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CAXETAK

OcHOBH 1IWJb OBE CTyAWje OO je na ucnuta edexre aujere odoraheHe eKCTpakToM
apoHM]j€ Ha HACTaHAaK W pa3BOj META0OJIMUYKOT CHHAPOMAa Ha aHMMAIHOM Mojeny. Haume, 24
3npaBux nanosa Wistar albino coja u 48 mamoBa HCTOT COja, KOjUMa je MPETXOJHO MHTyKOBaH
MeTa0OJIMYKUM CHHAPOM, MOJBPTHYTO j€ Pa3IMYUTUM CTpaTerujama Koje Cy mojapa3syMeBae,
UCXpaHy ca BHUCOKHX caapkajeM mactu (High Fat diet, HFd) win crannapaHy ucxpaHy
(Standard diet, Sd) camocranno, uau y KOMOMHALMjU ca CTaHAAPAM30BAHHUM EKCTPAKTOM
aponuje (Standardized Aronia Extract, SAE). SAE (y no3u on 0,45 ml/kg nHeBHO), kKao u
HaBe/IeHU 00pacly UCXpaHe MPUMEHUBAIN Cy Ce TOKOM 4 HeJleJbe KO IMaloBa. Y 3aBHCHOCTH
O]l TMjeTETCKOr PeXHUMa, NMAIlOBU CYy HACyMHYHO Pa3BPCTAaHU Y IIECT Ipyma: 31paBH NaloBU
xpamenu Sd (CTRL), 3apaBu naroBu xpamenu Sd y3 npumeny exctpakra (SAE), manosu ca
MeTtabonmmukuMm cuHIpoMoM Xxpamenn HFd (MetS+HFd), mamoBm ca Merabommdkum
cunapomoM xpamwenun HFd y3 mnpumeny ekcrpakra (MetS+HFd+SAE), namoBu ca
MeTabonnukuM cuHApoMoM xpameHu Sd (MetS+Sd), manoBu ca MeTabOIMYKUM CHHIPOMOM
xpameHu Sd y3 mpumeny excrpakta (MetS+SA+SAE). Pesynratu crynuje mokaszanu cy aa
NPUMEHEHH €KCTPAKT apOHMje€ MMa CIIOCOOHOCT Jia yOnaku noBehame TejlecHe TeXUHE KOJ
maioBa ca MeTa0ONMYKUM CHHIPOMOM, M000JbIna (YHKIM]y cpIia, IOoNMpuHece 00Jb0j
TOJIEPaHIMjH Ha TIYKO3Y, MoBeha aHTHOKCHIAIIMOHE U CMabU MTPOOKCUIAIIMOHE MTapaMeTpe y
CHCTEMCKO] IMPKYJaIHju, yOnaxu mpoMeHe Ha jeTpu 1 ymamu HuBoe LDL xonectepomna kox
naroBa ca MeTaboJIMYKIM CUHIPOMOM. MelyTum, OUTHO je HallOMEHYTH J1a ¢y OJaroTBOPHUjU
eeKTH HCIUTHBAHOT EKCTPaKTa apoHHje OOJbH YKOJHKO C€ OH KOMOMHYje ca 3JIpaBHjUM
HAYMHOM MCXpaHe, OJHOCHO CTaHAApIHOM AujeToM. Takole, mpoMeHa IHjeTeTCKOr peXxuMma
ca HFd na Sd ca, wim 06e3 mpuMeHe HCIUTHUBAHOT EKCTPaKTa 3HAYajHO je yTHULala Ha
no0oJbIIake JUIUIHOT MPOoduiIa U MOO0JbIIAke MACHOKHUCETMHCKOT Mpoduia KoJ Maosa,
noceOHo omera 3 monMHe3acuheHnX MacHUX KucenuHa (polyunsaturated fatty acids, PUFA),

u oguaoca omera 6 u omera 3 PUFA.

Kibyune peun: MeTabOIMUKN CUHIPOM, CTAHAAPIU30BAHU EKCTPAKT apOHH]j€, OKCHAAIMOHU

cTpeC, nojauHe3acuheHe MacHe KUCEIUHE



ABSTRACT

The main objective of the present study was to investigate the effects of a diet enriched
with Aronia extract on the development of metabolic syndrome in an animal model.
Specifically, 24 healthy Wistar albino rats and 48 Wistar albino rats with induced metabolic
syndrome, were subjected to different dietary strategies, which included high-fat diet (HFd) or
standard diet (Sd) alone, or in combination with Standardized Aronia Extract (SAE). SAE (0.45
ml/kg daily), as well as the above-mentioned diet patterns, were administered in rats for 4
weeks. Depending on dietary regimen, rats were randomly classified into six groups: healthy
rats fed with Sd (CTRL), healthy rats fed with Sd in combination with extract (SAE), rats with
metabolic syndrome fed with HFd (MetS+HFd), rats with metabolic syndrome fed with HFd
in combination with extract (MetS+HFd+SAE), rats with metabolic syndrome fed with Sd
(MetS+Sd), rats with metabolic syndrome fed with Sd in combination with extract
(MetS+Sd+SAE). The results of the study showed that applied Aronia extract can reduce
weight gain in rats with metabolic syndrome, improve heart function, contribute to better
glucose tolerance, increase antioxidant and reduce prooxidant in the systemic circulation,
mitigate liver changes and decrease LDL cholesterol levels in rats with metabolic syndrome.
However, it is important to note that obtained beneficial effects of SAE were more prominent
in combination with a healthier diet (standard diet). Also, changing the dietary regimen from
HFd to Sd with or without the extract consumption, significantly improve the lipid, and fatty

acid profile in rats.

Key words: metabolic syndrome, standardized aronia extract, oxidative stress,

polyunsaturated fatty acids
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Benuxy 3axeannocm oyzyjem u c60M MeHMOpPY, HAYYHOM cagemuuxy Becuu
Byuuh, na necebuunoj nomohu mokom uzpaoe oge 0okmopcke oucepmayuje.

Taxohe, 3axeamyjem ce u uYlaHOBUMA KOMUCUje, NPeOCeOHUKY Hnpoghecopy
llpacany Munosanosuhy, npogecopxu Mapunu Tomoeuh u euwem capaoHuxy
Anexcanopu Apcuh, Koju cy ceojum cycecmujama OOnpuHenu Keaiumemy o0ee
00KmMopcKe oucepmauyuije.

Benuxo xeana xomnanuju Pharmanova na nocucmuukoj noopuyu.

Xeana Xpucmocy Anexkconymyiocy Ha urmepecosarby, noopuiyu u nomohu
MOKOM YeloKYNHO2 nepuooa uzpaoe 0oKmopama.

Xeana Luyu, mojoj cynpy3u, Koja yeek MeHe u Moje obaseze cmas/ba UCnpeo
CBOJUX.

Ilemap Munuh



CAJIPIKAJ

1. YBoA -2-

1.1. METABOJIMYKU CUHIPOM 2-

1.1.1. KAPAKTEPUCTHUKE METABOJIMYKOI' CHUHAPOMA -3-

1.1.2. TIPEBAJIEHLIMJA METABOJIMYKOI' CUH/IPOMA -4-

1.1.3. DAKTOPU PU3NKA 3A HACTAHAK METABOJIMYKOI' CHUH/IPOMA -5-

1.1.4. KOMIUVTMKAIIUJE METABOJIMYKOI' CUH/IPOMA -7-

1.2. JEYEIbE METABOJIMYKOI' CHHAPOMA 9-

1.2.1. HEOGAPMAKOJIOLIKHA IMTPUCTVYI1 Y JIEHEBY METABOJIMYKOI' CUHAPOMA ----------- 9-

1.2.1.1. ®u3nuka aKTUBHOCT Y IIWJbY JIeUeHa META00IMYKOT CHHAPOMA -9-

1.2.1.2. IIpomMeHe y HaBHKaMa HCXpaHe Yy LUIJbY JIeUeha META00TTMYKOT CHHPOMA ----====-=======-= -10 -

1.2.1.3. ®uToHyTpHjeHCH M OMOAKTUBHA jeIMbEHHa Y LIMIBY JIeUeha METa00INYKOT CHHApOMa---- - 13 -

1.2.1.4. Tnjera oboraheHna eKCTpakTOM apoHHj€ Y LUIBY Jieuerha METaOOIMYKOT CHHPOMA -------- -17 -

1.2.1.4.1. ®apmakosomky eheKTr apoHHje - 18-

1.2.2. DAPMAKOJIOLIKU ITPUCTYIT ¥V JIEUEHY METABOJIMYKOI' CUHAPOMA ------------ -20-

1.3. OKCUJAIMUOHU CTPEC -21-

2. IHWJBEBU HCTPAKUBAHKA -24-

3. MATEPHUJAJI H METO/IE -26-

3.1. BPCTA CTYAUJE -26-

3.2. XPOHUYHHA ITPOTOKOJ CTYJAUJE -26-

3.3. BAPUJABJIE MEPEHE ¥ CTYAUJAN -29-

3.3.1. TEJIECHA TEXXVNHA ITALTOBA -29-

3.3.2. DYHKIINJA CPLIA [TALIOBA -29-

3.3.3. TECT OPAJIHOI' OIITEPERE®HA T'JTYKO30M -32-

3.3.4. JJUTIMAHU TTPODUJT -32-

3.3.5. MACHOKHNCEJIMHCKH ITPODIIT -32-

3.3.6. HUBOU I'BOXDBA -33-

3.3.7. IAPAMETPU OKCUJALIMOHOI' CTPECA -34 -

3.3.8. XCTOITATOJIOLLIKA AHAJIN3A CPLA, JETPE, BYBPEI'A U [TAHKPEACA ------------ -34 -

3.4. CTATUCTUYKA OBPAJIA IOJATAKA -35-

4. PE3YJITATH _37.-
4.1. EOEKTHU JUJETE OBOI'AREHE EKCTPAKTOM APOHHUJE HA ITPOMEHY

TEJIECHE TEXKXUHE ITAIIOBA -37-

4.2. EOEKTHU JUJETE OBOI'AREHE EKCTPAKTOM APOHUJE HA ®YHKIINJY

CPLA ITALIOBA -38-

4.3. EOEKTHU JUJETE OBOI'AREHE EKCTPAKTOM APOHUJE HA TECT OPAJIHOI'

OIITEPEREBHA I'TTYKO30M KO/l ITAITOBA -46 -
4.4. EOEKTHU JUJETE OBOI'AREHE EKCTPAKTOM APOHUJE HA JIMIIUJIHA

NPO®NJI MALIOBA -48 -

4.5. EOEKTU JIMJETE OBOI'AREHE EKCTPAKTOM APOHHUJE HA
MACHOKUCEJIMHCKHU ITPOPNJ ITALIOBA -49 -




4.6. EOEKTU JIMJETE OBOI'AREHE EKCTPAKTOM APOHHUJE HA HUBOE

I'BOKBA -57-
4.7. EOEKTU JUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA PEJJOKC
CTATYC ITALIOBA -58-
4.8. EOEKTU JUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA
XUCTOMATOJIOWKE IPOMEHE OJEJIUHUX TKUBA - 65 -
4.8.1. EOEKTU HA TKBY MUOKAPJIA - 65 -
4.8.2. EOEKTU HA TKUBY JETPE -67-
4.8.3. EOEKTU HA TKVUBY BYBPET'A - 69 -
4.8.4. EOEKTU HA TKVBY ITAHKPEACA -71 -
5. JUCKYCHJA -74 -
5.1. EOEKTHU JUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA IPOMEHY
TEJIECHE TEKUHE IMALIOBA -74 -
5.2. EOEKTHU JJUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA ®YHKIUJY
CPLIA TALIOBA -4 -
5.3. EOEKTHU JJUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA TECT OPAJIHOT
ONTEPEREIbA IIYKO30M KO/ ITALIOBA -77 -
5.4. EOEKTHU JJUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA JINIIUIHU
MPO®UJ TALIOBA -78 -
5.5. EOEKTHU JJUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA
MACHOKHUCEJIUHCKHU [TPO®UI ALIOBA -79 -
5.6. EOEKTHU JJUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA HUBOE
I'BOKBA -81-
5.7. EOEKTHU JUJETE OBOTAREHE EKCTPAKTOM APOHUJE HA PEJJOKC
CTATYC IMALIOBA -82-

5.8. EOGEKTHU JUJETE OBOTI'AREHE EKCTPAKTOM APOHUJE HA
XHUCTOHNATOJIOTNJY TKUBA MUOKAPIA, JETPE, BYBPEI'A U IAHKPEACA - 84 -

6. 3AK/BYYLIH _87-
7. THTEPATYPA -89-




YBOJI



JlokTopcka aucepTanyja [Merap Mwmmh

1. YBOJ

1.1. METABOJIMYKHN CUHIPOM

MeTaboIMyKu CHHIIPOM C€ Y JIMTepaTypH IO MPBU YT CIIOMEHYO rmoueTkoM 20. Beka,
KaJia je OMKCaH Kao rpymna MoBe3aHux MeTabonnukux nopemehaja koju ce jaBipajy 3ajenno. Of
Taja cy ce AepUHHUIMja U KPUTEPUJYMH 32 JHjarHo3y METa0OJIMUYKOT CHHIpOMa MEHAU U3
roaune y roguny (1).

IIpema nepununmju Csercke 3apaBctBeHe Opranmszaumje (World Health
Organization) u3 1994. ronuxe, 1MjarHo3a MeTa0OJIMYKOT CHHIPOMAa MOKE C€ ITOCTAaBUTH KOJT
nanujeHata Koju y3 aujaberec MENUTYC THI 2 W/WIM UHCYJIWHCKY PE3UCTEHIH]Y WIN
nopemeheHy ToyiepaHIjy Ha TIJIyKO3y HMMajy TPUCYTHA JBa WIM Buiie of ciueaehux
kputepujyma: tpuriuuepuu (TG) > 1,7 mmol/L, nunonpotenn Bucoke ryctune (HDL) < 0,9
mmol/L xox mymkapana, oxHocHo < 1,0 mmol/L kox xena; MukpoanOymunypuja > 20
ug/min, Tj. oxHOC anOyMHUHA 1 KpeaTrHa > 30 mg/g; CUCTOJIHU KPBHU pUTHCAK (systolic blood
pressure, SBP) > 140 mmHg u nujactonuu kpBHU niputucak (diastolic blood pressure, DBP)
> 90 mmHg; nenrpanna rojasHocT Kojy kapakrepuuie BMI (body mass index) > 30 kg/m? unu
OJIHOC CTpyka U KykoBa > 0,90 kon mymikapana, onHocHo > 0,85 xox xena (2). EBporcka
rpyna 3a MHCYJIHHCKY pe3ucteHi]jy (European Group of Insulin Resistance) je 1999. ronmune
o0jaBmiia ja ce MeTabOJMYKH CHHAPOM MOXKE JMjarHOCTUKOBATH KOJ TMalMjeHaTa KOju y3
MHCYJIMHCKY PE3UCTEHIM]Yy MMajy joIl J1Ba o1 cienehux kpuTepujyma: EeHTpaIHa roja3HoCT,
OJTHOCHO 00MM cTpyKa > 94 cm Ko Mymikapara, oqHocHo > 80 cm ko xena; TG > 2,0 mmol/L
u HDL < 1,0 mmol/L; SBP > 140 mmHg u DBP > 90 mmHg; riyko3a Hamte > 6,1 mmol/L
(3). IIpema HammonanHoMm mporpamy 3a eayKalujy W TpeTMaH xojecreposia (National
Cholesterol Education Program Adult Treatment Panel III), xoju je o0jaBisen 2001. roause,
MeTa0OJIMYKH CHHIPOM CE€ MOKE AMjarHOCTHKOBATH KO/ MalldjeHaTa ca MPUCYyTHUM, HajMambe
TpH, oA cieaehux Kpurepujyma: HeHTpalHa Ioja3HoCT, OTHOCHO 00MM cTpyka > 102 cm kon
MyIIKapana, ofHocHO > 88 cm kof xeHa; TG > 1,7 mmol/L u HDL < 1,03 mmol/L xon
Mytikapara, orHocHo < 1,3 mmol/L kox xena; SBP > 130 mmHg u DBP > 85 mmHg; rmyko3a
Hamte > 6,1 mmol/L (4). OBu xpurtepujymu notBphenu cy u 2005. rommHe ox crpaHe
Amepuuke aconujanuja 3a cpue (American Heart Association) 1 HalmoHaIHOT HHCTUTYTA 32
cpue, tuiyha u xpB (National Heart, Lung, and Blood Institute) (5). Ucte romune (2005.)

WNurtepnannonanna denepanuja 3a nujaderec (International Diabetes Federation) je npyxuna
2.
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CBOjy JeMHHUIM]Y KOja ce O] MPETXOAHE pa3IMKoBaja caMmo y ciieaehuM KpuTepujyMuMa:
o0uM cTpyka > 94 cm koA MymIkapana, oJHOCHO > 80 cm Ko eHa; TJIyKo3a Hamre > 5,6
mmol/L wiu noctaBheHa qujarno3a 3a Tam 2 aujaderec menutyca (6).

Kao mro ce MoXxe NpUMETHTH, Y OCHOBU CBHX HaBEJICHUX Je(DUHUIIM]a HAJIa3e Ce UCTH
napameTpH, KOju ce caMo Pa3iuKyjy y rpaHU4YHUM BpeaHocTuMa. C 003upoM Aa ce MojeaAnHN
O]l HaBEJCHMUX IMapaMerapa OWUTHO pa3iMKyjy W OJf €THUYKE NPHUMATHOCTH, y HOBHjUM
npernopykaMa HaBeJIeHe Cy pa3iIMuuTe BPEIHOCTH y 3aBUCHOCTH O] 3eMJbE, OJTHOCHO €THUKE

rpyIe Kojoj nanujeHTH npumnanajy (5, 6).

1.1.1. KAPAKTEPUCTUKE METABOJIMUKOI' CUHIPOMA

Mely OCHOBHMM KapakTepHuCTHKamMa MeTaOOJMYKOT CHHIpOMa H3/Baja ce mopeMehaj
y HHUBOMMA TJIyKO3€ M HHCYJIWHA, NpPHU YEMY HACTaje XHUIEPIIMKEMHja, WHCYJIMHCKA
pesucreHimja win aujaberec menutyc tun 2. Ilom mopemehajeM HHMBOa MHCyIUHA
MoJIpa3yMeBa ce MHCYJIMHCKA Pe3UCTEHIIM]a KOja HacTaje Kajia hemuje mocTany Mame OCeTJbUBE
Ha MHCYJUH, TaKo J1a OH HE MOXe Jla OcCTBapH cBOj edekar y henujama. C 063upom aa Tana
ocraje moBehaHa KOJIMYMHA TIIyKO3€ Y LHUPKYJIaLHUjU, cTBapa ce Beha morpeba 3a MHCYJIMHOM,
KOjU c€ BPEMEHOM HaKyIlUba U JIOBOIM N0 omTehema Oeta henmuja mankpeaca u omrehema
wuxose ¢ynkuuje (7, 8). Kao pesynrar oBux nmopemehaja y opraHu3sMy MOXKe Ja HacTaHe
XUTIEPIIIMKEeMHU]a U TujabeTec MeNUTyC THIT 2, TIIMKO3YpHja U KeToalu103a, Wi OpojHa Ipyra
omTehmba Ha TKUBUMA KOja MOTY JIOBECTH J0 KapIHOBACKyJIapHHUX OOJIECTH, aTepOCKIEepO3e,
xurnepTensuje, nucynknuje 6era henuja nankpeaca, bonectu 0yopera u apyrux (7-10).

[ToBuIeH KPBHH MPUTHCAK, OJHOCHO XWUIIEPTEH3M]ja j€ jOII jelHa O]l HEM30CTaBHUX
KapaKTepHCTHKa METaOOIMYKOT CHHAPOMA KOja 00MYHO YKIJbYUYje CYy)KEHe apTeprja U U3/1Baja
ce Kao HajBaXHMjU (HAaKTOp pU3MKA 3a KapJHOBAcCKyJapHa, PeHaJIHAa U Jpyra XpOHHUYHA,
He3apa3Ha obosbema. [locToje paznuunTe KiacupUKalMje XUIMEepTeH3Hje U OHE Ce MaxoM
Pa3NKKyjy caMo y FpaHUYHUM BpeaHocTMa. MelyTium, OUTHO je HallOMEHYTH J1a C€ Y HOBHjUM
ki1acudukanmjama yBoIu U TepMHUH ~mipeaujaderec” Koju mojapazymeBa BpenHoctd SBP y
orcery ox 120 no 139 mmHg w/umu DBP y ocery ox 80 1o 89 mmHg. OBo je moceOHO BayKHO
Kaga je ped o MeTaboJMYKOM CHHAPOMY, jep BehuHa manujeHata 3ampaBo HMa

MPEXUIIEPTEH3U]Y WU €BEHTYaJIHO XUIIepTeH3H]jy npBor cteneHa (11, 12).

_3-
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Taxohe, nyru HM3 roguHA ce pa3Marpaio Ja jJu abJoMUHAHA r0ja3HOCT Tpebda U Ha
KOjU HaYMH J]a CTOJU y KpUTEpHjyMHUMa U Kao IITO je rope HaBeneHo, 2005. ronuHe oHa ce
YBOJM Kao 00aBe3aH KpUTEPUjyM 3a JIHjarHo3y Meraboindkor cuHapoma. ['ojazHocT Koja ce
KapaKTepHIle NpPeTepaHUM HaKyIJbakbeM, OJHOCHO aKyMyJalMjoM MacTH, 3HaudajHoO
JONPUHOCH HACTAHKY aTEPOCKIIEPO3€ U IPYTUX KapAMOBAaCKyIapHUX 000Jberba. Mako ce pyru
HU3 TO/AMHA T'0ja3HOCT IMpeAcTaBJbaia Kpo3 BpenHoctu BMI, nanac ce 3Ha na je HajOoJbU
nokasareJsb r0ja3HOCTH 3arpaBo oouM cTpyka. Ha ocnoBy BMI He Moke ce oapeiuTH KakBa je
aucTpulylirja MacTh y TeJy, a cMaTpa ce J1a je TO KJbYYHH (PaKTop KajJa je ped o roja3HOCTH.
VY3umajyhu y 003up npeBajieHIHjy T'0ja3HOCTH Koja je, y IPOTEeKIIe JBe JeleHrje noBehana 3a
TpH IyTa, OBaj KPUTEPHjyM C€ MOpPa CXBATUTU 030MIJbHO M Pa3MOTPUTH CBU HAYMHU KOjU OU
MOTJIM J]a yTUYY Ha CIIpeyaBame HacTaHKa WK yolaxkaBame rojazHoctd (13).

Jucnaunuaemuja, Koja moapasymena mnosuiieHe HuBoe TG, LDL u cmameHe HuBOe
HDL, Takolhe je Beoma BaykHa KapaKTEPUCTHKA METAOOIMYKOT CUHpOMa 1 ToBehaBa pU3HK 32
HacTaHak o0oJbea Kao MmTO cy auchyHkuuja Oera henuja maHkpeaca, aTepoCKiIeposa,
ctearosa jerpe u apyre (14). TG cy ectpu rinuiepona, TpUXuIpOKCUITHOT aTKOX0Jia ca MAaCHUM
KHCEeIMHAMa YMja je yJora Ja y OpraHu3My CTBapajy €HEeprercke Jernoe M3 KOjUX ce MPBO
ociobal)ajy MacHe KHCeNIHHE, a TIOTOM M eHepruja Koja je Heonxo/Ha 3a henuje, a caMuM TUM
u 3a opranuzam. Mako cy TG ayru HU3 TOAMHA MCKJBYUYHMBAIHM U3 TpyIe (akTopa pU3UK 32
KapJIMOBacKyJapHe OojecTH, JaHac ce ca curypHourhy Moxke pehu Ja je 4ak jejaH on
Haj3HauajHUjuX pakropa (15). I[lopen TG, 3nauajuy ynory uma u HDL xonectepo: 3a koju ce
cMaTrpa Jia 3aBUCH OJI Mace MHTPaabJOMUHAIIHOT MAacHOT TKHBA, a HE O/ YKYIHE KOJIUYMHE
(mace) macHor TkuBa (16). Ca apyre ctpane nosuiieHr HUBoM LDL-a HUCY HeomxoaHu 3a
HACTaHAK METa0OMYKOT CHHAPOMA, i YKOJHMKO TOCTOje KOJ MalujeHaTa, MOry Ja UMajy

KITMHUYKY 3Ha4aj (17).

1.1.2. IIPEBAJIEHIIMJA METABOJIMYKOI' CUH/IPOMA

Nmajyhu y Buay 1a mocroje pa3nuuuTe JeQUHULM]E U KPUTEPUjYMHU 32 MTOCTABIbAhE
IFjarHo3e MeTabOJIMYKOT CHHAPOMA, BEOMA j€ TEIIKO MPELIU3HO OJPEIUTH MPEBAICHIIN]Y 32
oBaj cuHApoM. Ha OCHOBY HOBHMjUX NoOJaTaka M3 JHUTEpAaType MOXE c€ MPUMETHTH Ja
NpeBajieHIIMja MeTabOJIMYKOr CHHAPOMAa pacTe MapajeHO y3 TO0ja3HOCT, a MOceOHO Cy
noroheHe oco0e Koje KUBE y pa3BUjEHUM 3eMJbaMa, a UMajy He3/IpaBe KUBOTHE HaBUKE, Kao
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IITO Cy CEJEHTEPHU HAYMH KMBOTA, KOH3yMalllja UTapeTa M aJIkoxXoJia, He3/JpaBa UCXpaHa,
HIDKM COIIMOEKOHOMCKH ctatyc u apyre (18, 19). Cmarpa ce n1a qanac mmpom cBeta mocToju
MaHEeMHja T0ja3HOCTH, KaKO KOJI JIele U a/I0JIeClIeHaTa, Tako U Ko oapaciux. OBa naHaeMuja
Huje 3ao0umna Hu CpOujy, a moceOHO 3a0pHmbaBa YMEHCHUIA ILITO j€ JPAcTHYaH MOpact
IpeBaJieHIIM]je Y TOCIeIhbIX HEKOIMKO ToarnHa npumehen kox neue. Hanme, npeBaneHimja 3a
NPEarojasHoCT KOJA Jeue ce moBehana 3a JeceTrak MpoOIEHATa, JOK Ce IMpeBajieHIHja 3a

r0ja3HOCT TOTOBO yABOCTpyumia y nepuony oxa 2006. o 2013. rogune (20).

1.1.3. PAKTOPU PU3UKA 3A HACTAHAK METABOJIMYKOI' CUH/IPOMA

Kana je peu o ¢axkropuMa pusMKa 3a HaCTaHaK META0OJIMYKOT CHHIPOMA, MOpa Ce
HATllOMEHYTH Jla TpeTepaHa TeJleCHa TEKHWHA Y3 MPUCYCTBO LEHTPAIHOr (a0JI0OMHHAIHOT,
BHCIIEPAIHOT) TUIIA T'0ja3HOCTH U PE3UCTEHIIMja Ha WHCYJHMH C€ Haja3e y MaToO(pH3HOIOTUjU
HacTaHka Merabosmykor cugapomMa. Mehytum, npumeheno je na onphern obpazail moHamama
JONIPUHOCH HACTaHKy W pa3Bojy Merabommukor cuHapoma. [log oOpasiem moHamama
moJipa3yMeBa ce MPEeKOMEpPEH YHOC XpaHe (KOju JTOBOJM JO T'0ja3HOCTH) W/WIM HeaJeKBaTHA
ynotpeba Boha u moBpha y CBaKOJAHEBKOj HMCXpaHM, OJICYCTBO (PM3MUYKE AKTHBHOCTU
(ceneHTepHU HAYHHU KUBOTA), PEKOMEPHA KOH3yMallija MacHe, Kao 1 ~’0p3e” XpaHe, allkoxoja
u nyBaHa. OBakaB oOpasall MOHAIlaka AUPEKTHO WIM MHIUPEKTHO JIOBOIM J0 HACTaHKA U
pa3Boja MeTabomuukor cugapoma (21).

ITpema CBetckoj 3apaBcTBeH0j Opranuzanuju npernopyyeHa JHEBHA KOJTMYMHA Boha 1
noBpha je oko 400 g, ogHOoCcHO 1eT nopiwja. Cmarpa ce 1a ykoiuko 0u ce moBehao ynoc Boha
u noBpha, mpeBaieHInja ncXxeMHujcke 6oectu Ou ce cMmamuia 3a 31%, a renedpanHoOr HHCYATA
3a 11%. Y3 To, HEe3/IpaBa UCXpaHa, MaxoM CaulEb-eHa OJ] MacTH U mehepa, TonpuHOCH pa3Bojy
MeTa0OJIMYKOT CHHIPOMA, aJTd U CBUX KapAHMOMETa00IMYKUX U MAIUTHUX 000Jbema. [Ipomene
y HaBHKaMa MCXpaHe y MHOTOME MOT'Y MOOOJBbIIATH KBAJIUTET )KUBOTA, alld U CIIPEUUTH WIH
JOMPUHETH JICYCHY METab0INYKOT cuHApoMa (22).

@du3nuKka HEaKTUBHOCT je, Takole BeoMma BakaH (PakToOp KOjU JOBOJIM O HACTAaHKa
MeTa0OJIMYKOT CUHIPOMA, a 3/IpaBCTBEHU eeKaT (PU3NUKe aKTUBHOCTH je OJaBHO MO3HAT HE
caMo 3a CIpEeYaBame MM MO0OJbIIake CUMIITOMA 000Jbeha Beh u y moboJspiiamy MUIIMhHE
cHare, KOHIUIIM]je U KBanuTeTa )kuota yorire (23). [Ilpema ctyauju kojy cy obajsunu Cavill
U CapaJHULHY, (PU3NYKa aKTUBHOCT MOXE Ja YMamH PU3HK 3a 00JECTH Cplia, MOXKAAHU yaap,
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roja3sHocCT, AujabeTec MENUTyC THI 2, 000JbeHha KOIITAaHO 3rI00HOT CHUCTEMa, KapIMHOME
nebernor 1mpeBa U J0jKe, JSTPECcHjy U Ipyre MCUXooiike 6onectu (24).

Kao mro je Beh HamomMeHyTO, KOH3yMHpame IMrapera W/WId ajJKoxoja BeoMa je
MOBE3aHO Ca HACTAaHKOM M pPa3BOjeM KapAHOBAcKyJapHUX o000JbeHma, a MoceOHO ca
KOpOHapHOM Oonemihy, HCXEMHjCKUM MOXJIAHUM YJapoM, Mepu(epHUM apTepUjCKUM
OosilecTMa M aHeypu3MoM TpOymiHe aopTe. Takohe y McTpakuBamy Koje je CIPOBENEHO Y
Cjenumenum AmepuukuM /[IpxaBama, y KOME Ce€ MCIUTHBAJIA TOBE3aHOCT KOH3yMalldje
[urapera (aKTHBHA U ITACHBHA M3JIOKEHOCT TyBaHCKOM JIMMY) U TMIPEBAJICHIIN]€ METa00TMYKOT
CUH/IpOMA, TIOKA3aHO j€ Ja je MpeBaJieHIHja MeTa0OINYKOT CHHIpOMa KOJI a/I0JIeclieHaTa KOju
HUCY OWJIM M3JI0KEHU JAyBAaHCKOM AuMy m3Hocuia 1,2 %, 10K je Koja ajolieciieHara Koju cy
O TTACUBHO M3JIOKEHH UMy 5,4 %, a KoJ ajiofieciieHaTa KOju ¢y aKTUBHO OUITH U3JI0KEHU
nyBanckoM nuMmy 8,4 %. OBH mojaiy camo Cy jOII jeTHOM JOKa3alld Jia je TyBaHCKHU UM
BEOMa 3HayajaH (akTop pU3MKa 32 HACTAHAK KapAHOBACKyJIapHUX 000Jbema (25).

Kana je peu o ankoxomy, Tpeba ce MpBO CIIOMEHYTH YMIbEHUIIA J1a IPBEHO BHHO, 300T
noJudeHoNa KOju ce Hajlas3e y lbeMy (IIOroTOBO pecepBaTpoia), Ma 0JaroTBopaH yUYMHAK Ha
Cple U KpBHE CYJOBE, i CaMO YKOJIMKO C€ KOH3YMHUpPa Yy yMEpeHO] KouuduHu (26).
OnTuManHa KOJIMYMHA U3HOCH JIO0 JIBE Yallle 32 MYILIKapIie, OJHOCHO 10 jeIHE Yalle 3a KEHe.
MelhyTum, yKOIMKO ce Ta yMepeHa, ONTUMalIHA KOJMYMHA MPEKOpayHl, CBH OJaroTBOPHU
eeKTH aJIkoxXoJa, YaK M LPBEHOI BUHA HECTAjy M OHJA Ce TOBOPH O KOH3YMAIMjH AJIKOXO0JIa

Kao (pakTopy pH3MKa 3a HACTaHAK KapJHOBacKyJapHUX o0osbema (27).
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1.1.4. KOMIUIMKALIMJE METABOJIMYKOI' CUH/IPOMA

MeTaOonu4yKky CUHAPOM, OJHOCHO yIpY»KeHa 000JbeHha Koja ra caurmbaBajy, 3ajeHO
JOMPUHOCE HACTAaHKy W pa3BOjy MHOTMX KOMIUIMKANHja KOjeé MOTY Ja 3axBaTe BHUIIE

pasnmuuntux oprana (Camka 1).

IEMeHIja

KapyoBacKyJIapHa

. o0omema
cTeaTo3a jerpe

LEHTPAJIHA e
(ABJOMHMHAIJIHA)
T'OJA3HOCT obospema 6yopera

omrreheme Oera hemja
naHKpeaca

CHHJIPOM MOJULACTIHIHUX
jajHuKa

Cauxka 1. O0ospea U OpraHu Koju cy Hajuenrhe noroheHu ycieq KOMIUIMKAIja Koje MOry

Jla HacTaHy KOJI TaIfjeHara ca MeTaboJIMIKUM CHHAPOMOM.

Cmatpa ce 1a manujeHTH ca MeTa0OJIMYKUM CHHIPOMOM HMajy M JI0 TpH IyTa Behu
pPU3MK 3a HACTaHAK KapAWOBACKyJapHUX U 00oJbema OyOpera, on ocoba Koje HeMmajy
MeTabonuuku cuHIpoM. MMajyhu y BuIy 1a cBE KOMIIOHEHTE METAaOOJIMYKOT CHHAPOMA
JIUPEKTHO WJIM MHAMPEKTHO MOTY Jia moropiiajy mopdonorujy u ¢yHKUHjy cpia, KpBHHX

cynoBa u OyOpera, oBa YHH-CHHIIA j€ TOTITYHO O4YeKkuBaHa (28, 29).
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Atepockiiepoza Moxe Ja HactaHe ycnen okcupanuje LDL  xomecrepoma, kao
nocnenuia omrehema HDL xonectepona, niau nak kao pe3yaTar nHdIaManuje 10 Koje 1071a3u
y KpBHMM cynoBuma. Takohe, mnpucyTHa eHaoTenHjamHa JIUCPYHKLHUjA, YMambeHa
BazoAMJIaTalyja, kao u nopehana agxesuja TpoMOOIIUTa U TMPUCYTHE TPOMOO3€E y3 CMAHEHY
¢ubponusy 3HauajHO JOMIPUHOCE HaCcTaHKY arepockiepose (30, 31). Ca nqpyre ctpane HHPApKT
MHOKap/ia cé BeoMa 4eCTO jaBJba Kao Mocienula yAPY>KEHNX KOMIIOHEHTH OBOT CHHAPOMA U
jeman je onm Hajuemrhux y3poka CMPTH KOJ MalHjeHeTa Koju Ooiyjy Ol MeTaObOoIHYKOr
cunapoma (32).

Nako ce He yOpaja y cTaHIap/JHe KOMIIOHEHTE METa0OJIMYKOT CHHAPOMA, Y BHIIE
HaBpara je MOKa3aHO Ja XUIepypHIleMHja, OAHOCHO mMoBehaHa KoHIEHTpaluja MokpahHe
KHCENIMHE Y KPBH, yenrhe HacTaje Ko/l MalujeHaTa ca MeTaboIMIKIM CHUHIPOMOM, 0e3 003upa
Ha BUXOBY cTapocT wiu noi (33, 34).

Crearo3a jeTpe KOJ ManyjeHaTa ca MeTaboIMYKUM CHHIPOMOM, Hajuenrhe HacTaje Kao
nocjenuIla rojasHoCTH, a y JINTEpaTypH ce Ha3MBa HEAIKOXOJIHA cTeaTo3a jeTpe (nonalcoholic
fatty liver disease). 3a mocTaBibame UjarHO3€ CTEATO3€E jeTpe HajIoy3JaHuja je ouorcuja, ainu
¢ 003MpOM Ha HeHY HHBa3UBHOCT, YECTO ce Mprlerasa ApyruM MeToJaMa IomnyT oapehrupama
KOHIICHTpallKje aMuHOTpaHchepasza y KpBu U ynrpacoHorpaduju (35, 36).

HajHoBHju  nuTepaTypHH MOJAIM  [OBE3yjy  METa0OJIMYKA  CHHIPOM  ca
KOMIUIMKAIjamMa MomnyT: AumxajMepoBe O0JIeCTH, IEMEHIHje, OCTEONopo3e, CHUHApPOMA
MOJUIMCTUYHUX jajHUKA, CHHIpOMA alHeje y CHY U Pa3NUYUTHX 00JMKa KaHLIepa, a Ipe CBera
y mnyhuma, npocrat uiam natkpeacy (37).

XpouuuHo nosehame TelecHe TEKUHE U AJAUIIONUTA JTOBOAM 70 HEYPOXOPMOHATHUX
NIPOMEHA U aJanTalyju KapauoBacKyjJapHor cucrema. Kao mocnenuiie Hacrajy nopemehaju y
aKTHBAallMjU PEHUH aHTMOTEH3MH AaJJOCTepOH CcHTeMa, TMoBehaHe KOHIEHTpaluje
aJIMNIOLMTOKNHA, TPOMH(IAMAIMjCKUX IIUTOKMHA W aKTHBAllMje CHUMIIATHYKOT HEPBHOT
cucrema. Takohe, mucbananc m3mel)y mpookcuaaHaca u aHTHOKCHAaHaca Koju (aBopuzyje
HACTaHAaK OKCHIALMOHOT CTpeca y KOMOMHAIMjU ca uH}IaMalujoM ONaxer CTeNeHa,
OJIrOBOpaH je 3a OpojHe KOMIUIMKALIM]E U J1ajby MPOTPECH]Y CBHUX KOMIIOHEHTH METa0O0IMYKOT
CHHJpOMa. Ycliel CHCTeMCKe HH(pIaMalije U XUIepKkoaryormIHOCTH, MOKe Iohu 10 HacTaHKa
IUTaKa Koju moBehaBajy pU3HMK OJ1 HEXEJbEHUX KapAuoBacKylapHuX obosbema (38, 39). Kana
j€ ped 0 MOJIeKyJIapHOM MEXaHU3MY KOjH j€ OArOBOPaH 3a HaBEJCHE KOMILJIMKAIIK]je, HE CMe Ce
3abopasuti HU yiora Ca?" kaHana Koju ytudy Ha QyHKIHOHAIHY ekcnpecujy Ca*t ATP-ase

CapKOILIa3MaTCKOr peTuKynyma (Sarcoplasmic/endoplasmic reticulum calcium (Ca?") ATPase
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2a - SERCA2a) u pHaHOAMHCKUX pEIenTopa KOju JUPEKTHO YTHUy Ha Auc(hyHKIHjy Oera

henuja mankpeaca (40, 41).

1.2. JEUEBLE METABOJIMYKOI' CHUH/IPOMA

VY3umajyhu y 063up BUCOKY NpeBaJICHIIN]y META0OIMYKOT CUHIPOMA BeoMa je BaKHO
Jla TPETMaHH KOJH C€ KOPHUCTE Y Jieuewy, Oymy 1o0po yremesbenu u epukacHu. C 003upom ga
je MaTaboJIMYKU CHHIIPOM KOMITJIEKCHO 000JbeHhe U Tepanuja Tpeda OMTH 3aCHOBaHA Ha BUILIE
paznuuuTux npuctyna. Kao 1Ba oCHOBHa, y JHMTEpaTypH C€ Pas3iuKyjy (hapMakoJIOIIKH U

HehapMaKOJIOIIKU TePaIHjCKH MPUCTYIIN 32 JICUSHE META00IUYKOT CHHIPOMA.

1.2.1. HEOAPMAKOJIOHIKU ITPUCTVII V JIEUEBY METABOJIMYKOI' CHUH/IPOMA

Kao mpBu Kopak y Jieduermy METabOJMYKOr CHHApPOMA, Hajuemhe ce OTHOYME ca
HedapMaKoOJIOIIKUM TPHUCTYIIOM, OJHOCHO TIpOMEHaMa Y J>KMBOTHHUM HaBHKama Koje

Mo/Ipa3yMeBajy MPOMEHEe y HaYMHY UCXpaHe U noBehame (pru3nuke akTUBHOCTH (42).

