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Abstract : The present study was carried to investigate the effect of
endothelin antagonist (TAK-044) in an in vitro model of stroke using
primary neuronal culture. Hypoxia in neuronal culture was induced for 3
h using oxygen glucose deprivation (OGD) model, thereafter cells were
reperfused. In separate group cultures were incubated with graded
concentrations of TAK-044 (0.01, 0.1 and 1 pg/pl) for different time
duration i.e. 6, 12 and 24 hours after reperfusion. Percent cell viability
was assessed 24 h after reperfusion using MTT assay.

It was observed that percent cell viability was reduced to 13.7+0.4 %
in the cells under 3 h hypoxic condition as compared to the cells under
normal condition (100%). TAK-044 at the concentrations of 0.1 and 1 pg/
ul, but not at 0.01 pg/pl showed significant (P<0.01) improvement in the
% cell viability as compared to the cells in hypoxic condition. Percent cell
viability at the concentration of 0.1 and 1 pg/pl for 24 h time duration
after reperfusion were 54.8+3.2% and 75.4+1.8% respectively as compared
to the cells under hypoxic condition (13.7+0.4%). The results demonstrate
the neuroprotective effect of TAK-044 against neuronal damage caused
by hypoxia induced in neuronal culture.
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INTRODUCTION disability and the resulting burden on the

society continues to grow, with increase in
Stroke is a major cause of death and its incidence (1). Ischemic stroke accounts
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for 80-85% where as hemorrhagic stroke
accounts for 15-20% (2). Eighty percent of
ischemic stroke occur in the territory of the
anterior circulation affecting the territory
of the middle cerebral artery (3).

A number of multiple independent lethal
mechanisms contribute to the brain injury
following the onset of stroke (4, 5). These

includes free radical production,
excitotoxicity, disruption of sodium and
calcium influx, enzymatic changes,

stimulation of the inflammatory process,
activation of platelets and leukocytes,
delayed coagulation, endothelial dysfunction
and endothelin (ET) release. Ischemic stroke
is characterized by the acute disruption of
cerebral blood flow (CBF). The reduction of
CBF results in energy failure and secondary
biochemical disturbances, eliciting a robust
in situ inflammatory response (6). Except
tissue-type plasminogen activator (t-PA), no
effective therapy exists for the management
of acute stroke. Understanding the role of
various extrinsic and intrinsic pathogenic
factors of ischemic damage particularly the
biochemical cascade and neurological
changes remain unclear and represent a
prime objective of ongoing stroke research

(7).

The brain requires glucose and oxygen
to maintain neuronal metabolism and
function. Hypoxia refers to inadequate
delivery of oxygen to the brain, and ischemia
results from insufficient CBF. Transient
hypoxia-ischemia (HI) leads to delayed
neuronal death in both mature and
immature neurons (8). Endothelin, a potent
vasoconstrictor acts through two receptor
subtypes termed as ET (A) and ET (B) (9,
10). It has been reported that ET-1 has a
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potent contractile effect on cerebral arteries
and arterioles (11, 12) causing profound and
durable reduction in cerebral blood flow to

cause cerebral infarction (13). Increased
plasma endothelin levels have been
correlated with the infarct size and

neurological deficits resulting after focal
ischemia (14). ET receptor antagonists are
known to exert powerful vasodilatory effect
and thereby producing beneficial effect in
models of cerebral ischemia. In addition to
its vasodilatory effect ET antagonists also
have recently been shown to possess an
antioxidant (15) and an anti-inflammatory
property (16, 17, 18).

TAK-044 (cyclo[D-alpha-aspartyl-3-[(4-
phenylpiperazin-1-yl)carbonyl]L-alanyl-L-
alphaaspartyl-D-2-(2-thienyl)glycyl-L-leucyl-
D-tryptophyl] disodium salt is an ETA- and
ETB-receptor antagonist and is able to
inhibit ET-1 induced pressor response in the
dose range of 1 to 10 mg/kg (19). TAK-044
(1 mg/kg) has shown to have strong
inhibitory effects on the extension of
myocardial infarct size after coronary artery
occlusion-reperfusion in rats (20). Recently
we have shown the protective effect of TAK-
044 in a model of acute focal cerebral
ischemia in rats (21).

