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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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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
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+2,0°C), humidity (55,0£5,0%) and 12h/12h light-dark cycle. They were
allowed free access to standard rodent pellet diet and 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 iQuant, Bio-Tek, (USA).

Histopathology.

Ten days after ICH modeling animals were anesthetized with 50 mg/kg
thiopental sodium intraperitoneally and 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-im intervals using a
cryotome and stained with Nissl method, H&E-stained method.

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 (<=' ).

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 (Imm?), 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 meantSEM 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 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 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). l.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



Table 1.
Histopathological changes in our proposed model of acute
hemorrhagic stroke

Group
Histopathological changes
ICH A+ICH
cases 15 18
Acute neuronal injury % 100 100
se ++ +++
cases 8 5
Gliosis % 53,3 27,7
se ++ ++
cases 15 18
Brain edema % 100 100
se ++ +++
cases 15 18
Perivascular edema % 100 100
se ++ +++
cases 7 14
Polymorphonuclear
% 46,6 71,7
leukocytes
se ++ +++
Note: se — semi-quantitative evaluation
Table 2.
Catalase and SOD activity in rat perifocal cortex after modeling intracerebral
hemorrhage.
Group SODu/mg CAT mol/mg
1 Control 16,83+0,23 1,4340,01
2 ICH 12,86+0,86 1,2140,08
3 A+ICH 11,93+0,54 1,26+0,07
P1.o=0,096 P1.=0,173
p-value P1-3=0,007 P1-3=0,185
P2.3=0,378 P2.3=0,273

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.

ERK 1/2 expression in brain cortex after modeling intracerebral hemorrhage.

Group ERK1 ERK?2
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.,=0,031 P1,=0,369
P1-3:0,007 P1-3:0,142
P2-3:0,046 P2-3:0,147

Note: values are expressed in Mean+SEM




Control ICH A+ICH

Figure 3. The DNA fragmentation in perifocal cortex after modeling intracerebral hemorrhage.
Note: necrotic type of DNA fragmentation, i.e. crushing to short nucleotide fragments.
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YHIKOJKEHHSI KOPU HIBKYJIb BEJIMKOI'O MO3KY LI YPIB IIICJIsA
EKCIIEPUMEHTAJIBHOI'O MOAEJIOBAHHSA IHTPAILIEPEBPAJIBHOI
I'EMATOMHA
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Pe3tome. B cTaTTi onyrcaHo HOCTIAKEHHS CTPYKTYPHUX Ta METa0OJIIYHUX 3MiH
KOpHM MO3KY IpPU T€MOpPAriYHOMY IHCYJbTI 1 BIUIMBI 30UIBILIEHOIO apTepialiIbHOIO
TUCKY Ha mepedir uux mopyueHb. JlJis TOCATHEHHS METH MpPOBEJIEHI TICTOJIOTIYHE
JOCIIKEHHS, BU3HaYeHHs piBHA akTuBHOCTI Karanasu 1 CO/l, ERK kiHa3 1 cTyminb
dparmenramii JJHK.

CtpykTypHi Ta MeTaboOJIiyHI 3MIHM B KOpI TOJOBHOTO MO3KY IIypiB OyiH
JOCIIJKEH] 3a PI3HOTO CTYIEHSI TeMOpariyHoro 1HCYJIbTY. BHYTPIITHBOMO3KOBUMN
KPOBOBWJIMB, TmepudokampHuii  HAOpsAKk Ta  ¢depMeHTaTUBHA  JUCQPYHKINS
30UTBITYBAIMCS TIPU BBEACHHI aJpEHAIIHY TIEpe] MOJCIIOBAHHS 1HCYJIbTY. 3HAUHY
PI3HHITIO BCTAHOBJICHO B 1HIIMX MOKA3HUKAX B MOPIBHAHHI 3 KOHTPOJBHOIO TPYIIOIO 13
JIETKOIO0 dbopmoro 1HCYJIBTY.

PiBeHs cynepokcuagucMyTa3u B MOTOpHINA KOpi OyB JIOCTOBIPHO MEHILKUM Ha
23,6% 3 TeHJEHIIEI [0 3HWXKEHHS y TPyIl 13 MOJCIIOBaHHS 1HCYJBTY IICIs
BBEJICHHSI BHMCOKHX JI03 aJpeHaliHy. PiBeHb KaTaja3u BiJMOBIIHO 3MEHIIMBCS Ha
15,4%. Cryniap ¢parmenrtanii JTHK B nepudoxanbHiii KOpi TOJOBHOTO MO3KY
CYTT€BO HE BIJIPI3HABCS MK JIBOMA MOJIETISIMA T€MOPAriyHOTO 1HCYJBTY 1 Bi/ITNOB1/IaB
TUIy HEKpo3y, a He amonTo3y. Lli gaHi MOKa3yTh, IO 1MIEMIYHE YIIKOKEHHS
TKaHWHU TOJIOBHOTO MO3KY 3HIM)KYE aHTHOKCHJAHTHUHM MOTEHIial, 10 € (HakTopoM
NpOrpecyBaHHsl  JIET€HEPAaTUBHUX  NPOIECIB  Mepu(OKaIbHOI  KOPU  MO3KY.

