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Functional as well as structural reorganization of brain tissues takes place in the surrounding and re-
motes brain areas after focal ischemic lesions. In particular, reactive or regenerative processes have been
described to occur in the infarction areas and the contralateral hemisphere. Experiments were performed
on 63 rats, divided into 3 groups (each consisted of 21 animals): sham operated, short-term occlusion of
the right middle cerebral artery (MCAQO) group, and long-term MCAO group. We have studied changes in
proteasome proteolysis during transient occlusion of the middle cerebral artery using method of Koizumi
J., duration 2 and 60 min and made the comparison between changes in different types of proteasome
activity and severity of ischemic injury and showed three types of decrease in proteolytic activity (trypsin-,
chymotrypsin-like, peptidylglutamyl peptide-hydrolyzing) in the brain tissues. Chymotrypsin-like activity of
ischemic areas of the brain for short-term MCAO decreased 4.1 times compared with controls (P>0.05), for
long-term MCAQO decreased 5.8 times compared with controls (P<0.05). Trypsin-like activity of ischemic
areas of brain for short-term MCAQO decreased 7.1 times compared with controls (P>0.05), for long-term
MCAO decreased 12.5 times compared with controls (P<0.05). PGPH activity of ischemic areas for short-
term MCAO decreased 8 times compared with controls (P>0.05), for long-term MCAO decreased 2.8 times
compared with controls (P<0.05). The similar dynamics was observed also in the penumbra and the core
zone of the brain at 6 h of reperfusion, in the long run there is no significant difference between the core
and contralateral zones. Our results suggest that proteasome activity may play also a role in contralateral
cortical plasticity occurring after focal cerebral ischemia.
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INTRODUCTION

Ischemic stroke, occurring as a result of occlu-
sion of major cerebral arteries, is a devastating
disease, representing a leading cause of death
and disability worldwide [1]. Brain ischemia,
due to loss of cerebral blood flow, induces a
complex interaction of several pathological
perpetrators that eventually lead to cell death
[2]. Despite recent advances, there are major
gaps in our understanding of the pathogenesis
of cerebral ischemic injury, and therapeutic
options for stroke patients remain limited [3]. It
is so necessary to study molecular mechanisms
of this pathology, one of them is ubiquitin-
proteasome system which represents the main

cellular pathway for protein degradation [4],
contributing to important cellular processes,
including transcriptional regulation, cognition,
memory and other [5].

The accumulation of ubiquitin-containing
protein aggregates following ischemia is a rela-
tively unexplored research area that may provide
new mechanistic insights into ischemic brain
damage [6]. However, the factors leading to
deposition of these aggregates and their conse-
quences for stroke outcome are largely unknown
and, as such, require additional elucidation.

Although the proteasome is responsible for
the majority of intracellular protein degradation,
and has been demonstrated to play a pivotal role
in a diverse array of cellular activities, the role
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of the proteasome in the central nervous system
is only beginning to be elucidated [7]. The eu-
karyotic proteasome is a large multicatalytic,
multisubunit protease complex possessing at
least three distinct activities, which are associ-
ated with three different of subunits, respec-
tively: chymotrypsin-like activity (with the
B5 subunit), trypsin-like activity (with the B2
subunit), and peptidylglutamyl peptide-hydroly-
zing (PGPH) activity (with the B1 subunit) [8].

Recent studies have demonstrated that pro-
teasome inhibition occurs in numerous neuro-
degenerative conditions, and that proteasome
inhibition is sufficient to induce neuron death,
elevate intracellular levels of protein oxidation,
and increase neural vulnerability to subsequent
injury [9]. In other hand, proteasome inhibitors
are very effective for prevantion of ischemic
injury [10].

The aim of this investigation is to determine
three types of proteasome activities in zone brain
(core, penumbra, contralateral area) under short-
term and long-term carotid artery occlusion,
compare infarction volume with behavioral tests
in modelling of focal ischemic stroke.

METHODS

Adult male Wistar rats, weighing 280-320 g,
were housed in standard cages with free access
to food and water on a 12 h light/dark cycle.
All procedures performed on animals were car-
ried out in accordance with the Guide for the
Care and Use of Laboratory Animals (National
Research Council, 1996, USA) and were ap-
proved by the Animal Use and Care Committee
of Bogomoletz Institute of Physiology National
Academy of Science of Ukraine.

