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Abstract
Introduction: This study examined the effects of the presence
and absence of Vitamin C (VC) intake and exercise on alveoli and
cytokines in mice.
Materials and Methods: Twenty VC synthesis-deficient mice were
used for the study and were randomly divided into four groups based
on the presence or absence of VC intake and exercise. All groups
were administered the Chronic Obstructive Pulmonary Disease
(COPD) model treatment from 8 to 10 weeks of age, and then the
disuse muscle atrophy (amyotrophia) model was administered
from 11 to 12 weeks of age to create the COPD muscle atrophy
model. Subsequently, exercise was performed from 13 to 20 weeks
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(7 weeks). The analysis included mRNA expression using realtime polymerase chain reaction (PCR), morphological analysis of
histological images using general staining, macrophage expression
through immunostaining, and spirometry examination.
Results: VC intake and exercise resulted in an increase in
interleukin-4 (IL-4) and a decrease in interleukin-6 (IL-6) in the lungs
and drops in dynamin-related protein-1 (Drp-1), IL-6, and nuclear
respiratory factor-2 (NRF-2) levels in skeletal muscles. Moreover, a
decrease in mean linear intercept was observed in the absence of
VC intake and the presence of exercise.
Conclusion: These results indicate that VC intake and exercise
affect cytokines and cause morphological changes in the lungs and
affect cytokines in the skeletal muscles.
Keywords: Chronic obstructive pulmonary disease; Exercise;
Skeletal muscle atrophy; SMP30/GNL knockout mice; Vitamin C

Introduction
Chronic Obstructive Pulmonary Disease (COPD) is a systemic
spill-over disease of pulmonary inflammation that results in alveolar
destruction and increased levels of cytokines and Reactive Oxygen
Species (ROS). Systemic comorbidities, such as skeletal muscle
dysfunction, are also observed. The management of systemic
comorbidities is exceptionally critical to improving the prognosis,
yet spill-over is still unknown and effective treatment n strategies to
control the condition have not been established [1,2]. Comprehensive
treatments for systemic comorbidities include smoking cessation
guidance; pharmacotherapy, and respiratory rehabilitation, exercise
has not yet been shown to have anti-inflammatory effects or effects
on spill-over. We produced COPD muscle atrophy model mice using
cigarette smoke to examine the effects of exercise. The results showed
that exercise decreased inflammatory cytokines and macrophages in
the lungs, increased myokines involved in skeletal muscle metabolism,
and improved fibrotic alveolar walls [3]. However, the molecular
mechanisms underlying the effects of exercise on pro-inflammatory
cytokines and alveolar walls are yet to be elucidated.
In patients with COPD, skeletal muscle dysfunction due to muscle
atrophy is observed at a frequency of 30 %- 40 %, and the involvement
of spill-over and other factors has been suggested [1,2]. Typically,
skeletal muscle dysfunction can be considered an imbalance in protein
synthesis, degradation, or a disorder of mitochondrial dynamics. In
particular, mitochondria-derived ROS damage Mitochondrial DNA
(mtDNA), and the accumulation of damaged mtDNA leads to a
decrease in mitochondrial function [4]. Quality control is performed
by fusing mitochondria in response to mtDNA damage, aggregating
the accumulated mutant mtDNA, and dividing the aggregated parts.
Exercise increases mitochondrial mass, in contrast some reports show
no change in fission, and few studies have used COPD disease models
[5-8].
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Generally, various antioxidants, including vitamin C (VC), protect
the human body from ROS [9]. VC is a water-soluble antioxidant
that efficiently eliminates ROS and enhances antioxidant capacity
[10]. However, whether VC intake affects the mitochondria through
exercise is not well understood [11-13]. Recently, it was reported that
VC intake may restore alveolar cells in COPD and is associated with
muscle atrophy and physical performance [14,15]. However, few
studies have examined its effects in COPD disease models [16]. Since
wild-type mice can synthesize VC in their bodies, unlike humans
[10,16], we assumed that using VC synthesis-deficient mice might be
useful for studying the effects of exercise on the COPD model with
and without VC intake.
In this study, we examined the effects of VC intake and exercise
on the suppression of alveolar destruction and improved inflammation
and skeletal muscle atrophy in a mouse model of COPD generated
from VC synthesis-deficient mice by combining the disuse muscle
atrophy (amyotrophia) model with hind limb suspension.

