
 

 

 

 

ABSTRACT 

         Background and Objectives: The present study aimed to investigate effects of 

eight weeks of aquatic exercise and resistance training on plasma neurotrophin-4 (NT-4) 

levels and NT-4 expression in peripheral blood mononuclear cells (PBMCs) of women with 

multiple sclerosis (MS).  

         Methods: Thirty women with MS were randomly assigned to a resistance-training 

group, an aquatic exercise group and a control group. After separating plasma and PBMCs 

from blood samples, level of plasma NT-4 and NT-4 expression was measured after eight 

weeks of exercise via ELISA and Real-time PCR, respectively.  

        Results: The level of plasma NT-4 and NT-4 expression increased significantly 

following eight weeks of aquatic training and resistance training.   

        Conclusion: Based on the results of the present study, both resistance training and 

aquatic exercise can increase the level of plasma NT-4 and NT-4 expression in female MS 

patients. It can be concluded that such trainings could have protective and positive effects on 

the nervous system of MS patients.  

        Keywords: Exercise, Multiple Sclerosis, Neurotrophic Factors, Women. 
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Inclusion Criteria 

1) Subjects should did not taken part in any 

exercise or physical activity in the last three 

months prior to the study. 

2) Subject did not have acute cognitive 

limitation. 

3) No severe nervous symptom within four 

weeks prior to the study. 

4) No history of orthopedic, cardiorespiratory 

and metabolic disorders, and consumption of 

any medication except for Avonex®, Rebif®, 

Betaferon® and CinnoVex. 

5) EDSS scale of 2-4 (13).  

The participants were randomly assigned to 

three equal groups consisting of an aquatic 

exercise group, a resistance-training group and 

a control group. The exercise groups engaged 

in exercise training three sessions a week for 

eight weeks, while the control group did not 

perform any exercise. 

It should be noted that diet of the participants 

was not monitored as it was beyond the scope 

of the current study. 

The aquatic exercise program was performed 

three sessions a week for eight weeks. The 

participants in the aquatic exercise group 

exercised for 30 minutes in each session. Each 

session included 5-minute warm-up, 20-

minute aerobic exercise, and 5-minute cool 

down. During warm-up and cool down, 

aerobic exercise was performed smoothly with 

low intensity. The structure and duration of 

each training session were based on the 

instructions prescribed for MS patients (14). 

This training was performed three sessions a 

week for eight weeks at 40-70% of one-

repetition maximum. The training session 

started with a five-minute warm-up, followed 

by resistance training for 30-45 minutes. In 

order to carry out the resistance-training 

program, the following devices were used: leg 

press, H-machine, chest press and leg 

extension. The break between the sets and 

workouts was 60-90 seconds and two minutes, 

respectively. The 1RM test was carried out in 

the beginning and at the end of the fourth 

week, using the Brzycki equation (15). The 

intensity of training and frequency of 

repetitions and sets are shown in Table 1. A 

10- to 15-minute cool down period was 

instructed at the end of each training session 

(16). 

 

INTRODUCTION 

       Multiple sclerosis (MS) is one of the most 

prevalent neurologic diseases, causing 

demyelination and axonal damage (1). This 

disease affects young people, especially 

women. More than 2.5 million people around 

the world suffer from MS and its prevalence is 

increasing (2). Most cases can live with 

relapsing-remitting MS for many years, but 

may develop secondary progressive MS. 

Although the main cause of MS remains 

unknown, role of the immune system in the 

spread of the disease has been well established 

(3, 4). Most scientists believe that factors 

including the person’s immunity, genetic 

inheritance, age, geographical location and 

previous viral infection can affect the risk of 

developing MS (5,6). In addition, it has been 

suggested that changes in neurotrophic factors 

could be involved in pathogenesis of 

neurodegenerative disorders, such as MS (7). 

Neurotrophins are a family of proteins that are 

involved in the survival, development and 

function of neurons (8). Neurotrophin-4 (NT-

4) is mainly expressed by motor neurons in the 

ventral horn of the spinal cord, and plays an 

important role in the protection and survival of 

motor neurons (9). These neurotrophins have 

been studied as biomarkers for MS (10). It is 

thought that they may be involved in the 

effects of physical exercise on the central 

nervous system (CNS) and body function (11).  

Nowadays, patients with refractory MS require 

special attention due to their psychological and 

emotional state and the high costs treatment. 