Sixty three rats were randomly allocated
to one of three groups: sham group, short-term
(MCAO) group, and long-term MCAO group.
The rats in the sham group (n=21) underwent
right common carotid artery and external carotid
exposure without MCAQO, were anesthetized
with calipsol (75 mg/kg) and xylazine (10 mg/
kg). In the short-term MCAO group (n=21), un-
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der the same anesthetic conditions and surgical
procedures as sham group, the MCA was oc-
cluded for 2 min. In long-term MCAO group (n=
21), under the same anesthetic conditions and
surgical procedures as sham group and short-
term MCAO group, the MCA was occluded for
60 min. In all three groups reperfusion time was
6, 24 and 72 h (n=7). Animals were tested at 6
h, 24 h and 72 h to evaluate neurologic function
[11]. At 6 h, 24 h and 72 h after reperfusion, a
subset of the rats was sacrificed, and the brains
were quickly harvested for the measurement of
infarction ratio and proteasome activity.
Rectal temperature was monitored and kept
at 37 + 0.5°C with a heating pad, and let tem-
poralis muscle temperature was kept at 37.5
+ 0.2°C with a heating lamp. Focal cerebral
ischemia was induced in rats by permanent oc-
clusion of the right middle cerebral artery, using
the suture method previously described, with
modifications [11]. Briefly, the right common
carotid artery was exposed, and the external
carotid artery was isolated and coagulated. A
4-0 silicone-coated nylon suture (Doccol Co.,
Albuquerque, NM, USA) was inserted into
the internal carotid artery through the external
carotid artery stump and gently advanced to oc-
clude the MCA. After completion of the proxi-
mal MCAO, the suture was gently withdrawn to
permit reperfusion. The external carotid stump
was ligated and the wound closed, and the rats
were maintained under temperature control until
they were returned to animal cages | h later.

Infarction Volume Measurements

The animals were sacrificed at 6, 24 or 72 h
after MCAO, after which the brains were rap-
idly removed and sectioned coronal at 2-mm
intervals. Sections were taken from the region
beginning Imm from the frontal pole and end-
ing just rostral to the corticocerebellar junction
and stained with 2% 2,3,5-triphenyltetrazolim
hydrochloride (TTC) (“Sigma”, St. Louis, MO,
USA), for 15 min at 37 °C. The infracted tis-
sue remained white, whereas normal tissue
was stained red. The lesion volume (mm3) was
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determined by multiplying the appropriate area
by the section interval thickness. To reduce
errors associated with processing of tissue for
histological analysis, the ischemic volume is
presented as the percentage of infarct volume
of the contralateral hemisphere (indirect volume
calculation). Infarct areas of all sections were
added to derive the total infarct area, which was
multiplied by the thickness of the brain sections
to determine the infarct volume. To compensate
for the effect of brain edema, the corrected per-
centage of infarction was calculated as follows:
percentage of infarction = [measured infarct
area - (ipsilateral hemisphere area — contralateral
hemisphere area)]/[(ipsilateral hemisphere area
+ contralateral hemisphere area) - (ipsilateral
hemisphere area — contralateral hemisphere
area)] [12].

MCADO in rats typically causes varying de-
grees of both somatosensory and motor impair-
ment. Thus, it is important that evaluation of
neurological function following experimental
stroke consist of a battery of tests that evaluate
the degree of sensory and motor impairment in
an accurate, reproducible manner. A multitude
of tests have been developed to evaluate these
functions. A test such as the Open field has been
proposed as test of motor function, while the
Adhesive Removal (sticky-tape) test is often
utilized as a test of somatosensory function.
These tests were performed after 6, 24, 72 h of
reperfusion at modeling ischemic brain damage.

Proteasomal activity

Brain samples (10% wt/vol) were homogenized
either in tris-HCI. The total brain homogenate
was centrifuged at 5,000 g for five min, and the
supernatants (cytosolic fractions) were used for
the determination of protease alkaline and pepti-
dase activities. The fluorogenic peptide substrate
Suc-Leu-Leu-Val-Tyr-7-amydo-4-methylcou-
marin (S6510; “Sigma-Aldrich”) was used to
measure the chymotrypsin-like activity of the
proteasome, Boc-Leu-Ser-Thr-Arg-7-amydo-
4-methylcoumarin (B4636; “Sigma-Aldrich”)
was used for the trypsin-like activity and CBZ-
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Leu-Leu-Glu-7-amydo-4-methylcoumarin
(C0483; “Sigma-Aldrich”) for the PGPH ac-
tivity [13, 14]. After a 30-min (for trypsin-like
activity) or lh (for other activities) incubation
with one of these fluorogenic peptides (at a
concentration of 6 uM), fluorescence of the
reaction products was monitored at 380 nm exci-
tation and 440 nm emission using free 7-amino-
4-methylcoumarin as a standard on a Hitachi
4000 spectrofluorometer. The reactions were
carried out in the absence or presence of selec-
tive proteasome inhibitors — clasto-lactacystin
B-lactone (2.5 uM) — to differentiate between
nonproteasome- and proteasome-mediated pep-
tide hydrolysis. The percentage of inhibition of
respective substrate hydrolysis after treatment
with a specific inhibitor was evaluated as the
proteasome activity and was expressed as nano-
moles per liter 7-amino-4-methylcoumarin per
10 cells per 1 min.

