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Catamenial epilepsy may involve 10 to 70% of women with epilepsy in which, seizures are exacerbated by the menstru-

al cycle. Artemisinin is a herbal compound with widespread modern and traditional medical indications. Because of
GABAergic interaction, this study was designed to study the antiepileptic effects of Artemisinin during the estrus cycle.
A total of 360 adult female mice were placed in 10 groups: control, solvent (ethanol 10ml/kg), Artemisinin (75&150 mg/
kg), Bicuculline (2mg/kg), Bicuculline (2mg/kg) + Atremisinin (75&150 mg/kg), Saclofen (2mg/kg), Saclofen (2mg/kg)
+ Atremisinin (75&150 mg/kg), each with four subgroups (proestrus, estrus, metestrus and diestrus) (n=9). One week
after acclimatization, estrous synchronization and phase determination was achieved. Acute epilepsy was induced by
intraperitoneal (i.p) injection of 80 mg/kg of Pentylentetrazole (PTZ), 30 minutes after i.p injection of Artemisinin and
ethanol. Initiation time of myoclonic seizures (ITMS), initiation time of tonic-clonic seizures (ITTS), seizure duration
(SD), and mortality rate (MR) were recorded for 30 minutes. Data were displayed as mean + SD and evaluated using
one-way ANOVA followed by Tukey-Kramer multiple comparison post hoc tests (p < 0.05). Artemisinin significantly
decreased epilepsy incidence, duration, and mortality rate, in parallel to increasing ITMS and ITTS in a dose-dependent
manner which were more prominent during the luteal phase. Co-administration of Biccucluline significantly inhibited
antiepileptic effects of Artemisinin, while Saclofen did not have such an inhibitory interaction. It seems that increased
neurosteroid metabolites and GABAA receptors, neural hyperpolarization following GABA interaction, and anti-in-
flammatory and anti-oxidative properties which decrease neuroinflammation and neural excitability can participate in

the antiepileptic effects of Artemisinin.
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pilepsy is one of the most common and clas-

sical CNS diseases, defined as unpredictable
repetitive seizures, which may involve 0.5-1% of the
people in industrial countries. Epilepsy affects life
quality and social relations of the patients. In 10 to
70% of women with epilepsy, particularly those with
focal or generalized types, a cyclic model of seizure
exacerbation aligns with the menstrual cycle, espe-
cially around the perimenstrual or the periovulatory
period has been seen. Thus, based on the Greek word
katomenios or monthly, it has been called catame-
nial epilepsy. Sex steroids and their metabolites play
a critical role in seizure initiation and propagation via
contributing to the development and organization of
the CNS and neural excitability since progesterone
exerts anticonvulsant while estrogens exert procon-
vulsant characteristics [1,2,3,4,5]. Despite numerous
antiepileptic drugs (AEDs) which can control epilep-
sy in about 60% of patients, catamenial epilepsy re-
mains a drug-resistant form [6]. Because of the side
effects of AEDs such as hepatotoxicity, an increased
desire for natural remedies and safer treatments such
as herbal ones are unavoidable. Artemisinin is an en-
doperoxide sesquiterpene lactone isolated from Ar-
temisia annua that has wide-ranging folkloric and
contemporary remedial indications e.g. anti-malarial,
anti-fungal, anti-bacterial, anti-leishmania, anti-coc-
cidian, anti-diabetic, anti-spasmodic, anti-oxidative,
anti-inflammatory, analgesic, and wound healing [7].
Artemisia species contain considerable sources of fla-
vonoids, which can act as positive allosteric modu-
lators of the GABAA receptor, so display anxiolytic,
sedative, and antinociceptive actions [7]. Artemisinin
interacts with the Gephyrin part of the GABAA recep-
tor complex, activates it, increases GABA signaling,
and inhibits nociceptive signaling in the dorsal root
ganglia leading to analgesia [8,9]. Artesunate can pro-
tect against maximal electroshock and PTZ-induced
seizures in mice [10]. Basal levels of progesterone in
the brain can alter GABA receptor density through-
out the estrous cycle [11]. Based on these findings
and fluctuating levels of steroid hormones and their
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metabolites along the estrous cycle, this study was
planned to investigate the effect of Artemisinin on the
PTZ-induced seizures during the estrous cycle and
the possible role of the GABAergic system.

