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Abstract 
The role of adenylate cyclase (AC) inhibitor (SQ22536) was evaluated in the presence of PDE-5/6/8/10/11 and PDE-7 
inhibitors such as dipyridamole and BRL-50481 in animal models of epilepsy. Seizures were induced in the animals by 
subjecting them to injection of chemical convulsant, pentylenetetrazole (PTZ) and maximal electroshock (MES). The 
study mainly comprises of the onset of seizures, mortality/recovery, percentage of prevention of seizures (anti-
convulsant) and total duration of convulsive time. Present study mainly highlights the combined effects of AC inhibitor 
SQ22536 with dipyridamole as well as BRL50481 showed a good reduction (P<0.001) in incidence of seizures, 
compared to SQ22536 and BRL50481 alone treated mice against PTZ (60 mg/kg, i.p.) model. The total convulsive time 
was prolonged significantly (P<0.01) in SQ22536 alone treated (60.2%) and in with combination of SQ22536 with 
BRL50481 treated (27.4%) groups, compared to DMSO received group (100%). The study also demonstrates that 
SQ22536 alone, SQ22536 followed by dipyridamole and SQ22536 with BRL50481 greatly increased the 
anticonvulsant activity (P<0.01, P<0.05 and P<0.01) along with higher protection 83.3%, 66.7% and 50% range 
respectively. SQ22536 with dipyridamole effectively (P<0.001) decreased the MES (150 mA, 0.2 sec) induced 
convulsion, compared to SQ22536. The data shows that SQ22536 alone, SQ22536 followed by dipyridamole and 
SQ22536 with BRL50481 greatly increased the anti-convulsant activity (P<0.01, P<0.01 and P<0.01) along with higher 
protection 83.3%, 50% and 66.7% range respectively in animals pre-treated with MES. The results suggest the 
possible involvement of SQ22536 alone and with presence of dipyridamole and BRL50481, delays the onset of seizure 
activity as well as prolongs the total duration of convulsive time in both models. 
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Introduction 
 Epilepsy is a common health problem and affects more 
than 50 million people worldwide, 5 million of them have 
seizures more than once per month (Porter, 1988). 
Approximately 5-10% of the population usually develops 
seizure at least once during their lifetime, with the highest 
incidence occurring in early childhood and late adulthood 
(Lowenstein, 2001). A seizure is a sudden change in 
behaviour characterized by changes in sensory 
perception (sense of feeling) or motor activity (movement) 
due to an abnormal firing of nerve cells in the brain. 
Epilepsy is a condition characterized by recurrent 
seizures that may include repetitive muscle jerking called 
convulsions. Epilepsy is a complex disease with diverse 
clinical characteristics that preclude a singular 
mechanism. One way to gain insight into potential 
mechanisms is to reduce the features of epilepsy to its 
basic components: seizures, epileptogenesis and the 
state of recurrent unprovoked seizures that defines 
epilepsy itself. A common way to explain seizures in a 
normal individual is that a disruption has occurred in the 
normal balance of excitation and inhibition. The fact that 
multiple mechanisms exist is not surprising given the 
varied ways the normal nervous system controls this 
balance. In contrast, understanding seizures in the brain 
of an individual with epilepsy is more difficult because 
seizures are typically superimposed on an altered 

