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INTRODUCTION
Psychological, health and social problems are an increasing worldwide. 2001 has declared as
the year for mental health by the World Health Organization in recognition of the burden that

mental and brain disorders imposed on people and families. Last ten years of the 20" century
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is called in neuroscience “decade of the brain”.[!! Epilepsy is among the disorders that are
strongly associated with significant psychological and social consequences for everyday

living.

Epilepsy is a collective term for a group of chronic seizure disorders that have common,
sudden, and transient episodes or seizures with loss or disturbance of consciousness that have
usually, but not always with the characteristic body movements(convulsions) and sometimes
with autonomic hyperactivity. It always correlates with disordered and rhythmic high
frequency discharge of impulses by a group of neurons in the brain.[?) The disease affects
approximately 1% of the world population. There is no doubt that epilepsy is the most
encountered neurological conditions worldwide. Prolonged and sometimes life-long drug
therapy is required.® The prevalence of epilepsy in developing countries is usually higher
than in developed countries.” However, the problem of adverse effects has also not been
solved completely and approximately 30% of the patients continue to have seizures with
current Antiepileptic drugs therapy.™

Herbal preparations are used in the management of various forms of epilepsies is very
common in many parts of the world. They have been scientifically shown to possess
promising anticonvulsant activities in animal models for screening for anticonvulsant
activity.’ Herbal medicine is still the mainstay for primary health care about 75-80 % of the
world population, mainly in the developing countries, because of better cultural acceptability,
better compatibility with the human body and lesser side effects. Global estimates indicate
that 80% of about 4 billion population cannot afford the products of the Western
Pharmaceutical Industry and have to rely upon the use of traditional medicines which are
mainly derived from plant material.”? Considering the great reliance on traditional medicinal
plants for treatment of diseases and the potential for drug discovery; it becomes relevant to
search for potent, effective and relatively safe plant medicines. Hence, search should continue

to develop newer, more effective, and safer herbal neuro protective agents for treatment of

epilepsy.

THE SOLANACEAE FAMILY

The Solanaceae or nightshade family consists of about 98 genera and some 2,700 species
with a great diversity of habitats and morphology. Solanaceae family belongs to the order
Solanales, in the asterid group dicotyledons (Magnoliopsida). This family has a worldwide
distribution, being present on all continents except Antarctica. The greatest diversity in
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species is found in South America and Central America. Most members of the Solanaceae are
erect or climbing, annual or perennial herbs, but shrubs are not uncommon and there are a

few trees. The Solanaceae contain 98 genera and some 2,700 species.

Solanaceae family is known for having a diverse range of alkaloids. Alkaloids are
nitrogenous organic substances produced by plants as a secondary metabolite that have an
intense physiological action on animals even at low doses. To humans, these alkaloids can be
desirable, toxic, or both. The plants that contain these substances have been used for centuries
as poisons. However, despite being recognized as poisons, many of these substances have
invaluable pharmaceutical properties. Glycoalkaloids are nitrogen containing secondary
metabolites found in plants belonging to Solanaceae and Liliaceae family. More than 100

different types of glycoalkaloids have been isolated from more than 350 Solanum species.™

ACTIVE CONSTITUENTS OF SOLANACEAE FAMILY

Plant such as Solanum tuberosum contains glycoalkaloids. Glycoalkaloids concentration
depends upon species as well as part of plant such as leaf, root, flower and stem. The amount
of glycoalkaloids increases due to injury and exposure to light.*) The many species contain a
variety of alkaloids that can be more or less active or poisonous, such as scopolamine,
atropine, hyoscyamine, and nicotine. Most well-known alkaloids found in the Solanaceae

family are the tropanes.

