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ABSTRACT

Cajanus cajan (L) Millsp. is the perennial plant belongs to family Fabaceae, commonly called as Pigeon pea plant. The
presence of phytoconstituents like flavonoids, the flavanone (substituted) from Cajanus cajan (L) Millsp. have in vitro
neuroactive property. This flavanone named as pinostrobin helps to inhibit voltage - gated sodium channels.
Because of its bioactive phytoconstituents it may act as antiepileptic drug. To avoid problems like ADR herbal plant
might be alternative to treat epilepsy. The current study was therefore carried out to evaluate antiepileptic activity
of Ethanolic extract of leaves of Cajanus cajan in rodents. The effect of ELECC in MES-induced convulsions in rat and
PTZ-induced convulsion in mice was evaluated using doses 100 mg/kg and 200 mg/kg for 7 days. Phenytoin (25
mg/kg), Diazepam (4 mg/kg) was used as standard drug for respective model. Depending on the model, outcome
measures were abolishment of Hind Limb Tonic Extensor phase in MES-induced convulsion in rat and onset of
latency, recovery or death in PTZ-induced convulsion in mice as well as biochemical estimation of amino acid
neurotransmitter (GABA, Glutamate) were evaluated. The ELECC at doses 100 and 200 mg/kg significantly delayed
the HLTE phase in MES-induced convulsions in rat whereas, significantly increased onset of latency in PTZ-induced
convulsion in mice. It also showed significant (p>0.0001) effect on the level of GABA and Glutamate in dose
dependent manner in both models. The phytochemical study of C. cajan showed the presence of Glycosides,
Flavonoids, Flavonones, Steroids, Tannins, Fixed oil, Fatty acids and Proteins. As the flavonoids present in C. cajan
may contribute to the anticonvulsant activity of the plant. Therefore, the presence of such compounds in the extract
may be responsible for the anticonvulsant effect. Therefore, present study validates its anticonvulsant activity.
Further, research is required to elucidate its specific mechanism of action and isolation of responsible active
principles.
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INTRODUCTION to altered behaviour with/without violent motor
Epilepsy is the common neurological abnormality. It is activity. (1l Literally “Epilepsy” is a Greek word which
a hyper-excitation of neurons in the brain which leads is derived from ‘epilambanein’ meaning ‘to be
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seized’/’to be overwhelmed” by shock. [ It is a
disorder characterized by the periodic as well as
random occurrences of seizures which are followed by
spontaneous resolution. I Chemical reactions are used
by brain cells ie. neurons to produce electrical
discharges and each brain cell either excites or inhibits
other neurons with its discharges. The balance between
the excitation and inhibition in a region of brain is
necessary if moves too far in the direction of excitation,
and it results into seizure formation. [l

Convulsion is the second most common neurologic
disorder after stroke. [ Approximately that there are 55
lakhs people suffering from epilepsy in India, 20 lakh in
USA and 3 lakhs in UK. The epilepsies affect more than
50 million people worldwide. Each year about 1, 25,000
new epilepsy cases arises out of these 30% are in people
who are smaller than 19 years age at time of diagnosis.
Bl It is common in adults over 60 as in children under
10, 25% of all cases develop before the age of 5Syears.
Unlike genetic type of epilepsy, the specifically
acquired epilepsy accounts for about 60% of all
instances and is generally preceded by injury for
example an episode of extended seizure or status
epilepticus, febrile seizures in children, hypoxia or
trauma. [°]

Most of the epileptic patients need polytherapy of
conventional antiepileptics and still not 100% cure. The
WHO estimated that approximately 80% patients with
epilepsy live in developing country like India and most
of them do not get adequate treatment. [l In
antiepileptic drug therapy one third of patients remain
unresponsive to the treatment. Cognitive impairment is
major issue associated with long term wuse of
antiepileptics. In addition to this oxidative stress is
recently included in the pathogenesis and progression
of seizures. To avoid such problems herbal plant might
be alternative to treat epilepsy. 4l

Phytomedicines may play a main part in the growth of
innovative antiepileptic drugs for patients who are
pharmacoresistant. 8] There are many herbal plants like
Argyreia specicosa, Allium cepha, Lycopersicon esculentum,
Azima tetracantha possesses remarkable antiepileptic
activity. Hence, use of plant derived products in
antiepileptic treatment, may reduce or nullify adverse
side effects.

