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ABSTRACT

It has been generally demonstrated that upon repeated administration, psychostimulants
induce behavioural and neuronal alteration in laboratory animals. The alteration induced by
one psychostimulant may however differ from another depending upon the mechanism of
action, each psychostimulant is manifesting. In general it has been agreed that behavioural
sensitisation plays an important role in the development of drug addiction and
psychopathological disorders. In this dissertation, the effects of acute and repeated oral
administration of Catha edulis or its active principle, cathinone on the behaviour and level of
neurotransmitters was assessed using Sprague-Dawley rats. The results show that repeated
oral administration of Catha edulis extracts or the active principle cathinone lead to locomotor
sensitisation, bizarre stereotypy behaviours, deficit in prepulse inhibition, and aggression.
These altered behaviours in animals are considered to be a strong hint on psychotic
phenomena in humans. The locomotor sensitisation and prepulse inhibition deficit induced by
repeated administration of Catha edulis or cathinone were attenuated by repeated
administration of atypical antipsychotic drug, clozapine, i.e., upon a retest the animals
behaved as if they had received Catha edulis or cathinone for the first time. Similarly, our
data show that repeated oral administration of Catha edulis extract to isolated rats enhanced
the baseline aggression. The neurotransmitters correlates for each study also show the
presence of alterations in the level of neurotransmitters in different regions. It is difficult to
assign, however, behavioural alteration to a single neurotransmitter because of the complex
nature of brain neuronal circuitry and the different effects that these neurotransmitters have at
different synapses. Finally, despite Catha edulis negative consequences, as demonstrated
above, the active component of this plant, cathinone reduced haloperidol-induced catalepsy in
animal model. Which could be important for future development of new anti-parkinsonian
drugs with limited dyskinesia inducing potential or it could as well be an important treatment
armamentarium for Parkinson’s disease.
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THE OBJECTIVES OF THE STUDY
Catha edulis Forsk (Celastraceae), a plant containing the active principle, S-(-)-cathinone, is
often chewed in Ethiopia without any restriction by law enforcement officials. On the
contrary, the plant active principle, S-(-)-cathinone is a schedule I of the controlled substance
Act (according to the United Nations Drug and Crime control). Cathinone’s derivative,
cathine is also a schedule IV psychomimetic drug. In the past, Catha edulis was grown in
Ethiopia on a limited scale in a certain geographical locations and used to be chewed only by
a few number of people (especially elderly) either for religious purpose or entertainment
reasons. Its use is now gradually becoming an omnipresent phenomenon in the country
(Zeina, 1988; Selassie and Gebre, 1996; Kebede, 2002, Dhaifalah and Santavy, 2004).
Sometimes, Catha edulis may be chewed along with nicotine and alcohol. This scenario
makes the problem even more complex (Zeina, 1988; Kebede, 2002). Nowadays, with the
exception of children, all categories of people and ages, including college and university
students are exposed to such potential psychostimulants (Zeina, 1988; Kebede, 2002). It has
become customary to observe truck, bus or taxi drivers chewing Catha edulis while executing
their daily duties. Catha edulis used to be sold in the past in a restricted areas but now is sold
freely on the open market in the major cities of Ethiopia or elsewhere without any
interventions. Attempts made by the society to reduce its widespread are not significant. On
the contrary, the problems associated with Catha edulis use are emerging (Giannini and
Castellani, 1982; Al-Meshal et al., 1991; Alem and Shibre, 1997; Awas et al., 1999; Ayana et
al., 2002).
In the social sphere, family disruption is a prominent problem, which includes frequent
quarrels among family members, breach of family ties, neglect of the education and care of
children and waste of family resources. The problem is not only limited to social norm
disturbances but also encompasses economic problems, such as spread of corruption, the loss
of many working hours among civil servants and private employees, the theft of public and
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private property to support the habit. Furthermore, it burdens the existing meagre health
facilities due to psychiatric disturbance and violence (Alem and Shibre, 1997; Awas et al.,
1999; Ayana et al., 2002). It may also lead to property damages by accidents that occur
driving under euphoric state. Some survey studies indicated that the prevalence of Catha
edulis chewing, particularly among the young generation was quite high (Kebede, 2002).
There were considerable high life time exposure among the society (Awas et al., 1999; Alem
and Shibru, 1997). A stratified random sampling survey and clinical diagnostic studies in
Butajira, Southern Ethiopia, indicated the presence of association between Catha edulis
consumption and the weighted aggregate lifetime prevalence of psychiatric morbidity such as
dissociative, mood, somatoform and anxiety disorders (Awas et al., 1999). Diagnostic studies
in mental sick individuals admitted to Amanuel Hospital, Addis Ababa, Ethiopia, revealed
also the presence of episodic psychosis attributed to heavy Catha edulis chewing (Alem and
Shibru, 1997). Animal studies also demonstrate the presence of neurological disturbance after
administration of cathinone or its relative congener (Gosnell et al., 1996; Sparago et al.,
1996).
Although Catha edulis use has increased over the past several years, limited studies have been
conducted regarding its long-term effects since Catha edulis use has been viewed with both
curiosity and disdain by the developed nations (Balint et al., 1991). One of the main reason is
that S-(-)-cathinone or cathine do not constitutes a major drug abuse problem in the west. This
accounts for the relative lack of interest pursuing research in this direction. Therefore, based
on the aforementioned facts, it is plausible to pursue further investigations on the impact of
long-term Catha edulis administration on animal models.
Research Objectives: This project has the following guiding objectives which are meant to
focus and shape the study (research) process. The objectives are divided into as general and
specific objectives:
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General Objectives:
¾ To investigate alterations in the behaviour upon acute and subchronic exposure to
Catha edulis extracts or commercial cathinone in the laboratory animals using
different paradigms.
¾ To assess alterations in the level of neurotransmitters upon acute and subchronic
Catha edulis administration and its active principle, S-(-)-cathinone.
¾ To correlate such alterations if possible with clinical reported psychopathological
disorders and look for treatment strategies.
Specific Objectives:
¾ To study

the behavioural alterations associated with Catha edulis or cathinone

administration using animal models of different psychosis (locomotor sensitisation,
stereotypy behaviour, prepulse inhibition deficit of a startle reflex, aggression and
catalepsy test).
¾ To analyse alterations in the level of brain´s neurotransmitters DA, 5-HT and
corresponding metabolites) upon acute and subchronic administration of the extracts
of Catha edulis or commercial, S-(-)-cathinone;
¾ To compare the potency Catha edulis extract with that of commercially available
cathinone or amphetamine.
¾ To study the withdrawal effect of Catha edulis or commercial S-(-)-cathinone after
subchronic administration and
¾ To study the effective of S-(-)-cathinone on haloperidol induced catalepsy
¾ To design or look for treatment strategies for psychopathologies associated with Catha
edulis chewing.
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1. INTRODUCTION
Misuse of psychostimulants is increasing from time to time (Scholey et al., 2004; Shearer and
Gowing, 2004; Yamamoto, 2004). Among the main contributing factors for their misuse are
the presence of illicit drug-dealing groups, which indiscriminately offer drugs, the current
wide distribution network such as the Internet and mobile phones and finally their availability
at an affordable price even in small communities and cities. It has become customary
nowadays to take the psychostimulants either at a casual gathering or at home for recreational
purposes (Simantov, 2004). Generally, the notion behind for such indulgence or misuse is
suggested to be for example for feeling at ease from daily stresses, having a sense of wellbeing and overcoming failure or social defeat. Their frequent uses may lead to a further
appetite for more and more, in most case, end up in a repeated misuse or poly-drug uses
(Scholey et al., 2004, Yamamoto, 2004). Psychostimulant abuses are often accompanied by
psychiatric problems (Farrell et al., 2002; Chen et al., 2003; Srisurapanont et al., 2003;
Henquet et al., 2005). This adds a further burden to the already existing disease conditions
and level of unmet treatment need. Educational teaching to the general public by way of
demonstrating the relation between psychostimulants misuse and psychiatric problem has
been strongly suggested as one of the strategies to curve further misuses (Yamamoto, 2004).
It would be beyond the scope of this dissertation to discuss the problem of psychostimulants
in general. Therefore, this piece of work rather focuses on the impact of a more communal
type of psychostimulant, Catha edulis and its active principle, cathinone. The plant is widely
consumed in Ethiopia and some neighbouring countries thinking that it has both medicinal
and psychostimulant effects. However, in the clinical survey, it has been shown that Catha
edulis chewing may lead to a psychiatric problem upon repeated misuse. To prove this
hypothesis, the following questions were addressed in this dissertation: 1) Could Catha edulis
induce alteration on the behaviour in rats if administered acutely or repeatedly? 2) Could
repeated Catha edulis / cathinone induce any alteration on the level of neurotransmitter in the
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basal ganglia and limbic system in rats? 3) Could atypical antipsychotic drugs affect the
expression of behavioural sensitisation in rats? 4) Could Catha edulis induce aggression in
socially isolated rats upon intermittent administration? and 5) Is there any therapeutic value of
the active constituent of this plant?
Finally, the dissertation is presented schematically to address the following topics: The
objective of the study was presented as a preamble for the introductory section. In the
introductory, under section 1.1, the psychostimulant plant, Catha edulis and its effects will be
shortly described. In section 1.2, the role of the basal ganglia and limbic system in relation
with cortical structure will be described since these structures are for instance important for
the patho-psychological processes. In section 1.3, the role of specific neurotransmitters will be
shortly outlined. These neurotransmitters play a major role in level-setting processes and
sanity of the brain. Section 1.4 outlines the causes of behavioural sensitisation and psychosis
and while section 1.5 briefly describe prepulse inhibition deficit and schizophrenia. The
remaining of the introductory, 1.6, 1.7 and 1.8, are assigned for psychostimulant induced
aggression, Parkinson's disease (PD) and treatment of psychopathological disorders
respectively. Sections 2 is denoted for the summary of the methods and basic apparatus
employed. Section 3 deals on a short summary of the publications. Section 4 is assigned for
general discussion. Last but not least, section 5 is allotted for conclusions and
recommendations. This latter section is followed by references, acknowledgements,
appendices of original publications and curriculum vitae.

