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CAXETAK

¥YBoxa: Cse je Beha uctpaxuBauka 3aHHTEPECOBAHOCT 3a JIETIOBAKE CYMIIOPOBHTHUX jeIHILCHA
Ha KapIMOBACKYJIAPHU CHCTEM, 10/ (PU3UOJIOIIKNAM U TTaTOJIOMIKUM YCIOBUMA.

Hub: usb oBe ekcriepuMeHTalIHE CTyAuje OO je MCIUTHBame edekaTa aKkyTHE MpUMEHe
CyMIOPOBUTUX amuHOKucenuHa (L-mernonuua, L-umcrenna, N-auerwiuucrenHa) wu
Heoprarckor Na-xuaporeHcynduaa Ha KapAHOAMHAMCKE MMapamMeTpe, KOPOHAPHU MPOTOK H
PEIOKC PaBHOTEXKY KOJI Mall0oBa Ca HOPMAJIHHUM M MOBUIIEHUM BPEIHOCTUMA XOMOLUCTEHHA Y
KpPBH.

Marepujan u meroae: McrpaxuBame je obyxsarwio 80 Wistar albino namosa koje cmo
HOJCNWIN y JBE Tpyle: KOHTpoiHa rpyna (aBoHenessHu tpermaH ca 0,9 % NaCl) u
eKCIIepUMEeHTaHa Tpyma (cyOoxponuuHa npumeHa DL-xomonucrenna, y no3u ox 0,45 umol/g
TEJIECHE Mace, JIBa IyTa JHEBHO, CYOKyTaHO, y Tpajamy oj 14 nana). HakoH nBoHenesbHOT
TpeTMaHa, MAallOBU Cy JKPTBOBAHU IMPH YEMYy Cy MNPHUKYIUbEHH Y30PIH KPBH 3a aHAIHU3Y
KOHIIEHTpallja YKYITHOT XOMOILIMCTENHAa M OMOMapKepa CHCTEMCKOT OKCHIAIMOHOT CTpeca.
W3BpiieHa je mpouenypa M30JI0Bama Cplia IMaloBa, y IHJbY YCIIOCTaBJbalba PETPOTPATHE
nepdysuje kpo3 cpue MmeronoMm no JlanreHmopdy U cmpoBoljema aKyTHOT TpeTMaHa
cymrnopoButuM amuHokucenuHama (L-Meth, L-Cys, NAC) wu Heopranckum Na-
xuaporercyiapunom (NaHS). CymmnopoBute cyncraHie cy npuMmermeHe y ucroj 103u ox 0.5
mmol/L, y tpajamy on 5 MuHyTa. ¥ JI€BOj KOMOPU Cy KOHTHHYUpAHO npahieHu mapaMeTpu
byukmuje nese komope: dp/dtmax, dp/dtmin, SLVP, DLVP u HR. Koponapuu npotok (CF) ce
onpehuBao doymerpujcku. Y y30pliuMa KpBHE IJIa3Me U y30pIiMa KOpOHApHOT niepdysara,
CIIEKTPO(POTOMETPHjCKUM MeToAaMa, ojapehuBaHM cy OMOMapKepH OKCHIAIIMOHOT CTpeca:
unnekc junuaHe nepokcupanuje (TBARS), asor monokeua y dopmu Hutputa (NOy),
cynepokcua anjoH paxukan (O2) u Bogonuk nepokcun (H202). Y xemonusary epurpouura cy
MEpEHHU IMapaMeTpu aHTHOKCHIAMOHOT cuctema 3amtute: katanaza (CAT), cymepokcun
mucemytasa (SOD) u penykoBanu rimyratroH (GSH).

Pesyararu: Pe3ynratu ucTpaxuBama Cy NpuKa3aHu Kpo3 6 Tabena m 125 rpaduxona.
KoHueHnTpanyje yKynmHor XoMOLUCTENHA Cy OMJie 3HaYajHO MOBUILIEHE Y EKCIIEPUMEHTAIIHO] Y
OJTHOCY Ha KOHTPOJIHY IpyIly HaloBa, ¥ KAao TakBe M3a3UBajy 3HATHE NMpPOMEHE y (PpyHKIUju
KapAMOBAaCKyJIapHOr cucTema. Takohe, akyTHH e(QeKTH NpPUMEHEHUX CYMIIOPOBHUTHX
CYIICTaHIIU Cy TOKa3ajlM 3HauajHe pasiMKe y OAHOCY Ha TperMaH DL- xomommcremHoMm, Ha
OCHOBY Hera 3akJbydyjeMO Jla CyMIIOPOBUTE CYIICTAHIIC MCIIOJhaBajy Pa3IMUMTO JIEJCTBO Ha
Kap/IMOBACKYJIapHHU CUCTEM Y 3aBUCHOCTH O] IPHCYCTBA XOMOLIMCTENHA.

3akibyunu: AHaJIM30M pe3yiTaTa OBOI HCTpaXHBama 3akjbyuyje ce Jla eQeKTH
cymnopoutux amuHokucenuna (L-Meth, L-Cys, NAC) u Heopranckor NaHS wumajy
3Ha4ajHy yJOry y NMaTo(H3HOIOTHjU KapAMOBACKYJIapHOT CHUCTEMa IPH Y€MYy UM je IJIaBHA
KapaKTepUCTHKA T03HO-3aBUCTaH edeKaT Ha QYHKIIH]y KapIHOBACKYIapHOT CHCTEMA IITO je U
OCHOBHA KapaKTEpPUCTHKA jeIUbEHha KOja y CBOM CacTaBy UMajy CyMIIOP.

KibyyHe peuym: XOMOIIMCTEMH, KOpPOHapHa XEMOAWHAMMKA, OKCHJALMOHU CTpEC,
CYMIIOPOBUTE aMUHOKHCEIMHE, Mall0B
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ABSTRACT

Introduction: There is growing interest in the activity of sulfur-containing compounds on
cardiovascular system in physiological and pathological conditions.

Aim: Aim of this study was to assess possible differences in the effects of various sulfur-
containing compounds on cardiodynamic parameters, coronary flow and redox balance of
cardiovascular system, in its physiological state and in the early onset of
hyperhomocysteinemia.

Material and methods: This study divided Wistar albino rats into two groups: saline treated
(control group) and DL-homocysteine-treated (experimental group). Rats from experimental
group were subjected to subchronic subcutaneous administration of DL-homocysteine at dose
of 0.45 umol/g body weight, twice a day for 2 weeks. At the end of this period, rats were
sacrificed, and blood samples were collected to be analysed for homocysteine concentration
and biomarkers of systemic oxidative stress. Isolated rat hearts were excised and attached to
the Langendorff apparatus. To assess the effects of acute administration of L-methionine, L-
cysteine, N-acetylcysteine, and sodium hydrogen sulfide, the hearts were perfused
individually with each of the mentioned substances at same single dose of 0.5 mmol/L for 5
min. Before, during and after perfusion of isolated rat heart (control, effect and washout) we
continuously monitored (after insertion and placement a sensor in the left ventricle) the
cardiodynamic parameters: a) dp/dt max - maximum rate of change of left ventricle pressure,
b) dp/dt min - minimum rate of change of left ventricle pressure, v) SLVP - systolic left
ventricular pressure, G) DLVP - diastolic left ventricular pressure and d) HR - heart rate. In
the blood and effluent samples we measured biomarkers of oxidative stress: an index of lipid
peroxidation (TBARS), nitric oxide in the form of nitrite (NO;"), superoxide anion radical (O,
), and hydrogen peroxide (H,O;), and the parameters of antioxidant protection system:
catalase (CAT), superoxide dismutase (SOD) and reduced glutathione (GSH).

Results: The research results are presented in 6 tables and 125 graphs. Total homocysteine
level was significantly higher in the experimental group than in the control group, and the
effects of applied sulfur-containing compounds were significantly different in experimental
and control groups. DL-homocysteine induced considerable changes in functioning of
cardiovascular system even before an increase in plasma homocysteine values, and action of
sulfur-containing compounds varied depending on the presence of homocysteine.

Conclusions: After analyzing the results of this study, it is concluded that the effects of
sulfuric amino acids (L-Meth, L-Cys, NAC) and inorganic NaHS play a significant role in the
pathophysiology of the cardiovascular system, whereby their he main characteristic is the
dose-dependent effect on the function of the cardiovascular system, which is the dominant
quality of sulfur-containing compounds.

Key words: homocysteine, coronary haemodynamics, oxidative stress, sulfur amino acids, rat



5 | HokTopcka aucepranmja

Lujervenu npogh. op paecan Bypuh u npog. op Braoumup Jaxosmwesuh,
ea eenuka wosjexa, 06a HeucypnHa HAy4HUKA Cy MOJ VA3 Y ceujem Hayke....
OHnu cy "cpye u dywa" oee dokmopcke oucepmayuje...

beckpajno Bam xeana!

Moj menmop, npogh. op pazan Bypuh mu je ykazao enuxo nosjeperve... e Mo2y
3ab0pasumu Haw nP8u cycpem kaoa cam kao "oeme uz Penyonuxe Cpncke” nocmana

0OKMOPpAHmM U Kaod je HeceOudHo npucmao 0a me 600U Kpo3 Hay4HO-UCMPANCUBAYKU PAO...

Moj opacu npog. op Braoumup Jakoemwesuh, koju mu je omseopuo epama Jlabopamopuje 3a
KapouosackynapHy @usauonocujy, ouo pjewere cakoz npooiema... npema Kome ocjeham

UCKDEHO Ous/mberve U NOUMosarve. ..

Benuky 3axeannocm oyzyjem u opacum xonrezama Jlabopamopuje 3a KapouosackyiapHy
Qusuonoeujy y Kpaeyjesyy, koju cy npumjep 6pujeonux, maieHmo8arux, amouyuo3Hux
ucmpaxcusaua.... Tamapa, Ueane, Bnaoo, Josana, Hcuoopa, [Ipedpadice u ceée ocmane rxoneeze,

...xeana Bam 3a cocmonpumcmeo u H€C€6H‘4Hy nomoh...

3axseannocm oyeyjem u ceojoj mamuunoj kyhu, Kameopu 3a ¢puzuonocujy Meouyuncxoe

¢axynmema y Baranyyu...

U napasno, moju najmunuju....Moj u3eop xHrcusoma...

... cunosu Josan u Maprxo, cynpye Huxona, majka Jena, omay Caso, Kana, Muya.....xeana!
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CKPAREHMUIIE:

ATP, aneno3un-tpudocdar;

ADMA, acumeTpuyHM TUMETHIIAPTUHUH;

Cys, nucreuH;

CPP, xoponapuau nep(y3uoHU MPUTHCAK;

CF, xopoHapHH MPOTOK;

CAT, xaranasa;

CBS, uucrarron B-cunrasa;

CGL, uucratnon y-nuasa;

GSH, penykoBaHu IiIyTaTHOH;

DLVP, nujactoinu npuTHCaK y J€BOj KOMOPH;
dp/dtmax, MakcHMasIHa CTOTMA IPOMEHE MPUTHCKA Y JICBOj KOMOPH;
dp/dtmin, MUHHMaTHA CTOIIA IPOMEHE MPUTHUCKA Y JIEBOj KOMOPH;
Hcy, xomonucrenH;

Hhcy, xunepxomorucrenHemuja;

H,0,, BogoHMK IEpOKCHI,

H,S, Bogonuk cyndusn,

HR, cpuana ¢pexBenuyja;

HPLC, Teuna xpomarorpaduja 1moJ; BACOKUM MPUTHUCKOM,
5-MTHF, 5-metunrerpaxunpodonar;

MTHFR, metunenterpaxuapodonar-penyKrasa;
MS, MeTHOHHMH CUHTa3a;

MR, meTnonuH penykrasa;

Meth, meTnoHuH;

NAC, N-areTuiucrens,

NaHS, HaTpujyM-XuJIporeHcyiapun;

NO,, HuTpuTH;

NO, a30T MOHOKCH];

NOS, a30T MOHOKCHI CHHTA3a;

O7, cynepokcu aHjoH paauKai,

OH, xuapokcui paaukan;

PLP, nupunokcan 5’ -nmupodocdar;

PAR, nporea3a-akTUBHpaHU PELIENTOPH;

ROS, peakTuBHE KHCEOHUYKE BPCTE;

RNS, peaktuBHE a30THE BpCTE;

RSS, peakTBHE CyMIOpPOBUTE BPCTE;

SOD, cynepokcu 1ucMyTasa,

SAM, S-aneHO3UIMETHOHUH,

SAH, S-aneHO3MIXOMOLIMCTENH;

SLVP, cucronnu nmputucak JeBe KOMOpE.
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YBOJI
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1. YBOJ

1.1. Memuonun Kao aMuUHOKUCEIUHA

AMWHOKHCENIMHE CY jeIUbEemha KOja y CBOM MOJIEKYIY CaJp)Ke aMHMHO M KapOOKCUIHY
rpyity (-NHz; —COOH), a y umju cacraB yia3e €IEMEHTH YIJbEHHK, BOJOHHK, a30T H
KHCEOHUK. AMUHOKHCEIIMHE UMajy BaXKHY YJIOTY y MHOTMM OHMOXEMH]CKO-METabOoINYKUM
peakijaMa u CTPYKTYPHH Cy J€0 TIPOTeHHA U OPraHCKUX MOJIeKyna Koju usrpal)yjy hemuje,
TKMBAa M oOpraHe. Y NpPUPOAHM NOCTOjU BHIIE OJ IET CTOTHHA aMUHOKHCENIWHA, Al Ce
MPOTEMHU CBHUX BpPCTa, 07 OakTepwja 10 JbyIHu, cacToje o4 camo mux aBaaecer. Ompacrao
YOBEK MO’KE CHHTETHCATH CBE U3Y3€B JIEBET aMUHOKHUCEINHA KOj€ C€ HAa3MBajy €CEHIIUjaTHIM
aMUHOKHCEIIMHAMa U MOpajy C€ YHOCUTH er3oreHuM myreM. (DyHKIMOHAIHA CJI0)KEHOCT
NpOTeMHAa W BapHjadWIIHOCT CTPYKTypa TMPOW3HIIA3H W3 PAa3IMYUTUX KOMOWHAIMja
aMHUHOKHCEIIMHA KOje ce Be3yjy y nmomumepe (1-6).

CBe aMHHOKHCETHHE KOje Tpajie IpoTerHe cy aida aMUHOKUCEIHMHE, jep CYy aMHUHO U
KapOOKCHIIHA Tpyla aMUHOKHCEIMHA Be3aHe 3a UCTU aida aToM yribeHuka. CTpyKTypy
aMUHOKHCENIMHA 3Ha4yajHO JeTepMUHUIIE U Mosoxka) OouHor naHna (R), xoju urpa BaxkHy
yJIOTy y TPEIuCIIO3uIju 3a onapeheHe ocoOmHe amuHOKHcenuHa. [locToje apoMaTuyHu U
anupaTuyHu 00uHM JaHIM. OHM Y CBOM cacTaBy MOTY MMAaTH Pa3IMYUTe pEakTHBHE IpYIIE,
nonapHe, xuapoduinHe uiu xuapopoodue u ci. (4-7).

MeTHoHUH (0-aMHHO Y-METHJI THOOYTepHa KUCENIMHA) j€ €CEHLMjajJHa aMUHOKHCEIuHA
KOja claja y THOAMHHCKE KHCEIMHE OJHOCHO Yy aMHHOKHCEIIMHE KOjeé y CBOjOj CTPYKTYpH
caJipke CyMmmop. XeMHjcKa CTPYKTypa METHOHHMHA je BpJIO CIMYHA CTPYKTYpH JAPYIHX
aMMHOKHUCEIIMHA, a Pa3IYUTOCT XEMUJCKE CTPYKTYpe je pe3ynTaT pasIMdMTHUX XEMHjCKHX
ocobuna Oouynor Hu3za R (Ciamka 1). YV rpyny eceHIHMjaTHHX aMHUHOKHCEIHWHA CIajaa
METHOHHH, TOpeA JAPYIHMX Kao MITO Cy BajHH, JICYIIWH, HW30JEYIMH, TPEOHWH, JU3WH,
¢benunananud u tpunrodan (8-11). ¥V TabGenu 1 cy npukasane u ymopeheHe XeMHjcKe

KapaKTCPUCTUKE MCTHUOHWNHA Ca JPYTUM aMUHOKHUCCINHaMaA.
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Tabeaa 1. Xemujcke 0cOOMHE METUOHWHA U APYTMX aMHUHOKHCEIIMHA

Vrieoy

pK1 pKz pK: IpOTEHHIMA
AMMHOKHCEIHA M,  (COOH)  (NHj) (Rrpyma) Pl (%)
I'munma 75 2,34 9,60 5,97 7,2
§ AnanuH 89 2,34 9,69 6,01 7,8
"% Banun 117 2,32 9,62 5,97 6,6
%rx Jleyuux 131 2,36 9,60 5,98 91
S W3oneyiun 131 2,36 9,68 6,02 5,3
= MeTtnonud 149 2,28 9,21 5,74 2,3
° dennmananua 165 1,83 9,13 5,48 3,9
é o« Tuposun 181 2,20 9,11 10,07 5,66 3,2
& Tpunrodan 204 2,38 9,39 5,89 1,4
Cepun 105 2,21 9,15 5,68 6,8
2 [Mponun 115 1,99 10,96 6,48 5,2
% Tpeonun 119 2,11 9,62 5,87 5,9
%“ Lucrens 121 1,96 10,28 8,18 5,07 1,9
é Acmaparux 132 2,02 8,80 5,41 4,3
I'myramun 146 2,17 9,13 5,65 4.2
o JIvzun 146 2,18 8,95 10,53 9,74 59
é r  XUcCTHAUH 155 1,82 9,17 6,00 7,59 2,3
= ApruHuH 174 2,17 9,04 12,48 10,76 5,1
2 AcmnaparuHcka 133 1,88 9,60 3,65 2,77 5,3
Eﬁ * I'myramuHCcKa 147 2,19 9,67 4,25 3,22 6,3

MeTnoHMH WMa BHCOK 3Haua] y OpPTaHW3MYy jep YYEeCTBYje Yy CHHTE3W IPOTEHHA,
TPAaHCMETUJTIAIIMOHUM peakildjaMa, CHHTE3M [HUCTEMHAa W [UCTUHA OJHOCHO JPYTHX
THoaMuHCKuX amuHokucenuHa (9, 10). ¥V Hu3y TpaHCMETWJIAIMOHUX peakifja, METHOHUH
Y4eCTBYyje Kao JOHOp METHJI Tpyle. YUecTByje y peakiijaMa Mpu 4eMy HacTajy OHOJIONIKH
BAKHA jeIMH-CHha Ko IITO j€ KpeaTHH, aJpeHalIiH, aHCEpHH, CapKO3WH, O€TanH, KapHUTHUH,

XOJIMH W ToJuaMuH. MeTun rpyna Be3aHa 3a CyMIOp Kao J€0 METHOHUHA, Y
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TPaHCMETHJIAIIMOHUM PEaKIMjaMa MOXe ce TPEHETH Ha JIPYro jelumbebe. Peakinuja mounme
yuerthem amenosud-tpudocdara (ATP) y BesuBamy aacHO3MHA 3a METHOHHH, IPH YEMY
HacTaje S-aneHo3wMeTHoHUH (SAM) WM aKTUBHH METHOHHH IOl YTHIIajeM CH3MMa S-
aJICHO3UIIMETHOHUH TpaHcdepasze. M3 oBakBe akTHBHE (hOpME METHOHWHA, METWJI TpyIa ce

BPJIO JIAKO MIPEHOCH Ha aMHUHO WJIM XHAPOKCHIHY Ipyiy npumaoiia (12, 13).

Cnuka 1. Xemujcka ctpykrypa metuonuHa (CsHiiNO,S)

O
J S
HSCE \/\‘/U\GH
o NH-

MeTHOHMH Kao eceHIMjajlHa aMUHOKHCEIMHA Ce Hajla3u y CIHOJballllkhOj CPeAMHHU, He
CTBapa ce y OpraHus3My Iia ce 3aT0 MOpa YHOCHTHU IIyTeM XpaHe. [IpeqoMuHaHTHO ce Hala3u y
Bohy u moBphy, nmocebHo y cnanahy, nmacysjpy, nuctahuMa M JeIIHULIKUMA, PUOJbEM MeCy U

cupy (14, 15).

HaxoH yHoIIEeHa METHOHMHA OpPATHUM ITyTEM, arcopIilija METHOHNHA ITOUYUE Y TOPHEM
JeTy TaCTPOMHTECTHHAIHOT CHUCTEMa, OJHOCHO y IOYETHOM eIy TaHKOI IIpeBa. YKyIHa
KOJMYMHA METHOHMHA KOja Ce METa0OJHIIIEe Y TaCTPOUHTECTUHAIHOM TPAKTy HaKOH YHOUICHa
oparHUM nyTeM je oko 20% ox ykynmHe yHeTe KoiauuuHe. MerabonucaHa KOJIMYMHA
METHOHHMHA C€ IyTeM KPBU MPEHOCH JI0 IMJbHUX TKHMBA U OpraHa IpH YeMy OTIOYHE-E MPOoIiec
OMOpPacMoNOKUBOCTH METUOHHMHA. [lyTeM HaTpujyMm 3aBUCHUX U HE3aBHCHUX TPaHCIIOPTHHUX
KaHajla METHOHMH OuBa mpey3er y hendjy, HaKOH 4Yera ce KOpPUCTH Jajbe 3a Ipoliece
CHHTETHCalka NpPOTeHHAa M Jpyre MeTaboJMyke Mpolece, y KOojuMa CyAenyjy H JIpyru

YHHUOIM Ba)KHU Y METa0O0IM3MY METHOHMHA, Kao To cy Butamunu b rpyne (16, 17).
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1.2. Memaoonuzam memuonuna

Mertabonn3aM METHOHHMHA I0/Ipa3yMeBa HU3 OHMOXEMHjCKHX peakifja TOKOM KOjHX
HacTaje Kpajibu  npou3Box  cykiuHmiI-COA  (18). ChnmuHo Merabonu3my — JApyrux
aAMHHOKHCEIIMHA Kao IIITO Cy TPEOHHH, BAIMH U M30JICYIIMH, U METUOHUH TPOJIa3u CIUYaH IyT
pasrpaile W HACTaHKa KpajlbHX Mpojykara. EceHIujalHe aMUHOKHCEIMHE METHOHUH,
TPEOHUH, BAJIUH U U30JICYIIMH Pa3rpaamboM 1ajy nponuoHmi-CoA, a OHO MITO je 3ajeJHHYKO
KaTtabolnM3My OBUX aMHMHOKHCENWHa je na mpeBoje nponuoHmi-COA y cykuuaui-CoA.
[Tponmonun-CoA Ttakohe HacTaje OKCHIAIMjOM MacHUX KHCEIMHA ca HemapHuM Opojem C-
atoMa. [Ipornnonmn-CoA ce xapOOKCHIMILE Yy peakiuju 3a KOjy jé HEeONXoAaH OMOTHH U
rpagu D-metmimanonun-CoA, koju ce 3atuM panemusyje u naje L-metmnmanonmn-CoA,
CYIICTpaT 3a peaknujy y Kojoj Hacraje cyKuuHmi-COA, mHTepMenujep LUKIyca JIMMYHCKE
kucenune (19-23).

[Tyt pa3narama METHOHHHA 3allOYUEHE MMPEBOEHEM METHOHHMHA Y S-a/IeHO3HIMETHOHHH
(SAM) koju mpemaje MeTWI Tpyly [APYIMM jelWibEHbMMa W Tako Mpeiasd y S-
aneHosuwixomorcrerH (SAH), a 3atum nasbe y XomormctewH. IIpu Tome, mpeBolemem
SAM y SAM Hacrajy METWIMpaHH TPOU3BOIU: eNMUHE(PHUH, HYKICOTHUIU, MEJIATOHHH,
XOJIMH, KpeaTuH. Pa3rpaama METHOHMHA O XOMOITUCTEHHA je Moryha jeJuHO y3 MPUCYCTBO
metun Qonara u BuTammHa by (24, 25). AnTepHaTHBHHM IyTeM CE M3 XOMOLMCTEHHA, Y
NPUCYCTBY nUpuaokcai-pocdar-3aBUCHUX eH3uMa, o0e30ehyje cymmop koju ce yrpahyje y
uuctenH. Ilpm ToMe ce yYrJbeHWYHHM CKeJlNeT XOMOLUCTeMHa Merabonuiie 10 anda-
KeToOyTHpaTa, KOjHu Ce OKCHIATHBHOM JCKapOOKCWIANM]OM MpeBoau y nponuoHuia-CoA, a
najbe mpeko MetunamanoHmi-CoA y mpucyctBy ButamuHa bip y cykuuaun-CoA. 3ampaso,
MeTa0oaM3aM METHOHHMHA Kao CYMIIOPOBHTE aMHMHOKHCEIIMHE C€ 3acHMBa Ha CHHTE3U

IUCTEHHA, KOja MPEJICTaB/ba INIaBHU MyT y MeTabosim3my MetuonuHa (Cruxa 2) (26).
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Cnuxa 2. IlpeBoheme MmeTnoHnHa y cyKUMHUI-COA npexo metunmanoHmi-CoA.

/_,2Pi

Oso je |'eAmfa ATP PP + P,
peawnimja Koja
KOpUCTH
metun-ponar MeTunuparu
- - npoayxTH”™:
CH Enunedpun
MeToH SAM 3 Rvicasonian
MenaroxuH
b12 Xonmu
Qonar / Kpearun

Metun  XOMOLMCTENH

Mema- 3%
donar Cepwu
Umcramon
Aednunr
MCTAaTUOHU
UMCTATUOHKMH b‘ i
CHMTaze
npoaykyje MNponuonnn-CoA
XOMOUMCTHHYPH]Y l
Memnamanormn-CoA Baokanay
METHAMANOKUA
15:: S| aungomn
Wmnaye

CykumHmn-CoA P nyHORE KUCEMMHE
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1.3. Xomouucmeun

1.3.1. Xemmujcke KapaKTepUCTHKE XOMOIMCTENHA

XOMOILIMCTENH, KBAHTUTATUBHO TJIABHU META0OIUT METUOHUHA, |€ AMUHOKHCEIINHA Yu]ja je
Xemujcka cTpykTypa rmo3uara 0a 1932 rogune. XOMOLIKUCTEHH |€ ca YUCTO XEeMHJCKOI acleKTa
AMUHOKHCEIINHA, a aKk0 ce cad OMOXEMHUJCKOr acleKTa 1ojaM aMUHOKUCENIUHE MEpCOHU(UKyje
ca CyOJeAMHUIIOM y CHHTE3M MpOTEMHA, XOMOLMCTEMH TO 3aMpaBO HUJE, Jep y MOMEHYTOM
npouecy He yuectByje. Vctu ce HajeHOCTABHM]E MOKE HA3BATH META00IMTOM ECEHIUjaTHE
aMHHOKHCENMHE MeTHOHMHA. HacraHak XOMONMCTEMHA j€ CIOKEeH OMOXEMH|CKH TPOIEC,
BpJI0 GUHO perynucaH, KOju Ha CBOM 3HA4ajy 100M]a, TEK OH/A KA Ce Caryieia YNmbEHNIA Ja
Y4ECTBYj€ Y PEMETHJIAMOHOM LUKIIYCY KOju MOHOBO BOJM KA CUHTE3H, OJJHOCHO OOHABJbAMY
MeTuOHnHA. MeTab0onm3aM METHOHWHA 3arm04Ynmbe ydenrheéM y CHMHTE3W NMPOTEWHA, OJHOCHO
CUHTE3W aKTUBHOT S-81eHO3WIMETHOHHMHA, KOjU CE TOHAmA Ka0 JOHOp METWI Tpyle 3a
pasuyMTe AaKIENTOpPCKe MoJieKyae (IpoTenHe, HYKJIEMHCKe KucenuHe, Qocdomunune,
HEYpPOTPAaHCMUTEPE) y3 HACTajambe S-aIEHO3MIXOMOLMCTENHA, 3aTUM HErOBOM XUAPOJIU30M
xomonucrenHa. Meradonuuky myT 6uBa, y HapeHoj ¢a3u, 3aTBOPEH PECUHTE30M METHOHHHA
U3 XOMOIIMCTEHHA, WU JenaH Je0 XOMOIMCTEMHA OMBA HENOBpPATHO METAOOJMCAH 10
ucrenna (27, 28).

XOMOLKCTEUH CE€ y OpraHu3My Halasu ci0007aH (peayKoBaHUW OONHMK) M y OOIHKY
mucynduaa (okcumosane Gopme). Cr0001HOT, WM PeaIyKOBAHOT XOMOIKcTenHA, uma 1-2%
y OQHOCY Ha HEroBy YKYNHY KOJHYWHY. XOMOIIMCTHUH TIPEACTaB/ba OKCHIOBAHU OOJHK
XOMOILIUCTENHA, JOK oOcTaje OKcHuJIoBaHe ¢opme oOyxBaTajy MellaHe aucyiaduae ca
LIUCTEUMHCKUM U LUCTMHCKMM OCTalMMa IpoHalleHMM y MpoTenHuMa. 3ampaso,
HAJ3aCTYIJLEHU]JU OOJIMK, KOjU c€ y Opranu3My Hanmasu u 10 80%, je XOMOIMCTENH BE3aH 34

pOTEMHE, MPBEHCTBEHO Anoymune (29).

XOMOILIMCTEUH Ce 3ajeIHO ca LUCTEMHOM, ITyTaTHOHOM U CJ1. yOpaja y KapaKTepucTU4HA
aMMHO-THOJIHA jeIMIbEHha OpraHu3Ma cHucapa. |E€pMUH »THOJIUK c€ OJHOCH Ha MPUCYCTBO
cyndxunpuine (-SH) rpyrme, k0ja JETEPMHUHUIIE XEMHUJCKE KAPAKTEPUCTUKE OBHX |EINHHLHA!
pK BpemHOCT, OJHOCHO OKCHIO-PEAYKIIMOHH MOTEHIHMjal KA0 KamamuTteT 33 (OpMUPAE
c000HuX panukaita. LlucTenH 1 XOMOIMCTEWH Cy Majle MOJIKYJe Malleé MOJIEKYJICKe Mace
(Mr=121,2, u 135,1). XoMOIIUCTENH HMa jeIHYy METHJIEHCKY TpyIy BHIIC. [JIyTaTnoH je

Tpunentuy (y-riayTaMiI-IIMCTeHH-IIMIUH) Behe Mosekyincke Mace Mr=307,3, y kome je
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IUCTEHH U3BOP THOJ rpyme. M mopen OYurienHe cIuyHOCTH Y XEMHJCKOM CacTaBy aMHHO-
TUOJHHX |eIUIbEHA, BHUXO0BA yiora y Opranusmy je pasmuumra (30, 31, 32). I'enepanno
MOCMaTpaHoO, THOJHA jEAUCHha CTYMajy JIaKo Yy XEMHjCKe peaknuje 300r BUCOKE
PEaKTHUBHOCTH KaKO CyMIIOpa TakO M KuceoHHWKa. CyMIlOp M KHMCEOHHK C€ Hajla3e y HCTOj
TpyIU MEPHOJHOT CUCTEMa €JIEMEHaTa, Ia TaKO JIeJie MHOTEe CIIMYHOCTH Kajia Cy y MHTaky
XeMHujcke ocobmHe. Onatiie MopeKiao OPOJHUX CIMYHOCTH Y XEMH]CKOM TOHAIIAlky THOJIHE
(-SH) rpyne u ankoxomue rpymne (-OH). Cymmop kao Mame €IEeKTPOHETaTHBAH €JEMEHT O
KHCEOHUKA UMa M Mamky SHEeprujy AUCOIHjalldje, ITO ¢€ OJHOCH W Ha THOJIHY Y OJHOCY Ha
aIKOXOJHY rpymny. OBaKBa pas3iinKa eJIeKTPOHEraTUBHOCTH aToMa CyMIIOpa U KHCEOHHKA HUje
IperpeKa 3a CHaXXHY €KCIIPECHjy CYMIIOPHUX aHjOHA y Pa3JIMYUTUM XEMHUjCKUM peakifjama.
Ca nopactom pH, cyndxuapuiana rpymna Opke MoJUIekKe OKCUIAIM]H Y OJJHOCY Ha aJIKOXOJIHY

rpyIy, IITO je ¥ BEeJIHMKa pasinka u3Mely oBe [1Be rpyre opranckux jenumema (33, 34).

VY pu3HOIOMIKIM yCIIOBUMA, THOJIU ce HajehuM jaenom okcunyjy no aucyinduna (RSSR).
Ca xemwmjckor acrekta MoryhHoct okcupanuje a0 cyiapenndne (RSOH), cynpunnune
(RSO2H) u cynponnune xucenune (RSO3H) je Bpio Maina, jep je uCTa KapaKTEpUCTUYHA 32
MPUCYCTBO jaYMX OKCHIAIIMOHMX areHaca, HeCBOjCTBEHUX (PU3UOJIOIIKUM yciaoBuMa. OKcuo-
PEAYKIIMOHU MOTEHIIMjaJl OMOJIONIKY 3HAaYajHUX THOJA U aucyinduaa je cauyad u kpehe ce y
pactiony ox -0,2 mo -0,4 V. AnudaTU4HA THOIU YYECTBY]Y Y HH3Y PEIOKC peakiuja U
MHTEpearyjy ca HH30M JpYyrux OHWOJOIIKHX jeIWEEeHha Kao INTO Cy (IAaBONPOTEHHH,
IIUTOXPOMH, acKOpOaT Kao M PEaKTUBHH KHUCCOHWYHHM paaukaid. Kox CBUX MOMEHYTHX
peaknuja THOIM ce TpaHchopmuily y oaroapajyhe mucyndune. Kapakrepuctuuna je
MOTYhHOCT OKcHalWje THOJAa Yy TPUCYCTBY METAIIHMX jOHA, Kao KaTaiu3aTopa, Koja 3a
MOCIEANIy WMa Haarpaamy HecTaOmwimHor THon paaukana (RS-). Peakmuje THoma ca
XamyaMMa MpuBiade naxmwy 30or Moryher yTuiaja Ha OMOXEMMjCKe MpOIece BACKYJIapHOT

cucrema (35, 36).

[TocebHy maxmy M3a3uBa Creln(PUIHO CTBAPABHE UKIMYHOT XOMOLMCTEUH-THOIAKTOHA,
KOjU HacTaje HMCKJbYYHMBO M3 XOMOIMCTEHHA. XOMOIMCTEHH-THOJAKTOH j& 3HavajaH W3
pasiiora mTO HETOBa pasrpajiba MOXKE MEHATH €KCHPECH]y APYTHX THOJ-3aBHCHUX CH3HMA.
[Muknuzanmja XOMOIMCTEMHAa ce YyOp3aBa CHWXKaBameM pPH, a 3HayajHa je U 10A

¢dusmonomkum yciaosuma (37-39).
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1.3.2. Mera6ou3aM XOMOIIUCTEHHA

[TocmaTpajyhu ca XxeMujcKOr acmekTa XOMOLMCTEHWH je aMUHOKucenuHa. Mehyrum, ca
OMOXEMHjCKOT acleKTa KajJa ce IOoCMarpajy OHOJOMIKM MpOIeCH y KOjuMa Y4ecTBY]Y
aMUHOKHCEJIMHE (CHHTEe3a MMPOTEHHA), OH/Ja KaKEMO Jla XOMOIMCTEHH HUje aMHHOKHCEIHHA
jep y Tako BHTaJIHMM mpoiuecuma He ydectByje (40, 41). 3ampaBo, HajTauHUjU HA3UB 3a
XOMOITUCTEHH j€ Taj Jia je TO METa0OJIUT ECCHIIMjaTHE AMUHOKHUCEIMHE METHUOHUHA, a HEeTOB
HACTaHaK je BpJo KomiuiekcaH mporec (41, 42). Cam mpolec CMHTE3¢ XOMOIMCTEHUHA je
CTPOTro peryiucaH mnpoiec, ca GyHIaMEHTATHUM 3Ha4ajeM Y peMETHIN3AIHjH KOja JOBOIH 110
MIOHOBHOT CTBapama M OOHaBJbakhba METHOHMHA Kao eCeHUHWjasHe amuHokucenuHe. Cam
MpPOILIEC pa3rpajiib¢ METHOHMHA 3alI0YHEbE MPOLIECOM CHHTE3e S-afeHo3mmernonnHa (SAM),
KOjH Ce TOHAIlla Kao JOHOP METHII TPyIe Y3 u3/Bajambe S-aneHo3mnxomonucrentna (SAH), 1j.
camor xomonuctenHa (43). Kpajwu mporecd y MeTaboin3My METHOHHHA jeCy MpOIecH
pecuHTe3e METHOHMHA O] XOMOILIMCTEHHA, TIPH Y€MY Y 3aBUCHOCTH O]l IIPUCYCTBA KO(haKTopa
jenaH 7eo XOMoIMcTenHa OrBa pasrpaljeH 10 1ucrenHa u enuMmuaucan (43).

Kibydan Hu3 peaknuja y MeTaboiM3My XOMOIMCTEHHA, ald M METHOHMHA j€ LHUKIYC
METHOHHH-XOMOLIMCTEMH-METHOHHUH, Kao CJIO0XKEH HM3 XEMHUJCKUX peakluja y MpPUCYCTBY
MHOITBO eH3uMa u KodakTopa. /IBe HajBakHHje peakilvje y OBOM IHKIYCY Cy HACTajame
SAM n1on yrumajeM METHOHHMH-3JCHO3MWI-TpaHcdepa3e, a Jpyra je peMeThiaiyja
XOMOIIMCTEUHA 10 METHOHHHA. EH3UM MeTHOHUH-aieHO3MI-Tpancdepasa uma Tpu uzopopme,
01 Kojux je jemHa ca BucokoM BpemHomthy Km (Michaelis-Menten-oBa koHcTanTa) u Koja
jenuHa omoryhaBa jeTpu J1a MO3UTHUBHO OJIOBOPH HA MOBMIIEHE BPEIHOCTH METHOHHHA Y
WCXpaHM ¥ CaMHM THM Yy IHUPKYJAIHjH, KaJa jeTpa mpey3uMa IpuMapHy yJIory y pas3rpaimbu
xomorcterHa (44, 45). AKTUBHH METHOHHMH Wi SAM ce y TpaHCMETHJIAMOHO] PeaKIiju
nmoHama ka0 JOHOp METHJI TPYyME 3a pa3UuuTe aKIEeNTOpcKe MolieKyle (TpoTenHe,
HYKJIEMHCKe KHCeInHe, ¢ochonunune, HeypoTpaHcMuTepe) y3 Hactajame SAH, a 3atum
ErOBOM XHJIPOJIM30M XOMOuucTtenHa. Jpyra moryhnoct je nma SAM ynasu y mporiec
JIekapOOKCcHWIandje  y3  KaTaTUTHYKY  aKTUBHOCT  €H3MMa  aJIeHO3WJI-METHOHHWH-
nekapOoKcHIiIase, MTO UMa 3a MocleAnIly pecuaTe3y Metnonnaa. Camo 10% SAM oanasu Ha
nporec JaexkapOOKCHialMje, a OCTaTak Ha CHUHTe3y xomonucreuHa.. [lakie, oko 90% je
0JIBOjeHO J1a OyJe M3BOp METHII Ipylie, Koja MoJ yTHIajeM TpaHcdepasa U uziBajambe SAH
OuBa Tpenara pa3IMYMTHM akientopuma. Moxkaa HajBakHHja TpaHcdepasza je TIIHMIUH-

MeTHI-TpaHcdepasa, a HajCHAKHUjU HHXUOUTOp TpancMeTunauje je SAH (43-45).
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Kibyyno y oOBOM CIOXEHOM MeTa0OJIM3My je TpaBHIHA KOHTPOJIA BPEIHOCTH
XOMOIIUCTEMHA, OJHOCHO OylaroBpeMeHa pasrpaama SAH u to momohy tpu myra (43). IIpBu
OMOXEMHjCKH TYT Mojpa3syMeBa pasznarambe SAH (eH3uM aJeHO3MI-XOMOIMCTENHA3a) Ha
aJICHO3MH W XOMOIIMCTEHH, TO o00e30elyje HacTaBak IMKIyCca METHOHUH-XOMOITUCTCHH-
METHOHUH. [[pyru myT je oTKIamame XOMOLIMCTenHa moMohy Be3uBama 3a MPOTEHHE YHYTap
hemuje, mpu yemy ce Bumak SAH mpeHocn u BaH henuje Kajga ce KamamuTeT parpaame
npeBazuhe. OBO je Beoma BakaH JieTalb, jep YIpaBo Yy oBOj ¢a3u cBaku Bumak SAH ce
TAJIOKH y OyOpe3rmMa ITo MOXKe OUTH 0] KIIMHUYKOT 3Havaja (43).

Tpehu OGnoxemujcku mMyT eMMMUHALIA]E XOMOIIMCTEHHA j€ PEMETUIIAIMOHH TTYT PECHHTE3e
METHOHMHA U3 XOMOILIMCTEUHA, IO/ yTHUIIajeM JBa eH3uMa. JlenoBameM eH3uma MeTuidosar
XOMOIIMCTEHH MeTUITpaHchepase XOMOIMCTEHHY Ce J10/J]ajeé METWII Ipyna U MOHOBO HACTaje
MeTHOHHMH. [Ipy 0BOj TpaHCMETWIAMOHO] PEAaKIUju JOHOP METWI Trpyne je 5S-
metunterpaxuapodonar (5-MTHF), a HeumsoctaBan kodakTop je IHMjaHOKOOATIAMHUH
(ButamuH b12). JIpyra XOMOIMCTEHH MeTHIIa3a je OeTaH XOMOIMCTEHH MeTUiITpaHchepasa,
SH3MM KOjU KaTalu3yje MPEHOIICHEe METWI Tpyle ca OeTamHa Ha XOMOIMCTEHH IIPH YeMy
Hacraje MeTuoHuH (40-45).

JIBa mpeTxoJHO HaBeJeHa MEeTa0OoINUKa ITyTa YNHE TPAHCMETUIIALIMOHN META0OINYKY YT
XOMOIIMCTENHA, KOjU j€ MPakTHYHO Y CTaJHO] KOMIETHLHUJU ca TpaHCcCyI(yparujcKum
METa0OJMYKUM ITyTe€M, KOJUM C€ XOMOLMCTEUH HPEBEp3UOMIHO MPEeBOAM Y IMCTEHUH.
[{ucratnon B-cuntaza (CBS) je mpBu u orpaHnvaBajyhu €H3uM y TpaHCCyI(ypanujcKoM
MeTa0OJIMYKOM YTy, KOjU MPEBOAM XOMOIMCTEHMH Yy LUCTATHOH Y3 ociiobalame BOIOHHK
cyndpuna (HzS). Lucrarnon y-nmuaza (CGL) karanu3syje pasnarame [UCTATHOHA 0 UCTEHHA
u a-ketoOytupara. LlyuctenH ce najbe ykibydyje y CHHTE3y pa3IMYUTHX MPOTEUHA, TAypHUHA U
riyraTioHa. [IoMeHyTH eH3MMHU TpaHCCYI(yparnjcKOT METa0OIHIKOT IyTa CYy 3aBHCHU O]
nupunokcan 5’ -nmupodocdara (PLP) ogrocHo Butamuna bg (46, 47).

3ampaBo, y oBa JBa MeTa0ONMYKa Ipoleca JBa MEXaHW3Ma MOJYJIHMpajy paclojery
xomorcrenHa (48). IIpBu mexaHHM3aM ce OJHOCH Ha pa3jivke y apUHHATETY €H3uMa 3a
CYICTpaT, Ma Cy Tako MeTmiase pena BenmunHe Km 0,6 mmol xomorcrenna, 10K ¢y 3a
uuctaTHoH-B-cunTtazy u g0 100 myra Behe. Jlakie, 3acHheHOCT XOMOLIMCTEMHOM j€ Ba)kHa
JeTepMUHaHTa. J[pyrn MexaHH3aM ce€ 3acHUMBa Ha e€(EeKTOpHUM Kapakrepuctukama SAM,
SAH wu 5-MTHF. SAM wunaktuBupa cuntesy S-MTHF u Onokupa Oeraun-

MeTunTpancdepasy, y3 CynpoTHO JIeJOBamke Ha IMCTaTHOH-PB-cuHTasy. [lakie, ca moBehamem



19 | HokTopcka aucepranuja

KoHIeHTpanuje SAM 300r moBehaHOr yHOCa METHOHHMHA MCXPAaHOM, HACTajeé aKTUBHUPAHE
TpaHCYIPypaIoHOT IMyTa U HHXUOUpamke METHIIAlMje XOMOLMCTENHA, TaKO IITO ce OJ0Kupa
cuHTe3a agekBaTHe KonmmuuHe 5-MTHF, mTo ce mpegomunanTHo nemasa y jerpu. [locneama
UCTPaXMBama Harjamasajy ¥ IMOTCHUHWjAIHy WHXUOWILHW]Y TIUIMH-METHITpaHcdepase 5-
MTHF-oMm, kao pgomaTHM MeXaHHM3aM peryjandje y MeTa0oJM3My XOMOIIMCTEHHA,

omoryhaBajyhu Ha Taj HauWH JOMHUHAILK]Y TpaHCCyIdyparujckor meraboauukor myra (49-

52).
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14. Ilopemehaj memabonuzma memuoHUHA U XOMOYUCHEUHA

[Topemehaj y merabonu3My METHOHHMHA je MPOLEC Y KOME JOJa3u 10 HaKyIbamba
IUCTEMHA M IHETOBOT JUMEpPa XOMOIMCTEHMHA, IITO MOXE HMMAaTH 3HadajHe KIMHUYKE
MOCJIeIUIE Ka0 IITO Cy CKJIOHOCT Ka TPOMOO3H, XWUIEPTCH3UjH, HEKHMM METa0OJIHMYKUM H
eamokpunuM  nopemehajuma  (53). Kao wmehympoaykr MerabomusmMa  METHOHHUHA,
XOMOIIMCTEHH CE€ WJIM PEMETHIIMpPA HITO BOJU Y PECHHTE3y METHOHUHA WM YJIa3H y MPOIEC
TpaHccyndypanmje kKako OM HACTao IMCTATHOH, a IMOTOM IIMCTEMH KOju ce yrpahyje y

npoTeuHe, TaypuH u riayratuon (54, 55).

1.4.1. En3umcku nopemehaju Mmerado1u3ma MEeTHOHUHA U XOMOI[UCTEHHA

VY cBakoj 0j HaBEJEHUX PEaKIfja y CI0KEHOM IHKIYCy MeTabom3Ma METHOHIHA MOXKE
HacTaTu nopemMehaj, mTo 3a MociIeUIly MMa HaKyIJbalheé XOMOIMCTENHA U HaCTaHAK OOJIECTH.
YrpaBo y npBoM KOpaky y MeTa0oJIu3My METHUOHHHA, OTHOCHO Y (a3u mpeTBapama y SAM,
HEJIOCTaTaK CH3MMa METHOHHMH-aJICHO3MI-TpaHcdepase NOBOAM 0 HaKyIlJbakha METHOHHHA,
KOje W HUje KJIMHWYKY BHJJBUBO alld Y3pPOKYje HAKYIUbAkEe XOMOIMCTEHHA Y YPHHY KO
Hoopohene nene (56, 57, 58). Xomomuctunypuja je u mopemehaj y3pokoBaH ayTO30MHO
pEleCUBHIUM HEIOCTaTKOM IIMCTaTHOH-PB-CHHTa3e Koja je 3aJyKeHa Ha XEMHJCKY peKalujy
CHHTE3¢ I[MCTaTHOHA M3 XOoMolucTeMHa W cepuHa (58). XoMmommcTenH ce akymynupa u
dbopmupa guMepe o1 KOjUX HacTaje TUCYI(PUI XOMOIMCTHH KOJU C€ U3IIydyje TyTeM ypHHA.
VY oBakBUM cuTyaljaMa peMeTujaluja je OOMYHO cadyBaHa IMa Ce€ JIe0 XOMOIIMCTEHHA
mpeTBapa OMeT Yy METHOHHH, KOJU C€ caJa KOHIEHTpUIIE y KpBH M Hacraje
xunepMeTnonnHemuja. [loBehana KOHIlEHTpalMja METHOHHMHA Yy CEpyMy je TOBe3aHa ca
noBehanom ckioHomhy 3a TpOMOO30M W WMa HETaTUBHE YTHIAje HA BE3WBHO TKHBO,

HAapO4YUTO y OYMMa U KOCTUMA.

[IpoMeHe Ha BacKyJapHOM CUCTEMY YyCJe/l XUIIEPXOMOLUCTENHEMH]a MOTY CE TI0JaBUTH Y
OMJI0O KOM >KMBOTHOM J100y. AKO ce y Temkoj (OpMHU jaBU y paHOM JETUICTBY BPJIO YECTO
HACTajy MEHTaJIHA 3a0CTaJIOCT U OCTeornopo3a npaheHa MaTOJOMIKUM IMpeoMHUMa KOCTH]Y.
Omnwucanu cy u cinydajeBu MapdanouHor xaduryca. JlujarHoza XunepxoMOLUUCTUHYPHje KO
HoBopohenux 6eba (58) ce mocTaBsba IETEKTOBAKEM MMOBUIIIEHUX KOHIICHTPAIIM]a METHOHUHA
U XOMOLUCTEHHA y cepyMy. Jledeme ce 3aCHMBA Ha PEAyKIHjU METHOHHHA Y CBaKOJHEBHO)]

UCXpaHU Yy KOMOMHAIMjH Ca BHCOKUM Jl03aMa MUPHUIOKCHHA KOjU MMa YJIOTY Y peryjianuju
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€H3MMa IMCTaTHOH-PB-cuHTeTa3e u To y A03u oa 100 mo 500 mg, jeqnom aueBHo. [Topen Tora
IITO je IPUMEHA MUPHIOKCHHA e(pUKACHA Yy CHU)KaBamkhy XOMOIIMCTCHHA y CepyMy, MPUMEHa
OeranHa Takohe he Outu edukacHa jep mojayaBa peMeTWIANM]y U TO y a0o3u ox 125 mg mo
250 mg na nan. @onaru cy Takohe He3a00MIA3HO TEPANTU)CKO PELICHE Y OBOM CIy4ajy U TO Y
BucokuM no3ama ox 500-1000 mg na gan. IlporHosa nedema je Beoma go0pa KOJ CBUX

maijeHara ca MoTIYHHM YKJIalkamkbeM CBUX cuMiToMa 1 mopemehaja (56-58).

