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Llenb: npoaHann3npoBaTb 3aBUCUMOCTb COCTOSAHUA IM30COMas/IbHOM0 LMUCTEMHOBOIO
NpoTeosin3a OT CTEMeHU OKUCNUTENbHOW MoandUKaumumn 6eNK0B B YCIOBUAX IKCMePUMEH-
TanbHOro MOAENIMPOBAHUA ULLEMNUM U ULLeMUN-penepy3nn.

ViccnepgoBaHme BbINOMTHEHO Ha 1abopaTOPHbIX XMBOTHBLIX - Kpbicax nuHuu Wistar.
Co3paHbl Be 3KCMepMMeHTajlbHble MOZeNn - ueMnun u penepdysnun nyTem nepexarus
OproLHOro oTAena aopThl (Nepsas rpynna) ¢ Nocaefyrowmnm KOHANLNOHMPOBaHeM (BTOopas
rpynna). AKTUBHOCTb JIN30COMaibHbIX MPOTEMHA3 W YPOBEHb OKUCINTENbHO-MOAU(N-
LMpPOBaHHbIX 6eNIKOB ONpefensnn B Mna3Me KPOBU B ClefytoliMe CPOKW OMnepaluoHHOro
BMewlaTenbCcTBa: 1, 3, 5, 7 CYTOK COOTBETCTBEHHO B 06emx rpynnax. B KauyecTBe KOHTPONs
n3ydanan nnaasmy KpoBu MHTAKTHOIO XXWUBOTHOrO. 13y4yeHa aKTMBHOCTb /1IM30COMasIbHbIX L1C-
TEMHOBbIX MpoTenHas B, L B yC/noBMAX 3KCNEPUMEHTANIbHOTO MOAEMPOBaAHNA ULLIEeMUU U
nweMunmn-penepysnm CreKTpopayopnmMmeTpmuyeckum metogoMm no Barrett&Kirschke. Ansa
OLEeHKN OKUCNUTENbHON MoAU(MKaLn 6e/IKOB UCMOMb30Bain onpejesieHne YPOBHA Kapbo-
HWUMbHbIX NMPOM3BOAHbLIX Mo R.L. Levine B mogudukauun E.E. Ay6bnHnHON. JaHa KOMMNIeKC-
Hasi OUeHKa OKUCNUTENbHON MoaupuKaunm 6enKoB njasmbl, a UMEHHO: MOACYMTaHbI MJ10-
wanb Noj KpuBOW cnekTpa MOroWweHns npogyKToB KapboHWAMPOBaHMUSA NPOTEMHOB, 40N
NepBUYHbIX U BTOPUYHbIX MapKepoB OKUC/IUTE/IbHOrO CTpecca, pe3epBHO-afanTalWnOHHbIN
noteHyman. C Uenblo aHannsa cTaTUCTUYECKON 3HAYMMOCTU Pas/inymnii He3aBUCUMBbIX Bbl60-
POK MCM0/b30BaNu paHroBblii Kputepuin MaHHa-YntHu (U-TecT). [na NpoBepKn paBeHCTBa
MeAnaH HecKONbKMX BbIGOPOK Mcnonb3oBaivn KpuTepuin Kpackena-Yonnuca. Ona OueHKU
paHroBon Koppensaummn ncnonb3oBaan KoahpuumeHT CnnpmeHa.

lMonyyeHHble pe3ynbTaTbl AEMOHCTPUPYIOT Pa3sBUTUE OKUCAIUTENbHOI0 CTpecca npu
nwemunmn-penepdysnn ¢ 1 no 7 CyTKn, a Npn MwemMnn - Ha 3 U 5 CyTKU, 4TO CONPOBOXKAAET-
cA akTMBauunen katencuHoB B u L. Mpu nwemnn n nwemmn-penepgysmm Habnawogaetcs
NCTOLLLEHME pe3epBHO-afanTayMoOHHOIo NoTeHuMana, ogHako nNpu uwemun npeobnagarT
nepBuUYHbIE MapKepbl, a Npu penepdysnn - BTOpUYHbIEe. B pe3ynbTaTe aHanmsa JaHHbIX
JOKa3aHa MoNoXuUTeNbHasA KOPPensuMoHHas CBA3b MeXAY OKUCAUTEeNbHbIM Kapb6oHWIn-
poBaHuem 6e/fIKOB M aKTUBHOCTbIO KaTencuHa L nnasmbl Ha 3, 5 CyTKM npu nwemun, Ha 3
CYTKUW NpU NiieMun-peneppysnn.
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KntoueBble CnoBa: OKWCAWTeNbHas Moaudukauus 6enkoB, KaTencuHbl B, L, wnwwemus,

nwemus-penepdysus.

OKuCNUTeNbHbIA CTpecc, npencTaBnss
CO60/ MONEKYNAPHYO AUCPErynaunio meta-
60nn3Ma, UrpaeTt K/AKYEBYK poSib B nartore-
Hese aTepocK/iepo3a, BOCManeHWs COCYAOB,
9HAOTENNANbHOW  AUCHYHKLMM 1 NOTepu
6uofocTynHocTh okcuga asota [1, 2]. Mo-
CKOJIbKY OKMWCNUTENIbHbIA CTpecc sABnseTcs
00beAMHAIOWMM MPU3HAKOM MNOYTU BCEX
KapAnoBacKyApHbIX MaTtonorui, a Mogupu-
Kauma 6enkoB HafeXHbIl KpuTepuidi ero
OLUEHKM, TO B KayecTBe 6MOMapkepa, oTpa-
XalLwero cTeneHb NOBPEXAEHUS B YCNOBU-
AX MOLENMPOBAHMA WLIEMUN W ULIEMUUN-
penepdy3nn, LenecoobpasHO MCNONb30BaTb
KapboHW/IbHbIE NPON3BOAHbIE MPOTENHOB.

