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Abstract 
 

This study was conducted to investigate the role of specific phosphodiesterase-3  (PDE-3) in-
hibitors like amrinone and milrinone in the generation of seizures in albino Swiss mice. 
Generation of seizures were carried out in the animals by subjecting them to injection of a 
chemical convulsant, isoniazid (INH) at the dose of 500mg/kg, s.c and by subjecting them to 
maximal electroshock (MES) at 60 mA for 0.2 sec. The animals were pre-treated with vari-
ous dose levels of amrinone (0.5 mg/kg, 0.6 mg/kg and 0.7 mg/kg, i.p) and milrinone 
(50μg/kg, 100 μg/kg, 200μg/kg, 300 μg/kg, i.p) 20 mins prior to the INH or MES. The control 
group of animals received normal saline (5 ml/kg i.p) 20 mins prior to the injection of INH , 
or before subjecting the animals to MES. PDE-3 inhibitors significantly enhanced the onset 
of seizures induced by INH and MES. In particular, milrinone potentiated the convulsive 
phenomenon more significantly (p<0.05 and p< 0.001) when compared with amrinone. 

 
Introduction 
 
Epilepsy is one of the most common affliction of human 
beings with a prevalence rate of approximately 1 % of the 
total population [1]. Seizure is a characteristic feature in 
epilepsy and is associated with disordered and rhythmic 
high frequency discharge of impulses by a group of neu-
rons in the brain. The pathophysiological basis for epilep-
tic disorders is both complex and intricate. The search for 
newer antiepileptic drugs have focussed the research on 
cell signaling elements like the cytoskeletal structures, 
transmembrane enzymes and ion channel modulators. 
 
There is recent evidence that the cyclic nucleotide phos-
phodiesterases exist in several molecular forms and that 
these isozymes are unequally distributed in various tissue 
makes the phosphodiesterases particularly suitable targets 
for pharmacologic manipulation, for it suggests that by 
finding selective inhibitors of the different phosphodi-
esterase isozymes, one may be able to raise the concentra-
tion of cyclic nucleotides in discrete cell types [2]. 
Through the selective inhibition of the major phosphodi-
esterase isozyme of a diseased tissue, it may then be pos-
sible to alter the course of diseases characterized by an 
abnormal metabolism of cyclic nucleotides.  

  
Twelve members of the family have been identified and 
these can be further divided into a number of subtypes 
and splice variants. The PDE types differ in their amino-
acid sequence, substrate specificities, kinetic properties, 
allosteric regulators, inhibitor sensitivities and in their 
organ, tissue and sub cellular distribution [3,4]. PDE-3 is 
characterized by its high affinity for cAMP and cGMP. 
cAMP is postulated to be anticonvulsant while cGMP is 
considered to be proconvulsant [5]. PDE-3 enzyme is 
highly expressed in the hippocampus, striatum and other 
discrete sites of the brain and may affect the influx of 
Ca2+ ions [6,7].  
 
In mammals, PDE are encoded by at least 19 different 
genes and PDE isoforms are expressed differently in dif-
ferent tissues [8]. Electroshock has been reported to in-
crease the expression of PDE 4 isoform in rat brains sug-
gesting ECS regulates the activity of cAMP system by 
modifying PDE isoform expression [9,10]. However these 
studies were limited to PDE 4 family in the cerebral cor-
tex and the hippocampus.  
This study was hitherto designed carefully to examine and 
investigate the role of cyclic phosphodiesterase III in the 
generation of convulsive seizures. We used pharmacol-
ogical tools like amrinone and milrinone to block the 
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PDE-3  and evaluate the effect on maximal electroshock 
and chemical convulsant induced seizures in mice. 

 
Materials and Methods 
 
Animals used 
 
Swiss Albino mice of either sex weighing between 22-25 
g were utilized for this study.  The animals were kept un-
der standard laboratory conditions. A 12:12 dark: light 
cycle was followed during the experiments.  Animals had 
free access to food and water ad libitum.  The Institutional 
Animal Ethical Committee approved the protocol of this 
study. 
 