VY nuTeparypu ce OmHCyjy U OOJHIIM XOMOIIMCTHHYpPHUje KOjU HacTajy 300or mopemehaja
peMeTuianuje u3 apyrux pasiora (59, 60). I'maBuu kpuBim 3a nopemehaj myra pemernnanuje
cy nebunutd MetroHuH cuuTtasze (MS) u merwonuH peaykrtaze (MR), 3aTuMm cTBapame
MeTHIIKOOaTaMuHa W aJieHO3WIKoOaIaMiuHa yciel HelocTaTKka MeTHJIeHTeTpaxuapodoar-
penykraze (MTHFR) koja je ecenumjanHa 3a crtBapame S-merminrterpaxuapodonara (5-
MTHF) neonxomHor 3a peakuujy y kojoj ydectByje MS. Kapakrepuctudno 3a o0Baj
nopemehaj y merabosm3My METHOHMHA je Ja cé HE MOTY IMOTBPAWUTH BHCOKE BPETHOCTH
METHOHHHA y KPBH, 1a C€ M3 TOT pasjora U He JUjarHOCTUKY]y Tako decto (61-66). IlITo ce
THYE KIMHWYKE CIMKE, CIMYHA je Y OCTaIuM mopeMehajuma ca 1mojaBoM XOMOIUCTHHYPH]E,
KOja HeKaJa Mo)ke OUTH yIpyXkKeHa ca HeypoJoUKuUM mnopemehajuma m merano0i1acTHOM
anemujoM. [lepumur MTHFR ce kapakTepuine pa3iMuUTOM CHMOTOMATOJOTHjOM O]
MEHTaJHE 3a0CTaJOCTH, NCHXHYKHX IPOMEHa, CIa0OCTH, aTakCHje 10 CHACTUIUTETA.
Emsumcku nmopemehaju, nepunur MS 1 MR ce nedhmHUTHBHO OHjarHOCTHKYjy W TOTphYyjy
reHeTndkuM TtectoBuMa u aHanmuzom JIHK. Tepanujcku nNpuUHIMIIN OBUX EH3MMCKHX
nopemehaja ce 3acHHMBajy Ha CyIUIEMEHTalUju XHJIpokoOaramuHOM (fno3a onx 1 mg,
MHTpaMycCKyJiapHa MPUMEHA jeJJHOM THEBHO) U (oJIlaTHMa y BUCOKHM Ji03aMa, Kao mTo je Beh

peTxoaHo onucano (61-66).

[ucraTnoHuHypHja Kao Opyr €H3uMcKH mnopemehaj Meraboin3Ma XOMOIMCTEHHA, je
Oosect Koja ce KapakTepuile NepUIIMTOM LHUCTAaTHOHA3€e Koja je 3ay’KeHa 3a KOHBEp3H]y
[UCTaTUOHA y MUCTEUH. YCIea TOora, HaKyllJba C€ IUCTAaTHOH y YPHUHY, ajdu 0e3 KIMHUYKUX

cumrnroma (58, 60).

Cnenehu mopemehaj je aedpuuut cyndur-okcugasze koja je 3aaykeHa 3a KOHBEP3H]Y
cyndura y cyadare, ITO MPEACTaBIba NOCICIHBU KOPAK pasrpambe MUCTEeNHA U METHOHUHA
y3 yuenthe monubaeHa kao kopakropa (64). HemocraTak HaBeaeHOT eH3MMa WK KodakTopa
JOBOIM 710 OoJiecTH Koja ce Hacielyje ayTO30MHO PEIeCMBHO. Y BpJo Temku ¢dopmama

OosiecTH KO/ HOBOpoleHe Jielie MOTy HacTaTH KOHBYJI3H]j€, XUIIOTOHU]ja U MHOKIIOHYC, T1a YaK
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u paHa cMpT. biiaxke ¢popme OosecTr MOTY JaTh CUMIITOME CIIMYHE IiepeOpaliHOj mapaliu3u U
xopeuopmue mokpere. JlujarHoza ce MocTaB/ba JIETCKTOBAKEM BHCOKE KOHIICHTpAIHje
cynduta y ypuHy, a JeUHUTHBHA AUjarHo3a Ce MOCTaB/ba MEPCHEM HIUBOA CH3UMA CYI(UT-
okcyaaze y ¢uOpobmacTMa Kao W MeEpemeM KOHIleHTpamuje MoimOaeHa. Tepamuja je

cumnromarcka (64).

1.4.2. Heen3umcku nopemehaju MeTadoM3Ma METHOHUHA U XOMOIUCTEHHA

OcuM NpeTX0HO HABEJCHUX CH3UMCKUX IopeMehaja Koju 0OMYHO /1ajy U TeXY KIMHUUKY
CIMKY W HpPOTHO3y OoJecTH, MocToje M Apyru nopemehaju y mMerabonu3My METHOHHMHA U

XOMOIIMCTEHHA, a KOjU Cy MOCe/uIa er3oreHnx ynHmiana (66, 67).

['maBHU y3poly BUCOKHMX BPEIHOCTH XOMOIMCTEHHA (XHUIIEPXOMOIIMCTEHHEMH]a) CE MOTY
[IOJICJINTH Ha Hacleane u creucHe (68-73).
Hacnennu y3poruu:
e tnopemehaj Tpanccyndypamnmje
» HEIOCTaTaK IMCTAaTHOH-B-CHUHTa3e
e nopemehaj pemerunanuje
» nedexrad TpaHCTIOPT BUTaMUHA b1
» nedekTHa cuHTe3a BUTaMUH b1y kodakTopa
» nedeKTHa METHOHUH-CHHTA3a
» HEIOCTaTaKk METWITeTpaxuapodoaT-peaykraze (peTko) W TepMOJIa0MITHA

BapHvjaHTa eH3uMa (decto, y BehuHu nomymnanuje)

Creuenu y3pouu:

e OQonectu
» XpoHHYHA OyOpekHA WHCYDHIIH]CHITH]a
» akyTHa 1uMQoOIacTHA JIeyKeMHja
» Tcopujasa

e JneduINT BUTAMUHA
» BuTamuH By
» (onHa KucenuHa

> Butamut bg
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® JICKOBH
» MeTroTpekcar (HHXHOUTOp TuxuapodoaaT-peayKkrase)
» (eHuTOMH U KapOaMasernaM (aHTaroHucTu (oJiata)
» a30THU OKCHJI (MHAKTUBATOP METHOHMH-CHHTA3€)
» TeoduiuH (aHTaroHUCT BUTaMHHA bg)
» 6-azaypuauH-TpHalleTaT (aHTarOHKUCT BUTaMHUHA bg)

JenHocraBan moBehaH yHOC METHOHMHA ITyTEM HCXpaHE JaHAC C€ HE CMaTpa 3HaYajHUM
Y3POYHHKOM XHUIIEPXOMOIMCTEHHEMH]je. Yuenrhe HyTPUTUBHOT (pakTopa MOKe OUTH 3HAYajHO
y Torieny — yAPY)KEHOr  JelioBama ca  JApyruM  ¢GakTopuma 32 HacTaHaK
XHUIIEPXOMOIMCTEHNHEMHU]E, Ka0 IITO Cy HEKM T'CHETCKH (PaKTOpH WIIM HEAOBOJbHA KOJIMYMHA
Ko(aKTopa y E€H3MMCKH KaTalW30BaHUM peaklyjamMa METa0OJIMYKOI IyTa METHOHHHA. Y
norjaeny nopemehaja Merabonu3Ma METHOHHMHA 3HauajHe Cy MaHH]ecTaldje H3a3BaHe
TCHETCKUM ajlTepanyjama Kojeé ce OJHOCE Ha NpPaBWIHY CHHTE3y IMCTaTHOH-PB-CHHTa3ze M
MeTHATeTpaxuaApodonaT-peayKTase, aad M CIOpagudHEe Tpemke y MeTradonu3my OeTauH-

XOMOILIMUCTEMH MeTHATpaHchepase 1 MeTHOHUH cuHTaze (67-70).

[MojaBa xunepxomormcrennemuje (HhCy) ce omHOCH Ha TOBHUINIEHE BPEIHOCTH YKYITHOT
XOMOIIMCTEHHA y KPBH, OJTHOCHO Ha MOPACT KAaKO CIOOOJHOT TaKO M BE3aHOT XOMOIIMCTEHHA.
Konnenrpanuja ykymHor xomonucrenHa (tHCy) mpencraBba 30up cBUX — 00JHKa
XOMOIIMCTEHHA Y KPBHO] 1a3mu/cepymy. HopmaiHe BpeIHOCTH XOMOLIMCTEHHEMH]e Cy 10 15
umol/L. Ha oCHOBY U3MEpeHHX BpEIHOCTH XOMOIMCTEHMHA Yy  IUIa3Mu/cepymy,
XHMITIEPXOMOIMCTEHHEMHU]y Aenumo Ha: ymepeHy (16-30 umol/L), cpeamy (31-100 umol/L) u
temky (>100 pmol/L). 3nauajua ympyk€HOCT wu3Mel)y KOHIEHTpauuje YKyImHOr
XOMOIIMCTEMHA Y IUIA3MH W KIMHMYKUAX TOCIEOUIAd je 3amakeHa Npu KOHIIEHTPAIUjU
xomonucTenna npek0 15 umol/L, Tte je xoumentpanuja tHcy>15umol/L npuxsahena kao

He3aBucaH (HaKTOp pu3KKa 33 KapaAuOBacKyaapHa 000spema (71).

XUTIepXOMOITUCTENHEMH]a j& CTamke KOoje JOBOIH JI0 TTopacTta uHTpahenujckor SAM, mTo
MO>Ke OUTH KaCHHUJU Y3pOK OMOJIOIIKUX U XEMHUJCKUX aOHOpPMalIHOCTH. JlaHac ce pa3marpajy
no3HaTu (aKTOPU PU3HKA 32 HACTAHAK XUIIEPXOMOILMCTENHEMH]E, M j€ U JOCTa HEMO3HATUX
(dakTopa KOjU CBOJUM MEXaHHU3MOM JIOBOJIE J0 OBe mojaBe. Jlo naHac, yBUIenu cMO Jia
TEHETCKHU, (U3UOJIOLIKY, MATOJIOMIKA areHCH W (apMakoJIOIIKH AaKTHBHE CYICTaHIE MOTY

JoBecTH 10 xurepxomormcrernnemuje (70-73).
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I'enerckn QaxkTopu XHUIIEPXOMOLMCTEMHEMHU]JE TpPEACTaBbajy (GOpMYy EH3UMCKHUX
nopemehaja ca IreHETCKOM KOMIIOHEHTOM. Y JIMTEpaTypu ce MoMmumbe oko 50 ciyuajeBa
n3pakeHor aepurura MTHFR, ca TemkuM HeyponomKkuM U BaCKyJIapHUM KOMIUIHKAIHjama,

a KOjU Cy TOCJIE/IMIIa MyTaIlHje 32 CHHTE3Y OBOT eH3uMa (72).

['eneTcka mytaiuja Koja ce denihe jaBjba y 0JHOCY Ha octajie (yuectanoct oko 40%)
je myrammja ensuma C677 Ha HyKIeoTHaAHO] mosuiju 677 renma 3a MTHFR (68,72).
XomozuroTH 3a repmonadbunny popmy MTHFR umajy criennpuyny akTHBHOCT OBOT €H3MMa
50% o1 HOpMaiHE aKTHBHOCTH, JOK XETEPO3UTOTH UMajy CIIEHU(PHYHY CH3UMCKY aKTHBHOCT
10 75%. Cxopauime cTyuje cy oKasaie Ja ce XOMO3UTOTHa opMa OBe MyTallHje jaBJba KOJ
4-10% ocoba y ommroj momynanuju. OBaj monuMopdu3aM H3a3uBa CHIKCHY CH3UMCKY
aKTUBHOCT M TEPMOJAOMIIHOCT M TIPEICTaB/hba NPEAYCIOB TIOjaBe Onare W yMepeHe
XHIIEPXOMOIMCTEHHEMH]E, O] YCIOBOM CHIDKCHOT craTyca (omara (74).

Buramun Biy- MeTHOHMH-CHHTAa3a je MpHUCYTHA y CBUM henujamMa U TKUBHMA, alid je
YUECTaJIOCT jaBJbamhba TEHETCKHX TIpellaka y CHHTE3W OBOr eH3uMma Maja. [IpoyudaBamem
¢budpobacta nanujenara ca aepunujearaom MS (70) nedpunucana cy 2 tuna aeduijeHTHE
oonectu, noszHare kao cbLE u cbLG Tumn. Tun CbLE ce ogHOCH Ha peayKiujy caMor eH3uma,
1ok ce CbLG tun oxHocu Ha npomeny MS amoensuma (70).

OmnucaHo je HEKOJUKO CTOTHHA CiydajeBa aeduimjenta mucrarnon-fB-cunrase (67),
ITO je Hajuemhu Yy3poK jaBJbama xomouuctenHypuje. Oko 40 myranuja je OTKpUBEHO Ha
CBS reny, mTo BOoaM Ka CMamkeHOM a(MHUTETY €H3HMMa 3a CBOje cyncrpare (MUpuioKcai-
¢docdar, cepun u xomormcrenH). Cmarpa ce na je 0,5-1,5% omnmre nomynamuje 3axBaheHo
xetepo3urotioMm (opmom CBS nedunmjenimje. XoMO3UTOTHH ACPUIUT j€ YAPYKEH ca
MTOBHIIICHOM KOHIIEHTPAIIMjOM METHOHWHA U OJIaro MOBUIIEHUM BPETHOCTAMA XOMOIIMCTEHHA.

Ou3NONOMKH (aKTOPU KOjU YTUUY Ha HUBO XOMOIIMCTEHHA CY T10JI, CTApOCT, UCXpaHa
W HauuH xuBoTa (74-87).

Ca crapemeM ce Memajy KOHIEHTpalMje YKYITHOI XOMOLUCTENHA Y KPBU, MPU YEMY
ocobe cTapuje KMBOTHE n00M (M3Han 65 romunHa) MMajy ckopo 3a 2 pumol/L BuIM HHBO
XOMOITUCTEHHa O] ocoba cpelme xkuBoTHe n00u. [lomHe pasnmke Takohe mmajy 3Hauaj.
KoHneHnTpanyja yKymHOI XOMOLMCTEHHA KOJ MyIIKapana je 3a oko 25% BuIlla HEro KoJ
MIpeMEHOTIay3alTHIX KeHa. Y MEHOIAy3H Ce OBa pa3linka cMamyje, ald HUKaja He HecTaje. Y
TPpyIHONM ce jaBJba KapaKTEPUCTUYHO CMAKmEHEC BPEIHOCTH XOMOIMCTEHHA, 300T CMambeHha

KOoHIIeHTpauuje nupkyaumyher andymuna. Ilonekan cy y TpyaHohu BpeaHoOCTH
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XOMOIIMCTEMHA YaK M IOBHIICHE, INTO C€ JOBOAM Yy Be3y ca TpyaHOhoMm Kao
XHMIIEPKOAryOMIHUM CTambeM U nmopemehajem enporenne ¢pyukuuje (74, 75).

Hauun ncxpane je BakHA JEeTEPMHHAHTA KOja YTHUE HA HUBO XOMOIIMCTEHHA y KPBH,
i OOMYHO HYTPUTHBHH (DAKTOPU HUCY Y3POK TEIIKE XPOHUYHE XHIIEPXOMOIMCTEHHEMHU]E.
Konuenrpanuja yKymHOT XOMOIICTEHHA CE MEHha y 3aBUCHOCTH OJ1 HauMHa ucxpane.. Hanwme,
HAaKOH OpaJiHE alulMKalMjeé METHOHWHA, IUIa3MaTcKa KOHIEHTpaluja XOMOLMCTEMHA W
IMCTEMHAa Ce HAaKOH CaMo JiBa caTa yJBOCTPYyYHJa, JOK jé HAKOH INIeCT CaTH JOCTHIJIA
MakcuUMaiHe BpenHocTu. Ilymeme, KoH3ymupame Kade ca KOPEHHOM, BEIHUKE KOJIWYHHE
€TaHoJIa, Ka0 M TIaCHBaH HAYMH )KMBOTA JIOBOZE 110 MoBehame KOHIIEHTpAIH]e XOMOIIMCTENHA.
[Tpona3Ha XUIEepXOMOLMCTEHHEMH]a je 00aBe3Ha KO/ aKyTHE MHTOKCHUKAIIH]e aIKOXOJIOM KOJ
ocoba 0e3 xemaromaTvje, JOK je Koa ocoba ca omreheHOM (YHKIUjOM jeTpe
XHUIIEPXOMOIICTEHHEMHUja TIEPMAHEHTHA. Y XPOHHYHOM €TWIM3MY IUIa3MaTCKH HUBO
XOMOIIMCTEeHNHA je U J0 JaBa myTta Bumu. Hacranak mopemehaja MmeTabonm3Ma XOMOIMCTENHA
ce oOjammaBa HapyllaBambeM MeTabosim3Ma Qosara, KapaKTepHUCTHYHOT 3a OBy TIpYIy
nanujeHara (75, 76).

bpojue  crymuje cy mokaszaige ga je  Hajuemhm  pas3ior  yMepeHe
XHUITIEPXOMOIMCTEnHEMHUje HepocTatak ButamuHa (67-80). Yaoc Butamuna bip, Bg u domne
KHCEJIMHE Cy Yy HETraTHBHO] KOpeJalliju ca BPEHOCTHMA XOMOIMCTENHA, YaK U KOJ| 3PaBUX,
MIPaBUIIHO XpambeHUX ocoba. OBa HeraTuBHa Kopealuja je U3pakeHuja Ko CTapux, MoceOHO
3a BUTaMHH b1; W QOJHY KHCenuHy, anu je mpucyTHa u kox muaaux (79, 80). Yrumaj
BuTamuHa Bg je Hajcmabuje uzpaxen (68).

WuTonepanuuja riykose, avjaberec MeaUTyc TUN 1, peHanHa MHCy(dULMjeHIH]a,
Pa3IMYUTH MAJIMTHUTETH, XUITOTUPEOUIN3aM, HEKE XPOHUYHE ayTOMMYyHe 0O0JIeCTH, MOBE3aHe
Cy ca HACTaHKOM Xumepxomormcrennemuje (67-87).

XOoMOIMCTeNHEMHja TUPEKTHO KOpEeNMpa ca KOHIEHTPAIMjOM KpeaTHHWHA H
rnoMepyiackoM ¢uarpanujom (77). Yak M CKpoMaH maja y TIOMEPYJICKOj (QUIATpauuju je
MoBe3aH ca IMoBehameM XOMOIMCTEHHA y IUIa3MU. 3HayajHa XUIIEPXOMOLMCTEHMHEMHja je
3ama)keHa KoJ ypeMuje, 300r nocneauiia nopemehaja Meraboamu3Ma XOMOIUMCTENHA U ITpoLeca
TpaHcyndypanmje. McrpaxnBama Cy Nokas3ajia Ja BUTAMHHCKA CYIUIEMEHTaIlHja KOJ OBHX
naimujeHara 0jaro cMamyje KOHIICHTpALHMjy XoMouucTenHa. Mel)ytum, u mopesa ajgexkBaTHOT

TEpaNujCKOr MPUCTYNA, ONTUMaHE BpeaHocTH XomorwmcrenmHa <10 pmol/L ce Temko
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MOCTHKY KOJI ManujeHaTa ca 0yopexxHum OosiectuMa. Mctu edekar BUTAaMUHHM MMajy M KOJI
naiyjeHara ca TpaHciianTupanum 0yopesuma (70-86).

Huz ¢dapmakonomkyn akTUBHHX CYICTAHIM, Pa3IMYUTAM MEXaHHU3MHMa, yTUYy Ha
HUBO XxoMmoluctenHemuje (87). MeroTpekcar Kao JUPSKTHU YMHHIIAL Y METa0oaM3My (oTHe
KHCEJIMHE, OMETa PEeMETUJIAIIMOHU MPOIIEC XOMOIMCTEHHAa U Ha Ta] HaYMH H3a3UBa H-ETOBE
MOBUIIIEHE BPEIHOCTH. A30THU OKCHJH, MOMYT a30T-CyOOKCHAA U a30T-MOHOKCHIA, MOTY Jia
JOBEly 1O XWUIEPXOMOLMCTEHHEMHje. A30T-CyOOKCHA CTyma Yy HMHTEpakuujy ca
[IMjaHOKOOATAMHHOM TIPU YeMy ce ociio0ahajy XUAPOKCHIIHN paJuKaliv, KOjJH UHAKTUBUPA]Y
aKTUBHOCT METHOHWH-CHHTAa3¢ BE3WBAKEM 3a AKTUBHO MeCTO eH3uma. L-moma Beh y
MOjeIMHaYHO] JO03M U3a3MBa XHUIIEPXOMOLMCTEHHEMH]Y, JOK j€ XPOHUYHO Y3UMAambe
MIOMEHYTOT JieKa oJip:kaBa. Pasnor 3a To je mopemehaj y pacnonoxkuBoctu SAM. U npyry
(hapMaKoJIOIIKKA areHCH YTHYy Ha KOHIIGHTPALMjy XOMOLMCTEHWHA, Kao MITO Cy a3aypuauH
(aHTHMETA0ONUT KOjH JIeNTyje Kao aHTaroHucTa BUTaMuHAa bg), heHUTOMH U KapOamasenuH, y
41joj je ocHOoBU nopemehaj Metabonn3Ma (horHe KUcenuHe Kao TJIaBHU MEXaHHU3aM JeJIoBamba
(87).

XOpMOHCKa Tepamnuja ce JaHac MOMHUIE Kao je/laH 0] MHOTOOPOJHHX y3pOKa HAacTaHKa
nopemehaja y Mmetabonu3my xomorucrenna (78, 79). Maeja 1a HUBO yKYITHOT XOMOIMCTEHHA
3aBUCHM O] XOPMOHCKOI cTaTyca »JK€He IIOTHYe Off ca3Hakba O HWKEM HHBOY
XOMOILIUCTEMHEMHjE KOJI MpEeMEeHONay3alHUX >K€Ha Y OJIHOCY Ha MOCTMEHOIay3ajHe KEeHE.
OBaxBa ca3zHama Ccy NOTBpheHa BpeAHOCTHMa XOMOIIMCTEHHA KO JKe€Ha y TpyaHohw, anmu u
MOCTMEHOMAY3aTHUX JKEeHAa ca XOpPMOHCKOM cyrcturymujom (78, 79). Ilo3maro je
€CTPOreHCKH MpenapaTy JI0BOJE A0 MOBHILIEHA XOMOLMCTEHHA CaMO Y MEepUoanMa JTydermna
XopMoHa. MexaHu3aM KojuM O ce 00jaCHHO HACTaHAK XUIIEPXOMOIIMCTEHHEMU])E, OJJTHOCH Ce
Ha CMameme HUBoa KobOamamuHa U (Qornata, amu 0€3 3HAKOBAa XHIIOBUTAMUHO3E.
Cyncruryiyja ecTporeH aHTarOHUCTUMa, Ha pUMep TaMOKCU(EHOM, CMarbyje HUBO YKYITHOT
xoMornucTenHa 3a oko 30% y nepuony ox 6-12 mecenu (78, 79). Melytum, TauaH MexaHH3aM
HACTaHKa M TATO(U3MOJIONIKA AacleKTH OBaKBHX XOPMOHCKH Y3pOKOBaHMX mopemehaja

MeTaboIM3Ma XOMOILIMCTENHA JOUT YBEK HUCY TIOBOJHHM MTO3HATH.
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15. Ynoza xomouyucmeuna y namoguzuonozuju nacmanka u pazeoja
KapouosacKyniapruux éonecmu

VY morneny yruiaja XOMOIMCTENHA Ha HACTAaHAK M Pa3BOj KapAMOBACKYIAPHHUX OOJIECTH
nocta ce nojemuiie (88-95). OHO MmITO je CHTYpPHO je TO Ja J0Ka3a O AUPEKTHOM YTHIIA]y
XOMOIIMCTEHHA Ha CTBapame MATOJIOMIKUX M aHATOMCKUX MPOMEHA y BACKYJIapHOM CHCTEMY
jomr yBek Hema. Jomr maBHe 1976. rogune je 3abenexena moBehaHa yyecTagocT KOpOHAapHE
OostecTH cpia kKo ocoba ca xurepxomorpcrenaemujom (92). Creaehux merHaect rojauHa je
OWJI0 camMo CIOpaTUYHHMX H3BEIITaja Ha OBY Temy, na O0u ce 90-tux roawmHa mnosehaino
MHTEPECOBAKE 32 U3YyUaBambe JICJI0OBakba XOMOIMCTEHHA HA HUBOY BAacKyJIapHOT cucTema. Y
NpBOj 3Ha4ajHOj KIMHUYKO] cTyauju (1995) koja je obyxBatuiaa 4000 ucnuTaHUKA U Koja je
WCIIUTHBAIA T[MOBE3aHOCT XUIICPXOMOITUCTCHHEMHUje ca KOpoHapHOM Oosenthy cpria,

XOMOIICTEHH /100Huja enureT (hakTopa pU3MKa 3a HACTAHAK KapJHOBACKYJIApHUX 000JbeHA

(90, 91).

Mehyrum, wumajyhu y Bugy MHOroopojHe npyre QakTtope pH3UMKa 3a HacTaHaK
KapAHOBaCKyJIapHUX 000JbEHa, JOII YBHjEK C€ HE 3Ha TadaH MeljycobOaH OJHOC CBHX THUX
¢dakTopa ca xumnepxomonucrenHeMmujoM. Haj3HauajHMju  TpanuUMOHATHU  (PaKTOPU
(mucnununeMuja, XUIEpTeH3Wja U KOH3YMHpame IUrapera) MO3UTHUBHO KOpenupajy ca
BpeHOCTUMa XoMolMcTenHa. [ToceOHO CHaXkHa M BakHa MaTO(U3MOJIONIKA Kopenanuja je
yTBpheHa u3Mehy XwurepTeH3uje W BpPEAHOCTH YKYIHOI XOMOLMCTEWHA y KpBH, JIOK CYy
MOJAIM O MOBE3aHOCTH MyIIeHha U XOMOIIMCTENHA HAJOCKYIHU]JU U YTJIABHOM C€ OCJIambajy Ha
OIMACHOCT OJ CMalkEHOI YHOCAa BaXXHUX HYTPUTHBHHX CacTOjaka, yKJbydyjyhu BUTaMHHCKE

Kodakrope MeTabosmn3ma xomormctenHa (90-93).

[ToBe3anocT n3Mel)y MOBHINIEHUX BPETHOCTH XOMOIMCTENHA M BaCKYJIapHUX 000JbeHha
npuMeheHa je OTKpHUBamEeM XOMOLMCTUHYpHje, ypoleHe aHOMaidje MeTabonau3ma
XOMOIIMCTEMHA KOJ Jielle, a HacTaje ycleJ HeaocTaTka mucTatuoH [-cuHTaze (94-96).
CenamzeceTux TOAMHA, MOCMATPamkEM [l Ca XOMOIMCTHHYPHUJOM YCTaHOBJbEH j€ BUCOK
PH3UK OJ] IpepaHe CMPTH YIpaBo 300T TEMKUX nopeMehaja BaCKyJapHOT CHCTEMa, OJHOCHO
HacTaHka TpomOo-emOomnmjckux norahaja omacHux mo xuBoT (68). EBpornckuM akimoHHM
IIPOjEKTOM j€ ycarjiaiieHo Jia je nmoBehan HUBO XOMOIMCTEHHA Y IJIa3MH He3aBUCAH (pakTop
pH3MKa 3a KapJHOBacKyIapHe nmopeMehaje, u u3padynaro aa je mosehame HCy ox 5 pmol/L

MOBE3aHO ca nmoBehameM peaTUBHOT pU3MKa 3a KapauoBacKynapHe oonectu ox 1,35. Tlopact
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KOHIIEHTpAllMj€ XOMOIMCTENHA y IJIa3MHU je eKBHUBAJIICHTAH KapUOBACKYJIapHOM PHU3UKY KOjU

ocTBapyje HUBO xoJiecteposa Behu ox 19 mg/dl (95-99).

W npyre omcexHe cTyauje, MO AW3ajHY METa aHAU3a, JONPUHOCE OBOM Ca3HAWKY U
MOTBphyjy Ja 4ak u 61aro moBehame KOHIICHTPAILIM]€ XOMOIIMCTEHHA Y KPBU IYIUIMPA PU3UK
3a HACTaHaK KOpoHapHe 00JieCTH cpiia, kKao u cromy Mmopranuteta (94, 95, 100, 101). Ox taga
ce HOBHMM JIOKa3MMa CTaJHO MOTBplyje /1a je MOBHILIEH HUBO XOMOLMCTEHHA Yy orcery 15-25
umol/l y MO3UTHBHO] KOpenanuju ca KOPOHAPHUM OOJEeCTHMa CpIia, MOXKIAaHUM YIapoM,
nepuepHUM apTEPHjCKUM CTEHO3aMa, BEHCKOM Tpom0o30M M HemoctatkoM ¢osara (99,
100). HoBmja wucrpaxuBama I0Ka3yjy Ja XOMOIMCTeHH Yy Kyiutypu henuja mnosehaBa
UHTpauenyJapHu M ekcrpanenyiapau xonecrepon (102, 103). Kako ce xomomucrenH
noBehaBa HOPMAJTHO ca CTapemEM, OBO BOJU KOHIICNTY MPUMEHE MAajMX 032 CTaTHHA Y
MPEBEHIUjH HITETHUX aTePOreHnX e(ekara XOMOIMCTEHHA, YaK U KOJ TalMjeHaTa Kol KOjux
Cy UMK y OKBHPY HOpManiHKX BpeaHoctu (104-106).

[Topen moBehanor pu3uka o KapIMOBACKYJIApHHX OOJECTH, HArjameHa je |
HEYPOTOKCHUYHOCT XOMOIIMCTEMHA KOja HacTaje 300r OJCycTBa JiBa TIJIaBHA IyTa Yy
eJIMMUHALIJM  XOMOLMCTEHHA: OEeTauHOM IIOCpeJOoBaHAa KOHBEp3Hja XOMOLMCTEHHA Yy
METHOHMH U TpaHCyldypamuja XOMOIUCTeMHa Yy IHMcTenH. Takohe, AokasaHo je a
XOMOIIUCTEMH MOXE Jla HMHIYKYje OMeTame KPBHO-MOXJaHe Oapujepe yclen HEKOIUKO
paznuuuTux npomeca. IIpBo, XOMOLMCTEMH H3a3MBa HEPABHOTEXKY H3Mel)y akTHMBHOCTH
MaTpukc MetanonporenHaze 9 (MMP-9) u TkuBHOr MHXMOMTOpa MeTajlonpoTenHase 4
(TIMP-4), u to Tako mto moehaBa aktuBHOCT MMP-9 u cmamyje aktuBHoct TIMP-4.
3atum, MMP-9 pearyje ca pa3nMuuTUM KOMIIOHEHTaMa KpBHO-MOXXJaHe Oapujepe u
HapyliaBa HHHUXOBY CTPYKTYpy. /Jpyro, XOMOIMCTEMH Jieilyje Kao eKCIUTAaTOPHH
HeypoTpaHcmutep 3a GABA-A (y-amuHOOyTE€pHa KHCENMHA) pelenTope, MITO JOBOAU JI0
noehaHe BacKyimapHe MPOIYCTJEUBOCTH, a JIENTyje ¥ Ka0 eKCIIMTaTOPHH HEYPOTPAHCMUTED 3a
NMDA (N-metun-D-acnaprar) penentope (105-108).

Jakiie, XunepXxoMoLMCTEeNHEMH]ja j€ TOBEe3aHa U ca HEYPOJIOIIKUM U TICUXH]aTPHjCKUM
nopemehajuma (nenpecuja, Anxajmepona u [lapkuHcoHOBa 60s1€CT), XpPOHUYHUM OOJIeCTUMA
OyOpera, moBehanom akTuBHOIIhy OKCTeokiacTa W OoyiecTUMa KOIITAHOT CHUCTEMa, ca
raCTpOMHTECTUHATHUM OoJiectuMa (omctunaiuja, KpoHoa 6onect, uadiamaropHa 00JecT
1[peBa, KOJIOPEKTATHU KaplIMHOM), KaHiepoM (Tutyha, 0yOper, nojka, a1edeno npeBo, Oemnmka)

Y KOHTeHHTATHUM Manipopmarmjama (68-75, 101).
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XuIepXxoMoLUCTEeHHEMH]a MAaTOJNIONIKO JIeJIOBalkbe HCIOJbaBa JAUPEKTHO nAenyjyhu Ha
CcyabXuapuiIHe rpyne, Tj. JUCYI(PHAHE MOCTOBE pPa3IMUYUTUX MOJEKyJla U HHAMPEKTHO
uHayKyjyhu okcumatusau ctpec (68). Kao pesynrar oBux jeioBama HacTajy MOP(OIIOIIKE 1
GyHKIMOHATHE Je3Wje eHAOoTeNa ca CBUM IOCIeAMIaMa EHJOTeNHE JAUChYHKIHje
(Ba3ocmazam, aprepHjcka W BEHCKa Tpom0o03a, HCXeMHja), Kao u MOP(QOIOIIKE u
(yHKIIMOHAJTHE TPOMEHE BE3WBHOI TKHMBA ca YTHIajeM Ha hemmjcky mponudepanujy u
arnonro3y. Y cTamy XUIEPXOMOIUCTEMHEMHU]E€ CYBHUIIHU XOMOLMCTEUH IMOMAJIEKE AENOBaby
metroHmn tRNK- cuHTaze, mpu 4eMy HacTaje BUCOKO PEaKTHBHH XOMOIMCTEHH-THOJAKTOH.
OH ce Be3yje 3a pa3NUUUTE THOJE Y OPraHU3MY, OJHOCHO MPOTEHHE KOjU Ca/pKe LHUCTEHH
Wi 1UCTHH. Besyje ce 3a  mucyiaduaHe Bese THONA y MpoIecy KOjU ce Ha3uBa
XOMOIICTeUHUaMja  (MocTpaHcnanuoHa Moaudukanuja mnporeuHa), rpagehu N-
XoMouucTenH nporenHe. OBako MOAM(PHUKOBAHU MPOTEHHH MOTY OWTH: MPOTEHWHH ILIa3Me,
JUIONPOTENHH, TPOTEUHU BE3UBHOT TKMBA. HUBO aHTH-N-XOMOIMCTENH- IPOTEUH aHTUTEA
kopenumie ca HUBooM CRP-a (C peakTuBHU MPOTEUH), IITO YKa3yje Ha MpOUH(pIAMATOPHO
nenoBame  N-xomouuctenmH mnporenHa. N-XomouucTenH-allOyMuH moBehaBa Be3UBamE
MOHOLMTa 3a henuje eHporena U HUHAYKYje €KCIpEecH]y NpPOMH(IaMaTOPHUX IIUTOKHHA
VCAMI1, ICAMI1 u MCP1 na monorutima u henujama engotena (100-108).

Unentudukonano je mecto N-xomorucrenHunanuje Ha mecty Lys562 (nu3un) Ha
HECTPYKTypucaHoM peruoHy N-xomonmcrenH ¢(uOpuHOreHa, KOjU ce aKymyiaupa y
uupkynanmju - kox CBS  (uumcratmon-f-cuHTaza) aAeQUIMjEHTHHX MalldjeHaTa YuMe
KoMIIpoMuTyje ¢puopunonusy. N-xomorucrenH-LDL je BHUCOKO MMyHOreH U OuBa 3HaTHO
Opoke mpeyset Makpodazuma Hero Harusau LDL (102, 103).

Kounaren je ToMHHaHTHAa KOMIIOHEHTa BE3UBHOT TKHBAa U YWHU OKO 25-30% yKymHUX
MpoTerHa opranu3Ma. JIM3WHCKU OcTaly KoJjareHa yKJby4eHH Cy Y GOopMHUpamke KOBAJICHTHUAX
WHTPAMOJICKYTapHUX YHAKPCHHUX THPUAWHOIMHCKHUX BE3a, IMTO je KJbYYHO 3a CTAOWMITHOCT U
CTPYKTYpY KosareHa. N-XOMOLMCTEHHMJIAlMja JM3UHCKUX OCTaTaka MpPeKO XOMOIMCTEHH-
THOJAKTOHA HapymaBa (U3HONOMIKY CTPYKTYpy M (YHKIMjy KoiareHa. XOMOLHMCTEHH
noBoaM 110 mopemehaja Be3UBHOI TKMBa Jjenyjyhu Ha konareH, Gpudpunune u GuOpPOHEKTUH
(70-78).

[ToBuIIIEH HUBO XOMOIIMCTEMH-THOJIAKTOHA Y TUIa3MH U IPOTEHHA MOJU(PHUKOBAaHUX N-
XOMOLIMCTEMHWIALMJOM JHpPEKTHA Cy TMOCIeAuna TeHCKOr paedekra y MeTaboau3my

XOMOIIUCTEMHAa WM HCXpaHe Oorare METHOHHHOM. AHAlu30M TpPOMEHAa Y TEHCKO]
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eKCIIpecHjH, UHAYKOBAaHE XOMOLIMCTEMHOM U HETOBUM IPOU3BOJIMMA, HICHTHU(PHUKOBAHO je
47, 113 u 30 pazmuuutux mMRNK perymucannx N-XOMOIMCTEHMHWIAIIMOHUX IPOTEHUHA,
XOMOITUCTEHH-JIAKTOHA B XoMmonucTenHa. CBaku METabONHUT WHIYKYje jeAMHCTBEHY TPYITY

IeHCKOT eKcrpecuoHor npoduia (81,88).
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1.6. Ynoza xomoyucmeuna y (Ouc)(pynkyuju enoomena

Ennorenna mucdyHKIMja ce MOXKE ONHCAaTH Kao HepaBHOTeXa u3Mehy
Ba30/IMJIATATOPHUX M BA30KOHCTPUKTOPHUX IPOM3BOJA EHAOTENA, KOja Ce cMarpa je3rpom
CHCTEMCKO MaTOJIOMIKOT Mpolieca aTepoCKIIepo3e U KapAruoBacKyaapHux oonectu. Enmoren ce
CacToju M3 JENHOI CJi0ja CHIOTSIHMX henuja Koje oO0Naxy yHYTpallkby MOBPIIUHY
BaCKyJIapHOT JlyMeHa, u3Mel)y KpBU U BacKyJIapHHUX INIaTKUX MUIIMDHUX henuja, anmu YuHU U
Kamwiape W JuMpHe cynoBe. EHIOTen MMa MHOTO BUTATHUX (QYHKIHWja, YKIbYy4dyjyhu
perynaiyjy BackylapHor ToHyca u uH(aamaTopue paBaorexe (109, 110, 111). Backysaapna
JWiaTalyja Kao OJrOBOP Ha CTpeC JCIUMHYHO 3aBUCH O] pellaKCallMoOHOT (akTopa
nmopeksioM u3 exjgorena, a3or Mmouokcuaa (NO). NO ce 3anpaBo CHHTETHINE M3 aprHHHHA O]
crpane engorente uzodopme NO-cuntaze (eENOS), kao oaroBop Ha ojaroBapajyhu cTumyiyc.
Ennorenan NO ce pacmpuryje mo BacKyjlapHHM TJiaTkuMm mumuhaum henmujama tae ce
aKTHUBUpA IUTOCOJHA TyaHWJIAT-IIMKIa3a W ToBehaBa MPOW3BOAKA LUKIMYHOT TYaHO3WII-
MoHOdoc(haTa, MmMTO OOBOAM IO penakcanuje TriaaTkux wmummhanx henwja. ['yOurak
€HJIOTEJIOM ITOCPEIOBaHE Ba30MJIATAaTOPHE CIIOCOOHOCTH CE€ CMaTpa jeIHOM O] HajpaHUjuX
MaHH}ecTaiuja KapIMOBACKYJIAPHOT omrehema u MPETXOH bopmupamy
aTepocKIepoTHUHKX iakosa (111, 112).

OrncexHe ekcriepruMeHTallHe CTyIuje, iN VIVO 1 in Vitro, mobuite cy yOea/bHB T0Ka3 aa
BHCOK HMBO XOMOIIMCTEHHA 3Ha4ajHO olTehyje eHa0TeN 3aBUCHY Ba30AWJIaTalld]y U CMambyje
6uopacnonoxuBocT NO Kao OAroBOp Ha JWJIATALMOHM CTHMYIYC, MONYT aleTHIXOJMHA,
cyrepuiiyhu a XOMOLIMCTEHMHOM HMHJIyKOBaHa €HAOTeNnHa AuchyHKIMja Oap AeIoM HOoTHYe
o1 ryOWTKa €HJOTEN 3aBUCHUX penakcanuonux (akropa. I[locToje Tpu moTeHIUjaTHA
MeXaHW3Ma KOjUMa XHUIEPXOMOIMCTEHMHEMHja MOXKE Jia OIITeTH CHJOTeN 3aBHCHY
nuiatanyjy: 1) oKCUAATUBHM CTpeEC, 2) CTPeC €HIOIMIa3MaTCKOI PEeTHUKYyJyMa ca arornTo30M
henuja enoTena u 3) XxpoHUYHa WH(IAMALU]a/TIPOTPOMOMHCKH yciaoBu (112-115).

BbpojHn maToreHeTcKM MeEXaHM3MM, Kao IITO Cy CMambeHa aKTHBHOCT
€CEHIIMjATHUX €H3MMa y MeTa0OJM3My XOMOIIMCTEHHA W/WIH W3MEHEHH HYTPUTHBHU OJIHOC
MOTY JOBECTH /O ToBehama BPETHOCTH XOMOIIMCTEMHA Y BACKyJapHUM CHIOTEITHUM
henujama. VcnuTtuBamuMa HHUje OTKPUBEHO MPHCYCTBO AKTHBHE LUCTATHOH-P-CHHTa3e y
KyATYpU XyMaHHX aOpTHHX €HAOTEIHUX helHja 1 eKCTpaKTHMa XyMaHOT KapJHOBacKyJIapHOT
TkuBa. To mokaszyje Aa xymaHe eHAOoTenHe henuje He MOry MeTaboJMcaTh XOMOIMCTEHH

TpaHcylyparimoHUM TyTeM, CTOra, CBako IMoBehame KOHIIEHTpaIje XOMOIIMCTEHHA Y
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IUIa3MH MOXE OINTETHTH eHporenny ¢yukumjy (116, 117). ¥V jemmoj in vitro cryauju
nobujeHa je cmameHa cuHTe3a DNA y enporenHuM henvjama HU3JI0KEHUM XOMOIMCTECHHY,
Kao W BUXOBa cMameHa nponudepanuja. OBaj epekar je J03HO 3aBucaH U npumeheH je Kox

KOHIICHTpalje xomorcrenHa oa 10 umol/L (118).

VY tabenu 2 cy HaBeJEHHW MOTEHIMjaJHH €(EKTH XOMOIMCTEHMHA Ha BACKYJApHU €HIIOTEN,

TpomboruTe u pakrope koaryamnuje (113-119).

Tabena 2. Moryhu MexaHU3MH HACTaHKA aTePOTPOMOO03e YCIIel XHIIEPXOMOIIUCTEHHEMU] e

EdexTn Ha engore EdexTn Ha TpombonuTe U pakTope KoaryJiamnuje

nosehana cuHTe3a TpoMOOKcana By u npyrux enkocanouna
LIUTOTOKCUYHO oITeheme
noBehan HUBO TpoMmOOKcaHa Aj
IIPY BUCOKHM JI03aMa
nosehaHa ajixe3uja u arperanuja Tpomoonura
CMambEHO MPEKUBIHABAKHE TPOMOOIINTA
aOHOpMaJIHA CHHTE3a aKTuBanuja akropa
MIPOCTALMKINHA koarynanuje XII
CHI>KEH HUBO aHTUTpoMOuHa Il1
akTuBanuja akropa koarynamuje V
H3Merbera TpoLyRiuja CMameHa aKTMBHOCT mpoTenHa C
XEMOKHHA
MHaKTHBallM]ja MPOIyKIHje WIN aKTHBAlKje TPOMOOMOyINHA

noBehaHo HHXUOUTOPHO JeoBamke LP(a) Ha akTHBAIH]y

IPOMEHE MOCPEeI0BaHe [DTASMUFOT e
P p uHxuOUIMja cTBapama u cekpeurje Von Willebrand-osor
aJIXe3MBHUM MOJICKYJINMa
¢bakTopa

OJiokupame Be3uBama {-pA 3a enpotenHe hemmje

XOMOIIMCTENH MITETHO JIeNTyje M Ha BacKyJapHe TiiaTke muiuhae hemwje, moBoau 10
nponudepanuje Mummhaux henuja y KynTypu mro MOXe TONPHHETH XHIIEpIUIa3uju tunice
intime xpeHor cyna (120). Takohe, xomormcTenH MOXXe MHAYKOBAaTH BacKyinapHa omrehema
MPOTPOMOOTEHNM JIeJIOBakeM - TMoBehameM aaxe3wje W arperamuje TpoMOoIuTa Y3
ocnobahame TpOMOOLIUTHUX (aKTOpa pacTa, akTuBHpameM (pakTopa koarynauuje V, X u Xll,
MHXUOMLIMjOM akTuBaiuje nporenHa C, MHXHOMIMjoM henMjcke MOBPIIMHCKE eKCIpecHje
TPOMOOMO/TYJIMHA U CMaEHEM aKTUBHOCTH TKUBHOT aKTHUBATOpPa I1a3MuHOreHa. OCuMm Tora,
noBehaHuM cTBapameM TPOMOOKCaHa W BE3UBAKEM JIUIONPOTEHHA 3a (UOpPUH cMamyje

bubpunonmmzy (120-122).
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1.7. Ynoza okcuoauyuonoz cmpeca y namoguzuonozuju kapouosacxkynapnoz
cucmema

Heomxoman ycnmoB 3a ¢usnonomko (GyHKIMOHUCAKE CBHX henwja opraHusma je
MOCTOjae¢ KOHTPOJIMCAaHEe PaBHOTEXKe u3Mel)y OKCHIAIIMOHUX U aHTHOKCHIAIIMOHUX (hakTopa.
Oxcumanmonn cTpec ce aeduHUIIE Kao HepaBHOTeXa wu3Melhy NpOAYKIHje CI000THUX
panuKaza ¥ aHTHOKCHIAIIMOHOT CHCTEMa 3aIITUTEe OopraHu3ma. Jlakie, OKCHAAlMOHU CTpec
HacTaje 300r moBehaHOr cTBapama MPOOKCHIANMOHUX CIO0OMHUX paJWKaia WM CMambCHE
KOJIMYMHE W/WIM aKTHBHOCTH aHTHOKCHIAIMOHUX (akTopa. Cl1o00IHN pauKalld Cy BHCOKO
PCaKTHBHHM aTOMHU WJIM MOJICKYJIe KOjU CaJIp)Ke HECIapeHe EJICKTPOHE Yy CBOjOj CTPYKTYpH U
TCHEPAJTHO Cy MOJIEJbeHH Y Tpyme (peakTuBHE KuceoHnuyke Bpcre - ROS, peakTuBHE a30THE
Bpcre - RNS, peaktuBHe cymmnopae Bpere — RSS, nunuanu cnoboauu paaukaiu..) Cio0oHu
panuKaiu Cy MPOW3BOAM CTATHMX OHMOJOMIKMX PEIOKC Mmpolieca Koju ce oABHjajy y hemuju
TOKOM HEHOTI aepoOHOr Merabonu3ma. HbuxoBa pPEakTHBHOCT ITOBOIHM 10 OKCHUAAIIMOHHUX
npoMeHa OMOTeHHX MOJIeKya (mpoTtenHa, aunuaa, DNA) ca Bpiio IMTETHUM yIMHIIMMA, KOjU
MOTY pPEBEp3MOMIHO W/WJIM JIETAIHO JENOBAaTH Ha >kuBe hemuje. AepoOHU OpraHU3MH Cy
TOKOM €BOJIYIIMj€ pa3BHJIM CJOXEH AaHTHOKCHUIAIMOHH CHUCTEM 3allTHTE (CH3WMCKH |
HECH3UMCKHM (aKTOpH), Kao OArOBOp Ha EBEHTYaJHO IITETHO JEIOBAHE OKCHIAIIMOHUX

nporteca (123).

PaznuuuTe crynuje mokasyjy Jla peJoKC peakiyje Mory OMTH KJby4yHH (hakTop 3a
HacTaHaK aTepoCKiepo3e, BacKyjapHe xuneprpoduje U TpomMOO3e KOJ >KHBOTHHA Ca

xurnepxomorpcrennemujom (88, 124).

AKyMynaiyja OKCHJIOBaHMX OMOMOJIEKYyla Mema OWOJIOMIKY (YHKIH]Y MHOTHX
hemjckux myrteBa. I[locToje HEKOMWKO MeXaHW3aMa KOJUMa XOMOIIMCTEMH WHIYKY]je
okcunpatuBnu ctpec (125, 126):

1) XOMOIMCTEHH ayTOKCHaaIHja,

2) uWHXUOWIMja aKTHBHOCTH aHTHOKCHIaHaTa y henuju,

3) uHXMOHWIMja aKTUBHOCTH cynepokcu qucmyrase (SOD) ca eHIoTeNHUX MOBPIIHHA,
4) axtuBupame ensuma NADPH okcunase,

5) axTuBHpame eH3uMa a3or-okcu cuHTaze (NOS).

