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ABSTRACT

Study purposed to evaluate several indexes of protection system in acute and sub-acute stages of ischemic stroke and to
establish their relation with neurological outcome at 14" day. 95 patients aged 45 to 75 years, 54 female and 41 male
investigated. Severity of disease evaluated by international scales GCS and NIHSS. Patients divided into three groups: 1% (27
patients) — with severe stroke (GCS>9, NIHSS>15), 2m (39 patients) — with moderate severity (GCS=14-15; NIHSS=10-15),
3rd (29 patients) — with mild stroke (GCS=15, NIHSS<15). Again, all patients evaluated by NIHSS on 14" day of stroke. In 48
hours of symptoms onset and on 14" day blood levels of interleukine-10 (IL-10) detected by enzyme-linked immunosorbent
assay and blood superoxidismutase levels (SOD) detected by spectrophotometric method. Results were processed by SPSS
statistical computer packet. ANOVA analysis and multivariate logistic regression were used. IL-10 and SOD levels found
significantly elevated on 14" day against initial indexes and control (p<0,05). 1% group revealed the decreased levels of IL-10
and SOD compared to 2" and 3" groups (p<0,05). Significant negative correlation found between IL-10 and SOD levels and
NIHSS score at 14™ day (r=-0,28 p<0,05 and r=-0,31 Sp<0,05 respectively). Apparently, stroke outcome significantly depends

on activation of internal bio-protective.system.
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s it is known, the ultimate results of cellular,
Abiochemical and metabolic consequences of acute

ischemic stroke, which lead to irreversible neuronal
injury greatly depend on the activity of endogenous bio-
protection system. The mentioned system comprises
enzymes-antioxidants, free radical scavengers, growth
factors, anti-inflammatory cytokines, insulin-like factors
and etc. Their actions are directed toward different
targets but in complex they all influence the survival of
brain tissue by inhibiting the signaling cascades of
necrosis and apoptosis. The effect of growth factors is
mediated by activation of series of kinases that
translocate to the nucleus and  phosphorylate
transcriptional factors inducing the cells to grow,
differentiate or to obtain enough trophic support to
survive [13]. Anti- inflammatory cytokines (IL-4, IL-10)
suppress the complex network of pro- inflammatory
agents, thus blocking the expression of intracellular
adhesion molecules (ICAM-1, VCAM-1) and matrix
metalloproteinases in neurovascular unit of penumbra
region [3,6,12]. They decrease the migration of
leukocytes through damaged blood-brain barrier,
modulate the neuronal sensitivity to excitoxicity, inhibit the
inducible NO-synthase [9]. Enzymes anti-oxidants inhibit
the initiation of free radicals by scavenging them and
stabilizing the level of oxidative/peroxidative reactions
leading to the inhibition of mitochondrial respiratory chain
proteins, disruption of cellular membranes, blood-brain
barrier, DNA, damage of neurons and endothelial cells
[8]. During acute phase of stroke the endogenous
protection system is strongly suppressed, but according to
genetically determined mechanisms in time dependant
manner it regains its strength and resists to the adverse
effects of brain ischemia. It is suggested that the
expression of protective genes is influenced not only by
severity of ischemia but also by several risk factors, which
can have the real impact on the activity of protection
systems [2].

The present research is aimed at investigation of several
indexes of endogenous protective system in acute and
sub-acute stage of ischemic stroke and their relation with
neurological outcome at 14t day of stroke and with risk-
factors of stroke as well.
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MATERIALS AND METHODS

Research involved 95 ischemic stroke patients aged 45 to
75 vyears, 54 female and 41 male admitted at
neurological clinic of Georgian State Medical Academy
during 2000-2004. Exclusion criteria comprised acute
inflammatory and autoimmune disorders, severe somatic
pathology, and coma. Control groups has been consisted
with 25 age-matched healthy persons, who did not reveal
any significant signs of cerebrovascular pathology.
Etiology of stroke classified according to TOAST criteria
[1]. Several non-modifiable and modifiable risk factors of
stroke were studied retrospectively (age, sex, inheritance,

history of TIA or previous stroke, hypertension,
atherosclerosis, atrial fibrillation, diabetes mellitus,
smoking, alcohol abuse, acute infections 1-2 months

before stroke, psychological stress). Blood flow in extra-
and intracranial arteries were evaluated by duplex-
scanning (HDI Ultramark 9-linear multi-frequent transducer
7-11 MHz) and by transcranial dopplerography (DWL
Multi-Dop T with pulse-wave transducer 2 MHz). Data
from duplex-scanning and high blood cholesterol levels
were used to establish atherosclerosis as a risk-factor.
Severity of stroke in 48 hours after the onset of disease
and neurological outcome at 14™ day was evaluated by
international scales: Glasgow Coma Scale (GCS) and
National Institute Health Stroke Scale (NIHSS).

