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BansaHue remapuHa U 3TaHOJIA HA AaKTUBHOCTD
JaKTaTAeruAporeHasbl B MUTOXOHAPHUAJTbHOM U
IUTOIJIA3MAaTUYECKOU (PPAKITUAX KJIETOK MEYEHU KPBbIC
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AHHOTAIINA

B ompITax Ha KPhICAaX MOKA3aHO, UTO STAHOJ B /I03€ 4.5 T/KT IPUBOJUT K MOBBINIEHUIO aKTUBHOCTH JIAKTATAETU[PO-
reHassl (JI/II') KJIeTOK IeUeHH KPbIC B IPSIMOH PeaKI[UU B CyOKJIETOUHBIX (GPAKIUAX. B IUTOIIa3MaTHYeCKOH hpakIuu
axtuBHOCTB JI/IT' B 06paTHOM peakIuu CHIKaIAch. [IpeBapuTeIbHOE BBE/IEHNE )KHBOTHBIM rerapuHa B 103e 250 ME/
KT YaCTUYHO HUBeUpyeT 3¢ GeKThl BHYTPUOPIOIINHHOTO BBEJEHUS TAHOJIA, YTO BBIPAXKAETCSA B CHUKEHUH aKTHBHO-
ctu JIAT" KJIeTOK IeueHU KpBIC B IPAMOH peakIUuu B cyOKIeTOUHBIX ppaknuax. CBA3bIBaHUE SHJOTEHHOTO TellapuHa
MIPOTaMUH CY/Ib(ATOM U MOCIIeAYIOIIee BBEJEHNE 3TaHOJIA IPUBOAUT K yBeJIMYeHUI0 akTUBHOCTH JIIT' B MUTOXOH/APU-
apHOU (BPAKIUH KJIETOK [TeYeHHU KPBIC.

Kniouesule c108a: aKkTaTAETUAPOreHasa, CyOKIeToYHble PAKIUN [IeYeHH, STAHOJI, TellapHH, IPOTaMUH CyIbdar.

ABSTRACT

Experiments on rats have shown that ethanol at a dose of 4.5 g/kg leads to an increase in the activity of lactate dehy-
drogenase (LDH) in rat liver cells in a direct reaction in subcellular fractions. In the cytoplasmic fraction, the LDH activity
in the reverse reaction decreased. Pre-administration of heparin to animals at a dose of 250 IU/kg partially neutralizes the
effects of intraperitoneal administration of ethanol, which is expressed in a decrease in the activity of LDH in rat liver cells
in a direct reaction in subcellular fractions. Binding of endogenous heparin to protamine sulfate and subsequent adminis-
tration of ethanol leads to an increase in LDH activity in the mitochondrial fraction of rat liver cells.

Keywords: lactate dehydrogenase, subcellular fractions of the liver, ethanol, heparin, protamine sulfate.

BBEAEHWUE

Haxopsice Ha pasBmwike IyTed MeTabon3Ma
VIJIEBOJIOB, JiakTaTaeruaporenasa (JIZII') yuactByer
B PETYJIALMY TOHKO cOAITaHCUPOBAaHHOTO KaTaboIH3-

INTRODUCTION

Being at the fork in the pathways of carbohy-
drate metabolism, lactate dehydrogenase (LDH) is
involved in the regulation of finely balanced catabo-
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Ma 1 aHaboJIM3Ma, aHa3POOHOTO U a3POOHOTO IITUKO-
JIN3a, a TaKkXKe UrpaeT HEMAJOBAKHYIO POJIb B IIPO-
Ieccax KJIETOUHOTO allK/103a, aloITo3a, pocTa u re-
HEPUPOBAHUsA PEeKOMOMHAHTHBIX OeJkoB. JlakraT
MOX>KHO PaccMaTpUBaTh KaK OIIPe/IeJIEHHbIN TKaHe-
BOH pe3epB aKTUBHO MeTabOIU3UPYIOIIErocs MUPy-
Bata. OOpaTHUMOCTb JIAaKTAT/IETHIPOTeHA3HOU peak-
UM U BBICOKAs aKTUBHOCTH (PepMeHTa IO3BOJISAIOT
mmape cybCTpaTOB JIAKTAT — IMUPYBAT UTPATh BAXKHYIO
pOJIb B KOHTPOJIE HAJL OTHOLIEHUEM OKHUCJIEHHBIX U
BOCCTAHOBJIEHHBIX (POPM HUKOTHHAMUJIAAEHUHIV-
nykieotuzaa (HA/) B kinetke [1].

Jlakratneruaporenaza (L-nmakrat: HAJl*-ok-
cuyopeiykTasa, ko ¢pepmenta (KP) 1.1.1.27) kara-
JIUBUPYET PEAKITUIO:

L-nakrar + HA/* < nupysat + HA/IH.

CyliecTBEHHBIM B BO3MOMKHOU CIIOCOOHOCTH
JIAT' K “3MEeHEeHUI0 HallpaBJIeH! A II0TOKOB IINpyBaTa
sIBJIsIeTCsI OOHApy KeHHasl y 3Toro (hepMeHTa caMope-
TyJISIUs — WHTHOWpOBaHUE U30BITKOM cyOcTpaTa
(mupyBarta) [2]. CybcrpaTHOe WHrHOWpOBaHUE, B
CBOIO OYEepesb, MOJIBEPKEHO BHEIIHUM PEryJISTOP-
HBIM BO3/eHCcTBUAM. HUBEMPYIOT cyOCTpaTHOE MH-
rubupoBaHUe JAKTATAETUAPOreHas3bl TAKIKe HEKOTO-
phle aHasoru cyocrpara. BoamMorkHO, 4TO B IIpoiecce
WHTUOUPOBAHUS YYACTBYIOT Pa3IMYHble KOH(pOpMe-
po1 JIAT, obnamaromire pa3HBIM CPOJCTBOM K CYO-
cTpaTty — uHruouTopy [3].

B pa6ote CyrpoboBoii ¢ cOaBT. OBUIO MMOKA3aHO,
uyTo obaByeHre F-akTuHa BBI3BIBAET CHIDKEHUE aK-
TuBHOCTU JI/IT', UTO CONpOBOXKAAETCA YXyAIIIEHUEM ee
KaTUINTUYECKUX XapakTepucTUk [4]. Ilpucoenune-
Hue JI[AI' kK axTWHYy NPUBOJUT K AaKTUBAIUUA
Mg?**-AT®a3pl akTHHOMHO3UHA Ha 30 %. Bo3moxkHO
B3aumozencreue JIJII' He Tospko ¢ F-akTHHOM, HO U
TyOyJIMHOM, MUKDOTYOYJIMHOM U APYTUMU OeyIkamMu
nuTockesera kietku [2]. [Tpegnomnaraercs, uro o6pa-
TUMas aAcopOIA GEPMEHTOB ITTUKOJIN3a, B TOM YHC-
e JI/IT', Ha CTPyKTYPHBIX KOMIIOHEHTAX KJIETKU SBJIA-
€TCsI OTHUM U3 BRXKHEUIITNX MEXaHU3MOB PETYIIALIII
Merabosimama OJiarofjaps yrmopsi[OUeHHOCTH, KOM-
MMapTMEHTATU3AIUA MeTa00JTMUECKHX IIPOIECCOB [5].
Bzaumoneiictue JI/II ¢ 6eikaMu U ITOJTHAJIEKTPOJIH-
TaMU NPUBOJUT K 00Pa30BaHUI0 KOMILIEKCOB, KOTO-
pble, U3MeHss PAaBHOBECHE B CHCTEME JIIMED — Te-
TpaMep, BJMIIOT HA KATAIUTUYECKYI0 aKTUBHOCTDb
depmenTa [6, 7]. Takke BO3BMOKHO 0OpaTUMOE CBS-
3eiBanme JIJII' Tuma B ¢ simmocomamMu, cOCTOSIIIIMU
U3 KUCTBIX (HOCHOTUITHUIIOB. DTOT MpoIecc Hanbosee
2 beKTUBHO UET IPU HU3KUX 3HaUeHUusX pH, 6u3-
KUX K M303JIEKTPUYECKOU Touke Oesnka. B maHHBIX
VCJIOBUSIX CAWT cBA3bIBaHUA Kodakropa HA/TH jak-
TaT/AETHIPOTeHa3bl TUIIA B aKTHMBHO y4acTBYeT BO
B3auMOJIecTBUH (hepMeHTa ¢ KHUCJIBIME (GHocGhoTu-
nagamu [8].

lism and anabolism, anaerobic and aerobic glycoly-
sis, and also plays an important role in the process-
es of cellular acidosis, apoptosis, growth and gen-
eration of recombinant proteins. Lactate can be
considered as a specific tissue reserve of actively
metabolizied pyruvate. The reversibility of the lac-
tate dehydrogenase reaction and the high activity
of the enzyme allow the lactate-pyruvate substrate
pair to play an important role in controlling the ra-
tio of oxidized and reduced forms of nicotinamide
adenine dinucleotide (NAD) in the cell [1].

