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Abstrac t  :  The  p resen t  s tudy  a imed  a t  e s t ab l i sh ing  two  mode l s  o f
experimental  seizures by combination treatment with subconvulsive doses
of PTZ and kainic acid in adult male mice and evaluating the modulatory
ro le  o f  ce rebrose lec t ive  d ihydropyr id ine  ca lc ium channe l  b locker ,
nimodipine.  The CD50±SEM value for  PTZ was found to  be 20.00±0.92
mg/kg,  ip  in  kainic  ac id  (adminis tered  a t  per  se  subconvuls ive  dose  of
1.00 mg/kg,  ip)  pretreated mice while  CD50±SEM value for  kainic  acid
was  found  to  be  0 .30±0 .08  mg/kg ,  ip  in  PTZ (admin i s t e red  a t  pe r  se
subconvulsive dose of 30.00 mg/kg, ip)  pretreated mice. Nimodipine (5.00
mg/kg,  ip)  s igni f icant ly  protec ted  the  mice  f rom seizure  in  both  of  the
combina t ion  i n  v i vo  se izure  mode l s .  The  resu l t s  sugges ted  synerg i s t i c
interaction between PTZ and kainic acid at subconvulsive dose combination
while the protective efficacy of nimodipine suggested the role of calcium
ion as  an important  mediator  for  the  genesis  of  se izures .
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INTRODUCTION

Kainic acid has been used for centuries
as  a  natural ly  occurr ing anthelmint ic  agent
(1). It was reported that kainic acid induced
neuropathologica l  damages  mimicked those
observed  in  human tempora l  lobe  ep i lepsy
(2). Kainic acid is reported to act on kainate
recep tors ,  which  a re  wide ly  d i s t r ibu ted  in
cen t ra l  ne rvous  sys tem and  thereby  could

overwhelm the  ce l l s  Ca 2+ homeos ta t ic
capabi l i t ies  (3) .  Fur ther ,  pentylenete t razole
(PTZ) has been studied as a chemoconvulsant
agent and the clonic seizures evoked by PTZ
in smal l  animals  respond to  ant iconvulsant
drugs that  are effective in absence seizures
in human beings (4). However, there are no
reported studies on the interact ion between
kainic acid and PTZ. Therefore, the present
s tudy  was  des igned  to  deve lop  se izure
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models  based upon the interact ion between
the  two chemoconvulsan ts  in  mice  and
further, to ascertain the effect of nimodipine,
a  cerebrose lec t ive  d ihydropyr id ine  ca lc ium
channel  blocker in such seizure models .

MATERIAL AND METHODS

A n i m a l s

Exper iments  were  ca r r ied  ou t  on  adu l t
male ,  Swiss  s t ra in  mice  weighing  be tween
25–28  g .  The  an imals  were  kep t  in
polystyrene cages under standard laboratory
condi t ions  i . e .  a t  t empera ture  o f  25±1°C,
re la t ive  humidi ty  o f  60±2% and  were
exposed to a 12 h photoperiod. They had free
access to food (Hindustan Lever Chow) and
tap water. In the present study, a group size
of  10 mice  was  used for  each exper iment .
The research protocol  was approved by the
ins t i tu t iona l  an imal  e th ics  commit tee .

Drugs  and  chemica l s

Kainic acid and PTZ were sourced from
Sigma Chemica ls  Co .  (MO,  USA) .  Pure
powder  of  n imodip ine  was  ob ta ined  f rom
Cadi la  Pharmaceut ica l s  L imi ted  (Baroda ,
Ind ia ) .  Al l  o ther  chemica l s  and  reagen ts
used in the study were of AR grade. All the
drug  so lu t ions  were  p repared  a f resh  and
admin is te red  in t raper i tonea l ly  ( ip )  in  a
volume not exceeding 10 ml/kg.

Preparat ion  o f  drug  so lut ions

Kainic acid was prepared in strength of
1 .00  mg/ml  in  phospha te  buf fe r  (pH 6 .9)
so lu t ion .  PTZ so lu t ion  was  prepared  by
dissolving 25.00 mg of PTZ in 10 ml of 0.9%
normal saline.  Nimodipine was dissolved in
the vehicle solut ion containing ethanol  and

propylene glycol (50:50 v/v) in a strength of
0.8 mg/ml.