nervous system. The different environment includes 
diverse changes, making mechanistic predictions a 
challenge. Understanding the mechanisms of seizures in 
an individual with epilepsy is also more complex than 
understanding the mechanisms of seizures in a normal 
individual because epilepsy is not necessarily a static 
condition but can continue to evolve over the lifespan 
(Scharfman, 2007).  
 The cyclic adenosine 3', 5'-monophosphate (cAMP) 
plays a major role in the generation of seizure activity. An 
elevation in cAMP content has been reported in the 
cerebral cortex accompanying chemically induced 
epileptic activity (Walker et al., 1973; Krivanek & Mares, 
1977; Ferrendelli et al., 1980). The adenylate cyclase 
(AC), an important transmembrane enzyme possesses 
certain activity in the brain which promotes the 
intracellular level of cAMP, from adenosine triphosphate 
(ATP) (Seamon et al., 1981; Higashima et al., 2002). In 
epileptic conditions the cAMP concentration in the 
cerebrospinal fluid is also elevated after an attack (Myllyla 
et al., 1975). cAMP plays a key function by controlling a 
wide variety of cellular processes (Houslay et al., 1998; 
Houslay, 2001) also which acts as a ubiquitous second 
messenger and modulator of signal transduction 
processes (Houslay, 1998). This cAMP is generated by 
the action of adenylate cyclase (Houslay & Milligan, 
1997) and degraded by hydrolysis process, which is 
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regulated by a family of cyclic nucleotide 
phosphodiesterases (PDEs) (Conti & Jin 1999; Soldering 
& Beavo, 2000).  
 PDE enzymes regulate the degradation of cAMP a 
product of the adenylate cyclase activation and could 
contribute to the pathophysiology of the seizure 
mechanisms. PDE enzymes are responsible for the 
hydrolysis of the cyclic nucleotides and therefore have a 
critical role in regulating intracellular levels of the second 
messengers cAMP, cGMP and hence cell function as well 
as downstream cell signalling in the various body 
systems (Maurice et al., 2003). Recent evidence shows 
that the cyclic nucleotide phosphodiesterases exist in 
several molecular forms and that these isozymes are 
unequally distributed in various tissues (Jeon et al., 
2005). Twelve members of the PDE family have been 
identified and these can be further divided into 50 
isoforms of subtypes and splice variants (Wallace et al., 
2005). Out of the twelve PDE gene families, PDE-5 & 6 
belong to cGMP-specific (Francis et al., 1990; Loughney 
et al., 1998; Wang et al., 2001) PDE-7 & 8 are cAMP-
specific (Michaeli et al., 1993; Soderling et al., 1998), 
PDE-10&11 related with cGMP-sensitive and dual 
specificity (Loughney et al., 1999; Yuasa et al., 2000). 
Clinical signs of epilepsy arise from the intermittent, 
excessively synchronized activity of group of neurons. 
Different neurotransmitters and neuro-modulators are 
known to play a significant role in the system of excitation 
(Fisher & Coyle, 1991). 
 The present study examines the role of adenylate 
cyclase in the presence of cyclic nucleotide 
phosphodiesterase-5/6/7/8/10/11 inhibitors in the 
generation of seizure threshold. We used 
pharmacological tools like SQ-22536 (adenylate cyclase 
inhibitor), Dipyridamole (PDE-5/6/8/10/11 inhibitor) and 
BRL-50481 (PDE-7 inhibitor) to block and attenuate the 
effects of PDE and evaluate the effect on chemical 
convulsant and maximal electroshock induced seizures in 
mice and rats. 
Materials and methods 
 Either sex of Swiss Albino mice weighing between 24-
26 g and Wistar strain rats weighing between 160-220 g 
were utilized for this study. The animals were placed 
randomly and allocated to treatment groups in 
polypropylene cages with paddy husk as bedding. 
Animals were housed at temperature of 24 ± 20C and 
relative humidity of 30-70%. A 12:12 dark: light cycle was 
followed during the experiments. All the animals were 
allowed free access to water ad libitum and fed with 
standard commercial pelleted rat chow (M/s. Hindustan 
Lever Ltd., Mumbai). All the experimental procedures and 
protocols used in this study were reviewed by the 
institutional animal ethical committee and were in 
accordance with the guidelines of the CPCSEA. 
Drugs and chemicals 
 The following drugs and chemicals were used for 
conducting this study. 10% w/v of dimethyl sulfoxide 

(DMSO) Sigma, USA, gabapentin (Micro labs Ltd., 
Bangalore, India), SQ22536 (Sigma, USA), zonisamide 
(Sun Pharma, Mumbai, India), dipyridamole (Tocris 
Bioscience, UK), BRL50481 (Tocris Bioscience, UK) and 
except gabapentin and zonisamide, other drugs are 
soluble in DMSO, gabapentin and zonisamide are soluble 
in sterile water for injection. 
A. Chemoshock method 
Pentylenetetrazole (PTZ) or metrazol (MTZ) induced 
seizure model in mice 
 Swice Albino mice were divided into 7 groups with six 
animals (n=6) in each. Treatment protocol and group 
description is mentioned as follows:  
Group - I : Mice served as solvent control, received 10 

% w/v of DMSO (5 ml/kg, i.p). 
Group - II : Mice received gabapentin (2.5 mg/kg, i.p) 

treated as positive control. 
Group- III : Mice received SQ22536 (1nmol/kg, i.p) an 

adenylate cyclase inhibitor. 
Group -IV : Mice received dipyridamole (2 mg/kg, i.p) a 

PDE-5/6/8/10/11 Inhibitor. 
Group -V : Mice received BRL50481 (2mg/kg, i.p) a 

PDE-7 inhibitor. 
Group-VI : Mice received SQ22536 (1nmol/kg, i.p) 

along with dipyridamole (2 mg/kg, i.p)  combination of 
adenylate cyclase inhibitor and PDE-5/6/8/10/11 
inhibitor. 

Group-VII: Mice received SQ22536 (1 nmol/kg, i.p) 
along with BRL50481 (2 mg/kg, i.p) combination of 
adenylate cyclase inhibitor and PDE-7 inhibitor. 

All the drugs were administered intraperitoneally 30 min 
prior to the administration of pentylenetetrazole (60 
mg/kg, i.p). The animals were observed for 1 h by placing 
in a separate cage. The onset time of various phases of 
convulsions like action, jerky movement, convulsions and 
recovery/mortality were noted in seconds as per (Yemitan 
& Salahdeen, 2005; Salahdeen & Yemiten, 2006) 
method. 
B. Maximal electroshocks (MES) method for rats 
 Wistar strain rats were divided into 7 groups with six 
animals (n=6) in each. Treatment protocol and group 
description is mentioned as follows:  
Group- I: Rats served as solvent control, received 10 % 

w/v of DMSO (3.5 ml/kg, i.p). 
Group- II: Rats received zonisamide (35 mg/kg, i.p.), 

treated as positive  control. 
Group- III : Rats received SQ22536 (0.7 nmol/kg, i.p) an 

adenylate cyclase inhibitor, 
Group- IV: Rats received dipyridamole (1.4 mg/kg, i.p) 

a PDE-5/6/8/10/11 inhibitor. 
Group-V: Rats received BRL50481 (1.4 mg/kg, i.p) a 

PDE-7 inhibitor. 
Group-VI: Rats received SQ22536 (0.7 nmol/kg, i.p) 

along with dipyridamole (1.4 mg/kg, i.p) combination of 
adenylate cyclase inhibitor and PDE-5/6/8/10/11 
inhibitor. 
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Group-VII: Rats received SQ22536 (0.7 nmol/kg, i.p) 
along with BRL50481 (1.4 mg/kg, i.p) combination of 
adenylate cyclase inhibitor and PDE-7 inhibitor. 

