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Caxerak

I'nyratnon mepokcupaza (GPX) je eH3uM Koju MoOCTOju y 8 HM30EH3UMCKHX
obmuka, ox kojux GPX-1 je obmuraTopHu WHTpANETyIapHU €H3uM, 10K je GPX-3
aKTUBHA y eKCTpalenyJapHUM TEYHOCTHMA, TOCEOHO y KPBHOj mia3Mu. OCHOBHA
ynora GPX ce ornena y 3amtutu henvja o1 OKCHAATHBHOT cTpeca KOjer HHIYKY]Y
c1000/IHN KHUCEOHWYHM panukanu. AktuBHocT GPX ce y3uma kao moysngaH
UH/IMKATOp CTaTyca CelieHa Y OPraHu3My JbyIU U )KUBOTHHA. OCHOBHU IyT yHOCA
celieHa y OpraHu3am je MpeKo JIaHIla UCXpaHe. YHETH celieH ce yrpahyje y oonuky
CEJICHOMETHOHNHA U CEJICHOLIMCTENHA Y TKUBHE MPOTEUHE, OJHOCHO €H3UMe. Y
CpOuju cy u3BpIIeHa TeMeJbHa MCIUTHBAaMka Cajp)kKaja celieHa Y XpaHUBHMa U
nomMahuM KUBOTHHbaMa, TOCEOHO KOJ €KOHOMCKHM 3Ha4yajHUX BpPCTa Kao IITO CY
KUBHHA, CBUIbE, OBIC M rosena. MehyTum, 10 caja HUCY JETaJbHO HMCIUTaHU
paZHu XJIQAHOKPBHHU KOHH, MOCEOHO OHU KOJU CE€ XPaHE HCKIbYYUBO JIOKAJIHO
y3TrajaHuM XpaHUBHMMA, WU Cy Ha UCHALIH. Y clel| cieun(pUIHOr HauhHa ApKamba
OHU Cy WJICAJIHM HMHJIUKATOpPHU CTaTyca cejieHa MOHOIacTpUYHMX Ouspojesa Ha
JIaTOM JIOKAQJTUTETY.

[lwp Hamer ucTpakupama je OMO J1a OAPENAMMO CTAaTyC CeJIeHa Ha OCHOBY
aktuBHOCTH GPX-1 m GPX -3 y y3opuuMa KpBH HECYIJIEMEHTUPAHUX PATHHUX
KOWa Ha TepuTopHuju nenrpaitde Cpowuje.

VY HameMm UCTpaXMBamwy YKYITHO je UCIUTaHO 12 y30paka KpBH KOHa MPEy3eTHX
ca jokaimrera onmTuHa KpasweBo, 3ajeuap, BasseBo u lumutpoBrpan, u to: 12
y30paka KpBHE Ia3Me u 12 y3opaka HCIpaHUX EpUTpoOLHTa. Mepeme
aktuBHOCTH GPX-3 m GPXx-1 je BpmeHo meromoM mo ['yHIpIepy Ha TanacHoO]
nykuHu o 366nm. IIpwinkoM y3opkoBama 3a CBAaKO I'pJIO Cy €BUICHTHPAHU
nojaly o IOy, CTApOCTH, BaKUMHALMJU M JEXEIMUHTH3alMjHU, CacTaBy U
HOPEKIy JaTHX XPaHUBA.
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IIpoceuna aktuBHOCT GPX-1 je 502,02 + 91,77 pKat/l , a GPx-3 3,46 + 1,02
pKat/l mro ykasyje Ha MocTojambe MapruHAIHOT AehHUIMTA CeIeHa Y TOMyJIalHjH
HECYIUIEMEHTUPAHUX PAJHUX KOHba Ha TepUTOpUju neHTpaiane Cpouje.

Kibyune peun: GPX, kowu, cenex, Cpouja.