Kainic  ac id  induced  se izures  in  PTZ pretreated
m i c e

Exper iments  were  per formed wi th
graded, single, subconvulsive doses (0.12 to
1.00 mg/kg, ip,  unpublished data)  of  kainic
acid administered to five groups of mice. The
mice  were  p re t rea ted  wi th  the  per  se
subconvulsive dose of PTZ (30.00 mg/kg, ip,
unpubl i shed  da ta ) .  The  pre t rea tment  t ime
was 30 min. The mice were placed in perspex
cages at  an ambient temperature of 25±1°C
in a quiet room between 10.00–12.00 h and
observed for 1 h for the recording of seizure
score ;  the  se izure  score  was  recorded
according to  the  sca le :  0–no response;  1–
ear and facial twitching; 2–1 to 20 myoclonic
body jerks in 10 min; 3–more than 20 body
jerks in 10 min; 4–forelimb convulsions; 5–
generalized clonic convulsions with episodes
of  rea r ing  and  fa i l ing  down and  6–
genera l ized  ep i lep t icus .  The  response  to
kainic acid was considered positive when the
se izure  score  was  ≥ 3 (5) .  From the  dose-
response  s tudy,  the  CD50 ( the  dose  which
showed pos i t ive  se izure  score  in  50% of
animals) and CD97 (the dose which showed
pos i t ive  se izure  score  in  97% of  an imals )
doses of kainic acid were obtained in PTZ–
pre t rea ted  mice .

PTZ induced  se izures  in  ka in ic  ac id  pretreated
m i c e

PTZ solution (0.25% in 0.9% NaCl) was
injected ip in graded, single,  subconvulsive
doses  (10  to  30  mg/kg ,  unpubl i shed  da ta )
to  f ive  groups  of  mice .  The  mice  were
pre t rea ted  wi th  the  per  se  subconvuls ive
dose  of  ka in ic  ac id  (1 .00  mg/kg ,  ip ,
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unpubl i shed  da ta ) .  The  pre t rea tment  t ime
was 30 min. The mice were observed for 1 h
for  the  record ing  of  se izure  score  and
percen tage  of  pos i t ive  responders  as
described above. The CD50 and CD97 doses
of PTZ were obtained from the dose-response
study in  kainic  acid pretreated mice.

Kainic  ac id  induced  se izures  in  PTZ and
nimodip ine  pretreated  mice

Mice were injected with 30.00 mg/kg, ip,
dose  of  PTZ (per  se  subconvuls ive  dose) .
After 15 min of PTZ pretreatment, the mice
were injected with nimodipine (5.00 mg/kg,
ip)  or  0 .2  ml  of  vehic le .  Af ter  15  min  of
n imodip ine  or  veh ic le  admin is t ra t ion ,  the
animals were injected with either CD50 (0.30
mg/kg) or CD97 (1.00 mg/kg) dose of kainic
acid, ip. The mice were observed for 1 h for
the recording of seizure score and percentage
of posit ive responders as described above.

PTZ induced  se izures  in  ka in ic  ac id  and
nimodip ine  pretreated  mice

Mice were injected with 1.00 mg/kg,  ip
dose  of  ka in ic  ac id  (per  se  subconvuls ive
dose) .  Af te r  15  min  of  ka in ic  ac id
pre t rea tment ,  the  mice  were  in jec ted  wi th
n imodip ine  (5 .00  mg/kg ,  ip )  or  0 .2  ml  of
vehic le .  Af te r  15  min  of  n imodip ine  or
veh ic le  admin is t ra t ion ,  the  an imals  were
injected with either CD50 (20.00 mg/kg, ip)
or CD97 (30.00 mg/kg, ip) dose of PTZ. The
mice were observed for 1 h for the recording
of seizure score and percentage of posit ive
responders  as  descr ibed above.

Stat i s t i ca l  ana lys i s

Data  fo r  pos i t ive  responders  were
compared by Fisher’s exact probability test.

The CD50 values  for  PTZ and kainic  ac id
were determined by the graphic method. The
logdose-probit l ines were obtained by least-
square regression analysis.  The approximate
s tandard  e r ror  o f  mean  (SEM) of  CD50
values were calculated using the formula (log
CD84–log CD16)/2N–1/2 where N is the total
number  of  animals  employed in  between 4
and 6 probits. The log values for CD84 and
CD16 were obtained from the regression line
corresponding to probits 6 and 4 respectively
(6) .  Da ta  on  se izure  score  (expressed  as
Mean±SEM) for the different groups of mice
were  ana lyzed  by  nonparamet r ic  Mann-
Whitney U test. A P-value of less than 0.05
was considered s ta t is t ical ly  s ignif icant .