Patients were divided into three groups: 1% group- 27
patients with severe stroke (GCS>9, NIHSS>15), 2nd
group — 39 patients with stroke of moderate severity
(GCS=14,15; NIHSS=10-15) and 314 group - 29 patients
with mild stroke (GCS=15, NIHSS<15). On 14" day from
disease onset decrease of NIHSS score at least 1 point
was considered as amelioration, while the increase of
NIHSS score at least 1 point was considered as
deterioration. Treatment was conducted according to
internationally recognized evidence-based guidelines.
Anticoagulants were administered only in the cases of
cardio embolism, when neuroimaging and clinical
examination excluded the large cerebral lesions.

For special laboratory investigations 7 ml blood was
taken within first 48 hours and on 14" day of admission
from patients and only one-time from controls. Blood
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samples were centrifuged on 1000g and plasma was
frozen and preserved at - 20°C for further assay.

Blood levels of anti-inflammatory cytokine interleukine-10
(IL-10) were detected by enzyme-linked immunosorbent
assay (ELISA) by application of  ELISA- RIDER. Optical
density was defined at 450 nm wavelength. Relationship
between optical density and cytokines’ concentrations
were defined using the standard curve developed by
special computer program TITERSOFT. The following
detection kits were used (Bender Med systems Diagnostics
GmbH, LOT, 227,228 Renweg 95b, A-1030, Vienna,
Austria).

SOD levels were detected by specrophotometric assay
[10].

The data obtained were analyzed by computer software
SPSS 10,0. All data were expressed as means *SD.

Student’s t-paired test was used for analysis of
differences between means. Normally distributed
continuous variables were compared with one-way

analysis of variances (ANOVA) and Krushkall-Wallis test
was used to compare abnormally distributed variables.
Pearson correlation and multiple logistic regression
analysis (forward stepwise conditional model) were used,
when all researched factors and stroke risk factors
entered into the model. Hosmer and Lemeshow test
assessed the goodness of fit of each model.

RESULTS

On 14" day after the onset of stroke 10,3% of patients
in the 15" group achieved amelioration, 59,7% of patients
remained stable and 30% of patients deteriorated. In
second group - 65,6% of patients ameliorated, 27,4% of
patients were stable and 7% of patients deteriorated. In
15t group — 90,8% of patients ameliorated and 9,2% of
patients remained stable (Fig.T). The initial indexes of
anti-inflammatory cytokine IL-10 were elevated in all 3
groups compared control, while the 1t group revealed
significantly diminished levels of IL-10 against two other
groups (p<0,05). On 14t day of stroke onset the levels
of anti-inflammatory cytokine IL-10 were significantly
elevated in comparison with initial data (p<0,05).
Statistical differences were found between means of 1+
group and two other groups, while the high standard
deviations in the 1t and 2" groups indicated to the
individuals with higher IL-10 levels in the mentioned
groups, which found to have the ameliorated neurological
state (Fig.7). ANOVA analysis between individuals of the
same group (1%) found 3 patients (10,3%) with relatively
high levels of IL-10 (p<0,05) with better neurological
outcome at 14" day of stroke. ANOVA analysis found
statistical differences between 38,5% individuals of 2nd
group (p<0,05) with amelioration, though the levels of IL-
10 in 26,5% of patients with amelioration were non-
significantly higher. Differences regarding the IL-10 levels
on 14" day of stroke onset were not found between
individuals of 3rd group (Tab.1).

The initial indexes of blood SOD were non-significantly
elevated in 15 group compared control and found to be
significantly higher in 2" and 3¢ groups (p<0,05).
Significant differences were revealed between 2" and
3rd groups (p<0,05). On 14" day of stroke onset the
levels of SOD significantly increased in all 3 groups
compared to initial data (p<0,05). Statistical differences
found between means of all three groups with prevalence

ISSN 1512-0929

2005 October/December, Volume 5, | ssue 4

of 3" group compared 2" group, while the 15t group
found to have the decreased levels of SOD compared 2"
group (p<0,05). Again, individual cases with higher levels
of SOD in 2" and 3" groups showed the ameliorated
neurological state on 14" day from disease onset.
ANOVA analysis held in the same groups, between
individuals of 15t and 2" groups found statistical
differences in mentioned 3 patients with ameliorative
course in 15t group (p<0,05) and in 47% of patients in 2"
group. Multivariate logistic regression of all above
enlisted risk-factors of stroke and researched indexes
found significance of IL-10, SOD and for arterial
hypertension in combination with high cholesterol levels for
neurological outcome at 14™ day of stroke onset.
Significant negative correlation (Fig.3) was found
between IL-10 and SOD levels and NIHSS score at 14t
day (r=-0,28; p<0,05; and r=-0,31; p<0,05
respectively). Significant positive correlation was found
between hypertension in combination with high cholesterol
levels and NIHSS score at 14" day from stroke onset.

