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ARTICLE INFO ABSTRACT
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Received 14 December 2022 dB_ackground: Mediqinal pl_ants are‘ciontinuouslly used to manage epilepsy and other neurological
; isorders. They provide major promising targets in pursuit of new drugs and lead compounds that are
Revised 17 January 2023 affordable, available and accessible to treat the debilitating neurological condition. Several
Accepted 5 February 2023 experimental models employed to screen for seizures in laboratory animals provide beneficial
Online 31 March 2023 information concerning diagnoses, treatment and possible prevention of the disease. This review aims
Published to identify medicinal plants used in the management of epilepsy in Nigeria and to explore
pharmacological basis to support their ethnobotanical claims.
Methods: Literature searches of relevant articles in electronic databases including PubMed, African
journal online, Google Scholar and ScienceDirect databases were carried out, and information about
Keywords: how these medicinal plants are used traditionally in the management of epilepsy and other diseases in
Epilepsy, Nigeria were also obtained. Only studies conducted within Nigeria on medicinal plants tested for
o seizures and epilepsy between 2000 and 2022 were included.
Medicinal plants, Results: We identified sixty-eight (68) medicinal plants spanning across several families majorly
Pentylenetetrazol, Agavaceae, Amaryllidaceae, Annonaceae, Apocynaceae, Asteraceae, Bignoniaceae, Burseraceae,

Compositae, Convolvulaceae, Euphorbiaceae, Lamiaceae, Leguminosae, Loranthaceae, Moraceae
and Rubiaceae, that have been reported to contain bioactive compounds active against seizures using
various pharmacological screening models. Plants that have not been fully studied and their main
mechanisms of action not ascertained were recorded. We also identified those plants with unknown
active constituents responsible for their activity. The review also identified potential medicinal plants
for future studies of new as well as alternative therapies for the management of epilepsy and other
neurological and neurodegenerative diseases.

Conclusions: This review provided evidence on the use of medicinal plants in the management of
epilepsy and possibly rationalized the use of these plant extracts as alternatives in treating seizures and
epilepsy.
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1. Background birth asphyxia, brain tumors, intracranial trauma during

Epilepsy is a chronic neurological disorder characterized
by recurrent seizures that occur due to abnormal electrical
discharges of groups of neurons in the brain'’. The
commonest causes of epilepsy include severe hypoxia or
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birth, metabolic disturbances, traumatic head injuries, road
traffic accidents and congenital malformations of the brain,
perinatal insults or infection such as meningitis, cerebral
malaria, febrile seizures and encephalitis™*. Remission of
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recurrent and unprovoked seizures can be achieved in most
cases by treatment with anticonvulsant medication,
surgical resection, or nerve-brain electrical stimulation.
However, one-third of epileptic patients are still refractory
to treatment, this necessitates addressing such challenges”™
®. The currently available antiepileptic drugs (AEDs)
neither provide a definite clinical cure nor prevent its
occurrence or relapse. Moreso, the AEDs are often
accompanied by several side effects, including cognitive
dysfunction, sedation, blood dyscrasias and teratogenicity.
The absence of disease-modifying therapies for epilepsy is
also a major concern in the quality of life of these patients'”
. About 80% of people with epilepsy living in developing
countries receive less or no drug treatment for epilepsy' .
Inadequacy, cost of AEDs, lack of access to modern
healthcare facilities and stigmatization of patients and their
caregivers hinders these patients with epilepsy from
seeking proper management" ™.

Medicinal plants, however, provide major promising
targets in pursuing new drugs and lead compounds that will
be affordable and accessible to treat these debilitating

. . 21-22
neurological disorders

. In Northwestern Nigeria, about
11.9% of patients with epilepsy are reported to take at least
a form of an alternative therapy before visiting the health
care centres”. This is perhaps because medicinal plants are
seen as natural, harmless to health, relatively cheap
compared to orthodox medicines, easily accessible, locally
and culturally acceptable and economically affordable, as

well as efficacious in curing most ailments™”

. Despite
appreciable studies on anticonvulsant activities of
medicinal plants in Nigeria and other developing countries,
paucity of reliable evidences regarding their efficacy and
safety as well as inadequate information about their
mechanism of action are domineering weaknesses
regarding their effectiveness for use in treatments”. This
review provides scientific evidence for using various
medicinal plants with anticonvulsant activity and portrays
the extent of the validated anticonvulsant profile of these

plants in Nigeria.