XOMOITUCTENH Kao CJlI000JHAa AaMHHOKHCEIMHA MOXKE€ OHTH y pEeayKOBAaHOM |

OKCHJIOBAaHOM OOJHMKY. Y KPBHOj IUIa3MU JOMHUHHpA PEAyKOBaHH OOJIHK XomorucrenHa. OH
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JIAKO MOJUIekKE OKCUJIAIUjH, IPU YEMY O] IBa peAyKOBaHa XOMOIIMCTEHHA HacTaje qucyiadus,
2H" n 2¢". V npucycTBY joHa MeTalla 1 KHCEOHHKA XOMOIMCTEHH Ce JTaKO ayTOKCHIYje U aaje
cio0oiHe paauKale: CyepOKCH]I aHjOH paauKall, XUIPOKCHIHU pauKall, BOJOHUK MEPOKCH
U THONHE CJII00O0AHE paaukane. THOIM y MPUCYCTBY joHA TBOXha W3a3UBajy JTUMUAHY
MepPOKCUIAIU]y, MPOAYKIHU]Y XUIPOKCUIHOI paguKaia ¥ OKCHAATUBHO MOJIU(MUKOBAHUX
nporenHa. JIMpeKTHO TOKCHYHO JI€JCTBO CYNEPOKCHU]l aHjOH paJHKalla Ce Orjie/la Y HEeroBoj
CKJIOHOCTH Ka OKCHJANMju JmrnonporenHa mane ryctuHa (LDL) m yrumajy Ha moBehaHo
npeysumame LDL wectmma ox crpane '"ckaBenyep" henwja. XWAPOKCWIHM pajuKall U
CYNEPOKCHIHU aHjOH C€ TOJ] YTHULAjeM CYNEPOKCHJ AMCMYTa3e WM CIIOHTAHO KOHBEPTYjY y
BOJIOHUK MEPOKCUA. BOIOHUK NEPOKCU U CYNIEPOKCUIHU paauKaiu Mory nHaktusupanu NO
U CTBOPUTH jOII jade MPOOKCHAAHTe (HACUECHTHH KHCEOHHK | TEPOKCHHUTPUTE).
[TepOKCHHUTPUTH BOJIC K& HUTPUTAIUJU THPO3UHA, KOJH IIOTOM M3a3UBa IPOMEHE Y () YHKITUjU

npotenHa u uHaykyje hemujcky muchynkuumjy (126, 127).

XOMOIMCTENH TIOTSHIIMPA MMPOU3BOIKBY TPOMOUHA y eHnoTeHuM henmujama. TpomOuH
jeé TIOTEeHTHH AaKTUBaTop mpoTeasza-akTuBUpaHux perentopa (PAR), koju npunanajy G
POTEeUH-KYII0BaHo] pamMunuju peuentopa. Mnentudukonana cy 4 tuna PAR: PAR-1, PAR-
2, PAR-3, PAR-4. PAR-1, PAR-2, PAR-3 ce aktuBupajy TpomOuHom, a PAR-2 u PAR-4
tpunicuHoM. Cu PAR cy u3paxenu y enaorenHum henujama. YKbYy4eHH Cy y BacKyJlapHH
pa3Boj, GYHKIM]y W HM3 OHOJOUIKMX Tpolieca, ykbydyjyhu pemonenupame. AKTHUBalMja
PAR wu3a3uBa cTBapame pEaKkTUBHMX KHCEOHMYHHMX pajauKaiga y3 YCXOIHY peryianujy

NADPH okcunase y engorenaum henujama (68, 87, 127).

XUnepxoMOLIMCTENHEMHja je YCKO IIOB€3aHa Ca aKyMyJalHMjoM acHUMETPUYHOT
muMeTuiaapruanaa (ADMA), koju je MHXHOWTOp €HAOTETHE W MHAYIHOHIHE a30T-OKCH]I
cuntaze. Bucoka konneHtpanja ADMA ymamyje Bazomwiatanujy U MOXKE 3HA4ajHO

cmamuti NO 6uopacnosioxuBocTt (88, 124).

Baxxan 3amTuTHM = MeXaHM3aM  OJ  OKCHJAIIMOHOT  CTpeca  HMHAYKOBAHOX
XOMOITUCTEMHOM j€ MPEKO aKTUBHOCTH aHTHOKCHIAIMOHOT €H3WMa, TITYyTaTHOH MEPOKCHIa3e
(GPX). I'myratnoH mepokcuia3a KaTaau3yje PEAyKIHjy BOIOHUK MEPOKCHAA W JIUIHIHHX
XHPOTIEpOKCcHIa. YTBPlEHO je Ma MIyTaTHOH MepoKcHuaasa in Vitro crmpevaBa OKCHAAIMOHY

nHaktuBanujy NO. Ovaj aHTHOKCHIAIIMOHU MEXaHHW3aM HeMa 3Hayaja y TOKY XPOHHYHE
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XI/IHerOMOHI/ICTeI/IHCMI/IjC, Jep AKTUBHOCT CHAOTCIIHE TJIYTAaTUOH IICPOKCHUAA3€C oOIlaaa IIpH

JTyTOTPajHO] U3JI0KEHOCTH XoMoIrucTenny (128).

[Toka3aHo je Ja JUPEKTHO, TPEHYTHO JEjCTBO XOMOIMCTeMHa HeMa edekTa Ha
arperaioHa CBOjCTBa TPOMOOIIUTA, ajlk aKO je H3J0XKEHOCT XOMOI[MCTEHHY IPOIYKEHa,
arperalMoHu mpoiec ce yoOp3aBa. YKoJIMKO mporec omTehema eHIOTena y3Mme maxa, Ha
pacmonaramy je CBe Mamu Opoj eHjorenHux henmja koje mory ma npoaykyjy NO, a To

omoryhaBa J1a IIMTOTOKCUYHHU eeKaT XOMOLUCTenHa Oy e cBe u3paxkenuju (129).
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1.8. Cymnopoeume amunoKucenaune u HeOP2aAHCKU HAMPUjym Xuopozencyiguo -
3Hauaj u npumena

[TocibenHUX TOIUHA MpUMEHa oApeheHHX CYMIOPOBUTHMX aMHUHOKHCEIIMHA 3a0KYIbYje
cBe Behm mHTEpec HaydHe jaBHOCTU. CyIuleMEHTalMja CyMIIOPOBHUTHM aMHHOKHCEITMHaMa
nobuja cBe Behuw 3HaAYaj] Kao BakHA aJ[jyBaHTHA, aHTHOKCHJAIMOHA Teparuvja y MPeBEHIU]U
mehepue Gonectu (diabetes mellitus) u kapamoBackynapuux 6Gomectu (130, 131). Bpojue
CTyIMje U3BelITaBajy o omrehemy MeTabonn3Ma aMUHOKUCEINHA y AujabeTecy U KOPUCHUM
epeKTIMa OBUX aMUHOKHCEJIHMHA, KOjU Cy MO3UTHBHOj KOpEJIalKju ca IOpPacTOM HHBOA THX
amuHOKHcenuHa y 1wiasMu (130-136). Muoru nmatodusuonomku nmopemehaju koju y cBojoj
OCHOBM HMajy nopemeheHy peaokc paBHOTEXKY, IOBE3Yjy €€ ca MPEBEHTUBHOM IPHUMEHOM
CYMIIOPOBUTHUX jeUmbCHa. METHOHMH, LUCTEMH U XOMOLUCTEMH Cy TpU yoOuyajeHe
AMHHOKHMCEIIMHE KOje caJpXe CyMIIOp, alli HCII0JbaBajy pPa3IMYUT YyTUIA] HAa PEIOKC
paBHOTeKy. [lojemuHe eKcrepuMEHTallHE W KIWHUYKE CTYAHj€ IMOMHIBY MOIYJIaTOpHE
yTunaje nucrerHa, N-aleTWILUCTEHHA M jelUbelha ca LMCTEMH OCTAaTKOM Yy PENyKLUHjU
OKCHIAIMOHOT CTpeca, TaKie bhHX0BO aHTHOKCHUIAIUOHO AeoBame (129-131).

[Tocnenmux TOAMHA TOCEOHY MaXKKBY HCTPAKUBAUUMA 3a0KYIUbY]Y CYIGXUIPHUIHE
(hapMaKkoJIOIIKK aKTUBHE CYIICTAHIIE KOj€ CMamy]y HUBO XOMOITUCTEHHA. Y Ty IpYIy Clajajy
JUMETWILMCTENH, MeTal HM3MEHHMBAYKH areHc ca NPUMEHOM Y TPEeTMaHy peyMaTOHIHOT
aptpuruca, N-anernmnpctent (NAC), MyKOTHUTHYKO CPEACTBO U 2-MEPKANTOCTaH Cyl(oHar,
xeMoreparneyrcku nporekrop (137). Jeaumerma OBOT THIA MMajy CIO00IHY CYIPXUIPUIHY
TpyIy ¥ CIOCOOHOCT Ja Tpaje qucynduae y mia3Mu, Te y HHTEPaKIKjy OBOT THIIA CTYNajy U
ca XOMOIIMCTEMHOM CHHXaBajyhu meroBy KoOHIEHTpauujy. N-aneTwinucTenH mocie
NepoopaHe MPUMEHE CMamyje YKYITHH XOMOIMCTeHH 3a oko 20%, ma yak u g0 50% (135-
141).

IMo xemwujckoj crpykrypu N-amermnucrenn (NAC) je cynbxuapwiHa CymncTaHia,
JiepuBaT LMCTEUHA MIPU YEMY je jeJIHa alleTHJI Ipyla Be3aHa 3a aToM as3ora. [lakie, yHoluIemheM
NAC y opranuzam o00e306el)yjy ce pe3epBe aMUHOKHCEINHE UCTENHA, KOja je HEONXOAHa 3a
OpojHe MaTabosuyke mporece y opraHusmy. N-alleTUIIUCTENH j€ PETUCTPOBAH Kao JIEK U
cyruieMeHT. [IpBeHCTBEHO ce KOPUCTH Kao MYKOJIMTHK, CAMIITOMATCKa Teparuja Koja moMaxe
y pas3rpajmby TYCTUX CEKpeTa KoJ pecnuparopHux nopemehaja nH(eKTUBHE MpUPOJE, alld je

PETHCTPOBaH M Kao aHTHIOT KOJ Tpeno3upama maparneramoiom (137, 138). Ilopex Tora,
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MPUMEHY j€ Haimao ¥ KoJ o000Jbea Koja 3axTeBajy cyndaTHy HAJOKHAAY Kao IITO je
aytusam. Jlo cana cy onucane u antuokcugatuHe ciocooHoctu NAC, ca npegoMHHaHTHUM
XEeTMaTOMPOTEKTUBHUM JIgjcTBOM. MehyyTum, U mopes cBera HaBEICHOT, jOII YBEK j€ jeluHa
npuxBaheHa KIMHUYKA MIPUMEHA Ka0 CHAXXHOT MYKOJUTHKA, [a C€ MPUMEbYje KO YIOPHOT
MPOJYKTUBHOT KalllJba MPU Y€MYy packuaa AUCYI(PUAHE Be3e U Pa3BOAmaBa I'yCT CEKpeT, Kao
Y MIPUMEHA y PEYKOBaWkYy I'yCTe CIIy3HM KOJ 000JeIuX o/ MUCTHYHE U rryhHae ¢pudpose (134-
140).

N-ameTmImucTenH je HyC-IPOM3BOJ aHTHOKCHIAHCA TIIYTaTHOHA, MOMyJapaH 300r
CBOJUX IIMCTEHH OCTaTaka M YJIOTe KOjy MMa Yy OJpiKaBamby pPAaBHOTEKE M MeTaboim3Ma
rnyratuoHa. NAC gokazaHo mnoBehaBa yHyTaphennjcke KOHIIEHTpalMje PeayKOBaHOT
rinyratnona (GSH) mpyskameM J101aTHOT U3BOpa LUCTEMHA Kao mpekypcopa (134-140). NAC
je Toce0HO MHTEpEeCcaHTaH UCTPAKUBAUYMMA Y KIIMHUYKAM MCIIUTHBAUMA KA0 MOTEHIIH]aTHH
aHTHOKcHAaHc. Mehyrum, y ycinoBuma Onare XHIIEPXOMOIIMCTEMHEMHjE Majo C€ 3Ha O
yrunajy NAC-a Ha mapameTrpe OKCHIAIIMOHOT CTpeca M aHTHOKCHUIAIIMOHOT CcHUCTeMa
3allITUTE, KA0 M YTHUIA]y Ha (QyHKIIMOHAIHE KapakTepucThKe Muokapaa (141).

[{ucrenH je cyMIOpoBHTa HEECEHIMjaJlHA aMUHOKHcenuHa. Hama3u ce y Behunu
BHCOKOITPOTEHHCKUX M3BOpa XpaHe. [1oa GU3HOIOMKIM yCIIOBUMA, OPTaHU3aM CHCapa MOXKe
CHUHTETHCATU LHUCTEHH. XOMOLUCTEUH (METa0OJUT METHOHHMHA) je€ MPEKypcop 3a CHHTE3Y
UCTenHa (TpaHcCyn(ypalnjcku METa0OIMUKH MyT XOMOIMCTenHa). XOMOLUCTENH U CEPUH
Ce Crmajajy y IMCTAaTHOH, peakiyja KaTaJn30BaHA ITUCTATHOH [-cuHTa3oM. llucratuon ce
3aTHM Ji€aMHUHYj€ U I[Mjera Ha 0-KETOOYTUPAT U IIUCTEHH, PeaKIija KaTaIu30BaHa IUCTaTHOH
y-muazoMm. O6a oBa eH3MMa Cy NupHIOKcal-pochaTHU €H3UMHU, OJHOCHO KO(AKTOp UM je
BuTaMuH b6. 300r BHCOKE peaKTUBHOCTH THOJ T'PYIE IIMCTEHH OCTBapyje OpOjHE OMOIOIIKE
¢bynkuje. Kao mocnemuiia CKIOHOCTH THOJA Ja TOMJICKY PEAOKC peakiujama, IMHCTeUH
nocenyje aHtuokcuaaipone ocobune (142-145). I{uctenH je KOJIMYMHCKU-OTpaHUYaBajyhn
npekypcop  yHyraphenujcke cHHTe3e  TJyTaTHOHa  (HAajOOMJIHMjHM  yHyTaphenujcku
AHTUOKCHUJIAHT). 300T pPeJOKC HECTaOMIIHOCTH, FOTOBO LIEJOKYNaH BaHNEIMjCKH IUCTEUH je
MPUCYTaH Y OKCHJIOBAHOM OOJIMKY, IUCTUHY (mucyndumaau 1muctenH). Tako je 3ampaBo
BaHNENMjCKU LIUCTUH MPUMapHU U3BOP YHYTAaphesnjcKOor IUCTENHA, HEOMXOJHOT 3a CUHTE3Y
rnyraTioHa. Takohe, IMCTEHH je KJbyYHHM CYICTpaT Yy CHUHTE3M TaypuHa (HENpOTEHHCKA,
CYMIIOPOBHTa aMUHOKHCEIMHA Koja, u3Mel)y ocramor, mMa (yHKIH]y aHTHOKCHUIAHTA Y

MHOTHM TeJIeCHUM TKuBHMa) (143,144).
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[lpuMeHa HEOPraHCKHX jEIUECHa HTEKAKO MMa CBOjy INMPHUMEHY y MEAHWIUHU U
dapmanju. Kao npenctaBHUK W ITaBHU KaTjOH BaHheWjCKe TEYHOCTH, HATPHjyM MMa CBOjY
YJIOTY y CKJIOITY MHOTHUX HEOTPAaHCKHUX jeIMIbeha y KIMHUYKO] pakcu. Hamasu ce y obmuky
xymopuaa, ¢pocdara, kapobonara u xuaporenkapoonara (146-149). Ilopen Tora, Beauku Opoj
JICKOBA KOJH C€ Hajla3e y OOJIMKY CIa0MX KUCEIUHA CY TEIIKO PAaCTBOPJbUBHU Y BOJIH, Ia KaKO
Ou ce moBehasla BUXOBa PacTBOPJEUBOCT 1A CAMHM THM M HUXOB (apMakoJOmKH edekat
PUMEbY]jY C€ Yy BUAY COJIM HATPUjyMa, Kao Ha mpumMep OcH3mmmeHunuinH (149).

Harpujym-xunporencyndun (NaHS) je jemumeme kKoje HacTaje CajareM BOJIOHUK
cynpuna (HpS) m Gase ankamnor merana. [ToceOHO je 3HauajaH kao erzoreru goHOp H)S,
racoTpaHCMHUTEpPaA Ca MOTCHIUjAJIHUM CIIOCOOHOCTHMA y CHUKaBaWky HHUBOA OKCHIAIMOHOT
cTpeca, alii ¥ Kao TOTCHIUjAHO TEPAINEyTCKO CPEIICTBO y TPETMaHy MHOTHX BacKyJapHHUX
oonectu (150). Bogonuk cynduma je 1 MeTabOIMT XOMOIMCTEHHA, 114 TAKO CTYIHjE MOKa3yjy
na erzorean NaHS xao moHop enpgoreHor H;S 3HauajHO yTHYe Ha HUBO XOMOIMCTEHHA Y
KpPBHM, Ha BacKyJlapHH TOHYC M Ha CMameme omrehema 3uma kpBHor cyma (151, 152).
Tperman NaHS y ekcrnepuMeHTaHUM CTynujamMa Ha HM30J0BaHOM CpIly MaloBa yTUYe Ha
(yHKIIMOHATHE KapaKTepUCTUKE MHUOKapiAa, cMamyjyhu cpuaHy (QpekBeHIy W J1JacTOTHHU
npuTHcak Jiese komope (LVDP) (153).

Ha ocHoBy cBera HaBeneHOT, Mo3HaBajyhu ca jeqHe CTpaHe, yJIory METHOHWHA U
XOMOITUCTEHHA Y XOMEOCTa3u KapAHUOBACKYJIApHOT CUCTEMA U ca IpYyTre CTpaHe, MOTEHIHjalHe
edexTe er3oreHe MpUMeHe CyMIIOPOBUTHX aMUHOKHCENHa nucTenna, metnoanHa, NAC, xao
n Heopranckor NaHS na mopemehaje xemoauHaAMIKE KapIMOBACKyJIapPHOT CHCTEMa B PEIOKC
paBHOTEXKE, HEOMXOAHO je MPUOABUTH HOBA Ca3Hama O MPEIU3HUM MEXaHHW3MHMa JeJIOBamba

CYMIIOPOBUTHUX aMUHOKHCCIINHA U HEOPTAHCKOT HanI/ij'M XI/II[pOI‘CHcy.II(I)I/IJIa.
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2.1.

2. IUJBEBU HCTPAKNBAIBA

Onumry Hn/bLeBn

[{nsb OBe eKCHepHMEHTAIHE CTyAHje OWO je HCIUTHBAIbE YTHIAja CYOXpPOHHYHE

npuMeHe erzoreHor xomorcrenHa (DL-xoMommcTenH) Ha KapIHOAMHAMHUKY CpIIa,

KOPOHApHY IHUPKYJIANN]Y ¥ OKCHAAIMOHU CTPEC KOJ| MMal0Ba, Ka0 M UCIUTUBAKE YTHIIAja

aKyTHE TpPUMEHE CYMIIOPOBUTUX amuHOkucenuHa (L-metnonuna, L-nmcremna, N-

aL[eTI/IJ'II_[I/ICTeI/IHa) U HCOPIraHCKOI Na'XI/I,I[pOl"eHCYJ'I(l)I/II[a Ha KapAHOBACKYJIApHU CUCTEM

mamoBa ca HOPpMAaJIHUM U TOBUIICHUM BPECAHOCTUMA XOMOLIUCTCHHA Y KPBH.

2.2.

1.

2.

3.

4.

Cneuu(pnyHu HULEBH:

HcnutaBame yrunaja cyoxponnune npumeHe DL-Hcy Ha ¢ynkumjy mmokapna u
KOpPOHApHY IUPKYJIAllMjy H30J0BaHOr cpla mnaroBa mnpahemeM mapaMerapa: a)
+dp/dtynax - MakcuMaiiHa cTOIa MPOMEHe MpUTHCKa y JieBoj komopu (mMmHg/s), 0) -
dp/dtyin - MEHEMaTHA cTOMA MPOMEHE MPUTHCKA Y JeBoj komopu (MmHg/s), B) SLVP
- CHCTOJIHM TpuTHCak Jieee komope (MmMHQ), r) DLVP - aujacToyiiHu MpUTHCAK JIeBe
komope (mMmHg), 1) HR - cpuana ¢pexsenna (bpm), §)) CF — xopoHapHH MPOTOK

(ml/min);

HcnutuBame yrunaja cyoxponuune npumene DL-HCYy na Ounomapkepe cuctemckor
OKCHJIalIMOHOT cTpeca [MHAeKkc nunuaHe nepokcuaanuje (TBARS), azoT MoHOKcHA
(NO) y o6muky nutpura (NO;), cymepokcua aujon pamaukan (Oz), BOZOHHK
nepokcua (Hp02),] ¥ aKTMBHOCT aHTHOKCHIAIIMOHOT CHCTEMa 3alliTUTE [KaTajas3a
(CAT), cymepokcua aucmyrasza (SOD) u penykoBanu rayraton (GSH)], y kpBHOj

IJ1a3MH1 1 CpUTPOLUTUMA ITAI[OBA;

HcnuTtuBame yTUIaja ITUPEKTHE, aKyTHE MPUMEHE CYMIIOPOBUTHUX aMHUHOKHCEIHMHA
(L-meTnonuHa, L-tiucrenna, N-amerwnuucrenna) wu  Heopranckor — Na-
xuaporeHcynduaa Ha (QyHKIH]y MHOKapAa ¥ KOPOHApHY IHUPKYJAIH]y HW30J0BAHOT
CpIia MamoBa y YCJIOBHMa HOPMAJIHUX W TIOBHIICHHX BPEAHOCTH XOMOIIMCTEHWHA Yy

KpBU;

HcnuTHBame yTuiaja AMPeKTHE, aKyTHE PUMEHE CyMIIOPOBUTHX aMHUHOKHUcennHa (L-

MeTnoHuHa, L-tiucrenna, N-anetwimucrenna) u Heopranckor Na-xuaporeHcynduaa
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Ha JUHAMHKY pEJIOKC paBHOTEXKE Y KOPOHApHO] UUPKYyJalUju [anoBa, Yy
(U3HOIONIKUM yCIOBIMA U YCIOBUMA IMOBUIIEHUX BPEIHOCTH XOMOLMCTEHHA Y KPBU;
MEpEHEM BPEAHOCTH MPOOKCHAAIMOHUX IapaMerapa Yy KOPOHAapHOM BEHCKOM
eduyenTy: nHaekca yunuaHe nepokcupanvje (TBARS), a3oT MoHOKcHma (MepeH y

00JIMKY HUTpHTA), Cylepokcua adjon pagukana (O;) u Bomonuk nepokcuaa (H20,).
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3. MATEPUJAJI U METOJIE

3.1. Mamepujan

VY 0BOj EKCHEPUMEHTAIHO] CTYAMjU CYy KOpHIINEHe CYICTaHIC W PEarcHCH BHCOKE
yucrohe, crenujain3oBaHe 3a JabopaTopujcky ymoTpeOy, mpowmsBohaua Sigma Aldrich,
Hemauka. CBe aHanmu3e cy ypaheHe Ha cCrelMjalM30BaHUM amapatuMa y3 YIIYCTBO

npou3Bohaya 1 y3 MOIMTOBamke 100pe 1abopaTopHjcKe mpakKce.

3.1.1. AmuHokHceJHHe M Heoprancku Na-xuaporencyigua ynorped/benu y
CTYAU)jH
DL-xomorucrenn (HSCH,CH,CH(NH;)COOH; karanomku 6poj H4628-1G; MW:
135,18), L-metnonun (CH3SCH,CH,CH(NH;2)CO,H; karamomku 6poj M9625; MW: 149,
21), L-tmcrenn (HSCH,CH(NH,)CO,H; katanomku 6poj 168149-25G; MW: 121,16), N-
anermi-L-uucrenn (HSCH,CH(NHCOCH3)CO,H; karamomku 6poj: A7250-500G; MW:
163,19) u Na-xuaporencynbua xuapar (NaSH-xH,O; karanomku 6poj: 161527-100G; MW:

56,06 aHxuapoBaHM).

3.1.2. Cyncranue 3a npaB/beme ci10:xxeHor Kpedc-XeHcesejToBor pacTtBopa

Harpujym xnopun (NaCl, 27.216 g/4L), kamujym xmopun (KCl, 1.4 g/4L), maruae3ujym
cyndar (MgSO4x7H,0, 1.636 g/4L), kanujym muxuaporen docdar (KH,PO4x2H,0, 0.0644
g/4L), marpujym Omkap6onat (NaHCOs;, 8.369/4L), rmykosza (CgH1206xH,0, 8.89/4L) u
kanujym xaopug (CaClyanny, 1.117 g/4L).

3.1.3. CyncraHue u peareHcH 3a oipehuBame napamerapa OKCHAALMOHOT CTpeca y
KopoHapHoM BeHckoM eduryenty (TBARS-a, azoT moHokcuaa, cynepokcus
aHjOH PaJgNKAaJa U BOJOHHK MEPOKCH/IA)

2-tnobapoutypHa kucenuna (TBA, C4HiN20,S), Mr 144.15; HaTpujyMm XUAPOKCHT
(NaOH) Mr 40.00.

Cyndanunna kucenuna (4-amuao Oensencyiadoncka kucenuna, CgH/NO3S), Mr 173.19;
N-(1-madrun)-etunenquamun quxuapoxuapar (NEDA, CioHisCpN), Mr 259.18; amonujym
xmopua (NH4CI), Mr 53.49; Bbopakc (Na,B;O;x10H,0), Mr 381.4; 85% opto-dochopHa
kucennna (HsPO,), p=1,685 gecm™; narpujym vurpur (NaNO,), Mr 69.00.

TRIS (Tpuc (xuapoxkcumerwn) amuuomerad, CyH;iNO3z), Mr 121.14; 37%
xmopoBogonuuna kucenmuua (HCI), p=1,19 gcm'3, Mr 36.5; Na,EDTA, Mr 372.24; Hurpo-
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terpasonujym 1miaBo xaopua (NBT, CyoH30CIN1gOg), Mr 817.6; XKenartun (CisH11N, NaO,),
Mr 61.5 kDa.

Kamujym xwmaporendochar muxuapar (K;HPO, x 2H,O0) Mr 214.23; kanujym
muxunporendocdar auxuapar (KH,PO4 X 2H,0) Mr 164.09; warpujym xmopua (NaCl) Mr
58.44; Bogonuk mepokcun (H,02), Mr 34.01; D(+)-riayko3a monoxuapar (mekcrposa), Mr
198.17; denon mpseno (phenol red, C19H1405S), Mr 354.4; nepokcuaasa u3 KOWBCKE POTKBHIIE
(peroxidase from horse radish - HRPO EC 1.11.1.7), Mr 44 kDa.

3.2. Emuuxu acnekmu cmyouje

[To nu3ajHy, OBO MCTpaKMBame j€ €KCIIEpUMEHTAIHA CTyIWja HAa aHUMATHOM MOJETY U
aHMMaTHOM Marepujaimy In  vitro. Cryamja je cmpoBeneHa Ha MHcturyry 3a
KapanoBacKynapHy ¢usuonorujy, Paxynerera MEIUIUHCKUX Hayka YHUBEp3UTeTa Y
KparyjeBuy. OnoOpeHa je o cTpaHe MHCTUTyLMOHamHe ETHuke KoMHCHje 3a 3alITUTY
I00poOUTH OTJeHNX KUBOTHIAa DakynTeTa MEAMIMHCKUX Hayka. [Ipu excrepuMeHTaTHOM
paay TOIITOBAaHHW CY MPOIMHUCH O JOOPOOUTH JIAOOPATOPH]CKUX KUBOTHE-A M MPABWIHUK 32
paz ca eKCIepUMEHTAIHUM KHUBOTHHaMa DakynTeTa MEIULMHCKUX HayKa YHUBEp3HUTETa Y

KparyjeBuy, koju cy yckial)eHu ca eBpOIICKOM JUPEKTUBOM y 0BOj 001acTH.

3.3. Ilpomoxon cmyouje

[TpunukoM u3BOhewa eKCIepUMeHaTa y OBOM HCTPaXHMBalky KOPHUCTHO CE€ MOJEN
perporpagHe nepdysuje H30JI0BaHOT cpla cpua cucapa mno Jlanrennopdy npu KOHCTAHTHOM
nepdy3uOHOM TMPHUTUCKY, YUju je TBopan Hemadku ¢usuonor Ockap Jlanrengopd (Oskar

Langendorff, 1853-1908).

Cnposeneno uctpaxupame je ooyxsarmio 80 nmamosa, Wistar albino coja, mymkor mona,
crapoctu 16 Henespa, nmpoceune tenecHe mace 300-400 rpama. EkciepuMeHTalIHE )KUBOTUHE
Cy YyBaHE y CTPOr0 KOHTPOJIMCAHMUM YCIIOBHMa (TemriepaTypa mpocropa 23+1°C, mmkiyc
cBemiocT-Tama 12:12 dacoBa), 0K Cy BOJa M XpaHa Owie JAOCTYITHE Y JOBOJbHO] KOJHYMHU

TaKo Ja Cy MX KUBOTHIbE MOTJIe y3uMaTu npema notpedu (ad libitum).
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XKupotume cMo rpynucaiu y ase (2) rpyre y 3aBUCHOCTH Off CyOXpOHUYHOT TpEeTMaHa
DL-xomoriicTenHOM; CBaka rpymna je Ouia Imojae/beHa Ha IeT MOATpYyIa, Y 3aBHCHOCTH O
CYIICTaHIIE KOjOM j& aKyTHO TPETHUPAHA; Y CBaKO]j MOATPYITH je OO 1Mo ocaM maroBa:

1. konTposHa rpyna manoBa (06e3 cyOxpoHumuHor tpermMana DL-xomorucremHoOM), y

OKBHPY KOj€ j€ IMOCTOjajo MeT MoArpymna:

I.  xonrtpomnna (CTRL), rpyma tperupana ca 0.9 % NaCl
Il.  L- Meth, rpyna tperupana L-metronusoM y go3u ox 0,5 mmol/L
I1l.  L-Cys, rpyna tpetupana L-uucrennom y mno3um ox 0,5 mmol/L
IV. NAC, rpyna tperupana N-anermiucrensom y no3u o1 0,5 mmol/L
V. NaHS, rpyna tperupana Na-xuaporeuncysiduaom y mo3u o 0,5 mmol/L
2. eKcIepUMEHTAJIHA rpyna manoBa (cyOxpoHu4yHo Tpetupana DL-xomorucrenHom),

y OKBHPY KOj€ J€ TOCTOjajo MeT MoArpyma:

VI. DL-Hcy, rpyna tperupana DL-Hcy+ 0.9 % NaCl

VIl.  DL-Hcy + L- Meth, rpyna tpetupana DL-Hcy+ L-metnonusom y no3u ox 0,5

mmol/L
VIIl.  DL-Hcy + L- Cys, rpyna tpetupana DL-Hcy+ L-nucremnom y nosm ox 0,5
mmol/L
IX.  DL-Hcy+ NAC, rpyna tperupana DL-Hcy+ N-aunermnucrenHoMm y 1o3u of
0,5 mmol/L
X. DL-Hcy+ NaHS, rpyna tperupana DL-Hcy+ Na-xuaporencyndumaom y mno3u
ox 0,5 mmol/L

Tperman excriepuMeHTaNHe TpyIe namosa er3oreHuM DL-xoMonucrenHoM je n3BeneH
no mMoauuKoBaHOM MpoTokoiy mo Kaplan-y (154). DL-xomolucTens ce, y mojenHavHOj
no3u ox 0,45 umol/g TenecHe mace, MpUMEHHUBAO JBa MyTa JHEBHO (IO3HU HMHTEpBal &
4yacoBa), CyOKyTaHOM IPUMEHOM, y Tpajamby o 14 naHa. Y MCTO BpeMe M Ha MCTH HauuH,
’KMBOTHIbAaMa y KOHTPOJIHO] Ipynu ce npuMemrnBao ¢usuonomku pactsop (0.9 % NaCl), y
nojeauHayHoj no3u oa 0,5 ml, kako OM ce M3a3Ba0 UCTH MILEKIIHjOM-HHIYKOBAH CTPEC KOJI
manoBa. Hakon Tora, 15-or ganma (16 catu ox agMuHUCTpamuje mnocienme mo3e DL-
XOMOIMCTeHHA/(PU3HOJIONIKOT pacTBOPa) )KUBOTUELE Cy )KPTBOBAHE M M3BPILIEHA je MPoIeaypa
M30JI0Bamkba Cpla, y IMJbY YCIIOCTaBJbalba peTporpagHe mepdysuje Kpo3 H30JI0BAHO CpILe

MetonoM 1o Jlanrenmopdy u cmpoBohema aKyTHOT €KCIIEpUMEHTa CYMIIOPOBUTHUM
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amMuHOKHcenmmHamMa. OCHUM TOra, y TPEHYTKY JKPTBOBama IEPBUKATHOM IHCIOKAIUjOM, O]
CBaKe >XMBOTHUEC CMO Y3€IH Y30pPKE KPBU HCKPBaBJbCHCM. 3a aHAIM3Y KOHIECHTpAIHje
YKYITHOT XOMOLIUCTEMHAa W OMOMapKepa CHUCTEMCKOT OKCHAALMOHOT CTpeca, KpPB CMO
CKyIUbIM Y JBa pa3JIMyMTa BakKyTaHepa. JemaH je OHO YHCT, caMO Yy30paK KpBU 3a
MpUIIPEMakEe cepyMa y KOMe CMO ofipel)uBaii KOHIIEHTPAIMjy XOMOIMCTEHHA. Y APYrH CMO
nonaBayid aHTUKoarysanoHo cpeactBo (EDTA) na 6ucmo uznsojuinm miasmy 3a oapehuBame
MPOOKCHIAIIMOHMX MapKepa W XEMOJI3aT epUTpolMTa 3a ojJpehuBame Mapkepa
AHTHOKCHUIAIMOHOT CHCTEMa 3amTHTe. Y cepyMy cMo ojapehuBaim yKymHU XOMOIIMCTEHH-
TedHoM Xpomarorpadujom noj Bucokum nputuckom (HPLC). KpeHy miasmy u xemonu3sar
EpUTPOIIMTA CMO KOPUCTHJIM 3a MPOILEHY CHUCTEMCKOI PEIOKC CTaryca; OJHOCHO 3a
CHEKTPO(GOTOMETPHJCKO MEpEeHhEe MPOOKCHIAIMOHUX MapKepa y IUIa3MU [MHICKC JIMITUIHE
nepokcuaamuje (TBARS), azor monokcun (NO) y obnuky mutputa (NO7), cymepokcun
arjon paaukan (Oy) u Bogonuk mnepokcus (H,O2)] 1 Mapkepa aHTHOKCHIAIIMOHOT CHCTEMa
3allITUTEe y Xemouu3aTy epurporuta [eH3umu karanaza (CAT) u  CcymepokcHI AucCMyTasa

(SOD), 1 HeeH3UMCKH aTHOKCHIAHC, peaykoBanu riayTatuon (GSH)].

3.4. H3onosare cpuya nayosa

N3onoBame cplia mpeicTaBba HHBa3UBHY XUPYPIIKY €KCTIEPUMEHTAIHY METOy Koja
Ce CIOBOJM HAa MalliM JKMBOTHH-aMa (Hajuemiie Ha riomapuma), ca LIUJBEM IMPOydYaBama
JiejcTBa JIEKOBA U CYNCTaHIIM Ha (PYHKIM]Yy MHOKap/ia ¥ KOPOHAPHU MPOTOK.

IIpBM KOpaK y HU3Y aKTHUBHOCTHU M30JI0Bamka OpraHa je NpunpeMa >KUBOTHE 32 OIIITY
aHecTe3njy W Tpoliec yBohemwa y anecte3njy. Mmajyhu y Buay kapauoaenpecuBHe edexTe
BehrHe ommmx aHecTeTHKa, HApOUYUTO HAKOH YK€ EKCIo3ulje M Behe 103e, y Halioj
CTYJIMJH OJUTYYHJIM CMO C€ 3a KPaTKOTPajHy aHECTE3H]y CMEIIOM KCHJIa3WMH/KETaMHH Y J03H1
ox 100/10 mr/kr TenecHe Mace, koja je o0e30equia TOTAIHY aHAIre3Ujy U TYOUTaK CBECTH
narjoBa. Hakon nepsukaine nucinokaruje (Schedule 1 of the Animals/Scientific Procedures,
Act 1986, UK) u y3umama y30pka KpBHU MaroBa HCKPBAPSHEM, H3BEJIO CE OTBApPamE Py THOT
KOIlla, TIpecename TepuKapaa W H30JIoBamke cpra. LlemokymHa mpomenypa ce pammia ys3
KOHTUHYHPAHO TPEJINBAbE XJIQJTHUM (PU3HOIOIKUM pacTBopoM (+4°C), na Ou ce M30JI0BaHH
opraH moTomnuo y jeaeHu ¢usuoiomku pactsop (-4°C mo -10°C). CBpxa OBOTr MOCTyIIKa je
cBOheme METabOJMUYKHX MOTpeda MUOKapAa Ha MHHHMYM Kako OW ce OOWJIO TOBOJHHO

BpEMEHa 3a Tpemnapanujy cplia MW TMpUIIpEeMame 3a KaHynamnujy aopre 0e3 moryhHocTh
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omtehema Muokapaa. HakoH moramnama cpia y JieieHd (U3HOJIONIKK PAaCTBOP Mperaprcain
CMO acCIIe[ICHTHY aopTy, Kpo3 KOjy ce BpIIM peTporpagHa mnepdysuja. AopTy MO IOTOM
KOHIIEM MPHUYBPCTIIIM 3a Kanwminy JlaHreHmaopd amapara, HaKOH 4Yera CMO TMOYeNld aKyTHU
excriepuMeHT. CBEyKyIHA TPOIEAypa, Of KPTBOBamka JKUBOTHEE JIO TIOBE3WBAmka a0pTe ca
KaHWJIOM, He Ou Tpabasio 1a Tpaje myxe o 2 MUHyTa Kako Ou ce 00e30e1u0 BUTAIaH paja U

puTaM cpuaHor Muuinha y3 craaHy AeTeKIujy u npaheme UCTor.

3.5. Jlanzenoopgh anapam

JaBue 1897. ronune Ockap Jlanrennopd je ommcao TeXHUKY M30Jaluje cpua Koje
M3BaH Teja HACTaBJba Ca CBOjOM aKTUBHOIINY, Mpu 4Yemy je Moryhe mpaTuTu pa3iuduuTe
napamerpe cpyaHe QyHKIUje. Mojgen ce 3acHMBa Ha perporpamHoj mnepdysuju cpra
XPpaHJBUBUM PAaCTBOPOM KPO3 a0pTy M KOPOHApHHU OTBOP Y KOPOHApHE KPBHE CYIOBE, IITO U
omoryhaBa BaHTenecHO ouyBame cpua. Ilocroje n1Ba Mozmena perporpagHe nepdysuje cpua:
nepdys3uja Ipyu KOHCTAHTHOM IPHUTUCKY M Tepdy3Hja MpH KOHCTAHTHOM IPOTOKY. Y o00a
cllydaja Jpyra Bapujabia je MpOMEHJbHUBA, OJHOCHO NPU KOHCTAHTHOM IPUTUCKY IMpaTH ce
IpOMEHa TMPOTOKa, JIOK CE€ MPH KOHCTAaHTHOM MPOTOKY MpaTH NPOMEHa MpPUTHUCKA. TOKOM
n3Bohema Hamer eKkCrepuMeHTa KOPHCTHIIA Ce METoJa M30JI0BaHOT cpua mo Jlanrennopdy

npu KoHcTaHTHOM nputrcky (70 cmH0) (Cruka 3).

Cruxa 3. Jlaarengopd cucteM 3a repdy3ujy U30JI0BaHOT CpIIa MaroBa
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Jlaurennaop¢ cHCTEM je JaHac CTaHIapaaH Mojed 3a (hapMaKoIONIKO-(PHU3HOIONIKA
UCITUTHBaka cpyaHe (QyHKIMje y in VItro ycroBuMa Kaja )eJIuMo J1a HCKJbYYHMMO HEPBHO U
XyMOpaJHO 1ejcTBO. To 3HAUYM [a je CBaKa MPOMCHA CPUaHE aKTUBHOCTHU PE3YJITAT AUPEKTHOT
yTHIaja HCIHMTHBAHE CYICTAaHIC WIM areica M HHje MAacKHpaHa KOMIIE3aTOPHUM
MeXaHU3MHUMa orpaHu3Ma. [loceOHa BaXKHOCT OBOT CHCTEMa je MOTyhHOCT HCIUTHBama
HCXEMH]jCKO-penepdy3ujcKor MOjela M THME TpyKa BEIUKe MOTYNHOCTH y MOTpasd 3a
MOTEHIMjATHIM KapIHONPOTEKTUBHAM areHCUMa.

ExcniepuMeHTanHa MCTpakKWBama y HaIIO] CTYAMju cy crpoBeieHa Ha Langendorff

amapary mapke LF-01 F-P mpousBohaua Experimetria Ltd, Budapest, (Mahapcka).
OCHOBHE KOMIIOHEHTE OBOT arapara Cy:

1. JIBe BepTHKaJIHE CTAaKJICHE IIEBH KOj€ Cy MCTE BUCHHE M PA3IMYUTOr MPEYHUKA (TIPH
yeMy ce IIeB Mamer MpeYHUKa Hajla3u yHyTtap neBu Beher mpeunuka). LleB mamer
MPEYHHKA C€ METOJOM HETaTUBHOI MPUTHCKA HUCIYHaBa CIOKECHUM (HU3UOJIONIKUM
pactBopoMm (y HameM cinydajy KpeOc-XencenejToB pactBop). Beha 1ieB ce cuctemom
OOYHUX IIEBM UCITyHaBa BOJOM, KOja je TPETXOJHO 3arpujaHa y BOJACHOM KYIIaTHIIY.
Hupkynumryha Boaa y meBu Beher mpedyHHKa ce 3arpvjaBa Tako J1a pacTBOp Y LIEBH
Mamer MpevyHrKa Ha u3Na3zy u3 cucrema uma Temmepatypy 37 °C (onTumanHy TelecHy
temreparypy). LleB mamer kammbpa ce 3aBpliaBa H3JIa30M, Ha KOjU C€ MOCTaBJba
mpernapar U30JI0BaHOT CpIia MMalloBa;

2. PesepBoap y xome ce Hana3u ciokeHn KpeOc-XeHcenejToB pactBop (3ampemuHa 4
nutpa). OBaj clIOXKeHH (PHU3UONOMIKM PAcTBOP je MO CBOM CacTaBy BeOMa CIMYaH
Banhenujckoj TeyHocTH. PH pactBopa usznocu 7,4. HberoBa yrora je na o6e3denu
onrosapajyhy ucxpany cpiia ¥ \eroB HecMeTaH pajl. PesepBoap je crojeH ca mymmnom
KOja pacTBOp KOHTHHYHPAHO MPEHOCH JIO0 I1eBU Mamer mnpedHuka. Ca apyre cTpaHe
pe3epBoap je CrHojeH ca OOLOM y KOjoj ce Halla3u CMellla KUCEOHHKAa U YIJbeH
nuokcuaa (O, u COy);

3. boma y kojoj ce namasu cmjemra Oy (95%) m CO, (5%). Tacupamem Kpebc-
XEeHCeNeJTOBOT  pacTBOpa TMOCTHXKY €€ (PU3HOJOMIKE BPETHOCTH TMapIIHjaTHIX
nputucaka Oy u CO2 apTepujcKe KpBH ;

4. Kanuna, Koja criaja U3BOJIHY II€B CUCTEMA LIEBH U aCIEICHTHY a0PTY U30JIOBAHOT CpIla

[1aIoBa;
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Boneno kynaruio koje 3arpeBa Boay usMel)y meBu Beher m mamer npedHuka, YuMe
ce omoryhaBa oJpkaBame KOHCTAHTHE TEMIIEpPAaType pacTBOpPAa Ha ONTUMAJHO]
BpeaHoctH oj 37 °C (M30TEpMHUYHOCT);

WNudy3nona mymma, KOjOM Ce HCIUTaBaHa CYICTaHIA aJeKBaTHOM Op3uHOM (Y
3aBUCHOCTH 071 0a3aJTHOT KOPOHAPHOT MPOTOKA) aAMUHHCTPUpPA HA CIIOjy KaHWIE H
aclie/ICHTHE aopTe;

Censopu (Tpancajycepn). tbuxosa ynora ce ornena y KOHTHHYHPAHOM PETHCTPOBAY
¢byHKIH]je MHOKap/ia JieBe KOMOpe.

Pauynap ca coprBepom (Spel Advanced HaemoSys v3.24) npeko kora ce mpare
KapIMOAMHAMCKM TapaMeTpu pajaa JieBe KoMmope cpua. Padynap je moBesan ca
CEH30pUMa KOjH Cy y BE3U Ca CTPYKTypaMa HM30JIOBAaHOT CpIia IaloBa, MITO je€ Ha4WH

KOHTUHYHpaHor npahewma cpuaHor paja.

3.6. IlIpomoxon nepgpyzuje uzonosanoz opeana no Jlanzenoopg mexnuyu

HakoH mTo cMO mpUYBpCTHIN aopTy 3a KaHwiy Jlanrennop¢ amapara, M3BPLIMIM CMO

YKIIamhalke JIEBE aypHUKyJie U TPOCEIamke JIeBE MPETKOMOpE, YuMe ce 00e30eIu0 MpUCTYI

MUTpAJIHO] BaJBYJIM. MuTpanHa BaiByna ce MPOKKHJA IMUHLETOM pajy IUIacUpama CeH30pa

(transducer BS4 73-0184, Experimetria Ltd, Budapest, Hungary) y neBy komopy, mITO

oMoryhaBa AMpEKTHO M KOHTHHYUpaHO Tpaheme mnmapamerapa (yHKIHMjEe JieBe KOMOpeE,

OJHOCHO KapAMOAWMHAMCKHUX IapaMeTapa.

v

v

v
v

MaKCHMMajHa CTOIa MPOMEHE MPUTHCKA y JeBoj komopu (dp/dt max, mspaxen y
mmHQ/s) - napameTap Koju oJjpakaBa HHOTPOIIHY CIIOCOOHOCT MHOKap/1a;

MHHHMaJIHa CTOIla TPOMEHE INpHUTUCKa y JieBoj komopu (dp/dt min, m3paxen y
mmHQ/s) - mapameTap Koju ojjpaskaBa JIYCHUTPOITHY CIIOCOOHOCT MHOKap/Ia;

CHCTOJIHU TIPUTHUCAK Y JeBOj koMopu (SLVP, uzpaxxen y mmHQ);

JIMjacTOJIHU MPUTHUCAK Yy JieBoj komopu (DLVP, u3paxken y mmHg);

¢ppexBennuja cpuanor paaa (HR, m3paxena kao 6poj otkynaja cpua y munyty (bpm)).

WsBpirena je u anammsa koponapuor mportoka (coronary flow, CF), koju je mepen

dbnoymerpujcku (flowmetrically) u m3paken y mumwimTpuMma CakylbeHOT KOPOHAPHOT

BeHCKOT edryeHTa y MuHYTY (ml/min).
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Hakon mepuona crabwimsanugje y cp4yaHOM paay (jeAHaKe BpPEIHOCTH KOPOHAPHOT
NpOTOKa y TPH Y3acTONHA MeEpema, y TMPOCjeKy Tpaje OKo 25 MHHYTa), BPIIMIHA CMO
aJIMUHHCTpPAIIN]y OATOBapajyhe CyMIIOpOBUTE CYIICTAHIE y Tpajamky OJ 5 MUHYyTa (aKyTHO,
JTMPEKTHO nejcTBo). HakoH dasze edekra ciaenmna je daza omopaBka cpyane nepdysuje y
Tpajaky on oko 10 munyTa. Jlakie, Mepeme MOMEHYTHX KapJAMOJWHAMCKHX ITapamerapa,
KOPOHApHOT MPOTOKA M MPUKYIJbAKkE y30paka KOPOHAPHOT BEHCKOT e(uIyeHTa BPIICHO je& Y
TPU Tauke O]l MHTEpeca: Ha Kpajy KOHTposHor mepuoaa (control), Ha kpajy amiukoBamba

ucnutuBane cyrncranie (effect) u Ha kpajy nepuomaa omopaska (washout).

3.7. Bbuoxemujcke ananusze

VY y30puuMa KOpOHapHOT BEHCKOT e(IyeHTa NMPUKYIJbEHUM Ha Kpajy KOHTPOJIHOT
Nepruosia, Ha Kpajy alulMKOBama HMCIUTHUBAHE CYNCTAaHIE W Ha Kpajy Mepuojia OropaBKa
(control, effect, washout), ciektpodoTomMeTprjckuM MeToaMa Cy oapehuBaHu OGHOMapKepH
OKCHJAIMOHOT CTpeca: WHJEKC JUNHIHE Nepokcupanuje - mepeH kao TBARS, asor
MoHOKcHA - MepeH y Gopmu HuTputa (NOy), cynepokcua anjon paaukan (O2) U BOIOHHK
nepokcua (H20,). CnekrpodoTomerpuja je cripoBeneHa Ha amapaTy mapke Shimadzu UV-
1800 UV-VIS cnekrpodoTtomerap, Jamnan.

W3 y3opaka KpBH NPUKYIUBEHHX Y TPEHYTKY JKPTBOBama JKUBOTHHbA JTOOHjalli CMO
KPBHHU CEpyM M XEMOJIM3aT €pUTPOIHTA. Y CepyMy CMO OjpehuBaiu HHBO XOMOIIUCTEHHA -
TedHOM Xpomarorpadujom mon BucokuM nputuckom (HPLC). Xemowmsar eputpormra cMo
KOPUCTHJIM 3a TPOLIEHY CHUCTEMCKOI PEelOKC CTaTyca, OJHOCHO 3a CIEKTPO(OTOMETPH)CKO
Mepele MapKepa aHTHOKCHIAIMOHOT cucteMa 3amTure: karamasze (CAT), cymepokcun

mucmyTtase (SOD) u penykoBanor riyratuona (GSH).

