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CAXETAK

YBoa: Kao myntudakropcko 000/beHe KOjeé Ma BUCOK CMUACMHUOJIONIKY 3HAYaj, XUIIEPTEH3H]a
MIPETCTaBJba XPOHUYHO 000JbCHE KOje 3aBpeljyje BENHMKY Maximby HAydyHE JaBHOCTH ajlHl U LINpE
3IIpaBCTBEHE 3ajefHMIle. JOII yBEK, MaKO CE MPETIOCTaB/hba M Haraha o JenoBamy (U3UYKE
aKTUBHOCTH, HHj€ MO3HATO TAa4yHO JEJCTBO M OO0jallmbere Ha KOjU HAYMH MOXKE YTHIATH Ha
BPEIHOCT KPBHOT NPUTHCKA W KapJHOBACKyJapHY XOMEOCTa3y, a HApOYUTO y OJCYCTBY OMIIO
KaKBOT' NaTO(U3HOIOIIKOT CyOcTpara.

Hub: [uip oBOr wWCTpakuBama je OWO HUCIUTHUBAKE M IOpeheme yTHllaja pas3IuduTHX
MomanuTeTa (QU3MYKEe AaKTUBHOCTH HA KapIMOBACKyJapHH CHCTEM IaloBa y YCJIOBHMa
XUNEepTeH3rje U HopmoTreH3uje. IlocebaH oOCBPT OBE CTyaWje jeé W Ha KOHIICHTPAILH]Yy
MPOOKCUJATHBHUX M AKTUBHOCT AHTHOKCHJIATUBHUX MapKepa y IJIa3MHU IaloBa Yy YCIOBHUMA
(U3HOJIOMIKUX U MATOJOUIKUX BPEITHOCTH KPBHOT TIPUTHCKA.

Marepujan u Mmeroige: VcTpaxuBame je AW3ajHAPAHO Kao EKCICPUMCHTAIHA CTyauja
crpoBejieHa N VItro u eX Vivo. Y [uiby HMCIUTHBamba Pa3IMYMTHX MOJAAINTETa (DU3HUKE
AKTMBHOCTH, €KCIIEPHMEHTAJIHE )KUBOTHILE Cy OMJIE MOJBPIHYTE YETBOPOHEACIHHOM (DHU3UUKOM
TPEHUHTY TpyameM ymepeHor u Bucokor unHresutera (High Intesity Interval Training-HIIT,
Moderate Intesity Training-MIT). ¥ Toxy 1 HaKOH TOra, MPaTHJIHX CMO BPEIHOCTH CHCTOJHOI U
JIMjaCTOJIHOT KPBHOT TMPHUTHCKA, Cp4YaHe (PEKBEHIIE KA0 W BPEIAHOCTH MPOOKCHUIAMUOHHX H
AHTHOKCHIAI[MOHMX MapKepa y KPBH XHUIIPETEH3UBHUX ¥ HOPMOTEH3UBHUX I1aI[0Ba.

PesyaraTu: VYTHia] ymepeHe KOHTHHyHpaHe (pU3MUKe aKTUBHOCTH HA apTEPHUjCKU KPBHU
MIPUTUCAK j€ HEIIBOCMUCICH KOPUCTAH, Y CMHUCIY CMambemha CHCTOIHOT KPBHOT HMPUTHCKA KOJ
XUMEPTEH3WBHUX MAI0Ba, JIOK j€ YTUIA] TPEHHHIa BUCOKOT MHTE3UTETa Y Mamk0j MEPH MOBOJbAH
M0 BPEIHOCTH KpBHOT mputhcka. O0a Momanurera QU3NYKEe aKTUBHOCTH, YMEPEHOT U BUCOKOT
MHTE3UTETa 3Ha4ajHO YTHUYY Ha KOHTPAKTHIIHY CHOCOOHOCT Cplia HOPMOTEHUBHHUX Mall0Ba, OK Y
YCIIOBHMa XHUIMEPTEH3HMj€ TPEHHHI yYMEPEHOT WHTEe3UTeTa 3Ha4dajHO moBehaBa KOHTPAKTHIHH
onroBop cpua. Ca acnekta nopehema usmely oBa aBa mpoTokona BexxkOama nmpumeheno je na
HIIT nmpomMoBuiie jauy mpoOKCHIALMOHY PEAKIN]Y U TO KOJI XUIEPTEH3UBHUX )KUBOTUHA, /10K j€
MIT nmnoBezan ca OnaxuMm nopemehajeM NPOOKCHJIAHTHE TPOU3BOJHE U OOJBUM
AHTHOKCUIATUBHUM OJITOBOPOM.

3ak/bydak: YOIIITEHO MOCMAaTpaHO, MOKpeTame 00a MPOTOKOJA BpIIE NMPOMEHY (yHKIHje
MUOKap/a u nepdysujy y XuepTeH3UBHUM U HOPMOTEH3UBHUM yciaoBUMa. JloOujeHu pe3ynratu
Jlajy OpUTMHaJaH M OMTaH JONPHUHOC y pa3yMeBamy yJOre pasjIdMTUX MoJanuTera (QpHu3HuKe
aKTUBHOCTH y (DYHKIIMJU MHOKapja y YCIOBUMa HOPMOTEH3HU]j€ U XUIIEPTEH3H]je, YUME CE OTBapa
HU3 TOTEHLMjaIHUX TEpaleyTCKUX pellema y Jeuely XHUIepTeH3uje, umajyhu y BuIy
€MUIEMUOJIONIKY ¥ KIIMHUYKY 3Ha4a) OBOT MATOJIOIIKOT €HTUTETA.

Kibyune peum: ¢Gu3nuku TpeHMHT, (DyHKIMja MHUOKapia, CHUCTOJHU M JUJaCTOJHU KPBHH
MIPUTHCAK, CPIIE, MAlOB



ABSTRACT

Introduction: As a multifactorial disease of high epidemiological significance, hypertension is a
chronic disease that greatly favors the scientific community and the wider community. Still,
although it is assumed and speculated about the activity of physical activity, it is not known
exactly what action and explanation can affect the value of blood pressure and cardiovascular
homeostasis, especially in the absence of any pathophysiological substrate.

Aim: The aim of this study was to investigate and compare the effects of various modalities of
physical activity on the cardiovascular system of rats under conditions of hypertension and
normotension. A special emphyse of this study is the concentration of prooxidative and activity
of antioxidative markers in plasma rats in state of physiological and pathological blood pressure
values.

Material and methods: The study was designed as an experimental study conducted in vitro and
ex vivo. In order to examine two various modalities of physical activity, experimental animals
were subjected to four-week physical training by running moderate and high intensity (High
Intensity Interval Training - HIIT, Moderate Intesity Training-MIT). During and after this, we
monitored the values of systolic and diastolic blood pressure, heart rate, and the values of
prooxidant and antioxidant markers in the blood of the hypertensive and normotensive rats.

Results: The influence of moderate continuous physical activity on arterial blood pressure is
unambiguously useful in terms of reducing systolic blood pressure in hypertensive rats, while the
effect of high intensity training is to a lesser extent favorable to the blood pressure value. Both
modalities of physical activity, moderate and high intensity significantly influence the contractile
ability of the heart of normotenive rats, while in conditions of hypertension, moderate intensity
training significantly increases the contractile response of the heart. From the aspect of
comparison between these two training protocols, it was observed that HIIT promotes a stronger
prooxidation reaction in hypertensive animals, while MIT is associated with a mild disorder of
prooxidant production and a better antioxidant response.

Conclusions: In general, the initiation of both protocols alter the function of myocardium and
perfusion in hypertensive and normotensive conditions. The obtained results give an original and
important contribution in understanding the role of various modalities of physical activity in the
function of myocardium in conditions of normotension and hypertension, which opens up a
series of potential therapeutic solutions in the treatment of hypertension, bearing in mind the
epidemiological and clinical significance of this pathological entity.

Key words: physical training, myocardial function, systolic and diastolic blood pressure, heart,
rat
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3AXBAJIHUIA

Jlyryjem 3aXBaJlHOCT MHOTHM JbyJIUMA...

Ha mpBom mecty MeHTOpY M mpujaTtesby nou. nap Bnaammupy JKuBkoBuhy Ha HeceOMYHO]

MOJIPIILIY U pa3yMeBamy Y CBAKOj CUTYaIlUjH.

Hparoj Tamapu Hukonuh Typuuh, Ha 1OCTYIHOCTH y CBaKOM TPEHYTKY U pa3yMeBamy ca Haille

’KEHCKE CTpaHe.

Ilenoj exunum mnaboparopuje 3a KapAHOBAacKyJapHa HCTpakuBama DakynTeTa MEIUIIMHCKHX
Hayka y Kparyjesuy: mou. np Hesenu Jepemuh, nou. ap MBany CpejoBuhy, nou. ap Mcumopu
MunocasseeBuh, acc. JoBanu Jepemuh, acc. JoBanm bpaauh, acc. Anunum IletrkoBuh, acc.
Anekcanapu Bpanuh, acc. np Jacmunu CperenoBuh u HapaBHo [Ipenpary PaBuhy Ha nuBHO]

aTMoc(epH U pacrojokemy Y TOKY H3BOhema eKcliepuMeHara.
[{yum 1 Bonery Ha MOTHBAIM]HU 32 JAJbUM YCABPILABAKEM.

bopucy n HoBaky Ha cBUM JaHuMa y KOjUMa je HeJI0CTajajla paclojokKeHa Mama U CIpPEeMIbEH

pydJaxk.

W na xpajy, cynpyry u npujaresby, Bragumupy JakoBsbeBuhy 0e€3 uuje Mojpiike cBera rope

HaBeJIeHor He ou omno!

TaTI/I, 3a CBC HCIIPOCIIaBAHE HOhU U MaMH, HETAC Iope...

XBAJIA BAM!

Bbuspana JakossreBuh
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JlokTopcka quceprariyja bubana JakoBspeBuh

1. YBOJ

Cucremcka aprepujcka XHIEPTCH3Wja (XHIIEPTCH3Wja) j€ CTamke XPOHUYHO MOBHIICHOT
KPBHOT MPHUTUCKA Y CUCTEMCKUM apTepujama. KpBHM mpuTHCak ce yoOHM4ajeHO M3pakaBa Kao
OJTHOC CHUCTOJIHOT KpPBOT NMPHUTHCKA (IPUTHCAK KOjy KPB BPIIU Ha 3UI0BE apTEPHUjCKUX KPBHUX
CyZ0Ba TOKOM KOHTpAKIIMjeé KOMOpa — CHCTOJIC) M JUjaCTOJIHOT KPBHOT NMPHUTUCKA (TIPUTHCAK
KpBH Ha 3HJIOBE apTepHja TOKOM pelakcaluje KOMopa - aujactonia). ['paHWYHE BPEIHOCTH

KPBHOT IPUTHCKA KOjU Je(pUHHUITY XUIIEPTEH3HU]y 3aBHCE O]l HAYMHA U BpeMeHa Mepema (Tabena

1).

Tabena 1. Jlebununmja xurmepreH3uje 3acCHOBaHE Ha IMpernopykama EBporckor yupyxema

Kapauosora u EBpornckor ynpyxema 3a xuneprensujy u3 2013. roguse.

Kareropmia Moxrun CHCTOJIHM KPBHU JujacToiHu KPBHU
P A npurucak (mmHg) npurucak (mmHg)
KpBun nputucak
MepeH Ha MOCTy / 2140 290
Tokom maHa >135 >85
KpBHu nputucak
MepeH y aMOyJIaHTHHM |~ TOKOM Hohu (criaBambe) >120 >70
yCJIOBHMA
24 h >130 >80
KpBHu nputucak
MepeH y kKyhHum / >135 >85

yCJI0BHMA

[TocToju BUIE pPA3TUMYUTHX CTUOJOMIKUX Yy3pO4yHMKa xwurepreHsuje. Behuna (90-95%)
nanujeHaTa uMa €TUOJIONIKA Pa3HOJIMKY XUIEPTEH3H]Y, KOja C€ O3Ha4YaBa Kao €CeHIUjaTHa WIn
IIpUMapHa, U y YMjoj jeé OCHOBU ce Mperuinhe HU3 reHCKUX €THOJIOMIKMX (hakTopa Kao U (axkropa
okpyxkema (1). Tlo3uTuBHa MOpoAMYHA aHAMHE3a Ce BpPJO 4ecTo cpehe kon mamnujeHara ca
XHUIEPTEH3N]OM, IIPH YeMY € XepeauTeT mpouemyje Ha 35% mo 50% y Behunu ucrpakupama (2,
3). Pesynratu ncTpaxkuBama Koja ce OaBe mcrmuTHBameM renoma (Genome-Wide Association
Studies - GWAS) umajy cBe Behu 3Hauaj y OTKpHBamy M CXBaTamby HOBHX METaOOIHMUKUX
nyTeBa U OMomapkepa Koju Ou MoriM J1a Hal)y IpuMeHy y MOJEPHOM KOHIIETITY JIHjarHOCTUKE U

JiedYerha KOjU j€ 3aCHOBaH Ha OMUKaMa, y €pH Mpelr3He MEIUIIMHE JaHAITBHIE (4).
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[TocToju HEKOJIMKO, jaKO PETKUX, CTalkba MOHOTEHCKE XUIEPTECH3H]e, TJe C€ MYTAaIlHjOM
JeIHOT jeAWHOT TeHa MOXKE€ Yy IOTHYHOCTH OO0JaCHUTH €THOJIOTHja XHUIEPTeH3Hje, IOIMyT
JIuanosor (Liddle) cunnpoma (cTame eKTOMMYHOT JIy4eHa aApeHOKOPTUKOTPOITHOT XOPMOHA) U
myranuje reHa PDE3A, xoju komupa en3ume (CGMP-inhibited cyclic nucleotide
phosphodiesterase) koju xumponusyjy mukianaan AMP (cAMP) u mukinnaaun GMP (cGMP) (5-
8). V ciyuajy na je XuIiepTeH3Hja MOCIEIHIIA IPYror MaTOJOMIKOr CTamba, MOMYT MPUMapHOT
XHUIIEPATOCTEPOHU3MA, (HEOXPOMOLIMTOMA MJIM CTEHO3€ PEHAJHE apTepuje, 03HadyaBa ce Kao
CEKyHJIapHa XUTIEPTEH3H]a.

XurepreHsuja je Hajuemhy 1 Haj3HaYajHUjU (DAKTOp pU3HKA, Ha KOJU CE MOXKE JCJIOBaTH
NPBEHTUBHO, 3a Pa3BOj KapIHOBACKyJapHUX O00JbEHa IOIYT: KOpPOHapHe OoJieCTH cpIia,
nH(papKTa MUOKap/aa, cpuaHe caaboCcTH, MOXKIAHOT yaapa, arpujyMmcke ¢udpunamnuje, 6onectu
nepudepHUX apTepHja, XpOHWYHE OyOpekHE HHCY(QHIMjEHIMje W KOTHUTHBHOT IPONalama.
YcneniHa NMpeBeHIMja M JICUCHEe XUICPTCH3Mje MMa KJbYYHY YJIOTY y CMamCHhy HAcTajama
KapJMOBacKyIapHux OojiecTh W moBehama JyroBeYHOCTH CBETCKE MoIyiaiuje. Y Jeuemy
XUIMEPTEH3Mje OJ BEJIMKE BAXHOCTH j€ MPEIUKIHMja YKYITHOT aTepOCICPOTCKOr pPH3UKa
kapauoBackyinapHux Oomectu (ASCVD pu3HK) yMECTO HW30JI0BAHOT MEpeHa apTepHjCKOT
KPBHOT MPUTHUCKA, jep yIpaBo NaiujeHTu Koju umajy Hajpuimn ASCVD pusuk umajy u HajBuIie

KOPUCTH OJ1 aHTUXHIIepTeH3UBHE Tepanuje (9).

1.1. EHNMAEMHUOJIOIIKE KAPAKTEPUCTUKE XUIIEPTEH3UJE

Y TOpeumHAYCTPHjCKHM JpYIITBUMAa BPETHOCTH KPBHOT TPUTHCKA Cy C€ KpeTale y
IPUIMYHO YCKOM pPAacllOHy ca CpeAmUM BpPEIHOCTHMAa KOj€ Cy BpJO Majlo Bapupaje TOKOM
TOAMHE U MPOCEYHO M3Hocuie oko 115/75 mmHQ, mro je BepoBaTHO HajuieaaIHMja BPEAHOCT
KpBHOT TNpUTHCKa 3a XyMaHy nonyinanujy (10). Mehyrum, y Behunu caBpeMeHHMX ApyIlITaBa,
BPETHOCTH CHCTOJHOT KPBHOT TPHUTHUCKA C€ KOHTHHYHpaHO moBehaBajy TOKOM ToaWHA U Y
MYIIKO] W Yy JKeHCkoj nomynanuju. HaBenena uummeHuna ymnyhyje Ha 3akjbydak Ja CTapocT
noehaBa BepoBaTHONY HacTajara XHUIEPTEH3HjE YCIE H3JI0XKEHOCTH OpojHUM (aKkTopuma
CpeIMHE TOMYT MPEKOMEPHOT yYHOCAa HAaTpHjyMa HCXPaHOM, Ca jeJHEe, U HEeIOBOJLHOT CajpiKaja
KallijyMa y UCXpaHH, ca JIpyre CTpaHe, T0ja3HOCT, YHOC ajJKoXoyia U (pu3muka HEaKTHUBHOCT.

Jpyru ¢akTopy, MONYyT FeHETCKE MPEIUCIIO3UINje TN HEMOBOJBHOI HHTPAYTEPHHOT OKPYKeHa
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(recranMjcky aujabeTec M MPECKIaMIICHja) WMajy Malld ajdd JOoKa3aH yTHIA) Ha pPa3Boj
XUnepTeH3uje y oapaciomM a00y (11, 12).

Kako Hampenyje €KOHOMCKH pa3BOj, XHUIEpTeH3HMja HWHHIMjATHO HajBUIIe Toraha
MIOTTYJIAIH]Y Ca BUILUM COLMO-€KOHOMCKOT CTaTyCOM, Il Y KAaCHHJUM CTYIHHEBUMa €KOHOMCKOT
pa3Boja TpeBaJCHIIMja XUIIEPTEH3U]Ee, KA0 W KOMIUIMKAIlMja XUIEPTCH3W]€ HajBUIIE 3axBaTa
MOITYJIAIM]Y HIDKET COLIMO-€KOHOMCKOT craryca. Takohe, Op3uHa TpoMeEHEe TNpeBaJICHIIH]je
xuneprensuje y nepuoay ox 2000. no 2010. ronune je MHOTO Beha y OIHOCY Ha MPETXOIHU
NIEpUOJI, IIPU YEMY je CTame Hajrope y Hepa3BUjeHUM M 3eMJbaMa y pa3Bojy y KOjUMa je MPOCeK
npuMama Huzak (13, 14). HeamexkBarHOo JledeHa XuIEpTeH3HWja 3ay3mma Bojche mecto meby
nojeiMHavYHUM (haKTOpHMa KOju JOMpPHHOCE T00aiHoj ontepehenoct 6osenthy (enri. global

burden of disease) uzaszusajyhu 9,4 MuInOHAa CMPTHHX MCX0/a roauimbe (15).

1.2. XUIIEPTEH3UJA U PU3UK HACTAHKA KAPJUOBACKYJIAPHUX BOJIECTHU

IIpociekTUBHE OICEpBallMOHE CTyAWj€ YKa3yjy Ha CHaXHY, HO3UTHBHY I10BE3aHOCT
u3Mel)y KpBHOI IPUTHCKA M KapAHOBacKyjJlapHUX OosecTH, 6e3 J0Ka3a 3a INOCTOjalbe IPaHuYHE
BPEIHOCTH KPBHOT NPHUTHCKA TPH KOjO] CE PH3MK 3a HACTajarhe KapIMOBACKYJIApHHUX OO0JecTH
noBehaBa (16-18). IloBezaHocT wu3Mel)y KpBHOT NpUTHCKA M KapJHOBACKYJIApHUX OO0JIECTH
OJTHOCH C€ Ha CHCTOJIHHM U Ha JIMjaCTOJIHU KPBHH NPHUTHCAK, IPU YeMy ce Beha 3auajHOCT mpuaje
CHCTOJIHOM KPBHOM IIPUTHUCKY. 3aKJbyuyje ce Ja Koja 00a 1oja, y CBUM CTapOCHUM KaTeropujaMa
oJlpaciux ocoba XWIIEpTEH3HWja MpEeJCTaB/ba IVIaBHU (AKTOp pU3MKa, MOTIYHO HE3aBUCAH O]l
octanux (pakTopa pU3MKa, 3a HaCTajame TJIABHUX MaHU(ecTalnja KapAuoBaCKyIapHUX O0JIECTH,
yKJbydyjyhu: MokaaHu ynap (MCXeMHUJCKH U XEeMOPArujcku), KOpoHapHy OoJiecT cplia, cpuaHy
crnaboct, 6onect nepudepHux aprepuja U TepMHUHAIHY ¢a3y OyopexHe nHcypunujennuje (16-
19). BpenqHocT KpBHOT NMPUTHCKA TPEACTaBba TNIaBHY KOMIIOHEHTY MPEIUKTUBHUX MOea 3a
HacTajamke KOMIUTMKaIMja kapauoBackyiapaux Oonectu (20). [pubnmxuo nee Tpehune ocoda
KOj€ TOKOM TPHUJECETUX TOJAMHA MMajy MOBHILIEHE BPEIHOCTU KPBHOI MPUTUCKA WU Y3UMajy
aHTUXUIIEPTEH3UBHY Tepanujy, uMmajy 40% Behu pu3uk 3a HacTajambe HEKe KapAMOBacKyJapHe
Oonectu y mopehemy ca ocobama oarorapajyhe cTapocTH W Tojia ca HUCKHUM BPEIHOCTUMA
KpBHOT TipuTHCcKa. [Topen Tora, 000Jpema KapANOBACKYIIAPHOT CHCTEMA HACTAjy OKO TIET T'OJIHA
paHMje KoJ 0ocoba ca XWIEPTEeH3UjOM Y OJHOCY Ha 0coOe ca HUCKHUM BPEJHOCTHMA KPBHOT

nputucka (21).
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Konm ocoba crapocue mo6e mzmely 40 u 69 roguna, noBehame CUCTOTHOT MpUTHCKa 3a 20
MmHQg u aujacronHor 3a 10 mmHQg, 6e3 063upa Ha MOYETHE BPEAHOCTH, YABOCTPyYaBa PU3UK 3a
HACTajarmbe MOXKIAHOT yJapa WiIn ucXemujcke Oomectu cpra. Ca apyre cTpaHe, CMambeHme
BPEJHOCTH CUCTOJHOT KPBHOT MPUTHCKA 32 5 MMHQ cMmamyje pU3HK 3a HACcTajamkhe MOXKIaHOT

ynapa 3a 14%, a 3a HacTajame uHpapkTa MuoKkapaa 3a 9% (17).

1.3. HATO®U3NOJOIIKN MEXAHN3MHU HACTAJAIbA XUIIEPTEH3UJE

KpBHU mnpuTHCAaK je pe3ylTaHTa BHIIE PA3TUYUTHX JETEPMHHAHTH YKIbY4dyjyhu
3alpeMrHy KpBU y BAaCKYJIapHOM KOPHUTY, MHHYTHH BOJIYMEH CpLIa M CHMIIATHYKHU BAaCKyJapHU
TOHYC apTepHja, Ha KOjU yTHUYE 3alpeMUHA KpBH y apTepujaMa M HEYPOXYMOPAIHHU CUCTEMH.
OppxaBame BPEIHOCTH KPBHOT MPHUTHUCKA y OKBUPY (U3HMOJIOMIKUX BPEIHOCTH IMOApPA3yMeBa
CJIOKCHY MHTEPAKIIN]y BEJIMKOT Opoja eJIeMeHaTa HHTETPUCAHOT HEYPOXYMOPATHOT CHCTEMa, T
Crajajy CUCTEeM peHUH-aHTHoTeH3uH-angocTepoH (PAAC), dyHKuMja HATPHYPETCKUX MENTH/IA U
€H/I0OTeNIa, CUMIIATHYKU HEepBHH cucteM u uMyHcku cucteM (Cnuka 1). Ilopemhaj dynkiuje
6uIo kor of pakTopa KOju Cy MHTETpaIHU 10 HEYPOXMOPAIHOT CUCTEMa KOHTPOJIE apTEPUjCKOT
KPBHOT MIPUTUCAK W3a3WBa, JUPEKTHO WM MHIUPEKTHO, MOBehame Cpeame BPEAHOCTH KPBHOT
MIPUTUCKA WIIM BapHjallije y BPEIHOCTUMA KPBHOT MPUTHCKA, IITO 32 MOCIEIUIy MMa omreheme
opraHa, yKOJHMKO Tpaje AyKu nepuon (22).

[TaTou3nONOMIKN MEXaHU3MH YKJbYYEHH Yy HacTajamkbe XWUIIEPTEH3Uje Cy H3Y3eTHO
CJIOKEHU W JIeNTy]y Ha TeHETCKO] OCHOBU. Hacrajame mpumapHe XUNEpTEeH3H]je je CKOMYaHO ca
BUIIE PA3IMYUTUX TCHCKUX BapHjeTeTa — HEKU AJICIICKH OOJHIIM HEKOJIMKO Pa3IMYUTHX TeHa
MIOBE3aHHU Cy ca MoBehaHUM PU3HKOM 3a HACTajambe XUIEPTEeH3H]je, U Y TOTOBO CBUM Cly4yajeBUMa
cy nmnpaheHHM TO3UTHBHOM TMOPOJAWYHOM aHamHe3oM. [locrojame HaBeleHe TI'€HETCKe
MpeAUCo3ullMje Y KOMOWHAIMJH ca MHOIITBOM (akTopa >KMBOTHE CpEIUHE (BHCOK YHOC
HaTpUjyMa HCXpaHOM, nopemMehaju cliaBamba, MHTE3UBHO KOH3YMHPAHE alIKOX0Ja, MEHTAIHU
CTpeC) Y BEJIMKO] MEpH JIONPUHOCH HacTajamy xumepresuje (1, 23-25). BepoBaTHoha HacTajama
XHIepTeHsuje ce nosehasa ca crapemeM ycies nopehama pUruJHOCTH apepHjCKUX 3UI0Ba , ILITO
j€ Y3pOKOBaHO MPOMEHOM CacTaBa BaCKYJIapHOT KoJjlareHa u arepockiepo3om (26, 27). UmyHcku
(dakTopu, Takohe, YMHE 3HAYAjaH ETHOJIONIKHA Y0 Yy HACTajalby XHUIIEPTEH3H]e, MOTOTOBO Y

OCHOBH 3apa3HuX HUJIM pCYMATOJIOIIKUX 6OJ'ICCTI/I, Kao IITo je pPeyMaTOuIHU apTPpUTHUC.
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1.3.1. Yaora cucreMa peHUH-aHTHOTEH3HH-AJI0OCTEPOH Y MATOreHe3U XUIlepTeH3nje

Cucrem penuH-anrunoresuH-annoctepor (PAAC) ucnospaBa BeNWKW YTHIQ] Ha Pa3Boj
XHUIIEPTEH3HU]€ TaK IITO MOCpeyje Y OApKaBamby XOMeOocTa3e HaTpujyma, HaTpuypesu (rmoehame
nepdy3uoHOT MPUTHCKA y OyOpery m3a3uBa CMameHE Pearcopmiiyje HaTpujyma u nosehame
M3JIyYHBamka HATPHjyMa YPHUHOM), Ba30OKHCTPHKIIU]H, €HAOTEITHO] TMCHYHKIUJH U BACKYJIapHOM
omrehemy (28). PAAC mnocroju Ha henujckoM HUBOY y BEIMKOM OpoOjy TKHMBA W OpraHa, aju
JOMUHAHTHA YJIOTa OBOI' CHCTEMa j€ OJp)KaBamke XOMEOCTa3e INPUTHCKA U 3almpeMUHe
eKCTpalesyjJapHe TeYHOCTH Ha HUBOY OyOpera, rie oapxkasa nepysujy y cTambUMa CMambemna
3allpeMUHe eKcTpalleylapHe TeYHOCTH KOje HacTaje Kao pe3ysiTaT CMambemha calipikaja BOJE UIIH
EIIEKTPOJINTA, JOK c€ IroBa (yHKIHMja CYNpUMHpa y CTalkbuMa y KOjUMa je 3alpeMHHa
eKCTpalenyJapHe TedyHOCTH mnoBehana. PeHMH, Kao M HEroB MpeKypcop, NpPOPEHHUH, ce
CHUHTETHUINy M CKIAIUINTe Yy jyKcTrarimomepyickuMm henmnjama OyOpera, a ocnobaajy ce y
CHCTEMCKY LHpPKYJalMjy JA€JIOBamkEeM pa3IMUUTHX CTyMyJyca, Ipe CBera Yciel CMamema
KOHIICHTpAlLlMje HaTpHjymMa y TYOYJICKO] TEYHOCTH W CMambema MPUTHCKA y adepeHTHO]
aprepuonu (Cnuka 2). PeHMH ucmospaBa €3MMCKO JI€jCTBO M TPEBOJM AHTHOTE3MHOTEH Y
LUPKYJIalUju y aHTMOTeH3UH |, 10K ce aHrnoTteHsuH | mpesoau y anruorensuH |l nenoBamem
anruote3HuH-koHBepTyjyher enzuma (ACE) (Cnuka 2).

Anrnorensus |l mosehaBa peancopnuujy HaTpujymMa y NPOKCUMAJIHUM TyOyiauMMa Tako
ITO W3a3uBa MoBehame aKTHMBHOCTH HATPH]YMCKO-BOAOHUYHOT M3MEHHBada 3, €JIEKTPOTeHOT
HaTpUjyMcKo OukapboHatHor koTpaHcnoprepa 1 u Na, K ATP-aze, kao u nosehamem cuHTese u
ocinobaharma ammoctepoHa u3 kope HanaOyopera (zona glomerulosa) (29). Auruorensun |l
UHJYKYj€ €HI0TeNHy TUCOYHKIU]Y U pudpo3y, a Takohe nMa NpouH(IaMaTOpHO JI€]CTBO, KOje
je 6ap memMMHUYHO MOCPEIOBAHO MHIYKOBAKHEM OKCHIALMOHOT CTpEca, IITO 33 MOCIETUIy HMa
nopemehaj gyHnkuuje cpua, 6yopera m BackynapHor cucrema (30). ACE2 je noGuo orpoman
3Ha4yaj] y TMaTOreHe3W XHWIepTeH3uje, Kao M mnopeMehajuma (yHKIMje KapIuOBaCKyJIapHOT
cucteMa u OyOpera casHamEM HETOBE yjore y Merabonu3My aHruotreHsuHa |l y aHrnoteH3uH
(1-7) (31, 32). AuruotensuH (1-7) u3a3uBa CUCTEMCKY M PETHOHAIIHY Ba30WIATALN]Y, THYPE3Y
U HaTpUypesy, a Takohe ucrosbaBa aHTUIIPOIH(epaTuBHE epeKTe U cripeyaBa pacT BaCKyJIapHUT
rnaTkux mumuhaux henuja, xapauomuonuta, (GuOpobnacrta, kao u henwja riaoMepyna u
npokcumanHux TyOyna (33, 34). Auruorensun (1-7) ucnosbaBa NpOTEKTHUBHE edekTe Ha

KapAMOBAaCKyJIapHU cucTeM M OyOpere mocpencerBoM Mas pernentopa M CUTHaJIMHHUX ITyTEBa

6
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KOjU  YKJby4yjy  MHTOreHOM-akTuBHpaHe mnporenH kuHaze (MAPK), PI3K-AKT
(bochounosutun 3-kumHaza—RAC cepun/tpeonun-nporenH kuHaza), NADPH oxcunasa,
tpanchopmumyhu dakrop pacra Bl (TGFB1), peuentop 3a enunepmannu pakrop pacra (EGF)
W aKTUBHOCT HyKJeapHor ¢akropa-kB (NF-kB) (35, 36).
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ANmocTepoH MMa KJbYYHY YJIOTY Y XUIEPTEH3WjU EIOBAakbEM Ha BHIIEC PA3IUYUTHX
HaunHa. Be3nBameM 3a MHUHEPATIOKOPTHKOWIHE PEIENTOPE MCIO0JbaBa C& HET€HOMCKO JIEjCTBO
KOje ToJpa3yMeBa aKTHUBAIM]y aMHJIOPUI-CCH3UTHBHUX HATPUJYMCKUX KaHaja (MO3HATH Kao
enuTenHu Hatpujymcku kaHamu - ENaC) mro 3a mocienuily mma mosehame pearcoprimje
HaTpujymMa y KOPTHKaIHUM caOupHUM KaHanuhmma OyOpera (37). AnAoCTepOH H3a3WBa H
CHJIOTEIHY ITUCQYHKIHUJY M Ba30KOHCTPUKIM]jY, INTO 3a IMOCICAUIy HMa XHUIEPTEH3H]Y,
M3a3MBabEeM XUIEpTpoduje BacCKyJapHUX TIJIATKUX MuUIMha, JEMOHOBAKHEM BaCKYJIApHOT

eKCTpaleyJapHOT MaTPHKCa, PEMOJICIOBambeM, (PMOPO30M M MHIYKIIMjOM OKCHIAIIMOHOT CTpeca

(38).
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1.3.2. Peryaanuja xomeocTa3e HATpujyma

Hatpujy™m je kibyuHH (GakTOp KOjU pETryiuile 3alpeMHHY KpBH - moBehameM cepyMmcke
KOHIIEHTpallMje HaTpujyma moBehaBa ce pereHIMja Bojae, yciieq dera ce moBehaBa ykymHa
3aIpeMHHa TEYHOCTH Y BAacKYJIapHOM KOPHUTH, a CAMUM THUM M apTEPHjCKH KPBHH HPUTHCAK.
Kana ce xop 31paBux, HOpPMOTEH3UBHUX 0c00a moBeha yHOC HaTpujyma HCXpaHOM, aKTHBUPAjy
ce KOMIICH3aTOPHM MEXaHU3MH KOjUMa C€ BPETHOCT KPBHOI IMPHUTHUCKA OJp)KaBa y OKBUPY
¢uznonomkux BpenHocTH. HaBeneHM KOMIEH3aTOPHU MEXaHM3MH IOJPa3yMeBajy CMambeHe
nepudepHOr BacKyJapHOT OTIOpPa, Ka0 M CMAambEHEe BACKYJIapHOT oTmnopa y OyOpe3nma, Kao
noBehame cuHTe3e U ocinobahama azor-monokcuaa (NO) u3 engorena. Ca apyre crpase,
ykonmuKko wu3octaHe ocnobahame NO Hacraje moBehame apTepHjcKOr KpPBHOT IPHUTHUCKA.
Ennorenna auchynknmja je (akrop pusmka 3a HacTajambe OCETJBMBOCTH 3a CO M IMOCIEINYHE
xuneprensuje. [loehana oceTspUBOCT 3a co ce nedHUHHUIIE KAao 3HAYajHO moBehame BpeaHOCTH
KPBHOT MpUTHCKa HakoH moBehanor yHoca comu (=5 Q) u kapaktepuuie ce mnoBehamem
BPEHOCTH CHCTOJIHOT KPBHOT MpHTHCKa 32 10 MMHQ uiau BuIIe y OKBUPY HEKOJIHMKO CaTH O]
yHoca comu. Ocobe Koje cy oceTJbruBe Ha moBehaH YHOC COJM MMajy €HIOTEIHY AUCHYHKIH]Y
HacTaJly Kao MoCjeauia TeHCKux ¢akropa win dakropa cpeaune (39). Mehyrum, uHUIMjaTHA
pEeTeHIIMja HaTpHjyMa je KJby4Ha 3a XUIEePTEH31]y KOJl 0c00a OCeTIhUBUX Ha noBehaH yHOC coH.
[Ipema T'ajroHoBOM Mopeny, Be3a u3Mel)y apTEepHjCKOT TPUTHCKA U PEHAIHE EKCKpeluje
HaTpHUjyMa ce momepa yJIecHO KOJ MallijeHaTa ca XMIEPTEH3UjOM OCETJbMBOM Ha YHOC COJIH.
HaBeneHo yka3syje Ha YnmEHHILY Jia jeé KOJl 0c00a OCeT/bMBHUX Ha MoBehaH yYHOC coyid MOTpedHa
BUIIA BPEAHOCT apTEPHjCKOI KPBHOI MPUTHCKA Kako OM ce H3Iy4yusa JOBOJbHA KOJMYMHA
HaTpujyma Yy YycioBuMma nopemehene OyOpexHe ¢ynkuuje. Kao mnocnenuna mnosehane
OCTEJbUBOCTH Ha YHOC COJIM, IOCTOjU mpekoMmepHa npoaykuuja TGFp, unme ce nosehasa pusuk
3a HacTajame GpuOpo3e, OKCUIAIMOHOT cTpeca U cMameHe npoaykuuje NO (40, 41). XpouuyHo
BHCOK YHOC COJIM MCXPaHOM M3a3MBa €HAOTENHY AMCHYHKIM]Y U KOJl 0c00a KOje HUCY OCETIbUBE
Ha moBehaH yHOC coiu, a Takohe W3a3uBa W IPEBHY MUKPODIOpY, MITO 3a MOCICTUIly WMa
noBehamwe apTepHjcKor KpBHOT NMPUTUCKA M XUIIEPTEH3U]y U KOJI 0c00a KOje HUCY OCETJbUBE Ha
nosehaH yHoc conu (42, 43). Pesynratu BuIle HCTpaKMBamka Cy yKa3aid Ha 3Ha4Yaj CUMIIATHYKOT
HEpBHOI CHCTEMa XMIIEPTEH3WJU KOja je H3a3BaHa BHCOKHM YHOCOM COJIM. AKTHBaIMja
CUMITaTUYKOT HEPBHOT cucTeMa y OyOpeswma je 3HadajHa jep JIeHepBanuja OyOpera crpedaBa

pa3Boj XWUIIEPTEH3Uj€ HA aHUMAJIHHUM MOJIeIMMa CO-CeH3UTHBHe xunepreHsuje (44). Taxobe,
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MOKa3aHo je Ja nmoBehaHa cUMMaTWyKa aKTHMBAallMja M OKCHAALMOHH CTpPEC Yy MO3TY yTHUYYy Ha

Pa3Boj CO-CEH3UTHBHE XHUMEpTeH3H]e (45).

1.3.3. Yiora HaTpuypeTCKHX NeNTHIA Y Pa3BOjy XUIepTeH3Hje

ATtpujymcku Harpuypercku nentuz (enra. atrial natriuretic peptide - ANP) u moxnanu
HaTtpuypeTcku nentun (eHra. brain natriuretic peptide - BNP) umajy BaxkHe yinore y perynanuju
OCETJPMBOCTH Ha yHOC conu M Hactanky xuneprensuje. ANP u BNP wuzasuBajy mosehame
M3JIyYrBamka HaTpHjyMa ypUHOM (HATpuUype3a) M Ba3oaujaTaldjy ycien 4vera omoryhaajy
OJlp)KaBame PaBHOTEXe M3Mel)y yHOca HaTpHjyMa U apTepHjCKOT KPBHOT MPHUTUCKA, TIOTOTOBO Y
yciioBuMa nioBehanor yHoca HaTtpujyma (46). Hakon yHoca Behe konwumHe HaTpujyma,
nosehame apTepHjCcKOr KPBHOT IPUTHCKA U pacTe3ame MPEeTKoMOpa U KoMopa U3a3uBa nosehaHo
ocnobahame ANP 1 BNP, xoju u3a3uBajy CUCTEMCKY Ba30AWJIATAIN]y U CMambeHhe 3alpeMuHe
wiasmMe, ¥ TocieauuHo cMmameme KpBHor mnputhucka. ANP u BNP mnosehaBajy Op3uny
riIoMepyicke ¢uipanuje moBehameM TOHyca e(epeHTHE apTepuoie, Kao U CMambeHmhe
pearicopnije HaTpujyma AUPEKTHUM M MHIUPEKTHUM MeXaHU3MHMa. [[MpEeKTHH MeXaHH3MU
noapazymeBajy unxubunujy Na, K ATP-aze u Harpujym-Tiyko3a KOTpaHCHOpTEpa Yy
NPOKCUMATHUM TyOynuma, kao u uuxuOummjy ENaC y amcramHuMm, OOK WHIMPEKTHH
MEXaHU3MH YKJbYUy]y HHXHOUIIH]Y ocliobaljama peHrHa u anjgoctepona (47, 48).

Henocrarak HaTpuypeTCKUX MENTHIa U3a3KuBa XUMEpTeH3ujy. EH3uM KopuH (eHrJ1. COorin)
WIA aTpUjJYMCKH HATPUYPETCKU MENTHU-KOHBEPTYjYhM €H3MM je Y BEIHMKO] MEpU 3acTyIJbEH y
cpiLy ¥ Karanusyje npeBoheme HeakTuBHUX hopmu eHzuma ANP u BNP (ripo-ANP u npo-BNP)
y BHXO0Be akTuBHE (opme. Hemoctarak oBor eHsmma ce JOBOAM y Be3y 3a onrepehemem
BOJIYMEHOM, CPYaHOM MHCY(UIIMJEHIIjOM U CO-CEH3UTHUBHOM XUIEpTeH3H]oM (49).

Metabonanuky e(peKTH HaTpUypeTCKUX MEeNTHAa YKJbYUEHH Cy U Yy peryiaiujy JejcTBa
UHCynMHa U nertoreHe3y nujabereca tum 2 (50). Cmameme Bpennoctn ANP y nupkymauuju
npeAcTaB/ba NpeaucnoHupajyhu ¢axktop 3a pa3Boj MHCYJIMHCKE PE3UCTEHIM]E a IMOTOM U
nujabereca tun 2. Takolhe, moctoju HeratuBHa Kopenanuja usmely cepymckux Bpeanoctu ANP
u Merabonuukor cuHapoma. Hamme Hucke BpenHoctu ANP cy 3abenexeHe KoJ CTapHjuX,

rojazHux ocoda ca MeTabOoIMIKUM CHHIpOMOM (51).
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1.3.4. Yaora enioresia y peryJjanuju KpBHOT NPUTHCKA

Ennoren je riaBHM perynaTop BacKylapHOI TOHyca, a Takohe y BEIMKO] MepH
JTOMPUHOCH OCTJBUBOCTHU Ha YHOC conu Kpo3 cekperjy NO. Ennorenne henuje cunrerumry Behu
Opoj BazoakTUBHUX cymncraniu, npu demy NO uMa KbydyHy yJIOTY y peryiaidju KpPBHOT
nputucka. NO ce cunTeTumie u3 L-apruauHa Kpo3 peakiiyje Koje Cy KaTalu30BaHe JCIOBAbEM
eH3MMa a30T-MOHOKcH cuHTera3a (eHri. nitric oxide synthase - NOS). IToctoje Tpu nzodopme
NOS: engorenna NOS (eNOS), neyponamna NOS (nNNOS), koje cy koucruryrusae n Ca’'-
3aBHCHE, Kao ¥ jeaHa muayrubmiHa dopma NOS — INOS (52). O6e xoHcTUTyTHBHE (hOopMeE,
eNOS u nNOS, cy 3acTymibeHe y KapJUOMHOIIMTHMA JIEBE KOMOpE, aJld TIO0CTOje HM3BECHE
pasnuKe Be3aHe 3a CyOIeyapHy JIOKaIu3alujy, JoMuHaHTaH Mexann3am aktuBanuje (eNOS —
dochopmranuja u aktuBanuja kanmujymom, NNOS — camo akTHBaIMja KallljyMOM) B CTEIICH
npoaykuuje NO (eNOS 16 nmol NO/min, nNOS 96 nmol NO/min) (53-55).

Kon manmjenara ca ecenumjamHoMm xunepreHzujoM KoHueHTpauuja NO y miasmu je
CMameHa, Ka0 W €HJIOTENIOM IMOCpeIoBaHa BasoamiaTanrja. JJocTymHoCT 1 OHOpacoioKUBOCT
NO y BackymapHOM cHCTEeMy MOke ce moBehatu HehapMakoJIIOIIKUM METoJama, Kao H
dapmakonomkuM. Haj3nauajuuju HedapMakoJIOIIKU MEXaHHW3aM KOjUM ce moBehaBa CHUHTE3a
NO u ¢yHkuuja engorena KoOJ XHUIEPTEH3WBHUX IMalyjeHaTa je (u3muka akTUBHOCT (56).
[loBehawe pocTynmHOCTH cymncrpaTa, L-apruHuHa, kao M KogakTopa KOjU Cy YKJbYYEHU Y
cuatesy NO wmoxe nma nompunece mnobosemamy ¢yaknuje eNOS. XponnyHa opanHa
CyIUIEMEHTalllja TeTPaxuApoOHONTEpUHOM NpPEBEHUpA HAcTajame XUIEepPTeH3HMje KO IaloBa
KOJI KOjux je HedpekromujoM ykiIomeHo 5/6 OyOpera (57). Kibyunu nokas o 3Hauajy NO y
HacTajamby XHUIEPTE3Hje je YMIbEHHUIAa Ja MHIIEBH Kojuma Hemoctaje TeH 3a eNOS obaBe3Ho
pa3Bujajy xuneprensnjy (58). Muxubunuja npoxykmuje NO mpumeroM Ookatopa €H3UMCKOT
nyta 3a weroBy cuHtedy (NG-monomethyl-L-arginine - L-NMMA unmu N(w)-nitro-L-arginine
methyl ester - L-NAME) ce Bpio 4YecTo KOPHUCTH y EKCICPHMEHTAIHHM YCIOBHMa 3a
WHYKOBamke XMIIEpTeH3U]e U ucnuTuBamke 3Hadaja NO y perynarnuju kpeHor nputrcka (59). NO
UHTEparyje ca JApPyrdM cHUCTeMUMa U mpuiarohaBa WUXoBa JejcTBa Ha KapAHOBACKYJIapHU
cuctem (Cnuka 3).

Ennorenne henuje cekpeTyjy M BETUKH Opoj IPYTHX CYICTAHIM KOje MMAjy YIOTY Y
perymaiuju BacKyJIapHOT CHCTeMa, OWIJIO Jla M3a3UBajy Ba30oujIaTaIli]y MOIMYT: MPOCTAIUKINHA

u xurneprnonapusyjyher ¢akropa u3 engorena (enri. endothelium-derived hyperpolarizing
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factors), wmam BazokoHcTpukimjy momyT: engorenuHa 1 (ET1), mokamHo mpoayKOBaHOT
anruorensuHa ll, tpombokcana A2 u mpoctarmanguHa A2. ET1 je cHaxkaH Ba30KOHCTPHKTOP
KOjuU CBoje JejcTBO ocTBapyje mocpeactBom ET1 pemenTopa Ha BacKylapHUM TJIaTKUM
mumuhanm henujama (60). BazokonurpukropHo nejecrBo ET1 ce nenMMu4HO 3acHMBa W Ha
naxubunuju cuateze NO (61). Benauku Opoj CyIcTaHIM KOje W3a3MBajy Ba3oAMIaTaIlU]y IEIY]y
tako mTo moBehaBajy mpoxaykiujy NO, a wmehycoOna paBHoTe)ka wu3Mmely edekara
Ba30KOHCTPHKTOPHUX W Ba30JAWJIATATOPHUX CYIICTaHIM ojpehyje koHawaH, yKymHU edekar
€H/IOTEJIa Ha BAaCcKyJapHH TOHYC W KpBHU npurtucak. Arraronnctu ET1 penenTtopa cHUXaBajy

BPCIAHOCTH KPBHOI' IIPUTHCKA HAa CKCIICPUMCHTAIIHUM MOJCIUMa XI/IHCpTCHSI/IjC, Kao U KOI JbyIH

(62).

