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Activity of trypsin-like enzymes (ATLE) and gelatinases A and B were studied in the blood plas-
ma and extracts from cardiac muscle, cerebral cortex and cerebellum of rats with cardiomyopathy caused
by anthracycline antibiotic doxorubicin against the background of preventive application of corvitin and
a-ketoglutarate. ATLE significantly increased in blood plasma and extracts from cerebral cortex but de-
creased in extracts from cardiac muscle and cerebellum in doxorubicin cardiomyopathy (DCMP). In addition,
a significant increase of activity of both gelatinases in plasma and tissue extracts was observed. Preven-
tive administration of corvitin and a-ketoglutarate resulted in differently directed changes of activity of the
above mentioned enzymes in heart and brain tissues. Obtained data confirm the hypothesis about activation
of proteolysis under the influence of anthracycline antibiotics and testify to selective effect of corvitin and
a-ketoglutarate on ATLE and gelatinases.
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and their degradation are in dynamic equilib-

rium. This balance disturbance, due to excessive
or inefficient degradation of intra- or extracellular
proteins, causes many pathological states or may be
their consequence [1]. Main regulators of these pro-
cesses are proteolytic enzymes that may be divided
into 5 classes by the mechanisms of their catalytic
action: cysteine, serine, threonine, aspartate pro-
teases and metalloproteinases. More than one third
of known today proteinases are the serine ones and
the most widespread among them are trypsin-like
enzymes, which according to MEROPS classifica-
tion belong to the S1 family in PA clan [2]. These
enzymes play an important role in the processes of
cell differentiation and migration, morpho- and an-
giogenesis, and in maintenance of homeostasis and
immunity in mammals [3]. They are also key com-
ponents of inflammatory reactions and remodeling
of tissues in pathological states, including oncologi-
cal and cardiovascular diseases. The mentioned pa-
thologies are associated with degradation processes
of extracellular matrix proteins under the impact
of matrix metalloproteinases (MMP) — calcium de-
pendent enzymes with similar domain organization

I n physiological conditions, synthesis of proteins
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that contain zinc in their active centre. Among three
tens of already known MMP, the ones of special at-
tention are gelatinases A (MMP2, EC 3.4.24.24) and
B (MMP9, EC 3.4.24.35), which are considered to be
key enzymes in development and dissemination of
tumors [4], destruction of atherosclerotic plaque and
post-infarction remodeling of the cardiac muscle [5].
However, the data about activity of these enzymes in
development of the above mentioned pathologies are
rather contradictory.

In modern oncotherapy, anthracycline antibio-
tics (AA) are widely used as effective antitumor
agents. However, these compounds may reveal both
therapeutic effect, ensuring destruction of malig-
nant clone, and powerful damaging action on nor-
mal cells. Negative influence of AA on the organism
during antitumor therapy and/or after its completion
shows itself as a series of side effects, which require
lowering of the drugs dose or stop the treatment.
Most frequent complication after AA application
is nonrecoverable heart affection, which results in
inadequate myocardium contractile function and
further development of cardiomyopathy. Negative
effect of AA is not restricted only to destructive ac-
tion on the myocardium. No less important compli-
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cation is neurotoxic action of these compounds, in
spite of the knowledge that these drugs cannot pene-
trate through blood brain barrier [6]. Nowadays,
there are no standards of treating the complications
of AA chemotherapy; therefore, the question how to
diminish toxicity of these drugs without consider-
able lowering of their antitumor action is still ac-
tual. Antioxidant compounds of natural origin that
exert no harmful effect on the patient organism may
be considered as such therapeutic and preventive
substances. They include corvitin (water-soluble
form of bioflavonoid quercetin) and a-ketoglutarate
(aKG) — a metabolite of the tricarboxylic acid cycle.
The former one possesses antioxidant activity, while
the other is the compounds which action is directed
at optimization of cell energy metabolism. It is also
known that aKG may act as detoxicant of active
forms of oxygen and ammonia; that is, it may be
attributed to antioxidants. However, it is unknown
how these drugs influence the activity of proteolysis
in the heart and brain tissues with AA application.
With regard to the above-said, it is a matter of topical
interest to investigate activity of proteolytic enzymes
in blood plasma, cardiac muscle and different parts
of brain under doxorubicin cardiomyopathy (DCMP)
and corvitin and aKG application.

