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ABSTRACT

Background: Ziziphus vulgaris (ZV) and Ferula asafoetida (FA) have
phenolic compounds with potential anti-epileptic activity.

Objective: This study was aimed to investigate the anti-epileptic potential of
hydroalcoholic (30:70) crude extracts of ZV and FA.

Methods: Different doses (5 mg/ml, 15 mg/ml, 25 mg/ml) of extracts from ZV
and FA were separately administered intraperitoneally to groups (7/group) of
male albino mice (20-30 g). Phenytoin (15 mg/ml, intraperitoneal) was used
as positive control. After 30 min, tonic-clonic seizures were induced by
intraperitoneal administration of picrotoxin (6 mg/ml) and strychnine (4 mg/ml)
in separate groups. Animals were monitored for 1 h and different parameters
including onset and frequency of seizures and protection (against mortality &
seizures) were determined.

Results: A dose dependent significant delay in onset and decrease in seizure
frequency as well as mortality was observed in animals treated with plant
extracts (ZV and FA). Positive control (phenytoin) also showed significant
delay in seizure onset and decreased the seizure frequency.

Conclusion: The plant extracts (ZV and FA) contain the phenolic compounds
which may induce the GABAergic transmission that could be the most
probable mechanism for their anti-epileptic activity. Molecular studies and
histopathological analysis are required to elucidate the exact anti-epileptic
mechanisms of ZV and FA extracts.

Keywords: Ziziphus vulgaris, Ferula asafetida, Anti-epileptic plants,
Strychnine-induced seizures, Picrotoxin-induced seizures.

INTRODUCTION

classified as partial, generalized, absence, tonic-

Epilepsy is a neuronal disorder showing the sign of

clonic, tonic, clonic, myoclonic, atonic, mixed
seizures, and status epilepticus [3]. Tonic

seizures which can be experienced spontaneously or
in routine whereas, a single episode of seizure is not
considered as epilepsy and known as non-epileptic
seizures [1]. The global prevalence of active epilepsy
is 0.5-1.0% which may be even more in elderly (> 60
years) population [2]. Epileptic seizures can be
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seizures involve sudden stiffening and contraction of
the muscles while clonic seizures involve rhythmic
twitching or jerking of muscles. Tonic-clonic
seizures are a combination of these two types in a
specific pattern [4]. The cause of seizure may differs
with the type of epilepsy, whether the epileptic foci
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are localized or extensively spread to the other parts
of the brain but mostly epilepsy is idiosyncratic [5].
Possible causes of seizure include stress, drug-
induced, abnormal dietary patterns (excessive alcohol
intake), menstrual cycle and certain infections [6]. The
type and intensity of the seizures can be identified
using diagnostic techniques such as Electro
Encephalo Graph (EEG), Brain Scan, past medical
history and different blood tests [7].

Medications can manage seizures in majority of
epileptic patients however; 30% of the epileptic
patients do not respond to medications and therefore,
require  surgical interventions [8].  Surgical
interventions attain the curative treatment of epilepsy
in which the patient can either become seizure free or
he requires palliative care to decrease the seizure
frequency [9]. The approved medication possesses
unwanted effects including cognitive [10] and
neuropsychological effects [11]. The imminent
resistance to conventional drugs urges the need of
alternative treatment options including herbal
medications. Ziziphus vulgaris is a medicinal plant
that belongs to family Rhamnaceae and possess
anxiolytic [12], antibacterial, antifungal [13], analgesic
[14] and anti-hyperlipidemic activities with potential to
treat different ailments like diabetes mellitus [15] and
neurological disorders [16]. Ziziphus jujube (ZV) is a
medicinal plant that belongs to family Rhamnaceae.
The use of ingredients from ZV in the treatment of the
epileptic seizures has already been reported [17].
Phytochemical analysis of Ziziphus vulgaris and
Ziziphus jujube reveals the presence of same
pharmacological active compounds. Their fruits are
rich in the phenolic compounds such as catechin,
epicatechin, rutin, p-hydroxy-benzoic acid,
chlorogenic acid, caffeic acid, ferulic acids, vitamins
and minerals [18].

