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ABSTRACT

Physical performance has been reported to be redlimmong multiple sclerosis (MS) patients; however t
mechanisms that affected physical performanceédsdlpatients no well known. The aim of the presteidty was to
examine the physical performance and myelinatiatofa in female patients with MS. Twenty seven lierts
patients (32.3 + 6.9 years of old; mean + SD) witkpanded disability status scale (EDSS) 1- 4.5iqpdted in
this study as the subject. The subjects dividemtimee groups: Group A: EDSS <1.5, Group B: ED¥5-12 and
Group C: EDSS> 2. Each participant was assessetl siianding balance test and 500-meter walking &est
fasted blood sample was taken during the follicyghase of the menstrual cycle. The time of legrizdavere
higher in MS patients with lower EDSS and they detefd the 500-meter walking test faster that theik higher
disability status (P<0.05). The results showed thlhough BDNF concentration was higher in MS patsewith
lower disability (P<0.05), no significant changesne observed in NGF, IL-6, TN&- IL-10, IL-15, IL-17,
Prolactin, DHEA sulfate, ACTH and Cortisol levelma@ang MS patients with different disability. Finalte present
study demonstrated a positive relationship betwEIEA sulfate with leg balance of the patients (F38).and no
significant relationships were observed betweenrateaphin concentrations, inflammatory markers aather
hormonal levels with physical performance of théjscis. According to these finding, it seems thatronal
disorders may the most important factors that afféphysical performance in female MS patients.
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INTRODUCTION

Multiple sclerosis (MS) is a chronic inflammatorgrdyelinating disease of the central nervous syg@NE) that
causes demyelinated plaques with glial scar fomng22]. In MS, naive CD4 T cells differentiatetime CNS into
Tul and T2 cells, which produce different cytokines and halfferent effector mechanisms [26].T cells
produce pro-inflammatory cytokines, such as intéde-2 (IL-2), tumor necrosis factor alpha (TNI;- and
interferon (IFN)y. In contrast, [2 cells produce anti-inflammatory cytokines, susHla4, IL-5, IL-10, and IL-13.
These cytokines regulate humoral immunity, dowrulatg local inflammation, promote,Z differentiation, and
inhibit Ty1 differentiation. The inflammation seen in MS agseto be largely due to a misguided and overactive
Tul response [26,13]. Blood and cerebrospinal fl@dels of IL-3B, IL-2, IL-6 and TNFe are shown to be
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increased in MS with respect to healthy control83# On the other hand, the function of hormonas é&xpanded
to include immunomodulation and neuroprotectioradition to their classic roles. The story of hoarones
influence inflammation and neuron and glial funotis being slowly unraveled. There is increasinglence that
hormones such as prolactin [34,38], cortisol [Hjpothalamo-pituitary-adrenal (HPA) axis [35] ardtbsterone
[34,17] may influence diseases such as MS or maydeel therapeutically to modulate the immune respon
Several studies in patients with MS have investidavhether HPA axis dysfunction is involved in geghogenesis
of this disease. Numerous investigators have showperactivity of the HPA axis in MS patients [2Michelson et
al. [27] have also shown that basal levels of psortisol are significantly elevated in patienigtwMS, despite a
normal HPA response these patients. Hyperprolatiim§38] and testosterone levels significantly etbe normal
range [17,12] also more common in MS patients.

On the other hand, functional deficits and impaimisesuch as muscle weakness, fatigue, and impagilation,
have long been recognized as major causes of nityrbitd mortality in individuals with advanced M30]. Deficit
in balance control is a common and often an initiadabling symptom of MS [20] and previous studies
demonstrated that aerobic performance is signifigaeduced in persons with MS [8,32], which maggest an
increased risk of mortality and limited mobilityh@re are limited data on physical performance dtividuals with
MS and determining factors that contribute to aergierformance and balance in people with MS wisiat
therapists in planning treatment for these indiglduWe hypothesized that increase in inflammatacyors and
hormonal dysfunction may attributed to impaired gibgl performance in MS patients; therefore, wengra the
physical performance and myelination factors levielsMS patients with different disability status.eWalso
investigated the relationship between physicalgrerince and myelination factors such as hormongimmatory
and anti-inflammatory markers in MS patients.

MATERIALS AND METHODS

Subjects

The participants in this study were 27 female betw®8 and 48 years of age. All participants wetanteers from
the MS Center of Shiraz, Iran. The inclusion créefor the subjects with MS were diagnosis withapsling-
remitting MS by modified McDonald criteria, presigt any type of orthopedic, any cardiovascular ginpnary
disease, pregnancy, cancer, bone fracture of hess & months, use of prostheses, any serious resyatem
disorder, any health problems to prevent effortttos physical test and taking part in regular pltalsactivities
before this study and age between 18 and 50 y€hesr mean Expanded Disability Status Scale (EDs88je was
2, with a range of 1 to 4.5.

