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Abstract. Purpose: determination of the state of the antioxidant protection system of the cytosolic fraction and suspension of
rat liver mitochondria after experimental ischemia and reperfusion. Materials and methods: the study was conducted using
white mature rats, divided into 3 groups: the control group (n = 15); The 2nd group of animals (n = 15), from which the liver
was taken after 15 minutes of liver ischemia; the 3rd group of rats (n = 15), from which the liver was taken after a 15-minute
reperfusion period, followed by a 15-minute ischemic period. Mitochondrial suspension and cytosolic fraction were isolated from
liver tissue. Results: the obtained research results showed the presence of certain pathobiochemical changes in the suspension
of mitochondria and the cytosolic fraction after ischemia or reperfusion. In the mitochondrial suspension during the reperfusion
period it was found an adaptive increase in the activity of glutathione peroxidase by 39% and glutathione reductase by 61%. In
the cytosolic fraction, it was the most remarkable increase of the total antioxidant capacity by 38% already during ischemia and
a progressive decrease in the level of reduced glutathione form by 26% in ischemic and 55% in reperfusion period. The change
in the state of the antioxidant system occurred against the background of an increase in the number of products of oxidative
modifications of biomolecules by 40% during ischemia and 2.2 times after reperfusion. Conclusion: The results indicate the
need to develop not only a mitochondria-oriented correction of oxidative disorders, but also active support for the components
of the cytosol, which provide the main accumulation of free radical damage products and their subsequent removal from the
cell, which is essential for survival.
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CocTosiHMe cucTeMbl aHTUOKCUAAHTHOM 3aLUTbl NEeYeHU KpbIC
npu uwemMunmn n penepdysuu

K.A. ITonos, .M. BsikoB, 1.FO. IsiMbanok, SI.E. lenncoa, A.H. CtonsipoBa,
J.A. Asumos, JL.A. Illypeiruna

KybaHckuii rocyjapcTBeHHbIN MeAULIMHCKUN yHUuBepcuteT, KpacHonap, Poccutickas ®@eneparust

AnHortanus. Llesb: orpezienieHrie COCTOSTHUSI CHCTeMbl aHTUOKCH/IAHTHOM 3aIlATHI LUTO30/IbHOM (hpaKkLvy U CyCIIeH3UH MUTO-
XOH/IPUH TIeUeHH KPBIC 1T0C/Ie SKCIIepUMeHTaIbHOW UIlIeMUH U periepdy3un. Mareprabl 1 METO/bI: MCC/IeZJ0BaHHe TIPOBe/IeHO
C UCTI0/Tb30BaHKeM OeibIX MO0BO3PeibIX KPhIC, Pa3JeNeHHbIX Ha 3 TPYIITbl: KOHTPOJIbHAs rpymmna (n=15); 2-s1 Tpyrina >KUBOT-
HbIX (N=15), y KOTOPbIX 3a0MpasH rleueHb Mocie 15-TH MUHYT MIIIEMUU eUeHH; 3-s Tpyrina KpbiC (n=15), y KOTOPbIX 3a0upaiu
TrieyeHb T10cs1e 15-MUHYTHOTO periepdy3HOHHOTO TIepro/a, CJie/J0BaBILero 3a 15-MUHYTHBIM HIlleMAYeCcKUM. VI3 TKaHH reueHn
BBIJIeJISUTA MUTOXOH/IPHA/IbHYIO CyCIIeH3UI0 M LIUTO30/IbHYI0 (pakmuio. Pe3ynbrarel: [oyueHHbIe pe3ynbTaTsl UCC/Ie[0BaHUN
TIOKa3au Hanmuure 0CoOeHHOCTel MaToOMOXUMHUUEeCKUX U3MEHEeHUH B CYCIIeH3UM MUTOXOH/IDUM U LIUTO30/IbHOM (paKL|H Mocyie
niemMnu Wi peniepdysnu. B MUTOXOH/IpHanbHOM CyCIieH31H B IepHroy, periepdy3u yCTaHOBJIEHO aJjaNTaliOHHOe YBeTnYeHe
AKTUBHOCTH TTyTaTUOHTIEPOKCH A3kl Ha 39% W IIyTaTHOHPeAyKTa3bl Ha 61%. B 1UT030/15HOM (pakLuy Harbosiee 3HAUUTe Tb-
HO ObIIO yBesMueHue 0011l aHTHOKCHIAHTHOM aKTUBHOCTH Ha 38% yrKe B MEPHO/| UILIEMUU U MTPOrPECCUPYIOLIee CHIDKEHHE
YPOBHSI BOCCTaHOBJIEHHOW ()OPMBI ITyTaTHoHa Ha 26% B MilleMU4ecKuid U Ha 55% B pemniepdy3HOHHBIN ieprof. V3MeHeHre
COCTOSIHWSI aHTHOKCUJIAHTHOM CHCTeMBI TPOMCXOZN/I0 Ha (hOoHe pocTa KOMYeCTBa MMPOJYKTOB OKUC/IUTETbHBIX MOAUMUKALIAI
6uomonekysn Ha 40% B TIEPHOJ UILIEMUM U B 2,2 pa3a Moc/ie penepQysun. 3akIoueHre: pe3yibTaThl yKa3blBaloT Ha HEOOXOAUMOCTh
pa3paboTKU He TOJIbKO MUTOXOH/IPHUa/IbHO-OPUEHTUPOBAHHOM KOPPEKLIMH OKHUC/UTENBHBIX HapyLIeHHI, HO U Ha aKTUBHYO MO/~
ZIepP>KKY KOMITIOHEHTaM LIUTO30/151, 00eCITeUMBarOLIMM OCHOBHOE HaKOTJIEHHE TIPOYKTOB CBOOOIHOPA/IUKATBHBIX MTOBPEXK/IeHHUH
Y TIoC/Ie/iyIollee yiajeHne UX U3 KJIeTKU, UTO SIBISIeTCS CK/TIOUMTebHO He0OX0qUMbIM JI71si BEDKMBaHMSI.

KiroueBble c/10Ba: reueHb, uiiemusi, pernepdys3us, aHTHOKCH/IaHTHAs CUCTeMa, MUTOXOH/PUSI
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Disorders of oxidative homeostasis, including
hypoenergetic states and oxidative stress, are the leading
pathobiochemical mechanisms of the development
and progression of ischemic and reperfusion injuries
of various organs. During the ischemic period, a sharp
decrease in the oxygen tension in the tissue naturally
leads to a transition to less effective anaerobic energy
processes. At the same time, the oxygen residues against
the background of dysregulation of the respiratory chain
form their active forms to a greater extent, which already
in the period of turning off the blood flow stimulate the
development of free-radical damage. The resumption
of blood supply and the transition to the reperfusion
period are accompanied by an even more powerful
intensification of oxidative stress against the background
of relative hyperoxia. Currently, it is known that the
damage of the reperfusion period makes the leading
contribution to the total damage of the organ and the
development of its subsequent dysfunction [1—2].