Statistical analysis

All values are presented as an arithmetic mean +
standard error. Data in all groups was tested for
normality of distribution using the one-sample
Kolmogorov-Smirnov test, and the analysis of
variance was performed using one-way ANOVA.
Results were considered statistically significant
at the P <0.05 level. The software used was MS
Excel 2007 and SPSS Statistics 17.0.

RESULTS

Infarction volume was then calculated by
summing the infarction areas over all sections
and multiplying by the slice thickness (table).
Whereas no histological damage was noted in
shamoperated rats, focal ischemia led to a brain
lesion affecting the temporoparietal cortex,
including mainly the primary somatosensory
cortex. Brain damage also affected, but to a
minor extent, a small part of the S1 forelimb
cortex, a lateral portion of the primary motor
cortex, the secondary somatosensory cortex, the
agranular insular cortex, and the ectorhinal and
auditory cortex. Furthermore, in some animals,
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Volume of ischemic brain areas (mm?) in rats at different periods of reperfusion after MCAO (M+m, n=14).

Volume of ischemic brain areas Infarct V,O lume,. mm’ Penumbra, mm? Core, mm?
(Total infarction)

short- term 5.11 £1.25 - -

6h long-term 9.18+1.43 * 7.24+1.13 1.95+0.31
short-term 5.52+1.47 - -

24h long- term 11.47 £5.41 * 5.16 £2.43 6.32+2.97
short-term 10.01 £2.34 - -

72h long-term 21.27+£2.07 * 2.77+0.27 18.50+1.80

* P <0.05.

an expansion of the lesion can be observed in
white matter, as well as shrinkage of a small por-
tion of the lateral striatum. The lesion volumes
were 5.11+1.25 mm?, 5.52+1.47, 10.01+2.34
in short-term MCAOQO group after 6, 24, 72 h
respectively (histological measurements) and
9.18+1.43,11.4745.41,21.2742.07 in long-term
MCAO group after 6, 24, 72 h respectively (table
1, P<0.05). According to the literature, on the
3rd day after MCAO the area of ischemic dam-
age has clearly delineated, with perifocal edema
zone is less expressed than on the 1st - 2nd day.

After the staining TTC there was revealed
a significant prevalence of infarction volume
areas in the long-term MCAO group with time
of reperfusion 72 h - (21.27£2.07 mm?) of the
corresponding values in the other group of
animals at the same time of reperfusion (short-
term MCAO - 10.01£2.34 mm?, P<0.05) (Fig.
1). Dimensions zone lesions in the long-term
MCAO group with time of reperfusion 24 h -
(11.474£5.41mm?3) of the corresponding values
in the other group of animals at the same time
of reperfusion (short-term MCAO - 5.52+1.47
mm?, P<0.05 ). Dimensions zone lesions in the
long-term MCAO and the short-term MCAO
were also statistically significant (9.18+1.43
mm? and 5.11+1.25, respectively, P<0.05).

We measured three types of proteolytic ac-
tivity of the proteasome (trypsin-, chymotrypsin-
like and peptidylglutamyl peptide-hydrolyzing-
like) in the brain tissues. Various activities of
the proteasome activity vary in different direc-
tions. After 6 h of reperfusion in the core zone
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all kinds of proteasomal activity are activated
comparable with the amplitude of short-term
MCAUQO, in cases not only short-term MCAO but
also with long-term MCAO, while in cases of
large spread short-term MCAO. This activation
was not statistically reliable, but for long-term
MCAQO - statistically significant (Fig. 2). Chy-
motrypsin-like activity of ischemic areas of the
brain for short-term MCAO decreased 4.1 times
compared with controls (P>0.05), for long-term
MCAO decreased 5.8 times compared with con-
trols (P<0.05). Trypsin-like activity of ischemic
areas of brain for short-term MCAO decreased
7.1 times compared with controls (P>0.05), for
long-term MCAO decreased 12.5 times com-
pared with controls (P<0.05). PGPH activity of
ischemic areas for short-term MCAO decreased
8 times compared with controls (P>0.05), for
long-term MCAO decreased 2.8 times compared
with controls (P<0.05). The similar dynamics
was observed also in the penumbra and the core
zone of the brain at 6 hour of reperfusion, in