Study design

This was a cross-sectional study, and each sulsggttested during a single session lasting apprateiy 60 min.

The study protocol was approved by the Islamic Akkniversity, Shiraz branch, Iran and all study #rants

provided written informed consent before testingfdBe the examinations a neurologist assessed ED@IS
participants divided into three groups: Group A:¥P<1.5, Group B: EDSS 1.5 — 2 and Group C: EDSS> 2

Measurements

Anthropometric and body composition measurements

Height and weight were measured, and body masx i(il) was calculated by dividing weight (kg) byight

(m?). Waist circumference was determined by obtairifirg minimum circumference (narrowest part of thesdo
above the umbilicus) and the maximum hip circunrieeewhile standing with their heels together. Tlaésivto hip
ratio (WHR) was calculated by dividing waist by hijpcumference (cm). Body fat mass, body fat petags and
lean body mass were assessed by bioelectrical mmgedanalysis using a Body Composition AnalyzerGBx1,

Johannesburg, South Africa).

Balance Assessment

To assess Balance and monitor mobility, the standalance test was used [6]. The subjects stoahereg for as
long as possible. The subject was permitted totjpetheir balancing before starting the test foe aninute. The
timing stopped, when the elevated foot touchedgtimeind or the subjects lost their balance positidre best of
three attempts was recorded. The test was repeattte other leg.

272
Pelagia Research Library



Mehrzad Moghadasiet al Euro. J. Exp. Bio., 2014, 4(2):271-276

Aerobic performance measurement
The 500-meter walking test was used to examinedhebic performance. Each participant walked 50€rmeas
above as fast possible and the time of performamcerecorded.

Biochemical analyses

Fasted, resting morning blood samples (10 ml) waken at the same time after familiarization. Fanstrual
status, all the participants were menstruatingleeyuand defined as eumenorrheic (28- to 32-dagstreal cycles
during the previous year); all testing was perfainairing the follicular phase of the menstrual eycAll the
subjects fasted at least for 12 hours and a fablimgd sample was obtained by venipuncture. Plasn@ned was
frozen at -80°C for subsequent analysis. The plasma brain-derieedotrophic factor (BDNF), nerve growth factor
(NGF), IL-6, IL-10, IL-17, IL-18 (Boster Biological Technology Co., Ltd, Hubei, @&}, prolactin (Pishtaz teb,
Tehran, Iran), cortisol (AccuBintf Monobind Inc, USA), Adrenocorticotropic hormone GAH) (Enzo Life
Sciences GmbH, Germany), TNFHOrgenium Laboratories Business Unit, Finland) &ehydroepiandrosterone
sulfate or DHEA sulfate (Demeditec Diagnostics Gmkd¢rmany) were measured in duplicate using anreezy
linked immunosorbent assay (ELISA) kits. The séwisjt of kits for BDNF, NGF, IL-6, IL-10, IL-17, L1,
prolactin, cortisol, ACTH, TNFr and DHEA sulfate was < 2 pg/ml, < 1 pg/ml, < 0ddml, < 0.5 pg/ml, <1 pg/ml,
< 0.15 pg/ml < 15 mlU/I, < 0.25 pg/dl, < 27 pg/ml7pg/ml and < 44 ng/ml respectively.

Statistical analysis

Results were expressed as the mean + SD. One-w&NVANvas used to evaluate time-course change iralbbas.
Post hoc analyses (Bonferroni) were then performvbdn warranted. The relationships between variables
determined using Spearman correlation test. Thel lefrsignificance in all statistical analyses vest at R0.05.
Data analyses were performed using SPSS softwareiridows (version 17, SPSS, Inc., Chicago, IL).

RESULTS

Anthropometric and body composition characteristitshe subjects are presented in Table 1. Thdtseshowed

that there were no significant differences in botgss, BMI, WHR, body fat mass, body fat percentaug lean

body mass among the three groups. One-Way ANOVgQ demonstrated that there are significant diffeesnin

RLB (F= 8.9, P= 0.001), LLB (F= 3.8, P= 0.03) artb5meter walking test (F= 7.4, P= 0.003) betweengitoups

(Table 1). The time of RLB and LLB were higher irSMpatients with lower EDSS and they completed t@- 5
meter walking test faster that those with highesadility status.

