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Abstract

Introduction: The plants of genus Empetrum, which are used in the traditional medicine to cure seizures and neurode-
generative diseases, can be considered as potent antiepileptic drugs. This paper focuses on a comparative analysis of an
anticonvulsive activity of lipophilic fractions from Empetrum nigrum L.

Materials and methods: The experiments were conducted using mature outbred CD-1 male mice. The lipophilic frac-
tions from aerial parts of Empetrum nigrum L. were administered through a catheter into the stomach at a dose of 150 mg/
kg for 5 days. The anticonvulsive effects were studied using the acute seizure tests: strychnine-, pentylenetetrazole — and
maximal electroshock (MES) induced tests. Carbamazepine was used as a positive control drug at a dose of 100 mg/kg.

Results and discussion: The acetone-soluble fraction (ASF) of the chloroform extract from Empetrum nigrum L.
showed a pronounced anticonvulsive effect on seizures induced by strychnine (1.5 mg/kg) and pentylenetetrazole
(150 mg/kg). In comparison to the control group, the time from seizures to death increased by 1.5 for the strychnine-in-
duced seizures, and 1.9 times in case of pentylenetetrazole model. The survival rate of the animals was 22.2% and 20%,
correspondingly. The survival rate in the MES test was 77.8%. Overall, ASF demonstrates a remarkable anticonvulsive
activity in all the tests, especially in the MES test.

Conclusion: Our study for the first time shows a potent antiepileptic effect of ASF from Empetrum nigrum L., contain-
ing triterpene compounds and chalcones. The future studies will be focused on investigating the exact mechanisms of
anticonvulsive and neuroprotective effects of ASF.

Copyright Bezverkhniaia EA et al. This is an open access article distributed under the terms of the Creative Commons Attribution License (CC-BY 4.0), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.
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Introduction

Epilepsy is a very common noncontagious chronic neuro-
logical disorder affecting more than 50 million patients
worldwide, according to the World Health Organization
(Duncan et al. 2006). The frequency and prevalence of
epilepsy varies by age (Banerjee et al. 2009) and is hig-
hest among children under 7 years old and among people
over 55 years old (Jalalpure et al. 2009).

According to the modern conception, epilepsy is not
a homogeneous disease, but a multifactorial pathological
condition. There are several factors which play a signifi-
cant role in the onset of seizure activity — neurochemical
mechanisms and disorders, accompanied by destabiliza-
tion of ionic permeability (channelopathies), mediators
metabolism (glutamate, gamma-aminobutyric acid) and
energy processes. All these factors lead to an increase
in the permeability of neural cell membranes and, con-
sequently, depolarization of neurons, their hyperexcita-
bility, epileptization and hypersynchronization, and as a
result formation of an epileptic source (Dichter 2009).
Neuronal death is a dynamic process, which results from
the genetic factors, excitotoxicity due to mitochondrial
dysfunction, changes in the level of cytokines and oxida-
tive stress due to antioxidant systems inactivity (Shin et
al. 2011). Anticonvulsive synthetic drugs (ASD) are used
for the pathogenetic treatment of epilepsy and suppress
energy production in the epileptogenic source.

The main target for any ASDs, such as valproic acid
and zonisamide, is to block neuronal ion channels (main-
ly, sodium and calcium); to increase GABA-ergic inhibi-
tion (gabapentin); and to reduce glutamatergic excitation
(lamotrigine). Some ASDs have a multi-target activity.
For instance, zonisamide, regulating the permeability of

sodium and calcium channels of neurons, has a unique
property: it also reduces overproduction of nitric oxide
and free radicals, providing a high neuroprotective effect
(Czapinski et al. 2005; Brodie et al. 2011). ASDs used in
modern medicine have strong anticonvulsive effects, but
their antiepileptogenic properties are significantly wea-
ker. Moreover, ASD sometimes have severe side effects,
limiting their use, especially in pediatrics. Long-term
ASD therapy leads to pharmacological resistance in 20—
30% of all cases (Goldberg and Burdick 2001; Avakian
and Avakian 2017). Consequently, finding new anticon-
vulsive medicines, both effective and safe, is the task of
great importance.

Nowadays the tendency is to prescribe herbal medici-
nes that feature a wide therapeutic range along with low
toxicity and better patient’s tolerance to the side effects.
These properties are very desirable for successful treat-
ment of all chronic diseases, in particular, epilepsy (Nsour
et al. 2000; Sambukova et al. 2017).The plants of genus
Empetrum are known to be used in traditional medicine
to cure seizures and neurodegenerative diseases (Krasnov
2006; Barnaulov 2018).