Drugs and Chemicals 
 
The following drugs and chemicals were used for con-
ducting this study.  Normal saline (0.9%), Nandha Col-
lege of Pharmacy, Erode. Pentylenetetrazole (Sigma, 
USA), Isoniazid (Fourts India Ltd, Chennai, India), Am-
rinone (Samarth Pharma, India), Milrinone (Sanofi Synth-
elabo Ltd, Mumbai, India). Both amrinone and milrinone 
were diluted with sterile water for injection. Normal sa-
line was administered in a volume of 5ml/kg, i.p. 
 
(i) Isoniazid (INH) induced seizures 
 
Albino mice were divided into different groups each con-
taining six animals (n=6).  Seizures were induced in the 
animals by using chemical convulsant, Isoniazid (INH). 
INH is a GABA synthesis inhibitor, which was injected to 
induce seizures at the dose of 500 mg/kg, s.c as described 
earlier [11]. 15 mins prior to the injection of INH the 
animals were pre-treated with varying doses of amrinone 
(0.5 mg/kg, 0.6 mg/kg and 0.7 mg/kg, i.p) and milrinone 
(50μg/kg, 100 μg/kg, 200 μg/kg and 300 μg/kg, i.p).  On-
set of action, myoclonic jerks, clonus, tonic flexion and 
mortality were noted and tabulated. 
 
(ii) Maximal Electroshock (MES) Method 
 
MES were induced in the animals using a technique de-
scribed earlier [12]. The animals were pre-treated with 
aminone and milrinone in the same dose as mentioned in 
the corneal electrodes. The animals were subjected to 
electroshock (60mA/0.2 secs) via the corneal electrodes. 
After induction of seizures, tonic limb flexion, tonic ex-
tensor, clonus, stupor and recovery/mortality of the ani-
mals were observed and tabulated. 
 
 
 
 
 

 
Biometric Analysis 
 
 The data is represented as mean ± SEM. Statistically sig-
nificant difference was ascertained by ‘P’ value which is 
considered significant of P<0.05 and highly significant of 
P<0.01 as comparisons of different groups were done us-
ing one way ANOVA followed by Dunnett’s test. 
 
Result 
 
Evaluation of onset of seizures 
 
(i) INH induced seizures 
 
Table 1 and 3 shows the data obtained from experiments 
conducted with INH induced seizures.  In animals treated 
with normal saline onset of action were noticed 2830 ± 
52.33 sec and convulsions appeared 3065 ± 45.43 sec 
after INH.  Amrinone in a dose of 0.5 mg/kg significantly 
potentiated the onset of action, jerky movements and con-
vulsions (p<0.05) where as the rate of onset of action, 
jerky movements and convulsions time was reduced sig-
nificantly in the doses like 0.6 mg/kg and 0.7 mg/kg of 
amrinone (p<0.001).  
 
Simultaneously the rate of onset of action, jerky move-
ments and convulsion time was reduced at the great extent 
even in the low doses like (200 μg/mg and 300 μg/mg) of 
milrinone (p<0.001) considerable mortality (67%) was 
observed while using amrinone (0.6 mg/kg and 0.7 mg/-
kg) and milrinone (100 μg/kg, 200 μg/kg and 300 μg/kg). 
 
(ii) Maximal Electroshock Test 
 
Table 2 and 4 illustrates the action of various dose levels 
of amrinone and milrinone against MES induced seizures.  
In which 0.6 mg/kg and 0.7mg/kg of amrinone produced a 
gradual reduction in tonic limb flexion significantly 
(p<0.05) when compared with normal saline. Significant 
(p<0.001) was observed in stupor phase of convulsion at 
the dose of 0.6 mg/kg and 0.7 mg/kg of amrinone. Like-
wise milrinone treated animals showed a significant 
(p<0.001) reduction in tonic limb tonic extensor and stu-
por flexion, phases of convulsion in the 200μg/kg and 300 
μg/kg dose levels.  
 
Milrinone in the doses like 200 μg/kg and 300μg/kg 
treated animals produced the significantly reduced the 
clonus phases of convulsion at the level of p<0.005 and 
p<0.001 respectively. Mortality (67%) was observed in 
both doses like 200μg/kg and 300μg/kg of milrinone. 
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Table 1: Action of various dose levels of amrinone on chemoshock seizures in mice (n=6) 
 

CHEMO-CONVULSANT  
ISONIAZID (INH) 

Onset Time Of Various Phases Of Convulsions (in sec.) 

