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MAIN INDICES OF BLOOD-BRAIN BARRIER DAMAGE AT
ACUTE PHASE OF ISCHEMIC STROKE

Introduction: An acute ischemic stroke causes expressed disrup-
tion of blood-brain barrier (BBB), which significantly affects progno-
sis. One of the indicators of the effect is the level of albumin in the
cerebrospinal fluid (CSF).

The purpose of the study was to examine the level of albumin in
the CSF in patients with ischemic stroke and to assess the role one as
index of BBB dysfunction. In the study were involved 121 patients
who had first incident of brain infarction (mean age was 64.4 = 0.9
years) were comprehensively examined and the concentration of al-
bumin in serum and CSF were determined.

The results of the study show level of albumin in CSF was clearly
elevated in patients with increased severity of infarction. Under treat-
ment, there was a general trend of increase in level of CSF albumin in
patients of all groups, remarkably in those with severe condition.

Conclusion: The onset of brain infarction is characterize by signif-
icant functional changes of the BBB confirmed by a sharp increase in
the level of CSF albumin (34.6 %) which directly correlated with the
severity of patients. Dynamics of treatment have shown unfavorable
prognostic signs due to increase in levels of albumin by 1.7 times ob-
served in patients with severe condition.

Key words: albumin, cerebrospinal fluid, barrier, stroke, progno-
sis, dysfunction.
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IMPOBIAHI IMOKA3ZHMKHW TIOIIKO/I)KEHHSA TI'EMATOEH-
HOEPAJIIYHOI'O BAP’EPY B I'OCTPOMY HNEPIOAI THDAP-
KTY I'OJIOBHOI'O MO3KY

AkTyanbHicTh: B roctpoMy mepioai iH(QapKTy TOJIOBHOTO MO3KY
BiIOYyBa€ThCS  BHpakeHa  Je30pTaHi3allii  TreMaTOCHIE(aiIHOTO
Oap’epy, O 3HAYHO TOTIPIIyE MPOTHO3 3axBoproBaHHA. OMHUM i3 iH-
JUKATOPIB IIi€i TUCYHKIIT € piBeHb anpOyMiHy B mepeOpoCmiHANBHIN
piauHi.

Metoan Ta MaTepiaam gociaigxeHHs: Hamu Oynm KOMIUIEKCHO
obcTexeni 121 xBopwii i3 epmyM y KUTTI 1HPAPKTOM TOJIOBHOTO MO3-
Ky (cepenHiii Bik cxiaB 64,4+0,9 pokiB). Busnaganu BmicT ans0yMmiHy B
CHpOBATIIi KPOBi Ta IiepedpocCIiHANBHIH pianHi.

PesyabraTi: PiBHI anbOyMiHy B IiepeOpOCHiHAIBHIN PiUHI YITKO
I IBUIITBAJINCS 31 3pOCTaHHAM CTYIEHS TSDKKOCTI XBOpOTo. Y JUHaMiLi
JKyBaHHS CIOCTEpiraiacs 3arajibHa TECHACHIIS IO MiJBUIICHHS PiBHIB
aIpOyMiHY JIIKBOPY B YCiX TpyIax XBOPUX, 0COOJIMBO y TSDKKOMY CTaHi.
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BucnoBku: B ne6ioTi iHQapKTy TOJOBHOTO MO3KY XapaKTepHi 3HAa4YHi
¢dynkmionaneHi 3Miau ['EB, ipo 1o cBiguuThL pi3ke 3pOCTaHHS PiBHIB
anpOyMiHy B JIikBOpi (Ha 34,6 %) Ta HanpsIMy KOPETIOIOTH i3 CTYIICHEM
TSDKKOCTI XBOpHX. HecHpHATINBOIO NPOTHOCTHYHOIO O3HAKOI OyIo
MiBUILEHHS PiBHIB anbOymiHy B 1,7 pasu B JAWHaMili JIIKyBaHHS, L0
CIOCTEPIrajocs y TSHKKUX XBOPHX.

KarouoBi ciioBa: anp0Oymin, nepedpocminanbHa pianHa, 6ap’ep, 1H-
CYJIBT, POTHO3, TUCHYHKITIS.

