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Abstrac t  :  The  p resen t  s tudy  was  ca r r i ed  to  inves t iga te  the  e f fec t  o f
endo the l in  an tagon i s t  (TAK-044)  in  an  in  v i t ro  model  o f  s t roke  us ing
primary neuronal culture.  Hypoxia in neuronal culture was induced for 3
h us ing oxygen glucose  depr ivat ion (OGD) model ,  thereaf ter  ce l l s  were
reper fused .  In  sepa ra te  g roup  cu l tu res  were  incuba ted  wi th  g raded
concen t ra t ions  o f  TAK-044  (0 .01 ,  0 .1  and  1  µg /µ l )  fo r  d i f f e ren t  t ime
durat ion i .e .  6 ,  12 and 24 hours  af ter  reperfusion.  Percent  cel l  viabi l i ty
was  assessed 24 h  af ter  reperfus ion us ing MTT assay.

It  was observed that  percent cell  viabil i ty was reduced to 13.7±0.4 %
in the cells  under 3 h hypoxic condit ion as compared to the cells  under
normal condition (100%). TAK-044 at the concentrations of 0.1 and 1 µg/
µl,  but not at 0.01 µg/µl showed significant (P<0.01) improvement in the
% cell viability as compared to the cells in hypoxic condition. Percent cell
viabil i ty at  the concentrat ion of  0.1 and 1 µg/µl  for  24 h t ime durat ion
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  neuropro tec t ive  e f fec t  o f  TAK-044 aga ins t  neuronal  damage  caused
by hypoxia  induced in  neuronal  cul ture .
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INTRODUCTION

Stroke  i s  a  major  cause  of  dea th  and

disab i l i ty  and  the  resu l t ing  burden  on  the
society continues to grow, with increase in
i ts  incidence (1) .  Ischemic s t roke accounts
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fo r  80–85% where  as  hemorrhag ic  s t roke
accounts for 15–20% (2).  Eighty percent of
ischemic stroke occur in the territory of the
an te r io r  c i rcu la t ion  a f fec t ing  the  t e r r i to ry
of the middle cerebral  artery (3).

A number of multiple independent lethal
mechanisms  cont r ibu te  to  the  b ra in  in jury
following the onset  of  stroke (4,  5) .  These
inc ludes  f ree  rad ica l  p roduc t ion ,
exc i to tox ic i ty ,  d i s rup t ion  of  sod ium and
ca lc ium inf lux ,  enzymat ic  changes ,
s t imula t ion  of  the  in f lammatory  process ,
ac t iva t ion  of  p la te le t s  and  leukocytes ,
delayed coagulation, endothelial  dysfunction
and endothelin (ET) release. Ischemic stroke
is  character ized by the acute  disrupt ion of
cerebral blood flow (CBF). The reduction of
CBF results in energy failure and secondary
biochemical  disturbances,  el ici t ing a robust
in  s i tu  in f lammatory  response  (6) .  Except
tissue-type plasminogen activator (t-PA), no
effective therapy exists for the management
of  acute  s t roke .  Unders tanding the  ro le  of
var ious  ex t r ins ic  and  in t r ins ic  pa thogenic
factors of  ischemic damage part icularly the
b iochemica l  cascade  and  neuro log ica l
changes  remain  unc lear  and  represen t  a
prime object ive of  ongoing s t roke research
(7).

The  bra in  requi res  g lucose  and oxygen
to  main ta in  neurona l  metabol i sm and
func t ion .  Hypoxia  re fe rs  to  inadequa te
delivery of oxygen to the brain, and ischemia
resu l t s  f rom insuf f ic ien t  CBF.  Trans ien t
hypoxia - i schemia  (HI)  l eads  to  de layed
neurona l  dea th  in  bo th  mature  and
immature neurons (8) .  Endothel in,  a  potent
vasocons t r ic to r  ac t s  th rough  two recep tor
subtypes termed as ET (A) and ET (B) (9,
10) .  I t  has  been  repor ted  tha t  ET-1  has  a

potent contractile effect on cerebral arteries
and arterioles (11, 12) causing profound and
durable reduction in cerebral  blood flow to
cause  ce rebra l  in fa rc t ion  (13) .  Increased
plasma endothe l in  l eve l s  have  been
cor re la ted  wi th  the  in fa rc t  s i ze  and
neuro log ica l  def ic i t s  resu l t ing  a f te r  foca l
ischemia  (14) .  ET receptor  antagonis ts  are
known to exert powerful vasodilatory effect
and  thereby producing  benef ic ia l  e f fec t  in
models of cerebral  ischemia.  In addit ion to
i t s  vasodi la tory  ef fec t  ET antagonis ts  a lso
have  recen t ly  been  shown to  possess  an
an t iox idan t  (15)  and  an  an t i - in f lammatory
property (16, 17, 18).

TAK-044 (cyc lo[D-a lpha-aspar ty l -3- [ (4-
p h e n y l p i p e r a z i n - 1 - y l ) c a r b o n y l ] L - a l a n y l - L -
alphaaspartyl-D-2-(2-thienyl)glycyl-L-leucyl-
D-tryptophyl] disodium salt is an ETA- and
ETB-recep tor  an tagonis t  and  i s  ab le  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  s t rong
inh ib i to ry  e f fec t s  on  the  ex tens ion  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  o f  acu te  foca l  ce rebra l
ischemia in rats  (21).

