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Annotation. Relevance. Assessment of liver damage and functional state is one of the leading tasks of clinical and laboratory
diagnostics. Traditionally used methods for determining the activity of a number of indicator enzymes in blood with relative
organ-specificity, such as aspartate aminotransferase, alanine aminotransferase, lactate dehydrogenase, sorbitol dehydrogenase,
alkaline phosphatase, and y-glutamyl transferase, have low specificity for liver diseases. In this regard, the determination of
the optimal marker of acute liver injury is an urgent problem. Aim. The purpose of the study is to determine the dynamics of
changes in liver damage markers in rats at different periods of reperfusion after 20 minutes of ischemia in order to select the
indicators that most informatively characterize the state of test-animals under conditions of correction of ischemia-reperfusion
syndrome. Materials and methods: the study was performed on 120 white nonlinear male rats weighing 200-250 grams. The
animals were divided into 8 groups of 15 test-animals; all of them were simulated liver ischemia by clamping the analog of the
hepatoduodenal ligament with a vascular clamp for 20 minutes. Then, blood was taken from different groups of rats at different
reperfusion times — 5, 15, 30, 60, 120, 180 minutes, 8 hours and a day. In the blood plasma of laboratory animals, the activity of
alanine aminotransferase (ALT), aspartate aminotransferase (AST), lactate dehydrogenase (LDH), glutathione transferase (GST),
and lactate concentration were determined. Results: the results obtained allowed us to characterize two main peaks of indicators:
a 5-minute period after restoration of blood flow —the maximum activity of glutathione transferase and lactate concentration,
increased by 3.9-4.7 times; 60—180 minutes of reperfusion is the peak of aminotransferase activity, a significant increase in the
activity of which begins 60 minutes after the restoration of blood flow and reaches its maximum by the 3rd hour of reperfusion,
and LDH, the peak of which is recorded already by the 60th minute of revascularization. At the same time, after 8 hours of
reperfusion, an obvious tendency for a decrease in all studied parameters was determined, which ends a day after modeling
ischemia with a decrease to the level of control values. Conclusion: the assessment of organ damage in the ischemic period
and the anti-ischemic effect of metabolic drugs can be carried out with the determination of an increase in lactate concentration
and glutathione transferase activity almost immediately after restoration of blood flow. The development of injuries during the
reperfusion period is more expedient to assess by determining AST, ALT and LDH after a 3-hour period of blood flow restoration,
at which time the maximum values of markers are recorded under the condition of 20-minute total liver ischemia.
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Bbi60p oNTUMaNIbHOro MapKepa OCTPOro NOBpPeXAeHUs NeYeHU
KpbIC B 3KCMEepUMeHTe

K.A. ITonos!, 1.FO. IIpiMoamok!, P.U. Cennameuiu’, U.M. BbIkoB’,
E.C. Ycrunosa', M.W. BuikoB!

! KybaHCKuii roCyjapCTBeHHbIN MeULIMHCKUE yHUBepcuTeT, KpacHomap, Poccuiickas ®enepariyist
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AnHoTanus. AkmyaabHocmb. OLleHKa MOBpeXk/jeHust U (yHKL{MOHaIbHOTO COCTOSIHYSI TIeUeH! sIB/ISIeTCST OFJHOM U3 BeZlyIINX
3a/lau KJIMHUKO-/1ab0paToOpHOM AUarHOCTUKY. TpaJULIMOHHO UCIIONb3yeMble MEeTOAbI OIIpeZieieHrsl B KDOBH aKTUBHOCTH psifia
VH/IUKATOPHBIX ()epMEHTOB, 00/1a/Jal0IIMX OTHOCUTEIbHON OPraHoCelM(pUUHOCTbIO, TAKUX KaK aclapTaTaMUHOTpaHchepasa,
ajlaHMHAMUHOTpaHC(epasa, JakTaT/AeruiporeHasa, CopoUToeruaporenasa, menounas ¢ocdarasa u y-riyramunrpaicdepasa
00/1a/1at0T HU3KOH MX CIIelM(pUYHOCTBIO TI0 OTHOLIEHHUIO K 3a00/1eBaHISM IleueHH. B CBsI3M € 3TUM orpezie/ieHre ONTHMaIbHOro
MapKepa OCTPOr0 TIOBpeyK/|eHUs TIeUeHH SIB/ISIeTCs aKTya/IbHOM 1pobneMoid. Lleab: oripefiesieHHe JUHAMUKK U3MeHEeHU MapKe-
POB TOBpEXK/IeHHs TIedeH! Y KPbIC Ha Pa3HbIX CPOKax periepdysuu rnocie 20-Tv MUHYTHOM ULLIeMHH JJ1s1 BEIOOpa TIoKasaresie,
HaunOosee HHPOPMATHUBHO XapaKTePHU3YIOLMX COCTOSIHHE )KUBOTHBIX B YCJIOBUSIX IIPOBeIeHHs] KOPPEKLMY HIleMUueCKU-pe-
nepdy3uoHHOrO cuHApoMa. Mamepuabl u MemoObl: UCC/ieJoBaHKe TIPoBeZieHo Ha 120 GesbIx HEIMHEMHBIX KPbICaX-CaMIjaX
Maccoii 200-250 rpamm. JKUBOTHBIe ObUTH pa3zieneHbl Ha 8 rpyr no 15 ocobel, BCeM >KUBOTHBIM BBINOJHSJIOCh MOJIENHUPO-
BaHUe UIIeMUH TleyeHU MyTeM Iepe)kaTHsi aHajiora rneueHOYHO-/|BeHa L[aTUIIepCTHOM CBSI3KW COCYAUCTBIM 3aKUMoM Ha 20
MUHYT. 3aTeM y pa3HbIX PYIIN KPbIC TPOU3BOUIM 3a60p KPOBU B pa3Hble CpoKu perepdysuu — 5, 15, 30, 60, 120, 180 MunyT,
8 uacoB u cyTku. B ra3mMe KpoBu 1ab00paTOPHBIX KUBOTHBIX OMPe/eIsiyIi aKTUBHOCTb ajlaHuHaMUHOTpaHChepassbl (AJIT),
acriapraramuHoTtpaHcdepassl (ACT), nakraraeruaporeHassl (JIIM), rmytaruonTpancdepassl (I'ST) 1 KoHIIeHTpaLHIO JlaKTaTa.
Pe3yabmambl: io/TyueHHbIe pe3y/bTaThl 103BOJIM/IM OXapaKTepu30BaTh [jBa OCHOBHBIX ITHKa I0Ka3aTeselt: 5S-MUHYTHbIN 1eproz,
T10CJIe BOCCTaHOB/IEHUsI KPOBOTOKA — MAaKCUMYM aKTHBHOCTH IIyTaTHOHTpaHCGepasbl ¥ KOHL|eHTpalUy JlakTaTa, yBe/IMYeHHbIX
B 3,9-4,7 paza; 60—180 munyT pernep¢y3un — MUK aKTUBHOCTH aMHUHOTPaHC(epas, 3HAUUTEebHbIN POCT aKTUBHOCTH KOTOPBIX
HauuHaeTcsi ¢ 60-TH MUHYT M0C/Ie BOCCTaHOB/IEHHUSI KPOBOTOKA U IOCTUTaeT MaKCUMyMa K 3-My dacy pernepdysuu, u JIJT, ik
aKTHBHOCTU KOTOPO perucTpupyercs yxke K 60-if MuHyTe peBacKyssipyusaiuu. [1pu 3Tom uepe3 8 yacoB periepdy3uu oripefieneHa
OueBH/IHasl TEH/IEHLUsI CHIDKEHNsT BCeX U3yUeHHbIX TI0KasaTesiel, KoTopast 3aKaHUMBaeTCsl CITyCTsl CyTKU [10C/Iie MOZ,e/IMpoBa-
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HUSI UILIeMUU CHW)KEHUEM /10 YPOBHSI KOHTPOJIbHBIX 3HauUeHUM. 3ak/1oueHue: olleHKa TTOBPeK/IeHHsl OpraHa B UllleMUueCKOM
Tepro/ie 1 MPOTUBOUILIEMUYECKOTO /IeMCTBUsE MeTabo/IMueCKUX TperapaToB MOXKeT ITPOBOJUTLCS C OTpe/ie/ieHHeM HapacTaHUst
KOHIIEHTDPALUY JIaKTaTa ¥ aKTUBHOCTH [JTyTaTHOHTPaHCdepa3bl IMTPAaKTUUeCKU Cpa3y MOoCjie BOCCTaHOBIEHUsI KDOBOTOKA. Pa3-
BUTHE MTOBPEX/EHUI B periepdy3noHHbIN riepros 6osiee 1jesiecoobpasHo oljeHUBaTh rytem omnpezenenuss ACT, AJIT u JIT
rocJse 3-4acoBOTO Mepro/ia BOCCTAHOB/IEHUsST KDOBOTOKA, B 3TO BPeMsI PerMCTPUPYIOTCSI MaKCHMa/lbHbIe 3HaUeHUs] MapKepOB
npu ycaoBuu 20-MUHYTHOM TOTa/IbHOM UILIEMUY TIeUeHHU.