OTpuMaHi pe3yibTaTH BKa3ylOTh Ha PO3BUTOK 3HAYHOTO OKHCIIIOBAIBHOTO
CTpeCcy IMpU TEeMOparivHoMy 1HCYJbTI 1 MOr0 MPOrPeCyBaHHI MPU BHUCOKOMY
aprepiasibHoMy TucKy. Lli maHi MOXyTb OyTM BUKOPHCTaHI i JOCIIIKEHHS
MaTOreHe3y TeMOpPariyHoro 1HCYJbTY 1 BHU3HAYEHHS JiI0 HEHPOMpPOTEKTOPIB,



MeTa0oTIIHUX 1 IIPOTHHAOPSIKOBHX Ipernaparib.
KiarouoBi ciaoBa: iHCynbT, HaOpAK MO3Ky, apTeplaibHUA  THUCK,
depmeHTaTuBHA AUCHYHKIIIS.

HOBPEXJIEHHME KOPBI 5OJIBIIOI'O MO3I'A KPBIC ITIOCJIE
SKCIIEPUMEHTAJIBHOI'O MOAEJIUPOBAHUSI
NHTPAIEPEBPAJIBHOU 'EMATOMbI
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Pe3iome. B crathe onucaHo uccieIOBaHHE CTPYKTYPHBIX M META0OJIUYECKUX
MU3MEHEHUM KOpPBbI MO3ra MpU FeMOPPArndyeCKOM MHCYJIbTE U BIUSHUHU YBEIIMUYECHHOTO
apTepUaNbHOTO JAaBJICHUS HA XOJ JTHX HapylieHud. IS [TOCTHMXKEHHS LENH
IPOBEAEHBI THCTOJIOTHYECKOE HCCIEIOBAHHUE, OIPEICICHUE YPOBHS AaKTUBHOCTH
karanazel u  COJl, ERK «kwnHa3 wu crenenp ¢parmenranuu  JHK.

CTpyKkTypHBIE U METaOOJIMYECKHUE U3MEHEHHUS B KOpPE TOJIOBHOI'O MO3ra KPhIC
ObUIM  UWCCIENOBAaHbI TMPU PaA3HOM CTEMEHM TEeMOPPAruyecKoro HHCYJIbTA.
BuyTtpumo3roBoe kpoBouznusiHue, Tepu(OKanbHbIE OTeK U  (PepMeHTaTUBHAs
TUC)YHKIMS YBETUYUBAINUCH MPU BBEJACHUHU aJIpCHANIMHA TIEpe]] MOJEIUPOBAHUEM
WHCYJIbTA. 3HAUUTENIbHYIO pa3HUIly YCTAHOBJIEHO B JPYrUX I[OKa3aTeysiX IIo
CPaBHEHMIO C  KOHTPOJIbHOM  rpynmoil ¢  Jierkod  (GopMOM  HWHCYJbTA.

YpoBeHb CYyNEepOKCUIAUCMYTa3bl B MOTOPHOU KOpe ObLT JJOCTOBEPHO MEHBIIIE
Ha 23,6% c TeHAeHIMENW K CHUXEHUIO B TPYIIE MOJAEIUPOBAHMS MHCYJIbTa IOCIHE
BBEJCHUS BBICOKMX J03 aJIp€HAlIMHA. YPOBEHb KaTana3bl COOTBETCTBEHHO
ymenbmmiics Ha 15,4%. Crenenp (parmentanmuu JIHK B mepudoxansHOl KOpe
TFOJIOBHOTO MO3ra CYIIECTBEHHO HE OTJIHYAJICA MEXAY JBYMS MOJAEISIMU
reMOPPAruvecKoro MHCYJIbTa U COOTBETCTBOBANI THIA HEKPO3a, a HE anonTo3a. JTH
JAHHBIE TIOKAa3bIBAIOT, YTO HIIEMUYECKOE IOBPEKICHUE TKAaHW TOJOBHOIO MO3ra
CHI)KAeT aHTHOKCUJAHTHBIA MOTEHUHAJ, SBJISIETCS (DAKTOPOM MPOrpecCUPOBAHUS
JereHepaTUBHBIX MIPOIIECCOB nepudokaibHON KOPBI MO3Ta.

[TonyueHHble  pe3ynbTaThl  YKa3blBAlOT HA  Pa3BUTUE  3HAUYUTEIIBHOTO
OKHCIIUTEJILHOTO CTpecca MpU reMoppartueckoM MHCYJbTE U €ro MPOrpecCUpOBaHUN
IIPpU BBICOKOM apTepHaIbHOM JABJIICHHUH. DTH JaHHBIE MOTYT OBITh HCIIOJb30BaHBI
JUISL MCCJIEOBaHUs TaTOreHe3a TIeMOPParuuyecKoro HWHCYJIbTa U ONpEeeSICHUs
NelCcTBUE HEHPOMPOTEKTOPOB, META0OIMYECKUX W IPOTHUBOOTEUHBIX IperapaTosB.

Kiw4eBble cJjioBa: WHCYJIbT, OTEK MO3ra, apTepHalbHOE JIaBJICHHE,
dbepmenTaTUBHAS TUCHYHKITHS.



