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ABSTRACT

Background: Epilepsy is one common neurological disorder
requiring newer targets and newer drugs for its efficient
management. In the recent days brain renin angiotensin system
has gained immense importance because of its involvement in
seizure regulation.

Objective: To evaluate and compare antiepileptic activity of
different doses olmesartan and telmisartan on MES and PTZ
induced seizure models.

Materials and Methods: Swiss albino mice weighing around
25-30g of either sex were divided into 6 groups: Control (
Distilled Water- 10ml/kg), Standard — Sodium valproate (40mg/
kg), O1 — Olmesartan (2.5mg/kg), O2 — Olmesartan (5mg/kg), T1
- Telmisartan (5mg/kg), T2 — Telmisartan (10mg/kg). After 1hour
of administration of control , test and standard drugs (orally),
convulsions were induced by administering PTZ (70mg/kg —
i.p.) in PTZ model. Seizure latency was the parameter recorded.
In MES model, suppression of tonic hind limb extension was
taken as measure of efficacy.

Result: The results were analysed by one-way-ANOVA followed
by Bonferroni’s multiple comparison test. In MES test, dose
dependently olmesartan and telmisartan significantly reduced
the duration of tonic hindlimb extension in comparison to control
(p<0.05). T2 — 9 + 0.89secs significantly reduced the tonic hind
limb extension compared to other test groups (p<0.05). The
percentage inhibition of seizure was T2-44.3%, 02-28.2%, T1-
17.5%, O1- 12.3% respectively. In PTZ test, dose dependently
olmesartan and telmisartan produced significant increase in
seizure latency (p<0.05). T2 - 206.6+9.83secs significantly
increased seizure latency compared to other test groups
(p<0.05). Percentage protection from seizure is T2-52.6%, O2-
45.13%, T1- 37.5%, O1- 38.4% respectively.

Conclusion: AT1 receptor antagonist, telmisartan and
olmesartan in a dose dependent manner showed increase
in antiepileptic activity. Temisartan at higher dose produced
significant antiepileptic activity in comparison to olmesartan.
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INTRODUCTION

Epilepsies are frequently devastating disorders characterised by
paroxysmal, abnormal, excessive or synchronous neuronal activity
in the brain with 5-10% of the population manifesting atleast one
seizure with the highest incidence occurring in early childhood and
late adulthood [1]. Though there are many antiepileptic agents
available for treatment of epilepsy, there is still need of more
efficacious drugs with target based approach and with lesser side
effects.

Epilepsy may be associated with other comorbid conditions
like hypertension, diabetes, renal disorders etc. Many ongoing
researches have shown that drugs such as ACE inhibitors, calcium
channel blockers, AT Il receptor antagonist etc used for these
disorders may be involved in seizure prevention. Angiotensin |l
receptor subtypes have been the recent target molecules studied in
various experimentation on neuropsychiatric disorders.

Brain has its own intrinsic renin angiotensin system. Brain RAS has
been implicated in functions including regulation of cerebral blood
flow, cerebroprotection, stress, depression, seizure, nociception,
alcohol consumption, memory consolidation with possible roles
in the aetiology of alzheimer’s disease, parkinson’s disease and
diabetes [2]. Angiotensin Il has neurotransmitter role in CNS as
well as it regulates other neurotransmitters such as GABA, NA, 5
HT, Ach release etc [3]. Angiotensin Il inhibits GABAergic synaptic
transmission in dorsolateral periaqueductal gray neurons through
activation of presynaptic AT1 receptors [4]. Hence, ACE inhibitors

and AT1 receptor antagonist can facilitate GABAergic transmission
which is useful in seizure prevention.

Angiontensin receptor antagonists like telmisartan and losartan
were found to enhance the anticonvulsant action of valproate
[5], lamotrigine [6] and topiramate [6] in the mouse models of
maximal electroshock [5]. AT1 receptor antagonist losartan showed
anticonvulsant activity in pentylenetetrazole seizure test [7].

In another study it was shown that losartan significantly increased the
seizure threshold for gabapentin [8]. Telmisartan elicited significant
depression like effects in forced swim test probably by unopposed
AT2 receptor stimulation because of complete blockade of AT1
receptor even at low doses of telmisartan [9]. This mechanism can
also contribute to the anticonvulsant activity of these drugs.

In a rat model of epilepsy it was found that components of RAS
namely ACE and AT1 receptor were upregulated in the brain
following repetitive seizures. Epileptic animals treated with clinically
used doses of losartan and enalapril decreased seizure severities
significantly [7]. Treatment with the AT1 receptor blocker, telmisartan
had neuroprotective effect by reduction of local angiotensin I
expression, blockade of AT1 receptor and relative upregulation of
AT2 receptor function.