1.2.1.1. Qusuuka akmugHOCm y Yussy nederba MemaboIuikoe CUHOpoMa

ITpema IIporpamy 3a npeBenuujy aujadreca (Diabetes Prevention Program regimen)
u3 2000. roaune, pU3MUKa aKTUBHOCT y Tpajamy of 150 MuHyTa He1eJbHO Y3 3/]paBuje HaBUKE
y UCXpaHU, 3HA4ajHO MOJKE J1a yTHUYE Ha CMAEHE CUMIITOMA META00JIMYKOT CHHAPOMA, Kao U
71a yCIIOpH BeroB pa3Boj. OHO MITO je OUTHO HAITOMEHYTH je J1a ce Koz 0coda ca METabOoINIKUM
CHHJIPOMOM HJIM KOJ] moBehaor pusmka o HacTaHKa, caBeTyje ymMepeHa (pu3nyKa akKTUBHOCT
KOja Mojpa3yMeBa XO/ame, OJHOCHO IIETamy, a y 3aBUCHOCTU O]l CTama, FOJIMHA U JAPYTHX
WHIMBUIYaTHUX KapaKTEPHCTUKA TallMjeHTa, MPEeropydyje ce M BOXKIa OUIMKIIA, TpUYambe,
IUIMBalkE U CIMYHE akTUBHOCTH. CMmarpa ce Ja cBaka (M3MYKa aKTUBHOCT Y Tpajamy O]
Hajmame 30 MUHYTa, KOja aHTaxyje BUILIE Ipyna CKEJIETHUX MHIIMha mpencTaBiba no0ap

MOYETAK 3a CBE MAIMjeHTE KOjU Cy rojasHu, 6e3 003upa Ha wuxoBe rogune (43).
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1.2.1.2. Ilpomene y Hagukama ucxpaue y yumy jeyerba Memaboiuykoe CuHopoma

[Ipomene y HaBHKaMa UCXpaHe, OJHOCHO JMjETE KOje Ce KOPHCTE y LUJbY CMambeHha
CHUMIITOMA U KJIMHWYKUX MaHH]ecTaluja Wik y HuJby MPEBEHIIMje HACTaHKa METa0OIMYKOT
CHHJIpOMa, Y (DOKYCY Cy UCTPaKMBaba MHOTUX HAYYHOMCTPAXKUBAUKHX I'PyIa IIUPOM CBETa Y
MOCJeIbUX HEKOJIHUKO JeleHuja. [Ipunukom npeTpaxuBama CTpyyHe JTUTEepaType, MOXe ce
NPUMETUTH Jia TOCTOJU BEIMKH Opoj Iujera Koje ce Mpeajaxy Kao Beoma edukacHe y
NPEBEHIUJU U JIeUelhy OBOI CHHAPOMAa, a y OBOM Jeny Ouhe omucaHe camMo HEKe Of
HajeUKaCHU]UX.

Jenna on Hajuenthe kopunrheHUX W MPOy4YaBaHUX JAWjeTa je XUIOKAJIOpHjCKa JHjeTa
(energy restricted diets) xoja oJp3yMeBa MePCOHAIN30BAH KAJIOPH)CKU THEBHH YHOC Y ITUIBY
eHeprerckor neduuurta. HanMe mpema oBoj aujeru, THEBHH YHOC Kajopuja Tpeba aa Oyne
MambH 0] oTpebda opraHu3Ma, JAa Ou ce Ha OBaj HAYMH JOIUIO IO HEraTUBHOI OajlaHca Ipu
YyeMy ce TeJIeCHa TeKHMHA 3HaYajHO cMamyje (44). Y MeTaboIMyKoM CUHIPOMY KO/ MalijeHara
KOjH Cy T'0ja3HH, I'yOuTaK TeJeCHEe TeKHUHE j€ BeOMa 3HavajaH jep ce AUPEKTHO Mo00JbIIaBajy
nopeMehaju MOMYT IMEHTpalHE T0ja3HOCTU (Kpo3 TyOWTak BHUCIEPATHOT MAacHOT TKHBA),
aujaberec MenuTyca THI 2 U KapJHOBaCKyJIapHUX 000Jbera. Y HCTO BpeMe ycien ryOouTka
TeJIeCHEe TEXHHE J0JIa3u J0 MoboJblama hemujcke CUTHAJIHE TPAHCHAJyKIMje WHCYIHMHCKOT
cucrema u nopeBehama nepugepHe 0ceTJbUBOCTH HAa MHCYJIMH, YAME MOT'Y J1a C€ CMarkhe HUBOU
riykose, TG, LDL xonectepona mo6oJspilia HHCYIMHCKA pe3uctenimja (45-47). Mako nocroje
pa3nuymTe Mpenopyke, ONmTe je npuxBaheHo a cMamemne eHepreTckux norpeda 3a 500 mo
600 kcal, he noBecTu 10 cMamema TeleCHe TeXKHUHE U 10jaBe cBUX nparehux OeHedura (48).

MenuTepaHcka JujeTa je BeoMma IoIlyJiapHa MOCIeABUX Map ToJUHa, a IoJpa3yMeBa
noBehan yHOC MaciaMHOBOT yJba y3 HCXpaHy Oorary Bohem, moBphem, uepamujama,
JETYMHHO3aMa, OpalllacTHUM IIJI0JIOBUMA, >KUTapHIlaMa, YMEpeHY KOH3yMallhjy MJIICUYHUX
pOU3BO/a, pude M LPHOT BMHA M BEOMa PETKYy KOH3yMallMjy CJIaTKHIIA U LPBEHOI Meca.
Bucoka xonnunHa BiakaHa y3 aHTHOKCHJAHCE M aHTHMMH(IaMalnuoHe HyTpHjeHTe (omera 3
MacHE KHCEJMHE, OJIEMHCKa KUCENNHa, (PeHOHA jeIMbeha) Cy OATOBOPHHU 3a CBE IMO3UTHBHE
edexre oBe nujere (49, 50). [Ipema MHOrMM 00jaB/LEHUM HAYYHOUCTPAKUBAYKUM CTyIHjama,
MEIUTEpaHCKa AMjeTa je BeoMa euKacHa y IPEBEHIM]H U JIeUehy METa00IMYKOT CHHAPOMA
jep cmamyje HuBoe LDL xonecrepona, TG, u noBehaBa nuBoe HDL xonectepona (51, 52).

[Topen Tora mTo 0BakaB HAuUMH UCXPAHE CMakbyj€ PU3HK 33 HACTAHAK JMja0deTec MeIUTyca TUI
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2 u rojasHocTH (53, 54), 3HauajHO ce CMamyje U PU3MK 3a HACTAHAK KapAHOBACKYJIapHHUX
obosbema (55).

Jujera Oorata omera 3 MacHMM KHCETMHAaMa, Kao IITO jOj M CaMO HME€ TOBOPH,
MoJIpa3yMeBa YHOC €CEHIMjaJHUX oMmera 3 MojuHe3acuheHWX MacHMX KucenuHa (omega 3
polyunsaturated fatty acids, n-3 PUFA), npe cBera euko3aneHTacHCKy (eicosapentaenoic acid,
EPA) u nmoko3axekcaeHcKy kucenuny (docosahexaenoic acid, DHA) xpo3 ucxpany 6orary
puboMm, yJpuMa anru U ajda JIMHOJIeHCKe KucenuHe. Haume, y BuIle HaBpara je 0Ka3aHo Ja
EPA u DHA cMamyjy pu3uK 3a HacTaHaK M pa3Boj KapAnOBACKYJIapHUX 000JbeHha MOBE3aHMX
ca MeTabOJIMYKUM CUHIPOMOM (57-59). OBU MO3UTHBHM €QeKTH Cy Y HajBehoj MepH OBE3aHU
ca cMamemeM HuBoa TG, anu 1 nponHdIaMalMOHNX TUTOKWHA KAo IITO Cy UHTEPIICYKHH 6 1
¢baxTop Hekpo3e Tymopa anda (tumor necrosis factor-alpha, TNFa) u C peakTHBHOT mia3ma
npotenna (CRP). [Ipema npenopykama EBporcke arenuuje 3a 6e30ennoct xpane (European
Food Safety Authority) 3a npeBeHIM]y KapIHOBACKyJIapHUX 000JheHa HEOMXOJTHO je Ja
naeBHu yHoc EPA u DHA Gyne 250 mg, oqHOoCHO fa fBa 00poka HelesbHO Oyay 3acHOBaHA
Ha pubwu (58, 59).

Jlujere ca BHCOKMM YHOCOM aHTHUOKcHnaHaca (diets with high total antioxidant
capacity) noapazyMeBajy YHOC HaMUPHHIIA KOje y ceOU caapKe aHTHUOKCHUIAHCE KOjU UMajy
KamaiureT Ja YKIOHE peakTHBHE cJ00oaHe panukane W mnosehajy  akTUBHOCT
aHTHOKCcHJIAMOHUX napaMerapa (60). HamupHuie noBe3aHe ca CMamemEM pPHU3UKA 3a
HacTaHak OpojHUX 000JbeHa KOja Cy MOBE3aHa ca OKCHIAIIMOHUM CTPecoM cy Bohe, mosphe,
3aunHU (y3 CMameme COJIM), OpalacTd TUIoAoBM u dYokomama (61). Ilpema Cserckoj
3npaBcTBeHo] Opranuzanuju aa 6u ce ocTBapuiu OeHepUTH OBAaKBE MCXpaHE HEOIXOIHO je
yHeTH 0ko 400 g oBUX HaMHpHULA THEBHO (62).

[ToBehawme Opoja oOpoka (high mineral frequency pattern) je jemaH ol HOBHUjUX
oOpazaria ucxpaHe KOjH je BeoMa IOITyJIapaH Kol criopTucTta. L{usb oBor HaunHa HCXpaHe je 1a
ce JJHEBHU €HEPreTCKH YHOC pa3Jieliil y BUIlIe MambuX 00poKa Koju Ou ce yenthe KOH3yMHUpaH.
VY nojenuHUM cTyIdjamMa IOKa3aHo je Jja ce Ha OBaj HAUYMH CMamyje TelecHa TexxuHa, BMI,
MPOIIEHAT MACHOI TKHBA, KOj€ IOCIEAWYHO JOBOJE JI0 CMamelke pU3MKa OJf HAcTaHKa
nujaberec Menuryca THN 2 W KOpoHapHux Oonectu cpma (63-65). Ca apyre crpane, y
MOjeIMHUM CTyJjaMa je TOKa3aHO Ja OBAaKaB HAUYMH MCXpAaHE HE JIOBOJU JIO CIIOMEHYTHUX
OeHeduTa M CBE MPETIOCTBAKE O MEXaHM3MHUMa Cy OnoBpruyte (66, 67). Haume, npBo ce
MPETIOCTaBUIIO J1a Ce Ha OBaj HAUMH NoBehaBa eHepruja Koja ce TPOIIX y TOKY JlaHa, alli je Yy

MOjeIMHUM CTyIjamMa JJOKa3aHo Jia OBa MPETIIOCTaBKa HUje TauHa (68). [pyra mpermocraBka
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je 6una na ce Ha ocHOBY nosehama Opoja 0Opoka cMmamyjy ocUMJIalMje Y HUBOY IIIyKO3€ H
noOoJbliaBa KOHTposia ametuta. OBa MPETIOCTBAaKa je JI0Ka3aHa, ajll caMO KOJ TOja3HHX
naiyjeHara, 0K KOJl OHUX KOJU HHCY MMajd IpoOiieMa y TEeXHUHH, Pe3yJITaTH Cy M Jajbe
HenocieaHu (69).

Jujera GazupaHa Ha HUCKOM TJIMKEMM)CKOM HMHAEKCY IMOJpa3yMeBa YHOC HAMUPHUIIA
ca TJIMKEMHJCKUM MHJEKCOM MamuM 0J] 50 Kao IITO Cy MEKUIE, MHTEerpajHa puxa, BehnHa
Boha, rpoxle, rparmak, mojeIuHu OpaIIacTH MI0J0BU, MIIEKO, LIPHA YOKOJIaAa, XyMYC, KYITyC,
tody u MHore apyre. Cmarpa ce Jla OBakaB HAauMH HCXpaHE JIOBOJHM N0 CMamemha HUBOA
rikonusupanor xemorinoouna A1C u ¢ppykrozamuna y xkpsu (70-72).

[Ipotenncka aujera cBoje OeHeduTe HajBepoOBAaTHHUjE OCTBapyje Kpo3 mnosehame
TepMoreHeze u moBehame cutocTH. IloBehame TepMoreHese ce objalmaBa CHHTE30M
NENTUIHUX Be3a, ToBehaHOM MPOYKLMjOM ypee U IIyKOHEeOreHe3€e, KOjU 3aXTeBajy yTpOIIaK
Behe komnumHe eHepruje, JOK ce noBehame cuToCTH oO0jammaBa MoBehameM HUBOA
Pa3NIUYUTUX XOPMOHA 332 KOHTPOJIy aleTUTa Kao IITO Cy MHCYJIMH, XOJICHUCTOKUHUH W/WIH
riykarony cimdad nentun 1 (73, 74). Micxpana 3acHOBaHa Ha MPOTEUHUMA TaKohe UMa U Ipyre
NPEJHOCTH jep MoOoJbIlIaBa XOMEOCTa3y TIyKO3e, CMamyje HUBOE JUMHIA Yy KPBH, a Y3 TO
CMamyje KpPBHU MPHUTHUCAK M PU3MK 3a HACTaHAK KapauoMeTabonumukux obosbema (795).
MehyTtum, ¢ 063upoM a y MojeJUHUM CTyI1jaMa KOPUCHHU e(EeKTH MPOTEUHCKE AUjeTe HUCY
npoHahean (76), HeomxogHa Cy Jajba HCTpaKMBama Koja OW TpyXWwia JeTajbHHU]je
uHpopmanuje.

Kao mTo ce u3 mpUIOKEHOT MOXKE YTBPAWUTH, MOCTOj€ DPA3IHUUTE IMPETopyKe Y
MCXpPaHH, aJId jOIII YBEK HEMa YBPCTO YTEMEJbEHUX JI0Ka3a KOjU OM M3ABOJUIIM CaMO jeTHY OJ1
HaBe/ICHUX JWjeTa Kao Hajoospy. [IpunukoM npenopyke manujeHTHMa, Tpeda y3eTH y 003up

CBC MHAUBHUAYAJIHC KAPAKTCPUCTUKEC, KA0 U IbCT'OBC HABUKEC U OYCKHBAIbA.
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1.2.1.3. Qumonympujencu u OUOAKMUBHA Jeurberd V UYuny Jederba MemaboIudKko

cunopoma

[Tpema HajHOBMjUM JIUTEPATYPHUM MOALNMA, TTIOCIIEABUX HEKOJIHUKO FOJJMHA Y (POKYCY
HAayYHUX UCTPaXMBama Hallaze ce OMOAKTUBHA jeAUHCHA, OJHOCHO HYTPUTHJEHTH KOjU Cy
epUKacHHU y Jeuemhy METa0OIMUKOT CHHAPOMA U CIpevaBamy HacTaHKa KoMIunkanuja (77).

AHTOLMjaHUHHU (QaHTOLMjaHN) Cy Mor(eHoIN 6e3 KapaKTepUCTHYHOT MUPHCA U YKYyca,
pacTBOPJbUBHU Y BOJM, a IPUIAAAJy Kiacu (iaBoHOMA KOJU C€ CHHTETHUIY ITyTeM IUKIyca
¢dernnnponanonya (Cauka 2). C 063upom aa ce MOTY jaBUTH Y pa3IHuuTUM 00jama, 4ecTo ce
KOPHUCTE Kao MpexpaMOeHU aJMTHBH 3a MUTMEHT (60jy). OBa jeaumema ce Haja3e y TOTOBO
CBUM BHIIMM OMJbKaMa, TpU yeMy ce Behe KoIMuMHe Haja3e y BpcTama u3 pona Vaccinium
(bopoBHuua, OpycHuna), Rubus (ManuHa, KynuHa), Ka0 U Y apOHH]jU, LPBEHOM KYyIyCy U
rpoxhy (78, 79). CBojy aHTHOKCHIALIMOHY aKTUBHOCT aHTOIMjaHWHH OCTBApYyjy Tako ILITO
MHXUOUPA]y MPOIYKIH]Y WM OTKIamajy CI000AHE pajuKaie jep MpeMelITajy eJIeKTPOHe ca
BogoHuKoBOT atoMa (80). Takohe, oBa rpyna jeaumbemba MOXKE J1a O00JbIIa YHOC TIYKO3€e Y
mumuhe u agunonuTHe hemuje, HE3aBUCHO OJ1 MHCYJIMHA, YAME MOXKE Jla CIIPeur HacTaHaK
mujaberc menutyca tun 2. Ilopen oBux, mpumeheHO je W Ja ocTBapyje JIpyre MO3UTHBHE
edexTe momyT JuiIaTalnuje OpaxujaiHe apTepuje, cMamemne cepyMckor HuBoa VCAM-a, LDL

xonectepoina, CRP, kao u nojennuux uHrepneykuxa (81, 82).

Cauka 2. Omra CTpyKTypa aHTOLMjaHHHA
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KarexuH je monudeHos Koju ce Halna3| y BeIUKoM Opojy Boha u moBpha, YOKoIaau u
yajy (Camka 3). CMmamyjyhu katexon O metun tpanchepasy u ¢pochoauecrepasy 10BOAM 10
MpmaBbema. Ca npyre crpaHe, cMmamyjyhu HHMBOe TIulyko3e Hamrte, ykynmHor u LDL
XO0JIeCTeposia y3 Mo00JbIIake CEH3UTUBHOCTH Ha MHCYNuH U noBehawe HDL xonecrepona,

OCTBapyje aHTUANjabeTCKe U KapAHOonpoTeKTUBHE edekre (83, 84).

OH

HO O
OH

OH

OH

Cauka 3. CTpykTypa KaTexuHa

KBepuetun je jeman oxa 3HadajHUjUX OMO(IABOHOWAA, YECTO CE€ CMATpa HUXOBUM
NpeJCTaBHUKOM, a MpUcyTHa je y Behem Opojy Boha, moBpha, numrha, xutapuua, Kao U 'y
3eneHoM 4ajy u npBeHoM BuHy (Ciuka 4). C 003upoM Ja uMa BEIUKH OpOj MO3UTUBHUX
edekara, cMaTpa ce 1a MoxKe J1a To0oJbllla CUMITOME MeTabomudkor cuHapoma. Kao jenan on
Haj3HAuYajHUJUX e(dekara KOju TMOCTIKE, U3[[Baja CE AHTHUOKCHAAIMOHHM KAMalUTeT KOjU
MOCTM)KE TAaKO INTO MHXMOMpA JUNHIHY MEepoKCUAauujy W rnoBehaBa aHTHOKCHAALMOHE
napaMmerTpe nomnyt cynepoxkcun aucmytasze (SOD), karanaze (CAT), rimyTaTHOH Nepokcuaase
(GSX) u penyxoBanor riyraruona (GSH) (85). Autunndnamanujcku edekar mocTuxKe Tako
mTo ymamyje aHuBoe NFkB, TNF-a, unrepneykuna (6, 1 6era, 8), MUTOT€HOM aKTHBUpPAHY
npoteuH kuHazy (MAPK) u rercky ekcnpecujy 3a MOHOLIMTHU XEMOATPAKTaHTHH NMPOTEUH 1
(86). IlosutuBHE edere Ha Toja3HOCT MOCTIKE jep akTUBUpa AMP akTuBHpaHy HpoTeUH
kuHa3zy u cMmamyje ekcrpecujy 3a CCAAT Besyjyhu mporeun anda (C/EBPa) u crepon
perynatopau mnpotenH 1 (SREBP-1) (87). AntuamnjaGercku edekaT moCTHXKE TaKO IITO
uHXuOupa riyko3uu tpancnoprep 2 (GLUT2) u ¢podaruamimuo3uTon 3 KuHa3y 3aBUCHY OJ1
uHcynuHa (PI3K) u Grnokupa tuposun kunHazy (88). Ca apyre crpaHe, aHTUXMIIEPTEH3UBHU
edekar mocTuke Tako MTO noBehaBa KOHIEHTPALM]y €HIOTENHE a30T MOHOKCH]I CHHTa3e
(eNOS) u cMamyje arperanujy TpoMOOIMTa, YAME C€ IUPEKTHO MoOoJbliaBa (yHKIHMja

engoTena (89).
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OH

HO O
OH

OH

OH O

Cauka 4. CTpykTypa KBEpLETHHA

Pecepatpon je mnpupoaHu ¢eHon KOju ce€ MOCEOHO CHHTETHILNE Y TpOLecy
(depMeHTanIMje TaKo Ja T'a HajBHUILE MMAa y LPBEHOM TIpejudpyTy U NPOU3BOAMMA IMOMYT
L[PBEHOT BHHA U coka of rpejudpyra (Ciauka 5). ¥V nureparypu je A0CTa MpoydaBaH U
MOKa3aHO j€ Ja OCTBapyje aHTUUH(IAMalMjcKe, KapAMOMPOTEKTUBHE W aHTHAMjabeTcKe
edexre (90). AHTHOKCHIAIMOHHU €(DEKTHU Ce MOCTIKY OTKIIAhamheM PEaKTUBHUX KHCEOHMYHUX
BPCTAa, JIOK ce aHTUMH(IaMaIMjCKi eekaT mocTwxe Tako mTo nuxudupa NF«B, anmu y3 To
cMamyje TMPOAYKIH]Y MpOouH(IAMAlMOHUX ITUTOKWHA M EKCIPECcHjy IUKIookcurenase (91-
93). KapanonpoTeKTUBHU €(heKTH ce MOCTHXKY TaKo IITO MoBehaBa aKTUBHOCT U EKCIPECH]Y
eNOS, HajBepoBaTHHje jep AaKTHBHpAa HUKOTMHAMHJI aJCHUH JUHYKICOTHI 3aBUCHY
neanerunazy cuptyu 1 (Sirt 1) u 5° AMPK, ctumynumie Nrf2 u cmamyje excipecujy ICAM-
1 u VCAM-1 (94, 95).

OH

HO \

OH
Cauka 5. CtpykTypa pecBeparpoia
[Topen crioMeHyTHX NOJU(EHOoNa 3HaYajHe MPOTEKTUBHE YJIOTE UMAjy U Pa3IMYUTH
BUTaMUHU.
Tokodepon, mo3Har kao ButamuH E, yOpaja ce y rpymy JTUNOCOTYOHIHUX jeHEbEHA

KOjU ce MOTy npoHahu y yJbUMa, OpallacTuM I1oJoBUMa U 3pHeBbY (Cimmka 6). Butamun E

-15 -



JlokTopcka aucepTanyja [Merap Mwmmh

crpedyaBa MHora Meraboimuka obosbema M yOpaja ce y Beoma e(puKacHe aHTHOKCHAAHCE,
uHXUOMUpa nepokcuaanujy docdonunuane memOpaHe U crpedaBa MPOIYKIH]Yy CIOOOTHUX
pamukana (96). Iloka3dyje W 3Ha4yajHe AHTHOKCHAANMOHE e(eKTe Tako IITO CMamyje
npoaykujy CRP, uHTepneykuHa 8, HMTOKHMHA, a y3 TO HMHXHOHMpA IUKIOOKCUTCHA3y WU
nporenH kuHazy C (97). 3060or oBuxX MPOTEKTHBHHX edeKaTa YeCTO CE CaBeTyje HhEroBa
ynotpeba KoJ marjeHara ca MeTa0OJIMYKHM CHHIPOMOM WM KOJA moBehaHOr pU3HKa O]

BeroBor Hactanka (96-98).

Cauka 6. CtpykTypa Tokodepona

AckopOHMHCKa KHCENHHA, 0THOCHO BUTaMUH C je XUIPOCOITYOUITHO jeNbEHEe Kora nMa
y Behunu Boha (rmoce6Ho y nutpycuma), kao u 6ubepy u kespy (Ciauka 7). [Toctmke 3Ha4yajHe
AHTHOKCHJIAIIMOHE e(eKTe U OTKJIama CI000/IHE KUCEOHWYHE U a30THE paaukaine. YecTo je
UCIHUTHBAHO JeIUbCHE Y HAYYHOMCTPAKUBAYKUM PAJOBUMA U Yy BUIIIE HaBpaTa Cy JOKa3aHU
ETOBU TMO3UTHBHU €(PEKTH y TPETMaHy U TNPEBEHLUjU KapJHOBACKyJapHUX 00OJbeHha U

MaTtebonmmukor curapoma (99, 100)

HO
OH

OH

Cauka 7. CTpyKTypa acKOpOUHCKE KHUCETHHE

- 16 -



JlokTopcka aucepTanyja [Merap Mwmmh

1.2.1.4. [lujema oboeahena ekcmpakmom apoHuje y yumny jieuerba Memaboiuikoe CuHopoma

Kao mro ce U3 mpeTxoaHO HaBeIeHUX YMEHCHUIIA MOXKE 3aKJbYUUTH, PA3IUUUTE JHjETe,
noJu(eHONHA jeIUbeHha U BATAMUHHI 3HAYajHO MOTY J1a 000JbIIajy CUMITOME U KIIMHHYKE
MaHH}ecTalyje, WM Jla CIpede HaCTaHAaK METAa0OJMYKOr CHHApOMa. 300r Tora HayYHHIU
IIMPOM CBETa IMOKYIIaBajy Ja NpoHal)y HajaJeKBaTHU]y MCXpaHy WU CYIUIEMEHTE Koju Ou
ocTBapuBaiIu OeHeUTe HA CBE KOMIIOHEHTE METAaOOIMYKOT CUHIPOMA.

Aronia je 606uyacto Bohe HamMK Ha OOPOBHMIIE KOje je BeOMa OTIOPHO Ha HUCKE
teneparype (u g0 -50 °C). YV 3aBUCHOCTH OJ1 BPCTE U MOJAHEOIbA TJIe pACTE MOXKE J1a JOCTUTHE
BUCHHY U 710 6 MeTapa. [locToje pasnuuute BpcTe oBor 6oOuuactor Boha koje ce melycoOHO
Pa3NMKyjy U OpraHoJIeNTHYKH, Hajuyenrhe o 00ju mioja, ma OTyAa JA0Ja3e U lUXOBH HA3UBU:
1pBeHOIUIOIHA apoHuja (Aronia arbutifolia), wyOudactoronna aponuja (Aronia prunifolia)
U IpHOIUTOAHA apoHHja (Aronia melanocarpa) (101, 102). ¥V Hammoj cTyauju UCOIUTUBAHU CY
edexTu excrpakTa Aronia melanocarpa, na he y oBoM IOriaBiby HajBUILE OUTH PEYU O OBO]
BPCTH.

Aronia melanocarpa najuemihe Hapacte 10 | Merap, IOK Cy JHCTOBH jEIHOCTaBHE
rpale mopehanu Ham3MeHW4YHO Hajuerthe 6 cm mumpoku. L[Bera y nepuoay uzmelyy anpuia u
jyJia, a IBETOBM Cy MaJid, oKo 1,5 cm mmpuHe u Hajuemrhe ce cacToje of neT jaruna oene 6oje
U mer yammyHuxX Juctuha. [Imox oBe BpcTe apoHHUje je TaMHOJbyOWYacTe 1o IpHE 00je,
npeunnka oa 0,7 mo 1 cm (103).

Aronia melanocarpa je Beoma 6orara (GpapMaKoJIOIIKH aKTUBHUM CyIlcTaHIiamMa mehy
KOjUMa Cy Ha3Ha4ajHUjU NOJU(EHONH, TOCeOHO aHToIMjaHuHH (kojux uMa oz 0,6 1o 2 %) u
nporujanuIuHy (Kojux uma ox 0,66 1o 5,18 %), 3aTum peHonHa KuceauHa 1 TaHuHU. Takobe,
y cebu caapKu M 3Ha4ajHy KOJIMYHMHY caxapose (oko 15 g ma 100 g aponwuje), mehepnor
ankoxona (copburon), qujerercka BikHa (oko 5 g Ha 100 g aponuje), mactu (oxo 0,1 g va 100
g aponwuje) u nporenHa (oxo 0,7 g Ha 100 g aponwuje) (104, 105). Aronia melanocarpa 3navajan
je U3BOp MHUHepaJsia O] KOjUX ce y HajBehoj KOJMYMHH Haja3e KajJujyM U LIMHK, a Y MambUM
KOHIICHTpallMjaMa ce Hajla3e M HATPHjyM, KallMjyM, MarHe3ujyM u raoxhe. Ox BuTamuHa
Haj3HavajHUje je mpucycTBo ButamuHa B (25-90 pg na 100 ml aponuje), B2 (25-110 pg na
100 ml aponwuje), Bs (30-85 pg va 100 ml aponnje), Buramuna C (5-100 pg va 100 ml aponuje),
HuanuHa (100-550 pg wa 100 ml aponuje), manrorencke kucenune (5-38 pug wa 100 ml
apoHMj€) M Y MamkUM KOJMYMHAMa Cy NpUCyTHE M (osHa KucenuHa, o U B Tokodepon u

KapoTeHouu. HaBeneHe KOHIIEHTpalMje HajBUILE 3aBUCE 0] O0JIMKA y KOME ce MpUMemyje
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aJli ¥ 0J1 MHOTHX JIPYTHX OCOOMHA KOj€ MOTY Jla YTHUy Ha KBAIUTET OUJBKE MOIMYT, MOoIHE0ba

y KOMe€ je paciia, TOAWHH, HAaYWHY YyBamka U MHOTHX Ipyrux (106, 107).

1.2.1.4.1. ®apmakonowxu egpexmu apoHuje

3axBaspyjyhu npucycTBy BenuKor 0oja (apMakoJIOIIKA aKTUBHUX jeAUIbEHa, Aronia
melanocarpa MoXxe a JOTpUHECE MPEBEHIIN]U U JICUSHhY MHOTHX 000JbCHA.

Cmamyjyhu ¢paxuujy nununa, Aronia melanocarpa TMPEeKTHO CMarbyje U PU3UKE 32
HacTaHak arepockiepoze u mucinununemuja (108). Takohe, y crymuju koja ce OaBumia
UCIUTHBamkEM e(ekata cymieMeHTalje aHTOIMjaHnHa U3 apoHuje, nmpuMmeheHo je 1a oHu
3Ha4YajHO MOTY Ja JIOTIPUHECY CMAambEHhY BHCLEPATHOI MACHOT TKMBA U J1a YTHUYY TO3UTUBHO
Ha rojazHoct (109). ¥V KIMHMYKMM cTyadjamMa TOTBpheHH cy TMO3UTHBHU edeKTu
cyruieMeHTanuje aponrnjom Ha BMI kopx skeHa, kao u cHmkewe HuBoa LDL xonecrepona u TG
y3 noBehamwe HuBoa HDL xonectepona. OBM mpoTeKTUBHU eekTu Hajuyemrhe HAcTajy Kao
nocjenulla CMambeHe eKCIpecHje TeHa 3a CUHTE3Y U Npey3UMame XOJIeCTeposia, Kao U TeHa
KOjU Cy YKJbYyYeHHM y JUNUAHM MeTabonmuzam u smnonporeutne (110). Takohe, mocroje u
YBPCTHU JOKA3M KOjU yKazyjy na Aronia melanocarpa, in vitro anv v in vivo MOXe Jja CMambH
CHUHTE3y MpOTEeHHA 3a aaumnoreHcku Tpanckpunuuonu (aktop (PPARy2) (111). V Bume
eKCIIEPUMEHTAIHUX U KIMHUYKUX CTYJHja je NOKa3aHO Jia apOHHMja MOXE CMamHUTH KPBHU
MIPUTHCAK, HAajBEPOBATHH]E je€p CMamyje aHTMOTCH3UH KOHBepTYyjyhu eH3uMm | u crumymnuiie
NO koju noBoau 1o Bazopenakcanuje y eanoreny (112, 113). AHTUXUTIEPTEH3UBHU edeKaT
noapa3zymeBa u ochopunanujy eNOS Kpo3 pefokc oceTspbuBy akTuBaiujy Src/PI3 kunHaza
Akt myra (114).

Kao eduxacan antnokcunant, Aronia melanocarpa noctwxke 3HadajHe eexTe U Ha
penokc paBHOTexy. [loBehaBajyhu aktuBHOCT pemykoBaHor rimyratuona (GSH), aponuja
3Ha4YajHO IITUTU CPUYAHO TKUBO KOJ MUILIEBA TPETUpaHUX AokcopyOouraom (115). C o63upom
na y ceOu caapku Behe KOHIEHTpalMje XJIOpOTEHCKEe KHCENIWHE, PYTHHA, XHUIEepo3Huja U
KBEpIIETHHA, KOH3yMUPakhE apOHU]E U eKCTpaKTa Oorarux oBUM 600MYacTUM BoheM IMOBE3aHO
j€ ca cMamemeM JIMIUIHE IEPOKCUIALIN]E U TPOOKCUIAIIMOHOT Oananca y3 nosehame yKyImHOT

aHTUOKCHUJAIMOHOT Kanarurera (116).
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Nmajyhu y BUIy BUCOKY KOHLIEHTpAIM]y aHTOLMjaHMHA KOJU C€ Hajla3e y apoHUJU U
KOjH JOMIPUHOCE aHTUOKCHIAIIMOHOM e(peKTy OBOT Boha, HayYHHIIM IIMPOM CBETa CMATpajy J1a
apoHMja MOXKE J]a OCTBApHU U 3Ha4ajHe eeKTe y JIeuewhy U MPEBEHIIN]H T1jadeTec MeIuTyca U
CBUX Mparehux MHUKpPO M MakpoBacKylapHux komruimkanuja (117-120). Hamme, Ha BuIIE
pa3IMYUTUX MOJIENa JIOKa3aH je aHTHIUja0eTCKu edekaT apoHHje, a MPEAIOKEHU Cy U

Pa3NIUYUTH MEXaHU3MH KOjU Cy yKpaTko HaOpojanu y Tademan 1.

[TpenyiosxeHN MEXaHU3MH Pedepenna
| axTuBanmja nunenTuam nentuaase IV koju ce mocTuxe 1ejcTBOM (117)
[UjaHUIUH 3,5-TUTTYKO3H 1A
| amcopmiyja rirykose win | npeyzumae rirykose nepudepHuM TKUBOM (118)
| xoHnenTpamnuja tuodapourypue kucenuue (TBARS), ykymnHor (119)
xonecrepona (TC) u tpurnuuepuna (TG) y kpBu
uHXuOUIMja anda riyko3uaase (120)

ITopen Beh cmomenyTux edekara Ha KapauoMeTaOOJIMuYKa 000JbeHa, OUTHO je
HAIlOMEHYTH Ja Cy TO3UTHBHU edekTn aponuje npumeheHH W Ha 000JbeHUMA
TacTPOMHTECTUHAIHOT TpaKTa, ald H Ja IIOCTHKE 3HayajHe aHTUHH(IaMalnoHe,
HEYPOIIPOTEKTUBHE U UIMyHOMOtynaTopHe edexre (107, 121).

300r cBUX HaBEJIEHUX MPOTEKTHBHHUX e(dekara apoHHUje, IUJb OBE CTyIHje Ouo je aa

ucnuta eQexre nujere odoraheHe apoHHUjOM Ha MaIoBe ca META0OIMYKIM CHHIPOMOM.
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1.2.2. DPAPMAKOJIOUIKU ITPUCTVII V JIEUE®HBY METABOJIMYKOI' CHH/IPOMA

VY ciydajeBuMa Kaja HedapMaKoJIONIKa Tepanuja He oKaxe eeKTe Wi Kaaa uX ce
MAIjeHTH Ha IPUpKaBajy, HEOXOJHO je OTIIOYETH ca (hapMaKoJIOIKoM Tepanujom. Hanme
KaJla ce TOBOPHU O (papMaKoJIOIIKO] TEPANHji METAOOINYKOT CHHPOMA, 3allpaBO Ce MUCIIH Ha
Teparujy CUMIITOMa OJJHOCHO MaHHU(ecTalja MeTabonnukor cunapoma. C 003upoM 1ia ce oBa
cTyauja HHMje OaBWiIa MCIUTHBambUMa (apMaKOJIOMIKOT MPUCTYIA Y JeUeHmhy MeTaboInYKOr
CHHJpOMa, Y OBOM IIOIJIaBJby camo he ce Habpojatu rpyrne JIeKoBa Koje ce Hajuenihe
Ipernopyyyjy NalrjeHTUMa Y [UJbY JIeUeha METa00IMYKOT CHHIPOMA.

Naxo cy He(hapMaKoJIOIKK MPUCTYIIN Y JIeUeHY F0ja3HOCTH HajaIeKBATHH]H, HEPETKO
ce KOJ] MalyjeHaTa ca mIpeKoMEepEeHOM TEJIECHOM TEKUHOM yNoTpedsbaBajy U JeKoBU. JIeKoBU
KOjH ce Hajuemnrhe mpenopydyjy cy: OpJIUCTaT KOjH JeNyje TaKko IITO MHXUOUpa MaHKpeacHy U
racTpOMHTECTUHANHY Jla3y, CWIOYTpaMHH KOJjU HWHXMOMpa TIOHOBHO MpEy3UMame
HOpaJIpeHaIMHA U CEPOTOHMHA HAa HUBOY MPECHMHANTHYKUX HEYypOHa U MET(POPMHH KOjU je
3aIpaBO OpaJHU aHTHIWjAOETHK, M je Y HAjHOBHJUM CTyJMjamMa IOKa3aHo J1a UMa 3HavyajHe
edexTe y penyKiuju tenecHe Texune (122).

dapmakoTrepanuju y Ciydajy JAMCIMIMAEMHja ce mpuberaBa camMo Kajaa
HedapMaKoJIOIIKe Mepe HUCY Jajie 3HaudajHe edekTe. Y 3aBUCHOCTH OJ IMCIHIIUICMHU]E
MIPENopyUyjy ce JIEKOBHU U3 IpyIe CTaTuHA (MHXUOUTOPU XUAPOKCUII METUII Ty Tapril KOSH3UM
A penykrase), pubpara, 3aTUM XOJeCTUPAMUHA, XOJIECTHIIONA, €3€TUMHUO, aJTh U pudJba yiba U
omera 3 macHe kucenune (123).

AHTUXUTICPTECH3UBHU JICKOBH Cy NOOpO MpOyuYeHH, a Tepamnuja ce Oupa Ha OCHOBY
WH/IMBUIYaTHUX KapaKTEpUCTHKA ManujeHata. Jleyeme ce yBeK 3allOuuibe jeTHUM JIEKOM Y
HajMamkOoj MPErnopyyueHoj MO03H, a OHJAa YKOJHMKO je TO MOTpeOHOo, 03a M Opoj JeKoBa ce
nocrenieHo nosehaBajy. Y oBy rpymy jekoBa ce yopajajy ACE mnxuburopu, Gmokaropu
peuentopa 3a anruoteHsuH lI, Oera Oyokatopu, OJIOKATOpPH KAJILIMjyMCKHX KaHala u
muyperunu (124).

Ja Om ce copeunnu nopemehaju TonepaHuMje Ha TIIYKO3Y, HPEBACXOAHO Ce
npernopyuyje npuMeHa MeT(opMruHa Koju cMamyje IPOAYKIIH]Y TIIyKO3€ Y JeTpH U UHXUOHpa

TJIMKOHEOT€HEe3y U THAa30JIMIMHANOHA KOjU CIEKTUBHO akTuBupajy PPAR-y (125).
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1.3. OKCUJIALIMOHU CTPEC

Oxcupmanonu crpec mpeacrasiba nopemehaj paBHoOTexke m3Mmely mpookcupaHaca u
aHTHOKCHJIaHAca, KOja MOXe HACTaTH Kao MOCJIEHUIa CMAabeHEe aHTHOKCUAALMOHE 3alITHTE
u/unu nosehane npoaykiuje cao00HUX pajukana. HecTaOuimHM U jako peakTUBHU MOJIEKYIIH,
aTOMU WJIM JOHU KOjU Y aTOMCKO] OpOUTANIN cajjpKe HecTIapeHe eJIeKTPOHEe, MOTY Ce MOHAIIaTh
Ka0 OKCHJAIMOHA WIIM PEIyKIIMOHA CPECTBA, Y 3aBUCHOCTH OJ1 TOra Jia i he mpuxBaTUTH WK
JTOHUPATH eNeKTpoH. OBU CEKyHIapHU TJIaCHUIM HA3MBAjy c€ CI000JHU paJuKalld, a HaCTajy
TOKOM MeTa0ONMYKMX peakija hemuja M Kao pe3ynraT H3jarama CHOJbAIlBbUM (aKTOpuMa
(126, 127). CnoGomHu paavkamy HHTEparyjy ca OHOMOJIEKyJIMMa TpU YeMy JoJjla3u 0
OCHJIAITMOHO-PEAYKIIMOHOT CTpeca henuje Koju Jajbe JOBOIM O KacKaJHUX peakiuja u
nporeca.

