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Introduction

VEGF-A is the

primary

Abstract

BACKGROUND: Glucose and oxygen supply to neurons are disrupted during acute ischemic stroke, resulting in
hypoxia. This event, in turn, activates the transcription of hypoxia-inducible factor (HIF-1), which is responsible for
activating genes responsible for angiogenesis, including vascular endothelial growth factor (VEGF). VEGF and
their receptor systems exert complex mechanisms of angiogenesis, including the stimulator, inhibitors, angiogenic
and modulator. VEGF-A is the primary regulator of angiogenesis, both during physiological and pathological
conditions. Nevertheless, the role of VEGF on the prognosis of hypoxia remains controversial.

AIM: The purpose of this study was to address if there is any difference between the mean expression of VEGF-A
between acute ischemic patients and non-ischemic stroke subjects.

METHODS: This was an observational study with a cross-sectional design, the population in this research is the
acute ischemic stroke patients and non-ischemic stroke subjects, which were admitted on Emergency Room and
later treated in the Stroke Unit, Dr Sardjito General Hospital, Yogyakarta, Indonesia. Subjects were recruited
using the purposive method, yielding a total of 64 subjects on both groups. Diagnosis of acute ischemic stroke
was established using a head CT scan. Patients who meet the inclusion criteria and willing to participate in the
study were asked to provide informed consent. Laboratory analysis was conducted during the first 24 hours after
being treated at Stroke Unit, Dr Sardjito General Hospital, Yogyakarta, Indonesia, with venous blood was
withdrawn VEGF-A levels between acute ischemic stroke and non-ischemic stroke subjects were subsequently
compared. Categorical variables (including gender) were tested using either chi-square or Fisher exact test.
Interval data was examined using student t-test if data distribution was normal.

RESULTS: As many as 35 acute ischemic stroke and 35 non-ischemic stroke patients were included in the study,
among whom were 18 men (51.43%) and 17 women (48.57%) among stroke patients and 21 (60%) men and 14
(40%) women among subjects without stroke. The average of the subject's age on stroke and non-ischemic
stroke group was 58.51 and 48.57 years old. VEGF-A levels were significantly higher in the non-stroke group
(561.77 + 377.92) compared with stroke group (397.78 + 181.53) with p = 0.02.

CONCLUSION: expression of VEGF-A in acute ischemic stroke group was lower when compared with the non-
stroke group.

genes and signal pathways under the condition above
[2].

As a result of hypoxia, the gene will be

regulator  of  controlled by the transcription of Hypoxia-Inducible

and

angiogenesis, both during physiological
pathological conditions, including those related to
malignancy or hypoxia of any cause including acute
ischemic stroke [1]. Hypoxia triggers smooth muscle
cell proliferation and endothelial cells to form new
blood vessels so that it will improve the function of
oxygenation. Hypoxia activates several important

Factor 1 (HIF-1). HIF-1 will activate genes responsible
for angiogenesis, for example, Vascular Endothelial
Growth Factor (VEGF) [3]. Oxygen functions as a
regulator of VEGF production, hypoxia causes an
increase in VEGF levels and returns to the baseline
level within 24 hours, and then the cell returns to
normoxia condition [4]. VEGF levels will be reduced in
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hyperoxia in vitro and in vivo [5]. Nevertheless, the
role of VEGF in hypoxia remains controversial,
considering several studies showing different results.

This study aims to prove that there are
differences in the mean expression of the Vascular
Endothelial Growth Factor-A (VEGF-A) between acute
ischemic stroke patients with non-stroke patients.

Material and Methods

This was an analytical observational study.
The inclusion criteria in this study were acute ischemic
stroke patients both male and female, of 35 to 70
years old, with a maximum 5-day duration between
the time of the attack and hospital admission, (2)
stroke onset was defined as the last time the patient
was known by others in a healthy condition and had
not shown any signs of neurological deficit, (3) the
presence of one of the neurologic deficits are
decreased consciousness, hemiparesis, seventh
and/or eighth cranial nerve palsy,, dysarthria, aphasia,
or hemianopsia, (4) proven acute ischemic stroke with
head CT scan.

The eligible criteria in this study were: (1)
intracerebral haemorrhage patients or the space-
occupying process for other reasons, (2) any history
of previous strokes.

Non-ischemic stroke groups including non-
infectious low back pain patients who were treated in
the Neurological Ward or general check-up patients
who are known to have no degenerative abnormalities
that have vascular influences, such as hypertension,
diabetes mellitus or dyslipidemia, taken in the same
period, both male and female.

