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CORVITIN RESTORES METALLOTHIONEIN
AND GLIAL FIBRILLARY ACIDIC PROTEIN LEVELS
IN RAT BRAIN AFFECTED BY PITUITRIN-IZADRIN
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In this research, we investigated the effect of pituitrin-izadrin induced injury on the levels of metal-
lothionein (MT) and soluble and filament forms of glial fibrillary acidic protein (GFAP) in the hippocampus,
cerebellum, thalamus, and the cerebral cortex, and examined the effect of corvitin on the brain under the
noted changes. Our results showed oppositely directed changes - a decrease in the level of MT and an increase
in GFAP in the rat brain, with a tendency to astrogliosis development, under the influence of systemic defi-
ciencies in myocardial function. The use of corvitin at a dose of 42 mg/kg for five days after a cardiac attack
caused by pituitary-izadrin leads to recovery in the balance of the studied proteins.
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strocytes are amongst the earliest and
A prominent to express changes under attacks

[1]. They are the most numerous nonneu-
ronal cell types in the central nervous system (CNS)
and make up about 50% of the volume of the human
brain [1, 2]. Their functions are known to be criti-
cal, such as scavenge transmitters released during
synaptic activity, control ion and water homeostasis,
release neurotrophic factors, shuttle metabolite, and
waste products, and to participate in the formation
of the blood-brain-barrier [3, 4]. Failure of any of
these supportive functions of astrocytes will con-
stitute a threat to neuronal survival. Astrocytes are
home to a number of essential proteins of the CNS,
including metallothionein and glial fibrillary acidic
protein, which presumably carry out some astrocyte
functions.

Metallothioneins (MTs) are cysteine-rich, low
molecular weight, heat stable proteins firstly de-
scribed by Margoshes [5]. They are largely synthe-
sized in the liver and the kidney in humans but are
found at a number of other sites. In the CNS, MT-I
and MT-II are conspicuously absent from neuronal
populations, yet abundant in fibrous and protoplas-
mic astrocytes. MT is detectable in the extracellular

fluid of the injured brain and astrocytes are capable
of secreting MT in a regulatable manner [6].

MTs have been implicated as regulatory mole-
cules in gene expression, homeostatic control of cel-
lular metabolism of metals, and cellular adaptation
to stress. Thus, they fulfill a regulatory capacity and
influence transcription, replication, protein synthe-
sis, metabolism, as well as other zinc-dependent
biological processes [7]. It has been shown that the
ability of animals to recover from CNS injuries or
degenerative diseases depends on the deficiency or
excess availability of MT-1/-11 [7-11]. MT has equally
been demonstrated to be down-regulated in cases of
induced intoxication [12] and infection [13] but its
correlated effect to other astrocyte proteins has yet
to be tested.

GFAP is expressed in mature astrocytes in the
CNS [14]. It is a member of the family of cytoskele-
tal proteins and is the primary intermediate filament
with a size of 8-9 nm, highly specific to the CNS.
However, it has been found outside the CNS in rela-
tively low amounts [15]. It has two physicochemical
GFAP forms: water-soluble (sGFAP) and filament
(FGFAP) [16]. The sGFAP is unevenly distributed
in various brain regions, with the maximum con-
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tent in the medulla oblongata and the minimum in
the cerebral cortex. In comparison with the cereb-
ral cortex, an increased GFAP content in the hypo-
thalamus and other structures may not only be due
to an increase in the number of glial cells but also
to a change in the ratio of fibrous and protoplasmic
astrocytes [17]. GFAP plays a special role in the for-
mation of astrocytic units, in response to stimula-
tion by neurons, as well as in plastic rearrangement
processes of synaptic connections [18]. Its expression
is also required for the maintenance of white matter
and blood-brain barrier integrity [19, 20], modula-
tion of astrocytes and movement ensuring stable
morphology of their processes in the development
of reactive astrogliosis [21, 22]. In the event of an
ischemic attack, a prominent ultrastructural change
is the accumulation of intermediate glial filaments
[23] consisting of GFAP and vimentin [2].

Changes in the supply of blood, oxygen, and
glucose in mammals are caused by a series of fac-
tors, including stress, inflammation, and other
damages, that can trigger the changes in astrosyte
function [24]. The main objective of our study was
the investigation of the corvitin effect on astrocytic
proteins, MT and two forms of GFAP, in different
areas of the rat brain affected by a pituitrin-izadrin
related injury.