2.Methods

Literature searches of relevant articles in electronic
databases including PubMed, African journal online,
Google Scholar and Science Direct databases was carried
out using 'Epilepsy’, 'Convulsion', 'Nigeria', 'Medicinal
plants' as keywords for the search. Information about the
traditional usage of these medicinal plants in the
management of epilepsy and other diseases in Nigeria were
also gotten from published papers and texts on
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ethnobotanical studies. Only research studies carried out in
Nigeria that investigate the effect of medicinal plants on
epilepsy and experimental models used to validate such
ethnobotanical claims of these plants in Nigeria between
January 2000 and November 2022 were included Table 1.
This review excludes all articles published before the year
2000. Studies conducted on medicinal plants outside
Nigeria were also not included. Several publications
obtained from various universities and research institutions
that fulfilled the inclusion criteria were also considered.
The articles chosen were thoroughly scrutinized for
eligibility (Figure 1).

4. Results

The extracts obtained from the references were prepared
either from the whole plant, leaves, stem barks, and root
barks extracted in different polar solvents; aqueous,
methanolic, ethanolic, hydroalcoholic, butanol and ethyl
acetate. Rodents such as mice and rats and day-old chicks
were used for the screening for anticonvulsant activity. The
medicinal plants reported in this review span across several
families such as: Agavaceae, Amaryllidaceae,
Anacardiaceae, Annonaceae, Apocynaceae, Asteraceae,
Bignoniaceae, Burseraceae, Cochlospermaceae,
Compositae, Convolvulaceae, Crassulaceae,
Cucurbitaceae, Cyperaceae, Ebanaceae, Euphorbiaceae,
Fabaceae, Icacinacae, Lamiaceae, Leguminosae, lilaceae,
Loranthaceae, Meliaceae, Mimosaceae, Moraceae,
Moringaceae, Ochnaceae, Olacaceae, Piperaceae, Poaceae,
Polygalaceae, Rubiaceae Rutacecae, Sapindaceae,
Sapotaceae, Scrophulariaceae, Solanaceae, Ulmaceae,
Vitaceae ™

Several medicinal plants in Nigeria have shown
appreciable activity against MEST in this review. Notably,
at doses of 25 and 50 mg/kg body weight, the methanolic
extract of Chrysanthellum Indicum protected the chicks
(80%) against MEST™, as compared to the saline control
group. Likewise, methanolic extract of Olax
subscorpioidea at doses of 100 and 200 mg/kg provided 30
and 70% protection against MEST in chicks respectively.
At all doses tested (100, 200, and 400 mg/kg), the extract
significantly (p <0.05) increased the latency of seizures
induced by MEST compared to the normal saline control
group’. A seizure protection (100%) against MEST-
induced seizures at 400 mg/kg of Evolvulus alsinoides (in
chicks) and Leucas martinicensis (in rats), respectively

were also reported™”

. Other medicinal plants reported to
have activity against MEST include Laggera Aurita®,

.. . 31 . . . 32 . 33
Paullinia pinnata™, Randia nilotica™, Solanum nigrum™,
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Afirormosia Laxiflora™, Securidaca longipedunculata™ and
Allium cepa’.

The extract of Evolvulus alsinoides, at all doses tested,
significantly increased the latency of PTZ-induced seizure
and protected 100% of the mice against seizure at the
highest dose of 400 mg/kg™. The extract of 4. chevalieri at
300 mg/kg significantly (P<0.01) increased the mean onset
of seizures induced by PTZ". The aqueous stem bark
extract of Securidaca longipedunculata at 50 and 100
mg/kg body weight protected (80%) of animals and
significantly (p<0.05) prolonged the onset of
convulsion®. Dose-dependent protection against PTZ-
induced seizure in mice, with complete protection (100%)
against seizure at the dose of 30 mg/kg, was observed with
aqueous extract of Solanum nigrum”. Other medicinal
plants such as Carissa edulis™, Cissus cornifolia”,
Cochlospermum tinctorium’, Diospyros mespiliformis”,
Ficus platyphylla, Globimetula braunii'', Hymenocardia
acida™®, Laggera Aurita”, Paullinia pinnata’, Albizia
glaberrima®, Moringa oleifera®, Lannea barteri®, Piper
guineense’’, Securinega virosa®, Afrormosia Laxiflora™,
Olax subscorpioidea’ and Celtis integrifolia” have
demonstrated activity against PTZ induced seizures.
Extract of Leucas martinicensis at 200 mg/kg and 400
mg/kg offers protection (100%) to rats against STR-
induced seizures™. The methanolic extract of Olax
subscorpioidea offers 50% protection against strychnine-
induced seizures in mice at a dose of 100 mg/kg. The extract
significantly (p<0.01) prolonged the mean onset of
seizures”. Other medicinal plants identified in this review
that offers protection to mice against strychnine-induced
seizures include Carissa edulis™, Cissus cornifolia”, Ficus

42-43 .
, Sanseviera

platyphylla'®, Hymenocardia acida
liberica , Mitragyna africanus™.