Subjects were recruited by a consecutive
method, in which every new ischemic stroke patient
who came through an Emergency Department and
treated at the Stroke Unit Dr Sardjito General
Hospital, who fulfilled the inclusion criteria and willing
to participate in the study after being explained with
the risks and benefits. All participants included in the
study were asked for informed consent.

These steps must be carried out until the
specified sample size reaches the number of samples.
The participants above' identity and characteristics
were then recorded in the case form.

History taking and physical examination of all
included subjects were performed by a neurology
resident and those who were suspected of having
acute ischemic stroke underwent additional head CT
scan.

Laboratory analysis was carried out once, at
24 hours after being treated at the Stroke Unit Dr
Sardjito General Hospital, and blood was withdrawn

from a vein, then VEGF-A levels were examined by
ELISA method.

Comparative analysis was made on subjects
with acute ischemic stroke with non-stroke subjects
concerning VEGF-A levels. The level of significance
used is 0.05 or 95% confidence interval (p < 0.05),
with 80% power. All statistical analyses were
performed using SPSS for Windows version 20.

Results

This study began in August to December
2011. A total of 11 subjects were not included in this
study, among whom 8 of them refused to participate in
the study and three subjects were excluded because
of acute renal insufficiency. Seventy subjects,
therefore, were included in the study, i.e., every 35
subjects with acute ischemic stroke and non-ischemic
stroke cases.s. The basic characteristics of the
research subject were obtained through descriptive
analysis.

Of the total subjects in the stroke group based
on sex, 18 (51.437%) subjects were of males, and 17
(48.57%) subjects were of females. Subject
comparison based on sex were then considered
homogenous. In contrast, in the non-ischemic stroke
group, there were more female than male subjects (21
[60%)] vs 14 [40%)]).

Table 1: Basic Characteristics of Research Subjects

Stroke Groups

Non-Stroke Groups p
14 (40.00%) -
21 (60.00%)
48.57 + 11.36 -
561.77 + 377.92 0.02

Male 18 (51.43%)
Female 17 (48.57%)
Age (years) 58.51 +9.89
VEGF-A level 397.78 + 181.53

Furthermore, based on the subjects' age, the
average stroke group was 58.51 years old, higher
than the non-ischemic stroke group with an average of
48.57 vyears old. While VEGF-A levels were
significantly higher in the non-ischemic stroke group,
i.e.561.77 + 377.92, compared to the stroke group
(397.78 £ 181.53) with p = 0.02.

Discussion

VEGF-A levels in the stroke group were lower
than that of non-ischemic stroke group. This result is
different from other studies, in which VEGF-A levels
were found at higher levels. For instance, in cases of
malignancy, an increase in VEGF-A expression can
be observed in lung adenocarcinoma, six colorectal
carcinomas, pancreatic carcinomas, breast carcinoma,
and ovarian carcinoma [7], [8], [9], [10].
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There are several explanations as to why in
the stroke group there was a lower VEGF-A level
compared with the non-ischemic stroke group. Stroke
is caused by several potential risk factors associated
with a decrease in VEGF levels, for example, elderly,
diabetes mellitus and also the possibility of early
complications of kidney failure, although the results of
laboratory tests have not shown signs of kidney
failure. Low serum albumin levels are often found in
elderly patients. Hypoalbuminemia was reported in
19% of stroke patients [11].

Furthermore, albumin significantly reduced
VEGF expression during hypoxia [12].

Hypoalbuminemia is  associated  with
endothelial dysfunction in all causes of death in
patients with  chronic kidney disease and
cardiovascular mortality in terminal kidney disease
patients. However, it is not yet clear whether
endothelial dysfunction is a direct result of a decrease
in albumin levels or due to other factors, such as
chronic inflammation and dyslipidemia, and indeed it
is often found in conditions associated with
hypoalbuminemia [12].

In contrast to previous in vitro studies, in this
study, we found that a decrease in VEGF-A levels is a
response to hypoxia. An explanation might be related
to the study of Lerman et al., in mice, by which the
production of VEGF by fibroblasts in diabetic
conditions-because of the presence of glucose
intolerance-did not increase the regulation of VEGF
under hypoxic conditions [14]. Hypoxia causes
glucose intolerance in vivo, so in this study, VEGF
production may be influenced by glucose intolerance,
because stroke patients may have risk factors for
diabetes mellitus [15].