KitroueBble ¢/10Ba: TIeUeHb, UIIIeMUs, periepdy3usi, IUTOJN3, TelaToI[UThI

Bkuiag aBropog: [Toroe K. A. — qu3aiiH 1 BBINOIHEHKe 1abopaTopHOU uacTu uccienosanusi; Lpimbantok M.FO. — Hero-
Cpe/CTBeHHOE TIJIaHWPOBAHKE U BBITIOJTHEHHUE YKCIIEPUMEHTA/IbHOM paboThl € 1abopaTopHbIMU >KUBOTHBIMY; Cenuarusumm P.U. —
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In medical practice, the assessment of liver damage
and functional state is one of the leading tasks of
clinical and laboratory diagnostics. For this purpose,
the determination of the activity of a number of indicator
enzymes in the blood with relative organ-specificity is
traditionally used, such as aspartate aminotransferase
(AST), alanine aminotransferase (ALT), lactate
dehydrogenase (LDH), alkaline phosphatase and
y-glutamyltransferase [1]. A change in the activity of
aminotransferases often indicates cytolysis of liver
cells, the activity of alkaline phosphatase increases
with cholestasis [2, 3]. Taking into account the protein-
synthesizing function of the liver, in some cases it can be
informative to determine the content of serum albumin
in the blood plasma, especially in chronic diseases, and
the prothrombin time, which reflects the activity of
blood coagulation factors, also synthesized in the liver.
Against the background of the detoxification function,
the determination of bilirubin and its metabolites may
be informative [4]. The main disadvantage of all the
listed markers is their low specificity in relation to liver
diseases. Meanwhile, by verification of liver damage by
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other methods, the assessment of the above indicators
is justified for laboratory monitoring purposes [5, 6].
There are dynamic methods for assessing the functional
state of the liver, based on determining the rate of
metabolism in the liver of various substrates, such as
bromsulphthalein, indocyanine green, lidocaine, etc.
[7-9]. These methods are rarely used in clinical practice,
since they are invasive, require complex equipment and
a long study time. The principles and approaches to the
assessment of experimental liver damage in rats are
similar; however, there are features associated with the
severity and diagnostic significance of certain markers,
as well as with the dynamics of changes in the process
of damage [10, 11].

The purpose of the present study was to determine
the dynamics of changes in liver damage markers
in rats at different periods of reperfusion after 20
minutes of ischemia in order to select the indicators
that characterize the state of animals under conditions
of correction of ischemia-reperfusion syndrome most
informatively.
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Material and methods

The study was carried out on 120 laboratory
animals, white non-linear male rats (weighing 200—
250 grams). The animals were divided into 8 groups
of 15 test-animals; all animals were simulated liver
ischemia by clamping the analog of the hepatoduodenal
ligament with a vascular clamp for 20 minutes. Then,
blood was taken from different groups of rats at different
reperfusion times — 5, 15, 30, 60, 120, 180 minutes, 8
hours and a day. Experimental work with laboratory
animals was performed under general anesthesia
using Zoletil 100 (Virbac, France) at a dosage of 10
mg/kg intramuscularly. The study was approved by
the independent ethics committee at the FSBEI HE
«KubSMU» of the Ministry of Health Care of Russia
(Protocol No. 51 of May 23", 2017) and was carried
out in accordance with the principles set out in the
«European Convention for the Protection of Vertebrate
Animals» (Strasbourg, 1986). Comparison of the data
obtained in the experiment in the rats of the experimental
groups was also carried out with the results of evaluating
similar indicators in the group of intact animals (control
group, n = 20) kept in similar conditions [2].

In the blood plasma of laboratory animals, the
activity of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), lactate dehydrogenase (LDH),
and lactate concentration were determined by kinetic
methods using the Vital Development Corporation
reagent kits (St. Petersburg, Russia). The activity of
glutathione transferase (GST) was determined according
to a method involving the registration of changes in
optical density at 340 nm as a result of condensation
of glutathione with dinitrochlorobenzene [12].