Ferula asafetida (FA) is another medicinal plant
belonging to family Umbelliferae and has been used
in traditional medicines because of its anti-
hypertensive [19], antifungal, anti-diabetic [20], anti-
inflammatory [21], anti-mutagenic [22] and antiviral
activities [23]. FA comprises of 68% of carbohydrates,
16% of moisture, 4% protein, 1% of fat, 7% of
minerals, 4% of fiber, resin (40 to 65%), gum (20 to
25%) and volatile oil (4 to 20%) [24]. Both the
medicinal plants including FA and ZV are enriched
with flavonoids which are believed to be responsible
for their anti-convulsant potential [25]. In addition to
flavonoids, FA also contains other important
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ingredients like esters of ferulic acid, assafoetidnol,
umbelliferon, luteolin and volatile oils [26, 27]

The toxicity studies revealed that extracts from both
the plants (ZV & FA) were safe in animal testing. The
treatment of rats with alcoholic extract of ZV (100
mg/kg) for 3 months produced no functional or
structural disturbances in vital organs and the oral
LD50 in mice was 3820 mg/kg [28]. Moreover, rats
did not show any signs of acute toxicity with oral
administration of FA at doses up to 5000 mg/kg [29].
It was hypothesized that these both plants (ZV & FA)
had certain constituents i.e. catechin, gallalocatechin,
kaempferol, quercetin and rutin with potential to treat
epileptic seizures. [25]. Picrotoxin is considered as
GABAA receptor antagonist that acts by modifying the
function of chloride ion channel [30]. Strychnine is the
potential competitive antagonist of glycine and blocks
the inhibitory effects of the glycine at all glycine
receptors [31]. Drug-induced (i.e. strychnine and
picrotoxin-induced) epilepsy mouse models exert the
local foci in the brain by disturbing the normal
excitatory and inhibitory neurotransmitter levels and
are widely used to evaluate the anti-seizure effects of
different drugs [32]. Strychnine and picrotoxin-
induced epilepsy models interrupt the activity of
neurotransmitters such as GABA and glutamate that
are involved in the pathogenesis of seizures [33]. We
aimed to study the anti-seizure activities of each of
the ZV and FA hydroalcoholic crude extracts in
mouse models of picrotoxin and strychnine-induced
tonic-clonic seizures and to elucidate their proposed
mechanisms of action [34].

MATERIALS AND METHODS

Chemicals and equipment

Standard equipment and analytical grade chemicals
were used. Chemicals including diazepam, sodium
valproate, strychnine and picrotoxin were purchased
from Sigma-Aldrich, USA. Equipment includes digital
weighing balance (Shimadzu, AY62 Japan), incubator
(Memmert, Beschickung-Loading Modell 100-800),
refrigerator (Dawlance, Pakistan), rotary evaporator
(Dihan LabTech Co. LTD) and vortex mixer (Dihan
LabTech co. Ltd. LVM-202). Ziziphus vulgaris and
Ferula asafetida were procured from local market.
Specimen samples of ZV and FA dried plants were
identified by Dr. Zaheer-ud-Din, Associate Professor
Department of Botany, Government College
University, Lahore, Pakistan under voucher numbers
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Gc.Herb.Bot.3475 and
respectively.

Gc.Herb.Bot.2963

Preparation of extracts

Whole dried plants were crushed into coarse powder
in an electric blender and separately soaked in
hydroalcoholic mixture (30:70) at room temperature
with occasional shaking. Soaked material of each
plant was then filtered through muslin cloth and
Whatman filter paper (grade 1). In order to get
maximum yield the process of soaking and filtration
was repeated two more times. The filtrate was
evaporated to a dark brown mass (at 40 °C under
vacuum) in a rotary evaporator followed by drying at
room temperature and the resultant extract was
refrigerated at -4 °C until used [35].

Experimental animals

Male and female Swiss albino mice weighing between
30 - 35 g were obtained from the animal house of
University of Lahore, Pakistan. Free access of ad
libitum was given to mice. Animals were kept on
fasting one night before experiment but were allowed
a free access to water. Guidelines of Institutional
Research Ethics Committee, The University of
Lahore, Lahore, Pakistan (approval number: IREC-
17-107) were followed during the experiments. A total
of 140 mice were divided into 20 groups (7 mice /
group) by the random selection of mice in each group.

