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ABSTRACT

Background :Epilepsy is the third leading contributor to theolgdl burden of disease for
neurological disorders and affects 65 million peoplhorldwide. Although the current
antiepileptic drugs achieve symptomatic seizuréefrehey do not prevent or reverse the
pathological process that underlies human epilepsyg resistant epilepsy is also one of the
most important unmet needs in the daily managemieapilepsy. These currently unmet needs
provide a roadmap for the development of more &ffe@ntiseizure drugs, as well as for disease
modifying and antiepileptogenic drugs especiallgnir plants. This study was conducted to
investigate the anticonvulsant activity of the @udydroalcoholic extracts of 3selected plants
Pterlobium stellatun{ leaves)Moringa stenopetaléroot) andClutia abyssinicgleaves). These
all are used for treatment of epilepsy by traddiohealers in different parts of Ethiopia.
Additionally the solvent fractions of thBterlobium stellatumwere tested for anticonvulsant

activity as the crude extract showed positive raspon all the models used

Methods :.The dry residues of the plant extracts were @isetest in different doses. Male balb

¢ mice were used fon vivostudy and fom vitro study P14-P21 of C57BL16 mice were used.
In vitro mice model of hippocampal slice with OKigvas used and the extracts were tested at
the 0.7mg/kg concentration. Diazepam 3uM was p@sitontrol and DMSO as negative control.
In in vivoPTZ and MES mice models 400mg/kg and 800mg/kgoheaest extract were used for
efficacy test in as positive control Diazepam 5mggénd phenytoin 10mg/kg were used
respectively. The negative control was 2% tweenRéher's exact test was used to analyze
proportions and ANOVA with post hoc LSD to testans. The tests were conducted after the
ethical clearance was obtained from the ethical midtee of Addis Ababa University and

university of Cape Town. Qualitative test and quative tests were used to determine the
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secondary metabolites in the plants. And ultragerance liquid chromatography-mass
spectrometer (UPLCMS) tests were used to charaetgpoiant constituents ifPterlobium

stellatumcrude extract and its fractions.

Results :In thein vitro study the hydroalcoholic extract Bfstellatunand M. stenopetalat
0.7mg/ml had a statistically significant anticorsant activity compared to negative
control(P<0.05). The hydroalcoholic extract@fibyssinicat 0.7mg/ml didn't show statistically
significant effect compared to negative controb@m®5). A positive control, diazepam(@),
showed statistically significant anticonvulsant bty compared with negative control
(P<0.05).When we compare thevitro activity of different solvent fractions &. stellatunthe
chloroform and water fractions at 0.7mg/ml wereabown to have significant anticonvulsant
activity as compared to negative control (P<0.0%le petether and butanol fractions activities
were not statistically significant compared to rnagacontrol (P>0.05)Pterolobium stellatum
hydroalcoholic extract shown that dose dependedt atatistically significant anticonvulsant
activity with PTZ model(P<0.05).Whereas the acyivitf M. stenopetalaand C. abyssinica
hydroalcoholic extracts were not statistically gigant (P>0.05) inin vivo PTZ model. Then
vivo PTZ test has also revealed the chloroform fractind the water fraction d?terolobium
stellatumto have anticonvulsant effect(P<0.05) compared tiéhnegative control. Whereas the
pet ether and butanol fractions shown activity aehivas not statistically significant with
negative control(P>0.05).The effect of the diazepams statistically significant with the
negative control and all test extrad®<0.05). Pterolobium stellatumand M. stenopetala
hydroalcoholic extracts shown statistically sigraft anticonvulsant activity with MES model in

both lower and higher doses(P<0.05). Theabyssinicahydroalcoholic extracts activity at the



given doses were not statistically significant (®2&).Thein vivo MES test has also revealed the
chloroform fraction to have anticonvulsant effecbath doses (P<0.05). The water fraction at
400mg/kg dose shown anticonvulsant effect comparigld the negative control(P<0.05). The
pet ether and butanol fractions shown activityollwas not statistically significant at the given
doses (P>0.05).The effect of the phenytoin wasssitally significant with the negative control
as well as compared with other tested extract Bs@s05). The qualitative and quantitative
analysis indicated the presence of different plsgtondary metabolites in hydromethanolic
extracts of the three plants. Rterolobium stellatunthe UPLCMS analysis indicated also the
presence of gallic acid, ellagic acid, kaempfenajricitrin, isoquercitrin and quercitirin in the
crude extract. Of these gallic acid and ellagicl avere found in chloroform fraction. In the

water fraction ellagic acid, kaempferol, myricitrand isoquercitrin were found.

Conclusion: The results demonstrated tiierolobium stellatunmas anticonvulsant effect. The
hydroalcoholic and chloroform and water fractionReérolobium stellatundemonstrated effect
in bothin vitro andin vivo MES and PTZ models of epilepsy. The crude extohdd¥loringa
stenopetalahas also shown to have anticonvulsant effect botiein vitro andin vivo MES
models. But was negative on PTZ model. The traditiause of both herbs for treatment of
epilepsy can be supported by the finding of thisdgt However C. abyssinicadidn't show
anticonvulsant activity at the tested doses inntloglels used in this study and its traditional use

for treatment of epilepsy is not supported accardmthe findings of this study.

Key words:Pterolobium stellatum, Moringa stenopetala, Cludlayssinica, in vitro, in vivo,

anticonvulsant, mice
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CHAPTER |: INTRODUCTION

1. 1. Epilepsy
1.1. 1. Definition

Epilepsy is chronic disorder of the brain charazest by an enduring disposition towards
recurrent unprovoked seizures. The diagnosis regut least 2 seizures occurring greater than
24 hours apart or one seizure with a relevant ababelectroencephalographic (EEG) pattern or
brain scan suggesting a high probability of a sdcswizure (Fisheet al, 2014; WHO, 2019a).
The current definition requires two unprovoked ses occurring at least 24 hours apart.
Conceptually, epilepsy exists after at least ongravoked seizure, when there is high risk for
another, although the actual required risk is suilife debate. After a single unprovoked seizure,
risk for another is 40-52%. With two unprovoked riebrile seizures, the chance by 4 years of
having another is 73%, with a 95% confidence irdeXC]) of 59-87%, subsequently herein
portrayed as approximately 60-90% (Fiskeral, 2014). The risk level occurs with remote
structural lesions, such as stroke, central nensystem (CNS) infection, certain types of
traumatic brain injury, diagnosis of a specificlepsy syndrome, or in some circumstances with
the presence of other risk factors. Those with mecu reflex seizures, for example,
photosensitive seizures, are also considered te BpNepsy. This definition of epilepsy brings
the term in concordance with common use by modegologists. Epilepsy is not necessarily
life-long, and is considered to be resolved if espa has been seizure-free for the last 10 years,
with at least the last 5 year off antiseizure miegis, or when that person has passed the age of

an age-dependent epilepsy syndrome(Fishat, 2014).



1.2. Epidemiology of Epilepsy

Epilepsy is a chronic disorder of the brain thdeek people of all ages worldwide. It is one of
the world’s oldest recognized conditions (WHO, 281 RImost 10% of people will experience
a seizure during their lives. Epilepsy is the thiedding contributor to the global burden of
disease for neurological disorders and affects @bom people worldwide (Devinskyet al,
2018).The estimated proportion of the general pamn with active epilepsy (i.e. continuing
seizures or with the need for treatment) at a gtvee is between 4 and 10 per 1000 people.
However, some studies in low and middle income t@sisuggest that the proportion is much
higher, between 7 and 14 per 1000 people. Clo88%b of people with epilepsy live in low- and
middle-income countries. Globally, an estimatedrBilion people are diagnosed with epilepsy
each year. In high-income countries, annual newsage between 30 and 50 per 100 000 people
in the general population. In low- and middle in@weountries, this figure can be up to two
times higher. The higher figure in low- and middieeme countries is likely due to the
increased risk of endemic conditions such as nal@rineurocysticercosis; the higher incidence
of road traffic injuries; birth-related injuriesn@ variations in medical infrastructure, availaili

of preventive health programmes and accessible\W&i®, 2019a). Prevalence or incidence
may be underestimated in areas where the condgigneatly stigmatized and cultural beliefs
about the causes of epilepsy or negative attitudesard those with epilepsy lead to the
concealing of symptoms of epilepsy, or its diagagBianerjee, Filippi and Allen Hauser, 2009).
If we consider studies performed on populationssize to 1000, prevalence rates of epilepsy in
the African region range from 2.2 to 58 per 100@ghest rates of are mainly detected in rural
populations. They reflect poor health conditionsuteng in several public health related

diseases complicated by epileptogenic changeseitrdin (WHO, 2004)According to the fact



sheet on epilepsy (no. 999) published by the Wbiddlth Organization(WHO) in May 2015,
epilepsy accounts for 0.75% of the global burdediséase, as measured by combining years of
life lost due to premature mortality and yearsdiva less than full health (Figure 1). In 2012
epilepsy alone was responsible for 20.6 millionabdibty-adjusted life years (DALYS) lost

(Abramovici and Badi, 2016).

no data

less than 50
50-72.5
72.5-95
95-117.5
117.5-140
140-162.5

| 162.5-185
185-207.5
207.5-230
230-252.5
252.5-275
more than 275

Figure 1. Disability-adjusted life-year rates frapilepsy by country (per 100 000 persons) in 2004

(Abramovici and Bagi, 2016).

1.3. Classification of Epilepsy

Determining the type of seizure that has occuredessential for focusing the diagnostic
approach on particular etiologies, selecting thpragpriate therapy, and providing potentially
vital information regarding prognosis(Longd al., 2012). The International League Against

Epilepsy (ILAE) is the most important internationadganization dedicated to clinical care,



education and research in epilepsy. In 1981 itedsa classification for epilepsy that has been
very widely adopted. Recognizing a number of deficies in this classification, the ILAE
released a new seizure classification in 2017 (agedera, Williams and Bracewell, 2017;

Fisheret al, 2018)

This classification presents a new framework fassification of the epilepsies with three levels,
as well as a major focus on looking for a causeidadtifying any associated disorders, or co-
morbidities, at all stages along the diagnosticess. It begins with seizure type(s) defined by
their type of onset (focal; generalized; unknowtijen epilepsy type and thirdly, epilepsy
syndrome. Wherever possible, the aim is to clasaifpatient’s epilepsy in a way that is
recognizable across a range of individuals expeimgnthe same pattern of seizures, age at
onset, and electroencephalographic(Michalis Koutranidiset al, 2017)and imaging features,
who often share a similar cause for their epileg$ye revised classification also emphasizes the
importance of considering the cause, or etiologythe patient's epilepsy from the initial
consultation onwards. It presents six broad headfogthe etiologies (Figure 2)(Chaeg al,

2017; Brodieet al, 2018; Falco-Walter, Scheffer and Fisher, 2018)
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Figure 2. Framework for epilepsy classificatiomdéieet al, 2018).

1.3.1.Generalized Epilepsy

In these events, the abnormal electrical activity judged by behavior or EEG) apparently
originates simultaneously on both sides of therbeaid spreads rapidly via neuronal networks.
Most people will recognize a generalized tonic-ataseizure (convulsive seizure) as a typical
sign of epilepsy. However, there is a range of ofemeralized seizures. These include absences,
where the affected individual, usually a child alokescent, loses awareness for a number of

seconds resulting in a blank stare. This may b@rapanied by more subtle signs, such as



flickering of the eyelids and mouth movements. Mgac jerks are also types of generalized
seizures and occur when there is a sudden rapiglaction of a group of muscles. They can
affect the head, arms, legs or whole body and eanntilateral or bilateral. The affected person
may drop or spill things and, if the jerking is ee¥ or occurs in a young child, they can fall.
Because the jerk can last less than a second, ithateobvious loss of consciousness. Frequent
myoclonic seizures can also occur in some seveitepsges of infancy and early childhood.
Other less common generalized seizure types incitdeic (loss of muscle tone) and tonic
(more prolonged increase in muscle contractionguses, both of which can also result in falls
or drop attacks and epileptic spasms(Liyanaged®iliams and Bracewell, 2017; Brodet al,

2018; Fisheet al, 2018).

1.3.2. Focal Epilepsy

In these events, the abnormal electrical activiiginates on one side of the brain, although in
some situations it can spread to the other si@e iatthe seizure. Focal seizures can present with
a range of symptoms, depending on the site of mfithe abnormal electrical discharges and
the extent and speed of their spread in the brAmareness may be present, reduced or
absent(Bhasin and Sharma, 2019). Sometimes, thgeeking of one arm and/or leg. Epileptic
spasms can also have a focal origin. The abnorfeetrieal activity can move quickly from a
focal seizure to a tonic- clonic seizure, affectingth sides (bilateral), known as a focal to
bilateral tonic-clonic seizure. The EEG may suggestrea in the brain from where the seizure
is arising, and brain imaging may demonstrate actiral cause for the seizures, such as

scarring, a developmental anatomical abnormalitaib malformation),an abscess, stroke or



tumor. In around a third of people with focal seesj brain imaging will be reported as normal

(Brodieet al, 2018; Kumar and Sharma, 2018; Bhasin and Sh&ti®).

1.3.3. Focal and generalized epilepsy

The next group consists of people who have botlalfaod generalized seizures. The video—
electroencephalography (VEEG) (Koutroumanielisal, 2017) can be helpful in defining this
category. In the severe epilepsies of infancy dnldiftood, the EEG is often markedly abnormal.

There is often evidence of more than one type iatise (Brodieet al, 2018).

1.3.4. Unknown epilepsy

Occasionally, the doctor cannot be certain whetherepilepsy is focal or generalized. This is
more common where there is limited access to VE&EGiss and modern brain imaging such as
magnetic resonance imaging (MRI) (Brodital, 2018). The ‘unknown’ epilepsy type is the
epilepsy in which the seizures are of unknown onsgie or the clinician has not yet gather
sufficient clinical information to be certain abdhe epilepsy classification. Similar to seizure of
unknown onset, unknown epilepsy type may be redabels other types of epilepsy once
adequate clinical information allows further cléissition. Figure 3 depicts current seizure

classifications (Falco-Walter, Scheffer and Fis2€x1,8).
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Figure 3: The basic ILAE 2017 operational clasatfon of seizure types (Fisheral, 2018).

1.3.5. Epilepsy syndromes

The third level of diagnosis, wherever possiblethis identification of an epilepsy syndrome.
This includes a cluster of features, including sesztypes, EEG changes, brain imaging
abnormalities, and genetic analysis that add wprecognizable pattern (Falco-Walter, Scheffer
and Fisher, 2018). Different syndromes can occudifi¢erent ages in life, and an accurate
diagnosis often provides useful information on fileely outcome. Some syndromes are
associated with other symptoms, such as intelléetuc psychiatric problems, which may play
an important part in the overall clinical picturBhe recognition of a syndrome can help to
determine the cause, treatment, and outcome ofeplilepsy. New epilepsy syndromes are
described in the emerging literature fairly oftand there is currently no “official” ILAE list of

all the syndromes (Brodiet al, 2018). Among the generalized epilepsies are areebgnized



group of common epilepsy syndromes: childhood atesepilepsy, juvenile absence epilepsy,
juvenile myoclonic epilepsy, and generalized torlamic seizures alone. They have previously
been known collectively as the “idiopathic genaedi epilepsies”, which means that the exact
cause is unknown, but the evidence is stronglauodr of a genetic basis. Less frequently, they
may have an obvious hereditary componeat,run in families. In the new classification, they

can be called “genetic generalised epilepsies”idiopathic generalised epilepsies” depending
on whether the clinician finds the term “genetictaptable for their patient and family (Brodie

et al, 2018).

Another group of focal epilepsy syndromes that ogouchildhood have a self-limited course.
Often the diagnosis is made by the presence okspgik a particular pattern on the EEG that
relate to electrical malfunctioning in a particufaart of the brain (Michalis Koutroumanidas

al., 2017). These conditions may be treatment respemsid self-limiting, and usually affect the
temporal, frontal or occipital lobes in the bralRecognition of a particular syndrome can
provide important information on the best approemanagement and can shine a light on the

likely long-term outcome.

1.4. Causes of epilepsy

As soon as a person has his/her first epileptizusej everyone involved wants to know the
cause. A range of possibilities can be recognizeltich may help with understanding the

problem and point to its optimal treatment. It skloloe appreciated that a specific reason why
seizures occur cannot always be identified. Althotlge cause of epilepsy in many patients is

unknown, seizures can be the result of almost asulti that perturbs brain function. These
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insults include acquired causes (for example, afteke or traumatic brain injury), infectious
diseases (such as neurocysticercosis), autoimmigeasgs and genetic mutations (Devirsky
al., 2018). As our knowledge improves and the avditglmf more sophisticated investigations
is becoming more widespread, this “unknown” grofigmilepsies is becoming smaller. The six
recognized causative categories are highlightetigure 2. It should be appreciated that the
patient’s epilepsy may belong to more than one gfuicauses. For example, a genetic disorder
may cause a structural abnormality of brain develpt, which leads to the epilepsy. This

would be termed a “structural” and “genetic” ca(Beodieet al, 2018).

1.4.1. Structural causes

Structural causes of epilepsy can be recognizead vaange of brain imaging investigations. The
anatomical abnormality needs to relate directlyhio symptoms and signs of the seizures, since
many people without epilepsy have abnormal braiagimg. The past history may be a useful
contributory factore.g a previous head injury, stroke, tumor, birth mgjuorain infectionetc,
which may be associated with the particular typeseizures under scrutiny. This association
may take some time to establish. In some casessitive brain scan will provide the basis for
subsequent epilepsy surgery, usually after treatméttn appropriate antiepileptic drugs has
failed. Structural abnormalities are usually acedjralthough on occasion the patient may be
born with an anatomical defect that may be pag génetic syndrome. Recognizing the cause of
the epilepsy can be reassuring to all concerneccandgoint the way to the best avenue of care.
The more advanced the available technology, theeniidely will a relevant anatomical

abnormality be identified (Brodiet al, 2018).
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1.4.2. Genetic causes

Genetics can be considered as the part of biolbgaances that is concerned with the study of
genetic variation and heredity. Genetic factorsmmbably the most important single causative
group for the epilepsies. However, we still canfiotl a precise defect in most people with
suspected genetic epilepsy. Epilepsies can bedcajenetic” if we know that there is a strong
family history, whether an implicated gene is disaed in the family or not. We know that
some common types of epilepsy are largely causeddnetic factors. For instance, when
epilepsy develops in identical twins, both twindl@lmost always be affected. Several hundred
genes have now been linked to different epilepdibs.vast majority of these are associated with
rare syndromes, which most often present in eahlijditood. Information in this area is
expanding with the development of more sophistatatethodology. Identification of a potential
genetic cause for the epilepsy can provide insights what medication to choose and
sometimes what not to choose for treating the ses&zuOccasionally, an underlying genetic
cause cannot be identified, despite the fact thatraber of people in the family have a similar
type of epilepsy. In addition, a range of differéypes of seizures can occur in some families.
Although genetic syndromes are most often diagnas@dancy or childhood, genetic disorders
can also arise in adolescence or even later int &itkil Sometimes, a single gene defect is the
culprit, while in other cases, multiple genes areolved in causing the individual’s epilepsy.
Interestingly, the same genetic abnormality cardpee different types of seizures indifferent
people, and different gene defects can cause time spilepsy syndrome. The same genetic
abnormality can result in both mild and severeegsiles. There must, therefore, be other factors

that influence how the implicated gene affects itidividual, e.g interacts with other genes.
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Often, it is thought that multiple genes contribtite the clinical picture, especially in the

common situation where there is no family histofgplepsy.

It is important to appreciate that a genetic calses not necessarily mean the person has an
inherited epilepsy. An affected individual can hav@ew gene abnormality, or mutation, that
does not occur in anyone else in the family. Howevtbkis person may have a risk of
subsequently passing on the abnormal gene to Higrochildren. To make matters even more
complicated, although around 50% of the childreny maherit the mutation, this does not
necessarily mean that they will all develop epilepss this can depend on the presence of a
range of other, as yet, unidentified factors. Tagtmecade or two will see an acceleration

in our understanding of the genetic bases of tileppes (Brodieet al, 2018).

The most important recent progress in epilepsyarebehas been the identification of genetic
mutations associated with a variety of epilepsydsygmes. Although all of the mutations

identified to date cause rare forms of epilepsgjrtdiscovery has led to extremely important
conceptual advances. For example, it appears thay raf the inherited, idiopathic epilepsies

(i.e., the relatively "pure" forms of epilepsy ifhiwh seizures are the phenotypic abnormality and
brain structure and function are otherwise norraad) due to mutations affecting ion channel
function. These syndromes are therefore part ofldhger group of channelopathies causing
paroxysmal disorders such as cardiac arrhythmipsodic ataxia, periodic weakness, and
familial hemiplegic migraine. In contrast, gene atittins observed in symptomatic epilepsies
(i.e., disorders in which other neurologic abnoitresd, such as cognitive impairment, coexist

with seizures) are proving to be associated witthyays influencing CNS development or
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neuronal homeostasis. A current challenge is tatifyethe multiple susceptibility genes that

underlie the more common forms of idiopathic epslep (Brodieet al, 2018).

1.4.3. I nfectious causes

Any infection in the brain or its lining, whethecwe or chronic, can produce seizures. Much
depends on the part of the world where the infecisocontracted in terms of the likely culprit.
The commonest infective cause of epilepsy is newtazercosis, a tapeworm that is found
commonly in Latin America, Africa and Asia. The lepisy is caused by ingestion of tapeworm
eggs. These hatch in the stomach or intestinestena@vorms migrate to the brain, producing
characteristic cysts. Other potential infective sesmuinclude human immunodeficiency virus
(HIV),tuberculosis, malaria, bacterial meningitiand viral encephalitis. Treatment of the
infection is an essential component of the therapetrategy. The more widespread the brain
damage, the more likely the seizures will be difico control. Sometimes, there is only a
history of a previous infection in infancy or chilebd, which is assumed to be the cause of

epilepsy later in life (Brodiet al, 2018; Falco-Walter, Scheffer and Fisher, 2018).
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1.4.4. M etabolic causes

There are a number of unusual and complicateddbssinvolving the production or breakdown
of natural substances in body cells that are adso@ated with the development of epilepsy. The
biochemical changes produced can result in seizasgsart of the symptoms of the condition.
Thus, they may only makeup a small part of a mammpiex clinical picture. Many of these
conditions have a genetic basis. Recognition oteheare disorders is essential to lead the
clinician down the correct treatment path, as inaie cases replacing a missing chemical
compound or vitamin may be indicated rather than,inoaddition to, providing standard

antiepileptic drug therapy (Brodet al, 2018).