1.1 The psychostimulant plant, Catha edulis
Catha edulis Forsk (Celastraceae), popularly known as "Khat" is a large shrub (Fig.1). The
leaves of which are used as a stimulant or a medicine in certain regions of East Africa and
Arabia. It has been used since antiquity as a religious, recreational, mood, thought and feeling
altering drug (Hill, 1965; Brenneisen et al., 1990; Selassie and Gebre, 1996; Al-Motarreb et
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al., 2002; BBC news, 2002). Catha edulis was probably known and used on the Ethiopian
uplands in very ancient times. It seems that it originated there and afterwards spread to the
surrounding neighbours, Kenya, Malawi, Uganda, Tanzania, Arabia, the Congo, Zimbabwe,
Zambia, and South Africa (UN, 1956; Shadan and Shellard, 1962; Elmi et al., 1987; Dechass,
2001). And even made available to US and Europe, among immigrants from Yemen and the
East African nations of Somalia and Ethiopia (Nencini et al., 1989).

A

B
Fig.1 Catha edulis: Plantation (A) and Bundle prepared for sales (B)
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Catha edulis is a natural stimulant from the flowering evergreen tree which grows to tree size
interspersed between coffee trees. It reaches heights from 3 to 6 meter. It is a thirsty seedless
plant which best grows above sea level (1500m) and can withstand droughts for several
months while other crops fail (Dechass, 2001). Fresh Catha edulis leaves are crimson-brown
and glossy but become yellow-green and leathery as they age. The leaves emit a strong smell
because of the enol compound produced from the active constituent. The traditional way to
consume Catha edulis is to pick a few leaves of a young shoot and to chew them slowly (Fig.
2). The most favoured part of the leaves are the young shoots near the top of the plant.
However, leaves and stems at the middle and lower sections are also used. Fresh Catha edulis
leaves are typically chewed like tobacco.

Fig. 2 Traditional way of chewing Catha edulis (picture adapted from BBC news, 2002)

Once the first few leaves are pulped, they are kept in the side of the cheek until the mouth
filled with fresh leaves. The user then chews intermittently to release the active components.
The old would be chewed for a while and then fresh leaves would be again ingested to keep
on filling the mouth. The chewing of Catha edulis leaves produces a strong aroma and
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generates intense thirst. Thus, to soothe the thirsty mouth, the chewers, in most cases, take
fluid intermittingly, either in the forms of soft drinks, coffee or tea. The process of chewing
continuous until the person feel a hedonic feeling. In general, the entire chewing process,
including the ceremony may take roughly 3-7 hours. Whereas, the extraction of the alkaloid,
cathinone and its realise into the system may take 15 to 45 minutes. Once the alkaloid enter
the system, users claim that they feel a sort of thrill or they talk a lot without feeling sleepy or
they remain alert overnight. Additionally, the users believe that they think more clearly and
quickly. They claim that they have a sense of well-being, increase energy, over-confidence
and improved cognitive ability. Both fatigue and hunger are eliminated. Such false notions
associated with chewing of Catha edulis lured even some colleges´ and universities´
communities to depend on Catha edulis’ leave (Zein,1988; Kebede, 2002). The literature on
Catha edulis Forsk (Celastraceae) is fairly extensive. In the past, studies have been conducted
on its botanical description, chemistry and pharmacology. A short summary over its botanical
description is already mentioned above. The chemistry of Catha edulis has been an intriguing
puzzle to both plant chemists and pharmacologists for years (UN, 1975; 1977; Szendrei,
1980). The characteristic stimulant activity of the fresh plant material could not be fully
explained in terms of the then known Catha edulis´ component, cathine. Thus, until not very
long ago, the active component present in the fresh leaves of Catha edulis was isolated (UN,
1975; Szendrei, 1980) and found to be cathinone (Fig. 3). The leaves contain also cathine,
cathidine, celastrin, edulin, choline, ratine, tannis, amino acids, minerals and vitamins
especially vitamin C (Szendrei, 1980). Cathine (pseudo-ephedrine) is produced when the
ketone (=O) functional group of cathinone (Fig. 3) is reduced to a corresponding alcohol
(-OH) group.
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Fig. 3 Structural relationship between the optical isomers of methcathinone, Cathinone,
methamphetamine and amphetamine. [A]: R= -CH3, S-(-)-Methcathinone;
R= -H, S-(-)-cathinone. [B]: R= -CH3, R-(-)-Methamphetamine; R= -H R-(-)-Amphetamine.

Studies on Catha edulis illustrated the importance of using freshly harvested young shoots
and leaves since the active component, cathinone, readily converts to a reduced product,
cathine (alcoholic group) upon drying or storage of the cut plant material (Szendrei, 1980).
That is the reason why seller wraps the fresh leaves of Catha edulis with banana leaves
immediately in order to minimize sunlight induced oxidation (Fig.1 B).

The pharmacology of S-(-)-cathinone and its derivatives in the central and peripheral nervous
systems is previously reported (Kalix and Branden, 1985; Kalix, 1991; Widler et al.,1994;
Gosnell et al., 1996; Sparago et al., 1996; Fleckenstein et al.,1999; Al-Motarreb et al., 2002).
S-(-)-cathinone is regarded as an amphetamine-like sympathomimetic amine (Fig. 3). A wide
variety of in vitro and in vivo experiments demonstrate that cathinone shares the action of
amphetamine on CNS as well as its sympathomimetic effects. Scientifically, it was shown that
cathinone, the active principle of Catha edulis, achieves a maximum plasma level after 1-2hr
after oral administration and has a half life of approximately 3hr in human (Zelger et al.,1980;
Widler et al., 1994; Toennes and Kauert, 2002; Toennes et al., 2003). The effect of cathinone
occurs within 15 min under conditions that require 30 min for amphetamine (Cho and Segal,
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1994). It was shown that Catha edulis, along with its active principle, S-(-)-cathinone
enhances locomotion in rats (Zelger, et al. 1980; Kalix and Branden, 1985). In the past,
enhanced locomotor response induced by S-(-)-cathinone or Catha edulis, has been implicated
to an increase in the level of dopamine, DA (Kalix, 1982; Kalix, 1991; Mereu et al., 1983;
Pehek et al., 1990). Accordingly, Catha edulis or its active principle, S-(-)-cathinone, like
amphetamine is considered to increase DA availability in the ventral striatum through its
action by promoting DA efflux from DA-containing synaptic endings through either reversing
the vesicular monoamine transport (VMAT) or the DA uptake transporters (Pifl et al.,1995).
S-(-)-cathinone was also implicated to induce alteration in the serotonin (Glennon and
Liebowitz, 1982; Nielsen, 1985). Recently, it was documented that S-(-)-cathinone may also
act on noradrenaline transporters (Rothman et al., 2003). Therefore, at this juncture, other
mechanisms which are not yet elucidated could not be excluded from the pharmacological
actions of Catha edulis or S-(-)-cathinone. However, support for the hypothesis that
amphetamine or cathinone requires an intact dopaminergic system to exert their effects has
been demonstrated in the past using dopaminergic antagonists which significantly attenuate
stimulant-induced activity (Zelger et al., 1980; Robinson and Becker, 1986; Cho and Segal,
1994). Besides S-(-)-cathinone, cathine (pseudo-ephedrine) or other compounds could as well
contribute to the stimulant effect of Catha edulis chewing (Szendrei, 1980; Schechter, 1990).