Materials and Methods

Experimental studies were performed on male
rats of Wistar line with weight of 210 + 50 g. The ani-
mals were divided into 4 groups, 8 rats in each one,
and were maintained in standard conditions of ani-
mal house. In all groups, besides the control one, the
model of doxorubicin cardiomyopathy (DCMP) was
used: anthracycline antibiotic doxorubicin (Doxo-
rubicin-KMP, Open stock Corporation “Kyivmed-
preparat”, Ukraine) was administered to the rats
intraperitoneally every week during 28 days in dose
1 mg per kg of weight [7]. Animal of the first group
(control) were injected with physiological solution;
animals with DCMP were in the second group; the
third one included the rats that were injected intra-
peritoneally by corvitin (Borshchahivskiy Chemical-
Pharmaceutical Plant, Ukraine) in dose 5 mg per kg
of weight (30-60 minutes before doxorubicin injec-
tion); the animals of the fourth group were injected
with doxorubicin and supported during all experi-
ment by 1% a-ketoglutarate in drinking water (0.5%
Ca-aKG + 0.5% Na- aKG, Splus, Sweden) that was
courteously given by prof. S. Pierzynowsky. Ani-
mals of the last group received daily on the average

140

43 ml of drinking water per 1 kg of weight. At the
end of the experiment, the animals were decapitated
under sodium thiopental (60 pg/kg) according to the
principles of European Convention for the Protec-
tion of Vertebrate Animals used for Experimental
and other Scientific Purposes. The citrated plasma,
heart and brain of the experimental animals were
used for research.

Tissue extracts of heart and different parts
of brain were obtained by their homogenization in
0.025 M tris-HCI buffer (pH 7.2) in the ratio 1:4
with further centrifugation at 2860 g during 5 min
at 4 °C; the supernatants were sampled for further
experiments.

To determine activity of trypsin-like enzymes
(ATLE), the microvariant of Veremeienko method
was used [8]. It is based on cleavage N-benzoyl-D-L-
arginine-4-para-nitroanilide hydrochloride (Sigma,
USA) by these enzymes with formation of para-ni-
troaniline, which colouring level was registered by
a photometer (Human GmbH, Germany) at 410 nm.
For quantitative evaluation, different dilutions of
trypsin (Sigma) were used as standart solutions;
ATLE was calculated in International units (1U/ml).

Activities of gelatinases A and B (MMP2 and
MMP9, correspondingly) were determined by the
method of direct enzyme-zymography after vertical
electrophoresis of samples in 7.5% PAG containing
0.1% SDS and 1% gelatine (Sigma). Gelatinases in
zymograms were revealed as transparent lysis strips
on a blue background. The lysis zones of MMP2 and
MMP9 were distinguished with the use of markers
Bio-Rad Lab (USA) and positive control on these en-
zymes (Sigma). On the following step, zymograms
were converted into digital format and gelatinase
activity was calculated with the program Videoden-
sitometer Sorbfil 2.0. Gelatinase activity was deter-
mined in arbitrary units (arb. units) relative to their
activities in a standard sample, where their activity
has been taken for 1 arb. unit. Blood plasma pools
and extracts of cardiac muscle, cerebral cortex,
and cerebellum, taken from the control rat group,
were used as standard: equal volumes of plasma or
respective tissue extracts were mixed together [9].
Protein concentrations in plasma and extracts of the
heart and brain tissues were determined by Bradford
method [10]. Specific activity of studied enzymes
was calculated per 1 mg of protein.