R E S U L T S

Table  I  shows  the  dose- response  s tudy
wi th  ka in ic  ac id  in  f ive  g roups  of  PTZ
pretreated mice.  The data  (Mean±SEM) are
expressed  in  t e rms  of  se izure  score  and
in i t i a t ion  t ime  to  se izure  aga ins t  g raded
doses  of  ka in ic  ac id  ranging f rom 0 .12  to
1.00 mg/kg. At 0.12 mg/kg, the mice showed
a seizure score of 1.4±0.24 while at 1.00 mg/
kg, the observed seizure score was 4.9±0.15.

TABLE I : Dose- response  s tudy  wi th  ka in ic  ac id  in
PTZ pre t rea ted  mice .

Dose of kainic acid Seizure score Seizure initiation
(mg/kg) (Mean±SEM) time (min)

(Mean±SEM)

0.12 1.4± 0.24 50.0± 1.45
0.25 2.4± 0.16 45.6± 1.02
0.50 3.6± 0.16 42.4± 1.09
0.75 4.2± 0.13 34.5± 0.94
1.00 4.9± 0.15 32.5± 0.89

n=10
Seizure score scale : 0–6
Per se  subconvulsive dose of PTZ : 30 mg/kg, ip
pretreatment time : 15 min.
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Seizure score data showed graded incremental
response with increasing doses of kainic acid.
Se izure  in i t i a t ion  t ime  showed graded
decremental response to increasing doses of
ka in ic  ac id .  The  animals  became s luggish ,
l ess  ac t ive ,  in i t i a l ly  on  ka in ic  ac id
adminis t ra t ion .  Af ter  somet ime,  in  a  dose-
dependent  manner ,  the  an imals  became
res t less ,  showed p i loerec t ion ,  c lon ic
convuls ions ,  rea r ing  and  fa l l ing  down
episodes .  Al l  the  an imals  showing
convuls ions  had  increased  sa l iva t ion ,
ur ina t ion  and  defeca t ion .

Fig. 1 shows the graded log dose-probit
curve derived from the percentage of positive
responders  ( se izure  score  ≥ 3) against five
graded doses of kainic acid ranging from 0.12
to 1.00 mg/kg in PTZ pretreated mice.  The
observed pos i t ive  se izure  response  a t  0 .12
mg/kg was found to be 20% (probit = 4.16)
whi le  a t  1 .00  mg/kg ,  100% (cor rec ted
value = 97.5%; probit = 6.96) of the mice had
posi t ive seizure response.  There was l inear

increase  in  pos i t ive  responders  wi th
increasing doses of kainic acid. The derived
CD50±SEM value for kainic acid was found
to be 0.30±0.08 mg/kg.  Fig.  1  inset  shows
the doses of kainic acid against probit 4, 5
and 6 which were 0.10 mg/kg,  0 .30 mg/kg
and 0.90 mg/kg respectively.

Table  I I  shows the dose-response s tudy
wi th  PTZ in  ka in ic  ac id  p re t rea ted  f ive

Fig.  1 : Log-dose probit  curve depict ing CD50 value of  kainic  acid in PTZ (30 mg/kg) pretreated mice.

I n s e t
X (Probit 4) : 0.1 mg/kg
Y (Probit 5) : 0.3 mg/kg
Z (Probit 6) : 0.9 mg/kg
CD50±SEM : 0.3±0.08 mg/kg

Log Dose (mg/kg) of Kainic Acid
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TABLE I I : Dose - response  s tudy  wi th  PTZ in  ka in ic
ac id  p re t rea ted  mice .

