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Abstract

Brain-derived neurotrophic factor (BDNF) plays a vital role in the brain.
On the other hand, researchers showed that exercise may cause more
release of BDNF and thus have a positive effect on the brain. Studies
have reported controversial findings in multiple sclerosis, and there
are no broad conclusions on this topic. This study aims to
systematically investigate the effect of exercise training on BDNF
concentration in multiple sclerosis animal models. Searches were
conducted in the electronic databases of PubMed, Scopus, Medline,
Cochrane Library and Google Scholar search engine to obtain the
related articles about the role of exercise training on BDNF levels just
in animal models of multiple sclerosis. All of the database searches
were limited to the period from inception to February 2021. Two
reviewers extracted study details and data. The methodological quality
of the studies that used animal models was assessed using the PEDro
Scale. Fourteen articles were included in this review with scores from
7/10 to 8/10 according to the PEDro scale. Five articles reported
elevation, one article reported a reduction; and eight articles reported
no changes in BDNF level following or preconditioning exercise
training in model of multiple sclerosis. The findings of this study
showed that aerobic exercise increases changes in central BDNF
concentration in multiple sclerosis in animal model.
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Introduction

Multiple sclerosis (MS) is known as the disease of the century
and affects approximately 2.3 million people around the world.
This disease is one of the most common neurological diseases
in young people, especially in women, and the prevalence of
this disease may be increasing (Sparaco, Lavorgna, Conforti,
Tedeschi, & Bonavita, 2018; Xie et al., 2019). Eetiology of MS
remains unclear. MS is believed to be caused by T-cell-
mediated autoimmunity and inflammation. In this disease,
myelin glycoproteins are lost in the CNS (Robinson, Harp,
Noronha, & Miller, 2014). MS leads to cognitive and emotional
problems, spasms, fatigue, general muscle weakness, balance
problems and abnormal walking, which affect the quality of life
of people with MS (Rumrill Jr, 2009). There are treatments at
modulating inflammation and immune response in MS that are
aimed at managing related symptoms; however, have profound
side effects and are only moderately effective (Filippi et al.,
2018).

Participation in physical activity (PA) is a beneficial
rehabilitation strategy in managing MS and it is associated with
improved symptoms and quality of life, but this population is
generally physically inactive (Fortune J et al., 2020; Motl,
Learmonth, Pilutti, Gappmaier, & Coote, 2015). Various
mechanisms have been suggested about the salutary effects of
physical activity on brain health (Kalinowska-Lyszczarz & Losy,
2012; Wens et al.,, 2016). It is thought that increasing the
regulation of neurotrophins can prevent the progression of this
disease (Chao, Rajagopal, & Lee, 2006; C. Rossi et al., 2006).
Neurotrophins regulate neural processes and they are critical
modifiers of the neuromuscular networks (Huang EJ &
Reichardt LF, 2001). BDNF is a member of the family of
neurotrophic proteins and is one of the most essential
neurotrophics in the brain, which is expressed in the central and
peripheral nervous system (Huang EJ & Reichardt LF, 2001).
BDNF plays a critical role in the maintenance, development and
repair of the nervous system (Wens et al., 2016). It has been

shown that BDNF may also have an essential role in regulating
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neurogenesis(C. Rossi et al., 2006), neurodegeneration (Xu XM,
Gueénard V, Kleitman N, & Aebischer P, 1995), neuroprotection

(Schabitz W. R et al., 2007), learning and memory process
(Mizuno, Yamada, Olariu, Nawa, & Nabeshima, 2000),
behaviors, movements; and a wide range of stress responses in
CNS (Berchtold NC, Chinn G, Chou M, Kesslak JP, & CW, 2005).