B cBol ouepefb, MPOTEO/IUTUYECKUE
CUCTEMbI MPU3HAKOTCA OLHUM U3 BO3MOXHbIX
MeXaHU3MOB 3alWuTbl OT HAKOMAEHUA OKMUC-
NNTENbHO MOAU(PULMPOBAHHLIX OENKoB U
COBEPLUEHHbIM PerynaTopoM MNpPoOTEMHOBOrO
obmeHa [3, 4]. Kpome 3Toro, nuMsocomarsb-
Hble MPOTenHasbl ABNAKTCA BaXXHbIMU (ak-
TOpamun pasBUTUA CepeyvyHO-COCYAUCTLIX 3a-
6oneBaHunii, B TOM 4YucC/ie accoLumpoBaHHbIX
c BocnaneHuem [5]. B HacTosiee Bpemsa fo-
KasaHa MOBbIWEHHaA 3Kcnpeccus m30Cco-
MasibHbIX KaterncuHos L n B B obnactu ate-
POCK/IEPOTMYECKOIO MOBPEXAEHUA cocyfa
[6], yuacTue KaTencuHa B B npoueccax gop-
MWUPOBaHUA KPOBEHOCHBIX COCYy0B [7].

Takum 06pa3oM, BOB/IEYEHHOCTb Ka-
TENCWHOB N OKWUCNUTENLHOIO CTpecca B pas-
BUTWE NaToPU3N0NOTNUYECKUX COCTOSHUI He
BbI3blBA€T COMHEHWS, Of4HAKO OCTaeTcs He
N3yYeHHbIM B3aUMOCBA3b 3TUX NMPOLECCOB.

Uenb nccnegoBaHng

MpoaHann3nposBatb 3aBUCUMOCTb CO-
CTOSAHUS  NM30COMafIbHOr0  LUCTEMHOBOrO
npoTeonn3a OT CTeneHW OKUCAUTENbHON MO-
AvduKaumn 6enkoB B YCNOBUAX 3Kcnepwu-
MEHTa/NbHOrO0 MOAENINPOBaHUA ULLIEMUN WU
nwemumn-peneppysnu.

MaTepnanbl n MeToAbI

WccnepoBaHme BbINMOMHEHO Ha fiabopa-
TOPHbIX XXUBOTHbIX (Kpbicax nuHuu Wistar) B
COOTBETCTBUMU C ITUYECKUMWU HOPMaMu, W3-
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NOXeHHbIMU B «KOHBEHUUM NO 3awuTe no-
3BOHOYHbIX >XMBOTHbIX, WCMOMb3YEMbIX ANS
KCNEepPUMEHTANbHbIX U APYTUX Hay4HbIX Lie-
nein» (Ctpacbypr, 1986) u M3P® Ne267 ot
19.06.2003 r. «O6 yTBEpPXAEHWUW MpaBun na-
60paTopHOA NpakTUKWM». [na peanusayum
3KCNepuMeHTa CO034aHbl ABE MOLENN - WLle-
MU 1M penepdysMn  NyTeM  MepexaTus
6ptoLIHOro oTAena aopTthl (Nepeas rpynna) c
nocnegyowmm KoOHANLUOHUPOBaHMEM (BTO-
pas rpynna). Bce onepaunn ocyLecTBAANNCH
nof HapkKo3oM C MCMOMb30BaHMWeM npenapa-
ToB «Kcuno» 1 mr/kr n «3onetun 50» 15
Mr/Kr. AKTUBHOCTb /IN30COManbHbIX NPOTEn-
Ha3 N YpOBEHb OKUCNUTENbHO-MOAUPULUPO-
BaHHbIX 6e/1KOB ONpefensnu B nnasMe Kposu
B CNeAytoLyie CPOKM OnepaLmoHHOro Bmella-
TenoctBa: 1, 3, 5, 7 CYTOK COOTBETCTBEHHO B
ob6enx rpynnax. B KauecTBe KOHTPONA u3yua-
NN NnasMy KPOBW MHTAKTHOIO XKMBOTHOTO.

[Ns OUEeHKN OKUCAUTENbHON mMoantn-
Kaumu 6enKoB MCMOMb30Banu onpegeneHune
YPOBHS  KapOOHUNbHLIX MNPOU3BOAHbLIX MO
R.L. Levine B mogugumkaumu E.E. AyO6uHun-
Hol [8]. MopgcyeT nfowagn nog KpuUBOWA
cnekTpa MnOrnoweHns MpoayKTOB OKUCAMU-
TeNbHOW MoAMpUKauum 6en1KoB OCYLLECTB-
NANN N0 aBTOPCKOW MeToauke [9], nonydeH-
HOe 3HayeHWe BbIpaXKanu B YCNOBHbIX efun-
Huuax/rpamm 6enka.

AKTUBHOCTbL KaTencuHos B, L wu3yuya-
nacb CnekTpogpIyopuMeTpu4yecKMM METOLOM
no Barrett&Kirschke [10]. YaenbHyt0 aKTuBs-
HOCTb KaTencuHOB B M/asme Bblpaxanu B
HMOJIb aMUL0-MEeTU/IKYMapuHa/cek X I 6enka.

[N OUEHKN A0NM NepBUYHbLIX MapKe-
pOB MNOACYMTbIBaNaCb CyMMa anbaerung-
OVHUTPOEHUNTUAPA30HOB,  ANA  OLEHKK
BTOPUYHBIX - CYyMMa KeTOH-AUHUTPO(EHUSI-
rMApasoHoB, M COOTHOCUMAcb C 06WWM CO-
Lep>KaHMeM Kapb6OoHWIbHLIX MPOU3BOLHbIX
6enkoB (bo6LL).

