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CAXETAK

OKcuIaTUBHHM CTpec W HeypoHH(pIamanuja uUMajy 3HauajHy yJIOTY y TAaTOTE€HEe3W MYJITHUILIE
ckiepose (Multiple Sclerosis-MS). Konx o6onenux ox MS 3amop je jenan o Hajuemhux y3poka
HEYPOJIOIIKE OHECTIOCOOJFEHOCTH. 3aMOp €€ MOKE JaBUTH KA0 CAMOCTAJIHH CHUMIITOM aJl MOXe

Ooutu 1 MaHuQecTalyja qenpecuje.

VY 0BOj cTyauju Mepuian cMo HuBO Mokpahue kucenuue (Uric Acid- UA) y cepymy, Kao Mapkep
OKCHJIATHBHOT cTpeca u HuBO L{-peaktusHor nporenna (C — Reactive Protein - CRP) y cepymy,
Kao Mapkep HeypouHpaamanuje. Y cTyaujy je ykibydeHo 98 MS GonecHuka y ¢asu penanca u
pemucuje. Koutponny rpymny je caunmmasano 35 3apaBux noOpoBosbania. CTeneH JenpecuBHE
CHMIITOMAaTOJIOTH]e je MepeH momohy bekose ckane menpecusroctd (Beck’s Depression Inven-
tory - BDI) a crenen 3amopa momohy Kpymose ckane 3amopa (Fatigue Severity Scale- FSS).
['maBHM 1MJb UCTpaKKMBamka je O0mo aa ce ucnuTa aa a1 HuBou UA u CRP y cepymy kopenupajy
ca JIENPECHBHOM CHMIITOMATOJOTHjOoM U 3amMopoM. MS obonenu y penancy M peMUCHJU CY
uManu 3HauajHo Hiwke HUBoe UA y cepyMmy y omHocy Ha 3apaBe (236.97+9.25umol/L vs.
268.27+0.09 pmol/L vs 314.82+11.02umol/L; p=0.000). Huso CRP y cepymy je 6o 3Ha4ajHO
BumM y MS rpynu y penamncy y nopehemy ca MS rpynom y pemucuju (4.46+0.40mg/L vs.
1.01£0.38mg/L; p=0.000). Cpenme Bpeanoctu BDI ckopa cy Owire 3Hauajuo Behe xomx MS
rpyne y penancy (15.68+16.62 vs. 8.36+£7.10; p=0.045). OmncepBupana je cnaba HeraTuBHa
kopenanyja u3mehy auBoa UA y cepyMmy U mpucycTBa ocehaja Tyre, Kao M OTeXaHOT 00aBJbamba
CBAaKOJHEBHHX KUBOTHUX aKTUBHOCTH. Y OU€HA je MO3UTHBHA Kopenanuja usmely ausoa CRP y
cepyMy U JIEIPECHBHE CUMITOMATOJIOTHje, Kao M u3Mely JemnpecuBHE CHUMITOMATOJIOTHje U

3amopa (p<0.05).



Heypoundmamanuja u okcuIaTUBHE CTpeC UMajy YTHIIaja Ha 3aMop | jaenpecujy koa MS. Hmke
BpenHoct UA y cepyMy MOTYy NpEeUMIHUTHpPATH ocehaj Tyre W YTHUIATH HAa CIHOCOOHOCT
o0aBJhama CBAKOJHEBHUX JKMBOTHHUX aKTHMBHOCTH a cBako moBehame cepymckor HuBoa CRP
TOKOM peJianca, Ha OBOM TEPEeHy MOXe [ajbeé MNPEHUIUTHpPATH HacTaHak jenpecuje. 300r
MOTyhHOCTH J1a 3aMOp MpeACTaBJba MPOJPOMATIHH CUMIITOM JETpEecHje BeoMa je BakKHA HEropa

paHa JleTeKlrja U MpuMeHa a/IeKBaTHUX TeparujCcKux Mepa, Moryhe uak v aHTHIETIpecHBa.

Kibyune peum: Myntumna ckieposa, MokpahHa kucenuHa, L[-peakTUBHM NHpOTEHH, 3amop,

Jenpecuja.



ABSTRACT

Oxidative stress and neuroinflammation have a role in the pathogenesis of Multiple Sclerosis
(MS) and in depression. Fatigue is the most disabling symptom in patients with MS and could
also be a part of depressive symptomatology.

In this study we measured the serum levels of Uric Acid (UA) as a marker of oxidative stress and
C — Reactive Protein (CRP) as an inflammatory marker, in 98 patients with MS in relapse and
remitting phase of illness and 35 healthy subjects. Degree of depressive symptomatology and
fatigue were assessed with Beck’s Depression Inventory (BDI) and Fatigue Severity Scale (FSS).
Further we examined the possible correlation of these biomarkers with symptoms of depression
and fatigue. Relapse and remitting MS had a lower serum UA levels than controls
(236.97+£9.25umol/L vs. 268.27+0.09 umol/L vs 314.82+11.02umol/L; p=0.000), while sera lev-
els of CRP were higher in relapse than remitting patients (4.46+0.40mg/L vs. 1.01+0.38mg/L;
p=0.000). Patients in relapse had higher BDI scores (15.68+£16.62 vs. 8.36+7.10; p=0.045). De-
creased UA levels showed weak negative correlation with presence of sadness and disturbed dai-
ly activities, higher CRP levels positively correlated with severe depression and the correlation
between depression and fatigue was also observed (p<0.05).

It is possible that decreased UA levels lead to sadness, disturbed daily activities and sever disa-
bility. Every attack of CRP elevation in relapse could additionally precipitate the depression on-
set. The clinicians must pay special attention to fatigue early detection, because it could precede

depression and improve further treatment.

Keywords: multiple sclerosis, uric acid, C reactive protein, fatigue, depression.



3AXBAJIHULA

Kenum oa ce 3axsarum ceojoj menmopku Ilpogh. op I'opoanu Tonues wmo je nHajnpe y menu
noocmakia sxemy 0a ce 0asUM MYIMUNIOM CKIEPO30M, HA YKA3AHUM NPUIUKAMA, HA NOMOAU
0KO uodeje 3a 08y OOKMOPCKY OUCEPMAYU]Y KAO U CMPYUHUM U NPUJAMebCKUM CA8emuma Koju cy
Y KpUMUYHUM MOMEHMUMA OULU 00 U3Y3eMHO2 3HAUYAja.

3axeamyjem ce konecama ca Kiunuxe 3a neyponocujy Knunuuxoe yemmpa Kpazyjesay na
nomohu y peanuzayuju camoz UCmMpaxicusarba, nocedHo HaosopHoj cecmpu Qdemera 3a
Odemujenunusupajyhe donecmu Mupjanu Ilempoeuh koja je ca mHom Oenuna ewmysujazam u y
senuKoj mepu mu nomoana da oohem 0o yuma. Taxohe eenuxy 3axeéannocm oyzyjem Cnyaicou 3a
nabopamopujcky oujacnocmuky u op Crescanu Paousojesuhn kao u ceum xonecama Cnysicoe 3a
cHaboesarve Kpe/by U KPSHUM NPOOYKMUMA, KOju CY Me MONI0 NPUX8amuiu U NOMO21u y OUMHUM
cecMeHmuMa UCMpanicu8aykoz npoyeca.

3axsamyjem ce ceum OonecHuyuma 0601eIUM 00 MYIMUnIe CKiepo3e KOju €y NpUxeamuiu
yueuthe u 6unU 0o 0802 UCMPANHCUBAILA Y 3 FUX, 8E0MA MEUKUM HCUBOMHUM MOMEHMUMA.
Kenum 0a uspazum nocebmny 3axeannocm ceojoj npujamemuyu JJoy. op Muruyu Boposuanun
wmo mu je ouna eeiuxa noOpuika, uimo je HeceOuuHo u Oe3ycio8HO c8oje 3HArbe NOJeIuld cd
MHOM U WMO je C80JuM CIMPYYHUM CABEMUMA U CY2eCMUjama YYUHULA 08y Oucepmayujy 60/60M.
Hajeehy 3axearnocm oyeyjem ceojum pooumesmuma Koju €y MOKOM MO2 SUUEOCYECHUJCKOZ
UIKOJI08abA YB8EK NPOHANA3UNU HAYUH U 34jeOHO ca MHOM CeOUullu Moje CHO8e, C80juM cecmpama
Ihyrou u Mapunu, cecmpuuunu Tamapu Ha cnpemHocmu 0a Mme y8eK caciywiajy, ucmpne aiu u
MOMUBULLY.

Ha kpajy cee 060 ne 6u 6uno mozyhe bes bezepanuune noopuike moe cynpyea Cawie u moje hepre

Hale xoju cy ceojom wybasmy u cmpnmwerem Mom pady 0anu cCMucao.

Tloceehyjem ceojum pooumessuma
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1. YBOJ

1.1. MyaTumia ckjepo3a Kao KIMHUYKHA €eHTUTET

Myanruria ckieposa (Multiple Sclerosis - MS) je xpornyna uH(p1amMaTopHa 00JECT HEHTPATHOT
HEpPBHOI CHCTeMa KoOja ce€ MaTO(QU3MOJIONIKK KapaKTepHIle IeCTPYKIUjOM MHUjeIHHA
(memujeTMHU3AIN]OM), XPOHUYHOM HH(IAMAII]OM, TJIH030M, OIITeNCHEeM OJIUTOACHIPOIMTA U
aKCcOHa.

Jeman ox mpBUX, HE3BAHWYHHMX KELMKEBHUX onrca MS Hana3u ce y qHeBHUKY Fridriha Augusta
Estea (1794-1843), y koM je omucao CBOje CUMIITOME Y BHJYy CMarmbCHha OIITPHHE BUIA, TYIUIHX
ciuka U cnaboctu y Horama (1). IlpBe kimMHWYKE M TaTtoaHaTOMCKe ommce MS cy namm
oputancku npodecop Robert Carswell u dpanmycku npodecop maronomke anaromuje Jean
Cruveilhier 1835. rogune. Cruveilhier je y cBom atnacy ,,Ilarosomnika aHaroMmuja JbyacKkor Tema™
ormucao OoyecT Koja HacTaje 300T JereHepaldje MyTeBa y KMYMEHO] MOXKIWHU, Ha3BaBIIHU je
maparJiernja a MaToJIONIKH MPOIIEC je OMMucao Kao Mpibacty ckiepoldy. 1849. romune, Frerich je
ormucao 0OJeCT, KOjy je Ha3Bao ,,CIMHATHA CKIepo3a™ KOjy je KapaKTepucallo CMemuBame (asza
pemucHje u ersapiedanuje, MOTOpHE ciraboctu u mopeMehaj QyHKIMje KpaHHjaTHUX HeEpasa.
MeHnTaiHe IpoMeHe ce MPBU My T Ko obosenux oa MS ommcyjy 1856.romune (2).

Hajsehu nonpuHoC y onrcuBamy KIMHUYKE CIUKE, carjie/laBamy MpUpoJie U nporpecuje MS nao
je ocHHMBa4 MoJiepHe Heyposoruje, hpaHiycku nekap Jean-Martin Charcot koju je me3neceTux
roguHa 19. Beka aedunmcao IllapkooB TpHjac: CKaHIMpaH TOBOP, TPEMOP M HEBOJHHE OYHE
nokpete. 1868. ronuHe MaTOXMCTOJOUIKOM aHAJIM30M TAaHKHUX HCEYaka MO3Ta MalljeHTKUHHE

KOjy je Jseudno, youmo je omrehema HEpPBHUX BJIaKaHa Koja jeé Ha3Bao ,,IUTAKOBUMA®,



nponudepannjy TaujaTHUX BIaKaHa W MEPUBACKYJIApHY aKyMmyJaiujy Qaromura y3 odyBame
akcoHa. bonecT je Ha3zBao ,,sclerose en plaques® (2, 3).

1873. romgune, enriecku Heyposjor Walter Moxon mo mpBu myT u3aBaja MS kao 3aceban
KIMHUYKK eHTuTeT. dpaniycku HaydyHuk Louis Ranvier je 1878. rommHe OTKpHO W OmMHCao
MHUjEIMHCKU oMmoTad, a 1879. Hemauku Heyposior Fromann omucyje AeMHUjeTUHU3ANMN]Y Kao

OCHOBHY ITaTOXKMCTOJIOMIKY KapakTepucTuKy MS (3).

buorexHonomku pazBoj TokoMm 20. Beka pe3yiTHPAO j€ HHTEH3UBHUJUM HCTPAKUBHHMA,

I[CTaJ'bHPIjHM OIIMCHUBAKBEM U KOMHHCKCHI/IjI/IM cxBaTtameM MS.
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1.2. EnuieMuos10ruja v eTuoJIoruja MyJTHILIE CKJIepo3e

Benuku 3Hauaj MS ornena ce Hajupe y YMBEHUIM J1a ce Hajuyemhe jaBiba KO MJIauX OApaciux
ocoba, a ycliel IyrorojvIilker Tpajakba M IPOTPECHBHOI TOKa IpeicTaBba Hajuemthe
HETPayMaTCKO OHECIOCO0JhaBajyhe HEypoJOmIKO 000JbeHe Yy HAJIPOTyKTUBHUJEM >KHBOTHOM

700y IITO MMa 3HaYajHE UMILUIMKAIIM]e Ha Pa3IMUUTEe CErMEHTE KUBOTa 000enux (4).

Hanac ce mpouemwyje aa je 6poj obonenmux ox MS y cBery oko 2,5 munuona, y EBponu oko
500.000, Amepunu 750.000 (5, 6). Manuaenna MS je HHCKa y NETUECTBY, pacte mocie 18.
TOZIMHE JKMBOTA, MUK JOCTIKE u3Mehy 25. u 35. roanHe )KUBOTAa HAKOH KOTa MOCTETEHO OMaja,
na ce Ooznect perko jaBiba HakoH 50. roxuue sxuBota (7, 8, 9). Ilpema HemyOIMKOBaHHM
nonanuMma Peructpa 3a MS Beorpana, npeaneniimja MS Ha kpajy 2010. rogune u3HOCHIA je
oko 60/100.000. Pesynratu uctpaxkuBama obOjaBibeHor 2011. roguHe moka3anu Cy BpPEIHOCT
npesaienuuje on 64,9/100.000 y HlymanujckoM oKpyry a y 37maTHOOPCKOM OKpYry mpema
nonanuma u3 2006. roqune 57,1/100.000 (10, 11). ocagamme cTyauje cy mokas3ane Ja jKeHe
uMajy Behu pusuk obospeBama o1 Mymikapana (12, 13).

Bumenenenujcka ucTpakuBama O €THOJIOIIKUM (akTopuMa ykasyjy Ja je MS KoMIuIeKcHa,
MynTH(aKTOpHjaTHa O0JIECT KOja HacTaje Kao IMOCIeAMla MHTEpaKldje TeHeTCKUX U (akTopa
CHOJbAIIE CpeNuHe (BUPYCH, YATPABHOIETHO 3pauewe, mymemne) (14, 15). ['enercky ocHOBY
OojecTH TOJpKaBajy UYUIEHUIIE Ja j€ PU3HK 000JbeBamba BehM KOJA 4IAHOBA MOPOJIUIIC
obonenux ox MS Hero y ommrToj HOMyJalujH, MOjeJUHE pace U eTHYKE Ipyle UMajy Mamy
CKJIOHOCT Ka 000JheBamy, Beha je cToma KOHKOpAaHIle KOJ MOHO3MroTHUX OmmsHama (13, 16,
17). docanamima reHeTcka HCTpaXuBamba Cy Mokaszana Jia Mpeanucno3niiyja 3a pa3soj MS 3aBucu

O]l BHILE HE3aBHCHUX MOJUMOPPHHUX IeHa U HUXOBE MHTEpPAKLHUje, NMPH YeMy CBAKd OJ HUX
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nojeauHaYHO nMa Manu win ymepeH edekar (18). HLA-DR2 u HLA-DQ anenu y okBupy apyre
kaace HLA rena Ha 6. XpoM030My Cy TMOBE3aHH ca pu3nkoM obosbeBema (19). Genome-wide
association studies- GWAS cryauje koje ce 6aBe HCITUTHBAKHEM TEHCKUX MOJUMOPQH3aMa 1eIor
reHoma cyrepume ga npeko 100 renckux jokyca BaH HLA rena, xoju umajy pazinduTe
UMyHOJIOUIKe (YHKIUjEe U OATOBOPHU CY 3a Pa3BOj APYTUX ayTOMMYHHX OOJecT MOry MMaTu
3Ha4YajHy yJIOTY y TeHEeTCcKoj ocHoBU MS (20, 21).

Kox renercku npeaucnonupanux ocoda, ytuiaj oapeheHux pakropa Crosballbe CpeInHe MOXKe
JIOBECTH JI0 ayTOUMYHE peakiiyje, HeypouHpiaManuje v mocaeaudHe qeMujennau3anyje (22).
Hectpykuuja mujenuHa y MS je mnocrienuua ceKyHIapHe ayTOMMYyHE peaklidje OpraHu3Ma y
YHjOj OCHOBH j€ MEXaHHM3aM MOJIEKyJapHe MHUMHUKpPHje KOJU HAcTaje yClel CTPYKTypHE
CIIMYHOCTU U3Mel)y cTpaHMX, €er3oreHHMX aHTUI€Ha U MPOTEHMHA Yy OpPraHu3My, T€ aKTHUBHpPAHU
UMYHH CHUCTaM JOBOJU JI0 JAECTPYKIUje concTBeHOor opranusMa (23). Kao ersorenu tpurepu 10
caja Cy HajBHIlIC MCIIUTHBAHKU BHpycH Mely kojuma HajBehy maxksy mpusiaun Epstein-Barr vi-
rus (EBV) (24, 25). Tloka3ano je na nH(EKIrja OBUM BUPYCOM Y OAPACIOM KUHUBOTHOM 00y
IpesicTaB/ba KJbYUHHU (hakTop pusMka 3a HactaHak MS (6, 26). HenaBHa meTa-aHanusa Koja je
oOyxBaTuia 18 KIMHWYKHMX CTyJWja je ToKa3ajga Jla pellaTUBHM PHU3UK 3a pa3Boj MS mocie
npenexkane WH(OEKTUBHE MOHOHYyKIIeo3e u3Hocu 2,17 (27). O6onenu onq MS umajy moehan
tutap IgG anTuTena koja nenyjy Ha crnenuduyHe nentuaHe peruone EBNA-1 npotenna, a xoja
YKPIITEHO pearyjy ca MujeIuH 0a3HUM IpOTeHHOM (28).

Enmunemuononike cryauje cy ykaszaie na je mpeBajieHIia oojiectd Beha y pernoHmma Koju cy
yIaJbeHUJU OJ €KBATOpPa, IITO je TOBE3aHO Ca CMAKEHOM EKCIIO3HIIMjOM CYHUYEBO] CBETIIOCTH
(29). Ilperxomna H3JI0KEHOCT CYHYEBOj CBETJIOCTH € WHBEP3HO IOBE3aHA Ca PU3UKOM O]
pa3zBoja MS (30). Takohe uznarame cyHIly je 3Ha4ajaH (HakTop y CUHTE3W BUTaMHHA | KOjU UMa

Moryhy NmpoTeKTHBHY YyJjory y HactaHky Oosiectu (31). CMmameHa Npou3BOAKHa U MamkU YHOC
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OBOT BHUTaMHWHA Cy TJaBHU MEXaHU3MHU KOjU oOjamnmaBajy moBehan pusmk obOosbeBama Mel)y
JbyJIMMa KOJH Cy Mambe U3JI0KEHH YIATPABUOJIETHOM 3padey (30).

[Tocnenmux ronuna, cBe Behu 6poj ayTopa pazMarpa mymielkhe Kao 3HavajaH (akTop pu3HKa 3a
Hactanak MS (32, 33). [lymaun umajy 1,5-2 myta Bummm pusuk 1a ooosie o MS y nopehemy ca
HemyImaynma, Behu pusuk o mporpecuje 6onectd u Behu crenen moxxnane arpoduje (34, 35,
36). HukotnH mMa qUpeKTHU MTETHU eekar Ha KpBHO MoXkaaHy Oapujepy (Blood Brain Barri-
er- BBB), moBehaBa HHBOe WHQIaMaTOPHMX Mapkepa, yTHYe Ha aKTHBHOCT MAaTPUKCHUX
npoTeasa, JOBOJIH JIO TIOpacTa KOHIEHTpAIMje a30T MOHOKCHIA KOjU Y3pOoKyje omTeheme akcoHa

(33, 37).
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1.3. IlaTorene3a MyJITHILIE CKJIEpO3e

1.3.1. Heypoundaamanuja u OKCHIATHBHHU CTPeC

Heypoundgnamanuja 1 OKCUAATUBHU CTPEC Cy BEOMa BaKHU eJieMeHTH natoreHeze MS. Cmarpa
ce Ja MHUIMjaTHu aoraha) y HacTaHKy OOJIECTH MPEACTaBsba JCIOBakhe HHPEKTHUBHOT (DaKTopa
W3 CTOJhAIIbE CPEHE HAKOH Yera Ha nepudepuju M0J1a3u 0 aKTHBAIMje ayTOPEaKTHBHUX,
nupkyumyhux CD4+T numdonura, koju ce nmotoMm audepennupajy y nomohuuuke T henuje
(T helper- Th') - Th-1 u Th-17 henuje, koje UMajy KIbY4HY YJIOTY Y Pa3IHKOBamy ,,CTPAHHUX
tena* on henuja conctBeHor opranuzma (38, 39, 40). [docamamma ucTpakuBama Cy mokasana,
na cy xox ob6onenux ox MC oBe henuje KOMIpOMHTOBaHE U Aa JUMMOIUTH ,,IIPETO3HA]Y"
MPOTEHHE MHjEIMHCKOT OMOTadya Kao CTpaHe IITO MOCIECIWYHO JOBOIM J0 JAECTpyKIHje hemmja
COTICTBEHOT oOpraHu3mMa u jaemujenunuzanuje (40, 41). Jeman on KbYYHUX, paHUX,
naToreHeTckux norahaja je mopemehaj nepmeabunnoctu BBB jep unrakrHa BBB cnpeuasa
ynazak T numdonura y nentpanau HepBHu cucteM (Central Nervous System —CNS) (42). [a
6u T henuje mpouute BBB HeomnxonHa je uHTepakiyja aTXe3MOHHX MOJIEKyJla aKTUBHPaHHUX
nmuMdonnuTa W EHAOTeTHUX henmMja KpBHHUX Kamuiapa Oapujepe. ATXE3UOHU MOJEKYIH
omoryhaBajy npubyOsbuBame TuMdonUTa KOju Op30 Mpoja3e KPBHOM CTPYjOM, Ha €HAOTEITHE
hemmje (43, 44). 3a tpancmurpammjy aumdornura y CNS BakHa je W €KCIIpecHja mpoTeasa,
HAapOYUTO MAaTpUKC-METAoNpoTeasa 3a KoOje ce cMmarpa Ja HMajy BaXkHy YJory y
nepmeabmnHoct BBB (45). IlpoaykiinjoM XeMOKHHA, aCTPOIUTH HMA]y yJIOTY y NMPUBIAYCHY
T mumdorura y CNS. Ocum Tora Ha oBUM henmjama Cy €KCIPUMUPAHU aTXE3WBHH MOJICKYJIH

ICAM u VCAM mrto nogatao omoryhasa murpanujy aumdormura y CNS (46). Hakon ymacka
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aktuBupanux T hemuja y CNS, nokanne antureHn npesentyjyhe henuje kao mro cy makpodaru
Y MHUKPOTJIMja MPE3eHTY]y ayTOAaHTUTEH, TPOTEHHE MHjeINHA-MU]jeIuH 0a3HH MPOTEHUH, MH]jEITNH
OJIUTOZCHIPOLIUT TJIMKOMPOTEUH, MIPU YEMY MEXaHU3MOM MOJEKyJapHe MUMHKpPHjE A0ja3u 10
peaktuBanje T mumdorura (47, 48). T henuje nponudepunry, b henuje casperajy y miazma
henmnje koje TPOAYKYyjy aHTUTENAa, JOK OJf MOHOIIMTA II0CTajy AaKTUBUpPAaHU Makpodaru.
PeaktuBammja T hemmja y CNS y3pokyje Npoaykiujy NpouH(IaMaTOpHUX MeaujaTopa:
unrepineykun-12 (IL-12), unrtepieykun-23 (IL-23), unrepdepon rama (IFN-gama), daxrtop
Tymopcke Hekpo3e anda (TNF-alfa), anTutema, mporease, riayramar, a3oT OKCHI H Ipyre
nporH(IaMaTOpHE YHHHOIIE KOjH TOTPHHOCE ACMHUJEIMHU3ANM]H W HeypojereHepanuju (49,
50). UcroBpemeno, y yciaoBuma HeypouHpuamanuje, CD4+ mumdbonuTtu ce mudepeHnupajy y
Th2 henuje koje mponudepuiry U cekperyjy aHTHHHGIaMaTOpHE, PEryJIaToOpHE ITMTOKHWHE
unrepneykun-4 (IL4), unarepneykun-5 (ILS), unrepneykun-13 (IL13) u  Tpanchopmuiryhu
dakTop pacra 6era (TGF beta) ca cynpecuBHUM edeKTOM Ha MMOKPEHYTH UMYHCKH oaroBop (51,
52, 53) . Ilpomudeparnuja npourdramatopuux CD4+ u nurotokcnunux CD8+ T henuja moBoau
70 MMYHCKH TOCpenoBaHOr omrTehema MHjelnHa, OJUTOJSHIPOIUTa U aKCOHA, IUTOKHHCKH
nocpezoBaHor omtehewa riujanHux henuja, AUrecTHje MOBPIIMHCKUX MUJEIMHCKUX aHTUT€HA
nyTeMm Makpodara u gupekTHor omrehewa onuroaenapouuta CD4+ 1 CD8+ T henmjama (54,

55).

Jlocanmamma MCTpakuBama Cy TMoOKasaja Ja jé aKyTHO omrTeheme akcoHa Haj3acTYIUbCHH]E y
MOYETKY OOJIECTH U J1a ce cMambyje TokoM BpemeHa (56), npeBep3nOuiHa omrehema akcoHa Cy
Hajuemrha y mosbuMma akThBHE MH(Iamanuje (57), ka0 W J1a aKCOHAIHO omTeheme MpPUMapHO

oapeljyje kacHH]jy oHecrmocobsbeHoCT (58).
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Jlo HemaBHO je mpeoBiagaBajio MUNUBEHE Aa j¢ MS ayTonMmyHa OOJIECT KoOja je MocpeaoBaHa
uckibyurBo T mumdouutuma. MelyTum, HOBHja UCTpakMBamba Cy HEABOCMUCIIEHO MOKa3ana /a
b mumdornuTu Takohe uMajy 3HauyajHy yJIOTy y maToreHe3u 0oJsiectd u HeypouHpaamanuju (59).
Cee Behu Opoj okasza uje y npujor yumbHUIM J1a b nuMdonuTn gompuHOce 3amnabeHCKOM
mpouecy y CNS kpo3 pa3nuuuTe MeXaHH3Me: Kao H3BOp AayTOAHTUTENAa Ha pazIuuuTe
KOMITOHCHTE MH]jCJIMHA, aKCOHA ¥ HEypOHa Y3pOKyjyhu nemujenuHusaiujy u omreheme akcoHa,
Kao aHTUTeH mpe3eHtyjyhe henwje 3a ayropeaktuBHe T mumdonure, kao peryinatopHe henuje
KOje MpOoAyKyjy HMTOoKMHe W Moxayiupajy T hemujcku omroop (60, 61). Y MenuHreama
nanujeHara ca MS ce mory Hahu nmuM@HE arperatu Koju caapxke b nmumdornure u Goaukyicke
nenapurtcke henuje. [TocTojame OBUX CTPYKTYpa je TIOBE3aHO ca PaHUjUM pa3BojeM O0JIECTH H ca
TEKOM KJIMHUIKOM CITUKOM (62).

TokoM HeypouHbnamanuje HCTOBPEMEHO Jojla3u 10 TmoBehaHor cTBapama pPEeaKTHBHHX
okcureanx (ROV) u peaktuBHHX HHTporeHux Bpcta (RNV) m cMamema aHTHOKCHIATHBHOT
KarmaiyreTa Mo3ra IITO pe3yJiTHpa CTamkeM IMO3HATHM Kao OKCHAATHBHU/HUTPOTCHH ,,CTpec’
(ROS/RNS) (63). YV oBuM ycrmoBuMa J0ja3d 110 MPOAYKIHM]E CYNEPOKCHI aHjOHAa, a30THOT
okcuma (Nitric Oxide-NO) wu mnepoxcunutputa (64). CNS mnpoaykyje Benuke KOJTHIHHE
CYNEepOKCHIa U BeoMa je OCeTJbUB Ha oKcumaTuBHO omTeheme (65). OMUroaeHAPOIUTH UMajy
HU3aK HUBO aHTHOKCHUJATHUBHE oA0paHe MTO WX mpenoapelyje 3a oKCHAaTHBHO ommTehema, a
MH]EJIMH 300T BUCOKOT OJTHOCA IMTPOTEUHA M JIUTIH/IA MOKE OMTH MeTa 32 OKCHJIATUBHO OITeheme
(66). NO ce Besyje 3a eH3UMe YKJbYYEHE Y MHTOXOHJIPHjaIHH JIaHAIl TPAHCIIOPTA EJICKTPOHA,
UKITyC TpuKapOoHCcKuX kucenuHa u cuate3y DNA (67). Cunterume ce mo aktuBaimju NMDA
perenTopa 1 y MUTOXOHIpHjaMa HHXHOUpa pecMpaTOpHH JaHall ynMe oHeMoryhaBa henmjama

na ce 6ope mpotuB okcuaaTuBHOT cTpeca (68). [To3uaro je 1a NO 1 meroBu aepuBaTH MOTY
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OJIOKMpAaTH TPOBOAJBMBOCT y LEHTPATHUM U TepuepHUM aKCOHMMA, HajBEpOBATHH]E
apekTHUM eekTrMma Ha joHcke KaHaie (69). Jlocamamme cryauje cyrepuiny aa 'y MS mocroju
noehana mpoaykuuja NO yuyrap MS nesuja (70). Ycnen mosehane mpoaykimje, NO 6p30
pearyje ca CylnepoKCHIOM U CTBapa MEPOKCUHUTPUT KOjU je 3HA4YajHO PEaKTHUBHHU]U OKCHIAHC O]
cBojux npekypcopa (71). Ilepokcunutpur ormrrehyje 6pojHe OHOIIONIKE MOJIEKYJIE M CMaTpa Ce
MapKepoM OKcHAaTUBHOT ormrehema (72). MexaHu3Mu HBEroBor jaejioBama cy: omreheme DNA
JIaHIla, TPOTEMHA, WHAYKYje TMEePOKCHIALM]y JUIMUA, OKCHUIAIM]y €eH3MMa Ha 0a3aliHoj
MeMOpaHu MUTOXOHJIpH]a y3pokyjyhu nmopemehaj mepmeaObmMTeTa MUTOXOHIPHja IITO JTOBOJIH
no cmpru hemuja amomro3om (73, 74, 75). Taxole, MEPOKCHHHUTPUT Y3POKYje JTOMIBEIHE
nojequHayHuXx DNA nanana yHytap henuja, a xao hemujcku oaroBop Ha oBO Moke Jgohm 10
omrehema eneprerckor Merabonusma (73, 76). Omreherme MUTOXOHAPH]ja MOKE JOBECTH 0
cMpTH henmuja u HEKpo3oM 300r npekuaa hemujckor meraboiu3Ma W omrTehema WHTErPUTETa
memOpane (77, 78). 3ajentHo ca APYruM CIO0OIHMM paavKalinMa Bepyje ca Ja uMma yjory y
uHbIaMaIHj|, JeMHjeTHHI3aNNjU 1 omTeheny akcoHa koju ce gorahajy y MS (79). PeaktuBHe
OKCHJATUBHE BpPCTE Takohe MHAYKY]y mpoiudepalrjy ¥ akTUBAIM]y acTPOIUTa, MUKPOTJIHjE U
T numdonuTa 1 y3poKyjy ayTOUMYHCKH nocpenoBaHo omreheme Tkua y MS (80, 81).

Ha ocHOBYy nocamammux HCTpakuBamkba MOXKE C€ 3aKJbyuWTH Ja Cy HeypouHpiamainuja u
OKCHJATHBHHU CTpEC JBa MaTOT€HETCKa IMpoIeca Koja ce CUMYJIaTaHo JemaBajy y MS npu uemy
ce MelhycoOHO WHIyKyjy W TeACTaBibajy ,.circulus vitiosus® (63). [lpucycTBo moBHIIEHHX
BPEHOCTH MapKepa OKCHIATHBHOT CTpeca CHAXKHO je TIOBE3aHO ca TOBUIICHWM HHBOOM -
peaktuBHOT mpoTerHa y cepymy ( C Reactive Protein -CRP) (82) koju mpeacraBiba mapkep

HeypouHdmamanuje (83) u Mapkep mporpecuje 6oaectu koa odonenux og MS (84, 85).
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Kao mocneauiia HaBeneHuxX mporieca y MO3ry Ce jaBjbajy MoJba (OKaHEe JeMU]jeTMHA3AIN]e Koja
Ce Ha3WBajy IUIAKOBU a y KOjUMa IOCTOJU PA3JIMYHUT CTETCH 3alabema, rino3e u omrehema
akcoHa (86). Y akyTHUM IJIakOBMMa Cy TpucyTHe mH(pIamatopHe henwje, nmpegoMuHaHTHO T
TUMQOIUTH M TEPUBACKYJIAPHH €lIeM, TOCTOjU MaplyjaiHa WIA KOMIUIETHA JECTPYKIUja
MUjelIMHa, YIJaBHOM OYYBaHM aKCOHM W TyoOuTtak onuroaeHzapomnuta (87). Y XpOHHYHHM
aKTUBHHUM TUIAKOBHUMA JOMHUHHpA [IEHTPAIHA IJIH03a U OJHMTOJCHIPOIUTH KOju Cy pacnopehenn
nepudepHo (88). OBakaB pacrope] OJMTrOACHAPOIUTA HC Y IPUWIOT peMHu]jenuan3anuju. HoBuja
UCTpaKMBama Cy MOKa3ala Jia MO3aK HMa ClIOCOOHOCT HEYPOIUIACTHYHOCTH Tj. 1a HEpBHE henwmje
MOTY Jla C€ PEereHEepHIlly U Jia Ce CHMYJITAaHO ca HeypoHuH(pIaMalljoM W HEypOJereHepalnjoM
onBvja W Tmporec pemujenuHuzanuje (89). MoryhHocT penapamnuje MHjeIUHCKUX henuja
(peMujenMHM3aIIMja) ©Ma BPJIO BaXKHY YJIOTY y npupoaHoM Toky MC y mepuoauma pemucuje,
iy OWTHA YMILEHUIIA j€ J1a TOKOM BpEeMEHa ayTOJCCTPYKTUBHU MEXaHH3MH mpeoBnal)yjy Han
permapaTuBHUM IITO TOCIEIUYHO JIOBOOM JO upeBep3uOmwinux omrehema wmosra (90).
XpOHWYHH, HEAKTHBHH IIAKOBHU CY jaCHO OTPAaHUYCHU OJI OKOJIHOT TKHBA, y IIEHTPAITHOM JICTY

JIOMHUHHpa acTpOrjino3a, OJUI0IeHIPOLUTH HICY MPUCYTHU a MOCTOjU 3HayajaH TyOUTaK akCoHa

(88).