The level of BDNF in the cerebrospinal fluid and serum of people
with MS is lower than that of healthy people (Azoulay D,
Urshansky N, & A., 2008; Sorenson M, Jason L, Peterson J,
Herrington J, & H., 2014). This decrease leads to impairment in
cognitive function and learning, depression, neurodegenerative
conditions and mortality (Nagahara AH & MH., 2011; Prokopova
et al., 2017). But by doing physical activity, BDNF levels can be
increased. Swimming training and treadmill running raises the
BDNF levels in the serum and hippocampus and improve clinical
disability and intensity of diseases (Naghibzadeh, Ranjbar,
Tabandeh, & Habibi, 2018). Some studies have shown that rats
who performed aerobic activities had increased levels of BDNF
in the hippocampus and improved peripheral metabolism
(Johnson RA, Rhodes JS, Jeffrey SL, Garland T Jr, & GS., 2003).

Results from studies on experimental autoimmune
encephalomyelitis (EAE), a model of MS, also shows increasing
BDNF in the hippocampus after physical activity and enhanced
of memory function and hippocampal neuroplasticity (Kim T-W &
Y-H., 2017). In addition, treadmill exercise or swimming
enhancing with BDNF release; as a result, it protects neurons by
delaying the onset of EAE and reducing the inflammatory
response associated with reducing demyelination in EAE rats.
(Hosseini SM, Fallahmohammadi Z, & V., 2018; Naghibzadeh et
al., 2018). Therefore, the results of various researches are
conflicting and despite the known positive effects of exercise on
BDNF in people with MS, the best exercise protocol is still under
discussion (Castellano V & LJ., 2008; HOSSEINI SM, FALLAH
MZ, & F., 2017; Mokhtarzade M et al., 2018). Therefore, the
purpose of this review is to critically evaluate the available
evidence on the effect of exercise on BDNF levels in animal

models of multiple sclerosis.

Materials and methods

The present study was a systematic review. The following
scientific databases were used: PubMed, Medline, Cochrane
Library and Google Scholar search engine. Persian and English
were used in the search for articles and terms, which included
brain-derived neurotrophic factor, BDNF, exercise, education,
sports training, physical activity and multiple sclerosis. The
search period was limited to the start period until February 2022.

Inclusion and exclusion criteria

Inclusion criteria included: (1) the primary purpose of the study

was to evaluate the randomized; controlled trials of physical
exercise on BDNF gene/protein expression in animals and (2) full
papers published in English and Persian - The exclusion criteria
include: Articles that did not measure BDNF brain factors; studies
that evaluated tissue or serum BDNF levels in other conditions
rather than multiple sclerosis and articles that physical activity is
not part of its interventions; furthermore, reviews, and case
studies were excluded.

Data Extraction

The final articles were reviewed based on the checklist that was
prepared in advance and the required data were extracted from
the articles. Information extracted from each article included:
sample size, species evaluated (mice/ rat), disease induction
technique, site and type of tissue (whether systemically or locally
measured, and in which tissue, for example, serum, plasma,
brain, muscle, etc.), the protocol of exercise (training type, time
of each session, training frequency and volume). The last item
(results) involves the change in BDNF concentrations (increased,
decreased or not changed).

Assessment the Quality of Articles

The PEDro scale was used to assess the quality articles. The
PEDro is a valid measure of the quality of randomized controlled
trials in which the studies rate from the least (zero) to the most
(ten) adhered to item; and includes 11 criteria: random and
concealed allocation; similarity at baseline groups regarding the
most important prognostic indicators; subject, therapist and
assessor blinding; more than 85% follow up for at least one key
outcome, intention-to-treat analysis, between-group statistical
comparison for at least one key outcome, the point estimate, and
variability measures for at least one key outcome.

Results

Ninety-three full-text manuscripts fulfilled all of the inclusion
criteria. After the duplicates were removed, eighty-six articles
were listed; Out of these, 72 articles were excluded primarily
because they did not exercise training intervention and lacked of
control group. Finally, 14 articles (seven rat studies and seven
mouse studies) included in the review was conducted between
2013 and 2021 (Fig. 1). The summary of extracted data from
animal studies is presented in Table 1. The total included
subjects in this systematic review were 292 male/female Wistar
rats and 380 male/female mice. The quality of the animal studies
was at least seven and eight according, to the PEDro scale. In
addition, brain-derived neurotrophic factor (BDNF) was the
primary and critical outcome.

