
 
 

 

 

 

 

 

  

ABSTRACT 

           Background and objectives: Multiple sclerosis (MS) is a demyelinating and 

neurodegenerative disease of the centralnervous system that can be tracked through 

biomarkers of disease status. The present study aimed to examine effect of eight weeks of 

resistance training on serum levels of neurofilament light chain and tau protein in women 

with multiple sclerosis (MS). 

           Methods: The study population consisted of 24 women with MS (aged 25 to 40 

years) in Bojnourd (Iran) with expanded disability status scale score of 2-5. Patients were 

randomly divided into two groups of resistance training (n=12) and control (n=12). The 

training group performed 45-60 minutes of resistance training, three sessions a week for 

eight weeks. The control group did not partake in sports activity. Blood samples were taken 

24 hours before the first session and 48 hours after the last training session. Analysis of 

covariance was used to analyze data at a significance level of 0.05. 

           Results: The eight-week resistance training intervention significantly decreased 

serum level of tau protein but had no significant effect on serum level of neurofilamet light 

chain. 

           Conclusion: According to the research results, eight weeks of resistance training 

could have favorable effects on serum level of tau protein in MS patients. 

           Keywords: Resistance training, Tau proteins, Multiple sclerosis. 
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lead to sudden neuronal death. The role of tau 

hyperphosphorylation cannot be denied in 

nerve damage. Tau damage has been 

demonstrated in neurodegenerative diseases 

including Alzheimer's disease, Parkinson's 

disease and MS (15). 

Given that neurodegeneration has not yet been 

targeted by disease-modifying therapies, and 

these interventions generally target 

neuroinflammation (16), some preliminary 

evidence from animal models, healthy 

individuals and people with MS suggests that 

training may have neuroprotective effects (17). 

Despite the fact that aerobic exercise has 

neuroprotective properties, recent studies have 

found that resistance training can also 

significantly prevent neurological diseases and 

maintain, develop or improve brain function 

through neurochemical adaptations. It has been 

found that resistance training causes brain 

redox regulation and neuroprotection by 

increasing the amount of factors such as brain-

derived neurotrophic factor (BDNF) and 

reducing the amount of glutamate (18). An 

increase in these factors could reduce NFL 

(19). Furthermore, resistance training activates 

the PI3K/AKT/mTOR pathway (18), which is 

associated with the prevention of tau 

hyperphosphorylation (20). The effects of 

resistance training on skeletal muscles are well 

understood, but its effects on the brain have 

been partially described. To date, no study has 

investigated the effects of resistance training 

on biomarkers of axonal degeneration of NFL 

and tau in MS patients. The present study 

aimed to investigate effects of eight weeks of 

resistance training on serum levels of the NFL 

and tau protein in women with MS. 

 

MATERIALS AND METHODS 

This quasi- experimental and applied study 

was conducted on 24 women with MS (aged 

25 to 40 years) with expanded disability status 

scale (EDSS) score of 2 to 5 in Bojnord 

County, Iran. The subjects were randomly 

divided into two groups of resistance training 

(n= 12) and control (n=12). Subjects in the 

training group performed 45-60 minutes of 

resistance training, three sessions a week for 

eight weeks, while the control subjects did not 

partake in any sports activity. Written consent 

was obtained from all participants after fully 

explaining the research objectives and details. 

The  study received approval from the research 

INTRODUCTION 
Multiple sclerosis (MS) is a demyelinating and 

neurodegenerative disease of the 

centralnervous system (CNS) that can be 

tracked through biomarkers of disease status 

(1). The etiology of MS is still unknown (2). 

The clinical symptoms of the disease vary 

depending on the course of disease and 

location of the lesions (3). The most obvious 

pathological findings in the CNS of patients 

with MS include the local demyelination of 

white matter, myelin regeneration, 

inflammation, a variable degree of axonal and 

gliosis retention/loss as well as extensive gray 

matter tissue damage (4). Axonal loss seems to 

be the main pathological factor for the 

subsequent irreversible disability, which is the 

predominant feature at the degenerative stage 

of the disease (5). The mechanisms that lead to 

axonal degradation in MS are not well-

understood (6). 

Neurofilaments (NFs) are proteins of 

intermediate filament family and the main 

components of the cytoskeleton of neurons, 

which are abundantly found in axons (7). 

These proteins are divided into 68-kDa 

neurofilament light chain (NFL), 160-kDa 

neurofilament medium chain (NFM) and 205-

kDa neurofilament heavy chain (NFH) based 

on their molecular weights (8). They are 

affected by post-translational changes, the 

most important of which is phosphorylation. 

The phosphorylation of NFs reduces axonal 

transmission that itself may have a negative 

effect on the flexibility and conduction 

velocity of healthy neurons (9). 

Due to the axonal destruction in MS, NFs can 

enter the cerebrospinal fluid (CSF) and then 

blood (10). According to various studies, NFL 

level is significantly increased in CSF of 

patients with MS. On the other hand, 

numerous studies indicate that serum and CSF 

NFL levels were highly correlated in MS; 

hence, the examination of serum levels of NFL 

can be an important criterion for axonal 

damage in MS (8). Similar to NFL, the tau 

protein is released during axonal transport and 

acts as a potential biomarker of MS (11). Tau 

is a microtubule-associated protein that can be 

mainly found in neurons of the CNS (12), 

especially in axons, and to a lesser extent in 

cell bodies and dendrites (13). This protein is 

minimally expressed in astrocytes and 

oligodendrocytes (14). Strong body of 

evidence suggests that tau phosphorylation can  
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and 48 hours after the last training session. 