®BazoamaaTanmja
® CMaEE e KPBHOT
NpUTHICKL
® CMAKEHE
XMNEPTPOCHH]E ACBE
KOMOpE
oTTobomImamke CpYaHe
caabocru
eTlobommame
6ybpexHe caaboct
® CeHaMTU3A11]4 0~
NA Angll H,S IAPEHEPTMHEMK
‘ penenTopa
® Ba30KOH CTPUKILNjd —f
eTTopehame KpEHOT
NpUTHCKL
e XunepTpochija AEBE
KOMOpE
® CpuaHa caabocr
eBybpexHa caaboct
® AECEH3MTU3A1[M]a O
AAPEHEPTMYEMX
penenropa

Caunka 3. Cxemarcku npuka3 uHTepakmnuje a3or-moHokcuaa (NO) ca npyrum cucreMuma u
npoMeHa muxoBe pyHkiuje. AEA, ananmamun; 2-AG, 2-apaxunonmimmnepoi; CB1,
kanabuonuuu peuentop tun 1; eENOS, ernorenna a3oT-MoHOKcH T cuHTeTasza; NA,

Hopanpenanus; Angll, anruorensus Il; H,S, Bogonuk cyndun.
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Ennorenna nucdyHKIMja npeacTaBjba OCHOBY 3a pa3Boj xurmepreHsuje. HopmoTeH3uBHA
MOTOMIIM XWIIEPTCH3MBHUX pOJUTEJhba HMajy mopemeheHy Basoauiaranujy IMoCpeIoBaHy
enporeniom (63). ExnoTenna qucyHknmja y XpOHHYHO] XUTIEPTEH3UjH HACTAje Kao MOCIIeauIa
KOMOWHAIHje HEMOCPEIHOT JeNI0Barkba BUCOKOT MPUTUCKA Ha €HJIOTENa M MOBpEIe CHI0TeNa U
WH/IYKOBaWka OKCHIAIIMOHOT CTpeca, KOjU HAacTaje Kao MOoCJenuIa JeioBamba BUIIEC €H3UMA,
NADPH okcunaza, KCaHTUH OKCHZa3a, LIMKJIOOKCHIE€HAa3a, Kao U CMamema JIejCTBa €H3UMa
AHTHOKCHJIAIMOHE 3aIITUTE MOMYyT cynepokcun aucmyrasze (64). CuHTe3a CyNepoKCHI aHjoH
panukana (O;7) y BUIIKY, u3a3uBa cMame Ouopacnonoxusocty NO u nosehany mpoaykuujy
U3y3eTHO  TOKCHYHOr,  mpouHpiaamarapuor  nepokcuuutputa (ONOOQ').  Cmameme
ouopacnonoxuBoctd NO je kbydHu (akTop KOjU TOBe3yje EHAOTeNHY IUCHYHKIHU]Y U
OKCHJIALIMOHM CTpeC y maToreHe3u xumeprensuje (65). Ceu paxTopu koju moehaBajy akTHBHOCT
NADPH okcugaze, xao mto je anrmoreH3uH |l, mokpahma kucemmna, ET1, cucremcka

uH(IaMaIyja, HopaJpeHaInH, cI0001Ha MacHe KucenuHe (65).

1.3.5. CuMnaTH4Ky HEPBHM CHCTEM M XHIIePTeH3Hja

MexaHopenenTopy OCETJbUBU Ha MPUTHCAK (0apopenenTopH ), JIOIUPAHHA HA Pa3THUYUTHM
MECTHMA y apTEePHUjCKOM CTadlly UMajy BeoMa BaXKHY YJIOTY y peryJalfji apTepHjcKOr KPBHOT
nputucka. Kaporuaau cuuyc (yat. Sinus caroticus), mpomiMpere YHYTpallkhe KapOTHIHE
apTepuje, HEMOCpPeaHO M3HaA Oudypkanuje 3ajeqHUYKe KapOTHUIHE apTepHuje, CAapKU BEIUKH
Opoj GapoperenTopa Koju pearyjy UCTe3ame 3uja apTepuje, Kao mociueauie nosehama KpBHOT
IPUTUCKA, IIaJby UMITYJICE Y LIEHTPAJIHU HEPBHM CHCTEM, a Kao pe3yiTarT ce cMmamyje Opoj
UMITyJICA CUMITATUYKOT HEPBHOT CHCTEMa KOjH, CHIIMAaTHYKH BAacKyJapHH TOHYC, U Ha Kpajy
apTepUjCKU KPBHU MPHUTHCAK — KapoTuaHu Oapopedmakc (66, 67). CUMIATHIKN HEPBHU CHUCTEM
j€ aKTUBHHJU KOJ 0oco0a ca XWIIEPTEH3H]OM Yy OJHOCY Ha HOPMOTEH3MBHE 0OCO0€, Kao U KOJ
rojazHux ocoba, Ko MylIKapala y OJHOCY Ha jkeHe, koA Miahux ocoba y oJHOCY Ha cTapwje,
Kao W KOJl ManujeHara ca HHcypuuujeHuujom OyOpera (68-70). AKTHMBHOCT CUIMATHYKOT
HEPBHOT CHCTEMa MMa yIIOTy KaKo y HacTajamy, TaKO M y Tep3ucTHpamy xureprensuje. [Topen
aKTHBAIMj€ CHMITATHYKOT HEPBHOT CHUCTEMA, MTOCTOjH WHAKTHBAIMja MapacHMITATHIKOT HEPBHOT
cucrema.

[TocToju BHIIE Pa3TMUUTHX METOAA 3a MPOLEHY AKTUBHOCTH CHUMIIATHYKOI HEPBHOT

CHUCTEeMa, MOMYT Mepema KOHIEHTpalluje HOpaJpeHalWHa Yy IJa3MU, PETHOHATHO U YKYIHO
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ocnobahame HopagpeHasimHa W MHKpoHeyporpaduja (71). Mepeme KOHIEHTpaIje
HOpaJeHAIMHA Yy IUIa3MHU je TPAJAWIHOHATIHA W yoOWYajeHa MeToJa Mepema aJpeHepruiKe
aKTUBHOCTH, KOja C€ JIaKO U3BOJU M Ma IIMPOKY MPUMEHY, alli, ca APYyre CTpaHe, CEeH3UTUBHOCT
U PEenpoAyIIMOMITHOCT Mepema BJIO YECTO HHje Ha 3amoBosbaBajyhem HuBOy (72). Mepeme
PErMOHATHOT W YKYITHOT ociio0ahjamba HOpaJepHaIMHA je METoAa Koja Imojpa3yMeBa ymoTpedy
paaroo0enekuBaya, M MPEeBa3Wiia3y BHIIEC OrpaHUYEHa Koja MOCTOje KOJA HMPETXOJHE METOJIE.
MukpoHeyporpadguja je MUHUMaTHO WHBa3WBHA METO/Aa KOja MOJpa3ymMeBa JUPEKTHO
UHTpAHEYpATHO Oecliekeme e(PepeHTHE IOCTTAaHIJIMjCKe HEPBHE AKTUBHOCTU Y CKEJICTHUM
Mumrhuma u Koxu (72).

Pesynratu Benukor Opoja HCTpaKMBama IMOKa3yjy JAa y paHuM @Qa3ama pas3Boja
XHUMEepTe3nje, Mpe cBera KOJ MIaJaux ocoba, MOCTOjH HW3pa3uTa aJpeHEpruyka aKTHBAIlHja.
Tokom mocnenme OBE NEIEHHje TOCTOjU HM3Y3€THO HMHTEPECOBAMmE 32 YIOTY CHMIATHYKOT
HEPBHOT' CHUCTEMa y CIpPEe3U T'0ja3HOCTH, XMIIEPTeH3Hje M MeTabonnykor cuuapoma. Kopucrehn
MHKpOHeyporpajcka Mepema M Mepema pPEerHOHATHOT ocinobahama HOpagpeHadnHa Y
UCTpaXMBabUMa Ha XyMaHO] MOITYJIAIH]jH, TOKa3aHo je Ja U KOJ rojasHuX ocoda u Koz ocoba ca
€CEHIIMjATHOM XHIIEPTEH3UjOM IMOCTOju MoBehaHa aKTUBHOCT CHMIATHYKOT HEPBHOI CHUCTEMA.
Melhyrum, oOpasaly akTUBHOCTH CHMIIATHYKOT HEPBHOI CHCTEMa KOJA 0co0a ca eCeHIUjalTHOM
XHUIIEPTEH3MJOM U XMIIEPTEH3MjOM KOja je IMoBe3aHa ca rojazHounhy ce pasnukyje (73, 74). 3nauaj
CHMITaTUYKOT HEPBHOT CHCTEMa y HacTajalby XWIIEPTEH3Hje je BHUIIECTPYKO JOKa3aH Kpo3
BENMKU Opoj eKCIepuMEHTaTHUX Mojena xurnepTeHsuje. Kox xwumepreH3uje MoBe3aHe ca
rojasHoithy mocroju moehana OyOpekHa cHUMIATHYKa HEPBHA AKTHUBHOCT M TMOCIEAUYHO
nosehame pearcopriyje HaTpujyma y 0yOpe3nma, HITO 3a MOCIeIUIly UMa pa3Boj XUIEPTEH3H]e
(75). TloBehame KpBHOT MPHUTUCKA, HA EKCHCPUMEHTATHOM MOJIENy XHIIEPTEH3HMje H3a3BaHE
BHCOKHUM CaJIpKajeM COJIM Y UCXpaHHU, OUJIO je IUPEKTHO Cpa3MEpHO CTeneHy peHanHe Gubdpose
U CMamewy crone riomepyicke ¢unrpauuje. Ilopen tora, moBehana akTHBHOCT CHMITaTHUKOT
HEpBHOI CHCTEMa U3a3MBa EHAOTENHY AMCOYHKIM]Y akTUBamMjoM ol agpeHepruykux
perenTopa, Ba30KOHCTPUKIM]Y, Hpoiudepanujy BacKyJapHHUX TIJaTKuX MumuhHux henuja u
noBeharbe PUTHIHOCTH KPBHHUX CYJO0Ba, INTO JONPHHOCH HACTajalby M TEP3UCTHPALY
xuneprensuje (75). Penanmna neHepBanyja HM3a3uBa CMambeHhE KPBHOT IMPHUTHUCKA, YHMME Ce
MOTKpeIUbyje 3Hayaj CUMIATHMYKOT HEPBHOI CHCTEMa y €THOIaToreHe3u xumepreHsuje (76).

AHTHHaTpUypeTCKHu e(heKTH moBehaHe aKkTHBHOCTH CUMITATUYKOT HEPBHOT CUCTEMa C€ OCTBAPY]y
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KpO3 TpH TJIaBHA ME€XaHuU3Ma: nmoBahaHa cekperyja peHrnHa, CMalbeH TPOTOK KPBH Kpo3 OyOpere
(1 mociieIMYHO CMameHa rioMepylicka (uirpamuja) u nmosehana tyoynapsa pearncopmiuja (77).
WNK4 (With-no-lysine kinase 4), cepuH-TpeOHHH KOHa3a, jé HEraTHMBHU PEryJaTOp THAa3W-
ceH3uTuBHOr HatpujyMm-xijopua korpancnoprepa (NCC). V dusmonomkum ycmosuma WNK4
naxuoupa aktuBHOCT NCC y nucramHuM TyOyiauMa, Y4MMe ce CMamyje pearcopiiiija HaTpujyMma
1 OJpikaBajy (U3HMOJIONMIKE BpeaHOCTH KpBHOT mpuTHcKka (78). [Ipomene y yHoCy Harpujyma
ucxpanoM u TmoBehaHa cuMmaTWyka aKTHBHOCT cMamyjy peHanHy ekcrnpecnjy WNKA4,
noBehaBajy aktuBHOCT NCC, a camMuM THM U pearcopriyjy HaTPHjyMa, IITO 3a MOCIEIUIly HMa

noBehame KpBHOT nputucka (79).

1.3.6. Uuduiamanuja ¥ MMYHCKH CUCTEM Yy MATOTeHe3U XUIlepPTeH3uje

WNudnamanuja y BeNMKO] MEpH JONMPUHOCH Pa3BOjy XHUIEpPTEH3Wje, Kao U omTehemy
MOjeIMHUX OpraHa. 3amajbeHCKa peakiuja je yIpyxkeHa ca moBehaHOM MpOIycT/bUBOIIhY
BaCKyJIapHOT KopuTa M ocinobahamy MONHHX Meaujatopa, Kao INTO Cy PEaKTHBHE BPCTE
kuceonnka, NO, nuTokuHu U MetanonporenHase. L{luTokuHu n3azuBajy Gpopmupame J10JaTHOT
clioja y WHTUMHU aprepuja (HEOMHTHMMA) UYMME C€ CMamyje JIyMEH aprepuje, a IITO je
Haj3HAuYajHUje CMamyje ce JIyMEH apTepHoJa, Koje CTBapajy Hajehu oTmop mpoTHIamy KpBH.
Aptepuosnie cy 60orato MHEpPBUCAHE CHMIIATUYKUM HEPBHMA, TAaKO Ja I0jayaHa aJpeHepruyka
aKTUBHOCT, y3 (ubpo3y noBehaBajy pUrHaAUTET apTepuja U OTIOP NMPOTULAkY KpBU. LluToKnHM
nosehaBajy JOKaJdHy CHHTE3y AaHTMOTEH3MHOreHa M aHruoreHsuHa |l y OyOpesuma, uume
J0JIaTHO, y3 noBehame peTeHIrje HaTpujyMa U TEUHOCTH, JIONIPUHOCE HACTajalkby XHUIEPTEH3H]Ee
(80). Ilokazano je ma mocroju aucOamanc u3Mel)y KOHIIEHTpallyje TMOjeIUHUX ITMTOKHMHA KO
ocoba ca XHWIEpPTEH3WJOM M KOJ 3JpaBUX ococba, MpU YeMy Cy KOHIEHTpaluje
npouHduamaropuux nurokusa: lL-1la, IL-2, IL-8, BackymapHor engorenHor ¢akropa pacrta,
untepdepona y (IFN-y), dakropa tymopcke Hekpose o (TNF-0), MOHOIIMTHOX XeMOATPaKTHOT
nporenHa 1 (MCP-1) u emunepmanHor ¢gakrtopa pacra, Ouie MOBHIICHE, JIOK je KOHIIEHTPAIHja
anHTHHH(pIaMaTopHOT IUTOKMHA, |L-10, Omna cHmwkena (80). MaTpukcHe MeTalompoTenHas3e
KaTaJln3yjy pasrpalmpy BaHNeIHjCKOr MaTpHKca, yuMe ce omoryhaBa MH(uUIATpanmja UMyHCKUX
henuja Kpo3 3u1 KPBHUX CyJI0Ba y MHTEPCTUIMjYM OpraHa 3axBaheHOor 3amajbeHCKUM IMPOLIECOM,
YrMe ce TIOCIeIIyje aronTo3a W CTBapame KOJIareHa, IITo 3a pe3yaTar uMa omTeheme oprana

(81, 82).
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VY ekcrnepuMEeHTATHUM MOJIeIMMa XHUIIEPTeH3HU]e TTOKa3aHo j€ J1a MOCTOju WH(UITpainja
MepUBacKyJapHOT MacHOT TKHMBa henmjama ypoheHOT MMyHCKOT cucTreMa (AeHapuTcke henwje,
NK (eurn. natural Kkiller) henwje u wmonouutH/mMakpodaru). Pesyararu Beher Opoja
UCTPaXMBamka yKa3yjy Ha MOTEHIMjaliHy yJIory Makpodara y naToreHe3Hu BacKyJlapHe MOBpee U
xunepTeHsyje. Ha npumep, MUIIEBH KOjU pa3BHjajy OCTEONIOPO3Y U KOjU MMa]y (PyKHKIIMOHAITHO
nedunmrjeHTHE Makpodare (MyTamyja TeHa 3a (GakTop KOjU CTHMYJIHUIIE pa3BOj XEMaTOIIOE3HE
JIuHUje U3 Koje Hactajy makpodaru — Csfl), ocTajy HODMOTEH3MBHU M UMajy Mambe omTeheme
€HJI0TeNa, pa3BHjajy MarbH CTEIEH BACKYJIAPHOT PEMOJICIOBAkba U OKCUAALMOHOT CTPECa TOKOM
uHdysuje anrunoreHsuHa |l win TokoM mpuMene aeokcukoprtukocrepon-aerara (DOCA) (83-
85). Takohe, Kox MuUIlIEBa, KOjUMa j€ €KCIICPUMEHTATHOM IPOLEAYPOM M MPUMEHOM TOKCHHA
mudreprje n3BpiIeHa abianyja cucreMa MOHOLIUTa U Makpodara, u3octajo je nosehame KpBHOT
MIPUTHCKA, KA0 W BacKyiapHa xuneprpoduja, eHmorenHa mucyHKuja, 1 mopehana nmpomykiuja
pEaKTUBHUX BpcTa U nHGpIamMaTtopHux Meaujatopa (86). Monorut 1 Makpodaru eKCpuMupajy
penentope 3a aHruoteH3uH ||, ka0 U MHHEPATOKOPTHKOUJHE pEIEeNnTope, 4Yuja aKTHBAIlHja
n3asuBa nosehame aktmBHOCcTH NADPH oxcumasze um cieactBeHy MHAYKIHU]Y OKCHAAIMOHOT
cTpeca, kKao u nmosehame npoaykuyje nporH(pIaMaTOPHUX MUTOKWHA. AKTHBHPAHU Makpodaru
crumymuiry NK henuje na npoaykyjy npouHgiamatopHe UTOKHHE, Kao mto je IFN-y (87).
IToBehana cuHTe3a peakTUBHUX BpCTa MOA yTHIIajeM Makpodara u3asuBa nosehany npoaykiujy
XEMOKMHA ¥ QJXE3MBHHX MOJICKYyla, cMmameme OuopacrnonoxuBoctd NO, xurmeprpodujy
BaCKyJIapHUX TJIATKUX MHIIMha W aKTHUBAIM]y MAaTPUKCHUX METaJIONMpPOTEHHAa3a, IITO PE3yITYyje
BacKyJapHOM AUCYHKIHjOM U pemoenoBameM (88, 89).

I'eneTcka npenucnosuiyja 3a onpehene oOMke CTEYEHOT UMYHUTETA CE JOBOJU Y BE3y
ca CMambEeHUM UMYHCKHM Ha/J30poM M noBehameM 3amabeHcke peakiuja. CMameH MMYHCKH
HaJ30p BEPOBATHO HAcTaje Kao mocieauiia nopemehenor Opoja win pyHKIuje perynaropuux T
auMponunTta (Treg). JeqHa o Xxunoresa 3acTyna CTaHOBUILTE Ja M0jadaH MH(IAMATOPHU OATOBOP
CTEYEHOT UMYHCKOT CHCTeMa UMa Be3€ ca FeHCKOM MPEINCIIO3UILINjOM YCIOBEJbEHOM JIOKYCOM Ha
XpOMO30MY 2, KOjJU CaJip>KU BUILIE MPOUH(IaMaTOPHUX T'€Ha KOJU KOJUPA]y aAXE3UBHH MOJIEKYJ
Backynapuux hemuja (VCAM) 1, IL-2, pernenrtop 3a IL-6, ¢pubpoGmactan dakrop pacta 2 u
peuenitop 3a anrunotensun (AT1b) (90, 91).

IITo ce Tuue xymaHe momyianuje, Hajsehu Opoj ucTpakuBama ce 0aBU Be3oM u3Melhy

noBehawa BpPETHOCTH AapTEPUJCKOr KPBHOI NPUTHCKA M BPEIHOCTH IOJEIMHUX Mapkepa
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nHpamanuje y 1iasMu. Pesynrtatu jemqHOT O NMPBHX MCTPaXKMBamka 4YHja je Tema Ouia
MOBE3aHOCT M3Mel)y BpeHOCTH KPBHOT MPUTHCKA M BPEAHOCTH MapKepa TUXe MHQIaMaiuje y
IUTa3MH, YKa3ajdd Cy Ha YMICHHIY Cy je ToBehame BPEJHOCTH CHUCTOJHOT KPBHOT MPUTHUCKA,
MNyJCHOI TPUTHCKA W CPEAmer apTepUjCKOT TPUTHCKA Yy TO3UTHBHO] KOpeJauuju ca
BpenHocTMa uHTepiieyuHa 6 (IL-6) u wmHTEepuemymapHoOr aaxe3uBHOT MoJjekyina 1 (eHri.
intercellular adhesion molecule 1 - SICAM-1), meaujatopa KOju IOCPEAyjy Y aaxe3uju u
MUTpaIMjy JISYKOLUTa Kpo3 eHnotenny 6apujepy (92). Hapenna ucrpakuBama Cy ykaszajia Ha
Be3y u3Mel)y npyrux meamjatopa 3anabema, nomnyt C-peaxtusHor nporeura (CRP) u TNF-a ca
ecennjannom xuneprensujom (93). Ca apyre crpane, mokasaHo je faa ¢y 6poj Th17 mumdorura
noBehaH y HMpKynanuju naiyjeHara ca KOpoHapHOM BackynapHoM Oounenrhy (94).

3anajbeHCKM MEXaHM3MH HMajy jeaHy OJ KJBYYHHX YJlora y NaTo(u3HUOJIOTHjH
XHUIIEPTEH3Uj€ U KapIMOBaCKylIapHUX oOoJbema. [lopemehaj paBHOTE)KE M3Mel)y MPOTEKTUBHUX
Treg MuMdonura ¥ NporMH(IAMATOPHUX U LUTOTOKCHYHUX Makpodara u edexropckux T
nuM@oIMTa MOXJA TPEACTaBibajy jeJaH OJ HMHUIMjaTuX (akTopa y pa3BoOjy XHUIIEPTEH3H]E.
Haba uctpaxuBama Koja 0u qyoipe oOyxBaTtmia ynory T nmumdoruTa, MOXaa oMoryhe HOBa,
0oJpa TepamujcKka pelierma, Kao W MOBOJPHH]E MCXOJE XWIIEPTEH3Wje€ M KapAHOBACKYJIapHHUX

0oJiecTH.

1.3.7. OxkcuaanuoHM cTpec U XuIepTeH3uja

3ajeHMYKM UMEHUTEsb HajBeher Jiena naTo(u3noIoIIKIX MeXaHn3ama Koju Cy HaBeJIeHH
y TPETXOJAHOM TEKCTY j€ OKCHIAnmoHu ctpec. OKCHIAMOHU CTpeC MpejcTaBiba mnopemehaj
paBHOTEXe H3Mel)y MpoayKiuje M eIMMHUHAlMje peakTUBHUX BpcTa, Omio 300r mnoBehama
IPOAYKIMje WIM 300I CMamema cTeneHa enuMuHanuje. Haj3HauajHHju OOMUIM pEeaKTHBHUX
BpcTa y (PU3HOJIOTHJU U NATO(U3NOIOTHjH KapIUOBACKYJIAPHOT CUCTEMa CBAKaKO MPECTaBIbajy
peakTHBHE BpcTe KuceoHHKa (eHri. Reactive Oxygen Species - ROS) u peakTuBHE BpCTE a30Ta
(enrn. Reactive Nitrogen Species - RNS).

ITopen TpamumuoHaiHT cxBaTama yinore ROS, kao MTETHUX CHOpPEIHUX MpOoJyKaTa
€HEepPreTCKOr MeTaboIn3Ma y MUTOXOHpHjaMa, y MaTOreHe3! MIMPOKOT Jfjana3oHa 00JIecTH, cBe
BUIIE NaXme ce nocsehyje ynozu ROS y ¢usnonomkum ¢ynknujama henuje. Haume, ROS
yTHUy Ha BEJMKM OpOj CUTHAJIHMX IyTeBa, YKJbydyjyhu MHUTOr€HOM aKTHBHpaHE NPOTEHUH

kuHaze (MAPK), tuposun kunHaze, Rho kunazy, ¢axrope tpanckpunuuje (NFxB, AP-1, u
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HIF-1), m mnporenn Ttupo3uH d¢ocdaTaze, KoOju HUMAJy KJbYUHE VYIJIOTe Yy peryjanuju
Haj3HavajHUjuX henujckux Qynkimja (95).

ROS macrajy y kackaam peakiyja KOjy WHUIUPA TPOAYKIHja CYMEPOKCHJ AaHjOH
pamukana (O;7), KOju MMa pelaTHBHO KpaTak MOJYKHBOT, U Op30 ce NPEBOAM Y BOIOHHUK

nepokcun (H207) y peakuuju qucmyranuje:
2H" +20,” — H,0, + O,

HaBenena peakmuja ce oJBHja CIOHTaHO, Maja jeé MHOro demrhe KaTalu3oBaHa HEKHM O]l
uzohopmu eHzuma cynepokeun aucmyrase (SOD). O, Hacraje oxy3uMameM jeJHOr €J1EKTPOHA
MOJIEKYJICKOM KHCEOHHKY, YCJIEJ 4era Moke Ja Jiellyje W Kao peaykyjyhu m xao okxcumyjyhu
areHc y OWOJIOIIKMM CHCTEMHMa, y 3aBUCHOCTH O] PEIOKC NOTEHIIMjala MOJIEKyJa ca KOjuM
crymna y peakuujy. Umajyhu y Buay na O, uMa KpaTak MOJYKHBOT, FEroB 3Hauaj ce y Behoj
MepH orjieia y MPOAYKIHUjH IPYTUX PEaKTUBHHUX BPCTA, KOJH MMajy TyXKH IOJYXHBOT M Behu
JECTPYKTHBHH MMOTEHIMjalI, HomyT xuapokcui paaukana (HO") wim nepokcurutpura (ONOO™).
3a paznuky ox Oy, HyO; je 3HaTHO cTabHiIHUjK Y (DU3HONOMIKAM YCIOBUMA, a nMajyhu y BUIY
7la HeMa eJIEKTPUYHU Ha0oj, TMIO(QUIAH je U JIaKo MPOosa3y Kpo3 MeMOpaHe, ycies yera CTymna y
peakiyje ca MOJIGKYJIMMa KOju Cy Ha Behoj ymasbeHOCTH O] MecTa HheroBe Mpoaykiuje. Y
¢uznonomkum  ycimouma H;O, wma Behum Opoj Owomomkux edekara: w3a3uBaEbE
Bazo/AMJIaTalMje, aKTHUBallMja Mpoleca TPAHCKPHUIILUje TeHa, Memame (pochaTasHe aKTUBHOCTH
WM akTuBanyja apyrux obmmka ROS. Kartamaza u  rioyraTHOH —HEpoOKCcHaasza, Kao

AHTHOKCHIAIMOHH YMHHOIH JaJbe peaykyjy HoO2 10 Bosie M MOJIEKYICKOT KHCEOHUKA:
2H-,0, —- H,O0 + O,

Mujenonepokucuiase, NpeacTaBibajy Ipyny eH3uMa Koju Katainusyjy peakuujy usmehy HoO, u
xmopuanor jora (CI7), npu gemy ce Harpaljyje xumoxsiopra kucenuna (HOCI ), jak okcumaHc
M3Y3€THO BHCOKE peakTUBHOCTH. [lpyre mepokcupaase karanusyjy peakuuje uzmelhy H.Op u
IpYTUX aHjoHA, IPH YeMy HAcTajy APYTH OKCHIAHCH. [IpeTX0HO MOMEYTH XUAPOKCHIT PaluKal
(HO') nacraje y Xabep-Bejcosoj (Haber-Weiss) peakuuju, kama O, Tpemaje jefan elneKTpoH
H,0,. HO" nacraje u y ®enrononoj (Fenton) peakuuju rae H,O, npeysuma enextpon ca depo-
jona (Fe?"):

18



JlokTopcka quceprariyja bubana JakoBspeBuh

0," + H,0, —» 0, + HO" + HO - Xabep-Bejcosa peaxuuja

Fe?* + H,O;, — Fe®* + HO" + HO ™ - @enmonosa peaxuuja

HO’ npencrasiba jenan o HajpeaktuBHUjuX 00muka ROS, Koju BpIIo JIako CTyla y peakiuje ca
BEJIMKUM OpojeM Oumomosekyna kao mrto cy mnporewnH, Jmnuad, JHK. ONOO™ nacraje y
crionTanoj peakuuju usmehy O, u NO, a npu QU3HOIOMIKKM BPEJHOCTHM YIIIABHOM MOCTOjU Y
nporoHoBaHoM 00Ky - HONOO. HONOO ne mocenyje enekTpuyHu Ha00j u 1ako qudyHayje
KpO3 JIMITUIHA J[BOCIIO] MEMOpaHa, U MOKE XOMOJIM30M ja a4 3HatHe koiamunue HO'. Tlomyt
HO’, u ONOOQO™ je u3y3eTHO peakTUBaH M JIAKO W3a3MBa OKCUAALIMOHO omeTheme Benukor 0poja
ouomonekyna (unuau, nporensan, JJHK).

I'maBuu u3Bop ROS y opranmsmy cy emsumu NADPH oxcunaze. NADPH okcunase npsu
MyT OTKpUBEHE y henujckoj momynanuju Garonura, Ka0 eH3UMCKH KOMILIEKC KOJU CE CacTOju U3
BUllIe CyOjelMHUIIA, M KOJU MUMa LIEHTAJIHY YJIOrY Y MHIYKIHMjU OKCHJIALIMOHOT IIpacKa, YuMe ce
NPAaKTUYHO H3a3WBa CMPT WHBAa3WBHUX MHUKpOOpraHuzama. HakoH Tora OTKPHUBEHO je BHIIE
nzopopmu NADPH okcunaze, Nox emsumu (Nox1 — Nox5) u Duox ensumu. OBu eH3uMHU Cy
pasnuuYUTO TUCTpUOyHpaHHU y TKUMBUMa, na Tako je NOX1 eH3uM Bullle 3aCTYIUbEH y KOJIOHY,
muinhuMa, mpocTaTH, MaTepULd U KPBHUM CYJOBHMA, /€ UMa BaXHY YJIOIY y peryjaunuju
KpBHOT niputrcka. NOX2 n3a3uBa NpeTXoAHO MOMEHYTH OKCHJIALMOHU Mpacak y (arouuTuma, a
Takohe je 3acTyIJbeH y eH0TeHnM henrjama u Tyoynapaum henujama 6yopera. NOxX3 nocroju y
(deTamHUM TKUBUMAa U YHYTpAllkEeM YBY, IJie UMa BaXKHY yJory y (YHKIHMjU BeCTHOyIapHOT
amapara, a NOX4 eH3uM je 3acTylJbe€H y KpBHUM CyJOBHMMa, OyOpe3uma M KOCTUMa, U HEroBa
(GyHKIMja je BaKHa y peryialuju BacKyJlIapHOT cHCTeMa M CUHTe3u eputTporoetnHa. NOXS je
Ca®" 3aBuCHN eH3UM KOJU ce akTUBHUpa ycien rnoehama yHyTaphesanjcke KOHIIEHTpaIje Ca®* y
TUM(QHUM 4YBOpPOBHMA, TECTUCHMMa M KpBHUM cynoBuma. IloBehana excmpecuja NOX5 je
3a0eneXeHa y aTepoCKJIEPOTCKUM Jie3WjamMa W M3rjela Ja je CTENeH eKCIpecHje cpa3MepaH
KoMIUIekcHocTH Jsie3rje (96). Duox1/2 eHsumu umajy yjiaory y CHHTE3M XOPMOHA IITHTAcTe
KIIessie.

AxktuBaija NOX eH3MMa 3aBUCHM OJf TpaHCIOKallMje M BE3MBamba Pa3IMUUTHX
LUTOIUIa3MAaTCKUX CyOjeIMHMLIA, YWja je yjora crabuiau3aiuja MPOTEHMHCKUX CyOjeIuHHIIA
eH3nMa. Be3uBamwe UTOMIIA3MAaTCKUX CYOjeIMHUIIA U aKTUBAIMj]y €H3MMa U3a3UBajy Pa3IMuUuTH

(dakTopu momyT WHGIAMATOPHUX ITUTOKWHA, (akTopa pacTa, MEXaHUYKEe CHJIE W pPa3HHUX
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aronncra G-mporewH moBe3aHux perenrtopa. LITo ce THYe KapAMOBacCKyJapHUX 000JbEHA,
3HayvajHa je unmbenuna aa Angll akrusupa NADPH okcunase, mocpeacTBoM aHTHOTEH3MHCKUX |
(AT1) pemenrtopa W CUTHAJIHOI IMyTa KOju YKJbydyje C-Src, mporemn kuHazy C (PKC),
dochonunazy D (PLD) u dpochonumnazy A, (PLAR) (97).

NADPH okcumaze momohy xem rpyre Koja caap>ku JBOBAJICHTHO I'BOXhe (Fez+) npeHoce
jeIaH eNeKTPOH KHCEOHUKY, IIPU YeMy C€ OH peayKyje. Ycien Tora, TNIaBHU MPOAYKT S€H3UMCKE
axtusHoctd NADPH oxcunasze tpebano 6u na Oyme Oy, anM MepemeM ce MOKa3auo 1a Ce
noBehaBa mponykiuja HyO,. CrpykrypHe ocobune NOX4 enHsuma ykazyjy Ha MoryhHoct
3aapxkaBama Oy 10K ce crioHTano He aqucmyryje y HoO0; (98).

VY u3BECHMM CTambMMa €H3UMH a30T MOHOKCH[ CHHTeTa3e (eHrij. nitric oxide synthase -
NOS), ymecro cuateze NO Mory nma mocraHy 3HAaTaH M3BOP PEAKTHBHHX BPCTAa M CIOO0OIHUX
paaukana. Y HemoctaTky kodakropa terpaxuapoduontepuHa (BH;) wnmu L-aprununa, xao
cymcrparta, jAosasd a0 pasaBajama (enri. uncoupling) NOS, mpu yemy cunrteTHiny Behe
kommunne O . Pasasajarbe NOS u mocieanuno nosehame npoaykuuje ROS je 1oKkyMeHTOBaHO
y pasnu4yuTEM 000JheHUMa, IMONMYT XHIIEPTEH3HU]E, aTepocKiepose, Aujadbereca W MCXEMH]|CKO-
penepdysuonor omrehema, mpu vemy opaiHa cymiemeHTanuja BH,; OutHO mobosemasa
Gyukuujy enmorena ycnen Bpahama NOS u mosehama mnpoxykimje NO ymecto O, .
Cymnementanmja BHs cmamyje moBehame apTepujcKor KpBHOT MPUTUCKA E€KCIEPUMEHTATHO
M3a3BaHO aHTHOTEeH3MHOM || uan ucxpaHoM GoraToM cosby, AOK Y XyMaHO] MOMyJAIUjU CMambyje
BPEIHOCT KPBHOT MPHUTHCKA KO/ 0coba ca xuneprersujom (99-103).

Kcantua okxcumopenykrasa je Apyrd KBaHTUTaTHBHO Outan u3Bop ROS y henwmjm.
Kcan3un okcuaopenykrasa TOCTOjM y JBa OOJMKa, KCAHTWUH JEXWIpOreHa3a W KaCHTHH
OKCHJ1a3a, PU YeMy KCAaHTUH JAEXUAPOTreHasa KaTaau3yje MpeHoC eNeKTPOHa ca XUIMOKCAHTHHA U
kcantuna Ha NAD' npu uemy Hactaje NADH u MokpahHa KucenuHa, JOK KACHTMH OKCHasa
Karanusyje TpaHcgep eneKTpoHa ca MOMEHYTHX cyrctpara Ha O, pu yemy HacTtajy O u Hy0;
(104). OmHOC eH3uMMa KCaHTHH JIEXUAPOreHa3e M KCAaHTHUH OKCJa3e je OJ KJbYYHOT 3Havaja 3a
nponayknujy ROS y henwju, npu demy ce KCaHTHUH JASXUIPOTeHAa3a MPEBOIHN Y KCAHTHH OKCHIA3y
OKCHJIOBamk-EM ITUCTCHHCKUX aMUHOKHCEIIMHCKHX ocTaTtaka aenoBatbeM ONOO™ (105). HaBeena
TpaHcopmallija eH3uMa ce JelllaBa y cTambiuMa MonyT HHGIaMalrje U XUIOKCHje, 1 BEpPOBATHO
nonpuHocu noehawy npoaykuuje ROS u MHAYKIMjM OKCUIAIIMOHOT CTpeca Y OBHM CTambHUMa

(106). Pesynratu BHIIE HCTpaXMBamba, KaKO Ha CKCIIEPUMEHTAIMHM MOJEIIMMa XHUIEPTEH3H]a,
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Tako M Ha XyMaHO] MOMYJAIMjU TallMjeHaTa ca XWUIEPTEH3WjoM, TOoKa3ajo je Besy u3Mely
KCaHTHH OKcHaase u xuneprensuje (107-110).

MuTtoxonnpuje cy henmjcke opranene Koje caapxe 5 eH3uMckux komriekca (I - V) y
KOjUMa Cc€ Kpo3 TpaHCHopT enekrpona cuHTeTuime ATP. EnekropHM ce CEKBEHIIHjaTHO
tpancnoptyjy ca NADPH kpo3 cBaku on komruiekca on | 1o V, npu yemy je V kommuiekc ATP
cuHTeTa3a. TOKOM OBOT TpaHCIOpPTA EJIEKTPOHA JOJa3H JO ,,Iypema™ eJICKTPOHA, MPH UYeMy
nacrajy Oy u HyO,. [lucdyHKIMja MUTOXOHIPH]ja TpecTaBiba riaBHu u3Bop ROS y henuju y
pa3nuuuTUM natopu3noNomKUM crambuMa. Ilokasano je na y matorene3u xumepreHsuje ROS
Hacraje kao mocienuna akTuBHOCTH NADPH oxcupase, ynase y MUTOXOHApPHjE U HM3a3HUBAjy
ypeme enektpona u nosehame cuarede ROS (110). Takohe, uctpakusame ayropa Doughan u
capaJlHMKa yKa3dyje Ha UYMICHHIY Ja aHTHOKCHAAHCH KOjU JeNyjy Ha HHBOY MHTOXOHJPH]a
eUKacCHO MPEBEHUPA]Yy HACTajale XUIIEPTCH3H]E, a Takohe MMajy TIOBOJbHE Teparujcke eeKre
HE eKCIEPUMEHTATHUM MojenuMa xumneptensuje (111).

AHTHOKCHIAaHCH Cy MOJICKYJIM KOjU CIpeYaBajy OKCHAAIU]y IPYTHX MOJIEKYJa,
VIJIaBHOM TaKO INTO camMH OWBajy okcugoBaHu. CBU OpraHm3MH, o]l OakTepuja IO HYOBEKa,
pa3BwiM cy OpojHE MEXaHM3ME aHTHOKCHAALMOHE 3allTUTe, UMajyhu y BUIY BHCOK cajpxkaj
KHCEOHMKAa Yy Hamoj armocdepu. [NaBHU yHyTapheiawjcKM aHTHOKCHIAIMOHM MEXaHH3MH
YKJbYUyj]y eH3uMe cynepokcus aucmyrasy (SOD), katana3zy (CAT) u riiyTaTHoH mepokcuaasy
(GPx). SOD, kao mTo je MPeTXOJHO MOMEHYTO Karamusdyje peakuujy mucmyramnuje Op , mpu
gemy Hacraje H,O,. Ensumckum nenoBamem CAT u GPX H,0; ce mame pasznaxe g0 H,O u O,.
PenykoBanu riyratnon (GSH) je TpumenTHa KOju ce CacTOju OJ TIIyTAMHUHCKE KHCEIWHE,
[IUCTEWHA W TIMIMHA, 8 EroBy CHHTE3y KaTallM3yje €H3UM TiyTamar nuctewH Jymraza - GCL
(panuje HazBaH GSH cunrerasa). GSH ce cunrermimie y mutoruiasmu cBux henmuja cucapa
Op3MHOM KOja 3aBHCH O] JIOCTYIIHOCTH IMCTE€MHA, Kao €eCCHLMjaJHe aMHHOKUCEIMHE, U
aktuBHOCTH eH3uMma GCL. Jeman on rmaBHmx (aktopa xoju moBehaBajy ekcripecujy reHa 3a
GCL, nmoseharajy aktuBHocT GCL, a mociemuuno u kommunHy GSH je okcmumammoHu crpec.
I'myratnoH ce nako okcuayje y nucyinduanau oomuk (GSSG), koju Moe MOHOBO Ja Ce€ BpaTH y
pelyKOBaHU OOJHMK JIeIOBamkbe€ €H3MMa TIJIYTaTHOH pEeOyKTasze, Koja Kao KOEH3MME KOPHCTH

NADPH u FAD (112):

NADPH + GSSG + H" — NADP" + 2GSH
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Kon 3apaBux ocoba Hejsehn 1eo rayraTHoHa ce Hala3u y peaykoBanoMm o0suky (GSH),
JIOK je camo Majia kojaudrHa okcugoBaHa (GSSG). HekonMko riyTaTHOH-3aBUCHUX €3HUMCKUX
myTeBa CIpeuaBajy oOKcuaanuoHa omnrehema henuja: riyratuon nepokcumasza (GPX), koja
kopuctu GSH kao kodaktop Toxkom penyknuje HyO, u oOpraHckux XUAPOMEPOKCUAA, H
IIyTaTHOH TpaHcdepasa, koja takohe kopuctn GSH kao ¢akrop y peaknujama ASTOKCHUKAIIH]E
BEeJIMKOr OpHja IITETHHX jeAubema, YKIbydyjyhu kceHoouortuke (113). Pesynmatu Bure
UCTpaXKUBamka Cy IOKa3alld Ja IOCTOjU Kopenanuja u3Mmel)y merabonm3ma TIIyTaTHOHA U
xuneprensuje. [lokasano je nma je xoHmentpamuja GSH cmamena y epuTporuTMa
XUTNIEPTCH3WBHUX TallMjeHaTa, Kao U Ja je KoHieHtpanuja GSH y HeraTuBHO] Kopenamuju ca
BHCHHOM CHCTOJHOT KpBHOT mputucka (114, 115). Takohe, moka3zaHo je ma moctoju mopemehaj
aKTUBHOCTH €H3MMa YKJbYYEHUX Yy MeTaboyM3aM TIIyTaTHOHA KOJI XUIIEPTEHUBHHUX MallljeHaTa.
Ca gpyre crpaHe, pe3yiTaTd HCTPaXKMBamba yKa3yjy HAa UYUICHUILY J1a AHTUXUIEPTECH3UBHA
Tepamuja CcMambyje OCHIAIMOHHU cTpec, moBehaBa koHneHTtpauujy GSH wu cmamyje
konueHrpanujy GSSG (116).

Naxo mocToje jaku JoKa3| Koju yKa3yjy Ha kibyuny ynory ROS u okcupanmoHor crpeca
y TIATOTCHE3H BEJIHMKOT Opoja 00secTH, Tepanujcka IpUMeHa aHTHOKCHIaHACa HUje Jalla KEeJbCHE
pesyarare. Kimmuanuka crymuja u3 2005. roguHe je ykaszaja Ha HEYCIEIIHOCT CyIJIeMEeTallHje
BuTaMMHOM E, Kao CHaXHUM aHTUOKCHUIAHCOM, Y TPEBEHIUjU KapuuHOMA U
KapAMOIaCcKyJapHUX OOJIECTH, a TaKaB CTaB Cy MOTBPIMIN M PE3yITaTH CKOPHje METa-aHaIH3e
koja je ooyxsaruina 300.000 ucnuranuka (117, 118). Panuja uctpaxuBama cy rnokasajia U3BECHE
OeHeduTe KO/ MalyjeHara ca XUMepTeH3UjoM yciel IpUMEHe MOjeJMHUX aHTHOKCHAaHaca, 10K
Cy pe3yaTaTH CKOPHUjUX HCTpPaXMBama yKa3adl Ha YHMICHUIY Ja MPUMEHa aHTHOKCHAaHaca
HEMa yTHUIlaj Ha BPEJHOCTU KPBHOT IPUTUCKA KOJ XUIlepTeH3UuBHUX nanujenara (119, 120).

Ennoren perynuine BacKyJgapHU TOHYC ocioOal)ameM eHIOTeTHIX Ba30KOHCTPHUKTOPHUX
¢dakTopa M €HJOTETHUX Ba30JMJIATATOPHUX (PAKTOpa, MPU Y€MYy OKCHJIALMOHU CTpEC M3a3MBa
nopemehaj paBHOTEXE y CHHTE3M M OHOPACHOJIOXKHBOCTH OBHMX MOJIEKYJa, IITO H3a3MBa
eHgoTenHy nucyHkujy. JemaH oJ KIbYYHHX MeIujaTopa KOjU H3a3uBa €J0TeI-3aBUCHY
penakcaijy KpBHuUX cynoBa je cBakako NO. JemaH oj K/bYYHHX MEXaHH3aMa KOjUMa
OKCHJAIMOHM cTpec cMmamyje aocTynmHocT NO, kao ImITO je MpeTXoJHO HAaBEJCHO, j€ peakiuja
usmel)y NO u O, . Takole, ,,pasnBajame cydjenununia NOS y ycroBiUMa OKCHAAIMOHOT CTpeca

u3zasuBa nosehany cuntesy Oy, ymecro NO, unme ce nomatHo cammbyje pacmonoxuBoct NO.
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ONOO™ u H,0; noBehaBajy ekcrnpecHjy W aKTUBHOCT €H3UMMa apruHase, KOju Kao CYyICTpar
kopuctu L-aprunun, kao u eNOS, ycnes dera ce cMamyje konuuHa L-apruauna kao cymncrpara
3a cuaTesy NO (121). Oxcupandja MacHHX KHCElIMHA NEIHjCKMX MeMOpaHa, Npe cBera
apaxuIOHCKE KHCEIMHEe, N3a31Ba CTBapame Fp-n30mpocrana, yija KOHIICHTpalKja je OBUIICHA
Ko ocoba ca moBehaHUM OKCHIAIIMOHUM CTPECOM, alu Takole M Koj 0coba ca XHIEepPTEeH3UjOM
(122, 123). F,-u30mpocTanu MpeKo TPOMOOKCAHCKHMX PEIIENTOpa M3a3HMBajy Ba30KOHCTPHKIIH]Y
(124, 125). ROS memajy cTtpykTypy u GYHKIH]Y cpeamer cioja (tunica media) 3umoBa KpBHHX
CyJOBa Tako IITO M3a3MBajy XUMEPTPO(H]y BACKYJIApPHUX TJIATKUX MHIINha, YiMMe ce H3a3uBa
3ame0sbaBamkbe 3UJa W CMamkeHke aujaMeTpa KpBHHX cynoBa. Mmajyhw y Bugy na, mpema
[Toa3ejeBoM 3aKkoHY, HAMjaMeTap Haj3HAuajHUje YTUYE Ha KOHIYKTAaHCY KpBHHUX CYIOBa,
CMambEHEM JIMjaMTpa KpPBHUX Cy/l0Ba, oBehaBa ce OTHOp NMpOTUCAky KPBH, a CAMUM THUM U
aprepujcku KpBHuU nputucak (126). Ilosehana nponykumja ROS y BackymapHoM cuCTeMy
CTHUMYJIMIIIE CHHTE3y KojareHa W (uOpOHEKTHHA, YUMe C€ JAOAATHO MEHma CTPYKTypa KpBHHUX
cynoBa u nmoBehaBa BaCKyJIapHU OTIIOP, IITO MOropinasa xuneprensujy (127).

Ilopen mpomeHa koje 3axBaTajy KapIHOBACKYJIapHM CHUCTEM IpH uYeMy ce nosehaBa
apTepUjCKU KPBHH MPHUTUCAK, U MIPOMEHE Koje 3axBatajy nojeaune aenose LIHC cy kipyune 3a
HACTajalbe M OJPXKABamkbe XHUIEPTCH3Hje. Y EKCIePHUMEHTAIHUM MOJeuMa XHUIepTeH3H]je
JeCTpyKLMja JielloBa MO3ra KOjU OKPYXKY]y aHTEpOBEHTpalHy Tpehy MoxaaHy KoMmopy
IIPEBEHUPAJy pa3BOj XHUMEpTeH3Mje ko rinojapa (128). MoxnaHe CTpyKType Koje ce Hamasze y
OBOJ PErvjyu U KOje UMajy yJIOTY y perysaluju KpBHOT MIPUTHCKA Cy eMUHEHIIM]a MerjaHa (J1ar.
eminentia mediana), opranym BacKyJ03yM JIaMHHE TepMHHanuc (J1aT. organum vasculosum
laminae terminalis) u mpeontuyko nepuBeHTpUKyIapHO jeapo (128-130). Y kynTypu HeypoHa je
noka3zado aa Angll uzasusa nmosehany mpoaykuujy O, u Behu caapikaj Ca?* y henujama (131).
Angll uzazuBa nosehame aktuBHOCTH NADPH okcuaaze u mocneanuno nosehame mpoaykiuje
O, y npeamuM U TapaBeHTPUKYJIApHUM jeapuma xunotanamyca (132). Hasenene unmbeHuie
HaBoje Ha 3aksbydak 1a Angll u epextu Angll nra NADPH oxcuaasy koopAMHUITY aKTUBALU)y
BUIIIE [IEHTapa y MO3TY KOJU U3a31Bajy XUIIEPTE3UBHU OJIrOBOP.