Descriptive of Included Studies

In the study of Nagibzadeh et al. (2018), four weeks low-intensity
(LICT) and high-intensity (HIIT) exercise training on a treadmill
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were used. In their study, demyelination was induced in mice, and
the mice were fed a diet containing 0.2% cuprizone for five
weeks. Both training methods increased BDNF gene expression
in the hippocampus, although the high-intensity training program
was better than the low-intensity training program. Among other
results of this research, it can be mentioned that both exercise
programs prevent abnormal nerve movements caused by
cuprizone (Naghibzadeh et al., 2018). On the other hand, Patel
et al. (2016) showed that intramuscular concentrations of BDNF
decreased following ten days of treadmill exercise in EAE (D.
Patel, White, Lira, & Criswell, 2016).

Klaren et al. (2016) demonstrate no significant effects of forced
and voluntary exercise on levels of hippocampal BDNF in EAE.
Patel & White. (2013) observed no significant differences in levels
of brain BDNF after 10-day forced treadmill training in EAE. Also,
in a study by WENS et al. (2015), levels of soleus muscle BDNF
were not affected by exercise (Klaren et al., 2016; D. |. Patel &
White, 2013; Wens et al., 2015).

Also, in the WENS et al. (2015) study, high intensity aerobic
exercise delayed hindquarter paralysis peak. Klaren et al. (2016)
demonstrated exercises given to mice during recovery after the
onset of the disease had no significant effect on the clinical
disability scores in the gastrocnemius and soleus muscles of the
mice. Additionally, Hosseini et al. (2017, 2018 & 2020), Zaychik
et al. (2020) and
pretreatment effects of exercise training in animals with EAE and

Hosseini et al. (2019) evaluated the

they showed no significant effects of exercise in brain BDNF
levels (Hoseini, Falahmohammadi, & Talebi, 2020; HOSSEINI
SM et al., 2017; Sayed Mojtaba Hosseini, Fallahmohammadi, &
Talebi, 2018; Sayed Mojtaba Hosseini, Fallahmohammadi,
Talebi, Mohammadi, & Patel, 2019; Zaychik et al., 2020). Also, in
the study by Hosseini et al. (2018 & 2020), in trained rats clinical
signs appeared delayed. In Zaychik et al. (2020) study, high-
intensity continuous training reduced the severity of clinical
disease by reducing loss of myelin and axons, attenuation of T
cells and macrophage infiltration. Additionally, Vatandoust et al.
(2018) found that aerobic exercise increased BDNF protein
expression in the brain tissue of the animal model with MS. In
addition, Kim & Sung (2017) found that treadmill exercise
significantly increased the BDNF protein expression of the
hippocampus of EAE mice (Kim & Sung, 2017). In addition, in the
study by Xie et al. (2019), EAE was induced in female rats and
they swam in two groups with moderate and high intensity for six
weeks. In the high-intensity exercise group, BDNF was increased
in the EAE CNS (Xie et al., 2019). In study by Bernardes et al.
(2013) observed that six weeks of swimming exercise before MS
disease progression increases the concentration of BDNF in the
CNS of EAE mice (Bernardes et al., 2013).

Discussion

This study aimed to find the effects of preconditioning or following
exercise on BDNF levels in animal models of MS.

The results of the two preconditioning training studies, two
exercise training studies after induction of model of diseases and
one study combination of preconditioning and exercise training
after induction of model of diseases have reported increased
BDNF levels in animal models of MS.

In another study have shown decreased BDNF levels after
exercise training induction of model of diseases. Four
preconditioning training studies and four exercise training studies
after induction of model of diseases and four studies
preconditioning training and four studies after induction of model
of diseases.