Lactate dehydrogenase (L-lactate: NAD*-oxi-
doreductase, enzyme code (EC) 1.1.1.27) catalyzes
the reaction:

L-lactate + NAD* < pyruvate + NADH.

The self-regulation found in this enzyme — in-
hibition by an excess of the substrate (pyruvate), is
essential in the possible ability of LDH to change
the direction of pyruvate flows [2]. Substrate inhibi-
tion, in turn, is subject to external regulatory influ-
ences. Some analogs of the substrate also neutral-
ize the substrate inhibition of lactate dehydroge-
nase. It is possible that various LDH conformers
with different affinity for the substrate-inhibitor
participate in the inhibition process [3].

In the work of Sugrobova et al. it was shown
that the addition of F-actin causes a decrease in
LDH activity, which is accompanied by a deteriora-
tion in its catalyst performance [4]. The addition of
LDH to actin leads to activation of the Mg?*-ATPase
of actomyosin by 30%. LDH may interact not only
with F-actin, but also with tubulin, microtubulin,
and other proteins of the cell cytoskeleton [2]. It is
assumed that the reversible adsorption of glycolysis
enzymes, including LDH, on cell’s structural com-
ponents is one of the most important mechanisms
of metabolic regulation due to the orderliness and
compartmentalization of metabolic processes [5].
The interaction of LDH with proteins and polyelec-
trolytes leads to the formation of complexes which,
by changing the equilibrium in the dimer — tetra-
mer system, affect the catalytic activity of the en-
zyme [6, 7]. Reversible binding of LDH B to lipo-
somes composed of acidic phospholipids is also
possible. This process is most efficient at low pH
values, close to the isoelectric point of the protein.
Under these conditions, the binding site of the
NADH cofactor of lactate dehydrogenase B is ac-
tively involved in the interaction of the enzyme with
acidic phospholipids [8].

We have previously shown that in vitro the
heparin, upon formation of a complex with a puri-
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Panee HamMu OBLIIO MIOKAa3aHO, YTO IN vitro rema-
PUH Ipu 0Opa30BaHUM KOMILIEKCA € OYHIEHHBIM
npenapatoMm JI/II' yBenuyuBaeT akTUBHOCTH ¢ep-
MEHTA I10 IByXIIapaMeTPUIECKH PACCOTIACOBAHHOMY
TUITy aKTUBAI[MU. DTAHOJ He OKa3bIBaeT BIUAHUA Ha
AKTUBHOCTH OUMIlleHHOTO npemnaparta JI/T', a aTanosn
Ipu BozJielicTBUU Ha KoMmIuleke JI/IT — remapus ak-
TUBHUPYeT JIAKTaTAETHPOreHa3HyI0 peaKIuio II0
JIByXIIapaMeTPUYECKU PACCOTIACOBAHHOMY THILY aK-
TuBanuy [9]. OgHaKO CBeIeHNsA O COUETAHHOM BJIHSI-
HUY 5HJIOTEHHOTO U 5K30T€HHOTI'0 TellapyHa U 3TaHO-
J1a in Vivo UMeIoT parMeHTapHBIN XapaKTep, B CBSI-
3U ¢ ueM ObLIa IpeAIPUHATA HAcToAIast paboTa.

IIEJIb UCCJIETOBAHUHA

O11eHUTH BIUAHUE TellapUHA 1 3TaHoJ1a (TIPU Co-
YyeTaHHOM BBEJIEHMHM) Ha aKTUBHOCTH JIAKTATIErH-
JIpOTeHas3bl B CYOKJIETOUHBIX (PPAKIUAX IT€YEHU
in vivo.

MATEPHUAJIBI 1 METO/ABbI

B skcneprMenTax ObLIH MCIOJIB30BAHBI 80 He-
JIMHEWHBIX KPBIC-CAMIIOB Maccor 200 + 15 T, coJiep-
JKaIuxcss B KOM(MOPTHBIX YCJIOBUAX Ha 00IEM pa-
MOHe BUBapusd. Bce :KUBOTHBIE OBLIN pacIpesesie-
HEI B 8 rpymi (onycaHye TPYIII IaHO B Ta0JI. 1, 2) 11O
10 KpbIC B KaK/IOH. B KayecTBe HCCIIEyEMBIX Be-
IIECTB HCIIOJIH30BAJIUCH CJIEAYIOIIVE IIPEraparh:
1) BBICOKOMOJIEKYJIAPHBIA TeMapuH ITPOU3BOJICTBA
MOCKOBCKOTO 2H/IOKPUHHOTO 3aBOJIa, COAEPKAIIIHI
B 1 mu pactBopa 5000 ME (1 ME = 0.0077 wmr);
2) MpoTaMuH CyabdAaT MPOU3BOACTBA MOCKOBCKOTO
SHIIOKPUHHOTO 3aBO/Ia, COZEPIKAIIUMA B 1 MJI PACTBO-
pa 10 MT CyXOro BEeIIEeCTBa, 3) CIIUPT STHUIOBBIN PEK-
tudukar. Vcesenyemple BelecTBa pa3BoOAWwiIn Qu-
3UOJIOTUUECKUM PACTBOPOM U BBOAMJIH BHYTPHUOPIO-
IIUHHO B 00'bEME 1 MJI B OIIPE/IEJIEHHON TOCIEI0Ba-
TeJIbHOCTH, IPEeIyCMOTPEHHOH YCJIOBUSAMU OIIBITA.
BpeMst Mesk/Ty BBeIEHUSMHU ObLIIO TIOCTOSTHHBIM U CO-
CTaBJISIIO 10 MUH.

MUTOXOHAPHATBHYI0 M ITUTOILIA3MATHIECKYIO
(dbpaxiu KIeTOK MeUeHU SKCIEPUMEHTATBHBIX KHU-
BOTHBIX TOJIydYaJT MeTo/ioM AuddepeHnaTbHOTO
neHTpudyrupoanus [10]. Kpbic mociie okoHUaHUS
SKCIIEPUMEHTA JeKAalUTUPOBaIU. I[leueHb OBICTPO
W3BJIEKIH, OTMBIBATI OT KPOBU, MHOTOKPATHO IIep-
¢y3upys ee OXJIK/AEHHBIM (DU3NOTIOTUUECKUM pac-
TBOPOM C TIOMOIIIBIO TOJICTOH HTJIBI U IIIPUIA 00be-
MOM 10 MJI. [IpOMBITYIO TI€UeHb IIOMEIIAIN Ha CTOSI-
IIyI0 HA JIpy Jamky [leTpu u u3Mebyaan HOXKHU-
[[aMH{, TOMOT€HH3UPOBAIM B IUCTHUIMPOBAHHOMN
Bozie. 3aTeM 10% roMoreHaT LeHTpudyrupoBaIn Ha
neHrpudyre PC-6 mpu 6000 00./MHUH B TedeHHE
15 muH. CyllepHaTaHT OTAEJIsUIN OT ocajka (spa, He

fied LDH preparation, increases the enzyme activ-
ity by a type of mismatch between two-parameters.
Ethanol does not influence the activity of the puri-
fied LDH preparation, while ethanol’s effect on the
LDH — heparin complex, activates the lactate de-
hydrogenase reaction according to the two-param-
eter mismatch activation type [9]. However, infor-
mation on the combined effect of endogenous and
exogenous heparin and ethanol in vivo is fragmen-
tary, and therefore the present work was under-
taken.

AIM OF THE RESEARCH

To evaluate the effect of heparin and ethanol
(with combined administration) on the activity of
lactate dehydrogenase in subcellular liver fractions
in vivo.

MATERIALS AND METHODS

In the experiments, 80 outbred male rats
weighing 200 + 15 g were used, kept under comfort-
able conditions on the general diet of the vivarium.
All animals were divided into 8 groups (the descrip-
tion of the groups is given in Tables 1, 2), 10 rats
each. The following drugs were used as test sub-
stances: 1) high molecular weight heparin produced
by the Moscow Endocrine Plant containing 5000
IU in 1 ml of solution (1 IU = 0.0077 mg); 2) pro-
tamine sulfate produced by the Moscow Endocrine
Plant containing 10 mg of dry matter in 1 ml of solu-
tion, 3) rectified ethyl alcohol. The test substances
were diluted with physiological saline and injected
intraperitoneally in a volume of 1 ml in a certain
sequence provided for by the conditions of the ex-
periment. The time between injections was con-
stant and amounted to 10 min.

