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In this work the experimental metabolic syndrome on the basis of protamine sulfate modeling in
guinea pigs was reproduced and pathological processes in the liver of experimental animals were studied.
We determined the level of free radicals and markers of liver damage in the blood of experimental animals.
We investigated the liver glycogen content and K',Na*-ATPase activity in the liver of experimental animals
as well as measured the cytochrome P450 2EI (CYP2EI) expression — one of the main factors of oxidative
stress. Evidence of development of hepatotoxic processes, increasing of the CYP2EI level as well as of the
free radical level in the animals with metabolic syndrome were found. Using of CYP2EI inhibitors had shown
that the free radical level in the blood of experimental animals depended on the level of the enzyme expres-
sion and activity. The obtained results suggest that the changes in the CYP2EI expression play an important
role in the development of hepatotoxic processes upon experimental metabolic syndrome. It was assumed that
pharmacological correction of the enzyme expression may be an important mechanism for the influence on
the metabolic syndrome clinical course.
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etabolic syndrome (MS) is a complex and
M multifactorial etiology medical condition.
Specialists do not consider any of MS
symptoms as a main symptom including abdomi-
nal obesity, since new data have been reported that
abdominal obesity has ethnic related characteristics
(for example, the eastern nations), and is not always
associated with development of the metabolic syn-
drome. The development of MS diagnostic criteria is
one of the most important tasks, however to consider
the diversity of all processes in the human body at
the development of this syndrome in one characteris-
tic is an extremely difficult problem. Currently, in
clinical practice several definitions of MS are used
[1]. Thus, to develop new MS and DM (diabetes mel-
litus) models, the necessity of reconstruction of a
broad spectrum of pathological processes that occur
in humans upon these diseases must be considered.
It is known that guinea pigs, owing to certain
organism peculiarities, such as blood lipid composi-
tion and the absence of endogenous vitamin C, are
the optimal model for the study of carbohydrate and
lipid metabolism disorders [2, 3]. When modeling of
MS in these animals, there is no extraneous influen-
ce of enhanced antioxidants secretion and blood
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atherogenic properties on the development of patho-
logical processes. Upon prolonged intramuscular
administration of protamine sulfate to guinea pigs
a number of symptoms, indicating the development
of systemic homeostasis disorders, were observed.
In particular, carbohydrate metabolism disorder
(hyperglycemia and reduction of glycogen store in
the liver) and lipid metabolism disorder (increase in
cholesterol level) as well as inflammatory processes
in the liver and kidneys (increased level of ALT,
AST, creatinine and microalbuminuria), disorder of
insulin synthesis, degradation of B-cells and accu-
mulation of free radicals were observed [4, 5]. The
symptoms mentioned above are typical in the devel-
opment of MS and DM in humans.

It is known that oxidative damage to tissues
has been implicated in the etiology and pathogene-
sis of chronic complications in several diseases [6].
It has been shown that the increased production of
reactive oxygen species induced by hyperglycemia
upon metabolic syndrome and subsequent glucose
toxicity lead to the development of oxidative stress
accompanied by a lesion of the pancreatic -cells
and hepatocytes [7]. Recent studies have suggested
that the development of the pathological conditions,
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such as alcoholic and non alcoholic steatohepatitis,
type 1 diabetes, hepatitis C are associated with the
increased level of the CYP2EI expression (CYP2E1
is one of the cytochrome P450 isoforms) [8]. It has
been explained by the fact that CYP2EI is a power-
ful source of reactive oxygen species (ROS) [9],
which makes it one of the substantial factors in the
development of oxidative stress. It can be assumed
that the development of the metabolic syndrome
will also lead to an increase in the CYP2EI expres-
sion and in the degree of hepatocytes damage, and
the regulation of the enzyme expression will affect
the pathological processes which accompany this
disease [10].

In our work, using the specific protamine sul-
fate model for metabolic syndrome, we studied the
development of hepatotoxic processes and changes
in the level of the CYP2EI expression in the liver of
guinea pigs with MS. The correlation between the
enzyme expression and activity and the development
of pathological processes in experimental animals
using specific CYP2EI inhibitors was also investi-
gated.

