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Acute Responses of Cytokines and Adipokinesto Aerobic Exercisein Women with Relapsing vs. Remitting

Multiple Sclerosis

ABSTRACT

Objective: To examine the acute effect of exercise on cytakared adipokines during relapse and the remitting
phase of multiple sclerosis (MS).

Methods: Thirty women with MS in the relapsing or remittippase were matched with fifteen healthy controls.
Participants performed a single-bout of aerobicg@se at 60-70% maximal heart rate. Furthermove, fiomen in
the relapsing phase were enrolled (control relapsd)did not receive any intervention. Blood samplere taken
before, immediately after, 1-hour and 6-hours dfterexercise.

Results: Levels of IL-10 and TNFe: in response to exercise were similar in healttd/di$ remitting subjects.
Compared to baseline, TNFlevels in relapsing subjects were significantlgr@@ased immediately after exercise.
Immediately following exercise, leptin levels sificantly decreased in relapsing subjects. Adipdneantd IL-6
showed no significant difference between groups.

Conclusion: After relapse, exercise does not induce inflamnyadgtokine response and temporarily improves both

cytokine and adipokine balance.
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1. Introduction

Multiple sclerosis (MS) is an autoimmune diseasaratterized by inflammation, demyelination and
axonal loss of the central nervous system (CNS][MS can be subdivided into four clinical coursegapsing-
remitting (RRMS), primary progressive (PPMS), satany progressive (SPMS), and progressive relag&tRiMS)
[6]. RRMS is the most common form of MS [7]. RRMsScharacterized by relapsing phases in which new or
exacerbating symptoms appear [4]. The underlyathyways that activating this relapsing phase actean[2, 3,
8]. Cytokines and their related pathways are canmeidito be major regulators of the immune systera(®which
may be important in the evolution of MS lesions digkase activity [9]. During relapse, some imparta
abnormalities and imbalances occur [2, 3, 8]; tleees an accurate examination of the effects ofrenmental
stressors such as acute bouts of exercise is edsent

Although, the causes of MS are still unclear, TpeelTh) and T regulatory (Treg) lymphocytes hagerb
suggested to play a major role in the developmetiteodisease [11]. In fact, Th lymphocyte cella paoduce and
secrete pro-inflammatory cytokines such as tumaoross factor (TNF), interleukin (IL)-6 [12] and furthermore,
some anti- inflammatory cytokines such as IL-10e Tatter cause down-regulation of inflammatory €H c
function, which in turn leads to anti-inflammatdriggers [12]. The evidence suggests a key rokecafe
dysregulation of the cytokine balanceawute inflammatory lesions in the relapsing phasddS accompanied by
an increase in the production of pro-inflammatoripkines that results in acute inflammation [12]. 13

In the last decade, extensive attention has bedrig#he close association between adipose tiasde
inflammation [14, 15]. For instance, it has beguoréed that leptin is involved in the neurodegetieeaand
inflammatory environment that sustains MS [16]tHis regard, experimental evidence confirms thd-lugbwn
impact of leptin and adiponectin on immunologiaatdtion [17]. Previous studies in this field hawified the
roles of leptin and adiponectin in the maintenaofoenergy balance, food intake and body mass [14,Moreover,
the important roles of leptin on immunological ftina through regulation of Th balance are well knd®&]. In
addition, there is strong evidence that indicates leptin levels increase during relapse and tsmadfect the
response pattern of cytokines [16, 17]. Thereftire acute response of adipokines, such as leptaxdrcise is an
important issue, which has been neglected in posvitudies in MS patients.