Results

Seizure duration

Artemisinin significantly decreased seizure dura-
tion through the estrous cycle, dose-dependently (p <
0.05). There was no significant difference between Sa-
clofen, Bicucciline, Bisucculine plus Artemisinin and
control (p > 0.05). While the difference between the
Artemisinin and Artemisinin-Saclofen combination
was not significant (p > 0.05), Saclofen + Aartemisi-
nin significantly lowered seizure duration than that in
the control group (p <0.05). In all treatment groups,
seizure duration was significantly lower in the luteal
phase than in the follicular phase (p < 0.05) (Table 1).

Mortality rate

Artemisinin administration, significantly and
dose-dependently decreased the mortality rate in
comparison to that in the control group, all along the
estrous cycle (p < 0.05). There was no significant dif-
ference between groups that received Saclofen, Bicuc-
ciline, Bisucculine plus Artemisinin, and the control
group (p > 0.05), but Salcofen + Artemisinin co-ad-
ministration significantly decreased the mortality rate
in comparison to the control (p < 0.05). In all groups,
the mortality rate was significantly lower during the
luteal phase than in the follicular phase (p < 0.05) (Ta-
ble 2).

ITMS

Artemisinin significantly and dose-dependent-
ly increased ITMS, (p < 0.05), which in all groups, it
was significantly higher during the luteal phase than
in the follicular phase (p < 0.05). There was no sig-
nificant difference between groups that received Sa-
clofen, Bicucciline, Bisucculine plus Artemisinin, and
the control group (p > 0.05), but Salcofen + Artemis-
inin co-administration significantly decreased ITMS
in comparison to the control group (p > 0.05) during
the entire estrous cycle (Figure 1).

ITTS

ITTS was significantly increased by Artemisinin
in a dose-dependent way. In all groups, it was signifi-
cantly higher during the luteal phase than the follicu-
lar phase (p < 0.05). In all phases of the estrous cycle,
there was no significant difference between groups
that received Saclofen, Bicucciline, Bisucculine plus
Artemisinin, and the control group (p > 0.05), but Sal-
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cofen + Artemisinin co-administration significantly
decreased ITTS in comparison to the control group
(Figure 2).

Discussion [N

To the authors’ knowledge, this is the first study
about the effect of Artemisinin on PTZ-induced sei-

Table 1.
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zures during the estrous cycle and GABAergic in-
teraction. Decreasing seizure incidence, duration,
and mortality rate in addition to increasing ITTS and
ITMS indicated antiepileptic properties of Artemis-
inin, that through the luteal phase, it was markedly
more than the follicular phase. These antiepileptic
properties can be mediated by the GABAA recep-

Effects of Bicuculline (BIC; 2mg/kg), Saclofen (2 mg/kg), Artemisinin (ART; 75 and 150 mg/kg) and combination of BIC (2 mg/kg)
and Saclofen (2 mg/kg) with ART (75 and 150 mg/kg) on seizure duration (SD) (sec) during various phases of the estrous cycle.

Group/Estrous Cycle Proestrous Estrous Metestrous Diestrous
Control 771 £ 41* 752 +53° 507 + 41** 513 + 39%*
Vehicle 753 + 37% 731 + 34* 531 £ 41+* 524 + 36%*
BIC (2mg/kg) 801 +72* 793 + 64* 578 + 38* 584 £ 53+*
Saclofen (2 mg/kg) 741 + 63* 712 + 65* 491 + 36 497 + 31
ART (75 mg/kg) 570 + 43b 527 +39b 401 £ 37v* 366 + 35*
ART (150 mg/kg) 374 £ 33c¢ 392 + 46¢ 237+ 25¢* 218 £ 25%
BIC (2 mg/kg) + ART (75 mg/kg) 731 + 34° 722 + 64° 536 + 340 505 + 35
BIC (2 mg/kg) + ART (150 mg/kg) 701 + 58° 729 + 71° 536 + 56°* 572 + 51
Saclofen (2 mg/kg)+ ART (75 mg/kg) 552 + 34b 518 + 28® 418 + 310 356 + 27°*
Saclofen (2 mg/kg)+ ART (150 mg/kg) 361 + 47 406 + 54¢ 208 + 45 215 + 49¢*

Different letters (a, b, or ¢) in each column indicate a significant difference (p < 0.05) between various treatments in each phase of the estrous cycle.
Asterisk (*) indicates a significant difference for each phase of the estrous cycle Vs the control group (p < 0.05). Data are presented as mean + SEM.