1.4.5. Immune causes

Among the wide range of disorders that can be &s®ocwith the production of seizures are
immune conditions, where the body attacks its ossues by the production of antibodies
(Vezzani, 2014). The epilepsy can be a consequafcenflammation in the brain and
management may require specific medication to ddown the immune systeme. treat the
cause of the seizures rather that the seizuressttiees. These autoimmune-mediated epilepsies
are unusual conditions that must be recognized ptigrto ensure optimal management (Brodie

et al, 2018; Falco-Walter, Scheffer and Fisher, 2018)
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1.4.6. Unknown causes

Some epilepsies do not have a recognizable causeh Blepends on the availability of routine,
and sometimes more sophisticated, investigationmsis,Tthe number of people who have
epilepsy for no obvious reason is higher in reseyooor countries. This often brings its own
problems, since all affected individuals and thimilies want to know why they have
developed seizures and why their treatment mayfélerig. The situation may be even more
stressful for the family of an affected infant drild in the developing world (Brodiet al,

2018).

In summary, it is hoped that this updated “Clasatibn of the epilepsies” will help to improve
the diagnosis, focus better on the cause, and geaviuseful guide to management in as wide a
range of people with epilepsy as possible. Thuscaveall understand what is happening in the
affected person’s brain and what is the best coafsaction to treat the disorder. This new
classification is also an important clinical toor fcommunication among people with epilepsy

and their doctors (Brodiet al, 2018).

1.5. Basic M echanisms of Epilepsy

1.5.1. Action potential (AP)

An AP is a very rapid change in membrane potetttizil occurs when a nerve cell membrane is
depolarised to a sufficient degree. Specificalhg thembrane potential goes from the resting

membrane potential(RMP) (typically =70 mV) to sopwesitive value (typically about +30 mV)

15



in a few milliseconds. The threshold for an AP at —55 mV and is initiated at the axon
hillock or initial segments of the axon (the trigg®mne). This process is mediated via voltage
gated ion channels (Hodgkin, A .L. and Huxley, 1932 transient depolarizing potential, such
as an excitatory postsynaptic potential (EPSP)sessome voltage gated sodium{(Nzhannels

to open, and the resultant increase in membrarigpétaneability allows Nainflux to overpass
the potassium (R efflux. Thus, a net influx of positive chargewis across the membrane, and
positive charges accumulate inside the cell, cgusimther depolarization. The increase in
depolarization causes more voltage gated &fwnnels to open, resulting in a greater influx of
positive charge, which accelerates the depolaomadiill further. This positive feedback cycle
develops exponentially driving the membrane postndward the positive values. There are two
processes that repolarise the membrane, termindatiegAP. First, as the depolarization
continues, it slowly turns off, or inactivates, thatage gated Nachannels. This is so, because
Na’channels have two types of gating mechanisms:ativ, which rapidly opens that channel
in response to depolarization, and inactivationicvitloses the channel if the depolarization is
maintained. The second repolarisation processtsefoin the delayed opening of voltage gated
K* channels. As K channels begin to open,’ Kfflux increases. The delayed increase in K
efflux combined with a decrease in Naflux produces a net efflux of positive chargenfr the
cell, which continues until the cell has repoladige its resting value. The AP propagates
actively along the axon to the terminal where iisEs neurotransmitter release, which triggers a
postsynaptic potential in the target neuron (Wamgh2005; Badawy, Harvey and Macdonell,

2009a; Fletcher, 2016; Feher, 2017).
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1.5.2. Electrical properties of epileptic neurons

Increased excitability is the main feature of anlegpic neuron. The electrical properties of
epileptic neurons have been studied withvitro slice preparations of animal or human
neocortex or hippocampus, vivo animal models of seizures induced by proconvutsanth as

penicillin, andin vivo human studies using depth electrical recordingpatients undergoing

epilepsy surgery. These studies have shown thae thee excessive discharges in epileptic
neurons. When these changes occur synchronouslypopulation of neurons, they correlate
with the interictal spike and wave discharge reedrabn scalp EEG (Ebersole, 1990). As
discussed later, these discharges can either &idse the epileptogenic lesion itself or the

surrounding cortex.

The main intracellular component of epileptic desayes is an overt depolarisation, called a
paroxysmal depolarizing shift (PDS) that occurscéyonously in a group of neurons. PDS has a
slow component of sustained depolarization lastémg of milliseconds with superadded rapid
sharp depolarisations called sustained repetitivbuost firing. At a neuronal level, sustained
depolarization is generated from the summation oftiple EPSPs. The rapid depolarisations
occurring at the peak of this sustained depolacisaare due to Nachannel fluxes, which
generate APs that travel down the axon to excikeroheurons. During seizure activity, the
concentration of extracellular'is increased; resulting in reduced éutflow and the net current
will become inward, depolarising the neuron to éx¢ent that calcium (G§ currents will be
triggered. Epileptic neurons appear to have ine@&&" conductance, which may be due to the
utilization of latent C& channels, or an increase in the number or efficfc@a* channels.

Under normal physiologic conditions, in layer Vtbé cortex and in th€ornu Ammonig (CAs
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) region of the hippocampus, there is a subsey@midal neurons that can intrinsically generate
a burst firing pattern in response to a brief dapsétion. In the epileptic brain it is in these
regions that the PDS tends to be seen first. Sustdiurst (repetitive) firing is generated through
the activation in the dendrites of slow APs mediaty N& and C&" currents, providing a

sustained depolarisation of the neuron (Badawyyéiaand Macdonell, 2009b).

The termination of the PDS and neuronal burstdiisipredominantly mediated by activation of
outward K currents and possibly through inactivation of indvaurrents. The Kchannels
activated appear to be those sensitive to intnaleellC&*. The rapidly inactivating Kchannels
contribute to the switching off of the PDS, whiletslowly inactivating K channels contribute
to the prolonged after hyperpolarisation and neairatepression seen following spikes. An
increase in inward chlorine (Qlcurrents into the neuron also contributes totémmination of
PDSs and post spike sustained hyperpolarisatioaddition, termination of the PDS and burst
firing may be mediated by contributions from botAEBA , and GABA; inhibitory conductances
or may involve decoupling of gap-junction mediatedrents, which are sensitive to changes in

extracellular pH (Badawy, Harvey and Macdonell, 260

1.5. 3. Mechanisms of Seizure Initiation and Propagation

Partial seizure activity can start in a very distirarea of cortex and then spread to the
neighboring regions. This implies that there izges initiation phase and a seizure propagation
phase. Characteristic two concurrent events : @) frequency bursts of action potentials and
(2) hypersynchronization , occur in an aggregat&ores in initiation phase. The cause for the
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bursting activity is a relatively long-lasting déaazation of the neuronal membrane because of
influx of extracellular C#&, which results in to the opening of voltage-degendNd channels,
influx of Na’, and generation of repetitive action potentialdhisTis followed by a
hyperpolarizing after potential mediated paminobutyric acid (GABA)receptors, Kchannels,
depending on the cell type. The synchronized bdrsta an adequate number of neurons result

in a so-called spike discharge on the EEG (Sh2(dt5).

Normally, the spread of bursting activity is preteghby intact hyperpolarization and a region of
surrounding inhibition created by inhibitory neusonwith sufficient activation there is a
recruitment of surrounding neurons via a numbemethanisms. Repetitive discharges lead to
the following: (1) an increase in extracellulat, kvhich blunts hyperpolarization and depolarizes
neighboring neurons; (2) accumulation of?C presynaptic terminals, leading to enhanced
neurotransmitter release; and (3) depolarizatialided activation of th&l-methyl-D-aspartate
(NMDA) subtype of the excitatory amino acid receptehich causes Gainflux and neuronal
activation. The recruitment of a sufficient numioémeurons leads to a loss of the surrounding
inhibition and propagation of seizure activity imontiguous areas via local cortical connections,
and to more distant areas via long commissuralvgath such as the corpus callosum (Figure 4)

(Krameret al, 2007).

Many factors control neuronal excitability, and ghilnere are many potential mechanisms for
altering a neuron's propensity to have burstingvidgt Mechanisms intrinsic to the neuron

include changes in the conductance of ion chanmelsonse characteristics of membrane
receptors, cytoplasmic buffering, second-messenggstems, and protein expression as

determined by gene transcription, translation, podttranslational modification. Mechanisms
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extrinsic to the neuron include changes in the arhoutype of neurotransmitters present at the
synapse, modulation of receptors by extracelluas iand other molecules, and temporal and
spatial properties of synaptic and non-synaptiainplon-neural cells, such as astrocytes and
oligodendrocytes, have an important role in manyhese mechanisms as well (Krane¢ral,

2007).

Certain recognized causes of seizures are explanyedhese mechanisms. For example,
accidental ingestion of domoic acid, which is aalague of glutamate (the principal excitatory
neurotransmitter in the brain), causes profounduses via direct activation of excitatory amino
acid receptors throughout the CNS. Penicillin, Wwhian lower the seizure threshold in humans
and is a potent convulsant in experimental modetiyces inhibition by antagonizing the effects
of GABA at its receptorThe basic mechanisms of other precipitating faabbiseizures, such as
sleep deprivation, fever, alcohol withdrawal, hy@e»xand infection, are not as well understood
but presumably involve analogous perturbations euronal excitability. Similarly, the
endogenous factors that determine an individualause threshold may relate to these properties

as well (Krameet al, 2007).
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Figure 4. Intact hippocampus: stability and recoirepileptiform activity. A: Image of the intactgmocampus and
the orientation of the DG, CA1, and CA3 layers witthe tissue, as visualized by a horizontal higpopal slice. B:
Schematic drawing of the experimental chamber aedotientation of the tissue. C: 1/O field recogsnafter 15,
120, and 240 min of normal artificial cerebrospifiaid (ACSF) perfusion show relative stability tiie field

response (P25). D: Representative recording ofimeotis recurrent epileptiform activity for over 3iriduced by

low Mg2(P9 (Derchanskyet al, 2004)

Knowledge of the mechanisms responsible for indratand propagation of most generalized
seizures (including tonic-clonic, myoclonic, andrat types) remains rudimentary and reflects
the limited understanding of the connectivity o€ thrain at a systems level. Much more is

understood about the origin of generalized spik#&ave discharges in absence seizures. These
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appear to be related to oscillatory rhythms norynalknerated during sleep by circuits
connecting the thalamus and cortex. This oscifatwrhavior involves an interaction between
GABAg receptors, T-type CG& channels, and K channels located within the thalamus.
Pharmacologic studies indicate that modulation hefsé receptors and channels can induce
absence seizures, and there is speculation thagethetic forms of absence epilepsy may be

associated with mutations of components of thisesggKrameret al, 2007).

1.6. M echanisms of Epileptogenesis

Epileptogenesis refers to the transformation ofoamal neuronal network into one that is
chronically hyperexcitable. There is often a detdymonths to years between an initial CNS
injury such as trauma, stroke, or infection andftist seizure. The injury appears to initiate a
process that gradually lowers the seizure thresholithe affected region until a spontaneous
seizure occurs. In many genetic and idiopathic oahepilepsy, epileptogenesis is presumably

determined by developmentally regulated events.

Pathologic studies of the hippocampus from patieuitis temporal lobe epilepsy have led to the
suggestion that some forms of epileptogenesis eaed to structural changes in neuronal
networks. For example, many patients with mesialiral lobe epilepsy (MTLE) have a highly
selective loss of neurons that may contribute kobition of the main excitatory neurons within
the dentate gyrus (DG). There is also evidence thatesponse to the loss of neurons, there is
reorganization or "sprouting" of surviving neuransa way that affects the excitability of the

network. Some of these changes can be seen inievgméal models of prolonged electrical
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seizures or traumatic brain injury (Dudek and Sta®®12; Goldberg and Coulter, 2013; Sloviter
and Bumanglag, 2013; Devinsley al, 2018). Thus, an initial injury such as head ipjuray
lead to a very focal, confined region of structuiadnge that causes local hyperexcitability. The
local hyperexcitability leads to further structuddanges that evolve over time until the focal
lesion produces clinically evident seizures. Simiteodels have also provided strong evidence
for long-term alterations in intrinsic, biochemigabperties of cells within the network, such as
chronic changes in glutamate or GABA receptor fiomct{Devinskyet al, 2018). Figure 5
depicts hippocampal sclerosis, the most commontifcesh pathological feature in cases of

mesial temporal-lobe epilepsy.
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Figure 5. Hippocampal Sclerosis: Hippocampal selsris the most common identified pathological
feature in cases of mesial temporal-lobe epilef@fanget al, 2017).
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1.7. Antiepileptic drugs (AEDS)

1.7.1. History of anti-seizure drug development

Bromides were the first antiepileptic drugs to Isediin epilepsy in 1857 by Sir Charles Lacock
in patients of catamenial epilepsy (Rho and WH2@]18). There were no formal trials and
experience regarding efficacy and adverse effeete wained with their increasing usage for
next 65 years or so. Bromides did reduce the seifrequency but adverse effects were
common. Then phenobarbital arrived. Phenobarbit wnitially introduced as sedative and
hypnotic but subsequently started to be used fie@gy from 1919 due to pioneering efforts of
Hauptman (Yasiry and Shorvon, 2012). Within nexb tdecades, it became the mainstay of
epilepsy treatment. Again, no formal clinical tsialere conducted but experience of its efficacy
and adverse effects gained through community uske &fects of phenobarbital were lesser
than bromides but did happen and included sedati@iNS depression, and paradoxical
hyperactivity in children. By 1937, Merritt and Ram developed an electroshock model for
epilepsy using a cat and thus the drugs could steddor their efficacy, at least experimentally

(Brodie, 2010).

In 1938, they introduced phenytoin which over teatrtwo decades became the standard drug
for epilepsy treatment despite the increasing meitimgp of many adverse effects. With
increasing knowledge of chemical nature of the AEdsl greater understanding of their
mechanism of action, older AEDs were being modiieémically for greater effectiveness and
lesser side effects. Modification of phenobarbredulted in primidone in 1952 whose action

however, was found to be largely due to metabdjicattive phenobarbital. But it had inferior
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tolerability than other traditional AEDs and isesrused now. About two decades following the
introduction of phenytoin, in 1960, a drug calledasuximide was introduced. It was found to
be mainly useful for absence seizures with a faars of side effects. 1960’s also saw the
development of a whole new class of drugs origgnafitended for psychiatry but later
extensively used in epilepsy too. These were beazedines (Risst al, 2008). Although very
useful for emergency management, their oral longitese is limited by side effects like

sedation and development of tolerance.

In 1974, carbamazepine was introduced for epilép&inited States of America (USA) although

it was already being marketed for trigeminal negieakince 1962. This drug proved to be one of
the most efficacious, prescribed and studied AEDslyced so far. After a short time, valproate
was introduced (in 1978 in USA although it was adtgin use in many European countries). In
USA, its introduction was led by a campaign by &filK Penry who had reviewed the drug in

1975.1t was soon recognized to be a broad spechiibh and by next three and half decades of
its usage, the spectrum of its adverse effects gradually uncovered (Debashish Chowdhury,

2013).

Fuelled by exponential developments in basic efolegy, molecular biology and clinical
electrophysiology, there has been a steady ritieeiavailability of new AEDs since early 90’s, a
trend that is continuing till this day. Currentlftraditional AEDs and at-least 15 new AEDs are
available for treating epilepsy. With multiple apts comes the responsibility of choosing the
right drug for an individual patient. Serious calgsations must be given for efficacy,

tolerability, sustainability, remission after wittagval, drug interactions, quality of life and the
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cost of new AEDs (Bialer, 2012; Debashish Chowdhi§13). The development of new
antiepileptic drugs has not changed the basic ipfest of the medical therapy of epilepsy , but it
has substantially increased treatment choice. Gatfdoes not appear that the new drugs have
greater anticonvulsant potency than conventionahtsy However, the new drugs have a more
favorable side effect profile, which may represargignificant advantage in the treatment of a
chronic disorder. It remains to be demonstrated ths potential advantage outweighs the
considerably greater costs of “modern” antieptlep therapy(Beyenburg and Bauer,
2004).Having these choices approximately 20% &b 80 patients have epilepsy that is resistant
to medical therapy despite efforts to find an dffeccombination of AEDs(Goldenberg, 2010;
Kwan, Schachter and Brodie, 2011; Pliakou, Passdsviaronidou-Tzouveleki, 2011; Eskioglou
et al, 2018). AEDs introduced to the worldwide marketni 1853 to 2016 are indicated in

figure 6 below (Rho and White, 2018).
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Figure 6. Introduction of ASDs to the worldwide nket from 1853 to 201§Rho and White, 2018).

1.7. 2. Mechanisms of Action

Antiepileptic drugs (AED) act on diverse molecuiargets to selectively modify the excitability
of neurons so that seizure related firing can loek#d without disturbing non-epileptic activity
which subserves normal signals between neuronsfstefd Feuerstein, 2007). At the molecular
level, the majority of AEDs modulate excitatory antibitory neural transmission. Antiepileptic
drugs probably exert their anticonvulsant effeathbat the cell membrane and intracellularly.
The major targets of anticonvulsant drugs include following: Sodium channels, Calcium

channels, GABA and GABAs receptors, Potassium channels, Glutamate, Gluganeaeptors
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including N-methyl-D-aspartate (NMDA) receptors, non-NMDA rpts -amino-3-hydroxy-
5-methylisoxazole 4-propionic acid(AMPA) and kairdcid (KA)receptors), and metabotropic
glutamate receptors, Synaptic vesicle proteins(@hn8dt and Schachter, 2014; Asadi-Pooya

and Sperling, 2016).

How the various drugs prevent or attenuate seizaraet fully understood, and the mechanisms
listed below only summarize some of the known piaeffects of these agents on the neurons
and glia. In an ideal world, the specific defectfguld be identified that underlie epilepsy in

individual patients, and therapy would then bedted to correct the dysfunctional mechanism.
In reality, identification of the specific defe rarely possible, and empiric therapy must be
planned. There is presently no evidence to supberttheoretical concept that use of two or
more drugs that possess varying putative mecharo$mstion offer clear advantage over use of
two or more drugs that share similar putative maidmas of action. The mechanisms listed

below are offered to enhance fundamental understgrad the various agents, so that the reader
gains further insight into the drugs(Asadi-Pooyd &perling, 2016). Figure 7 depicts the targets

and mechanism of antiseizure drugs.
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Figure 7. Mechanism of action of available antisegzdrugs

1.7. 2. 1. Sodium Channel Blocking Agents

Drugs sharing this mechanism include phenytoDilaftin), carbamazepine Tégreto),
oxcarbazepine Ttileptal), topiramate Topama), valproic acid Depakeng zonisamide
(Zonegran, and lamotriginel(amictal). All of these agents have the capacity to bieagtained
high-frequency repetitive firing (SRF) of actiontpntials. This is accomplished by reducing the
amplitude of sodium-dependent action potentialough an enhancement of steady-state

inactivation. The sodium channel exists in threénncanformations: a resting (R) or activatable

state, an open (0) or conducting state, and antiveag¢l) or non-activatable state. The
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anticonvulsant drugs bind preferentially to thecinge form of the channel. Because it takes time
for the bound drug to dissociate from the inactikannel, there is time dependence to the block.
Since the fraction of inactive channels is incrdasy membrane depolarization as well

as by repetitive firing, the binding to the | sthieantiepileptic drugs can produce voltage-, use-,

and time dependent block of sodium-dependent apmbentials.

The principal mechanism of action of rufinamidecansidered to be suppression of neuronal
hyperexcitability by prolongation of the inactiveate of voltage-gated sodium channels(Cook
and Bensalem-Owen, 2011acosamide binds to the slow inactivated statdefvbltage-gated
sodium channel and evokes a long-lasting, voltagd-frequency dependent decrease in channel
conductance ( Curiat al, 2009, Wadysaw Lasoi and Chlebicka, 2013; Holtketrg,, 2016).
Lacosamide stabilizes the slow-inactivated stateointrast to other anticonvulsants that exhibit
their effects primarily on the fast-inactivatiorat& (Abdelsayed and Sokolov, 2013). The major
mechanism of action of eslicarbazepine is primahhpugh effects on slow inactivation voltage

dependence of sodium channels (Jeklin, 2016; Holpket al, 2018).

1.7. 2. 2. Drugs That Primarily Act Through GABA Potentiating

Potentiation or agonism of GABA receptors and theifnibitory chloride channels is another
common mechanism of action for first-generation AEPparticularly benzodiazepines. Rather
than modifying the influx of cations, GABA agonigisish the neuron to hyperpolarization by
opening chloride channels. Barbiturates also a&i@ABA receptors by binding to a different
site than benzodiazepines. Valproic acid promadbesformation and inhibits the endogenous

degradation of GABA, although the clinical impadttbis mechanism of action is ill-defined.

30



Vigabatrin is believed to act as an irreversibikilbitor of GABA transaminase, the enzyme
responsible for the metabolism of the inhibitoryregransmitter GABA. This action results in
increased levels of GABA in the central nervousteays(Sirvenet al, 2012). Tiagabine also
increases GABA concentrations, but, unlike vigabattoes so by decreasing glial and neuronal
uptake of GABA . Topiramate, among its numerous hmesms of antiepileptic activity, also
appears to enhance GABA activity (Cook and Bensdemen, 2011). Felbamate potentiates
GABA responses via an interaction with a site o @ABA receptor that is distinct from the
benzodiazepine recognition site. This action mapfeelevance to felbamate’s clinical activity
(Rogawski, L6 Scher and Rho, 2016). Topiramate &sbances the activity of GABA at
GABAA receptors by increasing the frequency at which @ARtivates GABA receptors

(White, Smith and  Wilcox, 2007; Asadi-Pooya and rSpe, 2016).

1.7. 2. 3. Calcium-channel blockade

Blockade of calcium channels also confers someepihdptic activity. Calcium channels are
evident in presynaptic neurons and are involveddaronal depolarization. Ethosuximide is a
unique agent used for absence seizures, which epfmeahibit low threshold calcium channels
in thalamic neurons (Davies, 1995). Valproate appda have similar activity at these T-
channels, which also makes this agent helpful liseace seizures. Some evidence suggests that
phenytoin may have some activity in inhibiting ¢gafo channel activation presynaptically. Other
agents such as felbamate, which antagonizes glteaid®IDA receptors, and barbiturates,
which attenuate the response to excitatory neurstnéiters such as glutamate, inhibit calcium
influx postsynaptically (Cook and Bensalem-Owen,1D0 Recent studies suggest that

gabapentin has a selective inhibitory effect ontag#-gated calcium channels containing the
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axd1Subunit, reducing neurotransmitter release fromrori It may also potentiate adenosin
triphosphate (ATP)-activated inward rectifying msim channels. Pregabalin is structurally
related to gabapentin, but pregabalin has showatgrepotency than gabapentin in seizure
disorders (3 to 10 times more potent in animalisg)d Pregabalin does not show direct GABA-
mimetic effects and has no effect on GABAergic natbms. Pregabalin reduces neuronal
calcium currents by binding to the,d subunit of calcium channels, and this particular
mechanism may be responsible for reduced excitateyotransmitter release (White, Smith

and Wilcox, 2007; Asadi-Pooya and Sperling, 2016).