Mitochondrial and cytoplasmic fractions of
liver cells from experimental animals were ob-
tained by differential centrifugation [10]. Upon
completion of the experiment, rats were decapitat-
ed. The liver was quickly removed, washed from the
blood by repeated perfusion with chilled saline us-
ing a thick needle and a 10 ml syringe. The washed
liver was placed on a Petri dish standing on ice,
chopped with scissors, and homogenized in dis-
tilled water. Then the 10% homogenate was centri-
fuged in a RS-6 centrifuge at 6000 rpm for 15 min.
The supernatant was separated from the sediment
(nuclei, intact cells) and centrifuged at 15 000 rpm
for 15 min. Sediment — mitochondrial fraction, su-
pernatant — cytoplasmic fraction. The activity of
lactate dehydrogenase (L-lactate: NAD*-oxidore-
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paspyllleHHbIe KJIETKH) U NEeHTPU(DYTUPOBATIN IPU
CKOpOCTH 15 000 00./MuH B TeueHue 15 muH. Oca-
JTOK — MUTOXOHJIpHUATbHASA (PPAKIINSI, CyIIEPHATAHT —
[ATOIUIA3MATHYECKasA. AKTUBHOCTh JIAKTAT[ETH/I-
porenassl  (L-makrar:  HAJ/[*-oxcupopenykrasa,
K® 1.1.1.27) B 1aHHBIX PPAKIUIX OMPEIEIISIITH IO Me-
tony KoueroBa [11] Ha MukpocmnekTpodoTOMETpE
PowerWave XS (CIIIA).

Cratuctuueckasi 06paboTKa pesyJibTaToB ObLIa
[IpOBeJieHa ¢ TpuMeHeHneM t-kpurtepust CThIO/IEHTa C
KCI0JIb30BaHMeM mporpamMmmbl Primer of Biostatistics

[12].
PE3YJIBTATHBI U OBCYXKAEHUNE

Wccnenopanme aktuBHOcTu JIJII' B MUTOXOH-
JIpUaJIbHOM ¥ IIUTOILJIA3MaTUYECKOU (PPAKITUAX KIe-
TOK IIeYeHHU KPbIC TTOKA3aJI0, YTO BHYTPUOPIOIIHHHOE
BBEJIEHUE JKUBOTHBIM 3TaHOJIA B JI03€ 4.5 I'/KT IPH-
BOJIMJTO B OCHOBHOM K TIOBBIIIEHNO0 aKTUBHOCTHY /TaH-
Horo ¢epMeHTa.

B MUTOXOHZpUATBHON (PpaKIUU aKTHBHOCTb
JI/IT' B mpsAAMO¥ peaKIMU COCTaBWJIA 720.7 + 44.3
HMOJIb/MUH Ha 1 MT OeJIKa, YTO JIOCTOBEPHO BBIIIIE
10 CPaBHEHHIO C KOHTPOJILHOH IPYIIION B 1.7 pasa; B
obpaTHO# — 1135.0 + 80.6 HMOJIb/MUH Ha 1 MT GeJI-
Ka, YTO TaK:Ke JIOCTOBEPHO BHIIIIE TAHHBIX KOHTPOJIb-
HOU TPyYIIBI B 2.2 pasa (tabi. 1). B muromiazmaru-
YecKoU (ppaKI[UU KJIETOK IMeYeHH aKTUBHOCTDH (pep-

ductase, EC 1.1.1.27) in these fractions was deter-
mined using the Kochetov method [11] on a Power-
Wave XS microspectrophotometer (USA).

Statistical processing of the results was carried
out using the Student’s t-test and the Primer of Bio-
statistics software [12].

RESULTS AND DISCUSSION

The study of LDH activity in the mitochondrial
and cytoplasmic fractions of rat liver cells showed
that the intraperitoneal administration of ethanol
to animals at a dose of 4.5 g/kg led mainly to an
increase in this enzyme’s activity.

In the mitochondrial fraction, the LDH activity
in the direct reaction was 720.7 + 44.3 nmol/min
per 1 mg of protein, which is significantly higher
than in the control group by 1.7 times; in the reverse
reaction — 1135.0 + 80.6 nmol/min per 1 mg of pro-
tein, which is also significantly higher than the data
obtained in the control group by 2.2 times (Table 1).
In the cytoplasmic fraction of liver cells, the en-
zyme activityinthe directreaction was 1330.0 + 51.2
nmol/min per 1 mg of protein, which is significantly
higher than in the control group by 1.9 times. In the
reverse reaction, the activity of lactate dehydroge-
nase decreased and amounted to 800.9 + 58.2

Ta6uuma 1. AkruHocTh JI/IT (HMOJIB/MUH Ha 1 MT O€JIKa) B MUTOXOH/APHUAIBLHOHN (PPAKIIUU KJIETOK MeYEeHU KPbIC IIPU
BBeJIEHUU TrenaprHa, 3TaHOJIa, IPOTaMUH CyJIbdaTa | MIPU UX COBMECTHOM /IeHCTBUH

Table 1. LDH activity (nmol/min per 1 mg of protein) in the mitochondrial fraction of rat liver cells with the administration
of heparin, ethanol, protamine sulfate and in their combined action

I'pynma / Group

IIpamas peaknusa
Direct reaction

O6parHas peakIus
Reverse reaction

KouTtposbhas (MHTaKTHBIE :KUBOTHBIE) / Control (intact animals)

Tenapus (250 ME/kr) / Heparin (250 1U/kg)
Jranox (4.5 r/kr) / Ethanol (4.5 g/kg)

Tenmapun — sTanos / Heparin — Ethanol

IIporamus cysbdar (10 mr/kr) / Protamine sulfate (10 mg/kg)
IIpotamun cynbdar — remaput / Protamine sulfate — Heparin
IIporamuH cynbdar — atanosa / Protamine sulfate — Ethanol

IIporamuH cynbdar — remapu — 3TaHoi / Protamine sulfate —

Heparin — Ethanol

418.1 £ 24.5 500.4 + 22.9
374.0 £ 25.6 519.9 £+ 20.3
720.7 £+ 44.3* 1135.0 + 80.6*
622.2 + 43.6*° 1352.0 + 54.3%™*
399.9 £ 15.1 532.5 + 24.5
381.8 £ 19.7 520.2 + 14.8
523.0 £ 24.6%* 617.6 £ 44.2*

670.6 + 37.1*" 1758.0 £ 69.9*"#

IIpumeuanue. Pasauuua Mexay caeAylOIIMME IPYIIaMU CTATUCTUYECKH 3HAYNMBI:

* OWIMYKe OT KOHTPOJIbHOH rpynmsl (p < 0.05);
° omnuue ot rpynisl «lenapun» (p < 0.05);
+ OTJIMYKE OT TPYIIIBI «ITaHo» (P < 0.05);

~ ornuue ot rpynisl «IIporamuH cysbdaT — 3TaHoI» (P < 0.05);

# ominaue oT rpynnsl «erapud — staHon» (p < 0.05).

Note. The differences between the following groups are statistically significant:

* difference from the control group (p < 0.05);
° difference from the Heparin group (p < 0.05);
+ difference from the Ethanol group (p < 0.05);

~ difference from the Protamine sulfate — Ethanol group (p < 0.05);

# difference from the Heparin — Ethanol group (p < 0.05).
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MEHTa B TPAMOHM peakIuH cocTaBmwiaa 1330.0 +
+ 51.2 HMOJIb/MHH Ha 1 MT 0€JIKa, 4TO JIOCTOBEPHO
BBIIIIE [10 CPABHEHUIO € TPYIIION KOHTPOJIA B 1.9 pasa.
B 0OpaTHO# peaklnuy aKTHBHOCTD JIAKTAT/IETHU/IPO-
reHa3pl yMeHBIIWJIAch U cocTaBwiaa 800.9 =+
+ 58.2 HMOJIB/MUH Ha 1 MT 0€eJIKa, YTO IOCTOBEPHO
HIDKE JTaHHBIX KOHTPOJIBHOU TPYIIBI B 1.2 pasa
(Tabu. 2).