All the drugs were administered intraperitoneally 30 min 
prior to the electroshock. The electroshock was induced 
in animals by passing a current of 150 mA for 0.2 sec 
duration through electroconvulsiometer (Techno India) 
using corneal electrodes. The incidence of seizures, tonic 
limb flexion, tonic extensor, clonus, stupor and recovery / 
mortality of the animals were observed and tabulated as 
per Achliya et al. (2005). 

Statistical analysis  
 All the results were expressed as mean ± SEM. One 
way analysis of variance (ANOVA) followed by Tukey-
Kramer multiple comparisons test was applied. The 
statistical analysis of the data in order to compare the 
inter group differences and one way analysis of variance 
(ANOVA) followed by Dunnett’s test was also used. To 
compare with DMSO treated group the estimation of total 
duration of convulsion time in seconds and percentage of 
change from control were analysed in Table 1 and 2. P 
values <0.05 were considered as statistically significant. 

Results  
Evaluation of onset of seizures 
A. Chemoshock method 
Pentylenetetrazole (PTZ) or Metrazol (MTZ) induced 
seizure model in mice: Fig. 1, 2 and 3 summarizes the 

data obtained from experiments conducted with PDE- 
5/6/7/8/10/11 inhibitors along with adenylate cyclase 
activator and inhibitor on chemoshock such as PTZ (60 
mg/kg, i.p) induced seizures in mice. The highlights of the 
findings are the data obtained with combination of AC 
inhibitor, SQ22536 and dipyridamole which showed a 
good reduction (P<0.001) in onset of action, jerky 
movements and convulsion against PTZ induced seizures 
in mice when compared to SQ22536 alone received 
group of animals (Fig. 1, 2 & 3). The combination of 
SQ22536 and PDE-7 inhibitor, BRL50481 received mice 

showed a significant (P<0.001) decrease in seizure 
activity when compared to SQ22536 and BRL50481 
alone treated mice (Fig. 1, 2 & 3). The overall highlights 
of Fig. 1, 2 and 3 explicit the individual effect of AC 
inhibitor, SQ22536 which delays the onset of action of 
seizures as well as prolongs the total duration of 
convulsive time (Table 1).  
 Table 1 summarizes the total duration of convulsion, 
percentage change from control, mortality and protection 
in incredible levels of percentage. The total convulsive 
time was prolonged significantly (P<0.01) in SQ22536 

alone treated (60.2%) and combination of SQ22536 with 
BRL50481 treated (27.4%) groups compared to DMSO 
received group (100%).  The data shows that 83.3% and 
66.7% of protection of animals were noticed in SQ22536 
and i.p injection of SQ22536 followed by dipyridamole 

Table 1. Effect of drugs on pentylenetetrazole induced seizures in mice. 
Treatment 

groups 
Drug name Total duration of 

convulsion (Sec) 
% change from control 

(Convulsive time) 
Mortality 

(%) 
Protection 

(%) 
Significance

I 10% DMSO 212.50 100 83.3 16.7 --
II Gabapentin 275.00 29.4 33.3 66.7 P<0.01
III SQ22536 340.05 60.2 16.7 83.3 P<0.01
IV Dipyridamole 240.31 13.2 50.0 50.0 NS
V BRL50481 210.40 0.9 66.7 33.3 NS
VI SQ22536+Dipyridamole 260.18 22.5 33.3 66.7 P<0.05
VII SQ22536 + BRL50481 270.42 27.4 50.0 50.0 P<0.01

The group of mice (n=6) were injected with 60 mg/kg, i.p. of PTZ for induction of convulsion and the total convulsive time was 
estimated. A value of P<0.05 was considered significant Vs DMSO group, NS= P > 0.05. All the drugs were administered 

intraperitoneally. The drugs used were administered in the following doses. DMSO (5 ml/kg, i.p.), Gabapentin (2.5 mg/kg, i.p.), 
SQ22536 (1 nmol/kg, i.p.), Dipyridamole (2 mg/kg, i.p.) and BRL50481 (2 mg/kg, i.p.). (One way ANOVA followed by Dunnett’s 

test compared with DMSO treated mice) 
 

Table 2. Effect of drugs on maximal electroshock induced seizures in rats. 

Treatment 
groups 

Drug name 
Total duration of 
convulsion (Sec) 

% change from control 
(convulsive time) 

Mortality 
(%) 

Protection 
(%) 

Significance 

I 10% DMSO 236.50 100 100 -- --
II Zonisamide 285.00 20.6 33.3 66.7 P<0.05
III SQ22536 335.00 41.7 16.7 83.3 P<0.01
IV Dipyridamole 260.81 10.3 33.3 66.7 NS
V BRL50481 283.45 19.9 83.3 16.7 P<0.05
VI SQ22536 + Dipyridamole 290.40 22.8 50.0 50.0 P<0.01
VII SQ22536 + BRL50481 330.47 39.7 33.3 66.7 P<0.01