Previous studies conducted in Siberian State Medical
University (a joint research by the Departments of Phar-
macology and Pharmaceutical Analysis) discovered a
strong anticonvulsive effect of extracts from Empetrum
nigrum L., comparable to the activity of synthetic anti-
convulsants, whereas their toxicity was significantly lo-
wer (Saratikov et al. 2003). The major outcome of that
research was a wasteless technology to extract a lipophilic
purified fraction (acetone insoluble fraction of chloroform
total extract (AIF)), which demonstrated anticonvulsive
effect (Krasnov 2006). Another component was a thick
crowberry extract (acetone soluble fraction of chloroform
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total extract (ASF)), which showed high antioxidant and
antihypoxic activities (Ermilova et al. 2001). At the same
time, triterpene compounds and chalcones containing in
the ASF can be considered as potent cytoprotective drugs
to treat epilepsy and neurodegerative disorders due to their
reported ability to enhance resistance of neurons to dama-
ging factors (Stepkina and Velikorodov 2015; Lipatova et
al. 2017; Kun and Zuhua 2019; Nogueira et al. 2019).
The anticonvulsive activity of the chloroform extract
(CE) from Empetrum nigrum L. and its fractions (AIF,
ASF) has never been studied yet within the comparative
experiment. This paper focuses on a comparative analysis
of an anticonvulsive activity of lipophilic fractions from
Empetrum nigrum L. to select the most promising candida-
te for further chemical and pharmacological investigation.

Materials and methods

Plant materials and extraction

Black crowberry aerial parts (Empetrum nigrum L.),
collected in 2018 in the Altai Region of Russia, were
purchased from Horst Company, Barnaul (Russia). The
lipophilic fractions (CE, AIF, ASF) from black crowberry
were extracted as described earlier (Ermilova et al. 2001).
Ground dry aerial parts of Empetrum nigrum L. were twi-
ce extracted using boiling chloroform in a round-bottom
flask with a reflux condenser. The ratio of solvent to the
sample was 10 to 1. Extracts were filtered hot through
a cloth filter. The combined chloroform extracts were
evaporated to dryness in a rotary evaporator at 30°C and a
rotation speed of 60 rpm. The AIF and ASF fractions were
obtained from CE through acetone extractions, conducted
three times at room temperature with continuous stirring.
The ratio of solvent to CE was 10 to 1. The acetone ex-
tracts were filtered in vacuum using the Bunsen-Buech-
ner system. The precipitate (AIF) was collected and dried
through convection. The filtrates were mixed and dried in
a rotary evaporator at 30 °C and a rotation speed of 60 rpm
to 1/3 of the initial volume. The acetone extract (ASF)
was dried through convection.

Experimental animals

The experiments were conducted using first category con-
ventional mature outbred CD-1male mice, provided by
the Department of Biomodelling of Goldberg Research
Institute of Pharmacology and Regenerative Medicine.
The weight of the animals ranged from 22 to 27 g. Animal
welfare and the experimental design were approved by the
Bioethical Committee (JACUC protocol No. 164042019).
The research protocol was in compliance with the Direc-
tive 2010/63/EU of the European Parliament and the Coun-
cil on the protection of animals as well as Order Ne 199n of
the Ministry of Health of the Russian Federation of August
1, 2016.The animals were adapted to the vivarium in a se-
parate room for 3 days prior to administration. Before the

start of the experiment, each animal within the group was
assigned an individual number. The animals were random-
ly divided into 5 groups (n = 10): control group, carbama-
zepine, CE, AIF, ASF, using body weight as a criterion.

Drugs

Strychnine was purchased from Sigma-ALDRICH (In-
dia), pentylenetetrazole (PTZ) was purchased from Sig-
ma (Germany). Carbamazepine was purchased from Al-
si-Pharma (Russia). All the drug solutions were freshly
prepared by dissolving in saline, and the solvents used
were of analytical grade.

Experimental protocol

The fractions (CE, AIF, ASF), emulsified with tween-80,
were injected through a catheter into the stomach at a
dose of 150 mg/kg for 5 days. On the day of the experi-
ment, the same dose was given 2 hours before testing. The
positive control drug (carbamazepine) was administered
in form of aqueous suspension at a dose of 100 mg/kg,
following the same scheme. The animals from the control
group received only solvent in equivolume amount.