Materials and Methods

Experimental animals and diet. Male four-
month-old guinea pigs (30 animals) weighing 450 g
(on the average) from the vivarium of the Institute of
Pharmacology and Toxicology of NAMS of Ukraine
were used in the study. Most reagents and substrates
were purchased from Sigma-Aldrich (St. Louis,
MO). All animal experiments were performed in ac-
cordance with the rules and regulations of The Euro-
pean Convention for the Protection of Vertebrate
Animals Used for Experimental and Other Scientific
Purposes [11].

Animals were housed in individual stainless
steel cages with a controlled 12 h light/12 h dark cy-
cle at 20-23 °C and fed on a standard rodent diet.
Blood sampling was carried out from the ear vein.
Glucose level was measured using a glucometer Ac-
cu-Chek Active (Accu-Chek, Germany).

Induction of metabolic syndrome. The meta-
bolic syndrome was induced by intramuscular injec-
tion of protamine sulfate 15 mg/kg twice a day for
5 weeks, followed by keeping animals under normal
conditions for 2 weeks. Such scheme was selec-
ted given the results of our previous studies which
showed that experimental animals exhibited clear
signs of the metabolic syndrome two weeks after the
last injection of protamine sulfate [12]. Intact ani-

mals (n = 5) during this period were kept under nor-
mal conditions. Thereafter the blood of intact ani-
mals and animals with MS (n = 5) under light ether
anesthesia was taken by dissection of the femoral
vein. The animals were then decapitated.

The remaining animals were divided into 4
groups. The animals of the first group were adminis-
tered intramuscularly quercetin at a dose of 20 mg/
kg for 2 weeks The animals of the second group
were administered intramuscularly 4-methylpyra-
zole at a dose of 20 mg/kg for 2 weeks. The animals
of the third group were orally administered disulfi-
ram at a dose of 25 mg/kg. The control group (MS¥)
was maintained under normal conditions for 2 weeks
to control the development of pathological processes.
Thereafter, the animals were euthanized according
to the protocol described above.

Preparation of microsomal fraction and de-
termination of CYP2EI activity. The animals were
decapitated at the same time of a day to avoid diur-
nal changes in the microsomal enzymes activity.
Microsomal fraction was obtained according to the
protocol described in [13]. P-nitrophenol hydroxylase
activity was determined as the rate of 4-nitrokatehol
formation per time unit per 1 mg of protein [14]. The
obtained values were expressed as nmol of nitrokate-
hol/min/mg of protein.

Western blot analysis of CYP2EI. The total pro-
teins were isolated from liver homogenate according
to a standard protocol for membrane proteins prepa-
ration (Abcam, UK). The obtained proteins were
separated by polyacrylamide gel electrophoresis
(50 mg/track) followed by transfer to nitrocellulose
membrane (Biorad, USA). After treatment with 2%
skimmed dry milk solution, the membrane was incu-
bated with anti-CYP2EI antibodies (1/400, by volu-
me) for 1 hour. Primary antibodies were produced in
the Department of Molecular Oncogenetics, Institute
of Molecular Biology and Genetics, NAS of Ukraine.
The membrane was washed and then incubated with
anti-Rabbit [gG-HRP secondary antibodies (Sigma,
1/5000, by volume) for 1 h. Proteins were visualized
by chemiluminescence. Protein concentration was
normalized relative to amount of the control B-actin
protein on the same gel track. Densitometry analy-
sis was performed using ImageJ software (Wayne
Rasband, NIH). The results of Western blot analysis
were presented in relative units of the luminescence
intensity of the target protein.

Histological analysis. The liver was fixed in
neutral buffered formalin solution (10%) and de-
hydrated in a graded ethanol series (50, 70, 80, 90,
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95 and 100%). Tissues were placed in Paraplast and
cut to 4 um-thick sections. Glycogen content and
K" ,Na*-ATPase activity were determined in the ob-
tained samples [15]. The obtained tissue samples
were examined under optical microscope Leica DM
1000.