MS has a destructive effect on the CNS due to the increase of
inflammatory cytokines, and as a result, leads to dementia and
impaired cognitive functions in old age (Deluca, Yates, Beale, &
Morrow, 2015). BDNF has multifactorial neurological and
metabotropic effects, including whole-body energy regulation,
skeletal muscle fat oxidation, maintenance, development and
repair of the nervous system. Low levels of cerebrospinal fluid
and serum BDNF are associated with MS. BDNF is mainly
expressed in the hippocampal, cortex cerebra, hypothalamic and
cerebral areas of brain. Central BDNF can be released into the
bloodstream through the blood-brain barrier and stored in other
peripheral tissues. Muscle and adipose peripheral tissues also
express BDNF, which does not into circulation. BDNF has an
essential and different role in the brain development and plasticity
such as differentiation, proliferation, neuronal survival,
neurodegeneration, neurogenesis, neuroprotection, learning,
memory amplification, cognitive function and hippocampal
function. Further, a decrease in BDNF levels leads to
hippocampal atrophy and eventually impairs memory (Azoulay D
et al., 2008; Sorenson M et al., 2014; Szuhany, Bugatti, & Otto,
2015). Also, the findings of studies have shown that BDNF plays
a role in central metabolic pathways and improves cognitive
function in the hippocampus. Some studies showed that physical
activity and cognitive performance are related to the increase of
BDNF and the decrease of kynurenine pathway in the brain
(Kuster OC et al., 2017). Endurance exercise also increases
BDNF protein content in both hippocampus and serum of
rodents. Overall, the findings imply that endurance exercise can
overexpress tissue BDNF and temporarily increase systemic
BDNF concentration, which ultimately induces neuroadaptation
in central tissues. The effect of resistance training on increasing
BDNF is likely to be similar to short-term intense aerobic exercise

because this type of activity leads to transient hormonal response
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After of removing duplicates N= 86

@arﬁclcs were ﬁclud@

Articles with full-text

N=14

Preconditioning training
N=6

Neutral effects
N=4

Increasing
N=2

Preconditioning & following training
N=1

Increasing N=1

Following training
N=T

Decreasing

N=1

Increasing
N=2

Neutral effects
N=4

Figure 1. Process of exclusion and inclusion of articles with results.

in skeletal muscle and other tissues (Yarrow, White, McCoy, &
Borst, 2010). In examining the effect of regular aerobic training
on BDNF levels of rodents, showed BDNF levels increased
continuously. But, the acute and chronic effects of resistance
training showed no significant change on BDNF levels (Szuhany
et al., 2015). According to the present systematic review, the
results of the Vatandoust et al. (2018), Kim & Sung (2017),
Naghibzadeh et al. (2018), Bernardes et al. (2013) and Xie et al.
(2019) studies showed the increasingly effects of exercise on
BDNF levels in MS models (Bernardes et al., 2013; Kim & Sung,
2017; Naghibzadeh et al., 2018; Vatandoust M & P., 2018; Xie et
al., 2019). These results are in contrast with the findings of Patel
et al. (2016). They reported that endurance exercise decrease
BDNF in muscular tissue of MS model. . Studies by Wens et al.
(2015), Klaren et al. (2016) and Patel & White (2013), Hosseini
et al. (2020), Hosseini et al. (2017, 2019) and Zaychik et al.
(2020) also reported no significant change in BDNF levels in MS
animals following exercise training or preconditioning (Hoseini et
al., 2020; SEYED MOJTABA HOSSEINI, FALLAH, & FEIZI,
2017; Sayed Mojtaba Hosseini et al., 2019; Klaren et al., 2016;
D. Patel et al., 2016; D. I. Patel & White, 2013; Wens et al., 2015;
Zaychik et al., 2020).