Understanding the sequence of events occurring in
the dynamics of ischemic-reperfusion syndrome injuries
at different levels can contribute to the development of
new pathogenetically justified methods of correction
of such pathological processes [3—5]. The relevance
of correction of such disorders is due to the fact that
hypoxia and reoxygenation are universal pathological
processes and are the basis of many disorders of
cardiovascular activity, found in surgical practice,
including organ transplantation.

The so-called Pringle technique is often found in
surgical Hepatology. It is a compression of the hepatic-
duodenal ligament in order to prevent blood loss during
surgical interventions on the liver parenchyma. The use
of this technique is limited by the risks of postoperative
liver failure due to ischemic reperfusion injuries. The
similar complex of pathobiochemical processes develops
during the liver transplantation, which is often the only
way to treat hepatitis and cirrhosis [6—38].

The purpose of this study was to determine the
state of the antioxidant protection system of the cytosol
fraction and suspension of the rat liver mitochondria
after experimental ischemia and reperfusion.

EXPERIMENTAL PHYSIOLOGY

Material and methods

White non-linear male rats weighing 220—250
grams (n=50) were used for the study. All laboratory
animals were kept in the conditions of the vivarium
of FSBEI HE KubGMU of the Ministry of Health of
Russia in appropriate conditions.

All experimental work with the participation of
animals was performed in a specialized operating
vivarium, while all painful manipulations were carried
out after preliminary general anesthesia using Zoletil
100 (Virbac, France) 10 mg / kg intramuscularly.
The study was carried out in accordance with the
requirements of the “European Convention for the
Protection of Vertebrate Animals” (Strasbourg, 1986)
and after approval by an independent ethical committee
(protocol No. 51 of 05.23.2017).

Experimental animals were divided into 3 groups:
control group is the group of rats that underwent a
medians laparotomy without further modeling of the
pathological process (pseudo-operated animals, group
1, n=20); group 2 is group of rats (n=15) that underwent
vascular liver exclusion by clamping an analog of the
hepatoduodenal ligament for 15 minutes after which
the liver was taken without restoring blood flow; group
3 is a group of rats (n=15) whose liver was taken after
a 15-minute reperfusion period following a 15-minute
ischemic period. The liver was immediately placed in
a cold medium consisting of at least one-third of the
frozen medium to isolate the mitochondrial suspension
[9]. In the laboratory of the Department of fundamental
and clinical biochemistry the liver immediately after the
experiment was crushed and homogenized in the same
sucrose medium (0.25 M sucrose containing EGTA and
Mg ions in 0.02 M tris-HCI buffer with pH = 7.4). After
homogenization they were centrifuged at 1000 g for 5
minutes to remove large fragments whole undisturbed
cells, red blood cells, ect. Further after centrifugation
for 10 minutes at 12,000 g the supernatant was used
as a cytosolic (postmitochondrial) fraction and the
pellet was washed again under the same conditions and
prepared from it a working mitochondrial suspension.
Protein concentration was determined in the cytosolic
fraction and mitochondrial suspension using the
Bradford method [10]. The calculation of the content
of metabolites or enzyme activity in the subsequent was
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based on the protein content in the sample.

The state of the antioxidant defense system was
evaluated by determining the total antioxidant capacity
of ferrum-reducing method FRAP [11], catalase
activity, glutathione peroxidase activity, glutathione
reductase, reducible glutathione count [12—13]. The
level of intensity of oxidative processes revealed
the accumulation of diene conjugates in the studied
biofluids.

Statistical data handling was performed using Stat
plus LE and Excel for Windows. The nature of the
data division was evaluated using the Shapiro-Wilk
statistic, the data were presented as a median and the
1st and 3rd quartiles (Q1 and Q3). The nonparametric
Mann-Whitney U-test was determined to assess the
significance of differences between the indicators of
the studied groups of animals. The differences were
considered statistically significant at p<0.05.

Results and discussion
Determination of indicators of antioxidant defense
system and mitochondrial fractions of rat liver cytosol
after ischemia or ischemia / reperfusion showed the
presence of characteristic differences at different

times and in different subcellular compartments.
In the mitochondrial suspension (table. 1) after 15
minutes of ischemia and without restoring of blood
flow a slight increase in total antioxidant capacity was
noted by 15% relative to the target. In the same period
an increase 7% activity of glutathione reductase was
observed. These changes are associated more likely
with rapid adaptive changes aimed at maintaining
adequate oxidative homeostasis. At the same time
the catalase activity was reduced by 27%. This is due
to the relatively low rate of formation of hydrogen
peroxide during this period. The activity of glutathione
peroxidase did not undergo significant changes although
this enzyme is primarily responsible for the utilization
of peroxides in mitochondria. The strengthening of
free radical processes already in the ischemic period
is confirmed by an increase in the accumulation in the
mitochondrial suspension of intermediate products of
lipid peroxidation, i.e. diene conjugates the content of
which in the mitochondria of the liver of rats of 2nd
group increased by 12.5%. Given the short duration
of the pathological process of only 15 minutes of
vascular excretion the recorded changes should not
seem insignificant.

Table 1

Indices of the system of antioxidant protection of suspension received from mitochondria
of rat liver after ischemic and reperfusion damage (Me(p0,25/p0,75))

Test groups
Studied indices
1 (control) 2 (ischemia) 3 (reperfusion)
Total antioxidant capacity, mM Vit C/ mg of 2,0 2,3* 2,6*
protein (1,9/2,1) (2,1/2,5) (2,3/2,7)
. . 992,3 726,1* 919,6**
CAT, nmol/(minxmg of protein) (945,1/1024,5) (678,4/766,5) (880,7/930,2)
*A
Glutathione peroxidase, nmol/(minxmg of protein) (82%3':9 5) (86?31/"364 5) (1 1122:/'?26 2)
* *A
Glutathione reductase, nmol/(minxmg of protein) (94%6;'978 5) (1 011 %:3'1605 2) (1 413515/'?60 8)
. 10,1 9,6 9,5
GSH, nmol/mg of protein (9,6/103) (9,5/102) (9,4/10,1)
Diene conjugates, conv. units 0,08 0,10 0,08
' ) (0,07/0,09) (0,09/0,10) (0,07/0,09)

Note:* — statistically significant differences (p<0,05) from the same index of the 1st group; * — statistically significant differences (p<0,05)

from index of the 2nd group.