BBenieHre JKHMBOTHBIM 5TaHOJIA B JI03€ 4.5 T/KT
IIpU [Ipe/IBapUTEIbHOM BBEIEHUU TellapyHa B J103€
250 ME/Kr npuBoZuIo K COXpaHeHHI0 OoJiee BhICO-
KHUX 3HaUYeHUH JIaKTaTAernporeHa3HoN aKTHBHOCTH
B MUTOXOHJIDHAJBHOH U IIUTOIUIA3MAaTUYECKOU
(ppakuaX KJIETOK IeYeHU KpPBIC IO CPAaBHEHUIO C
KOHTPOJIbHOH rpynmoil. Tak, B MUTOXOHPUAJIBHON
¢paknuu nokazarens aktuBHOCTH JI/II' B mpsamMoi
PEeaKIuu COCTaBWII 622.2 + 43.6 HMOJIb/MHH Ha 1 MT
0eJika, YTO JOCTOBEPHO BBIIIE TI0 CPABHEHUIO C IIO-
Ka3aTeJIsIMU TPYIIbI KOHTPOJIA B 1.5 pasa; B o6par-
HOM peaknuu — 1352.0 + 54.3 HMOJIb/MHH Ha 1 MT
6eJyika, YTO TaKXKe JIOCTOBEPHO BBIIIE /IAHHBIX KOH-
TPOJIBHOH IPyHIbI B 2.7 pasda (cM. Tabi. 1). B muro-
IUTa3MaTUYeCKON (ppaknuy KJIeTOK IeYeHU aKTUB-
Hocth JI/II' B IpAMOY peakmuu cocTaBwia 1210.0 +
+ 51.3 HMOJIb/MHH Ha 1 MT 0GeJIKa, YTO JOCTOBEPHO
BBIIIIE TIOKa3aTeJiell KOHTPOJIA B 1.7 pasa. JlocToBep-
HBIX OTJIMYUH TI0 JIAKTATAETU/IPOTeHa3HON aKTUBHO-

nmol/min per 1 mg of protein, which is significantly
lower than the data of the control group by 1.2 times
(Table 2).

Administration of ethanol to animals at a dose
of 4.5 g/kg with preliminary administration of hep-
arin at a dose of 250 IU/kg resulted in the preserva-
tion of higher values of lactate dehydrogenase ac-
tivity in the mitochondrial and cytoplasmic frac-
tions of rat liver cells compared to the control
group. Thus, in the mitochondrial fraction, the in-
dex of LDH activity in the direct reaction was
622.2 + 43.6 nmol/min per 1 mg of protein, which is
significantly higher than in the control group by
1.5 times; in the reverse reaction — 1352.0 + 54.3
nmol/min per 1 mg of protein, which is also signifi-
cantly higher than the data of the control group by
2.7 times (see Table 1). In the cytoplasmic fraction
of liver cells, the LDH activity in the direct reaction
was 1210.0 + 51.3 nmol/min per 1 mg of protein,
which is significantly higher than the control values
by 1.7 times. There were no significant differences
in lactate dehydrogenase activity in the reverse re-
action in the cytoplasmic fraction between the Hep-
arin — Ethanol group and the control group (see
Table 2).

Tao6uuna 2. AxktupHocTh JIIT' (HMOIb/MUH Ha 1 MT 6€JIKa) B IUTOILIA3MAaTUUECKOU (DPAKIIMHU KJIETOK IIEYeHU KPBIC MTPU
BBEJIEHUU relapyuHa, TaHOJIa, TPOTAMUH Cybdara 1 IPU UX COBMECTHOM JIeHCTBUM

Table 2. LDH activity (nmol/min per 1 mg of protein) in the cytoplasmic fraction of rat liver cells with the administration
of heparin, ethanol, protamine sulfate and in their combined action

I'pynna / Group

IIpsamas peaknua  O6paTHasA peaknusa

Direct reaction Reverse reaction
KoutposbHas (nHTaKkTHBIE kUBOTHBIE) / Control (intact animals) 692.3 + 39.2 975.2 + 55.3
Tenapun (250 ME/kr) / Heparin (250 IU/kg) 609.2 + 34.4 1029.0 + 20.5

dranoi (4.5 r/kr) / Ethanol (4.5 g/kg)

Tenapuu — stanos / Heparin — Ethanol

ITporamuH cysnbdar (10 mr/kr) / Protamine sulfate (10 mg/kg)
ITporamuH cysibdar — remapun / Protamine sulfate — Heparin
ITporamuH cynbdar — sta"os / Protamine sulfate — Ethanol

ITporamuH cysibdar — renapud — 3taHos / Protamine sulfate —

Heparin — Ethanol

1330.0 £ 51.2%
1210.0 + 51.3%°
618.2 £ 22.7
625.0 + 27.9
1391.0 + 65.1%
1213.0 £ 53.2%

800.9 + 58.2%
1090.0 + 53.6*
1039.0 + 35.0
1044.0 + 24.3
857.1 £ 58.2
310.1 £+ 24.1%"#

IIpumevanue. Paznuuusa Mexay caeyOIIMMY IPyIIIaMU CTAaTUCTUYECKU 3HAYHMBI:

* OTIMYKE OT KOHTPOJIBHOH Ipymnis! (p < 0.05);
° ortmuue ot rpymnsl «enapun» (p < 0.05);
+ OTJIMYME OT TPYIIBI «ATaHOI» (P < 0.05);

" omtnuue ot rpymmbl «[IpotamuH cysibdatr — 3TaHom» (p < 0.05);

# ominuue ot rpyninsl «enapus — ata"oi» (p < 0.05).

Note. The differences between the following groups are statistically significant:

* difference from the control group (p < 0.05);
¢ difference from the Heparin group (p < 0.05);
+ difference from the Ethanol group (p < 0.05);

~ difference from the Protamine sulfate — Ethanol group (p < 0.05);

# difference from the Heparin — Ethanol group (p < 0.05).
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CTH B OOpaTHOH peakIUH B ITUTOILUIA3MAaTHUYECKOU
¢paknuu mexay rpynnod «I'emapuH — 3TaHON» U
KOHTPOJIbHOI He 00Hapy»KeHo (cM. TabiI. 2).

Kpome Toro, mpesnBaputesbHOE BBEIEHUE KU-
BOTHBIM TernapuHa B o3e 250 ME/xr npuBoauio k
coxXpaHeHHUI0 OoJiee BHICOKUX 3HAUEHUN aKTUBHOCTH
JIAT B oOpaTHOU peaknyu B MUTOXOHAPUAIBHOU U
[UTOIIA3MATUYECKOH (DPAKIUAX KIIETOK IE€YEHU
KPpBbIC B TpyIIe «[emapuH — 3TaHOJI» TI0 CPAaBHEHHIO
¢ TPYIIIIOH, KOTOPOH BBOAWJICS ATaHOJ. B MUTOXOH-
JIpUaIbHON (paKIUU MoKasaresb aktupHOcTH JIJ[T
OBLT TOCTOBEPHO BBIIIIE JAHHBIX TPYIIIBI « DTAHOJI» B
1.2 pasa (cM. TabJI. 1), B IUTOIIa3MaTHUECKOH (ppak-
[IMH — JIOCTOBEPHO BBIIIIE JIAHHBIX TPYIITBI « DTAHOJI»
B 1.4 pasa (cm. Tabi1. 2).

CrerytouM 3TaroM UCCIIEIOBAHUH CTAJIO U3Y-
YeHHe POJIU SH/IOTEHHOTO TelapruHa B 3alllUTe Opra-
HHU3Ma OT HK30TE€HHOTO 3TaHOJa. [[J11 3TOT0 KphIcaM
BBOJIJICS STAHOJI Yepe3 10 MUH II0CJie BHYTPUOPIO-
ITMHHOTO BBEJIEHUS aHTAarOHHCTA relapyuHa — Ipo-
TaMUH cyJibdaTa B /103€ 10 MI/KT. BHyTpUOpIOIITHH-
HOe BBeZIEHHE KPbhICAM JTAHOJIA IIPU IIPEBAPUTEb-
HOM CBSI3BIBAaHUH YH/IOTEHHOTO rellaprHa IPOTaMUH
cybGhaToOM MPUBOAWIO K CHUKEHUIO JIAKTAT/IErH-
JIPOTEHA3HOM AaKTUBHOCTH B MHUTOXOH/IPUAIBHOU
(pakyu KIETOK IeYeHu 0 CPAaBHEHUIO C TPYIIIION
«3rtanoin». Tak, B 9TOH IpyIIe akTUBHOCTD (pepMeH-
Ta B IIPSIMOU PEaKIIUH COCTaBUIa 523.0 + 24.6 HMOJIb/
MHH Ha 1 Mr 6eJIKa, 4TO JIOCTOBEPHO HUKE JAHHBIX
TPYIIbl «JTAaHOJI» B 1.4 pa3a; B OOpaTHOH peak-
mmu — 617.6 £ 44.2 HMOJIb/MHUH Ha 1 MT 0€JIKa, 4TO
TaK?Ke JIOCTOBEPHO HIDKE 110 CPABHEHUIO C TPYIIION
«3drtaHos» B 1.8 pasa (cm. TabJ1. 1). /IOCTOBEPHBIX OT-
JINYUH 10 aKTUBHOCTU (PePMEHTA B I[UTOIIA3MATH-
yecKoU (ppakiuu MexJIy TpymnmnaMu «JTaHOI» U
«IIpoTamuH cynbdar — BTaHOI» OOHAPY:KEHO He
65110 (M. TabI. 2).