Table 2.

Effect of Bicuculline (BIC; 2 mg/kg), Saclofen (2 mg/kg), Artemisinin (ART; 75 and 150 mg/kg) and combination of BIC (2 mg/kg)
and Saclofen (2 mg/kg) with ART (75 and 150 mg/kg) on the mortality rate (MR) of seizures (%) during various phases of the estrous

cycle.
Group Estrous Cycle Proestrous Estrous Metestrous Diestrous

Control 33.3° 33.32 16.6* 16.6*2
Vehicle 33.3° 33.3 16.6*= 16.6*2
BIC (2 mg/kg) 33.3 33.3¢ 16.6*® 16.6*2
Saclofen (2 mg/kg) 33.32 33.32 16.6%2 16.6%2
ART (75 mg/kg) 16.6° 33.3 16.6*= 16.6*2
ART (150 mg/kg) 0° ob 0P ob

BIC (2 mg/kg) + ART (75 mg/kg) 33.3 33.3a 16.6*2 16.6*2
BIC (2 mg/kg) + ART (150 mg/kg) 33.3 33.3a 16.6*2 16.6%2
Saclofen (2 mg/kg) + ART (75 mg/kg) 16.6" 33.32 16.6* 16.6*2
Saclofen (2 mg/kg) + ART (150 mg/kg) 0¢ ob ob o°

Different letters (a, b, or ¢) in each column indicate significant differences at the p < 0.05 level between various treatments in each phase of the estrous
cycle. Asterisk (*) indicates a significant difference for each phase of the estrous cycle Vs the control group (p < 0.05).

Data are presented as mean + SEM.

Effect of Artemisinin on the Pentylentetrazole-induced seizures
during estrous cycle

Barkhordarian M. et al.,, IJVST 2022; Vol.14, No.2
DOI: 10.22067/ijvst.2022.75347.1117




IRANIAN JOURNAL OF VETERINARY SCIENCE AND TECHNOLOGY RESEARCH ARTICLE
500 -
O Control
- 500 -
\E . O ART [75 mg/ks)
§ e007
E O ART [150mg/ks)
-E *F
% Bm | *F .
:?1 . *=* * * O BIC(2 mg/kgl+ART (75 mg/ks)
2
_E 200 - 0 BIC{2mg ke +ART(150 me/kg)
:E : " *
E 100 4 - I I I I B Saclofen(2 me/ke]+ART (75 me/ke)
o I I . . B Saclofen(2 mg/kg)+ART[150 me/ke)

Proestrous Estrous

Figure 1.

Metestrous

Diestrous

Effects of Artemisinin (ART; 75&150 mg/kg), Bicuculline (BIC; 2mg/kg), Saclofen (SAC, 2 mg/kg) and combination of BIC (2 mg/
kg), SAC (2 mg/kg), and (ART; 75 & 150 mg/kg) on the initiation time of myoclonic seizures (ITMS) (sec) during the estrous cycle.
*Asterisks indicate a significant difference in each phase of the estrous cycle compared with that in the control group (p < 0.05). Data

are presented as mean + SEM.
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Effects of Artemisinin (ART; 75&150 mg/kg), Bicuculline (BIC; 2mg/kg), Saclofen (2; mg/kg) and combination of BIC (2 mg/kg),
SAC (2 mg/kg), and ART (75 & 150 mg/kg) on the initiation time of tonic-clonic seizures (ITTS) (sec) during the estrous cycle.
*Asterisks indicate a significant difference in each phase of the estrous cycle compared with that in the control group (p < 0.05).

Data are presented as mean + SEM.

tors since GABAA receptors blocked by Bicuculline
inhibited antiepileptic effects of Artemisinin while
GABAB receptors blocked by Salcofen did not inter-
fere with these effects.