Exercise training has a more robust stress paradanpared to psychological stress [18, 19]. For
instance, exercise is known to induce anti-inflanranamediators such as IL-10 [20]. The cytokinepasse to
exercise is well documented in a normal healthyutatipn and is dependent on the mode, intensitycamdtion of
exercise [21]. However, considerably less is knoggarding these responses in MS, whilst this iscatito
understanding the impact of exercise in MS pati€Fitie importance of acute exercise is that it seagea model for
understanding exercise as a stressor that mighit iedong-term adaptations in a response to glsibhout of
exercise. That is, the repeated exposure to the atimulus might change the acute response averds an
adaptation and chronic alteration. Heesen et 2].ri@oorted a blunted cytokine response of Td\N&Ad IL-10 in
sedentary MS subjects compared to trained MS stsbjelbowing a single 30 minute bout of exercisden

compared to trained MS subjects [22]. In anothegiudinal study, Schulz et al. [23] indicated thatonic



exercise training may improve quality of life armbaitive function in persons with MS, without sificant
modulations in IL-6 or soluble interleukin-6 recep(siL-6) activity [23]. However, further investigon is
warranted to determine how these responses maywtryan increased exercise stress and a wideetyaof stress
biomarkers. Most treatments and medications ptesdrat this time to reduce inflammation in the MBypse
course, include optimization of the pro- and anfiammatory cytokines balance [8, 24]. Though, el was also
shown to affect this course [22, 23]. Thereforshibuld be examined how exercise can affect cy&skbalance
during relapse, and whether exercise can be béaleficshould be avoided during relapse. Howeveuna
responses of adipokines to exercise have not besarided previously in the relapsing and remitpphgse in MS
subjects, neglecting of the role of acute exeroiseytokines during relapses in MS. Neverthelessbalieve that
the disease course may interact with cytokinesaaiigbkines responses to an acute bout of exertigzefore in
order to analyze the impact of exercise on immuateis in MS, the present study aimed to investifaeesponse
of various cytokines (TNle; I1L-10, IL-6) and adipokines (adiponectin and iepto an acute bout of exercise in the

relapsing and remitting phase of MS, compared &ithg controls.

2. Materialsand methods

2.1. Subjects

As the effect size for responses of cytokines afipokines to acute bouts of exercise in MS haseen
calculated before, and according to previous stydiehens’ classificatiori{0.3) was used for power analysis
which indicates a small to moderate effect. Morepaesignificance level of 0.05 and statisticat-gswer of 0.8
was used. The correlation of time points was eséthat r=0.5. The subsequent calculation indicataatal sample
size of 28 (G*power 3.0.10 software, Germany). &aot in a drop-out of 15%, the minimum total saenpize
required was 33 participants. The current studyuitad thirty five participants with MS, includirfifteen women
during remitting and twenty women during relapsthviRRMS (mean EDSS score = 2.11+0.76), accordingeo
McDonald 2010 criteria [25] from the MS society tamof Khuzestan, Iran under the observation céarologist.
A further fifteen healthy women (healthy contranging from 20-35 years old were recruited. Heattbrytrol
subjects had neither laboratory nor clinical symmaof infectious, autoimmune or inflammatory digsas'he
objectives, risks and benefits of the study wergdaired to all enrolled members, followed by cdilee of written
informed consent. This study was approved by tiicEtcommittee of Jundishapur University of MediBalences,
Ahvaz, Iran (registration number: IRCT201603142 704y

2.2. Study design and procedure
At baseline, persons with RRMS (n = 35) were diddidnto three groups: a relapsing exercise group (n

15), a remitting exercise group (n = 15) and apsileg control group (n = 5). Aerobic capacity (nmal oxygen

uptake, VQnay Was determined [26] four days before initiatidriite exercise sessions. After a 10-hour overnight



fasting period, subjects arrived at the ergometbptatory, and consumed the same standardizedfaseakder the
researchers’ supervision 60 minutes prior to thggriveng of the exercise session. Anthropometriasaees and
physical activity (PA) levels were assessed. Ad@minutes of seated inactive rest, subjects peddran exercise
bout consisting of upper and lower limb cyclingfpemed at an intensity of 60-70% of maximum heaté (HR, )
determined from the maximal exercise test. Bloodas were collected at four different time poirtiisfore
initiation of the exercise, immediately after, luhafter and 6-hours after completion of the exsar¢Figure 1).
Relapse definition was based on the 2010 revisddéhdcDonald criteria as “patient-reported symptoons
objectively observed signs typical of an acuteaimfinatory demyelinating event in the CNS, currerttistorical,

with duration of at least 24 hours, in the absasfdever or infection” [25].

