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Abstract

Introduction and objective. The aim of this study was to perform the anticonvulsant screening test to determine whether
two sesquiterpene lactones (alantolactone and isoalantolactone) isolated from herbs and medicinal plants offer a distinct
protection against maximal electroshock (MES)-induced tonic seizures in mice.
Materials and methods. The screening test was performed for alantolactone and isoalantolactone administered
intraperitoneally in a constant dose of 300 mg/kg at 4 various pretreatment times (i.e., 15, 30, 60 and 120 min.) before the
MES test. Tonic hind limb extension (seizure activity) was evoked in adult male albino Swiss mice by a current (sine-wave,
25 mA, 500 V, 50 Hz, 0.2 s stimulus duration) delivered via ear-clip electrodes. Subsequently, the median effective doses
(ED50 values) for alantolactone and isoalantolactone were determined in the MES test in mice.
Results. In the screening test, both compounds produced a 37.5% protection against MES-induced tonic seizures in mice,
when administered i.p. at 15 min. prior to the MES test. In contrast, alantolactone and isoalantolactone administered i.p. at 30,
60 and 120 min. prior to the test produced no anticonvulsant activity in mice subjected to the MES test. The experimentallyderived ED50 values for alantolactone and isoalantolactone, administered intraperitoneally at 15 min. before the MES test,
were 322 (281–369) mg/kg and 336 (285–396) mg/kg, respectively.
Conclusions. Alantolactone and isoalantolactone (2 sesquiterpene lactones) are worth considering as potentially favourable
compounds in epileptology, if the results from this study could be extrapolated into clinical settings.
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Introduction
No doubt exists that medicinal plants have a long history of use
in the treatment of human diseases. There is still continued
interest in the investigation of extracts of medicinal plants in
the search for some novel bioactive molecules [1, 2, 3, 4, 5, 6].
Indeed, bioactive molecules isolated from medicinal plants
have played a principal role in the discovery of compounds
for the development of drugs for the treatment of most human
diseases, including epilepsy [4, 5, 6]. At present, researchers
and clinicians are trying to find some novel antiepileptic
drugs among various naturally occurring bioactive molecules
isolated from herbs and medicinal plants that could inhibit
seizure activity in patients with refractory epilepsy [4, 5, 6].
Our previous studies have documented that imperatorin,
osthole and xanthotoxin (3 naturally occurring coumarins)
produced anticonvulsant action in the mouse maximal
electroshock (MES)-induced seizure model [7, 8, 9, 10, 11]. In
contrast, 2 other coumarins, bergapten and oxypeucedanin
had no impact on MES-induced tonic seizures in mice [9].
Additionally, it was found that borneol and thymoquinone
produced the anticonvulsant action in the mouse MES
model [12].
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Sesquiterpene lactones (alantolactone and isoalantolactone
(Fig. 1) isolated from Inula helenium L. (growing in Poland)
have been reported to have various pharmacological activities,
including anti-inflammatory [13, 14], antimicrobial [15, 16],
antifungal, antihelmintic [17, 18] and antiproliferative [19,
20] properties. Additionally, isoalantolactone protects against
Staphylococcus aureus pneumonia [21].
Considering the above-mentioned facts, we attempted to
perform the first anticonvulsant screening test to determine
whether or not these sesquiterpene lactones (alantolactone
and isoalantolactone) possess the anticonvulsant properties
in the mouse MES model. It is widely accepted that the
mouse MES model allows selecting agents possessing the
anticonvulsant activity, because in this test, several classical,
second- and third-generation antiepileptic drugs (including,
carbamazepine, phenytoin, phenobarbital, valproate,
lamotrigine, oxcarbazepine, lacosamide, retigabine,
pregabalin and topiramate), exert the anticonvulsant action
by suppressing MES-induced tonic seizures in mice [22].
Materials and method
Animals and experimental conditions. Adult male Swiss
mice (weighing 22–26 g) were kept in colony cages with
free access to food and tap water, under standardized
housing conditions (natural light-dark cycle, temperature
23±1 °C, relative humidity 55±5%), were used. After 7 days
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of adaptation to laboratory conditions, the animals were
randomly assigned to experimental groups comprising
of 8 mice in each group. Each mouse was used only once,
and all tests were performed between 08.00–15.00 hours.
Procedures involving animals and their care were conducted
in accordance with current European Community and Polish
legislation on animal experimentation. Additionally, all
efforts were made to minimize animal suffering and to use
only the number of animals necessary to produce reliable
scientific data. The experimental protocols and procedures
described in this study were approved by the Second Local
Ethics Committee at the University of Life Sciences in Lublin
(License No. 85/2009), and complied with the European
Communities Council Directive of 24 November 1986
(86/609/EEC).

