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The aim was to determine the alterations in levels of vasculair endothelial growth factor (VEGF),
homocysteine (HC) and lipid profile in patients with acute ischemic stroke (ALS), to establish the relationship
between them. A clinical and neurological examination of 120 patients aged 56 to 75 years with AIS was done.
Diagnosis was established taking into account results of spiral computer and magnetic resonance tomogra-
phy. The control group included 20 people with no signs of acute cerebrovascular and severe somatic pathol-
ogy aged 59.35+1.8 years. Assessment of disability was performed at admission and during the treatment us-
ing the scale NIHSS. In all relevant patients in 1-2 days after stroke, the concentration of HC and VEGF levels
was determined by ELISA. Blood lipid profile was determined by enzymatic colorimetric method. The study
found that increasing concentration of plasma HC is associated with intensity of hyperlipidemia, and hyper-
homocysteinemia severity prevails over the changes in the lipid profile components. During AIS a significant
increase in the level of VEGF in the blood was observed, indicating the presence of vascular accident and
activation of angiogenesis. Severity of vascular endothelial lesions is associated with the degree of increasing
concentration VEGF that appears most significant in patients with severe AIS.
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nnually in Ukraine 100-120 thousand
A of strokes are registered, and more than

30% — in people of working age. About
50% of patients die within the first year after a
stroke, a third of those who survived, is severely
disabled.

These statistics motivate scientists to more de-
tailed study biochemical cascade of brain damage
in order to identify new trends and strategies in the
diagnosis and treatment of ischemic stroke.

The results of one of the largest study
MONICA, which covered 21 countries, found that
known risk factors (smoking, hypertension, over-
weight and atherosclerosis) can not fully explain
the occurrence of cardiovascular and cerebrovas-
cular diseases, since their prevalence reaches 15%
in women and 40% in men [1-4]. In this regard, the
search for new risk factors is necessary, identifica-
tion of which would affect the level of mortality
from cerebrovascular disease [5, 6]. Among the po-
tential causes of vascular brain accidents, which are

of great interest in experts, a special place belongs
to hyperhomocysteinemia (HHC). Homocysteine
(HC) — a sulfur natural aminoacid that is not found
in proteins, and is the product of the degradation of
methionine — one of the 8 essential aminoacids in the
body [7, 8]. Among the factors affecting the level of
HC and increase the likelihood of its content in the
blood include vitamine deficiency, smoking, alcohol
abuse, diet with high content of meat food and food
with high cholesterol level. We know also that the
HHC can be hereditary disease caused by deficiency
of enzymes involved in the metabolism of HC [3,
5,9, 10]. In the case of HC excess in the body it ac-
cumulates in the blood, and the main place of the
harmful effects of this substance is the inner sur-
face of blood vessels. There are evidence that HHC
causes damage and activation of endothelial cells,
which significantly increases the risk of thrombosis,
causes “‘oxidative stress”, increases platelet aggrega-
tion. Activation of the coagulation cascade leads to
disruption of endothelium dependent vasodilatation
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and stimulate proliferation of smooth muscle cells.
So HHC has a negative effect on the mechanisms
regulating vascular tone, lipid metabolism and co-
agulation cascade, contributing to the development
of various vascular diseases [1, 4, 6, 7]. Given the
significant negative impact of HC on the vascular
wall and insufficient justification of its role in acute
ischemic stroke (AIS), the object of our interest
was the study of the prevalence HHC in healthy
subjects and in patients with AIS and clarify the
interaction of HHC with risk factors as hyperlipi-
demia. The most influential physiological inhibitor
of programmed cell death among other are growth
factors. They reduce the concentration of apoptotic
effectors or their activity to a safe level and stimulate
the process of angiogenesis, which is necessary for
long-term adaptation of tissues in state of damage
[11-13]. The subject of our interest was just vascular
endothelial growth factor (VEGF), whose role re-
mains uncertain for the formation of brain damage.
Proved that VEGF — is angiogenic protein, which is
released in response to hypoxia with marked damage
microvasculature and is a major inducer of angio-
genesis [14, 15]. In the blood of healthy individuals
free VEGF content is low, it is usually expressed on
platelets and appears in a free state in large numbers
at their excessive activation or damage, however, in-
creased plasma VEGF may reflect a process of rising
activity of compensatory and protective mechanisms
(angiogenesis) and increasing the permeability of
blood-brain barrier due to hypoxia, reflecting the
deepening of pathological changes [12, 14]. Given
discrepancy of versions and research results, it is
reasonable to study changes in VEGF concentration
in acute cerebral ischemia and establish the presence
of interrelation HHC and hypercholesterolemia.

