL-8, IL-7, and FSTL1. Biotin-labeled detection
antibodies and streptavidin-HRP were then added to form
immune complexes. After incubation under the manufacturer-
recommended conditions, the wells were washed to remove
unbound substances. Chromogenic substrates were added,
producing a blue color, which turned yellow upon the addition
of the stop solution. The absorbance was measured at 450
nm using a microplate reader (Shimadzu UV-1601; Shimadzu,
Kyoto, Japan). Analyte concentrations were calculated based
on standard curves.

Experimed, 15 (3): 232-243




Study Group Design

We observed a strong effect size in a reference study (d=1)
(20). As we had planned for seven groups in this study and
assuming that a lower effect size can be reached (f=0.8), we
estimated that when at least 49 mice were included in the
study (at least 7 mice for each group), 80% power could be
obtained at the 95% confidence level.

Statistical Analyses

The data were analyzed using the SPSS 25.0 (IBM SPSS
Statistics 25 software; Armonk, NY: IBM Corp.) package
program. Continuous variables are given as the mean *
standard deviation (SD). A normality test was performed
initially. A one-way analysis of variance was performed for
the comparison of independent group differences when
parametric test assumptions were provided. When the
parametric test assumptions were not met, the Kruskal-Wallis
analysis of variance tests were used to compare independent
group differences. In all analyses, p<0.05 was considered
statistically significant.

RESULTS

Myokine Analyses in the Gastrocnemius-soleus
Complex

Figures 1-4 show Metrnl, I-8, IL-7, and FSTL1 levels in
the gastrocnemius-soleus muscle complex immediately and
3 and 48 h after the acute and long-term exercise
regimens, respectively. No statistically significant alteration
was observed in the concentrations of these myokines in any
of the tissue samples collected at 0, 3, and 48 h after short-
term and chronic exercises (p>0.05).

Plasma Myokine Analysis

Figure 5 demonstrates that the plasma Metrnl concentration
was significantly higher at 3 h after 6 weeks of chronic exercise
compared to the control (sedentary) and the 3 h samples
of the acute swimming (349 + 1.75 ng/mL, 175 + 0.48 ng/mL,
and 1.66 + 0.33 ng/mL; p<0.001, respectively) groups. However,
under the same exercise protocols, no statistically significant
change in the plasma levels of IL-7, FSTL1, and IL-8 between the
study groups was observed (p>0.05; Figure 6-8).

DISCUSSION

There is a growing interest to uncover the myokines that
mediate the effects of different types of exercise at different
time points following the exercise protocol to provide useful
insights for the development of new myokine-related agents
to mimic the positive effects of exercise (7, 12, 19, 29-31). In this
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study, the Metrnl concentrations in the plasma were increased
at 3 h after 6 weeks of swimming exercise compared to both
the control (sedentary) group and the 3 h plasma samples
following acute exercise. However, no significant changes
were observed in FSTLI, IL-7, or IL-8 concentrations in the
gastrocnemius-soleus muscle complex or plasma of mice in
response to swimming. These data suggest that FSTL1, IL-7, and
IL-8 do not play a role in swimming exercise adherence over
the periods we evaluated, and that among these myokines,
only Metrnl may mediate adaptation to long-term swimming
exercise. The benefits of exercise on metabolism have been
widely investigated in the literature (6-8). Long-term aerobic
exercise has been demonstrated to be associated with
positive alterations, such as improvement in cardiac and
vascular structures, cholesterol values, oxidant/antioxidant
balance (7), and reduction in inflammation (8). However,
these effects are time-dependent; they eventually return to
baseline after the exercise is terminated (5, 7, 22, 32-35).
Swimming differs from other types of exercises in that it
imposes a minimal mechanical load on the musculoskeletal
system. Therefore, this type of exercise is frequently used
for individuals with musculoskeletal disorders or reduced
mobility. Swimming is also a natural behavior of mice (23).

