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PE3SIOME

Ilens uccnedoeanust. OLEHUTh AKTUBHOCTh n30opM mupyBaTkuHaszbl ([IK) B HOpMeE, MPU TOKCHUYECKOM
TIOBPEX/AEHHUH U B IIPOLIECCE PereHeparuy IeYeHH.

Mamepuanst u memoost. [IpoBeIeHO SKCIEPUMEHTAABHOE HCCAEMOBAaHME Ha 45 Kpblcax auHuM Wistar.
ToKCcHYeCKOe ITOBPEeXKAECHHE IeYeHH HHAYIINPOBAaAN BHYTPUOPIOIIHHHLIM BBeeHHEM TeTpaxaopMeTraHa. Me-
XaHHYECKOEe ITOBPEXKIEHUE MOIEANPOBAAH XUPYPTUYECKOH pesekiuell nnedyeHu. OnpeneaeHbl KOHIIEHTPAIIUH
uzocgopm IIK R/L u M B CBIBOPOTKE KPOBHU U TKAHU ITI€YE€HU AAOGOPATOPHBIX JKUBOTHBIX METOIOM HUMMYHO-
depmenTHoro anaausa (UPA).

Pe3synemamul. YCTaHOBAEHO, YTO KOHIeHTparus n3ogopmel I[TK M craTuCcTHYEeCKH 3HAYNMO YBEANINBAET-
Cs IIPU XPOHHYECKOM TOKCHYECKOM IIOPazKEHWH II€YE€HH, YTO MOXKET CBHIETEABCTBOBATH 00 aKTHBHU3AIIHH
IIPOLIECCOB ITPOoAHepaIli KAETOK II€YEeHH B OTBET Ha IOBpeXaalollee AeHcTBHE TrernaToToKkcuHa (ManHa —
Yuruu U-test: Z = 2,143; p = 0,032). [Tocae pezekiny redeHN yBeandnBasoch conepzxkanue [1K R/L, xapak-
TEPHU3YIOIllee aKTHUBAIIMIO IAMKOAM3a, U 3HAYUTEABHO yBeAndHBasachk KoHIeHTpanuda [IK M, gro oTpazkaso
IIPOLIECCHI PEITapaTUBHOMN pereHepaluy B II€YEHH.

BaxnrouerHue. CEIBOPOTOYHBIE KOHIIEHTPAIIMK H30(hopM ITK MOTyT OBITE HCIIOAB30BaHbI B KadecTBe Aabopa-
TOPHOTO KPHUTEPHUS aKTUBHOCTH IIPOIIECCOB PENapaTUBHOMN pereHepalyi, ¢ IIOMOIIBI0 KOTOPOIO MOXKHO Olie-
HUTb PEllapaTUBHBIM ITOTEHIIMAA ITI€YEHHU IIPU €€ TOKCHUYECKOM HMAH MEXaHHUYECKOM IIOBPEXKIECHUH, a TaKKe
IPU XPOHUYECKUX AUPPY3HBIX 3a060A€BAHUSIX.
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Determination of the activity of pyruvate kinase
isoforms in normal conditions, in toxic liver damage
and during the process of its regeneration
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ABSTRACT

Objective. To evaluate the activity of pyruvate kinase (PK) isoforms in normal conditions, in toxic damage
of the liver and during its regeneration.
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Materials and methods. An experimental study was carried out on 45 Wistar rats. Toxic liver damage was
induced by the intraperitoneal administration of carbon tetrachloride. Mechanical damage was simulated by
the surgical resection of the liver. The levels of PK isoforms R/L and M in the blood serum and liver tissue
of the laboratory animals were measured with an ELISA test.

Results. It has been found that the level of PK isoform M significantly increases in chronic toxic liver
damage, which may indicate the activation of the processes of liver cell proliferation in response to the
damaging effect of hepatotoxin (Mann-Whitney U Test: Z = 2.143; p = 0.032). After liver resection, the level
of PK R/L, which characterizes the activation of glycolysis, increased and the level of pyruvate kinase M
increased significantly, which reflected the processes of reparative regeneration in the liver.

Conclusion. The serum level of PK isoforms may be used as a laboratory criterion for the activity of reparative
regeneration processes, which can be used to evaluate the reparative potential of the liver in case of toxic or
mechanical damage, as well as in chronic diffuse diseases.
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Author contributions. Skuratov A.G.: concept and design of the study, obtaining experimental data,
collecting and processing material, statistical data processing, writing text, editing, approving the final
version of the article, working with scientific literature; Lyzikov A.N.: concept and design of the study,
discussion of data, approval of the final version of the article; Shaforost A.S., Zyatkov A.A.: concept and
design of the study, collection of material and creation of a database of samples, obtaining experimental
data, discussion and processing of data; Golubykh N.M.: collection of material and creation of a database of
samples, obtaining experimental data.

Conflict of interests. The authors declare no conflicts of interest.

Funding. The work was carried out as part of the tasks of the research work of the State research program
“Fundamental and Applied Sciences to Medicine” 2016-2020, subprogram “New technologies for stopping
diseases”.

For citation: Skuratov AG, Lyzikov AN, Shaforost AS, Zyatkov AA, Golubykh NM. Determination of the
activity of pyruvate kinase isoforms in normal conditions, in toxic liver damage and during the process of its
regeneration. Health and Ecology Issues. 2021;18(3):116-123. (In Russ.). DOI: https://doi.org/10.51523/2708-
6011.2021-18-3-14

IOBPEXKIEHNE MOXKET BBICTYIIHUTE pepmenT [1K,
KOTOpasi IMeeT HeCKOAbKO mn3odgopm. 1K otHO-
cuTcda K (pepMeHTaM, yJacTBYIOIIUM B T'AHKO-
AM3e, MIpeBpallaIM aaeHo3uHandgocdar u
dochoeHOATTHPYBAT B THPOBUHOTPAIHYIO KHC-
AOTY C BBIZIGA€HUEM aaeHO3UHTpUdocdaTa, ITo
UI'paeT BaXXHYIO POAb B JHEPLETHYECKOM Me-

BBenzenue

[Tpu moBpexROEHUU OPTaHOB U TKaHEU Op-
raHu3Ma 3allyCKaloTCd IIPOLIECCHI permapaTHuB-
HOM pereHepaiu. OgHAKO B PALE CAydaeB Ha
MecTe IOBPEeXKAEHHON TKaHM pasdBUBaeTcd (pH-
6pO3 C IIEABI0O BOCCTAHOBAEHHS HAU 3aMEIICHUS
nederra. 9TO, B CBOIO OYepPenb, IPUBOAUT K

Pa3BUTHIO ITATOAOTHYECKOIrO ITPOIEccCa CO CHH-
JKeHHeM (DYHKIIHH opraHa MAW TKaHU.