Statistical estimation of results obtained was
performed with programs Statwin and Excel, using
Student ¢-test and nonparametric Mann-Whitney
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test (U-test). Results were assumed significant at
P <0.05.

Results and Discussion

The development of cardiomyopathy in studied
animals was demonstrated by morphometric and
histochemical analysis. Experimental animals with
doxorubicin application had a decreased heart mass
index. Simultaneously, the increased heart shape in-
dex was established, which evidenced for changing
from ellipsoid to spherical heart form. Histological
data testified to different levels of cardiomyocyte
dystrophic changes, presence of diffuse cardioscle-
rosis and hemorrhages. Activity of the basic cardiac
specific enzymes (aspartate aminotransferase, lac-
tate dehydrogenase and MB-form of creatine kinase)
were increased also [11].

The table below presents the data of ATLE in
analyzed samples. It can be noted that activity of
trypsin-like enzymes in plasma rats of the 2™ group
is increased three times, while the level of total pro-
tein is lowered. Application of corvitin or aKG did
not prevent such changes: the ATLE level remained
high on the background of decreased total protein.
Ratio ATLE/total protein proved to be more indica-
tive. Our data shown that this coefficient in plasma
of rats with doxorubicin induced cardiomyopathy
increased 3-4 times, as compared to normal values,
and remained high in spite of preventive therapy
with compounds of mentioned above. Different ratio
ATLE/total protein was observed in cardiac muscle
extract: for rats with DCMP this index was signifi-
cantly decreased, but under corvitin or aKG applica-
tion it was increased, however, did not achieve the
normal values.

Differently directed ATLE changes in plas-
ma and cardiac muscle may be accounted by their
different origin and different activation levels of
proper enzymes. Main ATLE enzymes in plasma
are blood coagulation factors (thrombin, Xa factor)
and fibrinolysis system (plasmin), which activity
increases (directly or indirectly) with application of
anthracycline antibiotics [12]. Additional contribu-
tion to ATLE increase in blood is its production by
leukocytes and macrophages. It is well known that
activation of these cells at inflammatory process,
associated with cardiomyopathy, leads to release
of tryptases, granzymes and other trypsin-like en-
zymes with their entering into bloodstream [13].
Significant ATLE lowering in cardiac muscle extract
of DCMP group may be result of disordered cardio-
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myocyte membrane permeability under doxorubicin;
its renewal with corvitin application indicates that
these compounds may stabilize cell membranes. The
increase of ATLE level in the 4™ group rats, which
were given aKG with drinking water may be ex-
plained by oxygen sensitive regulation of gene ex-
pression under the influence of hypoxia-inducible
factor (HIF). Increased level of oxygen leads to
the inhibition of HIF due to its degradation by the
ubiquitin ligase that recognizes hydroxyproline and
hydroxylysine in this factor. Posttranslational hy-
droxylation proline or asparagine in regulatory subu-
nit of HIF and other proteins is provided by 2-oxo-
glutarate dependent dioxygenases that use aKG as
the co-substrate [14]. It may be supposed that aKG
application not only increases energy support of
myocardium cells but influences indirectly the func-
tioning of ubiquitin proteasome system, which com-
ponents display trypsin-like activity.

The analysis of ATLE levels in different parts
of brain showed that the ratio ATLE/total protein is
2.3 times increased in cortex extract, while in cere-
bellum this index was 1.2 times decreased compared
to the control group. Preventive application of corvi-
tin or aKG differently influenced on this index: cor-
vitin increased it in both parts of brain, while aKG
led to its decrease (Table). Earlier, neuroprotective
effect of oral administration of «KG under the con-
ditions of cyanide induced biochemical changes in
the rat brain was shown by Tulsawani et al. [15]. Our
previous results indicated also that aKG may prevent
nerve cell damage, which takes place under experi-
mental ischemia of brain [16].