Some metabolic effects of exercise are thought to be
mediated by myokines. Myokines are released into the
circulation following muscle contraction and show autocrine,
paracrine, or endocrine effects in various organs (2). For
these reasons, the gastrocnemius-soleus muscle, which is
frequently used by mice during swimming exercise, and
plasma samples were used in our study. Myokines are
secreted into the circulation in a time-dependent manner
following exercise, and their plasma concentrations can vary
significantly based on both the molecular function of the
myokine and the timing of sample collection (7). In our study,
sampling was performed at 0, 3, and 48 h post-exercise to
capture acute, early-phase, and late-phase responses. The
0 h time point allows for the assessment of immediate
exercise-induced changes. Our 3-h time point was selected
to capture the early secretion of myokines, and the 48-
h time point was chosen to assess sustained or delayed
myokine responses. Furthermore, the changes observed at 48
h may reflect secondary processes such as muscle adaptation,
tissue remodeling, or delayed immune responses. Thus, the
selected time points were designed to encompass both the
rapid dynamics and the prolonged effects of exercise on the
circulating levels of IL-7, IL-8, FSTL1, and Metrnl. This approach
allows for a comprehensive evaluation of both transient and
more sustained responses, improving the interpretability and
translational relevance of our findings.
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Figure 1. Meteorin-like protein concentrations (ng/mL) in the right gastrocnemius-soleus muscle complex of the experimental groups. No statistically significant
alteration was observed in the concentrations of Metrnl in any of the samples collected at 0, 3, and 48 h after short-term and chronic exercises (p>0.05; F=1.509).
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Figure 2. Interleukin-8 concentrations (pg/mL) in the right gastrocnemius-soleus muscle complex of the experimental groups. No statistically significant
alteration was observed in the concentrations of IL-8 in any of the samples collected at 0, 3, and 48 h after short-term and chronic exercises (p>0.05; kw=4.219).

Metrnl is a myokine that is present in adipose, muscular,
and neuronal tissues (4, 36, 37). It is expressed in the
skeletal muscle and heart immediately after acute endurance
exercise (4). In mice, Metrnl mRNA expression increased
in m. triceps brachii at 240 min following acute downhill
running exercise, but its expression in the m. quadriceps
femoris remained unchanged (4). Human studies revealed
that, in samples collected from the vastus lateralis muscle
of healthy volunteers at rest, 1 h, and 4 h after performing
acute resistance exercise plus 30 min of aerobic exercise,
Metrnl mRNA expression was higher at 1 h, with a less but
significant increase at 4 h (4). As an example of chronic
exercise, 8-16 weeks of both aerobic and combined exercise
have been shown to promote increased blood Metrnl levels

(38, 39), which decrease at 60 min following the session (39).
In the current study, no alteration was observed in Metrnl
concentrations in the acute period, but at 180 min after
exercise, plasma Metrnl levels were found to be higher in the
chronic exercise group than in the control (sedentary) and
acute groups at the same time point. However, this significant
value did not persist at 48 h.

Studies have also shown that the release of Metrnl varies
with cold temperatures (4). In ice swimmers, serum Metrnl
levels remained unchanged at 30 min following the swimming
session (6). Our experiment was conducted in healthy mice
under isothermal conditions. Unlike aerobic exercises, such
asrunning and cycling, swimming causes minimal mechanical
trauma to the muscles and joints of the lower extremities. For
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Figure 3. Interleukin-7 concentrations (pg/mL) in the right gastrocnemius-soleus muscle complex of the experimental groups. No statistically significant alteration
was observed in the concentrations of IL-7 in any of the samples collected at 0, 3, and 48 h after short-term and chronic exercises (p>0.05; kw= 4.307).
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Figure 4. Follistatin-like 1 protein concentrations (ng/mL) in the right gastrocnemius-soleus muscle complex of the experimental groups. No statistically
significant alteration was observed in the concentrations of FSTL1 in any of the samples collected at 0, 3, and 48 h after short-term and chronic exercises

(p>0.05; kw=5.79).

these reasons, we may have missed detecting a change in the
Metrnl concentrations in the gastrocnemius-soleus muscle
tissue. However, the increase in plasma Metrnl concentrations
during the adaptation process to exercise in the chronic
period shows that the beneficial effects of this myokine
may originate from other tissue groups during swimming
and should be further investigated. Furthermore, this result
may guide the prescription of swimming exercises for the
treatment of certain disease conditions.

The delayed increase in plasma Metrnl levels after
chronic swimming may reflect metabolic and immunological
adaptations rather than acute mechanical stimuli. Metrnl
is regulated by PGC-la and AMPK pathways, which are
activated through long-term endurance exercise and promote

mitochondrial biogenesis and oxidative metabolism (4, 40).
Additionally, adipose tissue and alternatively activated (M2)
macrophages are known sources of Metrnl, and chronic
exercise promotes tissue remodeling and anti-inflammatory
signaling, particularly through the IL-4/IL-13 pathways (41).
These processes may explain the transient rise at 180 min but
not at 48 h, suggesting that Metrnl acts within a limited post-
exercise recovery window. Its role appears to be more related
to immune-metabolic homeostasis than to acute exercise-
induced stress.

