O6pa3zar 4.

®dakynreT dapMaleyTcKu YHUBEP3UTET V¥V BEOTPAOY
01 6poj Behy Hayununx ob1acTu MeJUIMHCKUX HAyKa
(Bpoj 3axTeBa) (Ha3ug Beha HayuHe 06acTi KOMe ce 3axTeB ynyhyje)
20.06.2024. 3AXTEB
(Matym)

3a JaBame carjacHOCTHU Ha OJJIYKE O yCBajamy u3BelTaja Komucuje 3a oneny
JOKTOPCKE JUCepTalMje U O UMEHOBalbY KOMHUCH]E 3a 010paHy

Monumo na, cxomHo wiany 47. cr. 5. tau. 4. Craryra Yuusepsurera y beorpany ("I'macuuk Yuusepsurer", 6poj 186/15-
npeuninhienu Teket u 189/16), nate carnacHOCT Ha OTYKY O yCBajamy u3Belnraja KoMmucuje 3a olieHy JTOKTOPCKE JHcepTalyje:

KAHJMJAT AYJIAINTOBA NETPOBUYOBA (JAPOCJIAB) OJIMHA

(¥Me, UMe jeTHOT O/l POAUTEbA U IIPE3NUME)

CTYACHT TOKTOPCKUX CTY/Hja Ha CTYAH]CKOM Iporpamy dapmMalleyTCKe Hayke

NPUjaBHUO je JOKTOPCKY TUCEPTaIH]y MO Ha3HBOM:

»YTHIIA] CYILJIEMEHTAIMj€ KOMILIEKCOM IJIMjaJMHA CA eKCTPAKTOM JINIbe CTAHJIAPAM30BAHNM HA CaJpKaj
CYNEPOKCH/I JUCMYTA3E HA MapaMeTpe OKCHIATHBHOI CTATYCA M (DU3HYKE CIIOCOOHOCTH KATErOPHCAHUX

crnoprucra®
13 HaydHe OOJIACTH. BPOMATOJIOTUJA

Vuusepsurer je gana 28.02.2023.roamue cBojuMm akroM mox 6p. 02-01 6poj 61206-575/2-23 mao cariacHOCT Ha

MIPEIJIOT TeMe JOKTOPCKE AMCEpPTaIldjeKoja je TrIacuia:

Y1unaj cynjieMeHTaluje KOMIJIEKCOM IJIHjaJIHHA €A eKCTPAKTOM /i€ CTAHAAPAN30BAHUM HA ca/IPIKaj
CYIEPOKCH/ JUCMYTAa3e HA MapaMeTrpe OKCHIATHBHOI CTATVCAa U GU3MYKe CIIOCOOHOCTH KATErOPUCAHMX

crnoprucra®

Wme u npesume mentopa . - 1Ipod nap. MBan CrankoBuh, penoBHM mpodecop, YHuBep3urer y beorpagy —
dapmarnieyTcku GhaKyaTeT;
- IIpod mp. MunmBoj [omcaj, penoBum mnpodecop, YHuBep3urer y beorpamy —
dakynrer cnopra ¥ GU3UIKOT BACTIUTAHA

KoMucuja 3a oLieHy TOKTOPCKE AUCEPTallMje HMEHOBaHa je Ha cexuuuu onpxkanoj 11.04.2024.ronuHe

OIITYKOM (paKyinTera mosu op. 01 6p.870/2 , y cacTaBy:
Nwme u mpe3ume dnaHa 3Bambe Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3amociieH

1.Ip cuu. bpwxkuta Dophesuh, penoBHu mpodecop, VYHuuepsurer y beorpany — dapmaieyrcku

¢axynrer

2.llp cuu. Buonera [lomncaj, penoBau npodecop y neHsuju, YHuBep3urer y beorpany — ®apmaneyrcku
¢axynrer (y nensuju ox 01.10.2023.roaune)

3. dp cuu. Hena MununkoBuh, nouent, YauBep3uteT y beorpaay - @apmartieyrcku akyarer

Hamowmena: ykonuko je unan Komucuje y neH3uju HaBeCTH JaTyM NEH3NOHHUCAA.



JlaTym craBibama u3Bemraja Komucuje u gokropeke aucepranuje Ha yBua jaBaoctu: 16.05.2024.ronune.

HacraBHo-HayuHO Behe dakynrera ycBojuio je m3Bemraj Komucuje 3a oneHy JOKTOpPCKE QUcCepTalje HACEAHHUIM OIP>KAaHO]

JlaHa 20.06.2024.ronnue

Komucuja 3a on0paHy JOKTOPCKE IHCEpTalfje UMEHOBaHA je Ha cequuim oapxkanoj_ 11.04.2024.roxaune

omnykom (akyrera nox 6p. 01 6poj 870/2, y cacrasy:

Nwme u pe3ume diaHa 3BabE Hay4YHa 00JIacT YcraHoBa y K0j0j
KOMHCH]e je 3arocieH

1. Ip cuu. bpwxura DopheBuh, penoBuu mnpodecop, VYHuepsuter Yy beorpagy — dapmaneyrcku
¢bakynrer

2. Jlp cuu. Buonera [lomcaj, penoBHu npodecop y neH3uju, YHuBeEp3uTeT y beorpany — ®dapmareyrcku
¢axynrer (y nensuju ox 01.10.2023.roaune)

3. p cuu. Hena MununkoBuh, nouent, Yausep3uteT y beorpaay - @apmMarieyrcku pakyiarer

Hanomena: ykonuko je wiaH KoMucuje y IeH3Mju HaBECTH AAaTyM NEH3UOHHUCAHA.

JEKAH ®AKVIITETA

1 Onnyka HacraBHo-HayuyHor Beha o ycBajamy m3Bemraja Komucuje 3a olieHy JOKTOPCKE AMCEPTAIIH]je

[Ipunosu: . .
U oAyKa o MMeHoBamy Komucuje 3a onbpaHy nOKTOpCKe AHCepTalyje
2. WM3Bemraj Komucuje o olieHu JOKTOPCKE TUcCeEpTanuje

3. Tlpumenbe Ha usBeniTaj Komucuje o omeHu H0KTOpCKe qucepTandje (yKOIUKO UX je Ouio) u
Munubewe Komucuje o mpumendama

Hanmomena: ®akynTer goctaBjba Y HUBEP3UTETY 3aXTEB ca MPUIO3UMA Y €NEKTPOHCKO] GOPMH H Y jeTHOM IHCAHOM HPUMEPKY
3aapXuBy YHUBEpP3UTETA



YHUBEP3UTET V BEOI'PALTY
OAPMALEYTCKU ®AKVIITET
11000 - BEOI'PA L

V. Bojoae Creme 450.

01. 6poj

20.06.2024. rogune

Ha ocHoBy wirana 28. Craryra u npemnora Komucuje 3a nocneaumiomcke cryauje, HacraBHo-
HayuHOo Behe YHuBepsurera y beorpamxy — ®@apmareyrckor gakynaTeTa Ha CSIHULN OJPIKAHO]
20.06.2024. ronune, 10HENO je

ONJYKY

INPUXBATA CE nosutuBan wu3Bemta] Komucuje 3a omeHy u oa0paHy 3aBpIlcHE
JTOKTOPCKE aucepTanuje, Kanauaata Aum. papmaneyra Ouaune Jlynamose IleTpoBuuyBe
MO0JT HACJIOBOM: ,, Y THIIAj CYIUIEMEHTALMje KOMILIEKCOM IJIMjaIMHA €A eKCTPAKTOM JIUHbe
CTAHAAPAM30BAHMM HA CaJp:Kaj CyNepoOKCH] ANUCMYTA3e Ha mapaMerpe OKCHIATHBHOT
cratyca u (pu3nuke cnocoOHOCTH KaTeropucaHux cnoprucra® u ynyhyje Behy Hayunux
00J1acTH MEIMIIMHCKUX HayKa Ha yCBajame, a Mo J00HjeHOj MHUCAaHO] carjlaCHOCTH oA00paBa
jaBHa oa0pana npen Komucujom y cacrany:

1./Ip cuu. bpmwkura DopheBuh, pemoBuu npodecop, VYHuBEp3UTET Yy
beorpany — ®apmaneyrcku daxynrer
2. JIp cuu. Buonera Jlorncaj, penoBHu mpodecop y neH3uju, YHuUBep3uTeT y beorpamy
—®apmarnieyTcku (hakyaTeT
3.Ip cuu. Hepa MununkoBuh, moreHT, YHHBep3uTeT y beorpagy - dapmaneyrcku
(bakynTeT

VYuupepsureT je gana 28.02.2023.roaune cBojuM akrtom Op.: 02-01 6p: 61206-575/2-23 nao
CarjacHOCT Ha MPEUIOT TeMe JOKTOPCKE JUCEepTaIlHje.

Kanmunar gumin. ¢apm. Onuna [ynamosa IlerpoBuyoBa, ob6jaBuia je pesyiaraTe U3 OBE
JIOKTOPCKE HCepTaIije y jeIHOM pany kateropuje M21 u jenHoM pany kareropuje M22 y
MehyHnapoaaum yaconucuma ca CLU mucre:

1. DudaSova Petrovi¢ova O, Stankovi¢ I, Milinkovi¢ N, Dopsaj V, DPordevi¢ B, Dopsaj
M. Effects of 6-Week supplementation with GliSODin on parameters of muscle
damages, metabolic, and work performance at international level rowers after specific
maximal effort. Biology 2022; 11(10):1437. doi:10.3390/biology11101437
IF (2022) = 4,4; Biology (21/92) M21

2. Dudasova Petrovi¢ova O, Stankovi¢ I, Pordevi¢ B, Dopsaj V, Milinkovi¢ N, Dopsaj
M. How Supplementation with SOD-Rich Plant Extract, Combined with Gliadin, Can
Affect Oxidative Stress Markers and Zonulin Levels in Exercise-Induced Oxidative
Stress. Metabolites. 2023; 13(12):1200. https://doi.org/10.3390/metab013121200
IF (2022) = 4,5; Metabolites (106/285) M22

Onmnyky JOCTaBUTH. HWMEHOBAHOj, YHHUBEpP3UTETy, WIAHOBMMA KOMMHCHje, JIEKaHy,
ceKkpeTapy,lipoJieKaHy 3a rnocieaurioMmcke cryauje, mentopuma (Ilpod ap. san CrankoBuh



u [Ipod ap. Munusoj Jlorcaj), Onceky 3a HacTaBy U CTyJACHTCKA IUTama, OJCEeKy 3a MpaBHE U
OTIIITE MOCJIOBE, MOCIIOBHOM CEKpETapy U apXUBH.

MPEJACEJHUK
HACTABHO-HAYYHOT BERA
®APMALEYTCKOT
®AKYJITETA

Ipod. np Cnahana Hlodajuh



YHUBEP3UTET V BEOI'PALY - DAPMALEYTCKHN ®AKVIJITET
HACTABHO-HAYYHOM BEhY
KOMUCHUIN 3A ITOCJIEAUTIVIOMCKY HACTABY — JIOKTOPCKE CTYIUJE

Ha cemnunu HacrtaBHo-nayunor Beha ®apmarneyrckor akynrera, OIp:KaHO]
11.4.2024. ronune, nmeHoBaHa je KoMmucuja 3a oreHy 3aBpllieHe TOKTOPCKE aucepTalje
MI0JT HA3WBOM ,, Y THIIAj CyNJIeMEHTAlHje KOMILIEKCOM IJIMjaIMHA €A eKCTPAKTOM JTUHHe
CTAHJAPAM30BAHUM HA CaJpP:Kaj CYyNePOKCHI AMCMYTAa3e HAa apaMeTpe OKCHAATHBHOT
craryca U (pu3nyke COCOOHOCTH KATEeropMCaHUX CMOPTUCTA® KaHAUIATA JUILL. (apM.
Onuna Jlynamose [letpoBudoBe y cacTaBy:

1. dp cu. bpu:kura Bophesuh, penosuu npodecop, YHusepsurer y beorpagy —
@apmaneyrcku (hakynTeT

2. /p cu. Buoaera [loncaj, penosau npodecop y neH3uju

3. Jp cu. Hena MununkoBuh, nouent, YauBep3urer y beorpany - @apmaneyrcku

¢dakynrer

UnanoBu Kommcuje cy mperienanu npuioXeHy aucepranujy u nmoxHoce HacraBho-
HayuyHoMm Behy @apmaneyrckor dakynrera, YauBep3utera y beorpany cienehu:

MN3BEILITAJ

1. OcHOBHHU MOAANM 0 KAHIAUIATY U JHCEPTALHjH
A. OCHOBHH MOJaNH 0 KAHAUIATY

Omnuna ynamosa ITerposudosa je pohena 27.11.1985. roa. y Beorpany. OcHOBHY mIKOITY
je 3zaBpmmia y KoBaunin kao hak reHepainuje, a TMMHA3H]y Y 3pembaHUHY Kao HOCHIIALL
Bykoe numiome. ®apmaneyrcku ¢dakynrer VYHuBep3uTera y beorpany, cmep
numiomupanu apmareyr ynucana je 2004. rox, a 3aBpumia 2010. roa. ca mpocedyHOM
orieHoM 8,45. JlumyoMcku paj 1Moj Ha3uBOM ,,3Hayaj [IMHKA Y UCXpaHU je oJ0paHusa Ha
ca orienom 10, Ha Karenpu 3a 6pomaronornjy. HakoH 3aBpIiieHHX CTyadja Melec jJaHa je
BOJIOHTHpana y YHuBep3uTerckoj oonuuiu “Soroka”, Beer Sheva, N3paen, capalyjyhu ca
KIMHUYKUM (apmarieytuma y ckiorry |PSF mporpama pasmene cryaenata. Tokom 2010. u
2011. romumHe oOaBWia je jEeAHOTOOWINELM TPUIPABHHYKH CTaX 32 JUIUIOMUpPaHE
dapmarieyre y Amnorenu ,.beorpan”. Hakon o0aB/beHOT cTa)ka, MOJIOKHJIA |€ CTPYUYHH
UCIINT 3a AuIuioMupane papmaneyre. JlokTopcke cryauje - Mmoayn bpomaronoruja ynucana
je 2012/2013 mkosicke romuHe. Mactep akaaeMcKe CTyauje, CTYAUJCKH Iporpam
JlMjeTeTcKu CyIJIeMEeHTH W KO3METHYKHM MpPOHM3BOJIM y yHarpehemy KBaluTeTa >KUBOTA,
ynucana je mkosicke 2023/2024. roauHe U 'y MPOIECY je UCTTymhaBamba CTYH]CKUX 00aBe3a.
3anocnena je y mopoanyHoj anoreuu y Komaummm ox 2011. rommHe m0 canma, u3y3eB
nepuojia y kojeM je Omta anraxosana Ha ®@apmaneyrckom dakynrery. Ox dedbpyapa 2017.



no ¢ebpyapa 2018. Omna je anraxoBana Ha Kartempu 3a OpoMaToOrHjy Ha
dapmarnieyTckoM (GaxkyiITeTy y 3Bamkby CapaJHUK y HAcTaBH. YYeCTBOBaJA € y U3BOhCHmY
IpakTUYHE HacTaBe M3 o0aBe3Hux mnpeamera bpomaronoruja, KonTpomna 3apaBcTBeHe
ucrnpaBHOCTH HamupHuiia 1 u 2. YV Tom nepuoay noxahana je oOyke ycMepeHe Ha pa3Boj
aKaJeMCKUX BEUITHHA HAcTaBHO-Hay4yHOr ocoOJha YHuBep3utTera y beorpaay y ckiomy
npojekta TPAMH (eng. Teaching and Research for Academic Newcomers, TRAIN);
Monynu Meromonoruja UCTpaxkuBama, IMUCambe HAydyHUX pajgoBa U BemtuHe apkama
e(eKTUBHHX Tpe3eHTalrja (HacTaBa W HAyYHU CKYIOBU) U TMPEIY3CTHHINTBO Ca MHCAHEM
ousHuc miaaHa. Ox oktobpa 2023. roguHe aHTAKOBaHA je€ Kao CapaJHUK y HACTaBH, BaH
paJHOT OJIHOCA, ¥ YYECTBYje Y MPUIIPEMH U M3BOhEHY MpakTUYHE HacTaBe Ha Karempu 3a
Opomaronorujy Ha @PapmaneyrckoMm ¢akynrery y beorpagy Ha cmepoBHMa maructap
dapmanuje u wMarucrap ¢dapmanmje — MEAWIUHCKH OHOXeMHYap Ha aKaJeMCKUM
UHTETPUCAHUM CTyAMjama, Ha oOaBe3HUM mpeameTuma bpomaronoruja, Jlujereruka,
KonTposa 31paBcTBeHEe UCTIPAaBHOCTH HaMUpHHIA 1 1 2, ka0 U Ha W300pHUM TpeaIMETHMA
AHanuza xpaHe U AMJeTeTCKUX Npou3Boja. Takohe yuyecTByje y H3BOhemYy MpakTHUHE
HACTaBE HA WHTETPUCAHUM aKaJIeMCKHM CTy/AHMjaMa Ha CHIJICCKOM je3UKy Ha 00aBe3HUM
npeameruma Bromatology u Dietetics. buia je wian komwucuja 3a oabpaHy 4 3aBpiiHa
pana. PenenseHT je y MeljyHapoHOM Hacomucy.

b. HacjioB nucepranuje

»YTHIIQ]  CyIUIEMEHTalllje  KOMIUIEKCOM  TJMjaJuHa ca  eKCTPAKTOM  [IUbe
CTaHJApAM30BAaHUM Ha CaJp’kaj CYNEPOKCH] IUCMyTa3e Ha TapameTpe OKCHIATHBHOT
cTatyca 1 (u3n4Ke criocoOOHOCTH KaTeropucaHuX CopTHCTa

B. O6um nucepraumje

Hucepranuja je Hanrcana Ha 128 cTpaHe W caapku cemam moriasiba: 1. Veoo, 2.
Lumwesu ucmpasicusarwa, 3. Ucnumanuyu u memooe, 4. Pezynmamu ucmpadsicusarsa, 5.
Huckycuja, 6. 3axwvyuyu v 7. Jlumepamypa. Jlucepraiyja caapxu ykymao 32 ciuka (16 y
nornasiby Y600, 5 y nornaBiby Mcnumanuyu u memooe, u 11 y nornasmwy Pezyimamu
ucmpaoicusarna) u 40 tabena (4 y nornmaeipy V600, 4 y nornapy Mcnumanuyu u memooe
u 32 y nornaBby Pesyrmamu ucmpadicuearsa). Y NOTNaBiby Jlumepamypa je UTHPAHO
206 muTeparypHux HaBoaa. Ha modeTky JOKTOpCKe IucepTanuje cy U3BOAM Ha CPIICKOM H
€HIJIECKOM je3UKY, 3aTUM CIIeAM cajpXkaj, JOK Ce Ha Kpajy paja Hajas3e KpaTka ouorpaduja
KaHAWJIaTa W TOTIHCAaHE W3jaBe KaHIUAaTa O ayTOPCTBY, MCTOBETHOCTH IITaMIIaHE H
eNIeKTPOHCKE Bep3Hje U Kopulhemy JoKTopcke aucepTanuje (obase3nu [Ipunosu 1, 2 u 3).

I'. bu6auorpadgceku noxauu

Osnuna Jlynamosa [lerpoBuuosa je 1o caga o0jaBuiia 2 Hay4Ha pajia y 4acornucuma
mehyHapoaHor 3Ha4aja (1 y gacomnucy kareropuje M21 u 1 y yaconucy kareropuje M22),
Kao 1 1 caoniurteme ca Mel)yHapoHOT cKyna mTamnano yuenusau (M33), 2 caommrema ca
Mel)yHapoTHHX W HAIMOHAIHHMX CKYIOBa ITamMmnaHuX y u3Boxay (M34). Oxpxana je jenHo
npeaBama Ha Mel)yHapoJHOM CKyIy 1o 1mo3uBy (M32).