There is a study on changes in VEGF levels
in the circulation which are likely to be influenced by
glucose transporters, on the blood-brain barrier [16]
[17]. Besides, VEGF also mediates the induction of
endothelial fenestration, thus increasing the transport
of small molecules such as sucrose and fluorescein to
penetrate the blood-brain barrier [18], [19]. Based on
these mechanisms on the blood-brain barrier, a
decrease in VEGF after acute hypoxia can reduce
glucose transfer across the blood-brain barrier which
ultimately is neuroprotective.

Furthermore, a decrease in VEGF-A levels in
the stroke group compared with the non-ischemic
stroke group might be partly explained by the fact that
astroglial cells are the most abundant cells in the
central nervous system and play an important role in
the pathology of brain tissue. Although never proven
directly, astrocytes are thought to have a
neuroprotective role in protecting neurons from
oxidative stress during a stroke. The hypothesis is
based on the ability of astrocytes to act as a buffer, to
transport and metabolise amino acids, glucose, and
other important molecules, and also improve
antioxidant regulation and free radical scavenger in

the area of ischemia. Reactive gliosis is the response
of the astrocytes at the time of central nervous system
injury, including cerebral ischemia, and reactive
astrocytes undergo changes in morphology and
expression in various molecules [20].

Reported by Bareto et al., that although there
is extensive cell proliferation, especially in microglia
and neutrophils/monocytes at one week after the
stroke, however, there are some adult astrocytes that
re-enter into the cell cycle, and this is concentrated
around the infarct area [21].

Astrocytes are known to be more resistant to
oxidative stress than neurons and act as
neuroprotectors through their ability to take potassium
and glutamate and release mitogenic factors. But in
response to injury, astrocytes will pull off its endfeet
from the blood vessels, which will result in increased
permeability, as well as due to proliferation, it will
cause scars on the glial cells [22].

Hypoxia/ischemia causes activation of
adaptive mechanisms and changes in gene
expression in injured areas to counteract the
pathological progression caused by inducing
transcription of Hypoxia-Inducible Factor (HIF-1). The
primary target of HIF-1 is a gene that plays a
cytoprotective role, VEGF. Astrocytes can secrete
VEGF under physiological conditions, and then
hypoxia will induce both mRNA and protein [23].

Other factors also cause a decrease in VEGF
expression due to hypoxia, namely Glia Cell-Derived
Conditioned Medium (CM) [24]. Furthermore, it was
explained that hypoxia which causes astrocytes could
inhibit an increase in VEGF mMRNA expression
Conditioned Medium (CM) or C6 CM glioma cells.
During normoxia, CM astrocytes and C6 CM glioma
cells do not change the expression of VEGF mRNA.
Thus hypoxia which causes an increase in VEGF
protein will be inhibited by CM glia cells.

Studies are documenting the potential of
VEGF therapy to repair peripheral neuropathy in
diabetes [25]. Other studies reported that
intramuscular gene transfer with VEGF-bound
plasmids was able to improve motor and sensory
function in a rabbit model who had peripheral
ischemic  neuropathy  [26]. Besides, VEGF
administration therapy in post-stroke patients can
reduce the extent of cerebral infarction because
VEGF will stimulate angiogenesis and neurogenesis
in areas near the penumbra [27], [28]. The
administration of specific antibodies to block the
function of VEGF in injured animal models apparently
can increase the size of the lesion and reduce
angiogenic activity and astroglia in the striatum [29].

There are also other studies that support the
role of VEGF in controlling damage from brain injury,
for example, the administration of VEGF to spinal cord
contusions can improve cellular levels, and the
administration of VEGF significantly increases nerve
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regeneration when the Matrigel implant is inserted into
sciatic nerve injury [30], [31], [32].

Based on these findings, for example in
models of stroke, diabetic neuropathy, and spinal cord
injury, VEGF therapy significantly increases cellular
and functional improvement, so it is reasonable that
when a cellular injury occurs due to hypoxia, it
appears that there is a decrease of VEGF expression.
Another possibility of decreasing VEGF-A expression
is the activity of Glia Cell-Derived Conditioned
Medium (CM), both CM astrocytes and C6 CM glioma
cells because in acute stroke there will be an increase
in proliferation of glial cells, including astrocytes.

Another theory that VEGF will increase its
expression in the acute phase of brain injury so that it
can affect endothelial permeability which results in
cerebral oedema, for example in patients with acute
stroke, is still controversial, and further research is
needed with a focus on VEGF receptor activity that
might answer the controversy.