Therefore, in the present study graded
concentration of endothelin antagonist (TAK-
044) was assessed against hypoxia-ischemia

in vitro by oxygen-glucose deprivation (OGD)
model using neuronal culture.

MATERIAL AND METHODS
Animals

One-day pups were used for the study.
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All  experimental procedures in rats
described were reviewed and approved by
the Institutional Animal Ethics Committee.

Drugs and experimental protocol

The concentration of endothelin
antagonist TAK-044 (Courtesy Takeda
Chemical Industries, Ltd, Osaka, Japan)

used were 0.01, 0.1 and 1 pg/ul. TAK-044
was dissolved in normal saline and was made
to final volume by mixing an appropriate
qguantity of culture media for the strength 1
mg/ml. Cultures were incubated with TAK-
044 (0.01, 0.1 and 1 upg/ul) for different time
duration i.e. 6, 12 and 24 h after reperfusion
of the hypoxic cells in separate groups. In
all groups percent cell viability was assessed
24 h after reperfusion of the cells using MTT
assay.

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazoliumbromide) was purchased
from Sigma-Aldrich, St. Louis, USA. All
culture media were GIBCO/BRL products.

Primary neuronal cell culture

Primary neuronal cultures were prepared
according to the method of Yu et al., 1986
(22) with slight modification. In brief, brains
from one-day pup were dissected and
cerebral hemispheres were removed
aseptically and washed in Hank’s balance
salt solution (HBSS) containing 0.4%
gentamycin. Next, the tissue was dissociated
by passing through a fire-polished Pasteur
pipette and the resultant cell suspension was
separated by centrifugation. The pellet then
was resuspended in high glucose, Dulbecco
modified Eagle medium (DMEM) containing
10% fetal bovine serum (FBS), 100 units of
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penicillin and 100 pg/ml streptomycin. Cells
were counted using hemocytometer and were
seeded onto poly-L-lysine coated 96 well
plates (10,000 cells per well). The plates
were incubated in a CO, incubator at 37°C
for the development of culture. The medium
was replaced with fresh medium twice
weekly. Neuronal purity was confirmed with
antibodies to neuron-specific enolase (NSE)
and more than 95% of all cells in the cultures
were immunoreactive for NSE.

Oxygen-glucose deprivation

To model hypoxia-ischemia, cultures
were exposed to the oxygen-glucose
deprivation condition (23) with some
modification. DMEM medium was replaced
with glucose free Earle’s balanced salt

solution. Glucose-deprived cultures were
placed in anaerobic chamber (Billups-
Rothenberg, Del Mar, CA), which was

flushed with 95% N, and 5% CO, for 3 h.
Cells were reperfuse by washed back into
glucose-containing DMEM and returned to
the normoxic incubator (5% CO, and 95%
0,).

Cell viability assessment using MTT assay

Cell viability was monitored by the
colorimetric MTT assay as described by
Mosmann, 1983 (24). Tetrazolium bromide
salt solution was added to cells cultured in
microplates. The cells were incubated for
4 h at 37°C and mitochondria dehydrogenase
was converted into a colored, water-insoluble
formazan salt by the metabolic activity
of viable cells. The insoluble formazan
is solubilized by adding the DMSO and
gquantified by Multi-Detection Microplate
Reader from BIO-TEK, U.S.A at 530 nm.
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Results are expressed as the percentage of
viable cells.

Statistical analysis

The results are expressed as mean *
SEM. Statistical analysis for the percent cell
viability was conducted using two-way
analysis of variance (ANOVA). *P<0.01
represents level of significance.