1.2. Basal ganglia and Limbic system
Highly integrated neural functions, such as those involving thought and motor processes,
which are generally considered to take place in cortical structures, may be modified by
primitive, tonically active, sub-cortical neuronal systems, such as basal ganglia, limbic and
reticular activating systems (review, Takakusaki et al., 2004). Accordingly, a dysfunction of
these delicately balanced primitive systems may result in derangements of mental processes
and lead to psychopathology (Robinson and Becker, 1986; Lipska, 2004).
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The basal ganglia are a group of subcortical nuclei involved in multiple segregated parallel
loops that modulate cortical activity (refer, Rech and Moore, 1971; Parent et al., 1995; Parent
and Hazrati, 1995; Schmidt, 1995; 1998; Schmidt and Kretschmer, 1997). The basal ganglia
play a critical but enigmatic role in many aspects of brain function including movements,
motivation, reward, and addiction. It is also perceived as important nodes in corticosubcortical networks involved in the transfer, convergence, and processing of information in
motor, cognitive, and limbic domains. The structures involved in this basal ganglia include
the caudate (having a tail) nucleus, the putamen (shell shaped) and the globus pallidus (pale
body), substantia nigra pars compacta (SNpc), and the subthalamic nucleus (STN) and the
motor nuclei of the thalamus. The globus pallidus is further subdivided into the globus
pallidus externa (GPe) and globus pallidus interna (GPi). The standard model suggests that
there are two pathways through the basal ganglia: direct and indirect (Schmidt, 1995; 1998;
Schmidt and Kretschmer, 1997). The direct pathway is thought to facilitate movements while
the indirect pathway is thought to suppress movements (Fig. 4). A direct pathway projecting
to the thalamus via two GABAergic neurons and an indirect pathway that projects to the
thalamus via three GABAergic neurons. Thus, an excitatory cortical input to the striatum is
either facilitatory (by the direct pathway) or inhibitory (by the indirect pathway) upon
thalamic nuclei which modify movements on a second–to-second basis. The basal ganglia are
therefore functionally assisting the cerebellum and the motor cortex. Neurologic disorders
such as Parkinson's disease involve the basal ganglia and lead to a slow movement (Schmidt,
1995; 1998; Schmidt and Kretschmer,1997).
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Fig. 4

Schematic presentation of the basal ganglia and its connections (adapted from
Schmidt, 1995; 1998; Schmidt and Kretschmer, 1997). Glu: glutamate; DA: Dopamine,
GABA: gamma-aminobutyric acid, CPU: Caudate putamen, Gpe: External globus pallidus, Gpi:
Internal globus pallidus, SNpc: Substantia nigra pars compacta, STN: Subthalamic Nucleus; THAL:
Thalamus, SNr: substantia nigra pars reticulata, D1 & D2: dopamine receptors; VA: Ventral anterior;
VL: Ventral lateral, VM: ventral medial.

The limbic system is a group brain structures that are involved in various emotions such as
addictions, aggression, fear, pleasure and also in the formation of memory (refer Rech and
Moore, 1971; Robinson and Becker, 1986; Kelley et al., 2003; Self, 2004; Kelley, 2004). Its
structure lies above and around the thalamus, and just under the cerebrum. And it affects the
endocrine and autonomic nervous system as well. The structure includes the nucleus
accumbens, the hippocampus, the amygdala, hypothalamus and several other nearby areas. It
is tightly connected to the mPFC and VTA (Fig. 5). The limbic system appears to be primarily
responsible for our emotional life, and has also a lot to do with the formation of memories. It
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is power-packed with functions, all of which are critical for human behaviour and survival.
From an evolutionary standpoint, this is an older part of the mammalian brain that enabled
animals to experience and express emotions (Rech and Moore, 1971). Thus, the limbic circuit
plays a determinant role for understanding psychopathologies like schizophrenia and
sensitisation to certain psychostimulants and relapse in drug withdrawal.

Fig. 5 The basal ganglia and the limbic system connections in the regulation of psychomotor
and reinforcement processes (adapted from Honkanen, 1999).

Cpu: caudate-putamen, GP:

globus pallidus, Th: thalamus, STh: subthalamic nucleus, PPTg: PedunculopontineTegmental nucleus, SNc:
substantia nigra pars compacta, VTA: ventral tegmental area, PCF: prefrontal cortex, VP: ventral pallidum, B:
nucleus basalis of Meynert, LH: lateral hypothalamus, AcbSh: nucleus accumbens shell; AcbC: nucleus
accumbens core.

1.3 Neurotransmitters
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By means of behavioural or pharmacological (Robinson and Becker, 1986; Schmidt and
Kretschmer, 1997), electrical or chemical lesion (Agid et al., 1974; Goldstein et al., 1976),
electrical stimulation (Voigtlander and Moore, 1971), blocking (Van Zwieten-Boot and
Noach, 1975); immunohistological (Hokfelt et al., 1975) and knockout (Caine et al., 2002)
studies, it has been shown that neurotransmitters such as catecholamines, amino acids and
peptide derivatives are involved in the basal ganglia and limbic systems. It is generally
known that many, even possibly all, neurons contain more than one transmitter. Here in this
dissertation, only the biogenic amines, particularly dopamine, serotonin and their
corresponding metabolites are dealt due to their relevance to the studies conducted.

Dopamine (DA), or β-(3,4-dihydroxyphenyl)ethylamine is an endogenous catecholamine.
It was first recognized as a neurotransmitter in the central nervous system in 1957 (Carlsson,
1959) and plays a vital role in transmitting signals between neurons, which are separated by a
synaptic cleft (Snyder et al., 1970; Cooper et al., 1996; Heidbreder et al., 1996; Schmidt,
1995; 1998; Schmidt and Kretschmer, 1997; for a review see Kandel et al., 2000; Dani and
Zhou, 2004). DA is widely distributed in the basal and limbic systems. Accordingly, the
midbrain DA is the principal neurotransmitter in the following major neural systems in the
midbrain: 1) the nigrostriatal pathway which originates from DA-synthesising neurons of the
midbrain substantia nigra pars compacta (SNc, A9) and innervates the dorsal striatum. The
degeneration this DA synthesising neuron leads to Parkinson's disease); 2) the mesolimbic
system which arises in the midbrain ventral tegmental area (VTA, A10) and innervates the
ventral striatum (nucleus accumbens and olfactory tubercle) and part of the limbic system:
This system influences motivated behaviour, including activity related to reward; 3) the
ventral tegmental area also gives rise to the smaller mesocortical pathway, which innervates
part of the frontal cortex and may be involved in certain aspects of learning and memory and
finally tubero-infundibular pathway which supplies DA to the hypothalamus region. The
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innervations of widespread area of the brain by this particular neurotransmitter are consistent
with the multitude of functions it modulates. And the variety of neuropathological disorders
associated to its imbalance (Mansbach et al., 1988; Schmidt, 1995; 1998; Schmidt and
Kretschmer, 1997; Siegel et al., 1999; Koch and Fendt, 2003; Miczek et al., 2002; Miczek and
Fish, 2005). Medications used to modify behavioural disturbances may be chosen based upon
the receptors on which this neurotransmitter exerts its major effect. There are at least 5 DA
receptors denoted by subscripts D1-D5 (for a review see Kandel et al., 2000; Oak et al., 2000;
Dziedzicka-Wasylewska, 2004). The D1 and D5 receptors (referred as the D1 family of
receptors) act on G-protein coupled receptors which activate adenylate cyclase, increase
cyclic AMP, and are excitatory. The D2, D3, and D4 receptors (the D2 family act on G-protein
coupled receptors which inhibit adenylate cyclase, decrease C-AMP, and are inhibitory). This
latter family of receptors are more concentrated in the meso-limbic and meso-cortical
pathways and are associated with psychosis and its treatment (Kapur and Seeman, 2001). DA,
like other catecholamine neurotransmitters, is synthesized from the amino acid precursor,
tyrosine, which has to be taken up through the blood brain barrier by transporters into the
dopaminergic cells. The first step in the synthesis of catecholamines is the hydroxylation of
tyrosine to dihydroxy phenylalanine (DOPA), by tyrosine hydroxylase, which is also the rate
limiting enzyme in the synthetic cascade. In the cytoplasm of cells, DOPA decarboxylase
transforms DOPA to DA, which is then carried by another active transporters to synaptic
vesicles, where the molecules are protected from catabolizing enzymes. Dopamine is
degraded by a two-step process involving the enzymes monoamineoxidase (MAO) and
catechol-O-methyltransferase (COMT) (Fig. 6). COMT is primarily active in the synapses
whereas, MAO is primarily active in the pre-synaptic terminal against catecholamines that are
not safely enclosed in storage vesicles. MAO accounts for a much larger portion of
catecholamine metabolism.
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Fig. 6

A simple schematic presentation of dopamine metabolism.

Both movement and psychotic disorders in humans have been associated with disturbances in
the functioning of the dopaminergic system.