The data obtained were statistically processed
by means of the AnalystSoft Inc. software and the
statistical analysis program StatPlus, Version 7 (link:
www.analystsoft.com/ru/). Taking into account the
small sample size and abnormal distribution (assessed
by the Shapiro-Wilk test), the nonparametric Kruskal-
Wallis test (for several independent groups) was used
to determine the significance of differences between
the parameters of the groups of animals with different
reperfusion times, as well as the control group with
the subsequent (if necessary) pairwise comparison
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by means of the Mann-Whitney test. The results are
presented in the article as a median, error bars reflect the
spread between the 25" and 75" percentiles. Differences
between the group indicators were considered
statistically significant at p <0.05.

Results and discussion

Analysis of changes in classical markers in the
dynamics of the development of ischemia-reperfusion
damage in rats showed different results for the activity
of ALT, AST, LDH, GST and lactate concentration. The
activity of all markers increased already at the 5" minute
of reperfusion, but later on, the dynamics of indicators
was different. ALT activity (Table 1) increased by the
5" minute of the reperfusion period by 2.1 times, a
further statistically significant increase in this indicator
was recorded after 60 minutes of reoxygenation; the
ALT activity during this period was 3.8 times higher
than the control indices. 3 hours after the restoration
of blood flow in the ischemic liver, the activity of the
analyzed marker reached its maximum values in blood
plasma — 8.8 times higher than that of intact animals.
After that, the ALT activity gradually decreased during
the day, so 8 hours after the start of reperfusion, the
activity exceeded the control figures by 5.2 times, and
after a day —only by 1.6 times. One of the interesting
features is that a wide scatter of indicators in animals
at the stages of 1 and 2 hours of reperfusion should
be highlighted, which can be regarded as an increase
in ALT activity in animals, manifested to varying
degrees depending on the individual characteristics of
the animals, different initial states of the organism. At
the same time, a statistically significant increase in the
indicator was recorded only in the group of animals
after a 3-hour period of blood flow restoration. This
makes it possible to recommend the use of this period in
experimental studies of ischemia-reperfusion syndrome,
including its correction, more reasonably. To use a 1-2
hour reperfusion period for the same purposes, it is
necessary to consider the possibility of either increasing
the sample or preliminary assessment of the resistance
of rats to hypoxia-reoxygenation.
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Table 1
Changes in hepatocyte cytolysis markers at different periods of reperfusion after 20-minute ischemia of rat liver (Me(p0,25/p0,75))
Studied groups/ Studied indices
Reperfusion time ALT, U/I AST, U/l LDH, U/I
Control 23,5 (18,4/25,5) 44,6 (42,9/51,9) 152,3 (99,2/167,5)
5 min. 49,8 (45,1/60,0)* 62,2 (55,1/67,0)* 224,5 (203,8/313,5)*
15 min. 78,6 (51,8/93,7)* 65,3 (47,8/100,3)* 325,0 (227,0/521,5)*
30 min. 47,4 (44,5/78,2)* 85,2 (80,0/90,7)* 498,0 (479,0/544,0)*
60 min. 89,6 (82,1/138,5)* 156,6 (130,8/199,6)** 1519,0 (971,4/2585,0)*
120 min. 84,4 (77,4/143,8)* 85,6 (82,1/159,6)* 1113,4 (823,7/1545,9)*
180 min. 207,9 (149,1/241,5)** 240,9 (156,6/268,9)** 1112,8 (764,3/1320,3)*
8h. 121,8 (93,8/170,1)* 118,55 (86,8/176,7)** 459,5 (308,2/783,8)**
1 day 38,3 (33,9/48,2)* 79,8 (68,7/82,4)* 390,7 (330,8/450,7)*

Note* — statistically significant differences (p<0,05) from the same index of the control group; * - statistically significant

differences (p<0,05) from the index of the previous group.

The dynamics of AST activity during the development
of reperfusion syndrome practically coincided with that
for ALT (Table 1). A feature was the initially higher values
of the enzyme activity in animals of the control group
and in animals of the experimental groups accordingly
against the background of a pathological process. AST
activity, as well as ALT activity, increased by 1.4 times
already after 5 minutes of reperfusion. 60 minutes after
the restoration of blood flow in the vascular bundle of the
hepatic hilus, the AST activity exceeded the control values
by 3.5 times. This period (60120 minutes of reperfusion)
was also characterized by amplitude changes in the activity
of the enzyme with a significant increase by the 3™ hour of
reoxygenation—up to values 5.4 times higher than the level
of a similar parameter in intact rats. Determination of AST
activity after 8 hours and a day showed a gradual decrease
in the indicator, similar to the dynamics of changes in
ALT activity. In general, the increase in ALT activity was
characterized by high relative values in comparison with
the group of intact animals.

The dynamics of changes in LDH activity in
animals of the experimental groups was significantly
different (Table 1). There was also a slight increase in
the parameter already 5 minutes after the restoration of
blood flow — by 1.5 times. Subsequently, the average
values of the enzyme activity and the scatter of the index
within the group gradually increased, but a statistically
significant increase in the marker was recorded by
the 60th minute of reperfusion, while the values of
LDH activity increased by 7.3—-10.0 times in animals
after 2- and 3-hour reoxygenation. Later, as well as
for aminotransferases, a decrease in the activity of the
analyzed enzyme was recorded, which did not reach the
control values. Thus, the main feature of the dynamics
of LDH activity was the achievement of the maximum
value already by 60 minutes of reperfusion and the
absence of a peak in the indicator after 180 minutes of
the experiment.

Table 2

Changes in hepatocyte cytolysis markers at different periods of reperfusion after 20-minute ischemia of rat liver (Me(p0,25/p0,75))

Studied groups/ Studied indices
Reperfusion time GST, U/l Lactate, mmol/I
Control 0,023 (0,020/0,026) 2,8 (2,6/3,0)
5 min. 0,108 (0,094/0,120)* 11,0 (10,6/11,4)*
15 min. 0,095 (0,067/0,127)* 8,0 (7,0/8,3)*
30 min. 0,087 (0,085/0,101)* 8,1(6,8/10,5)*
60 min. 0,123 (0,112/0,192)** 7,0 (6,8/9,2)*
120 min. 0,052 (0,050/0,056)** 3,9 (3,8/4,9)*
180 min. 0,050 (0,048/0,058)* 59 (4,3/6,1)*
8 h. 0,030 (0,025/0,037)* 51 (4,3/6,7)*
1 day 0,027 (0,025/0,031) 2,5(2,3/2,7)*

Note* — statistically significant differences (p<0,05) from the same index of the control group; * - statistically significant
differences (p<0,05) from the index of the previous group.
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The activity of glutathione transferase changed in
a different way (Table 2), in contrast to the activity of
transaminases and LDH. The most significant increase
in the activity of the analyzed enzyme was observed
already at the 1* stage of the experiment after 5 minutes
of reperfusion. The activity of glutathione transferase in
this period increased by 4.7 times. Subsequently, a slight
increase in activity was determined after 60 minutes of
restoration of blood flow — the value of the considered
indicator exceeded the control figures by 5.3 times, which
was especially distinguished against the background of
a slight trend towards a decrease in enzymatic activity
in animals after 15-30 minutes of reperfusion. Against
the background of 2-hour reperfusion, the activity of
glutathione transferase decreased to a level 2.3 times
higher than the control values, and after 8 hours it did
not differ from the value of the corresponding parameter
in the group of intact rats.