2.3. Physical activity

PA was monitored four days prior to the exercissigmns using the Baecke physical activity questimen
[27]. The Baecke questionnaire includes a totdhofe domains scored on a Likert scale. The avesegie for the
three domains was the overall activity score, wittore of five indicating the highest possiblegitgl activity
[27].

2.4. Anthropometric measurements

Based on each patient’s body mass (kg) and sqiheight (cn), body mass index (BMI) was calculated.
Also, skinfold thickness was measured at thighrailipm and triceps sites via Harpenden calipersd®ording to
the instructions previously highlighted [28]. Bodgnsity subsequently was estimated by a threesisiitéold
thickness equation [28], after which the Siri edquratvas used to estimate body fat percentage (BFER)

2.5. Aerobic capacity

In order to determine aerobic capacity (&), subjects cycled for four min without resistawcea cycle
ergometer. Work rate was subsequently increasdd lwatts (w) per minute until exhaustion, while glaty rate
was maintained at a constant 60 revolutions peuteifrpm). Heart rate was monitored throughoutdsein order
to provide a maximal heart rate value, which wasdus determine the intensity of exercise in tHesegquent
exercise sessions. Finally, maximal workload (wattje (years) and weight (kg) of subjects were tsedtermine
their VOomax (Ml.kg.min-1) [26].

2.6. Exercise bout

Subjects were asked to refrain from strenuous e&eend physical activity at least 4 days priothi®

exercise session. Exercise consisted of four $&smnute intervals of upper body cycling and feets of lower



body cycling interspersed with 2 minutes of passest between each interval. The intensity of damlt of interval
exercise was adjusted to achieve an intensity 6f@® HRmax. It should be noted that, after comptgthe
exercise, subjects remained seated passivelyXdrosirs. Furthermore, in the relapsing group eseraias
performed 2 weeks after the onset of an acute selafemperature and humidity were controlled dugiach trial at
an average of 21.2+1.07 C and 37.24+3.41%, resbgti

2.7. Blood sampling and assays

Venous blood samples were collected at 4 diffetieme points and centrifuged immediately after
collection; the resulting serum was aliquoted aodesl at -70C. Serum high density lipoprotein (DPtigh
density lipoprotein (HDL) and triacylglycerol (T@)ere measured using photometric method by Pars Aarkits.
Cytokine concentrations were assessed via enzyrkediimmunoassay ELISA kits and were conductedrdaog
to the manufacturer’s instructions. Leptin and adigctin levels were obtained using R&D Systems kit
(Minneapolis, USA) and BioVendor (Brno, Czech Rdm)prespectively. TNFe and IL-10 levels were measured
using IBL International GMBH kit (Hamburg, Germanglso, IL-6 levels were measured using an R&D ayst

kit. The intra and inter assay coefficient of veida (CV) for the performed samples was <7%.

2.8. Statigtical analysis

Statistical analyses were performed by SPSS Stati$BM SPSS Statistics, version 21, Armonk, NY).
Data were presented as means and standard deviagam+SD). Group differences at baseline wereuavedl
using one-way analysis of variance (ANOVA) with gps (relapse vs. control relapse vs. remittingreslthy
controls) as the between-subjects factor. PostfBonferroni-adjusted) tests were performed whepr@priate.
Repeated measures ANOVA were applied with regafgroup’ as the between-subjects factor (relapseastrol
relapse vs. remitting vs. healthy controls) anahéi as the within subjects factor (baseline vs. ediately after vs.
1-hour after vs. 6-hour after). Post-hoc (Bonferadjusted) tests were performed in case of a fsogmit

time*group interactionAn alpha level of 0.05 was considered significant.
3. Results
3.1. Demographic data and baseline cytokines
No differences were found between groups for agéght and BMI (p >0.05). Mean disease duration in
the MS groups was 3.04+0.94 years. Mean EDSS sd@éRRMS was 2.11+0.76, with scores of 2.41+0a88l

1.82+0.65 for the relapsing and remitting groupspectively. No significant differences in disedseation were

found between the MS groups (all values p >0.05).



