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ABSTRACT

Even though Tulbaghia violacea has been used to treat and manage epilepsy in South Africa by
traditional medicine practitioners, no evidence in any literature has shown any scientific scrutiny
of the effectiveness of the plant species in therapy. This project was intended, therefore, to
investigate the anticonvulsant effect of the leaf methanol extract of Tulbaghia violacea by
studying its effect against tonic convulsion induced by either pentylenetetrazole (PTZ),
bicuculline, picrotoxin, strychnine or N-methyl-DL-aspartic acid (NMDLA) in mice. Qualitative
phytochemical analysis, acute toxicity and HPLC studies were also carried out on the plant

species.

The doses of 200 (mg/kg, i.p.) and 400 (mg/kg, i.p.) of the leaf methanol extract of T. Violacae
significantly delayed the onset of PTZ (100 mg/kg, i.p.)-induced tonic convulsion in a dose
dependent manner. Leaf methanol extract of the plant species (200 mg/kg, i.p.) did not affect the
incidence of PTZ (100 mg/kg, i.p.)-induced tonic convulsion while 400 mg/kg (i.p.) protected
only one mouse against the tonic convulsion. Leaf methanol extract of Tulbaghia violacea
(100mg/kg, i.p.) did not significantly affect the onset or incidence of PTZ (100 mg/kg, i.p.)-
induce tonic convulsion. Phenobarbitone (12 mg/kg, i.p.), diazepam (0.5 mg/kg, i.p.) and
muscimol (2mg/kg, i.p.) significantly delayed the onset of PTZ (100 mg/kg, i.p.)-induced tonic
convulsion and also significantly reduced the number of animals convulsing. Muscimol (0.2
mg/kg, i.p.) did not significantly affect the onset or incidence of PTZ (100 mg/kg, i.p.)-induced
tonic convulsion. However, combined therapy of sub effective doses of the leaf methanol extract
of T. Violacea (100 mg/kg, i.p.) and muscimol (0.2 mg/kg, i.p.) significantly delayed the onset of

PTZ (100mg/Kkg, i.p.)-induced tonic convulsion and but did not significantly reduce the number



of animals convulsing. The combined therapy of sub effective doses of the leaf methanol extract
of T. violacea (100 mg/Kkg, i.p.) and muscimol (0.2 mg/kg, i.p.) protected two of the mice against
the tonic convulsion. Leaf methanol extract of Tulbaghia violacea (100-400 mg/kg, i.p.)
significantly and dose dependently delayed the onset of tonic convulsion produced by bicuculline
(30 mg/kg, i.p.), picrotoxin (20 mg/kg, i.p.) or NMDLA (400 mg/kg, i.p.)-induced tonic
convulsion but did not affect the incidence of any of the convulsions. Phenobarbitone (12 mg/kg,
i.p.), diazepam (0.5 mg/kg, i.p.) or muscimol (2 mg/kg, i.p.) significantly delayed the onset of
bicuculline (30 mg/kg, i.p.) or picrotoxin (20 mg/kg, i.p.)-induced tonic convulsion and also
significantly reduced the number of animals convulsing. Phenobarbitone (12 mg/kg, i.p.) or
diazepam (0.5 mg/kg, i.p.) did affect significantly affect the onset or incidence of NMDLA (400
mg/kg, i.p.)-induced tonic convulsion. LY233053 (5 mg/kg, i.p.) significantly delayed the onset
of tonic convulsion produced by NMDLA (400 mg/kg, i.p.) and also significantly reduced the
number of animals convulsing. Leaf methanol extract of Tulbaghia violacea (200 and 400
mag/kg, i.p.) significantly delayed the onset of strychnine (2 mg/kg, i.p.)-induced tonic convulsion
but did not significantly affect the number of mice convulsing. The dose of 100 mg/kg (i.p.) of
leaf methanol extract of T. violacea did not significantly affect the onset or incidence of
strychnine (2 mg/kg, i.p.)-induced tonic convulsion. Phenobarbitone (12 mg/kg, i.p.)
significantly delayed the onset of strychnine (2 mg/kg, i.p.)-induced tonic convulsion and also
significantly reduced the number of animals convulsing. Diazepam (0.5 mg/kg, i.p.) did not
significantly delay the onset of strychnine (2 mg/kg, i.p.)-induced tonic convulsion and also did
not significantly affect the number of mice convulsing. Phenytoin (30 mg/kg, i.p.) or DMSO
(0.25 ml, i.p.) did not significantly affect the onset or incidence of bicuculline (30 mg/kg, i.p.),

picrotoxin, strychnine or NMDLA-induced tonic convulsion. The qualitative phytochemical

Xi



analysis of the plant species showed the presence of alkaloids, saponins, cardiac glycosides,
flavonoids, triterpene steroids, quinones and tannins. The LD50 value obtained following oral
administration of the leaf methanol extract of Tulbaghia violacea may be greater than 4000
mg/kg. The HPLC fingerprint of the leaf methanol extract of Tulbaghia violacea showed distinct
peaks at the following retention times, 2.911, 3.269, 4.010, 7.597, and 15.122 min. The results
obtained in this study indicate that the leaf methanol extract of Tulbaghia violacea has
anticonvulsant activity. The results obtained also indicate that GABA, glutamic acid and glycine
mechanisms may probably be involved in the anticonvulsant activity of the plant extract. The

relatively high LD50 obtained for the plant species, given orally, indicate that it is safe in mice.
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Chapter 1

Introduction

Epilepsy is a chronic neurological disorder characterized by spontaneous recurrent seizures
(Chang and Lowenstein, 2003). It is one of the most common neurological disorders affecting
approximately 50 million people worldwide (De Boer et al., 2008; van Mierlo et al., 2014),
mainly in developing countries (Perucca et al., 2001; Preux and Druet-Cabanac, 2005). People
with epilepsy (PWE) usually conceal their condition due to the fear of stigmatization and
discrimination (Hung, 2009). There is as yet no known cure for epilepsy but it can be controlled
(Boison, 2010). Approximately one-third of PWE have drug-resistant seizures (Kwan and Brodie,
2000) and less than 50% of affected people in developing countries receive medication (Shibre et
al., 2006).Even newer anti-epileptic drugs (AEDs)are reported to have significant central nervous
system (CNS) side-effects including decreased cognitive abilities and psychiatric complications

(Schmidt, 2009).