Kpome TOrO, BBEZIEHHME KpbICAM 3TAHOJIA IIPHU
JIEICTBUU MPOTAMUH CyJIb(daTa IPUBOIUIIO K ITOBBI-
mennio aktuBHOcTU JIJII' B MHUTOXOHAPHATBHOU U
[ATOIIa3MATUUECKON (DPAKIUSIX KIIETOK ITEYEHH T10
CPaBHEHHUIO C TPYTIION KOHTPOJIA. B MUTOXOHTpHAB-
HOH (bpaKIyy aKTUBHOCTD (hepMeHTa B IPSIMOH peak-
¥ ObLIA JJOCTOBEPHO BBIIIIE JAHHBIX KOHTPOJIHHOU
TPYIIIBI B 1.3 pa3a; B 00paTHOU peakIuy — B 1.2 pa3a
(cM. Tabu1. 1). B muTOIIa3MaTHYECKOH (hpaKIUU Kile-
TOK Tle4eHU akTHBHOCTH JI/I' B mpsAMON peaknuu
ObLyIa IOCTOBEPHO BBIIIE [0 CPABHEHHIO C TPYIIION
KOHTpOJISA B 2 pasa (cum. TabJr. 2).

JlaIbHEeHIINN 3Tall NCCIEe0BAHNI BKJIIOUAT SKC-
MEPUMEHT, TIPU KOTOPOM KpPBICAM IPEIBAPUTETHHO
BHYTPUOPIOIIMHHO BBOJAWJICA MPOTAMHUH CyIb(aT B
JIo3e 10 MI/KT, 3aTeM Uepe3 10 MUH TaKKe BHYTPUOPIO-
IIIUHHO — TemapuH B 03e 250 ME/KT, a elie yepes

In addition, preliminary administration of
heparin to animals at a dose of 250 IU/kg led to
the preservation of higher values of LDH activity
in the reverse reaction in the mitochondrial and
cytoplasmic fractions of rat liver cells in the Hepa-
rin — Ethanol group compared to the Ethanol
group. In the mitochondrial fraction, the LDH ac-
tivity index was significantly higher than the data
of the Ethanol group by 1.2 times (see Table 1), in
the cytoplasmic fraction — significantly higher
than the data of the Ethanol group by 1.4 times
(see Table 2).

The next stage of research was the study of the
endogenous heparin role in protecting the body
from exogenous ethanol. For this purpose, the rats
were injected with ethanol 10 min after the intra-
peritoneal injection of the heparin antagonist —
protamine sulfate at a dose of 10 mg/kg. Intraperi-
toneal administration of ethanol to rats with pre-
liminary binding of endogenous heparin to prot-
amine sulfate led to a decrease in lactate dehydro-
genase activity in the mitochondrial fraction of liver
cells compared to the Ethanol group. Thus, in this
group, the enzyme activity in the direct reaction
was 523.0 + 24.6 nmol/min per 1 mg of protein,
which is 1.4 times lower than in the Ethanol group;
in the reverse reaction — 617.6 + 44.2 nmol/min per
1 mg of protein, which is also significantly lower in
comparison with the Ethanol group by 1.8 times
(see Table 1). There were no significant differences
in enzyme activity in the cytoplasmic fraction be-
tween the Ethanol and Protamine sulfate — Etha-
nol groups (see Table 2).

In addition, the administration of ethanol to
rats under the action of protamine sulfate led to an
increase in LDH activity in the mitochondrial and
cytoplasmic fractions of liver cells compared to the
control group. In the mitochondrial fraction, the
enzyme activity in the direct reaction was signifi-
cantly higher than that of the control group by
1.3 times; in the reverse reaction — by 1.2 times (see
Table 1). In the cytoplasmic fraction of liver cells,
the LDH activity in the direct reaction was signifi-
cantly higher than in the control group by 2 times
(see Table 2).

The next stage of the study included an experi-
ment in which rats were preliminarily intraperito-
neally injected with protamine sulfate at a dose of
10 mg/kg, then after 10 min also intraperitoneal-
ly — heparin at a dose of 250 IU/kg, and after an-
other 10 min — ethanol at a dose of 4.5 mg/kg. The
assessment of lactate dehydrogenase activity in this
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10 MUH — 3TaHOJI B I03€ 4.5 MT/Kr. OTnpesiesieHue JIak-
TaT/IErH/IPOTeHa3HON aKTUBHOCTH B JIAHHON CEPUH T10-
Kazajio, 9YTO OHA B MUTOXOH[PUAJILHOU (DPAKITUH KJTe-
TOK TIeueHH ObLIa BBIIIE, a B [IUTOILIA3MATUIECKON —
HIDKE 10 CPaBHEHHIO ¢ Tpynmnod «IIporamMuH cyib-
¢ar — sTaHONI». B MUTOXOHAPUAIBHON (PpaKIUU aK-
TUBHOCTb (hepMEHTa B IPSMON PEAKIMH COCTABHJIA
670.6 £ 37.1 HMOJIb/MHH Ha 1 MT GeJIKa, YTO I0CTOBEP-
HO BBIIIIE TI0 CPABHEHUIO C TPyIIon «[IpotaMuH cysib-
dar — sTaHON» B 1.3 pasa; B 0OpaTHOU peaKIu —
1758.0 + 69.9 HMOJIbB/MUH Ha 1 MT OeJIKa, UTO TaK:Ke
JTOCTOBEPHO BBIIIIE JAHHBIX IPYIIbI «[I[poTaMuH Cyib-
dat — sraHoI» B 2.8 pasa (cM. Tabu1. 1). B nuroruiazma-
TUYECKOU (DPAKIMH KJIETOK M€YeHN aKTUBHOCTD (ep-
MeHTa B MpsSAMOU peakIuyd CcocTaBWaa 1213.0 =+
+ 53.2 HMOJIb/MHUH Ha 1 MTI' OeJIKa, YTO JIOCTOBEPHO
HIDKE TI0 CpPaBHEHHIO ¢ Tpynmnod «IIporamuH cyiib-
daT — sTaHO» B 1.1 pasza; B 0OpaTHOH peaKIuu —
319.1£24.1 HMOJIb/MHH Ha 1 MT 06€JIKa, YTO JIOCTOBEPHO
HIDKE JAHHBIX Tpymmbl «IIpotaMuH cyiabbaT — 3Ta-
HOJI» B 2.7 paza (cMm. Tab1. 2).

HocroBepHble oTianuusa aktuBHoctu JIJAI' B
rpyrie «IIporamuH cyiabdaT — rermapuH — 3TaHO»
OT TPYIIIBI «DTAaHOJI» HAOJIIOIATHUCh TOJIBKO B 0OpaT-
HOU peaknuy B CyOKJIETOUHBIX (BpaKIUAX. B MuTo-
XOH/IPHAJIBHOU (paKIMu aKTUBHOCTH (epMeHTa
OblIa JIOCTOBEPHO BHINIE B 1.5 pasa (cM. Tabi. 1), B
[IUTOIIA3MATHYECKONU — JIOCTOBEPHO HUKE JAHHBIX
TPYIIBI «DTaHOJ» B 2.5 pa3a (cM. TabJL. 2).

[IpenBapuTeibHOE BBEIEHHE TellapuHa U MPO-
TaMUH cyJibdaTa B HAIIUX OIBbITaX ¢ 3TAHOJIOM JIO-
CTOBEPHO M3MEHAJI0 akKTUBHOCTH JI/II' B MUTOXOH-
JIPUAJIPHON U IIUTOILJIA3MaTHIECKOU (DPAKITUIX KTe-
TOK IIeYeHH KPbIC. B CBSA3U ¢ 3THUM BO3HUKAET BOIIPOC:
He MOTYT JIM TellapuH U MPOTaMUH CyJabdaT caMmo-
CTOSITEJTHHO OKa3bIBaTh BJIUSIHUE Ha aKTUBHOCTH HC-
caenyeMbIX (pepmeHTOB? /{15 OTBEeTa HA IAHHBIN BO-
Ipoc HaMu OBLIO TPOBEIEHO UCCIIe0BaHEe hepMeH-
TaTUBHOW aKTUBHOCTH B MUTOXOH/IPUATIFHOU U IU-
TOILJIA3MATUYECKON (DPAKIUAX KJIETOK MEYEeHU JIBYX
TPYIII KPbIC, OTHON M3 KOTOPHIX BBOJWJIN rellapUH B
nose 250 ME/kr, a apyroit — nmporamuH cyiabdar B
Jto3e 10 Mr/Kr. JIocTOBEpHBIX U3MEHEHUN aKTUBHO-
cTu JIAKTAT/IETHAPOreHa3bl He BBISBJIEHO
(cMm. Tabi. 1, 2).