Penokc crame henmja nma 3HavajHy yJory y peryianju GyHKUMOHUCama henuja u
MOXKE€ TOKpPEeHYTH hpoiudepanujy ¥ akTtuBanujy henuja (MO3UTHBAH YTHIA]), WM MaK
uHXMOULM]y pacta W hemujcky cMmpt (HeratuBaH oaroBop) (126). OmHOCHO, Yy HHUCKHM,
(U3MONOIKMM KOHIIEHTpalMjaMa UMajy yJIOTy y CUTHAIM3aluju U QyHKIIMOHKCawky henuja u
MUTOXOH/IpH]ja, a y BUCOKMM KOHIICHTpalldjaMa HapyllaBajy XomeocTa3y u omrehyjy hemuje.
VY OUONOIIKUM CHCTEMHMa MPOOKCHIAHCU Cy Hajuerhe KMCEOHMYHE M a30THE PEaKTHBHE
BpcTe, Mel)y KojuMa ce pa3ivKyjy HepaauKajcke u paaukaicke yectuie (128). Y peaktuBHUM
BpCTaMa KHCEOHHUKa, Ka0 paJIMKaJCKe YECTHIIE U3]IBajajy ce CyNepoKcua aHjoH paaukain (Oz™
), xunpokcun panukan (OHe), mepokcun pagukan (ROQe), ankokcun pagukan (ROe) u
xugpornepokceun paaukan (HOOe), nok ce y HepaJuKaJCKUM YecTHIIaMa M37Bajajy BOJOHUK
nepokcun (H20.), xunoxnopna kucenuaa (HOCI) u o30H (O3). [Ipu uemy je mwuxoBa riaBHa
yliora y KOHTPOJM THPOAYKIHMje EPUTPONOETHHA, peNlaKCalllju TJaTKe MYCKyJaTrype H
CUTHAJIHO] TPAHCAYKLHMjU TMPEKO pa3iIuduTux MemoOpanckux penenrtopa (129). Ca apyre
CTpaHe, y peaKTHBHUM BpCcTama a30Ta, Kao PaJUKaJICKe YECTHIIC U3/[Bajajy Cc€ a30T-MOHOKCH/T
pagukan (NO') u azor-muokcupa paaukan (NO;'), AOK ce y HepaauKaJICKUM 4ecTHhllama
u3nBajajy mepokcHHUTPUT aHjoH (OONO™) u ankun nepokcuHutputr (ROONO). Bbuxosa
TJIaBHA yJIOTa j€ y pelaKcalliju IJ1aTKe MyCKyJaType, 0THOCHO KOHTPOJIM BaCKYJIapHOT TOHYCa
(130).

Jla Ou ce mTeTHH epeKTH MPOOKCHAaHAca HEyTpaIHCcalt, KOJ aepoOHIX OpraHu3aMa
pa3BUjeH je EH3MMCKH M HEEH3UMCKM CHCTEM aHTHOKCHAAlMoHEe 3amrTure. HajsHauajHUju

€H3MMCKHM €HJOT€HHM aHTUOKCUAAHCU cy cymnepokcuna ausmyrasza (SOD), karanaza (CAT),
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rirytatioH nepokcunaza (GPx) m rimyratnon pemykraza (GR), a HeeH3UMCKH [-KapoTeH,
ButamuH C, penykoanu riayTtatnos (GSH) u a-rokodepoin. On cBUX HaBeeHUX, Y IPAMAPHO]
samTuTu opranusma ydectByjy SOD, CAT u rayratuonu (GPx, GR u GSH) (131, 132).
YMmameHa eH3MMcKa (yHKIMja KOJA KapIMOBACKYJNAapHUX 000JbeHa jOII yBEK HHUjE Y
MOTITYHOCTH pa3jallli-eHa, ali Ha OCHOBY €MHJIEMHOJIOMIKHUX CTY/ja MOXKE Ce MPUMETUTH J1a
U TeHCKE Bapujalje MOTy JONPUHETH pa3BojeM mojeauHux obossewma (133). Cymehm mo
pesyaTatuMa OpOjHMX CTyIWja, OKCHJAIIMOHM CTpec TOBe3aH je ca pas3BojeM
KapJIMOBACKyJIapHUX OOJIECTH, alM Yy3POYHO-TOCIEOUYHA Be€3a M Jajbe HHUje MOTIIYHO
pazjaimimeHa. Bucoke KOHIIEHTpauuje TpooKcuaaHaca omrtehyjy — MakpoMoJjekyde,
HapylllaBajy CUTHAIM3AlMj€ BACKYJIAapHOI 3HMJa W XOMEOCTazy Kajlujyma, IITO ce
MaHH]ecTyje apuTMHjaMa M CpuYaHHUM peMmojeioBameM. Mehyrtum, mopen nosehane
NPOAYKIMje PEAKTUBHUX A30THUX M KHCEOHMYHHMX BpCTa, CMameHE AHTHOKCHAALMOHE
pesepBe, Takolje TmpeacTaBibajy 3HadajaH (aKTOp pHU3MKAa 3a HAcTaHaK OpOjHUX

KapJIMoBacKyJIapHUX obossema (133, 134).
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2. IUJBEBU UCTPAKHNBAIbA

OnmTy nusk OBe cTyauje O6uo je na ucnuta edexre ucxpane odoraheHe eKCTpakTom

apoHMj€ ca CTaHAAPAW30BAHUM IMPOIEHTOM MNOIM(EHOTa, HA EKCHEPUMEHTATHOM MOJEIY

naroBa ca MeTabonIKuM cHHIpoMOoM. CrierupUuHN TUJLEBU OBE CTyIU]j€ OWMIIU CY:

1)

2)

3)

4)

5)

6)

7)

8)

UCIHUTATH TPOMEHE TeJeCHE TEKMWHE KOJ IaloBa Ha CTAaHAAPAHO] HCXPAaHU WIH
ucxpanu obOoraheHoj nuNUIMMa, y KOMOHMHALMjU ca EKCTPAKTOM apoHHje ca
CTaHJapAN30BaHUM MPOLIEHTOM MO (eHoa;

MPOYYHUTH poMeHe (PYHKIIM]E Cplia KO IMaroBa Ha CTaHAapIHO] HCXPaHU WIIM UCXPaHH
oboraheHoj mMnuANMa, y KOMOWHAIM]U Ca EKCTPAKTOM apOHHU]€ ca CTaHAapAN30BaHIM
MPOIIEHTOM Moyn(eHOoa;

ucnuTaTd epeKTe CTaHgapAHe JUjeTe WM aujere oboraheHe nunuauMma, y
KOMOWHAIIMjH ca eKCTPAKTOM apOHH]j€ Ha HUBOE TIYKO3€ U MHCYJINHA;

MPOYUYUTH JIMITUAHU TPOQUIT KO IAI0Ba KOjU Cy XpambeHU CTaHAAPAHOM JHjETOM WIH
aujeroM oboraheHoM JUMHUINMA, Y KOMOWHAIM]U ca €KCTPAKTOM apOoHHU]E;

UCIHUTATH MAaCHOKHCETMHCKH TNMpo(ui KOJ IMalnoBa KOjU CY XpameHU EKCTPAKTOM
apoHMje ca CTaHJAapIU30BaHMM IPOLEHTOM NOJU(eHoNa y KOMOMHAIMjH ca
CTaHJapJAHOM MJIM UCXpaHOM oOoraheHoM JIHUnuanMa;

UCIHUTATH PEIOKC CTAaTyC TaloBa XpameHUX EKCTPAKTOM apOHHje U CTaHAAPIHOM
JIMj€TOM WJIH JIjeToM 0OoraheHoOM JHIHUIIMa;

UCTPAXUTU TATOXMCTOJIOIIKE MPOMEHE Ha cpily, OyOpe3mma, MaHKpeacy M jeTpH
maroBa KOJjU Cy Y3 eKCTPakT AapoHMje€ XpPameHH CTaHIApAHOM, HIH IHjETOM
oboraheHoM UMMM,

YHOPEIUTH eeKTe OBUX JIBE]Y UCXPaHa U MPEAT0KUTH MEXaHU3ME KOJU Cy OJITOBOPHU

3a HACTaHAK yOueHUX edekara.
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3. MATEPUJAJI U METOJIE

3.1. BPCTA CTYJIUJE

OBo je ekcrepuMeHTallHA CcTyAuja Ha mamnoBuma Wistar albino coja. Ilojenunu
napameTpu npahenu cy in vivo, 10K je pyHkiuja cpua npahena ex vivo. Hakon xpTBoBama
naroBa, epekar je MCIMTHBAH U Ha TKUBUMA OpraHa.

Crynuja je cnpoBeneHa Ha 72 manosa, Wistar albino coja, MyIIKor moja, CTapocT 8
Hejesba, poceune TeaecHe mace oko 200 + 20 rpama. ExcriepuMeHTanHe KUBOTHELE Cy Ouiie
YyBaHE Yy CTPOr0 KOHTPOJIMCAHHM YCIIOBHMA, NPU YEeMy je TeMIepaTypa y BUBapUjyMy
n3Hocuina 25°C, noK ce HMKIYC CBETIOCT-TaMa Memao Ha 12-12 yacoBa. YciioBU uyBama cy
Oounmn mpema nponucuMa EThuke KOMHCHje 3a 3aIITHTY JOOPOOMTH OTJIEAHUX >KUBOTHUIHA
dakynrera MEIUIIMHCKUX Hayka YHUBep3ureTa y Kparyjesiy.

Crymuja je cmpoBeaeHa y JlaGopartopuju 3a KapAHOBacKyJapHy (DU3HOJIOTH]Y
dakynrera MEJUIIMHCKUX Hayka y KparyjeBiy, rmpu uemy cy ce MOIITOBAJe CBE MPENOpyKe
EBporicke Yuuje npema EU Directive for welfare of laboratory animals (86/609/EEC), kao n

MPUHIMIH 100pe 1abopaTtopujcKe mpakce.

3.2. XPOHUYHHU ITPOTOKOJ CTYJIUNJE

XpOHUYHHU MPOTOKOJ CTyIHje Tpajao je ocam Hexesba (Camka 8), a Wistar albino
NAIOBHU Cy Hajpe pa3BpcTanu y 6 rpymna (1o 12 namosa y cBakoj rpyInH):

¢ CTRL — KOHTpOJIHA TPyTIa 3APaBHX MAI[0BA KOja j€ TOKOM YATaBOT EKCIIEPUMEHTATHOT
NepUOo/Ia XpamkbeHa CTaHAaPIHOM XPaHOM;

e SAE — KOHTpoOJIHA TpyIia 37[paBUX MaIoBa Koja je XpameHa CTaHJapJHOM XPaHOM Y
KOMOWHAIIM]H Ca €KCTPAKTOM apOHHU]€ ca CTaHIapAM30BAHUM IIPOLIEHTOM MOJIM(EeHOa;

e MetS+HFd — rpyna mamoBa ca METaOOJIMYKUM CHHIPOMOM KOja jé TOKOM YHTaBOT
EKCTIIEPUMEHTAIHOT NIEPUOJIa XparbeHa XpaHoM oboraheHoM JHIMUINMa;

e MetS+HFd+SAE — rpyna mamoBa ca MeTaOOJMYKMM CHHIPOMOM KOja j€ TOKOM
YUTABOT EKCIIEPUMEHTAHOI TMEpUoJia XpambeHa XpaHoM oOoraheHoM ImnuauMma, a
MOCIIEAIhe YETUPHU HeNeJhe y o0pasall HCXpaHe je MoJaT EKCTPAaKT apoHHje ca

CTaHAApAU30BAHUM IMPOLICHTOM HOHH(beHOHa;
- 26 -



JlokTopcka aucepTanyja [Merap Mwmmh

e MetS+Sd — rpyna mamoBa ca MeTabOJIMYKMM CHHIPOMOM KOja je XpameHa XpaHOM
oboraheHOM JUMHUIUMa 0 TPEHYTKA M3a3MBamka META0OIMYKOT CHHAPOMA, a HAKOH
TOra Ce HACTABUJIO Ca CTAHAAPIHOM XPaHOM;

e MetS+Sd+SAE — rpyna manoBa ca MeTa0OIMYKUM CHHAPOMOM KOja je XpameHa
XpaHoM o6oraheHoOM JIMIUANMA IO TPEHYTKa W3a3uBamba METaOOIUYKOT CHHIPOMA, a
HAKOH TOTa C€ HACTaBWJIO Ca CTAHAAPJAHOM XPaHOM y KOMOHMHAILIMjU Ca €KCTPAKTOM

apoOHM]€ ca CTaHAapIU30BaHUM MPOIIEHTOM MOJU(EHOIA.

Hnoykuyuja memabonuuxoz cunopoma IHHpumena SAE
HEJIEJbE 1. = 2 wup 3. e 4. wap 5. =ap 6. =mpp 7. = 8.
CTRL Crangapana qujera (Sd)
Crangapana qujera (Sd)
SAE
SAE (0,45 mL/kg nHeBHO)
MetS+HFd HMujera odorahena nunuguma (HFd)
Hujera odorahena nunuguma (HFd)
MetS+HFd+SAE
SAE (0,45 mL/kg nHeBHO)
MetS+Sd  Iujera oborahena munuauma (HFd) Crangapana aujera (Sd)

Crangapana aujera (Sd)

MetS+Sd+SAE  Mujera odorahena sunuauma (HFd)
SAE (0,45 mL/kg nHeBHO)

Cauka 8. [IpoTokon cryauje

VY cBuM rpynama rie ce y HazuBy Hanasu SAE, mozxpasymesa ce s1a ¢y maroBu Owin
XpambeHNU CTaHIApAM30BAHUM EKCTpakToM aponwuje (Standardized Aronia Extract, SAE) y
no3u on 0,45 mL/kg nHeBHO, TokOM 4 Henesbe (01 MOYETKA METe A0 Kpaja OCMe Helesbe
xpoHHYHOT TpoTokona). SAE je ekctpakrt miona Aronia melanocarpa y o0nuKy pacTBopa 3a
opanny ynotpeOy (TaGema 2). OBaj exkcTpakT je mpousBoj (apmaleyTcke KOMIIaHH]je
Pharmanova (beorpan, CpOuja), umja ekcTtpakuuja je ypahena on crpane EU-Chem

kommanuje (beorpan, Cpouja).
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Ta6ena 2. 3acTynIbeHOCT MOjeAMHIX (PapMaKOJIOMIKM AKTUBHUX jenmbema y SAE

AHTOLHjaHUHHI Konnenrpanuja y SAE
[HjaHUIAH 3-TaNIaKTO3H]T 2,68
[UjaHATUH 3-TITYKO3H]T 0,16
OUjaHuIIH 3-apaOuHO3UT 0,66
[UjaHUTAH 3-KCHIIO3H T 0,14
daaBoHOUIN
pyTHUH 0,12
XUIEPO3U] 0,27
H30KBEPLIETUH 0,15

I'pynne CTRL u SAE, xao u cBe apyre y uMjeM Ha3uBY ce Hana3u Sd, XpameHe Cy
cTaHmapaHoM xpaHoM (Standard diet, Sd) xoja je y cebu campxkana 9% macrtu, 20% npoTenHa,
53% ckpoba u 5% Bnakana. I'pyne CTRL u SAE xpameHe cy OBOM J1jeTOM TOKOM YHTaBOT
eKCTIIEpUMEHTAIHOT Tepuosa (07 MoYeTKa HpBE IO Kpaja OCMe HeJesbe), JIOK Cy TpyIe
MetS+Sd u MetS+Sd+SAE xpameHe 0BOM J1jeTOM 0J1 TOYeTKa MeTe JI0 Kpaja OcMe Heslesbe.

I'pynie y unjem HazuBy ce Hanazu HFd, xpameHe cy XpaHOM ca BUCOKUM caJpixKajeM
mumuna (High Fat diet, HFd) koja je y cebu cagpxana 25% wmactu, 15% mnporeunna, 51%
ckpoba u 5% BrakaHa.

I'pymie koje cy y cBOM Ha3zuBy umaie MetS, 3ampaBo cy YMHWIIE MAllOBH KOjUMa je
MPETXOHO OMO M3a3BaH MeTabonnuku cuHapoM (Metabolic syndrome, MetS). Metabonmuku
CHHJIPOM, M3a3MBaH j€ KOJ MaroBa mpeMa Jo0po MpOyuyeHOM M BHIIE MyTa MOTBpheHOM
npoTtokosy. Hawnme, mamoBu cy TOKOM Mecell AaHa (O IMOYETKa IMpBE J0 Kpaja 4eTBpTe
HeleJbe) XpameHu XxpaHoM obOorahenom mummumuma (HFd) nHakom wera wum je
MHTPANICPUTOHEATHO MHjEKTOBAH CTPENTO30TOIHMH y 1031 011 25 mg/kg Tenecue Texxune (135).
Tpu nana HakOH MpPUMEHE CTPENTO30TOLMHA IPOBEPABAHO j€ J1a JIH je U3a3BaH METa0OIHMYKU
CHHJpOM KoJ raroBa. CaM0O OHHM MallOBH KOJ KOjUX Cy MapameTpH Owiu y cieaehem paHry
SBP > 140 mmHg, DBP > 85 mmHg, rimukemuja Hamte > 7 mmol/L, uacynun Hamre > 150
plU/ml, Ounm cy ykJbydeHM y CTYOMjy M CMaTpajd Cy c€ MaloBUMa ca METAaO0O0IUYKUM

CHUHPOMOM.
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3.3. BAPUJABJIE MEPEHE Y CTYJIUJHN

Jla Ou ce ucnuTane yinore pasIMUUTHX JUjeTa o0oraheHux eKCTPaKTOM apoHHje ca
CTaHJapAW30BaHUM IPOLIEHTOM MOJU(EHOIa Ha Pa3BOj U JIEUCHE METa0OIMYKOT CUHIPOMA,

CBU e()eKTH Cy OJIBOJEHH y HEKOJIHMKO 3aCEOHUX LIETHHA.

3.3.1. TEJIECHA TEXMHA ITAIIOBA

TokoM eKCHepUMEHTATHOT IEPHOAa, KUBOTHH-aMa j€ JEJHOM HEAEJbHO MEpeHa
TeJecHa TEXKUHA, TelecHa Ay)XKMHAa M oO0uM abmomeHa. Ha OCHOBY OBHX BPEIHOCTH CY
npopauyHaBanu BMI u Lee nnnekc. ¥ ofespKy pe3yJiTaTy IPUKa3aHe Cy MPOCEYHE BPEIHOCTH
pe KOH3yMaIlfje eKCTpakTa apoHuje (y YeTBPTOj HENeJbH E€KCIIEPUMEHTAHOT MPOTOKOJA,
obenexxeHo kao (), HAKOH JIBE He/lEIbE O/l KOH3yMallje eKCTpakTa apoHHje (Ha Kpajy Liecte
HE/IeJbe EKCIIEPUMEHTATHOT IMPOTOKOJa, O0ENeKeHO Kao 2) M HAKOH YETUPU HEIeJbe O]
KOH3yMallije apoHHje (Ha Kpajy ocMe HeJleJbe eKCIIEPUMEHTATHOT ITPOTOKOJIA, 00EIeKEHO Kao
4).

BMI unzekc ce n3pauyHaBao Kao OHOC U3MEPEHE TEJIECHE TEXKUHE () U KBaJpUpaHe
BPEIHOCTH TeslecHe ayxuue (cm?). TenecHa ayXuHA ce MepWiIa u3Mel)y ByIIKe ¥ aHaTHOT
0TBOpa. Lee MHJEKC ce U3pauyHaBao Kao KyOHU KOPEH OJIHOCa TeJIECHE TeKUHE (g) U TelecHe

ny>kuHe (cm).

3.3.2. DYHKIIMJA CPLIA TTAIIOBA

dynkuyja cpua manosa in vivo je onpehuBaHa pemnmHOM IUIeTH3MOrpadujoM H
exoKkapauorpadujom.

Penna muetm3morpaduja mpencraBjba HEMHBA3WBHY METOAY 32 MEPEHE KPBHOT
nputucka nanosa (Rat Tail Cuff Method Blood Pressure Systems (MRBP-R), IITC Life Science
Inc. USA) n nomohy oBe merone nodujene cy Bpennoctu SBP, DBP kao u ¢peksenua cpia
(HR) (136).

Exoxapauorpaduja je cmnpoBeneHa Ha Hewlett-Packard Sonos 5500 (Andover,

Massachusetts) amapaty, momohy kora cy moOHMjeHe BpemHOCTH JAeOJpMHE 3Hjaa
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MHTEPBEHTPUKYJIAPHOT CENTyMa Ha Kpajy aujacrtone (interventricular septal wall thickness at
end diastole, IVSd), yHyTpamime TuMeH3Hje JIeBe KoMope Ha kpajy nujactone (left ventricle
internal dimension at end diastole, LVIDd), nebpuHa 3a1mer 3uaa jJeBe KOMOPE Ha Kpajy
nujacrone (left ventricle posterior wall thickness at end diastole, LVPWd), kao u nebsprHa
3UJ1a MHTEPBEHTPUKYJIAPHOT CeNTyMa Ha Kpajy cuctode (interventricular septal wall thickness
at end systole, IVSs), yHyTpalima ITMMEH3Hja JIeBe KOMope Ha kpajy cucrone (left ventricle
internal dimension at end systole, LVIDs), ne6puHa 3aamer 3ujaa JieBe KOMOpPE Ha Kpajy
cucrone (left ventricle posterior wall thickness at end systole, LVPWs) u mporeHat
dpakmuonor ckpahema (fractional shortening, FS) (137).

HakoH XpOHHYHOT MPOTOKOJIA, KUBOTHEGE Cy aHECTE3MpaHE WHTPAICPUTOHEATHOM
MHjEKIIjOM Koja je canpxana komOunaiujy keramuta (10 mg/kg) u xeunaszuna (5 mg/kg) n
KPTBOBaHE, a M30JI0BaHA CpIla Cy MOCTaBJbeHa Ha Langendorff-oB amapar 3a peTporpagHy
nepdysujy. Cpua cy nepdynaoBana 3arpejanum (37 °C), racupanum (O2:CO2 = 95:5) Krebs-
Henseleit-oBum pactBopom (pH 7,4) xoju je y cebu umao anexkBatne konmumHe NaCl, KCI,
MgSO4x7H>0, NaHCO3, KH,PO4, CaCl2%2H>0 u riyko3e.

Haxkown mto je censop (transducer BS473-0184, Experimetria Ltd, Budapest, Hungary)
YBEJICH Y JIEBY KOMOPY CpIla, OTIIOYENIO ce ca ex vivo npahemeM (yHKIM]je cpia Kpo3 cineaehe
napamerpe:

e dp/dt max - makcumanHa Op3MHA pa3Boja MPUTHCKA y JIEBO] KOMOPH;
e dp/dt min - MUHUMaIHA CTOMA pPa3BOja MPUTHCKA y JIEBO] KOMOPH;

e SLVP - cucTomHN NPUTHCAK Yy JIEBOj KOMOPH;

e DLVP - tujacToyiHu NpUTHCAK Y JIEBOj KOMOPH;

e HR - ¢ppexBenna cpua;

e CF - kopoHapHU NPOTOK je MepeH (IIOYMETPHU]CKH.

Haxon nepuopa crabunmsanuje (mepuoq y Kome ce cpue ~npuiarohasa” ceH30py H
YCIIOCTaBJba KOHCTAHTHE BPEJHOCTH CBHX IapaMeTapa) OTIIOUUELE CE Ca ex Vivo TPOTOKOJIOM
Ha Langendorff-oBom amapary. Hajupe ce koponapuu mnep¢dysuonu mnputucak (CPP)
nocraBjbeH Ha 60 cm BoaeHor cryda (cmH>0), HakoH yera ce mocteneHo moBehaBa Ha 80
cmH>0, 100 cmH20 u 120 cmH;0, a onna cmamyje Ha 40 cmH2O u oner nocremneHo nosehasa
on 40 cmH>0 1o 120 cmH>O. IIpBu nuxiryc (60-80-100-120-40 cmH,>0) Ha3BaH je TPOTOKOI
npomene nputucka 1 (PCP 1), a npyru mukiyc (ox 40 no 120 cmH20) Ha3BaH je mpOTOKOI
npomene nputucka 2 (PCP 2). IIpuinkom mpomeHe ca jeZJHOT Ha IpyTy MPUTHCAK, BOJIU Ce

pauyHa Ja mpole HajMambe 5 MHHYTa, OJHOCHO Jla C€ Ha CpLE HCIOJbH edekar MpoMeHe
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nputucka. Ynopehyjyhu speanoctu npunokom PCP 1 u PCP 2, no6ujajy ce uadopmaruje o
¢byukuuju cpua. [la 6u ce ucnuranu epekTu pazuIuTUX UCXpaHa, mopeheHo je MPOLeHTYaTHO
cMameme (-), 0IHOCHO nporeHTyanHo nosehame (+) usmehy PCP 1 u PCP 2.

Ha cBakoM KoOpoHapHOM TMep(y3MOHOM TPUTHUCKY Y €NpyBeTe je MPUKYIJbaH
KOpPOHApHH BEHCKM e(IyeHT, KOju je A0 Ja/bux aHanmu3a yyBaH Ha -20 °C. Anamuze
KOPOHAPHOT' BEHCKOT euIyeHTa Mojipa3yMeBaje Cy Mepeme MPOOKCHIAIMOHUX Iapamerapa:
HuTpuTH (NO2'), HHIEKC IunuaHe nepokcuganrje (meper kao TBARS), cynepokcun aHjon
pamukan (O27) u Bomonuk mepokcua (H>Oz). C o03upoM ma cy ce 3a oapehuBame OBHX
napameTapa KOPUCTHJIC CTaHIAapHE, BHIIE IyTa JETaJbHO OIKCaHE IMpoLEeaype Koje ce
kopucte y JlabGopaTopuju 3a KapAauoBacKyiapHy ¢usuonorujy dakynrera MEAUITUHCKHX
Hayka YHuBep3utera y Kparyjesiry, camo he ce KpaTKo OnucaTy OCTYIIH U TaJlacHe Ay KHHE
Ha KOjUMa Cy arcopOaHiie MepeHe.

HuBo HuTpuTa je ogpehuBan kao WHAECKC MPOIYKIHje a30T MOHOKcHAA y Griess-0BOM
pearency. OBa MeToJa je MPBEHCTBEHO NMpHUKazaHa y cryauju Green M capaJHUKa KOJH CY
JIeTaJbHO OIUCANIU MIPOTOKOJ 110 KOME C€ MOTY OJIpEIUTH HUBOU HUTpUTA Mepehu ancopOaHILy
y30pKa Ha TalacHoj JyHuHHU o1 543 nm (138).

Wupekc aunuaHe nepokcuaanuje MepeH je unaupekTHo npeko TBARS nuBoa, mpema
Mertonu o Ohkawa-y xoja je moapazymeBana aa ce y 1% TtuobapauTypHy KHCETUHY Koja ce
Hanaswna y 0,05 M NaOH nunerupa ajnexkBaTHa KOJIMUYMHA IUIa3M€, HAKOH Ye€ra ce TaKBU
y3opuu uHKyoupajy Ha 100 °C TokoMm 15 MuHyTa, a ancopbaHiia Mepu Ha TAIACHO] Ty>KUHU
01 530 nm (139).

HuBou cynepokcuJ aHjoH pajuKajga MEPEHH Cy Y peakiyju HUTPO TETPa30JIUjyM
IUTaBOT IIPU YeMy HacTaje HUTpo ¢opmas3oH miaBu. HakoH peakiyje kojy je omoryhuna ecejna
CMella Koja je Jjojiata y y30pKe, ancopOaHIia je MepeHa TpH IyTa Ha TajJacHoj Ty HHHU o1 550
nm y3 memame (140).

Mepeme HIMBOA BOJOHHUK MEPOKCUIA Y Y30pLUMa IJIa3Me, 3aCHUBA Ce Ha OKCHJIAIHMjH
(heHOI IPBEHOT y PEaKINju Koja je KaTalnu3oBaHa horseradish nepokcuaa3zom. 3a oapehuBame

BOJIOHMK TEPOKCUA KOPUCTH ce MoauduKoBaHa MeToja 1o Pick-y (141).

231 -



JlokTopcka aucepTanyja [Merap Mwmmh

3.3.3. TECT OPAJIHOI" OIITEPEREBA I''TYKO30M

Tect opannor ontepehema riyko3om (OI'TT) cmpoBeneH je Ha Kpajy XpOHUYHOT
MPOTOKOJIA, JeJlaH JIaH TIpe KPTBOBama manosa. Hakon 12 no 14 wacoBa rinagoBama, y3uMaHa
j€ KpB U3 pena y Kojoj cy ce oapehuBalie BpeHOCTH TITyKO3€ U HHCYIuHA (oOenexene kao 0).
[ToroMm je cBUM MaroBUMa per os aTa TiIyko3a y 1031 oa 2 g/kg TenecHe TexXHHE, HAKOH Yera
je KpB u3 pena y3umana HakoH 30-or, 60-or, 120-or u 180-or MuHYyTa O]l MPUMEHE TITYKO3E.

HuBou riykose cy mepenu y cBuM crioMeHyTuM uHtepBanuma (0, 30, 60, 80, 120 u
180) momohy rimykomerpa (Accu-Chek, Roche Diagnostics, USA) y3 xopuiitheme ageKBaTHUX
TpayuIIa.

Ca npyre cTpaHe, MHCYIUH je MepeH HamTe U 180 MUHyTa HaKOH MPUMEHE TIIYKO3e,

nomohy ELISA kommiera.

3.3.4. JIMIINIHU ITPODUJI

Jlunmugau mpodmi y CBUM TpylaMaM IaloBa MCIHMTHUBAH je KPO3 MEpeme HHUBOA
ykynHor xonectepona (TC), TG, LDL u HDL xonectepona y kpu namosa. Henmocpenno npen
KPTBOBamkE y3UMaHa je KpPB K0ja ce CaKyIsbajia M oMax LeHTpudyrupaia 1a Ou ce oaBojuia
wia3ma u epurpouuTh. Ilnasma je onmax npedarnuBana y HoBe enenaopde u uyBana Ha -20 °C
70 TpEeHyTKa Kaj cy aHanuze pahene. Ca npye cTpaHe, €pUTPOLUTH Cy TP MyTa UCITHUPAHU Y
(U3MOTIOLIKOM PacTBOPY, HAKOH Yera Cy JIM3UPaHu MoMohy JAeCTHIIOBaHE BOJE U TAKO YyBaHU
Ha -20 °C 10 fajpux aHaIM3a.

CBu numuaHM TapaMeTpu cy oapehuBaHuM CHEKTPO(YOTOMETPHjCKH moMohy
KOMEpPIHjalHO JOCTYNMHUX Komruieta (Siemens Healthcare Diagnostics), kopuctehu

MIPOTOKOJIE KOjH Cy MPETopyUeHH O CTpaHe rpou3Bohaua.

3.3.5. MACHOKUCEJIMHCKHU ITPODUJI

MacHokUCenMHCKH Tpodun oapehuBaH je y IUla3MU MaoBa MOIU(PHUKOBAHOM
MmeTozioM Glaser-a v BeroBUX capajJHuKa Koja je oojaBbeHa 2010. rogune (142). OBa merona

noapa3ymena cienehe kopake: y 100 ul mnazme gogaro je 1,5 ml x1opoBofOHUYHE KHCETHHE
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Koja ce Hanasuina y metanony (3 M HCl y metaHomy), HakOH Tora cy y30piy UKyOupanu 45
MuHyTa Ha 85 °C M ocTaB/beHH Ha COOHO] TeMIepaTypH Jia ce oxjazne. Y Y30pKe je 3aTUM
noxaro 1000 pl xexcana, a HAKOH Tap CEKyHIM Ha BOPTEKCY, y30pLu cy LeHTpudyrupanu 10
munyTa Ha 1800 g. Crnoj ca xexcanom (oxo 600 pl) je ocTaBibeH qa ymapu 10 CyBa, HAKOH Yera
je y mux poxato joumr 100 pl xexcana. 10 pl om oBor y3opka je MHjEeKTOBAaHO Yy TacHH
xpomarorpad (Shimadzu 2014) ca kammtapaom komoHom RESTEK Rtx 2330, 60 m, 0,25 mm,
0,2 um. Temmnepatypa ce kperana y oacery ox 140 no 210 °C Tokom 3 MuHyTa.

MacHe KucenuHe Cy IMojeIuHayHO ojapehuBaHe Tako IITO Cy ce mopeawna Jo0HujeHa
pEeTEeHIIMOHA BpeMeHa ca KOMepLHjanHo JocTynmHuM crangapauma 3a PUFA (Supelco, Inc.,
Bellefonte, Pennsylvania, USA). Pe3yaratu cy npukazaHu Kao MPOLEHAT YKYMHUX MAacHHUX
KHCETMHA Y Y30pPKY, OJJHOCHO TPYIH Y K0joj cy onpehuBaHu.

3a TmpoleHy aKTUBHOCTH onpeheHHX eH3UMa YKJbYuYeHUX Yy OHMOCHHTE3y MAacCHUX
KHCETHA, PepavyyHaBaH je 0JHOC u3Mel)y Mpou3BoIa U mpeKypcopa:

e 3a akTHBHOCT enonrase: 18:0/16:0;
e 3a nenrta 6 mecarypasy (D6-mecarypaza unaekc): 18:3n-6/18:2n-6;
e 3a nenrta 5 mecarypasy (D5-nmecarypasza ungekc): 20:4n-6/20:3n-6.

Jla Ou ce ucrurana gentra 9 pgecarypasa, MO3HaTa M Kao CTEApOMJI KOCH3UM A
necatypasa (Stearoil-CoA desaturase, SCD), mpepauyHaBaHa Cy JBa pa3MuuTa HHAEKCA
(SCD1) 16:1 u 16:0 y ykynaum nunuauma u (SCD2) 18:1 u 18:0 y ykynmHUM aunuauma.

3acTyJbeHOCT MAaCHUX KHCENMHA HWCIHTaHa je M y Jujerama (CTaHOapAHO] H
oborahenoj nunuanma), a ¢ 0063upom ga SAE He caapku MacHE KUCEIMHE HeroB JI0JaTaK

MCXPaHU HUje YTHIIA0 HA MPUCYCTBO MACHUX KHCEIHHA.

3.3.6. HUBOU I'BOXDBA

C o03upoM J11a ce y JaUTEepaTypu 4ecTo MOTy Hahu onpeyHa MHIbEHa O €PeKTHUMA
apoHMje M HEHUX EeKCTpakaTa Ha HUBOE TBOXkDa, jKelemu cMO Ja MUCIHUTaMoO e(eKTe Halie
nvjere Ha oBaj mapamerap. HuBou rBoxha (ug/l) oapehuBanm cy Ha OHOXEMHjCKOM

a"anuzatopy (Dimension, Dade Behring) y nna3mMu CBUX UCIIMTUBAHUX TpyIIa MaloBa.
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3.3.7. TAPAMETPU OKCUJALIMOHOI' CTPECA

VY mna3Mu manoBa oApehuBaHM Cy MCTH NMPOOKCHIAIIMOHU MapaMeTpH Kao IITO Cy
onpehuBanu y kopoHapHoM BeHCkoM edayeHty: NO, TBARS, O, H»0.. Merone 3a
oJpehuBame OBUX IapameTapa y Imjia3Mu 3aCHUBAJIE Cy c€ Ha MeTo/laMa Koje ¢y KopuiheHe 3a
onpehuBame HUXOBUX HHBOA y KOPOHAPHOM BEHCKOM e(IyeHTY M30JI0BAaHOI Cplia MaroBa
(138-141), mpu uemy cy kopuirheHH NPOTOKOIM Masl0 MOAM(PHUKOBAHU M TMpuiaroheHu
y30pluMa Iiasme.

[TapameTpu aHTHOKCHAALMOHOT CHUCTEMa 3allTHTE, KAO IITO Cy aKTUBHOCT KaTajiase
(CAT), cynepokcua aucmytaze (SOD) u HuBou peaykoBanor riyratuona (GSH) cy mepenu
y y30pLuMa JTU3UPaHUX EPUTPOLIHUTA.

AKTHBHOCT KaTajase je MepeHa mpemMa MeTo 1o Beutler-y Ha TanacHoj gy uHHu 360
nm y y30puuma Koju cy Omiu paz0iaxeHn BOJIOM M €TaHOJIOM Jia O ce YKIOHHO XeMOTJIOOUH
(143).

AKTHUBHOCT CyNEpOKCH]] AUCMYTa3e je MEpeHa eMUHE(PPUHCKOM METOJOM KOjy CY Y
CB0jOj CTyAHju AeTasbHO onucanu Misra u Fridovich, a mogpasymMmeBana je Mepeme arcopOaHie
y30paka Ha TanacHoj nyxuHu ox 470 nm (144).

Mertona 3a ofpehuBame peayKoBaHOT TiyTaTHOHa 3acHuBaia ce Ha GSH oxcunanuju
npeko 5,5-autnoOuc-6,2-HUTpoOeH30eBe KHCEIMHE KOja je NeTabHO OMHCaHa Yy CTYAWjU

Beutler-a n capannuka, a mojpasymeBana je Mepeme arcopoaniie Ha 420 nm (145).

3.3.8. XUCTOITATOJIOILIKA AHAJIM3A CPIIA, JETPE, BYBPEI'A 1 ITAHKPEACA

HaxoH >XpTBOBama *KHUBOTHIbA, IIOPE]] CPLIa, U30JIOBATH Cy CE€ M JAPYT'H OpPTraHH MOIyT
jerpe, OyOpera u mankpeaca. [IpuKynbeHO TKHMBO ce TOKOM 24 wyacoBa (pukcupano y 4%
HeyTpaiaHoM (opmannexuny. [locne ¢pukcanmje, 10 TOTOBE MpUIIPEMe TKHBA CIPOBOAMIIO C€
HU3 Tpolieca: aexuaparanydja (pactyhe KOHIEHTpaIHje alKoXoJa), OCBETJbemne (XJopodopm
WIN KCWIIEH), (pukcupame y napapuHcke 0JIOKOBE anapaToM 3a Kanynsbewme (Leica HistoCore
Arcadia H), cedueme yKanylJbeHOT TKMBA MUKPTOHOM (NeOJpbMHA OKO 5 MUKpoHa, Leica RM
2125 RTS), nenapapuHM3Mpame (TepMocTaT, KCWIIEH), XuapaTauuja (omamajyhe

KOHIICHTpaLlMje ankoxoja) u 6ojeme. CBU y30pIM TKUBaA Ouim ¢y obpaleru y poky on 7 gaHa
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Ol TPEHyTKa HM30JI0Bama. 3a BU3YENU3aIHjy CTPYKTypa Y XUCTOJIOIIKHM CEKIMjaMa TKUBA
crpoBenio ce 00jerhe XeMaTOKCHUIINH/€03HUH TEXHUKOM.

HaxoHn ex vivo mpotokona, cpua manosa cy ¢ukcupana y 4% napadopmaniaexuny,
YKaJIyIJbeHa y MapaduH, ceyeHa Ha CeKIHMje, a MOTOM 00jeHa XeMaTOKCHIIMH/€03MHOM. 3a
aHaJIM3y TKHBAa MHOKapJa 3a CBAaKy JKUBOTHUIbY M3/[BOjEHA Cy IO JIBa KaJlyma O]l KOjHX CYy
HAYMI-EHH MPECELU KOjU Cy aHAIM3UPAHU.

3a aHaMM3y TKHBA jeTpe U MaHKpeaca 3a CBaKy KUBOTHUIbY j€ U3/BOjEH I10 jelaH KallyTl
O]l KOTa Cy HAYMCHHU MPECcell KOjU Cy aHaIM3UPaHU.

3a aHanu3y TKMBa OyOpera 3a CBaKy >KMBOTHIbY j€ M3/IBOjEH I10 jeJ]aH KaJIyIl Of CBaKOT
OyOpera, 071 KOra Cy HaUMIEHU MPECEL KOjU Cy aHATU3UPAHU.

Kanynu cy anamusupanu single-blind on cTpaHe creudjalucTe MaToJoruje, a

IpernapaTy Cy aHaJM3UPaHH MOJI CBETIIOCHUM MUKpockonoM (Olympus, Janan).

3.4. CTATUCTHYKA OBPAJIA ITIOJATAKA

3a craTuCTUUKY 00paidy pe3yiTara Ouo je kopuinheH craTucTudky nporpam SPSS 22.0
3a Windows.

3a omMc mapameTapa oj 3Hauaja, y 3aBUCHOCTHU O] FbUXOBE IPUPO/IE, KOPUCTHIIE Cy Ce
METOJIe JECKpUITHBHE CTaTHCTUKE. Y CllydyajeBUMa KaJa IMOAald HHUCY OWJIM HOPMAasHO
pacriopeleHu, KopucTuia ce Tpancopmaligja mogaraka, 0JHOCHO JIOTapuTaMcKa (QpyHKIHja,
KOja je MPeTX0AnjIa CTAaTUCTUYKO] aHATIH3H.

3a mopeheme 3aBUCHUX Bapujablid y OJHOCY HAa TPyNny M KOpUIINEHH TpEeTMaH,
ynotpebsbaBaina ce ABodakTopcka aHanusza Bapujance (ANOVA), a y ciydajeBuma Kajaa cy
MI0CTOjajie CTATUCTUYKU 3HAYajHE pa3jiuKe Cpe/ibe BpeAHOCTH opelema cy BpleHa y OKBUPY
Newman—Keuls multiple comparison post-hoc Ttecta. Y cllyuyajeBUMa HEMOT'YHOCTH
TpaHchopmalmje nojaraka, ynorpedsbaBao ce Kruskal-Wallis nenapameTpujcku TecT. 3a
TeCTHpame MOBE3aHOCTU U3Mel)y mapameTapa, y 3aBUCHOCTH OJ FlbMXOBE IPUPO/IE, KOPUCTHO
ce Pearson-oB wiu Spearman-oB Koe(DUIIUjEHT KOpealmje.