Materials and Methods

Eighteen Wistar rats, divided into three groups
(n =6), were used. Group 1 — control rats maintained
under standard condition, group 2 — rats with the
pituitrin-izadrin-induced effect, group 3 — rats with
pituitrin-izadrin-induced effect + corvitin treatment
under the scheme recommended by the manufacturer
(PJSC SIC Borshchahivskiy CPP, Kyiv, Ukraine), for
5 days. The rats simulated the state of the combined
administration of pituitrin and izadrin as elaborated
below. They were placed under standard conditions
with natural changing of lights and with compliance
to general emergency diet. All the animals had free
access to food and water. The experiment was per-
formed according to the “Provisions for the use of
animals in biomedical experiments” [25].

The pituitrin-izadrin experimental model. To
develop the model for the induction of the injury
effect, we used pituitrin (Endokrininiai, Lithuania)
and B-agonists izadrin (isoprenaline hydrochloride,
Sigma, USA). The administration of pituitrin and
izadrin were performed as follows: intraperitoneal
administration of 0.5 U/kg of pituitrin, followed by

the subcutaneous introduction of 100 mg/kg izadrin
after 20 min, followed by another izadrin injection
6 h later, and 24 h later the administration of pi-
tuitrin and izadrin in the same doses as mentioned
above. This model allegedly leads to disruption in
cardiac systemic processes, responsible for the clini-
cal course of acute coronary heart disease [26].

Treatment of the pituitrin-izadrin effect with
corvitin. After induction of myocardial damages by
the pituitrin-izadrin, the rats were treated with cor-
vitin: 42 mg/kg b.w. was administered three times
on the first day, twice on each of the next three days,
and once on the fifth day at intervals of 2, 12 and
24 h.

The open field test. The study of the physiologi-
cal activity of the rats under experiment was con-
ducted by means of the open field test according to
Buresh [27]. This activity was tested in the middle
of the day, at the beginning of the experiment under
control, after the induction of damages by pituit-
rin and izadrin, and after treatment, using a white
plastic box (80x80 cm), divided by black lines into
16 squares (20x20 cm) and placed 50 cm from the
ground. 9 holes (d = 4 cm) were created at the inter-
section of the four internal squares. The rats under
investigation were placed at the corner of the box
and videos focusing on all the behaviors investigated
were recorded for 3 minutes each. Testing was per-
formed in the same phase of the light cycle. To avoid
distractions, the field surface was treated with 70%
ethanol solution after each animal test. The behavio-
ral features determined included the number of lines
crossed by the rats, vertical stands, hole-peeping,
and defecation. This technique allows for simultane-
ous investigation of the locomotion, research activi-
ty, and autonomic-emotional state of animals.

Protein extraction and determination. At the
end of the experiment, the rats were decapitated
under anesthesia (thiopental, 60 pg/kg). To investi-
gate functional properties of the astrocytic proteins,
namely MT and GFAP, under this model of the pi-
tuitrin-izadrin effect, the hippocampus, cerebellum,
thalamus, and cerebral cortex were isolated and used
to obtain soluble and fibrous cytoskeletal proteins
by differential ultracentrifugation and protein solu-
bilization in the presence of urea (4.0 M) [24]. The
extracting buffer contained 25 mM Tris (pH 7.4),
1.0 mM EDTA, 2.0 mM dithiothreitol, 0.2 mM phe-
nylmethylsulfonyl fluoride (PMSF), 0.01% sodium
nitride (NaN3), (indicated reagents were purchased
from Sigma, USA).
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The MT content in the different brain areas
was determined by the method of solid-phase en-
zyme-linked immunosorbent assay (ELISA), using
monospecific polyclonal antibodies against the MT
(Santa Cruz Biotechnology Inc., USA), purified MT-
standard, and secondary antibodies against rabbit
IgG conjugated to horseradish peroxidase (Sigma,
USA). The content of GFAP in the obtained frac-
tions was determined using monospecific polyclonal
antibodies against GFAP (Santa Cruz Biotechnology
Inc., USA), secondary antibodies against rabbit 1gG
conjugated to horseradish peroxidase (Sigma, USA),
and pure GFAP (Boehringer Mannheim, Germany)
as the corresponding purified protein-standard [28].

Results were measured using ELISA reader
Anthos 2010 (Finland) at 492 nm. The level of pro-
teins was expressed in micrograms per g of tissue.

The data are reported as means + SEM. Statis-
tical analysis was performed by the unpaired two-
tailed Student’s t-test and Pearson’s correlation using
“Microsoft® Office Excel 2007 application packa-
ges, and one-way analysis of variance (ANOVA)
using SPSS Statistics. Values with P < 0.05 were
considered statistically significant.