2. [lpeaMeT U Wb AUCEpPTALIMje

OKCHIaTUBHH CTpeC MpPEACTBIba (PEHOMEH KOjH je HIMPOKO MPOydYaBaH ca pasHHUX
acrieKkaTa M IOBe3yje ce ca IMaTOreHe30M MHOTHX XPOHHYHHX 000JbEeHa U METabOIMUKUX
nopemehaja. Y3pomu HacTaHKa OKCHJIATHBHOI CTpeca Mory OuTu OpojHH YKIjydyjyhu u
UHTEH3UBHY (GU3UUKYy akTHBHOCT. CIIOPTHCTH YCIell CBaKOJHEBHUX TPEHHHIA CYy
HIOJJIOXKHU Pa3BOjy OKCHAATHBHOT cTpeca. [Ipeamer oBe HOKTOpCKE AMCEpTalHje je Ja ce
ucruTa edekar CyruieMeHTalMje ca aHTHOKCIATUBHOM MpenapaTroM KOju y ceOH capliKu
SKCTPAaKT IUC CTaHJApAM30BaH Ha CaJpKaj CYINEPOKCHJ IUCMyTa3e KOMOMHOBaH ca
rigjaauaom (GliSODIN®) y monysanuju KaTeropucanux croptucra. Mcnurusan je edekar
CYIUIEMCHTalMje Ha u3a0paHe MapaMeTpe OKCHIATHBHOI CTaTyca, MapKepa IOCIEauIe
OKCHUIATUBHOT CTpeca Kao W aHTHOKcHIaTuBHO 3amTure. Jlasbe mpahen je edexar
CyIJIeMEHTaInuje Ha napamerpe omrehema mumumha u naduamanyuje. Takohe pasmoTpeH je
¥ YTHIIaj CYIUIEMEHTAlMje Ha apamMmeTap NpOoIyCT/FUBOCTH LpeBa U (PU3UUKE CIIOCOOHOCTH
cnoptucta. MctpaxuBme je UMalo ocTaBibeHe cianaehe mubese: edekar cynaeMeHTalmje
Ha IapamMeTpe KpBHE CIHKE U oabpaHe OMoXeMHjcKe mapamerpe; eeKkar CyrieMeHTalmje
Ha TlapaMeTpe OKCHIATUBHOI CTaTyca; eekaT CyIUIEMEHTalldje Ha ojadpaHe mapamerpe
uHpnamanuje u omrehewa Mummha, najbe MOTEHLMjaTHU YTULA] CYIUIEMEHTAIUje Ha
nojaBy mnoBehaHe NPONMYCT/BMBOCTH I[PeBA W Ha MapaMerpe creuupuyHe Qusndke
NpUIPEMIbEHOCTH criopTrcTa. CBU mapaMeTpu Cy MEpEeHH Ha IOYeTKY CTyAWje, Ipe
CyIIEMEHTAIIHN]€ U HA KPajy CTYIHje, HAKOH 6 HeJlesba JIUjeTapHe HHTPBEHIH]C.

3. OcHoBHE XHUIIOTE3E

HcTpaxxuBama y OKBUPY OBE JucepTanuje Owia Cy 3acCHOBaHA Ha XHUIIOTE3W Ja
MHTEH3MBHA (HU3MYKa aKTHBHOCT JIOBOJAM 10 II0jaBe OKcuAaTUBHOr crpeca. Crora je
NOCTaBJbeHa xuroTe3a jaa he cymiemenraruja ca GliSODIN®-om mobosbiati mapaMmeTpe
OKcuAaTUBHOT crartyca. Jlame, ma he cymnemeHTanmja ycies cMajbeHOT OKCHIATHBHOT
cTpeca J0BeCTH A0 maaa uHbiaamanuje, omrehema mummha u moehane mpomycT/bUOCTH
IpeBa HaKOH 6 Hezesba CyluleMeHTanuje. Takohe je mocraBibaHa xumote3a na he ycmen
CYIUIEMEHTAIIMje ¥ MPEINOCTaB/beHOT MO3UTHBHOT YTHUIIaja HA OKHUCIATUBHH cTaTtyc Johu
10 moOosblllaba IMapaMeTapa KOju OINUCYjy crneuupuuHy ¢GU3NYKY OPUIPEMIbEHOCT
CTHIOPTHCTA.

4. Ilpuka3s cajp:kaja 10KTOpCKe JUcepTaLNje

Y600 naje nerarsban npukas A0CaJalIBbUX cazHamba U3 00JIACTH KOje Cy HEMOCPEIHO
BE3aHe 3a MpeJMET OBE JOKTOPCKE aucepTanuje. Ha moueTky yBoJa HampaBJbeH je€ OCBPT
Ha 3HAuYajHy yIOTYy yMepeHe pU3NYKe aKTUBHOCTHU Y OJprKaBamy OIIITET T0OpOT 37paBiba
U TPEBEHIMjU HACTaHKa MHOTMX XPOHUYHHUX HE3apa3HHUX U MEeTabOJIMYKHX 000JbeHa.
Cwmartpa ce Ja aJJanTUBHU MPOIECH KOje yMepeHa (hM3HUKa aKTUBHOCT aKTUBUPA Cy KIbYYHU
Yy BEHO] TMPEBEHTHBHO] YJIO3HM, JOK WHTEH3WBHA (U3MUYKA aKTUBHOCT MOXKE HMaTH M
onpehene HemoxkesbHE edeKTe MPOMOPIMOHAIHO TOPACTy WHTEH3UTeTa M (pEeKBEHIIe
BeKOama. Y MPBOM ey yBOJia OINKMCAHM Cy METaOOJIMYKH TMPOIECH Koje ¢u3nyuKa
AKTUBHOCT MOKpehe M aganTUBHU MEXaHU3MHU KOjH JOBOJIE 10 MpHarohaBama OpraHu3Ma
Ha OBAaKBE M3a30Be. Y JPYroM Jeny YBEJAEHU Cy MOJMOBH Kao IITO j& CII0O00THU paguKaly,
€yCcTpec M OKCHJATUBHU CTPEC W y KakBOj je Be3u (PHU3MUKa aKTHBHOCT Ca HHXOBOM
nmojaBoM. Tpehm aeo yBojga pa3marpa KOjU Cy CBE MOTCHIMjATHHM H3BOPU CIOOOTHUX



paaukana ycien BexoOama. KomnunHa ymaxHyTor KHCEOHUKA 3HAaTHO Beha y Toky ¢gu3nuke
AKTUBHOCTH M METaOOJYKM HajaKTUBHUjU Cy ckeneTHn mummhu. Jla 6u ce obezbenmie
JIOBOJbHE KOJIMYMHE €HEepruje 3a MHUIIMNHM paJl U3y3€THO Cy aKTUBHU MPOIECH LHKIyca
JUMYHCKE KHCEJHHE, TPAaHCIIOpTa EJIEKTPOHa YK PECHUpPATOPHH JaHAll M OKCHIATHBHE
dbochopuanmje Koju Cy KJbYYHH y CHHTE3y EHerpeTcku Ooraror jenumema ATII-a.
[TomTo je KHCEOHHWK TIJIaBHH AaKIENTOp EJNeKTPOHAa Y TOKY OBUX IpoIleca, jeiaH Ieo
KHCEOHMKa OMBa peyKOBaH /10 CYNEPOKUCIHOT aHjOHA CTOra ce cMaTpa Ja MUIMhu Mory
OWTH 3Ha4ajaH M3BOp CIOOOMHUX paaukana. Takohe e€H3UMHU KOjU Cy aKTUBHU TOKOM
¢usnuke axtuBHoctd momyT NADPH oxcumaze (NOX), Kcantun oxcumaze (OX) wu
dochonunaze A2 (PLA2) Mory 3HauajHO J1a JONPUHECY HACTAHHKY CII000HHUX pajuKaia y
TOKY (PM3WYKEe aKTUBHOCTH. YETBPTH J1€0 yBOJIa j€ KpaTaK OCBPT Ha OpojHE (hHU3UOJIOIIKE
yJore cioOOTHUX pajuKaia. Y MEeToM ey yBoja oljalimeHa je crnoHa umely dusnuke
aKTUBHOCTH, CI00OJHUX pajauKana W mpoueca uHbpnamauuje. Haume, cmarpa ce ga je
yrana jeaHa oJ MaHu(ecTaluje OKCHIaTUBHOT CTpeca a ¢ Ipyre cTpaHe OCUIATHBHU CTPEC
UHAYKYje CHHTE3y Meaujatopa ynane. IHTeH3uBHa pu3nyka akTHBHOCT OCHUM IITO JIOBOJIU
JI0 CTBapama CI000JHUX paauKaia Takolhe TOBOAM 10 MOpacTa HMUBOA MUTOKHHA (TIPO- U
aHTU-UH(IaMaTpPHUX) M TPOTEMHA aKkyTHe (a3e KOju Cy TJaBHU MeEAHjaTopH YymHaie.
YKOJIMKO je KOJMYMHA CHHTETUCAHHUX CIOOOMHUX pagUKala M IIMTOKMHA yMEpEeHa OHH
MMajy BaXKHY YIOTY y aJanTaluoHuM mporecuma. [IpexkomepHo cTBapanje cio00IHUX
pazuKaia maKk MMa MHOTA HEMOXKEHhHA JIejCTBA yCJe] OKCHUIANHje KJbYYHHX MOJIEKYNa Y
opranu3My ykibyuyjyhy mporeune, munuae u JJHK monekyne nosonehu usmelyy ocranor u
no omrehema wmummha mMTO je JeTajbHUjE ONMUCAHO Yy IIECTOM [Ny YBOJA.
AHTOKMCIATHBHA 3aIlITUTa je TMOAPOOHO OMHMCcaHa y ceaMoM jaeny yBoaa. Ommucana je
¢yHKIIMja aHTHOKCHAAHAca y OpraHM3My W muxoBa monena. CymepoKCHI JUCMyTasa,
[JIyTaTHOH TEpPOKCHAa3a M Karana3a IpeAcTaBlbajy IJIaBHE EH3MMCKE aHTHOKCHUAAHCE,
o0jammeHa je HBUXOBa yJora W yTula] (U3MYKe aKTHBHOCTH Ha FHHUXOBY aKTUBHOCT U
cuHTe3y. [lasbe yBeAeHU Cy HEKU J0 HEeH3MMCKHUX aHTHOKCHJaHaca KOjU C€ CHUHTEHIY Y
CaMOM OpraHu3My WJIM C€ YHOCE IIyTeM UCXpaHe (HYTPUTUBHHU aHTHUOKCUIAHCH).
OmnpaBnanoct npahema HHMBOA 30HYJIMHA, Kao mapamerpa mnoBehaHe MpOMyCT/BHUBOCTH
[[peBa y OKBHUPY OBE CTy/AH]je je Takohe o0jalimeHa y OKBUPY OBOT jena yBoaa.OcBpT Ha
auTepatypy Koja ce 0aBM ymoTpeOOM KakoO HEEH3MMCKHX TaKO U EH3MMCKHUX
AHTHOKCHU/IaHAca Y CIOPTY j€ JaT Y 3aBPIIHUM CETMEHTHMa CeMOT jeia yBoaa. OcMu 1eo
yBOJla C€ OJHOCH Ha METAa0OJMYKE Ipolece KOju C€ OJBHjaJy y OpraHM3HY TOKOM
pa3IUYUTUX TUNOBA (PU3MUKE AKTUBHOCTM W KaJa je KOJU MpoIec JOMUHAHTaH. Y
3aBHCHOCTH OJ] TOTa Ja JIM C€ paju O aepoOHO] MM aHaepoOHO] (PU3MUYKO] aKTHBHOCTHU
J07a3u 10 ojarosapajyher mopacrta KOHIIEHTapuje JlakTaTa y KpBU CIOpPTHCTa. YIIPaBoO
npaheme IMHAMUKE TMopacTa HUBOA JIAKTaTa y 3aBHCHOCTH OJ WHTEH3UTETa BexkOama
IpeJCTaBJba jeiaH OJ] HajII0Y3JaHUjUX IapaMeTapa KOju HaM yKa3yjy Ha HUBO creluduyHe
¢uznuke crocoOHOCTH CIOPTHUCTA KOJU je KOpUIINeH U y OKBUPY UCTpakKUBama y TpyIu
BecJlaya, JIOK je (pU3UYKa CIIOMOOHOCT PEeKpPEeaTUBHUX CHOPTHCTA MOLEHHBAHA Ha OCHOBY
dbpekBerHe cpuaHoT pajaa npu oapeheHom ontpehemy.

[Tornassse Hcnumanuyu u memoode uma Jipa jieia, o KOju ce IPBU Ce OJHOCH Ha
n300p UCMIUTAHUKA, JU3ajH U MPOTOKOJ cTyauje. OnucaH je Mmovyerak UCTpakuBama KOjH je
o0yxBaTao ofa0up MOTEHLMjAIHUX YYECHHMKa CTyIAHje y3 IOLITOBakE KpUTEpHjyMa 3a
VKJbYUMBaWkE, OJHOCHO WCKJbYUMBame u3 cryauje. CBU yUECHHIM CTyauje Ouiu cy
copTUCTH. YKJbyueHo je Omio 30 kaTeropucaHux Becjaya M 22 CIOPTUCTa KOjU Ce€
peKpeaTHBHO 0aBe CIIOPTUM, TPEHUPA]y y TepareHH. McTpaxuBame y OKBUPY OBE
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JIUcepTalje jeé OCMHUIIJBEHO Kao JHjeTapHa WHTEPBEHIIMja, CYIUIEMEHTalHja, Koja je
peann3oBaHa Kao INPOCIEKTHBHA, pPAaHIOMU30BaHA, JBOCTPYKO clema, IuIanedo
KOHTpoOJIMcaHa cryauja. McrpaxuBame je omoOpeHo ox crpaHe ETmykor xommreTa 3a
OuomenuMHCKa wucTpaxuBama @apmaneyrckor Qakynrera, beorpaxg (0poj omryke
2192/2). Crynuja je mpaTuia eTHYKe cTanaapae AchuHrcane XeICHHIIKOM ICKIapainjoM.
Y crymujy je YKJbYd4eHO 52 HCIUTaHWKAa HAKOH W3jalllhaBamba M JlaBakba MHUCMEHOT
MIPUCTaHKA 3a TOOPOBOJHHO YUECTBOBaWE y CTyIHjH. Tpajame cTyauje je Omio 6 ceamua,
a TOKOM JIHjeTapHE HHTEPBEHIMje NeUHUCAHH Cy TEPUOAH Y30pPKOBamba OWOJIOMIKOT
Marepujana (moueTak CTyIWjeé W Ha Kpajy CcTyauje mocie 6 cemvwuia). Marepujan 3a
JMjeTapHy HHTepBeHIHWjy je Ouo aujerercku mnpenapar GliSODIN® koju caapxku
mopunusupann ekcrpakT aume (Cucumis melo L., Cucurbitaceae) SOD B Extramel®
CTaHJapAU30BaH Ha cajpxkaj cynepokcua-nucmyTase 90 [U/mg, nucnep3nbunan y BOIH,
koMOuHOBaH ca 40%  XHIPOAIKOXOJIHUM MEKHM TeJIOM TIIMjaJHa, OCYIICH
pacnpmmBameM Ha 50°C y3 MaJITOIEKCTPUH Ja O ce TIOCTUTIIAa TeopeTcka aktTuBHOCT 1 [U
SOD/mg ¢unansor cysor mpaxa. [Ipoussohau npemnapara je ¢pupma Isocell Nutra, ITapus,
Opanmycka. [lnanebo kamcyne caapikane Cy MaJTOJSKCTPUH Kao 3aMeHa 3a aKTUBHH
cacTojak, MaHUTOJ, CHJIMIUjyM-IAOKCHJI U MarHe3ujyM-creapar U IPOU3BEICHE Cy Of
cTpaHe ucror mpousBohada. OOe Tpyre WCIHUTAHUKA Cy AOOHjae Karcyjie WIACHTUYHOT
u3riie/a, 2 KaciyJie JTHEBHO caT BPeMEHa Mpe TPEHUHTa WU YjyTpy Ipe jena, naHume 0e3
TpeHuHra. Jlpyrn geo OBOr TMOTrjaBiba CaApKA TPUKa3 MeToAa KOpWUIIheHHX Yy
UCTpPaXHBamy (AHTPOIIOMETPHjCKA MEPEHa; ojipehuBame XeMaToIOIKUX, ONOXEMH]CKHX U
mapamMerapa JIMIIMAHOT CTaryca; ojpehuBame  mapamerapa OKCHIATHBHOT CTaTyca,
AHTHOKCUJIAaTUBHE 3amrtute;, onpehuBame wuH(paIMaTopHUX mapamerapa; ojapehuBame
30HYJIMHA W MpolleHa (U3MYKE CIOCOOHOCTH cropTtucta). Ha Kkpajy OBOr MOrjaBiba,
OIKCAHM CYy CTATUCTHYKU TECTOBH KOJH Cy TIOCIYXKWJIHM 3a aHaJU3y NOOWjeHHX pe3yirarta
kopumhemeM SPSS cratuctuakor nporpama (Bepsuja 26.0, Uukaro, NJI, CAJT).

[lornaBbe Pesynmamu canpxu TabenapHu M Trpaguukud MpuKa3 J0O0MjeHUX
pe3yaTata oBe auceptanuje. Kanaunmar je mpukazao OpuUTrHMHAJIHE pe3yJiTaTe Ha jacaH U
cBeoOyxBaTaH HauuH Kpo3 11 cnuka u 32 tabene objanmaBajyhu UX TMYHUM TyMadyemheM a
Ha OCHOBY TOJIaTaka MyOJWKOBAaHHM Y pelieBaHTHO] JuTeparypu. OBaj €0 TOKTOPCKE
nucepranuje caapxku ciaeaehe nemose: 1. Ommure mogatke o MCMUTaHULUMA; 2. YTHIA)
cymiemenTanuje GliSODIN®-om Ha mapameTpe KpBEHE CIIMKe W ojadpaHe OMOXEMHjCKe
npametpe; 3. YTullaj cyluleMeHTalje Ha ojabpaHe mapaMeTpe OKCHATUBHOI cTaryca; 4.
VYrunaj cymwiemenrtaimje GliSODIn®-om Ha onmaOpane mapamerpe WH(Iamaiuje u
omrrehewa mummha; 5. Vrunaj cymuiementanuje GliSODIN® -om Ha HHBO 30HYNHHA; 6.
Vrunaj cymwiementanuje GliSODIN® -oM u peloBHOT TpeHHpama Ha mapamerpe Gu3nuke
CIIOCOOHOCTH.

VY nornasspy Juckycuja TpOKOMEHTapUCaHU Cy JOOMjeHU pe3ylNTaTH y CKIaay Ja
noctojehoM JIuTepaTypoM U casHambHMa.

Ha xpajy aucepranyje nati cy 3axkayuyu Koju MpOU3NIIa3e U3 aHaIu3e J0OUjeHHX
pe3ynrTara, a y CKJIaay Cy ca IOCTaBJbeHUM IIHJbEBUMA UCTPAKUBAHA.

VY nornasmwy Jlumepamypa unaseneno je 206 pedepenun (BankyBepcku cTHI
UTHPAbHA).



5. OcTBapeHHu pe3yJITAaTH H HAYYHH JONPHHOC JOKTOPCKe JUCepTanuje

VY cTynujy y OKBUPY OBE JOKTOPCKE AUCEPTaIH]je j€ YKIbYUEHO 52 UCIUTaHUKa, H TO
30 Becmaua u 22 pekpeatuBHa crioptucta. O0e Tpyre cy paHI0MH3aI|jOM MOJCIHCHE Y JBE
rpyre, eKCIepUMEHTAIHY TPYyIy y KOjoj Cy ydecHHIM y3umanu ¢ kamcyiae GliSODIin®
500mg (15 Becmawa y rpymu Becnmaua u 10 pekpeaTHBHUX CIIOPTHCTa Yy TpyIU
pekpearuBana), U mianebo rpymy (15 Becnmaua y rpynu Beciada U 12 peKkpeaTHBHUX
CIOPTHCTA Y TPYIIH peKpeaTuBalia), KOju Cy y3uMaliu Iuianedo oOiuk, 2 Kaciylie jeHOM
JTHEBHO, TOKOM 6 ceamuiia. AHTPOIIOMETPUJCKU TIOJIAIM Cy C€ pa3iIMKoBal uMely rpyme
BeCllaya M PEKpPEaTHBHUX CIIOPTUCTA, BECIayd Cy MMajlM 3HadajHO Behy TenecHy macy u
BUCHHY OJI PEKPEaTHBHUX CHOPTHCTA C TUM IITO j¢ FbUXOB PEIATHBHU OJHOC Y BHUIY
unjgekca tenecHe mace (BMI) Huje pasnmkoBao. Kajga cy y murtamy TPEHaKHH IOAIA
BECJIaYM Cy MMaJIM 3HAYajHO JIy)KE TPEHHHIE, Ca BUIIEC TPEHHHra y TOKY Henesbe. Huje
yO4€Ha CTAaTUCTHYKH 3HaYajHA pa3jiiKa y MOMEHYTUM BpPEeIHOCTUMA YHYTap rpyma Becjada
U pekpeaTMBHHX crnopTucta. Kama ce ymopene pe3yiaTatd KpBHE CJIHMKE Beciiaya |
peKpeaTHUBHAIAa HAa MOYETKY CTYAHMje HEyo4YaBa C€ CTATUCTHYKM 3HA4YajHAa Pas3lInKa OCHM
suie Bpeanoctd MCH y rpynu Beciaya (p=0,026) anu y okBupy pedepeHTHOr oricera.
Mepenn OMOXEMHJCKHM TapamMeTpH Ce HUCY 3HA4ajHO DPA3JIMKOBAIM Yy OBE JIBE TpyIe
CIIOPTHCTA, JEIUHO j€ BPEAOCT TIJIyKOo3e Owiia BUIIA Yy TPyNH Beciada, He mpenazehu
rpaHuIly peepeHTHOT OTcera BPeIHOCTH.