I 1 Penumbra

Core

Contralateral
zone

Fig. 1. Histological sections of brain after TTC staining
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the long run there is no significant difference
between the core and contralateral zones. These
data are summarized in Fig. 3.
Chymotrypsin-like activity of penumbra for
short-term MCAO decreased 4.3 times compared
with controls (P>0.05), for long-term MCAOQO
decreased 11 times compared with controls
(P>0.05). This activity of contralateral zone in
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Fig. 2. Trypsin-like (a), chymotrypsin-like (b) and PGPH (c)
activities of proteasome in core area of brain after MCAO.
1 — control; 2 — short-term MCAO group at 6 h period of
reperfusion; 3 — short-term MCAO group at 24 h period of
reperfusion; 4 — short-term MCAO group at 72 h period of
reperfusion; 5 — long-term MCAO group at 6 h period of
reperfusion; 6 — long-term MCAO group at 24 h period of
reperfusion; 7 — long-term MCAO group at 72 h period of
reperfusion. N = 7. * P<0.05
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relation to damage zone for short-term MCAO
decreased 4.3 times, for long-term MCAO
decreased 3 times compared with controls
(P<0.05). Trypsin-like activity of penumbra
decreased 4.1 times compared with controls
for short-term MCAO (P>0.05), for long-term
MCADO this type of activity decreased 25 times
compared with controls (P>0.05) and decreased
4.1 times for contralateral zone in relation to
damage zone for short-term MCAO, for long-
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Fig. 3. Trypsin-like (a), chymotrypsin-like (b) and PGPH (c)
activities of proteasome in penumbra after MCAO. 1 — control;
2 — short-term MCAO group at 6 h period of reperfusion;
3 — short-term MCAO group at 24 h period of reperfusion;
4 — short-term MCAO group at 72 h period of reperfusion; 5
—long-term MCAO group at 6 h period of reperfusion; 6— long-
term MCAO group at 24 h period of reperfusion; 7 — long-term
MCAO group at 72 h period of reperfusion. N = 7. * P<0.05
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term MCAOQ it decreased 9 times compared with
controls (P<0.05). PGPH activity of penumbra
for short-term MCAO decreased 6.3 times for
short-term MCAO compared with controls
(P>0.05), for long-term MCAO it decreased 3.7
times compared with controls (P>0.05). This
activity decreased 4.5 times for contralateral
zone in relation to damage zone for short-term
MCAQO, for long-term MCAO it decreased 2.5
times compared with controls (P<0.05). This
suggests that the activation of the proteasome
is a reactive processes rather than a mechanism
of neuronal damage.

At 24 h of reperfusion there was a significant
strengthening of trypsin-like both in the core
zone and in the penumbra and this is observed
only during long-term MCAO and at short-term
MCAO such effects did not appear and also in
contralateral is not observed (Fig. 2, a).

Trypsin-like activity decreased 7.1 times for
core at 6 h of reperfusion for short-term MCAO
compared with controls (P>0.05), for long-term
MCAQO it decreased 12.5 times compared with
controls (P<0.05). This activity of penumbra
for short-term MCAO decreased 4.1 times,
for long-term MCAO it decreased 25 times
compared with controls (P<0.05). Trypsin-like
activity decreased 5.5 times for core at 24 h of
reperfusion for short-term MCAO compared
with controls (P>0.05), for long-term MCAOQO
it decreased 1.1 time compared with controls
(P<0.05). This activity decreased 4 times for
penumbra at 24h of reperfusion for short-term
MCADO, for long-term MCAO it increased 1.8
times compared with controls (P<0.05). These
processes which are related to damage and con-
firmed: “If ischemia is longer, the activation will
be stronger”. There is a clear dependence of the
effect on the duration of ischemia. Short-term
MCAO did not induce any significant changes
in trypsin-like proteasome activity neither in
core, nor penumbra regions.

In short-term MCAOQ the peak of activity was
not at 24h after reperfusion but on 72 h. At that
occurred reaction as chymotrypsin- and trypsin-
like activity and this reaction was observed
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in the core and penumbra. Chymotrypsin-like
activity decreased 4.1 times for ischemic areas
for short-term MCAO at 6 h of reperfusion
compared with controls (P>0.05), for penumbra
it decreased 4.5 times compared with controls
(P>0.05); at 24 h of reperfusion this activity
decreased 3.8 times compared with controls for
core zone (P>0.05) and for penumbra it decrease
3.2 times compared with controls (P>0.05); at 72
h of reperfusion this activity for core increased
1.1 times compared with controls (P>0.05) and
for penumbra of this period it decrease 1.2 times
compared with controls (P>0.05).

Trypsin-like activity decreased 7.1 times for
ischemic areas of brain for short-term MCAO
at 6 h of reperfusion compared with controls
(P>0.05) and it decreased 11 times compared
with controls for penumbra at this period
(P>0.05); this activity decreased 5.5 times com-
pared with controls at 24 h of reperfusion for
core zone (P>0.05) and for penumbra of this
period it decreased 1.4 times, at 72 h of reper-
fusion for core zone this activity increased 1.4
times compared with controls (P>0.05) and it
decreased 1.5 times for penumbra.