Opran xoju Takoh)e mma jeHy O KJbYYHHUX yJora y peryjalnuju KpBHOT NPHUTUCKA je
OyOper, a pe3yiTaTH BHIE HCTpakMBama ykadyjy Ha 3Hadaj ROS koje Hactajy y OyOpery y
natoreHe3n xuneprensuje. Ilpaktuuno ce henuje y OyOpery, ykibydyjyhu henuje KpBHHX

CylOBa, TJOMepylia, TMOAOLUTe, HUHTepcTUlUjcke ¢uoOpobiacte, henmmje Makyne JAeH3e,
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JTUCTATHUX TyOyJa W cabupHux kaHanuha caapxe komrnoneHtre NADPH okcupaze. Ctpykrype
KOje Cy HajoceTspuBHje Ha nenoBambe ROS m okcumanmoHoOr crpeca cy adepeHTHa apTepuoa,
TJIOMEPYII, TPOKCUMATHH TyOysl M KOPTHKaTHH cabupHu kaHanmhu. Kao u y Apyrum KpBHUM
cynoBuma, nosehana cunresa O, y aQepeHTHO] apTEPHONIM MOKE JIa Y3POKYje OKCHAAIIMOHY
nerpaganujy NO, mTo 3a mocneauily iMa Ba3OKOHCTPHKIIHN]Y aQ)epeHTHE apTepPHOJIC U CMAhCHE
rioMmepyicke ¢uwirpandje. Ha ekciepuMeHTaIHUM MOZAETUMA T/IE je XUIEPTeH3Hja HHIyKOBaHa
npumenom Angll nokasano je ma ce nosehasa excrpecuja p22°"* cyGjemunnne NADPH
okcumasze, aktuBanuja NADPH oxcupase m enmorenHa muchyHkuja adepeHTHE apTepuoiie
(133). [laBame ersorecHmx HUTpara W HuTpuTa mnobehaBa pacmonokuBoct NO u cMmamyje
aktuBHOCT NADPH oxcupaase, cMamyje BazokoHcTpukTopHE edexte ROS u cMmamyje BpeqHocT
kpBHOr  mputucka (134). ROS ce crBapajy 'y adepeHTHHM  aprepuoiama
CIIOHTAHOXHUIIEPTCH3MBHUX I1all0Ba, Ka0 M YCJIea MPUMEHE BAa30KOHCTPUKTUBHHX CYIICTAHIU
nonyt enporenuna-1 (135, 136). Omreheme MmoaonuTa M3a3MBa MPOTCUHYPHU]Y U MPETXOIU
TJIOMEPYJIOCKIICPO3H, TIPU YeMy MPOTEHHYpHja M3a3uBa AoAaTtHo omTeheme mogonuta. Bucok

: h
YHOC cOJM u3a3uBa nosehame excrpecuje p22°"™

cyOjenuamie 1 NOX2, MoK aHTHOKCHIAIIOHA
Teparyja cMambyje TIIOMEPYIOCKIEPOCY M MPOTCHHYPH]Y KO OBHX kuBoTHIa (137, 138). ROS
Takohe u3a3uBajy mpoiudepalrjy Me3aHTHjyMCKuUX helvja U CTBapame eKCTpalenylapHOT
MaTpuKca, IITO MpPEJCTaB/ba KapaKTEPUCTUKE TioMepylockiepo3e uzasBane Angll wnm
annocteponom (139).

HaBenene ummeHHIle HaBOJE HA 3aKJby4aK Jla XHWIIEPTEH3WBHU CTHUMYJIYCH, MOIYT
BUcokor yHoca conu unu Angll, nzasusajy nosehany npoaykuujy ROS y mo3ry, 6yopeznma u
BAaCKyJAQpHOM CHCTEMY, INpPH YEMy CBakKd OJf HaBeJIEHHX CHCTeMa JONPUHOCH pPa3BOjy
XHUnepTeH3uje win meHuM komiuukanujama. NADPH okcunasa je neuHUTHBHO TJIaBHU M3BOP
ROS y naBeneHNMM TKMBHMAa M OpraHMMa, ajll OWTHY yJOTy Takohe MMajy ¥ JAPYTH E€H3UMHU.
VYHOopkoc HaBeAGHUM UHHCHULAMA, TJaBHM KJIMHUYKH H3a30B IIPEACTaB/ba H30CTAHAK
TEpaIyjCKOr WM IPEBEHTUBHOI JeJoBama aHTHOKcHIaHaca. OCHOBa 3a OBakBe eQexTe
AHTHOKCHJ/IaHACca je BEPOBAaTHO HHHXOBA HECEJCKTHBHOCT, OJHOCHO INPHMEHA JIEKOBa KOjU HE
JeNyjy Ha IUJbHA TKWBA W UJbHE CHTHAJHE MyTeBe, Beh ykiamajy kako mretHe ROS, tako u
OHE 4YHje JEjCTBO j& MOKEJHbHO Y OKBUPY CHUTHAJIIHE TpaHCAYKIHje Beher Opoja MeTabOIMUKHX

IyTeBa.
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1.4. MIOCTABJ/BAIBE JTUJAT'HO3E XUINIEPTEH3UJE U MEPE IIPEBEHIIUMJE

[Tpumapna xumepreHsuja je Hajuemhe acuMITOMAarcka, 300r yera oJpaciuM ocobama
Tpeba MEpHUTH apTEPHjCKH KPBHU MPHUTUCAK IPH CBAKOM mperieny. [lujarnosa XxumepTeHsuje ce
Hajuemrhe IOCTaB/ba HAa OCHOBY IIOHABJbAHMX MEpeHa KPBHOI NPUTHCKA IIPU PEIOBHUM
JeKapckuM mperienuma. llpenusHo mepeme KPBHOT MPUTUCKA U OeleXeme BPEAHOCTH Cy OJ
KJbYYHOT 3Hauaja 3a KaTeropHu3allfjy XHUIIEPTEeH3Hje, MPOLEHY KapAHOBACKYJIapHOT pH3UKa U
npumeny oxarosapajyhe Tepamuje. KyhHo mepeme KpBHOT NpHTHCKA IOAPa3yMeBa MeEpEHme
KPBHOT TIPUTUCKA y TMPAaBWIHUM HHTpeBaJMMa Koja Kyhe wmiam OWO TIe BaH 3]paBCTBEHE
yCTaHOBE, JMOK aMOyJaHTHO Mepeme I0/pa3yMeBa MEpeHEe BPETHOCTH KPBHOT NPHUTHCKA Y
MPaBUJIHUM BPEMEHCKHM HMHTEpBaIMMa TOKOM 24 cata oK ocoba o0aBjba yoOWdajeHe THEBHE
aKTHBHOCTH. Mepeme KpBHOT MPUTHCKA Ha OBaj HAYMH OMOryhaBa pa3IMKOBame U pa3/Bajame
pa3nmuuuTHX (EHOTHIIA XHUIIEPTEH3H]je, MOMYT ,,XUIIEPTeH3Hje Oeor MaHTHIIA® WM MacKHpaHe
XHIEepTeH3Uje. XUIepTeH3nja Oejor MaHTWiIa moapasymeBa mnoBehame BPEIHOCTH KPBHOT
IIPUTHUCKA IPU MEPEY Ha JIEKAPCKOM IIPETIeNly, 10K Cy BPEIHOCTU MEpeHe y KyhHUM yclioBUMa
Y TOKOM JHEBHHMX aKTHBHOCTH Y OKBHPY (pusnonomkux rpanuna. Ca apyre crpaHe, MacKupaHa
XHIIEPTEH3H]ja C€ OJUTHKYje (PU3MOJOMIKAM BPEJHOCTUMA KPBHOT MPUTHCKA MIPU MepemHMa Ha

JIEKapCKOM TIperJiesly, 10K Cy BPeAHOCTU MepeHe y kyhHum ycnoBuma nosuiiene (140, 141).

14.1. lujarHocTUKOBam€ XUIePTEH3Hje

[Iporiera mamujeHTa ca TMOBHIICHHMM KpPBHUM TPUTHCKOM C€ HE 3aBplIaBa
JIMjarHOCTUKOBAkEM XUIlepTeH3uje, Beh uae nabe M o0yxBara MpPOILEHY KapJUOBaCKYJapHOT
pH3HKa, MpoleHy omTehema IMIBHUX OpraHa U yApYKeHUX KIMHUYKHUX CTama Koja Ou Moria jaa
y3pOKyjy moBehame BpeTHOCTH KPBHOT MPUTHUCKA M omTeheme NUJBHUX OpraHa, Kao |
€BEHTYaJIHUX O0COOMHA KOje OM MOTJie Jja YKaXy Ha CeKyHJapHy XumepTeH3ujy. Heke on oBux
IPOIIEHA Clajajy y JIOMEH PYTMHCKMX aHajh3a U CIPOBOJE C€ KOJI CBUX MallfjeHara, 0K CY
M0jeIMHE jaKO Ccreu(pUUHE U CIPOBOJIE C€ KOJI OHUX MallijeHaTa Ko/l KOjUX MOCTOje HHIUKAIH]je
Ha OCHOBY HCTOpHje 0OJeCTH, KIMHUYKOT Tperiiefa u pe3yiaTara pyTHHCKHX HCIUTHBama. Y
pETKHM, HacJIeAHUM OOIHMIIMMa XWUIIEPTEH3H]je MyTalldje TMOjeJHUX TeHa J1ajy O0jallmkeme 3a
HacTaHak M pa3Boj xuneprensuje (142). Koa penatuBHo Mane rpyre namnujeHaTa y3pok HacTaHKa

XI/IHepTeHBHjC je Moryhe OTKJIOHUTH, YNUMC O Ce MOCTUTIIO U3JICUCH¢ WIIM 3HATHO MOOO0JBIIAE
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CTalkba ¥ CMamkeme KapIUOBACKYJIAPHOT pHU3UKa. 300r HaBEJACHE YMHIEHUIIE j€ Ba)XHO
CIIPOBOJIUTH CKPHHHMHT 3a CEKYHIApHY XHUIIEPTEH3HW]y Koju oOyxBaTra HCTOpHjy OoiecTH,
KIMHUYKY TIperiiel ¥ pyTuHcKe JabopaTopujcke ananuse. Ha cekyHmapHy XxunepTeHsujy Tpeda
MUCIIUTH U Y CIIy4ajeBUMa Harjor Moropiiama XWUIEepTeH3Hje, Hepearopama Ha Tepanujy Win
030MJbHUM OITehemeM ITUJBHUX OpTaHa KOje HUje CPpa3MEPHO Tpajarmy U TEKUHH XUIIEPTEH3H]E.
VY 0BUM cTamuMa HHAMKOBAHU Cy CHELU(PUUHHI T1UjarHOCTUYKHU TECTOBH.

Hctopuja Gonectu moapasymeBa nepuosl 01 TPEHYTKa JWjarHOCTUKOBAmka XUIIEPTEH3H]e,
U TOJpa3yMeBa KpeTame BPEAHOCTH KPBHOT IMPHUTUCKA y OBOM IEPHOAY, KA0 U YMHOTpeOy
a"Tuxuneprensusa. [lonarak o nocrojawmy nosehamwa BpeJHOCTH KPBHOT MIPUTUCKA Yy TpyAHOhH
(mpeexnamimcHja W €KJaMIichja) je OWTaH y IMPOLEHH CTamka >KeHAa Ca XHUIEPTEH3HjOM.
XunepreHsnja WMa 3a Iocieauily noBehame pu3MKa 3a HacTajambe KapAHOBACKyJapHUX
KOMIUIMKAIMja, yCIea 4Yera je MmoTpeOHO y3eTH JeTaJbHE TOJATKE O HMCTOpUjU OO0JIeCTH KOju
o0yxBarajy HaBUMKE KOH3yMHpama JyBaHa M EBEHTYaJHy IuciaunuaeMujy u aujaberec. Ha
OCHOBY J00MjeHUX II0JlaTaka ce MpoLEemHje TII00aTHN KapJUOBAaCKyJapHU pPU3HMK momohy
onropapajyhux kankynaropa (Ha npumep, AMEPUYKOT KapIAHOJOMIKOT KOJela), IpH YeMy
oJpacie ocode ca BUCOKMM PU3MKOM 3a HACTajabeé KapIMOBACKYJIApHUX KOMIUIMKALMja UMajy
Behe KOpHCTU O/ aHTUXUIEPTE3UBHE Tepamnuje M NpoMeHe >KMBOTHMX HaBuka (143). Llwmb
¢u3MKaIHOT Tperyiefia je MOCTaBJbale JIMjarHo3€ XHUIEepTeH3Hje, Kao U MpoleHe omrehema
LIMJbHUX OpraHa U MOTYhHOCTH CEeKyHJIapHMX y3poka xumeptensuje. [lanujent 0u tpedano upHo
Ja cemu 5 MUHYTa TIpe Mepera KPBHOT MPUTHCKA, 2 MaHKETHA 32 MEpPEmhe KPBHOT TPUTHCKA OU
Tpebasio J1a ce MocTaBu y HUBOY cpua. Cpeama BpeaHOCT 2 10 3 Mepema y 2 10 3 pa3nuuuTe
NPUIIMKE je Tpelr3Ha OCHOBA 3a MPOLEHY BPeAHOCTH KpBHOT mputucka (144, 145). Kox cBux
nanujeHata Ou Tpedaso CIPOBECTH AYCKYJITALH]y Cplla, KapOTHUIHUX apTepHja U PEHATHHUX
apTepuja, a MocTojamke IIyMOBa OW Tpedasio Ja yCMEpH Maxmky Ha MOTEHIMjaHU IMaTOJIOMIKH
cymcTpar W motpedy 3a JOJAaTHMM aHanu3ama IomyT exokapauorpaduje, Doppler
yaTpacoHorpaduje KapoTUAHUX apTepHja U yiaTpa3Byka OyOpera. HempaBuiian putam cpyaHux
OTKymaja Ou Tpebaso [J0JaHO WCMUTATH Y3 eleKkTpokapauorpadcku Hamasz. I[lparehe
nabopaTopHjcKe aHaM3e Ce KOPHCTE 3a TPOIEHY YKYITHOT KapAWOBACKYJIApHOT pHU3HKA,
UCIHUTHBaKkE MOTYNHOCTH MOCTOjama CEKyHJapHEe XHUIepTeH3Hje M MCIUTHBame ourehema

IMUJBHUX OpTraHa.
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WNmajyhu y BuIOy 4UYMBCGHHIly Ja YIPKOC BHUIIECTPYKO HOKA3aHOM IIOCTYJaTy o
XHUIIEPTEH3UjU Kao IJIAaBHOM (DakTOpy pU3MKa 3a HAcTajare KapIMOBAaCKyJapHUX KOMIUIMKALHUja
HajBehu neo momynamuje ocoba ca XUIMEPTEH3WjOM WIM HE 3HA Jia UMa XUIICPTCH3Ujy WIH je
HeaJIeKBaTHO Jieue, IIOCTOjU MoTpeda 3a CrpoBolermeM CKpHHHTA y CPEIOBEYHO] MOMYJIAIUjH, 112

4ak ¥ KoJ Miahux ocoba, y IIuJby IMjarHOCTUKOBakha XUIIEPTEH3H]E.

1.4.2. lIpeBeHnMja xumnepTeHs3uje

IloBe3aHoct m3Melhy KpBHOI NpPUTHCKAa W pPU3MKAa 3a HAcTaHaK KapJMOBacKyJapHUX
0ojecTH HaryiamiaBa 3HA4Yaj JicUeHa XHUIepTeH3uje. Takohe, CBe BHINE Maxmhe CE TMOKIama
cTpaTerrjama KojuMa ce CMamyje pU3UK 32 HaCTaHaK KapAWOBACKYJIAPHHUX OOJIECTH U KOJ ocoda
KOje MMajy BUCOK HOpPMaJlaH KPBHHM NMPHUTHCAK (CUCTOJIHU MpUTHCcak y omcery ox 120 mo 129
MmHQ), dyuMe ce NpPaKTHYHO MpEBEHUpa WM Oap ycropaBa pa3BOj XHUIEPTEH3H]je TOKOM
crapema. Y BehmHHM 3eMasba TocTOju TpeHn moBehama BpPETHOCTH KPBHOT TNPUTHCKA OJ
NEeTUHACTBA JI0 CTApOCTH, alll HCIUTHBAakba y H30JI0BAaHUM IMOMyJaldjamMa IoKa3yjy /aa
BPEIHOCTU KPBHOI' IMPUTUCKA HUCY HEU30CTAaBHO IOBe3aHe ca crapewmeM (146). I[Ipaheme
YJJaHOBAa OBMX H30JIOBAaHMX 3ajeIHUIA KOJU Cy MUIPUPAIM Yy DPa3BHjeHE 3eMJb€ HAaBOJAM Ha
3aKJby4aK Jla pa3Boj XUIEPTCH3HMj€ MMa Be3e Ca HaBHKaMa y WUCXPaHH, CMAkEHOM (HU3MYKOM
aKTUBHOIIhY W KOH3yMaIl{jOM aJIKOXO0Ja, ¥ Ha OCHOBY OBHX Ca3Hama Cy IMOCTaBJbEHHU TOCTYIIATH
3a Mpey3uMame MIPEBEHTUBHUX Mepa y HacTajamy xuneprensuje (147-149).

Benuku 6poj HehapmMakoIomKUX Mepa e(hUKacCHO CMambHjy BPEIHOCTH KPBHOT MPUTUCKA
U YCIIELIHO NMPEBEHUPA]y HACTaHAK XUIlepTeH3Huje. Y HajepuKkacHuje HadapMaKoJOLUIKEe METOJe
perynanyje KpBHOI NPUTUCKa crafajy: noBehame (QU3NUYKE AaKTUBHOCTH, CMAabEHE TEIECHE
Mace, CMambemhe YHOCa HaTpujyMa M noBehame yHoca KallijyMa, CMambeH YHOC aJIKOXO0J1a, Kao
cneun(puyHe JUjeTe KOje CMamyjy XUIEepTeH3HUjy, NPU 4eMy, HapaBHO, KOMOMHOBamE BHILE
HaBeJICHUX MaTo/a uMa 0osbr edekar (150-156). [TpomeHa )KUBOTHUX HAaBUKA je HAjOOJbU HAYMH
3a yCBajame HaBEJIEHMX METOJIa KOje€ MOTY 3HATHO J1a CMamke BPEIHOCTH KPBHOT MPHUTUCKA, TIPH
YeMy yak ¥ HajMame IPOMEHe MOTY Ja JI0HE3Yy MepJbUBO Molosbliame. [Ipernu3Ho u naxsmpuBo
Mepeme KPBHOT IPUTHUCKA j€ HEM30CTaBHO Y IIMJbY MpolieHe edekaTa MpUMEHhEeHUX METOA.

Crneunduryan HauuH ucxpane au3ajaupan 1990. ronuse ce ycrnemHo npuMenyje y Huby
CMarmCha KBHOT MPHUTHUCKA KOJ XHIEpTeH3uBHUX mnanujeHarta - DASH mujera (enrs. Dietary

Approaches to Stop Hypertension). Haume, yoOuuajeHa caBpeMeHa UCXpaHa ce 3aHWBA Ha YHOCY
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BehMX KOoNMYMHA -6 MAaCHUX KHCEIHHA, 3aCHNEHWX MAaCHUX KHCEIMHA, TIIYKO3€ M YIJbEHUX
XHIpaTa, Ka0 W pa3IHuuTHX anuThBa. KoMOMHAIMja OBakBe HE3/IpaBe MCXpaHE M CMarmbCHE
¢u3nuKe aKTUBHOCTH NPEACTaB/ba OCHOBY 3a pa3Boj Hajuemhux XpOHHMYHUX HE3apa3zHUX
OoJIeCTH NaHAIbUIle, MPe CBEra XUIEepTeH3Hje, alnu U Aujadereca, KapUMHOMAa U KOpOHAapHE
oonectu cpua (157). HcrpakuBame Koje je 00yXBaTHIIO XHIIEPTEH3WBHE MAIMjEHTE KOjH CY
npuMeHuIn UckJbyurnBo DASH ucxpany, 6€3 Apyrux npomeHa >KMBOTHHX HaBHKa, TIOKA3ajio je
Jla je caMO TPOMEHA HCXpaHe JOBOJbHA 32 3HATHO CMAaIbEHE BPEIHOCTH CHUCTOJIHOT KPBHOT
MPUTUCKA, TP YeMy C€ 3HATHO CMamyje M PU3UK O]l KOMIUIMKAlWja XWUIEPTEH3Hje, MOIYT
Moxaador yaapa (157, 158). DASH ucxpana je jenHocTaBHa M Mmojapa3zymeBa Behu yHoc Boha u
noBpha, MOCHOT Meca U HaAMUPHHUIIA KOje cy 00orate MHUKpOHYTPUTHjCHTUMA, y3 OrpaHHYaBaAHC
yHOca Harpujyma Ha 1,5 g naeBHO (Tabena 1). [IpoMeHna HauymHa UCXpaHEe U TIO3UTHBAH YUYHHAK
Ha BPEIHOCTH KPBHOI NPUTHCKAa OM MOTao Ja c€ IOCTUTHE OPraHW30BaEM EayKallwja,
o0elie)KaBakbeM HAMHUPHUIIA, CMambEHEM KAJIOPUJCKEe BPEJIHOCTH HAaMUPHHUIA W CaJpiKaja
HATPUjyMa, Kao ¥ YTHLAKEM Ha MpoJaBiie Op3e XpaHe Ja 1mo0oJblIajy KBAIUTET MPOU3BOA, Y3
CMameHmhe KaJlopujcke BpeaHocTu. Takohe je moTpeOHO wHcHcTHpath Ha moBehamy Qusnuke

AKTUBHOCTH OJIAKIIIABAKkeM 0aBJbEHa CIIOPTOM M PEKPEAIIH]OM IIHPO]j MOy IaIUju.

Ta6ena 1. DASH ucxpana y Tepanuju XurnepreHsuje.

WnTerpanne xutapuiie 6-8 mHEBHO 1 mapye uHTErpaNHOT XJIeOa
[Torphe 4-5 nHeBHO 1 moJba CBEXeEr JIMCHATOT MoBpha
Bohe 4-5 THEBHO 1 Bohka cpeame BeTMUMHE

Mne4nu npou3BoAU .
2-3 JTHEeBHO 1 moJba MIteKa HITH jOTypTa
(ca mano wim 6e3 macHohe)
1 cyneHna kammka MaprapuHa Wiu
OMJBHOT yJba, UK
1 cymeHa Kammka MajoHe3a, Win
2 cyneHe KalluKe IPEeCHHra 3a cajary

60 g KyBaHOT Meca, MUIETHHE HITH

Mactu u yiba 2-3 THEBHO

ITocHo MECO, ) KUBUHCKO MECO HJIN

2-3 THEBHO
pubda A pube
1/3 mosbe opaxa, HiIH
Opacu, CeMEeHKa 1 JIESTYMUHO3¢€ 4-5 HenespHO 2 CyleHe KalluKke CEMEHKH, Wi 1/2
[10Jb€ KYBaHOT TPAIKa WK Macysba
1 cymena kamvka nrehepa, riemMa, Hitu
CHaTKkuiv 1 KOHIICHTPOBaHH Iehepu <5 HeIeJbHO Y 1265 NS >

1 mospa nuMyHaae
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Takohe, jemna om MoryhHOCTH 3a CMambeHe MHITMACHIIN]E HACTajalba XUIIEPTEH3H]jE j€ U
NpUMEHa HUCKUX J103a AHTHXUIEPTCH3MBA KOJ 0C00a ca BHCOKMM HOPMAaJIHUM KPBHHM
nputrckoM (cuctonau: 120-129 mmHg). Pesynraru jeane o KIMHUYKUX CTYAMja Cy TOKA3aJId
Ja IpUMEHa paMUIpUiIa, MHXHOUTOpA aHTMOTEH3MH-aHTMOTEH3MH KOHBEPTYjyher eH3uma, KoJ
oco0a ca BHCOKUM HOPMaJHMM KPBHUM IPUTHCKOM Y3pPOKOBAJIa 3HAYajHO CMAambEHEC PU3UKA 32
HacTtajame xuneprensuje (159). Mako je mpuMeHa jJekoBa JeTHOCTaBHU]a y OJHOCY Ha IPOMEHY
KMUBOTHUX HABHKa, IOCTOjU pa3yMJbuBa 0A00JHOCT ManMjeHaTa MpemMa JOKHUBOTHOM Y3HMamby
JeKOBa |y IWJbY TPEBEHIMje XWIEpPTEeH3Wje. Yciel Tora TMPEeBEHTUBHY MPHUMEHY
AHTUXUIEPTEH3UBA Tpeba CTPUKTHO OIPAaHUYUTH HAa 0c00€ KOjU MMajy Beh PU3UK 3a HACTajamke

XUIIEPTEH3H]€ U MTOpeJ HAopa YI0KEHOT 32 IPOMEHY )KUBOTHUX HaBUKA.
1.5. JEYEILE XUITEPTEH3UJE

Jlo o6jaBibuBama pesyarara Systolic Blood Pressure Intervention Trial (SPRINT), 2015
rojiHe, BehinHa BoJIMYa 3a KPBHU MPUTHUCAK j& KA0 ONTHMATHE, (PU3HUOJIONIKE BPETHOCTH KPBHOT
MPUTUCKA HaBoauiIa BpeaHoctu ucro 140/90 mmHg, kao u Bpeanoctu ucnox 150/90 mmHg 3a
crapuje manujeHte (160). HakoH pesynrara oBOT HCTpakMBama HOBHJU BOAWYM 32 KPBHU
MPUTUCAK UMa]y 3HATHO aMOMIIMO3HU]je IIUJbEBE, TPE CBETa 3a 0c0o0€ KOJ KOjUX MOCTOju noBehaH
PU3UK 3a HACTajame KapAUOBacCKylapHUX KoMIUmmkanuja. Knacudukamnuja xuneprensuje nmpema

American College of Cardiology u American Heart Association je npuka3ana na Tabemu 2.

Tabena 2. Knacudukanuja xuneprensuje y ckiaaay ca ACC/AHA mpenopykama.

<120 u <80 DU3MOJIOIKE BPETHOCTH
120-129 u <80 [loBuiieH KpBHU NPUTHCAK
130-139 10041 80-89 [IpBH cTagHjyM XUIEPTECH3U]E
140-159 170041 90-99 Jpyru ctaaujyMm XunepTeH3uje

> 160 170041 >100 Jlpyru ctaaujym XuIepTeH3mje

IITo ce Tnue HehapMaKOIOIMKUX METO/A JieUueHmha XUIepTeH3Huje, HajepuKacHuje Cy ucre
OHE KOje ce MpHUMEY]y y NMPEeBeHIINjU HacTajama XunepreHsuje. CMameH YHOC COJIM CMamyje

BpPCAHOCTH KpPBOI' NPUTHCKA KO HaI_II/IjCHaTa ca XI/IHepTCHSI/IjOM. HaI/IMC, 3a OJpiKaBameC
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MeTaboJIMYKe PAaBHOTE)KE HEOIXOIHO j€ J]a YHeTa KOJIMYMHA COHM Oy/e eKBUBAJIICHTHA KOJIWYUHN
Koja ce u3 opranusma u3iny4n. [loy yoOndajeHuM >KUBOTHHM OKOJHOCTHMA YHOC COJIM O] OKO 5
g AHEBHO c€ cMaTpa CyBHIIHHM, IITO je y CKJaxy ca mpernopykama CBETCKe 3/paBCTBEHE
opraHmzaiyje, Ipu 4eMy ce Ipolemyje Aa ce THEeBHU yHOC coy kpehe on 9 no 12 g y Behunu
3emaspa (161). IIpenopyke 3a ynoc conu y EBpornm mponwmcane oz crpane European Society of
Hypertension (ESH) u European Society of Cardiology (ESC) usnoce 5-6 g aHeBHO, JOK CY
npenopyke American Heart Association (AHA) 3HaTHO cTpoKuje U cBoJE ce Ha 2,3 g THEBHO, a
IYTOpUYHH Wb je Mambe o1 1,5 g nueBHO (162, 163).

PanyoMu3upana KOHTpOJIMCaHA MCTPAKMBamba MOKA3yjy J1a CMambelke TUjaTepHOr YHOCA
HaTpUjyMa U3a3MBa CMameme KpBHOr mputhcka (164). Jeman on HajyOeas/bMBHjUX J0OKa3a 3a
Y3pOYHO-TIOCIEINYHY Be3y u3Mel)y yHoca HaTpHujyma UCXpaHOM M BPEJHOCTH KPBHOT MPHUTUCKA
Cy pe3yATaTu HCTPAXKUBakha HA MAlWjEeHTHMa KOjU Cy IPUMEHWIN NMpeTxoaHo nomenyry DASH
ucxpany, npu uemy je DASH ucxpana nzyzerHo 6orara Bohem u moBpheMm H3a3Bajia 3Ha4ajHO
CMameHmhe KPBHOT IPUTHCKA KO NalujeHara ca xuneprensujoM (165). Iomro ce Bumie ox 75%
COJIM YHETE XpaHOM HaJla3u y TOTOBOj, KOMEPIIMjaTHO] XpaHH, CTPATETHje 32 CMAmBCHE YHOCA
COJIM y LUJbY JICUeHha U MPEBEHIINje XUIIEpTeH3Hje Tpeba YCMEepUTH Ka mpu3BohadnMa XpaHe u
pecTopaHuMa Kako OM ce cMamuIia KOJMYMHA COJIM KOja Ce /10/1aje XPaHH.

CMmameme yHOoca HaTpujyma Ou Tpebasno na mpatu noehame yHoca kanujyma. JJHeBHM
YHOC Kallijyma yoOu4ajeHo HM3HOCU OKO 4,7 ¢, IpU 4YeMy BEYM YHOC HHjE CKOMYaH ca OWIIo
KaKBUM IOCiequIamMa yKoJIuko je ¢yHkuuja OyOpera ouyBaHa. Cmameme KPBHOI IPUTHCKA
NoBe3aHa ca noBehaHUM YHOCOM KajHjyMma IMOCTOJU U KOJA oco0a KOoJl KOjUX je YHOC Kallujyma
HU3aK, Kao 1 KoJl ocoba Koj Koje yHoce BuIe Kanujyma. CTpaTteruja nosehama yHOca Kajldjyma
7aje TPeIHOCT YHOCY HaMHpPHHIIA OOTaTHX KaJIHMjyMOM Y OJHOCY Ha YHOC cymiemeHarta. Kox
oco0a ca omrehenom yHkIjoM OyOpera THEBHU YHOC KayijyMa Ou Tpedaio ja 0ye MamH O]l
4,7 g (166).

PenoBHa ¢u3nyka aKTUBHOCT CMamYyje KPBHM NMPUTHCAK KOJ 0c00a ca XUIEPTEH3U]OM.
AepoOuu Tpenunr (enri. endurance training) y sehoj Mmepu cMamyje KpBHH IPUTHCAK KOJ 0c00a
ca XUIEepPTEeH3UjOM Yy OJHOCY Ha 31paBe ocobe. IlokazaHo je nga (u3HuKka aKTUBHOCT 3HA4YajHO
CMamYyje BPEIHOCTH KPBHOI NMPUTUCKA U Yy CIIy4ajy PE3UCTEHTHE XMIlepTeH3Uje (BPEeIHOCTH
KpBHOT nputrcka u3Hajx 140/90 mmHg y3 Tpu pa3nuuura aHTUXUIIEPTEH3UBHA JIeKa), Kao U Jia

moboJpiiaBa  (PyHKIM]y JIEBE KOMOpE Takohe KOJ XUINEPTeH3WBHHX TalldjeHaTa Ha
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dapmakomnomkoj tepanuju (167, 168). Ilopen aepoOHUX mpoTOKONA (PU3NUKE AKTHBHOCTH,
[I0Ka3aHO je Ja M H30MEeTpUYKa (U3MYKAa AaKTHUBHOCT CMamyjeé BPEIHOCTH CHUCTOJHOT,
JIMjacTOJTHOT U CPelIber apTepujcKor KpBHOT nputHcka (169). Edexktu ¢pusnuke akTHBHOCTH Ha
KPBHHU TPHUTHUCAK, KA0 M MEXaHWU3MH KOjU TOCPEIyjy y OBOj MOBe3aHOCTH he OuTh momaHo
00jallIbeHN Y 1aJbeM TEKCTY.

CMmameme TenecHe Mace je Takohe H3y3eTHO epuKacaH MeTOJ| PeAyKOoBamba KPBHOT
MPUTHCKA, jep BUIIAK MAacCHOT TKWBa noBehaBa KpBHM MPUTHCAK, a Takohe ocobama Koje uMajy
Buin BMI motpeOne cy Buie 03¢ aHTUXMUIIEPTEH3WBHUX JIGKOBA KaKO OM KPBHU MPUTHCAK
oJlpKaBaJie y BPEAHOCTHMA IUTO OMMXKUM (PU3HOJIOIIKUM. MeTa-aHanu3a Koja je ykJbyduna 8
pas3nuuuTUX cryauja u yKynHo 2100 ucnuTaHMKa MOTBpAMIIA j€ BULIEIELCHU]CKU MOCTyIaT Ja
CMamkeHhEe TEJICCHE Mace JJYropoyHO CcMamyje BpemHocT KpBHOr mpurtucka (170). pyro
UCTPAXHMBAKE je MOKA3aJIo0 Jla CMamkemhe TellecHe Mace 3a 5,1 Kg cMmamyje CHUCTOJNIHM KPBHHU
npuTHcak 3a 4,44 mmHg, a nujactonnu 3a 3,57 mmHg (171).

dapMakoonika Tepanmja XunepTeH3ruje ce pa3uBHjaja TOKOM BHUIIE JeleHHja, BoheHa
pa3BojeM HOBHMX AaHTUXMIIEPTEH3MBHUX JIEKOBA M HCTpaXHBamHUMa Koja cy ce OaBuia
WCIIUTHBAKEM FHUXOBOT yTHIAja HA KapIUOBACKyJapHH cHcTeM. JlaHac MOCTOju BEIHKHU Opoj
pasIMYUTUX JIEKOBa KOjJU JIeNlyjy HOCPEICETBOM BEIMKOI Opoja pa3IMUUTUX MEXaHU3aMma.
AHTHXUNEpTEeH3UBHA Tepanuja Hajuemhe 3alOYMEmb€ NPUMEHOM JeIHOT MM  BHIIE
aHTUXUIIEPTEH3HMBA KOJU CE€ CBPCTaBajy Y TaK03BaHY MPBY JIMHU]Y aHTUXUIIEPTEH3UBHE Tepanuje,
Ipy 4YeMmy je MpUMeHa KOMOHMHalMje BUIIE JIEKOBa YIJIaBHOM pE3EpBHCAaHA 3a MalllMjeHTE ca
BUIIMM BPEJHOCTHMMA KPBHOI MpPHUTUCKA. Y TPBY JIMHHU]y aHTUXUIEPTEH3MBA CHalajy
MHXUOUTOPU aHTMOTeH3MH-KOHBep3yjyher en3uma (ACE unxubutopu), G1okaTopu peLentopa
3a anruoteH3uH |l (capranu), OoKaTOpu AMXUIPONUPUIUHCKUX KAIIMJYMCKUX KaHaia M
tuasuaHu auyperunu (172, 173). braokatopu B-aapeHepruukux perentopa ¢y HHIAKOBaHU KOJI
naiujeHaTa Koju uMajy cpuaHy ciabocT M CMameHy €jeKIMOHY (paKlijy WIK HAKOH WH(apKTa
MHOKap/a, JOK HEKHM ayTopu CBpCTaBajy JIeKOBE U3 OBe TIpylne Yy TMpBY JHUHUJY
aHTuXunepreHsuBHe Ttepanuje (174). Cpakako H300p AHTUXUIEPTEH3WBHUX MeIMKaMEHATa,
BUX0Ba KOMOHWHAIIM]a U J103a Ce TpriiarohaBa CBakoM MaIMjeHTy MOHA0C00, nMajyhu y BUIy 1a

HOCTOjC BCJIMKC MHAWBUAYAJIHC PA3JIMKE Y pCaroBamby U TOJICpaHLII/IjI/I Ha OBC JICKOBC.
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2. INJb UCTPA’KNBAIBA

2.1. Onumry ou/b

HUcrmratu un YHOpPpCAUuTH yTI/II_[aj PA3IMIUTHX MOLOAIUTCTA (1)I/I3I/ILIKC AKTUBHOCTH Ha

KapJNOBACKYJIapHHU CUCTEM Tall0Ba Y YCIOBUMA XUIEPTCH3H]€ U HOPMOTEH3H]eE.

2.2. Cneun(pyHU U bEBH

1. Ucnuratu yrunaj Gpusnuke akTUBHOCTH HA BPEJHOCT KPBHOT MPUTHCKA MAIlOBA y CTabY

HOPMOTEH3H]j€ U XUTIEPTEH3H]E;

2. Y1BpauTH edekaT pazIHuMTHX MOJAINTETa BekOama HAa (QYHKIH]Y MHOKapaa H

KOpOHapHY IUPKYJIAIH]y HOPMOTCH3UBHHUX M XUIIEPTEH3WBHUX MAI0Ba.

3. Hcmurartu yTHiaj pa3iuvdTAX MOAANUTETa (HH3UYKE aKTUBHOCTU HA KapHOJHHAMHUKY
M30JI0BAHOT Cplla MAamoBa y YCJIOBMMa HOPMOTEH3MjE M XHIIEPTEH3HjE MEpeHmeM
BpenHoCTH cheaehux mapaMerapa: MakCHMallHa M MHHHMAJIHa CTOIA PacTa MPHUTUCKA Y
neBoj komopu (dp/dtmax; dp/dtmin), cucToiaHM ¥ OMjacTONHM NMPHUTUCAK JICBE KOMOPE

(SLVP; DLVP), cpuana dppexsenia (HR) u xoponapau npotok (CF).

4. Hcnutatu yTuuaj pa3iduuTUX MOJAIMTETa (PU3MUKE aKTUBHOCTH Ha JUHAMMKY PEIOKC
pPaBHOTEXE y YCIOBHMMa HOPMOTEH3H]€ M XHUIEPTECH3U]€ MEPECHEM BpeaHoCTH cienehux
Mapkepa: unaekca nunuane nepokcugamnuje (TBARS), azor monokcuna - NO (MepeH y
00NHMKYy HHUTpHTA), Cymepokcua aHuoH paaukana (O2), Bomonuk nepokcuaa (Hz0y),

karanase (CAT), cynepokcua-nusmyrase (SOD) u pexykoBanor rimyrationa (GSH).

5. CranpapAHMM XHCTOJIOIIKMM METOAAaMa YTBPAUTH U YNOPEIUTH ouTehema CKeleTHOr
mumuha, aopre M MHOKapAa HacTala HAKOH U3jarama I[aloBa pa3jIuuyuTUM

MOJAJINTETUMA (1)1/131/1‘—11(6 AKTHUBHOCTH.
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3. MATEPUJAJI U METOJIE

3.1. MATEPUJAJI

[Ipema mpoToKOly HCTpakuBama, KOpHIINEHEe Cy CYICTaHlle 3a J1abopaTopujcKy

yrnoTpedy u3y3eTHe yucrohe, mpousseneHe oxa crpane Sigma—Aldrich Chemie GmbH, Hemauka.

3.1.1. Pearenacu 3a npunpemame Kpe0GcoBor pacrBopa u KBaHTH(pHUKaujy GMoMapkepa
OKCHJALHOHOT CTATYyCA:

NaCl (umarpujym xmopun, 27.216 g/4L), KCI (xanujym xmopun, 1.4 g/4L), MgSO4x7H,0
(maruesujym cyidar xenraxuapar, 1.636 g/4L), KH,PO4x2H,0 (kanujym muxuapored docdat
muxuapat, 0.0644 g/4L), NaHCO; (natpujym oukap6onar, 8.36¢/4L), CeH1206xH,0 (rmyko3a,
8.89/4L) n CaCly(nn) (xamujym xmopun <,1.117 g/4L).

3a AHAJIN3Y NPOOKCUAAINNOHNX U AHTUOKCUIATUBHUX MapKepa, yrIOTpe6J'beHI/I Cy.

TBA (2-tnobapoutypua xkucemuna, C4H4N,0,S), NaOH (marpujym xuapokcuni);
Cyndanmnna kucenuna (4-amuHo OenseHcyndorcka kucenuna, CgH;NO3S), NEDA (N-(1-
Hadrun)-etunenauamMud  auxuapoxuapat, CioHisCpN), NH4Cl (amonujym xmopunm), Bopakc
(NayB407x10H,0), 85% opro-dhochopra kucemmna (HsPOy), p=1,685 gcm™; NaNO, (narpujym
HUTPHT);

TRIS (Tpuc (xumpokcumerua) amuHomerad, C4Hi1iNOj), 37% xmopoBogoHHYHA
xucenmua  (HCI), p=1,19 gem™® NaEDTA, Hurpo-terpasomnjym mmaso xmopua (NBT,
CaoH30CIN19O0¢), Kematun, Kamujym xuaporendochar muxuapar (K,HPO4x2H,0) kamujym
muxuaporeHdocdar muxuapar (KH2PO4x2H20) natpujym xmopun (NaCl) BomoHUK mepoKcHT
(H20,), D(+)-rmyko3a monoxuapaT (maekcrposa), denon tpsero (phenol red, CioH140sS),

MEePOKCH/Ia3a U3 Komcke poTkBuile (eHri. peroxidase from horse radish — HRPO EC 1.11.1.7).
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3.2. IPOTOKOJI HCTPAYXKUBAIbBA

OBa ekcriepuMEHTalTHE MPOLEAype OBOI HMCTpaXKMBama Cy H3BeAeHEe Ha Dakynrery
MEIUIIMHCKUX Hayka YHuBep3utera y KparyjeBny, y JlaGoparopuju 3a Qusnonorujy
KapJMOBACKYJIAPHOT CUCTeMa. Y TMOTJIely €THYKHUX NPHUHIINIA, CTyIja je CIpOBeIeHa IpemMa
oapendama €BPOICKE AMPEKTHBE 32 3aLITUTY EKCIIEPHUMEHTAIHUX JKUBOTHEA M TOILITYje CBE
MPUHIUIIE €TUYHOCTH y HCTpaxuBamuMa. [lopen Tora, ucrpaxuBame 0100pro ETnuku ondop
3a 3alITUTy J0OPOOUTH EKCIIEPUMEHTATHUX JKUBOTHIA @akynrera MEIMIIMHCKUX HAyKa,
VYuusepsurera y Kparyjesity omrykom 6poj 01-13340/1, ka0 MUHHCTApCTBO 3a MOJHOIIPUBPELY
U BeTEpUHY, peliewem 0poj 323-07-04422/2017-05.

Crymnja je oOyxmatmna 60 mamoBa Bucrap anbuno coja mymkor mona (6 Henmespa
cTapocTH U TenecHe Mace oko 200 rpama). [Ipe modeTka UCTpakMBamwka, CBE )KUBOTHELE Cy OMIIC
MOJIPTHYTE TIEPUOJy ajanTaiyje y Tpajakby OJ CelaM JiaHa, a HaKOH TOra YyBaHE y CTPOrO
KOHTPOJIMCAHUM YCIIOBUMa KOjH TMOJpa3yMeBajy Temmeparypy Bazayxa 25°C, u 12-To 4yacoBHO
CMEHUBAKE CBETIIOCTH M TaMe€ Yy BHBAapHjyMy, IOK Cy BOJa M XpaHa OWJIM JIOCTYIIHU Y
ONTHMAJIHO] KOMM4YMHHU U Heorpanuuyero (ad libitum). XXusoTumbe cy panmomMu3aiujom cBpcTaHe
y aBe (2) excriepuMeHTaIHE TpyIe (CBaka rpyrma je J0JaTHO M3JeJbeHa Ha M0 TPHU MOArpyIe, a

CBaka oJ] lbUX je canapikana 1o 10 )KuBOTHbA):

1. T'pyna HopmoTeH3uBHuX marosa (N=30):
a. Kontponna noarpyna HopmotensuBHux naosa (CTRL);
6. Iloarpyna HOpMOTEeH3UMBHUX MainoBa kKoju he Outu monspruytd MIT TpeHaxHOM
nporiecy (MIT);
B. Ilonpyna HopmoTeH3uBHHMX manoBa koju he Outu moaspraytd HIIT TpenaxHom
nporecy (HIIT).

2. KonrponHa rpyna cionTtano xurneprensuBaux (SHR) Wistar xyoto nmamosa (n=30):
a. Kourponna rpyma SHR mnarosa (SHR),
0. I'pyna SHR nanosa koju he 6utu nonsprayru MIT Tpenaxxuom mpornecy (SHR+MIT);
B. ['pyna SHR nanosa koju he 6utn nogsprayru HIIT tpenaxuom npouecy (SHR+HIIT)
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3.2.1. EkciepuMeHTaTHH Moea ¢pu3nuke akTuBHOCTH BHcokor (High Intesity Interval
Training-HIIT) u ymepenor (Moderate Intesity Training-MIT) unate3urera

®usnuka aKTHBHOCT j€ CHpPOBE/ICHA Ha CIICLHMjAIM30BAHO] TPaLM 32 TPUYAE 3a IAlloBe
(Treadmill for rats ELUNIT Medical Equipment) koja je mnpumaroleHa aHaTOMCKHM U
(U3NONOMIKUM KapaKTePUCTUKAMa MaJIMX EKCIEPUMEHTAIHHUX XHBOTHbA (MAaKCHMaJlaH HAIlOH
220 V, 50 Hz, 6p3une ox 2-50 m/min ca yopsamem o1 0.1m/min) ca uetrpu Tpake 3a ynotpeoy
U TpeaMHI-coTBEpOM 3a KOHTHHYHPaHO npaheme.

@du3nyka aKTUBHOCT j€ CHPOBE/CHA Ha TPEAMIITY 3a TaloBe U 00yXBaTHIIA je J1BA pa3IMyuTa
MOJINTETa (PU3UYKE aKTHBHOCTH, YMEPEHH M MHTE3MBHHU TPEHHUHI TPYamEM, IIPU YeMy INpBE
HeJ/IeJbe Cy CBHU MAIllOBHU KOjU MOAJNEKY (PU3NIKO] aKTUBHOCTH OWJIM MOJBPTHYTH aJalTalldju Ha
TpuUame Koja o0yxBaTa Tpyame Op3uHOM 01 8m/min jeIHOM JIHEBHO, IET AaHa y HEJEeIbH.

Hakon Tor mepuona rpyna mamoBa Koja je Owna noasprayra MIT tpenaxnoM mporecy je
HapeJlHe YeTUpH HeJesbe Tpyaia 60 MUHYyTa JHEBHO IIPU YEMY ce MOocTeneHo nosehasana Op3uHa
na Ou mocieqme Helesbe MAlOBH TpyYad Op3uOHM o 15m/min. 3a pasiuky o HBUX rpyrna
namnoBa koja je Owmnma moaspruyru HIIT Tpenaxnom mpouecy je apyre Heaesbe Tpyaia
MHTEH3UTEeTOM 01 45m/min 30 cekyHIH, IpY YeMy ce HaKOH 0IMOpa O] 3 MUHYTa 0Baj MOCTYIaK
MOHABJbAO Yy jOII YETHUPH IHMKIyca. TOKOM HapeaHe TPH HeleJhe ce MOCTENeHo moBehaBana u
Op3uHa, a1 U y)KMHA Tpajama TpUama Ja Ou Mmocieame Heleshe MaIllOBU TpUaau Op3UHOM O/
55m/min y tpajamy ox 90 cexyHH, mpu yeMy O ce OBaj LUKIyC MOHaBHO jour 4 myta (13-15)
(Cmuka 3) (175-177).
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Tpeamun
codrBep

[Ipexnpay u
perynarop
€JeKTPUYHOT
HaroHa (0-
220mV)

Manyenuu
No/ieINBay
op3une (2-50
m/s)

Tpaxka 3a
Tpuame u 4
0JIBOjeHa
1oJba 3a

Cauka 3. Tpaka 3a Tpuame 3a aepoOHY U aHaepoOHY (GU3UUKY aKTUBHOCT 3a MaJjie >KUBOTHHHC Ca

coTBep cucreMomM

HakoH XpOHWYHHX TpeTMaHa KMBOTHIGE CYy JKPTBOBaHE, a M30JI0BAaHA CpIa TamoBa Cy
perporpamHo nepdyHaoBaHa y ckiaany ca Jlanrenmopdosom (Langendorff) meromom
(Langendorff apparatus, Experimetria Ltd, 1062 Budapest, Hungary) y3 mpomeHy BpeaHOCTH

KopoHapHor nepdy3uonor nputucka o 40 cmH,0 mo 120 cmH,0.

3.2.2. Moaen u3zoJioBaHor cpua nanosa no Ockapy Jlaurennopdy

Hasne 1895. romuue, ayBenu ¢usuonor Ockap JlanreHmopd je MOCTaBUBIIN XUIIOTE3Y O
MOryhHOCTH paja cpua y OJCYCTBY KpBM y KOMopama M IpeTKoMopama y HCTO BpeMe u
o0jacHHO (YHKIIMOHATHOCT KOPOHApHUX apTepuja. O Taja, na g0 gaHac 100po MO3HATH MOJEN
perporagHor nep(yHIOBAHOT CpLA j€ OCHOBHM MOJAET Yy MHOTHMM MCTpaXUBambUMa Yy
KapaHOBacKymapHoj (usnosoruju. Y Jamreparypu ce omucyjy ase Bepsuje Langendorff-ose
TexHHKe nepdys3uje Koje IpeacTaBibajy anar 3a npoydaBame (QyHKIIHMje MHOKapJa U KOpOHapHe

LUpKYalyje:
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e Perporpagna nepdysuja M30J0BaHOT cplia MPH YeMy je MPOTOK KOHCTAHTaH, a
HPUTHCAK TIPOMEHIBUB,
e Perporpagna nepdysuja M30JI0BaHOT CplLa MPH YeMy je mepPpHU3HOHU MPUTUCAK

KOHCTAHTAaH a KOPOHApPHHU IIPOTOK IIPOMCHJIbUB.

[Tputucak kKao MpOMEHJbMBA Bapujadiia y HalleM HCTPaKUBAIY C€ PETHCTpyje MmoMohy
cHCTeMa IPEHOCHHKA Tj. TPAHCAjycepa, a MPOTOK KOjU je OMO KOHCTaHTaH CMO PETUCTPOBAIU
JIMPEKTHUM CKYIUJbambeM nepdysara y TaqHo oxpel)eHOM BpEeMEHCKOM Tpajamy.