Table 1. Anthropometric, body composition and physial performance (mean + SD) of the subjects

Group A Group B Group C

(EDSS<1.,n=8 (EDSS 1..-2,n=9) (EDSS>: n=10)
Body mass (kg) 58.8 +18.7 68.9+6.2 72.3+16.09
BMI (kg/m?) 22.8+6.8 26.2+2.6 293+7.2
WHR 0.79+0.06 0.81+0.03 0.83+0.03
Body fat mass (kg) 188+114 248+4.7 28.4 810
Body fat (%) 29.3+9.6 35.7+4.2 38.1+8.0
Lean body mass (kg) 37.6+7.2 41.4+35 40.9+ 6.
EDSS 0.6+0.5 1.7+0% 34+1.1*
RLB (s) 55.4 +38.2 25.2+19.6 6.1+1%.2
LLB (s) 63.5+81.9 22.8+16.9 43+10.8
50C-meter walking tes(s) 370.5 £ 85. 386.2+51. " 616.7 + 227.0*

Data are the mean + SE of values of the anthropdmétody composition and physical performanceaotegroup. (1) Statistical significance
for Group A vs. Group B, (*) Statistical significeafor Group A vs. Group C and (1) Statistical #igance for Group B vs. Group C.

Neurotrophin concentrations, inflammatory markerd aormonal levels of the subjects are presentethbie 2.
One-Way ANOVA showed that there is a significarffedence in BDNF between groups (F= 5.7, P= 0.009st
hoc analyses demonstrated that BDNF concentratamnhigher in group A than group B and C, while igmiicant
differences were observed between group B and €ENBF, inflammatory (IL-6, TNFe, IL-17 and IL-33) and
anti-inflammatory (IL-10) markers and hormonal cengations (prolactin, Cortisol, ACTH and DHEA sil) no
significant differences were observed between gsoup
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As shown in Table 3, there is a positive relatiopdietween DHEA sulfate with LLB (r = 0.69, P= 010@Gnd RLB
(r =0.58, P=0.001). Spearman correlation testatetrated that no significant relationships betweeuarotrophin
concentrations, inflammatory markers and other toorahlevels with physical performance of the sutgec

Table 2. Neurotrophin concentrations, inflammatorymarkers and hormonal levels (mean + SD) of the subgts

Group A Group B Group C

(EDSS< 1.5,n=8) (EDSS 1.5-2,n=9) (EDSS> 2, n=10)
BDNF (pg/ml) 1228.7 £ 253.0 950.0 + 99.0° 982.9 +176.#
NGF (pg/ml) 31.6+37.8 7.3%+6.3 13.05+14.9
IL-6 (pg/ml) 10.7+2.7 13977 19.2+223
TNF-a (pg/ml) 7.5+3.¢ 18.0£+£27.¢ 19.8 + 25.1
IL-10 (pg/ml) 84.9 £ 119.7 60.08 +34.1 67.01 +61.
IL-1B (pg/ml) 13.9+185 6.9+11.3 3.8+43
IL-17 (pg/ml) 527.71+407.1 466.4 + 603. 463.1 +554.
Prolactin (mIU/l) 267.6 £138.5 339.8 £100.8 339.527.8
Cortisol (pg/dl) 17.1+8.08 19.08 +7.3 19.8 +21.
ACTH (pg/ml) 3114 6.7+7.9 4.03+4.2
DHEA sulfate (ng/ml) 1.4+0.5 0.98+04 1.3+7.0

Data are the mean + SE of values of the neurotnogbincentrations, inflammatory markers and hormdeegéls in each group. (1) Statistical
significance for Group A vs. Group B and (*) Stidisl significance for Group A vs. Group C.

Table 3. Correlation coefficients of physical perfamance with neurotrophin concentrations, inflammatay markers and hormonal levels
of the subjects

RLB LLB Aerobic performance
r P r P r P
BDNF (pg/ml) 0.33 0.09 0.23 0.2 0.36 0.07
NGF (pg/ml) -0.15 0.4 -0.23 0.2 0.01 0.9
IL-6 (pg/ml) -0.1¢ 0.2 -0.1¢ 0.4 0.0z 0.c
TNF-o (pg/ml) -0.17 0.3 -0.2 0.3 0.01 0.9
IL-10 (pg/ml) -0.15 0.4 -0.13 0.5 -0.02 0.9
IL-1B (pg/ml) -0.07 0.7 -0.1 0.6 0.3 0.09
IL-17 (pg/ml) -0.01 0.9 -0.01 0.9 0.2 0.3
Prolactin (mIU/l) 0.20 0.2 0.22 0.2 0.14 0.4
Cortisol (ug/dl) 0.12 0.5 0.09 0.6 0.06 0.7
ACTH (pg/ml) 0.07 0.7 0.18 0.3 0.05 0.7

DHEA sulfate (ng/ml) 0.58 0.001* 0.69 0.001* 0.34 .08
(*) Correlation is significant at the 0.001 level.

