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Introduction. Hemorrhagic stroke, frequent vascular
disease of the brain, is a significant medical and social
problem. Previously, were developed a method of local
hemorrhage stroke (intracerebral hemorrhage, ICH) [9],
which is now widely used by various specialists,
pharmacologists, pathophysiology [1]. In this paper, we
propose a model of severe cerebral stroke. The main
requirement for its development was the best match the flow
of this disease in patients that developed on the background
of chronic previous disease, in particular hypertension [7, 8].

At present, various methods for modeling of acute
hemorrhagic stroke are proposed [12]. Hemorrhage caused
progressive introduction in the region of the internal capsule
autologous blood (2 ml), accompanied by the formation in
pigs is not standardized ICH. The modeling process is
accompanied by rapid damage to large areas of the brain, the
destruction of the basal cell structures and, more rarely, the
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Summary. The paper describes the study of structural and metabolic changes in the brain cortex after hemorrhagic
stroke and effects of increased blood pressure on the course of these disorders. For the purpose of studies we
conducted histological study, catalase and SOD levels, ERK kinase levels and degree of DNA fragmentation.The
structural and metabolic changes in rat cerebral cortex were investigated at different degree of hemorrhagic stroke.
Intracerebral hemorrhage transformation, perifocal edema and enzymatic dysfunction increased at epinephrine
application before stroke modeling. There was significant difference in the other parameters when compared to
controls and mild form of stroke. Superoxide dismutase levels in motor cortex were found to be significantly reduced
by 23,6% with a tendency to decrease in the group of modeling stroke after high doses adrenaline application. The
catalase levels respectively decreased by 15,4%. The degree of DNA fragmentation in perifocal brain cortex did not
differ significantly between the two models of hemorrhagic stroke and developing by necrosis type rather than
apoptosis. These data indicate that ischemic injury in brain tissue decreased antioxidant potential that is a factor of
progressive degenerative processes in perifocal brain cortex. The results indicate considerable oxidative stress in
hemorrhage stroke and substantially increase in high blood pressure. These data can be used for research
hemorrhagic stroke pathogenesis and determine the action of neuroprotective, metabolic and antiedemadrugs.
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pathways of white matter and cerebral cortex. Moreover, this
and similar experimental models are characterized by a high
percentage of mortality of animals, which makes specified
pattern unsuitable for use in chronic experiments. Besides
modeling techniques of acute hemorrhagic stroke mainly
designed for large animals, while modern screening studies
suggest use small laboratory animals (rat, mouse, etc.) [3, 4,
5, 11].

The aim of this study was to develop a model of local
stroke is similar in pathogenesis, scope and extent of brain
damage on the background of high blood pressure.

Material and methods.
Animals. The male Wistar Kyoto (WKY) rats (200-250 g)

were used for the study. The animals were housed under
well-controlled conditions of temperature (22,0±2,0oC),
humidity (55,0±5,0%) and 12h/12h light-dark cycle. They
were allowed free access to standard rodent pellet diet and
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drinking water. The food was withdrawn 12 h prior to surgical
procedure; however, water was allowed ad libitum. The
experimental manipulations were carried out in accordance
by University Ethics Committee, Regulations on the animal
use of in research biomedical research, European
Convention for the protection of vertebrate animals used for
experimental and other scientific purposes.

Experimental protocol.
The male WKY rats (200-250 g) were divided into 3

groups of six rats each.
Group 1: Control (n=10) – injected i.p. (0,2 ml)sterile

Sodium Chloride 0.9% (Normal Saline).
Group 2: ICH (n=15) – modeling right hemisphere

intracerebral hemorrhage.
Group 3: Adrenalin+ICH (n=18) – modeling right

hemisphere intracerebral hemorrhage after enhance high
blood pressure. Adrenalin (1,5-1,8 mg/kg, i.p.) was injected
once before 10 minutes to the experiment procedures.

Modeling arterial hypertension and hemorrhagic
stroke.