NMmyHomaTonomke CTyAuje aKTUBHUX JIEMHjCITMHU3AIMOHUX Jie3dja yKalyjy Ha wmoryhe
MOCTOjar€ BUIIIE TUIIOBAa TKUBHOT OmTehema W HAa BEPOBATHY IMATOTCHETCKY XETEPOTCHOCT Y
IBUXOBOM HacTaHKy. OmmcaHa Cy YeTUpH THIA JCMHjeIMHU3AIMje Ha OCHOBY BEIMYUHE U
toniorpaduje TIaKoBa, TyOWTKAa TPOTEMHA MHjEIIMHA, TMPOIMAJamka OJUTOJACHIPOIUTA H
JICTIOHOBakba HMMYHOTJIOOYJMHA H KoMIuleMeHata: Tum 1 je jaeMujenuHU3alMja Koja je
nocperoBana T nmumdonutuma u Makpodaruma, TUN 2 je TOCpPelIOBaHA AHTUTEIMMA, THI 3

KapaKTCpUIIC AUCTATTHA OJII/IFOIIGHI[I)OFJII/IOHB.TI/Ija ca aromnTro3oM, Kao Moryha nociacauina
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UCXEMHUje WU JIeJoBamka TOKCMHA, THUN 4 KapakTepulle MpHMapHa JereHepalyja
OJIUTOJICHJIPOIIMTA Y YHMjO] OCHOBH CYy T€HETCKa MPEAMCIO3UIMja Wi Moryh wmeTaboaudku
nedexr (91). YrBpheHo je nma kom jemHor OOJECHUKA YBEK IIOCTOJU CaMO jE€laH THI
nemujenuHuzanyje (86).

Haxko ce Jie3uje pa3inuyuTe CTApPOCTH M PA3IMYUTOr MATOJOMKOT npoduia mory Hahu y Owito
koM siery CNS, oHe cy yrilaBHOM JIOKIM30BaHe y 0€JI0j MacH MO3ra U KHYMEHE MOXKIIMHE, Maia
HOBHja HCTpaXMBama YyKalyjy M Ha 3axBaheHOCT cuBe Mace M KopTekca wmosra (92).
[Ipenunexnnona MecTa Cy MEPUBEHTPUKYIIAPHH TPOCTOP, JYKCTAKOPTUKAIHH TPOCTOP, ONTUYKH

HEpB, XHja3Ma, MOKIaHO CcTa0JI0, IiepedenyM, epBUKaTHa KHIMeHa MoXkauHa (93).

[TaToduznomnomku, 1eMujeIMHA3AIM]a JOBOIAH J0 CMamkemkha Op3uHe CripoBohema UMITysica Kpo3
akcone. Texa omrehema MHjEeTUHCKOT oMOTada cy npaheHa CHIKEHOM MPOBOJBHBOIINY
HEPBHUX HMITyJICa WIA KOHIYKIMOHUM OJIOKOM INTO 3a I[OCIEeAUIly HuMa TyOUTaK

¢byHkunonamgHe cnocoOHocTH (94).

[Touerak GomecTu MPETCIKHO KAPAKTCPUIIC 3allaJbCHCKU IPOLCC Yy CNS u HacraHak (I)OKaJ'IHI/IX
AKTHUBHHUX J'IC3I/Ija 0K Yy KaCHI/IjI/IM (ba3aMa AOMHUHUDPA HeyponereHepaqua U IIPUCYCTBO

XPOHUYHUX, NHAKTUBHUX Jie3uja (95).
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1.3.2. Yiora mokpahHe kucelnHe y OKCHAATHBHOM CTpecy

Mokpahna kucemuna (Uric Acid ~UA) je BaxxaH eHJOT€HU aHTHOKCHIAHC U MPEJCTaBJba MPBY
JTUHUjY og0paHe ox omrehema HaCTa X JICIOBAKEM PEAKTUBHUX OKCHUTCHUX BPCTA, LITO Cy U IN
vitro u in vivo cryauje nokasane (96, 97, 98). UA je nepuBaT mypuHa, HacTaje JAcaMUHAIIM]OM
aJicHUHa U TyaHHMHa. Y OpraHu3My ce JeaMHHall{ja OJBMja O] JI¢JCTBOM €H3MMa a HacTajlu
npoayktu ce okcuayjy no UA. YV sbyackom opranusmy asneBHo Hactaje 0.5-1g UA. Omna je
ciaba 1B0Oa3Ha KUCEIUHA, c1abo pacTBOpPJbUBA y BOJH, J0OPO pacTBOPJbHMBA Y 0a3HO] CPEIUHU
Kajaa rpaau conu, ypare (99).

Hwxu cucapu nocenyjy eH3UM ypaT OKCHAa3y KOjU Karanusyje nperBapame UA y amaHToOMH
KOjU HEeMa aHTHOKCHJaHTHa cBojcTBa. KoJ Jbynu je eBOIyLMjoM OBaj €H3UM U3ryOJbeH Tako Ja
UA npezcatiba Kpajibi OKCUJAIIMOHH MIPOAYKT MeTa0oa13Ma IypuHa. Y HOpMaJIHUM YCIOBUMaA
UA ne nmponazu BBB (100).

IIpe nBe neuenuje je mokazaHo Aa je UA ,uncTau® NEepOKCHHUTPUTA M J1a TIOHUINTABA HETOBE
tokcnune edekre (98). Kako cy y MS HeypomH(diaamaimja M OKCHIATHBHH CTpec OWUTHHU
YMHUOILIM Y TaTOreHe3u OOJIECTH, U ¢ 003MpOM Ha YMH-EHUILY Ja aKyTHO] (hazu O0JiecTH J0ia3u
1o nosehane mponykiuje nepokcuHuTputa u omrehewe BBB koje omoryhasa ymazak UA y
CNS mpernocraBibeHo je na je kox obomenux on MS HuBo UA y cepymy cHuxkeH. Y
MOCTeIbUX JeCeTaK roJlMHa He TaKo BEJMKHU Opoj MCTpakuBama ce 0aBHO eBallyalldjoM HUBOA
UA y cepymy kox obosnenux og MS. Ilojenunu ayTopu cy oOICepBHUpaiu Ja Koa 00O0JIenuX Of
MS nocroju Huzak HUBO UA y cepyMy Kao U Jia Cy H€HH HUBOW BapHjaOWIHH Y Pa3InYUTHM
knmuHUIKUM Qopmama Gonectu (101, 102). Omreheme BBB je y kopenmamuju ca HIKAM

HuBooM UA y cepymy, a Metuinpeanucosion (Methylprednisolon -MP) nosehaBa weH HUBO
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(103, 104). JMocanmamma Hay4dHa ca3Hama IMOAPKaBajy XHUIOTE3y Jga cy MS W ruxr
(XumeppyprkemMuja) TOTOBO MCKJbY4YHMBa 000JbEHha IITO OM 3HAYWIIO Jia TIOBHUIICHE BPEIHOCTHU

UA wmrtute ox Hactanka MS (98).
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1.4. KnuHn4KkH (peHOTHIIOBH M KJIMHUYKA CJIMKA MYJITHILIE CKJIepo3e

Tox MS je HenpensuauB u Bapujabuiad. Ca jeHe cTpaHe Hajla3e ce MaIlMjeHTH ca OSHUTHUM
TOKOM Oostectd kKoju u mocie 15-20 rogumHa Tpajama 00JECTH HeMajy 3HadyajHy HEYPOJIOIIKY
OHECTIOCOOJLEHOCT, JIOK CE ca Jpyre CTpaHe Haja3e NalWjeHTH KOJ| KOJHUX Ce TOCie camo
HEKOJIMKO MECeI jaBJba Op3a mporpecuja 00JIecTH, TelIKa OHeCIOCO0JbEHOCT U CMPTHH MCXO]I.

OBakas Tok ce Aedunumie kao maauraa MS (105, 106).

1.4.1. Knuunuku gome MyJaTHILIE CKIIEPO3e

MS ce mnpeseHTyje Kpo3 ueTHpH KIMHHMYKa (eHoruma: penancHo-pemuTeHTHa (Relapse-
Remitting — RR), cekynaapuo-nporpecuBna (Secondary Progressive- SP), mpumapso-
nporpecuBHa (Primary-Progressive- PP) u mporpecusHo-penarncha (Progressive Relapsing- PR)

(107) MS.

RRMS ce jaBma kxox 80-90% Oonechuka ca MS. OcHOBHAa KIMHHYKA KapaKTEPUCTHKA OBE
dbopMe OoiiecTu je cMEemHBamkEe MEPHOAA peliarica Win erzapiepbaiuja u nepruoaa JIeTUMUIHE
WIH TIOTIYHE pemucHje Oosectu (mepuonu 6e3 teroda). Penarc (er3apuepbanuja uam arak) ce
neduHUIIe Kao TMojaBa HOBHX, WIHM TMoropmame Beh mocrojehnx HEypoNomkux ucnaga y
oJICycTBY HH(EKIMje WIM TIOBHIIEHE TEJIeCHE TeMIeparype (IceymoaTraka), a KOju Tpajy
HajMame 24 gaca (108). [Tapokcu3maHu CUMIITOMH KOju Tpajy Kpahe on 24 gaca ce HE MOry
cMmaTpaTtu arakoM. Penaric o6uuHo Tpaje ox 7 mo 30 maHa, MOXe TpajaTH U JyXe, a CUMITOMU

KOjU ce jaBJpajy yHyTap 30 maHa oJ] modeTka araka cy Jeo ucror penarca. [la 6u ce iBa
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HeypoJiomika jorahaja cMarpana oABOjeHUM peliaricuMma, u3Mel)y \UX Mopa J1a npohe HajMame
30 mana (109). KnuHUYKY CUMITOMH KOjU CE€ jaBJbajy TOKOM er3apiepOainuja cy MOCieanula
aKTyeJgHe, aKTHBHE HEypoWH(IaMaljeé ¢ TMOCICIAYHOT AaKyTHOT JIeMH]SIIMHU3AIMOHOT
omrehema. Perpecujom mH(pramaiuje, peMujeIMHU3ANN]OM U IUIACTHYHOM PEOPTaHU3AIN]OM
HACTaje MOBJIAYCHE WM MUPOBAIE HEYPOJIOMIKKX CUMITOMA Tj. pemucHja. [Ipoceuna roauiima
ctoma penarnca je 1.1 a Tokom Tpajama 6o1ecTu uMa TeHIEHIN]y cMamuBama (110). YV mouetHuM
¢azama MS yriaBHOM /10134 JI0 MOTIYHOT ONOpaBKa 0OJIECHUKA HAKOH artaka. Melytum Tokom
BPEMEHA pEJIaliCH Cy YIJIABHOM YUYECTAIUjH NPHU 4YeMy J0ja3d 10 JCIMMUYHOI OIOpaBKa
0oJecHHKA U aKyMmyJaluje HeypoJomkor nedunurta. Hakon 6-22 ronuHa tpajama 00JIecTH KOl
40-80% obonenux OosiecT mompuMa mporpecuBHU TokK. OBakBa Qopma Oonectu ce HazuBa
SPMS, KIMHHYKA C€ KapaKTepHIle OJCYCTBOM TIEpHOJa PEMHUCHjEe U MPOrPECHBHOM
aKyMyJaIjoM Heyposomke onecrnocoOsbeHotr (111). Xponwunu uHpIaMaTOpHU TpoIeC y
HEPBHOM CHUCTEMY BPEMEHOM JIOBOJIH JI0 M3paKEHUje HeypoJIereHepaluje 1j. omrehema HeypoHa
u jaudysHor omrehema akcoHa KOje MMa KJbYYHY YJOTY y HACTaHKY Iporpecuje 00JecTH U
aKyMyJaIuju Heypodomie oHecrnocoobeHocTr (112). BonecHunm ko Kojux oj camor movyeTka
00JIeCTH MOCTOjJH MPOTPECHBHA aKyMyJalyja HEYPOJIOMKOT Je(UIUNTa TOKOM HajMame TOAHHY
nana umajy PPMS. Oa dopwma ce jaBma y oko 10-15 % ciaygajeBa. Ako ce Ha Tepeny PPMS u
SPMS jaBipajy pernarcu TOBOPUMO O IMPOTPECHBHO-PENANICHO] (hopMu OOIeCTH Koja ce jaBiba y

Mame o1 5% obonenux (107, 112).

Knuanuku uzonoanu cunapoM (Clinically Isoleted Syndrome- CIS) npencraBiba MHUIIHjATHY
eMn30/ly MYJITHILIE CKIIepo3e, KOjy KapaKTepuIlly IIpOMEeHe Ha MarHeTHOj pe3oHaHIm (Magnetic
Resonance -MR) koje cy cnenuduyHe 3a uH(IAMATOPHO AEMH]jeIMHU3AMOHO 00osbeme CNS.

ITo nepunuiuju, CIS je MmoHodazHu norahaj Tj. H30J10BaH je y BpeMeHy. Moxke noyeTu
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MOHO(DOKaTHO (M30JI0BaH y mpoctopy), win y 10-15% cioyuajeBa Moxke uMatu MyJaTU(GOKATHU
moveTak kaja je 3axBaheHo Bumie ¢pyHKuoHamHuX cuctema. CIS Moke 1yro ocTaTH U30J10BaH y
BPEMEHY HApOYUTO aKO Ce€ MPEe3eHTYje y BHIY HWIAMOMATCKOT OINTHYKOI HEYPHUTHUCA WIIH
mujenutuca (113). Hapennu penanc koju cyrepuine KIMHAYKA NeHUHUTHBHY MS MOXke ce
JaBUTH 32 HEKOJIMKO MECEIM MJIM HAKOH HEKOJIMKO TOAMHA. Y MOCIeAmHuX 15 roanHa, eBoIyIuja
JIMjarHOCTHYKUAX KPUTEPHjyMa je 3HATHO CMamujia BpeMe MOTPEOHO Ja ce MOCTaBH JHjarHO3a
nepuHuTHBHE MynTUIuie ckiepo3e HakoH CIS. Oko 80% 6onecuuka ca CIS, koju Ha MR umajy
nemujenunuzanuona omrehema y CNS pasBuja MS. BepoatHoha konepsmje CIS y MS
uzHocu oko 60% (114). Unentudukanuja opux O0JIECHUKA j€ O] BEIMKOI 3Hayaja 003UpoM J1a
je oIl M3y3eTHEe BaXXHOCTH HITO TPE 3alOYETH JICYCHE U CIPEYUTH Jajby MPOrpecHjy OosecTu.
[Ipumena Tepanuje koja MoaudUKyje TOK OoJiecTH oajiaxke Apyru KiIuHW4Yku atak kox CIS

0oJIeCHUKA B CMambyje pU3HK 3a pa3Boj MS, y nepuony ox 2-3 rogune (115).
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1.4.2. CuMnTOMH H 3HALH MYJITHILIE CKJIEpO3e

VY3umajyhu y 003up 4YMmbEHUIly J1a IUIAKOBH JEMHU]jEITMHU3AIM]E MOTY OMTH JIOKAJIM30BaHU Y
pazmuntuM nenoBuMa CNS 1 KUYMEHe MOXKIUHE jaCHO je Jia IPAKTUYHO CBAKH HEYPOJIOIIKH
CHUMIITOM MOXe OuTh neo kiamHM4ke ciamke MS. Tloyerak Gonectd Moke OMTH MOHO(OKaIaH
Kaaa je 3aBxaheH caMo jegaH (yHKIHMOHATHM CHCTEM HJIM MydTH(OKaIaH Kaja je 3axBaheHo
Bunie (QyHKIMOHATHUX cucTteMa. (CrTora KIMHUYKY CIHKY OOJIECTH KapaKTepuIle BEJIHUKa

BapHjaOMITHOCT Ka0 M TMCEMUHOBAHOCT Y HEYPOJIOIIKOM Haasy.

Hajuemhun wxunmjamam cumnromMu Oojectu cy mnopemehaju Buaa, CEH3UTHBHM M MOTOPHH
nopemehaju. OnTuuku wim perpoOyndapHH HEypUTHC ce jaBjba Koa oko 20% mammjeHarta.
HcnospaBa ce cyOakyTHHM, YHHJIATEPAIHUM CMAambCHEM OIMITPHHE WM MOTIYHUM T'yOUTKOM
BUJIA Y Tpajamy OJ HEKOJIMKO CaTH 10 HeKoIMKo fana (116). IlanujenTr ca enn3010M ONTHYKOT
HeypHuTHCca UMajy pu3uk o1 oko 40% na passujy MS (117). Kox 43% nanujenata ceH3UTHBHU
CUMITOMH C€ jaBJhajy Kao MOYETHH, JIOK Cy y npeko 90% marujeHata mMpucyTHH y HEKOj ¢a3u
oonectu. Ilarmjertu ce Hajuernhe sxane Ha ocehaj yTPHYJIOCTH y Tpeieny Jula, MPCTHMA,
eKcTpemMuTeTMMa Wi Ha ocehaj yTpHynoctn umraBe monoBuHe Tena (118). 3axBahenoct
KOPTUKOCTIMHAIHOT MMyTa y BehuHM ciyyajeBa JOBOJIU JI0 aCHMETPUYHE CHACTUYHOCTH KOja je
M3paKeHHja Ha JIOBUM HETO Ha TOPHUM EKCTPEMHUTETHMA, MojauaHuX MUMMhHHUX pediexca u
MO3UTHUBHOT 3HaKa babuHckor. CrmacTUIMTET ce ucnosbaBa ocehajeM YKOYEHOCTH y HoOrama,
00JIOBUMa M OTEKAaHUM XOJIOM IITO y KaCHU]0j (a3u OOJIIECTH TOBOIM 10 HACTAHKA KOHTPAKTYpa
Tj. HeMOryhHOCTH TOKpeTama eKCTpeMuTeTa y 3rioboBuMa. Hajuenthu MOTOpHH cUMIITOMH Cy

c1aboCcTH eKCTpeMUTEeTa y BUAY Tpumapese, napamnapese win xemumnapese (117, 119). Cumnromu
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omrehema Major Mo3ra Cy NpPUCYTHH Yy BHUAY arakCcHje Xona, Tpyla, EKCTPEMHUTETa,
WHTEHIIMOHOT Tpemopa. CkaHaWpaH TOBOp Ce jaBJba y KacHUjUM (azama Oonectu. Jlesuje
JIOKQJIM30BaHE Y MOXJAHOM cTabily JoBoje 10 mnopemehaja OYHMX MOKpeTa, AUIUIONHjAa U
HUCTarMyca, CJiabOCTH MHMHYHE MYCKYJaType, BpTOrIaBwIle, auzaprpuje, mucharuje (117,

120).

VY kacuujum ¢azama Gosectu koj BehMHe manyjeHara cy npucyTHu nopemehaj nedexanuje u
MOKpema KOjU NpeCTaBmkajy HajHeocrnocobsbaBajyhe cumnTome. Ilopemehaju cexkcyannux
¢ynkuuja cy takohe uectu (121). Ilopemehaju cnaBama y Buay HecaHUIE, allHE]e MIPH CIIABAbY,
CHUHJpOMa HEMHUPHUX HOT'Y, HApKOJIENICHja ¢y YecTo npucyTHU. Koruutusau nopemehaju y Buny
nopemehaja namhema, NaKike U KOHLEHTPAILMje CE MOTY jaBUTH Y CBUM CTaJujyMUMa O0JIeCTH,
Hajuemthu cy koa SPMS, anu cy yudectanu u kogx RRMS, nok ce Hajpehe jaBmbajy kog PPMS
(122, 123). ¥V oko 10% GosiecHrKa ce MOTY JaBUTH MAPOKCU3MAJIHU CUMITOMH Y BUAY TOHUUHUX
cra3ama, akuHe3Wje, IUCTOHHje, XeMHUdalMjaJHOI cha3Ma, MHOKHMHja, MHUOKIoHyca (117).
VYdecTanocT enuiaenTUYKUX Hamaja je Beha kox obosenux o MS Hero y OMNINTO] MOIyJIaluju.
Hajuemhe ce jaBipajy mapuujaidHy eNWICNTUYHM HANAAM KOJU CE€ CEKYHIApHO TeHEepaiusyjy.
IToka3zana je kopenauuja usmely npucycTBa KOpTUKO-CyOKOPTUKATHUX J€3HMja U eMHICHTHYKUX

Haraja Koy oodosenux og MS (124).

VY rpynu cumnToMa Koju HHCY Be3aHH 3a omTeheme Heke crenu@uuHe aHaTOMCKE CTPYKType
CNS, Haj3HavajHUje MECTO 3ay3WMa 3aMOp KOjU C€ jaBJha KoJl BehuHe manujeHaTta y Hekoj (as3u
0ojecTd M 3HA4YaJHO peMETH HUXOB KBanuteT KUBOT (125). Takohe mentannu nopemehaju ce
yenthe jaBibajy y MS y nopehemy ca ommrom nomysiamnujoM Jlocananima HCTpakHBamka yKa3yjy

1 JIeuehe MeHTATHUX nopeMehaja moboJsbiaBa ucxo aedeme came MS (126).
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1.4.3. 3amop y MyJTHILIO0j CKJIEPO3HU

3amMop Kao CUMIITOM je 3HavajaH mpoobiem 3a mpeko 80% obonenux ox MS u unentudukoBax je
Kao jedaH ojJ TpHU HajoHecmocobspaBajyha cumnroma (127). 3a cama HE MOCTOJH KOHCEH3YC O
npenusHoj neduaumju 3amopa. De Luca nedunume 3amop kao cMmameme CIIOCOOHOCTH Yy
BPIICHY PaibH, YCIICA NPOIYKEHOT MM HEyOOHUYajeHOT HAmopa, MpH 4eMy 3aMOp MOXe OUTH
CEH30pHHU, MOTOPHH, KOTHUTUBHU uiu cyOjektuBHH (128). The Multiple Sclerosis Council for
Clinical Practice Guidelines nedunumie 3amop kao CyOjeKTHBHHM HEJOCTaTaK (U3MUKE W/MIH
MEHTAJIHE CHEpruje y o0aBJhamy yoOHWuajeHuX U xkesbeHuX akTuBHocTh (129). UK Multiple
Sclerosis Society 3amop nedunuIIe Kao u3paxen ocehaj ymopa xoju ce jaBjba 0€3 KOHKPETHOT
paznora. Krupp je omucana 3amop kao u3paxkeH ocehaj ymopa Koju TpeBazuiIa3d TpaHUIIE
,2HopMaHOT yMopa (130). Mills u Young cy 2007. 3amop omucanum Kao ,,peBep3uOUITHO
MOTOPHO Y KOTHUTHBHO TOTOPIIAkE Ca PEAYKIHjOM MOTHBAIIMjE, a KOje HACTaje CIIOHTAHO WU
j€ TPOBOIIMPAHO MEHTATHOM WM (U3NYKOM akTHBHOIINY, akyTHOM uH(pekuujom (131). Ha
OCHOBY CBHX IpPEJIOKCHUX JeDUHHIU]a, MOTIO OM Ce 3aKJbyyMTH Jla 3aMop moBe3aH ca MS
npeJcTaBiba moceban ocehaj cnabiberma, JOBOJFHO TEIIKOT JAa 0OJIECHUKA CIpeyaBa y 00aBibamy
CBAaKOJHEBHHX JKUBOTHHX aKTUBHOCTH. 3aMOp MOXKE OMTH TOBE3aH ca aKTUBHOIINY M CMambyje
ce WIM YaK HecTaje rmocie oamopa. Takolhe Moxe OUTH M HENPEIBUAJBHUB, O€3 HEKOT MOCEOHOT
yTHIIaja BexOama Wik Hamopa. V3pakeHHjH je y TONMOJHEBHHM caTUMa, JOK je KOJ HEKHUX
0oJIeCHHKA 3aMOp CTAJTHO MPUCYTaH M HE pearyje Ha craBame i oaMop (132).

ETtnonoruja 3amopa je KOMIIEKCHA W MyJITH(AKTOpHjaliHA, a MaTOPU3NOJIOTHja HEIOBOJFHO

jacHa. ETronomku, 3amop ce genu Ha npuMapHu U cekyHaapau (133, 134). [IpernocraBiseHu
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y3poIlM TMPUMapHOT 3aMopa cy MHoroOpojHu. Jlocanmamima HCTpaKMBama yKasyjy aa y
HeypouH(]IIaMaTopHUM OOJIeCTHMA 3aMOp MOXE OWTH TOCIeIuIla OKCHUIATHBHOT CTpeca M
noBehaHe MpoyKIKje peakTuBHUX oKcuaatuBHUX Bpcra (135). Hajuenhe nctpakuBanu y3poiu

HacTaHKa CEKyHAApHOT 3aMopa cy JAenpecuja u nopemehaju cnaBama (134).

1.4.4. lenpecuja y MyJTHILIOj CKJIEPO3H

ITopemehaju pacmnonoxkema cy dYecTto mnpucyTHH y MS. Jlempecuja je HajydecTaIHju
MICUXU]aTPUJCKU KOMOpOUIUTET KoJ manujeHara ca MS umja mpeBanenma uszHocu oko 50%
(136). IIpeTxoaHa UCTpakMBamba HHAMKY]Y Aa HEypouH(IaMalrja ¥ OKCHIATHBHHA CTPEC UMajy
BakHY yiory y mnarodpusmonoruju aenpecuje (137). Taxohe, nempecuja koja ce Kao
KOMOPOHMIHUTET jaBjba KOJ oOoienmux ox MS je moBe3aHa ca TOBHUIIICHUM HHUBOWMAa HHTPO-

OKCHJIATUBHUX ¥ MH(IAMTOPHHUX Mapkepa y cepymy (138, 139).

Jleripecrja y okBHpY MS ce MO)ke jaBUTH M Kao OJTrOBOpP Ha mpodiieMe Koje oBa 00JIECT HOCH ca
cobom (yTuilaj Ha JAPYIITBEHW J>KHUBOT, €MOTHBHE Be3e, MOCIOBHH CTaTyc, MmpoOjemMu ca
caMoromToBameM). Jlocananima HCTpaKUBama Cy MoKas3aja Ja Cy MPEAUKTUBHH (aKTOpU 3a
HACTaKaH Jemnpecuje koj obomenux on MS: skeHCkH 1oj, mutal)e KHBOTHO J100a, MO3UTHBHA
MopoIMYHA aHaMHe3a Benuke jaernpecuje u crpec (140). Yecro je mpare mopemehaju caBama u
aHkcuo3HocT. Takohe, mojenuHe CTyauje Cy TOKa3ajie Ja ce€ CHMITOMH JIeNpecHje MOTy
nmoropmiaTi TOKoM Ttepanuje uHTepdepoHom Oera (Interferon beta- IFN beta), amu osa
MoBe3aHOCT HHUje mnpuxBaheHa Ha oOcHOBY pesynrata BehumHe wucrpaxuBama (141). Pano
Npero3HaBame U aJIeKBAaTHO JIeueme Jenpecrje y MS je o Benukor 3Havaja y3umajyhu y o03up

YUIBLCHUILIC 1a MOXXE NMAaTU HEraTUBaH YTI/IIIaj Ha KOFHI/IHI/ij u HCI/IXOCOHI/IjaJ'IHO
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(GyHKIMOHHCAKkE, /1a je OHA 3HA4YajaH MPEJUKTOP MOpPOMIMTETa, MOPTAIUTETA W KBAJIUTETA

*uBoTa 0boenux (142).

Nako je mpeBaneHumaa jenpecuje y MS Bucoka, aujarHosa ce BpJIO YECTO HE IOCTAaBU WM
NalnujeHTy 1o0ujajy HeaaekBaTHy Tepanujy (143). JlenpecuMBHO pacmoioXeme KapaKTepHulle
ryouTak MOTHBAIMje, aXxelAoHHja, NOBJIauemke OoJecCHUKa y cebe, MajJ BUTAIHUX JUHAMHU3aMa,
MecuMu3aM, YCIIOPeHH MHCAOHH TOK, ocehaj Oe3Haha, Hecanuma, ryoutak ameruta (144).
Jleripecuja ce KIMHUYKU MOXE MaHU(ECTOBATH U MOTPEIIHO MPOTyMAuyUuTH Kao 3aMop LITO Y
KJIMHUYKO] MPAKCH OTEKaBa AUCTUHKIIM]Y OBA JIBAa CHTUTETA, HAPOUUTO KOJI XPOHUUHUX OO0JIECTH
kao mrto je MS. M3y3eTHO clokeHa MOBE3aHOCT JeNpecHje U 3amopa Koj obonenux ox MS

MHJIUKY]E 1a MOXK/a UCTU HEYpPOOHOJIONIKH MEXaHU3MH JIe)Ke Y BbHUX0BOj ocHOBU (142, 145).
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1.5. Tepanuja MmyJaTHILIe CKJIEpPo3e

1.5.1. Tepanuja peaanca

[use neyema pesnarica je onopaBak 0]l HOBOHACTAJIOT ()yHKIIMOHATHOT HEYPOJIOLIKOT AePHINTA
U CIIpeuaBame akymylandje omrehema 3a0CTaluX MOCIe MPETXOJHUX perarca (ClpedaBame
Tanoxxema Teroda). Koprukocrepouan (Corticosteroids- CS) mpeacraBipajy Tepanujy u3dopa y
Jedyemy erzamepbanuja Oosectd 300r OwoJomKuX edekara KOju HMajy: aHTHEIEMaTO3HH,
aHTUMH(IIAMAaTOPHU, UMYHOMOYJATOPHHU, MOTEHIMjaIHU HEYPONPOTEKTHBHHU edekaT, Kao u
ytuiaj Ha omopaBak (yHkiuje BBB (146, 147). 3naTtHu cTanmapa 3a JieUeHEe MOTOpIIama
Oonectu npencraBiba HHTpaBeHcka (Intravenous- IV) npumena Bucokux no3a MP (148). MP je
cuntetndkn CS koju mponasu kpo3 BBB, a npunukom IV mnpumeHne mMOCTHXE BHCOKE
koHneHTpauuje ynytap CNS. [Ipumemyje ce y Tpajamy on Tpu a0 netr gana, 500-1.000 mg
nHeBHO, y IV uwHby3mju (Tako3Bana ,myicHa Tepanuja™). Koma Texux penamca W CIOpHjer
OIIOpaBKa JICYCHE CE HACTaBJha MEPOPATHOM INMPHMEHOM Ca IOCTEIIEHNM cMambemeM ao3e CS
(tappering).  EBpormicka rpyma excrepata (Multiple Sclerosis Therapy Consensus Group-
MSTCG) nana je mpemopyky jAa ce Teparnuja HU3y3eTHO BUCOKMM jgo3ama MP, ox 2.000 mg
nueBHO, y IV urdy3uju 100 ml ¢usnonomkor pactBopa, IpuUMERBYje TOKOM TPH JI0 TET J1aHa y
CIy4yajeBMMa BeoMa TEIIKUX pefanca Kaja CTaHJapJHa IyJcHAa Tepamnuja HHUje OCTBapHiia
ouekuBaHu edekar. Mako TokoMm pemarica Moxe Johu 70 CHOHTaHOT TOBJadema Terooda,
aricoJIyTHA j€ TIPeTopyKa Jia MyJICHY Teparnujy Tpeba MpUMEeHHUTH IITO mpe (alu He paHuje ox 24
caTta HakoH moueTka Tero6a) (148). [locamamma MCTpakuBama Cy TOKa3ajia Ja OJJI0KEHa

npumeHa CS Tepanuje Moxe JoBeCTH 10 cinabujer edexra u ornopaska. [Ipumena IVMP je

-30-



yriiaBHoM 0Oe30enna. Moryhu HexesbeHn edexatu cy: Hecanuna u Omara eydopwja,
AHKCHO3HOCT, METAJTHU YKYC y YCTHMa, IPBEHMUJIO JIUIIA, moBehaH ameTuT, riaBo0oska, O0JIOBH Yy
Mumuhuma, a PeTKO Ce€ MOTYy jaBUTH JIeTIpecHja, eydopHuja, YIKyC Kelyla, CpuaHe apuTMHje U
MoNyITama cpia, TpomoboemOonuja, nHpEKIMje. AINCOIYTHE KOHTPAWHIUKAIM]e 3a MPUMEHY
OBE Tepamuje MPeJCTaBba)y AaKTHBHU TaCTPUTHC M YJIKYC Ha JKEIyIy. 3aTo ce KOJA CBHUX
nanujeHara, 3ajeqHo ca CS TepamujoM, HCTOBPEMEHO NPUMEHYje M TracTPONpPOTCKTHBHA
tepanuja (147). Takohe, kox OoJieCHHKA ca XUIIEPTCH3U]OM, TUjaOETECOM, CpYaHUM CMETHhama
Tpeba MaXJPUBO NPHUMEHUBATH OBY TeEpamnujy, y3 aJlekKBaTaH MOHHTOPUHT M KOPEKIHU)jy
WHTEPHHUCTUYKE TEpaIije YKOIHMKO NOCTOju noTpeda. Jlocananima nCTpakuBama Cy rmokasaia jaa

npuMeHa Bucokux j03a [IVMP noBonu 10 3HavajHe peaykuuje oHecroco0sbeHocTu (149).

1.5.2. UmyHomopnyaaTtopua tepanuja-UHrepdepon d6era 1a

Nako ce MS kiIMHMYKH WUCHOJhaBa TMOjeIMHAYHUM €Mu30/laMa, O0JIECT TMpeCcTaBIba
KOHTUHYHpPaHH, CyOJKHHUYKH, JeTeHEPATUBHU MAaTOJOMKH Tpotiec. TpajHo omreheme (ryOuTak
aKcoHa) je paHu norahaj NMporpecHBHOr KapakTepa M paHM TOK Oo0JIeCTH HMMa 3Hayaja 3a
MPEIUKIN]y AyTOPOYHOT McXonaa. McTpaknBama Cy IMoKa3aia Jia paHa MpPUMEHa Teparuje Koja
Moau(pUKyje MPUPOJHU TOK OOJIECTH AYrOpOYHO Mema HeH ToK. OBa Teparvja uma 3a b J1a
pelnyKyje y4ecTalocT M TeKHWHY peJarca, CMamH 3allpeMHUHY W aKTHBHOCT Jie3Wja MO3ra, H
yCIIOpH pa3Boj mporpecuje oHecrnocodsbenoctu (147, 150).