1.7. 2. 4. SVz4vesicle inhibition

Levetiracetam is the first of several agents ablahibit the synaptic vesicle protein 2a (@}

This protein is involved in exocytosis and neunagraitter release. Levetiracetam also interferes
with release of intracellular &ainitiated by Gg-coupled receptor activation(Asadbipa and
Sperling, 2016). Brivaracetam and seletracetamnaee potent inhibitors of this presynaptic
protein and may provide an even broader spectruamti¢pileptic activity over levetiracetam if

they ultimately garner US FDA approval (Cook anch&dem-Owen, 2011).

1.7. 2. 5. NMDA receptor blockade

N-methyl-d-aspartate (NMDA) receptor antagonists @ membrane-associated postsynaptic
calcium channels. The NMDA receptor interacts wiité excitatory neurotransmitter, glutamate,
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and allows calcium influx into the neuron. This negents one of the major mechanisms for
neurotoxicity during traumatic brain injury, stroled status epilepticus. Several agents can
inhibit the action of glutamate on the NMDA recaptmcluding topiramate and zonisamide.
Other older agents, such as felbamate and phentaddarbay have some modicum of inhibition
at the NMDA receptor, although it does not apphat this is the principal mechanism of action

of these AEDs (Cook and Bensalem-Owen, 2011).

1.7. 2. 6. AMPA receptor blockade

Perampanel is a non-competitive AMPA receptor aoriegg, which binds to a site on the
extracellular domain of the channel protein didtinom the glutamate recognition site. Binding
of perampanel induces a conformational change inPAMeceptor subunits that limits their
ability to translate agonist (i.e. glutamate) bnglinto channel opening. The effect is to reduce
fast excitatory neurotransmission and therebytltme ability of seizure discharges to spread

(Sills, no date; Leet al, 2018).

1.7. 2. 7. Inhibition of carbonic anhydrase

The anticonvulsant activity of acetazolamide mayesel on a direct inhibition of carbonic
anhydrase in the central nervous system (CNS), wkeduces intracellular bicarbonate levels
and may thereby reduce depolarizing GABA resporisedso may alter potassium conductance
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that induces membrane hyperpolarization. Zonisamatd® has weak carbonic anhydrase
inhibiting activity, but this effect is not thougld be an important contributing factor in the

anticonvulsant activity of zonisamide (Asadi-Poayeal Sperling, 2016).

1.7.3. New drugsin the pipeline for epilepsy

The following are new drugs in the pipeline forlepsy: BGG492 (Novartis), a competitive
AMPA/kainate receptor antagonist; Brivaracetam (JC8 novel high-affinity Sya ligand,;
CPP-115 (Catalyst), a GABA transaminase inhibitaggbatrin derived); ICA-105665 (Pfizer),
a highly selective opener of neuronal Kv7 (KCNQ}gssium channels; T2000 (Taro), a non-
sedating barbiturate; Tonabersat (Upsher-Smith)jchwhutilizes a novel mechanism of
uncoupling of neuronal gap junctions; UCB0942 (UC8hew pre- and post-synaptic inhibitor;
VX-765 (Vertex), a selective inhibitor of interlenkonverting enzyme; YKP3089 (SK Life),
which features a novel mechanism of action; 2-Debxylucose (Neuro- GenomeX), a glucose
analog and glycolytic inhibitor; Ganaxolone (Marshua synthetic neurosteroid and GABA
receptor modulator; Imepitoin, a low-affinity paftiagonist at the benzodiazepine site of the
GABAA receptor; NAX 810-2 (NeuroAdjuvants), a galaniceagtor 1 (GALR) and GALR
agonist; and Valnoctamide (Hebrew University), dpx@c acid second-generation derivative

(Serrano and Kanner, 2015).

1.7. 4. Epilepsy Treatment

When a neurologist or a physician has made thendsg of seizures or epilepsy, the next step is

to select the best form of treatment. If epilegsydiagnosed, the neurologist usually prescribes

34



seizure preventing medications. If drugs are notcessful, surgery, a special diet,
complementary therapy, or vagus nerve stimulati@y foe tried. The goal of treatment is to
prevent further seizures, avoid adverse effectsl anable patients to lead active lives

(Goldenberg, 2010).
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Since the 1990s, 15 new AEDs have been added tgliemacologic armamentarium of
epilepsy. These include felbamate, gabapentin,otidgne,levetiracetam, oxcarbazepine,

pregabalin, tiagabine, topiramate, vigabatrin, aondisamide. The ones included in the last 5
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years include lacosamide , rufinamide, ezogabiskgagbazepine, and perampanel(Serrano and
Kanner, 2015). Common older drugs include valpmiaa phenytoin, carbamazepine,

primidone, ethosuximide, clonazepam, and phenotadii@oldenberg, 2010).

Despite the fact that AED therapy is widely avd#albmany people with active epilepsy go
untreated, particularly in resource-poor countriess estimated that 80% of the global health
burden represented by epilepsy is borne by theloleiwg world, where 80% of people with
epilepsy reside and do not receive modern treatnoerdre not even identified(WHO, 2004).
Reasons for this treatment gap (TG) are many ardretent systematic review of this problem
in resource-poor countries, the pooled mean ofl@eprevalence was 56% (95% CI 33-100).
When analysed by region, the mean prevalence ovd& 64.3% (95% CI 24.3-100) in Asia,
55.4 (95% CI 39.0-78.6) in Latin America and 4808% CI 14.3-100) in Africa. The TG was
higher in rural areas (73.3; 95% CIl 49.5-100) comgdo urban areas (46.8; 95% CI 34.1-64.2).
The principal causes identified for TG were inadsquskilled manpower in the local health
service (median 70%; range 64-76), cost of treatm@median 62%; range 11-90) and
unavailability of drugs (median 53%: range 18-84)(Maet al, 2013) Some other potential
causes include the level of health care developneertural beliefs, distance from health care
facilities, , and a lack of prioritization in natial health policies(WHO, 2004). Misconceptions
and stigma that surround the disorder is the ddetor (Ngugiet al, 2010). Effective strategies
aimed at reducing the TG in developing countriesdne be identified and implemented in order
to improve the prognosis of people with epilepsynly in such countries(Mbubet al, 2013).
The prevalence and incidence and treatment gapffereht parts of the globe according to

previous studies is depicted in figuréE8pinosa-Jovedt al, 2018).
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Antiepileptic drug (AED) therapy, the mainstay oédtment for most patients with goals: to
eliminate seizures or reduce their frequency to nfeximum degree possible, to evade the
adverse effects associated with long-term treatmedtto aid patients in maintaining or
restoring their usual psychosocial and vocatiootViies, and in maintaining a normal

lifestyle (Goldenberg, 2010; Dan Longo, Anthony €alennis Kasper, 2018).The decision to
start AED therapy should be based on an informealyais of the likelihood of seizure
recurrence, the consequences of continuing seifargstients, and the beneficial and adverse
effects of the pharmacological agent chosen(Goleenb2010).Although currentantiepileptic
drugs achieve symptomatic seizure relief, whichwisy they are more appropriately called
antiseizure drugs, they do not prevent or revdisepathological process that underlies human
epilepsy or other clinical manifestations of epdgpsuch as the comorbidity of epilepsy. They
therefore do not prevent the development of epylepgen in patients at high risk (for example,
after brain injury or craniotomy),and nor do theee disease modifying effects that prevent or
reverse drug resistant epilepsy. Also, they dopnetent or eliminate the substantial behavioral,
cognitive, and somatic co-morbidities seen in maayients with epilepsy. The drugs have
serious adverse effect including the recent geibgimtvhich necessitates safe treatment options
(Table 1) (Heo, 2012)These life limiting currently unmet needs provideroadmap for the
development of more effective antiseizure drugs,wadl as for disease modifying and

antiepileptogenic drugs (Dieter Schmidt and Screaci2014).
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Drug Common adverse events Serious adverse events

Lacosamide Dizziness, diplopia, blurred vision, headache, nausea PR interval prolongation, atrial fibrillation, atria
flutter, hepatitis/nephritis

Lamotrigine Dizziness, blurred vision, insomnia, headache, rash Stevens-Johnson syndrome, toxic epidermal
necrolysis, multiorgan failure, hepatic failure

Levetiracetam Fatigue, dizziness, somnolence, irritability, mood swings Psychosis

Oxcarbazepine

Dizziness, diplopia, blurred vision, headache, nausea,
hyponatremia

Stevens-Johnson syndrome, toxic epidermal
necrolysis

Pregabalin Fatigue, dizziness, ataxia, diplopia, weight gain, edema None reported
Rufinamide Somnolence, headache, dizziness, diplopia, fatigue, nausea Shortened QT interval (no known clinical risk),
multiorgan hypersensitivity
Topiramate Drowsiness, ataxia, word-finding difficulty, difficulty Acute close angle glaucoma, heat stroke
concentrating, anorexia, weight loss, paresthesias, metabolic
acidosis, oligohydrosis, nephrolithiasis
Zonisamide Drowsiness, ataxia, difficulty concentrating, anorexia, weight  Aplastic anemia, Stevens-Johnson syndrome,

loss, nausea, nephrolithiasis, oligohydrosis, rash

toxic epidermal necrolysis, heat stroke

Table 1. Side effects of the new antiepileptic dr(@pmmonly used)(Heo, 2012).

1.3.5. Drug resistant epilepsy

Drug resistant epilepsy is one of the most impdrtaamet needs in the daily management of
epilepsy, and it provides a challenge to our urtdading of the mechanisms underlying drug
resistance and how it can be overcome or avoideg. patient in whom at least two trials of
adequately selected and dosed antiepileptic drags hot brought sustained remission fulfils the
ILAE criteria for drug resistant epilepsy. Many ethdefinitions exist for different purposes.
Epilepsy may also be considered drug resistan¢dtinent does not stop seizures for 12 months,
for whatever reason. By this wide definition, whishbased on an influential hospital based
observational study, and which is increasingly eused in the US, 36% of newly treated
patients have drug resistant seizures. Howevéheifdefinition of frequent and severe seizures
despite optimal treatment is used, with alternatre@tments such as surgery being included,

only 5-10% of newly diagnosed patients are estithdte have drug resistant seizures. A
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diagnosis of absolute drug resistance may requaitleré of at least six antiepileptic drugs,
because about 17% of patients become seizure fiee additional antiepileptic drugs are given,
even when two to five drugs have previously faitectontrol seizures. These data suggest that
there is no room for complacency among physiciagating patients who have had persistent
seizures over many years despite taking multipléepiteptic drugs(Dieter Schmidt and

Schachter, 2014).

Novel approaches to the development of new drugsearerging. These offer hope of finding
more effective antiseizure drugs to treat ongoingydesistant epilepsy, antiepileptogenic agents
to prevent symptomatic or genetic epilepsy befbeefirst seizure, and disease modifying agents
to mitigate established epilepsy. Our understandoigthe mechanisms mediating the
development of epilepsy, the causes of drug remista and the emerging role of
pharmacogenetics for drug discovery have growntanbally over the past decade. Finally, new
strategies are being explored, such as joint emisabetween academia and industry,
identification and application of tools for new dgat driven and systems biology based
approaches, and comparative preclinical proof-ofeept studies and innovative clinical trials

designs(Dieter Schmidt and Schachter, 2014).
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1.8. Animals models for testing anticonvulsant drugs (Screening)

Animal models play important role to understand pla¢hophysiology and pattern of disease
progression (Koshal, Jamwal and Akula, 2017). Tiseavery and development of a new AED
relies heavily on the preclinical use of animal misdo establish efficacy and safety prior to first
trials in humans. This approach has been very sstdeand crucially contributed to the
development of numerous clinically effective AEDs.the discovery and development of new
AEDs, animal models of seizures or epilepsy servargety of purposes (Loscher, 2011).Given
the highly heterogeneous nature of seizure dissritehumans, the complexity of the seizure
phenotypes, and the syndromes involved, the redlityat it is highly unlikely that any one
animal model will ever predict the full therapeufiotential of an investigational AED.
Therefore, investigational AEDs are currently eaédal in a battery of syndrome-specific model
systems. As specific models are developed (andrtings they identify are validated clinically),
they are integrated into the existing discoverycpss to better identify more effective
antiseizure and potentially antiepileptic therapMsving beyond the symptomatic treatment of
epilepsy, the goal of most basic and clinical stsénin epilepsy research is to identify therapies

capable of preventing, delaying, or modifying theodder (Tudur Smitlet al, 2007).

1.9.1. TheMESand PTZ tests

The most commonly employed animal models in theckefor new anticonvulsant drugs are the
MES test and the PTZ seizure test (Bialer and WI®L0; Loéscher, 2011). The maximal
electroshock seizure test, in which tonic hind lisszures are induced by bilateral corneal or

transauricular electrical stimulation, is thoughtbe predictive of anticonvulsant drug efficacy
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against generalized tonic-clonic seizures, whike gientylenetetrazole test, in which generalized
myoclonic and clonic seizures are induced by systdmsually s.c. or i.p.) administration of

convulsant doses of PTZ, is thought to represerdlid model for generalized absence and/or
myoclonic seizures in humans (Léscher, 2011). MESRITZ tests provide some insight into the
ability of a given drug to penetrate the blood-brbarrier and exert a CNS effect. Indeed, both
models are nonselective with respect to mechanmmntizerefore are well suited for screening
anticonvulsant activity, as neither model assuntes the pharmacodynamic activity of a

particular drug is dependent on its molecular mema of action (Tudur Smitat al, 2007).

After the establishment of anticonvulsant potertiahew AEDs in a simple model like MES or
PTZ test, different animal models like kindling nebadf temporal lobe can be used to investigate
the anticonvulsant spectrum of novel AEDs(Koshamwal and Akula, 2017). Pilocarpine and
kainate models replicate several phenomenologszdalifes of human temporal lobe epilepsy and
can be wused as animal preparations to understarel lkhsic mechanisms of
epileptogenesis(Lévesque, Avoli and Bernard, 2Miyan, Vyas and Vohora, 2018jgure 9.

schematically illustrates initial screening step§ oUniversity of Utah Anticonvulsant Drug

Development(ADD).
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Figure 9. Schematic diagram illustrating the aliscreen of the NINDS-sponsored University of Utah
Anticonvulsant Drug Development (ADD) Program. Awvestigational compound is initially screened
for efficacy in the MES and s.c. PTZ tests. Compulsufound inactive in the MES and s.c. PTZ tests are
evaluated in the LEV sensitive 6-Hz seizure teshice. For those compounds that are found to beeact
in the 6-Hz test, their activity is quantitatedttair respective time of peak effect. All compouffigisnd

to be active in one or more of these three idestiion screens are then differentiated on the lndisgheeir
activity in additional seizure models, includingethippocampal kindled rat model of TLE (Lo" scher,

2011).

1.8.2. Invitro brain preparationsfor studying epileptiform synchronization

1.8.2.1. Acute brain slices

Obtaining acute brain slices for electrophysiolagyamperometric recordings has become a
routine procedure in most labs in the field of mmgience(Papouin and Haydon, 2018). The

choice of the hippocampus stemmed from the assompgtiat once “sliced” its lamellar
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organization could warrant interconnectivity appnoating what occurringn vivo(Dingledine,
Dodd and Kelly, 1980; Teyler, 1980; Slovitet al, 2012; Losiet al, 2016). In these
experiments “isolated” hippocampal slices were atuthickness of 350-500um employing the
original Mcllwain chopper, and they were maintainedn interface tissue chamber similar to
that originally employed by Li and Mcllwain (1957Jhese studies made the neuroscience
community aware of the unique advantages of thispgmation that included: (i) stable
intracellular recordings; (ii)ability to change te&tracellular milieu; and (iii) direct application

of known drug concentrations to the brain tissuefhdl McILWAIN, 1957).

Overall, these experiments exploited the well-knavemnectivity of the hippocampus proper
that was however limited to the classic circuitn@dg¢e gyrus—» CAz — CA; — subiculum. By
doing so they underscored the pacing role of; @&works in the generation of short lasting
interictal activity that resulted from the recurr@xcitatory connections that link GAyramidal
cells along with their ability to produce high-teh®ld C&'spikes(Schwartzkroin and Slawsky,
1977; Wong, Prince and Basbaum, 1979; Miles andg/Nd883).The successive introduction of
the vibroslicer (an instrument similar to what udeyl histologists) to cut brain tissue for
electrophysiological experiments enlarged the appbn of brain slice to the study of
epileptiform synchronization. In fact, besides #dyepreservation of those neurons that are close
to the cut surface, the vibroslicer allowed theddtction in several laboratories of “large” brain
slices that could contain more extensive neuromvaorks including “horizontal slices” of
neocortex(Fleidervish, Binshtok and Gutnick, 19883 hippocampus (Miles, Traub and Wong,
1988; Traub and Jefferys, 1994) comprising seveuad, often interconnected, brain structures

including those of the limbic and thalamocorticalstems. These “more complex” slice
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preparations have made possible to establish whdifierent types of epileptiform discharges
were structure-specific, how they propagated fraoma structure to another, and how they could

potentially influence each other (Avoli and Jefferg016a).

1.8.2.2. Drug-induced epileptiform patterns in vitro

1.8.2.2.1. GABA receptor antagonists

During application of medium containing GARAeceptor antagonists, interictal events have
been recorded in isolated hippocampal slices, rméoabslices including those obtained from
epilepticpatients undergoing epilepsy surgery adl ws in brain slices that included the
entorhinal cortex and hippocampus. These studredyfiestablished that interictal events are
accompanied by the reduction or blockade of GABéceptor-mediated IPSPs. Epileptiform
activity generated by hippocampal slices duringiotidn/blockade of GABAreceptor signaling
has been used to test the effects of some antipildrugs. Early work has established that
penicillin-induced interictal activity generated hguronal networks in guinea pig hippocampal
slices is suppressed by phenytoin, an effect tlzat pvoposed to be due to decreased excitatory
synaptic transmission. Later, these experimentse vextended to other antiepileptic drugs.
Overall these studies have shown that epileptifalistharges induceth vitro by GABAa
receptor antagonists are differentially sensitivgeconventional and new antiepileptic drugs

(Avoli and Jefferys, 2016a).
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1.8.2.2.2. K+ channel blockers

K" channel blocker4-aminopyiridine (4AP) was knowrcémise seizurés vivo and to enhance
transmitter release at both excitatory and inhigiteynapses in the hippocampal slice
preparation. Thén vitro 4AP model has been used to evaluate the effecstmpileptic drugs.
During application of 4AP, standard antiepilept@mmpounds can abolish ictal discharges in
isolated young rat hippocampal slices (Avoli anfledgs, 2016a). Epileptiform synchronization
can also be induced by othef ¢ghannel blockers such as tetraethylammonium. Baplication

of tetraethylammonium, like4dAP, induces spontaniowcurring interictal discharges in
theCAg area of isolated hippocampal slices obtained femhalt animals; these experiments as
well demonstrated that interictal discharges reedraxtracellularly were associated with
paroxysmal depolarizing shifts that comprised bexhitatory and inhibitory currents(Rutecki,
Lebeda and Johnston, 1990). As shown inithetro studies performed with 4AP, itwas later
shown that ictal-like discharges occur in thesGAibfield of hippocampal slices obtained from

young (12-18 day-old) rats(Fueta and Avoli, 1993).

1.8.2.2.3. Muscarinic agonists

In vivo, the muscarinic agonist pilocarpine representsalmable tool for inducing status
epilepticus thus establishing a chronic epileptendition that is regarded as a useful
experimental model of temporal lobe epilepsy(D’Aora et al, 2007). In line with this

evidence, it has been found that bath applicatibpilocarpine can induce structure-specific
patterns of interictal and ictal discharges in comb hippocampal-entorhinalcortex

slices(Nagao, Alonso and Avoli, 1996).Prolongedquis of epileptiform synchronization have
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also been reported to occur in the entorhinal godering application of carbachol, another
muscarinic receptor agonist (Cataddial, 2011). In one study, the antiepileptic drugs ramiate
and lamotrigine were shown to be capable of reduthiese carbachol-induced oscillations in the
rat subiculum suggesting that muscarinic receptediated excitation represents a target for the

action of some antiepileptic drugs (D’Antuoebal, 2007; Avoli and Jefferys, 2016b).

1.8.2.2.4. Zero Mg2+ Model

It is of interest to note that in spite of the mm®d inhibitory mechanisms the spontaneous
epileptiform activity in low magnesium (M§) occurs at a much higher frequency in the
hippocampus than that induced by GABA action amésge such as bicuculline, picrotoxin and
penicillin in normal medium, hence indicating tlatreasing excitability is probably as good a
mechanism for seizure induction as depression bibition. Since the activity resembles
seizure-like activity in the enterihinal cortex (EQut only interictal activity in the hippocampus
we conclude that the EC is the more epilepsy-parea, providing a better model for studying
temporal lobe epilepsy than the hippocampal slrepgration. Of interest is also the fact that the
prolonged seizure- like events in the EC elicityosthort interictal events in the dentate gyrus.
This is not due to a lack of NMDA receptors sinoadphoretic application of NMDA evokes
large depolarizations and ionic changes in thealenfThus, the dentate gyrus because of its
intrinsic inhibitory activity may serve as a filtershich reduces the excitatory load into £#nd

hence to CA(Waltheet al, 1986).

46



1.9. Plants as tr eatment sour ce

Plants have formed the basis of traditional medidqifiM) systems which have been used for
thousands of years. Traditional medicine referbdalth practices, approaches, knowledge and
beliefs incorporating plant, animal and mineraldzhsnedicines, spiritual therapies, manual
techniques and exercises, applied singularly @ombination to treat or to diagnose and prevent
illnesses or maintain well-being(WHO, 2005). Tramil medicine is an important and often
underestimated part of health services. In somentdes, traditional medicine or non-
conventional medicine may be termed complementagicme (CM). TM has a long history of
use in health maintenance and in disease preveatiohtreatment, particularly for chronic
disease(WHO, 2013). The use of plant-based systentsiues to play an essential role in health
care. It has been estimated that approximately 80%he population in developing countries

depend on TM for their primary health care (WHO120Beyene, Beyene and Deribe, 2016).