The aim — to determine the concentration
changes of vascular endothelial growth factor, ho-
mocysteine and lipide profile in patients with acute
ischemic stroke and to establish the relationship be-
tween them.

Materials and Methods

A clinical - laboratory analysis of 120 patients
with AIS aged 56 to 75 years. All patients were ad-
mitted in the first 24-48 hours from the onset of
clinical manifestations of disease. The diagnosis is
verified using spiral computer and magnetic reso-
nance tomography. The control group consisted of 20
people with no signs of acute cerebrovascular acci-
dent and severe somatic pathology age (59.35 + 1.80)
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years. Stroke severity was determined according
to the scale NIHSS. (National Institutes of Health
Stroke Scale, USA). The level of VEGF in the blood
was determined using ELISA kits Biosource (USA)
on 1-2 day illness. HC serum levels were determined
using ELISA kits Axis Homocysteine EL, produc-
tion Axis-Shield Diagnostics Ltd the Tehnology
ParkDundee DD2, XA United Kingdom on 1-2-nd
day after the onset of disease. Blood lipid spectrum
was determined by using enzymatic colorimetric
method for biochemical analyzer Screen master lab
production Hospitex diagnostik (Germany) with a
certain detrmination of total cholesterol level (TC),
triglycerides (TG), high density lipoprotein choles-
terol (HDL). The content of low-density lipoprotein
cholesterol (LDL) was calculated using the equation
W. Freedwald: LDL cholesterol = TC - (HDL choles-
terol + TG/2.2); cholesterol lipoprotein very low den-
sity (VLDL): VLDL = TG/2.2. Atherogenic factor —
the equation of Klimov A. N : AF = (HDL-C)/HDL.
Statistical analysis of the data was performed
using universal statistical software “Excel 5.0” to
a personal computer for the definition of the mean
value. For authenticity difference between groups
was used Student test (7). The difference between
groups acknowledged significant at (P < 0.05).