HcenenoBanue BIUSHUS STaHOJA, TelapuHa U
MpoTaMuH cysibdara HA U3MEHEHHE AaKTHBHOCTH
JI/IT' B MUTOXOHAPUATBHOUA M IIUTOTLJIA3MaTUIECKON
(pakIusIX KJIETOK IMEeYEeHH KPBIC BBISIBIJIO CJIEAYIO-
e 3aKOHOMEPHOCTH PETrYJIATOPHOTO JEHCTBUSA
JIAaHHBIX BellecTB. I'emapuH, MpOoTaMUH cyabdar, a
TaK:Ke COBMECTHOE MX BBEJIEHIE He BHI3bIBAIN U3Me-
HeHUU akTuBHOCTH JI/I[' B MUTOXOH/IpUATLHON U ITH-
TOILUTa3MATHUUECKOU (QPPAKITUSIX KIETOK ITEUeHU.

series showed that it was higher in the mitochon-
drial fraction of liver cells, and lower in the cyto-
plasmic fraction compared to the Protamine sul-
fate — Ethanol group. In the mitochondrial frac-
tion, the enzyme activity in the direct reaction was
670.6 + 37.1 nmol/min per 1 mg of protein, which is
significantly higher than in the Protamine sul-
fate — Ethanol group by 1.3 times; in the reverse
reaction — 1758.0 + 69.9 nmol/min per 1 mg of pro-
tein, which is also significantly higher than in the
Protamine sulfate — Ethanol group by 2.8 times
(see Table 1). In the cytoplasmic fraction of liver
cells, the enzyme activity in the direct reaction was
1213.0 £ 53.2 nmol/min per 1 mg of protein, which
is significantly lower than in the Protamine sul-
fate — Ethanol group by 1.1 times; in the reverse
reaction — 319.1 + 24.1 nmol/min per 1 mg of pro-
tein, which is significantly lower than in the Prot-
amine sulfate — Ethanol group by 2.7 times (see
Table 2).

Significant differences in LDH activity in the
Protamine sulfate — Heparin — Ethanol group
from the Ethanol group were observed only in the
reverse reaction in subcellular fractions. In the mi-
tochondrial fraction, the enzyme activity was sig-
nificantly higher by 1.5 times (see Table 1), in the
cytoplasmic fraction, it was significantly lower than
the data of the Ethanol group by 2.5 times (see
Table 2).

Prior administration of heparin and protamine
sulfate in our experiments with ethanol significant-
ly changed the LDH activity in the mitochondrial
and cytoplasmic fractions of rat liver cells. This
raises the question: can heparin and protamine
sulfate independently affect the activity of the stud-
ied enzymes? To answer this question, we evaluated
the enzymatic activity in the mitochondrial and cy-
toplasmic fractions of liver cells of two groups of
rats, one of which was injected with heparin at a
dose of 250 IU/kg, and the other — protamine sul-
fate at a dose of 10 mg/kg. No significant changes in
the activity of lactate dehydrogenase were found
(see Tables 1, 2).

The study of the effect of ethanol, heparin, and
protamine sulfate on the LDH activity level in the
mitochondrial and cytoplasmic fractions of rat liv-
er cells revealed the following patterns of the regu-
latory action of these substances. Heparin, prot-
amine sulfate, and their combined administration
did not cause changes in the LDH activity in the
mitochondrial and cytoplasmic fractions of liver
cells.
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Hawubosiee cribHBlE W3MEHEHUS AaKTUBHOCTU
JIAT B npsAMOU peakyuu B MHTOXOHIPHUAIBHOU
dpaxiuu HabTIOKATICH TPU BBEZEHUHU STAHOJIA U CO-
BMECTHOM JIEHICTBUH IIPOTAMUH CyJIbdaTa, rermapuHa
1 5TaHOJIA: B 3TOM CJIyyae OHA Bo3pacTasa IIo cpaBHe-
HUIO C TPYIIION KOHTPOJIA B 1.7 U 1.6 pa3a coOTBeT-
CTBEHHO. B 06paTHOU peakIuu akKTUBHOCTb (hepMeH-
Ta HanboJsiee CHJIBHO M3MEHSJIACH IIPU COBMECTHOM
JlelCTBUM IIPOTAMUH cyJibdara, rerapruHa U 9TaHOJIA:
B BTOM CJIydae ee II0Ka3aTesIl BO3PacTaId B 3.5 pas3a
10 CPAaBHEHUIO C KOHTPOJIBHOH IPyIIno (cM. Tabur. 1).

Takke W3MEHSITUCh IIOKA3aTeJIM AKTUBHOCTH
JIAT B muToIIa3MaTudecKol (Qpakiuu KIETOK Iie-
YeHU TOJ] AeficTBUeM 3TaHOJA, TellapuHa U IIpoTa-
MuH cyiabdara. Haubospiiine n3meHeHUs aKTHBHO-
ctu depMeHTa B IPAMON peaknuu HabJII0AINCh
[P COBMECTHOM BBE/IEHUH IIPOTaMUH cysabdara u
STaHOJIAa — OHA BO3pacTaja B 2 pa3a; B 00paTHOH pe-
aknuu aktuBHOCTD JI/IT' cHM>Kaach B 3 pasa Ipu co-
BMECTHOM JIeHiCTBUY IPOTaMUH cyJibdaTa, remapuHa
u sTaHos1a (cM. TabJr. 2).

Takum o6pa3oM, 5TaHOJI, TeaPUH U IIPOTAMIH
cysbdar, a TakKe COBMECTHOE UX BBEJIEHHE CIIOCO0-
HO peryJimpoBaTh akTUBHOCTH JI/II' B MUTOXOHIpU-
JIPHOU U IUTOIIA3MAaTHIECKOU (PaKIUAX KIIETOK
IleYeH! KPBIC.

Kak n3BecTHO, OKHCIIEHHE STAHOJIA OCYIIECTBIIS-
eTCs IPENMYIIEeCTBEHHO B [T€UEHU, I7Ie MeTab0Iu3u-
pyeTcs 710 95 % BBEIEHHOTO B OPTaHU3M aJIKOTOJIA,
YTO MPUBOJIUT K U3MEHEHUSIM B (hePMEHTHBIX CHCTe-
Max 3Toro oprasa [13]. [Touck BelecTs, B TOM YUCIe
U 5HJIOT€HHOH IIPUPOIBI, CIIOCOOHBIX HUBEJINPOBATH
TOKCHUecKHe 3 PEKTHI OOJIBIIIX 103 dTAHOJIA, SBJIS-
eTCsI OJTHUM U3 BaXKHBIX HATIPABJIEHUHN B HAPKOJIOTHH
[14]. OtHUM 13 BO3MOXKHBIX KaH/IUIATOB HA 3Ty POJIb
sipyisiercs rermapuH. OH 00J1aflaeT IMIUPOKUM CITEK-
TPOM JIEUCTBUSA (B TOM YHCJIE CBSA3bIBAET U MHAKTHU-
BUPYET TOKCHUHBI) U UTPAET HEMAJIOBAXKHYIO POJIb B
MO/I/Iep;KaHu Y TOMEOCTa3a OpraHuama [15].

BBeneHue 60IBIIOTO KOJIMYECTBA STAHOJIA BBI-
3bIBaeT 3aIlyCK CTPECCOPHON peakmuu [16], KOTO-
pas CONMPOBOXKAAETCS YBEJIMUEeHUEM BBICBOOONK/IE-
HUSA renapuHa U3 TYYHBIX KJIeTOK. VHAeKe ux Ha-
CBIIIEHHU TellapUHOM CHUXKAeTcs B 4 pasa; Mpouc-
XOJAT U3MEHEHUs] B MUKPOUUPKYJISAINNA BHYTPEH-
HHUX OPTaHoB [17].

Hccnenosanue aktuBHOCTH JIJII' B MUTOXOHZpU-
QIPHOU W THTOIUIA3MATHYECKON (DPAKIUAX KIIETOK
[IeYeHN Y MHTAKTHBIX >KUBOTHBIX ITOKA3aJI0, UTO B JIAH-
HBIX (PpaKIMAX CKOPOCTH OOPATHOH peakIiy pepMeH-
Ta BBIIIIE CKOPOCTU MPSIMOM PEAKIIUU, T. €. CKOPOCTh
00pas3oBaHMUS MUPYBATA BBIIIIE CKOPOCTH OOPA30BaHUs
J1akTara. JIakTaT Kak UCTOYHMK ITUpyBaTa BaXKeH IpU
HOPMAJILHOU JKU3HEAEATEeIbHOCTH OpraHuaMa. Ero

The strongest changes in LDH activity in the
direct reaction in the mitochondrial fraction was
observed with the administration of ethanol and
the combined action of protamine sulfate, hepa-
rin, and ethanol: in this case, it increased in com-
parison with the control group by 1.7 and 1.6 times
respectively. In the reverse reaction, the activity
of the enzyme changed most strongly when prot-
amine sulfate, heparin, and ethanol were com-
bined: in this case, its parameters increased by
3.5 times compared to the control group (see
Table 1).