In African societies, the tradition of collectingrocessing and applying plants and plant-based
medications have been handed down from generatigeneration. Traditional medicine, with
medicinal plants as their most important comporaetsold in marketplaces or prescribed by
traditional healers in their homes (Olajuyigbe &fdlayan, 2012; Hughest al, 2015). Because

of this strong dependence on plants as medicinésopharmacological studies have been
conducted to determine their safety and their afffcand on the other hand to find out new
active principles from plants (Karaat al, 2007; Khamkar, Motghare and Deshpande, 2016).The
frequent rationale behind plant use is the neeador active principles in the treatment of many

diseases. The choice of plant species that shaiktteened to reduce the time and the cost of
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the studies is an important consideration for afmp@pharmacological investigation (Khamkar,

Motghare and Deshpande, 2016; Le@attal, 2017).

Many plants were known for their anticonvulsantiaigt Reviews articles (Chauhan, Dobhal
and Joshi, 1988; Nsour, Lau and Wong, 2000; Srsamaand Roy, 2017) were previously
published with regards to plants with anticonvutsproperties. In fact, current world-wide
interest in traditional medicine has led to rapivelopment and studies of many remedies
employed by various ethnic groups of the world. Aigdhose medicinal plants are found to
possess anticonvulsant activity in animal modeld/@nfolk medicine, includeHypericum
perforatum LAbelmoschus angulosusAllium sativum, Artemisiaspp, Cannabis sativa,
Cinchona officinalis, Egletes viscqs&acina trichantha, Magnolia grandiflora, Plumbago
zeylanicaand others (lvetiet al, 2002) A study with Brazilian Northeastern plants showed
excellent results for the speciddauhinia outimouta,Rauvolfia ligustrina and Ximenia
americana Ocimum basilicui@@iqueiraet al, 2008; Oliveiraet al, 2009) The antiepileptic
activity of some medicinally important plants lik&/ithania somnifera, Ocimum sanctum
Brahmi grihtg Catharanthus roseuysCaesalpinia crista, Citrus sinensis, Datura strarnuon,
Ricinus communis, Terminalia glaucescens, Tetrapleetraptera, Senna singuena, Jatropha
gossypiifolia, Mentha cardifoliavas screened. The role of such plants, with sipepibperties

of their parts has been demonstrated and proveshiier studies.In one reviewl3 Brazilian
plants were citedAcosmium subelegans,Artemisia verlotorum, Centaiatica Cymbopogon
citratus, Erythrina velutina, Erythrina mulungu,Hipa strumvittatum, Lanatamicrophylla,

Licariapuchury-major, Lippia alba, Nepeta catariRassiflora alataand Xylopiasspp Among
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those plants tested, a number of them (from differGamilies) are found to possess
anticonvulsant activity. While in most cases, thgva constituents are yet to be found, for those
where theactive components are known, they belondifterent chemical classes. However,
previous studies showed that some natural plantmeons and triterpenoids exhibit

anticonvulsant properties (Siquegtal, 2008).

In addition, the history of drug discovery showkdttplants are highly rich sources in the search
for new active compounds and they have becomelkoba to modern pharmaceutical industry.
Many synthetic drugs owe their origin to plant-lthsemplementary medicine(Siqueka al,
2008).A number of animal models have demonstratgitl un the search for more efficacious
and more tolerable AEDs. In fact, the models engdoy the early phase of AED discovery are
highly predictive of subsequent efficacy in easyrtanage generalized and partial epilepsy.
Thus, animal models more employed were leptazaladed seizure(LIS), maximal electroshock
seizure (MES), metrazole induced seizures (MIS)krgboxin-induced convulsions(PIC),
pilocarpine (PILO), pentylenetetrazole (PTZ) angidtnine-induced seizures (SIS). However,
MES, PIC and PTZ seizure models continue to reptedee three most widely used animal
seizure models employed in the search for new AERsther, 2011; Barker-haliski and White,
2019). Medicinal compounds with antiepileptic/aaticulsant activities are alkaloids,

flavonoids, terpenoids, saponins and coumarins €Zfal, 2014).

In Ethiopia as various diseases are being trettatitionally some surveys shows also the
practice of treatment for epilepsiPterolobium stellatumwhole plant juice is used to treat

epilepsy given orally for one month (Ragunathan Ahdy, 2009). The knowMoringa olifera
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was also proved to be with anti convulsant propgrough there is no study done on Ethiopian
speciesMoringa stenopetalahough its root is claimed to be used for epilepsySouthern
Ethiopia Konso arealVithania somnifera used for coughs and asthma, as a narcotic wtih a
epileptic activity in Ethiopia and other traditidnaises for headacheCarissa edulis,
Clerodendrum myricoides, Croton macrostachyus, Blays senegalensis, Sida schimperiana,
Pentas schimperiana and Pluchea dioscorides ,Ajugategrifolia  Asplenium
aethiopicuniKunth) mett Desmodium repandyiw ahl) DC, Oliniarochetian@. Juss,
Biophytumum braculum , Brachiaria brizontha , Blajla polystachya , Galinirea coffeoides ,
Satureja abyssinica, Clutia abyssinca, Leucas abigss Indigofora arrecta and Gerbera
piloselloidesare some of the medicinal plants claimed for usairesg epilepsy. As different
researches on plants used for epilepsy in diftecenntries have shown anti seizure activity,
these plants may have also value for the treatwietite disease. Therefore scientific research
should be done on these plants (Andageal, 2002; Mesfin, Demissew and Teklehaymanot,
2009; Ragunathan and Abay, 2009; Wabe, MohammedRajgd 2011; Abera B., 2014; Agisho,
Osie and Lambore, 2014; Mesfin, Seta and Asseft4;2Asfaw and Helisob, 2017; Wubett

al., 2018).
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1.11. Selected Plantsfor The Study

1.11.1. Pterolobiumstelatum

Pterolobium stellatuifrorsk.) Brenan. (Fabaceae) is also calledteff§Amharic). Fresh leaves
and roots are chewed for medicinal purposes foerttdosis and related respiratory diseases
(Balchaet al, 2014). It has been reported that the whole plaice is given orally for one
month to treat epilepsy and neuralgia in north-westiopia (Ragunathan and Abay, 2009).
Chemical classes presentRn stellatum80%hydoalcoholic root extract are terpenoids, sagso
and tannins and had antibacterial activity as regoby previous study. The result of the study
on crude hydroalcoholic and fractions of the robfo stellatum revealed that the plant had
significant antituberculosis activity. The activityas seen with chloroform and methanol extracts
of P. stellatum In addition, fractions fromP. stellatum had demonstrated promising
antimycobacterial activity (Kahalivet al, 2017) Figure 9 is the picture oPterolobium

stellatum.

Figure 10Pterolobium stellatum
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1.11.2. Moringa stenopetala

Moringa is a multipurpose tree of significant ecomo importance, as it has vital nutritional,
industrial, and medicinal applicatiordoringa stenopetalavas domesticated in the east African
lowlands and is indigenous to southern Ethiopianidifferent ecotypes and varieties Mt
stenopetalaare found in EthiopiaM. stenopetalgdFigure 10) is often called “cabbage tree” and
is an important indigenous vegetable in south wedithiopia where it is cultivated as a food
crop. The Konso, Burji, Gamo andGofa tribes consutmideaves as a vegetable, especially
during the dry season (Seifu, 2014). stenopetals native to Ethiopia, and it is known by
various vernacular names. It is called “Haleko” am®,Gofa and Wolaytaareas, “Shelagda” in
the Konso language, and “Shiferaw” in Amharic(Esgahd Goettscch, 1991; Jahn, 199).
stenopetales particularly important as human food because ldaves, which have high

nutritional value(Abuyeet al, 2003; Imungiet al, 2011), appear towards the end of the dry

season when few other sources of green vegetabdesvailable. The leaves contain high

amounts of essential amino acids and vitamins AGubuyeet al, 2003).

The local communities residing in the biodiversitgh areas of the southern region of Ethiopia
have traditionally used and relied on plants feating various ailments. In many cases, local
knowledge of medicinal plants remains poorly docoteeé in scientific literature. These plants
have found a prime place in the indigenous systemedlicine and are in focus for evaluation of
their active ingredientdMoringa stenopetaia one of these medicinal plants which is widely
used for antidiabetic purpose in the area (Teta, 2015).The plant has several medicinal uses
in areas where it is native. Local people use thatarts to treat malaria, leishmaniasis and
hypertension, stomach pain, expulsion of retainéategmta during birth, asthma, epilepsy,
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diarrhea, diabetes and leprosy. The root is useddibepsy (Tesemmet al, 2013a). The crude
aqueous extract and n-butanol as well as chloroffnamtions of the leaves ofMoringa
stenopetaldave been reported to have both hypoglycemic atidygerglycemic effect (Mussa,

Eyasu Makonnen and Urga, 2008; Toetal, 2015).

The roots oM. stenopetalaan also be used to clarify dirty water. Nomadiogdes in the Omo
Valley of Ethiopia apparently use the roots of wlMl stenopetalato purify muddy water
(Demeulenaere, 2001). The root is also used intiwadl medicine to treat different aliments.
The root tissues contained both 4-(R-Lrhamnopyrdoag)- benzylglucosinolate and
benzylglucosinolate. The leaves Mt stenopetalaontained quercetin @-rhamnosylglucoside
(rutin) and traces of quercetinGglucoside(Bennetet al, 2003; Padayachee and Baijnath,
2012). The leaves and the root extractsMafringa stenopetalavere testedn vitro against
trypomastigotes offrypanosoma brucei, Trypanosoma ceud L. donovaniamastigotes. The
fresh root wood ethanol extractand the dried lesa@=one extract were found to be active
againstT. brucei (Mekonnen, 1999).The pretreatment with methanoktraet of roots of
Moringa oleifera caused significant protection against strychni®@R) and PTZ induced
convulsions. The exact mechanism of its anticorantlsactivity is not revealed(Gupta,
Mazumder and Chakrabarti, 1999; Asif, 201pringa stenopetalaoot were used traditionally
for epilepsy treatment in Ethiopia but not yetestifically proven effective (Tesemn&t al,

2013a).
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Figure 11 Moringa stenopetala

1.11.3. Clutia abyssinica

Clutia is a genus within a family Euphorbiaceae, havingual0 speciesClutia abyssinica
(Figure 11) called by the Amharic name ‘fyelefeg’herb 1-2 m high. Traditionally it is used in
treatment of venereal and skin diseases, chestepnsb cancer; Skin fungal infections ; yellow
fever and malaria; management of ear, nose andttldreeases ,diarrhoea, gonorrhea, cough and

fever, headache, toothache, menstrual pain, bymesumonia, enlarged spleen and kidney,
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shock, abdominal problems as a laxative and tolarpestinal worms, elephantiasis, diarrhoea
and tachycardia. The maceration of the crushedeteavC. abyssinicagiven orally has been
traditionally used for the treatment of animal agpsomosis (Mergiat al, 2014; Koectlet al,
2017).The dried root, together with other plandésysed for the treatment of dizziness. It is also
used as an ascarifuge, for habitual miscarriagenvudsions, enlarged spleen and
influenza(Ramathal and Ngassapa, 20@lutia abyssinicaleaves and root were, one of the
medicinal plants claimed for use against epilepsy avil eye and other diseases in different
parts of Ethiopia (Wereta, 2015b; Wubetual, 2018; Tamene, Addisu and Debela, 2020) as
well as in Uganda (Agrawal and Dhanasekaran, 2@if)there is no scientific evidence for the
claimed use. As different researches on plants fme@pilepsy in different countries have

shown anticonvulsant activity, this plant may diswe value for the treatment of the disease.

Figure 11 Clutia abyssinica
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1.11. Statement of the problem

Although new antiepileptic drugs have been avadlabince late 1980s, refractoriness to
treatment is still an important issue in epilepayec Current available anticonvulsant drugs are
able to control epileptic seizures efficiently irbocat 50% of the patients and lead to
improvement in another 25% whereas the remaindenaddoenefit significantly. Furthermore,
undesirable side effects of the drugs used clilyigaften render treatment difficult; so that a
demand for new types of anticonvulsants exists. Oh¢he approaches to search for new
antiepileptic drugs is investigation of naturallgearring compounds, which belong to new
structural classes (Sayyadt al, 2011). In Ethiopia as various diseases are béiegted
traditionally some surveys shows also the practtetreatment for epilepsyPterolobium
stellatumwhole plant juice is used to treat epilepsy giweally for one month. The known
Moringa oliferawas also proved to be with anti convulsant prgp#rough there is no study
done on Ethiopian specidsoringa stenopetalthough its root is claimed to be used for epilepsy
in Konso areaClutia abyssinicawas also claimed for psychiatric problems andeggy. As
different researches on plants used for epilepsydifferent countries have shown anti seizure
activity, these plants may have also value forttkatment of the disease. Therefore scientific

research should be done on these plants.

1.12. Significance of the study

According to the World Health Organization, morerth70% of the world’s population use
traditional medicine to satisfy their principal ltbaneeds (WHO, 2019b). A great number of

medicinal plants used in the control of epilepsyehbeen reported. There are various medicinal
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plants in the world, which are the potential soaroedrugs. Therefore, this study could pave the
way towards development of new drug frdfterlobium stellatumMoringa stenopetalaand
Clutia abyssinicaThough there are some studies done on other disesstenents there is no
study done for epilepsy. This study was designegkveal the anticonvulsant potential of these

plants.
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CHAPTER 2. OBJECTIVES

2.1. General objective

To investigate the anticonvulsant activity of hyahethanolic extracts of selected plants

Pterlobium stellatupnMoringa stenopetalandClutia abyssinica.

2.2. Specific objectives

> to evaluate then vitro anticonvulsant activity of the crude extra@®gerlobium
stellatum Moringa stenopetalaand Clutia abyssinica 80%methanol on mice

hippocampal brain slice

» to assess than vitro anticonvulsant activity of pet ether , chlorofgrbbutanol and

agueous fractions ofPterlobium stellatunin mice hippocampal brain slice

» to evaluate then vivo anticonvulsant activity of the crude extraeterlobium stellatum
Moringa stenopetala and Clutia abyssinica 8®#%dromethanol extract using PTZ

model on mice

» to evaluate then vivo anticonvulsant activity of the crude extraeterlobium stellatum

Moringa stenopetala and Clutia abyssinica 80%dromethanol extract using MES

model on mice
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to assess then vivo anticonvulsant activity of pet ether , chloroferiutanol and

aqueous fractions ofPterlobium stellatunin PTZ model in mice

to assess thé vivo anticonvulsant activity of pet ether , chlorofeributanol and

aqueous fractions ofPterlobium stellatunin MES model in mice

to study the acute toxicity of the extracts on mice

to evaluate the qualitative and quantitative seaondanetabolite content of the crude

extracts

to characterizé’terlobium stellatuncrude extract and fractions using ultraperformance

liquid chromatography-mass spectrometer (UPLC-MS)
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CHAPTER 3. MATERIALSAND METHODS

3.1. Plant Selection

The following plants were selected based on claymhe society to use for epilepsy based on

literature.

Pterolobium stellatunfleaf)

It has been reported that the whole plant juiggven orally for one month to treat epilepsy and

neuralgia in north-west Ethiopia (Ragunathan andyA2009).

Moringa stenopetal@oot)

In the Gamo, Gofa , Dherashe and Konso distriicessmoke liberated from burning Moringa is

used as a treatment for epilepsy (Yisehak, SoloamashTadelle, 2011). In the Konso district of

southern Ethiopia, the same smoke is used astangetfor epilepsy (Seifu, 2014).

Clutia abyssincéear)

Clutia abyssinicaleaves and root were, one of the medicinal platdgned for use against

epilepsy and evil eye and other diseases in éffteparts of Ethiopia (Wereta, 2015b; Wubetu

et al, 2018; Tamene, Addisu and Debela, 2020) as wellinadJganda (Agrawal and

Dhanasekaran, 2021).
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3.1.1. Plant Material Collection

The plants used in this study were collected betwieril and July 2016 from the areas where

they are used as traditional medicine for epilepsiyom available sites.

Fresh leaves dPterolobium stellatumwere collected from Awash Melka area 50km Sooth
Addis Ababa in July 2016. The root ldioringa stenopetalavas collected from Arba Minch area
505km South of Addis Ababa in April 2016. The leswé Clutia abyssinicavas collected from
near Dinsho town 340km South East of Addis AbabApril 2016. The plants were identified
by taxonomist at National Herbarium, College of Qaomational and Natural Sciences Addis
Ababa University. The herbarium code was given(O+S Pterolobium stellatum, 01-S for
Clutia abyssinicaand 03-S forMoringa stenopetalg and a sample specimen of each were

deposited at the national herbarium.

3.1.2. Preparation of Crude Extracts of Pterolobium stellatum (leaves)

Pterolobium stellatumleaves were air dried at room temperature inpttoeessing room under
shade and were powdered to appropriate size itamand pestle(Figure 13 a). And the powder
was kept at room temperature in a well-closed ainoet until extracted. A total of 500 g air-
dried and powdered plant materials Bferolobium stellatumleaves were extracted by
maceration with 80% methanol for three consecutisgs (72h). The extraction process was

facilitated by using an orbital shaker at 120rpre Tixture was first filtered by gauze and then
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with Whatman" filter paper 6pum pore size (125mm GE healthddikelimited, UK). The
residue is remacerated for another 72 hr twicefdteded. The combined methanol filtrates were
then concentrated under vacuum in a rotary evaposattemperature 4G. The residual water
was removed by lyophilizer (Operon, Korea vacuumitéd, Korea) at -4€. The extract was
light green gummy substance. After drying the tathl179.51g of dry extract was collected
(Figure 14a). The extract was stored in tightlyseld container in a refrigerator until used. This

extract was used to evaluate the toxicity and affycof the extract im vitro andin vivo models.

3.1.3. Preparation Of Crude Extracts of Moringa stenopetala (r oot)

Moringa stenopetalgroot) were air dried at room temperature in pnecessing room under
shade and were powdered to appropriate size imamand pestle(Figure 13b). And the dried
powder was then kept at room temperature in a-elefled container until extracted. The air-
dried and powdered plant materials (5009) Mbringa stenopetalgroot) were extracted by
maceration with 80% methanol for three consecudiags (72h). The extraction process was
facilitated by using an orbital shaker at 120rpre Tixture was first filtered by gauze and then
with Whatman" filter paper 6um pore size (125mm GE healthddielimited, UK). The
residue is re-macerated for another 72 h twicefiéteded. The combined methanol filtrates were
then concentrated under vacuum in a rotary evaposattemperature 4Q. The residual water
was removed by lyophilizer (open ,Korea vacuum tiaj Korea) at -44€. The extract was
brown gummy substance. After drying the total &5g (1.47%) of dry extract was collected
(Figure 13b). The extract was then stored in tightbsed container in a refrigerator until used.
This extract was used to evaluate the toxicity effitacy of the extracin vitro andin vivo

seizure models.
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3.1.4. Preparation Of Plant Material Extracts of Clutia abyssinica (leaves)

Clutia abyssinicdeaves were air dried at room temperature in thegssing room under shade
and were powdered to appropriate size in mortdrpastle(Figure 13c). And the dried powder
was then kept at room temperature in a well-clasmdainer until extracted. The air-dried and
powdered plant materials (400g) @flutia abyssinicdeaves were extracted by maceration with
80% methanol for three consecutive days (72h). &tteaction process was facilitated by using
an orbital shaker at 120rpm. The residue was reeraged for another 72 hr twice and filtered.
The mixture was first filtered by gauze and thethwiwhatmaf" filter paper 6um pore size
(125mm GE healthcare UK limited, UK). The extra@s then filtered and concentrated under
vacuum in a rotary evaporator to yield extract lahp parts. The residual water was removed by
lyophilizer (open ,Korea vacuum limited, Korea)-4#°C. The extract was dark green gummy
substance. After drying the total of 44.71g (11.)8&%dry extract was collected (Figure 14c).
The extract was then stored in tightly closed coetain a refrigerator until used. This extract
was used to evaluate the toxicity and efficacy he#f extract inin vitro andin vivo seizure

models.
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a. Pterolobium stellatum

b. Moringa stenopetal#root)

C. Clutia abyssinicdleaves)

Figure 13. The dried powders and crude extracptamit materials.
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a. Pterolobium stellatum

b. Moringa stenopetal#root)

C. Clutia abyssinicgleaf)

Figure 14: The hydroalcoholic crude extracts ef plant materials
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3.1.5. Solvent fractionation of P. stellatum

The crude extract d?. stellatumwas subject to further fractionation using threlwesat systems
(petroleum ether, chloroform and n-butanol). Postellatumcrude extracts has good activity
and with good vyield, it was selected for furtheactionation. A 50g of the powder &f.
stellatum hydromethanolic extract was dissolved in separafannel in 100ml of mild hot
distilled water. The dissolved extract was pamiéd with 3x150ml of pet ether to obtain pet
ether fraction. The pet ether partitions were caorabdiand concentrated using a rota-vapor. Then
the agueous residues was then petitioned with 3rlLl50 chloroform. The chloroform filtrates
were combined and evaporated to obtain chlorofaamtibn . The residue again was further
soaked in 3x150ml of n-butanol to get butanol fact Finally the residue water fraction was
lyophilized (Figure 15). All the fractions weregkan tightly closed container in refrigerator at

20°C until used foin vitro andin vivotest (Debella, 2002).
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-

c. n-butanol fraction d. water fraction

e. The four fractions labeled and sealed for starag

Figurel5 :The fractions dfterolobium stellatum

67



3.1.6. Phytochemical screening

3.1.6.1. Test for alkaloids

In 1% v/v HCL the plant extract is mixed, warmedl dittered. Now this filtered was used for
following test, Mayer’s test: With Mayer’s reageercuric chloride + Potassium iodide in
water) the filtrate was treated. The presence kédlaids specify by the formation of yellow

colored precipitates(Debella, 2002; Khatital,, 2018).

3.1.6.2. Test for flavonoids:

Alkaline reagent test: The plant extract was treategh 2-3 drops of sodium hydroxide solution.
Acute yellow color formation, that indicates presef the flavonoids, by the addition of some

drops of sulphuric acid that changed to colorl&s=bglla, 2002; Khaliet al, 2018).

3.1.6.3. Test for tannins (Braymer's test):

For qualitative test of tannins 2mls of extract wiesated with 10% alcoholic ferric chloride
solution and observed for formation of blue or gisle colour solution (Debella, 2002; Khakdl

al., 2018).

3.1.6.4. Test for Terpenoid (Salkowki's test)

For qualitative test of terpenoidnl of chloroform was added to 2ml of each extfattowed by
a few drops of concentrated sulferic acid. A reddsown precipitate produced immediately

indicated the presence of terpenoids (Debella, 2h8B2lid et al, 2018)..
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3.1.6.5. Test for Saponins (Foam test)

To 2ml of extract , 6ml of water was added in &t tabe. The mixture was shaken vigorously

and observed for the formation of honeycomb fr@tbliella, 2002; Khalié:t al, 2018).