OCHOBHBIE IIOKA3ATEJIM NNOBPEXJIEHNSA T'EMATOJH-
HE®AIMYECKOI'O BAPBEPA B OCTPOM IIEPUOJE WH-
DAPKTA I'OJIOBHOT'O MO3TI'A

AKTYyaJbHOCTB: B OCTPOM IepHoJie HH(pAPKTa TOJIOBHOTO MO3ra IMpo-
WCXOAUT BBIpaKEHHAs Je30praHu3anys reMaTodHIedanmaeckoro 6apnepa,
3HAYUTENBHO YXYIIIAomas Iporuo3 3adonesanus. OJHAM U3 WHIMKATO-
POB 2TOH AUCHYHKIUK SBISIETCS YPOBEHb albOyMHUHA B IepeOPOCITHHAD-
HOM >KUIKOCTH.

MeToabl M MaTEpUAJIbI HCCAETOBAHMSA: ObLIO KOMILIEKCHO 00Cien0-
BaHO

121 GONBHOTO C MEPBBIM B XKH3HH HH(DAPKTOM TOJIOBHOTO Mo3ra (cpe-
HUH BO3PacT COCTaBUII

64,4 £ 0,9 mer). Onpenensun conepkaHue aapbOyMHHA B CHIBOPOTKE
KPOBH U LIepeOpOCITHHANBHOM KUIKOCTH.

Pe3yabTaThl: YPOBHH aqbOyMHHA B LEpEOPOCITHHANBHON IKHIKOCTH
YEeTKO MOBBIMIANIUCH C POCTOM CTENEHH THKECTH OONbHOro. B nuHammke
neyeHust HaOuoganach oOInasl TeHAEHIMS K MOBBINIEHUIO YPOBHS alb0y-
MHHA JINKBOPA BO BCEX TPYyIMIax OOJBHBIX, OCOOCHHO B TSDKEIIOM COCTOSI-
HUH.

BoiBoabl: B e00Te MH(pApKTa TOJOBHOTO MO3Ta XapaKTepHBI 3HAYH-
TeNbHbIe (DYHKIIMOHANBHBIE H3MEHEHHSI TeMaTOdHIe(PaTHIeCKOro dapbepa,
0 YeM CBUIETENLCTBYET PE3KUil pOCT ypOBHEH anpOymMHHa B JIMKBOpe (Ha
34,6 %) 1 npsMO KOPPEIHUPYET CO CTENEHbIO TshKecTH OonbHBIX. Hebnaro-
MPHUATHBIM TIPOTHOCTUYCCKHUM IIPU3HAKOM 6])[.]]0 TMOBBIIICHNUEC YPOBHSA aJlb-
OymuHa B 1,7 pa3a B IMHAMHKE JICUYSHHsS, YTO HAOIIONANOCH Y TSHKENBIX
OOJIBHBIX.

KioueBrble ciioBa: ans0yMuH, 1iepeOpocnHaNbHAs KUIKOCTb, Oapbep,
WHCYJIBT, IPOTHO3, TUCHYHKIIUS.

ABTOp, BinnoBinansHuii 3a tucryBanns: *vladlychko@ya.ru

An integration of mechanisms such as depletion
of neurons energy resources, excessive accumula-
tion of excitatory amino acids and the associated
"excitotoxicity", formation of reactive oxygen spe-
cies with the development of oxidative stress, the
advancement of endothelial dysfunction and func-
tional changes of the blood-brain barrier (BBB) is
the fundamental component in the pathogenesis of
brain infarction [1, 3, 8].

All of these processes affect the cell membrane,
intercellular structure and most importantly the
vascular wall [6, 14]. There is damage to the vascu-
lar basement membrane, dense interendothelial
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junctions and the endothelial lining of cerebral ves-
sels and as a result, the development of functional
disorders of BBB [9, 10, 15].