Secondary prevention (treatment) and tertiary 

prevention (rehabilitation) are necessary for 

improving the overall condition of MS patients 

(12). The present study aimed to investigate 

effects of 8-week aquatic exercise and 

resistance training on plasma level of NT-4 

and NT-4 expression in peripheral blood 

mononuclear cells (PBMC) of women with 

MS. 

 

MATERIAL AND METHODS  

        This quasi-experimental study was 

performed on 30 female MS patients from 

Mashhad MS Association (Iran) who were 

purposely selected based on self-conscious 

consent. The study was approved by the ethics 

committee of Ferdowsi University of Mashhad 

(No. 21248), and in accordance with the 

declaration of Helsinki (1964).  
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Real-time PCR 

The PCR experiment was performed according 

to the following instructions: initial 

denaturation at 95 °C for five minutes (one 

cycle), denaturation at 95 °C for 10 seconds, 

primer annealing and extension at 60 °C for 30 

seconds, and melting curve analysis at 55-95 

°C for six and half minutes and 45 cycles (19). 

The comparative CT method was used for 

measuring the copies of the target and 

reference genes (20). Data were analyzed with 

descriptive and inferential statistics in SPSS 

(version 18). After assessing the normality of 

data distribution by using Shapiro-Wilk test, 

level of plasma NT-4 and NT-4 expression 

were analyzed using ANOVA and paired-

samples t-test, respectively. All statistical 

analyses were performed at significance level 

of 0.05.  

 

 

 

 

 

 

 

 

 

significant increase in plasma levels of NT-4 

in all study groups (Table 4). Results of the 

ANOVA showed a significant increase in 

expression of NT-4 in all study groups. There 

was a significant difference in the plasma NT-

4 levels between the aquatic training group 

and the resistance-training group. 

 

 

 

 

 

Fasting blood samples were collected 48 hours 

before the first training session and 48 hours 

after the last training session. The blood 

samples were preserved in tubes with anti-

coagulant (EDTA). After separating plasma 

and PBMCs (17), each sample was preserved 

in a freezer at -70 °C until the time of testing. 

After purifying mRNA from PBMCs, cDNA 

was synthesized using Oligo (dT) primers and 

relevant kits (Fermentas, Germany). 

Expression of the NT-4 gene was assessed by 

Real-time PCR using BIORAD (C1000) 

thermal cycler in 96-well plates. 

 Table 2 shows the sequences of NT-4 (18) 

primers and β-actin (17) used in the 

experiment. Plasma level of NT-4 was 

measured by ELISA using commercial kits 

(Chongqing Biospes Co., Ltd). 
 

 

 

 

 

 

 

 

 

 

RESULTS 

         Mean age and mean weight of the 

participants was 35.05±4.7 years and 

60.70±4.46 Kg, respectively. Mean plasma 

NT-4 levels increased significantly in both 

training groups after the exercise program. 

Moreover, NT-4 expression increased 

significantly in both training groups (Table 3). 

Results  of  the  covariance  analysis  showed a  
 

 

 

 

 

 

Week First Second Third Fourth IRM 

Test 

Fifth Sixth Seventh Eighth 

Intensity of 1RM 

(%) 

40-45 40-45 50-60 60-65  60-70 50-60 60-70 65-70 

Number of sets 2 3 2 3  3 3 3 3 

Number of 

repetitions 

10-12 12-14 10-12 10-12  10-12 10-12 10-12 10-12 

 

Table 1- Details of the weekly resistance training program used in the study 

 

Primer sequence Type Gene  

AGCGAAACTGCACCAGCGAG Forward NT-4 
CACCTTCCTCAGCGTTATCA Reverse 

TCCCTGGAGAAGAGCTACG Forward β-actin 
GTAGTTTCGTGGATGCCACA Reverse 

 

Table 2- Sequences of the primers used in the study 

T-dependent Post-test (Mean±SD) Pre-test (Mean±SD) Group Variable 

P T 

     

0.001* -8.493 413.33±1997.44 355.23±1412.44 Aquatic Exercise NT-4 (pg/ml) 

0.001* -14.815 390.66±2267.40 329.95±1631.30 Resistance training 

0.15 1.620 363.40±1408.28 419.12±1470.42 Control 

0.003* -4.128 0.53±1.73 1.00 Aquatic exercise NT-4/β-actin ratio 

0.001* -7.00 0.67±2.48 1.00 Resistance training 

0.23 -1.312 0.003±1.001 1.00 Control 

 

Table 3- Level of plasma NT-4 and NT-4 expression in all study groups before and after the exercise training 
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with weights (21). This type of training can 

improve endurance and balance in MS patients 

(21). Resistance training also affects 

neurotrophic factors in muscles and their 

receptors (28). However, the mechanisms 

through which physical activity can influence 

the level of NT-4 in MS patients are not clear. 