YBOJ
Merabonr3am ceyeHa je BpPJIO KOMIUIEKCAaH jep j€ OBaj MHKPOCIEMEHT 3a
OpraHu3aM eceHIIMjaliaH, ajld ¥ MOTEHIIMjaJTHO BPJIo TOoKcu4aH. JJomahe u nuBsbe
KUBOTHIE YHOCE cellieH Tpeko xpane. Cajapixkaj celeHa y XpaHWBHMa OHIJBHOT
nopekyia 3aBUCH oOff OpojHuX (¢akTopa Mehy Kojuma ce HCTUYy. cacTaB U
KapaKTePUCTUKE 3eMJBUIITA, XEMHU)jCKOT O0OJIMKa CelIeHa y 3€MJBHINTY, KOJTUYNHE
celieHa y 3eMJBHMILTY, BpcTe OMJbKke Kao U (pase pacta came Ousbke. Y cBeTy je
ne(UHICAHO HEKOJIHMKO CENCHACPUIIMTHUX MOApPYyYja, @ JEIHO OJ HUX je U Je0
Bankanckor nomyocrpsa (Bamuuh u cap., 2013).
OcHOBHa yjora cejeHa ce orjieJa y 3allTUTH OJl OKCHJIATHBHOT cTpeca |
HEYTpaIM3alMju HACTAJIMX CIOOOJHUX KHCEOHMYHHMX PaJHKala MPEeKo JeIOBamka
GPx. GPX ce cactoju o1 4eTUpH HACHTHYHE CYOjeUHUIIC YHje CE TOjeIUHAYHE
monekyicke mace kpehy oxg 18000 mo 23000 y3 mocTojame CTEXHOMETPHU]jCKOT
OJIHOCA O] YETHPH TpaM-aToMa cejleHa mo Moxy eHzuma. GPX je Bpno
cneuruyHa TpemMa  JOHOPY BOJOHMKA (pEAYKOBaHM TJIYTaTHOH), a
HecrenupuIHa Ipema CyIcTpary Koju penykyje. OcuMm y pasznaramy BOJIOHUK
NEPOKCHJIA, E€H3UM YYeCTBYje Yy PpEAYKUUJU XHUAPONEPOKCUAA Pa3THUYUTHX
OpPTraHCKUX jeNuerha (MacHMX KHCEIMHA, HYKIEHHCKHX KHCEIHHA, THUMHHA,
npocTariaHarnHa, UTA.) Y oAroBapajyhe aakoxore.
Ousnonomku epekTopu (PyHKIMje CelIeHa Cy CEeICHOMPOTEHHHU, OTHOCHO
CEeJICHOCH3UMU- TyTaTHoH nepokcuaasze (GPx-, EC 1.11.19), a nopen riryraTHOH
MEePOKCHUIa3a CEJIeH j€ MPUCYTaH y JOATHPOHWH JICJOAMHA3HM KOja WMa YJIOTY Yy
KoHBep3uju TupokcuHa (T4) y 6uonomku aktuBan 3,3', S-rpujoaruponus (T3).
Mmuoperenepanuja mo3Hara kao 6osect 6enux mumuha (White muscle disease -
WMD) je najuemthe obosbeme nomahux >KUBOTHEbA, YKIBYUYjYhH H KOHE, KOje
HacTaje Kao IMOocleaula u3apasuTor aeduuura ceneHa. MapruHalHu JEQHUIUAT
KOJ KOHa JIOBOJM [0 HEIUIOJHOCTH KOOWJIa W YCIOPEHOT pacTta >Kapedanu
(Savage u Lewis, 2002).
Y cBery m EBpomm cy omnmcana mozapydja H3pasuTor AcPHUIIMTA OBOT
MHuKpoesnemeHTa. [lo3Hato je na je nedunurt ceneHa HajuzpaxeHuju y Kunwm,
ceBeposzarnany u jyrouctoky CAJl, a y Cpbuju nHa mnompyuujy CjeHHYKO-
[Nemrepcke BucopaBHU. VcTpaxkuBama CIIpoBEICHA Y IPETXOAHE JIBE JICIICHU]jE Y
Cp6uju (Bamuuh u cap., 2013) cy nokasana fna je mpocedyaH cajpkaj celeHa y
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OWbHUM XpaHuUBUMa Ha mnoApydyjy Penybnmuke CpOuje y wuHTEpBaly O
MapruHaJIHO AeUIUTAPHOT [0 JACPUIIMTAPHOT, TPH UYEMYy J€ CHUTYyallrja
HajoBoJbHU]ja Y BojBOIMHH.

Craryc cenena kona gomahux >KMBOTHE-@ MOXE Ja C€ MPOLEHH Ha OCHOBY
JTUpEeKTHOT onpehuBama celeHa y y30pluMa KpBH, MM MHIMPEKTHO Ha OCHOBY
aKTUBHOCTH eH3uma GPX.

GPx-1 je oOnuratHM uHTpauenyaapHu eH3uM 10k je GPX-3 mpucyrna y
BaHheIMjCKOM MpOCTOpYy, MOCEOHO Yy KPBHO] IUIa3MHU. bpojHH ayTtopu cCy
YCTAHOBMJIM Jla Cy KOHIIEHTpallWja CeJIeHa y KpBU M AaKTHBHOCT TJIyTaTHOH
MEepPOKCHUa3€e y MyHO] KPBH Yy BUCOKO] KOpENalHju Koja ce Kpehe y uHTepBainy oJ
r=0,70 do r=0,93 u To ko1 cBUX BpcTa qoMahKX )KUBOTHIbA XPAbCHUX XpaHUBUMA
KOja cajpike CeJeH y KOHIIEHTpaIlijamMa Koje cy ycmoa Tokcuuaux go3a (Wolff u
cap., 2017; Pavlata u cap., 2000; Maylin u cap., 1980; Blackmore u cap., 1982;
Caple u cap.,1978).