Cajanus cajan (L) Millsp. is the perennial plant from
family-Fabaceae, commonly called as a Pigeon pea plant.
The reported pharmacological activity of Cajanus cajan
(L) Millsp. are Antimicrobial,  Antibacterial,
Hypocholestrolemic, and Antidibetic etc. It also
possesses Neuroactive property as well as Antioxidant,
Anticancer, Hepatoprotective and Anthelmintic
activity. Cajanus cajan (L) Millsp. leaves have different
chemical constituents like flavonoids and stillbenes. It
also contains saponins, noticeable amount of tannins
and sensible quantities of reducing sugar, resins and
terpenoids. Pl The  presence of  various
phytoconstituents such as flavonoids, the Cajanus cajan

(L) Millsp’s substituted flavanone possesses a in vitro
neuroactive property. This substituted flavanone,
pinostrobin inhibits voltage-gated sodium channels.
Because of its bioactive phytoconstituents it may act as
antiepileptic drug. [-10

In light to above it is appropriate to screen antiepileptic
activity of herbal plant. To avoid such problems like
ADR herbal plant might be alternative to treat epilepsy.

MATERIALS AND METHODS
Preparation of extract
Leaves of plant Cajanus cajan (L) Millsp. were collected
in month of September and October 2018 from
Kumbhoj region (Dist - Kolhapur) Maharashtra (India)
and Authenticated by Prof. M. D. Wadmare,
Department of Botany from Smt. Kasturbai Walchand
College Sangli.
The leaves were plucked out from the stems and shed
dried for a week at room temperature. Then leaves
were ground with mixer grinder to get coarse powder
and it stored in airtight container. Weighed quantity of
powder was extracted using ethanol as a solvent in
Soxhelet apparatus at (45-60°C) boiling point of solvent
and extract was concentrated at room temperature
using desicator. The final extract was weighed and the
percentage of extract was calculated using formula:
Percentage extract obtained = Wt. of extract (g) / Wt. of
sample (g) x 100
Phytochemical Investigation
Phytochemical tests were carried out to find the
presence  of various  phytoconstituents = viz.
Carbohydrates,  Alkaloids, Proteins, Glycosides,
Flavonoids, Steroids and Tannins in the leaves. [11
Animals
Wistar Rat of any sex weighing 150-200 g and Swiss
albino mice of either sex weighing 20-30 g were
procured from animal house of Appasaheb Birnale
College of Pharmacy, Sangli and were used for the
study. Form B protocol were prepared and submitted
to Institutional Animal Ethics committee (IAEC).
Animals were housed in finely- ventilated room at 23 +
2°C, with humidity of 65-70%, and they were feed with
a standard pellet diet with mineral water. Procedures
involving laboratory animals were performed in
accordance with the guidelines of the Committee for
the Purpose of Control and Supervision of Experiments
on Animals (CPCSEA). Approval for animal use was
obtained from IAEC prior to experimental study. The
experimental protocol (IAEC/ABCP/01/2018-19) was
approved by the IAEC.
Toxicity study
According to literature survey the LDsp of ethanolic
extract of Cajanus cajan (L) Millsp. was found to be 1000
mg/kg and again cross checked and it was found to be
safe. [10]
Dose selection
According to OECD guidelines as the LDsp of ethanolic
extract of Cajanus cajan (L) Millsp. was found to be 1000
mg/kg then two doses are selected for further
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evaluation as 1/10th and 1/5t% i.e. 100 mg/kg and 200
mg/ kg respectively.

Experimental Design [12-13]

Maximal Electroshock Induced Convulsions in Rats
Wistar rats of 6-8 weeks of either sex weighing to 150 -
200 g were randomly selected and marked to permit
individual identification, and further grouped into four
groups each group comprising 6 animals.

Control: Distilled water (5 ml/kg, p.o.)

Standard: Phenytoin (25 mg/kg, i.p.)

Test I: Ethanolic leaves extract of Cajanus cajan (L)
Millsp. (100 mg/kg, p.o.)

Test II: Ethanolic leaves extract of Cajanus cajan (L)
Millsp. (200 mg/kg, p.o.)