JlexoBu mpBe Tepamnujcke JdUHHUjE Koju Moaudukyjy npupogau Tok MS cy IFN beta 1la u 1b.
[Toctoje Tpu pasmuuuta npenapata IFN-beta: IFN-betalb koju ce mpumemyje y mo3u ox 250

mcg cBaku apyru AaH (Betaferon® y Esporn unu Betaseron® y CAJl), kao u aBe dhopmynaiuje
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IFN-beta la: Avonex® koju ce TpHMEHBYje HHpaMycKyJlapHo y ao3u onx 30 mcg jemHom
HelesbHO, Rebif® koju ce mpuMemyje y m1o3u o 22 win 44 mcg CyINKyTaHO, TPH ITyTa HEJASJHHO
(146). OBe dopmynanuje ce pasIuKyjy 1Mo OMOJIOUIKO] aKTUBHOCTH U MO UMyHOreHoctu. IFN-
beta octBapyje cBoje edexre wunxubunmjom T-hemujcke akTtuBanmje W nposmdepanmje,
aronTo30M ayTopeakTuBHHX T-henmja, wHXHOMIMjOM MHrpanyje jeykouurta mnpeko BBB,
UHAYKIUjoM perynatopuux T-hemmja, momynamujom murokuHa (151). Hajuemha nexesbeHa
JejcTBa Cy: CHUMITOMH CJIMYHU TpPUITy, TMpoja3Hu mopemehaju J1abopaTOpUjCKUX Haasa,
MmeHcTpyainau nopemehaju u noBehan cmactunurer. Cumnromu ciaumydu rpuny (edr. flu-like),
Kao0 MITO Cy TIOBHIIIEHA TEJIECHA TeMIIepaTypa, MUjalITHja, TI1aB000Jba, 3aMOp, je3a U MyYHHHA CE
OOMYHO jaBJbajy HEMOCPEIHO HAKOH MPHUMEHE M MOTY TpajaTH HEKONMKO catu. OHU ce 0OMYHO
MOBJIaYe TMMOCJIe MPBUX HejAesba Tepamuje. JlomatHo ce mpenopydyje MpopuIakTHIKa Teparuja
HECTEPOWJIHUM aHAITETUIIMMA Kao MITO cy uOynpodeH u areraMruHOGEH TOKOM IPBHX Heleba
tepanmje (152, 153). Toxom npumene IFN-beta HeonxoHo je mpaheme KOMIUIETHE KPBHE CITUKE,
ykJbyuyjyhu neykonurtapHy ¢opMmyny u 0Opoj TpomOonuTa, OMOXEMHjCKE aHall3e KpPBH,
yKJbyuyjyhu obaBe3HO TecToBe 3a xemaTuuHy (yHkmmjy 30or moryhe mojaBe numdonenwuje,
HEYTpOICHH]je, JICYKONEHHje M TOBUIIEHUX BPEIHOCTH JETPUHHX aMHHOTpaHchepasa. OBH
TECTOBH C€ CIIPOBOJIE j€THOM MECEYHO TOKOM IIpBa TPHU Mecela Teparuje, MOTOM jeTHOM Y TpH
Mecera JIo Kpaja mpBe TOJIMHE, a TOTOM jeJHOM Y IIIeCT MECEIM TOKOM ciiesiehe roJinHe Tepanuje
1 3aTuM jeqHoM rogunime (154). Ocranu HexesbeH! ePeKTH KOjU Ce MOTY jaBHTH Cy: opemehaj
(GyHKIMje MTUTAcTe >KIe3le 300r Yera je HEONMXOAHO KOHTPOJUCATH THUPEOUIHH CTaTyC
MaryjeHaTa jeJJTHOM TOJIUIILE, JIOKATHE Peakifje y BUAYy epuTeMa, Ha MECTY JIaBamba UIHEKIIN]e
(153). Y Cp6uju IFN-beta je nex uzdopa 3a geueme RRMS, a HHKITy3UOHU KPUTEPH]YMHU KOJH CY

nedunncanu on crpane PenmyOmmuke komucuje 3a MS cy: mauujenTn ctapuju ox 18 roanna
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KHUBOTa ca morBpheHom aujarHozom RRMS npema McDonald-oBuM kputepujymuMa, KOju cy
MMaJld HajMame J1Ba JOKYMCHTOBaHA KJIIMHUYKA pearca y MPeTX0He JIBE FOUHE, CIIOCOOHH CY
Jla CaMOCTaJTHO XO/ajy ¥ MMajy CKOp Ha MPOIIUPEHO] CKalu (PYHKIIMOHAIIHE OHECTIOCOO/FEHOCTH
(Expanded Disability Status Scale -EDSS) < 3.5, Hema KOHTpaWH/IMKAaIlHja 3a IPUMEHY Teparuje
Kao IITO Ccy TpyaHoha mnm nojeme. Jlocamamima UCTpaxkuBama Cy Nokasana ga npumena [FN-
beta cmamyje Opoj pemarca 3a jenHy TpehuHy, yd4ecTaJoCT TEIIKMX aTaka ce CMamyje Ha
nosioBuHy, a 20-oromuinmke npaheme mamujeHaTa Ha OBOj TEpaldjy je MOKA3ajl0 CMambeHe

crore Mmopranurera (155).
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2. IUJbEBU HCTPAKUBAIHA

OnmTH 1M UCTPAXHBaMKA je Jla ce nmokaxe Moryhu yrtunaj Husoa UA y cepymy, Kao Mapkepa
okcugaTuBHOT crpeca U HUBoa CRP, kao nHdaamaropHOr Mapkepa Ha 3aMOp U JICTIPECH]y KO

nalnujeHaTa ca JMjarHoCTUKOBaHOM MS a y paznuuuTtim (azama 60secT.

v CKJIaay €a OIITHM LHUJbEM ITOCTABUIIN CMO rnoceoHe IHUJBEBC:

1) YrBpautu na nu nauujentr ca MS umajy Hmke HuBoe UA y cepyMy y OJHOCY Ha KOHTPOJIHY

TpyIly KOjy YMHE 3/IpaBU JOOPOBOJIBIIH.

2) Yrepautu HuBoe UA kon manujeHara ca MS y paznuuutuM (azama 6ojecTu Tj. y penancy u

peMI/ICI/IjI/I " Ca pa3sjiInIuTUM KIIMHUYKUM (beHOTI/IHOBI/IMa.

3) VYrepautu aa nu ce HuBoM UA y cepyMy pa3lidKyjy Mpe U HaKOH INPUMEHE ITyJICHE,

KOPTUKOCTEOUIHE Teparvje Ko/l MalijeHaTa y akTyeTHOM MOTOpIIamby.

4) Vrepautu HuBo CRP y cepymy Kox nmanujeHaTa y penancy 1 peMHCH]H.

5) VrBpautu ga mu ce HuBon CRP y cepymy pasnukyjy mnpe ¥ HakoH NpUMEHE ITyJICHE,

KOPTUKOCTEPOUIHE Tepanuje Ko NalujeHaTa y akTyeJIHOM MOropIlamby.

6) YTBpIUTH y4ecTalOCT U CTENEH Tj. TEeXKHUHY HEYpOJOILIKE OHECIOCOOJ/LEHOCTH, 3aMopa U

JeTpecHje Ko/ MaryjeHaTa y penancy u peMUCH]U.
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7) YTBpAMTH 1a 1M C€ CTENEeH HEYpOJIOIIKE OHECIOCOOJbEHOCTH, 3aMopa U JCeNpecUuBHE
CUMITOMATOJIOTH]€ Pa3yIMKyjy Mpe U HaKOH MPUMEHE MyJICHE, KOPTUKOCTEPOUIHE Teparuje Ko

naiyjeHaTa y akTyeJTHOM MOTOpIIaby.

8) YTBpauTu moryhy kopemanujy Hupoa UA y cepyMmy ca HEYypOJOIIKOM OHECrocoOJpeHoIny,

3aMOpPOM U JICTIPECHjOM KO/ maryjeHata ca MS.

9) YrBpautu moryhy kopenauujy Husoa CRP y cepymy ca Heyposomkom oHecriocoOsseHomthy,

3aMOpOM U JICTIPECHjOM KO/ naiujeHata ca MS.

10) Ucniuratu koju connoaemMorpad)CcKu U KIMHUYKHU ITapaMeTpu MOTY UMaTH MOryhu yTuiaj Ha

10jaBy 3aMopa | Jenpecuje ko obonenux ox MS.

11) Hcnuratn Koju couuojeMorpaCckd M KIMHUYKH [apaMeTpu Mory Outu wmoryhu

NPEIUKTOPH CTETIeH 3aMopa U JeTpecuje.

-35-



3. MATEPUJAJI U METOJE

HctpaxkuBame je crpoBeacHo Ha Knmannwm 3a Heypostornjy, Kimmanmakor nienTpa Kparyjesar, y

nepuoay ox ¢pedpyapa 2016. rogune 1o janyapa 2017. roguse.

CropoBoheme cTyauje je on1o0peHo o1 cTpaHe HaalexHor Tena, Etuukor ombopa, Knunuukor
neHrpa Kparyjepan. Ctyamja je oqoOpeHa Kao MPOCICKTHBHA, HEUHTEPBEHTHA M HEMPO(UTHA
KJIMHHYKA CTYyJ/IMja KOja Ce CIPOBOJHU y CBPXE HAYYHOT MCTpakuBama. [Ipe mpumene 0o koje
CTyZMjCKE MpOIeaype, MAalUjeHTH Cy MOTIUCHBAIM HH()OPMHUCAHHM MpPUCTaHAK 3a yuemnihe y
cryauju. [IpoTokon je cpoBesieH y ckiany ca Baxkehom perynaruBom J[oOpe KIMHHYKE MpaKce

(Good Clinical Practice-GCP).

3.1. lujarnosa my.JaTuiLie cKjiaepose

Hujarnoza MS ce mocraBba HCIYyHAaBakEM B OCHOBHA KpHUTEpHjyMa: IUCEMUHAIH]EC Y
BpPEMEHY U JUCEeMMHAIMje y MPOCTOpPY, IPU YeMy C€ MOpa UCKIbYUUTH APYro o0jallberhe 3a
HacTtaHak TeroOa. Ilog aucemMuHanMjoM y BpeMEHY ce MOApa3yMeBa IOCTOjarbe Pa3IMYUTHX
HEYPOJIOMIKMX CUMITOMA Y Pa3IMIUTUM BPEMEHCKUM WHTEpPBAINMA, IIPU YEMY BpeMe OJ1 I0jaBe
MPBUX JO MOjaBe€ HOBHX cCHUMNTOMa Mopa Outu ayxe on 30 mana. Ilog mauceMuHanujom y
IPOCTOPY C€ TMOoApa3yMeBa IOTBpPAA IOCTOjama IMPOCTOPHO pPa3iABOjeHHUX, MYITH(HOKAITHUX
Je3uja yHyTap LEHTPAJIHOT HEpBHOr cucrteMa. Jla Ou ce 3am0BoJbMiIa OBa JiBa KJby4YHa
KpUTEpHjyMa 3a JWjarHo3y HEonxoaHo je mpaheme opeheHuX IUjarHOCTUYKHX ajropuTama

KOjU y ce0M MHTETPHITY KIMHUYKE U apakiIuHnIke napamerpe (156).

WuTepHannonanHa koMucuja 3a amjarHosy MS je 2001. roguHe nedguHMCcana HajImpe
npuxBahene McDonald-ove kputepujyme koju Cy y HapeIHMM TOAMHAMa BHIIE IyTa

peBunupanu (157,105,156). OBu KpuTEepHjyMH c€ YIJIABHOM 3aCHUBA]y Ha KIMHUYKUM
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KapakTepucTuka MS, anu je y uJby MOTBpAE AMCEMHHAIM]e Y BPEMEHY M MPOCTOPY BEIUKU
3Hauaj] naT MR y npereknuju ne3uja y CNS u kuumeHo] MOaAuHHU. TunuyaH Haia3 3a MS je
MPUCYCTBO MYJTHUIUIMX 30HA TOBUILIEHOT MHTEH3UTETa CUTHANA (XUIIEpUHTEH3UBHE 30HE) Ha T2-
weighted (T2W) cekBennin u proton density (Proton Density-PD) cekBennu, TunudHe
JOKaNu3aluje: ONTUYKH HEpB, [EPUBEHTPUKYyJapHa Oena Mmaca, KOPIyC Kallo3yM,
JYKCTaKOpPTUKAJIHU peruoHu, nyOoka Oena Maca U MHGPATEHTOpPUjaIHH PErHOHU Kao IITO CY
MOXIaHO cTabno u nepebenyMm, kuumeHa moxkauHa (158). HemaBHe cryauje cy mokaszane aa
KOPTEKC Mo3ra Takole mpeJcTaBiba jJEJHO OJ NPEIWICKIIMOHUX MecTa 3a HacTaHak MS nesuja
(92). OBe mpoMeHe Cy HajMamer MNpPeYHHKa 3MM, HPEryJapHOr KPY>KHOT WM EJIUIICACTOT
o0JMKa, 1 aCUMETPHUUYHOr pacrnopena. Y ciydajy omrehersa BBB, HakoH annukanuje KoHTpacta
nonazu 1o npebojaBama KoHTpacToM Ha T1 —weighted (T1W) cexkBeHIIM aKTUBHHX IMPOMEHA,
xomoreHo win pyoHo. [IpoMene koje ce mpukasyjy kao xunonntensne Ha T1W a He npebojaBajy
ce KOHTPAcTOM O3HauaBajy ce kao ,.pHe pyne” (black holes) m cmarpa ce ma mpencraibajy
npoMeHe ca Behum creneHoM nectpykuuje TkuBa (158). [Ipomene Ha KHUMEHO] MOXKIWHU Ce
MpHKa3yjy Kao xumnepneH3He npomene Ha T2W wnu PD cexBeHuu, He mpenasze 2 BepTeOpaiHa
cerMeHTa W o0O0yXBaTajy Mame OJl TMOJOBHHE TIONMPEYHOr TMpeceka KHIMEHE MOXKIUHE,
MPEIMIEKIIMOHO CY JIOKAJTM30BaHE y JIATEPATHUM W IOCTEPHOPHUM KOJyMHaMa IE€pPBHKAIHE,
pehe Topakamne xkumume (156). MR wuma Bemuky censutuBHocT (90-95%) amu HHUCKY
CHEIU(PUYHOCT jep CIMYHE MPOMEHE MOTy OWTH mocienuia ¥ uHQIaMaludje, eaema, rino3e,
HUcxeMHuje M TyOuTKa akCoHa, Koju ce Buhajy He camo y MS Beh u xox apyrux 6omectu CNS

(159).

[Tpema McDonald-oBum kputepujymuma amjarso3a MS ce moctaBsba Ha ocHOBY: 1. Knmanuke
CIIMKE Koja je kKapakrtepuctudyHa 3a MS. [locrojame HEypOJOUIKOT UCTaga KOjH je TUIUYaH 32

MS wmopa OuTH [0Ka3aH KJIMHUYKMM W HEYPOJIOIIKMM IIPETJIEJIOM y TPEHYTKY HACTaHKa
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cUMIITOMA. PaHMj1 HEYPOJIOIIKH UCTIaIN KOjJH TTOTEHIIMjaJTHO MOT'Y OJIroBapaTH cumntromuma MS
MOTY C€ TPHUXBAaTUTH A MOpajy OWTH TOKYMEHTOBAaHU OJ CTpaHE JieKapa, Bepu(UKOBaHH
HEYPOJIOIIKUM TIPETJIEOM, JIe3Hje ONTHYKOT HEpBa MOpajy OWTH BEpH(PUKOBAHE BHU3YCITHHUM
€BOLIMPAHUM TOTEHIIMjaJIMMa WJIH C€ JIe3Uje MOPajy OTBPAUTH HEYPOPAIHOJIOIIKUM MPETIICIOM
(160); 2. lokasuBamy AUCEMHUHAIM]E Y BPEMEHY M IIPOCTOPY je omoryheHo Hanmasuma MR mo3ra
U KuuMeHe MoxauHe. llpernmen nukBopa je 3ajpaH Kao jeJjaH O] KJbyYHUX elieMeHara y
mudepennyjanHoj aujarnosn MS; 3. He cme mocrojatu apyro, 60Jbe 00jalImbemne 3a KITMHUYKY
cnuky; 4. Heonmxo1HO je MCKJbYUUTH CBE 00JIECTH KOje MU(EPEeHIIN]aTHO TUjarHOCTUYKH J10J1a3¢

y 003up 11a 6u ce mocraBmia aujarsosa MS (156).

OBoM peBH3HMjOM Ja OM ce 3aI0BOJHHO KOHIIENT IUCEMUHAIM]E Yy MPOCTOPY HEOMXOIHO je
MOCTOjamkbe HAajMamke jeTHE XUIICPUHTEH3HE MPOMEHe Y 1B o1 cieache uetnpu mokanmmuzarnwje: 1.
KHUYMEHA MOXIWHA 2. WHpATeHTOpHjanHAa 3. JYKCTaKOPTUKATHA 4. TCPUBEHTPHUKYJApHA.
CumnroMaTcKe Jie3uje MOKAAHOr cTalia WM KHYMEHE MOXKIMHE Ce HE Yy3MMajy y o03up,
OJTHOCHO HE padyHajy ce y ABe oja detupwu Jyokanusanuje (161). Kpurepujymu 3a noka3zuBame
nrceMuHanyje y BpemeHy nmomohy MR cy: 1. mojaBa HoBe T2 mpomeHe u/nim IpOMEHE Koja ce
npebojaBa KoHTpacToM 0Oe3 o03upa Ha TO Kajga je ypaheH pedepeHTHH CHUMAK;, Wi 2.
HCTOBPEMEHO TMPHCYCTBO acuMmnromarcke T2 mpomMeHe koja ce He mpebojaBa KOHTPACTOM M
CHMIITOMATCKe NMPOMEHE Koja ce mpedojaBa KOHTPACTOM OHJIO Kaja Of MOYeTKa IPBOI aTaka

(moBospa jeman MR caumak) (162).
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Kpajmu ncxom oBoOr JujarHOCTHYKOT aIroOpuT™Ma Moxe OutH cienehu:

1. YKoJINKO Cy y MOTIIYHCTH UCITYHCHU KPUTEPUJYMHU 3a IUCEMHUHALIU]Y Y BPEMEHY U IPOCTOpY,

H aKO Cy Y NOTIIYHOCTHU UCKJbYUYCHC aJITCPHATUBHC I[I/IjaFHOL’se, I1oCTaBJba CC I[I/IjaFHO3a MS.

2. YKONUKO jeJjaH O]l HaBeJieHa JiBa yCJIOBa HUj€ UCIYHEH WU HUCY UCKIJbYyUEHE apyre Oonectu

Koje nudepeHInjaTHo IUjarHOCTUYKY Jl0J1a3e y 003Hup, 3aKJbydyje ce 1a je ped o moryhoj MS.

3. YKOJIMKO HUjeIaH OJ1 KpUTEpUjyMa HHje UCITYHhCH, 3aKJbyUyje ce Ja ce He paau ce 0 MS.
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Tab6ema 1. McDonald-oBu kputepujymu 3a aujaraosy RRMS u3 2010. rogune

KIIMHUYKA CJIMKA Homatau oIaIu noTpeOHN 3a
MOCTaBJbaE AMjarHoze MS

>?2 knuHu4YKa araka; OOjeKTUBHY KIMHUYKK 3Haiu e win Buiie | HUKAKBU*

ne3uja

>2 xnuHAYKa aTaka; O0jeKTUBHY KIMHUYKY 3HALM je/THE JIe3Hje [loTBpaa mucemMuHanyje y IpocTopy

Jeman on nBa HaBedgeHa ycinoBa: MR
mucemuHanyja MJIM cayekatu npyru arax
Gonectu

1 artak (CIS); O0jekTHBHM KIMHUYKH 3HAIU JBE WM BHUIle je3nja | [ToTBpaa AuceMHUHAIU]E Y BpEMEHY

(MynTudOKaTHA KIMHUYKH M30JI0BAHW CHUHIPOM KOjU yKasyje Ha Jemam on sgma masenema ycmosa: MR

MS) aucemuHanuja MJIM cadekatu Ipyru arak

6onectn

1 arak (CIS); OGjexTMBHM KIMHWYKH 3Hamu jegHe Jsesuje | [loTBpma mucemMmHaImje y mpocTopy

(MOHO(MOKAIHU KIMHUYKH H30JIOBAaHH CHHIPOM KOjH yKa3yje Ha | Y

MS. [MoTBpaa qucemMuHanuje y BpeMeHy

Kpurepujymu 3a npomene Ha MR Kkoje roBope y NpHJIOT AWCEMEHALUjH Y IIPOCTOPY y MYJITHIUIOj CKIEPO3H.
ITocrojarbe HajMame jeqHE XWUIICPUHTCH3HE MpoMeHe y aBe of cienche derwpu nokammzanmje: 1. KHUMeHa
MoxauHa; 2. UndparenTopujanna; 3. JykcTakopTHKaiHa; 4. IEpUBEHTPUKYIapHA

Hamomena: Ako KJIMHHYKA CIHKAa OJroBapa JE3WjH MOXKIAHOT cTabla WIH KHIMEHE MOMKIHHE, OH/a Ce OB
CHMITOMATCKE MPOMEHE HE Y3UMajy Y 003U, OJJHOCHO HE PauyHajy ce y JBE O]l YSTUPH JIOKanu3anuje!

Kpurepujymu 3a norephusame qucemMuHanyje y BpeMeHny nmomohy marsnerHe pesonanne. Ilocroje n1Ba HaunHa fa ce
JIOKaxke TuceMuHalnuja y Bpemeny nomohy MR: 1. mojaBa HoBe T2 mpomeHe w/uiu mpoMeHe Koja ce mpebojaBa
KOHTpacToM 0e3 003upa Ha TO Kaja je ypaljeH pedepeHTHH CHUMAK; 2. HCTOBPEMEHO MPUCYCTBO acUMITOMAaTcKe T2
poMeHe Koja ce He nmpedojaBa KOHTPACTOM M aCUMITOMATCKE IPOMEHE Koja ce npebojaBa KOHTPAcTOM OWIIO Kaza
0J1 IOYeTKa MPBOT aTaka (HoBoJbaH jenaH MR cHuMaKk).

MR-MarsetHa pe3oHania; MS-Mynruma ckiepo3a; CNS-Ienrpanau nepsau cucrem, CIS-Knunnvku n3zonoBaHu
cuaapoM * Hucy HeomxoJHa JomaTHa AWjarHOCTHYKA WCIHTHBAa, anu ce mpenopydyjy (MR w/mmm amammsa
JIMKBOPA) y HHJbY UCKJbYUnBamba Apyrux 6onectu CNS koje mudepeHujarHo AjarHoOCTHIKY J0J1a3e y 003up.
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VY nujarnoctuny MS, aHanu3a TUKBOpa MMa 3Ha4a] Y UCKJbyYHBamky 000JbEHa KOja MOTY HMaTH
CIMYHY KIMHUYKY W PAJAMOJIONIKY Tpe3eHTanujy. Haj3HauajHHjU JTUKBOPCKH IapaMeTap 3a
nujarHo3y MS je nmereknuja mHTpaTekaigHe cuHTe3e umyHoroOynmuaa G (Immunoglobuline G-
IgG) xoja ce BepuduKyje MPUCYCTBOM OJHMIOKIOHATHHMX TpaKa, METOJIOM H30€IEeKTPUYHOT
dbokycupama JMKBOpa U cepyMma ca umyHodukcanujom (163). Hamaz koju moaprkaBa JaujarHo3y
MS je mpucyctBo onurokiaoHannux IgG Tpaka y JMKBOpy, anu He My cepymy (164).
Nutparexanna cunresa IgG je npucyTHa y HajpaHujoj (a3u 00JIECTH, a OJTUTOKIOHATHE TPAKe Cy
npucytHe kox 90-95% Oonecnuka ox MS (165). CensutuBHocT Mmerone je 95% anu
crenuUIHOCT HHje BHCOKA jep OBaj HaJIa3 je MPHUCYTaH W KOJA APYTUX JIEMHU]jEeTUHU3AIMOHUX
o6omectu CNS — AxyTHOT JMCEeMHHOBaAHOT eHIedaroMmujenutuca, JleBukoBe OomecTw,
nH(pekTuBHUX o0osbema CNS Kao M KOJ MMYHCKH MOCPEIOBAaHMX CHUCTEMCKUX OOJIeCTH Koje
3axBarajy CNS. MehyTuM Koja OBHX CTama JETEKIMja ONUrokiIoHATHOT IgG y JMKBOPY MOXeE

OuTH TpaH3UTOpHHU eHOMEH mTo ce y MS He moraha (166).

Busyennu eBoupaHu MOTEHIUjalld Cy 3aJpKald 3Havaj] y OOjeKTUBU3AIMjH aHAMHECTUYKH
TOOMjeHOT Mo/1aTKa 0 MOryhem mpeTXoHOM ONTHYKOM HEYPUTHCY KOjU HUje JOKyMEHTOBAaH Ha
omwro koju napyru HaumH (156). OBaj MoJamMTeT EBOIMpPAaHWX TMOTEHIMjada omoryhasa
OTKpHUBAmbE JIe3Hja MpeIkbUX ONTHYKUX IMyTeBa. ElexTponama Koje ce O3UIMOHNPA]y Ha 3aby
CTpaHy TOTJIABUHE PETUCTPY]y C€ MOTEHIMjaId KOju ce M00ujajy HAKOH BUJHE CTUMYJIAIH]e.
JloOujeHn OJroBOp C€ PETUCTPYje BEIMKHAM MO3UTHBHUM TallaCOM YHja JIATCHIIA HOPMATHO
n3Hocu 11-110 munucexkynau. [latomomku Hanmasz moapasymeBa IpoayskeHy JareHiy 11100
Tajaca y3 O4yBaHy aMIUIUTYIy. Y Pa3IUYUTHM CTyJHjaMa y4ecTaJoCT MATOJOMIKMX Haja3a ce

kpehe o1 22% o 78% ko nmanujeHara y panoj ¢asu 6onectu (167).

-4] -



3.2. UcniuTHBaHM y30paKk

Crynujcky momyJanyjy je ynHWio 98 mammjeHata ca MOCTaBJbEHOM AujarHo3oM MS mpema
peBunupanuM McDonald kpurepujymuma (156) koju cy XxocnuTanHo jiedeHn Ha KiuHunwm 3a
HEYPOJIOTH]Y YCJIe/ aKTYyEeIHOT MOropiiamka 00JIeCTH, WIH Cy CE MallijeHTH jaB/balu aMOyJIaHTHO
Ha PeIOBHU KOHTPOJIHH HEypoJowky nperiea. [lanujentu cy kiacupukoBanu y ase rpymne: MS
rpyna y pemancy u MS rpyma y pemucuju. PemancHy rpymny cy YMHMIM TalMjeHTH ca
Pa3sIUYUTUM KIMHUYKAM deHotunoBuMma 6osectu: CIS 1j. mpBOM KIMHHYKOM MaHH]ECTAIjoM
Oonectd kKoja OM Morya ja ykaxe Ha MS (manujeHTH cy yKJbYYeHU HAKOH Bepudukaiuje
JIeMUjeTMHU3aMOHnX npoMeHa MR mperienom enmokpanujyma), manujeHtTn ca RRMS nu
SPMS, ykynHo 48 manujeHara. Penanc ce medunuIme kao rmojaBa HOBUX WM HOTopiiame Beh
noctojehnx HeypoOJIOUIKUX HCMala Y OJCYCTBY MH(EKIIM]e UM MOBUIIICHE TeJIECHE TeMIIepaType
(nceynoaraka), a Koju Tpajy HajMame 24 yaca (108). MS rpyny y pemucuju cy unnuiu RRMS
MarujeHTH KOju Cy y cTtabmiHoj (a3u 6ojecTH U Ha UMyHOMOyJ1atopHoj Tepanuju IFN-beta 1a
(mpuMemeH CcyOKyTaHO, TpH TyTa HEAEJbHO) KOJHU Cy C€ jaBJballd HAa PEAOBHH KOHTPOJIHU
npernen Heyposiory, ykymHo 50 mamujenara. KonTponmny rpymy je dmHmiIoO 35 3apaBuX
noOpoBoJbalia, Koju cy JA00poBOJpHO JoHWpanu KpB y CmyxOu 3a tpancdysmjy, Knuandakor
uentpa KparyjeBan. CBM HMCIHUTHUIM Cy MO NPOIEHH HEypoJjiora HCIyHWINM YKJbydyjyhe
KpUTEpUjyMe: MalMjeHTH ca J0Ka3aHOM JAMjarHo30M MS mpema akTyeaHHM AMjarHOCTUYKUM
KpuTepujyMumMa; ctapuju on 18 rogumHa u HujedaH UcKibyuyjyhu kpurepujyM. Jlepunucanu
UCKJbYUY]yhU KpUTEPHjYMHU Cy KOMOPOUAUTETU: MOXKJIAaHU y1ap, HHPapKT MHOKapAa, OyOpexHa
W XematuyHa guchyHKOHja, aujaderec, aeMeHnuja, I[lapkuHCOHOBa OojiecT W JPYyTH

HeypoJilereHepaTUBHU nopeMehaju; manujeHTu ca nHdekIjama 1 XUpypIiKuM HHTepBEHLI]jaMa,;
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MalUjeHTH KOjU Cy 3JI0ynoTpeOshaBalid alKOXOoJl y TOCieama 3 Mecela; CBE HMYHCKH
nmocpenoBane Oonectu: (uOpoMHjanTyja, TeHEpPAIM30BAaHW AHKCHMO3HU Mopemehaj, TCuxose,
ounosapHu nmopemehaj (OumnosiapHa Jenpecuja); MaujeHTy yrja Tepanuja Ou Morjia yTHUIIATH Ha
noBehatbe HUBOa MoOkpahHe KHCEIIMHE y CepyMy: acKOpOMHCKAa KHCEJIMHA, IMCIUIATHH,
MY PETUIH, enuHeGpHUH, JIeBOAO0Na, METHIIIONA, €TaMOyTO, (PEHOTHA3UHH U TCOMMIIMHU WK Ha
cMamewe: Behe J103¢ actipuHa, a3aTHONPHH, KOPTHKOCTEPOU TN, €CTPOTeHHU, PACTBOPH TIIYKO3€,
MaHHTOJIA, TPOOCHEUT ¥ Bap(apuH; MaIMjeHTH Ha UMyHOMOJYJIaTOPHO] U HMYHOCYITPECUBHO]

Tepanuju y NpeTxoHa 3 Meceria.

3.3. HcTpakuBavyKu NOCTyNaK

Kox mamujenara y akyTHOM moropuiamky Cy JaH HakoH mpujema y KiMHHKY 3a Heypousorjy
peanuzoBane cienehe npouenype:

O (hU3HMKaAIHHU Iperjen,

O Mepeme BUTAITHHUX mapamerapa (IyJic, apTepHjcKa TeH3Hja, TeJIeCHA TeMIIepaTypa)

o Mepeme TenecHe Texune (Body Mass Index-BMI),

O Yy3uMame y30paka KpBU Ha TallTe 3a 00aBJbalkbe PYTHHCKUX J1A0OpaTOPHJCKUX aHaIM3a
(kpBHa ciMKa ca JEYKOIHMTapHOM (HOpPMYJIOM, JIUIUIHA CTaTyC, HHUBO TJIMKEMH]E,

napameTpu ¢pyHkuuje Oyopera u jetpe, enexrpoautnu cratyc, CRP, UA),

O TIONMyHWaBamke YIMUTHHUKA O]l CTPaHEe MCTPaXXHBada O JeMOTrpa)CKUM KapaKTepHUCTHKama

nalujeHara,

O KIMHHUYKO-HCYPOJOIIKa eKcnnopaqua.
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Hakon oBux mpornenypa, manujeHTUMa je OpAMHUpPAHA IyJICHA, KOPTUKOCTEPOUIHA Tepanuja y
CKJIaay ca BakehuM cMmepHHIlamMa, y Tpajamy o 5 mana. CBe BpeMe TpeTMaHa MallijeHTH CYy
Owmm xocnuranu3oBanu. llamujeHTn y ¢dasu peMucuje ¥ Ha UMYHOMOJIYJIATOPHO] TE€panuju Cy

MOJIPBIHYTH UCTUM IpOLeypama NPUIUKOM PEJIOBHOT, KOHTPOJIHOT HEYPOJIOIIKOT Mperieaa.

3.3.1.0apehuBame cepymcke konuentpanuje UA u CRP

Husou UA u CRP y cepymy cy mepenn Ha aHanu3atopy Beckman Coulter AU 680, mo
onroapajyhem dabpuukom mporokony (Beckman Coulter Inc., USA). 3a UA kopumihena je
moaudukoBana Fossati meroma. En3um ypukaza pasznaxe UA Ha aJlaHTOMH ¥ BOJIOHUK
nepokcua. Bomonuk mepokcun pearyje ca 4-amuHoantunypuHoMm (4-AAP) y mpucyctBy N,N-
ouc (4-cyndobyrtmn)-3,5-mumeTmmanuanHoM, conuma auconuyma (MADB) npu yemy Hacrtaje
xpomodop koju ce OuxpomarnyHo uura Ha 600/800 nm. Kommumna ¢opmupane 06oje je

npornopunoHanta HuUBoy UA y y3opky. Y3opiwu o1 Sml y3umanu ¢y yjyTpo, Ipe 1opydka.

Uricase Uric Acid + O2 + H20 Allantoin + CO2 + H202

Peroxidase 2 H202 + 4-AAP + MADB 3 H20 + Blue Dye + OH

Pedepentne Bpeanoctu 3a UA cy on 154-428 mmol/L. Bpeanoctu CRP Behe miu jegnaxe of

Smg/L cy cmaTtpaHe MOBUIIICHUM.

Mepemwe UA u CRP usBoheno je y Llentpannoj nadoparopuju K1 Kparyjesau.
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3.3.2. UHCTPYMEHTH KJIMHHYKO-HEYPOJIOLIKe NPoleHe

Ca manujeHTHMa je Hajipe 00aB/bEH MHTEPBJY (ayTO M XeTepoaHamMHe3a) Ja Ou ce 1o0min
[oJalM Kao IITO Cy TeHepajiuje, TJaBHe Terode, cajamima OOJIeCT, JMYHA W HOPOAMYHA
aHaMHe3a U HEYPOJIOLIKU CTaTyC. 3aTUM Cy MAallMjeHTH MOMYHAaBalId OMIUTH YIUTHUK KOjU ce
cactojao u3 JBa nena. lIpBu neo je caxpikao mUTama Koja Cy c€ OJHOCHJA Ha Jemorpadcke
KapaKTepUCTUKE O00O0JIENHX: IMOJI, Y3pacT, MECTO CTaHOBama, CTENEH 00pa3oBama, 3aHMMAIbe,
panHu u OpauHu craryc. [lpyrum [eo ynuTHUKa je CaApKao NHTalka O KIMHUYKUM
KapakTepUCTHKaMa IalldjeHaTa: y3pacT Ha MOYeTKy OosecTH, AyXKHHA Tpajama 0osecTH, Opoj
penanca y NpeTxoJHUX TOJMHY JaHa, Tepanuja Kojy HalMjeHT y3uMa, MPUCYCTBO MHGEKIHja y

NpETXOAHUX MCCCI] JdaHa, Ny KUHA Tpaj amba TepaHI/Ije.

CkaJna 32 npoueHy creneHa oHecnoco0/beHOCTH

Kox cBakor marmujeHra je npouemeH CTeneH (PyHKIMOHAIHE OHECTIOCOO0/bEeHOCTH KopulthemeM
EDSS ckane (168). OBomM ckanoMm ce KBaHTH(HUKYje HEYPOIOMIKH Me(pUIIUT OOONEIHX O]l
MYJTHILIE CKJIEpO3€ M CKBAKOM HanujeHTy ce nonesbyje EDSS ckop. Kommuieran Heyposomku
nperyiesl UCMTaHuKa, Kao u oapehuBame EDSS ckopa Bpumo je cnenujaiucra HEypoJoTHje.
Ckana ce cactoju o ocaM (YHKIMOHAJIMX JIOMEHA: BMU3YEJIHH CHUCTEM, MOXXJIAHO cTablo,
NUPaMUJIHA  CHUCTEM, IiepeOenapHu CHCTEM, CEH30pHH cHucTeM, (yHKIUje COHUHKTEpa,
1epeOpaIHu CUCTEM M CIIOCOOHOCT X0J1a, OTHOCHO JIy’KMHA IyTa KOjy 0OJIECHUK MOxXe J1a npehe
10 paBHOM 0e3 oaMopa. 3a cBaku (YHKIMOHAJIHMU JIOMEH ce JJoOHja 3acebaH CKOp, a MOTOM ce

ykynad EDSS ckop oapel)yje Ha ocHOBY CKOpOBa CBUX (PYHKIIMOHATHHX JOMEHA. YKYIaH CKOp
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MOXE MMaTH BPEAHOCTH y HWHTepBay onx 0 (HOpManaH HEYpOJIOIIKM Haia3z 0e3 o03upa Ha

cumnirome) 10 10 (cmpT kao mocaeauia MS).