At baseline, VG ,.xand PA were significantly higher in the HC thaa S group (p <0.05, Table 1).
Between MS groups, VQaxin the MS remitting group was significantly higttean the relapse group (p=0.003).
No differences in PA were observed between MS ggdpp=0.174). Significant baseline differencesytokine
levels between groups (all values p <0.05) werexesl. Leptin levels were higher in the relapsingug when
compared to the remitting (p=0.001) and controlo(881) groups. The remitting group showed higheelkeof
leptin than the control group (p=0.033). IL-10,6Land adiponectin levels were similar between gsq@>»0.05).
Significant differences in basal TNFtevels were present between groups (P=0.007).gulesitly, Bonferroni
tests revealed significant differences betweendlapsing group and healthy subjects (p=0.0.26)edkas between
the remitting group and healthy subjects (p=0.024iJe the MS groups were not significantly diffetép=0.213)
(Figure 2). Finally, significant baseline differ&scin TG levels between groups (p <0.05) were oBskemwith

higher TG levels in the relapsing groups compaoenitting and control groups (Table 2).

3.2. Cytokine and lipid profile responses to exercise

Significant time effects were observed for leppr@.001), IL-6 (0.004) and TNE&{0.021). However, for
leptin and TNFe, a post hoc test indicated a significant decréas6.002) and increase (p=0.013) 1-hour after
completion of the exercise bout, respectively. Witk exception of adiponectin (p=0.09), a signiftdéme*group
interaction was observed for all cytokines (p <@.(Fgure 3). Moreover, TG indicated a significéinte*group
interaction (P=0.004). TG (p=0.031) and heart (pt&®.001) showed a time effect.

Immediately following exercise, TNE&-concentrations significantly decreased in relap$p¥0.001)
subjects but significantly increased in remittipg@.013) subjects. A marked increase was obserfezlf after
exercise in TNFe in relapsing subjects compared to immediatelyr afxercise (p=0.006), whilst no change was
observed in the control relapsing group (p >0.85ignificant decrease in IL-10 was observed imratdy after
exercise in relapsing subjects (p=0.023). In réngtsubjects, a significant increase was observiedut after
exercise compared to baseline (p=0.010). All tlenesrcise groups showed similar IL-6 responses asing
immediately after exercise (p <0.01) with no sigraht change in other time points (p >0.05). Leptincentration
was decreased significantly in the relapse groe0.@01) immediately after exercise, however no geamas
observed in other groups (p >0.05). All groupshvifite exception of the control relapsing group v& a
significant decrease 1-hour after exercise in feptincentrations (p <0.02), while the degree ofigkan the
relapsing group was significantly higher compaedther groups. Finally, leptin levels of MS sultgeeho

performed exercise remained significantly lower paned to baseline and 6-hours following exercis® @19).
4. Discussion
In the present study, we investigated cytokineaasps to a single exercise-bout in both the relgpsind

remitting phases of MS. Responses of IL-10 and TtiN&vels to an acute bout of exercise were compariaiHC

and MS remitting subjects. Subjects in the relgpgpinase of MS showed a significant decrease amdadse in



TNF-a levels respectively compared to baseline, immetiatnd 1-hour after exercise. Moreover, immedyatel
after exercise, leptin significantly decreasechi MS relapsing subjects. Finally, there were gaificant
differences in IL-6 or adiponectin responses ta@ze between groups.

The underlying pathogenesis of relapses depentiseopresence of new inflammatory plaques that are
caused by activation of the immune system [2, 1 23.not clear which inflammatory pathways areca&sated with
relapses and this has a pivotal role in determiaimgpre stimulated disease activity [2]. Severa&bkipes such as
TNF-q, IL-10, IL-6, INF-y, and leptin, were associateilhna more active phase of the disease [12, 1#hitn
regard, the results of the present study indidaeleptin was higher in relapsing vs. remittingjsats accompanied
by significantly higher TG in the relapsing groupéso, MS groups indicated higher levels of legtompared to
the healthy control group.