The test drug was administered continuously for the
period of 7 days. On 7t day convulsions were induced
by MES. Phenytoin (25 mg/kg) as standard was
injected by intraperitoneal route, 30 min before
induction and control group were received distilled
water by oral route 60 min prior to induction. Maximal
electroshock seizures were elicited by a 150mA current
for 0.2 sec. And different stages of convulsion were
observed i.e. (a) tonic extensor phase (b) tonic flexion
(c) clonic convulsions (d) stupor as well as recovery
/death. Then the decreased in time or elimination of
tonic extensor phase of MES-convulsion was recorded.
The number of animals survived within the period of
observation was expressed as % protection. Further
animals were sacrificed by using CO: euthanasia
chamber and dissected and brain was isolated and used
for estimation of amino acid neurotransmitters i.e.
GABA and Glutamate.

Pentylenetetrazol (PTZ) Induced Convulsions in Mice
Swiss albino mice of 4-6 weeks of either sex weighing
to 20-30 g were randomly selected and marked to
permit individual identification, and further grouped
into four groups each group comprising 6 animals.
Control: Distilled water (5 ml/kg, p.o.) + PTZ (80

mg/kg, ip.)
Standard: Diazepam (4 mg/kg, i.p.) + PTZ (80 mg/kg,
ip.)

Test I: Ethanolic leaves extract of Cajanus cajan (L)
Millsp. (100 mg/kg, p.o.) + PTZ (80 mg/kg, i.p.)

Test II: Ethanolic leaves extract of Cajanus cajan (L)
Millsp. (200 mg/kg, p.o.) + PTZ (80 mg/kg, i.p.)

The test drug was administered continuously for the
period of 7 days. On 7th day convulsions were induced
by PTZ. All animal groups were injected with PTZ,
along with after administering respective treatment
prior to experiment.

The onset of action (indicate by Straub’s tail, jerky
movements of whole body and convulsions) and
intensity of convulsions were noted for all groups. The
number of animals survived within the period of
observation was expressed as % protection. Further
animals were sacrificed by using CO: euthanasia
chamber and dissected and brain was isolated and used
for estimation of amino acid neurotransmitters i.e.
GABA and Glutamate.

Biochemical Estimation

Dissection and Homogenization of brain

The animals were sacrificed by using CO» euthanasia
chamber. The weighed quantity of animal brain was
homogenized with 5 ml of HCI - Butanol.

Tissue preparation [4

On experimental day the brain was dissected and
forbrain were separated. Weighed quantity of tissue
was homoginated using instrument tissue homoginiser
then homoginate was centrifuged for 10 min. at 2000
rpm. In 1 ml of supernatant added 2.5 ml of n-Heptane
with 0.31 ml of 0.1M HCI centrifuged at 2000 rpm for 10
min (after vigorous shaking). Organic and aqueous
phase were obtained, further 0.2 ml of aq. phase was
collected for estimation of the GABA and Glutamate.
Paper Chromatography [

The aqueous phase of homogenate directly applied on
the Whatman filter paper. It was put as a solvent
scheme on a chamber comprising n-butanol: acetic acid:
water (12: 3: 5 v/v). It was removed and dried when
the solvent reached the peak of the document.
Similarly, at second time carried out after which the
papers were sprayed by Ninhydrin reagent and kept
for 4-5 minutes in an oven at 100°C for drying. Then the
portions which carry Glutamate and GABA
corresponding with the standard were cut and soaked
using solvent mixture of 0.005% CuSO4 in 75% ethanol.
Their absorbance was interpreted against blank at
514/515 nm for Glutamate and 550 nm for GABA in
JASCO UV-Visible double beam spectrophotometer.
Calibration Curve [16]

25 to 60pg/ml solutions of Standard GABA and
Glutamate were used. Graphs were plotted with
concentration in pg/ml on ordinate and absorbances on
abscissa, the regression analysis was done using
Microsoft - Excel 2007 and R? value, slope by the
equation of y=mx + ¢ was obtained for the straightline
graphically obtained.

Statistical Analysis

The analysis of data was articulated as Mean *+ SEM.
The comparisons between the averages of series of
values were performed by one - way ANOVA test
followed by Dunnett’s”t" test.