3.1.6.6. Test for Phenols (Ferric Chloride Test)

A fraction of extracts was treated with aqueousféfac chloride and observed for formation of

deep blue or black colour (Debella, 2002; Khatical, 2018).

3.1.6.7. Test for sterols (Ferric Chloride Test)

For qualitative test of sterols 1ml of extract wasated with drops of chloroform , acetic
anhydride and conc. H2SO4 and observed for thedtom of dark pink or red colour (Debella,

2002; Khalidet al, 2018)..

3.1.6.8. Test for Cardiac glycosides (Keller Kelliani's Test)

For test of sterols 5ml of each extract was treat#d 2ml of glacial acetic acid in test tube and
a drop of ferric chloride solution was added toTihis was carefully underlayed with 1ml
concentrated sulpharic acid. A brown ring at thteriiace indicated the presence of deoxysugar
characteristic of cardenolides. A violate ring nagpear below the ring while in acetic acid layer

a greenish ring may form (Debella, 2002; Khatdl, 2018).
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3.1.6.9. Spectromertric Quantification of Total flavonoid content

Estimation of flavonoid content in the dried exteagvas done according to previosly used
method (Adisakwattanet al., 2012). The dried extract (0.5 mg) was dissolve80% ethanol (1
ml). The sample solution (R0 was added to 10 of AICl; solution
(10% w/v) and 10l of 1 M sodium acetate in absolute ethanol (@pOAfter incubation
at 30°C for 30 min, the absorbance was measurecediately at 430 nm (Analyticjena AG,
Germany).The estimation of flavonoid content wakudated from a calibration curve using
guercetin as a standard (Figure 16). The resultee véxpressed as milligram quercetin
equivalent/gram dry weight of extract based on flilowing standard curve (Tiwari, M and

Chanda, 2017).

guercetin

0.4+
£
S 0.3
(s2)
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T
8 0.2-
c
©
2
2 0.14
©

0.0 T r .

0 500 1000 1500
pg/mi

Y = 0.0003606*X - 0.0002695 *¥0.9970

Figure 16 .Standard curve for quarcetin
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3.1.6.10. Spectromertric Quantification of Total Phenolic Content

Folin Ciocalteu reagent was used to evaluate theuatmof total phenolic content. Gallic acid
was used as a standard for the determination afiglicecontent and it was expressed as mg/g
gallic acid equivalent (GAE). Concentration of 1200, 400, 600, 800 and 1000 pg/ml of gallic

acid were prepared in methanol(Figure 17)..

Concentration of 1mg/ml of plant extract was pregamn methanol and 0.5ml of sample was
placed in to test and it is mixed with 2.5ml of iRoCiocalteu reagent. The Folin Ciocalteu
reagent was previously diluted 10 fold. The mixtis@dded to 2ml of 7.5% sodium carbonate.
The tubes were allowed to stand for 30 minutes @lavith parafilm at room temperature
before taking the absorbance 760 nm. Reading vkas tia triplicate. Folin-Ciocalteu reagent is
reactive to reducing substance including polyphendlhis is basically a colour reaction

produces blue coloration which was measured sp@utometrically (Tiwari, M and Chanda,

2017).
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gallic acid

absorbance at 760nm
o
D
[

I I L}
0 500 1000 1500
pug/mi

Y = 0.0004609*X + 0.1820 %+ 0.8690

Figure 17 .Standard curve for gallic acid

3.1.6.11. Spectrometric Quantification of Total Alkaloid Content

For the standard curve of atropine, total 5 différeoncentrations were used. A 100 ppm
solution was initially prepared from atropine (1 mglO ml of distilled water). From this stock
solution, exactly 0.5, 1, 1.5, 2 and 2.5 ml of pin@ solutions was transferred to five different
separating funnel(Figure 18).. To each and indizidunnels, 5 ml of phosphate buffer (pH4.7)
and 5ml of Bromocresol green (BCG) solution wasealddnd mixed vigorously. The formed
complex mixture is extracted with chloroform. THdaroform fraction was collected in a 10ml
of volumetric flask and make up the volume withacbform. Absorption at a wavelength of 470

nm of each flask was measured and calibration gnggghdrawn (Tiwari, M and Chanda, 2017).

72



For the preparation of the sample the plant exifaecig/ml) was dissolved in 2N HCI and then
filtered. The pH of the extract was adjusted totrawvith 0.1 N NaOH. One ml of this solution

transferred to a separating funnel and to thatum&® ml of Bromocresol green solution along
with 5 ml of phosphate buffer was added and mixegerly. The formed mixture was extracted
further with chloroform (5ml) and transferred to & of volumetric flask and make up the
volume with the same solvent. The absorbance otdmeplex in chloroform was measured at

470 nm(Tiwari, M and Chanda, 2017).

atropine
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Y = 0.0007356*X + 0.03858 ¥ 0.9673

Figure 18 .Standard curve for atropine
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3.1.7 Characterization of Pterlobium stellatum crude extract and fractions

The plant extract and respective fractions wergadtarized utilizing a Waters SYNAPT G2
ultraperformance liquid chromatography-mass spewter (UPLC-MS)(Waters Corporation,
Massachusetts, USA) system. The samples were wdessdh methanol to obtain a final
concentration of 1 mg/ml of which 5ul per sampleswgected into the system using a Acquity
autosampler (Waters Corporation, Massachusetts,)UB# compounds were separated on the
LC system using a binary solvent (A;®#0.1% HCO,, B: MeOH+0.1% HCO;) gradient at a
flow rate of 0.3 ml/mincoupled to an Acquity UPLCS8 T3 Column (100A, 1.8 um, 2.1 mm
x150 mm, Waters Corporation, Massachusetts, USPatsg0°C. Solvent B was set to an initial
concentration of 3% with a gradual increase to 1@ 14 min and held for 2 min followed by
a rapid decrease to 3% over 50 s, held until the! fiun time of 20 min.TheMS related total ion
current (TIC) chromatograms and associated masiz @2 fragmentation patterns were
generated using positive (BSand negative (Epionisation modes at a sample infusion rate of
10 pl/min. The mass range of 50 to 1200 Da wassaedgeusing helium as desolvation gas at a
flow rate of 400 I/hr. The ion source- and desaobratemperatures were set to 120°C and 300°C,
respectively. The MS collision energies (eV) anpilkary voltages (kV) were set to 4eV, 2.6kV
(ES) and 6eV, 2kV (ES, respectively. Data interpretation was done uditegtReNovaversion
14.2 (Mnova, Mestrelab Research S.L., 2020) in doatlon with the National Institute of
Standards and Technology (NIST) version2.2MS daab@IST 14, Agilent Technologies,

USA).
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3.2. Experimental Animals

Balb ¢ mice were obtained from Ethiopian publicltreastitute. Male mice 20g-30g were used
for study 6 mice in each group with different désethein vivo efficacy study. The mice were
kept at room temperature in humid environment aatevexposed to 12 hours light and 12 hours
darkness. The mice were given water and standard fellets every 24hrs. The care and
handling was according to international guidelif@sthe use and maintenance of experimental
animals (OECD,2001). The procedures in the propgstlapproval from Institutional Review

Board of College of Health Sciences, Addis Ababa/ksity.

For toxicity study female mice (Balb c)were ob&infrom AAU college of health science
laboratory animal unit. The mice were kept at raemperature in humid environment and were
exposed to 12 hours light and 12 hours darkness.nibe were given water and standard food
pellets every 24hrs. The care and handling wasrditgpto international guidelines for the use
and maintenance of experimental animals (OECD,2B8019afety rules were considered while

doing all the procedures.

The in vitro study was conducted onP14-P21 of C57BL16 micaiobt from Cape Town
college of Health sciences laboratory animal uRite experimental protocol was approved by
the Institutional Review Board (IRB) of Cape Towmilkrsity. The animals house were fore
told for the number of mice and age were broughihéolaboratory for utilization. Animal safety
rules to reduce suffer and in procedures as weih axarifying the animals were considered

while doing all the procedures.
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3.3. Acute Toxicity Study

Acute toxicity study was performed for the extratdsascertain safe dose by acute oral toxic
class method of Organization of Economic -Gperation and Development, as per 423

guidelines(OECD, 2001). Three female mice were gedurandomly into four groups for the
test. One control group was given distilled wated #éhe other three groups were treated for
Pterolobiumstellatum Moringa stenopetaland Clutia abyssinicacrude extracts. The extracts
were tested with dose 2000mg/kg. The animals wbserved for acute health abnormality and
death in the first day. Animals were observed af@sing at least during the first 30 minutes,
with close attention given during the first 4 hguperiodically during the first 24 hours, and
daily thereafter, for a total of 14 days. The argnaere followed for behavioral change , the
change in body weight and any abnormalities as wasllpossible death. Afterl4 days of

observation the animals were sacrificed and postempexamination was conducted.

3.4. In vitro antiseizure test

Extracellular field potential recordings were penfied in coronal hippocampal slices from P14-
P21 of C57BL16 mice using previously published teghes and methods. Briefly, mice were
killed by quick decapitation. The brain was quicklgmoved and placed in ice cold (4°C)
artificial cerebrospinal fluid (aCSF) that was bléabcontinuously with 95% ©and 5% CQ
(Carbogen). The composition of the aCSF used f&getition, storage and PS recording was (in
mM) 120 NacCl, 3.3 KCI, 1.2 MgS£1.3 CaCl, 1.23 NaHPQ@ 25 NaHCQ and 10 D-glucose.

Four hundred micrometers (400 um) thick coronaiesliof the forebrain containing the hip-
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pocampus was cut from a block of brain tissue endold (4°C) aCSF using a Leica VT 1000S
(Leica Microsystems, Wetzlar, Germany) tissue sli€eior to recording, slices were incubated
for 1 h in aCSF which was continuously bubbled weigihbogen at room temperature (21-22°C).
Slices were carefully trimmed of most cortical tissand suspended on a nylon mesh in a 500 pl
capacity recording chamber. Bath temperature vggwlyi maintained at 30-32°C to ensure that
changes in responses are not due to variationmpéeature. Slices were perfused at a flow rate
of 2-3 mL/min with carbogenatedaCSF. An extracatidleld recording glass electrode filled
with 3 M NaCl (tip resistance between 5-1@Mwas placed in enterhnal cortex and single

population spikes (PS) recorded (Qaddaatrai.,2014).

Epileptiform multiple PS and spontaneously occyrmpileptiform activity (spontaneous bursts:
SB), was induced chemically. The zero Mg2+model sefzures was utilized. Baseline
recordings were made for 600s with normal artifica@erebrospinal fluid(aCSF) before
OMg2+aCSF was washed in for 3000s in order to iadseizure-like activity. The 0 Mg2+
solution either contained plant extract or solaht control. The presence of seizure-like events
was compared in treated versus untreated conth@.Fisher's exact test with P<0.05 was used

to determine statistical difference between gra@paddoumet al.,2014).
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3.5.Experimental Design of In vivo antiseizure tests

After bringing the animals were randomly groupet idifferent groups in cages. In each group
were 6 mice. The cages were also randomly alldtiedespective treatment. They were kept
under standard conditions (at a temperature of 22ZC+and with 12 hr light/ 12 hr dark cycle)
and provided with free access to standard pelledritory diet and watead libitum The
animals were acclimatized prior to test. On the afatest they were brought to laboratory being

fasted 4-8hrs food.

3.5.1.Maximal Electroshock Seizure (MES) Moddl:

Six albino mice in each group were divided intodr6ups. Experiments in each plant extract
were designed to have the control group, refergmoap and test groups (with 400mg/kg and
800mg/kg doses for each plant extract). Animalsantrol group received 2%tween 80 (0.3 ml),
the standard drug control group were allowed te tpkenytoin (10mg/kg) and the two test
groups were allowed to take test extracts with 4@@mand 800mg/kgdoseorally respectively.
The animals in all the groups received correspanairugs 1lhour before the application of
shock. Each animal was properly held and curren64fmA was passed for 0.2 second
transauricularly through ear lobe electrodes usingelectroconvulsiometer. The reduction in
duration of hind limb extension was considered gwaective action & recorded for all the

animals (Insuastgt al, 2014). Mice showing hind limb extension is shawfigure 19.
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Figure 19 : Mice showing hind limb extensionin ME®del
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3.5.2. Pentylenetetrazole (PTZ) model

The animals were grouped and administered velrieletence drug and extracts as described for
MES test. The reference group was treated withegiam 5mg/kg orally. One hour after
administering corresponding drugs to different gowf animals, PTZ 85mg/kg was injected
subcutaneously and mice were observed for thirtwutes for the onset and duration of
convulsive behavior. The number of animals conwglsor not convulsing within observation
period was noted to calculate percentage of piiotecihe test is thought to be predictive of
anticonvulsant drug activity against nonconvulsigbsence or myoclonic) seizures (Lo~ scher,
2011).All the tests were done initially by the ceugktracts and then the fractions of active crude

extracts ofPterolobium stellatumvas further were tested (Insuagtyal, 2014).Mice showing

myoclonic seizure is shown in figure 20.

Figure 20: Mice at the onset of myoclonic seizar®TZ model
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3.6. Statistical analysis:

Graph pad prism version 5 and SPSS version 25 addtwvere used for analysis. The
percentages of protected animals were analyzed tise Fisher Exact Test (two-tail) in Graph

Pad Prism 5 and the analyses of variance (ANOVA)pos LSD with SPSS25.
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CHAPTER 4. RESULTS

After hydro alcoholic extraction of the 500 dinstellatundry powder 179.51 gm (35.9%) was

obtained. The 500gnM. stenopetallavas extracted with dry amount of 7.35 gm(1.47%he

yield of 400gm ofClutia abyssinicavas 44.71 gm (11.18%).

4.1. Acutetoxicity study

Acute toxicity study was conducted at 2000mg/kgedmsd the animals were observed according

to the procedure. There was no behavioral chandev@m@nimals on the days of follow up and

no gross abnormality on postmortem examination. Miean weight difference of the treatment

groups before and after treatment was not staltisignificantly different from the control

analyzed with ANOVA post hoc LSD (P<05). The weigl#tin effect of the three groups is

depicted in table 2.

Test Groups Initial After 14 days Mean Difference
weight(g) Weiht (g) )

Negative Control 23.33+0.33 26.54+0.48 3.20+.70

P.stelatum2000mg/kg 24.00+0.57 27.90% 2.05 3.90+1.58

M. stenopetala2000mg/kg 24.30+0.33 26.10+0.35 1.80+.37

C. abyssinica2000mg/kg 23.00£0.00 28.47+0.85 5.47+0.85

N=3 weight expressed in Mean +SE P<0.05

Table 2: Effect of 2000mg/kg dose on weight gain
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4.2.1n vitro anticonvulsant tests

A glass electrode was placed in the pyramidal legikr of a mouse hippocampal brain slice in
order to record extracellular field potentials. Rem of Mg*(0 Mg?)from the slice perfusate
results in recurrent seizure-like events (red asrawFigure 21) in control slices. Middle trace,
concurrent addition of 3M diazepam (a known anticonvulsant) prevented SkeBegation.
Addition of 0.7 mg/ml ofP. stelatumand M. stenopetalaxtract prevented the onset of SLEs in
the majority of slices. Population data demonssrdie anticonvulsant efficacy of diazepam (2
of 12 slices had SLEs) arRl stellatum(3 of 16 slices had SLEs).The hydromethanolic asttr
of P. stellatumhad a statistically significant anticonvulsant atyi compared to control(P<0.05).
The M. stenopetalaextracts also shown to have significant anticosaml activity as compared
to negative control (P<0.05). The effect@f abyssinicaextract was not statistically significant
compared to control (P>0.05). A positive controlings the known anticonvulsant
diazepam(8M), showed significant anticonvulsant activity (P8®).The percentage of slices

showing SLE were given in table 3. * denotes FO5(Fishers exact test.
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Figure 21. SLE events from field extracellular &lephysiology recording from mice hipocampal
slice.a)seizure like events indicated with red wrreeizure free slices with diazepam treatment and,

seizure free slices with. stellatuntreatment b) control slice showing SLE.
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Negative Control 10 6 16 375

(OM g**+DM SO)

P.stellatum(crude 3 13 16 81.25*

extract) 0.7 mg/ml

C. abyssinica0.7 mg/ml 8 4 12 33.33

P.stellatumChloroform 1 15 16 93.57*

fraction0.7 mg/ml

P.stellatum 0 12 12 100*

Water fraction(0.7

mg/ml)

Table 3: Percentage of SLE showing slices in agute brain slices. * denotes P <0.05,Fishers exact

test.
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The comparison of the SLE showing sliproportion of the hydromethanc crude

extracts of the 3 plants wereaphically depicted in Figure 22 below.

100%
90%
80%
70%
60%
50%
40%
30%

20% b4 SLE negative
10%

0% T . M SLE positive

N

NS N x Q

N N N & 3

A ¥ A¥ S &
Q- 'bQ Q- c_)O Q,Q'b
\.06\ e‘}'tz} : (\\db Q® 5
N R & Q
%@ \.é\ *®
Q- 2 %
Q

Figure 22 Bar chart depicting percentage protectiohydroalcoholic extradreatmen:

groupsP.stellatum, M. stenopetal, C.abyssinicawith control OMg +DMSO and diazepe
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When we compare thén vitro activity of different fraction extracts oP. stellatumthe
chloroform and water fractio were also shown to have significant anticonvulsaotvity as
compared to control (P<0.p5The pe ether and bainol extract activities we not statistically
significant compared to control (P>0.(. Figure 23 depicts the different fraction extract:ith

their SLE free proportion.
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Figure 23 Bar chart depicting comparisonpercentage protection of extraofsP. stellatum( crude
hydromethanolic , pet ethechloroform, butanol , water fractions with control OMg +DM%@d

diazepam.
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The mean time for first SLE was of untreated cdntras 1774.3seconds. The mean duration of
seizure is 53.38seconds. The mean frequency of \#itliin 3000seconds was 2. In case of
hydroalcolic extract oP. stellatumthe mean time for first SLE was 1585s ,the meaattn of
seizure was 47.3seconds. The frequency of SLE erslibes that shows SLE was 3.38.
stenopetalahad at 1814s to show SLE in its one positive c@be. duration was 33s average
with two SLEs in a slice. When we see the slic€o&byssinicghe mean time for first SLE of
untreated control was 1470.36 seconds. The meaaticlirof seizure is 24.03 seconds. The
mean frequency of SLE was 4.25. In all observed SStitere is no statistically significant

difference on onset time of SLE (P>0.05).Table dwshthe SLE onset time with frequency of

SLEs.
Test groups Mean Timefor Average Average Slices
First SLE(S) duration of frequency showing

SLE(s) of SLE SLE

Negative Control 1774.3+228.68 53.38+4.34 2 10/16

P. stellatum 1585+430.5 47.30+5.35 3.33 3/16

M. stenopetala 1814+00 33.00£7.00 2 1/16

C. abyssinica 1470.36+233.81 24.03+2.07 4.25 8/12

Table 4. Time of SLE onset and frequency of hydethanolic extracts on hippocampal slices.

The butanol and petroleum ether fractions has shugim frequency of SLE. The mean time for
first SLE of petroleum ether was 1096.25sec. Thamduration of seizure was 31.41sec. The

frequency it shows SLE was 7.5. The mean time ifst SLEof butanol extract was 1191.89.
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The mean duration of seizure was 29.07. The avdrageency of SLE in positive slices was

6.11. The chloroform fraction showed one SLE ire aslice with mean duration of 52.4

withfrequency of 5. The onset time was not statadly different from the control (P>0.05). The

water fraction didn't show any SLE (see table 5).

Test groups Mean Timefor Averageduration Average Slices

First SLE(S) of SLE(s) frequency of showing
SLE SLE

Negative Control 1774+228.69 53.38+4.34(n=20) 2 10/16

Hydromethanol 1585+430.5 47.3045.35(n=10) 3.33 3/16

extract

Pet ether fraction 1096.25+172.41 29.70£1.31(n=60) 7.5 8/16

Chloroform 1814400 52.40+9.63(n=5) 5 1/16

fraction

Butanol fraction  1191.89+201.3C 31.41+2.63(n=55) 6.11 9/18

Water fraction - 00.00+0.00(n=0) O 0/12

Table 5. Time of onset of SLE and frequency of ®f Hifferent solvent fractionB.stellatunon

hippocampal slices

4.3. In vivo anticonvulsant tests (PTZ and MES)

The in vivo result shows thePterolobium stellatumhydroalcoholic extracthas statistically

significant anticonvulsant activity with PTZ mod@P<0.05) which was dose dependent.
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Whereas the activity of it was not statisticallgrsficant in delaying on set of seizure M.
stenopetalaandC. abyssinicaxtracts (P>0.05)n vivoresult for PTZ test of the hydroalcoholic

extracts were depicted in Table 6 below.

Test group N Latency for myoclonic
seizur &(s)

Negative Control 6 239.67+33.7
P.stellatum 400 mg/kg 6 542.50+94.03*
P.stellatum 800 mg/kg 6 809.17+225.67*
M .stenopetala 400 mg/kg 6 400.00+37.10
M .stenopetala 800 mg/kg 6 387.33+35.82
C.abssinica. 400 mg/kg 6 284.00+13.93
C. abssinica.800mg/kg 6 457.83+103.54
Diazepam 5mg/kg 6 1800.00+0,00*

Table 6. Effect of hydroalcoholic extracts on R&Zt.Values are expressed as me&kM in seconds

performed with ANOVA.

Thein vivo PTZ test has also revealed the chloroform fractind the water fraction to have
anticonvulsant effect (P<0.05). Whereas the patrolether and butanol fractions have shown
activity which were not statistically significa(®>0.05).This goes in consistent with thevitro

results. The results are shown in table 7 below.
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Treatment groups

Mean Latency for

myclonic seizur &(S)

Negative control

Pet ether 400 mg/kg

Pet ether 800 mg/kg
Chloroform 400mg/kg
Chloroform 800 mg/kg
Butanol 400 mg/kg
Butanol 800 mg/kg
Water 400 mg/kg

Water 800 mg/kg

Diazepam 5mg/kg

239.67+£33.72

429.50+98.90

321.17+33.93

657.00.91.62*

659.83+160.39*

423.50+61.70

446.17+85.93

972.33+276.04*

653.50+116.78*

1800.0000+0.00*

Table 7.In vivoresult for PTZ test of the fractions Bf stellatunVValues are expressed as me&SEM

in seconds performed with ANOVA.