In some Asian and African countries, up to 80% of the population relies on traditional (folk)
medicine for their primary health care needs (Kayne, 2009), possibly due to the high cost of
conventional medication. In South Africa, approximately three million people in both urban and
rural areas are reported to be reliant on traditional medicine exclusively or in combination with
Western medicine (Jager et al., 2005; Govender et al., 2006). Researchers identified 122
compounds used in mainstream medicine which were derived from ethno medical plant sources,
80% of which were used in the same or related manner as the traditional ethnomedical use

(Browner, 1985; Van Wyk et al,, 1997). One South African study found that some PWE



combinedWestern and traditional medicines for epilepsy treatment (Keikelame and Swartz,

2007).

Although natural products are widely used by PWE all over the world, there is currently little
evidence of safety and efficacy to scientifically justify their use. Raskin (2003) acknowledged
that plant-derived compounds are excellent sources for novel pharmaceutical products while
Ekstein and Schachter (2010) reported that natural products with a long history of medicinal use
against epilepsy should be further tested using systematic pre-clinical methods in PWE to

confirm their potential as new treatments for epilepsy.

According to the World Health Organization, scientific evidence to evaluate safety and
effectiveness of traditional medicine is limited (Tilburt and Kaptchuk, 2008). Tulbaghia violacea
is a safe and potent medicinal herb widely used against various ailments (Saibu et al., 2015) but
no previous study has been reported on its anti-convulsant activity. However, Allium sativum, a
member of its family, has been shown to have potent anti-convulsant activity (Advani et al.,
2011) hence one of the aims of this research is to evaluate the anti-convulsant activity and safety

of Tulbaghia violacea in mice.



Chapter 2

Literature review

2.1.  Brief epidemiology

Epilepsy is the most common neurological disorder in the world affecting approximately 50
million people worldwide (approximately 1% of world population), the majority (80-85%) of
whom live in developing countries (Preux and Druet-Cabanac, 2005; Van Mierlo et al., 2014).
Epidemiologic studies are generally considered important to identify the public health and
healthcare priorities relating to epilepsy, including prevention, education, early detection,
treatment and service needs (Jallon, 2002; Thurman et al., 2011). Seasonal variations in epileptic
seizures have been reported in previous studies, with a reduction in seizures occurring during
summer (Clemens et al., 2013). Similarly, seasonal variations in epilepsy births have been
reported, with most births occurring in winter than in summer (Procopio et al., 1997; Procopio et

al., 2000).

In developed countries the prevalence of epilepsy is 4-10 people per 1000 (Olafsson and Hauser,
1999; Oun et al., 2003). In Europe the estimated prevalence of epilepsy in 2004 was 4.3-7.8 per
1000 (Pugliatti et al., 2007) and 1.8% in Latin America (Mac et al., 2007). Country-specific
prevalence rates are0.97%in the United Kingdom (Shorvon, 2010); 0.7% in Turkey (Onal et al.,
2002); 30% in Russia (Guekht et al., 2010) and 2% in Australia (Tellez-Zenteno et al., 2004). In
developing countries like Panama, Tanzania, Ecuador, India, Liberia, Nigeria, Colombia and
Venezuela, the prevalence of epilepsy was estimated to be more than 10% (Osuntokun et al.,

1987; Leary et al., 1999) while in Africa as a whole, it is estimated at 2.2-58 per 1000 of the



population and accounts for the second or third most common reason for consultation and
hospitalization (Ngugi et al., 2010). Studies in Arab and Middle East countries showed
prevalence of 6.5 per 1000 in Saudi Arabia (Al Rajeh et al., 2001) and 0.9/1000 in Sudan
(Younis, 1983; Perenchio et al., 2004), among others. In South Africa the lowest rate of epilepsy
prevalence (2.2 per 1000 of population) is reported in urban areas while the highest rate (15 per

1000 of population) is in rural areas (WHO, 2004).

The high epilepsy prevalence often observed in rural areas than in urban areas is generally due to
a number of factors including family history, home delivery, consanguinity, increased risk of
infection and prenatal insults such as asphyxia (Jallon, 2002; Rajshekhar et al., 2006). Epilepsy
prevalence also varies between male and female; in Asia, available data shows that epilepsy is
less common in women than in men (Fong et al., 2003; Tran et al., 2006). Some African studies
done in Egypt, Libya, Tunisia, Somalia, Djiboti, Comoros, Sudan and Mauritania indicate that
epilepsy prevalence is higher in males than in females, possibly because of risky behaviour
among males that could lead to severe head injuries (Preux and Druet-Cabanac, 2005; Khedr et
al., 2013). The age-adjusted epilepsy prevalence has also been found to range from 2.7-40 per

1000 depending on location (Reggio et al., 1996; Rocca et al., 2001).

2.2.  Risk Factors and Causes of Epilepsy

Factors that predispose persons to developing seizures and epilepsy could be considered the risk
factors of epilepsy and include genetic risk factor, positive family history of epilepsy,
consanguinity, obstetric complications, toxemia, premature birth, low birth weight, neonatal
seizures, asphyxia, pre-eclampsia, febrile convulsions, severe head trauma, maternal nicotine

use, history of stroke, neurocysticercosis and excess alcohol (Casetta 2002; Nsengiyumva et al.,



2003; Edwards et al., 2008). Epilepsy symptoms can manifest at any age and may be idiopathic

or symptomatic (Chokroverty, 1996).