CraTuuku 3HaYajHUM HUBOOM CMaTpaje cy ce BpenHocTu Mame of 0,05 (p<0,05), a ce

BPEIHOCTH Cy MPUKa3aHe Kao Cperba BPeIHOCT + CTaHaapHa AeBHjallja.
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4. PE3YJITATH

4.1. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA ITPOMEHY
TEJIECHE TEXKUHE ITAITOBA

Tenecna Texuna nanosa npukasasa je kpo3 BMI u Lee unaekc. Kao mito je npukazano
Ha I'paduxony 1, nanoBu ca MeTabOMTUYKUM CHHJIPOMOM MMAJIM Cy CTaTUCTUYKU 3HAYAjHO
Behe Bpennoctr BMI y onHocy Ha 31paBe narose. [Ipomena ucxpaHe ca MacHe Ha CTaHIApIHY
XpaHy JoBeNla je 10 3HadajHor maga BMI kox mamoBa, JOK Cy MamoBU ca METa0OIMYKHM
CHHJIPOMOM KOjU cy OwiM XpameHH KOMOMHAIMjOM CTaHAapaHe aujere oboraheHe
eKCTPaKTOM apoHHuje uMmaiu Hku BMI y onHocy Ha manoBe ca MeTabOIMYKUM CHHIPOMOM
KOjH Cy OMJIM XpambeHU CaMO CTAHAapIHOM JIHjETOM.

Bpennoctu Lee unnekca Ouie ¢y CKOpO UCTE y CBUM HCIUTHBAHUM TIpylaMa, 1a 3aTo
Hucy rpaduuku mnpukazane: 2,53 y CTRL, 2,46 y SAE, 2,75 y MetS+HFd, 2,69 y
MetS+HFd+SAE, 2,68 y MetS+Sd u 2,57 y MetS+Sd+SAE rpymu.

1.2
ab
1 1 ab
I abcd
0.8 abcde
I I
= I
o I
0.6 1
S
[aa]
04
0.2
0
CTRL SAE MetS+HFd  MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

I'padpuxon 1. BMI y ucniutuanuM rpynaMa HakoH 8 HefleJba EKCIIEPUMEHTATTHOT
IIPOTOKOJIA.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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4.2. EOEKTU JTUJETE OBOI'AREHE EKCTPAKTOM APOHUJE HA ®YHKIINJY
CPIIA ITALTOBA

SBP, DBP, kao u HR Gmiu cy 3HauajHO MOBUILIEHH y IPYIH HA0Ba ca META00INIKUM
CUHAPOMOM Yy oaHocy Ha 3apaBe mnaunose (I'pa¢uxonm 2-4). V rpynama namoBa ca
MeTa0OJIMYKUM CHHAPOMOM y kKojuma je SAE y xomOuHammju ca Sd yBedeH y HCXpaHy,
Bpennoctd SBP cy ce 3HayajHO cMmammie y OAHOCy Ha BpemHoctd y MetS+Sd u

MetS+HFd+SAE rpynama (I'paduxon 2).

ab
ab

160 I ab I abce

140 I I
< 120 I I
T
e 100
£
S 80
[aa]
v 60

40

20

0

CTRL SAE MetS+HFd  MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

I'padpuxon 2. SBP y uciutuBaHuM rpynaMa HakoH 8 He/leJba EKCIIEPUMEHTAITHOT
MPOTOKOJIA.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y oxaocy Ha MetS+Sd.
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DBP je 6uo 3mauajuo Behu y MetS+HFd rpymu, y ognocy na MetS+HFd+SAE,
MetS+Sd u MetS+Sd+SAE rpyne, aok je y MetS+Sd+SAE rpynu DBP Bpemnoct Ouna

3HAYajHO HWXKA HEro KOJ OCTAIMX I'pyna marosa ca MetabomunukuM cuaapoMom (I'papukon

3).
120
abcde

CTRL MetS+HFd  MetS+HFd+SAE  MetS+Sd MetS+Sd+SAE

g

(o]
o

DBP (mmHg)
()]
o

>
o

o

I'padpuxon 3. DBP y ucnutrBanuM rpynamMa HakoH 8 HeJleJba €KCIIEPUMEHTAIHOT
IIPOTOKOJIA.
8p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.

-390 .



JlokTopcka mucepTanuja [Merap Mwmmh

VYBohewe SAE y ucxpany namoa ca MerabonudkuM cuaapomom y MetS+HFd+SAE
rpynu, noseno je 1o nosehawa HR y ognocy na MetS+HFd u MetS+Sd rpyne (I'padpuxon
4).

500
450

abc

ab abd ab

400
350

= 300

Q.

8 250

o

T 200
150
100
50

CTRL SAE MetS+HFd  MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

I'padpuxon 4. HR y ucnutuBanum rpynama HakoH § HeZleJba €EKCIIEPUMEHTAIHOT POTOKOA.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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Kon 31paBux manoBa ymja ucxpana je 6una odborahena SAE, npumeheno je 3HauajHO
noBehame [VSd, LVPWd, IVSs, LVPWs, FS u cmamewe LVIDs u LVIDd y ogroCy Ha 31paBe
naroBe KojuMa HHja IpUMemHBaH 0Baj ekcTpakT. Ca nmpyre crpane y rpynu MetS+HFd,
BpenHoctu [VSd u IVSs 6une cy 3nauajHo cHrxkeHe, ok cy Bpeanoctu LVIDd Oune 3HauajHO
nosehane y onHocy Ha SAE rpymy. FS je 6uo 3nauajno muxu y MetS+HFd rpynu, y ogaocy
Ha BpenHocTH 3abenexxene y CTRL u SAE rpynama, xkao u y MetS+HFd+SAE u MetS+Sd
rpynama y ogHocy Ha SAE rpymy. YBoheme SAE y ucxpaHy manoBa ca METa0OIHMYKUM
CHHJIPOMOM KOjH Cy XpameHU CTaHAApAHOM [HjeTOM 3HAuajHO je yTHIIAa0 Ha IoBehame

LVIDd, IVSs u LVIDs (Ta6ena 3).

Tabena 3. Edext paznuuuTux nujera Ha in vivo npaheHe KapAnoanHAMCKe MapaMeTpe

mm CTRL SAE MetS+HFd MetS+HFd+SAE MetS+Sd MetS+Sd+SAE
IVSd 1,22+0,2 1,89+0,22 1,28+0,3b 1,34+0,2 1,58+0,2 1,59+0,2
LVIDd 6,80+0,4 5,73+0,22 6,23+0,4 6,70+0,4 5,53+0,3 7,93+0,4¢
LVPWd 1,94+0,4 3,45+0,42 2,22+0,1 1,72+0,1> 1,88+0,2b 1,93+0,2>
IVSs 2,48+0,3 3,64+0,37 2,33+0,1° 2,52+0,2 2,45+0,2° 3,240, ]ace
LVIDs 3,20+0,5 2,03+0,22 3,24+0,2b 3,16+0,1 2,48+(0,2acd 3,45+0,2be
LVPWs 2,98+0,2 4,97+0,12 3,16+0,2 3,26+0,2 2,760,2° 3,45+0,3

FS (%) 53,2+4,18 65,745,012  49,0+3,99 52,2+4,32b 51,4+4,19° 56,3+4,21
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y oxaocy Ha MetS+Sd.

Ha I'paduxony 5 (ucrnpekunana JuHMja MpEACTaBba MPBHU, a IMyHa JHMHUjA JPYTH
mukiyc npomeHe CPP) mpukazane cy BpemHocTH ex vivo mpaheHuX mHapamerapa cpyaHe
¢dyHKIH]je, TOKOM MPOTOKOJIAa Y KOME C€ MeHajy MPpUTHCLH, 10K cy y Tabeam 4 npukazaHne
NpOIeHTyallHe pa3nuke u3Mmely 1Ba LUKIyca HMpOMEHe MNpHUTHCKa Ha Langendorff~-oBom
armapary.

Haj3nauajuuje pasnuke y BpeagHoctuma dp/dt max npucytae cy Ha CPP = 60 cmH20 u
80 cmH>0O y MetS+HFd (-24,77; -35,3) u MetS+Sd (-24,23; -28,11) rpynama. Kon cpua
naroBa ca MeTaboJIMYKIM CHHJIPOMOM KojuMa je naBaH SAE, nciuTuBaHu napaMeTpu ce HUCY
3HAa4YajHO MEHAIH MPUIMKOM J[Ba LIUKIyca MpoMeHe mpuTucka. BpenHnoctu dp/dt min cy ce
3Ha4YajHO MEmalle caMo KoJ KoHTpousHe rpyne nanosa Ha CPP = 60 cmH>0, 80 cmH20 and

100 cmH>O (npouentyanne pasuke -21,25, -22,03, -29,7).
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I'pagukon 5. Ex vivo npaheHu kapanoIMHAMCKH TapaMEeTPH Y UCIIUTUBAHUM IpyTrama.
Ta6esa 4. [IporeHTyanHe paznuke y BpeIHOCTHMA KapJUOJUHAMCKUX MapameTrapa umelhy

IpBOI' XU APYTOI' HUKITyCa IPOMCHC NPUTHUCKA
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CPP

60
80
100
120

60
80
100
120

60
80
100
120

60
80
100
120

60
80
100
120

60
80
100
120

CTRL

-11,05
6,11
-10,88
-0,63

21,25
22,03
-29,70
-12,04

8,35
13,11
16,81
7,79

12,50
16,05
10,47
7,61

-5,29
-1,96
-4,58
-3,41

12,37
3,57
-5,10
1,21

SAE

-5,99
-12,90
-4,79
1,91

-14,81
-11,53
-11,43
-8,14

-9,49
-1,66
-5,81
-16,29

16,67
10,20
-0,93
-5,26

4,01
3,85
2,77
2,63

-10,07
-10,40
-8,33

-14,66

MetS+HFd MetS+HFd+SAE

-24,77
-35,30
-6,22
5,62

-0,46
-0,80
-7,04
-8,08

5,37
5,70
-1,22
12,60

2,50
-2,22
-4,21
0,00

-6,26
-6,82
-5,04
-3,21

-3,11
-5,78
-2,55
-14,96

dp/dt max
-1,07
-4,41
-4,08
-9,39
dp/dt min
-0,62
-9,03
-3,81
-3,15
SLVP
10,80
8,55
2,15
1,99
DLVP
-15,79
-19,05
-15,38
-2,86
HR
1,59
0,23
3,66
7,85
CF
6,74
5,48
-0,57
1,51
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MetS+Sd

-24,23
-28,11
-8,80
-2,06

-13,64

-18,90
-9,14
2,63

-10,58
4,18
3,72
4,12

14,41
9,32
15,87
4,13

1,39
0,41
0,31
1,02

1,93
7,88
13,44
7,59

MetS+Sd+SAE

-13,13
3,77
-14,02
3,24

-6,36
2,32
12,42
1,16

4,06
2,44
-12,46
-0,07

6,67
4,76
9,09
8,45

2,51
1,10
-0,37
0,61

-4,55
-3,36
-4,55
-1,04
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Ha I'paduxony 6 (ucrpexkunaHa JUHMja TpPEACTaBba MPBHU, a IyHa JHMHUjA IPYTH

nukiayc npomeHe CPP) mpukazaHe cy BpeAHOCTH NPOOKCHIALMOHMX IIapaMerapa y

KOPOHAPHOM BEHCKOM €(IIyeHTY KOjU j€ CaKylJbaH TOKOM ex Vivo MPOTOKONa, JOK Cy Y

Tabenu S nmpukazaHe NpoLEHTYaIHE pa3IMKe OBUX MapameTapa u3mel)y Ba ukityca npoMeHe

nputucka Ha Langendorff-oBom amapary. Huje Omio CTaTUCTHYKM 3HAYajHUX pas3iiuKa y

BpEIHOCTUMA MPOOKCUIAIIMOHUX NTapameTapa u3Mehy nBa mukinyca npomene CPP.
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I'pagukon 6. [IpookcugannoHu napaMmeTpu y KOpOHapHOM BEHCKOM e(PIIyeHTYy.

Tabena S. IlpouenTyanHe pasjivke y BpeAHOCTHMA MPOOKCUIALMOHUX MapaMerapa usMehy

IIPBOT U IPYrOr HUKIIyCa IPOMEHE IIPUTUCKA
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CPP CTRL SAE MetS+tHFd MetS+HFd+SAE MetS+Sd MetS+Sd+SAE
NO>™ (nmol/ml)

60 | -16,11 5,82 8,87 -3,69 -1,16 -10,05
80 | -0,70 -11,28 -4,23 9,31 7,95 -5,26
100+ 2,39  -6,05 -21,47 -9,07 7,92 0,57
120 @ -0,44 -19,59 -11,14 2,91 -6,37 -3,84
TBARS (umol/ml)
60 | -18,33 0,00 21,20 -2,23 -10,89 -18,33
80 | -9,19 -20,60 15,57 5,45 -0,75 -12,06
100 -2,30  -8,08 -11,11 -1,04 7,22 -8,41
120 1,64 -2223 6,43 8,14 8,72 4,75
02 (nmol/ml)
60 @ -14,60 -5,12 20,55 14,69 0,43 7,03
80 | -14,82 -6,23 20,49 -16,11 8,73 32,83
100 | -10,00 -15,72 0,97 -5,42 16,71 17,42
120 = -6,15 -47,57 -39,29 6,45 17,61 13,21
H>0; (nmol/ml)
60 @ -12,14 -8,79 -11,89 -0,86 4,23 -7,67
80 | -19,62 -16,64 -41,76 23,68 15,69 -28,90
100 -16,37 -9,59 -3,34 24,72 3,68 -12,84
120  -21,04 -20,98 -21,93 10,99 -4,98 -10,63
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4.3. EOEKTU JIUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA TECT
OPAJIHOI' OIITEPEREIHA I''TYKO30M KO/l ITALTOBA

[Ipoceune BpemHoOCTH Tiayko3e, MmepeHe TokomM OI'T Tecra mpukasaHe cy Ha
I'paguxony 7. Bpemnoctu riyko3e HamTe Omie cy mnoBehaHe Koj CBHX MaloBa ca
MeTa0OJIMYKUM CHHIPOMOM Y JIOHOCY Ha 31paBe mnamose, ceM y MetS+HFd+SAE rpynu, rae
CY BPEIHOCTH TJIyKO3€ OWJIM HajHIKH Yy OHOCY Ha CBE Ipyle MamoBa ca METa0OIHMYKUM
curapomoM. Takolhe, HUBO riryko3e je 6uo 3HayajHo HwxH y MetS+Sd+SAE rpymnu, y ogHocy
Ha MetS+Sd rpyny. Cnuvan Tpenn npumeheH je npmimkom Mepema y 30-om, 60-om u 120-om
MUHYTY OJ] IpUMEHE TJIyKo3e, 0K je cy y 180-oM MuHYTy HajBHIIE BPEJHOCTH Ouie y

MetS+HFd rpymm.

12

10

--{3-- CTRL
§ 3 —&— SAE
€
£ ---Cr-- MetS+HFd
3 6
S —@— MetS+HFd+SAE
3
%n 4 ~=-fx-- MetS+Sd
E? —A— MetS+Sd+SAE
2
0 T T T r -
0' 30' 60' 120' 180'
Time (min)
0' 30" 60’ 120" 180"
CTRL 5.81+0.34 8.82+0.41 7.93+0.42 7.29+0.34 6.08+0.39
SAE 5.35+0.40 7.91+0.36 6.75+0.37° 6.55+0.44 5.75+0.41
MetS+HFd 7.85+0.38" 10.61+0.36™ 10.77+0.32% 9.91+0.34" 8.71+0.45
MetS+HFd+SAE 6.15+0.32° 8.59+0.40° 9.32+0.41% 8.45+0.42% 7.23+0.38°
MetS+Sd 8.42+0.33" 10.43+0.38* 9.90+0.36™ 7.25+0.35% 6.85+0.37°
MetS+Sd+SAE 7.19+0.37%% 8.60+0.39% 8.78+0.38" 7.18+0.39% 6.22+0.36°

I'padpuxon 7. Bpennocru riykose tokom OI'T Tecra.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y ogaocy Ha MetS+Sd.

Toxom OI'TT mepene cy u Bpeanoctu uncynuHa u To Hamte (0) u 180 MuHyTa HaKOH

JlaBama TIyKo3e MaloBuMa, a 1001jeHe BpeAHOCTH cy npukazane y TabGeau 6.
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Hajumxka koHumeHTpauuja mHCynuHa 3abenexena je y SAE, a najseha y MetS+Sd
rpynu, HamTe U 180 MuHyTa anmmMuHHMcTpauuje riykose. Koa mamoBa ca MeTabOIHMYKAM
CHHJIPOMOM, BPE€AHOCTH MHCYJIMHA OMIie cy 3HauajHO Behe Hero koJ 31paBux mnamosa. Takobe,
KOHIICHTpallKja HHCY/IMHA Ouia je 3HavajHo Hwka y MetS+Sd+SAE nero y MetS+Sd rpynu,

y O u 180. munyTy.

Tabesa 6. Bpequoctu nncynuna tokom OI'TT.

0’ 180’
CTRL 122,946,76 123,716,61
SAE 106,916,042 113,846,51
MetS+HFd 185,1+7,78%  129,346,38

MetS+HFd+SAE | 180,348,02a>  131,1+7,13b
MetS+Sd 205,8+9,872bed 145,247,650
MetS+Sd+SAE 182,149,32abcde 127 3+6,72¢

3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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4.4. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA JIMIIUJIHU
IMPOP®UJI ITAIIOBA

Bpennocty mUnuaHUX napamMeTapa MEpeHHUX y HCITUTHBAHUM IpylaMa, IpuKazaHe cy
y Tabean 7. Bpeanoctu ykymHor xosnecreposia 1 TG Ouie cy CTaTUCTHYKY BHUILE KOJ ITalioBa
ca MeTabOJIMYKIM CHHIPOMOM y OJIHOCY Ha BPETHOCTH U3MEPEHE KO/l 37paBUX MaloBa, CeM Y
MetS+HFd+SAE rpynu, rie cy BpeAHOCTH YKYITHOT X0JIecTeposia Ouiie CIMYHE BPEAHOCTUMA
y SAE rpynu. CrannapaHa aujera, moceOHo y komOuHaiuju ca SAE 1oBena je 10 CHUXKema
BPEIHOCTH TPUIIIMIEPUIA Y OJHOCY Ha Tpyle Koje Ccy HacTaBuje HcXpaHy obOoraheny
munuauma. Bpeaaoctu HDL cy Ouie 3HadajHO cHibkeHe camo y MetS+HFd rpymu y ogHOCy
Ha 31pase nanoBe (CTRL u SAE rpyne), 1ok je kom6unoBana Sd u SAE ucxpana 3HauajHO
noBehana auBoe HDL xonecrepona xon maoBa ca METa0OIUYKHUM CHHAPOMOM, TTOCEOHO y
nopehewy ca MetS+HFd rpynom. Hajeume Bpennoctu LDL xonecrepona npumehene cy kon
naroBa ca MeTabOJMYKUM CHHAPOMOM KOjU Y CBOjOj UCXPaHU HUCY UMAaJId €KCTPAKT apoHHje.
ITopen Tora, ucxpana oborahena SEA 3nauajHo je cHusmia HuBoe LDL xonectepona u Kox

3ApaBUX U KOJ ITalloBa Ca METa00INUKUM CHUHAPOMOM.

Tabesa 7. BpegnocTu TMnuaHuX napaMerapa MEpEHUX HAaKOH XPOHUYHOI IPOTOKOJIA.

CTRL SAE MetS+YHFd MetS+tHFd+SAE  MetS+Sd ~ MetS+Sd+SAE
TC (mmol/L) | 1,61£0,14 1,71£0,11 2,01+0,23% 1,82+0,19% 1,98+0,33%® 1,91+£0,25%
TG (mmol/L) | 0,35+0,10 0,40+0,07 0,62+0,19%® 0,56+0,15% 0,47+0,10%< 0,43+0,05
HDL (mmol/L) | 1,30£1,19 1,28+1,23 1,10+0,10® 1,20+0,07 1,25+0,10 1,49+0,26°

LDL (mmol/L) | 0,44+0,16 0,40+0,17 0,88+0,03® 0,57+0,14¢ 0,73+0,03%¢ 0,63+0,02°
8p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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45. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHHMJE HA
MACHOKHUCEJIMHCKH ITPO®UJI ITAITOBA

3acTymJbeHOCT MAaCHHUX KHCEJHMHA y CTaHAApAHO] M IujeTH oboraheHoj Iunuauma,

npukasana je y Tademan 8.

Tabena 8. 3actymybeHOCT MacHUX KucenuHa (mol% ox yKynmHUX MacHUX KucenuHa) y Sd u

HFd.

Fatty acid Sd HFd
Ci2:0 0,05 0,02
Cl4:0 0,51 0,94
Ci16:0 13,55 40,61

Cl6:1n-7 1,04 0,29
Ci18:0 2,30 4,52

Cl8:1n-9 24,95 38,33

Ci18:2n-6 49,93 14,33

C18:3n-3 1,17 0,13

C18:3n-6 0,19 0,06
C20:1n-9 3,25 0,36
C20:2n-6 0,13 ND
C20:3n-3 0,72 0,08
C20:3n-6 0,12 ND
C20:5n-3 0,06 ND
C22:6n-3 0,58 0,06
C24:0 1,38 0,15
SFA 17,87 46,10
MUFA 29,24 38,98
PUFA 52,90 14,66
n-6/ n-3 PUFA 19,90 51,50

SFA — 3acuhene macue kucenune, MUFA — monone3acuhene macHe kucenune, PUFA —

nojauHe3acuheHe MacHe KHUCEIUHE.
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HuBo manmurtuHCcke 3acuhene MacHe KHCEIMHE 3Ha4ajHO je cMambeH y MetS+HFd u y

MetS+Sd+SAE rpynu, y onnocy Ha CTRL u SAE rpyne (I'pa¢puxon 8). Huso SFA 6uo je

3HAYAjHO HMKHU KOJI TTAI[0BA ca METaOOIMYKUM CHHIPOMOM KojuMa Huje naBaH SAE y ogHOoCy

Ha CTRL rpymny.
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OCTRL

OSAE

O MetS+HFd

E MetS+HFd+SAE
O MetS+Sd

@ MetS+Sd+SAE

I'pajgukon 8. IIponeHaT UHIUBUAYAIHUX U YKYITHUX 3aCMNEHUX MACHUX KHCEIHHA

(SFA).

<0,05 y omnocy ma CTRL; ®p<0,05 y ognocy Ha SAE; °p<0,05 y omnocy nHa MetS+HFd;
y

4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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Ca gpyre crpane, Husou MUFA (I'padpuxon 9) Ounm cy 3Ha4ajHO HUXKHU KOJI CBUX
naroBa ca MerabonmukuMm cuHapomoMm (MetS+HFd, MetS+HFd+SAE, MetS+Sd u
MetS+Sd+SAE) y omHocy Ha HHMBOE KOJ 3/paBHUX IMAIoBa KOjU Ccy TOKOM 4 Hexesbe
konzymupanu SAE. Husou MUFA cy takohe Omie Hmwke y MetS+HFd+SAE u y MetS+Sd
rpynu Hero y CTRL rpynu. IIpouenar unausunyanaux MUFA (PLA u BakiieHCKe KHCETUHE
(VA, 18:1n-7)) 6mo je cmamen y MetS+HFd u MetS+HFd+SAE rpynama y omHocy Ha o6e
rpyrme 37paBux MaloBa, Kao U MaoBa ca METa00IMYKUM CHUHAPOMOM XPambEeHUX CTaHIapAHOM
mjeroM. Onenncka kucenuHa (OA, 18:1n-9) Ouna je 3HayajHO CHIDKEHa KOJ IMAroBa ca
MeTa0OJIMYKUM CHHIPOMOM Koju cy xpamweHu SAE kao u y MetS+Sd rpynu y ognocy Ha
31paBe manoBe koju ¢y xpamwenu SAE. Takohe, HuBo PLA 0Ouo je 3Ha4ajHO HIKU KOJ MaloBa
u3 MetS+Sd+SAE rpyne Hero kon 3apaBux nanosa xpameHux SAE. Jlonatak SAE y ucxpany

3JIpaBUX IAI0Ba, 3HAa4ajHO je moBehao HUBOe nanmuTonenHcke kucenune (PLA, 16:1n-7).

14 ¢

12 I

S 10 b at?bb OCTRL
Z .1 I | [l msa
s | [ [bby O MetS+HFd
.‘..3 6 1 B MetS+HFd+SAE
o_\é . O MetS+Sd
- a
s ab cd a@de cd @ MetS+Sd+SAE
, lLoa Ul DAL

palmitoleic acid oleicacid vaccenicacid MUFA

I'pajgukon 9. [IporeHar MHAMBUAYATHUX U YKYITHUX MOHOHE3aCMhEeHNX MacHUX KHUCEJINHA
(MUFA).
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.

Honartak SAE y ucxpaHy, HHje YTHIIA0 Ha HHUBOE WHIMBHUIYAJTHHUX N-3 MacCHUX
KHCeNMHa Koj 3IpaBux mamoBa: anda nuHonmeHcka kucenuHa (ALA, 18:3 n-3),

euko3aneHTacHcka kucenuna (EPA, 20:5n-3), noko3anenraencka kucenuna (DPA, 22:5n-3) u
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noko3axekcaeHcka kucenuaa (DHA, 22:6n-3), anu koJ maoBa ca MeTabOJIUIKUM CHHIPOMOM
koju cy xpawenu HFd mim kom6unanujom HFd u SAE, Bpennoctu cBux oBux n-3 PUFA Guie
Cy 3Ha4ajHO Mame y OAHOCY Ha KOHTpoiHy rpymy mnaroBa. Husom EPA u DPA Oumu cy
3Ha4YajHO HWXKH Ko oBUX rpyma Hero ko SAE rpyne, kao u DPA y MetS+HFd rpynu. ITopen
tora, HuUBou EPA cy 6umne mmxe y MetS+HFdA+SAE rpynu y ognocy Ha MetS+HFd rpymy,
1ok cy HuBou DHA 6unu 3nauajuo Bumu. [Ipumikom nopehema BpeJHOCTH KO TaloBa ca
MeTa0OJIMYKUM CHHJIPOMOM KOJU CY XpamkeHH CTaHJapAHOM U MaCHOM XpaHoM, puMeheHo je
na cy BpenHoctu EPA, DPA u DHA Oune Buine y rpymaMa rje Cy MAalOBU XpameHHU
crangapaHoM xpaHoMm. HuBom ALA Owiu cy 3HauajHo Bumu y MetS+Sd rpymu, Hero y
MetS+HFd rpymu, kao u xon MetS+Sd+SAE rpyne y onnocy Ha SAE u MetS+HFd+SAE
rpyne (I'paduxon 10).

L cd
25 + T cd
3
B I OCTRL
c 2 4
>
s SAE
5 i abq O
s 15 | O MetS+HFd
S r ab
5 W MetS+HFd+SAE
°—\°° 1+ O MetS+Sd
£ bcd
r @ MetS+Sd+SAE
0.5 -_ ac bd ﬂl
abc D i
O_ﬁﬂﬁiﬁi DE57 L U L
ALA EPA DPA DHA

I'pa¢uxon 10. [IpouieHaT HHAMBUYAIHUX N-3 MOJIMHE3aCMhEeHNX MAaCHUX KUCEJHHA.
8p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.

Ha TI'pajuxkony 11 mnpukazanu cy eQpekTH pa3IUuUTHX HCXpaHa Ha
HajpacnpocTpamenuje n-6 PUFA, kxao mTo cy nmHoneHcka kucenuHa (LA, 18:2n-6),
apaxugoHcka kucenmuHa (AA, 20:4 n-6) u ykynHe mnonuHe3acuheHe kucenune. Hamum
pe3ynraTu mokasdyjy na wcxpana oborahena SAE 3nauajuo moBehaBa HuBoe LA Koj cBHX

rpyIa namosBa, 0K je HUBO OBE MacHE KHCeIHHe 3HauajHo HIKH y MetS+Sd u MetS+Sd+SAE
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rpynama y oxHocy Ha MetS+HFd rpyny. [lopen tora, HuBo AA 610 je 3HaYajHO BUIIM Y

MetS+HFd+SAE rpynu y ognocy Ha SAE rpyny, kao u y MetS+Sd rpynu y onqnocy na CTRL,

SAE u MetS+HFd rpyme.
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50 -
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8 40 -
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ko b aIbc
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2 ab T T
e a M
X i a
< 20 c ac
€
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0 A LU L L

LA AA

s T

PUFA

OCTRL

OSAE

O MetS+HFd

H MetS+HFd+SAE
O MetS+Sd

@ MetS+Sd+SAE

I'padpuxon 11. [Tpouenat nunoneHcke kucennne (LA), apaxunoncke kucenuse (AA) u

YKyNHUX nonuHe3acuhennx macHux kucenuHa (PUFA).

3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;

4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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HajBumm HuBon auxomo-rama-nmuHosnencke kucenuae (DGLA, 20:3n-6) nponahenu cy
y MetS+HFd rpynu, 1ok je HuBo y-nmuHoneHcke kucenune (GLA, 18:3n-6) 6uo Bumu y CTRL
IpyIH, y OIHOCY Ha BpeTHOCTH Koje cy u3mepeHe y SAE, MetS+Sd u MetS+Sd+SAE rpynama

(I'pa¢ukon 12).

1.6
1.4 ab
812 I OCTRL
& O SAE
Z 1
& I I c.c I O MetS+HFd
gos8 B MetS+HFd+SAE
it
00.6
- a a a O MetS+Sd
g0.4 B MetS+Sd+SAE
0.2
0 L L L
GLA DGLA DTA

I'pa¢ukon 12. [IpouieHaT MHAMBUYAIHUX N-6 MONMHE3acCMheHNX MaCHUX KUCEJHHA.

3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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CnnyHo kao mTo je 6uo cinyyaj ca HuBouma PUFA, 3nauajuo Behe BpegHoOCTH n-6
MaCHHX KHCEJIMHA Cy puMeheHe Ko CBUX MaIoBa ca MeTaboIMIKUM CHHAPOMOM, 0e3 0031pa
Ha ucxpany. Hajumwxku nuBou n-3 PUFA nponaljenu cy xon marosa u3 rpyne MetS+HFd.
[Topen Tora, maroBu ca MeTabOJUYKUM CHHAPOMOM KOjH cy Omin Ha Sd McXpaHH, UMai Cy
Buie HUBoe n-3 PUFA Hero narosu xoju cy Ounu Ha HFd ncxpanu. ¥V ckiany ca oBUM 0IHOC

u3Mehy ofHoC n-6 U n-3 MacHUX KucennHa, 6uo je Hajum y MetS+HFd rpynu (I'padgukon

13).

60 —+
ab
50 4 T ab%babc
3 T
2 0k ab OCTRL
£ i OSAE
< C
® 30 - O MetS+HFd
o
5 B MetS+HFd+SAE
X i
E 20 Cc O MetS+Sd
E MetS+Sd+SAE
10 A
i cd cd
[l ababh
o U LIHE L O0=omUD i
n-6 n-3 n-6/n-3

I'paguxon 13. IIpouenat ykynuux n-3 u n-6 noimHezacuheHNX MacCHUX KUCEJIMHA U
oJHOC n-6/n-3.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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AKTUBHOCT JecaTypas3a M elloHrasza npukazaHe cy y Ta6eam 9. YBohewem SAE y
uCcXpaHy, 3HauajHO ce nmosehana nmpouemwena akruBHocT SCDI1 kox 3npaBux manosa. [Topen
Tora, mpumeheHo je a maoBu ca METabOIMYKUM CHUHIPOMOM MMajy 3HaYajHO HIKU MHJIEKC
SCD1 y omnocy Ha 3apaBe manoBe. Hajumxka aktuBHOocT DS pecatypase, mponaleHa je y
MetS+HFd rpynu (3nauajuo Hmwka ox akruBHoctd y CTRL, MetS+HFd+SAE u MetS+Sd
rpnama). Takole, mporemeHa akTUBHOCT OBOT €H3MMa Omita je 3HauajHo Beha KoJl marosa ca
METa0OJIMYKUM CHHIPOMOM KOJU CYy XPameHH CTaHAApIHOM XpPaHOM Y OJHOCY Ha 37paBe

IamoBe.

Tabesa 9. Unnekcu necaTypasa u eJ0Hrasa y miasmMu

FA CTRL SAE MetS+HFd MetS+HFd+SAE MetS+Sd MetS+Sd+SAE
SCD-1
0,06+0,01  0,08+0,01*  0,02+0,00® 0,01+0,00™ 0,04+0,03*™ 0,04+0,02%
16:1n-7/16:0
SCD-2
0,36+0,01  0,43£0,03  0,37+0,09 0,30+0,05 0,30+0,12 0,29+0,05
18:1n-9/18:0
D6
0,03+0,01  0,02+0,00  0,02+0,00 0,02+0,00 0,02+00 0,02+0,01
18:3n-6/18:2n-6
D5
33,03+1,32  32,61+£3,98 22,00+3,33° 46,20+8,09° 50,124£12,24%  43,05+6,87®
20:4n-6/20:3n-6
ELONG
0,83+0,08  0,76+0,04  0,89+0,07 0,88+0,06 0,81+0,12 0,91+0,15
18:0/16:0

3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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4.6. EOEKTU JTUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA HHBOE
I'BOXKBA

VYBohewem SAE y ucxpany, 3HayajHO cy noBehanu HUBOM I'Boxkha y CBUM rpymam,
TaKo Jia cy 3HauajHo Buie BpeaHoctu nponahene y SAE, MetS+HFd+SAE u MetS+Sd+SAE
rpynama, y OAHOCYy Ha octane rpyne. Hajumxe BpenHocTu rBoxkha 3alenexeHe cy y

KOHTPOJIHO] Tpymu y nopehemy ca ocranum rpynama (I'padguxon 14).

30

25
2
1
| I
0

CTRL MetS+HFd  MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

Iron (umol/L)
(6] o

o

(6]

I'padguxon 14. Huou reoxkha y cepyMy UCIIUTUBAHUX TpyIIa MMaIoBa.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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4.7. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA PEJOKC
CTATYC ITIAIOBA

Huo NO;" 6mo je 3Hauyajuo cumxeH y SAE rpymu y ognocy Ha CTRL rpymy u
3Ha4ajHO MOBHILEH KOJ CBUX IpyIia MA[oBa ca METaO0JIMYKUM CHHAPOMOM y OJTHOCY Ha IpyTie
3npaBux nanoBa (CTRL u SAE rpymne). Hajsume Bpennoctu NO>™ Ouine cy 3abenexene y
MetS+HFd rpynu, nok cy ce ca momatkom SAE y HFd wm Sd ucxpany oBe BpeaHoctu
3Ha4YajHO cMammie. Takole, MHTEpecaHTHO je Aa cy maunoBu u3 MetS+Sd rpyne umanu

3Ha4ajHo BHIIe BpeaHoctu NO2" y ogHocy Ha MetS+HFdA+SAE rpyny (I'pajgukon 15).

ab
5
-
g 1
o 4
I= abcd abc
§ 3 bc T z
o I
I 1
£ -
e T d
o2 —
Z —_—
1
0
CTRL SAE MetS+HFd  MetS+HFd+SAE  MetS+Sd MetS+Sd+SAE

I'padpuxon 15. HuBon HuTpuTa y m1a3mMu HCIIMTUBAHUX I'PyIa MalloBa.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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Hajume BpenHoctu O2” 3a0enexeHe Cy KOJ IaloBa ca METAOOIMUYKUM CHHIPOMOM
koju Hucy kouzymupaiu SAE. Takohe, yBoheme SAE y ucxpany 31paBUX M TamoBa ca

MeTa0OIMYKUM CHHIPOMOM, 3HaUajHO je cMamwuio HuBoe Oy (I'padukon 16).

2.5

1.5

CTRL MetS+HFd  MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

N

0, (nmol/min/g wt)

wv

I'paduxon 16. HuBou cynepokcu aHjoH paaukaia y Iia3Mi HCIIUTUBAHUX TPpyIia MaroBa.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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HuBou BOMOHMK Mepokcuaa OWIM Cy 3HA4YajHO MOBHUIIEHH Yy CBMM HCIHMTHUBAHUM
rpynaMa (ocum y MetS+HFd+SAE rpynu) y ognocy Ha HuBoe koju cy usmepenu y CTRL
rpynu (I'padpuxon 17).

45
4 a a
T

35 1 L I
T = L a
s T
w 3 L T
< L
c
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é 2.5 +
©
g 2
£
S'15
T

1

0.5

0

CTRL SAE MetS+HFd  MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

I'padpuxon 17. HuBon BOJOHUK NEPOKCHA Y IJIA3MU HCIUTUBAHUX I'pyTia MaloBa.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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Bpennoctu nHaekca aumuaHe nepokcuaanmje koju je mepen npexko TBARS, nucy ce
3HAa4YajHO pasziuKoBajie u3Mel)ly HCHOUTHBAHMX TpyHa HAKOH XPOHUYHOT MPOTOKOJIA

(I'pa¢gukon 18).
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CTRL SAE MetS+HFd  MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

I'padpuxon 18. Husou TBARS y nnazmu ucnuTUBaHUX rpyna namosa.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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AxrtuBHOCcT SOD 3Ha4ajHO je cMameHa KOJ MaljoBa ca METa0OIMYKUM CHHIPOMOM Y
OJTHOCY Ha H-eHY aKTUBHOCT KO/ 3/IpaBUX narosa. [I[poMeHa ca MacHe Ha CTaHIApAHY UCXPaHY
ca unu 6e3 SAE noBena je mo moBehama akKTUBHOCTH CyNepokcu aucMyTase y MetS+Sd u

MetS+Sd+SAE rpynama (I'paduxon 19).
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CTRL SAE MetS+HFd  MetS+HFd+SAE  MetS+Sd MetS+Sd+SAE

I'padpuxon 19. AKTUBHOCT CynEepOKCH] AUCMYTA3€ Y IU3UPAHUM EPUTPOLIUTHMA
MCIHUTHUBAHUX TPyIIa MaloBa.
3p<0,05 y omgnocy na CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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AKTHBHOCT Kananaze Ouna je 3HadajHo Buma y SAE rpymnu, y ogHOCYy Ha Jpyre
ucnutuBane rpymne (ocum y MetS+SA+SAE rpymu). Ca apyre crpane oBaj mapamerap je y
CTRL rpynu 6mo 3HauajHo BuiK y ofaHocy Ha MetS+HFd u MetS+HFd+SAE rpyny u
3Ha4ajHO HWXH y oxHocy Ha MetS+Sd+SAE rpyny. [Jonarak SAE y ucxpany mamoBa ca
MeTaboMHMYKUM CUHAPOMOM 3HauajHO je moBehao CAT y oIHOCHY Ha MamoBe KOjU HUCY

koH3ymupanu SAE (I'padpuxon 19).
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CTRL SAE MetS+HFd MetS+HFd+SAE MetS+Sd MetS+Sd+SAE

I'padpuxon 20. AKTUBHOCT KaTajlaze y JU3UPAHUM €pUTPOLUTHMA UCIIMTUBAHUX Ipyna
naroBa.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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Husou GSH 6unum cy 3nauajuo mosehanu y SAE u MetS+HFd+SAE rpynu y ogaocy

Ha octane ucnutuBane rpyne (I'papuxon 21).
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I'paduxon 21. AKTUBHOCT peAyKOBaHOT TJIyTaTHOHA Y JTH3UPAHUM EPUTPOLIUTHMA
WCIIUTUBAHUX I'PyMa MaloBa.
3p<0,05 y omgnocy Ha CTRL; ®p<0,05 y omnocy Ha SAE; °p<0,05 y ognocy Ha MetS+HFd;
4p<0,05 y ogrocy Ha MetS+HFdA+SAE; °p<0,05 y omaocy Ha MetS+Sd.
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4.8. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHHMJE HA
XHUCTOINATOJOHWKE ITPOMEHE INIOJEAUHUX TKUBA

4.8.1. EOEKTU HA TKMBY MUOKAPIA

MumuhHa TKMBa MHOKapjaa Cy y HOTIYHOCTH OYyBaHa M IPHCYTHA je TOIpeyHa
ucnpyranoct mumuha y CTRL, SAE, MetS+HFd u MetS+HFd+SAE rpynama. ¥V TKUBY HCTHX
rpyna (CTRL, SAE, MetS+HFd u MetS+HFd+SAE) He youaBajy ce 3HaIl HHTpALEITyJIapHOT
WIM WHTEPCTHLMJATHOT €eMa, He youaBajy ce 3Halli IacHBHE XUIIepeMuje, HUTH henujcke
BaKyOJIM3allHje, XUIIEPKOHTPAKIMja capKkoMepa HUje IPUCYTHA, Kao HU (pUOpO3a WM HEKpo3a
TKHBA.