Cwmarpamo aa je ogadbup JlanrenaopdoBor Moiena 3a HCIUTHBAKE (HYHKIH]jE MUOKap/a |
KOpOHapHe IHUPKYJalnje ca BaprujadMIHUM MPUTHCKOM CACBUM MPHUXBATIBHUB U ca (DU3HOIIOIIKOT

acreKTa MOXe Ja JIa OJIrOBOpE Ha Hallla UCTPaXKMBavKa muTama (262).

3.2.3. Anapar 3a perporpajany nep¢ys3ujy n3oj0BaHor cpua namnona no Jlaurepaopoy

OcuoBuu genoBu Jlanremopd amapara (mpomsBohau Experimetria Ltd, Byaummerira,

Mabhapcka) cy cienehu:

1. Cucrtem 11eBU KOjU ce cacTOju O]l JIB€ 1IeBH, jeaHa Beher kanubpa u jenHa mamer usmely
KOJUX KOHCTPAHTHO MPOJIa3u y BOACHOM KYIaTHIIy TIPETXOJHO 3arpejana Boja. Kpos yxy
e mposiazm KpeOGcoB pacTBOp KOjU MPETCTaBhba KOMIUIGKCHY CMEIy CYIICTaHIU
pacTBOpeHy y JECTHJIOBaHO] BOAM KOja ce Takohe 3arpeBa y BOJCHOM KyMaTUIy O
temneparype 37 °C;

2. Pesepsoap Krebs-Henseleit-onor pactBopa, ca 3anpeMuHOM 01 4 TUTpA;

3. PesepBoapm ca cMemioM KHCEOHWKAa W YIJbCH JHOKCHIA y 3allPEeMHHCKOM OJHOCY
95%:5%);

4. AopTHe KaHWIIE, KOja CIY)XHM Kao Kpajikha Tauka U3BOJIHE IIEBH M MECTO KaueHmha MOYeTHOT
JieNa aclie/IeHTHE aopTe U30JI0BAHOT CPIIa;

5. Bopgenor xynatmia kojuMm ce omoryhaBa 3arpeBame pacTBOpa J0 Kpajikbe TeMIlepaType
pactBopa ox 37°C;

6. Undysunone nymre;

7. Co¢TBepoM ca pauyHapCKUM KOMIIOHEHTaMa;
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8. Cen3opa, KOJU KOHCTAHTHO perucTpyje GyKiujy MHOKapaa OJHOCHO JIEBe KOMOpPE Kao
Haj3HavajHUje myrbuHe cpua. CeH3op ce yOaiyje y JIeBy KOMOpPY IOMOhy Kojer ce
perucTpyjy mapameTpu (GyHKIHje JIeBe KOMOpe.

9. KoMIulekcHU pacTBOp HAJMK €KCTpalleayIapHOj TEYHOCTH U Koju ce cactoju u3: NaCl —
118mmol/L, KCI - 4,7 mmol/L, MgSO, - 1,66 mmol/L, NaHCO3; - 24,88 mmol/L,
KH2PO, - 1,18 mmol/l, rayko3a (CgH120¢) - 5,55 mmol/L, u CaCl, - 2,52 mmol/L a pH
pacTtBopa m3HOcU 7,4, a 4uMja je OCHOBHa yjora jaa o0e30eaum oaroBapajyhe XpaHJbuBE

MaTepHje 3a U30JI0BAHO CPIIC U TUME My oMOryhu (QyHKIIMOHHCAHkE BaH OpraHu3Ma.

HOMOhy HaBCACHOI' CKCIICPUMCHTAJIHOT MOJCJA, IMPpaTUIN CMO KOHTHHYHUPHO cnenehe

KapauauHaMmcke mapamerpe (178):

e MaKCHMajiHa CTOIa MPOMEHE MPHUTHUCKA Y JIEBO] KOMOPH, U3pakaBa ce y mmHg/s, dp/dt
max

e MUHHMMAJHA CTOIA IPOMEHE MPUTHCKA Y JIEBO] KOMOpH, M3paxkaBa ce y mmHg/s, dp/dt
min

® CHCTOJIHU IPUTHUCAK y JIEBOj KOMOPH, U3paxana ce y mmHg, SLVP

® IMjacTOJHH IPHUTHUCAK Y JIEBOj KOMOpH, H3paxasa ce y mmHg, DLVP

e (hpekBeHIIa paja cpiia, u3paxasa ce Kao Opoj oTkyIaja cpua y munyty (bpm), HR

3.2.4. N3010Bame U MeTO/1a peTporpaano nepdynaoBaHor cpua namosa mo Langendorff-y

VY ckiany NpeTXOAHO HaBeIEeHUM perylaThBamMa KojuMa ce u30eraBa maTmba
eKCIIEpUMEHTAIHUX JKHBOTHHA, CBE IMpolenype cy chpoBeaeHe. HakoH aHecTesupama
KUBOTHE (KETaMUH/KCUJIa3UH aHeCcTe3Mja), MPUCTYIa Ce XUPYPILIKUM Ipoleaypama cieaehum
penocienoM: OTBapame abjoMeHa, OTBapame TPYIHOT KOIIA, NpPEIuBamke cpla XJIaJHUM
(U3MOJIOMIKUM pacTBOPOM, Ipecelame MepuKapaa U KpBHHUX cynoBa Oaze cpia. Hakon Tora,
U30Jlyje Ce Cplie MaloBa M CTaBJba Y JieleHH (PU3MOJIOIIKKA pacTBOp Kako OM ce CBH Ipolecu
MUHUMM3HpAIM U OYYBaO0 BHUTAJIHOCT opraHa. IIpemopyka je, M OCHOBHO NPaBUJIO OBE
eKCIIEpUMEHTAJTHE TIPOIIeIype JIa Tpaje HajayXe 3 MHHYTa Kako OU eKCIIEpUMEHT OMO yCTIeIaH.

Ha nperxomno nmomeHyTy kaHwity JlaHreHmopd amapara, HAaKOH Tpernaparmje mo4eTHOT

Acjla aCHCACHTHEC aopTC Kadu CC€ H30JI0OBAHO CpUC H HpPI‘-IBpH.Ihij. IIo OTBapamy JICBC
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MPETKOMOPE M MPOKHIakha MUTPATHUX BaJIByJIa YBOIHU C€ CEH30p MOMOhy Kojer ce perucrpyjy
cBU mapamerpu (yHKnHje cpua. HakoH yBohema ceH3opa, CTHUY C€ YCIOBH 3a PETPOTPaTHY
nepd3y3ujy cpua rae ce mepdysarT ciuBa Kpo3 KOpPOHApHE apTepHje M BEHE W OJpakaBa
KOPOHApHY IUPKYJIaLHjy.

[Ipeko mpeTxoHO MOMEHYTOT' CeH30pa MpaTu ce QyHKIMja cpuaHor Mumnha npahemem
cnienu(GUIHUX KapAHOAMHAMCKHUX MapamMmeTapa.

Hakon crabunu3zamnuje pama cpia, koja oomuHo Tpaje oko 30 mumHyTa, oMoryheHu cy
YCIIOBM 3a HUCHUTHBame (YHKIMje W KapAUOJAMHAMUKE Cpra. Y HACTaBKy HCTpPaXHBamba,
MPOMEHOM Tepdy3HMOHOT TMPUTHCKA MPATWIA CMO W TPOMEHE CBUX KapAHOJAWHAMCKHUX

napamerapa ol 3Hauaja.

3.2.5. Metoaa Mepema apTepHjcKOr KPBHOT MPUTHCKA MAL0Ba

KpBHH nmpuTHCaKk je MepeH Yy oaroBapajyhium HHTepBaMMa METOJOM pEITHE
wietusMorpaduje, o Kpaja mpBe 0 Kpaja MEeTe HEAEJbe EKCIEPUMEHTATHOT IPOTOKOJIA.
HeunBasuBHa Meroma Meperma KpBHOT mpuThcka momohy mertone BP cucrema (Rat Tail Cuff
Method Blood Pressure Systems (MRBP-R), IITC Life Science Inc. USA) omoryhasa mnpenusHo
MEpEeEe CHCTOJHOT, TUjacTOJHOT, CPEII-Er apTePHjCKOT MPUTHCKA W CPYAHOT ITyJica MmomMohy
CTIETIMjATHOT CEH30pa 3a JIETEKTOBamEe MPOMEHa MPUTHCKa BoJyMeHa yHyTap kpBHOT cyna (VPR
sensor) (Cauka 4) (179).

Group: RAT2 Systolic: 199 mmHg
Animal: RATS2 :

Diastolic: 135 mmHg
s > Heart Rate: 455 BPM
Pressure: OmmHg

Retest - Pressure Raw Data

Systolic Pressure

Cnuxka 4. Anapar 3a Mepeme KpBHOT IPUTUCKA 32 TaIl0Be
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3.3. BUOXEMUJCKE AHAJIM3E

Jlpyru €0 UCTpaxkMBama je /€0 KOjU €€ OJHOCH Ha OJIPEKUBAIE MPOOKCHIAMOHUX
MapKepa U aKTUBHOCTH aHTHOKCUIAIIMOHUX €H3MMa CTaHAApAHUM OMOXEMHU)JCKUM aHaiu3ama y

y3opuuMa nepgdysara.

WHJICKC JINTTMIHE MTepoKcHuaamuje - mepeH kao TBARS
a30t MmoHokcua y opmu Hurpura (NOy)

cynepokcu anjoH paaukai (Oy)

el

BojtoHuK repokcua (Ho07)

buoxemujcke aHaiaM3e Cy CHpPOBEIECHE M Yy Y30plUMa KPBH KOjy CMO MPHUKYIIHIN
MPUIMKOM XPTBOBHA KHUBOTUEE M TO CIIEKTPO(YOTOMETPHJCKOM METOAOM (CIEeKTpodoToMeTap
Specord S-600 Analytik Jena, Benuka bpuranuja). M3 y3opaka KpBU MepeHH Cy HHUBOU IIpO-
okcumanuonux mapamerapa (TBARS, NO,, O;, H;0;), m enemeHara aHTHOKCHIAIIMOHE
3allITUTE. AHTUBHOCT aHTHOKCHIAIMOHMX eH3uma karanmasze (CAT), cymep-okcua Au3MyTase

(SOD), kao u Bpeanoct peaykoBaHor riyratuona (GSH).

3.3.1. OnpehuBame unaexca JunuaHe nepoxcuaamnuje (TBARS)

WNHIupeKkTHUM MeTojamMa OJpeKHBarmba KOHICHTpPAIMje MPOJIyKaTa Peakiyje JIUMHIHE
nepokcuaanuje ca Tuobapourypuom kuceaumnom (Thiobarbituric Acid Reactive Substances) y
y30pLuMa BEHCKOT e(iIyeHTa M IUIa3MH MEPWJIM CMO WHJIEKC JIMIHIHE MEPOKCHIALHUje W TO
criektpodoromerpujcku (180). Peakuuja ce 3acuuBa Ha pekanuju 800 pl kopoHapHOT BEHCKOT
edayentra u 200 pul 1% TBA y 0.05 M NaOH wu cnenoj npo6u ca ucrom koiumurnaom Krebs-
Hensenleitov-or pactBopa ymecto ednyenra. Mukybauuja y BoaeHOM Kymatuiy Ttpaje 15
munyTa Ha 100 °C, HakoH dYera Cy y30plM Cy aJaNnTHUpPaHH COOHOj TEMIIEpAaTypH a TEK OHJa

MEpPEHH CIIEKTPO(OTOMETPH]CKH Ha TaJacHO] TyUHH 01 A=530NM, ¥ TO Ha OCHOBY je/THAUNHE:
nmol TBARS/ml edayenta = AA (Ay-Asp)/1.56 x 1.25,

rae Ay IpeacTaBiba ancopOaHIly y3opka, Ag aricopbanily ciene npobe, a 1.56 u 1.25 cy

KOPEKIIMOHM (PaKTOpH 3a OBaj ece;j.
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3.3.2. OnpehuBame autpura (NOy)

WunupekTHa wmeroxa onapehuBama HUTpUTA Yy KOPOHAPHOM BEHCKOM e(iyeHTy
MPETCTaBba CIEKTOPHOTOMETPHUJCKY METOAy oapehuBama KOJIMYMHE OCIO0O0h)CHHX HHUTPUTA
(181) u Beoma moy3maHy METOAY.

3a u3Boheme 0OBe HHIUPEKTHE METO/IE ce KopucTe y3 Kopuihewe Griess-oBor peareHca,
ynorpebsbaBau cMo u: 1 ml koponapHor BeHckor eduryenta, 250 pl cBexxe HampaBJbeHOT
Griess-oB pearenca u 125 pul amonujaunor mydepa (pH=9.0), kora cauumanajy NH;Cl
(amonmjym xsopun) u NayB4O7 (Hatpujym terpadopar). Ha tamnacHoj nyxunu on A=550 nm u

rocie cTaduin3oBama cy oapeheHe KoHleTpaluje OBor Mapkepa.

3.3.3. OnpehuBame cynepoxkcua aHjoH paaukaia (0y)

KBantudukoBame KOIMYUHE CyNepoKcu ] aHjoH paaukana (Oy) y KOpOHApHOM BEHCKOM
eduyenTy Oasupa ce Ha peaknuju O, mo HuTpodopmaszan rmiaBor (182) m To Ha TamacHO]
TYXKUHU Amax=550nm.

OnpehuBame 3amnountbe nunerupameM 50 pl xoponapuor Benckor eduryenta u 950 pl
€CcejHe CMelle, IIPU YeMy Ce M3MEPH EKCTHHKIMja CMeIle U 03HaYu ce Kao ekcTuHKImja E1. Ha
cBakux 60 CeKyHIM y30paK ce Mella IUIACTHYHUM ITanuheM a eKCTHHKIMja ce OeJIeH HAKOH

CBaKoOT Mellama J0 CBOje CTabWIn3aluje, pu 4eMy ce Mocie/mha eKCTUHKCHja 03HavyaBa kKao Ej.
Konnenrpanuja ocinodohenor O, 1o6ujeHa je Ha OCHOBY cielehux jeqHaunHa

AE =E3,-E1, (32 y30pak)
AEsp=Ezsp-E1sp (32 ciremy mpooy)
AE=AE,-AEq,

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

3.3.4. OnpehuBame Bogonunk nepoxcuaa (H,O,)

KBantugukoBame ykymnHe KoaununHe BogoHuK nepokcuaa (H20,) 6azupa ce Ha peakiuju
okcuaaije (EeHOJ IPBEHOT BOJIOHWUK TIEPOKCHIOM Yy PEAKIHUJU KOjy KaTaauiyje €EH3UM
MEPOKCHIa3a U MEPEHEM Ha MaKCHMyMYy arcopIidje Ama=610nm (183). 3a peakmujy je

notpebro crnemehe: 200 ul yzopka u 800 ul pacrBopa ¢enon upsenor (Phenol Red Solution-
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PRS) xoju cagpxu 140 mM NaCl, 10 mM kanujym docharuor nydepa (pH =7), 5,5 mM D(+)-
rnyko3e u 0,28 mM ¢denon upsenor, 10 pl (1:20) HRPO, npunpemsben ex tempore. Hakon
WHKyOanuje Ha coOHoj Temmeparypu 10 muHyTa, M mojemaBama PH~<12, u3pauyHaBa ce

KoHIIeHTpanuja ociodohenor HoO; y koponapaoMm BeHckoM eduryeHTy (183).

3.3.5. OnpehuBame cynepoxcua qrucmyrtase (SOD)

Metona Mepema KOHIIEHTpAIMje CYNEpOKCHJ JUCMyTa3e Ce 3aCHHMBAa Ha eNMUHE(PHH-
meroau mo Beutler-y. Jakme, cnajamem 100 pl xemomuzata m 1 ml C-Oydepa ormouunrse
peakimja Koja ce TpeKuIa JoJaBamkeM enuHeppuHa a JeTepMUHHCame ce 00aBiba

CIIEKTPO(POTOMETPH]CKU HA TaJacHOj ay:kuHu o1 470nm (184).

3.3.6. OnpehuBame pexykoBanor riayraruona (GSH)

Metona Mepema AaKTHBHOCTH PEIYKOBAHOT TIyTAaTHOHA Y JIM3aTy EpUTPOIHTA je
cekTpooTOMETpHjCcKa METOJa KOja Cce 3acHMBA pEakIUju OKCHAallMje TIIyTaThuoHa ca 5.5-

dithio-bis-6.2-nitrobenzoic kuceaunom, mpema ayropy Beutler-y (185).

3.3.7. OnpehuBame katanaze (CAT)

Karanaza ce ogpehuBana MeTogom pacTBapama jJu3ara JeCTUIOBAaHOM BOJOM Y OJHOCY 1:7
a HaKOH Tora y3 JioJaTak eraHoja y ogHocy 0,6:1 mpuctynuio ce namoj nporneaypu. 50 ul CAT
Oydepa, 100 ul y3opka u 1 ml 10 mM H,0; cy nunetupanu y enpyBery a 3aTUM Ce MPUCTYIUIIO

ce ICTepPMHUHHUCaY TIPU TajlaCHOj Ty>KuHHU o1 A=360 nm (186).
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3.4. HATOXUCTOJIOIIKA AHAJIM3A

Hakon >kpTBOBama MaioBa H30JI0BaHA je aopTra W ckeneTHH Mmummh. Takohe, HakoH
npotokoia Ha Langendorff-oBom anapary, cpiie Kao u aopTa U CKeJIeTHH MUIIMN Cy (PUKCUPAHU
Ha COOHOj TeMIleparypu y pacTBopy (dopmanaexuia 4uju je BOJIyMEH Ouo jaeceT myTa Behu y
OJTHOCY Ha BOJyMEH TKUBa. [I0TOM je TKMBO yKallyIJbeHO y mapaduHCKe OJIOKOBE U CEYEHO
nomohy Mukporoma. Ilpecenn cy HaHENIEHM Ha TpPEIMETHa CTakia, a 3aTHM OOjeHH
XeMaTOoKCHINHOM H eo3uHoM (H&E) nmpema yTBpheHoj TeXHUIM Koja je moapasymeBaia cieaehe
KOpake: 3arpeBame napad@uHCKUX Mcedaka y TEepMOCTaTy, pexuaparaiyja TKuBa, 0ojeme Mayer-
oBuM xemarokcwimHoM (Sigma Aldrich, St. Louis, MO, USA), 6ojembe alKOXOJIHUM €O3HHOM
(Sigma Aldrich, St. Louis, MO, USA), nexuaparaiuja 1 MpOCBET/bUBAKE y KCUIIONY, a TIOTOM H
y MEIIaBHHU KCHJIOJNA U allCOJIyTHOT aJKOXOJja, MPEKPUBakhe HCeYaka 0ai3aMOM M MOKPOBHUM
CTaKJIOM, CYIICHE U aHAIM3HUpamhe Mperapara moJ1 CBeTIOCHUM Mukpockorom (BX51, Olympus,

Japan).
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3.5. CTATUCTHUYKA OBPAJIA ITIOJATAKA

Pe3ynaru Hamier uctpaxuBama cy npruka3aHu TadenapHo U TpadUuKy U CTATUCTUYKU

oOpahenn npu yemy cy ynorpedsbeHe cienehe metoae oOpaje moaaraka:

1)

2)

3)

4)

VY 3aBUCHOCTH Of BpPCTE I0OJIaTaKa, KOPUCTHJIA CE€: Cpelma BPEIHOCT, Me/IujaHa,
CTaHJap/JHa JeBHjalfja, Cpelba CTaHaapaHa rpemka. Pesynratu y ¢urypama cy
MpHUKa3aHU Kao CPe/liba BPEIHOCT & Cpeiiba CTanaapAHa rpeika (X+SEM).

3a aHanmu3y aucTpuOynMje mojaataka ymoTpebesbeH je tect Shapiro Wilk u
XHCTOTPaM.

3a mpolleHy BapujabMIHOCTH apamerapa usmel)y rpyma kopuctuo ce Mann-Whitney
tect u Student-T tect, Wilcoxon-oB tect, ANOVA u Kruskal-Wallis H Tect n
omrosapajyhu post hoc tect (Bonferroni, Tuckey, Dunnett T3), ca HuBOOM
3nauyajHoctu ox 0,05.

Ynorpebsberu cy cienehu craTHCTHYKH CO(PTBEPCKH MakeTH 3a o0paly IojaTaka:
SPSS 22.0 for Windows, u MedCalc mporpam Bep3uja 17.9 (Acacialaan 22, 8400
Ostend, Belgium 2018). HuBo 3HauajHoctH y cBuM Tectupamuma je 0,05 ca

MHTEPBAJIOM NOBEpema 01 95%.
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4. PE3YJITATH

4.1. EOEKAT PA3JIMMUTUX TPEHAKHUX INPOTOKOJIA HA APTEPUJCKH
KPBHUM IPUTUCAK ITALITOBA

Jlunamuka cucrosHor (SP), mujactonHor aprepujckor kpBHor nputucka (DP) u cpuane
dpexsentie (HR) je mporemena npe (y TOKy mepuoja ajanTaiyje) mocie npsee, apyre, tpehe u
YETBPTE HEJeJbe TPCHUHTa. Y HOPMOTEH3WBHHUM IpyliaMma, npuMehena je 3HadajHa mpomena SP,
DP u HR nHakon npyre Henesbe TPEHHMHTA, IOK Cy OBHM NapaMeTpH OWJIM 3HA4ajHO CMambEeHU Y
MIT rpynu y ognocy Ha CTRL rpymy, a 3nagajuo nosehanu y HIIT rpynu y oqnocy na CTRL
rpymy. [locne Tpehe Henesbe Tpenunra, camo y MIT rpynu cy 3Ha4ajHO cMameHe BpeqHocTr SP,
DP u HR y mnopehememy ca apyrum rpynama, JOK HAaKOH 4YETBpPTE HelIe/be HHUje OHIIOo
CTATUCTUYKU 3HAYajHUX POMeHa y oBuM napametpuma (Tabene 3 u 4).

VY XHMEepTEeH3UBHUM TpyIiaMa, Ipe MoYeTKa TpeHUHT-TipoTokona, SP, DP, kao u HR, aucy
OunM 3Ha4YajHO pas3nuuuTH y nopehemy ca HopmoreHzuBHUM. [locnme mpBe ceamuue, SP je
3HauajHo cMmameH y rpynu SHR-MIT y nmopehewy ca SHR-HIIT rpynom, anu HakoH npyre
HeZleJbe, OBU MapaMeTpU Y UCTOj IPyMH Cy Takole 3HauajHO cMameHH, anu y nopehewy ca SHR
n SHR-HIIT rpymama. MuTepecantno je ma cy y Toky Tpenunra SP, DP u HR 3nauajHo
cmamenn y SHR-HIT u SHR-MIT y nopehemy ca cenpentapaom koHTpoiaHOM Tpynom (SHR
rpymna), ca HAjUCTaKHYTHjUM IpOMEHamMa y XHIIEPTEH3MBHO] IpyNM TNaloBa KOju cy Owin
MOJIBPTHYTH TPEHUHTY yMepeHOr uHTe3uteTa. Ha kpajy, nocne nocneame Henesbe paga, XUUT
je caaxxno yrunao Ha SP, DP u HR y SHR namnoBuma y nopehemy ca apyrum XurepTeH3uBHUM
Mar0BUMa Ha YMEPEHOM PEXXHMY XPOHHYHOT TPEHHUHTA, Y3 3HAUajHO CMAamhEHhEe OBHX ITapamMerapa

ympaBo y rpynu SHR-MIT (Ta6ene 3 u 4).
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JlokTopcka qucepranmja

Bbupana JakossreBuh

IIpe nouerka Hakon I nenesse Hakown Il nHenesse

CKCHepI/IMeHTa eKCHepI/IMeHTa CKCHepI/IMeHTa
I'pyna

SP DP HR SP DP HR SP DP HR

CTRL 119+4/76+3/345+16 113+6/71+4/355+15 117+5/75+4/364+17
MIT 125+5/81+6/351+18 119+3/774+5/360+12 1234+4/80+3/354+112
HIT 118+6/80+7/359+15 121+5/8443/371+14 126+£7/79+3/376+15°
SHR 188+9/94+5/423+21 182+5/96+5/412+16 191+6/99+4/408+19°
SHR MIT 180+7/96+7/401+15 179+3/924+4/389+149 164+7/89+6/369+17%9
SHR HIT 192+7/97+3/421+16 187+5/94+3/401+119 189+7/99+7/398+139

Tabena 3. Bpennoctu cutonHor nputrcka (SP: mmHQ), aujacronnor nputrcka (DP: mmHQg) u
¢bpexsente cpua (HR: oTk/MuH) npe moverka eKCIepUMEHTAIHOT Mepro/ia, HAaKOH IPBE U ApYyre
Hegesbe ekcrepumenta. ['pyne: CTRL, cenentapuu nHopmorensuBHu narou; MIT, Tpenunr
ymepenor uatesurera; HIIT, tpenunr Bucokor maHTe3mtera; SHR, crioHTaHO XHIIEPTCH3MBHU
cenentapau mnarnoBu; SHR+MIT, cnoHTaHO XWMNEPTEH3WBHHM MAIlOBU HA TPEHHHTY YMEPEHOT
unTesurera; SHR+HIIT, cionTano xunepTeH3UBHU NallOBU Ha TPEHUHTY BUCOKOT MHTE3HUTETA.
ApuTMeTHUKa CpeAMHa ca OAroBapajyhuM CymepcKpHUIITOM IPeJCTaB/ba CTATUCTUUKY 3HAYajHY
pasuKy y oaHOCY Ha oaroBapajyhy rpymy mpema cienachem anropurmy: a=MIT vs CTRL; b=
HIIT vs. CTRL; c= MIT vs HIIT; e=SHR-MIT vs. SHR; f=SHR-HIIT vs. SHR; g= SHR-MIT
vs. SHR-HIIT (*'p<0.05).
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Bbupana JakossreBuh

Haxon III Henesbe ekciepuMenTa

Haxon IV Henesbe excnepumenTa

I'pyna

SP DP HR SP DP HR
CTRL 1214£3/77+6/361=12 123+£5/78+5/358+13
MIT 115+6/74+4/349+10% 126+5/81£5/359+13
HIT 128+8/71+4/359+13 124+5/67+3/348+16
SHR 196+10/103+11/411+21°%F 199+11/107+9/406+14°"
SHR MIT 158+6/85+6/343+21° 151+8/79+6/329+16°9
SHR HIT 168+5/88+6/389+11" 137+6/77+4/341+1%9

Tabena 4. Bpennoctu cutonHor nputrcka (SP: mmHQ), aujacronnor nputrcka (DP: mmHQg) u

¢bpexsente cpua (HR: otk/mMun) Hakon Tpehe u ueTpBpTe Henesbe ekcnepumenTa. ['pyne: CTRL,

ceneHTapuu HopMmoTeH3uBHU mnanoBu; MIT, Tpenunr ymepenor unresutera; HIIT, tpeHunr

BUCOKOr wuHTe3nTera; SHR, crmonTano xwumepreHsuBHH ceneHTapHu mnanoBd; SHR+MIT,

CIIOHTAHO XWIIEPTEH3WBHU MAIOBH HA TPEHHHTY ymepeHor uHtesurera; SHR+HIIT, cmonrano

XUINCPTCH3MBHU TIAallOBU Ha TPCEHUHIY BHUCOKOI' HHTC3UTCTA. ApI/ITMeTI/I‘{Ka cpearuHa ca

oJroBapajyhum cynepckpunToM IpeJCTaB/ba CTATUCTUUKY 3HAYajHY pasivKy Yy OJHOCY Ha

oarosapajyhy rpymny npema cieaehem anroputmy: a=MIT vs CTRL; b= HIIT vs. CTRL; c= MIT
vs HIIT; e=SHR-MIT vs. SHR; f=SHR-HIIT vs. SHR; g= SHR-MIT vs. SHR-HIIT (*'p<0.05).
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JlokTopcka quceprariyja bubana JakoBspeBuh

4.2. EOEKAT PA3/IMYUTUX TPEHAKHUX ITPOTOKOJIA HA
KAPINOJUMHAMUKY U30JIOBAHOI' CPLIA ITAITIOBA

4.2.1. KouTpoJiHa rpyna cegeHTapHuX HopMmoTeH3uBHuX nanosa (CTRL rpyna)

Y KOHTPOJIHO] TPYIH CEICHTAPHUX MAI0Ba, TPOMEHE BPEIHOCTH Nep(y3nOHOT PUTHUCKA
y KOpOHapHUM aprepujama y orcery oa 40 mo 120 cmH,0 Hucy n3a3Bajne CTaTUCTUYKHU 3HAYAJHE

npomene dp/dinax kao uu dp/dtmin ([ pagurxonu 6p. 1 u 2).

I'pagukon op. 1. [IpoMeHe MaKCHUMaJIHE CTOIE pacTa MpUTHCKa y jeBoj komopu (dp/dtmax) mpu

pa3uuuToM KopoHapHoM niep¢dy3uonom mputucky (CPP; 40-120 cmH,0).
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I'paguron 6p. 2. TlpoMeHe MUHHMAITHE CTOIE pacta MpUTHCKa y JieBoj komopu (dp/dtmin) mpu

paznuYuTOM KopoHapHOM niepdysuonom nputucky (CPP; 40-120 cmH,0).
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VY KOHTpOIJIHOj TpYyNU CEeIEeHTAapHHUX IaloBa, MPOMEHE BPEIHOCTH Nep(y3nOHOr NMPUTUCKA Y

KopoHapHHM apTepujama y omcery on 40 mo 120 cmH,O Hucy n3a3Bane cTaTUCTHYKH 3HA4YajHE

npomere SLVP u DLVP (I'paguxonu 6p. 3. u 4.).

I'paguxor 6p. 3. IlpoMeHe CHCTOTHOT TpHUTHCKA y JieBoj komopu (SLVP) mpu paznuuurom

KopoHapHOM nep¢y3unonom nputucky (CPP; 40-120 cmH,0).

SLVP (mmHg)
w
8
T

5k o—o Control
=—a&  Experiment

1 1 1
40 60 80 100 120
CPP (cmH,0)

I'paguron 6p. 4. Tlpomene aujacToaHOT HpUTHCKA y JeBoj komopu (DLVP) mpu pasmuuntom

KopoHapHoM niepdy3ronom nputucky (CPP; 40-120 cmH,0).

DLVP (mmHa)
T

o—o Control
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o L ! I ! !
40 60 80 100 120

CPP (cmH:,O)

52



JlokTopcka quceprariyja bubana JakoBspeBuh

VY KOHTPOJIHO] TPYNH CEEHTAPHUX Mall0Ba, IPOMEHE BPEIHOCTH Nep(y3nOHOT MPUTUCKA
y KOpoHapHUM apTepujama y orcery oa 40 o 120 cmH,O Hucy n3a3Bajie cTaTUCTUYKH 3HAYajHE

npomene HR u CF (I'paguxonu 6p. 5. u 6.).

I'paguxorn o6p. 5. Ilpomene cpuane ¢peksenie (HR) mpu paznuuuroM KOpOHApHOM

nepdysuonom mpurtucky (CPP; 40-120 cmH,0).
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I'pagpuxon 6p. 6. Ilpomene xopoHapHor mnporoka (CF) mpu pa3nmmauToM KOpOHApPHOM

nepdysznonom nputucky (CPP; 40-120 cmH,0).

CF (ml/min)
=
T

2+ o—o Control
m—&  Experiment
oF ! ] ] L ]
40 60 80 100 120
CPP (cmH,0)
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4.2.2. KOHTPOJIHA IpyNa ceJleHTAPHUX CIOHTAHO XUNepTeH3uBHUX namosa (SHR rpyna)

VY rpynu CHOHTaHO XUIEPTEH3WBHUX CEJCHTAPHUX MAllOBa, YCJE] MPOMEHE BPEIHOCTU
nepdy3uoHOT NMPUTHCKA Y KOPOHApHHUM apTepujama y omcery oa 40 go 120 cmH,0 craructuuku
3Havajue npomeHe dp/dtnax cy yrBphene na mputuciuma on 80 no 120 cmH,0, a dp/dtyi, Ha
nputuciuma ox 100 u 120 cmH,0 (I paguronu 6p. 7. u 8.). CtaTucTuuka 3Ha4ajHOCT yTBpheHA
je Man-Whitney tectom (*p<0,05).

I'paguxon 6p. 7. TlIlpoMeHe MakCUMaJIHE CTOIE pacta MPHUTUCKA Yy JieBoj komopH (dp/dtmax) mpu

pa3uuuToM KopoHapHoM niep¢dy3uonom mputucky (CPP; 40-120 cmH,0).

3000 |-
2800 |-
2600 |-
2400 -
2200 -
2000 -
1800 |-
1600 |-
1400 |-
1200 |-
1000 |- p<0.05
800 -
600 |-
400 |-
200 o o—0o Control

B—a Experiment
o I | ] ! 1

40 60 80 100 120
CPP (cmH,0)

dpidt,,,, (cmH,0)

I'paguron 6p. 8. TlpoMmeHe MUHHMAITHE CTOIE pacta MPUTHCKa Y JieBoj komopu (dp/dtmin) mpu

paznuYuTOM KopoHapHoM niepdysuonom nputucky (CPP; 40-120 cmH,0).
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VY rpynu COHTaHO XHWIEPTEH3WBHUX CEACHTAPHUX IAIlOBa, YCJIE] MPOMEHE BPETHOCTU
nepy3MoHOT TMPUTHCKA y KOpOHapHUM apTepujama y omcery ox 40 mgo 120 cmH;0,
cTaTucTUYKHY 3HavyajHe npomeHe DLVP cy yrephene na nputucuuma ox 80 mo 120 cmH-,0, nok

BpeaHocTr SLVP ce HUCYy 3Ha4ajHO pa3IMKOBAJIC Y EKCIICPUMEHTATHOM MEPHUOAY U KOHTPOITHOM

nepuony (I paguxonu 6p. 9. u 10.).

Ipagurxon 6p. 9. IlpomeHe cucTOIHOT MpPUTHCKA y JieBoj komopu (SLVP) mpu paznuuaurom

KopoHapHOM niep¢y3rnonom nputucky (CPP; 40-120 cmH,0).
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40 —
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20~
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I'pagpuxon op. 10. IlpoMene nujacToHOT TpUTHCKa y JeBoj komopu (DLVP) npu paznuuntom

kopoHapHoM nepdy3unonom nputrcky (CPP; 40-120 cmH,0).
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VY rpynu CHOHTaHO XUIEPTECH3UBHUX CEIACHTAPHUX IAIlOBa, YCJIE] MPOMEHE BPEIHOCTU
nepy3MoHOT TMPUTHCKA y KOpOHapHUM apTepujama y omcery onx 40 mo 120 cmH0,
CTAaTUCTUYKHU 3HauajHe nmpomeHe HR-a cy yrBphene camo Ha mputucky ox 100 cmH,0, nok cy
BpenHoct CF Owmne 3HauajHo pasnuuute Ha nputuciuma ox 80 m 100 cmH,O vy
CKCIICPUMCHTAIIHOM TIEPUOy Y OJHOCY Ha KOHTpojHu nepuon (I paguxonu 6p. 11. u 12.).

Craructuyka 3HadajHoct yrBphena je Man-Whitney tectom (¥p<0,05).

I'paguxorn 6p. 11. Tlpomene cpuane ¢pekBenne (HR) mnpu pazmmuuTom KopoHaApHOM

nepdysnonom nputucky (CPP; 40-120 cmH,0).
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I'pagurxon op. 12. Tlpomene koponapHor mnpotoka (CF) mpu pasnmuuauToM KOpOHapHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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4.2.3. EkciepuMeHTAaJIHA TPYyNa HOPMOTEH3MBHHUX NMAL0BA MOJABPrHYTHX YMEPEHOM
¢pusuuxom Tpenurry (MIT rpyna)

Y rpynu HOPMOTEH3MBHHMX IalloBa HA YMEPEHOM (HU3WYKOM TPEHHHTY Y Tpajamby O]
YEeTUPH HEJeJbe, YCIel IPOMEHE BPEAHOCTH MePPy3UOHOT MPUTHCKA Y KOPOHAPHHUM apTepHjama
y omcery ox 40 no 120 cmH,0, craructuuku 3Hauajue npomene dp/dtmax-a cy yrBphene camo Ha
nputuciuMa of 40 u 60 cmH,0, mok cy Bpeanoctu dp/dimi-a Owiie 3HaYajHO pasIMUYUTE Ha
nputuciuma ox 100 u 120 cmH20 npu nopehewy ekcriepuMeHTaTHOT U KOHTPOJIHOT TepHoa
(I'paguxonu 6p. 13. u 14.). Craructuuka 3HauajHocT yTrBphena je Man-Whitney tectom
(*p<0,05).

I'paguron 6p. 13. Il]poMeHe MakCUMaJTHE CTOIE pacTa MPUTUCKA y JieBoj] kKomopu (dp/dimax) mpu

pa3IUUUTOM KOpoHapHOM Tiepdy3uonom nputrcky (CPP; 40-120 cmH,0).
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I'paguron 6p. 14. IlpoMeHe MakCUMaJHE CTOIE pacTa NPUTUCKA Y JieBOj KomopH (dp/dtmin) mpu

paznuYuTOM KopoHapHOM niepdysuonom nputucky (CPP; 40-120 cmH,0).
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VY rpynu HOPMOTEH3MBHHMX IAll0Ba HA YMEPEHOM (U3NYKOM TPEHUHIY Y Tpajamy OJ
YEeTUPU HEeJleJbe, yCIel IPOMEHE BPEAHOCTH NepPy3UOHOT IPUTUCKA Y KOPOHAPHUM apTepHrjama
y omcery ox 40 no 120 cmH;0, aucy npumehene cratuctuuku 3Ha4ajue npomene SLVP kao Hu
npomene BpeaHoctd DLVP mpu mopehemy KOHTPONHHX W EKCIIEPHUMEHTATHUX BPEIHOCTH

(I'paguxonu 6p. 15. u 16.).

I'pagpuxon 6Op. 15. TlpoMeHe CUCTONHOT HpUTHCKa y JeBoj komopu (SLVP) npu pazmuuntom

kopoHapHOM niep¢y3ronom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon op. 16. IlpomeHe aujacTonHor npuTHcKa y jeBoj komopu (DLVP) npu paznuuntom

KopoHapHOM Tiep¢y3rnonom nputucky (CPP; 40-120 cmH,0).
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VY rpynu HOPMOTECH3MBHHUX MalloBa Ha YMEPEHOM (DU3MYKOM TPEHHUHTY Yy Tpajamby O
YeTHPHU HEJeJbe, YCIIel MPOMEHE BPEIHOCTH MepPy3MOHOT MPUTUCKA Y KOPOHAPHUM apTeprjaMa
y omcery ox 40 mo 120 cmH,0, nucy npumeheHe crarucTuuku 3HadajHe mpoMene HR-a kao Hu
npomene BpemHoctd CF-a npu mopehemy ekcnepuMEHTaTHOr M KOHTPOJHOT TepHoja

(I'paguxonu op. 17. u 18.).

I'pagpuxorn 6p. 17. Tlpomene cpuane ¢pekBenne (HR) mnpu paznmmuutom KopoHapHOM

nepdysuonom mpurtucky (CPP; 40-120 cmH,0).
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I'pagpuxon 6p. 18. Tlpomene xkoponapHor mnpotoka (CF) mnpu pa3nuuuToM KOpPOHApHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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4.2.4. ExciepuMeHTAJHA IPyNa HOPMOTEH3UBHHUX NMANOBA MOABPTHYTHX (PU3HIKOM
TpeHUHry Bucokor unresurera (HIIT rpyma)

Y rpynd HOPMOTEH3MBHHX TNamoBa Ha (U3MYKOM TPCHHUHTY BHCOKOI HHTE3HMTETa Yy
Tpajamy O]l YSTHPH HECJbe, CTATUCTUYKK 3HadyajHe nmpoMeHe dp/dimax-a cy yTBpheHne camo mpu
BpenHOoCcTUMa KopoHapHor mpedysuonor mputucka ox 40 m 60 cmH0, 1ok cy BpeaHoCTH
dp/dtmin-a 6uie 3HauajHO pasauunTe Ha mpuTrcnuma ox 60 g0 100 cmH,0 y ekcriepuMeHTaIHOM
nepuony (Ipaguxonu 6p. 19. u 20.). Cratuctuuka 3HauajHocT yTBphena je Man-Whitney
tectom (¥p<0,05).

I'paguxon 6p. 19. TpomeHe MaKCUMaJIHE CTOIIE pacTa MPHUTUCKA y JeBOj KoMopH (dp/dtmay) mpu

pa3nuuuToM KopoHapHoM niep¢dy3uonom mputucky (CPP; 40-120 cmH,0).
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I'pagpuron 6p. 20. TlpoMeHe MUHUMAIIHE CTOIE pacTa MPUTHCKa y jieBoj komopu (dp/dtmin) mpu
paznuYuTOM KopoHapHOM niepdysuonom nputucky (CPP; 40-120 cmH,0).
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Y rpynu HOpPMOTEH3UMBHHX IalloBa Ha (PU3UYKOM TPEHUHTY BHCOKOI HHTE3UTETa Yy
Tpajamy OJf YeTUPH He/eJbe, YCIe IPOMEHE BPEeIHOCTH nepdy3HOHOT MPUTUCKA Y KOPOHAPHUM
aprepujama y omcery ox 40 mo 120 cmH,0, craructuuku 3Hagajue npomeHe SLVP-a cy
yrBphene camo Ha nputrcuuma o 60 u 100 cmH,0, nok cy Bpeanoctu DLVP-a Gune 3nauajuo
pasnmuuute Ha nputuciiumMa ox 60 go 80 cmH;O npu mopehemy KOHTPONHMX |

eKcrepuMeHTanHuX Bpeanoctu (I paguxonu 6p. 21. u 22.).

I'pagpuxon 6Op. 21. TlpoMeHe CUCTONHOT HpUTHCKa y JeBoj komopu (SLVP) npu pazmuuntom

KopoHapHOM nepdy3uonom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 22. IlpoMeHe nujacToONHOT MpUTHCKa y JieBoj komopu (DLVP) mpu paznuuurom

kopoHapHoM nepdy3uonom nputrcky (CPP; 40-120 cmH,0).
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JlokTopcka quceprariyja bubana JakoBspeBuh

Y Tpynu HOPMOTEH3MBHHX IaroBa Ha (U3MUYKOM TPEHUHTY BUCOKOT HHTE3UTETA Yy
Tpajamy O[] YeTHPH HEJeJbe, YCIIeA IPOMEHE BPEJHOCTH Mep(y3HOHOT MMPUTHCKA Y KOPOHAPHUM
aprepujama o 40 no 120 cmH,0, craructnuku 3navajue npomene HR-a u CF-a nucy yrephene

npu nopelermny KOHTPOIHUX U eKCIICPUMEHTATHUX BpeaqHocTu (I paghuxonu op. 23. u 24.).

I'pagpuxorn 6p. 23. Tlpomene cpuane ¢pekBenne (HR) mnpu paznmuuuTtom KopoHApHOM

nep¢yszunonom nputucky (CPP; 40-120 cmH,0).
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I'pagpuxon oOp. 24. Tlpomene koponapaor mnportoka (CF) mpu pa3muauToM KOpPOHAPHOM

nepdysnonom nputucky (CPP; 40-120 cmH,0).
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4.2.5. EkciepuMeHTAJHA TPyNa XUNePTeH3UBHUX MAN0Ba MOABPrHYTHX YMePeHOM
¢pusnukom TpeHunry (SHR+MIT rpyna)

VY rpynu XUNepTEeH3WBHHX I1all0BA HA YMEPEHOM (PH3UYKOM TPEHUHTY y Tpajamy O
YETHPHU HEJeJbe, YCIIel MPOMEHE BPEIHOCTH MepPy3HOHOT MPUTUCKA Y KOPOHAPHUM apTepujaMa
y omcery ox 40 no 120 cmH,0, craructuuku 3Hauajue npomene dp/dtmax-a cy yrBphene camo Ha
nputuciuma o1 100 u 120 cmH,0, kao u Bpeanoctu dp/dinin-a mpu mopehemy KOHTPOIHHUX |
eKcrepuMeHTaTHuX Bpeanoctu (I pagurkonu 6p. 25. u 26.). CTarucTHuKa 3HA4ajHOCT yTBpheHa

je Man-Whitney tectom (*p<0,05).

I'paguxon 6p. 25. TpoMmeHe MaKCUMaJIHE CTOIIE pacTa MPHUTUCKA y JeBOj KoMopH (dp/dtmay) mpu

pa3IMuuTOM KOpoHapHOM iepdy3uonom nputucky (CPP; 40-120 cmH,0).
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I'pagpuron 6p. 26. TlpoMeHe MUHUMAIIHE CTOIE pacTa MPUTHCKa y jieBoj komopu (dp/dtmin) mpu

paznuYuTOM KopoHapHOM niepdysuonom nputucky (CPP; 40-120 cmH,0).
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JlokTopcka quceprariyja bubana JakoBspeBuh

VY Tpynu XUNEpTEH3WBHHX I1al[0Ba HA yMEPEHOM (HU3MYKOM TPEHUHTY y Tpajamy O
YeTHPH HeJeJbe, yCIIea IPOMEHE BPEIHOCTH Nepdy3nOHOT IPUTHCKA Y KOPOHAPHUM apTepHjama
y oncery ox 40 o 120 cmH0, cratuctuuku 3nauajue npomene SLVP-a nucy yrBphene kao Hu
npomene BpeaHoctu DLVP-a mpu mopehemy KOHTPOIHHMX M E€KCIEPHUMEHTAIHUX BPETHOCTH
(I'paguxonu 6p. 27. u 28.). Craructuuka 3HadajHoct yrtBphena je Man-Whitney tectom
(*p<0,05).

I'pagpuxon 6Op. 27. TlpoMeHe CUCTONHOT HpUTHCKa y JeBoj komopu (SLVP) npu pazmuuntom
KopoHapHOM nepdy3unonom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 28. IlpoMeHe nujacToHOT MpUTHCKa y JieBoj komopu (DLVP) mpu paznuuurom

kopoHapHoM nepdy3unonom nputrcky (CPP; 40-120 cmH,0).
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JlokTopcka quceprariyja bubana JakoBspeBuh

VY Tpynu XUNEPTCH3WBHHUX MAllOBa HA YMEPEHOM (U3WYKOM TPEHHHTY y Tpajamby O
YEeTUPH HEJIeJbEe, YCIIeI MPOMEHE BPEAHOCTH MEePPY3UOHOT MPUTHCKA Y KOPOHAPHHUM apTepHjama
y oncery ox 40 o 120 cmH;0, craructiuku 3Havajue npomene HR-a cy yrBphene Ha nputucky
on 80 cmH,0, mox Bpemnoctu CF-a cy 3HagajHo mpomemeHe Ha mputuciuMma ong 100 u 120
cmH,0 npu mopehery KOHTPOIHHMX M €KCIEpUMEHTATHHUX BpeaHoctu (I paguxonu 6p. 29. u

30.). Craructruka 3nadajaoct yrephena je Man-Whitney rectom (*p<0,05).

Ipagurxon op. 29. Ilpomene cpuane ¢pekBeniie (HR) mpu pasnmuauToM KOpOHApHOM

nepdysuonom mputucky (CPP; 40-120 cmH,0).
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I'pagpuxon op. 30. Ilpomene xoponapHor mnpotoka (CF) mpu pazauuauToM KOpPOHAPHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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4.2.6. EkciepuMeHTAJIHA TPyNa XUNepTeH3UBHUX MAN0Ba MOABPrHYTHX (PU3HIKOM
TpeHuHry Bucokor unresurera (SHR+HIIT rpyna)

VY rpynu XunepTeH3MBHUX Mall0Ba HA (PU3UYKOM TPEHUHT'Y BUCOKOT MHTE3HUTETA Y TPajamby
OJl YETHPH HeAeJbe, YCIeA NIPOMEHE BPEAHOCTH Nep(y3HOHOr MPUTHCKA y KOPOHAPHUM
aprepujama y omcery ox 40 mo 120 cmH,0, cratuctuyku 3Hadajoe npomene dp/dimax-a cy
yrBphene camo Ha mputrcky ox 80 c¢cmH0, mok cy Bpemnoctu dp/dimi-a Ouse 3HauyajHO
pazmuunte Ha mnputuciuma onx 80, 100 m 120 cmH;O npu mnopehemy KOHTPOIHUX U
eKCIepUMEeHTATHUX BpeaHoctH (I paguronu 6p. 31. u 32.). CraTucTuyka 3Ha4ajHOCT yTBpheHa

je Man-Whitney tectom (*p<0,05).