2.3.  Types of Epilepsy

Understanding the type ofseizure is a crucial step to effective management of epilepsy as this
determines the treatment or surgical approaches to adopt (Rudzinski and Shih, 2011).
International Classification of Epilepsy (ICE) related to seizure disorders suggests three main

types (Figure 1) vizpartial seizures, generalized seizures and unclassified epileptic seizures

(Chokroverty, 1996; Dekker, 2002).

[ Types of Epilepsy. ]

A A 4 v
[ Partial ] [ Generalized ] [ Unclassified ]
v Absence v
All Epileptic
\ 4 \4 Myoclonic Seizures that
Simple Complex cannot be classified
Partial Partial Clonic

Tonic

Tonic-
Clonic

Febrile

Figure 1: Classification of epilepsy



2.3.1. Partial (focal) seizures

In this type of epilepsy, seizures are caused by abnormal electrical disturbances in only a part of
the brain and these disturbances may or may not spread to other parts (Figure 2). These types of
seizures can be classified into simple partial seizures and complex partial seizures, both of which

can lead to generalized seizures (Dekker, 2002; Rudzinski and Shih, 2011).

E;"‘t[‘eem' FOCAL
) Seizure activity
A7)~ Qecipital starts in one area
of the brain.

Figure 2: A partial (focal) seizure activity starts in one area of the brain (www.epilepsy.org.au)

2.3.1.1. Simple partial seizures

In this type of epilepsy, there is no loss of consciousness and although patients may remember
what happened, they may not be able to explain. The seizures emanate from the affected area in

the brain such as temporal lobe (Jokeit and Schacher, 2004; Pellock and Duchowny, 2005).

2.3.1.2. Complex partial seizures

In complex partial seizures, there is an impairment of consciousness and the condition may start
as a simple partial seizure but develops into a complex partial seizure or directly as a complex
seizure with impairment of consciousness at the onset of the seizure (Berendt and Gram, 1999).
The clinical manifestations of complex partial seizures depend on the brain region affected by

abnormal electrical activity (Chokroverty, 1996). Complex partial seizures are likely to arise


http://www.epilepsy.org.au/

from the temporal or frontal lobes but can also occur in occipital or parietal lobes (Rudzinski and

Shih, 2011).

2.3.2. Generalized Seizures

Generalized seizures are a type of epilepsy that starts from both cerebral hemispheres of the
brain (Figure 3). They are characterized by a complete loss of consciousness and happen
suddenly and unexpectedly (Dekker, 2002). These seizures may occur with convulsion and
prominent motor activity or no convulsion at all (Friedman and Sharieff, 2006). They are often
classified into six different categories of which the primary generalized tonic-clonic seizure
(GTCS) type is considered the most common. Although others are less common, all seizure

categories might be seen in special epilepsy clinics (Friedman and Sharieff, 2006).

r"bi?'“' GENERALISED
Seizure involves
P %tbgpitai both hemispheres
of the brain
~ Cerebellum

Figure 3: Generalized seizures are associated with the involvement of both cerebral hemispheres of the brain

(www.epilepsy.org.au)

2.3.2.1. Absence seizures: This seizure type may sometimes be unrecognized and are
characterized by a brief loss of consciousness with minimal or no changes in muscle tone,
brief upward rotation of the eyes, blank stare and an interruption of on-going activity

(Dekker, 2002; Sysoeva et al., 2014).


http://www.epilepsy.org.au/

2.3.2.2. Myoclonic seizures: This seizure type is often considered to occur in special
epileptic syndromes (Dekker, 2002; Rudzinski and Shih, 2011) and involves sudden
unilateral or bilateral shock-like muscle contractions which could manifest as single jerks or

repeated jerks over longer periods (Chokroverty, 1996).

2.3.2.3.  Clonic seizures: This type of seizures is often generalized and consists of non-
tonic repetitive rhythmic flexing and stretching of the limbs (Dekker, 2002; Rudzinski and

Shih, 2011).

2.3.2.4. Tonic seizures: These seizure types are characterized by an immediate loss of
consciousness and often consist of a deviation of the eyes and head towards one side or even
the rotation of the whole body (Dekker, 2002; Rudzinskiand Shih, 2011). There are often

sudden sustained muscle contractions which fix the limbs in some strained position.

2.3.2.5. Tonic-clonic seizures (GTCS): These seizures are characterised by loss
consciousness and posture and are occasionally associated with screams. They could develop
into the tonic phase (a generalized stiffness) characterized by spasm in all muscles of the

trunk with the patient becoming bluish in colour due to impaired breathing (Dekker, 2002).

Furthermore, the head is retracted, the arms are flexed and the legs become extended and
after a while, the tonic stage may progress into a clonic phase with the patient having many
jerks as a result of muscle contraction and relaxation (Dekker, 2002). The patient might bite
his or her tongue, pass urine, or sometimes stool. At the end of the GTCS, the patient regains
consciousness but may remain too tired and confused for a while (Chokroverty, 1996;

Rudzinski and Shih, 2011).



2.3.2.6.  Febrile seizures (FS): These are the most prevalent types of convulsion that
affect children aged five months to five years. Approximately 3-5% of the children under six
years of age worldwide have FS (Wallace et al., 1998). A study by Millar (2006) showed that
up to 5% of children in North America and Western Europe experience at least one episode
of febrile seizure before the age of six years. It is considered that a viral infection is the most

common cause of febrile seizures (Principi and Esposito, 2013).