OueHka pe3epBHO-afanTaLMoOHHOIo
noTeHunana NponsBogmMnacb nNyTem nopcue-
Ta OTHOLWIEHUS NAoWaAn nNog KpuBoi kapbo-
HUMbHLIX MPOW3BOAHbLIX GENIKOB MPU CMOH-
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TAHHOM OKMWCNEHWU MPOTEVMHOB K MHAYLMPO-
BaHHOMY o peakuun ®eHToHa [11].
CTaTuCTMYeCKUIn aHann3 pe3ynbTaToB
nccnefoBaHUs NPoBefeH COrnacHoO PyKoBO-
ACTBY MO MEAULMWHCKON CTaTUCTUKe C Npu-
MeHeHWeM COBPEMEHHbIX MeTOAO0B BUPTY-
afbHOr0  MaTemMaTuyeckoro aHanu3a, a
MMEHHO, C WCMNONb30BaHWEM MNPOrpaMmbl
«Statistica 10.0». NpoBepKy HOPManbHOCTH
pacnpefefieHns [aHHbIX OCYLLEeCTBAANN C
nomowbto Kputepmsa LWanupo-Yunka (W-
KpuTepuid). Pe3ynbTaTbl NPeCTaBNANN B
thopmate Me [min; max], rge Me - mMeanaHa,
min - MMWHWMaNbHOE Y Max - MakCMMasibHoe
3HayeHue. [N OLeHKW CTaTUCTUYECKOW 3Ha-
YMMOCTW PasIMynin He3aBUCUMbIX BblOOPOK
MCNONb30BaNN PaHroBblli KpuTepuii MaHHa-
YutHu (U-TecT). AN NpoBeEpKM paBeHCTBa
MeAnaH HeCKO/IbKUX BbIBOPOK MCMOJIb30BaNN
KpuTtepuin Kpackena-Yonnuca. [nd OLEHKM
pPaHroBoW Koppenauum 1crnonb3oBann Koag-
(ununeHT CnupmeHa. KpuTnyeckuii ypoBeHb
3HaYMMOCTM HYNIEBON CTATUCTUYECKOW Tnmno-
Tesbl (p) NpuHUManu pasHbim 0,05.
PesynbTaTbl U UX 06CyX/eHune
OkucneHne 6eNKOB MpeacTaBNseT Co-
60l npouecc WX KOBaNIEHTHOW MoAutuKa-
UMW, BbI3BAHHbLIA HENOCPeACTBEHHbIM BO3-
[eNCcTBMEM  aKTMBHbIX (hOpM  Kucnopoja
n/Mnn aKTUBHLIX (POPM a30Ta, a TakXe Koc-

BEHHbIM B3aVMOJENCTBMEM C BTOPUYHBIMU
NMO60OYHLIMX NPOAYKTAMU OKUCIUTENbHOTO
cTtpecca [12, 13]. TpoayKumsi akKTUBHbIX
(hopM Kmcnopona ABNSAETCH BaXHbIM 3BEHOM
B PasBUTMM NaToONOrMM Ha (OHe OKWUCIn-
TENbHOro CTpecca.

Pa3BuTve OKUCNUTENIBHOTO  CTpecca
npu uwemun-penepdysun Habnwogaercs ¢ 1
Mo 7 CYTKMW, O YeM CBULETENbCTBYET YBeNu-
YyeHue 06LLeil NaowWaan Noj KpUBOM cnekrpa
MOrfoLWeHNs  NPOAYKTOB  OKUC/UTENIbHOW
Moautukaumy 6enKoB, a npyu nwemMumn - Ha 3
n 5 cytkn (puc. 1).

YcTaHOB/eHHas [AWHaMuWKa pasBuTUA
OKUC/INTENIbHOTO CTpecca B YC/OBUAX WLLe-
MWW ABNAeTCA NOCNeACTBMEM TUMOKCUW, B
YC/IOBUAX KOTOPOM MNPOUCXOAWUT AOMOSHU-
TeNbHasA reHepauuns pagukanbHbIX NPOLYKTOB,
MOBbILLAETCA UHTEHCUBHOCTb OKUCNTENbHOM
[ecTpyKumnmn 6efikoB, YTO B UTOTe MOXET Mpu-
BOAUTb K HapyLUeHW0 CTPYKTYpPbl U PYHKL MK
KNIeTOYHbIX MEMOPAH 1 KNeTOK B Lie/IOM.

Mpu nwemun-penepdysnmn akTnsauus
CBO60OAHO-paANKanbHbIX MPOLECCOB CTUMY-
NIMPYETCA HanpsXeHWem Kucnopoga, uTo
ABNnseTcs 60/1€e WHTEHCMBHbLIM MPOLLECCOM,
yem [OMOJIHUTENbHAA TreHepauusa cBoboOf-
HbIX pajuKanoB B YC/IOBUAX TUMNOKCUU, WU
OTpa)kaeTcAd B pPasBUTUM OKUCIUTENLHOTO
cTpecca Ha 1 cyTKu.

1L fleMmst>penepdy «*

MpuMeyaHue: *- CTaTUCTUYECKM 3HAUMMbIE OTIMUMSI OT KOHTPO/LHOM rpynnbl (p<0,05)

Puc. 1. OueHKa OKMCAUTENbHON MognuduKauum 6enKoB naasmbl Npu nwemun (cnesa)
N nwemuun-penepysnm (cnpasa)
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XapakTepHbIM MPU3HAKOM  Kap6OoHW/Ib-
HbIX MPOW3BOAHbLIX OKMC/IEHHbIX 6E/IKOB SB/ISA-
eTca hopmmposaHue CO-rpynnbl (anbaerug- v
KeTo-rpynnbl):  afbAeruniHblie  Mpou3BOAHbIE
OKWCNEHHbIX GE/IKOB MPUHATO CYATATb PaHHU-
MW MapKepamun OKUCINTENbHOIO MOBPeXAeHUs
6efika, a KeTOHHble - TMO3LHUMW MapKepamu
[14], XapakTepu3ylLlWmnMmM CTeMeHb OKUCK-
TeNbHOW AeCTPYyKLMM 6ENKOBOI MONEKYbI.

C uenbl0 OLEHKM CTeneHW MoBpexje-
HUA GEeNKOoBbIX MOMEKY/INMPOBOAUAN aHaIN3

7 cytkm (tabn. 1),

00NV NEPBUYHBLIX W BTOPUYHbLIX MapKepoB
OKMUCNUTENbHOro cTpecca. M3 npuBefeHHbIX
pe3ynbTaToB C/lefyeT, YTo Npu MOJennposa-
HAXW WWEMUWN HapacTaeT [ONS MepPBUYHbIX
MapKepoB OTHOCUTE/IbHO MOKa3aTenei KOH-
TPONbLHOW rpynnbl Ha 3 1 5 cyTkuM (Tabn. 1), a
npyv MOAENNPOBAHUN ULIEeMUU-penepiy3nn
npeo6nafaldT BTOPMYHbIE MapKepbl Ha 3, 5,
4YTO CBUAETENbCTBYET
06ycyrybneHun OKUCAUTENbHOTO CTpecca wu
nepexofe B MO3JHIOK CTafuio.
Tabnuua 1