I'pagpuxon 6p. 31. TlpoMeHe MaKCUMAITHE CTOIIE PacTa MPUTHCKA Y JieBoj KoMopH (dp/dtmax) mpu
pa3IUUUTOM KOpoHapHOM Tepdy3uonom nputrcky (CPP; 40-120 cmH,0).
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I'pagpuron 6p. 32. TlpoMeHe MUHUMAIIHE CTOIE pacTa MPUTHCKa y jieBoj komopu (dp/dtmin) mpu

pa3nuuuToOM KopoHapHoM niepdy3uonom nputucky (CPP; 40-120 cmH,0).
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VY rpynu XurnepTeH3UBHUX ManoBa Ha (U3UYKOM TPEHUHTY BHCOKOT HHTE3UTETa Y
Tpajalkby O] YETHUPH HeIeJbe, CTaTUCTHYKM 3HaydajHe mpomene SLVP-a cy yrBphene Ha
nputuciuma o 80 mo 120 cmH,0, nok Bpenqnoctu DLVP-a Hucy Ouie 3Ha4ajHO pa3nuduTe Ha
nputuciuma of 80, 100 u 120 cmH;O mpu mopehewy KOHTPOJIHUX U E€KCIIEPHUMEHTAIHUX
Bpennoctu (I pagurxonu 6p. 33. u 34.). Craructuuka 3Ha4dajHocT yrBphena je Man-Whitney

tectom (*p<0,05).

I'pagpuxon 6Op. 33. TlpoMeHe CHUCTONHOT HpUTHCKa y JeBoj komopu (SLVP) npu pazmuuntom

KopoHapHOM nepdy3unonom nputucky (CPP; 40-120 cmH,0).
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I'paguxon op. 34. Tlpomene nujactoiaHOr MpUTHCKaA y JiIeBo] komopu (DLVP) mipu paznuuurom

KopoHapHOM Tiep¢y3ronom nputucky (CPP; 40-120 cmH,0).
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Y rpynu XWUIIEPTCH3UBHUX TMaloBa Ha (U3MYKOM TPEHUHTY BHCOKOT WHTE3UTETa Y
Tpajamy O/ YeTUPH HelleJbe, YClIe] MPOMEHE BPEAHOCTH MepPy3UOHOT MPUTUCKA Y KOPOHAPHUM
aprepujama y omcery oa 40 no 120 cmH,0, craructuuku 3Hadajae nmpomene HR-a cy yrephene
Ha mputuciuMa ox 60 u 120 cmH,0, nox BpeaHoctu CF-a cy Owiie 3Ha4ajHO pa3audyUTe HA
nputuctuma o 60 no 120 cmH,0 npu nopehery KOHTPOTHUX U €KCIIEPUMEHTATHUX BPEIHOCTH

(I'paguxonu 6p. 35. u 36.).

I'paguxorn 6p. 35. ITlpomene cpuane ¢pekBenne (HR) mnpu paznmuuuTtom KopoHapHOM

nepdysznonom nputucky (CPP; 40-120 cmH,0).
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I'pagpuxon oOp. 36. Ilpomene koponapHor mnpotoka (CF) mpu pazaudauToM KOpPOHAPHOM
nepdysznonom nputucky (CPP; 40-120 cmH,0).
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4.3. YTULIAJ YMEPEHOI' U ®U3UYKOI' TPEHUHI'A BUCOKOI' MUHTE3UTETA
HA KAPAUOAUHAMCKE TAPAMETPE N30JIOBAHOTI' CPLHA
HOPMOTEH3UBHHUX ITAIIOBA

MakcumanHa croma pacrta MPHUTUCKA Yy JICBOj KOMOPH j€ CTAaTUCTHYKU 3HA4ajHO
pOMEmEeHA Ha CBUM TNpUTHCLIUMA MopehemeM CBX HOPMOTEH3UMBHHX Tpymna melhycoOHo, ca
u3paxeHno HWxuM Bpeanoctuma y MIT rpynu (I paghuxon 6p. 37). Pe3ynratu cy npuka3aHu Kao
Cpenma BpPEIHOCT =+ cpeama craHmapaHa rpemka (X+SEM), a craructuyka 3Ha4ajHOCT
yrBphena je ANOVA u Tukey post hoc tecrom (*p<0,05). a=CTRL vs. MIT, b=CTRL vs. HIIT,
c=MIT vs. HIIT.

I'paghuxon Op. 37. YTunaj Gpu3nyKor TPEHUHra YMEPEHOT U BUCOKOT MHTE3UTETAa Y Tpajamby O
YEeTHUPHU HEJeJbe Ha MPOMEHE MaKCHMAJIHE CTOIE PacTa MPUTUCKA Y JieBoj komopu (dp/dtmax) mpu

pa3nuuuToM KopoHapHoM niep¢dy3uonom mputucky (CPP; 40-120 cmH,0).
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MuHuManmHa cToma pacTa TPHUTHCKA Yy JIEBOj KOMOPH j€ CTAaTUCTUYKH 3HAYajHO
MPOMEHCHA HAa CBUM IpUTHCIHMMA rmopehemeM CBX HOPMOTCH3MBHHX rpyna melhycoOHo, ca

u3paxeHo HkuM Bpeanoctuma y MIT rpynu (I paghuxon 6p. 38).

I'pagukon op. 38. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3UTETA Y Tpajamby O]
YEeTUPHU Hellebe Ha MPOMEHEe MUHHMAJIHE CTOIE PAacTa MPHUTUCKA Yy JieBoj komopH (dp/dtmin) mpu
pa3IuuuTOM KopoHapHoM rnepdy3uoHom nputucky (CPP; 40-120 cmH,0). (*p<0,05): a=CTRL
vs. MIT, b=CTRL vs. HIIT, c=MIT vs. HIIT.
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JlokTopcka quceprariyja bubana JakoBspeBuh

BpeaHocT CHCTOTHOT TPUTHCKA Yy JIEBOj KOMOPH CYy C€ CTAaTUCTHUYKH 3HAYajHO
pa3nuKoBANIe MPH BpeIHOCTUMA TTep(y3UOHOT MPUTUCKA Y KOpOHApHOM apTepHjama o 60, 100 u
120 cmH;0 mopehemweM cBuUX HOPMOTEH3WBHUX Tpymna MelhycoOHO, ca H3PaKEHO HIKUM

Bpennoctuma y MIT rpynu (I pagpuron op. 39).

I'pagpuxon op. 39. Yrunaj pu3HUKoOr TpEHUHra YMEPEHOT U BUCOKOT MHTE3UTETA Y Tpajarby OJ
YETUPH HEJNleJbe Ha MPOMEHE CHCTOJIHOT MPHUTHCKA y JieBoj koMopu (SLVP) mpu pazmuuurom
kopoHapHoM mepdysuonom nputucky (CPP; 40-120 cmH,0). (*p<0,05): a=CTRL vs. MIT,
b=CTRL vs. HIIT, c=MIT vs. HIIT.
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JljacToIHM TIPUTHCAK Yy JIEBO] KOMOPH j€ CTaTHCTHYKH 3HA4ajHO NMPOMEHCHA HAa CBUM
nepdy3uoHuM npuTHCIIIMA TIopehemeM cBUX HOPMOTEH3MBHHX Tpyna Mel)ycoOHO, ca n3pakeHo

HwkuM BpenHoctuma y CTRL rpymu (I paguron 6p. 40).

I'pagukon op. 40. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamby O
YETUPH HENEeJbe Ha MPOMEHE JIMjacTOJHOT MPHUTHCKA y JieBoj komopHu (DLVP) mpu pazmuuntom
kopoHapHoM mepdy3uonom nputucky (CPP; 40-120 cmH,0). (*p<0,05): a=CTRL vs. MIT,
b=CTRL vs. HIIT, c=MIT vs. HIIT.
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JlokTopcka qucepranmja

CpuaHa (pekBeHIa je CTAaTUCTHYKH 3HAYajHO MPOMEHEHA HAa camMo Ha mepdy3nOHUM
nputuciuma ox 80 cmH;O mopehemeM cBHX HOPMOTCH3MBHUX rpyrna MelycoOHO, Kao U Ha

nputucky oa 120 cmH,0 nopehewem HIIT rpyme ma ocramum rpymnama, ca U3pa)xkeHO HIKHM

Bpennoctuma y MIT rpynu (I paguron op. 41).

I'pagpuxon op. 41. Ytunaj pU3HUKOT TPEHUHra YMEPEHOT U BUCOKOT MHTE3UTETA Y TPajarby OJ
YeTUpH HeAe/be Ha TmpomeHe cpuaHe ¢pekBenne (HR) mpu pasmuuuTomM KOpoOHApHOM

nepdysuonom mputrcky (CPP; 40-120 cmH,0). (*p<0,05): a=CTRL vs. MIT, b=CTRL vs.

HIT, c=MIT vs. HIIT.
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JlokTopcka quceprariyja bubana JakoBspeBuh

KopoHapau mnpoTOK je CTaTHCTHMYKH 3HA4ajHO TPOMEHEHAa Ha Ha mepdy3noHUM
nputuciuma ox 60 no 120 cmH,O mopehewmem cBuX HOPMOTEH3WBHHX Tpymna MmehycoOHo, ca

u3paxeno HkuM Bpeanoctuma y HIIT rpynu (I paguron 6p. 42).

I'pagukon op. 42. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamby O
YeTUpH HeleJbe Ha mpoMmMeHe KopoHapHor mporoka (CF) mpu pasnmuyuromM KOpOHApHOM
nepdysuonom nputrcky (CPP; 40-120 cmH,0). (*p<0,05): a=CTRL vs. MIT, b=CTRL vs.
HIT, c=MIT vs. HIIT.

E
E
£ 10
o i
[&] 8l
= p<0.05%b-¢
4 -
o—o CTRL
2 B—a MIT
B o—e HIT

0 1 1 l l 1
40 60 80 100 120
CPP (cmH, 0)

74



JlokTopcka quceprariyja bubana JakoBspeBuh

4.4. YTULIAJ YMEPEHOT U ®V3MYKOT TPEHMHI'A BACOKOT UHTE3UTETA
HA KAPIMOJMHAMHUKY W30JOBAHOT CPIIA XUNEPTEH3UBHUX
MMAILIOBA

MakcuManaHa CTOMa pacra MPUTUCKA Y JIEBO] KOMOPH j€ CTATUCTHUYKH 3HAYajHO
npoMemeHa Ha mnepdysmonum mputucimMa ox 60 mo 120 cmH,O mnopehemem cBux
XUNEPTCH3UBHUX Trpymna MehycobHo, ca ymamibuBo HwkuM BpeaHoctuma y HIIT+SHR rpymm
(I'pagpuxon 6p. 43). Pesynratu Cy npuKazaHH Kao Cpeliiba BPEIHOCT £ Cpe/liba CTaHaapIHa
rpemika (X£SEM), a cratucruuka 3HauajHoct yrephena je ANOVA u Tukey post hoc tecrom
(*p<0,05).

I'paghuron op. 43. YTunaj Gpu3nYKOr TPEHUHra YMEPEHOT U BUCOKOT MHTE3UTETa Y Tpajamby O
YETHPH HEJICJhE Ha MPOMEHE MaKCHMAJIHE CTOIE pacTa MPUTHCKa Yy j1eB0j komopH (dp/dtmax) mpu
pa3nuuuToM KopoHapHoM TnepdysuoHom mnputucky (CPP; 40-120 cmH;0). a=SHR vs.
MIT+SHR, b=SHR vs. HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.

2800 o—o SHR

F B—a MIT+SHR
2600 |4 o HIT+SHR
2400 |-

2200 |-
2000 |-
1800 -

3 T

L 1600} /_I._

5 er — | \

< 1200

5 1000 |- e T
A1

800 -

600 |- |
- ab,.c
400 |- p<0.05

200 -

U ] I 1 ] ]
40 60 80 100 120
CPP (cmH,0)

75



JlokTopcka quceprariyja bubana JakoBspeBuh

MuHMManHa CTOma pacTa NPUTHCKA Yy JIEBOj KOMOPH j€ CTaTHCTUYKH 3HA4ajHO
npomMemeHa Ha mnepdy3umonum mputuciiuma ox 60 mo 100 cmH,O mopehemem cBux
XHUIIEPTEH3UBHUX Tpyna MelycobHo, a Ha mputucuuma on 40 u 120 3Ha4ajHO pPA3IUKY]Y
BpenHocT oBor Mmapkepa mnopehemem SHR u HIIT+SHR rpyme ca wuspaxkeHo HIKUM

Bpennoctuma y SHR rpynu (I paghuxon 6p. 44).

I'pagpuxon Op. 44. Ytunaj pu3nukor TpeHUHra yMEpEeHOT U BUCOKOT MHTE3UTETa y Tpajamy O]l
YEeTUPHU HeNle/be Ha MPOMEHE MUHHMAJIHE CTOIE PacTa MPHUTUCKA Yy JieBoj koMopH (dp/dtmin) mpu
pa3nmuuuTOM KopoHapHoM mnepdysuonom mputucky (CPP; 40-120 cmH,0). (*p<0,05): a=SHR
vs. MIT+SHR, b=SHR vs. HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.
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BpenHocT cucToNHOT MpUTHCKA Y JIEBOj KOMOPH j€ CTaTUCTUYKH 3HAYajHO TPOMEHCHA
npu nepdysumonnm nputuciiuma oa 100 mo 120 cmH,O mopehemeM cBHUX XHIIEPTEH3MBHUX
rpyna melyco6Ho, a Ha mputucuuMa ox 40 u 120 HOMHHAHTHO Cy CHM)KEHE BPEIHOCTU Y

HIIT+SHR rpynu (I paguxon op. 45).

I'pagukon op. 45. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamby O]
YeTUPU HeleJbe Ha MPOMEHE CHUCTOJHOT NMPUTHCKa y JieBoj komopu (SLVP) mpu pasnuuurom
KopoHapHoM riepdy3uonom nputucky (CPP; 40-120 cmH,0).(*p<0,05): a=SHR vs. MIT+SHR,
b=SHR vs. HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.

p<0,05a'b‘c
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JInjacTOJIHM TPUTHCAK Yy JIEBO] KOMOPU j€ CTAaTUCTHUYKH 3HAYajHO TPOMEHEH Ha
nepdysnonuM nputucuuma ox 60 go 120 cmH;O mopehemem CBUX XUNEPTEH3WBHHX TIpyIia

melyycoono. (I paguron op. 46).

I'pagukon op. 46. Ytunaj GpU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamy O
YETUPH HENEeJbe Ha MPOMEHE JIMjacTOJHOT MPHUTHCKA y JieBoj komopHu (DLVP) mpu pazmuuntom
KopoHapHoM niepdy3zuonom nputrcky (CPP; 40-120 cmH,0). (*p<0,05): a=SHR vs. MIT+SHR,
b=SHR vs. HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.
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Cpuana (hpexBeHIIa je CTATUCTUYKH 3HAYajHO MPOMEHEH Ha Nepy3HOHUM MPUTUCIIMMA
on 100 mo 120 cmH;0O mopehemem cBux xunepreH3MBHHX rpyma mehycoOHo. Ha ocramum
NPUTHCIIMA BPEJHOCTH OBOT KapAHOAMHAMCKOT MapKepa HHje OWMJIO 3HAYajHO IPOMEH-CHA

(I' paguxon op. 47).

I'pagpuxon Op. 47. Ytunaj pU3HUKOT TPEHUHra YMEPEHOT U BUCOKOT MHTE3UTETA Y TPajarmby OJ

YeTUpH HeAe/be Ha TmpomeHe cpuaHe ¢pekBenne (HR) mpu pasmuuuTomM KOpoOHApHOM
nepdysuonom mpurtucky (CPP; 40-120 cmH,0). (*p<0,05): a=SHR vs. MIT+SHR, b=SHR vs.
HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.
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Bpeanoctu KOpoHapHOT MPOTOKA Cy C€ CTaTUCTUYKH 3HAYQjHO PA3JIMKOBAJIE MPH CBUM
nepdy3nonuM nputucauma oa 40 no 120 cmH>0 mopehewem SHR vs. MIT+SHR u MIT+SHR
vs. HIIT+SHR, ca noMuHaHTHO MNOBUIIEHMM BpeaHocTuMa oBor Mapkepa y SHR rpymu

(I'pagpuxon 6p. 48).

I'pagukon op. 48. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamby O
4eTHUpU HeAebe Ha mpoMeHe KopoHapHor mpotoka (CF) mpu pazmumuuTomM KOpOHApHOM
nepdysuonom mputucky (CPP; 40-120 cmH,0). (*p<0,05): a=SHR vs. MIT+SHR, b=SHR vs.
HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.
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4.5. EOEKAT PA3JIMYUTUX TPEHAKHUX ITPOTOKOJIA HA MAPKEPE
OKCHIJALHUOHOI CTPECA Y IIEP®Y3ATY N30JIOBAHOI' CPLIA ITAITOBA

4.5.1. KontpoJiHa rpyna cegeHTapHuX HopMmoTeH3uBHux nanosa (CTRL rpyna)

Y KOHTPOJHOj TPYNMU CEACHTAPHHUX TIalloBa, MPOMEHOM INepQy3HOHOI TNPUTHCKA Y
KopoHapHuM aprepujama on 40 mo 120 cmH,O, cratuctuuku 3Havyajue mpomene Oy cy
npumehene Ha mputucky ox 80 ¢cmH,O, mox mpomene Bpeanoctu H,O, Hucy mpumehene
(I'paguxonu 6p. 49 u 50). Pesynratu Cy NpHKa3aHH Kao Cpelmba BPEIHOCT =+ Cpeliba
cragnapaHa rpemka (X+SEM), a craructuuka 3Hauajuoct yrBphena je Man-Whitney tectom
(*p<0,05).

I'paghuxon 6p. 49. Bpennoctu cynepokcus aHjoH paaukaia (Oy) mpu pa3IndauToM KOPOHAPHOM
nepdysunonom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 50. Bpegnoctu Bomonumk mnepokcunpa (H;Oz) mpm pa3nuuuToM KOpOHApPHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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VY KOHTpPOJHOj IpyHH CEeIEHTAapHHUX MaloBa, YCjiel MPOMEHa BPEAHOCTH Mepy3HOHOT
MPUTUCKA Y KOopoHapHUM aptepujama oa 40 mo 120 cmH,O, cratucTuyku 3HaYajHE MPOMEHE

NO; u TBARS-a nucy npumehene (I paguxonu 6p. 51.u 52).

I'paguxon 6p. 51. Bpennoctu azotr mMoHokcuaa y dopmu Hutputa (NO;) mpu paznuaurom
kopoHapHOM niep¢y3uonom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 52. Bpennoctu unaekca iunuaHe nepokcunamnuje y popmu TBARS-a (TBARS)
IPU pa3InIuTOM KopoHapHOM nepdy3uonom mputrcky (CPP; 40-120 cmH,0).
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4.5.2. KoHTpOJIHA IpyNa ceJeHTAPHUX XulNlepTeH3uBHUX nmanoBa (SHR rpyna)

Y KOHTPOJIHOj TPYIU CEICHTAPHUX XUIIEPTCH3UBHUX I1aI[0Ba, YCJIE IPOMEHA BPETHOCTH
nepdy3uoHOT TPUTHCKA y KopoHapHUM aptepujama ox 40 go 120 cmH,O, craructuuku
3HauyajHe nmpomene Oy cy npumehene Ha mputucky o 120 cmH,0, nok cy npomeHne BpegHOCTH

H,0, npumehene Ha nputucky ox 100 cmH,0 (I paguronu op. 53. u 54).

I'paghuxon 6p. 53. Bpennoctu cynepokcun anjoH paaukana (Oy") mpu pa3nuduToM KOPOHAPHOM

nep¢yszuonom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 54. Bpemnoctu BojgoHmk mnepokcuma (H;Oz) mpu pa3nmuuTtoM KOpPOHAPHOM

nepdysznonom nputucky (CPP; 40-120 cmH,0).
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Y KOHTpPOJHO] TPYIH CEICHTAPHUX XUMEPTEH3UBHUX MAI0Ba, YCJeI MPOMEHA BPEIHOCTH
nepdy3nmoHOr TpHUTHCKA Yy KopoHapHuM aptepujama ox 40 mo 120 cmH,0O, cratuctuuku
3HauajHe npomene NO, Hucy npumehene, 1ok cy nmpomene BpeaHoctu | BARS-S craructiuku

3Ha4ajHO nmpoMemeHe Ha mpuTrucKy oa 80 u 120 cmH,0 (I paguronu 6p. 55. u 56).

I'paguxon 6p. 55. Bpennoctu azor moHokcuaa y dopmu Hutputa (NO;) mpu paznuaurom
KopoHapHOM nep¢y3uonom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 56. Bpennoctu mHAekca munuane nepokcunanuje y popmu TBARS-a (TBARS)

U Pa3IMIUTOM KopoHapHOM niepdy3uonom nputucky (CPP; 40-120 cmH,0).
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4.5.3. ExcniepuMeHTaJIHA TPYyNa HOPMOTEH3UBHHUX MAI0BA MOABPrHYTUX YMEPEHOM
¢puznukom Tpenunry (MIT rpyna)

Y Tpynu HOPMOTEH3WBHHX IAll0OBa Ha YMEPEHOM (U3WYKOM TPEHUHTY Y Tpajamky OJ
YEeTUPH HEJIeJbEe, YCIIeI MPOMEHa BPEAHOCTH MEePPY3UOHOT MPUTHCKA Y KOPOHAPHHUM apTepHjama
on 40 no 120 cmH,0, cratuctuuku 3nayajae npomene O, cy yrBphene Ha nputucuuma of 80-
120 cmH;0O, nok cy Bpemnoctu H;O, Hucy Owne 3HaAYajHO pas3nUuUUTe TpHU THopehemy

KOHTPOJIHHUX M €KCIIEPUMEHTATHUX BpeaHocTH (I paguronu 6p. 57. u 58.).

Ipaghuxon 6p. 57. Bpennoctu cynepokcun anjoH paaukana (Oy") mpu pa3nuduToM KOPOHAPHOM

nepdysunonom nputrcky (CPP; 40-120 cmH,0).
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I'pagurxon 6p. 58. Bpeanoctu BojgoHuk mnepokcuna (H.Oz) npu pa3znmuuToM KOpOHapHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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VY rpynu HOPMOTEH3MBHHX IaloBa HA YMEPEHOM (HU3MUYKOM TPEHHHTY Y Tpajamy OX
YeTHPH HeJeJbe, YCIIea MPOMEeHa BPeHOCTH Nephy3nOHOT IPUTHCKA Y KOPOHAPHHUM apTepujama
ox 40 no 120 cmH0, craructiuku 3nauajue npomene NO, Hucy yTBpheHe AOK Cy BpeaHOCTH
TBARS-a Ouie 3Ha4ajHO pa3IUYUTe Y €KCIIEPUMEHTAIHOM IEPHOY y OJHOCY Ha KOHTPOJHHU

nepuos Ha nputuciuma o1 100 u 120 cmH,0 (I paguronu 6p. 59. u 60.).

I'pagpuxon 6p. 59. Bpennoctu azor moHokcuzaa y ¢opmu Hutputa (NO2) mpu pasmuuntom

KopoHapHOM nep¢y3uonom nputucky (CPP; 40-120 cmH,0).
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I'paguron 6p. 60. Bpennoctu uHaekca nunuane nepokcuaanuje y popmu TBARS-a (TBARS)

Y Pa3IMIUTOM KopoHapHOM niepdy3uonom nputucky (CPP; 40-120 cmH,0).
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4.5.4. ExciepuMeHTAJIHA TPyNa HOPMOTEH3MBHUX MAL0OBA MOJABPIrHYTUX (PU3HUYKOM
TpeHUHry Bucokor unresurera (HIIT rpyma)

Y rpynu HOPMOTEH3WBHHX IalloBa Ha (PU3MYKOM TPEHUHTY BHCOKOI WHTE3UTETA Y
Tpajamy O] YeTUPH HelleJbe, YCIIe] MPOMEHa BPEAHOCTH MepPy3HOHOT MPUTUCKA Y KOPOHAPHUM
aprepujama ox 40 mo 120 cmH,O, craructuuku 3Havajae mpomeHe O, cy yTBpheHe Ha
nputuciuma oz 60, 100 u 120 cmH,0, nok cy Bpennoctu H,O, Ouie 3HauajHO pa3IM4MTE HA
nputucky ox 100 cmH;O mnpu mopehewy KOHTPONHHX M EKCHEPUMEHTAIHUX BPEIHOCTH

(I'paguxonu op. 61. u 62.).

I'paghuxon 6p. 61. Bpennoctu cynepokcus aHjoH paaukana (Oy) mpu pa3indauToM KOPOHAPHOM

nepdysznonom nputucky (CPP; 40-120 cmH,0).
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I'pagurxon 6p. 62. Bpeanoctu BojgoHuk mnepokcuna (H.Oz) npu pa3nmuuroM KOpOHapHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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Y Tpynu HOPMOTEH3MBHHX IaroBa Ha (U3MUYKOM TPEHUHTY BUCOKOT HHTE3UTETA Yy
Tpajarby O] YeTHPH HEZeJbe, YCIIEa MPOMEHA BPEAHOCTH Nephy3nOHOT IPUTHCKA Y KOPOHAPHUM
aprepujama o 40 no 120 cmH,0, cratuctuuku 3Hauajue npomene NO, HuCy yTBphene, kao HH

npomene BpegHoctd TBARS-a npu nopelhery KOHTPOJIHUX M €KCIIEPUMEHTATHUX BPETHOCTH

(I' paguxonu 6p. 63. u 64.).

I'pagpuxon 6p. 63. Bpennoctu azor mMoHokcuzaa y ¢opmu Hutputa (NO2) mpu pasmuuntom

KopoHapHOM nepdy3rnonom nputucky (CPP; 40-120 cmH,0).

NG, (nmol/mligwt)

I'pagpuron 6p. 64. Bpennoctu uHaekca munuane nepokcuaanuje y ¢opmu TBARS-a (TBARS)

IPU Pa3InIuTOM KopoHapHOM nepdy3uonom mputrcky (CPP; 40-120 cmH,0).
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4.5.5. EkciepuMeHTAJIHA TPyNa XUNePTEeH3UBHUX MAN0BA MOABPrHYTHX YMepPeHOM
¢puznukom TpeHunry (MIT+SHR rpyna)

Y Tpynu XUNEPTEH3UBHUX TaroBa Ha (U3MYKOM TPEHUHTY yMEPEHOT HHTE3UTETa Yy
Tpajamy O] YUeTUPH Hellebe, YCIIe] MPOMEHa BPEIHOCTH MepPy3HOHOT MPUTHCKA Y KOPOHAPHUM
aprepujama ox 40 mo 120 cmH,O, craructuuku 3Havajae mpomeHe O, cy yTBpheHe Ha
nputuciiuma ox 60 mo 100 cmH,0, nok cy Bpemnoctu H,O, Omie 3HauajHO pa3IUUUTE HA
nputucky ox 100 cmH,O mnpu mopehery KOHTPOTHMX U EKCHEPUMEHTATHUX BPEIHOCTH

(I'paguxonu 6p. 65. u 66.).

I'paghuxon 6p. 65. Bpennoctu cynepokcus aHjoH paaukana (Oy’) mpu pa3auauToM KOPOHAPHOM

nepdysznonom nputucky (CPP; 40-120 cmH,0).
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I'pagurxon 6p. 66. Bpeanoctu BojgonHuk mnepokcuna (H.Oz) mpu pa3znuuuroM KOpOHapHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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VY rpynu XUNepTEeH3WBHUX MamoBa Ha (DPU3NYKOM TPEHHHTY YMEPEHOT HMHTE3HTETa Yy
Tpajarby O[] YeTHPH HEZeJbe, YCIIea MPOMEHA BPEAHOCTH Nephy3nOHOT IPUTHCKA Y KOPOHAPHUM
aprepujama ox 40 mo 120 cmH,0O, cratuctuuku 3Hauajue mpomene NO, u TBARS-a cy
yrBphene Ha mputucky on 120 ¢cmH;O npu mnopehemy KOHTPOTHHX M EKCIEPHUMEHTAIHUX

Bpennoctu (I paguxonu 6p. 67. u 68.).

I'pagukon 6p. 67. Bpennoctu a3otr moHokcuaa y ¢opmu Hutputa (NO2) mpu pasmuuurom

KopoHapHOM nep¢y3uonom nputucky (CPP; 40-120 cmH,0).
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I'pagpuron 6p. 68. Bpennoctu unaekca munuane nepokcuaanuje y ¢opmu TBARS-a (TBARS)

IPU pa3InIuTOM KopoHapHOM nepdy3uonom nputucky (CPP; 40-120 cmH,0).
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4.5.6. EkciepuMeHTAJIHA TPyNa XUNepTeH3UBHUX MAN0Ba MOABPrHYTHX (PU3HIKOM
TpeHuHry Bucokor unresurera (HIIT+SHR rpymna)

Y rpynu XWUIEPTCH3UBHUX TMaloBa Ha (U3MYKOM TPEHUHTY BHCOKOT WHTE3UTETa Y
Tpajamy O] YUeTUPH Hellebe, YCIIe] MPOMEHa BPEIHOCTH MepPy3HOHOT MPUTHCKA Y KOPOHAPHUM
aprepujama ox 40 mo 120 cmH,O, craructuuku 3Havajae mpomeHe O, cy yTBpheHe Ha
nputuciuma ox 80 mo 120 cmH,0, nok cy Bpemnoctu H,O, Owmie 3HaYajHO pa3IUuUTE HA
nputucky ox 80 u 120 cmH,0 npu nopehermy KOHTPOIHUX M EKCIEPUMEHTAIHUX BPEIHOCTH

(I'paguxonu 6p. 69. u 70.).

I'paghuxon 6p. 69. Bpennoctu cynepokcus aHjoH paaukana (Oy’) mpu pa3IndauToM KOPOHAPHOM

nepdysznonom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 70. Bpegnoctu Bomonmk mnepokcunpa (H;Oz) mpm pa3numuuToM KOpOHAPHOM

nepdysuonom nputucky (CPP; 40-120 cmH,0).
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VY rpynu XurnepTeH3UMBHUX ManoBa Ha (U3UYKOM TPEHUHTY BHCOKOT HHTE3UTETa Y
Tpajamy OJf YeTUPH He/ebe, YCIe MPOMEHa BPEeIHOCTH nepdy3HOHOT MPUTUCKA Y KOPOHAPHUM
aprepujama ox 40 mo 120 cmH,0, craructuuku 3Hagajue mpomene NO, cy yrBphene Ha
nputucuuma ox 80 go 120 cmH,0, nok cy Bpennoctu TBARS-a Oune 3HauajHO pazauyuTe Ha
nputucky ox 60, 100 m 120 cmH;O npu mnopehewmy KOHTPONHMX M EKCIIEPUMEHTATHUX

Bpennoctu (I paguxonu op. 1. u 72.).

I'paguron 6p. 71. Bpennoctu azor moHokcuaa y ¢dopmu mutputa (NO) mpu pasmudutom

KopoHapHOM nep¢y3ronom nputucky (CPP; 40-120 cmH,0).
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I'paghuxon 6p. 72. Bpennoctu uHaekca unuaHe nepokcunaimje y popmu TBARS-a (TBARS)

IPU Pa3InIuTOM KopoHapHOM nepdy3uonom mputrcky (CPP; 40-120 cmH,0).

TBARS (molmi)

o—o0 Control
m—m  Experiment

oE 1 1 1 1 I
a0 60 80 100 120
CPP (emH;0)
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4.6. YTUIAJ YMEPEHOI' 1 ®U3UYKOI' TPEHUHI'A BUCOKOI' UHTE3UTETA
HA MAPKEPE OKCHIAINMOHOI' CTPECA Y IIEP®Y3ATY H30JJOBAHOT
CPIIA HOPMOTEH3UBHHUX ITAIIOBA

Konmerpanuja cymnepokcu aHjoH paavkaiza je Oumia 3HayajHO HWKA HAa CBUM
nepdysuonum npuructmma y MIT u HIIT rpynmama y omHocy Ha KoHTponHY Tpyny. Bpeanoctu
OBOT Mapkepa y eduryeHTy y nopehemy 1Ba pa3nmuuura pexuma TPEHHHTa HUCY Ce Pa3IuKoBalie
(I’ paguxon 6p. 73). Pesynratu Cy IpHKa3aHH Kao CPelba BPEIHOCT + Cpeliba CTaHIapIHa

rpemika (X+SEM), a cratucrruka 3Hadajaoct yrephena je ANOVA u Tukey post hoc tecrom.

I'paguron 6p. 73. YTHnaj GU3HUKOr TPEHHUHTa YMEPEHOT W BUCOKOT MHTE3HUTETA Y TPajamby OX
YeTHpPU HEAeJbe Ha IMPOMEHE BPEAHOCTH CYNEpOKCHI aHjoH paaukaia (O2) mpu pa3inuauTom
kopoHapHoM mnep¢ysuonom nputucky (CPP; 40-120 cmH,0). (*p<0,05). a=CTRL vs. MIT,
b=CTRL vs. HIIT, c=MIT vs. HIIT.

140~ oo cTRL
| |m—a MIT
o—e HIT
120 - p<005*

p<0.052bc

100 |—

p<0_05a.b

80 |-
p<0.052°

Oy (nmol/ml)

60 [~

40|

20~

CPP (cmH,0)
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Konmerpanyja BOIOHUK MEpoKcHaa je OwWiia 3Ha4ajHO HIDKA HA CBUM Mepy3HOHUM
nputuciiuma y MIT u HIIT rpynama y ogHOCy Ha KOHTpOJIHY rpymy. BpeaHoctu oBor mapkepa

y eduiyeHTy y nmopehemy nBa paznuuuTa pexxuma TpEHUHTa HUCY ce pasziukoBane (I paguxon op.
74).

I'paguxon op. 74. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamby O
YEeTUPU HEJebe Ha MPOMEHE BPEIHOCTH BOJOHUK mnepokcuaa (HyOp) mnpu paznuuurom
kopoHapHoM mepdysuonom nputucky (CPP; 40-120 cmH,0). (*p<0,05): a=CTRL vs. MIT,
b=CTRL vs. HIIT, c=MIT vs. HIIT.

abc
80~ |o—o CTRL p<0.05

L —a MIT
o—e HIT p<0‘055‘b'°

70—

60—

50—

40—

H,0, (nmoliml)

30

20—

40 60 80 100 120
CPP (cmH;0)
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Konnerpanuja aHuTpuTta je Owmia 3Ha4ajHO HUXKA HA CBUM Mepdy3UOHUM MPUTHUCIIAMA Y
MIT u HIIT rpynama y ogHOCY Ha KOHTPOJHY I'pymy. BpenHoctu oBor Mapkepa y ehiayeHTy y

nopehemy Ba paznuunTa pexkruMa TPEHUHTa HUCY ce pa3nukoBaie (I paguxon op. 75).

I'pagukon op. 75. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamby O
YEeTUPH HENEJhe Ha IMPOMEHE BPEAHOCTH a30T MoHokcuna y (opmu Hutputa (NO) mpum
pa3IuuuTOM KopoHapHoM rnepdy3uoHom nputrcky (CPP; 40-120 cmH,0). (*p<0,05): a=CTRL
vs. MIT, b=CTRL vs. HIIT, c=MIT vs. HIIT.

D<0_053.h

250~ | o0—o CTRL
—a mT
e HIT p<0.05%*

200~ p<0.052b

p<0_05a.b
150 |-

p<0.0520

NQ,” (nmol/ml)

100

50 —

o | I ! 1 I
40 60 80 100 120
CPP (cmH,0)
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Konnerpanuja wHAEKca NWMHIHE MEPOKCUAANMjEe je Ouia 3HAYajHO HUXKA HAa CBUM
nepdysuonum npuructmma y MIT u HIIT rpynama y onnocy Ha KOHTpOJdHY Tpymy. BpeaHocTtu
OBOTI MapKepa y euiyeHTy y nopehemy Ba pa3inuura peskuma TPEHHHra HUCY Ce pa3jIMKoBalle

(I'pachuxon 6p. 76).

I'pagpuxon Op. 76. YTunaj pu3HUKOr TPEHUHra YMEPEHOT U BUCOKOT MHTE3UTETA Y Tpajarby OJ
YETUPH HEJIeJbe Ha MPOMEHE BPEIHOCTH MHJCKCA JUNuaHe nepokcuaanuje y popmu TBARS-a
(TBARS) npu pasaunuutoM KopoHapHoMm mepdysuonom mputucky (CPP; 40-120 cmH,0).
(*p<0,05): a=CTRL vs. MIT, b=CTRL vs. HIIT, c=MIT vs. HIIT.

501~ [o—o cTRL

B—a MIT
45— | =—e HIT

40 p<0.052P

35+
p<0.0525

30}
p<0.052°

25| p<0.05%5

TBARS (umofml)

20 p<0.052b

CPP (cmH,0)
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4.7. YTUIAJ YMEPEHOI' 1 ®U3UYKOI' TPEHUHI'A BUCOKOI' UHTE3UTETA
HA MAPKEPE OKCHIAINMOHOI' CTPECA Y IIEP®Y3ATY HU30JIOBAHOI
CPIA XUIIEPTEH3UBHUX ITAIIOBA

KoHmnenTpanuja cynepokcua aHjoH pajuKaia je Ouia 3Ha4ajHO pas3sInyuTa Ha MPUTHUCKY
ox 100 u 120 cmH0 y xontponnoj rpynu y ogHocy Ha MIT u HIT rpyne y Toky xuneprensuje
Kao 1 MelycoOHMM mopehemeM CBHX Tpylia Ha OBOM NPHUTHUCKY, TOK HAa OCTAJIMM MPHUTUCIIMA

BPEIHOCTH CYNEPOKCHI aHjoH paaukaia ce pasnukoBasia y MIT+SHR rpynu y omnocy Ha SHR

u HIT+SHR rpyny. (I paguxon 6p. 77).

I'paghuxon 6p. 77. YTHnaj] GU3NIKOT TPEHUHTA YMEPEHOT W BUCOKOT MHTEC3UTETA Y TPajamby O]
YeTUpU HeJeshe Ha MPOMEHE BPEIHOCTH CYMEpPOKCHI aHjoj paaukana (O2) mpu pa3inuuToM
KopoHapHoM nepdysuonom nputucky (CPP; 40-120 cmH,0). a=SHR vs. MIT+SHR, b=SHR vs.
HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.

S o5 smr p<0.052b¢

B—aE MIT+SHR
40— | ®e—e HIT+SHR

35

30
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KoHnmnenTpanuja BOIOHUK MEpOKCHIA je Ouila 3HaUajHO pa3InyuTa Ha MpUTUCKY oa 100
c¢cmH,0 y koHTposiHO] Tpynu y oxHocy Ha MIT u HIIT rpyne y Toky xumepTeH3uje kKao u
MehycoOHum mopehemem CBHX Ipyna Ha OBOM INPHUTUCKY, Kao U Ha mputucky ox 120 cmH,0
nopehemeM 1Ba pa3nuuyMTa peXrMa TpeHuHra. Ha octanmum nmputucuuMa HuUje  OMIIO

CTaTUCTHYKH 3HAYajHUX pasnuka (I paguxon 6p. 78).

I'pagpuxon Op. 78. YTunaj pu3HUKOr TpEHUHra YMEPEHOT U BUCOKOT MHTE3UTETA Y Tpajarmby O]
YEeTUPU HEJebe Ha MPOMEHE BPEIHOCTH BOJOHUK mnepokcuaa (HyOp) mnpu paznuuurom
kopoHapHoM nepdy3uonom nputucky (CPP; 40-120 cmH,0). a=SHR vs. MIT+SHR, b=SHR vs.
HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.

45—
40—
35
30

25

<(0.052..c
20} P

H,0, (nmoliml)

5 Oo—0C SHR
B—u MIT+SHR
e—s HIT+SHR
oF I I I 1 I
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Konnenrpanuja HuTputa je Ouia 3Ha4ajHO pazauyuTa Ha mpuTucky oa 60 u 80 cmH,0 y
KOHTpoJiHO] rpynu y oxnocy Ha MIT u HIIT rpyne y Toky xuneprensuje kao u mehycoOHum
nopehemeM CBUX Tpyla Ha OBOM NPUTHUCKY. Ha octanmum mputucimMa HUje OO CTAaTHCTHUYKU

3HavajHuX pasnuka (I paguxon op. 79).

I'paguxon op. 79. Y1unaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3UTETA Y Tpajamy O
YeTUpHU HeNIeJbe Ha IMPOMEHE BpEIHOCTH a30T MoHokcuga y ¢opmu Hutpura (NOz) mpu
pa3nuuuToM KopoHapHoM TepdysuoHoMm mnputrcky (CPP; 40-120 cmH;0). a=SHR vs.
MIT+SHR, b=SHR vs. HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.

180 | 0—0 SHR
B—a MIT+SHR
e—e HIT+SHR

160 [—

140 —

NO,” (nmol/ml)

p<0.05%¢

o I I I 1 I
40 60 80 100 120
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Konnentpannja TBARS-a je Owmia 3HauajHO pa3nuuuTa Ha CBUM TEpPU3MOHUM
nputuciuMma, ox 60 mo 120 cmH,0, ognocHO 3HayajHo ¥ goMuHAHTHO cHIkeHa y HIIT+SHR

rpynu y ogHocy Ha MIT+SHR u SHR (T paghuxon 6p. 80).

I'paguxon op. 80. YTuiaj GpU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3UTETA Y Tpajamby O]
YETUPH HENEeJhe Ha MPOMEHE BPEIHOCTH MHJCKCA JUNUAHE nepokcuaanuje y dopmu TBARS-a
(TBARS) npu pazmuuutom KoponapHoMm mnepdysuonom mnputucky (CPP; 40-120 cmH,0).
a=SHR vs. MIT+SHR, b=SHR vs. HIIT+SHR, c=MIT+SHR vs. HIIT+SHR.

o—0O SHR
B—a MIT+SHR
e—e HIIT+SHR

/
L)
/ p<0.050:¢

.
p<0.05P¢

p<0 058bc

TBARS (umofml)

40 60 80 100 120
CPP (cmH,0)
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4.8. YTULIAJ YMEPEHOI' 1 ®U3UYKOI' TPEHUHI'A BUCOKOI' UHTE3UTETA
HA MAPKEPE OKCHUIALNMOHOI' CTPECA Y KPBM HOPMOTEH3UBHUX U
XHUITEPTEH3UBHUX ITAIIOBA

HaxoHn yetupu Hemesbe TPEHHMHIA TPUYAEEM, BPETHOCTH CYIEPOKCH] aHjOH pajuKaia cy
3Ha4yajHO OwWiie TOBHUIIEHE Y OAHOCY Ha CEJCHTapHE >KMBOTUIE. Y CTamby HOPMOTEH3Hje,
TPEHUHT BHCOKOT MHTE3MTETA je 3HA4ajHO MOBUCHO BPETHOCTH CYNEPOKCHJ aHjOH paguKana y
nopehemy ca TPEHHHIOM YMEPEHOT MHTE3UTETa U Yy OJJHO/LY Ha )KUBOTHILE KOj€ HICY TPEHHpaJIe.
Ca gpyre cTpaHe, y TOKY XHIIEpPTCH3H]j€, TPCHUHI YMEPEHOT WHTE3UTETA j€ 3Ha4ajHO MHIYKOBAO
MOBHIIICHE BPEJHOCTH OBOI MapKepa Yy OJHOCY Ha >KHBOTHIE KOj€ Cy TPEHHpaje BHUCOKHM
MHTE3UTETOM U Y OJIHOCY Ha TPpYIy HanoBa Koje Hucy tpenupanu (I paguron 6p. 81). Pesynraru
Cy MpHKa3aHU Kao Cpelma BPEAHOCT * cpelma cTaHaapAHa rpemka (X+SEM), a cratuctuuka
3HAYajHOCT mpeacraBbeHa je y nopehewy ca CTRL rpymom u yrBphena je ANOVA u Tukey
post hoc tecrom (p<0,05).

I'paghuron op. 81. YTunaj Gpuznykor TpeHUHra YMEPEHOT U BUCOKOT MHTE3UTETa Y Tpajamby O
YeTUpU HEAEJbe Ha BPEIHOCTU CYNEepOKCHA aHjoH paaukana (O2) KoJ HOPMOTCH3UBHUX H

XUIICPTCH3MBHUX I1allOBA.

| B Superoxide anion radical (nmol/min/gwt) |

| p<0.05
8- |

]
sk
2L
.
0

CTRL HIT HIIT+SHR MIT MIT+SHR SHR
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Bpeanoctu BOJOHMK MEpOKCcHIA Cy Ce€ HAaKOH YEeTHpU Henesbe (PU3MUKOr TpPEeHHHTra
3HAYajHO pa3IMKOBaJle Yy OJHOCY Ha TIpyly [anoBa Koja HHUje TpeHupaia. JIOMHHAHTHO
MOBHILICHE BPEIHOCTH BOJOHHK TIEpPOKCHAA Cy THpuMmeheHe y Tpynu XHIIEPTEH3WBHUX
CeJICHTapHHX MaloBa y OJHOCY Ha CBE ocTajie rpyne. MHTepecanTHo je TO /1a jeé HAaKOH TPEHUHTa
BUCOKOI U YMEpEHOr HWHTE3UTeTa HacTtajo O0Jaro CHIKaBalkbe BPEAHOCTH  OOBOT

MIPOOKCUIAIIMOHOT MapKepa Kako y CTamby XUIIEPTEH3HUje TaKO y TOKY HOpMoTeH3uje (I paghuxon

6p. 82).

I'paguxon op. 82. Ytunaj GU3NYKOT TPEHUHTA YMEPEHOT W BUCOKOT MHTE3UTETA Y Tpajamy O
YeTUpHU HelleJbe Ha MPOMEHEe BpeIHOCTH BOAOHUK mepokcuna (HyOz) Ko HOPMOTEH3WBHUX H

XUICPTCH3NMBHUX I1allOBA.

M Hydrogen peroxide (nmol/min/gwt) |

5 p<0.05
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1 . I .
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MepemeM a3oT MOHOKcHIa y (GopMH HHTpUTa, TpuMeheHo je ma y mopehemy ca
KOHTPOJIHMM yclioBUMa, jeauHo y rpynmama HIIT+SHR, SHR u MIT cy Oune 3Ha4ajHO CHMD)KEHE
BPEIHOCTH OBOT Mapkepa. BpeaHocTH BOJOHHK MEPOKCHAa HHUCY OWjie CTAaTUCTHYKHU 3HAYAjHO

npomemere y ogqHocy Ha CTRL u SHR rpyny (I paguxon op. 83).

I'paguxon op. 83. Yrunaj GU3NYKOT TPEHUHTA YMEPEHOT U BUCOKOT MHTE3UTETA Y TPajamy O]l
yeTupu Hexaesbe Ha 1npomeHe BpeaHocth Hutputra (NOz) Kox HOPMOTEH3UBHUX H

XUICPTCH3NBHUX I1allOBA.

|- Nitrites (nmol/min/gwt) |

p<0.05
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VY Toky HOpMOTeH3Hje, BpeaHoctu 1 BARS-a cy ce 3HauajHO MpPOMEHMIIE O] yTUIAjeM
(U3HYKOT TPEHHWHTa, Ca JOMUHAHTHO MOBHIIIEHUM BPEIHOCTHMA OBOT MapKepa y TpyIH Koja je
Ousie moABPrHyTa yMepeHoM (uzndkom TpeHHHTy. CIHMYHO, KOJ XHMIIEPTCH3MBHUX JKHBOTHIHA,
TPEHUHT YMEPCHOT MHTE3UTETA je CTATUCTHYKHU 3HAYajHO MOBHCHO BPEIHOCTH MHCKCA JIMITHIHE
MEPOKCHIAIMje Y OIHOCY Ha TIPYIy >XHUBOTHIbA KOje OWJie MOABPTHYTE TPEHUHTY BHCOKOT

MHTE3UTETa Al U y OJTHOCY HA KOHTPONIHY rpyny (I pagukon op. 84).

I'paguxon op. 84. Ytunaj GU3NIKOT TPEHUHTA YMEPEHOT U BHCOKOT MHTE3WTETA Y Tpajamby O
4eTUpH HeleJbe Ha IMpOMEHe BpenHocTH uHAekca junuane nepokcumanmje (TBARS) kox

HOPMOTCH3MBHHUX U XUIICPTCH3UBHUX I1allOBa.

|- TBARS (umol/min/gwt) |

p<0.05

CTRL HIT HIIT+SHR MIT MIT+SHR SHR
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4.9. YTUIAJ YMEPEHOI' 1 ®U3UYKOI' TPEHUHI'A BUCOKOI' UHTE3UTETA
HA MAPKEPE AHTHOKCHUJALOMOHOI' CUCTEMA 3AIITUTE Y KPBHU
HOPMOTEH3UBHUX U XUITEPTEH3UBHUX ITAIIOBA

VY xeMmonu3zaTy, MEPHJIM CMO aKTHUBHOCT M KOHIEHTPALM]y €H3MMa aHTUOKCHIATUBHOT
cHCTEeMa 3alTHTE HAKOH PA3IMYUTHX MOJAAIMTETa (PU3MUYKOT TPEHHWHIa y Tpajamby O]l YeTHpPHU
HEJIEJbE KOJ XUINEPTEH3UBHUX U HOPMOTEH3UBHUX IanoBa. HuBou cynepokcua numcyrase cy y
HOPMOTEH3UBHUM TIpynama OWJIM 3HA4ajHO MOBHIIEHM KOJI mManoBa Koju cy Owiu Ha MIT
IPOTOKOIY Yy OJHOCY Ha KOHTPOJHE YCJIOBE W JAPYrH TPEHAKHU NPOTOKON, JOK Y
XHUIIEPTEH3UBHUM TpyliaMa, BPEIHOCTH OBOI MapKepa Cy OWIM 3Ha4ajHO TOBHIICHE IO

yrunajeM HIT pexxuma dusnukor tpenunra (I paguxon 6p. 85).