Our experimental data of gelatinases A and B
activity in blood plasma and cardiac muscle extracts
is shown at Fig. 1. The activity of both latent and
mature forms of gelatinases A and B in plasma was
increased under condition of DCMP. Relative ac-
tivity of proMMP9 was especially high — 1.8 times
increased. Application of corvitin led to renewal of
the initial level of MMP9 activity and to lowering
proMMP9 activity, however, the level of the latter
remained significantly increased as compared to the
control group. Other changes of gelatinase B activi-
ty in blood plasma were observed under influence
of aKG: proMMP?9 activity was decreased while the
activity of MMP9 was increased as compared to the
DCMP group. Concerning gelatinase A, both corvi-
tin and aKG applications resulted in increasing ac-
tivity of both forms of this enzyme in blood plasma
(Fig. 1, A4).
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Activity of trypsin-like enzymes (ATLE) in blood plasma, cardiac muscle and different parts of brain in rats
with doxorubicin cardiomyopathy (DCMP)

. st rd DCMP | 4" group, DCMP
Significants 1C(§Jnrt0rlcj)?, 2" group, DCMP ’ gﬁ—r(::)?,vitin + a?ket(?glutarate
Blood plasma
ATLE, 1U/ml 0.083+0.016  0.246 £0.036***  0.237 £ 0.050***  0.262 = 0.044***
Total protein, mg/ml 59.90 + 1.28 55.43 +2.04 48.30 + 2.32%**5 4713 £ 3.14**5
ATLE/total protein, IU/mg 0.0014 £+ 0.0003 0.0044 + 0.0008** 0.0049 + 0.0011**  0.0056 £ 0.0020*
Cardiac muscle extract
ATLE, IU/ml 1.397 £0.126  0.679 £ 0.038*** 1.133 £ 0.0625% 0.893 + 0,053**/55
Total protein, mg/ml 743 +0.91 8.72 +0.87 10.02 + 0.30* 8.08 + 1.01
ATLE/total protein, IlU/mg 0188 £0.025  0.078 £ 0.009*** 0.113 £ 0.065 0.111 + 0.024*
Brain cortex extract
ATLE, 1U/ml 0.242 £ 0.038 0.614 + 0.089** 0.535 = 0.049*** 0.437 £ 0.025***
Total protein, mg/ml 195+ 0.25 210+0.18 171+£011 211+0.34
ATLE/total protein, IlU/mg  0.124 £0.004  0.292 + 0.026***  0.313 £ 0.013*** 0.207 = 0.031*
Cerebellum extract
ATLE, 1U/ml 0.395+0.039  0.230 + 0.040* 0.398 + 0.022% 0.274 = 0.026*
Total protein, mg/ml 2.51+£0.16 1.86 + 0.12** 1.99+0.16 2.34 £0.188
ATLE/total protein, IlU/mg  0.157 + 0.012 0.124 + 0.035 0.200 + 0.028 0.117 £ 0.015

Note: * P < 0.05, ** P <0.01, *** P < 0.001 — significant value compared to control group;
888 P <0.001 — significant difference compared to DCMP group.

§ P <0.05 % P<0.0l,

i #3+/55§
4 ES§
*%kf
=xx/58
3 MMP2
@ pProMMP2
2 m MMP9
nER

A B B proMMP9
1

4 3 2 1 0 0 1 2 3 4 5

Fig. 1. Relative activity of MMP2 and MMP9 (arb. units/mg of protein) in blood plasma (A) and cardiac mus-
cle extract (B) under doxorubicin cardiomyopathy (DCMP): 1 — control, 2 — DCMP, 3 — DCMP + corvitin,
4 — DCMP + o-ketoglutarate. * P < 0.05, ** P <0.01, *** P <0.001 — significant value compared to control
group;, P <0.05, % P <0.01, % P <0.001 — significant difference compared to DCMP group
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We also observed the increase of gelatinase ac-
tivity in the cardiac muscle under DCMP, with the
exception of MMP9 that was not revealed in any
sample due to extraction protocol and further gela-
tin zymography. Under corvitin effect, the activity
of both gelatinases decreased and was significantly
below normal values, whereas the aKG effect was
accompanied by the considerably increased activity
of these enzymes (Fig. 1, B).