Parameters of LDH activity in the cytoplas-
mic fraction of liver cells also changed under the
influence of ethanol, heparin, and protamine sul-
fate. The greatest changes in the activity of the en-
zyme in the direct reaction were observed with the
combined action of protamine sulfate and etha-
nol — it increased by 2 times; in the reverse reac-
tion, the LDH activity decreased by 3 times under
the combined action of the above substances (see
Table 2).

Thus, ethanol, heparin, and protamine sulfate,
as well as their combination, are able to regulate
the LDH activity in the mitochondrial and cyto-
plasmic fractions of rat liver cells.

It is known that ethanol is oxidized mainly in
the liver, where up to 95% of alcohol introduced into
the body is metabolized, which leads to changes in
the enzyme systems of this organ [13]. The search for
substances, including those of an endogenous na-
ture, that can neutralize the toxic effects of high dos-
es of ethanol, is one of the important directions in
narcology [14]. One possible candidate for this role is
heparin. It has a wide spectrum of action (including
binding and inactivating toxins) and plays an impor-
tant role in maintaining the body’s homeostasis [15].

Large amount of ethanol triggers a stress re-
sponse [16] which is accompanied by an increase in
the release of heparin from mast cells. The index of
their saturation with heparin decreases by 4 times;
changes in the microcirculation of internal organs
ensue [17].

The study of LDH activity in the mitochondrial
and cytoplasmic fractions of liver cells in intact an-
imals showed that in these fractions the enzymatic
reverse reaction rate is higher than the direct reac-
tion rate, i.e., the rate of pyruvate formation is high-
er than the rate of lactate formation. Lactate, as a
source of pyruvate, is important for the normal
functioning of the body. Its conversion to pyruvate
and further use of the latter is a way of lactate uti-
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IIpeBpaleHNe B IUPYBaT U JAJIbHEHIIIee HCII0Ib30Ba-
HUE TIOCJIEJTHETO SBJIAIOTCA CIIOCOOOM YTHJIU3ALUN
JlakTaTta. B meueHs uepe3 KpOBb JIAKTAT MOCTYIIAET U3
KJIETOK C IMpeobsIaaroIuM aHa3pOOHBIM CITIOCOO0M
KaTaboM3Ma TUIIOKO3bl (HAIpUMEp, SPUTPOIUTOB)
WIN WHTEHCUBHO PA0OTAIOIIMX MBIIII. B meueHn B
XOJle JIAKTAT/IETUAPOTEHA3HON PeaKIny U3 JIaKTaTa
obpasyeTcsi IUPyBaT, KOTOPBIA 3aTeM BKJIIOUAETCH B
IJIIOKOHEOTeHe3, a 00pa30BaBIIasics IJTIOKO3a MOCTY-
maer B KpoBb. YacTh mmpyBara, 0Opa30BaHHOTO U3
JlaKTara, okucisercs nedenbro 10 CO, u H O [4].

B Hamem ucciieZJoBaHUY BBeJIEHUE STAHOJIA BbI-
3bIBAJI0O B ITUTOIUIA3MATUYECKON (pakuuu pe3Koe
yBesnueHne aktuBHocTy JI/IT' B IpAMON peaknuu u
ee CHIDKEHUIO B 0OpPaTHOM, UTO CBHU/IETEILCTBYET O
CMEIIeHIN PAaBHOBECHS B CTOPOHY 00pa30BaAHUA JIAK-
Tara. JTAHOJ yTHETAeT IVIIOKOHEOTeHe3 B IeUeHU
[18]. OToT 3(pdeKT cBsIZaH CO CMEHOH OKUCTUTETHHO-
BOCCTAaHOBUTEJIBHBIX ITPOIIECCOB, BO3PACTAHUEM CO-
ornomenuit HA/TH/HAJI u stakTaT/nupysar.

Wcxops u3 TaHHBIX, TOJIyYeHHBIX HAMU B DKCIIE-
PUMEeHTaX U IPEeZCTAaBJIEHHBIX B JIUTEPATYPE, MOKHO
COCTaBUTD CJIEIYIOMIYIO TUIIOTETHYECKYIO CXeMY JieH-
CTBUISI HK30T€HHOTO 9TaHOoJIA B opranu3me. OCHOBHAs
€r0 YacTh OKHCJISETCS B IEYEHU JI0 alleTasIb/IeTH/Ia,
KOTOPBIH BIIOCJIEICTBUYU OKHCIIUTCSA JI0 alleTaTra U Ha-
mpaBuTcs B Uk Kpebca. AKTUBHOE OKHCIEHHe 9Ta-
HOJIa TIPUBOJIUT K yBeJIMUeHHIo oTHomrennss HAJTH/
HAJI, uto 3aMe/jifieT peakluio OKUCJIEHUs JIAaKTaTa,
VBEJIMUMBAETCSI COOTHOIIIEHUE JIAKTAT/IUPYBAT U
CHIDKAETCST CKOPOCTh TJTIOKOHEOTeHe3a. B KpoBu BO3-
pacTaeT KOHIIEHTpAIys JIAKTATa, 5TO IPUBOJIUT K JIAK-
Toaruzo3y [18]. HapyireHue cTpyKTypbl MeMOpaH
MHUTOXOH/IPHH, BRI3BAHHOE MEMOPAHOTPOITHBIM JIEH-
CTBHEM STHJIOBOTO CIIMPTA U IOBPEXK/IAIOIIUM Jiei-
CTBHIEM alleTaIbJIeTHIa HA MeMOpAaHbI, TPUBOJUT K
CHIDKEHUIO KOJIMYECTBA MEMOPAHOCBA3AHHBIX (HOPM
(epMeHTOB, B pe3ysibTaTe Yero MOBBINIAETCA UX aK-
TUBHOCTb, a 3(PHEKTUBHOCTb pabOTHI CHIKAETCsA [19].

B MUTOXOHJIpHATLHON M ITUTOILIa3MATHIECKOUN
dpakuax aktuBHOCTD JI/IT' B IpsAAMOM peakIiuu CHU-
JKaJ1ach, a B 00paTHOM — yBeJIMUUBAIAChH, UTO CBHU/IE-
TEJILCTBYET O CHIIKEHUU COOTHOIIEHHUS JIAKTAT/IIH-
pyBaT U IPEUMYIIIECTBEHHOM CMeIlleHUH DAaBHOBECH S
(epMeHTaTUBHOU PEaAKIUU B CTOPOHY 00pa30BaHUS
[IUpyBaTa, T. €. B CTOPOHY YCHUJIEHUS a3pPOOHOTO TJIH-
KOJIN3a, TOCKOJIbKY IOHMKEHWEe aKTUBHOCTU dep-
MEHTa MPUBOAUT K YCWJIEHHIO JIBIXaHUS MHUTOXOH-
JIpui [20]. BuauMo, 3TO CBS3aHO €O CITIOCOOHOCTHIO
rernapuHa o6pa3oBbIBaTh KOMILJIEKCHI ¢ (hepMeHTaMU
U PEeryJIATOPHBIMU COEAMHEHUSMU, a TaKXKe CTabu-
JINBUPOBATh MEMOpPaHbl MUTOXOHJIpUH [21, 22].

3amuTHAas posib TellapuHa MPO/IeMOHCTPUPOBA-
Ha B OIBITAX C POTAMUH CYJIbMATOM Kak Haubosee

lizing. Lactate enters the liver through the blood
from cells with a predominantly anaerobic way of
glucose catabolism (e.g. erythrocytes) or intensely
working muscles. In the liver, during the lactate de-
hydrogenase reaction pyruvate is formed from lac-
tate and is then included in gluconeogenesis, while
the resulting glucose enters the blood. Part of the
pyruvate formed from lactate is oxidized by the liv-
er to CO, and H,0 [4].

In our study, in the cytoplasmic fraction the in-
troduction of ethanol caused a sharp increase in
LDH activity in the direct reaction and its decrease
in the reverse, which indicates a shift in equilibri-
um towards the formation of lactate. Ethanol sup-
presses gluconeogenesis in the liver [18]. This effect
is associated with a shift in oxidation-reduction
processes, and increase in the NADH/NAD and lac-
tate/pyruvate ratios.

Based on the data obtained by us in experi-
ments and presented in the literature, it is possible
to draw up the following hypothetical scheme for
the action of exogenous ethanol in the body. Most
of it is oxidized in the liver to acetaldehyde which is
subsequently oxidized to acetate and directed to
the Krebs cycle. The active oxidation of ethanol
leads to an increase in the NADH/NAD ratio, which
slows down the lactate oxidation reaction, the lac-
tate/pyruvate ratio increases, and the rate of gluco-
neogenesis decreases. The concentration of lactate
in the blood increases, which leads to lactic acido-
sis [18]. Damage to the mitochondrial membranes
structure caused by membranotropic effect of ethyl
alcohol and damaging effect of acetaldehyde leads
to a decrease in the number of membrane-bound
forms of enzymes, as a result activity of the latter
rises, while the efficiency of their work de-
creases [19].