Presently, mechanisms of BBB permeability vi-
olations are disputed, but at the same time, changes
that induce pathological cascade of reactions (lactic
acidosis, "excitotoxicity" and oxidant stress), are a
"shock discovery" to the obstacle in the nervous
system being the cause of cell death and concomi-
tant brain edema, which may further induce hypox-
ic necrobiosis and apoptotic gene expression [14,
18].
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Therefore, the presented set of clinical and
pathological criteria that indicate expressed BBB
disruption is undoubtedly one of the major patho-
genetic links of infarction [5, 16]. It should be note
that the cerebrovascular endothelium is the most
susceptible area to injury, the degree and pattern of
which is significantly influence by the severity of
morphological changes in basal membranes and
adjacent neuronal-glial structures [11, 19].

The indicator of the degree of permeability of
the BBB is the level of albumin in the cerebrospinal
fluid (CSF) [2, 12, 17]. The latter, being a blood
protein that is not locally synthesized are therefore
"markers" of immunoglobulins that penetrate from
the systemic blood flow due to impaired barrier
function [4, 7, 13]. The aim of the study was to
determine the characteristic functional changes of
BBB in patients at the acute period of ischemic
stroke and to create the diagnostic criteria for the
disease.

Methods

The fundamental subject matter of the study was
comprehensive  survey of 121  patients:
69 (57 %) male and 52 (43 %) female with first
incident brain infarction at an average age of
64.4 £ 0.9 years. A control group were 20 people:
11 men and 9 women, at a mean age of
58.3 + 0.7 years, suffering from orthopedic pathol-
ogies other than CNS lesions, systemic diseases or
thermoregulation disorders, who underwent peridu-
ral anesthesia and are homogeneous by gender and
age with the test group were examine.

The task was carry out according to the guide-
lines of biotic Helsinki Declaration of the World
Medical Association (1964.)

The assessment of severity of the patients was
carry out according to the level of consciousness,
the presence of cerebral symptoms and the severity
of neurologic deficit on the National Institutes of
Health Stroke Scale (NIHSS) and the Glasgow
Coma Scale (GCS.) All patients were divide into 2
clinical groups on this basis: A (n = 79) — patients
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in moderate state of severity (mean NIHSS score
14.24 £ 0.29) and B (n = 42) — patients in severe
condition (mean NIHSS score 23.65 + 0.45.)

Neurological examination of the patients in-
cluded collecting complaints, medical histories of
previous illnesses, data on development of the cur-
rent disease, risk factors, comorbidities, previous
medications and records on somatic and neurologi-
cal states describing specific symptoms and syn-
dromes.

Paraclinical examination methods included la-
boratory biochemical tests (complete blood count,
urinalysis, blood chemistry, blood lipid spectrum,
coagulate) and instrumental methods (ECG, oph-
thalmoscopy, lumbar puncture and measurement of
CSF pressure on the first and 10th day.) CT scan of
the brain was perform to confirm diagnosis for
"brain infarction" and to determine specificities of
focus and the presence of mass effects.

The photocolorimetry test was perform using a
set of Liquick Cor-ALBUMIN, manufactured prod-
uct of «Cormay» (Poland) to determine levels of
serum albumin. ELISA was performed using test-
system  («Behring Nephelometer  Analyser»,
Behringwerke, Marburg, Germany) to determine
levels of CSF albumin.

Statistical analysis of the results was carry out
using the statistical analysis package «Statistica 8.0
for Windowsy.

Results

According to recorded data it was possible to
assess the degree of damage of BBB structures,
which was reflected by increasing level of albumin
CSF in both groups of patients with ischemic stroke
before treatment measures (Table 1). The level of
albumin clearly rose with increasing severity of the
patient’s condition. It was display in both groups of
patients. The general trend observed during treat-
ment was increase in level of CSF albumin (p>
0.05) in all groups of patients, which reached sig-
nificant levels only in B group — from 0.58 + 0.05
t0 0.87 £ 0.04 g/1.