The group of rats (n=6) were subjected to 150 mA (0.2 sec) electroshock and total convulsive time was estimated. A value of 
P<0.05 was considered significant Vs DMSO group, NS= P > 0.05. All the drugs were injected intraperitoneally. The drugs used 

were administered in the following doses. DMSO (3.5 ml/kg, i.p), zonisamide (35 mg/kg, i.p), SQ22536 (0.7 nmol/kg, i.p), 
Dipyridamole (1.4 mg/kg, i.p) and BRL50481 (1.4 mg/kg, i.p). (One way ANOVA followed by Dunnett’s test compared with DMSO 

treated rats). 
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treated groups against PTZ induced seizures in mice. The 
results show that there was an increase in seizure activity 
(0.9%) in BRL50481 treated alone animals. Apart from 
these highlighted points, the author would like to discuss 
few things from the data obtained (data not shown), Fig 1, 
2 and 3 expresses the action of animals against PTZ 
induced seizures as follows, gabapentin treated group 
showed significant (P<0.001) reduction in onset of action 
and jerky movements of seizures, when compare to all 

groups except SQ22536 (NS). The data shown in 
Table 1 also demonstrates that i.p administration 
of SQ22536 (1 nmol/kg, i.p) greatly increased the 
anticonvulsant activity (P<0.01) along with higher 
protection (83.3%) range. Simultaneously, the 
combined effect of SQ22536 with exogenously 
administered BRL50481 (2 mg/kg, i.p) and 
SQ22536 with dipyridamole (2 mg/kg, i.p) showed 
a significant (P<0.01 & P<0.05) anti-convulsant 
activity with moderate protection (50% & 66.7%) 
range respectively (Table 1). A similar trend was 
noted in the results obtained from SQ22536 
received groups explicit mild reduction (P<0.05) in 
convulsion compared to gabapentin. SQ22536, 
dipyridamole and BRL50481 treated groups 
showed a significant reduction (P<0.001) in jerky 
movements against DMSO received mice (data 
not shown). 
Maximal electroshocks (MES) method for rats 
  Fig. 4, 5, 6 and 7 illustrate the data obtained 
from experiments conducted with maximal 
electroshock induced seizures in rats. It is evident 
from the data displayed in fig. 4, 5 and 6 that 
combination of AC inhibitor, SQ22536 and 
dipyridamole effectively (P<0.001) decreased the 
tonic limb flexion, tonic extensor and clonus stage 
of convulsion, compared to SQ22536 alone 
treated rats. The same significant level (P<0.001) 
was obtained in SQ22536 combined with 
BRL50481, instead of dipyridamole (Fig. 4, 5 & 6).  
The overall highlights of fig. 4, 5, 6 and 7 explicit 
the BRL50481 alone received group, potentiates 
the seizure activity against MES induced 
convulsion. Emphasis was also seen on the 
independent effect of AC inhibitor, SQ22536 in 
delaying the onset of seizure activity (Fig. 4, 5, 6 & 
7) as well as prolonging the total duration of 
convulsive time (Table 2).  
 Table 2 demonstrated the total duration of 
convulsion, percentage change from control, 
mortality and protection in marked levels of 
percentage. The total convulsive time was long 
lasting significantly (P<0.01) in SQ22536 alone 
treated (41.7%) and combination of SQ22536 with 
BRL50481 treated group increase significantly 
(P<0.01) the duration of convulsion (39.7%), 
compared to DMSO received group (100%).  The 
data showed that 83.3% and 66.7% of protection 

of animals were noticed in SQ22536 and i.p injection of 
SQ22536 followed by BRL50481 treated groups against 
MES induced seizures in rats. From Table 2 it was 
evident that there was a significant increase in seizure 
activity (10.3%) when dipyridamole treated alone. Apart 
from these highlighted points, the author would like to 
discuss few things from the data obtained (data not 
shown) the action of animals against MES induced 
seizures. Gabapentin, SQ22536, SQ22536 with  

Fig. 2. Effect of PDE-5/6/7/8/10/11 inhibitors along with 
adenylate cyclase Inhibitor on chemoshock seizures in mice. 
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Data represented as mean ± SEM (n=6), which represents onset 
time of jerky movement phase of convulsion in seconds. Treatments 
were given 30 mins prior to chemical convulsant injection of PTZ (60 
mg/kg, i.p). ΔΔΔ Denotes p<0.001 compared with SQ22536 received 

group, ΨΨΨ denotes p<0.001 compared with BRL50481 received 
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Fig. 1. Effect of PDE-5/6/7/8/10/11 inhibitors along with adenylate 
cyclase inhibitor on chemoshock seizures in mice. 
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dipyridamole, SQ22536 with BRL50481 treated groups 
showed significant (P<0.001) reduction in onset of tonic 
limb flexion phase of convulsion, when compare to 
DMSO. Simultaneously, the individual effect of SQ22536 
and dipyridamole received groups showed a significant 