Ckaua 3a npoueny 3amopa

3a mporieHy cTerneHa 3amopa kopuiihena je Ckana 3a mporeHy Texxune 3amopa (Fatigue Severity
Scale -FSS) (169). OBa ckana caapxu 9 TBpAmH KOje HCIUTaHUK Tpeba aa omenu ox 1 (yorire
ce He chaxeM) A0 7 ( y HOTIIYHOCTH C€ CIa)KeM), Tako Ja yKylaH CKOp MO>Ke UMa BPEIHOCTH O]1
9 no 63. 30upHa BPEIHOCT c€ 3aTHM JIeTU ca 9 ¥ Ha Taj HAUMH ce JoOHja Cpeliba OIleHa 3aMopa.
VYxynnu FSS ckop mMoxe umatu BpenHOCTH of 1 (HOTIyHO OJCYCTBO 3aMopa) A0 7 (M3paxeHo
MIPUCYCTBO MATOJIOMIKOT 3aMopa). Ckop mpeko 3 ykasyje Ha MPUCYCTBO Oyiaror 3aMopa, a CKop

npeko 4.5 onecnocoOspaBajyhu 3amop.

Ckauna 3a npoueny aenpecuje-bexkosa ckana nenpecuje

3a mporeHy cTereHa JenpecuBHOCTH KopuiiheHa je bekoBa ckama nenmpecuBHocTH (Beck’s De-
pression Inventory - BDI). ITo npenopykama Amepuuke akaaemuje Heyposiora BDI je ckana
n300pa 3a CKpUHUHT JIeNPecUBHUX cumnToMa koj nauujerara ca MS (170). Cactoju ce on 21
ajTeMa a Jjajbe Cy 3a CBaKW ajTeM JiaTe 4 TBpbE Koje Cy 1Mo TexuHu rpagupane ox 0 go 3. Ckama
UCIUTY]j€ NIeNPECUBHOCT,BEr€TaTUBHE U COMATCKe >kKanle, OJHOCHO OpraHcke MaHudecTtaiuje

JeTpecHje, MITO j€ YMHH IMOTOTHOM KO 00JIeCHIKA KOJU HEMa]y YBUI Yy CBOj a)eKTUBHH CTATYC.
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Ckanom ce mpoliewmyje AerpecuBHa CUMIITOMATOJNIOTHja y MPETXoaHe N1Be Henesbe. Kao mepa
JETMPECUBHOCTH y3MMa C€ YKYMaH CKOp KOjH MaKCHMalHO MoOke u3HocuThu 63. ['pamanmja
TexxuHe nernpecuje npema BDI ckopy je m3Bpmiena Ha cieaehu Haumn: ckop mMamu on 10 ce
y3uMa Kao HopMmaiaH, ckop u3mel)y 11-16 mpencrasspa Onar mopemehaj pacroyiokema, CKOp
m3mely 17-20 o3HauaBa TpaHWYHY KIMHHYKY Jaenpecujy, ckop usmehy 21-30 ykaszyje Ha

yMepeHy jaenpecujy, ckop usmehy 31-40 yka3syje Ha Temky u ckop npeko 40 Ha 030MI/bHO TEIIKY

JeTnpecujy.
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3. 4. CraTHucTHYKA aHAJIN3A NMOJATAKa

CrartucTruka aHaJiM3a NPUKYTJBEHUX MoJjaTaka U3BpIIeHa je moMmohy mporpama SPSS 20.0.

Kopumhena je JmeckpunTUBHA CTAaTUCTHKa-apuTMETHYKe cpeamne (Mean), cranmapaHe
nesujaimje (Standard Deviation- SD), crannapane rpemke (Standard Error-SE), mHTepBanmm
noBepema (Confidence Interval- Cl), megujane (Mediana), nepuentiiu (Percentiles), MuHuMyM,
MaKCHMYyM U TIPOIEHTH. 3a mopeheme apuTMETHYKHUX CPeIUHA jeHOT 00eexkja ABE MOIyIalnje
koputheH je He3aBucHU T-TecT mnu Man ButHujeB Tect. 3a mopeheme apuTMETHUKIX CpeTuHa
jemHor unu Buie odenexja puie nomynandja (UA u CRP) kopumiheH je reHepaiHu IMHEApHH
monen (General Linear Model- GLM). Umajyhu y Buny ytumaj mona u BMI, kao moTeHIujamHux
KOoH(DayHIUHT (aKTopa, MPHUIUKOM OBE aHAIN3E, BPIICHA je KOHTPOJIa KOH(payHIUHra Yy OZHOCY
Ha 3aBHCHe Bapujabie. Victu mMojen je xopuinheH Ja ce MoKake yTHIA] OBUX Iapamerapa Ha
3aBUCHEe TpoMeHspbMBe. Kopenamuja gBa Hymepudka oOenexja HUCHHUTHBaHA je TOMOhy
[MupconoBor u CrnmpMaHOBOT KOepUIMjeHTa Kopelandje. YTHIA] BUIIE oOeliexja Ha jeTHO
OuHapHO oOenexje WCIUTUBAHO je momohy OmHapHe jormctuuke perpecuje. [IpenukTuBHA
BPEIHOCT COIMOAEMOrpadCKUX W KIMHUYKHX OOelie)Xja Ha BPEJIHOCTH CKOpPOBa 3aMopa M

JeTIpectje MpOoIeHUBaHa j€ MYJITHILIOM PErPECHOHOM aHATU30M.

PesynraTtu cy npeacraBibeHu TabenapHo U Gpurypama.

-48 -



5. PE3YJITATH

5.1. lemorpa¢gcke v KIMHMYKE KAPAKTEPUCTHKE HCIIMTAHUKA

VY crynujy je ykipyueHo 98 mauujeHara ca aujarHozom MS. Ilpoceuan y3pacT ucrnuTaHUKa je

omo 39,75£8,63, mpu uyemy je Hajmiahu OonecHuk mmao 21, a Hajcrapuju 62 romuHe. On

yKynHOT O6poja ucnuranuka, 33 (33,7%) cy ounu mymkapim, a 65 (66,3%) xene.

MS rpymny y penarncy je ynnwio 48 manujenara (48,9%), nok je y MS rpymny y pemucuju 6uso

ykipydeHo 50 mamujenara (51,1%). Jlemorpadcke KapakTepUCTHKE HCIUTAHUKA M KIMHUYKH

napaMmeTpu o0e rpyre namujeHara cy cymupanu y Tadenu 2.

TaGena 2. Knuanuke KapakTepUCTHKE IPyTIe MalMjeHaTa y pesancy U peMHCHjU

Bapujabina MS rpyna y peaancy | MS rpyna y pemucuju p
n=48 n=50
I'onuue crapocTu 41.749.13 38,6+7.88 p=0.18
(romune, mean+SD)
ITon 30/18 35/15 p=0.08
(>keHe/MyLIKapIH)
Tpajame GosecTu 6,19 (1-34) 8,64 (2-18) p=0.01
(rogune, meanSD )
Crona pejanca 2,42 (0-5) 1,24 (0-6) p=0.05
(mean, rang)
BMI (kr/m?) 22,98+3,67 22,50+1,78 p=0.40

MS- Mynrumia ckiepos3a, BMI-Body Mass Index

* Man-ButHujeB Tect, cratuctuyka 3Hadajaoct p<0,05
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Huje mokazana cTaTUCTHYKKA 3HAYajHA pa3jiMKa y TOJHO] IUCTPUOYLIMH W y3pacTy usMelhy
rpyna. ¥ MS rpymu y penancy 6uno je 30 sxeHa u 18 Mymikapana, 0K je y TpyIlid y pEMUCH]H
owro 35 >xena u 15 mymkapana. Cy0jekTa ¢y OWiIM NPUOIKHE CTapOCTH: CPElliba BPEIHOCT
roJInHa cTapocTH y MS rpymnu y penancy je u3Hocuna 41,7+9,13, nok je y rpynu y peMUCH]H
owra 38,6+7,88. Cpenma BpeaHOCT AYyXKWHE Tpajamba OO0JIECTHM y KOXOpPTH TaldjeHara y
peMucHju Ouja je CTaTHCTHYKH 3HA4ajHO Jy)a HEro y KOoxopTu y pernancy (6,19+£7,11 vs.
8,64+4,46; p=0.01). MunuMasiHa Ay’>KWHA Tpajama 0OJIECTH Yy pPEeJaliCHOj rpynH je Ouia jeaHa
roJuHa, a MakcuMalinHa 38 TroAuHa, JOK je y IPyIU y PEMHUCHjH MUHUMAJHA AyXXHHA Tpajama
6onectu O6mna 2 roauHe, a MakcuMainHa 18 romumua. Cromna penarca je Ouia BUIIA y TPYIU
nanyjeHara Koju Cy TpPeHyTHO Ownm y penancy (2,42+1,22 vs.1,24+1,39; p=0.05). Uunekc

TEJIeCHE Mace ce HHje CTAaTUCTUYKU 3Ha4ajHO pa3IMKoBao u3Mel)y oBe J1Be KOXOPTE MalyjeHaTta.

-50 -



Ha ®urypu Opoj 1 je mpuka3zaHa 3acTyIUbEHOCT pa3imuuuTux ¢opmu Oojectd kKox MS
UCIUTaHUKA. Y peNancHoj rpynu 3acTyIJbeHOCT je Oumina cieneha: 20 mamujenara (41,7%) je
umano CIS, 17 nanujenara (36,4%) je umano RRMS u 11 nauujenara (22,9%) je umano SPMS.
VY peMuTeHTHO] IpynH, cBU nauujeHTu cy umanu RRMS. Ilpocedna nykuHa Tpajamba OpuMeHe

Teparnuje y oBoj rpymu je ouna 4,42 + 3,64 roaune (paunr 1-12).

®urypa opoj 1

3actynsbeHoct pa3iiunuuTux popmu 00J1ecTH 1O rpynama

m CIS-20 (41,7%)

m RRMS-17 (36,4%)

m SPMS-11 (22,9%)

B RRMS pemucnja-50 (100%)
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Ha ®urypu 6poj 2 je mpeacTaB/beHa TUCTPUOYIIMja UICTUTAHUKA Y OJJHOCY Ha MECTO CTaHOBama.
86 ucnuranuka (87,8%) je mmano cragHO MecTOo OOpaBKa y TIpajiCcKOj CpeIuHH, oK je 12

ucnutanuka (12,2%) >xuBesno Ha ceny.

®urypa 6poj 2

JAucTpulynuja MCNUTAHUKA NIPeMa MeCTy CTAHOBAKa

m ['pan-86 (87,8%)
® Ceno-12 (12,2%)
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Ha ®wurypu Opoj 3 je mnpencraBibeHa aucTpubOynuja MS wucnuTaHWKa MpeMa CTeneHy
obpazoBama. JloOujern cy cieaehum momanu: 4 WCIUTAaHWKA j€ 3aBPIIMIO OCHOBHY IIKOJY
(4,1%), cpeamy HIKOJICKY crnpeMy je uMaio 67 ucnutanuka (68,4%), BUILY LIKOJICKY CIpEMY je

umaso 5 ucnurtanuka (5,1%), A0k je 22 ucnuTaHuKa CTEKJIO BUCOKY CTpy4HY crpemy (22,4%).

®durypa opoj 3

JducTpudyuuja MS ncnutaHuka npemMa crerneHy o0pa3oBama

B OcHoBHa mikona-4 (4,1%)
B Cpenma mkona-67 (68,4%)
= Bumira mkoma-5 (5,1%)

B Bucoka mikona-22 (22,4%)
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HcnutuBameM pagHOr craTyca y4ecHHUKa Yy cTyauju, yTBpheHo je na je 50 ucnuranuka (51%)
ouno y pagHoM onHocy, 28 ucnutanuka (28,6 %) je Ouino He3amocneHo ok je 20 ucrnuTaHuka

(20,4%) 6uno nenzuonucano. [loganu cy npencrasbeHu Ha Ourypu 6poj 4.

®urypa opoj 4

JducTpudyuujaMS ucnuraHuka npemMa pajHoM CTaTyCy

® Y pagHoMm omHOCY-50 (51%)
B Hesamocmnen-28 (28,6%)
= [Tersnonucan-20 (20,4%)
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5.2. Cepymcku HuBou UA kox MS ucnuranuka

Hcnmranu cmo u nopeqwnu HuBoe UA y cepymy MS manujeHara y penarncy ¥ peMHCHjU ca

3ApaBHUM KOHTpPOJIaMa.

Tab6ena 3. Huso UA y cepymy ko MS rpyre y penancy u KOHTPOJIHE TpyIie

Bapujabna MS rpyna y peaamncy 3apaBu p
(umol/L, mean+SE) (umol/L, mean+SE)
UA 236,97+9,25 314,82+11,02 0,000

MS-Mynrumia ckieposa, UA-MokpahHa kucennHa

* GLM —I'enepanu muHeapHA MoJen (aHanmn3a KoBapujancn), p<0,05

W3mepeHe cy CTaTUCTUYKHU 3HA4ajHO Hibke BpenHoctd UA y cepyMy KOJI MalfjeHarta y penarncy
Yy OJIHOCY Ha KOHTpOJIHY Tpymy (236,97+9,25 vs. 314,82+11,02umol/L, F=14,339, df =2/128,

p=0,000).

TabGena 4. Huso UA y cepymy kox MS rpyrie y peMHCH]H ¥ KOHTPOJIHE TPYTIe

Bapwujatia MS rpyna y peMucuju 3apaBu p
(umol/L, mean+SE) (umol/L, mean+SE)
UA 268,27+0,09 314,82+11,02 0,000

MS-Mynrumia ckieposa, UA-MokpahHa kucenuna

* GLM —I'enepannu nuneapHu Mozen (aHanu3a koBapujancu), p<0,05.
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Takohe cy peructpoBaHe CTAaTHCTUYIKY 3HAYajHO HUKE cepyMcke BpeqHoctu UA ko1 manujeHara
Koju cy Ownm y pemucuju y nopehemy ca 3apaBum no06poBosbiuma (268,27+0,09umol/L vs.

314,82+11,02umol/L, F=14,339, df=2/128, p=0,000).

600

500

400 -

MokpahHa 300 -

KUCeJZInHa
(mg/dL) 200 -

100 -

KoHTpone MS penanc MS pemwucwuja

-100 -

®durypa 5. Cepymcku HuBou UA ko7 31paBux cyoOjekara (n=35), MS rpymne y penancy (n=48) u
MS rpyne y pemucuju (n=50) ogpehusanu cy Beckman Coulter ayroananajzepom. Pesynrtatu cy
MPEACTaB/bEHU Kao CpeAme BpPeAHOCTH W cTaHaapnaHe rpemke (meantSE). Crartuctuuka
3HavajHocT je Tectupana GLM mopenom (p<0.05). CtatucTuuku 3HA4ajHO HUKE BPEAHOCTH CYy
M3MEpPEHE Yy TPYIU MallMjeHaTa ca peiarncoM,y 0JJHOCY Ha KOHTPOIHY rpymy (236,97+9,25umol/L
vs. 314,82+11,02 umol/L; p=0,000). Takohe cy perucrpoBane 3HauajHO HIKe BpeaHoctu UA u
y rpynu MS manmjeHata y pemucuju y nopehemy ca kKoHTposHOM Tpyrnom (268,27+0,09 vs.

314,82+11,02; p=0.000).
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3atum cMo ynopeaunu HuBo UA y cepymy koj MS namujenara y penancy u MS nanujeHara y
pemucuju. Pesynratu u3 tabene 5 yka3yjy Aa MOCTOjU CTATUCTUYKHU 3HAYAjHA PA3JIUKA Y HABOY
UA koJ maiyjeHara y pejiarncy u nandjeHara y pemucuju (230,27+8,88 pmol/L vs. 262,2618,70

umol/L,F=6,578, df=1/94, p=0.010).

Tabena 5. HuBo UA y cepymy xox MS rpyma y penarcy u peMUcHju

Bapujaba MS penanc MS pemucuja p
(umol/L, mean+SE) (umol/L, mean+SE)
UA 230,27+8,88 262,26x8,70 0.010

MS-Mynrumia ckiepos3a, UA-MokpahHa kucenunna

* GLM —I'enepantu muHeapHu Mojen (aHain3a KoBapujarcu), p<0,05

MS rpyny y pemancy cmo 3atuMm noaenuian npema ¢opmu 6onectr Ha CIS, RRMS, SPMS nu
MeljycoOHO CMO WX yMOpenuian Kako Ou yTBpAMHU Ja JIM TOCToje pa3nuke y HuBoy UA y
pa3IMYUTUM KIMHUYKUM (QeHoTunoBuMa Oosiectd. HucMo Hamuii CTaTUCTUYKHA 3HA4YajHYy
pazmuky y HuBoy UA m3mehy CIS, RRMS u SPMS (216,22+16,27 umol/L vs. 240,64+13,48

umol/L vs. 254,77+18,82 umol/L, F=1.300, df=2/43, p=0.283).
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Tab6ema 6. Husou UA y cepymy KOJI pa3IuIUTHX KIMHHYKUX opmMu OosiecTr

Bapujadana CIS RRMS SPMS p
(umol/L, mean+SE) (umol/L, mean+SE) (umol/L, mean+SE)

UA
216,22+16,27 240,64+ 13,48 254,77+18,82 0.283

CIS-Kuinanuku uzosnoBanu cuuipom, RRMS-PenancHo peMUTeHTHA MYJITUILIA CKIIEpO3a,
SPMS-CexynnapHo nporpecuBHa MyiTuiLia ckiepo3a, UA-MokpahHa KucennHa

* GLM —I'enepannu muHeapHu Mojen (aHain3a koBapujarcu), p<0,05

[TanpjeHTn y peMHCHjH HMMajy CTaTUCTUYKHM 3Ha4yajHo Buiie BpenHocTH UA y cepymy of
narujenata ca CIS (216,36+19,25umol/L vs. 260,86+8,74 umol/L, F=4,318, df=1/57, p=0,042).
Huje yrBphena craTtucTuuku 3HadajHa pasnuka y HuBoy UA y cepymy u3Mel)y nammjeHara ca
RRMS y penanicy u RRMS y pemucuju (231,74+13,10pumol/L vs. 256,21+8,69umol/L, F=2,419,
df=1/68, p=0,124), kao uu usmehy SPMS u naumjenara y pemucuju (250,06+18,27umol/L vs.

258,38+8,46umol/L, F=0,169, df=1/57, p=0,683).

TaGena 7. Husou UA koj manujeHara y peMUCHJU U PA3TUYUTUX KIMHUYKHX (HOpMHU OOIECTH Yy

penarcy
I'pyne ucnurannka UA p
(umol/L, mean+SE)
CIS vs. RRMS pemucuja 216,36%19,25 vs. 260,86+8,74 0,042
RRMS peaanc vs. RRMS pemucuja 231,74+13,10 vs. 256,21+8,69 0,124
SPMS vs. RRMS pemucuja 250,06+18,27 vs. 258,38+8,46 0,683

CIS-Knuanyku u3onoBanu cuHapoM, RRMS-PenancHo pemuTeHTHa MynTuiia ckiepo3a, SPMS-CekyHmapHo
IporpecuBHa MynTHIUIa ckiepo3a,UA-MokpahHa kucennna

* GLM —T'enepannu nuaeapHu Mozen (aHanm3a KoBapujancu), p<0,05
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VY rpynu MS nanujenara y penarcy, koa 20 mamujeHata cMo u3Mepuin BpeaHnoctd UA y cepymy
npe IpuMeHe MyJICHe, KOpTHKocTepouaHe Tepanuje. [lorom cmMo 3 Mecena ox mpuMeHe ITyJICHE
KOPTUKOCTEPOUIHE Teparuje, KOJ OBHX MallMjeHaTa TOHOBHIM Mepema. Cpeama BpPEIHOCT
HuBoa UA y cepymy mpe nmpumeHe Tepanuje je Oowmma 225,05+14,89umol/L, mnok je 3 Mecema

HakoH Tepanuje n3Hocwuna 371,96+114,51umol/L.

Tab6ena 8. Huon UA xox MS manujenara y penarncy npe ¥ HakoH IpUMeHe IyJICHE Teparuje

IIpe Tepanuje ITocaie Tepanmje p
(umol/L, mean+SE) (umol/L, mean+SE)
(mg/L, mean£SE) (mg/L, mean£SE)
UA 225,05+14,89 371,96+114,51 0,222

UA- Mokpahna kucenuHa

*Ymapenu T tect, p<0,05

Huje nahena craructuuku 3HadajHa paznuka y auBoy UA y cepymy Ipe U HaKOH 3 Mecena off
npMemEeHe MyJICHe KopTuKocTepouHe Tepanuje (t=1,261, df=19, p=0,222).

VY 0BOj cTyauju ucnutuBame HUBoa UA kon MS m 31paBux cybjekaTa BPIIECHO je Y3 KOHTPOITY
nonia u BMI kxao xodayHmuar dakropa Tj. pakTopa 3a Koje ce 3Ha Ja MOTy UMaTH YTHIA] HA
cepymcku HuBo UA. Hamm pesynrartu yka3syjy na non (F=14,360, df 1/86, p=0,000, partial eta
squared=0,142) u BMI (F=4,515, df=1/86, p=0,036, partial eta squared=0,050) wumajy

CTaTHCTUYKH 3Ha4ajaH yTuilaj Ha HuBo UA y cepymy.
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5.3. Cepymcku HuBou CRP kox MS ucnuranmka

O6aBipambe PYTHHCKHX JA0OPATOPUJCKUX aHAIM3a OOYXBaTHIIO J€ W MEPEHE CEPyMCKOT
HuBoa CRP kao neypounpnamaropHor mapkepa. OO03upoM pa cy TpBY TpyIy YHHHIH
UCTIMTAHUIIM Y aKyTHOM peJiaricy, ca aKTyelTHOM HEypouH(IIaMaIijoM a Jia Cy Jpyry Tpymy
YHHWIM UCTIUTAHWIN Y CTaOMIHO] (a3u 00NecTH, UCTIUTAIA CMO Jia JIM TIOCTOjU CTATHCTUYKH
3Ha4yajHa pasnuka y cepyMckom HuBoy CRP wmehy rpymama. YcraHOBJbEHa je CTaTHCTHYKH

3HavajHa pasnuka CRP n3mel)y manujenara y akytHom penarcy u pemucuju (4,46+£0,40mg/L vs.

1,01+0,38mg/L; F=15,906, df= 1/86, p=0,000).

Tab6ena 9. Husoun CRP ko MS nanujenara y penancy u peMUCHjH

MS peananc MS pemucuja p
(mg/L, mean+SE) (mg/L, mean+SE)
CRP 4,46x0,40 1,01+0,38 0,000

CRP-I] peaktuBHU mpoTenH, MS-MynTuiuia ckieposa

* GLM —I'enepaxnu nuHeapHu Mozen (aHanu3a koBapujancu), p< 0,05
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Kox 20 MS mamnujenara y penancy cmo m3mepwin BpenHoctd CRP y cepymy mpe mpumene
MyJICHe, KOpPTHKOCTepouaHe Tepanuje. [lorom cmMo 3 wMecema oa TpHUMEHE ITyJICHE
KOPTUKOCTEPOUIHE TEpaIlije, KOl OBHUX MallijeHaTa OHOBIIN Mepeme. Cpenma Bpeanoct CRP
KO/l OBUX TaIfjeHara mpe tepanuje je omna 5,87+1,00 mg/L, nok je 3 Mecena HaKOH IPUMEHCHE

Tepanuje n3Hocuna 2,83+0,76 mg/L.

TaGena 10. HuBou CRP ko MS nauujenata y penancy npe 1 HakOH IpUMEHE ITyJICHE Tepariuje

IIpe Tepanuje Ilociie Tepanuje p
(umol/L, mean+SE) (umol/L, mean+SE)
(mg/L, meantSE) (mg/L, meanxSE)
CRP 5,87+1,00 2,83+0,76 0,024

CRP-L] peakTuBHH TIPOTCHH

*Vnapenu T tect, p<0,05

Huso CRP y cepymy je CTaTHMCTHYKM 3HAuajHO HWXKM 3 Mecella HAaKOH IMpHUMEHE IyJICHE,
KOPTUKOCTEpOUHE Teparnuje y nopehemy ca HUBOOM Ipe mpumeHe tepanuje (t=2,452, df=19,
p=0,024). U y cnyuajy mepema cepymckor HuBoa CRP Bpiiena je kontpona nona u BMI kao
KoBapHjaTa 1 1oOWjeHr pe3yJTaTH cy moka3anu na yrunaj nona (F=2,044, df 1/86, p=0,156, par-
tial eta squared=0,023) u BMI (F=1,908, df=1/86, p=0,171, partial eta squared=0,025) Ha

Bpeanocty CRP Huje OMO cTaTUCTUYKK 3HAYajaH.

-61-




5.4. CkopoBH KIMHMYKHX CKAJIa npoueHe ko MS ucnuranuka

Hcnuranu cMo ydecTaocT 3aMopa U Jierpecuje y ooe rpyne ucnuranuka Ha ocHoBy FSS u BDI

ckopoBa. ¥ MS rpynu y penarcy 3amop je 6uo npucytan ko 32 ucnuranuka (66.7%), Aok je

JIeNpecuBHAa CUMITOMATOJIOTHja neTekToBaHa koj 21 wucnutanuka (43.7%). Y MS rpynu

nanyjeHaTa y peMHCHju 3aMop je omcepBHpaH koj 28 mamujeHara (56%) A0k je nenpecruBHa

cuMmnToMarosoruja Ouia npucyTHa koA 12 ucnurtanuka (24%). 3aTUM CMO OJIpeUIIN CPElhe

BpenHoctu ckopoBa Ha EDSS, FSS u BDI ckanu, u ynopenunu aa jJu IMOCTOJU CTaTUCTHYKH

3HayajHa pasiiuKa y cpeAmbUM BpeJHOCTUMA CKopoBa Mel)y rpynama.

TaGena 11. Cpenmwe Bpeanoctu FSS, BDI u EDSS ckopoBa xox MS nanujenata y penarncy u

pemMucuju
Bapuja6ue MS rpyna y peaancy MS rpyna y pemucuju p
EDSS ckop 4,02+1,92 2,07+1,17 0,000
FSS cxop 4,91+1,18 4,80+1,06 0,711
BDI ckop 15,68+16,62 8,36x7,10 0,045

MS-Mynrumia ckieposa, EDSS-TIpommpena ckana ¢yHKIHOHaIHE oOHecrnocoOsbeHocT, FSS-Ckana Ttexune

3amopa, BDI-bekoBa ckana qenpecuBHOCTU

*Man-Butaujes tect, p<0,05
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['pyna nmanmjenara y penancy umana je cTaTUCTHIKY 3HayajHo Buiu EDSS ckop (4.02+1.92 vs.
2.07£1.17; p=0.000) u BDI cxop (15.68+16.62 vs. 8.36+7.10; p=0.045). Huje youena 3HauajHa

pasznuka y FSS ckopy kon narujeHara y penancy u peMUCH]H.

Kon 20 manujenara y penamncy cmo m3mepmwiu EDSS, FSS u BDI ckop npe npumene myJicHe,
KopTuKocTepouaHe tepanuje. [lorom cmo 3 Mecella HAaKOH MpPUMEHEHE Tepamuje, Tj. y ¢dasu
pemucuje crpoBenu perectupame. Cpenama Bpeanoct EDSS ckopa mpe Tepamumje je Ouia
4,24+3.99, nmok je cpemma BpemHoct EDSS ckopa 3 mecema mocnie NMpUMEHCHE TEparuje
nzHocuna 3,72+0,44. Cpenma Bpennoct FSS ckopa npe tepamnumje je 6una 4,54+0,34, ok je 3
Mecera Tocie mnpuMemeHe Tepanuja Ownma 3,15+0,41. Cpenma Bpemnoct BDI ckopa mpe
Tepanuje je m3Hocwna 21,68+4,54, nok je 3 mecema moclie MPUMEHEHE Tepamnuje H3HOCHIA

12,80+2,75.
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Tab6ena 12. Cpenmwe Bpennoctu EDSS, FSS u BDI ckopoBa kog MS narujenara y penarcy, npe

Y HaKOH ITyJICHE Tepariuje

IIpe Tepanuje Ilocie Tepanuje p
EDSS ckop 4,24+3,99 3,72+0,44 0,005
FSS ckop 4,54+0,34 3,15+0,41 0,002
BDI cxop 21,68+4,54 12,80+2,75 0,060

EDSS-IIpommpena ckana ¢yHKIHoHaIHEe oHecrnocoOsseHocTH, FSS-Ckana texwune 3amopa, BDI-BekoBa ckana

JIETIPECUBHOCTH

*Ynapenu T tect, p<0,05

Pesynratu u3 Tabene 12 mokasyjy 1a je cTeneH HeypoJomke oHecrocoOsbenoctu -EDSS ckop

CTATUCTUYKHU 3HAYAJHO MamkHU 3 Mecela HaKOH MPUMEHE Tepaluje Tj. y PeMHUCH]U y ropehemy ca

CKOpOM TIp€ MpUMEHe Tepanuje Tj. y penamncy (t=3,199, df=19, p=0,005). Takohe, crernen 3amopa

(FSS ckop) je cratucTHyky 3HaYajHO Mamu 3 Mecella HaKOH NpUMEHEHEe Tepanuje, Tj. Y

pemucuju y nopehemy ca ckopoM 3amopa mpe Tepanuje Tj. y penancy (t=3,656, df=19, p=0,002).

Huje mokazana CTaTUCTHYKM 3HAuYajHA pasivka y ckopoBuMa Ha BDI ckanm mpe W HakoH

npuMene tepanuje (t=1,999, df=19, p=0,060).
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5.6. Kopesanuje UA ca KIMHMYKHM CKaJIaMa MPOLECHE

Hcnuranu cMo Jja 1 ocToju Kopenaiuja HuBoa UA y cepyMy ca KIMHUYKUAM CKajaMa Koje CMO

KOPHUCTUJIH 32 JIETEKIIU]y HEYPOJIOIIKE OHECTIOCO0JbEHOCTH, 3aMOpa U JICTIpeCH]e.

Ta6ena 13. Kopenamuje auBoa UA y cepymMy B CKOpOBa CKajla KIMHUYKE MPOIICHE

HNucTpyMenTH IIupconoB koedunujeHT p
Kopeaanuje (1)
EDSS ckop -0,13 0,117
FSS ckop -0,17 0,081
BDI ckop -0,11 0,259

EDSS-IIpommpena ckana ¢(yHKIHOHaMHE OoHecrocoOsbeHocTH, FSS-Ckana texxune 3amopa, BDI-bexoBa ckana

ACMPECCUBHOCTU

*[Tupconora kopenanuja, p<0,05

Huje ytBphena cratuctuuku 3HadajHa kopenanuja HuBoa UA y cepymy ca EDSS ckopom

(p=0.117), FSS cxopom ( p= 0,081) u ykymaum BDI ckopom (p=0.259).

Hame cmo ucnutanu na v HuBo UA y cepyMy Kopenupa ca nojeinHayHuM ajtemuma Ha EDSS,
FSS u BDI ckanama. Huje nahena cratuctuuku 3HavajHa kopenanuja HuBoa UA y cepymy ca
noagomennma Ha EDSS ckanu. [Toctoju craTucTHUKK 3HaYajHA, HEraTUBHA Kopenamuja ca FSS

ajTeMOM KOjU Ce OJIHOCH Ha yTHIIa] 3aMOpa Ha aKTUBHOCTU CBakojHeBHoOr >kuBoTa (p=0.03, r=-
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0.21). Takohe, mocToju CTAaTHCTUYKM 3HAYajHA, HETaTHBHA Kopeianuja HuBoa UA y cepymy ca

BDI ajremom koju ykasyje Ha mpucyctBo cumnroma tyre (p=0.008, r=-0.30).

5.6. Kopeaauuje CRP ca KIMHHYKHM CKajlaMa NMpolleHe

Hcnmranu cMo aa iim mocroju kopenanuja HuBoa CRP y cepymy ca ckopoBuma Ha EDSS, FSS u

BDI ckamama.

Tab6ena 14. Kopemanuje auBoa CRP y cepymy u ckopoBa ckajia KIMHUYKE MPOIICHE

HNucTrpyMenTHn IInpconoB koedgunujeHT p
KopeJanuje ( r)
EDSS ckop 0,57 0,000
FSS cxop 0,40 0,030
BDI ckop 0,40 0,000

EDSS-IIpommpena ckana ¢yHKOHoHanHe oHecmocoOJsseHocTH, FSS-Ckama Texxune 3amopa, BDI-BekoBa ckama
JIeTIPECUBHOCTH

*[TupconoBa kopenanuja, p<0,05

VYTBpheHa je CTaTUCTHYKK 3HAYajHa, MO3UTHBHA Kopenaruja HuBoa CRP y cepymy ca EDSS
ckopom (p=0.000, r=0.57), FSS cxopom (p=0.030, r=0.40) u BDI ckopom (p=0.000, r=0.40).
Hame cmo ucnurtanu aa iu HuBo CRP y cepyMmy kopenupa ca mojequHa4YHUM ajTeMHMa Ha

EDSS, FSS u BDI ckanama.
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Tab6ena 15. Kopemanuje auBoa CRP y cepymy ca pynknumonanmnum cucremuma Ha EDSS ckanu

DOYHKIUOHAIHHA CHCTEMH IInpconoB koedunujeHT p
KopeJsanuje ( r)

Busyeanun 0,30 0,003
Mo:kaaHo cTad10 0,21 0,036
IMupamuan 0,20 0,049
Lepedenapuu 0,24 0,014
CeH3opHH 0,41 0,000
Cohunkrepn 0,22 0,028
Xoxa 0,30 0,004
Lepedpaanu 0,07 0,478

*[Tupconora kopenanuja, p<0,05

[TocToju craTUCTHYKM 3HAYajHA, MO3UTHMBHA Kopenanuja HuBoa CRP y cepymy ca crnenehum
¢bynkimonanHuMm noanomennma Ha EDSS ckamu: Busyemnum (p=0,003, r=0,30), moxmaHnum
crabinom (p=0,036, r=0,21), mupamugaum (p=0,049, r=0,20), uepedenapuum (p=0,014, r=0,24),
cerzopuuM (p=0,000, r=0,41), chunkrepuma (p=0,028, r=0,22), xoxom (p=0,004, r=0,30) anu He
u nepedpamaum (p=0,478, r=0,07).

YTBpheHa je ctaTUCTUYKM 3HA4YajHA, MO3UTHUBHA Kopenanuja HuBoa CRP y cepymy ca ajremom

Ha FSS ckamm koju o3HauaBa yTuIlaj 3aMopa Ha aKTMBHOCTH cBakojaHeBHOT sxuBota ( p=0.05,

r=0.40).
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TaGena 16. Kopenauuje HuBoa CRP y cepyMy ca CTaTHCTHYKHM 3HA4ajHUM IOjeAMHAYHUM
ajremuma Ha BDI ckanu

AjremMu IMupconoB koepuuMjeHT p
Kopesaanuje (r)
Tyra 0,30 0,003
Ocehaj npomamenocTu 0,32 0,001
He3anoBo/bcTBO COO0OM 0,23 0,019
Heopnyunoct 0,20 0,050
HecnocoOHocT 3a pajg 0,30 0,003
Hecanuna 0,21 0,034
3amop 0,30 0,012
I'youTak amerura 0,34 0,001
IIpeoxkynmanmja TeJileCHUM 0,40 0,000
Terodoama

*[Tupconora kopenanuja, p<0,05

Ha BDI ckamu, nuBo CRP y cepymy je xopenupao ca cienehum ajreMuMa: ajteM 1-mpucycTBO
tyre (p=0,003, r=0,30), ajrem 3-oceha; mpomamenoctu ( p=0,001, r=0,32), ajrem 7 -
He3a/10BoJbCcTBO cobom (p=0,019, r=0,23), ajrem 13-neommyunoct (p=0,050, r=0,20), ajrem 15-
HecriocobHocCT 3a pan (p=0,003, =0,30), ajrem 16-necannma (p=0,034, r=0,21), ajrem 17-3amop
(p=0,012, r=0,30), ajrem 18-ryourak ameruta (p=0,001, r=0,34) u ajrem 20-mpeokymnaiuja
tenecaum terodbama (p=0,000, r=0,40).