The assessment of free radical level and blood
biochemical parameters. The level of ROS was
measured in blood of experimental animals by spec-
trofluorimetry using 2,7-dichlorofluorescein diace-
tate (2,7-DCFH-DA) probe as described previously
[16]. The results are presented in arbitrary units of
the fluorescence intensity of dichlorofluorescein
(oxidized 2,7-DCFH-DA). Alanine aminotransferase
(ALT), aspartate aminotransferase (AST), alkaline
phosphatase activities, as well as content of serum
cholesterol, creatinine and glucose were measured
using an automatic biochemical analyzer Tokyo Boe-
ki Prestige 24i (Japan) and sets of specific reagents.

Statistical analysis. The data are presented as
average values + error of the arithmetic mean for 5
animals per group. Statistical processing was per-
formed using Student’s ¢-test (for 2 groups) [17].
Values with P < 0.05 were considered statistically
significant.

Results and Discussion

Biochemical and histological analysis. 1t is
known that during development of metabolic syn-
drome, changes in tissue biochemical and morpho-
logical-functional parameters occur. The results of
serum biochemical analysis of animals with MS are
presented in Table 1. It was found that the typical
MS symptoms such as hyperglycemia (nearly 2-fold
increase in serum glucose level) and hyperlipidemia
(more than 2-fold increase in cholesterol) occurred
at the early stages of MS. It was also found that the
development of MS in experimental animals was

accompanied by hepatotoxicity, as evidenced by
an increase in the content of cytolysis markers and
hepatocytes necrosis markers, in particular more
than 2-fold increase in ALT and alkaline phos-
phatase, and also 6-fold increase in AST compared
to control. An increase in serum creatinine, the end
product of nitrogen metabolism, which indicates
acute or chronic renal failure, was observed.

Immunohistrochemical analysis of the experi-
mental animals’ liver was carried out to determine
glycogen content and K", Na*-ATPase activity, by the
PAS-reaction according to Mac-Manus and by Vah-
shtein and Meisel methodology, respectively. Carbo-
hydrate metabolism disorder is considered to be the
main pathogenetic mechanism of the MS develop-
ment. Normal liver cells contain a large amount of
glycogen (Fig. 1, 4, pink granules). It is known that
type 2 diabetes is accompanied by elevated glucagon
level and activated hepatic glycogenolysis. Decrease
in the stain intensity of the slide (Fig. 1, B) indicates
a decrease in the amount of glycogen, which is a
typical pathological process upon MS and type 2
diabetes [18].

It is known that insulin activates the liver
K*,Na™-ATPase. Insulin facilitates potassium inflow
into the liver cells and this effect is not related to
hormone influence on glucose transport. A fall in
activity of this enzyme could indicate insulin defi-
ciency. Changes in the K",Na™-ATPase activity is a
reversible process, since the insulin administration
to animals with insulin deficiency completely re-
stores the activity of sodium-potassium pump [19].

The obtained results showed that the enzyme
activity significantly decreased in the liver tissue of
experimental animals (Fig. 2, B) compared to the in-
tact animals (Fig. 2, A). This may also indicate insu-
lin deficiency and development of MS.

Hepatic glycogen level and K',Na*-ATPase ac-
tivity were slightly lower under inhibitors action,

Table 1 Biochemical parameters of MS animals blood serum

Biochemical parameters ‘ Intact animals MS Control (MS*)
Glucose, mmol/l 524+02 11.2 £ 0.4* 10.2 £ 0.3*
Cholesterol, mmol/l 0.58 +£0.03 1.27 £ 0.10* 1.50 = 0.09*
Creatinine, mg/1 18.95 + 0.50 38.0 + 1.2%* 40.0 £ 1.1*
ALT, arb.u./1 37.5+£2.6 91.5 £4.9* 107.0 + 6.2%*
AST, arb.u./1 39.5+£2.7 268.0 = 12.1* 255.0 £ 15.1*
Alkaline phosphatase,arb.u./l 68.75 £ 1.20 133.0 £ 3.3* 126.0 + 4.1*

The data are presented as average value + error, n =5, * P < (.05 relative to intact animals (see text for explanation).
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though significantly higher than in the MS animals
(Fig. 1, C, 2, C).

