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ARTICLEINFO ABSTRACT

Article type:

Objective(s): Multiple sclerosis (MS) is a chronic inflammatory disease affecting sensory and motor
Original

function in the central nervous system. Physical activities in the prevention and treatment of such
conditions have shown promising results. However, their mechanisms of action have not been
fully known yet and need further study. The present study aimed to evaluate the preventive effect of
swimming exercise on some liver factors involved in inflammation and MS.

Materials and Methods: In this study, experimental autoimmune encephalomyelitis was induced
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E\MPK activated protein kinase (AMPK), and Nicotinamide adenine dinucleotide (NAD") in their liver tissue
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was investigated by western blot analysis and NAD* colorimetric assay.

Results: The study showed that EAE induction substantially (3.5 - fold) enhanced the fetuin-A levels
and caused a reduction in AMPK and NAD* amount. This is when doing 6 weeks of swimming
exercise reduced fetuin-A to slightly above control. Also, levels of AMPK and NAD* markedly
increased in C57BL/6 mice with EAE.

Conclusion: Doing regular exercise may limit the body’s inflammatory responses and reduce the severity
of MS by regulating the expression of fetuin-A and increasing AMPK and NAD' levels in liver tissue.
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Introduction

Multiple scleros (MS) is a progressive and often
debilitating disease of the nervous system. This disease
causes degradation of the myelin sheath of nerve cells,
disrupting the direction of the nervous messages in the
central nervous system (1). The cause of MS is not fully
known, but it seems that activation of autoimmune and
inflammation play a central role in causing the disease (2).
Identifying MS biomarkers can help the early diagnosis of
the disease and minimize the occurrence of disability in the
future and the progression of its complications.

Alpha-2-HS-glycoprotein, also known as fetuin-A, is a
64-kDa phosphorylated glycoprotein specifically secreted
by the liver cells. It is one of the MS biomarkers that directly
indicate the disease activity (3, 4). Recently, a study by
Harris et al. has shown that cerebrospinal fluid fetuin- A levels
significantly increased in patients with MS. The increased
expression of fetuin-A was also observed in damaged and
demyelinated areas of the spinal cord and brain tissue of rats
with experimental autoimmune encephalomyelitis (EAE) (3).

The precise mechanism by which fetuin-A may affect the
pathogenesis of EAE or MS is not understood. However,
recent studies have shown that fetuin-A plays a key role in
attenuating two metabolic sensors, SIRT, (member of the
sirtuin family) and AMP-activated protein kinase (AMPK),
a heterotrimeric complex involved in cellular energy

sensing, regulating metabolism, and adapting exercise.
An inverse linear relationship has been observed between
Fetuin-A and AMPK levels (5), It has been indicated that
fetuin- A as an upstream factor can degrade SIRT, and reduce
AMPK levels. In vivo studies also confirm that reduction of
fetuin-A increases AMPK levels (6). Recently, the role of
AMPK has been considered in aging and some diseases,
such as MS and diabetes. A reduction in AMPK has been
observed in all cells of the immune system of rats with EAE
(7). These findings suggest that AMPK recovery can be a
new therapeutic target in autoimmune diseases such as MS.

In addition to AMPK, nicotinamide adenine dinucleotide
(NAD") is a coenzyme involved in cellular metabolism and
plays a vital role in mitochondrial function and calcium
homeostasis (8). Most initial research has been conducted
on the contribution of NAD" to mitochondrial adaptation to
exercise. In addition, therapeutic applications of NAD* and
its involvement in multiple signaling pathways have been
considered recently. Investigations have demonstrated that
the NAD" treatment can inhibit inflammatory responses
by activating the AMPK/SIRT | pathway (9). Therefore, the
effectiveness of NAD" in the MS treatment process should
not be overlooked.

Exercise as a non-pharmacological intervention plays
a critical role in preventing and treating neurological
diseases such as MS (10). Studies have shown that NAD*,
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fetuin-A, and AMPK levels change in response to exercise
and nutrition. For example, Zhang et al. (2019) showed
that after eight weeks of aerobic exercise on a treadmill, the
expression of mMRNA and phosphorylated AMPK (p-AMPK)
in rat skeletal muscles increased significantly (11). Likewise,
Costford et al. (2010) reported that three weeks of exercise
could increase NAD" in the muscles (12). Also, the effect of
exercise on reducing fetuin-A in individuals with diabetes
and obesity has been reported previously (13, 14). In a 2017
study, plasma fetuin-A levels increased after six months of
exercise with weight loss in obese individuals (15), while
Zhang et al. (2018) reported that 12 weeks of endurance
exercise significantly reduced fetuin-A serum levels in
diabetic patients (14). However, the effect of exercise on
fetuin-A expression in MS has not been studied yet.