[Iponena craryca ceigeHa Koma Ha OCHOBY akTuBHOCTH GPX y KpBH cMaTpa ce
Moy3JaHOM U oceTbuBoM MeTojoM. CerneH ce yrpalyje y epuTpoLuTe TOKOM
eputponoeze u aktuBHOCT GPX-1 ce cmarpa mokasaresreM AyroTpajHOr yHoOca
celeHa, JOK aKTHUBHOCT Iuia3Marcke GPX-3 je TNpBEHCTBEHO WHIAMKATOP
KpaTKOPOYHOT cTapyca ceneHa (Harris, 1998). Jlocanamma uctpaxkuBama Maas u
cap. (1996) u Blackmore u Brobst (1981) HaBome na ce Mory cmaTparu
(U3UOTIOMIKUM BpeTHOCTH aKTUBHOCTH GPX myHe KpBU Koma y uHTepBaity ox 300
10 600 pKat/l.

Ha nmoapydjy CpOuje cy BplieHa caMo CliopaJnyHa UCIIMTHBAma CTaTyca celieHa
u aktuBHOCTH GPX KOJ MYHOKPBHUX CIIOPTCKUX KOHA KOJU CY Y MHTECH3MBHOM
y3rojy (Muxamnosuh wu cap., 1996). Mehyrum, 10 naHa naHalImBEr HHUCY
CIPOBEJICHA UCIIMTUBAbA CTaTyca celieHa paJHUX HECYIJIEMEHTHUPAHUX KOHba.
OBaj pax mpencraBiba NPBO NMPEIMMUHAPHO UCIHUTHUBamke akTuBHOCTH GPX-1 m
GPx-3 y mupy oapehuBama craTyca celieHa paJHUX, HECYIUIEMEHTHPaHUX,
XJIAAHOKPBHUX KOHa Ha TepuTopHju LeHtpaine Cpouje.

MATEPUJAJIU U METO/JIE
VY ucTtpaxuBamy YKYIIHO j€ UCHHUTAHO 12 y30paka KpBU KOHa W3 ILIEHTPAITHE
Cp6uje (KpasseBo, 3ajeuap, BasbeBo u Jlumutposrpanm), u To: 12 y3opaka KpBHE
wiazmMe u 12 y3opaka MCIpaHUX EPUTPOLMTA. Y30pKOBamkbY KPBH j€ MPEIXOIHO
KJIMHUYKH TIPETJIe, Kako Ou y CTyaujy Onia yKJbydeHa caMo Tpjia Koja cy 3/paBa
U KOja y NpeaXOoJHHM MecenuMa HHUCYy Oumna moj TepanujoM. McroBpemeHo,
omabpaHa Cy WCKJbYYMBO Tpja KOja HHUCY y MpOTEKIuX 12 Meceum mobujana
BUTAaMUHCKO-MHHEPAITHE CYIUIEMEHTE MEPOPATHUM WIH TAPEHTEPATHUM ITyTEM, a
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XpameHa Cy HMCKJbYYMBO JIOKAJHO y3rajaHUM XpaHMBMMAa WJIM HalacaHa Ha
JIOKQJIHUM NallbaluMa.

KpBHa nia3zma je u3aBojeHa neHTpudyropameM XemapuHUCAHUX y30paKa KpBH Ha
1000 x g y Tpajamy ox 20 MuHyTa. Y30pIIM UCIPAHUX EPUTPOIUTA CY TOOH]jECHU
U3 y30paKa MyHe KpBU HAKOH TPOCTPYKOT MCIUPAa EPUTPOLUTA (PU3HOIOMIKAM
pPacTBOPOM U TPOCTPYKUM LEHTpUPUTHpameM. Y30pLUU Cy TPAHCIOPTOBAHU Y
XJIaJHOM JIaHILy, @ OJ]Max 10 IpUjeMy Cy CKJIAJUIITeHH y 3aMp3uBauy Ha -18°C.
Komunma je y CBpXy y3uMarma y30paka KpBU BpIICHA BEeHEMYHKIH]ja V. jugularis y3
NPUCTaHAK BIACHUKA U Y3 MOIITOBAKE CBUX Mepa 00pe BETEPHUHAPCKE MpaKce.
AKTHUBHOCT IIUTOCOJHE TiyTrathuoH nepokcumaze (GPx1) wm  rmyratnon
nepokcugasze kppae mwiazme (GPx3) oapehusana je meromom mo Gilinzler u cap.
(1984) wma cmektpodoromerpy Cecil 2000, ca BOIECHHM KyMaTHIOM W
TEPMOCTAaTOM KOjU je OoAp»KaBao KOHCTaHTHY Temreparypy oxa 37°C. IlpunHummn
OBOT MEpEHa j€ 3aCHOBAH Ha CIIEKTPO(POTOMETPHJCKOM PETUCTPOBAY IMOTPOIIIHE
NADPH y kynioBaHOM €H3UMCKOM CHCTEMY.

CacraB ka0 1 KOHAYHE KOHIIEHTpAIlMje peareHaca cy npukasane y Tabenu 1.