(P<0.001) reduction in tonic extensor phase of 
convulsion, against gabapentin treated group. 
Table 2 reveals that i.p administration of 
SQ22536 (0.7 nmol/kg, i.p) greatly enhances 
the anti-convulsant activity (P<0.01) along 
with higher protection (83.3%) range. At the 
same time, the combined effect of SQ22536 
with exogenously administered BRL50481 
(1.4 mg/kg, i.p) and SQ22536 with 
dipyridamole (1.4 mg/kg, i.p) showed a 
significant (P<0.01 and P<0.01) anti-
convulsing activity with judicious protection 
(66.7% and 50%) range respectively (Table 
2.).  
Discussion 
 The data obtained from this study showed 
that pre-treatment with adenylate cyclase 
inhibitor, SQ22536 alone and along with the 
PDE-5/6/7/8/10/11 inhibitors such as 
dipyridamole and BRL 50481, potentiated the 
anticonvulsant activity against the PTZ and 
MES induced convulsions as depicted in Fig. 
1-7. PDE-5/6/8/10/11 inhibitor, dipyridamole is 
an adenosine transport inhibitor, which acts 
mainly in two ways: (i) by increasing cyclic 
nucleotides as a result of the inhibition of 
phosphodiesterase (especially type 5, which 
is cGMP dependent) (Lugnier et al., 1986) 
and (ii) by increasing extracellular levels of 
adenosine (Roos & Pleger, 1972) which leads 
to the activation of adenylate cyclase (Gresele 
et al., 1986) to convert adenosine into cAMP. 
Secondly, it also inhibits cGMP- 
phosphodiesterase, increasing the amount of 
intracellular cGMP which may augment the 
downstream signalling effects of nitric oxide 
(NO), a vasodilator and inhibitor of platelet 
aggregation (Gamboa et al., 2005; Liao, 
2007). Dipyridamole also increases cAMP by 
inhibiting the cellular uptake of adenosine 
(Roos & Pleger, 1972). Our results support 
these findings in such a way that this 
combination showed a good reduction 
(P<0.001) in induction of seizure activity 
against PTZ and MES induced seizures in 
animals when compared to SQ22536 alone 
received group of animals (Fig. 1-7).  
 SQ22536 is a specific adenylate cyclase 
(AC) inhibitor (35) which was employed to 
inhibit the activity of AC. Recent study 
explains that SQ22536 abolished the 
elevation of cAMP (Gao & Usha Raj, 2001). 
Our study also explains that the BRL50481 

showed a quick onset of seizure responses with increase 
in the mortality range in both animal models of epilepsy 
and this shows the potential role of this agent for 
therapeutic purpose. Murray (1990) discovered that 

Fig. 3. Effect of PDE-5/6/7/8/10/11 inhibitors along with adenylate 
cyclase inhibitor on chemoshock seizures in mice. 
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Fig. 4. Effect of PDE-5/6/7/8/10/11 inhibitors along with adenylate cyclase
inhibitor on maximal electroshock induced convulsions in rats. 

Data represented as mean ± SEM (n=6), which represents onset time of tonic 
limb flexion phase of convulsion in seconds. Treatments were given 30 mins 

prior to maximal electroshock (150 mA, 0.2 sec). ΔΔΔ denotes p<0.001 
compared with SQ22536 received group, ΨΨΨ denotes p<0.001 compared 

with BRL50481 received group, ♣♣♣ denotes  p<0.001 compared with 
dipyridamole received group   group (One-way ANOVA followed by Tukey-

Kramer multiple comparisons test). 
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adenylate cyclase assay reveals the direct effect of AC 
activator providing the net effect of measurement of 
cAMP production by AC and cAMP degradation by PDEs 
(37). In mammalian cells, AC consists of at least 10 
isoforms (Sunahara et al., 1996) some isoforms are 
stimulated by Ca2+-calmodulin and inhibited by 
calmodulin antagonists (Mons et al., 1998). Since the 
decrease in cAMP was largely based on usage of 
SQ22536, acting predominantly by Ca2+-calmodulin 
dependent (Sunahara et al., 1996). Recent study shows 

that SQ22536 abolished the elevation of 
cAMP content by iloprost (a prostaglandin I2 

analog) in guinea-pig which supports our 
findings (Turcato & Clap, 1999). 
 BRL50481 is a selective inhibitor of PDE-
7, a novel subtype of PDE that is expressed 
in a number of cell types, including T 
lymphocytes. There are at least two genes 
coding for PDE7, each with several splice 
variants (Adkinson, 2008). Two PDE7 genes 
(PDE7A & PDE7B) have been identified in 
humans (Gardner et al., 2000; Hetman et al., 
2000). Li et al. (1999) suggested that PDE 7 
may modulate human T-cell function. PDE7 
is highly expressed in brain regions, 
including the hippocampus and olfactory 
bulb (Miro et al., 2001; Irisarri et al., 2005). 
The distribution of PDE 7A3 is largely 
unknown, but it has been found in human T-
lymphocytes (Glavas et al., 2001) and may 
also be present in many PDE7A1-expressing 
cells as both transcripts are probably 
regulated by the same promoter (Torras-
Llort & Azorin, 2003). In contrast, PDE7B is 
abundant in the brain, liver, heart, thyroid 
glands, and skeletal muscles, but it is not 
found in leukocytes (Gardner et al., 2000). 
Our study reports concurrence with 
combined effects of SQ22536 with 
exogenously administered BRL50481 (1.4 
mg/kg, i.p) and SQ22536 with dipyridamole 
(1.4 mg/kg, i.p) showing a significant 
(P<0.01 and P<0.01) anticonvulsant activity 
with judicious protection (66.7% & 50%) 
range respectively against MES model as 
depicted in Table 2. Fig. 4, 5, 6 and 7 
illustrates the PDE-7 inhibitor, BRL50481 
showed a marked (P<0.01) decrease in 
onset of tonic extensor phase of convulsion 
in MES model of epilepsy. The total 
convulsive time was prolonged significantly 
(P<0.01) in SQ22536 alone treated (60.2%) 
and combination of SQ22536 with 
BRL50481 treated (27.4%) groups, 
compared to DMSO received group (100%) 
as in Table 1.  
 Thus, in conclusion the study reflects the 

