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Extended Abstract

Background and Aim: There is evidence that components of the innate immune system, particularly the complement
system, play a role in multiple sclerosis (MS) (1, 2). The complement system, a key element of innate immunity (1), consists
of blood proteins involved in inflammation and host defense. C3 and C4 are potential diagnostic markers for autoimmune
inflammatory demyelinating diseases of the central nervous system (CNS). Their activation is central to the complement
system and contributes to neurodegeneration in MS (4, 7). Studies have shown that plasma levels of C3 and C4 are
elevated in MS patients compared to healthy controls (2). In addition to pharmacological treatments, lifestyle modifications,
such as physical activity, can effectively modulate the complement system without adverse effects. Therefore, the aim of
this study was to investigate the effects of combined physical C3 and C4, the C3/C4 ratio and motor function in women with
multiple sclerosis.

Materials and Methods: The present study employed a pretest-posttest design involving 30 patients aged 30 to 40 years
who were diagnosed with multiple sclerosis (MS) according to the McDonald 2010 criteria. Participants were randomly
assigned to two groups: an experimental group (n=15) that participated in an exercise program and a control group (n=15)
that went about their normal daily activities. The inclusion criteria required an Expanded Disability Status Scale (EDSS)
score of less than five, as determined by a neurological examination by a physician (20). Participants had to be able to move
independently and voluntarily consent to participate in the study. Exclusion criteria included inflammatory conditions such
as metabolic syndrome, cardiovascular problems (including hypertension), kidney problems, asthma, potential neuropathic

pain in the lower extremities, severe cognitive impairment, visual impairment, drug dependence (alcohol or smoking),
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comorbidities that could interfere with participation, recent MS relapses within the last eight weeks, pregnancy or regular exercise
in the last six months (21). Blood samples and motor function assessments were taken 72 hours before and after the training
protocol in a fasting state. C3 and C4 levels were measured using the turbidometry method. Motor function was assessed with
the timed up and test (TUG) and the balance test (FTSST). The exercises protocol followed the American College of Sports
Medicine (ACSM) guidelines for patients with MS (26). The program lasted 12 weeks, with sessions taking place three days a
week and lasting approximately one hour each. It included: a) aerobic exercise at 40-60% of maximum heart rate (MHR), b)
resistance exercises with a yellow band consisting of three sets of eight to fifteen repetitions, c) balance exercises in standing
and dynamic positions, and d) seated stretching exercises with controlled breathing, based on methods from previous studies.
The data were analyzed using analysis of covariance with the significance level of p<0.05.

Findings: At baseline, an independent t-test showed that the initial characteristics of weight (experimental group: 65.41+11.70 kg;
control group: 58.58+12.68 kg; p=0.72) and MS history (experimental group: 51.75+3.30 years; control group: 21.8316.30 years;
p=0.66) were similar in both groups. After 12 weeks of combined training, the experimental group showed a significant reduction
in serum levels of complement C3 compared to the control group (p=0.01). However, there were no significant differences
between the groups in complement C4 levels or the C3/C4 ratio (p>0.05). In addition, the experimental group showed significant
improvements in motor performance, (fall risk and balance), as well as a significant reduction in walking times compared to the

control group (p<0.05) (Table 1).

Table 1. Description (meanz standard deviation) and comparison of research variables in the two participant groups

Experimental group Control group

Complement C3 (mg/dl) 151.38 + 22.69 142.31 £ 21.44 154.28 + 12.19 157.92 + 12.24 7.08 0.01*

Complement C4 (mg/dl) 39.26 + 10.05 36.73 + 8.62 42.39 £6.16 40.89 £ 4.85 0.41 0.52
C3/C4 Ratio 4.08 £1.11 4.13+1.49 3.72+0.71 3.92+0.63 1.55 0.22

Fall Risk (STSt-5)

15.98 + 2.27 13.77 £ 3.28 16.46 +2.13 16.27 £ 2.26 6.81 0.01*

(seconds)

Balance (TUG) (seconds) 16.64 + 2.97 13.09 £ 3.18 15.78 + 1.39 16.08 + 1.03 20.21 0.001*

*Sign of significant difference between groups at p>0.05 level.