In long-term MCAO the peak of activity
was at 24 h but not at 72. In some areas there
are observed reduced activity. In case of long-
term activation occurs earlier, that is logically.

Chymotrypsin-like activity decreased 5.5
times compared with controls for ischemic ar-
eas of the brain for long-term MCAO at 6 h of
reperfusion (P<0.05), for penumbra it decreased
4.5 times compared with controls (P>0.05);
this activity for core zone decreased 1.7 times
compared with controls at 24 h of reperfusion
(P<0.05) and it decreased 1.4 times compared
with controls for penumbra (P>0.05); at 72 h of
reperfusion this activity for core zone increased
2.2 times compared with controls (P>0.05) and
for penumbra of this period it decrease 1.5 times
compared with controls (P>0.05) (Fig. 3, b).

Trypsin-like activity decreased 12.5 times
compared with controls for ischemic areas of
brain for long-term MCAO at 6 h of reperfu-
sion (P<0.05) and it decreased 25 times com-
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pared with controls for penumbra at this period
(P<0.05); at 24 h of reperfusion for core zone
this activity decreased 1.1 time compared with
controls (P>0.05) and for penumbra of this
period it increased 1.8 times, at 72 h of reper-
fusion for core zone this activity decreased 1.1
time compared with controls (P>0.05) and it
decreased 1.4 times for penumbra (P>0.05).

We should also note that pattern activation
of PGPH in core is not strongly differ and is
almost the same with all types of proteasome
activity (Fig. 2, ¢). PGPH activity decreased 6.2
times compared with controls for core zone for
short-term MCAO at 6 h of reperfusion (P>0.05)
and for long-term MCAO it decrease 2.7 times
compared with controls (P<0.05); this activity
of core zone for short-term MCAO decrease
2.3 times compared with controls at 24 h of
reperfusion (P>0.05) and for long-term MCAO
it decreased 1.9 times compared with controls
(P>0.05); this activity decreased 2.7 times
compared with controls at 72 h of reperfusion
of core zone or short-term MCAO (P>0.05) and
for long-term MCAO of this period it decreased
20 times compared with controls (P>0.05).

Chymotrypsin and trypsin-like activities
increase in contralateral area at the period of
72 h reperfusion (Fig. 4). In this case activation
was not occurred in group of Long-term MCAO
and Short-term MCAO and this activation was
not connected with damage of neurons because
this is contralateral hemisphere. Activation on
this area was not occurred at 24, but at 72 in
central zone. This reaction was reactive and
more marked for Short-term MCAOQ than for
long-term MCAO. And it distinguishes reaction
in contralateral zone between core zones.

DISCUSSION

We have studied changes in proteasome prote-
olysis during transient occlusion of the middle
cerebral artery using method of Koizumi J.,
duration 2 and 60 min and made the comparison
between changes in different types of protea-
some activity and severity of ischemic injury and
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showed three types of decrease in proteolytic
activity (trypsin-like, chymotrypsin-like, PGPH)
in the brain tissues.

We have also received data that with in-
creasing time of ischemia, the necrosis size is
increased and obtained correlation of these data
with behavioral tests that confirm the response
to stress or injury. It has been intensively stud-
ied because delayed neuronal death provides a
window of opportunity for studying ongoing
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Fig. 4. Trypsin-like (a), chymotrypsin-like (b) and PGPH (c)
activities of proteasome in contralateral area after MCAO.
1 — control; 2 — short-term MCAO group at 6 h period of
reperfusion; 3 — short-term MCAO group at 24 h period of
reperfusion; 4 — short-term MCAO group at 72 h period of
reperfusion; 5 — long-term MCAO group at 6 h period of
reperfusion; 6— long-term MCAO group at 24 h period of
reperfusion; 7 — long-term MCAO group at 72 h period of
reperfusion. N = 7. * P<0.05
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molecular processes before neuronal death after
brain ischemia [15].

Intracellular proteolysis of proteasome ac-
tivity significantly decreased in brain tissues in
modeling transient occlusion of the middle ce-
rebral artery and may have pathogenetic signifi-
cance. What is the nature - or actually pathologi-
cal adaptation is a change of proteasome activity
in brain tissues during ischemia will determine
further stages of proteasome inhibitors.