YoueHa je cTaTUCTHYKH 3HaYajHa, Mo3uTHBHA Kopenaryja u3melhy FSS u EDSS ckopa (p=0,000,

r=0,40), FSS u BDI ckopa (p=0,000, r=0,45), u BDI u EDSS ckopa (p=0,000, r=0,45).
-68 -




5.7. YTunaj counoaemMorpagckux u KJIMHMYKHX apamerapa Ha MS, 3amop u aenpecujy

Jla 6u cMO ucnuTaId KOJU couuojeMorpaCckd M KIMHUYKM IapaMeTpu yTHYy Ha I0jaBy

OornectH, ypaauiid cMO OWHApPHY JIOTUCTUYKY perpecuoHy aHammzy. Mmajyhu y Bumy yTHIaj

noja 1 BMI, kao moreHnujanHux KOHPayHAUHT (GaKTopa, MPUIMKOM OBE aHAJIW3E, BPIICHA je

KOHTpOJIa KOH(ayHJIWHTa Y OJTHOCY Ha 3aBUCHY Bapujaldiy.

TaGena 17. Ytuuaj Husoa UA y cepyMy Ha rnoderak 060y1ecTH

3aBucHa He3zaBucna | Wald Bpoj Kosmynuk 95% p
BapujadJia BapujatJia cTeneHu BepoBaTHohe HHTEpPBaJ
ciaobone NoBepema
IMouerak UA 21,902 1 0,986 0,97-0,99 | 0,000
0osectu

UA- Mokpahna kucennHa

*BuHapHa JorucTUyKa perpecuja, p<0,05

Huso UA y cepyMy MMa CTaTUCTHYKU 3HayajaH yTHIA] Ha mojaBy Ooiectu (¥2=28.933, df=1,

p=0.000; Nagelkerke=0.289; 77.4 % cBux ciyd4ajeBa je KOpeKTHO KiacupukoBano ca 92.9 %

CeH3UTUBHOCTHU U 34.3 % cneunduaHoCcTH).

Y uuipy mnpoleHe yTuiaja couuoaeMorpadCckux W KIMHUYKUX Mapamerapa (Moj, TOAHUHE

KUBOTA, HUBO 00pa3zoBama, nykrnHa Tpajama 6onectu, EDSS u FSS ckop) Ha nojaBy nenpecuje

Koz obonenux oa MS takole je ypahena OuHapHa JOrUCTHUYKa perpecuja. MS manujeHTe cMo

Hajpe noAenwiu y 2 rpymne: MS rpymy ca npucyTHOM AENPECUBHOM CUMIITOMATOJIOTHjoM U MS

rpyny 0Oe3 HpuCyTHE JienpecuBHe cumnromarosoruje. [IpucycTBo OBHX cHMITOMaA jeé MEPEHO
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BDI ckanom. Koxa nmamujenara ca MS, ckop > 13 na BDI ckanu ce KopucTy Kao 10ma rpaHuIHA

BPEAHOCT KOja O3HayaBa NPUCYCTBO CHUMIITOMA Jempecuje, y3 CeH3UTHBHOCT on 71% wu

cneruduanocT o1 79% [27].

TaGena 18. YTuuaj nemMorpadckux 1 KIMHUYKUX KapaKTEepUCTHUKA Ha 110jaBy Jenpecuje

3aBucHa He3zaBucua | Wald bpoj Koanunuk 95% p
Bapuja0dna | Bapmujadia CTeNeH! BepoBaTHOhe HHTEePBaJ
ciodone NnoBepema
[Ton 0,001 1 0,984 0,39-2,48 0,973
logune 2,138 1 0,960 0,90-1,01 0,144
JKHUBOTa
. Oo6pazoBame | 0,022 1 1,038 0,63-1,70 0,883
Henpecuja
HyxuHa 0,037 1 0,992 0,91-1,07 0,848
Oonectu
EDSS ckop | 10,970 1 0,636 0,48-0,83 0,001
FSS ckop 13,540 1 0,587 0,44-0,77 0,000

EDSS-IIpommpena ckana ¢pyHKIMOHANIHE oHecriocoOsbeHocTH, FSS-Ckana Texxune 3amopa

*bunapHa oructuyka perpecuja p<0,05

Hamm pesyntatu yka3zyjy na EDSS u FSS ckop umajy ytunaj Ha nojaBy aenpecuje (y2=15.214,

df=5, p=0.009; Nagelkerke=0.199; 75.5% cBux ciyd4ajeBa je KOPEKTHO KJIaCH()UKOBAHO ca

62.4% censutuBHOCTH U 92.3% cneunduyHocTn).

buHapHOM JOTHCTHUYKOM perpecujoM CMO HCHOUTAIM YTHIA] TOja, TOAMHA XUBOTA, HHUBOA

oOpasoBama, nyxuHe Tpajama 6onectu, EDSS u BDI ckopa Ha mojaBy 3amMopa ko 0001enux o1

MS. I[IpucyTtHocT 3amopa je mepeHo FSS ckaigom Ha K0joj cKkop > 4 03Ha4yaBa MPUCYCTBO 3aMOpa.
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[Ipema 0BOj 10K0j TPAHUYHO] BPEITHOCTH CMO Y30paK MOJESIIIA Ha JBE TPyIIe: Tpyna 000ennx

ox MS koju umajy 3aMop U TpyIry odosenux o1 MS koju Hemajy 3amop.

TaGena 19. Ytunaj nemorpadcKux M KIMHUYKHX KapaKTEPUCTUKA HA TI0jaBy 3aMOpa

3aBucia | He3zaBucna | Wald bpoj Kosmunuk 95% p
Bapujadia | BapujadJa crenieHd | BepoBaTHohe | MHTepBaJ
ciaodone 1100):19 119 &3]
[Mon 0,5003 1 1,403 0,55-3,58 0,4778
Fonune 7,783 1 0,917 0,86-0,97 0,005
KHBOTA
Oo6pazoBame 2,347 1 0,672 0,40-1,11 0,126
3amop
HyxuHa 0,453 1 0,973 0,89-1,05 0,501
6onectn
EDSS cxop 5,472 1 0,727 0,55-0,95 0,019
BDI ckop 8,810 1 0,916 0,86-0,97 0,003

EDSS-IIpommpena ckana ¢pyHknnonagae onecriocodsseHoctr, BDI-bekoBa ckana menpecuBHOCTH

*BuHapHa JOrUCTHYKa perpecuja p<0,05

Jlobujenn pes3ynTaTd TOKasyjy JAa ToAuHe >XuBoTa kao u BpeaHoctu EDSS um BDI ckopa

CTaTUCTHYKHU 3HAYAjHO yTHUY Ha mojaBy 3amopa (¥2=20.059, df=5, p=0.001; Nagelkerke=0.247;

71.4% cBux ciy4ajeBa je KOpeKTHO KiacupukoBano ca 63.0% cemsutuBHocTH U 78.8%

crenu(uIHOCTH).
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5.8. IlpennkTopu 3amopa u Jenpecuje

[IpyumeHOM  MyYJTHIUIE PETPECHOHE  aHalW3€ UCHOUTAJIM CMO MPEAUKTHBHM  3HA4aj

counoaeMorpadckux U KIMHUYKUX nmapameTapa Ha FSS u BDI ckop.

Tabena 20. [IpeauxTHBHE BpeJHOCTH AeMOrpadcKuX U KIMHUYKUX NapaMmerapa Ha FSS ckop

3aBucHa IpexuxTop B SE B T p
Bapujadia

I'onune xxuBoTa 0,060 0,020 0,291 2,627 0,004

FSS cxop dopma Gonectn 1,141 0,307 0,355 3,715 0,000

EDSS ckop 0,364 0,091 0,380 4,030 0,000

EDSS- Tpommpena ckana ¢pynxunonante onecrniocobbenoctn, FSS-Ckana Texune 3aMmopa

*MynrtHinia perpecuona anainuza, p<0,05

Ha ocHoBy pesynrara nmpuka3anu Ha Tabenu 20, 3ak/bydyje ce Ja TOAMHE KUBOTA, KIMHUYKA
dopma 6omnectu (F (1/95) =4.339, p= 0.040, R*=0.164, Adjusted R=0.146) u EDSS ckop (F
(1/96) =16.243, p= 0.000, R?>=0.145, Adjusted R=0.136) wumajy CTaTUCTHUYKHA 3HAYAjHY

IPEeIMKTUBHY BpenHocT Ha FSS ckop.
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Tab6ema 21. [IpenukTuBHE BpeIHOCTH AeMorpadCcKuX U KIMHUYKKUX napameTtapa Ha BDI ckop

3aBucHa IIpenukTop B SE B T p
BapujadJia
dopma Oosrectn 8,293 2,197 0,352 3,775 0,000
BDI ckop HmyHomonynatopsa | -8,289 | 2,439 | -0,339 | -3411 | 0,001
Tepanuja
CRP 0,850 | 0,419 | 0,200 2,032 | 0,040
EDSS ckop 2,383 | 0,696 | 0,337 3,424 | 0,001

BDI-bekoBa ckama pnenpecuBHocTH, CRP-I[ peaxtnBHM mnporemn, EDSS- Ilpommpena ckama ¢yHKIMOHATHE

OHECIIOCOOJLEHOCTH

*Mynrumia perpecnona ananusa p<0,05

CTaTUCTHYKM 3HAYajHU TNPEIUKTOPH BpeaHocTH ckopa Ha BDI ckamm cy: knmuHMuka Qopma

Oonectu, mpumeHa umyHomoxayiTtopHe tepamuje (IFN-betala) (F (1/95) =13.236, p=0.000,

R?=0.198, Adjusted R=0.182), Bpennoctu CRP u EDSS ckxopa (F (1/95) =4.128, p=0.04,

R2=0.203, Adjusted R=0.187).
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5. JTMICKYCHJA

['maBHM mWJb HANIET WCTpPaXKWBama je OMo aa ce mcrutajy HUBom UA y cepymy Kao mMapkepa
okcugaTuBHOT cTpeca, W HuBom CRP y cepymy kao Mmapkepa HeypouHGuamarnmje, KO.I
nanyjeHata ca MS y paznuuutuM (azama U KIMHUYKUM popMamMa 00JIecTy, Kao U BbUXOB YTHLIA)
Ha CTENEeH HEYPOJOIIKE OHECIOCOOJbEHOCTH, 3aMOpa M JCTPECHBHE CHMIITOMATOJIOTH]E KOJ

OBUIX TIAIlMjeHATA.

ITokaszanu cmo na cy HuBou UA y cepymy ko obonenux oa MS Huxu y cBuM ¢azama 0onecTu y
nopehemy ca 3apaBUM, KOHTPOJIUM cyOjeKTuMa, Kao u J1a je HuBo CRP y cepymy Buiu kog MS
rpyne y penarncy npu nopehemy ca MS rpynom y pemucuju. Hamm pesynraty MHAUKY]Y Aa
cepymckun HUBOo UA Moke MMaTu yTHllaja Ha MmojaBy Oonectu. Takohe cMo mokazanu jaa
IIpUMEHa IyJICHEe, KOPTUKOCTEpOUAHE Tepanuje y (a3u penarca yruue Ha noBehame HuBoa UA y
cepyMy U cMameme cepyMckor HuBoa CRP. Behu crenen Heyposolike oHECIOCOO/bEHOCTH U
JIeTIpeCUBHE CHUMIITOMATOJIOTHje Cy YOUeHM KOJ MalyjeHara y peiancy y mnopehemy ca
nalujeHTuMa Koju cy ouinm y crabuinHoj ¢asu 6onectu. HakoH npumeHe Tepanije perucTpyjy ce
MamHU CTeleH Heyponomike onecrnocoOseHoctn (EDSS ckop), 3amopa (FSS ckop), kao u
camwkewe BDI ckopa. HuBo UA y cepyMmy Kkopenwpa ca NpPUCYCTBOM TYre M OTEKaHUM
aKTUBHOCTMMA CBaKOJHEBHOT XKMBOTa, 10K HUBO CRP y cepymy xopenupa ca EDSS, FSS u BDI
CKOpoBMMa. YoueHa je TO3MTHBHA Kopejanuja u3Melly cremeHa  HEypoJIOIIKe
OHECIIOCOOJFEHOCTH M 3aMOpa, JENpPEeCHUBHE CHUMITOMATOJOIMjE W 3aMopa, Kao M CTeleHa
HEYPOJIOIIKE OHECNOCOOJbEHOCTH U JeNpecuBHE cumnTomaronoruje. [lokazanu cmo na Ha
[10jaBy 3aMOpa yTUYy T'OJMHE KUBOTA, CTETIEH HEYPOJIOIIKE OHECTIOCOOHEHOCTH, a J]a Ha 10jaBy
JeTipecuje yTuuy Takohe CTeneH HeypoJIOoLIKe OHECIIOCOOmEHOCTH U cTeneH 3amopa. Huso CRP
y cepyMy je 3HadajaH npefukTop BDI ckopa, a cTemneH HeypoJoLIKe OHECHOCOOJBEHOCTH je

3HayajaH npeauxrop FSS u BDI ckopa.
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5.1. UA-mapkep okcuaaTuBHOI cTpeca y MS

Heypoundnamanuja u Heypojerenepanyja cy nNaTOreHETCKU MEXaHU3MH KOjU Cy IPUCYTHH Y
panuM (azama MS (171, 172). TlperxoaHa 3anmakama IOTBPl)Yjy YHI-ECHHILY Ja j€ OKCHIATHBHH
cTpec 3HauajaH (GakTop KOjH CyHedyje y OBHUM MpOIECHMMa M HACTaHKY JIEMH]CITMHU3AIIN]C
(173,174). V ycnoBuma HeypouHbIamaliuje, 10J1a3u 10 CTBapama Benrke konmarnae NO momohy
€H3MMa KOjU Y4YECTBYje Y HETrOBOj CHHTE3M, HHAYKTHBHE a30T okcuja cuHTaze (iNOS).
AKTHUBHOCT OBOT' €H3UMa y henvjama WHAYKY]Y TPOAYKTH HH(]EKIHje, €r30TOKCMHU Kao M
MEIIMjaTOpH 3amnabeha-IUTOKUHKU (175). AKTHBHpaHe MUKpOINIMjaJiHe helje W acTPOLMTH
Takohe mpoaykyjy Behe KoJIMUMHE pPEAKTUBHUX OKCHJIaHAca KOjU J1aJbOM HMHTEPAKIIHjOM
dbopmupajy jomn CHaXHHJU OKCHUIAHC IEPOKCHHUTPHUT Y3poKyjyhu omreheme HeypoHa u
nocinenuuny HeypoaereHepanujy (77, 80). Ha anmmanmnoMm moxaeny MS, ekcriepuMeHTaTHOM
ayTOMMYHOM eHIleQaluTUCy je moka3aHo Aa uHxuounmja iNOS u uHXMOHMIMja cTBapama
MIEPOKCHHUTPUTA CYyNpUMHpA]y HacTaHak Oonectn, kao u na je UA edukacHH ,,gucTaq’

nepokcuHuUTpuUTa (98).

Y mocnenme Be JCICHHW]E j€ IMOKa3aHO Ja DIIyTaTHoOH, aida Tokodepos, ackopOWHCKa
kucenuHa 1 UA nMajy yinory y aHTHOKCHJIATUBHO] OJIOpaHM OpPTaHW3Ma | Jia CMamyjy IITETHE
edexTe crmobomuux pamukana (176). UnmeHnia Koja moap)kaBa OBy Te3y je Hajla3 CHHXKEHHUX
BPEIHOCTH TayTaTHoHa, aida Tokodeporsa u UA y nemujenuHu3anuoHuM IiakoBuma (177).
MepeH>e AHTHUOKCHJIATUBHOI' KallallUTCTa OpraHu3Ma MOXKC CC BPIIUTH MCPCHEM CCPYMCKHUX

HHBOA HABEJICHUX aHTHOKCHUJaHaca, u3Mel)y ocranux u Mmepemem cepymckor HuBoa UA (178).
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N3 npeTxomHO HaBEIEHUX YMIH-CHUIIA j€ jaCHO Jla Cy C€ MHOTE CTyauje OaBWjIe UCTTMTHBAKEM
HuBoa UA y cepymy Kkoja obosenux ox MS, amm cy pe3yaTaTd HeKoH3UCTeHTHHU. [lojenmHu
ayToOpHu Cy ToKa3anu ja cy koa MS marnujenara auBon UA y cepyMy CHUXEHH, Y TOJCIUHUM
CTyIHMjamMa HHCY orcepBHpane paznuke y HuBoy UA kox obonenmux ox MS y mopehemwy ca
3mapBuM KoHTposHUM cyOjektuma ( 101, 102, 179). Hamu pe3yaratu cy mokasaid Ja 00oeu
ox MS umajy Hmwke HuBoe UA y cepymy. OBaj Haja3 je KOH3UCTEHTaH ca HEJIABHO 00jaBJbEHOM
MeTa aHaJIM30M Koja je mokasaja jga MS mainujeHTH uMajy 3HavajHo Hmke BpenHocTd UA 'y
cepymy y nopehemy ca 3apaBuM, KOHTpoJIHUM cyOjektuma (102).

PaznuuurocT pesyiTaTa je TEIKO 00jaCHUTH alld je 10 cajja YKa3aHO Ha HEKOJIMKO YMHICHULIA:
MaJii UCIIUTUBAHU Y30paK, H30CTaHAaK KOHTpoJie KopayHAUHT (pakTopa KOoju yTHuy Ha HUBO UA,
morpenial M300p HMCHUTAaHWKA KOju uuHE KOoHTposiHy Tpymy (180). Hekommko crymuja je
UCTpaXKUBAJO pasziuke y cepymckuMm HuBouma UA y cepymy kon obonenux ox MS wu
KOHTPOJIHUX CyOjeKkaTa Koje Cy YMHHWIIM MaIfjeHTH 00O0JIeNId O/ IPYTUX HEYPOJOIMIKUX O0JIECTH
(181). Hanac je cacBum jacHo aa HuBou UA y cepymy Mory OWTH BapujaOMIIHU U KOJ HEKHX
IpyTUX HEypoJomKuX nopemehaja, kakBu cy Ha npumep IlapkuHcoHOBa OojiecT wWiIH
MHjacTeHH]a TPABHC IITO HHIUKY]E J1a CyOjeKTH KOHTPOJIE TPyIie MOpajy OuTn OupaHu MaKJbUBO
(182, 183).

[Ipu ongpehuBamy cepymcke koHueHntpaiuje UA je HEOmXoaHO y3eTH y 003up moryhu yrtuiaj
Opojuux ¢akrtopa, usmehy kojux cy nmonm u BMI, e cMo ucnuTtaiii BHUXOB YTHIIQ] HA OBY
3aBUCHY NpoMeHJbMBY. Hamm pesynrtatu cy mokazanu na mon u BMI 3HauajHo nerepMuHUITY
HuBo UA y cepymy koj obonennx ogq MS. Panuje cy mpe3eHTOBaHHM PEe3yiTaTH Ja KEHE UMajy
3HauajHo HWXke BpenHoctu UA y cepymy y nopehemy ca mymkapruma. Moryhe ofjanimemne
oBOTI' ()eHOMEHA je CMamkeHa aHTUOKCHIaTUBHA aKTUBHOCT U Beha unnuaeHna MS mel)y sxenama

(184). Takohe, auzaxk BMI (MamayTpunmja) J0BOIM 10 CMamelka HHUBOA OBOT IMapaMeTpa y
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cepymy (185). M mam nHama3 ykasyje na ce yTumaj oBux ¢akrtopa Ha HUBO UA HE MOXe

HUCKJbYYUTH.

Hame cmo eBamyupaii cepymcke HuBoe UA y pazmmuutiM (azama © KIMHUYKHM (hopmama
MS. Hammm Hanmasu mokasyjy ga MS marnujeHTH y peMHUCH]H Tj. cTa0miHo] (a3u Oonectd U Ha
MMYHOMO/IYJIATOPHOj Tepanuju uMajy 3HadajHo Buine Bpeanoctu UA y cepymy y mopehemy ca
MS nanmjeHTHMa y aKTyeJTHOM Toropiiamy 00JiecTH Koju HUCY Ha Tepanuju. OBaj pe3ynrar ce
ca jelHe CTpaHe MOKe 00jaCHUTH YHILCHUIIOM J1a j€ Y MePHO/y aKyTHOT TOTOpIIamha HHTEH3UTET
HeypouHQiamanje Behu ycnen yera ce HuBo UA y cepyMy cMmamyje 300T BeHOT MpoJiacka Kpo3
omrehery BBB u ynacka y CNS e ucrospaBa cBoje aHTUOKCHUIATHBHO JI€jCTBO Kao ,,4uCTad™
nepokcunutpura. Ca apyre crpane MS rpymna y pemucuju je 6una Ha tepanuju [FN-beta xoju
CBOJUM aHTHUHH(IAMATOPHUM MEXaHU3MOM JI€jCTBA yTHYE HA MPUPOIHU TOK OOJIECTH TAaKO LITO
CMambyje y4eCcTaloCT ¥ TeKUHY pearnca, peaykyje Opoj akTuBHX npomeHa Ha MR u mociequaao

nosehaBa cepymcke HuBoe UA (186).

HcnutuBamemM MS manujeHarta AOIUIO ce€ 0 Ca3Hama Ja MAlHUjeHTH y paHo], HH(IAMATOPHO)]
¢a3u 6onectu (CIS u RRMS) umajy nmxe auBoe UA y cepymy y nopehemy ca nainujeHTuma y
kacHujuM (pazama (SPMS) Gonectu mto ce oOjammaBa YHEHEHUIIOM JIa Y paHoj, HH(IaMaTOPHO]
¢da3zu MS, nomuHHpajy HeypouHpIamanuja U OKCUIATUBHU CTPEC, JOK je HeypojereHepalyja
JOMUHAHTaH MPOIIEC Y MporpecuBHUM ctaaujymuma MS (187). Hamu pe3yararu cy mokasaiu 1a
nanujeHTyu ca SPMS umajy Bume HuBoe UA y cepymy oa ucnuranuka ca RRMS u CIS, mro
TOBOpH y THPWJIOT MPETXOJHO HABEJCHOM 3amaxamwy, MehyTum pasnuke usmel)y HaBeleHUX
rpylna y HalleM Cllydajy HUCY Omiie cTaTUCTHYKH 3HadajHe. Koj mamujeHarta y penarncy youeHH
cy Bum HuBou UA y cepymy HakoH 3 Mecena OJ NpUMEHE MYJICHE, KOPTUKOCTEPOHIHE
Tepanuje y nopehemy ca HUBOMMa Mpe MpUMEHe Tepalnuje IITo je y CKIaay ca ca3HameMm na MP

pelyKyje MHTEH3UTET 3alaJbeHCKOI Mpolleca CMameHhEeM CTBapama aHTHTENa M MHOTHX
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MEIMjaTOPCKUX henmuja wuHQIaMalyje Kao W Ca3HamkeM Ja OBUM MEXaHW3MOM [IejCTBa

nHaupekTHO noBehaBa HUBO UA y cepymy (104).

Jlo maHac jomn yBeK HHje y MOTIIYHOCTH pa3jalimkeHo jaa i HuBo UA y cepyMy MMa yTuIlaja Ha
MATOTEHETCKE MeXaHW3Me OO0JIeCTH W HhEeH HacTaHak, Wiu je Hu3zak HuBo UA y cepymy
nocneauia nporpecuje 6onectu (188). C 003upoM Ha OBE YHIHCHHIIC, U Y HAIIIEM HUCTPAXKUBALY
npouewuBan je yrumaj) UA Ha mojaBy Oonectu. Pesynratu cyrepumry na Huzak HUBO UA y
cepyMmy moBehaBa pH3HMK 3a mMojaBy 0OJEeCTH M J1a C€ MOXXE Pa3MOTPUTH Kao MOTEHIIWjaTHU

Htrait™ marker y MS.

5.2. CRP-mapkep Heypoundamanuje y MS

MS je xponunuyna uHdumamatopHa Oonect CNS kojy kapakrepuine HUMYHCKH HOCPEIOBAHO
omreheme cuBe u 6ene mace mosra (189). Ha anumannom moneny MS je mokazaHo na ce 6osect
MO’KE€ WHAYKOBATHU KOJI €KCIIEPUMEHTAHUX >KUBOTHHA aKTUBHO, UMYHHM3AllMjOM WJIH TAaCHBHO
IIPEHOCOM JHM(OIUTa UMYHHU30BaHE >KUBOTHUIGE Y 37paBe CHHIEHE NMpHUMaolle, WiIu y BULy T
henujckux KIoHOBa ceUpUIHUX 32 HEKU o1 eHlledanuTrorenux nporernHa CNS (190). Hako je
HeypouHdnamanuja y MS nuHamMHuaH mpoliec KOjU je MPUCYTaH y CBUM CTaJujyMuUMa 00JIecTH
cMaTpa ce LEHTpalTHUM jorahajeM y HEHUM paHUM CTaJdjyMHuMa. Y paHOM TOKy OojecTu
JOMUHHpA PeIarncHO PEMUTEHTHH oOpa3all Koj Kora je npuMmeheHo fa nmopes AeMujenuHu3anmje
Koja Hactaje aktuBauujoM T u B num¢ponura y CNS, 3HayajHy ynory uma u JUMQOILUTHA U
MOHOHYKJIeapHa TepuBacKyjapHa HHOMITpanuja ¥ nocienuuHo omreheme akcona (191).

OmncepBupaHo je J1a MOCTOjU Kopenaluja u3Mely penarnca W mnepuBacKyjlapHe HHGIaMaTopHE
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uH(pWITpaIje U MmojaBe HOBUX, aKTUBHMUX IIJIAKOBAa, IITO Ja/beé MMIUIMKYjEe /1a CBAaKW HOBH
nHpmamaropau gorahaj y CNS pesynTyje akyTHUM MoropiiameM OoecTu. Segal je ykazao na je

WHULIMjAJTHA JToTah)aj y HacTaHKy perarca ayTOUMYHHU OATOBOpP Ha aHTUTEHE NIPOTEHHA MH]jeIIMHA

(192).

WNudnamatopan mpouec y CNS ce Moxe BEpUPHKOBATH aHAIM30M JIMKBOpPa Y KOM ce
pETHUCTPYjy MHTpATEKaTHA CHHTEe3a [g, Kao U MOBUIIEHE BpeAHOCTH ojpehennx nHpramaTopHUX
Mapkepa y JukBopy anu u y cepymy. CRP je mporenn akytHe (hase KOju ce€ CHHTETHUIIE Y
XEMaTOUUTHMa Kao OJroBOp Ha CHUHTE3y npouHpramaropHux uutokuna IL-6 u-IL-1B Te ce
KOPHCTH Kao Mapkep cucreMcke nHpaamanuje (193). V paznuuutuM ayTOMMYHUM CTambHMa je
npumehena BapujabmmHoct HEBoa CRP, ma ce Ha mpumep oBuM OHOMapkepoMm BepuUKyje
aKTUBHOCT Ooiyiectd Kox peymarouaHor aprputuca (194). Takohe je mokazano nma je CRP
KOpUCTaH WH(MIAMAaTOPHH MapKep KOJ HEKHX KapAHOBAaCKyJapHHX OOJecTH Koje ce
KapakTepUIly XPOHUYHOM HH(pIAMaLUjOM Yy EHIOTEIy H IErOBOM  IOCIEIMYHOM
mucynkiujom (195). Kako ce mokazano na je CRP usyserHo kopuctaH mapkep nepudepHe
uH(pIaMaIyje MHOTH UCTPAXUBAYM CY TMOKYIIATU Ja TMOKaXy Jia JIM Ce OBaj mapaMerap MOkKe
KOPUCTHTH y HCTE CBPXE U KOJ 3anajbeHcKor mnpoueca y CNS. Jlocagamma ca3Hama yKasyjy aa
3amaJbeHCKH Mpoliec Ha nepudepuju nmpexo HHGIaMaTOPHUX MEAMjaTopa MOKE MHIYKOBAaTH H
Heypoundnamanujy (196). CRP nosehasa nepmeabunnoct BBB BesuBamem 3a Fcy penenitop
IITO JIOBOJM JI0 aKTHUBamuje MuKporimje y mosry (197, 198). Giovannoni u capajHHUIUA CY
nokazanu 1a ce CRP Moke KOpUCTHTH Kao Mapkep pejarca u HeypouH]IaMaTOpHOT Impoleca
y MS (84). Jenan o nuspeBa oBe CTyuje je O1o 1a ce yTBpau Ja jJu ce HuBou cepymckor CRP
pa3nuKyjy Koa MS ucnutaHuka y penancy Tj. akyTHOM Moropiamy 1 MS HcUTaHUKa KOjU CY
y cTabunHoj (as3u O6onectu. Pesynraru Hamer UCTpaKuBamba yKasyjy J1a UCITUTAHUIM Y Peliarcy

uMajy 3HavajHo Buie BpenHoctu CRP y cepymy y mopehemy ca HCIUTaHUIIMMA Y PEMUCH]H.
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OBaj pe3ynTaT je KOH3UCTEHTaH ca pe3yararuMa Hanninen u capajHuka KOju Cy TOKa3aIH Jia
MaldjeHTH TOKOM penarca Tj. TOKOM aKTYeJTHOT HeypouH(]IIaMaToOpHOT OATrOBOpa HMAjy
3Havajuo Bumie BpeaHocth CRP y cepymy Hero tokom pemucuje (85). Ca apyre crpame,
MOpaMoO y O03Up y3€TH M YMICHHILY Jia Cy HallM MCIUTAHUIU y pellancy OWIM Ha Teparuju
INF-beta 1a u 1a oBaj 1ek uma antuuH(pIaMaTopHO AejcTBo. Sadowska-Bartosz u capaaumm cy
MOKa3aJIM Ja TMalHjeHTH KOjH TMPUMajy MUMYHOMOJYJIATOpHY Tepanujy MMajy 3Ha4yajHO HIDKE
HuBoe CRP y cepymy y mopehemy ca manujeHTHMa KOju HHCY Ha mMmyHomoxayianuju (199).
Takohe cmo oncepBupaiu Aa ce KOJ MalMjeHaTa y perarncy, 3 Mecela HaKOH NMPUMEHE ITyJICHE
KOPTUKOCTEPOUIHE Tepallvje perucTpyjy 3HauajHo Huxu HuBou CRP y cepymy mito je Takohe y
carimacHocTd ca casHamweM na CS Tepanmja koja ce mpuMemyje y MS 3a yiedeme aKyTHOT

penanca yTude Ha CMambeihe MHTETH3UTeTa HeypouHpiamargje (200).

5.3. 3aMop u Jenpecuja y MyJITHILIOj CKJIEPO3H

VY KJIMHMYKO] MPaKCH 3aMOp je jedaH O]l CHMIITOMAa Ha Koju ce obosienu ox MS HajBuIle xaie
JIOK je Hajuenthu mopemehaj pacmoyiokema aenpecuja. Jlocamamma HCTpaKuBama Cy UCTAKIA
na npeBaieHna 3amopa y MS usnocu usmely 53% u  80% a nemnpecuje no 50% (127, 136).
Hcnuranu cMO BbUXOBY YYECTAIOCT Y HAIIO] CTYIHjCKO]j TIOMYJIalHjy U JOILIH CMO JIO TI0AaTaKa
na je 61.2% wucnuraHuka MOTBPAMJIO TOCTOjake CHUMITOMAa 3amMopa, JOK je JIelpecHBHa
cuMmIiromaTosiorrja ouna npucytHa kox 44.9% wucnuranuka. Kog MS rpyne y penancy 66.7%
j€ TOTBpAMIIO MPHUCYCTBO ocehaja 3amopa J0K je NEeNpecHBHO PACIIOIOXKEHE 3a0€NIeKEHO KO
43.7% wucnutanuka. Y MS rpynu y peMHCHjU 3aMOp j€ PEerucTpoBaH Koj 56% a nenpecuBHO
pacrniosioxeme koa 24% ucnuranuka. Hamm pesynratu cy mokasanu na ce koa MS nmanujenara
y penamncy W peMHUCHJU cpeame BpeaHocTH FSS ckopa wu ydecranmocT 3amopa 3Ha4YajHO HE

pasnukyjy. Moryhe o0jammbeme OBOT Hajaza MOXIA JICKH Y YMIbCHHIM Ja Cy TMalHjeHTH Y
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ctabwiHoj (a3u Gonectn Ounm Ha Tepanuju IFN-beta la 4uje HEXebEHO ACJCTBO MOXKE OUTH
npucycTBo ocehaja 3amopa (201). JlasbuM UCIUTHBAKHEM CMO YCTAaHOBUIIU Aa MS ucnuTaHuim y
aKkyTHOM Toropmiamy Oonectu umajy Behum BDI ckop m Behy ydectasocT nenpecuBHE
CUMIITOMATOJIOTH]je y Topehemy ca mamujeHTuMa y crtabmiHoj ¢aszu Oonectu. Jlocamamima
UCTpaXMBamka Cy TOKazaja Ja MalWjeHTH Yy aKyTHOM I[Ooropliamy HMajy Behu cremneH
HeypoJomke oHecriocobspeHoctu (202). [Ipema GuxejBuopaiHoj Teopuju Kojy cy 1985. roaune
noctaBuiau Lewinsohn u capagHuiy, AenpecHja KOJ XPOHHYHHX OOJIECCTH  HAcTaje camo
YKOJIMKO 00JIECT 3HA4ajHO PeMETH (PU3NYKO M TICUXOCOIHjaTHO (YyHKIIMOHUCAKE O00JICITUX
(203). Ucnuramm cMo 1@ JIM C€ CTENEH HEYPOJIOIIKE OHECHOCOOJbEHOCTH pa3jiMKyje KOI
NanyjeHara y pejancy ¥ peMHUCHJU U TOOHMjEeHH PE3yiTar je MoKa3ao Jia MalHjeHTH y aKyTHOM
noropuay Oonectu umajy Behu EDSS ckop on manmjenara y crabwinoj dasu Oonectw.
bunapHa noructuuka perpecuja je moKa3ala Ja CTENEH HEYpOJIOUIKE OHECHOCOOJbEHOCTH
3HA4YajHO yTHYE HA Pa3BOj JICNIpPecHje alll M Ha HacTaHaK 3amopa Koja obomenux ox MS.
[ToBezaHocT m3Mely cTeneHa HEYpPOJIONIKE OHECTIOCOO/FEHOCTH, JACTIPECHjE U 3aMopa je 0 caaa

noTBphena y mHoruMm cryaujama (204, 205, 206).