3.7.1. OnpehuBame xomouucrenna (Hcy)

KpB 3a onpehuBame xomorucrenHa (3 — 4 ml) je cakynsbana y enpysere 0e3 JonaTka
aHTHKOAryJiaHCca, Y TOKY JKPTBOBama )KUBOTHIHA, HAKOH Yera je IeHTpUQyrupaHa Kako Ou ce
n3aBojuo cepyM. HakoH nieHTpudyrupama u cenaparrcama y30piiy ¢y 3aMmp3aBanu Ha -20°C,
YHyTap jeHOT caTa O]l M3/iBajama cepyMma. XOMOIMCTEeUH je MepeH Ha amapaty ACL Elite
Pro, merogom TeuHe xpomarorpaduje moxa Bucokum mputuckom (HPLC- High Pressure

Liquid Chromatography) npema ynyTcTBy npou3Bohaya.



51 | JlokTopcka nmucepTanuja

3.7.2. OnapehuBame cynepokcua aHjoH paaukaia (0y)

OnpehuBame KonumuumHe cyrnepokcun aHjoH paaukana (O) y KOPOHApHOM BEHCKOM
euiyeHTy 3acHuBa ce Ha peakuuju Oy ca HuTpo Terpasonujym miaBum (Nitro Blue
Tetrazolium - NBT) mo murpodopmasan miasor (155, 156, 157). CnekrpodoToMeTpHrjcKo
Mepere Ce BPIIU Ha TaJIACHO] TYXKHUHH MaKCHUMAJIHE arcopiimje Amax=550nm. Ecejna cmema
(“assay mixture”) cagpxu: 50 mM TRIS-HCI nydepa (pH=8.6), 0.1 mM EDTA, 0.1 mg/ml
xematuaa u 0.1 mM NBT. Ilpe ymorpebe cmemia ce MPETXOAHO racupa a3zoToM TIOJ
MIPUTUCKOM Yy Tpajamy O]l jeJHOT Yaca.

V enpysete (12x100) je munerupano 50 pl xoponapuor BeHckor eduryenta u 950 pl
€cejHe CMelle, YMMe peaknuja ornounme. Kao ciemna mpoba ymecTo KOpPOHAPHOT BEHCKOT
edyenTta kopuiiheHa je anekBatHa konmuuumHa KpeGc-XencenejroBor pactBopa. Ha camom
MOYETKY peaKifje U3MEpH Ce SKCTHHKI[Mja CMEIIe M HOTUPA ce Kao ekcTuHKIMja E1. CBakux
60 cekyHaM ce BpIIM Mellame IUIACTUYHMM InTanuheM M HOTHUpa eKCTHHKIMja HaKOH
Melama [0 CBOje CTa0wiM3anudje, MTO IMOJApa3yMeBa JBE Yy3acCTONMHE MPUOIMKHO HCTE
excTuHKIMje. [locienma eKCTHHKCHja ce 03HavaBa kao Ej. VcTu mocrynak ce npuMmemyje u
3a cieny mpooy.

1. Konnenrtpanuja ocinodohenor O, nobujeHa je Ha OCHOBY cienehux jeqHaunHa:

AE =Ej-E1, (3a y30pak)
AEgp=Ep-E15p (3a cemy mpo0y)
AE=AE-AEg,

nmol O, /ml epnyenra= AE/0.015 x 1/0.05

2. Konnuuna ocnobohenor O, mo rpamy cpuaHor TkuBa ce onpehuBana Ha cienehu
HauuH:

nmol O, /munyt/g = AE/0.015 x 1/0.05 x CF/mpya

3.7.3. OnpehuBame Bogonuk nepokcuaa (H,O,)

OnpehuBame konmmunHe BooHUK niepokcuaa (H2O,) 3acHuBa ce Ha okcuaanuju GeHo
I[PBEHOT TIOMONy BOJOHWK TIEPOKCHIA Yy pEaKIMju KoOja je KaTaJln30BaHA CH3MMOM
nepokcuaazoM u3 komcke portksuie (HorserRadishPerOxidase - HRPO). Osa peaxiuja

pesynryje GopMHpameM jeHbEHha YHjH je MAKCUMYM arcopruuje Amax=610nm (155, 156).
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OBa Mmeroma omoryhaBa AeTepMHHAIIM]y HacTajamba W ociobahama HO, 3a BpeMeHcku
unTepBai ox 5-60 munyta. Y enpysete (12x100) je nunerupano 200 pl kopoHapHOT BEeHCKOT
eduryenta u 800 pl cBexxe mampamsbeHor pactBopa ¢enos 1psenor (Phenol Red Solution-
PRS) koju campxku 140 mM NaCl, 10 mM xamujym docdartaor mydepa (pH =7), 5,5 mM
D(+)-rityko3e u 0,28 mM ¢enon upseHor. Y3opiuma ce 3atum gogasaio 10 ul (1:20) HRPO,
npuIpeMJbeHor X tempore. Y3opuu cy ocraBbaHu Ha coOHOj Temmeparypu 10 mMuHyTa, a
3atuM ce nozemaao pH~=12, momohy 1M NaOH. Kao cmena mpo6a ymecTo KOpOHapHOT
BeHCKOTr eduryeHTa KopuinheHa je agekBaTHa konmuumHa KpeOc-XeHcenejToBor pacTBopa.
Konnenrpanuja ocnobohenor H,O, y kopoHapHOM BEHCKOM e(UIyeHTY M3padyHaBaHa je Ha
OCHOBY KanuOpaluoHOT aujarpama (CTaHIapAHe KpuBe), oApehuBaHOr 3a cBaku ecej. 3a
KOHCTPYKIIMjy CTaHAapJHe KpuBe, KOpHCTHO ce cranmapauu (Stock) pacteop H0,, y3
MPETXOAHY MpoBepy KoHIeHTpanuje (Aasp 3a 10 MM HyO, nznocu 0,810). ¥V Tpu enpysere je
nunerupano: 5, 10 u 20 ul 1 mM pacteopa Hy0,, 200 ul necrtumosane Bome, 800 pl
pactBopa denox nupsenor u 10 pl (1:20) HRPO. Hakon unky6aije ox 10 MuHyTa Ha COOHO]
temneparypu, noxemen je pPH <12 momohy IM NaOH (10 pl). Tako je dunanna
kourenrpanuja H,O, y Tpu y30pka cranmapiaa usnocuia: 2,75; 5,49; u 10,99 nmol/ H,O,/ml.
Mepewe ancopbaniue (A) cnpoBoheHe cy Ha TalacHO] NYKMHM MaKCHUMAaJHE aIlCopIIuje
Amax=610nm, y craknenum kuBerama 3ampemune 1 ml, Ha cnekrpodoromerpy LKB
Biochrom. momen: Ulltrospec 4050. Ox mobOujenux arcopOaHIKM Ogy3MMaHa je BPEIHOCT
arcop0Oaniie cuerne mpobe (B), unMe ce nodujana konauHa arncopbania (AA).
Konuentpanuja, a 3atuM U konuuuHa ociobohenor HoO, y KOpoHapHOM BEHCKOM

e(dIyeHTy u3payyHara je Ha OCHOBY:

1. ®axkrop ancopbaniie (F) mo jexnoM NMOI-y BOJOHUK MEpOKCHIA:

F= AA/nmol H,O,/cuv

2. Ha ocHoBy armcop6OaHiie y3opka Ha Amax=610nm (A,) u meHor yrnopeljuBama ca cjaernom
npobom (Asp) u3padyHaBa ce (unanmHa ancopOanua (AA) (A=A,-Asp). Ilomohy oBaxo
nobujene amcopOanie, (akropa F M KOJIMUMHE KOPOHAPHOT BEHCKOT ediyeHTa
ymotpebsberor y ecejy (200 ml), m3pauynara je KoHueHTpamuja u koiauwumHa HoO, y
KOPOHApPHOM BEHCKOM euIyeHTy 1o (popmyIun:

nmol H,O,/ml epyenra = AA/ F

3. Hakown Tora, konnunna ocnodohenor HyO, o rpamy cpuaHor TkuBa ce oapehuBana Ha

cinenehu HauuH:
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nmol HOz/ml /munyt/g wt = AA/F X CF/Mcpa

3.7.4. OnpehuBame unaekca JunuaHe nepoxcuaanuje (TBARS)

Wupekc nunuaHe nepokcuaaluje, Kao jean oJl mapamerapa OKCHIAlMOHOT CTpeca, ce
onpehyje WHAMPEKTHO TPEKO TMpOJyKaTa peakiyje JIMIOUAHE MepoKCHaaluje ca
THOOApOUTYPHOM KHCEIMHOM, ojakiie u mnortuue ckpahenuna TBARS (Thiobarbituric Acid
Reactive Substances). YV ekcrnepuMeHTHMa MOMYT HAIIer HCTpakuBama, HUBO TBARS-a y
KOPOHApHOM BEHCKOKM e(uiyeHTy ce oapeljyje ciekrpodoromerpujcku (158).

VY enpygere (12x100) je munerupano 800 ul koporapuor Berckor eduryenta u 200 pl
1% TBA y 0.05M NaOH. Kao cnema mpo0a ymecTo KOpOHapHOT BEHCKOT eduryeHTa
kopumiheHa je exkBuBaJieHTHa koinumHa KpeOc-XeHcenejroBor pactBopa. Hakon
NUIETHparba, Y30pLM Cy UHKYOMpaHU y BOAeHOM KynaTuiay 15 munyra ma 100 °C. Hakon
uWHKyOammje, y3opuu cy npuwiaroheHn coOHOj TeMmIeparypd, a 3aTHM ce ojapehuBana
KOHIIEHTpal1ja ocioboheHux TBARS y KOPOHApHHU BEHCKHU edyeHT,
CHEKTPO(HOTOMETPH]CKH HA TalacHO] Ay XuHH 01 A=530nm.

1. Konnentpamuja ocnodbohennx TBARS nobujena je Ha ocHOBY cienehe jeqHaunHe:
umol TBARS/mI eduryenta = AA (Ay-Asp)/1.56 x 1.25,
npu yemy je A, ancopbaniia y3opka, Asp arnicopOaiia ciene npooe, 1ok cy 1.56 u 1.25

KOPEKIIMOHU (DaKTOPH 3a OBaj ece;j.

2. Hakon Tora, kosmmunHa ociiobohernx TBARS mo rpamy cpuaHor TKHBa ce
onpehuBana Ha cinefaehu HauUnH:
umol TBARS/munyTy/g Wt = AA/1.56 X 1.25 X CF/Mpyq

BaxHo je HamoMeHyTH J1a c€, 3a pa3iHKy O/ CBUX OCTaJuX OMOXEMMjCKUX Mapamerapa,
HuBo TBARS wm3paxkaBa y puM, 0K je KOJIMYMHA OCTaJMX MOJIEKyJa M3pakaBaHa y NM.
Paznor je y xommuman TBARS, koja je 3a jeman panr BenuuumHa Beha o CBHX OCTalMx
napamerapa. OBakaB pe3ynTar je mocienuna Hecnermduunoct TBARS, kao Tecra, jep oH
MPEJICTaBIba CyMaIijy JEI0OBamba TOTOBO CBUX PEAKTHBHHX KMCEOHWYHUX M a30THHX BPCTa,
JOK CBH OCTaJM IMapaMeTpu Be3aHH 3a IOjeJJMHaYHE pPEAaKTHBHE KHUCEOHUYKe/a30THE

MOJIEKYJe, KOje NMajy celupuIHe MEXaHU3ME JIeTI0BabA.
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3.7.5. OapehuBame a3ot MmoHokcuaa y ¢popmu Hurpura (NO2')

OppehuBamwe konmuuHe 0CiIO00hEHMX HUTPUTA Y KOPOHAPHOM BEHCKOM e(iyeHTy
MPEJICTaBbaJIO0 je HajaJeKBaTHU]y WHAMPEKTHY METOAy 3a oipehuBame (HYyHKIIMOHAITHOCTH
exporenaHor L-aprunuu-azor MoHokcua (NO) cucrema y KOpOHAapHO] HUPKyJIanuju. Y
HAIllUM yCJIOBMMA UCTpaXkMBamba MeTojie 3a TupekTHo oapehusame NO cy HenocTymHe, Tako
na je crmekrpodoToMeTpHjcka MeToda oapehuBama komnumHe ocinodohenux Hurpura (159)
Ouna Ham u300p, Kao JOBOJGHO MOY3JlaHa MeToja 3a oBy nporeHy. C o03upoM na ce y
peaKIuju ca MOJEKYJIapHUM KHCEOHHKOM CTBapa €KBHUMOJIAPHA KOJUYMHA HUTPUTA, MOKEMO
ca BEIIMKOM CHUTYpHOLINY TBPIUTH Ja KOJHYMHA OCIO000hEHHWX HHUTPHTA Y KOPOHAPHOM
BEHCKOM edIyeHTY mpeicTaB/ba Konuuuny ociobohenor NO.

NO + 120, — NO,
buoxemujcku ce oBa Meroja 3acHuBa Ha ynorpeOu Griess-peareHca, KOju ca HHUTPUTHUMA
rpajyd JMa30-KOMILICKC, KOju naje Jbyomuacty 0ojy. Griess-oB peareHC ce mpumpema ex
tempore, HenocpeIHO Mpe aHATUTHYKOT OJipeluBama, MelIambeM jeIHAKUX 3amnpemMuHa (V/V)
1 % cyndanunne kucenune pactsopere y 5 % opto-docdopHoj kucenunu u 0.1 % BoaeHor
pactBopa: N-(1l-nadrun)-etunennuamun auxuapoxiopuaa (NEDA), koju ce dyBa y TaMHO]
6ouniy Ha 4 °C, 360r cBOje BUCOKe (POTOXEMH]jCKE PEAKTUBHOCTH.

VY enpysere (12 X 100) je munerupano 1 ml xkoponapror BeHckor ediayenra, 250 pl
cBexxe HampaBibeHOr Griess-oB peareHca u 125 ul amonumjaunor mydepa (pH=9.0), kora
caunmbaBajy amonujym xjopua (NH4Cl) u matpujym terpadopar (NaB4O7). AMonujaunu
nydep, Koju ce y TOKy IpHIIEME MoOpa 3arpeBaTH, 300T M3Y3€THO ciade pacTBOPIHUBOCT
HaTpUjyM TeTpabopara, UMa 3a CBpXy cTaOmiM3anujy auaso-komruiekca. Kao ciema mpobGa
YMECTO KOpOHapHOT BeHCKor eiyernTta kopumrheno je 1 ml Kpeoc-XencenejroBor pactBopa.

Konnentpanuja ocnoboheHux HUTpUTa y y3opiuMa ojapehuBaHa je Ha OCHOBY
kanmOparnmone kpuBe. KammOparmona kpuBa je KOHCTpyHCaHa Ha OCHOBY EKCTHHKIIH]a
y30paka, KOju Ccy y ceOM cajapkald MO3HATy KOHIEHTPALWjy HHUTPUTA, HAKOH HHXOBE
peakuuje ca Griess-oBuMm peareHcoM y mpucyctBy mnydepa. JloOujana je mumetupameMm
pa3nmuuuTHX Kojm4yuHa BojeHor pactBopa 1 mMM NaNO; y 1 ml Kpebc-XencenejroBor
pactBopa u TO: 3, 6, 12, 24 ul, unme je moOujeHa KOHIEHTpanKja HuTpuTa ox: 2.18, 4.37, 8.73
1 17.34 nmol NO,/ml. Hakon crabunusanuje 6oje Ha cOOHO] Temneparypu o 5-10 muHyTa
IPUCTYIIA CE Mepemy KOHLEHTpAlje OCI000heHNX HUTpUTa CIEKTPO(YOTOMETPHCKH Ha

TaNacHoj ayxuHu oa A=550 nm.
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Konnenrpanuja, a 3aTuM KoJIMYMHA 0CJI000h)eHnX HUTpUTA 10OHMjaHa je Ha OCHOBY:
e OpnpehuBama crangapanor ¢akropa (F) u3 cnenehe jeqnaunne; 3a cBaku MojeIMHAYHA

crangapn (F1-F4), a 3atum nobujamemM BUXOBE ApUTMETHUKE CPEIUHE.

ExcTuHKIMja cTaHgapAa-eKCTUHKIH]a ciere mpobe

Konnenrpanuja NaNO, y ctanaapay

L4 I[e.]'beHSeM Ppas3IuKe eKCTI/IHKHI/Ija Y30pKa U CJICIIC Hp06e ca CTaHaapaom F:

nmol NO2/ml epmyenta = AE (E-Esp)/F.

e Hakon Ttora, kosmMuMHa OCIO0OhEHWX HUTpPUTA IO TpaMmy CpPUYAHOT TKHBA C€

onpehuBana Ha cienehn HauwWH:

nmol NO,/munyt/g wt = AE/F X CF (kopoHapHH IPOTOK)/Mcpya

3.7.6. OnpehuBame pexykoBanor riyraTuona (GSH)

AKTHUBHOCT peAyKOBAHOT TNTyTaTHOHA, aHTHOKCUATUBHOT €H3MMa 3alITUTE, j€ MepeHa
y JIM3aTy €pUTPOIUTa ClieKTpodoTOMETprjcKoM MeToIoM.OBa MeToa ce 6a3upa Ha peakiuju
OKCHJalMje TIyTaTHOHa ca 5.5-TuTHO-0uc-6.2-HUTPOOEH30MYHOM KHMCEIMHOM, METOJIOM IO

Beutler-y (160).

3.7.7. OnpehuBame cynepoxcua gucmyrtase (SOD)

Cyneokcua nucmyrasa je oapehusana enmnedpun merogom no Beutler-y. Memamem
100 pl nmu3ara epurpormra 1 1 ml kapbonatHor mydepa ce 3anodnme Mpolec, HAKOH Yera ce
nonaje 100 pl enunedpuna. Mepemwe ce Bpiiu cieKTpohOTOMETPHJCKU HA TaJlaCHO] Ty>KUHU

o A=470nm (161).

3.7.8. OnpehuBame kataaaze (CAT)

Konnentpanuja karanmaze je Takohe oxapehuBana y nm3aty epurpouurta. Hakon
TUITYyLKj€ JIn3aTa JSCTHIIOBAHOM BOJIOM Yy ofHocy 1:7 m momaBama eraHosna y oxuocy 0,6:1

MPUCTYIUIO ce Aasboj mporeaypu. 50 pl kartamasa mydepa, 100 pl y3opka u 1 ml 10 mM
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H,0; cy cTaBibeHU y empyBeTy U MPUCTYIUIO CE€ MEpPEYy y30paKa Ha TajJacHO] JY>KUHU O]

%=360 nm (162).

3.8. Cmamucmuuka ananuza nooamaxa

[IpopauyH yKymHOT y30pKa je 3acHOBaH Ha pe3yJiTaTuMa MPEeTXOJHO 00jaBJbeHE
crynuje (14), (Karutan u rpyna ciioBaukux ucrpaxuBada, o 2011-2015. roa.). 3a npopauyH
je kopumihen T-tecT 3a Be3aHU y30paK, TBOCTPYKO, Y3 MpeTnoctaBky anda rpemuike ox 0.05 u
cHare cryauje 0.8 (6era rpemka 0.2) u y3 kopunrheme oarosapajyher paayHapckor mporpama
(9). Y3umamem y 003up pesyiraTte HaBEACHE CTYAHjE, YKYIaH OpOj EeKCIePUMEHTATHUX
KHUBOTHHbA je mpopauyHaT Ha 80 (IBe rpyre, cBaka MOJeJbeHAa Ha MET MOATPYyNa, y CBaKOj
MOJrPYIIX TI0 OCaM KUBOTHIHA).

3a craructTuuky oOpamay pesyidTrara YHoTpeOJbeHe Cy METoAe JECKPUIITUBHE
CTaTHCTUKE (Cpelma BPEIHOCT, CTaHAapHa TpelIKa, CTaHJap/JHa JICBHjallMja ¥ BapHjaHCa).
3a TecTHpame pasirka usMel)y rpymna ynorpeOibeHa je napaMeTpujcKa MM HelapaMmeTpHjcKa
aHanu3a Bapujance ca oarosopajyhum posthoc recrom (Bonferonni/Kruskall-Wallis/Tukey), a
3a Tectupame pasimka m3melhy rpyma Wilcoxon-oB Tect 3a Be3aHe y3opke. 3a aHAU3Y

nojaraka kopuirhenu cy craructudku mporpamu SPSS 18.0 for Windows u MedCalc.
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4, PE3YJITATH
Pesynratu ucTpakuBama, CTaTUCTUYKU AaHAJIM3UPAHH, Cy MpPHKa3aHH TabenapHO U
rpadpuuku. Y CTyauju cy mnpaheHe KOHIEHTpauuje YKYMHOI XOMOLMCTEMHA Y KpBHO]
ia3mMu/cepymy maroBa, KapJHOIMHAMCKU ITapaMeTpu, OHOMapKepH OKCHIAIMOHOT cTpeca y
KOpOHapHOM repdys3ary U KpBHOj IUIa3MH, U MapKepH aHTHOKCHIAIIMOHOT CUCTEMa 3aIlTUTE

y XEMOJIM3aTy €pUTPOLUTA [AI0BA.

4.1. Konuyenmpayuja xomoyucmeuna y oonocy na mpemman DL-Hcy

Y Tabenu 3 mnpukazaHe cy KOHIEHTpalMje YKYHNHOI XOMOLIMCTEMHAa Yy KpBHO]
iasmu/cepymy mnaroBa (Cpelrmha BPeIHOCT + CTaHAapiHa TPEIlKa) y rpynaMa y OJHOCY Ha
tpermand DL-xomorucrennom. Ilpumeheno je craructuuku 3uHavajuo (P<0,05) mosehame
BPEIHOCTH XOMOIICTEMHA Y EKCIIEPHUMEHTAIHO] Tpynu (KUBOTHILE KoOje cy Owie Ha
tpermany DL-HcCy y Tpajamy on 14 nana) y oIHOCY Ha KOHTPOJIHY rpyny ()KUBOTHEE KOje

HuCcy Ouiie Ha TpetMany DL-Hcy).

Tabena 3. KoHueHnTtpaiuje yKyImHOT XOMOIMCTEHHA Y KPBHO] IU1a3Mu/cepyMy maroBa y
KOHTPOJIHO] ¥ €KCIIEPUMEHTAIIHO] TPYyIN

I'pyna Xomoyucmeun

KonTpoJsHa rpyna 8,11 £ 1,28 pmol/l

Excnepumenrtanna rpyna
(DL-Hcy) 12,64 + 1,53 pmol/l”

Bpeonocmu y mabenu cy npuxasane xao cpedra 8pedHOC UsMepeHo2 napamempa + cmanoapona
epeuira

* p<0,05 cmamucmuuxu 3nauajua npomena uzmehy osuje epyne 00 unmepeca
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4.2. Jlunamuka KapouoounamcKux napamemapa yHymap KOHmMpoaIHux zpyna
nayosa

4.2.1. Konrpoauna rpyna (CTRL)

I'pajguxon 1. MakcumainHa cTomna MpoMeHe MpuTUcKa y JieBoj komopu (dp/dtmax) Ha Kpajy
KOHTpOJIHOT niepuoja (control), Ha kpajy arunkoBama ¢Gusnonomkor pacrsopa (effect) u na
Kpajy neproja onopaska (Washout), y KOHTpOJIHO] TpynH MaioBa Koju HUCy Tperupanu DL-

Hcy

3000

2500 |~
2000

T

T

1500

—
—

max

1000

T

500 [~

1 1 1
control effect washout

I'padukon 2. MuHMManHa cToma MpOMEHe MPUTHCKA y JieBoj komopu (dp/dimin) Ha kpajy
KOHTpoJHOT niepuosa (control), Ha kpajy arunkoBama ¢Gusnonomkor pacrsopa (effect) u na
Kpajy mepuosa ornopaeka (washout), y KOHTpOJIHO] TpyIH MaroBa Koju HUCy Tpetupanu DL-

Hcy

-500 (~

-1000 f~

—

!

-2000 . . .
control effect washout

-1500 f~

-
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I'paguxon 3. Cucronnu npurucak y jeBoj komopu (SLVP) Ha Kkpajy KOHTPOJHOI Ieproaa
(control), na xpajy ammmkoBama ¢usnomomkor pactsopa (effect) u na kpajy mepuona

oropaska (washout), y KOHTpPOJIHO] IpyITH MaroBa Koju Hucy Tperupanu DL-Hcy

60 f~

J |

30

—

20 -

o 1 1 1

control effect washout

I'pa¢puxon 4. Jlujactomnu mnputucak y seBoj komopu (DLVP) Ha kpajy KOHTpOIHOT
nepuona (control), Ha kpajy amnmmkoBama ¢usmonomkor pacrsopa (effect) u Ha kpajy

nepuoza omnopaska (washout), y KOHTPOJIHO] IpyIU MmaroBa Koju Hucy tpetupanu DL-Hcy

1 1 1
control effect washout
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I'paguxon 5. Cpuana ¢peksenma yeBe komope (HR) Ha kpajy KOHTpoaHOr mepuoia
(control), na xpajy ammmkoBama ¢usnomomkor pactsopa (effect) u na kpajy mepuona

oropaska (washout), y KOHTpPOJIHO] I'pyITH MaroBa Koju Hucy tperupanu DL-Hcy

250 f~ T —l_
S L |

- |

100 |~

oF 1 1 1
control effect washout

I'paguxon 6. Koponapuu nporok (CF) Ha kpajy kouTposHor nepuoaa (control), na xpajy
armMKoBarma (usrosonkor pactBopa (effect) u ma xpajy mepuoma omopaska (washout), y

KOHTPOJIHOJ TPYIH MaloBa Koju HUCY Tpetupanu DL-Hcy

12

10

—
]

oF 1 1 1
control effect washout
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4.2.2. L-meruonun rpyna (L-Meth)

I'paduxon 7. MakcumainHa cTomna MpoMeHe MpuTUcKa y JieBoj komopu (dp/dtmax) Ha Kpajy
KoHTpoJHOr mepuoaa (control), Ha kpajy ammkoBama L-Meth (effect) u nHa xpajy mepuona

oropaska (washout), y L-Meth rpynu namosa
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control effect washout

I'padukon 8. MunumanHa croma npoMeHe MpUTHCKa y JieBoj komopu (dp/dimin) Ha kpajy
KoHTpoJHOT repuoaa (control), Ha kpajy armkoBama L-Meth (effect) u Ha xpajy mepuoaa

onopaska (washout), y L-Meth rpynu namosa
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-800 |~
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min

-1400 |~

0
1T HE
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I'padguxon 9. Cucronuu npurucak y jeBoj komopu (SLVP) Ha Kpajy KOHTPOJIHOT HepHoaa

(control), na kpajy amukoBama L-Meth (effect) u Ha kpajy mepuoma omopaska (washout), y

L-Meth rpynu namoa

70
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I'papukon 10. /Iujactonnum mnpurtucak y jeBoj komopu ( DLVP) Ha Kpajy KOHTpPOJHOT

nepuona (control), na kpajy ammkoBama L-Meth (effect) u ma xpajy meprwoma omopaBka

(washout), y L-Meth rpynu namosa

‘ 4,0
35
3,0
2,5
2,0
15
1,0
0,5
0,0

-0,5

T
|

control

effect

washout



64 | JlokTopcka nucepTanuja

I'paguxkon 11. Cpuana ¢peksenna seBe komope (HR) Ha kpajy KoHTposHOr mepuoaa
(control), na kpajy ammukoBama L-Meth (effect) u Ha kpajy mepuoga omopaska (washout), y

L-Meth rpynu namoa

350 f~

300 f~

250 f~

150 |~

50 ~

o 1 1 1

control effect washout

I'padguxon 12. Koponapuu nporok (CF) Ha kpajy KoHTpoHOT nieprosa (control), Ha kpajy
arnkoBama L-Meth (effect) u na kpajy mepuonma omopaska (washout), y L-Meth rpymu

rmaroBa

14+

1 1 1
control effect washout
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4.2.3. L-uncrenn rpyna (L-Cys)

I'padguxon 13. MakcuMaiHa cTora npoMeHe MpuTUucka y jieBoj komopu (dp/dimax) Ha Kpajy

koHTposHOr nepuona (control), na kpajy amnmkoBama L-Cys (effect) u ma kpajy mepuoma

oropaska (washout), y L-Cys rpynu namosa

dpfdt ., (mmHg/s)

3000

2500

2000

1500

1000

500

-

p=0,006

p=0,012 T

T I
1

control

effect washout

I'padukon 14. MunumanHa croma npoMeHe npuTucka y jieBoj komopu (dp/dtyin) Ha Kpajy

koHTpoJsHOT Tiepuoa (control), Ha kpajy amnukoBama L-Cys (effect) u ma kpajy mepuoma

onopaska (washout), y L-Cys rpymnu namosa

dpfdt ., (mmHag/s)

-1000

-1500

-2000

-2500

-500

—

—

p=0,028

:
i

control

effect washout
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I'padguxon 15. Cucronnu nputucak y jieBoj komopu (SLVP) Ha Kpajy KOHTPOJIHOT Ieproaa

(control), na kpajy ammkoBama L-Cys (effect) u ma xpajy mepuoma omopaska (washout), y

L-Cys rpynu narosa

70
60
50
40
30
20

10

—

—

control

effect

washout

I'pa¢puxon 16. [ujactonnu mnputucak y neBoj komopu (DLVP) Ha kpajy KOHTpOJIHOT

nepuona (control), Ha kpajy arumkoBawa L-Cys (effect) u na kpajy mepuopa omopaBka

(washout), y L-Cys rpymnu marosa

18

1,6

14

1,2

0,2

0,0

-0,2

1,0

0,8
0,6

0,4

control

effect

washout
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I'papuxon 17. Cpuana ¢peksenna yeBe komope (HR) Ha kpajy KoHTposHOr mepuoaa
(control), na kpajy armumkoBama L-Cys (effect) u ma kpajy nmepuona omopaska (washout), y L-

Cys rpynu narosa

400 -

350 -

-
- |
_|

300 -

250 -

200 -

150 -

100 -

50 -

o 1 1 1

control effect washout

I'paduxon 18. Koponapuu nporok (CF) Ha kpajy KoHTpoHOT neprosa (control), Ha kpajy

arutukoBama L-Cys (effect) u ma kpajy nepuona onopaska (washout), y L-Cys rpymnu mamoBa

14|

10

1 1 1
control effect washout
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4.2.4. N-auernjauucrenn rpyna (NAC)

I'paduxon 19. MakcumaiiHa ctora npoMeHe npuTucka y jieBoj komopu (dp/dinax) Ha Kpajy
koHTpoiHor rnepuoaa (control), na kpajy ammkoBama NAC (effect) u Ha kpajy nmepuona

omopaska (washout), y NAC rpymu maroBa

2500~ T p=0,017 p=0,034
2000 |~ —‘7

1500 —

1000

dpldt . (MMHg/s)

U T I T

control effect washout

I'padukon 20. MunuMaHa CTONAa IPOMEHE MPUTHCKA Yy JieBoj KomopH (dp/dtmin) Ha Kpajy
koHTpoJHOT repuoaa (control), Ha kpajy ammrkoBama NAC (effect) u ma kpajy nmepruona

onopaska (washout), y NAC rpynu naiosa

-500 |—

-1000

-1500 —

dpldt ;, (mmHg/s)

——
——

-2000

|

-2500 |- L 1 1
control effect washout
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I'pa¢uxon 21. Cucronnu npurrcax y jieBoj komopu (SLVP) Ha kpajy KOHTPOJIHOT IIEproia
(control), na kpajy arunkoBama NAC (effect) u Ha kpajy nepuoma omopaska (washout), y

NAC rpynu namosa

70

T

60 ~ ‘

50 -

—
—

a0

30

10

1 1 1
control effect washout

I'padukon 22. [IujacTonnu npuTHcak y jieBoj komopu (DLVP) Ha kpajy KOHTPOIHOT
nepuoja (control), Ha kpajy arutnkoBartba NAC (effect) u Ha kpajy mepuosa onmopaBka
(washout), y NAC rpynu naroBa

18}
16
141

1.2

10F

08

0,6

0,4}

02

0,0 ——

0.2 1 1 1
control effect washout
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I'paguxon 23. Cpuana dppeksenna iese komope (HR) Ha Kpajy KOHTpOJIHOT Ieproaa
(control), na kpajy arunkoBama NAC (effect) u Ha kpajy nepuoma omopaska (washout), y

NAC rpynu namosa

a0 p=0,021

350 ~

-

250 ~

200 f~

150 -

100 -

50 -

1 1 1
control effect washout

I'paguxon 24. Kopounapuu nporok (CF) Ha kpajy koHTposHOT niepuosa (control), Ha kpajy

armkoBamba NAC (effect) u Ha kpajy nepuona onopaska (washout), y NAC rpymu narosa

14|

10

o I I I

control effect washout
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4.2.5. Na-xuaporencydua rpyna (NaHS)

I'paduxon 25. MakcumaliHa cToma npoMeHe npuThcka y jieBoj komopu (dp/diyax) Ha Kpajy
koHTpoJHor rnepuoaa (control), Ha kpajy armmkoBama NaHS (effect) u na kpajy nepuoaa

omopaska (washout), y NaHS rpynu namosa

3000 i~

p=0,023 p=0,005

2500 -

-~
l_

2000 —

—

1500 |-

dpfdt .., (MmHg/s)

1000 |~

500 1~

o \ I I

control effect washout

I'padukon 26. MunuMaHa CTOMNa MPOMEHE MPUTHCKA Y JieBoj KomopH (dp/dtmin) Ha Kpajy
KOHTpOJIHOT nepuoa (control), Ha kpajy ammukoBama NaHS (effect) u Ha kpajy nepuozaa

omnopaska (washout), y NaHS rpymu namosa

-500 —

-1000

dpfdt ., (mmHg/s)

——

-1500

- T
-2000 |- HE J_

p=0,000 p=0,000

-2500 | | |

control effect washout
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I'paduxon 27. Cucronnu npurrcax y jieBoj komopu (SLVP) Ha Kkpajy KOHTPOJIHOT IIEproia

(control), Ha kpajy arunkoBama NaHS (effect) u ma kpajy nepuoaa onopaska (washout), y

NaHS rpynu namosa

120
100
80

60

SLVP (mmHa’s)

40

20

p=0,014

p=0,031

—

- |

—

control

effect

washout

I'padukon 28. [IujacTonnu nputHcak y jeBoj komopu (DLVP) Ha kpajy KOHTPOIHOT

nepuoja (control), Ha kpajy arutnkoBama NaHS (effect) u Ha kpajy mepuosa onmopaBka

(washout), y NaHS rpynu marjosa

control

effect

washout
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I'paguxon 29. Cpuana dppeksenna ese komope (HR) Ha Kpajy KOHTpOJIHOT Ieproaa
(control), Ha kpajy arunkoBama NaHS (effect) u ma kpajy nepuoaa onopaska (washout), y

NaHS rpynu namosa

350~ p=0,000 p=0,001

300

—

250 —

—

200~

(beats/min)

HR

100 —

o I I I

control effect washout

I'paguxon 30. Koponapuu nporok (CF) Ha kpajy koHTposHOT Tiepuosa (control), Ha kpajy

armnkoBama NaHS (effect) u na xpajy nepuona onopaska (washout), y NaHS rpymu namosa

o 1 1 1

control effect washout
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4.2.6. MakcuMaJjHa cTona nNpoMeHe MPUTHCKA Yy JieBoj komopu (dp/dtyay)

KOHTPOJIHHX IPyIa NamoBa y Tpu BpemeHa Mepema (control, effect, washout)

[Mopehemem BpeaHoctu dp/dtmax yHyTap CBake KOHTPOJIHE TPYIIE U MOCMATPAmhEM pa3iinkKa
OBOT TIapaMeTpa y OJIHOCY Ha ocraje rpymne, npumeheno je na je npumena L-Cys m NaHS
JOTIpUHeNa MmoBehamy OBOT MapKepa KOHTPAKTUIHOCTH (jaue HHOTPOIHO JIEjCTBO) Y IEPHOIY
oropaska, 10K je mpumena NAC noBena 10 majga cHare KOHTPAKTUIHOCTH y Nepuoay edexra
(I'padukon 31). CraructruukuMm aHanuzama (Tabena 4) norBpheHa je CTaTUCTHYKK 3HAYAjHA

paznuka (p<0,05) yayrap L-Cys, NAC u NaHS rpyre.

I'padukon 31. MakcuMaiHa CTONA MPOMEHE MPUTHCKA y JieBoj komopH (dp/dtmax) y CTRL,

L-Meth, L-Cys, NAC u NaHS rpynu (control, effect, washout)

3000 =

2500 =

2000 p=

O control
W effect
Il washout

1500 p=

1000 f=

500 f=

O = —

1
dpdtmax CTRL dpdtmax meth dpdtmax cys dpdtmax NAC dpdtmax NaHs
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4.2.7. MuHHMAJHA CTONA IPOMeHe MPUTHCKA Y JieBoj komopu (dp/dtyn)

KOHTPOJIHHX IPyIa namoBa y Tpu BpemeHa Mepema (control, effect, washout)

[Mopehemem Bpemnoctr dp/dtmin YHyTap CBake KOHTpPOJHE Tpyle M I[OCMaTpambeM
pasiMKa OBOT MapaMeTpa y OJHOCY Ha ocTayie Tpyrme, npuMeheno je na je nmpumena L-Cys u
NaHS ponpuuena mopacTy OBOI MapaMeTpa Ha jOII HEraTUBHHje BpeaHOCTH (jaue
JYCUTPOIIHO, penakcupajyhe nejcTBo) y nepuoay omnopaka, 1ok je nmpumena NAC nosena g0
MPOMEHE IMapaMeTpa y IMO3UTHUBHOM cMepy (ociabibeHa penakcanuja) y mnepuoay edexra
(T'paduxon 32). CratuctrukuM aHanusama (Tabena 4) moTBpheHa je CTATUCTHYKK 3HAYajHA

pasznuka (p<0,05) yuyrap L-Cys, NAC u NaHS rpyre.

I'padukon 32. MuHnMasHa cTomna mpoMeHe npuTrcka y JieBoj komopu (dp/dtmin) y CTRL, L-

Meth, L-Cys, NAC u NaHS rpynu (control, effect, washout)

-500 =

-1000 =
[J control

W effect
M washout

-1500 f=

-2000 = |

-2500 =

1 1 1 1 1
dpdtmin CTRL dpdtmin meth dpdtmin cys dpdtmin NAC dpdtmin NaHs
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4.2.8. CuCTOJHH NPHUTHCAK Y JeB0j KoMopu (SLVP) KOHTPOJIHHX rpyna mamoBa y

Tpu BpeMeHa Mepema (control, effect, washout)

[Topehewem Bpemnoctn SLVP yHyTap cBake KOHTPOJHE TPyNe M IMOCMAaTpameM
pasiMKa OBOT' IapaMeTpa y OJHOCY Ha ocrtaje rpyne, npumeheno je na je mpumena NaHS
JIOTIpUHENIa CMamkekhy OBOr Mapkepa, y mepuoay edekra (I'paduxon 33). CrarucTuykum
ananmm3ama (TaGena 4) motBpheHa je craTUCTUYKHM 3HauyajHa pasnuka ynyrap NaHS rpyme

(p<0,05).

I'padukon 33. Cucronnu npurucak y sesoj komopu (SLVP) y CTRL, L-Meth, L-Cys, NAC
u NaHS rpymu (control, effect, washout)

120 =

100 f=

80 f=

[ control
W effect
Il washout

60 =

40 =

20 =

1
slvp CTRL slvp meth slvp cys slvp NAC slvp NaHs
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4.2.9. JIujacrouinu nputucak y jeBoj komopu (DLVP) koHTpoJHHMX rpyna namoBa

y Tpu BpemMeHa Mepema (control, effect, washout)

[Topehewem BpenHoctn DLVP yHyTap cBake KOHTpPOJHE Tpyle M IOCMAaTpameM
pasiMKa OBOT' IapaMeTpa y OJHOCY Ha ocrtaje rpyne, npumeheno je na je mpumena NaHS
JIOIIPHUHEa 0JIarOM CMambeiby OBOT IapaMmerpa y nepuoy edekra u onopaska(l' padukon 34).
Melhyrum, cratuctuukum ananuzama (TabGema 4) HuUje MOTBpheHa CTATHCTUYKM 3HAYajHA

pasnuka Hu y jeanoj rpynu (p>0,05).

I'padukon 34. /lujacromuu nputucak y sesoj komopu (DLVP) y CTRL, L-Meth, L-Cys,
NAC u NaHS rpymu (control, effect, washout)

3l O control

ul

Bl washout
1 1 1 1 1

divp CTRL dlvp meth divp cys divp NAC dlvp NaHs
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4.2.10. Cpuana ¢ppexBenna (HR) KOHTPOJIHHX rpyna nmamoBa y Tpu BpeMeHa Mepemba

(control, effect, washout)

[Topehemem Bpennoctn HR yHyTap cBake KOHTPOJIHE TpyIe W TOCMAaTpameM pas3iinKa
OBOT IMapaMeTpa y OJHOCY Ha ocTtaje rpyme, npumeheno je aa je y npumeHa NAC u NaHS
JIOTIpUHEINIa CMamkemhy OBOT mapamerpa y nepuony edekra (I'padukon 35). Craructuykum

anammsama (Tabena 4) moTBpheHa je craTucThuku 3HadajHa pasnuka yayrap NAC u NaHS

rpyma (p<0,05).

I'padukon 35. Cpuana ¢ppeksenna (HR) y CTRL, L-Meth, L-Cys, NAC u NaHS rpynu

(control, effect, washout)

400 |-
350 |- {
300 |-

250 =

[ control
W effect
Bl washout

200 =

150 =

100 =

50 =

o - — —

1 1 1
hr CTRL hr meth hrcys hr NAC hr NaHs
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4.2.11. Koponapuu nporok (CF) KOHTpOJIHHMX Ipyna namoBa y TP BpeMeHa Meperha

(control, effect, washout)

[Topehemem Bpennoctu CF yHyTap cBake KOHTPOJIHE IpyIe U MOCMATPameM pa3iiuKa
OBOT TTapaMeTpa y OJHOCY Ha ocTajie rpyme, npuMeheHo je 1a akyTHa mpuMeHa TeCTUPAaHUX
CYMIIOPOBUTHUX CYIICTaHIIM HHUje U3a3Bajia 3HauajHe npomeHe (I'padukon 36). CraTucTHUKIM
ananmm3ama (TaOena 4) HMje mOTBpleHA CTAaTUCTUYKHU 3HAYajHA PasMKa HHU Y jEIHO] TPYIH

(p>0,05).

I'padpukon 36. Koponapuu nporok (CF) y CTRL, L-Meth, L-Cys, NAC u NaHS rpynu

(control, effect, washout)
14 =

o

10 =

[ control
M effect
Bl washout

ol —— —— ——

1
cf CTRL cf meth cf cys cf NAC cf NaHs
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Tabena 4. Ctatuctuuko nopeheme paznuuuTuX Mepema (Ha Kpajy KOHTPOJHOT Mepuojaa —

control, Ha kpajy mepuoma aaMUHHCTpaije TecT cyncranime — effect, Ha kpajy mepuona

onopaBka — washout) yHyTrap KOHTPOJHHX Ipyla IaloBa 3a KapAHOJMHAMCKE IapamMeTrpe

(dp/dtmax, dp/dtmin, SLVP, DLVP, HR u CF). CraTicTuyky 3Ha4ajHa pa3jiuka yTBpheHa je

ananmuzoMm Bapujance (ANOVA) u oarosapajyhium post hoc tectom (Tukey/Bonferroni), y3

5% uuBo cratucTuuke 3HadajHoctu (p<0,05) .

