Acta Pharmacologica Sinica

1988 Jan; 9 (1) : 7-11

Attenuation of pentylenetetrazol kindling of epileptogenesis in rats by

dopaminergic agents

Vijay Lakshmi MEHTA, Sarita BHALLA,

Zafar Ahmed WAFAI

( Neuropharmacology

Laboratory, Department of Pharmacology, Maulana Azad Medical College, New Delhi 110002, India)

ABSTRACT Kindling model of seizure devel-
opment was induced in the rats by chronic
administration of pentylenetetrazol. On chronic
administration of dopamine receptor agonists such
as l-dopa, amphetamine and amantadine, the
average convulsive score with pentylenetetrazol
was attenuated in biphasic manner. Initial
protection from convulsions changed to higher
convulsive scores.

Chronic administration of dopamine recep-
tor biocking agent such as haloperidol, delayed
the development of kindled seizures in contrast
to control rats, Metoclopramide, another
dopaminergic receptor blocking agent did not
attenuate the kindled seizures.

These observations lend support to the
hypothesis that dopamine plays a role in seizure
suppression.

KEY WORDS epilepsy; convulsions; pentylene-
tetrazol; levodopa; amphetamine; amantadine;
haloperidol; metoclopramide

Kindling, an animal model of epilepsy,
refers to the phenomenon whereby repeated
administration of an initially subconvulsive
stimulus eventually results in generalized
motor seizures. Goddard coined the term
‘kindling’ , because of the analogy to light-
ing a fire and recognized its potential as a
model of human epileptogenesis¢*’. A general
hypothesis that kindling gradually induces
a state of inadequate neural inhibition that
participates in the development of generalized
seizures®’, may serve as a model for phar-
macological anticonvulsant testing.

Kindling can be induced by electrical
stimulation or by repeated administration of
sub-convulsant doses of various stimulant
drugs including pentylenetetrazol¢®,
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Inhibitory amino acids, GABA and
taurine, play a minor role in the pathogene-
sis of pentylenctetrazol-induced Kkindling.
Catecholamines are believed to be inhibitory
to the development of seizures, including
those due to amygdaloid kindling. This is
suggested by the observation that depletion
of catecholamines by reserpine and 6-hydroxy-
dopamine facilitated the development of
kindled seizure®>*> and also long-lasting
depletion of catecholamine®’, dopamine and
its increased turnover has been reported in
the brain of kindled rats¢®>,

Recent evidence has focussed attention
on the role of alterations in receptor sen-
sitivity in kindled seizure development¢”’ and
evidence for the possible involvement of
altered dopamine receptors in amygdaloid
kindling has been provided‘®, Since rela-
tively little is known about the influence of
pentylenetetrazol-induced kindling of epilep-
togenesis on dopaminergic mechanisms of the
brain, we studied the effect of wvarious
dopaminergic agonists and antagonists on
pentylenetetrazol-induced kindling model of
epilepsy.

METHODS

56 adult & albino rats kept at a
constant weight (156422 g) throughout the
study by partial reduction of food intake,
water was made available ad 1ib, were select-
ed for the study. All rats were allowed to
acclimate to the laboratory environment for
at least 24-28 h prior to the experiments.

Effect of dopaminergic agents on
pentylenetetrazol kindling 32 rats were
taken and the effect of dopaminergic agents
was seen on pentylenetetrazol kindling. The
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influence of dopamincrgic agonists, [-dopa
(50 mg/kg), d-amphetamine (1 mg/kg) and
amantadine (10 mg/kg) on kindling induced
by chronic pentylenetetrazol (25 mg/kg sc)
administration every 4d for a total of 21
treatments was seen and then the rats (8 in
each group)were maintained drug free for 3 wk,
followed by retest with pentylenetetrazol
(22 .5 mg/kg) and the convulsive score each
time was recorded in a 10-min period follow-
ing sc pentylenetetrazol. The criterion for
scoring®> was: () no response; 1) ear and
facial twitching: 2) 0-50 myoclonic jerks;
3) 50-100 myoclonic jerks: 4) full clonic
convulsion.

The test drugs and normal saline were
injected (ip) 1 h before sc pentylenetetrazol.
All drugs were injected ip in 10 ml/kg.
[-Dopa was dissolved in dilute HCl, d-am-
phetamine and amantadine were prepared in
0.99% saline and haloperidol was prepared
daily in tartaric acid 0.1 mol/L and adjust-
ed to pH 6.5 with NaOH., Pentylenetetra-
zol and metoclopramide were used as official
solution of Bengal Immunity Co Ltd and
IPCA Laboratories Pvt Ltd, respectively.