Studies examining the I[L-8 response to exercise in the
literature reveal contradictory results. IL-8 levels were found
to vary depending on the intensity, duration, type of the
exercise, and time elapsed after exercise until measurement
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Figure 5. Plasma meteorin-like protein concentrations (ng/mL) of the experimental groups. &: p<0.001, compared with the control (sedentary) group; y: p<0.001,
compared with the 3-h plasma sample of the acute exercise group. Plasma Metrnl concentration was significantly higher at 3 h after 6 weeks of chronic
exercise compared to the control (sedentary) (8) and the 3-h samples (y) of the acute swimming (3.49 + 1.75 ng/mL, 1.75 + 048 ng/mL, and 1.66 * 0.33 ng/mL;

p<0.001,respectively) groups (kw=26129).
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Figure 6. Plasma interleukin-8 concentrations (pg/mL) of the experimental groups. No statistically significant alteration was observed in the plasma
concentrations of IL-8 in any of the samples collected at 0, 3, and 48 h after short-term and chronic exercises (p>0.05; kw=5.647).

(22, 32-35, 42). Changes in IL-8 levels have been discussed,
considering the proinflammatory and angiogenic properties
of this myokine (43). Landers-Ramos et al. found that there
was no difference between the plasma IL-8 levels at baseline
in the trained and non-trained groups (44). Changes in IL-8
levels in resistance exercises, both in the acute and chronic
periods, are evident (3, 42). Although there are studies
showing that IL-8 levels increase 30 min after 30 min of
acute treadmill exercise (44), Dorneles et al. demonstrated
that I1-8 concentrations increased immediately after high-
intensity interval exercise but returned to the basal value
within 30 min. In contrast, IL.-8 levels remained unchanged

during this timeframe following moderate-intensity interval
training. The authors argued that -8 affected by the intensity
of exercise due to its proinflammatory properties (45). Studies
have shown that monitoring time-dependent changes in post-
exercise myokine levels is important for revealing the role of
related myokines in the process of adaptation to acute and
chronic exercise. The 6-week chronic exercise protocol used in
our study was shorter in duration than the above-mentioned
studies. We observed that plasma and gastrocnemius-soleus
muscle IL-8 levels did not change in the samples collected
at 0, 3, and 48 h after either acute or long-term weight-free
swimming exercises. Our data suggest that IL-8 does not play
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Figure 7. Plasma interleukin-7 concentrations (pg/mL) of the experimental groups. No statistically significant alteration was observed in the plasma
concentrations of IL-7 in any of the samples collected at 0, 3, and 48 h after short-term and chronic exercises (p>0.05; F=1.55).
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Figure 8. Plasma follistatin-like Tprotein concentrations (ng/mL) of the experimental groups. No statistically significant alteration was observed in the plasma
concentrations of FSTL1 in any of the samples collected at 0, 3, and 48 h after short-term and chronic exercises (p>0.05; F=3.369).

a role in the acute and long-term adherence to moderate-
intensity swimming exercises (within the scope of our sample
collection times). Although IL-8 is a known exercise-induced
myokine, its expression is primarily activated via mechanical
stress-sensitive pathways such as NF-kB, MAPK, and Ca?*-
dependent signaling (46, 47). However, weight-free swimming
likely imposes a lower mechanical load compared with
resistance or weight-bearing exercises, which may result in
insufficient activation of these pathways. On the other hand,
if more advanced techniques such as gene expression were
used in our study, we might have found statistical differences.

IL7 plays a role in the regulation of immunity. It is
also associated with myogenic differentiation and muscle

hypertrophy (21, 48). Following its identification in human
myotubes, it has been suggested that it may also have
myokine properties (21). We could not find any information
in the literature investigating the alterations in IL-7
concentrations following acute and prolonged swimming
exercises. Studies examining IL-7 concentrations after aerobic
exercises have presented certain limitations, and they are
generally limited to acute exercise training (33, 49). Changes
in IL-7 levels following exercise have been associated with
the role of IL-7 in preventing atrophy (50). In young women,
the microarray method could not detect IL-7 levels in the
serum samples collected just before and after a 1-h cycling
exercise. In the same study, the researchers measured IL-8

=

—

Experimed, 15 (3): 232-243 [ HT { 239



levels using the ELISA method, but they could not obtain a
significant result (49). In a study comparing cytokine changes
in trail running and ultra-trail running, IL-7 concentrations
increased only in the ultra-trail group following exercise. In
this case, it can be argued that longer-term, long-distance
exercises in high-altitude areas may be necessary to increase
IL-7 levels (19). In the current study, following 6 weeks of
swimming exercise limited to 30 min per day, no difference
was observed in the gastrocnemius-soleus muscle tissue and
plasma concentrations of IL-7 compared with the control
subjects. Within the scope of our study, swimming exercises
were performed at the temperature and altitude of natural
life. The low mechanical load and non-weight-bearing nature
of swimming may have been insufficient to stimulate IL-7
gene expression in myocytes and in healthy animals without
inflammation or immunodeficiency, IL-7 levels may remain
relatively stable despite exercise. It is also possible that IL-7
responses may not be detectable at the sampling times used.

