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Objective: To evaluate the protective effect of morin against pentylenetetrazol (PTZ)-induced
tonic-clonic convulsions in mice. Methods: Swiss albino mice (18-22 g) was used to induce
convulsions by intraperitoneal (i.p.) administration of PTZ (90 mg/kg). Mice were either

pretreated with morin (10, 20 and 40 mg/kg) or vehicle (distilled water, 10 mg/kg) 45 min before

PTZ administration. Various behavioral and biochemical parameters were assessed. Results:

giﬁogzm PTZ administration resulted in significant production (£<0.001) of tonic-clonic conclusion and
Egi?}l’sy mortality in mice. PTZ-induced increase in the duration of convulsion, onset of convulsion and
Nitric oxide mortality was inhibited significantly by morin (20 and 40 mg/kg) administration. The PTZ-
Pentylenetetrazol induced decrease in brain GABA, dopamine and Na'K*ATPase levels and increase in xanthine

Oxidative stress

Xanthine oxidase oxidase activity were inhibited significantly by morin (20 and 40 mg/kg) treatment. The

increased levels of malondialdehyde and nitric oxide level were significantly decreased by morin
(20 and 40 mg/kg) treatment. Also, reduced levels of superoxide dismutase and glutathione
were increased significantly by morin treatment. Conclusions: Results of the present study
indicate that morin showed its anti-convulsant effect via modulating the levels of brain GABA,
Na"K*ATPase, and oxido-nitrosative stress. Thus, morin can be a potential candidate for further

clinical evaluations as an anti-epileptic agent.

system such as glutamate-GABA (gamma-Aminobutyric acid) or
1. Introduction impairment in voltage- and receptor-gated ion channels which plays

a decisive role in the neuronal cell death. This resulted in various

Epilepsy is a chronic disease of neurobiological system, affecting
approximately 50/100 000 individual while 100/100 000 individual
in developed and developing countries, respectively[1]. It has been
reported that epilepsy prevalence in India is about 1/18th of the
world population which is about 5.5-7.9/1 000 individual(2]. The
children below 7 years-of-age and person of above 55 years have the
higher epilepsy incidencef2].

Research carried out over past decades indicated that there are
various mechanisms responsible for triggering neuronal injury[3-5].

This mechanism includes an imbalance between the neurotransmitter
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disorders of neurobiological system such as epilepsy, Alzheimer’s
disease, parkinsonism and ischemia[6,7]. The increase in the
consequence of epileptic seizures led to the development of many

antiepileptic drugs for ameliorating the neuronal damagef8].

This is an open access journal, and articles are distributed under the terms of the
Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which
allows others to remix, tweak, and build upon the work non-commercially, as long
as appropriate credit is given and the new creations are licensed under the identical
terms.

For reprints contact: reprints @medknow.com

©2018 Asian Pacific Journal of Tropical Biomedicine Produced by Wolters Kluwer-
Medknow

How to cite this article: Kandhare AD, Mukherjee AA, Bodhankar SL. Anti-
epileptic effect of morin against experimental pentylenetetrazol-induced seizures via
modulating brain monoamines and oxidative stress. Asian Pac J Trop Biomed 2018;
8(7): 352-359.



Amit D. Kandhare et al./ Asian Pacific Journal of Tropical Biomedicine 2018; 8(7): 352-359

Currently available synthetic antiepileptic drugs such as oxcarbazepine,
vigabatrin, topiramate, zonisamide, levetiracetam, etc. provide the
symptomatic relief in epileptic seizures in the fraction of the patients.
Moreover, a combination of antiepileptic drugs is associated with side
effects and may increase the complications in the clinical management
of epilepsy[9]. Additionally, the treatments for epilepsy have not
progressed substantially in recent years. Hence, alternative treatment
strategies are required.