Serotonin(5-HT) is another important neurotransmitter in the central nervous system. It is an
indolamine monoamine. Serotonin neuron project throughout the basal ganglia and limbic
systems (for a review see Kandel et al., 2000; Baumgarten and Grozdanovic, 1995). The
synthetic pathway for 5-HT is analogous to the catecholamines in many ways. An important
distinction however is that the rate limiting step is the uptake of tryptophan into the neuron.
Tryptophan is converted to 5-hydroxytryptophan by tryptophan hydroxylase and then this
product further gives rise to 5-HT with the help of L-aromatic acid decarboxylase (Birdsall,
1998). The metabolism of serotonin is primarily done by MAO. The principle metabolite is
5HIAA. 5-HT and its receptors are found both in the central and peripheral, especially in the
gastro-enteric, nervous system, as well as in a number of non-neuronal tissues. 5-HT
produces its effects through a variety of membrane-bound receptors: 5HT1, 5HT2, 5HT3,
5HT4, 5HT5, 5HT6, and 5HT7 (Cowen, 1991; Hoyer et al., 1994; Saxena, 1995; Barnes and
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Sharp, 1999; for a review see a book by Kandel et al., 2000; Meltzer et al., 2003). Within the
5HT1 group there are subtypes 5HT1A, 5HT1B, 5HT1D, 5HT1E, and 5HT1F. There are three
5HT2 subtypes, 5HT2A, 5HT2B, and 5HT2C as well as two 5HT5 subtypes, 5HT5a and 5HT5B.
Most of these receptors are coupled to G-proteins that affect the activities of either adenylate
cyclase or phospholipase C. The 5HT3 class of receptors are ion channels. The serotonergic
system is known to modulate mood, emotion, sleep and appetite and thus is implicated in the
control of numerous behavioural and physiological functions and has also been implicated in
the aetiology of numerous disease states including depression, anxiety, social phobia,
schizophrenia, obsessive-compulsive and panic disorders, aggression (Schreiber and De Vry ,
1993; Andrews and File, 1993; Eison and Eison, 1994; Deakin,1998). Thus, the development
of specific agonists and antagonists to these different types of receptors would be useful in
the treatment of various disorders.

1.4 Behavioural sensitisation and psychosis
Repeated treatment with psychostimulant drugs produces alterations in the behaviour that
outlast the initial neuropharmacological actions. This is usually illustrated by an increase in
the magnitude of the locomotor-stimulatory effects. The phenomenon is often called
behavioural sensitisation (Robinson and Becker, 1986; Stewart and Badiani, 1993; Pierce and
Kalivas,1997; Kalivas et al.,1993; Segal and Kuczenski,1994; Heidbreder et al.,1996). The
progressive augmentation of behavioural responses to psychomotor stimulants persists even
after a long period of withdrawal. Particularly, behaviour sensitisation to the
psychostimulants develops rapidly even with relatively small doses when the drugs are
administered repeatedly in the same distinct environment (Robinson and Becker,1986;
Stewart and Badiani , 1993). Thus, the most robust behavioural sensitisation is seen when the
experimental animals are removed from their home cage to a distinct experimental arena and
the psychostimulants are administered. This form of

behavioural sensitisation is often
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termed context dependent sensitisation (Robinson and Becker,1986; Stewart and Badiani,
1993; Amtage and Schmidt, 2003). Investigation into the neural basis of behavioural
sensitisation has focused on mesoaccumbens projection because of the mature literature
implicating this DA pathways in the acute motor and reinforcing effects of amphetamine-like
stimulants. Over the last decade, with a few exceptions, the study to correlate behavioural
sensitisation with the neuronal-sensitisation has often emerged with inconsistencies
(Robinson and Becker, 1986). In contrast, the presence of behavioural sensitisation is
consistant event. Generally, it is assumed that the mesoaccumbens’ DA projection embedded
in the limbic circuit may undergo alteration and produces behavioural sensitisation. The
specific changes in the limbic circuit that promote behavioural sensitisation are however
under the control of experimental parameters, such as the drug employed, dosage regimen,
withdrawal period and the presence of conditioning cues (Robinson and Becker, 1986).
Therefore, the profile of a particular neurotransmitter alteration observed after exposure to
repeated psychostimulants may vary depending upon the experimental protocol and strain of
animals, even though all laboratories report the presence of behavioural sensitisation
(Robinson and Becker, 1986). The nature of persistent drug-induced neuro-behavioural
adaptations is of interest because they are thought to contribute to the development of drug
dependence and addiction and also psychopathologies, e.g. amphetamine psychosis
(Robinson and Becker,1986). Accordingly, the primary animal model for psychostimulantinduced psychopathologies involves repeated administration of drug to rodents, which can
produce a progressive and enduring augmentation in motor activity (Robinson and
Becker,1986; Stewart and Badiani, 1993; Pierce and Kalivas, 1997; Kalivas et al.,1993;
Segal and Kuczenski, 1997).

1.5 Prepulse inhibition deficit and Schizophrenia
Schizophrenia has long been associated with abnormalities in the information processing and
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attention mechanisms (Grillon et al., 1992; Feldon and Weiner, 1992; Braff, 1993; Swerdlow
and Geyer, 1998). In an attempt to better understand the mechanisms underlying
pathophysiology of schizophrenia, the sensorimotor gating processes has received much
attention. One well-established method for evaluating sensory filtering is the paradigm of
prepulse inhibition (PPI) which refers to the inhibition of a startle reflex by presentation of a
weak intensity prepulse immediately before the startle stimulus (Koch, 1999; Fendt et al.,
2001; Koch and Fendt, 2003). Disruption of PPI in schizophrenic patients has been well
described in several studies (Kumari et al., 1999; Geyer et al., 2001; Braff et al., 2001). PPI
deficits can also be observed in rats treated with psychotomimetic agents (Andersen and
Pouzet, 2001; Bell et al., 2003). The reduction in startle produced by a prepulse stimulus in
animal model is equated in many ways with that of a loss of sensorimotor gating in
schizophrenic patients which may lead to sensory flooding and cognitive fragmentation. The
validity of PPI is demonstrated using several paradiagms (for reviews see, Swerdlow et al.,
1994; Swerdlow and Geyer, 1998). For example, PPI was disrupted in rats when dopamine
was infused or the dopamine agonist apomorphine was administered into the nucleus
accumbens which mimicks PPI deficits in schizophrenics. PPI deficits are blocked by
antipsychotics, such as haloperidol and clozapine (Swerdlow and Geyer, 1993). Thus, the
loss of PPI in dopamine-activated rats may be a valid animal model of sensorimotor gating
deficits in schizophrenic patients. This model may help to understand the neurobiology of
cognitive deficits in schizophrenic patients

1.6 Psychostimulant induced aggression

The term “aggression” refers to behaviour that is intended to harm another individual
(Miczek and Fish, 2005). Animal model of aggression involves manipulation of the brain
either pharmacologically or electric stimulation (Siegel et al., 1999; Miczek and Fish, 2005).
Psychostimulants are also implicated in aggressive behaviours (Miczek and O'Donnell, 1978;
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Sokolov et al., 2004; Curran et al., 2004). There are several forms of aggression, each with
specific environmental triggers and serving different functions (Miczek and Fish, 2005).
Accordingly, aggression has been delineated into different types, such as offensive and
defensive behaviour (Miczek and Fish, 2005). Animal studies of aggression usually involve
different paradigms. Among these, isolation-induced aggression is often employed
(Matsumoto et al.,1991; Miachon et al., 1993; Leng et al., 2004). In isolation-induced
aggression, male mice or rats are isolated for two to six weeks and then placed together for
fighting. The latency, duration and intensity of the fighting are measured and later the effects
of pharmacological intervention could be assessed. Different neurotransmitters and brain
regions are implicated mediating aggression (refer, Miczek and Fish, 2005). Among the
neurotransmitters, most emphasis has been drawn to serotonin since it plays a vital role in the
modulation of different forms of aggression in rodents (Rilke et al.,1998; Miczek et al., 2002;
Miczek and Fish, 2005). Generally 5-HT is the most powerful inhibitor of aggressive
behaviour and a loss of 5-HT enhances aggressivity. However, the complexity of the neural
circuits and the presence of different neurotransmitters in the brain make the association of a
single neurotransmitter to the actual observed aggression complex.

1.7

Treatment of psychopathological disorders

It is generally postulated that psychostimulants act via a circuit involving the ventral
tegmental area (VTA), nucleus accumbens (Nacc) and medial prefrontal cortex (mPFC). The
PFC sends glutamatergic projections that activate dopaminergic neurons in the VTA. These
projections provide an extremely important excitatory drive necessary for the development of
behavioural sensitisation. Treatment strategies for psychopathological disorders, therefore,
should be based either to attenuate the dopaminergic or glutamatergic overflow. In the last
few decades, several antipsychotic drugs, mainly typical and atypical antipsychotic drugs,
have apparently been employed in the treatment of psychosis and schizophrenia (Kapur et
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al.,1999; Ananth et al., 2001; Remington, 2003). Each antipsychotic drug has its own merits
and demerits. Clozapine is considered to be atypical antipsychotic drug and is employed for
the treatment of schizophrenia (Kumari et al., 1999). However, the efficacy of each drugs in a
particular population is still debatable.