The results showed that a tendency of lesser demyelination
volume & clinical signs improvement induced by exercise training
associated with improvement of inflammatory status and
MS (Bernardes et al., 2013;
Vatandoust, Motamedi, & Rajabi, 2018). In addition, the elevation

of BDNF levels in the CNS due to regular exercise has a positive

modulation of BDNF levels in

relationship with improvement cognitive function, alleviated
memory deficits and motor deficits, in EAE mouse. In addition,
improvement cognitive function, alleviated memory deficits and
motor deficits are partly as a results of the elevation of BDNF
levels in the CNS pre or after regular exercise in EAE mice (Kim
& Sung, 2017; Naghibzadeh et al., 2018). From the results of the
research, it can be seen that BDNF reduces cognitive disorders.
The most effective training variable that helps increase BDNF in
the CNS is exercise intensity. So that high intensity versus
moderate intensity reduces the progress and pathological
symptoms of EAE, so it is a suitable method to reduce chronic
inflammation (Naghibzadeh et al., 2018; Xie et al., 2019).

Recent evidence suggests that physical activity may present
protective benefits for several animal models of neurological con-
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Table 1. Summary of animal studies evaluating the effect of exercise training on BDNF concentration in models of multiple sclerosis.

Author-Date

Animals, Induction of diseases, groups

Experimental- Control Group

Dependent Variable

Results

Naghibzadeh et

al. (2018) Groups:
(Naghibzadeh et 1-
al., 2018) 2-
3-
4-

60 mice, 4 weeks old.

interval training,
Continuous training,
Interval training before
cuprizone-induced
demyelination (ITCP),
Continuous training before
cuprizone- induced

demyelination (CTCP).

Rodents ran on a treadmill for 4 weeks,
5 days each week

Continuous training group: gradually
increased the running speed to reach
70% of the maximum training capacity.
Interval training group; they performed
2-minute periods with 90% of the
maximum training capacity and then 1-
minute periods with 50% of the

maximum training capacity.

BDNF in

hippocampus

Expression of BDNF was increased in
the ITCP and CTCP groups compared to

the cuprizone group.

Patel et al. (2016)

40 rats, 8 weeks old. Groups:

The rodents ran on a treadmill for 10

BDNF in soleus

The concentration of BDNF in the

(D. Patel et al., 1- EAE+Exercise, consecutive days. First, the running  muscle training group was significantly lower
2016) 2- EAE+Sedentary, speed was 15 meters per minute, and compared to the animals in the control
3- Control Exercise finally the speed reached 30 meters per group.
4- Control Sedentary. minute.
The time at the beginning of the
training was 60 minutes and in sessions
3 to 10 it reached 90 minutes.
Hosseini et al. 25 mice, 6 weeks old. Groups: The rats swam for 6 weeks and 5 days BDNF in brain No significant change in BDNF protein
(2020) (Hoseini et 1- healthy control, each week. The time at the beginning expression in EAE rats in compared to
al., 2020) 2- MS control, of training was 30 minutes and in the the control group.
3- Healthy+swimming, second week it reached 60 minutes.
4- MS+ swimming, Each training session was increased
5- Sham. by 5 minutes.
Hosseini et al. 25 rats, 6 weeks old. Groups: Treadmill, 6 weeks, 5 days per week, BDNF in brain Not significantly change the BDNF levels

(2018) (Sayed
Mojtaba Hosseini et

al., 2018)

1-

2-

3-

4-

Healthy +control,

MS +control,

interval +MS healthy
+interval,

Sham.

each session including 10 repetitions

of 1 minute.

of active group compared to inactive

group.

Wens et al.(2015)

(Wens et al., 2015)

1-

80 rats, 6-7 weeks old. Groups:

Sedentary control,

They exercised on a treadmill for 10
days and the duration of exercise was 1
hour and the speed of running on the
treadmill was 18 meters per minute and
the incline of the treadmill was 25
degrees.

BDNF in Serum

No significant changes were observed in

BDNF.

2- exercising control,
3- Sedentary +EAE,
4- Exercising+ EAE
Klaren et al. 47 mice, 6-8 weeks old.
(2016)(Klaren et Groups:
al., 2016) 1-sedentary,

2-voluntary wheel running,

3-forced treadmill exercise.

Running on a motorized treadmill, 5
days per week, at a 5% grade, 14

m/min, for 30 min.