Dose of PTZ Seizure score Seizure initiation
(mg/kg) (Mean±SEM) time (min)

(Mean±SEM)

1 0 1.5± 0.18 44.2± 2.20
1 5 2.8± 0.27 39.0± 2.34
2 0 3.2± 0.44 31.1± 3.14
2 5 3.8± 0.21 27.0± 1.44
3 0 4.2± 0.15 26.6± 2.53

n=10
Seizure score scale : 0–6
Per se subconvulsive dose of kainic acid : 1 mg/kg, ip
pretreatment time : 15 min.
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groups of  mice.  The data  (Mean±SEM) are
expressed  in  t e rms  of  se izure  score  and
in i t i a t ion  t ime  to  se izure  aga ins t  g raded
doses of PTZ ranging from 10.00 mg/kg to
30 .00  mg/kg .  At  10 .00  mg/kg ,  the  se izure
score was 1.5±0.18 while at 30.00 mg/kg, it
was  4 .2±0 .15 .  Se izure  score  da ta  showed
graded incremental response with increasing
doses  o f  PTZ.  In i t i a t ion  t ime  to  se izure
showed decrementa l  response  wi th
increasing doses of PTZ.

Fig.  2  shows the  graded logdose-probi t
curve derived from the percentage of positive
responders against five graded doses of PTZ
ranging from 10.00 mg/kg to 30.00 mg/kg in
ka in ic  ac id  p re t rea ted  mice .  The  observed
positive seizure response at 10.00 mg/kg was
found to be zero (corrected value 2.5%; probit
3 .03)  whi le  a t  30 .00  mg/kg ,  a l l  the  mice
showed posit ive seizure response (corrected
va lue  97 .5%;  prob i t -6 .96) .  At  in te rven ing
doses, there was graded response to positive
responders .  The  der ived  CD50±SEM va lue

for PTZ in kainic acid pretreated mice was
found to be 20.00±0.92 mg/kg. Fig. 2 inset
shows the doses of PTZ against probit 4, 5
and 6 which were 12.60 mg/kg, 20.00 mg/kg
and 28.84 mg/kg respectively.

Table III shows the effect of nimodipine
(5.00 mg/kg, pretreatment t ime: 15 min) on

Fig.  2 : Log-dose probit  curve depict ing CD50 value of  PTZ in kainic acid (1.00 mg/kg,  ip)  pretreated mice.

I n s e t
X (Probit 4) : 12.60 mg/kg
Y (Probit 5) : 20.00 mg/kg
Z (Probit 6) : 28.84 mg/kg
CD50±SEM : 20.00±0.92 mg/kg
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TABLE I I I : Effect of nimodipine (5.00 mg/kg, ip) on
CD50 (0 .30  mg/kg ,  ip )  and  CD97 (1 .00
mg/kg ,  ip )  doses  of  ka in ic  ac id  in  PTZ
(30.00 mg/kg, ip) pretreated mice (n=10).

S r . Groups % of +ve Seizure score
no. responders (Mean±SEM)

1 . Vehicle + PTZ + 6 0 3.1± 0.46
Kainic acid (0.30 mg/kg)

2 . Nimodipine + PTZ + 20* 1.8±0.26*
Kainic acid (0.30 mg/kg)

3 . Vehicle + PTZ + 100 4.6± 0.15
Kainic acid (1.00 mg/kg)

4 . Nimodipine + PTZ + 50 # 2.8± 0.35#

Kainic acid (1.00 mg/kg)

*P<0.05 versus serial no. 1.
#P<0.05 versus serial no. 3.
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CD50 (0.30 mg/kg, ip, derived from logdose-
probit  l ine,  Fig.  1) and CD97 (1.00 mg/kg,
ip, obtained from actual observational study)
doses of kainic acid in PTZ (administered at
subconvuls ive  dose)  p re t rea ted  mice .  As
compared  to  the  veh ic le  t rea ted  con t ro l
group,  nimodipine signif icantly reduced the
percentage of positive responders from 60%
to 20% (against CD50 dose) and from 100%
to 50% (against CD97 dose of kainic acid).
Nimodip ine  a l so  s ign i f ican t ly  reduced  the
se izure  score  f rom 3 .1±0 .46  to  1 .8±0 .26
(agains t  CD50 dose)  and f rom 4.6±0.15 to
2.8±0.35 (against CD97 dose of kainic acid).

Table IV shows the effect of nimodipine
(5.00 mg/kg, ip,  pretreatment time: 15 min)
on  CD50 (20 .00  mg/kg ,  ip ,  der ived  f rom
logdose-probit line, Fig. 2) and CD97 (30.00
mg/kg, ip, obtained from actual observational
s tudy)  doses  o f  PTZ in  ka in ic  ac id
(admin is te red  a t  subconvuls ive  dose)
pretreated mice. As compared to the vehicle
t rea ted  con t ro l  g roup ,  n imodip ine
s ign i f ican t ly  reduced  the  percen tage  of
positive responders as well as seizure score
against both CD50 and CD97 doses of PTZ.