RESULTS

Average % yield of Ethanolic leaves extract of Cajanus
cajan (L) Millsp. (ELECC) was found to be 35.2% w/w.
Phytochemical screening of Ethanolic leaves extract of
Cajanus cajan (L) Millsp. plant was carried out. It
showed the presence of Glycosides, flavonoids,
steroids, tannins, fixed oil, fatty acids and proteins. The
Ethanolic leaves extract of Cajanus cajan (L) Millsp.
(ELECC) revealed significant anticonvulsant activity in
both the models.

MES-induced convulsion in rats

The Ethanolic leaves extract of Cajanus cajan (L) Millsp.
(ELECCQ) in selected doses 100 mg/kg and 200 mg/kg
prevented convulsions against MES (150 mA current
for 0.2 sec.) induced convulsion in rats.
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Table 1: Effect of ELECC on MES-induced convulsions in rats

Types of Convulsions (Sec.)

S. No. Drug treatment Tonic Flexion Tonic Extensor Tonic Clonus Stupor
1. Control - Distilled water (5 ml/kg) 10.33 £ 0.760 17.67 £1.33 6.167 + 0477 43.33 +1.382
2. Standard - Phenytoin (25 mg/kg) 4.183 + 0.403**** 0.000 + 0.000**** 4.667 +0.881 4.167 + 0.7038**
3. Test-1 - ELECC (100 mg/kg) 7.500 £ 0.562** 5.833 £ 0.3073**** 3.500 + 0.223** 41.50+1.875
4. Test-1I - ELECC (200 mg/kg) 6.333 £ 0.4216*** 4.667 + 0.469**** 3.33 £0.210** 33.83 +£1.400**

ELECC- Ethanolic Leaves Extract of Cajanus cajan (L) Millsp. Each value was expressed in a Mean + SEM. The obtained results were analysed by
statistically using one - way - ANOVA followed by Dunnett’s”t’ test (n = 6). Significant P values are** regarded to be P<0.05 and*** P<0.0001.

Table 2: Protective effect of ELECC in MES-induced mortality

S. No. Drug Treatment No. of animals survived % Protection
1. Control - Distilled water (5 ml/kg) 2/6 33.33%
2. Standard - Phenytoin (25 mg/kg) 6/6 100%
3. Test-I1- ELECC (100 mg/kg) 4/6 66.66%
4. Test-II - ELECC (200 mg/kg) 5/6 83.33%

Table 3: Level of amino acid neurotransmitter (GABA, Glutamate) in MES-induced convulsions in rats

S. No. Drug Treatment GABA (pg/ml) Glutamate (pg/ml)
1. Control - Distilled water (5 ml/kg) 0.120 £0.027 2.675 £ 0.049
2. Standard - Phenytoin (25 mg/kg) 1.216 £ 0.003**** 2.12 +0.106****
3. Test-I - ELECC (100 mg/kg) 0.744 + 0.154** 2.352 +0.049*
4. Test-1I - ELECC (200 mg/kg) 0.895 + 0.202** 1.977 + 0.075****

Each value was expressed in a Mean + SEM. The obtained results were analysed by statistically using one - way - ANOVA followed by
Dunnett's”t’ test (n = 6). **** - Considered significant with P value < 0.0001 when compared with Control.

Table 4: Effect of ELECC in PTZ induced convulsions in mice

S. No. Drug treatment Onset of latency (sec.)  Duration (sec.) Movements
1. Control - Distilled water (5 ml/kg) 125 +1.851 200 +11.03 Straub’s tails, Jerky movement, Clonic convulsions
2. Standard - Diazepam (4 mg/kg) 456 + 14.24*+** 57.33 + 0.988**** Straub’s tail
3. Test-I1 - ELECC (100 mg/kg) 281 + 14.24%** 154.0 £ 1.862**** Straub’s tails, Jerky movement, Clonic convulsions
4. Test-II - ELECC (200 mg/kg) 353 £ 4.944*** 145.3 £ 1.430%** Straub’s tails, Jerky movement, Clonic convulsions

ELECC- Ethanolic Leaves Extract of Cajanus cajan (L) Millsp. Each value was expressed in a Mean + SEM. The obtained results were analysed by
statistically using one - way - ANOVA followed by Dunnett's”t’ test (n = 6). **** - Considered significant with P value < 0.0001 when compared

with Control.