Results and Discussion

We observed the behavior of the experimental
rats in an open field to determine how they were af-
fected by the conditions under which they were sub-
jected. Compared to the controlled animals, the rats
under the influence of the induced pituitrin-izadrin
attack were less lively, as their activity was signifi-
cantly decreased when crossing lines in the open
field, peeping into holes, and attempting vertical
stands (Fig. 1). This is obviously due to the break-
down in metabolism caused by the insufficient pro-
vision of oxygen and glucose to tissues. During this
period of difficulty caused by the induced attack, the
rats randomly dropped feces around, whereas the
rats under control were without feces. The reason
for this could only be attributed to the inability of the
mechanism responsible for this feature to function
properly under the influence of the pituitrin-izadrin
attack.

The pituitrin-izadrin induced myocardial in-
jury caused a down-regulation in MT concentra-
tion in three of the four brain areas (hippocampus,
thalamus, and cerebellum) tested as evidenced by the
differences in values between the control and the in-
duced attack (Fig. 2). Significant down-regulations
between the control and the pituitrin-izadrin effects
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were only registered in the hippocampus (8.6 £ 0.5
t0 6.2 + 0.2 pg/g of tissue) and thalamus (7.3 £ 0.2 to
6.1 £ 0.3 pg/g of tissue). In the cerebral cortex, the
level of MT was slightly up-regulated (4.8 £ 0.1 to
5.1 +£ 0.15 pg/g of tissue).

Under the pituitrin-izadrin effect, there was a
significant up-regulation in the sGFAP concentration
in the cerebellum with respect to control; 64.7 + 1.8
rising to 82.3 + 1.5 pg/g of tissue and in the cerebral
cortex with respect to control; rising from 48.3 + 1.8
to 68.2 + 3.6 pg/g of tissue, meanwhile, there was
an insignificant increase in the hippocampus and a
slight down-regulation in the thalamus (Fig. 3).

The results obtained indicate significant in-
creases in the level of the filament form of GFAP
under the pituitrin-izadrin effect in all investigated
areas of the brain (Fig. 4). In the cerebellum, the con-
centration of fGFAP in the control group was regis-
tered at 379.7 + 14.7 pg/g tissue and increased under
the influence of pituitrin-izadrin to 448.6 £ 12.4 pg/g
tissue, in the cerebral cortex — from 359.6 + 13.2 pg/g
tissue to 406.2 + 7.9 pg/g tissue, in the thalamus —
from 313.5 + 8.2 pg/g tissue to 357.6 = 21.4 pg/g tis-
sue, and in the hippocampus from 302.6 + 9.5 ug/g
tissue to 373.7 + 14.3 pg/g tissue.

Pituitrin is an extract of bovine posterior pitui-
tary hormones, oxytocin, and vasopressin [29] and
izadrin is a medication used in the treatment of slow
heart rate, heart block, and in rare situations, asthma
[30]. Their combined effect causes decreased blood
flow, limiting the supply of oxygen and glucose to
tissues. Most of the consequences of the pituitrin-
izadrin-induced damages are initiated in the heart
but subsequently, they could overwhelm the entire
body. The development of cardiovascular diseases
leads to the disruption of the heart and changes in
blood flow, which lead to oxidative stress and the
activation of inflammatory processes, not only in the
heart muscle, but also indirectly reduces the supply
of oxygen to the brain [24].

It has been earlier shown that the concentration
of MT is generally down-regulated [11-13] and that
of GFAP is up-regulated [2, 31, 32] under various
harmful conditions, while under those same condi-
tions, changes in vimentin and GFAP levels are si-
multaneous [2]. All of these are changes that occur
under the processes of the major pathological role
played by astrocytes in the brain and spinal cord [2].
Astrocytes are thought to exert a neuroprotective ef-
fect in stroke by shielding neurons from oxidative
stress. This hypothesis is based on the ability of as-
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Fig. 1. Physiological activities of the rats in open field. Control — standard condition, P-I — Pituitrin-izadrin-
induced effect, and P-1 + corv. — Pituitrin-izadrin-induced effect + corvitin treatment. * Significant changes
with respect to control; # significant changes with respect to the pituitrin-izadrin-induced effect
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Fig. 2. The level of metallothionein in the rat brain. Here and in Fig. 3-4: Control — standard condition, P-I —
Pituitrin-izadrin-induced effect, and P-1 + corv. — Pituitrin-izadrin-induced effect + treatment with corvitin.
* P < 0.05 with respect to control; # P < 0.05 with respect to the pituitrin-izadrin-induced effect; n = 6