Gomez-Pinnilla et al. reported that NT-3 

expression increased in rats after continuous 

running for one day and treadmill running for 

five days, which is in line with our findings 

(29). However, in study of Ying et al., three 

days of training had no effect on NT-3 

expression and TrkC level in soleus muscles 

(30). In study of Eslami et al., one session of 

resistance training had no effect on expression 

of NT-3 but increased TrkC expression in 

soleus muscles of rats, which is inconsistent 

with the results of the present study (31). 

Considering the common symptoms of MS 

such as decreased walking ability, fatigue, 

muscle weakness and imbalance (32), aquatic 

training can be suggested to MS patients to 

relieve pressure from the muscles and help the 

body perform regular movements (33). To 

date, limited number of studies on the effects 

of aquatic trainings on neurotrophic factors in 

MS patients has investigated the effects of 

such trainings on quality of life and fatigue 

(34, 35). Our study is the first to report that 

overexpression of NT-4 after aquatic training 

in women with MS can have positive effects as 

a non-drug treatment strategy. 

Previous studies have reported that regulation 

of NT-4 expression (especially in skeletal 

muscles) differs  from other neurotrophins 

(36). Although the results of the present study 

showed an increase in NT-4 expression after 

exercise training, study of Walker and Schon 

reported no difference in NT-4 expression 

between sedentary men and cyclists who 

performed aerobic exercise (37). Considering 

the conflicting results of such studies, further 

studies are required to elicit the exact effects 

of exercise training on neurotrophic factors. 
 

 

 

 

 

DISCUSSION 

        We found a significant increase in plasma 

NT-4 and NT-4 expression in PBMCs in the 

aquatic and resistance training groups 

compared with the control group. In addition, 

within-group analysis showed a significant 

increase in the level of plasma NT-4 and NT-4 

expression in PBMCs in each exercise group. 

Most studies on neurodegenerative disorders 

have focused on growth and repair of damaged 

tissues by triggering the stem cell-based 

regeneration of normal tissues via exercise or 

medication. In this regard, exercise seems to 

have useful effects on the brain by affecting 

the level of neurotrophins (21). Some studies 

have investigated the effect of exercise on 

some growth factors using animal models (22, 

23). Neuron of healthy adults act as major 

sources of neurotrophins, and neurotrophic 

factors derived from immune cells have minor 

effects, given the fact that only 

immunologically active cells can trespass the 

blood-brain barrier. However, dynamic 

interactions have been observed between 

neurons and the immune system of MS 

patients. In other words, neurotrophins 

expressed in the immune cells are considered 

as biomarkers for MS (24). 

Neurotrophins function in the nervous system 

is via low- and high-affinity neurotrophin 

surface receptors (25). Clinical studies have 

revealed that concentration of NT-4 in PBMCs 

is significantly correlated with brain atrophy in 

MS patients (9). Furthermore, neurotrophic 

growth factors play an important role in 

regulation of myelin production in 

oligodendrocytes and Schwann cells in vitro. 

For instance, NT-3 can participate in 

myelination after injury (26, 27).  

Based on our results, both resistance training 

and aquatic training increased level of plasma 

NT-4 and NT-4 expression in PBMCs. This 

indicates the potential role of exercise training 

in myelination and improvement of MS. 

Resistance training increases muscle mass and 

strength through repetitive and regular training  

 

 

 

Variable DF F P 

NT-4(pg/ml) 2 44.93 *0.001 

NT-4/β –actin 2 16.71 *0.001 

 

Table 4- Between-group variations of plasma NT-4 and NT-4 expression levels  
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CONCLUSION 

         Based on the results of the present study, 

both resistance training and aquatic training 

can increase NT-4 plasma levels and NT-4 

expression in female MS patients. It can be 

concluded that such trainings could have 

protective and positive effects on the nervous 

system of MS patients.  
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