Infiuence of pretreatment with haloperi-
dol and metoclopramide on pentylenetetrazol
kindling Twenty—four rats were selected
and the effect of haloperidol and metoclo-
pramide pretreatment on pentylenetetrazol-
induced kindling was seen. The rats were
divided into 3 groups of 8 each receiving
daily treatment for 18 d. Group A received
haloperidol 5 mg/kg, group B was given
metoclopramide 1 mg/kg, - while group C
(control) received saline 1 ml/kg. Pentyl-
enetetrazol (25 mg/kg) was injected every d 4,
50 min after haloperidol/metoclopramide/
saline injection, and response parameters were
recorded.

RESULTS

The figures in this study provide the
data observed in rats after chronic treatment
with the dopaminergic agonists I-dopa,

d-amphetamine and amantadine (Tab 1)
and dopaminergic receptor blocking agents
haloperidol and metoclopramide (Tab 2),

Table 1 shows the average convulsive
score obtained by administering dopaminergic
agonists on pentylenetetrazol kindled rats and
were compared with control groups treated
with pentylenetetrazol alone. On chronic
administration of I-dopa, the average convul-
sive score was attenuated in a biphasic man-
ner. After the first 8§ injections of pentyl-
enetetrazol, rats were found to be protected
when [-dopa was injected but as the therapy
with I-dopa was continued and number of
days of treatment increased the protective
response went on declining and then the
average convulsive score began to mount up.
In the last few treatments with I-dopa the
average convulsive score was much more
than in control rats and on the 21 st
treatment the average convulsive score was
much higher than control (p<{0.01).

With amphetamine on chronic administra-
tion, the response was like with [-dopa.
Initially, amphetamine decreased the average
convulsive score but as the treatment with
amphetamine continued, there was an increase
in convulsive score as compared to the
control rats.

Amantadine showed a uniform pattern
of average convulsive activity., From the
very first day of therapy it enhanced the
average convulsive score when compared
with the rats which were treated with
pentylenetetrazol and saline.

Retest with pentylenetetrazol after 3 wk
of drug-free interval did not reduce the
average convulsive score, rather there was a
marked increase, showing that the kindling
phenomenon was established with pentylene-
tetrazol in all the groups (Tab 1), Com-
parison between the 1st and 22nd treatment
(retest) is shown in Tab 1.

In haloperidol-treated rats (Tab 2) the
response with pentylenetetrazol was again
biphasic. With control rats (treated only
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Tab 7. Effects of [-dopa, d-amphetamine and amantadine on PTZ (pentylenetetrazol) kindled rats,
A subconvulsive dose (?5mg/kg) of PTZ was administered during 1-27st treatments, n=g rats,
"p.-0.05, "*p-70.05, “"*p-10.01 vs control,
Convulsive score (X+SD)
Expt Control I-Dopa Amphetamine Amantadine
(PTZ) 50 mg/kg 1mg/kg 10 mg/kg
1 0,0%£0.0 0.040.0" 0.0+0.0" 1.625+1.66***
2 0.625+0.51 0.0+0.0* 0.125+0.35* 2,0+1.06"""
3 0.3756+0,51 0.0£0.0% 0.12540,35* 2,25+1,03%*"
4 0,625+ 0.51 0.0-+-0,0*** 0.0+0,0"** 1.0+0.0%*
5 1.125+0.64 0.0E0.0%*" 0.0+0.0""*" 2,0+-1.,19**
6 0.5+0.07 0.0+0.,0"* 0.0+0.0*" 2,875+0,99***
7 0.25+0.46 0.0+0.0* 0.87510.64*" 1.75+£0.46**"
8 0,12540.35 0.0+0.0" 1.25+0.46*"" 2.87541,24***
9 1.0+0.0 1.0+0.92* 0.37540.51" 1.75+1.66"
10 0.875%+0.35 0.5%+0.07* 0.25+0.46%* 1.875+0.77"**
11 0,875+0.35 0.5+0.07* 1.25+0.46" 1.75+£1.58"
12 0.75+£0.46 1.0%0.31* 0.375E0,51" 2,25+1.,48***
13 0.625+£0.51 1.125+0.83"* 1.25£0,7* 1.875+0,77*"*
14 0.875%+0.35 1.375£1.3"* 1.375%£0.74" 2.0+1.41""
15 1.25%£0.7 1.0+£0,75" 1.25+0.7* 2.875+0.99**"
16 0.875+=0.83 0.875+0.83* 1.0+0.0* 2.2541.,035**"
17 0.875%£0.35 1.2540,96* 1.0+0.0% 2,0+1,06"**
18 0.75+0.7 1.25%£1.03* 1.0£0.0* 2.375+2,25%*
19 1.0%£0.0 1.25+0.7 1.0+0.0* 2.375+2,12**
20 1.25+0.46 1.5+1.19* 1.25+0.7* 2,75+1.16"**
21 1.125£0.64 2,125%40,99** 1.375+0,51"* 2,6254-1,18***
PTZ 22.5 mg/kg was given during retest after a gap of 3 wk,
22 2,2540.46 2,6254+1,3* 2,375+1.18* 3.51+0.75**

with saline and pentylenetetrazol), there was
an increase in the average convulsive score
as the number of days of challenge with
pentylenetetrazol increased, while with halo-
peridol in the initial few treatments, the
average convulsive score was much higher
and it kept on declining as the number of
- challenges increased. With haloperidol in both