Cissus cornifolia”, Hymenocardia acida™"®, Celtis
integrifolia®, A. chevalieri’ have been reported to show
activity against 4- aminopyridine induced seizures.
Medicinally active plants such as Diospyros
mespiliformis*, Laggera Aurita’’, Solanum nigrum”,
Sanseviera liberica’, Russelia equisetiformis™ and A.
chevalieri’” have been found to be active against picrotoxin
induced seizures in this review.

Sanseviera liberica’ offer protection to mice against
bicuculline-induced seizures. Carissa edulis have been
reported to offer protection to mice against NMDA-induced
seizures and aminophylline-induced seizures™.

The Residual aqueous fraction of Carissa edulis at the dose
of 300 mg/kg reduced both the behavioral seizure scores
and the mean seizure duration™. The extract of 4. chevalieri
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also, at all doses tested, decreased the severity of seizures
on the Racine scale in PTZ kindled rats, suggestive of
antiepileptogenic potentials”. However, there was no
protection against seizure nor significant increase or
decrease in seizure threshold to animals in which aqueous
extract of Solanum nigrum was administered for 28 days
and later challenged after 24-hours to electrically-induced,
picrotoxin (5 mg/kg) and pentylenetetrazol (85 mg/kg)
groups”.

In an attempt to identify, isolate and characterize the active
constituents responsible for anticonvulsant activity in the
reported medicinal plants, the n-butanol fraction of
Securinega virosa rich in flavonoids and saponins, protect
mice against PTZ-induced seizures”. Flavonoids and
saponins are implicated to be responsible for

3 Several other authors, have also

anticonvulsant activity
reportedly attributed the anticonvulsant activity to
bioactive constituents such as flavonoids, saponins, tannins
and alkaloids™. Methysticin; a pyrone from the rhizomes of
Piper methysticum. a triterpenoid glycoside from
Tetrapleura tetraptera and Spathodea campanulata and
Linalool; monoterpene from Aeolanthus suaveolens™”’
have been isolated from medicinal plants with
anticonvulsant activity. Alkaloids with anticonvulsant
activity have also been isolated from Capparis baduca,
Pithecellobium saman, Picnomon acarna while
cannabinoids and flavonoids from Cannabis sativa™.

This review also identified a few authors that isolated active
constituents and assayed for anticonvulsant activity.
Bioactive-guided fractionation of methanol-methylene
chloride root bark extract of Annona senegalensis isolated
kaurenoic acid which protected mice against PTZ-induced
seizures™. Lupeol acetate, an ursolic acid also isolated from
the leaf of Milicia excelsa™. Ursolic acid; a triterpenoid
carboxylic acid was Hitherto shown to possess
anticonvulsant effects””. Two compounds isolated and
characterized from leaf extract of Pyrenacantha staudtii are
bis(8-hydroxyl-2-methylnonyl) phthalate and bis(8-
methylnonyl) phthalate. However, an assay of their
anticonvulsant activity only reveals slight activity with the
former while the latter does not ™.

5. Discussions

5.1 Experimental evidence in Epilepsy

Experimental models of epilepsy and seizures remain
essential in understanding the mechanisms underlying
ictogenesis and epileptogenesis that are instrumental in the
drug discovery and development of novel antiepileptic

15,61

drugs ™. Several experimental models are employed to

Page|549



screen for seizures in laboratory animals either in acute or
chronic models of seizures and epilepsy. Among the
commonly used acute models, the Maximal electroshock
seizure test (MEST) and Pentylenetetrazol (PTZ) models
remain the two-goal standard models of acute seizure
screening. They have clearly defined endpoints foretelling
equitable effects in humans and require only basic technical
expertise”.

The MEST is a standard antiepileptic drugs (AEDs) test that
assesses the testing material's ability to protect against the
hind limb tonic extension (HLTE) phase of the seizure®.
The MEST model induces seizures by sending electrical
signals that hyper excite the neurons. MEST recognizes
activity against generalized tonic-clonic/ grand mal
seizures, and such activity epitomizes action on the seizure
focus”. Experimentally, the testing animals are observed
for seizures manifesting as hind limb tonic extension
(HLTE). The ability of extracts to prevent HLTE and
prolong the latency and/or onset of HLTE is considered an

64-66 . .
. Seizures induced

indication of anticonvulsant activity
by MEST can be prevented by agents inhibiting sodium
channels such as valproate, phenytoin, lamotrigine and
felbamate and those blocking glutamatergic excitation
mediated by N-Methyl-D-Aspartate (NMDA) receptors.
PTZ exerts its convulsive effect by inhibiting the activity of
gamma-amino-butyric acid (GABA) thus a suitable model
to primarily identify compounds that raise the seizure
threshold. GABA is the major inhibitory neurotransmitter
implicated in epilepsy at GABA, receptors, enhancement
and inhibition of GABA neurotransmission do result in
attenuation and enhancing convulsion, respectively’ .
Studies also suggested the possible involvement of the
glutamatergic mechanism through activation of the NMDA
receptor system in the initiation and propagation of PTZ-
induced convulsions™ ™.