HN3ydyeHne MEXaHHU3MOB peNapaTUBHOH pe-
reHeparyy, ObOHapyKeHHe HOBBIX MapKepoB
pereHepalnyy U IIOMCK CPEACTB BO3AECHCTBHA HA
penapaTHBHBIE IPOLIECCE] B OpraHax M TKaHSIX
ABAFIOTCA MIPEAMETOM HAyYHBIX UCCACIOBAHUH
B _HacTtosllee BpeMd. [IoAOKHUTEABHBIE PE3YAb-
TaTbl 3THX HCCACIOBAHHUU IO3BOAST OOCTHYb
IIporpecca B AUATHOCTHKE U ACYEHHH MHOTHX
XPOHHYECKUX Iporpeccupymoommx 3aboaeBa-
HHUH, K KOTOPBIM OTHOCHTCA LHUPPO3 II€YECHH.
B To e BpeMmda raybokas peopraHH3aIHd dAe-
MEHTOB TKaHHU B IIPOLIECCE PETEHEPALINH MOZKET
ABUTHCS IPUINHON OHKOTeHe3a. [aHHbIN dak-
TOP TaKKe HeOOXOAMMO VIUTHIBATE IIPHU paspa-
00TKe TEeXHOAOTHH CTHMYAHMPOBaHHS perapa-
THUBHBIX IIPOLIECCOB B OpraHax U TKaHSX.

B kagecTBe Mapkepa perecHepanuu Iede-
HU B OTBET Ha MEXaHUYECKOE UAM TOKCHYIECKOE

Taboau3Me opraHuszma. OOHapyKeHBI YeTbIpe
nzogopmel [1K: R, L, M1, M2. [To cBouM CBOH-
CTBaM M aMHHOKHCAOTHOMY COCTaBy HMEETCS
cpoxctBo n3ogopMm IIK R- u L-tuma, a Takxke
I[IK M1 u M2 [1].

N3zodopma I[IK L cuHTE3upyeTcs HpeumMy-
LIECTBEHHO B II€YEHH, a TaK¥Ke II0YKaxX, TOHKOHU
KHIIKe, ITOIKEAYIOYHOM Keaesde [2]. M3odop-
ma ITIK R xapakTepHa Oad SpUTPOLIUTOB. YPO-
BeHb [IK L u R peryaupyercsa aKCIIpeccueit reHa
PKLR. Ilpu HEKOTOPBIX 3a00A€BaHUAX KPOBH
(xpoHHMYECKasl TeMOAUTHYECKasd aHeMHusd, Ha-
cAenCTBeHHasd HecdepoluTapHas ['eMOAUTHYEe-
CKas aHeMHs) 3PUTPOLIUTHI MOTYT II0pazkaTbCs
BcaencTBue HepoctatogHocTH [1K [3].

N3zodopwma ITK M1 curTE3UpyeTCA IPEUMY-
HIECTBEHHO B AP (PepeHIUPOBAHHBIX TKAHIX C
BBICOKOM aKTHBHOCTBIO TAMKOAH3a (CKEAETHBIE
MBIIIITBI, MHOKAapd, TOAOBHOM Mo3r). M3ogopma
[IK M2 gBageTcsa BTOPOCTEIIEHHBIM H30dep-
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MEHTOM [AS II€YeHH, OoAee XapaKTepHa [aAd
IIOYEeK, CEeAE3€HKH, Aerkux. Mzodepmentsr M1
u M2 peryaupyroTcd 3Kcnpeccueii rena PKM2.
OrmMmeueHo, 4yTo ypoBeHb [IK M2 mnoBbiItaeTcsd
B aKTHUBHO pPETeHEPUPYIONINX TKaHAX, a TaK-
Ke B HU3KOAU(PPEPEeHITNPOBAHHBIX KAETOYHBIX
3AEMEHTax IIpH Heomaasuu. IIpu omyxoaeBoit
TpaHCPOpPMAIIUH KAETOK CHHUXKAETCS KOAWYe-
CTBO TKaHECHEIU(PUIHBIX U30(PEPMEHTOB U 10~
BeImaeTcs npoxykiuga [TK M2 [4]. YBeanueHue
roHIeHTpauu 1K M2 nmpoucxoaut Tak:Ke IIpu
BOCITAAUTEABHBIX 3a00A€BaHUAX KHIIIEYHHUKA,
cepalla, IIpU caxXapHOM nauadeTe, TeraToLeA-
AIOASTPHOM KapIlMHOME U ap. [5, 6, 7].

B pse Hay4YHBIX 9KCIIEPUMEHTAABHBIX HCCAE-
J[OBaHUH OBIAO ITOKA3aHO, YTO afaepHasd HpakIiud
[IK M2 moBsimiaetca 4epes 24 u 48 4acoB 11ocae
BHYTPUOPIOIINHHOTO BBEICHUS MBIIIAM-CAM-
11aM AuHuH BALB/c renmaToToKCHHA, a UHTHOU-
poBanue [IK M2 cnemudcpudeckum 6eakom ML-
265 HOPUBOAUT K IIOABACHHIO pereHepalluu
IIeYeH! Yepe3 HHTHOUpPOBaHUe sAePHOr0 aHTHU-
reHa mnpoaudepupyrommx Kaetok PCNA,; Ki-67
u nurauHa D1 [8].