Tab 2. Convulsive scores in chronic treatment
with haloperidol and metoclopramide given every
day for 18 d on PTZ kindling and rats were
challenged with PTZ every d 4. Number of rats in
parentheses, X+SD, ‘*p>0.05, **p<0.05,
***p<0.01 vs control,

Control Metoclopramide Haloperidol

Expt PTZ 25 mg/kg 1 mg/kg 5 mg/kg
(8) (8) (7-8)

1 0.625+0,51 0.625+£0,51* 1.428+0,92**
2 0.625£0.51 0.75+0,46* 1.285+0.46**
3 0.375+0.51 0,125+0.35* 1.285+0,48***
4 0.625+0,51 0.25:£0,46* 0.71440.48*
5 1.125+0.64 0.625+0.51* 0.571--0.53*
6 1.25%0.,7 0.5£0,07™* 0,5714-0,53**
7 1.625+1.18

1.0+0.53*

0.428+0.53"*

the initial treatment and the last treatment
with pentylenetetrazol, there was a statistical
difference from the control rats,

With metoclopramide, there was initially
not much difference from the control rats
but later on a tendency to decrease in the
average convulsive score (p<(0.05).

DISCUSSION
Dopaminergic and other neurotransmitter
receptors in general show supersensitivity
(“up-regulation”) when transmitter occupa-
tion of the receptor are decreased by
various experimental manipulations such as

inhibition of synthesis, chronic receptor
blockade by specific receptor antagonist,
denervation by lesioning with chemical

neurotoxins or intense electrical stimulation¢®?,
Subsensitivity  (“down-regulation”) occurs
after prolonged enhancement of neurotrans-
mitter levels by prolonged exposure to ago-
nists, inhibition of re—-uptake or catabolism
and sustained release(®,

Dopaminergic receptor blocking agents,
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haloperidol®® and metoclopramide'®’, were
selected to induce supersensitivity in the rats.
In a parallel series of experiments, [-dopa,
amphetamine and amantadine were used to
induce receptor subsensitivity.

Dopamine receptor supersensitivity de-
creases the rate of amygdaloid kindling(-D
which supports our findings with haloperidol
in case of pentylenetetrazol-induced kindling.
With metoclopramide there was a tendency
for the convulsive score to decline but the
effect on the development of kindling was
not significant as compared to the controls,
probably because haloperidol inhibits both
D, and D, receptors while metoclopramide
does not inhibit adenylate cyclase linked to
D, site!®,

In as much as dopamine receptor
supersensitivity resulted in retarded rates of
seizure development, opposite effect would
have been expected with dopamine receptor
subsensitivity. [-Dopa, amphetamine and
amantadine were administered chronically to
determine if the chronic drug treatment with
these dopaminergic agents, which results in
receptor subsensitivity, would alter the rate
of kindling development.

The dopaminergic agonists, I-dopa, amphe-
tamine and amantadine have not suppressed
the development of kindling phenomenon
which occurred as in the case of control.
Initially, I-dopa (for the first § injections)
and amphetamine (for the first 6 injections)
suppressed the average convulsive response,
which was found to be much Jess with
I-dopa than in control rats (Tab 1) and on
continuation of further treatment, convulsive
score was increased and was more than the
control group, rather it prolonged the
kindled seizure.

I-Dopa and haloperidol act on both D,
and D, subtypes of dopaminergic receptors,
I-dopa is an agonist and stimulates adenylate
cyclase at D, site while haloperidol is an
antagonist and inhibits adenylate cyclase('?),
In our study on kindling phenomenon due

to pentylenetetrazol the effect of these 2
agents was absolutely in opposite direction,
thus confirming their action on the same
receptor subtype.

In case of amphetamine, our results are
comparable with those of others!®> who
have shown that d-amphetamine tends to
prolong established amygdaloid convulsions
in rats.

Amantadine increases the release of
dopamine from central sites and delays the
re-uptake of dopamine by neural cells, It
induced a distinct increase in convulsive
response on chronic administrations, thus
showing this agent is proconvulsive rather
than anticonvulsive.

Supersensitivity and subsensitivity of
dopaminergic receptors in the present study
has attenuated the rate of kindling, as one
expects if dopamine plays a role as an inhib-
itory neurotransmitter to seizure development
and the data suggest that dopamine has an
important role in the suppression of kindled
seizure activity due to pentylenetetrazol.
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