3HayeHUs1 [ONM NEPBUYHBIX U BTOPUYHbIX MapKepoB (%) OKUCANTEeNbHOro cTpecca
npy ULLEMUK 1 MLLIEMUN-PeNepdy3nn B Nnasme

nLeMms
MepBUYHbIE MapKepbl  BTOpUYHbIe MapKepbl
(AQH®I) (KOH®IN)
KOHTPO/b 73,4[70,3;78,2] 26,6[24,2;28,2]
1lcyTkn 73,4[71,3;79,1] 26,6[23,8;27,9]
3 cvTHH 82,5[79,3;85,7]* 17,5[15,6;19,1]*
yr p=0,02 p=0,02
5 vTKN 78,1[74,2;81,9]* 21,9[19,3;26,5]*
yr p=0,031 p=0,031
7 CyTKK 74,5[71,2;77,1] 25,5[23,1;27,6]

nwemusi-penepgysns

MepBrYHbIe MapKepbl

(AQH®I)
73,4[70,3;78,2]
76,7[72,3;79,3]

61,6[64,1;76,8]*
p=0,03

62,6[60,1;74,9]*
p=0,001

55,7[51,3;59,6]*
p=0,001

BTopuuHble MapKepbl

(KOH®IN)
26,6[24,2;28,2]
23,3[20,2;26,1]

38,4[31,5;40,2]*
p=0,03

37,4[34,1;41,71*
p=0,001

44,3[41,3;47,3]*
p=0,001

MprMeyaHue: *- CTaTUCTUYECKN 3HAUMMbIE OT/INUUS OT KOHTPOSbHOM rpynnbl (p<0,05);
ALH®I - anbgerng-gnHnTpodeHnnrngpasoHbl, KAH®I - KeTOH-AUHUTPOGEHNNTNAPA30HBI.

AHanu3  CMOHTaHHOW M MeTaln- Mony4eHHble pe3y/bTaTbl AEMOHCTPUPYIOT MUC-
3aBUCUMOI  OKUCAUTENbHOW  MoaudmKaLmm TOLLEHNE pPEe3epPBHO-aAaNTaLMOHHOIO MOTEH-
GEeNKOB  MO3BO/ISET  OLUEHUTb  PE3epBHO- umMana Ha 3 M 5 CyTKM MpU MOAENMPOBaHUM

afianTaunoHHbIA NOTeHLMas, KOTOPbIA KOCBEH-
HO XapakTepusyeT 060pOT 6e/IKOBbIX MOJSIEKY/I.

nwemun (puc. 2), n Ha 1, 3, 5 cyTKu npu mofe-
NNPOBAHUN  nLLIEMUKN-penepdy3un  (puc. 2).

MpumeyaHue: *- CTaTUCTUYECKM 3HAUMMbIE OT/INUMSI OT KOHTPO/bHOM rpynnbl (p<0,05)

Puc. 2. CocTosiHME pe3epBHO-aJanTalMOHHOro noteHumana (%) 6enKoB nNnasmbl
npu 3KCNepMMeHTalbHOM MOJENMPOBAHNUM ULLEMUN N ULLEMUKN-PENnepRy3nn
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B nocneonepauvMoHHOM nepuoge npu
MOZEeNMpPoBaHUN MweMnn HabnaaeTcs yBse-
NNYeHne akKTMBHOCTM KaTencuHa B nnasmbl
Ha 3 U 5 CyTKKW, Npu 3TOM K 7 CyTKam aKTuB-

HOCTb BO3Bpalwjanacb K UCXOLHbIM 3HaYeHU-
Am (puc. 3), a aKTUMBHOCTb KaTtencuHa L
npeBblllana 3Ha4eHNa KOHTPOIbHON rpynnbl
c 3 no 7 cyTku (puc. 3).

MpuMeyaHue: *- CTaTUCTUYECKM 3HAUMMbIE OTIMUMSI OT KOHTPO/LHOM rpynnbl (p<0,05)

Puc. 3. AKTUBHOCTb KaTencuHa B (cnesa) u L (crnpasa) nnasmbl Npu UWLEMUU

Mpu 3KcnepMMeHTanbHOM MOZLEeNVpo-
BaHUU UMLLIeMUKN-penepdy3nmn Habnaaetcs

' lom

7turn

yBe/NInyeHne aKTUBHOCTU KaTerncuHos B un L
nnasmel ¢ 3 no 7 cytku (puc. 4).

«<m

Knp

MpuMeyaHue: *- CTaTUCTUYECKM 3HAUMMbIE OTIMUMSI OT KOHTPO/LHOM rpynnbl (p<0,05)

Puc. 4. AKTMBHOCTb KaTencuHa B (cnesa) u L (cnpasa) nnasmbl Npu nwemun-penepiysmn

MpuBeneHHbIe pe3ynbTaTbl NOKa3bliBa-
IOT, YTO NpPU 3KCNEPUMEHTaSIbHOM MOZENun-
POBaHUN WLWEMUN OKUC/IUTENbHBLIA CTpecc
HOCUT obpaTumblii xapakTep. Takum o6pa-
30M, Ha (bOHe WCTOLEeHUA pe3epBHO-afan-
TaUWMOHHOro noteHuuana (3, 5 cyTku) Ha-
6nt04aeTca aKTMBaLMA NM30COMaNbHbIX LUC-
TEMHOBLIX NpoTenHas B un L, Bcreacteune ye-
ro MognuunpoBaHHble GeflkKu paspyLlarT-
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CA MPOTEO/IMTUYECKUMM CUCTEMaMK C obpa-
30BaHMEM MNenTUAOB, KOTOpble MOryT ObITb
HanpaB/eHbl Ha CUHTE3 HOBbIX Heob6Xxonu-
MbIX K/IeTKe NMPOTeNHOB.

WcToweHne pesepBHO-afanTaLnoHHO-
ro noteHunana ¢ 1 no 5 cytku npuv mogenu-
pPOBaHUN WLLIEeMUU-PENEPRY3NN LEMOHCTPU-
pyeT HakomnjeHne MoAU(PULMPOBAHHbLIX MPO-
TEMHOB B K/NeTKe BCNeAcTBue rny6okoro no-
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BPEXAEHUS 4YacTUYHO OKWCNEHHOro 6enka.
CTOMT OTMETUTb, YTO HeobpaTmoe OKucne-
Hue 6enKoB feflaeT HEBO3MOXHbIM UX fJe-
rpagaumio nNpoTeoIMTUYECKUMU CUCTEMAMU,
4yTO MPUBOAUT K (POPMUPOBAHUIO OGENIKOBbIX
arperaroB. B 3Tux nmatonornyeckux ycnosu-
X JIN30COMbl UTPalOT BaXHY PO/b B XWU3-
HeleATeNbHOCTN K/ETKW, TaK KakK CroCcOOHbI
WHAYLMPOBaTb Kacnas-3aBUCUMbIA W IN30-
COMHO-3aBUCUMbIA anonTo3 KneTku [15-17].