The limitations of this study were: (1) the
activity of glial cells during hypoxic conditions is
difficult to control, (2) the maximum time taken for
taking blood in patients is 6 hours from the time of
onset, and (3) the number of other variables that can
affect VEGF-A expression in acute ischemic stroke

group.

It was concluded that the expression of
VEGF-A in the acute ischemic stroke group was lower
than in the non-ischemic stroke group.

References

1. Ferrara N. Role of vascular endothelial growth factor in
regulation of physiological angiogenesis. Am J Physiol Cell
Physiol. 2001; 280:C1358-66.
https://doi.org/10.1152/ajpcell.2001.280.6.C1358 PMid:11350730

2. Isner JM, Vale PR, Symes JF, Losordo DW. Assessment of risks
associated with cardiovascular gene therapy in human subjects.
Circ Res. 2001; 89:389-90. https://doi.org/10.1161/hh1701.096259
PMid:11532899

3. Boegehold MA, Kotchen TA. Effect of dietary salt on the skeletal
muscle microvasculature in Dahl rats. Hypertension. 1990; 15:420-
6. https://doi.org/10.1161/01.HYP.15.4.420

4. Gu JW, Adair TH. Hypoxia-induced expression of VEGF is
reversible in myocardial vascular smooth muscle cells. Am J
Physiol. 1997; 273(2 Pt 2):H628-33. PMid:9277477

5. Klekamp JG, Jarzecka K, Perkett EA. Exposure to hyperoxia
decreases the expression of vascular endothelial growth factor and
its receptors in adults rat lungs. Am J Pathol. 1999; 154:823-31.
https://doi.org/10.1016/S0002-9440(10)65329-1

6. Niki T, Iba S, Tokunou M, Yamada T, Matsuno Y, Hirohashi S.
Expression of vascular endothelial growth factors A, B, C, and D
and their relationships to lymph node status in lung
adenocarcinoma. Clin Cancer Res. 2000; 6:2431-9.
PMid:10873096

7. George ML, Tutton MG, Janssen F, Arnaoutz A, Abulafi AM,
Eccles SA, Swift Rl. VEGF-A, VEGF-C, and VEGF-D in colorectal

cancer progression. Neoplasia. 2001; 3(5):420-7.
https://doi.org/10.1038/sj.ne0.7900186 PMid:11687953
PMCid:PMC1506210

8. Tang RF, Wang SX, Peng L, Wang SX, Zhang M, Li ZF, Zhang
ZM, Xiao Y, Zhang FR. Expression of vascular endothelial growth
factors A and C in human pancreatic cancer. World J
Gastroenterol. 2006; 12(2):280-6.
https://doi.org/10.3748/wjg.v12.i2.280 PMid:16482630
PMCid:PMC4066039

9. Schmidt M, Voelker HU, Kapp M, Dietl J, Kammerer U.
Expression of VEGFR-1 (Flt-1) in breast cancer is associated with
VEGF expression and with node-negative tumour stage.
Anticancer Research. 2008; 28:1719-24. PMid:18630531

10. Engels K, du Bois A, Harter P, Fisseler-Eckhoff A, Kommoss F,
Stauber R, Kaufmann M, Nekljudova V, Loibl S. VEGF-A, and i-
NOS expression are prognostic factors in serous epithelial ovarian
carcinomas after complete surgical resection. J Clin Pathol. 2009;
62:448-54. https://doi.org/10.1136/jcp.2008.063859
PMid:19126566

11. Davis JP, Wong AA, Schiuter PJ, Henderson RD, O'Sullivan
JD, Read SJ. Impact of premorbid undernutrition on outcome in
stroke patients. Stroke. 2004; 35:1930-4.
https://doi.org/10.1161/01.STR.0000135227.10451.c9
PMid:15218159

12. Katavetin P, Inagi R, Miyata T, Tanaka T, Sassa R, Ingelfinger
JR, Fujita T, Nangaku M. Albumin suppresses vascular endothelial
growth factor via alteration of hypoxia-inducible factor/hypoxia-
responsive element pathway. Biochemical and biophysical
research communications. 2008; 367(2):305-10.
https://doi.org/10.1016/j.bbrc.2007.12.086 PMid:18155159

13. Dziedzic T, Pera J, Slowik A, Gryz-Kurek EA, Szczudlik A.
Hypoalbuminemia in acute ischemic stroke patients: frequency and
correlates. European Journal of Clinical Nutrition. 2007; 61:1318-
22. https://doi.org/10.1038/sj.ejcn.1602643 PMid:17251921