The more significant changes in state of the
system of antioxidant protection of mitochondria
were determined after 15 minutes of reperfusion in

96

livers of rats from the 3rd (Table 1). In this group, the
total antioxidant capacity kept increasing up to 30%
in comparison with the control values. The increase in
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activity of all studied enzymes was also revealed. The
activity of glutathione peroxidase increased by 39%,
while the activity of glutathione reductase increased
by 61% in comparison with indices of the control
group. The catalase activity also increased by 27%
in comparison with the values of the 2nd group, but
the value of this index remained a bit lower than the
control values. The concentration of reduced glutathione
in mitochondrial suspension of liver in rats of the 3rd

group remained at the level of the control group which
certainly proved high capacity of antioxidant system of
mitochondria. The level of diene conjugates determined
within the mitochondrial suspension of liver in the 3rd
group did not differ from the level of control group
which proved the rapid recovery of mitochondrial
structure and function after relatively long period of
ischemic and reperfusion damage.

Table 2

Indices of the system of antioxidant protection of cytoplasmic fractions received from rat liver after ischemic
and reperfusion damage (Me(p0,25/p0,75))

Test groups
Studied indices
1 (control) 2 (ischemia) 3 (reperfusion)
* *
Total antioxidant capacity, mM Vit C/ mg of protein @ g;; 6) @3 %/33 5) @3 %/23 4)
. . 217,8 213,0 309,8**
CAT, nmol/(minxmg of protein) (205,9/221,6) (204,0/220,0) (290,5/318,6)
* A
Glutathione peroxidase, nmol/(minxmg of protein) (11 3162/01'37 0) (1 5;2?’1878 4) a 01??’111 9,6)
*
Glutathione reductase, nmol/(minxmg of protein) (11 6172/01925 3) (1 2;:2(/)’1137 8) a 221 12/5138 3)
. 8,0 5,8*% 3,6%*
GSH, nmol/mg of protein (7.8/8.2) (5,6/6,2) (3,4/4,0)
Diene conjugates, conv. units 0.10 0,14 0,22+
Jugates, conv. (0,09/0,11) (0,13/0,15) (0,19/0,23)

Note:* — statistically significant differences (p<0,05) from the same index of the 1st group; * — statistically significant differences (p<0,05)

from index of the 2nd group.

In cytoplasmic (post-mitochondrial) fraction,
the changes in enzymic activity were considered to
be less reactive, but the more significant changes of
non-enzymic components and the accumulation of
diene conjugates were also detected (Table 2). So, at
the ischemic period, the activity values of glutathione
peroxidise increased by 40%, but returned to their
initial level at the reperfusion period. The activity of
glutathione reductase changed in a similar way. In test
animals of the 2nd group, the activity of this enzyme
in the cytoplasmic fraction of liver increased by 8%,
while in animals of the 3rd group it did not differ from
the control values. The catalase activity significantly
increased after 15-minute reperfusion, in particular
by 42% in comparison with the control values. The
revealed changes may result from the primary catalase
localization within the cytosol and peroxisomes as
well as from the more important role of this enzyme

EXPERIMENTAL PHYSIOLOGY

in protection of cytosol and its structures in comparison
with mitochondria. The total antioxidant capacity
changed within the cytosol fraction in the same way that
in mitochondria, but more significantly. In test animals
of the 2nd — 3rd groups, the studied index increased by
37—38% in comparison with the values of the control
group. The significant decrease in level of reduced
glutathione in cytoplasmic fraction of rat liver was
also revealed — by 26% after the ischemic period and
by 55% after the reperfusion period respectively. The
content of diene conjugates gradually increased in liver
of test animals in all the studied groups. In cytoplasmic
fraction of rat liver of the 2nd group, the level of diene
conjugates increased by 40% while in rats of the 3rd
group — by 2,2 times. We believe that the received
results are conditioned by the adaptative character of
changes in system of antioxidant protection with the
increase in enzymic activity and in total antioxidant
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capacity. Furthermore, the main adaptative processes
within the cytolysis take place at the ischemic period,
while in the mitochondrial suspension they take place
during reperfusion. In such conditions the cytosol
plays the role of the buffer receiving the greater part
of products of oxidative modifications of biomolecules
and providing the main amount of reduced equivalents
of glutathione for the further functioning of antioxidant
system. Another highly reliable thesis is that during
the process of excretion of mitochondrial suspension
the damaged and destroyed organelles remain in the
cytoplasmic fraction as well as their components;
thus, the artificial image of “wellness” of metabolic
systems of mitochondria is represented against the
background of extensive pathobiochemical disorders
within the cytoplasmic fraction. In our opinion, the
chosen experimental model of pathobiochemical
process is relatively mild and against its background
the mitochondrial damage should not be expected; that’s
why the first thesis is considered to be more reliable.
The whole image of pathological process is probably
more complex and is composed of the buffer influence
of cytosol and depletion of damaged mitochondrial
components into it. One way or another, it is clear that
for the objective assessment of the state of antioxidant
system during the development of ischemic and
reperfusion damages the indices of both mitochondrial
suspension and cytoplasmic fraction should be
evaluated. Furthermore, by the analysis of mitochondrial
suspension the attention should be paid to the changes
in enzymic activity of metabolic glutathione, while in
the cytoplasmic fraction the attention should be paid
to the changes in catalase activity, content of reduced
glutathione, and products of oxidative modifications
of biomolecules.

Conclusion

The results of the study proved the peculiarities of
pathobiochemical changes in suspension of mitochondria
and cytoplasmic fraction after 15 minutes of ischemia
and the same period of reperfusion. In mitochondrial
suspension, the adaptative increase in activity of
glutathione peroxidase and glutathione reductase
was detected, especially at the reperfusion period. In
cytoplasmic fraction, the increase of total antioxidant
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capacity was the most significant at the ischemia period
with the progressing decrease in the level of reduced
glutathione against the background of growing number
of products of oxidative modifications of biomolecules.
The received results prove that it’s necessary not only
to develop the mitochondrial-oriented correction of
oxidative disorders, but also to actively support the
cytoplasmic components which provide the storage
of products of free-radical damages and their further
removal from the cells which is extremely important
for surviving.