Surgical procedure was performed according to method
of Makarenko et al. [9]. The rats were anaesthetized by
thiopental sodium (40 mg/kg, i.p.) and supplemented as
needed.Modeling intracerebral hematoma in anesthetized
animals was performed as a result of mechanical destruction

of tissue inside the internal capsule (capsulainternadextra,
L=3,5-4,0; H=6,0; AP=0,6-1,0) [10]. In internal capsule using
stereotaxic instrument introduces prepared mandren knife.
Direct modeling process is carried out by rotating
movements declined by 4-6 and mandren sharpened knife
with a view focused primarily damage the blood vessels in
this part of the brain and the subsequent introduction of the
zone of destruction 0,2 ml previously received autological
blood animals. After surgery and complex sequential ICH
modeling wound manipulation in the region of the skull sewn
tightly polyamide filaments 2 USP (Olympus, Ukraine) and
then treated with 5% alcoholic solution of iodine.

Enzyme activity.Catalase and superoxide dismutase
(SOD) activity was determined by generally accepted
methods [2,6].

Brain weighed sample (100 mg) homogenized with an
electric homogenizer Glas-Col (USA) in 1 ml of 0,05 M
phosphate buffer with 0,1 mM EDTA (pH 7,6). Enzyme
activity was determined in the supernatants obtained by
centrifuging the homogenate at 10,000 g for 20 minutes,
using known spectrophotometric methods using a
spectrophotometer ìQuant, Bio-Tek, (USA).

Histopathology.
Ten days after ICH modeling animals were anesthetized

with 50 mg/kg thiopental sodium intraperitoneally and

Figure 1. Histopathologic damage of perifocal brain cortex after 5 days of stroke. Note: coronal sections (1) of rat brain through the frontal
lobe show increasing degrees of histopathologic damage at adrenalin-induced acute hemorrhagic stroke. H&E-stained section shows no
neuronal loss in control group (2); brain edema, neuronal cell loss (3); acute edema and neuronal necrosis (4); perivascular edema (5);

normal ( ) and necrotic neuron ( ).
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Group SODu/mg CAT mol/mg 
1 Control 16,83±0,23 1,43±0,01 
2 ICH 12,86±0,86 1,21±0,08 
3 A+ICH 11,93±0,54 1,26±0,07 

p-value 
P1-2=0,096 
P1-3=0,007 
P2-3=0,378 

P1-2=0,173 
P1-3=0,185 
P2-3=0,273 

Group Histopathological changes ICH A+ICH 
cases 15 18 

% 100 100 Acute neuronal injury 
se ++ +++ 

cases 8 5 
% 53,3 27,7 Gliosis 
se ++ ++ 

cases 15 18 
% 100 100 Brain edema 
se ++ +++ 

cases 15 18 
% 100 100 Perivascular edema 
se ++ +++ 

cases 7 14 
% 46,6 77,7 Polymorphonuclear 

leukocytes 
se ++ +++ 

perfused through the left ventricle with cold 4%
paraformaldehyde in 0,1 M phosphate buffer (pH 7,4). The
brains were immediately removed; coronal forebrain sections
were cut at 15-ìm intervals using a cryotome and stained
with Nissl method, H&E-stained method.

Microscopic imaging.
Numerous photomicrographs were optically grabbed by

Olympus Microscope (Olympus BX 51). Morphometric
analyses were performed by using Carl Zeiss software
(AxioVision SE64 Rel.4.9.1). For a quantitative analysis of
changes in the brain cortex were determined following
morphometric parameters: number of neurons per unit area
(1mm2), and the percentage of altered neuronal degenerative.
Degenerative cells with signs of cytolysis, cariolysis
cariopicnosis neurons with homogeneous stained
acidophilic nuclei that do not contain nucleoli.

Statistical analysis. Data were presented as mean±SEM
and statistical analyses were evaluated by software package
«Statistica 12.0» («StatSoft», USA). Student t-test was used
to parametric ordinal data; Mann-Whitney U-test was used
to analyze nonparametric ordinal data. P value <0,05 is
considered as statistically signicant.

Results and discussion.
The histological study observed polymorphic structural

changes in brain cortex and subcortical cell formation.
(Figure 1 B, C). There are some shrunken hyperchromic
neurons, neurons with hypertrophy or cariopicnosis.
Showing signs of swelling and significant pericellular edema
(mainly in dendrites). In the motor cortex shows signs of
activation of glial cells, this is accompanied by increased
tinctorial properties of the cytoplasm in the form of a sharp
hyperhromatosis. In pyramidal neurons clearly expressed
central and peripheral destruction of basophilic substance.
We also registered blood vessels with perivascular edema
and stasis.