Mpwn aHannse NosiyyYeHHbIX AaHHbIX Obl-
NN BbIAB/IEHbI NPAMble KOPPeNsaunoHHbIE CBS-
3 Mexay o6uwei nnowagbio nog KpuBoid
OKMCANTENbHOM Moaudukaymu 6enKoB n 06-
LWe akTUBHOCTbIO KaTencuHa L nnasmbl npu
nwemmn Ha 3, 5 CcyTKu, nNpu UWEeMUun-
penepdysnn ToNbKO Ha 3 cyTKKM (Tabn. 2), uto
CBUAETeNIbCTBYET O CYLLECTBOBAHMUU B3aMMO-
CBA3N MeXAy pa3BUTUEM OKUCIUTENbHOrO
cTpecca u akTuBaumei KatencuHa L.

Tabnuua 2

KoathdmuymeH Tl KOppenaumn (R) me>kay obuwmm cogep>KaHneMm KapooHUNbHbIX
NPOu3BOAHbLIX GEIKOB 1 06LLell aK TUBHOCTbIO KaTencnHos B, L nnasmbl
Npu 3KCNepUMEH T a/lbHOM MOZAENMPOBAHUN ULLEMUN U ULLEMUK-Penepdy3nn

KaTtencuH B KaTencuHL
nLIEMUS nwemms-penepgysms nLeMus nwemMms-penepqgysmns
KOHTPO/1b 0,36 0,24 0,45 0,33
1cyTkun 0,38 0,20 0,49 0,20
3 cyTKM 0,19 -0,57 0.65* 0.79%
p=0,01 p=0,01
0,71*
5 cyTKM -0,05 -0,06 0,19
p=0,02
7 CyTKMN 0,2 0,19 0,23 -0,16

MpuMeyaHmne: *-cTaTUCTUYECKN 3HAUMMbIE OT/IMYMS OT KOHTPO/LHOW rpynnbi (p<0,05)

BbiBogbl

1 Mpwn 3kcnepumeHTanNbHOM MOAenn-
POBAHUM WLIEMUN OKUCAUTENbHbIA CTpecc
pa3BMBaeTCA Ha 3, 5 CYTKMW, 4YTO COMPOBOX-
[aeTcAa WCTOLWEHVEM pe3epBHO-afanTaLnoH-
HOro mnoTeHumana w npeobnagaHviem nep-
BMYHbLIX MapKepoB, Npu 3TOM aKTUBaLMA Ka-
TencuHos B n L nnasmbl cnocobeTByeT yaa-
NEeHNI0 MOBPEXAEHHbIX 6e/IKOBbIX MONEKY.

2. Mpn 3KkcnepumMeHTanbHOM MOJENn-
POBaHUN ULLIEMUU-Penepdy3nn  OKUCIUTENb-
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OPUTVNHANBbHBIE MCCNELOBAHWNA

INTERRELATION BETWEEN OXIDATIVE CARBONYLATION OF PROTEINS
AND LYSOSOMAL PROTEOLYSIS OF PLASMA IN EXPERIMENTALLY
MODELLEDISCHEMIA AND ISCHEMIA-REPERFUSION

RE. KALININ, Yu.V. ABALENIKHINA, A.S. PSHENNIKOV, ILLA. SUCHKOV, S.A. ISAKOV
Ryazan State Medical University, Vysokovoltnaya str., 9, 390026, Ryazan, Russian Federation

The aim is to analyze dependence of lysosomal cysteine proteolysis on the extent of
oxidative modification of proteins in experimental modelling of ischemia and ischemia-
reperfusion.

The research was conducted on laboratory animals - rats of Wistar line. Two exper-
imental models were created - ischemia and reperfusion by compression of the abdominal
aorta (the first group) with subsequent conditioning (the second group). Activity of
lysosomal proteinases and the level of oxidatively modified proteins were determined in
blood plasma in the following periods after surgical intervention: 1st, 3d 5th, 7th days in
both groups, respectively. For control plasma of intact animal was examined. Activity of
lysosomal cysteine proteinases B, L in experimentally modeled ischemia and ischemia-
reperfusion was studied using spectrofluorimetric method according to Barrett &Kirschke.
Oxidative modification of proteins was evaluated by determination of levels of carbonyl
derivatives by method of R.V. Levine in E.E. Dubinina’s modification. Integrated assess-
ment of oxidative modification of plasma proteins wasgiven, namely: the area under the
absorption spectrum curve of protein carbonylation products, shares of the primary and
secondary markers of oxidative stress and reserve-adaptation potential were calculated.
Statistical significance of differences between independent samples was analyzed by Mann-
Whitney rank test (U-test). Equality of medians ofseveral samples was checked by Kruskal-
Wallis test. Rank correlation was evaluated using Spearman’s coefficient.

The obtained results demonstrate development of oxidative stress from 1st to 7th day
in ischemia-reperfusion and on the 3dand 5thday in ischemia,accompanied by activation of
cathepsins B and L. In ischemia and ischemia-reperfusion depletion of reserve-adaptation
potential was noted, with predomination of primary markers in ischemia and of secondary
markers in reperfusion. Data analysis evidences a positive correlation between oxidative
carbonylation of proteins and activity of plasma cathepsin L on the 3d, 5th day in ischemia
and on the 3dday in ischemia-reperfusion.

Keywords: oxidative modification of proteins, cathepsinsB, L, ischemia, ischemia-
reperfusion.

Oxidative stress being a molecular of almost all cardiovascular pathologies, and
dysregulation of metabolism plays a key role modification of proteins is a reliable criterion
in the pathogenesis of atherosclerosis, vascu- for its evaluation, it is reasonable to use car-
lar inflammation, endothelial dysfunction and bonyl derivatives of proteins as a biomarker
in loss of bioaccessibility of nitric oxide [1, reflecting the extent of damage in modelled
2]. Since oxidative stress is a common sign ischemia and ischemia-reperfusion.