2.3.3. Unclassified epileptic seizures

In this category are seizures that defy classification due to the fact that they do not fit into the
descriptions for well-established seizure categories, e.g. some neonatal seizures

(Chokroverty, 1996; Rudzinski and Shih, 2011).

2.34. Special syndromes

This category consists of a group of signs and symptoms that can assist one identify epilepsy
and epileptic syndromes, e.g. age at which seizures begin, sex, seizure type, presence of
physical or learning disabilities, electroencephalogram (EEG) results (Chokroverty, 1996).
The WHO estimates that there are three different types of epileptic disorders: idiopathic,
symptomatic and cryptogenic disorders. Idiopathic disorders are mainly due to genetic

factors with no symptoms of structural brain lesion or other neurological signs.

Symptomatic disorder etiology is usually known to be due to a structural lesion in the brain
while cryptogenic disorder is thought to be a set of symptoms with unknown etiology.
According to the international league against epilepsy (Dreifuss, 1985; CoCaTotILA, 1989),
this classification depends on family history, clinical neurophysiology and combination of

seizure semiology (Olafssonet al., 2005).



24. Epilepsy neurochemistry

The major neurotransmitters in the brain are glutamate (GLU), gamma-amino-butyric acid
(GABA), acetylcholine (ACh), nor epinephrine (NE), dopamine, serotonin, and histamine.
Other molecules, such as neuropeptides and hormones, play modulatory roles that modify
neurotransmission over longer time periods (Bromfield, et al., 2006). Besides its high oxygen
consumption which makes it particularly vulnerable to oxidative stress, the brain also has
high unsaturated fatty acid (UFA) content which makes it an easy target of lipid per
oxidation (Perry et al., 2002; Nunomura et al, 2012). The metabolic rate of glucose in the
cerebrum is often used as an index of brain activity (Kim, 2015) and there is currently
enough evidence from human and experimental models to support the involvement of
oxidative stress during seizures and in the epileptogenesis process (Cardenas-Rodriguez etal.,
2014). Thus, perturbations (an imbalance or dysfunction) in the synthesis or levels of
neurochemicals in the brain will often result inillness (Pan et al., 2012). Some of the

neurochemicals that may be affected in epilepsy are discussed in the sections below.

24.1. Gamma amino butyric acid (GABA)

GABA was first synthesized in 1883 and known as a plant and microbe metabolic product. In
1950, however, GABA was discovered to be an integral part of the mammalian
neurotransmitter system. Found mostly as Zwitter ion, it is synthesized in situ from the
decarboxylation of glutamate by the enzyme glutamic acid decarboxylase (figure 4) since it

does not penetrate the blood-brain barrier (Jorgensen, 2005).
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Figure 4: GABA structure (A); GABA is synthesized from glutamate by the enzyme glutamic acid
decarboxylase (GAD) (Jorgensen, 2005).

The binding causes ion channels to open and allow for the flow of either negatively charged
chloride ions into or positively charged potassium ions out of the cell. Depending on which
ion channels open, the membrane potential is either hyperpolarized or depolarized. The
GABA hypothesis suggests that epileptic patients have a low chronic seizure threshold,
because they suffer from genetic or post-pathological GABA hypo-function. A corollary of
the GABA hypothesis suggests that some anti-convulsant drugs act by restoring GABA
function to normal states in epileptic humans or that anti-seizure drugs act by stimulating
GABA activity (Rogawski, 2002). Drugs that act as agonists of GABA receptors (GABA
analogues or GABAergic drugs), or drugs that increase the available amount of GABA
normally have relaxing, anti-anxiety and anti-convulsant effects. The pharmacology and
distribution of GABA receptors in the brain have been widely studied (Rang et al., 2012);

these receptors are classified as follows:

2.4.1.1. GABA,receptors

GABA, receptors are ionotropic receptors linked to ligand-gated ion channels. These are
very important and most abundant fast inhibitory neurotransmitter receptors in the

mammalian brain mostly activated by GABA and play very important rolesin the mechanism
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of action of many drugs (Sieghart and Sperk. 2002; Ding et al., 2014).The active site of the
GABA, receptor is the binding site for GABA and several drugs such as muscimol and

bicuculline (Rang et al., 2012).

24.1.2. GABAC( receptors

GABA( receptors are GABA-gated chloride channels considered a sub-class of GABA4
receptors. Although GABA( receptors are so similar to GABA4 receptors, there are many
physiological and pharmacological differences which distinguish GABA, from GABAg

receptors (Bormann, 2000; Johnston et al., 2003).

2.4.1.3. GABAg receptors

GABAjg receptors are G protein-coupled receptors (metabotropic receptors) widely
distributed in the central and autonomic nervous systems (Bowery et al, 1981). Binding of
the GABA neurotransmitter to the GABAg receptors causes inhibition of membrane

excitability as K channels open while Ca™" channels close (Jorgensen, 2005).

2.4.14. GABA transporters

GABA transporters are divided into four types: GAT-1, GAT-2, GAT-3 and BGT-1 (Conti et
al., 2004) distributed in various amounts throughout the developing human nervous system
(Borden 1996). GAT-1 and GAT-3 arethe main sub-types in neurons and are considered the
most pertinent to GABAergic neurotransmission (Roettger and Amara, 1999). GAT-2 and
BGT-1 are fewer in the CNS and are less important for GABAergic neurotransmission

(Borden 1996; Olsen et al., 1999).
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2.4.2. Glutamate neurotransmitter

Glutamate is considereda principal excitatory amino acid neurotransmitter in the mammalian
brain known to play an important role in neural activation (Sundaram et al., 2012). There are
two types of glutamate receptors: ion tropic and metabotropic receptors (Pin and Duvosin,

1995; Pinto et al., 2014).