In the mitochondrial and cytoplasmic frac-
tions, the LDH activity in the direct reaction de-
creased, and in the reverse reaction increased,
which indicates an elevated lactate/pyruvate ratio
and a predominant shift in the equilibrium of the
enzymatic reaction towards the formation of py-
ruvate, i.e., towards an aerobic glycolysis, since
the decrease in activity enzyme leads to up-regu-
lation of mitochondrial respiration [20]. Appar-
ently, this is due to the ability of heparin to form
complexes with enzymes and regulatory com-
pounds, as well as to stabilize mitochondrial
membranes [21, 22].

The protective role of heparin was demonstrat-
ed in experiments with protamine sulfate as it’s cur-
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pacupocTpaHeHHBIM B HACTOsAIIIee BPeMs ero aHTaro-
HHUCTOM. B OCHOBe MeXaHW3Ma aHTUTEIAPUHOBOTO
JIeUCTBHS OEJIKOB IIPOTAMHUHOB JIEKUT SIBJIEHUE KOM-
IJIeKCO0OPa30BaHMUs, TAK KaK IPOTAMUHBI ABJIAIOTCS
HOCHUTEJIAMU CBOOOZIHBIX aMUHOTPYIII, C KOTOPBIMU
cybGOTPYIIIBI TeapiuHa aKTUBHO B3aUMOJIEHCTBY-
ot [23]. [TokazaHo, YTO BHYTPUOPIOIIMHHOE BBEZE-
HUe IPOTaMUH CyJibdaTa B 103€ 10 MI'/KTI THAKTHUBU-
PYyeT SHIOTEHHBIN IrellapyH Y KphIC [15].
VHaKTHBaIMs SHIOTEHHOTO TellapUHA IIPOTAMUH
cysbdaToM BeZIET K U3MEHEHHAM B PaboTe ucciie/tye-
MBbIX (hePMEHTATUBHBIX CUCTEM. B MUTOXOHIPHATHHOM
dpakiuu akrusHOCTh JI/IT' Bo3pacrasa, OHAKO B TO-
pasio MeHbIIIEH CTENeHH, YeM B TPYIIIIE, KOTOPOM BBO-
nucst 9TaHos. CBA3BIBAaHUE SHIOTEHHOTO TelaprHa
IIPUBOZUT K TOMY, UTO aKTUBHOCTb ()epMEHTOB He MO-
>KeT BO3PACTH B CTEIIEHH, I0CTATOUHOM /7151 HUBEJINPO-
BaHUS TOKCUUECKUX 3(PDHEKTOB SK30T€HHOTO STAaHOJIA.
B nuromnazmarudeckoil ¢dpakuuu akTuBHOCTH JIAT
Pe3Ko Bo3pacTasia B IPsIMOU PeaKIIUU, UYTO CBUETETb-
cTByeT 00 aKTUBHOM OOpa3oBaHuM JIakTaTa. Takum 00-
pasoM, CBA3BIBAHME SHAOTEHHOTO TellaphHa IIpoTa-
MUH Cy/Ib(aTOM IMPUBOJUT K YCUJIEHUIO TOKCHUECKIX
5(pdeKTOB, BBHIZBBAHHBIX HHBEKIHEH OOJIBIION 1035
ataHoJa. [To-BuanMOMYy, TellapiH B HOPMaJIbHBIX (Pu-
3MOJIOTHYECKIX YCJIOBHUSX CIIOCOOEH BBITIOTHATH B Op-
TaHU3Me POJIb SH/IOTEHHOTO AHTU/I0TA TOKCUHOB.

3AKIIOYEHUNE

B pesysnpraTe NpPOBEZIEHHBIX SKCIEPUMEHTOB
IIOKa3aHO, YTO BHYTPUOPIOIIIMHHOE BBE/I€HIE DTAHO-
Jia B 7103€ 4.5 T/KT IPUBOJUT K MOBBIIIEHUIO aKTHUB-
HOCTH JIAKTAT/AETUAPOTeHA3bI KJIETOK IIEUeHH KPBIC B
MPSIMOU PEAKITUH B CYOKJIETOUHBIX (DpaKIusax. B mu-
TOIUTA3MaTHYECKOH (paknyuy aKTUBHOCTH JIAKTAT-
JIETUIPOTe€HAa3bl B OOPaTHOW pEaKIMH CHHIKAJIACH.
[TpenBapuTebHOE BBE/IEHNE JKUBOTHBIM rellapruHa B
nmo3e 250 ME/kr wactuuyHO TOpMO3UT 3(PHEKTHI BHY-
TPUOPIOMIMHHOTO BBEJIEHUS DTAHOJIA, UTO BBIpaXKa-
eTCs B CHIDKEHUU aKTHUBHOCTU JIAKTATAETUPOreHa-
3bI KJIETOK II€YEHH KPBIC B IPSAMOU pEaKIuH B CyO-
KJIETOUHBIX ¢paknuax. CBA3bIBaHUE 35HJIOT€HHOTO
remapuHa MPOTAaMHUH CyJIb(PaTOM U IOCIEIYIONee
BBeJIEHHE 9TAHOJIA IPUBOJIUT K YBEJTUUEHUIO aKTHB-
HOCTH JIAKTAT/IETHIPOTEHA3bI B MUTOXOHPUATIBHOMN
(paknum; KIETOK eueHu Kpbic. BBeeHne remapuna
B 7103e 250 ME/KT pu peBapuTeIbHOM CBS3bIBA-
HUM 3H/IOTEHHOT0 relapuHa IPOTaMUH Cy1bdaToM
YACTUYHO CHIDKAET TOKCUYecKui s dexT BHyTpHU-
OPIOIIIMHHOTO BBEJIEHUS 3TAHOJIA B JTO3€ 4.5 T/KT, UTO
BBIPAKAETCS B BO3PACTAHUU AKTUBHOCTH HCCIIEye-
MbIX (DEPMEHTOB B OOpPaTHON pPEaKIMU B MHUTOXOH-
JPUAJIBHON (PpaKIMM KJIETOK ITeYeHU KPBIC U CHU-
JKEHUU aKTHUBHOCTU JIAKTATAETHUpOreHassl B Ips-
MOU peakI[Uy B IUTOILIa3MaTUIEeCKOH (hpaKIiuu.

rently most widespread antagonist. The mechanism
of the anti heparin action of protamine proteins is
based on the phenomenon of complexation, since
protamines are carriers of free amino groups, with
which the sulfo groups of heparin actively interact
[23]. It has been shown that the intraperitoneal in-
jection of protamine sulfate at a dose of 10 mg/kg
inactivates endogenous heparin in rats [15].

Inactivation of endogenous heparin with pro-
tamine sulfate results in changes of the studied enzy-
matic systems functioning. In the mitochondrial frac-
tion, the LDH activity increased, however, to a much
lesser extent than in the Ethanol group. The binding
of endogenous heparin leads to the fact that the activ-
ity of enzymes cannot increase to an extent sufficient
to neutralize the toxic effects of exogenous ethanol. In
the cytoplasmic fraction, the LDH activity increased
sharply in direct reaction, which indicates active for-
mation of lactate. Thus, binding of endogenous hepa-
rin with protamine sulfate leads to an enhancement
in toxic effects caused by injection of a large dose of
ethanol. Apparently, under normal physiological con-
ditions, heparin is able to perform the role of an en-
dogenous antidote to toxins in the body.

CONCLUSION

As aresult of the experiments, it was shown that
the intraperitoneal administration of ethanol at a
dose of 4.5 g/kg leads to an increase in the activity of
lactate dehydrogenase in rat liver cells in a direct re-
action in subcellular fractions. In the cytoplasmic
fraction, the activity of lactate dehydrogenase in the
reverse reaction decreased. Preliminary administra-
tion of heparin to animals at a dose of 250 1U/kg
partially inhibits the effects of intraperitoneal ad-
ministration of ethanol, which is expressed in a de-
crease in the activity of lactate dehydrogenase in rat
liver cells in a direct reaction in subcellular frac-
tions. The binding of endogenous heparin to prot-
amine sulfate and the subsequent introduction of
ethanol leads to an increase in the activity of lactate
dehydrogenase in the mitochondrial fraction of rat
liver cells. The introduction of heparin at a dose of
250 1U/kg with preliminary binding of endogenous
heparin with protamine sulfate partially reduces the
toxic effect of intraperitoneal administration of etha-
nol at a dose of 4.5 g/kg, which is expressed in an
increase in the activity of the studied enzymes in the
reverse reaction in the mitochondrial fraction of rat
liver cells and a decrease in the activity of lactate de-
hydrogenase in direct reaction in the cytoplasmic
fraction.
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