- without training

BDNF in

hippocampus

Concentrations of BDNF did not differ

among conditions.
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Table 1. (continue).

Patel & White. 40 rats, 8 weeks old. Groups: The rodents ran on a treadmill for 10 BDNF in brain No significant changes were observed in
(2013) (D. I. Patel 1- EAE +exercise, consecutive days at a speed of 15 to BDNF.
& White, 2013) 2- EAE +sedentary, 30 meters per minute and for a period
3- control +exercise, of 60 to 90 minutes per day.
4- Control+ sedentary.
Hosseini et al. 40 rats, 6 weeks old. rats swam 5 days a week for 6 weeks BDNF in brain No significant changes were observed in
(2019)(Sayed Groups: The swimming training program was 30 BDNF.
Mojtaba Hosseini et 1- control + healthy, minutes in the first week and 60 minutes
al., 2019) 2- control +MS, in the second week (every day 5
3- control +MS+ vitamin D, minutes were added to the training
4- exercise +MS +vitamin time).
D, The principle of exercise overload was
5- exercise +healthy applied by increasing the water flow
+vitamin D, rate.
6- vehicle (V), EAE was induced at the end of the
7-  exercise +MS sixth week of training.
8- Exercise +healthy. In the week before induction of EAE
model, vitamin D2 was injected every
two days
Hosseini et al. 20 rats, 6 weeks old. Groups: The interval training program in the  BDNF in brain No significant changes were observed in

(2017) (HOSSEINI

SMetal., 2017)

1-healthy,
2- EXE-healthy,
3- EAE,

4-EXE- EAE.

second week and during 6 weeks of
training in each session included 10
repetitions of 1 minute.

The ratio of work to rest was 1 to 2 and
the total running time was 30 minutes.
During this period, the training intensity
gradually increased from 25 meters per
minute to 70 meters per minute. Without

training

BDNF.

Xie et al.(2019)(Xie

etal., 2019)

36 mice, 6-8 weeks old. Groups :
1-  Control,
2- moderate-intensity
swimming exercise (ME),
3- high intensity swimming

exercise (HE).

Swimming, 6 weeks, 5 day per week.
50 min per day, ME group; 0% body
weight. HE group; 4% body weight.
_were kept in their cages without

exercise.

BDNF in brain &

spinal cord

BDNF concentration was significantly
higher in the high-intensity swimming
training group compared to the
moderate-intensity swimming group and

the no-training group.

Bernardes et

67 mice, 6-8 weeks old. Groups:

Swimming, 6 weeks, 5 days per week.

BDNF in brain and

The BDNF concentration in the training

al.(2013) exercised and unexercised 30 min per day. spinal cord groups was significantly higher than the
(Bernardes et al., non-training group.
_ Without training
2013)
Kim & Sung et al. 45 mice, 10 weeks old. Induction by The training was done on a treadmill  BDNF in the The expression of BDNF in the

(2017)(Kim & Sung,

2017)

intraperitoneal injection of MOG33-55.

Groups: Sham, EAE and EAE

+exercise.

and lasted for 4 weeks, and they trained
5 days a week for 30 minutes each day.
The training intensity was between 2-

5 meters per minute.

Hippocampus

hippocampus of the EAE+EX group was
significantly increased compared to the

EAE group.
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Table 1. (continue).

Vatandoust et al.
(2018)(Vatandoust

etal., 2018)

80 mice, 10-12 weeks old, Induction

by intraperitoneal injection of MOG33-

55. Group:
1- swimming,
2- MS,

3- MS+swimming,

4- MS+interferon beta,
5- MS+interferon

6- beta+swimming

7- MS+solvent,

8- MS+solvent + swimming.

Swimming, 4 weeks, 5 sessions per

week, 30 minutes each session.

- Without training

BDNF in serum

Physical exercise significantly increased
BDNF factor compared to interferon

beta-1 treatment.

Zaychik et al.(2020)
(Zaychik et al.,

2020)

20 Female SJL/JCrHsd mice, 6-7
weeks old. Induction of lymph node -

derived T cell encephalitogenicit.
Group: Sedentary and HICT.