2.4.2.1. lonotropic glutamate receptors

Ionotropic glutamate receptors (iGluRs) are ligand-gated ion channels which are abundant in
the vertebrate central nervous system (CNS) and mediate excitatory neurotransmission (Pinto
et al., 2014). There are several types of iGluRs, including N-methyl-D-aspartate (NMDA), a-
amino-3- hydroxy-5-methyl-isoxazole-4-propionic acid (AMPA) and kainite (KA) (Santiago
et al., 2008). Mediation of these receptors for fast excitatory transmission in neurons occurs
via the flow of the cations K, Na®" and sometimes Ca*" in response to glutamate binding

leading to excitation (Pinto et al., 2014).

2.4.2.2. Metabotropic glutamate receptors

Metabotropic glutamate receptors (mGlurs) are many in the peripheral nervous system (PNS)
and the CNS and show homology in different animal species (Nicoletti et al., 2011;
Tharmalingam et al., 2012). The mGlurs are often divided into three sub-groups (Groups I, II
and II) according to such factors as physiological activity, sequence homology and
pharmacological profile. Group I receptors include the sub-types mGlul and mGlu5; Group
IT receptors include mGlu2 and mGlu3 while Group Illreceptors include mGlu4, mGlu6,
mGlu7 and mGlu8 (Niswender and Conn, 2010). The binding of glutamate neurotransmitter

to glutamate receptors results in excitation (Harvey and Shahid, 2012).
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2.4.23. Glutamate transporters

Glutamate is the main excitatory neurotransmitter in the mammalian CNS. Chemically,
glutamate is synthesized from glutamine supplied by glial cells and then packaged in the
synaptic vesicles via vesicular glutamate transporters. Glutamate plays an important role in
several physiological processes in the CNS including learning and memory (Yang et al.,
2011; Sundaram et al., 2012). Its mechanism of action is via binding with its receptors
(iGluRs and mGlurs) (Figure 5). There are five sub-types ofglutamate transporters in the
mammalian CNS, the excitatory amino acid transporters (EAAT 1-5). Glutamate is cleared
from synapses through excitatory amino acid transporters (EAATs) on neighbouring glial
cells (EAATI1 and EAAT?2, and to a lesser extent, on neurons (EAAT3 and EAAT4) (Seal

and Amara, 1999).
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Figure 5: Schematic representation glutamate (Glu) synthesis from glutamine supplied by glial cells and
packaged in the synaptic vesicles viavesicular glutamate transporters (vGluTs).After release from the
vesicles, glutamate binds to the glutamate receptors such as ionotropic glutamate receptors (NMDA and
AMPA receptors) and metabotropic glutamate receptors (mGluR1 to mGluR8)on the membranes of
neurons and glial cells, andthe receptors initiate different responses like membrane depolarization and
modulation of local protein synthesis. Glutamate is cleared from the synapse through excitatory amino acid
transporters (EAATSs) on neighbouring glial cells (EAAT1 and EAAT?2) and, to a lesser extent, on neurons

(EAAT3 and EAAT4) (Popoli et al., 2012).

Acetylcholine

Although most epileptic seizures are characterized by an imbalance between GABA and
glutamate i.e. excitation over inhibition, neuronal acetylcholine receptors (nAChRs) are
known to play a role particularly in sleep-related epilepsy. This neurotransmitter imbalance

may happen in parts of the brain (partial or focal seizures) or in the entire brain (generalized

convulsive seizures).

15



2.5. Biomarkers

A biomarker is defined as an objectively measured characteristic of a normal
pharmacological response to medical treatment, biologic or pathologic process (Sahu et al.,
2011; Pitkanenet al., 2013). It is a term often used to refer to a protein measureable in blood
or other body fluids whose concentration reflects the severity or presence of some disease
state and in most cases helps to predict early stages of diseases for early diagnosis (Sahu et
al., 2011). Changes in the re-organization of neuronal networks, in the number and functions
of individual neurons, and in the sequential amendment of electrical properties of both the
cells and the networks, could cause the firing of a large number of neurons leading to

reoccurring seizures (Ben-Ari, 2001; Shukla and Prasad, 2012).

A good understanding of biomarkers could help in the development of interventions to
prevent epileptic seizures, stop its progression, prevent recurrence and potentially cure this
condition (Pitkanen et al., 2013). Biomarkers of seizures are characterized by an increase in
extracellular concentrations of glutathione, taurine and phosphoethanol amine in acute
hippocampal slices and in organotypic slices cultures (Wallin et al., 1999; Wallin et al.,

2003) mainly as a reaction of glutamate receptor activation (Abbas, 2015).

2.6. Epilepsy diagnosis

The determination of paroxysmal event as an epileptic seizure is considered the first step of
diagnosing epilepsy (Chitre, 2013)but medical history is equally very important in
diagnosing epilepsy (Babtain, 2013). However it is known that mis-diagnosis of epilepsy is
common as approximately 20% to 30% of patients seen at epilepsy clinics have been
incorrectly diagnosed (Smith et al., 1999; Benbadis, 2009). The conditions that are most

frequently confused with epilepsy include vasovagal syncope, cardiac syncope and non-
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epileptic attack disorder. Conditions that may mimic seizures include migraine, parasomnias,
movement disorders, metabolic disturbances and panic disorder (Smith, 2012; Chitre, 2013).
Access to complete details of the medical history is a very important step for the evaluation
of seizures because there are several different causes of seizures, and there are many

conditions to simulate a seizure (Friedman and Sharieft, 2006).

Besides the medical history, an eye-witness account of events during the start of patient
unconsciousness is very important to give a medication of the type of seizure involved
(Benbadis, 2009). Additionally, a careful review of the person’s past medical history could
indicate if there is a family history of cardiac arrhythmias or seizure, which may be related to

such genetic disorder as idiopathic epilepsy syndrome (Karceski and Morrell, 2006).