Table 1
Dynamics of CSF albumin in varying degrees of severity (M =+ m, g/l)
Time of Research Albumin (g/1)
A B
Day 1 0,44+0,06 0,58+0,05*
Day 10 0,52+0,02* 0,8740,04*
Control Group 0,3+0,02

Notes:
1. * —p <0.05 in relation to the control group
2. N—p <0.05 parameters between the first and 10th days

© Cymcbkuii nepxaBHuii yHiBepcuret, 2015
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The data may indicate that although the BBB
dysfunction occurs in all patients with ischemic
stroke, it is less pronounced and is subject to greater
therapeutic effect in patients with moderate severi-
ty. However, the dynamics of treatment shows pro-
gressive degradation of the BBB, as attested by the
elevated albumin level in B group patients.

Simultaneous determination of albumin level in
CSF and blood serum allowed for calculation of
albumin quotient: albumin quotient

J. Clin. Exp. Med. Res., 2015;3(3):425-429

(Qalb) = CSF albumin / serum albumin x 1000

The degree of functional changes in BBB was
exhibit by elevated Qalb in both groups of patients
with ischemic stroke before treatment measures
(Table 2.) The figures distinctly increased in pa-
tients with more severe condition as displayed in
both groups of patients. Nonetheless, the dynamics
of treatment shows tendency of Qalb to decrease
only in A group (p <0.05).

Table 2
Dynamics of Qalb in varying degrees of severity (M + m)
Time of Research Qan
A B
Day 1 12,27+0,15 38,59+0,37
Day 10 10,35+0,19 » 46,84+0,78 ©
Control Group 6,8+0,02

Notes:
1. in all cases considerably from the control group
2. N—p <0.05 parameters between the first and 10th days

The data suggests much less functional changes
in the BBB of patients with moderate severity.
The study deemed appropriate to examine the

dynamics of albumin factor in acute brain infarc-
tion by sex and age groups. The data represents in
Table 3.

Table 3
Distribution of Qg dynamics by age and sex (M + m)
Group of Pa- Time of Re- Age
tients search Women Men
46-59 years 60-75 years 46-59 years 60-75 years
A 1 day 16,86+0,38 18,67+0,66 19,99+0,75" 22,11+0,95"
10 day 19,34+0,47 20,29+0,75 22,16+0,84" 26,45:+0,49"
B 1 day 17,09+0,28 18,32+0,98 20,46+0,73" 21,770,777
10 day 17,58+0,54* 17,98+0,48* 18,73+0,68* 20,88+£0,61*"
Control 6,8+0,02
Group
Notes

1. in all cases significantly from the control group

2.* —p <0.05 among the 1st and 2nd groups of patients on the 10th day

3. M —p <0.05 among age groups

Analysis of the experimented patients showed
significantly lower values of Qalb in both men and
women aged 46-59 years compared to those aged
60-75 years. It can be explain by depletion of BBB
transport systems with aging under increasing de-
mand for vasoregulation amid concomitant vascular
risk factors.

Meanwhile, significantly higher Qalb values
were reveal in patients of both sexes in all age
groups compared to the control group, indicating
BBB dysfunction. There were no statistically sig-
nificant differences between men and women ob-
served in terms of Qalb within age groups, although
slightly higher values of the index were record in
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men.

Correlation analysis of interactions in the CSF
protein system in patients with ischemic stroke re-
vealed a number of features. The variation of albu-
min levels based on the severity of the disease
showed a correlation. Thus inverse relation between
the levels of albumin and total clinical score
(r = - 0.708; p <0.05) was observed. The dynamic
findings of these indicators persistently led to a
possible correlation, but did not reach statistically
significant values (p> 0.05). The established inverse
correlation between the levels of serum and CSF
albumin levels (r = — 0.70) likewise did not reach
statistically significant values (p> 0.05) during the

3
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entire study. Elevated values of indices of BBB
permeability in the development of an infarction

Conclusion

The onset of ischemic stroke characterize by
significant functional change of BBB like increas-
ing of permeability. Leading indicator is CSF al-
bumin (34.6 %) that directly correlated with the
volume of the affected area (focus more than 30
cm®) and severity of the patient’s condition (more
than 15 points on NIHSS scale, less than 7 points
on Glasgow scale — GCS). Unfavorable prognosis
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may reflect the degree of damage of membrane
structures and be markers for barrier dysfunction.
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