The presence of leptin is essential for the indunciind progression of several experimental models o
autoimmune diseases [30]. While most pro-inflammeatytokines such as TNé&-only increase during relapse
[31], it has been revealed that circulating lefmicreases prior to the relapsing phase in MS fadidwy a marked
reduction during the relapse. These findings sughes variations in leptin anticipate cytokinetpat changes
[16]. For these reasons, it is commonly agreedl#min is a crucial factor in the pathogenesisahe immune-
mediated disorders and inflammatory responsesl[i,

It has also been suggested that the release diogduring exercise may contribute to the maimtee
of immune homeostasis [31]. On the other hand,oiseiis concomitant with a mild physical stressut exhibits
an array of modular effects on the immune syste3h 2onsequently, cytokine responses to exercig&lco
contribute to neuroprotection [22, 31]. In additiomvestigating the immunological response to eserin people
with MS may provide important information regarditing impact of acute exercise on how people withriskpond
to physical stress in general.

Le Page et al. (1994) reported that, during thaimfmatory phase of EAE, exercise did not exacerihate
disease course [32]. Limited research has addreéssextute effect of exercise on cytokine respoimsBsS
subjects. Hessen et al. [22] examined cytokinearesgs to standardized physical stress (60% VO2fare80 min)
in MS, showing that such stress did not inducecaipitammatory immune deviation [22]. In anotheudy,
Kjolhede et al. [30] reported that cytokine respgEnt resistance exercise were without significaange in IL-10
and TNF-a. However, other cytokines have been faarz similar in trained and untrained MS subj¢g1g. In all
of these studies MS patients were recruited irr¢hatting phase of the disease. In the presenyshalvever, in
order to fully comprehend cytokine responses, we aicluded subjects in the relapsing phase oflibease.
Finally, we observed almost identical responseytifkines to acute bouts of exercise in MS remiteing control
subjects. Relapsing subjects showed different @ytokesponses to exercise, specifically for leptid TNFe. For
leptin, we clearly showed a marked tendency fouctidn during relapses. However, leptin concertretiwere still
higher in the relapsing group compared to othejestbwho performed the exercise.

The decreased response level of serum leptin tsigdlystress, such as exercise, can result in
immunosuppression as lower levels of leptin arateel to Thl cell responses that can decrease grdvieTh2

cell function [3, 17]. In fact, experimental evidenindicates that leptin concentrations are astaatiaith



inflammatory processes and directly stimulate tluelpction of inflammatory cytokines such as TiBnd IL-6
[14, 17]. Therefore, the reduced leptin levelsdasponse to exercise in the relapsing group cammsidered as an
anti-inflammatory effect of exercise. However, mestensive investigations are required to ascetteirikelihood
of this possibility. The obtained results indictiiat TNF« levels were reduced immediately after exercighén
relapsing group. However, 1-hour after exercise -BNEnded to increase significantly in all groupst Ee10, a
significant increase was observed immediately afkercise in control subjects only. However, 1-haiter
exercise the remitting group experienced an inereampared to baseline. Finally, a significantéase was
demonstrated for IL-6 in all exercise groups.

Given the complex function of both TNFand IL-6 on inflammatory processes, the preselirigs are
difficult to interpret comprehensively. TNécpossesses mutual functions, that are relatedferelit receptors
called p55 and p57 [33]. The majority of inflammgteesponses of TNE-are attributed to p55 while p75 mediates
cell growth and proliferation [20, 33]. Thereforecent studies have speculated that elevation &-d Mvels may
have either detrimental or beneficial effects on 848jects [34]. On the other hand, the immunordgnja
properties of IL-10 inhibit the synthesis of manyltrelated cytokines (TNE; IL-1, IL-6). Therefore, it seems that
the presence of IL-10 appears to be beneficial $19ubjects. Also, the lower levels of IL-10 in teéapsing group
in response to exercise might be a result of arease in pro-inflammatory cytokines at baselineclitould be
harmful in MS patients. The results of the prestmdy indicate no changes in IL-10 in the relapgiraup, which
can be explained by lower levels of Y at baseline, as the IL-10 response to exerciserdkspto some extent on
fithess level [35]. Furthermore, at baseline, a esbghositive correlation was observed between Ilet8ls and
VO,maxin the relapsing group and healthy subjects. pmetation of the cytokine responses suggests datbgr)
effect of exercise on cytokine balance without icidg inflammatory patterns. Finally, \bgh, and PA differences
between groupmay, in part, explain the observed differences betwcytokine responses which are not related to
the applied protocols or disease course.