2.7. Laboratory testing

Laboratory blood tests are often done as part of the routine process of determining the causes
of diseases including seizures. It is known that a high fever or metabolic disturbances could
cause seizures to occur. For example, an electrolyte disturbance as a result of severe
diarrhoea or vomiting, or a glucose imbalance cause by low blood sugar, may also result in

seizures (Edmonton Epilepsy Association, 2010).

2.8. Electroencephalography (EEG)

Electroencephalography (EEG) is the recording of brain electrical activity from the scalp
which is often dependent on voltage differences between different points on the scalp, arising
from excitatory and inhibitory postsynaptic potentials (Dietrich and Kanso, 2010). EEG is

considered a very important test used for the diagnosis of epilepsy and is probably the most
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specific method for defining the epileptogenic cortex. It has sensitivity and specificity,

depending on age and recording procedures (Szilagyi et al., 2014).

2.9. Magnetic Resonance Imaging (MRI) scans

Magnetic Resonance Imaging (MRI) is a medical imaging technique which reveals possible
structural lesions underlying epilepsy. It is used to assess co-morbidities and evaluate
individuals with medically refractory epilepsy for potential operation. Considering the highly
sensitive and accurate images that can be obtained from MRI, it has become a standard
diagnostic procedure for epilepsy, as it can provide an accurate determination of
epileptogenic lesions in medically refractory epilepsy (Duncan, 2009). All patients with
epilepsy are advised to do MRI, except children and young people who have idiopathic

generalized epilepsy which responds to treatment with AEDs (Winston et al., 2013).

2.10. Pharmaceutical treatment of epilepsy

The adequate treatment of epilepsy depends on the identification of the type of epilepsy and
appropriate drugs. Mono-therapy has been recommended and shown to be very effective
while single drug treatment is often advised as first option. If seizures remain uncontrolled, a
second single drug treatment is suggested. Poly-therapy should only be contemplated after a

third single drug therapy fails to control the seizures (Waller et al., 2005; SAMF, 2012).

2.10.1. Anti-epileptic drugs (AEDs)

AEDs are a fundamental treatment for epilepsy and seizures. The choice of AEDs depends
on many factors such as the type of epilepsy, the risk of recurrence, age of the patient, drug
toxicity, etc. (Friedman and Sharieff, 2006). Majority of AEDs do not cure epilepsy but

merely control seizures by reducing or stopping their occurrence usually through changes in
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brain neuronal activity (Boison, 2010). The different types of epilepsy require different drugs
with different anti-epileptic effects for their treatment (Waller et al., 2005; Rang et al., 2012).
In status epilepticus, lorazepam (i.v), diazepam (i.v/ rectal) or midazolam (buccal/intranasal)
should first be given. However, if seizures are not controlled or do recur after 30 minutes of
treatment in adults, then phenytoin (slow i.v) followed by phenobarbitone (rapid i.v) are
recommended. If there is no further response then treatment with thiopental (iv) or propofol

(iv) should follow (Waller et al., 2005; SAMF, 2012).

In pregnancy, the lowest effective doses of AEDs are recommended alongside oral folic acid
to prevent neural tube defect. If hepatic enzyme-inducing AEDs are used (e.g. phenytoin,
carbamazepine or phenobarbitone), it is recommended that prophylactic oral vitamin K;
should be given to the mother in the last 2 weeks of pregnancy and to the neonates, to avoid

postpartum haemorrhage and neonatal bleeding respectively (Waller et al., 2005).

2.10.2. Mechanisms of anticonvulsant drugs

AEDs are a diverse group of pharmacological agents that control epileptic seizures through
different mechanisms of action (Stefan and Feuerstein, 2007). Some AEDs (e.g.
carbamazepine, phenytoin, valproate, lamotrigine, zonisamide, oxcarbazepine and
topiramate) act through modulation of voltage-depedent ion channels by blocking sodium
channels to reduce the ability of sodium-dependent action potentials and enhance steady state
inactivation. Sodium channels in mammalian brains are complex protein sub-units (Catterall,
2000) considered important targets of AEDs while others e.g pregabalin and ethosuximide,
simply block calcium channels, mainly in partial and generalized seizures (Stafstrom, 2010).

In addition, some AEDs (e.g. gabapentin, phenobarbital and benzodiazepines) are known
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toenhance GABA activity (Figure 6), by increasing the proportion of bound GABA receptors
that are in the long-duration active state (White et al., 2000). Other AEDs (e.g. lamotrigine)
are known to block glutamate-mediated excitatory neurotransmission (Herndndez-Diaza and
Levin, 2014); the ionotropic glutamate receptors NMDA and AMPA, known to play
important roles in epilepsy treatment, are important targets for AEDs (Rogawski, 1996;
Loscher, 1998).
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Figure 6: Pharmacological substances (anti-epileptic drugs) bind to GABA
receptors to modulate GABA effects (https://www.xbrain.co.uk/alpha-brain-
ingredientsgaba)

2.10.3. Non-drug treatment

Other methods that enhance treatment of epilepsy have been recommended. A number of
non-drug approaches to therapy have been tried including biofeedback, hypnosis and surgery
(Singer, 2001; Dewar and Pieters, 2015). Of all these, only surgery has gained widespread
acceptance and for selected patients, neurosurgery offers a risky but effective cure for
seizures. Surgery involves removal of an area of the brain responsible for seizures and is
often attempted only when attacks appear from a ‘clear cut’ focal area and if seizures do not

respond to medication (Gilinaydin et al., 2015). Evaluation for surgery is normally done by
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many medical specialists: radiologists, neurologists, psychologists and neurophysiologists

(Walker and Fish, 2009).