Tropanes

Tropanes are bicyclic organic nitrogen compounds with the chemical formula of CgHisN
(Fig.1). These alkaloids include, atropine, cocaine, scopolamine, and hyoscyamine.
Hyoscyamus muticus and Scopolia atropioides contain scopolamine which is used as an
antiemetic against motion sickness or for people suffering from nausea as a result of
receiving chemotherapy.™ Scopolamine and hyoscyamine are the most widely used tropane
alkaloids in pharmacology and medicine due to their effects on the parasympathetic nervous
system. Atropine has a stimulant effect on the central nervous system and heart, whereas
scopolamine has a sedative effect. These alkaloids cannot be substituted by any other class of
compounds, so they are still in demand. Pharmacologically, they are the most powerful
known anticholinergics in existence, meaning they inhibit the neurological signals
transmitted by the endogenous neurotransmitter, acetylcholine. Atropine, which is a
commonly used ophthalmological agent, dilates the pupils and thus facilitates examination of
the interior of the eye. Despite the extreme toxicity of the tropanes, they are useful drugs

WWW.Wjpr.net Vol 5, Issue 8, 2016. 355




Joseph et al. World Journal of Pharmaceutical Research

when administered in extremely small dosages. They can reverse cholinergic poisoning,
which can be caused by overexposure to organophosphate insecticides and chemical warfare
agents such as sarin and VX. Overdose may include dry mouth, dilated pupils, ataxia, urinary
retention, hallucinations, convulsions, coma, and death. They are found in various species,
such as mandrake (Mandragora autumnalis), black henbane or stinking nightshade
(Hyoscyamus niger), belladonna (Atropa belladonna) the Stramonium (Datura stramonium)

and Brugmansia species, as well as many others in the Solanaceae family.™*?

CH
N Hs

Fig.1: Tropane Ring

Solanine: Solanine is a toxic glycoalkaloid found in leaves, fruit, and tubers of various plants
in Solanaceae family(Fig.2). The amount of these glycoalkaloids in plants like potatoes, for
example, varies significantly depending of environmental conditions during their cultivation,
the length of storage, and the variety. Solanine has the formula C4sH;3NO35 and is formed by
the alkaloid solanidine with a carbohydrate side chain. Its production is thought to be an
adaptive defence strategy against herbivores. Substance intoxication from solanine is
characterized by gastrointestinal disorders like abdominal pain diarrhoea, vomiting and
neurological disorders headache and hallucinations. After ingestion symptoms become
manifest 8 to 12 hr. The median lethal dose is between 2 and 5 mg per kg of body weight.
The average glycoalkaloid concentration is 0.075 mg/g of potato.!*®! Berries from species
such as Solanum nigrum or Solanum dulcamara, or green potatoes are responsible for

poisonings in people due to Solanine.*
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Solasodine

Solanaceae family (Genus Solanum) is rich in steroidal glycoalkloids,which is an important
group of plant secondary metabolites. These compounds are used as starting material for the
synthesis of steroidal drugs(Fig.3). In majority of solanaceous plants, solasodine occurs as
aglycone part of glycoalkloids, which is a nitrogen analogue of sapogenins. Solasodine has
C27 cholestane skeleton. It can be readily converted to 16-dehydropregnenolone, which is a
key intermediate in the synthesis of steroidal drugs such as progesterone and cortisone.[**!
Solasodine is obtained by chemical or microbial hydrolysis of solamargine. It is a potent
moiety to be used as a substitute for diosgenin in the semi-synthetic production of steroidal
hormones in pharmaceuticals. Therefore, steroidal glycoalkaloid from Solanaceae plants have
become increasingly important as the starting material for the production of steroidal
hormones.* An anticonvulsant and CNS depressant effect of solasodine isolated from S.
sisymbriifolium using several experimental models was investigated. The results showed that
in the PCT-induced convulsions intraperitoneal injection of solasodine significantly delayed
latency of hind limb tonic extensor phase. In the MES model, solasodine significantly
reduced duration of HLTE in a dose-dependent manner. Prior treatment of solasodine

significantly potentiated thiopental-provoked sleep in a dose-dependent manner.!*”!