Numerous evidence suggested that oxidative stress is most evaluated
mechanisms of epilepsy along with other{4]. Increased oxidative
stress is associated with elevated levels of Reactive Oxygen Species
(ROS). This ROS leads to damage to the neurons which may have
the minimal regenerative capacity[10-13]. Hence, drugs that alleviate
or terminate ROS damage in brain serve to slow down or reduce
aggravations of the disease condition. Research carried out over past
decade investigated the application of traditional medicines for the
management of epilepsy[14.15]. Many herbal isolated moieties from
plant origin have shown promising efficacy in clinical and preclinical
settings for the treatment of epilepsy[14.15]. These facts and figures
support the research for the selection of moieties from the plant
origin for epilepsy treatment.

Morin [2-(2,4-dihydroxyphenyl)-3,5,7-trihydroxy-4H-1-benzopyran-
4-one], a flavonoid from plant origin, has potent antioxidant
property[16]. Morin possesses a plethora of treatment effects such
as anti-inflammatory, anti-asthmatic, cardioprotective, anti-cancer,
renoprotective, anti-allergic, antihypertensive, antiulcer[17-27].
Pentylenetetrazol (PTZ)-induced seizure in animals is widely used
and well established experimental model for determination of efficacy
of various molecules in generalized tonic-clonic convulsions[3.4,28,29].
The researcher showed that PTZ induces convulsions by blocking the
picrotoxin-sensitive site of the GABAA receptor(30]. It has also been
reported that PTZ induces alterations in membrane phospholipid
metabolism which in turn results in the release of free radicals
via elevated oxidative stress[31]. Various chemical moieties from
the class of flavonoids such as fisetin, quercetin, rutin, baicalein,
scutellarein, wogonin, and baicalein have been reported to possess
the anticonvulsive potential which was mediated by the GABAergic
neuron[30.32]. To the best of our knowledge, the antiepileptic efficacy
of morin has not been evaluated yet. Hence, present investigation
aimed to assess the anti-epileptic efficacy of morin in PTZ-induced

tonic-clonic convulsions in experimental animals.

2. Materials and methods

2.1. Drugs and chemicals

Morin and PTZ (Sigma Chemical Co., St Louis, MO, USA), 1, I’,
3, 3' tetraethoxypropane, crystalline beef liver catalase, 5,5"-dithiobis

(2-nitrobenzoic acid) (S.D. Fine Chemicals, Mumbai, India),
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sulphanilamides, naphthylamine diamine HCI, and phosphoric
acid (Loba Chemie Pvt. Ltd., Mumbai, India) were procured from
respective manufacturer. Diazepam was obtained from Symed

Pharmaceuticals Pvt. Ltd., Hyderabad, India.

2.2. Experimental animals

Adult male Swiss albino mice (18-22 g) were obtained from the
National Institute of Biosciences, Pune (India) and maintained
at (24 + 1) °C with a relative humidity of 45%-55% and 12:12 h
dark/light cycle. The animals had free access to standard pellet
chow (Pranav Agro-industries Ltd., Sangli, India) and water
throughout the experimental protocol. All experiments were carried
out between 09:00 and 17:00. The experiment was performed
in accordance with the guidelines of Committee for Control and
Supervision of Experimentation on Animals, Government of India
on animal experimentation. Animals were brought to the testing
laboratory 1 h before the experimentation for adaptation purpose.
All the experimental protocols used in this study were approved by
Institutional Animal Ethical Committee (CPCSEA/77/2010). The

experimentation was conducted in noise free area.

2.3. Experimental design

PTZ-induced convulsion was induced according to previously
reported protocol[3.4,29]. Mice were randomly divided into following
groups (n=06) as follows:

Group [ : Normal (N): Mice were treated with distilled water [10
mg/kg, intraperitoneally (i.p.)] and received normal saline (10 mg/kg,
i.p.) 45 min after administration of distilled water.

Group [[: Pentylenetetrazol control (PTZ control): Mice were
treated with distilled water (10 mg/kg, i.p.) and received PTZ (90
mg/kg, i.p.) 45 min after administration of distilled water.

Group [lI: Morin (10 mg/kg) [M (10)]: Mice were treated with
morin (10 mg/kg, i.p.) and received PTZ (90 mg/kg, i.p.) 45 min
after administration of morin.