Ca npyre crpane y MetS+Sd u MetS+Sd+SAE rpynama npucyTHa je BakyoJau3aluja
CyOCHIOKapAHUX M CyONMKapJHUX KapAMOMHOIUTAa JIEBE KOMOpE, XUIIEPKOHTpAaKIHja
capkoMmepa, U MHTEPCTUIMjaIHU eneM. Hekpo3a KOHTPaKIHMOHMX Tpaka yoyaBa Cc€ CaMo Y

MetS+Sd rpynu (Canka 9).
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Cauka 9. Mummnhna TkrBa MHOKap/a 000jeHa XeMaTOKCHIINH/€03MHOM
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4.8.2. EOEKTU HA TKHBY JETPE

TxuBo jerpe maroBa u3 CTRL, SAE, MetS+HFd+SAE, MetS+Sd u MetS+Sd+SAE
rpyma 6uso je yoonuajeHux kapakrepuctuka. JIoOyiycu jeTpe cy ouyBaHe U mpaBuiHe rpabe,
XEMaTOLUTH Cy MPAaBHIHO pacropeleHn y jeTpuHUM rpeaunama, 6e3 MpoMeHa, CHHYCOUIHU
Karuiapyu cy yoOM4ajeHUX KapakTepucTuka, 0e3 mpomeHa. Hucy yodeHe HHKakBe IMpOMEHE
Koje Ou mpezacrasbasie puoOpo3y wim uHpnamanujy. Amu je y MetS+HFd+SAE, MetS+Sd u
MetS+Sd+SAE rpynama youena perka okanna Hekposa (Cauka 10).

Ca npyre crpane y TkuBy jerpe mnamoBa u3 MetS+HFd rpyme mnpucyrtne cy

MUKpOBe3uKyape MacHe npomene (Ciauka 10).
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Cauxka 10. Tkusa jerpe 000jeHa XeMaTOKCHINH/€03UHOM
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4.8.3. EOEKTU HA TKMBY BYBPET'A

TxuBo OyOpera mamoBa u3 cBux ucnutuBaHux rpymna (CTRL, SAE, MetS+HFd,
MetS+HFd+SAE, MetS+Sd u MetS+Sd+SAE) je 6uno yoOuuajenux kapakrepuctuka (Cauka
11).

Koprekc u Menyna cy jacHo AeduHuCaHH, OTHOCHO OYyBaHE Cy OCHOBHE I'palje TKUBa.
I'paha OyOpexxHux Tenamara U OyOpeXHUX TyOyna je MOTIYHO NMpaBHIIHA, 0€3 MPUCYTHHX

NaTOJIOMIKKX MpoMeHa. Hema 3HakoBa 3amasbema, efemMa, Hekpose, kao Hu ¢uopose (Cauka
11).
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Cauka 11. TkuBa O6yOpera (Memyse U KOpTekca) 000jeHa XeMaTOKCUIIMH/€03UHOM
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4.8.4. EOEKTU HA TKHUBY ITAHKPEACA

I'paha er3okpuHOr maHkpeaca je y IETUHH O4yBaHa Yy CBUM MCIHMTHUBAHUM Tpynama
(CTRL, SAE, MetS+HFd, MetS+HFd+SAE, MetS+Sd u MetS+Sd+SAE). Auunycu cy ca
jacHo neduHMcaHOM OazamHoM samuHOM. [lonmapusanuja anmHycHUX henwja je peryiapHa.
Hema undnamanumjckux npomena. Hema ¢uOpoze. Hema unTepcrunmjannor exema. Hema
Hekpose (Camka 12).

Ennokpunu naHkpeac je Takohe ouyBane rpale, y BUIy MpaBUIHO AUCTPUOHMYUPAHUX
JlanrepxancoBux ocTpBana. henmje cy ogyBane mopdomoruje. Hucy npucyTHe 3anabeHCKe

npoMeHe, kao Hu Gpudpo3a mim Hekposa (Ciuka 12).
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Cauxka 12. TkuBa mankpeaca 06
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5. JTACKYCHJA

5.1. EOEKTHU JUJETE OBOI'AREHE EKCTPAKTOM APOHHMJE HA ITPOMEHY
TEJIECHE TEXKUHE ITAITOBA

Hamm pesynratu jacHo ykasyjy na je Hajsehu nopact BMI npumehen kon marosa ca
MEeTa0OJMYKUM CHHAPOMOM KOjU Cy XpambeHH MacHOM XpaHOM M HaKOH HHIYKIHje
metabonuukor cunapoma (MetS+HFd rpyna). OBu pesynaru cy y ckiiaay ca OYeKUBambHMa U
y Kopenanuju ca Beh 00jaBJbeHUM pajioBHUMa, YMjU PE3YJITAaTH CBEIOYE J1a YCJIe[ XPOHHUYHE
ucxpane oboraheHe MacTuMa J0ia3u 10 3Ha4yajHOr HoBehama TeNeCHEe TEKMHE, KaKO KOJ
JbYIIU, TAKO U KOJ KUBOTUbA (146, 147).

VBolheweM eKCTpaKTa apoHHje y MCXpaHy MMAaIoBa ca META0OJIMYKUM CHHAPOMOM Y
KOMOMHAIMjH Ca MacHOM XpaHOM, CIpedaBa ce noBehame TelecHe TeXKHMHE M JI0JIa3u 10
cmamera BMI Bpennoctu. Mehytum, u mpomeHe y UCXpaHH, Koje TOJpa3yMeBajy mpesa3ak
ca MacHe Ha CTaHJapAHYy XpaHy JOMPHHEO j€ CHIDKEHY TelleCHE TEeXKUHE KO maoBa. Takobe,
BEOMa je BaKHO HAIIOMEHYTH J1a je 10 HajBeher CHIbKemha TelleCHEe TeXUHE JIOIIIO0 KO aroBa
ca MeTabONMYKHM CHHAPOMOM KOJU CYy XpameHHM CTaHIapJHOM XpaHoM oboraheHom

€KCTPAKTOM apoHHUje.

5.2. EOEKTU JUJETE OBOT'AREHE EKCTPAKTOM APOHUJE HA ®YHKIINJY
CPIIA ITAITOBA

VY3umajyhu y 003up Aa Cy KapAMOBacKylapHE KOMIUIMKAIM]jE BEOMa YecTe KOJ
o0oJenux o] MeTabOJMYKOT CHHAPOMA, jelaH Of LIMJbeBa OBE JucepTanuje Ouo je na ce
JeTaJbHO UCTHTAjy e(dekTH nujera oboraheHMX apoHHjoM Ha (QYHKIHUjy MHOKapjaa Koja je
npahena in vivo u ex vivo, KpBHH TPUTHUCAK, Ka0 U MapaMeTpe OKCHUIAIIMOHOT CTpeca y
KOPOHAPHOM BEHCKOM €(IIyeHTY.

[Ipena3ak ca BHCOKO KaJlOpUYHE Ha CTaHJApAHY HCXpaHy JOBEO je J0 TMajaa
JIMjacTOIHOT KPBHOT MpuTHCKa. Mnak, Haj3HA4YajHUjU XUIIOTEH3UBHU e(ekaT KoJl MamoBa ca
MEeTa0OJTMYKUM CHHIPOMOM, IIOCTUTHYT j€ y TPYIH TamoBa KOju Cy XpambeHU KOMOMHAIN]jOM
CTaHJap/JHE XpaHe M EKCTPaKTOM apoHHje. EKCTpakT apoHHje IONPHHEO je CHUKEHY

JIMjaCTOJTHOT KPBHOT NMPHUTUCKA, YaK M KOJI MaloBa KOjU OMIIM XpambeHU XPaHOM Cca BUCOKUM
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canpxkajem nunuaa (MetS+HFdA+SAE rpymna). Ca apyre crpaHe, 4eTBOpOHeIe/bHA MTPUMEHA
eKCTpaKTa apoHHje KO/ 3paBUX, HOPMOTEH3UBHUX IAI[0BA HHj€ YTUIIAJIa HA KPBHU NMPUTHCAK.
Hamm pesyaratu cy y ckiaay ca JUTEpaTypHUM HOJalMMa, YWjU Pe3yidTaTH CBeloye J1a
IUIOZIOBU apOHHUj€ M TMOJU(PEHOIHU EKCTPAKT apoHHje e(PHUKACHO CMamyjy CHUCTOJIHH U
JMjacTOJTHU KPBHU HPUTHCAK KOJ CIIOHTAHO XWIIEpTeH3WBHUX manoBa (148). Mexanuzam
OJIrOBOpAH 3a XWIOTEH3WBHU e(eKaT HMCIUTHUBAHOT EKCTpaKTa apoHHje, HajBepOBATHHjE
YKJbYUyj€ UHXUOHIN]Y OyOpEeXKHOT peHMH-aHTMOTEH3UH angocTepoH cuctema (149). 3naqaju
XUMOTEH3UBHHU edeKkaT Aronia melanocarpa TOTBphHeH je W y CTyadjamMa Ha MOJEIY
xuneprensuje (150-152). C 003upom 1a je XUIMOoTeH3UBHU edekat mpuMeheH NpUIMKoOM YHOCa
XpaHe O6orare (GpraBOHOMAMMA, CMaTpa ce a Cy U OHM OJrOBOPHU 33 CHUKEH-E€ CHCTOJHOT U
nujactronHor mputucka (153, 154). XumoTeH3uBHM edekaT apoHHUje MOTBpheH je u y
KJIMHUYKUM CTyJMjama KoJl MalyjeHara ca MeTaboJIMYKIUM CHHIPOMOM M KOJI MallijeHara ca
xunepreHsujom (155, 156).

Tokom Mepema KpBHOT MPUTUCKA Y HAIIOj CTYAMjU, KOJ MAIOBa jé PErMCTpOBaHa U
¢dpexBennia cpua. lloBehame ¢pekBeHne cpra y rpymama mamoBa ca METaOOIMYKUM
CHHJIPOMOM HajBEpOBaTHHje HacTaje Kao pe3yiaraT noBehama aKTMBHOCTH CHMIIATHYKOT
HEPBHOT CHUCTEMa KOjU j€ UCHIpOBOIMpaH MacHOM ucxpaHoM (157). Umajyhu To Ha ymy,
YO4YEHO CMameme (PpeKBeHIle cplia Koj MaroBa KOjH Cy HAKOH MHIYKLHjE€ METa0OIMYKOT
CHHJIpOMa XpAambeHM CTaHIApJHOM XPaHOM, MOTIIYHO j€ JIOTUYHO M OuYeKHMBaHO. MehyTum,
3Ha4yajHe MpOMeHe Y (PPEKBEHIIM Cplia HUCY YOUEHE Ka/ia je eKCTPAKT apoHHje I0JaT y PEeKUM
UCXpaHe KO/ MaIoBa ca METa0OIMYKUM CHHIIPOMOM KOjH Cy XpameHH CTaHAAPIAHOM XPaHOM,
1ok je moBehame (pexseniie npumeheno y MetS+HFd+SAE rpynu. Ha ocHoBy Hammx
pesyaTata Moxke ce pehum ga je eKCTpakT apoHHje ca CTaHIapAM30BAHUM MPOIEHTOM
nojudeHona ouyyBao (pyHKIHUjy ¥ KOHTPAKTHIIHOCT MHOKapJa M HHUje YTULA0 Ha MPOMEHY
Opoja oTKylaja Koj 3ApaBux nanosa. CIMYHU pe3ynTaTH Ha (PPEeKBEHIly cplia Cy JOOHjeHU U
y MPEeTXOAHUM HCTPaXUBAbMMa Y KOjUMa Cy UCIUTHUBAHM €(EeKTH EKCTpaKTa Koju y cedu
canpxe nomudenone (158).

Exoxapauorpadckum MperiesoM MHOKapAa YOUeHO je Ja je eKCTPakT apoHHje Ouo
Haje(MKaCHUJU KO 37paBUX IAI0BA jep je IouuIo A0 3HavyajHor nosehama Bpeanoctu 1VSd,
LVPWd, IVSs, LVPWs, FS u cmamema Bpeanoctu LVIDs y oHOCY Ha KOHTPOJIHY T'PYILy
3npaBux mamoBa. Ca Jpyre cTpaHe, J0JaBame E€KCTPAaKTa apoHHUje y MCXpaHy MaroBa ca
MEeTa0OJMYKUM CHHIPOMOM y KOMOHMHAIIMjU ca CTaHJApAHOM WJIM MAacHOM XpaHOM, HHje

3Ha4YajHO yTHUIA0 Ha QyHKIHMjy Muokapaa y nopehemwy ca MetS+HFd rpynom. Haj3nauajauju
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edekaT eKCcTpakTa apoHuje nmpuMeheH je KOoJ 3[paBUX MamoBa jep je JIOBEO M0 MOoOoJbIIama
cucronHe (PyHKIH]je, Koja ce MaHu(ecToBaa Kpo3 3HayajHo nosehame ppakunonor ckpahema
(FS) y omnocy Ha ckopo cBe japyre rpymne. CiaudyHe BpETHOCTH in VIvo MEPEHHX
kapauomuHaMmckux mapamerapa y CTRL, MetS+Sd+SAE u MetS+HFd+SAE rpynama,
yKa3yje Ha TO Jia je ucxpaHa oboraheHa eKCTpakToM apoHuje Omiia epukacHa y nodosblamy
¢bpakunonor ckpahemwa, 6e3 003upa Ha AUJETETCKU PEKUM KOJUM Cy TallOBU ca META0OIHYKUM
CHHJIPOMOM OWJIM MOJABPTHYTH. Y CKJIaQy ca HAallUM pPEe3ylTaTHMa, y paHuje 00jaBJbeHUM
CTyAMjaMa je TOKa3aHo Ja mojudeHonu U Ouibke Oorare monudeHomnma umajy edekar y
CMamelhy NaTOJNOMIKKX IpoMeHa (pakiuoHor ckpahema Koje HacTajy yciex pasBoja
KapauoMeTabonmnukux obosbema (159). CMameme CHUCTEMCKOT KPBHOT TPHUTHUCKA HAKOH
TpeTMaHa EKCTPAaKTOM apoHMje Moke moBehatu ¢pakmuoHO ckpahemwe, MTO pe3yiaTHpa
nosehanom koHTpakTuiaHOIThy Muokapaa (160).

CnuyHM pe3ynTaT 100UjeHH CY U TOKOM ex Vivo peTporpaaHe nepdysuje Muokapaa.
KoHTpakTHiIHOCT MHOKap/a, IPOIeHUBaHa KPO3 MAKCUMAIHY 1 MUHUMAJIHY CTOITY TIPOMEHE
nputucka y seBoj komopu (dp/dt min and dp/dt min), Guna je ouyBaHa KoJ maroBa ca
MeTa0OJIMYKUM CHHJIPOMOM KOjH CYy Y CBOjOj MCXpaHHM (CTaHAapaAHA UM MacHa JIfjeTa) UMalln
eKcTpakT apoHuje. OBaj ehexat je moceOHO MPUCYTaH y YCIOBHMMAa HOPMOKCH]€, OJJHOCHO Kasia
je xkopoHapHu mepdy3uoHu mnpuTucak O6uo y omcery m3mehy 60 u 80 cmH>O. Hcxpana
oboraheHa eKCTpakTOM apoHHje KOJI 3/[paBHX Iall0Ba JOIPUHEIA je TOO0JbIIaky pelaKcalyje
cpua (Bpeanoctu cy Owmne 6osbe Hero y CTRL rpymm). ToxkoM mpomeHe NpHUTHCKAa Ha
Langendorff-oBoM amapaty, HUCy yOdeHE 3HayajHE pa3jiMKe, HU Yy JeJHOj O MCIUTHUBAHUX
cpua mamoBa. OBHM pe3ynTaTh Cy OUYEKMBaHH, y3uMmajyhu y o03up na cy >KMBOTHH:E ca
MeTa0OJIMYKUM CHHAPOMOM IpaheHe camo 4 Henlesbe M Ja HUje OMIIo J0BOJHHO BpEMEHa Ja
CHUH/IPOM H3a30BE€ NMPOMEHE Ha cpIly Koje Ou moBene n0 omrehema ex vivo UCIUTHUBAHE
dbyHKIHje cpIa.

Ca gpyre ctpaHe, NpwIMKOM Tpahema MpOMEHE MPOOKCHIAIMOHUX IapameTapa y
KOpPOHAapHOM BEHCKOM e(uIyeHTy, mpuMeheHo je na Cy BpPEeTHOCTH CBUX HCIHUTHUBAHUX
napameTapa Ouiau NMpHOMMKHO HCTe y o0a IHKIyca MpoMeHe mnputucka. OBU pe3ynTaTtu
NOTBphyjy MpeTxoHe HaBOJAE Ja j€ ex Vivo UCIHUTUBaHA (YHKLHja cplla OuyBaHa, Kao U J1a
apoOHMja M HEHU EKCTPAKTU OCTBApyjy KapAUONPOTEKTUBHE e(peKTe, HajBepOBATHHUjE YCIE[
3Ha4YajHOT AHTHOKCHIAI[MIOHOT, aHTUUH(IIAMAIIH]CKOT, Ba30pEJIAKCAHTHOT u

aHTUTpOMOTHYKOT eekra (152).
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5.3. EOGEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA TECT
OPAJIHOI' OIITEPEREIHA I''TYKO30M KO/l ITALTOBA

Jla OM ce HpOIEHWIO Ja JIM EKCTPAaKT apoHMje, KOjU je€ HMCIHUTHUBAH y HalleM
UCTPAXUBAKY, MOXE Jla yTUYE Ha HUBOE INIyKO3€ Y KPBH, CBH MAIlOBU Cy OMIIM MOJBPTrHYTH
OI'T tecty. Hamm pe3ynratu ykasyjy a €KCTPaKT apoOHHje HUje YTHIIA0 Ha HHUBOE TIYKO3€
HAIIITE KOJI 3/[paBUX MAI0Ba, JIOK j€ KOJ] aI[oBa ca MeTabOIMYKUM CHHIPOMOM YOU€H 3HauajaH
xurnoriaukeMujcku epekar. Ciuvan tpenp 3abdenexes je u 30-om, 60-om, 120-om u 180-om
MUHYTY HAaKOH aJMHUHUCTpAIHje TIyKo3e, ocuM unmbenune na y 120. u y 180. munyty Huje
ouno pasnuke y HuBOYy riykode usmehy MetS+Sd u MetS+SdA+SAE rpyma. Mako y cebu
caJlp’Ku caxapo3y, OBaj EKCTPAKT HHUje JOBEO 10 rnoehama HUBOA MIMKEMHU)E HU Y JE€AHO] O
MCIHUTHUBAHUX I'pyIa MaloBa, IITO CBEA0YM Yy IPUIOT TOME J1a KOJIMYMHA caXxapo3e y BeMY je
y 6e30e1HOM oricery ¥ HeMa 00ja3HH Jla MOXe J1a TPOMOBHIIIE JrjabeTec.

Kana je ped o KOHILEHTpalMju MHCYJIMHA HAIITE, OHA je OWja 3Ha4YajHO HIXKA KOJ
3[IpaBUX MAloBa KOjU Cy y cB0joj ucxpanu umanu SAE y onHocy Ha 31paBe manoBe KOju Cy
XpambeHU caMO CTaHAapIHOM XxpaHoM. Bucoku HuBou mHcynuHa y MetS+HFd rpynu nucy
cHIDKeHH HU Kaja je SAE ekcrpakt yBenen y ucxpany. Ca apyre cTpaHe, KOj mamoBa ca
METa0OJIMYKUM CHHAPOMOM KOjH Cy XpambeHHM CTaHJapAHOM XpaHOM y KOMOMHAIUjU ca
eKCTPAKTOM apOHH]j€ HUBOM MHCYJHMHA Onin cy HuxH (y 0oe mepeHe tauke Tokom OI'TT) y
OJHOCY Ha TAallOoBE KOJU Cy XpameHH CaMO CTaHAApJHOM XpaHOM. Y CKJIaQy ca HalluM
pe3yaTaTuMa Koju CBeoue J1a ce 0oJba ToJepaHIlfja IIIyKO3€ MOCTHKE KOJ MaloBa KOju Cy
xpameHn SAE excTpakToM, MOCTOje W CTyIMje APYTruX HayyHHKa Y KOjUMa Cy TOKa3aH!
KOpHCHHU e(heKTU eKCTpaKTa A. melanocarpa Ha HIBO€ MHCYJTUHA KOJ] rojasHUX muiieBa (161).
C o03mpoM J51a je pU3HMK OJ] HaCTaHKa METAa0OJMYKOT CHHIpOMA TOBEYaH KOJ TOja3HHUX,
cMamyjyhu HHMBO MHCYNMHA, AUPEKTHO C€ M OJUIaXKEe WM YaK clipeyaBa HACTaHaK OBOT
curapoma. I[IporexkTBHH e(dekTH HajBepoBaTHHje HACTajy Kao TMOCIEIUIa HWHXUOHIIH]e
munentuaun nentuaaze [V u akruBHocTH rayko3upasza (117, 120). ExzuM gunentuaun
nentuaasa [V je nmpucyran Ha BenukoM Opojy henujckux MmemOpaHa v yuecTBYje y peryianuju
MMYHOT OATOBOpA, HajBEPOBATHHUjE j€ U OBO MEXaHU3aM IPEKO KOTa UCHUTUBAHU EKCTPAKT

ocTBapyje antuuH(puamanuone epexre (117).
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5.4. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHMWJE HA JIMIIUJIHU
IMPOP®UJI ITAIIOBA

[TpunukoM npoydaBama AOCTYIIHE HAay4yHe JUTeparype, npuMeheHo je aa je nosehame
HUBOA TIIYKO3€ Y KPBH KOJI METa0OIMUYKOT CUHpoMa Hajuerrhe npaheHo nosehamem yKymHor
xonectepona, TG, LDL u VLDL xonecrepoina, kao u cmamereM HDL xonecrepona (162).
PaznuunTi ekcTpakTtu 6azupaHy Ha apoOHHMjU MOTY €(pHKACHO Ja yTH4y Ha JUIUJHHU CTaTycC,
TO je W TOTBPHEHO y MPETXOAHO 00jaBibeHUM wucTpaxkuBamuma (116, 150). Cuouunn
pe3yaTaTtu J0OUjEeHU Cy U Y HaIllOj CTYAU]H.

Kon maroBa ca MeTabONIMYKUM CHHIPOMOM, KOjU CYy XpameHHU aujeToM oboraheHom
TunuIuMa npuMehene cy HajBHIe BPeIHOCTH JIMIMHUIHUX MapaMmerapa, J0K je ca MPOMEHOM
ucxpaHe (ca MacHe Ha CTaHAaplly MCXpaHy) ca WM 0e3 JoJaTKa eKCTpakTa apoHHUje yOueH
3Ha4ajaH MMo3UTHBaH edekaT Ha oBe Mapamerpe. BaxxHo je ucrahu na cy BpeAHOCTH yKYITHOT
XoJIecTeposia Ouse HajHUKE KOJ| METaOONMYKUX IMAaIoBa XpameHUX KOMOMHAIIMjOM MacHe
XpaHe U eKCTpakTa apoHuje, 1ok cy Bpeanoctu TG, HDL u LDL xonectepona Ouie HajHUKE
y TPYIH T'/I€ je 3/[paBHja UCXpaHa KOMOMHOBAHA ca UCIIMTUBAHUM €KCTPAKTOM apoHuje. Hamm
pe3yaTaTu Cy y KOpelaluju ca IPeTXOJHUM y KOjUMa je MOKa3aHo Ja je KOH3yMalMja COKa
apoHMj€ TIOBE3aHA Ca CHM)KECHEM HMBOA JIMIKA KOJ TaloBa KOjU Cy XpameHU [IUjeTOM
6oratom ¢pykro3om (163). IToGospiama JTUMUIHOT CTaTyca W3a3BaHa apoOHUjoM IpoHaleHa
CY M KO/ IalyjeHara ca 6J1aroM XurepxojaecTepoiaeMujoM H/UiT MEeTaOOJTUYKUM CHHIPOMOM,
amu u kon cmoprucra (164-166). Kao mrTo je paHuje cyrepucaHo, CMameHmhe HUBOA
TPUIJIMLIEPUTA y CepyMy yclea KOH3YMEIHMje apoHHUje, HajBEepOBaTHHUjE j€ IOBE3aHO ca
nosehameM cepyMcke JuIase, Koja XUAPOJiHU3yje TpUTrIulepuae y macue kucenune (167).
[Topen Tora, 3Ha ce a eKCTpakTH Oa3upaHy Ha MONIM(EHOIMMA MOTY J1a TIOTHCKY]Y €KCIPECcH]y
MOjeIMHUX I'eHa KOjU Cy OJATOBOPHU 3a JIMIIOT€HE €H3UMe U KOjU JI0BOJIE 0 CHWKEHa CUHTE3€
tpurmuuepuga 'y jerpu (168). Ilopexm Tora, perynamuja JHWOUAHOT CcTaTyca y KpBH
HajBEpOBaTHM]jE HACTaje Kao IMocjenulia cnocoOHOCTH (prraBoHOMIA Ja MHXUOUPA aKTUBHOCT
MaHKpeacHe JHIMa3e W moBeha akTMBHOCT JEUMTHH all TpaHcdepasze. JIeUUTHH aru
TpaHcgepasa je 3HauajHa jep je TO jeaH o eH3MMa KOjH Cy OJJrOBOPHHM 32 YKJIamhakhe YKYITHOT
xousiectepona u3 kpBu (169, 170). Takolhe, youeHo je a ekcTpakTu 6a3upaHy Ha apOHHUjU MOTY
71a CMae eKCIPECH]y I'eHa KOjU Cy OJrOBOPHH 32 METab0IM3aM JIMIIU/IA U JIUIIONPOTENHA, KOjU

YKJbYUY]y CUHTE3y MAaCHUX KHCEJIMHA U alliil KoeH3uM A okcuaasy (171).
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5.5. E@OEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHHMJE HA
MACHOKHUCEJIMHCKH ITPO®UJI ITAITOBA

Jla 6u ce MpoLEHWIO Ja JIM IPOMEHEe Yy UCXpaHU (MacHa/cTaHaapla XpaHa, eKCTPaKT
apoHUje) MOry Ja MoOO0JbINAjy MACHOKHCEIWHCKHA MPOQUI KOJ MaroBa ca MeTa0OIMYKIM
CHHJIPOMOM, y HAIll0j CTYy/AUjU, MEPEHH Cy IbHXOBHU HUBOH Y IIJIa3MU CBUX I1all0Ba KOjH Cy OMIIN
YKJBYUYCHH y CTYIHjy. Y OpOjHUM KIMHUYKUAM M €KCIEPUMEHTAIHUM CTY/MjaMa BUILIE ITyTa je
NOTBphEHO J1a Cy HUBOM TMOjeIMHMX MAaCHMX KuceluHa (mpe cBera MaJIMUTHHCKE,
NAJIMUTOJICMHCKE M OJIEMHCKE) MOBE3aHU Ca CHMXKEH-EM KPBHOI IMPHUTUCKA, KAaO0 M HUBOA
MHCYJIMHA U TyKo3e (172). ¥V HaieMm uctpaxuBamy, IpOIeHAT 3acuheHe MaIMUTHHCKE MacHe
kucenuHe cmameH je 'y MetS+tHFd u MetS+Sd+SAE rpynama y mopehewy ca 3apaBum
MaroBUMa, JOK j€ TMpOLEHAT CTEapUHCKE KUCEeIMHE OMO MNpHUONMKHO HCTH Y CBUM
UCIHUTHUBAHUM Tpynama. OBu pesynratu cy usHeHalyjyhu m nHeouekuBanwu, jep je y HFd
MOKa3aHo Jla C€ HaJa3M 3HA4ajHO BUILM HUBO NAJIMUTHHCKE M OJICMHCKE KHCEIHHE Y OIHOCY
Ha HUBOE Koju cy npoHahenu y Sd. Mnak, cnuyne pesyiarare 1o0uia je UCTpaXUBayKa rpyrna
Liu v capagHUKa, KOjU Cy TIOKa3aJH je Ja ucxpaHa oboraheHa numuanMa aoBesa 10 CMambemha
HUBOA MAJIMUTHHCKE KUCEIIMHE y TPHALMIIIMLEPOIY U CIOOOIHUX MACHUX KHCEIHMHA Y
cepymy mamosa (173). MexaHu3mMH KOju Cy OJrOBOPHH 3a OBE IPOMEHE Cy jOII YBEK
HETO3HaTH, ald C€ CMaTpa Ja je CMameme MpoleHTa naiMuTHHCKe/SFA u oneuHcke
KHCENMHE, Kao U nocneanyno nosehame npouenta PUFA noseno o nmosehanor ¢iaykca SFA
u MUFA. 36or oBakBUX pe3yiTaTa, HEONMXOJHA Cy Jlajba MCTPAXHMBamba Koja OM JeTasbHO
o0jacHuIIa CBE IPOMEHE.

[To ce Tmue MUFA, maiMHUTONEHHCKA U BAKCEHCKA KUCEIHHA OWiie Cy CMambeHe KO/
naroBa Ha aujetu oborahenoj munuanma. Ca apyre cTpaHe, MPOLEHAT OJEMHCKE KHCEIHHE
01O je HWKM KOJ IaloBa ca METa0OJIMYKUM CHHAPOMOM KOJU Cy XPAmeHHM CTaHIapIHOM
mjeroMm (MetS+Sd), anm u xox mamoBa ca METaOOJIMYKUM CHHIPOMOM KOJU CY Y3 JIHjeTy
oboraheny nunuauMa xpameHu ekctpakToMm aponuje (MetS+HFdA+SAE), mTo cyrepume na
MEeTabOIMYKH CHHIPOM, CaM 1O ceOH JOBOAU JO0 CHUXKEHma OoJewHCKke kucenwne (174). Y
CKJIaJy C TUM, Liu ¥ lbeTOBU CapaJHHIIM Cy Y CBOM HCTPaXXUBaky Takohe Cy MoKa3aan CMambeH
HUBO OJIEMHCKE KHCENMHE, Ka0 U HHUXKE IPOLEHEHEe akTUBHOCTH o0a mHaekca SCD y
¢bpakuyjama TpUALMITIMIEPOJIa Y CepyMy, HaKOH TpoHenesbHe KonsyMmanuje HFd (173).

[Tokazano je na monudgeHonu Mory moBehaTu eKCIpecHjy €H3MMa KOjU Cy YKJbYYEHHU Y
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OKCHJAlM]y MAacTH, Kao IITO je eH3uM u3 MuToxoHnpuja jerpe CPT1Al, kao u cmamuTu
eKCIPECH]y JIMIIOTeHUX €H3UMa, TIONYT cuHTa3ze MacHux kucenuHa (FAS) (175).

Enunemuornomke cryauje nmokasane cy aa omera-3 PUFA umajy nmoBospHe edexre Ha
MeTa0OJIMYKKA CHHIPOM. Y OBOj CTyIHjH, mpoueHaTr cBux omera-3 PUFA y rpynu mnarosa
XpameHUX BUCOKUM cajpxkajeM nunuiaa (MetS+HFd rpyna) 6uo je 3Ha4ajHO HMKU HETO KO
naroBa Ha crapaapaHoj aujetn (MetS+Sd rpyma). Mmajyhu y Buny nma DHA y cBojoj
CTPYKTYpHY MMa YaK IIECT JBOCTPYKUX B€3a, YMME CE U3/[Baja Ka0 MAaCHA KUCEJIMHA Ca HajBUILIE
He3acuhema, MpeacTaBba TJIAaBHO MECTO 3a Hamaj CIO0OAHMX paauKana W JIMIUAHE
nepokcunamnuje. Jlomatak eKkcTpakTa apoHHje y HCXpaHy IaloBa ca METa0OIHMYKUM
CHUHIPOMOM JIOBEO je 10 3HauajHor noBehama HUBoa DHA, mTo mocneanyHo HajBEpOBaTHU]E
JOBOJM M JI0 CMamema nunuane nepokcuaandje (176). OBo je ox moceOHOT 3Hadaja jep je
BumM HUBO omera-3 PUFA y nupekTHO] KopenanuMju ca CMameHHUM PH3HKOM O]
KapJIMOBACKYJIapHUX 000JbeHha, PEYMATOMIHOT apTpHUTHCA, a MoOoJblIaBa M IMapaMeTpe
MeTtabonmukor cunapoma (177-180).

Yneo omera-6 PUFA je takohe y amcOamancy koa 000Jenux O MeTabOIUIKOT
CHHJpOMa. Y Hallo] CTyIWjU HAJBUIIM HUBO JIMHOJHE KucenuHe, LA, HeTeKToBaH je y
MetS+HFd rpynu. LA je eceHiujamHa MacHa KUCEIMHA U MIPEKYPCOP CBUX OCTAUX omera-6
PUFA, a MHOroOpojHe cTyije ucTHuy mheny ynory y undnamanuju (181-183). C o63upom na
j€ KOJ TaroBa XpameHHUX MacHOM XpaHoM, mpumehen mopac yaena LA, HajBepoBaTHH]eE je
cucTeMCKa MH(amalyja NpucyTHa KoJ mamoBa u3 oBe rpymne. Ilopen Tora, y ucToj rpymnu
narjoBa npumehen je u HajBuim HuUBo DGLA, npBu mpousBoj koHBep3uje LA, a momartax
eKCTpaKTa apoHHje y HUCXpaHy cMamyje OBy KOHBep3Wjy. Mmak, HajBaKHUJU TPOH3BOJI
KoHBep3uje LA je apaxumoHCKa KHCENIMHA, KOja je IJIaBHU MPEKypcop 3a CUHTE3Y JIUITHIHUX
uH(pIaMaTOPHUX MeEAWjaTopa €MKO3aHOMa, JeyKoTpujeHa u TpomOokcana (183). Hajsumm
HUBO AA mponalhen je y MetS+Sd rpynu. Umajyhu y Buay aa cy y rpynu MetS+Sd+SAE
JIETeKTOBAHU HUKU HUBOU A A, Ka0 U IpyIia 3/IpaBHX MaloBa, MOXKE Ce 3aKJbYUHTH JIa EKCTPAKT
apoHuje cynpumupa kousep3ujy LA y AA. OBaj pe3ynrar je moceOHO 3Ha4YajaH aKo ce UMa y
BUJY Ja BUIIK HUBO LA 70BOMIE 10 CMambeha XUMEPTPUTITHLIEPUIEMHU]e, T0ja3HOCTH U PU3HKA
OJ1 KapAroBacKynapHux 6omnectu (184).

[Tocnenuia HaBeIEHUX MMPOMEHA y mporopijama omera-3 u omera-6 PUFA nosena je
U J0 MpoOMEeHa y ojxHocy n-6 u n-3. OBaj OIHOC je MOBHUIIEH y Pa3sHUM HH(IAMATOPHUM
cramuMa 1 CBeTcKa 3/JpaBCTBEHA OpraHu3aligja npemnopyuyje aa aujerapau ynoc PUFA Oyne

MakcuMaiHo 4:1, kako O ce cMamuo UCTH OJHOC U 'y KpBH (185).
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5.6. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA HUBOE
I'BOXKBA

Nmajyhu y Buay aa je rBoxkle eceHIMjalHn eIeMEHT KOjU je YKJbYUEH y OJ[pyKaBarbe
XOMEOCTa3e y OpraHu3My, pa3yMeBame yTHIIaja Haller eKCTPaKTa apoHuje Yy KOMOWHAIM]H ca
Pa3NIUYUTUM PeKUMHUMA UCXpaHE Ha FEerOB HUBO Y CEPYMY j€ OJ1 BEJIMKOT 3Ha4aja.

HajBumm HuBO rBokha mpumeheH je y rpynu 3ApaBHX MaloBa y YWjy HUCXpaHy je
yBeneH U SAE, a y3 1o je m moBehan HuMBO rBOokha mpoHalleH y cBuUM rpynama ca
MeTa0OJIMYKUM CHUHIPOMOM Yy mopehemy ca 3ApaBuUM HaroBuMa. Y MPETXOJHO 00jaBJbEHO]
cryauju, Lee W capaiHuIM cy TMOKa3zanu Ja je noBehan HHBO TBOXha moBesan ca
MeTabonumukuM cunapomoM (186). Ilpomena y HaBHKaMa HCXpaHE, OJHOCHO TPOMEHa ca
MacHe Ha CTaHJapJHy XpaHy HHUje JI0Belia 10 IpOMEHe Y HUBouMa rBoxha, JI0K je cTaHaapaHa
ucxpana oboraheHa eKCTpakTOM apoHHje W3a3Baia 3Ha4ajaH MopacT y HuBouMa reoxha. OBu
pe3yaTatu Cy y CKJIagy ca APYTUM HCTpaXHBambHUMa y KOjUMa je Takohe MokazaHo naa
CyIUIEMEHTalllja COKOM O] apoHHje oBehaBa HIBO rBoXkha y cepymy rojasaux muiiesa (187).
OGjammemne 32 OBaKBE pe3yiTare je HeJBEpOBATHHjE TO IUTO IMOjeIUHH (IIABOHOMIU UMajy
MOTEHIIH]jall J]a XeNupajy TBoxkle 1 cMame BEeroBy arcopIiinjy MEXaHU3MOM KOjH je He3aBHCaH
O]l XOpMOHA KOjH je yKJbyUeH y XxomeocTtazy reoxha, xenmuauna (188). C mpyre crpane, 3a
nojequHe (praBOHOMIE MOKA3aHO j€ M Ja MOTY Ja CMame aKTHBHOCT XEMIMIMHA TaKO LITO
noBojie 1o nosehama ancoprnuuje 1 HEUBoa rBoxha y cepymy (188, 189), mro takohe moxe
outu objammere 3a noBehame HHUBOAa rBokha y rpymama mamoBa Koje Cy KOH3yMHpale
UCIHUTHUBAHU EKCTPaKT apoHuje. OBaj pe3ynraT ce M3/Baja Kao jelaH Off HHTEPECAaHTHH]jUX,
KOjU cy 0OMjE€HU Y OBOj CTYAWJU H 3a MpEIU3HU]ja 00jalllbeha 3aXTeBa 1ajba NCTPAKUBAHA

Koja Ou ce 6aBMJIa MpOMEHaMa Ha MOJIEKYJICKOM HUBOY.
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5.7. EOEKTHU JUJETE OBOI'AREHE EKCTPAKTOM APOHMJE HA PEJOKC
CTATYC ITIAIOBA

C 0063upoMm 1a ce 3Ha J1a yciea METabOoIMYKOT CHHAPOMa KOJ MallfjeHaTa Joia3H 10
noBehama oOKcumamMoHOr cTpeca, mocroju TmoehaHa moTpeba 3a KOH3yMHpamEM
aHTHOKCHJIaHATa, MJIM UCXPAHOM Koja je oOoraheHa okcupaHcHMa, KOju Ou moBehaian HHUBOE
AHTUOKCHJIAIIMOHUX MOJIEKYJla W HWHAUPEKTHO CMAambWIM HUBOE PEAKTUBHUX Aa30THUX U
KHCEOHNYHHUX BpcTa. Kao HajasekBaTHU)U M HAjOOIBU M3/Bajajy c€ MPUPOTHA AaHTUOKCHIAHCH,
KOju Ou ce y opranmzaMm yHocwiu myteMm ucxpane (190, 191). 3aro je y Hamoj cryauju
WCIHUTHBAH YTHIIA] YETBOPOHENE/bHE IMPUMEHE EKCTPaKTa apoHHje ca CTaHIapJH30BAHUM
MPOIIEHTOM TNonrdeHoIa y KOMOMHAIMjH ca CTaHapAHOM HJIM MAaCHOM MCXPaHOM Ha PeIoKC
XOMeOCTa3y KO/ MaroBa.