Results and Discussion

HC level in control group was 8.45 £ 0.30 mmol/I.
In all surveyed patients with AIS on 1-2 day of ill-
ness HC content corresponded 17.57 £ 1.1 mmol/l,
respectively which was significantly higher com-
pared to control (P < 0.001). In the study, we have
observed widely oscillations in severity of HHC
and dependence of HC level from the severity of
the neurological deficit. (14.1%) patients with mild
stroke level HC was 10.8 £ 0.12 mmol/l (P < 0.05);
in patients with moderate stroke (45.8%) —
15.9 £ 0.32 mmol/l (P < 0.001). In patients with
severe stroke (40%) had the most high levels HHC
and grew more than two time compared the con-
trol group and were 19.5 + 0.5 mmol/l (P < 0.001).
In patients with severe AIS and premorbid back-
ground which included hypertension combined
with cerebral atherosclerosis and diabetes with a
history of multiple thrombotic episodes (transient
ischemic attack, ischemic stroke, myocardial in-
farction) significantly higher values of serum HC
were recorded which reached 25.3 £ 0.3 mmol/I. It
should be noted that patients with AIS in vertebro-
basilar pool, which arose as a result external vascu-
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lar compression on the background of degenerative
disc disease of the cervical spine, level HC was at
the upper limit of normal, indicating lack of impact
of HC on destructive changes in cervical spine. In
all patients with AIS was found increased level of
VEGEF (378.5 + 44.6) pg/ml (P < 0.001) compared to
(105.5 £ 8.74) pg/ml in the control group, indicating
the presence of “vascular accident” and activation of
angiogenesis. VEGF, providing growth of new capil-
laries and arterial collaterals, the recovery of perfu-
sion in the area penumbry, creating a positive effect
and can be used as a method of therapy. Severity of
vascular endothelial lesions was associated with the
degree of expression of VEGF. This pattern is the
most often revealing in the examined patients with
severe AIS (453.5 + 44.6) (P < 0.001), in mild cases
increase in VEGF concentration in blood was lowest
(190.8 + 12.52) pg/ml, (P < 0.05). It should be noted
that in older patients with severe stroke VEGF con-
centration was lower compared to younger patients,
which probably indicates exhaustion of angiogenesis
with age and less activity of reparative processes. In
assessing the state of lipid metabolism in 1-2 day il-
Iness changes of all parameters of lipide profile were
compared with the control group (P < 0.05). Levels
of HDL, LDL, VLDL cholesterol and triglycerides
were increased significantly compared with con-
trol (P < 0.05) and HDL cholesterol level decreased
(P < 0.05), which explains the presence of athero-
sclerotic lesions of cerebral vessels (Table).

Attention is drawn to the fact that in patients
with AIS hyperhomocysteinemia growth and VEGF
are expressed to a greater extent compared to the
severity of their hyperlipidemia. In patients with
acute ischemic stroke a direct strong correlation
connection between plasma levels of HC content and
TC (r = 0.71; P < 0.01), LDL cholesterol (» = 0.72;
P < 0.01), and direct medium strength connection
between HC and TG (» = 0.31; P < 0.05), VLDL
(r=10.59; P<0.01) and AF (r=0.69; P <0.01). Re-
liable reverse connection of average force is estab-
lished between the level of plasma HDL and HC
(r =-0.43; P <0.05). This confirmed the impact of
hyperhomocysteinemia on the activation process of
atherogenesis and lowering blood levels of proatero-
genic factors (Fig. 1).

Conducting correlation analysis between the
lipid spectrum of serum and VEGF in patients with
AIS we identified a direct strong correlation be-
tween the level of VEGF and content TC (» = 0.72;
P < 0.01), LDL cholesterol (» = 0. 71, P <0.01), and

Lipid profile in patients with acute ischemic stroke

;}fgj Control group AIS patients

mM/l’ M+Em,n=20) | (n=120, P <0.05)
TC 4.62£0.11 5.98 +£0.21
HDL 1.53 +£0.06 1.06 +0.08
LDL 2.53+0.14 3.55+0.33
VLDL 0.57 £0.04 0.95+0.17
TG 1.36 £ 0.15 3.05+0.15

a direct medium strength relationship between
VEGEF and TG (r = 0.50; P <0.05), VLDL (r = 0.52;
P <0.05) and AF (r=0.47; P <0.05). Also we found
reverse medium strength connection between the
level of VEGF and HDL (r =-0.45; P < 0.05) (Fig. 2).

The presence of interrelation between VEGF
and blood lipid spectrum in patients with AIS con-
firms the hypothesis of activation of protective
mechanisms such as angiogenesis process in the
atherosclerotic blood vessels, which contributes to
the restoration of collaterals and perfusion in the
area penumbry. After analysis of the correlation
between the concentration of VEGF and plasma
HC was found direct strong correlation ( = 0.79;
P < 0.001). Thus, the process autooxidation of HC
in plasma occurs with the formation of free radicals,

HDL

Fig. 1. Graphic representation of power correlation
between plasma homocysteine and lipid spectrum of
the blood in patients with acute ischemic stroke
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Fig. 2. Graphic representation of power correla-
tion between vascular endothelial growth factor
level and lipid spectrum of the blood in patients with
acute ischemic stroke

[

which have a toxic influence on the vascular wall
endothelial cells, so the body reacts to this by a com-
pensatory increase in the production of VEGF. Thus,
in patients with AIS the increase in HC and VEGF
in the blood can act as markers destruction of vas-
cular endothelium, but they have a different genesis
and oppositely acting on the vascular wall.