1.8

Antiparkinsonian agents

Unfortunately, there is currently no cure for Parkinson´s disease (DA) nor a preventive
treatment. Treament is restricted mainly to symptomatic relief although some agents may
offer neuroprotective benefits. The clinical treatment of PD is centred on DA replacement
therapy. Levodopa has been the pharmacological standard of care for treating patients with
PD in the past. However, its long-term use leads to motor complications, response
fluctuations, and dyskinesia (Hurtig, 1997). DA agonists, such as apomorphine are also
consider to have beneficiary in the treatment of PD. In addition, some compounds from the
'Ecstasy'-derivatives exert potent anti-parkinsonian activity. For example, 3,4-Methylenedioxymethamphetamine, 'Ecstasy' dose-dependently and very potently reverse haloperidolinduced parkinsonism in the rat (Schmidt et al., 2002, Lebsanft et al., 2005). The search for
new therapeutic agent which alleviate the problem associated with PD is still going on. Here,
in this thesis, we studied the use of the active constituent of Catha edulis, cathinone as a
potential for the treatment of PD. PD is a gradual progressive neurodegenerative disorder that
affects predominantly body movement but also cognition. It is characterized by symptoms
such as muscle rigidity, resting tremors, loss of facial expression, hypophonia, diminished
blinking, and akinesia (Schmidt, 1995; 1998; Schmidt and Kretschmer, 1997; Betarbet et al.,
2002). The motor disabilities characterizing PD are primarily due to the loss of dopaminergic
neurons in the substantia nigra resulting in a dramatic decrease in the DA levels in the brain.
Once the DA neuronal cell death reaches the critical level, the neurological symptoms of PD
appear (Damier et al.,1999; Alam and Schmidt, 2000; Betarbet et al., 2002).
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2. MATERIALS AND METHODS
The studies performed in this dissertation are outlined in detail in each of the manuscripts:
Manuscript-I outlines the procedures for extraction of crude extract from fresh Catha edulis
plant. Manuscript-II elucidates the methods for behavioural sensitisation and brain
monoamines analyses. Manuscript-III illustrates the procedures for behavioural sensitisation,
prepulse inhibition deficit of a startle reflex, attenuation of behavioural sensitisation and
prepulse inhibition deficit with the atypical antipsychotic agent, clozapine. The same
manuscript also includes procedures for monoamine analyses. Manuscript-IV demonstrates
the procedures for aggression test and monoamine analyses. Finally, manuscript-V elucidates
the catalepsy and open-field experimental procedures. Thus, it would be rather redundant to
repeat once again the same materials and methods in this academic dissertation. Here, a
summary of the methods and relevant information, which were not incorporated in the
original research reports because of space limitation, are presented here. All the experiments
were carried out in the Department of Neuropharmacology, Institute of Zoology, Faculty of
Biology, Eberhard Karls University of Tuebingen.
Animals:
Animals employed in all procedures were male Sprague-Dawley rats from Charles River,
Sulzfeld, Germany. Prior to any experimental procedures, rats were either group-housed or
isolated randomly (depending upon the experimental protocols). They were kept under
constant conditions:12/12 h light /dark cycle (light on 0800 hours), temp (20.9 oC) and
humidity (54 –60%) in our laboratory facility. In all cases, rats were fed with 12 g of standard
rat chow (Ssniff Spezialdiäten, SOEST, GmbH, Germany) per day and given water ad
libitum. Their weights were monitored every day. In all procedures, the rats were left under
specified conditions to acclimatize for at least three to five weeks before conducting any
experimental procedures. Rats were properly handled by the experimenter and made familiar
to gavage administration during the specified periods. All experiments employed in the
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manuscripts (II-V) were done in accordance with the European Communities Council
Directive of 24 November 1986 (86/609/EEC) and were approved by the local council of
animal care (Regierungspräsidium, Tuebingen , ZP 6/03).
Drugs:
Drugs and chemicals employed in this dissertation were scientifically proven quality and from
known sources. Purchase of psychostimulant and transportation of Catha edulis leaves from
Ethiopia to Germany were permitted by “Bundesopiumstelle”
Preparation of the crude extract from Catha edulis leaves
The fresh plant, Catha edulis was brought from Ethiopia and extracted using a simple freezeprecipitation and lyophilization technique (manuscript I) under minimum thermal injury. Thin
layer chromato-graphy (Szendrei, 1980) [Fig. 7], spectrophotmetre (Al-Obaid, et al. 1998)
[Fig. 8] and high performance liquid chromatography diod array detection (Mathys and
Brenneisen,1992; Toennes and Kauert, 2002) [Fig. 9] were employed to identify and also
quantify the cathinone in the crude extracts. Commercial cathinone was employed as a
standard.
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Fig.7 Thin layer chromatography of lyophilised pure cathinone (spot 3) and different
concentration of Catha edulis extract (spots,1,2,4 and5)
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Fig. 8 Spectrophotometric identification and quantification of cathinone in the lyophilized
Catha edulis extract. A: The chromatogram of pure cathinone HCl at 254 nm. B: The
spectrum of cathinone-copper (II)-neocuproine reagent (at 455 nm). C: Linear
regression
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Fig. 9 Representative of HPLC-UV/DAD-chromatogram of pure cathinone (top high single
peak) and lyophilized Catha edulis extract.
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Treatments
In order to administer the lyophilised Catha edulis extract, the active principle, cathinone and
amphetamine, oral-gavage was employed except in the catalepsy procedure (Fig.10). Such
route was used since pharmacokinetics studies showed that Catha edulis or S-(-)-cathinone is
readily absorbed into plasma from the stomach and mouth (Widler et al., 1994; Toennes et al.,
2003). Besides, the Catha edulis leaves are usually taken orally in humans. In the catalepsy
and openfield experiment, a non-stressed subcutaneous injections was employed (manuscript
V).

A

B

Fig.10 Schematic illustration of the oral-gavage administration (A) and non stressed s.c.
injection (B)

Measurement of motor activity
Horizontal and vertical locomotion of rats were assessed using an open-field box (video
mounted at the top (Fig. 11A) and activity boxes (Fig. 11B). In the open field hole boards, the
behaviour was first videotaped and later offline monitored using a dose-based program. In the
activity box, locomotion was monitored using a fully automated computer controlled
photocells (Process control motility test 302000, TSE, Technical and Scientific Equipment).
Interruptions of horizontal and vertical light beams due to rat’s movement were registered
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automatically. These data were then later converted to digital values, expressed as distance
travelled in meter or number of rearing.

A

B

Fig.11 Schematic presentation of open-field box (A) and activity box (B). The black circles
on the floor in the Fig. A indicate the open holes for explorations. The dotted lines in
the Fig. B display a horizontal and vertical beam lights. Light breaks are registered in
the central board and send to the PC for data generations.
Acoustic startle and prepulse inhibitions deficit (PPI)
For PPI measurement, each rat was placed in a wire-mesh test cage which was mounted on a
piezoelectric accelerometer (Fig 12 ). Then the cages were placed in the sound attenuated and
well ventilated rectangular boxes. The acoustic startle and prepulse inhibitions were recorded
and digitised in the attached computer (manuscript III).

Fig.12 Schematic illustration of the acoustic startle and PPI deficit measurements.
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Aggression test
Aggression test was conducted using isolated rats. The rats were kept in small cages isolated
for five weeks. Then aggression tests were conducted in a separate room but within their own
residence cage except that the wire-top was replaced by a transparent polypropylene cage
similar in size with the residence cage (Fig.13A). The behaviour of the rat without or with the
presence of intruder was videotaped in hidden arena (Fig. 13 B &C). The video was offline
monitored to assess the degree of aggression.

A

B

C
Fig.13 Schematic presentation of isolation induced aggressive paradigm. Patched fur colours
show the isolated rat.
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Catalepsy test
The animal equivalent of Parkinson’s disease “catalepsy” was measured in two established
tests: 1) bar: placing both forepaws on a horizontal bar 9cm above floor. 2) grid: hanging the
animal with all four paws onto, a vertical grid with grid constant of 0.85 cm. The degree of
catalepsy was assessed quantitatively by measuring the time from placement of the animal
until removal of one of its paws (descent latency) with cut-off time of 180 s (for details refer
manuscript V).
Level of neurotransmitter analyses using EDC-HPLC system
For neurotransmitters analyses, rats were killed by decapitation. Then, each of the brain was
removed rapidly and dissected into the various regions according to Heffner et al., 1980 (Fig.
14). The dissected regions were weighed and stored immediately in liquid nitrogen and then
later transferred to –80 oC until HPLC analyses (for detail procedure refer manuscripts II-IV).
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Fig.14 Pictorial presentation of brain dissection (adapted from Heffner et al., 1980)

Measurement of dopamine, serotonin and their metabolites from brain samples.
On the day of the assay, frozen tissue samples were removed from –80 oC and immediately
homogenized in a specified eluent. The concentration of each neurotransmitter and its
corresponding metabolites were analysed by high-performance liquid chromatography with
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electrochemical detection. Each tissue sample, after preparation, was auto-injected into a
reverse phase column. Quantitative estimation and comparisons were made using internal and
external standard chromatograms(Fig.15 A & B).