Periodical variation in the circulating level of es-
trogens and progesterone through the estrous cycle
may engage in the pathophysiology of catamenial
epilepsy. Sex steroids and their metabolites govern
the synthesis, discharge, and transport of different

neurotransmitters and exert significant function in
the pathophysiology of seizures. Estrogens are pro-
convulsant by repressing GABA synthesis and am-
plitude of GABA-mediated inhibitory postsynaptic
current while augmenting the dendritic spines and
NMDA synapses on the hippocampus CA1 pyrami-
dal neurons, increasing glutamatergic transmission
which enhances neural excitability [1,2,5]. The direct
interrelationship between estrogen level and estrogen/
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progesterone proportion with seizure vulnerability
indicates maximum vulnerability and exacerbation
during the premenstrual and periovulatory periods.
Perovulatory aggravation may be owing to an estro-
gen upsurge in the mid cycle, nearly, uncontested by
the progesterone before the luteal phase, while, during
the premenstrual phase, a lower level of progesterone
than estrogen can assist periovulatory seizure exac-
erbation [1,2,4,5]. Meanwhile, there is a negative
correlation between progesterone level and catame-
nial epilepsy, so that, rapid fall in the progesterone
level just before, during menstruation, and then after,
is correlated with an increase in catamenial seizures.
Progesterone potentiates the inhibitory action of ad-
enosine, decreases neural firing, epileptiform dis-
charges, estrogen receptors, and counteracts estrogen
proconvulsant effects via metabolization to the neuro-
steroid metabolite and enhancement of GABA-medi-
ated inhibition [5,6,12,13]. Neurosteroids have been
discovered primarily in some brain divisions such as
the hippocampus and neocortex, adjusting various
neurotransmitter signaling systems, including GAB-
AA receptors, membrane progesterone receptors,
NMDA receptors, and L or T type calcium channels,
and protect against different models of seizure. Neu-
rosteroids with a 3a-hydroxy, So-reduced structure
such as Allopregnanolone (AP) are positive allosteric
modulators of GABAA receptors that increase cell
surface expression of GABAA receptors, meanwhile,
they are negative allosteric modulators of NMDA and
AMPA excitatory receptors [4,12,13,14,15,16,17].
Additionally, at higher concentrations, they can ac-
tivate GABAA receptors directly, and increase the
frequency and opening time of chloride channels,
therefore, rapidly diminishing neural excitability [4].
GABAA receptors are the most important and abun-
dant inhibitory receptors in the CNS, which induce
neural hyperpolarization and dampen neural excit-
ability [7]. Suppressing the neuroprotective effects of
AP by GABAA antagonists proves the GABAergic
mechanism of action of the neurosteroids [16]. In the
female rats, AP shows higher antiepileptic properties
during diestrous than estrous, probably due to the pro-
gesterone-induced enhancement of GABAA receptor
and neurosteroid metabolite production [1,2]. Arte-
misinin inhibits morphological changes of hippocam-
pus neurons, induces glutamic acid decarboxylase
enzyme, and increases GABA level, which protects
against sodium penicillin-induced seizures [15]. It in-
teracts with the Gephyrin segment, triggers GABAA
receptors, and enhances GABA singling which can be
blocked with GABAA antagonists. Gephyrin is a part
of the GABAA receptor that exerts an essential role in
the distribution of GABAA and glycine receptors to
the cell membrane, therefore playing a cardinal func-
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tion in their inhibitory action [8,9]. Artemisinin inter-
action with GABAA receptors results in CNS depres-
sion and analgesia [7]. Artesunate restricts the seizure
spread in the maximal electroshock (MES)-induced
seizure by inhibiting Na+ channels and/or glutama-
tergic excitation via NMDA receptors, so may be
helpful in the management of generalized tonic-clon-
ic and partial seizures [10]. Progesterone regulates
and increases GABA receptor density in the cerebral
cortex, hippocampus, and hypothalamus during the
luteal phase, where they act presynaptically to in-
crease GABAergic while modulating glutamatergic
release, also inducing G protein-mediated late inhib-
itory postsynaptic potential [11,18,19]. Bicuculline is
a competitive antagonist of the ionotropic GABAA
receptors in the hippocampal or cortical neurons, and
blocks inhibitory action on the target neurons leading
to epilepsy, while Saclofen is a competitive antago-
nist for the metabotropic GABAB receptors [20]. In
this study, Bicuculline inhibited the antiepileptic ac-
tions of Artemisinin on the SD, MR, ITTS, and ITMS,
while administration of Saclofen did not show such
an inhibitory effect, so, it can be concluded that the
anti-epileptic effect of Artemisinin is mediated by the
GABAA receptors.