Increasing activity of gelatinases in the plasma
and cardiac muscle of experimental animals under
DCMP may be the result of enhanced synthesis or
activation of these enzymes with the participation
of free radical forms of oxygen (ROS), which ap-
pear under doxorubicin effect. According to Muk-
hopadhyay et al. [17], doxorubicin application leads
to the increase of gene expression of MMP2, MMP9
and inducible NO-synthase in rat cardiomyocytes.
These authors established the increased production
of active forms of oxygen also, including peroxyni-
trite, which has the most powerful damaging effect
on cardiomyocytes [17]. High concentrations of per-
oxynitrite lead not only to contractile disfunction of
myocardium due to tyrosine nitration in actomyo-
sin complex, but also to nonproteolytic activation
of MMPs. Peroxynitrite takes part in joining glu-
tathione to SH-group of cysteine in propeptide do-
main of MMP2; that leads to exposing active center
of the enzyme, degradation of sarcomere proteins
and damage of cardiomyocyte structure and func-
tion. An analogous mechanism of nonproteolytic
activation of proenzyme forms was also found in
other MMP, including MMP9. Inactivation of tissue
inhibitor of metalloproteinases 4 (TIMP4) by per-
oxynitrite is additional contribution to increasing
activity of gelatinases under doxorubicin [18].

Low activity of both gelatinases in the car-
diac muscle with application of corvitin may be
accounted by the ability of bioflavonoid quercetin
(main component of this drug) to inhibit ROS for-
mation and lipid peroxidation (LPO) at different
stages, to decrease MMP expression and increase
synthesis of tissue inhibitor of metalloproteinases 1
(TIMP1). Quercetin inhibits also the synthesis of
factor NF-«B, which leads to low level of pro-in-
flammatory cytokine TNF-a and, indirectly, to low
gelatinases activity [19]. It was recently shown that
guercetin may decrease the expression of gelatinases
in coronary vessels through inhibition of INK/AP-1
signaling pathway [20].

The substantial increase of gelatinase activi-
ty in the cardiac muscle under aKG application is
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difficult to explain by its influence on energy me-
tabolism in myocardium. This unexpected reaction
may be caused most likely by some compositional
features of the compound used in our experiment,
which contained calcium and sodium salts of aKG.
It is known that MMPs are calcium dependent en-
zymes, and calcium ions are strong activators of
these enzymes both in vivo and in vitro; that is why
Ca? is one of the compounds of incubation buffer
due to performing gelatin zymography. Therefore,
long use of Ca*-aKG with drinking water might
lead to paradoxical increase of gelatinase activities.

Gelatinases participate in different neuronal
processes: neuron differentiation, astrocyte migra-
tion, angiogenesis and ensuring synaptic plasticity.
In normal state, brain gelatinases are supposed to
be in latent form. The expression and activation of
these enzymes became increased at ischemia, trau-
matic injury of brain and also at neurodegenerative
states of different origin [21]; however, the reaction
of neural tissue to therapeutic doses of anthracycline
antibiotics is not practically determined.

Our results showed the significant increase of
proMMP9 and MMP9 activities (2.54 + 0.14 and
1.76 + 0.10 arb. units, accordingly) in brain cortex
extract under DCMP. Activity of gelatinases was in-
creased also in rat cerebellum extract under DCMP,
except for MMP9; its activity was not revealed in
this part of brain in our experiment. It is known that
under normal state insignificant expression of both
gelatinases takes place in cerebellum. In experiment
on the culture of isolated rat neurons, Lopes et al.
showed that low doses of doxorubicin (0.5 uM) re-
sulted in cell apoptosis, while higher doses of this
anthracycline antibiotic led to cell necrosis. The au-
thors connect doxorubicin neurotoxicity with activa-
tion of neuronal NO-synthase, free-radical oxidation
and NF-kB [22]. Therefore, the increase of gelati-
nase activity in brain of rats with DCMP may be
explained by involvement of the same processes as
in the cardiac muscle. Note that ability of anthracy-
cline antibiotics, including doxorubicin, to penetrate
through blood brain barrier is limited [23]; however,
gelatinase activation leads to destruction of this bar-
rier due to proteolysis of main proteins [24].