A

B
Fig.15 Representative of standard (A) and tissue (B) chromatograms.

Statistical Analyses and data presentation
In all the procedures, data were expressed as Means + SEM. Statistical analyses were carried
out using, the GB-stat version 7 software (Dynamic Microsystem, Inc., 2000). Data for the
behavioural studies were analysed using either non parametric or parametric statistics. One or
two-way ANOVA was employed. Data were further submitted to post-hoc multi-comparison
test. Microcal origin was used for graphical presentation of the data.
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3. SUMMARY OF PUBLICATIONS
3.1 Manuscript I, Banjaw and Schmidt, 2004. Lyophilisation and freeze-precipitation as a
method for crude extraction of cathinone from Catha edulis leaves with minimum
thermal injury. Chemistry of Natural Compound 40: 611-12
The first question addressed at the outset of this study was how to maintain the active
principle of the psychostimulant plant, Catha edulis extract since fresh leaves of the plant
lose potency upon exposure to sunlight and easily degraded to a less potent compound known
as, cathine (pseudo-ephedrine). To alleviate such rapid degradation of the active principle
and minimize the thermal injury of Catha edulis, first the plant was transported from Addis
Ababa to Germany under cold chains. Secondly, a lyophilisation and freeze-precipitation
methods were designed to extract the active principle along with some other alkaloids. The
methods yielded a lyophilised crude extract (0.35 % w/w). Quantitative or qualitative
determination of cathinone in the lyophilised extract was made using spectrophotometer, thin
layer chromatography (TLC) and high performance liquid chromatography (HPLCUV/DAD). The result of these measurements showed that the presence of 5μg cathinone /mg
lyophilised extract. The lyophilised extract prepared in such a way reconstituted well with
saline and yielded a homogenous solution upon shaking. It was also easily administered via
gavage to rats. Sunlight induced decomposition of cathinone during reconstitution and
administration was minimized by wrapping the containers and the syringes with aluminium
foils respectively.
3.2 Manuscript II, Banjaw and Schmidt, 2005. Behavioural sensitisation following
repeated intermittent oral administration of Catha edulis in rats. Behav Brain Res
156: 181-189
Here is the question addressed whether or not a repeated oral administration of Catha edulis
extract, cathinone or related congener, amphetamine induces alteration in the behaviour and
level of neurotransmitters in the basal ganglia and limbic system. Locomotor activity,
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stereotyped behaviour and the level of DA, 5-HT and their corresponding metabolites were
used as indices to assess any alterations. The study explored also the stereotypy behaviour
using sniffing paradigm. Two doses of Catha edulis extract (50 mg/kg or 200 mg/kg) were
employed to assess the dose effect. For comparison purpose, S-(-)-cathinone (1.5 mg/kg,
base) and d-(+)-amphetamine (1.5 mg/kg, base) were employed. Drugs were administered
once daily for 9 consecutive days and later challenged with the same psychostimulants after
five abstinence days. Then, two weeks later, rats were decapitated and the level of
neurotransmitters were assessed. The results demonstrate that Catha edulis (200 mg/kg)
induces a strong behavioural sensitisation and stereotypy in rats. Animals sensitised in this
manner, however, did not show significant changes in the basal level of dopamine in most of
the regions after two weeks of withdrawal except that Catha edulis extract (200 mg/kg)
significantly reduced the level of DA, DOPAC and HVA in the anterior caudate putamen.
3.3 Manuscript III, Banjaw et al., 2005. Clozapine attenuates the locomotor sensitisation
and the prepulse inhibition deficit induced by a repeated oral administration of Catha
edulis extract and cathinone in rats. Behav Brain Res 160: 365-373
In an attempt to understand the effect of acute and repeated administration of Catha edulis
extract or cathinone on locomotor sensitisation and deficits in prepulse inhibition (PPI), rats
were given Catha edulis extract (200 mg/kg) or cathinone (1.5 mg/kg, base) every other days
for a total of ten days. The rats were then challenged by administration of atypical
antipsychotic drug, clozapine. The results of this study showed that repeated oral
administration of cathinone or Catha edulis extract induced locomotor and exploratory
activity similar to the previous studies (Banjaw and Schmidt, 2005) and additionally led to a
gradual deficit in prepulse inhibition. Locomotor sensitisation and PPI deficit produced in this
manner were slowly attenuated by a repeated administration of clozapine. Later, rats were
challenged with the same psychostimulants, after two weeks of withdrawal from clozapine
treatment i.e. day 40. The result of such latter investigations showed that the locomotor
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responses of the rats were almost similar to the effect observed in the initial exposure (day 1)
i.e., the rats did not show sensitized any profound locomotor activity. Assessment of the level
of neurotransmitter in this study showed a significant DA increase in the prefrontal cortex.
There was also a significant 5-HT decrease in the nucleus accumbens and its metabolite, 5HIAA, in the prefrontal cortex. In the remaining regions, there were no significant changes.
This was the first study to demonstrate that repeated administration of Catha edulis extract, or
commercial cathinone, induces a prepulse inhibition deficit. And clozapine attenuated both
Catha edulis or cathinone induced locomotor sensitisation and prepulse inhibition deficit.
3.4 Manuscript IV, Banjaw and Schmidt, 2005. Repeated Catha edulis oral administration
enhances the baseline aggressive behaviour in isolated rats. Submitted to Journal of
neural transmission
Though there are no substantial evidences or rigorous experimental studies, some traditionally
or clinically observed evidences in the past indicate that repeated use of Catha edulis is
commonly associated with an increased propensity for violent behaviour or aggression.
Accordingly, the effects of repeated oral administration of the psychostimulant plant, Catha
edulis (200 mg/kg) or its active principle, cathinone (1.5 mg/kg, base) was studied in rats
using isolation induced aggression paradigm. The behavioural responses were videotaped and
scored later by offline data analyses. The neurotransmitter correlates of each study was done
at the end of the experiment by assessing the level of monoamines at a certain brain regions.
The results revealed that repeated but not acute administration of Catha edulis extract or S-()-cathinone enhanced significantly the locomotor activities (number of rearing and duration of
ambulation) compared to the control. It enhanced also the baseline aggressive behaviours
(upright offensive postures, biting-attack, chasing, kicking). The level of neurotransmitters
showed a significant depletion of serotonin (5-HT) and its corresponding metabolites (5HIAA) in both the anterior and posterior striatum. There was also a reduction in the level of
homovanillic acid (HVA) in the hippocampus. The level of dopamine was also elevated in the
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nucleus accumbens in those rats treated with Catha edulis extract. Cathinone, on the other
hand, increased the level of HVA in the posterior striatum and decreased HVA in the nucleus
accumbens. In conclusion, the present data demonstrate for the first time that repeated
administration of Catha edulis or S-(-)-cathinone enhances aggression in rats, presumably by
decreasing the level of 5-HT and its corresponding metabolites. Besides, the data obtained in
this study did not rule out the involvement of dopamine in aggressive behaviour.
3.5

Manuscript V, Banjaw et al., 2003. Anticataleptic activity of cathinone and MDMA
(Ecstasy) upon acute and subchronic administration in rat. Synapse 49: 232-8