Y HapeqHMM JeJOBHMa JHCEpTalldje aHAIM3MPAH je YTHUIj CYIUIEMCHTAIHje
GliSODIn®-om Ha mapameTpe KpBHE ClIMKe. Y Ipynu cylieMeHTHpaHux Beciada je MCHC
(p=0,024) a y rpymu cymieMeHTHpaHuX pekpeatuBHux croptucra cy MCHC (p<0,001) u
MCH (p=0,001) BpeaHocTu Oniie BuIlie HAKOH CYIIEMEHTalHje, He mpenasehu pedepeHTHH
ocrier U Moryhe o0jammeme jecte Oyara nqexuaparanmja Koja je BpJio YeCTO MPUCYTHE KOJ
CIIOPTHUCTA ycJie/ HeaJlleKBaTHe XuapaTanuje. PazmMaTpan je U yTuIaj UHTEH3UBHE (QU3NUKE
aKTHBHOCTH Ha OMOXEMHjCKE TapaMeTpe Ha MOYeTKy CTyAMje. YOUeH je 3HadyajaH Imopact
tpancamunaze, ALT (p=0,002 e.r.) y rpynu Beciaya, 10K je y TPYIH peKpeaTuBalia HUBO
AST (p=0,031 e.r.; p=0,014 k.r.) OWo BUIIM HAKOH TpeHHHra. HakOH HHTEH3MBHOT
TPEHHHIra Cy M3MEpeHe 3HauyajHO BHIIe BpeaHoctu riykosze (p<0,00le.r.; p<0,001k.r),
kpeatunuHa (p=0,003 e.r; p=0,049 x.r.), andbymuna (p<0,001e.r.; p=0,040 k.r.) ¥ yKyIMHUX
npotenna (p=0,015 e.r; p=0,020 k.r.) Ha MOYETKY CTy/AHj€ y TPYIH Becaya 0K je Y TPYIH
peKkpeaTuBana JONUIO 10 3HAYajHe MpPOMEHE HCTUX OMoXeMHjckuxX mapamerapa. OBH
pe3yaTaTu ykasyjy JAa je NMPUMEHEHH TPEHWHT OMO TOBOJFHO MHTEH3WBaH, A0BojaehH 10
OUYCKMBAaHMX NpOMEHa OuoxeMHjckMX mapamerapa. Ha kpajy crynuje 3abanexeHe cy
ciuyHe mpomere, mopact AST je OWo 3HaYajaH yciie] TPEHWHTA Yy EKCIEPUMEHTAITHO]
rpynu Becnada (p=0,014 e.r.) u y obe rpyne pekpearuana (p=0,040 e.r.; p=0,003 k.r.).
Konmnenrparuje riykose (p<0,001e.r.; p<0,001k.r), kpeaturuna (p<0,001e.r.; p<0,001x.r)
u anbymuna (p=0,009 e.r; p=0,038 k.r.) cy Owmie Bume y obe Trpymne Beciaua,
eKCIIEpUMEHTATHO] W KOHTPOJIHOj, HAKOH TpPEHWHTa JOK je 3HayajaH TOopacT TIIYKO3e
(p=0,005) wu xpearmnuna (p=0,023) Owo mnpucyraH camMO y KOHTPOJHO] TpYyIH
pEKpeaTHBHHUX CIOPTHCTAa HAKOH TPEHUHTA Ha Kpajy cryauje. CmaTpa ce Ja je mpomeHa
OBHX Iapamerapa npe CBera Ioclenulla TPEHHHra a CyIUIEMEHTallMja HHje yTulaja Ha
BUXOBY TIPOMEHY.

OCKHIaTUBHHU CTaTyC CIOPTHCTa M JIUHAMHUKA HETOBE MPOMEHE I0J YTUIajeM
NPUMEHCHOT TpPeTMaHa y CTYIUjU je TPOICHHUBaH HAa OCHOBY BPEIHOCTH TOTAITHOT



okcumatuBHOr cratyca (TOS) M KOHICHTpanMja MpoAyKaTa y3HAIpeaoBalic OKCHIAIIH]e
nporenna (AOPP) u mepemem koHueHTpanuje manonauanaexuna (MDA) kao moka3zarespa
OKCHJIAIH]je JHUMUIA. Y THIAj IPUMECHEHOT TPETMaHa Ha aHTHOKCUIATUBHH cTaryc npaheH
je onpehuBameM TOoTaTHOT aHTHOKCHIATUHBOT cTatyca (TAS) ykymHor caapxkaja SH rpyma,
MEpEmhEM  KOHIIEHTpaIlMje eH3MMa cyrnepokcun aumcmyraze (SOD) u  rayratnoH
nepokcunasze (GPX) y cepyMy, Ha mo4eTKy CTynuje U HAKOH 6 ceaMuIa CyIieMeHTaluje.
Huje Omiio ctaTHCTHYKHM 3Ha4ajHE pasiuke u3Mmel)y MOYeTHHX BPETHOCTH aHAIM3UPAHUX
napamerapa y o0e mocMarpaHe rpymne ocuM Buiie BpenHoctd GPX y rpynu Beciaya Ha
MOYETKY CTyauje. IHTeH3uBaH TPEHHWHT Yy TPYIU Becliaya je JIOBEO JIO 3HAYajHOT IMOpacTe
MDA y o6e rpymne (p=0,024 e.r; p=0,004 k.r.) aok je SOD HrBO 6O 3HAYAJHO BHUIIK CAMO
y koHTpoaHOj rpymH (p=0,050 k.r.). OHO IITO je 3Ha4YajaH JOMPUHOC OBE CTYAMjE jecTe 1a
j€ HaKOH CYIUIEMEHTAIMje Y eKCIIEPUMEHTATHO] TPYIH Becliada 3a0elie)KeH 3HAUajHO HIKU
auBo TOS (p=0,039) nakon wmnHTeHsuBHor Tpenurra u MDA (p<0,001) y nopehemy ca
KOHTpOJHOM TpymnoM. [locmarpajyhu penaTuBHe IpOMEHE MEPEHUX BPEIHOCTH Y OJHOCY
Ha TECT M CYIUIMEHTalu]y youeH je 3HauajHo Behu mopact AMDA y KOHTpONHO)] Tpynu
Beciiaya Ha TecTy HakoH cymiemenraruje (T2, p=0,001). Hemrro apyraduju pe3ynrata cy
3abeneheHn y rpynu pekpeaTMBHHX CHOPTHCTAa TJI€ TPEHUHT HA TOYETKY CTYAHjC HHjE
JIOBEO 10 MPOMEHA MapaMeTapa OCKHJIATHBHOI CTaTyca a HAaKOH CYyIEJIeMHTAIfje jeé HUBO
TOS (p=0,013) u AOPP (p=0,032) 610 3HaYajHO HUXKH y CYILUIEMEHTHPAHO] IPYIH HAKOH
BekOama a mopact TOS (p=0,008) u mag TAS (p=0,020) 3nayajuo Behu y KOHTPOJIHO]
IPYNH PEKPATHBHHUX CIIOPTUCTA. BpeIHOCTH peMTBHE NMPOMEHE MapaMeTrapa y OJHOCY Ha
TECT W CYyIUIEMEHTAlWjy Cy Wu3ABojuwie 3Ha4dajuo Behum mnopact ATOS (p=0,050) y
KOHTPOJIHOj TPYIM peKpeaTuBalia HAKOH TPEHUHIA IIOCIIe IEPHOoJa CyIUIEMEHTAIH]e.
VYnopehuBameM penaTuBHE MpPOMEHAa IapaMmerapa OKCHUIATHBHOT cTaTyca u3Mehy
EKCIICPUMCHTAIHUX M KOHTPOJHHMX Tpyla Becjadya M peKpeaTHBalia jacHO ce BUAM Ja
WHTECH3UBHUJU TPEHHUHT JIOBOJIM /10 Beher OKCHIAaTUBHOT CTpeca ald Ce MOXKE NMPUMETUTH
Jla CyJleMeHTalHja yOjakaBa IOCIEIUIle WHTEH3UBHOI BEKOama Kaja je OKCHIATHBHH
CTpec y muTaHjy jep nopehemeM eKCepuMEeHTaTHUX Ipyla ce oydyaBa 3HauyajaH Mmopact
AMDA (p=0,010) camo Ha TecTy mpe cymiemenTanuje. C Apyre cTpaHe Kajaa ce Mmopese
koutposiHe rpyne AMDA Ha Ttecty HakoH cyrmuiemenrtanmje (p=0,002) u cBeykymHa
npomena TokoM 1ene cryauje AMDA (p=0,015) je 3nauajuo Beha y rpynu Beciada Hero y
KOHTPOJIHOj TPYIH peKpeaTrBala.

Kana cy y nuramy napamerpu uHpiaamarmje u omrehema mummha y nuramy, Ha
no4etky cryauje je HuBo IL-6 Ouo Bumm y rpynu Becnava (p=0,054) a IL-8 (p=0,001) y
IpyNH pEeKpeaTUBHUX cHopTHcTa. MHMIMjaHnM TpeHuHr je noBeo Jo mnopacta LDH
(p=0,001 e.r; p=0,005 x.r.), IL-8 (p<0,001 e.r; p<0,001 x.r.) u IL-10 (p<0,001 e.r; p=0,009
K.I.) y Tpynu Beciada u jgo mopacra IL-8 (p=0,045 e.r) u IL-10 (p=0,014 k.r.). Hakon
CyIUIEMEHTaIlMje y TPYIH Beciiava je ycliea TpeHuHra ouo npucyras nopact LDH (p=0,003
e.r; p=0,046 k.r.) kao u IL-8 (p<0,001 e.r; p=0,006 k.r.) , IL-10 (p<0,001 e.r; p=0,028 k.r.)
u IL-6 (p=0,032 x.r.). Mehytu™m, OHO IITO je 3HaYajaH pe3yiTaT OBE CTY/Aje jecTe na je
HuBO mpouH(pamaTopHor IL-6 610 3HaYajHO HIKM y ekcriepuMenTantoj rpymu (p=0,030)
npe TpeHunra u HUBO IL-8 je 6uo Hmwxku u npe (p=0,044) u HakoH Tpenunra (p=0,007) ¥V
IpynH peKpeaTUBHUX CIIOPTUCTA HAKOH CyIJIEMEHTAIMje je U3MEepeH 3HauyajaH nopact |IL-
10 (p=0,002 k.r.) u IL-6 (p=0,003 e.r.). ycien TpeHuHra anu je 3aro kouieHramuje CRP
Ouna HIKa y cymieMeHTHpaHoj rpymnu Beciada u mpe (p=0,019) m HakoH TpeHWHTra
(p=0,002). OBakBu pe3yiTaTH yKa3yje Ha MOTEHIMjATHO aHTHHH(IAMATOPHO JEIOBAHE
npuMemkeHe nujeTapHe MHTepBeHnuje. Kama cy ymnopeheHe pematnBHE MpoMeHE OBHUX
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napaMmeTapa u3Mel)y eKCIepUMEHTATHUX M KOHTPOJHUX TIpyHa CIOPTHUCTAa YOUEH je BHIIH
TpeH/ mopacta nmapamerapa omrehema Mummha y rpynu Beciiaya mTo ce MOXKe MPHUITHUCATH
NPUMEHN MHOTO MHTEH3UBHHjEI TPEHUHTa JOK je MopacT MpOoHH()IaAMaTOPHUX LHUTOKHUHA
0O BUIIM y TPYIU PEKPEATHBHUX CIIOPTUCTA HAjBEpPOBATHHjE yciiel clabuje ajanTaiyje
Ha UHTEH3UBHY (U3HUYKY aKTHBHOCT.

30HYJIHMH Kao napameTap nosehame MpoIycT/bUBOCTH I[PEBA j€ HA MOYETKY CTYIHje
Ovo BUIIM y TPYNU pPEKPEaTUBHHX CIOPTUCTA ald y OKBUPY pedepeTHOr orcera.
[IpuMemeH TPEHUTHT U JWjeTapHa MHTEPBEHIMja HUCY 3HAYajHO MEHaJle BPEJHOCTH OBOT
napaMeTpa y HMOCMaTpaHUM Tpylama HUCIHTaHWKA. PenaTuBHUM mopacT 30HYyJHMHA je OHO
3HAUajHO BHIIM Y KOHTPOJHO] Tpynu HakoH (uHamHOT Tectupama (P=0,050) u cBeykymHO
y ToKy cryamje (p=0,007) y mopehemy ca ekcriepuMEHTaaTHOM IPYIIOM PEKPEaTHBHUX
CHOPTHCTA LITO CBAKAaKO yKasyje Ja TJIMjaJiiH KOjU Ce Hajla3u y CacTaBy CYIUIEMEHTA HHje
JIOBEO JIe HEeXEJHEHOT ITopacTa HUBOA 30HYIMHA. PenaTuBHU nopacT 3oHyaMHA je 6uo Behu
y rpynu Becnaya Ha mHunmjanom (P=0,050 e.r; p=0,001 k.r.) u ¢uHATHOM TecTHpamy
(p=0,001 e.r.) mro noTBphyje UMmCHUIY M3 JHUTEPATYpe [a je MOpacT HUBAO 30HYIUHA
3aBHCaH OJ UHTCH3UTETa (PU3NUKE aKTUBHOCTH.

[lpomena cneun¢uune QusnyKe MPUIPEMIBEHOCTH KOJA Beciada je mnpaheHa
IPOMEHOH MaKCUMaJIHE KOHIICHTAIIM]E JIAKTaTa M U3BPIICHOT pajia kKao u pajaa Ha 4 mmol/L
u 15 mmol/L kounentpanuje jgakrata. Huje 6umo 3Hauyajue pasnuke mel)y rpymama Ha 00a
TECTa, Ipe W HAKOH CymuieMeHTanuje. Mmak permaTwBHA MpopacT M3BPIICHOT pajga Ha 4
mmol/L (p=0,050) u 15 mmol/L (p=0,020) xoHIeHTpalKje TaKkTaTa je Ouja 3HAYajHO
BUIIN Y CYIDIEMEHTHPAHO] TPYIU Beciiada. YIPaBO OBAKBU PE3yJIaTH yKasyjy Ja ce 00Jpa
MeTaboJIMYKa aJalTUPaHOCT y EKCIEPHUMEHTATHO] I'PYIMU MOKE IOBE3aTH Ca YTHIAjeM
cyrieMeHTanuje. Pu3nyka cnocoOHOCT y TpyHnu pEeKpeaTHBHUX CHOPTUCTa je mpaheHa
npeKo (pekBeHIle CpYaHor paja 1o oapeheHnM Hanopom,rie Hyje OUIIo 3HaYajHe PasiIuKe

Mmely rpymnama.

6. Ynope)ma AaHaAJ/IM3a pe3dyjrTara Kanaujaara ca noaauuma u3 Jiareparype

VY OKBUpY OBE [OKTOpPCKE JAWCEepTalfje HCIUTHBaH je YTHIA] CyIUIEMEHTaluje
KOMOWHAIIM]OM TJIMjaJIMHA U €KCTPaKTa JIUbE CTAHTAPAN30BAHUM Ha CaJpiKa] CYNEePOKCHU]
JMICMyTa3e, aHTHOKCHUIATUBHOT Tperapara, Ha HEKOJIMKO CETOBa IapaMerapa y TpyIH
BPXYHCKHX KaTE€TOPHCAaHUX M PEKpeaTHBHHX cropTucta. Jla Ou Morima jga ce mpoueHH
cnenuduyaa (QU3NUKa TPHUIIEMIBEHOCT CIIOPTUCTA CBH CIOPTHUCH Cy TECTUPAaHU Ha
onrorapajyhm HauMH Ha TMOYETKY M Ha Kpajy CTyIdje IITO je MPOTOKOJ KOju je
IpUMEHBUBAH U Y OCTAJIUM CTyIujama npuOmkHor qu3ajHa (1,2). Becnaum cy tectupaHu
Ha BECJIAYKOM €pProMeTpy a PeKpeaTWBHU CHOPTHUCTH Cy PAAMUIM TPEHUHT Yy TEPETaHH Y3
NOCTU3amke 3a7aTe QppekBeHLe paaa cpua. llupoko je npuxpaheHa YnmbEHHIIA J1a yMepeHa
¢u3MYKa aKTMHOCT WMa OpojHE MO3UTHBHE eeKTe Ha 3/ApaBiba Jbyau (3,4) alu BEIUKO
¢usnuko ontepeheme ce MoBE3yje U ca M0jaBOM HEKEHEHMX edekara Ha 3/ipaBibe (5) Koje
Ce y BEJIMKO] MEpH MOBE3yje ca M0jaBOM OKCHIATUBHOT CTpeca yciea Gu3nuKe akTUBHOCTH
(6). Crora y oxkBupy cryauje npaheH je yuiaj camor TpeHHHTa Ha MEpeHe OMOXeMH]CKe
napameTpe U KpBHY CIMKY CIIOPTHUCTA Ipe CYIUIEMEHTAllMje ajll U HaKOH CYyIJIEeMEHTAllH]je
Ha MCTU HauyuH. XEMAaTOJIOIIKHM IapaMaTpu C€ YeCTO HCIUTYjy KaJa Cy CIOPTUCTU Yy
NUTalkYy jep je BHUXOBa MPOMEHa je y Kopenauuju ca neppopmancom croptucra. [lojam
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,,cropTcke anemuje’’ (7) ce moBesyje ca momysnanyjoM npodecnonannux cropructa (8). Y
[IOCMaTpaHO] TPYHNH CHOPTHCTAa CBU XEMATOJOIIKM MapaMeTpu Cy yJIa3wid y OKBHPE
pedepeHTHUX BPEAHOCTH W MPUMEHCHA CYyIUIEMEHTAIlMje HUje yTUIlada Ha IHUXOBE
BPEIHOCTH CJIMYHA KAa0 Yy CTYJIMJU ca BeclIauyuMa KOjUu Cy OWJIM CYIUIEMEHTHPAHU COKOM O]l
Hapa (9). [IpumemeHn TpPEeHHWHT je JAOBEO J0 3HAYajHOT IopacTa TIyko3e y obe Tpyre
CIOPTHUCTA WITO j€ y CKJIay ca WCIUTUBAKMMa KOJU MOTBPhYjy Ja MHTEH3UBAH TPEHHUHT
JIOBOJIM WMHUIIMJAJIHO JI0 TopacTta HuBoa riyko3e y cepymy (10). Takohe 3abenexen je
1opacT ¥ KpeaTHHHHA, aJOyMHHA M YKYIHUX MPOTEHMHA HAKOH TPEHUTa IITO je CKIAIy ca
nojanyrMa JOCTYITHUM Yy pelieHBaHTHO] jutepatypH (11). Cymnemenrtanuja HUje yTHIaga
Ha MPOMEHE OBUX IapameTapa.