I'pagpuxon 6p. 85. YTunaj GpusnuKkor TpeHUHra yMEpeHOI' U BUCOKOI' MHTE3UTETA Y TPajamy Ol
YeTHPHU HEeJeJhe Ha MMPOMEHE BpeIHOCTH cymnepokcu qucmyrase (SOD) kox HOpMOTCH3UBHUX H

XUIICPTCH3MBHUX I1allOBA.

| = 50D (U/Hgx1000)

60l p<0.05 l
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PenykoBaHu TIyTaTHOH je€ CTAaTUCTUYKU 3HAYAjHO IOBUIICH y TPyHH Koja je Owuia
MOJIBPrHYTa TPEHUHTY YMEPEHOT MHTE3UTETa Y OJJHOCY Ha IPYyIy Ha MHTE3UBHOM TPEHHHTY U Y
OJTHOCY Ha CEJCHTapHE KUBOTHIbE KoJ HOpMoTeH3Hje. Ca apyre cTpaHe, KOJ XHIIEPTEH3UBHUX
MaroBa, TPEHUHT BUCOKOT MHTE3UTETA j€ 3HAYajHO CHU3HO BPEAHOCTH PEAYKOBAHOT TITyTaTHOHA
y XeMOJIM3aTy y OAHOCY Ha KOHTPOJHY Tpyny W xunepreH3uBHe manoBe Ha MIT mportokomy

(I'pagpuxon 6p. 86).

I'pagpuxon 6p. 86. Ytunaj pu3nUKor TpEHUHra YMEPEHOT M BUCOKOT MHTE3UTETA Y Tpajarmby O]
YeTHPHU HeJleJhe Ha MMPOMEHE BPETHOCTH peayKoBaHOT Tiuyratuona (GSH) koq HOpMOTCH3UBHUX

1 XUIICPTCH3MBHUX I1allOBA.

[m GSH (nmoliml RBC)

p<0.05
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Ha xpajy, akTUBHOCT KaTajla3e MEpeHa jeé Y CBUM KOHTPOJHHUM U EKCIICPHUMCHTATHUM
rpynama. Kartamasza je cTaTUCTHYKU 3HAYajHO IMOBUIICHA Yy TPYyMU Koja je Ouia MOIBpPrHYTa
TPEHUHTY BUCOKOT HMHTE3UTETa Yy OJHOCY Ha TIPyIly HAa YMEPEHOM TPEHHHTY W Y OJHOCY Ha
CelIEHTapHE JKUBOTHEGE KOJ HOopMoTeH3Huje. Ca apyre crpaHe, KO XHIIEPTEH3WBHHUX Iall0Ba,
TEHEPaJIHO MMOCMATPaHO y CBUM IrpylaMa cy Oujie CHIDKEHE BPEJHOCTH KaTajla3ze y OJHOCY Ha
HOPMOTCH3UBHE KUBOHE, Ca JOMUHAHTHO CHIDKEHUM BPEIHOCTHMA Y TPYIH )KUBOTHEHA KOja je
Ousa MoApruyTa ymepeHoMm (hU3MUKOM TPEHUHTY y Tpajamy Of YeTUpH Heneswe. (I paguxon op.
87).

I'pagpuxon Op. §7. Ytunaj pu3nuKkor TpeHUHra YMEPEHOT W BUCOKOT MHTE3UTETA Y Tpajarby OJ
yeTupu Henesbe Ha akTuBHOCT KaTanaze (CAT) xox HOPMOTEH3UBHUX M XUIIEPTEH3UBHUX

I1amoBa.

[m CAT (UHgx1000) |

p<0.05
18- | |
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4.10. YTUIAJ YMEPEHOI' 1 ®U3NYKOI' TPEHUHI'A BUCOKOI' MHTE3UTETA
HA ITATOXUCTOJIOHWIKE ITPOMEHE CPHA HOPMOTEH3UMBHUX WU
XHUITEPTEH3UBHUX ITAIIOBA

Ha cmumm 5 mpukaszaHe cy HaTOXUCTOJIOMIKE NPOMEHE Ha CpPILy HOPMOTCH3MBHUX H
XHUIIEPTCH3UBHUX MMAIl0OBa KOjU Cy OWJIM MOABPIHYTH PAa3IMYUTUM MOJAIMTETHMAa TPEHUHTa. Y
CKJIQJy Ca KapIUOJIMHAMCKHM [apamMeTpuMma Koju cy mnpaheHun ex VIVO U OHOXeMHjCKUM
aHajM3aMa, Ha TMATOXMCTOJIOIIKMM HCedIMMa cpia jacHo ce yowaBa na je y CTRL rpymm
MHUIIMhHO TKHBO CpIa y MOTIIYHOCTH OYYBaHO, IONPEYHAa HCIPYTaHOCT j€ TNpHCyTHA, HE
youaBajy ce€ 3HAlld HHTPAICIYJapHOT WIM HWHTCPCTUIMjATHOT e€IeMa, Kao Hu henmjcke
BaKyoOJIM3aIlHje, XUICPKOHTPaKIHja capkomepa, pudpose, Hu Hekpose. Y MIT u HIIT rpymama
HeMa InepuBacKysapHe ¢pudpose, ajlu je NpUCyTHA AereHepaltja U HeKpo3a HajMamer CTENeHa,
Kao M Omaro yBehanu kpBHM cynoBu. Y SHR rpymu youaBa ce cyOeHmokapaHa HEKpo3a,
3armajbeHCKa HHPUITpANHja Ka0 U WHTEPCTULIMjATHH €IeM Y BUCOKOM CTEIEeHY. 3a Pa3JIuKy OJI
SHR rpyme, y MIT + SHR u HIIT + SHR rpymama takole ce youaBa Hekpo3a, 3amajbeHCKa

MHOWITpaLMja Ka0 ¥ UHTEPCTULIM]AJTHU €1eM aJld Y HeIITO OJIaKeM CTEIEeHY.

Cauka 5. PenpesenratuBuu uceunu cpua namosa: A — CTRL, b — MIT, B—HIT, I' - SHR, JI -
MIT + SHR, B — HIIT + SHR. Crangapano naroxucronomiko 6ojeme (H&E), yBehame x 100.

108



JlokTopcka quceprariyja bubana JakoBspeBuh

411. YTUIAJ YMEPEHOT' 1 ®U3NYKOI' TPEHUHI'A BUCOKOI' UHTE3UTETA
HA HATOXHUCTOJIOIIKE INTPOMEHE AOPTE KOJ HOPMOTEH3UMBHHUX U
XHUITEPTEH3UBHUX ITAIIOBA

Ha cnumum 6 mpukasaHe cy MaTOXMCTOJIOIIKE NMPOMEHE Ha aOpPTH HOPMOTEH3MBHUX M
XHMIIEPTCH3UBHUX MMAIOBa KOjU Cy OWJIM MOIABPIHYTH PA3IHMYUTUM MOJIAIMTETHMA TPEHHUHTA. Y
CKJIaJy Ca KapIUOJMHAMCKHM I[apamMeTpuma Koju cy mpahieHu eX ViVO U OHOXEMH]jCKUM
aHaJlM3aMa, Ha TATOXHMCTOJIONIKUM HCEYIIMMa aopTe jaCHO C€ youaBa HE IMOCTOje 3HaudajHUje
NPOMEHE Ha TKUBY a0pTE, CEM MaJlMX KPBHHX CyJI0Ba Vasa vVasorum Koju Ccy MPUCYTHU Y MambeM
Opojy y Tpylu HOPMOTEH3WBHHX JKUBOTHIbA, JOK Cy Y IpyliaMa XUIEPTEH3UBHHUX I1all0Ba OBH
KPBHH CYIOBH TPUCYTHH Yy 3HaTHO BeheM Opojy INTO AMPEKTHO MOXKE YTHIATH M Ha
¢bubpuHOMUIIMhHY qUCTIIA3H]y.
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Cauka 6. PenpesenraruBHu uceunu aopre mamoBa: A — CTRL (yBehawme x 40), b — MIT
(yBehame x 200), B — HIIT (yBehame x 200), I' — SHR (yBehame x 40), /I — MIT+SHR (yBehame
x 200), b — HIIT+SHR (yBehame x 200). Ctangaparo naToxuctoiomko 6ojeme (H&E).
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4.12. YTUIAJ YMEPEHOT' 1 ®U3UYKOI' TPEHUHI'A BUCOKOI' UHTE3UTETA
HA HATOXHUCTOJIOIIKE ITPOMEHE CKEJIETHOI' MHIIMRA KOJ
HOPMOTEH3UBHUX U XUITEPTEH3UBHUX ITAIIOBA

Ha ciuum 7 mnpukazaHe €y NAaTOXMCTOJOIIKE MPOMEHE Ha CKEeJIeTHOM Muinhy
HOPMOTEH3UBHUX M XUIEPTEH3MBHUX IalloBa KOJjU Cy OWIM TMOABPIHYTU pa3IUYUTUM
MOJAINTETUMA TpeHUHra. Ha maToXMCTOJOWIKMM McedllMMa CKeJIEeTHOI MMIIMha KOHTpOJHE
rpyrme mamoBa npuMeheHo je MacHO TKHUBO U yBehame MHTEPCTULIM)AIHOT efieMa, JOK Cy KPBHH
cynosu ouyBase rpahe. ¥ MIT u HIIT rpynama, npumeheno je 3anebipambe MUIMIMhHNX BlIakaHa
U KpPBHHUX CYyJOBa y3 odyBame rpale ckenerHor mumwuha. ¥ SHR rpynu y Behem cremeny je
npumeheHo 3anebibarbe KPBHUX CYAOBa M MHTEpCTULIMjanHU eneM, 1ok je y MIT + SHR u HIT
+ SHR rpymnama 3ane0spame KPBHUX Cy/IOBa M MHTEPCTHIIMjATHU €eM y HEIITO MamkeM 00uMy,

aJld IPUCYTHO 33]1e0Jbabe MUIIMNHUX BIIaKaHa.
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Cauka 7. PenpesenratuBuu uceunu cpia mamnosa: A — CTRL, b — MIT, B—HIT, " — SHR, ]I -
MIT+SHR, B — HIIT+SHR. Crannapano natroxucroiouiko 6ojeme (H&E), ysehame x 100.
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5. JMCKYCHJA

Kao mynrudakropcko 000sbeme KOje MMa BUCOK eIHUISMHOJIONIKY 3Ha4aj, XUMEpTEeH3Uja
MPETCTaBJba XPOHUYHO 000JbEHE KOje 3aBpelyje BeNHKy Maxrmhy HAydyHE JaBHOCTH ajlH U IIHPE
3apaBcTBeHe 3ajenuuiie (187, 188). JlujarHocTka XUIIEPTEH3Mj€ C€ 3aCHMBA HA PETHCTPOBAILY
MOBHIIICHUX BPEIHOCTH CHCTOJHOT W JHMjacTOJHOT KpBHOT mputhcka (1). CMaTpa ce aa je cBe
Behu Opoj manmjeHara ca XWUIEPTCH3UjOM, a CMUACMHOJIONIKE CTy/AHje HABOJE /a y HapeTHUX
cenma roguHa Bume o 30% agyATHOT CTaHOBHMINTBA Yy CBETYy HATHTU OJf HEKe ¢opme
xurneprensuje (187). Ilopen Tora, 3Ha4YajHO je HAIOMEHYTH Ja XHUIEpPTeH3Hja Beh cana
mpejcTaB/ba BoJehM y3pOK MOpTajUTeTa y BUCOKO pa3BUjeHHM 3emibama cBeTa (189), ca
peBaJICHIIOM o7 55% Ko Mymkaparna, oqHOCHO 65% kon xeHa crapujux ox 60 rogmaa (190,
191).

[Tocmarpajyhu pesynrare cryauja koje ce 0aBe MPOIIEHOM TPOIIKOBA M €(PUKACHOTHU
Teparyje a HapOYUTO JaHAIkhEe aHTUXUIIEPTEH3UBHE Teparmje, MocToju cBe Behe nHTEpecoBame
32 HAayYHHM HCTPOKUBAbMMa HAa TEMY BaXHOCTH IMPOMEHA XKMBOTHHX HABHKA, a HAPOYUTO
(Gu3NYKe aKTUBHOCTH Y MPEBCHLHUjU W Jieuewy xuneprensuje (192). Jomr yBek, y caBpeMeHOj
AHTUXWIIEPTCH3BHO] TEpallMjud Ca HArIaCkOM Ha TEpalujcKe MPOTOKOJIE Y HAIIOj 3eMJbH, CE
HEZIOBOJFHO MaxHe IMocBehyje pedoBHO] (U3UYKO] aKTHUBHOCT, YIJIAaBHOM 300T OTpaHHMYEHOT
3Hama Tpajarky, UHTEH3UTETY 1 ydectanoctu (192, 193).

Jom yBek, mako ce mpernocTaBjba M Haraha o JenoBamy (U3MUKE aKTUBHOCTH, HUjE
MI03HATO TayHO JEJCTBO M 00jallllbelheé Ha KOJU HAauMH MOYKE YTHMLATH Ha BPEIHOCT KPBHOT
nputucka. Mmak, mpeTnocTaBka je Ja KpaTKoTpajHa peakiidja opraHu3Ma Ha (GU3WYKUA TPEHUHT
nojapasyMmeBa mnoehame W CHUCTOJIHOT ajl U CMambeHhe JTUJaCTOJIHOT MPUTHUCKA, a OU KacHH]e
HAKOH TOTa JIOILIO JI0 MOTHYHOT CMambemha HuBoe nputucka (194).

AepoOna/anaepoOHa Qu3nuka aKTUBHOCTH OUTHO ojpelyyje u kakBa he Outu peakiuja
KapauoBackymapHor cucrema Ha wucry (196, 197). ExkcmepumeHrtanHe CTyadje Koje Cy
MPETXOAMIIE Cy U3ydaBajie OBY MpOOIEeMAaTUKY U TOOMIIe pa3IuyuTe pe3yaTare: ca jeJHe CTpaHe
Harjamanajy mo3uTuBaH edekat (198), ca apyre umak uCTHUy aa GU3HYKK HAmop OMIIO KOjUX
KapaKTEepUCTHUKA HEe M3a3MBa MPOMEHE HUBOA apTepujckor nputucka (197, 198). 1 Beoma BaxkHo,
yTuaj (u3nyKe aKTUBHOCTH Ha KapJIMOBACKYJIApHY XOMEOCTa3dy y OJACYCTBY OHMJIO KaKBOT

naTo(U3NOIOLIKOT cyOcTpara cy Takohe Masio Mo3HaTH.
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VY ToM cMmuClTy, IWJb OBE CTyAMje OMO je Jla ce UCIUTA W YINOPEAH YTHIA] Pa3IndUuTHX
MojaiuTeTa (U3MUKEe AaKTUBHOCTH Ha KapAMOBACKYJIApHM CHUCTEM I1all0Ba Yy YCIOBUMA
XHUIIEPTEH3U]j€ 1 HOPMOTEH3H]€.

Jla Ou cMO HCTIMTANIM YTHLIAj aepoOHE U aHaepoOHe (PU3MUKE aKTUBHOCTU HA apTEPH]jCKH
IpUTUCaK M (YHKIM]Yy CpLa, YHOTpeOMJIM CMO JBa pa3jMuUTa peXHUMa TPEHUHIA, TpUambe
BHCOKOI' M1 YMEPEHOI' MHTE3UTETa y Tpajarby O]l YETUPU Hejesbe. Y NMPBOM JeNy HCTpaKUBarba
UCIHUTHBAaH je YTULAj (U3UYKOT TPEHMHTa Ha KOHTPAKTWJIHOCT MHOKAapAa U KOPOHApHY
LUPKYIAKjy, a 3aTUM Y JPYTrOM JIeTy UCTPAKUBaha, YTHIIA] PA3IHUUTHX MOJAIUTETa (PU3NUKE
aKTUBHOCTH Ha PEAOKC PaBHOTEXKY XUIIPETEH3UBHUX U HOPMOTEH3UBHUX NallOBA.

VY nuTtepaTypu je Mo3HATO Ja aepoOHM (PUM3MYKM TPEHUHI MMa 3HayajaH YTHILA] Ha
CMameHhEe PU3MKA O] KapAMOBACKYIAPHHX O000JbEHa, TAYHHjE€ HAa KOHIEHTpANMjy JUMHIA Y
cepyMy U UM(IaMaTOPHUX MapKepa, HUBOEC KPBHOT NMPUTHCKA alld U HAa CMAmbEHE PU3HMKA O]
MO’KJAHOT yJjapa, akyTHOI' KOPOHapHOT CUHAPOMA U YKYITHOT Kap/IMOBACKYJIApHOI MOpPTAIUTETA.

Panu pa3Boj kapauomMeTa0oOIMuKMX (akTopa pH3MKa KOJ MIJaJuX IIOBE3aH je ca
noBehanuM pusukom o upepanor mopramutera (199). HemoBosbHa (u3uuka aKTHBHOCT,
IpeKoMepHa TEXHHAa M TOja3HOCT, JIOIIa MCXpaHa, ciaba KapAHOpeCHHpaTOpHa CIIOCOOHOCT,
XHUIIEPTEH3M]ja, XPOHUYHA 3allajbeha U JUCIUIHNIEMHUja Cy OUYUIJIEIHH Y MJIAJOCTH U MOTY ce
npatutd 'y oxapaciom 100y (200, 201). AkryenHe MmeljyHapoiHe CMepHHUIE O (PHU3HYKO]
akTUBHOIINY TIpenopy4dyjy na Aera U MJIaJu JbYJIu CBAaKOT JlaHa Oyay M3JIOKEHW HajMame 60
MUHYTa yYMEpPEHO] W CHaXXHO] (U3MYKO] AKTUBHOCTH M THME ocTBape OeHedure ¢uznuke
aKTUBHOCTH y moryieny 3apasiba (202). 3a HeakTHBHY MOIyJaldja, CMEPHHUIIC MPEHopydyjy
KOHTHHYUpPAHO aepoOHO BexOame ymepeHor mHresutera (203). Ilomasehu on TakBe maeje u
TPEHYTHHUX IPETIOpyKa, pa3BUiia Cy Ce UCTPAKMBaba Ha TEMY UCIIUTHBama eekaTta HHTE3UBHUjE
¢u3MUKe aKTUBHOCTM HE caMO KOJ MJaaux ocoba, Beh M KoOJI cTapHjux ca MNPUCYTHUM
KOMOpOUIUTETUMA, Kao LITO Cy XUIepTeH3Mja, mehepHa OojecT, LupKynauujcke OojecTu U
MeTabonuuku nopemehaju. Y TOM CMHUCIY, T€XKHa CBUX TPEHYTHUX HCTPaKMBamka Ha TEMY
aepoOHE W aHaepoOHe (U3MYKE AKTUBHOCTH j€ yCMEPEHa Ha CXBaTamke 3Hadaja WHTE3UTETa
aKTUBHOCTH W CMambema CEICHTAPHOT HAYMHA J)KMBOTA KOJ JbY/HM CBUX CTAPOCTHUX KaTeropwja
(204).

PenoBHa ¢u3nyka akTHUBHOCT CE€ cMaTpa jJEJHUM O] KOPHCHUX (akTopa MpaBHIHOT

Ha4YrvHa XWBOTAa MW JaHAaC C€ cMaTrpa HCOINMXOAHHMM CIICMCHTOM 3a I(O6p0 3ApaBJbE, U HMa
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MOTyNHOCT Ja cMamHM PU3HK O] KapauoBackymapHux Oojectu (205). MHTepBamHu TPEHHHT
Bucokor wuHTeHsutera (HIIT) mnpencraBma cepujy kpahmx mnepuoga TpeHUHTa BHCOKOT
WHTeH3UTeTa (TOoJ MakcuMmanHuM ontepehemem) mpaheHo ayXuM TepuoanMa BexOama HIn
oamopa Huckor uHtensurera (206, 207). C mpyre crTpaHe, TpaaulMOHAIHE METo/e O0yKe 3a
Kap/IMOBAaCKYJIapHO 3[paBJbe YIJIABHOM Cy ce (hoKycupale Ha cecHje ca AY)KUM TpajameM Koje
YKJbYUy]y BexOame MHTEH3UTETa KOje Ce CIIPOBOJIe KOHTHMHYHPAHO 0€3 MHMpOBamba, a YeCTO Ce
Ha3WBajy TpEHUHroM cpenmer narenzurera (MIT) (208, 209).

[Tocnenmwux roauHa, CBe BUIIIE je J0Ka3a y 00jaBJbeHUM KIIHUYKHM CTyIHjaMa y KOPHUCT
HIIT-a y mopehewy ca MIT-Oom y morneny kapaumoMmeTraOoimukor OeHeduTa, IMTO TPEHUHT
BHCOKOI' UHTE3UTETa YNHH allCOIYTHO YIOPEAUBUM Ca TPAJUIIMOHATIHUM HAaYWHOM BexOama 1ITo
je 1o ckopa OWJIO MOTIYHO HEMPUXBATJBUBO y HaydHuM kpyroBuma (210). Konkpernuje, HIT
TPEHHUHT j€ MOKAa3a0 CIWYHO MOO0JbIIAKEe U META0OIMYKO MpuiarohaBame CKeeTHUX MUIIUNa,
KapAHOBacKyIapHOr (uUTHeca, BacKylapHe (yHKIMje W cacTaBa Tena y nopehemwy ca MIT-om
(211, 212). Mehytum TpeHyTHA HCTpaKMBarba U 00jaB/bEHH MOAIM CY jOII YBEK HEOBOJbHA 32
jacHy OTBpIY O IPEAHOCTHMA HEKOT MOJAJINTETa (PU3NYKE aKTUBHOCTH, HAPOUUTO Y KIMHUIKO]
npakcu. 13 Tor pasziora, b oBe cryauje 6uo na npouenu epexre HIT u MIT Tpenunra na
Kap/IMOJIMHAMCKE IapaMeTpe W KOPOHAPHM TOK KOJ HOPMOTEH3UBHUX U XMIIEPTEH3UBHUX
namoBa, kao u mehycoOHo mopeheme nobujeHux pesynrara usMmel)y oBUX pexuma (QU3MUKOT
TPEHHUHTA.

[IpBu ¥ OCHOBHU 3a7aTaK OBE CTy/Hj€ OHO je MpoIleHa MPOMEHA Y MEXaHUIIU CPUYAHOT
muinha KOJA XWIEPTEeH3MBHUX M HOPMOTEH3MBHMX manoBa. [lo3Haro je ma xumepTeH3uja
MOJICTHYE 3HaYajHO PEMOEIIOBAKE CPIIA, KAo IITO Cy XUMepTpoduja, MHTEpCTHLIHjCKa (rOpo3a
n abHOpMaJilHa aKTHBHOCT CHMIIATUYHOT HEPBHOI CHCTEMa cpla, KOoju cy yTBpheHu (akropu
pHU3MKa KOJ HEKOJIMKO BeoMa O30MJBHHX CpYaHHUX OOJIECTH, Kao IITO Cy BEHTPUKYJIapHA
¢ubpmianyja 1 KOHFeCTUBHA CpUYaHa MHCY(PHUILIMjEHIIH]a.

Y ToM cmucay, NpeAHOCTH aepoOHe (hU3MUKe aKTUBHOCTH Y XUIEPTEH3UJU Cy J00po
yrBphene y mmreparypu (211-213). EkcrnepuMeHTalHEe CTyAdje W aHUMAaJIHH MOJEIN
XUMEepPTEeH3Mje TMOKa3au Cy e(QUKAacCHOCT (QU3WYKOT TPEHHHra Yy CMambHBamby CHCTOJIHE
micyHkije W Bpahamby €JaCTUYHOCTH KapJUOMHUOLMTA KOJA CIOHTAaHO XMIIEPTEH3UBHUX
xeHku. [lopen Tora, cMameme EKCIpecHje amoNTOTCKUX NpOTeMHa y MHOKapay Takohe je

MocJeIuIa aepoOHOT TPEHWHTa, YUMe ce moBehaBa KOHTpaKTHIIHA CIIOCOOHOCT JIEBE KOMOPE
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(214-217). Yupkoc cBUM IOCTYIIHAM TOAlMMa jOII YBEK C€ MaJio 3Ha Koja Mperm3Ha ao03a’
(bU3UYKOT TPEHHWHTa MOXKEe OMTH KOPHCHA a KOja ITeTHA, M KOja je TauyHa rpaHuiia usMely modpe
u Jiote (pU3NUKe aKTUBHOCTH HA (QYHKIU]Y ¥ CTPYKTYpPY MHOKapAa.

3a mpoIeHYy KOHTPAKTUIHOCTH MHOKapAa KOPHUCTHIM CMO MAaKCHUMAJIHY CTOIY pacTa
nputucka y JieBoj komopu (dp/diynax) Kao WHIMPEKTHH MHAMKATOP WHOTPOIHUX OCOOMHA cpua
JIOK je CTOIa pellakcalije cplia MepeHa IOMOhy MMHHMMAJIHE CTOIE pacTa MPUTHCKA y JIEBO]
komopu (dp/dtmin).

Hammwm pesynratu y Be3u ca dp/dinax oKa3yjy a Ko HOPMOTEH3UBHHX T1al[oBa 00a THIa
Tpuama YTUYY Ha KOHTPakTWIHY crnocobHoct cpua. Ca apyre crpaHe, y YCIOBUMa
xuneprensuje, MIT je 3HauajHo moBehao KOHTPAKTWIIHM OJTrOBOP Cplia U TO NPU HIKUM
nepdysuonum nputucimMa (CPP). 3a pasnuky o1 HOPMOTEH3MBHHX IaloBa Ije cy oba Tuma
¢usnukor TpenuHra cHuzwia dp/dtma, Kox xunepreHsuBHHX maroBa, MIT mnporokon je
MHAYKOBao je nosehame KOHTpaKTHJIHE cHare M30j0BaHOr cpua. Pemakcupajyhu napamerap
muokap/a, dp/dimin, je y ckiIaay ca HHOTPOIIHUM KapakTepucTukama, Harnamasajyhu qa HIT u
MIT kox HOPMOTEH3UBHUX M XHIIEPTCH3UBHUX TAIOBa, CMamyjyhu Moh KOHTpakiuje, cMamyjy
Y pelaKcaiyjy MUOKap/a.

Hauwme, oBo cMmameme (BpenHoctu dp/diyin Koje Cy Mame HeraTHBHE) TOBOPU Y MPHIIOT
omrehene nujacronHe ¢pyHkuuje cpua. Hacynpor nammm Hanasuma, MacDonnel u capamauim
koju cy nomohy Jlanrennopd TexHuke OTKpHIM Ja (PU3MUKa aKTUBHOCT y TOKY XUIIEPTEH3H]e
moOoJblllaBa HMHOTPOMHY W JIYyCUTPONHY peakiijy Ha CTUMYyJanujy OeTa-aapeHepruuHor
perieniropa yrpkoc nosehamy nedsbrHe 3ua gese komope (218).

IIponienom mnputHcaka aujactone M cucroie y JIK mnpernusHuje cMO NpOLEHHIN
KOHTPAKTHJIHY CIIOCOTHOCT u3o0yioBaHor cpua. HIIT 3HauajHo mobospiiaBa CUCTOMHU KamaluTeT
KOJI HOPMOTEH3WBHOT TIallOBa, HACYNMpPOT XHWIMEPTEH3UBHUM IAlOBUMa, TAe je edeKraT oOBe
¢u3nuKe aKTUBHOCTH CMambUO CHCTOJNHHU KamanureT. Takohe ce Moxke NPUMETUTH Ja Y
HOPMOTEH3UBHUM YCJIOBUMa TPEHUHI MMa JIOIIMJU YTUIA] HA CUCTOJNHY (YHKIH]Y, TOK KOJ
XUMEPTEH3UBHUX KUBOTHIA OBA] MPOTOKOJ MOKa3yje CHAXKHU]HU yTUIA] HA CUCTOJIHU MPUTHUCAK.
Ca pgpyre crpaHe, nujacTonHa (YHKIHMja HOPMOTEH3WBHUX W XHWIEPTEH3UBHHUX JKHBOTHHHA
noOoJblllaHa je HakoH oba pexuma ¢usnukor tpenunra, HIIT u MIT, mTo ykasyje Ha To na
¢yHKIIM]ja JIeBe KOMOpe MoXke OUTH 00Jba TOJ] YTHUIIAjeM XPOHUYHOT U aepOOHOX M aHaepoOHOT

TpenuHra. [loBuiieHn eHa-11jacTOIHU MPUTHCAK JIEBE KOMOPE BEPOBATHO j€ y BE3U CHCTOITHOM
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TUCHYHKIIMJOM U MOXK€ OWTH 3HAK IHUjacTOJHE TUCHYHKIH]E Y OJCYCTBY CMamCHE €JeKIIMOHE
bpakumje (219). ExcrepuMenTanHe cTyadje HarnamiaBajy na ase Heaesbe HIIT mporokosa
noOoJblllaBa E€HJOTENHY JIUCOYHKLIM]y M BapujaOMiIHOCT cpyaHe (pekBeHie amu 0e3
no0OoJpIlIakha M yTUIAja HA TPaAUIMOHANHE (DAaKTOpEe pU3HKA 32 HACTAHAK KapIUOBACKYJIAPHHX
6onectu. MehyTtum, OBa 1oBOJbHA aJlanTalija KapAMOBacCKyJIapHOT CUCTeMa ce u3ryouna 3 naHa
HAaKOH MpEecTaHKa TPEHHHra, IITO yKa3yje Ha TO Jia je MoTpeOHa KOHTHHYUpPaHa U pEelIOBHA
(¢u3MUYKa aKTUBHA BETTMKOT MHTEH3UTETA Kako Ou ce oapxkaiie oBe KopucTH (220).

Y morneny yruiaja Ha KOpOHAapHY HHpKynanujy, nporokon HIT Huje mmao ckopo
HUKaKaB yTHIa] Ha cpuyany ¢pekBeHity (HR) y HopMoTeH3MBHUM Tpynama. Y XUNEPTCH3UBHUM
rpynama, HIIT u MIT npoTtokonu Takole HHUCY MHOTO yTUIIAIH Ha cpuaHy (PpEKBEHIly, Koja je
UMaia mupu pacrnoH Bapujanuja y cBuMm CPP. OBu pe3ynrtaté yka3yjy Ha TO Jia IPOTOKOJ
BexkOama HHje OMO JOBOJHHO AYT Kako OW ce WMHAYKOBaja OpaauKapAja HaKOH XPOHUYHOT
TPEHHHra, Kao J100po yTBpheHa mocienuiia KOHTUHYHpPAHOT (PU3UYKOr TPEHUHTa U BexOU
usapxksbuBocTH (221). HajBehu meo mpeTXoaHuX CTY/Mja, 3aCHMBA C€ Ha MPETIIOCTABIHM JIa je
HIUT ¢usnuku mporokon 6mo edukacHuju on MIT-a y mormeny moOosemama (GyHKIHjE
eHJoTeNa U MakcuMainHe notpourmhe KuceoHHKa (VOzmax). CBH OBM 3aKJbydIl CYy Y OCHOBH
yumbenuie ga HIIT Bume ytude Ha enporenny ¢GyHKujy U umMa Behy MeTaboIn4YKy KOPHUCT O]
apyror (u3MYKOr TpeHuHra. MehyTtum, 300r pa3IuUUTOCTH EKCHEPUMEHTAIHMX MoJena, y
JUTEPaTypH TOCTOj€ M HEeyCarJameHn Pe3yITaTH.

Ha mnoGosbmiame ¢GyHKIMje cpla KOJ XUIIEPTEH3MBHUX I1alloBa HAKOH TPEHUHTA
YMEpEeHOT HMHTE3UTeTa yKa3yje W moBehaH KOpPOHapHM MPOTOK ycien ¢usndkor onrepehema
cpuasnor mumuha. OBo 61 Morjo 6uTH nocieauua 1 Beher 3axTeBa 3a cHabieBambe KMCEOHUKOM
u TuMe 0ospy nepdysujy Koj xunepreH3uBHHX nanoBa Ha MIT-y. Hajumm HuBO KopoHapHe
nepdysuje y rpymu SHR + MIT umamM ce cacBum nornyad, mMmajyhu y Buay na (u3udka
aKTUBHOCT KOja Tpaje y’Ke MOXe CTUMYJIMCATH MPOIYKIM]y CHAKHOT Ba30JMJIaTOPa, aeHO3UHA
(220-222). Toxom moBehaHOT WHTEH3UTETA BEX)Oarba aKTUBHOCT cpiia ce MOAU(DHUKYje Tako jaa
oaropapa nosehaHo] MOTpakkbU KUCEOHHWKA OJf CTpaHe MNepu(epHUX TKHUBA Kao pe3ynTar
BUXO0BOT noBehanor Mmerabonusma (223).

IIpBu neo crynuje je (GoKycupaH HCKIbYYMBO Ha (DYHKIIMOHAJIHE MPOMEHE CpyYaHor
Muirha U pe3ynTaTé OBOT UCTPAKUBAKA HEABOCMUCIECHO YKa3yjy Ha TO Jia Pa3iHuUTH PEKUMU

paga Memajy pPEaKTUBHOCT KOPOHAPHOT €HAOTeJa W Ha Taj HauyuH Tnepdy3ujy cpra.
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KoHauHO, KIMHMYKM 3HAa4aj OBOI MCTpaXKHBamka OIVleJa C€ y Harjlacky MHOKapJHOI H
KOPOHApHOI' OJroBOpa Ha KpaTKe IpOTOKoNe (U3MUKe aKTUBHOCTU. 300r TOra Jo0ujeHH
eKCIIEpUMEHTAIHN TI0Jjalld MOTY OWTH OJJMYHA OCHOBA 3a JIpyre NPETKIMHUYKE U KIMHUYKE
CTyIHje y OBOj 00JIacTH.

Pesynratu oBe crynuje Mory OMTH O MHTepeca 3a OoJbe pazyMeBame IUPEKTHUX
edekata Ha cpuaHy GyHKOHM]y U nepdy3ujy H3a3BaHUX BEXOAHEM O]l CPEAmE 0 BHCOKOT
uHTensureta. Usrnena nma je MIT pexxum Besan 3a cpuaHy JenpecHjy y HOPMOTEH3UBHUM
yciaoBuMma, ok HIIT Bogm nmo cpuaHe nempecuje y XWIIEPTEH3UBHUM YCIOBUMA. | JaBHH
3aKJbYULlM OBOT JIeJla UCTPaKuBama cy ciiefiehu: yolnmTeHo reJaHo, IOKpeTame 00a MpoToKoIIa
BpIlIe IpOMeHY (YyHKLHje MHUOKapAa U nepPy3ujy y XHUIEPTEH3UBHUM U HOPMOTEH3UBHUM
ycioBuMa. Ca acriekta nopehema n3mel)y oa nBa nporokona BexoOama npumeheno je qa HIIT
MIPOMOBHIIE jady peaklyjy aKTUBHUX U TMACHBHUX OCOOWHA MHOKapIWjasTHOT 3Wja MaroBa, a
IIOMEHYTE pa3jKe cy Ouie u3pakeHuje Ko XUIEePTEH3UBHUX KUBOTHHA.

Hapeanu neo crynuje HaMeweH j€ HMCIUTHBABY DPA3IMUYUTUX pPEKHUMa TPEHUHIa Ha
XEMOJIMHAMCKE IPOMEHE TMAaloBa, OJHOCHO INPOMEHY apTEepUjCKOT KPBHOT IPHUTUCKA TIOA
YTHLIAj€M YMEPEHOT U TPEHUHTa BUCOKOT MHTE3UTETa TOKOM M HAaKOH (PU3MYKE aKTHBHOCTH.

Junamuka cuctonHor (SP), aujactonHor aptepujckor kpBHor nputucka (DP) u cpuane
¢peksenue (HR) je mponemena npe (y TOKy nepuoja ajanTanuje) rnocie npse, apyre, tpehe u
4eTBpPTE HEJeJbe TPSHUHTa. Y HOPMOTEH3MBHHM TpyIiaMa, mpuMehena je 3HadajHa mpomena SP,
DP u HR nakoH apyre Henesbe TPEHUHIa, 10K Cy OBU MapaMeTpu OWIM 3HAYajHO CMambEHU Y
MIT rpynu y ognocy Ha CTRL rpymny, a 3nagajuo nosehanu y HIIT rpynu y oqnocy Ha CTRL
rpyny. [locne Tpehe Henesbe Tpenunra, camo y MIT rpynu cy 3HauajHO cMameHe BpeqHocTH SP,
DP u HR y nopehewmewmy ca apyruMm rpynama, JOK HAaKOH 4YETBpPTE HEJEJbe HHUje OMII0
CTaTUCTHYKY 3HAYajHUX IIPOMEHA y OBHM NapaMeTpuMa.

VY XunepTeH3uBHUM Ipylnama, Ipe noyeTka TpeHUHr-nporokoia, SP, DP, kao u HR, Hucy
OuIM 3Ha4YajHO pa3auuuTH y nopehemy ca HopmoreH3uBHUM. Ilocne mpBe ceamuue, SP je
3Ha4ajHo cMmameH y rpynu SHR-MIT y mopehewy ca SHR-HIIT rpymowm, anm HakoH apyre
HeZleJbe, OBH TIapaMeTPH Y UCTOj TPYIH Cy Takole 3HaYajHO cMameHH, aiu y opehemy ca SHR
u SHR-HIIT rpynama. MuTtepecantno je aa cy y Toky Tpenunra SP, DP u HR 3nauajHo
cmamenu y SHR-HIT u SHR-MIT y nopehewmy ca cennentapHoMm KoHTpoiHOM Trpynom (SHR

rpyna), ca HajUCTaKHYTHJUM IpOMEHAaMa y XHUIEpTEeH3MBHO] TPYyNU NaloBa KOju Ccy OWiIn
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MOABPTHYTH TPEHUHTY yMepeHoT uHTe3uTera. Ha kpajy, mocie nocneame Henesbe pana, HIIT je
cHaxxHo ytuiao Ha SP, DP u HR y SHR manoBuma y mopehemy ca npyrum XumnepTeH3UBHUM
MaroBUMa Ha YMEPEHOM PEXXUMY XPOHHYHOT TPEHHUHTa, Y3 3HAUajHO CMAmhEhe OBUX Iapamerapa
ympaso y rpynu SHR-MIT.

AKTyenHe cMepHUIle qo0pe KIMHHUYKE MpaKce HarjamaBajy ga ocode Koje 0oiyjy of
XUnepTeH3uje Tpebdaso Om ga ce 6aBe aepoOHOM (Pu3MUKOM akTHBHOIINY HajMame 30 MUHYTa
THEBHO, 5 - 7 naHa y HeleJ/bH M Ja CBAKOJHEBHUM BeXOameM HE CaMo Jla Ce MOXKE CHU3UTH
CHCTOJIHM KPBHHU IpuTHCaK 3a oko 10 mm Hg, Beh ce cHmwkaBajy u macnohe u mehep y xpBu,
noBehaBa HHUBO JOOpPOT XOJIECTEpOJia W CMamyje PU3UK OJ] KapAHOBaCKyJIapHUX O0JiecTH.
HapaBHo, ocHOBHa Mpemnopyka je J1a BpCTy aKTBHOCTU TpeOa MPHJIArOJUTH MpeMa COICTBEHUM
CKJIOHOCTUMa W MOTyhHOCTHMMa MalujeHTa, OJHOCHO JO3MpaTH Yy 3aBUCHOCTH OF TOTa Ja JIu
ocoba WMa TpHIpPY)KEHE KOMOpPOMAMTETe W OrpaHWYema. Hame wucTpaxuBame je
HEJBOCMHUCIICHO TMOKa3ajo Ja ca AYXKHHOM Tpajama (U3HuKe aKTHUBHOCTH moBehaBa ce u
oeneduran edexar (U3NYKOT TPEHHWHTa Ha BPEIHOCTH apTEPUjCKOT KPBHOT MPUTHUCKA U TO
YIJIIaBHOM CHCTOJIHOT, aJIA Jja YMEPEHH WHTE3UTET TPEHHUHTA Jlaje MOBOJbHE PE3YNITaTe y CTamby
XHIIEPETEH3H]je a J1a TPEHUHT BUCOKOT MHTE3UTETa MMa KOPUCTH CaMO Y TOKY HOPMOTEH3Hje U J1a
y TOKY XUIIPETEeH3H]e JIeNyje YaK U ITETHO.

W pesynratu mpeTxoAHUX MPETKIMHUYKUX M KIMHUYKHX CTYAHja CE€ Y CarJlaCHOCTH ca
HamuMm pesyntaruma. Gilbert je y cBoM ucTpakMBamy Ha MaloBMMa IMOKa3ao Aa (u3uyka
aKTUBHOCT y 3Ha4ajHOj MEpH yTUYE Ha €HJIOTENHY AMCPYHKIIN]Y KOja HAacTaje y XUIIEPTEH3UJU U
Ja aepoOHa (pU3MUKa AKTUBHOCT YTHUE Ha CMambEHhe BA30KOHCTPUKIIM]E KOl MatoBa (224).

Qiu u capamHuIM Cy Takohe HarJacWiIM 3HAYaj TPECHUHTAa YMEPEHOT WHTE3MTETa, MPH
gyeMy (H3MYKa aKTUBHOCT Kao He(papMakoJIOIIKH TPETMaH XHUIEPTCH3HWje Y30pKyje
Ba3opeakcalfjy Ha ME3EHTEpaTHUM KPBHUM CyJI0OBMMa MeHajyhu aKTUBHOCT €HIOTENIHjalTHE
a30T MoHokcua-cuHTeTraze (eNOS), mro mocmeanuHo yTHYe Ha OHMOPACHONOKHUBOCT a30T
monokcuaa (NO) kao cHakHOT Bazoauiataropa (225).

Pesynratm  mpeTXomHMX ~ UCTpakMBama Cy OWIM y CKJIagy ca  HalluM.
Jenna on peTkux cIMYHHUX CTyauja, koja je ynopehusana epexre HIIT Bc. MIT Tpenunra kop
KHUBOTHHba, cripoBenn cy Wang u capaguunu. OHu cy ymnopehuBamum moryhe edexte aBa

pa3nuyKnTa pexumMa TPeHHHra Ha MUIIEM MOJIENy I'oja3HOCTH, U 3akjbyumin na HIIT nonpunocu
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MOBOJBHHU]Y peryJaiujy MeTadbonndykux nucdyHkimja kog Mumiesa y nopehemwy ca MIT, anu He
y peryiamuju apTepyjcke KpBHOT nmpuTHcka (226).

Behuna nperxomuux crynuja, npernocrasibana je na 6u HIIT tpenunr 6uo eduxacuuju
0]l KOHTHMHYUPAHOI TpeHUHra ymepeHor uHTeHsutera (MIT) npu mnobospmiamy eHAOTENHE
dbyHKIMje 1 MaKCUMAITHOM Tipey3uMamy KuceoHUuKa (VOonax). CBH OBU 3aKJbyUIld CYy Y OCHOBH
yumenuie aa HIIT Bume yruye Ha eHaoTenny GyHKIU]y U ©Ma BHUIITY METaOOIMYKY KOPUCT O
apyror (U3WYKOT TpeHUHra. Aum, 300T pPa3IUYUTOCTH EKCHEPUMEHTATHMX MOJena, y
JUTEpaTypH MOCTOj€ M HEeyCcarjallleH! pe3yaTaT y Be3H OBe MPOoOIeMaTHKe.

Knuanuka ucrpakuBama u The Healthy Growth Study xoja je oOyxBaTwiia KOXOPTHY
nonynauujy ox 2473 nerera y3pacta 9-13 romvHa je HCOHTHBAJAa IOBE3aHOCT (HU3HUKE
aKTUBHOCTH/HEAaKTUBHOCTH M HACTAHKA XUIEPTCH3UBHE OOJIECTH y KaCHHjeM KMBOTHOM 1100y U
Jonuia A0 3aKJbydKa Ja je HEaKTHBHOCT Yy PaHHjeM JKMBOTHOM JI00y Yy BHCOKOM CTEIECHY Y
MO3UTUBHO] KOpENalMju ca HACTAHKOM H30JI0BAaHE CHCTOJIHE XWIEPTEH3Hj€ HAPOYHUTO KOJ
nevaka (227).

[Mocnenmwux roguHa, aepoOHa (PU3NYKa aAKTUBHOCT j€ YBE/IeHA Kao 00aBe3Ha MpoLeaypa y
CEKHJIAPHO] W MPUMapHO] IPEBEHIIMjH XUTiepTeH3uje y Kanamu, koja qoKka3aHO CHU)KAaBa YKYITHU
KapIHOBaCKyJIapHU PU3UK YKOJIHMKO Ce MPUMEbYje MPaBUIHO T03MpaHa y cecujama (228).

Jlakne, yTuiaj ymepeHe KOHTHHyHWpaHe (U3MYKe aKTHBHOCTH Ha apTepUjCKH KPBHU
MIPUTHCAK j€ HEIBOCMUCICH KOPUCTAH, Y CMHUCIY CMambemha CHCTOIHOT KPBHOT MPUTHCKA KOJI
XHUIIEPTEH3UBHUX T1aII0BA, JIOK j€ YTUIAj TPEHWHTa BUCOKOT MHTE3UTETa Y Mak0j MEPH TIOBOJbAH
10 BPETHOCTH KPBHOT IPUTHCKA.

VY mnocneameM Aeny UCTpaxuBamwa ucntuBaid cmo ytunaj MIT u HIIT Ttpenaxunor
MPOTOKOJIA HA BPETHOCTH MPOOKCHIAMOHNX MapKepa W aHTHOKCHIAIIMOHUX €H3MMa 3allTHTE.
henuje cramHo mpowsBojae ciaoboHE panuKkaie U peakTuBHE BpcTe krceonuka (POC) kao neo
MeTabonuukux mporeca (229, 230). CnoboaHu paauKkaiu Cy CTambe MOJEKyJa ca jeHUM WM
BUIIIE HECIPEHHX €JIEeKTPOHA YHje Cy OCHOBHE KapaKTepPUCTHUKE BeJIMKAa PEaKTHMBHOCT W
KpPaTKOPOYHOCT, ajld M INTETHO JEJIOBambe ca IUJ/bEM Ja MOCTUTrHy crabumuoct (229). 36or
peakImje ca MpBUM CYCETHUM MOJIEKYJIOM, TaKO CYCEIHH MOJICKYN H caM I0CTaje HecTaOuiIaH
Jlajbe ylla3d y peakiuje ca JPYIMM MOJIEKyJuMa M3 OKpyKema IITO pe3yiaTupa ourehemeM
henmujckux kommoneHnata (230). CioOoIHU paauKain ce CTBapajy MPBEHCTBEHO TOKOM Ipolieca

okcunatuBHe pocdopunamnuje y mutoxonapujama. Hajeehu 6poj cimobomHux paaukaia Koju ce
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jaBJpajy INn VItro cy wiu HacTajy OJ pPCaKTHBHHMX BpPCTa KMCEOHHMKA (CYMEPOKCH], XHAPOKCHII,
AJIKOKCHWJI, TEPOKCHII M XHJPOTICPOKCHII) WM PEaKTHBHE BPCTE a30Ta (a30T MOHOKCHJI, a30T
JTMOKCHU]I, TEPOKCHHUTPUT okcu) (230-234).

Kao mporuBTeka HacTajamby CIOO0OJHHMX pajWKajla y OpPraHU3MYy IIOCTOjU CHUCTEM
AHTHOKCHIaHTHE 3aIlTUTE M OH CE€ MOXeE MOAEIUTH Ha JBe mneiauHe (235-238): eH3UMCKH, Kora
yuHe cynepokcun aumyrtasza (SOD), karanaza (CAT), mapaokcoHa3a U TJIyTaTHOH MEPOKCHIA3A
(GPX); u HeeH3MMCKH, KOjU Mojapa3yMeBa yuerihe CyncTaHiuu kao mTo cy: Butamuau C u E,
peruHois, OunMpyOMH, MOKpahHa KHCEIMHA, PEeIyKOBaHH TJIyTaTHOH, THONHM, kKoeHzuM Q10,
CTpeC TPOTEUHU, AIOYMHH Kao ¥ TPAHCIOPTHH NPOTEMHU U NPOTEHHU OJIOBOPHHU 32
nenoxoBame Fe** u Cu®* (TpancdepuH-TPaHCIIOPTHU MPOTEHH T'BoKha y TuiasMu U (hepuTHH-
nernonyje rBokhe yHyraphemujcku onpkaBajyhu ra y pacTBOPJBUBOM M HETOKCHYHOM CTamby)
KOjU Be3yjy TOTEHIMjAIHO OIAaCHE METAJIHEe jJOHE W OHeMoryhaBajy mwHXOBO ydemrhe y
NPOIYKIHUjU c000aHUX paaukana (238, 239). AHTHOKCHIAHTHH €H3UMHU CY €HIOT€HU U EUXOBO
HacTajambe MOXe OuTH m3MemweHo onapeheHum (akropuma (240). Dusnuuka aKTUBHOCT MOKE
outn QaxTop nmopehane MPoOU3BO/HE SH3UMCKHX aHTHOKCHIAHTHUX BPCTA, U OBAKBA Ca3Hama Cy
ce mpBH yT nojaBuia AaBHe 1978. rogune (240-243).