Table 5: Protective effect of ELECC in PTZ-induced mortality

S. No. Drug Treatment No. of animals survived % Protection
1. Control - Distilled water (5 ml/kg) 0/6 0%
2. Standard - Diazepam (4 mg/kg) 6/6 100%
3. Test-I - ELECC (100 mg/kg) 4/6 66.66%
4. Test-II - ELECC (200 mg/kg) 5/6 83.33%

Table 6: Level of amino acid neurotransmitter (GABA, Glutamate) in PTZ-induced convulsions in mice

S. No. Drug Treatment GABA (pg/ml) Glutamate (pg/ml)
1. Control - Distilled water (5ml/kg) 0.1818 + 0.005 4.192 £0.030
2. Standard - Diazepam (4 mg/kg) 0.4528 + 0.008**** 3.320 £ 0.049****
3. Test-I - ELECC (100 mg/kg) 0.2274 + 0.004**** 3.663 £ 0.112***
4 Test-1I - ELECC (200 mg/kg) 0.2830 # 0.002**** 3.435 £ 0.061****

ELECC- Ethanolic Leaves Extract of Cajanus cajan (L) Millsp. Each value was expressed in a Mean + SEM. The obtained results were analysed by
statistically using one - way - ANOVA followed by Dunnett’'s“t’ test (n = 6). **** - Considered significant with P value < 0.0001 when compared

with Control.

At both doses there was significant (P<0.0001) decrease
in the duration of Hind Limb Tonic Extensor (HLTE)
phase in dose dependent manner where as complete
abolishment of Hind Limb Tonic Extensor (HLTE) was
seen in Phenytoin treated standard group (Table 1).
Protective effect of ELECC against MES-induced
mortality was found to be 66.66% and 83.33%
protection for 100 mg/kg and 200 mg/kg of doses
respectively (Table 2).

In respected model, the level of Amino Acid
Neurotransmitter GABA (Gamma-amino butyric acid)
was significantly (P<0.0001) elevated whereas, level of
Glutamate was significantly reduced (P<0.0001) by
ELECC treated group in dose dependent manner when

compared with control which is comparable to
respective standard groups (Table 3).

PTZ-induced convulsions in mice

The Ethanolic leaves extract of Cajanus cajan (L) Millsp.
(ELECCQ) in selected doses 100 mg/kg and 200 mg/kg
prevented convulsions against Pentylenetetrazol (PTZ,
80 mg/kg, ip.) induced convulsion in mice. At both
doses it significantly (P<0.0001) increased latency of
convulsions as well as reduced the duration of
convulsion in dose dependent manner (Table 4).
Protective effect of ELECC against PTZ induced
mortality was found to be 66.66% and 83.33%
protection for 100 mg/kg and 200 mg/kg of doses
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respectively which is comparable to standard drug Onset of Latency

Diazepam (Table 5).

In above model, the level of GABA amino acid 500 _ B -
neurotransmitter was significantly (P<0.0001) elevated T3 —— = =
by ELECC in dose dependent manner when compared £ 400 = =
with control which is comparable to standard whereas, E.E 300 — = =

the level of Glutamate amino acid neurotransmitter was 5 200 pres
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DISCUSSION

Neurological disorder like epilepsy is that impacts a
broad variety of individuals worldwide. It is
neurologist's second most prevalent chronic
neurological disorder. India has approximately 10
million individuals with epilepsy (about 1 percent
incidence). Medicinal plants are regarded readily
accessible, economical and efficient sources of
medication from the earliest moments known to man.
People tend to depend for chronic circumstances on
traditional and other types of corresponding and
optional medicine that do not react well to standard or
modern drug therapy. Neurological disorders like
epilepsy, anxiety, and pain are among these. They are a
powerful solution to modern medicine. Therefore,
pharmacological assessment and standardization of
such medicinal plant is the need for an hour.

C. Cajan has traditionally been asserted to be helpful in
treating epilepsy therefore, taking into account the
need for medicinal plants as an alternative to modern
medicine and traditional claims about C. Cagjan in
epileptic therapy. [71 As research into epilepsy
management and improvement in AED relies on the
studies in rodents. Studies in experimental animals are
used as to do research in epilepsy and growth of AED.
MES and PTZ-induced convulsions are stronghold of
an AED screening protocols.