In corpus callosum we established apoptotic glial cells
arranged randomly nerve fibers. White matter in this zone

Table 1.
Histopathological changes in our proposed model of acute

hemorrhagic stroke

Note: se – semi-quantitative evaluation

Table 2.
Catalase and SOD activity in rat perifocal cortex after

modeling intracerebral hemorrhage.

Note: values are expressed in Mean±SEM

Figure 2. ERK 1/2 electrophoresis in the perifocal brain cortex after
modeling intracerebral hemorrhage. Note: 1 – control; 2 – ICH;
3 – A+ICH. Reduce ERK1 expression in ICH group and A+ICH

group; enhance ERK2 expression in A+ICH group.

has pronounced swelling. In the ipsilateral internal capsule
set gliosis and infiltration of polymorphonuclear neutrophils
around hemorrhage.

In the group of animals that simulated hemorrhagic
stroke after epinephrine application character of
histopathological changes had similar trends, but has more
than progressive brain edema and neuronal death in motor
cortex. A more detailed comparison is imposed in the table 1.

Structural changes in cerebral cortex after stroke are
manifestation of the pathological process, but do not
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Group ERK1 ERK2 
1 Control 0,203±0,062 0,318±0,065 
2 ICH 0,150±0,049 0,321±0,063 
3 A+ICH 0,113±0,063 0,394±0,125 
p-value P1-2=0,031 

P1-3=0,007 
P2-3=0,046 

P1-2=0,369 
P1-3=0,142 
P2-3=0,147 

provide a clear understanding of the pathophysiological
and metabolic disturbances during ischemia. The analysis
of enzyme activity of endogenous antioxidant system
showed serious violations protective opportunities in
nerve cells at hemorrhagic stroke. Biochemical research has
shown that SOD activity in motor cortex decreased by
23,6% (p=0,007) with a tendency to decrease in the group of
modeling stroke after high doses adrenaline application
(Table 2, figure 2). The activity of catalase respectively
decreased by 15,4%. These data indicate that ischemic
injury in brain tissue decreased antioxidant potential that is
a factor of degenerative processes progression in perifocal
cortex.

Intracellular enzyme “switches” were also violations. For
example, the activity of ERK kinase 1, an enzyme that
combines the signals from cell receptors to cytoplasmic
enzymes, decreased by 26,1% and 44,3%, and ERK kinase 2 –
has not changed (Table 3). I.e., at severe hemorrhage
intracellular signaling systems are more excited.

The degree of fragmentation of nucleic acids, such as
DNA, in perifocal cortex homogenate did not differ
significantly between the two models of hemorrhagic stroke
(Figure 3).

Hypertensive intracerebral hemorrhage is caused by
long-term high blood pressure (hypertension). At arterial
hypertension pressure remains high over a long time period,
disrupt blood vessel that can lead to stenosis or ICH.
Hematoma causes swelling of brain tissue and leads to
irreversible changes.

Comparative analysis of two models of hemorrhagic
stroke showed that pre-high blood pressure when
administered high doses of epinephrine impairs the
structural and metabolic changes in the motor cortex of rats
that cause harder degree of bleeding, which is confirmed by
histological examination.

Conclusion. The animal models of local hemorrhagic
stroke are maximal standardized and used to modeling ICH in
other areas of rats brain. The model may be useful for
evaluating the effectiveness of neuroprotective and
metabolic drugs and experimental studies of
pathophysiology of cerebral pathology.

Reviewer: professor V.G. Cherkasov
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1Íàö³îíàëüíèé ìåäè÷íèé óí³âåðñèòåò
³ìåí³ Î.Î. Áîãîìîëüöÿ, ì. Êè¿â, Óêðà¿íà

2Äí³ïðîïåòðîâñüêà ìåäè÷íà àêàäåì³ÿ,
ì. Äí³ïðîïåòðîâñüê, Óêðà¿íà

Ðåçþìå. Â ñòàòò³ îïèñàíî äîñë³äæåííÿ ñòðóêòóðíèõ
òà ìåòàáîë³÷íèõ çì³í êîðè ìîçêó ïðè ãåìîðàã³÷íîìó
³íñóëüò³ ³ âïëèâ³ çá³ëüøåíîãî àðòåð³àëüíîãî òèñêó íà ïå-
ðåá³ã öèõ ïîðóøåíü. Äëÿ äîñÿãíåííÿ ìåòè ïðîâåäåí³
ã³ñòîëîã³÷íå äîñë³äæåííÿ, âèçíà÷åííÿ ð³âíÿ àêòèâíîñò³
êàòàëàçè ³ ÑÎÄ, ERK ê³íàç ³ ñòóï³íü ôðàãìåíòàö³¿ ÄÍÊ.