With all the above studies suggesting involvement of AT1 receptors
in seizure regulation, present study was undertaken to study
and compare the antiepileptic activity of two commonly used
antihypertensive drugs telmisartan and olmesartan in clinically used
doses in animal models of epilepsy.
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Groups Duration of tonic hind limb extension(secs)
Control 16.16 £ 2.5
Standard 5 +0.63
o1 1416+ 0.75
02 11.6 + 0.51
™ 13.33 £ 1.36
T2 9+0.89

[Table/Fig-1]: Effect of telmisartan and olmesartan on duration of tonic hind limb
extension on MES model

Values are expressed as mean + SD. Statistical analysis of data was carried out by one way ANOVA
followed by post hoc Bonferroni’ s multiple comparison tests., *p-value < 0.05 - significant.,
Percentage inhibition of seizure is measured in comparison to control
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[Table/Fig-2]: Percentage of inhibition of seizure by telmisartan and olmesartan on

MES model

Groups Seizure latency(secs) Duration of seizure(secs)
Control 119 £ 9.59 16.6+0.8
Standard 392.5 + 26.78 3+1.09
O1 160.83 +9.17 6.3 +2.05
02 177.16 £ 10.4 4.6+1.67
T 147.33 £ 7.44 4.5+0.95
T2 206.6 +9.83 3.8+ 1.39

[Table/Fig-3]: Effect of telmisartan and olmesartan on seizure latency and duration
of seizure on PTZ model
Percentage inhibition of seizure is measured in comparison to control.

Values are expressed as mean + SD. Statistical analysis of data was carried out by one way ANOVA
followed by post hoc Bonferroni’ s multiple comparison tests.
*p-value < 0.05 - significant

MATERIALS AND METHODS

Albino mice of either sex of average weight 25-30gm aged 3-4 mnth
were bred in central animal house. They were housed in groups
of three in clean polypropylene cages with 12 h light/dark cycle at
25+2°C and 65+5% humidity. They had access to food (standard
pellet diet, Hindustan Lever Ltd) and water. All experiments were
carried out between 11 AM and 3 PM. The ethical clearance was
obtained from the Institutional Animals Ethical Committee and all the
experiments have been carried according to CPCSEA guidelines.

Test drugs Olmesartan (2.5mg/kg and 5mg/kg), Telmisartan (10mg/
kg and 5mg/kg) and standard drug Valproic acid (40mg/kg) were
used. Distilled water (10ml/kg) was used as vehicle. The vehicle,
standard drug and test drugs were administered orally.

Mice were randomly divided into six groups with six animals in each
group. These six groups were used for MES test. After a wash
period of 2 days the same six groups were used for PTZ test. Test
drugs, vehicle and standard drug were administered orally 1 h prior
to conducting MES and PTZ tests.

EVALUATION OF ANTIEPILEPTIC ACTIVITY

Maximal electroshock induced seizures
Electrical stimulation is applied via ear electrodes with a current
strength of 50 mA for 0.2 sec .The resultant seizure passes through
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[Table/Fig-4]: Percentage inhibition of seizure by telmisartan and olmesartan on

PTZ model

various phases; phase of tonic limb flexion (1.5 sec duration), phase
of tonic limb extension (10 s duration), finally followed by variable
short clonic interval which may lead to asphyxial death in some
animals. Twenty four hoor before testing of anticonvulsants (to avoid
any possible kindling effect) the animals are pre-screened for their
ability to develop full tonic extension in the maximal electroshock
test. Suppression of tonic hind limb extension is taken as measure
of efficacy in this test.

Pentylenetetrazole (PTZ) Induced Convulsion

One hour after test drugs and standard drug administration, 70
mg/kg pentylenetetrazole is injected intraperitonially. Each animal is
placed into an individual plastic cage for observation lasting 30 min.
Within 30 min they develop a sequence of excitement, myoclonic
jerks, clonic seizures, one or more maximal tonic seizures followed
by recovery or some animals may succumb to death. Seizure
latency and abolition of clonic seizures with loss of righting reflex will
be taken as index of protection.

STATISTICAL ANALYSIS

The effect of olmesartan and telmisartan in two different doses on
MES and PTZ models of seizure induction were expressed as mean
+ SD. Percentage inhibition of seizure was calculated respectively.
Data was analysed using one-way-ANOVA followed by Bonferroni’s
multiple comparison tests. p-values <0.05 were considered
significant.

RESULTS

Maximum electroshock induced seizures

The standard drug sodium valproate significantly suppressed the
tonic hind limb extension phase 5+ 0.63 secs with no clonus in
comparison to control group. Olmesartan (O1 & O2) and telmisartan
(T1 & T2) in a dose depedent manner significantly reduced the
duration of hindlimb extensor phase [Table/Fig-1] in comparison
to control. T2 significantly decreased the duration of tonic hind
limb extension in comparison to T1, O1 and O2. The percentage
inhibition of seizure by T2 is 44.3%. Results of MES test on T1, T2,
O1 and O2 is shown in [Table/Fig-1,2].