individual effect of adenylate cyclase (AC) inhibitor, 
SQ22536 delay the onset of action of seizures as well as 
prolonging the total duration of convulsive time in both 
PTZ and MES models of epilepsy. The SQ22536 greatly 
increased the anti-convulsant activity along with higher 
percentage protection range of animals in both models of 
epilepsy. Further studies can be conducted using specific 
neuronal cell lines and elucidating the exact signal 
transduction mechanisms responsible for anti-convulsant 
effects. 

Data represented as mean ± SEM (n=6), which represents onset time of 
clonus phase of convulsion in seconds. Treatments were given 30 mins prior 
to maximal electroshock (150 mA, 0.2 sec). ΔΔΔ Denotes p<0.001 compared 
with SQ22536 received group, ΨΨ denotes p<0.01 compared with BRL50481 

received group, ♣ denotes p<0.05 compared with dipyridamole received 
group   group (One-way ANOVA followed by Tukey-Kramer multiple 

comparisons test). 

Fig. 6. Effect of PDE-5/6/7/8/10/11 inhibitors along with adenylate cyclase
inhibitor on maximal electroshock induced convulsions in rats. 
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Data represented as mean ± SEM (n=6), which represents onset time of 
tonic extensor phase of convulsion in seconds. Treatments were given 30 

min prior to maximal electroshock (150 mA, 0.2 sec). ΔΔΔ Denotes 
p<0.001 compared with SQ22536 received group, ΨΨΨ denotes p<0.001 

compared with BRL50481 received group, ♣♣♣ denotes p<0.001 
compared with dipyridamole received group group (One-way ANOVA 

followed by Tukey-Kramer multiple comparisons test). 

Fig. 5. Effect of PDE-5/6/7/8/10/11 inhibitors along with adenylate 
cyclase inhibitor on maximal electroshock induced convulsions in rats. 

0

10

20

30

40

50

60

70

80

90

DMSO Zonisamide SQ22536 Dipyridamole BRL50481 SQ+Dipyr SQ+BRL

O
ns

et
 ti

m
e 

(S
ec

)

Tonic extensor

ΔΔΔ,
ΨΨΨ

ΔΔΔ,
♣♣♣



716 
 
Indian Journal of Science and Technology                                                        Vol. 3   No. 7   (July  2010)                 ISSN: 0974- 6846 
 

Research article                                                                      “Treating the epilepsy”                                                             Nandhakumar & Tyagi 
©Indian Society for Education and Environment (iSee)                                         http://www.indjst.org                                                                                              Indian J.Sci.Technol. 

 
References 
1. Achliya GS, Wadodkar SG and Darle AK (2005) 

Evaluation of CNS activity of Bramhi Ghrita. Ind. J. 
Pharmacol. 37, 33-36. 

2. Adkinson: Middleton's allergy (2008) Principles and 
practice, 7th ed. copyright ©  Mosby, an imprint of 
Elsevier.  

3. Conti M and Jin SL (1999) The molecular biology of 
cyclic nucleotide phosphodiesterases. Prog. Nuclic Acid 
Res. Mol. Biol. 63, 1-38. 

4. Ferrendelli JA, Blank AC, Gross RA (1980) Relationships 
between seizure activity and cyclic nucleotide levels in 
brain. Brain Res. 200, 93-103. 

5. Fisher RS & Coyle JT (1991) In summary: 
Neurotransmitters and epilepsy (Wiley-Liss: New york) 
247. 

6. Francis SH, Thomas MK and Corbin JD (1990) Cyclic 
GMP-binding cyclic GMP-specific phosphodiesterase 
from lung. In cyclic nucleotide phosphodiesterases: 
Structure, regulation and drug action (Beavo J & Houslay 
MD, eds.), John Wiley & Sons, Chichester, pp117–139. 

7. Gamboa A, Abraham R, Diedrich A, Shibao C, Paranjape 
SY, Farley G and Biaggioni I (2005) Role of adenosine 
and nitric oxide on the mechanisms of action of 
dipyridamole. Stroke. 36, 2170–2175. 

8. Gao Y and Usha Raj J (2001) SQ22536 and W-7 inhibit 
forskolin-induced cAMP elevation but not relaxation in 
newborn ovine pulmonary veins. Euro. J. Pharmacol. 
418, 111-116. 

9. Gardner C, Robas N, Cawkill D and Fidock M (2000) 
Cloning and characterization of the human and mouse 

PDE 7B, a novel cAMP-specific cyclic 
nucleotide phosphodiesterase. Biochem. 
Biophys. Res. Commun. 272, 186-192. 

10. Gardner C, Robas N, Cawkill D and Fidock 
M (2000) Cloning and characterization of 
the human and mouse PDE7B, a novel 
cAMP-specific cyclic nucleotide 
phosphodiesterase. Biochem. Biophys. 
Res. Commun. 272, 186-192. 

11. Glavas NA, Ostenson C, Schaefer JB, 
Vasta V and Beavo JA (2001) T cell 
activation up-regulates cyclic nucleotide 
phosphodiesterases 8A1 and 7A3. Proc. 
Natl. Acad. Sci. USA. 98, 6319-6324. 