Ketogenic diets which are high in fat and low in carbohydrates and proteins have been used
for epilepsy in children not responding to conventional drug treatment. The diet is said to
stimulate a fasting situation that is perceived by the brain as the feeling of hunger and allows

the body to produce ketones which help suppress the epileptic condition (Kossoff, 2010).

In spite of the large number of new AEDs available in the market today, there is still no cure
for epilepsy (Boison, 2010). Many available drugs often have severe side effects and are
highly pharmaco-resistant (Vajda, 2007). Most of these drugs do not also affect the
underlying disease processes, thus there is a need to develop innovative therapeutic strategies
based on knowledge of underlying molecular pathogenetic mechanisms (Boison, 2010). If
the molecular pathways of epilepsy are well known, the phenotypic expression of epileptic
seizures could be silenced. Gene silencing techniques aimed at over-expressing selected
anticonvulsant molecules have been explored as therapeutic options for epilepsy (Riban et al,

2009).

The use of available convectional pharmaceutical products has yet to lead to an effective cure
for epilepsy (Howard et al., 2011). Some of these products are unaffordable by epilepsy
patients in most rural communities especially in Africa and Asia hence they resort to
traditional medicines to manage their epileptic conditions (Van Wyk et al., 1997; Kayne,
2009). Many of these traditional medicines are plant-derived and are known to contain potent

bioactive compounds which are effective in the control of epileptic seizures.
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2.11. Epilepsy and traditional medicine

The World Health Organization (WHO) defines traditional medicine as "the knowledge,
skills and practice of holistic care, recognized and accepted for its role in the maintenance of
health and treatment of diseases. It is based on indigenous theories handed down from

generation to generation for its beliefs and experiences (Zhang and WHO, 2000).

The use of traditional medicine for the treatmentof epilepsy is widespread in developing
countries and about two-thirds of the population of these countries relies heavily on
traditional medicine treatment as their basic health care system (Farnsworth and Soejarto,
1991). In developing countries like India, China and African countries, traditional medicine
has been improved for the health care system and hasbecome more widespread to even

developed countries (Fouche et al., 2008; Ashidi et al., 2010).

Traditional herbal medicines have been used for thousands of years by millions of peoplein
Africa, for the prevention and treatment of diseases (Cragg and Newman, 2005). In South
Africa, an estimated 27 million people are reported to use indigenous traditional medicines
particularly in KwaZulu-Natal where households are said to spend between 4% and 6% of
their annual incomes on indigenous medicine and services (Mander, 1998). Many herbal
medicines are efficacious and safe (Pearl et al., 2011), have a history of use for the treatment
of neurological diseases (including epilepsy) and could enhance the effects of conventional

anti-depressants (Ernst 1995; Adeyemi et al., 2007).
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2.12. Tulbaghia violacea

2.12.1. Ethnobotany and phytochemistry

Tulbaghia violacea (T. violacea) is a bulbous plant with hairless leaves, and a white, fleshy
stalk (Van Wyk et al., 1997). It has attractive violet flowers and long, hairless green leaves.
T. violacea is known as “itswelelomlambo” in Xhosa, “wildeknoffel” in Afrikaans,
“isihaga”in Zulu and “sweet garlic, wild garlic or society garlic” in English (Street et al.,
2010; Saibu et al., 2015). T. violacea belongs to the Alliaceae tamily, which is the same
family as onion and real garlic. Furthermore, 7. violacea and garlic (Allium sativum) have the
characteristic sulphur smell of garlic andthis plantis presumed to have the same biological

activities and secondary (Bungu et al., 2006).

Geographically, 7. violacea is widely spread throughout Africa and is considered an
indigenous plant to the Eastern Cape Province of South Africa where it grows on rocky
grasslands. 7. violacea has been used as a substitute for garlic and also as a medicinal plant

for the treatment of various diseases (Ebrahim and Pool, 2010).

2.12.2. Medicinal use of T. violacea

T. violacea is extensively used as a medicinal plant for various disease conditions such as
fever, tuberculosis, asthma, stomach problems, oesophageal cancer, fits and rheumatoid
arthritis (Ebrahim and Pool, 2010; Ncube et al., 2011). Although 7. violacea has many
benefits as a traditional medicine, several adverse effects such as abdominal pain, intestinal
mucosa sloughing as well as acute inflammation have been attributed to its use (Bungu et al.,

2006).
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neurotransmission at NMDA receptors in the brain may cause convulsion (Olsen 1981, Waller et
al., 2005, Rang etal., 2015). PTZ is thought to act by blocking GABA4 receptors thus inhibiting
GABA neurotransmitter (De Sarro et al., 1999, Rang et al., 2015). According to Waller et al.,
2005 and Rang et al., 2015, the standard AEDs, phenobarbitone and diazepam are known to act
by enhancing GABA neurotransmission in the brain by respectively increasing the duration and
frequency of the opening of GABA4 receptor-linked chloride channels in the GABA 4 receptor-
chloride ionophore complex to facilitate chloride ion conductance into the brain. It is not
surprising therefore that phenobarbitone and diazepam attenuated PTZ-induced tonic convulsion
in the present study. Phenytoin, another standard AED, acts by blocking the entry of sodium ions
into brain cells and thus, inhibiting the generation of repetitive action potential (Waller et al.,
2005 and Rang et al., 2015) and therefore, did not affect PTZ-inducedtonic convulsion in this
study. According to Lanca (1998) and Rang et al. (2015), muscimol, a selective and powerful
GABA, receptor agonist, acts by interacting with GABA, receptors in the brain to mimic the
effects of GABA. Accordingly, muscimol significantly attenuated PTZ-induced tonic convulsion

1n mice.