RESULTS

Effect of graded concentration of endothelin
antagonist (TAK-044) on percent cell viability

using MTT assay

After 3 h hypoxia the neuronal cells were
incubated with graded TAK-044 for different
time duration (6, 12 and 24 h). The separate
neuronal culture plates were incubated for
6, 12 and 24 h with graded concentration of
TAK-044 (0.01, 0.1 and 1 pg/upl). The lowest
concentration of TAK-044 (0.01 pg/ul) did

TABLE |: Effect of endothelin antagonist (TAK-044)
on percent cell viability in neuronal culture
after inducing 3 h hypoxia using MTT

assay. *P<0.01 Vs cells under normal
condition; **P<0.01 Vs cells under hypoxic
condition.

Groups % cell viability

Under normal condition 100

After 3 h hypoxic condition 13.7£0.4*

% cell viability 24 h
after reperfusion in
presence of TAK-044

Duration of 6 h 12 h 24 h
treatment after
Hypoxia
Hypoxia-ischemia +
TAK-044 (0.1 pg/pl)
Hypoxia-ischemia +
TAK-044 (1 pg/ul)

24.4+0.9**  30£0.48** 54.8+3.2**

30.3+0.6** 45.8+2.4** 75.4+1.8**
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not have any effect when incubated for 6,
12 or even 24 h. When the concentration
was increased to 0.1 pg/pl, the significant
improvement in percent cell viability was
observed at 6, 12 and 24 h (24.2+0.9%,
30+£0.48% and 54.8+3.2% respectively)
(P<0.01). The high concentration of TAK-044
(1 pg/ul) showed dose dependent increase in
percent cell viability on incubation for 6,
12 and 24 h (30.3+0.6%, 45.8+2.4% and
75.4+1.8% respectively) as compared to the
cells under hypoxic condition (13.7+0.4%)
(P<0.01) (Table I).

DISCUSSION

Stroke is one of the foremost causes of
morbidity and mortality, and poses a major
socioeconomic problem in young patients,
especially in developing countries. Despite
extensive research, adequate therapies are
still elusive. Neuronal degeneration and
death are hallmarks of stroke/ischemia (25).
Ischemic stroke results from a transient or
permanent reduction in cerebral blood flow
that is restricted to the territory of a major
brain artery. Stroke is the second largest
cause of mortality worldwide and is
surpassesed only by that of heart disease
(26). Brain attack is a term increasingly
being used to describe the acute presentation
of stroke, and to emphasize the need for
urgent remedy (27).

The interruption of blood supply to the
brain (ischemia) deprives brain cells of
glucose and oxygen, causing irreversible
brain damage within minutes. The brain is
particularly vulnerable to ischemia because
1) the very high rate of oxidative
metabolism, requiring a continuous supply
of oxygen and glucose, 2) the metabolic
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interdependence of neurons and 3) the
sensitivity of neurons to disruption of ion
homeostasis brought on by ischemia (28).
Cells in ischemic brain tissue undergo a

number of changes i.e. free radical
production, excitotoxicity, disruption of
sodium and calcium influx, enzymatic
changes, stimulation of the inflammatory

process, activation of platelets and
leukocytes, delayed coagulation, endothelial
dysfunction and endothelin (ET) release
(4, 5).

The OGD cell culture lesion model
represents a valid simulation of the
conditions in brain ischemia. For this cell
cultures are maintained under oxygen free
conditions in a hypoxic chamber and
subjected to glucose deprivation. Therefore
in the present study, OGD was selected for
the evaluation of endothelin antagonist
(TAK-044) in brain ischemia.

Results have demonstrated that neuronal
cells under hypoxic condition showed
reduction in percent cell viability as
compared to cells under normal condition.
When the hypoxic neuronal culture was
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incubated with TAK-044 at different
concentration for different time duration in
the separate groups. The increase in viability
of neuronal cells in the presences of TAK-
044 demonstrates the neuroprotective effect
of endothelin antagonist. As the neuronal
viability was improved after the 3 h of
hypoxic injury, such compounds warrant
further study to demonstrate if they can be
useful in reducing the effect of ischemic
insult.

The present study suggests the potential
pharmacological intervention of endothelin
antagonist (TAK-044) in acute ischemic
stroke.
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