Regarding the importance of fetuin-A, AMPK, and NAD
in MS and the potential effect of exercise on this disease,
the present study aimed to investigate the impact of 6-week
swimming exercise on the expression of the fetuin-A
protein, AMPK, and NAD" in the liver tissue of C57BL/6
mice with EAE.

Materials and Methods

Twenty-four female 6-8 week old C57BL/6BL6 mice
weighing 16-20 g were purchased from the Pasteur Institute
of Iran. In order to adapt to the new condition, the animals
were kept in the animal house for 2 weeks in 12:12 hr
dark/light. Then, the animals were randomly divided into
3 groups (n = 8): healthy control (control), EAE induced
(EAE), and EAE induced subjected to swimming exercise
(EAE+E). All C57BL/6 mice were housed under standard
conditions (21 + 2 °C and 45-55% humidity) with free
access to food and water. The Ethics Committee of Tehran
Medical School approved all the testing procedures (IR.
UT.SPORT.REC.1397.028)

Exercise protocol

The animals of the EAE+E group performed the
endurance swimming program for 6 weeks; 5 days per
week, 30 min every day at 31 + 1 °C. At the same time, the
control group was placed in a water cage while their feet
were on the bottom of the cage. The EAE induction process
was started 48 hr after the last exercise session of the fourth
week, and then, the exercises continued for 12 days until the
appearance of clinical symptoms. The process of performing
the stages is shown in Figure 1.

EAE induction
The induction of the EAE model was successfully
produced at the Salari Institute of Cognitive and Behavioral
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Disorders (SICBD). Toward this end, at first, mice were
immunized by subcutaneous injection of 200 pg of myelin
oligodendrocytes glycoprotein (MOG35-55) dissolved
in phosphate-buffered saline (PBS) and emulsified with
an equal volume of complete Freund’s adjuvant (CFA)
supplemented with 400 pg of Mycobacterium tuberculosis
H37Ra extract in small and stable particles. Next, 300 ng of
pertussis toxin was injected intraperitoneally into C57BL/6
mice of EAE and EAE+E groups twice with an interval of
two days. It should be noted that the control group received
saline only.

EAE clinical symptoms assessments

Animals’ body weight was evaluated daily as a health
parameter. The EAE clinical symptoms were also assessed
by two independent observers and an EAE clinical scoring
system was used to evaluate neurological disorders in the
EAE model according to the following scale: Score 0 = no
disease; Score 1 = weight loss and weakness in the tail; Score
2 = weakness in the hind limbs; Score 3 = complete hind
limb paralysis; Score 4 = hind limb paralysis with weakness
or paralysis in the front limb; and Score 5 = animal death.

Molecular studies
Protein extraction

The C57BL/6 mice wereKkilled 30 days after EAE induction
(in the chronic period of the disease), and their liver tissue
was collected. Next, the lysis buffer was used to extract liver
tissue proteins, and the samples were centrifuged at 4 °C and
12,000 rpm for 10 min. The supernatant containing proteins
was extracted and stored at -20 °C.

Western blot analysis

The fetuin-A and AMPK levels in liver tissue were
measured using the Western blot analysis. In order to
perform this technique, equal amounts of the extracted
protein were loaded on the SDS-PAGE polyacrylamide gel
(12%). After electrophoresis, the protein bands separated on
the gel were transferred to a PVDF membrane, followed by
immersing the membrane in the blocking solution (nonfat
dried milk diluted in TBST) for 75 min. The membrane
was then exposed to the primary anti-AMPK and anti-
fetuin-A antibodies (Santa Cruz Co, USA) for 24 hr at 4 °C.
Subsequently, it was washed three times with TBST solution
and treated for 75 min with secondary anti rabbit antibody
at the concentration of 1: 1000. After washing with TBST, the
blots were covered with ECL reagents and identified using
LI-COR scanner (USA). Beta-actin was also considered as
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Figure 1. This figure illustrates different stages of exercise, EAE induction, symptom onset, and animal sacrifice. In this experiment, the impact of a 6-week
swimming exercise on the expression of the fetuin-A protein, AMPK, and NAD" in the liver tissue of C57BL/6 mice with EAE was evaluated

EAE: encephalomyelitis
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NAD* assay

A NAD/NADH Quantification Kit (MAKO037; Sigma-
Aldrich, Germany) was used to measure NAD" levels
according to the manufacturer’s instructions.