trocytes to engage in spatial buffering, to transport
and metabolize amino acids, glucose, and other key
molecules, and to up-regulate antioxidants and free
radical scavengers in the injured region. Reactive
astrocytes undergo changes in morphology and in
their expression of a wide range of molecules while

responding to CNS injury, including brain ischemia,
mechanical trauma, neurodegenerative diseases,
and tumors [2]. Following our experiment, it is quite
probable that the induced pituitrin-izadrin impact in-
duces astrogliosis, culminating in a decrease in MT
concentration and an increase in the concentration of
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Fig. 3. The level of the soluble form of glial fibrillary acidic protein in the rat brain

SGFAP and fGFAP in the brain, in what appears to
be a parallel action.

Given that the pituitrin-izadrin attack causes
disruption in the proper systemic functioning of
mechanisms in the heart, eventually leading to in-
sufficient blood and oxygen supply, it is likely that
its consequences are destructive, and similar in na-
ture to another cardiac disorder, ischemia, that has
been studied recently in the heart [3] and in the brain
[33]. In both cases, significant amounts of oxygen
free radicals (oxidants) are generated in the disrup-
tion, and oxidative stress plays an important role in
brain damage [34]. As astrocyte proteins, MT is im-
plicated as a scavenger of free radicals [12] during
related oxidative damages, while GFAP is highly
predictive in its quantitative measures [2]. This is
so despite the evidence from the open field obser-
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vation that the system suffers during moments of
low concentration of MT and high concentration of
GFAP. This would explain why survival is maximal
in MT- and GFAP-rich media [2, 7-11] and possi-
bly why this induced attack causes the respective
changes noted in these proteins. GFAP release mir-
rors injury to astrocytes located both in the white
and gray matter and may increase owing to damage
to glial cells [35]. Endogenous MT is thought to be
actively secreted by astroglia and picked up by neu-
rons through the low density lipoprotein receptor-
related protein 2 (LRP-2/megalin) and the LRP-1
receptor [36]. Megalin-mediated internalization of
MT-II was shown in vitro, and megalin is mainly
expressed in ependyma and neuronal cells. MT-
mediated activation of megalin receptor triggers in-
tracellular activation of transcription factors, which
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Fig. 4. The level of the filamentous form of glial fibrillary acidic protein in the rat brain
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involves the phosphoinositide 3-kinase pathway and
the cAMP response element binding protein (CREP).
The protective effects of MT are said to be media-
ted either via binding to membrane receptors from
the low-density-lipoprotein (LDL)-family, especially
by LDL receptor-1 and -2 (megalin receptor) or by a
direct metal- or reactive oxygen species-scavenging
effect [36]. Reactive astrocytes have been proposed
to represent a target for future therapeutic strategies
to promote injury prevention, regeneration, and plas-
ticity in the brain under injurious condition [33] and
hypothetically, this suggestion should hold for the
experimental myocardial injury.

The administration of corvitin had a positive
impact on the rats in the open field. This was further
highlighted by the fact that, when compared to the
control, the activity rate under the corvitin effect was
higher. There was a significant increase in the num-
ber of lines crossing, hole-peeping, and attempts at
vertical standing. The rate at which the rats defeca-
ted also reduced. This implies that corvitin is useful
in ameliorating the disruptive condition created by
the induced pituitrin-izadrin effect.

In the experimental assay, the administration of
corvitin not only reversed the course of the induced
effect on the brain’s MT concentration, it restored
this content in the cerebellum and cerebral cortex
to levels significantly higher than in their respective
control groups by 5.3 and 10.6%. The values recor-
ded in the hippocampus and thalamus were 15 and
4% less than in the control respectively but all were
significantly higher than in the pituitrin-izadrin-in-
duced model by 12% in the hippocampus, 15% in
the cerebellum, 13% in the thalamus and 4.2% in the
cerebral cortex. With the administration of corvitin,
the soluble form of cerebellar GFAP level decreased
by 34-36% when compared to the induced pituitrin-
izadrin effect and approaching the initial rates seen
in the control experiment. The treatment with cor-
vitin, of the cerebellum, the cerebral cortex, and the
thalamus, bore insignificant changes in f{GFAP level,
while in the hippocampus there was a significant
down-regulation to 333.9 £ 19.2 pg/g tissue, all with
respect to the pituitrin-izadrin effect.