order to obtain a variable percentage of protection against
MES-induced seizures, allowing the construction of a dose–
response relationship curve for each compound administered
alone. Each ED50 value represented the dose of alantolactone
or isoalantolactone required to protect half of the animals
tested against MES-induced tonic seizures. In the presented
study, to determine the ED50 values of alantolactone and
isoalantolactone, both compounds were administered i.p.
at the dose ranges 300–400 mg/kg. Using the log-probit
method, the median effective doses (ED50 values) were
determined using a minimum of 8 mice per dose [23], after
which the mice were euthanized by CO2 narcosis.

Substances. The following substances were used in this study:
alantolactone [IUPAC name: (3aR,5S,8aR,9aR)-5,8adimethyl-3-methylidene-5,6,7,8,9,9a-hexahydro-3aHbenzo[f][1]benzofuran-2-one (Fig. 1) and isoalantolactone
[IUPAC name: (3aR,4aS,8aR,9aR)-8a-methyl-3,5dimethylidene-3a,4,4a,6,7,8,9,9a-octahydrobenzo[f][1]
benzofuran-2-one (Fig. 1)]. Both compounds were purchased
from ChromaDex® (Irvine, CA, USA), and samples of 1 g for
the screening test were provided by Dr. M. Gleńsk and
Dr. M. Włodarczyk from the Department of Pharmacognosy
at the Medical University in Wroclaw, Poland. All substances
were suspended in a 1% solution of Tween 80 (Sigma,
St. Louis, MO, USA) in distilled water and administered
intraperitoneally (i.p.) as a single injection, in a volume of
5 ml/kg body wt. In the screening test, the studied compounds
were administered i.p. at a constant dose of 300 mg/kg at
4 pretreatment times (i.e., 15, 30, 60 and 120 min) before the
MES test.

Influence of alantolactone and isoalantolactone on maximal
electroshock-induced seizures in mice in the screening test.
In the screening test, alantolactone and isoalantolactone
administered i.p. at a constant dose of 300 mg/kg produced
the anticonvulsant effect against MES-induced tonic seizures
in mice at the respective pretreatment times (Tab. 1). Both
compounds protected 3 out of 8 mice (37.5% of animals tested)
when administered i.p. at 15 min. before the MES test (Tab. 1).
Prolongation of the pretreatment times to 30, 60 and 120 min.
before the MES test produced no protection against tonic
seizures in mice (Tab. 1). The experimentally-derived ED50
value for alantolactone administered i.p. at 15 min. before
the MES test was 322 (281–369) mg/kg. Simultaneously, the
ED50 value of isoalantolactone administered i.p. at 15 min.
prior to the MES test was 336 (285–396) mg/kg.

Results

Table 1. Time-course of anticonvulsant effects of alantolactone and
isoalantolactone against maximal electroshock (MES)-induced seizures
in mice
Time (min.)
Substance

15
p/t (%)

30
p/t (%)

60
p/t (%)

120
p/t (%)

Alantolactone

3/8 (37.5)

0/8 (0)

0/8 (0)

0/8 (0)

Isoalantolactone

3/8 (37.5)

0/8 (0)

0/8 (0)

0/8 (0)

Data are presented as number of animals protected against maximal electroshock (MES)-induced
seizures out of 8 animals per group (and as % in parentheses). The MES test was performed at
various pretreatment times (15, 30, 60 and 120 min.) after systemic (i.p.) administration of the
investigated compounds in a fixed dose of 300 mg/kg. p – number of animals protected against
MES-induced seizures; t – number of animals tested per group

Figure 1. Structural formulas of alantolactone and isoalantolactone

Discussion

Maximal electroshock-induced seizures. Electroconvulsions
were produced by means of an alternating current (sine-wave,
0.2 s stimulus duration, 50 Hz, 25 mA, 500 V) delivered
via ear-clip electrodes by a Type 221Rodent Shocker
generator (Hugo Sachs Elektronik, Freiburg, Germany).
The electrical system of the stimulator was self-adjustable
so that changes in impedance did not result in alterations of
current intensity (i.e., the system provides constant current
stimulation). The criterion for the occurrence of seizure
activity was the tonic hind limb extension (i.e., the hind limbs
of animals outstretched 180° to the plane of the body axis).
The protective activity of alantolactone and isoalantolactone
in the screening test was determined as the percentage of
protection of animals against MES-induced tonic seizures.
Additionally, the animals were administered with different
increasing doses of alantolactone and isoalantolactone in