Statistical analysis

Statistical analysis of data was performed by SPSS software
version 21. One-way ANOVA was used to determine the
differences between the means of the groups, and Tukey’s
post hoc test was used to determine the differences between
the groups. The clinical score and body weight were analyzed
by Mann-Whitney test. P<0.05 was considered significant.

Results
EAE clinical symptoms

As shown in Table 1, on day 12 after EAE induction,
the animals showed clinical signs of disease. Following
swimming, a reduction was observed in the EAE + swimming
group’s clinical scores compared with the EAE group at the
onset (EAE: 0.5 £ 0.53, Swimming: 0.33 + 0.49, P=0.46)
and chronic period (EAE: 2.0 + 1.0, Swimming: 1.5 + 1.19,
P=0.44) of the disease but this reduction was not significant.

Table 1. Descriptive statistics of the bodyweight and clinical score on
days 12 (onset sign of disease) and 30 (chronic period of the disease)
post-immunization

Disease parameter EAE Swimming P<0.05
Clinical score at day 12 0.5+ 0.53 (0-1) 0.33 +0.49 (0-1) 0.46
Clinical score at day 30 2.0+ 1.0(1-3) 1.5+ 1.19 (0-3) 0.44

Weight at day 12 17 £ 1.0 (16-18) 18.16+ 1.8 (16-22) 0.13

Weight at day 30 16.80 + 1.09 (16-18)  18.25+2.91 (14-22) 0.22
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Figure 2. Western blot analysis results. The relative expression of fetuin-A,
AMPK, and B-actin compared with the control group (a) and the bands
related to each protein (b). One-way analysis of variance for fetuin-A
expression confirmed the significant difference between the three groups. *
and ** show significant differences between control and treatment groups
with P<0.05 and P<0.001, respectively. # shows significant differences
between EAE and EAE+E groups with P<0.01

EAE: encephalomyelitis

Western blot analysis

The results of western blot analysis of fetuin-A and AMPK
in control, EAE, and EAE + E groups are presented in Figure
2. Based on the results, fetuin-A levels were 3.5 times higher
in the EAE group than in the control group, while in the
EAE+E group, this feature showed no significant difference
from the control. Also, amounts of AMPK decreased in the
EAE group, while increasing in the EAE+E group, so that
it was roughly as much as the control. B-actin levels in all
groups were equal, indicating the correctness of the western
blot analysis.
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Figure 3. This figure shows the NAD* amount in the control, EAE, and
EAE+E groups. The statistical analysis of variance related to NAD molecule
showed a significant difference between the three groups. The results of
Tukey post hoc test showed a significant difference between the control and
EAE groups (**P=0.001), control and EAE +E groups (** P=0.001) and
EAE and EAE + E groups (# P=0.039)

EAE: encephalomyelitis

NAD* assay

The NAD" assay results revealed that the NAD* levels in
the control group were about 650 pmol/mg protein, while
the amount of this compound in the EAE group was half
that amount. This feature showed a considerable increase in
the EAE+E group and reached about 450 pmol/mg protein
(Figure 3).

Discussion

The present study aimed to evaluate the effect of exercise
on the expression of fetuin-A, AMP-activated protein
kinase, and Nicotinamide adenine dinucleotide (NAD")
in the liver tissue of mice with experimental autoimmune
encephalomyelitis (EAE). The study results showed that
EAE induction could increase the expression of fetuin-A
while reducing the AMPK and NAD* amount. On the other
hand, swimming significantly reduced fetuin-A expression
and increased the levels of AMPK and NAD" in the animals
with EAE.

Few studies have currently investigated the effect of
exercise on liver fetuin-A levels. However, several studies
have recently reported the positive impact of exercise on
reducing serum levels of fetuin-A. A study by Sakr et al.
showed that after 16 weeks of swimming, serum fetuin-A
decreased significantly in rats with metabolic syndrome
(16). Keihanian et al. have done a similar investigation on
humans and reported similar results. Their study revealed a
significant reduction in serum fetuin-A in diabetic patients
after eight weeks of aerobic and resistance exercise (17).

