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Abstract: Progesterone is both a reproductive hormone and a neurosteroid that modulates neuronal excitability.
Verapamil is a p-glycoprotein (p-gp), drug efflux transporter in blood-brain barrier and calcium channel inhibitor.
Progesterone is a p-gp pump substrate that has been shown to be anticonvulsant in several animal seizure
models. The purpose of present study was to investigate the anticonvulsant actions of progesterone in the
strychnine- induced convulsion. Another purpose of the present study was to assess interaction of verapamil
with progesterone in this model. Progesterone in presence and absence verapamil injected to ovariectomized
mice, then strychnine injected and onset, number, duration of convulsions and time of death were measured
after strychnine administration. Result showed that progesterone has anticonvulsant effect in strychnine-
induced convulsion dose dependently and verapamil that had no effect on convulsion itself, had proconvulsant
activity in progesterone received group. Perhaps decreased anticonvulsant effect of progesterone by verapamil
is due, at least as a result of inhibited calcium channel. Thus calcium may be important in induction
anticonvulsant effect of progesterone, a point that need to further investigation.

Key words: Progesterone  Verapamil  Strychnine  Convulsion  Mice

INTRODUCTION phase, when both estrogen  and progesterone levels are

Progesterone is a hormone produced and secreted by levels are on the rise. By contrast, decreased seizure
the ovaries and adrenal glands, is considered to be a incidence is noted during the luteal phase when
neurosteroid. In the brain, certain neurosteroids have progesterone levels are high relative to estrogen [5, 6]. In
been shown to act directly on membrane receptors for animals, estrogen administration decreases while
neurotransmitters. They do so either by increasing the progesterone increases seizure  thresholds [6]. In mice,
transcription of specific genes after binding to the cyclic alterations of sex hormone  levels  correspond
intracellular receptors. These steroids act directly on the to the estrous cycle variations in the resistance to
neuronal membrane, most likely by binding to membrane seizures. Ovariectomized  mice   lose  this  protective
receptors for neurotransmitters. Sex steroids influence effect and manifest no significant difference in seizure
neuronal activity within large parts of  the  nervous propensity compared with males [2].
system [1]. Seizure susceptibility fluctuates during the Intraperitoneal  administration  of  progesterone at
menstrual cycle in some  women  and  there  are  periods no sedating doses had no effect on the development of
of exacerbation of seizures during certain phases of the kindling in adult male rats [7]. In another report
cycle (catamenial epilepsy). Sex hormones  are  believed progesterone  was  only  effective  in  reducing  seizures
to play an important role in these  fluctuations  [2]. at low physiological ranges and high doses of
Physiological and pharmacological levels of estradiol progesterone failed to reduce seizures [6]. Progesterone
exerted proconvulsive  effects  both in experimental generally has a low therapeutic index when used as an
animals and in epileptic patients [3], whereas anticonvulsant; it tends to suppress amygdala-kindled
progesterone and its derivatives are anticonvulsant [2, 4]. seizures, particularly the focal component, only at doses
Increased seizure incidence is observed in the menstrual that approach the toxic dose [8].

low, as well as in the follicular phase, when estrogen
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There are specific transporters on the endothelial included  controlled  ambient  temperature  (21 ± 2°C), a
cells of the brain for small and large hydrophilic molecules 12-hour-dark/12-hour-light (7:00 a.m. to 7:00 p.m.) cycle
that enter the brain by active transport as well as specific and free access to food (standard mouse chow pellets;
membrane  transporter  proteins  for  essential nutrients. Pars Animal Foods Inc., Tehran, Iran) and water except for
P-glycoprotein (P-gp) is one such transporter present in the short time that animals were removed from their cages
high concentration on brain capillaries and is an important for testing. The animals were housed in groups of 4-5 per
component of the blood-brain barrier [9] and is present on cage. The animals were randomly distributed into different
the apical surface of these endothelial cells [9-11] where groups. Each mouse was used only once and each
it transports substrates toward the blood compartment treatment group consisted of six to eight animals. All
Therefore, this transporter can limit the penetration into experiments were performed between 12:00 and 19:00 h.
and retention within the brain and thus modulate All the procedures were carried out in accordance with
effectiveness and central nervous system toxicity of institutional guidelines for animal care and use.
numerous compounds [10]. Combined use of p-gp
inhibitors along with therapeutic agents could treat Ovariectomy: For the lack of effect of cyclic change of
central nervous system diseases and result in improved stroid hormones, the female mice were ovariectomized.
clinical efficacy [9]. Animals were initially injected i.p. with ketamine (70mg/kg)

Various experimental seizure models have shown that and xylazine (7 mg/kg) [18] until loss of consciousness
some calcium channel antagonists reduce the incidence of and loss of any response. After abdominal incision, the
seizures and possess anticonvulsant properties also ovary was then cut away from the uterus and the uterus
several reports revealed beneficial effects of the calcium was allowed to settle back into the abdominal cavity.
channel antagonist as add-on treatment in epileptic Subsequently, the skin closed. Animals were placed in
patients [12]. Calcium channel antagonist verapamil is a p- their home cage until recovery a few hours later. All
gp inhibitor drug [9, 13]. subjects were allowed 14 days for recovery before

Since progesterone is a p-gp substrate [14], purpose experiments commenced. The animal care was provided
of the present study was to assess interaction of calcium under the supervision of a qualified veterinarian. This
channel blocker verapamil (p-gp pum inhibitor) with study was performed under control of Iranian Society for
progesterone in the strychnine- induced convulsion in the Prevention of Cruelty to Animals.
mice.