The concentration of lactate is not a marker of
hepatocyte cytolysis, but it was interesting to follow its
changes against the background of its expected growth
in the presence of hypoxia. In fact, the concentration
of the analyzed metabolite was maximal immediately,
i.e. 5 minutes after the end of the ischemic period. At
this stage, the concentration of lactate exceeded the
control values by 3.9 times. During further observation,
the content of lactic acid in blood plasma progressively
decreased. The most significant points of decrease
in lactate concentration were 15 minutes and 120
minutes, in addition, the normal level of lactic acid was
determined one day after the restoration of blood flow.

Thus, in our opinion, two main peaks of indicators
can be distinguished: a 5-minute period after the
restoration of blood flow — the maximum activity of
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glutathione transferase and the concentration of lactic
acid; 60-180 minutes of reperfusion is the peak of
aminotransferase activity, a significant increase in
the activity of which began from 60 minutes after the
restoration of blood flow and reached a maximum by the
3 hour of reperfusion and LDH, the peak of which was
recorded already by the 60th minute of revascularization.
An increase in the first two indicators by the 5% minute
of the experiment is associated with changes in the
ischemic period, an increase in the activity of AST, ALT
and LDH to a greater extent reflects an increase in liver
damage during the reperfusion period, the time limits
of the main damaging effect of which are also indicated
by an increase in glutathione transferase activity and a
delay in the decrease in concentration lactate.

Conclusion

Depending on the goals and objectives, a reasonable
choice of one or another marker of liver damage in
an acute experiment is required. Assessment of organ
damage in the ischemic period and the anti-ischemic
effect of metabolic drugs can be carried out by
determining the increase in lactate concentration and
glutathione transferase activity almost immediately
after the restoration of blood flow. It is more expedient
to evaluate the development of injuries during the
reperfusion period using the classic markers of
hepatocyte cytolysis — AST, ALT, and LDH. More
homogeneous and easily comparable results can be
obtained when determining these indicators after a
3-hour period of blood flow restoration, at the same time
the maximum values of markers are recorded under the
condition of 20-minute total liver ischemia.
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Bo BpaueOHOIi MpaKTHKe OL[eHKa TIOBPEXK/eHHS
1 (PYHKLIMOHA/IbHOTO COCTOSTHUS TIeUeHU SIBIISIeTCSI
OJTHOM W3 BeAYIIUX 3a/lau KJIMHUKO-/1a00paTopHOM
JUArHOCTUKU. [1715 3TOTO TPaAULIMOHHO UCTIONb3YIOT
orpe/iesieHNe B KDOBU aKTUBHOCTH Psi/ja MHAWKATOPHbIX
(hepMeHTOB, 00/1aIAFOII[X OTHOCUTETLHON OpPTraHo-
crelu(pUUHOCTBIO, TAKKUX KaK acriapTaTaMUHOTPaHC-
(epaza (ACT), ananmnamuHotpaHcdepasa (AJIT),
nakratgeruaporenasa (JIZT), copbuTongeruaporeHa-
3a, 1miesiouHas docdarasza u y-ryTamuaTpaHcdepasa
[1]. i3MeHeHWe akTUBHOCTU aMUHOTPaHC(epa3s yaiije
CBHU/IETENIbCTBYET O [IUTO/M3€e KIeTOK TledeHusl, aKTHB-
HOCTB 11]eJIOUHOM ocdarasbl BO3pacTaeT Ipy XojiecTase
[2, 3]. YuuTbIBasi 6e/TOKCUHTE3UPYIOITYIO (hYHKI[HIO
TieueHH, B psifie C/TydaeB MHQOPMAaTHUBHBIM MOXKET OBbITh
oripe/ie/ieHVe COZIePKaHUsI CIBOPOTOUHOTO abOymMuHa
B IJ1a3Me KPOBU, 0COOEHHO MPU XPOHUUECKUX 3aboste-
BaHUSIX, ¥ TIPOTPOMOMHOBOTO BPEMEeHU, OTPaXKaroLI[ero
aKTUBHOCTb ()aKTOPOB CBEPThIBAHKS KDOBU, TAK)Ke CHUH-
Te3UPyeMbIX B [TeUeHH. Y UUThIBasH e TOKCUKAIIMOHHYIO
¢byHK1MI0, THGOPMATHBHBIM MOXKET OBITh Orpe/ieieHre
bunmpybuHa 1 ero MeTabonuToB. [J1IaBHBIM HelOCTaT-
KOM BCeX TepeurCieHHbIX MapKepoB SIB/IsSIeTCS] HU3Kast
WX CIeLU(pUUHOCTD M0 OTHOIIEHUIO K 3a00/1eBaHUsIM
rieueHu [4]. Mexxy Tem Mpu yc/IoBUY BepudUKaLin
TOBpEeXXeHUs TIeUeHH APYTUMU MeTOZaMu OLjeHKa
BbIIlIellepeuyrC/IeHHbIX [10Ka3aTesieli onpasaHa JJisi
1jesieid labopaTtopHOro MoHuTOpUHTa [5, 6]. Cy1iecTBy-
10T JMHAMHYeCK1e MeTo/ibl OLeHKHU (PyHKIMOHA/IbHO-
IO COCTOSIHUSI TIeYyeHU, OCHOBaHHbIe Ha OTpe/ie/IeHu!
CKOPOCTH MeTabo/IM3UPOBaHUs B ITeUeHH Pa3/TUUHBIX
cyOCTpaToB, TakKMX Kak OpoMcynbdTanent, WHAOLMA-
HUH 3eJIeHbIN, TUA0KauH U 1p. [7-9]. [laHHble MeTo-
[Ibl TIPUMEHSIFOTCST JOCTaTOUHO PeJIKO B KJTMHUYECKOM
TIPaKTHKe, MOCKOJIbKY WHBA3WBHBI, TPeOYIOT CJI0XKHOTO
000py10BaHus U I/TUTE/TLHOTO BPEMEeH! UCC/Ie0BaHMUSsI.
[TpUHLMIIBI ¥ TIOZXO/IbI K OLIeHKe 9KCIIepPUMeHTaIbHOT0
TIOBPEX/IeHUsI TIeYeHU Y KPBIC U APYTUX J1aO0PaTOPHBIX
KUBOTHBIX aHaJIOTUYHbIe, OfHAKO, UMEIOTCsT 0COOeHHO-
CTH, CBSI3aHHBIE C BBIPA)KEHHOCTBIO U IMAarHOCTUUECKON
3HaYMMOCTBIO TeX WM UHBIX MapKepoB, JMHAMUKOMN
“3MeHeHUH B Tipoliecce noBpexzaenus [10, 11].