345



«HAYKA MOJOABIX (Eruditio Juvenium)»

Fortheir turn, proteolytic systems are
regarded as one of probable protective mech-
anisms against accumulation of oxidatively
modified proteins and as a perfect controller
of protein metabolism [3, 4]. Besides,
lysosomal proteinases are important factors
for development of cardiovascular diseases
including those associated with inflammation
[5]. Nowadays,there is an evidence of en-
hanced expression of lysosomal cathepsins L
and B in the region of atherosclerotic lesion of
vessel [6] and participation of cathepsin B in
processes of formation of blood vessels [7].

Thus, involvement of cathepsins and
oxidative stress in development of patho-
physiological conditions is out of doubt, but,
however, interrelation of these processes still
remains unstudied.

Aim of Research

To analyze dependence of condition of
lysosomal cysteine proteolysis on the extent
of oxidative modification of proteins in ex-
perimentally modelled ischemia and ische-
mia-reperfusion.

Materials and Methods

Research was conducted on experi-
mental animals (rats of Wistar line) in accord-
ance with the ethical norms stated in “Europe-
an Convention for the protection of vertebrate
animals used for experimental and other sci-
entific purposes” (Strasburg, 1986) and Order
of Ministry of Health of the Russian Federa-
tion Ne 267 of 19.06.2003 “On the approval of
rules of laboratory practice”. For realization of
the experiment two models were created -
ischemia and reperfusion by compression of
the abdominal aorta (the first group) with sub-
sequent conditioning (the second group). All
operations were conducted with narcosis us-
ing “Xylo” 1mg/kg and “Zoletil 50” 15 mg/kg
medical drugs. The activity of lysosomal pro-
teinases and the level of oxidatively modified
proteins were determined in blood plasma in
the following time periods of the surgical in-
tervention: 14, 3d, 5th, 7th days in both groups
respectively. For control, plasma of an intact
animal was studied.

Oxidative modification of proteins was
evaluated by determination of the level of
carbonyl derivatives by R.L. Levine method
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in E.E. Dubinina’smodification [8]. The area
under the curve of absorption spectrum of
protein oxidative modification products was
calculated by proprietary methodology [9],
with expression of the obtained values in
conventional unit/gram of protein.

Activity of cathepsins B, L was studied
by spectrofluorimetric method according to
Barrett &Kirschke [10]. Specific activity of
cathepsinsin plasma was expressed in nmol
of amido-methylcoumarin/sec x g of protein.

The share of the primary markers was
evaluated by counting the sum of aldehyde-
dinitrophenylhydrazones, and the shareof the
secondary markers - by counting the sum of
ketondinitrophenylhydrazoneswith  correla-
tion of these sums with the total content of
carbonyl derivatives of proteins (Sta).

Reserve-adaptation potential was eval-
uated by calculation of ratio of the area under
carbonyl derivatives of proteins in spontane-
ous oxidation of proteins to that in oxidation
induced by Fenton reaction [11].

Statistical analysis of research results
was conducted according to the guidelines on
medical statistics using modern methods of
virtual mathematical analysis, in particular,
“Statistica 10.0” program. Normality of distri-
bution of data was tested using Shapiro-Wilk
test (W-test). The results were presented in Me
format [min; max] where Me - median, min -
minimal value and ma - maximal value. Statis-
tical significance of differences between inde-
pendent samples was estimated by Mann-
Whitney rank test (U-test). For evaluation of
equality of medians in several samples,
Kruskal-Wallis test was used. Rank correlation
was evaluated using Spearman’s coefficient.
The critical level of significance ofthe null sta-
tistical hypothesis (p) was assumed to be 0.05.

Results and Discussion

Oxidation of proteins is a process of
their covalent modification under direct ac-
tion of active forms of oxygen and/or active
forms of nitrogen, and also in result of indi-
rect interaction with secondary byproducts of
oxidative stress [12, 13]. Production of active
forms of oxygen is an important factor in de-
velopment of pathology with the underlying
oXxidative stress.
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Development of oxidative stress in is-
chemia-reperfusion is observed from the 1¢to
Tthday and is evidenced by increase in the total
area under the curve of absorption spectrum of
products of oxidative modification of proteins,
and in ischemia- on the 3dand 5thday (fig. 1).

The proven dynamics of development
of the oxidative stress in ischemia is a conse-
guence of hypoxia associated with additional
generation of radical products, with en-

ischemia "p-0.00I

m control 1 1¢day M 3dday [m5thday 7thday

hancement of oxidative destruction of pro-
teins which may finally lead to disorders in
the structure and functions of cell membranes
and of cells in the whole.

In ischemia-reperfusion activation of
free radical processes is stimulated by oxy-
gen tension which is a more intense process
than additional generation of free radicals
in hypoxia and is reflected in development
of oxidative stress on the  Ilstday.

ischemia-reperfusion
*p=0,02
*p=0,02
*p-0,031

V 0,031

control e 1sday 3dday 5thday O 7thday

Note: * - statistically significant differences from the control group (p<0.05)

Fig. 1 Evaluation of oxidative modification of plasma proteins in ischemia (left)
and ischemia-reperfusion (right)

A characteristic sign of carbonyl deriva-
tives of oxidized proteinsis formation of CO-
group (aldehyde- and keto-group): aldehyde
derivatives of oxidized proteins are considered
early markers of oxidative damage to proteins,
and ketone derivatives are considered late
markers [14], characterizing the extent of oxi-
dative destruction of protein molecule.