Cardiodynamic

dp/dtnax | dp/dtyin | SLVP DLVP HR CF
parameters sig. p<0,05

Control vs. effect 0,256 0,035 0,029 0,148 0,145 | 0,930

Control | Control vs. washout | 0,033 0,005 | 0,000 | 0,264 0,826 0,397
Effect vs. washout 0,490 0,617 | 0,040 | 0,930 0,050 @ 0,237

Control vs. effect 0,908 0,943 | 0,999 0,999 0,930 @ 0,802

L-Meth | Control vs. washout 0,920 1,000 0,887 0,646 0,769 | 0,584
Effect vs. washout 0,999 0,949 | 0,862 0,615 0,941 0,929

Control vs. effect 0,943 0,944 | 0,892 0,803 0,100 @ 0,868

L-Cys | Control vs. washout 0,006 0,052 0,155 0,850 0,083 | 0,385
Effect vs. washout 0,012 0,028 | 0,069 0,481 0,994 @ 0,679

Control vs. effect 0,017 0,040 0,192 0,830 0,021 0,999

NAC | Control vs. washout | 0,937 0,919 | 0,976 0,963 0,146 | 0,997
Effect vs. washout 0,034 0,086 0,268 0,680 0,588 0,993

Control vs. Effect 0,023 0,000 0,014 0,769 0,000 @ 0,926

NaHS | Control vs. Washout | 0,727 0,943 | 0915 | 0,420 0,668 1,000
Effect vs. Washout 0,005 0,000 0,031 0,824 0,001 @ 0,926
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4.3. /unamuxa KapouoouHamcKux napamemapa yHymap eKcnepumenmainux zpyna
nayosa

4.3.1. DL-xomouuctenn rpyna (DL-Hcy)

I'padguxon 37. MakcuMaiiHa cTora npoMeHe MpuTucka y jieBoj komopu (dp/dimax) Ha Kpajy
KOHTpoJIHOT niepuoja (control), Ha kpajy armnkoBama ¢Gusnonomkor pacrsopa (effect) u na

Kpajy nepuoja ornopaska (washout), y DL-Hcy rpymu maroa

2500

T

2000

T

1500

—
—

max

1000

T

500 (-

1 1 1
control effect washout

I'padukon 38. MunumarHa cTomna npoMeHe MpUTHCKa y JieBoj komopu (dp/dtmin) Ha Kpajy
KOHTpOJIHOT neproa (control), Ha kpajy amnnkoBama ¢pusronomkor pacteopa (effect) u na

Kpajy nepuoja onopaska (washout), y DL-Hcy rpymu namosa

-200 B
-400 ;
-600 ;
-800 B

-1000 -

min

o I T

-2000 |~ L L L
control effect washout

-1600 f~

-1800 f~




82 | JlokTopcka nucepTanuja

I'pa¢uxon 39. Cucronnu npurrcax y jieBoj komopu (SLVP) Ha kpajy KOHTPOJIHOT IIEproia
(control), Ha kpajy arumkoBama (usuonomkor pactsopa (effect) u na kpajy nepuoaa

ornopaska (washout), y DL-Hcy rpynu namosa

70 -

60 [~

w0}

30

20~

10

o 1 1 1

control effect washout

I'padukon 40. [IujacTonnu nputHcak y jieBoj komopu (DLVP) Ha kpajy KOHTPOIHOT
nepuosa (control), Ha kpajy arunkoBama (usrosomkor pacrsopa (effect) u Ha kpajy

nepuoja ornopaska (washout), y DL-Hcy rpynu namosa

Us 1 1 1

control effect washout
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I'padguxon 41. Cpuana dppeksenna iese komope (HR) Ha Kpajy KOHTpOJIHOT Ieproaa
(control), Ha kpajy arumkoBama (usuonomkor pactsopa (effect) u na kpajy nepuoaa

oropaska (washout), y DL-Hcy rpynu namosa

350 -

-

250 -

200 -

150 -

100 -

50 -

o 1 1 1

control effect washout

I'paguxon 42. Koponapuu nporok (CF) Ha kpajy konTposHor neproza (control), Ha kpajy
armIMKoBarma (usnoomkor pacrsopa (effect) u Ha kpajy meprona onopaska (washout), y

DL-Hcy rpynu namosa

18 -

12

10

o 1 1 1

control effect washout
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4.3.2. DL-xomouucrens + L-mernonnn rpyna (DL-Hcy+L-Meth)

I'paduxon 43. MakcumaliHa cToma npoMeHe npuTrcka y jieBoj komopu (dp/dinax) Ha Kpajy
koHTpoJHor repuoaa (control), Ha kpajy ammkoBama L-Meth (effect) u na kpajy nepuoaa

omopaska (washout), y DL-Hcy+L-Meth rpymnu marnosa

2500 (-

47l

1000 -

max

o 1 1 1

control effect washout

I'paduxon 44. MuHnMaHa cToma MpOMEHe MPHUTHCKa Y JeBoj komopu (dp/dtmin) Ha Kpajy
KOHTpOJIHOT nepuoza (control), Ha kpajy amrukoBamwa L-Meth (effect) u Ha kpajy nepuona

oropaska (washout), y DL-Hcy+L-Meth rpymnu marosa

-500 -

-1000

-1500 |~

-2000

T

_

—

T

T

-2500 | | |

control effect washout
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I'paduxon 45. Cucronnu npurrcax y jieBoj komopu (SLVP) Ha kpajy KOHTPOJIHOT IIEproia

(control), Ha kpajy arunkoBama L-Meth (effect) u na xpajy mepuoma omopaska (washout), y

DL-Hcy+L-Meth rpymnu maioBa

100

80

60

40

20

—

—

control

effect

washout

I'padukon 46. [IujacTonnu nputHcak y jieBoj komopu (DLVP) Ha kpajy KOHTPOIHOT

nepuoja (control), Ha kpajy arutnkoBara L-Meth (effect) u na xpajy neproma omopaska

(washout), y DL-Hcy+L-Meth rpynu namosa

:
|

control

effect

washout
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I'paduxon 47. Cpuana dppeksenna ese komope (HR) Ha Kpajy KOHTpOIHOT Ieproaa
(control), Ha kpajy arunkoBama L-Meth (effect) u na xpajy mepuoma omopaska (washout), y
DL-Hcy+L-Meth rpymnu maioBa

350 -

300 |-

250 -

e
——

200 |~ ‘
150 -
100 -

50 -

1 1 1
control effect washout

I'paduxon 48. Koponapuu nporok (CF) Ha kpajy konTposHor neproza (control), Ha kpajy
arutnkoBama L-Meth (effect) u ma kpajy nepuona omopaska (washout), y DL-Hcy+L-Meth

rpyInu namosa

12

10

%

—
—

o I I I

control effect washout
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4.3.3. DL-xomouucrens + L-uucrenn rpyna (DL-Hcy+L-Cys)

I'paduxon 49. MakcumaiiHa cTora npoMeHe npuTucka y jieBoj komopu (dp/din.x) Ha Kpajy
koHTpoiHor mepuoaa (control), Ha kpajy armmkoBama L-Cys (effect) u na xpajy nmepuoma

omopaska (washout), y DL-Hcy+L-Cys rpynu marosa

3000

2500 |~

2000 |~

T

—
—

1500 |~

max

T

1000

500 f~

1 1 1
control effect washout

I'papuxon 50. MuHMMaTHa cTOMA MPOMEHE MPHUTHCKA Y JeBoj komopu (dp/dtmin) Ha Kpajy
koHTpoJHOT repuoaa (control), Ha kpajy armunkoBama L-Cys (effect) u na xpajy nmepuoma

oropaska (washout), y DL-Hcy+L-Cys rpynu nmarosa

-400 |-
-600 |-
-800 |-

£ -1000 -

-1200 (-
-1400 f~

-1600 f~

o

-1800 . . .
control effect washout

T
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I'pa¢uxon 51. Cucronnu npurrcax y jieBoj komopu (SLVP) Ha kpajy KOHTPOJIHOT IIEproIa

(control), Ha kpajy arunkoBama L-Cys (effect) u na kpajy nmepuomaa omopaska (washout), y

DL-Hcy+L-Cys rpynu mamoBa

0l
60 [
50 [
a0
30
20

10

—

control

effect

washout

I'padukon 52. [TujacTonnu nputHcak y JieBoj komopu (DLVP) Ha kpajy KOHTPOJIHOT

nepuoja (control), Ha kpajy arunkoBama L-Cys (effect) u ma kpajy nepuona omopaska

(washout), y DL-Hcy+L-Cys rpynu namosa

2,0

15

1,0

0,5

0,0

-0,5

control

effect

washout
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I'paguxon 53. Cpuana dppekpenna nese komope (HR) Ha kpajy KOHTpOIHOT meproaa
(control), Ha kpajy arunkoBama L-Cys (effect) u na kpajy nmepuomaa omopaska (washout), y
DL-Hcy+L-Cys rpynu mamoBa

400 -

350

-

250 ~

200 f~

150 -

100 -

50

1 1 1
control effect washout

I'paguxon 54. Koponapuu nporok (CF) Ha kpajy koHTposHOT niepuosa (control), Ha kpajy
arutukoBama L-Cys (effect) u Ha kpajy nepuoaa onopaska (washout), y DL-Hcy+L-Cys

rpyInu namosa

14}

10

o I
control effect washout
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4.3.4. DL-xomonucrent + N-aneruucrens rpyna (DL-Hcy+NAC)

I'paduxon 55. MakcumaiiHa cromna npoMeHe npuTucka y jieBoj komopu (dp/dinax) Ha Kpajy

koHTpoiHor nmepuoaa (control), na kpajy ammkoBama NAC (effect) u Ha kpajy nmepuona

omopaska (washout), y DL-Hcy+NAC rpynu namosa

3500

3000

2500

o (mmHgls)

dpfdt

1000

500

2000

1500

p=0,015

.

o

control

effect

washout

I'padukon 56. MunumaiHa crora npoMeHe IpuTHcKa y jaeBoj komopu (dp/dtyin) Ha kpajy

koHTpoJHOT repuoaa (control), Ha kpajy amrkoBamwa NAC (effect) u ma kpajy nmeprona

onopaska (washout), y DL-Hcy+NAC rpynu manosa

dp/dt ., (mmHa/s)

-500

-1000

-1500

-2000

-2500

-3000

o
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T
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I'paguxon 57. Cucronnu npurrcax y jieBoj komopu (SLVP) Ha Kpajy KOHTPOJIHOT IeproIa
(control), na kpajy arunkoBamba NAC (effect) u Ha kpajy nepuoma omopaska (washout), y

DL-Hcy+NAC rpymnu narosa

120

100 -

60 —

a0l

20

o I I I

control effect washout

I'padukon 58. [IujacTonnu nputHcak y jeBoj komopu (DLVP) Ha kpajy KOHTPOIHOT
nepuoja (control), Ha kpajy arutnkoBartba NAC (effect) u Ha kpajy mepuosa omopaBka

(washout), y DL-Hcy+NAC rpynu namosa

14}
12} _
1,0 _
08|
0,6

04

0,2

0,0

02 1 1 1
control effect washout
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I'paguxon 59. Cpuana ppeksenna sieBe komope (HR) Ha Kpajy KOHTpOIHOT Ieproaa
(control), na kpajy arunkoBamba NAC (effect) u Ha kpajy nepuoma omopaska (washout), y
DL-Hcy+NAC rpymnu narosa

350

300

250

200

150

100

50

I'papuxon 60. Koponapuu nporok (CF) Ha kpajy koHTpoaHor nepuoaa (control), Ha kpajy

arutukoBarba NAC (effect) u Ha kpajy nmeprosaa omopaska (washout), y DL-Hcy+NAC

IpynHu namosa
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control
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4.3.5. DL-xomonucrens + Na-xuaporencyapua (DL-Hcy+NaHS)

I'paguxon 61. MakcumaiiHa crora npoMeHe npuTucka y jieBoj komopu (dp/din.x) Ha Kpajy
koHTpoJHor repuoaa (control), Ha kpajy armmkoBama NaHS (effect) u ma kpajy nepuoaa

omopaska (washout), y DL-Hcy+NaHS rpymnu mamosa

3000
2500 |~ T
2000 |~ T ‘

1500 |~ l

1000

T

|

T

500 f~

1 1 1
control effect washout

I'paduxon 62. MuHMMaTHAa cTOIIA MPOMEHE TMPHUTHCKA Y JeBoj komopu (dp/dtmin) Ha Kpajy
koHTpoJHOT reproaa (control), Ha kpajy arunkoBama NaHS (effect) u na kpajy nepuoaa

oropaska (washout), y DL-Hcy+NaHS rpymu marosa

-500 |~

-1000 |~

min

-1500

T

—

1 1 1
control effect washout

-2000

T
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I'paduxon 63. Cucronnu npurrcax y jieBoj komopu (SLVP) Ha kpajy KOHTPOJIHOT IIEproIa
(control), na kpajy arunkoBama NaHS (effect) u na xpajy nmeprozaa omopaska (washout), y

DL-Hcy+NaHS rpymnu nmamosa

100 |- p=0,048

J T |
i l

40

=

SLVP (mmHg/s)

U I I I
control effect washout

I'paduxon 64. Tujacronnu nputrcak y jieBoj komopu (DLVP) Ha kpajy KOHTpOJIHOT
nepuona (control), Ha kpajy arunkoBatba NaHS (effect) u Ha kpajy mepuosa onopaska

(washout), y DL-Hcy+NaHS rpynu marosa

‘ 12
11 ;
10 ;
0,9 ;
0,8 ;
o7l
0,6 ;

05

T
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02

01p
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I'pa¢uxon 65. Cpuana dppeksenna nese komope (HR) Ha kpajy KOHTpOIHOT meproaa

(control), na kpajy arunkoBama NaHS (effect) u na xpajy nmeprozaa omopaska (washout), y

DL-Hcy+NaHS rpymnu nmamosa
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300 -
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200 -
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100 |-
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oL I

control

effect
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I'paduxon 66. Koponapuu nporok (CF) Ha kpajy koHTposHOT niepuosa (control), Ha kpajy

armukoBamba NaHS (effect) u ma kpajy nepuona omopaska (washout), y DL-Hcy+NaHS

rpyInu namosa

p=0,000

p=0,000

|

—
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o I
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effect
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4.3.6. MakcHMAaJIHA CTONA MPOMeHe MPUTHCKA Y JeBoj Komopu (dp/dtmay)

eKCIepUMEeHTAJTHHX IPylia NamoBa y Tpu BpeMeHa Mepema (control, effect, washout)

[Topehemem Bpearoctr dp/dina yHyTap cBake rpyre maosa Tpetupanux DL-Hcy u
MOCMaTpamkEM Pa3linKa OBOT MapaMeTpa y OJHOCY Ha Tpyre, nmpuMeheHo je Ja je mpuMeHa
NAC gpompunena moBehamy OBOr Mapkepa KOHTPAKTHIHOCTH Y TMEPHOJY OIMOpaBKa
(I'paduxon 67). Craructiuukum ananuzama (TabGena 5) moTrBpheHa je CTaTHCTHYKY 3HAYAjHA

pasnuka yuyrap NAC rpyme (p<0,05).

I'padukon 67. MakcumManHa CTOIa MPOMEHE MPHUTUCKa y JieBoj komopu (dp/dtma) y DL-
Hcy, DL-Hcy+L-Meth, DL-Hcy+L-Cys, DL-Hcy+ NAC u DL-Hcy+NaHS rpynama (control,
effect, washout)

3500 =

3000 =

2500 =

O control
B effect
Bl washout

2000 = ‘1‘

1500 =

1000 =

500 =

op —=- — — —

1
dpdtmax Dlhcy dpdtmax hcy meth dpdtmax hcy cys dpdtmax hcy NAC dpdtmax hcy NaHs
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4.3.7. MuHuMaJHA CTOMAa TMpPOMeHe MPHUTHCKA Yy JieBoj kKomopu (dp/dtmin)

eKCIepUMEeHTAJTHHX IPylia NamoBa y Tpu BpeMeHa Mepema (control, effect, washout)

[Mopehemwem Bpeanoctu dp/dinin yHyrap rpyme mamoBa tpermpanux DL-Hcy u
MOCMaTpamkEM pa3jiika OBOT IapaMeTpa y OJHOCY Ha rpyme, npumeheHo je aa je nmpumMeHa
NAC pompunena mnoBehamy OBOT MapKepa pellakcallije Ka HETaTUBHUJUM BPEAHOCTUMA Y
nepuony omnopaBka (I'paduxon 68). Crarucruukum ananmzama (TabGema 5) morBphena je

CTaTUCTHYKH 3HaudajHa pasiuka yHyrap NAC rpyme (p<0,05).

I'padgukon 68. MunumaiHa cTona npoMeHe npuTHcka y jaeBoj komopu (dp/dtyin) y DL-Hcy,
DL-Hcy+L-Meth, DL-Hcy+L-Cys, DL-Hcy+NAC u DL-Hcy+NaHS rpynama (control,

effect, washout)

-500 =

-1000 =

[J control
MW effect
Bl washout

-1500 =

-2000 =

-2500 =

-3000 =

-3500 = 1 1 1 1 1
dpdtmin Dlhcy dpdtmin hcy meth dpdtmin hcy cys dpdtmin hcy NAC dpdtmin hcy NaHs
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4.3.8. CucTOIHH NPUTHCAK Y JeB0j Komopu (SLVP) ekcnepuMeHTAJIHHX Ipymna mnamoBa

y Tpu BpemeHa Mepema (control, effect, washout)

[Topehewem Bpemnoct SLVP yHytap cBake rpyme maroBa Tperupanux DL-Hcy u
MOCMaTpamkeM pasiiKa OBOT IapaMeTpa y OJHOCY Ha ocraje rpymne, npumeheHo je na je
npumena NaHS nonpunena nosehamy oBor mapaMmeTpa y nepuoay OonopaBKa, HAaKOH Oiaxker
naga y nepuony edekra (I'paduxon 69). Craructuuka CUTHH(QUKAHTHOCT je moTBpheHa

yuytap NaHS rpyme (p<0,05), (Tabena 5).

I'padukon 69. Cucronuu nputrcak y JieBoj komopu (SLVP) y DL-Hcy, DL-Hcy+L-Meth,

DL-Hcy+L-Cys, DL-Hcy+ NAC u DL-Hcy+NaHS rpymama (control, effect, washout)

120 =

100 =

80 =

[ control
MW effect

60 = Hl washout

40 |-

20 =

of

1
slvp Dlhcy slvp hcy meth slvp hcy cys slvp hcy NAC slvp hcy NaHs
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4.3.9. JIujacrosnu mnputHcak y JeBoj komopu (DLVP) ekcnepuMeHTAJHMX rpymna

namoBa y Tpu BpeMeHa mepema (control, effect, washout)

ITopehewem Bpeanoctn DLVP ynyTtap cBake rpyme mamoBa Tpetupanux DL-HCy u
MOCMaTpamkeM pasjiKa OBOI IapaMeTpa y OJHOCY Ha ocraie rpymne, npumeheHo je ma je
npumena L-Cys n3a3Bana 61aro cHIKEHmE OBOT Mapkepa y mepuony edekra, a nmpumena L-
Meth 6naro moeechame y mnepuomy edekra u omnopaBka (I'padpuxon 70). Mehyrum,
cTaTuCTHIKUM aHanm3ama (Tabena 5) Huje moTBpheHa cTaTUCTUYKM CUTHU(UMKAHTHA Pa3jIvKa

yHyTap MOMEHYTHX eKcrepuMeHTannux rpyma (p>0,05).

I'paduxon 70. Jlujacronnu mputHcak y jieBoj komopu (DLVP) y DL-Hcy, DL-Hcy+L-
Meth, DL-Hcy+L-Cys, DL-Hcy+ NAC u DL-Hcy+NaHS rpynama (control, effect, washout)

3 [ control
W effect
| M washout

B | NS i#ﬁ e

1 1 1 1 1
dlvp Dlhcy dlvp hcy meth dlvp hcy cys divp hcy NAC dlvp hcy NaHs
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4.3.10. Cpuana ¢pexBenna (HR) excmepuMeHTAJIHHX rpyna mamoBa y TPH BpeMeHa

Mepema (control, effect, washout)

[Topehewem BpeaHoctn HR yHyTtap cBake rpyne mamoBa Tpetupanux DL-HCy u

rocMaTpameM pasjiMka OBOI IapamMeTpa y OJHOCY Ha oOcTaie rpyme, Hucy mnpumehene

npomene (I'paduxon 71).

Craructuukum aHanmszama (Tabema 5) Huje mnoTBpheHa

CTaTHCTUYKY 3Ha4YajHa pa3iuka Hu y jenHoj rpymnu (p>0,05).

I'padukon 71. Cpuana ppexsenna (HR) y DL-Hcy, DL-Hcy+L-Meth, DL-Hcy+L-Cys, DL-

Hcy+ NAC u DL-Hcy+NaHS rpynama (control, effect, washout)

400

350

300

250

200

150

100

50

O control
W effect
M washout

hr DIHcy

hr hcy meth

hr hcy cys

hr hcy NAC

hr hcy NaHs




101 | Joxropcka nucepranuja

4.3.11. Koponapuu nporok (CF) excmepMMeHTAJHHX rpyna mamoBa y TPH BpeMeHa

Mepema (control, effect, washout)

[Topehewem Bpemnoctu CF yHyTap cBake rpyne mamoBa Tpetupanux DL-Hcy wu
MOCMaTpamkeM pa3iinKa OBOT MapaMeTpa y OJHOCY Ha ocTaje rpyme, npumeheHo je na je
npumerna NaHS wu3a3Bama Beoma 3HauajHO MoOBehame OBOT mapameTpa y Mepuoay edexra
(I'paduxon 72). Craructuukum ananuzama (Tabena 5) morBpheHa je CTaTUCTHUYKH 3HAYajHA

pasnuka yuyrap NaHS rpyme (p<0,05).

I'padukon 72. Koponapuu npotok (CF) y DL-Hcy, DL-Hcy+L-Meth, DL-Hcy+L-Cys, DL-
Hcy+ NAC u DL-Hcy+NaHS rpymnama (control, effect, washout)

20 =

15 =

O control
W effect

10 b= Il washout

0= L L S L

1 1 1 1 1
cf Dlhcy cf hcy meth cf hcy cys cf hcy NAC cf hcy NaHs
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Tabena 5. Ctatuctuuko nopeheme paznuuuTUX Mepema (Ha Kpajy KOHTPOJHOT Mepuojaa —

control, Ha kpajy mepuoma aaMUHHCTpaije TecT cyncranime — effect, Ha kpajy mepuona

ormopaBka — Wwashout) yHyTap eKCIEpUMEHTAJIHHUX Tpyla I[aloBa 3a KapJuOJUHAMCKE

napametpe (dp/dtmax, dp/dtmin, SLVP, DLVP, HR u CF). Craructuuku 3HauajHa pasjivka

yrBphena je anammsom Bapujance (ANOVA) wu oxromapajyhum post hoc rtecrom

(Tukey/Bonferroni), y3 5% uuBo craructruke 3HadajHoctu (p<0,05) .

Cardiodynamic

dp/dtpee | dp/dtwn | SLVP | DLVP ~ HR = CF
parameters Slg p<0’05

Control vs. effect 0979 | 0970 | 0998 | 0994 0380 0,998

DL-Hcy | Control vs. washout | 0,990 | 0,369 | 0,879 | 0990 0546 0,998
Effect vs. washout | 0,942 | 0279 | 0,847 | 0999 0050 1,000

Control vs. effect 0, 440 0,589 0,767 0,130 0,917 0,921

DL-Hcy | Control vs. washout 0,195 0,371 0,538 0,184 0,681 | 0,948
tL-Meth | Egtoctvs. washout | 0,837 | 0,920 | 0923 | 0,977 0896 0,997
Control vs. effect 0,964 | 0,696 | 0,776 | 0,398 0,100 0,774

ftg;z Control vs. washout | 0,702 | 1,000 | 0998 | 0945 0062 0,998
Effect vs. washout 0,547 0,702 0,741 0,253 0,962 0,743

Control vs. effect 0,662 | 0672 | 0509 | 0724 0,713 0,939

?::éy Control vs. washout 0,015 0,017 0,191 0,639 0,966 @ 0,988
Effect vs. washout | 0,073 | 0,080 | 0,754 | 0,989 0,851 0,880

Control vs. Effect 0,983 0,520 0,455 0,662 0,596 0,000

PN | Control vs. washout | 0388 | 0741 | 0371 | 0662 0942 0,987
Effect vs. washout 0,306 0,185 0,048 1,000 0,791 0,000
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BUOMAPKEPU OKCHUIAIIMOHOI' CTPECA

4.4. Jlunamuka npooKcuoayuoHux MapKepa y KOpoHapHom 6eHCKOM ediyenmy yHymap
KOHMPOJIHUX ZPYRA NAU06a

4.4.1. Konrpoauna rpyna (CTRL)

I'paduxon 73. Cynepokcua anjon pagukan (O,) Ha Kpajy KOHTposHOT Tiepuosa (control), Ha
Kpajy arinkoBama (usuosiomkor pactsopa (effect) u na kpajy nepuona ornopaska (washout),

y KOHTPOJIHO]j TPYIH aiioBa Koju Hucy Tpetupanu DL-Hcy
70
60 |-

50 (-
40; |

6“30; T —

oL

10

o I I I
control effect washout

I'paduxon 74. Bononuk nepokcus (H202) Ha kpajy koHTpoaHoTr neproza (control), Ha kpajy
arutuKoBama ¢usnosomkor pacrsopa (effect) u ma kpajy mepuona omopaska (washout), y

KOHTPOJIHOJ TPYIH MaloBa Koju HUCYy Tpetupanu DL-Hcy

0~

60 -

50

——

40

201

10 -

oF 1 1 1
control effect washout
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I'padpuxon 75. Unnekc munuane nepokcuganuje (TBARS) Ha kpajy KOHTPOJHOI Ieproaa
(control), na xpajy ammmkoBama ¢usnomomkor pactsopa (effect) u na kpajy mepuona

oropaska (washout), y KOHTpPOJIHO] I'pyITH MaroBa Koju Hucy tperupanu DL-Hcy

30

1M

20

15

10

1 1 1
control effect washout

I'padukon 76. Azor moHokcua y ¢opmu mHutputa (NO2) Ha Kpajy KOHTPOJHOT MEepUoja
(control), na xpajy armmkoBama ¢usnonomkor pactsopa (effect) wu Ha kpajy mepuona

omnopaska (Washout), y KOHTPOJIHOj TPyITH MaloBa Koju HUCy Tpetupanu DL-Hcy

140 ~

T

80 -

20}

20 -

o 1 1 1

control effect washout
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4.4.2. L-mernonun rpyna (L-Meth)

I'paduxon 77. Cynepokcua anjon pagukan (O,) Ha Kpajy KOHTpoJsiHOT Tieprosa (control), Ha

Kpajy ammukoBama L-Meth (effect) u ma kpajy nmepuoma omopaska (washout), y L-Meth rpymu

rmaroBa
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40
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I'paduxon 78. Bomonuk nepokcns (H202) Ha kpajy koHTpoaHoTr neproza (control), Ha kpajy

amnkoBama L-Meth (effect) u na kpajy mepuonma omopaska (washout), y L-Meth rpymu

rmaroBa
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I'padpuxon 79. Unnexc munuane nepokcupandje (TBARS) Ha Kpajy KOHTPOJIHOT epHoaa
(control), na kpajy ammukoBama L-Meth (effect) u Ha kpajy mepuoga omopaska (washout), y

L-Meth rpynu namoa

al

30~
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25
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o I I I
control effect washout

I'padukon 80. Azor moHokcua y ¢popmu mHutputa (NO2) Ha Kpajy KOHTPOJHOT MEpUOja
(control), Ha kpajy amnukoBama L-Meth (effect) u nHa kpajy meprona omopaska (washout), y

L-Meth rpynu marnjosa
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4.4.3. L-uncrenn rpyna (L-Cys)

I'paguxon 81. Cynepokcua anjon pagukan (O,) Ha Kpajy KOHTpoJIHOT Tiepuosa (control), Ha

Kkpajy ammukoBama L-Cys (effect) u ma kpajy meproma omopaska (washout), y L-Cys rpynu

rmaroBa

70

60

50

40

CTSO

20

10

—

—

control

effect

washout

I'pa¢uxon 82. Bononuk nepoxcua (H,02) Ha kpajy koHTposHOT nepuoaa (control), Ha kpajy

armnkoBama L-Cys (effect) u Ha kpajy nepuona omopaska (washout), y L-Cys rpynu namosa
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I'padpuxon 83. Unnekc munuane nepokcuganuje (TBARS) Ha kpajy KOHTPOJHOI Ieproaa

(control), na kpajy armumkoBama L-Cys (effect) u ma kpajy nmepuona omopaska (washout), y L-

Cys rpynu narosa
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20+

10

oF I

control

effect
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I'padukon 84. Azor monokcua y ¢opmu mHutputa (NO2) Ha Kpajy KOHTPOJHOT Hepuoja

(control), na kpajy arunkoBama L-Cys (effect) u Ha kpajy nmepuona omopaska (washout), y L-

Cys rpynu narosa
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4.4.4. N-auerniauucrenn rpyna (NAC)

I'paguxon 85. Cynepokcua anjon pagukan (O;) Ha Kpajy KOHTpoJiHOT Tieprosa (control), Ha

kpajy ammmkoBama NAC (effect) u ma kpajy mepuoga omopaska (washout), y NAC rpymnu

rmaroBa
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I'paduxon 86. Bomonuk nepokcus (H20,) Ha kpajy koHTpoaHoTr neproza (control), Ha kpajy

arnkoBamba NAC (effect) u Ha kpajy nepuona onopaska (washout), y NAC rpynu naiosa
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I'padpuxon 87. Unnekc munuane nepokcupandje (TBARS) Ha Kpajy KOHTPOJIHOT HepHOaa
(control), na kpajy ammkoBama NAC (effect) u nHa kpajy mepuoma omopaska (washout), y

NAC rpynu namosa

50
45
40~

35+
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—
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o I I I
control effect washout

I'padukon 88. Azor monokcua y ¢popmu mutputa (NO2) Ha Kpajy KOHTPOJHOT MEpUOja
(control), na xpajy amnmukoBama NAC (effect) u Ha kpajy nmepuona omopaska (washout), y

NAC rpynu namosa
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100 (-

— |
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80 -

60 -

NO

20
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control effect washout
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4.4.5. Na-xuaporencydua rpyna (NaHS)

I'paguxon 89. Cynepokcua anjon pagukan (O,) Ha Kpajy KOHTpoJsiHOT Tieprosa (control), Ha

Kpajy aruukoBama NaHS (effect) u ma kpajy nmepuona onmopaska (washout), y NaHS rpymnu

rmaroBa
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I'paduxon 90. Bononuk nepokcus (H20) Ha kpajy koHTpoaHoTr neproza (control), Ha kpajy

arutukoBarba NaHS (effect) u Ha kpajy mepuoaa omopaska (washout), y NaHS rpymu maroa
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I'papuxon 91. NUnnexc munuane nepokcupandje (TBARS) Ha Kpajy KOHTPOJIHOT HepHOaa
(control), na xpajy ammkoBama NaHS (effect) u ma kpajy mepuonma omopaska (washout), y

NaHS rpynu mamosa

w0l
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15
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control effect washout

I'padukon 92. Azor moHokcua y ¢popmu mHutputa (NO2) Ha Kpajy KOHTPOJHOT MEpUOia
(control), Ha kpajy amnnkoBama NaHS (effect) u Ha kpajy mepuona omopaska (washout), y

NaHS rpynu naroa
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4.4.6. Bpeanoctu cynepoxkcua aHjoH paaukana (O,) KOHTPOJHHMX rpyna mamoBa y Tpu

BpemMeHa Mepem-a (control, effect, washout)

[Topehemem Bpennoctn O, yHyTap cBake KOHTPOJIHE TPYIE U MOCMATPamEeM pa3iinKa
OBOT IIapaMeTpa y OAHOCY Ha ocTaje rpyme, npumeheno je ma je npumena L-Meth u L-Cys
nonpuHena Omarom mnosehamy OBOI HPOOKCHIAMOHOT MapKepa y mepuoay edexkra u
omopaBka, a mpumeHa NaHS Omarom cmamewmy y nepuoay edekra (I'paduxon 93).
Mehytum, craructuukuMm aHanuzama (TabGena 6) HHje MOTBphEHA CTAaTHCTHYKM 3HAa4yajHA

pasznuka HU y jeanoj rpymnu (p>0,05).

I'padukon 93. Bpennoctu cynepokcua anjo paaukana (O2) y CTRL, L-Meth, L-Cys, NAC
u NaHS rpymu (control, effect, washout)

70 |-
60 -

50 |-

[ control
W effect
| Il washout

40 |-

20 |-

10 |-
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4.4.7. Bpeanoctu Bogonnk nepoxkcuaa (H,O,) KOHTPOJHHX rpyna mamosa y TpH

BpeMeHa Mepem-a (control, effect, washout)

[Topehewem Bpemnoctn H;O, yHyTap cBake KOHTpPOJHE Tpyle M IOCMaTpameM
pasiMKa y OBOM MapKepy y OJHOCY Ha ocrtajie rpyme, npumeheno je aa je mpumena L-Cys
ngompuHena Omarom  moBehamy OBOT  MPOOKCHIAIMOHOT  MapKepa y mepuony
onopaska(I'padpuxon 94). Melhytum, cratuctuukuM ananuzama (Tabena 6) Huje moTBphena

CTaTUCTHYKH 3HAYajHa pa3jivka HU y jeanoj rpymu (p>0,05).

I'padpuxon 94. Bpeanoctu Bogonuk nepokcuaa (H,O,) y CTRL, L-Meth, L-Cys, NAC u

NaHS rpymu (control, effect, washout)

90 =
80 |-
70 |- ‘I‘
60 |-
I [ control
50 W effect

40

H0,

30

20
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I washout

CTRL H202 meth h202

cys h2o2
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4.4.8. Bpeanoctu unaexca JunuaHe nepokcuaamnuje (TBARS) koHTpoJHHX rpyna

namoBa y Tpu BpeMeHa mepema (control, effect, washout)

[Topehewem Bpemnoctn TBARS yHyTap cBake KOHTpOJIHE Tpyle M TOCMAaTpameM
pasiiMka y OBOM MapKepy Yy OJIHOCY Ha octaiie rpyne ,npumeheno je na je mpumena NAC
JONIpUHENa OJlaroM CMamely OBOT MapKkepa y mnepuony edekra, a HapoOuuTO OIOpaBKa
(I'padukon 95). Mehyrum, craructuukum aHanmzama (Tabenma 6) Huje mnoTBpheHa

CTaTUCTHYKH 3HAYajHa pa3jivka HU y jeanoj rpymu (p>0,05).

I'paduxon 95. Bpeanoctu unaekca iunuane nepokcuaanuje (TBARS) y CTRL, L-Meth,
L-Cys, NAC u NaHS rpymu (control, effect, washout)

50 |-

40|

30| [ control
B effect
B washout

20 -

10 -

O 1 1 1 1 1
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4.4.9. Bpeanoctu a3otr Monokcuaa y popmu Hurputa (NO2) KOHTPOJIHHX rpyna

namoBa y Tpu BpeMeHa mepema (control, effect, washout)

Takohe, mnopehemem BpeaHoctn NO, yHyTap cBake KOHTPOJHE Tpyne H
MOCMaTpamkeM pa3jiika y OBOM MapKepy Yy OJHOCY Ha octaie rpyne, npumeheHo je nma je
npumena L-Meth u NaHS nonpunena 61arom cmameny OBOI Mapkepa y nepuoay edekra u
omopaska (I'paduxon 96). Mehyrtum, craructnukum ananmmuzama (Tabena 6) Huje OoTBpheHa

CTaTUCTHYKH 3HAYajHa pa3jivka HU y jeanoj rpymu (p>0,05).

I'padukon 96. Bpennoctu azor moHokcuna y popmu nutpura (NO;) y CTRL, L-Meth, L-
Cys, NAC u NaHS rpynu (control, effect, washout)

180 |
160 |
140 |-

120 - 7

I control
100 |- 1 M effect
i Bl washout

NO

60 -

40 |-

20 |-
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Tabena 6. Ctatuctuuko nopeheme paznuuuTUX Mepema (Ha Kpajy KOHTPOJHOT Mepuojaa —
control, Ha kpajy mepuoma aaMUHHCTpaije TecT cyncranime — effect, Ha kpajy mepuona
oropaBka — washout) yayrap KOHTpOJHHX Tpyla naroa 3a npookcuaannone mapkepe (O,
H,0,, TBARS u NO;). Craructuuku 3HauyajHa pa3jidka yTBpheHa je aHaJHM30M BapHjaHCe
(ANOVA) u oarosapajyhum post hoc tecrom (Tukey/Bonferroni), y3 5% HHBO cTaTHCTHYKE

3navajHoctu (p<0,05) .

Corore‘?f:ﬁ;’stnosus o ‘ NO; TBARS ‘ H.0,

sig. p<0,05
Control vs. effect 0,055 0,425 0,999 0,918
Control | Control vs. washout 0,177 0,334 0,991 0,937
Effect vs. washout 0,787 0,982 0,995 0,744
Control vs. effect 0,055 0,425 0,999 0,918
L-Meth | Control vs. washout 0,177 0,334 0,991 0,937
Effect vs. washout 0,787 0,982 0,995 0,744
Control vs. effect 0,076 0,915 0,524 0,997
L-Cys | Control vs. washout 0,092 0,510 0,684 0,452
Effect vs. washout 0,994 0,304 0,962 0,490
Control vs. effect 0,669 0,993 0,482 0,505
NAC | Control vs. washout 0,624 0,667 0,173 0,762
Effect vs. washout 0,997 0,598 0,756 0,903
Control vs. effect 0,126 0,466 0,898 0,925
NaHS | Control vs. washout 0,503 0,554 0,984 0,990
Effect vs. washout 0,622 0,987 0,814 0,968
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45. /lunamuka npooKcuoayuoHux mMapKepa y KoOpoHapHom 6eHCKOM ediyenmy yHymap
eKCnepuMaHmaiHux Zpyna nayoea

4.5.1. DL-xomouuctenn rpyna (DL-Hcy)

I'padukon 97. Cynepokcun anjon pagukan (O,) Ha Kpajy KoHTposHOT mepuona (control),
Ha Kpajy aruidkoBama Qusuosomkor pactBopa (effect) u Ha kpajy mepwoma omopaBka
(washout), y DL-Hcy rpymu mamosa
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control effect washout

I'paduxon 98. Bomonuk nepokcus (H20,) Ha kpajy koHTpoaHOTr neproza (control), Ha kpajy
arutuKoBama ¢usnosomkor pacrsopa (effect) u ma kpajy mepmona omopaska (washout), y

DL-Hcy rpynu namosa
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50 -

a0

H0,

30

20

10

1 1 1
control effect washout




119 | Jokropcka nucepranuja

I'papuxon 99. Unnekc munuane nepokcuaandje (TBARS) Ha Kpajy KOHTPOJHOT epHoaa
(control), na xpajy ammmkoBama ¢usnomomkor pactsopa (effect) u na kpajy mepuona

oropaska (washout), y DL-Hcy rpynu namosa

40 —_—

251

20

15+

10+

of I I I
control effect washout

I'paduxon 100. Azor moHokcua y ¢hopmu Hutprura (NO,) Ha Kpajy KOHTPOIHOT MEepUoia
(control), Ha kpajy amnukoBama ¢usuonomkor pactBopa (effect) wu Ha kpajy nepuona

onopaska (washout), y DL-Hcy rpynu namosa

200

—
—

150 -

2 100

T

50 -

Us I I I

control effect washout
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4.5.2. DL-xomouucrent + L-meruonnn rpyna (DL-Hcy+L-Meth)

I'paguxon 101. Cynepokcun anjon paaukai (O,) Ha Kpajy KoHTpoJsiHOT nieproza (control),

Ha Kpajy arumkoBama L-Meth (effect) u na xpajy meproma omopaska (washout), y DL-Hcy+

L-Meth rpymu mamosa
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I'paguxon 102. Bogonuk nepokcus (H,O,) Ha kpajy koHTpoaHor nepuoaa (control), na

Kpajy aruukoBama L-Meth (effect) u na kpajy nmepuoma omopaska (washout), y DL-Hcy+

L-Meth rpymu namosa
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I'paguxon 103. Uuaekc munuane nepokcupanuje (TBARS) Ha Kkpajy KOHTPOJIHOT IIEpHOIA

(control), Ha kpajy arnkoBama L-Meth (effect) u na xpajy mepuoma omopaska (washout), y

DL-Hcy+L-Meth rpymnu maioBa

a0}

—

30

25+

201+

15
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control

I'padukon 104. Azot monokcun y popmu Hutprura (NO2') Ha Kpajy KOHTPOIHOT IepHoIa

(control), Ha kpajy arutnkoBara L-Meth (effect) u Ha xpajy nmeprona omopaska (washout), y

DL-Hcy+L-Meth rpynu marosa
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4.5.3. DL- xomouucrenn + L-mucrenn rpyna (DL-Hcy+L-cys)

I'padmkon 105. Cynepokcun anjon pamukai (Op) Ha Kpajy KOHTpOJHOT repuoja (control),
Ha Kpajy amumkoBama L-Cys (effect) u Ha xpajy meproma omopaska (washout), y DL-Hcy+

L-Cys rpymnu narosa
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I'paduxon 106. Bomonuk nepokcun (H20,) Ha kpajy koHTposHOT nepuoaa (control), na
Kpajy armuukoBama L-Cys (effect) u ma kpajy nepuona omopaska (washout), y DL-Hcy+

L-Cys rpymu mamoBa

0

60 - ‘

50 -

o I I I

control effect washout
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I'padpuxon 107. Uunekc munuane nepokcupanuje (TBARS) Ha kpajy KOHTPOJIHOT IEpHoa
(control), Ha kpajy arnkoBama L-Cys (effect) u na xpajy mepuoma omopaska (washout), y

DL-Hcy+ L-Cys rpynu narosa

45~

40

35+

—
—

30

25

20

15~

10

1 1 1
control effect washout

I'padukon 108. Azot monokcu y popmu Hutprura (NO2') Ha Kpajy KOHTPOIHOT IepHo/ia
(control), Ha kpajy arunkoBama L-Cys (effect) u Ha kpajy meproaa omopaska (washout), y

DL-Hcy+ L-Cys rpymu namosa
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4.5.4. DL-xomonucren + N-anernanucrenn rpyna (DL-Hcy+NAC)

I'paduxon 109. Cynepokcun anjon pamukai (O) Ha Kpajy KOHTpOJHOT iepuoaa (control),
Ha kpajy arummkoBama NAC (effect) u na kpajy nmepuoma omopaska (washout), y DL-Hcy+

NAC rpynu namosa
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I'paduxon 110. Bomonuk nepokcun (H20,) Ha kpajy koHTposHOT nepuoaa (control), na
kpajy arumkoBama NAC (effect) u Ha kpajy nepuona omnopaska (washout), y DL-Hcy+ NAC

IpynHu namosa
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I'padpuxon 111. Munekc munuane nepokcuganuje (TBARS) Ha Kpajy KOHTPOJIHOT ITEpHOIa
(control), Ha kpajy arunkoBama NAC (effect) u na kpajy nmepuoma omopaska (washout), y

DL-Hcy+ NAC rpymnu naroBa
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control effect washout

I'padukon 112. Azot monokcu y popmu Hutpura (NO2') Ha Kpajy KOHTPOJIHOT TIepHO/Ia
(control), Ha kpajy aruinkoBama NAC (effect) u na kpajy mepromaa omopaska (washout), y

DL-Hcy+NAC rpynu namosa
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4.5.5. DL-xomouucrens + Na-xuaporencyapua (DL-Hcy+NaHS)

I'padukon 113. Cynepokcun anjon pamukai (O) Ha Kpajy KOHTpOJIHOT iepuoaa (control),
Ha kpajy arummkoBama NaHS (effect) u Ha kpajy nepuona omopaska (washout), y DL-Hcy+

NaHS rpynu namoga

or P=0,006
ol p=0,009
|
50 - ‘
+ T T
ot [ ] 1
20
10 -
ofF 1 1 1
control effect washout

I'paduxon 114. Bononuk nepokcus (H,O,) Ha kpajy kouTposHor nepuoza (control), na
Kkpajy armnkoBama NaHS (effect) u Ha xpajy nepuona onopaska (washout), y DL-Hcy+

NaHS rpynu nmarosa
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I'padpuxon 115. Munekc munuane nepokcuganuje (TBARS) Ha Kpajy KOHTPOJIHOT IIEpHOIa

(control), Ha kpajy arunkoBama NaHS (effect) u ma kpajy nmepuoaa omopaska (washout), y

DL-Hcy+ NaHS rpynu mamosa
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I'padukon 116. A3ot monokcun y popmu Hutprura (NO2') Ha Kpajy KOHTPOJIHOT IIepHo/ia

(control), Ha kpajy arutnkoBama NaHS (effect) u Ha kpajy nepuoaa onopaska (washout), y

DL-Hcy+ NaHS rpynu narioa
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4.5.6. Bpeanoctu cynepoxkcua anjon paaukana (O;) eKCnepuMeHTAHIX IPyNa namnosa

y Tpu BpemeHa Mepema (control, effect, washout)

[Topehewem Bpemnoctu O, yHyTap cBake Tpyre mamoBa Tpetupanux DL-Hcy u
MocMaTpamkeM JMHAMUKE OBOT MapKepa y OJHOCY Ha ocrtaie rpyne, npumeheHo je na je
npumena L-Cys u NaHS nompunena 3nauajuom nosehamy oBor mapkepa (L-Cys y nepuoay
edekra; NaHS y nepuoay onopaska) (I'padukon 117). Craructuukum anainuzama (Tabena 7)

oTBpheHa je CTaTUCTHYKHY 3HaYajHa pa3jinka y momenyrum rpynama (p<0,05).

I'padukon 117. Bpeanoctu cynepokcun anjon paaukana (O2) y DL-Hcy, DL-Hcy+L-Meth,
DL-Hcy+L-Cys, DL-Hcy+NAC u DL-Hcy+NaHS rpynama (control, effect, washout)

50 |-
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B effect
B washout

40 |-

20 =
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4.5.7. Bpeanoctn Bogonuk nepokcuaa (H,O;) excrnepuMeHTAIHHMX IPyna mamoBa y TPH

BpemMeHa Mepem-a (control, effect, washout)

[Topehewem Bpemnoctn H,O, yHyTap cBake rpyne mamoBa Tperupanux DL-Hcy u
[OCMaTpamkeM JMHAMUKE OBOI MapKepa y OJHOCY Ha ocraine rpyme, npumeheHo je aa je
camo npumena NaHS nompunena Gmarom mosehamy OBOr Mapkepa y MepHOAy edexTa u
ormopaBka (I'pajpuxon 118). Craructuukum ananuzama (TabGema 7) Huje mnorBphena

CTaTUCTHYKH 3HAYajHa pa3jivKa HU y jeanoj rpymu (p>0,05).

I'padukon 118. Bpennoctu Bomonuk nepokcuaa (H,0;) y DL-Hcy, DL-Hcy+L-Meth, DL-
Hcy+L-Cys, DL-Hcy+NAC u DL-Hcy+NaHS rpymama (control, effect, washout)

120 =

100 =

80 |-
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B effect
B washout
60 =
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40 =
20 =
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4.5.8. Bpexnoctu unaekca JunuaHe mnepokcuaamuje (TBARS) excnmepuMeHTaIHHX

rpyna mnamoBa y Tpu BpeMeHa mepema (control, effect, washout)

[Topehemwem Bpennoctn TBARS ynyTap cBake rpyme mamosa Tpetupanux DL-HCy u
[IOCMAaTpamkeM JIMHAMUKE OBOT Mapkepa, NpuMeheHo je a HU jeiHa o] aKyTHO TeCTHPaHUX
CYICTAQHIIM HUje JONpHHeNa 3HadajHoj mnpomenn oBor mapkepa (I'paduxon 119).
CratuctnukuM aHanu3ama (TaGena 7) Huje nmoTBpheHa CTATUCTHUYKK 3HAYajHA pa3jivKa HU Y

jennoj rpymu (p>0,05).

I'paguxon 119. Bpennoctu nnaekca munuane nepokcuganuje (TBARS) y DL-Hcy, DL-
Hcy+L-Meth, DL-Hcy+L-Cys, DL-Hcy+NAC u DL-Hcy+NaHS rpymama (control, effect,

washout)

50 =

40 |-

O control
B effect
B washout

20 =
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4.5.8. Bpeanoctu azot moHokcuaa y popmu Hurputa (NO2) ekcnepuMeHTATHHX Ipyna

namoBa y Tpu BpeMeHa Mepema (control, effect, washout)

ITopehewem Bpeanoctu NO, yHyTap cBake Tpyne mamoba TpeTupanux DL-Hcy wu
MocMaTpamkeM TUHAMHUKE OBOI MapKepa y OJIHOCY Ha ocraiie rpyme, npumeheHo je ma je
npumena  NaHS  y3pokoBana 3HauajHo mnoBehame HHUTpUTA Yy TEPUOAY AUPEKTHE
anmuuuctpanuje (I'papuxon 120). Cratuctmukum ananmsama (Tabena 7) morBphena je
CTaTUCTHYKHU 3Ha4ajHa pasnuka y NaHS rpymu (p<0,05). Takohe, nmpumena L-Cys u NAC
nornpuHocu Omarom moBehamy OBOT Mapkepa y mepuony edekra, anu 0e3 moTBpheHe

CTaTHCTUYKE 3HAYaJHOCTH.

I'padpuxon 120. Bpeanoctu azor moHokcuaa y ¢opmu Hutputa (NO2) y DL-Hcy, DL-
Hcy+L-Meth, DL-Hcy+L-Cys, DL-Hcy+NAC u DL-Hcy+NaHS rpymama (control, effect,

washout)

250 =
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B effect
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Hcy NO Hcy Meth NO Hcy_Cys NO Hcy NACNO  Hcy NaHS NO
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Tabena 7. Ctatuctuuko nopeheme paznuuuTuX Mepema (Ha Kpajy KOHTPOJHOT Mepuojaa —
control, Ha kpajy mepuoma aaMUHHCTpaije TecT cyncranime — effect, Ha kpajy mepuona
oropaBka — Washout) yHyTap ekcriepuMEHTaIHUX TpyIa MaloBa 3a MPOOKCUIAIOHE MapKepe
(02, Hy0,, TBARS u NO;). Craructiukd 3Ha4YajHa pa3jidka yTBpheHa je aHaIM30M
Bapujance (ANOVA) u oarosapajyhum post hoc tectom (Tukey/Bonferroni), y3 5% HuBo

cratuctuuke 3Havajuoctu (P<0,05) .

Coroszi‘fx;’stnosus o ‘ NO; TBARS ‘ H.0,

sig. p<0,05
Control vs. effect 0,466 0,963 0,999 0,986
DL- | Control vs. washout 0,857 0,966 0,895 0,977
HCY | Effect vs. washout 0,314 0, 999 0,907 0,997
Control vs. effect 0, 509 0, 952 0,970 0,652
PR | Control vs. washout 0, 507 0,896 0,998 0,883
Effect vs. washout 1,000 0, 988 0, 954 0,909
Control vs. effect 0, 000 0,196 0, 928 0,742
E)tlc_:l;z Control vs. washout 0,830 0,922 0, 985 0, 993
Effect vs. washout 0,000 0,102 0, 855 0,674
Control vs. effect 0,067 0,595 0,979 0,580
PR | Control vs. washout 0,620 0, 863 0, 700 0,967
Effect vs. washout 0, 538 0,955 0,793 0,831
Control vs. Effect 0,979 0,000 0,734 0,201
?h:ﬁé Control vs. Washout 0.006 1,000 0,972 0,911
Effect vs. Washout 0,009 0,000 0,858 0,368
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Ha «xpajy, craructuukuM mnopeheweM Tpyma y oaHOCcy Ha TpermaH DL-
XOMOIIMUCTEMHOM, yTBpheHa je CTaTUCTUYKU 3HauajHa pa3ivka [MPOOKCHUIAIIMOHUX
OoromMapkepa KopoHapHOT nepdys3arta y cBumM rpymama namnosa (Tabena 8). VYV rpymama xoje
cy tperupane DL-xomorucrennoMm, aupektHa npumena NAC je moBena 10 CTaTUCTUYKU
3Havajue npomene HyO, u TBARS, jaunne (np2'=0,230-0,358), y OZHOCY Ha TpyIie Koje HUCY
tpetupane DL-xomomucrennom. Ocum Tora, y rpynama tpetupanum DL-xomouucrennowm,
yTBpheHa je CTAaTUCTHYKH 3HauajHa pasiuka y koHueHTtpanuju O, y Toky npumene L-Cys,
NAC u NaHS y ogHocy Ha rpyme HETpeTHpPaHE €r30T€HHM XOMOIIMCTEHHOM.
HajunrensuBauje nmpomene youeHe cy y Bpennoctuma NO', y TOKy akyTHE MpUMEHE CBHUX
TECTUpPaHUX CYMIIOPOBUTUX CYICTaHIM, a Yy OAHOCY Ha TperMaH DL-xomoumcrenHom.

(TabGemna 8).

Tabena 8. Craructnuko mnopeheme BpPEIHOCTH MPOOKCHIAIIMOHUX MapKepa
KOpoHapHor nepdys3ara y oaHocy Ha TperMaH DL-xomouuncrenHom. CTaTHCTHUKM 3HayajHA
pasznuka ytBphena je ananu3zoM BapujaHce (ANOVA) u oaropapajyhum post hoc tecrom
(Tukey/Bonferroni), y3 5% muuBo 3nauajuoctu (P<0,05). Crenen pasnuke yTBpheH je

KBaJ[paTHOM €TOM (npz).

Sig. my®  Sig.  my®  Sig.  mp®  Sig.  mp
L-methionine DL-
Hcy treatment 0,859 0,000 0,017 0,160 0,507 0,013 0,078 0,084

L-cysteine DL-Hcy
treatment 0,397 0,024 0,016 0178 0,010 0,202 0,264 0,041

N-acetylcysteine DL-
Hcy treatment 0,005 0,230 0,001 0,860 0001 0,298 0,001 0,358

NaHS DL-Hcy
treatment 0,059 0,121 0,001 0,83 0,006 0,228 0,867 0,001
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4.6. Ilpookcuoayuonu mapkepu y KpeHoj naazmu y 00Hocy Ha mpemman Hcy

4.6.1. Muaexc JUNMIHE MepPOKCUAANMje U HUTPUTH (KPBHA IJIa3Ma)

Bpennoctu TBARS Mepene y KpBHOj IUIa3MHU Cy c€ CTaTUCTUYKHU 3Ha4yajHO rnoBehane
(p<0,05) kom maroBa Koju cy Owiau Ha TpeTMaHy DL-XOMOLHMCTEHMHOM Yy OJHOCY Ha
KoHTposiHe nanoBe. Ca apyre cTpane, 3anakeHo je cMameme BpenHoctn NO, kox mamosa
Koju cy Omnm Ha TpetMany DL-xomouucrenHoM y OJHOCY Ha KOHTPOJIHE MalloBe, anu 0e3

cratuctiuke 3Hayajuoct (I'padukon 121).