Group [V: Morin (20 mg/kg) [M (20)]: Mice were treated with
morin (20 mg/kg, i.p.) and received PTZ (90 mg/kg, i.p.) 45 min
after administration of morin.

Group V: Morin (40 mg/kg) [M (40)]: Mice were treated with
morin (40 mg/kg, i.p.) and received PTZ (90 mg/kg, i.p.) 45 min
after administration of morin.

Group VI: Diazepam (5 mg/kg) [DZP (5)]: Mice were treated daily
with diazepam (5 mg/kg, i.p.) and received PTZ (90 mg/kg, i.p.) 30
min after administration of diazepam.

The dose selection for morin (10, 20 and 40 mg/kg) was based on
a previous study[18]. The symptoms in mice such onset and duration
of clonic-tonic convulsion, as well as incidence (number of mice
showing convulsions) and mortality, were observed for next 30 min

immediately after PTZ administration.
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2.4. Locomotor activity

The percentage reduction in locomotor activity after administration
of morin was determined according to previously reported methods
by using actophotometer (National Scientific Apparatus Works,

India)[3.4,29].

2.5. Biochemical evaluation

2.5.1. Brain GABA and dopamine (DA) estimation

As soon as the onset of convulsions occured, mice were sacrificed,
and brain was isolated immediately. Previously reported methods
were used for evaluation of brain GABA[33] and DA([34].

2.5.2. Brain oxido—-nitrosative stress, Na'K'ATPase and
xanthine oxidase (X0) estimation

The contents of superoxide dismutase (SOD), glutathione (GSH),
malondialdehyde (MDA), nitric oxide (NO content), Na'K*ATPase
and XO were estimated in the brain according to previously reported
methods|[35-42].

2.6. Statistical analysis

Data were expressed as mean =+ standard error mean (SEM). The
data were analyzed using one-way analysis of variance (ANOVA),
Dunnett’s multiple range test was applied for post hoc analysis. Data
of ‘incidence of convulsion’ was analyzed by the Chi-square test.
Data of ‘mortality’ was analyzed by Fisher’s exact test. The statistical
analysis was performed using GraphPad Prism 5.0 (GraphPad, San
Diego, USA). The P<0.05 was considered as statistically significant.

3. Results

3.1. Effects of morin on duration and onset of tonic—clonic

convulsion

Administration of PTZ caused hind-limb and tonic-clonic seizure

Table 1
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whereas morin (20 and 40 mg/kg) pretreated significantly (P<0.05
and P<0.001, respectively) delayed the onset of convulsion when
compared with PTZ control mice. When compared with PTZ control
mice, administration of morin (20 and 40 mg/kg) significantly
(P<0.001) decreased tonic-clonic convulsion duration. Diazepam (5
mg/kg) treated mice also showed significant (P<0.001) attenuation
in the PTZ-induced onset of convulsion and duration of tonic-clonic

seizure as compared to PTZ control mice (Figure 1).

Time duration (sec)
-
s

]

Diazepam (5)

PTZ control

M0

Treatment

=3 Onset of convulsion

Figure 1. Effects of morin and diazepam on PTZ~induced duration and the

=3 Duration of clonic convulsion = Duration of tonic convulsion

onset of tonic—clonic convulsion in mice.
Data are expressed as mean + SEM, n = 6 in each group. The number in
parenthesis for the treatment group indicates dose in mg/kg. Data are analyzed

by one—way ANOVA followed by Dunnett’s test. "P<0.05, and =~ P<0.001 as

compared to PTZ control mice.
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3.2. Effects of morin on mortality

Administration of PTZ caused mortality in mice whereas mice
which were pretreated with morin (20 and 40 mg/kg) significantly
(P<0.01 and P<0.001, respectively) and dose-dependently decreased
PTZ-induced mortality in mice. Incidence of convulsion was also
significantly decreased (P<0.01 and P<0.001 respectively) by morin
(20 and 40 mg/kg). Diazepam (5 mg/kg) treated mice also showed
significant (P<0.001) reduction in mortality as well as convulsion

incidence as compared to PTZ control mice (Table 1).