Administration of extracts to animals

The extracts (ZV & FA), picrotoxin and strychnine
were diluted in distilled water while phenytoin solution
was used in an un-diluted form. Picrotoxin (1 mg) and
strychnine (1 mg) were separately diluted in 10 ml of
distilled water and administered intraperitoneally (6
mg/kg and 4 mg/kg respectively). Stock solutions of
both extracts (ZV & FA) were prepared by diluting 100
mg of each extract in 100 ml of distilled water and the
diluted extracts  were separately injected
intraperitoneally in different doses (5 mg/kg, 15
mg/kg, and 25 mg/kg).

Picrotoxin-induced seizures

Anticonvulsant effects of plant extracts (ZV & FA)
were studied in-vivo by using picrotoxin-induced
seizure model. Both plants extracts (ZV & FA) were
separately injected to the animals groups.
Hydroalcoholic crude extracts (ZV & FA) were
injected intraperitoneally at different doses (5 mg/kg,
15 mg/kg, and 25 mg/kg) which were selected on the
basis of available literature and found to be
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pharmacologically active in mice to all groups except
negative and positive controls [34]. Positive control
group received phenytoin (15 mg/kg). After 30 min,
picrotoxin (6 mg/kg) was administered
intraperitoneally in individual groups to induce
seizure. Each animal was placed in individual plastic
cage for observation for at least 60 min after toxin
injection. Onset time of seizures, seizures frequency
and protection against mortality and seizures were
noted [36]. The number of seizures during the
observation time was observed and the frequency
was calculated by taking mean of observations in
each group [37]. Time interval between induction of
disease and demonstration of seizure was measured.
The delay in onset of seizure was calculated in
comparison with the control group. Protection was
expressed as percent inhibition relative to vehicle
control.

Strychnine-induced seizures

Anticonvulsant effects of plant extracts (ZV & FA)
were also studied in-vivo by using strychnine-induced
seizure model. Both plants extract (ZV & FA) and
phenytoin was separately injected to the animals
groups in same doses as described for picrotoxin-
induced seizures. After 30 min, strychnine (4 mg/kg)
was administered intraperitoneally to induce epilepsy
by post synaptic inhibition of glycine. Each animal
was placed in individual plastic cage for observation
for at least 60 min after toxin injection. Onset time of
seizures, seizures frequency, protection against
mortality and seizures were noted in same manner as
described for picrotoxin-induced seizures [36].

Statistical Analysis

As the data was normally distributed variably by a bell
shape histogram so, the sum results were presented
as means *SEM (standard errors of means).
Parametric data were assessed by the method of
analysis of one way ANOVA (analysis of variance)
followed by Tukey's test. Graphics and statistical
hypothesis testing were done using Graph Pad Prism
(version 5.0) and IBM SPSS version 19.

RESULTS

Picrotoxin-induced seizures

The intraperitoneal administration of ZA and FA
extracts showed a dose dependent protection from
tonic-clonic seizures in picrotoxin-induced seizures in
mouse model.

RADS J. Pharm. Pharm. Sci,



Anti-Epileptic Potential of Ziziphus Vulgaris and Ferula Asafoetida Extracts in Drug Induced Seizure Models of Experimental Mice

a

601 =

ns

=
£ ol T
@
£
©
2 20
) |.|

0 T T T T T

-ve Ctrl 5mg 15mg 25mg +ve Ctrl
I'reatment Groups

(o

60 - —

ns |
€
E 404
@
E
T
2 204
) |.I
T
5mg

-ve 'Ctrl

T
15mg

I'reatment Groups

25|"ng +ve‘Clrl

=2

Onset time (min)

Q

Onset time (min)

60

B
o
1

N
o
1

601

o

I'reatment Groups

==
ns
0 I T | | T | T T T
-ve Ctrl 5mg 15mg 25mg +ve Ctrl
I'reatment Groups
——
I T I T T T
-ve Ctrl S5mg 15mg 25mg +ve Ctrl

Figure 1. Graph showing the onset of seizures induced in different treatment groups: (a); Effects of ZV extract in
picrotoxin-induced seizures, (b); Effects of ZV extract in strychnine-induced seizures, (c); Effects of FA extract in
picrotoxin-induced seizures and (d); Effects of FA extract in strychnine-induced seizures. Values are expressed
as mean + SEM, where n = 7, ** = P < 0.01 (very significant); * = P < 0.05 (significant) and ns = non-significant
compared to negative control using one way ANOVA followed by Tukey’s test.