Hamm pesynratu cy takohe mokazanu na cpeama BpenHoct FSS ckopa mma yTumaja Ha pasBoj
JeTpecje, anu U Ja cpelma BpeaHocT ckopa Ha BDI ckamm ytude Ha mpucyctBo ocehaja
3aMopa. Bumeronumma ucTpakuBama Cy MOKaszajga Ja je Be3a u3Mel)y 3amopa u Jenpecuje y
MS Beoma kommiekcHa U OugupeknuoHa. CmaTpa ce Aa MCTU (aKTopu MOTy YTHULATH Ha
HaCTaHaK 3aMopa M JenpecHje, a Moryhe je W Ja MCTH TMaTOTeHETCKH MEXaHU3MH JIeXKe Y

BUX0BOj OCHOBU. OBa JIBa EHTUTETA UMa]y CIMYHOCTH M Y KIMHHYKO] MaHU(ECTAIIH]H.
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®urypa 6poj 6

OnHoc 3aMopa U JenpecHje-NaTOreHeTCKN MeXaHH3MHU U KJIHHHYKe KapaKTepHCTHKe

CTpyKTypHe OpoMeHe M03ra
Ilopemehaj HeypoTpancMuTepa
IHopemehaj HPA ocoBuHe
OKCHAATHBHH cTpec
Heyponnduaamanuja

3AMOP JAEIIPECHJA

Anaruja
Anepruja

Aodyauja

AMOTHBAIHOHH CHHAPOM

Jlocanammba cazHama yryhyjy Aa cy y oCHOBHU 3aMopa U jaernpecuje kog MC HCTH MaTOreHeTCKH
MEXaHU3MH Tj, CTPYKTypHE M (DYHKIIMOHAJIHE MPOMEHE KOje Cy KapaKTepHCTUKa came OOJIeCTH.
@OyHKIIMOHAIHE HEYPOUMHIIMHT CTy/AHj€ Cy MoKa3aie 1a arpoduja Mo3ra, HoceOHO (ppOHTATHOT,
napujeTasHOT ¥ TEMIIOPATHOT peXHba UMa yTUllaja Ha pa3Boj 3amopa u aenpecuje kog MC (211,
212). Op 3Hauvaja cy u omTeheme cuBe Mace Mo3ra, akTHBaluja oJpeleHHX HEypPOHCKHX
KpyroBa, akcoHanHo omteheme (58, 213). [Topemehaju y HEypOTpaHCMUTEPCKUM CUCTEMHMA CY
Takol)e mpoydaBaHu Kao MOTryhu y3pouHHUIM 3aMoOpa U JAENpecuje U Jocajalllba UCTPaKUBaba
Cy IoKasaJia /ia o]l 3Hadaja 3a oba nopemehaja Mmory OMTH JONaMMHEPrUYKa, HOpaJIpeHepruika u

aleTHUIXOJMHepruuka aucperyianuja (214, 215). [ducdyHkiuja OCOBMHE XHIIOTalaMyc-
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xunoduza-Haadyoper u moBehaHn HUBOHM aIPEHOKOPTUKOTPOIHOT XOPMOHA W KOPTH30JIa CYy
peructpoBann koa MC manujeHaTa ca 3aMmopom u aenpecujom (216, 217). [Topemehaju cnaBama
Cy 4ecTo MpUCYTHHU Ko obonenux og MC u yecTo ce 10BOJie y BE3y ca 3aMOPOM U JIETIPECH]OM
(218, 219). INocneamux roauHa y (OKYCy HCTpaKHBama Cy YTHIA] HeypouH(pIamanuje u
OKCHJIATUBHOT CTpeca Ha HAacTaHaK 3aMopa U Jenpecuje. YTuiaj o0a MaToreHeTcka MexaHu3ma
j€ TMOTBpheH y CHHAPOMY XPOHHMYHOT 3aMopa W KOJ MEHTAJIHUX NopeMehaja kakBa je Beluka
nenpecuja (135, 220).

OBa /1Ba eHTUTETa Takohe KapaKTepHIle U CUMHJIAPHOCT Y KJIMHUYKO] Mpe3eHTaluju. 3aMop ce
MO’K€ JaBUTH CaMOCTaJIHO, MOK€ OMTH MPOJIPOMAaIHH CUMIITOM BEJIUKE JICTIPECUBHE €MU30/I€ alli
u neo Beh pa3BUjeHe KIMHUYKE ciuke aenpecuje (207). 3aMop ce y HajIIdpeM CMHUCTY
nepuHUIIe Kao aHepruja Koja ce MOXKe OJApa3uTd Ha (U3NYKO, MEHTAIHO WU KOTHUTHBHO
dbyuknronucame. Gusnuku 3amop je neuHUcaH kao ocehaj TenecHe cilaboCTH KOjU j€ YIAPYKEH
ca cMameHUM GU3NYKUM (YyHKIUMOHHMCAakeM. EMOIMOHANTHU UM KOTHUTUBHHM 3aMOp ce
MaHH(ECTy]y amaTujoMm, aOyJrjoM, aMOTHUBAIMOHMM cuHApoMoM (208, 209, 210). HaBenenn
€JIEMEHTH Cy OMTHE KapaKTepUCTHUKE W JEMPECUBHOT mopemMehaja pacroyiokema Ia jeé U3 OBHX
pasiora TMoHEeKaa y TMpakCH BeoMa TEIIKO Pa3IBOJUTH Ja JIM CE€ PaJy camO O 3aMOpy WIH je

MIPUCYCTBO OBOT CUMIITOMAa KJIMHUYKA MaHU(]ecTauja aenpecuBHor mopemehaja pacnoioxema.
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5.4. YTunaj oKkcHAAaTHBHOI cTPeca U HeypouHQIaManuje Ha 3aMOP U AeNpecujy

Hama ctyamja je oOyxBaTmiia WCIUTHBAKE CTEIICHA 3aMopa, JENpecHje M HEYPOJIOIIKE
OHECTIOCOOJFEHOCTH Kao MapaMeTpa KOjU MMa yTHIaja Ha MCIUTHBAHY NCHXOIATOJIOTH]Y, KOI
nalujeHata y pejancy W pPEMHCHjU. YCTAaHOBWIM CMO Jla BehM CTemeH HeypoJIoliKe
OHECTIOCO0JFEHOCTH Ka0 M M3pakKeHHWja JACTPECUBHA CUMIITOMATOJIOTHja TIOCTOj€ KOJI TalyjeHaTa
y aKTyeJTHOM TIOoTOpIIamy OoyiecTH y mopehemy ca marujeHTuMa KOoju Cy y cTaOuiaHo] da3u
Oonectn. Hucmo yTBpIwiIM 3HAYajHy pas3lidKy y TEeXHHH 3amopa um3mel)y oBe jaBe Tpyre
ucnuranuka. [lanujeHTn y penarncy cy 3 mecenia HAKOH NMPUMEHE IYCIIHE KOPTHKOCTEPOHTHE
Tepanuje UMaJld 3Ha4ajHO HIDKH CTeTeH Heyposomie oHecrioco0sbeHoctu (EDSS ckop) u 3amopa
(FSS ckop). Crenen nenpecuBHe cumnromaronoruje (BDI ckop) je Owo Hmwkum amm 0e3
cTaTUCTHYKe 3HavajHoctd. OBHM Haja3M cy YyKa3aiu jga Owu WHTCH3UBHUJU CTEIeH
HeypouH(iamanuje W OKCHIATUBHOT cTpeca y (a3 penarmca MOTJIM WMaTd yTHIAja Ha

OHECTIOCO0JLEHOCT, 3aMOp U aemnpecHjy y MC.

Crora je jeman oJ MCTpaXMBAYKHX IMJbEBAa OMO Ja Ce YCTAaHOBH JIa JIM MOCTOjJU KOpelaluja
mmelhy HMBoa UA kao Mapkepa oxcugatuBHor ctpeca u CRP y cepymy kao
HEypouH(IaMaTOPHOT MapKepa ca HeyposiomkoMm oHecriocoOssenomhy (EDSS ckop), 3amopom

(FSS) u nenpecuBroM cumnromatomnorujom (BDI ckop).

Besa m3melyy auBoa UA y cepyMy u crerneHa HeypoJolike oHecrnocoosseHocT (EDSS ckopa) y
HEKUM cTyavjama je motBpheHa, a y Hekuma Huje (221). Hamm Hamasm HUCY MOTBPAMIH

nocrojame Kopenamnuje usmehy cepymckor HuBoa UA u ckopa Ha EDSS ckamu. Moccia u
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CapaJHMIM CyTepully Ja ce KO MalujeHara Koju cy orpanudeHo nmokpetHu (EDSS ckop >5)
peructpyjy Hmwku HUBoM UA y cepyMy y mopehemy ca NanyjeHTHMa KOju Cy TMOKPEeTHH 0e3
orpanndema (EDSS < 4.5) (188). [IpeTrnocraBipaMo aa y HaIleM CiIy4ajy OoBa Kopesaldja Huje

oricepBupana jep je Behuna Hamux namnujeHata umana EDSS ckop < 4.5.

Jlocanamima HCTpaKMBamka Cy IMOKa3aja Ja Y HEKHMM HEypoJjomkuM Oonectuma HUBO UA
kopenupa ca 3amopoM (FSS ckop) (222). V Hamewm citydajy HUje OKa3aHa 3Ha4YajHa KOpeIuIja
mmehy mHmBoa UA y cepymy u ykymnHor FSS ckopa. Pesynratu mokasyjy na moctoju

CTAaTHCTUYKM 3HA4YajHA HETraTMBHAa  Kopemanuja cepymckor HuBoa UA ca mopemehajem

aKTUBHOCTH CBaKOJHEBHOT KHBOTa. Kawase u capaJHULIU Cy y CBOjO] CTYIMJU YKa3alH Ja KOJ

narujeHaTa ca HMCXEMHjCKUM MOXJIaHUM yJIapoM Ha mopemehaj aKTHBHOCTH CBaKOIHEBHOT
xuBoTa yTtnue Hmwku HHBO UA. Ilpemmoxeno je nma 6u UA morma OWTH TOTCHIIM]aJTHHA
MIPEAVKTHBHU MapKep nopemehaja cBakoAHEBHUX JKUBOTHUX akTUBHOCTH (223). Moryhe je na

Ce MCTU MPUCTYN MOXE IPUMEHUTH U Ha Manujente ca MS.

VY Hamoj cTyauju HUje OmCcepBHpaHa 3Ha4ajHa Kopenanuja usmely HuBoa UA y cepymy
ykymHor BDI ckopa, anu je peructpoBaHa 3HauajHa HEraTWBHA Kopenanuja n3melyy auBoa UA y
cepymMmy u mipucyctBa ocehaja tyre. Ciinuno HammMm pesyaratuma, Oliveira u capaHUIH Y CBOJO]
CTYIWjU HHUCY IOKazalu Ja moctoju pasznuka y HuBoy UA koxg MS mnamujenara ca u 6e3
Komopouaureta aenpecuje (221). Jlocapaimma WCTpaKuBarmba Cy MokKasana Ja cMamembe UA y
CepyMy MOXKE J1a HapyIId aHTHOKCHJIATHBHU KamanuTeT HeypoHa (224). Jlanac je mo3HaTo aa je
OKCHJATUBHHU CTPEC YKJbYYEH y MaTOTEHETCKEe MeXaHU3Me JenpecuBHuX nopemehaja (225) u na
¥MMa 3HavajHy yJory y natodusuonoruju aenpecuje (226,227). Hexonuko ctyauja je yka3aiao Ha
nopemehaj merabonu3Ma MypwHa y JeNpecHju U cMameme HuBoa UA y cepyMy KOJ OBHX

nanujeHarta (225, 228). [lypunu, Kao mTO Cy aJeHO3UH U a/IeHO3UH-TpU-hocaT Urpajy KibyuHy
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yJOTy y HEYpOTpaHCMHUCHjU H Heypomonayiamuju (229). IloBehana akTHBHOCT W CMambeH
Tpancnopt aaeHo3uHa y CNS noBoau 10 cMamuBama HHUBOa UA IITO MOCIECIUYHO Y3POKYje
nenpecuBHO noHamame (230, 231). ¥ HenaBHOj MeTa aHanu3u Bartoli u capagHuka je mokasaHo
Jla TalUjeHTu ca JenpecuBHUM nopemehajeM mMmajy Hmke HuBoe UA y cepyMmMy OJ 3apaBHX
KOHTPOJIHUX CyOjeKkara Kao W J1a aHTHACTPECHBHA Tepaldja uMa yTHIlaja Ha moBehame HEeHOT
HUBOA M aHTUOKCHJATHBHUX KrauuTera HeypoHa (224). Maes u CpagHUIM CyrepHIly Aa Cy Y
reHepaIn30BaHOM aHKCHMO3HOM mopemehajy nHuBom UA Bumm y nopehemy ca JenpecuBHUM
nopemehajem. 3ama)keHO je Ja MEXaHM3MH OKCHIATHUBHOI CTpeca Y3POKY]y HEPOKCHAAIH]Y
JTUNHUAA, ald Ja je OKCUaluja IpOoTeHHAa Mambe M3pakeHa Hero KoJj JenpecHje MmTo rnoBehasa
AHTUOKCHUJIATUBHM KamanuTteT mo3ra (232). 3akspyueno je na nmoBehann HuBo UA mpeacTaBiba
KOMIIEH3aTOPHU MEXaHU3aM y OArOBOpPY Ha OKCHUIATHBHH CTpec jep HHXuOHIIE (GopMHUpame
MEPOKCHHUTPHUTA 300T Yera je cMambeHa OKCHaIja nmpoTtenHa. Moxe ce pehu 1a je BUIIM HUBO

UA y cepyMy IOBE3aH ca MamkbHM PU3UKOM OJ1 HacTaHKa jaenpecuje (233).

VY 0BOj cTynuju oricepBUpaHa je mo3uTHBHA Kopenamnuja usmely auBoa CRP y ceymy u cremnena
Heypoutonike oHecriocoosseHocTu (EDSS ckop). [TokazaHa je u 3HadajHa Kopelnaiudja ca CKopo
cBUM (YHKIIMOHATHUM mojacucteMuma Ha EDSS ckamu: BH3yelIHHM, MOXIaHHM CTa0JIOM,
MUPAMUIHNM, 1IepeOeTapHuM, CCH30PHUM, COUHKTEpHMa, X010M. OBH HaJla3h Cy y CarjlaCHOCTH
ca crynujom Guzel-a u capamnuka Koja je mokasaia ja maijeHTd ca BumuM HuBooM CRP 'y
cepyMy uUMajy U Behm cTemeH Heypolomke oHecriocoOibeHocTH (234). Heypoundnamanmja je
jemaH o] KJBYYHHX IATOTEHETCKUX MeXaHW3aMa KOjU JOBOJM JIO aKCOHAIHOT olmrehema,

nporpecuje 0oJieCTH U 030UIbHE HEYPOJIOIIKEe OHecTocobsbeHocTH (202).
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VY3umajyhu y 003up uumeHuiie na y ocHoBU MS nexu 3anajbeHcku mporec y CNS, mHorH
Mapkepu HeypouH(dIaManuje cy HUCIUTHBAHU W Kao Moryhum y3poununm 3amopa. CepyMcKH
HUBOU MPOWH(MIAMAaTOPHUX ITMTOKWHA, Ka0 M 3aMop, cy moBehanu y MS, HapouuTo y ¢asu
penanca (235, 236). IlperxogHa uCTpakMBama Cy IOKa3ajga Ja JejoBameM Ha oxapeheHe
CTPYKType y MO3ry, NpouH(IaMaTOPHU IUTOKUHU Y3pOKYjy OMXejBUOpajHEe MPOMEHE Y
noHamamy (237). JegHa ox mpemioKeHMX TeopHja je Ja, 3aMop MpeicTaBjba BapHjaHTy
,,MH(IaMaljoM UHAYKOBAHOT OOJIECHOT MOHAIIamka* KOje Mpe/CTaB/ba aJanTUBHU MEXaHU3aM
Ha uHpekunjy (238). 'maBHU cuMOTOMH OBaKBOT MH(pIaMallijOM WHIYKOBAHOT TOHAIIAKka CY:
3aMop, JenpecHja, aHXeI0Huja, aHOpeKcHja U moBehaHa oceT/bUBOCT Ha 0oi (239, 240). Weis-
dorf u capaguuiu cy mokasanu aa erzoreHa agmuuuctparyja I1-1, 11-2, 11-6, IFN-y u TNF-a
M3a3vBa 3aMOp W IOCMAHOCT Koj 3apaBux mnojeauHana (241). Flachenecker u capamaunm cy
Takohe mokazanu ga obosienu og MS ca mpucytHuM ocehajeM 3amopa umajy Behy ekcrpecHjy
TNF-o mRNA y mnepudepnoj kpsu (242). Y OBOM WHCTpaXHBamy CMO Kao Mapkep
Heypoundamanuje mepunu BpeaHoctu CRP y cepymMy u mokasanm 1a TOCTOjU 3HadajHA
kopenanuja u3mely cepymckor HuBoa CRP u 3amopa. OBaj Hama3 je y CrilacHOCTH ca Haja3uMa

Cho u capagnuka koju cy uctaxiu na HuBo CRP uma ytunaj Ha Hactanak 3amopa (243).

[Tocnenmwux roguHa cBe Behu Opoj MCTpakuBaya MCTHYE Ja HEypouH(IaMalija nMa 3HauajHy
yIOTYy W y TAaToreHe3W jenpecuBHUX mopemehaja pacmonoxema (244, 245). Jlerekumja
noBehannx HuBoa mpowmH(IaMaTopHUX IUTOKMHA KakBu cy IL-1, IL-6, IL-12, IL-18, IFNy,
TNFa monpkaBajy oBy Te3y (246, 247, 248). Takohe je mokazaHo aa TpOWH(IAMATOPHU
IIUTOKMHHU JO0BOJIE N0 MoBehaHe MpOAyKIMje NMpoTenHa akyTHE (pa3e 3amabea Kao MITO CY
xamrornoOyimH, nepynoriasmud u CRP (249, 250). Jenan on iuspeBa oBe CTyaMje je OO aa ce
nokaxke fa 1 HUBo CRP y cepyMy Mma yTHIIaja Ha IPUCYCTBO JICTIPECUBHE CHMIITOMATOJIOTH]€.

[Tokazano je ma mocToju mo3uTHBHA Kopenanuja m3mely cepymckor HuBoa CRP n ykymaor BDI
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ckopa kox MS manujenara. Hamm pesynratu Takohe mokasyjy aa je CRP curnudukantHn
npeaukTop BDI ckopa. Iloehan Huso CRP moBoam 10 mpomMeHa y Mo3ry koje ce MaHUu(ecTyjy
U3MEHOM Yy (yHKIMOHHCaky oJpeheHnxX HEeypOHCKMX KpyroBa, Oa3aJlHMX TaHIJMja Kao H
noBehamweM HHBOoa TiyTamata. OBe TpOMEHE Kopenupajy ca anxemoHujom (251, 252).
[IperxonHe KIMHUYKE CTyAHje Cy yKazaie aa HuBo cepyMckor CRP moxe Outu on 3Hayaja y
MPOTHO3M OJrOBOpa Ha Tepamujy aHtujenpecuBuma (253). Hamum pesynratu monapkasajy
yumeHuiy aa je IFN-beta 1a 3nauajan npeaukrop BDI ckopa. Kappos u capagauim cy rnokazanm
Jla TaIHMjeHTH KOJU Cy Ha TepalMju OBUM IpernapaToM MMajy MamH CTENEeH OHECTIOCOO/bEHOCTH,
Mamy CTOIy pelnarica u nporpecuje 6onectu (254). Ha ocHOBY Hammx pe3yJitaTa v 10calallmbixX
HAyYHUX Ca3Hamka MOXe ce pehu Aa cBOjUM aHTUMHGIAMATOpPHUM MexaHu3MoM JejctBa IFN-
beta la cMmamyje MHTEH3UTET HEeypoWH{QIaMaIje, MPOrpecujy OOJECTH, CTENEH HEYPOJIOIIKE

OHECIIOCOOJEEHOCTH a CAMMM THM U CTEIEH ACIPECUBHE CI/IMHTOMaTOJ'IOI‘I/IjC.
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®urypa 6poj 7

EDS@

FSS
BDI

I3 >¢

CIsS

YTnnaj Heyponngaamanuje 1 OKCHIATHBHOT CTPeca HA HEYPOJIOLIKY
OHecNoco0/beHOCT, 3aMOP H JeNPpecHBHY cuMIToMaToaorujy kog MC

HEYPOUHDATIMALIMJA
OKCUOATUBHU CTPEC

BPEME
MOKPATRHA KUCENMUHA EDSS-CKAJA ®»YHKLUMVOHAJNHE HEYPOJIOLWKE OHECMOCOBILEHOCTU
FSS- CKAJIA TEXXMHE 3AMOPA (CKOP)
CRP BDI - BEKOBA CKAJA OEMPECUBHOCTU (CKOP)

OCERAJ TYTE U CMAHEHA CINOCOBHOCT OBABJbAHSA CBAKOOHEBHWMX
XKNBOTHUX AKTUBHOCTU

PEJIAMNC
- KNMMHNYK N3ONTOBAHU CHOPOM

RRMS - PEJIATICHO PEMUTEHTHA MYJITUIJIA CKIEPO3A
SPMS - CEKYHOAPHO MNMPOIMPECUBHA MYJTTUIJIA CKITEPO3A

VY 3akipyuky, MokeMo pehu aa XpoHHYHA HeypouH(pIaMalyja U OKCHUAATUBHU CTPEC HUMajy

yTHIIaja Ha 3aMop U jenpecujy kox MS ucnuranuka. Huwke Bpennoctu UA y cepymy Mory

MPEeNUIUTUPATH HacTaHak ocehaja Tyre w yTUIIATH Ha CHOCOOHOCT 00aBJbara CBAKOJHEBHHUX

JKHMBOTHHUX AaKTHMBHOCTH, @ CBaKO noBehame CCPYMCKOI' HUBOA CRP TokoM pciarca, Ha OBOM

TepeHy

MOXKE JlaJbe TMPEIUNUTHPATH HACTaHaK Jemnpecuje. 300r MoryhHocTH aa 3amMop

Ipe/ICTaBJba MPOJPOMAIHU CHUMIITOM JIeTIpeCUBHOT nopemehaja pacrosiokerma, BeomMa je BaxHa

BCroBa paHa JICTCKI_II/Ija U TNpUMCHA AaJCKBATHHUX TepaHI/IjCKI/IX MCEpa, MOFYhe YJaKk H

AHTHACTIPCCHUBA.
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6. 3AK/bYULIU

Ha ocHOBy no0ujeHHX pe3ynTaTa U lbbUXOBE MHTEPIIPETALINjE€ CYy U3BEACHH clienehn 3aKJbydIiu:

1)

2)

3)

4)

5)

6)

7)

8)

Kox MS ucnuranuka cy ycraHOBJbeHE HIDKe BpenHoctd UA y cepyMmy y OAHOCY Ha

31paBe.

VY rpynu MS ucnuraHuka y pesnancy cy perucTpoBaHe HMke cepyMcke BpeaHoctu UA y

onHocy Ha MS rpyny y pemucuju.

Hcnuranumm ca RRMS y ¢a3u pemucuje 1 Ha UMyHOMO/YJIATOPHO] TEpanuju HMajy

Buie HuBoe UA y onHocy Ha ucnuranuke ca CIS.

Huje ytpBhena 3nauajna pasnuka y HuBoy UA y cepymy u3mely ucnuranuka ca CIS,

RRMS u SPMS, nako cy kog SPMS 3a6enexene najpuiie Bpennocta UA y cepymy.

Y rpynu MS ucnuranuka y penarcy cy yrBphenu Bumm Hupou UA y cepymy 3 Mecena
HAKOH MPUMEHE IMyJICHE, KOPTUKOCTEPOUIHE Tepanuje y OAHOCY HAa HUBOE Mpe MpUMEHE

Teparnuje.

Hugo cepymckor CRP je 3navajuo Bumm y rpynu MS ncnuTaHuka Koju cy y pefarncy y

OJTHOCY Ha MCIIUTAHUKE y PEMHCH]H.

Kog MS wucnuranuka y penancy cy 3 Mecena HAKOH IPUMEHE IIyJICHE,
KOPTUKOCTEpOUIHE Tepanuje 3abenexene Huxe BpeaHoct CRP y cepymy y onHocy Ha

HUBOE Y aKyTHOM IOTOpIIAkY U IPe IpUMEHE Teparyje.

CreneH HeypoJIOIIKE OHECTIOCOOJbEHOCTH U JACTIPECUBHE CUMIITOMATONIOTH]je je Behu KoJ
MS ucnuTaHuka y penancy y OAHOCY Ha HMCIUTAaHUKE y PEMHUCHJU, &I HE U CTEHeH

3aMopa.
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9) Kon ucrnMraHuka y penancy je 3 Mecella HaKOH MPUMEHE MYJICHE, KOPTHKOCTEPOUIHE
Teparvje YCTaHOBJBEH MamHW CTENEH HEypOJIOIIKE OHECTOCOOJFEHOCTH W 3amopa y
nopehemwy ca Hamazom mpe Tepanuje. CTeneH AENPECHUBHE CUMIITOMATOJIOTH]E CE HE
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KIIMHNYKU ITOJALU

1. ly>xuHa Tpajama 601ecTH:

2. On xoje Gpopme MyJITHILIE CKIEPO3E CE JICUUTE:

3. Bpoj penarica (moropirama) y TOCIEIHUX TOAUHY JIaHa:

4. Kana cTe uMany nocienmby pesanc:

5. Kaga cte mpumuy ocieamy MyJICHY Teparujy:

6. la mu cte y nocneamwa 3 Mecena NpuMaiid UIMyHOMOAYJIATOPHY U UMyHOCYIIPECHBHY

Tepanujy: l-ma  2-He
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7. Ha nmu 6osyjere ox cineaehux GomecTu:

a) MOX/IaHU yJiap 6) nopemehaj pana 6ybpera B) nopemehaj pana jerpe
T') AEeMEHIja 1) [TapkonconoBa 6onect b)) mehepna Gonect
8. la v cTe y mocieama Tpyu Mecelia UMalid HeKy HH(MEKIU]y: 1-na 2-He

9. la 1y KOH3yMHpATE aIKOXOJI H KOJIUKO 4eCTO:

10. I[a JIK Y3UMaTeE WK CTC y IOCIICAkAa TP MECea y3UMaJIi HEKH OJ] HaBCACHUX JICKOBA:

a) BuTaMuH L] 0) IuypeTHKe B) IIUCIUIATHH ) enmuHePPUH
1) IeBoioNna h) meTunona e) etaMOyTOI K) (peHoTnazuHu
3) TeopMINH 1) acCIUpUH J) a3aTuonpuH K) ECTPOTeH

1) mpoOeHer Jb) Bappapux M) PacTBOpH IIIyKO3€  H) MAaHUTOJ
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KPYTIOBA CKAJIA 3AMOPA ( Fatigue Severity Scale-FSS)

3a cBaky oj moHyheHux TBpA®mU AajTe oueHy o1 1 10 7. OBo ce oHOCH Ha Ball yoOHUajeHH

HAYHWH KUBOTA y NOCJICABLUX HEACIBY daHa.
1-Yommire ce He cliaxkeM ca TBPpAKBLOM

7-Y NOTIYHOCTH C€ CIIaXKEM Ca TBPIHOM

[Turame 1-7

1. YMop MU cMamyje MOTHBAIIH]Y. LA4.5..6..7
2. 3amapaM ce HaKOH (hU3HUKe aKTUBHOCTH. LA4.5..6..7
3. Jlako ce 3amapam. .4.5..6...7
4. 3aMop J1aKO yTHU4€ Ha MOJy (DU3UUKY aKTUBHOCT. .4.5.6..7
5. 3aMOp MM YECTO MPEJCTaBIba MPOOIIEM. LA4.5..6..7
6. 3amMop MU OMeTa CTATHY (GU3UYKY aKTUBHOCT. .4.5..6..7
7. 3aMop MM yTHYE Ha 00aBJbakhE THEBHUX aKTUBHOCTH. .4.5..6...7
8. 3amop MU TIpeIcTaBIba jejaH OJ1 TPH IJIaBHA OHecrocoOJbaBajyha .4.5.6..7

CUMITOMA.
9. 3amMOp MM peMeTH paJi, TOPOIUIHH KUBOT U COIHjAITHE AKTUBHOCTH. LA4.5..6..7

YKVIIAH CKOP:
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BEKOBA CKAJIA JJETIPECUBHOCTMU (Beck Depression Inventory-BDI)

Y 0BOM YNHWTHHUKY JaTe Cy Ipyle pa3lMYuTUX NMuTama. [lakJbUBO MpOYHMTajTE CBAKY. 3aTHUM

n3abepuTe JeTHO CTame U3 CBaKe TpyIe KOje Haj0oJhe OMUCYje Kako cTe ce ocehanu y mpoTekiie
JIBE HENleJbe, YKIbyUyjyhu U gaHac. 3a0KpyKuTe Opoj Mopea cTama Koje cTe n3adpayid. Y KOJIUKO

Bam y Hekoj rpynu mojjjeJHaKoO OAroBapa HEKOJIMKO CTamba, 3a0KPYKUTE CBAKO Ol HHUX, alld

MpETXOJHO 00aBe3Ho npquTajTe CBAKO CTamkb€ U3 CBAKE I'PYIIC IIPE€ HETO IITO CE OIYUUTE.

1.

W= O W - O W — O L= o

W N = O

Hucam Tyxan

TyxaH cam

TyxaH caMm cBe BpeMe U He MOTy Jla Ce OTpeceM Tora

Tonuko cam Ty»aH win HecpehaH 1a TO He MOTY Jia ITOTHECEM

Hucam noce6HO 06ecxpabpeH y ogHocy Ha OyayhHoCT

O6ecxpabpen cam y ogHocy Ha OyayhHOCT

Oceham n1a HemMam uemy Ja ce HaJam

Oceham ga mu je OyayhHocT Oe3Hae)KHA U J1a CTBApU HE MOTY J1a C€ TTOIPaBe

He ocehawm ce npomaieno

Ocehawm 1a cam MpoMAaIKo BHIIIE HETO POCEYaH YOBEK

Kan pazmunubam 0 CBOM )KHBOTY, CBE IIITO BUUM j& MHOIITBO ITpoMariaja
Ocehawm 1a cam MOTIYHO MTPOMAILICH YOBEK

OcehaM 3a/10BOJBCTBO Y CBEMY Ka0 U paHH]e
He yxwuBam BuIe y cTBapuMa Kao paHuje
Buiie Hemam mpaBor 3a7J0BOJbCTBA HU Y UEMY
Oceham He3aJ0BOJBCTBO | JJOCAAY Y CBEMY

He oceham Heky nmoceOHy KpuUBHIlY
Oceham kpuBHIly JOCTa YECTO
VYrnaBHOM ce ocehaMm KpuBUM
Oceham kpuBHILy CTaTHO
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10.

11.

12.

W - O
W= o W = o W~ O W~ O W - O

W N = O

He oceham ma cam kaxmeH

Oceham na hy Moxxaa OMTH KaXibeH
OuexyjeM na OyaeM KaKibeH
OcehaM ga cam KaXKibeH

He oceham na cam pazouapan camum cobom
Pazouapan cam camum cobom

3rahen cam Hajx cobom

Mp3um camor cebe

He ocehawm ce ropum o npyrux

Kpurtnuan cam y 0HOCY Ha CBOje Cl1a0OCTH M TPEIIKEe
Crasno kpuBUM cebe 300T CBOjUX rperraka

KpusuMm cebe 300r cBera JIOIIer MTO ¢ JOr0IH

He pasmunubam na ce youjem

Pazmunubam o camoyOuCTBY, aliil TO HE OUX YUUHHUO
Boneo 6ux na ce youjem

Y6uo Oux ce 1a ©MaM IPUIKKE Ja TO YYUHUM

He mnauem yemhe Hero o0u4HO

[Tnavem Bulle HETO paHH]je

CranHo miageM

Panuje cam mMorao ga miuadeM, aiv caja BUIIE HE MOTY Mako ocehaM motpedy

He oceham na cam pasapaxJbUBHjU HETO OOUIHO

PaznpaxsbuB caM M y3HEMHPHUM Ce€ JIaKIIe Hero 1pe

Henpexunnno cam pazapaxeH

Bumie mMe yonute He MpUTHpPajy CTBapH Koje O Me paHHje UpUTHpae

Hucam u3ryOuo nnTepecoBame 3a Apyre Jbyie

Mame ce uHTepecyjeM 3a apyre JbyIe HeTO paHuje
YTraBHOM caMm U3TyOHO MHTEPECOBAE 3a IPYTe JbyIe
[ToTmyHO caM M3ryOHO HHTEPECOBAE 3a IPyTe Jby/Ie
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13.

14.

15.

16.

17.

18.

19.

W N = O

N = O

W~ O W~ O W —Oo W — o

W= O

VY cramy cam J1a TOHOCHM OJUTYKE Kao U paHHje

Opnaxem TOHOIICHE OATyKa Yelihe Hero paHuje

Nmam Behux moTemkoha y 1oHOIIEHY OJTyKa HETO paHU]e
Yorite HAICaM y CTawky J1a JOHOCUM OITyKe

He oceham na m3rnenam siommje Hero paHuje

3abpunyT(a) caM Ja U3rienaM CTapo ¥ HeIPUBIAYHO

Oceham craiiHe MPOMEHE Y CBOM CIIOJhAIILEM H3TJIEy KOje Me YMHE
HENpUBIIAYHO(0)M

BepyjeMm na cam pyxaHn/pyxHa

Mory na paguMm 100po Kao U paHuje

Mopam 1a yioxuMm nocedaH Harop ja OMX HEUITO 3a104e0
Mopam jaa ynaxxeM BeoMa MHOTO Haropa Ja Oux Ouio mra ypaauo
Yomnuire HUCAM y CTamwky Ja paguM

CmaBam 100po Kao U 0OMYHO

He cnaBam Bumie Tako 100po

Bynum ce caT-1Ba paHuje Hero OOMYHO U TEIIKO MU j€ JIa IOHOBO 3aCIHM

Byaum ce HeKONMMKO caTH paHuje HEro OOMYHO U BHILIE HICAM Y CTalby J1a 3aCIIUM

He 3amapawm ce Butie Hero 0OMYHO

Jlakie ce 3amapaM Hero paHuje

3amapa Me rOTOBO CB€ IITO PauM

Cyswuie caM yMopas J1a Oux OuIIo mra paguo

ATeTuT MU HUje c1abuju HETO OOMYHO
ATmeTuT MM BHIIIE HUje TaKo q00ap Kao mpe
Nwmam Bpito crnab anetut

Yormte BUIlle HEMaM areTUT

VY nocnenmwe BpeMe HucaM U3ryOno MHOTO Ha TeKUHU
N3srybuo cam Buiie o 2.5 Kr

N3ry6mo cam Butie o S Kr

N3ry6uo cam Buie o1 7.5 Kr
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20. 0 He GpuneM 0 cBOM 3ApaBiby BHIIIE HETO OOUYHO
1 3abpumaajy Me TeIECHH CUMIITOMH Kao IITO Cy pa3Hu O0JIOBH, JIOIIIE
Bapeme,3aTBOP
2 Beoma Me 6puHe Moje (PU3HYKO CTame, TAKO A3 MU j€ TEIIKO J1a MUCIHM O IPyTUM
CTBapuMa
3 Tonuko Me OpuHE Moje (U3UYKO CTAME 1a HU O YeMY APYTOM He pa3MHIILIbaM

21. 0 Hwucam npumeTHo aa ce y mocCiIeIibe BpeMe Malkhe HHTEPECYjeM 3a CeKC
1 Mame caM 3aMHTEPECOBaH 3a CEKC HEro Impe
2 MHOro Mame ce HUHTEPECYjeM 3a CEKC
3 TlormyHo caM M3ryOHO HHTEPECOBAME 32 CEKC
YKVIIAH CKOP:
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BUOTPA®UIA

Hp Karapuna Becuh pohena je 12.06.1980. roqune y KparyjeBiyy, rae je moxahama oCHOBHY
mkony u IlpBy KparyjeBauky rumuasujy. Menuuuacku ¢akyiaTeT YHuBep3uteTa y Kparyjeriyy
ynucana je mkojiacke 1999/2000. ronune, a nummomupaina je 19.10.2007. ronune ca mpoceyHOM
orneHoMm 8.51. ObaBe3an nekapcku ctax obasmia je y KbI 3Besnapa u /I3 Boxaosan y Tpajamy
on 6 mecenu. Ox HOBeMOpa 2010. roguHe pagu Kao JeKap Ha CTPYYHOM ycCaBpIIaBamy Ha
Kmuanmm 3a sHeyposorujy KII Kparyjesan. On 2012. roamsHe 3amocieHa je Ha DakynTeTy
MEIUIMHCKUX Hayka YHuBep3utera y Kparyjesily, rae nanac o6aBjba MOCIIOBE HCTpa)kKHBayda
capagHuKa 3a YXKy HayuyHy obmact Heypomnoruja. CreuujaaucTuyke akajeMcKe CTyauje Hu3
Heyponoruje je ynucana na ®dakynrery MeaunmHcKkux Hayka y Kparyjesmy y ampuiy 2014.
roguHe. JlokTopcke akamemcke cryauje Ha DakynteTy MeauIMHCKUH Hayka y Kparyjesiry
ynucana je mkoscke 2011/2012. rogune, cmep Heyponayke, yxa HayuHa obmnact Heyposoruja.
YcMeHu JOKTOPCKM MCIUT je moniokuia y oktoOpy 2013. romune. PykoBoaunar je jyHuUOp
MpojeKTa TMOJ Ha3UBOM ,,YTHIA] KOHIEHTpaluje MoKpahHe KuCelMHe M [HMTOKWHA U3
IUTOKMHCKE (hamuimje 1 Ha 3aMop Ko 000JeNnX O/ MyJITHILIE CKIepo3e™ KOjU ce pealin3yje Ha
daxynTeTy MEAUIIMHCKUX Hayka YHuBepaurtera y Kparyjesity.