Study of the CYP2EI expression level. Cyto-
chrome P450 system is a powerful source of free
radical generation [20, 21]. First of all it concerns the
CYP2EI1 isoform, which is characterized by a high
level of oxidase activity and the ability to produce
free radicals, even in the absence of the substrate
[22]. It was shown that increased production of free
radicals upon some diseases owing to increase in the
CYP2EI expression can cause oxidative stress. This
leads to the development of various complications,
such as micro- and macroangiopathy, retinopathy,
nephropathy, and others. This is why the study of
the mechanisms for CYP2EIl-dependent oxidative
stress and correction of some manifestations of this
pathology by regulating the CYP2EI1 activity are ex-
tremely important.

To investigate the changes in CYP2E1 expres-
sion during the MS development, CYP2ELI activity
and protein content were evaluated. It was found that
CYP2EI activity in the liver of experimental ani-

mals in the early stages of MS was slightly higher
compared to control, however it increased nearly
3-fold in the further disease development (MS¥*)
(Fig. 3, A4).

The changes in the CYP2El protein level
during the MS development in experimental animals
are shown in Fig. 3, B. A slight increase in the CY-
P2E1 protein content was observed in animals with
MS, and CYP2EI level in liver cells of experimental
(MS*) animals increased almost 3-fold in progres-
sion of MS. Thus, it can be asserted that increasing
of the enzyme activity is caused by an increase in
the cells CYP2EIcontent.

Some studies indicated the important role of
CYP2ELI in the ROS production and oxidative tis-
sue damage [23, 24]. Therefore we investigated the
ROS level in the blood of experimental animals with
metabolic syndrome and relationship between ROS
production and the level of CYP2EI expression. It
was shown that the development of pathological pro-
cesses in experimental animals was accompanied by
an increase in free radical level, which was almost

C

Fig. 1. Histochemical assessment of the glycogen content in liver cells (PAS-reaction according to Mac-
Manus). Leica DM 1000, 400 x. A — intact animals, B — control group (MS*), C — metabolic syndrome +

quercetin

i ¥

.

Fig. 2. Histochemical assessment of K',Na*-ATPase in liver cells. Leica DM 1000, 400 x. A — intact animals,
B — control group (MS*), C — metabolic syndrome + quercetin
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Fig. 3. Changes in CYP2EI expression and activi-
ty in liver of experimental animals during mode-
led metabolic syndrome. A — cytochrome P450 2E1
activity, B — protein CYP2EI level;, C — accumula-
tion of free radicals in leukocytes of experimental
animals during metabolic syndrome development. *
P < 0.05 relative to intact group, n = 5

2-fold higher compared with intact animals in the
early stages of MS and 4-fold higher at further de-
velopment of pathology (MS*) (Fig 3, B).

Investigating CYP2E1-dependent processes in
experimental animals with MS, we compared blood
biochemical parameters at various levels of the
CYP2E] activity depending on the effect of enzyme
inhibitors, namely disulfiram, 4-methylpyrazole and
quercetin.
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As it is seen in Fig. 4, 4, the inhibitors re-
duce (in varying degree) the liver CYP2EI1 activity.
Quercetin exhibited the most inhibitory effect at the
given doses, 4-methylpyrazole — the least inhibitory
effect. A significant decrease in the enzyme activi-
ty under the quercetin action confirms the results of
computer modeling, concerning its efficacy in CY-
P2E1 inhibition.

The assessment of CYP2E] content in liver
cells revealed that protein level decreased propor-
tionally to its activity. As it is seen in Fig. 4, B,
4-methylpyrazole affects more protein CYP2E1
content than its activity, whereas quercetin, on the
contrary, is a potent inhibitor of the enzyme activity.
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Fig. 4. Changes in CYP2EI expression and activi-
ty in liver of experimental animals with MS in the
presence of CYP2EI inhibitors: A — cytochrome
P450 2EI activity;, B — protein CYP2EI level; C —
accumulation of free radicals in leukocytes of ex-
perimental animals. * P < 0.05 relative to control
group, n =3



V. V. Rushchak, M. O. Chashchyn

The inhibitors prevent the increase in free radical
level, thereat quercetin and disulfiram lead to a slight
decrease in the free radical level compared to that at
the beginning of the administration (Fig. 4, C).