There is a direct relation between ovarian proges-
terone and neurosteroid level so that, due to common
metabolic pathways, the enzyme-inducing property of
Artemisinin can increase AP concentration and there-
fore enhances the anticonvulsant effect during the lu-
teal phase. It is in line with a previous report about
higher antiepileptic effects of enzyme-inducing AEDs
such as carbamazepine, during the luteal phase of the
estrus cycle [21].

Artemisinin showed a significant antiepileptic ef-
fect against PTZ-induced seizures along the estrous
cycle, especially during the luteal phase. It seems that
induction of progestin metabolism, increasing neuros-
teroids level, interaction with GABAA receptors, and
neural hyperpolarization in addition to anti-inflam-
matory and anti-oxidative features decrease neuroin-
flammation and neural excitability that can lead to the
antiepileptic effects of Artemisinin.

Materials & Methods [N

Animals and experimental design

360 adult female albino N-MRI mice weighing 25-30 grams were re-
ceived from the University animal house and kept under established
conditions, according to the European community protocols for the
protection of animals used for scientific purposes with freely available
fresh, clean water, and chow pellets. Experiments were carried out
following the guidelines for the care and use of laboratory animals to
investigate experimental pain in animals [22], approved by The Uni-
versity Research Ethics Committee (97GRN1M1904). After one week
of familiarization, animals were split coincidentally into 10 groups
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(n =9) and 4 trials. At first, by examination of the vaginal smears,
sexual puberty was determined. The estrous cycle phase was decided
based on the chief cell of the vaginal smears, and mice with two reg-
ular estrous cycles were chosen. Then, estrous synchronization was
set [3,21]. Experiment 1 was achieved to study the effect of Artemis-
inin on the PTZ-induced seizures during the proestrus phase. The
seizure was induced by i.p. injection of 80 mg/kg of PTZ (Sigma-Al-
drich, USA) 30 minutes after i.p. administration of 75 and 150 mg/
kg Artemisinin (Alexis Biochemicals, USA) and 10ml/kg of ethanol
as solvent (Merck, Germany) (Table 3). Then, animals were observed
for 30 minutes and antiepileptic parameters including ITTS, ITMS,
MR, and SD were charted. Other experiments were done similarly to
evaluate the effects of Bicuculline, GABAA antagonist (BIC; 2mg/kg,
Sigma-Aldrich, USA), Saclofen, GABAB antagonist (SAC, 2 mg/kg,
Sigma-Aldrich, USA), and a combination of BIC (2 mg/kg) and SAC
(2 mg/kg) with ART (75 & 150 mg/kg) during estrous, metestrous,
and diestrous phases. For prevention of the likely effect of circadi-
an rhythm on seizure susceptibility, all experiments were fulfilled
between 9 am to 3 pm [3,21]. Finally, the animals were euthanized
by i.p administration of a high dose of Sodium thiopental (Novartis,
Switzerland).

Statistical analysis

Data are summarized as mean + SEM and analyzed by one-way
analysis of variances (ANOVA) followed by Tukey-Kramer multiple
comparison post hoc tests (p < 0.05).

Table 3.
Treatment procedure in Experiment 1.

Group 1 injection 2" injection*

Control Normal saline PTZ (80 mg/kg)
ART (75 mg/kg) ART (75 mg/kg) PTZ (80 mg/kg)
ART (150 mg/kg) ART (150 mg/kg) PTZ (80 mg/kg)

*30 min after the first injection; Pentylenetetrazol (PTZ); Artemis-
inin(ART)
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