Lle/nbi0 HACTOSIIIETO MCCIIEIOBaHMS OBIO OTIpe/ie-
JleHWe AVHAMUKY U3MeHeHU MapKepOB TIOBPeX/IeHHs
reyeHy Y KPbIC Ha Pa3HbIX CPOKax pernepdysnu rnocie
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20-MUHYTHOM WIIIEMUH [1j1s1 BbIOOpA TOKa3aTesield, Hau-
bosee MH(OPMATUBHO XapaKTePU3YIOIIUX COCTOSTHUE
JKUBOTHBIX B YC/IOBUSIX NIPOBe/|eHHsI KOPPeKL{MH UIlle-
MHYeCKH-perneppy3ruoHHOr0 CUHpOMa.

MaTepMaﬂbl n MmeTobl

WccnenoBanue mpoBeeHo Ha 120 1abopaTopHbIX
JKUBOTHBIX — O€JIble HeJTMHEeHHbIe KPBIChI-CaMI[bl (MacCou
200-250 rpamm). ’KrBOTHBIE OBI/TH pa3ziesieHbl Ha 8
rpyrr 1o 15 ocobeli, BCeM )KUBOTHBIM BBITTO/THSIIOCh
MO/le/IMPOBaHMe UILIEMUU MeUeHH MyTeM IMepeXxaTus
aHasiora reyeHOYHO-/|BeHa/ILIaTUIIePCTHOM CBSI3KU CO-
CYIWCTBIM 3a)KUMOM Ha 20 MUHYT. 3aTeM y pasHbIX
TPYTI KPbIC MPOU3BOAM/IH 3a00p KPOBU B pa3HbIe CPOKH
peniepdy3um — 5, 15, 30, 60, 120, 180 MunyT, 8 uacon
Y CyTKH. BhbIrosiHeHre 5KCTieprMeHTaIbHBIX paboT
¢ 1abopaTOPHBIMU KUBOTHBIMU TTPOBOJIW/IN Ha (hOoHe
o011l aHeCcTe3uH C UCTo/b30BaHKeM 3osetria 100
(«Virbac», France) B o3upoBke 10 Mr/Kr BHyTPUMBbI-
1ieqHo. VcceoBanue 6110 0[00peHO He3aBUCUMBIM
sTHueckuM komutetrom ripu PI'6OY BO Ky6I'MY
Munszapasa Poccuu (ripotokon Ne 51 ot 23.05.2017 1)
Y OCYILIeCTB/ISIZIOCh B COOTBETCTBUU C MPUHLMIIAMU,
U3J/I0KeHHbIMU B « EBpomelickoii KOHBEHI[UU T10 3a-
IITUTe TI03BOHOYHBIX >KUBOTHBIX» (CTpacbypr, 1986).
CpaBHeHUe /IaHHBIX, [IOyUeHHBIX B SKCTIEPUMEHTe
y KPbIC OMBITHBIX TPYIII, TAK)Ke MPOBOAU/IN C Pe3y/b-
TaTaMu OL|eHKU aHaJIOTMYHbIX TI0Ka3aTesiei y TpyIbl
VMHTaKTHBIX )KUBOTHBIX (KOHTPOJIbHAs rpymna, n=20),
CO/IepyKaBIIIMXCS B @aHAJIOTMUHBIX YCIOBUSX [2].

B nnia3me KpoBu 1ab0paTOPHBIX )KUBOTHBIX aKTHB-
HOCTb a/laHMHaMUHOTpaHchepasbl (AJIT), acnapraramu-
HoTpaHcdepassl (ACT), nakratgeruaporenasst (JIIM)
1 KOHLIEHTpALIMIO JIaKTaTa OrpeZensiii KhHeThYe CKUMU
MeTO/IaMH C UCTIO/Ib30BaHKeM HabOpOB peareHTOB «Bu-
tan JleBenonment KopriopaiiiiH» (CaHkT-ITeTepOypr,
Poccust). AKTUBHOCTB ryTaTuoHTpaHcdepassl (I'ST)
OTIpe/Iesisi/iv T10 CTI0CO0Y, TIpe/iTiosIararolemMy perucTpa-
LIMIO0 U3MEHEeHUI ONTUYeCKOU MI0THOCTU TipU 340 HM
B pe3y/ibTaTe KOHJeHCAllUy TyTaTHOHa C JMHUTPOX-
nopben3osniom [12].

Hnst craTucTyeckoii 00paboTKH T0/TyUeHHBIX
JIaHHBIX MCII0J/Ib30Ba/IM MPOrpaMMHOe obecrieueHre
AnalystSoft Inc., StatPlus — mporpamMma craructuye-
ckoro aHanm3a. Bepcus 7. (www.analystsoft.com/ru/).
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C yueToM HeGO/IBIIOTO pa3Mepa BLIODOPOK U OT/IMYHOTO
OT HOPMaJIbHOTO XapakTepa pacrnpe/ienieHusi (OLeHUBa-
s 1o kputeputo [lanvpo—Buska) ans onpeneneHus
3HAYMMOCTH Pa3/IMUU MeX/ly TIoKa3aTeasiMy FPyIi
JKUBOTHBIX C pa3HbIM BpeMeHeM perepdy3ny, a Takxe
KOHTPOJIbHOM TPYTIIbI UCIO/Ib30BaIM HerapaMeTpuye-
CcKUii kputepuii Kpackena—Yosnuca (47151 HeCKOMbKUX
He3aBHUCHMBIX TPYTII) C TIOC/IeAYIOLM (TIpU He0OX0u-
MOCTH) TIONIapHBIM CPaBHEHUEM C [TOMOLLbIO KPUTEepPUst
ManHa—YuTtHU. Pe3ysbTarhl B CTaTbe MpeACcTaB/IeHbl
B BH/le Me/lMaHbl, [VIaHKU NIOrPeIHOCTel OTPakaroT
pazbpoc Mexay 25-M U 75-M TIpOoLeHTH/IAMH. Pazmiumst
Mex/ly NoKa3aTe/IsIMU FPYII CYATaIU CTaTUCTUYeCKU
3HaYMMbIMU 1TpY ypoBHe p<0,05.