Ta6esa 1 CacraB peareHaca Koju Cy KOPUIINCHH 33 CIICKTPOGOTOMETPHjCKO oapehuBame
aktuBHOCTH GPX

Pearencu 3anpemuna (ul) Konarna .
KOHIEHTpaluja

Kanujym docdarnu mydep (400 500 100 mmol/L
mmol/L, pH 7)
GSH (604 mmol/L) 200 6 mmol/L
I'nmytatnon penykrasa (GR) 50 0,375 1J/mL
Y30pak KpBHE I1a3Me 20
WIN
VY30pak xemonu3ara

% 10
EpUTPOIIUTA
10 MuHyTa nperHKy6anuja Ha 37 O
NADPH 3 mmol/L y 0,1%
NaHCO3 200 0,3 mmol/L
TBH 550 1,575 mmol/L

480 (3a y3opak iazme);
Penectunoana Boaa 490 (3a y3opaxk -
SPUTPOITHTA)

*Xemonusar ce npunpema nogatkom 10pl ucnpanux eputpormra y 200l JIpabkunoBor peareuca

3a cratucTUuKy oOpany mojaraka xopuinhenu cy mporpamu MS Excel 2007 u
GraphPadPrismb.
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Pesynratu cy mpukazanu kopumihemeMm mapamerapa JEeCKPUITHBHE CTATHCTHUKE
(Xcep, SD u CV%).

PE3VYJITATU U JUCKYCHUJA
AKTUBHOCT IMTOCOJNIHE IiyTaTuoH mepokcunaze (GPx1) y wucmpanum
EPUTPOIIUTHMA UCITUTUBAHUX KOHa Ce KpeTaja y uarepBainy on 288,48 mo 632,12
pKat/l. CraTucTiuky mocMaTpaHo HCIUTHBAHA Ipyma je Ouiia XoMoreHa 003upoM
na je xoepuumjent Bapujanuje usHocuo 21,7%. Ilpoceuna aktuBHoct GPX1 je
ouna X,=502,02 puKat/l, a crangapana nesujaruja SD=108,96 (Tabena 2).
AKTUBHOCT ri1yTaTioH nepokcuaase (GPx3) ykpBHO] mia3Mu MCTUTUBAHUX KOHha
Oouna je y wmutepBany ox 2,42 no 5,35 pKat/l. Craructinuku mocmarpano
WCIIMTHBAaHA Tpyma je Omia XOMOTeHa O03MpOM Ja je Koe(HIMjeHT BapHjaiuje
mHocuo <30%. IIpoceuna axtuBHocT GPX3 je Omma X,=3,46 pKat/l, a
crangapaHa aesujanuja SD=1,02 (Tabena 2).
AxtuBHoct GPx3 je mnokaszaress craryca KpaTKOPOYHOI YHOCa CellieHa Yy
opranuzam. [lopes ceneHoeH3UMa y MJIa3MH je TPUCYTHO BuIie o1 20 pa3TuuuTHX
cenenonporenHa (Kryukov u cap., 2003) koju 1o cB0joj QyHKIHjH MOTY OUTH
AQHTHUOKCHJIAHCH, PpEryjaTopu peAoKC peakliyja, Yy4YecHUIM MeTaboiu3Ma
TUPEOUIHUX XOPMOHA, TPAHCIOPTHU HpoTenHu uTA. Kox momahux sxuBoTHma
Bunie o1 98% aktuBHoCcTH GPX je CMEMITeHO Y epuTpOLUTUMA, HITO je Y CKIIaay
ca HallUM pe3yNTaTHUMA.

Tabema 2 AxtuHoct GPX-1 u GPX -3 y y3opuuma KpBH pagHHX KOHa Ha HOAPYY]jY
uentpanane Cpouje

Xsr SD | CV% Iv
GPx-1 (uKat/l) (n=12) | 502,02 | 108,96 | 21,70 | 288,48-632,12
GPx- 3 (uKatl) (n=12) | 3,46 | 1,02 | 29,50 2,42-5,35