Serum was separated and kept at -20 °C for 

biochemical evaluation. Serum level of tau 

protein was measured using a commercial 

ELISA kit (MyBioSource company) with 

sensitivity of 2.0 pg/ml and a detection range 

of 15.6 to 500 pg/ml. Serum level of NFL was 

measured using a commercial ELISA kit 

(ZellBio GmbH company) with sensitivity of 

0.390 ng/ml and a detection range of 3.125 to 

100 ng/ml. 

Data were expressed as mean ± standard 

deviation. Normality of data was assessed 

using the Shapiro-Wilk test. Analysis of 

covariance (ANCOVA) was carried out in 

SPSS 23 and at significant level of 0.05. 

 

RESULTS 

Table 1 shows the mean level of tau protein 

and NFL in the study groups at baseline and 

posttest. 

Based on the ANCOVA test, the eight-week 

resistance training significantly decreased 

serum level of tau protein (P=0.000) but had 

no significant effect on NFL level (P=0.110) 

compared to the control group (Table 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

of healthy individuals after physical exercise. 

They reported a decrease in tau concentrations 

in athletes but no change in amyloid beta and 

alpha-synuclein (22). GharariArefi et al. 

(2016) investigated the role of aerobic exercise 

and omega-3 supplementation on the level of 

phosphorylated-tau protein in the hippocampus 

of homocysteine-infected rats with 

Alzheimer's disease. The training was 

performed on 60 male Wistar rats for eight 

weeks. They reported that aerobic exercise and 

ethics committee of Islamic Azad University 

of Bojnourd, Iran (ethics code: 

IR.IAU.BOJNOURD.REC.1398.018).  

Each training session started with 10 minutes 

of general warm-up (slow walking, stretching 

and flexibility), followed by 3-5 minutes of 

special warm- up and ended with 10 minutes 

of cool down. The training protocol included 

leg press, leg extension, leg curl, bench press, 

lat pull down, lateral raise, triceps push down, 

arm curl and two basic abdominal crunch 

protocols (21). To control exercise intensity, 

the exercises were performed in two sets of 

10-12 repetitions with an intensity of 45% of a 

maximum repetition (1-RM) in the first eight 

sessions, in two sets of 10-12 repetitions with 

an intensity of 50% of 1-RM in the second 

eight sessions, and in two sets of 10-12 

repetitions with an intensity of 55% of 1-RM 

in the third eight sessions. There was a 1-2-

minute rest interval between each set. The 

participants rested for 2 minutes between 

movements. It should be noted that 1-RM of 

participants was recorded in all movements 

every two weeks. Fasting blood samples (5 ml) 

were taken 24 hours before the first session  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 

Based on the findings of the present study, 

eight weeks of resistance training significantly 

reduced tau protein level in women with MS. 

This is in line with findings of previous studies 

that reported change in tau concentrations in 

plasma and CSF samples from athletes, 

healthy individuals, Alzheimer's disease 

patients, those with brain injuries and animals 

(20). In this regard, Daniele et al. (2018) 

examined the accumulation of alpha-synuclein 

With tau  and amyloid beta in  human platelets 

Variable Resistance training 

(n=12) 

Control group 

(n=12) 

Tau protein 

(pg/ml) 

Pre-test 44.33±5.54 44.00±5.62 

Post test 35.48±5.52* 43.25±6.06 

Percent change -19.96* -1.70 

NFL(ng/ml) Pre-test 65.92±7.94 72.24±12.68 

Post test 62.36±5.75 69.25±12.98 

Percent change -5.39 -4.13 

 

Table 1-Mean level of study variables in the pretest and posttest stages 

 

Variable Stage Cube 

square 

df Mean 

square 

F Significance level Partial Eta 

squared 

Tau protein (pg/ml) Pre-test 706.889 1 706.889 435.869 0.000 0.954 

Posttest 393.369 1 393.369 242.552 0.000* 0.920 

NFL(ng/ml) Pre-test 10.739 1 10.739 0.102 0.752 0.005 

Posttest 292.032 1 292.032 2.778 0.110 0.117 

 

Table 2-Effects of resistance training on serum NFL and tau protein 
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extracellular glutamate, for any reason, leads 

to over-activation of glutamate receptors (29), 

which can transfer large amounts of calcium 

ions into the cell, which in turn might increase 

NFL phosphorylation (30). On the other hand, 

an increase in BDNF leads to a decrease in the 

NFL (19). Given the role of resistance training 

in increasing the levels of neurotrophic factors 

and decreasing the glutamate level, this type of 

exercise may reduce the rate of NFL 

phosphorylation. Given that the biological 

changes caused by resistance training depend 

on the duration, intensity and type of training 

(18), changing these parameters may affect the 

exercise-related reduction of this biomarker.  

 

CONCLUSION 

Our findings indicate that resistance training 

can significantly reduce tau protein but has no 

favorable effect on NFL in women with MS. 

However, further studies are required to 

confirm our findings. 
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