WNuren3uBHa (u3nMyka aKTUBHOCTH JOBOJM JO HACTaHKAa OKCHIATHBHOT CTpeca
(12,13). IloBumiena cuHTe3a ClIOOOJHHUX paauKalia y MEepUoIuMa HAIlOPHUX TPEHHWHTa 0e3
JIOBOJBHO JYTOT OTIOpaBKa MOTY OBeCTH 0 omTehema mummha u naja neppopmance ma je
y HHTEpPECy OBE CTyaWje OWI0 Ja ce MPOBEpPH JICjCTBO CYIUICMCHTAllMje Ha oJalbpaHe
noKa3aresbe OKCHJIATHBHOT craryca. I[IporeHa yKymHOT aHTHOKCHIATHBHOT CTaryca je
pahena y3 momoh TAS-a u mpuMesbeHH TPEHUHT M CYIUIEMEHTAIHje HICY UMM 3Ha4ajaH
yTUIaj Ha IPOMEHY BeroBe BpenHoctu. [locToje pasnnunre nHpopManuje y IuTepaTypu o
yTuLajy Gu3ndke akTUBHOCTH Ha BpenHocT TAS-a, ox 3HauajHor mopacta (14,15) no Bpio
Onaror mopacta kox Beciaya (16,17) ma 1o majga BpeAHOCTH HEMOCPEIHO HAaKOH BexOama
(18) mro je y ckimagy ca pe3ysiTaTuTa OBe CTYAHMje, Te je 3a0eexeH ma] BpeAHOCTH ajlH je
3HAYAHOCT M30CTajla CeM y KOHTPOJIHO] TPYIH Beciaya Ha (pUHATHOM TecTUpamy. YKYIHH
OKCUJATHBHH cTaTyc je MepeH mnomohy TOS koju mpencraBiba YKYITHH —CapiKaj
OKCHUJIOBAaHUX CYNCTaHIM Yy cepymy (19) TpeHUHTr je y3pOKOBao MOpPACT BPEIHOCTH.
CymiemeHTanyje je mak JoBeja 10 3HAa4ajHO HWKHX BPEIHOCTH OBOT IapaMerpa y
eKCIIEpUMAHTAIHUM TpyliaMa CIIOPTUCTA, OBO j€ 3HauyajaH pe3yJTaT KOje CIUYHE CTy/uje
KOj€ Cy pa3Marpaie yTHIaj CyIJIeMEHTalMje ca CYIIEPOKCH]T JUCMYTa30M OMJBHOT MOpEeKIIa
HHCY TIOKa3alie, jep HUCY YBPCTHIIEC 0Baj mapameTap y cBoj npotokoi (1,2,20). [Ipumemena
CyImJIeMeHTaluja je je qoBena a0 nopacta HuBoa SOD-a anu 6e3 ctaTUcTHYEKe 3HAYajHOCTH
OCHM BHIIIET HMBOA €H3UMa Yy €KCHEPUMEHTAIHO] IPYIU PEKPEaTUBHUX CIIOPTUCTAa HAKOH
¢unanHor Tectupama. Ctymuje cymiemenranuje ponuona ca 1000 mg GliSODin®-a y
TOKY 2 CeIMHIle HHje JI0Besia J0 IopacTa OBOI aHTHMOCKHAATUBHOI eH3uma. Ctynuja ca
BecinaunMa [losbckor HalMOHAIHOr THMMa HMMaja jeé MCXOJ CIMYHUJU DPE3yITaTUME OBe
crynuje, tae je cynmenenrtaiuje ca 500mg GliSODin®-a noBena 0 3Ha4ajHOT MOpacTa
aktuBHOCTH SOD-a. CymuieMeHTanuja ¥ TPEHUHT HUCY UMaJIi 3HaYajaH yTUIaj Ha HuBo SH
rpyna nok je Hueo AOPP 610 3HauajHO HHMXKH Y CYIUIEMEHTHPAHO] IPYNU PeKPEeaTHBHUX
CIOPTUCTA U TIpe U HAaKOH (uHanHOTr Tectupama. [lapamerap oxumanuje munuaa MDA je
Oenexno 3HauyajaH MOpacT HAKOH TPEHUHra y CKIAJy ca pe3yliTaTuMa CTyIuje Koje Cy
nocMaTpane egexar HHTeH3MBHE (M3NYKEe aKTUBHOCTH Ha MapaMeTpe OKCHAALMje UM
(21). Unak nakon 6 Henesba cymiemeHtaije HuBo MDA je Ono 3HauajHO HWXKH Yy 00e
CyleJIeMEHTHpaHe Tpylne W mpe W HakoH TpeHuHra. Crtyamja ca Becrnaunmma [losbckor
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HaIIMOHAJTHOT THMa HHUje 3a0eNieXujia OBaKaB I1aJ BPEIHOCTH JOK je y rpymu (yndanepa
CYIUIEMEHTHPAHHX Ca CIOKCHUM aHTHOKCUAATHBHUM cyruieMeHToM Resurgex Plus koju je
umao 500mg GliSODin®-a y cBom cacraBy joBeno a0 3HadajHor maga LPO (mmmmaux
XHAPOIEPOKCHIA) M Mamer mopactu 8-izoprostana HakoH 4 Helesbe CyIUIEMEHTaIHje,
HIDKM HHMBO 8-izOprostana je u3MepeH W y CTYAWjU ca CYyNeIMETHPaHUM POHUOLMMA.
OBakBH pe3yJITaTu Ce MOT'Y CMaTpaTy Jia cy y CKJIaay ca pe3ylTaTuma OBe CTyauje.

Y HapeaHOM ey WCTpaXHWBama aHAIM3UpPAH je VYTWIA] CYyIJIEeMEHTAIdje ca
GliSODin®-om Ha HUMBO OMOXeMHjCKUX mapamerapa omrtehema Mmummha ykibydyjyhu
kpeatun kuHazy (CK), makrat nmexuaporenasy (LDH), AST u ALT. TpeHunr koju cy
CIIOPTUCTH PAJMJIM Ha TECTUpamy Ha MOYETKY M Ha Kpajy Mepuoja CyIulIeMeHTauuje je
JIOBEO JI0 MOpacTa OBUX IlapaMeTapa ajd CyIJIEeMEHTalje HHje MMalla CTaTUCTUYKH
3HAYajaH YTHIQ) HAa OBE IMPOMEHE MITO je CIMYHO Hajlla3uMa CTy[Hje ca BeciIadynMa
[Mossckor TrMa rjie je npahena npomena koutentpamuje CK u LDH (1) mok je ctyauja ca
dyndaepuma (2) 3abenexuiia HUKE WHHUIMjATHE BPEAHOCTH, Npe TpeHmHra, CK HakoH
CyIUIEMEHTanuje. YIUIa] CyIUIEMEHTalyje Ha mapamerpe uHbparamnuje je mpaheH
MepemeM npomene konnentpamuje IL-6, IL-8, 1L-10 u CRP-a. CynnemenTanuja je nosena
1o najia npouHpaamaropHux muroknHa IL-6, IL-8 y rpynu Becnaya u nana CRP-a y rpynu
pekpeaTUBHUX crioptucta. CiaMyHM pe3yiaTaTtu cy J1oOujeHH y cTynuju ca ¢yndanepuma
cyrieMeHnTrpanuM koju canpxku GliSODIN® y cebu, rue je Takohe IOIUIO 10 3HAYAjHO
Mamer mnopacta IL-6, ycnen uHTEeH3MBHOT BexOama, HAKOH 7 Helesba CYIUIEMEHTalldje
(22). Jlox je y crymuju ca Becmaumma (1) momuto o 3Hauyajuor maga CRP HakoH
CyIUIEMEHTalHuje.

[TomTo je rTnWMjanuMH, cacTaBHM J€O TMpenapata KOpUIIheHOr Yy JHjeTapHO]
MHTEPBEHIIUJU Yy CKJIONY OBE CTYAHW]E, jelaH O] INIaBHUX OKHJauya ociobahama 30HYNIHMHA
(23) meo cryamje je mocBaheH npahemy MpOMEHE HETOBE KOHIICHTPAIMjE y Cepymy.
30HYJIMH yKa3yje Ha NOCTOjame MoBehaHne MponycTibUBOCTH IipeBa. MHTeH3uBHA (u3nyKa
aKTHBHOCT Ce Takolje MoBe3yje ca MmopacToM MpoIycT/buBOCTH HpeBa (24,25). tako naa je
3HAuYajHO J1a Ce UCIIMTA OBAaj acleKT JAejioBama cymieMeHTa. Pesynratu cTyauje cy ykasaiu
Jla HA TPEHUHT HU CyIIMEHeTalllje HUCY JOBEIH 10 3HAa4ajHOr mopacta 30HynnHa. OBakBa
aHajgu3a HHUje 70 caaa paheHa y cTyadjama Koje cy ce OaBmiie CYIJIEMEHTallujOM ca
GliSODIn®-om crora je oBaj HajIa3 BpJIO 3HAYajaH.

[TomTo je crynuja ykibydMBaja CIIOPTHCTE jeJaH O] acreKara KOju Cy MCIUTHUBAHU
jecte W yTUIA] CYyIUIEMEHTalllje Ha TMoKa3aTesbe (PU3UUYKe CIOCOOHOCTH OJHOCHO
cnenuuyHp (U3NUKe MPUIPEMIbEHOCTH CIIOpTUCTA. Pe3ynraTu cTyauje cy ykaszalu Ha
00sby MeTabonnuky epukacHOT Muinuha Ha ojpl)eHnM HEBOMMA Hamopa u To Ha 4 mmol/L
u 15 mmol/L xonnenTanuju nakrata. OBo je Takol)e pe3ynrar Koju HHje 10 caja Ha OBaKaB
HAuWH TIPUKa3aH y PENIEBaHTHO) JHUTEPATypud W TMPENCTaBba PE3yNTaT KOjU MOXKe Jaa
NOJICTAaKHE Jajba UCTPAXKHMBAKA O YTUIIA]y aHTUOKCUIATUBHUX CyIUIEMEHTaHa Ha (QU3UUKY
CIOCOOHOCT CIOpTHCTAa KopHucTehM NpuKazaHe HHAMKAaTope. Y TpynH pPeKpeaTHBHUX
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8. IIpoBepa OpUTrHHATHOCTH JOKTOPCKE AUCEPTALHje

Ha ocnoBy IIpaBuiHHKa O TOCTYNKY IpPOBEpE OPHUTHHATHOCTH JOKTOPCKUX
IucepTalja Koje ce OpaHe Ha YHUBEp3UTeTy y beorpamy m Hamaza y HW3BEIITajy W3
nporpama iThenticate kojum je WH3BpIICHA TPOBEpa OPHUTHHAIHOCTH JIOKTOPCKE
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aucepTanyje ,,YTUIa) CyIUIeMEHTaIlMje KOMIUIEKCOM TIIMjaJiIiHa Ca EKCTPAaKTOM JUbE
CTaHJApAM30BAaHUM Ha CaJpkaj CYNEPOKCH] IMCMyTa3e Ha MapameTrpe OKCHIATHBHOT
cratyca ¥ (pU3UYKe CIIOCOOHOCTH KaTeropucaHux croprucra‘, ayropa Onune J. Jlynamose
[TeTpoBudoOBe, KOHCTaTyjeM Ja yTBpheHO moaymapame Texcta uznocu 11%. Osaj crenen
MOJyIapHOCTHU TOCJIequIa je Kopulnhema TauHo JeUHUCAHUX Ha3MBa W OMNIITHUX MECTa,
oubmuorpadckux mojgaTaka 0JHOCHO HaBoheHa KopuinheHe JUTeparype, Kao M IoJaraka
U3 TMPETXOJHO MYOJIMKOBAaHUX pe3yiTaTa JAOKTOPAHIOBUX HWCTPaXKUBama, KOJU CY
MPOMCTEKIIN U3 IEroBe IMCcepTalrje, ITo je y CKiIany ca wianoM 9. IlpaBuiHuka.

9. 3aksbyuak ca 00pa3iiokeeM HAYYHOT JONPHHOCA JOKTOPCKe JUcepTanmje

JletaJbHOM — aHAJIM30M TPHJIOXKEHE JOKTOpcke aucepranuje Komwmcnja je
KOHCTaTOBaja Ja je AWcepTalyja MphKa3aHa Ha jacaH M IperyieJ]laH Ha4WH U J1a Cy CBH
IIOCTAaBJbEHH IMJbEBU y TOTIIYHOCTH pEajM30BaHHU. EKCIEpUMEHTH Cy OpraHM30BaHH H
CIpPOBENIEHN Y CKJIaAy ca CaBPEeMEHHM CTaHJapArMa HCTPaXHWBamka KOja YKIbYUYjy
IMjeTapHe UHTEepBEHIMje y 00IacTu OpoMaTosioruje.

[Tomary mpencTaBibeHN y AUCEPTAIH]H 2]y OPUTHHAIAH HAYIHU JOTPUHOC 00JbEM
pa3yMeBamy YTHIAja IIAHCKE MHTE3WBHE (PM3MUYKE aKTUBHCTH Yy BUJy TPCHUHTA Ha 110jaBy
OKCHJIATHBHOT CTpeca y IpyNH KareropucaHux croprucra. O0jamrmaBa aceKkTe mpuMeHe
CyIUIEMEHATa ca aHTUOKCUAATHBHUM JEJIOBamkbeM y IMOIyJanuju croprucra. Jucepranuja
Jaje neTajbaH MperJie]] pe3ysitaTta Koju yKa3yjy Ha yTUIlaj MPUMEHhEHE CyIUIeMEHTAIl]e Ha
napaMeTpe KpBHE CIHUKe, onabpaHe OHWOXEMHjCKE TIapaMeTpe Kao H Iapamerpe
OKCUJATUBHOT cTaryca, omrehema wmumwmha u wuHGmamanuje. Takohe, mompuHOC
JUcepTalyje je W PasMOTpPeH YyTUIa) CyIUIEMEHTAalje Ha mapamerap moBehaHe
NPOMYCTJBUBOCTH I[peBa M HHAHWKATOpe CcrenupudHe (QHU3NUKEe NPUIPEMIBEHOCTH
KaTeroOpuCcaHMX CIIOPTUCA YKIbYUEHUX Y CTYIH]Y.

10. Munubeme 1 Mpeaior KOMHCHje

Ha ocnoBy cBera wusnoxeHor, Komucuja cmatpa na je aumil ¢apm. OnuHa
Hynamosa [leTpoBruuoBa ocTBapuiIa MOCTaB/bEHE MCTPAKUBAUKE LIUIBEBE M J1a PE3YNTATH
OBE JIOKTOPCKE JAMCepTalfje MpeAcTaB/bajy OpPUIMHAJaH M 3HayajaH Hay4YHU JONPHHOC,
HITO je NOTBpheHO BUXOBUM 00jaBJbUBAKEM Y JIBA pajia y Me)yHapOJHUM 4acoNHUCHMa.

Komucuja mnpemnaxxe HacraBHo-Hayanom Behy ®@apmaneyrckor —¢akynrera
VYuuBep3uteta y beorpany na npuxBaTu mo3uTuBaH l3BemTaj o 3aBpIIEHO] JTOKTOPCKO]
nuceptarju  aumut. dapm. Omunae [lynamoBe IleTpoBudoBe mMOj HA3WBOM ,,¥Y THIA]
cyIUleMeHTalHje KOMILJIEKCOM TJIMjaJiiHA ¢a eKCTPAKTOM [HIbeé CTAHIapPIAH30BAHUM
Ha cajJipxKaj CyNepoKCH] AUCMYTa3e HA MapaMeTpe OKCHIATHBHOI CTATyca U (PU3UUKe
CIIOCOOHOCTH KaTeropucaHux cmnoprucra® u ynytd ra Behy nHayunux obnactu
MEAMIIMHCKUX HayKa, paju JoOujama carilacHOCTH 3a jaBHY 0JI0paHy.

VY Beorpany, 10.5.2024.
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UnanoBu Komucuije:

Hp cu. bpwxkura Bophesuh, penosau npodecop
VYuusepsuret y beorpany — ®apmaneyrcku pakyaTer
[Ipencennnk Komucuje

Jp cu. Buonera Jloncaj, penoBHU nipodecop y MeH3uju

Hp cu. Hena MunuakoBuh, gomeHT,

VYuusep3utet y beorpany - ®apmaneyrcku pakynTer

15



OUEHA U3BEILLUTAJA O MPOBEPU OPUTUHAJIHOCTHU JOKTOPCKE AMCEPTALUMJE

Ha ocnosy INpaBunnunka o noctynky npoBepe opUrHHANHOCTH LOKTOPCKMX AMCEpTalUMja Koje ce Opate Ha
Yuusepsntery y beorpany u nanasa y u3sewrajy w3 nporpama iThenticale KOjuM je W3BpLIEHa npoBepa
OPUFMHANHOCTH IOKTOpCKE AMcepTauuje ,,YTHUaj cynJemenTaumje KOMIUIEKCOM FiaMjaauHa ca
CKCTPAKTOM [HHb€ CTAHAAPAM3OBAHMM Ha CaJAplKaj CyYNepoKcHa [AHCMYTa3e Ha Tnapamerpe
OKCHAATHBHOI CTaTyca M (MIHYKE CMOCOGHOCTH KaTeropucanux crnoprtucra®, aytopa Oaune J.
Nlynawose TlerpoBuuose, koucratyjem aa yrepheno noayaapamwe Tekcra uzHocd 11%. Osaj crene
NOAYAAPHOCTH Mocneauua je kopuwhema TauyHo [epHHHCAHHX HaA3WBa H ONWTHX MeCTa,
Oubamorpadgekux nogataka oamocno Hasohena wopuwhene juTepaType, Kao M noaaTaKa H3
NpPeTXoaHO NMYyGAMKOBAHHX Pe3y.]TaTa AOKTOPAaHAOBHX MCTPa’KMBAaIA, KOjH Cy MPOHCTEKIH M3 HheHe
AncepTaumje, WITO je y ckiaxy ca yiaHom 9. [paBunnuka.

Ha ocHoBy cBera usneror, a y cknauy ca unaHom 8. craB 2. [IpaBuIHMKA O MOCTYIMKY MpoOBEpE
OPUIMHANHOCTH NOKTOPCKMX AMCEpTalMja Koje ce Gpane Ha YHusepsutery y beorpany, usjasibyjem na

M3BELLTA] yKa3yje Ha OPUIHHATHOCT A0OKTOPCKE AUCEPTaLMje, T Ce MPONUCaHU NMOCTyNaK NpUMpemMe 3a heHy

0a0paHy MOXe HacTaBUTH.

Y Beorpany, 25.04.2024 roauHe
Menmop

Ap cu. UBan CrankoBuh

penosHu npodecop, YHuBep3uter y beorpany —
®apmaueyTckH (akynrer

VS
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Simple Summary: Intensive physical activity can cause some deleterious effects on athletes” health
and sports performance. One of the main reasons for these effects seems to be oxidative stress. There-
fore, this study was conducted to see if supplementation with an enzymatic antioxidant containing
superoxide dismutase of plant origin, GliSODin, could reduce some negative effects of oxidative
stress connected to exhaustive exercise. According to the results of this study, it was concluded that
supplementation with GliSODin can protect athletes from muscle damage and decrease inflammation
caused by intensive physical activity and have some positive influence on the sports performance of
elite rowers. Therefore, more studies with a larger number of participants are needed to confirm this
positive effect of GliSODin supplementation.

Abstract: This study aimed to investigate the effect of supplementation with plant origin superoxide
dismutase (SOD), GliSODin, on parameters of muscle damage, metabolic, and work performance
at international level rowers. Twenty-eight rowers were included in a randomized, double-blind
study. The study was conducted during a 6-week preparation period. At the beginning of the study
and after 6 weeks of the supplementation period, all rowers were tested on a rowing ergometer.
Blood samples were taken from the antecubital vein before and after every ergometer testing. Muscle
damage markers creatine kinase (CK) and lactate dehydrogenase (LDH), total antioxidant capacity
(TAC), inflammation parameters interleukin-6 (IL-6), and C-reactive protein (CRP) were measured.
Rowing performance was assessed by lactate level in capillary blood and power output on the rowing
ergometer. After supplementation, experimental group had significantly lower CK (p = 0.049) and
IL-6 (p = 0.035) before and IL-6 (p = 0.050) after exhausting exercise on ergometer. Relative change of
power output at 4 mmol/L concentration of lactate in blood, considering the initial and final test,
was significantly higher (p = 0.020) in the supplemented group. It was concluded that GliSODin
could be considered a good supplement in preventing some deleterious effects of intensive physical
activity, including inflammation and muscle damage, and consequently, to enable a better rowing
performance of elite rowers.

Keywords: athletes; oxidative stress; superoxide dismutase; GliSODin; exhaustive exercise

1. Introduction

Clinical, epidemiological, and basic research evidence clearly suggests that the imple-
mentation of regular physical activity can enhance overall health. It has preventative and
therapeutic effects on many chronic disorders like cardiovascular, metabolic, pulmonary,
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and immunity disorders [1,2]. On the other hand, it has been proven that a high load of
physical activity can cause some serious side effects such as muscle damage, hormone
disbalance, lower immunity, and the occurrence of oxidative stress. Oxidative stress is
considered the main cause of many negative effects of intensive exercise [3]. Oxidative
stress is defined as the “disturbance of the oxidation-reduction balance in favor of oxidants,
leading to a disturbance in redox signaling and control and molecular damage” [4]. Re-
active oxygen species (ROS) are very reactive and the most common type of free radicals
synthetized in our body besides reactive nitrogen (RNS) and sulfurous species (RSS) [5].
ROS are synthetized in small quantities during normal metabolic reactions and they have
many important regulatory roles in an organism, including the immune system, antiox-
idant defense system, and cell signaling. However, excess amounts of free radicals can
easily react with essential molecules such as proteins, lipids, carbohydrates, and DNA
causing damage or even death of a cell [6]. As ROS synthesis is part of usual oxygen
metabolism, our organism has developed an antioxidant defense system to control the
amounts of free radicals. This defense system is conducted of antioxidant enzymes such as
superoxide dismutase (SOD), glutathione peroxidase (GPX), glutathione reductase (GR),
catalase (CAT), and nonenzymatic antioxidants including vitamin C, vitamin E, glutathione,
(3 carotenes, vitamin A. When the production of free radicals overwhelms the capacity of
our antioxidant defense system, oxidative stress occurs [5,7].