Therefore ,  in  the  p resen t  s tudy  graded
concentration of endothelin antagonist (TAK-
044) was assessed against  hypoxia-ischemia
in vitro by oxygen-glucose deprivation (OGD)
model  us ing  neuronal  cul ture .

MATERIAL AND METHODS

A n i m a l s

One-day pups  were  used for  the  s tudy.
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Al l  exper imenta l  p rocedures  in  ra t s
descr ibed  were  rev iewed  and  approved  by
the Ins t i tu t ional  Animal  Ethics  Commit tee .

Drugs  and  exper imenta l  protoco l

The  concent ra t ion  of  endothe l in
an tagonis t  TAK-044  (Cour tesy  Takeda
Chemica l  Indus t r ies ,  L td ,  Osaka ,  Japan)
used were 0.01,  0.1 and 1 µg/µl .  TAK-044
was dissolved in normal saline and was made
to  f ina l  vo lume by  mix ing  an  appropr ia te
quantity of culture media for the strength 1
mg/ml.  Cultures were incubated with TAK-
044 (0.01, 0.1 and 1 µg/µl) for different time
duration i.e. 6, 12 and 24 h after reperfusion
of the hypoxic cel ls  in separate groups.  In
all groups percent cell viability was assessed
24 h after reperfusion of the cells using MTT
a s s a y .

MTT (3- (4 ,5 -d imethy l th iazo l -2-y l ) -2 ,5 -
diphenyl tetrazoliumbromide) was purchased
f rom Sigma-Aldr ich ,  S t .  Louis ,  USA.  Al l
cul ture  media  were GIBCO/BRL products .

Primary  neuronal  ce l l  cu l ture

Primary neuronal cultures were prepared
according to the method of Yu et al . ,  1986
(22) with slight modification. In brief, brains
f rom one-day  pup  were  d i ssec ted  and
cerebra l  hemispheres  were  removed
asep t ica l ly  and  washed  in  Hank’s  ba lance
sa l t  so lu t ion  (HBSS)  con ta in ing  0 .4%
gentamycin. Next, the tissue was dissociated
by pass ing  through a  f i re-pol ished Pas teur
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

penicillin and 100 µg/ml streptomycin. Cells
were counted using hemocytometer and were
seeded  on to  po ly-L- lys ine  coa ted  96  wel l
p la tes  (10 ,000  ce l l s  pe r  wel l ) .  The  p la tes
were incubated in a CO2 incubator at  37°C
for the development of culture. The medium
was  rep laced  wi th  f resh  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  immunoreact ive  for  NSE.

Oxygen-g lucose  depr ivat ion

To model  hypoxia - i schemia ,  cu l tu res
were  exposed  to  the  oxygen-g lucose
depr iva t ion  condi t ion  (23)  wi th  some
modif icat ion.  DMEM medium was replaced
wi th  g lucose  f ree  Ear le ’ s  ba lanced  sa l t
so lu t ion .  Glucose-depr ived  cu l tu res  were
p laced  in  anaerob ic  chamber  (Bi l lups -
Rothenberg ,  Del  Mar ,  CA) ,  which  was
flushed with 95% N2 and 5% CO 2 for  3 h.
Cel l s  were  reper fuse  by  washed  back  in to
g lucose-conta in ing  DMEM and re turned  to
the  normoxic  incubator  (5% CO2 and  95%
O2) .

Cel l  v iab i l i ty  assessment  us ing  MTT assay

Cel l  v iab i l i ty  was  moni to red  by  the
co lor imet r ic  MTT assay  as  descr ibed  by
Mosmann,  1983 (24) .  Tet razol ium bromide
salt  solution was added to cells cultured in
microp la tes .  The  ce l l s  were  incuba ted  for
4 h at 37°C and mitochondria dehydrogenase
was converted into a colored, water-insoluble
formazan  sa l t  by  the  metabol ic  ac t iv i ty
of  v iab le  ce l l s .  The  inso lub le  fo rmazan
is  so lub i l i zed  by  adding  the  DMSO and
quant i f i ed  by  Mul t i -Detec t ion  Microp la te
Reader  f rom BIO-TEK,  U.S .A a t  530  nm.
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Resul ts  are  expressed as  the  percentage of
viable cells.

Stat i s t i ca l  ana lys i s

The  resu l t s  a re  expressed  as  mean ±
SEM. Statistical analysis for the percent cell
v iab i l i ty  was  conduc ted  us ing  two-way
ana lys i s  o f  var iance  (ANOVA).  *P<0.01
represents  level  of  s ignif icance.