The experimental tests were carried out according to
The Guidelines for Preclinical Trial of Drugs (Mironov
2012). The protocol to study anticonvulsive effects inclu-
ded seizures induced by strychnine at a dose of 1.5 mg/
kg, PTZ at a dose of 150 mg/kg, and MES. Strychnine and
PTZ were administered subcutaneously in the cervical re-
gion of the back. The animals were observed for 30 mi-
nutes after the injection. The anticonvulsant effect of the
lipophilic fractions was evaluated using the survival rate
and time to death after an injection of chemiconvulsants.

MES stimulation with pulse charge of 4.9 mC was ap-
plied through corneal electrodes to induce tonic extension
of the hind limbs causing 100 % lethality rate in the con-
trol group. A drop of electrolyte solution (0.9% sodium
chloride) was applied for better electrode contact (Cas-
tel-Branco et al. 2009). The anticonvulsive effect of the
extracts was estimated as their ability to prevent the tonic
extension. The survival rate after MES was also taken into
account (Mironov 2012).

Statistics

The experimental values measured in all the groups
were compared using Student’s T-test, nonparametric
Wilcoxon-Mann-Whitney U test, and Fisher angular
transformation in Statistica 6.0 package. The differences
were considered significant if the significance level was
p < 0.05 (Sergienko 2006).

Results

It was confirmed that 1.5 mg/kg of strychnine injected sub-
cutaneously leads to a 100% lethality rate in the control
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group (Table 1). The preventive course of carbamazepine
administered per os at the dose of 100 mg/kg significantly
increased all the parameters: survival rate, time to death,
onset time of the myoclonic, clonic and tonic seizures by
1.4, 1.5, and 2.8 times correspondingly. The ASF from
aerial parts of Empetrum nigrum L. administered using
the same scheme has a stronger anticonvulsive effect than
CE and AIF. In this group, time to death increased by 1.5
times and the survival rate — by 22.2% as compared to the
control group. Both CE and ASF demonstrated a protec-
tive activity close to the activity of the positive control,
delaying the onset of seizures.

PTZ injected subcutaneously at a dose of 150 mg/kg also
leads to a 100% lethality rate in the control group (Table 2).
Carbamazepine reliably increased time to death by 3.4 times
and reduced the lethality rate, with 60% of the animals in
the positive control group surviving. The ASF is less effec-
tive than carbamazepine, but has a stronger anticonvulsive
activity in comparison to CE and AIF, increasing time to
death by 1.9 times and the survival rate up to 20%.

Maximal electroshock (MES) test induced tonic extensi-
on of the hind limbs (Castel-Branco et al. 2009), causing a
100% lethality rate in the control group (Table 3). The pre-

ventive course of carbamazepine eliminated tonic extensi-
ons, but clonic and clonic-tonic seizures still remained.

The ASF demonstrated the highest anticonvulsive ac-
tivity among all the lipophilic extracts. The survival rate
in the ASF group was 77.8%. Despite the fact that MES
induced tonic extensions in all the animals, the majority
of the group survived. This finding supports the hypothe-
sis about a protective activity of the ASF.

Discussion

The anticonvulsive activity of the three components
(chloroform extract (CE) and its fractions: AIF — aceto-
ne-insoluble, ASF — acetone-soluble) extracted from the
aerial parts of Empetrum nigrum L. was compared using
different primary seizures models. The ASF features the
highest activity among all the lipophilic extracts, demon-
strating the best results in MES test.

The models of acute seizures allow studying anticon-
vulsive and neuroprotective effects of chemical com-
pounds through their impact on cellular and molecular
processes that may be involved in both the generation and

Table 1. Anticonvulsive Effect of the Lipophilic Fractions from Empetrum nigrum L. in Comparison to Carbamazepine on Seizures

Induced by 1.5 mg/kg of Strychnine.