Materials and Methods
Research design
This study was conducted under the approval of the Ethical Review
Board of the institution (Approval Number 2019-6). We used twenty
VC synthesis-deficient mice (SMP30/GNL Knockout, male, 7-weeks
old) and randomly divided into four groups (n=5 per group) according
to the presence or absence of VC intake and exercise. Group A, with
VC intake + exercise; Group B, without VC intake + exercise; Group
C, with VC intake + no exercise; and Group D, without VC intake +
no exercise.
At the start of the study, all mice were 7 weeks old. We made the
disease model based on the previous studies in 8-10 weeks old (21
days) mice, and then created the amyotrophia model in 11-12 weeks
old (14 days) mice [3]. We made them exercise on the treadmills for
small animals from 13-20 weeks old onward. Frequency, duration,
and intensity of exercise were equivalent to those of previous studies,
which is a moderate exercise load (frequency: 5 times/week; duration:
15 min/day at the beginning and gradually increased to 3 min/day, up
to 60 min/day; intensity: 15 m/min; slope: 5%) [3]. We slaughtered
them at 20 weeks old and collected tissues (right upper lobe and
middle lobe of the lung and lateral head of gastrocnemius muscle).
The tissues were collected at five hours after exercising, according to
previous studies [6].
All mice were raised at a room temperature of 20 ± 1°C, a relative
humidity of approximately 50%, and under 12-h (7-19:00) light-dark
cycles. They were allowed to freely eat VC-free solid food (CL-2,
Nippon Clare), and no restrictions were imposed on their behaviors.
For VC intake, based on the previous study [17], the mice with VC
intake received 100% of the daily VC requirement (1.5 g/L VC) in
drinking water, and those without VC intake received 2.5% of the
minimum dose of VC (0.0375 g/L VC) in drinking water to prevent
scurvy. All groups were given drinking water containing 1.5 g/L VC
until the age of 7 weeks, and from the age of 8 weeks, they were
divided into groups with and without VC intake. The mice used in
this study are model mice of accelerated aging that are very similar to
humans and unable to produce VC [17].
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Creation of the COPD amyotrophia model
In this study, we combined the CDPD disease model and the
COPD amyotrophia model mice. For the creation of the COPD disease
model, we intratracheally administered a tobacco solution using a
syringe under inhalation anesthetics (isoflurane; flow rate 0.5 L/min;
concentration 2%). The frequency of administration was five times/
week, and each dosage 121 volume was 50 μL. Administration of the
mixture of tobacco solution (four-fold dilution) + Lip Polysaccharide
(LPS; 10 μg) was performed when mice were 12 and 13 weeks old,
followed by the administration of an only-tobacco solution (four-fold
dilution) at 14 weeks old [3,18]. The tobacco solution was created by
connecting the filter mouthpiece to the introduction tube of a suction
pump and the connection tube was bubbled in saline (50 mL). The
tobacco used to make tobacco solution was Peace 40 piece package
(Nicotine 2.3 mg/piece), and the measurement value of absorbance
was 0.902 (500-fold dilution). For the creation of the COPD
amyotrophia model, we performed hind limb suspension, according
to the previous studies [6].

Muscle strength, breathing function, and body weight
The muscle strength of mice was measured three times and the mean
values were calculated using a grip strength meter for small animals
GPM-100B (Melquest Ltd., Japan) [3]. As the breathing function,
we measured the respiratory minute volume, the tidal volume, and
respiratory rate at rest using a flow head for mice spiratory Floheads
(AD Instruments, USA) [3]. The body weight was measured using a
balance for animals K.N. type (Natsume Seisakusho Co., Ltd., Japan).
Muscle strength and breathing function were measured at 12 weeks
old (pre) and at the time of slaughter (post), and the body weight was
measured once a week.