Hapy1ueHusi OKMC/IMTETbHOTO TOMe0CTasa, BKII0-
yarolljye TUI03HepreTHYecKre COCTOSIHUS U OKUCH-
TeJIbHBIN CTPeCC, SIB/STIOTCS BeIyLUMH 1aT00MOXUMU-
YyeCKMMHU MexaHW3MaMH Pa3BUTHsL U POTPeCcCHpOBaHuUs
WIIeMUYeCKHX U perep(y3uoHHbIX TIOBPEXKEHUI pa3-
JIAYHBIX OPraHoB. B nileMyyeckuii neproj, peskoe CHU-
JKeHre HarpspKeHUst KUC/IOPO/ia B TKaHU 3aKOHOMEPHO
BeJIeT K Tiepexoly Ha MeHee 3(heKTHBHbIe aHAIPOOHBIE
JHepreTUyecKue mporiecchl. [Ipyu 3TOM oCcTaTKu KUC-
nopoja Ha ¢oHe AUCperyssiLyy JibIXaTe/bHOM 1jenn
00pa3ytoT B OosblIIeli CTereHu CBOM aKTHBHbIE ()OPMBI,
YTO Y’Ke B [1epHo/| BBIK/TFOUEHHsI KPOBOTOKA CIIOCOOCTBY-
€T pa3BUTHIO CBOOOJHOPAIUKATBHBIX TTOBPEXIeHUH.
BoccraHoBieHre KpoBOCHabKeHHs U Tiepexof] K pe-
niepy31OHHOMY Tepro/ly CONPOBOXKAIOTCS eltle H6osee
MOII[HOM UHTeHCU(UKALIeH OKUC/IUTE/ILHOTO CTpecca
Ha (hoHe OTHOCUTEILHOM rurepokcuu. B HacTosee
BpeMsi U3BeCTHO, UTO UMEHHO TOBpeX/ieHus1 perepdy-
3MOHHOT0 TIepro/ia BHOCST BeyIluii BK/IaZ B o01ijee
TIOBpEXX/|eHNe OpraHa U pa3BUTHe MOC/Ie/yolleil ero
muchyHkimy [1—2]. TlonuManue TiociejoBaTeTlbHOCTH
COOBITHH, TIPOMCXOAAIINX B JUHAMUKE Pa3BUTHS T10-
BpeX/IeHWH HIlleMUYeCKU-periep(y3roHHOr0 CUHpPOMa
Ha pa3HOM YPOBHe, MOXKET CIIOCOOCTBOBATh pa3paboTKe
HOBBIX TaTOreHeTHYeCKU 000CHOBAHHBIX CIIOCOOOB
KOPPEKL[MM TaKWX TaTo/I0rnyeCcKUX rpoLeccoB [3—-5].
AKTyanbHOCTb KOPPEKLIMM TaKKX HapylleHni 00yCIoB-
JIeHa TeM, UTO TUIIOKCHUSI M PeOKCHTeHaLUs SIBJISIIOTCS
YHUBEPCaTbHBIMU M1aTOI0TM4eCKUMH TIPOLIeCCaMHU U Jie-
)KaT B OCHOBe MHOTHX HapylleHUH cep/leuHO-COCYU-
CTOU eATeTbHOCTH, BCTPEUYAIOTCS B XUPYPrudecKoi
NpaKkTHKe, B TOM YKC/ie TIPU TPaHCIUIaHTal|uy OpraHoB.
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B xupypruueckoii renaTos0rum 4acTo BCTpeyaeTcsi
TaK Ha3blBaeMblii ripreM [IpuHI/Ia, MpeACTaB/SIOLIUIA
repe)katue reyeHOYHO-/IBeHa/LlaTUIIePCTHOM CBSA3KU
C L|eJTbIO TIPe/I0TBPALL{eHHsT KPOBOIIOTePh MPU OTepaThB-
HbIX BMelllaTe/IbCTBaX Ha MapeHxuMe reueHu. Vcrosms-
30BaHMe JJaHHOTO MpreMa OrpaHUYMBAEeTCsl pUCKaMu
pa3BUTHSI TTOCIe0NepaLOHHON TTeUeHOUHOUM HeJloCTa-
TOYHOCTH BCJIE/ICTBUE UILIEMUUECKU-perepy3nOHHBIX
noBpeXxieHnH. TTOX0KUi KOMITIEKC TTaToO0noXuMuye-
CKHMX TMPOL[eCCOB Pa3BUBAETCS Y MPU TPaHCI/IaHTALIUA
TIeueHH, YacTo sIB/ISTFOLIeHCsl e IMHCTBEHHBIM CII0COO0M
JieueHusl TeTlaTUTOB U 1iuppo3a [6—38].

Lle/nbi0 HACTOSIIIETO MCCIIEIOBAHKS OBIO OTIpe/ie-
JIeHHe COCTOSIHUSI CUCTeMbI aHTHOKCHIAHTHOM 3aLLUThI
L[MUTO30/IbHOM (DpaKIUU U CyCIIeH3UHd MUTOXOHPUI
TeyeHU KPbIC MOC/e SKCIepUMeHTaIbHOW UILIeMUN

U periepdy3umu.

MaTtepuanbl n metoabl

s npoBefieHys UCC/Ie0BaHUsl UCTI0/Ib30Ba/IN
OenbIX HEJTMHEMHBIX CaMLIOB KPBIC Maccoi 220—
250 rpamm (n=50). Bce y1abopaTopHbIe )KUBOTHBIE CO-
Jepkamch B ycoBusix BuBapusi @T'BOY BO KyoI'MY
Mwun3gpaBa Poccuu B HaZyiexxalux ycaoBusax. Bee
JKCTMepUMeHTasIbHble Pa0O0ThI, BBITIOTHSIEMbIE HETIO-
Cpe/ICTBEHHO C YYaCTHeM >KUBOTHBIX, BBITOIHSIIUCH
B CreLMaarM3MpPOBaHHON OMepalMOHHONW BUBapuUs,
TIpY 3TOM BCe 60sie3HeHHbIe MaHHUITYJISILIMK OCYIIeCT-
BJISUTACH TIOCJIE TIPe/IBapUTETbHOM 0011ieil aHeCTe3nu
c ucrionib3oBaHueM 3osetuna 100 («Virbacx», France)
10 mMr/kr BHyTpUMBILIedHO. [IpoBefieHe rcciejoBaHus
OCYIIIeCTBIIS/IOCh B COOTBETCTBUU C TPeOOBaHUSIMU
«EBpomneiicKoii KOHBEHLIMH 110 3allUTe M03BOHOYHBIX
»KUBOTHBIX» (CTpacOypr, 1986) u nocse ogobpeHus
HEe3aBUCUMbIM 3TUUECKUM KOMUTETOM (TPOTOKO/ Ne 51
ot 23.05.2017 r.).