Onset time of myoclonic
seizures, sec

Group, dose, N

Onset time of clonic
seizures, sec

Onset time of tonic extension Survival rate, %

of the hind limbs, sec

Time to death, sec

1. Control group (n=11) 3243+21.2 353.0+£19.5 484.5+29.7 535.6 £26.2 0
2.Carbamazepine, 100 mg/kg (n=9) 4549 +39.0™ 534.6 +57.0° 1348.1 + 186.0™ 1535.2+136.6" 66.7"
3. CE, 150 mg/kg (n = 10) 404.0 +33.8" 449.0 +39.8" 539.4£55.6 773.9 + 140.3 10
4. ATF, 150 mg/kg (n = 10) 3459 +28.2 360.9 £ 28.5 4742 £46.0 695.2 £79.6 0
5. ASF, 150 mg/kg (n=9) 391.9+30.6 407.4+329 555.8 +66.0 827.2 + 144.6" 222"

Note:"~p<0.05;,"~p <0.01 in comparison to the control group; CE — total chloroform extract; AIF — acetone insoluble fraction of CE; ASF — acetone soluble fraction of CE.

Table 2. Anticonvulsive Effect of the Lipophilic Fractions from Empetrum nigrum L. in Comparison to Carbamazepine on Seizures

Induced by 150 mg/kg of Pentylenetetrazole.

Onset time of
myoclonic seizures, sec

Group, dose, N

Onset time of clonic
seizures, sec

Onset time of tonic extension Time to death, sec Survival rate, %
of the hind limbs, sec

1. Control group (n = 10) 174.2 £26.6 210.2+32.6 387.3+42.1 404.9+42.2 0
2. Carbamazepine, 100 mg/kg (n= 10) 158.4+ 14.6 213.1+23.7 575.4+138.4 1372.1 £212.9™ 60™
3. CE, 150 mg/kg (n = 10) 198.6 +32.0 356.2 +45.7" 361.1+45.4 375.8 £46.1 0
4. ATF, 150 mg/kg (n = 10) 180.9 +24.1 212.0+32.4 466.5 +27.8 690.1 +153.7" 0
5. ASF, 150 mg/kg (n = 10) 179.4 +33.8 289.7 +59.1 446.0 £30.5 749.5 + 1771.7° 207

Note:"—p<0.05;"~p <0.01 in comparison to the control group. CE — total chloroform extract; AIF — acetone insoluble fraction of CE; ASF — acetone soluble fraction of CE.

Table 3. Anticonvulsive Effect of the Lipophilic Fractions from
Empetrum nigrum L. in Comparison to Carbamazepine on Sei-
zures Induced by Maximal Electroshock.

Cases with tonic
extension, %
100 20

Group, dose, N Survival rate, %

1. Control (n = 10)

2. Carbamazepine, 100 mg/kg (n=9) 0 100™
3. CE, 150 mg/kg (n=9) 100 30
4. ATF, 150 mg/kg (n = 10) 100 40
5. ASF, 150 mg/kg (n=10) 100 77.8"

Note:— p < 0.05;"— p < 0.01 in comparison to the control group. CE — total chlo-
roform extract; AIF — acetone insoluble fraction of CE; ASF — acetone soluble
fraction of CE.

termination of seizures. The most common models are
chemically induced seizures, for example, pentylenetetra-
zole- and strychnine-induced seizure models. PTZ indu-
ces various types of seizures due to binding to the t-butyl
bicyclophosphorothionate site of the GABA, receptor
(Olsen 1981). It is generally agreed that the pentylenete-
trazole-induced seizures can be used to identify the com-
pounds that enhance GABA ,-ergic neurotransmission, or
regulate permeability of T-type calcium (Ca?*) channels
(Mandhane et al. 2007). Strychnine blocks glycine recep-
tors, which are allosteric regulators of the GABA com-
plex (Lehmann et al. 1988).
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The anticonvulsive activity of the ASF could be attri-
buted to its interaction with GABA receptors and Ca**
T-type channels because this fraction blocks seizures in-
duced by GABA receptor antagonist (PTZ) and glycine
receptor blocker (strychnine), allosteric GABA modula-
tor. These mechanisms play an important role in an anti-
convulsive activity of many medicines. It is well known
fact that primary mechanisms, such as modulation of
GABA-ergic transmission and blocking of sodium and
calcium channels, are the most important in preventing
seizures and stopping current abnormal neuronal activity.

Previously discovered antioxidant and antihypoxic ef-
fects of the ASF (Ermilova et al. 2001) along with its anti-
convulsive activity make this fraction a promising candida-
te for further chemical and pharmacological investigations
in order to find specific compounds related to the different
effects and explain mechanisms of their biological activity.

Conclusion

The present study, for the first time, reports potent antie-
pileptic effect of the ASF from Empetrum nigrum L. con-
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