In recent years, the liver has been considered an
endocrine organ because it releases certain proteins, most
of which play essential roles in metabolic homeostasis,
inflammation, and diseases(18, 19). fetuin-A is a hepatokine
secreted by the liver and known as an endogenous ligand
for Toll-Like Receptor 4 (TLR4). This protein is encoded
by the ahsg gene and expressed in many organs such as the
liver, adipose tissue, and skeletal muscle (20). It is clear now
that regular exercise benefits inflammatory diseases such as
obesity, NAFLD, type 2 diabetes, and MS (18, 21). Therefore,
it can be assumed that the reduction in fetuin-A through
the TLR4 pathway, as a result of exercise, is a mechanism
involved in the anti-inflammatory process.

On the other hand, our results showed a reduction in
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AMPK expression after EAE induction and a significant
increase in AMPK protein expression in mice that exercised.
The observed rise in AMPK is consistent with the results
of previous studies (11, 22). Morissette et al. observed a
significant increase in phosphorylated AMPK and total
AMPK content in cardiac tissue after five months of rat
exercise by merry-go-round (22). Zhang et al. also reported
thatafter 8 weeks of treadmill aerobic exercise, the expression
of AMPK and related mRNA increased significantly in rats
(11). AMPK is an energy-sensitive enzyme in all cells of the
mammalian body. During exercise, AMPK is activated in
skeletal muscle, adipose tissue, liver, and other organs by
increasing AMP/ATP ratio (23). Exercise is recognized as
the most potent physiological activator of AMPK (24), and
the change in expression of this protein is a unique model
for studying many physiological roles of exercise. Exercise
plays a mediating role in activating AMPK, which can
prevent and treat some diseases such as MS.

One of the other observations of our study was a
significant increase in NAD" following swimming exercises.
NAD*" is essential for the oxidative phosphorylation process
in cells and acts as an electron shuttle between tricarboxylic
acid (TCA) and electron transport chain (ETC) cycles (25).
So, NAD" is one of the key molecules involved in regulating
the body’s metabolism and homeostasis. Endogenous NAD*
and total levels of this enzymatic cofactor reduce in some
chronic and degenerative diseases such as Alzheimers,
Parkinson’s, muscular dystrophy, and cardiovascular
diseases (26). Many studies have shown that the increase of
NAD, either biologically or through dietary supplements,
is a promising strategy for achieving its multifaceted
health advantages (27). NAD" can support protective and
compensatory processes in central nervous system diseases,
such as MS (9). Wang et al. have recently reported that
daily injection of NAD" in rats with EAE ameliorated nerve
damage and improved movement disorders. In addition,
it has been demonstrated that NAD* treatment reduced
the expression of pro-inflammatory factors, such as IL-
2, IL-17, and IL-18, and increased the expression of anti-
inflammatory IL-10 (28). Therefore, it can be said that
NAD" relieves EAE symptoms by reducing inflammation
and can be an effective treatment strategy for MS.

In general, nicotinamide phosphoribosyltransferase
(NAMPT) is responsible for converting nicotinamide to
NAD" in mammals. And the increased NAMPT expression
increases NAD"' molecule in cells (29). Studies have shown
that active people have more NAMPT and NAD" in their
muscles than inactive people. After 3 weeks of exercise
intervention, NAMPT and NAD" molecule increases in
inactive people too (12, 30). Activation of AMPK has also
been shown to increase NAMPT mRNA. Therefore, the
exercise by increasing the expression of AMPK and NAMPT
can regulate downstream pathways, such as increasing NAD*
(12). There are few studies on the effect of exercise on NAD"
in different body tissues; however, our results suggest that
doing exercise can increase liver NAD* and may effectively
reduce inflammation and limit the severity of EAE.

Conclusion

The present study revealed that 6-weeks of exercise could
significantly regulate the increased levels of fetuin-A in
C57BL/6 mice with EAE. It could also increase the AMPK
and NAD" levels. Considering these proteins play a central
role in chronic inflammatory disease, such as MS, exercise
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in this way very likely induces its influence, preventing the
incidence of these diseases and ameliorating their effects.
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