The current study demonstrates that protea-
some activity is decreased after IRI (ischemic
reperfusion injury) and may therefore contribute
to neuronal injury during IRI. For example, in-
hibition of the proteasome is sufficient to induce
neuron death [16]. In addition to directly induc-
ing neuron death, subtoxic levels of proteasome
inhibition would be expected to increase neuro-
nal viability. Proteasome activity is required for
most forms of NFkB activation [17], a transcrip-
tion factor which has been demonstrated to have
neuroprotective properties in vitro and in vivo.
Because the proteasome is responsible for the
removal of damaged and oxidized proteins [18],
impaired proteasome activity may contribute to
oxidative stress during IRI. It is interesting to
speculate that the increase in proteasome activ-
ity in the contralateral hemisphere, which did not
undergo significant increases in neuron damage
after IRI in the current study, may represent a
neuroprotective activation of proteasome activity.
Alternatively, low levels of oxidative stress have
been demonstrated to stimulate proteasome activ-
ity [18] and may account for increases in protea-
some activity within the contralateral hemisphere.

All three types of proteasome activities were
changed in the aorta, heart tissues, and blood
leucocytes in modeling of cholesterol athero-
sclerosis [14]. The chymotrypsin-, trypsin-like,
and PGPH activities of the proteasome occur
at distinctive sites within the proteasome. The
proteasome degrades substrates in a processive
fashion that is believed to be particuarly impor-
tant for preventing the accumulation of partially
degraded proteins and the partial degradation
of a substrate, which may allow for its contin-
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ued functioning. For example, by degrading a
regulatory portion, but not the active enzymatic
portion of a proteasome substrate, the activity of
that substrate could continue to aberrantly func-
tion. Alternatively, proteasome inhibition could
increase the half-life of proapoptotic proteins
within neurons, increasing the toxicity of their ac-
tivation. It is interesting to point out that pharma-
cologic inhibition of the proteasome is sufficient
to induce caspase activation, which may be due
in part to the decreased catabolism of activated
caspases (data not shown). Adjusted changes of
ubiquitin-proteasome system to sschemia in the
postischemic hippocampus, conjugated ubiquitin
(Ub) accumulates and free Ub is depleted. The
accumulation of conjugated Ub may reflect hypo-
function of downstream proteasome activity that
normally degrades ubiquitinated proteins. More-
over, direct injection of a proteasome inhibitor
into the lateral ventricles of the rat-induced DNA
fragmentation in various CNS areas, suggesting
that suppression of proteasome is able to induce
neuronal apoptosis [19].

Therefore, it is reasonable to speculate that
proteasome malfunction may in part underlie
the molecular events of the ischemia-induced
neuronal death. Decreased proteasome activity
at the ischemic core and the surrounding tis-
sues allows accumulation of oxidized proteins,
resulting in formation of protein aggregates, ER
stress, impairment of cell function, and eventu-
ally cell death. In an experimental ischemia of
rat brains, a 60% elevation of Ub conjugate
levels in the ischemic compared with the non-
ischemic animals was observed within 1 hour
of recovery. The conjugate immunoreactivity
remained at this level for 6 h but eventually
decreased to control levels by 24, h of recovery.
Increased formation of poly-Ub conjugates was
accompanied with a significant increase in the
transcription levels of poly-Ub genes [20].

It is likely that the loss of proteasome activi-
ty occurs in other age-related neurodegenerative
disorders that exhibit increased oxidative dam-
age, including Parkinson’s disease and Hunting-
ton’s disease. It will be important to determine
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which environmental and genetic stimuli in each
of these disorders mediate decreased proteasome
activity.

Numerous studies now clearly demonstrate
that inhibition of the proteasome is sufficient
to induce cell death in both neuronal and glial
cells. These studies have demonstrated that
proteasome inhibitors can induce several hall-
marks of apoptosis, including caspase activation,
cytochrome C release, elevated p53 expression,
chromatin fragmentation, and DNA laddering
[13, 18]. Recent studies have demonstrated that
proteasome inhibition may occur in a wide array
of neurodegenerative disorders, including isch-
emia-reperfusion injury [5], Alzheimer’s disease
[21], and Parkinson’s disease [22]. In each of
these conditions, the ability of proteasomes to
generate neuorogenic substrates from peptides
specific for individual proteasome activities
has been demonstrated. It is important to point
out that while these peptides can be extremely
useful as a determinant of proteasome activity,
they may not fully account for functional impair-
ments in proteasome activity. For example, the
ability to cleave a chymotrypsin-like substrate
may be only slightly inhibited in a particular
tissue, even though the ability of the proteasome
to degrade a specific protein may be severely
inhibited [23].

The ability of proteasome inhibition to in-
duce such a wide variety of cell death events
suggests that proteasome activity plays a critical
role in multiple aspects of neuronal homeostasis.