Histological analysis
After washing the collected tissues (the right middle lobe) with
saline, they were fixed with formalin to create paraffin blocks,
and then horizontal slice sections (6 μm thick) were created. For
morphological analysis of the alveolar spaces, we performed Victoria
Blue staining, which is commonly used. We took images of the
stained slice sections using the fluorescence microscope BZ-X700
(KEYENCE Co., Japan). We used the Hybrid cell count BZ-H3C
(KEYENCE Co., Japan) for analysis to measure the mean alveolar
diameter in the randomized tissue images (350 × 280 μm). The
paraffin sections were deparaffinized using xylene and ethanol and
then the antigens were retrieved using Proteinase K (OMEGA bio-tek,
USA). For the primary antibody, the F4/80 antibody, tissue sections
were boiled in 1 mM EDTA, pH 8.0 for 10 min, followed by cooling
at room temperature for 20 min.
Next, for suppression of endogenous peroxidase activation, we
soaked them in a PBS solution including 3% hydrogen peroxide
solution (FUJIFILM, Japan) for ten minutes, performed avidin
blocking (VEC Labo, USA) for 15 minutes for non-specific staining
blocking, and made them react in the PBS solution for 30 minutes by
adding goat serum for non-specific reaction blocking. As the primary
antibody, we used the CD68 antibody (ab125212, Abcam plc.,
Japan; diluted concentration 1/2500), CD206 antibody (ab64693,
Abcam plc., Japan; diluted concentration 1/1000) and F4/80 antibody
(ab100790, Abcam plc., Japan; diluted concentration 1/150).
Volume 7 • Issue 1 • 100062
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After dropping the antibody, we made it react in a refrigerator
controlled at 4°C for eight hours. For the secondary antibody, after
dropping the IgG antibody derived from goat (VEC Labo., USA), we
made it react at room temperature for 30 minutes. For the amplification
reaction, we performed the ABC process on the VECTAIN ABC
Rabbit IgG Kit (VEC Labo., USA) to emit colors. For contrast
staining, we dipped it for one minute and enclosed the section. We
used goat serum added PBS without the primary antibody during
the staining of the primary antibody to create negative controls. We
took the images of the stained sections using fluoroscope BZ-X700
(KEYENCE Co., Japan). During the image analysis, we removed
the nucleus, defined a threshold by using Photoshop (Adobe Inc.,
USA), and measured the positive cell count semi quantitatively. Two
independent co-investigators measured the randomly picked images
and calculated their mean values. The primary antibodies used at this
point were CD68 and CD206, as the alveolar 179 macrophage
makers, and F4/80 as the interstitial lung marker.

and compared macrophages using variance analysis, Tukey’s test,
and T-test. All significance levels were set at < 5%. Muscle strength,
respiratory function, and body weight were examined using post-pre
difference (Post-Pre) values. We compared the difference between
groups A and C (groups A and C) for the effects of exercise with VC
intake and the difference between groups B and D (groups B and D)
for exercise without VC intake.

mRNA analysis
The RNAs of the collected tissues (right upper lobe and right
lateral head of gastrocnemius muscle) were stabilized by the RNA
later Stabilization Solution (Thermo Fisher Scientific K.K., Japan)
and stored at -20°C. We extracted the total RNA for the RNA analysis
of the tissues, according to the protocol of the RNeasy Fibrous
Tissue Mini Kit (QIAGEN K.K., Japan). After extraction of the
total RNA, we measured the total RNA concentration using Nano
Drop Lite (Thermo Fisher Scientific K.K., Japan). Each sample was
diluted until the total RNA concentration became even and cDNA
was synthesized according to the High Capacity cDNA Reverse
Transcription Kit (Thermo Fisher Scientific K.K., Japan) protocol.
For real-time PCR, we performed the Taqman probe method using
the PCR analysis system (Chromo4; BIO-RAD, USA) for 40 cycles.
To do a comprehensive analysis based on the previous studies [47,11-13], we determined the target genes as factors associated with
inflammation (TNF-α, Interleukin-4, among others), nine factors of
mitochondria (peroxisome proliferator-activated receptor gamma
coactivator 1α: PGC-1α, among others), two factors associated with
amyotrophia (MuRF1 and MAFbx), six factors of protease associated
with emphysema (Cathepsins-L, etc.), and GAPDH as the endogenous
standard gene (Table 1). The relative value was calculated from Ct
values obtained by the comparative Ct method (ΔΔCt method), and
they were compared setting the B group as the reference value (1.0).
Furthermore, for the difference of exercise durations, we calculated
the mean value from each Ct value from the B and the D groups
to obtain the ratio of the A and the C groups (A/B and C/D). From
the ratios obtained, we calculated the relative values and made
comparisons by setting A/B as the reference value (1.0).