Physical activity can cause oxidative stress in a dosage-dependent manner; more
intensive exercise provokes more stress. The main source of ROS during physical activity
is elevated electron leakage from respiratory chain complexes in mitochondria due to
increased oxygen consumption. In addition, ischemic reperfusion of the active muscle
and NADPH-oxidase-producing free radicals in phagocytes is another source of ROS [7].
It is known that regular physical training up-regulates antioxidant defense systems and
elite athletes reduce exercise-induced oxidative stress more effectively [8-10]. Despite
this adaptation mechanism in the periods of intensive training during preparation and
competing season elite athletes can develop oxidative stress. Oxidative stress is most
probably connected with overtraining syndrome leading to higher injury accidence and
decreased sports performance [11].

Over the last few decades, an important focus of sports and nutrition scientists has been
antioxidant supplementation for athletes to overcome the consequences of exercise-induced
oxidative stress. Still, there is no unique answer to this problem. Some studies confirmed
positive effects, especially when multiple antioxidant sources are combined, suggesting
a synergistic effect of vitamins and bioflavonoids [12,13]. Other studies did not find any
effect of supplementation, mostly concerning vitamin C and E supplementation [14,15].
However, some scientist has noticed the negative influence of antioxidant supplementation
in particular due to decreased exercise-induced adaptation [16,17]. Antioxidants used in
these studies were mainly nonenzymatic molecules such as vitamin C, vitamin E, vitamin A,
ALA, and some phytochemicals like quercetin and concentrated vegetable and fruit juice.
Any further information can be found in the listed references [12-17]. A very interesting
approach to this problem is the usage of antioxidants that could enhance an organism’s own
endogenous antioxidant capacity, like enzymatic antioxidants. Supplements containing
SOD can trigger the endogenous antioxidant machinery by stimulating other antioxidant
enzymes, including CAT and GPx, by enhancing oxidative stress signals. SOD catalyzes
the reduction of highly reactive superoxide anion in less reactive hydrogen peroxide.
Hydrogen peroxide is further neutralized into the molecules of oxygen and water by the
activity of CAT and GPX. This seems to be an advantage over nonenzymatic antioxidants
in neutralizing free radicals in a more effective way.

This study aimed to evaluate the effects of supplementations with enzymatic an-
tioxidants based on plant-origin superoxide dismutase, GliSODin. We hypothesized that
supplementation with GliSODin would improve the endogenous antioxidant defense sys-
tem, limit oxidative stress leading to decreased muscle injury and inflammatory response
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and enhance performance during exercise in elite rowers as a typical power endurance
load sport.

2. Materials and Methods

This double-blinded, placebo-controlled human study was approved by the Ethical
committee of the Faculty of Pharmacy, Belgrade University (protocol No. 2192/2). At the
beginning of the study, all participants were informed orally and in written form about the
nature of the investigation and gave their written consent to participate in the study.

2.1. Subjects

Twenty-eight international category rowers participate in this study. Basic anthro-
pometric and training data are shown in Table 1. The sample size was predetermined
using G-power software version 3.1.9.4. According to the assumed change of measured
parameters based on some similar studies with the same supplementation in a similar
group of athletes, we calculated that 28 participants are enough to conduct this kind of
study with the actual power of 0.96, which was high enough to run this study. Including
criteria: healthy athletes without any chronic diseases such as diabetes, cardiovascular,
renal, or gastrointestinal diseases or surgical procedures in the last 6 months that could
interfere with a training regime, both genders, 18 to 30 years old. Exclusion criteria: allergy
to ingredients of the tested supplement, gluten intolerance, supplementation with other
supplements two weeks before the study. All participants were on a regular diet and had
not been taking any other supplements during the study. The athletes were asked to inform
scientific staff if they had been taking some other nutritional supplements or medicines
during the study.

Table 1. GliSODin ingredients.

Usual Name Latin Binomial Plant Part CAS #
Melon concentrate Cucumis melo L. Fruit pulp 90063-94-8
Gliadin Triticum vulgare Wheat grain 9007-90-3
Maltodextrin Triticum spp. Wheat grain 9050-36-6

2.2. Experimental Procedure

Participants in this study were randomly divided into experimental (n = 15) and
control group (1 = 13). The experimental group was supplemented with GliSODin and the
control group received the placebo. Supplementation implied consummation of 500 mg
of GliSODin, two capsules each containing 250 mg, once daily during the 6-week period.
The experimental group took their supplement one hour before training or one hour before
breakfast on days without training. The dose of supplementation was determent according
to the manufacturer’s recommendation. The pharmacokinetic profile of this supplement
is not yet done; the manufacturer recommended supplement to be taken on an empty
stomach before breakfast. We considered that one hour before training is optimal timing
because it would enable neutralization of free radicals produced during training and
athletes habitually do not eat in this period before training and they were additionally
asked to comply with this recommendation. GliSODin is an original antioxidant formula
made of special melon (Cucumis melo LC, Cucurbitaceae) extract rich in SOD combined with
biodegradable protein gliadin, isolated from wheat, manufactured by ISOCELL NUTRA
S.A.S (Paris, France). The composition of the supplement is displayed in Table 1. This
combination is gastroresistant, so it has enabled efficient delivery and resorption of enzymes
in the small intestine by the oral route [18]. The control group took two capsules in the same
period of the day; the capsules had the same appearance but contained only maltodextrin.
Supplementation was conducted during 6 weeks of mesocycle of basic preparation with
habitual physical training work.
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On the first day of the study, before supplementation, and at the end of the 6-week
supplementation period exercise performance of all participants was tested on a rowing
ergometer. Before every testing on the ergometer, all rowers had 24 h resting period as part
of recuperation. A test on an ergometer was conducted with increased interval exercise
load. For males, it was 2 min rowing session with increasing load for every session with
the following protocol: 150 W (watt), 200 W, 250 W, 300 W, 400 W, and individual maximal
effort, with 5 min pauses between the first two session attempts, 6 min between second
two session attempts, and 8 min pause before maximal effort attempt. For females, the load
increased with the following protocol: 150 W, 180 W, 220 W, 250 W, 300 W, and individual
maximal effort with the same pause schema. The rowers’ trainers and medical technicians,
besides the research team, were monitoring the test. The same test was conducted after
6 weeks of supplementation.

During these 6 weeks, the rowers were training according to the schedule determined
by their trainers, once daily, 6 days a week. The duration of every training session during
the study was 1 h 52 min £ 12 min. Moreover, they were advised to adhere to the common
diet without any additional supplementation. To define the selected blood parameters
change during the specific testing load, vein blood samples were taken at initial and final
(after 6 weeks of supplementation) ergometer testing. Blood samples were taken 20 min
before warm-up for ergometer testing when rowers were at a resting state. The second
blood sampling was 10 min after a specific testing load to examine changes in blood
parameters after intensive physical activity. During the ergometer testing, the rowers were
allowed only to drink water.

Blood samples were taken from the antecubital vein using a BD Vacutainer® tube
without additives for serum separation.

2.3. Measurements

Collected blood samples were centrifuged at 3000 RPM for 10 min to separate serum;
serum aliquots were stored at —20 °C until analyzed.

Total antioxidant capacity (TAC) was determined using an automated method de-
veloped by Erel [19]. This method is based on the de-coloration of 2.2'-azinobis-(3-
ethylbenzothiazoline-6-sulphonic acid radical cation (ABTS) by antioxidants present in
serum. The intensity of color change was measured using the Olympus AU-400 Biochemical
Analyzer (Beckman Coulter Inc., Brea, CA, USA). The Trolox (a water-soluble analog of vi-
tamin E, 6-hydroxy-2.5.7.8-tetramethylchroman-2-carboxylic acid) was used for calibration
of reaction rate. Sample TAC values were expressed as mmol Trolox equivalent/L.

Creatine kinase (CK) and lactate dehydrogenase (LDH) activity in serum were mea-
sured using the spectrophotometric method with commercial reagents on Olympus AU-400
Biochemical Analyzer (Beckman Coulter Inc., Brea, CA, USA) expressed in units per
liter (U/L).

Serum samples were used to determine C- reactive protein (CRP) concentration on
Olympus AU-400 Biochemical Analyzer (Beckman Coulter Inc., Brea, CA, USA) by an
immunoturbidimetric method using commercial reagents, expressed in mg/L.

Interleukin-6 (IL-6) concentration in serum was measured using a commercially avail-
able ELISA kit (R&D Systems, Inc., Minneapolis, MN, USA) following the manufacturer’s
instructions. Concentration was determined using a spectrophotometric Microplate reader
(T-6100, Life and Analytical Sciences, Rayto, China) on 450 nm. We have used a highly
sensitive kit (the limit of detection is 0.2 pg/mL), and the concentration of IL-6 is expressed
in pg/mL.

Lactate concentration was measured for every rower during ergometer testing in
capillary blood samples from a finger prick using a hand-handled automatic testing device.
The samples were taken as follows during ergometer testing: before testing in rest (as an
initial lactate level) and 1 min after each 2-min rowing session. We have been using Lactate
Plus hand-held testing devices and matching test strips made by Nova Biomedical. Lactate
concentration was expressed in mmol/L. La peak was a peak concentration of lactate in
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capillary blood after maximal effort attempt measured from samples taken in 1, 3, or 5 min
in rest. The power of rowing at 4 mmol/L of lactate (W at 4 mmol/L La) was calculated as
the relation of achieved watts and the lactate by stages of the incremental test protocol using
a regression square curve according to previously published research [20,21]. W max was
an achieved mean value of power output in Maximal effort at the last test stage. Participant
rowing performance was tested on a wind-resistance-braked rowing ergometer (Model D;
Concept2, Morrisville, VT, USA). Rowers were familiarized with laboratory exercise testing
procedures before the administration of tests. Before initial and final testing (after 6 weeks
of supplementation), all rowers had a self-paced warm-up lasting 5 min on the same
ergometer, 10 min before testing. Graded exercise power and maximal effort power of
every participant were measured on ergometer machines expressed in Watt. Ergometer
machines have monitors where we can continuously follow power output.

2.4. Statistical Analyses

All analyses were conducted using IBM SPSS v23.0 statistical software. As a main
statistical procedure for differences between groups and tests, we used the MANOVA
and ANOVA repeated measure 2 x 2 protocol as a suitable design for our study. The
influence of supplementation on the difference in and between the groups, Partial Eta was
calculated. Difference of average values of variables in relation to the tests in every group
was expressed like delta values in % (ACK, ALDH, ATAC, AIL-6, ACRP). Delta value is
calculated according to the formula: ((Test2/Testl) — 1)-100, where Test1 is the average
value of the variable before ergometer testing for a particular group, and Test2 is the
value of the variable after ergometer testing for the particular group during initial and final
testing. Difference of average values of variables of rowing performance considering groups
(experimental and control) was expressed like delta values in % (ALa peak, AW max, AW at
4 mmol/L La). Delta value is calculated according to the formula: ((Test2/Testl) — 1)-100,
where Testl- is the average value of the variable before supplementation on ergometer
testing for a particular group and Test2—the value of the variable after supplementation
on ergometer testing. The level of statistical significance between variables was defined
based on criterion p < 0.05 [22].

3. Results
3.1. Anthropometric and Training Data of Study Participants

Both groups of rowers, experimental and control, were uniform according to the
anthropometric characteristics, including age, mean height, mean weight, as well as years
of training, and training session duration, as shown in Table 2.

Table 2. Anthropometric and training data.

Experimental Group Control Group

Parameter (1 = 15) (= 13) Differences
Age (years) 255+54 21.8£55 p =0.081
Height (m) 1.86 £+ 0.08 1.87 £ 0.07 p =0.667
Body weight (kg) 86.4 + 8.7 82.1+10.9 p =0.256
Years of training 85+5.0 73 £57 p =0.551
Training duration per day (h) 2.05£0.36 2104+ 047 p=0.778

3.2. Biochemical Parameters

In Table 3, we can see changes in measured biochemical parameters as the result
of intensive physical activity during the initial test on the rowing ergometer. General
differences between groups were not observed (Wilks’ Lambda Value = 0.855, p = 0.599,
Partial Eta? = 0.145). Considering CK and LDH as parameters of muscle damage we can
see there was no differences between initial values of CK and LDH in groups, (CK p = 0.418,
Part. Eta? = 0.025; LDH p = 0.891, Part. Eta? = 0.001). Physical activity induced rise of
both parameters in similar way in groups (CK p = 0.426, Part. Eta? = 0.025; LDH p = 0.662,
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Part. Eta? = 0.007). Total antioxidant capacity was slightly decreased 10 min after physical
activity without any statistically significant differences according to the groups before and
after physical activity (before test p = 0.370, Part. Eta? = 0.031; after test p = 0.974 Part.
Eta® < 0.001). Parameters of inflammation CRP and IL-6 were elevated after exercise.

Table 3. Changes in biochemical parameters during the initial test before supplementation.

Initial Test

Differences T1 (before test) T2 (after test)
Wilks’
Lambda 0.855 0.925
Value
F 0.744 0.357
p 0.599 0.872
Partial Eta® 0.145 0.075
Experimental group  Control group  Experimental group  Control group
(n=15) (n=13) (n=15) (n=13)
CK (U/L) 173 4+ 125 . 209 + 102 225 + 152 . 266 + 109
p = 0.418, Part. Eta” = 0.025 p = 0.426, Part. Eta” = 0.025
148 4+ 21 147 + 16 177 + 23 180 + 17
LDH (U/L) p = 0.891, Part. Eta® = 0.001 p = 0.662, Part. Eta® = 0.007
TAC 4.26 +0.43 4114045 4.08 + 0.57 4.07 £ 0.66
(mmol/L) p = 0.370, Part. Eta? = 0.031 p = 0.974, Part. Eta® < 0.001
L6 (pg/mL) 15.87 +3.23 15.29 4+ 3.35 17.77 £ 2.48 17.49 £+ 2.97
p = 0.648, Part. Eta = 0.008 p = 0.788, Part. Eta? = 0.003
CRP (mg/L) 0.88 + 0.64 0.62 +0.28 0.93 + 0.66 0.68 +0.34
p = 0.175, Part. Eta? = 0.070 p = 0.221, Part. Eta? = 0.057

Partial Eta? = 0.01 indicates a small effect, Partial Eta? = 0.06 indicates a medium effect, Partial Eta? = 0.14 indicates
a large effect. p < 0.05, statistical significance.

Table 4 shows the final results of measured values after 6 weeks of supplementation.
General multivariate linear model shows there is some significant differences between
measured parameters after supplementation according to groups before exercise (Wilks’
Lambda Value = 0.515, F = 4.151, p = 0.008, Partial Eta? = 0.480). The initial value of CK was
significantly lower in the experimental group (p = 0.049) same as the initial values of IL-6
(p =0.035) after 6 weeks of supplementation compared to the control group. Other measured
parameters, including LDH, TAC, and CRP, did not differ significantly. Established value of
Partial Eta? = 0.062 for LDH indicates lower resting values in the experimental group in the
final test. After ergometer testing, all values followed the trend of change same as during
testing before supplementation, and there were no generally significant differences between
values according to groups (WLV = 0.661, F = 2.253, p = 0.085, Partial Eta? = 0.339). Specific
maximal effort training has had the same influence on measured parameters according to
groups (CK p = 0.139, LDH p = 0.245, TAC p = 0.162, CRP p = 0.897) except significantly
lower values of IL-6 after testing in experimental group (p = 0.050). Partial Eta? = 0.082 for
CK shows a tendency for lower CK serum concentration in the experimental group at the
final test after exercise, the same as Partial Eta? = 0.074 for TAC indicates higher values in
the experimental group.

Effects of maximal effort controlled physical activity in the form of ergometer testing
of rowers on changes of measured parameters inside the groups are shown in Table 5.
Results are presented as delta values expressed in the percentage of change of some
parameters according to tests (Test1- before exercise, Test2- after exercise) during initial
and final testing. There were no statistically significant differences between changes of
parameters of muscle damage (ACK p = 0.919, ALDH p = 0.509), antioxidant capacity
(ATAC p = 0.579), and observed inflammation parameters (AIL-6 p = 0.596, ACRP p = 0.763)
between groups on initial testing before supplementation. Observing changes in parameters
inside the groups influenced by ergometer testing after 6 weeks of supplementation, we
can see there was a significant difference between changes in CK in the experimental
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and control group (p = 0.032). Changes in other parameters were without significant
differences according to the groups. The third part of Table 4 shows delta differences (in %)
between tests (initial and final) according to variables considering groups (experimental and
control); this demonstrates the overall effect of supplementation on selected biochemical
parameters in a group of elite rowers. Parameters of muscle damage and inflammation
have reached statistically significant change (ACK p = 0.009, AIL-6 p = 0.031) considering
groups through initial and final testing, while LDH, TAC, and CRP changes were without

statistical significance.

Table 4. Changes in biochemical parameters during ergometer test after 6 weeks of supplementation.

Final Test
Differences T1 (before test) T2 (after test)
Wilks” Lambda 0515 0.661
Value
F 4.151 2.253
p 0.008 0.085
Partial Eta® 0.485 0.339
Expe;gﬂental Control group Experimental Control group
(5 ° 115’) (n=13) (n=13)
152 + 63 215 + 101 249 + 98
CKU/D) p = 0.049, Part. Eta® = 0.137 p = 0.139, Part. Eta? = 0.082
145 + 19 155 + 19 185 + 22
LDH (U/L) p = 0.201, Part. Eta” = 0.062 p = 0.245, Part. Eta? = 0.052
434+ 057 417 + 043 412 4055 3.81 4+ 0.59
TAC (mmol/L) p = 0.391, Part. Eta? = 0.028 p = 0.162, Part. Eta? = 0.074
IL-6 (pg/mL) 10.59 + 5.67 14.44 +2.83 13.33 £ 5.65 16.64 + 1.85
P& p = 0.035, Part. Eta? = 0.159 p = 0.050, Part. Eta? = 0.136
0.68 + 0.41 0.62 + 0.38 0.68 + 0.34 0.66 + 0.41

CRP (mg/L) p = 0.677, Part. Eta® = 0.007

p = 0.897, Part. Eta = 0.001

Partial Eta? = 0.01 indicates a small effect, Partial Eta? = 0.06 indicates a medium effect, Partial EtaZ = 0.14 indicates

a large effect. p < 0.05, statistical significance.

Table 5. Changes in measured biochemical parameters due to specific maximal effort physical activity

according to tests and experimental groups.

ACK (%) ALDH (%) ATAC (%) AIL-6 (%) ACRP (%)

Initial test
Exp. group 32.95 + 13.94 20.90 + 12.62 -1.0£12.0 14.37 £+ 16.45 491 +8.78
Control group 32.37 + 15.96 23.86 + 10.45 —3.80 4+ 14.03 19.33 £ 31.15 6.27 £+ 14.51
p-values 0.919 0.509 0.579 0.596 0.763

Final test
Exp. group 30.28 +£9.2 21.37 £ 9.36 —3.83 - 14.64 47.51 + 54.74 224 +11.1
Control group 20.2 +14.14 19.71 - 5.84 —7.79 + 15.02 18.06 = 17.44 5.14 +8.72
p-values 0.032 0.586 0.486 0.075 0.454

Initial vs. Final test

Exp. group —2.67 +11.52 0.47 4+ 18.40 —0.027 + 18.16 33.14 + 50.57 —2.67 +13.30
Control group —-12.17 £ 3.85 —4.13 +9.442 —6.79 +14.26 —-1.27 +£21.24 -1.12 +12.74
p-values 0.009 0.423 0.289 0.031 0.757

Work physical performance of elite rowers was estimated using changes in La peak,
W max, and W at 4 mmol/L La. All parameters of sports performance were similar in both
groups before (initial test) and after supplementation (final test), as it is showed in Table 6.
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Table 6. Sport performance parameters changes during the ergometer test before and after supplementation.

Initial Test Final Test
Experimental gr: (n=15) Control group Experimental gr: (n=15) Control group
perimental group (n = (n=13) perimental group (n = (n=13)
La peak (mmol/L) 14.85 + 1.52 14.23 + 1.61 15.39 + 1.55 15.37 +1.84
P p = 0.299, Part. Eta? = 0.041 p = 0.978, Part. Eta? < 0.001
W max (Watt) 453.21 4 82.06 439.37 4 83.84 459.07 4 78.67 445.04 +82.84
p = 0.663, Part. Eta® = 0.007 p = 0.650, Part. Eta® = 0.008
270.69 + 47.41 269.18 4 50.23 281.30 4 47.49 266.53 + 49.57
Watdmmol/LLa(Watt) - 930 pare Eta? < 0.001 p = 0.429, Part. Eta? = 0.024

Partial Eta? = 0.01 indicates a small effect, Partial Eta? = 0.06 indicates a medium effect, Partial Eta? = 0.14 indicates
a large effect. p < 0.05, statistical significance.