Ñòðóêòóðí³ òà ìåòàáîë³÷í³ çì³íè â êîð³ ãîëîâíîãî ìîç-
êó ùóð³â áóëè äîñë³äæåí³ çà ð³çíîãî ñòóïåíÿ ãåìîðàã³÷íî-
ãî ³íñóëüòó. Âíóòð³øíüîìîçêîâèé êðîâîâèëèâ, ïåðèôî-
êàëüíèé íàáðÿê òà ôåðìåíòàòèâíà äèñôóíêö³ÿ
çá³ëüøóâàëèñÿ ïðè ââåäåíí³ àäðåíàë³íó ïåðåä ìîäåëþ-
âàííÿì ³íñóëüòó. Çíà÷íó ð³çíèöþ âñòàíîâëåíî â ³íøèõ
ïîêàçíèêàõ â ïîð³âíÿíí³ ç êîíòðîëüíîþ ãðóïîþ ³ç ëåã-
êîþ ôîðìîþ ³íñóëüòó.

Ð³âåíü ñóïåðîêñèääèñìóòàçè â ìîòîðí³é êîð³ áóâ äî-
ñòîâ³ðíî ìåíøèì íà 23,6% ç òåíäåíö³ºþ äî çíèæåííÿ ó
ãðóï³ ³ç ìîäåëþâàííÿ ³íñóëüòó ï³ñëÿ ââåäåííÿ âèñîêèõ
äîç àäðåíàë³íó. Ð³âåíü êàòàëàçè â³äïîâ³äíî çìåíøèâñÿ
íà 15,4%. Ñòóï³íü ôðàãìåíòàö³¿ ÄÍÊ â ïåðèôîêàëüí³é
êîð³ ãîëîâíîãî ìîçêó ñóòòºâî íå â³äð³çíÿâñÿ ì³æ äâîìà
ìîäåëÿìè ãåìîðàã³÷íîãî ³íñóëüòó ³ â³äïîâ³äàâ òèïó íå-
êðîçó, à íå àïîïòîçó. Ö³ äàí³ ïîêàçóþòü, ùî ³øåì³÷íå óø-
êîäæåííÿ òêàíèíè ãîëîâíîãî ìîçêó çíèæóº àíòèîêñè-
äàíòíèé ïîòåíö³àë, ùî º ôàêòîðîì ïðîãðåñóâàííÿ
äåãåíåðàòèâíèõ ïðîöåñ³â ïåðèôîêàëüíî¿ êîðè ìîçêó.

Îòðèìàí³ ðåçóëüòàòè âêàçóþòü íà ðîçâèòîê çíà÷íîãî
îêèñëþâàëüíîãî ñòðåñó ïðè ãåìîðàã³÷íîìó ³íñóëüò³ ³ éîãî
ïðîãðåñóâàíí³ ïðè âèñîêîìó àðòåð³àëüíîìó òèñêó. Ö³
äàí³ ìîæóòü áóòè âèêîðèñòàí³ äëÿ äîñë³äæåííÿ ïàòîãå-
íåçó ãåìîðàã³÷íîãî ³íñóëüòó ³ âèçíà÷åííÿ ä³þ íåéðîïðî-
òåêòîð³â, ìåòàáîë³÷íèõ ³ ïðîòè íàáðÿêîâèõ ïðåïàðàò³â.

Êëþ÷îâ³ ñëîâà: ³íñóëüò, íàáðÿê ìîçêó, àðòåð³àëüíèé
òèñê, ôåðìåíòàòèâíà äèñôóíêö³ÿ.
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Íàöèîíàëüíûé ìåäèöèíñêèé óíèâåðñèòåò
èìåíè À.À. Áîãîìîëüöà, ã. Êèåâ, Óêðàèíà
2Äíåïðîïåòðîâñêàÿ ìåäèöèíñêàÿ àêàäåìèÿ,
ã. Äíåïðîïåòðîâñê, Óêðàèíà