[pyrue uccaeqoBaHUA ITOKA3aAH, 4TO (PHU-
Opo3HBIe U3MEHEHU B IIeYeHU Ha (POHE XPOHU-
YECKOTO TOKCHYECKOT0 H/HAH MH(PEKIIMOHHOTO
IIOPazKEHMUdA CBA3aHBI CO CTPYKTYPHOH peop-
ranusanued moaekyab!l [IK M2 u akTuBalmen
3Be3myaThiX KaeTok Uto. Tak, D. Zheng u co-
aBT. HIPOAEMOHCTPHUPOBAAM YBEAHYEHHE 3KC-
npeccuu n3ogopmel ITK M2 B hpubpo3Hoil meue-
HU Ha (POHE aKTUBU3AILINH 3BE3449aTBhIX KAETOK
KaK B 9KCIEPHMEHTE Ha MBbIIIAX, TakK U y de-
AOB€Ka B CpPaBHEHHHU C HOPMAaAbHOM II€YEHBIO.
ABTOpPBI TakK>Ke JoKas3aaH, 4yTo ToabKo [IK M2 B
BH/Ie JUMeEpa CIIOCOOHA aKTUBU3HPOBATDH KAET-
Ku UTo, a unrubupoBanue I[IK M2 ¢ moMoIipio
ITUKOHWHA M aasocTepudeckoro areHtra TEPP-
46 IPUBOOUT K IIOAABAEHUIO aKTHBAIIUU U IIPO-
Axpepaiuu KAETOK MTo, a B IIocAeayIoleM — K
perpeccy dpubposa B mmedyeHu [9].

TakuMm 06pa3oM, HMeEIOUTHECT AHTepaTyp-
HbIE OaHHBIE AEMOHCTPHUPYIOT OIIPEAECACHHYIO
poab IIK m ee m3ocgopM B Ipolieccax pereHe-
paluy IeYeHW W SHEepreTUYecKoM oOMeHe, a
TaK3Ke B IIPOrPecCHpPOBaHUU (pubpo3a IedyeHU
U oHKoreHesde. O1HAKO OCTaAETCs HELOCTATOYHO
u3y4eHHOH poab u3odopMm IIK Ha sTanax pemna-
paTUBHOM pereHepalivy IeYeHH II0CAE€ TOKCHU-
YeCKOr'o ¥ TpaBMaTHYECKOTO ITI0OPaskKeHUsI.

IleAr HCCAEOZOBAHHSA

O1ueHuTh akTUBHOCTE n3ogopMm [IK B HOP-
Me, IIPU TOKCHYECKOM IIOBPEXIEHUU U B IIPO-
Ilecce pereHepaliuy Ie4YeHH.

MaTepHuaAbl H METOABI

B kayecTBe AabOPaATOPHBIX IKUBOTHBIX
[ASl DKCIIEPHUMEHTAa HCIIOAB30BaAU OEABIX KPBIC
annnn Wistar (Bospact — 10 mHen., macca —
200-250 1), KOTOPBIX CO/EpKaAl B CTaHAAPT-
HBIX ycaoBUaxX BUBapuda YO «T'oMI'MY» B KaeTKax
1o 4-6 ocobeii. 2KHBOTHBIE TTIOAYYAAN CTAHAAPT-
HBIH pallvoH MUTAHUS, JKUIKOCTb B CBOOOIHOM
noctyre. PaGoTa ¢ ucrioab3oBaHHEM AabopaTop-
HBIX 2KHMBOTHBIX BBIIIOAHAAAQCh B COOTBETCTBHU
C IIpaBHUAaMU IIPOBEACHUA HAYyIHBIX UCCAEL0BA-
Huit [10].

XPpOoHHUYECKOE TOKCHYECKOE MOPasKeHHUe I1e-
YEeHHU MOJEAHPOBAAHU IIyTEM BHYTPHOPIOIINHHO-
ro BBeneHus S50 % pacTBopa TeTpaxaopMeTaHa
(TXM) B oanBKOBOM Macae (La Espanola, Mcma-
HUH) B 00beMe 1 MA/KT Beca JKUBOTHOI'O IBaK-
Obl B Hemealo Ha IporsskeHuu 10 mHem. [11],
IIOCA€ YEero >XKHUBOTHBIX BBIBOAMAU U3 DKCIIEPHU-
MeHTa IMyTeM MepeI03UPOBKHU MHTAAIITHOHHOIO
aHecTeTHKAa. B 3TOH cepHUM SKCIIepUMEHTa yda-
cTBoBaAo 20 KUBOTHBIX, U3 KOTOPHIX OCHOBHAS
rpynmna (n = 10) mDoaAydasa BHYTPUOPIOIIMHHBIE
UHBEKIIMN renarorponHoro sgaa (50 % pac-
TBOopa TXM); KOHTpPOABHAS TPYyIIla KUBOTHBIX
(n = 10) 10Ay9ara BHYTPUOPIOIIHBIE HHBEKIIUU
1x PBS (phosphate buffered saline) B o6meme
1 MA/Kr Beca 3KMBOTHOT'O TaKXXe B TeYEeHHE
10 Hen., IocAe 4Yero >KUBOTHBIE ObIAU BBIBele-
HBI 13 9KCIIEpHUMEHTA.

Pesek1iuio nmeyeHH BBINIOAHSAM IO, MHTAAS-
IIMOHHBIM HapPKO30M IF'aAOTaHOM (M30(pAYPAHOM).
[Tocae TIpoBenEeHHS CPEOUHHOH AAIIapOTOMHH
MOOHAM30BAAU 2 AEBBIX JIOAU II€YEHH, Y OCHOBA-
HH] [I0AW IIEPEBA3BIBAAH COCYAMCTBHIH IIyYOK U
OTCEKAaAU ITapEHXUMY, CTApasiCh OCTABASITH MHU-
HUMyM TKaHHU Ha KyAbTe. [IpoBOAMAN KOHTPOAB
reMocTasa, yIIuBaHUe PaHbl OPIOIITHON CTEHKH.
2KHBOTHBIX BEIBOAMAHU M3 SKCIIEPUMEHTA Ha 3-H,
7-e, 14-e, 21-e u 28-e cyT IIOCAE OIIEpPAIlUU IIy-
TeM [IePelo3UPOBKU rasotTaHa. B nanHoi cepuu
9KCIIEPHMEHTA yIacTBOBaAO 25 KUBOTHBIX, KO-
TOPBIM BBIIIOAHSAACh PE3€KIMd IedeHu. [lo 5
2KUBOTHBIX BBIBOAWAHW H3 3KCIIEpHMEHTa COOT-
BeTCTBEHHO Ha 3-u, 7-e, 14-e, 21-e u 28-e cyr
IIOCA€ OIIEPATHBHOI'O BMEIIATEeAbLCTBA.