In Figure 1, all delta differences (in %) between tests (Initial Test and Final Test) ac-
cording to variables of rowing performance considering groups (experimental and control)
are graphically shown. There were no statistically significant differences in La peak and
W max values. On the other hand, there was a big change in W at 4 mmol/L La. In an
experimental group, there was an increase in power output at 4 mmol/L concentration of
lactate in capillary blood, unlike in the control group, where this value was significantly
lower (p = 0.020).

i p=0.020

10

p=0.982

| Experimental group

p=0.300 | Control group

2 4

o) mnlll

0.54+1.55 1.14+1.44  5.86+20.92 5.72+8.38 10.66+14.87

-2
—2.65+13.42

ALa peak AW max AW at4 mmol/LLa

-4

Figure 1. Descriptive results considering explored variables of sports performance according to the
tests and supplementation groups expressed as a delta value (in % of differences).

4. Discussion

This study was undertaken to examine the effects of a new orally effective antioxidant
supplement consisting of vegetable origin SOD chemically combined with wheat gliadin,
GliSODin, on parameters of muscle damage, inflammation, and work performance in elite
rowers during intensive physical activity. Twenty-eight elite international class rowers par-
ticipated in the study, while supplementation was conducted during 6 weeks of mesocycle
of the basic preparation period.

Itis a fact that strenuous physical activity leads to oxidative stress. In 1978, Dillard et al. [23]
were the first to demonstrate that physical exercise can lead to an increase in lipid per-
oxidation, which is one of the markers of oxidative stress. Oxidative stress is considered
one of the most important factors that contribute to the development of muscle fatigue
and damage during exercise [24,25]. The increased activities of CK and LDH enzymes in
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plasma are considered a biochemical marker of muscle damage and are commonly used
in clinical practice [26,27]. Creatine kinase and LDH are also indicators of the degree of
metabolic adaptation to the physical training of skeletal muscles. Both enzymes are part
of muscle metabolism, and their serum concentration is normally very low; they increase
notably after intensive exercise and in muscle pathology [28,29]. High serum CK activity
is a consequence of damage to the sarcolemmal membrane [30]. The damage is probably
proportional to the duration and intensity of the contraction and is related to the severity
of muscle soreness [31]. In our research, CK serum concentration was higher after physical
activity as we expected at the beginning of the study (173 & 125 vs. 225 + 152 in the experi-
mental group, 209 £ 101 vs. 266 £ 109 in the control group) without statistically significant
differences between groups. After 6 weeks of supplementation, the initial value of CK in the
experimental group (152 & 62 U/L) was significantly lower compared to the control group
(215 + 101 U/L); p = 0.049, Partial Eta? = 0.137. After performance testing, the CK value
was not significantly different, but Partial Eta? = 0.082 pointed to the trend of lower values
in the experimental group. This finding is in line with the previously published study
indicating that the antioxidant effect of GliSODin had a protective influence on muscles.
The same changes in resting level of CK were found in the study with college soccer players
who, supplemented with the combined antioxidant supplement Resurgex Plus, containing
500 mg of GliSODin [32]. It was suggested that lower initial values of CK indicate that the
supplement does not attenuate acute muscle breakdown in response to exercise but rather
improves the rate of recovery. A study with Polish national class rowers, supplemented
with GliSODin, also considered changes in CK and LDH after 6 weeks of supplementation.
In this study, they noticed the same pattern of the rise of CK and LDH after maximal
effort 2000-m time trial and lower initial value of CK after supplementation, but without
significant differences between the groups. Plasma LDH activities have been reported to
increase immediately or within 8 h after an exercise [33]. Lactate dehydrogenase serum
concentration was higher after exercise in both groups (exp.gr. 148 £+ 21 U/L vs.177 £ 22,
cont.gr. 147 & 16 U/L vs. 180 & 17 U/L) in initial and final testing without any significant
differences considering the groups. During the final test, Partial Eta? = 0.0620 pointed to
potentially significantly lower initial values of LDH in the experimental group. Including
more biochemical parameters of muscle damage like myoglobin, aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), and muscle biopsy could give a better insight
into the GliSODin effects on muscle damage. Although these measurements overcome the
limitation of this study, they are worthy of consideration for any further research work.

Total antioxidant capacity is part of the nonenzymatic defense system protecting our
body against the excess amount of free radicals. Uric acid, the final product of purine
metabolism, is thought to be the main part of this antioxidant system and the most impor-
tant nonenzymatic plasma antioxidant [34]. According to Wayner, Burton, Ingold, Barclay,
and Locke [35], uric acid determines about 35-65% of TAC. After exhaustive exercise and
ischemia, uric acid is taken up by the muscles, most probably to be used as an intracellular
antioxidant. In Hellsten et al. [36], they noticed this uptake of uric acid by the muscles
is most probable in the 2nd and 10th min after ischemia. This is in agreement with our
findings that TAC is slightly lower 10 min after strenuous exercise related to probable
ischemia in muscles. Changes in TAC values were the same in both groups during the
initial and final tests. Partial Eta = 0.074 at the final test indicates potentially significantly
higher values in the experimental group after exercise. This can be explained as an effect of
supplementation; less oxidative stress demands a lower antioxidant uptake by muscles.

It is suggested that damage to muscle cells caused by free radicals formed during
exercise may initialize inflammation [37]. This is the reason why we observed the influence
of supplementation on inflammation parameters. We have chosen IL-6 as a cytokine which
is one of the sensitive indicators of inflammation in the body and CRP as one of the proteins
of the acute phase used for estimation of the nonspecific inflammation process in everyday
practice [38]. IL-6 is activated after binding to soluble receptors. This complex is believed
to be a central regulator of immunological and inflammatory processes in humans [39,40].
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Acute phase responses to stress in the liver are also induced by IL-6, which includes the
synthesis of several unique hepatic proteins. C-reactive protein (CRP) is an example of an
acute phase protein and is a sensitive marker of inflammation regardless of etiology. It has
been believed that the synthesis of CRP is induced by both IL-6 and IL-1. However, recently
some studies found that basal CRP level in healthy individuals is mostly regulated by
IL-1[41,42]. The release of IL-6 after exercise is caused mainly by the working skeletal mus-
cle, although it can be secreted by different tissues [43]. In our study, IL-6 level was similar
in both groups before exercise (exp.gr. 15.87 &+ 3.23 pg/mL, cont.gr. 15.29 £ 3.35 pg/mL)
and strenuous physical activity caused similar elevation of the IL-6 in both groups (exp.gr
17.77 £ 2.48 pg/mL, cont.gr. 17.49 £ 2.97 pg/mL). However, after 6 weeks of supplementa-
tion, there was a statistically significant decrease in IL-6 in the experimental group before
(p = 0.035) and after (p = 0.050) the ergometer testing compared to the control group. A
lower baseline level of IL-6 in the experimental group after supplementation indicates,
similar to CK, a positive influence on the recovery process after intensive exercise related
to training, decreasing inflammation reaction caused by oxidative stress. However, signifi-
cantly lower IL-6 after ergometer testing appears to be due to a protective effect on acute
muscle damage.

CRP level was a little bit, not significantly, higher in the experimental group at initial
testing but no physical activity or supplementation had a significant influence on this
biochemical parameter. A study similar to ours with Polish national rowers has proved
the beneficial effect of GliSODin supplementation on inflammation levels using exactly
CRP as a marker. In this study 2000-m maximal effort ergometer test did not influence the
CRP level, but after 6 weeks of the basic supplementation level of CRP before ergometer
testing was significantly lower in the experimental group. This finding is not coincident
with ours, even though there was some decrease in CRP level in the final test in the
experimental group but significance was absent [44]. Some studies have evidenced that
there is no correlation between the level of IL-6 and CRP after strenuous exercise, where
even IL-6 level was elevated after cycling to exhaustion; CRP was unchanged [45]. Studies
that have investigated changes in levels of an inflammatory marker, including CRP, after
intensive exercise in men conclude that the rise in CRP levels after intensive exercise may
be time-lagged [46]. Some studies observed an increase in plasma CRP levels as late as
7 days after exercise in triathletes [47]. Finally, Miles et al. [48] reported a rise in CRP levels
4 h after a 32-km mountain trial race, and CRP concentrations further increased after
24-h restitution. After these findings, we can assume that in our case, it is possible that
the CRP level rose later after physical activity, not in the first 10 min. To gain a better
perspective of the anti-inflammation effect of the supplement, it would be very interesting
to examine more inflammation parameters (IL-8, IL-10, TNF-«, cortisol) during 24 h after
ergometer testing.

To estimate the rowing performance of athletes included in our study, we have been
measuring maximal blood lactate concentration after the ergometer testing, maximally
achieved power (workload), and rowing power at a lactate concentration of 4 mmol/L.
Lucia et al. [49] concluded that the main physiologic advantage of professional athletes
was their ability to maintain very high workloads without intolerably high lactate concen-
trations in their blood. In reality, this likely represents superiority in both oxygen delivery
and lactate utilization process in their body. In our study, maximal lactate concentration,
maximal power in ergometer testing, and estimated power at 4 mmol/L lactate concen-
tration were used as parameters of performance and endurance (Table 6). There were no
significant differences between groups at initial testing, same as at final testing in maximal
lactate concentration and maximal achieved power (W max). These results are not very
surprising because training during the period of 6 weeks of basic preparation was not
specifically planned for every rower to enhance specific, i.e., competitive rowing abilities.
It is likely that the basic, i.e., predominantly low and middle-intensity aerobic training,
even provokes positive adaptation (Figure 1, ALa peak = 0.54 &+ 1.55 vs. 1.14 + 1.44%,
AW max = 5.86 £ 20.92 vs. 5.72 & 8.38% Experimental vs. Control group Initial vs. Final
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test, respectively), did not result in statistically significant metabolic adaptation in the
subjects in terms of increasing the production of maximally achieved anaerobic acido-
sis (Table 6, La peak—Experimental group = 14.95 £ 1.52 vs. 15.39 £ 1.55 and Control
group = 14.23 £ 1.61 vs. 15.37 £ 1.84 mmol/L Initial vs. Final test, respectively), or in terms
of maximally achieved rowing power (Table 6, W max—Experimental group = 453.21 + 82.06
vs. 459.07 &+ 78.67 and Control group = 439.37 £ 83.84 vs. 445.04 + 82.84 Watt Initial vs.
Final test, respectively). However, when it comes to the level of rowing power at 4 mmol/L lac-
tate concentration after supplementation, we can notice statistically significantly better results
in the experimental group (Table 6, W at 4 mmol/L—Experimental group = 270.69 + 47.41
vs. 281.30 £ 47.49 and Control group = 269.18 + 50.23 vs. 266.53 £ 49.57 Watt Initial
vs. Final test, respectively). Although in the control group, after 6 weeks of training, a
slight decrease in rowing power at a metabolic load of 4 mmol/L was observed (which is a
possible consequence of different individual adaptive abilities of the subjects in the group
or different states of cumulative fatigue after 6-week training), however, the experimental
group showed statistically significantly higher rowing power at the same load (Figure 1,
10.66% vs. —2.65%, experimental vs. Control group, respectively). In other words, it can be
considered that supplementation with GliSODin could provide better exercise performance
for professional athletes at an intensity of OBLA, i.e., 4 mmol/L of metabolic acidosis.
These results, it seems, indicate that GliSODin could be used as good nutritional support
under conditions of prolonged and strenuous physical activity, suppressing adverse effects
of oxidative stress on muscle damage, inflammation, and sports performance.

5. Conclusions

According to these results, we can conclude that supplementation with antioxidant
GliSODin 500 mg per day in a population of elite rowers during 6 weeks of mesocycle of
basic preparing period had a significant influence on the parameters of muscle damage,
inflammation, and sports performance. Despite the fact that GliSODin is an antioxidant
supplement, during the 6 weeks of applied supplementations, we did not find any statisti-
cally significant changes in total antioxidant capacity, but we did notice lower initial values
of CK and IL-6 and enhanced power at 4 mmol/L lactate concentration. The medium effect
size of positive change of CRP, LDH, and TAC are also encouraging for future studies. The
limitation of this study was the small number of participants and duration of the study. The
longer period of supplementation would enable cumulative effects, which could become
apparent in performance outcomes. Moreover, the study was conducted during the basic
preparation period when rowers did not have very severe, specifically intensive, training
sessions. It would be interesting for further investigation to consider supplementation
during exhausting training sessions before and during the competition period when ath-
letes are more likely exposed to oxidative stress. Moreover, more controlled conditions
concerning nutrition and free time activities would exclude possible interactions with food
and lack of rest periods. This could provide a better quality of obtained results of a study.
These positive results in the supplemented group are the reason why it can be concluded
that further studies are needed with a large number of participants during longer periods of
time in more controlled conditions to confirm the beneficial activity of GliSODin in athletes,
protecting them from adverse effects of oxidative stress.
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Abstract: A randomized, double-blind, placebo-controlled study was conducted to investigate the
influence of supplementation with a superoxide dismutase (SOD)-rich plant extract on markers of ox-
idative stress, zonulin levels and the performance of elite athletes. Participants were 30 international-
level rowers, divided into an experimental group (n = 15) and a control group (1 = 15). The rowers
performed a maximal effort incremental test on a rowing ergometer at the beginning and at the end
of the study. Markers of oxidative stress (total antioxidant status (TAS), total oxidant status (TOS),
oxidative stress index (OSI), superoxide dismutase (SOD), glutathione peroxidase (GPx), advanced
oxidation protein products (AOPPs), malondialdehyde (MDA), sulthydryl (SH) groups, bilirubin, uric
acid, albumin and zonulin) were determined in serum. A lower TOS (p = 0.010) and OSI (p = 0.004), a
lower MDA (p = 0.001) and a higher level of SH groups (p = 0.031) were observed in the experimental
group after supplementation. Physical performance was evaluated through metabolic efficiency, tak-
ing lactate levels and power output on the ergometer into account. After 6 weeks of supplementation,
the relative increase in metabolic efficiency at a 4 mmol/L lactate concentration and maximal effort
was significantly higher in the experimental group (p = 0.004 and p = 0.015, respectively). These
results suggest that supplementation with a SOD-rich extract promotes lower oxidative stress, better
antioxidant protection and, consequently, the better work performance of athletes.

Keywords: oxidative stress; athletes; superoxide dismutase; supplementation; zonulin

1. Introduction

Oxidative stress is a phenomenon that has been the focus of numerous studies in
various fields of science in recent decades. Oxidative stress represents an imbalance be-
tween oxidants and antioxidants in favor of oxidants. Oxidants have the properties of free
radicals that have one or more unpaired electrons in their atomic orbital, which makes these
compounds very reactive. The most common oxidants in aerobic organisms are reactive
oxygen species (ROS). Various oxidants are synthetized during normal essential metabolic
processes in the human body, but there are also many external causes that increase the
chance of oxidative stress occurrence, including exposure to radiation, industrial chem-
icals, air pollutants, cigarette smoking, ozone, certain drugs and pesticides [1]. Besides
this, strenuous exercise can also trigger a higher level of ROS synthesis. Elevated oxygen
consumption during exercise contributes to a rise in ROS production by various cells and
tissues, dependent on the exercise intensity, duration and training status of athletes [2].
High levels of ROS are associated with increased lipid peroxidation, glutathione oxidation,
cellular lipids, proteins and DNA damage [3]. Oxidative stress is therefore connected
to many undesirable processes in the human body, including aging processes; acquired
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immune deficiency syndrome; atherosclerosis; inflammatory diseases; the development
and deterioration of some chronic diseases, such as cardiovascular and neurodegenerative
diseases; cataracts; diabetes; and even cancer [1]. Exercise-induced oxidative stress is com-
mon in elite athletes due to intense training sessions and insufficient rest time, especially
during the preparation and competition periods. Overtraining syndrome, a condition char-
acterized by a higher injury frequency and lower athletic performance, is associated with
elevated levels of oxidative stress biomarkers [4]. However, repetitive exercise can lead to
the increased expression of antioxidant enzymes, regulated by higher levels of free radicals,
leading to a stronger antioxidant defense system in athletes [5,6]. However, this adaptation
mechanism often fails during periods of intense training [7,8]. Therefore, strategies of
carefully planned training and an adequate diet for athletes frequently take into account
additional antioxidant supplementation. There are numerous research papers related to
antioxidant supplementation in sport, mostly with non-enzymatic antioxidants, including
vitamins, minerals and phytochemicals, but much less with enzymatic antioxidants. Mostly,
the antioxidant activity of plants is related to the occurrence of polyphenols naturally
synthetized in various plant species. Quercetin is an antioxidant classed as a flavonoid
and is found in foods such as red onion, dill and apple. It has been demonstrated that
quercetin can encourage mitochondrial growth and reduce the perceived effort of exercise.
Resveratrol is a naturally occurring polyphenol found in red grape and is thought to be
responsible for many of the health benefits of the Mediterranean diet. Resveratrol, as with
some other polyphenols, can induce mitochondrial biogenesis, which has subsequently
been shown to enhance endurance capacity. Beetroot juice contains various phytochemi-
cals, including betalain and polyphenols, which are from the anthocyanin and flavonoid
subclass. Compared with that of other vegetables, the polyphenol content of beetroot
is high. Beetroot juice also contains nitrate. It has been proven than nitrate content can
contribute some performance benefits [9]. Chokeberry juice supplementation in a group
of rowers limited exercise-induced oxidative damage to red blood cells, most probably
by enhancing their endogenous antioxidant defense system due to its high anthocyanin
content [10]. Also, artichoke extract has antioxidant properties thanks to its high content of
chlorogenic acid, cynarine and flavonoids—derivatives of luteolin, and it is used in athletes’
supplementation [11].

Cucumis melo L.C. (Cucurbitaceae) is a plant naturally rich in SOD, and it is used in the
formulation of an enzymatic antioxidant supplement containing melon extract combined
with a gastro-resistant delivery system made of a biodegradable polymer (wheat gliadin),
named GIliSODin. Superoxide dismutase (SOD) is an essential part of our enzymatic
antioxidant defense system. Joe McCord and Irwin Fridovich were the first scientists to
describe the enzymatic activity of SOD and suggest its essential role in the defense system
against free radicals, especially reactive oxygen species (ROS) [12]. Superoxide dismutase is
a metalloenzyme present in three isoforms in humans: cytosolic copper—zinc SOD (SOD1),
mitochondrial manganese SOD (SOD2) and extracellular copper-zinc SOD (SOD3) [13]. The
main role of SOD is to catalyze the conversation of superoxide anion O,°~, a very reactive
free radical molecule, to the less reactive hydrogen peroxide HyO;, further catabolized
by catalase (CAT) and glutathione peroxidase (GPx) into HO and O,, thus preventing
their further oxidation activity. Gliadin is utilized in this combination to provide gastro-
resistance, but there are studies that have reported gliadin as being one of the most powerful
triggers for zonulin release [14,15]. Zonulin is a physiological mediator known to regulate
intestinal permeability reversibly by modulating intercellular tight junction openings [16].
It is used as a biochemical marker of increased gastric permeability. Nevertheless, strenuous
exercise can trigger gastrointestinal problems, which may be a serious problem for athletes.
A temporary disruption of splanchnic circulation can be caused by blood redistribution to
peripheral tissue, which demands a higher level of oxygen supply during exercise. After
intense exercise, when normal circulation is re-established, there is a large influx of oxygen
to hypoxic gastrointestinal tissue, which can trigger higher ROS production, inflammation
and mucosa damage, known as ischemia-reperfusion injury (IRI). These processes lead to
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enhanced gastrointestinal permeability and an enhanced zonulin level [17-19]. For these
reasons, we investigate how 6 weeks of supplementation with a SOD-rich plant extract
combined with gliadin can influence zonulin levels in athletes.

To the best of our current knowledge, there are only a few studies concerning the
benefits of supplementation with GliSODin in athletes. The results of these studies suggest
that supplementation can enhance antioxidant status [20] and reduce the level of oxidative
stress [21], inflammation [20,22] and muscle damage [21,22]. Based on these findings,
the main hypothesis was that supplementation with GliSODin will reduce the level of
exercise-related oxidative stress. So, the goal of the current study was to examine in more
detail the influence of a SOD-rich melo extract combined with gliadin supplementation
on oxidative stress markers and the antioxidant response after forced training and on the
parameters of sport performance and zonulin levels in elite athletes.

2. Materials and Methods

A randomized, double-blind, placebo-controlled study was conducted in accordance
with the guidelines of the Declaration of Helsinki. The study was approved by the Ethics
Committee of the Faculty of Pharmacy, Belgrade University (Protocol No. 2192/2). It is
also on the Australian New Zealand Clinical Trials Registry (www.anzctr.org.au, accessed
on 21 February 2022), study registry number: ACTRN12622000319774. The study protocol
and the nature of the study were explained verbally and in written form to all participants.
Written informed consent was obtained from the participants before the start of the study.