MATERIALS AND METHODS effects of drugs followed the procedures described by

Drugs: Progesterone was purchased from Iran Hormone injection of chemical convulsant [20, 21] and onset,
Co. (Tehran,  Iran).  Strychnine was purchased from number, duration of convulsions and time of death were
Sigma Chemical Co (USA). The vehicle Almond oil was measured after strychnine administration [19] thereby
obtained from Barige Esanse Co. (kashan, Iran). Verapamil drugs were evaluated for protective activity against
/Lekoptin were obtained from Drug-pro, Pharmaceuticals strychnine-induced convulsion. In brief, to determine the
(USA). Ketamin hydrochloride and Xylazine effect of progesterone on convulsion, different doses
hydrochloride vials purchased from Alfasan progesterone (25, 50mg/kg) was administered [2]. Two
Pharmaceuticals Poland. group of mice were injected i.p. progesterone, 30 min later

Progesterone was dissolved in Almond oil [15], [8, 22] received a s.c. injection of strychnine (1.2 mg/kg)
injected at a volume of 5 ml/kg of mouse body weight. [23], vehicle (Almond oil) in one other group was injected
Strychnine was prepared in physiological saline injected 30 min before s.c. injection of strychnine (1.2 mg/kg). to
at a volume of 5 ml/kg of mouse body weight. Fresh test effect of verapamil on convulsion, in next group
solutions were made on each day of drug testing. All verapamil (20 mg/kg [13, 24, 25] intraperitoneally were
drugs were administered intraperitoneally (i.p.) except administered  60 min  before s.c injection of strychnine
Strychnine was given subcutanously (s.c.) [16]. (1.2 mg/kg)  and control group were received

Animals: Adult female albino BALB/c mice [17] strychnine (1.2 mg/kg). the interaction between verapamil
(laboratory animal's center, Ahvaz, Iran) aged 6-8 weeks and the anticonvulsant effect of progesterone was
and weighing 20-35 g was used in the study. Animals studied in co-administration groups. In co-administration
were housed under standard laboratory conditions that experiment, we injected mice verapamil (20 mg/kg)

Experiments: Our protocol for testing the anticonvulsant

[19], Animals were observed for a 30-min period after

physiological saline (5ml/kg) before of injection of
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intraperitoneally 6o min before high doses effective of convulsion in OVX mice, compared with vehicle-treated
progesterone (50 mg/kg, 30 min before injection of and control group. Post hoc analysis showed that
strychnine). For a 30-min period after injection of progesterone  significantly increased onset (P < 0.001)
strychnine Onset, number, duration of convulsions and and death time (P < 0.01) of convulsion and decreased
time of death were measured. number of convulsion (P < 0.05) dose dependently, when

Data Analysis: Data are presented as mean ± S.E.M. anticonvulsant effect of progesterone in strychnine-
Significance of differences for the seizure parameters induced convulsion in OVX mice.
between control and  progesterone  were  assessed  using Data analysis showed no difference between
one-way analysis of variance (ANOVA) followed by least verapamil  and  vehicle  -treated  in seizure parameters
significant difference (LSD) post hoc comparison. The (Fig. 2). This result showed that verapamil (20 mg/kg) had
comparison between values of progesterone alone and no effect on strychnine- induced convulsion in OVX mice.
progesterone  in  the  presence  of  verapamil  was done Verapamil decreased the onset (P < 0.01) of
by unpaired t-test. The significance level was defined as convulsion in progesterone- treated group significantly
P < 0.05. (Fig. 3). Also pretreatment with verapamil in progesterone-

RESULTS group (P < 0.001) and duration convulsion (P < 0.001).

Fig. 1 illustrates the effect of different doses of effect in progesterone- treated group and anticonvulsant
progesterone (25, 50 mg/kg) on onset, duration and  death effect induced by progesterone, can decrease by
time  and  number  of  convulsion  in strychnine-induced verapamil in this model.

compared with vehicle. This result revealed

treated group increased number of convulsion in this

This result illustrates verapamil has potent proconvulsant

Fig. 1: Effect of progesterone on onset, duration and death time and number of convulsion in strychnine- induced
convulsion in mice. Progesterone (25, 50mg/kg) or almond oil were administered intrapritonealy and 30 min later
strychnine was administered, then seizure parameters evaluated. Data represent means ± SEM of six to eight mice.
* P < 0.05, ** P < 0.01 and *** P < 0.001 compared with vehicle-treated group (shown as control)
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Fig. 2: Effect of verapamil on onset, duration and death time and number of convulsion strychnine-induced convulsion
in  mice.  verapamil  (20  mg/kg)  were administered intrapritonealy and 60 min later strychnine was administered
sub  cutaneously  and control group were received saline, then seizure parameters evaluated. Data represent
means ± SEM of six to eight mice