Jlo nmaHac HHCY YCIOCTaBJbEHE INpelu3He pedepeHTHE BPEIHOCTH AKTHBHOCTHU
GPX y xpBu xuBOoTHHA. Hamme, y nmTeparypu ce HaBOJe HIMPOKH HHTEPBAIH
aktuBHOcTH GPX y kpBH KOBa, Tako Aa Maas u cap. (1996) naBone BpenHocTu y
uatepBany ox 80 mo 500 pKat/l qox Blood u Radostits (1989) cmarpajy na cy
pedepentHe (hu3moNONIKEe BPEAHOCTH 3HATHO BHIe W u3HOoce on 500 mo 2500
uKat/l. Tomatau mpobeM MPUIUKOM AchHHHUCARbA MPEIOPYYEHUX pedepeHTHUX
BpeaHOCTH akTHUBHOCTH GPX mpejcraBiba HEJIOCTATaK ycarjalleHOCTH jeAMHUIA
MPEKO KOjuX ce ojpehyje aKTUBHOCT OBOT CEJICHOEH3MMa, TaKo Ja Ce YeCTO
aktuBHOCT GPX m3paxaBa u mnpexko [U (MHTepHAIMOHATHUX jeAWHUIA),
pmol/mi/min, Ug/Hb, Ug/prot, uta., mro qoaatHo orekaBa MeljyabopaTtopujcko
nopeheme 100MjeHnX BPeIHOCTH.
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[Mpunukom Tymadema IOOHMjEHHX BpPEAHOCTH Yy HAIIeM HCTpPaXuBamwy Tpeda
uMatd y BUAY Aa cMo akTuBHOCT GPX-1 ompehuBanm y y3opruma ucrpaHux
EpUTPOLINTA, @ HE Y y30plUMa IyHE KpPBU Kao LITO C€ YeCcTO MNpUKazyje y
JUTEpaTypH, T€ j€ HEONMXOJHO EKCTpPANoJUpaTH pe3ysTaTe Ha BPEIHOCTH ITyHE
KpPBU Ha OCHOBY XEMAaTOKpHUTa KpBU Koma. OBakBaB NIpuia3 je y MOTIYHOCTH
OTIpaB/IaH YKOJUKO UMaMO y BUAY Jia je ydenrhe KpBHE 1a3Me y akTuBHOCTH GPX
U3y3eTHO HUCKO (<1%) u 1a Hema 3HauajaH YTHLAj HA YKYIHY akTUBHOCT GPX y
kpBu. CBa rpia Koja cy Ouiia yKJbydeHa y Hallle HCTPAKUBAKHE Cy Onjia KIIMHUYKH
3npaBa, 0Oe3 3HAKOBa aHeMHje, AEXUApaTanuje, €HAOMapasuTo3a M APYrHx
3IPACTBEHUX MpoOJieMa KOju OW MOTJIM Ja yKa3yjy Ha €BEHTYaJHO TOCTOjame
nopemehaja xemaTokpuTa (XeMmoparuje, IeXuapartanuja ¥ ci.). Y3umajyhu y
003up Aa je mpocedaH (PUHMOJIOMIKM XEMATOKPHUT KpBU oapaciux koma 0,35
(Calamari u cap., 2009) MoxeMO Ja Ha OCHOBY IOCTaB/bCHE MaTEMAaTHUYKE
MIPOTIOPITHje M3BEIEMO 3akjbydak ga ce BpeaHoctu GPX y myHO] KpBH KOHa Ha
noapy4jy uentpanne Cpouje kpehy y untepBany ox 101-221 pKat/l, mro jacHo
yKa3yje Ja ce paJHu KoM Ha moapydjy meHtpasne CpOuje Hamaze y 30HH
MapruHAIHOT Je(QHINTA OBOT MUKPOEIEMEHTA.

Crnuunu pe3yaTaTu cy 3abenexeHu W Ha noApydjy PemyOmmke Yemike rae je y
y3opuuMa myHe KpBu 159 ompacnux koma m3mepeHa aktuBHocT GPX m3HOcHIa
286,43 pKat/l (Ludvikova u cap., 2005). Y HaBecHOM HCTpaKHUBarby ayTOPH CY
OJIpeIMIIM TIOCTOjahe BUCOKOT KoeduuujeHta kopenauuje (= 0,84) umzmeby
U3MepeHnX akTUBHOCTH GPX M KOHIIEHTpaIlfje celieHa y KpPBH, YUME CE€ JI0JaTHO
notBphyje BammmHocT Mepema aktuBHocTH GPX y mumy onpehuBama craTyca
celieHa Koma. VcToBpeMeHO, rope MOMEHyTa Ipyla ayTropa je HCHUTHBaia
JMHEAPHOCT OAHOCa M Kopenauujy usmel)y aktuBHoctu GPX M KOHIEHTpamuje
celieHa y IuJby oapehnBama rpaHUYHUX BPEIHOCTH aKTUBHOCTH KOj€ yKa3yjy Ha
cTaryc neduuura ceineHa. YTBPIWIN Cy Ja ce BpeaHocTH aktuBHOCTH GPX koje
npeBasuiaze 200 pKat/l mory cMatpati ajekBaTHHM, Kao W Ja C€ OHE MOCTHKY
IpU cajipXkajy celieHa y MyHOj KpBH >75 ur/a BpenHoctd y uatepsany on 100 mo
200 pKat/l maprunamauMm, a Bpeanoctu aktuBHocTH GPX <100 pKat/l ayropu cy
nepUHHUCANIN Ka0 HeaIeKBaTHUM Tj. 1e(DUIIUTAPHHM.