Unexpected results were obtained during
studying corvitin and aKG effect to gelatinase activi-
ty in different parts of brain. Preventive application
of corvitin resulted to lowering proMMP activity in
the extract from brain cortex to practically normal
values (1.21 + 0.05 arb. unites), whereas MMP9 and
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MMP2
Pl e B
@ ProMMP2
E MMP9
A B B proMMP9
4 3 7 8

Fig. 2. Relative activity of MMP2 and MMP9 (arb. units/mg of protein) in extracts from brain cortex (4) and
cerebellum (B) under doxorubicin cardiomyopathy (DCMP): 1 — control, 2 — DCMP, 3 — DCMP + corvitin,
4 — DCMP + a-ketoglutarate. * P <0.05, ** P <0.01, *** P <0.001 — significant value compared to the control
group; S P <0.05, % P <0.01, % P <0.001 — significant difference compared to DCMP group

MMP2 activities increased twice compared to the
normal state. Differently directed changes of gelati-
nase activity in this part of brain were observed with
aKG application: activity of their latent forms was
increased, while, on the contrary, activities of the
proteolytically active forms were decreased com-
pared to rats with DCMP (Fig. 2, 4). Other changes
of gelatinase activity were observed in cerebellum:
under the effect of both compounds the activity of
proMMP?9 significantly increased compared to this
index in DCMP rats, whereas proMMP2 activity did
not change with corvitin application, but decreased
2.8 times with the use of aKG (Fig. 2, B). Our data
differ from results of other researchers, who pur-
pose that quercetin displays neuroprotective action
through inhibition of MMP9 activity in the ischemic
brain [25]. It should be noted that ability of biologi-
cally active flavonoids to penetrate through blood
brain barrier is mediated by P-glycoprotein and de-
creases with the increase of hydroxyl and glycoside
groups in their structure. Quercetin contains five
hydroxyl groups that restrict its entering to brain.
Quercetin transport was shown to increase when in-
hibiting P-glycoprotein with verapamil application
[26].

Obtained data allow us to make the following
summary. Application of doxorubicin leads to con-
siderable increase of proteolytic activity of trypsin-
like enzymes and gelatinases in blood, cardiac mus-
cle and brain tissues. Differently oriented changes of
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the MMPs and ATLE are observed under the appli-
cation of corvitin and a-ketoglutarat, which indicates
different sensitivity of the heart and brain cells to
these compounds and different mechanisms of their
effect on intracellular proteolytic enzymes and ma-
trix proteinases.
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[IpoBeneno JOCII JIKEHHSI AKTHBHOCTI
tpuncuHonoxiOnnx ensumiB (ATIIE) Tta xema-
ThHa3 A 1 B y mnmasmi KpoBi, B eKcTpakTax cep-
LIEBOI'0 M’53a, KOPU T'OJIOBHOTO MO3KY Ta MO304Y-
Ka IIypiB 3 KapAioMioNari€lo, CIPUYHHEHOIO
AHTPAIUKITHOBUM aHTHOIOTHKOM JOKCOPYOIIIMHOM
Ha (OHI MPEBEHTUBHOTO 3aCTOCYBaHHS KOPBITHHY
Ta o-ketoriyrtapary. Ilokasano, mo ATIIE Bipo-
TiTHO 30UIBIIYETHCSA Y TIa3Mi KPOBI Ta €KCTPAKTI
KOpY TOJIOBHOTO MO3KY 3a JIOKCOpPYOilMHOBOI
kapaiomiomnartii (JJKMII), a B ekcTpakTax cepreBo-
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ro M’s13a Ta MO304Ka — 3HWKYyeThes. 3a ymoB JIKMIT
BiIOYBA€ETHCsI BIPOTiJIHE MiJBUIICHHS aKTUBHOCTI
000X JKeJmaTWHa3 y IMJa3Mi Ta TKAaHUHHUX K-
cTpakTax. [IpeBeHTHMBHE BBEJEHHS KOPBITHHY 1
O-KEeTOTIIyTapaTy CHPUYMHIOE PIi3HOCIPSIMOBaHI
3MIHU aKTUBHOCTI O3HAYCHHMX CH3UMIB Y TKAHUHAX
cepus Ta MO3Ky. OpepkaHi JaHi MiATBEPAKYIOTh
rinmoresy Mpo aKTHBAIil0 TMPOTEONizy 3a ail
AHTPAIUKJIIHOBUX aHTHOIOTHKIB 1 CBi4aTh MPO
BUOIPKOBICTH BIJIUBY KOPBITHHY 1 0.-KETOTJIyTapaTy
Ha ATIIE Ta xenatnnasmu.