In MES testPterolobium stellaturriMoringa stenopetalahowed statistically significant effect in
reducing the hind limb extension time which is usedetect anticonvulsant effect in this model
(P<0.05). Clucia abyssinicahas shown less activity which is not statisticadignificant

(P>0.05)(see Table 8).
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Treatment

Mean Hindlimb

Extension time(s)

Survival rate

Negative Control

P. stellatum 400 mg/kg
P. stellatum 800 mg/kg
M. stenopetala 400 mg/kg
M. stenopetala 800 mg/kg
C. abyssinica400 mg/kg
C. abyssinica.800mg/kg

Phenytoin 10mg/kg

24.33+2 .4¢

13.00+2.61*

11.17+4.09*

12.50+4.16*

10.33+£3.52*

21.83 +0.40

20.00£1.06

00.00+00

2/6

5/6

4/6

4/6

5/6

4/6

5/6

6/6

Table 8. Effect of hydroalcoholic extracts on MEeSt. Values are expressed as me8kM in seconds

performed with ANOVA.

The in vivo MES test has also revealed the chloroform fractidnP. stellatumto have

anticonvulsant effect (P<0.05) and also higher doSewater fraction. Whereas the other

fractions showed activities which were not stataty significant (P>0.05)(see Table 9).
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Treatment N Mean Hindlimb Survival rate

Extension time(s)

Negative Control 6 24.33+2.45 2/6
Pet ether 400 mg/kg 6 24.00+2.68 3/6
Pet ether 800 mg/kg 6 18.50+1.78 2/6
Chloroform 400 mg/kg 6 15.50+1.88* 5/6
Chloroform 800 mg/kg 11.50+4.29* 5/6
Butanol 400 mg/kg 6 22.50+1.23 4/6
Butanol 800 mg/kg 6 17.67+3.67 5/6
Water 400 mg/kg 6 20.17+1.85 4/6
Water 800 mg/kg 6 13.67+2.96* 5/6
Phenytoin 10mg/kg 6 00.00+00* 6/6

Table 9. Effect oP. stellatunfractions on MES test .Values are expressed as tfekiM in seconds

performed with ANOVA.
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4.3.Phytochemical content

The crude hydromethanolic extracts of the threatslwere qualitatively tested for presence or

absence of different classes of secondary metabdlite results were shown in table 10.

Phytochemicals P. stellatum M.stenopetala C.abyssinica

Cardiac glycosides - + +

Phenols + + +

Sterols + - +

Terpenoids + - +

Table 10: Secondary metabolites in crude extiafd®s stellatum, M.stenopetala and C. abyssinica



The crude hydromethanolic extracts of the threatslwere quantitatively tested different

classes of secondary metabolites. The results svenen in table 11.

Phytochemicals P. stellatum  M.stenopetala C.abyssinica
Alkaloid 222.64+17.40 226.69+2.39 155.54+19.81
Flavonoids 893.7+10.49 485.12+15.13 883.53+5.62
Phenols 789.76+55.15 586.53+38.35 740.58+25.68

Table 11: Secondary metabolites quantitative aisliyscrude extracts &. stellatum, M.stenopetala

andC. abyssinicaxpressed as mea$E ofjug/g of extract, N=3

4.4. Characterization of P. stellatum, extract and respective fractions

The stacked UPLC-MS total ion current (TIC) chroograms(Fig. 2)indicate the differences in
chemical constituents of the different fractionsnpared to the total crude hydromethanolic
extract and solvent blank. The highlighted peaks @i interest as the corresponding MS
fragmentation patterns correspond to that of preshoidentified compounds frof. stellatum.
These compounds could be the major contributotkem vitro andin vivoresults presented, as
their previously reported biological activity indie antiseizure and anti-epileptic activity.
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Figure 24 The negative mode ionization ()stacked UPLOVIS TICs of P. stellatunsrude
hydromethanolic extract and respective fractionse Btacked chromatograms were generated

MestReNova analytical software. The highlightedkseeepresent previously identified compot- or
derivatives fromP. stellatumvhich are unique to thplant extract and not found in the solvent ble

These compound peaks are described in T12.

The chemical properties of the identified peaksFigure 24are presented Table 12. The
accuracy of prediction was based onsarto-database M&agmentation pattern comparisc
as well as correlating the relative retention tiofethe compounds to their solubility in t
solvents used during the LC separai Based on fragmentation pattern analyses, all
previously identified compounds wereresent in the extracts, however, fluctuations
gualitative concentrations were observed in thé&wiht fractions. The low MS purity valu

indicate that either optimal compound separatiors wat achieved or that these compou
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contribute as precursors of larger chemical stnestuas is the case with the derivative of gallic
acid, gallic acid 4-O-(6-galloylglucoside)both ohieh was identified in the chloroform fractions
(derivative data not shown), or a combination athbthese factors. The relatively low collision
energies used during data acquisition allowed rostpounds to be preserved with very little
product ion formation (Kinakt al, 2017). This allowed for fast screening of the gk® based
on the molecular mass of the compounds adjusteardiog to the addition or loss of specific
anions or cations, respectively. However, becatisleedlimited fragments that can be compared
between the observed fragmentation pattern angrbicted/ library patterns, care should be
taken as misidentification can occur. Thus, by coinlg the fragmentation patterns with other
chemical properties such as the solubility and ipslaface area we can predict the order in
which the compounds elute from the LC column, therproviding greater confidence in the

assigned compounds.
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Previously
identified
compound from P.
stellatum
(chemical
formula;
monoisotopic
mass)

Observed mass (m/z+
[M-H]) +/- error (Da)

Retention time
(min) of identified
compound/
derivative in crude
hydromethanolice
xtract*

Major mass
fragments-
and
compoundma
tchion(ES
(m/z))

MS purity &TIC MS purity & TIC
Peak purity (crude  Peak purity
hydromethanolic (fractions)**
extract)

2.
Ellagic acid
(C14H603; 302.01)

Rt 5.01 301.06 +5.8x10°

149.05;
169.05;
301.06;
603.12

MS MS

30.40% P-29.8%

TIC C-9.8%

13.45% B-29.6%
W - 30.2%
TIC
P-15.56%
C-55.0%
B-11.85%
W - 62.33%

4.
Myricitrin
(chHzoolz; 464.09)

463.09 +2.7x10~

98

Rt 8.82

183.03;
463.09;
609.15;
761.16;
927.18

MS MS
33.60% P-36.3%
TIC C-ND
14.61% B-36.3%
W - 12.5%
TIC
P-15.95%
C-ND
B - 15.40%
W - 5.18%



0012; 464.09) 609.15;
761.16;
927.18

6. Rt9.11 447.09 - 1.0x10™ 183.03;
Quercitirin(C,,H, 447.09;
0,,; 448.10) 593.15;
895.19;
1041.25

Tic
14.61%

MS
29.40%
TIC

17.40%

C-ND
B-36.3%
W - 12.5%
TIC
P-15.95%
C-ND
B-15.4%
W - 5.18%
MS
P-29.4%
C-ND
B-29.4%
W - ND
TIC
P-18.51%
C-ND
B-16.13%
W - ND

Table 12. UPLC-MS generated chemical propertigh@highlighted peaks represented in

Figure 24

*The retention times presented in the table refer only to the negative ionisation mode data of the crude

hydromethanolic extract.

**The fractions are described as;P- petroleum ether, C- chloroform, B- butanol, W- water

The major fragments were identified using the MestReNova MS prediction algorithm, in conjunction with the NIST

14 MS/MS spectral library database.

ND- Not Detectedand/ or Match score below 95%and/ or Rt incorrect.
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CHAPTER 5. DISCUSSION

There are many classes of clinically useful airig@tic drugs with good prognosis for
controlling seizures in most patients. Despite,tingny patients have seizures that are not
adequately managed by the established antiepilgptigs. Moreover, the high incidence of
adverse effects from the use of established afg@m drugs is also a source of widespread
concern in patients who use them chronically. Ohethe approaches to search for new
antiepileptic drugs which are safe and effective ingestigation of naturally occurring
compounds, which belong to new structural clasSag/fahet al, 2011). Many plants were
known for their anticonvulsant activity. Review iele¢s (Chauhan, Dobhal and Joshi, 1988;
Nsour, Lau and Wong, 2000; Srinivasan and Roy, P@i&fe previously published with regard
to plants with anticonvulsant properties. Bathvivo andin vitro models are available for the
evaluation of anti epilepticactivities of drugs fobier, 2011; Mittal, Kaushik and Kaushik,
2011). The current study was to evaluate the amiigisant effect of Pterolobium stellatum
(leaf), Moringa stenoptel@oot), andClutia abyssincdleaf). The zero Mg model was used for
in vitro evaluation test while PTZ and MES for vivo test. These two methods showed the

anticonvulsant effect of the extracts.

Pterolobium stellatumvas claimed as anticonvulsant in Ethiopia (Raguaratmnd Abay, 2009).
The in vitro result showed that the crude hydroalcoholic extraf P. stellatumleaves has
statistically significant anticonvulsant effect cpaned with the untreated control with zero#g
model used in this study. This indicates that plent to have some molecules which act at
cellular level to inhibit neuronal excitability dimit repetitive firing of neurons. The vitro

study shows the plant may have effect in modulatimitage-dependent sodium channels to limit
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repetitive firing of neurons, decreasing voltagéedacalcium currents or inhibiting post-synaptic
AMPA receptors, all potentially contributing to @&alease in neuronal excitability. Its anti-
epileptic effect may also be linked to potentiat@nGABAergic transmission as that of the

approved antiepileptic drugs(Mittal, Kaushik andukhik, 2011; Taingt al, 2017).

The in vitro results is strongly supported by the actiongivo mice models in reducing MES
and PTZ induced seizures. Pentylenetetrazole <lisgizures by inhibiting GABAergic
mechanisms. Standard antiepileptic drugs, diazepawoh phenobarbitone, are believed to
produce their effects by enhancing GABA mediatddbition in the brain (Hegdet al, 2009).

It is, therefore, possible that the anticonvulsgffégcts shown in this study by the extracts against
seizures produced by PTZ might be due to the awiivaf GABA neurotransmission. Since the
extract similarly antagonized seizures elicited fgmntylenetetrazole in mice, it is probable,
therefore, that it may also be exerting its anticdsant effects by affecting GABAergic
mechanisms. Pentylenetetrazole test representBdamvadel for human generalized myoclonic
and also absence seizures. In general, compourtdsanticonvulsant activity in the petit mal
epilepsy are effective in pentylenetetrazole induseizure model (Paet al, 2012).The
hydroalcoholic extract oAstragalus obtusifoliug/hich is also fabaceae inhibited clonic seizures
induced by PTZ in previous studies which is in adeace with this study. Wherea&lbizzia
julibrissin, Acacia juliflora and Acacia nubicashowed no antiseizure effect on PTZ model

(Sayyahet al, 2011).
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Pterolobium stellatuninas also shown effect in MES mice model. The makefectroshock test

is the most widely used in animal model in antigpiic drug discovery because seizure
induction is simple and the predictive value fotedéing clinically effective antiepileptic is high.
This method identifies the drug with activity aggtigeneralized tonic-clonic seizures and partial
seizures using clinically established antiepilegitags. The pharmacology of acute maximal
electroshock does not differ from the pharmacolofygeneralized tonic clonic seizures in
genetic models with chronic epilepsy. It has ofteen stated that antiepileptic drugs that block
MES induced tonic extension act by blocking seizspeead. Moreover, MES induced tonic
extension can be prevented either by drugs thabitnfoltage-dependent Na+ channels, such as
phenytoin, valproate, felbamate and lamotriginebydrugs that block glutamatergic excitation

mediated by th&l-methyldaspartate (NMDA) receptor, such as felbanfBaiet al, 2012).

The chloroform and water fractions showed alsdissteally significant activityin vitro. The Pet
ether and butanol fractions have less effect whiah statistically not significant compared with
the untreated control. This was also supportedhieyactivity of the chloroform and water
fractions both in PTZ and MES tests having staidly significant anticonvulsant effect while
the pet ether and butanol fractions were not. Toisld be for the active principles of the
activity may be more concentrated in the chlorofamvater fractions oPterolobium stellatum
leaf extract. These all results support the cldiat the whole plant juice has been reported to

be used to treat epilepsy and neuralgia in noght\thiopia (Ragunathan and Abay, 2009).

The phytochemical tests revealed the presence esblst alkaloids, phenols, flavonoides,

terpenoids and saponins in the crude extract.drcthde extract oA. obtusifoliusvhich showed
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anticonvulsant activity in other study has the phkigemical tests result showing presence of
triterpens/sterols, alkaloids, flavonoides, antlesynand saponins. By fractionation, the entire
flavonoids and saponins as well as the majoritglkéloids were transferred from the extract to
the aqueous fraction while entire of terpen/steiisl negligible amount of alkaloids were
transferred to the dichloromethane fraction. Antie®were equally distributed in both fractions.
The research suggested the anticonvulsant effechisé¢hat alkaloids, flavonoids and saponins
present in the extract and the aqueous fractiorhinid@ mainly responsible for the observed
anticonvulsant activity(Sayyakt al, 2011). These metabolites also showed anticonwulsa
activity in vitro andin vivoin similar studies(Fernandez al, 2006; Chindeet al,, 2009). In this
study both qualitative and quantitative analysisvah the presence of secondary metabolites in
the extracts. The LCMS analysis indicated also pnesence of gallic acid, ellagic acid,
kaempferol, myricitrin, isoquercitrin and querditirin the crude extract. Of these gallic acid
and ellagic acid were found in chloroform fraatioln the water fraction ellagic acid,
kaempferol, myricitrin and isoquercitrin were falurnhese show some of the metabolites tend
to concentrate in certain fractions which may betgbuted for the activity of the chloroform

and water fractions.

In the other study oR. stellatumthe aqueous acetone extracts of the species wedttie high
contents of phenolics as estimated by peak areteiRlPLC chromatograms (MueHelarvey,
Hartley and Reed, 1987). Coumaric acids were orteeophenolics in leaves &f stellatump-
Coumaric acid occurred in much larger amounts thams-ferulic acid and approximately one-
third of p-coumaric acid was present as the cimeo Gallic acid was identified in the acetone

extracts of the species by HPLC co-chromatograghg TLC. Similarly ellagic acid was
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identified inP. stellatum.TLC also indicated the presence of ellagic acigresand gallic acid
esters inP. stellatum.The HPLC retention times of most of the gallicdaesters oP. stellatum
were similar to other tannic acids (from Turkishllgaand from taratannins). Isoquercitrin,
quercitrin and myricitrin were identified by HPL@ the aqueous acetone extratP. stellatum

Kaempferol was also detected in the same studyeller-Harvey, Hartley and Reed, 1987).

Among plant derived compounds are flavonoids whedently have attracted interest because of
their biological activities to human health, alsecause of their influence on central nervous
system effects. The influence of flavonoids on atyi depression, nociception, learning and
memory processes has been reported. Rutin andeqmesre constituents of numerous plant
extracts, such as St John's wort which is usethtreatment of depression aBthkgo biloba

used in patients with cognitive deficits. Moreovirese flavonoids are weighty ingredients of
many medical products and diet supplements whielalso taken by patients with epilepsy (Gur

et al, 2018).

Quercetin and isoquercitrin type of flavonoids, iextied anticonvulsant effects in investigational
epilepsy models(Alam Khan, Assad and Ali Rajput, 10 Quercetin (3,3%,5,7-
pentahydroxyflavone) is a flavonoid found in a e#yiof fruits and vegetables. The protective
and toxic effects of quercetin depend on both tgrand dose with regard to the anticonvulsant
effects(Dinizet al, 2015). It is suggested that it modulates GABAceptors and antagonizes N-
methyl D aspartate (NMDA) receptors(Alam Khan, Assad Ali Rajput, 2018). They were also
detected in an extract @alium spuriumwhich is used in Turkish folk medicine againstiepsy

(Orhanet al.,2012). In study results showed that polar ex¢ra€il. americanavar. mexicana
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significantly prevented severity of PTZ-inducedzsees and attenuated oxidative stress levels
involving the presence of flavonoids such as quarceutin, and isoquercitrin (Cardenas-
Rodriguezet al, 2014). Antiepileptic potential of quercetin, catechin, akekmpferol studied
and found of value in other study (Ahmetdal, 2021).Quercetin inhibited KA-induced epilepsy

by microglia cell inactivation and the productionNF-«B, TNF-o and IL-13 (Wu et al, 2020).

Quercetin prevented seizures in PTZ induced seszdtrerolonged onset of seizures, reduced
the seizure duration and seizure severity scoreomparison with control group(Se#t al,
2014). Other study also demonstrated a dose-deperashticonvulsant potential of quercetin
and rutinin the psychomotor seizure model in mideese compounds significantly increased the
threshold for 6 Hz-induced seizures. The studieddhoid quercetin lacks also significant
interactions between quercetin and the studied AEBsS VPA and LEV, in the 6 Hz test in
mice suggesting that co-administration of thesegsirwith the studied flavonoids included in
some medical preparations or diet supplements tierga with epilepsy is entirely safe and

should not produce any acute side effects in dirpeactice (Nieoczymet al, 2014).

Myricetin which is also component Bterolobium stellatunexhibited protective effects against
PTZ-induced seizures by reducing seizure severniy eegulating the GAR/GABA, and
BDNF-TrkB signaling. These observations suggest thgricetin may be used as an anti-
epileptic drug in the future (Swet al, 2019). Being component of the plant it puts arterest in

further study of the plant.
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This study provides a scientific rationale for thee of the plant extract for the amelioration of
epilepsy observed in traditional medicine in Etliéof he results revealed that treatment with the
extract protected againist vitro seizure andh vivo PTZ and MES - induced convulsions. The
secondary metabolites seerirstellatumwere also studied extracted from other plant sesirc
showing good anticonvulsant effect. These pointsgssg its potential for further study and

possible active molecule search.

The hydoalcoholic extract of root dMoringa stenopetalénas showiin vitro antiseizure activity.
This was supported by the vivo antiseizure activity in MES model. But the crudéract failed

to show statistically significant activity in PTZadel. This shows the plant has antiseizure
potential. The root is also used in traditional roee to treat other different aliments and some
of the chemical components were studied. The qua secondary metabolite test evidenced
the presence of alkaloids, phenols, flavanoids, sagbnins. According to the review done by
Zueet al. medicinal compounds with antiepileptic/anticonamt activities are alkaloids,
flavonoids, terpenoids, saponins and coumarinai (€hal, 2014). For the hydroalcoholic
extract contains these compounds the anticonvuissivity may be attributed to the presence of
these phytochemicals. InMoringa oleifera alkaloids saponins, protein, flavonoids,
carbohydrates, tannins, terpinoids, phenols, gigessand phytosteroids showed presence in all
the components of leaf, pod and bark and thess padwed anticancer activity(Gokila Deati

al., 2017).The roots oMoringa oleiferamethanolic extract caused statistically significa

protection against PTZ and strychnine (STR) indusmzures(Asif, 2013).

106



In one study, the acetone extract Bioringa stenopetal@oot), which was active as
antibacterial was found to contain cholest-5-enk3qmalmitic acid, n-octacosane and
oleic acid, respectively, based on physical prapsrand spectroscopic (IR and NMR)
data(Tesemmat al, 2013b). The effects of straight chain fatty saomh seizures induced by
picrotoxin and pentylenetetrazole were studied ilcem After i.p. injection capric, lauric,
myristic, palmitic and stearic acid delayed theatrtd picrotoxin-induced clonic convulsion in a
dose-dependent manner. The survival time was afdonged by the pretreatment with lauric,

myristic, palmitic and stearic acid (Nakametaal, 1990).

Evidence related to the anticonvulsant effectshef -3 fatty acids has come framvitro, in
vivo, and some clinical studieb vitro studies involving extracellular recording first papted
the idea that the n-3 polyunsaturated fatty adRi$HAs) might have anticonvulsant properties.
This was initially demonstrated iex vivostudies involving hippocampal slices. These studies
indicated that the extracellular application of WAdplinolenic acid (ALA), Eicosapentaenoic
acid(EPA), or Docosahexaenoic acid(DHA) to rat biggmpal slices, at concentrations of up to
100 IM, reduced the frequency of electrically orectically induced action potentials and
excitatory discharges. These studies involved slihat were: (1) treated with pentylenetetrazol
(PTZ) or glutamate, (2) depleted of glycine, or &)bjected to low Mgex vivo studies
performed with intracellular recordings further popged the idea that the n-3 PUFAs might
have anticonvulsant properties, and suggested ttieste were due to inhibitory effects on
voltage-dependent ion channels. Evidence from gethalar recordings of stratum pyramidale
neurons in rat hippocampal slices, for instancewsd that 16 IM of DHA significantly

inhibited the repetitive firing of action potensatlicited by depolarizing current pulses. These
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findings were consistent with the results of anogtady, which showed that the application of
DHA at concentrations of 10-100 IM to rat hippocatnglices reduced the firing of GAvoked
action potentials (Youngt al.,2000). Xiao and Li (1999) also found that DHA ealshe action
potential depolarization threshold and decreased ftequency of stimulus evoked action

potentials. These data led to the hypothesis #igt &cids modulate ion channels.

Single cell studies involving dissociated neuroresseh supported this hypothesis. Studies
involving EPA or DHA in dissociated cells from r&A; have shown a significant shift in
inactivation in the hyperpolarizing direction footh N& and C&" currents. Both EPA and DHA
have also been shown to stabilize the neuronal mamelin single cells by suppressing voltage-
gated N& and C4&' channels, and thereby increasing the action fdatdiring threshold (Taha,

Burnham and Auvin, 2010).

Moringa concanensisbolishes both MES and PTZ seizures, it might gos®dium channel
blockade, NMDA blockade, calcium channel blockade GABA agonist activity. The anti-
convulsant activity oMoringa concanensisan also be due to the antioxidant property. Tiie a
convulsant activity can be due to the presence asfous phytoconstituents like alkaloids,
tannins, phenols, flavanoids, and carbohydratesth€éu studies are ongoing using different
extracts ofMoringa concanensit elucidate the exact mechanism by which thigtpdats as an
anti-epileptic agent(Manikkoth, Joy and Kunhikat2®14). InMoringa oleiferapretreatment
with methanolic extract of roots d¥loringa oleifera caused significant protection against

strychnine (STR) and PTZ induced convulsions wligahot in accordance with the result in this
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study. The overall CNS depression along with paéion of hypnotic activity of pentobarbitone
sodium as well as diazepamis also recorded (ASE32The root tissues contained both 4-(R-
Lrhamnopyranosyloxy)- benzylglucosinolate and béglagosinolate. The leaves d¥i.
stenopetalacontained quercetin @-rhamnosylglucoside (rutin) and traces of querc&:0-

glucoside (Bennett al, 2003).