Conclusion: The current evidence on the effects of exercise on complement components C3 and C4 in individuals with
MS remains limited and somewhat conflicting. One review found that the C3 and C4 family proteins are the best studied.
Complement proteins were found to be transiently activated immediately after acute exercise and remain elevated for up to 72
hours after strength training and ultra-endurance running. Conversely, prolonged exercise and higher cardiorespiratory fitness
levels are associated with a decrease in C3 family proteins (32). The response of complement proteins depends on the type
of exercise. Endurance exercise tends to decrease C3 and increase C4, while anaerobic (fast) exercise reduces C4(12). The
observed decrease in C3 following combined training may be due to a reduction in inflammatory mediators that activate the
complement cascade. Combined training (strength and endurance training) has been shown to improve motor function and
reduce inflammation in women with MS (36). In contrast to acute exercise, exercise reduces inflammatory proteins that activate
the complement system, such as C-reactive protein (CRP), as well as cells such as monocytes that secrete these proteins (32).
In this study, combined exercises were more effective in improving balance. Conversely, in studies that did not show significant
improvements in balance, balance exercises alone were found to be insufficient (30). As for the effects of breathing exercises

on the immune system, research in psychoneuroimmunology suggests that these exercises may alter immune markers and
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promote health by modulating the adrenocorticotropin-cortisol immune pathway (40). Overall, the combination of resistance,
aerobic, balance, and breathing exercises appears to enhance both immunological and functional outcomes in individuals with
MS. These findings support the recommendation of such multifaceted exercise programs as a beneficial non-pharmacological
intervention for this population.

Keywords: Combined exercises, Complement system proteins, Motor function, Multiple sclerosis.
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1. Complement system
2. Mast cells

3. Amyotrophic lateral sclerosis
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5. Double-edged sword

4. Primary progressive MS — PPMS




Blo oD 1 beiw s g Jolws J =S o Plslasa)
13 .(VA) assles )57 Clsesl adgl asly ol )b lee a1

oS P Ol el pSl oy Baa Ly 2l g
5 C3IC4 o i §C3, C4 lalieS wi s sloipaSSsn
ol a8 535 pLal MS a Mt (5 (=5 > 0, Sles
G (9

05510t b Lo ol aalllas 1 g—dic b
=l (o3 5 Ui 5 (2 05,5 90 L geilim
=2l gy 6yl a5 S g S
) b8 MS e e JLw B L Y e 415,
MS ozl gae o (V) (Ve )+ alligs o sl Limo oo
AP i 3 A8 0 g0 JSts (B8 ol 3T bl
S8l e 3l asged lgsay ;83 Ve MS an Mt 5 b
SLedlbl (5 sleez 5 adsl (6t 5l g bl a2
Ml ablw MS (6o 4 Dol allss () S8, 500
(o Sdlad jo o8 b ablw Lo len plow 4
b 5 Sl s dae &y o ()10 Sy—as adl
Aoy )0 00 S &8 0 25 VYY) (2 09,5 90 40 Solas
(alys; ol cdlad rils 8V F) 8 5 (o oS
O Dl ol aalllas oy 55,5 (sl Lro 0285 1,3
S Tos S Sl Cmdy wliie Ly EDSS wl e
b Shp g (e ablae ol 1 (<0) &
S5 jlesliinl (ygin JEwe (ol an L (Ul (V)
Slodjlone D9 Godon 10 &5 8 6l 39— byl
Py e 5l el sl Lo s el aalllae l g,
(SIS Y o2 jLsd aden 5l (e (S Sl
5 o9l Sl e 050 S 5l s ol Ly g o]
S b el oW Sl slaslal
I5 "ol ot (glmis Lo S Ly S ay ol el (ol
MS alax> as,o0 sl o &8 8 aie (Siy bl o by
L5 oo ol Ly addllae 5l o8 a0 238 asin cda o

WOSPR RN

..\_‘>‘9 (_gl_QdJ}.o.: (Y\) Sg— FUEWRLY oLAu,u_uJ)ép_Ia...A U”))B
=075 09,5 99,0 Vi) Cod Laass L sga e (g3l
8,8 1,8 S g (ol el a3l su S a8l ,0)

1. Kostrzewa
2. Expanded disability status scale
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4. Random (allocation rule)
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1. Timed up and go mobility assessment

2. The five times sit to stand
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3. Elastic bands
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3. Alternative complement pathway
4. Lectin complement pathway
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