0.1. CaBuyk, M.O. Opaoscbkuii, €.C. SApmoiiok,
C.B. I'onuapos, B.€. locenko, I.I. Ckuoo

AKTHUBHICTB ITIPOTEACOMU B TKAHMHAX
T'OJOBHOTI'O MO3KY IIYPIB JIHII
BICTAP ITICJA INEMIYHOI'O IHCYJIbTY

MopentoBaHHs {IIEMIYHOTO YIIKOUKEHHS TOJIOBHOTO MO3KY
CIPUYHHIOE (DYHKIIOHATBHI Ta CTPYKTYPHI 3MiHH HOTO OYZI0BH.
30kpema, Oynu OIcaHi aKTUBHI 200 pereHepaTHBHI POLIECH,
110 BigOyBasIics B 30HaX iH(PapKTy Ta KOHTpalaTepabHil MiB-
Kyii. JlocnmimpkeH s IpoBeAeHO Ha 63 mrypax, po3moaiIeHuX
Ha 3 eKcIeprMeHTalbHI rpynu (rmo 21 TBapuHI y KOXKHIH):
rpyna TBapHH 3 KOPOTKOTPHBAJIOK OKIIO3I€I0 CepeaHbOT
Mo3KoBoi aprepii (OCMA), rpyma 3 nororpusainoro OCMA
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Ta TBapHUH 3 yIaBaHOIO Omeparliero. BusHaueHo 3MiHH TPHOX
BH/IiB [IPOTEACOMHOT aKTHBHOCTI B TKAHUHAX FOJIOBHOTO MO3KY
[PU MOJICITIOBAHHI 1IIEMIYHOTO MOIIKOKSHHS 3a IOTTOMOTOF0
TPaH3UTOPHOI OKJII03ii CepeIHbOi MO3KOBOT apTepii 3a MeTo-
nukoro Koizumi J., Ta criBas., 1o tpuBaia 2 i 60 XB Ta npo-
BEJICHO ITOPIBHSHHS MK 3MiHAMHU Pi3HHX BU/IIB IPOTEACOMHOT
AKTHBHOCTI 1 CTYIIEHEM YIIKOJDKCHHS T'OJIOBHOTO MO3KY LIypiB.
Byno BusIBIEHO 3HMKEHHSI TPHOX BHIIB (TPHUIICHHO-, XiMO-
TPHUIICUHONOMIOHOT Ta NN THMIIITY TAM IS T POTA3HOT )
HPOTEOIITUYHOT aKTUBHOCTI B TKAHHUHU T'OJOBHOIO MO3KY.
XiMOTPHUIICHHOMONIOHA AKTHUBHICT 1MIEMIYHOT TIJISTHKHA MO3KY
1pu KopotkocTpokoBiiit OCMA 3uusmnacs B 4,1 pasza (P>0,05),
IpU JOBrOCTPOKOBIiH B 5,8 pa3za MOPiBHSIHO 3 KOHTPOJIEM
(P<0,05). TpuncunomoaiOHa aKTUBHICTh iIIEMIYHOI 30HU
MO3Ky npu KopotkocTpokoBii OCMA 3uusunacs B 7,1
pasa (P>0,05), npu mosroctpokosiii B 12,5 pasa nopis-
HsHO 3 koHTposieM (P<0,05). MentuaunrnyraMianenT-
rigpoja3Ha aKTUBHICTh IMIEMIYHOI IUISHKU HPU KOPOTKO-
crpokoBii OCMA 3menmmmiacs B 8 pasis (P>0,05), npu
JIOBrOCTPOKOBIH B 2,8 pa3a B MOPIBHAHHI 3 KOHTPOJEM
(P <0,05). Ionibna nuHamika crocTepiraiacsi TAKOXK B 30HI
HAMIBTIHI i ilIeMivHiH HistHKax Mo3Ky ripu 60 XB periepdys3ii.
B JIOBI'OCTPOKOBIH HEPCIEKTHBI HE BiJMIi4aeThCs iCTOTHOT
PI3HHII MK IIIEMIYHOIO IUISHKOI Ta KOHTpaJlaTepaabHOO
30HO010. OTpUMaHi pe3yabTaTH CBiT4aTh PO TE, 0 AKTUBHICTh
IPOTEACOMHU MOJKE BiJlirpaBaTH Ba)KJIMBY POJIb Y KOHTpajaTe-
pasibHIl KOPTHKAJIBHIM MIACTHYHOCTI MICISI MOJCIIOBAHHS
OCMA.

KirouoBi cioBa: imeMiyHui iHCYNbT; (oKajibHA iIIeMis;
poTeacoma.