3.3. Effects of morin on locomotor activity

The locomotor activity did not differ significantly in the diazepam
(5 mg/kg), morin (10, 20 and 40 mg/kg) treated as well as normal
mice before treatment. There was significant (P<0.05 and P<0.001)

Effects of morin and diazepam on PTZ-induced convulsions and locomotor activity in mice.

Treatment  No. convulsed/No. used % animals protected ~ Mortality Locomotor activity Locomotor activity Reduction in activity (%)
(% Death) (Before treatment) (After treatment)

Normal -—- -—- -—- 543.50+19.50 522.30+16.33 3.90

PTZ control 6/6 0 6/6 (100.00) -—- - -

DZP (5) 0/6° 100 0/6 (0.00)*** 538.50+6.33 86.00+5.49"" 84.02

M (10) 5/6 16.66 4/6 (66.67)° 537.00+10.75 429.80+30.44 19.96

M (20) 2/6" 66.63 1/6 (16.66)* 537.30+7.69 358.00+11.74™ 33.37

M (40) 1/6° 83.33 0/6 (0.00)*** 534.50+8.17 241.00+27.31" 54.91

Data are expressed as mean + SEM, n = 6 in each group. The number in the parenthesis for the treatment group indicates dose in mg/kg. Data of “incidence
of convulsion” and “mortality” is analyzed by Chi square test *P<0.05, **P<0.01 and **P<0.001 as compared to PTZ treated mice. ‘P<0.01 and "P<0.001 as

Aok

compared to PTZ treated mice. Data of locomotor activity is analyzed by one-way ANOVA followed by Dunnett’s test P<0.05 and =~ P<0.001 as compared to

normal mice. PTZ: Pentylenetetrazol; DZP: Diazepam; M: Morin.
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and dose-dependent decrease in locomotor activity that has been
observed in morin (10, 20 and 40 mg/kg) post-treatment when
compared with normal mice. Diazepam (5 mg/kg) treated mice also
significantly (P<0.001) reduced locomotor activity when compared

with normal mice (Table 1).

3.4. Effect of morin on brain GABA and DA level

When compared with normal mice, PTZ control group significantly
(P<0.001) reduced brain GABA and DA levels. The brain GABA
level was significantly (P<0.05, and P<0.001) and dose-dependently
increased by morin (20 and 40 mg/kg) treatment as compared to
PTZ control group. It also showed a significant increase (P<0.05) in
brain DA level when compared with PTZ control mice. Moreover,
compared with PTZ control animal group, a significant (P<0.001
and P<0.01) increase in brain GABA and DA level was observed in

diazepam (5 mg/kg) treated animal group (Figure 2).
3.5. Effect of morin on Na'K'ATPase activity

A significant decrease (P<0.001) in Na'K*ATPase activity was
found in PTZ control animal when compared with normal mice.
Morin (20 and 40 mg/kg) treated mice significantly (P<0.01 and
P<0.001) and dose-dependently increased Na’K*ATPase activity
when compared with PTZ control mice. Treatment with diazepam (5
mg/kg) also significantly (P<0.01) increased Na'K"ATPase activity

when compared with PTZ control mice (Figure 2).

3.6. Effect of morin on XO activity

PTZ administration resulted in a significant increase (P<0.001) in
XO activity in PTZ control mice. Mice pretreated with morin (20
and 40 mg/kg) showed significant (P<0.05 and P<0.01) and dose-
dependent decrease in XO activity when compared with PTZ control
mice. Diazepam (5 mg/kg) treated mice significantly (P<0.001)
reduced the PTZ-induced increase in XO activity as compared to

PTZ control mice (Figure 2).