Jlobujenu pesynraTH MOKa3yjy Jia je y rpylnamMa IanoBa KojuMma je NpUMEHHBaH
eKCTPaKT JAOLLJIO 0 CHM)XEHha HUBOA HUTPUTA M CYNEPOKCHJ aHjOH paauKana, JTOK Cy
AHTHOKCHUJIAIIMOHU TTapaMeTpy MOIMYT PEeIyKOBAHOI TJIyTaTHOHA M KaTayaze Ouiu nmosehaHu.
[ToBehana aktuBHOcT CAT HajBepoBaTHHjE j€ OArOBOpHA 3a KaTalU3upame U yOp3aBame
peakimje KojoM ce BOJOHHUK MEPOKCH] MpeTBapa y BOAY U KMCEOHUK, YUME KOHIIEHTpAIlH]je
BOJIOHHMK TEPOKCHIA Y IUIa3MH OCTajy HempomemeHe. Kao mro je u odeknBaHo, moBehana
MPOU3BO/IbA MPOOKCHIAIMOHUX IapamMerapa M CMameHa aKTHBHOCT aHTHOKCHIAIIMOHHX
emsuma SOD u CAT youena je y MetS+HFd rpynu y nopehewy ca konrpornom, CTRL
rpynom. Ysumajyhu y o03up 1a je y Bullle HayYHO-UCTPAKMBAYKUX PaJIOBa MOKa3aHO Ja je
MeTa0OJIMYKK CUHIPOM MOBE3aH ca noBehanum okcuaanunonuM crpecom (134), oBu pesynraru
Cy y MOTIYHOCTH OYCKHBAHH. YBOleme TpHU pasiuyuTe CTpaTeruje UCXpaHe, Kao IITO je
koH3ymupame SAE, nmpenasak Ha cTaHIapHy UCXpaHy WM KOMOWHAIIMja CTaHIapIHe IHjeTe
ca SAE, nosena je 1o cHikewa HuBoa NO2™ y 0JTHOCY Ha HUBOE KOjU Cy U3MEPEHH KO/ aloBa
u3 MetS+HFd rpyne. OBu pesynrtatu uay y HpWIIOT TOME Ja, je 3a MOBOJbHE e(eKTe Ha
MIPOOKCHUJAIIMOHE TIapamMeTpe, JOBOJGHO M CaMoO Ja ce M3MEHE KMBOTHE HaBHKe, Koje he
JONPUHETH M TO0OJbIIaky MaHu(decTanuje MeTaboIMukor cuHiapoma. Mehytum, HajBehun
yTHIla] Ha moBehamke aKTUBHOCTH aHTHOKCHIAITMOHUX eH3uMa mpuMeheH je y cimydajy kana je
cTaHmapaHa wucxpaHa Ouna oborahena SAE. TloBehaajyhu HHBOE aHTHOKCHIAIIMOHUX
napameTapa, MOKa3aHO je Ja MOjeIuHH MONU(EHOIN MOTY M Jia CaKyIubajy U OTKIIAmbajy
cinobogne pamukane. CaMuM TUM He caMO Ja moBehaBajy HHBOE aHTHOKCHUIAIIMOHUX

napameTapa, Beh U cMmamyjy HHUBOE NMPOOKCHAAIMOHUX Iapamerapa, unMme ce edekaT Ha
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CHCTEMCKH peJIoKC OallaHC 3Ha4ajHO MOO0JbIaBa. Xenupame joHa reoxla, unme ce omoryhasa
KaTajln30Bamke IMOjeIMHUX peakifja Koje CTBapajy CIO0OAHE pagukaie je jemaH of
MexaHu3ama KOju ce Hajla3h y OCHOBHM aHTHOKCHIAIMOHMX edekaTta nomudenona (192-194).
VY3umajyhu y 003up 1a c€ OKCHIAIIMOHU CTPEC Hajla3u y OCHOBH BEJIMKOT Opoja 000sbema 1
KOMIUTMKaIMja, KOH3yMalfja UCIIUTUBAHOT EKCTPAKT KOju je oOoraheH craHmapIu30BaHUM

HUBOMMA ToHudeHona, Morao 6u na Oyne edukacan u'y qpyrum odossemuma (193).
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5.8. EOEKTU JUJETE OBOI'AREHE EKCTPAKTOM APOHHMJE HA
XHUCTOIIATOJOTIHJY TKHUBA MUHUOKAPIA, JETPE, BYBPETA H
ITAHKPEACA

XHCTOMATONOIIKOM aHAM30M MUOKap/a, jeTpe, Oyopera u maHkpeaca, yTBpheHo je na
3Ha4YajHUjUX MPOMEHa y BehWHU UCIIMTHBAHUX Ipyna HUje Omio. Hanme, TKMBO maHkpeaca u
OyOpera OWIIO je OTITYHO OYyBaHO, MAKO j€ KOJ CBHX MarloBa ca METaOOJIMYKUM CHUHIPOMOM,
Ha OCHOBY OMOXEMH]jCKHX IapaMeTapa MOTIIyHO jacHO Jia Cy MalMjeHTH Ounu OosnecHu, Behe
CTpYKTypHE IpOMEHE Ha OBHMM OpraHmMa He TMocToje. Pasnor 3a oBako HEMTO je
HajBEpOBATHH]jE Ty>)KWHA XPOHUYHOT MPOTOKOJA, OJHOCHO J1a YETUPU HEJEeIbe METa0OIMYKOT
CHHJIpOMa HHje OMII0 TOBOJFHO AYro jAa OM JIOLUIO 10 pa3Boja KOMIUIMKAIK]ja,  CAMUM THM U
na 60U ce youmsie 3HauajHUje MOp(oJIolIKe MpoMeHe Ha TKuBY OyOpera u mankpeaca. Jla ou
poMeHe OWiie yOouJbHBHj€, HEONMXOJIHO j€ Jia KUBOTHUI-E Oyay mpaheHe ayXu BpPEeMEHCKU
MIEPUOJI, OJJHOCHO HEKOJIHMKO MECEIIH.

Ca npyre cTpaHe Ha TKMBMMa MHOKapJa yodaBajy Cy IOjeMHE pa3iuke usMmely
UCIHUTHUBAHUX Tpymna. Bakyonusanuja cyOeHIOKapIHUX M CyOemUKapIHUX KapIdOMHUOILINTA
JeBe KOMOpE y3 XHUIEPKOHTPAKIM]y CapKoMepa M MPUCYCTBO HHTEPCTULIMjAIHOT €JIEM,
NPUCYTHE Cy KOJ IMaloBa ca METa0OJMYKUM CHHIPOMOM KOJU Cy XpPAmbeHHM CTaHIapIHOM
XpaHoM y3 WM 0e3 1oJaTka eKcTpakTa apoHuje. Mel)yTum y rpymnu maosa Koju Cy XpambeHu
apOHM]OM HHje MPHUCYTHA HEKPO3a KOHTPAKIIMOHUX Tpaka, Kao IITO je To ciaydaj y MetS+Sd
rpynu. Ha ocHOBY oBor mapamertpa, Buau ce na je SAE umak, 1oHeKe TONPHHEO OuyBamby
MOpO(]OIIOIIKE CTPYKTYpe MHOKapja. 3allTo ¢y OBe MpoMeHe MmpucyTHe camo y MetS+Sd u
MetS+Sd+SAE rpynama, u 3amto Hucy npucytie MetS+HFd u MetS+HFd+SAE rpynama,
Kajla Cy OHE MMaJIe JIOIIKje TOTOBO cBe mMpaheHe OMoxeMujcke U (PyHKIIMOHAIHE IapaMmerpe,
JOIII yBEK ce He 3Ha U moTpeOHa cy Jajba, JeTajbHija HCTpaKUBamba Koja Ou 1ana o0jamene
3a oBe pesynrare. Kao mTo je To ciiyyaj ¥ ca JpyruM OpraHuma, HEOIXO/IHO je JIa )KUBOTHE
nuMajy MeTaOOJIMYKHA CHHAPOM TOKOM JIY>KET BPEMEHCKOT Ieproja (HEKOIMKO Meceln), 1a ou
IPOMEHE, a CaMUM TUM H e(QEeKTH MCIUTHBAHOI EKCTpakTa OWwiM BUIJBUBUJU M Ha
MATOXUCTOJIOMIKUM MpecenMa.

Ca nmpyre crpane, Hajyo4wbHBHje IPOMEHE Ha TKUBY npumehene cy y jerpu. Haunme,
KOJI IaIl0Ba ca METa0OJIMYKUM CHHIPOMOM, KOJU Cy XPameHH XPaHOM Ca BUCOKHM CaAp)KajeM
JUMHJA YOueHa je U3MEHhEeHa CTPyKTypa TKUBa jeTpe, Koja ce MaHudecryje Kao

MUKPOBE3MKYyJIapHa cTearo3a jerpe. Mehyrtum, kox mamoBa koju cy y3 HFd xpamenu u
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EKCTPAKTOM apoHHje, Kao M KOJI MaoBa KOJU Cy HAaKOH MHIYKIHje METAaOOINYKOT CHHAPOMA
npebauyeHr Ha CTaHIApJHY HCXpaHy ca WM 0e3 JojaTKa eKCTpaKTa, 3HAuajHO Cy
HOpMaJIM30BaHe MpOMEHe y TKHUBY jeTpe. CIIOCOOHOCT aHTOIMjaHa KOjU ce Hajla3e y apOHMjU
Ja CMamHM CTearo3y jeTpe Koja je M3a3BaHa MeTa0OJIMYKUM CHHAPOMOM M paHHje je
nokymeHnroBana (194, 195), Tako na Moxke Ja ce MPETIOCTaBH J1a Cy aHTOLMjaHU OATOBOPHU
3a MPOEKTUBHE e(peKe Haller UCIIUTUBAHOT eKCTpaKTa. Pe3ynTaru nojequHux CTyja cBeioue
U 0 TIO3UTUBHUM edeKkTuMa Aronia melanocarpa Ha akyMmynauujy JUMHIA y jETPH, TAKO IITO
nonasu no uHxuoOunuje excnpecuje PPARy2 3ajemHo ca moOoselameM TENEeCHE TEKUHE,
¢byHKLIMje jeTpe, JMIUAHOT Tmpoduia M aHTHOKCHUAALMOHE crocobHoctu. IlerxoaHo
00jaBJbeHU U HAILIU PE3yJTaTU YKa3yjy Ha 3HauajaH NOTeHIHjal Aronia melanocarpa i \eHUX
eKCTpakaTa Ha MOTEHIMjaJIHy TepaneyTcKy eukacHocT KoJ crearose jerpe (195, 196). [la 6u
ce MCIUTAIN JeTajbi, HEONMXOJHa Cy Jlajba MCTpaxuBama y 4ujeM (okycy Ou Omio oBo

000JbEE.
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6. SAKJbYULIA

Ha ocHOBY pe3ynraTa Hallle CTy/Auje MOTY Ce U3BECTH ciesiehn 3aKkibydnu:

1)

2)

3)

4)

5)

6)

7)

8)

KOH3yMHpame EKCTpaKTa apoHHUje ca CTaHIapM30BAHUM IPOLEHTOM IMOJU(EHOIA
yOnaxxuiio je mosehame TeIeCHe TeKUHE KO/ MaoBa ca METabOINIKUM CHHAPOMOM;
YETBOPOHENIEJbHU YHOC HMCIHHMTHBAHOI EKCTPaKTa apoHMje II0Ka3ao je 3HayajHe
KapJIMONPOTEKTUBHE U MOBOJbHE ehekTe Ha PYHKIM]y MHOKAp/a;

npoMeHa aujererckor pexkuma ca HFd ma Sd, ca wnu 6e3 mpumeHe HCIHTHBAHOT
eKCTpaKTa, 3Ha4ajHO je yTUIaJla Ha MOO0OJpIIakEe JTUMUAHOT Npoduia, a Joaarak
€KCTpaKTa apoHuje je cMamuo HuBo LDL xonectepoia Ko mamoBa ca MeTaboINIKUM
CHHJIPOMOM;

YETBOPOHEJIEJbHU YHOC €KCTpPaKTa apoHMje ca CTaHAapIU30BaHUM MPOIEHTOM
nonudeHona, 10npuHeo je 00Jb0j Tosepanuuju Ha riayko3y y OI'T tecry;

WHAYKIFja METa00JIMYKOTr CHHApPOMAa JOBela je [0 3Ha4yajHUX TIpOMEHa Y
MAaCHOKHCEJIMHCKOM CacTaBy JIMIHJA [Ia3Me; IPOMEHa aujeTeTckor pexuma ca HFd
Ha Sd, ca wim 0e3 MpUMEHE HCHUTHUBAHOT EKCTPaKTa, 3HA4YajHO j€ yTHULAla Ha
1o0oJbIIake MAaCHOKHUCETMHCKOT Mpo(duiIa Ko nmamosa, nocedHo n-3 PUFA, u ogaoca
n-6 u n-3 PUFA;

WCIUTHUBAHU €KCTPAKT apOHH]j€ MOOOJBIIA0 j& CUCTEMCKY PEJJOKC PABHOTEXKY TaKO IITO
je moBehao aHTHOKCHIAIIMOHE U CMaWkUO MPOOKCHIAIMOHE MapaMeTpe Y CHCTEMCKO]
[UPKYJIAIHU]U;

cTearo3a jeTpe, 10 KOoje je OO KOJ MaoBa ca METa0OIUIKUM CHHIPOMOM, 3Ha4ajHO
je yMmMameHa KOJ MaloBa KOjU Cy TOKOM YETHUPU HEJeJbe XPAEHH U E€KCTPAKTOM
apoHuje;

671aroTBOpHUjU e(EKTH HCIUTHBAHOT E€KCTPaKTa apoHHje OOJbH CYy YKOJHMKO C€ OH

KOMOUWHYj€e ca 37ApaBUjUM HAaYMHOM MCXpaHe (CTaHAapIHOM HjETOM).
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Abstract

This study investigated different dietary strategies, high-fat (HFd), or standard diet (Sd) alone or in combination with stand-
ardized Aronia melanocarpa extract (SAE), as a polyphenol-rich diet, and their effects on lipids and fatty acids (FA) in rats
with metabolic syndrome (MetS). Wistar albino rats were randomly divided into two groups: healthy and rats with MetS,
and then depending on dietary patterns on six groups: healthy rats fed with Sd, healthy rats fed with Sd and SAE, rats with
MetS fed with HFd, rats with MetS fed with HFd and SAE, rats with MetS fed with Sd, and rats with MetS fed with Sd and
SAE. 4 weeks later, after an overnight fast (12—14 h), blood for determination of total cholesterol (TC), triglycerides (TG),
high-density lipoprotein (HDL), low-density lipoprotein (LDL), index of lipid peroxidation (measured as TBARS), and FA
was collected. Increased FA and lipid concentration found in MetS rats were reduced when changing dietary habits from
HFd to Sd with or without SAE consumption. Consumption of SAE slightly affects the FA profiles, mostly palmitoleic acid
in healthy rats and PUFA in MetS + HFd rats. Nevertheless, in a high-fat diet, SAE supplementation significantly decreases
n-6/n-3 ratio, thereby decreasing systemic inflammation. Further researches are warranted to confirm these effects in humans.

Keywords Aronia melanocarpa - Fatty acids - Lipid profiles - Metabolic syndrome - Dietary pattern

Introduction hypertension, insulin resistance, and type-2 diabetes mel-

litus (T2DM) [1]. As one of the leading noncommunicable

Metabolic syndrome (MetS), also known as insulin resist-
ance syndrome, dysmetabolic syndrome, or syndrome X is
a characterized by the cooccurrence of upper body adiposity
(android or male-type obesity), atherogenic dyslipidemia,
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diseases in most parts of the world, MetS probably imposes
an unprecedented global burden of cardiometabolic dis-
eases and premature mortality [2]. Although the detailed
reason for the global epidemic of MetS has not been well
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established, there is general agreement that genetic predis-
position (mainly polygenic abnormalities) and environmen-
tal factors are essential for the causation of the syndrome.
After decades of research, there was no doubt that lifestyle
changes are crucial components in delaying the onset of or
preventing MetS in patients with compromised glucose tol-
erance [3]. Physical activity, weight reduction, and several
“healthy” dietary patterns followed by pharmacological
interventions are global approaches to MetS treatment with
reduced comorbidity. Diet strategies recommend increased
consumption of fruits, vegetables, whole grains, legumes,
and nuts with high content of bioactive compounds, mono-
unsaturated (MUFA) and polyunsaturated fatty acid (PUFA),
and polyphenols [4, 5]. Flavonoids found ubiquitously in
most edible vegetables and fruits constituting a major por-
tion of micronutrients in diet have been known to possess
good antidiabetic and antihyperlipidemic activities. There-
fore, numerous publications are examining diets with plant
extracts rich in antioxidants such as anthocyanins, quercetin,
and other compounds [6].

Aronia melanocarpa (A. melanocarpa, black choke-
berry) is widely recognized as a valuable source of anti-
oxidants related to high levels of anthocyanins, vitamins,
mineral elements, carotenoids, pectins, organic acids, and
lower amounts of carbohydrates [7]. Due to notable nutri-
tive dietary components, A. melanocarpa has a remarkable
position among other berry crops [8]. The latest studies have
focused attention on A. melanocarpa due to its effectiveness
in the treatment of chronic diseases associated with oxida-
tive stress, especially diabetes, and cardiovascular diseases
[9, 10]. Consistent with these, a previous study from our
group showed the cardioprotective effects of highly concen-
trated A. melanocarpa extract standardized with polyphenol
content (SAE) against high-fat induced MetS [11].

According to our knowledge, there are no reports deal-
ing with a combination of impacts of different diets on
fatty acid (FA) and lipid status in animal models of MetS.
Consequently, the aim of our study was to examine differ-
ent dietary strategies, high-fat (HFd), or standard diet (Sd)
alone, or in combination with SAE (polyphenol-rich diet)
and their potential hypolipidemic effects and well-balanced
FA in rats with MetS.

Materials and methods

Used plant extract

Standardized Aronia extract (SAE) is the official product
of the pharmaceutical company Pharmanova (Belgrade,

Serbia). The extraction procedure was done by EU-Chem
company (Belgrade, Serbia) [11].

@ Springer

Chemical analysis of standardized Aronia extract
(SAE)

Identification and quantitation of individual phenolics (fla-
vonoids and anthocyanins) in SAE was performed using
the high-performance liquid chromatography-diode array
detector (HPLC-DAD) based on C-18 reversed phase col-
umn separation according to previously described method
[12].

Study design

Male Wistar albino rats weighing 200 + 30 g, 6 weeks old,
were used in this study. They were maintained under envi-
ronmentally controlled conditions (temperature 22 +2 °C)
with 12/12 h of light/dark cycles and free access to drink-
ing water.

At the beginning of our study, 60 rats were randomly
selected and divided into two groups depending on diet.
Twenty healthy rats were fed with Sd which contains 9%
fat, 20% protein, 53% starch, and 5% fiber, while forty rats
were fed with HFd which contains 25% fat, 15% protein,
51% starch, and 5% fiber during 4 weeks. After 1 month
on their respective diets, a group of rats fed with HFd
received streptozotocin (prepared ex tempore and dissolved
in citrate buffer) intraperitoneally at a dose of 25 mg/kg
body weight after 6-8 h of starvation. Combination of
HFd with low dose of streptozotocin was used to induce
MetS [13]. After 72 h of streptozotocin injection and 12 h
after starvation-fasting glucose, insulin level, and blood
pressure were measured. Only animals in which MetS
had been successfully induced were included in the study:
rats with value of systolic blood pressure > 140 mmHg,
diastolic blood pressure > 85 mmHg, fasting glucose
level > 7.0 mmol/L, and fasting insulin level > 150 pLU/
mL [11]. Animal model which involves high-fat diet and
treatment with streptozotocin is suitable for mimicking the
pathology of human type-2 diabetes [14, 15].

Healthy rats were divided into two groups: CTRL—
healthy rats, fed with a Sd for 4 weeks, and SAE—healthy
rats, fed with Sd and SAE in the dose rate of 0.45 mL/
kg/day by oral gavage for 4 weeks. Rats with MetS were
divided into four groups: MetS + HFd—rats with MetS,
fed with HFd for 4 weeks; MetS + HFd + SAE—rats with
MetS, fed with HFd and treated with SAE (0.45 mL/kg/
day, per os) for 4 weeks; MetS + Sd—rats with MetS, fed
with a Sd for 4 weeks; MetS + Sd + SAE—rats with MetS,
fed with an Sd and treated with SAE (0.45 mL/kg/day, per
os) for 4 weeks.

On the 29th day, after an overnight fast (12—14 h), blood
was collected from rats by submandibular puncture under
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anesthesia for determination of total cholesterol (TC),
triglycerides (TG), high-density lipoprotein (HDL), low-
density lipoprotein (LDL), TBARS, and FA. The collected
blood was centrifuged immediately after which plasma and
serum were stored in deep freezing (—20 °C) until the
analyses of the above parameters were taken up.

Serum biochemical parameters

The following serum biochemical parameters TC, TG, HDL,
and LDL were analyzed using spectrophotometry and com-
mercial kits (Siemens Healthcare Diagnostics Ltd. Frimley,
Camberley, UK) on an automatic biochemical analyzer
(Dimension Xpand, Siemens).

Determination of lipid peroxidation product

Index of lipid peroxidation was estimated in the plasma
samples by measuring Thiobarbituric Acid Reactive Species
(TBARS) according to the method of Ohkawa. Thiobarbitu-
ric acid (1% in 0.05 NaOH) was incubated with the plasma
sample at 100 °C for 15 min and measured at 530 nm. Dis-
tilled water served as a blank probe [16].

Determination of fatty acid

FA profile in standard diet, high-fat, and plasma total lipids
was determined by method of Glaser et al., with some modi-
fications [17]. Briefly, in 100 ul of plasma was added 1.5 ml
HCI in methanol (3 M HCI in methanol) and heated to 85 °C
for 45 min. After cooling to room temperature, 1 ml hex-
ane added, vortexed for 30 s, and centrifuged for 10 min
on 1800 xg. Hexane layer, about 600 pl, was evaporated to
dry in the nitrogen stream. Sample was dissolved in 10 pl of
hexane and 1 pl injected in gas chromatograph SHIMADZU
2014. Gas chromatograph was equipped with capillary col-
umn (RESTEK Rtx 2330, 60 m, 0.25 mm, 0.2 pm). Tem-
perature program was 140-210 °C for 3°/min. Individual
FA was identified, by comparing with retention time of FA
methyl esters of commercial standards, PUFA-2 (Supelco,
Inc., Bellefonte, Pennsylvania, USA). The results are pre-
sented as percentage of total FA composition.

Desaturases and elongases

Product-to-precursor ratios were used to estimate the
activities of certain enzymes involved in FA biosyn-
thesis: 18:0/16:0 for elongase activity, 18:3n-6/18:2n-6
ratio for delta-6-desaturase (D6-desaturase index) and,
20:4n-6/20:3n-6 ratio for delta-5-desaturase (D5-desaturase
index) activity. To assess activity of A9 desaturase, also
known as Stearoyl-CoA desaturase or SCD, we calculated
two different SCD indices by dividing the percentage of 16:1

to 16:0 (SCD-1) and 18:1 to 18:0 (SCD-2) in total lipids
from plasma.

Statistical analysis

IBM SPSS Statistics 20.0 Desktop for Windows was used for
statistical analysis. Distribution of data was checked by Sha-
piro—Wilk test. For normally distributed variables, statistical
comparisons were performed using the one-way analysis of
variance (ANOVA) tests with a Tukey’s post hoc test for
multiple comparisons. Kruskal-Wallis and Mann—Whitney
U tests were used for comparisons of nonnormally distrib-
uted variables. Values of p <0.05 were considered to be sta-
tistically significant.

Results
HPLC-DAD analysis of SAE

Quantitative and qualitative analyses of the anthocyanins
and flavonoids found in SAE are V presented in Table 1.

Fatty acids composition of the diets

The FA compositions of Sd and HFd are presented in
Table 2. Since SAE contains no fatty acids, supplementa-
tion with SAE did not influence the composition of the diets.

Lipid profile

The concentrations of TC, TG, HDL, LDL, and TBARS are
expressed in standard units and are presented in Table 3. TC
and TG values were statistically higher in rats with MetS
than in healthy rats, except in MetS + HFd + SAE group in
which level of TC was similar to SAE group. It is important

Table 1 Quantitative and qualitative analyses of individual com-
pounds found in SAE expressed as mg/ml of extract

Concen-
tration in
SAE
Anthocyanins
Cyanidin 3-galactoside 2.68
Cyanidin 3-glucoside 0.16
Cyanidin 3-arabinoside 0.66
Cyanidin 3-xyloside 0.14
Flavonoids
Rutin 0.12
Hyperoside 0.27
Isoquercetin 0.15

SAE standardized Aronia melanocarpa extract
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Table 2 Fatty acid composition

; Fatty acid Sd HFd

(mol % of total fatty acids) of

the standard diet (Sd) and high- C12:0 0.05 002

fat diet (HFd) C14:0 051 0.94
C16:0 13.55 40.61
Cl6:1n-7 1.04 0.29
C18:0 230 452
C18:1n-9 2495 38.33
C18:2n-6 4993  14.33
C18:3n-3 1.17 0.13
C18:3n-6 0.19  0.06
C20:1n-9 325 036
C20:2n-6 0.13 ND
C20:3n-3 0.72  0.08
C20:3n-6 0.12 ND
C20:5n-3 0.06 ND
C22:6n-3 0.58 0.06
C24:0 1.38 0.15
SFA 17.87 46.10
MUFA 29.24  38.98
PUFA 52.90 14.66
n-6/n-3 PUFA 1990 51.50

SFA saturated fatty acids, MUFA
monounsaturated ~ fatty  acids,
PUFA polyunsaturated fatty acids

to note that with the addition of Sd, especially in combina-
tion with SAE supplementation in rats with MetS, levels of
TG were significantly decreased compared to MetS + HFd
and MetS + HFd + SAE. HDL was significantly reduced
only in the MetS + HFd group compared to healthy rats (Sd
and SAE groups), while the combined diet of Sd and SAE
significantly increased levels of HDL in rats with MetS,

Table 3 Biochemical parameters at the end of the study

especially compared to the MetS + HFd group. The highest
level of LDL was noticed in MetS groups untreated with
SAE extract. Moreover, SAE supplementation significantly
reduced LDL levels in both healthy and rats with MetS.

Fatty acids profile

Level of saturated palmitic acid decreased in MetS + HFd
and in MetS + Sd+ SAE in comparison to both control
and SAE group, respectively (Fig. 1). SAE supplementa-
tion significantly increased the level of palmitoleic acid
(PLA, 16:1n-7) in healthy rats (SAE group) compared to
CTRL group. The level of SFA was significantly lower in
MetS groups without SAE than in the CTRL group. On the
other hand, levels of total MUFA (Fig. 2) were significantly
lower in all MetS groups (MetS + HFd, MetS + HFd + SAE,
MetS + Sd and MetS + Sd + SAE) than in healthy rats treated
with SAE. MUFA was also lower in MetS + HFd + SAE
and in MetS + Sd than in the CTRL group. Further, the
percentages of individual MUFA (PLA and vaccenic
acid (VA, 18:1n-7)) were decreased in MetS + HFd and
MetS +HFd + SAE groups compared to both healthy groups
of rats, and to rats with MetS but on standard diet. Oleic acid
(OA, 18:1n-9) was significantly decreased in MetS groups
supplemented with SAE as well as in MetS + Sd group com-
pared to healthy group fed with SAE. Also, the level of PLA
was significantly lower in rats with MetS 4+ Sd + SAE than in
healthy rats treated with SAE (Fig. 2).

The supplementation of SAE didn"t influence on levels
of individual n-3 FA in healthy rats: a-linolenic (ALA,
18:3n-3), eicosapentaenoic acid (EPA, 20:51-3), docosap-
entaenoic acid (DPA, 22:5r-3) and docosahexaenoic acid
(DHA, 22:6n-3), but in MetS rats who consumed HFd and
HFd + SAE, levels of all these n-3 PUFA were decreased

CTRL SAE MetS + HFd MetS + HFd + SAE MetS +Sd MetS + Sd+ SAE
TC (mmol/L) 1.61+0.14 1.71+0.11 2.01+£0.23% 1.82+0.19% 1.98+0.33% 1.91+£0.25%
TG (mmol/L) 0.35+0.10 0.40+0.07 0.62+0.19® 0.56+0.15%® 0.47 +0.10% 0.43+0.05
HDL (mmol/L) 1.30+1.19 1.28+1.23 1.10+0.10% 1.20+0.07 1.25+0.10 1.49+0.26°
LDL (mmol/L) 0.44+0.16 0.40+0.17 0.88+0.03® 0.57+0.14¢ 0.73 +0.03% 0.63+0.02°
TBARS (pmol/mL) 1.13+1.12 1.37+0.11 1.15+0.03 1.19+0.05 1.37+0.11 1.30+0.04

Data are shown as mean +SD, n=28 per group

TC total cholesterol, TG triglycerides, HDL high-density lipoprotein cholesterol, LDL low-density lipoprotein cholesterol, TBARS thiobarbituric
acid reactive species. CTRL control group, SAE standardized Aronia melanocarpa extract, MetS metabolic syndrome, Sd standard diet, HFd

high-fat diet

p <0.05 compared with CTRL

5 <0.05 compared with SAE

°p <0.05 compared with MetS + HFd
4p <0.05 compared with MetS + HFd
°p <0.05 compared with MetS + Sd
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Fig.1 The percentages of individual and total saturated fatty acids
(SFA) in plasma lipids. Data are shown as mean+SD, n=8 per
group. CTRL control group, SAE standardized A. melanocarpa
extract, MetS metabolic syndrome, Sd standard diet, HFd high-fat
diet. % <0.05 compared with CTRL, ®p <0.05 compared with SAE
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Fig.2 The percentages of individual and total monounsaturated
fatty acids (MUFA) in plasma lipids. Data are shown as mean=+SD,
n=28 per group. CTRL control group, SAE standardized A. melano-
carpa extract, MetS metabolic syndrome, Sd standard diet, HFd high-
fat diet. % <0.05 compared with CTRL, °» <0.05 compared with
SAE, °p <0.05 compared with MetS +HFd, %p <0.05 compared with
MetS + HFd + SAE

compared to the control group. Moreover, levels of EPA and
DHA were lower in these groups than in the SAE group, as
well as DPA in MetS +HFd group. In addition, EPA was
lower in MetS + HFd + SAE than in the MetS + HFd group,
but DHA level was significantly higher. When compared
rats with MetS on Sd and HFd, it can be seen that EPA,
DPA and DHA were significantly higher in Sd groups than
in HFd groups. ALA was higher in MetS + Sd than in the
MetS + HFd diet, and in MetS + Sd + SAE than in both SAE
and MetS + HFd + SAE group (Fig. 3).

Figure 4 shows changes in the percentage of the most
abundant n-6 PUFA, such as linoleic acid (LA, 18:2n-6)
and arachidonic acid (AA, 20:4n-6), and total PUFA in all
examined groups. Our results showed that supplementa-
tion with SAE significantly increased the level of LA in all

Fig.3 The percentage of individual n-3 polyunsaturated fatty acids
in plasma lipids. Data are shown as mean+SD, n=8 per group.
CTRL control group, SAE standardized A. melanocarpa extract,
MetS metabolic syndrome, Sd standard diet, HFd high-fat diet. ALA
a linolenic acid, EPA eicosapentaenoic acid, DPA docosapentae-
noic acid; docosahexaenoic acid (C22:6 n-3). p<0.05 compared
with CTRL, % <0.05 compared with SAE, p<0.05 compared with
MetS + HFd,%p <0.05 compared with MetS + HFd + SAE
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Fig.4 The percentages of linoleic acid (LA), arachidonic acid (AA),
and total polyunsaturated fatty acids (PUFA) in plasma lipids. Data
are shown as mean=+SD, n=8 per group. CTRL control group, SAE
standardized A. melanocarpa extract, MetS metabolic syndrome, Sd
standard diet, HFd high-fat diet. »<0.05 compared with CTRL,
®» <0.05 compared with SAE, °p <0.05 compared with MetS

supplemented groups and in MetS + HFd, but level of this
FA in MetS + Sd and MetS + Sd + SAE groups is lower com-
pared with MetS + HFd group. In addition, level of AA was
significantly higher in MetS + HFd + SAE compared to that
in SAE group and in MetS + Sd group compared to CTRL,
SAE, and MetS + HFd groups (Fig. 4). Total PUFA in all
MetS groups was higher than that in the groups of healthy
rats (CTRL and SAE).

The highest level of dihomo-gama-linolenic acid (DGLA,
20:3n-6) was found in MetS + HFd group, significantly
higher than that in all other groups, while the level of
¥-linolenic acid (GLA, 18:3r-6) was higher in CTRL group
than that in SAE, MetS + Sd group, and MetS + Sd + SAE
(Fig. 5).
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Fig.5 The percentage of individual n-6 polyunsaturated fatty acids in
plasma lipids. Data are shown as mean+ SD, n=8 per group. CTRL
control group, SAE standardized A. melanocarpa extract, MetS meta-
bolic syndrome, Sd standard diet, HFd high-fat diet. GLA ¥-linolenic
acid, DGLA dihomo-gama-linolenic acid, DTA docosatetraenoic
acid. *p<0.05 compared with CTRL, °p <0.05 compared with SAE,
°p <0.05 compared with MetS + HFd
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Fig.6 The percentages of total n-3 and n-6 polyunsaturated
fatty acids and n-6/n-3 ratio in plasma lipids. Data are shown as
mean+SD, n=8 per group. CTRL control group, SAE standardized
A. melanocarpa extract, MetS metabolic syndrome, Sd standard diet,
HFd high-fat diet. % <0.05 compared with CTRL, ®»<0.05 com-
pared with SAE, °p <0.05 compared with MetS + HFd + SAE

Table 4 Desaturases and elongase indices in plasma

Similar to total PUFA, level of n-6 was significantly
higher in rats with MetS (all 4 groups), than in healthy rats—
CTRL and SAE. The lowest level of n-3 PUFA was found
in rats with MetS + HFd which was significantly lower than
in all other groups. In addition, rats with MetS fed with Sd
had higher n-3 PUFA levels than rats on HFd. In accordance,
n-6/n-3 ratio was the highest in MetS + HFd group (Fig. 6).

The desaturase and elongase indices are shown in Table 4.
The supplementation of SAE leads to significantly increased
estimated activity of SCD-1 in healthy rats. In addition, we
found that all MetS groups have significantly lower index of
SCD-1 than that in both CTRL and SAE groups. The lowest
activity of D5 desaturase was found in MetS + HFd, signifi-
cantly lower than those in CTRL, MetS + HFd + SAE, and
MetS + Sd group. Also, estimated activity of this enzyme
was significantly higher in rats with MetS on standard diet
(MetS + Sd and MetS + Sd + SAE) than that in CTRL and
SAE groups (Table 4).

Discussion

The alterations of lipid parameters and FA profiles present
the risk factors for cardiovascular complications in MetS
[18]. Numerous studies have demonstrated that chokeberries
or its extract can improve biomarkers of cardiovascular risk
[19, 20]. The present study was designed to examine anti-
hyperlipidemic efficacy and potential protective effects on
FAs due to different dietary regime alone or in combination
with SAE in rats with MetS.

Generally viewed, in MetS, the increase in blood glucose
levels is accompanied by an increase in serum TC, TG, LDL
and VLDL and decreases in HDL [21], whereas chokeberry
extracts effectively influence the lipid metabolism [22]. It
was previously revealed that 30-days chokeberry extract con-
sumption prevented rise in TC, LDL and TG in rats fed the
4% cholesterol-containing diet, which is in correlation with
our findings [22]. However, in addition to the mentioned

FA CTRL SAE MetS +HFd MetS+HFd+SAE ~ MetS+Sd MetS + Sd+ SAE
SCD-1 16:1n-7/16:0 0.06+0.01 0.08+0.01° 0.02+0.0® 0.01+0.00® 0.04+0.03% 0.04+0.02%
SCD-2 18:11-9/18:0 0.36+0.01 0.43+0.03 0.37+0.09 0.30+0.05 0.30+0.12 0.29+0.05
D6 18:3n-6/18:2n-6 0.03+0.01 0.02+0.00 0.02+0.00 0.02+0.00 0.02+00 0.02+0.01

D5 20:4n-6/20:3n-6 33.03+1.32 32.61+3.98 22004333  46.20+8.09° 50.12£12.24%  43.05+6.87
ELONG 18:0/16:0 0.83+0.08 0.76 £0.04 0.89+0.07 0.88+0.06 0.81+0.12 0.91+0.15

Data are shown as mean + SD, n=8 per group

CTRL control group, SAE standardized Aronia melanocarpa extract, MetS metabolic syndrome, Sd standard diet, HFd high-fat diet

p <0.05 compared with CTRL
°p <0.05 compared with SAE
°p <0.05 compared with MetS + HFd
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parameters, we also examined FA profile and TBARS val-
ues, which enabled more detailed and precise understanding
of antihyperlipidemic effects of this plant species. Previ-
ously conducted studies provided information referring to
beneficial effects of chokeberry extract intake on lipid status
during sustained fructose-rich diet or cholesterol-containing
diet on animal models or during state of hypercholester-
olemia or MetS in humans [22-25]. Nevertheless, present
study investigated whether supplementation with SAE might
achieve similar effects or at least potentiate effects of transi-
tion of high caloric to normal diet on serum lipid values. In
that sense, we provided new insight and advances to exist-
ing data regarding the influence of Aronia extract intake in
combination with dietary habits on lipid profile. Our results
illustrated that the most prominent decrease in TC levels was
achieved by HFd in combination with SAE consumption,
while the decreases in TG and LDL levels and the increase
in HDL were achieved by the combination of healthier diet
and SAE supplementation. As previously suggested, the
reduction in serum TG caused by Aronia may be associ-
ated with an increase in endothelial lipoprotein lipase, which
hydrolyzes TG into FA [26]. In addition, polyphenol-based
extracts suppress the expression of some genes for lipogenic
enzymes and lead to reduced hepatic triglycerides synthe-
sis [27]. According to our previously published paper, SAE
extract exerted hypoglycemic effects in the presence of MetS
and didn’t alter glucose level in healthy rats [11]. These find-
ings together with the revealed hypolipidemic effects of SAE
in the current study confirmed once again significant link
between lipid and glucose metabolism [28].

It has been reported that rutin intake, as one of the most
abundant compounds in applied SAE extract, might allevi-
ate fat accumulation in liver of hypercholesterolaemic rats.
In addition, protective effects of rutin are also reflected
through the action of its metabolite quercetin, with proven
impact on lowering 3-hydroxy 3-methylglutaryl coenzyme
A (HMG-CoA) reductase activity and decreasing absorp-
tion of dietary cholesterol [29]. Moreover, among other
polyphenols, rutin was found to exert the strongest effect
in suppressing adipocyte differentiation and also decreas-
ing glycerol-3-phosphate dehydrogenase, enzyme with a
crucial role in lipogenesis in adipose cells [30]. Chemical
analysis of SAE indicates the high concentration of antho-
cyanins, which are previously found to improve leptin and
adiponectin secretions and lead to upregulation of adipo-
cyte-specific gene expressions in both animal and human
adipocytes [31]. This is of a great importance taking into
consideration significant role of adipocytes in the regu-
lation of systemic nutrient and energy homeostasis [32].
Furthermore, regulation of blood lipids status was prob-
ably attributed to flavonoids’ ability to inhibit pancreatic
lipase activity and enhance activity of lecithin acyl trans-
ferase, one of the enzymes responsible for removing TC

from the blood [33]. Regarding all above-mentioned data,
we may hypothesize that the obtained beneficial effects
of SAE on the lipid profile in our model may be due to
synergistic and additive effects of all presented bioactive
compounds in extract, with probably the greatest contribu-
tions of rutin, hyperoside, and anthocyanins.

Aronia extracts was found to reduce the expression of
genes for lipid metabolism and the lipoprotein assembly,
which includes FA synthesis and acyl-CoA oxidase [34].
In that sense, we aimed to estimate if changes in diet and
consumption of SAE might improve FA profile in rats with
MetS by measuring their levels in plasma. Numerous human
and animal studies have been well documented that palmitic,
palmitoleic, and oleic FA correlated positively with blood
pressure, insulin, and glucose [35]. In our study, the percent-
age of a saturated palmitic FA was decreased in MetS + HFd
and MetS + Sd + SAE as compared to healthy rats, while
there were no differences in stearic acid between examined
groups. This was surprising, since HFd contained higher
levels of palmitic and oleic acid (which is also decreased in
HFd groups) in comparison to the Sd. Similar to our results,
Liu et al. showed that HF feeding led to decreased levels of
palmitic acid in triacylglycerol and free fatty acids in serum,
in rats [36]. The mechanism of these alterations is unknown,
and the authors speculated that decreased palmitic/SFA and
oleic acid, and consequently increased percentage of PUFA,
resulted from increased fluxes of SFA and MUFA to stor-
age or oxidative pathways. We can agree with this specula-
tion, but these unexpected changes in FA profiles after HFd
clearly deserve further investigations.

On the other hand, the percentages of individual and total
MUFA significantly changed with changes in dietary pat-
terns. One of the MUFAs, palmitoleic FA, was significantly
decreased in rats with MetS fed with HFd alone or in com-
bination with SAE, while the transition to Sd has decreased
these changes. Similar changes were detected in vaccenic
acid. Since the rats on HFd had significantly lower levels
of these MUFA, it can be concluded that these changes can
be attributed to the diet. The major MUFA, oleic acid, was
lower in MetS rats on Sd and MetS + HFd + SAE compared
to SAE group of healthy animals, suggesting that MetS leads
to lower oleic acid [37]. In line with this, the study by Liu
et al. also showed a decreased level of oleic acid, as well
as the lower estimated activities of both SCD indices in
triacylglycerol fraction in serum, after 3-weeks of high-fat
feeding [34]. Addition of SAE in healthy rats without chang-
ing the diet significantly increased only the percentage of
palmitoleic acid and the estimated activity of SCD-1. It has
been shown that polyphenols may increase the expression of
enzymes involved in fat oxidation, such as the hepatic mito-
chondrial enzyme CPT1A1, as well as decreased expression
of lipogenic enzymes, such as fatty acid synthetase (FAS)
[38].
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A study by Park et al. showed that consumption of A. mel-
anocarpaextract in mice on HFd, decrease the accumulation
of hepatic triacylglycerols, FAS activity as well as hepatic
PPARY2 mRNA expression, and protein production. PPARY,
the master transcription regulator of lipid metabolism, which
is involved in steps such as induction of adipogenesis, pread-
ipocyte differentiation, modification of lipoprotein metabo-
lism, and lipolysis, also affects the activity of SCD [39].
In agreement with the above, our results have revealed that
SAE consumption increased the activity of SCD-1 and level
of palmitoleic acid in healthy rats. However, SCD1 index
decreased in all groups with MetS. Previous studies have
shown that SCD-1 indices correlated positively with obe-
sity and MetS, as well as with decreased fat oxidation and
increased fatty acid synthesis [40, 41]. Although the reason
for the decreased SCD-1 indices in our study is unclear, a
possible explanation is that HFd contains less carbohydrates
than Sd, and diets with 70-75% of carbohydrates increased
SCD-1 index in comparison to an HFd in humans [42].