KnarodoBi crnoBa: aHTPaNMKIIIHOBI aHTH-
OIOTHKH, KapIioMioIaris, IMPOTEOJIi3, KeJIaTHHA-
3u A 1 B, TpurcuHONOAIOHI €H3UMH, KOPBITHH,
0-KETOMTy Tapar.
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IIpoBeneHo uccnenoBaHre aKTHUBHOCTH TPHII-
cuHOMo00HBIX 3H3UMOB (ATIID) u xemarunaz A
n B B mumazmMe KpoBHW, B 3KCTpakTaxX CepleqHOI
MBIIIIBI, KOPHI TOJIOBHOTO MO3ra W MO3KEUKa Yy
KpBIC C KapJHOMHUONATUEN, BBI3BAHHOM aHTpalu-
KJIMHOBBIM aHTHOMOTHUKOM JOKCOPYOHMIIMHOM Ha
(hoHE TIPEBEHTUBHOTO TNPUMEHEHHS KOPBUTHMHA U
a-ketormyrapara. [lokazano, utro ATIID nocrosep-
HO YBEJIMYMBAETCS B IJIa3Me KPOBU M IKCTPAKTE
KOpBI TOJIOBHOT'O MO3Ta IPH JOKCOPYOUIIMHOBOM
kapauomuonatuu ([JAKMII), a B skcTpakTe cep-
JICYHOM MBIIIIBI U MO3XKeuka — CHMkaercs. IIpu
JAKMII npoucxoauT 10CTOBEPHOE IOBBILIECHUE aK-
TUBHOCTH 00EUX JKeIaTHHA3 B IIa3Me M TKAHEBBIX
JKcTpakTax. [IpeBeHTHBHOE BBeAEHHE KOPBHUTHHA
U O-KEeTOIIYyTapaTa BbI3BIBAET pPA3HOHAIPABJICH-
Hble M3MEHEHMS] aKTMBHOCTH HCCIEAYEMBIX 3H3U-
MoB. [lomydyeHHbBIE NaHHBIE TOATBEPKIAIOT THIIO-
Te3y O TOBBIIMIEHWH aKTMBHOCTH MPOTEOSH3a MPHU
NPUMEHEHUN aHTPAIMKINHOBBIX aHTHOMOTHKOB
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U CBUJCTEIHCTBYIOT 00 M30UpaTEeIbHOM BIIUSTHUU
o-KeTormyTapaTta U kopButuHa Ha ATIID u xena-
THUHA3EL

KnoueBrie cmoBa: AHTPAMKJINHOBBIC
aHTI/I6I/IOTI/IKI/I, KapauoMuomnarusd, MmpoTeoin3, XE-
JaTuHa3el A U B, TpI/IHCI/IHOHO,Z[OGHBIG OH3UMBI,
KOPBUTHUH, O-KETOIIyTapart.
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