Clutia abyssinicdeaveshydromethanoliextractanticonvulsant activity was not demonstrated
on thein vitro as well asn vivo models used in the present study. This plant \Wasied by the
local people for different ailments and it is udedevil eye (Wereta, 2015a)Ve report here in
the leaves oClutia abyssinicaextract the presence of alkaloids, cardiac glyassidlavanoids,
phenols, saponins, sterols and terpeoids. Thtugge are some of the components didn't show
anticonvulsant effect in the current model usdte fesults show it has less activity and further
study in other models is needed to revalidate Eiencor it may have some potentiating effect if

it is given with other plants.
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CHAPTER 6. CONCULUSIONS

The results demonstrated thHtierolobium stellatunhave anticonvulsant effeat vitro andin
vivo in both PTZ and MES mice models. The hydromethanand other fractionated
chloroform and water extracts demonstrated effeticating biologically active molecules to be
concentrated in this part of the extract. The UPISCKhalysis indicated also the presence of
gallic acid, ellagic acid, kaempferol, myricitrisoquercitrin and quercitirin in the crude extract.
Of these gallic acid and ellagic acid were fourrd c¢hloroform fraction. In the water fraction
ellagic acid, kaempferol, myricitrin and isoquénai were found. This result shows the claim
that the plant is used by the local community ascanvulsant is with their valid ground on
their trial in combating the problem. Though thisdy tests the potential of anticonvulsant effect

of the plant it didn't go further in identifyingehspecific molecule responsible for the activity.

The crude extract dfloringa stenopetal& also has shown to have anticoncvulant effedt oot
vitro andin vivoMES models. The use of local community as antiatsant is supported by the
result obtained from this study. Having this, taygpits potential as anticonvulsant effect is
promising in identifying new antiepileptic molecslas it is widely used for treatment of other

diseases with less toxic effect.

The result of theC. abyssinicdeaves as anticonvulsant is not demonstrated b@séde model

used in this study. For most of the local preparaare mixes of different plants it may have

synergistic action with other plants. Or it may éaction with other models of chronic epilepsy.
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CHAPTER 7. RECOMMENDATIONS

Based on the above conclusion the following recondagons are forwarded

» Further study on dose standardizatiorPorstellatumshould be conducted

» Further study on other parts of the plant showd &k conducted

> isolation of the active principle should be coneulct

» Further study on fraction dfloringa stenopetaland also isolation of the active principle
should be conducted

» Study on other models chronic models should be wcted onClutia abyssinica

» Study on chronic models dpterolobium stellatunandMoringa stenopetalahould also

be conducted to see their antiepileptogenic paknti
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Annex |. Acute dlice protocol

A) Preparation of solutions:

1. 50% sucrose cutting solution:
a. For 500ml: 50ml sucrose stock, 450ml dH20 + suc(@6e538g), MgCl2
(1500ul), CaCl2 (500ul)
b. Dissolve substances using magnet
c. Bubble the solution for 5 minutes
d. Transfer the solution into the mixer container aader it with parafilm

e. Place the mixer container in the -80 C freezergl®) for 60-75 minutes

2. aCSF
a. prepare 500ml of aCSF solution:
I. 50ml aCSF stock
ii. 450ml dH20
iii. 1ml CaCl2 stock

iv. 500ul MgCI2

3. O0Mg
a. prepare 500! of 0 Mg solution

i. 50ml aCSF stock
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4. PBS

a.

ii. 450ml dH20

iii. 1ml CaCl2 stock

Prepare PBS

5. Agarose:

a. Turn on agarose heater (should be between40-50C)

b.

Place the two “agarose” test tubes in the heater

Measure out 250mg of agarose onto weigh boat andfer into the conical flask.
Use electronic pipette to transfer 12.5ml of PB® the conical flask

Swirl the conical flask over the Bunsen burner veildw-clamp until boiling
(solution becomes clear)

Carefully transfer the agarose solution into thgefase” labelled test tubes

B) Preparation of equipment:

1. Guillotine:

a. Make sure the sink area is clean

b. Place guillotine next to sink

C.

Make sure handle/blade mobile

2. Brain extraction station:
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a. small plate (in freezer)
b. Small, sharp tweezers
c. Blunt tweezers
d. Small scissors

e. Round surgical blade

f. Scooping spatula

3. Brain sectioning station:
a. largeplate + ice block
b. non-round surgical blade

c. spatula (flat surface)
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4. Microtome bath

a. Blade preparation:

Vi,

Vii.

viii.

Fold BIC blade into half

Cut the edges of the BIC blade

Remove the blade holder from the microtome usitenddey

Apply super glue (blue) onto the blade holder

Carefully attach the BIC blade onto the blade hoWi¢h the cut edges
aligning with the bottom edge of the blade holder.

Set blade holder back onto microtome

Switch the microtome on and press “power”?

Stop the blade 2/3 down

set the blade at an angle very close to cylindearoe
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b. equipment:
i. fine brush
ii. insulin syringe (normal and bent)
iii. small spatula

iv. small tweezers (same one from brain extraction)

5. Agarose stand/claw clamp station:
a. 5-10 small pieces of filter paper
b. Super glue (white)

c. Clamp the white cylinder (in its silver casing) otihe claw-clamp

6. Cooling/set agarose:
a. Place foam box with the metal clamp cooler andomeks inside (just before

sectioning starts)
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7. Recovery chamber
a. cutlens paper into rectangular pieces (x6)
b. color code the pieces using 3 different color (pbhed, black) pens.
i. To ensure laterality, make small dots in respedtiyecorners

c. place lens paper pieces onto netted plate

d. place netted plate into the recovery chamber dhithé chamber with aCSF
(which should be bubbled before) until the lensguapeces are just about
covered/wet (ensure no bubbles are under the kgper pieces)

e. connect the carbogen tube to the chamber

f. place recovery chamber cover over the opening

C) Slicing procedure:

1. Mouse:

a. Fetch mouse and place in dark, quiet area (undkrasiinside cupboard)

2. Sucrose solution:
a. Fetch the sucrose solution and use the double-ddgito roughly break the
frozen solution

b. Use the mixer to break the solution further

3. Agarose setting:
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a. Remove ice packs and metal agarose cooler clamplaoé into the sponge
cooler box
4. Recovery chamber:
a. Turn on carbogen
5. Plates:
a. Remove the two plates (big and small) from theZdeee
b. Pour sucrose solution into small plate and place twethe guillotine

c. Pour sucrose solution into large plate and plate ime block (sectioning station)

6. Decapitation:

*wear gloves and lab coat prior to decapitation

a. Carefully remove animal from the box
b. Place head onto guillotine
c. Decapitate quickly and allow the head to fall itite small plate

d. Place the carcass into the sink

7. Brain extraction:
a. Quickly transfer the small plate (now containing tiead) to extraction station.
b. Hold the head still by piercing the nostrils witletsmall tweezers (ensure that the
head is completely submerged)
c. Using the round blade, cut the skin down the mél(iinom front to back)

d. Push the skin forward using your fingers
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With small scissors:
i. Cut horizontally through the orbits
ii. Cutventro-medially through the respective exteatalustic meatuses
iii. Cut the skull down the midline (from back to front)
Separate the skull from the brain (now separatedi@ft and right) using the
blunt tweezer

Remove the brain using the scooping spatula (fmback motion)

8. Brain sectioning:

a.

b.

Quickly transfer the brain onto the large plate
Cut off the cerebellum and part of the frontal laiseng the surgical blade (use
the flat surface of the spatula for stability)

Scoop up the sectioned brain using the spatula

9. Agarose-clamp:

a.

b.

Use the filter paper to suck up the solution urierbrain

Place superglue onto the white cylinder

Carefully place the brain onto the white cylindgndquld be completely flat)
Lower the white cylinder in its silver casing (madae to support the bottom of
the white cylinder always)

Pour agarose solution into the sliver casing uintdaches the top.

Set the agarose solution by clamping the silveingasith the metal cooler clamp
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10. Microtome bath: *make note of laterality
a. Once the agarose has set, place the white cylsibler casing into the
microtome.
b. Pour sucrose solution into the microtome bath uintibvers the whole circular

entrance of the cylinder

11. Microtome slicing:

a. Set the white cylinder into the microtome

b. *the white cylinder is advanced by turning the “wleof the microtome (10 units
=100um)

c. Cut agarose until just the top of the brain hasitssetioned

d. Cut 1200um thickness from this point

e. Start sectioning at 400um from now on (record/olxséne depth of the section
for each slice)

f. Once 400um slices have been sectioned, carefulipve the agarose using the
fine brush and place the slices in the microtontl ba that it is easy to note
which slices are which depth.

g. Choose the best 3 slices to use.

12. Slice preparation:
a. Using the bent insulin syringe and fine brush,thetslices into hemispheres

followed by further cutting into smaller pieces &wwn below)
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oy,

13.Recovery chamber:

a. Using the small spatula transfer the hemispher@s t@al) onto the lens paper
pieces in the recovery chamber. (Wet the slicethersmall spatula with sucrose
solution using the normal insulin syringe. Thi©®als easier transfer of the slices)

b. Ensure that the recover chamber is covered upeicairect way.

c. Recovery should be minimum of 45 minutes

14.Set up the interface rig as per usual
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15. Clean up all equipment

16. Replace microtome blade:

a. Remove blade (+blade holder) using “slicing blade”

b. Place in acetone

c. Detach blade from blade holder (discard blade shtarps bin)

d. Prepare new BIC blade by cutting edges with tha&sor

e. Place new blade into acetone (cleaning)

f. Dry new blade and blade holder.

g. Apply a thin layer of super glue (Loctite Brush-super glue)

h. Carefully fit new blade onto blade holder (alige &tut corners of the blade with

the bottom edge of the blade holder).

17.Transferring the slices from recovery chamber ititerface:
a. Take small tweezers and grab edge of lens paper.

b. Carefully transfer them to the interface rig
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*General timeline for interface of acute slices:

1. 600s calibration (aCSF)

2. wash in 0 Mg (average for 3000s)orwash in 0 Mgher test drugs(average for 3000s)

3. Wash in for 600-900s
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ABSTRACT

Background: Epilepsy is a debilitating neurological disorder that directly affects approximately 65
million people worldwide. In the search of safe and effective antiepileptics traditional treatment
practices are one area of research to obtain novel molecules. Moringa stenopetala root is claimed
to be used for epilepsy treatment in Konso area, Southern Ethiopia. But there was no scientific
research evidence for the claimed use of the plant.

Objective: This study was conducted to explore the anticonvulsant activity of hydro-alcoholic (80%
methanol) extract of root of Moringa stenopetala.

Methods: The dry residues of the plant extract was used for the test. In vitro OMg®* mice model at
dose 0.7 mg/kg of extract, diazepam(3uM) and untreated brain slice groups were used to compare
the presence of seizure like event (SLE). In vivo pentylenetetrazol (PTZ) model with 85 mg/kg

*Corresponding author: E-mail: samsahle@gmail.com, samsonsahile@aau.edu.et;
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subcutaneously was used to compare the seizure on set time with two extract doses and diazepam
5 mg/kg. The data was presented with meanz standard error. In maximum electric shock (MES)
model 54 mA was passed for 0.2 second transauricularly in mice. The mean time of hind limb
extension was recorded for doses 400 mg/kg and 800mg/kg of the extract and 10 mg/kg phenytoin.
The means were compared for statistical significance using one way ANOVA post hoc LSD
whereas proportions were compared using Fishers exact test with P-value < .05.

Results: M. stenopetala extract has shown statistically significant anticonvulsant activity in vitro
compared to control (P<.05). A positive control, the known anticonvulsant diazepam (3uM),
showed significant anticonvulsant activity (P<.05). In vivo MES model showed statistically
significant anti-seizure activity at both doses (P<.05). But the crude extract failed to show
statistically significant activity at all doses of PTZ model (P>.05).

Conclusion: The results of this study showed that crude extract of Moringa stenopetala exhibited
anti-convulsant effect both in vitro and in vivo MES models.

Keywords: Moringa stenopetala; seizures; epilepsy; anticonvulsant; 0 M92+ model; maximal
electroshock seizure model; pentylenetetrazol seizure model.

1. INTRODUCTION

Affecting 65 million individuals worldwide,
epilepsy is the third leading contributor to the
global burden of disease for neurological
disorders [1]. An estimated 2.4 million people are
diagnosed globally with epilepsy each year [2].
Even though antiepileptic drug (AED) medication
is widely available, many people with active
epilepsy particularly in resource-poor countries
go untreated [3]. In those getting treatment
refractoriness is still an important issue in
epilepsy therapy despite the fact that new
antiepileptic drugs have been available since late
1980s.In the search of novel antiepileptic drugs
one of the approaches is investigation of
naturally-occurring compounds [4].

In Ethiopia as various diseases are being treated
traditionally some survey shows also the practice
of treatment for epilepsy using plant extracts.
Moringa stenopetala though its root is claimed to
be used for epilepsy treatment in Konso area,
Southern Ethiopia there is no scientific study
conducted for the evidence of its potential value
[5]. As different researches on plants used for
epilepsy in different countries have shown
anticonvulsant activity, these plants may also
have value for the treatment of the disease [6].
Therefore scientific research should be done on
these plants for their antiepileptic potential [7].

Zero Mg®* model is one of the in vitro models to
study mechanism of seizure and antiseizure
drugs. The most commonly employed in vivo
animal models in the search for new
anticonvulsant drugs are the MES test and the
PTZ seizure test [8,9]. The maximal electroshock
seizure test, in which tonic hindlimb seizures are
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induced by bilateral corneal or transauricular
electrical stimulation, is thought to be predictive
of anticonvulsant drug efficacy against
generalized tonic-clonic seizures, while the
pentylenetetrazole test, in which generalized
myoclonic and clonic seizures are induced by
systemic (usually s.c. or i.p.) administration of
convulsant doses of PTZ, is thought to represent
a valid model for generalized absence and/or
myoclonic seizures in humans [8].

Hence this study was conducted with the
objective to looks for the anticonvulsant potential
of 80% methanol extract of Moringa stenopetala
using in vitro and in vivo mice models.

2. MATERIALS AND METHODS

2.1 Plant  Material Collection and
Extraction
The plant Moringa stenopetala(root) was

selected based on claim by the society to use for
epilepsy. From the areas where it
is used as traditional epilepsy therapy, the plant
part used in this study was collected in April
2016. The root of Moringa stenopetala was
collected from Arbaminch area 505 km South of
Addis Ababa. The plant was identified and
voucher specimen was
deposited with the given herbarium code (03-S)
in the national herbarium at Addis Ababa
University , College of Science, Ethiopia.

The collected plant parts were then garbled in th

e processing room and dried in the shade, and
powdered and stored in a well-
closed container at room temperature until extrac
ted. The powdered, air dried materials
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(500 g) of Moringa stenopetala (root) were then
extracted by maceration with 80% methanol at
room temperature for three consecutive days.
The mixture filtered by gauze and then with
Whatman™ filter paper 6um pore size (125 mm
GE healthcare UK limited, UK) and concentrated
under vacuum in a rotary evaporator. Using this
extraction technique M. stenopetala was
extracted with dry amount of 7.35
gm(1.47%).The extract was kept in a tightly
closed bottle in a refrigerator until used for anti-
seizure testing [10].

2.2 Phytochemical Screening

The method used by Debella [10] was
implemented to screen for the presence and/or
absence of the main secondary metabolite
groups in the extracts.

2.3 Acute Toxicity Study

An acute toxicity study was conducted for the
extracts by acute oral toxic class method of
Organization of Economic Co-operation and
Development, as per 423 guidelines [11].Three
female mice in a group were grouped into two
groups in the test randomly. One control group
was given distilled water and the other groups
was treated for Moringa stenopetala crude
extracts. The extracts were tested for a dose
2000 mg/kg and followed for acute signs in the
first day and followed for 14 days.

2.4 The 0 Mg** In vitro Model of Seizures

Acute brain slices were prepared from 14-21 day
old C57BL/6 mice. After decapitation, the mouse
brain was extracted and quickly placed in a 50%
sucrose cutting solution bubbled with carbogen
gas (95% oxygen and 5% carbon dioxide). The
cutting solution used was composed of (in mM):
KCI (3); NaCl (60); NaH2PO4 (1.2); NaHCO3
(23); MgCI2 (3); CaClI2 (1) ; D-glucose (11) and
sucrose (120) [12]. pH was adjusted to between
7.38 and 7.42 using 0.1mM NaOH. The mouse
brain was then appropriately sectioned using a
scalpel blade to ensure that the hippocampus
and entorhinal cortex would be sliced in the
transverse plane. 400 um horizontal slices were
cut using a vibrating VF-200 Compresstome
(Precisionary Instruments, USA). This method of
preparing acute brain slices is similar to that
employed by [13,14]. Slice quality was confirmed
by assessing the integrity of the hippocampus
and its connection to the entorhinal cortex (EC).
The slices were then transferred to a recovery
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chamber which contained a standard aCSF
solution, which was again bubbled with carbogen
gas. The standard aCSF solution was composed
of: NaCl (120 mM); MgCI2 (2 mM); KCI (3 mM);
CaCl2 (2 mM); NaHCO3 (23 mM); NaH2PO4
(1.2 mM); D-Glucose (11 mM). The slices were
kept in the recovery chamber at room
temperature (20-25°C) for a minimum of 40
minutes before being transferred to the interface
rig for local field potential recordings.

For recordings, slices were placed in an interface
recording chamber perfused with aCSF using a
peristaltic pump (Model 205S Watson-Marlow,
UK). The temperature was adjusted to ensure
the solution in the chamber surrounding the slice
was kept between 33 - 35°C. Single-electrode
extracellular recordings were performed using
glass micropipettes, which were prepared from
borosilicate glass capillaries with an outer
diameter of 1.20 mm and inner diameter of 0.69
mm (Warner Instruments, USA), wusing a
horizontal puller (Intracell Model P-1000, Sutter,
USA) [15].

The tips of the micropipettes were broken under
microscope visualisation using a VT-Il 2147861
microscope (Olympus, Japan). Pipettes were
filled with Mg2+- free aCSF and lowered onto the
entorhinal cortex of brain slices under
microscope guidance. Once the electrodes were
satisfactorily positioned in the tissue, field
potential recordings were initiated (Power lab, AD
Instruments). The recordings were verified
visually on the Lab Chart recording software (AD
Instruments, Dunedin, New Zealand). Electrical
signals were amplified by the Microelectrode AC
Amplifier (A-M system, model 1800) with gain set
at 10000.

To elicit in vitro epileptiform activity, slices were
bathed in Mgz+-free aCSF [16,17]. Removing
extracellular M292+reduces the voltage dependent
block of Mg“‘on N- methyl-D-aspartic acid
(NMDA) receptors. Initial interictal-like activity is
observed, followed by the gradual development
of seizure-like events (SLEs), which mimic what
is observed in temporal lobe seizures in humans
[18,19]. Seizure-like events are observable as
large, high-frequency events in the local field
potential recordings, which lasted more than 5s.
Baseline recordings were made for 600s with
standard aCSF before MgZ+—free aCSF was
washed in for 3000s in order to induce seizure-
like activityy The 0 M92+ solutions either
contained Moringa stenopetala extract (0.7
mg/ml), the relevant solvent dimethyl sulfoxide
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(DMSOQ) as a negative control, or diazepam as a
positive control. The presence of SLEs was
compared between treated slices versus
untreated control. The Fisher's exact test with
P<.05 was used to determine statistical
differences between groups [15,20].

2.5 In vivo Seizure Models

Male BALB/c mice weighing between 20-30 g
were used for both the maximal electroshock
seizure (MES) model and the pentylenetetrazole
(PTZ) seizure model. Mice were housed under
standard conditions at a temperature of 22 +
2°C, and with a 12 hr light/ 12 hr dark cycle. The
mice were provided with free access to a
standard pellet laboratory diet and water. The
animals were fasted for 4-8hrs prior to testing
[21] and were acclimatized to the laboratory
environment.

2.6 Maximal Electroshock Seizure (MES)
Model

Six BALB/c mice in each group were divided into
4 groups for the test extract. Animals in control
group received 0.5% twin 80 (0.3 ml), reference
group received phenytoin (10 mg/kg) and test
groups received test extracts (400 mg/kg and
800 mg/kg) orally. The animals in all the groups
received corresponding drugs 1 hour before the
application of shock. Each animal was properly
held and current of 54 mA was passed for 0.2
second transauricularly through ear lobe
electrodes using an electroconvulsiometer. The
duration of the hind limb extension was recorded.
A reduction in this duration was considered as an
anti-seizure action of the agent delivered [22].
The one way analyses of variance (ANOVA) test
with post hoc LSD with P<.05 was used to
determine statistical differences between groups.

2.7 Pentylenetetrazole (PTZ) Model

The animals were grouped into 4 groups and
administered vehicle, reference drug and
extracts as described in the MES test. In this
case the reference group was treated with
diazepam 5 mg/kg orally. One hour after
administering corresponding drugs to different
groups of animals, PTZ 85 mg/kg was injected
subcutaneously and mice were observed for
thirty minutes for the onset of convulsive
behavior if not protected by the extract. The test
is thought to be predictive of the activity of
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anticonvulsant drugs against nonconvulsive (myo
clonic or absence) seizures [22]. The onset time
of convulsions was recorded. The one way
ANOVA test with post hoc LSD with P<.05 was
used to determine statistical difference between
groups.

2.8 Statistical Analysis

Graph pad prism 5 and SPSS25 softwares were
used for analysis. The percentage of protected
slices were analyzed using the Fisher's Exact
Test (two-tail) with Graph pad prism 5. The one
way ANOVA analyzed with SPSS25 was used for
in vivo PTZ and MES test.

3. RESULTS
3.1 Yields of Hydromethanolic Extract

After hydro alcoholic extraction of the 500 gm M.
stenopetala , it was extracted with dry amount of
7.35gm (1.47%).

3.2 Acute Toxicity Study

Acute toxicity study was conducted at 2000
mg/kg dose and the animals were observed
according to the procedure for 14 days. There
was no behavioral change on live animals on
the days of follow up and also was no
abnormality on postmortem examination with the
extract.

3.3 In vitro Anticonvulsant Tests
Removal of Mg %" (0 Mg®) from the slice
perfusate results in recurrent seizure-like events
in control slices. Middle trace, concurrent
additon of 3 upM diazepam (a known
anticonvulsant) prevented SLE generation in
most slices. Addition of 0.7 mg/ml of M.
stenopetala extract prevented the onset of SLEs
in the majority of slices. Population data
demonstrate the anticonvulsant efficacy of
diazepam (2 of 12 slices had SLEs) and M.
stenopetala (1 of 16 slices had SLEs). The
hydroalcoholic extract of M. stenopetala extracts
had a statistically significant anticonvulsant
activity compared to control(P<.05). A positive
control using the known anticonvulsant diazepam
(3uM), showed significant anticonvulsant activity
(P<.05). The percentage of slices showing SLE
were given in Table 1.
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Table 1. Anti-seizure activity of Moringa stenopetala extracts in the 0 Mg?*in vitro seizure

model
Test group SLE SLE Total No. SLE Protection
positive negative slices(N) Percent
Control 10 6 16 37.5
Diazepam(3 pM) 2 10 12 83.33*
M. stenopetala (0.7 mg/ml) 1 15 16 93.57*

* denotes P <.05; Fishers exact test.