In the present study cytokine measurements wereparformed in blood samples. Further biochemical
analysis in other areas, such as the cerebrodghiidl might produce different results. Furthermose chose to
examine the impact of aerobic interval exercises thoice was motivated by the fact that intervareise may
induce lower increases in body temperature duledartclusion of rest and active periods. Howevarious
characteristics of other types of exercise migfiténce the differences in cytokine responses.

These findings reveal that responses of MS subjeasercise can be similar to that of healthy oust It
should be noted that the balance of the Th1/ Th@kayes is less impaired in the benign phase of| 13
Furthermore, it seems possible that subjects vgher disability (EDSS>5) might respond differertibythe
exercise task.

Several studies have suggested that cytokine resparan occur hours after an exercise bout [22].
Therefore, sampling time represents another limitadf our study and gives rise to the need fotherr research in
order to support these results regarding cytokéspanses to exercise. Finally, although pharmaabtyeatment,

such as corticosteroids, can influence cytokinéepas, Kraszula et al. [17] reported higher lewdleptin after 2



weeks of corticosteroid treatment in relapsing scigj [17]. In order to counter this, the presemdgincluded a

control relapsing group to minimize and elimindte effect of any pharmacological treatment.

6. Conclusions

We showed that relapsing phase of MS is associgtbda cytokine imbalance. Importantly, acute eissc
does not seem to influence the inflammatory respafishe cytokines measured. Nevertheless, thectietuof
leptin and TNFe levels in response to exercise in relapsing graapsbe considered as an anti-inflammatory effect
of exercise training. Therefore, exercise may teraply improve the cytokine balance in MS subjegrticularly
those in the relapse phase. Given that one oftigets of treatment and medication in relapsedgeduction of
inflammation, acute exercise can also be consideseah effective strategy. Although our preliminsiydy showed
that exercise, from a cytokine and adipokine pethpe could represent valid therapy in the relagghase of MS,
further studies need to fully determine the potdrdf exercise as a complementary therapy durilapse. Finally,
it can be argued that exercise is safe in relabarytokine and adipokine concentrations followretapse in
RRMS.
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Tablel

Baseline characteristics of the relapsing, rengthdS and healthy control group

Age Weight BMI BPF V Oomax PA
(years) (kg) (kg/em?) (%) (ml/kg.min) (score)

RelapingMS  28.23+3.6! 68.51+4.2i 23.16+1.2( 33.24+5.4° 19.194#6.3 2.21+0.8
RemittingMS ~ 29.16+4.8 64.20+5.1 22.75+1.0' 31.65+3.8 23.21+2.8" 2.19+0.3(
Healthy contro 28.10+6.1 62.38+3.9. 22.37+1.6° 33.79+6.3 29.37+3.17 3.07+0.41

Data are presented as Mean+SD and represent lmd#éfierences of BMI, BFP, VQ.xand physical activity in
relapsing (n=20), remitting (n=15) MS and healtbptrols (n=15). * p<0.05 between control group dfs groups.
# p<0.05 between MS remitting and relapsing groud):Body mass index; BFP; body fat percent; MQ
maximum rate of oxygen consumption; PA: physicéivitg; kg/cm?: kilogram/centimeter; ml/kg.min:

milliliter/kilogram.minute.



Table?2

Heart rate and lipid profile response to exeraiseelapse (n=15), control relapse (n=5), remit{imgl5) and

control group (n=15).

