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Abstract Experimental data show that some angiotensin-
converting enzyme (ACE) inhibitors and angiotensin AT,
receptor antagonists that are normally used as antihyper-
tensive drugs can exert anticonvulsant-like activity against
audiogenic seizures. In the current study, a number of ACE
inhibitors (captopril, enalapril, cilazapril, perindopril and
zofenopril) and AT, antagonists (losartan, telmisartan and
candesartan) were examined against pentylenetetrazole
(PTZ)-induced seizures in mice. Captopril (50 mg/kg)
administered intraperitoneally significantly raised the PTZ
threshold (p < 0.05). The remaining drugs were not pro-
tective against PTZ-induced convulsions. The current study
indicates that captopril decreases PTZ-evoked seizures in
mice, which is an animal model of myoclonic convulsions.
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The angiotensin-converting enzyme (ACE) inhibitors and
angiotensin AT, receptor antagonists are widely prescribed
drugs for hypertension and heart failure. There are exper-
imental data showing that some ACE inhibitors and AT,
antagonists may possess anticonvulsant-like activity. For
example, fosinopril, zofenopril and captopril were able to
decrease the severity of audiogenic seizures in mice [1].
Enalapril and losartan impaired the triggering and main-
tenance of seizures in the rat audiogenic model of epilepsy
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[2]. In this study, we sought to evaluate activities of ACE
inhibitors and AT; antagonists against pentylenetetrazole
(PTZ)-induced seizures in mice, generally recognized as an
animal model of myoclonic convulsions.

Male Swiss mice (20-26 g) were used. Animals were
housed under standardized laboratory conditions. The
experimental procedures were approved by the Local
Ethics Committee for Animal Experiments (license no.
65/2012).

ACE inhibitors: captopril (Jelfa), enalapril (Polpharma),
cilazapril (Roche), perindopril (Servier), zofenopril (Ber-
lin-Chemie), and AT, antagonists: losartan (Adamed),
telmisartan (Boehringer Ingelheim) and candesartan
(AstraZeneca), were suspended in a 1 % solution of Tween
80 (Sigma) and administered intraperitoneally (i.p.) in a
volume of 0.005 or 0.01 ml/g (cilazapril). PTZ (Sigma)
was injected subcutaneously. Treatment times were:
45 min (captopril, enalapril), 60 min (perindopril, zofe-
nopril) and 120 min (cilazapril, losartan, telmisartan, can-
desartan). At least 4 groups of animals (8 mice per group)
were administered with different doses of PTZ alone or in
combinations with antihypertensive drugs. Following the
injection of PTZ, animals were placed separately in
transparent Plexiglass cages (25 x 15 x 10 cm) and
observed for 30 min for the occurrence of clonic seizures.
The clonic seizure activity was defined as clonus of the
whole body lasting for over 3 s, with an accompanying loss
of the righting reflex. CDs( value (median convulsive dose
of PTZ inducing the seizure response in 50 % of mice)
with their 95 % confidence limits were calculated by
computer-assisted log-probit analysis [3]. Statistical ana-
lysis of data was performed by one-way ANOVA and the
post hoc Dunnett’s test.

Among tested ACE inhibitors (Table 1) and AT,
antagonists (Table 2), only captopril (50 mg/kg 1i.p.)

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-014-2040-x&amp;domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-014-2040-x&amp;domain=pdf

780

Neurol Sci (2015) 36:779-781

Table 1 Effect of ACE inhibitors on the threshold for pentylenetet-
razole (PTZ)-induced seizures in mice

Treatment (mg/kg) CDsq of PTZ SEM n

PTZ + vehicle 58.2 (52.4-64.6) 3.104 16
PTZ + captopril (50) 78.1 (69.1-88.3)* 5.630 24
PTZ + captopril (25) 66.5 (60.5-73.1) 3221 16
PTZ + perindopril (10) 61.9 (53.5-71.5) 4573 24

F376 = 3.611; p = 0.0170

PTZ + vehicle 63.2 (55.3-72.2) 4963 24
PTZ + enalapril (30) 67.7 (57.4-80.0) 5737 32
PTZ + cilazapril (20) 59.3 (52.3-67.2) 4.623 16
PTZ + zofenopril (30)  71.0 (56.7-89.0) 8.177 32