The extent of damage to protein mole-
cules was estimated by analysis of shares of
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the primary and secondary markers of the
oxidative stress. It follows from the given
results that in modelled ischemia the share of
primary markers increases on the 3d and 5th
day relative to the parameters of control
group (tab. 1), while in modelled ischemia-
reperfusion secondary markers predominate
on the 3d, 5th, 7th day (tab. 1) which evidenc-
es aggravation of oxidative stress and pro-
gression to the later stage.
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Table 1
Shares ofPrimary and Secondary Markers (%)
of Oxidative Stress in Plasma in Ischemia and Ischemia-Reperfusion

Ischemia Ischemia-Reperfusion
Primary Markers Secondary Markers Primary Markers Secondary Markers

(ADNPH) (KDNPH) (ADNPH) (KDNPH)
control 73,4[70,3;78,2] 26,6[24,2;28,2] 73,4[70,3;78,2] 26,6[24,2;28,2]
1st day 73,4[71,3;79,1] 26,6[23,8;27,9] 76,7[72,3;79,3] 23,3[20,2;26,1]
3dday 82,5[79,3;85,7]* 17,5[15,6;19,1]* 61,6[64,1,76,8]* 38,4[31,5;40,2]*

p=0,02 p=0,02 p=0,03 p=0,03
Sthday 78,1[74,2;81,9]* 21,9[19,3;26,5]* 62,6[60,1;74,9]* 37,4[34,1;41,71*

p=0,031 p=0,031 p=0,001 p=0,001
7thday 74,5[71,2;77.1] 25,5[23,1;27.6] 55'75:10'%319'6] 44'351:10'%317 &)

Note: *- statistically significant differences from control group (p<0.05);
ADNPH - aldehyde-dinitrophenylhydrazones, KDNPH - ketondinitrophenylhydrazones.

Analysis of spontaneous and metal-
dependent oxidative modification of proteins
permits to evaluate reserve-adaptation poten-

show depletion of reserve-adaptation poten-
tial on the 3d and 5th days in modelling of is-
chemia (fig. 2) and on 1s, 3d and 5th day in

tial  whichindirectly  characterizesrotation
ofprotein molecules. The obtained results

modelling of ischemia-reperfusion (fig. 2).

ischemia ischemia-reperfusion
100% W *220,03 * p=0,03 ;0.0l =p=0,02 =1)=0,01
T A
80» -m i ) | LU
w
70% i I%, '
- %1

¥

40%

w
3E%

30%

10%

control 1¢day 3dday 5thday 7thday control l¢day 3dday Sthday 7thday
q share of DNPH j-reserve-adaptation
spontaneous potential

Note: *- statistically significant differences from control group (p<0.05);

Fig. 2. Reserve-adaptation potential (%) of plasma proteins in experimentally modelled ischemia
and ischemia-reperfusion

In postoperative period in modelled is-
chemia activity of plasma cathepsin Bincreased
on the 3d and 5th day and recovered to the ini-

tial values by the 7thday (fig. 3), while activity
of cathepsin L exceeded the values of the con-
trol group from the 3dto 7thday (fig. 3).
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1.001

control 1sday 3dday 5thday 7 day

N A g o N

O -

control 1sday 3dday Sthday Tthday

Note: *- statistically significant differences from control group (p<0.05)

Fig. 3. Activity of cathepsin B (left) and of cathepsin L (right) in ischemia

In experimentally modelled ischemia-
reperfusion increase in the activity of plasma

p=0,03

control 1sday 3dday 5thday Tthday

cathepsins B and L was noted from 3dto 7th
day (fig. 4).

control 1¢day 3dday Sthday Tthday

Note: *- statistically significant differences from control group (p<0.05)

Fig. 4. Activity cathepsin B (left) and cathepsin L (right) of plasma in ischemia-reperfusion

The given results show that in experi-
mental model of ischemia oxidative stress is
reversible. Thus, with depletion of reserve-
adaptation potential (3d, 5th day) activation of
lysosomal cysteine proteinases B and L is
seen with resultant destruction of modified
proteins by proteolytic systems with produc-
tion of peptides that can be used for synthesis
of new proteins needed by cells.

Depletion of reserve-adaptation poten-
tial from 1stto 5th day in modelled ischemia-
reperfusion is indicated by accumulation of
modified proteins in cells due to profound
damage of partially oxidized protein. It
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should be noted that irreversible oxidation of
proteins makes their degradation by
proteolytic systems impossible which results
in production of protein aggregations. In the-
se pathological conditions lysosomes play an
important role in the vital activity of cell due
to their ability to induce caspase-dependent
and lysosome-dependent apoptosis of cell
[15, 16, 17].

Analysis of the obtained data revealed
direct correlative relationships between the
total area under the curve of oxidative modi-
fication of proteinsand the total activity of
plasma cathepsin L on 3d, 5thday in ischemia
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and only on the 3d day (tab. 2) in ischemia-
reperfusion, which evidences existence of

interrelation between development of oxida-
tive stress and activation of cathepsin L.

Table 2

Correlation Coefficients (R) between Total Content of Carbonyl Derivatives ofProteins
and Total Activity of Cathepsins B, L ofPlasma in Experimental Modelling
oflschemia and Ischemia-Reperfusion

Cathepsin B CathepsinL
Ischemia Ischemia-Reperfusion Ischemia Ischemia-Reperfusion

control 0,36 0,24 0,45 0,33

1sday 0,38 0,20 0,49 0,20

3ctay 0,19 -0,57 po—’?)SO*l poiz)g;l

0,71*
Strday -0,05 -0,06 0-0.02 0,19
7trday 0,2 0,19 0,23 -0,16

Note: *- statistically significant differences from control group (p<0.05);

Conclusions

L In experimental modelling of is-
chemia oxidative stress develops on the 3d,
5th day which is accompanied by depletion of
reserve-adaptation potential and predomina-
tion of primary markers; here, activation of
plasma cathepsins B and L promotes elimina-
tion of damaged protein molecules.

2. In experimental modelling of ische-
mia-reperfusion oxidative stress develops on

References

1 Suchkov IA, Pshennikov AS,
Gerasimov AA, Agapov AB, Kamaev AA
Profilaktika restenozov v rekonstruktivnoj
hirurgii magistral'nyh arterij [Prophylaxis of
restenoses in reconstructive surgery of the
major arteries] Nauka molodyh (Eruditio
Juvenium) [Science of the Young (Eruditio
Juvenium)]. 2013; 2: 12-9. (in Russian)

2. Hristova M, Penev M. Oxidative
stress and cardiovascular diseases. Vascul.
Pharmacol. 2012; Vol. 12, 3: 296-303.

3. Abalenikhina YuV, Fomina MA,
Isakov SA. Okislitel'naja modifikacija belkov
i izmenenie aktivnosti katepsina L selezenki
krys v uslovijah modelirovanija deficit
sinteza oksida azota [Oxidative modification
of proteins and change in activity of
cathepsin L of the lien of rats in conditions of

350

the 14, 3d 5th, 7th day accompanied by deple-
tion of reserve-adaptation potential and pre-
domination of secondary markers; here, activa-
tion of plasma cathepsins B and L is possible in
result of development of cell apoptosis.