Table 1. The effects of FA and ZV extracts on onset time, frequency and percentage protection against
seizure & mortality in picrotoxin and strychnine-induced seizures.

Effects Onset of seizure (min) Frequency of seizure % protection
. . . . . . Picrotoxin-induced Strychnine-induced
Treatments P_lcrotoxm- St_rychnlne- P_|crotoxm- St_rychnlne- seizure seizure
induced induced induced induced
Seizures | Mortality | Seizures | Mortality
Ve 13.28 9.57 2 2 0 0 0 0

control

m E;k 36.43 ns 15.57 ns 1.14 ns 1.14 ns 35ns 70 * 15 ns 70*
Effects ?5 g

of ZV mark 49 * 26.14 * 0.57 ** 1+ 65 ** 80 * 20* 70 **
extract 25 9

mglkg 50.14 * 36.42 * 0.28 *** 0.71 ** 75 ** 100 *** 40 * 70 **

Cgr‘]’tfol 60 60 0 0 100 100 100 100

-ve
13.28 9.57 2 2 0 0 0 0

control

m 5/k 40.14 ns 22 ns 1ns 1.42 ns 40 ns 70 ns 6 ns 40 ns
Effects 25 9

of FA mark 55.28 ** 33.85* 0.71* 1+ 60 ** 100 *** 20* 70 *
extract 35 :!

malkg 54.66 ** 44.42 ** 0.57 ** 0.85 ** 70 *** 100 *** 40 * 70 **

c;rYt?m 60 60 0 0 100 100 100 100

Values are expressed as mean + SEM, where n = 7, *** = P < 0.001 (highly significant results); ** = P < 0.01
(very significant); * = P < 0.05 (significant); ns = non-significant compared to negative control.
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Onset of seizures

The administration of picrotoxin (6 mg/kg,
intraperitoneally) frequently (less than 20 min)
induced seizures as seen in untreated (negative)
control group (Table 1). The effects of FA and zV
extracts on onset time of picrotoxin-induced seizures
are summarized in Table 1. The treatment of mice
with hydroalcoholic crude extract of ZV at doses (15,
25 mg/kg, intraperitoneal) significantly (P < 0.05)
delayed the onset of seizures as shown in Figure la.
Moreover, the treatment of animals with FA
hydroalcoholic extract showed very significant (P <
0.01) delay in onset of seizure at doses (15, 25
mg/kg, intraperitoneal) (Figure 1c). The positive
control  (phenytoin, 15 mg/kg, intraperitoneal)
completely inhibited the onset of seizure throughout
the observation period (60 min) (Table 1).

Frequency of seizures

The administration of picrotoxin (6 mg/kg,
intraperitoneally) showed high frequency (calculated
as mean of total animals) of seizures as seen in
untreated (negative) control group (Table 1). The
effects of FA and ZV extracts on frequency of
picrotoxin-induced seizures are summarized in Table
1. The treatment of mice with hydroalcoholic crude

extract of ZV at doses (25 mg/kg, intraperitoneal)
showed highly significant (P < 0.001) reduction in
seizure frequency (Figure 2a). In addition, the
treatment of animals with FA hydroalcoholic extract
(15, 25 mg/kg) significantly (P < 0.05 and P < 0.01
respectively) reduced the frequency of seizures as
depicted in Figure 2c. The positive control (phenytoin,
15 mg/kg, intraperitoneal) completely inhibited the
induction of seizure throughout the observation period
(60 min) (Figure 2).

Protection against mortality and seizures

The treatment of animals with hydroalcoholic crude
extracts of ZV and FA not only protected the animals
against picrotoxin-induced seizures but also reduced
the mortality rate in a dose dependent manner as
summarized in Table 1. The untreated (negative)
control group did not show any protection against
seizures and mortality. Both (ZV & FA) extracts were
more effective in protecting the animals against
mortality (100% protection) as compared to protection
against seizures (75% & 70% protection respectively)
at doses (25 mg/kg, intraperitoneal) as depicted in
Figure 3a & c. However, positive control (phenytoin,
15 mg/kg, intraperitoneal) showed 100% protection
against both mortality and seizures (Figure 3a & c).
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Figure 2. Graph showing the frequency of seizures induced in different treatment groups:

Ireatment Groups

(a); Effects of zV

extract in picrotoxin-induced seizures, (b); Effects of ZV extract in strychnine-induced seizures, (c); Effects of FA
extract in picrotoxin-induced seizures and (d); Effects of FA extract in strychnine-induced seizures. Values are
expressed as mean + SEM, where n = 7, *** = P < 0.001 (highly significant); ** = P < 0.01 (very significant); * =
P < 0.05 (significant) and ns = non-significant compared to negative control using one way ANOVA followed by

Tukey’s test.
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Strychnine-induced seizures

The intraperitoneal administration of ZA and FA
extracts showed a dose dependent protection from
seizures in strychnine-induced seizures in mouse
model however less effective than in picrotoxin-
induced seizures.

Onset of seizures

The administration of strychnine (4 mg/kg,
intraperitoneal) frequently (in less than 20 min)
induced seizures as seen in untreated (negative)
control group (Table 1). The effects of FA and zZV
extracts on onset time of strychnine-induced seizures
are summarized in Table 1. The treatment of animals

a [ Seizure
&5 Mortality
1004
8 S
o °
S 50 ns f 3
a S
2 ﬂ 2
T T Lo T . T - T
-ve Ctrl 5mg 15mg 25mg +ve Ctrl
c Treatment groups
3 Seizure
B Mortality

1004

504

% protection

ko=l

veCtl 5mg 15mg 25mg  +ve Ctrl

Treatment groups

% protection

with ZV hydroalcoholic extract significantly (P < 0.05)
delayed the onset of seizure at doses (15, 25 mg/kg,
intraperitoneal) (Figure 1b). Moreover, treatment of
animals with FA at doses (15, 25 mg/kg,
intraperitoneal) hydroalcoholic crude extract showed
significant and very significant (P < 0.05, P < 0.01
respectively) delay in onset of seizures (Figure 1d). In
addition, positive control (phenytoin, 15 mg/kg,
intraperitoneal) completely inhibited the onset of
seizure throughout the observation period (60 min)
(Figure 1).

100+
804
60+
404
ns
204
Cerd
=
C T T = T T
-ve Ctrl 5mg 15mg 25mg
Treatment groups
100+
80 hl
60 ns
404
204 ns
o |

-ve Ctrl 5mg 15mg 25|"ng
Treatment groups

Figure 3. Graph showing the percentage protection against seizures and mortality in different treatment groups:
(a); Effects of ZV extract in picrotoxin-induced seizures, (b); Effects of ZV extract in strychnine-induced seizures,
(c); Effects of FA extract in picrotoxin-induced seizures and (d); Effects of FA extract in strychnine-induced
seizures. Values are expressed as mean £ SEM, where n = 7, *** = P < 0.001 (highly significant); ** = P < 0.01
(very significant); * = P < 0.05 (significant) and ns = non-significant compared to negative control using one way

ANOVA followed by Tukey's test.

Frequency of seizures

The administration of strychnine (4 mg/kg,
intraperitoneally) showed high frequency (calculated
by taking mean of total animals) of seizures as seen
in untreated (negative) control group (Figure 2). The
effects of FA and ZV extracts on frequency of
strychnine-induced seizures are summarized in Table
1. The treatment of mice with either extract of ZV and
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FA at doses (15, 25 mg/kg, intraperitoneal) showed
very significant and significant (P < 0.01 and P < 0.05
respectively) reduction in seizure frequency (Figure
2b & d). In addition, positive control (phenytoin, 15
mg/kg, intraperitoneal) completely inhibited the
induction of seizures throughout the observation
period (60 min) (Figure 2).
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Protection against mortality and seizures

The treatment of animals with hydroalcoholic crude
extracts of ZV and FA not only protected the animals
against strychnine-induced seizures but also reduced
the mortality rate in a dose dependent manner as
summarized in Table 1. The untreated (negative)
control group did not show any protection against
seizures and mortality. Both (ZV & FA) extracts were
more effective in protecting the animals against
mortality (70% protection) as compared to protection
(40%) against seizures at doses (25 mg/kg,
intraperitoneal) as depicted in Figure 3b & d.
However, positive control (phenytoin, 15 mg/kg,
intraperitoneal) showed 100% protection against both
mortality and seizures (Figure 3b & d).