DISCUSSION

The present study demonstrated that MS patientslaiter EDSS were better in physical performandee flesults
showed that the time of RLB and LLB were higheM§ patients with lower EDSS and they completed5te-
meter walking test faster that those with highsadility status. It is well known that MS patiehtsve a lower daily
activity level than matched healthy people [28] arattivity-related health problems such as andased incidence
of osteoporosis, depression, fatigue and death frandiovascular diseases have been shown in M&npsti
[7,10,39]. Fatigue, often severe, affects about 85#%MS patients which causes decreased mobilitggddeto
impaired functional capacity and subsequently redughysical activity and sporting [25,36]. Somed&s have
indicated a loss of muscle mass in MS patientsiH]4hat is due to decreased muscle strength fi],may affect
balance defect [9]. Maintaining dynamic balanceéesebn intact visual, somatosensory and vestibinlpnt [1]
combined with coordinated righting reflexes. Ther@ased risk of falls in MS is complicated by ppaigment and
compromised muscle strength and motor control $k of fracture from falls in MS patients is 2- 304-times
higher than for a healthy control. Changes in mesttdus may lead to poor judgment and slowed resptime that
contribute to fall risk [31]. Furthermore, aeroloi@pacity, in terms of maximal oxygen consumptio®{¥.y), has
been reported to be reduced among MS patients][8RBBer cardiovascular parameters like restingthede and
diastolic blood pressure have been shown to beatddvin MS patients [2]. Savci et al. [32] notedttthe shorter
distance covered during a 6 minute walking testeiermined by the limitations in activities of galilving, resting
heart rate and subjective symptomatic fatigue tirepts with MS, while respiratory muscle weaknéssg function
and level of neurological impairment do not conitéto impaired functional exercise capacity irsthpatients.
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Our results showed that although BDNF concentratias higher in MS patients with lower disability<@05), no
significant changes were observed in inflammatangi-inflammatory and hormonal levels among MS gxas with
different disability. Neurotrophins like BDNF and3a® are thought to play an important role in neukoepair and
plasticity. Recent experimental evidence suggestsaprotective effects of these proteins in MS [HIPNF is a
neurotrophin; it is integral in the maintenancettod healthy neuronal phenotype. Additionally, BDR&s been
shown to acutely modulate presynaptic neurotraiemi¢lease [18] and evoked excitatory postsynagpiioents via
TrkB receptors [23] and to directly induce neurodapolarization [19]. It is becoming widely recopgil that
exercise is directly beneficial to brain health dadction, probably via a BDNF-mediated mechani&DNF is
found and made in many locations throughout theylj@d] in addition to its namesake source of praiun; the
brain. Traditionally, it was believed in MS thatceal loss occurred in chronic lesions. However, figaings
suggest that axonal transection can begin very @athe course of MS and axonal damage was fonrattive and
chronic active MS lesions, particularly in areagoiite inflammation and demyelination. The mechmasisf axonal
loss are uncertain, but may involve axonal degeiveraecondary to demyelination, the action ofanfmatory
mediators and immune attack directed at axonal compts. Axonal destruction and it's progressiorthésmajor
cause of irreversible damage in the CNS and theease of disability in MS patients [3]. Researchules
demonstrated that blood levels of inflammatory reesksuch as IL{}, IL-6, IL-17 and TNFe increased [4,33],
while anti-inflammatory markers such as IL-10 desed [29] in MS with respect to healthy controlsir @esults
also showed that inflammatory markers such asplLilL-6, IL-17 and TNFe level were higher and IL-10
concentration was lower than normal range howeuesignificant changes were observed among MS gatigith
different EDSS.

Hormonal disorders are one of the most importamg@nt of MS patients. The results are in agregméth
previous reports showing that plasma cotrisol, gotoh, and ACTH were higher than normal range, haveo
significant differences were observed between thgemups of MS patients. Previous studies have shown
hyperactivity of the HPA axis and increase in ACIFHVIS patients [21,37]. Michelson et al. [27] andriaelit et
al. [37] have also shown that basal levels of peswrtisol and ACTH are significantly elevated itipnts with
MS. Researchers indicated that hyperprolactinefsia more common in MS patients [38]. HPA axis dysfion,
hyperprolactinemia and increased in plasma cortindldecrease in DHEA sulfate suggesting a posprilinical
endocrine insufficiency in MS patients. In conchrsi our results showed that balance and aerobformpegnce
were higher in MS patients with lower EDSS and BDé&ticentration was higher in these patients. Orother
hand, the present study demonstrated a positiséiorship between DHEA sulfate with leg balancéhef patients
and no significant relationships were observed betwneurotrophin concentrations, inflammatory marlkend
other hormonal levels with physical performancéhef subjects.

CONCLUSION

The results of this study indicate that MS patiesith lower EDSS were better in physical performan®©n the
other hand, our results showed that hormonal dé&sradnay the most important factors that affectegsiohl
performance in female MS patients; however additisasearch is needed
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