WHTepecanTHO je OBOM NPWJIMKOM HAallOMEHYTH Jla Cy CBU KOHU KOjU Cy Omin
YKJbYUEHHU Y Hallle UCIUTHBAmhEe OWIIM HECYIUNIEMEHTUPAHU PagHU KOHBHU KOJU Cy
OMITM PeOBHO H3JIOKEHHU ojpel)eHOM creneHy (HU3MYKOr Harmopa, Ouio y pamy
MOJI caMapoM, WJIM Kao PEKPEaTHBHH WJIM 3aMpeKHU KomHU. bpojun ayropu (Ott u
cap., 2022; Mami u cap., 2019; Gondim u cap., 2009) ucruuy na je Qu3HUKH
Harmop jedaH OJ OKHada OKCHAATHBHOT CTpeca MOCeOHO KOJ KOWa KOJH CYy
U3JI0KEHH HMHTEH3MBHOM HANopy MPHJIUKOM TaKMHU4YCHa Y HU3JIPKIBUBOCTH
(enmjypaHc Tpke). JeqaHa 0] OCHOBHHX MPEIHOCTH HAIIIET UCTPAKUBamba Ce Oriea
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y YUMEBCHHUIIN Ja cMo ucnutanu cratyc GPX y kareropuju koma Koja 0 cafa HUje
NpOydYaBaHM y HAIIEM IOAHEOJbY, a TO Cy HECYIUIEMEHTHPAHH PAJHU KOHBH KOjH
Cy XpameHHU MCKJbYYHBO JIOKAJIHO y3rajaHMM XpaHUBUMa, IITO HaM oMoryhaBa
YBUI y pealHO cTamke Ha TepeHy. CBakako 1a OW HCIHTHBama Tpedasio
IPOIIMPUTH HAa OCTajla MojpydYja y muiby obOezbehuBamba MepoJaBHUX IOjaTaKa
Ha OCHOBY KOjuX hemo Mohu J1a JaMo MpernopyKe O €BEHTYAIHO] CYIIJIEMEHTaIlU]H
CeJICHOM paJHUX Koma Ha Teputopuju Penybiuke Cpouje.

3axBaJIHHIIA
Pan je mompkan cpeacTBUMa MHHHCTapCTBa MPOCBETE, HAYKEe M TEXHOJOIIKOT
pa3Boja Penyonuke Cpouje (Yrosop 6poj 451-03-68/2022-14/200143).

M3jaBa o cykoOy uHTepeca: AyTopH U3jaBJbyjy Z1a HE TIOCTOjU CyK0O HHTEpeca.
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Summary

Glutathione peroxidase (GPx) is an enzyme that has 8 isoenzyme forms, of which
GPx-1 is an obligatory intracellular enzyme, while GPx-3 is active in extracellular
fluids, especially in blood plasma. The main role of GPx is the protection of cells
from oxidative stress induced by free oxygen radicals. GPx activity is taken as a
reliable indicator of selenium status in the human and animal organism. Selenium
is introduced in organism mainly through the food chain. Ingested selenium is
incorporated in the form of selenomethionine and selenocysteine into tissue
proteins, i.e. enzymes. Detailed investigation related to the content of selenium in
feed and domestic animals were carried out in Serbia, especially in economically
significant species such as poultry, pigs, sheep and cattle. However, working cold-
blooded horses, especially those that are fed exclusively with locally grown feed,
or are on pasture, have not been examined in detail so far. Due to their specific
way of breeding, they are ideal indicators of the selenium status of monogastric
herbivores in a given locality.

The goal of our study was to determine the status of selenium based on the
activity of GPx-1 and GPx-3 in blood samples of non-supplemented working
horses in the territory of central Serbia.

In our study, a total of 12 samples of horse blood taken from the localities of the
municipalities of Kraljevo, Zajecar, Valjevo and Dimitrovgrad were tested as
follows: 12 samples of blood plasma and 12 samples of washed erythrocytes.
Measurement of GPx-3 and GPx-1 activity was carried out using the Guncler
method at a wavelength of 366 nm. For each animal, during sampling, data on
gender, age, vaccination and deworming, composition and origin of the given
nutrients were recorded.
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The average activity of GPx-1 was 502.02 + 91.77 pKat/l, and GPx-3 3.46 + 1.02
pKat/l, which indicates the existence of a marginal selenium deficit in the
population of unsupplemented working horses in the territory of central Serbia.

Keywords: GPx, horses, selenium, Serbia.