The results of biochemical blood tests (Table 2)
showed that the administration of CYP2EI inhibi-
tors to MS animals was accompanied by a tendency
to normalization of blood biochemical parameters.
Quercetin showed the most pronounced effect, in
particular, 2-fold decrease in the cholesterol level
and decrease in ALT, AST and ALP levels to the
values in intact animals were observed. At the same
time, the level of creatinine, one of the integral in-
dicators of kidney condition, remained almost un-
changed. It is worth noting that the administration
of disulfiram was accompanied by less pronounced
changes in biochemical parameters. This indicates
the need for further studies of the disulfiram dose-
dependent effect.

It should be noted that a decrease in the pro-
tein content and CYP2E2 activity, as well as free
radical level led to a decrease in the degree of oxi-
dative damage to hepatocytes. This was evidenced
by normalization of functional parameters of the
liver, in cells of which the CYP2E1 expression was
the highest. This suggests that liver damage in MS
animals might be reversible. Thus liver functional
parameters at the CYP2EI inhibition by quercetin
restored almost to the norm (Fig. 1, C, Table 1-2).
Quercetin may possibly have such pronounced
hepatoprotective effect owing also to its antioxidant
properties. It was confirmed by the fact that a de-
crease in the levels of ALT, AST and ALP under the
influence of 4-methylpyrazole and disulfiram was
less pronounced than that of quercetin.

Thus in our work, hepatotoxic processes in
guinea pigs during MS development were studied.
The increase in blood free radical level, ALT, AST,

alkaline phosphatase activities, as well as the de-
crease in glycogen content and the K',Na*-ATPase
activity in hepatocytes indicated a disorder of the
structural-functional state of liver cells. In experi-
mental animals two weeks after the onset of MS
symptoms (group MS¥), there were no significant
changes in biochemical parameters that indicate the
resistance in the symptoms and the formation of the
systemic pathological processes inherent to MS.

It has been shown that the induction of CYP2E1
expression is one of the factors in the development of
systemic oxidative stress in some diseases [25]. In-
crease in CYP2EI expression and free radicals pro-
duction results in oxidative damage to the liver cells.
This leads to progressive carbohydrate metabolism
disorders and progressive tissue and organ dama-
ges [26]. Thus the regulation of CYP2E1 expression
might be an effective mechanism for the correction
of systemic CYP2EIl-dependent oxidative stress
upon metabolic syndrome.

We have studied the relationship between
changes in CYP2EI expression and hepatotoxicity
using three specific inhibitors. These inhibitors af-
fect CYP2EI through different mechanisms. Thus
disulfiram works through prior conversion to die-
thyldithiocarbamate, which directly inhibits enzyme
activity [27]. This inhibition of CYP2EI1 activity can
be attributed to disulfiram hepatoprotective proper-
ties in case of paracetamol liver damage.

CYP2EI inhibition by 4-methylpyrazole [28]
leads to a significant reduction of the manifestations
of oxidative stress, hepatotoxicity and the formation
of an aldehyde-protein adducts. Such properties are
used in the development of drugs for the prevention
of hepatotoxicity in cases of methanol and ethylene
glycol poisoning. Literature data have shown results
similar to ours, that is, 4-methylpyrazole exhibits
relatively slight effect on CYP2EI activity. Though it

Table 2. Biochemical parameters of MS animals blood serum under the action of the CYP2EI inhibitors