Solasodine

Fig.3

ANTI EPILEPTIC PLANTS OF SOLANACEAE FAMILY

Medicinally, as well as in terms of poisoning and psychotropic effects, members of
Solanaceae have been prized for their alkaloid content and used throughout history. Some of
the medicinally important plants of Solanaceae family which have anti-epileptic activity are
Solanum nigrum (black nightshade), Solanum pubescens, Hyoscyamus niger and Withania

somnifera (Ashwaganda).

Solanum nigrum (black nightshade): Solanum nigrum commonly known as Makoi or black

nightshade of Solanaceae family usually grows as a weed in moist habitats in different kinds
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of soils, including dry, stony, shallow or deep soil(Fig.4)s. It can be cultivated by sowing the

seeds in well-fertilized nursery beds in tropical and subtropical agro climatic regions during

April-May.[*®!

Fig. 4: Solanum nigrum

S. nigrum has been extensively used traditionally to treat various ailments such as
inflammation, pain and fever.!*® This plant is also used for various purposes — as an
antioxidant, antitumor, anti-inflammatory, hepatoprotective, diuretic and antipyretic agent. S.
nigrum is widely used in many traditional systems of medicine worldwide. Leaves are used
for the treatment of ring worm, dressing of warts, indigestion, liver tonic, stomach ache and
stomache ulcer. Fruits are used for the treatment of blindness, glaucoma,cataract and given to
kids to stop bed wetting. Roots are used to treat asthma, cough and to increase the fertility in
women. Whole plant is used against snake bite,burns dermal infection and cough.!2?%

S. nigrum contain various compounds that are responsible for diverse activities and major
active components are glycoproteins, glycoalkaloids, and polysaccharides, polyphenolic
compounds such as catechin, gallic acid, protocatechuic acid (PCA), epicatechin, caffeic acid,
naringenin and rutin.””® Glycoalkaloids include solamargine, solanine and solasonine that
belong to the tropane group of compounds. Solanine’s function and activity has been
extensively studied. It comprises 95 percent of the total alkaloid concentration present in the
plant and is found naturally in any part. It is one of the plant’s major natural defenses as it is
toxic even in small quantities. With a molecular weight of 868.04 and formula C45H73NO15
it consists of an aglycone, solanidine (alkaloidal portion), and three sugar moieties.’*"

S. nigrum and many more used in traditional medicine have proven anticonvulsant properties
in animal models and may be a source of new antiepileptic drugs. Experimentally, in S.
nigrum seizures were induced by picrotoxin, pentylenetetrazole or electric shock in the adult

albino rats. Agqueous extract of S.nigrum leaves provided protection against induced seizures
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in rats and a significant dose-dependent protection in chicken. Mechanism of action of the

extract still needs to be elucidated.

Solanum pubescens: Solanum pubescens belong to the family Solanaceae commonly also
called as pajarito (Fig.5). It is commonly used by the tribal people in India for the treatment

of diarrhoeal diseases, liver disorders and cancer disorders. %!

Fig.5: Solanum pubescens

Phytochemical studies showed the presence of alkaloids, resins, glycosides, carbohydrates,
reducing sugar, fats and oils, flavonoids and terpenoids.’*”! The percentage composition of
various compounds within this species is total alkaloid content (0.12%) total glycoalkaloids
(0.038%), and glycosylated compounds derived from solasodine, namely solasonine
(0.0043%) and solamargine (0.0028%).[8! Kusirisin et al. (2009) recorded polyphenolic
compounds that included phenol, flavonoids and tannin. The concentrations of these
compounds were recorded as 160.30, 104.36 and 65.91 mg/g, respectively.? Antiviral
isoflavonoid sulfate and steroidal glycosides were also isolated from the fruits of S. torvum.
Arthan et al., investigated MeOH extracts of fruit and found one new isoflavonoid sulfate
named as torvanol A, and a new steroidal glycoside, named torvoside H, together with the
already-known glycoside, torvoside A. Compounds isolated from aerial parts. Aerial parts of