INTRODUCTION
The metabolism of selenium is very complex because this trace element is
essential for the organism, but also potentially very toxic. Domestic and wild
animals ingest selenium through food. The content of selenium in nutrients of
plant origin depends on numerous factors, among which stand out: the
composition and characteristics of the soil, the chemical form of selenium in the
soil, the amount of selenium in the soil, the type of plant and the growth phase of
the plant itself. Several selenium deficient areas have been defined in the world,
and one of them is part of the Balkan Peninsula (Val¢i¢ et al., 2013).
The main role of selenium is the protection against oxidative stress and the
neutralization of the generated free oxygen radicals through the action of GPx.
GPx consists of four identical subunits whose individual molecular masses range
from 18,000 to 23,000 with a stoichiometric ratio of four gram-atoms of selenium
per mole of enzyme. GPx is very specific towards the hydrogen donor (reduced
glutathione) and non-specific towards the reducing substrate. In addition to the
decomposition of hydrogen peroxide, the enzyme participates in the reduction of
hydroperoxides of various organic compounds (fatty acids, nucleic acids, thymine,
prostaglandins, etc.) into the corresponding alcohols.
Physiological effectors of selenium function are selenoproteins, or selenoenzymes
- glutathione peroxidase (GPx-, EC 1.11.19), and in addition to glutathione
peroxidase, selenium is present in iodothyronine deiodinase, which plays a role in
the conversion of thyroxine (T,) into biologically active 3,3',5 - triiodothyronine
(T3). Myodegeneration known as White muscle disease (WMD) is the most
common disease of domestic animals, including horses, which occurs as a result
of a pronounced selenium deficiency. Marginal deficiency in horses leads to
infertility in mares and slower growth in foals (Savage and Lewis, 2002).
Areas of pronounced deficit of this microelement have been described in the
world and in Europe. It is known that the selenium deficit is most pronounced in
China, the North-West and South-East of the USA, and in Serbia in the area of the
Sjenica-Pester Plateau. Research conducted in the previous two decades in Serbia
(Valci¢ et al., 2013) showed that the average content of selenium in plant foods in
the territory of the Republic of Serbia is in the interval from marginally deficient
to deficient, where the situation is most favorable in VVojvodina.
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Selenium status in domestic animals can be assessed based on the direct
determination of selenium in blood samples, or indirectly based on the activity of
the enzyme GPx.

GPx-1 is an obligatory intracellular enzyme, while GPx-3 is present in the
extracellular space, especially in the blood plasma. Numerous authors have
established that the concentration of selenium in the blood and the activity of
glutathione peroxidase in whole blood are highly correlated, ranging from r=0.70
to r=0.93, in all types of domestic animals fed with feed containing selenium in
concentrations below toxic doses (Wolff et al., 2017; Pavlata et al., 2000; Maylin
et al., 1980; Blackmore et al., 1982; Caple et al., 1978).

Assessment of selenium status of horses based on GPx activity in blood is
considered a reliable and sensitive method. Selenium is incorporated into
erythrocytes during erythropoiesis and GPx-1 activity is considered an indicator
of long-term selenium intake, while plasmatic GPx-3 activity is primarily an
indicator of short-term selenium status (Harris, 1998). Previous research by Maas
et al. (1996) and Blackmore and Brobst (1981) state that physiological values of
GPx activity in horse whole blood can be considered in the range of 300 to 600
pKat/l.

In the territory of Serbia, only sporadic tests of selenium status and GPx activity
were performed in thoroughbred sports horses that are intensively bred
(Mihailovi¢ et al., 1996). However, to date, no tests have been conducted on the
selenium status of non-supplemented working horses.

This work represents the first preliminary examination of GPx-1 and GPx-3
activity in order to determine the selenium status of working, non-supplemented,
cold-blooded horses in the territory of central Serbia.

MATERIALS AND METHODS

In the study, a total of 12 horse blood samples from central Serbia (Kraljevo,
Zajecar, Valjevo and Dimitrovgrad) were tested, as follows: 12 blood plasma
samples and 12 washed erythrocyte samples. A clinical examination was obtained
before the blood sampling, so that only animals that were healthy and that had not
been under therapy in the previous months were included in the study. At the
same time, only those animals that did not receive vitamin-mineral supplements
orally or parenterally in the past 12 months were selected, and were fed
exclusively with locally grown feed or grazed on local pastures.

Blood plasma was separated by centrifugation of heparinized blood samples at
1000 x g for 20 minutes. Samples of washed erythrocytes were obtained from
whole blood samples after triple washing of erythrocytes with physiological
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solution and triple centrifugation. The samples were transported to the laboratory
in a cold chain, and immediately stored in a freezer at -18°C.

In order to take blood samples, horses were subjected to venipuncture of the
jugular vein with the owner's consent and in compliance with all measures of
good veterinary practice.

The activity of cytosolic glutathione peroxidase (GPx1) and blood plasma
glutathione peroxidase (GPx3) was determined by the method of Ginzler et al.
(1984) on a Cecil 2000 spectrophotometer, with a water bath and a thermostat that
maintained a constant temperature of 37°C. The principle of this measurement is
based on the spectrophotometric recording of NADPH consumption in the
coupled enzyme system.

The composition and final concentrations of the reagents are shown in Table 1.

Table 1 Composition of reagents used for spectrophotometric determination of GPx

activity
Reagents Volume (pl) Final concentration

Potassium phosphate buffer
(400 mmol/L, pH 7) 500 100 mmol/L
GSH (604 mmol/L) 200 6 mmol/L
Glutathione reductase (GR) 50 0.375 1J/mL
Blood plasma sample 20
or
Erythrocyte hemolysate

10
sample*
10 minutes preincubation on 37 0C
NADPH 3 mmol/L in 0,1%
NaHCO3 200 0.3 mmol/L
TBH 550 1.575 mmol/L

480 (for a plasma sample);
Redistilled water 490 (for a erythrocyte -
sample)

* Hemolysate is prepared by adding 10 pl of washed erythrocytes to 200 ul of Drabkin's reagent.