The results obtained clearly indicate that alantolactone
and isoalantolactone (2 sesquiterpene lactones) suppressed
MES-induced tonic seizures in mice. It was found that both
naturally occurring substances administered systemically
(i.p.) at a constant dose of 300 mg/kg produced a moderate
anticonvulsant action in the mouse MES test, because
37.5% of the animals tested were protected against MESinduced seizures. Evaluation of the time-course of the
anticonvulsant effect for these compounds revealed that
both compounds produced antielectroshock action when
administered i.p. at 15 min. prior to the test. Prolongation
of the pretreatment times to 30, 60 and 120 min. before the
electroconvulsions resulted in no anticonvulsant effect in
the mouse MES model. It is worth mentioning that in the
presented study the pretreatment times and doses of tested
compounds were identical to those described previously in
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the screening test allowing selection of compounds with
anticonvulsant activity [9, 11, 12, 24]. Subsequently, the ED50
values of both compounds in the MES test were determined
– 322 (281–369) mg/kg for alantolactone and 336 (285–396)
mg/kg for isoalantolactone. Of note, the ED50 values for
alantolactone and isoalantolactone in the mouse MES model
are quite similar to those denoted for valproate [11]. It is
widely accepted that valproate is the most active antiepileptic
drug, which suppresses tonic, clonic, myoclonic, and absence
of psychomotor seizures in experimental animals [25,
26]. Moreover, valproate has a wide range of therapeutic
indications in epilepsy (for more details see [27]). Considering
the above-mentioned facts, it is possible that alantolactone
and isoalantolactone could also be effective in suppressing
various seizure types. However, to confirm this hypothesis,
more advanced neurochemical studies are required.
Previously, we documented that some naturally occurring
compounds produced the anticonvulsant action in the mouse
MES model. More specifically, it was found that borneol,
thymoquinone [12], xanthotoxin [9], imperatorin and osthole
[7, 8, 11], produced a definite (clear-cut) anticonvulsant action
in the mouse MES model. In contrast, several naturally
occurring substances, including alizarin, arbutin, betulin,
curcumin, diosmin, esculetin, ellagic acid, gallic acid,
hesperidine, linalool, menthofuran, piperitol, piperonal,
quercetin, alpha-terpineol, theobromine, beta-thujaplicin,
ursolic acid and vanillin, produced no or negligible
anticonvulsant activity in mice challenged with the screening
procedure in the mouse MES model [12, 24].
From the results obtained, it can be concluded that
structural modification of alantolactone and isoalantolactone
may contribute to the increase in the antielectroshock activity
of these 2 compounds. Perhaps chemical modification
of their molecules may result in the discovery of new,
potentially favourable drugs that could be used in patients
with epilepsy.
Another potentially important finding of the presented
study is that alantolactone and isoalantolactone possess
anticonvulsant action which occurs at 15 min. after their
systemic administration. Generally, a fast anticonvulsant
activity of drugs or active compounds is useful to stop
seizure attacks in epileptic patients. It is possible to
create a pharmaceutical formula of alantolactone and/or
isoalantolactone that could be administered intravenously. In
such a situation, a bolus of alantolactone or isoalantolactone
could be given to the patients to stop their seizure attacks.
However, more advanced neurochemical studies are
required to elucidate the exact molecular mechanisms of
the anticonvulsant action of both sesquiterpene lactones.
It is worth mentioning that the screening procedure
applied in this study was almost identical to that accepted
by National Institutes of Health (USA) and Antiepileptic
Drug Development Programme for searching for novel
antiepileptic drugs [25, 26]. There is no doubt that bioactive
compounds isolated from herbs and medicinal plants
are a very important source in the search for compounds
possessing anticonvulsant properties in preclinical studies.
Herbs and plants usually contain a series of compounds that
could be clinically favourable, especially, in epileptic patients.
Additionally, the tested compounds administered
systemically (i.p.) at a constant dose of 300 mg/kg produced
no adverse effects in mice. In other words, no signs of ataxia or
motor coordination impairment were observed in this study

in animals receiving alantolactone and isoalantolactone
(results not shown).
Summing up, alantolactone and isoalantolactone (two
sesquiterpene lactones) could be used in patients with
epilepsy, if the results from this study would be extrapolated
into clinical settings.
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