6 weeks of training were designed, first
they warmed up for 5 minutes and then
the main training of the first 3 weeks
was followed at a speed of 23 cm per
minute on the treadmill, but the duration
of the training in the first, second and
third week was 10, 20 and 30 minutes,
respectively. The training intensity in
the second three weeks was
incremental and 30 centimeters per
minute and the duration was 23 minutes

BDNF in CD11b+
microglia cells

HICT did not affect mRNA levels BDNF.

-ditions, including MS (S. Rossi et al., 2009). Additionally, when
rodents have been placed in stimulating environments, including
running wheels and activity stimulators, benefits in various
neurological conditions have been shown (Stam et al., 2008). In
many of these conditions, a potential mechanism of this
protective influence is thought to be conferred via up-regulation
of neurotrophins such as BDNF. BDNF has been implicated as
playing a role in CNS neurogenesis (C. Rossi et al., 2006),
neuroregeneration of the CNS after injury (Xu, Guénard,

Kleitman, Aebischer, & Bunge, 1995), neuroprotection (Scha"bitz
et al., 2007), learning and memory (Mizuno et al., 2000), cell
survival (Yan, Elliott, & Snider, 1992), and synaptic plasticity (Lu,
2003). In MS, BDNF may protect axons from demyelination and
may also facilitate remyelination after injury (Xu et al., 1995).
Previous studies did not observe an exercise effect on soleus
BDNF concentrations in EAE-Ex exercised rats (D. Patel et al.,
2016). One hypothesis for decreased BDNF concentrations in
activated muscle is the possibility that neuromuscular activity
might increase retrograde transport of BDNF from the muscle
(Gémez-Pinilla, Ying, Roy, Molteni, & Edgerton, 2002) or possibly
translocate into circulation. Secondly, stress response through
elevated cortisol has been reported to impact BDNF
concentrations (Jacobsen & Megrk, 2006). Previous reports in
which high intensity types of exercise decreased concentrations
of BDNF (Murakami, Imbe, Morikawa, Kubo, & Senba, 2005) and
BDNFmMRNA (Pang, Stam, Nithianantharajah, Howard, &
Hannan, 2006) in brain tissue, which may have negatively affect-

-ed multiple neural systems (Vaynman & Gomez-Pinilla, 2005).
One of the limitations of this research was the study of articles
that were conducted just on animals. This study was conducted
on animal models due to the lack of access to the internal body
tissues of MS patients, including the brain and muscles.

Although the study of animals provides us with useful information,
the generalization of information from animals to humans should
be done with caution. The lack of a sufficient number of included
articles and, consequently the entry of articles with a 7-8 scores
based on the PEDro scale. Also, since the researches reviewed
in this study were not similar in terms of the type of interventions
and the volume, intensity and frequency of exercises, it was
impossible to analyze the exercise method. In addition, more
studies are needed on the effect of different exercises on central
BDNF in different stages of MS recovery, such as acute,
subacute and chronic stages. In this study, no time limit was used
to search the databases, and this can be one of the strengths of

this research.

Conclusion

The results of the current review show that aerobic exercise can
increase the changes in central BDNF concentration in MS
animal models, while BDNF responses following non-aerobic
exercises, such as resistance training or a combination of
resistance and aerobic training, are still controversial. According
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to the literature, considering the prevalence of cognition disorders
in MS patients and also the increased rate of mortality of MS
patients compared to healthy subjects, it seems essential to
inquire the effects of exercise training on cognitive indicators, in
addition to neurotrophic factors in these patients.

What is already known on this subject?

The results of various researches are conflicting and despite the
known positive effects of exercise on BDNF in people with MS,
the best exercise protocol is still under discussion.

What this study adds?

Aerobic exercise can increase the changes in central BDNF
concentration in MS animal models, while BDNF responses
following non-aerobic exercises, such as resistance training or a
combination of resistance and aerobic training, are still
controversial.
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