Hp Karapuna Becuh ce akTuBHO 0aBM Hay4HO-HCTPaXMBAuYKUM paJoM. AYyTOp je U KOayTop
BHUIIIE PaJiOBa y YacOMKUCUMa 01 Mel)yHapOAHOT U HAIMOHATHOT 3Havaja ca PELeH3H]jOM. Y UeCHUK
je OpojHux cTpyuHuX cacTaHaka. Yman je Jlekapcke komope u JlpmTBa mMiaaux HeypoJsiora

Cpbuje. ['oBopu eHTIIECKHU je3UK U MT03HAje pajl Ha pauyHapy.
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HHPUJIOT

K/bYUYHA JOKYMEHTAIINJCKA UH®OPMATHUKA

YHUBEP3UTET Y KPAI'YJEBIY
PAKYJITET MEJUIIUHCKUX HAYKA Y KPAT'YJEBIY

Pennu 0poj - Ph:

Nnentudpuxkanuonn opoj - UbP:

Tun noxkymentanuje - T[{: Monorpadcka myonukaryja
Twun 3anuca - T3: TexcryanHu mraMIianu MaTepuja
Bpcra papna - BP: JlokTopcka qucepranyja

Aytop - AY: Karapuna Becuh

MenTtop/komentop - MH: Ilpod. np I'opaana Tonues

Hacaos paga - HP: YTuuaj HuBoa MmokpahHe KUCenMHE y cepyMy Ha 3aMop KO/ NaljeHaTa ca
MYJITHUIIJIIOM CKJIEPO30M
Jesuk myoiamkanuje - JII: Cprcku

Je3uk uzBoaa - JU: Cprncku/eHrinecku

3emsba myoaunkoBama - 3I1: Cpouja

Ve reorpadgcexo noapyuje - YI'TI: Cpouja

T'oguua - I'O: 2019

HN3nasay - U3: AyTopcku penpuHT

Mecto u aapeca - MC: 34000 Kparyjesan, Cpouja, CBetozapa Mapkosuha 69
®u3uuu onuc paaa - ®O: ducepranuja uma 111 crpanuia, caapxu 8 moriassba, 7 ciuka, 21
tabeiy, 254 pedepenrte

Hayuna o0aact - YIK: Menununa

Hayuna nucuuniuna - JIM: Heyponoruja

IIpenmerHna oapennuua/ kbyune peuu - [10: MS, UA, CRP, 3amop, nenpecuja
Yyga ce - UY: V oubnmorenn axynrera MenuuuHCKUX Hayka y Kparyjesity, 34000
Baxxna nanomena- MH:
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H3Boa - UJI:

OxcuIaTHBHU CTpec W HeypouH(]IaMaldja MMajy 3Ha4yajHy YJIOTY Yy HaTOreHe3W MYITHILIE CKIepo3e
(Multiple Sclerosis-MS). Kox ob6onenux ox MS 3amop je jeman on Hajuemhux y3poKa HEYpOJIOIIKE
OHECTIOCOOJHCHOCTH.  3aMOp C€ MOXKE JaBUTH Kao CaMOCTadHH CHMITOM ajdl MOXe OWTH W
MarudecTanrja genpecuje. Y 0BOj CTYAMjH MepHIH cMO HuBO Mokpahne kucemumne (Uric Acid- UA) y
cepyMy, Kao MapKep OKCHIaTHBHOT cTpeca u HuBO L[-peaktusHor mporenHa (C — Reactive Protein -CRP)
y cepyMy, Kao Mapkep HeypouH(iamanuje. Y cTyanjy je ykibydeHo 98 MS GonecHuka y ¢das3u penanca u
pemucuje. Kontpomny rpymy je caummaBano 35 3apaBux go00poBosbana. CTeneH JenpechBHE
CHMITTOMATOJIOTHjE je MepeH moMmohy Bekose ckane menpecusrnoct (Beck’s Depression Inventory - BDI)
a creneH 3amopa momohy Kpymose ckame 3amopa (Fatigue Severity Scale- FSS). I'maBuu 111
UCTpakuBama je 0uo na ce ucnura na au HUBou UA u CRP y cepymy kopenupajy ca JenpecHBHOM
CHMITTOMATOJIOTHjOM U 3aMOpOM. MS 000Jenu y penarncy U peMUCHjH CY UMAai 3HAYajHO HUKE HHBOC
UA y cepyMmy y ogHocy Ha 3apaBe (236.97+9.25umol/L vs. 268.27+0.09 umol/L vs 314.82+11.02umol/L;
p=0.000). Huso CRP y cepymy je Omo 3HauajHO Bumu y MS rpymu y penancy y nopehemy ca MS
rpynoMm y pemucuju (4.46+0.40mg/L vs. 1.01+0.38mg/L; p=0.000). Cpenme Bpeanoctu BDI ckopa cy
Ooune 3HauajHo Behe koq MS rpyme y penancy (15.68+16.62 vs. 8.36+7.10; p=0.045). OncepBupana je
cnaba HeratuBHa kopenanuja u3mely HuBoa UA y cepymy u mpucycTBa ocehaja Tyre, Ka0 U OTEKaHOT
00aBJbama CBAKOJHEBHUX KUBOTHUX aKTHMBHOCTH. Y Ou€Ha je MOo3UTHBHA Kopenanuja uzmel)y nusoa CRP
y CcepyMy U JIeNpECHBHE CHMITOMATOJIOTHje, Kao W m3Mely JenpecuBHE CUMITOMATONOTHjE U 3aMopa
(p<0.05). Heypoundaamaruja ¥ OKCHIATHBHH CTPEC MMajy yTHIAja HA 3aMOp W JEHpecHjy Komx MS.
Hwxe Bpenqnoctu UA y cepyMy MOTy pelMnUTHpaTH ocehaj Tyre ¥ yTUIaTH Ha CIIOCOOHOCT 00aBJbamka
CBaKOJHEBHUX XMUBOTHMX aKTHBHOCTH a cBako mosehame cepymckor mmBoa CRP Tokom penamca, Ha
OBOM TEPEHY MOXE JaJhe MPEIUIMUTHPATH HACTaHAK Jenpecuje. 30or MoryhHOCTH 1a 3aMOp TpeIcTaBIba
MIPOJIPOMAJTHH CHMIITOM JIETIPECHje BeOMa je BaKHA FH-EroBa paHa JICTCKIMja W MPUMEHA aJleKBaTHHUX

TepanujcKux Mepa, Moryhe uak u aHTHACTIpecuBa.

Jlatym npuxBarama Teme o crpane HHB - IT1: 06.04.2016.

Hatym onopane - 10:
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patients (4.46+0.40mg/L vs. 1.01+0.38mg/L; p=0.000). Patients in relapse had higher BDI scores
(15.68+16.62 vs. 8.36+7.10; p=0.045). Decreased UA levels showed weak negative correlation with pres-
ence of sadness and disturbed daily activities, higher CRP levels positively correlated with severe depres-
sion and the correlation between depression and fatigue was also observed (p<0.05).
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PanoBu koju cy 61y ycJI0B 3a NpUjaBy 3aBpIeHe JOKTOPCKe qUcepTanuje
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Oopazay 1

H3JABA AYTOPA O OPUTHHA/THOCTH JIOKTOPCKE /THCEPTALIHJE

Ja, Karapuna Becuh , U3jaBJbyjeM Jia TOKTOpCKa

JUcepTallfja MmoJI HacJIOBOM:

VTunaj Husoa MokpahHe KHCeJIMHE Y ceEpyMy Ha 3aMOp KOJ ITallfjeHara ca
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Abstract

Oxidative stress and neuroinflammation have a role in the pathogenesis of multiple sclerosis (MS) and in depression. Fatigue
is the most disabling symptom in patients with MS and could also be a part of depressive symptomatology. In this study, we
measured the serum levels of uric acid (UA) as a marker of oxidative stress and C-reactive protein (CRP) as an inflammatory
marker, in 98 patients with MS in relapse and remitting phase of illness and 35 healthy subjects. Degree of depressive symp-
tomatology and fatigue were assessed with Beck’s Depression Inventory (BDI) and Fatigue Severity Scale (FSS). Further,
we examined the possible correlation of these biomarkers with symptoms of depression and fatigue. Relapse and remitting
MS had a lower serum UA levels than controls (236.97 +9.25 umol/L vs. 268.27 +0.09 pmol/L vs. 314.82 +11.02 pmol/L;
p=0.000), while sera levels of CRP were higher in relapse than remitting patients (4.46 +0.40 mg/L vs. 1.01 +£0.38 mg/L;
p=0.000). Patients in relapse had higher BDI scores (15.68 +16.62 vs. 8.36 +7.10; p=0.045). Decreased UA levels showed
weak negative correlation with the presence of sadness and disturbed daily activities, higher CRP levels positively correlated
with severe depression and the correlation between depression and fatigue was also observed (p <0.05). It is possible that
decreased UA levels lead to sadness, disturbed daily activities and severe disability. Every attack of CRP elevation in relapse
could additionally precipitate the depression onset. The clinicians must pay special attention to early detection of fatigue
because it could precede depression and improve further treatment.

Keywords Multiple sclerosis - Uric acid - C-reactive protein - Fatigue - Depression

Introduction

Multiple sclerosis (MS) is a neurological disease of still
unresolved etiology. Neuroinflammation and oxidative
stress are very important elements in the pathogenesis of
MS. These processes cause demyelination, axonal damage,
loss of neurons over years and consequently lead to neuro-
degeneration [1].

The relationship between neuroinflammation and oxida-
tive stress is still poorly understood. Chronic oxidative stress
and reactive oxidative species are involved in autoimmune-
mediated tissue damage in MS by inducing proliferation,
Faculty of Medical Sciences, Department inflammation and activation of astrocytes, microglia and T
of Neurology, University of Kragujevac, - ) cells [2, 3]. Elevated oxidative stress markers are strongly
69 Svetozara Markovica St. 34000 Kragujevac, Serbia . . . . .

associated with higher sera C-reactive protein (CRP) levels
[4]. Important fact is that CRP levels in peripheral blood
mirror inflammation in the central nervous system (CNS)
[5]. CRP is used as a marker in assessing inflammation and
disease progression in MS patients [6, 7].
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Previous data pointed out that peroxynitrite, as a marker of
oxidative stress, has also a role in the MS evolution [8]. Two
decades ago, the endogenous antioxidant uric acid (UA) was
marked as a strong peroxynitrite scavenger [9]. Patients with
MS have significantly lower levels of serum UA than control
subjects [10, 11] and it was observed that MS and gout (hyper-
uricemia) are almost mutually exclusive diseases and thereby
further raising the possibility that hyperuricemia may have
protective anti-inflammatory properties in MS [9].

Fatigue is considered to be a consequence of activated
nitro-oxidative stress pathways, thereby it is more frequently
observed in neuroinflammatory diseases, including MS [12].
Fatigue is one of the three most frequently occurring disabling
symptoms in diverse clinical presentations of MS and it has
been identified as a significant problem in 84% of patients
[13]. The MS Council for Clinical Practice Guidelines defines
fatigue as a sense of exhaustion, lack of energy, or tiredness,
and “a subjective lack of physical and/or mental energy that is
perceived by the individual or caregiver to interfere with usual
or desired activity” [14]. Fatigue in MS can be a direct conse-
quence of MS pathology or secondary caused by MS unrelated
factors, which can be clinically presented at the same time or
even potentiate each other [15]. Fatigue can be directly wors-
ened by depressive symptomatology or be a consequence of
physiological changes [16, 17]. Lifetime prevalence of depres-
sion in MS is 50% and depression itself can be manifested
and misinterpreted as fatigue, loss of motivation and anhedo-
nia, making this condition difficult to distinguish from MS-
associated isolated fatigue [18—20]. Previous studies indicated
that oxidative stress and neuroinflammation play an important
role in the pathophysiology of major depressive disorder [21].
Also, MS-related depression was associated with increased
serum levels of nitro-oxidative and immune-inflammatory
biomarkers [22, 23].

In the present study, we measured the serum levels of UA
as a marker of oxidative stress and CRP as an inflammatory
marker in different phases of MS and compared it with those
in healthy control subjects. Considering contradictory results
from previous studies, we also assessed a level of fatigue,
disability and depression symptoms in relapse and remitting
patients and examined the possible correlation of these bio-
markers with assessed clinical features of this disease. This is
the first study, to our knowledge, that at the same time explores
the possible relationship of UA and CRP levels with fatigue
and depression in relapse and remitting MS patients.

Subjects and methods
Subjects

The study was approved by the Ethic Committee of the Clin-
ical Centre Kragujevac and conducted in compliance with

@ Springer

the ethical principles of the Declaration of Helsinki. Written
informed consent was obtained from all patients. The study
was conducted at the Clinic of Neurology, Clinical Centre
Kragujevac and in the Central Laboratory Clinical Centre
Kragujevac, from February 2016 to February 2017.

Patients with a diagnosis of MS were included into
the study according to the revised Mc Donald’s criteria
[24]. Patients were classified into two groups: MS relapse
group and MS remitting group. A relapse was defined as
the presence of new symptoms existing longer than 24 h
and in absence of fever or subacute worsening of existing
symptoms after 30 days of a stable phase of the disease.
Patients in MS relapse group were not on immunomodula-
tory therapy, corticosteroid therapy or some other MS treat-
ment options in previous 3 months. All patients in remit-
ting group have relapse-remitting form of disease and were
treated with immunomodulatory therapy (interferon-beta-1a,
administered subcutaneously three times weekly). The con-
trol group consisted of healthy subjects, matched by gender
and age with MS patients, recruited during blood donation at
Service supply of blood and blood products, Clinical Center
Kragujevac.

The exclusion criteria were comorbidity of stroke, myo-
cardial diseases, renal or hepatic dysfunction, other neu-
rodegenerative diseases, acute infections, recent surgical
interventions, alcohol or drug abuse, all disorders which
are immune- and redox-mediated illnesses, such as fibro-
myalgia, generalized anxiety disorder, psychosis, bipolar
disorder (bipolar depression) and treatment with medications
that can influence on uric acid levels (vitamin C, diuretics,
epinephrine, levodopa, methyldopa, acetylsalicylic acid and
azathioprine).

Somatic examination and laboratory measurements

Somatic examination was done and vital signs were meas-
ured at admission. Patients were fasting and the blood sam-
ples for routine laboratory analysis were taken the next
day, between 9am and 12 pm, before the application of
corticosteroid therapy. Levels of serum UA and CRP were
determined on Beckman Coulter AU 680 analyzer using rea-
gents from the same manufacturer (Beckman Coulter Inc.,
USA). Referent values for UA were in the following range:
154-428 pmol/L. The CRP values greater than or equal to
5 mg/L were considered elevated.

Clinical assessment

Data concerning sociodemographic characteristics, duration
of illness and clinical course of the disease were collected.
In the relapse patients group, the scales were conducted
immediately after admission and before the use of pulsed
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corticosteroid therapy. At patients in remission the scales
were carried out on scheduled 3-month visits.

Neurological status in all patients was assessed using
the Expanded Disability Status Scale (EDSS) score [25].
EDSS consists of eight functional domains: visual (optic),
brainstem, pyramidal, cerebellar, sensory, bowel and blad-
der, cerebral function and ambulation. The EDSS is an ordi-
nal clinical rating scale, ranging from O (normal neurologic
examination) to 10 (death due to MS), in half-point incre-
ments to indicate mild, moderate or severe disability.

The occurrence of fatigue was determined with Fatigue
Severity Scale (FSS). It is a self-reported questionnaire
designed by Krupp for fatigue identification [26]. The scale
consists of nine items on a seven-point scale. The pres-
ence of mild fatigue is marked with an average score over
3 points, and as disabling fatigue with FSS average score
higher than 4.

Depressive symptomatology was assessed with Beck’s
Depression Inventory (BDI), suggested for depressive symp-
toms screening in MS patients by American Academy of
Neurology [27]. The 21-item BDI consists of four state-
ments, describing increasing intensities of depression symp-
toms. It includes somatic and cognitive-affective symptoms
and every item is graded into a scale from O to 4, reflecting
the patient’s feelings in the previous 2 weeks. The degree of
severity of depression symptoms was quantified as follows:
normal (range 0—10), mild mood disturbance (range 11-16),
borderline clinical depression (17-20), moderate depression
(21-30), severe depression (31-40) and extreme depression
(over 40).

Statistical analyses

The statistical analyses were performed using SPSS 20.0
software. Normal distribution of data was tested with Kol-
mogorov—Smirnov test. Numerical values are presented
as mean =+ standard deviation and as percentages. We used
Student’s ¢ test for parametric and Mann—Whitney U test
for non-parametric variables to evaluate mean differences
between two groups of patients. We used General Linear
Model (GLM) analyses to determine levels of UA and CRP
as dependent variables between groups while controlling
gender and body mass index (BMI) and to show effect of
these parameters. We examined the correlations between
serum UA and CRP levels and scores on clinical assess-
ment scales using Pearson’s or Spearman’s correlation. To
delineate the best prediction on presence of illness onset,
depression and fatigue in MS patients, we performed a
binary logistic regression analysis. The presence of depres-
sive symptomatology was assessed using BDI. In patients
with MS, a cut-off score > 13 on BDI scale can be used as
criterion for depression with a sensitivity of 71% and speci-
ficity of 79% [27]. Fatigue was assessed using FSS scale and

suggested cut-off score for MS patients is >4, with accept-
able internal consistency, stability over time and sensitiv-
ity to clinical change [26]. For binary logistic regression
analysis we used these cut-off values (BDI> 13, FSS >4) to
discriminate patients with and without depression, and also
those with and without fatigue. A multiple regression analy-
sis was used to evaluate the significant sociodemographic
and clinical predictors for FSS and BDI scores. A p value of
0.05 was considered to be statistically significant.

Results
Sociodemographic and clinical data

Sociodemographic data are presented in Table 1. The study
included n=98 MS patients, n =48 MS relapse patients
(48.9%) and n=>50 MS remitting patients (51.1%). No dif-
ferences were found in relation to gender and age between
groups. The mean duration of disease was significantly
longer in MS remitting patient’s group (6.19+7.11 vs.
8.64+4.46; p=0.01), while relapse rate was higher in MS
relapse patient’s group (2.42+1.22 vs. 1.24+1.39; p=0.05).
The patients included in MS relapse group were those with
Clinically Isolated Syndrome (CIS), Relapse Remitting MS
(RRMS) and Secondary Progressive MS (SPMS), with the
following distribution, respectively: 20 patients (41.7%), 17
patients (35.4%) and 11 patients (22.9%). The mean duration
of treatment in remitting group was 4.42 years +3.64 (in the
range of 1-12).

Lower serum levels of UA in all MS patients
and higher CRP in MS relapse patients

We measured significantly lower mean serum UA levels
in relapse MS patients than in healthy control subjects
(236.97 +9.25 vs. 314.82 +11.02 umol/L, F=14.339,
df=2/128, p=0.000). In relapse group, we did not
find significantly different serum UA levels between
CIS, RRMS and SPMS (223.60 +14.77 pmol/L vs.
225.69 +15.43 pmol/L vs. 264.80 +20.36 pumol/L,
F=1.497, df=2/86, p=0.230). The patients in MS
remitting group also had the lower mean serum UA level
than healthy control subjects (268.27 +0.09 pmol/L vs.
314.82+11.02 pmol/L, F=14.339, df=2/128, p=0.000).
We did not find significantly different serum UA levels
between patients in relapse and remission (238.03+9.67
vs. 258.88 +9.08, F=3.307, df=1/86, p=0.07). We found
that patients in remitting phase had higher UA levels in
sera than patients with CIS and RRMS, but it was not sig-
nificant (223.60 + 14.77 pmol/L vs. 225.69 + 15.43 umol/L
vs. 258.88+9.08; F=1.497, df=2/86, p=0.230). Tests
between subject effects showed that sex (F'=14.360, df 1/86,
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Table 1 Sociodemographic data
in relapse and remitting MS
patients

Variables MS relapse group MS remitting group P value
n=48 n=50

Age (years) 41.7+£9.13 38.6+7.88 p=0.18

Sex (female/male) 30/18 35/15 p=0.08

BMI (kg/m?) 22.98+3.67 22.502+1.78 p=0.40

Mean duration of illness (years) 6.19 (1-34) 8.64 (2-18) p=0.01

Relapse rate 2.42 (0-5) 1.24 (0-6) p=0.05

MS clinical types

CIS 20 (41.7%) /

Relapsing-remitting MS 17 (35.4%) 50

Secondary progressive MS 11 (22.9%) /

MS multiple sclerosis, CIS clinical isolated syndrome, BMI body mass index

p<0.05

p = 0.000, partial eta squared =0.142) and BMI (F =4.515,
df = 1/86, p=0.036, partial eta squared =0.050) had sig-
nificant effect on sera levels of UA. Mean value of CRP was
significantly higher in the relapse patients than in the remit-
ting MS patients (4.46 +0.40 mg/L vs. 1.01. = 0.38 mg/L;
F=15.906, df=1/86, p=0.000). The effects of sex
(F=2.044, df = 1/86, p=0.156, partial eta squared = 0.023)
and BMI (F=1.908, df=1/86, p=0.171, partial eta squared
= 0.025) on CRP were not significant (Fig. 1).

More severe disability and depressive
symptomatology in MS relapse group

Clinical characteristics of MS relapse and MS remitting

patients are shown in Table 2. Relapse MS group patients
had significantly higher EDSS scores (4.02+1.92 vs.

600 1
500 A
400 -

300 -

uric acid
(mg/dL)

200 -

100

2.07+1.17; p=0.000) and BDI scores (15.68 +16.62 vs.
8.36 +7.10; p=0.045). We did not find difference in FSS
scores between these patient groups (data not presented).

Fatigue was present in 32 patients with relapse (66.7%)
and depressive symptomatology was present in 21 patients
(43.7%). In MS remitting group, we observed the fatigue
occurrence in 28 patients (56%) and depression symptoms
in 12 patients (24%).

Negative correlation of UA sera levels

with the presence of sadness and disturbed daily
activities and positive correlation of CRP levels
with EDSS, BDI and FSS scores

We found significant, but weak positive correlation with
CRP levels and physical and daily activities (overall p <0.05,

controls
-100 -

Fig. 1 Serum levels of uric acid. Serum UA levels in healthy con-
trol subjects (n=35), MS relapse patients (n=48) and MS remit-
ting patients (n=50) were determined by Beckman—Coulter auto-
analyzer. Data are presented as mean+SE. Statistical significance
was tested by General Linear Model (GLM). Serum levels of
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MS relapse MS remitting

UA were significantly lower in MS relapse patients than controls
[236.97 +9.25 pmol/L vs. 314.82+11.02 umol/L; p=0.000]. Serum
levels of UA were significantly lower in MS remitting patients than
controls [268.27 +0.09 umol/L vs. 314.82 + 11.02 pmol/L; p =0.000]
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Table 2 Clinical features at relapse and remitting phases of multiple
sclerosis patients

Variables MS relapse group ~ MS remitting group P values
EDSS score 4.02+1.92 2.07+1.17 p=0.000
FSS score 491+1.18 4.80+1.06 p=0.711
BDI score 15.68 £16.62 8.36+7.10 p=0.045

MS multiple sclerosis, EDSS Expanded Disability Status Scale, FSS
Fatigue Severity Scale, BDI Beck’s Depression Inventory

We performed Student’s ¢ test (p <0.05). Data are expressed as mean
and standard deviation

r=0.40). Further, we observed significant positive correla-
tion between CRP and BDI scores (p =0.000, »=0.40) and
positive correlations with EDSS scores (p =0.000, r=0.57)
and FSS scores (p=0.03, r=0.40). A statistically signifi-
cant positive correlation was found between FSS and BDI
scores (p=0.00, r=0.45), FSS and EDSS scores (p =0.00,
r=0.40) and BDI and EDSS score (p =0.00, r=0.45).

We did not establish statistically significant correlation
between serum UA levels with an overall score on the BDI
scale (p=0.259), FSS scale (p =0.080) and EDSS scale
(p=0.117), but we found a statistically significant negative
correlation with the BDI items that represent the symptoms
of sadness (p=0.008, r=—0.266) and with the FSS item
which refers to the effect of fatigue on daily physical activity
(p=0.032, r=-0.21).

Table 3 shows the results of three different binary logis-
tic regression analyses: the first one used serum UA level
data, while adjusting sex and BMI, and showed that UA
levels were significantly associated with illness onset
(¥*=28.933, df = 1, p=0.000; Nagelkerke =0.289; 77.4%
of all cases were correctly classified with 92.9% sensitivity
and 34.3% specificity). The second analysis was performed
using sex, age, level of education, duration of illness, EDSS
score data and showed that age and EDSS score affect the
occurrence of fatigue (5> = 20.059, df=35, p=0.001; Nagel-
kerke =0.247; 71.4% of all cases were correctly classified
with 63.0% sensitivity and 78.8% specificity). The third

binary logistic regression analysis was performed using sex,
age, level of education, duration of illness, EDSS scores and
showed that EDSS score affects the occurrence of depres-
sion (;(2 =15.214, df=5, p=0.009; Nagelkerke =0.199;
75.5% of all cases were correctly classified with 62.4% sen-
sitivity and 92.3% specificity). Multiple regression analysis
indicated that age, clinical type of MS (F (1/95)=4.339,
p=0.040, R%2=0.164, adjusted R=0.146) and EDSS score
(F (1/96)=16.243, p=0.000, R>=0.145, adjusted R=0.136)
are significant predictors for FSS score. Also, clinical type
of MS, immunomodulatory therapy (F (1/95)=13.236,
p=0.000, R>=0.198, adjusted R=0.182), CRP and EDSS
score (F (1/95)=4.128, p=0.040, R*=0.203, adjusted
R=0.187) are significant predictors of BDI score (results
are presented in Table 4).

Discussion

In the present study, we observed lower serum UA levels in
MS patients than in healthy control subjects in all phases
of MS and higher sera CRP levels at relapse patients. The
serum levels of UA affect the occurrence of the disease.
More severe disability and depressive symptomatology were
presented in MS relapse patients. Sera levels of UA nega-
tively correlate with the presence of sadness and disturbed
daily activities and CRP levels correlate with EDSS, BDI
and FSS scores. CRP was a significant predictor of BDI
scores, while EDSS score had influence on FSS and BDI
scores.

In the past few years, various studies have presented con-
flicting results regarding serum UA levels in MS patients.
To this day, it is still not clear whether UA should be con-
sidered in disease onset or only as a consequence of a dis-
ease progression in MS. Our results are consistent with the
results of the recent meta-analysis [11], indicating that MS
patients have a significantly lower serum UA levels com-
pared with those in healthy control subjects. UA levels were
evaluated in different stages of MS and according to clinical

Table 3 Results of binary

o ; . Categories Explanatory Wald df P Odds ratio Lower and
logistic regression analysis with variables upper 95%
disease onset, depression and CI
fatigue as dependent variables
af}dl de?nf’lgraphic, Clif;ical and Tlness onset UA 21.902 1 0.000 0.986 0.97-0.99
tv’;‘;i;’lf;zg data as explanatory Depression EDSS 10.970 1 0.001 0.636 0.48-0.83

Fatigue Age 4.114 1 0.043 0.935 0.87-0.99
EDSS 5.472 1 0.019 0.727 0.55-0.95

MS patients were divided into two groups: with and without depression, using cut-off score> 13 on the

Beck’s Depression Inventory

MS patients were divided into two groups: with and without fatigue, using cut-off score >4 on the Fatigue

Severity Scale

UA uric acid, EDSS Expanded Disability Status Scale
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Table 4 Results of multiple

. o Dependent variables  Explanatory variables B SE p T P

regression analysis with FSS

and BDI scores as dependent FSS scores Age 0060 0020 0291 2627 0.004

Zﬁﬁi‘ff;;ﬁdafzzﬁfggfy and MS clinical types 1141 0307 0355 3715  0.000

variables EDSS scores 0.364  0.091 0.380 4.030  0.000

BDI scores MS clinical types 8293  2.197 0.352 3.775  0.000

Immunomodulatory therapy  —8.289 2439 -0.339 -3411 0.001

CRP 0.850 0.419 0.200 2.032  0.040

EDSS scores 2383  0.696 0.337 3.424  0.001

MS multiple sclerosis, F'SS Fatigue Severity Scale, EDSS Expanded Disability Status Scale, BDI Beck’s
Depression Inventory, CRP C-reactive protein

p<0.05

phenotypes. Our data suggested that the patients with CIS
and RRMS in relapse have lower UA levels than patients
with SPMS, but the difference was not statistically signifi-
cant. The results of previous studies indicated that immu-
nomodulatory drugs increase serum UA levels [28], which
is in accordance with our findings of higher levels of UA in
MS remitting patients on therapy in comparison to patients
in early, inflammatory phase of illness and without therapy.

Previous studies indicated sex differences in UA serum
levels, with significantly lower values UA in female patient
[29]. A possible explanation for this phenomenon is reduced
antioxidant activity and higher incidence of MS in females.
Also, BMI is a major determinant of lower UA sera levels
[30]. Our results are in accordance with these findings and
emphasize that possible sex and BMI differences should be
especially considered.

Also, we measured significantly higher CRP levels in
relapse MS patients. Hanninen et al. showed that CRP val-
ues are higher during relapses than in remission [7]. All
these findings support the fact that in the early, inflamma-
tory disease stages, neuroinflammation and oxidative stress
are predominant, while the neurodegeneration is prominent
in progressive form of MS, in line with the results of Zoc-
colella et al. [31]. Our results point out that UA could be
considered as a trait marker in MS and that decreased level
of UA enhances the risk for disease.

In this research, we examined the frequency and degree of
disability, depression and fatigue in patients in relapse and
remission. Our findings suggest that the more severe dis-
ability and depressive symptomatology occur in MS relapse
group of patients, but we did not find a statistically signifi-
cant difference in fatigue scores between groups.

Further, we examined a possible relationship of UA and
CRP levels with disability, symptoms of depression and
fatigue. Association between UA and disability has been
shown in some studies, while other studies did not confirm
these data [32]. We also did not establish the correlation
between UA levels and EDSS scores. Moccia et al. indi-
cated that patients with impaired ambulation (EDSS >5)
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presented lower UA levels than fully ambulatory patients
(EDSS <4.5) [33]. We suppose that this correlation was
not observed because most of our patients had EDSS <4.5.
On the other side, degree of disability in our study sig-
nificantly correlated with higher CRP levels. This fact is
in line with the results of Guzel et al. which indicate that
patients with higher CRP levels have higher level of dis-
ability on EDSS [34].

As already presented in depression, lower UA levels in
MS can be a consequence of minimized adenosine turno-
ver and an increased adenosine activity in CNS, causing
depression-like behavior [35]. Bartoli et al. in their meta-
analysis indicate that patients with major depression have
lower serum UA levels than healthy controls and that anti-
depressant treatment increases UA levels [36]. Similarly, in
our study, UA levels negatively correlated with the presence
of sadness. Oliveira et al. have investigated sera UA levels
in MS patients with and without depression and did not find
differences in UA levels with and without comorbid depres-
sion and MS [32].

Maes et al. [37] indicated that general anxiety disorder is
characterized by increased nitro-oxidative stress with lipid
peroxidation, lower protein oxidation and lipid-associated
antioxidant defenses. Increased UA levels may be regarded
as a beneficial compensatory mechanism in response to
oxidative stress, because the formation of peroxynitrite is
inhibited by increased UA levels and consequently protein
oxidation is less sever than in depression. It could be said
that higher UA levels may be associated with lower risk of
depression [38].

Additionally, major depressive disorders are characterized
by low-grade inflammation and it was shown that depression
is associated with increased CRP sera levels [39]. Our data
suggest the positive correlation of serum CRP levels with
BDI scores and subscores in MS patients. Also, we pointed
out that CRP is a significant predictor of BDI scores. All
these findings suggest that decrease of UA levels could be
an underlying mechanism in depression onset, potentiated
with CRP elevation.
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In this study, more disabled MS patients (with higher
EDSS score) had more severe fatigue and depression
symptoms and we observed the association between
fatigue and depression. Our data indicated that EDSS
score affected the occurrence of fatigue and depression and
also was a significant predictor of BDI and FSS scores.
Previous studies showed that disability status is an inde-
pendent, but moderate determinant of depression in MS
patients and that fatigue may be due to disability level
[40, 41]. We did not find a statistically significant correla-
tion between UA sera levels with fatigue, but we observed
significant correlation with lower daily activity on FSS
scale. Kawase et al. show in their study the relationship
between lower serum UA levels and poor activities of daily
living in patients with ischemic stroke, and suggest that
UA could be a predictive marker of lower daily activity in
these patients [42]. It is possible that the same approach
could be applied in MS indication field. We demonstrated
significant correlation between CRP levels with fatigue,
and the result is in line with Cho et al. who reported that
plasma CRP was prospectively associated with new-onset
fatigue [43]. The established correlations were statistically
significant but weak correlations, so the larger sample
could reveal much stronger relations of these factors.

Conclusion

Our results indicate that in patients with MS, both low-grade
inflammation and oxidative stress have a role in fatigue and
depression occurrence and must be simultaneously consid-
ered. It is possible that UA depots could be emptied in MS
evolution, leading to sadness, disturbed daily activities and
severe disability. Every attack of CRP elevation in relapse
could additionally precipitate the depression onset.

The clinicians must pay special attention to early detec-
tion of fatigue because of its potential to precede depression.
This also implies that effective treatment of depression in
MS could markedly improve recovery.
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Abstract

Backgraund/Aim. Gliomas are the most common primary brain tumors and the etiology is
unknown. The aim of this study was to investigate possible association between incidence
of glioma and certain blood groups.

Methods. The case-control study included 100 pathologically confirmed cases of glioma at
the Clinical centar of Kragujevac, Serbia, between 2014 and 2015, and 200 age- and sex-
matched controls without malignant diseases in personal and family history at the same
institution. After signing the informed consent all the patients filled out an epidemiological
questionnaire.