PesynbTaTbl u 06CcyXaeHune

AmHanu3 u3MeHeHUH K/1acCU4eCKUX MapKepoB B [IU-
HaMMKe pa3BUTUS ullleMuyeCKU-periepdy3roHHOTO
TOBPEe’X/IeHUs1 Y KPbIC MOKa3as pa3Hble pe3y/bTaThbl
g aktuBHoCcTH AJTT, ACT, JIAT, I'ST u koHL|eHTpa-
L[MU JlaKTaTa. AKTUBHOCTb BCEX MapKepoB BO3pacTasa
y>Ke Ha 5-1i MUHyTe perniep@y3uu, HO B /la/ibHelIleM
[MHaMUKa MoKa3aresiei Obljia pa3nuuHOl. AKTUBHOCTD
AJIT (Ttabnuua 1) yBenuuuBaaack K 5-ii MUHYyTe pe-
nep@y3rOHHOro nepuoja B 2,1 pasa, JajbHenIni
CTaTUCTHUYeCKU 3HAYMMBIN POCT pacCMaTpUBaeMoro
roka3saressi ObuT 3aUKCHUpoBaH mocie 60-MUHyTHOM
peoKcUreHanyu, aktiBHOCTh AJIT B 3TOT nepuoy, Obuia

B 3,8 pa3a BbIllie KOHTPOILHBIX LUPp. CriycTs 3 yaca
T0CJIe BOCCTaHOB/IEHUSI KPOBOTOKA B MILIEMU3UPOBAHHOM
reyeH" aKTUBHOCTb aHa/IM3UPyeMOro MapKepa 10CTH-
rajaa CBOMX MakCHMMaJ/IbHbIX 3HaYeHUI B 1a3Me KPOBU —
B 8,8 pasa Bblllle 10Ka3are/is UHTAKTHBIX KUBOTHBIX.
[Tocne sToro akTuBHOCTH AJIT MOCTerneHHO B TeueHre
CYTOK CHM’Kajlach, Tak, yepe3 8 yacos 1ocje Hayasa
perniepdy3uy aKTUBHOCTb TpeBbIlllaza KOHTPOJ/IbHbIE
uudpsl B 5,2 pasa, a uepe3 CyTKH — TOJIbKO B 1,6 pa3a.
W3 uHTEpeCcHbIX 0COOEHHOCTEN Cie/lyeT BbIJE/IUTh
IIIMPOKKI pa30poc ToKa3aTesiel y )KMBOTHBIX Ha 3Tarax
1-2-uacoBoii perniepy3ru, UTO MO)KHO paCLiEHUBATh Kak
pocT akTUBHOCTU AJIT y )KUBOTHBIX, TIPOSIBJISTFOLL{ACS
B pa3HOU CTerneH! B 3aBUCUMOCTH OT UHAUBU/Ya/IbHbIX
0cob6eHHOCTel KMBOTHBIX, PA3HOTO UCXOAHOTO COCTO-
SIHUS opraHu3Ma. [1pu 5ToM cTaticTUyecKy 3HaUnMoe
yBe/IMueHHe 1oka3aresisi Ob110 3aKCUPOBAHO TOJIb-
KO B TPyIIIe >KUBOTHBIX MOC/e 3-4aCOBOro Mepruoja
BOCCTaHOBJIeHHUSI KDOBOTOKA. DTO TM03BoisieT Oosiee
000CHOBAHO PEKOMEH/I0BaTh UCIO/b30BaTh IaHHBIN
NepUo/; B 3KCIIepUMeHTa/IbHbIX UCC/IeJ0BaHUSX UIlle-
MUMYeCKU-pernepdy3rMOHHOTO CHHAPOMA, B TOM UKMC/ie
ero Koppekuuu. s ucrnonb3oBanusg 1—-2-4yacoBoro
rieprozia periepdy3un ¢ TeMH ke LiesIMA Heo0X0uMO
paccMoTpeTb BO3MOKHOCTh WJTH YBeTMUEHHs BBIOOPKH,
WA TIpeJiBapUTE/IbHOM OLI€HKH Pe3UCTEHTHOCTU KPbIC
K FMIIOKCHU-PeOKCUTeHaLUHU.

Tabnuya 1
MN3MeHeHMe MapKepoB LiUTONIM3a FrenaToLUToB B pa3Hble Cpoku penepdy3suu nocne 20-MUHYTHON ULLIEMUMN NEYEHWN Kpbic !
(Me(p0,25/p0,75))
WccnenyeMbie rpynnbl / Nccnepyemble nokasaTtenu
Bpems penepdysuu ANT, ep/n ACT, ea/n NAr ea/n
KoHTposnb 23,5 (18,4/25,5) 44,6 (42,9/51,9) 152,3 (99,2/167,5)
5 MUH 49,8 (45,1/60,0)* 62,2 (55,1/67,0)* 224,5 (203,8/313,5)*
15 MUH 78,6 (51,8/93,7)* 65,3 (47,8/100,3)* 325,0 (227,0/521,5)*
30 MuH 47,4 (44,5/78,2)% 85,2 (80,0/90,7)* 498,0 (479,0/544,0)*
60 MUH 89,6 (82,1/138,5)** 156,6 (130,8/199,6)** 1519,0 (971,4/2585,0)**
120 MuH 84,4 (77,4/143,8)* 85,6 (82,1/159,6)* 1113,4 (823,7/1545,9)*
180 MuH 207,9 (149,1/241,5)** 240,9 (156,6/268,9)** 1112,8 (764,3/1320,3)*
8y 121,8 (93,8/170,1)* 118,55 (86,8/176,7)** 459,5 (308,2/783,8)**
CYTKM 38,3 (33,9/48,2)** 79,8 (68,7/82,4)* 390,7 (330,8/450,7)*