Experimental animals are observed with the experimental
timeline for the absence of an episode of clonic spasm for at
least 5s duration, which is indicative of an extract's ability
to abolish the effect of PTZ"'. AEDs effective against this
type of seizure are also effective in treating absence and
myoclonic seizures”.

Strychnine is a selective and competitive antagonist that
acts by blocking the inhibitory effects of glycine at the
glycine receptors, extracts that are able to protect mice
against lethality within 30 minutes of observation are
considered to have anticonvulsant activity .
4-aminopyridine (4-AP) is a potassium channel antagonist
and a potent chemoconvulsant that induces tonic-clonic-

convulsion and lethality”. It interferes with neuronal
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excitability both at resting membrane potential,
responsiveness to synaptic inputs, frequency adaptation
and neurotransmitters release”. The ability of extracts to
protect mice from lethality within a 30-minute
observational period is considered an indication of
anticonvulsant activity™.

Picrotoxin also antagonizes the central action of GABA
raising the seizure threshold, therefore drugs effective in
suppressing seizures induced by picrotoxin in rodents are
also beneficial in the absence seizures”™. They abolish the
HLTE or prolong the onset of HLTE induced by
picrotoxin”*.

Bicuculline also acts by blocking the action of GABA at
GABA, receptors’ . In experimental animals, the animals
that did not elicit the characteristic turning behavior of two
consecutive 360 cycles within 30 min observational period
are considered protected”™ ™.

There is no clear explanation of the mechanism of
Aminophylline-induced seizure”. However, theophylline
used in therapeutics often induces intractable seizures and
mortality. The possibility of free radicals and oxidative
stress involvement in AMI-induced seizures has also been
demonstrated in various Studies* ™. The testing animals are
observed for the onset of myoclonic seizures, THLE, and
mortality within the observable period of 30 minutes *.

The chronic model of epilepsy provides more information
on the processes of epileptogenesis occurring from an
initial epileptogenic insult to the brain to the occurrence of

14,61,90 P .
. To mimic spontaneous s€1zures

spontaneous seizures
occurring in an epileptic brain, the kindling model has been
beneficial both as a tool for understanding chronic
epileptogenesis as it relates to epilepsy in humans and as a
model for testing AEDs with the potentials for treating

15,90 . .
. Seizures beget seizures,

complex partial seizures
through kindling, a normal functioning brain can be
epileptic through repeated focal stimulation. It induces
progressive intensification of seizures and may be useful in
the identification of promising agents necessary for the
prevention of seizures, seizure modification as well as a

. . 1591
possible correction ™.

4.3 Experimental evidence in Safety

Toxicological evaluations of medicinal plants are critical to
drug development and safety. These toxicities to plants are
usually dependent on the plant part and amount consumed,
the species and stage of development, as well as the
susceptibility of the victim”. Noting that the cumulative
effects of plants ingested over time are not well understood
in traditional medicine, toxicological evaluations such as
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acute toxicity, sub-acute toxicity, sub-chronic toxicity, and
chronic toxicity studies are commonly employed in
predicting the safety of medicinal plants.

Knowledge of'the traditional method of preparation and use
of such plants is necessary to anticipate the ingestion of
such toxic plants and their parts or other finished herbal
products. Although the safety of herbal products use is still
a major concern among healthcare practitioners in
promoting their integration into healthcare systems”, the
trend of traditional medicines (TM) use is increasing even
among healthcare personnel as a reflection of its increasing
acceptance in the health system™.

This review identified that the median lethal dose (LD50) of
these plants were reported, further toxicological studies
should be carried out on these plants. A comprehensive
analysis of plant's extracts and phytochemical constituents
presents, identification, isolation and characterization of
the individual bioactive constituents in the medicinal
plants, as well as determination of their exact mechanisms
of action, will ensure a critical assessment of their
therapeutic potential. This will also be beneficial in the
development of potential inexpensive remedies to reduce
the epilepsy treatment gap in developing countries and also
could provide new treatments for drug-resistant seizures.

5. Conclusions

This review provided evidence for the use of medicinal
plants in the management of epilepsy and possibly
rationalized the use of plant extracts as alternatives in
treating seizures and epilepsy. This review also identifies
the screening models carried out on the medicinal plants
and thus identifies those that have not been fully studied and
their mechanisms of action not ascertained. It also
identified those whose active constituents are responsible
for their activity remain unknown. The review also
identifies potential target plants for future studies of new
and alternative therapies for managing epilepsy and other
neurological and neurodegenerative diseases.
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