I'pajuxon 121. BpenrHocty nHAEKCA TUMHIHE IEPOKCUIAIN]E © HUTPUTA y OJHOCY Ha
TpeTMaH HCY (kpBHa 11a3ma)

16 TBARS (nmol/ml plasma) A 6 NO, (nmol/ml plasma) g
i T
1,4 5 J_
12 ¢
1,0 £ T 4
08 £ 1 3
06 ¢ 2
04+
02+ !
0,0 - 0
Hey KOHTpOJIa Hcy KOHTpOJIa

*p<0,05 **p<0,01

4.6.2. Cynepokcua aHjOH paJMKaJ H BOJOHUK NMepoKcHa (KpBHA NJ1a3Ma)

Bpeanoctu O, MepeHe y KpBHO]j TUIa3MH Cy C€ CTATUCTHYKHA BeoMa 3Ha4ajHo nosehae
(p<0,01) xox maroBa Koju cy OmiM Ha TpeTMaHy DL-XOMOIMCTEMHOM Yy OJHOCY Ha
KOHTpOJIHE Tarose. Takolhe, 1o006mo ce u mopact Bpexnocta H,O, koj marosa kKoju cy Omim
Ha TpetMaHy DL-XoMoIucTenHOM y OJHOCY Ha KOHTPOJTHE IMAIlOBE, alTi 0€3 CTaTUCTHYKE

3Havajuoctu (I'padukon 122).
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I'padpuxon 122. Bpennoctu cynepoKkcHua aHjoH paJuKaia U BOJAOHUK MEPOKCUIA Y OJHOCY
Ha TpeTMaH HCY (kpBHa 1ura3zma)

70 0, (nmol/ml plasma) ¢ ; H,0, (nmol/ml plasma) p
k%
60 6
50 5 I
40 4
30 3
20 -|- 2
10 i 1
0 0
Hcy KOHTpOJIa Hcy KOHTpOJIa
*p<0,05 **p<0,01
4.7. Mapkepu anmuokcuoayuonoz cucmema 3auimume

4.7.1. PenykoBanm rayratuon (GSH)

KonieHTpanuja peayKkoBaHOT TJIYTaTHOHA Yy XEMOJM3aTy CpHUTPOIMTA HHUje Ce
CTaTUCTHYKHU 3HadajHo pasiukoBana (p>0,05) kox maroBa Koju cy Owiau Ha Tpermany DL-

XOMOIIMCTEMHOM Y OJTHOCY Ha KoHTpouHe naiose (I'padukon 123).

I'pajguxon 123. Bpennoctu peaykoBanor riayratioHa (GSH) y xemonuzaty eputponura y
KOHTPOJIHO] rpynu (KOHTpOJa) H IpymH Koja je Ouia Ha cyOxpoHmdHoM Tpermany DL-
xomonucternHoM (Hcy)

45000 -

40000 -

35000 |-

]

30000

25000 -

20000 |~

15000 [~

10000 -

5000 [~

DL-Hcy Saline

Hcy KOHTpOJIa
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4.7.2. Cymnepokcua nucmyTtasa (SOD)

AKTHUBHOCT CYINEPOKCHI IUCMYyTa3e y XEeMOJIM3aTy epUTPOIMTa MaloBa HHUje ce
CTaTHCTUYKU 3HavajHO paznukoBana (p>0,05) kox mamoBa koju cy Owmu Ha Tpermany DL-

XOMOIIUCTEMHOM Y OJHOCY Ha KoHTpoJHe marose (I'padukon 124).

I'papuxon 124. Bpennoctu cymepokcun aucmyrtaze (SOD) y xemonmsary epuTpoLuTa y
KOHTPOJIHO] rpymnu (KOHTpOJia) U IPymd Koja je Omia Ha CyOXpoHMYHOM Tpermany DL-

xomornucTernHoM (Hcy)

120

100 [~

80 |-
&
60 |-
a0

20

o 1 1
DL-Hcy Saline

Hcy KOHTpoOJia

4.7.3. Karanaza (CAT)

AKTHBHOCT Karaja3e y XEMOJH3aTy epUTPOLUTAa C€ CTATUCTHYKH 3HAYajHO
paznukoBaia (p<0,05) kox maroBa koju cy Owiu Ha TpetMaHy DL-XOMOIICTEMHOM Y OHOCY
Ha KOHTpPOJIHE MalloBe, Ca 3HAYajHUM CHU)KEHEM AaKTHUBHOCTH OBOT AHTHOKCHIAIIMOHOT

Mmapkepa y rpymnu tpetupanoj Hey (I'padukon 125).

I'paguxon 125. AxtuBHoct kartanaze (CAT) y XxemMonuzaTy epUTpOLUTA Y KOHTPOJIHO]

rpynu (KOHTpoOJia) W Tpymu Koja je Oumia Ha CyOXpoHHYHOM TpetMaHy DL-xomorucrenHOM

(Hey)

60 - p<0,05

50 -

a0

30

—

20

10

I
DL-Hey Saline

Hcy KOHTpOJIa
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TUCKYCHJA
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5. IUCKYCHJA

[IpumapHu 3amaTak Hamer HMCTpaXHBamba OWO je WCIHUTHUBAIE YTHUIAja JUPEKTHE
IIPUMEHE CYMIIOPOBUTUX aMUHOKHCcenuHa (L-meTnonuHa, L-nucrenna, N-aneTwinucrenta) u
HEOPraHCKOT jemumema Koje caapxku cymnop (Na-xuaporeHcynduma) Ha (QyHKIIMOHATHE
KapaKTepUCTUKE H30JI0BAaHOI cplia ManoBa M OuMOMapkepe OKCHJALMOHOI cTpeca, Yy
MIPUCYCTBY M OZICYCTBY er3oreHe cyoxponnuyne npumene DL-xomonmcrenna y Tpajamy ox 14
nana. [loceban akileHAT OBE CTy/IM]j€ CTABJhCH je Ha MPOIeHY edekara TBOHEACIbHE MPUMEHE
XOMOLIUCTEMHA M HEroBe YyJIOre Ha peaklyje M30JI0BAaHOI Cplia Ha aKyTHY IpPHUMEHY

IIOMCHYTHUX CYMIIOPOBUTHX jeI[I/IH:eH:a.

VY npBoM Jeny UCTpakMBama MPATHJIM CMO YTHIIA] JBOHENIEJbHE €r30reHe MpUMEHE
DL-xoMomucrenHa Ha TPOMEHE KOHIICHTpAIMje VYKYITHOT XOMOIIMCTEHHA Y KPBHO]j

asmu/cepymy maroBa.

3atumM, y Opyrom Jeiny MCTPpaXHBama IPOLCHUBAIA CMO YTHUIA] aKyTHE, JUPEKTHE
aJIMUHUCTpAIMje TMOMEHYTHX CyMIIOPDOBUTHX aMHHOKHCEIMHAa W Heopranckor Na-
Xuaporencyiaduna, ca wiu 0e3 koagMmuHucTpanuje DL-xomouucrenHa, Ha JAMHAMUKY
napamerapa (pyHKIHOHaNHOCTH cpua. Jlakme, y mabopaToOpHjcKHMM YCJIOBHMA, IO jacHO
yTBpl)eHOM IPOTOKOIY, MPATHIIA CMO €(PUKACHOCT M KBAJIUTET CPUaHOT pajia U To npahewmem
¢dbyHKIMje U AMHAMMKE JIEBE€ KOMOpE Kao HajBehe M HajlOMHUHAHTHH]€ IIYIJbUHE CPYAHOT
mummha. [Iparunu cmo npomene cucronHor (SLVP) u aujacronnor (DLVP) nputucka nese
koMope, cpuany ¢peksenny (HR), makcumanny (dp/dtmax) 1 munumanny (dp/dtmin) cromy
NPOMEHE MPUTHCKA Y JIeBOj KoMopu. [Ipatuiiu cMo u BpeaHOCTH KopoHapHor npotoka (CF),
Mapkepa KopoHapHe nupkynaimje. Makcumanna (dp/dima) 1 mMunumansa (dp/dtmin) croma
POMEHE MPHUTUCKA Y JIEBO] KOMOPHU Cy apaMeTpy KOjH c€ KOPHCTE 3a HHAWPEKTHY MPOILIEHY
cHare cpyane koHTpakuuje (dp/dtmax), omHOCHO anmekBatHy penakcanujy cpua (dp/dtmin).
CMameme KOHTPAKTHIIHE CHAre CpIa, IMopej] OCTalIMX IO0Ka3aTesha, youaBaMO CHUKCHEM
BpeaHocTd dp/dtmax, OMHOCHO, TyOMTaK pellakCaHTHE aKTHBHOCTH Cpiia CHIKeEmeM dp/dimin
Ka MO3UTUBHHjUM BpeaHocTuMa (003MpOM Ha HeEraTMBaH Mpea3HaK), W OoOpHyTo. Y
KapIuOJAMHAMCKOM CMHCITy OBH IapaMeTpH Cy HM3Y3€THO Ba)kKHHU IOKa3aTesbl e(hUKaCHOCTH
¢aza cpuanor nukiyca — dp/diynax mokasyje ouyBaHOCT (aze CUCTOIIE, CIIOCOOHOCT afeKBaTHE
KOHTpaKIije jieBe KoMope (MHOTPOITHO CBOJCTBO), A0K je dp/dinin kopuctan y mporenu dase

JMjacTolie, TOKas3aTesb OYYBAaHOCTH IIpolleca pejakcaluje JieBe KoMmMope (JIyCUTPOITHO
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cBojcTBO). Tako ga CHCTONHY TUCPYHKIH]Y PErHCTPYjeMO CHIDKEHeM BpeaHOCTH dp/dtmax,

JOK JHjacToIHy AUCHYHKIH]Y youaBamMo cHIKereM dp/dimin (ITocTaje mo3uTUBHU|H).

Ha xpajy, y Tpehem neny cryauje BpIIMIM CMO TNPOICHY edekaTa aJIMHHHCTPAIIH]jE
CYMIIOPOBUTHX jeauiberba (ca win 0e3 koammuHucTpanuje DL-xomommcrenHna) Ha pemaokc

PaBHOTEXKY, ofpehBambeM NPOOKCUIAIIMOHUX U AaHTHOKCHIALMOHUX OHOMapKepa.

OBO wuCTpakMBame je BpJO 3HA4YajHO M3 BHIIE pasjora. Kao mpBo, mnporeHa
MOMEHYTUX BapHjabimu Ou Tpebama ga OHECE HOBAa cCa3Hama O YJIO03M XOMOIMCTEHHA Yy
naTo(U3MOJIOTHjU  KapJIMOBACKYJIAPHOT CHCTEMa, IIpe CBera MHOKapJa W KOpOHapHE
mupkynanuje. Mmajyhu y Buay nocajamima ca3Hama EKCIEPUMEHTATHUX M KIMHUYKUX
CTyOWja O TIOBE3aHOCTH XHIICPXOMOIIMCTEMHEMHjE W HacTaHka omrehema Ha
KapAMOBAaCKYJIapHOM CHCTEMYy, JOII YBEK HHje Ta4HO JAcPUHUCAH MEXaHU3aM KOJUM
XOMOIIUCTEHH, U Y KOM CTEIICHY, yTHYE Ha BaCKyJIaTypy caMor cpyaHor Mumirha, a HapOuUuTO

y Ca,I[ejCTBy ca ApyruM OpraHCKUM U HCOPTaHCKUM jCI[I/II-beI-bI/IMa THUOJIHC CTPYKTYPC.

Pagu usydaBama mpomMeHa y (DyHKIMOHAIHOCTHM CpuyaHOI MHIIMha W yTHI@ja Ha
PEIOKC PaBHOTEXKY YCleJ MPUMEHE CyMIOPOBUTHX jeAMIEHA, OJUIYUYMIM CMO CE€ 33 MOJAEN
perporpaaHo nepdyHI0BaHOT HM30JIOBAHOT CpIla KOjU j€ HajaJIeKBaTHHUJHU MOJIET 32 OBAaKBY
BPCTY WCIIMTHBama jep HaM oMoryhaBa yKiIamame XyMOpPaJHUX M HEPBHUX yTHIaja Ha
XeMO/IMHAMUKY U KapJHMOJMHAMUKY, & OCTaBJ/ba HaM Ha OYUTJIE]] pe3yJITaT TUPEKTHOT yTHUIaja
CYNCTaHUM OJ HHTepeca Ha (yHKuMjy Muokapna. Ilopen Tora, oBakBe MpeTHOCTaBKE

arcojyTHe Cy MOTBpl)eHe JUTepaTypHUM MoJalvMMa M ca3HamuUMa JIpyrux ayropa (26-45,
142-150).

N3mehy octanor, 3Hadaj] oBe CTyauje ce orjiefla U y KIMHHUYKOM OCHE(PHUTy camor
UCTPaXHBama, C 003UPOM J1a je JacHO Jla eKCIepUMEHTATIHE CTyIuje MOMyT OBE MOy OUTH
nojla3Ha Tauka 3a Oyayha KIMHMYKA MCTpaXHBamba M Pa3BHjabe  IMOTEHIMjaTHUX
TEepaneyTCKUX peliekha y JOMEeHY KapauoBacKynapHux Oosnectu. Ha 3Hauajy oBe cryauje ce
nobwuja jomr Bulle uMajyhu y Buay BeoMa BHCOK €MHIEMHUOJIONIKY U COITMOEKOHOMCKH 3Hauaj

000JbCHa KapJAUOBAaCKyJIapHOI' CUCTCMaA.
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5.1 Edexmu cymnoposumux jeourwera na 6uopacnonoiicusocm yKynnoz
Xomouucmeuna

VY mpBOM €Ny MCTpakMBamka MCHHUTHUBAIM CMO YTHIA] JBOHenesbHe mpumene DL-
XOMOLMCTeHHA (OCHOBHHU OOJIMK XOMOLMCTEHHA) Ha KOHLEHTPAIH]y YKYITHOT XOMOIIMCTEHHA
y KpBHOj Iuia3mu/cepymy mnamoBa. Ha ocHOBy OMOXEMHjCKHMX aHain3a, TOTBPIWIM CMO Ja
cyoxponuuna npuMena DL-xomorucrenna y no3u ox 0,45 umol/g Tenecue mace narosa, /iBa
myTa THEBHO y Tpajamy o7 14 maHa, TOBOIM A0 CTATMCTUYKH 3HAYAjHOT MOBHIICHA YKYITHOT
XOMOIIMCTEHHA y ITUIa3MU/CepyMy Yy OJJHOCY Ha JKMBOTHHbE KOje HHCY OWIIe M3JIOKEHE OBOM
tpermany (Tabena 3). MelhyrumM, 3HAYajHO je HAMOMEHYTH Ja OBHM MOJEIOM HHCMO
M3a3BaJId XUIIEPXOMOIMCTEHHEMHU]Y, M JECMO MOPACT XOMOIMCTEHHA M JIOCTUTIIH TPaHHYHE

BPEIHOCTH, IITO Takohe UMa 3Ha4a] y KIMHUYKOM CMHUCITY.

OBu pesynratu Cy y CKiaay ca pesyiaratuma Timkova et al., xoju cy cmposenu
UCTPAXKHUBAKE Y3 YIOTPEOY HCTOT eKcriepuMeHTaIHor Mozeia (154). [lomenyTu pesyiraTtu cy
oceOHO 3HAYajHU M3 pasjora MTO MOTEHLUMPAj)y HEJBOCMUCIIEHY ITOBE3aHOCT MOBHUIIEHUX
BPEIHOCTH YKYIHOI XOMoLMCTeMHa u mnopemehaja (QyHKIMje JieBe KOMOpe HaKOH
cyoxpoHuuHoOr ontepehema xomouucrenHoM. IloBuilleHe KOHIEHTpalMje XOMOLUMCTENHA CY
HaljeHe ko1 manmjeHara ca omreheHom cucromHoMm (yHkijom Jese komope (100, 101, 146,
163), a MexaHuU3MHU YKJbYYEHH y OBO MaTO(U3HOJIOMIKO CTamkE Cy jOoIl YBEK HEJOBOJHHO
no3Hatu. KimnHuyka npocnekTUBHA U paHoMu3upaHa @paMHHramMcka cTyjauja je u3BecTuiIa
CIMYHE Pe3y/TaTe W MOTBPJUJA BE3y XOMOIMCTEMHA U nopemehaja (yHKIMje TeBe KOMOpe

ucnutanuka (164).

VY nuteparypu ce yriaBHOM OMUCY]Y €(PEeKTH XpOHUYHE MPUMEHE XOMOIMCTENHA WU
METHOHMHA Ha BPEJHOCTH YKYITHOT XOMOIIMCTEHHA y IJIa3MH/CepyMy, ca OCBPTOM Ha HEKE O
naTopu3noNomKuX nopemehaja u To Hajuemhe kKapAMOBacKyJIapHUX 00OJbeHa. Y HalleMm
MPETXOAHOM HCTPAXHUBaKy MPATUIM CMO e(peKTe XPOHHYHE MPHMEHE METHOHHHA IyTeM
UCXpaHe Ha BPEJHOCTH XOMOIMCTEMHA y KpBU U JOKa3aHa j€ jaka MO3WTHMBHA KOpemaiuja
m3mely  ucxpane  oOoraheHe  METHOHMHOM W HacTaHka  Temke  ¢opme
XHIIEPXOMOIIMCTEMHEMH]je HaKOH caMo 4 Henesbe TpeTtmaHa (165). Ca apyre ctpaHe, aKkyTHa
npumena DL-Hcy y namem mperxogHom wuctpaxuBamy (166) je moBema mo oapeheHux

KapaAuOoJUHaMCKHUX ITPOMCHA.
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5.2. Edexmu cymnoposumux jeourserna na pynKyujy muoxkapoa u KOpoHapHu
npomoK

Ha ocHoBy noOujeHux pesynTara y HalleM HCTpaKUBamy, OCBpHyhemo ce Ha
MojeIMHAaYHN  epeKkaT CyMIOpOBUTUX aMmuHOKucennHa (L-mernonuna, L-niucrenna, N-
AIETHJIIMCTCHHA) U HEOPraHCKOT CYMIIOPOBUTOT jEHIbCHA, Y HCTOj M03H, HA (QYHKIIH]jY
MHOKpaJia 1 KOPOHAPHU IMPOTOK, KOJ MaroBa ca win 0e3 cyoxponuyHor ontepehema DL-

XOMOIUCTCUHOM.

VY koHTpoJIHMM ycioBuMa, nopehemem Bpeanoctu dp/dimax 1 dp/dinin yHyTap rpyna u
ocMaTpameM JTUHAMUKE OBUX TapamMeTapa y OJHOCY Ha OocCTalie Tpyre, mpuMeheHo je na je
npumena L-Cys u NaHS nonpunena nosehamy mMapkepa KOHTPaKTHUIIHOCTH U peJaKcaluje y
nepuoay onopaBka, A0k je npumena NAC moBena 0 majga cHare KOHTpakiyje U ocnabibeHe
pelakcanmje, OTHOCHO CUCTOJIHE U JUjacToNHe TuchyHKIHje, y nepuony edekra (I"padukoru
31 u 32). Craructnukum ananu3ama (TaGena 4) 3a 06a mapamerpa noTBpheHa je CTaTuCTHIKU

3HavajHa pasznuka y rpynama L-Cys, NAC u NaHS (p<0,05).

3atum, nopehemem BpenHoctu SLVP yHyTap KOHTPOJHUX Ipyna U IMOCMaTpameM
IIPOMEHa OBOT MapaMeTpa y OJHOCY Ha ocrtajie rpyne, npumeheno je na je npumena NaHS
nornpuHena nosehamwy OBOI Mapkepa, y nepuony onopaBka (I'padukon 33). CratucTHUKUM
ananu3ama (Tabena 4) motBpleHa je craTucTudky 3Ha4ajHa pasnuka y rpynu NaHS (p<0,05).
[To KOHTPOIHUM YCIIOBMMA, aKyTHa MPUMEHA HCITUTHBAHUX CYMITIOPOBHTHX jEIMIHCHA HHjE

u3as3Baia 3HauyajHe npomene y DLVP (I'paduxon 34, Tabena 4).

[Topehewem Bpennoctu HR yHyTap u u3mel)y KoHTposnHux rpyna npumeheHo je aa je
npumeHa NAC u NaHS y nepuony edexra u3a3Basia HEraTUBHO XPOHOTPOIIHO JIEJCTBO
(I'paduxon 35), anu 6e3 craructuuke 3HauajHocTH (Tabenma 4) . Takohe, cTaTuCTHYKUM
ananm3ama (Tabema 4) nobujenux koutpoiaux Bpeanoctn CF (I'paduxon 36),Hwuje
noTBpheHa CTaTUCTHUYKU 3HayajHa pasnuka 3a 'y L-Cys rpymnu, nako je akyTHa MpUMeHa OBe

aMHHOKHCEIIMHE U3a3Baiia 0j1aro noschame KOpPOHApPHOT IIPOTOKA.

W3 HaBedeHHMX pe3yinTaTa 3akjbydyyjeMO Ja Yy KOHTPOJIHMM YycioBuma (6e3
cyoxponuuHor onrepehewa DL-XxoMOUHMCTEMHOM) CYMIIOPOBUTH areHCH JOBOJE 10
3Ha4ajHUX NPOMEHA y KOHTPAKTUIHOCTH M pPEJaKcalliju Ccpua, ITO ce y (PYHKIHOHAIHOM

CMHCITy OJpakaBa Ha CUCTOJIY U AujacToiy. Taxole, moj yTunajem TecTUpaHUX CYNCTaHLHU Y
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KOHTPOJIHHMM YCIOBHUMAa HAacTajy JACIMMUYHE IPOMEHE KOpOHapHOr mpoToka. Hasenene

MIPOMEHE MPEBACXOIHO HACTA)y MO/ JI€jCTBOM HEOPTraHCKOT HATPUjyM-XUIpOreHcynduia.

VY cnmmyHom uctpaxkuBamy (167) Koje je CIpOBENCHO HENMOCPETHO IPE OBOI, Ha
nmaroBUMa  Cy  HMCIUTHBAaHH  e(PeKTH  CYOXpPOHHMYHOT  TpPETMaHa  CYMIIOPOBUTHUM
amuHokucenuHama (Meth, Meth+L-Cys, Meth+NAC), y Tpajamy o1 Tpu Heaesbe. Pamuna ce
XHMCTOJIOIIKA aHAJIM3a CPUYAHOT M A0OPTHOT TKHBA, OMOXEMHjCKE KPBHE aHAIN3€ (XOMOIMCTEHH,
donaru, ButamuH Bip, ¢ubpunoren, D-mumep, vonWillebrandov ¢axrop). Ipumehen je
3nauajan epexkar Meth+L-Cys u Meth+NAC amnukanyje Ha CBe MCIMTHBaHE BapujabJie, MITO
HaMm je Owiia JofaTraHa CTUMYJanuja Ja UCIUTAMO J1a JIM U aKyTHa MPUMEHA CyMIIOPOBUTUX
aMUHOKHCEIIMHA MMa yTHIAa] Ha MUOKapa. TOKOM HaBeleHE CTy[IWje HarjamieH je 3Hayaj
WHTEpAKIMje OBUX aMUHOKHCEIIMHA Ca MEAMjaTopuMa 3amabekha Kao W JAUPCKTHE

MMpOoKOAryJIaliuoHe CIIOCOOHOCTH OBHUX je,[[PIH:eH:a Y OpraHu3Mmy.

Kako Oucmo npoBepuin edexre JUpEeKTHE NMPUMEHE CYMIOPOBUTUX aMHUHOKHMCEIMHA
Ha KapAMOJMHAMCKE MapaMeTpe y NaTo(pHU3UOIOMKAM YCIOBHMA, HCTE Bapujabie cMo
MEpWIN U y exkcrnepuMeHTalIHuM rpynama (DL-Hcy rpyne), oqHOCHO HakOH JBOHeAEJbHE

npumene erzoreHor DL-Hcy.

[Mopehewem Bpemnoctu dp/dimax u dp/diyin yHyTap eKCHepuMEHTaTHHX Tpyha Hu
ocMaTpamkeM JTUHAMHUKE OBUX IapamMeTapa y OJHOCY Ha ocTaliie rpyne, npumeheHo je na je
npumena NAC u L-Meth nonpunena 61arom nosehamky OBHX Mapkepa KOHTPAKTHIIHOCTH U
penakcanuje y nepuony edekra, y3 moehame y NAC rpynmu m y mepuoay omopaBka
(T'padukonu 67 u 68). Craructrukum aHanuzama (Tabena 5) 3a 006a mapameTpa notsphena je

craTrcTHuky 3HavyajHa pazimukay NAC rpymu (p<0,05).

[Topehemem BpenHoct SLVP yHyTap exkcnepuMEHTaIHHMX Ipyla W IOCMaTpameM
IIPOMEHa OBOT MTapaMeTpa y 0JIHOCY Ha ocTalie Tpyne, npuMmeheHo je 1a je y 0HOCY Ha ocTaje
rpyre npumena NAC u  L-Meth monpunena 6;arom mosehamy oBOr mapamerpa y mepuoy
edexra, y3 noehame y NAC rpymu u y mepuoay omopaBka (I'paduxon 69), amu 6e3
CTaTUCTMYKE 3HAYaJHOCTH YHyTap MOMeHyTHX rpyna. CTaTHCTHYKa CUTHHU(DHUKAHTHOCT je

notephena yayrap NaHS rpyme (p<0,05).

3arum, nopehemem Bpeanoctn DLVP yHyTap cBake ekcriepuMEHTaIHE TPpyIe MaroBa

tpetupanux DL-HCy u nocmarpamem pasznuka oBOr mapamerpa y OJHOCY Ha OCTajle TpYIIE,
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npumeheno je na je mpumena L-Cys, NAC u NaHS wu3a3Bana cHuxeme OBOT Mapkepa y
nepuony edekra u onopaska (I'papuxon 70). Melhyrum, ctatuctuukum ananuzama (Tabena

5) HUje moTBpheHa CTATUCTHYKKA CUTHU(HMKAHTHA pa3jiiKa YHYTap €KCIEPUMEHTAIHUX Tpyma

(p>0,05).

[Topehewem Bpeanoctu HR yHyTap cBake eKCIepuMEHTAIHE Tpymle TmaroBa
tpetupanux DL-HCY u mocmaTpamem pas3inka OBOT IapaMmeTpa y OJHOCY Ha ocTalie Ipylie,
npumeheno je aa je npumena L-Cys nza3Bana 61aro nmosehame cpuane ppeKBeHIIe Y IEPHOITY
ebpexra u omopaBka (I'paduxon 71), anu craructuukum ananu3ama (Tabenma 5) Huje

notBpheHa CTaTUCTUYKK 3HaYajHa pa3iiuka HUTH y jenHoj rpymu (p>0,05).

[Topehewem BpenHoctu CF  yHyTap eKCIepUMEHTAJIHMX Tpyla TamoBa U
MOCMaTpamkeM pasiiMKa OBOT MapaMeTpa y OJHOCY Ha ocTaje rpyme, npuMeheHo je aa je y
onHocy Ha ocrtaine rpyne npumena NaHS, u y mamoj mepu NAC, uzaszana 6maro noehame
oBor napamerpa y nepuoay edekra (I'paduxon 72). Cratuctuukum ananuzama (TaGena 5)

notBpheHa je craTUCTHYKHM 3Ha4yajHa pa3nuka yHyrap NaHS rpyme (p<0,05).

Hakiie, y rpynamMa koje cy Owiie nmoaBrpHyTe aaMuHucTpanuju DL-HCy nonwio je o
MPOMEHE KOHTPAKTHIIHOCTH M pellakcallfje MUOKapJa Kao y KOHTPOJHHM YCJIOBHMA, M TO
TOTOBO MMOCJIE MCTUX CYMIIOPOBHTHX aMHHOKHCEIHMHA OJHOCHO HakoH mpumeHe L-Meth, L-
Cys, NAC u NaHS. MelytuMm, uHTepecaHTHO je a y eKCIIEPUMEHTAIIHUM Ipyliama y OJHOCY
Ha KOHTPOJIHE Tpyne HHje JOHUIO 10 HPOMEHE KOPOHAPHOI IPOTOKAa IOJ YTUIAjeM
CYMIIOPOBUTHX aMHHOKHCeNnHa u npuMeHe Heopranckor NaHS. Ha  ocHoBy Tora
3aKJby4yjEMO J1a j€ aKyTHA MpHUMEHa CYMIIOPOBUTHUX aMUHOKHUCENIMHA ycnena jaa “omrehema”
HacTajga Yycliell CYHXpOHHYHE IMPHMEHE XOMOLMCTEHHA BpaTH Ha NPBOOUTHE BpPEIHOCTH,

OJTHOCHO Ja JIeNTyje MPOTEKTUBHO.

OBze omer A01a3MMO Ha MUTaKkE JOII YBEK HEJOBOJBHO PACBETJHEHHUX MEXaHM3aMa
KOjUMa XOMOIIMCTEWH €r30T€HO TNPHUMEHEH WM EHIOTEHO CTBOPEH W3a3HMBa JAHPEKTHA
omehema cpyaHor mumwuha W mociaeauIle y cMmMucity mopemehaja (yHkIuje MuoOKapna.
Haume, XOMOLMCTENH Kao THOJ CTHMYJHINE HAKyIJbak€ MACTOLUTA M MHTEPCTHIIM]aTHOT
KOJIareHa, YuMe JIOBOJM /10 MHTEPCTUIMjallHe U MepuBacKylapHe (Gudpo3e U peMeTu OJIHOC
KOJIAr€HUX/eNaCTUYHHUX BJIaKaHa KOJU j€ OJ BEJIUKOTr 3Hayaja 3a KOHTPAKTHIIHY CIIOCOOHOCT

muokapaa (168, 169). MemameM CTpYKType MHOKapa, XOMOIMCTEHH HA OBaj HA4YWH Cllabu
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IEroBy pajHy eduxkacHocT. MoekyaapHu MEXaHU3MU KOjU 3all0YHbY YUTaB IPOIEC U3MEHE
rpahe MHOKapia Cy HejaCHM, ajaud I[peMa HEKUM ayTopuMa, YKJbY4yjy aKTHUBAlLU]y

MaTpukcHUX Metanomnporennaza (MMPS) u cioboanux paaukana (168, 169).

Ca nmpyre crpaHe, CyMIIOp je BaKaH €JIEMEHT OMOJIONIKMX CHCTEMa Ca €CEHIIMjaTHOM
yJIOTOM Y OMOXEMHjCKUM IpoliecuMa Kao TpaJuBHH €JIEMEHT MPOTEHHA, BUTAMUHA U JIPYTHUX
KpylIHjaTHuX OMOMOJIeKya. 3a Jbyie TJIABHU U3BOP CyMIIOpa MpeCTaBibajy Ousbke (Oujenu
JyK, Komryuie rpokha..) Koje caapke oOu/be HEOPraHCKOT CyMIIOpa HEOMXOIHOT 3a
OMOCHHTE3y CYMIIOPOBHTHX aMHUHOKHCEIUHA (METHOHHWH, IIUCTEUH, XOMOIUCTENH, TAypHH).
MeTHOHNH U LIUCTEUH Cy OCHOBHH CTPYKTYPHH €JIEMEHTH TeJIeCHUX npoTernHa. CymmnopoBure
AMHHOKHCEIIMHE Cy YKJbYYEHE M y CHHTE3Y CHaXHHMX HHTpahelujcKuX aHTHOCHIaHaca,
riayrationa u N-anerwimucrenHa. OcuM Tora ¢y W MPUPOJHU JCTOKCH(PHKATOPH, KOJU CE

Y4eCTO KOPHCTE y MPEBEHIINjU TOKCHYHUX edekara MeTamHux joHa (131).

Jlakiie, 3amakaMo Jja CyMIIOPOBHTE aMHHOKHCEIIMHE Ka0 W HEOPraHCKU HATPHUjyM
XUJIPOTEHCYAPUI, Kao jeAWmbCemha Koja CaapKe CYMIOp, y JUPEKTHOM aKyTHOM JIjCTBY
MOKa3yjy MPOTEKTUBHO J€JCTBO Ha (YyHKIHM]y cpila, yOmaxkaBajyhu omrehema MuOKapaa
HacTala ycjiel MpUMEHe TOKCHUYHOT XOMOIMCTEMHA. 3HAa4ajHO je Ja YOUHTH Jia TIOMEHyTa
CYMITOPOBHUTA jeIUIHECHa, HAKOH aKyTHE MPUMEHE, HUCY CIocoOHa Ja YTU4y Ha KOPOHAPHU
MPOTOK Ha M30JI0BAHOM CpIly MaioBa. BepoBaTHO Ou dyka €KCIIO3UIIMja CYMIOPOBUTHM
areHcuMa Morjia Ja gonpuHece Behoj KapIuUOMPOTEKIHMJH U OTKIamamy omrehema ycnen

TOKCUYHHX JI€]CTaBa XOMOILMCTEHHA.
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5.3. Edexmu cymnoposumux amunokucenuna na ouomapkepe oKcuoauuoHoz
cmpeca

Y gapyrom geny cryadmje mnpatwid cMo edekte cyOxponmuyHe mnpumeHe DL-
XOMOIIMCTEHHA HA CHCTEMCKH PEIOKC CTaTyc MmanoBa (IMPAaTWIM CMO IMPOOKCHIAIMOHE H
AHTHOKCHUIAIIMOHE MapKepe Y KPBHOj IJIa3MU/€pUTPOLIMTHMA MAIlOBa), Kao M eeKTe aKyTHE
U JIMPEKTHE aIMHUHHUCTPAIM]je OPTaHCKUX U HEOPraHCKuX cymmopoButux cyrcraniu (L-Meth,
L-Cys, NAC, NaHS) na mpookcuaalioHe mapamerpe y KopoHapHOM mepdy3ary U30J10BaHOT
Cplia MaioBa, y YCIOBMMAa HOPMAJHUX M TOBHIIEHUX BPETHOCTH YKYITHOT XOMOIIUCTCHHA Y
kpBu. Llwb Ham je OMO YOUYMTH paHE NIPOMEHE pPEIOKC PABHOTEKE IOJ YyTUIAjeM
XOMOIIMCTEHHA, a 3aTHM MEPUTH KaKO aKyTHa IMPUMEHA TeCTHPAHUX CYICTAHIM YTUYE Ha TE

IIPOMEHE.

Kana cy y nuramy edpexkru cyoxponnune npumene DL-HCYy Ha cucremcku penokc
CTaTycC, HAIll pe3y/ITaTH yKa3yjy Aa je nBoHeaesbHa npumena DL-Hcy y no3u ox 0,45 umol/g
TeJIeCHE Mace, JiBa IyTa JIHEBHO y Tpajamy oA 14 naHa, m3a3Baia noBehame BpemHOCTH
TBARS, O, u HyO;, u penykoBana Bpennoctu NO;  y kpBHOj mia3mu nanosa (I'paduxonu
121 u 122). Cratuctuuka 3HadajHocT ce mobmima 3a Bpeanoctu O, (p<0,01) m TBARS
(p<0,05), 6e3 craructuuke 3Hauajuoctu 3a H,O, ' NO, (p>0,05). Cnuune pesynrate je
o6jasuo u Kolling et al (170). Onu cy nokasanu ja je xponnyna npuMena DL-xomonucrenna
(mBa myra mmesHo, 0,3-0,6 umol/g TerecHe mace, 22 naHa) 3HavajHO mMoBehaga BPEIHOCTH
TBARS u cmamuia pacrionoxkuBoct NO y cpiiuma mnaaux Bucrap an6uno manoa. TBARS
BPEJHOCTH Cy Takohe y carjlaCcHOCTH ca paHHuje MOMEHYTUM pesynartatuma Timkova et al.
(154). Cmameme Bpeanoctu NO, omHOCHO cMambeme Onopacnosioxkuoctd NO  ykasyje Ha
nopemeheny ¢ynkumjy enmorena. Penykmuja OmopacmnoxuBOor NO Moxke 1ga HacTaHe
TPOjaKo: yCJIeNl lbeTOBE CMamheHEe CUHTE3e, mopemehaja akTuBHOCTH Onosomku aktusHOT NO,
wm weroBe nmoBehane mHakTuBanmje. CMameHa MPOU3BOAKA OBOT Ba3OAMJIATATOpPA TOKOM
XUMEPXOMOIIMCTEUHEMH]E j€ TIOCTIEINIIa CMAmhEemhe aKTUBHOCTH KOHCTHTYTHBHUX H30(OpPMU
azor moHokcu cuHTaze (ENOS u NNOS), y3 mnoBehaHy akTHBHOCT WHIYIHUOWIHE a30T
monokcua cuataze (INOS) u "uncoupling™ eNOS, mro mocspennyHo moBehaBa MPOAYKIIH]Y
O, (171). XomomucTenH, Ka0 U CBH THOJHM, JIAKO TOJIEKE MPOCEIUMa ayTo-OKCHIaIH]e,
yuMe cTBapa aucyiduae (XOMOIMCTHMH M XOMOIMCTEHH-THOJAKTOH). TOKOM OKcHaaluje
cynbXuapuiHe Tpyne HacTajy peaktuBHe kuceonmuke Bpcte (ROS), mpeencrBeno O, u

H,0, koju ce u cMaTpajy JOMUHAHTHUM Y3POYHHIIMMA €HIOTEITHE ITUTOTOKCUYHOCTH TOKOM
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Hhcy. Ilopen nupektHor omrehema enporennux henuja, crBopenu O, CTyma y HHTEPAKIIH]y
ca Beh camkenum NO, mTO 3a mociueauIly MMa CTBapame jEIHOT O] HAjpCaKTUBHHUJUX H
HAjTOKCHYHHU]ET MPEJCTaBHIKA PEaKTHBHUX a30THUX BpcTa, nepokcunutpura (ONOO-). ITox
yruniajem ONOO™ ce nHacraBba omreheme EHIOTETHHX henuja, W Jajbe Ce CMambyje
onopacnonoxuBoct NO mTo peMeTH KOHTPOIy BaCKyJapHOT TOHYCa, OHOCHO (hU3HOJIOUIKY
BazoamiaTanyjy. CBH HaBeJCHU MPOLIECH 33ajeTHO, MEXaHU3MOM ITO3UTHBHE [TOBPATHE CIIPEre,
Ha Kpajy J0BOjIe 0 HacTaHKa eHaorenne auchynkmuuje (172-182).

Chang et al. (183), cy noownu nosehany npoaykiujy ROS y BackynapHUM TIIaTKHM
muunhaum henujama (VSMC) nanoBa, HakoH wuukyOammje VSMC ca 0,5 u 1mmol/L
XOMOLMCTeHHA. Y HCTOj cTyauju ce nobuna penykoaHa CAT aktuBHoct 'y VSMC
TPETHPAaHUM XOMOIIUCTEHHOM, INTO je Yy CKJIaAy ca HalluM pe3yiTaTHMa 3a OB3j
AQHTHOKCHUIAITIOHU CH3HM.

Hamm pe3yntatu aHTHOKCHIAIIMOHOT CHCTEMa 3aIITHTE, Ca CTATHCTUYKH 3HAYajHOM
penykuujom CAT aktuBHoctu (p<0,05), cy Takohe Beoma ciuuHH pesyatatuma Beh
nomenyte cryauje Kolling et al (170). Cmameme aHTHOKCHIAMOHE aKTHBHOCTH MOXE Ja
MpeJCTaBiba JOII jeJaH MEXaHW3aM OJrOBOpaH 3a OKCHIAMOHM CTpPeC WHIYKOBAaH
XOMOIIUCTEHHOM.

Jlajbe, UCIIUTHBAIN CMO aKyTHe edexTe cyMmopoBHTHX jeaumema (L-Meth, L-Cys,
NAC, NaHS) , y no3u 0,5mmol/L y Tpajaty ox 5 MUHYTa, Ha PEIOKC CTaTyC y KOPOHAPHOM
BEHCKOM e(UIyeHTy nanoBa TpeTUpaHux 1 HeTpetupanux DL-Hcy.

Y Hamoj CTyauju T1OJ KOHTPOJHUM YyCJIOBMMa, aKyTHa aJMUHHUCTpaluja
cymrnopoButux amuHokucennHa (L-Meth, L-Cys, NAC) u wneopranckor NaHS Huje
pe3yaToBana 3HauajHUM eQeKTHMa Ha IMapaMeTpe OKCUIALMOHOI CTpeca Yy KOpPOHapHOM
nepdys3aty usomoBaHor cpia mamosa (TabGema 6). Y rpymama mamoBa ca IOBHIIEHUM
BpEHOCTHMA XOMOIIMCTENHA, UpekTHA puMeHa L-Meth Huje nzaszpana 3HavajHe edexre Ha
MPOOKCHUJAIIMOHE TapameTape y KopoHapHoM mepdysaty. Jupektna ammukanuja L-Cys je
n3a3Bajla CTaTHCTUYKH BeoMma 3HauyajHo moBehamwe O, y mepuony edekra, kao U Omaxe
noehame NO,". Takolhe, 6maxu nopact NO; nHactao je u npu mupektHoj npumenn NAC.
AxyrtHa npumeHa NaHS koj XOMOIMCTEMHOM TpPETHpaHWX TaloBa je HM3a3Bajia 3HAYajHO
nosehame NO; y nepuoay edexra, 3HauajHo nosehawme O, y mepuony onmopaBkau | Onaru

nopact H,O, npu nupexTHoj anmunuctpaimju (Tabena 7).
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Pesynratu Hamie cTyauje cy TOKa3ald Ja je y rpylama IanoBa ca MOBHIICHHM
BpEIHOCTHMA XOMOIIUCTEHHA (T]. 1BOHenesbHH TpetMan DL-Hcy), nupextna mpumena NAC
nosena 1o 3Hadajue npomene H,O, u TBARS y onHocy Ha rpymne koje Hucy tpetupane DL-
Hcy. ¥V rpynama tpetupanum DL-Hcy, yrBpheHa je 3HauajHa paznuka y koHrnerrpanuju O, y
toky npumene L-Cys, NAC u NaHS, y oanocy Ha rpymne koje HuUCy Ouje Ha TpPETMaHY
xoMmonucTenHoM. HajuHTeH3uBHHUje TTpoMeHe y ojaHocy Ha TperMan DL-Hcy youene cy y

BpenHoctuma Hutputa (Tabena 8).

Soares et al., cy ucnuruBanu epekre akyTHe aAMUHHUCTpaIMje METHOHUHA (Y T03H OfI
0,4 g/kg, cyOkyraHa mpuMeHA) Ha MapaMeTpe OKCHAAIMOHOT CTpeca y IepeOpasiHoM
KOPTEKCY MJIaUX IanoBa. Pe3ynTatm oBe CTyAMje Cy yKa3ajdd HAa 3Ha4YajHO moBehame
npoayknuje ROS, wyak 3 cara mocie anmMuHucTpanudje, u noehame akTuBHOCTH SOD, oK

je aktBHOCT CAT Ouia 3HauajHO CMambeha HAaKOH MpuMeHe MeTHoHuHa (184).

In vivo crymuja cipoBeneHa ox ctpane Costa et al., koja ce 3acHMBaNa Ha aKyTHO]
NpUMEHN METHOHWHA, TOKa3ala je Ja je METHOHUH Y3pOKOBAO 3HavajHE IMPOMEHE JIUIMUIHE

nepokcuaamnyje kao u Bpeaoctu ROS, amm u aktuBHOCTH SOD 1 CAT y TRUHBY jerpe (185).

[lperxomHa crymuja crpoBedeHa oja cTpaHe ayropa Hogg et al., cmarpa na
MTOBUIIICHA HUBOM XOMOITMCTEHHA M3a3UBajy OKCHJIAIIMOHK CTPEC KOJH j€ CTPOTO 3aBUCAH O]
MIPOOKCUIAIMOHOT MOTEeHIINjalla ¥ MpeBoleha XOMOIUCTeNHa Y TUCTHH 1 nuctenH (186). Ca
Jpyre CTpaHe, HEKU JUTepaTypHU MOJAIM Cyrepulny 3amTuTHy yinory L-Cys, narnamasajyhu
JBOCTPYKY VJIOTY THOJHE TpyIlE€, y CMHUCIY AaHTHOKCUAAUUOHUX WA IPOOKCUIAALIMOHUX
KapakTepucTuka. M3 Tor paszmora jacHO je Ja cMep JleoBamba CYMIIOPOBHUTHX
aMUHOKHCENIMHA y TOTJIeAy OKCHUAAIMOHOT CTpeca MPOMEHJbUB M BEOMa 3aBUCH O] JPYTHX

YMHMJIAlA Koje Tpeba UCIUTATH.

Shackebaei et al. cy nokazanu u nokazamu 3amrutae epekre L-Cys y cpity, koje je
npe Jyrorpajue ucxemuje mpexoHauiponupano L-Cys y konmentpanuju ox 0,5mmol/L u
THME MPEeUIOKUIIN HEKOJIUKO NMOoTeHIHjanHux Mexanuzama (187). Mehyrum umajyhu y Bugy
(U3MOOMIKM KOHLENT MPEeKOHAMLIMOHMpamka, Moryhe je na Onaro moBehame crmo0ogHMX
panukana noBehaBa M MOCTHCXEMM]CKO MpPEXHBIbaBame henuja u Opxku omopaBak y (aszu
penepdysuje, ma U3 TOT paszjiora He Moxe ce ca curypHouthy tBpautH na je L-Cys nenosao

IIPOTCKTUBHO.
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VY Hamoj cryauju  10o0ujeHo moBehamke HUTPHUTA O] YTHUIAjeM AUPEKTHE MPUMEHE
NAC y rpynu mamoBa Ttperupanux DL-HcCy, yka3yje Ha mnoBehaHy mnpoaykmnujy asor
MOHOKCH/Ia, IITO MOXe OUTH jeaaH ol AupekTHuX 3amTutHux Mexanuzama NAC. [To3Haro je
na je NAC aHTHOKCHAAHC, amy TayaH MeXaHHW3aM JeJoBama jOll YBEK HHUje MPEHU3HO
pazjammeH. [lenyje kao ckaBeHuep CI000AHUX pajrKalia U 0OHABJba MHTAPIIETYIapHE HUBOE
penykoBaHor riyrathHoHa . [lopen tora, m apyru ayropu cy norpamwian na NAC moxke
noBehatu mponyknujy NO, y3pokoBaTh Ba3oAwJIaTallk]y W THUME YOJIIQKUTH CHJIIOTCIIHY

mcYHKIH]Y HacTary ycien xunepxomonucrennemuje (188-195).

Zhang w capaJHUIM Cy HWHAYKOBaIM IUCPYHKIHjYy CplHa ca jEeJHOM J030M
M30MpeHaIMHA M HakoH Tora ucnutuBamm edekre NaHS na Omomapkepe oKcHIAIOHOT
ctpeca (196). J[ouum cy no 3akbydyka Ja NMpPUMEHa HEOPraHCKOT HATPUjyM XHUAPOTeH
cynbuga Moxe Aa yOnaxu H3OMPEHATMHOM HWHAYKOBaHE MPOMEHE y MHOKapAy Koje Ccy
MOCpPEZIOBaHe CIIOO0OJHUM paJHKAIMMa, TaKO IITO CMamyje HBUXOBY Npoaykuujy. Hamwme,
NaHS cmamyje akuBHOocT NADPH oOkcmmaze mTo J0BOAM 110 CMamema PEAKTHBHUX
KHCEOHHWYHHMX BpCTa W HHMBOA OKcupanuoHor crpeca (197-199). [lakie, pe3ynratd OBHX
CTyIMja Cy y CarJlaCHOCTH ca aHTHOKCUAATUBHUM criocoOHoctuma NaHS. V wamioj cryauju
takaB e(ekar Huje octBapeH. Ca apyre crpane, Jiang et al. cy mpumenom NaHS y no3u ox 1
mmol/L n3a3Banu cMamemne MOTPOLIHE KUCCOHNKA Y KOPTHKATHIUM HEYPOHHMA, TIPUMapPHUM
¢ubpobnactuma u OyOpexHMM henvjaMa MajMyHa M TPeUIOKMIM B IOTECHLHUjaIHA
MeXaHU3Ma 3a MOPacT OKCUIALMOHOI CTpeca MoJl TaKBUM OKoJiHOcTHMA. [TpBu MexaHM3aM ce
OJTHOCH Ha JAWpEKTHY peaknujy cynduma u3 NaHS ca kuceonnkom mpu uemy ce Gpopmupajy
ROS. pyru MexaHu3zaM ce OJHOCH Ha TO Ja CyI(HI MOXKe MOCITY)KUTH Kao CYICTpar 3a
komiuieke |l MutoxonapujamHOr TpaHcmopTHor naHna enektpona(200). Ha ocHoBy oBux
pesyaTara M pe3yiTaTa Haller HCTpaXKHBama, 3akpydund cMo ga NaHS moxke umaru

3allITUTHU WKW IITECTHU e(beKaT Y 3aBUCHOCTHU OJ HAYHMHA IPUMECHE U ITPUMEHCHE 103€.

CBe pa3nuke Yy JHUTEpaTypHUM IMOJalMMa BE3aHO 3a e(eKTe CyMIIOPOBUTHX
aMUHOKHCENIMHA TMPOUCTUYY OJ BapHjaOUIHOCTU EKCIEepUMEHTAIHHMX IPOTOKOJa KOjU ce
pUMeBY]y, Iy)KUHE TpUMEHe, J03€¢ M HauMHa [pUMEHe, Kao M ojadupa camor
eKCIIepUMEHTAIHOT Mojena. Takohe, BaXHO je HAllOMEHYTH W Ja TPEeHYTaKk Mepema

O6uomapkepa Takole nMa BayKHY yJIOTY y MIPABUIHOM HHTPENPETUPamY pe3yaTaTa 003upom Jia
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Cy CYMIIOPOBHUTC aMHWHOKHCCIHWHE METa0OTHYKHU BpPJIO AKTHBHC CYIICTAHIC W 3aBUCHEC O

MHOTHUX €CH3UMCKHX CHCTEMaA.