[pumMeyaHue: * — CTaTUCTUYECKM 3HaUYMMBble OTNYKMs (p<0,05) OT COOTBETCTBYHIOLLErO NoKasaTtesst KOHTPOSIbHOM rpynnbl; » —
CTaTUCTUYECKM 3HaUYMMble oTnumaA (p<0,05) OT NokazaTens npefblayLel rpynmbi.
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Huuamuka aktuBHoCTU ACT B riporiecce pa3BUTHSA
penepdy3MOHHOTO CMH/IpOMa MPAaKTUUeCKU COBMa/ia-
na ¢ TakoBoii ayisg AJIT (tabmuria 1). Oco6eHHOCThIO
ObLTH UCXOAHO O0/ee BICOKHME 3HauUeHUst aKTUBHOCTH
(hbepMeHTa y >KMBOTHBIX KOHTPOJIbHOU I'PYIIIIBI U CO-
OTBETCTBEHHO Y >KUBOTHBIX OMBITHBIX TPYIII Ha (pOHE
T1aTo/I0TUYeCKOro nporecca. AKTUBHOCTb ACT, Takxke
Kak u AJIT, yBenuuuBanace B 1,4 pa3a yke coycTsi 5
MUHYT periepdy3un. Criyctss 60 MUHYT TI0C/ie BOC-
CTaHOBJIEHUS] KDOBOTOKA B COCYAMCTOM MyUKe BOPOT
reueH” akTUBHOCTH ACT rmipeBbIlliazia KOHTPOJIbHbBIE
3HaueHus B 3,5 pasa. [11s1 3Toro neproga (60—-120 MuHyT
periepdy3un) Tak>ke ObUTH XapaKTePHbI AMIUTUTY/IHbIE
V3MeHeHUs1 aKTUBHOCTU (pepMeHTa CO 3HAUMTE/IbHBIM
POCTOM €ero K 3-M yacaM peoKCHUTreHalliu — 10 3HaYeHU!
B 5,4 pasa NpeBbIIAOLUM YPOBEHb aHAJIOTUUHOIO Ta-
pameTpa MHTaKTHBIX KpbIC. OnpesiesieHrie aKTUBHOCTH
ACT 4epe3 8 yacoB 1 CyTKM IT0Ka3asia MoCcTerneHHoe
CHIKeHUe I10Ka3aTesisi, aHa/IoTUYHOoe JJMHaMUKe 13-
MeHeHuM akTUBHOCTH AJIT. B 11e/10M XKe yBe/inueHue
akTBHOCTH AJIT XapakTepu30Baa0Ch OOJBIIIUMH OT-

HOCHUTeJ/IbHBIMU 3HaYeHUsIMU B CPaBHEHUU C FPYIION
VHTAKTHBIX )KUBOTHBIX.

HuHamuka nameHeHuii aktuHoctu JIIT' y »KuBOT-
HBIX OIMBITHBIX TPYTII CYIIeCTBEHHO OT/IMYasack (Tabiu-
1a 1). Takxe oTMeuasicsi HeOOJBIIION POCT MapameTpa
yIKe yepe3 5 MUHYT M0CJIe BOCCTaHOB/IeHHUs] KPOBOTOKA —
B 1,5 pa3a. B fanbHeliiieM nocTerneHHO yBeTMYUBaIUuCh
CpefiHMe 3HaueHHsi aKTUBHOCTH (pepMeHTa U pa3dpoc
T10Kas3areJsisi BHyTPU IPYIIIbL, HO CTaTUCTUUYECKU 3HauM-
MBI pOCT MapKepa Obu1 3apykcrpoBaH K 60-i1 MUHYTe
periepdy3nu C coxpaHeHHeM yBe/indeHHbIX B 7,3—10,0
pasa 3HaueHui akTUBHOCTH JI/II" y )KUBOTHBIX OC/Ie
2-X ¥ 3-X 4acoBOM peokcureHaluu. B ganbHeliem
TaK)Ke KaK U /I/Is aMUHOTpaHCc(epa3 perucTprpoBasoch
CHW)KeHHe aKTUBHOCTH aHa/IM3UpyeMoro epMeHTa,
He /I0CTUTaroL[ee KOHTPOJIbHBIX 3HaueHuH. Takum obpa-
30M, OCHOBHOM 0COOEHHOCTBIO IMHAMUKH aKTUBHOCTU
JIZIT' 6b1710 AOCTHUKEHWE MaKCUMaTbHOTO 3HAUeHUs
yke K 60-Tu MUHyTaM periepdy3uu ¥ OTCYyTCTBHe TTHKa
rokasareJsisi yepe3 180 MUHYT 5KCIIepUMEHTA.

Ta6mya 2
N3MeHeHMe MapKepoB LUTOIN3a renaToLMTOB B pa3Hble CPOKM penepdy3sumn nocne 20-T¥ MUHYTHOI MLIEMNUK NEYEHN KpPbIC 4
(Me(p0,25/p0,75))
Wccnepyemble rpynnbl / Bpemst Viccnepyembie nokasarenu
penepdysuu ST, ea/n NakTaT, MMonb/n
KoHTponb 0,023 (0,020/0,026) 2,8 (2,6/3,0)

5 MUH 0,108 (0,094/0,120)* 11,0 (10,6/11,4)*
15 MUH 0,095 (0,067/0,127)* 8,0 (7,0/8,3)**
30 MuH 0,087 (0,085/0,101)* 8,1 (6,8/10,5)*
60 MuH 0,123 (0,112/0,192)* 7,0 (6,8/9,2)*
120 MuH 0,052 (0,050/0,056)** 3,9 (3,8/4,9)**
180 MuH 0,050 (0,048/0,058)* 59 (4,3/6,1)*
8y 0,030 (0,025/0,037)" 51 (4,3/6,7)*
CyTkv 0,027 (0,025/0,031) 2,5 (2,3/2,7)"

[pymeyaHue: * — cTaTUCTUYECKM 3HaUMMble OTnuna (p<0,05) OT COOTBETCTBYHIOLLIErO MOKa3aTesNst KOHTPObHOM rpyMrbi;
A — cTaTUCTUYECKM 3HaYMMble oTInuKA (p<0,05) OT NokazaTens npefblayLel rpynrbi.