12. Gresele P, Arnout J, Deckmyn H and 
Vermylen J (1986) Mechanism of anti-
platelet action of dipyridamole in whole 
blood: modulation of adenosine 
concentration and activity. Thromb. 
Haemostasis. 55, 12–18. 

13. Haslam RJ, Davidson MM and Desjardins 
JV (1978) Inhibition of adenylate cyclase by 
adenosine analogues in preparations of 
broken and intact human platelets. 
Evidence for the unidirectional control of 
platelet function by cyclic AMP. Biochem. J. 
176, 83–95. 

14. Hetman JM, Soderling SH, Glavas NA and 
Beavo JA (2000) Cloning and 

characterization of PDE7B, a cAMP-specific 
phosphodiesterase. Proc. Natl. Acad. Sci. USA 97, 472-
476. 

15. Higashima M, Ohno K and Kushino Y (2002) Cyclic AMP-
mediated modulation of epileptiform after discharge 
generation in rat hippocampal slices. Brain Res. 949, 
157-161. 

16. Houslay MD (1998) Adaptation in cyclic AMP signaling 
processes: A central role for cyclic AMP 
phosphodiesterases. Seminal Cell Development Biol. 9, 
161-167. 

17. Houslay MD (2001) PDE 4 cAMP-specific 
phosphodiesterases. Prog. Nucleic Acid Res. Mol. Biol. 
69, 249-315. 

18. Houslay MD and Milligan G (1997) Tailoring cAMP-
Signalling responses through isoform multiplicity. Trend. 
Biochem. Sci. 22, 217-224. 

19. Houslay MD, Sullivan M and Bolger GB (1998) The 
multienzyme PDE4 cyclic adenosine monophosphate 
specific phosphodiesterase family: intracellular targeting, 
regulation, and selective inhibition by compounds 
exerting anti-inflammatory and anti-depressant actions. 
Adv. Pharmacol. 44, 225-342. 

20. Jeon YH, Heo YS, Kim CM, Hyun YL, Lee TG, Ro S and 
Cho JM (2005) Phosphodiesterase: overview of protein 
structures, potential therapeutic applications and recent 
progress in drug development. Cell Mol. Life Sci. 62(11), 
1198-1220. 

21. Krivanek J and Mares P (1977) Cyclic adenosine 3', 5’-
monophosphate in epileptogenic foci induced by 
penicillin.  Neurosci. Lett. 6, 329-332. 

Data represented as mean ± SEM (n=6), which represents onset time of stupor 
phase of convulsion in seconds. Treatments were given 30 mins prior to 

maximal electroshock (150 mA, 0.2 sec). ΨΨΨ denotes p<0.001 compared 
with BRL50481 received group, ♣♣♣ denotes  p<0.001 compared with 

dipyridamole received group   group and ns denotes non significant  (One-way 
ANOVA followed by Tukey-Kramer multiple comparisons test). 

Fig. 7. Effect of PDE-5/6/7/8/10/11 inhibitors along with adenylate 
cyclase inhibitor on maximal electroshock induced convulsions in rats. 

0

20

40

60

80

100

120

140

160

DMSO Zonisamide SQ22536 Dipyridamole BRL50481 SQ+Dipyr SQ+BRL

O
ns

et
 ti

m
e 

(S
ec

)

Stupor

ns,
 ΨΨΨ

  ns,
♣♣♣



717 
 
Indian Journal of Science and Technology                                                        Vol. 3   No. 7   (July  2010)                 ISSN: 0974- 6846 
 

Research article                                                                      “Treating the epilepsy”                                                             Nandhakumar & Tyagi 
©Indian Society for Education and Environment (iSee)                                         http://www.indjst.org                                                                                              Indian J.Sci.Technol. 

22. Li L, Yee C and Beavo JA (1999) CD3 and CD28 
dependent induction of PDE7 required for T cell 
activation. Science. 283, 848-851. 

23. Liao JK (2007) Secondary prevention of stroke and 
transient ischemic attack:  is more platelet inhibition the 
answer? Circulation. 115, 1615–1621. 

24. Loughney K, Hill TR, Florio VA, Uher L, Rosman GJ, 
Wolda SL, Jones BA, Howard ML, McAllister-Lucas LM 
and Sonnenburg WK (1998) Isolation and 
characterization of cDNAs encoding PDE5A, a human 
cGMP-binding, cGMP-specific 3’,5’cyclic nucleotide 
phosphodiesterase. Gene. 216, 139–147. 

25. Loughney K, Snyder PB, Uher L, Rosman GJ, Ferguson 
K and Florio VA (1999) Isolation and characterization of 
PDE10A, a novel human 3’,5’-cyclic nucleotide 
phosphodiesterase. Gene. 234, 109–117. 

26. Lowenstein DH (2001) Seizures and epilepsy in 
Harrison's principles of internal medicine. Vol. 1 edited 
by Braunwald E, Fauci AS, Kasper DL, Hauser SL, 
Longo DL and Jameson JL (McGraw-hill medical 
publishing division, New York). p2354. 

27. Lugnier C, Schoeffter P, Le Bec A, Strowthou E, Stoclet 
JC and Strasbourg FR (1986) Selective inhibition of 
cyclic nucleotide phosphodiesterase of human, bovine 
and rat aorta. Biochem. Pharmacol. 35, 1743–1751. 