E.N. CaBuyk, M.A. Opaosckuii, E.C. SIpmoniok,
C.B. T'onuapos, B.E. JIocenxo, I.I. Cxku6o

AKTUBHOCTB TIPOTEACOMBI B TKAHU I'O-
JIOBHOI'O MO3TI'A KPbIC IMHUU BUCTAP
MHNOCJIE MIIEMHNYECKOI'O UHCVYJIBTA

MonenupoBaHue MIIEMUYECKOTO ITOBPEXKIECHHS TOJIOBHOIO
MO3ra BbI3bIBACT (DYHKIIMOHAJIBHBIC U CTPYKTYPHBIC U3MEHE-
HHS €r0 CTpOeHMs. B yacTHOCTH, OBUIN OIMCAHbI AKTHBHBIC
WIN pereHepaTUBHBIC MPOLIECCHI, IPOUCXOUBIINE B 30HAX
uH(papKTa ¥ KOHTpalaTepalibHOM mnoiyuapun. Mccneno-
BaHUE NPOBEACHO Ha 63 Kphicax, paclpelesIeHHbIX Ha 3
9KCIEepUMEHTANIbHbIE I'PyNIbl (110 21 )KUBOTHBIX B KaX-
JIOK): rpymnrma *XUBOTHBIX C KPAaTKOBPEMEHHON OKKJIIO3UU
cpenneit mosrosoit aprepun (OCMA), rpynna >KUBOTHBIX €
nonroBpeMeHHoi OCMA 1 )KMBOTHBIE C JIO)KHOMH OTIepariien.
OnpenesneHbl U3MEHEHUSI TPeX BUIOB IIPOTEACOMHOMU
AKTUBHOCTHU B TKAHSX T'OJIOBHOT'O MO3Ta IIPU MOAEIMPOBAHUN
UILEMHYECKOTO MOBPEXkKACHUS MO3ra IIyTeM TPaH3UTOPHOU
OKKJIIO3UM CpedHEeH MO3ToBOWH apTepuu IO METOIUKE
Koizumi J., u coaBT.), KoTOpOe MIMIOCH 2 u 60 MUH U
IIPOBEJICHO CPABHEHUE MEXIY M3MEHEHHSIMH Pa3JIMYHBIX
BHUJIOB [IPOTEACOMHON aKTUBHOCTH U CTEIICHBIO IIOBPEXKICHUS
TOJIOBHOT'O MO3Tra KpbIC. BbUIO BBIABICHO CHMKEHUE TPEX
BUJOB (TPUICHHO-, XUMOTPUIICHHONONOOHOH U memn-
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TUIWITTY TAMUJINEI TUATUIPOIa3HOM) POTEOIUTUYECKON
AKTUBHOCTH B TKaHAX I'OJJOBHOI'O MO3ra. XI/IMOTpI/ll'lCI/lHO—
n011061-[a$1 AKTUBHOCTb HMIIEMUYCCKOIO ydJacTKa Mo3ra Ipu
kpatkocpounoi OCMA cuusunack B 4,1 paza (P>0,05),
IpU JAOJITOCPOYHOM B 5,8 pa3a Mo CpaBHEHHUIO C KOHTPOJIEM
(P<0,05). TpuncunononoOHass aKTUBHOCTh HIEMHUYECKON
30HBI MO3ra npu kparkocpounoit OCMA cHusmiacek B 7,1
paza (P>0,05), npu nonrocpo4ynoii B 12,5 paza 1o cpaBHEHHIO
c koHTposieM (P<0,05). [lentuamnrny raMuiInenTuArHposIas-
Hasi aKTHBHOCTb UILIEMUYECKOT0 y4acTKa P KPaTKOCPOUHOIT
OCMA ymenbmmiack B 8 pasz (P>0,05), npu gonrocpouHoit
B 2,8 pa3a o cpaBHeHHt0 ¢ KoHTposieM (P<0,05). [Tonoonas
JMHAMHUKa HAOMI0anach TakkKe B 30HE MOIYTCHH U HIIEMH-
YECKUX ydyacTKkax Mo3ra npu 60 mut penepdysun. B nonroc-
POYHOH NEPCHEKTUBE HE 0TMEYACTCS CYILECTBEHHON Pa3HHLIbI
MEX/Jy MIIEMUYECKHM y4acTKOM M KOHTpajarepaibHOM
30HOH. [lomy4yeHHble pe3yabTaThl CBUACTEIBCTBYIOT O TOM,
YTO AKTUBHOCTb IPOTCACOMbBI MOXET UI'paThb Ba)KHy}O POJIb
B KOHTpaJlaTepajbHOW KOPTUKAJIBHOHN IJIACTUYHOCTH IOCIIE
mozenupoBanust OCMA.

KitroueBble clioBa: HIIEMUYECKUIT HHCYIBT; (POKaJIbHAS UIlie-
MMSsI; IpOTeacoma.
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