AKTUBHOCTb [TyTaTUOHTPaHCepasbl U3MeHsIach
apyrum obpasom (tabnuiia 2), B OT/IMUME OT aKTHB-
HOCTH TpaHcamuHa3 u JIIT. Haubosee 3HaunTeIbHOE
yBe/IMueHre aKTUBHOCTH aHaIM3UpyemMoro epmMeHTa
Ha0/TI0/1a/10Ch yyKe Ha 1-M 3Tarie SKCIiepuMeHTa — 1o-
cne 5-MUHYTHOU periepdy3un. AKTUBHOCTbD TJTyTa-
THOHTpaHCdepasbl B 3TOM Tiepro/ie Obljia yBeMueHa

EXPERIMENTAL PHYSIOLOGY

B 4,7 pa3a. B jjanbHeliieM ObIJI0 OMpe/e/IeHo elre
HeDoJIbIIIOe yBe/TMueHre aKTUBHOCTH uepe3 60 MUHYT
BOCCTAHOBJ/IEHUS] KDOBOTOKA — 3HaUeHUe pacCMaTpyBa-
€MOro0 ToKa3aresis MpeBblliliajia KOHTPOIbHbIe LU PbI
B 5,3 pa3a, uTo 0COOEHHO BbIJE/ISIOCh Ha (poHe He-
OOJIBIIION TeHAEHLMHU K CHWKEeHHIO (hepMeHTaTUBHOU
aKTHBHOCTH Y XKMBOTHBIX TIocsie 15-30-MUHYTHOM pe-
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nepdy3un. Ha ¢oHe 2-uacoBoii periepdy3un aKTHB-
HOCTb IJIyTaTUOHTPaHCc(epasbl CHUXKAAaCh /10 YPOBHS,
B 2,3 pasa npeBbIlIaloI[ero KOHTPO/IbHbIe 3HAYeHUS,
a crycTs 8 yacoB yke He 0T/IMYanach OT 3HaYeHHs CO-
OTBETCTBYIOLLEro fapamMeTpa IPYIbl UHTAKTHBIX KPbIC.

KoHueHTpanys lakTata KOHEYHO He SIB/ISIeTCS Map-
KepOoM LIMTOJIM3a rernaToLUTOB, OHAKO IIPOC/Ie[NTh 3a ee
M3MeHeHUsIMU ObII0 MHTePeCHO, YUUTHIBAs 0XKUIaeMbIit
ee pocT Ha (hoHe runokcuy. Ha camoM Jiefnie KOHLIeHTpa-
L[Usl aHa/IM3UPyeMoro MeTabomTa Oblla MakCUMasbHa
Cpasy — CIyCTs 5 MUHYT I0C/Ie OKOHUaHUS UllleMuye-
CKoro nepuoga. Ha 5ToM sTamne KoHL|eHTpaLysl lakTaTa
TpeBbIlliaja KOHTPO/IbHbIE 3HaUeHus B 3,9 pasa. B xoze
JayibHeuIero HabmroIeHusT Cofiep>KaHrue MOIOUHOM
KUCJIOTBI B I/1a3Me KPOBU MPOIrpeCcCUpYIoLLle CHUKa-
nock. Hanbosee 3HauMTe/IbHBIMY TOUKAMH YMEHbIIIEHHST
KOHI|eHTpaIyK JlakTata Ob1td 15 MUHYT 1 120 MUHYT,
KpPOMe TOr0 HOPMaJIbHbI YPOBEHb MOJIOUHOU KHCJ/IOTHI
OB Ompe/iesieH uepe3 CyTKH M0CJIe BOCCTAaHOB/IEHHUSI
KPOBOTOKA.

Takum 06pa3om, Ha Halll B3IVIsI, MOYKHO BBII€UTh
[lBa OCHOBHBIX IHKa MOKa3aresei: 5-MUHYTHBIH 1e-
PHOZ, [T0C/Ie BOCCTaHOBJ/IEHUSI KDOBOTOKA — MAKCUMYM
aKTUBHOCTH [TyTaTUOHTPaHC(epasbl U KOHL|EHTpaLur
MOJIOUHOM KMCIO0ThI; 60—180 MuHyT periepdy3un — MuK
aKTMBHOCTH aMHUHOTpaHC(epas, 3HaUMTe/IbHbINA POCT
aKTMBHOCTH KOTOPBIX HauUMHa/CA ¢ 60-Tv MUHYT rocsie
BOCCTAHOBJ/IEHUS] KDOBOTOKA M JOCTUral MaKCUMyMa
K 3-My uacy perniepdy3suu u JI/I[, MUK aKTUBHOCTH KO-
TOPOM perucTpupoBascs yxxe K 60-i MUHyTe peBacKy-
JIipU3alvy. YBe/IMUeHHe TepBbIX [BYX [T0Ka3aresen
K 5-1i MUHYTe 3KCIIepUMEeHTa CBA3aHO C U3MEHEeHUSIMU
B MllIeMAYeCKWI repuof, yBeauueHre aktTuBHOCTH ACT,
AJIT u JIIT' B GosibliIel CTETIEHW OTPa)KaeT HapaCTaHUe
TIOBpeKJeHWI reueHu B periepdy3uOoHHbIN TTepro/,
BpeMeHHble T'PaHULbl 0CHOBHOT'O TTOBPE’K/at0Iero
JIeHCTBHSI KOTOPOTO TakKe 0003Ha4eHbI POCTOM aKTHB-
HOCTY T/TyTaTUOHTPaHC(epasbl U 3a7IeP>KKON CHYKEHHST
KOHLIeHTpaLMH J1aKTara.

BbiBogbl
B 3aBucumMocTH OT 1jesiei U 3ajau Tpebyercs
000CHOBaHHBIN BEIOOD TOTO UM MHOTO MapKepa I1o-
BpE’KJeHHs TIedeHH B OCTPOM 3KcriepruMeHTe. OlieH-
Ka TOBPEe’K/|eHHsI OPTaHa B HUIIeMHUYeCKOM TIepUoJe
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Y TIPOTHUBOMIIIEMHUECKOTO JIeHCTBHUS MeTabo/ueCcKrxX
rpernapaToB MOXKeT MPOBOJUTLCS C OIpe/ie/IieHUeM
HapacTaHUs KOHL|eHTpal[uy jlaKTaTa U akTHBHOCTH
[JlyTaTUOHTPaHC(epasbl MPpakKTUYeCKu cpasy rnocjie
BOCCTaHOBJ/IEHHs] KDOBOTOKA. Pa3BrTHe NOBpesKeHni
B pernepdy3roHHbIN Tiepuos 6osiee 1esiecooOpa3HO
OLIeHMBATh C UCI10/Ib30BaHWEM K/IaCCHYeCKUX MapKe-
poB urtonu3a renarorutoB — ACT, AJIT u JI/IT. Bosee
OZJHOPOJHbIE U JIeTKO CPaBHUMBbIE Pe3y/ibTaThl MOXKHO
MOTYYUTh MPU OMpe/ieNIeHUH JaHHBIX MoKa3aresiel rno-
cJie 3-4aCoOBOTr0 Neproia BOCCTAHOB/IEHHsI KDOBOTOKA,
B 9TO K€ BpeMsi pErMCTPUPYIOTCS MaKCMMa/lbHble 3Ha-
YyeHHs1 MapKepoB MpH ycyioBur 20-MUHYTHOW TOTaIbHOM
WIIeMUH TIeUeHH.
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