OKcrnepuMeHTabHbIe )KUBOTHBIE ObI/IU pa3ze-
JIeHbI Ha 3 IPYIIIbI: KOHTPOJIbHAS rpyIira — rpyrmnrna
KPBIC, TIOABEPraBIINXCS CPeMHHOM JIarlapoToMuu 6e3
JaJIbHeMIIIero Mo/e/IMpOBaHus [1aTo/I0rM4yeCcKoro mpo-
Liecca (rceB00NepUpOBaHHbIe XKUBOTHbIE, rpyrma 1,
n=20); 2-s1 rpynmna — rpymmna Kpsic (n=15), KOTOpbIM
BBITIO/THSIA BaCKY/ISIPHYO 9KCKJIFO3UI0 TIeYeHU My TeM
Triepe)kaTusi aHasiora re4eHOYHO-/IBeHa/ILlaTUIIePCTHOU
CBSI3KM Ha 15 MHUHYT, TIoc/1e uero 6e3 BOCCTaHOB/IEHUsI
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KPOBOTOKa 3abupasi reueHb; 3-s1 TpyImra — TpyIia
KpbIC (n=15), y KOTOPBIX 3a0upanu neueHb mocse 15-
MMHYTHOTO perniep(y31OHHOrO 1epro/ia, Ciei0BaBILero
3a 15-MUHYTHBIM UIlIeMUYeCKHUM TepruoioM. [TeueHb
Cpa3y roMelLav B X0JIOHYIO CPe/Ly, COCTOSILIYIO He Me-
Hee ueM U3 TPeTH 3aMep3Lieil cpe/ibl, /151 Bbl/le/eHUs
MUTOXOH/IpHa/IbHOM cycrieH3uu [9]. B mabopartopun
Kadeaps! pyHAAMEHTAIBHON U KTMHUYECKOW OMOXMMUM
reueHb Cpasy IMocsie SKCriepuMeHTa “3Mesbuaiy U ro-
MOTeHH3UPOBA/U B TOM >ke caxapo3Hou cpefie (0,25 M
caxapos3sbl, cogepxatteit II'TA u noust Mg B 0,02 M
tpuc-HCl 6ydepe c pH = 7,4). [Tocsie romoreHU3aryiu
teHtpudyrvpoaau ripu 1000 g B TeueHre 5 MUHYT JI/IsT
yZla/ieHus1 KPYTHBIX 00/I0MKOB, 1L1e/IbIX Hepa3pyIIeHHbIX
KJ/IeTOK, SPUTPOLIUTOB U Tpouero. /lanee rnoce 1ieH-
TpudyrrupoBanus B Teuenve 10 munyt ripu 12000 g
CyIepHaTaHT MCIO0/b30Ba/lv B KaueCTBe LIUTO30/IbHOM
(TOCTMUTOXOH/IpUAIbLHOM) (hpaKIvM, a 0CaZIOK eIrle
pa3 OTMbIBaJIM B TeX )Ke YCIOBUSIX U TOTOBWJIN U3 HEro
pabouyto CyCrieH3ur0 MUTOXOHAPUH. B 1UTO30/1bHOM
(bpakiyy 1 CycrieH3u MUTOXOH/PUI OTIpeZiensiii KOH-
LeHTpalyio 6esika ¢ momorikio Metoza bpandopa [10].
Pacuet copep>kaHust MeTabOMTOB WM aKTUBHOCTH
(hepMeHTOB B MOC/IeAYIOLLEM BeJId UCXO/s U3 COZEep-
»KaHwus 6e/nka B obpas3tie.

CocTosiHHe CHCTeMbl aHTUOKCUAAHTHOM 3all[UThl
OLIeHMBAJIM TTyTeM OIpe/ie/ieHust 0011ell aHTHOKCH-
JIaHTHOM aKTUBHOCTH >KeJie30-BOCCTaHaB/IUBAIOIIUM
criocobom FRAP [11], karasmasHoW akTUBHOCTH, aKTUB-
HOCTH IJIyTaTUOHTIEPOKCHU/a3bl, [Ty TaTUOHPEAYKTa3bl,
Cofiep>kaHusi BOCCTAHOBJIEHHOTO TyIyTaThoHa [12—13].
OO0 ypoBHe MHT@HCUBHOCTU OKUC/UTE/bHBIX MPOLieC-
COB CYJMJIY TI0 HAaKOTIJIEHUIO IMeHOBBIX KOHBIOI'aTOB
B UCCJIlyeMbIX OMOXKUIKOCTSIX.

CrarucTtryeckyro 06pabOoTKY JlaHHBIX TIPOBOUIN
c ucrnosib3oBaHueM naketa Stat plus LE u Excel gns
Windows. XapakTep pacripeie/ieHust JaHHbIX OL[eHU-
Ba/iM C moMolLbto KpuTepusi Llanupo-Busika, faHHbIe
Tpe/ICTaB/IsUIN B BUJie MeJjiaHbl U 1-To 1 3-T0 KBapTH/Iei
(Q1 1 Q3). 111 OLIeHKM 3HAYMMOCTH Pasiiurid MeXay
TI0Ka3aTessiMU UCC/leZlyeMbIX MPYIIIT )KUBOTHBIX OIpe/ie-
JISITU HerapameTpuyeckuii U-kputepuii MaHHa- YUTHH.
Pa3nyuuus cuuTany CTaTUCTUUeCKU 3HAUMMBIMU T1PH
ypoBHe p<0,05.
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Pe3ynbTraTtbl U 06Cy)XaeHue

OrnpesienieHue MokasaTtesield COCTOSIHUSI CUCTEMbI
AQHTUOKCH/IAHTHOM 3allliThl MUTOXOH/IPHUA/ILHOU U 111~
TO30JIbHOM (PpaKIUii eyeH! KPbIC MOC/Ie ULLIEMUAN WU
uiemMur/periepdy3un 1Mokasauo pa3BUTHe XapaKTePHBIX
OT/IMYMI B pa3Hble TIEPUObI ¥ B Pa3HBIX CyOK/IETOUHBIX
KOMIIapTMeHTaX. B MUTOXOH/[pyaibHOM CyCITeH3UU
(tabs. 1) mocne 15-MuHyTHOM UiieMun 1 6e3 BoccTa-
HOBJIEHHsI KDOBOTOKA OTMeUasI0Ch HeOO/bITIoe yBeTue-
HUe 00I1[el aHTUOKCH/JaHTHOM aKTUBHOCTH — Ha 15%
OTHOCHMTE/IbHO KOHTPOJIbHBIX 1(p. Takxke Oblia 3a-
(brKcrpoBaHa B 3TOT »Ke Tlepuoj yBesinueHHasi Ha 7%
aKTUBHOCTb IVyTaTHOHPEAYKTa3bl. [JaHHbIe N3MeHe-
HUSI CBSI3aHbI CKOpee C ObICTPBIMU a/lalTaliMOHHBIMHU
repeCcTpoOiiKaMH, HarpaB/IeHHbIMU Ha TOZiepKaHue
aZleKBaTHOTO OKWC/IUTeTbHOr0 roMeocTtasa. [1pu sTom
KaTajla3Hasi aKTUBHOCTE OblIa CHIDKeHa Ha 27%, 4To Mo-