This study shows that the psychostimulants, S-(-)-cathinone (1 mg/kg) or (RS)-MDMA (2.5
mg/kg) induce a strong anticataleptic activity upon acute subcutaneous administration to rats
pre-treated with haloperidol (0.5 mg/kg, s.c.). The effect was later masked upon subchronic
administration (days 2-7 & 26-29). On the contrary, when the same groups of rats were tested
on day 8 in a different task, i.e. open-field, they showed a significant difference compared to
control. The mechanism responsible for the strong anticataleptic activity of S-(-)-cathinone or
MDMA requires further investigation.
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4. GENERAL DISCUSSIONS
Lyophilisation and freeze-precipitation as a method for crude extraction of cathinone from
Catha edulis leaves with minimum thermal injury: In the past, studies on Catha edulis
illustrated the importance of using freshly harvested young shoots or leaves since the active
principle, cathinone, readily degrades and produces another product known as cathine. This
happens upon drying or storage of the cut plant material for a longer period (UN, 1977;
Szendrei, 1980). Moreover, a study which involves crude extract requires normally
identification and quantification procedures. Accordingly, here the content of Catha edulis
Forsk (Celastraceae) leaves was extracted using lyophilisation and freeze precipitation
methods. The extract was later standardised using appropriate techniques. The procedures
yielded a lyophilised extract. The identification and quantification procedures of lyophilised
extract were carried out using spectrophotometer, TLC and HPLC methods. The results
obtained using such procedures were in line with previous reports (Szendrei, 1980; Al-Obaid,
et al. 1998; Mathys and Brenneisen,1992; Toennes and Kauert, 2002). The less thermal
method comprising of organic solvent extraction followed by a freeze-precipitation and
lyophilisation yielded a very good extract which was easily reconstituted and administered to
rats (Manuscript –I, Banjaw and Schmidt, 2004, chemistry of natural compound, 40: 611-12).
Catha edulis, Cathinone or amphetamine induced behavioural sensitisation after
intermittent oral administration: Animal studies have shown that repeated administration of
amphetamine-like stimulants result in altered behavioural responses. One of the prominent
feature of such alteration is behavioural sensitisation. Similarly, in this study, it was shown
that acute and repeated intermittent oral administration of lyophilised Catha edulis extract
induced the locomotor-activation. And ultimately leads to locomotor sensitisation and also
stereotype behaviour in rats (Manuscript-II, Banjaw and Schmidt, 2005). The data indicate
that Catha edulis, like amphetamine or cathinone, induces a strong alteration in behaviour. On
the other hand, in unchallenged rats, 15 days after last drug administration, neurotransmitters
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analyses showed absences of any significant alteration in the level of basal neurotransmitters
in most of the regions except that Catha edulis extract (200 mg/kg) significantly reduced the
level of DA, DOPAC and HVA in the anterior caudate putamen (Banjaw and Schmidt, 2005).
Particularly, no alteration in the basal DA level of the nucleus accumbens was observed. The
neurotransmitters-correlates for locomotor sensitisation induced by Catha edulis or cathinone,
remains mysterious. On the other hand, the locomotor sensitisation was robust, even long
lasting after five days of drug abstinence and re-exposure to the same psychostimulants. Our
finding is in accordance with earlier reports on behavioural sensitisation which stated that a
progressive augmentation of behavioural responses to psychomotor stimulants develops
during repeated administration of psychostimulants and persists even after a long period of
withdrawal (Stewart and Badiani, 1993; Pierce and Kalivas,1997; Robinson and Becker,1986;
Kalivas et al.,1993; Segal and Kuczenski,1994; Schmidt, 1998). This is the first result which
show that repeated oral administration of Catha edulis or cathinone produces robust and
augmented locomotor sensitisation, similar to the congener psychostimulant, amphetamine.
DA pathways extending from the brain stem to the limbic structures and cerebral cortex are
generally considered to constitute the neuro-anatomical substrates underlying motivation,
reward and motor function and also psychopathological conditions (Robinson and Becker,
1986). Some evidences have been also brought to support the involvement of pre-synaptic DA
release after psychostimulant challenge as an important mechanism in the expression of
behavioural sensitisation (Robinson and Becker, 1986). However, according to our findings,
the basal DA level in the nucleus accumbens was not significantly changed after two weeks of
withdrawal from the last challenge dose. The explanation for observed difference from
previous reports is that there are several conflicting findings regarding neuronal sensitisation
i.e., not all researchers have reported exactly the same profile regarding the level of
neurotransmitters (Robinson and Becker, 1986). They reported either increase, decrease, or
absence of nucleus accumbens DA depending upon the days of withdrawal, the study
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protocols and animal strains (Robinson and Becker, 1986; Segal and Kuczenski, 1992a;
1992b; Kalivas and Duffy, 1993, Kalivas et al., 1993; Imperato et al., 1996; Heidbreder et al.,
1996; Kuczenski et al.,1997; Koeltzow et al., 2003). For example, Heidbreder et al.(1996)
demonstrated that cocaine pre-treated animals exhibited an enhanced motor response to a
cocaine injection 2 days after cessation of cocaine treatment. The magnitude of this effect
increased progressively over time. Basal DA overflow was elevated 2 days after termination
of cocaine treatment; at this time, however, a blunted response of DA neurons to the cocaine
administration was observed. As the duration of withdrawal increased, basal dialyzate DA
concentrations gradually declined, whereas the response of DA neurons to cocaine
progressively increased. Another study by Segal and Kuczenski (1992a), using in vivo microdialysis in freely-moving rats, demonstrated that repeated cocaine produced a behavioural
sensitisation characterized by a downward oriented locomotor activation profile and both
caudate and nucleus accumbens DA responses were significantly diminished in the drug pretreated group. Their results, obtained following two days of drug withdrawal, differed from
previous reports of an enhanced dopamine response after longer withdrawal intervals
(Robinson and Becker, 1986). While the duration of withdrawal may play an important role in
the quantitative features of the dopamine response to subsequent stimulant administration,
their results suggest that an enhanced dopamine response may not be required for the
expression of behavioural sensitisation. Finally, as it is summarised by Vanderschuren and
Kalivas (2000), the distinctions between drugs in the induction and expression of sensitisation
indicate that behavioural sensitisation can arise from multiple neuro-adaptations in multiple
brain nuclei.
Psychostimulant

induced

psychosis

and

prepulse

inhibition

deficit:

Prolonged

administration of Catha edulis extract or cathinone to laboratory rats on everyday or every
other day basis induced a long lasting locomotor sensitisation which persisted even after
cessation of treatments (Manuscript-II, Banjaw and Schmidt, 2005; Manuscript-III, Banjaw et
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al., 2005). Similarly, repeated administration of Catha edulis extract or cathinone to rats led to
a prepulse inhibition deficit of the the startle reflex (Manuscript-III, Banjaw et al., 2005).
Several studies indicate that stimulant-induced psychopathology, particularly in the form of
paranoid psychosis, may often be associated with repeated exposure of psychostimulants
(Robinson and Becker, 1986; Segal and Kuczenski, 1997). Moreover, locomotor sensitisation
and prepulse inhibition deficit are typical paradigms that have been widely studied as animal
behavioural models of psychosis and schizophrenia respectively. For example, in animal
models, behavioural sensitisation to amphetamine-like psychostimulants is manifested as a
progressive increase in drug-induced locomotion which may culminate in psychopathologies
and considered to be the basis of psychosis (Robinson and Becker, 1986). It is also
documented that prepulse inhibition deficit to a startle reflex is an animal model of
schizophrenia which has long been associated with abnormalities in the information
processing and attention mechanisms (Grillon et al., 1992; Braff, 1993; Swerdlow and Geyer,
1998). Psychosis and behavioural sensitisation in laboratory animals are frequently correlated
(Robinson and Becker, 1986). Therefore, in our studies, the phenomenon of locomotor
sensitisation and prepulse inhibition deficit induced by Catha edulis extract or cathinone, in
laboratory animals may bear striking similarities to the progressive development of psychosis
in human. For example, a clinical survey showed the association between repeated Catha
edulis chewing and psychosis (Pantelis et al., 1989; Yousef et al., 1995; Alem and Shibru,
1997). Hence, the use of psychostimulants is often associated with a higher risk of psychosis
(Farrell et al., 2002; Chen et al., 2003; Srisurapanont et al., 2003; Henquet et al., 2005). In
conclusion, the capacity of C. edulis to elicit a long-lasting behavioural sensitisation support
the anecdotal literatures about psychiatric problems associated with C. edulis chewing (Alem
and Shibre, 1997; Awas et al., 1999).
Attenuation of locomotor sensitisation and prepulse inhibition deficit by atypical
neuroleptic: Catha edulis extract or cathinone induced robust behavioural sensitisation and
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prepulse inhibition deficit in laboratory rats (Manuscript-III, Banjaw et al., 2005). Such
behavioural sensitisation and prepulse inhibition deficit were attenuated by repeated
administration of clozapine. Combination of the drug and clozapine did lower the level of
locomotion but did not completely block the expression of behavioural sensitisation.
Whereas, repeated administration of clozapine alone for an additional four days (every other
day) slowly attenuated the expression of behavioural sensitisation as demonstrated by a
challenge dose after two weeks of withdrawal period. The mechanism underlining such an
effect is still enigmatic. To explain the unique therapeutic effect of clozapine, many
hypotheses have been proposed in the past. Most of the explanations assumed that clozapine
action is associated with either dopamine receptor blockade or some other receptors (Brunello
et al., 1995; Tauscher et al., 2004). Considering the dopaminergic receptor, it has been
explained that the recently discovered D4 receptor subtype may play a crucial role in the
action of clozapine and makes it more selective for such receptor subtype compared to D2
receptors and differs from all other conventional neuroleptics because of its mixed but weak
D1/D2 antagonist characteristics (Brunello et al., 1995). This observation was based on the
speculation that the synergism between D1 and D2 receptors might allow antipsychotic
effects to be achieved below the threshold for unwanted motor side effects (Brunello et al.,
1995). Serotonin receptors are also implicated for the clozapine activity (Meltzer, 1991;
Meltzer et al., 2003). Another explanation for the clozapine action is that activity in neuronal
populations in the frontal cortex is influenced by the basal ganglia and thalamus through basal
ganglia–thalamocortical feedback pathways. Hence, manipulation of the glutamate receptors
by clozapine (Arvanov and Wang, 1999; Goff and Coyle, 2001; Heresco-Levy, 2003;
Pietraszek, 2003) might have also played a crucial role in attenuating the behavioural
sensitisation and prepulse inhibition deficit. In fact, Dani and Zhoh (2004) outlined in their
brief review that cortico-striatal glutamate afferents and mesostriatal DA afferents commonly
converge onto the same postsynaptic spines of medium projection neurons. The consequent
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synaptic triad provides an ideal configuration for dopamine modulation of glutamatergic
transmission. Accordingly, PFC level DA could lead to a reduction in glutamate feedback
(either by D2 inhibition of glutamatergic neuron or enhancement of GABAergic neurons
possibly by D1 mechanism). More support to the notion of DA and glutatamate interaction
was further elucidated by Li et al. (2003) who showed that repeated intermittent treatment
with amphetamine increases the density of dendritic spines on medium spiny neurons (MSNs)
in the nucleus accumbens thereby facilitating neuronal plasticity (behavioural sensitisation).
Accordingly, it could be explained that the behavioural sensitisation (in which glutamate-DA
plays a crucial role) could presumably be attenuated upon repeated intermittent administration
of antipsychotic agents, such as clozapine. Future investigations on the density of spiny
neuron upon repeated exposure of antipsychotic agents would be beneficiary and may resolve
the mechanism of repeated administration of clozapine. At this point, it would be mere
speculation however to make any conclusive remarks on glutamate or GABA without
measuring their actual level in the tissue.