R E S U L T S

Effec t  o f  graded  concentrat ion  o f  endothe l in
antagonis t  (TAK-044)  on  percent  ce l l  v iab i l i ty
us ing  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  cul ture  p la tes  were  incubated  for
6, 12 and 24 h with graded concentration of
TAK-044 (0.01, 0.1 and 1 µg/µl). The lowest
concentrat ion of  TAK-044 (0.01 µg/µl)  did

not  have any effect  when incubated for  6 ,
12  or  even  24  h .  When  the  concent ra t ion
was increased to  0 .1  µg/µl ,  the  s ignif icant
improvement  in  percen t  ce l l  v iab i l i ty  was
observed  a t  6 ,  12  and  24  h  (24 .2±0 .9%,
30±0.48% and  54 .8±3 .2% respec t ive ly)
(P<0.01). The high concentration of TAK-044
(1 µg/µl) showed dose dependent increase in
percent  ce l l  v iab i l i ty  on  incubat ion  for  6 ,
12  and  24  h  (30 .3±0 .6%,  45 .8±2 .4% and
75.4±1.8% respectively) as compared to the
ce l l s  under  hypoxic  condi t ion  (13 .7±0.4%)
(P<0.01) (Table I).

D I S C U S S I O N

Stroke is one of the foremost causes of
morbidity and mortali ty,  and poses a major
soc ioeconomic  prob lem in  young  pa t ien t s ,
especial ly  in  developing countr ies .  Despi te
ex tens ive  research ,  adequa te  the rap ies  a re
s t i l l  e lus ive .  Neurona l  degenera t ion  and
death are hallmarks of stroke/ischemia (25).
Ischemic s t roke resul ts  f rom a t ransient  or
permanent reduction in cerebral  blood f low
that is restricted to the territory of a major
bra in  a r te ry .  S t roke  i s  the  second  la rges t
cause  of  mor ta l i ty  wor ldwide  and  i s
surpassesed  on ly  by  tha t  o f  hear t  d i sease
(26) .  Bra in  a t t ack  i s  a  t e rm increas ing ly
being used to describe the acute presentation
of  s t roke ,  and  to  emphas ize  the  need  for
urgent  remedy (27) .

The interruption of  blood supply to the
bra in  ( i schemia)  depr ives  b ra in  ce l l s  o f
g lucose  and  oxygen ,  caus ing  i r revers ib le
brain  damage within  minutes .  The brain  is
part icular ly vulnerable  to  ischemia because
1)  the  very  h igh  ra te  o f  ox ida t ive
metabol i sm,  requi r ing  a  cont inuous  supply
of  oxygen  and  g lucose ,  2 )  the  metabol ic

TABLE I : Effect  of  endothel in antagonist  (TAK-044)
on percent cell viability in neuronal culture
a f t e r  induc ing  3  h  hypox ia  us ing  MTT
assay .  *P<0 .01  Vs  ce l l s  under  normal
condition; **P<0.01 Vs cells under hypoxic
condi t ion .

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 + 24.4±0.9** 30± 0.48** 54.8± 3.2**
TAK-044 (0.1 µg/µl)
Hypoxia-ischemia + 30.3±0.6** 45.8± 2.4** 75.4± 1.8**
TAK-044 (1 µg/µl)
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in te rdependence  of  neurons  and  3)  the
sensi t iv i ty  of  neurons  to  d isrupt ion of  ion
homeos tas i s  b rought  on  by  i schemia  (28) .
Ce l l s  in  i schemic  bra in  t i s sue  undergo  a
number  o f  changes  i . e .  f ree  rad ica l
produc t ion ,  exc i to tox ic i ty ,  d i s rup t ion  of
sod ium and  ca lc ium inf lux ,  enzymat ic
changes ,  s t imula t ion  of  the  in f lammatory
process ,  ac t iva t ion  of  p la te le t s  and
leukocytes,  delayed coagulation,  endothelial
dysfunc t ion  and  endothe l in  (ET)  re lease
(4, 5).

The  OGD ce l l  cu l tu re  l es ion  model
represen ts  a  va l id  s imula t ion  of  the
condi t ions  in  bra in  i schemia .  For  th is  ce l l
cu l tures  a re  main ta ined  under  oxygen f ree
condi t ions  in  a  hypoxic  chamber  and
subjected to glucose deprivat ion.  Therefore
in the present study, OGD was selected for
the  eva lua t ion  of  endothe l in  an tagonis t
(TAK-044) in brain ischemia.

Results  have demonstrated that  neuronal
ce l l s  under  hypoxic  condi t ion  showed
reduc t ion  in  percen t  ce l l  v iab i l i ty  as
compared  to  ce l l s  under  normal  condi t ion .
When the  hypoxic  neurona l  cu l tu re  was

incuba ted  wi th  TAK-044  a t  d i f fe ren t
concentrat ion for  different  t ime duration in
the separate groups. The increase in viability
of neuronal cells  in the presences of TAK-
044 demonstrates the neuroprotective effect
of  endothe l in  an tagonis t .  As  the  neurona l
v iab i l i ty  was  improved  a f te r  the  3  h  o f
hypoxic  in jury ,  such  compounds  war ran t
further study to demonstrate if  they can be
usefu l  in  reduc ing  the  e f fec t  o f  i schemic
i n s u l t .

The present study suggests the potential
pharmacologica l  in tervent ion  of  endothe l in
an tagonis t  (TAK-044)  in  acu te  i schemic
s t r o k e .
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