In this study, the methanolic leaf extracts of 7. violacea appeared to attenuate PTZ-induced tonic
convulsion suggesting that 7. violacea could be affecting with the anti-convulsant activity of
GABA. The combined therapy of sub-effective doses of 7. violacea and muscimol, significantly
attenuated PTZ-induced tonic convulsion, suggesting that GABA mechanism may be involved in
the anti-convulsant activity of 7. violacea. According to Rang et al. (2015), bicuculline, a
GABA receptor antagonist, produces its convulsant activity by blocking GABA 4 receptors thus
inhibiting GABA neurotransmission in the brain. In this study, bicuculline produced tonic

convulsion which was attenuated by phenobarbitone and diazepam, both of which are known to
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enhance GABA neurotransmission. Furthermore, muscimol, a specific GABA4 receptor agonist,
known to mimic the effect of GABA at GABAA receptors in the brain was shown to attenuate
bicuculline-induced tonic convulsion. The methanolic leaf extract of 7. violacea also attenuated
bicuculline-induced tonic convulsion while Phenytoin (known to exert its anti-epileptic effects
by blocking sodium ion entry into the brain), did not attenuate bicuculline-induced tonic
convulsion. These findings further support the suggestion that GABA mechanism may be

involved in the anti-convulsant activity of Tulbaghia violacea.

PCN is known to produce convulsion by blocking GABA receptor-linked chloride ion channels
to prevent the entry of chloride ions into the brain to inhibit GABA-mediated inhibition. The
present study shows that PCN-induced tonic convulsion in mice was attenuated by
phenobarbitone and diazepam, both of which are known to enhance GABA neurotransmission in
the brain. Muscimol, a specific GABA 4 receptor agonist, known to mimic the effect of GABA at
GABA receptors, also attenuated PCN-induced tonic convulsion. Phenytoin, on the other hand,
did not affect PCN-induced tonic convulsion. This drug is known to produce its anti-convulsant
effects by blocking sodium ion entry into the brain (Rang et al., 2015). The methanolic leaf
extract of 7. violacea also attenuated PCN-induced tonic convulsion further indicating that

GABA mechanism may be involved in the anti-convulsant activity of 7. violacea.

Rang et al. (2015), suggested that STN produces convulsion by blocking receptors for glycine in
the brain. In this study, phenobarbitone and the methanolic leaf extract of 7. violacea attenuated
STN-induced tonic convulsion, suggesting that glycine mechanism may also be involved in the
anti-convulsant activity of 7. violacea. Rang etal. (2015) have reported that phenobarbitone may

produce its anticonvulsant activity by different mechanisms. It is possible that phenobarbitone

50



may be producing its anti-convulsant activity by enhancing glycinergic neurotransmission in the
brain. Benzodiazepines have been shown not to alter STN-induced convulsion in experimental
animals (Rang et al., 2015). However, of moderate to high doses of phenobarbitone (i.v),
diazepam (i.v) and phenytoin (i.v) have been used historically to prevent strychnine convulsion

in strychnine poisoning in humans (Lambert et al., 1981, Boyd et al., 1983).

According to Chapman and Meldrum (1993), Besancon et al. (2008) and Rang et al. (2012), N-
Methyl-DL-aspartic acid (NMDLA) produces its anti-convulsant effects by specifically
stimulating NMDA receptors to mimic the action of glutamate, the excitatory neurotransmitter in
the brain. The present study shows that phenobarbitone and diazepam (both of which are known
to enhance GABA neurotransmission in the brain) did not affect NMDLA-induced tonic
convulsion in mice whereas LY233053 attenuated NMDLA-induced tonic convulsion. On the
other hand, Phenytoin known to exert its anticonvulsant effect by blocking sodium ion entry into
the brain also did not alter NMDLA-induced tonic convulsion.According to Madden et al. (1992)
and Borowicz et al. (1996), LY233053, is a competitive NMDA receptor antagonist, which acts
by blocking the effects of glutamic acid at NMDA receptors. In this study, the methanolic leaf
extract of 7. violacea was found to attenuate NMDLA-induced tonic convulsion. These findings
suggest the possible involvement of glutamic acid mechanism(s) in the anticonvulsant activity of

T. violacea.

In this study, the phytochemical qualitative analysis of the dried leaf extract of 7. violacea
revealed the presence of alkaloids, saponins, reducing sugars, flavonoids cardiac glycosides,
triterpene steroids, quinones and tannins. Alkaloids, flavonoids, saponins triterpene steroids have

been shown in different studies to possess anti-convulsant activities (Chauhan et al. 1988,
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Mimaki et al., 1997, Van Heerden et al., 2002, Muazu and Kaita 2008, Ibrahim et al., 2008,
Singh et al., 2012). It is therefore possible that these secondary metabolites may be contributing
to the anti-convulsant activity of 7. violacea. The results obtained from the acute toxicity study
carried out showed that following oral administration of the methanolic leaf extract to mice, the
LD50 may be greater than 4000 mg/kg which suggests that 7. violacea is safe and non-toxic to
mice. The HPLC finger print obtained for 7. violacea revealed the presence of characteristic

peaks at 350 nm which may be used to identify the exact species of 7. violacea.

5.1 Conclusion

The results obtained from this study indicate that the methanolic leaf extract of 7. violacea has
anti-convulsant activity which may involve GABA, glutamic acid and glycine mechanisms.
Secondary metabolites such as saponins, triterpene steroids, alkaloids and flavonoids found in
the leaves of the plant species may also in part be contributing to the observed anti-convulsant
activity. The relatively high LDs; value obtained for the plant species following oral
administration shows that it is safe in mice. These findings justify the use of 7. violacea by
traditional practitioners in the management and treatment of epilepsy. However, further studies
are needed to fully elucidate the mechanism(s) of its anti-convulsant activity as well as establish

its toxicity and safety profile.
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