S. torvum are rich sources of steroid and saponins.*”

Anti convulsant activity of Solanum pubescens was screened using Pentylene tetrazole-
induced convulsion test and Phenobarbitone induced sleeping time. The methanolic extract of
Solanum pubescens significantly prolonged the onset of both tonic-clonic phases of seizures
and myoclonic spasms induced by pentylenetetrazole. Using phenobarbitone induced
sleeping time, methanolic extract of Solanum pubescens offered 60 percent protection against
seizures induced death at 300 mg/kg. Results indicated Solanum pubescens methanolic

extract of significantly reduced the latency for the onset of sleep. It potentiated the duration
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of sleep at all the doses tested when compared with the control. The results obtained in the
study showed that the extract and fraction of Solanum pubescens possesses anticonvulsant
and sedative activity. The extract significantly prolonged the onset of both myoclonic spasms
as well as tonic—clonic phases of seizure in mice. The effect of pentylenetetrazole induced
seizures is an indication of possible effectiveness of the methanolic extract of Solanum
pubescens against absence seizures as drugs that inhibit pentylenetetrazole-induced
convulsions are generally effective against absence seizures.*! 3> %I

Flavonoids was implicated in various pharmacological actions like anticonvulsant and CNS
depressant activity. Here flavonoids are the only Phytochemical that is found present in the
active extract and fractions. Flavonoids have central inhibitory and neuromodulatory
effects.® The leaf of Solanum pubesencs exhibited significant anticonvulsant and sedative
effects that support the evidence for its folkloric use, while these neuropharmacological

effects might possibly be due to the presence of flavonoids.

Hyoscyamus niger: Hyoscyamus niger is an annual or biennial which grows up to three feet
tall(Fig.6). The stems of mature plant is erect, leafy, branched, and densely covered with long
glandular hairs. It has been distributed in Europe and Asia. In ancient Iranian medicine, the
plant has been used for diarrhea, stomach pain and some central nervous system disorders

such as parkinsonism, hysteric patients and seizures !

Fig.6: Hyoscyamus niger

The chemical characterization of plants shows the presence of different alkaloids such as
hyocyamine, hyoscine (scopolamine) and atropine which are proved to have anticholinergic
(parasympatholytic). Atropine and scopolamine are mainly present in leaves whereas
apoatropine (atropamine) and cuscohygrine are the main alkaloids of the root. The main
alkaloid of seeds are hyoscyamine. The plants also produces non-alkaloid secondary

metabolites like withanolides, flavonoids, lignans, coumarinolignans, saponins, glycerides,
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glycosides and phenolics B® Hyoscyamine,which is levo-isomer of atropine, has the same
action with twice power of atropine. Hyoscyamine almost mixed with atropine. L-
hyoscyamine is formed in the plant is readily hydrolyzed to atropine in the plant cells and
also in process of extraction. The major effect of Hyoscyamine is the central nervous system
(CNS) depression. Atropine, which is (x)-hyoscyamine, has equal part of D and L
hyosciamine. When atropine is hydrolyzed it forms (£)-tropic acid and tropine. Tropane
alkaloids are derived from a combination of a piperidine and a pyrrolydine ring designated as
a tropane " The plant also has Non-alkaloidal compounds including Canabisin D, Canabisin
G, Grossamide, hyosmin, Hyosciamide, Hyoscyamal Balanophonin, Cleomiscosin A,
Cleomiscosin B, Rutin Hyosgerin, Atroposide and Riboflavin.®* Seeds contain non alkaloids
include Lignans, coumarinolignans, lignanamides, saponin (, hyoscyamal, balanophonin,
pongamoside D pongamoside C and withnaloides. have also found four coumarinolignans
including cleomiscosin A, cleomiscosin B, cleomiscosin A-9'-acetate and cleomiscosin B-9'-
acetate. 8%