)XeT ObITh 00YC/IOBIEHO B ZIAHHBIHN TIepHO/] HEOO/TBILION
CKOPOCTbI0 06pa30BaHMsl IMEHHO MePOKCHA BOZIOPOZa.
AKTHBHOCTb [JyTaTHOHIIEPOKCH/|a3bl CyIlleCTBeHHbIX
VM3MEeHeHU He TIpeTepreBasa, X0Ts 3a yTUIU3aLUi0
[epOKCH/I0B B MUTOXOH/IPUSIX OTBETCTBEHEH B I1ep-
BYIO ouepe/ib 3TO (hepMeHT. YcuaeHne cBobogHOpa-
JIMKaJIbHBIX TIPOLIeCCOB Y)Ke B MILleMUYeCKUN [Teprof,
MO/ITBEP)K/IaeTCsl yBEIMUEeHNEeM HaKOILJIEHUS] B MUTO-
XOH/IpYabHOW CyCIeH3UY POMEXKYTOHBIX [POAYKTOB
MepeKUCHOr0 OKUCIeHUS! JIMTTU/I0B — /IMEHOBBIX KOHb-
I0raToB, COZlepyKaHue KOTOPbIX B MUTOXOH/IPUSIX Ieye-
HU KPBIC 2-1 rpymmbl 66110 yBesiMyeHHbIM Ha 12,5%.
YunTsiBasi HeOOBIITYO TIPOAO/DKATETBHOCTD M1aTOMO0-
TMUeCKOro rnpoLecca — BCero 15 MUHYT BaCKy/IsIpHOM
5KCKJTI031H, 3a(pMKCHPOBaHHbIe U3MeHEeHHs He JI0/DKHbI
Ka3aTbCsl He3HAUNTeTbHbIMMU.

Ta6nuya 1

MokasaTenu COCTOAHUS CUCTEMbI aHTUOKCUAAHTHOI 3aLLUTbI CYCNEH3UM MUTOXOHAPUIA NeYeHn Kpbic
nocrne uwemuyecKkoro u penepdysunoHHoro nopaxkeuus (Me(p0,25/p0,75))

" WUccnepyeMble rpynnbi
ccriegyeMble noKasaTtenu
Ay 1 (KOHTpOnb) 2 (Vwemusn) 3 (penepdy3us)
2,0 2,3* 2,6*
O6Liaa AOA, MM BuUT C/ Mr 6enka (1,9/2,1) (2.1/2,5) 2.3/2.7)
992,3 726,1* 919,6%
KAT, HMonb/(MuHxMr Genka) (945,1/1024,5) (678,4/766,5) (880,7/930,2)
86,8 91,6 120,6%
[0, Hmonb/ (MukxMr Genka) (82,4/89,5) (86,3/94,5) (112,8/126,2)
P, HMonb/(MUHXMT 6enka) 9.7 103,6% 1554+
' (94,3/98,5) (101,0/105,2) (143,1/160,8)
10,1 96 9,5
GSH, Hmonb/mr Genka (9,6/10,3) (9,5/10,2) (9,4/10,1)
0K, yen. e 0,08 0,10* 0,08
»yen. ea. (0,07/0,09) (0,09/0,10) (0,07/0,09)

MpumeyaHue: * — CTaTUCTUYECKMN 3HAYNMbIE OT/INYUA (p<0,05) OT COOTBETCTBYHOLLEro nokasarensa 1-n rpynnbl; A — cTaTUCTUYECKHU

3HauuMble oTnnuua (p<0,05) oT nokasatens 2-i rpynnbl.

Bornee Bbipa’keHHbIe U3MEeHEHUsI COCTOSTHUSL CUCTe-
MbI aHTUOKCH/I@HTHOM 3alL{UThl MUTOXOH/IPUI oripe/ie-
JieHbl ocyie 15-MUHYTHOTO pernepgy3MOHHOIO Mepruoja
B [TeUeHH KpbIC 3-i rpymmbl (Tabm. 1). B gaHHOM rpyTie
TMPOZ0/Kasia yBeJIMUMBaThCS 00111asi aHTHOKCHIAHT-
Hasi aKTUBHOCTbh — BO3pacTaHUe JlaHHOT'0 NToKa3aTesis
OTHOCHUTEeTLHO KOHTPOJIbHBIX 1IU(p mocturano 30%.
Habsropanock yBemueHre akTHBHOCTH BCeX TpeX
W3y4YeHHbIX ()epMeHTOB. AKTUBHOCTb [Ty TaTUOHIIEPOK-
cuziasbl Obia yBesueHa Ha 39%, aKTUBHOCTD Ty TaTH-
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OHpenlyKTa3bl — Ha 61% OTHOCUTENBHO COOTBETCTBY-
IOLLMX TOKa3aresiel KOHTPOJIbHONW IPYMIIbL. YBeueHa
Obl1a Tak)Ke KaTasia3Hasi akTUBHOCTb, OTHOCHUTE/IbHO
rnokasaressi 2-i rpynrbl, Ha 27%, olHAaKO 3HaueHue
JIaHHOT'0 MTOKa3aTess 0CTaBaI0Ch HECKOIBKO HIKe KOH-
TPOJIbHBIX Lj1(p. KoHIleHTpal1si BOCCTaHOB/IEHHOM
(hopMbI ITyTaTHOHA B MUTOXOH/IPUA/ILHOW CyCIIeH3UN
reyeHU KpbIC 3-F TPYMIIbI [IO/lepK1UBalach Ha YPOBHe
KOHTPOJIbHOU TPYMIIbI, YTO, 6€3yC/TI0BHO, OTpaXkaeT
BBICOKYIO MOLHOCTb aHTUOKCH/JAHTHOM CUCTeMbI MU-

SKCMEPUMEHTANBHASA OU3MONOT A
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TOXOH/IpUI. YPOBeHb /IMeHOBBIX KOHBHOIaTOB, OIpe-
JlensieMbIX B MUTOXOH/IpUA/IbHOW CyCTIeH3WH MeYeHU
3-U TpyIIibl, He OT/IMYAJICS OT YPOBHSI KOHTPOJIbHOU
IPYMIIbI, YTO MOXKET CBU/IeTe/TLCTBOBATh O OBLICTPOM

BOCCTAHOB/IEHUH CTPYKTYPbl U (PYHKLIMM MUTOXOH/IPUI
M0CJIe OTHOCUTE/ILHO HEMpPOZ0/DKUTE/TBbHBIX MILIeMUUe-
CKUX U perniepdy31OHHBIX [TOBPEXX/eHU.