PenoBHa ¢u3nuka BexxOa ce cMaTpa jeJHUM O] KOPUCHUX (pakTopa MPaBHIHOT HAauWHA
KUBOTA U JIaHAC CE€ CMaTpa HEOMXOJHHUM eJIEMEHTOM 3a J00po 31paBibe, y MoryhHocTH je
CMamHUTH pPHU3HK O] Topemehaja kapAWOBacKyJIapHUX, CHIOKPHHHUX M OCTECOMYCKYJIAPHHUX
arnaparta, 0OJIeCTH MMYHOT CHCTE€Ma M IO4YeTKa MOTeHIMjaHUX Heomuiasmu (244). YmepeHo u
MporpaMupano (pU3MUKo BexOAmE je MPENo3HATO Kao TepaneyTCKu TPETMaH U Y 0JIpaciioM 100y
u 'y crapoctu (245-247).

Tpenunr Bucokor unHtesutera (HIIT) mpencraBiba cepujy kpahux mepuoma ¢usuuke
aKTUBHOCTH BHCOKOI HMHTEH3UTeTa (UCHOJ MakcuMaiHor onrepehema) mnpaheHux IyKum
neproIMa BexxOama HiIH 0MOpa HUCKOT uHTeH3uTeTa (248). ¥V mocnenme Bpeme, mo3usajyhu
ce Ha anTepHaTUBHE Kpahe BexxOe BHCOKOT MHTEH3UTETa U mepuoa omopaka, HIIT je moctao
nomnyJjiapHa ajJTepHAaTHBA MPBEHCTBEHO 300T CBOjE€ BPEMEHCKE €(PUKACHOCTH, jep je HemocTaTak
BpEMEHa YeCTO HaBeleHa Oapujepa 3a ymnpakmaBame (Qu3nuke akTuBHOcTH (249). Ca mpyre
CTpaHe, TPAJAWIMOHATHE METOJIeé TPEHUHTra 3a KapAWOBACKYJIApHO 3/IpaBjbe Cy CE€ YIJIABHOM

¢dokxycupaie Ha cecHje AyKeTr Tpajama, Y KOjuMa je JOMHUHAHTAaH YMEPEH WHTEH3UTET BexkOama
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KOoju ce 00aBJba HEMPEKUIHO 0€3 MUPOBamka, U Y€CTO Ha3BaH TPEHUHTOM CPEIEeT MHTECH3UTETA
(MIT) (249, 250).

@du3nuka aKTUBHOCT Ma pa3inyuTe eeKTe Ha pa3NuuuTe cucteme u oprane. [IpBu myt
je 1985. rogune y nuTtepaTypu IpeJIosKeH KOpHCTaH edekar GU3MYKOT TPEHUHTa, Ipe CBera y
CMHCIY  KapOUONpPOTEKIHje,  CMamemhy  TPAJUIHOHATHUX W HETPAAUIIMOHAIHUX
KapJMOBacCKyJIapHHUX (haKTopa pU3WKa, XUIEPTEH3Hje, T0ja3HOCTH, PE3UCTEHIINje HA UHCYJIUH U
ci (251, 252).

Knuanuke crynuje HaBoJlie 3aKJbyUKe Ja XpPOHHYHA M30METPUjCKa (U3UUKAa aKTHBHOCT
CMamYyje KpBHHM IIPHUTHCAK; Meh)yTHM, 1 1aJbe TIOCTOjH ja3 y 3HaKY O epeKTUMa OBOT MOJTAJIUTETa
BexOama Ha Jpyre KapauoBacKyjapHe Bapujabie - Kao MTO Cy eHAoTenHa (QYyHKIH]a,
OKCHJAIIMOHM CTPEC W CpuaHa ayTOHOMHAa aKTHUBHOCT. Jbyam ca XHIIEPTEH3UjOM CYy Marmbe
(U3MYKH aKTUBHU OJ] OHUX 0€3 XHUIEPTEH3Hje U IOCTOje CHAXKHH JOKAa3W KOjH TOJPIKaBajy
CMambeHhe KPBHOT MPHUTUCKA YCIIE PEIOBHOT BexOama, MoceOHO KO 0coda ca XHIEePTEH3UjOM
(253). dusnyka aKTUBHOCT ce OOMYHO MPENopydyje Kao BakHa MOAM(UKAIMja HAYMHA KUBOTA
KOja MOXKe ToMohM y mpeBeHIMjH XUIlepTeH3uje. HenaBHU emuIeMUOIIONIKH JTOKa3H TTOKa3alli
Cy KOH3HMCTEHTHY, BPEMEHCKY M JI03HO 3aBHCHY Be3y u3Mel)y (u3nuke akTHBHOCTH M Pa3Boja
xureprensuje (254, 255). ExcriepuMeHTanHu J0Ka3W U3 MHTEPBEHTHUX CTyIUja IOJATHO CY
NOTBPAMIM Be3y u3Mely (u3nyke akTUBHOCTH M XUIEPTEH3H]je, MOLITO Cy MO3UTHUBHU e(PeKTH

BeXOama Ha CMamemke KPBHOT MPUTHCKA JTOOPO TO3HATH TMOCIeAmUX roauHa (256, 257, 265-

270).

Ynpkoc muTepaTypHuM noAanuMa o epexTy pu3nuKe akTHBHOCTH Ha KapAHOBAacKyJIapHH
cucteM (269-271), jomr yBek HHje jaCHO KOjH je OOJNHMK TPEHHHIa Haje(hMKACHHjU 32 CMAHCHE
KPBHOT TIPUTUCKA W OKCHIAIMOHOT CcTpeca. Y BE3W ca THM, OBa je CTyAWja MMaya 3a [uJb Ja
MPOICHH YTHUIA] aepoOHOT W aHaepoOHOr THIa BexOama Ha KpPBHU TIPUTHCAK KOJ
HOPMOTEH3UBHUX M XMIIEPTEH3MBHUX MAllOBa, Ca HArJJaCKOM Ha MPOMEHE y HUXOBOM PEIOKC
cTarycy.

AKO 3HaMO Ja je XuIepTeH3HWja CTamke Jake WHAYKIMje OIHOCHO TMOCIeanIa
OKCHJAIIMOHOT CTpeca ca CMameHOM OHMOPACIONIOKUBOIINY a30T MOHOKCHAA Y BacKyJIapHUM
henujama, onma je omabup Mojena CIOHTAHO XurepreH3uBHUX manoBa (SHR) amcomytHo
ornpaBJaH. Y3 TO, 3HAMO Ja (U3MYKH TPEHUHI MMa MHOTO KOPHCTH, ald MOXE HMaTu M

HEratTuBaH YTI/IIIaj Ha OopraHuv3aM, 3aBHCHO OJf MHTC3UTCTA TPCHUHIA, NJY>XWHC TPCHHUHTIA, I10JIA,
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CTapOCTH M OIMIITEr 3/IPaBCTBEHOI cTama. HeratuBuu edexkTtu QU3NYKOr TPEHHUHra OOMYHO ce
MPUIKCY]y HEPaBHOTEXKHU H3Mel)y HUBOa aHTHOKCHIaHaTa (M aHTHUOKCHJAaHATa ca HHUCKOM
MOJIEKYJICKOM TEKWHOM M aHTUOKCHJIAHTHUX €H3MMAa) U PEaKTHBHUX BPCTAa KUCEOHUKA M a30Ta
300T TIPEKOMEpHE MPOU3BOIHE CIIO00IHUX pajanKaia TokoM (usnykor ontepehema (257, 258-
265, 271).

Jla 6 ce ucnMTalia MOTEHIIMjaJIHA yJIoTa MpoMeHe peaoke craryca y epexruma HIIT-a u
MIT-a na xapauoBackynapHy (pyHKIHMjy, U3MEPUIH CMO HHBOE MPOOKOJAIMOHUX MapKepa U
AHTUKCUJAHTCKUX Tlapamerapa y KpBM Iall0OBa HAKOH CIPOBEACHUX pA3IUYUTHUX PpPEKHUMA
Tpyama. YTBpauiau cmo 1a je HIIT TperuHr npoTtokoa nHAykoBao cHaxxHO noBehame O, u H0;
y ognocy Ha MIT mpotokon, u y nopehemwy ca koutpoianum rpynama (CTRL u SHR), ca Behum
HuBonMa HyO; y CKOpO CBHM XHIIEPTEH3WBHUM Tpynama y mnopehemy ca HOPMOTCH3MBHUM
naroBuMa. HakoH yeTnpu Henesbe TPEHUHTa TPUYakhEeM, BPEIHOCTH CYNEPOKCU aHjOH paJuKaia
Cy 3HauajHO Owiie MOBHUIICHE Yy OJAHOCY Ha CEJCHTapHE >KUBOTHILE. Y CTamby HOPMOTEH3H]E,
TPEHUHT BHCOKOT MHTE3UTETa j€ 3HAYajHO MMOBHUCHO BPEIHOCTU CYNEPOKCH[ aHjOH paguKaia y
nopehemy ca TPeHHHTOM YMEPEHOT HHTE3UTETa Uy OJTHOTY Ha )KUBOTHIbGE KOje HUCY TPpEHUpae.
Ca npyre cTpaHe, y TOKY XUIIEPTECH3Hj€, TPEHUHT YMEPECHOT HHTE3UTETA j€ 3HAYajHO MHIYKOBAO
MOBUIIIEHE BPEIHOCTH OBOI MapKepa y OJHOCY Ha >KMBOTHHE KOje Cy TPEHHpane BHUCOKUM
WHTE3UTETOM U y OJIHOCY Ha TPYITy MaloBa Koje HUCY TPEHUPAIIH.

MepemeM a3oT MOHOKcHIa y (GopMH HHUTpUTa, TpuMeheHo je na y mopehemy ca
KOHTPOJHHUM YCJIOBUMA, jeauHo y rpynama HIIT+SHR, SHR u MIT cy 6uine 3Ha4ajHO CHIKEHE
BPETHOCTH OBOT MapKepa.

VY Toky HOpMOTeH3Hje, BpeaHocTH TBARS-a cy ce 3HauajHO MPOMEHMIIE MO YTULAjeM
(U3NYKOT TPEHWHTA, ca JOMHUHAHTHO TOBUIICHUM BPEAHOCTHMA OBOT MapKepa y TPyl Koja je
Ousie TOABPrHYTa YMEPEHOM (U3WYKOM TpPeHUHTY. CIMYHO, KOJ XUIEPTEH3UBHHUX KHUBOTHHHA,
TPEHUHT YMEPEHOT WHTE3UTETA j€ CTATUCTUYKU 3Ha4ajHO MOBUCUO BPEIHOCTU MHJEKCA JTUIHIIHE
NEpOKCUIAIMje y OAHOCY Ha TpPYyNy >XUBOTHHA KOje Ouie MOJABPTrHYTE TPEHUHTY BUCOKOT
WHTE3UTETA aJI U 'y OJTHOCY Ha KOHTPOJIHY TPYITY.

Ca npyre ctpane, nmpahemeM BpeITHOCTH €H3WMa aHTHOKCHIATHBHE 3aIITHUTE OpraHMMa

MPUMETUITH CMO Takol)e 3Ha4yajHe pa3siKe MpU MPUMEHH PAa3IMYUTUX TPEHAKHUX MPOTOKOIa. Y

XEMOJIM3aTy, MCPUIIU CMO AKTHUBHOCT H KOHHeHTpaHI/ij CH3MMa aHTHOKCHAATHBHOI' CHCTEMa

3aIITUTE HAKOH PA3IMYUTHX MOJAIUTETa (U3MUKOT TPEHUHTA Y TPajarby OJ YETUPHU HENEJbe KO/
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XWIIEPTCH3MBHUX W HOPMOTECH3MBHHX TManoBa. HwuBOWM cymepokcuj auMmcyrtaze cy y
HOPMOTCH3UBHMM TpynamMa OWJIM 3Ha4yajHO TOBUIIEHW KOJ TanoBa kKoju cy Owmm Ha MIT
IPOTOKOIYy y OJHOCY Ha KOHTPOJHE YCIOBE W JPYI'M TPEHAXKHH MPOTOKOJ, TOK Yy
XUMEPTEH3UBHUM TpyliaMa, BPEJHOCTH OBOI Mapkepa Cy OWIM 3HA4ajHO MOBHUIICHE IIOJ
yrunajeMm HIIT pexxuma pusnukor TpeHuHra.

PenykoBaHu TIyTaTHOH j€ CTAaTUCTUYKHM 3HAYajHO TOBUIIEH Yy TPynu Koja je Owmia
MOJIBPrHYTa TPECHUHTY YMEPEHOT MHTE3UTETa y OJJHOCY Ha TPYIy Ha MHTC3UBHOM TPCHHUHTY U Y
OJIHOCY Ha CEJICHTapHE KUBOTHH-¢ KOJ HOpMOTeH3Huje. Ca aApyre cTpaHe, KOJ XUIEPTEH3MBHHUX
MaroBa, TPEHUHT BHCOKOT MHTE3UTETA j€ 3HAYajHO CHU3UO BPEAHOCTH PEIYKOBAHOT IIyTaTHOHA
y XeMOJIU3aTy y OJIHOCY Ha KOHTPOJIHY TPYIy U XuliepreH3uBHe nanose Ha MIT mpoTokoiy.

Ha xpajy, akTHBHOCT KaTaJla3e MEpPEHa j¢ Y CBUM KOHTPOJHHUM W EKCIICPHMCHTATHUM
rpynama. Kartamasza je CTaTHCTHYKU 3HAYajHO IMOBUIICHA Yy TPYNU Koja je Owia MOIBpPrHYTa
TPEHUHTY BUCOKOI MHTE3UTETa Yy OJIHOCY Ha TPYIy Ha YMEPEHOM TPEHUHTY M Y OJIHOCY Ha
CelICHTapHE JKUBOTHEE KOJ| HOopMoTeH3Hje. Ca apyre crpaHe, KOJ XHIIEPTEH3WBHHUX I1allOBa,
TEHEPaJIHO MMOCMATPaHO y CBHM TrpylaMa cy Oujie CHIDKEHE BPEIHOCTH KaTajla3ze y OJHOCY Ha
HOPMOTCH3UBHE KUBOHE, Ca JOMUHAHTHO CHIDKEHUM BPEIHOCTUMA Y TPYITH KUBOTHHA KOja je
Ouiia moApruyra ymepeHoM (QU3NYKOM TPEHUHTY y TPajalby OJ1 YeTUPU HEellesbe.

W pesynratu mpeTXOgHUX HUCTpa)xKMBamba Cy Yy CarjIaCHOCTH Ca HAIUM pe3yNTaTuMa,
HarnamaBajyhu na edexar ¢pu3nuke akKTBHOCTH CE€ OTJie[a npe cBera y noBehamwy aKTHBHOCTH
€H3UMa aHTHOKCHJIATHUBHE 3alITUTE KOjU CHAXKHUjE HEYTPAIUIIy HAcTaje CI000JHE paauKale
(221, 260-269). IIpermocTaBKa je 1a TPSHUHT BUCOKOT MHTE3UTETAa OCTaBapyje CBOje JICjCTBO Mpe
CBEra CHUKaBambeM METa0ONMYKUX (pakTopa pU3MKa, IMITO CMO WHAMPEKTHO OKa3ald y HalleM
HUCTPAKUBAKY jep CMO MPUMETHIIM Ja TPSHUHT yMEPEHOT WHTE3UTETa 3HAYajHO peAyKyje
BPEJHOCTH TIPOOKCHJIAIMOHUX MapKepa HApOYHTO y CTamy XHUIEPTEH3Wje, 3a Pa3IUKy O]l
TpeHHHTa BUCOKOT uHTe3uTeTa (219, 223-230, 268).

Hanas3u u3 oBe cTyauje ucTudy Jia ¢y, y CyIpOTHOCTH Ca HOPMOTEH3UBHUM YCIOBUMA, Y
XUIMEPTEH3UBHUM YCIIOBUMa 00a pekKMMa TPEHUHTA CMamniia HUBOE KPBHOT NPHUTHCKA, MITO je
Oouso BuIIe u3paxkeHo y ciaydajy MIT-a. ¥V cknagy ca tum, ynHu ce na je MIT moBesan ca
onaxum nopemehajeM MpPOOKCHIAHTHE MPOU3BOAKE U OOJbUM aHTHOKCHIATUBHUM OJITOBOPOM.
Y 0BOM HCTpakMBamy HAaIM PE3yATATH TMPYKajy MOJPIIKY HUIACjU Ja YMEPEHO HHTE3MBHO

KOHTHHYHUPAHO TPCHUPAKBLEC MOXKE YTULATU HA IO3UTHUBHY IMPOMCHY IMATOJIOIIKOT Y (i)I/ISI/IOJ'IOHIKI/I
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apTepUjCKN KPBHHU NpHUTHCaK. Takole, HammM pe3ynraTd OM MOTJIM MMAaTH W3Y3€TaH KIMHUYKH
3Hayaj y noriieny Oyayhux TepaneyTcKux cTpaTervja 3a CIpeudaBame NMPOTrpecHje XUIEPTeH3H]e
Kao0 TJIaBHOT KapJUOBacCKyJapHOT (akTopa pusuka. Pe3ynTartu Hamier uctpakuBama Ou Tpebaio
Ja AompuHecy OoJbeM cariiefiaBamy MpodiemMa JaHaIIbUIE OJHOCHO Jieuera XHIIEPTEH3H]E,
HapOYUTO Yy TMOTJeny KIMHHYKE TMpaKce U paluoHATM3aIMje ald H  ePEKTHBHOCTH
aHTUXWIIEPTCH3UBHE Tepanuje. [lopen Tora, y Haioj CTyIuju HCIUTHBAKE PEIOKC CTaryca
XUMEPTEH3UBHUX ¥ HOPMOTCH3WBHUX TIalloBa j€ pAacBETINO jedaH Of IOTCHIIHjaTHUX

MeXaHu3ama KojuMa (pu3udKa aKTHBHOCT JIeTyje Ha KapAHOBACKYJIAPHU CHCTEM.
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6. SAK/bYULIN

Pesynraru Hamier ucrpakuBama HaBoIe Ha cienehe 3aKbyuKe:

1.

YonmreHo mocMarpaHo, 00a XpOHHYHA TPEHAXXHA MPOTOKOJIA (BUCOKOT M yMEPEHOT
MHTE3UTETa) BpIIEC MPOMEeHY (YHKIMje MHOKapaa U nepdy3ujy y XUIEpTEH3UBHUM H
HOpPMOTEH3UBHMM YycioBuMa. Ca acmekra mopehema oBa JBa NpPOTOKOJAa BEXOama,
npumeheno je na HIIT mpomoBumie jauy peakiujy akTHBHMX M IAacCUBHHX OCOOWHA
MHOKapJHjaJHOT 3WAa HW30JI0BAaHOI CpIa MamoBa, a IIOMEHYTE pa3jiuKe cy Omie

I/I3pa}KeHI/Ije KO XHUIICPTCH3UBHUX XKUBOTHUH:A.

Hamre wucrtpakuBame je HEJBOCMHUCIICHO TOKa3ajo Ja ca AY)XKHHOM Tpajamba (U3UYKE
akTUBHOCTH ToBehaBa ce m OeHeduran edexaT (GUINIKOr TPEHUHTAa HA BPEIHOCTH
apTEPUjCKOT KPBHOT MPHUTHUCKA M TO YIJIABHOM CHCTOJIHOT, JIM J]a YMEPEHU HHTE3UTET
TPEHUHTA Jaje MOBOJbHE pE3yNTaTe Yy CTalky XHUIEPeTeH3HMje a Ja TPSHHUHT BHCOKOT
MHTE3UTETa UMa KOPUCTU CaMO y TOKY HOPMOTEH3H]E U Jla Y TOKY XHUIIPETECH3HU]e JIeNyje
gak W mTeTHo. Jlakiie, yTuIaj yMepeHe KOHTHHyHpaHe (H3WYKe aKTUBHOCTH Ha
apTEPUjCKU KPBHH MPHUTUCAK j€ HEIIBOCMUCIICH KOPUCTAH, Y CMUCIY CMambEHha CUCTOIHOT
KPBHOT TPHUTHCKA KOJI XWIIEPTCH3MBHUX IIaIl[0Ba, JOK j€ YTHIA] TPCHHHTa BHUCOKOT

HHTC3UTCTA Yy MaI—LOj MCpPHU MMOBOJbAH IO BPEAHOCTU KPBHOI ITIPUTUCKA.

TpeHuHT BHCOKOT HMHTE3MTETa OCTaBapyje CBOje JEjCTBO IpPE CBera CHIKAaBabEM
MeTaboIMUKKuX (hakTopa pU3MKa, JOK TPEHUHT YMEPEHOT MHTE3UTETa 3HA4YajHO PEeIyKyje
BPEIHOCTH MPOOKCUAANMOHNX MapKepa HApOUUTO y CTaly XUIEPTEH3H]E, 3a Pa3INKy O

TPEHUHT'a BUCOKOT' MHTC3UTCTA.

Edexkar ¢usnuke akTMBHOCTH ce orjena npe cBera y mnoehamwy aKTHBHOCTH €H3MMa

AQHTUOKCUJIATUBHE 3aIITUTE KOJU CHAXKHU]E€ HEYTPAJIUIIY HacTalle CJI000HE pauKare.

JloGujeHe MaTOXMCTOJIOMIKE IPOMEHE WCIUTUBAHUX OpraHa moTBplyjy pe3ynrare
napaMerapa cpia koju cy mpaheHu €X ViVO u in VIVO kao U pe3ynTrare OMOXEMH]jCKUX

aHajJIu3a.

Y 0BOM HCTpaKHBamky HAIIK PE3YJITATH MPYKA]y MOAPIIKY UACIU Aa YMEPEHO HHTE3UBHO
KOHTUHYUPAHO TPEHUPAE MOXKE YTHUIATH Ha IO3UTHBHY MNPOMEHY MAaTOJIOLIKOT Y
(bU3HOJIOIKK apTEePHjCKU KPBHU MpUTHCAK. Takohe, HammM pe3ynaTaTd OW MOTJIM UMaTH
M3y3eTaH KJIMHUYKH 3Hauaj y morjeay Oyayhux tepamneyTcKuxX cTpaTerdja 3a CpedyaBame

nporpecuje XurepTeH3uje Kao rIaBHOT KapAnOBacKyIapHOT (pakTopa pu3HKa.
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Abstract — AB:

Introduction: As a multifactorial disease of high epidemiological significance, hypertension is a
chronic disease that greatly favors the scientific community and the wider community. Still,
although it is assumed and speculated about the activity of physical activity, it is not known
exactly what action and explanation can affect the value of blood pressure and cardiovascular
homeostasis, especially in the absence of any pathophysiological substrate.

Aim: The aim of this study was to investigate and compare the effects of various modalities of
physical activity on the cardiovascular system of rats under conditions of hypertension and
normotension. A special emphyse of this study is the concentration of prooxidative and activity
of antioxidative markers in plasma rats in state of physiological and pathological blood pressure
values.

Material and methods: The study was designed as an experimental study conducted in vitro and
ex vivo. In order to examine two various modalities of physical activity, experimental animals
were subjected to four-week physical training by running moderate and high intensity (High
Intensity Interval Training - HIIT, Moderate Intesity Training-MIT). During and after this, we
monitored the values of systolic and diastolic blood pressure, heart rate, and the values of
prooxidant and antioxidant markers in the blood of the hypertensive and normotensive rats.

Results: The influence of moderate continuous physical activity on arterial blood pressure is
unambiguously useful in terms of reducing systolic blood pressure in hypertensive rats, while the
effect of high intensity training is to a lesser extent favorable to the blood pressure value. Both
modalities of physical activity, moderate and high intensity significantly influence the contractile
ability of the heart of normotenive rats, while in conditions of hypertension, moderate intensity
training significantly increases the contractile response of the heart. From the aspect of
comparison between these two training protocols, it was observed that HIIT promotes a stronger
prooxidation reaction in hypertensive animals, while MIT is associated with a mild disorder of
prooxidant production and a better antioxidant response.

Conclusions: In general, the initiation of both protocols alter the function of myocardium and
perfusion in hypertensive and normotensive conditions. The obtained results give an original and
important contribution in understanding the role of various modalities of physical activity in the
function of myocardium in conditions of normotension and hypertension, which opens up a
series of potential therapeutic solutions in the treatment of hypertension, bearing in mind the
epidemiological and clinical significance of this pathological entity.

Key words: physical training, myocardial function, systolic and diastolic blood pressure, heart,
rat
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Abstract

This study was aimed to assess the impact of aerobic and anaerobic type of exercise on blood pressure and redox status
in normotensive and hypertensive rats. After 1 week of preconditioning feeding and 1 week of preconditioning running
regimen, Wistar albino rats (n="72; bw: 270 £ 50 g) were randomly assigned to three groups according to running protocol
(high-intensity interval training (HIIT) or moderate-intensity training (MIT)): sedentary control, MIT, HIIT; spontaneous
hypertensive sedentary control (SHR), SHR + MIT and SHR + HIIT. Blood pressure (BP) measurement was performed by
a tail-cuff noninvasive method BP system. After 48 h of rest following the final training, the rats were fasted for 24 h and
sacrificed under ketamine/xylazine anesthesia and blood samples were collected. The level of the next prooxidants were
measured: superoxide anion radical (O,"); hydrogen peroxide (H,0,); nitrite level (NO,”) and index of lipid peroxidation
(thiobarbituric acid reactive substances), and the activity of antioxidative enzymes: reduced glutathione (GSH) superoxide
dismutase (SOD) and catalase (CAT) activity. After the last week of running, HIIT strongly affected SP, DP, and HR in
SHR rats compared to other hypertensive rats, as well as after MIT in normotensive conditions. We have found that HIIT
training protocol induced a higher increase of O, and H,0, as compared to MIT. Findings of the present study pointed out
that contrary to normotensive conditions, in hypertensive conditions both training regimes reduced the BP levels, which was
more prominent in case of HIIT. In addition, MIT seems to be connected with milder disturbance of pro-oxidant production
and better antioxidant response.
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Introduction

Regular physical exercise is considered to be one of the
beneficial factors of a proper lifestyle and is nowadays
seen as an indispensable element for good health, able to
lower the risk of disorders of the cardiovascular, endocrine
and osteomuscular apparatus, immune system diseases,
and the onset of potential neoplasms [1]. A moderate and
programmed physical exercise has often been reported to
be therapeutic both in the adulthood and in aging, being
able to promote fitness [2].

High-intensity interval training (HIIT) presents shorter
periods of high-intensity (sub- to near maximal) exercise
followed by longer periods of low intensity exercise or rest
[3, 4]. In recent times, HIIT, referring to alternating short
bursts of high-intensity exercise and recovery periods, has
become a popular alternative primarily because of its time
efficiency, because lack of time is a commonly cited bar-
rier to exercise participation [5]. On the other hand, tradi-
tional training methods for cardiovascular health tended
to focus on longer-duration sessions involving moderate-
intensity exercise performed continuously without rest,
often termed moderate-intensity training (MIT) [6, 7].

Physical activity has various effects on different sys-
tems and organs. Since 1985, authors suggested benefit of
physical exercise, indicating some cardioprotective effects
of exercise training [7]. In order to reduce traditional
and nontraditional cardiovascular risk factors, scientists
explore appropriate dose of physical activity which could
be able to decrease hypertension, obesity, insulin resist-
ance, etc [7, 8].

Nowadays, there is one recent the HEPAFIT rand-
omized controlled clinical study which strongly recom-
mended and obligated physical activity from childhood
to elderly, and explained the possible effects of physical
activity interventions to reduce liver fat content and to
improve metabolic profiles and the cardiometabolic health
of adolescents and adults [8].

Clinical studies suggested that chronic isometric hand-
grip training reduces blood pressure; however, there is
still a gap in the knowledge on the effects of this modal-
ity of exercise on other cardiovascular variables—such as
endothelial function, oxidative stress, and cardiac auto-
nomic modulation—which should be addressed in future
studies. People with hypertension are less physically active
than those without hypertension and there is strong evi-
dence supporting the blood pressure-lowering ability of
regular exercise, especially in hypertensive individuals
[9]. Physical activity is commonly recommended as an
important lifestyle modification that may aid in the preven-
tion of hypertension. Recent epidemiologic evidence has
demonstrated a consistent, temporal, and dose-dependent

@ Springer

relationship between physical activity and the develop-
ment of hypertension [10]. Experimental evidence from
interventional studies has further confirmed a relationship
between physical activity and hypertension as the favora-
ble effects of exercise on blood pressure reduction have
been well characterized in recent years [11].

Despite clear evidence for the positive adaptations fol-
lowing HIIT compared with MIT with regard to aerobic fit-
ness and vascular function, it is still unclear which form of
training is most effective for reducing arterial pressure and
oxidative stress and which is the optimal ‘dose—response’ of
physical exercise. We hypothesized that both training types
can be effective in reducing the BP levels in hypertensive
rats and, having in mind their aerobic/anaerobic character-
istics, can affect redox processes. Therefore, this study was
aimed to assess the impact of aerobic and anaerobic type of
exercise on blood pressure in normotensive and hypertensive
rats, with emphasis on changes in their redox status.

Materials and methods
Animals and design of the study

Eight-week-old male Wistar albino rats (n="72; bw:
270 +50) were kept on an artificial 12-h light—dark cycle
(8:00 2.m—8:00 p.m.) at room temperature (23 + °C) in the
Institute of Cardiovascular Physiology, Faculty of Medical
Sciences, University of Kragujevac. Water and food were
available ad libitum. The animals were housed in their
respective groups in a collective cage and received water
and standard laboratory chow. After 1 week of precondition-
ing feeding and 1 week of preconditioning running regi-
men, all rats were randomly assigned to three groups: sed-
entary control (CTRL, n=12), MIT (n=12), HIIT (n=12)
Spontaneous hypertensive sedentary control (SHR, n=12),
SHR +MIT (n=12), and SHR+HIIT (n=12).

Compliance with ethical standards

The experimental protocol was approved by the Faculty
of Medical Sciences Ethics Committee for the welfare of
experimental animals, University of Kragujevac, number
01-13340/1 and by Ministry of Agriculture, Forestry and
Water Management, Authority for Veterinary of Serbia num-
ber 323-07-04422/2017-05 and followed the Guidelines for
the Care and Use of Laboratory Animals.

Exercise protocols
Exercise protocols were performed by Treadmill for rats

(ELUNIT Medical Equipment) which is a treadmill cus-
tomized for anatomical and physiological characteristics of
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small experimental animals (power supply 220 V, 50 Hz,
number of trails for running: 4; Speed control 2-50 m/
min with a resolution of 0.1 m/min) which is connected
with Treadmil-software to monitoring speed continuously.

Two different modes of continuous exercise training
were used on rats: moderate interval continuous train-
ing (MIT) and high-intensity interval training (HIIT).
The rats on exercise MIT protocol ran on treadmill for
4 weeks-5 days, with 1 week before of adaptation period
(8 m/s speed for 1 h/day), and with gradual increase in
speed during weeks, from 10 m/min in second week
to 15 m/min in fifth week with 3 min rest/100 m and
5 min warmup at 8§ m/min prior to each training session
(Table 1).

The exercise HIIT group ran on treadmill for
5 weeks—5 days a week with 5 sprints with speed in adap-
tation period 7 m/min, and then in second week from 45
to 49 ms for 30 s, in third week with 50 m/min speed, in
fourth week with speed from 51 to 55 m/s and in the last
week with 55 m/min with longer duration. Before each
training session 5-min warmup at 8 m/min and after each
sprint rest for 2 min was conducted (Table 2).

Table 1 Protocol for high-intensity interval training for rats (HIITr)

Blood samples collection

After 48 h of rest following the final training, the rats were
fasted for 24 h and sacrificed under ketamine/xylazine anes-
thesia and blood samples were collected. Blood samples
were collected into ice-cold EDTA capillary system tubes
by the nick procedure, and approximately 500 pl of blood
plasma sample obtained after centrifugation and was stored
at — 80 °C until use for biochemical analysis.

Blood pressure (BP) measurement

The tail-cuff noninvasive method BP system (Rat Tail Cuff
Method Blood Pressure Systems (MRBP-R), IITC Life
Science Inc. USA) enables blood pressure (BP) measure-
ments in rats. This method uses a specialized volume pres-
sure recording (VPR) sensor, which detect all blood volume
changes and connected by cuff that is placed over the ani-
mal’s tail. Rats do need to be restrained in specific holders
and artificially heated to maintain normal BP. The MRBP-R
system provides the measurements of four different blood
pressure parameters: systolic and diastolic blood pressure,
heart rate, mean blood pressure [12].

Weeks/
days*‘* ES

Monday Tuesday

Wednesday

Thursday Friday

7 m/min for 15 min

5 sprints X 47 m/min for

2 5 sprints X45 m/min for 5 sprints X 46 m/min for
30s 30s 30s
3 5 sprints X 50 m/min for 5 sprints X 50 m/min for

30s

40's

5 sprints X 50 m/min for
45s

5 sprints X 53 m/min for

4 5 sprints X 51 m/min for 5 sprints X 52 m/min for
60 s 60 s 60 s
5 5 sprints X 55 m/min for 5 sprints X 55 m/min for

65s

70s

5 sprints X 55 m/min for
75s

5 sprints X 48 m/min for
30s

5 sprints X 50 m/min for
55s

5 sprints X 54 m/min for
60 s

5 sprints X 55 m/min for
80s

5 sprints X 49 m/min
for 30 s

5 sprints X 50 m/min
for 60 s

5 sprints X 55 m/min
for 60 s

5 sprints X 55 m/min
for 90 s

*2-min rest after each sprint

**5-min warmup at 8 m/min prior to each training session

Table 2 Protocol for moderate

Wednesday

Thursday

Friday

. A e Weeks/ Monday Tuesday

interval continuous training for days**

rats (MIT)
1 8 m/min for 30 min
2 10 m/min for 1 h 10 m/min for 1 h
3 12 m/min for 1| h 12 m/min for 1 h
4 13 m/minfor 1 h 13 m/min for 1 h
5 15 m/min for 1| h 15 m/min for 1 h

10 m/min for 1 h
12 m/min for 1 h
13 m/min for 1 h
15 m/min for 1 h

10 m/min for 1 h
12 m/min for 1 h
13 m/min for 1 h
15 m/min for 1 h

10 m/min for 1 h
12 m/min for 1 h
13 m/min for 1 h
15 m/min for 1 h

*3-min rest/100 m

*%5-min warmup at 8 m/min prior to each training session
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Markers of oxidative stress

The level of superoxide anion radical (O,”) was meas-
ured by NBT (Nitro Blue Tetrazolium) reaction in TRIS-
buffer with plasma sample as previously described [13].
Measurement of hydrogen peroxide (H,0,) is based on
oxidation of Phenol Red by hydrogen peroxide, in a reac-
tion catalyzed by horseradish peroxidase (HRPO) as pre-
viously described [13]. Nitric oxide decomposes rapidly
to form stable metabolite nitrite/nitrate products. Nitrite
level (NO, ™) was measured and used as an index of nitric
oxide (NO) production using the Griess’s reagent as previ-
ously described [14]. Index of lipid peroxidation (thiobar-
bituric acid reactive substances, TBARS) was estimated
by measuring of TBARS using 1% TBA (Thiobarbituric
acid) in 0.05 NaOH incubated with the plasma as previ-
ously described [15]. All analysis was determined using
the spectrophotometrical method (UV-1800 UV-Vis Spec-
trophotometer by Shimadzu Scientific Instruments Inc).

Antioxidative enzymes

The level of reduced glutathione (GSH) was determined
based on GSH oxidation with 5.5-dithio-bis-6.2-ni-
trobenzoic acid, using method described by Beutler [16].
SOD activity was determined by the epinephrine method
described by Beutler. A 100 pl lysate and 1 ml carbonate
buffer were mixed, and then 100 pl of epinephrine was
added. Detection was performed at 470 nm [17]. CAT
activity was determined according to Aebi. Lysates were
diluted with distilled water (1:7 v/v) and treated with
chloroform-ethanol (0.6:1 v/v) to remove hemoglobin and
then, 50 ul CAT buffer, 100 ul sample, and 1 ml 10 mM
H,0, were added to the samples. Detection was performed
at 360 nm [18].

Statistical analyses

Values were presented as the mean + standard error mean.
Prior to statistical analysis, all data were checked for nor-
mality using the one-sample Kolmogorov—Smirnov test.
Biochemical data were evaluated using one-way analysis of
variance (ANOVA). Comparisons of the training protocols
of each group were conducted by one-way ANOVA followed
by Tukey’s post hoc test with false discovery rate (FDR)
correction. One-way ANOVA followed by Tukey’s post hoc
test was used to analyze other measures. These analyses
were carried out using MedCalc statistical software version
17.9 (Acacialaan 22, 8400 Ostend, Belgium 2018) and SPSS
statistical program version 22.0. The level of statistical sig-
nificance for all analyses was 95% (p < 0.05).
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Results

Effects of training on systolic (SP), diastolic
blood pressure (DP), and heart frequency (HR)
during normotensive and hypertensive conditions

Dynamic of systolic, diastolic arterial blood pressure and heart
rate were evaluated before (during adaptation period), after
first, second, third, and fourth week of running period.

In normotensive rats, significant alterations of SP, DP, and
HR were found after second week of training, namely these
parameters were significantly decreased in MIT group com-
pared to CTRL group, and significantly increased in HIIT
group compared to CTRL group. After third week of train-
ing, only in MIT group was significantly reduced SP, DP, and
HR compared other groups, while after fourth week no more
differences were recorded between the exercised and the sed-
entary groups, respectively (Table 3).

In the hypertensive rats, no significant differences were
seen among the groups prior to the training protocols. After
first week, SP was significantly decreased in SHT-MIT group
compared to SHR-HIIT group, but after the second week,
these parameters in the same group were also significantly
decreased, but compared to SHR and SHR-HIIT groups. Inter-
estingly, during the time of running, SP, DP, and HR were
significantly decreased in SHR-HIIT and SHR-MIT compared
to control conditions (SHR group), with the most prominent
changes in hypertensive groups with MIT protocol. At the end
of training period, both protocols significantly decreased the
hemodynamic parameters as compared to the CTRL (SHR)
group. However, blood pressure values were significantly
lower in the HIIT versus the MIT group, suggesting that hyper-
tensive animals benefit more from the intensive vs. moderate
training—or alternatives. (Table 3).

Effects of training on superoxide anion radical (0,")
and hydrogen peroxide (H,0,) levels

After training protocol, values of O, were significantly higher
in HIIT and MIT group compared to other groups, while in
hypertensive rats values of this parameter were also increased
but no so prominent as in normotensive (Fig. 1a). Also,
the same trend of changes was observed in values of H,0,
(Fig. 1b). We have found that HIIT training protocol induced
the strong increasing of O,~ and H,O, compared to MIT and
compared to control groups (CTRL and SHR). Furthermore,
in almost all hypertensive groups, levels of H,O, were higher
compared to normotensive rats.
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Fig. 1 Levels of pro-oxidant markers: superoxide anion radical (a),
hydrogen peroxide (b), nitrites (¢) and index of lipid peroxidation
measured as TBARS (d) after 4 weeks experimental protocol. Values
are reported as the mean =+ standard error mean. Groups: CTRL sed-
entary control, MIT moderate-intensity training, HIIT high-intensity

od groups, HIIT-SHR and MIT-SHR, CAT was decreased
compared to SHR group. Generally viewed, in hyperten-
sive rats with or without training, levels of CAT were
lower during hypertension (Fig. 2c).
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interval training, SHR spontaneous hypertensive rats, SHR+MIT
spontaneous hypertensive rats on moderate-intensity training,
SHR + HIIT spontaneous hypertensive rats on high-intensity interval
training. Means are presented as significantly different or not from
CTRL (one-way ANOVA followed by Tukey’s post hoc test)

Discussion

Regular physical exercise has many health benefits
including a lowered threat of all-cause mortality along
with a reduced risk of cardiovascular disease, cancer, and
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Fig.2 Levels of antioxidant enzymes: superoxide dismutase (a),
reduced glutathione (b) and catalase (c) after 4 weeks experimen-
tal protocol. Values are reported as the mean =+ standard error mean.
Groups: CTRL sedentary control, MIT moderate-intensity training,
HIIT high-intensity interval training, SHR spontaneous hypertensive

diabetes [9, 19]. Paradoxically, it is also clear that con-
tracting skeletal muscles generate free radicals and that
prolonged and intense exercise can result in oxidative
damage to cellular constituents. Despite clear evidence
for the positive adaptations following HIIT compared with

rats, SHR + MIT spontaneous hypertensive rats on moderate-intensity
training, SHR + HIIT spontaneous hypertensive rats on high-intensity
interval training. Means are presented as significantly different or not
from CTRL (one-way ANOVA followed by Tukey’s post hoc test)

MIT with regard to aerobic fitness and vascular function,
the aim of this study was examine differences of these
running protocols in changing of blood pressure and redox
status after chronically and continuous physical training
of rats.
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In the first part of study, we examined the effects of HIIT
and MIT on BP before and during 4 weeks experimental
period. It is known that systemic arterial hypertension causes
progressive myocardial remodeling. While cardiac function
is increased in response to active myocyte hypertrophy in
the left ventricle in the compensated phase, left ventricular
(LV) remodeling is characterized by the combination of car-
diomyocyte hypertrophy and proliferation of other tissues,
which leads to arterial stiffness and cardiac dysfunction [20].
In that sense, the benefits of aerobic training to hypertensive
subjects are well established in the literature [9, 20, 21].
Animal models of hypertension—SHR in the compensated
stage (~6-month old)—have shown the efficacy of physical
training in attenuating systolic dysfunction and restoring
ventricular elasticity in female SHR [20]. Aerobic train-
ing reduced apoptosis in the myocardium of SHR [20, 21]
improved contractile function of cardiomyocytes isolated
from the left ventricle, and normalized the expression of
proteins involved in the regulation of intracellular calcium
cycle, such as the sarcoplasmic reticulum Ca**~ATPase
(SERCAZ2a) and phospholamban [22]. However, little is
known about precise dose of physical training which can
be beneficial and which can be harmful, and where is it that
border between good and bad dose of physical activity on
arterial pressure.

In normotensive rats, after third week of training, only
in MIT group SP, DP, and HR were significantly reduced
compared other groups, while after fourth week there were
no changes in these parameters (Table 3). On the other hand,
in hypertensive groups, interestingly, during the time of run-
ning, SP, DP, and HR were decreased in after both train-
ing regimes compared to control conditions (SHR group),
with the most prominent changes in hypertensive groups
with MIT protocol. Finally, after the last week of running,
HIIT and MIT strongly affected SP, DP, and HR in SHR
rats compared to hypertensive groups (SHR, SHR + MIT,
SHR + HIIT) (Table 3). However, MIT running protocol
induced stringer drop in blood pressure compared to HIIT
protocol. Our data are in agreement with previous studies
[22-26].

One of the few similar studies, which compared the
effects of HIIT vs. Continuous moderate exercise in animals,
was conducted by Wang et al. They compared the possible
beneficial effects of two different exercise training regimes
in a mouse model of diet-induced obesity, and concluded
that HIIT contribute a more favorable regulation of meta-
bolic dysfunctions in mice compared with MICT, but not in
arterial blood pressure regulation [23].

The large number of previous studies hypothesized that
the HIIT training would be more effective than moderate-
intensity continuous training (MICT) in improving endothe-
lial function and maximum oxygen uptake (VO,,,.,). Based
on the presumptions, HIIT more affects endothelial function
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and has higher metabolic benefit than other physical train-
ing. But, because of diversity of experimental models, there
are inconsistent results [27, 24].

If we know that the hypertension is stronger inductor/
consequence of oxidative stress and of decreased availability
of nitric oxide in the vascular cells, then the SHR model was
a good model for assessing the effects of exercise. Besides,
physical exercise has many benefits, but it might also have
a negative impact on the body, depending on the training
level, length of workout, gender, age, and fitness. The nega-
tive effects of physical exercise are commonly attributed to
an imbalance between the levels of antioxidants (both low
molecular weight antioxidants and antioxidant enzymes) and
reactive oxygen and nitrogen species due to excessive pro-
duction of free radicals during physical exercise [27].

In order to investigate potential role of redox status and
effects of HIIT and MIT on cardiovascular function, we
measured the levels of prooxidants and antioxidants in blood
of rats after the running protocol.

We have found that HIIT training protocol induced the
strong increasing of O, and H,O, compared to MIT and
compared to control groups (CTRL and SHR), with higher
levels of H,O, in almost all hypertensive groups compared
to normotensive rats (Fig. 1a, b). Superoxide is primarily
formed as an intermediate in biochemical reactions and
compared with other free radicals (hydrogen peroxide etc.),
superoxide has a relatively long half-life that enables diffu-
sion within the cell and, hence, increasing the number of the
potential targets. Although superoxide is generally consid-
ered relatively unreactive compared with other radical spe-
cies, it can react rapidly with some radicals such as NO and
with some iron-sulfur clusters in proteins. On the other hand,
hydrogen peroxide is cytotoxic but is considered a relatively
weak oxidizing agent. In our study, measured indirectly, lev-
els of NO™ during normotensive conditions after MIT and
during hypertensive conditions after HIIT was significantly
decreased (Fig. 1c). In almost all hypertensive groups, levels
of nitrites were reduced compared to normotensive rats. The
concentrations of nitric oxide are lower, probably because of
the possible reaction of O, with NO™.

Afterwards, the elevated levels of TBARS gave to us
cleary picture about the effects of HIIT and MIT. TBARS
reflects the content of malondialdehyde, the most abundant
individual aldehyde that results from the lipid peroxidation
processes [28]. During the normotensive conditions, MIT
induced significant increased levels od TBARS, as well as in
hypertensive conditions. Actually, in HIIT and MIT groups
compared to CTRL group, TBARS was increased signifi-
cantly, and also in HIIT-SHR and MIT-SHR compared to
SHR group. Well, TBARS levels were significantly altered
in all study groups compared to controls (Fig. 1d). In almost
all hypertensive groups, levels of TBARS were higher com-
pared to normotensive rats.
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We understand all the inconsistencies between the con-
clusions of different investigations, commonly based on the
concentrations of oxidative biomarkers in body fluids. Previ-
ous studies reported similar beneficial outcomes with both
protocols or even reported the HIIT protocol as more effec-
tive in preventing oxidative stress [24, 25]. In a study Ramos
et al. MICT and HIIT protocols prevented an increase in
TBARS during obesity [26]. On the other hand, Li et al. sug-
gested that lipid peroxidation (malondialdehyde formation)
was increased by an acute bout of HIIT exercise in hepatic
mitochondria [29]. Nevertheless, few data are available in
literature about effects of these training protocols in state of
elevated blood pressure, and regarding to fact that hyperten-
sion could be generator of ROS and lipid peroxidation, our
results are expected. Actually, during the hypertension as
a chronic disorder, HIIT and MIT are probably not recom-
mended beneficial therapy.

Finally, as a major antioxidant enzymes, superoxide dis-
mutase, reduced glutathione, and catalase, we compared the
effects of HIIT vs. MIT in normotensive and hypertensive
rats. The antioxidant enzymes are important endogenous
defenses required to inhibit the formation of ROS or to pro-
mote the removal of free radicals and their precursors. CAT
is a ferric heme protein that directly catalyzes the decom-
position of hydrogen peroxide (H,0,). SOD removes the
superoxide anion by accelerating the rate of its dismutation
to H,0, [29]. GSH catalyzes the decomposition of H,0,
as a cofactor in a redox cycle where glutathione reductase
reduces oxidized (GSSG) to GSH.

In normotensive and hypertensive rats, MIT significantly
increased SOD levels compared to HIIT and controls groups
(Fig. 2a). Levels of GSH, were significantly increased in
MIT group compared to CTRL group, and in HIIT compared
to CTRL group also, but decreased in HIIT-SHR group com-
pared to SHR (Fig. 2b). Only levels of CAT was signifi-
cantly increased after HIIT compared to CTRL. Generally
viewed, in hypertensive rats with or without training, levels
of CAT were lower during hypertension (Fig. 2¢). Probably
because of decreased levels of CAT, we observed higher
levels of reactive oxygen species in hypertensive rats. Also,
in presence of strong generator of ROS such as hyperten-
sion, a diminished antioxidant activity resulted in elevated
levels of almost all pro-oxidative markers, except marker of
vasodilatation-nitric oxide.

Literature data suggested that the amount and intensity
of physical activity were directly related to the antioxidant
enzyme activity levels [30]. The findings of this study sug-
gested that an intensity of physical activity could have a
modulatory effect on antioxidative balance in the studied
female population [31]. Criswell et al. tested the hypothesis
that high-intensity (interval) training is superior- to moder-
ate-intensity (continuous) exercise training for 12 weeks in
the upregulation of antioxidant enzyme activity in skeletal

muscle [32]. They concluded that when matched for oxy-
gen cost, interval and continuous exercise trainings result in
similar increases in SOD activity and that the high-intensity
interval exercise is superior- to moderate-intensity continu-
ous exercise in the promotion of GPX activity [32]. Ji et al.
explained that HIIT significantly elevated hepatic catalase
and cytosolic SOD activity compared to acute physical activ-
ity [29]. Steinbacher suggested that the performance of aero-
bic exercise training increases antioxidant defenses which, in
association with morphological and functional adaptations,
can provide the organism with protection against oxidative
stress [33]. But, Delwing-de Lima concluded that both pro-
tocols could prevent the most of alterations in the production
of oxidative stress [34].