Corvitin (quercetin) belongs to a flavonoid
which falls in a subgroup of flavonols. It shows an-
gioprotective properties mediated by its effect on
proteasomal proteolysis [37]. It can also be con-
sidered as a tool that amplifies gastric mucosal de-
fense mechanisms without affecting the secretion
of gastric hydrochloric acid and total protein [38].

The cardio-protective side of corvitin is expressed
in its stimulation of the formation of nitric oxide in
improving the metabolism of an ischemic site by re-
ducing the size of the ischemic area. It also improves
recovery processes after a stroke and heart attack,
restoring blood circulation and microcirculation
without marked changes of vascular tone. Corvitin
possesses an antioxidant activity related to its ability
to inhibit lipid peroxidation and eliminate free radi-
cals.

According to results from the treatment of the
pituitrin-izadrin effect with corvitin, it is safe to as-
sume that the substance ensures the reinstatement of
the functioning of the studied brain areas, by elimi-
nating the free radicals released upon the induced
effect of pituitrin and izadrin. This is evident in the
restoration of the level of MT and GFAP (albeit not
to completion in GFAP in most areas of the brain).
Its antioxidant activity is hypothetically the reason
why MT and GFAP levels recover upon its introduc-
tion, relieving them of their supposed scavenging
and predictive functions. The restoration process
further confirms the simultaneous changes in the
content of all three proteins under different circum-
stances.

Apparently, MT and the soluble and filament
forms of GFAP are related in their reaction to the
pituitrin-izadrin effect. The Pearson’s correlation
coefficients obtained indicated a range of simultane-
ous links between these astrocyte proteins (Table).
The down-regulation in MT concentration and the
up-regulation in GFAPs’ forms are opposite but co-
existing outcomes of the pituitrin-izadrin induced
effect. The existing relationship between these three
proteins, although mostly weak, is parallel.

In the cerebellum, strong correlated changes are
registered amongst all three proteins when the condi-
tions of the induced pituitrin-izadrin effect and the
corvitin effect are compared; the strength of the cor-
related changes being in the order SGFAP-fGFAP >
SGFAP-MT > fGFAP-MT. In the other brain areas,
the order of the correlated changes beginning with
the strongest pair was: cerebral cortex — SGFAP-
fGFAP > fGFAP-MT > sGFAP-MT,; thalamus —
fGFAP-MT > sGFAP-fGFAP > sGFAP-MT; and
hippocampus — sGFAP-MT > sGFAP-fGFAP >
fGFAP-MT. These changes indicate the functional
impact of any given protein pair with respect to both
conditions of investigation. In the cerebellum and the
thalamus, the rate of function of the first two pairs
seems to be of equal strength under the two studied
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Correlation links between MT, sGFAP, and fGFAP levels in the rat brain

Cerebellum Cerebral Cortex Thalamus Hippocampus
PCC, r P-I1+ P-I1+ P-I1+ P-1+
Pl Corv. Pl Corv. Pl Corv. Pl Corv.

sGFAP-fGFAP -0.52 0.53 011 0.72 0.82 0.60 0.06 0.44
SGFAP-MT -0.42 0.33 -0.22 -0.34 -0.37 -0.27 0.82 0.23
fGFAP-MT -0.06 0.85 -0.85 -0.37 -0.87 0.12 0.71 0.64

Note. P-I — pituitrin-izadrin-induced effect, P-I + Corv. — pituitrin-izadrin-induced effect + corvitin effect, PCC —
Pearson’s correlation coefficient, sSGFAP-fGFAP — correlation between the soluble and filament forms of GFAP, sGFAP-
MT - correlation between the soluble form of GFAP and MT, f{GFAP-MT — correlation between the filament form of
GFAP and MT. Bold — significant correlation coefficient, P < 0.05

conditions, meanwhile in the remaining cases, the
rate of function seems to either diminish or increase
moving from the pituitrin-izadrin induced injury to
the corvitin effect.

If considered under just one of either given
investigated conditions, the strength of the simulta-
neous functioning of any given protein pair in the
cerebellum and thalamus is strongly noted in the
pair SGFAP-fGFAP in both studied cases, while also
evident in the fGFAP-MT pair under the corvitin
effect in the cerebellum, and the f{GFAP-MT pair
under the pituitrin-izadrin effect in the thalamus. In
the cerebral cortex, a strong relationship only exists
between the SGFAP-fGFAP pair under the corvitin
effect and the f{GFAP-MT pair under the pituitrin-
izadrin effect, while in the hippocampus, it is noted
between the SGFAP-MT and fGFAP-MT pairs under
the pituitrin-izadrin effect, and the fGFAP-MT pair
under the corvitin effect.