Tabnuya 2
MNokasaTenu coCTOSAHUA CUCTEMbI aHTUOKCUAAHTHOM 3aLLUTbI LLUTO30/bHOI BpaKLMK NeYeHU Kpbic
nocne uwemuyeckoro u penepgy3snoHHoro nopaxkenus (Me(p0,25/p0,75))
WUccnepyembie rpynnbi
UccnepyeMble nokasarenu
1 (KOHTpONb) 2 (Mwemwus) 3 (penepody3sus)
24 3,3* 3,2%
O6uasa AOA, MM BuT C/ Mr 6enka (2.3/2,6) (3,0/3,5) (3,0/3.4)
217,8 213,0 309,8**
KAT, Hmonb/ (MurHxmr Genka) (205,9/221,6) (204,0/220,0) (290,5/318,6)
120,6 168,8* 106,14
FTO, Hvonb/ (MukxMr Genka) (113,6/127,0) (155,2/178,4) (104,1/119,6)
P, HMonb/(MUHXMT 6enKka) 120, 130,1 1256
’ (116,7/125,3) (126,4/137,8) (122,1/128,3)
8,0 5,8*% 3,6%
GSH, HMonb/Mr 6enka (7,8/82) (5,6/6,2) (3,4/4,0)
[K, yen. e 0,10 0,14* 0,22%"
YO €. (0,09/0,11) (0,13/0,15) (0,19/0,23)

MpumeyaHue: * — CTaTUCTUYECKM 3HaUUMble oTiMuuA (p<0,05) oT cooTBETCTBYIOLLLEro NoKasaTens 1-i rpynnbl; » — CTaTUCTUYECKM

3HaunmMble oTnuua (p<0,05) oT nokasaTtena 2-i rpynnbl.

B 11uT030/1HOM (TTOCTMUTOXOH/IPUA/IEHOM) (Ppak-
LMY OBLIM OTIpe/ie/IeHbl MeHee peaKTUBHBIE U3MeHe-
HUSI pepMeHTaTUBHOM aKTHBHOCTH, HO Oojiee 3HauM-
TeJ/ibHble U3MeHeHUs1 He()epMeHTHbIX KOMITIOHEHTOB
Y HAKOIIeHHUsI JMEHOBLIX KOHBIOraToB (Tab. 2). Tak,
B MIlIeMHYeCKOM Tepro/ie B LIUTO30/bHOM (PpaKLUU
orpefiesInCh yBenueHHble Ha 40% 3HaueHUs ak-
THUBHOCTH [Ty TaTUOHIIEPOKCH/a3bl, BO3BPAlljaBIINeCs
K MCXO/JHOMY YPOBHIO B periepy3MOHHOM Mepuo/e.
[MToxoxrM 06pa3oM U3MeHsIaCh AKTUBHOCTh [Ty TaTH-
OHpe/lyKTasbl. Y KUBOTHBIX 2-U FPYMIIbl B LUTO30/1b-
HOU (hpaKIUU TeueHn aKTUBHOCTD JaHHOTO hepMeHTa
Obuta yBenmuueHa Ha 8%, a y )KUBOTHBIX 3-U FPYIIIIbI
y>Ke He OT/In4asach OT KOHTPOJIbHBIX 3HAUeHU COOT-
BeTCTBYHOLIlero rnokasaresi. KatasasHasi akTUBHOCTb
Obl1a 3HAUWTETHHO yBeIMUeHa Mocyie 15-MUHYyTHOU
peniepdy3un — Ha 42% OTHOCUTETLHO KOHTPOIbHBIX
1udp. Bo3Mo)KHO, BhIsIB/IEHHBIE M3MeHeHHsT 00y C/I0B-
JIeHbl PeUMYIIleCTBeHHOM JIoKa/Iu3alueil Karaaasbl
B LIUTO30JI€ ¥ TIEPOKCUCOMAX, a TakKKe Oojiee BaXKHOM
POJIbIO 3TOTO (hepMeHTa B 3alljuTe [IUTO307151 U er0 CTPYK-
TYP B CPaBHEHUM C MUTOXOH/pUsiMuU. OO11jasi aHTHOK-
CUJJaHTHAasl aKTUBHOCTb U3MeHsJIaCh B [UTO30/IbHOM
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(bpakLyy aHaJIOrMYHO M3MeHeHHsIM B MUTOXOH/IPUSIX,
HO 0OoJjiee 3HAUUTENBHO. Y KUBOTHBIX 2—3-11 rpynmn
aHa/IM3UPyeMbIii TT0Ka3aTesb ObLT yBeMueH Ha 37—
38% OTHOCUTENBHO 3HaUeHUsI COOTBETCTBYOLLETO T10-
KasaTesisi KOHTPOJIbHOM Ipynibl. Takke 0TMeuanoch
3HaUMTEeTbHOE CHUYKEHHE YPOBHS BOCCTAHOBIEHHOTO
[JTyTaTHOHA B LIUTO30/IbHOM (DpaKIMM MeueHr KpbIC
MocJie UIleMruYeCcKoro repuoga — Ha 26% u nocne
penepdy3uoHHOTO Tieprozia — Ha 55%. CopeprkaHue
JIMeHOBBIX KOHBIOTaTOB MOCTENEeHHO BO3pacTaso B Te-
YeHU UCC/IeZlyeMbIX TPy XKUBOTHBIX. B 1juTo30/16HOM
(hpakuyy reyeHu KpbIC 2-U TPYIIIbI YPOBEHb JUEHO-
BBIX KOHBIOraToB ObI1 yBemueH Ha 40%, a y KpbiC 3-i
TpYyIIbl — yKe B 2,2 pa3a. [lonyueHHble pe3ysibTarsl,
Ha Halll B31VIsi], 00y C/IOB/IeHbI a/laNTalliOHHBIM XapakK-
TepOM TepecTpoeK CUCTeMbl aHTUOKCUJAHTHOM 3alliu-
ThI C YBeJMUeHHeM aKTUBHOCTH ()epMEHTOB U 0011[eit
AQHTUOKCUAHTHOM aKTUBHOCTH. [Ipy 5TOM K/lt0UeBbie
aZlanTaoHHbIe COOBITHS B L{UTO30J1€ TIPOUCXOST
y’Ke B UIIeMAYeCKUI Mepuojl, a B MUTOXOH/IPHA/IbHOU
CycCIieH3uH B Xofie perepdy3uu. LInTo30/b B JaHHBIX
yCJIOBUSIX, BEPOSITHO, UTPaeT pojib Oydepa, mpuHUMast
OCHOBHOE€ KOJIMYeCTBO MPOAYKTOB OKUC/IUTE/bHBIX
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MozudUKaruii 61IOMOJIeKY/1, IIOCTaBIsAsi OCHOBHOE KO-
JIMYeCTBO BOCCTAHOB/IEHHBIX SKBUBA/IEHTOB ITyTaTUOHA
JU1s1 QyHKIIMOHUPOBAHUSI aHTUOKCH/JAHTHOW CUCTEMBI.
[lpyrum, TakKe BIIOJTHE BePOSITHBIM, TIPe/TIONI0KeHeM
SIBJISIETCS TO, UTO B NIPOL{eCCe Bbl/|e/IeHUs CyCIIeH3U1
MUTOXOH/IPUH TTOBPEX/eHHbIe U pa3pylleHHbIe Op-
raHesyibl, @ TakK)Ke UX KOMIIOHeHTbl OCTal0TCs B LiU-
TO30/IbHOM (hpaKIuK, TaKUM 00pa3oM, UCKYCCTBEHHO
CO3/jaeTCsi KapTUHA OTHOCHTE/ILHOTO 0J1aroromyust
COCTOSTHUSI MeTaboIMueCKMUX CUCTeM MUTOXOH/IPHUH,
Ha (hoHe OOIIMPHBIX TAaTOOUOXUMUUECKUX HAPYILIeHUH
B LIUTO30/IbHOM (DpaKiiuu.