JAEAKI BIOXIMIYHI 3MIHHA
Y MAINIEHTIB I3 TOCTPUM
IINEMIYHUM THCYJbBTOM
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MerToto poboTu OyIo BU3HAYUTH
KOHIICHTpAIiiiHI 3MIiHH BacKYJIOCHIOTEIaTbHOTO
takropa pocty (BEP®), romormucteiny (I'LI)
Ta TIOKa3HUKIB JIMIIOTpaMH y TMAIE€HTIB 13 TO-
ctpuM imemivauM incynsroMm (I'II), BcTanoBHTH
HasIBHICTh B3a€MO3B’13Ky Mk HuMH. [IpoBene-
HO KJIIHIKO-HEBPOJIOTTYHE OOCTEKEHHS TMAIliEHTIB
(5675 p.) 3 T'll. HdiarxHo3 BepugikyBaau 3a Ja-
HUMH CIipalbHOI KOMIT'IOTEPHOI Ta MAarHiTHO-
pe3oHaHCHOI Tomorpadii, KOHTpOJIbHA Tpyma —
namieatu (59,35 + 1,8 pokiB) 06e3 03HaK TOCTPUX
MOpPYUIEHb MO3KOBOI'O KpOBOOOITY Ta Ba)KOi
comatuyuHoi marosorii. OLIHKY HEBPOJOTTYHOTO
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JnehinuTy TPOBOAMIIN 3a TOCHiTa i3alii narieHTiB
Ta B mpolleci JikyBaHHs 3a 1mkajgoro NIHSS. Beim
TEMaTUYHUM XBOPUM Ha |-2- JeHb micist BU-
HUKHEHHSI 1HCYJIBTY METOJOM iMYHOEH3UMHOI'O
aHajizy Oyyno Bu3HaueHo KoHieHtpanii [l Ta
BE®P y xpogi. [ocnmikeHHs JiMiAHOTO CHEKTpa
KpPOBI MPOBOAMIN €H3UMATHUYHUM KOJOPUMETPUY-
HUM MeTogoM. Ilim yac JOCHIIKEHHS BHSBIICHO,
mo 30inbimeHHs koHueHtpamnii ['L] acomiroeThes
i3 mposiBAaMM Timepiimigemii, MpUYoOMy CTYIiHb
OpOSIBJICHHS ~ TiEeproMOlMCTEiHeMII  MpeBatoe
HaJl XapakTepoM 3MiH CKJIaJOBUX JIiIIiTHOTO
npodisto. 3a I'll BiiMiueHO BiporiiHE MiBUIIICHHS
KOHLIEHTPaLii BacKYJIOCHIOTENIalbHOrO0 (aKTO-
pa pocTy B KpOBI, MO0 CBIIUUTH MPO HASBHICTh
CYIMHHOI KaTacTpou Ta aKTHBAIII0 MPOIECIB
aHrioreHe3y. BupaxkeHiCTb ypaXXeHHS CYAHH-
HOTO EHJIOTENII0 acCOUIIEThCS 3 IiJBUIICHHSIM
KOHLIEHTpalii BacKyJloeHIoTeianpHoro (akropa
POCTY, 1110 HaiO1IBIII TOKA30BO BUSIBIISIETHCS Y XBO-
pux i3 Baxkum ['11.