14. Lerman, O.Z., Galiano, R.D., Armour, M., Levine, J.P., and
Gurtner, G.C. Cellular dysfunction in the diabetic fibroblast:
impairment in migration, vascular endothelial growth factor
production, and response to hypoxia. Am J Pathol 2003; 162:303-
12. https://doi.org/10.1016/S0002-9440(10)63821-7

15. Oltmanns KM, Gehring H, Rudolf S, Schultes B, Rook S,
Schweiger U, Born J, Fehm HL, Peters A. Hypoxia causes glucose
intolerance in humans. Am J Respir Crit Care Med. 2004;
169:1231-7. https://doi.org/10.1164/rccm.200308-12000C
PMid:15044204

16. Belgore FM, Blann AD, Li-Saw-Hee FL, Beevers DG, Lip GY.
Plasma levels of vascular endothelial growth factor and its soluble
receptor (SFlt-1) in essential hypertension. Am J Cardiol. 2001; 87:
805-7. https://doi.org/10.1016/S0002-9149(00)01512-5

17. Mani N, Khaibullina A, Krum JM, Rosenstein JM. Activation of
receptor-mediated angiogenesis and signaling pathways after
VEGF administration in fetal rat CNS explants. J Cereb Blood Flow
Metab. 2003; 23:1420-9.
https://doi.org/10.1097/01.WCB.0000090620.86921.9C
PMid:14663337

18. Esser S, Wolburg K, Wolburg H, Breier G, Kurzchalia T, Risau
W. Vascular endothelial growth factor induces endothelial
fenestrations in vitro. J Cell Biol. 1998; 140:947-59.
https://doi.org/10.1083/jcb.140.4.947 PMid:9472045
PMCid:PMC2141756

19. Zhao L, Zzhang MM, Ng KY. Effects of vascular permeability
factor on the permeability of cultured endothelial cells from brain
capillaries. J Cardiovasc Pharmacol. 1998; 32:1-4.
https://doi.org/10.1097/00005344-199807000-00001
PMid:9676713

20. Li L, Lundkvist A, Andersson D, Wilhelmsson U, Nagai N,
Pardo AC, Nodin C, Stahlberg A, Aprico K, Larsson K, Yabe T,
Moons L, Fotheringham A, Davies I, Carmeliet P, Schwartz JP,
Pekna M, Kubista M, Blomstrand F, Maragakis N, Nilsson M,
Pekny M. Protective role of reactive astrocytes in brain ischemia.
Journal of Cerebral Blood Flow & Metabolism. 2007; 1:14.

750

https://www.id-press.eu/mjms/index


https://doi.org/10.1152/ajpcell.2001.280.6.C1358
https://doi.org/10.1161/hh1701.096259
https://doi.org/10.1161/01.HYP.15.4.420
https://doi.org/10.1016/S0002-9440(10)65329-1
https://doi.org/10.1038/sj.neo.7900186
https://doi.org/10.3748/wjg.v12.i2.280
https://doi.org/10.1136/jcp.2008.063859
https://doi.org/10.1161/01.STR.0000135227.10451.c9
https://doi.org/10.1016/j.bbrc.2007.12.086
https://doi.org/10.1038/sj.ejcn.1602643
https://doi.org/10.1016/S0002-9440(10)63821-7
https://doi.org/10.1164/rccm.200308-1200OC
https://doi.org/10.1016/S0002-9149(00)01512-5
https://doi.org/10.1097/01.WCB.0000090620.86921.9C
https://doi.org/10.1083/jcb.140.4.947
https://doi.org/10.1097/00005344-199807000-00001

Setyopranoto et al. Comparison of Mean VEGF-A Expression Between Acute Ischemic Stroke Patients and Non-Ischemic Stroke Subjects

21. Barreto GE, Sun X, Xu L, Giffard RG. Astrocyte proliferation
following stroke in the mouse depends on distance from the infarct.
PLoS ONE. 2011; 6(11):1-6.
https://doi.org/10.1371/journal.pone.0027881 PMid:22132159
PMCid:PMC3221692

22. Mani N, Khaibullina A, Krum JM, Rosenstein JM. Astrocyte
growth effects of vascular endothelial growth factor (VEGF)
application to perinatal neocortical explants: receptor mediation
and signal transduction pathways. Exp Neurol. 2005; 192:394-406.
https://doi.org/10.1016/j.expneurol.2004.12.022 PMid:15755557