Ðåçþìå. Â ñòàòüå îïèñàíî èññëåäîâàíèå ñòðóêòóð-
íûõ è ìåòàáîëè÷åñêèõ èçìåíåíèé êîðû ìîçãà ïðè ãå-
ìîððàãè÷åñêîì èíñóëüòå è âëèÿíèè óâåëè÷åííîãî àðòå-
ðèàëüíîãî äàâëåíèÿ íà õîä ýòèõ íàðóøåíèé. Äëÿ
äîñòèæåíèÿ öåëè ïðîâåäåíû ãèñòîëîãè÷åñêîå èññëåäî-
âàíèå, îïðåäåëåíèå óðîâíÿ àêòèâíîñòè êàòàëàçû è
ÑÎÄ, ERK êèíàç è ñòåïåíü ôðàãìåíòàöèè ÄÍÊ.

Ñòðóêòóðíûå è ìåòàáîëè÷åñêèå èçìåíåíèÿ â êîðå
ãîëîâíîãî ìîçãà êðûñ áûëè èññëåäîâàíû ïðè ðàçíîé
ñòåïåíè ãåìîððàãè÷åñêîãî èíñóëüòà. Âíóòðèìîçãîâîå
êðîâîèçëèÿíèå, ïåðèôîêàëüíûéîòåê è ôåðìåíòàòèâ-
íàÿ äèñôóíêöèÿ óâåëè÷èâàëèñü ïðè ââåäåíèè àäðåíà-
ëèíà ïåðåä ìîäåëèðîâàíèåì èíñóëüòà. Çíà÷èòåëüíóþ
ðàçíèöó óñòàíîâëåíî â äðóãèõ ïîêàçàòåëÿõ ïî ñðàâíå-
íèþ ñ êîíòðîëüíîé ãðóïïîé ñ ëåãêîé ôîðìîé èíñóëüòà.

Óðîâåíü ñóïåðîêñèääèñìóòàçû â ìîòîðíîé êîðå áûë
äîñòîâåðíî ìåíüøå íà 23,6% ñ òåíäåíöèåé ê ñíèæåíèþ
â ãðóïïå ìîäåëèðîâàíèÿ èíñóëüòà ïîñëå ââåäåíèÿ âû-
ñîêèõ äîç àäðåíàëèíà. Óðîâåíü êàòàëàçû ñîîòâåòñòâåí-
íî óìåíüøèëñÿ íà 15,4%. Ñòåïåíü ôðàãìåíòàöèè ÄÍÊ â
ïåðèôîêàëüíîé êîðå ãîëîâíîãî ìîçãà ñóùåñòâåííî íå
îòëè÷àëñÿ ìåæäó äâóìÿ ìîäåëÿìè ãåìîððàãè÷åñêîãî
èíñóëüòà è ñîîòâåòñòâîâàë òèïà íåêðîçà, à íå àïîïòîçà.
Ýòè äàííûå ïîêàçûâàþò, ÷òî èøåìè÷åñêîå ïîâðåæäå-
íèå òêàíè ãîëîâíîãî ìîçãà ñíèæàåò àíòèîêñèäàíòíûé
ïîòåíöèàë, ÿâëÿåòñÿ ôàêòîðîì ïðîãðåññèðîâàíèÿ äå-
ãåíåðàòèâíûõ ïðîöåññîâ ïåðèôîêàëüíîé êîðû ìîçãà.

Ïîëó÷åííûå ðåçóëüòàòû óêàçûâàþò íà ðàçâèòèå çíà-
÷èòåëüíîãî îêèñëèòåëüíîãî ñòðåññà ïðè ãåìîððàãè÷åñ-
êîì èíñóëüòå è åãî ïðîãðåññèðîâàíèè ïðè âûñîêîì àðòå-
ðèàëüíîì äàâëåíèè. Ýòè äàííûå ìîãóò áûòü
èñïîëüçîâàíû äëÿ èññëåäîâàíèÿ ïàòîãåíåçà ãåìîððàãè-
÷åñêîãî èíñóëüòà è îïðåäåëåíèÿ äåéñòâèå íåéðîïðîòåê-
òîðîâ, ìåòàáîëè÷åñêèõ è ïðîòèâîîòå÷íûõ ïðåïàðàòîâ.

Êëþ÷åâûå ñëîâà: èíñóëüò, îòåê ìîçãà, àðòåðèàëü-
íîå äàâëåíèå, ôåðìåíòàòèâíàÿ äèñôóíêöèÿ.