Kounenrpamuio wusodgopm IIK ompeneas-
au Metomom HM®A ¢ ucnoab3oBaHmeM Habopa
pearentoB Elabscience (Homep wu3 Kartasora
E-EL-R0837 u E-EL-R0838) u MuUKpoOIIAaHIIET-
Horo coromerpa Sunrise Tecan (ABctpusg). K
coxxaneHuro, meton MPA He 1103BOAdET oIIpene-
AIITH COLEp3KaHHEe BCEX 4YeTbIpex H30(hopM IIH-
PYBaTKWHA3BI 10 OTAEABHOCTH; BO3MOXKHO AHIIb
oIpefieA€HEe CYMMapHOM KOHIIEHTPAIIUU H30-
depMEeHTOB, KOAUPYEMBIX OOHUM I'eHOM. Takum
o6pasoMm, OIpemeAsAr KOHIIEHTPAIHIO U30(hopM
INK L + [IK R (IIK L/R) u TIK M1 + [IK M2 (I1IK
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M). BuoaorniyeckuM MaTepUaAOM CAYKHUAU ChI-
BOPOTKA KPOBHU U OHOIITATHI I€YE€HU, TOMOTEHH-
3UpoBaHHbBIe U pasbaBaeHHBIe ¢ PBS coraacHo
MHCTPYKIUHU K Habopy.

C neabro MOP(OAOTHYECKOTO ITOATBEPIKIe-
HUS Pa3BUBIINXCS B II€YEHH IATOAOTHYECKHUX
U3MEHEHUH IIPOBOAUAH THCTOAOTHYECKOE MC-
cAeoBaHHE (parMeHTa IIEHTPasbHOM mD0AM
meyeHHu 1ocae pukcaiuu ero B 10 % pacrBope
dopmasmHa, nenapadUHU3ANNY, IIPUTOTOBAE-
HUSI CPE30B U OKPACKH IeMaTOKCHUAWHOM U 30-
3WHOM ¥ 110 Bau 'mzony.

CTaTUCTUYECKHUH aHaAW3 OaHHBIX IIPOBO-
OUAU C HCIOAB30BaHHUEM IIPOTPaAMMHOIO IIa-
KeTa «Statistica», 10 (StatSoft). HopmaasrHOCTH
pacripeneaeHusT  JAaHHBIX  KOAMYECTBEHHBIX
IIPU3HAKOB BBIIIOAHSIAU C IIOMOIIIBIO KPHUTEPHUI
MManmupo — VYuaka (W-kpurepuit). [laHHBIe,
pacrpeneseHre KOTOPBIX OTAMYAAOCH OT HOP-
MaABHOTO, OIIMCBIBAAMCH C IIOMOIIBIO MeIHaHbI
(Me) u mHTEpPKBapTHABHOI'O pas3Mmaxa (25-ro u
75-r0 HIpPOLIEHTHAEH), a CpaBHEHHE OBYX BBIOO-
POK KOAWYECTBEHHBIX IIPH3HAKOB — C I[IOMOIIILI0
U-tecta ManHa — YutHH. CTaTHCTUYECKH 3Ha-
YUMBIM CYHUTAAU PE3yAbTaT, IIPH KOTOPOM BeEPO-
ATHOCTb OTBEPTHYTH HYA€BYIO THIIOTE3y 00 OTCYT-
CTBUU pa3Anmyui He npesbimasa S % (p < 0,05).

Pe3yABTaTBI H OOCyXIAEeHHE

HccnedoeaHue KoHueHmpayuu usogpopm
IIK R/L u M Ha ¢phoHe XpoHUUeCKO020 mokcuue-
CK020 Nopa’KeHust neueHu

B pesyapTaTte NpoBEeAEeHHBIX HCCACIOBAHUN
ObIAO ompemeAeHO comepzkaHue wusocgopm I1K
R/L u M B cweiBopoTKe KpoBH. Ha pucyHke 1
IIpecTaBA€Ha CpaBHUTEAbHAs OlleHKa KOHIIEH-
Tpammu [IK R/L B OCHOBHOM U KOHTPOABHO
TpyIIIaxX 3KUBOTHBIX. Tak, Ha (pOHE XPOHUIECKO-
0 TOKCHYECKOTI'o IHopaxkeHnusd redeHu TXM ypo-
Benb [IK R/L cocraBua 28,8 (25,4; 33,9) Hr/Ma,
B KOHTPOABHOH TIpyIIle MNaHHBIM IIOKA3aTEAb
paBHaaca 26,5 (18,4; 35,4) mr/ma. Pasznuna
nokasateAel Oblaa CTATHCTHYECKH HE3Ha4YHMa
(Manna — Yutuu U-test: Z = 0,45; p = 0,65).
Takum obpa3zom, Ha (POHE XPOHHUYECKOI'O TOK-
cuyeckoro Bo3aelictBusa TXM He BRISBAEHO CTa-
TUCTUYECKU 3HAYUMOI0 M3MeHeHud ypoBH4 [IK
R/L, 4T0o MOXeT CBUAETEABCTBOBATHL O HE3HAa-
YUTEeAbHOM BAMgHHUM TXM Ha HMHTEHCHUBHOCTH
IpPOTeKaHus (PUHAABHOH (pas3bl TAUKOAU3A, HH-
aynupyemoit IIK R/L.
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Pucyror 1. Konyenmpauus uzogopmut IIK R/L 8 Kpogu Kpblc npu XpOHUUECKOM MOKCUUECKOM NOPArKeHUU NeueHuU
Figure 1. Blood level of pyruvate kinase R/ L in the rats with chronic toxic liver damage