Bearing in mind that several epidemiological studies
suggested beneficial effects of n-3 PUFA in MetS [43], we
wanted to examine how changes in diet affect the percentage
of these FA. Our results undoubtedly show decreases in the
percentage of individual n-3 PUFA in MetS groups fed with
HFd. In our study, high-fat diet used to induce MetS in rats
contained a lower proportion of n-6 and n-3 PUFA than the
standard diet. Therefore, rats with MetS who consumed HFd
during the experiment, had significantly lower level of all
examined n-3 PUFA (ALA, EPA, DPA and DHA), compared
with healthy rats and also with rats with MetS on standard
diet, as a consequence of lower dietary intake. Interestingly,
SAE supplementation to HFd (MetS + HFd + SAE) led to a
higher level of DHA as compared to MetS + HFd. This is
important since it has been shown that the higher amount of
n-3 PUFA is associated with a decreased risk of cardiovascu-
lar diseases [44] and other states such as rheumatoid arthri-
tis [45] and metabolic syndrome [46, 47]. Furthermore, a
reduced level of n-3 PUFA content in the erythrocyte mem-
brane, especially in dyslipidemia and hypertension, leads to
increased metabolism of proinflammatory mediators [48].

In a study by Kardum et al., the level of n-3 PUFA in
erythrocytes was significantly increased after 3 months of
chokeberry juice consumption in 25 healthy women [49]. The
authors suggest that an increase in the amount of total n-3
PUFA in their study is most probably caused by an increase in
DHA, which has also been documented. This result could be
a strong indicator of oxidative damage attenuation caused by
chokeberry juice consumption, as DHA is the fatty acid with
the highest content of unsaturated bonds, and the main site of
free radical attack. However, in a study by Petrovic et al., con-
sumption of the same chokeberry juice for 4 weeks in young
male and female handball players affected significantly neither
DHA nor other PUFA [50]. In our study animals treated with
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SAE did not have increased DHA when compared with the
appropriate controls, except in the HFd groups. This suggests
that SAE attenuated lipid peroxidation in the pro-oxidative
and pro-inflammatory state caused by a HFd.

In addition to HFd, supplementation with SAE signifi-
cantly altered the levels of individual and total n-6 PUFA.
There are data referring to the beneficial effects of flavo-
noid administration manifested as an increase in PUFAs and
attenuation of central adiposity in rats with MetS [51, 52].
Moreover, in support with our findings, ithas been reported
that anthocyanins can elevate concentration of PUFA, thus
acting protectively on vascular function. It seems that car-
dioprotective potential of extracts rich in anthocynins, which
was proven in our previous research, might be in part medi-
ated by impact on FA composition [11, 53]. We assume that
flavonoids, especially hyperoside, rutin and isoquercetin,
contributed significantly to increase in PUFA noticed after
SAE supplementation.

As already mentioned, the highest level of linoleic acid
(18:2n-6, LA) was detected in MetS + HFd group. Know-
ing that LA acid is an essential fatty acid and the precursor
of n-6 PUFA family, generally recognized to have a role in
onset of inflammation [54], the increase of LA we observed
could be related to inflammatory response in HF-fed animals
[55]. With this in line, MetS + HFd also had the highest level
of LA successors DGLA, while addition of SAE with HFd
decreased the levels of these PUFA. However, their down-
stream biosynthetic product, arachidonic acid (AA, 20:4n-6),
was higher in MetS + HFd + SAE compared to that in SAE
group, and the highest AA level was detected in MetS + Sd
group. Since AA is the main precursor of inflammatory
eicosanoids, it is possible that SAE decreased conversion
of AA into these eicosanoids. It is important to note that,
although DGLA itself adds to the emergence of different
anti-inflammatory mediators, it is enzymatically turned into
AA which has an opposite effect [56]. In addition, elevated
contents of LA were detected in SAE and MetS + Sd + SAE
groups, showing that Aronia extract could decrease the
conversion of LA to AA. Prominent increase in LA due to
anthocyanins intake was noticed earlier as well, and might
be an indicator that the observed effect of SAE is a con-
sequence of biological activity of cyanidin 3-galactoside,
cyanidin 3-glucoside, cyanidin 3-arabinoside, and cyanidin
3-xyloside [57]. The result about upregulation of LA as a
part of SAE health effect is even more significant in terms
of the fact that this FA is known to be connected with the
decreasing hypertrygliceridemia, obesity, and cardiovascular
disease risk [58]. In contrast to LA and DGLA alternations
in HFd fed animals, their intermediate GLAs significantly
decreased in both MetS + Sd groups and healthy SAE. No
significant connection between GLA and metabolic risk fac-
tors was found by Mayneris-Perxachs and coworkers in their
study on CVD [58], while they found FA to be useful in the
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management of diabetic disorder, such as diabetic neuropa-
thy [59]. However, SAE-induced decrease of GLA, detected
in our study, might be beneficial in terms of decreasing
inflammation caused by MetS.

Due to the highest level of n-6 PUFA and the lowest level
of n-3 PUFA, the ratio n-6/n-3 is the highest in MetS + HFd,
but adding SAE into this group significantly decreased this
unfavorable ratio by increasing the DHA and consequently
n-3 PUFA. Giving that n-6/n-3 ratio contributes to chronic
systemic inflammation as a potential sensor for the activa-
tion of a number of mechanisms involved in inflammatory
responses, which is underlying many chronic noncommuni-
cable diseases [56], SAE intake could be important in pre-
venting adverse consequences of an improper high-fat diet.

Conclusion

In conclusion, the increased plasma lipid concentrations
found in MetS rats were reduced when changing dietary
habits from HFd to Sd with or without SAE consumption.
MetS itself and the diet significantly affect the FA status in
plasma lipids. Consumption of SAE slightly affects the FA
profiles, mostly palmitoleic acid in healthy rats and PUFA in
MetS + HFd rats. Nevertheless, in a high-fat diet, SAE sup-
plementation significantly decreases n-6/n-3 ratio, thereby
decreasing the systemic inflammation. Further researches
are warranted to confirm these effects in humans.
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Abstract: The aim of our study was to examine the effects of different dietary strategies, high-fat
(HFd) or standard diet (Sd) alone or in combination with standardized oral supplementation
(0.45 mL/kg/day) of Aronia melanocarpa extract (SAE) in rats with metabolic syndrome (MetS).
SAE is an official product of pharmaceutical company Pharmanova (Belgrade, Serbia); however, the
procedure for extraction was done by EU-Chem company (Belgrade, Serbia). Rats were divided
randomly into six groups: control with Sd, control with Sd and SAE, MetS with HFd, MetS with
HFd and SAE, MetS with Sd and MetS with Sd and SAE during 4 weeks. At the end of the 4-week
protocol, cardiac function and liver morphology were assessed, while in the blood samples glucose,
insulin, iron levels and systemic redox state were determined. Our results demonstrated that SAE
had the ability to lower blood pressure and exert benefits on in vivo and ex vivo heart function.
Moreover, SAE improved glucose tolerance, attenuated pathological liver alterations and oxidative
stress present in MetS. Obtained beneficial effects of SAE were more prominent in combination with
changing dietary habits. Promising potential of SAE supplementation alone or in combination with
different dietary protocols in triggering cardioprotection should be further examined in future.

Keywords: metabolic syndrome; Aronia melanocarpa; standardized extract; dietary strategies;
supplementation

1. Introduction

Metabolic syndrome (MetS) represents one of the metabolic disorders characterized by abdominal
obesity, dyslipidemia, hypertension, insulin resistance and diabetes mellitus (DM) type 2 [1,2]. There is
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a great concern since MetS directly promotes the development of cardiovascular disorders, possibly
because it results in increased oxidative stress and low-grade inflammation [3]. Therapeutic approaches
involve dietary restriction or a combination of synthetic antidiabetic and hypolipidemic drugs [4].
However, increasing incidence of MetS associated with the undesirable side—effects and high cost
of available drugs indicates the need to discover new, less harmful herbal medicines efficient in
controlling both blood glucose and lipids [4,5]. Therefore, a lot of plant extracts as well as plant-derived
biomoleculs such as polyphenols, have been under research for the prevention and therapy of MetS [1].
It has been well documented that polyphenols, especially anthocyanins and quercetin, exert the
potential to enhance the glucose uptake by muscle and adipocyte cells, thus exerting antidiabetic
effect [6].

Aronia melanocarpa (A. melanocarpa) or black chokeberry is a fruit/plant which belongs to the
Rosaceae family and is native to North America [7]. However, it has been commonly used in Europe as
ingredient for juices, wine, jams, teas and cordial liqueurs [8,9]. A. melanocarpa represents one of the
richest sources of polyphenols among fruits, with anthocyanins and flavonoids identified as major
components responsible for its therapeutic potential [10,11]. Recent researches have focused attention
on A. melanocarpa due to its numerous health benefits in a broad range of pathological conditions [12].
It has been reported that fruit and extracts of A. melanocarpa exert gastroprotective, hepatoprotective,
antiinflammatory and antiproliferative activity [12,13]. Furthermore, the health-promoting effects
of extracts of this plant involve antiatherosclerotic, antiplatelet and hypoglycemic properties [7,14].
Moreover, it was previously confirmed that A. melanocarpa extract may reduce systolic and diastolic
pressure and be useful in the management of DM [5,13]. However, to our best knowledge, the
effectiveness of A. melanocarpa extract in combination with different diet regimens in the treatment of
MetS has been not investigated so far.

Therefore, the aim of our study was to examine different dietary strategies, high-fat (HFd)
or standard diet (Sd) alone or in combination with standardized A. melanocarpa extract (SAE)
supplementation, and their potential benefits in the prevention and treatment of various complications
in rats with MetS.

2. Results

2.1. Body Mass Index (BMI) of Healthy and Rats with MetS after 4-Weeks of Dietary Changes

BMI was statistically higher in groups with MetS (MetS + HFd, MetS + HFd + SAE, MetS + 5d,
MetS + Sd + SAE) than in healthy rats (CTRL, SAE). However, 4 weeks after dietary regime, MetS + Sd
and MetS + Sd + SAE groups had significantly lower BMI levels than MetS + HFd and MetS + HFd +
SAE, while MetS + Sd + SAE had significantly lower BMI level than MetS + Sd (Figure 1).



Int. J. Mol. Sci. 2019, 20, 6 30f19

1.2

abcde

0.8

H

0.6

BMI (g/cm?3)

04

0.2

CTRL SAE MetS+HFd  MetS+HFd+SAE MetS+5d MetS+Sd+SAE

Figure 1. BMI in examined groups 4 weeks after dietary changes. Values are expressed as
mean + standard deviation for 10 animals, for each group. For statistical significance were considered
values p < 0.05. 2 Statistical significance in relation to control (CTRL) group; P Statistical significance
in relation to standardized A. melanocarpa extract (SAE) group; © Statistical significance in relation
to MetS + HFd group; ¢ Statistical significance in relation to MetS + HFd + SAE group; © Statistical

significance in relation to MetS + Sd group.
2.2. Changes in Blood Pressure and Heart Rate in Healthy and Rats with MetS on the Different Diet Regime

Systolic and diastolic blood pressure (SBP and DBP), as well as heart rate (HR) were increased in
rats with MetS compared to healthy rats, as excepted (Figure 2A-C). More interesting was that with
the addition of SAE and Sd in rats with MetS, SBP was statistically decreased compared to MetS + Sd
and MetS + HFd + SAE (Figure 2A). DBP was significantly increased in MetS + HFd in comparison
with MetS + HFd + SAE, MetS + Sd and MetS + Sd + SAE, while in MetS + Sd + SAE group DBP was
significantly lower than in other MetS groups (Figure 2B). SAE treatment in MetS + HFd + SAE group
induced significant increase of HR compared to MetS + HFd and MetS + Sd groups (Figure 2C).
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Figure 2. Changes in blood pressure and heart rate in healthy and rats with MetS on the different
diet regime: (A) systolic blood pressure (SBP, mmHg); (B) diastolic blood pressure (DBP, mmHg);
(C) heart rate (HR, bpm). Values are expressed as mean =+ standard deviation for 10 animals, for each
group. For statistical significance were considered values p < 0.05. ? Statistical significance in relation
to CTRL group; P Statistical significance in relation to SAE group; © Statistical significance in relation
to MetS + HFd group; d Gtatistical significance in relation to MetS + HFd + SAE group; € Statistical
significance in relation to MetS + Sd group.

2.3. Effect of Dietary Changes in Healthy and Rats with MetS in In Vivo Cardiac Function

SAE supplementation in healthy rats significantly increased interventricular septal wall thickness
at end diastole (IVSd), left ventricle posterior wall thickness at end diastole (LVPWd), interventricular
septal wall thickness at end systole (IVSs), left ventricle posterior wall thickness at end systole (LVPWs),
fractional shortening (FS) and reduced left ventricle internal dimension at end systole (LVIDs) and left
ventricle internal dimension at end diastole (LVIDd) compared to control. On the other hand, IVSd and
IVSs were significantly decreased while LVIDd was significantly increased in MetS + HFd compared
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to SAE group. More importantly, FS was statistically decreased in MetS + HFd compared to CTRL and
SAE, as well as in MetS + HFd + SAE and MetS + Sd compared to SAE. SAE supplementation in rats
with MetS fed with Sd significantly increased LVIDd, IVSs and LVIDs compared to MetS + Sd group

(Table 1).

Table 1. Effect of dietary changes in healthy and rats with MetS on in vivo cardiac function.

M‘:::‘;:ers CTRL SAE MetS + HFd MetSSZEFd + MetS + Sd Mets A+E5d +
IVSd 122402 1.89 +£022 1.28 £ 03P 1.34 +0.2 1.58 + 0.2 1.59 + 0.2
LVIDd 6.80 + 0.4 573+£022 6.23 +0.4 6.70 + 0.4 553 +0.3 793+ 04¢
LVPWd 1.94 + 0.4 3.45+042 222+0.1 1.72 £0.1° 1.88 £0.2P 193 +02P
IVSs 248 +0.3 3.64+£032 2334+0.1b 252 +0.2 245+02b 3.24 0.1 ace
LVIDs 320405 203+022 3244+02°b 3.16 + 0.1 248 4 0.2 acd 3.45 + 0.2 be
LVPWs 298 +0.2 497 +012 3.16 0.2 3.26 +£0.2 276 +£02° 345+03
FS (%) 532+418 657+5012  49.0+3992 52.2 +4.32P 51.4 + 419" 56.3 4+ 4.21

Values are expressed as mean =+ standard deviation for 10 animals, for each group. For statistical significance were
considered values p < 0.05. 2 Statistical significance in relation to CTRL group; ? Statistical significance in relation to
SAE group; © Statistical significance in relation to MetS + HFd group; d Gtatistical significance in relation to MetS +
HEFd + SAE group; ¢ Statistical significance in relation to MetS + Sd group.

2.4. Effect of Dietary Changes in Healthy and Rats with MetS on Ex Vivo Cardiac Function

Figure 3 shows the values of ex vivo measured cardiac function parameters and coronary flow,
during pressure changing protocols (PCPs) on the Langendorff apparatus. To examine the potential
difference due to various dietary habits, we compared the percentage of decrease (—) or increase (+)
between PCP 1 and PCP 2 in the group (Table 2).
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Figure 3. Effect of dietary changes in healthy and rats with MetS on cardiac function parameters,
measured ex vivo: (A) values of dp/dt max within each of 6 groups during pressure changing protocol
1 (PCP 1) and pressure changing protocol 2 (PCP 2); (B) values of dp/dt min within each of 6 groups
during PCP 1 and PCP 2; (C) values of SLVP within each of 6 groups during PCP 1 and PCP 2; (D) values
of diastolic left ventricular pressure (DLVP) within each of 6 groups during PCP 1 and PCP 2; (E) values
of HR within each of 6 groups during PCP 1 and PCP 2; (F) values of CF within each of 6 groups during
PCP 1 and PCP 2. All values are expressed as mean + standard deviation for each group.
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Table 2. Percentage differences between PCP 1 and PCP 2 during ex vivo perfusion on
Langendorff aparatus.

CcPP CTRL SAE MetS + HFd  MetS + HFd + SAE MetS + Sd MetS + Sd + SAE

dp/dt max
60 —-11.05 =599 —24.77 —1.07 —24.23 —13.13
80 —6.11  —12.90 —35.30 —4.41 —28.11 —3.77
100 -10.88  —4.79 —6.22 —4.08 —8.80 —14.02
120 —0.63 -1.91 5.62 —9.39 —2.06 —3.24
dp/dt min
60 —-21.25 1481 —0.46 —0.62 —13.64 —6.36
80 —22.03 —11.53 —0.80 —9.03 —18.90 —2.32
100 —29.70 —11.43 —7.04 —3.81 —9.14 —12.42
120 —-12.04 814 —8.08 -3.15 2.63 1.16
SLVP
60 —8.35 —9.49 5.37 10.80 —10.58 4.06
80 -1311  —1.66 5.70 8.55 —4.18 2.44
100 -16.81  —5.81 -1.22 2.15 3.72 —12.46
120 -779  -16.29 12.60 1.99 412 —0.07
DLVP
60 12.50 16.67 2.50 —15.79 14.41 6.67
80 16.05 10.20 —2.22 —19.05 9.32 4.76
100 10.47 —0.93 —4.21 —15.38 15.87 9.09
120 7.61 —5.26 0.00 —2.86 4.13 8.45
HR
60 —5.29 —4.01 —6.26 1.59 1.39 2.51
80 —1.96 —3.85 —6.82 0.23 0.41 1.10
100 —4.58 -2.77 —5.04 3.66 0.31 —0.37
120 —3.41 —2.63 -3.21 7.85 1.02 0.61
CF
60 —12.37  -10.07 =311 6.74 1.93 —4.55
80 —3.57  —10.40 —5.78 5.48 7.88 —3.36
100 —5.10 —8.33 —2.55 —0.57 13.44 —4.55
120 —-121  —14.66 —14.96 1.51 7.59 —1.04

Major changes in maximum rate of pressure development in the left ventricle (dp/dt max) in
PCP 1 versus PCP 2 were observed at coronary perfusion pressure (CPP) = 60 cm H,O and 80 cm H,O
in MetS + HFd (—24.77; —35.3) and MetS + Sd (—24.23; —28.11) groups. In MetS groups that were
fed with combination of mentioned diets and SAE, this parameter was not changed during pressure
changing protocols. On the other hand, the most significant differences in minimum rate of pressure
development in the left ventricle (dp/dt min) were observed in CTRL group at CPP = 60 cm H,O,
80 cm H,O and 100 cm HpO (—21.25; —22.03; —29.7), while during the PCPs there were no significant
changes in systolic left ventricular pressure (SLVP), HR, and coronary flow (CF) in any of the examined
groups (Figure 3, Table 2).

2.5. Effect of Dietary Changes in Healthy and Rats with MetS on Glucose and Insulin Levels during Oral
Glucose Tolerance Test (OGTT)

2.5.1. Effects on Glucose Levels during OGTT

The average blood glucose values during an OGTT were present in Figure 4. Fasting blood
glucose concentrations were significantly increased in all MetS groups compared to healthy groups,
except in MetS + HFd + SAE where glucose level was the lowest among the MetS groups. In addition,
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glucose level was lower in MetS + Sd + SAE than in MetS + Sd. The similar trend was maintained
during 30, 60 and 120 min, while in 180’ the highest level was in MetS + HFd.
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Figure 4. Effect of dietary changes in healthy and rats with MetS on glucose levels during OGTT.

Values are expressed as mean =+ standard deviation for 10 animals, for each group. For statistical

significance were considered values p < 0.05. ? Statistical significance in relation to CTRL group;
b Statistical significance in relation to SAE group; © Statistical significance in relation to MetS + HFd
group; ¢ Statistical significance in relation to MetS + HFd + SAE group; © Statistical significance in

relation to MetS + Sd group.

2.5.2. Effects on Insulin Levels during OGTT

Table 3 shows the insulin concentration measured during the OGTT. The SAE group had the
lowest, while MetS + Sd group had the highest insulin concentration measured fasting (0'), as well as
3 h after glucose administration (180’). In MetS groups fasting insulin concentration was significantly
higher than in CTRL group. Moreover, insulin concentration was significantly lower in MetS + Sd +
SAE than in MetS + Sd group, in both measured moments of interest.

Table 3. Effect of dietary changes in healthy and rats with MetS on insulin levels during OGTT.

Groups 180’
CTRL 122.9 + 6.76 123.7 + 6.61
SAE 106.9 + 6.04 2 113.8 + 6.51
MetS + HFd 185.1 + 7.78 @b 129.3 + 6.38
MetS + HFd + SAE 180.3 + 8.02 @ 131.1 +7.13b
MetS + Sd 205.8 + 9.87 abed 145.2 + 7.65 b
MetS + Sd + SAE 182.1 + 9.32 abede 1273 +6.72¢

Values are expressed as mean =+ standard deviation for 10 animals, for each group. For statistical significance were
considered values p < 0.05. ? Statistical significance in relation to CTRL group; ? Statistical significance in relation to
SAE group; © Statistical significance in relation to MetS + HFd group; ¢ Statistical significance in relation to MetS +
HFd + SAE group; ¢ Statistical significance in relation to MetS + Sd group.
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2.6. Effect of Dietary Changes in Healthy and Rats with MetS on Serum Iron Levels

SAE supplementation significantly increased iron levels in serum of healthy and rats with MetS
fed with HFd or Sd than in non-treated groups. CTRL group had the lowest values of iron in relation
to all other examined groups (Figure 5).

30 T a
abc ace
25 +

abd

20 +

15 1

Iron (umol/L)
H

CTRL SAE MetS+HFd MetS+HFd+SAE MetS+Sd MetS+5d+SAE

Figure 5. Effect of dietary changes in healthy and rats with MetS on serum iron levels. Values are
expressed as mean =+ standard deviation for 10 animals, for each group. For statistical significance were
considered values p < 0.05. @ Statistical significance in relation to CTRL group; ? Statistical significance in
relation to SAE group; © Statistical significance in relation to MetS + HFd group; d Gtatistical significance
in relation to MetS + HFd + SAE group; € Statistical significance in relation to MetS + Sd group.

2.7. Evaluation of Systemic Redox State

Level of nitrites (NO, ™) was significantly decreased in SAE group compared to CTRL group, and
significantly increased in MetS groups compare to CTRL and SAE groups. The highest values of NO, ™
were observed in MetS + HFd group, while with the addition of SAE in HFd or Sd these values drop
dramatically. Interestingly, MetS + Sd had significantly higher NO, ™ levels compare to MetS + HFd +
SAE group (Figure 6A).

The highest level of superoxide anion radical (O, ~) was noticed in MetS groups untreated with
SAE extract. Moreover, SAE supplementation in healthy and rats with MetS significantly reduced O, ~
levels (Figure 6B).

Hydrogen peroxide (HO,) levels were significantly increased in all examined group (except in
MetS + HFd + SAE) compared to CTRL (Figure 6C).

Superoxide dismutase (SOD) activity was significantly reduced in rats with MetS, compare to
healthy rats. The transition to a standard food with or without SAE supplementation led to a significant
increase of SOD activity (Figure 6D).

Catalase (CAT) activity was significantly higher in SAE group compared to other examined
groups, except MetS + Sd + SAE. On the other hand, in CTRL group this parameter was significantly
increased compared to MetS + HFd and MetS + HFd + SAE and significantly decreased compared
to MetS + Sd + SAE. With the addition of SAE in diet of rats with MetS, we observed significant
increasement of CAT activity in comparison to MetS rats untreated with SAE (Figure 6E).

Reduced glutathione (GSH) levels were significantly increased in SAE and MetS + HFd + SAE
compared to other observed groups (Figure 6F).
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Figure 6. Effect of dietary changes in healthy and rats with MetS on systemic oxidative stress
parameters: (A) NO,~; (B) O,~; (C) HyOy; (D) SOD; (E) CAT; (F) GSH. Values are expressed as
mean =+ standard deviation for 10 animals, for each group. For statistical significance were considered
values p < 0.05. 2 Statistical significance in relation to CTRL group; ° Statistical significance in relation
to SAE group; © Statistical significance in relation to MetS + HFd group; ¢ Statistical significance in
relation to MetS + HFd + SAE group; © Statistical significance in relation to MetS + Sd group.

2.8. Histological Analysis of Liver Tissue

As shown in Figure 7, in CTRL, SAE, MetS + HFd + SAE, MetS + Sd and MetS + Sd + SAE liver
tissue is a common feature. Liver lobulus is fully preserved. Hepatocytes are correctly arranged in the
liver plates, without change. Sinusoidal capillaries are common characteristics, also without change.
Fibrosis as well as inflammation have not been detected. On the other hand, in MetS + HFd there was
a microvesicular steatosis (fatty change).
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E F

Figure 7. Representative hematoxylin and eosin (H&E) staining photos of liver tissue (for sub-figures A,
B, D, E and F original magnification is 100x and scale bar is 2 mm, while in sub-figure C magnification
is 400x and scale bar is 2 mm) in: (A) CTRL, (B) SAE, (C) MetS + HFd, (D) MetS + HFd + SAE, (E) MetS
+ 5d and (F) MetS + Sd + SAE groups.

3. Discussion

Several epidemiologic studies have implicated visceral fat as a major risk factor for insulin
resistance, type 2 diabetes mellitus, cardiovascular disease, stroke, metabolic syndrome and death [15].
Taking into consideration increasing incidence of MetS and its related complications we wanted to
estimate the effectiveness of HFd cessation and introduction of polyphenol-rich extract (SAE) on
weight gain, cardiac function, glucose tolerance, serum insulin and iron levels, as well as systemic
redox state and morphological characteristic of the liver.

Our results clearly show that the highest increase in BMI was observed in MetS + HFd, which
was expected as many data suggest weight gain in rats exposed to HFd for different periods [16-18].
Introduction of Aronia extract in MetS + HFd group suppressed the body weight gain and decreased
BMI; however changing dietary habits from high-fat to standard food had better anti-obesity effect
when compared to MetS + HFd group. Moreover, the most prominent reduction in body weight and
BMI was achieved by standard diet associated with consumption of SAE extract.

Taking into account, that cardiovascular complications in MetS are very common, we wanted to
examine cardiovascular effects such as their ability to affect blood pressure as well as in vivo and ex
vivo cardiac function, after dietary changes. Transition from a high caloric to normal fat diet-induced
a decline in diastolic blood pressure. Nevertheless, the highest hypotensive effect in rats with MetS,
evidenced with a drop in both systolic and diastolic pressure was reached when this regimen was
combined with Aronia extract. Extract of Aronia was able to induce a drop in diastolic pressure even in
rats who were fed with high-fat food continuously. On the contrary, in healthy rats SAE did not affect
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blood pressure. This is in line with the data that both Aronia berries and Aronia polyphenol extracts
reduce quite effectively both SBP and DBP in spontaneously hypertensive rats [19]. The proposed
mechanism might be through inhibition of the kidney renin-angiotensin system [20]. Others also found
that A. melanocarpa extract decreases blood pressure in experimental model of hypertension [21,22].
Growing evidence suggests that the flavonoid-rich foods intake is related with decline in SBP and
DBP, so we assume that the blood pressure-lowering effect of SAE is attributed to polyphenols [22,23].
Hypotensive effect was confirmed in patients with metabolic syndrome as well [24].

During blood pressure measuring, HR was also registered. Increase in HR in groups with MetS
compared to healthy rats may be explained by an increase in sympathetic nervous system activity
induced by HFd [25]. In that sense obtained decrease in HR after the transition to standard diet in
MetS + Sd group appears to be logical. However, there was no change in HR when SAE was added
to a dietary regimen in rats with MetS who were on a Sd, while we noticed an increase in rats on
HFd. Moreover, Aronia extract did not alter heart rate in healthy rats, reflecting preserved myocardial
function and contractility. Similar results were found in previous investigations regarding the effects
of polyphenol-containing extracts on HR [26].

An echocardiographic examination illustrated that the highest impact of Aronia extract on in vivo
myocardial functions was found in healthy rats, where we observed significant increase in IVSd,
LVPWd, IVSs, LVPWs, FS and decrease in LVIDs compared to CTRL. On the other hand, addition of
Aronia extract in rats with MetS during both HFd and Sd did not significantly affect cardiac function
compared to MetS + HFd group. The greatest benefit of SAE involves improvement in systolic function,
manifested as a significant increase in fractional shortening (FS) in healthy rats relative to almost all
other groups. Similar values in healthy and MetS + Sd + SAE and MetS + HFd + SAE group suggest
that Aronia extract was capable of improving fractional shortening during both high-calorie and
standard dietary conditions in the presence of metabolic syndrome. In accordance with our findings,
it has been previously reported that polyphenolics and plants rich in polyphenolics had effect in
lessening the pathological alterations in FS promoted by MetS [27-29]. A decrease in systemic blood
pressure after Aronia extract treatment may increase fractional shortenings, resulting in increased
myocardial contractility [30].

Similar results were obtained during ex vivo, retrograde perfusion on Langendorff. Cardiac
contractility, estimated by maximum and minimum rate of left ventricle pressure development,
(dp/dt mSAE and dp/dt min), was preserved in MetS groups treated with SAE in combination
with HFd or Sd, especially in normoxic conditions (CPP = 60 and 80 cm H,O). Furthermore, addition
of Aronia extract in healthy rats significantly improved heart relaxation (for the CPP values from
60-100 cm H,O) compared to CTRL group. These results confirm the assumption that Aronia extract
triggers cardioprotection, most probably because of its antioxidant, antiinflammatory, vasorelaxant
and antithrombotic effects [31].

To estimate if SAE extract might improve glucose tolerance, which is strongly related to insulin
resistance and insulin secretion, we performed oral glucose tolerance (OGT) test. Our results
highlighted that SAE extract did not affect fasting glucose level in healthy rats, while it exerted
hypoglycemic effect in animals with MetS on both HFd and Sd. The similar trend was noticed during
30, 60, 120 and 180 min, except the fact that in 120 and 180 min there was no difference in glucose level
between MetS + Sd and MetS + Sd + SAE. Regarding the concentration of insulin, it was the lower in
group of healthy rats receiving SAE group compared to healthy untreated group in 0'. Moreover, higher
insulin concentration in MetS + HFd group wasn’t diminished after adding SAE extract. On the other
hand, this extract potentiates effect of standard food on lowering insulin, as evidenced by a decrease
in insulin concentration in MetS + Sd + SAE compared to MetS + Sd group in 0’ and 180’. In line with
our observation, better glucose tolerance achieved by treatment with SAE extract was confirmed by
several papers. Other authors showed the beneficial effects of A. melanocarpa extract on attenuating
insulin resistance and improving insulin sensitivity in HFd-induced obese mice [32]. Furthermore,
glucose lowering potential was confirmed in patients with DM as well [33]. Proposed mechanism
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though which Aronia exerts hypoglicemic effect involve inhibition of dipeptidyl peptidase IV and
a-glucosidase activities [34].

Since iron is an essential trace element that has been involved in maintenance of regular
homeostasis, understanding the influence of SAE alone or in combination with different dietary
regiments its serum levels would be of a great importance [35]. We found the highest level of iron
in group of healthy animals receiving SAE, while increased level of iron was found in all groups
with MetS compared to healthy rats. Previous study indicates that increased iron stores have been
associated with MetS [36]. Changing dietary habits from high-fat to standard food did not result in
change of iron, while addition of SAE in this group induced significant rise when compared to MetS
group. This is in agreement with other research which showed that supplementation with Aronia
juice increased serum level of iron [34]. In fact, certain flavonoids have potential to chelate iron and
decrease iron absorption through mechanism independent of the hepcidin, a hormone included in
iron homeostasis [35,37]. On the other hand, other flavonoids may decrease the activity of hepcidin
resulting in increased iron uptake and serum iron levels, which may be an explanation for the SAE
extract-induced increase in our research [35,38].

Increased oxidative stress has been linked with pathogenesis of MetS, thus indicating the need
for consuming natural antioxidants from food sources in treatment of MetS-related diseases [39].
In that sense, in order to test if 4-week SAE supplementation alters systemic redox homeostasis we
determined levels of pro-oxidants, as well as capacity of antioxidant defense system in blood samples.
Our results demonstrated that SAE consumption led to a drop in NO, ™ and O, ™ and rise in CAT
and GSH in healthy rats. Increase in CAT activity which catalyzes the decomposition of hydrogen
peroxide to water and oxygen support unchanged values of HyO,. As it was expected increased
generation of pro-oxidants and decreased activity of antioxidant enzymes SOD and CAT were noticed
in MetS + HFd group compared to control. Introduction of three different dietary strategies such as
consumption of SAE or transition to standard diet or its combination induced decline only in NO, ™~
compared to MetS + HFd. Regarding the antioxidant status, the highest impact of increase in activities
of antioxidant enzymes was noticed when standard diet was combined with SAE treatment. Striking
evidence indicate that polyphenols might increase antioxidant capacity via rise in activities of SOD,
CAT and GSH-peroxidase and act as direct free radical scavengers as well [40,41]. Chelation of iron
ions which catalyze several free radical-generating reactions is one of the mechanisms underlying
antioxidant effects of polyphenols. Nevertheless, rise in iron level induced by SAE in our research lead
us to a hypothesis that enhanced activity of antioxidant enzymes and direct scavenging rather than iron
chelation were responsible for antioxidant potential of applied extract. However, poor bioavailability
of polyphenols through food intake suggests necessity for polyphenol-enriched foods or supplements
treatment such as our extract [42].

MetS in combination with high-fat altered structure of liver tissue manifested as microvesicular
hepatic steatosis. Nevertheless, transition from high-fat to standard food and combined approach
which involved SAE extract consumption associated with both dietary protocols significantly
normalized liver changes in MetS groups. Obtained positive effects in those groups are evidenced
by the absence of fibrosis and inflammation. Ability of anthocyanins in Aronia to diminish liver
steatosis induced by MetS was documented before, so we may hypothesize that these bioactive
compounds are responsible for the beneficial effects in our study [43,44]. Some results show beneficial
effects of A. melanocarpa against hepatic lipid accumulation through the inhibition of peroxisome
proliferator-activated receptor y2 (PPARY2) expression along with improvements in body weight,
liver functions, lipid profiles and antioxidant capacity suggesting the potential therapeutic efficacy of
A. melanocarpa on nonalcoholic fatty liver disease [45]. Recently, it was showed clearly an increase in
acetylcholinesterase (AChE) and butyryl cholinesterase activity and disruption of lipid metabolism in
patients with MetS. After supplementation of MetS patients with A. melanocarpa extract, a decrease in
AChE activity and oxidative stress was noted [46].
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4. Material and Methods

4.1. Ethical Approval

This research was carried out in the laboratory for cardiovascular physiology of the Faculty
of Medical Sciences, University of Kragujevac, Serbia. The study protocol was approved (number:
119-01-5/14/2017-09, date: 30 June 2017) by the Ethical Committee for the welfare of experimental
animals of the Faculty of Medical Sciences, University of Kragujevac, Serbia. All experiments were
performed according to EU Directive for welfare of laboratory animals (86/609/EEC) and principles
of Good Laboratory Practice.

4.2. Animals

Sixty Wistar albino rats (males, six weeks old, body-weight 200 £ 30 g, on beginning of experiments)
were included in the study. They were housed at temperature of 22 £ 2 °C, with 12 h of automatic
illumination daily. The rats were randomly divided into two groups: healthy animals (1 = 20), fed
with Sd which contains 9% fat, 20% protein, 53% starch, 5% fiber and animals with MetS (1 = 40), fed
with HFd which contains 25% fat, 15% protein, 51% starch and 5% fiber during 4 weeks. After one
month on their respective diets, rats from MetS group after 6-8 h of starvation received one dose of
streptozotocin intraperitoneally. Streptozotocin was prepared ex tempore by dissolving in citrate buffer
and, depending on the body weight, it was administered in a dose of 25 mg/kg body weight [47].
Three days (72 h) after streptozotocin treatment e and 12 h after starvation fasting glucose and insulin
level as well as blood pressure, were measured. Animals with systolic blood pressure greater than
140 mmHg, diastolic blood pressure more than 85 mmHg, fasting glucose level above 7.0 mmol/L and
fasting insulin level over 150 uLU/mL were included in the study and were used in the study as rats
with MetS.

Healthy and rats with MetS were divided into 6 groups as follows: CTRL—healthy rats, fed with
a 5d for 4 weeks; SAE—healthy rats, fed with a Sd and treated with highly concentrated Aronia extract
standardized with polyphenol content—SAE in the dose 0.45 mL/kg/day per os for 4 weeks; MetS +
HFd—rats with MetS, fed with HFd for 4 weeks; MetS + HFd + SAE—rats with MetS, fed with HFd
and treated with SAE (0.45 mL/kg/day, per os) for 4 weeks; MetS + Sd—rats with MetS, fed with a
Sd for 4 weeks; MetS + Sd + SAE—rats with MetS, fed with a Sd for 4 weeks and treated with SAE
(0.45 mL/kg/day, per os) for 4 weeks.

Standardized Aronia extract (SAE) is official product of pharmaceutical company Pharmanova
(Belgrade, Serbia); however procedure of extraction was done by EU-Chem company (Belgrade, Serbia).

4.3. Measurement of BMI
At the end of the study protocol, body weight and body length were measured. Body length
represents nose-anus length. Those parameters were used to calculate the BMI of the rats as follows:

Body mass index (BMI) = body weight (g)/ length2 (cm?) (1)

4.4. Evaluation of Blood Pressure and Heart Rate

A day before sacrificing animals, the blood pressure and heart rate were measured by a tail-cuff
noninvasive method BP system (Rat Tail Cuff Method Blood Pressure Systems (MRBP-R), IITC Life
Science Inc., Los Angeles, CA, USA) [48].

4.5. Evaluation of in vivo Cardiac Function

After accomplishing 4-week treatment, transthoracic echocardiograms were performed. Mixture
of ketamine—50 mg/kg and xylazine—10 mg/kg intraperitoneally was used as anesthesia.
Echocardiograms were performed using a Hewlett-Packard Sonos 5500 (Andover, MA, USA) sector
scanner equipped with a 15.0-MHz phased-array transducer as previously described [49]. From the



Int. J. Mol. Sci. 2019, 20, 6 15 of 19

parasternal long-axis view in 2-dimensional mode, and M-mode cursor was positioned perpendicularly
to the interventricular septum and posterior wall of the left ventricle (LV) at the level of the papillary
muscles and M-mode images were obtained. Interventricular septal wall thickness at end diastole
(IVSd), LV internal dimension at end diastole (LVIDd), LV posterior wall thickness at end diastole
(LVPWd), interventricular septal wall thickness at end systole (IVSs), LV internal diameter at end
systole (LVIDs) and LV posterior wall thickness at end systole (LVPWs) were recorded with M-mode.
Fractional shortening percentage (FS%) was calculated from the M-mode LV diameters using the
equation: [(LVEDd—LVESd)/LVEDd] x 100%. Where LVEDd is left ventricular end diastolic diameter
and LVESd is left ventricular end systolic diameter.

4.6. Evaluation of ex vivo Cardiac Function

Following 4-week protocol, after short-term narcosis induced by intraperitoneal application of
ketamine (10 mg/kg) and xylazine (5 mg/kg) and premedication with heparin as an anticoagulant,
animals were sacrificed by decapitation. Then the chest was opened via midline thoracotomy, hearts
were immediately removed and immersed in cold saline and aortas were cannulated and retrogradely
perfused according to Langendorff technique, under gradually increasing coronary perfusion pressure
(CPP) from 40 to 120 cm H,O [50]. The composition of Krebs-Henseleit buffer used for retrograde
perfusion was as follows (mmol/L): NaCl 118 mmol/L, KCl 4.7 mmol/L, MgSO4 x 7H,O 1.7 mmol/L,
NaHCO; 25 mmol/L, KH,PO4 1.2 mmol/L, CaCl, x 2H,O 2.5 mmol/L, glucose 11 mmol/L, pyruvate
2 mmol/L, equilibrated with 95% O, plus 5% CO, and warmed to 37 °C (pH 7.4).

After placing the sensor (transducer BS473-0184, Experimetria Ltd., Budapest, Hungary) in the
left ventricle, the following parameters of myocardial function have been measured: maximum rate of
pressure development in the left ventricle (dp/dt max), minimum rate of pressure development in the
left ventricle (dp/dt min), systolic left ventricular pressure (SLVP), diastolic left ventricular pressure
(DLVP), heart rate (HR). Coronary flow (CF) was measured flowmetrically. Following the establishment
of heart perfusion, the hearts were stabilized within 30 min with a basal coronary perfusion pressure
of 70 cm H,O. To examine the heart function, after stabilization period, the perfusion pressure was
gradually decreased to 60, and then increased to 80, 100 and 120 cm H,O and reduced to 40 cm
H,O (pressure changing protocol 1, PCP 1) and again gradually increased from 40 to 120 cm H,O
(pressure changing protocol 1, PCP 1).

4.7. Oral Glucose Tolerance Test

Oral glucose tolerance test (OGTT) was performed at the end of 4-week protocol and a day
before sacrificing animals. After overnight (12-14h) fasted animals, the blood sample was taken by
tail bleeding to determine the fasting blood glucose and insulin level (0 min) and then glucose was
administered orally in a dose of 2 g/kg body weight and blood samples were taken at 30, 60, 120 and
180 min after glucose loading. Glucose levels were determined in 0, 30, 60, 120 and 180 min, using
glucometer (Accu-Chek, Roche Diagnostics, Indianapolis, IN, USA) with its corresponding strips. At 0
and 180 min, insulin levels were assessed in plasma samples by the enzyme-linked immunosorbent
assay (ELISA) method as previously described [51].