Analysis of VC concentration
VC concentration was measured by High Performance Liquid
Chromatography (HPLC) for the reduced (ascorbic acid: AA) and
oxidized (dehydroascorbic acid: DHA) forms in the liver, and the
total VC (AA + DHA: Total) concentration (µmol/g) was calculated.

Statistical Analysis
We used the statistical software SPSS (Ver26 for Windows) to
validate the normality by using the Shapiro-Wilk test. We examined
significant differences in muscle strength and mean linear intercept,
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Results
Comparison of body weight, muscle strength, and respiratory functions
In comparison between pre and post, there was a significant
increase in body weight in groups A and C in post and a substantial
decrease in muscle strength in all post groups (all p < 0.05, Table 2).
Additionally, a significant decrease in muscle strength (mean 63%72%) was observed in groups B and D, indicating a reduction in
muscle strength regardless of whether or not exercise was performed
in the absence of VC intake. Furthermore, no differences in body
weight, muscle strength, or respiratory function were observed
between groups A and C and B-D, indicating that the presence or
absence of VC intake did not affect exercise (Table 3). In post, there
was a significant decrease in VC concentration in group B compared to
group A and group D compared to group C (Table 2), and a substantial
Volume 7 • Issue 1 • 100062
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Discussion

mass loss, and physical performance decline. Moreover, Scientists
report that a reduction in VC concentration increases ROS, while
VC replenishment decreases ROS and improves exercise capacity
[15,20]. In this study, a significant decrease in muscle strength was
observed without VC intake, regardless of the presence or absence
of exercise. Therefore, VC deficiency resulted in lower muscle
strength due to muscle atrophy, showing results similar to those of
previous studies [15,20]. In the previous study, VC concentrations
(VC synthesis-deficient mice with no control) had an average of
96.2 ± 14.7 µmol/g/1000 with VC intake and 2.3 ± 0.7 µmol/g/1000
without VC intake (mice raised for 4 weeks without VC: 12 weeks
old, Maruoka, unpublished). Since VC deficiency leads to high ROS,
such as in skeletal muscles and the lungs, we considered the effect
of ROS on the organism [16]. Typically, aerobic exercise increases
ROS levels in tissues, including the skeletal muscles, lungs, and
liver [21]. In contrast, continuous exercise, along with the intake
of exogenous antioxidants such as VC, enhances the actions of
oxidative enzymes, including Superoxide Dismutase (SOD), and
improves the protective functions against ROS [10,22]. Moreover,
vitamins efficiently protect the body against ROS, which causes a
tissue-specific decrease in vitamins, resulting in an increase in blood
vitamin levels (redistribution) [23]. In this study VC concentration in
the tissues decreased in the presence of VC intake and exercise and
showed a decrease compared to previous studies in the presence of
VC. It is possible that exercise caused VC redistribution in the liver
and other tissues in response to increased ROS levels. ROS affects
muscle atrophy; therefore, it is possible that the protective function
against ROS was working in the mice with VC intake, resulting in no
significant decrease in muscle strength or dropout cases [15].

The effects of VC intake in humans prevent upper respiratory tract
infection and lymphocyte depletion after exercise [19]. Takisawa, et
al. reported that VC deficiency (using VC synthesis-deficient mice
raised without VC for 16 weeks) causes muscle atrophy, muscle

VC is a powerful antioxidant that plays an essential role in
health. Several epidemiological studies have reported that VC has a
protective effect on lung function and reduces the risk of lung damage
caused by cigarette smoke [14,24].

reduction in groups A-C compared to groups B-D (all p < 0.05, Table
3). Implying that VC concentration declined in the presence of VC
intake and the presence of exercise. In this study, we observed four
dropout cases (group B and group D: two cases each), all of which
died due to unknown causes.

Comparison of mean linear intercept, macrophages, and
other factors
The mean linear intercept decreased significantly in groups B-D
compared to groups A-C, indicating a decrease in the absence of VC
intake and the presence of exercise (p < 0.05, Table 3). The mean linear
intercept decreased significantly in Group D (Figure 1). Additionally,
there was no difference in CD206 or F4/80 between groups A and C
and B-D, indicating that the presence or absence of VC intake did not
affect exercise (Table 3).