Ha Hauu B3misifi, BeIOpaHHast SKCIIepUMeHTaTbHast
Mo/ie/b MaTo/0rMUeCKOro nporiecca siBisieTcs JocTa-
TOYHO MSTKOM, Ha (hOHe KOTOPOii He Cie/lyeT OXKU/aTh
pa3pyILIUTe/TbHBIX TIOBPEXKEHU MUTOXOH/IPUM, TT03TO-
My TIepBOe TIpe/IIoIoKeHe KayKeTcsi 6oree BepOSITHBIM.
BeposiTHee Bcero, 0011jasi KapTHHa MaTOIOTUYeCKOTO
rporjecca 6osee C/I0)KHA U CKJIaZibIBaeTCst U3 Oydep-
HOTO BJTUSIHUSI LIUTO30/1s1 ¥ BEIMBIBAHUS B LIUTO30/Tb
TMOBpe’K/IeHHbIX KOMITOHEHTOB MUTOXOH/IpUM. Tak uiu
WHaue, sICHO, UTO /151 00beKTUBHOM OLIEHKH COCTOSIHUS
AHTHOKCH/IAHTHOM CUCTeMbI B XO/le Pa3BUTHS UlIeMU-
yeCcKux U perepdy3vOHHbIX TTOBPEXAEHUN CefyeT
orpe/iesisiTh [0Ka3aTe/Iv U MUTOXOH/pUanbHOM CyCrieH-
3UM U I[JUTO30/IbHON (Dpakiuu. [1py 3TOM B MUTOXOH-
JIpYaJIbHOM CyCIieH3UH cJieflyeT obpalath BHUMaHHe
Ha U3MeHeHHe aKTUBHOCTH (epMeHTOB MeTabor3Ma
[TyTaTUOHA, a B LJUTO30/IbHOM (hpaKL{MM Ha U3MeHeHHe
KaTasia3HOM aKTHBHOCTH, COZIepP>KaHus1 BOCCTaHOBJ/IEH-
HOM (hopMBI I/TyTaTHOHA U TIPO/IYKTOB OKUC/IUTETbHBIX
MoubuKalui 6MOMOTEKyII.

3akntoyeHue

Pesynbrarhl vccies0BaHUM TTOKa3aad Haauure
0COOeHHOCTel MaToOMOXUMHUUECKUX U3MEHEHUH B Cy-
CTeH3U MUTOXOH/IPWH 1 [IUTO30/IbHOM (PpaKI[uM TI0CIe
WILIeMUM WK periepdy3un MPo/0/HKUTETBHOCTRIO 110 15
MUHYT. B MUTOXOH/IpHaibHOM CyCIIeH3UH YCTaHOBIEHO
a/lanTaljiOHHOe yBeIMYeHre aKTUBHOCTH /Ty TaTHOHTIe-
POKCH/A3bI U [Ty TaTUOHPEYKTa3bl, 0COOEHHO B TIepU-
of, periepdy3un. B nuTo30/1bHON Gpakiyy Haubosee
3HAUMTEJ/ILHO yBenueHre o01ell aHTHOKCUAAHTHOM
aKTHBHOCTH y’Ke B Iepuo/j UIIIeMUU U MPOTPeCCUpy-
1oI1lee CHW)KeHHe YPOBHSI BOCCTAHOB/IEHHOHN (POpMBbI
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IJIyTaThoOHa Ha (hoHe pocTa KOJMYecTBa PO yKTOB
OKHC/IUTEebHBIX MOoAuYKaLmii 6uomosnekys. [lomy-
YeHHbIe pe3y/bTaThl YKa3bIBAalOT Ha HE0OXOAUMOCTh
pa3paboTKH He TOJBKO MUTOXOH/IPHATbHO-OPUEHTH-
POBaHHOW KOPPEKLIUU OKHUC/IUTEbHBIX HapylleHWH,
HO U Ha aKTUBHYIO MO//1ep>KKYy KOMIIOHEHTaM LIUTO30/1s],
o0becrieurBaroIiM 0CHOBHOE HAKOTIIeHHe TPO/IyKTOB
CBODOO/IHOPA/IMKA/IbHBIX TTOBPEXEHHUH U MOC/Ie/yIoIIee
yZlanieHe UX U3 KIeTKH, UTO SIB/ISeTCS UCK/IIOUUTeIbHO
HEOOXOJUMBIM [I71s] BEDKUBAHUSI.
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