Ha pucynke 2 npencraBaeHa CPaBHUTEAB-
Hag olleHKa KoHIeHTpanuu [IK M B ocHOBHOI U
KOHTPOABHOM I'pyIIIaxX KUBOTHBIX. Tak, Ha poHe
XPOHHUYECKOT0 TOKCHUYECKOI'O IIOPasKeHHUd Iiede-
Hu TXM yposeus I[IK M cocraBua 60,5 (47,3;
82,3) ME/MA, B KOHTPOABLHOH TPYIIIlE NaHHBIN

rmokasaTeAb paBHAACH 46,6 (44,5; 52,4) ME /ma.
Pasnuna mnokasaTeael oKasasach CTaATHCTH-
geckn 3HaumMmo#r (Mamna — YurHu U-test:
Z = 2,143; p = 0,032). Takum o6pazom, UMeEAO
MECTO CTaTHCTHYECKH 3Ha4YHMOE yBEAWYEHHE
koHieHTpanmu I[IK M Ha ¢oHE XPOHHYECKOTro
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BBeAgeHuss TXM B cpaBHEHHH C KOHTPOABHOU
TPYIIION >KWBOTHBIX, YTO MOZXKET CBHUIETEAb-
CcTBOBaTb 00 aKTHUBHU3AIIMU IIPOIECCOB pereHe-

90

palyu reYeHy B OTBET Ha MTOBPEXIAIOIIee aeti-
CTBHE IrernaToOTOKCHHA.
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Pucynox 2. Konuenmpauus usogpopmot ITK M 8 Kposu Kpblc NPU XPOHUUECKOM MOKCUUECKOM NOPAXKEHUU NeweHU

Figure 2. Blood level of pyruvate kinase M in the rats with chronic toxic liver damage

Takke OBIAO H3Yy4YEHO COOTHOIIIEHHE KOH-
neuTpanuit nzodopm I1K R/L 1 M B criBopoT-
Ke KPOBHU H OHomnTarax MeYeHH, PacCUUTaH KO-
adpdurreHT oTHOUIeHUd ypoBHs [IK B TKaHm
nedeHn K ypoBHIO [IK B KpoBH (pHUCYHOK 3).
AHaan3 [aHHBIX IIOKa3aa, 4TO KOHIIEHTpallud
I[IK R/L B neyenu B 32,2-32,8 pasa BrllIe, a
mag [IK M — B 25,3-27,4 paza Bblllle, 4YEM B
CBIBOPOTKE KPOBH, YTO COTAACYETCS C UMEIOIIIH-
MHUCS AUTEPaTypPHBIMHU OJaHHLIMU [1, 4]. A cpaB-

HEHHe 3Ha4YeHUH IIOAYYEeHHOTOo KodddHIeHTa
HE€ BBIABHAO PA3AUYHN MEXKY OCHOBHOM M KOH-
TPOABHOM T'PyHION KHUBOTHBIX. KoadduimeHt
Koppeasninu CrnupMeHa R MexXnay TKaHEBBIM
U CchIBOpoTO4YHBIM ypoBHeM IIK cocraBma 0,57
(p = 0,002). TakuMm 06pa3oM, B HAYIHBIX UCCAE-
JOBaHULAX [ASI IPOCTOTHI IIOAYIYEHUS JAHHBIX U
IIOBBIIEHUS BKAAa HEHHBA3UBHBIX METOIOB
MOZKHO IIOAB30BAaTBCS CBHIBOPOTOYHBIMH KOH-
nesTpanuaMu nuzodgopm I1K.
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Pucyror 3. Koachcpuuuerm omHoweHust koHueHmpayuu uzogopm IIK R/L u M e mkaHu neueHu u cbleopomike Kposu KpblC
Figure 3. Ratio index of the levels of the isoforms PK R/L and M in the liver tissue and blood serum of the rats
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Hccnedoeanue KoOHueHmpauuu  us3o-
¢opm IIK nocne pesexyuu neueHu
PeSyABTaTbI HU3MEPEHUA KOHIICHTpPAaIlu1

nzopopM IIK R/L u M B ChIBOPOTKE KPOBHU Aa-

OOpPaTOPHBIX KPBIC IIOCAE€ PE3EKIUH IIeYeHH
IIpeaCTaBACHBI HA PUCYHKeE 4.

90

80 n

60

50

KoHueHTpauusi nsocdopm MK

30

20

40 /
[mf

0-e 3-e 7-e

14-e

== MK R/L, Hr/Mn
-0~ MK M, ME/mMn

21-e 28-e

CyTky nocne pesekuny neveHun

Pucyror 4. Konuenmpauus (Me) uzogpopm I1K R/ L (He/ mn) u M (ME/ Mn) 8 coleopomike KposU KpblLC
Ha 3-u, 7-e, 14-e, 21-e u 28-e cym nocne peseKyuu
Figure 4. Blood levels of PK R/ L (ug/ml) and M(IU/ml) in the liver tissue and blood serum of the rats

AHaau3 IIOAYYEHHBIX MJAHHBIX II0Ka3aa, 4YTO
HMEA MECTO ITIOCAEOBATEABHBIN POCT KOHIIEHTPA-
muu [IK R/L ¢ 3-x o 28-e cyT ¢ 31,53 Hr/mMA 10
40,17 Hr/MA COOTBETCTBEHHO. YBEAWYEHHE CO-
nepxanud [IK R/L B KpoBU 3KCIIEpUMEHTAABHBIX
JKUBOTHBIX MOXKHO OOBSICHUTH aKTHUBHU3AIIHEH
TAMKOAH3a B IIpOIlecce perapaTUBHOM pereHepa-
1IN B OTBET Ha XUPYPTUIECKOE BMEIIATEABCTBO.

Konnenrparusa [IK M B CBIBOPOTKE KPOBHU
OTAMYAAAChL DOOAEE CAOXKHOM MNUHAMHUKOM: IIO-
CA€ BBINIOAHEHHS PE3EKILHH II€YeHH, HaduHad
¢ 3-X CyTOK HabAIOZAaAOCh PE3KOE ITOBBLIIICHUE
koHueHTpanmu [IK M (58,39 ME/ma) o cpaB-
HEHHIO C HMCXOAHBIM ypoBHeM (36,17 ME/mMa),
JOoCTHUTas MakKcCuMyMa K 7-M cyT (79,82 ME /ma),
C IIOCAELYIOIINM II0CA€L0BATEABHBIM CHUXKEHH-
eMm 1o 44,61 ME/ma Kk 28-M cyT. BriaBaeHHAsS
auHaMuka ypoBHd [IK M B IIpyUHIUIIE COOTBET-
CTByEeT IIMKaM ITPOAUEepaIii I'ellaTOIIUTOB IIPHU
pernapaTUBHOM pereHepanuy IIeYeHH B OTBET Ha
ee pesekruio [12, 13]. Takum o6pa3oM, CHIBO-
poTouHble KOHHOeHTpaumu uzodopm [1K moryt
OBITH UCIIOAB30BaHBI B KaUeCTBE Aa00paToOpPHOTO
KPUTEPHUA AKTHUBHOCTHU IIPOILIECCOB penapaTHuB-
HOM pereHepalliy B [€YE€HU IIPU €€ TOKCHYe-
CKOM HAW MEXaHUYECKOM ITOBPEXKIEHUH.