In MES and PTZ-induced seizures in rodents were
assessed for C. cajan by MES and PTZ induced seizures
in rodents. The MES is likely the best technique for
generalized evaluation of AEDs in generalized tonic
clonic seizures. MES creates several cellular level
modifications that interrupt the neuronal signal
transduction. As an important and significant processes
is to facilitate large-scale Ca?* entries into the neuronal
cell that extend the length of the seizure.

Apart from this, MES also facilitates the entry of other
positively charged ions like Na*, blockade of which can
prevent the AEDs like Phenytoin act by modifying the
way of respected ions. There is also substantiation that
respective  plant possesses replaced flavanone.
Pinostrobin inhibits voltage-gated sodium channels of
human being’s brain based on this substance's capacity
to suppress depolarizing impacts of sodium channel
selective veratridinein the rodent’s brain synaptosomal
preparation. [18]

It has been discovered that the ELECC has important
anticonvulsant property by p.o. route in opposition to
MES induced convulsions in rat. The duration of HLTE
(Hind Limb Tonic Extensor) of 100 mg/kg along with
200 mg/kg dose of ELECC is 5.833 £ 0.3073 and 4.667 +
0.469 seconds respectively is very significant (****P<
0.0001) as compared to control whereas, Phenytion
showed total abolishment of HLTE phase. There are
also seen the significant reduction in duration of tonic
flexion as well as tonic clonus phases of convulsions.
The protective effect of ELECC in MES-induced
convulsions showed 66.66% and 83.33% of 100 mg/kg

along with 200 mg/kg of doses respectively, which is
comparable to standard.

The PTZ-induced seizures are associated with absence
seizures. PTZ may be exhibiting its paroxysmal effect
by diminishing the activity of GABA at GABAa
receptor, implicated in epilepsy. The convulsive effect
of PTZ may blocked by drugs like Diazepam which acts
through GABAergic receptors. The ELECC improved
the onset of latency of seizure that is 281 = 14.24 and
353 + 4.944 seconds of 100 mg/kg and 200mg/kg of
doses respectively where the increase in onset of
latency by 200 mg/kg dose of ELECC is more
significant and comparable to standard Diazepam. The
protective effect of ELECC in PTZ induced seizures
showed 66.66% and 83.33% of 100 mg/kg along with
200 mg/kg of doses respectively whereas, 100%
protection was showed by Standard Diazepam.
According to pathophysiology of epilepsy, the
imbalances between the exciting and inhibitory
neurotransmitters are often liable for seizure activity
formation when Glutamic acid exciting
neurotransmitter is mediated by GABA inhibition over
rides. [1920l GABA is major inhibitory neurotransmitters
of CNS dependent effects including anticonvulsant
effect. In present study, the level of GABA was
significantly (****P<0.0001) elevated by ELECC in MES-
induced convulsion model as well as PTZ-induced
convulsion model in dose dependent manner which is
significantly comparable to respective standards.
Glutamate is the brain's foremost exciting
neurotransmitter. In Epileptogenesis, it also plays a
significant role. The hypothesis is attractive when
glutamate transport is blocked and surplus glutamate
accumulates in the synaptic room, resulting in
enhanced NMDA activation of the receptor, further
release of glutamate and seizure activation. And some
childhood epilepsy may be partly linked to glutamate
dysfunction of the transporter. A significant future step
is to demonstrate that improving the function of
glutamate transporters can safeguard animals from
seizures. In present study the level of Glutamate was
significantly (****P<0.0001) reduced by 200 mg/kg dose
of ELECC in MES-induced model but it is significantly
reduced (****P<0.0001) by both doses of ELECC in PTZ-
induced convulsion model in dose dependent manner
which is comparable to standard.

From these results it is concluded that ELECC might
have acted on glutamate transporters and inhibited the
glutamate mediated excitatory effects by blocking
NMDA receptors. Thus, investigation of ELECC
showed significant anticonvulsive activity against MES
and PTZ inducted seizures in rodents; the likely cause
of the extract's anticonvulsant activity because of
GABAergic neurotransmission potential or
Glutamenergic neurotransmission inhibition. The
phytochemical study of C. cajan Showed the occurrence
of Glycosides, Flavonoids, Flavonones, Steroids,
Tannins, Fixed oil, Fatty acids and Proteins. The herbal
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plants containing froth forming substance (saponins) or
else flavonoids reveal anticonvulsant activity. Further,
research is required to elucidate its specific mechanism
of action and isolation of responsible active principles.
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