DISCUSSION

The data obtained in this study for the first time
demonstrated that hydroalcoholic crude extracts from
Ziziphus vulgaris (ZV) and Ferula asafoetida (FA)
showed highly significant anticonvulsant activity in
experimental model of tonic-clonic seizures in mice.
Epilepsy is a neuronal disorder showing the sign of
seizures which can be experienced spontaneously or
in routine [1]. To the best of knowledge, epilepsy
remains a major global medical challenge and still not
completely curable [38]. ZV and FA have certain
constituents like phenolic compounds with potential to
treat epileptic seizures. These extracts had been
used in folklore for the treatment of different
neuromuscular disorders since many years. We
aimed to study the anti-seizure activities of each of
the hydroalcoholic crude extracts from ZV and FA in
mouse models of picrotoxin and strychnine-induced
tonic-clonic seizures.

The hydroalcoholic crude extract of ZV and FA were
injected intraperitoneally and exhibited anti-epileptic
effects against picrotoxin and strychnine-induced
seizures in a dose dependent manner as observed at
doses 5, 15 and 25 mg/kg respectively in different
groups of Swiss albino mice (n=7). Picrotoxin most
likely produces seizures by inhibiting the gamma
amino butyric acid (GABA) neurotransmission [39].
GABA is the major inhibitory neurotransmitter in the
brain, the major cause of seizure is considered as
inhibition of GABAergic neurotransmission [40].
Seizures can be treated by improving the GABAergic
neurotransmission. However, strychnine produces
seizures by acting as selective, competitive
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antagonist to block the inhibitory effect of glycine at all
glycine receptors [41]. Both extracts significantly
delayed the onset time (Figure 1) and lowered the
frequency of seizures at high doses (Figure 2). It is
pertinent to mention that the FA hydroalcoholic
extract provided the maximum protection against
picrotoxin-induced seizures even at low dose of 15
mg/kg that might reflects its high efficacy and potency
if applied in clinical settings as depicted in Figure 1c.
In addition, ZV & FA extracts showed more protection
against seizures and mortality in picrotoxin-induced
seizure model as compared to strychnine-induced
seizure model at high doses (Figure 3).

This study suggested that ZV and FA hydroalcoholic
extracts are effective against picrotoxin and
strychnine-induced seizures. Phenolic compounds
have the potential to modulate the GABA receptors.
In some studies certain flavonoids like ferulic acid,
rutin and p-hydroxy-benzoic acid have shown the
GABA like effects on benzodiazepine binding site and
modulated the inhibitory effects of GABA [42]. Such
ligand binding sites are classified as positive allosteric
modulators, antagonists, or negative allosteric
modulators according to their spectrum of intrinsic
efficacy towards the GABA receptor [43]. As the
phenolic compounds are among the important
phytochemicals contained in both plant extracts (ZV
and FA) therefore, the most likely mechanism for the
anti-epileptic activity of hydroalcoholic plant extracts
(ZV and FA) could be the GABAergic transmission.
The GABAergic potential can be determined by sleep
test which is indicative of sleep induction and sleep
potentiating outcomes [44, 45]. Future studies could
be designed to determine the GABAergic potential of
these extracts for better mechanistic insights.
Moreover, molecular and histopathological studies
are also required to elucidate the anti-epileptic
mechanisms and to isolate the phenolic compounds
and other phytochemicals responsible for their anti-
seizure activities.

CONCLUSION

It can be concluded from above discussion that
hydroalcoholic crude extracts from Ziziphus vulgaris
and Ferula asafetida showed highly significant dose
dependent anticonvulsant activity in experimental
model of tonic-clonic seizures in mice. Our study is a
step forward towards new horizons in the alternate
treatment options for epilepsy. Molecular studies and
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histopathological analysis was not performed due to
lack of resources. More in-vivo studies are required to
validate the findings in a larger size cohort and to
elucidate the anti-epileptic mechanisms and safety
profiles of ZV and FA hydroalcoholic crude extracts.

CONCLUSION

In a nutshell, anti-inflammatory and analgesic
potential of Aitchisonia rosea could plausibly be owing
to alkaloids, flavonoids, phenols, tannins along with
anti-oxidant effect of flavonoids. Nevertheless, activity
directed fractionation of ARME to separate active
constituents from plant and further studies to
explicate probable mode of action are mandatory to
rationalize its use.
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