Biochemical parameters Control (MS*) | MS + quercetin MS =+ MS + disulfiram
4-methylpyrazole
Glucose, mmol/l 102 +0.3 8.65 + 0.30" 9.1+0.3" 8.1+0.2"
Cholesterol, mmol/1 1.50 £ 0.09 0.71 £ 0.06* 0.72 + 0.07* 0.79 + 0.09*
Creatinine, mg/1 400+ 1.1 36.0+1.2% 38.0+1.4% 41.5+1.2*
ALT, arb.u./l 1070 £ 6.2 59.5 £ 3.5* 86.0 £ 4.7 85.0 +4.3%
AST, arb.u./1 255.0+15.1 80.0 + 4.4* 176.0 £ 12.7% 201.0 £ 11.2%
Alkaline phosphatase,arb.u./1 126.0 +4.1 81.0 £2.8" 113.0 + 3.1* 108.5 + 4.4*

The data are presented as average value + error, n =5, * P < 0.05 relative to control (MS+). See text for explanation.
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has been shown that 4-methylpyrazole significantly
reduced free radical level in hepatocytes cell cul-
ture, pre-incubated for one day in the medium with
100 mM ethanol [29, 30]. This indicates that the an-
tioxidant potential of 4-methylpyrazole is realized by
reducing the CYP2EI protein level and free radicals
production.

Quercetin is widely used as an antioxidant
and angioprotector [31]. Moreover, as we reported
previously [32], quercetin can be highly effective in-
hibitor of CYP2EI.

Simultaneous changes in CYP2EI expression
and oxidative stress level suggests that, in particu-
lar, increased CYP2EI expression and activity are
key factors of liver cells oxidative damage upon the
development of metabolic syndrome.

Thus it has been shown that the protamine-
sulfate model (with a high degree of similarity) re-
produces liver pathologic processes, which is typi-
cal symptom of the MS development. It enables to
use this model in pharmacological and toxicological
studies of drugs for diabetes therapy. The obtained
results have indicated the correlation between in-
creased SYP2EI expression in liver cells, increased
free radicals production in blood and hepatotoxic-
ity in animals with metabolic syndrome. It has been
shown that a decrease in CYP2EI activity under the
influence of specific inhibitors leads to impairment
of severity of hepatotoxicity in experimental ani-
mals with MS. Thus pharmacological regulation of
CYP2EI1 functions and through them the pathologi-
cal processes which accompany metabolic syndrome
may be quite possible. This approach can be useful
for correction of pathological processes accompa-
nied by increased CYP2EL1 level.
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Y poboTi BiATBOPIOBANIHM EKCIIEPUMEHTAIb-
HHAW MeTabONIYHAN CHHAPOM Ha OCHOBI IIPOTaMiH-
Cyiab(haTHOTO MOAETIOBAHHS Ta JAOCIIIKYBaJIN
MaTOJIOTIYHI TPOIECH B TEUiHI[I MOPCHKHX CBH-
HOK. Y KpOBI JIOCHiTHUX TBapHH BU3HAYAIN BMICT
BITBHUX paJWKaiB Ta MapKepiB TOIIKOKSHHS
rmeqiHkd. [icTOXIMIYHUM METOIOM JOCTiKyBaIu
BMICT TJIIKOTEHY B TEYiHIlI Ta akTHBHiCTH K",Na'-
ATPa3u, a TakoX BU3HAYalld PiBeHb EKCIpecii 1u-
toxpomy P450 2E1 (CYP2E1) — onHOTO 3 TOJIOBHUX
(hakTOpiB PO3BUTKY OKCHIATHBHOIO cTpecy. Y TBa-
pUH i3 METa0OJIYHUM CHHAPOMOM OyJi0 BHUSBIIE-
HO O3HaKHM PO3BUTKY Ie€NaTOTOKCHMYHHUX IIPOLECIB,
3poctaHHs piBHA ekcmpecii mutoxpomy CYP2El
Ta TiIBUIICHHS BMICTY BUIBHUX paaukamiB. Bu-
kopuctanHs iHTriOiTOpiB  CYP2El  mpomemoH-
CTpYBaJo, M0 BMICT BITBHUX paJUKaliB y KpPOBi
JIOCTITHUX TBAapWH 3aJIKUTH BiJl PiBHS eKcrpecii
Ta aKTUBHOCTI eH3uMy. IlokazaHo Takox, 110 3MiHa
excrpecii CYP2EI Bimirpae BaxinBy poiib y po3-
BHUTKY TOITKO/DKCHHS MEYiHKH 3a METa0OJITHOTO
cu"apomy. llpumyckaerbcs, mo Qapmaxonoridyaa
kopexkiig excrpecii CYP2EI moxe OyTr BaxXJIMBIM
MEXaHI3MOM BIUIABY Ha Tepedir mporo 3axBOpPIO-
BaHHS.