DISCUSSION

It is well established that local inflammation of microglial
cells in penumbra tissue plays the key role in fundamental
mechanisms of ischemic neuronal injury. The activated
microglial cells produce the proinflammatory cytokines:
interleukine-1 (IL-1), interleukine-6 (IL-6) and tumor
necrosis factor-a (TNF-a), which influence the function of
other cytokines by a complex cytokine network and
trigger the recruitment of leukocytes into CNS. Activation
of proinflammatory cytokines leads to the adhesive and
thrombotic events in ischemic microvessels, and thus,
microcirculation disorders in penumbra tissue.
Transendothelial  migration of leukocytes through
damaged blood-brain barrier and secondary tissue
infiltration results in formation of lipid metabolites, free
toxic radicals and reactive oxygen spices, which in turn
induce the oxidative/peroxidative reactions leading to
the irreversible neuronal damage [5]. Free radical
pathology along with inflammation and excitoxicity
trigger the pathways of necrosis and apoptosis through
various biochemical cascades. Activation of endogenous
bio-protective system resists to the impact of brain
ischemia and protects the neuronal cells from irreversible
injury. Ultimate adverse effects of pro-inflammatory
cytokines, excitoxicity and free oxygen and nitrogen
radicals depend on levels of antioxidative enzymes, free
radical scavengers, growth factors, glucose, anti-
inflammatory cytokines and etc. in the environment of
brain cells [3,4]. Experimental models of MCA occlusion
(Wistar rats) revealed the different ischemic brain lesion
sizes in dependence with time of occlusion and probably
with genetically determined protective mechanisms [11].
Usually, production of anti- inflammatory cytokines (IL-4,
IL-10) gradually increases after 2-3 days from acute
brain ischemia that limits the adverse effects of
proinflammatory agents [4]. It can be supposed that in
severe ischemia cases and in the cases of
immunodeficiency production of anti-inflammatory agents
and enzymes-antioxidants is strongly suppressed. Several
publications favor such point view indicating that
transcriptional regulation of macrophagal NO-synthase
(NOS-2) is violated in conditions of immunodeficiency

[8,91.

In presented research the differences found between
means of IL-10 and SOD of different groups in acute and
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sub-acute stage of stroke can be explained by above
mentioned suppositions. Relatively high production of
blood IL-10 and SOD with better neurological outcome
even in severe stroke cases can be attributed to the high
activity of endogenous protective system which s
probably genetically determined [14]. Recently, large
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population studies revealed the genetic polymorphism of
IL-10 that might play a pivotal role in critical situations
[7]1. Apparently, anti- inflammatory cytokines and
enzymes-antioxidants, which now are under experimental
trials in future will be used in clinical stroke treatment.

48 hours 14™ day
Control 1%group 2™ group 3" group 1* group 2" group 3" group
% of Patients 89,7% 10,3% 61,5% 38,5%
llr)z;ig 5’6§1’2 *6,4+1,2 *7,1£1,2 7,0£1,4 9,4+0,8 *13,8+0,6 14,6+0,3 *15,9+0,2 16,2+0,8
% of Patients 89,5% 10,3% 53% 47%

SOD 0,018+ 0,021+ *0,038+ *0,051+ 0,046+ *0,059+ 0,072+ *0,081+ *0,082+
pmol/l 0,001 0,003 0,001 0,004 0,002 0,001 0,002 0,002 0,003
NIHSS 18+3 *1242,5 *5+3,5 18+3 *1543,5 12+£2.5 *0+2.5 *3+1,5

Note? Numbers represent means (SD); *-p<0,05

Tab.X Differences between blood levels of IL-10 and SOD at initial stage and at 14th day of stroke between groups
and in the same groups.
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Note: Increasing the NIHSS score from baseline NIHSS is considered as deterioration.
Decreasing the NIHSS score from baseline NIHSS is considered as amelioration.

Fig.1 The percent of patients with ameliorative, stable and deteriorated neurological outcomes in different groups at
14" day of stroke onset.
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Note: For IL-10: Chi-square —94.999; degree of freedom (df)-3; Sig. —0.000.
For SOD: Chi-square —92.730; degree of freedom (df)-3; Sig. —0.000.