PTZ induced seizures

In PTZ model, seizure latency by two different doses of Olmesartan
and telmisartan is significantly increased in comparison to control
group as shown in [Table/Fig-3]. T2 significantly increased seizure
latency to 206.6 + 9.83 when compared to T1, O1 and O2.
Percentage protection from seizure by T2 is 52.6% in comparison
to standard drug valproic acid. Results of PTZ test on T1,T2, O1
and O2 is shown in [Table/Fig-3,4].
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DISCUSSION

Epilepsy is a common health problem throughout the world.
Compliance with medication is a major problem because of the
need for long-term therapy together with unwanted effects of many
drugs. In the above study, both telmisartan and olmesartan dose
dependently suppress the duration of hind limb extension in MES
model. Telmisartan at dose of 10mg/kg significantly reduces this
parameter in comparison to control, Sodium valproate, T1, O1 and
02. Percentage inhibition of seizure by T2 is 44.3%, O2 - 28.2%,
01- 12.4% and T1 - 17.5% with maximum inhibition of seizure
produced by T2 in comparison to control on MES test. In PTZ test,
percentage of inhibition of seizure by O1 - 59.3%, O2 — 70.3%, T1
—71% and T2 — 75.4% in comparison to control. This shows that T2
produces significant inhibition of seizure in comparison to control.
In PTZ test, percentage of protection from seizure in comparison
to standard drug is T2 - 52.6%, O2 - 45.13%, O1 - 38.4% and
T1 - 37.5% with maximum protection from seizure produced by T2
in comparison to standard drug (valproic acid).This study suggests
that antiepileptic activity of AT1 receptor antagonists is dose
dependent. Telmisartan has better antiepileptic in comparison to
other AT1 receptor antagonists.

The brain RAS plays an important role in the regulation of
neurogenic hypertension, cerebrovascular fluid homeostasis and
sodium intake, strokes, epilepsy, Alzheimer’s disease , Parkinson’s
disease , depression and stress disorders. Both GLT-1 protein levels
and glutamate uptake were significantly enhanced in the neuron
astrocyte co-cultures after treatment with AT1 receptor antagonist
[10]. Renin angiotensin system(RAS) might have a crucial role in the
regulation of cardiovascular and neurological functions by modulating
glutamate/GABA release in the brain. AT1 receptor blockers
decreased glutamate and increased GABA levels and facilitated
seizure prevention. Telmisartan dissociates very slowly from the
receptors once it is bound and it does not reassociate with receptor
after dissociation [11]. The AT1 receptor antagonist telmisartan can
penetrate the blood-brain barrier in a dose and time-dependent
manner to inhibit centrally mediated effects of angiotensin Il [12].
Telmisartan is more liphophilic and has greater potency at brain AT1
receptors [13]. Angiotensin Il receptor subtypes, called AT1 and AT2
are engaged in action of angiotensin Il. Using a rat model of epilepsy,
it was found that components of the RAS, namely ACE and the AT1
receptor are up-regulated in the brain following repetitive seizures.
AT1 receptors are present within the midbrain periaqueductal gray
area (PAG). Stimulation of AT1 inhibits the synaptic GABA release
in the PAG at the presynaptic GABAergic terminals and angiotensin
Il suppresses GABAergic synaptic inputs to the dorsolateral-PAG
through stimulation of the presynaptic AT1 receptors [4]. AT
receptor antagonists have neuroprotective effects at concentrations
not affecting blood pressure. Stimulation of AT2 receptors can
promote axonal regeneration in vivo after neuronal lesions.

Angiotensin has been shown to act upon a variety of ion channels
such as voltage dependent potassium, calcium currents, non-
selective cationic currents. The effects of angiotensin on these
channels depend mainly on its action at AT1 receptor which
is predominantly involved in neuronal excitability and seizure.
Angiotensin has been shown to modulate the voltage dependent
delayed rectifier potassium current (IK), and IA. Angiotensin increases
total calcium current in response to AT1 receptor activation which is
in turn responsible for this neuronal excitation [14].

Benzodiazepine receptors appear to be pharmacologically important
as the modulator of anxiolytic, anticonvulsant and muscle relaxant
activities in the central nervous system [15]. Stress promotes rapid
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and widespread changes in cortical BZ1 receptor expression and
the stress-induced BZ1 receptor expression is under the control of
AT1 receptor activity. ARBs may affect cortical GABAA receptors
by modulating AT1-GABAA interactions in cortex by regulating
hypothalamic paraventricular nucleus sympathetic system [16].

Reports suggest higher incidence of seizures in presence of pre-
existing chronic inflammatory disorders. Cytokines so produced have
been reported to influence many neurotransmitters like GABA, NA,
acetyl choline as well as neuropeptides. Induction of spontaneously
recurring seizure involves activation of inflammatory cytokines and
related pro and anti-inflammatory gene in hippocampus. Angiotensin
Il is involved in regulating cytokines. AT1 receptor antagonist may
provide protection from seizures invoked by this cytokines [17].
These are the various mechanisms through which AT1 receptor is
involved in seizure generation and hence AT1 receptor antagonists
can be used in treatment of epilepsy.

CONCLUSION

Renin angiotensin system forms a newer target in treatment of
epilepsy. AT1 receptor antagonist’s telmisartan and olmesartan
are commonly prescribed antihypertensive agents with significant
antiepileptic activity. Antiepileptic activity of these agents is dose
dependent. Telmisartan has better antiepileptic activity when
compared to olmesartan. However, further work needs to be done
to elucidate the antiepileptic activity of AT1 receptor antagonists.
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