The in vivo PTZ test showed no statistically
significant effect with the plant extract at all dose
levels (P>0.05). (See Table 2).

The in vivo MES test showed statistically
significant effect in both low and higher dose of
Moringa stenopetala extracts (P< .05) in mean
hind limb extension time and survival. (See Table
3).

The qualitative secondary metabolite test
evidenced the presence of alkaloids, cardiac
glycosides, flavanoids, and saponins in Moringa
stenopetala extracts. The summery is depicted in
Table 4.

4. DISCUSSION

This study brings scientific evidences on the
therapeutic value of Moringa stenopetala (root)
which is traditionally being used for treatment of
epilepsy in Ethiopia. The study provides a
scientific rationale for the use of Moringa
stenopetala root extract for the amelioration of
epilepsy observed in traditional medicine in

Ethiopia. The results revealed the hydoalcoholic
extract of root of Moringa stenoptela, has shown
statistically significant in vitro antiseizure activity.
This was supported by the in vivo antiseizure
activity in MES model. But the crude extract
failed to show statistically significant activity in
PTZ model.

This show the plant has antiseizure potential.
The qualitative secondary metabolite test
evidenced the presence of alkaloids, phenols,
flavanoids, and saponins. According to the
review done by Zue et al. medicinal compounds
with antiepileptic/anticonvulsant activities are
alkaloids, flavonoids, terpenoids, saponins and
coumarins [6]. For the hydroalcoholic extract
contains these compounds the anticonvulsant
activity may be attributed to the presence of
these phytochemicals. In Moringa oleifera
alkaloids saponins, protein, flavonoids,
carbohydrates, tannins, terpinoids, phenols,
glycosides and phytosteroids showed presence
in all the components of leaf, pod and bark and
these parts showed anticancer activity [23].

Table 2. The Moringa stenopetala extracts didn't shows anti-seizure activity in the PTZ seizure

model
Test groups Number of Mean Latency for myoclonic
mice(N) Seizure(second)(Mean*SE)
Control 6 239.67+33.72
M.stenopetala 400 mg/kg 6 400.00+£37.10
M. stenopetala 800 mg/kg 6 387.33+35.82
Diazepam 5mg/kg 6 1800.00+0,00*

*denotes P <.05; ANOVA test; N

Table 3. The crude extract of Moringa stenopetala extracts shows anti-seizure activity in the

MES model
Treatment Number Mean Hind limb Survival
of mice Extension time(second)
(Mean*SE)
Control 6 24.33+2.45 2/6
M. stenopetala 400 mg/kg 6 10.33+3.52* 4/6*
M. stenopetala 800 mg/kg 6 12.50+4.16* 5/6*
Phenytoin 10mg/kg 6 00.00+00* 6/6*

*denotes P < .05; ANOVA test and Fisher's exact test
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Table 4. Secondary metabolites in the
hydroalcoholic extracts of M.stenopetala

Phytochemicals M.stenopetala
Alkaloid +
Cardiac glycosides +
Flavonoids +
Phenols -
Saponins +
Sterols -
Tannins -
Terpenoids -

+ denotes positive; - denotes negative

The result of MES model is in consistent with
study done in other species of Moringa, Moringa
concanensis which abolishes both MES and PTZ
seizures. The anti-convulsant activity can be due
to the presence of various phytoconstituents like
alkaloids, tannins, phenols, flavanoids, and
carbohydrates in the plant [24]. But the PTZ
effect in this species is in contrary of the finding
in our study in Moringa stenopetala. In another
study pretreatment with roots Moringa oleifera
methanolic extract caused statistically significant
protection against PTZ and strychnine (STR)
induced seizures [25]. The root PTZ effect
Moringa oleifera is also in contrary with the effect
seen in Moringa stenopetala. This may be due to
the phytochemical constituents with action on the
PTZ model may be in less concentration in
Moringa stenopetala. than with these two
species.

The root is also used in traditional medicine to
treat other different aliments and for which some
of the chemical components were studied. In one
study the acetone extract of Moringa stenopetala
(root), which was active as antibacterial was
found to contain palmitic acid , cholest-5-en-3-ol,
oleic acid and n-octacosane [26]. The acetone
crude extract of Moringa stenopetala (root bark)

was subjected to column chromatography
separation. Four compounds were obtained and
found to be stigmastereol, ursolic acid,

tasnemoxide and oleic acid based on their
spectral analyses. The antibacterial activity of the
compounds reveled that they show good
antibacterial activities [27]. In other study
Moringa stenopetala root extract isolates 1,3-
dioleoyl-2-linolein and 1,3-dili-noleoyl-2-olein has
sown anti leshmanial activity [28]. Roots of M.
stenopetalaand M. oleifera both had high
concentrations of 4-(a-L-rhamnopyranosyloxy)-
benzylglucosinolate and benzyl glucosinolate
[29].
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In vitro, in vivo, and some clinical studies
evidenced the n-3 fatty acids to have
anticonvulsant activity. At concentrations of up to
100 IM, Eicosapentaenoic acid (EPA), Alpha-
linolenic acid (ALA), or Docosahexaenoic acid
(DHA) reduced the frequency of
pentylenetetrazol (PTZ) or glutamate, low Mg**
or depleted of glycine induced action potentials
and excitatory discharges in hippocampal slices.
161M of DHA significantly inhibited the repetitive
action potentials evoked by depolarizing current
pulses [30]. These data led to the hypothesis that
fatty acids modulate ion channels. DHA and EPA
have also been shown to stabilize the neuronal
membrane in single cells by suppressing voltage-
gated Na* and Ca®* channels, and thereby
increasing the action potential firing threshold
[31]. The in vitro seizure suppression O-Mg2
model and action on the MES in vivo model in
Moringa stenopetala root may be from these
chemical constituents.

5. CONCLUSIONS

The hydroalcoholic crude extract of Moringa
stenopetala root showed to have anticoncvulant
effect both in vitro and in vivo models. The use of
local community as an anticonvulsant is
supported by the evidence obtained from this
study. Having this tapping its potential as
anticonvulsant is promising in identifying new
antiepileptic molecules as it is widely used for
treatment of other diseases with less toxic effect.
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ABSTRACT

Background: Epilepsy is a chronic disorder of the brain that affects people of all ages worldwide.
In the search of safe and effective antiepileptics traditional treatment practices are one area of
research to obtain novel molecules. Research is also needed to validate and standardize the
traditional claim. Clutia abyssinica leaves were one of the medicinal plants claimed for use against
epilepsy and evil eye and other diseases in different parts of Ethiopia. But there was no scientific
research evidence for the claimed use of the plant. Therefore this work was designed to evaluate
the anticonvulsant effect of hydroalcoholic extract of Clutia abyssinica leaves.

Methods: The dry residue of the plant extract was used for the test. In vitro OMg2+ mice model at
dose 0.7 mg/kg of extract, diazepam (3uM) and untreated brain slice groups were used to compare
the presence of seizure like event (SLE). In vivo pentylenetetrazol (PTZ) model with 85 mg/kg
subcutaneously was used to compare the seizure onset time with two extract doses and diazepam

*Corresponding author: E-mail: samsahle@gmail.com, samsonsahile@aau.edu.et;
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5 mg/kg. The data was presented with meant standard error. In maximum electric shock (MES)
model 54 mA was passed for 0.2 second transauricularly in mice. The mean time of hind limb
extension was recorded for doses 400 mg/kg and 800mg/kg of the extract and 10 mg/kg phenytoin.
The means were compared for statistical significance using one way ANOVA post hoc LSD
whereas proportions were compared using Fishers exact test with P-value < .05.

Results: In vitro anticonvulsant tests C. abyssinica extract effect was not statistically significant
compared to negative control (P>0.05).A positive control using the known anticonvulsant diazepam
(3uM), showed significant anticonvulsant activity (P<0.05). The in vivo PTZ test showed no
statistically significant effect in plant extract at all dose levels (P>0.05). In the in vivo MES test the
extract of Clutia abyssinica both low and higher dose didn't show statistically significant effect
(P>0.05) compared with the negative control. But the extract improved survival (p<0.05). The
qualitative secondary metabolite test evidenced the presence of alkaloids, cardiac glycosides,
flavanoids, phenols, saponins, sterols and terpeoids in Clutia abyssinica extract.

Conclusion: The hydroalcoholic crude extract result of the C. abyssinica as anticonvulsant is
weak based on the models used in this study. For most of the local preparation are mixes of
different plants it may have synergistic action with other plants. Or it may have action with other

models of chronic epilepsy.

Keywords: Clutia abyssinica; anti-epileptic; In vitro; In vivo; mice.

1. INTRODUCTION

Epilepsy is the third leading contributor to the
global burden of disease for neurological
disorders and affects 65 million people worldwide
[1]. In Ethiopia as various diseases are being
treated traditionally some survey shows also the
practice of treatment for epilepsy [2]. Clutia
abyssinica leaves were one of the medicinal
plants claimed for use against epilepsy and evil
eye and other diseases in different parts of
Ethiopia [3-5]. But there is no scientific evidence
for the claimed use. As different researches on
plants used for epilepsy in different countries
have shown anticonvulsant activity, this plant
may also have value for the treatment of the
disease. Therefore scientific research should be
done on these plants for their antiepileptic
potential [6].

Zero Mg®* model is one of the in vitro models to
study mechanism of seizure and antiseizure
drugs [7]. The most commonly employed in vivo
animal models in the search for new
anticonvulsant drugs are the MES test and the
PTZ seizure test [8,9]. The maximal electroshock
seizure test, in which tonic hindlimb seizures are
induced by bilateral corneal or transauricular
electrical stimulation, is thought to be predictive
of anticonvulsant drug efficacy against
generalized tonic-clonic seizures, while the
pentylenetetrazole test, in which generalized
myoclonic and clonic seizures are induced by
systemic (usually s.c. or i.p.) administration of
convulsant doses of PTZ, is thought to represent

a valid model for generalized absence and/or
myoclonic seizures in humans [8].

Hence this study was conducted with the
objective to looks for the anticonvulsant potential
of 80% methanol extract of Clutia abyssinica
using in vitro and in vivo mice models. The
results are of importance in validating the
claimed use and in revealing its anticonvulsant
potential for further scientific research.

2. MATERIALS AND METHODS

2.1 Plant Material
Extraction

Collection and

The plant Clutia abyssinica was selected based
on claim by the society to use for epilepsy. The
leaves of Clutia abyssinica were collected from
Bale area, Ethiopia, in April 2016. The plant was
identified and  voucher specimen was
deposited with the given herbarium code (01-S)
in the national herbarium at Addis Ababa
University, College of Science, Ethiopia.

The collected plant parts were then garbled in th

e processing room and dried in the shade, and
powdered and stored in a wellclosed container at
room temperature until extracted. The powdered,
air dried materials (400 g) of Clutia abyssinica
(leaves) were then extracted by maceration with
80% methanol at room temperature for three
consecutive days. The mixture filtered by gauze
and then with What man™ filter paper 6um pore
size (125 mm GE healthcare UK limited, UK) and
concentrated under vacuum in a rotary
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evaporator.  Using this extraction technique
Clutia abyssinica was extracted with dry amount
of 44.71 gm (11.18%).The extract was kept in a
tightly closed bottle in a refrigerator until used for
anti-seizure testing [10].

2.2 Phytochemical Screening

The method used by Debella [10] was
implemented to screen for the presence and/or
absence of the main secondary metabolite
groups in the extracts.

2.3 Acute Toxicity Study

An acute toxicity study was conducted for the
extracts by acute oral toxic class method of
Organization of Economic Co-operation and
Development, as per 423 guidelines [11].Three
female mice in a group were grouped into two
groups in the test randomly. One control group
was given distilled water and the other groups
was treated for Clutia abyssinica crude extracts.
The extract was tested for a dose 2000mg/kg
and followed for acute signs in the first day and
followed for 14 days.

2.4 The OMg* In vitro Model of Seizures

Acute brain slices were prepared from 14-21 day
old C57BL/6 mice. After decapitation, the mouse
brain was extracted and quickly placed in a 50%
sucrose cutting solution bubbled with carbogen
gas (95% oxygen and 5% carbon dioxide). The
cutting solution used was composed of : KCI (3
mM); NaCl (60 mM); NaH2PO4 (1.2 mM);
NaHCO3 (23 mM); MgCI2 (3 mM); CaClI2 (1 mM)
; D-glucose (11 mM) and sucrose (120 mM) [12].
pH was adjusted to between 7.38 and 7.42 using
0.1mM NaOH. The mouse brain was then
appropriately sectioned using a scalpel blade to
ensure that the hippocampus and entorhinal
cortex would be sliced in the transverse plane.
400pm horizontal slices were cut using a
vibrating VF-200 Compresstome (Precisionary
Instruments, USA). This method of preparing
acute brain slices is similar to that employed by
Dreier [13,14]. Slice quality was confirmed by
assessing the integrity of the hippocampus and
its connection to the entorhinal cortex (EC). The
slices were then transferred to a recovery
chamber which contained a standard aCSF
solution, which was again bubbled with carbogen
gas. The standard aCSF solution was composed
of: NaCl (120mM); MgCI2 (2mM); KCI (3mM);
CaCl2 (2mM); NaHCO3 (23mM); NaH2PO4
(1.2mM); D-Glucose (11mM). The slices were
kept in the recovery chamber at room
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temperature (20-25°C) for a minimum of 40
minutes before being transferred to the interface
rig for local field potential recordings.

For recordings, slices were placed in an interface
recording chamber perfused with aCSF using a
peristaltic pump (Model 205S Watson-Marlow,
UK). The temperature was adjusted to ensure
the solution in the chamber surrounding the slice
was kept between 33 - 35°C. Single-electrode
extracellular recordings were performed using
glass micropipettes, which were prepared from
borosilicate glass capillaries with an outer
diameter of 1.20mm and inner diameter of
0.69mm (Warner Instruments, USA), using a
horizontal puller (Intracell Model P-1000, Sutter,
USA) [15].

The tips of the micropipettes were broken under
microscope visualisation using a VT-Il 2147861
microscope (Olympus, Japan). Pipettes were

filled with M92+- free aCSF and lowered onto the
entorhinal cortex of brain slices under
microscope guidance. Once the electrodes were
satisfactorily positioned in the tissue, field
potential recordings were initiated (Powerlab, AD
Instruments). The recordings were verified
visually on the LabChart recording software
(ADInstruments, Dunedin, New Zealand).
Electrical signals were amplified by the
Microelectrode AC Amplifier (A-M system, model
1800) with gain set at 10000.

To elicit in vitro epileptiform activity, slices were
bathed in Mg*-free aCSF [16,17]. Removing
extracellular M292+reduces the voltage dependent
block of Mg°on N- methyl-D-aspartic acid
(NMDA) receptors. Initial in terictal-like activity is
observed, followed by the gradual development
of seizure-like events (SLEs), which mimic what
is observed in temporal lobe seizures in humans
[15,18]. Seizure-like events are observable as
large, high-frequency events in the local field
potential recordings, which lasted more than 5s.
Baseline recordings were made for 600s with
standard aCSF before Mgz+—free aCSF was
washed in for 3000s in order to induce seizure-
like activity. The O Mg2+ solutions either
contained Clutia abyssinica extract (0.7mg/ml),
the relevant solvent dimethyl sulfoxide (DMSO)
as a negative control, or diazepam as a positive
control. The presence of SLEs was compared
between treated slices versus untreated control.
The Fisher's exact test with P<.05 was used to
determine statistical differences between groups
[15,18].
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2.5 In vivo Seizure Models

Male BALB/c mice weighing between 20-30 g
were used for both the maximal electroshock
seizure (MES) model and the pentylenetetrazole
(PTZ) seizure model. Mice were housed under
standard conditions at a temperature of 22 + 2°C,
and with a 12 hr light/ 12 hr dark cycle. The mice
were provided with free access to a standard
pellet laboratory diet and water. The animals
were fasted for 4-8hrs prior to testing [19] and
were acclimatized to the laboratory environment.

2.6 Maximal Electroshock Seizure (MES)
Model

Six BALB/c mice in each group were divided into
4 groups for the test extract. Animals in control
group received 2%twin 80 (0.3 ml), reference
group received phenyto in (10mg/kg) and test
groups received test extracts (400mg/kg and
800mg/kg) orally. The animals in all the groups
received corresponding drugs 1hour before the
application of shock. Each animal was properly
held and current of 54 mA was passed for 0.2
second transauricularly through ear lobe
electrodes using an electroconvulsiometer. The
duration of the hind limb extension was recorded.
A reduction in this duration was considered as an
anti-seizure action of the agent delivered [20].
The one way analyses of variance (ANOVA) test
with post hoc LSD with P<.05 was used to
determine statistical differences between groups.

2.7 Pentylenetetrazole (PTZ) Model

The animals were grouped into 4 groups and
administered vehicle, reference drug and
extracts as described in the MES test. In this
case the reference group was treated with
diazepam 5mg/kg orally. One hour after
administering corresponding drugs to different
groups of animals, PTZ 85mg/kg was injected
subcutaneously and mice were observed for
thirty minutes for the onset of convulsive
behavior if not protected by the extract. The test
is thought to be predictive of the activity of
anticonvulsant drugs against nonconvulsive (myo

clonic or absence) seizures [20]. The onset time
of convulsions was recorded. The one way
ANOVA test with post hoc LSD with P<.05 was
used to determine statistical difference between
groups.

2.8 Statistical Analysis

Graph pad prism 5 and SPSS25 softwares were
used for analysis. The percentage of protected
slices were analyzed using the Fisher's Exact
Test (two-tail) with Graph pad prism 5. The one
way ANOVA analyzed with SPSS25 was used
for in vivo PTZ and MES test.

3. RESULTS

3.1 Acute Toxicity Study

Acute toxicity study was conducted at 2000mg/kg
dose and the animals were observed according
to the procedure. There was no behavioral
change on live animals on the days of follow up
and no abnormality on postmortem examination.

3.2 In vitro Anticonvulsant Tests

The C. abyssinica extract effect was not
statistically significant compared to negative
control (P>0.05). A positive control using the
known anticonvulsant diazepam (3uM), showed
significant anticonvulsant activity (P<0.05). The
percentage of slices showing SLEs were given in
Table 1.

3.3 In vivo Anticonvulsant Tests

The in vivo PTZ test showed no statistically
significant effect in plant extract at all dose levels
though there was dose dependent delay on
seizure onset (P>0.05) (See Table 2).

In the in vivo MES test the extract of Clutia
abyssinica, both low and higher dose didn't show
statistically significant effect (P>0.05) compared
with the negative control (See Table 3).But the
extract improved survival (p<0.05).

Table 1. Anti-seizure activity of Clutia abyssinicaextracts in the 0 Mg**in vitro seizure model *
denotes P <0.05, Fishers exact test

Test group SLE positive SLE negative Total No. slices SLE protection percent
Control 10 6 16 37.5

Diazepam 2 10 12 83.33*

Clutia abyssinica 8 4 12 33.33

1"
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Table 2. The Clutia abyssinica extracts didn't shows anti-seizure activity in the PTZ seizure
model. *denotes P <0.05, ANOVA test

Test group

Mean Latency for myoclonic seizure(s)

Control

C. abssinica. 400 mg/kg
C. abssinica. 800mg/kg
Diazepam 5mg/kg

oo o|Z

239.67+33.72
284.00+£13.93
457.83+x103.54
1800.00+0,00*

Table 3. The crude extract of Clutia abyssinica did't show anti-seizure activity in the MES
model. It improved survival compared with the negative control. *denotes P <0.05, ANOVA test
and Fisher's exact test.

Treatment N Mean hindlimb extension time(S) Survival
Control 6 24.33+2.45 2/6
Clutia abyssinica400 mg/kg 6 20.00+1.06 4/6*
Clutia abyssinica.800mg/kg 6 21.83 £0.40 5/6*
Phenytoin 10mg/kg 6 00.00* 6/6*

The qualitative secondary metabolite test
evidenced the presence of alkaloids, cardiac
glycosides, flavanoids, phenols, saponins, sterols
and terpeoids in Clutia abyssinica extract. The
summery is depicted in Table 4.

4. DISCUSSION

This study brings scientific evidences on the
therapeutic value of Clutia abyssinica (leaf)
which is traditionally being used for treatment of
epilepsy in Ethiopia. Clutia abyssinica showed
little effect on the in vitro as well as in vivo
models. The effect was not statistically different
from the negative control. This plant was
claimed by the local people for different ailments
and it is used for epilepsy and evil eye [21].
Traditionally it is used in treatment of many other
diseases [3,4,22]. The results in this test show it
has less anticonvulsant activity on the models
used to test anticonvulsant effect of the plant.
The plant may probably not have anticonvulsant
effect by itself but may potentiate the effect of
other concomitantly administered plants.

The dichloromethanolic root extract of C.
abyssinica demonstrated analgesic activities on

acetic acid-induced pain in Swiss albino mice
[23]. In other study in vivo antitrypanosomal
activity of methanol crude leaf extracts of C.
abyssinica against T. congolence field isolate
was demonstrated [24]. In one study the results
of serum biochemical markers and
histopathological studies in the crude 80%
methanol extract and n-butanol fraction pre- and
post-treated group support the hepatoprotective
effect of Clutia abyssinica leaf [25]. These
studies evidence the potential of the plant as
alternative treatment in the respective claimed
uses.

In the current study the leaves of Clutia
abyssinica extract showed the presence of
alkaloids, cardiac glycosides, flavanoids,
phenols, saponins, sterols and terpeoids. Though
these are some of the components, they didn't
show significant anticonvulsant effect in the
current models used in this study. Further study
in other seizure models as well as with higher
dose in models that showed dose dependent
improvement (ptz test) is needed to revalidate
the claim. For most plants are given in
combination it may have some potentiating effect
if it is given with other plants.

Table 4. Secondary metabolites in the hydroalcolic extracts of C. abyssinica

Phytochemicals

C. abyssinica

Alkaloid

Cardiac glycosides
Flavonoids
Phenols

Saponins

Sterols

Tannins
Terpenoids

+

+ 4+ + + 4+

+
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5. CONCLUSION

The hydroalcoholic crude extract result of the C.
abyssinica as anticonvulsant is weak based on
the models used in this study. For most of the
local preparation are mixes of different plants it
may have synergistic action with other plants. Or
it may have action with other models of chronic
epilepsy.
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