Anticonvulsant activity of Hyoscyamus niger L seeds were screened using picrotoxin test
using adult male mice. The results of the laboratory animal study provided evidence in favour
of the anticonvulsant activity of the herb, and showed that aqueous extract of H. niger
possesses anticonvulsant activity in the experimental animal model used. Picrotoxin, a potent,
selective GABA-A receptor antagonist produces seizures by blocking the effect of GABA at
central GABA-A receptors, which have been associated with epilepsy. Postsynaptic GABA-
A receptors are functionally linked to benzodiazepine receptors, barbiturate receptors and
chloride ion channels to form GABA-chloride ionophore complex, which is intimately
involved in the modulation of GABAergic neurotransmission epilepsy. Picrotoxin, a GABA-
A receptor antagonist, produces seizures by blocking the chloride-ion channels linked to
GABA-A receptors, thus preventing the entry of chloride ions into the brain.*®! The
experimental evidence obtained in the present laboratory animal study indicates that H. niger
methanolic extract significantly delayed the onset of seizures induced by picrotoxin. Since
picrotoxin-induced attenuation of GABAergic neurotransmission, it is not unreasonable to
speculate that H. niger methanolic extract probably produces its anticonvulsant activity by
enhancing GABAergic neurotransmission. The observed anticonvulsant activity of the plant’s
extract may also be due to its ability to depress the central nervous system (CNS) by one or

more of the known mechanisms of anticonvulsant action.
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Withania somnifera (Ashwaganda)

Withania somnifera, known commonly as ashwagandha, Indian ginseng, poison winter
cherry or gooseberry is a plant in the Solanaceae or nightshade family (Fig.7). The plant is
long, brown, tuberous roots are used in traditional medicine. In Ayurveda, the berries and

leaves are applied externally to tumors, tubercular glands, carbuncles, and ulcers.[**4

Fig.7:Withania somnifera

The biologically active chemical constituents of Withania somnifera include alkaloids like
isopelletierine, anaferine, cuseohygrine, anahygrine, steroidal lactones like withanolides,
withaferins and also saponins .1**! Ashwagandha contain anti-stress agents like Sitoindosides
and acylsterylglucosides. Active principles of Ashwagandha, for instance the sitoindosides
VII-X and Withaferin-A, have been shown to have significant anti-stress activity against
acute models of experimental stress.'**l Many of its constituents support immunomodulatory
actions.*! The aerial parts of Withania somnifera yielded 5-dehydroxy withanolide-R and
withasomniferin-A. Cuscohygrine usually comes with other, more potent alkaloids like
atropine or cocaine. There are also the alkaloids ashwagandhine, ashwaganidhine, and

somniferine.[*®!

In a study administration of the Withania somnifera, root extract showed anticonvulsant
action by increasing the PTZ seizure threshold for the onset of tonic extension phase in mice.
Further, a sub-effective dose of the extract potentiated the actions of GABA (y-gamma amino
butyric acid), a GABA receptor agonist, and diazepam, a GABA receptor modulator against
the PTZ seizure threshold. Besides monitoring the changes in latency of different phases of
seizures, the computation of the PTZ dose (in mg/kg) required by the animal made a precise
assessment of the role of different doses of Withania somnifera, in attenuating the seizures.
Higher doses of the extract increased the PTZ seizure threshold for the onset of tonic extensor
phase.l*’! That established the role of the Withania somnifera, root extract in preventing

seizure propagation. Antiepileptic drugs which increase the threshold for the onset of
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myoclonic jerks and tonic extensor are known to prevent seizure generation and propagation,
[48]

respectively.
CONCLUSION

Search for herbal remedies can possibly act as therapeutic agents is an active area of research
to combat these diseases. Natural products play a vital role in treatment of Epilepsy. This
review reveals the therapeutic role of Solanaceae plants like are Solanum nigrum (black
nightshade), Solanum pubescens, Hyoscyamus niger and Withania somnifera
(Ashwaganda) and its chemical constituents in management of epileptic seizures. The
findings of the laboratory animal studies also support the folkloric and ethnomedical uses of

these plants.
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