4.8. Evaluation of Serum Iron Levels and Systemic Redox State

In the moment of sacrificing animals blood samples were collected from jugular vein in order to
estimate serum iron levels and systemic oxidative stress response. The levels of serum iron (SI) was
determined on a biochemical analyzer (Dimension, Dade Behring, Milton Keynes, UK, USA) and the
results were expressed in pg/L.

In plasma the following pro-oxidants were determined: the levels of nitrites (NO, ™), superoxide
anion radical (O, ") and hydrogen peroxide (H,O;). Parameters of antioxidative defence system, such
as activities of superoxide dismutase (SOD) and catalase (CAT) and level of reduced glutathione (GSH)
were determined in erythrocytes samples.
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NO;~ was determined as an index of NO production with Griess reagent. The method
for detection nitrate in plasma is based on the Green and coworkers proposal and measured
spectrophotometrically at a wavelength of 543 nm [52]. The concentration of O, in plasma was
measured at 530 nm, after the reaction of nitro blue tetrazolium in TRIS buffer [53]. The measurement
of HyO; is based on the oxidation of phenol red by hydrogen peroxide, in a reaction catalyzed by
horseradish peroxidase (HRPO) as previously described by Pick and colleagues. The level of HyO,
was measured at 610 nm [54].

For determination of antioxidant parameters, isolated erytrocytes were prepared according
to McCord and Fridovich [54]. CAT activity were determined at 360 nm toward to Beutler [55].
Lysates were diluted with distilled water (1:7 v/v) and treated with chloroform-ethanol (0.6:1 v/v)
to remove hemoglobin [51]. SOD activity was determined by the epinephrine method of Misra and
Fridovich. Detection was performed at 470 nm [56]. Level of GSH is based on GSH oxidation via
5,5-dithiobis-6,2-nitrobenzoic acid as previously described by Beutler. Measuring was performed at
420 nm [57].

4.9. Histological Analysis of Liver Tissue

Liver tissue samples were fixed in 4% buffered paraformaldehyde solution and immersed in
paraffin. Afterwards 4-micrometre-thick sections were stained with hematoxylin and eosin (H&E) [43].

4.10. Statistical Analysis

IBM SPSS Statistics 20.0 Desktop for Windows was used for statistical analysis. Distribution of
data was checked by Shapiro-Wilk test. Where distribution between groups was normal, statistical
comparisons were performed using the one-way analysis of variance (ANOVA) tests with a Tukey’s
post hoc test for multiple comparisons. Kruskal-Wallis was used for comparison between groups
where the distribution of data was different than normal. Values of p < 0.05 were considered to be
statistically significant.

5. Conclusions

Our results highlighted cardioprotective potential of SAE in treatment of MetS, involving lowering
blood pressure and favorable effects on heart function. Furthermore, SAE effectively suppressed the
body weight gain, improved glucose tolerance and attenuated liver steatosis and oxidative stress
present in MetS, thus indicating its promising role in management of MetS-related diseases. Moreover,
increase in iron concentration indicates its health benefits in iron deficiency. Obtained beneficial effects
would be more prominent in ¢ combination with changing dietary habits. This research may be a
starting point for further experimental and clinical investigations which would fully evaluate the effects
of SAE alone or in combination with different dietary protocols in various models of chronic diseases.
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In this paper, extraction of resinoid from the aerial parts of white lady’s bedstraw (Galium mollugo L.)
using an aqueous ethanol solution (50% by volume) was studied at different temperatures in the absence
and the presence of ultrasound. This study indicated that ultrasound-assisted extraction was effective for
extracting the resinoid and gave better resinoid yields at lower extraction temperature and in much
shorter time than the maceration. A phenomenological model was developed for modeling the kinetics
of the extraction process. The model successfully describes the two-step extraction consisting of washing
followed by diffusion of extractable substances and shows that ultrasound influences only the first step.
The extraction process was optimized using response surface methodology (RMS) and artificial neural
network (ANN) models. For the former modeling, the second-order polynomial equation was applied,
while the second one was performed by an ANN-GA combination. The high coefficient of determination
and the low MRPD between the ANN prediction and the corresponding experimental data proved that
modeling the extraction process in the absence and the presence of ultrasound using ANN was more
accurate than RSM modeling. The optimum extraction temperature was determined to be 80 and
40 °C, respectively for the maceration and the ultrasound-assisted extraction, ensuring the highest resin-
oid yield of 22.0 g/100 g in 4 h and 25.1 g/100 g in 30 min, which agreed with the yields obtained exper-

imentally for the same time (21.7 and 25.3 g/100 g, respectively).

© 2012 Elsevier B.V. All rights reserved.

1. Introduction

Solid-liquid extraction, also called leaching, has been widely
used for recovering bioactive compounds from different parts of
many plants by appropriate solvent. This process is based on diffu-
sion of extractable bioactive compounds through the plant parti-
cles followed by their dissolution in the bulk of the extracting
solvent. Solutions of bioactive compounds are usually evaporated
to get dry extracts. Containing valuable bioactive compounds of
the original plant materials without undesirable insoluble fibers
and cellulose, the plant extracts are used as ingredients and addi-
tives in many industries such as food, pharmaceutical, cosmetic
and others. Since concentrations of bioactive compounds in ex-
tracts are usually low, efforts are made to increase the extract yield
while keeping the process cost as low as possible. From the techno-
logical point of view, the important operating variables such as
extracting solvent, solvent to solid ratio, temperature, and extrac-
tion time should be optimized for increasing the extraction yield
from a certain plant material. For a pair of plant material and sol-
vent, extraction temperature and extraction time are commonly

* Corresponding author. Tel.: +381 16 247203; fax: +381 16 242859.
E-mail address: veljkovicvb@yahoo.com (V.B. Veljkovi¢).

1350-4177/$ - see front matter © 2012 Elsevier B.V. All rights reserved.
http://dx.doi.org/10.1016/j.ultsonch.2012.07.017

focused operating variables. In recent years, solid-liquid extrac-
tions are improved in the presence of ultrasound, which increases
the extract yield in much shorter time. The primary benefits of son-
ication are disruption of cell walls, particle size reduction and in-
creased overall mass transfer of the intracellular content via
cavitation bubble collapse [1,2], as well as hydration of plant tissue
[3].

The first step needed for optimization of a solid-liquid extrac-
tion from a particular plant material is to select appropriate sol-
vent, solvent-to-solid ratio, temperature and agitation intensity
[4]. Modeling followed by optimization can then contribute to its
further improvement by increasing the extract yield. Different
methodologies combining mathematical principles and experi-
mental studies can be used to describe the variation of extract
yield with time or to evaluate the effect of extraction operating
variables (independent variables or factors) on the extract yield
and the overall process rate (dependent variables or responses).
For these purposes, both physical and empirical models are used.
The former models are commonly based on the mechanism of
mass transfer assumed, while the latter ones are only mathemati-
cal description of the variation of extract yield with time or extrac-
tion operating variables. In the last decade, two methodologies,
namely response surface (RSM) and artificial neural network
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(ANN), have been often used for modeling and especially optimiz-
ing of various extraction processes. Both methodologies do not ac-
count for the phenomena governing the extraction process and
have the shortcoming to extrapolate outside the investigated
range, but they can measure the effects of the extraction operating
variables on the extract yield.

Physical kinetic models are based on the phenomena of mass
transfer through solid plant particles and from their surfaces into
the bulk of the solvent. As they can be very complex, they are usu-
ally simplified. The unsteady diffusion through the plant material
and the film theory are the most frequently used simplified kinetic
models [5-8]. Different types of empirical kinetic models have
been recently compared by Kitanovic et al. [9].

The RSM is a collection of statistical and mathematical tech-
niques, which generates models describing the dependence of
the extract yield on the extraction operating variables and their
interactions. If adequately used, the RSM is powerful in providing
the optimal conditions for a process [10]. Different extraction tech-
niques have been optimized, such as classical maceration [11,12],
as well as ultrasound-assisted [13-15], microwave-assisted
[16,17] and supercritical carbon-dioxide [18] extractions. Usually,
the second-order polynomial equation is used to present the rela-
tionship between the extract yield and the extraction operating
variables. When including the extraction time as an independent
variable, this model can describe the variation of the extract yield
with the progress of the extraction process under certain operating
conditions.

ANNSs have been applied to the modeling of different extraction
processes in recent years, although not as often as RSMs. ANNs do
not produce a model equation but represent the nonlinearities bet-
ter than the second-order polynomial equation. An ANN works as
the human brain and estimates the response based on the trained
data. ANN models have been mainly used for optimization of
supercritical fluid extractions [19-25]. They are also employed
for modeling maceration [12,26], ultrasound-assisted [27] and
pressurized solvent [28] extractions. Being simple, convenient
and accurate, ANNs have many advantages over RSMs such as their
abilities to learn by reproducing the output from a given input by
measuring and minimizing the error, to handle incomplete data
and to relate inputs and outputs with no explicit function in the
prediction process. The limitation of ANNs in process optimization
can be overcome by their combination with genetic algorithms
(GAs) [29-31].

The plant genus Galium species are used in food manufacturing
and folk medicine all over the world. The flowers of Lady’s bed-
straw (Galium verum L.) are utilized in yogurt- and cheese-making
and as a yellow dye in some regions [32]. For medicinal purposes,
the aerial parts are collected in the blossoming period and are used
as diuretics, choleretics, against diarrhea, sedatives, spasmolytics,
etc. Yellow lady’s bedstraw has been studied chemically [33-37],
while there are a few data on the composition of white lady’s bed-
straw (Galium mollugo) [26,37]. Lakic et al. [35] have proven that
the antioxidative activity of yellow bedstraw extracts is caused
by the presence of flavonoids. The white lady’s bedstraw contains
flavonoids, but their yield is three times less than that of yellow la-
dy’s bedstraw [37].

Various techniques, including conventional (maceration), reflux
and ultrasound-assisted extraction, have already been used for
recovering extractive substances from the Galium species. Macera-
tion is the main extraction technique applied in one to four days at
different temperatures (from room to boiling temperature) and so-
lid-to-solvent ratios (from 1:1 to 1:20 g/mL), while a relatively new
ultrasound-assisted extraction has been used for obtaining mineral
extracts from the G. mollugo aerial parts [26]. Methanol has been
mostly employed as an extracting solvent to recover the extract-
able substances from Galium species [35,38-41]. Ethanol [42,43],

hexane, chloroform [35], dichloromethane and acetone [43] have
been also used. The yield of extractable substances depends on
the extraction technique, the type of plant material, type of sol-
vent, the solid-to-solvent ratio, the operating temperature and
the time duration of the extraction.

The present work dealt with maceration and ultrasound extrac-
tion of total extractive substances (resinoid) from aerial parts of
white lady’s bedstraw (G. mollugo L.) by an aqueous ethanol solu-
tion (50% by volume) at different extraction temperatures. The
main goals were to develop the kinetic and optimization models,
which has not been done for the extraction of white lady’s bed-
straw (G. mollugo L.).

2. Experimental part
2.1. Materials

The aerial parts of white lady’s bedstraw (G. mollugo L.) were
collected during the blooming period in the foot of the Vlasina
Mountain, Southeast Serbia. The plant material was dried in a sha-
dow. It was ground immediately before the extraction. The mean
particle size of the ground plant material was 0.75 mm. Ethanol
(96% vol.) was from Zorka Pharma (Sabac, Serbia).

2.2. Extraction equipment and procedures

An ultrasonic bath (Sonic, Ni$, Serbia, power 120 W, frequency
40 kHz) was used for indirect ultrasonication. Water was circu-
lated through the ultrasonic bath by a pump from a thermostated
water bath, which was kept at a constant temperature. For ultra-
sound-assisted extraction the ultrasonic generator was switched
on, while for maceration it was switched off. The maceration was
carried out at 23 °C in 24 h, and at 50, 65 and 80 °C in 4 h, while
the ultrasound-assisted extraction was performed at 23, 30, 35
and 40 °C in 80 min. An aqueous ethanol solution (50% by volume)
was used as an extracting solvent.

The ground plant material (7.5 g) and the aqueous ethanol solu-
tion (150 g) were put in an Erlenmeyer flask, equipped with a re-
flux condenser. The flask was immediately immersed in the bath
for a predetermined time which was dependent on the extraction
technique and the extraction temperature (maceration at 23 °C:
30, 60, 90, 120, 180, 240, 360, 480, 600, 720 and 1440 min; for
maceration at 50, 65 and 80 °C: 10, 20, 30, 60, 90, 120, 180 and
240 min; and for ultrasound-assisted extraction: 5, 10, 15, 20, 30,
45, 60 and 80 min). At the end of the predetermined time, the sus-
pension of plant particles in the solvent was cooled to the room
temperature, taken from the flask and filtered under vacuum to
separate the liquid extract from the solid residue. The solvent
was then evaporated in a rotary vacuum evaporator until a half-so-
lid residue was obtained, which was then dried at 60 °C to constant
weight. The dry residue represents the total ethanol extract known
as resinoid. Each experiment was repeated twice. The MRPD values
of resinoid yield were +1.77% (66 data) and +1.02% (64 data) for the
maceration and the ultrasound-assisted extraction, respectively,
indicating a good reproducibility of the resinoid yield
measurements.

The calorimetric method [44], based on monitoring the increase
of temperature due to conversion of the ultrasonic energy into
heat, was used to measure the ultrasonic power input to the sus-
pension of plant material in the aqueous solution of ethanol. The
temperature increase was followed by a type-K thermocouple after
switching on the ultrasonic generator. The ultrasonic power input
was 7.3 £ 0.3 W.
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2.3. Mathematical models

Three mathematical models were developed to connect the res-
inoid yield with extraction temperature and time: (1) a phenome-
nological model; (2) the second-order polynomial equation and (3)
a non-parameter ANN model. A factorial design of experiments n?,
where n is the number of levels, with two replications was em-
ployed. The experimental design was consisted of two factors,
namely extraction temperature and extraction time, while the
number of levels of extraction time depended on the extraction
technique and the model applied.

The performances of the models developed were statistically
measured by mean squared error (MSE), mean relative percent
deviation (MRPD) and/or coefficient of determination (R?), which
were computed using the following equations:

«1 n
MSE = EZ( ai = Ypi) (1)
i=1
Mrpp — 1003V~ Ya )
n i=1 yal

Z?:l (yp.i - Ya,i)z
Z?:l (yp,i - ym)z
where y,,j and y,; are the predicted and actual values of the resinoid

yield, y,, is the mean value of resinoid yield, and n is the number of
experimental runs.

R = 3)

2.3.1. Phenomenological model

This model involves two main processes [5]: (1) dissolution of
the soluble bioactive compounds located on or near surfaces of so-
lid plant particles (so called, washing), and (2) mass transfer of sol-
uble bioactive compounds from the plant particles into the
solution by diffusion and osmotic process (so called slow extrac-
tion). Both processes were here assumed to be exponential and
to occur simultaneously from the beginning:

(1—f)exp(=kat)] (4)

where y is the resinoid yield, y.. is the resinoid yield at saturation, t
is the extraction time, f is the fraction of the resinoid washed from
broken plant cells on the particle surfaces and k; and k, are the rate
constants for washing and diffusion, respectively. The fraction of
the resinoid that will be dissolved by washing is assumed to be con-
stant. It is assumed that the washing step is faster than the diffusion
step, i.e. kq is greater than k. The same model had been previously
derived for the recovery of essential oils from plant materials by
hydrodistillation where the constant fis assumed to be the fraction
of broken cells [45].

The rate constants are dependent on extraction temperature
according to the Arrhenius equation:

Y =Y [l —fexp(—kit) -

k= Aexp< g;) (5)

If washing is much faster than diffusion (k; > ky), then Eq. (4) is
simplified:

Y=Y [1 -1 ~f)exp(—kat)] (6)

This model was previously developed for extraction of extract-
able substances from St. John's wort (Hypericum perforatum L.),
assuming that washing occurs instantaneously [5]. The model
was verified for the ultrasound-assisted extraction of extractable
substances from garden (Salvia officinalis L.) and glutinous (Salvia
glutinosa L.) sage [8].

If f = 0, which means that washing does not occur, then the res-
inoid yield increases exponentially due to diffusion:

¥ =Yool — exp(—kat)] (7)

The coefficients of Egs. (4), (6), and (7) were estimated by the
multiple nonlinear regression method using all measured values
of resinoid yield.

2.3.2. Second-order polynomial model
The second-order polynomial model is presented by the follow-
ing equation:

y:bo+b1T+b2t+b12Tt+b11T2-‘rbzztz (8)

where y is the resinoid yield, T is the extraction temperature, t is the
extraction time, b; and b; (i=0, 1, 2 and j = 1, 2) are the parameters
of Eq. (8) obtained using the multiple nonlinear regression method
by help of a computer program. The statistical significance of the
independent variables and their interactions was estimated by the
analysis of variance (ANOVA). A number of optimization points,
where the maximum values of resinoid yield were achieved for a
set of extraction operating variables were also found by the same
computer program.

The coefficients of Eq. (8) were estimated by the multiple non-
linear regression method using the values of resinoid yield mea-
sured at 30, 60, 120 and 240 min for the maceration at 23, 50
and 80 °C as well as at 10, 15, 20, 30, 45, 60 and 80 min for the
ultrasound-assisted extraction at 23, 30 and 40 °C. Values of resin-
oid yield achieved by maceration and ultrasound-assisted extrac-
tion at 65 and 35 °C, respectively were used to test the second-
order polynomial model.

2.3.3. ANN model

A back-propagation multilayer ANN was developed in MATLAB
7.1 (Demo version) package. The ANN model was performed using
Levenberg-Marquardt (LM) algorithm [46] and a set of input-out-
put data to correlate the resinoid yield with the extraction operat-
ing variables. The performance of the ANN was evaluated using
MSE. The selected ANN had three layers of neurons: an input layer,
a hidden layer and an output layer, as can be seen in Fig. 1. The
number of the input layer neurons was 2, which constituted the in-
put data vector of the proposed ANN. The output layer had one
neuron, and it was the resinoid yield. The number of hidden neu-
rons was determined by a heuristic procedure consisted of testing
a different number of neurons until the MSE of the output data was
minimized. The main characteristics of the ANN model are
presented in Table 1.

Fig. 1. Multilayer ANN.
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Table 1
The training parameters of ANN model.

Property Value/comment

Algorithm Levenberg-Marquardt back-propagation
Minimized MSE

Learning Supervised

Input layer No transfer function is used

Hidden layer Hyperbolic tangent transfer function
Output layer Hyperbolic tangent transfer function
Number of date 507 48

Number of training iterations 23* 15°

Number of best iterations 17¢ 9°

Number of input neurons 2¢

Number of hidden neurons 1-20

Number of output neurons 14

¢ Maceration.

b Ultrasound extraction.

¢ T - temperature, t — extraction time.
4y - resinoid yield.

The use of the ANN with the LM comprised three phases based
on a set of input and output data of the design of experiments with
replication, which was divided into three subsets (training, testing
and validation). In the first, training phase, about 70% of the data
were randomly selected from the starting data set, and the
weighted parameters of the connections were determined through
a number of iterations necessary to achieve the minimal value of
MSE between the calculated (by the ANN) and measured values
of resinoid yield. During the second, testing phase, 15% of the total
data were used to test the “trained” ANN. In this phase, the ANN
used the weighted parameters determined during the first phase.
The last phase is a validation of the network on the remaining data
subset (15% of the total data). The validation phase presented the
final prediction of resinoid yields by the ANN developed in the
two previous phases, using a new data subset.

The values of resinoid yield obtained by maceration at 23, 50
and 80°C and by ultrasound-assisted extraction at 23, 30 and
40 °C were used in developing the ANN model. Values of resinoid
yield achieved by maceration and ultrasound-assisted extraction
at 65 and 35 °C, respectively were used to test the developed
ANN model.

2.3.4. Genetic algorithm - GA

The input space of the developed ANN model was optimized to
search for the optimal operating conditions for extracting the res-
inoid from the aerial parts of white lady’s bedstraw by using GA
[29,30]. The input vector of the ANN model’s independent variables
became the decision variable for the GA, which performed the opti-
mization through repeating a simple loop until convergence [29].
First, solution populations, called chromosomes, were initialized.
Then, fitness was computed based on the objective function and
the best chromosomes were selected. Finally, genetic propagation
of the selected parent chromosomes was performed using genetic
operators (crossover and mutation) to create the new population of
chromosomes. The objective function used to maximize the resin-
oid yield in the ranges of extraction variables applied to the exper-
iment is as follows:

Maximize y = f(T,t) 9)

where y is the resinoid yield (ANN values), T is the extraction
temperature, and t is the extraction time. This process was car-
ried out until a suitable result was achieved, ensuring the mini-
mum mean fitness square error (MFSE), whereas the best string
obtained was the solution to Eq. (9). The MFSE was defined as
follows [31]:

N
MFSE:%;(E —fn)? (10)

where N is the number of population strings, and f; and f;,, are indi-
vidual and mean fitness values of N population strings, respectively.

3. Results and discussion
3.1. Kinetic modeling of extraction

3.1.1. Kinetics of maceration and ultrasound-assisted extraction

Fig. 2 illustrates the variation of the resinoid yield with the pro-
gress of the extraction of the aerial parts of white lady’s bedstraw
(G. mollugo L.) by the aqueous ethanol solution at different temper-
atures in the absence and the presence of ultrasound. The resinoid
yield increased with extraction time and the extraction tempera-
ture independently of the extraction technique applied. It was also
obvious that the resinoid yield of the ultrasound-assisted extrac-
tion was higher than that of the maceration at lower temperatures
and in much shorter time. As in previous studies [8], ultrasound
promoted the resinoid extraction, enhancing both the overall pro-
cess rate and the resinoid yield, which could be attributed to the
well-known positive effects of cavitation bubble collapses [1-3].
The increase of resinoid yield with increasing the temperature
was attributed to the enhanced solubilities of extractable
substances.

The mechanism of resinoid extraction consisted of fast washing
and slow diffusion was also proven. The suspension contained both
particles with part of the extractable substances deposited on their
surface and particles with uniformly distributed extractable sub-
stances. The extractable substances within the cells with broken
walls, located at plant particle surfaces, were rapidly extracted in
the initial stage, while the extractable substances from intact cells
diffused slowly to the particle surface. This observance was impor-
tant for subsequent modeling the extraction kinetics. It seemed
that the extraction temperature increased the initial extraction
(washing) rate both in the absence and the presence of ultrasound.

3.1.2. Phenomenological model

Values of parameters of Eq. (4) for two extraction techniques
applied are presented in Table 2. All models were statistically sig-
nificant at the level of p < 0.0001. Fig. 2 shows that the model equa-
tions (Eq. (4)) fitted the experimental data very well. This was also
indicated by the R?>-values close to unity (Table 2).

The predicted and experimental values of the resinoid yield at
saturation, y.,, agreed very well to each other (MRPD = +1.9%).
The resinoid yield at saturation increased with increasing the
extraction temperature, independently of the extraction technique
applied, due to increasing the solubility of extractable substances.
It is higher for the ultrasound-assisted extraction than for the mac-
eration at lower bulk temperatures due to a high local temperature
generated by the collapses of cavitation bubbles.

The fraction of extractable substances that were washable, f, in-
creased with increasing the extraction temperature for the macer-
ation (R? = 0.979):

f =346 x 10T + 0.544 (11)

However, for the ultrasound-assisted extraction the fraction of
extractable substances that were washable was independent of
extraction temperature, i.e.:

f=0.880+0.024 (12)

Its values were higher for the ultrasound-assisted extraction at
lower extraction temperatures than for those for the maceration,
indicating the influence of ultrasound on the washing process.
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Fig. 2. Kinetic of resinoid extraction from white lady’s bedstraw (G. mollugo L.) by the aqueous ethanol solution at different temperatures in (a) the absence (23 °C: O, 50 °C:
A, 65 °C: O and 80 °C: ©; model, Eq. (4): —) and (b) the presence of ultrasound (23 °C: O, 30 °C: A, 35 °C: O and 40 °C: <©; model, Eq. (4): —).

The extractable substances contained within plant particles could
be liberated because of disrupting walls of the cells, located at
the external surfaces and deeper in the plant materials [47], and
became more easily accessible for dissolution into the solvent.

As can be seen in Fig. 3a, the predicted and experimental values
of the resinoid yield for both extraction techniques agreed very
well to each other, as indicated by the MRPD value of +3.3%. The
predicted values of resinoid yield were calculated by help of Eq.
(4), using ¥ o from Table 2, f calculated by Eq. (11) for maceration
and f=0.880 for ultrasound extraction and rate constants, k; and
ks, calculated by the Arrhenius equation (Eq. (5)) with parameters
taken from Table 3.

The rate constants increased with increasing temperature
according to the Arrhenius equation, as can be seen in Fig. 4. Values
of the parameters of the Arrhenius equation are given in Table 3.
All R? values were proven to be significant at the level p < 0.001
by statistical Student t-test. From the E,-values, it was concluded
that ultrasound affected the washing process but not the diffusion
through the solid plant particles. The ultrasonic increase of extrac-
tion rate constant could be attributed not only to disruption of cell
walls but also to mass transfer intensification and possible particle
size reduction [47].

The developed kinetic model was judged with the data of the
similar extraction systems taken from the literature [8]. For this
purpose, the results of applying the developed model for describ-
ing the kinetics of ultrasound-assisted extraction of extractable
substances from two other plant materials (garden sage and gluti-
nous sage) using water and aqueous solution of ethanol (70%) are

presented in Table 4. The model equations were statistically signif-
icant at the level p < 0.0001. These results proved that the kinetic
model was valid for different extraction systems.

Two simpler models, namely the pseudo-first order model and
the model based on instantaneous washing followed by diffusion,
described by Eq. (7) and (6), respectively were also analyzed for
the purpose of comparison with the phenomenological model
(Eq. (4)). The parameters of these simpler models are presented
in Table 5. The pseudo-first order model had small R?-values and
relatively high MRPD-values, independently of the extraction tech-
nique and the extraction temperature. Therefore, this model was
inadequate for describing the kinetics of extraction from aerial
parts of white lady’s bedstraw (G. mollugo L.). The model based
on instantaneous washing followed by diffusion had relatively high
R?-values and small MRPD-values, indicating that it could be useful
for modeling the kinetics of the studied extraction process. How-
ever, values of R? and MRPD for this model were higher than those
for the phenomenological model for the same extraction tech-
niques (Table 2). Thus, the phenomenological model better de-
scribed the variation of resinoid yield with time than the simpler
models and could be recommended for modeling the extraction
kinetics.

3.1.3. Optimization of extraction

3.1.3.1. Second-order polynomial equation. The extraction operating
variables affecting the resinoid yield in the maceration and the
ultrasound-assisted extraction variables were screened out by
the ANOVA. The main results are given in Tables 6 and 7,

Table 2
Parameters of phenomenological model for extraction of resinoid from lady’s bedstraw (extracting solvent: aqueous solution of ethanol, 50% by vol.).
Extraction technique Temperature (°C)  Y.(g/100 g) f k; x 10" (min™!)  k, x 10> (min~') R? MRPD (%)
Cal. Exp.
Maceration 23 15.58+0.05 15.56+0.24 0.623+0.015 0.626 +0.005 0.230 + 0.009 0.992 +0.003 +2.7
50 17.28+0.38 16.17+0.15 0.725+0.057 1.58 £+ 0.05 0.695 +0.015 0.995+0.001 +5.7
65 18.67+0.09 1832+0.26 0.750+0.007 15.84+0.11 1.585 + 0.025 0.990+0.001 2.8
80 21.30+0.02 21.61+0.08 0.830+0.025 49.11+0.11 2.505 +0.024 0.997 +0.002 1.6
Ultrasound-assisted extraction 23 18.56+0.20 18.22+0.16 0.895+0.015 2.13+0.13 1.995 + 0.055 0.997+0.001 +1.8
30 19.72+0.01 19.57+0.04 0.913+0.018 6.69 + 0.02 3.473 +0.093 0.998+0.001 +1.1
35 21.37+0.07 21.26+0.08 0.850+0.004 12.33+0.04 3.893 +0.021 0.999+0.000 0.8
40 25.95+0.21 25.89+0.00 0.860+0.004 18.31+0.06 4.415 +0.075 0.995+0.003 +1.7

2 Value of a parameter + standard deviation.
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Fig. 3. Comparison of predicted and experimental values of resinoid yield: (a)
phenomenological model; (b) second-order polynomial model and (c) ANN model
(values of resinoid yield predicted by the developed models: open symbols; values
of resinoid yield obtained at 35 and 65 °C by maceration and ultrasound-assisted
extraction, respectively which were used for testing the developed models: black
symbols; maceration - O; and ultrasound-assisted extraction — A).

Table 3
Parameters of Arrhenius equation.

Extraction technique A (min™1) Eq (kJ/mol)  R?

Maceration ki 3.79x10"° 678 0.897"
ky 7.84x10°  37.1 0.992"

Ultrasound-assisted maceration k; 5.89 x 10'®  98.6 0.980"
ky 4.02x10* 355 0.909

* p<0.001.

respectively. The results of the ANOVA were valid since no problem
with the normality of the experimental data was observed. The val-
ues of the Cook’s distance were small enough, implying that there
was no outlier value in the experimental data sets. The statistical
significance of the models, the operating variables and their inter-
action for the resinoid yield were assessed from their F-values and
p-values. The p-value less than 0.05 would indicate significant
operating variables and their interaction. The F,qe- and p-values
for both fitted models indicated that they were statistically signif-
icant. Since there was no significance in the lack of fit (p > 0.05) in
the two models, they could be used to predict the resinoid yield.
For both extraction techniques applied, the p-values of both oper-
ating variables and their squares were less than 0.05, implying that
they were statistically significant at the 95% confidence level, while
their interaction had no statistical significance. The extraction tem-
perature is more important than the extraction time, indepen-
dently of the extraction technique.

The results obtained in the present study agree generally with
previously published observances on the effects of extraction oper-
ating variables on extract yields from different plant materials
achieved in the absence and the presence of ultrasound. Only sev-
eral examples are presented here such as the maceration extrac-
tion of resinoid from St. John’s wort (H. perforatum L.) [12] and
bioactive components from defatted marigold (Tagetes erecta L.)
[11], as well as the ultrasound-assisted extraction of seed oil from
Isatis indigotica Fort [13] and flavonoids compounds from haw-
thorn seed [14]. The resinoid yield increases with increasing the
extraction temperature and the solid-to-solvent ratio as well as
with decreasing the concentration of ethanol solution and the
mean plant particle size [12]. The major variables influencing the
yield of bioactive compounds from defatted marigold were extrac-
tion temperature and ethanol concentration [11]. The extraction
temperature plays also the most important role for recovering seed
oil from I. indigotica Fort [13]. Among the extraction operating vari-
ables, ultrasonic time, ethanol concentration and extraction tem-
perature were identified as the most significant variables
influencing the flavonoids compounds yield from hawthorn seeds
[14].

The experimental data on resinoid yield were analyzed by the
multiple nonlinear regression model based on the actual levels of
the operating variables, whereas the second-order polynomial
equation, Eq. (8), was used to fit the resinoid yield data. Values
of the coefficients of Eq. (8) for the two extraction techniques are
given in Table 8. The values of R and R-adj close to unity proved
a good fit by the second-order polynomial equation for both the
maceration and the ultrasound-assisted extraction. This was also
confirmed by the small values of MRPD of +3.5% and +1.5% for
the equations corresponded to the maceration and the ultra-
sound-extraction, respectively (Fig. 3b). The values of Adeq.Preci-
sion, which measure the signal to noise ratio, are much greater
than 4, so the two models can be used to navigate the design space.

The second-order polynomial model was tested by using the
values of resinoid yield achieved by maceration and ultrasound-
assisted extraction at 65 and 35 °C, respectively. Since the MRPD
was *3.8% and +6.6% for maceration and ultrasound-assisted
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4 Table 6
Results of ANOVA: maceration.
Source® Sum of df Mean Fvalue p-value
24 o squares square Prob > F
Model 44331 5 88.66 359.33 <0.0001
04 A-A? 370.81 1 370.81 1502.81 <0.0001
E B-B 23.46 1 23.46 95.08 <0.0001
E AB 1.66 1 166 6.71 0.0185
= A? 1.07 1 1.07 432 0.0523
X 21 o B? 2.58 1 258 10.47 0.0046
- o Residual 4.44 18 0.25
x N\\‘ Lack of fit 2.56 6 043 2.73 0.0653
= 44 Pure 1.88 12 0.16
error
Cor total ~ 447.76 23
61 2 A - extraction temperature; B - extraction time.
-8 T T
0,00275 0,00300 0,00325 0,00350 Table 7
1T (K'1) Results of ANOVA: Ultrasound-assisted extraction.
Source® Sum of df Mean Fvalue p-value

Fig. 4. Dependence of Ink; and Ink, on 1/T (maceration: open symbols; ultrasound

squares square Prob > F
extraction: black symbols; washing - O; and diffusion - A). d d

Model 495.26 5 99.05 468.94 <0.0001
A-A 415.94 1 415.94 1969.19 <0.0001
Table 4 B-B 18.18 1 18.18 86.05 <0.0001
Ultrasound-assisted extraction of resinoid from garden and glutinous sage at 40 °C.? AIZB 0.059 1 0.059 028 0.6000
A 15.17 1 1517 71.80 <0.0001
Plant Solvent y.. f ki ka R®  MRPD B? 3.17 1 317 15.01 0.0004
(g/ x 10" x10? (%) Residual ~ 7.60 36 021
100 g) (min~') (min~1) Lack of fit 4.29 15 0.29 1.81 0.1034
P 3.32 21 0.16
Garden sage Ethanol 119 0629 507 182 0998 1.5 o or
(5. officinalis L) (70%) Cor total ~ 502.87 41

Water  22.0 0.570 4.35 1.08 0.999 +1.4

Glutinous sage ~ Ethanol 10.6 0523 465 239  1.000 0.5 * A - extraction temperature; B - extraction time.
(S. glutinosa L.) (70%)
Water 1830 0629 603 268  1.000 %19

2 From Velickovic et al. [8].

Table 8
Coefficients of actual extraction operating variables.

extraction, respectively the generalization ability of the regression

model was proven in the applied ranges of extraction temperature. Operating variables Coefficient
The maximum predicted values of the resinoid yield were found Maceration Ultrasound-assisted extraction

through the optimization (desired target: maximum). For the mac- Intercept 4.47 21.22

eration, the maximum predicted resinoid yield was 21.7 g/100 g A 137 x 107" —6.79 x 107"

and corresponded to the extraction temperature of 80 °C and the B 396107 857 x 107
L . . AB ~1.40 x 10 —2.25x 10

extraction time from 192 to 208 min. From the techno-economical A2 552 % 10-4 183 x 10-2

point of view, these extraction conditions are with no practical B2 _7.40 x 105 _5.95 % 104

importance, especially when their performance is compared to that R 0.990 0.985

of the ultrasound-assisted extraction. The highest predicted resin- Iésd/l 2-337 3-323

oid yield for the ultrasound-assisted extraction was 25.8 g/100 g, Adeq.Precision 08 62

which was achieved at 40 °C in between 56 and 64 min. This value MRPD (%) +35 +15
agreed with the resinoid yield obtained at 40 °C in 60 min (25.7 g/
100 g), verifying the developed model.

Table 5
Parameters of pseudo-first order model and model based on instantaneous washing followed by diffusion for extraction of resinoid from lady’s bedstraw (extracting solvent:
aqueous solution of ethanol, 50% by vol.).

Extraction technique Temperature (°C) Pseudo-first order model Model based on instantaneous washing followed by diffusion
ky x 10? (min™")  R? MRPD, %  f ky x 10? (min™") R? MRPD, %
Maceration 23 0.357 0.482 +28.43 0.613 0.223 0.969 +4.0
50 2.499 0.572 +21.18 0.830 1.18 0.784 +7.4
65 2.470 0.122 +24.57 0.794 1.26 0.891 +3.6
80 2.596 0.245 +24.72 0.805 1.66 0.827 2.0
Ultrasound-assisted extraction 23 7.70 0.573 +15.90 0.811 4.17 0.956 +6.7
30 10.96 0.152 +13.91 0.917 5.37 0.759 1.4
35 8.88 0.405 +15.99 0.818 5.21 0.952 +1.0

40 10.42 0.179 +13.67 0.883 5.31 0.752 +1.8
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Fig. 5. Contour plots based on the second-order polynomial equation for resinoid yield as a function of the extraction temperature and the extraction time for the maceration
(a and c) and the ultrasound-assisted extraction (b and d) based on the RSM (a and b) and ANN (c and d) model.

The contour plots for resinoid yield as a function of the extrac-
tion temperature and the extraction time are presented in Fig. 5a
and b for the maceration and the ultrasound-assisted extraction,
respectively. Their shape confirmed the weak interaction between
the two operating variables.

3.1.4. ANN modeling

3.1.4.1. Development of ANN model. The resinoids yield was pre-
dicted by the ANN with the LM algorithm consisted of one output
and two input layer neurons (Fig. 1). The optimum number of hid-
den neurons was found to be 10 when the lowest values of MSE for
training, testing and validation were determined (for maceration:
0.43, 0.19 and 0.27, respectively; and for ultrasound extraction:
0.18,0.24 and 0.17, respectively). It was observed that the MSE va-
lue decreased quickly with increasing the number of epochs. The
best validation performances were determined to be 0.19 at epoch

17 and 0.24 at epoch 7 for maceration and ultrasound-assisted
extraction, respectively.

3.1.4.2. Prediction of resinoid yield. The ANN with the 2-10-1 topol-
ogy was found to have the highest R-values for both maceration
(0.987) and ultrasound-assisted extraction (0.993). Fig. 3¢ com-
pares the predicted and experimental values of the resinoid yield
for maceration and ultrasound-assisted extraction of the devel-
oped ANN with the 2-10-1 topology. An excellent agreement be-
tween the predicted and experimental values of the resinoid
yield was observed as the MRPD values for maceration and ultra-
sound-assisted extraction were only +0.6% and +0.4%, respectively.
Fig. 5c and d present the contour plots for the resinoid yield esti-
mated by the ANN as a function of the extraction temperature
and the extraction time for the maceration and the ultrasound-
assisted extraction, respectively. One can easily observe that the
contour plots for maceration and ultrasound-assisted extraction
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obtained by the ANN model are very similar to those obtained by
RSM model.

The developed ANN model was tested by using the values of
resinoid yield achieved by maceration and ultrasound-assisted
extraction at 65 and 35 °C, respectively. The generalization ability
of the ANN model was demonstrated in the ranges of extraction
temperature applied since the MRPD was +10.2% and +6.9% for
maceration and ultrasound-assisted extraction.

3.1.4.3. Optimization by ANN-GA. Before executing the developed
GA coupled with ANN for optimizing, the GA parameters were
optimized by the sensitivity analysis [31]. The variations of the
MFSE with the GA parameters such as population size, number
of generations, crossover rate and mutation probability, are
shown in Fig. 6. Each parameter was varied at a time while keep-
ing the others constant, followed by evaluating the fitness of end
population at each time. For instance, 51 runs were carried out
for each population size (10-600) while the other three GA
parameters were kept constant at the default values (number
of generations, crossover rate and mutation probability were
100, 0.8 and 0.01, respectively). The minimum MFSE-values cor-
responded to population size, number of generations, crossover
rate and mutation probability were 10, 100, 0.6 and 0.01,
respectively.

The maximum predicted values of the resinoid yield were found
through the optimization by the ANN-GA model. Within the ranges
of the extraction variables applied in developing the model for the
maceration, the highest resinoid yield of 22.0g/100g corre-
sponded to the extraction temperature of 80 °C and the extraction
time of 240 min and agreed well with the actual resinoid yield
(21.7 g/100 g) obtained under the same extraction conditions. For
the ultrasound-assisted extraction, the highest predicted resinoid
yield was 25.1 g/100 g, which was achieved at 40 °C in 30 min. This
value agreed with the resinoid yield obtained at 40 °C in 30 min
(25.3 g/100 g), verifying the developed model.

4. Conclusion

This study indicated that ultrasound-assisted extraction was
effective for extracting the resinoid from the aerial parts of white
lady’s bedstraw (G. mollugo L.) and gave better resinoid yields at
lower extraction temperature and in much shorter time than the
maceration. Using a phenomenological model, developed for mod-
eling the kinetics of the extraction process, it was demonstrated
that ultrasound influenced washing but not diffusion of extractable
substances. Because of its generalization ability, this kinetic model
should not be ignored in the future modeling of the kinetics of
extraction from plant materials. Both the second-order polynomial
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equation and an ANN-GA combination were effective and reliable
in determining the optimum extraction conditions for both extrac-
tion techniques employed, but the latter was more accurate than
the former. Thus, the ANN technique deserves greater attention
for the future optimization of extraction processes. Finally, the re-
sult of this study can be useful for the development of industrial
extraction processes for recovering the total extract from white la-
dy’s bedstraw (G. mollugo L.), which has been proven to contain
bioactive compounds having antioxidative and antimicrobial activ-
ities. The techno-economical analysis should be performed to
prove the advantage of the ultrasound-assisted extraction over
the maceration, which was demonstrated by higher resinoid yield
in a shorter time.
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