23. Chow J, Ogunshola O, Fan SY, Li Y, Ment LR, Madri JA.
Astrocyte-derived VEGF mediates survival and tube stabilization of
hypoxic brain microvascular endothelial cells in vitro. Brain Res
Dev Brain Res. 2001; 130:123-32. https://doi.org/10.1016/S0165-
3806(01)00220-6

24. Fischer S, Wobben M, Kleinstuck J, Renz D, Schaper W. Effect
of astroglial cells on hypoxia-induced permeability in PBMEC cells.
Am J Physiol Cell Physiol. 2000; 279:C935-44.
https://doi.org/10.1152/ajpcell.2000.279.4.C935 PMid:11003573

25. Rosenstein JM, Krum JM, Ruhrberg C. VEGF in the nervous
system. Organogenesis. 2010; 6(2):107-14.
https://doi.org/10.4161/0rg.6.2.11687 PMid:20885857
PMCid:PMC2901814

26. Schratzberger P, Schratzberger G, Silver M, Curry C, Kearney
M, Magner M, Alroy J, Adelman LS, Weinberg DH, Ropper AH,
Isner JM. Favorable effect of VEGF gene transfer on ischemic
peripheral neuropathy. Nat Med. 2000; 6:405-13.
https://doi.org/10.1038/74664 PMid:10742147

27. Zhang ZG, Zhang L, Jiang Q, Zhang R, Davies K, Powers C,
Bruggen N, Chopp M. VEGF enhances angiogenesis and
promotes blood brain barrier leakage in the ischemic brain. J Clin
Invest. 2000; 106:829-38. https://doi.org/10.1172/JCI9369

PMid:11018070 PMCid:PMC517814

28. Sun Y, Jin K, Xie L, Childs J, Mao XO, Logvinova A, Greenberg
DA. VEGF-induced neuroprotection, neurogenesis, and
angiogenesis after focal cerebral ischemia. J Clin Invest. 2003;
111:1843-51. https://doi.org/10.1172/JCI200317977
PMid:12813020 PMCid:PMC161428

29. Krum JM, Khaibullina A. Inhibition of endogenous VEGF
impedes revascularization and astroglial proliferation: Roles for
VEGF in brain repair. Exp Neurol. 2003; 181:241-57.
https://doi.org/10.1016/S0014-4886(03)00039-6

30. Facchiano F, Fernandez E, Mancarella S, Maira G, Miscusi M,
D'Arcangelo D, Cimino-Reale G, Falchetti ML, Capogrossi MC,
Pallini R. Promotion of regeneration of corticospinal tract axons in
rats with recombinant vascular endothelial growth factor alone and
combined with adenovirus coding for this factor. J Neurosurg.
2002; 97:161-8. https://doi.org/10.3171/jns.2002.97.1.0161
PMid:12134907

31. Widenfalk J, Lipson A, Jubran M, Hofstetter C, Ebendal T, Cao
Y, Olson L. Vascular endothelial growth factor improves functional
outcome and decreases secondary degeneration in experimental
spinal cord contusion injury. Neuroscience. 2003; 120:951-60.
https://doi.org/10.1016/S0306-4522(03)00399-3

32. Hobson MI, Green CJ, Terenghi G. VEGF enhances intraneural
angiogenesis and improves nerve regeneration after axotomy. J
Anat. 2000; 197:591-605. https://doi.org/10.1046/].1469-
7580.2000.19740591.x PMid:11197533 PMCid:PMC1468175

Open Access Maced J Med Sci. 2019 Mar 15; 7(5):747-751.

751


https://doi.org/10.1371/journal.pone.0027881
https://doi.org/10.1016/j.expneurol.2004.12.022
https://doi.org/10.1016/S0165-3806(01)00220-6
https://doi.org/10.1016/S0165-3806(01)00220-6
https://doi.org/10.1152/ajpcell.2000.279.4.C935
https://doi.org/10.4161/org.6.2.11687
https://doi.org/10.1038/74664
https://doi.org/10.1172/JCI9369
https://doi.org/10.1172/JCI200317977
https://doi.org/10.1016/S0014-4886(03)00039-6
https://doi.org/10.3171/jns.2002.97.1.0161
https://doi.org/10.1016/S0306-4522(03)00399-3
https://doi.org/10.1046/j.1469-7580.2000.19740591.x
https://doi.org/10.1046/j.1469-7580.2000.19740591.x