Our results show that the pituitrin-izadrin
induced experimental injury is clearly responsible
for the diminished changes observed in MT level
and the increased contents of SGFAP and fGFAP in
the rat brain depending on the area. The effect of
corvitin administered in a dose of 42 mg/kg b.w. at
different intervals, over a period of five days under
injury led to restoration in the levels of all three
studied proteins.
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HocnimxkeHo  BIUIMB — TITYITpUH-13apHH
1HYKOBaHOTO NOIIKO/DKCHHS ~ Ha  BMICT
mertanorioneiny (MT), po3unHHOI Ta (iTaMeHTHOT
(hopM rimianbHOTO (PIOPUISIPHOTO KUCIOTO MPOTEIHY
(FC@OKIT) B rinokamiri, MO304KY, TaJlaMyci i Kopi ro-
JIOBHOT'O MO3KY IIYpiB, CIPUYMHEHOTO CHCTEMHHUM
e(eKTOM MITYITpUHY Ta i3aJ[pHHY, a TAKOX BILIHUB
KOPBITHHY Ha MO30K 3a 3a3Ha4Y€HUX MOIIKOKCHb.
OnepxaHi pe3yJbTaTH MOKa3ald MPOTHIIEKHO
CHpSIMOBaHi 3MiHH Y MO3KY Iy PiB: 3HH)KEHHS PiBHS
MT i nigumenHs ['®KII 3 TenaeHIie€ro 10 po3BUT-
Ky aCTpOINio3y IiJl BIUIMBOM CHCTEMHHX YIIKOA-
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KEeHb QyHKIII Miokapaa. 3acToCyBaHHS KOPBITHHY
B J1031 42 MT/KT IPOTATOM I’SITH JHIB MiCIIs CepLEBOi
aTaku, CHPUYUHEHOI MITYiTpHH-I3aAPUHOM, IpH-
3BOJUTH JIO BiJHOBJICHHS OajlaHCy JOCIIKYBaHUX
MPOTEiHIB.

KnwouyoBi cloBa: METAJIOTIOHETH,
DHadbHUd  QIOPWIApHUA  KHCIHA  TPOTEiH,
MITYITPHH, 13aIpUH, KOPBITHH, MO30K.
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HccrnenoBano BIMAHHE NUTYUTPUH-U3aAPUH
WHAYLIUPOBAHHOIO HAPYIIEHUS Ha COlepKaHUE Me-
tajuotronenHa (MT), pactBopuMoid u (unaMeHT-
HOW (QOpM TIHAIBHOTO (QHOPUIUISIPHOTO KHCIIOTO
npotenna (I'®KII) B runmnokxamiie, Mo3KeuKe, Tana-
MyC€ M KOPE I'OJJOBHOI'O MO3ra KPbIC, BBI3BAHHOIO
CHCTEMHBIM 2((EKTOM MUTYUTPUHA U H3aApUHA, a
TaK>)kKe BIIMSTHUE KOPBUTHHA Ha MO3T IIPH YKa3aHHBIX
Bo3aeicTBUAX. [lonydyeHHble pe3ynbTaThl MOKa3a-
JI NIPOTUBOIIOJIOKHO HAIIPABJICHHBIE U3MEHEHHUS B
MO3re KpbIC: CHUkKeHue ypoBHs MT u nosblieHue
I'®KII ¢ TeHeHIMENH Pa3BUTUS aCTPOIINO03a IIPU
BIIMSIHUU CHCTEMHBIX HEIOCTATKOB (YHKIIUU MHUO-
kapnaa. [IpuMeHeHue KOpBUTHHA B J103¢ 42 MI/KT B
TEUEHUE MATH JHEH I0cie CEepJACYHOM aTaku, BbI-
3BaHHOW MUTYUTPUH-U3AJPUHOM, TIPUBOIAUT K BOC-
CTaHOBJICHUIO OallaHca UCCIIEAYEMBIX IPOTEHHOB.

KnrmoueBbie caoBa: METAIJIOTHOHEHH,
IIHaIbHBIN GUOPUIUISIPHBIN KUCIBII TPOTEHH, M-
TYUTPUH, U3aIPHH, KOPBUTHH, MO3T.
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