Based of previous findings, we speculate that an upregu-
lation of the expression of SERCA,a could be induced by
the running routine [1-5, 26]. Another possibility is that
angiotensin-1-7 through the physical activity can alter the
expression of the main RAS enzymes, ACE and ACE,,
favoring the degradation of angiotensin-II and the buildup
of angiotensin-1-7 [7, 35, 29, 33].

In summary, although performed on animal model, this
study may help in the better understanding of the differences
between the effects of aerobic/anaerobic training regimes on
BP regulation in both hypertensive and normotensive con-
ditions. Therefore, it provides new evidences which refer
to beneficial impact of HIIT in reducing of hypertension.
Additionally, our results can be of interest in elucidation of
the influence of these exercise protocols on redox homeosta-
sis. Accordingly, regardless the effects on BP, it seems that
HIIT can promote oxidative stress and potential damages.

Conclusion

Findings of the present study pointed out that contrary to
normotensive conditions, in hypertensive conditions both
training regimes reduced the BP levels, which was more
prominent in case of HIIT. In addition, MIT seems to be
connected with milder disturbance of pro-oxidant production
and better antioxidant response.

In this scenario, our results lend support to the idea that
high intensity interval training can positively transform path-
ological into physiological arterial blood pressure. This find-
ing could have clinical relevance in the design of therapeutic
strategies for the prevention of progression of hypertension
as the major cardiovascular risk factor.
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Abstract

The aim of present study was to evaluate the effects of 3- and 6-week swimming exercise on cardiodynamics and coronary
flow in high salt-induced hypertensive and normotensive rats. 80 male Wistar albino rats (6 weeks old) were divided into
8 groups: hypertensive animals that swam for 3 weeks; hypertensive animals that swam for 6 weeks and their respective
sedentary controls; normotensive animals that swam for 3 weeks; normotensive animals that swam for 6 weeks and their
respective sedentary controls. Hypertensive animals were on high sodium (8% NaCl solution) diet for 4 weeks, and these
animals did not drink tap water during the experimental protocol. After sacrificing, hearts were isolated and perfused accord-
ing to Langendorff technique at gradually increased coronary perfusion pressure (40-120 cmH,0). The following parameters
of cardiac function were continuously recorded: maximum and minimum rate of pressure development in LV, systolic, and
diastolic left ventricular pressure, and heart rate. Coronary flow was measured flowmetrically. Findings of the present study
may help in better understanding of short- to medium-term exercise-induced direct effects on cardiac function and perfu-
sion. Generally viewed, swimming of both durations did not change myocardial function and perfusion in hypertensive and
normotensive conditions.

Keywords Hypertension - Cardiodynamics - Swimming - Rat - Heart
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training are efficient in preconditioning [3], thus making
the heart more resistant to cardiac injury following myocar-
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transient diminish of ventricular function, damages of heart
tissue, and the appearance of myocardial injury biomarkers
[6]. The most frequent cardiovascular risk factors such as
hypertension causes by itself a significant increase in the
coronary vascular resistance, impair the auto-regulatory
mechanism, and can induce the left ventricle (LV) dysfunc-
tion [7].

Studies have shown that water immersion causes an
immediate translocation of blood from the dependent limbs
and an increase in the intrathoracic blood volume. This fol-
lows the augmentation of the cardiac output via enhanced
end-diastolic and stroke volume due to the effect of increased
cardiac muscle length on the contractile force of the cardiac
muscle [8].

The specificity of swimming as a physical activity lies
in the mobilization of whole body muscle mass leading to
improved capacity of cardiovascular system. This type of
exercise is able to trigger physiological cardiac hypertrophy
[8] which is associated with less cardiac fibrosis and better
systolic and diastolic function when compared with patho-
logical hypertrophy [9].

In recent years, there has been high interest on the effects
of short to medium/high-time physical load on cardiovas-
cular system (especially the myocardium function) with
controversial and inconsistent information. Furthermore,
investigations combining and comparing the influence of
exercise with different durations are insufficient.

Therefore, the objective of this study was to estimate
effects of short-term and medium-term swimming training
on cardiodynamic parameters and CF (coronary flow) in a
rat model of high salt-induced hypertension as well as com-
pare the obtained results between these swimming protocols.
We hypothesize that short to medium-term training sessions
do not cause significant functional changes of myocardium
and may have different influence on heart work.

Materials and methods
Animals and high-salt induction of hypertension

Six-week-old male Wistar albino rats (n=380) (obtained
from the Military Medical Academy, Belgrade, Serbia),
weighting between 180 and 200 g (at the beginning of the
experiment), were housed under controlled environmental
conditions, with a temperature of 22 +2 °C and a 12-h light/
dark cycle. The rats had ad libitum access to food and tap
water or NaCl dissolved in water (8% solution).

At 6 weeks of age, rats were randomly divided into the
following groups (ten animals per group): hypertensive
animals that swam for 3 weeks (S-HTA-3); hypertensive
animals that swam for 6 weeks (S-HTA-6) and their respec-
tive sedentary controls (HTA-3 and HTA-6); normotensive

@ Springer

animals that swam for 3 weeks (S-NTA-3); normotensive
animals that swam for 6 weeks (S-NTA-6) and their respec-
tive sedentary controls (NTA-3 and NTA-6). Hypertensive
animals were on high sodium (8% NaCl solution) diet for
4 weeks (period of induction hypertension), and these ani-
mals did not drink tap water during the experimental pro-
tocol [10].

After period of induction, hypertension was confirmed
in all rats from hypertensive groups (195.69 +6.19/105.81
+7.73 mmHg).

Swimming training protocol

Rats swam in a specially constructed swimming pool made
of glass (80X 60X 100 cm) in which water temperature
(37+1 °C) was maintained by an electric heater, and a
pump continuously made waves in order to prevent rats from
floating. Animals fasted over the night prior to swimming
protocol. The training protocol was conducted during the
same period of the day (8:00—10:00 am) for all the training
sessions. 6 rats maximum were placed into the swimming
pool during one training session. The first week consisted
of an adaptation period initiated with 10 min of continu-
ous swimming training on the first day. Swimming time was
increased daily until reaching 60 min at the end of the fifth
day. From the second week, the exercise duration was kept
constant (60 min/day, 5 days/week) with 2 days of rest. Rats
from the control group were put in water for 1 min a day,
5 days a week, in order to achieve the water-induced stress
effect. This was maintained until the end of the training
period, which lasted 3 and 6 weeks. To avoid effects related
to acute exercise, animals rested for 48 h before being sacri-
ficed for all additional procedures. Swimming was continu-
ously supervised. Swimming training protocol was chosen
according to recent study [11].

Isolated rat heart preparation

The hearts of male Wistar albino rats (n =280, 10 in each
experimental group) were excised and perfused using a Lan-
gendorff apparatus (Experimetria Ltd, 1062 Budapest, Hun-
gary) [12]. Following anesthetization with ketamine (10 mg/
kg) and xylazine (5 mg/kg), the animals were sacrificed by
cervical dislocation. The chest was then opened via midline
thoracotomy. The hearts were immediately removed and
immersed in cold saline and were then mounted on a stain-
less steel cannula of the Langendorff perfusion apparatus
to provide retrograde perfusion, under gradually increasing
coronary perfusion pressure (CPP from 40-120 cmH,0).
Krebs—Henseleit buffer was used for retrograde perfusion (in
mmol/l: NaCl 118, KC14.7, CaCl,-2H,0 2.5, MgSO,-7H,0
1.7, NaHCO; 25, KH,PO, 1.2, glucose 11, and pyruvate 2).
The bufter was balanced with 95% O, and 5% CO,, with a
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pH of 7.4 and a temperature of 37 °C. Following the estab-
lishment of heart perfusion, the preparations were stabilized
within 30 min with a basal CPP of 70 cmH,0. After the
stabilization period, the perfusion pressure was reduced to
40 cmH,0 and then was gradually increased to 60, 80, 100,
and 120 cmH,0 to establish coronary autoregulation. With
a sensor placed in the left ventricle (LV), the following car-
diodynamic markers were continuously measured at each
perfusion pressure (40, 60, 80, 100, and 120 cmH,0):

1. Maximum rate of pressure development in LV (dP/dt
max),

2. Minimum rates of pressure development in LV (dP/dt

min),

Systolic left ventricle pressure (SLVP),

Diastolic left ventricle pressure (DLVP),

Heart rate (HR),

Coronary flow (CF) was measured flowmetrically.

AR

Statistical analysis

Complete statistical evaluation was performed with SPSS
Statistics 18. Normality of parameter distribution was
checked with the Kolmogorov—Smirnov test. Mann—Whitney
U test was used for comparison of subgroups in same group
and for comparison of groups. Statistic value p < 0.05 was
considered to be statistically significant.

Results

Cardiodynamic parameters of isolated rat heart in swimming
and sedentary (3 and 6 weeks) hypertensive and normoten-
sive rats are shown in Figs. 1, 2, 3, 4, 5, and 6. Significance
of the statistical difference in the values of the cardiody-
namics parameters at different values of coronary perfusion
pressures between groups is shown in Tables 1, 2, and 3.

dP/dt max

The short-term swimming in hypertensive rats induced sig-
nificant increase in values of dP/dt max at CPPs 100 and
120 cmH,0O compared to S-NTA-3. The values of dP/dt max
of HTA-3 were significantly higher at all CPPs compared
to NTA-3 (Fig. 1a). There were no significant differences
between values of dP/dt max of hypertensive and normoten-
sive rats that swam for 6 weeks and their controls (Fig. 1a,
b). The short-term swimming in hypertensive rats induced
significant increase in values of dP/dt max compared to
S-HTA-6 rats at all CPPs (Fig. 1c). On the other hand, the
values of dP/dt max of S-NTA-3 rats did not significantly
differ from S-NTA-6 rats (Fig. 1d).

dP/dt min

The short-term swimming in hypertensive rats induced
significant decrease in values of dP/dt min at all CPPs
compared to their controls, while the values of dP/dt min
of S-NTA-3 rats were significantly lower on CPPs 80-120
c¢cmH,0 compared to their controls. The values of dP/dt
min of hypertensive controls were significantly lower at all
CPPs compared with normotensive controls (Fig. 2a). The
medium-term swimming in hypertensive rats did not influ-
ence the values of dP/dt min comparing to their controls.
The values of dP/dt min of S-NTA-6 rats were significantly
lower at CPP 40-80 cmH,O compared to their controls. In
the S-HTA-6 group, the values of this parameter were statis-
tically higher on CPP 80 cmH,O compared to normotensive
rats that swam for 6 weeks. dP/dt min values of hyperten-
sive and normotensive controls did not significantly differ
(Fig. 2b). The medium-term swimming in hypertensive rats
induced significant decrease in values of dP/dt min at all
CPPs comparing to S-HTA-6 rats, (Fig. 2¢), while there was
no difference in values of this parameter between S-NTA-3
and S-NTA-6 rats (Fig. 2d).

SLVP

The short-term swimming in hypertensive/normotensive rats
induced significant increase in values of the SLVP at all
CPPs comparing to their controls. The short-term swimming
in hypertensive rats induced significant increase in values of
the SLVP at all CPPs compared to S-NTA-3 rats. The SLVP
values of hypertensive controls were significantly higher
at all CPPs compared to normotensive controls (Fig. 3a).
However, the values of SLVP of S-HTA-6 rats did not sta-
tistically differ in comparison to their controls. The SLVP
values of S-NTA-6 rats were significantly higher at CPPs 60
and 80 cmH,0O compared to their controls. In the S-HTA-6
group, values of this parameter were significantly lower at
CPPs 60-120 cmH,0O compared to S-NTA-6 rats. The SLVP
values of S-HTA-6 and S-NTA-6 rats did not significantly
differ (Fig. 3b). The short-term swimming in hypertensive
rats induced significant increase in values of the SLVP at
all CPPs compared to S-HTA-6 rats (Fig. 3c), while there
were no differences between S-NTA-3 and S-NTA-6 groups
(Fig. 3d).

DLVP

The values of DLVP of S-HTA-3 rats were significantly
lower at all CPPs compared to their controls, while in
S-NTA-3 rats they were significantly higher at all CPPs
compared to their controls. The values of DLVP of
S-HTA-3 rats were significantly lower at all CPPs com-
pared to S-NTA-3 rats. The values of this parameter in
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Fig.1 a The mean value of the dP/dt max in isolated rat heart after
the third week of the study; b the mean value of the dP/dt max in
isolated rat heart after the 6 weeks of the study; ¢ the mean value of
the dP/dt max in isolated rat heart of hypertensive rats after various

hypertensive controls were significantly higher at all CPPs
compared to normotensive controls (Fig. 4a). The aver-
age DLVP values of S-HTA-6 and S-NTA-6 rats were sig-
nificantly lower at all CPPs compared to their controls.
The values of DLVP of S-HTA-6 rats did not differ from
S-NTA-6 rats. The values of hypertensive controls were
significantly lower at CPPs 40 and 60 cmH,O (Fig. 4b).
In S-HTA-3 and S-HTA-6 groups, DLVP was not signifi-
cantly different (Fig. 4c), while in S-NTA-3 group it was
significantly higher than the S-NTA-6 rats at all CPPs
(Fig. 4d).
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training protocols; d the mean value of the dP/dt max in isolated rat
heart of normotensive rats after various training protocols. The values
are represented as mean + SD

HR

The short-term swimming in hypertensive and normotensive
rats did not lead to any changes in values of HR, but there
were no changes between hypertensive and normotensive
controls (Fig. 5a). The values of HR of S-HTA-6 rats were
significantly lower at CPP 40 and 60 cmH,0O compared to
their controls, while HR of S-NTA-6 rats were lower at
all CPPs. The values of HR of S-HTA-6 rats did not sig-
nificantly differ from S-NTA-6 rats. The values of HR of
hypertensive controls were significantly lower compared to



Molecular and Cellular Biochemistry

---m-- HTA-3
---e--- NTA-3

a —e— S-HTA-3
—&— S-NTA-3

100

-500 - 60 80 120

-1000 -
-1500 -
-2000 -
-2500 -
-3000 -
-3500 -

dP/dt min (mmHg/s)

CPP (cmH,0)

(o]

—— S-HTA-3 ---®%--S-HTA-6

0
-500 -
-1000 -
-1500 -
-2000 -
-2500 A
-3000 -
-3500 -

dP/dt min (mmHg/s)

CPP (cmH,0)

Fig.2 a The mean value of the dP/dt min in isolated rat heart after
the third week of the study; b the mean value of the dP/dt min in iso-
lated rat heart after the 6 weeks of the study; ¢ the mean value of the
dP/dt min in isolated rat heart of hypertensive rats after various train-

normotensive controls at CPPs 60-120 cmH,O (Fig. 5b).
The average values of HR in S-HTA-3 and S-HTA-6 groups
did not significantly differ (Fig. 5c), while the average values
of this parameter in S-NTA-6 rats were significantly lower
than in S-NTA-3 group at the highest CPP (Fig. 5d).

CF

The short-term swimming in hypertensive rats did not lead
to any changes in values of CF compared to their controls,
while CF values of S-NTA-3 rats were significantly lower at
CPP 80-120 cmH,0O compared to their controls. The values
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ing protocols; d the mean value of the dP/dt min in isolated rat heart
of normotensive rats after various training protocols. The values are
represented as mean +SD

of this parameter in S-HTA-3 rats were significantly higher
on CPP 80 and 100 cmH,0O compared to S-NTA-3 rats. The
values of CF of hypertensive controls were not significantly
different from normotensive controls (Fig. 6a). The medium-
term swimming in hypertensive and normotensive rats did
not lead to any changes in values of CF, but there were also
no changes between hypertensive and normotensive controls
(Fig. 6b). The values of CF hypertensive and normotensive
rats that swam through different protocols did not statisti-
cally differ significantly (Fig. 6¢, d).
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Fig.3 a The mean value of the SLVP in isolated rat heart after the
third week of the study; b the mean value of the SLVP in isolated rat
heart after the 6 weeks of the study; ¢ the mean value of the SLVP in
isolated rat heart of hypertensive rats after various training protocols;

Discussion

The present study aimed to examine the effects of short-
term and medium-term swimming training on heart function
and perfusion in hypertensive and normotensive rats as well
as compared the obtained results between these swimming
protocols. Swimming can be used to identify the physiolog-
ical, biochemical, and molecular responses to acute exer-
cise stress and the adaptations to chronic exercise training.
Since a substantial number of patients choose a non-weight-
bearing activity such as swimming as their primary form of
physical activity, it is of interest to assess the influence of
this type of physical load in hypertensive conditions.
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Primary task of our investigation was to assess exercise-
induced changes in mechanics of hearts isolated from hyper-
tensive and normotensive rats. As previously mentioned
swimming training can cause structural changes of myo-
cardium in terms of left ventricular wall thickness, left ven-
tricular internal diameter, and left ventricular mass, which
translate into clear functional improvements, especially with
regard to left ventricular diastolic function and mitral blood
flow [13].

To evaluate myocardial contractility, dP/dt max was used
as indirect indicator of inotropic properties of the heart while
rate of relaxation of the heart was measured as dP/dt min
[14]. Our results regarding dP/dt max show that in normo-
tensive rats both types of swimming did not connect with
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Fig.4 a The mean value of the DLVP in isolated rat heart after the
third week of the study; b the mean value of the DLVP in isolated rat
heart after the 6 weeks of the study; ¢ the mean value of the DLVP in
isolated rat heart of hypertensive rats after various training protocols;

changes in contractile force of the heart. Perhaps longer time
of exposure can cause significant change of this parameter
and thus of cardiac output which we have recently proved
on rats exposed to 9 weeks swimming protocol of same
intensity [15]. On contrary, in condition of hypertension,
only 3 weeks of swimming was enough to rise contractile
response highlighting only initial alterations. Next, hyper-
tensive animals had higher values of dP/dt max than normo-
tensive probably as well-known compensatory increase of
contractile force due to hypertension [16]. Finally, in con-
trast to normotensive rats where duration of training period
did not affect dP/dt max, in hypertensive ones the short-term
protocol induced stronger contractile power. This result may
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d the mean value of the DLVP in isolated rat heart of normotensive
rats after various training protocols. The values are represented as
mean + SD

be a consequence of beginning cardiomyocyte adaptation on
exercise which was lost after 6 weeks.

Relaxing parameter of the myocardium is in accordance
with inotropic characteristics, pointing out that, regardless
to the presence of hypertension, swimming of short duration
by increasing the power of contraction diminishes the relaxa-
tion of the myocardium. Similar to dP/dt max, duration of
swimming did not influence lusitropic force in hypertensive
rats unlike normotensive ones.

MacDonnell and coworkers using Langendorff apparatus
found that exercise training in hypertension improves the
inotropic and lusitropic responsiveness to beta-adrenergic
receptor stimulation despite augmenting LV wall thickness
[17]. Tt was presumed that lower beta-adrenergic receptor
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Fig.5 a The mean value of the HR in isolated rat heart after the third
week of the study; b the mean value of the HR in isolated rat heart
after the 6 weeks of the study; ¢ the mean value of the HR in isolated

kinase GRK2 abundance and increased phosphorylation
of key Ca’* cycling proteins may be responsible for the
achieved effects [17]. Other authors also recorded higher
dP/dt max and greater cardiac output in the isolated hearts
after 8 weeks of swimming. These effects appear to be at
least partially due to improved mechanisms of oxygen deliv-
ery [18]. Nevertheless, their animals were double older and
duration of training was 75 min.

Short-term swimming, regardless of normo- or hyper-
tension, improved systolic capacity, contrary to medium
term where effect of this physical activity was lost again.
It can be also noticed that in hypertensive conditions,
shorter physical activity has better impact on systolic
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rat heart of hypertensive rats after various training protocols; d the
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function, while in normotensive animals there were no
differences between two swimming protocols. On the
other hand, diastolic function of the hypertensive animals
was impaired by both swimming types without any differ-
ences in terms of their duration, suggesting that filling of
left chamber may be lower. However, having in mind the
values of other parameters this decrease in diastolic pres-
sure was not sufficient to compromise systolic function.
Previous study has demonstrated that 6 weeks of regular
exercise on voluntary running wheels opposed the decre-
ment in myocardial diastolic performance produced by
diabetes mellitus [19].
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On the other hand, in hypertension groups short swim-
ming protocol did not change heart frequency, which was
almost the same after longer period of exercise. In addi-
tion, duration of swimming protocol has had no influence
on HR in same groups. These results suggest that exercise
protocol was again insufficiently long to induce training
bradycardia as a well-established consequence of endur-
ance exercise training [20].

All our findings bring as common feature stronger car-
diac function after short-term physical load. This result is
difficult to explain, but it can be related to initial adaptive
responses of the cardiomyocytes such as upgraded energy
metabolism and enhanced mitochondrial biogenesis [21].
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rat heart of hypertensive rats after various training protocols; d the
mean value of the CF in isolated rat heart of normotensive rats after
various training protocols. The values are represented as mean + SD

Another important aspect of present research repre-
sents impact of swimming on heart perfusion and coronary
autoregulation. We noted no changes in coronary reactivity
after both 3 and 6 weeks of exercise without differences
between these types of protocol. Roque et al. recently found
that treadmill exercise in duration of 12 weeks can improve
endothelial function in isolated coronary arteries and small
mesenteric arteries which was associated with a decrease in
arterial stiffening [22]. Other authors used model of isolated
coronary arteries and showed that swimming training of
8 weeks can improve endothelium-dependent vasodilator
response in spontaneously hypertensive rats [23]. Similar
to previous cases, duration of swimming protocol and other
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Table 3 Significance of the statistical difference in the values of the cardiodynamics parameters between hypertensive and normotensive rats that

swam for 3 and 6 weeks at different values of coronary perfusion pressures
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SLVP (mmHg)

dp/dt min (mmHg/s)

dp/dt max (mmHg/s)
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differences in design the can be the possible explanation
for discrepancies between this and the above-mentioned
studies.

Limitations of our investigations refer to the absence of
histological and biochemical analyses which could bring
a new dimension and help in the explanation of gathered
results. However, we focused only on the functional changes
of short to medium-term swimming cycles. Our results also
pointed out that different swimming regimes did not alter
reactivity of coronary endothelium and thus perfusion of
the heart.

In summary, among other facts we have shown that, con-
trary to older rats [24], swimming duration up to 6 weeks
leads to slight and insignificant alterations of heart function,
thus underlining age as a another potentially relevant factor
in exercise-induced heart effects.

Finally, clinical importance of this research is reflected
in emphasizing the myocardial and coronary response to
brief exercise protocols. Therefore, obtained experimental
data can be excellent basis for other preclinical and human
investigation in this field.

Conclusion

The findings of present study may be of interest in better
understanding of short- to medium-term exercise-induced
direct effects on cardiac function and perfusion. The main
conclusions of this research are as follows: generally viewed,
swimming of both durations did not change myocardial
function and perfusion in hypertensive and normotensive
conditions; from the aspect of comparison between two pro-
tocols of exercise, it was observed that shorter duration of
exercise promotes stronger response of active and passive
properties of the rat myocardial wall; and the mentioned
differences between swimming durations were more pro-
nounced in hypertensive animals.
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Sazetak

Uvod/Cilj:Hiperbari¢cna oksigenoterapija (HBOT) je metoda kojom se rastvorljivost
kiseonika u plazmi povecava i do 20 puta. Taj efekat je veoma znacajan u terapiji
poremecaja cirkulacije koji smanjuju oksigenaciju i dovode do povecanja produkcije
medijatora zapaljenja i slobodnih kiseonickih radikala. Cilj ove studije bio je ispitati uticaj
HBOT na parametre oksidativnog stresa kod bolesnika sa sistemskim eritemskim lupusom
(SLE).

Metode:Prospektivnom studijom obuhvaceno je 18 pacijentkinja sa SLE (ACR kriterijumi)
prosecne starosti 52,2 + 8,82 godina, koje su tretirane HBOT u trajanju od 60 min/dan, pri
pritisku od 2,2 apsolutne atmosfere (ATA), ukupno 10 dana, u kombinaciji sa
odgovarajuc¢om terapijom za SLE. U serumu su odredivani sledec¢i parametri: C-reaktivni
protein (CRP), hemoglobin, kreatinin, albumin, komplement 3 (C3), antinuklearna
antitela (ANA), stopa glomerularne filtracije(GFR koris¢enjem CKD-EPI formule). U
urinu spektrofotometrijski su odredjivani parametri oksidacionog stresa: nivo superoksid
anjon radikala (O;),vodonik peroksida (H,O,), nitrita (NO;) i koncentracija reaktivnih
produkata tiobarbituratne kiseline (TBARS). U hemolizatu, odredjivani su parametri
antioksidativne zaStite: superoksid dismutaza (SOD), katalaza (CAT) 1 redukovani
glutation (GSH). Uzorci za analize su sakupljani 3 puta: pre HBOT (inicijalne vrednosti),
nakon 10 dana HBOT i nakon mesec dana terapije.

Rezultati:Uocili smo statisticki znacajno (p<0,05) smanjenje nivoa O, nakon 10 dana, kao
I nakon mesec dana od HBOT (11,92 * 6,86; 8,26 + 13,62; 8,39+ 4,94 nmol/ml). Nisu
pokazane znacajne razlike u vrednostima ostalih parametara oksidativnog stresa kao $to su
NO;, TBARS i H,0; tokom posmatranog perioda. Sto se tice parametara antioksidativne
zastite, otkrili smo ne$to ve¢u vrednost GSH nakon tretmana (66,34+16,31; 79,43+36,77,
69,72 £ 22,32 umol/ml eritrocita), koja se odrzala nakon mesec dana, ali nije bila statisticki
znacajna. Aktivnost SOD i CAT, pre i posle HBOT, nije se statisticki znacajno menjala.
Zakljuc¢ak:Nasi rezultati ukazuju na povoljan efekat HBOT na redoks ravnotezu kod
bolesnika sa SLE sniZenjem nivoa O;.

Kljuéne reci: sistemski eritemski lupus, hiperbari¢na oksigenoterapija, redoks status



Abstract

Introduction/Aim: Hyperbaric oxygen therapy (HOBT) is a method which increases
oxygen solubility in plasma up to 20 times. This effect is very important in the treatment of
circulatory disorders, which reduces oxygenation and leads to increased production of
inflammatory mediators and free oxygen radicals. The aim of this study was to examine the
impact of HBOT on oxidative stress parameters in patients with systemic lupus
erythematosus (SLE).

Methods: This prospective study included 18 females with SLE (ACR criteria), average
age 52.2+8.82 years, treated with HBOT for 60 minutes/day, with average partial oxygen
pressure of 2.2 atmospheres absolute (ATA), during 10 days, in combination with
appropriate  medication therapy for SLE.In serum the following parameters were
determined:C-reactive protein (CRP), hemoglobin, creatinine, albumin, complement 3
(C3), antinuclear antibodies (ANA), glomerular filtration rate (GFR using the CKD-EPI
formula). In the urine parameters of oxidative stress were spectrofotometrically
determined: levels of superoxide anion radical (O2), hydrogen peroxide (H,0), nitrites
(NO7) and concentration of thiobarbituric acid reactive substances (TBARS). In
hemolysate, parameters of antioxidant protection were measured: superoxide dismutase
(SOD), catalase (CAT) and reduced gluthatione (GSH). Samples for analysis were
collected three times: before HBOT (initial values), after 10 days of HBOT and after 1
month.

Results: We noticed statistically significant (p<0,05) decrease in level of O, both after 10
days of HBOT and after one month (11.92 *+ 6.86; 8.26 + 13.62; 8.39+ 4.94
nmol/ml).Values of other parameters of oxidative stress such as NO,’, TBARS and H,0,
showed no significant difference during the monitored period. Regarding the parameters of
antioxidant protection, we revealed slightly higher value of GSH after treatment
(66.34+16.31; 79.43+36.77; 69.72 £+ 22.32 umol/ml RBCs) which was held after a month,
but it was not statistically significant. Activity of SOD and CAT, before and after HBOT,
did not changed significantly.

Conclusion: Our results suggested potential beneficial effects of HBOT on redox status in
patients with SLE by decreasing levels of O,

Key words: systemic lupus erythematosus, hyperbaric oxygen treatment, redox status



Introduction

Systemic lupus erythematosus (SLE) is a very serious autoimmune inflammatory
disease, with an unpredictable course and outcome, whose etiology remains largely
unknown and the effects of conservative treatment are limited'. Human and animal studies
indicate that oxidative stress is involved in the pathogenesis of SLE. Excessive production
of reactive oxygen species (ROS)and reactive nitrogen species (RNS), including
peroxynitrite- ONOOQO , can damage lipids, proteins and DNA and products of oxidative
modification can be detected in biological fluids®. The abundance of those products
correlates with disease activity in SLE patients, suggesting oxidative modification acts as
biomarkers®®. While several studies implicate nitric oxide as an important mediator
of disease in SLE®’, there is a lack of data revealing the association between level of urine
nitrite and citrulline levels, as surrogate markers of nitrogen monooxide (NO) production,
among patients with systemic lupus erythematosus and disease activity®. Also, previous
data suggested that lipid peroxidation could be a risk factor for endothelial dysfunction in
some autoimmune diseases”.

Hyperbaric oxygen therapy (HBOT) is a treatment modality in which a person
breathes 100% O, intermittently while exposed to increased atmospheric pressure, greater
than 1 atmosphere, usually 2 to 2.5 atmospheres absolute (ATA)™. Primary mechanisms of
action include hyperoxygenation and a decrease in bubble size, or vasoconstriction,
angiogenesis, fibroblast proliferation, oxidative leukocyte degradation, toxin inhibition and
antibiotic synergy™"*2.Hyperbaric oxygen may be used as the primary therapy intervention
in some conditions, such as carbon monoxide poisoning, decompression sickness and
arterial gas embolism, arterial insufficiencies, cardiovascular diseases, osteomyelitis and as

1315 HBOT has shown beneficial effects in

an adjunctive therapy for wound healing
hypoxic diabetic ulcers that result in severe wound-healing problems and
osteoradionecrosis, and is frequently used for necrotic soft tissues and bone that fails to
heal. HBOT also induces significant angiogenesis, which in one study was measurable after
eight HBOT sessions. Previous clinical studies revealed that vasculitis skin ulcers in patient
suffering from SLE has been treated successfully with HBOT***8. There are not many
studies that examined effects of HBO treatment on redox homeostasis and inflammation in

patients with SLE.



http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1167537/

Given the fact that HBOT can modify oxidation-reduction reactions, the aim of our
study is to establish an influence of hyperbaric oxygenation on oxidative stress parameters

and antioxidant enzymes in patients with SLE.

Participants and Methods

This prospective study included 18 females with SLE, treated with hyperbaric
oxygenation therapy once a day for 60 minutes (total 10 days) with average partial oxygen
pressure of 2.2 ATA, in combination with appropriate therapy for SLE. The study protocol
was approved by the Institutional Ethics Committee (Faculty of Medicine of the Military
Medical Academy, University of Defence Studies, Belgrade, Serbia) and the study was
conducted in accordance with the Declaration of Helsinki. All the participants were
informed about the research protocol before giving their written consent to participate in
the study.

All patients were admitted to Military Medical Academy, Belgrade, Serbia from October
2011 to December 2014, providing that they fulfilled inclusion criteria: a diagnosis of SLE.
In order to define severity of the disease course in this study the original 1997 ACR
classification of SLE was used™®*®. All participants were in similar stage of disease, in
remission (SLEDAI Score 0,30 + 0,47), at the beginning of study. The exclusion criteria
were: pregnant women with SLE, patients with urinary infection (positive urine culture),
with renal insufficiency-creatinine clearance <60 ml/min, the presence of malignancy,

patients with any other ongoing inflammatory process, or under 18 years of age. Patients

who were on immunosuppressive therapy such as mycophenolate mofetil,
cyclophosphamide and other cytotoxic agents, were excluded. The only therapy, that the
patients have taken, was the corticosteroids-the maintenance dose of 5mg.

All patients with any contraindication for HBOT were also excluded. All
participants were non-smokers and did not take any antioxidant dietary supplement for 1
month before the study. Before beginning the HBOT, all participants passed a standard
medical and physical revision at the hospital. During the study period there were no

eliminated patients.


https://www.ncbi.nlm.nih.gov/pubmed/15759459

Hyperbaric oxygen therapy (HBOT)

HBOT was performed at The Center for Hyperbaric Medicine, Military Medical
Academy in Belgrade, Serbia. HBOT treatment consisted of 10 sessions (1 session a day/5
days a week) in a multiplace (10-person) hyperbaric chamber. In total 60 min of 100%
medical oxygen was administered to patients under increased pressure of 2.2 atmospheres
absolute (ATA) during a 70-min hyperbaric session. At this pressure, 100% oxygen was
delivered via an oronasal mask in two episodes of 30 min, each interrupted by 5 min of air
breathing. During pressure changes, great care was taken to avoid barotraumas, particularly
of the middle ear, which is the most common side-effect of a hyperbaric treatment. All

patients tolerated the treatment well without any complications.

Biochemical analysis

Samples for biochemical analysis were collected three times: before HBOT (initial
values), after 10 days of HBOT(2 hours after last HBOT session) and after 1 month. The
following parameters were determined in blood serum samples: C-reactive protein (CRP),
hemoglobin ~ (Hb), creatinine, albumin, complement 3 (C3), antinuclear
antibodies (ANA),glomerular filtration rate(GFRusing the CKD-EPI formula).In the urine
samples, following parameters of redox status were spectrofotometrically determined:
levels of superoxide anion radical (O;’), hydrogen peroxide (H»0O,), nitrites(NO,) and
concentration of thiobarbituric acid reactive substances(TBARS). Parameters of antioxidant
protection were measured in blood samples: activity of superoxide dismutase (SOD) and
catalase (CAT) and level of reduced glutathione (GSH).

Superoxide anion radical determination (O)
The level of superoxide anion radical (O,) was measured using nitro blue
tetrazolium (NBT) reaction in TRIS-buffer combined with urine samples and read at 530

nm?°.

Hydrogen peroxide determination (H,0,)
The protocol for measurement of hydrogen peroxide (H20,) is based on oxidation

of phenol red in the presence of horseradish peroxidase®’. 200 pl sample with 800 ul PRS



(phenol red solution) and 10 ul POD (Horseradish Peroxidase) were combined (1:20). The
level of H,O, was measured at 610 nm.
Nitric oxide 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??. 0.1 ml 3 N PCA (Perchloride acid), 0.4 ml 20 mM ethylenediaminetetraacetic
acid (EDTA), and 0.2 ml urine were put on ice for 15 min, then centrifuged 15 min at 6,000
rpm. After pouring off the supernatant, 220 ul K,CO3 was added. Nitrites were measured at

550 nm. Distilled water was used as a blank probe.

Determination of concentration of thiobarbituric acid reactive substances (TBARS)

The degree of lipid peroxidation in urine was estimated by measuring concentration
of TBARS using 1 % TBA (thiobarbituric acid) in 0.05 NaOH, incubated with urine at 100
°C for 15 min and read at 530 nm. Distilled water was used as a blank probe. TBA extract
was obtained by combining 0.8 ml urine and 0.4 ml trichloro-acetic acid (TCA), than
samples were put on ice for 10 min, and centrifuged for 15 min at 6,000 rpm. This method

was described previously?.

Preparation of hemolysate

Blood samples were taken from an antecubital vein into vacutainer test tube
containing sodium citrate anticoagulant. Blood was centrifuged to separate plasma and red
blood cells (RBCs). Isolated RBCs were washed 3 times with 3 vol. of ice cold 0.9 mmol/I

NaCl. Blood samples were stored immediately and kept for further analyses®.
Determination of antioxidant enzymes catalase (CAT) and superoxide dismutase (SOD)

Hemolysates containing about 50 g Hb/l prepared according to McCord and
Fridovich®* were used for the determination of CAT activity which was expressed in
U/gHb x 1000. CAT activity was determined according to Beutler®. Lysates were diluted
with distilled water (1:7 v/v) and treated with chloroform-ethanol (0.6:1 v/v) to remove
hemoglobin. Then 50 ul CAT buffer, 100 pl sample, and 1 ml 10 mM H,0O, were added to
the samples.Detection was performed at 360 nm. Distilled water was used as a blank probe.



SOD activity was determined by the epinephrine method of Misra and Fridovich®®and it
was expressed in U/gHb x 1000. A hundred pl lysate and 1 ml carbonate buffer were
mixed, and then 100 pl of epinephrine was added. Detection was performed at 470 nm.

Determination of reduced glutathione (GSH)

Level of reduced glutathione (GSH) was determined spectrophotometrically, and it
Is 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 haemolysate, and 750 pl precipitation
solution (containing 1.67 g metaphosphoric acid, 0.2 g EDTA, 30 g NaCl, and filled with
distilled water until 200 ml; the solution is stable for 3 weeks at +4C®). After mixing in the
vortex machine and extraction on cold ice (15 min), it was centrifuged on 4000 rpm (10
min). Distilled water was used as a blank probe. Measuring was performed at 420 nm. The

concentration is expressed as micromoles per milliliter of red blood cells (RBCs).% ?’

Statistical analyzes

In case of continuous data, variables were presented as mean value * standard
deviation (SD). Kolmogorov-Smirnov test was used for evaluation of distribution of
biochemical data. Statistical significance between groups was tested by Friedman (repeated
measure) test (post hoc Wilcoxon test). All the analyses were estimated at p<0.05 level of
statistical significance. Complete statistical analysis of data was done with the statistical
software package, SPSS Statistics 18.
Results

A total of 18 woman, the average age 52.22 +8.82 years, enrolled in the study. The
patients presented SLE with an average time without symptoms of healing of 20.2+5.0
months when they underwent the HBOT.

The values of the serum parameters such asC-reactive protein(CRP), hemoglobin
(Hb), creatinine, albumim, complement 3 (C3); antinuclear antibody (ANA), chronic
kidney disease estimated glomerular filtration rate(CKD eGFR), were not statistically

significantly different when compared initial values, values after 10 days and after a month
of therapy (Table 1).

Levels of Superoxide anion radical (O;)
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We noticed statistically significant decreased (p<0.05) levels of superoxide anion
radical (O;) after 30 days HBOT compared to initial values of this parameter, and
significantly decreased values after 10 days of HBOT compared to initial values (11.92 +
6.86, 8.26 + 13.6, 8.39+4.94 nmol/ml) (Fig. 1).

Levels of Nitrites (NOy)

Levels of nitrites (NO,") before and after HBOT therapy were similar (2.72+0.16,
2.77£0.29, 2.76x0.20 nmol/ml). We found that this parameter was not significantly
affected with HBOT when comparing initial values to values after 10 days of HBOT and
after one month (Fig. 2).

Levels of Hydrogen peroxide (H,O,)

During the observed period of HBOT, there were no statistically significant changes
of H,O,levels when compared the initial values, values after 10days and after one month of
HBOT. This parameter was not changed in the group during the study (1.52 £0.08, 1.51+
0.07, 1.54 +0.17 nmol/ml) (Fig. 3).

Concentration of TBARS

Among the examined groups, TBARS concentration was not significantly altered
after HBOT treatment and after a month (1.01 +£0.11; 1.09+ 0.11; 1.05+0.96 pmol/ml) (Fig.
4).

Activity of superoxide dismutase (SOD)

In the study group, we noticed a decreased activity of SOD after HBOT when
compared initial value to value after 10 days of therapy (27.58+8.86 to 19.47+10.63 after
HBOT). However, a month after, values were similar to those from the beginning of the
study protocol and the acitivity was 27.11+28.26. Those changes were without statistical

significance (Fig. 5).

Level of reduced glutathione (GSH)
Level of reduced glutathione (GSH) was not statistically significant increased in our
group (initially 66.34+£16.31 to 79.43+36.77 after HBOT treatment). However, a month



after values were similar to those from the beginning of the study protocol and the activity
was 69.72 + 22.32 (Fig. 6).

Activity of catalase (CAT)

We observed a decrease in the activity of catalase (CAT) after 10 days of HBOT
compared to the initial value (5.44 £ 3.55 to 4.77 £2.93), and it continued to decrease, so
after a month it was lower than before HBOT and after 10 days of HBOT (3.82 + 2.49).
However those differences were not statistically significant (Fig. 7).

Discussion

This study was designed in the field of physiology research of hyperbaric
oxygenation with special emphasis on potential systemic effects of disturbed redox
balance, induced by systemic disease before and after the application of oxygen. Actually,

hyperbaric oxygen therapy (HBOT) leads to an increase in the amount of dissolved oxygen

in the plasma, creating a diffusion gradient which facilitates the transition of oxygen from
the capillaries to the ischemic tissues'’. Studies reported controversial results regarding the
effect of HBOT on oxidative stress and enzymes of antioxidative defense in several
pathophysiological models. The role of ROS and RNS in therapeutic responses of HBOT in
patients with SLE has still not been completely revealed and explained®®".

Immune dysfunction, genetic, hormonal and environmental factors are included in
an etiology of SLE, however molecular mechanisms underlying this systemic autoimmune
response remain largely unknown®3. It's believed that oxidative stress has an important
role in the pathogenesis of SLE. Excessive production of ROS (including ONOO ) can
damage all biomolecules such as lipid, protein and DNA and cause a formation of different
products which can be detected in in biological fluids®®. In case of patients with SLE, this
fact can be useful since their abundance correlates with disease activity and organ damage®.
Our study included patients with SLE in whom the disease was in remission, which was
maintained before and after HBOT was performed. Comparing laboratory parameters
(CRP, hemoglobin, creatinine, albumin, complement C3, ANA) before and after the
performed therapy, as well as after a month, we did not notice statistically significant
differences in values. We examined the effects of 10 session of HBOT on parameters of
redox balance in patients with SLE . We found statistically significant decreased levels of
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O, after HBOT, which were held after 30 days. There is a concern that HBOT might
increase oxidative stress via the production of reactive oxygen species, however oxidative
stress appears to be less of a concern at hyperbaric pressures under 2.0 ATA®. Patients in
our study were exposed to the higher pressure such as 2.2 ATA and we revealed the
beneficial effects of hyperbaric oxygen on O, levels. On the other hand, other pro-oxidants,
such as NO;, TBARS and H,0, were not affected by HBOT. In order to validate our
results, we excluded all patients with renal disease or urinary infection, because oxidative
stress parameters may have not been removed from plasma because of insufficient
excretion and may continue to rediffuse in circulation®***. So, because of this fact, we
could not be sure in unchanged levels of oxidative markers.

Literature data regarding the effects of HBOT on SLE treatment is limited, and it is
hard to compare our results to the others due to the fact that available researches were
mostly focused on the effects of HBOT on ulcers healing. One of a few studies which
examined the effects of HBOT in a SLE patient was a case report conducted by Olivieri et
al ”. They described a SLE patient with a case of refractory vasculitic ulcer responding to
hyperbaric oxygen (HBO), which was used in combination with immunosuppressive
therapy. Jou and coworkers® reported their experience with the use of hyperbaric oxygen
for the treatment of intractable hemorrhagic cystitis in an SLE patient treated with
cyclophosphamide. They concluded that this treatment was very successful, with no
recurrent hematuria after hyperbaric oxygen therapy during 6 months®. S. Efrat et al'°
reported that HBOT may serve as an effective safe treatment for patients with vasculitis
having nonhealing skin ulcers, which is in agreement with the results of previously
mentioned authors and with ours regarding safety of HBOT. Increase in tissue oxygenation
appeared to be one of the major components responsible for the high cure rates in patients
with ulcers®®’.

In order to complete our picture about influence of HBOT on redox status, we
examined activity of antioxidant enzyme system. GSH is an important endogenous
antioxidant and prime scavenger of free radicals in cells. One of the body's most powerful
natural antioxidant enzymes are superoxide dismutase and catalase. Superoxide dismutase,
essential to catalyze the dismutation of superoxide, has been shown to protect cells from
oxygen free radicals. Exposure to ROS from a variety of sources led to develop a series of

defence mechanisms to neutralize these species and so protect cells against their toxic


https://medlineplus.gov/ency/article/000435.htm

effects and that protection is achieved mainly by enzymatic antioxidants such as catalase.
Some of the research concludes that hyperbaric oxygen treatment below 2.0 ATA can
increase the activity of antioxidant enzymes including SOD, reduced glutathione and
catalase *°,

Regarding component of antioxidant defense including SOD, GSH, CAT we
observed that levels of GSH were higher (but without statistical significance) after 10 days
exposed to hyperbaric oxygen treatment and month later too.

We believe that these beneficial results in regard to levels ofO,’and GSH after
HBOT implyto possibility that the study with lager number of patients or changes of
number of treatments could have results which would be statistically significant for these
parameters. That refers on results noticed for SOD and CAT.

Activities of SOD and CAT were affected by HBOT but not statistically
significantly. We have noticed that activity of SOD decreased after 10 days, but returned
to the initial level after 30 days, and level of CAT decreased after a month compared to the
initial value and value after 10 days of HBOT. However, these changes were not
statistically significant. Considering that differences in the activity of SOD and CAT
between peroxide initial level and level after HBOT were insignificant, we have not
observed any significant influence on pro-oxidants such as hydrogen, showed insignificant
difference.

We believe that the smaller number of patients participated in our study has
influenced on our results. The assumption is that the future studies with different design
(larger number of patients, more treatments, additional analysis etc.) could clarify the fact
that we have not got correlation between decreased level of O, (statistically significant in
our study) and increased values of antioxidant protection parameters(GSH not statistically
significant in our study).

We decided to treat SLE patients with HBOT not only because it improves the
oxygenation of ischemic tissues and exerts beneficial effects on vascular inflammatory
response by regulating the chemotaxis of leukocytes, but also because it facilitates the
healing process of infected wounds promoting the deposition of collagen, angiogenesis,
epithelialization and facilitating the oxygen-dependent killing by leukocytes*®*8. Previous
studies suggested that vasculitis skin ulcers in patient suffering from SLE had been treated
successfully with HBOT?.



Given the fact that HBOT can modify oxidation-reduction reactions and because of
mentioned beneficial effects of HBOT in different tissues in patients with SLE, this

protocol of therapy can be one of the possibility.

Conclusion

Our results highlighted some of the beneficial effects of hyperbaric oxygen
treatment on redox balance among patients suffering from systemic lupus erythematosus.
However, management of systemic lupus erythematosus (SLE) is complex and more
research is required to establish the complete mechanism by which HBOT can
modify oxidation-reduction reactions in patients with SLE so it can become a additional

potential therapeutic strategy in treatment of SLE.
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days and after a month.

Table 1-Comparison of selected laboratory parameters - the initial

value, value after

10

Laboratory o
) Initial ( X+ SD) | 10.days (X £ SD) | 30.days (Xt SD)

parameters in serum
CRP (mgl/l) 516 +57 4,93 +6,06™ 3,26 £2,25™
Hb (g/L) 129,3 £10,27 | 131,00+12,51™ | 129,44 +14,13"™
Creatinine (mmol/l) 72,00 £ 22,84 78,55 + 26,09 74,55 + 23,55™
Albumin (g/l) 42,33 £ 2,95 40,66 + 2,50™ 42,33 £+ 2,95™
C3 (g/l) 1,05+ 0,23 1,05 + 0,29 1,03+ 0,25™
ANA ( 1U/ml) 1,11 £1,16 1,44 +1,33™ 1,00 +1,11™
CKDeGFR

o ) 89,00 £ 22,46 84,33 +19,53"™ 87,44 £20,91™
(mil/min/1,73m?

" non significant differences in comparison to initial values

C -reactive protein(CRP), hemoglobin (Hb), complement 3 (C3); antinuclear antibody
(ANA), chronic kidney disease estimated glomerular filtration rate (CKD eGFR).
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FIGURE LEGENDS

Fig. 1. Level of superoxide anion radical (O;) in urine samples (values are presented as
mean and SD). Statistical significances are presented as significance between values after
10 days vs. initial values and after 30 days HBOT vs. initial values (*p<0.05).

Fig. 2. Levels of nitrites (NO;") in urine samples (values are presented as mean and SD).
There was no significant difference before and after HBOT.

Fig. 3. Levels of hydrogen peroxide (H20>) in urine samples (values are presented as mean
and SD). There were no significant differences before and after HBOT.

Fig. 4. Concentration of TBARS in our groups in urine samples (values are presented as
mean and SD). There were no significant differences before and after HBOT.

Fig. 5. Activity of superoxide dismutase (SOD) in blood samples values are presented as
mean and SD). Comparing the initial value of SOD and SOD after HBOT treatment, it was
observed decrease in the level but without significant difference. After 30 days activity of
SOD is similar to the initial values.

Fig. 6. Level of reduced glutathione (GSH) in our group in hemolysate samples (values are
presented as mean and SD). Comparing the values of GSH (initially and after HBOT
treatment) there were no statistically significant differences.

Fig. 7. Activity of catalase (CAT) in hemolysate samples(values are presented as mean and
SD). Comparing initial values, after HBOT treatment (10 days), and values after 30 days,
there was no statistically significant differences.
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