Fig. 3: Effect of coadministration verapamil with progesterone on onset, duration and death time and number of
convulsion in strychnine-induced convulsion in mice. Animal were received progesterone (50 mg/kg ip) or
verapamil (20 mg/kg ip) + progesterone (50 mg/kg ip, 60 min after injection of verapamil) and 30 min later received
strychnine then seizure parameters evaluated for 30 min. Data represent means ± SEM of six to eight mice.  P < *

0.05 and *** P < 0.001 compared with progesterone-treated group (shown as 0)

DISCUSSION have demonstrated that progestin administration can

This study showed progesterone has anticonvulsant epilepsy [5, 8, 27, 28].
effect on convulsion induced by subcutaneous injection The mechanisms underlying the effects of
of strychnine in ovariectomized mice [26]; and co- progesterone on seizure activity are not fully understood
administration of verapamil that had no effect on [5]. Possible response pathways include the nuclear
convulsion itself, reduced anticonvulsant effect of progestin receptor system and/or neuronal membrane
progesterone in this model. receptors [5]. This compound acts via cell surface

Progesterone affect neuronal excitability and has receptors [8]. The researchers found that progesterone’s
been shown to has sedative, anesthetic and anticonvulsant actions are due, at least in part, to its
anticonvulsant properties in animals [8] and their metabolites  such  as 5alpha-DHP and allopregnanolone
anticonvulsant  effect  has  been  shown   in  several [4, 8], allopregnanolone is known to be a positive
animal   seizure   models   [4],   progesterone  prevented modulator of the GABA  receptor, increasing chloride ion
the  induction  of  seizures  by   pentylenetetrazol  (PTZ) flux and reducing neuronal excitability [2, 8]. Progesterone
in  rats  and  mice.  In  adult  female  rats,  progesterone is first metabolized into 5 -dihydroprogesterone by the
raises limbic after discharge thresholds, significantly enzyme 5 -reductase. 5 -Dihydroprogesterone is then
slows  the   development   of   amygdala-  and metabolized into 3, 5 -tetrahydroprogesterone usually
hippocampal-kindled  seizures   and  can  suppress called “allopregnanolone”-by 3 -hydroxysteroid
seizures in fully kindled animals [5]. Also Clinical studies dehydrogenase. Inhibition of 5 reductase by finasteride or

reduce the frequency of seizures in some patients with

A
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a genetic deficiency in the 5 -reductase type I enzyme in ACKNOWLEDGEMENT
mice results in a decrease in the anticonvulsant activity of
progesterone in a dose-dependent manner [4, 5, 8, 19, 29].
While the effects of high-dose progesterone treatment on
kindled seizures in male rats are blocked by the GABA
antagonist bicuculline but not by the progesterone
receptor antagonist [5].

In present study verapamil (20 mg/kg) had no effect
on strychnine-induced convulsions and is inconsistent
with  study of [25] that showed that verapamil (5-20 mg
kg , i.p) exhibited anticonvulsant activity as evidenced1

by their ability to prolong the onset of seizures produced
by intravenous strychnine (1 mg kg  ) in mice (in this1

study Verapamil (20 mg kg ) offered 100% protection1

against convulsions or death induced by strychnine) [25]
thus maybe mechanism of epileptogenises of
interavenous strychnine is different from subcutaneous
model. in other model such as epileptiform discharges,
elicited by bicuculline and picrotoxin in hippocampal and
neocortical slices, were shown to be epileptiform
discharges abolished by application of the L-type calcium
channel blocker, verapamil [30]. but other experimental
evidence indicates that verapamil (up to 20 mg/kg) had no
significant impact on threshold for maximal
electroconvulsions   in   mice   [12,   13]   Also  verapamil,
at  40  mg/kg,  had  no  effect  on   seizures   induced  in
rats by injection of kainic acid into the hippocampus [31]
and these findings are partially consistent with present
study.

In present study verapamil (20 mg/kg) decreased
anticonvulsant effect of progesterone (50 mg/kg).
although may be concentration of progesterone increased
in brain as a result of inhibition of p-gp and we expect that
increase progesterone’s anticonvulsant effects, since
verapamil also decrease Ca current in neuron by
antagonistic effect on voltage dependent calcium channel,
thus may be Ca is essential in progesterone's
anticonvulsant action.

In conclusion, this study for first time described
anticonvulsant effect of progesterone on strychnine
induced  convulsion  in  ovariectomized  mice  and
verapamil   that    had    no   effect   on   convulsion   in
this model can reduced anticonvulsant effect of
progesterone, although mechanism of progesterone in
different model of seizure studied and especially
attributed   on   GABAergic   mechanism,   in  present
study since Ca channel blocker reduced progesterone’s
anticonvulsant  effects,  likely  Ca  play   a  rule in
induced   anticonvulsant    effect    of    progesterone   in
this   model    but    this    point    need    further
investigation.

The authors wish to express their gratitude to the
research council of Shahid Chamran University for their
financial supports.
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