Results. In an analysis comparing glioma patients with control group, a significant
association (p<0.0005) was observed in relation to the blood group AB. Furthermore,
didn’t observe significant association in relation to the blood group A (p=0.070), blood
group B (p=0.256), blood group O (p=0.768) between compared groups. Also, in an
analysis comparing glioma patients with control group, a significant association was
observed in relation to the years spent in hometown (p=0.035), changing of the place
residence (p=0.007), body weight (p=0.002) and body mass index (p< 0.0005). Univariate
binary logistic regression showed that higher number of years spent in hometown (OR
1.011 95%CI 1.000-1.023, p=0.043), increased body weight (OR 0.976 95%CI 0.959—
0.993, p=0.006) and increased body mass index (OR 0.898 95%CI 0.839-0.961, p=0.002)
increase the risk of glioma. However, change of the place residence decreases the risk of
glioma (OR 0.327 95%CI 0.147-0.727, p=0.006). Univariate binary logistic regression
analysis revealed that individuals with group AB were at 3.5-fold increased risk of
developing glioma compared to individuals with other ABO blood groups (OR 3,429
95%CI 1,83-6,41, p<0.0005) Also, there was more male patients with glioma with group
AB (p=0.001).

Conclusion. In a present study, we demonstrate that individuals with group AB have a
increased risk of developing glioma.

Key words: glioma, blood groups, risk factors



Apstrakt

Uvod/Cilj: Gliomi su naj¢es¢i primarni tumori mozga ¢ija je etiologija nepoznata. Cilj ove
studije je bio da ispita da li je ucestalost glioma povezana sa odredenom krvnom grupom.
Metod: Slucaj kontrola studija je ukljuc¢ila 100 ispitanika sa patohistoloski potvrdenim
gliomom u Klinickom centru Kragujevac, u Srbiji, izmedu 2014. i 2015. godine i 200
ispitanika kontrolne grupe ukrstenih po polu i godinama koji nisu imali istoriju malignih
bolesti u li¢noj i porodi¢noj anamnezi. Nakon potpisivanja pristanka svi pacijenti su
popunjavali epidemioloski upitnik.

Rezultati: U analizi, u kojoj su uporedivani pacijenti sa gliomom i pacijenti kontrolne
grupe, znacajna veza (p<0.005) opservirana je za AB krvnu grupu. Nadalje, nije zapaZena
statistiCki znaCajna veza za krvnu grupu A (p=0.070), B (p=0.256) 1 O (p=0.768) izmedu
poredenih grupa. Poredenjem pacijenata sa gliomom I pacijenata kontrolne grupe,
opservirana je statistiCki znacajna veza u vezi godina Zivota provedenih u mestu rodenja
((p=0.035), promeni mesta boravka (p=0.007), telesne mase (p=0.002) i indeksa telesne
mase (p< 0.0005). Primenom univarijantne binarne logisti¢ke regresije pokazano je da veci
broj godina Zivota provedenih u mestu rodenja (OR 1.011 95%C1 1.000-1.023, p=0.043),
povecana telesna masa (OR 0.976 95%CI 0.959- 0.993, p=0.006) i povecan indeks telesne
mase (OR 0.898 95%CI 0.839-0.961) povecavaju rizik za nastanak glioma. Medutim,
promena mesta boravka smanjuje rizik za nastanak glioma (OR 0.327 95%Cl 0.147-0.727,
p=0.006). Primenom univarijantne binarne logisticke regresije se otkriva da kod individua
sa krvnom grupom AB postoji 3.5 puta veéi rizik za nastanak glioma u poredenju sa
osobama sa drugim krvnim grupama (OR 3.429 95%CI 1.83-6.41, p<0.0005). Takode, bilo
je vise pacijenata muskog pola sa gliomom koji su imali krvnu grupu AB (p=0.001).
Zakljuc¢ak: Ova studija, pokazuje da kod individua sa krvnom grupom AB postoji
povecan rizik za nastanak glioma.

Kljuéne reci: gliomi, krvne grupe, faktori rizika



Introduction

Gliomas are the most common primary brain tumors (1). They accounts for approximately
27% of all brain and central nervous system tumors and about 80% of malignant brain
tumors. Glioma are tumors arising from glial or precursor cells and include astrocytoma,
glioblastoma, oligodendroglioma, ependymoma, mixed glioma, malignant glioma, not
otherwise specified (NOS) and few rare histologies (2).

The etiology of glioma is unknown. Several possible risk factors for glioma have been
suggested in the past, but with the exception of ionizing radiation, none has been
consistently confirmed (3,4). Several studies have investigated the relationship between
blood groups ABO and glioma risk and demonstrated conflicting results (5, 6, 7, 8, 9, 10).
The scientist Landsteiner found the blood group ABO system in 1901 in the University of
Vienna. Locus ABO is localized on chromosome 9 and gene ABO is inherited in an
autosomal dominant (11). The A and B antigens are complex carbohydrate molecule and
they represent extracellular domains on the surface membrane of red blood cells. The A
and B alleles of the ABO locus encode different enzyme glycosyltransferases, adding N-
acetylgalactosamine and D-galactose on a common precursor of the side chain, the H
determinant, which is then converted into the A or B antigen. Group O individuals lack
such functional enzymes, and express unchanged H determinant. In addition to the surface
of red blood cells, A and B antigens are found on a variety of human cells and tissues,
including epithelial cells, neurons, platelets and vascular endothelium (12, 13).

Distribution of the four different blood groups varies between countries. Generally, blood
group O has highest prevalence, while blood group AB has the lowest (14). In Serbia, the
proportion of ABO blood groups is 41.5% for A, 37.5% for O, 16% for B and about 5.5%
for AB (15).

The aim of this study was to examine incidence of glioma in patients with different blood

groups ABO.



Materials and methods

The study group included a series of 100 consecutive patients (59 males, mean age
59.76+10.76 years and 41 females, mean age 58.36+8.95 years) (Table 1) with
pathohistologically verified diagnosis of glioma according to the WHO criteria [ICD-0-3]
(16) (Fig 1.). Of these 100 patients blood groups were available in 96 patients. The study
was realized according to the Declaration of Helsinki and performed in accordance with
Ethics Committee of Clinical Center Kragujevac. The criteria for inclusion into the study
were patients who have had consultative decision evaluated on the basis of stages of the
disease and the general condition of the patient. Also the criteria for inclusion into the
study were primary, previously untreated glioma. Criteria for exclusion from the study
were previously diagnosed and treated glioma and glioma recidivans. The patients were
treated surgically, followed by radio and chemotherapy at the Center for Oncology,
Clinical Center Kragujevac. Data were collected between April 2015 and May 2016. The
control group included 200 patients matched by sex and age (109 males, mean age
59.32+£10.71 years and 91 females, mean age 58.09+£9.12 years) (Table 1) who were
hospitalized in the Clinical centre Kragujevac, without malignant diseases in personal and
family history. Of these 200 patients blood group were available in 172 patients. After
obtaining patient consent, a questionnaire based on the reviewed literature data and
personal considerations was to collect detailed information. It included questions about
different factors supposed to be possible risk or protective factors.

The first part of the questionnaire referred to demographic features of the patients (sex, age,
birth and residency places, blood type, Rh (D) antigen, school education, occupation,
number of family members, the size of the home space). The second part of the
questionnaire included the family history of chronic diseases, including brain tumors and
other malignant tumors. The third part of the questionnaire referred to the personal history
of the disease including reproductive risk factors. The fourth part deals with information on
the risks of exposure to external factors, the fifth included data on habits (smoking,

drinking coffee, tea, alcohol) and the sixth part referred to information about nutrition.



Statistical analysis

Statistical analysis was performed using the SPSS software version 19.0. For the
comparison qualitative variables between the patients with glioma and the control group
was used chi-square test. Categorical variables were presented as frequencies and
percentages. A univariate analysis using logistic regression techniques, including odds ratio
(OR), was performed to determine the effects of blood groups on the depend variable
(glioma). P value of less than 0.05 was considered statistically significant.

Results

Table 1 shows the demographic and personal characteristic of patients and controls.
Differences in years spent in hometown between study and control group was statistically
significant (p=0.035). The control group patients were more frequently changing of the
place residence than patients with glioma (p=0.007). Also, observed statistically significant
difference between compared group in relation to the body weight (p=0.002) and to the
body mass index (p< 0.0005). Patients with glioma had a higher body weight and higher
body mass index in comparison to the patients of the control group.

In an analysis comparing patients with glioma with control group patients, a significant
association (p<0.005) was observed in relation to the blood group AB. Furthermore, no
significant association was observed in relation to the blood group A (p=0.070), blood
group B (p=0.256), blood group O (p=0.768) among patients with glioma and control
groups (Table 2).

In the group of patients with glioma, 32.3% of patients had blood type AB, 25.0% of blood
group A, 10.4% blood group B and 32.3% of blood group O. The ratios of blood groups
AB, A, B and O were 12.2% vs. 32.6% vs. 18.5% vs. 34.9% in patients control group,
respectively (Table 2).

Comparing the male patients with glioma and control group as blood groups ABO, a
significant association was observed in relation to the blood group AB (p=0.001). There
was no significant difference regarding blood group A (p=0.726), blood group B (p=0.668),
blood group O (p=0.726) (Table 3).

Comparing the female patients with glioma and control group as blood group AB,

differences did not rich significant there (p=0.057). Also, there was no significant
P



difference regarding blood group A (p=0.288), blood group B (p=0.549) and blood group O
(p=0.522) (Table 4).

Univariate binary logistic regression showed that higher number years spent in hometown
(OR 1.011 95%CI 1.000-1.023, p=0.043) increased body weight (0.976 95%CI 0.959 —
0.993) and increased body mass index (OR 0.898 95%CI 0.839- 0.961) increases the risk
of glioma. However, change of the place residence decreases the risk of glioma about three
times (OR 0.327 95%Cl 0.147 — 0.727, p=0.006) (Table 5).

Univariate binary logistic regression analysis revealed that individuals with group AB were
at 3.5-fold increased risk of developing glioma compared to individuals with other blood
groups (OR 3.429 95%CI 1.834 — 6.411, p<0.0005). Blood groups A (OR 0.696 95%ClI
0.402-1.204, p=0.195), B (OR 0.690 95%CI 0.321-1.485, p=0.343), O (OR 1.064 95%ClI
0.632-1.792, p=0.816) were not significantly associated with glioma risk (Table 5).
Discussion

In our study, we have demonstrated that the distribution of blood groups in patients with
glioma differ significantly than the control group, with a higher incidence of glioma
reported in individuals with blood group AB. Previous studies have shown different results
about the ratios of blood groups in patients with glioma. The study of Yates and Pearce,
which was conducted on 473 cases with astrocytoma excluding glioblastoma multiforme,
showed that in 164 patients who were diagnosed before 1945 year, distribution of blood
groups was normal. In 305 patients analyzed after that year, a statistically significantly
lower number of glioma in patients with blood group O has been noticed (5). Selvestrone et
al. have also examined the relationship between the blood groups and astrocytic brain
tumors, including glioblastoma multiforme, and they found a statistically significantly
lower number of patients with B and O blood types (6). The study of Carter et al. recruited
160 patients with glioma and the same number of controls, observed no significant
difference in the distribution of blood groups between glioma patients and controls from
the Oxford region in the United Kingdom (7). Strang et al. did not detected significant
difference in the distribution of blood group between 900 astrocytoma patients and the
control population However, once adjusted for sex, there was significantly more male
cerebral astrocytoma patients with group A (p< 0.05) (8). In the last meta-analysis (11)
which examined the relationship between blood groups and cancer risk were included 89

studies (82 case control studies and 7 cohort studies). This study analyzed 1674 patients
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with glioma and results suggested that blood groups were not significantly associated with
glioma risk (9). In a recent study, Allouh et al. reported a significant association between
the distribution of blood group ABO antigens and glioblastoma multiforme in Jordaninans,
with a higher incidence reported in persons with blood group A (10).

In the last five decades, relationship between blood groups ABO and carcinoma has been
extensively investigated.

Mechanisms that explain the relationship between blood groups ABO and cancer risk are
unclear. Several hypotheses have been proposed, including a modulatory role of blood
group ABO antigens. Blood group antigens (A, B) are expressed on the surface of red
blood cells and numerous other tissues. For a variety of tumor types, the blood group
antigens expressed on the surface of malignant cells was found to be different from the
antigens expressed on normal cells (17). Modified expression of blood group antigens on
the surface of cancer cells may alter cell motility, sensitivity to apoptosis and immune
escape, and thus influence the initiation and spread of cancer (18). Also, blood group ABO
system regulate the level of circulating proinflammatory and adhesion molecules (such as
E-selectin, P-selectin and intracellular adhesion molecule-1), which are important for
tumourigenesis. Chronic inflammation has been extensively linked with cancer
development and provides a potential mechanisms by which ABO antigens may influence
cancer risk. One of the possible explanations about the role of the blood group ABO in
tumourigenesis process is the recent discovery of VWF that is an important modulator of
angiogenesis and apoptosis. Individuals with other blood groups have significantly higher
levels of plasma concentrations of VWF compared to individuals with blood group O. On
the other hand, VWF may not have a significant role in cancer progression, and elevated
VWEF levels simply be an indication of the extent of endothelial dysfunction caused by
tumor growth (19). Some research have shown that the structure of certain tumor antigens
is similar to the structure of antigens of ABO blood group system. For example, Smith and
Prieto presented Forssmann antigen. This antigen is synthesized predominantly in stomach
and colon cancer and structurally it is identical to the A antigen determinant (20). One
study found neoexpression of ABO blood group antigens in hepatocellular carcinoma
tissues (21). These mechanisms are biologically plausible to explain the association
between ABO blood group and risk of cancer, the underlying mechanisms for the

discrepancy among different cancer sites still remains a challenge.



Also, our results suggested that change of place residence decreases risk of glioma and that
higher number years spent in hometown increases the risk of glioma. Until now, there have
been no studies that have examined the relationship between the change of the place
residence and number years spent in hometown and risk of glioma. In this case control
study, increased body weight and increased body mass index increases risk of glioma. Our
findings on body weight and body mass index and glioma risk are similar to previous study
(22, 23, 24).

Conclusion

To our knowledge, this is the first study that has examined the frequency of blood group in
patients with glioma among the Serbian population. Also, for the first time our study results
suggest that blood group AB increases the risk of glioma.

The results of our study suggest that the blood group AB can be one of hereditary factors
which have a influence on the occurrence of glioma. It is need the further research on a
much larger sample, which would confirm these findings as well as potential mechanisms

by which the blood group ABO system affects the occurrence of glioma.
Disclosure
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Table 1 Demographic and personal characteristic of patients and controls

Variable Patients with glioma (n=100) Control group (n=200) p-value
AgexSD (years)
Male 59.76+10.76 59.32+10.71 0.779
Female 58.36+8.95 58.09+9.12 0.876
Sex, n (%)
Male 59 (59%) 109 (54.5%) 0.537
Female 41 (41%) 91 (45.5%) 0.537
Years spent in 47.39 £20.94 41.69 £23.45 0.035
hometown
Change of the place 8 (8%) 42 (21%) 0.007
residence
Birth weight (kg) 3.14 +0.57 3.63 +3.01 0.108
Body weight (kg) 82.88 +12.64 77.23 +17.04 0.002
Body height (cm) 172.84 +7.62 173.09 +9.65 0.813
BMI (kg/m2) 27.57 £5.01 25.72 £3.30 < 0.0005
Rh factor (-) 8 (8%) 25 (12.5%) 0.921
Table 2 Comparison of blood groups between patients with glioma and control group.
Groups Patients with glioma Control groups P value
AB Group 31 (32.3%) 21 (12.2%) <0.0005
A Group 24 (25.0%) 63 (36.6%) 0.070
B Group 10 (10.4%) 28 (16.3%) 0.256
O Group 31 (32.3%) 60 (34.9%) 0.768
Total 96 (100%) 172 (100%)

11



Table 3 Distribution of blood groups in male patients with glioma and control group

Groups Patients with glioma Control group P value
AB Group 18 (31.6%) 8 (8.7%) 0.001
A Group 14 (24.6%) 30 (32.6%) 0.726
B Group 7 (12.3%) 17 (18.5%) 0.668
O group 18 (31.6%) 37 (40.2%) 0.726
Total 57 (100%) 92 (100%)

Table 4 Distribution of blood groups in female patients with glioma and control group

Groups Patients with glioma | Control group P value
[female/ [female/

AB Group 13 (33.3%) 13 (16.3%) 0.057

A Group 10 (25.6%) 33 (41.3%) 0.288

B Group 3 (7.7%) 11 (13.8%) 0.549

O group 13 (33.3%) 23 (28.8%) 0.522

Total 39 (100%) 80 (100%)

12



Table 5 Univariate regression analysis of the relationship between demographic features, ABO blood group

and glioma
Variable Odds ratio (95% ClI) p-value
Age 1.004 (0.980 — 1.029) 0.728
sex 0.832 (0.512 — 1.353) 0.495
Years spent in hometown 1.011 (1.000 — 1.023) 0.043
Change of the place residence 0.327 (0.147 - 0.727) 0.006
Birth weight 0.590 (0.317 - 1.101) 0.097
Body weight (kg) 0.976 (0.959 — 0.993) 0.006
Body height (cm) 0.997 (0.970 — 1.025) 0.826
BMI (kg/m2) 0.898 (0.839 — 0.961) 0.002
Rh factor (-) 1.104 (0.857 — 1.423) 0.442
Blood group AB 3.429 (1.834 - 6.411) < 0.0005
Blood group A 0.696 (0.402-1.204) 0.195
Blood group B 0.690 (0.321-1.485) 0.343
Blood group O 1.064 (0.632-1.792) 0.816
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ABSTRACT

e therapeutic potential of cannabis has been
known for centuries. Cannabinoids express their ¢ ects
through two Lypes of receplors, canabinoid receptor 1 (CB1)
and cannabinoid receptor 2 (CB2). Present stuclies indicate
that cannabis-based drugs can make a positive impact in
the treatment of di erent diseases. For many years, multi-
ple sclerosis patients have sclf-medicated with illegal street
cannabis o alleviate spasticity, a common and debilitating
symptom that impairs quality of life.

Nabiximols is the cannabis-based medicine approved in
many countries as an add-on therapy lor symptom improve-
ment in patients with spasticity who have not responded ad-
equately to other medications. Adverse evenls such as dizzi-
ness, diarrhoea, fatigue, nausea, headache and somnolence
aceur quite fiequently with nabiximols, but they are gener-
ally of mild-to-moderate intensity and their incidence can be
markedly veduced by gradual uptitration. ¢ prerequisite
for the therapeutic use of cannabis in Serbia arcrequires legal
clarification for the use of the drug in a clinical environment.

Keywords: cannabis. multiple  sclerosis, spasticity.
nabiximols

oL pderatet o Bropradu, Srbiia
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SAZETAK

Vekovima unazad je poznato da kanabis ima terapijski po-
tencijal. Kanabinoidi ispoljavaju svoje efekle vezuju i se za dve
vrste receptora, kanabinoid receptor 1 (CBI1) i kanabinoid recep-
tor 2. (CB2). Dosadasnje studije su pokazale da lekovi bazirani
na kanabisu mogu imati zna ajnu ulogu u le enju mnogih bo-
Jesti, Godinama unazad, oboleli od multiple skleroze samoiri-
cijativno, tlegalno koriste kanabis za ublaZavanyje spasti nosti.
Spasticitel je jedan od naj e$ il simploma bolesti koji dovodi do
nastanka invaliditeta [ moZe zna ajno uticati na kvalitet Zivota.

Nabiximol je lek od kanabinoida biljiog porekla koji je da-
nas u mnogim zemljama, zvani 1no odobren za le enje spasti -
nosti kod multiple skleroze. Indikovan je kod pacijenata kod ko-

Jih druge terapijske opcije nisu dale zadovoljavaju e rezullate.

Nezeljeni efekti nabiximola kao Sto su vrtoglavica, di-

Jareja, umor, mu nina, glavobolja i pospanost su esti, ali
blagog do umerenog intenziteta, a njihova u estalost se sma-
njuje postepenom titracijom doze leka. Osnovni preduslov
za terapijsku upotrebu kanabisa u nasoj zemlji je promena
postoje il zakonskih okvira.

Klju neve i: kanabis, multipla skleroza. spasticitet. na-
biximol.
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Cannabis consumption throughout the centuries

Medications derived from cannabis have been used
for therapeutic purposes for centuries. In ancient Greece,
Rome, China and India, cannabis was used to ameliorate
muscle spasims, cramps and pain (1). At the end of the 19th
century in Europe, cannabis was used for the treatment of
pain, asthma, sleep disorders, depression, and loss of ap-
petite (2). UntilBefore 1964, scientists were unable to es-
tablish the chemical structure of the essential ingredient of
the cannabis plant. but after the principal active ingredient
of cannabis was defined as trans-delta-9-tetrahydrocan-
nabinol (THC) (3), an Currentlyextensive literature on the
effects of cannabis-based compounds in clinical studices
and animal models has been developed.

Cannabinoid receptors and endocannabinoids

Cannabis-based medications have been the subject of
intense rescarch since the endogenous cannabinoid sys-
tem was discovered more than twenty years ago (4, 5). Two
principal types of receplors have been found to be part
of the endocannabinoid system. Cannabinoid receptor 1
(CB1), predominantly located in the terminals of nerve
cells (central and peripheral neurons and glial cells), the
reproductive system, some glandular systems and the mi-
crocirculation, was identified in 1990 (4). Three years later,
cannabinoid receptor 2 (CB2) was found initially in mul-
tiple lymphoid organs with the highest expression detected
in B lymphocytes, moderate expression in monocytes and
polymorph nuclear neutrophils and the lowest expression
in T lymphocytes; subsequent studies have identilied them
in microglial cells (5, 6). The highest distribution of canna-
binoid receptors was found in the hippocampus, the basal
ganglia, and the cerebellum, areas associated predomi-
nantly with memory and motor coordination (7). Canna-
binoid receptors also occur in high density in many areas
related to pain, such as the periaqueductal grey mass, the
rostral ventrolateral medulla, and superficial layers of the
spinal dorsal horn. They are also found in the dorsal root
ganglion, from which they are transported to both central
and peripheral terminals of primary afferent neurons (8,
9, 10). These discoveries consequently lead to the identi-
fication of natural ligands for the CBI receptor: arachi-
donoylethanolamide, named anandamide, and 2- arachi-
donoylglycerol (11).

As reviewed by Wegener and Koch in 2009 (12), CB1
receptors are expressed in the presynaptic membrane of
neurons, and they utilize a negative feedback mechanism
to regulate transmitter release at GABAcrgic, glutama-
lergic and dopaminergic synapses. Cellular activity of the
postsynaptic neuron promotes continuous synthesis and
release of the endocannabinoids from phospholipids ofthe
cell membrane, which then bind to the CB1 receptors in
the presynaptic membrane. Stimulation of the CB1 recep-
tors blocks the activity of the presynaptic neurons through
activation of A-type potassium channels and potassium

inward rectifiers and through the inhibition of voltage-de-
pendent calcium channels and adenylate cyclase. The out-
comes are reduced transmitter release in the presynaptic
terminals and reduced cellular excitability.

The endocannabinoid effect is regulated through the
transport of endocannabinoids into the cell via specific
ransporters and subsequent degradation through the
membrane-bound enzyme fatty acid hydrolase. (13).

erapeutic potential of cannabis

Cannabis preparations exerts numerous therapeutic ef-
fects, and the augmentation of cannabinergic tone is thera-
peutically beneficial in the treatment of multiple disease
states (14). Numerous studies, most of them carried out in
the 1970s and 1980s, have demonstrated that cannabinoids
are equally or more effective in treating chemotherapy-re-
lated nausea and vomiting as the standard antiemetics (15,
16, 17). Some studies have shown that cannabis is effec-
tive in the treatment of anorexia and cachexia in patients
with human immunodeficiency virus (HIV) (18), tumours
(19) and Alzheimer’s disease (20), as well as in the treat-
ment of chronic neuropathic pain and multiple sclerosis
(21,22). However, cannabis may be ineffectlive in treating
patients with acute pain (23). Small randomized controlled
trials have shown a positive effect of cannabis preparations
in the treatment of tics in Tourette syndrome (24) and le-
vodopa-induced dyskinesia in Parkinson's disease (25).

Cannabis treatment of spasticity
in multiple sclerosis

Spasticity is a consequence of a damaged corticospinal
iracl, which plays a role in controlling voluntary move-
ments (26). Therefore, it is characterized by sudden in-
voluntary movements, muscle stiffness, or muscle spasm
sufficient to cause pain, particularly in the lower back and
legs. Spasticity .and itcan result in difficulty moving the
limb at all. This condition is often associated with spinal
cord injury, amyotrophic lateral sclerosis, cerebral palsy
and brain damage (27).

Cannabis preparation has been discussed as a promis-
ing agent in multiple sclerosis reatment, particularly for
spasticity. Spasticity is the most commonly reported symp-
tom, occurring in 90% of patients, causing significant dis-
ability and quality of life impairment. Spasticity may also
contribute, directly or indirectly, to hroughother symp-
toms of multiple sclerosis, such as bladder or bowel dys-
function (28), and it can be associated with pain, weakness,
clonus. sleep disturbance, fatigue and loss of dexterity (29).
AL worsl, severe spasticity can lead to complete immobility
(30). Prolonged immobility may lead to pressure sores ancl
thromboembolism (31).

Standard drugs used to treat spasticity include centrally
acting agents, such as benzodiazepines, baclofen, tizani-
dine and gabapentin, and peripherally acting agents such
as dantrolene (29, 32). There is a very limited evidence



base for these drugs, and they provide only moderate relief
from spasticity (33). Because many patients are refractory
to treatment with existing oral drugs (29. 32, 33), there is
a clear need for new treatments for spasticity in multiple
sclerosis.

Demographic evidence has shown that many people
with multiple sclerosis use cannabis for self-medication
(34). The antispastic effect of cannabis has been support-
ed through a demonstration of the inhibitory properties
in exogenous agonists for cannabis receptors found in the
central nervous system (35). Stimulation of CBI receptors
by cannabis-based drugs have the potential to regulate ab-
errant levels of glutamatergic excitability during spastic-
ity (36). The endocannabinoid system is upregulated in
lesioned areas to provide further control of aberrant neu-
rotransmission, suggestings that further enhancement of
endocannabinoid tone by stimulating endocannabinoid
synthesis or blockade of endocannabinoid degradation
may exhibit anti-spastic activity. CBI receptors in the basal
ganglia are probably the target for cannabinoid control of
tremor, spasticity, and painful muscle spasms in multiple
sclerosis. CB1 is densely expressed in the outpul neurons
of the substantia nigra, pars reticulata and globus pallidus
(37). Activalion of CB1 within these neurons can suppress
excessive motor output and consequent muscle spasin
(38). Cannabinoids can reduce ¢hronic pain, one sympton
of multiple sclerosis, but in this case, it is clinically impor-
tant that cannabinoids can also reduce pain which is a con-
sequence of muscle spasm (38).

Available cannabinoid-based medication
for spasticity

For patients with multiple sclerosis, nabiximols is the
first cannabis-based medicine to be licensed for the treal-
ment of symptoms (39). The drug is a pharmaceutical
product standardised in composition, formulation and
dose. Nabiximols differs from all other pharmaceutically
produced cannabinoids currently available because it is a
mixture of compounds. Its principal active cannabinoid
components are the cannabinoids tetrahydrocannabinol
(THC) and cannabidiol (CBD) (Figure 1).

Although there is considerable structural overlap be-
tween THC and CBD, their conformational structures
differ significantly. As a result of this, CBD does not bind
(0 or activate the CB1 receptor. which leads Lo a complete
lack of psychoactivity by CBD, unlike THC, which is the
psychoactive principle of cannabis. However, CBD shows
significant pharmacological activity, such as anti-inflam-
matory and immunomodulatory effects, that appear to be
mediated by the adenosine AZA receplors and could pos-
sibly influence the progression of the illness (40). Finally.
it has been suggested that the combination of CBD and
THC shows a better therapeutic profile than each can-
nabinoid component alone, with a lower predominance
of unwanted, adverse side effects (41). Smoking cannabis
achicves the Fastest absorption, and the effects are mani-

fested in a few minutes. Inhalation of 8 mg of THC results
in a 24 times faster achievement of peak blood concentra-
tions than 0 msublingual administration of 10 mg of THC.
When inhaledAdditionallyThis peak is achieved in 17
minutes when inhaled, and in 263 minutes when ingested
sublingual (37).

Nabiximols is formulated as an oromuscular spray
which is administered by spraying into the mouth. Each
spray delivers a near 1:1 ratio of CBD to THC, with fixed
a dose of 2.7 mg THC and 2.5 mg CBD (42). An essential
part of the therapeutic use of the drug is that it is patient-
directed and dose-optimized through self-titration. The
titration period may take up to 2 weeks to find the opti-
mal dose. On the (irst day of the titration period, one spray
in the morning and one spray in the afternoon/evening
should be administered. This dosage should be increased
by one spray cach day depending on efficacy and adverse
effects. The average effective dose is 8-9 sprays per day, up
(o a maximum of 24 sprays per day (43).

Among all tested analogues, such as oral formulations
Dronabinol and Nabilone, it has been concluded that only
sublingual spray nabiximols hasve a sufficient evidence
base to justify its theivuse in the treatment of spasticity to
improve patient quality of life, particularly in patients who
are refractory to current treatments (44).

Indications and contraindications
for use of nabiximols

Nabiximols is registered for the reliel of spasticity,
tremor and pain in patients with multiple sclerosis who
have not responded sufficiently to standard medication
and who show a worthwhile degree of improvement dur-
ing a 4-week trial period (44). It is contraindicated in pa-
tients with known or suspected allergies to cannabinoids
or any of the other ingredients and for patients with severe
psychiatric disorders other than illness-associated depres-
sion. Use is not advised for nursing mothers, they are ado-
lescents or children under 18 or elderly patients (44).

Adverse ¢ ects of nabiximols

Because cannabis is a restricted drug, the use of can-
nabis for medical purposes inevitably raises a number of
problems such as possible intoxication and neurotoxicity,
the development of tolerance and dependence, as well as
legal and ethical dilemmas. Using cannabis for medicinal
purposes and the use of marfjuana and hashish, which are
derivatives of cannabis and are used as forbidden “soft”
drugs, should not be equated. Many psychological effects
of cannabis and THC are biphasic and bidirectional. de-
pending upon the modality of administration, dosage, in-
dividual variability, the degree of tolerance, as well as other
environmental lactors (45). Acute effects can range from
euphoria, relaxation, excitation, sharpened perception and
increased motor activity to sedation, distortions of pereep-
tion, ataxia, and loss of coordination (6). In larger doses,
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cannabis can cause dysphoric reactions, anxiety, panic and
hysteria (46). All of these central effects occur only after
the activation of CB1 receptors (4).

The optimal doses of CB1 receptor agonism in motor
control cenires would invariably be associated with stimu-
lation of CB1 receptors in cognilive centres, which could
also be associated with some unwanted side effects. Acute
exposure could also produce a full range of transient psy-
chotomimetic symptoms that last only during the period
of intoxicalion bul also and acute psychosis that lasts lon-
ger (47). THC produces the full range of transient, posi-
tive psychotomimeltic symploms, negalive symptoms and
cognitive deficits observed in schizophrenia, while CBD
has been shown to have anxiolytic properties and even (o
inhibit the psychotomimetic effects of THC. Cannabis also
produces transient, dose-related cognitive impairments,
especially in the domains of verbal learning, short-term
memory, working memory, execulive function, abstract
ability, decision-making and atlention, Variable duration
to full recovery (absence of persistent neuropsychiatry
deficits) has been demonstrated to last from a week to an
average of 2 years of abstinence (47).

The safety profile of nabiximols, in randomized studies,
conducted on palients suffering from multiple sclerosis,
indicates that the drug is well tolerated and the most com-
mon side cffects are dizziness, fatigue, nausea, diarrhoea,
drowsiness, headache and somnolence (48).

There is no evidence that nabiximols causes intoxica-
tion. cognitive impairments or any of the other central
side effects commonly associated with recreational use.
T he reason for this may beis the presence of cannabidiol
in nabiximols, which is not psychotropic and may reduce
THC levels in the brain and attenuate its psychotropic side
effects (49, 50). All cannabinoids in current therapeutic
use have a therapeutic index (hat is relatively narrow for
most uses, with adverse effects limiting dose titration. Un-
der everyday clinical practice conditions, nabiximols at a
mean daily dose of <7 sprays in ¢has been shown to relieve
spasticity in approximately 70% of patients previously re-
sistant to treatment. In large observational studies, >80%
of patients reported no adverse events. Subjectivity of the
spasticity assessment and coexistence of other symptoms
in patients with multiple sclerosis must be taken into ac-
count as a serious obstacle when evaluations of drug el-
icacy are conducted. (51). Further limitations in designing
adequate comparalive studies that cannot be ignored are
the legal aspects of psychotropic drug use and the possible
influence of pharmacological companies.

Regulation of cannabis use in di crent countries

‘There is no unified position regarding the use of can-
nabis and its analogues, from full legalization and free traf-
fic, through legislation or controlled traffic to a complete
ban. In June 2010, the Medicines and Healthcare products
Regulatory Agency of the United Kingdom licensed nabix-
imols as a prescription-only medicine for the treatment of

spasticity due to multiple sclerosis (52). This vegulatory
authorization represents the world's first full regulatory
approval for the medicine. Currently, the drug is available
for medical use in the United Kingdom, Spain, the Czech
Republic, Germany, Denmark, the Netherlands, Sweden,
Italy, Austria, Norway, lceland, Poland, Finland, Switzer-
land. France. and in some countries in Asia and in Israel
(52). In the USA, nabiximols is not officially approved by
the FDA for the treatment of spasticity in multiple scle-
rosis (53, 54). In countries where the medical use of can-
nabis is approved, there are legally defined conditions for
the cultivation of cannabis. For example, in England and
the Netherlands, cannabis is grown with the permission of
the Government under strictly controlled conditions (55).

I[ it is in use, there are strictly defined indication areas
in which it can be used, and cannabis can be obtained for
medical use only by physician prescription. In Serbia, ac-
cording to the existing legislation, possession, production
and trade of marijuana is illegal (56). Laws provide for the
strict distribution of cannabis for therapeutic use. C thean-
nabis is availableonly issued by prescription andto doctors
and specialists and only after a clear indication of how il
will be used. Also il is necessary to define who can grow
cannabis and under which conditions it can be produced
and distributed. The eventual formation of a user registry
is a priority. Regardless of the dilemmas that exist regard-
ing the legislation of marijuana, patients have a right to
all beneficial treatments and to deny them access to treat-
ments violates (heir basic human rights. Therefore, it is
necessary to harmonize the scientific, clinical knowledge
and national legislative opinions to provide proper use of
this psychotropic substance. Considering all of the positive
findings, regulatory bodies and the Ministry of Health in
Serbia are trying to initiate discussion and establish a legal
environment for the use of this compound.

Concluding remarks

Cannabis preparations have been used to relieve nau-
sca, improve appetite and reduce pain for thousands of
years. The development of synthetic drugs in the 20th
century supplanted these and herbal remedies, but in the
past several decades there has been a resurgence ol inter-
est in using cannabis and cannabinoid preparations for
medical purposes. There is evidence from controlled tri-
als that cannabinoids are effective In relieving nausea and
vomiting, alleviating acute pain and improving appetite
in people with HIV-related disorders. The potential role
of cannabinoids in the treatment of spasticity in multiple
sclerosis was highly controversial following the publication
of initial studies. Most of the clinical trials conducted in
recent years have shown that nabiximols is a useful treat-
ment option for its approved indication, treating spastic-
ity in multiple sclerosis. Apart from reducing spasticity,
nabiximols also offers moderate reliel of pain associated
with muscle spasm and also with centrally generated neu-
ropathic pain. Quality of life, particularly with respect to



sleep, is improved for patients taking the drug, and urinary
incontinence is moderately reduced (57). The pharmaco-
economical aspects also favour this therapeutic option
because a lower severity of spasticity can lead to reduce
resource consumption such as psychotherapy and medica-
tion. (58) All of the aspects of cannabis use as a treatment
of spasticity in multiple sclerosis must be thoroughly dis-
cussed in Serbia.
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