Fig.2 The box plots represent the comparisons of means and standard deviations (ANOVA) of IL-10 and SOD levels
between groups on 14" day of stroke onset.
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Note: The upper line represents tendencies for IL-10; Sig. -0.000; Standard error (S.E.)- 0.059, degree of freedom (df)-1.
The lower line represents tendencies for SOD; Sig.- 0.000, S.E. —0.022, (df)-1.

Fig.3 Multivariate logistic regression model (entered stepwise) represents the significant negative relationship

between IL-10 and SOD levels and NIHSS score at 14" day of stroke onset.
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OTHoOIIEHHE HEKOTOPBIX MHIEKCOB YHAOT€HHOMN 3aAIUTHON CHCTEMbI K
HEBPOJIOTHYECKOMY MCX0y 3a00/1eBaHus HA 14-ii JeHb MOcJie pa3BUTHS
HIIIEMHUYECKOTr0 MHCYJIbTA

Maiia Bepuoze, Poman [laxapuweunu, Pesas Jlykasa
I'py3uHCKas rocynapcTBeHHas MeIUIMHCKas akaaemusi, Townucu, ['py3us

PE3IOME

Llenbto gaHHoOro nccnefoBaHus SBMSNOCh U3yYeHe HEKOTOPbIX MoKasaTenen 3HAOTEHHOW 3aLMTHOW CUCTEMbI B OCTPOM U MOAOCTPOM
rnepuoAe MLIEeMUYECKOro MHCYNbTa WM OTHOLUEHWE 3TUX MoKasaTenew K HeBpONorMyeckomy ucxopdy saboneBaHusi Ha 14-n OeHb.
O6cnenoBaHo 95 6GonbHbIX C OCTPbIM MLIEMWYECKMM WHCYNMbTOM. [ns onpedeneHust TspkecTu 3abonesBaHns WCMOMb30Banuchb
mMexpayHapoaHble wkanbl NIHSS n GCS. bonbHble 6binv nogpasgeneHsl Ha 3 rpynnbl: 1) ¢ TxenbiM nHcynbtom (GCS>9, NIHSS>15),
2) co cpepHenn ero TskecTblo (GCS=14-15; NIHSS=10-15) u 3) co cpaBHuTEnbHO nerkuMm wuHcynbtom (GCS=15, NIHSS<10).
Hepornoruyeckuin ctatyc oueHnanu Ha 14-in geHb no NIHSS. CogepxaHue uHtepnenkuHa-10 (IL-10) B kpoBu onpeaensny MeToaoM
MMMyHodepMeHTHoro aHanusa ELISA 48 vacoB cnycTts 1 Ha 14-i aeHb nocne passutusa nHcynbTta. CogepxxaHue cynepokcuamncmyTasbl
(COQN) nccneposanu cnekTpopoTomeTpuyeckn. CtaTuctnyeckyto 06paboTky AaHHBIX NPOBOAMNM NPU NMOMOLLM KOMMbIOTEPHOrO MakeTa
SPSS. lMpumeHsnu MynbTUBapUaHTHYK FOTUCTUYECKYID perpeccuto U koppensiumoHHbli aHanud ANOVA. Ha 14-i geHb nocne
pa3BuTUS nHcynbTa cogepxanue IL-10 n COL B KpOBM NOBLILLANOCL BO BCEX rPYMnax B CPaBHEHWUU C U3HAYANbHBIMU U KOHTPOSbHBIMU
BenmunHamu (p<0,05), Toraa kak AaHHble B rpynne 60MbHbIX C TAXENbIM UHCYNbTOM JOCTOBEPHO ObIfM MOHWKEHbI B OTANYME OT rpynn
60nbHbIX CO CPeAHEN TAXKECTBIO M CO CPaBHUTESBHO NErkum TedeHnem mHeynbta (p<0,05). BHaunTensHaa oTpuuaTtensHas Koppenaums
BbisiBrieHa Mexay cogepxaHuem IL-10 u COL B kpoBu 1 HeBponornyeckum ncxogom no NIHSS Ha 14-n geHb (r=-0,28 p<0,05 un r=-0,31
p<0,05 cooTBeTCTBEHHO). [0 BUANMAMY, HEBPOMOMNYECKNIN UCXOA, MHCYNbTa K KOHLLY BTOPOW Heenn B 3Ha4YUTENbHOW Mepe 3aBUCUT OT
COCTOSIHUSI 9HAOTEHHON 3aLLMTHOWM CUCTEMBI.
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