D I S C U S S I O N

In  the  p resen t  s tudy ,  i t  was  observed
tha t  PTZ a t  the  subconvuls ive  dose
synergised  wi th  the  subconvuls ive  dose  of
kainic acid to produce frank seizures in mice.
Similar ly ,  kainic  acid  a t  the  subconvuls ive
dose synergised with the subconvulsive dose
of PTZ result ing in frank seizures in mice.
The per se subconvulsive dose for PTZ (i.e.
30.00 mg/kg, ip) and that of kainic acid (1.00
mg/kg ,  ip )  were  der ived  f rom prev ious ly
conducted dose-response studies (unpublished
observa t ion) .  In  those  s tud ies ,  the
CD50±SEM value for PTZ per se and that of
ka in ic  ac id  per  se  were  found  to  be
50.00±2.67 mg/kg, ip  and 2.50±0.32 mg/kg,
ip  respec t ive ly .  However ,  in  the  p resen t
s tudy,  s imi lar  values  ( i .e .  CD50±SEM) for
PTZ in  ka in ic  ac id  pre t rea ted  animals  and
that of kainic acid in PTZ pretreated animals
were found to be 20.00±0.92 mg/kg, ip  and
0.30±0.08 mg/kg, ip  respectively. The latter
CD50±SEM values for PTZ and kainic acid
were  s ignif icant ly  less  as  compared to  the
per se CD50±SEM values for PTZ and kainic
ac id  as  observed  in  the  p rev ious  s tud ies
(unpublished observation). Thus, pretreatment
with subconvulsive dose of PTZ or kainic acid
to  mice ,  s igni f icant ly  a t tenuates  the  CD50
value  fo r  the  o ther  agen t  s ign i fy ing
synerg i s t i c  in te rac t ion  be tween  the  two
chemoconvulsan ts .  The  convulsan t  ro le  o f
PTZ (7) and kainic acid (8) have been well
character ized,  however ,  there  are  very few
publ i shed  documents  on  the  proconvulsan t
ro le  o f  these  two chemoconvulsan ts  a t
subconvuls ive  doses .  However ,  the  exac t
mechanism behind  the  synerg i s t i c
interact ion between PTZ and kainic acid is
unclear.  The nature of seizure,  as observed
in both the groups of mice (i.e. PTZ induced
se izure  in  ka in ic  add  pre t rea ted  mice  and

TABLE IV : Effect of nimodipine (5.00 mg/kg, ip) on
CD50 (20.00 mg/kg, ip) and CD97 (30.00
mg/kg ,  ip )  doses  of  PTZ in  ka in ic  ac id
(1.00 mg/kg,  ip)  pretreated mice (n=10).

S r . Groups % of +ve Seizure score
no. responders (Mean±SEM)

1 . Vehicle + kainic acid + 60 3.2±0.26
PTZ (20.00 mg/kg)

2. Nimodipine + kainic acid + 20* 1.7± 0.32*
PTZ (20.00 mg/kg)

3. Vehicle + kainic acid + 100 4.8±0.40
PTZ (30.00 mg/kg)

4. Nimodipine + kainic acid + 40# 2.6± 0.82#

PTZ (30.00 mg/kg)

*P<0.05 versus serial no. 1.
#P<0.05 versus serial no. 3.
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ka in ic  ac id  induced  se izure  in  PTZ
pretreated mice)  were qual i ta t ively s imilar .
After administration of PTZ and kainic add,
the  an imals  became less  ac t ive .  Af te r
somet ime,  the  an imals  showed grea te r
locomotor activity and erection of body hair.
Al l  the  mice  tha t  showed convuls ions  had
increased  sa l iva t ion ,  de feca t ion  and
urination. Some of the mice showed ‘Straub’s
ta i l ’  phenomenon,  wr i th ing  movement ,
rea r ing  and  fa l l ing  down ep isodes .  Clon ic
convulsions were noted in mice in  a  dose-
dependent  manner .