3.7. Effect of morin on oxido—nitrosative stress

The SOD and GSH activities were significantly (P<0.001)
decreased, and MDA and NO activities were significantly (P<0.001)
increased in PTZ control animal as compared to normal mice. A
significant (P<0.05, P<0.001 and P<0.001) and dose-dependent
increase in SOD level was observed in morin (10, 20 and 40 mg/
kg) treated mice when compared to PTZ control mice group,
respectively. The GSH activity was significantly (P<0.01 and
P<0.001) and dose-dependently increased in morin (10, 20 and 40
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mg/kg) treated mice as compared to PTZ control mice. There was
significant (P<0.01 and P<0.001) and dose-dependent reduction in
MDA level that has been observed in morin (20 and 40 mg/kg) when
compared to PTZ control mice. Besides, morin (20 and 40 mg/kg)
significantly (P<0.05) decreased PTZ-induced increased NO level
as compared to PTZ control mice. Diazepam (5 mg/kg) treated mice
also showed significant (P<0.01 and P<0.001) improvement in PTZ-
induced alterations in oxido-nitrosative stress when compared with
PTZ control mice (Table 2).
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Figure 2. Effects of morin and diazepam on PTZ-induced alterations in brain
GABA (A), DA (B), Na'K"ATPase (C) and XO activity (D) in mice.

Data are expressed as mean = SEM, n = 6 in each group. The number in
parenthesis for the treatment group indicates dose in mg/kg. Data are analyzed

i

by one—way ANOVA followed by Dunnett’s test. ""P<0.001 as compared to

Aok

normal mice. "P<0.05, "P<0.01, and ""P<0.001 as compared to PTZ control

mice.

Table 2
Effects of morin and diazepam on PTZ-induced alteration in oxido-nitrosative

stress in mice.

Treatment SOD (U/mg of GSH (ug/mg MDA (nM/mg NO (mg/mL)
protein) of protein) of protein)
Normal 13.60£1.22  3.1020.33  2.25+0.30 0.140+0.013
PTZ control 3.38+0.45"  0.78+0.05" 8.65+0.39"*  0.250+0.015"
DZP (5)  10.39+0.79™" 2.73x021"" 6.62+0.35"  0.160+0.014™"
M (10) 6.80+0.45"  0.94+0.10  8.32+0.29 0.240+0.010
M (20) 10.28+0.79™"  2.14+0.33"  6.56+0.32"  0.200+0.009"
M (40) 11.20£0.99™  2.67+0.36"" 4.43+029™"  0.190+0.008"

Data are expressed as mean = SEM. n = 6 in each group. The number in the
parenthesis for the treatment group indicates dose in mg/kg. Data are analyzed

by one-way ANOVA followed by Dunnett’s test “P<0.001 as compared to

normal mice whereas "P<0.05, “P<0.01 and “"P<0.001 as compared to PTZ
control mice. PTZ: Pentylenetetrazol; DZP: Diazepam; M: Morin; SOD:
Superoxide dismutase; GSH: Reduced glutathione; MDA: Malondialdehyde;

NO: Nitric oxide.
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4. Discussion

Epilepsy is a chronic neurobiological disease mainly characterized
by repeated convulsions due to excessive activation of cerebral
neurons. An array of neurotransmitter plays an essential role in
the generation and maintenance of convulsions. Thus, reduction
in duration, as well as the onset of tonic and clonic seizures by
modulating these neurotransmitters, is vital parameter to judge
drug efficacy in-vivo. GABA serves as a vital neurotransmitter
in a number of neurodegenerative disorders including seizure
mainly[43]. Many researchers also reported the role of DA in the
pathogenesis of epilepsy besides GABA[44]. Thus, DA agonists such
as bromocriptine, lisuride, pergolide, and apomorphine are also
potential targets of epilepsy[14.15]. Present investigation evaluated the
potential of morin against PTZ-induced convulsions by assessing
various behavioral and biochemical parameters. Administration
of morin significantly attenuated the PTZ-induced alterations in
duration and onset of a tonic-clonic seizure, mortality, locomotor
activity, brain GABA and DA levels, Na'K"ATPase and XO activity
and oxido-nitrosative stress in mice.