3akAIOYEHHE

[IpoBeneHHBIE HCCAENOBAHMUSA IIOKa3aAH,
4TO CBIBOPOTOYHBIE M TKaHEBble KOHIEHTpPA-
mu u3ogopM [1K mMeroT BBICOKYIO CTEIeHb CO-
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OTBETCTBHS, ITIO3TOMY [ASI IIPOCTOTHI HOAYIEHHUI
JaHHBIX U IIOBBIIICHUS BKAAla HEMHBA3UBHBIX
METOMAOB HCCAEJOBAHUS MOXKHO II0AB30BATBhCH
KoHNeHTpanuaMu uzogopm [1K B kpoBwH.

Takske ObIAO YCTAHOBAEHO, YTO KOHIIEHTPA-
s u3odopmel [IK M cTaTUCTHYECKH 3HAYUMO
YBEAUYHUBAETCA IIPU XPOHHUYECKOM TOKCHYE-
CKOM IIOPazKE€HHUHU II€YE€HH, YTO MOXKET CBHIE-
TEeABCTBOBATH 00 aKTHBH3aIIMH ITPOIIECCOB pe-
reHepalyy [Ie4eHU B OTBET Ha IIOBPEKAAIolee
JeMCTBUE IrerraToToOKCHUHA.

Pesek1iiya nmeyeHM aKTHBHU3HUPYET TAHMKOAU3
U 3allyCKaeT IMIPOILIECC pPeHapaTUBHOM pereHe-
palyy, 4TO BbIPaXKaeTCs B YBEAMYEHUH COLEP-
xaHug [IK R/L B KpoBHU 3KCIepUMEHTAABHBIX
JKUBOTHBIX U 9pKOH AuHaMukoi ypoBH4 [IK M,
KOTOpasi COOTBETCTBYET IIUKaM ITPOAUEPALITH
TeTIaTOLMTOB IIPH PereHepaluy IIeYeHU B OTBET
Ha PE3eKIHIO.

Takum 00pa3oM, CHLIBOPOTOYHBIE KOHIIEH-
Tpanuu uzodop™m IIK Moryr OBITH HCIIOAB30-
BaHBI B KadecTBe AaOOPaTOPHOIO KPUTEPHST
aKTHUBHOCTH IIPOIIECCOB perlapaTUBHON pereHe-
pamnuy, ¢ IOMOIIBI0 KOTOPOTO MOXKHO OLIEHUTH
penapaTHBHBIN IIOTEHIIMAA [IEYE€HHU ITPU €€ TOK-
CHYECKOM HAHW MEXaHHYECKOM IIOBPEXRIAECHUHU, a
Tak¥Ke IIPU XPOHUYECKUX MU(P@PY3HBIX 3aboae-
BaHUIX.



OKCITEPUMEHTAABHAS MEIUIIMHA U BUOAOTUA /
EXPERIMENTAL MEDICINE AND BIOLOGY

2021;18(3):116-123

[Tpo6aeme! 3mopoBed u 3Koaoruu / Health and Ecology Issues

CnHCOK AHTEpaTyphl

1. Muirhead H. Isoenzymes of pyruvate kinase.
Biochem Soc Trans. 1990 Apr;18(2):193-196.

DOI: https://doi.org/10.1042/bst0180193

2. Noguchi T, Yamada K, Yamagata K, Takenaka M,
Nakajima H, Imai E, et al. Expression of liver type pyruvate
kinase in insulinoma cells: involvement of LF-B1 (HNF1).
Biochem Biophys Res Commun. 1991 Nov 27;181(1):259-264.
DOI: https://doi.org/10.1016/s0006-291x(05)81411-1

3. Valentini G, Chiarelli LR, Fortin R, Dolzan M,
Galizzi A, Abraham DJ et al. Structure and function of
human erythrocyte pyruvate kinase. Molecular basis of
nonspherocytic hemolytic anemia. J Biol Chem. 2002 Jun
28;277(26):23807-23814.

DOI: https://doi.org/10.1074/jbc.M202107200

4. Zhang Z, Deng X, Liu Yuan, Liu Y, Sun L, Chen F.
PKM2, function and expression and regulation. Cell Biosci.
2019 Jun 26;9:52.

DOI: https://doi.org/10.1186/s13578-019-0317-8

5. Oremek GM, Rutner F, Sapoutzis N, Sauer-Eppel H.
Tumor marker pyruvate kinase type tumor M2 in patients
suffering from diabetic nephropathy. Anticancer Res. Mar-
Apr 2003;23(2A):1155-1158.

6. Jeffery J, Lewis SJ, Ayling RM. Fecal dimeric M2-
pyruvate kinase (tumor M2-PK) in the differential diagnosis
of functional and organic bowel disorders. Inflamm Bowel
Dis. 2009 Nov;15(11):1630-1634.

DOI: https://doi.org/10.1002/ibd.20946

7. Dong T, Yan Y, Chai H, Chen Sh, Xiong X, Sun D,
et al. Pyruvate kinase M2 affects liver cancer cell behavior
through up-regulation of HIF-la and Bcl-xL in culture.
Biomed Pharmacother. 2015 Feb;69:277-284.

DOI: https://doi.org/10.1016/j.biopha.2014.12.010

8. Hu K, Xu J, Fan K, Zhou D, Li L, Tang L, et al.
Nuclear accumulation of pyruvate kinase M2 promotes
liver regeneration via activation of signal transducer
and activator of transcription 3. Life Sci. 2020 Jun
1;250:117561.

DOI: https://doi.org/10.1016/].1fs.2020.117561

9. Zheng D, Jiang Y, Qu Ch, Yuan H, Hu K, He L,
et al. Pyruvate Kinase M2 Tetramerization Protects against
Hepatic Stellate Cell Activation and Liver Fibrosis. Am J
Pathol. 2020 Nov;190(11):2267-2281.