PTZ is reported to be a selective blacker
of  the  ch lor ide  ionophore  coupled  to  the
GABA-A recep tor  (9 ) .  GABA-A recep tor
th rough  ch lor ide  an ion  in f lux  renders  the
neurons  hyperpo la r ized  and  thus  l ess
exc i tab le .  GABA is  the  na tura l  l igand  for
GABA-A receptor  and is  reported to be an
inh ib i to ry  neuro t ransmi t te r  and  of fe rs
ant i se izure  ac t iv i ty  (10) .  At  subconvuls ive
doses, PTZ couples to the chloride ionophore
to  a  l imi ted  ex ten t  l ead ing  to  a  s ta te  o f
neurona l  hyperexc i tab i l i ty  by  an tagoniz ing
the effect of GABA. It might be possible that
such  hyperexc i tab le  neurons  respond  to
subthreshold dose of  another  proconvulsant
th rough  summat ion  of  exc i ta to ry  po ten t ia l
leading to the origin of depolarization shift
and spread of excitable impulse. Kainic acid,
on the other  hand,  exci tes  kainate receptor
which belongs to a subgroup of the ionotropic
glutamate receptor and is widely distributed
in mammalian central  nervous system (11) .
Exc i ta t ion  of  ka ina te  recep tors  l eads  to
GABAergic cell loss (12) and rapid influx of
ca lc ium ion  to  overwhelm the  ce l l ’ s  Ca 2+

homeostatic capabilities (13). The synergistic
interaction between PTZ and kainic acid as
observed  in  the  p resen t  s tudy  cou ld  be
there fore ,  due  to  b lockade  of  inh ib i to ry

GABA-A receptor mediated hyperpolarisation
coupled to excitation of neurons due to kainic
ac id  induced  s t imula t ion  of  exc i ta to ry
g lu taminerg ic  sys tem.

Ear l ie r  severa l  g roups  of  workers  had
repor ted  the  p ro tec t ive  e f f icacy  of
nimodipine in different  seizure models (14,
15) .  Nimodip ine  i s  a  cen t ra l ly  se lec t ive
dihydropyridine calcium channel blocker.  In
the present study, Nimodipine was found to
offer significant protection to the mice from
se izures  evoked  th rough  combined  use  of
PTZ and kainic acid i .e.  in the two models
of  se izures  developed in  the  present  s tudy
namely  PTZ induced  se izures  in  ka in ic
ac id  pr imed mice  and  ka in ic  ac id  induced
se izure  in  PTZ pr imed mice .  Nimodip ine
administration did not cause sedation to the
animals .  The seizure protect ive eff icacy of
nimodipine could be related to the blocking
of  Ca 2+ in f lux  th rough  vo l tage  ga ted  L-
channels on the neurons (16).  It  might also
be possible that  nimodipine interacted with
CaR (neurona l  membrane  bound  recep tor
tha t  a re  sens i t ive  to  the  concen t ra t ion  of
extracellular Ca2+) and thereby regulated the
ac t iv i ty  o f  Ca 2+ pe rmeable  non-se lec t ive
ca t ion  channe l  (NCC) .  CaR has  been
pos tu la ted  to  modula te  key  neurona l
functions including neuronal excitability and
neuro t ransmiss ion  (17) .

Thus,  this  s tudy has establ ished two in
vivo models of seizures. It has demonstrated
the synergism between kainic acid and PTZ
in producing seizures in mice.  Further ,  the
study observed the protective rote of in vivo
adminis t ra t ion  of  5 .00  mg/kg  dose  of
n imodip ine  in  bo th  the  se izure  models ,
thereby highlighting the role of Ca2+ in the
genesis of seizure (18).



272 Shitak  et  al Indian J Physiol Pharmacol 2006; 50(3)

R E F E R E N C E S

1 . Coyle  JT .  Ka in ic  ac id :  ins igh t  in to  exc i t a to ry
mechan i sm caus ing  se lec t ive  neurona l
degenera t ion .  Clba Found Symp  1987;  126:  186–
203 .

2 . Mie t t inen  R ,  Kot t i  T ,  Tuunanen  J ,  Topp inen  A,
Riekkinen P Sr ,  Halonen T.  Hippocampal  damage
after injection of kainic acid into the rat entorhinal
cortex.  Brain Res  1998;  813:  9–17.

3 . Yin HZ, Park DD, Lindsay AD, Weiss JH. Spinal
cord  neurons  a re  vu lnerab le  to  rap id ly  t r iggered
kainite neurotoxity in vitro.  Brain Res  1995; 689:
265–270 .