28. Maurice DH, Palmer D, Tilley DG, Dunkerley HA, 
Netherton SJ and Raymond DR (2003) Cyclic nucleotide 
phosphodiesterase activity, expression, and targeting in 
cells of the cardiovascular system. Mol. Pharmacol. 64, 
533-546. 

29. Michaeli T, Bloom TJ, Martins T, Loughney K, Ferguson 
K, Riggs M, Rodgers L, Beavo JA and Wigler M (1993) 
Isolation and characterization of a previously undetected 
human cAMP phosphodiesterase by complementation of 
cAMP phosphodiesterase-deficient Saccharomyces 
cerevisiae. J. Biol. Chem. 268, 12925–12932. 

30. Miro X, Perez-Torres S, Palacios JM, Puigdomenech P 
and Mengod G (2001) Differential distribution of cAMP-
specific phosphodiesterase 7A mRNA in rat brain and 
peripheral organs. Synapse. 40, 201-214. 

31. Mons N, Decorte L, Jaffard R and Cooper DM (1998) 
Ca2+-sensitive adenylyl cyclases, key integrators of 
cellular signalling. Life Sci. 62, 1647–1652. 

32. Murray KJ (1990) Cyclic AMP and mechanisms of 
vasodilation. Pharmacol. Ther. 47, 329–345. 

33. Myllyla VV, Heikkinen ER, Vapatalo H and Hokkanen E 
(1975) Cyclic AMP concentration and enzyme activities 
of cerebrospinal fluid in patients with epilepsy or central 
nervous system damage. Eur. Neurol. 13, 123-130. 

34. Porter RJ (1988) Therapy of epilepsy. Curr. Opin. 
Neurol. Neurosurg. 1(2), 206-211. 

35. Reyes-Irisarri E, Perez-Torres S and Mengod G (2005) 
Neuronal expression of cAMP-specific 
phosphodiesterase 7B mRNA in the rat brain. 
Neurosci.132, 1173-85.   

36. Roos H and Pleger K (1972) Kinetics of adenosine 
uptake by erythrocytes, and the influence of 
dipyridamole. Mol. Pharmacol. 8, 417–425. 

37. Salahdeen HM and Yemitan OK (2006) Neuro 
pharmacological effects of aqueous leaf extract of 

Bryophyllum pinnatum in mice. Afr. J. Bio. Med. Res. 9, 
101-107.  

38. Scharfman HE (2007) The neurobiology of epilepsy, 
current neurology and neuroscience reports. 7(4), 348-354. 

39. Seamon KB, Padgett W and Daly JW (1981) Forskolin: 
unique diterpene activator of adenylate cyclase in 
membranes and intact cells. Proc. of the Nat. Academy 
of Sci. of the USA. 78, 3363-3367. 

40. Soderling SH, Bayuga SJ and Beavo JA (1998) Cloning 
and characterization of a cAMP-specific cyclic nucleotide 
phosphodiesterase. Proc. Natl. Acad. Sci. USA, 95, 
8991–8996. 

41. Soldering SH and Beavo JA (2000) Regulation of cAMP 
and cGMP signalling: new phosphodiesterases and new 
functions. Curr. Opin. Cell Biol. 12, 174-179. 

42. Sunahara RK, Dessauer CW and Gilman AG (1996) 
Complexity and diversity of mammalian adenylyl 
cyclases. Annu. Rev. Pharmacol. Toxicol. 36, 461–480. 

43. Torras-Llort M and Azorin F (2003) Functional 
characterization of the human phosphodiesterase 7A1 
promoter. Biochem. J. 373, 835-843. 

44. Turcato S and Clapp LH (1999) Effects of the adenylyl 
cyclase inhibitor SQ22536 on iloprost-induced 
vasorelaxation and cyclic AMP elevation in isolated 
guinea-pig aorta. Br. J. Pharmacol. 126, 845–847. 

45. Walker JE, Lewin E, Sheppard JR and Cromwell R 
(1973) Enzymatic regulation of adenosine 3',5'-
monophosphate (cyclic AMP) in the freezing 
epileptogenic lesion of rat brain and in homologus 
contralateral cortex.  J. Neurochem. 21, 79-85. 

46. Wallace DA, Johnston LA, Huston E, Macmaster D, 
Houslay TM and Cheung YF (2005) Identification and 
characterization of PDE4A11 a novel, widely expressed 
long isoform encoded by the human PDE4A cAMP 
phosphodiesterase gene. Mol. Pharmacol. 67, 1920–
1934. 

47. Wang P, Wu P, Myers JG, Stamford A, Egan RW and 
Billah MM (2001) Characterization of human, dog and 
rabbit corpus cavernosum type 5 phosphodiesterases. 
Life Sci. 68, 1977–1987. 

48. Yemitan OK and Salahdeen HM (2005) Neuroselective 
and muscle relaxant activities of aqueous extract of 
Bryophyllum pinnatum. Fitoterpia.  76,187-93. 

49. Yuasa K, Kotera J, Fujishige K, Michibata H, Sasaki T 
and Omori K (2000) Isolation and characterization of two 
novel phosphodiesterase PDE11A variants showing 
unique structure and tissue-specific expression. J. Biol. 
Chem. 275, 31469–31479. 

 
 
 
 
 
 
 