DOI: https://doi.org/10.1016/j.ajpath.2020.08.002

10. EBporneiickas KOHBEHIINS O 3aIIUTe T03BOHOYHBIX
JKHUBOTHBIX, HCIIOAB3YEMBIX JIASl SKCIIEPUMEHTOB HAHU B MHBIX
Hay4HbBIX 11eaax. ETS No123. Crpactypr, 18.03.1986. [zaTa
obpamenus 2021 wuroHs 15]. Pexxum moctyna: https://
rm.coe.int/168007a6a8

11. CkyparoB Al'. TeTpaxaopMeTaHOBask MOJEAD Tera-
THUTa U LIHUPPO3a MEeYEeHH Yy KPbIC. DKCnepumeHmanbHas u
KAUHUUeckas. 2acmpoaqmeponoeust. 2012;(9):37-40. [mara
obpamenus 2021 wurons 15]. Pexxum mocrtyna: https://
cyberleninka.ru/article/n/tetrahlormetanovaya-model-
gepatita-i-tsirrozaspecheni-u-krys/viewer

12. Michalopoulos GK. Liver regeneration after partial
hepatectomy: critical analysis of mechanistic dilemmas.
Am J Pathol. 2010 Jan;176(1):2-13.

DOI: https://doi.org/10.2353/ajpath.2010.090675

13. Ckyparos AT, Ab13uxkoB AH, ITerpenes [IP, Ocumnos
BB, AunnoBuy CA. ITocTpe3eKIIMOHHAada pereHeparus mnede-
HU TPH PETPOPCHUH-UHAYLHUPOBAHHOM IOpazkKeHUH. I[Ipo-
6iembl 300posbst u skonozuu. 2016;(1):66-72. [maTta obpa-
mieansa 2021 uroub 15]. Pexxum moctyma: https://journal.
gsmu.by/jour/article/view/1671

References

1. Muirhead H. Isoenzymes of pyruvate kinase.
Biochem Soc Trans. 1990 Apr;18(2):193-196.

DOI: https://doi.org/10.1042/bst0180193

2. Noguchi T, Yamada K, Yamagata K, Takenaka M,
Nakajima H, Imai E, et al. Expression of liver type pyruvate
kinase in insulinoma cells: involvement of LF-B1 (HNF1).
Biochem Biophys Res Commun. 1991 Nov 27;181(1):259-264.
DOI: https://doi.org/10.1016/s0006-291x(05)81411-1

3. Valentini G, Chiarelli LR, Fortin R, Dolzan M,
Galizzi A, Abraham DJ et al. Structure and function of
human erythrocyte pyruvate kinase. Molecular basis of
nonspherocytic hemolytic anemia. J Biol Chem. 2002 Jun
28;277(26):23807-23814.

DOI: https://doi.org/10.1074 /jbc.M202107200

4. Zhang Z, Deng X, Liu Y, Liu Y, Sun L, Chen F.
PKM2, function and expression and regulation. Cell Biosci.
2019 Jun 26;9:52.

DOI: https://doi.org/10.1186/s13578-019-0317-8

5. Oremek GM, Rutner F, Sapoutzis N, Sauer-Eppel H.
Tumor marker pyruvate kinase type tumor M2 in patients
suffering from diabetic nephropathy. Anticancer Res. Mar-
Apr 2003;23(2A):1155-1158.

6. Jeffery J, Lewis SJ, Ayling RM. Fecal dimeric M2-
pyruvate kinase (tumor M2-PK) in the differential diagnosis
of functional and organic bowel disorders. Inflamm Bowel
Dis. 2009 Nov;15(11):1630-1634.

DOI: https://doi.org/10.1002/ibd.20946

7. Dong T, Yan Y, Chai H, Chen Sh, Xiong X, Sun D,
et al. Pyruvate kinase M2 affects liver cancer cell behavior
through up-regulation of HIF-la and Bcl-xL in culture.
Biomed Pharmacother. 2015 Feb;69:277-284.

DOI: https://doi.org/10.1016/j.biopha.2014.12.010

8. Hu K, Xu J, Fan K, Zhou D, Li L, Tang L, et al.
Nuclear accumulation of pyruvate kinase M2 promotes
liver regeneration via activation of signal transducer
and activator of transcription 3. Life Sci. 2020 Jun
1;250:117561.

DOI: https://doi.org/10.1016/j.1fs.2020.117561

9. Zheng D, Jiang Y, Qu Ch, Yuan H, Hu K, He L,
et al. Pyruvate Kinase M2 Tetramerization Protects against
Hepatic Stellate Cell Activation and Liver Fibrosis. Am J
Pathol. 2020 Nov;190(11):2267-2281.

DOI: https://doi.org/10.1016/j.ajpath.2020.08.002

10. European Convention for the Protection of
Vertebrate Animals used for Experimental and Other
Scientific Purposes. ETS Nel23. Strasburg, 18.03.1986.
[date of access 2021 June 15]. Available from: https://
rm.coe.int/168007a6a8 (In Russ.).

11. Skuratov AG. Model of carbon tetrachloride
induced hepatitis and liver cirrhosis in rat. Experimental and
Clinical Gastroenterology. 2012;(9):37-40. [date of access
2021 June 15]. Available from: https://cyberleninka.ru/
article/n/tetrahlormetanovaya-model-gepatita-i-tsirroza-
pecheni-u-krys/viewer (In Russ.).

12. Michalopoulos GK. Liver regeneration after partial
hepatectomy: critical analysis of mechanistic dilemmas.
Am J Pathol. 2010 Jan;176(1):2-13.

DOI: https://doi.org/10.2353/ajpath.2010.090675

13. Skuratov AG, Lyzikov AN, Petrenyov DR, Osipov
BB, Achinovich SL. Post-resection regeneration of the
liver in case of retrorsin-induced lesion. Health and
Ecology Issues. 2016;(1):66-72. [date of access 2021
June 15]. Available from: https://elib.gsmu.by/handle/

GomSMU/954 (In Russ.).