F3,1()0 = 05051, p= 0.6797

Results are shown as median convulsive doses (CDso in mg/kg) of
PTZ with 95 % confidence limits (in brackets) and SEM values

n the number of animals at doses of PTZ, for which convulsant effects
were between 4 and 6 probits

* p < 0.05 vs PTZ + vehicle (Dunnett’s test)

Table 2 Effect of AT, receptor antagonists on the threshold for
pentylenetetrazole (PTZ)-induced seizures in mice

Treatment (mg/kg) CDs, of PTZ SEM n

PTZ + vehicle 64.9 (57.4-73.4) 4986 16
PTZ + losartan (50) 63.8 (56.0-72.8) 4.258 16
PTZ + telmisartan (30)  65.9 (59.8-72.7) 3273 16
PTZ + candesartan (16) 59.3 (51.1-69.0) 4.539 16

F360 = 0.4565; p = 0.7137

Data are presented as median convulsive doses (CDs, in mg/kg) of
PTZ with 95 % confidence limits (in brackets) and SEM values.
p > 0.05 vs PTZ + vehicle (Dunnett’s test)

n the number of animals at doses of PTZ, for which convulsant effects
were between 4 and 6 probits

showed the protective effect against convulsions induced
by PTZ (p < 0.05; Dunnett’s test), which seems to rather
exclude the inhibition of the brain renin-angiotensin system
as the one responsible for the phenomenon. In our previous
study, captopril (50 mg/kg i.p.) was ineffective against
maximal electroshock (MES) [4]. De Sarro et al. [1]
reported that captopril at doses higher than 80 mg/kg i.p.
produced significant protection against the tonic phase of
the audiogenic seizure response. Probably, Minano et al.
[5] were the first to demonstrate the anticonvulsant-like
activity of captopril in mice, showing that captopril
(100-200 mg/kg 1i.p.) produced anticonvulsant effect
against strychnine-induced seizures. They also reported
that captopril protected mice against convulsions induced
by PTZ [5], which is in agreement with the current study.
When interpreting the effect of captopril against seizures
induced by the GABA, receptor antagonist PTZ, an
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involvement of GABAergic system should be considered.
Captopril might behave as a prodrug that could give rise to
GABA-like metabolic products through pyrroline bio-
transformation [5]. However, captopril was ineffective
against seizures induced by bicuculline, a competitive
antagonist of GABA 4 receptors [5]. In the MES test, it did
not potentiate the anticonvulsant action of phenobarbital
that suppresses seizures by potentiating the effects of
GABA [4]. It has been also suggested that the presence of a
sulthydryl group may be responsible for anticonvulsant-
like activity of captopril [5]. However, zofenopril, another
ACE inhibitor with the sulthydryl group, did not show an
anticonvulsant action in this study. Noteworthy, zofenopril
was more active than captopril in decreasing the severity of
audiogenic seizures in mice [1]. The anticonvulsant activ-
ity of captopril against PTZ may be related to an action on
glycine receptors which are thought to play some role in
the convulsant effects of PTZ [6]. It has been reported that
PTZ may block glycine-induced currents via glycine
receptors [6]. As already mentioned above, captopril
antagonized convulsions induced by strychnine, a glycine
receptor antagonist [5]. However, more advanced neuro-
chemical studies are required to elucidate the exact
molecular mechanism(s) responsible for the observed
anticonvulsant effect of captopril.

It is evidently premature to suggest captopril as a drug
of choice for the treatment of hypertension in patients with
myoclonic seizures. However, data are available that cap-
topril was used as an adjuvant for the management of
catamenial epilepsy [7]. There is also evidence that the
drug may potentiate the anticonvulsant activity of some
antiepileptic drugs against audiogenic seizures and elec-
troconvulsions in mice [1, 4]. If a positive interaction
between captopril and some antiepileptic drugs against
PTZ is confirmed then captopril might be also considered
as an adjuvant in hypertensive patients with myoclonic
seizures. A clinical study on the potential benefits of using
captopril in such patients would be certainly necessary.
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