 
Treatment 
(mg/kg, i.p) 

Action Jerky Movements Convulsions 
 

Normal Saline  
(5 ml/kg, i.p) 

2830 ± 52.33 
 

3000 ±46.47 3065 ± 45.43 

Amrinone  
(0.5 mg/kg, i.p) 

2190 ± 45.82* 
 

2293.33 ± 44.24* 2320 ± 43.42* 

Amrinone  
(0.6 mg/kg, i.p) 

1938 ±37.62** 
 

2025 ± 39.30** 2063.33± 34.79** 

Amrinone 
(0.7 mg/kg, i.p) 

1601.67±17.78** 1681.67± 20.56** 1730 ± 15.27** 

Values are mean ± SEM, represents onset time of various phases of convulsion in seconds.  
Treatments were given 20 mins prior to chemical convulsant injection of INH (500 mg/kg, 
s.c.).  The data were analysed by one-way ANOVA followed by Dunnett’s test.  * p<0.05 
and ** p<0.001, compared to the normal saline treated group. 

 
Table 2:  Action of various dose levels of amrinone on maximal electroshock induced convulsions in mice (n=6) 

 
Onset Time Of Various Phases Of Convulsions (in sec.) Treatment 

(mg/kg, i.p) Tonic Limb Flexion Tonic Extensor Clonus Stupor Recovery/Death
Normal Saline 
(5 ml/kg, i.p) 

5.67±0.33 23.33 ±0.67 36.83±1.38 66.67±1.23 196.25 ±5.55 

Amrinone 
(0.5 mg/kg, i.p) 

4.33±0.21 19.83 ±0.31 37±0.73 59.83±0.6* 226 ±0.82 

Amrinone 
(0.6 mg/kg, i.p) 

3.5±0.22 * 15.5±0.43 * 33.33 ±0.42 53.83 ± 0.6** 207 ±3.72 

Amrinone 
(0.7 mg/kg, i.p) 

3.17±0.17 * 9.83±0.31** 28±0.51* 43±0.86** 207.33±0.42 

Values are mean ± SEM, represents onset time of various phases of convulsion in seconds.  Treatments were given 
20 mins prior to maximal electroshock (60 mA, 0.2 sec).  The data were analysed by one-way ANOVA followed by 
Dunnett’s test.  * p<0.05 and ** p<0.001, compared to the normal saline treated group. 
 

Table 3: Action of various dose levels of milrinone on chemoshock seizures in mice (n=6) 
 

CHEMO-CONVULSANT 
ISONIAZID (INH) 

Onset Time Of Various Phases Of Convulsions (in sec.) 

Treatment 
(mg/kg, i.p) 

Action Jerky Movements Convulsions 
Normal Saline  
(5 ml/kg, i.p) 

2830 ± 52.33 3000±46.47 3065±45.43 

Milrinone  
(50 μg/kg, i.p) 

2520 ± 34.65 2860± 25.31 3060±21.92 

Milrinone  
(100 μg/kg, i.p) 

2220 ± 34.65* 24833±26.04* 2610±25.71* 

Milrinone 
(200 μg/kg, i.p) 

1870 ± 36.04** 2100±30.98** 2270±36.04** 

Milrinone 
(300 μg/kg, i.p) 

1670 ± 21.91** 1890±25.71** 2010±33.76** 

Values are mean ± SEM, represents onset time of various phases of convulsion in seconds.  Treat-
ments were given 20 mins prior to chemical convulsant injection of INH (500 mg/kg, s.c.).  The data 
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were analysed by one-way ANOVA followed by Dunnett’s test.  * p<0.05 and ** p<0.001, com-
pared to the normal saline treated group. 