PTZ is a GABA, receptor antagonist which blocks GABA-mediated
CI influx. Deficiency in GABAergic transmission (through GABA
ionotropic receptor) leads to neuronal Cl” deficiency associated
with abnormal neuronal discharges of hyperexcitable nature, which
otherwise acts through GABA, ionotropic receptor{3,29]. This tends
to shift the excitatory NMDA (N-methyl-D-aspartate receptor) and
AMPA ( « -amino-3-hydroxy-5-methylisoxazole-4-propionic acid)
neurotransmitter pathways on alone discharge state and results in
activation of excitable tonic and clonic phases of seizures[45]. It
has been well documented that the drugs that activate GABAergic
transmissions or influence its physiology influence the induction and
onset of convulsions[4]. Furthermore, DA receptor pathway plays a
significant role in the determination of the epileptic pathophysiology.
Activation of D, receptors resulted in increased brain DA levels that
in turn caused anti-epileptic potentials[44]. In the present study, pre-
treatment with morin showed a significant reduction in the duration
and onset of tonic-clonic convulsions which may be due to increase
in the activity of GABA and DA levels. These findings suggest that
morin may have GABA and DA receptor activation property which
contributes to its anti-epileptic potential.

The researcher has reported that ionic control is one of the prime
importance in epilepsy[46]. It is an interesting fact that when
extracellular K* concentration increases, i.e., the transmembrane
potential changes from -60 mV, the terminal and neuronal
depolarization leading to abnormal neurotransmitter release
and action potential discharges, respectively. An abnormality in
the electrochemical gradients reflects a Na"K*ATPase pumps

abnormality which is present in the plasma membrane. Blockade
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of this pump is associated with aggravations of epilepsy[46]. In the
current investigation, intraperitoneal PTZ administration resulted
in decreased activity of Na'K*ATPase significantly, which is in
accordance with the findings of previous researchers[47]. Morin
treatment enhances the activity of Na*K*ATPase which may lead to
decrease in seizures.

It has been suggested that elevated levels of XO associated with
increased ROS generation during the epileptic seizures[3.4.29].
Activation of XO resulted in neuronal cell apoptosis by degradation
of intracellular adenine nucleotides. Studies have reported that
administration of antioxidants plays a protective role during
convulsion[4,29]. The antioxidants have potential to quench the
ROS such as superoxide anion, hydroxyl, and peroxyl radicals thus
protected cellular components[48-51]. Administration of morin which
is a potent antioxidant showed significant inhibition of XO which
may provide the credence to its antiepileptic potential.

Results of previous studies have suggested that there is a
correlation between elevated oxidative stress and epilepsy[30,32]. The
intracellular antioxidant enzymes include dismutase such as SOD
and catalases which are a potent scavenger of toxic O, that converted
to non-toxic H,0,[52-56]. It has been reported that decrease in SOD
level manifests neuronal ROS injury[57-59]. Thus, increase in SOD
level by means of administration of exogenous antioxidant substance
may facilitate termination of free radical activity associated with
neuronal damages[60-62]. Reduced GSH is another important cellular
defense antioxidant[63-65]. Studies reported that administration of
PTZ intraperitoneally caused decreased levels of GSH. However,
administration of morin significantly elevated these cellular
antioxidant levels. The findings of the present study are corroborated
with the results of previous researchers where treatment with morin
significantly increased the SOD and GSH levels[22.23,26].

Increased MDA level is an essential hallmark for the increased lipid
peroxidation in the neuronal tissue. MDA is associated with neuronal
damage by targeting polyunsaturated fatty acids (PUFAs)[66-68].
In addition to MDA, increased level of NO plays a decisive role in
oxidative damage[69-72]. NO interacts with superoxide to generate
the peroxynitrite which leads to neural damage. PTZ induces NO
production in the hippocampus of the brain, maybe by increasing
glutamate release and subsequently reducing GABA levels in
brain[29]. Thus, inhibition of NO may act in line with the GABA
facilitation. Morin treatment showed significant inhibition in PTZ-
induced increase in MDA and NO levels which in turn may increase
GABA levels to exert its anticonvulsant potential.

In conclusion, the findings of the present study demonstrate that
morin shows its anti-convulsant effect via modulating the levels
of brain GABA, Na'K*ATPase, and oxido-nitrosative stress. Thus,
morin can be a potential candidate for further clinical evaluations as

an anti-epileptic agent.
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