FSTL1is a myokine that has been intensively studied in recent
years in terms of cardiac and vascular disease diagnosis and
treatment (11, 12). Increased FSTL1 levels after acute myocardial
infarction are associated with angiogenesis, protection of
cardiomyocytes, and myocardial fibrosis (12). It has been
released from the intact myocardial tissue (12). It is also an
important myokine for lung development (51). FSTL1 stimulate
the secretion of proinflammatory cytokines and inflammation
(52). The fact that FSTL1 was not changed in our study
can be attributed to the minimal triggering of inflammation
markers in the applied exercise model. In contrast, in long-
term swimming adherence, a decrease in the plasma FSTL
concentration was observed (although it did not reach a
statistically significant level), which may be consistent with
a decrease in inflammation and oxidative stress between 3
and 48 h after the last training session. Although the level
of FSTL1 was not statistically significantly different in muscle
groups that are largely used during swimming, such as the
gastrocnemius-soleus muscle, following prolonged exercise,
decreased plasma concentration may indicate release from
body parts other than this muscle group. If mRNA and protein
expressions could be investigated, we might have found a
statistical difference.

Studies conducted by applying aerobic exercise in the
literature provide different results for FSTL1 levels based on
the duration, intensity of the exercise and the post-exercise
measurement time (53, 54). There are studies showing that
FSTL1 increases in the peripheral circulation immediately after
acute sprint interval exercise, remains elevated for 15 min,
and does not differ from the basal level in the blood taken
at 30 min (30, 31). In a manuscript involving rats, there was
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a significant decrease in FSTLT mRNA expression in skeletal
muscle and cardiac tissue after acute treadmill exercise;
no difference was observed in terms of mRNA expression
in white adipose and liver tissue, while protein levels in
skeletal muscle and heart tissue were not altered (30). In the
same study, FSTL1 levels in the serum increased significantly
immediately following exercise (30). These findings, consistent
with our data, remove skeletal muscle tissue as the main
source of increased circulating FSTL1 levels.

Despite the advantages of the swimming exercise used in
our study, certain limitations of swimming as an exercise
type should be acknowledged. First, swimming may induce
different physiological stress patterns compared to land-
based exercises due to hydrostatic pressure, exposure to
water, and breathe control demands, potentially affecting
hormonal and metabolic responses (55). Although swimming
generally has a lower energy expenditure rate compared to
certain land-based aerobic activities, in untrained individuals
it may result in higher energy costs due to increased
water resistance and thermoregulatory demands, potentially
affecting fatigue development and exercise tolerance (56-58).
Additionally, the practical implementation of swimming
protocols —particularly in animal models— can be technically
challenging and may introduce variability in exercise intensity
and duration (59). These factors should be considered when
interpreting the physiological effects of swimming and when
comparing it with other forms of aerobic exercise in both
clinical and experimental settings. Additionally, care was
taken to use the commercial kits preferred in the literature,
as much as the budget allowed. However, the possibility
that different results could have been obtained if the
measurements were made with more sensitive kits/methods
should not be ruled out. Within the scope of the study,
while the time-dependent changes in the relevant myokines
were examined, only the changes in post-exercise 0, 3, and
48 h could be evaluated. Possible myokine changes outside
these time periods have not yet been elucidated. In addition,
only the plasma and gastrocnemius-soleus muscle complex
concentrations of the relevant myokines could be examined,
and mRNA and protein expressions could not be investigated.
The study was only conducted based on a male gender. These
are the study limitations.

CONCLUSION

After 6 weeks of swimming exercise, the plasma
concentrations of Metrnl were higher in mice at 3 h than in
the plasma samples of the control (sedentary) group or the
3 h samples of the acute exercise group. However, there was
no significant change in FSTL, IL-7, or IL-8 concentrations
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in the gastrocnemius-soleus muscle complex or plasma
samples of mice in response to swimming exercises. Qur
data suggest that FSTL1, IL-7, and -8 do not play a role in

swimming exercise adherence over the periods we evaluated.

Among the myokines assessed, only the Metrnl myokine may
mediate adaptation to long-term exercise. To clearly reveal
the myokines that mediate the positive effects of exercise on
the body, it may be recommended to explore the effects of
various myokines in different types of exercise and at different
time periods following exercise. It would be beneficial to
plan these studies in other tissues (e.g, muscle groups) and
to include not only the concentration level of myokines and
cytokines but also their genetic expressions. It should be
noted that examining the physiological pathways of Metrnl
myokine might provide important data in this context.
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