Table 4: Action of various dose levels of milrinone on maximal electroshock induced convulsions in mice (n=6) 
 

Onset Time Of Various Phases Of Convulsions (in sec.) Treatment  
(mg/kg, i.p) Tonic Limb 

Flexion 
Tonic Extensor Clonus Stupor Recovery/ Death 

Normal Saline 
 (5 ml/kg, i.p) 

5.67 ± 0.33 23.33 ±0.67 36.83 ± 1.38 66.67 ± 1.23 196.25±5.55 

Milrinone  
(50 μg/kg, i.p) 

4.8 ± 0.33 18.3±0.41 36.8 ± 0.41 57.5 ± 0.78* 218.3±0.86 

Milrinone  
(100 μg/kg, i.p) 

3.3 ± 0.20* 15.2±0.49* 32.7 ± 0.82 53.5 ± 0.65** 280±3.14 

Milrinone 
(200 μg/kg, i.p) 

 2.7±0.20 ** 8.7 ±0.3 3** 25.8 ± 0.33 * 47.7 ± 0.65** 235.0±1.71 

Milrinone 
(300 μg/kg, i.p) 

 2.2±0.17 ** 7.3 ±0.33** 20 ± 0.57 ** 39.8 ± 0.69 ** 237.5 ±1.43 

Values are mean ± SEM, represents onset time of various phases of convulsion in seconds.  Treatments were given 20 
mins prior to maximal electroshock (60 mA, 0.2 sec).  The data were analysed by one-way ANOVA followed by Dun-
nett’s test.  * p <0.05 and ** p<0.001, compared to the normal saline treated group. 
 
Discussion 
 
The therapeutic use of theophylline/ aminophylline is as-
sociated with the incidence of intractable seizures and 
mortality [13,14]. The mechanisms involved in these sei-
zures are not well understood and the treatment of the life 
threatening condition is unsatisfactory. The results of this 
study suggest that PDE-3 inhibitors potentiate the electro-
shock and chemical induced seizures. The bipyridine de-
rivative of selective PDE-3 inhibitors such as amrinone 
and milrinone is a new class of positive inotropic drugs 
chemically and pharmacologically distinct from digitalis 
and catecholamines [15,16].  The mechanism of the posi-
tive inotropic effect of PDE inhibitors is similar to that of 
β-adrenergic agents [17]. Milrinone has been the most 
studied and used extensively as PDE-3 inhibitor and it is 
currently used in the acute treatment of heart failure to 
diminish long term risk [18].  This study demonstrates the 
importance of the PDE-3 inhibitors such as amrinone and 
milrinone in the generation of seizure activity with the 
accumulation of cellular levels of cAMP and cGMP by 
inhibiting its metabolism. cAMP accumulation is consid-
ered to be anticonvulsant and cGMP is considered to be 
proconvulsant. 
 
The data obtained from this study show that pre-treatment 
with PDE-3 inhibitors potentiates the onset of action and 
various phases of convulsions against INH and maximal 
electroshock induced convulsions as depicted in Table 1 
to 4.  Our study results also clearly suggest that rate of 
onset of convulsive time was significantly (p<0.05 and 
p<0.001) reduced with increasing the dose levels of both 
amrinone and milirinone against INH and MES induced 
seizures. 
 

Earlier studies suggest that the elevated levels of cGMP 
was found in cortical structure in some experimental mo- 

 
dels of epilepsy [19,20], and the neuronal excitability was 
regulated by cGMP and Ca2+/calmodulin dependent pro-
tein kinase and its phosphorylation process [21].  Apart 
from these findings, PDE-3 inhibitors possess trans-
membrane influx of Ca2+. This influx of Ca2+ is respon-
sible for the phosphorylation process of intracellular pro-
teins, such as ion channels, receptors, enzymes and tran-
scription factors which exhibit significant neuronal excit-
ability and epileptic seizures [22].   
 
On the other hand, phosphorylation of variety of sub-
strates regulates the myriad of physiological process, such 
as immune responses, cardiac and smooth muscle con-
traction, visual response, glycogenolysis, platelet aggre-
gation, ion channel conductance, apoptosis and growth 
control [23]. The present study results also early corre-
spond with the generation of seizure activity due to the 
breakdown of hydrolysis of cGMP which promotes pro-
tein kinase phosphorylation process. 
 
Thus, in conclusion the study shows a definite relation-
ship between the specific PDE-3 inhibitors and increase 
the cellular level of cGMP and Ca2+ ions with the genera-
tion of seizures. The release of free radicals have been 
implicated in many drug and chemical induced toxicities 
[24]. It is possible that increased production of reactive 
oxygen species could result in oxidant/ anti-oxidant im-
balance and thus, precipitate neurotoxicity. Therefore it 
appears that non nucleotide mechanism although not well 
defined could also be contributing significantly to the sei-
zure activity of phosphodiesterase 3 inhibitors.  
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