Baselint Immediately afte  1-hour after 6-hour after
exercise exercise exercise
Heart Relapsing M. 75.16+4.6. 129.16+7.1. 86.12+4.6. 74.156.0!
rate Control relapsing M 77.1146.1 75.18+9.0 75.9416.0! 78.12+6.1
(bpm) RemittingMS 73.16+4.8. 127.20+4.1 81.11+7.3. 76.61+4.3
Healthycontrol 68.67+6.5 130.19+6.1 70.28+£2.7 69.57+2.3.
TG Relapsing M. 132.27 11416 £12.16* 118.24 +16.2 128.11
(mg/dL) 11.11#2 18.24#
Control relapsing M 129.45 126.72 +20.167 120.14+£19.6 121.12+7.2
18.67#2
RemittingMS 116.19 £ 15.7 110.12 +13.9 112.87+20.1 117.25%+14.1
Healthycontrol 105.16 £ 9.9 99.14 £ 14.1 104.64 £10.6 103.27 £ 15.6
HDL Relapsing M. 49.19+4.8! 51.12+8.0 51.19+9.1. 48.16x4.1.
(mg/dL) | Control relapsing M 47.2816.11 48.1146.7. 44.22+7.6! 47.1946.5.
RemittingMS 54.20+3.1 53.7846.9. 52.17+4.0 53.2616.6.
Healthycontrol 51.44+4.7. 57.2615.1 54.19+3.4! 52.1616.91
LDL Relapsing M: 114.64 £ 7.8 11394 £10.1 11442 +145 110.09%6.6
(mg/dL) | Control relapsingM  114.54 +12.9 112.16 £ 9.6 11594 +9.6 112.66+11.2
RemittingMS 108.57 £12.0 109.71 £15.1 106.16 £10.0 105.28 +16.2
Healthycontrol 108.84 + 6.6 101.12 +9.7 107.81:11.68 110.29+14.3

Data are given as MeanzSD. TG indicated signifitemé*group interacts (P <0.05). TG and Heart sitewed a

time effect (P <0.05). * refers to the significalifferences in comparison to baseline (p<0.05gférs to the

significant differences in comparison to the cohtroup (p<0.05). 2 refers to the significant diffleces in

comparison to the Remitting group (p<0.05). TGglyieride; HDL: High-density lipoproteins; LDL: Lowensity

lipoproteins.



Upper and lower cycling test
Intensity: 60-70% HRpax

2y
=3 60 minutes Exercise stress Inactive rest (recovery)
gE inactive rest test Ty
2%
o]
& p—
Blood sampling Blood sampling Blood sampling Blood sampling
Baseline Immediately after 1-hour after 6-hour after
exercise exercise exercise

Fig. 1. Timeline of exercise stress session; the exeradssisted of four sets of 5 minutes intervals oferdpody
cycling and four sets of lower body cycling intezsged with 2 minutes of passive rest between edehval.
Subjects were asked to start cycling after sitlirgin on the ergometer. Lower and upper limb cyrlivas
considered as exercise stress which was set usicgmage of HRmax. The intensity of each bountrival
exercise was adjusted to achieve an intensity ef@® HRmax.
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Fig. 2. Baseline differences in cytokine parameters batweeaelapse (n=20), remitting (n=15) and contraugp
(n=15). Data are given as Mean+SD. * refers tosigaificant differences in comparison to the otyeups?” refers
to the significant differences in comparison to ¢betrol group; IL-10: Interleukin 10; TNE:=tumor necrosis factor

alpha; IL-6: Interleukin 6.



Leptin (ng/ml)
Adiponectin (ug/ml)
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Fig. 3. Leptin (a), Adiponectin (b), TNk-(c), IL-10 (d) and IL-6 (e) response to exercisedlapse (n=15), control
relapse (n=5), remitting (n=15) and control gronpi5). Data are given as MeantSD. * refers to igaificant
differences in comparison to baselifigefers to the significant differences in companiso the control group. t
refers to the significant differences in comparisothe control relapse group. IL-10: Interleukidy TNF-o: tumor
necrosis factor alpha; IL-6: Interleukin 6. Presdéline; Post-1: immediately after exercise; Post-Bour after

exercise; Post-3: 6-hour after exercise.



Exercise does not influence the inflammatory response of the cytokine profile.
Exercise temporarily improves cytokine and adipokine balance in the rel apsing phase of multiple sclerosis.
Exercise successfully influences leptin in relapses of multiple sclerosis.

Exercise seems safe, tol erable and feasible following relapse in multiple sclerosis patients.