Comparison of mRNA
In the lungs, a significant increase in interleukin-4 (IL-4) was
observed in groups A-C compared to groups B-D, and a significant
increase in IL-6 was observed in groups B-D compared to groups A-C
(all p < 0.05, Figure 2). This means that IL-4 increased and IL-6 levels
decreased in the lungs in the presence of VC intake and exercise. Drp1, IL-6, and nuclear respiratory factor-2 (NRF-2) showed a significant
increase in skeletal muscles in groups B-D compared to groups
A-C (all p < 0.05, Figure 3). Specifically, Drp-1, IL-6, and NRF-2
decreased in the skeletal muscles in the presence of VC intake and
exercise.
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Figure 1: Representative photomicrographs of victoria blue staining pulmonary
parenchyma.
A-D Representative photomicrographs of victoria blue staining pulmonary parenchyma of A (Group A), with VC intake + exercise; B (Group B), without VC
intake + exercise; C (Group C), with VC intake + no exercise; and D (Group D),
without VC intake + no exercise. Scale bars: 50 μm. The mean linear intercept
decreased significantly in Group D.

inflammatory activities and reduces ROS [25]. Furthermore, exercise
in a mice model of COPD has been reported to affect lung tissues,
including a decrease in mean alveolar diameter, and the mechanism
involves cytokines and ROS [3,26-28]. In this study, a decrease in
the mean linear intercept was observed in the absence of VC intake
and exercise. Scientists report that in the absence of exogenous
antioxidants such as VC, exercise can enhance the action of oxidative
enzymes such as SOD, causing a protective function against ROS
[27,28]. Accordingly, the decrease in the mean linear intercept might
be due to reduced ROS production in the lungs and an increase in
antioxidant enzymes in the inflammatory cells of the alveolar walls.
In general, IL-6 is a cytokines that affects various processes, ranging
from immunity to tissue repair, and metabolism. In a previous study,
it was reported that VC intake decreased ROS and IL-6 produced
by exercise [29]. This study observed decreased IL-6 levels in the
lungs and skeletal muscles of mice with VC intake and exercise.
These results were similar to those obtained in previous studies in
COPD disease model mice. Scientists report that the production of
IL-6 is dependent on ROS and activates the nuclear factor-kappa B
(NF-KB) pathway. Therefore, VC intake may inhibit the activation
of the NF-dB pathway by eliminating ROS [30]. In addition, since
exercise-induced the activation of antioxidant enzymes and antiinflammatory activities and reduced ROS, VC intake and exercise
may have synergistic effects on anti-inflammatory activities [25].

Figure 3: mRNA expression levels of cytokines factors enzymes (muscle tissues).

Figure 2: mRNA expression levels of cytokines factors enzymes (lung tissues).
Effects of chronic obstructive pulmonary disease (COPD) and skeletal muscle
atrophy model mice on mRNA expression levels of cytokines factors enzymes.
mRNA was prepared from lung tissues and relative gene expression was determined by real-time PCR. T-test for the comparison between the mRNA. A
(Group A), with VC intake + exercise; B (Group B), without VC intake + exercise; C (Group C), with VC intake + no exercise; and D (Group D), without
VC intake + no exercise. A-C: A (Group A)-C (Group C), B-D: B (Group B)-D
(Group D). *p < 0.05.
This means that IL-4 increased and IL-6 levels decreased in the lungs in the
presence of VC intake and exercise.

Furthermore, scientists report that exposure to cigarette smoke
causes enlargement of airspaces, enhancement of ROS, and induction
of apoptosis by alveolar destruction in VC synthesis-deficient
mice [16,17]. In contrast, exercise induces antioxidant and antiJ Phys Med Rehabil Disabil ISSN: 2381-8670, Open Access Journal
DOI: 10.24966/PMRD-8670/100062

Effects of chronic obstructive pulmonary disease (COPD) and skeletal muscle
atrophy model mice on mRNA expression levels of cytokines factors enzymes.
mRNA was prepared from muscle tissues and relative gene expression was determined by real-time PCR. T-test for the comparison between the mRNA. A
(Group A), with VC intake + exercise; B (Group B), without VC intake + exercise; C (Group C), with VC intake + no exercise; and D (Group D), without
VC intake + no exercise. A-C: A (Group A)-C (Group C), B-D: B (Group B)-D
(Group D). *p < 0.05.
This means that Drp-1, IL-6, and NRF-2 decreased in the skeletal muscles in the
presence of VC intake and exercise.