4 . Kra l l  RL,  Penry  JK,  Whi te  BG,  Kufe rbe rg  HJ ,
Swinyard EA. Antiepi lept ic  drug development:  II .
Anticonvulsant drug screening. Epilepsia 1978; 19:
409–428 .

5 . Giorgi O, Orlandi M, Lecca D, Corda MG. MK-801
preven t s  chemica l  k ind l ing  induced  by
Pentylenetetrazole in rats.  Eur J Pharmacol  1991;
193:  363–365.

6 . Ghosh MN. Toxici ty  Studies .  In  Fundamentals  of
Exper imen ta l  Pharmaco logy  (Ghosh  MN ed)  3 rd
edi t ion.  Hi l ton & Company,  Kolkata ;  2005;  190–
197 .

7 . Swinyard  EA.  Labora to ry  eva lua t ion  o f
ant iepi lept ic  drugs.  Epilepsia  1969;  10:  107–119.

8 . Okamota  M,  Sak iyama  J ,  Mor i  S  e t  a l .  Ka in ic
acid induced convulsions causes prolonged changes
in the chondroit in sulphate proteoglycan neurocan
and  phosphocan  in  the  l imbic  s t ruc tu re .  Exp
Neurol  2003;  184:  179–195.

9 . Ramanjaneyu lu  R ,  T icku  MJ .  In te rac t ion  o f
pen tamethy lene te t razo le  and  t e t r azo le  ana logues
with the picrotoxin s i te  of  benzodiazepine-GABA
recep to r–  ion tophore  complex .  Eur  J  Pharmaco l
1984; 98:  337–345.

1 0 . Meldrum BS.  Amino  ac id  neuro t ransmi t t e r s  and
new approaches  to  an t i convu l san t  d rug  ac t ion .
Epilepsia  1984;  25(Suppl  2) :  S140–S149.

1 1 . Monagham DT,  Cotman CW.  The  d i s t r ibu t ion  of
[3H]  ka in ic  ac id  b ind ing  s i t e s  in  r a t s  CNS as
de te rmined  by  au torad iography .  Brain  Res  1982;
252:  91–100.

1 2 . Perez  MT,  Davanger  S .  Dis t r ibu t ion  o f  GABA
immunoreac t iv i ty  in  ka in ic  ac id  t r ea ted  rabb i t
ret ina.  Exp Brain Res  1994;  100:  227–238.

1 3 . Yin  HZ,  Sens i  SL ,  Car r i edo  SG,  Weiss  JH.
Dendr i t i c  loca l i za t ion  o f  Ca 2+-pe rmeab le  AMPA/
Kaina te  channe l s  in  h ippocampal  pyramida l
neurons.  J Comp Neurol  1999;  409:  250–260.

1 4 . Chakrabarti   A, Saini HK, Garg SK. Dose finding
s tudy  wi th  n imodip ine :  a  se lec t ive  CNS Ca 2+

channe l  b locker  on  aminophy l l ine  induced
seizure models  in  ra ts .  Brain Res Bul l  1998;  45:
495–499 .

1 5 . Meyer  FB,  Anderson  RE,  Sund t  TM,  Yaksh  TL,
Sharbrough FW. Suppress ion  of  PTZ se izures  by
ora l  admin i s t r a t ion  o f  a  d ihydropyr id ine  Ca 2+

antagonis t .  Epilepsia  1987;  28:  409–413.

1 6 . Paczynski RP, Meyer FB, Andersen RE. Effect  of
d ihydropyr id ine  Ca 2+ channe l  an tagon i s t
nimodipine on kainic acid induced limbic seizures.
Epilepsy Res  1990; 6:  33–38.

1 7 . Ye C, Ho-Pao CL, Kanazirska MP, et al. Deficient
ca t ion  channe l  r egu la t ion  in  neurons  f rom mice
with  targeted disrupt ion of  the  extracel lu lar  Ca 2+

sens ing  receptor  gene .  Brain  Res  Bul l  1997;  44:
75–84 .

1 8 . Johns ton  D,  Brown TH.  Mechan i sm of  neurona l
burst generations. In Electrophysiology of epilepsy
(Schwar tzkro in  PS ,  Whea l  HV eds )  Academic
Press ,  New York;  1984;  277–290.