2.1. Subjects

Thirty (30) international-level rowers were recruited as subjects for this study. The
sample size was determined using G-power software, version 3.1.9.4. All participants met
the following inclusion criteria: healthy athletes, 18 to 30 years old and either gender. The
exclusion criteria were as follows: gluten intolerance, allergy to any of the ingredients of
the tested supplement and intake of other antioxidant supplements two weeks prior to the
study. All participants were in good health and had no chronic medical conditions, such as
diabetes or cardiovascular, gastrointestinal or kidney disease, or a surgical procedure in the
previous 6 months that could interfere with the training regime. The athletes were asked
not to take any other dietary supplements during the study and to inform the scientific
staff if they had taken any other dietary supplements or medication during the study. The
rowers were advised to stick to their regular eating habits.

2.2. Experimental Procedure

The athletes were randomly assigned to one of two groups. The experimental group
(n = 15) received 2 GliSOdin capsules (2 x 250 mg) daily for 6 weeks, while the control
group (n = 15) received 2 placebo capsules. The applied dose of the dietary supplement
was determined according to the recommendations of the manufacturer. The placebo and
GliSODin capsules were identical in appearance and taste. The placebo capsules contained
maltodextrin instead of the active ingredient and magnesium stearate, mannitol and silicon
dioxide as excipients. The GliSODin capsules contained 250 mg of concentrated melon
extract naturally rich in SOD (Cucumis Melo L.C., Cucurbitacea), with an enzyme activity of
1mg GliSODin = 11U SOD, combined with biodegradable protein gliadin, microcrystalline
celluloses and magnesium stearate as excipients, manufactured by ISOCELL NUTRA
S.A.S (Paris, France). A list of the ingredients of GliSODin can be found in Table 1. The
combination of the enzyme and gliadin isolated from wheat is gastro-resistant, so it should
ensure efficient bioavailability of the orally ingested enzyme [23]. The rowers took their
supplement or placebo capsules one hour prior to training or one hour prior to breakfast on
non-training days. The manufacturer recommended taking the supplement on an empty
stomach. So, we agreed that one hour before training is a good time to take the supplement,
as it may ensure the neutralization of the reactive species formed during training. The
athletes were asked not to eat before training, which was in line with their usual meal
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plan recommendations. Supplementation was conducted during the mesocycle of baseline
preparation with the usual training schedule and lasted 6 weeks.

Table 1. GliSOD in ingredients.

Usual Name Latin Binomial Plant Part CAS
Melon concentrate Cucumis melo L. Fruit pulp 90063-94-8
Gliadin Triticum vulgare Wheat grain 9007-90-3
Maltodextrin Triticum spp. Wheat grain 9050-36-6

The study protocol was designed to test the effect of supplementation on the oxidative
stress induced by strenuous exercise, as well as on the baseline level of oxidative stress
parameters during the 6-week supplementation. To assess the effect of GliSODin sup-
plementation after intense exercise, a rowing ergometer was used for tests, in which all
participants were tested to exhaustion on the first day at the beginning of the study and at
the end of the supplementation period (after 6 weeks). Before the ergometer test, the rowers
had a 24-h rest period as part of recuperation. On the rowing ergometer, an increased
interval step test protocol was used according to a previously published study [22]. The test
protocol was as follows: Rowers rowed 6 x 2 min with 5 min rest between the first two sets,
6 min between the second two sets and 8 min rest prior to the final session attempts. The
rowing intensity was 150 W (watts), 200 W, 250 W, 300 W, 400 W and individual maximal
effort for males, and 150 W, 180 W, 220 W, 250 W, 300 W and individual maximal effort for
female rowers.

The rowers followed a training schedule set by their coaches during the 6-week
supplementation period. They trained 6 days per week, with each training session lasting
an average of 2.05 h.

Venous blood samples were taken on two occasions, both before the ergometer tests
at the beginning of the study (initial test) and at the end of the study (final test). The first
blood samples (initial blood sampling) were taken in the morning hours at rest, 20 min
before the warm-up on the rowing ergometer. Secondly, blood samples were taken 10 min
after testing on the ergometer until exhaustion in order to observe the changes in the
blood parameters related to intensive exercise. During the sport performance testing, the
rowers were only allowed to drink water. The lactate level in the capillary blood was also
monitored during the tests. The baseline values were determined before training, and the
rise in lactate levels was tracked 1 min after each 2-min rowing session. The same blood
sampling was performed at the final testing. A schematic of the study protocol is shown in
Figure 1.

Experimental Ergometer Ergometer

testing " testing
group il supplementation final

Initial o Final blood - Initial L — Final blood
blood

blood sampling sampling
sampling sampling

6 weeks

Ergometer
Control

testing
final

Ergometer
testing
group initial

6 weeks

supplementation

Figure 1. Study protocol.

Blood samples were taken from the antecubital vein and collected in BD Vacutainer®

tubes without additives for serum separation. Serum was separated via centrifugation at
3000 rpm for 10 min, and aliquots were stored at —20 °C or —80 °C until analysis.
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2.3. Measurement

In this study, we analyzed several prooxidant and antioxidant parameters as specific
markers of free radical damaging activity. As markers of the oxidative/antioxidative status,
we measured the total oxidative status (TOS), total antioxidative status (TAS) and oxidative
status index (OSI).

The total oxidative status (TOS) was determined using a spectrophotometric method
by Erel [24]. Ferrous ion-o-dianisidine complexes are oxidized into ferric ions by the
oxidizing agents present in the serum, and the reaction is enhanced by glycerol. The ferric
ions form a colored complex with xylenol orange in an acidic medium. The color intensity
is measured spectrophotometrically at 540 nm and correlates with the total number of
oxidant molecules present in the sample. The assay is calibrated with hydrogen peroxide,
and the results are expressed as micromolar hydrogen peroxide equivalent per liter (umol
H,0; equiv./L); in our study, it was calculated as mmol H,O, equiv./L, and TAS was
calculated in the same way to be able to determine their ratio.

The total antioxidant status (TAS) in serum was determined using an automated
measurement method based on the decolorization of the characteristic color of a 2,2'-azino-
bis[3-ethylbenzthiazoline-6-sulfonic acid] (ABTS) radical cation by the antioxidants present
in the sample. The intensity of the color change was measured using an Olympus AU-400
Biochemical Analyzer (Beckman Coulter INC. Brea, CA, USA). Trolox (a water-soluble
analog of vitamin E, 6-hydroxy-2.5.7.8-tetramethylchroman-2-carboxylic acid) was used to
calibrate the reaction rate. The TAS values of the samples are expressed as mmol Trolox
equivalent/L [25].

The oxidative stress index (OSI), as a predictor of the antioxidant/prooxidant balance,
was calculated as the ratio between TOS and TAS.

The MDA (malondialdehyde) level was determined using a thiobarbituric acid-
reactive substance (TBARS) spectrophotometric assay based on the maximum absorbance
of MDA and other TBARSs at 535 nm, as previously described by Girotti et al. [26].

AOPPs (advanced oxidation protein products) were determined spectrophotomet-
rically at 340 nm under acidic conditions in the presence of potassium iodide according
to the method previously described by Witko-Sarsat et al. [27]. AOPP concentrations
were calibrated with chloramine-T solution and are expressed as pumol/L of chloramine-T
equivalents.

The concentrations of sulfhydryl groups (SH groups) in plasma were determined
spectrophotometrically according to the method developed by Ellmann [28], in which
the reaction of SH groups with 0.2 mmol/L 5,5'-dithiobis (2-nitrobenzoic acid) (DTNB) is
followed by a color intensity change at 412 nm.

Uric acid (UA) and total bilirubin in serum were measured in umol/L using the
spectrophotometric method with commercial reagents on the Olympus AU-400 Biochemical
Analyzer (Beckman Coulter INC., Brea, CA, USA). Albumin was determined using the
same biochemical analyzer and is expressed as g/L.

The serum Cu/Zn superoxide dismutase concentration was measured using a com-
mercially available ELISA kit (Abcam, Boston, MA, USA) according to the manufacturer’s
instructions. A spectrophotometric microplate reader (T-6100, Life and Analytical Sciences,
Rayto, Shenzhen, China) was used to determine the SOD concentration at 450 nm. We used
a high-sensitivity kit (the detection limit was 0.04 ng/mL), and the concentration of SOD is
expressed as ng/mL.

The concentration of glutathione peroxidase in serum was determined using a com-
mercial ELISA kit (Abcam, Boston, MA, USA). The reaction mixture contained 40 mM
NADPH, glutathione and glutathione reductase in assay buffer, and the reaction was
started by adding cumene hydroperoxide. The concentration was calculated according to
the degree of oxidation of NADPH to NADP+ under the assay kit conditions per minute.
The change in absorbance was monitored spectrophotometrically at 340 nm, and the GPx
concentration in serum is expressed as mU/mL.
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The lactate (La) concentration in mmol/L was measured in capillary blood samples
from the fingertip with a Lactate Plus portable test device using appropriate Nova Biomed-
ical test strips. Samples were taken during both ergometer tests. The initial lactate level
was determined before the test, and the increase in lactate concentration was monitored
1 min after each 2-min rowing session.

The possible occurrence of hemolysis due to intensive physical activity was exam-
ined using the LIH test. This is a photometric test for a semi-quantitative assessment of
lipemia/turbidity, icterus and hemolysis (LIH) in human serum and plasma using Beckman
Coulter AU analyzers. Each sample tested showed a low level of interference below the
critical limit concentration for each chromogen considered.

The maximal power output expressed in W (watts) during the maximal effort at-
tempt on the rowing ergometer, divided by the La concentration measured in the 1st
minute after the ergometer test, represents the metabolic efficiency at the maximal tested
power (Met.Eff.at max power). The rowing power at OBLA (the onset of blood lactate
accumulation) as a characteristic threshold of lactic acidosis at 4 mmol/L and rowing
power at 15 mmol/L as a characteristic threshold of a “sport-specific” post-race lactate
concentration were calculated using a mathematical modeling procedure according to
previously published methods [22,29-31]. The rowing performance at these characteristic
cut-off values, 4 and 15 mmol/L lactate concentrations, was used to calculate metabolic
efficiency variables as the ratio of watts achieved to lactate according to previously pub-
lished research [22,29-31]. All participants were familiarized with the laboratory exercise
test procedures prior to testing. A sport-specific performance test, i.e., a rowing test, was
performed on a wind-resistance-braked rowing ergometer (Model D; Concept2, Morrisville,
VT, USA). Ten minutes before each test session (initial and final tests), all rowers completed
a five-minute warm-up program on the same ergometer. The rowing power achieved
during the test was tracked for all participants on the ergometer monitor (expressed in
watts).

2.4. Statistical Analyses

All statistical analyses were performed using IBM SPSS v 26.0 software. The anthropo-
metric and training data of the study groups were compared using the ANOVA test. The
influence of dietary supplementation and the time of measurement (before (T1) and after
(T2) the ergometer test at baseline and before (T3) and after (T4) the final ergometer test)
on the measured parameters was determined using linear mixed models with the Toeplitz
covariance matrix statistical test, assuming the participants as a random effect and the
experimental group and time as fixed effects. The relative values of the studied variables
corresponding to the differences in changes with respect to the tests (within and between
groups) are expressed as delta values in % (ATAS, ATOS, AOSI, AUA, Abilirubin, Aalbumin,
ASOD, AGPx, AAOPP, ASH, AMDA). For the calculation of all delta values, the following
formula was used: ((T2/T1)-100) x 100, where T1 is the value of a particular variable before
the test for a particular participant, and T2 is the value of the same variable for the same
participant after the ergometer test. The differences for all variables determined via the
calculation of delta values were calculated using the ANOVA repeated measure statistical
test. The statistical significance level between the variables was set at p < 0.05 [32].

3. Results
3.1. Anthropometric and Training Data of Study Participants

According to the data presented in Table 2, there were no significant differences
between the tested groups in terms of average age, height, body weight and body mass
index (BMI). The years of training and the average duration of daily training were also
similar in both groups.
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Table 2. Anthropometric and training data.

Control Group

Parameter Experimental Group (n = 15) (1 = 15) Differences
Age (years) 25.5+5.43 221+57 p=0.098
Height (m) 1.86 + 0.08 1.88 +0.08 p =0.387
Body weight (kg) 86.4 £ 8.7 84 +11.2 p =0.507
BMI (kg/m?) 23.6 £ 2.45 243+1.71 p =0.359
Years of training 85+£50 75+56 p=0.613
Training duration per day (hours) 2.05£0.36 2.05 £ 0.46 p=0.993

3.2. Biochemical Parameters

The changes in the measured biochemical parameters of the prooxidative /antioxidative
status during the initial test before supplementation and the final test after supplementation
are shown in Table 3. There was a significant influence of time on the TAS value (p = 0.046),
with a significantly lower TAS measured after the ergometer test at the end of the study
after supplementation, without differences between the groups. The experimental group
had lower values for TOS (p = 0.010) and OSI (p = 0.004) at the end of the study, and the
time of measurement also had a significant impact on the OSI value (p = 0.026).

Table 3. Changes in oxidative status parameters during initial test before supplementation and final
test after supplementation.

Initial Test Final Test
T1 (Before T2 (After T3 (Before . Time x
Parameter Test) Test) Test) T4 (After Test) Total Time Group Group
TAS (mmol Trolox equivalent/L)
E’Zzejlfg)gr’ 0426 £0.042 0408 =0.055 0434 +£0.056* 04124+0.054Y  0.420 + 0.053
p=0046 p=0.146 p=0318
C&r‘f‘l’;b’r' 0413 £0.048 0417 £0.064 0419 +£0.046* 0384+ 0.052Y  0.4082 &+ 0.054
TOS (mmol H,O; equiv./L)
E’Ege_ﬂ%‘)gr' 1643 +£971 2071 +1280 1429 +6.23 17.14 + 9.58 17.14 £ 9.88 *
p=0091  p=0010 p=0393
Control gr.
(n=15) 15.87 £ 12.38  28.87£29.78 228542518 2943 +£22.11 24.25 & 23.32
OSI (arbitrary units)
E’?:le:“{’;)gr' 3.87 +2.26 521 =+ 3.13 3.29 4+ 1.32 415 +221 413 +2361
p=0026  p=0.004 p=0214
Control gr.
(n=15) 3.73 £ 2.53 6.90 + 6.29 5.49 4+ 5.96 7.77 £ 561 5.97 £ 5.40

Y p < 0.050 relative to time 3 (T3), * p < 0.050 relative to time 4 (T4), * p < 0.050 relative to control group. TAS—total
antioxidant status; TOS—total oxidant status; OSI—oxidative stress index.

Figure 2 shows the results for the relative changes in the oxidative status parameters
under the influence of intensive exercise and 6 weeks of supplementation within the groups.
The results are expressed as delta values, which represent the percentage of change in the
measured parameters in relation to the exercise (T1—before exercise; T2—after exercise)
during the initial and final tests. In the initial tests, the values changed similarly in both
groups, with no significant difference (ATAS% p = 0.942; ATOS% p = 0.343; and AOSI%
p =0.394). After 6 weeks of supplementation, the changes in the parameters caused by
the ergometer test within the groups showed a marginally significantly higher AOSI%
(p = 0.060) in the control group. In the figure, the last two bars for all three groups show the
overall effect of supplementation on the measured parameters, presented as delta values
(in %), between the tests (initial and final tests), taking into account the variable change
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within the groups (experimental and control). There was no significantly different effect
on the oxidative status parameters in the initial and final tests (ATAS% p = 0.234; ATOS%
p = 0.715; and AOSI% p = 0.350) within the two groups examined.

Antioxidant status parameter - delta values

160

140

120 98.4 99.1 2.89

100 8.98

80 56.74 60.92
S 60
e 285
Q 40
B 20 ;}?942 p=0.727 p=0.234 ois I p=0.350
[+ .
1.2p 3.51 T =0.715 373
< J— Jg I -0.4)27 — - L = =0.060
220 5171-3.83.7 08 p=0.343 p=0.091 ' p=0.394  p=0.
-19.42
-40 -33:18 -3z[42
-60
ATAS ATOS AOSI
H Control gr.Initial test B Experimental gr. Initial test
H Control gr. Final test Experimental gr. Final test
Control gr. Initial vs. Final test Experimental gr. Initial vs. Final test

Figure 2. Changes in measured antioxidant status parameters due to specific maximal effort physical
activity according to tests and experimental groups, expressed as delta values (in % of differences).
Every p-value is related to the two adjacent bars, showing the change in value in groups concerning
the tests; p < 0.05, statistical significance. ATAS—delta total antioxidant status; A TOS—delta total
oxidant status; AOSI—delta oxidative stress index.

The changes in some non-enzymatic antioxidants in serum are shown in Table 4. A
significant influence of the time of measurement on uric acid levels could be observed.
There was a significant difference between the UA level at T1 vs. T2 and T1 vs. T4, but there
was no influence of group. Total bilirubin was lower in the experimental group regardless
of the time of measurement. The albumin level was similar in both groups, but the changes
in the albumin concentration before and after the training reached significance (T1 vs. T2,
T1 vs. T4, T2 vs. T3, T2 vs. T4 and T3 vs. T4).

Serum enzymatic antioxidant levels were assessed via changes in SOD and GPx
concentrations due to exercise and supplementation (Table 5). The time of measurement in
the tests had a significant effect on SOD levels (p = 0.001). The SOD concentration at the
beginning of the study before supplementation (T1) was significantly lower than the SOD
level after the test before supplementation (T2) and before (T3) and after the ergometer
test after supplementation (T4). The SOD level after the final ergometer test (T4) was also
significantly higher than that before the ergometer test (T3). There was no influence of
group, but the influence of group and time together was significant (p < 0.001). The time
of sampling had a significant influence on the GPx level (p = 0.028); the GPx level before
the ergometer test at the end of the study was lower than the level after the test at the
beginning of the study (T2 vs. T3).
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Table 4. Changes in biochemical parameters of non-enzymatic antioxidants during initial test before

supplementation and final test after supplementation.

Initial Test Final Test
Parameter T1 (Before Test) T2 (After Test) T3 {"]:Setf)ore T4 (After Test) Total Time Group 2‘:::1;’(
UA (umol/L)
E’Ezeffg)gr’ 385.1479.6%%  4395+90.0%  397.0+£1058 4369 £1063%  414.64 + 96.65
p<0001 p=0715 p=0127
C(‘;“f‘l’;b’r' 36154941 %* 4144 +1061%  433.8+1238  47514+1306%  421.21 + 118.98
Total Bilirubin (umol/L)
Exgqei‘%l)gr' 15+76 16 + 8.6 15+ 7.4 17 + 8.0 160+78%
p=0141  p<0.001  p=0.920
C(‘;“f‘l’ggr' 17 +£10.7 18 +12.3 16 +11.1 18 +12.0 1754+ 114
Albumin (g/L)
E’Eﬁe:“ig)gr' 456 £24%%  490429%Yr  459424%% 5034 26H%Y 47.7 4322
p<0001 p=0814 p=0789
C(‘;“ir%;gr' 455422%% 4894 21*V*  465+19%F 500421 %%y 47.8 +2.32
# p < 0.050 relative to time 1 (T1), * p < 0.050 relative to time 2 (T2), ¥ p < 0.050 relative to time 3 (T3), * p < 0.050
relative to time 4 (T4), T p < 0.050 relative to control group. UA—uric acid.
Table 5. Changes in enzymatic antioxidants during initial test before supplementation and final test
g y g pp
after supplementation.
Initial Test Final Test
Parameter T1 (Before Test) T2 (After Test) b ,?::tf)ore T4 (After Test) Total Time Group Fgr;:;;
SOD (ng/mL)
E’Eze:“?;)gr' 635600V 849+ 748%  121.04+75.0%* 12734+ 674%Y  99.16 £ 72.94
p<0001 p=0303 p<0.001
C(‘;“f%;ér' 738 £374%Y* 1118 +£5144%  61.3+£346%*  965+£538%Y  85.86 +48.17
GPx (mU/mL)
E’Eﬁe:“i’;)gr' 189.5 + 49.4 2025+ 404 1762 + 657 % 1771+ 67.6  186.31 + 56.50
p=0028 p=0601 p=0412
C&“i“l’;;gr‘ 1682 + 61.9 182.7 + 60.4 161.5 + 60.4 1794+ 542  172.97 + 5843

# p < 0.050 relative to time 1(T1),  p < 0.050 relative to time 2 (T2), Y p < 0.050 relative to time 3 (T3), * p < 0.050
relative to time 4 (T4). SOD—superoxide dismutase; GPx—glutathione peroxidase.

The results of the changes in the oxidative stress parameters are shown in Table 6.
Dietary supplementation and training had no effect on the AOP values. However, the ex-
perimental group had a higher SH value regardless of the time of measurement (p = 0.031),
but there was a marginal significant effect of group and time together on the SH value
(p = 0.059). Both time (p < 0.001) and group (p = 0.001), as well as time and group together
(p < 0.001), had a significant influence on the MDA values during the study.
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Table 6. Changes in biochemical parameters of oxidative stress during initial test before supplemen-
tation and final test after supplementation.