122


https://doi.org/10.1042/bst0180193
https://doi.org/10.1016/s0006-291x(05)81411-1
https://doi.org/10.1074/jbc.M202107200
https://doi.org/10.1186/s13578-019-0317-8
https://doi.org/10.1002/ibd.20946
https://doi.org/10.1016/j.biopha.2014.12.010
https://doi.org/10.1016/j.lfs.2020.117561
https://rm.coe.int/168007a6a8
https://rm.coe.int/168007a6a8
https://cyberleninka.ru/article/n/tetrahlormetanovaya-model-gepatita-i-tsirroza-pecheni-u-krys/viewer
https://cyberleninka.ru/article/n/tetrahlormetanovaya-model-gepatita-i-tsirroza-pecheni-u-krys/viewer
https://cyberleninka.ru/article/n/tetrahlormetanovaya-model-gepatita-i-tsirroza-pecheni-u-krys/viewer
https://doi.org/10.2353/ajpath.2010.090675
https://journal.gsmu.by/jour/article/view/1671
https://journal.gsmu.by/jour/article/view/1671
https://doi.org/10.1042/bst0180193
https://doi.org/10.1016/s0006-291x(05)81411-1
https://doi.org/10.1074/jbc.M202107200
https://doi.org/10.1186/s13578-019-0317-8
https://doi.org/10.1002/ibd.20946
https://doi.org/10.1016/j.biopha.2014.12.010
https://doi.org/10.1016/j.lfs.2020.117561
https://doi.org/10.1016/j.ajpath.2020.08.002
https://rm.coe.int/168007a6a8
https://rm.coe.int/168007a6a8
https://cyberleninka.ru/article/n/tetrahlormetanovaya-model-gepatita-i-tsirroza-pecheni-u-krys/viewer
https://cyberleninka.ru/article/n/tetrahlormetanovaya-model-gepatita-i-tsirroza-pecheni-u-krys/viewer
https://cyberleninka.ru/article/n/tetrahlormetanovaya-model-gepatita-i-tsirroza-pecheni-u-krys/viewer
https://doi.org/10.2353/ajpath.2010.090675
https://elib.gsmu.by/handle/GomSMU/954
https://elib.gsmu.by/handle/GomSMU/954

[Tpobaemer 3mopoBes u 3Koaoruu /Health and Ecology Issues

2021;18(3):116-123

Hudopmanus o6 aBTopax / Information about the authors

CkypaToB AaekcaHaAp l'eHHaabeBHY, K.M.H., [0-
LEHT, AOLEHT Kadeapel Xupyprudeckux boaesHedr No 1 c
KypPCOM CE€pAeYHO-cocyaucTod xupypruu, YO «'omeabcKuit
rOCyAapCTBEHHBIH MEIUIIMHCKUIN YHUBEPCUTET»

ORCID: https://orcid.org/0000-0002-1994-1156

e-mail: alexskuratov@mail.ru

Ab13uKoB AHaToAM#H HuKoOAaeBHY, 1.M.H., IIpodec-
cop, nipodeccop Kadeapbl XUPyprudeckux 6oaesneit No 1 ¢
KypPCOM CE€pAeYHO-cocyaucTod xupypruu, YO «'omeabcKkuit
TrOCyZapCTBEHHBIH MEIUIIMHCKUH YHUBEPCUTET»

ORCID: https://orcid.org/0000-0002-4668-6007

IITacdopocT Asekcanzap CepreeBHY, HAyYHBIH CO-
TPYAHUK HAyYHO-HCCAENOBATEABCKOM aabopaTopuu, YO «[o-
MEABCKHH TOCYIapCTBEHHbBIH MEAUIIMHCKUN YHUBEPCUTET»

ORCID: https://orcid.org/0000-0002-6725-5353

3aTBKOB AAeKced AAEKCAaHAPOBHY, HAYYHBIA CO-
TPYAHUK HAyYHO-HUCCAENOBATEABCKOM AabopaTopuu, YO «[o-
MEABCKHH TOCYIapCTBEHHbBIH MEAUIIMHCKUN YHUBEPCUTET»

ORCID: https://orcid.org/0000-0001-9542-3791

T'oAy6s1x Hanexna MuxalAoBHA, HAYYHBIH COTPYI-
HHUK HAy4YHO-UCCAEI0BATEABCKON aAaboparopuu, YO «To-
MEABCKHH rOCyAapCTBEHHBIH MEAUIIMHCKUI YHUBEPCUTET?

ORCID: https://orcid.org/0000-0002-3335-7159

Alexander G. Skuratov, PhD (Med), Associate
Professor, Associate Professor at Department of Surgical
Diseases No.l with the course of Cardiovascular Surgery,
Gomel State Medical University

ORCID: https://orcid.org/0000-0002-1994-1156

e-mail: alexskuratov@mail.ru

Anatoly N. Lyzikov, DMedSc, Professor, Professor at
Department of Surgical Diseases No.1 with the course of
Cardiovascular Surgery, Gomel State Medical University

ORCID: https://orcid.org/0000-0002-4668-6007

Alexander S. Shaforost, researcher at the Research
Laboratory, Gomel State Medical University
ORCID: https:/orcid.org/0000-0002-6725-5353

Alexey A. Zyatskov, researcher at the Research
Laboratory, Gomel State Medical University
ORCID: https://orcid.org/0000-0001-9542-3791

Nadezhda M. Golubykh, researcher at the Research
Laboratory, Gomel State Medical University
ORCID: https://orcid.org/0000-0002-3335-7159

Corresponding author / ABTOp, OTBETCTBEHHBIH 3a IIEPEMHUCKY

CkypaToB AaekcaHzap 'eHHaabeBHY

e-mail: alexskuratov@mail.ru

Received / ITocmynuna e pedaxyuto 22.07.2021
Revised / Ilocmynuna nocne peuersuposarus 23.08.2021
Accepted / Ipunama k nybauxayuu 20.09.2021

Alexander G. Skuratov

e-mail: alexskuratov@mail.ru

123


https://orcid.org/0000-0002-1994-1156
mailto:alexskuratov@mail.ru
https://orcid.org/0000-0002-6725-5353
https://orcid.org/0000-0001-9542-3791
https://orcid.org/0000-0002-1994-1156
mailto:alexskuratov@mail.ru
https://orcid.org/0000-0002-6725-5353
https://orcid.org/0000-0001-9542-3791
mailto:alexskuratov@mail.ru
mailto:alexskuratov@mail.ru