OcuM Tora, Ha OCHOBY JOOMjEHHMX pe3yJiTaTa, 3aKJbyYHJIHM CMO Ja XOMOIIUCTEHUH
M3a3MBa 3HayajHE NMPOMEHE y (DYHKIHUjU KapIMOBACKYJIAPHOT CHCTEMa W Ipe 3HAYAjHHUX
noBehama BpeTHOCTH XOMOITUCTEHHA Y IIa3MH. XOMOIIMCTEHH YTHYE Ha PEAOKC PaBHOTEXKY,
noBehaBa mMPOW3BOAKY PEAKTUBHUX KHUCEOHWYKUX BPCTA, CMamyje aHTHOKCHIALMOHY
on0paHy U Jenyje Kao YKyIHU MpookcuaaHT. [lomTo ce epexTr nCMTUBaHKUX jeIMbEeha Koja
caJip>Ke CyMIIOp 3Ha4ajHO Pa3liMKyjy y 3aBUCHOCTHU O] JIejCTBa XOMOIIUCTENHA, HEKa O] HBhUX
MOTY JaTH MOTIYHO CYHpPOTHE e(eKTe y 3aBHCHOCTH OJ TOTa Ja JIM JeNyjy y NPHUCYCTBY

XOMOIMCTECHHA.
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3AKJbYUILIU



151

JlokTopcka aucepranmja

6. SAKJbYULIHA

Ha ocHOBY npeTxoHO U3HETHUX pe3yiTara OBe CTy/AHje, MOTY c€ U3BECTH cieaehu 3akibyuiy:

1)

2)

3)

4)

5)

6)

7)

AxyTHa aaMUHHCTpanuja cymnopoButux amuHokucenuna (L-Meth, L-Cys, NAC) u
Heopranckor NaHS pe3ynryje y KOHTpPOJHHM YyCJIOBHMa cCiiabuje H3paKeHUM
edekTUMa Ha KapMOJIMHAMCKe BapHujadie (y nmepruoay edekra u y Iepruo1y oropaBKa)
U Ha MapamMeTpe OKCHJIAIMOHOT CTpeca y KOpOHAapHOM mepdy3ary HM30J0BAHOT CpIa
maroBa, JIOK Cy MoOpojaHu ePeKTH 3HaYajHUje M3PAKEHU y YCIOBHMA MOBUIICHUX
BPEIHOCTH XOMOILIMCTEHHA.

VY oacycTBy MOBHIIEHHMX BPEJHOCTH XOMOIIMCTEWHA, a y 3aBUCHOCTU O] BPCTE
jeIbeka, CYMIIOPOBUTA jeIUbCHA YyTUYY Ha MPOMEHY KOHTPAKTHIIHE CIIOCOOHOCTH
M30JI0BAaHOT CpIia MaroBa y3 HeM3MEHEHU KOPOHAPHU IPOTOK.

Y TOpuCcycTBY TOBHMIIEHHMX BpEIHOCTH XOMOIMCTEHHA, JUPEKTHa IpPHMEHA
cymnopoutux amuuokucenuHa (L-Meth u NAC) ucmospaBa 67aro MpOTEKTHBHO
nejcTBO W yOnakaBa omrTehema KOHTPAKTHIIHOCTH YCIEA KapIUOHXHOUTOPHUX
edexara XOMOIMCTEHHA.

Ha mnoGospiiame kopoHapHOT MpoToka u3paxeHuju edekar ocrBapyjy NAC wu
Heoprancku NaHS, y oqHocy Ha ocTane UCIIUTHBAaHE CYIICTAHIIE.

VY KOHTpPOJHUM YyCJIOBHMMA, aKyTHA aMHHHUCTpAIMja CyMIOPOBUTUX aMHHOKHCEIMHA
(L-Meth, L-Cys, NAC) u uneopranckor NaHS Huje pesynroBaia 3Ha4ajHUM ePEKTHMA
Ha MapaMeTpe OKCUIALMOHOI CTpeca y KOPOHAapHOM Iepdy3aTy H30JO0BAHOT cplia
narosa (y nepuoay edexra u y Iepuoy ornopaBka).

Y rpymamMa ca MOBUIIEHMM BpeAHOCTMMa xomouuctenHa (Tj. Tperman DL-
xomorcrenHoM), mupekTHa npumeHa NAC je nosena g0 3HagajHe nmpomene H,O, u
TBARS-a y xoponapHoM nep¢ysary, y 0OJHOCY Ha rpyne Koje Hucy Tpetupane DL-
XOMOILIMUCTEHHOM. Y Tpynama tpetupanuM DL-xomouucTenHoMm, yrBpheHa je 3HauajHa
pasnuka y konuentpauuju O, y toky nmpumene L-Cys, NAC u NaHS-a, y ogHocy Ha
rpyne Koje HUCy Oujie Ha TpeTMaHy XoMmouucTenHOM. HajuHTeH3uBHHje mpomeHe
yO4eHe Cy y BpeTHOCTUMA HUTPHUTA.

[ToBuiieHa BpeAHOCT XOMOLMCTEMHA j€ M3a3Baja 3HauajHO MoBehame BpPEIHOCTH
TBARS, O, wu Onaxe mosehawe H,0,, anu u cmamuna Bpennoctu NO; y KpBHO]

IJ1a3MH, Y OJJHOCY Ha KOHTPOJIHY TPYILy Halrosa.
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8) IloBuiieHa BpEeIHOCT XOMOIMCTEHMHA HHjEe YTHIAJIA Ha aKTHBHOCTH aHTH-
OKCHJIALIMOHUX €H3MMa (PelyKOBaHU TJIYTaTUOH M CYNEPOKCHU] TUCMYTasa), alld je

peruCTpoBaHa CMambCHA AKTUBHOCT KaTajla3e y CpUTpOOUTHMA, Y OJHOCY Ha

KOHTPOJIHY IpyIly MaloBa.
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BUOI'PA®UIA

Tama [llo6oT je pohena 24.04.1978. ronune y bama Jlymnu, bocHa u Xepuerosuna.

Menununckn ¢axyiarer YauBepsuteta y bama Jlynu 3aBpumia je 2009. roamme, ca

IIPpOCCYHOM OLICHOM 8,27 " CTCKJIa 3BalbC JOKTOpAa MCAUIIUHE.

VY 2019. rogunu je ymucana 3. TOAUHY JOKTOPCKUX aKaJeMCKUX cTyauja Ha dDakynrery
MEAUIIMHCKUX Hayka YHuBep3utera y Kparyjeiy — cmep ExcrniepumeHTanHa u npumMermeHa

(du3HoNoTHja ca CIOPTCKOM METUITTHOM.

2011. roguHe wm3abpaHa je 3a capagHWka y HactaBd Ha Karenpu 3a ¢uswmonorujy Ha
MenunuackoM dakynrery YuuBepsurera y bama Jlynu, a 2012. rogune u3abpaHa je 3a

ACHUCTCHTA.

Unan je Komope nokxropa Peny6nuke Cpricke u pymtea qoktopa Pemy6nuke Cpricke.
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HN3Box — UJ1:

¥YBoxa: Cse je Beha ucTpaxuBayka 3aHHTEPECOBAHOCT 3a JETIOBABE CYyMIIOPOBUTHX jeUHCHHA
Ha KapIMOBaCKYJIAPHU CHCTEM, 110/ (PM3UOJIOIIKUM U ITaTOJIOIIKUM YCIOBUMA.

Hub: [{usb oBe eKcliepUMEHTANIHE CTynuje OMO je MCIUTHBame edekaTa aKkyTHE MpUMEHE
CyMIIOPOBUTUX amuHOKucenuHa (L-meruonuua, L-umcrenna, N-auerwinucrenHa) wu
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KOHIIEHTpAIlMja YKYITHOT XOMOIIMCTEMHA W OMOMapKepa CHCTEMCKOT OKCHJIAIIMOHOT CTpeca.
W3BpuieHa je mporieaypa W30JI0Bamka Cplia IMaloBa, y IHJbY YCIIOCTaBJbaka PETPOTPATHE
nepdysmje Kpo3 cpue MeromoMm mo Jlanremopdy U cnpoBohema akyTHOr TpeTMaHa
cymrnopoButuM  amuHokucenuHama (L-Meth, L-Cys, NAC) wu wHeopranckum Na-
xugporercyiapuaom (NaHS). CymnopoBute cyrncranie cy npumMermneHe y ucroj no3u ox 0.5
mmol/L, y Tpajamy ox 5 MuHyTa. Y JI€BOj KOMOPH Cy KOHTHHYHpAHO NpalieHH mapaMeTpu
¢dyukuuje nese komope: dp/dtmax, dp/dtmin, SLVP, DLVP u HR. Kopounapuu nporok (CF) ce
onpehuBao guioymeTpujcku. Y y3opluma KpBHE IJIa3Me M y30pIIMa KOpoHapHOT niepdysara,
CHEKTPO(YOTOMETPHjCKUM MeToJama, oapehuBaHU Cy OMOMapKepH OKCHIAIMOHOT CTpeca:
unnekc junuaHe nepokcuaanuje (TBARS), asor monokcua y dopmu mutputa (NOy),
cynepokcu aijon paaukain (Oy) u Bogonuk nepokcus (H202). ¥ xemonuzaty eputporura cy
MEpEHHU TapaMeTpH aHTHOKCHIAIMOHOT cucTema 3amrTure: katanaza (CAT), cymepokcun
mucmytasa (SOD) u penykoBanu riyratios (GSH).

Pesyaratu: Pesynratm wmcrpakuBama Cy npuka3aHu kpo3 6 Ttabema m 125 rpadukona.
KoHneHTpaiyje yKynmHor XoMolucTenHa cy Ouiie 3Ha4uajHO MOBUILEHE Y eKCIIEPUMEHTAIIHO] Y
OJIHOCY Ha KOHTPOJIHY IpyIy IalloBa, U Kao TaKBe M3a3MBajy 3HaTHE MPOMEHE Y (pyHKuMju
Kap/IMOBAacKylIapHOr cuctema. Takohe, akyTHM eQeKTH MNPUMEHEHHX CYMIOPOBUTHX
CYIICTAaHIIU Cy TOKa3alH 3HauajHe pasiiKe y OAHOCY Ha TpetMan DL- xomommcremHOM, Ha
OCHOBY 4Yera 3aKkJby4yjeMO Jia CyMIIOPOBHUTE CYIICTAHIIE HMCIOJbABAJy PA3IMYUTO JI€jJCTBO HA
KapJMOBACKYJIAPHH CUCTEM y 3aBHCHOCTH O] IPHCYCTBAa XOMOIIMCTEHHA.

3ak/byynu: AHQJIN30M pe3yiTaTa OBOT HCTpaXHBamba 3aKjbydyje ce Ja eQeKTH
cymnopoButux amuHokucenuna (L-Meth, L-Cys, NAC) u Heopranckor NaHS wumajy
3Ha4YajHy yJOTYy Yy MaTo(GHU3MOIOTHjH KapAHOBACKYJIApHOT CHUCTEMa IPH YeMy UM je TJIaBHa
KapaKTepUCTHKA J03HO-3aBHCTaH eekar Ha (PYHKIIH]Y KapHOBAaCKyJapHOT CHCTEeMa LITO je U
OCHOBHA KapaKTEpUCTUKA jeNbEHa KOja y CBOM CacTaBy UMajy CyMIIOp.

K.]Lyqne peun: XOMOIOMUCTCHUH, KOpOHAapHa XCMOJWHAMHUKA, OKCHIAIIMOHU  CTPCEC,
CYMIIOPOBHUTC aMUHOKHCCIIMHE, ITAIll0B
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Abstract — AB:

Introduction: There is growing interest in the activity of sulfur-containing compounds on
cardiovascular system in physiological and pathological conditions.

Aim: Aim of this study was to assess possible differences in the effects of various sulfur-
containing compounds on cardiodynamic parameters, coronary flow and redox balance of
cardiovascular system, in its physiological state and in the early onset of
hyperhomocysteinemia.

Material and methods: This study divided Wistar albino rats into two groups: saline treated
(control group) and DL-homocysteine-treated (experimental group). Rats from experimental
group were subjected to subchronic subcutaneous administration of DL-homocysteine at dose
of 0.45 umol/g body weight, twice a day for 2 weeks. At the end of this period, rats were
sacrificed, and blood samples were collected to be analysed for homocysteine concentration
and biomarkers of systemic oxidative stress. Isolated rat hearts were excised and attached to
the Langendorff apparatus. To assess the effects of acute administration of L-methionine, L-
cysteine, N-acetylcysteine, and sodium hydrogen sulfide, the hearts were perfused
individually with each of the mentioned substances at same single dose of 0.5 mmol/L for 5
min. Before, during and after perfusion of isolated rat heart (control, effect and washout) we
continuously monitored (after insertion and placement a sensor in the left ventricle) the
cardiodynamic parameters: a) dp/dt max - maximum rate of change of left ventricle pressure,
b) dp/dt min - minimum rate of change of left ventricle pressure, v) SLVP - systolic left
ventricular pressure, G) DLVP - diastolic left ventricular pressure and d) HR - heart rate. In
the blood and effluent samples we measured biomarkers of oxidative stress: an index of lipid
peroxidation (TBARS), nitric oxide in the form of nitrite (NO;"), superoxide anion radical (O,
), and hydrogen peroxide (H,O;), and the parameters of antioxidant protection system:
catalase (CAT), superoxide dismutase (SOD) and reduced glutathione (GSH).

Results: The research results are presented in 6 tables and 125 graphs. Total homocysteine
level was significantly higher in the experimental group than in the control group, and the
effects of applied sulfur-containing compounds were significantly different in experimental
and control groups. DL-homocysteine induced considerable changes in functioning of
cardiovascular system even before an increase in plasma homocysteine values, and action of
sulfur-containing compounds varied depending on the presence of homocysteine.

Conclusions: After analyzing the results of this study, it is concluded that the effects of
sulfuric amino acids (L-Meth, L-Cys, NAC) and inorganic NaHS play a significant role in the
pathophysiology of the cardiovascular system, whereby their he main characteristic is the
dose-dependent effect on the function of the cardiovascular system, which is the dominant
quality of sulfur-containing compounds.

Key words: homocysteine, coronary haemodynamics, oxidative stress, sulfur amino acids, rat
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Galium verum L. (G. verum, lady’s bedstraw) is a perennial herbaceous plant, belonging to the Rubiaceae family. It has been widely
used throughout history due to multiple therapeutic properties. However, the effects of this plant species on functional recovery of
the heart after ischemia have still not been fully clarified. Therefore, the aim of our study was to examine the effects of methanol
extract of G. verum on myocardial ischemia/reperfusion (I/R) injury in spontaneously hypertensive rats (SHR), with a special
emphasis on the role of oxidative stress. Rats involved in the research were divided randomly into two groups: control
(spontaneously hypertensive rats (SHR)) and G. verum group, including SHR rats treated with the G. verum extract (500 mg/kg
body weight per os) for 4 weeks. At the end of the treatment, in vivo cardiac function was assessed by echocardiography. Rats
were sacrificed and blood samples were taken for spectrophotometric determination of systemic redox state. Hearts from all rats
were isolated and retrogradely perfused according to the Langendorff technique. After a stabilization period, hearts were
subjected to 20-minute ischemia, followed by 30-minute reperfusion. Levels of prooxidants were spectrophotometrically
measured in coronary venous effluent, while antioxidant enzymes activity was assessed in heart tissue. Cell morphology was
evaluated by hematoxylin and eosin (HE) staining. 4-week treatment with G. verum extract alleviated left ventricular
hypertrophy and considerably improved in vivo cardiac function. Furthermore, G. verum extract preserved cardiac contractility,
systolic function, and coronary vasodilatory response after ischemia. Moreover, it alleviated I/R-induced structural damage of
the heart. Additionally, G. verum extract led to a drop in the generation of most of the measured prooxidants, thus mitigating
cardiac oxidative damage. Promising potential of G. verum in the present study may be a basis for further researches which
would fully clarify the mechanisms through which this plant species triggers cardioprotection.

1. Introduction paradoxically exacerbate tissue damage. This phenomenon

is known as ischemia/reperfusion (I/R) injury and occurs in
Acute myocardial infarction (AMI) is one of the most several forms such as reperfusion-induced arrhythmias,
common causes of disability and mortality worldwide [1]. myocardial stunning, microvascular obstruction, and
Although timely restoration of blood flow to an ischemic  reperfusion-induced cardiomyocyte death [2]. The exact
heart is essential for limiting the infarct size, it can  mechanisms underlying progression of I/R injury have been
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under intense investigation for more than four decades with
the aim to open the way to novel effective strategies for myo-
cardial salvage [3]. Factors that have been proven to mostly
contribute to myocardial dysfunction are increased genera-
tion of prooxidants, pronounced inflammatory response,
and intracellular and mitochondrial Ca®* overload [3, 4].
Presence of hypertension, as one of the most common risk
factors for cardiovascular diseases, may worsen I/R outcome
due to high myocardial load/mechanical stress [5].

Ischemic preconditioning is a successful maneuver for
reaching cardioprotection by exposing the heart to brief
episodes of ischemia and reperfusion prior to prolonged
ischemia. Due to its limited clinical application, recent
researches have focused its attention on agents that might
be pharmacological mimetics of ischemic preconditioning
[4]. Growing evidence suggest benefits of dietary intake of
medicinal plants rich in polyphenols in lowering the
incidence of coronary diseases [6, 7]. Polyphenols are biolog-
ically active constituents found in vegetables, fruits, wines,
etc., with great potential to attenuate the deleterious impact
of I/R via antioxidant and anti-inflammatory activities and
preservation of nitric oxide [7].

Galium verum (G. verum, lady’s bedstraw) is a perennial
herbaceous plant, belonging to the Rubiaceae family and has
been widely recognized throughout history due to its multi-
ple therapeutic properties [8]. It has been used as a sedative,
an anticancer agent, in the treatment of gout and epilepsy;
nevertheless, effects of this plant species on cardiac function
have not been clarified yet [9]. Phytochemical investigations
revealed the presence of iridoid glycosides, phenolic com-
pounds (such as chlorogenic and caffeic acids, hyperoside),
anthraquinones, and triterpenes in G. verum extracts [8, 9].
Therefore, we hypothesized that G. verum extract might be
involved in the alleviation of harmful effects of I/R injury
on functional and morphological properties of the heart.

Regarding above-mentioned data the aim of our study
was to assess the effects of methanol extract of G. verum on
myocardial I/R injury in spontaneously hypertensive rats
(SHR), with a special emphasis on the role of oxidative stress.

2. Materials and Methods

2.1. Ethical Approval. This investigation was carried out in
the laboratory for cardiovascular physiology of the Faculty
of Medical Sciences, University of Kragujevac, Serbia. The
study protocol was approved by the Ethical Committee for
the welfare of experimental animals of the Faculty of Medical
Sciences, University of Kragujevac, Serbia. All experiments
were performed according to the EU Directive for the welfare
of laboratory animals (86/609/EEC) and the principles of
Good Laboratory Practice (GLP).

2.2. Plant Material and Extract Preparation. The whole plant
G. verum was collected on July 5th, 2017 in the village Dobro-
selica on the southern cliff of Mt. Zlatibor (GPS coordinates:
43°42'59.99"N and 19 41'59.99"E). 1dentification and classi-
fication of the plant material were performed at the Depart-
ment of Biology, Faculty of Natural Sciences, University of
Kragujevac and at the Institute of Botany and Botanical
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garden “Jevremovac”, University of Belgrade. A voucher
specimen (number 17417) was kept in a herbarium of the
Institute of Botany and Botanical garden “Jevremovac”. The
collected material was dried under the shade and powdered
(sieve 0.75). The methanol extract was prepared to extract
100 g of the aerial part of the plant with 500 ml of methanol
by heat reflux extraction [10]. The mixture was filtered
through a filter paper (Whatman, No. 1), and the dry extract
was obtained after removing the solvent by evaporation
under reduced pressure (RV05 basic IKA, Germany). After-
wards, the residue (16.03 g) was stored in a dark glass bottle
at +4°C until use. Once daily just before administration to
experimental animals, extract was dissolved in the tap water.

2.3. Animals. Twenty spontaneously hypertensive rats
(males, eight weeks old, body weight 150 +30g) were
included in the study. They consumed commercial rat food
(20% protein rat food, Veterinary Institute Subotica, Serbia)
ad libitum and were housed at a temperature of 22 +2°C,
with 12 hours of automatic illumination daily. The rats were
divided into two groups as follows:

(1) Control Group. Rats who drank only tap water

(2) G. verum Group. Rats who drank tap water containing
500 mg/kg of methanol extract of G. verum

In order to provide a precise amount of drug for every
animal, rats were kept in separate cages (one animal per
cage). Considering that animals drink approximately 50 ml
of water per day, we dissolved individual dose of extract
adjusted to body weight (500mg/kg) in this volume of
water. The same procedure was repeated every day of
the experimental protocol.

2.4. Assessment of In Vivo Cardiac Function. Transthoracic
echocardiograms were performed after accomplishing drink-
ing protocol. A mixture of ketamine 50 mg/kg (100 mg/mL;
Ketaset, Fort Dodge, IA) and xylazine 10 mg/kg (100 mg/mL;
AnaSed, Lloyd Laboratories, Shenandoah, IA) intraperitone-
ally was used as anesthesia. Echocardiograms were per-
formed using a Hewlett-Packard Sonos 5500 (Andover,
Massachusetts) sector scanner equipped with a 15.0 MHz
phased array transducer as previously described [11]. From
the parasternal long-axis view in a 2-dimensional mode,
M-mode cursor was positioned perpendicularly to the inter-
ventricular septum and posterior wall of the left ventricle
(LV) at the level of the papillary muscles and M-mode images
were obtained. Interventricular septal wall thickness at end
diastole (IVSd), LV internal dimension at end diastole
(LVIDd), LV posterior wall thickness at end diastole
(LVPWA), interventricular septal wall thickness at end sys-
tole (IVSs), LV internal diameter at end systole (LVIDs),
and LV posterior wall thickness at end systole (LVPWs) were
recorded with M-mode. Fractional shortening percentage
(FS%) was calculated from the M-mode LV diameters using
the equation: [(LVEDd — LVESd)/LVEDd] x 100%.

2.5. Preparation of Isolated Rat Hearts. Following 4 weeks of
G. verum extract treatment, after short-term narcosis induced
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by intraperitoneal application of ketamine (10 mg/kg) and
xylazine (5mg/kg) and premedication with heparin as an
anticoagulant, animals were sacrificed by decapitation.
Then the chest was opened via midline thoracotomy, the
hearts were immediately removed and immersed in cold
saline, and the aortas were cannulated and retrogradely
perfused under a constant perfusion pressure (CPP) of
70 cmH,0O according to the Langendorff technique. The
composition of Krebs-Henseleit buffer used for retrograde
perfusion was as follows (mmol/L): NaCl 118, KCI 4.7,
CaCl, x 2H,02.5, MgSO, x 7H,0 1.7, NaHCO, 25, KH,PO,
1.2, glucose 11, pyruvate 2, equilibrated with 95% O, plus
5% CO,, and warmed to 37°C (pH7.4).

2.6. Assessment of Ex Vivo Cardiac Function. After placing
the sensor (transducer BS473-0184, Experimetria Ltd.,
Budapest, Hungary) in the left ventricle, the following
parameters of myocardial function have been measured
during stabilization and during reperfusion: maximum rate
of pressure development in the left ventricle (dp/dt max),
minimum rate of pressure development in the left ventricle
(dp/dt min), systolic left ventricular pressure (SLVP), dia-
stolic left ventricular pressure (DLVP), and heart rate (HR).
Coronary flow (CF) was measured flowmetrically.

At first, the hearts underwent a 30-minute perfusion at
CPP of 70 cmH, O in order to achieve a stable rhythm. After
a stabilization period, the hearts were exposed to global ische-
mia (perfusion was totally stopped) for 20 minutes, followed
by 30 minutes of reperfusion. All cardiodynamic parameters
and coronary flow were measured in intervals of 5 minutes
during the period of reperfusion (30 minutes) (RP1-RP7).

2.7. Biochemical Analysis. After sacrificing, blood samples for
biochemical analysis were collected from a jugular vein in
order to test the systemic redox state. After centrifugation
of heparinised venous blood, plasma and erythrocytes were
separated. In plasma, the following prooxidants were deter-
mined: the levels of superoxide anion radical (O,), nitrites
(NO,), hydrogen peroxide (H,0,), and index of lipid perox-
idation (measured as thiobarbituric acid reactive substances
(TBARS)). Parameters of the antioxidative defense system
such as activities of superoxide dismutase (SOD) and catalase
(CAT) and level of reduced glutathione (GSH) were
determined in erythrocyte samples. Cardiac oxidative stress
markers were determined in coronary venous effluent and
heart tissue. After heart stabilization and in the intervals of
5 minutes during the period of reperfusion, coronary venous
effluent was collected and used for spectrophotometric deter-
mination of levels of TBARS, O,’, H,0,, and NO,". Analyses
of the prooxidants were performed using the same methods
as when analyzing plasma samples and coronary venous
effluent except for NO,  where the protocol differs. The
activity of antioxidant enzymes such as CAT and SOD was
determined in heart tissue.

2.7.1. Superoxide Anion Radical Determination (O, ). The
level of superoxide anion radical (O,") was determined using
nitro blue tetrazolium (NBT) reaction in TRIS-buffer com-
bined with plasma sample or coronary venous effluent. The

measurement was performed at a wavelength of 530 nm.
Krebs-Henseleit solvent was used as the blank control for
O, determination in coronary venous effluent, while distilled
water for plasma samples [12].

2.7.2. Hydrogen Peroxide Determination (H,0,). The proto-
col for measurement of hydrogen peroxide (H,0,) is based
on oxidation of phenol red in the presence of horseradish
peroxidase. 200ul sample with 800ul PRS (phenol red
solution) and 10 ul POD (horseradish peroxidase) were com-
bined (1:20). The level of H,0, was measured at 610 nm.
Krebs-Henseleit solvent was used as the blank control for
the determination of this parameter in coronary venous efflu-
ent, while distilled water was used for plasma samples [13].

2.7.3. Nitrite Determination (NO, ). Nitric oxide (NO)
decomposes rapidly to form stable metabolite nitrite/nitrate
products. Nitrite (NO,") was determined as an index of nitric
oxide production with Griess reagent. For NO,™ determina-
tion in plasma 0.1 ml 3N PCA (perchloride acid), 0.4 ml
20mM ethylenediaminetetraacetic acid (EDTA) and 0.2 ml
plasma were put on ice for 15min, then centrifuged for
15min at 6000rpm. After pouring off the supernatant,
220ul K,CO; was added. Nitrites were measured at
550 nm. Distilled water was used as a blank probe.

In order to determine NO, level in coronary venous
effluent, 0.5 ml of the perfusate was precipitated with 200 pul
of 30% sulfosalicylic acid, mixed for 30 min, and centrifuged
at 3000 x g. Equal volumes of the supernatant and Griess
reagent were mixed and stabilized for 10 min in the dark,
and then the sample was measured spectrophotometrically
at a wavelength of 543 nm. The nitrite concentrations were
determined using sodium nitrite as the standard [14].

2.7.4. Determination of the Index of Lipid Peroxidation
Measured as TBARS. The degree of lipid peroxidation in
the sample (plasma and coronary venous effluent) was esti-
mated by measuring of TBARS using 1% TBA (thiobarbituric
acid) in 0.05 NaOH, incubated with sample at 100°C for
15min, and read at 530 nm. TBA extract was obtained by
combining 0.8 ml sample and 0.4ml trichloro acetic acid
(TCA); afterwards, the samples were put on ice for 10 min
and centrifuged for 15 min at 6000 rpm. For TBARS determi-
nation in coronary venous effluent, the Krebs-Henseleit
solvent was used as a blank control, while in the case of
plasma sample distilled water was used [15].

2.7.5. Determination of Antioxidant Enzymes (CAT, SOD).
Isolated RBCs were washed three times with three volumes
of ice-cold 0.9mmol/l NaCl, and hemolysates containing
about 50 g Hb/l [16] were used for the determination of
CAT activity [17]. Moreover, hearts from all animals were
frozen at -80°C. Additionally, 0.5 section of each tissue was
homogenized in 5ml phosphate buffer (pH7.4) on ice, and
homogenates were centrifuged at 1200 x g for 20 min at
4°C. The resulting supernatants were used for the determina-
tion of cardiac activity of CAT and SOD. CAT buffer,
prepared sample (hemolysates or heart tissue), and 10 mM
H,0, were used for CAT determination. Detection was per-
formed at 360 nm. The amount of CAT was expressed as U/g



tissue and in hemolysate as U/g Hbx 10° [17, 18]. SOD
activity was determined by the epinephrine method. Heart
tissue or hemolysate was mixed with carbonate buffer, and
then epinephrine was added. Detection was performed at
470 nm. The amount of SOD in heart tissue was expressed
as U/g tissue and in hemolysate as U/g Hb x 10° [19, 20].

2.7.6. Determination of Reduced Glutathione (GSH). The
level of reduced glutathione (GSH) was determined based
on GSH oxidation via 5,5-dithiobis-6,2-nitrobenzoic acid.
GSH extract was obtained by combining 0.1 ml 0.1% EDTA,
400 ul hemolysate, and 750 ul precipitation solution (con-
taining 1.67 g metaphosphoric acid, 0.2g EDTA, 30 g NaCl,
and filled with distilled water until 100 ml; the solution is
stable for 3 weeks at +4C°). After mixing in the vortex
machine and extraction on cold ice (15min), it was centri-
fuged at 4000 rpm (10 min). Distilled water was used as a
blank probe. The level of GSH was measured at 420 nm.
The concentration is expressed as nanomoles per milliliter
of red blood cells (RBCs) [21].

2.8. Histological Analysis. In order to evaluate the effects of
G. verum on cell morphology after I/R, hematoxylin-eosin
staining (HE) was performed for hearts according to the
previously reported method [22].

2.9. Statistical Analysis. For statistical analysis of data within
and between the control and G. verum group, IBM SPSS
Statistics 20.0 for Windows was used. Three measured points
were statistically analyzed: the first point was stabilization
(S), the second was the first, and the last point of 30-minute
reperfusion period (R1 and R7). Values were expressed as
mean + standard deviation (SD). Shapiro-Wilk test was used
to check the distribution of data. Additionally, data was ana-
lyzed using a one-way analysis of variance (ANOVA) and the
post hoc Bonferroni test for multiple comparisons. Values of
P < 0.05 were considered to be statistically significant.

3. Results

3.1. Effects of G. verum Extract on Morphological Variables.
Values of body weight (BW), heart weight (HW), and
HW/BW ratio in both groups of rats are shown in Table 1.
The HW/BW ratio was significantly lower in the G. verum

group.

3.2. Effects of G. verum Extract on In Vivo Cardiac Function.
LVIDd, LVIDs, and LVPWd were significantly decreased
after G. verum treatment, while IVSd remained unchanged.
Furthermore, midwall fractional shortening was significantly
increased in the G. verum group in comparison to control
(Table 2).

3.3. Effects of G. verum Extract on Ex Vivo Cardiac Function.
There was a statistically significant increase in the value of the
maximum rate of left ventricular pressure development
(dp/dt max) at RP1 in comparison to S and RP7 in the con-
trol group and a decrease in RP7 in comparison to S point.
In the G. verum group, the value of this parameter remained
constant during the observed period. Furthermore, the values
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TasLE 1: Effects of G. verum extract on body and heart weight
measurements.

BW (g) HW (mg) HW/BW ratio
Control 266.65 +14.75 1.08 £0.07 4.95+0.25
G. verum 235.75+17.78 1.02+0.1 4.32+0.83"

Values are shown as means + SD. *Statistical significance at the level of
p<0.05 between the control and G. verum group; BW =body weight;
HW = heart weight; HW/BW = heart weight to body weight.

TaBLE 2: Effects of G. verum extract on in vivo cardiac function.

Control G. verum
IVSd (cm) 0.203 +0.011 0.208 +0.016
LVIDd (cm) 0.709 +£0.003 0.458 £0.013"
LVPWd (cm) 0.251+0.013 0.176 +£ 0.046"
LVIDs (cm) 0.432 +0.01 0.186 +0.034"
LVPWs (cm) 0.302 +0.002 0.297 +0.03
FS (%) 39.0+2.34 59.3 + 3.54"

Values are shown as means + SD. *Statistical significance at the level of
p<0.05 between the control and G. verum group; IVSd = end-diastolic
interventricular septal thickness; LVIDd=left ventricular internal
diameter end diastole; LVPWd =left ventricular end-diastolic posterior
wall thickness; LVIDs=left ventricular internal diameter end systole;
LVPWs = left ventricular posterior wall thickness; FS = fractional shortening.

noticed in S and RP7 points were higher in G. verum than in
the control group (Figure 1(a)). There was a drop in the value
of the minimum rate of left ventricular pressure development
(dp/dt min) at RP7 in comparison to RP1 and S points in the
control group. Markedly, higher value of this parameter
was noticed in the G. verum group both at RP1 and at
RP7 compared to control conditions (Figure 1(b)).

A significant drop in systolic blood pressure in the left
ventricle (SLVP) was found in the control group at RP7 when
compared to RP1, while in the G. verum group SLVP value
did not vary significantly. In the G. verum extract pretreated
group, higher SLVP was observed at RP7 (Figure 1(c)). There
was no statistically significant change in the value of diastolic
blood pressure in the left ventricle (DLVP) both within and
between groups (Figure 1(d)).

In the control group, a drop in heart rate (HR) was
noticed at RP7 in comparison to S point. When compared
to G. verum and control group, higher HR was noticed at
RP7 and S points (Figure 1(e)). Coronary flow (CF)
decreased at RP7 compared to S in the control group, and
the value of the observed parameter was lower in this group
in all points in comparison to the G. verum group
(Figure 1(f)).

3.4. Effects of G. verum Extract on Systemic Redox State. The
levels of oxidative stress markers, such as O,, NO,’, and
TBARS, were decreased in the G. verum group in comparison
to the control group, while there was no difference in the level
of H,0, (Figure 2). Regarding the parameters of antioxidant
defense system, there was an increase in SOD activity in the
G. verum group, while the activity of CAT and level of GSH
were not changed compared to the control group (Figure 3).
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FiGurek 1: Effects of G. verum pretreatment on ex vivo cardiac function. (a) Comparison within and between groups in the value of dp/dt max,
(b) comparison within and between groups in the value of dp/dt min, (c) comparison within and between groups in the value of SLVP,
(d) comparison within and between groups in the value of DLVP, (e) comparison within and between groups in the value of heart rate,
and (f) comparison within and between groups in the value of coronary flow. *Statistical significance at the level of p < 0.05 within the
control group; statistical significance at the level of p < 0.05 within the G. verum group; *statistical significance at the level of p < 0.05 between
the control and G. verum group. Data are presented as means + SD. R1, first minute of reperfusion. R7, last minute of reperfusion.
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F1GURE 2: Effects of G. verum pretreatment on the level of prooxidants determined in plasma samples. (a) Comparison between groups in the
value of O,’, (b) comparison between groups in the value of H,0,, (c) comparison between groups in the value of NO,’, and (d) comparison
between groups in the value of TBARS. *Statistical significance at the level of p < 0.05 between the control and G. verum group. Data are

presented as means + SE.

3.5. Effects of G. verum Extract on Cardiac Redox State

3.5.1. Superoxide Anion Radical (O,). There was a rise in O,
at RP7 in comparison to S point in the control group. Fur-
thermore, G. verum extract led to an increase in the level of
this parameter in RP1 compared to S; however, it signifi-
cantly decreased at RP7 and reached the values similar from
the S point. The levels of O, both at S and RP7 moments
were significantly higher in the control group (Figure 4(a)).

3.5.2. Hydrogen Peroxide (H,0,). A significantly elevated
level of H,O, was noticed in RP7 compared to S and RP1
in the control group, while in the G. verum group this param-
eter did not change during the time. A pronounced rise in the
level of this oxidative stress marker was detected in the con-
trol group in comparison to G. verum at RP7 (Figure 4(b)).

3.5.3. Nitrites (NO,). In the control group, there was an
increase in the level of NO, ™ in RP7 in comparison to S point.
On the other hand, in the G. verum group an increase in the
level of this parameter was noticed in RP1 compared to S and
RP7 and in RP7 compared to the S point. In S and RP1
moments, the level of NO, was higher in the group pre-
treated with G. verum extract (Figure 4(c)).

3.5.4. Index of Lipid Peroxidation Measured as TBARS. The
level of TBARS was elevated in RP7 compared to S in the

control group. Additionally, the level of this marker in the
G. verum group in RP7 was significantly lower than in the
control group (Figure 4(d)).

3.5.5. Catalase (CAT) and Superoxide Dismutase (SOD). The
cardiac activity of CAT and SOD was significantly increased
in the G. verum group (Figure 5).

3.6. Effects of G. verum Extract on Heart Morphology. Hyper-
trophy of the cardiac muscle fibers, edema, necrosis, and
degenerative changes were observed in both groups. How-
ever, in the control group, degenerative changes were more
prominent involving zonal necrosis of higher number of
cardiomyocytes, with hypereosinophilia, fragmentation of
the fibers, and loss of nucleus. Moreover, focal necrosis of
lower number of cardiomyocytes or unicellular was found
in the G. verum group (Figure 6).

4. Discussion

It is well established that hypertension may lead to left
ventricular hypertrophy development, thus increasing mor-
tality from AMI and vulnerability of myocardium to I/R
injury [23, 24]. Advances in understanding the complexity
of mechanisms involved in the pathogenesis of myocardial
I/R injury points to a central role of oxidative stress.
Therefore, growing scientific attention was focused on the
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F1GURE 3: Effects of G. verum pretreatment on parameters of antioxidant defense system determined in erythrocytes samples. (a) Comparison
between groups in the activity of SOD, (b) comparison between groups in the activity of CAT, and (c) comparison between groups in the level
of GSH. *Statistical significance at the level of p < 0.05 between the control and G. verum group. Data are presented as means + SE.

modulation of redox homeostasis with plants and plant-
derived products rich in natural antioxidants, thus reducing
postischemic myocardial dysfunction [6]. Previous investiga-
tions have proven the antioxidant activity of G. verum extract
in vitro [8, 25]. However, to our best knowledge, there is no
data regarding its effects on heart function and potential of
G. verum extract to attenuate myocardial damage, and
diminish oxidative stress is open to discussion. We hypothe-
sized that G. verum extract treatment might help salvage the
ischemic-reperfused heart.

An echocardiographic examination of heart function
demonstrated that 4-week G. verum treatment decreased
LVIDd, LVIDs, and LVPWd and increased FS compared to
the untreated SHR group, thus mitigating left ventricular
hypertrophy and considerably improving cardiac function.
This is in line with previous findings showing that natural
substances belonging to a group of flavonoids might amelio-
rate endothelial dysfunction and cardiac hypertrophy in the
spontaneously hypertensive rats [26, 27]. Additionally, the
beneficial effect of isoflavones on overall cardiovascular
markers in models of LV dysfunction, involving enhance-
ment of percent FS, has been proven so far [28].

Our results clearly show that 20-minute ex vivo ischemia
on Langendorff apparatus impaired myocardial function

manifested as a marked reduction in dp/dt max, dp/dt min,
SLVP, HR, and CF in the control group. However, in the G.
verum group, values of dp/dt max and dp/dt min were
unchanged during the reperfusion period, enabling the
cardiac muscle to contract and relax without variations in
force. In support of this finding, it was found that protective
effects on ventricular contractility may be reached by either
application of flavonoids alone or plant extracts containing
polyphenolics, flavonoids, iridoids, and terpenoids [29, 30].
Moreover, in animals receiving G. verum, systolic function
was not only preserved but even improved, as evidenced by
an increase in SLVP. G. verum extract consumption pre-
vented I/R-induced decline in HR, so unaltered HR provided
enough time for the heart to contract strongly. Additionally,
prolonged ischemia led to a coronary vascular dysfunction
reflected in reduced CF in the control group. In the G. verum
extract pretreated group, coronary flow was slightly but not
significantly changing over 30 min recovery period, so at
the end of reperfusion it returned to baseline values. This fact
suggested that preconditioning with G. verum preserved the
coronary vasodilatory response to I/R.

The presence of flavonoids in G. verum extracts was
confirmed in previous studies [8, 9]. Striking evidence
indicate that flavonoids have the potential to improve
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F1GURE 4: Effects of G. verum pretreatment on the level of cardiac prooxidants. (a) Comparison within and between groups in the value of O,,
(b) comparison within and between groups in the value of H,0,, (c) comparison within and between groups in the value of NO,’, and
(d) comparison within and between groups in the value of TBARS. *Statistical significance at the level of p < 0.05 within the control group;
*statistical significance at the level of p < 0.05 within the G. verum group; "statistical significance at the level of p < 0.05 between the control
and G. verum group. Data are presented as means + SE. R1, first minute of reperfusion. R7, last minute of reperfusion.

postischemic heart functionality [29, 30]. Polyphenols might
inhibit endothelial NADPH oxidase (NOX), leading to a
decrease in O, release and formation of peroxynitrite, thus
preventing endothelial dysfunction [31]. Moreover, these
compounds may activate endothelial nitric oxide synthase
(eNOS), resulting in increase bioavailability of nitrogen
monoxide (NO), the most potent endogenous vasodilator
[32]. Therefore, we may speculate that the protective effects
of G. verum extract on the maintenance of coronary vasodi-

lator tone and coronary circulation may be attributed to the

presence of total phenols.

Furthermore, we evaluated whether 4-week treatment

with G. verum affects systemic redox homeostasis and alters

systemic production of prooxidants, as well as the capacity
of the antioxidant defense system. Our results showed that
G. verum extract consumption exerted benefits referring to
systemic redox state, leading to a drop in the plasma levels
of 0,7, NO,’, and TBARS. Moreover, we observed an increase
in the activity of SOD, as the first line of cellular defense
against oxidative injury, which is in line with a decrease in
O, level. In fact, we may hypothesize that probably O,
formed in mitochondria was converted to H,O, in a reaction
catalyzed by SOD. Our observation that there was no

difference in the level of plasma H,O, between groups is in

accordance with unchanged CAT activity since the rise in
H,0, level would have led to a higher activity of CAT [33].
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FiGure 6: Histopathological changes in the myocardium following reperfusion (magnification, x200). Control group: hypertrophy of the
cardiac muscle fibers, edema, necrosis, and zonal necrosis of higher number of cardiomyocytes, with hypereosinophilia, fragmentation of
the fibers, and loss of nucleus. G. verum group: hypertrophy of the cardiac muscle fibers, edema, necrosis, focal necrosis of lower number
of cardiomyocytes or unicellular, and less prominent degenerative changes.

It has been proposed that polyphenols may preserve
mitochondrial function and modulate redox signalling via
inhibition of enzymes involved in ROS production such as
xanthine oxidase (XO) and nicotinamide adenine dinucleo-
tide phosphate-oxidase (NOX). Another way to exert antiox-
idant effect is via chelation of iron ions which catalyze several
free radical-generating reactions [7].

In our research, I/R led to a rise in the generation of all
cardiac prooxidants, which is consistent with the previous
reports that during reperfusion of ischemic tissue the reversal
of oxygen to oxygen-starved myocardium is associated with a
burst of ROS generation. The main sources of prooxidants
involve mitochondrial respiratory electron transport chain
and activation of XO, resulting in enhanced production of
very reactive species such as O,  and H,O, [34]. Neverthe-
less, pretreatment with G. verum extract was capable of
preventing an increase in the levels of most of the markers
of myocardial oxidative damage. Markedly, higher levels of
TBARS, O,’, and H,O, in coronary venous effluent in the
control group compared to the G. verum group were noticed

after 30 min restoration of blood flow, thus suggesting that G.
verum extract attenuated oxidative stress derived from the
endocardium of the left ventricle and endothelium of the
coronary circulation. Increased activity of myocardial antiox-
idant enzymes supports a decline in cardiac production of
prooxidants. In fact, enhanced SOD activity might be respon-
sible for a decrease in O, levels, while lower level of H,O,
may be explained by its decomposition to water and oxygen
catalyzed by CAT. In our study, G. verum treatment was
associated with enhanced both systemic and myocardial
SOD activity and diminished systemic and cardiac produc-
tion of O,’, thus indicating that initial modulation of this
antioxidant enzyme is involved in the action of G. verum.
Consistent with these results, striking evidence indicate that
polyphenols are able to activate endogenous antioxidant
defense system, particularly SOD and CAT, thus alleviating
oxidative stress-induced myocardial damage. In that sense,
we may assume that this is one of the mechanisms through
which polyphenol-containing extracts such as Galium
verum extract may exert its antioxidant effects. Additionally,
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antioxidant potential of these natural compounds involves
their ability to act as direct free radical scavengers as well
[35, 36]. In addition to the aforementioned mechanisms, it
has been known that flavonoids might alleviate I/R-induced
oxidative stress by inhibiting the xanthine dehydrogenase/x-
anthine oxidase system [37]. Promising potential of G. verum
extract in a decrease of oxidative damage may be mostly
attributed to the additive and synergistic effects of bioactive
molecules belonging to polyphenols.

Histological assessment suggested that ischemia altered
the myocardial structure in both groups manifested as
hypertrophia of cardiac muscle fibers, edema, necrosis, and
degenerative changes. However, G. verum consumption alle-
viated I/R-induced deleterious effects on heart morphology
and confirmed its potential to preserve both myocardial
function and structure under ischemic conditions.

Our research highlighted for the first time that methanol
extract of G. verum improved in vivo cardiac function and
exerted benefits on systemic redox homeostasis. Addition-
ally, it preserved the functional and morphological properties
of the heart and prevented coronary vascular dysfunction
after ischemia. Moreover, G. verum modulated the cardiac
generation of prooxidants, thus alleviating oxidative stress-
induced heart damage. Obvious protective effects of this
plant species on myocardial I/R injury in our study provide
a scientific basis for its use in triggering cardioprotection.
However, further studies are certainly necessary for better
understanding the underlying mechanisms.
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Abstract: There is growing interest in the activity of sulfur-containing compounds on redox balance in physi-
ological and pathological conditions, considering that some of these compounds have not only antioxidative but
also pro-oxidative activities. The aim of this study was to assess possible differences in the effects of various
sulfur-containing compounds on redox balance of cardiovascular system in its physiological state and in the
early onset of hyperhomocysteinemia. This experimental study divided Wistar albino rats into two groups:
saline-treated (control) and DL-homocysteine-treated (experimental group). Rats from experimental group were
subjected to subchronic subcutaneous administration of DL-homocysteine at dose of 0.45 €émol/g body weight
twice a day for 2 weeks. At the end of this period, rats were sacrificed, and blood samples were collected to be
analyzed for homocysteine concentration and systemic oxidative stress. Isolated rat hearts were excised and
attached to the Langendorff apparatus. To assess the effects of acute administration of L-methionine, L-cys-
teine, N-acetylcysteine, and sodium hydrogen sulfide, the hearts were perfused individually with each of the
mentioned substances at the same single dose of 0.5 mmol/L for 5 min. In collected samples of coronary venous
effluent oxidative stress biomarkers were determined using spectrophotometry. Total homocysteine level was
significantly higher in the experimental group than in the control group, and the effects of applied sulfur-con-
taining compounds were significantly different in experimental and control groups. DL-homocysteine induced
considerable changes in the functioning of a cardiovascular system even before an increase in plasma homo-
cysteine values, and action of sulfur-containing compounds varied depending on the presence of homocysteine.

Keywords: sulfur amino acids; L-methionine; L-cysteine; N-acetylcysteine; homocysteine; oxidative stress

Abbreviations: CPP, Coronary perfusion pressure; CF, Coronary flow; CAT, Catalase; GSH, Reduced glu-
tathione; GSSG, Glutathione disulfide; DNA, Deoxyribonucleic acid; Hcy, Homocysteine; H,0,, Hydrogen
peroxide; HPLC, High-performance liquid chromatography; Meth, Methionine; Cys, Cysteine; NAC, N-acetyl-
cysteine; H,S, Hydrogen sulfide; NaHS, Sodium hydrogen sulfide; NO,-, Nitrites; NO, Nitric oxide; O,,
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INTRODUCTION
Oxidative stress is usually defined as an imbal-

ance in the production and elimination of free radi-
cals, where they accumulate due to either increased
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production or insufficient elimination. Some free
radicals are commonly produced in various concen-
trations in different places in the cell, primarily in
mitochondria, and these physiological concentra-
tions are easily disintegrated by scavenger enzymes
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and antioxidants but also have an important role in
cell signaling (1). The oxidative stress induced by
excessive accumulation of reactive oxygen species
(ROS) and reactive nitrogen species (RNS), two of
the most important types of free radicals, plays a pri-
mary role in numerous diseases and disorders,
including cardiovascular diseases (2, 3). On the
other hand, the significance of cardiovascular dis-
eases and their prevention is reflected by the fact
that these diseases are the most common cause of
death in the modern world (4).

There is a growing interest in the activity of dif-
ferent sulfur-containing compounds on redox bal-
ance in physiological and pathological conditions,
considering that some of these compounds can exert
not only antioxidative but also pro-oxidative activi-
ties (5, 6). In addition to the ability of some sulfur-
containing compounds to induce increased produc-
tion of ROS and RNS, the third group of redox active
molecules containing sulfur, usually termed as reac-
tive sulfur species (RSS), have a similar harmful
potential to oxidize organic compounds, causing per-
oxidation of membranes and DNA damage (7).

Homocysteine (Hcy) is a nonprotein sulfur-
containing amino-acid byproduct in methionine
metabolism and is connected with a variety of
pathological disorders in increased concentrations
(hyperhomocysteinemia, HHcy) (8, 9). Although
previous studies have depicted the role of Hcy in
various cardiovascular disorders and in changing
cellular function and structure in the cardiovascular
system, the mechanisms of these modifications have
not been fully elucidated (10).

Bearing in mind all the abovementioned facts,
the aim of this investigation was to assess the effects
of Hcy on cardiovascular redox state during the
onset of HHcy, as well as the effects of various sul-
fur-containing compounds on ROS balance.

EXPERIMENTAL

Animals

All research procedures in this investigation
were carried out in accordance with the European
Directive No. 86/609/EEC on the protection of ani-
mals used for laboratory purposes and principles of
good laboratory practice and approved by the ethical
committee of the Faculty of Medical Sciences,
University of Kragujevac, Serbia.

The present study was carried out using 80
adult male Wistar albino rats (aged 16 weeks; body
weight, 300-400 g). The animals were housed under
standard controlled environmental conditions, with
a temperature of 23 + 1°C and a 12/12 h light/dark

cycle. Food and water were provided ad libitum. All
animals were obtained from the Military Medical
Academy (Belgrade, Serbia).

The animals were divided into two groups:
control (healthy, saline-treated rats) and experimen-
tal (DL-homocysteine-treated rats). Rats from the
experimental group were subjected to the subchron-
ic administration of a subcutaneous injection of DL-
homocysteine (DL-Hcy) at a dose of 0.45 pumol/g
body weight twice a day (every day at the same
time) for 2 weeks. Rats from the control group were
subjected to the administration of a subcutaneous
injection of saline twice a day for 2 weeks to achieve
the same injection-induced stress effect on rats.