Kniouosi cmosa: CYP2E], niabGer, ekcre-
pUMEHTAIbHUN METa0OMIYHUI CHHIPOM, OKCHIa-
THUBHHH CTpec, MpoTaMiH-CyIbdar.
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YYACTHUE HUTOXPOMA

P450 2E1 B ITATOI'EHE3E
SKCIIEPUMEHTAJIBHOI'O
METABOJHUYECKOTI'O CUHAPOMA
Y MOPCKUX CBUHOK

B. B. Pywax, H. A. Yawun

WHCTUTYT MOJIEKYIISAPHOI OHOIOTHH U
renetuku HAH Ykpaunsi, Kues;
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B paboTte BOCIPOM3BOAMIN IKCIIEPUMEHTAIIb-
HBI MeTa0OIMYECKUH CHHIPOM Ha OCHOBE IPOT-
aMUH-CyJb()AaTHOTO MOJEIMPOBAHUS M HUCCIIENOBA-
JIM TIaTOJIOTMYECKUE MPOLECCH B MEYEHH MOPCKHUX
CBMHOK. B KpOBH 3KCIIEpHMEHTaIbHbBIX KHUBOTHBIX
OIIpeNeIIsIn COAEP)KaHUE CBOOOTHBIX PaIUKAJIOB
1 MapKepoB MOBPEKJCHMS NeueHu. I ncroxumuye-
CKHM METOJIOM MCCIIEI0BAIN COACPKAHNE TIIMKOIe-
Ha B TIeueHH 1 akTUBHOCTH K',Na"™-ATPa3kl, a Takke
onpeneNsyii ypoBeHb 3Kcnpeccuu nuroxpoma P450
2E1 (CYP2El) — omHOTO W3 TJIaBHBIX (PaKTOPOB
pPa3BUTHUS OKCHAATUBHOIO cTpecca. Y >XUBOTHBIX
C METa0OJIMYECKUM CHHAPOMOM OBIIH BBISBIICHBI
MIPU3HAKU PA3BUTHS T'€ATOTOKCHYECKUX IPOLEC-
COB, pOCT ypoBHs 3kcnpeccuu nuroxpoma CYP2E]
U TIOBBIIICHUE COACPKAHMUS CBOOOIHBIX PaIHKaJIOB.
UcnonwszoBanne narndouropoB CYP2EI moka3zaio,
YTO COAEp)KaHUE CBOOOIHBIX PAJAMKAIOB B KPOBH
MOAOTBITHBIX XUBOTHBIX 3aBUCUT OT YPOBHS JKC-
MIPECCUU M aKTUBHOCTHU 3H3MMA. Takke MOKa3aHo,
yto u3MeHeHus 3kcnpeccurn CYP2E] urpaer Bax-
HYIO POJb B Pa3BUTHUHU HMOBPEKICHUS MEUECHU IPU
MeTabonudyeckoM cuHzapome. llpenmomnaraercs,
91O (hapMaKoJOruyecKasi KOPPEKLUHs SKCIPECCHH
CYP2E] moxeT ObITh BaXKHBIM MEXaHU3MOM BIIHSI-
HUS Ha XOJl JaHHOTO 3a00JIeBaHusI.

Knwouesrie cnosa: CYP2EIL, nma0er,
9KCIEPUMEHTAJIBHBI METa00IMYEeCKHIl CHHIPOM,
OKCHUJIaTUBHBIHN cTpecc, MPOTaMUH-CYIb(art.
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