Shibata et al. reported on the processes of emphysema formation in
COPD model mice produced using elastase. According to this report,
emphysema is caused by monocytes infiltrating the lungs, which are
transformed into pulmonary interstitial macrophages by IL-4 secreted
by basophils, and proteases produced by pulmonary interstitial
macrophages [31]. In this study, we observed an increase in IL-4
levels in the lungs with VC intake and exercise. In our previous study,
it was reported that IL-4 increase is associated with an increase in
macrophages and proteases [31]. However, based on our findings,
exercise with or without VC intake did not show any difference in
macrophages or proteases in response to the increase in IL-4.
Volume 7 • Issue 1 • 100062
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Particularly, since there was no increase in both IL-4 and
macrophage factors observed in this study, a different molecular
mechanism from that of the previous study may have occurred.
Typically, the effects of exercise on cytokines have been reported
to increase both pro-inflammatory (e.g., tumor necrosis factor-α:
TNF-α, IL-6) and anti-inflammatory (e.g., IL-4) cytokines, and an
increase in IL-4 has been reported in contrast to a decrease in TNF-α
[32,33]. Moreover, previous studies found that IL-4 functions affect
macrophage inhibition and anti-inflammatory activity [34]. However,
since many cytokines may be involved in the morphological changes
of the alveoli caused by exercise, it is necessary to study the effects of
cytokines and proteins by a comprehensive expression.
COPD is caused by a disruption of the equilibrium between
oxidants and antioxidants found in large amounts in cigarette smoke
[1,2]. NRF-2, a transcription factor for antioxidant genes, regulates
defense genes against ROS. Accordingly, NRF-2 is activated when
oxidants are taken into the cells, escaping the regulation from Ketchlike ECH-associated protein 1 (Keap1), and a defense response
is induced [35]. In contrast, exercise induces NRF-2 expression in
skeletal muscles and promotes gene expression for ant oxidative and
anti-inflammatory effects [36]. In this study, we observed a reduction
in NRF-2 in skeletal muscle in the presence of VC intake and exercise
(or an increase in the absence of VC intake and exercise). This
suggests that NRF-2 increased to eliminate ROS in response to the
increase in ROS induced by exercise. Since exercise affects NRF-2/
Keap1, it is therefore necessary to clarify the molecular mechanism of
spill-over [37].
Typically, mitochondria are dynamic organelles that are bound
together by fusion processes and are divided by fission processes.
A balance between fusion and fission maintains the mitochondrial
structure, as long networks are formed when fusion is activated [5-8].
In contrast, fission increases the number of mitochondria in the cell
when it is activated. ROS affects the morphology of the mitochondria
and other factors in skeletal muscle cells [38]. It has also been
reported that the increase in ROS coincides with the incidence rate
of mitochondrial fragmentation and is induced by Drp-1 [38,39]. In
this study, Drp-1 decreased in skeletal muscles in the presence of
VC intake and exercise (or increased in the absence of VC intake
and exercise). Regarding the effect of exercise on mtDNA, scientists
report that Drp-1increases at high-intensity load rather than lowintensity load [40]. Accordingly, since the exercise intensity remained
the same in this study, the increase in Drp-1 could be influenced by the
presence or absence of VC intake. It is possible that exercise without
VC intake increased Drp-1, because the ROS deletion mechanism
was not induced in response to the increase in ROS by exercise. These
results indicate that VC intake and exercise affect cytokines in the
lungs and the skeletal muscles.
In this study, we used mice as an experimental animal model to show
that exercise interventions may improve various COPD symptoms
induced by cigarettes. Nevertheless, the limitation of this study is the
difficult to directly link the results obtained by experimental animals
to the development of human exercise programs. There are still some
issues to be resolved in further studies; for example, the mice were
only 7-12 weeks old, and the cytokines interacted with each other.

Conclusion
In the COPD model mice with muscle atrophy, the presence of VC
intake and exercise affected the balance of inflammatory cytokines
J Phys Med Rehabil Disabil ISSN: 2381-8670, Open Access Journal
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(IL-6) and non-inflammatory cytokines (IL-4) in the lungs, as well
as inflammatory cytokines (IL-6), cytokines acting to eliminate ROS
(NRF-2), and mtDNA (Drp-1) in skeletal muscles. This indicates that
VC and exercise have anti-inflammatory effects.
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