Each group was divided into 4 subgroups (10
animals each), depending on the acute treatment
with sulfur-containing compounds (in the same sin-
gle dose of 0.5 mmol/L).

Control (saline-treated) group:

1. L-Meth subgroup (acute administration of
L-methionine);

2. L-Cys subgroup (acute administration of L-
cysteine);

3. NAC subgroup (acute administration of N-
acetylcysteine);

4. NaHS subgroup (acute administration of
inorganic sodium hydrogen sulfide).

Experimental (DL-Hcy-treated rats) group:

5. DL-Hcy + L-Meth subgroup (acute admin-
istration of L-methionine);

6. DL-Hcy + L-Cys subgroup (acute adminis-
tration of L-cysteine);

7. DL-Hcy + NAC subgroup (acute adminis-
tration of N-acetylcysteine);

8. DL-Hcy + NaHS subgroup (acute adminis-
tration of inorganic sodium hydrogen sul-
fide).

Doses of the above substances were chosen empiri-
cally in accordance with previously published data
(11-13).

Experimental protocol (sample preparation and
biochemical analyses)

After subchronic administration of DL-Hcy or
saline, rats from both groups (experimental and con-
trol) were exposed to short ketamine/xylazine-
induced narcosis and sacrificed by decapitation. For
analysis of the Hcy concentration and systemic oxida-
tive stress, blood was collected into two different
types of vacutainer tubes. The first type was a plain
tube for serum preparation to measure Hcy concen-
tration; the second contained EDTA as an anticoagu-
lant for the assay of pro-oxidative markers in plasma
and antioxidant markers in erythrocyte lysate.
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Total serum Hcy concentrations were meas-
ured with high-performance liquid chromatography
(HPLC) procedure with reverse-phase separation
and fluorescence detection, as described previously
(14).

Furthermore, for examining the effect of sub-
chronic DL-Hcy administration on redox status, we
used the blood samples to compare values of pro-
oxidative and antioxidative markers between the
control and experimental (DL-Hcy-treated) groups.
Collected blood samples were centrifuged to sepa-
rate plasma and erythrocytes. In the plasma sam-
ples, the following markers of oxidative stress were
measured spectrophotometrically: index of lipid
peroxidation (measured as TBARS-thiobarbituric
acid reactive substances), nitrites (NO,-), superox-
ide anion radical (O,-), and hydrogen peroxide
(H,0O,). In the lysate of erythrocytes, we determined
the activity of the enzymatic defense system by
evaluating catalase (CAT) and superoxide dismu-
tase (SOD) concentration, as well as the activity of
non-enzymatic antioxidants such as reduced glu-
tathione (GSH).

Immediately after venous blood sampling,
quick thoracotomy was performed, followed by
rapid cardiac arrest via superfusion with ice-cold
isotonic saline; then, the hearts were promptly
excised and attached to the Langendorff apparatus
(Experimetria Ltd, 1062 Budapest, Hungary) via
aortic cannulation. The hearts were retrogradely per-
fused under a constant perfusion pressure (CPP) of
70 cm H,O with complex Krebs—Henseleit solution
containing the following compounds (in mmol/L):
NaCl, 118; KCl, 4.7; CaCl,-2H,0, 2.5; MgSO,
7H,0, 1.7; NaHCO;, 25; KH,PO,, 1.2; glucose, 11;
pyruvate, 2; equilibrated with 95% O, plus 5% CO,
at 37°C (pH 7.4). After a stabilization period (the
same values of coronary flow in three consecutive
measurements, approximately lasting for 25 min), a
sample of coronary venous effluent was collected
(control value, C), and the experimental protocol
was initiated. To assess the effects of acute adminis-
tration of L-Meth, L-Cys, NAC, and NaHS, the
hearts were perfused individually with each of the
mentioned substances at the same single dose of 0.5
mmol/L for 5 min. During the last minute of treat-
ment, a sample of coronary venous effluent was col-
lected (effect value, E). After the treatment with
experimental substances, the washout period of
heart perfusion followed, lasting for 10 min. At the
end of this period, a sample of coronary venous
effluent was collected (washout value, W). In the
collected samples of coronary venous effluent (con-
trol, effect, and washout), the same oxidative stress

biomarkers as in plasma were determined: index of
lipid peroxidation (TBARS), nitrite (NO,-), super-
oxide anion radicals (O,-), and hydrogen peroxide
(H,0,).

All biochemical parameters were determined
spectrophotometrically using Shimadzu UV 1800
spectrophotometer (Japan).

Determination of TBARS

The degree of lipid peroxidation in the plasma
and coronary venous effluent was estimated by
measuring TBARS. Each sample was incubated
with 1% thiobarbituric acid in 0.05 M NaOH at
100°C for 15 min and then measured at 530 nm. In
the plasma samples, distilled water solution with
1% thiobarbituric acid in 0.05 NaOH served as a
blank probe. In the coronary venous effluent sam-
ples, Krebs—Henseleit solution was used as a blank
probe (15).

Determination of nitrites (NO,-)

Nitric oxide (NO) decomposes rapidly to form
stable metabolite nitrite (NO,-) or nitrate products.
The nitrite level (NO,-) was determined as an index
of NO production with Griess reagent (16).

To detect nitrite in plasma, 0.1 mL of 3 N per-
chloride acid, 0.4 mL of 20 mmol/L ethylenedi-
aminetetraacetic acid (EDTA), and 0.2 mL of plas-
ma were placed on ice for 15 min and then cen-
trifuged for 15 min at 6000 rpm. After pouring off
the supernatant, 220 pL of K,CO; was added. NO,-
was measured at 550 nm, and distilled water was
used as a blank probe.

To detect nitrite in the coronary venous efflu-
ent, a total of 0.5 mL of perfusate was precipitated
with 200 pL of 30% sulfosalicylic acid, vortexed for
30 min, and centrifuged at 3000 x g. Equal volumes
of the supernatant and Griess reagent, containing
1% sulfanilamide in 5% phosphoric acid/0.1%
naphthalene ethylenediamine dihydrochloride, were
added and incubated for 10 min in the dark and
measured at 543 nm. The nitrite levels were calcu-
lated using sodium nitrite as the standard (16).

Determination of superoxide anion radical (O,-)
The concentration of the superoxide anion rad-
ical (O,-) was measured after the reaction of nitro
blue tetrazolium in TRIS buffer with the plasma or
coronary effluent samples at 530 nm. Krebs-
Henseleit solution was used as a blank probe (17).

Determination of hydrogen peroxide (H,0,)
The measurement of hydrogen peroxide (H,0,)
was based on the oxidation of phenol red by hydro-
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gen peroxide, in a reaction catalyzed by horseradish
peroxidase (HRPO) (15). For each sample, 200 pL
of plasma or coronary effluent was precipitated with
800 pL of freshly prepared phenol red solution, fol-
lowed by the addition of 10 pL of (1 : 20) HRPO
(made ex tempore). For the blank, an adequate vol-
ume of Krebs—Henseleit solution was used. The
level of H,0, was measured at 610 nm (18).

Determination of antioxidant enzymes (CAT,
SOD)

Isolated erythrocytes were washed three times
with 3 volumes of ice-cold 0.9 mmol/l NaCl.
Haemolysates containing approximately 50 g of
Hb/L (prepared according to McCord and Fridovich
(19)) were used for the determination of CAT activ-
ity. CAT activity and the levels of reduced glu-
tathione (GSH) were determined according to
Beutler (20). Lysates were diluted with distilled
water (1 : 7 v/v) and treated with chloroform-ethanol
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(0.6 : 1 v/v) to remove hemoglobin (21). Then, 50
pL of CAT buffer, 100 pL of samples, and 1 mL of
10 mmol/L H,O, were added to the samples.
Detection was performed at 360 nm, and distilled
water was used as a blank probe. SOD activity was
determined by the epinephrine method of Misra and
Fridovich (22). Briefly, 100 pL of lysate and 1 ml of
carbonate buffer were mixed, and then 100 pL of
epinephrine was added. Detection was performed at
470 nm.

Determination of GSH

The level of reduced glutathione (GSH) in
plasma was determined spectrophotometrically,
based on GSH oxidation via 5,5-dithiobis-6,2-
nitrobenzoic acid. GSH extract was obtained by
combining 0.1 mL of 0.1% EDTA, 400 pL of plas-
ma, and 750 pL of precipitation solution (containing
1.67 g of metaphosphoric acid, 0.2 g of EDTA, 30 g
of NaCl, and filled with distilled water until 100 mL;
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Table 1. Differences in serum concentrations of homocysteine in saline- and DL-Hcy-treated rats. Data are

expressed as the means * SE.

Effects of 2 weeks of treatment with DL-homocysteine on
plasma homocysteine concentration

Group

Values of total Hey in plasma

Saline-treated

8.11 = 1.28 pmol/L

DL-Homocysteine-treated

12.64 + 1.53 pmol/L*

*Statistical significance compared with previous value (*p < 0.05, **p < 0.01)

the solution was stable for 3 weeks at +4°C). After
mixing in the vortex machine and extracting on cold
ice (15 min), the sample was centrifuged at 4000
rpm (10 min).

Detection was performed at 420 nm, and dis-
tilled water was used as a blank probe (20).

Drugs

All drugs used in this experimental protocol
were provided by Sigma-Aldrich Chemie GmbH
Eschenstr. 5, 82024 Taufkirchen, Germany.

Statistical analysis

The following basic descriptive statistics were
determined for the experimental data: mean (x),
standard deviation (SD) and standard error mean
(SEM). To test the normality of the distribution
parameters, the Kolmogorov—Smirnov test was
used. To test the statistical significance of the results
and to confirm the hypothesis, Student’s t-test
(parametric test) was used for dependent and inde-
pendent variables. A database analysis of the results
was performed using software package SPSS 20
(SPSS Inc., Chicago, IL, USA). A p-value = 0.05
was considered statistically significant.

RESULTS

Homocysteine concentration

The total serum homocysteine concentration of
DL-Hcy-treated rats was significantly higher than
that of saline-treated animals (12.64 vs 8.11 pmol/L)
(Table 1).

Effects of DL-Hcy administration on systemic
redox status

The values of TBARS and O,- were signifi-
cantly higher while the value of CAT was signifi-
cantly lower in the experimental group (subchronic
administration of DL-Hcy) than in the control group
(Figs. 1, 2).

Effects of L-methionine on biomarkers of oxida-
tive stress

The application of L-methionine induced a sig-
nificant decrease in NO,- levels and a significant
increase in the production of O,- in saline-treated rats
(control group). These levels also held during the
washout period (Figs. 3B and 3C). On the other hand,
L-methionine did not affect any examined oxidative
stress biomarker in DL-Hcy-treated rats (Fig. 4).

Effects of L-cysteine on biomarkers of oxidative
stress

The application of L-cysteine in the isolated
hearts of control rats induced an increase in O,- pro-
duction, while the values of H,O, were significantly
increased in the washout period compared with con-
trol values for that period (Figs. 3C and 3D). The
administration of L-cysteine in the isolated hearts of
DL-Hcy-treated rats induced a significant increase
in NO,- and O,-, and the values of both mentioned
parameters decreased significantly during the
washout period similar to the control values (Figs.
4B and 4C).

Effects of N-acetylcysteine (NAC) on biomarkers
of oxidative stress

In the control group, the acute administration
of N-acetylcysteine induced a decrease in TBARS,
and this reduction continued during the washout
period, with a statistically significant difference
between the values at the end of the washout period
and the control values (Fig. 3A). Furthermore, in
DL-Hcy-treated rats, the administration of NAC
induced a statistically significant increase in NO,-
but did not change the values of any other oxidative
stress biomarkers observed in this study (Fig. 4B).

Effects of inorganic sodium hydrogen sulfide
(NaHS) on biomarkers of oxidative stress

The administration of NaHS induced a signifi-
cant decrease in the control group and a significant
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Figure 3. The values of oxidative stress biomarkers after acute administration of various sulfur-containing compounds (L-Meth, L-cysteine,
NAC and NaHS) in saline-treated rats. The values were measured in 3 time periods (C, control; E, effect; W, washout). Data are expressed
as the means * SE; *p < 0.05, **p < 0.01
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NAC and NaHS) in DL-Hcy-treated rats. The values were measured in 3 time periods (C, control; E, effect; W, washout). Data are

expressed as the means * SE; *p < 0.05, **p < 0.01.
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increase in NO,- in DL-Hcy-treated rats (Figs. 3B
and 4B). During the washout period in DL-Hcy rats,
the value of NO,- decreased significantly and
reached values similar to those of the control group
(Fig. 4B). Furthermore, the application of NaHS
induced a significant reduction in O,- production in
control rats and a significant increase in H,O, pro-
duction in DL-Hcy-treated rats (Figs. 3C and 4D).
The values of H,O, in DL-Hcy-treated rats
decreased significantly during the washout period,
but at the end of this period, these values were sig-
nificantly higher than the control group (Fig. 4D).

Comparisons between groups depending on the
effects of treatment of DL-Hcy and the point of
sampling the effluent (control, effect or washout)

To estimate the effect of DL-Hcy treatment
and point of sample collection (control, effect and
washout) on observed parameters, as well as the
effect size, data were analyzed by two-way ANOVA
(Table 2). Effect size is shown through the parame-

TANJA S. SOBOT et al.

ter partial eta squared (1,?). There was no statistical-
ly significant interaction between DL-Hcy treatment
and point of sample collection on the value of any of
the observed oxidative stress biomarkers regarding
L-methionine application. On the other hand, NO,-
varied significantly depending on the DL-Hcy treat-
ment, while O,- varied significantly depending on
the point of sample collection. In the case of L-cys-
teine application, there were statistically significant
interactions between DL-Hcy treatment and point of
sample collection on the values of NO,- and O,-.
Furthermore, NO,- varied significantly depending
on the DL-Hcy treatment, and O,- varied signifi-
cantly depending on both DL-Hcy treatment and
point of sample collection. Similarly, there were sta-
tistically significant interactions between DL-Hcy
treatment and point of sample collection on values
of NO,- and O,- regarding NAC administration.
However, in the case of NAC administration, all
examined oxidative stress biomarkers varied
depending on the DL-Hcy treatment. Analysis of

Table 2. Comparisons between groups depending on the DL-Hcy treatment and the point of sample collection (control, effect and washout).

TBARS NO,- O,- H,0,
L-methionine - N N X
Sig. np’ Sig. np’ Sig. np’ Sig. np’
DL-Hcy treatment 0.859 | 0.001 | 0.017 | 0160 | 0.507 | 0.013 | 0.078 | 0.084
Sample collection time 0.867 | 0.009 | 0289 | 0.072 | 0.001 | 0.334 | 0.860 | 0.009
DL-Hcy treatment and sample 0998 | 0001 | 0132 | 0.115 | 0069 | 0.150 | 0.596 | 0.031
collection time interaction
TBARS NO,- 0, H,0,
L-cysteine ; 5 . 5 . 5 . >
Sig. np Sig. np Sig. np Sig. np’
DL-Hcy treatment 0.397 | 0.024 | 0016 | 0.178 | 0.010 | 0202 | 0.264 | 0.041
Sample collection time 0.521 | 0.043 | 0584 | 0.035 | 0.001 | 0497 | 0.740 | 0.020
DL-Hcy treatment and sample 0648 | 0029 | 0040 | 0193 | 0031 | 0207 | 0371 | 0.064
collection time interaction
TBARS NO,- 0, H,0,
N-acetylcysteine - ) , N , N )
Sig. np Sig. np’ Sig. np’ Sig np
DL-Hcy treatment 0.005 | 0230 | 0.001 | 0.860 | 0.001 | 0.298 | 0.001 | 0.358
Sample collection time 0.256 | 0.087 | 0.063 | 0.160 | 0.057 | 0.174 | 0.859 | 0.010
DL-Hcy treatment and sample 0356 | 0.067 | 0.039 | 0.194 | 0.021 | 0227 | 0572 | 0.037
collection time interaction
TBARS NO,- 0, H,0,
NaHS . 5 . 5 . 2 ; 2
Sig. np’ Sig. np Sig. np Sig. np
DL-Hcy treatment 0.059 | 0.121 | 0.001 | 0.830 | 0.006 | 0.228 | 0.867 | 0.001
Sample collection time 0.922 | 0005 | 0.001 | 0445 | 0.023 | 0221 | 0285 | 0.080
DL-Hcy treatment and sample 0.634 | 0.030 | 0001 | 0564 | 0012 | 0255 | 0560 | 0.038
collection time interaction
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NaHS application showed statistically significant
interactions between DL-Hcy treatment and point of
sample collection on values of NO,- and O,-, and
both mentioned parameters significantly varied
depending on the DL-Hcy treatment and point of
sample collection. Values of 1’ followed the p val-
ues in all mentioned parameters. Namely, 1’ values
were always higher in cases where the p-value indi-
cated statistical significance.

DISCUSSION AND CONCLUSION

The aim of this study was to assess the effect of
acute, direct administration of various sulfur-con-
taining compounds (L-meth, L-cysteine, NAC and
NaHS) on oxidative stress biomarkers in saline- and
DL-Hcy-treated rats, distinguish the early changes
of redox balance in the myocardium induced by
Hcy, and measure the effects of applied sulfur-con-
taining compounds on these changes.

Based on the biochemical evaluation at the
termination of treatment, we confirmed that sub-
chronic (2 weeks long) administration of DL-Hcy at
the dose of 0.45 nmol/g body weight twice a day led
to a significant increase in plasma Hcy levels
(Table 1) but did not induce hyperhomocysteinemia
(HHcy). However, the values of plasma Hcy were
lower than 15 pmol/L, which is defined as the limit
value for HHcy (23). These results support those
found by Timkova and colleagues who used the
same experimental protocol and obtained similar
values of Hey (11).

In the first part of our study, we compared the
systemic redox status of healthy rats and rats treated
with DL-Hcy to examine the effects of the sub-
chronic DL-Hcy administration. Our data showed
that 2 weeks of subcutaneous DL-Hcy administra-
tion at a dose of 0.45 pmol/g body weight twice a
day induced an increase in TBARS levels and ROS,
such as superoxide anion radicals (O,-) and hydro-
gen peroxide (H,0,), but reduced NO,- levels (Fig.
1). Our results are consistent with the results
obtained by Kolling and coauthors. They showed
that chronic DL-Hcy application (twice a day, 0.3-
0.6 pmol/g body weight, 22 days) increased TBARS
and decreased NO in the hearts of young Wistar
albino rats (24). TBARS values were also compati-
ble with the previously mentioned investigation by
Timkova and colleagues (23). Decreased values of
NO,- reflect decreased NO bioavailability and dis-
turbed endothelial function. Decreased NO produc-
tion during HHcy is a consequence of the decreased
activity of constitutive isoforms of nitric oxide syn-
thase (NOS), endothelial and neuronal, and the

increased activity of inducible NOS, uncoupling of
endothelial NOS, and the consequent increase of O,-
production, which reacts with NO and results in the
production of one of the most toxic forms of ROS,
peroxynitrite (ONOOT) (25). Reactive oxygen
species, such as O,- and H,0,, are also generated
during the oxidation and auto-oxidation of thiol
groups in Hey (26). These ROS are considered to be
one of the primary causes for the endothelial cyto-
toxicity of DL-Hcy. Chang and coauthors showed
stimulation of ROS generation by 0.5 and 1.0
mmol/L Hcy in rat vascular smooth muscle cells
(VSMC) (27). The same study also demonstrated
that CAT activity in VSMC was inhibited by Hcy,
which is consistent with the results of our research.
(Fig. 2). Our results for antioxidative enzymes activ-
ity are also similar to those of a previously men-
tioned study by Kolling and coauthors (24). The
decrease of antioxidative enzyme activity may be
another mechanism responsible for the oxidative
stress injury induced by homocysteine.

In the next part of our study, we explored the
effects of acute, direct administration of sulfur-con-
taining amino acids (L-Meth, L-Cys, and NAC) or
NaHS on redox status by measuring the levels of
some oxidative stress parameters (TBARS, NO,-,
0O,- and H,0,) in the coronary venous effluent of
saline- and DL-Hcy-treated rats.

Our data showed that acute application of L-
Meth induced a decrease in NO,- and an increase in
O,- in saline-treated rats, while the acute application
of L-Meth did not affect the observed oxidative
stress parameters in DL-Hcy-treated rats (Figs. 3B,
3C and 4). Soares and coworkers investigated the
effects of acute Meth exposure (0.4 g/kg, subcuta-
neous injection) on oxidative stress parameters in
the cerebral cortex of young rats. Their results
showed a significant increase in ROS (3 h after) and
SOD (1 h after), while CAT was reduced at 1 h and
3 h after Meth administration (28). Costa and coau-
thors also demonstrated that acute treatment with
Meth alters lipid peroxidation, carbonyl content,
ROS levels, and SOD and CAT activities in the liver
of young rats (29). The difference in the effects of L-
Meth between the control and DL-Hcy-treated
groups may be the consequence of altered intracel-
lular Hey and L-Meth metabolic pathways.

The direct application of L-Cys induced an
increase in the measured ROS values (during appli-
cation: O,-; during washout period: H,0,) in saline-
treated rats and a significant increase in NO,- and
O,- in DL Hcy-treated rats (Figs. 3C, 3D, 4B, and
4C). A previous study by Hogg proposed that the
increased level of Cys induces thiol-dependent
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oxidative stress due to this higher auto-oxidative
potential and that Hcy reduces cystine to cysteine
(30). On the other hand, some data suggests L-Cys
has protective effects, indicating the double-edged
sword of compounds containing thiol groups in
terms of their antioxidant/pro-oxidant properties.
Shackebaei and other authors showed the protective
effects of L-Cys in the heart when preconditioned
with 0.5 mmol/L L-Cys before long-term ischemia
and suggested several potential mechanisms.
However, considering the pathophysiological con-
cept of preconditioning, it is possible that a mild
increase in free radical production increases cell sur-
vival after ischemia and reperfusion (12, 13).
Differences in the effects of L-Cys among the
abovementioned studies may be the consequence of
different experimental protocols, suggesting that L-
Cys may exert various effects depending on the
mechanism of administration or that our perception
of its effects depends on the time of the measure-
ment and the measured biomarkers.

The administration of NAC resulted in a sig-
nificant decrease of TBARS in saline-treated rats
and in a significant increase in NO,- in DL-Hcy-
treated rats (Figs. 3A and 4B). NAC is an antioxi-
dant, although its exact mechanisms of action are
still unclear. Literature data suggest its sulfhydryl
group sparing potentials are responsible for its cell-
protecting properties. NAC is a scavenger of free
radicals, binds to transitions metals, and restores
intracellular GSH levels (31). An increase in NO,-
levels in DL-Hcy-treated rats suggest an increase in
NO production, which may be the part of the pro-
tective mechanism of NAC. However, other authors
also demonstrated that NAC can increase NO pro-
duction and restore endothelial dysfunction induced
by Hcy (32).

The acute administration of NaHS induced a
significant decrease in NO,- and O,- in the saline-
treated group and a significant increase in NO,- and
H,0, in DL-Hcy-treated rats (Figure 3B, 3C, 4B and
4D). Zhang and coworkers induced cardiac dysfunc-
tion with a single dose of isoprenaline (ISO) and
concluded that the application of NaHS can mitigate
ISO-induced changes in the myocardium by
decreasing ISO-induced ROS production (33).
Namely, NaHS decreases the activity of NADPH
oxidase, resulting in a reduction in ROS formation
and oxidative stress. The results of all these studies
are consistent with those on the antioxidative effects
of NaHS of saline-treated rats of this study, except that
NaHS did not exhibit an antioxidative effect in Hcy-
treated rats. On the other hand, Jiang and colleagues
found that NaHS at a dose of 1 mmol/L induced a

decrease in oxygen consumption in hiPSC-derived
cortical neurons, primary human fibroblasts, and
COS-7 monkey kidney cells (34). These authors
proposed two ways to explain the NaHS-increased
oxidative stress observed: sulfide from NaHS can
react directly with oxygen to form reactive oxygen
species, and sulfide can serve as a substrate for
complex II of the mitochondrial electron transport
chain. Based on these results and results from our
investigation, we concluded that NaHS may have a
protective or harmful effect depending on the mode
of administration and the administered dose.

Furthermore, based on our obtained results, we
concluded that homocysteine induces considerable
changes in the function of the cardiovascular system
even before the increase in plasma homocysteine
values. Homocysteine affects redox balance,
increases ROS production, decreases antioxidative
defenses and acts as an overall pro-oxidant. Because
the effects of the investigated sulfur-containing
compounds varied considerably depending on the
action of homocysteine, some of them may yield
completely opposite effects depending on whether
they act in the presence of homocysteine.
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ABSTRACT

The aim of this experimental study was to assess the ef-
fects of the acute administration of L-arginine alone and in
combination with L-NAME (a non-selective NO synthase
inhibitor) on the coronary flow and oxidative stress mark-
ers in isolated rat hearts. The experimental study was per-
formed on hearts isolated from Wistar albino rats (n=12,
male, 8 weeks old, body mass of 180-200 g). Retrograde
perfusion of the isolated preparations was performed using
a modified method according to the Langendorff technique
with a gradual increase in the perfusion pressure (40—120
cmH,0). The following values were measured in the collect-
ed coronary effluents: coronary flow, released nitrites (NO
production marker), superoxide anion radical and the index
of lipid peroxidation (measured as thiobarbiturate reactive
substances). The experimental protocol was performed un-
der controlled conditions, followed by the administration
of L-arginine alone (1 mmol) and L-arginine (I mmol) + L-
NAME (30 umol). The results indicated that L-arginine did
not significantly increase the coronary flow or the release of
NO, TBARS and the superoxide anion radical. These effects
were partially blocked by the joint administration of L-ar-
ginine + L-NAME, which indicated their competitive effect.
Hence, the results of our study do not demonstrate significant
effects of L-arginine administration on the coronary flow and
oxidative stress markers in isolated rat hearts.

Key words: L-arginine, L-NAME, redox status, isolated
heart, rats
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SAZETAK

Cilj ovog istraZivanja je bio procena efekata akutne admi-
nistracije L-arginina na koronarni protok i markere oksida-
cionog stresa, samostalno i/ili u prisustvu L-NAME (neselek-
tivni inhibitor NO sintaze), na izolovanim srcima pacova. Ovo
je eksperimentalna studija, koja je sprovedena na izolovanom
sreu Vistar albino soja pacova (n = 12, muski, 8 nedelja,
telesna masa 180-200g). Retrogradna perfuzija izolovanih or-
gana se sprovodila modifikovanom tehnikom prema Langendor-
fu, sa postepenim poveéanjem perfuzionog pritiska (40-120 cm-
H,0O). Nakon izmerenog koronarnog protoka, u prikupljenim
uzorcima koronarnog efluenta mereni su sledeci parametri:
nivoi azot monoksida (u _formi nitrita), superoksid anjon ra-
dikala i indeksa lipidne peroksidacije (meren kao TBARS).
Eksperimentalni protokol je sproveden pod strogo kontroli-
sanim uslovima, i podrazumeva administraciju samo L-
arginina (1 mmol), i administraciju L-arginina (1 mmol) u
kombinaciji sa L-NAME (30 pmol). Rezultati ovog istraziva-
nja ukazuju na to da L-arginin neznatno poveéava koronarni
protok, neznatno poveéava nivoe azot monoksida, TBARS-a i
superoksid anjon radikala. Ovakav efekat je delimicno bloki-
ran u slucaju zajednicke administracije L-arginin+L NAME
Sto ukazuje na njihovu kompetitivnost. Dakle, rezultati naseg
istrazivanja ne pokazuju statisticki znacajne efekte primene
L-arginina na koronarni protok i markere oksidacionog stresa
izolovanog srca pacova.

Kljucne reci: L-arginin, L-NAME,
izolovano srce, pacovi

redoks status,

AOh

=)
INTRODUCTION

L-arginine (2-amino-5-guanidinovaleric acid) is a ba-
sic, conditionally essential amino acid that enters an or-
ganism via the diet or is obtained by the degradation of
body proteins or endogenous de novo synthesis (1). This
semi-essential amino acid takes part in numerous key bio-
chemical and physiological activities.

]l DE GRUYTER
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N 4

During the last decades of the 20" century, L-arginine
was identified as a precursor of nitric oxide synthesis (NO)
(2). Specifically, it represents the key source of NO syn-
thase in many cells of an organism (3). NO is produced
during the transformation of L-arginine to L-citrulline in a
reaction catalysed by NO synthase (NOS) (4-7).
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The L-arginine/NO system is one of the crucial players
in the maintenance of microvascular homeostasis. Addi-
tionally, NO causes vasodilatation, improves microcircu-
lation by stimulating endothelial proliferation and angio-
genesis, and inhibits endothelial apoptosis, the release of
endothelin-1, the proliferation of smooth muscular cells
and thrombocyte aggregation and adhesion (8).

Endothelial dysfunction is one of the earliest markers
of vascular abnormality. It is present in cardiovascular dis-
eases linked to the increased production of reactive oxygen
species (ROS) or the state of oxidative stress (9, 10). Cell
damage caused by ROS (the most significant among which
are the superoxide anion radical and hydroxyl radical) is a
significant causal factor of heart diseases, particularly those
that present with myocardial ischemia-reperfusion dam-
age (11). Many authors have demonstrated the production
and release of free radicals in the ischemic heart, including
their intensive release during the reperfusion period (12,
13, 14). The rapid recovery of blood flow increases tissue
oxygenation with a consequential secondary production of
ROS, leading to reperfusion injury (15). One of the possible
mechanisms underlying ROS-mediated cardiovascular dis-
eases is the reduced production of endothelium-dependent
vasodilatory substances (16), of which NO is the most sig-
nificant (17). Moreover, the L-arginine-dependent enzyme
arginase is up-regulated in response to the reduction in NO
bioavailability during oxidative stress (9).

Because NO is an endothelial-dependent relaxing factor
that plays an essential role in the regulation of the vascular
tonus and haemodynamics, there has been interest for de-
cades in the application of L-arginine for the prevention and
treatment of cardiovascular diseases (18). L-arginine ap-
pears to provide “hope” for the treatment of cardiovascular
diseases. Based on results obtained to date, oral or paren-
teral administration of this amino acid seems to recuperate
endothelial function and improve coronary microcircula-
tion. L-arginine affects atherosclerotic risk factors (hyper-
cholesterolemia, hypertension, and smoking) by improving
endothelial functions in these patients (8).

However, the exact role of the L-arginine/NO system
within the coronary circulation is still unknown due to re-
ports of controversial data.

The aim of the present study was to examine the effects
of L-arginine alone or in combination with a non-selective
NOS inhibitor (NG-nitro-L-arginine monomethyl ester, L-
NAME) on the coronary flow, oxidative stress markers and
nitrites in hearts isolated from rats.

MATERIAL AND METHODS

Preparation of isolated rat hearts

Isolated hearts (total number n=12, 6 preparations
for each experimental group; rejected hearts did not con-

tribute to the total number) were obtained from Wistar
albino rats (male, 8 weeks old, body mass of 180 - 200

g; obtained from the VMA - Military Medical Academy,
Belgrade, Serbia) and perfused with a modified appara-
tus according to the method of Langendorff (Hugo-Sachs
Electronik-Harvard Apparatus GmbH, March- Hug-
stetten, Germany). The animals were euthanised by cer-
vical dislocation following administration of a short ether
anaesthetic with the anticoagulant heparin (Schedule 1
of the Animals/Scientific Procedures, Act 1986, United
Kingdom). Following the emergency thoracotomy and
the induction of heart failure via the superfusion of cold
physiological dissolvent, the heart was quickly prepared
and isolated by the removal of all redundant parts (with
the exception of ascending aorta, which was cannulated
to provide retrograde perfusion under gradually increas-
ing coronary perfusion pressure (CPP)). Krebs-Henseleit
buffer was used for retrograde perfusion (in mmol/l:
NaCl 118, KCl1 4.7, CaCl, x 2H,0 2.5, MgSO, x 7H,0 1.7,
NaHCO, 25, KH,PO, 1.2, glucose 11, and pyruvate 2).
The buffer was balanced with 95% 0, and 5% CO,, with
a pH value of 7.4 and temperature of 37°C. In all prepa-
rations, an electrostimulator (Hugo-Sachs Electronik-
Harvard Apparatus GmbH) ensured the heart rate and
its regularity (5 'V, 320 bpm) via electrodes set in the atrial
region.

Physiological examination and
experimental protocol

Following the establishment of heart perfusion, the
preparations were stabilised within 30 minutes with a
basal coronary perfusion pressure of 60 cmH,O. During
the stabilisation of the preparations, the reactivity of the
coronary blood vessels was examined by short occlusion
of coronary flow (5-30 s) and bolus injection of 5 mmol/l
adenosine (60 pl at a flow rate of 10 ml/min to obtain the
maximum flow). The preparations were rejected (approxi-
mately 25%) unless an increase in the flow of 100% was
achieved compared to the control values for both tests.
Following the stabilisation period, the perfusion pressure
was reduced to 50 and 40 cmH,O and then gradually in-
creased to 70, 80, 90, 100, 110 and 120 cmH,0 to establish
coronary autoregulation. At each given value of coronary
perfusion pressure a value of flow was noted for at least
5 minutes. When the flow was determined to be stable,
samples of coronary effluent were collected for each value
of perfusion pressure. The correctly performed control
experiment (control values in each experimental group)
included the double examination of coronary perfusion
pressure/coronary flow in the absence of any medica-
tion. The main goal was to confirm that the preparation
was stable and that the response between the first and
second series of changes in perfusion pressure were not
significantly different. Following the control experimental
protocol, the preparations were perfused with L-arginine
(1 mmol) and L-arginine (1 mmol) plus an NO synthesis
inhibitor (30 pl L-NAME). Testing started immediately
after the control experiment to avoid unwanted time-de-



pendent consequences. The administration of medicines
lasted until the achievement of a stable flow but not under
5 minutes for each value of perfusion pressure. The results
obtained during the experimental protocol (coronary flow,
superoxide anion radical concentration, released nitrites
and index of lipid peroxidation) were compared to the re-
sults obtained after the administration of L-arginine and
L-arginine + L-NAME.

Biochemical analysis

Samples of coronary venous effluent were collected af-
ter the stabilisation of the coronary flow for each value of
the gradually increased perfusion pressure. We performed
the spectrophotometric determination of nitrites, super-
oxide anion radicals and the index of lipid peroxidation
indirectly via reactive thiobarbituric substances (TBARS)
for all samples.

Determination of nitrites

Nitric oxide quickly decomposes into stable metabolite
nitrites/nitrates. Nitrites are used as an index of NO pro-
duction via a spectrophotometric method using the Griess
reagent. Briefly, 0.5 ml of the perfusate is precipitated with
200 pl of 30% sulfosalicylic acid, mixed for 30 minutes and
centrifuged at 3000 x g. Equal volumes of the supernatant
and Griess reagent are mixed and stabilised for 10 min-
utes in the dark, and then the sample is measured spec-
trophotometrically at a wavelength of 543 nm. The nitrite
concentrations are determined using sodium nitrite as the
standard (19).

Determination of superoxide anion radicals

Superoxide anion radical concentrations are measured
using the NTB (Nitro Blue Tetrazolium) reagent in TRIS
buffer (assay mixture) with coronary venous effluent. The
measurement was performed at a wavelength of 530 nm. The
Krebs-Henseleit solvent was used as the blank control (20).

Determination of the index
of lipid peroxidation (TBARS)

The index of lipid peroxidation was determined indi-
rectly by measuring the products of the reaction of lipid
peroxidation with thiobarbituric acid (TBARS or Thiobar-
bituric Acid Reactive Substances). Briefly, 1% thiobarbitu-
ricacid (TBA) in 0.05 M NaOH is incubated with coronary
venous effluent at 100°C for 15 minutes and then spectro-
photometrically measured at a wavelength of 530 nm. The
Krebs-Henseleit solvent was used as the blank control (21).

Reagents

The L-arginine and L-NAME solvents were obtained
as a gift from the Biomedical Sciences Department of the

Academy of Sciences of Slovakia (Bratislava, Republic of
Slovakia). A set of reagents for the spectrophotometric
determination of nitrites (naphthyl ethylenediamine dihy-
drochloride and sulfosalicylic acid) were purchased from
Sigma-Aldrich Chemie GmbH. Sulfanilamide, phospho-
rous acid, NTB, TRIS-puffer and TBA were purchased
from Merck KGaA Company (Dermstadt, Germany).

Statistical analysis

Values were expressed as the arithmetic mean + S.E.M.
A multifactorial analysis of variance with repeated mea-
sures was performed. In this model, different values of
CPP were given as within-subject factors, whereas the ap-
plication of a treatment was provided as a measurement of
the difference between subjects. A p value less than 0.05
was considered statistically significant.

RESULTS

Coronary flow

The coronary flow exhibited a significant increase that
was proportional to the coronary perfusion pressure over
the whole range of perfusion pressure values studied in
both the control and study groups. Under the control con-
ditions, the coronary flow varied in the range from 3.00 +
0.86 ml/min/g of tissue mass (wt) at 40 cmH,O to 8.57 +
1.77 ml/min/g wt at 120 cmH,O. L-arginine did not induce
a significant change in the coronary flow (range from 3.65
+ 1.02 at 40 cmH,O to 10.93 + 2.80 ml/min/g wt at 120
cmH,O) (Fig. 1).

L-arginine + L-NAME did not induce a significant
reduction in the coronary flow compared to the control
group. Under the control conditions, the coronary flow
varied in the range from 3.15 + 0.66 ml/min/g wt at 40
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Figure 1. Effects of L-arginine (1 mmol) on the coronary flow at different
coronary perfusion pressures (CPP). Each value represents the mean + SE
and is expressed relative to the control.

A p value < 0.05 was considered to be significant. *p < 0.05.
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Figure 2. Effects of L-arginine + L-NAME (1 mmol + 30 pmol) on the
coronary flow at different coronary perfusion pressures (CPP). Each value
represents the mean + SE and is expressed relative to the control. A p
value < 0.05 was considered to be significant. *p < 0.05.

cmH,O to 9.40 + 0.67 ml/min/g wt at 120 cmH,O. In the
treated group, the flow ranged from 2.90 + 0.72 ml/min/g
wt at 40 cmH, O to 7.85 + 0.60 ml/min/g wt at 120 cmH2
(Fig. 2).

Nitrite outflow

Under the control conditions, the nitrite outflow var-
ied from 1.04 + 0.32 nmol/min/g wt at 40 cmH2 | to 2.93
+ 0.90 nmol/min/g wt at 120 cmH2 . L-arginine did not
induce a significant increase in the nitrite outflow (range
from 1.28 + 0.48 nmol/min/g wt at 40 cmH2 to 3.89 +
1.23 nmol/min/g wt at 120 cmH2) (Fig. 3). Additionally,
there was no significant difference between the groups in
the dynamics of the increase in the nitrite outflow with
increasing CPP.
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Figure 4. Effects of L-arginine + L-NAME (1 mmol + 30 pmol) on the ni-
trite outflow at different coronary perfusion pressures (CPP). Each value
represents the mean + SE and is expressed relative to the control. A p
value < 0.05 was considered to be significant. *p < 0.05.
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Figure 3. Effects of L-arginine (1 mmol) on the nitrite outflow at differ-
ent coronary perfusion pressures (CPP). Each value represents the mean
+ SE and is expressed relative to the control. A p value < 0.05 was consid-
ered to be significant. *p < 0.05.

L-arginine + L-NAME induced a significant decrease
in the nitrite outflow compared to the control group. Un-
der the control conditions, the values changed in the range
from 1.00 + 0.13 nmol/min/g wt at 40 cmH2  to 3.40 +
1.50 nmol/min/g wt at 120 cmH2_; in the treated group,
the values changed from 0.86 + 0.21 nmol/min/g wt at
40 cmH2 to 2.46 + 0.58 nmol/min/g wt at 120 cmH2
(Fig. 4). The nitrite concentrations increased as the CPP
increased in both groups.

Superoxide anion production

L-arginine did not induce significant changes in the su-
peroxide anion radical (O,) levels. However, a significant
increase in O, levels was noted in both groups as the CPP
increased. Under the control conditions, O,  production
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Figure 5. Effects of L-arginine (1 mmol) on superoxide anion production
at different coronary perfusion pressures (CPP). Each value represents
the mean + SE and is expressed relative to the control. A p value < 0.05
was considered to be significant. *p < 0.05.



varied from 8.90 + 3.09 nmol/min/g wt at 40 cmH2 to
33.79 + 8.40 nmol/min/g wt at 120 cmH2 ; in the treat-
ed group, O, production varied from 11.63 + 2.67 nmol/
min/g wt at 40 cmH2 | to 38.61 + 8.67 nmol/min/g wt at
120 cmH2 | (Fig. 5).

L-arginine + L-NAME also did not significantly affect
superoxide anion production compared with the control
values (Fig. 6).

Index of lipid peroxidation (TBARS production)

Under the control conditions, the TBARS production
varied from 0.51 + 0.40 pmol/min/g wt at 40 cmH2 to
1.38 £ 0.69 umol/min/g wt at 120 cmH2 . L-arginine did
not significantly affect the TBARS production at any CPP
value (range from 0.57 + 0.16 pmol/min/g wt at 40 cmH2
to 1.80 + 0.88 pmol/min/g wt at 120 cmH2) (Fig. 7).

Conversely, L-arginine + L-NAME significantly de-
creased the TBARS production compared with the control
values (decreased from 32.7% at 40 cmH2 | to 50.2% at 120
cmH2,) (Fig. 8). Indeed, the difference in TBARS produc-
tion between the groups increased concomitantly with the
CPP values.

DISCUSSION

The present study was performed to assess the intra-
coronary effects of the acute administration of L-arginine
and L-arginine in combination with L-NAME (a non-
specific NO synthase inhibitor) on isolated rat hearts
under different coronary perfusion pressure conditions
(40-120 cmH2 ). The results obtained under the control
conditions were compared with those obtained after the
administration of L-arginine and L-arginine + L-NAME.
Variations in the tested parameters in different groups of
animals under the control conditions were presented for
the purpose of biological diversity.

Our results showed that the acute administration of L-
arginine (compared to the control group for all values of
applied CPP) did not significantly increase the coronary
flow or any of the estimated oxidative stress parameters
(NO, O,, and TBARS) (Figs. 3-8).

The administration of L-arginine + L-NAME did not
significantly reduce the coronary flow compared to the
control group, although the differences were more evi-
dent at the higher CPP values (CPP 90-120 cmH2 , which
were out of the autoregulatory range). Moreover, the NO
and O, concentrations were not significantly reduced
compared to the control group. However, L-arginine + L-
NAME significantly reduced the TBARS value, especially
at higher CPP values (CPP 90-120 cmH,O).

The L-arginine/NO system plays an important role
in the control of the basal tonus of coronary blood ves-
sels and is involved in the coronary autoregulation of the
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Figure 6. Effects of L-arginine + L-NAME (1 mmol + 30 umol) on super-
oxide anion production at different coronary perfusion pressures (CPP).
Each value represents the mean + SE and is expressed relative to the con-
trol. A p value < 0.05 was considered to be significant. *p < 0.05.
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Figure 7. Effects of L-arginine (1 mmol) on TBARS production at differ-
ent coronary perfusion pressures (CPP). Each value represents the mean
+ SE and is expressed relative to the control. A p value < 0.05 was consid-
ered to be significant. *p < 0.05.
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Figure 8. Effects of L-arginine + L-NAME (1 mmol + 30 umol) on TBARS
production at different coronary perfusion pressures (CPP). Each value
represents the mean + SE and is expressed relative to the control. A p
value < 0.05 was considered to be significant. *p < 0.05.
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isolated rat heart. The isolated rat hearts exhibited auto-
regulation of the coronary flow between 50 and 80 cmH2
of coronary perfusion pressure. Below the autoregulatory
range the coronary flow slowly went down and above
range the value more than doubled (22), which was in line
with our results.

Our experimental data showed that the acute exog-
enous entry of arginine might increase the production
of NO and NO-mediated vasodilatation despite the fact
that the intracellular concentration of arginine was far
beyond the Km (Michaelis-Menten constant) for eNOS.
The Km for L-arginine is 2.9 pmol/l (8, 23-27). The in-
tracellular concentration of arginine in endothelial cells
is 0.8-2 mmol/I (8, 27), which suggests that the available
intracellular L-arginine is more than sufficient for NO
production. Based on this observation, intracellular ar-
ginine can provide full saturation of eNOS; thus, the en-
dothelial production of NO should not depend on the ex-
tracellular concentration of L-arginine. However, the NO
production increases in a dose-dependent manner when
the concentration of L-arginine increases in endothelial
cell cultures (28). Moreover, the increase in the plasmat-
ic value of L-arginine is connected with the increase in
vascular NO production. This biochemical phenomenon
(or discrepancy) is designated the “arginine paradox”
Theories explaining the arginine paradox include the low
basal values of L-arginine in diseased states such as hy-
pertension and hypercholesterolemia, intracellular varia-
tions in the concentrations of L-arginine or the potential
presence of enzyme inhibitors. Identified competitive
inhibitors of NOS include N®-monomethyl-L-arginine
(L-NMMA), N€-nitro-L-arginine (L-NNA), N¢-nitro-L-
arginine monomethyl ester (L-NAME) and asymmetric
dimethylarginine (ADMA).

Extracellular L-arginine appears to play a significant
role in NO synthesis through membrane-linked eNOS.
The constitutive transport system that facilitates the en-
try of arginine into endothelial cells is a cation amino acid
transporter (CAT-1). CAT-1 and eNOS are physically con-
nected in the caveolae in endothelial cells (29), which sug-
gests the existence of a direct supply of extracellular argi-
nine to eNOS.

Whether extracellular L-arginine changes the rate of
arginine transport to the cell and contributes to the im-
provement in NO synthesis or whether the intracellular
concentration in the microdomains of a cell plays a more
important role in the modulation of NO synthesis are un-
known (30).

The vascular endothelium plays an important role in
vascular physiology. Attention has especially been focused
on the endothelial production of NO (endogenous mes-
senger molecules), including the different endothelial-
mediated physiological effects in the vascular system.
Because endothelial dysfunction is the basis of numerous
diseases (atherosclerosis, hypertension, and diabetes mel-
litus) and is linked with the reduced production of endo-
thelial NO, supplementation with L-arginine (donor NO)

could be considered as therapeutic approach to these dis-
eases. Therefore, many researchers are interested in the
therapeutic possibilities of L-arginine, including whether
supplementation with L-arginine can increase NO pro-
duction and thereby improve vascular health. The effects
of the oral or parenteral administration of L-arginine on
vascular health and diseases have been examined in both
human and animal models.

Boger et al (31) studied the clinical pharmacology of
L-arginine and concluded that the response of the or-
ganism to the administration of L-arginine depended on
the specific characteristics of the cardiovascular disease,
vascular segments and morphology of the arteries of the
examinee. Undesired effects of L-arginine administration
are rare and are mainly mild and dose-dependent. The re-
sults obtained from a number of animal studies (animal
models with damaged endothelial-dependent NO biologi-
cal functions, including hypercholesterolemic rabbits, hy-
pertensive rats, and hyperlipidemic monkeys) suggested
that the administration of L-arginine in vivo improved
vascular health by increasing NO production. Both acute
and chronic administration of L-arginine improved endo-
thelial-dependent vasodilatation, whereas chronic admin-
istration also modulated other NO-dependent vascular
functions, such as the reduction of leukocyte adhesion,
inhibition of thrombocyte aggregation and proliferation of
smooth muscular cells.

In their review paper, Preli et al (27) summed up
the results of studies (animal and human) involving the
oral supplementation of L-arginine on the formation of
atherosclerotic lesions. The results from hypercholes-
terolemic animals generally showed beneficial effects.
L-arginine appeared to inhibit the progression of ath-
erosclerotic plaques and protect endothelial functions.
Moreover, L-arginine affected other mediators of ath-
erosclerosis, including circulating inflammatory cells
and thrombocytes. In contrast to the positive results ob-
tained in the animal studies, differences were observed in
the human studies.

Some previous experimental and clinical studies in-
dicated that L-arginine could improve the antioxidant
status (32-35). L-arginine was reported to act as a free
radical scavenger, inhibit the activity of pro-oxidant
enzymes and thus act as an antioxidant; these roles of
L-arginine were mediated by NO. Tripathi et al (32)
indicated that oral supplementation with L-arginine (3
g/day for 7 days) in ischemic patients increased the su-
peroxide dismutase (SOD) level, total thiols (T-SH) and
the plasma ascorbate levels, but these increases were
not significant. This study demonstrates that L-argi-
nine administration may be beneficial for patients with
myocardial ischemic disorders, such as acute myocar-
dial infarction and acute angina. Huang et al (36) sug-
gested that L-arginine supplementation reduced the
oxidative damage and inflammatory response of skel-
etal muscles, liver and kidneys caused by exhaustive
exercise in young rats. The rats were fed with 2% L-



arginine diet for 30 days, and this supplementation in-
creased the antioxidant enzyme level although the in-
crease was not significant. In the study by Lucotti et al
(33), oral supplementation with L-arginine (8.3 g/day)
concurrent with a weight loss diet for 21 days increased
the SOD levels in obese, insulin-resistant type 2 dia-
betic patients. The use of different doses and weight
loss diets combined with L-arginine supplementation
may explain the different results. Similarly, Jabeca et
al (37) reported that the oral administration of L-ar-
ginine (2 g/day for 28 days) significantly increased the
TAS (total antioxidant status) level in the plasma from
patients with mild hypertension. This study confirms
the hypothesis that augmented concentrations of L-
arginine stimulate NO biosynthesis, which leads to a
reduction in oxidative stress.

The results of our study clearly show a non-significant
effect of L-arginine on the coronary flow and oxidative
stress markers in isolated rat hearts. However, research in-
terested in the application of L-arginine for the treatment
of cardiovascular diseases should be continued. Long-term
random clinical studies are necessary (27, 31) to obtain
“broad and clear” scientific knowledge in the field.
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