3. A positive correlative relationship
between oxidative carbonylation of proteins
and activity of plasma cathepsin L is revealed
on the 3d, 5th day in ischemia and on the 3d
day in ischemia-reperfusion.

No conflict ofinterest.

modelled deficiency of nitric oxide synthesis]
Rossijskij  mediko-biologicheskij  vestnik
imeni akademika 1.P. Pavlova [I.P. Pavlov
Russian Medical Biological Herald]. 2013;
1. 44-8. DOI:10.17816/PAVLOVJ2013144-48
(in Russian)

4. Vasilyev YV [et al.] Protein modifi-
cations by electrophilic lipoxidation prod-
ucts: Adduct formation, chemical strategies
and tandem mass spectrometry for their de-
tection and identification. Mass Spectrometry
Reviews. 2013; (33) 3: 157-82.

5. Hannaford J [et al.]. Involvement of
cathepsins B and L in inflammation and cho-
lesterol transport protein NPC2 secretion in
macrophages. Obesity (Silver Spring). 2013
Aug.; (21) 8: 1586-95.

6. Cheng XW [et al.]. Cysteine prote-
ase cathepsins in atherosclerosis-based vas-


http://dx.doi.org/10.17816/PAVLOVJ2013144-48,%20(in
http://dx.doi.org/10.17816/PAVLOVJ2013144-48,%20(in

«HAYKA MOJOABIX (Eruditio Juvenium)»

cular disease and its complications. Hyper-
tension. 2011 Dec.; (58) 6: 978-86.

7. Fraisl P[at al.]. Regulation of angio-
genesis by oxygen and metabolism. Dev Cell.
2009 Feb.; (16) 2: 167-79.

8. Dubinina E.E. [et al.] Okislitel'naja
modifikacija  belkov ~ syvorotki  krovi
cheloveka, metod ejo opredelenija[Oxidative
modification of serum proteins of human,
method of its determination] Vopr. med.
Himii [Questions of medical chemistry].
1995; (41) 1 24-6. (in Russian)

9. Pat. 2524667 RF, MPK G01N33/52.
Sposob  kompleksnoj ocenki soderzhanija
produktov okislitel'noj modifikacii belkov v
tkanjah i biologicheskih zhidkostjah [Method
of complex assessment of content of protein
oxidative modification products in tissues
and biological fluids] / M.A. Fomina et al,
Rjaz. gos. med. un-t im. I.P. Pavlova [acad.
I.P. Pavlov Ryaz. State Medical Un-ty]. -
2013102618/15; zajavl. 21.01.2013; opubl.
27.07.2014, Bjul. Ne21. 8 p. (in Russian)

10. Barrett AJ, Kirschke H. Cathepsin
B, Cathepsin H, Cathepsin L. Methods in
Enzymol. 1981; 80: 535-61.

11. Nikitina YuV, Mukhina IV. lzme-
nenija okislitel'nyh processov v tkani golovnogo
mozga i krovi Kkrys v rannem ontogeneze
[Changes in oxidizing processes in brain tissue
and blood of rats in early ontogenesis] Vestn.
Nizhegorodskogo  universiteta im.  N.L
Lobachevskogo [Herald of N.I. Lobachevsky

University of Nizhny Novgorod]. 2009; (6) L
124-31. (in Russian)

12. Baraibar MA, Ladouce R, Friguet
B. Proteomic quantification and identifica-
tion of carbonylated proteins upon oxidative
stress and during cellular aging. Journal of
Proteomics. 2013; 92: 67-70.

13. Dalle-Donnea Isabella [et al.] Pro-
tein carbonyl groups as biomarkers of oxida-
tive stress. Clinica Chimica Acta. 2003; Vol.
329: 23-38.

14. Gubskij Yul [i dr.] Toksikologiches-
kie posledstvija okislitel'noj modifikacii belkov
pri razlichnyh patologicheskih sostojanijah [Tox-
icological consequences of oxidative modifica-
tion of proteins indifferent pathological states].
Sovr. probl. Toksikologii [Modern problems of
toxicology], 2005; (8) 3: 20-7. (in Russian)

15. Gordeeva AV, Labas YUuA,
Zvyagilskaya RA. Apoptoz odnokletochnyh
organizmov: mehanizmy i jevoljucija [Apop-
tosis of unicells: mechanisms and evolution].
Biohimija [Biochemistry]. 2004; (69) 10:
1301-13. (in Russian)

16. Yarovaya GA [et al.]. Rol' proteo-
liticheskih fermentov v kontrole razlichnyh
stadij apoptoza. [Role of proteolytic enzymes
in control of various stages of apoptosis].
Laboratornaja medicina [Laboratory medi-
cine]. 2011; 11: 39-52. (in Russian)

17. Stoka Veronika, Boris Turk, Vito
Turk. Lysosomal Cysteine Proteases: Struc-
tural Features and their Role in Apoptosis.
IUBMB Life. 2005; (57) 4/5: 347-53.

INFORMATION ABOUT THE AUTHORS

Kalinin R.E. - MD, PhD, DSc, professor, head of cardiovascular, roentgen-endovascular, operative surgery and
topographic anatomy department, Ryazan State Medical University, Ryazan.

E-mail: kalinin-re@yandex.ru

Abalenikhina Yu.V. -PhD (Biol. Sc.), senior lecturer of biological chemistry department with course of clin-
ical laboratory diagnostics, Ryazan State Medical University, Ryazan.

E-mail: abalenihina88@mail.ru

Pshennikov A.S. - MD, PhD, associate professor of cardiovascular, roentgen-endovascular, operative surgery
and topographic anatomy department, Ryazan State Medical University, Ryazan.

E-mail:pshennikov1610@rambler.ru

Suchkov LA. - MD, PhD, DSc, professor of cardiovascular, roentgen-endovascular, operative surgery and
topographic anatomy department, Ryazan State Medical University, Ryazan.

E-mail: suchkov_med@mail.ru

Isakov S.A. - MD, PhD, DSc, professor of dermatovenerology department, Ryazan State Medical University,

Ryazan.


mailto:kalinin-re@yandex.ru
mailto:abalenihina88@mail.ru
mailto:pshennikov1610@rambler.ru
mailto:suchkov_med@mail.ru