MS Excel 2007 and GraphPadPrism5 programs were used for statistical data
processing.

Results are presented using descriptive statistics parameters (Mean, SD and
CV%).
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RESULTS AND DISCUSSION

The activity of cytosolic glutathione peroxidase (GPx1) in the washed
erythrocytes of the tested horses ranged from 288.48 to 632.12 pKat/l.
Statistically, the examined group was homogeneous, given that the coefficient of
variation was 21.7%. The average activity of GPx1 was Mean=502.02 pKat/l, and
the standard deviation SD=108.96 (Table 2).

The activity of glutathione peroxidase (GPx3) in the blood plasma of the
examined horses was in the interval from 2.42 to 5.35 pKat/l. Statistically, the
examined group was homogeneous considering that the coefficient of variation
was <30%. The average activity of GPx3 was Mean=3.46 puKat/l, and the standard
deviation SD=1.02 (Table 2).

GPx3 activity is an indicator of the status of short-term selenium intake in the
organism. In addition to selenoenzymes, more than 20 different selenoproteins are
present in the plasma (Kryukov et al., 2003), which, according to their function
can be antioxidants, regulators of redox reactions, participants in the metabolism
of thyroid hormones, transport proteins, etc. In domestic animals, more than 98%
of GPx activity is located in erythrocytes, which is consistent with our results.

Table 2 Activity of GPx-1 and GPx-3 in blood samples of working horses in central
Serbia

Mean SD CV% v

GPx-1 (uKat/l) (n=12) | 502.02 | 108.96 | 21.70 | 288.48-632.12

GPx- 3 (uKat/l) (n=12) | 3.46 1.02 29.50 2.42-5.35

To date, precise reference values for GPx activity in animal blood have not been
established. Namely, the literature indicates wide intervals of GPx activity in
horse blood, as Maas et al. (1996) gave values in the interval from 80 to 500
puKat/l, while Blood and Radostits (1989) believe that the reference physiological
values are significantly higher and amount to 500 to 2500 upKat/l. An additional
problem when defining the recommended reference values of GPx activity is the
lack of conformity of the units through which the activity of this selenoenzyme is
determined, so that GPx activity is often expressed through IU (international
units), pumol/ml/min, Ug/Hb, Ug/prot, etc., which further complicates the inter-
laboratory comparison of the obtained values.

When interpreting the values obtained in our study, it should be considered that
GPx-1 activity was determined in washed erythrocyte samples, not in whole blood
samples as is often shown in the literature, and it is necessary to extrapolate the
results to whole blood values based on blood hematocrit in a horse. This approach
is fully justified if we understand that the participation of blood plasma in GPx
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activity is extremely low (<1%) and that it has no significant effect on the overall
activity of GPx in the blood. All the animals that were included in our study were
clinically healthy, without signs of anemia, dehydration, endoparasitosis and other
health problems that could indicate the possible existence of hematocrit disorders
(hemorrhages, dehydration, etc.). Taking into account that the average
physiological hematocrit of the blood of adult horses is 0.35 (Calamari et al.,
2009), we can conclude, based on the set mathematical proportion, that GPx
values in the whole blood of horses in central Serbia range from 101 to 221
puKat/l, which clearly indicates that working horses in the area of central Serbia
are in the zone of marginal deficit of this microelement.

Similar results were recorded in the territory of the Czech Republic, where the
GPx activity measured in whole blood samples of 159 adult horses was 286.43
pKat/l (Ludvikova et al., 2005). In the aforementioned study, the authors
determined the high correlation coefficient (r= 0.84) between measured GPx
activity and blood selenium concentration, which further confirms the validity of
measuring GPx activity in order to determine the selenium status of horses. At the
same time, the aforementioned group of authors examined the linearity of the
relationship and the correlation between GPx activity and selenium concentration
in order to determine the limit values of activity that indicate the status of
selenium deficiency. They determined that GPx activity values exceeding 200
pKat/l can be considered adequate, as well as that they are achieved with selenium
content in whole blood >75 pg/l. According to those authors, values in the interval
from 100 to 200 pKat/l are marginal, and GPx activity values <100 uKat/l are
inadequate, i.e. deficient.

It is interesting to note that all the horses that were included in our study were
non-supplemented working horses that were regularly exposed to a certain degree
of physical effort, either in work under saddle, or as recreational or harness
horses. Numerous authors (Ott et al., 2022; Mami et al., 2019; Gondim et al.,
2009) point out that physical effort is one of the triggers of oxidative stress,
especially in horses that are exposed to intense effort during endurance
competitions i.e. endurance races. One of the main advantages of our study is the
fact that we examined the status of GPx in a category of horses that has not been
studied so far in our climate, namely non-supplemented working horses that are
fed exclusively with locally grown feed, which allows us to understand the real
situation in the field. Certainly, the tests should be extended to other areas in order
to provide more reliable data on the basis of which we will be able to make
recommendations on possible selenium supplementation of working horses on the
territory of the Republic of Serbia.
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