Initial Test Final Test
T1 (Before T2 (After T3 (Before . Time X
Parameter Test) Test) Test) T4 (After Test) Total Time Group Group
AOPP (umol/L)
E’lee:ifg)gr’ 6271 £1654 673441931 6159 +1491 655441744  64.30 +16.84
p=0999 p=0226  p=0999

Control gr.

(n=15) 65.33 + 20.83 66.29 + 28.22 66.52 + 23.25 72.01 +31.17 67.54 £+ 25.65

SH (mmol/L)

Experim gr.

) 046 +£0.14 039 +0.09 0.49 £ 0.10 0.48 + 0.14 046 +0.12
p=0120 p=0031  p=0.059
Control gr.
=15 041+007  044+0.18 0.43+0.14 043 £ 0.16 043 +0.14
MDA (pmol/L)
Ejﬁe:“{’;)gr' 459 £216%  701+£326%Y  372+060%*  455+069%Y  497+232%
p<000l p=0001  p<0.001
Control gr. ot 4y - #y I
(15 A0BEL02Y 668422907 4454124 8.03+ 2.53 * 5.81 % 2.46

# p < 0.050 relative to time 1 (T1),  p < 0.050 relative to time 2 (T2), ¥ p < 0.050 relative to time 3 (T3), * p < 0.050
relative to time 4 (T4), T p < 0.050 relative to control group. AOPP—advanced oxidation protein products;
SH—total sulfhydryl groups; MDA—malondialdehyde.

The effects of intensive physical activity and supplementation on the relative changes
in the biochemical parameters within the groups are shown in Figure 3. The results are
expressed as delta values presenting the changes in the measured parameters in percentage
relative to the exercise (T1—before exercise; T2—after exercise) during the initial and final
tests. There were no statistically significant changes in the oxidative stress parameters
(AUA p = 0.811; A bilirubin p = 0.670; Aalbumin p = 0.969; ASOD p = 0.908; A GPx p = 0.927;
AAQOPP p =0.168; ASH p = 0.167; and AMDA p = 0.979) between the groups in the first test
before supplementation (the first two bars for each group). The changes in some parameters
in the groups at the end of the study were significantly affected by the strenuous exercise
on the rowing ergometer, including the changes in Aalbumin (p = 0.054), ASOD (p = 0.011)
and AMDA (p = 0.0001). The delta differences (in %) between the tests (initial and final
tests) according to the variables and considering the groups (experimental and control) are
shown as the fifth and the sixth bars in every bar grouping. The increase in the MDA value
in the control group reached statistical significance (p = 0.018). The changes in the other
values were not significant.

As for the zonulin levels, they increased in both the initial and final tests after the
strenuous training on the rowing ergometer in both groups, without significant differences
between the groups. A significant difference was calculated between the zonulin levels at
T1 vs. T4, T2 vs. T4 and T3 vs. T4 (Table 7).



11 of 17

Metabolites 2023, 13, 1200
Biochemical parameters of oxidative stress - delta
values
120 S
<
100 S = -
g 3 3=
80 L -
S 60 & E 4
A v —
n O B
g 40 3 <
]
> 20
£
s 0
-20
-40
-60
AUA  AbilirubinAAlbumin ASOD AGPx  AAOQOPP ASH AMDA
B Control gr. Initial test B Experimental gr. Initial test
H Control gr. Final test Experimental gr. Final test
H Control gr. Initial vs. Final tets B Experimental gr. Initial vs. Final test
Figure 3. Changes in measured biochemical parameters of oxidative stress due to specific maximal
effort physical activity according to tests and experimental groups, expressed as delta values (in
% of differences). Every p-value is related to the two adjacent bars, showing the changes in values
in groups concerning the tests; p < 0.05, statistical significance. AUA-delta uric acid; ASOD-delta
superoxide dismutase; AGPx-delta glutathione peroxidase; A AOPP-delta advanced oxidation protein
products; ASH-delta total sulfhydryl groups; A MDA-delta malondialdehyde.
Table 7. Changes in zonulin concentration during ergometer testing.
Initial Test Final Test
T1 (Before T2 (After T3 (Before . Time X
Test) Test) Test) T4 (After Test) Total Time Group Group
Zonulin (ng/mL)
Exfe(r:’:‘elng)al 768 +743%  936+455%  922+286* 13.46 & 6.08 9.93 + 6.57
& p<0.001 p=0239 p = 0804
C(‘;“i“l’gsgr' 7494 494% 1053 £561% 11444408+ I FBETE 10.94 + 5.37

# p < 0.050 relative to time 1 (T1), * p < 0.050 relative to time 2 (T2), ¥ p < 0.050 relative to time 3 (T3), * p < 0.050
relative to time 4 (T4).

Table 8 shows the delta values of the changes in zonulin levels within the groups after
the initial and final tests and overall during the study as percentages of the changes. The

changes did not reach statistical significance.
Table 9 shows the effects of supplementation on the rowers” work performance. There
were no differences between the groups in terms of metabolic efficiency at all three obser-

vation points in both ergometer tests.



Metabolites 2023, 13, 1200

12 0of 17

Table 8. Changes in zonulin concentration due to specific maximal effort physical activity according
to tests and experimental groups, expressed as delta values (in % of differences).

Experimental gr. Control gr p Values
A Zonulin % initial test 58.19 & 65.26 73.15 £ 134.58 0.702
A Zonulin % final test 44.24 + 41.27 30.30 £ 57.86 0.454
A Zonulin % initial vs. final test ~ —13.95 4= 65.25 —42.85 4 147.19 0.493

Table 9. Changes in sport performance parameters during ergometer test before and after supple-

mentation.
Parameter Initial Test Final Test Total Time Group Time x Group
Met. Eff. at max power
Experimental gr. (1 = 15) 29.55 £+ 5.49 30.26+ 5.21 29.91 +£5.27
p =0.410 p =0.565 p=0.190
Control gr. (n = 15) 30.62 £ 5.56 27.56 £ 5.68 29.09 £ 5.74
Met. Eff. at 15 mmol/L La
Experimental gr. (1 = 15) 29.84+ 5.03 30.55+ 4.82 30.19 +4.86
p =0.986 p=0.697 p=0.5%
Control gr. (n = 15) 30.04 £ 5.58 29.28 +5.69 29.66 £+ 5.55
Met. Eff. At4 mmol/L La
Experimental gr. (1 = 15) 67.67 £ 11.85 70.33 £ 11.87 69.00 £11.73
p=0.104 p=0.079 p=0.341
Control gr. (n = 15) 68.47 £12.14 67.54 £ 11.79 68.00 £ 11.77

By examining the percentage changes in the work performance variables examined
within the groups, we observed that there were significant differences between the groups
in terms of the change in metabolic efficiency during the supplementation period. The
metabolic efficiency at the maximum tested power was 3.71% higher in the experimental
group and 9.53% lower in the control group after supplementation, and this difference was
significant (p = 0.015). The metabolic efficiency at 4 mmol/1 La was also significantly higher
in the supplemented group than in the control group (p = 0.004), where it was lower at the
end of the study, as shown in Figure 4.

Metabolic efficiency
deellta deellta deellta
371 573

ONR_O

4.2
i HE I,
; 1

delta values(%)
IS

A Met. Eff. at max
power
A Met. Eff. at
15mmol/L La
A Met. Eff. at
4mmol/L La

H Experimental group  ® Control group

Figure 4. Descriptive results considering explored variables of work performance according to the
tests and supplementation groups, expressed as delta values (in % of differences); p < 0.05, statistical

significance.
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4. Discussion

The main objectives of the current study were to investigate the antioxidative effects of
supplementation with a plant extract rich in SOD combined with gliadin, called GliSODin,
and to investigate the possible positive effects on the work performance of elite athletes.
It is well documented that intense physical activity can cause metabolic stress [2,3,33].
Elite athletes who train excessively and for long periods of time are more susceptible
to exercise-induced oxidative stress and the potential damage caused by it. Therefore,
under these conditions, dietary antioxidants may play an important role in maintaining a
desirable prooxidant/antioxidant balance. The concentrations of different oxidant species
in serum can be measured separately, but TOS represents the sum of peroxides, including
hydrogen peroxide and various lipid peroxides, in serum, and it can be a good indicator of
the oxidation status in the organism [25]. In our study, intense physical activity performed
in an ergometer test until exhaustion led to an increase in the TOS and OSI levels in both
groups of rowers, which is consistent with previous studies [34,35]. However, at the end
of the study, after 6 weeks of supplementation, TOS had significantly decreased in the
supplemented group (p = 0.010). The oxidative status index (OSI), which provides a better
picture of the balance between prooxidants and antioxidants in serum, was also lower in
the experimental group (p= 0.004). The relative increase in OSI in the control group in
the final examination was close to statistical significance (p = 0.060). These results could
be explained by the beneficial effects of GliSODin supplementation, which leads to lower
levels of reactive oxidative species.

The total amount of non-enzymatic antioxidants in serum (measured via TAS) usually
increases in response to acute exercise to maintain antioxidant status and protect the body
from high levels of ROS [36,37], but the results are inconsistent and usually depend on
the timing of blood sampling and the type of exercise. In our study, the specific maximal
effort test on the rowing ergometer did not significantly alter the TAS levels in the groups
of rowers tested, similar to some previous studies [38,39], but, after the exercise in the final
test, the TAS levels were significantly lower in both groups.

To better assess the effects of supplementation, we measured the impact on the levels
of some antioxidant parameters, such as albumin, uric acid and total bilirubin, as well as
the antioxidant enzymes SOD and GPx separately.

Uric acid, as the end product of purine degradation, is one of the major components
of the non-enzymatic antioxidant system and is thought to determine about 35-65% of
TAS [40,41]. As expected, we found higher uric acid levels after exercise (p < 0.001), but the
difference between groups over the course of the study was insignificant. Bilirubin, the end
product of heme degradation, exerts antioxidant effects due to the redox cycle in which
it is oxidized to biliverdin by ROS and then recycled by biliverdinreductase. Strenuous
exercise has been found to induce an increase in bilirubin [42], but, in our study, we found
no differences in the tested rowers at the beginning or at the end of the study after exercise.
The bilirubin levels were lower in the group of rowers during the study, and all values were
within the reference range. Hypervolemia is a well-documented response to endurance
training [43]. Albumin is responsible for ~75% of oncotic pressure in plasma due to its low
molecular mass (69 kDa) and abundance in plasma. It is also an important ligand-binding
and free radical scavenging circulating antioxidant [44]. The albumin level was higher in
this study after each testing session (p < 0.001), with no differences between the groups.
However, the nearly significant increase in delta albumin levels in the experimental group
(p = 0.054) in the final test may have contributed to better antioxidant protection. The lack
of a greater increase in the measured circulating antioxidants could be explained by the
timing of the measurement, 10 min after exercise. We would have obtained a better insight
if the measurement had been performed over a longer period, such as 24 or 48 h after
the test.

Considering that GliSODin is an enzymatic antioxidant supplement, containing SOD
of plant origin, we hypothesized that supplementation will improve the enzymatic antioxi-
dant system. The levels of the selected enzymes SOD and GPx increased after intensive
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training in both groups before supplementation (Table 5). However, after 6 weeks of sup-
plementation, the SOD levels increased significantly in the supplemented group (p < 0.001),
which can be attributed to a combined effect of training and supplementation. These results
can be considered evidence for the bioavailability of SOD from the combination of SOD-rich
melon extract and gliadin, ingested orally. The GPx levels increased during the strenuous
exercise with no differences between groups in the initial and final tests. These results are in
line with the results of a study with Polish rowers who took the same dose of GliSODin [20].
In contrast, in a study with divers exposed to a 60-min hyperbaric treatment (2.5 ATA)
supplemented with GliSODin (1000 IU), no effect on SOD levels was observed, and GPx
levels were even lower in the supplemented group [45]. Observing the changes in the delta
values of the enzyme concentrations within the groups (Figure 3), the relative increase in
the SOD concentration (p = 0.011) was greater in the control group in the final test. This
could be explained by an increased need for antioxidant protection in the control group
due to the lower initial level of the enzyme. In this study, we did not follow the changes in
SOD levels after the period of supplementation. We think that it would be an interesting
avenue for further studies to measure SOD and GPx levels over a longer period of time
after supplementation, for example, several weeks or even months.

The consequences of oxidative stress were assessed via the changes in AOPDPs, total
SH groups and MDA levels. The content of total thiol groups is an indirect indicator of
serum glutathione levels. In a study with a group of female volleyball players, a higher
level of SH groups was found depending on the years of training [46]. Other studies,
in which the level of SH groups was observed within a short training period, could not
confirm this increase [47]. In our study, the level of SH groups was significantly higher
in the experimental group over the course of the study (p = 0.031), but the timing of the
measurement in relation to the training in the initial test, as well as in the final test, did
not influence SH levels significantly. When considering the influence of time and group
together on the SH groups, we found marginal significance (p = 0.059). Although the
specific maximal effort ergometer test and the supplementation used in this study had no
effect on the level of protein oxidation products (AOPPs), a significant effect was found
on the level of lipid oxidation measured via MDA. Elevated MDA levels are considered
an exercise-induced oxidative stress marker [48]. There was a significant increase in
MDA levels after each ergometer test in both groups, showing the influence of the time
of measurement (p < 0.001). There was also a significant difference between the groups
(p = 0.001) and a significant effect of time and experimental group (p < 0.001) on MDA levels,
which were lower in the experimental group after the supplementation period. We found
this to be a valuable result of the study. Skarpanska-Stejnborn et al. [20] demonstrated a
significant increase in TBARS levels after a 2000-m rowing ergometer test, but GliSODin
supplementation had no effect on TBARS levels. However, Arent et al. [21] found a
significant decrease in LPO (lipid hydroperoxide), and Muth et al. [45] found a lower level
of 8-isoprostane after GliSODin supplementation. The changes in these parameters indicate
lower lipid oxidation, which could be attributed to GliSODin supplementation. In future
studies, it would be interesting to compare the effect of supplementation on MDA levels
as a marker of oxidative stress in cellular lipids with the changes in glutathione levels, an
important antioxidant, during and after exercise.

Zonulin is a physiological modulator of the opening of intercellular tight junctions,
which are involved in the transport of macro- and micro-molecules. It can therefore increase
intestinal permeability [14]. This is the main reason why gliadin may help plant SOD to
cross the intestinal barrier. We found no statistically significant differences between the
control and experimental groups in terms of zonulin concentrations. These results should
rule out a possible negative perspective of the interaction between gliadin and enterocytes
leading to an undesirable increase in intestinal permeability considering GliSODin sup-
plementation. We also examined how the zonulin level correlated with the values of the
measured biochemical parameters at the end of the study after the ergometer test. This
yielded some interesting findings. According to the Spearman correlation test, there was
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a significant positive correlation between CPR and zonulin levels (rho = 0.571, p = 0.026).
However, there was a significant negative correlation between the zonulin level after the
ergometer test and the GPx level before (tho = —0.564, p = 0.028) and after (tho = —0.764,
p = 0.001) training. These results suggest that inflammation increases zonulin levels, while
higher antioxidant protection may lead to lower zonulin levels, which is consistent with
previous research results [11,14]. Other correlations did not reach significance.

A limitation of this study is that we measured the zonulin concentration in serum; for
a better assessment, it should also be determined in stool samples. To confirm the effects of
antioxidant supplementation on zonulin levels and intestinal permeability, a study with
a larger number of participants, including athletes from different sports, and a longer
duration of supplementation is needed.

To investigate the potential impact of supplementation on the rowers’ work perfor-
mance in this study, we tracked metabolic efficiency at several points, such as the ratio of
power output to lactate concentration. As described, we observed changes in metabolic
efficiency at the maximal power output during the ergometer test at 4 mmol/L lactate con-
centration; this concentration is considered the onset of blood lactate accumulation (OBLA),
and a 15 mmol/L lactate concentration is considered the mean value of the maximal lactate
concentration at the end of a 2000 m race, which is typical for elite rowers. The delta value
of metabolic efficiency at the maximal tested power showed an increase in the experimental
group (3.71%) in contrast to a decreased value in the control group (—9.53%), and this
difference was significant (p = 0.015). The relative change in metabolic efficiency at a lactate
concentration of 4 mmol/L was significantly higher (p = 0.004) in the experimental group
(4.2%) than in the control group (—1.21%). It seems that supplementation with GliSODin
resulted in better metabolic efficiency in the experimental group in the specific ergometer
test used in this study, indicating better work performance of the rowers.

5. Conclusions

Supplementation with GliSODin in a group of international-level rowers for a 6-week
period resulted in a decrease in TOS, OSI and MDA and an increase in SOD levels and
certain parameters of work performance. These results suggest that GliSODin is good nutri-
tional support for athletes, leading to lower oxidative stress, better antioxidant protection
and, consequently, better sport performance. A limitation of this study is the small number
of participants and the short period of supplementation. In addition, it would be very in-
teresting to investigate the effects of supplementation during the strenuous training period
before and during the competition period under more controlled conditions. Our study
was conducted during the basic preparation period between competitions. Although the
currently available data and recent results are encouraging, more extensive, well-controlled
clinical studies are suggested to confirm these beneficial effects of GliSODin in the elite
athlete population.
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« Odluku dostaviti: Imenovanoj-om, dekanu i Odseku za nastavu i studentska pitanja.

PRODEKAN ZA POSLEDIPLOMSKU NASTAVU
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YHUBEP3UTET ¥ BEOI'PAJIY
OAPMAILIEYTCKUA OAKVIITET
03 6p. 4/213

Jana 27.10.2022. rogune

Ha ocnoBy Craryra YHuBepsuTeTa y beorpajy, mpojekan @akynrera je naHa
27.10.2022. ronuHe, JOHEA

OAJYKY

OJIOBPABA ce OJIMHU JAYIAIIOBOJ IIETPOBHYOBOJ, cryaeHTy
JOKTOPCKHX aKajJeMcKkux cTynuja @apMaueyTtckor daxynrera, nuaekc 6p.10/12, npoxyxerak
pOKa 3a 3aBpIleTaK CTYAuja 3a MKocKy 2022/2023.

Ob6bpaznoxnemwe

OJIMHA XY JIAIIIOBA IIETPOBHUYOBA, cryaent Ha cryaujckoM nporpamy JAC
— Bpomaroaornja, nognena je saxrtee 03 6p. 4/213 on 27.10.2022. roguHe NpoAcKaHy
®dakynTera fa My ce 006pH IPOLYKETaK PoKa 3a 3aBpLIETaK CTyJHja y IKOICKoj 2022/23
FOJIMHH.

IIpozekan Paxynrera je pasmMaTpana 3axtes 27.10.2022.roiMHe U OLIEHHIIA [1a j€ 3aXTEB
OCHOBAH, T€ jé JJOHETO PEIICHE Ka0 y AUCTIO3UTHBY.

IMPABHA ITOYKA: IIpoTuB OBe OTyKe MMEHOBAaHM MMa MpaBO MPHUroBopa JICKaHy
dakynaTera y poky ofi 8 (ocam) JaHa Of1 laHa MPHjeMa UCTOT.

Oanyky pocrasutd: MIMeHOBaHOj-OM, JekaHy M OjiceKy 3a HacTaBy M CTyJEHTCKa
NUTamwba.

[TPOJJEKAH 3A MOCJIEAUITIIOMCKY
HACTABY

Wine D Pelonceve,

§;

02120072




UNIVERZITET U BEOGRADU
FARMAC})EU SKI FAKULTET
03br. 7 /9

/8. 08. 202%2.  godine

~ Na osnovu Statuta Univerziteta u Beogradu, prodekan Fakulteta je dana
15.09. 205, godine, donela

ODLUKU

"ODOBRAVA se@ac/az‘om 7‘&’&:/ cora (/7672/; studentu Farmaceutskog fakulteta,
/
10 g .

indeks br. /£, produzetak roka za zavrSetak studija za Skolsku 26'25//74

Obrazlozenje

f]fgu/cﬁom /ﬁi’»{mﬂf oVa OZ}/M;. student na studijskom programu
DPAS - %’,ZGMQ%O&)@//}L , podneo je zahtev 03 br. 3 /&9 od
.09 Qo . godine prddékanu Fakulteta da mu se odobri produzetak rokd za zavrSetak

studija.
Prodekan Fakulteta je razmatrala zahtev - 74.09 2023. godine i ocenila da je zahtev
osnovan, te je doneto reSenje kao u dispozitivu.

PRAVNA POUKA: Protiv ove odluke imenovani ima pravo prigovora dekanu
Fakulteta u roku od 8 (osam) dana od dana prijema istog.

Odluku dostaviti: Imenovanoj-om, dekanu i Odseku za nastavu i studentska pitanja.

PRODEKAN Z

RERDIPLOMSKU NASTAVU
EDUKACIJU

» g

andra Vezmar Kovadevic

" Qlormd—
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