KnwogyoBi cnoBa: rocrpuid imeMmiyHun
IHCYJIBT, BacCKYJOCHJOTeNiallbHui (hakTop poCTY,
TOMOITMCTETH, JITJHUN CIIEKTpP KPOBI.
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Lenbio paboTh! OBLIIO OMPEACTUTH KOHIIGHTPA-
UOHHBIC HM3MEHEHHS BaCKYJIODHJOTEINAIBEHOTO
¢akropa pocra (BOP®D), romouuctenna (I'L]) u no-
KazareJel JTUIMUAOrpaMMbl y TAUEHTOB C OCTPBIM
ueMuueckuM uHeyinsToM (OMU), yctaHoBUTH Ha-
JMYKME B3aUMOCBSI3W MexAy HuUMH. [Ipu mpoene-
HUU KJIMHHKO-HEBPOJOTHUYECKOTO 00CIeJOBAHUS
nanueHToB (5675 net) ¢ OUU nuarno3 Bepudu-
OUPOBAJIHM IO AAHHBIM CIUPAJIBHOH KOMIBIOTEP-
HOW M MAarHUTHO-PE30HAHCHOW ToMOrpaduu; KOH-
TpoJibHas rpynna — mauueHtsl (59,35 + 1,8 net) 6e3
MPU3HAKOB OCTPBIX HapyHIEHUI MO3TOBOTO KPOBO-
oOpallleHUs U TSAKEIIOW COMATHYECKON MaTOJOTUH.
OlieHKY HEBPOJIOIMYECKOro jAe(uinTa mpoBOIUIN
OpU TOCIHUTAIM3AUN HAIlMEeHTOB M B Ipolecce
neuenus no mkane NIHSS. Becem Temarmueckum
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OOJBHBIM B 1-2-i JleHb IOCIE BO3HUKHOBEHUS HH-
CyJIbTa METOJJOM UMMYHOSH3MMHOT'0 aHaJin3a ObLITN
onpenenensl koHueHTpauuu 'L u BEOP B kposu.
HccenenoBanue JIMIUIHOIO CHEKTPA KPOBU MPOBO-
JUJIA DH3UMATUYECKUM KOJIOPUMETPUUYECKUM Me-
TooM. B pesynbrare uccieqoBaHus yCTaHOBJIEHO,
yTo yBenuueHue KoHueHtpauuu I'Il accoumuupy-
€Tcs C MPOSABJICHUSMH T'MIEPIUIUIEMUN, TPUIEM
CTEIEHb BBIPAXKEHHOCTU TI'MIEPrOMOLIMCTEMHEMUHN
[IpEeBANIUPYET HAJ XapaKTEpOM U3MEHEHUI COCTaB-
nsirouux aunuanoro npoduns. [Ipu OUU orme-
4aeTcs JOCTOBEPHOE IOBBIIIEHHE KOHLEHTPALUU
BaCKYJIOOHJOTEIHAIBHOTO (PaKTOpa pocTa B KPOBH,
YTO CBHUJETENIBCTBYET O HAJIWYUMU COCYJUCTOHN Ka-
TacTpodbl U aKTUBALMU MPOLECCOB aHTHOTEHEe3a.
BbIpak€HHOCTh MOpaXEHUsl COCYIUCTOr0 HJOTE-
JIUSL ACCOLUUPYETCS € IOBBIIIEHUEM KOHLEHTpA-
LMW BaCKYJIOOHIOTEIHAIBLHOTO (pakTopa pocTta, 4To
HauboJee MoKa3aTelbHO MPOSIBISIETCS Y OOJIBHBIX C
Tsoxensim OU UL

KnwoueBrie cunoBa: OCTpLIﬁ HIeMmn4c-
CKHi1 HUHCYIIBT, BaCKynOBHHOTeHHaHBHLIﬁ d)aKTOp
pocTa, rOMOIUCTCHUH, J'H/IHI/I,Z[HLII\/'I CIICKTP KPOBH.
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