Repeated administration of clozapine to Catha edulis pre-treated rats led to increase the level
of DA in the prefrontal cortex (manuscript-III). It was speculated that the D1 antagonistic
activity exerted by clozapine at low doses enhances preferentially the extracellular
concentration of DA in specific areas of the brain, such as the prefrontal cortex, where a
dopaminergic hypoactivity has been suggested to be in part responsible for negative
symptoms of schizophrenia (Abi-Dargham and Moore, 2003). The clozapine enhancement of
dopaminergic activity in this prefrontal cortex area might explain its efficacy against
schizophrenia negative symptoms (Brunello et al., 1995; Meyer-Lindenberg et al., 1997;
McGurk, 1999; Lindenmayer et al., 2004). It is also documented that the clinical onset of both
the therapeutic and side effects of antipsychotic drugs can take days/weeks to develop
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(Shilliam and Dawson, 2005). Therefore, it is likely that neuronal adaptive changes may only
be manifested upon chronic administration of antipsychotics.
Aggression and repeated Catha edulis or cathinone administration: Our result showed for
the first time that repeated but not acute oral administration of Catha edulis extract or
cathinone enhanced the fighting behaviours (escalating type of attack-biting and kicking). By
doing so, it alters the social interactions in isolated rats (manuscript- IV). Moreover, acute
administration of Catha edulis extract or cathinone enhanced the locomotor and rearing
activity but the locomotor activity was not different within the days indicating that increased
fighting was not secondary to Catha edulis or cathinone-induced hyperactivity. Such effect
was in accordance with previous report (Sokolov et al., 2004). The observed difference in
aggressive behaviour during acute (no significant aggression) and chronic (escalated
aggression) is also in agreement with a study using metamphetamine (METH) in mice
(Sokolov et al., 2004). The aggressiveness due to chronic methamphetamine administration
was tested in mice after chronic or long-term intermittent (8 weeks) or single exposures to the
drugs. A single injection of METH (6 mg/kg) did not augment fighting. Whereas, chronic
methamphetamine administration significantly increased the number of animals that initiated
biting-attacks. Similarly, a study made using chronic methamphetamine abusers showed the
presence of increased impulsivity, impairments in learning and attention (Richards et al.,
1999). Moreover, in clinical studies, it was documented that there is a link between
psychostimulants abuse and the number of criminal arrestees (Lipman, 2004). Such numbers
have seriously impacted the criminal justice system from enforcement to the courts,
corrections, and subsequent legal supervision agencies. Evidences like this one support the
notion of linking aggression to chronic drug abuse. A study using alcohol also elucidated that
its misuse can harm people other than the drinker, and can have negative consequences for
society as a whole and commonly believed to play a role in decreased worker productivity,
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increased unintentional injuries, aggression and violence against others, and child and spouse
abuse (Gmel and Rehm, 2003).
The neuro-correlates with repeated Catha edulis extract or cathinone administration to the
isolated rats revealed that there was a significant depletion of 5-HT and its corresponding
metabolites (5-HIAA) in both the anterior and posterior striatum. There was also a reduction
in the level of homovanillic acid (HVA) in the hippocampus. Additionally, elevation of DA
level was observed in the Nacc, especially, in those rats treated with Catha edulis extract.
Cathinone, on the other hand, increased the level of HVA in the posterior striatum and
decreased HVA in the nucleus accumbens. Studies on aggression, so far, have attempted to
identify the likely neurotransmitters and the particular brain regions associated with
aggression. For example, inverse relationship between aggression and brain 5-HT or direct
relationship between aggression and the level of DA was reported (Miczek and Fish, 2005).
Hence the results we have obtained in our aggression study, low level of 5-HT and its
corresponding metabolites, 5-hydroxyindoleacetic acid in isolated rats treated with Catha
edulis or cathinone is in accordance with previous reports. In clinical study, 5-HT is decreased
for example, following MDMA ("ecstasy") misuse (Curran et al., 2004). Such low 5-HT is
associated with aggression and its users become more aggressive in the days following an
acute dose of the drug. The involvement of 5-HT in the aggression behaviour further comes
from another study which demonstrated that repeated cocaine (0.5 mg/kg) exposure
throughout adolescence stimulates offensive aggression in hamsters (Ricci et al., 2004). The
same study further showed that the cocaine-induced aggressive response was regulated by 5HT(3) receptor activity. Implicating the role for 5-HT(3) receptors in adolescent cocaineinduced aggression.
Catalepsy and antiparkinsonian agents.
Acute subcutaneous administration of S-(-)-cathinone, like racemic MDMA strongly
antagonized haloperidol-induced catalepsy (Manuscript V, Banjaw et al., 2003). The result
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obtained from acute administration of cathinone or MDMA is in agreement with previous
report from the same laboratory (Schmidt et al., 2002). This study was designed to investigate
the beneficial effect of cathinone, the active principle of Catha edulis extract, at a dose
comparable to that of human exposure. The data from the descent latency on bar and grid
suggest that S-(-)-cathinone and racemic MDMA have a similar anticataleptic potency and
more closely resemble in their anticataleptic action. However, the strong anticataleptic effect
became weaker upon repeated administration of S-(-)-cathinone or racemic MDMA. This
could probably be associated to behavioural sensitisation of catalepsy, i.e. the progressive
augmentation of a response under repeated administration of a drug (Schmidt et al., 1999,
Amtage and Schmidt, 2003). The results from the present study document that upon further
investigations, S-(-)-cathinone could be considered as one of potential candidates in the
search for a new drug for the treatment of Parkinson´s disease with minimal dyskenesia
inducing potential or it could as well be an important additions to the Parkinson´s disease
treatment armamentarium.
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5. CONCLUSIONS AND RECOMMENDATIONS
Conclusions: Acute and daily subchronic administration of lyophilised Catha edulis extract
showed a robust behavioural sensitisation which was similar to the effect produced by pure
cathinone or amphetamine. The behavioural sensitisation elicited with Catha edulis extract
was long lasting and persisted after cessation of drug treatment. The capacity of Catha edulis
extract to elicit long-lasting behavioural sensitisation in rats supports the anecdotal literatures
about psychiatric problems associated with Catha edulis chewing since behavioural
sensitisation in rodents by amphetamine is considered to be an animal model of amphetamine
psychosis. Acute oral administration of cathinone or Catha edulis extract produced also an
enhanced locomotor activity but no PPI deficit. Whereas, repeated administration of Catha
edulis extract every other day induced both the development of behavioural sensitisation and
PPI deficit. These alterations in the behaviour are related to psychopathological conditions,
i.e. psychosis and schizophrenia. The development of behavioural sensitisation and PPI deficit
were attenuated upon repeated administration of clozapine. Re-drug testing after two-weeks
of abstinence did not cause expression of behavioural sensitisation. There was a significant
increase in the level of DA in the prefrontal cortex and a significant decrease in the level of 5HT in the nucleus accumbens and 5-HIAA in the prefrontal cortex.
Our aggression study in isolated rats shows for the first time that repeated administration of
Catha edulis or S-(-)-cathinone enhances exploratory and ambulatory. It also demonstrates the
enhancement of baseline composite aggressions (biting-attack, chasing, the tendency to use
the hind paws to kick at the body of the intruder and offensive upright postures). In addition,
increases ano-gential sniffing and mounting behaviours. There was also depletion of 5-HT
and 5-HIAA in both the anterior and posterior striatum. Reduction in the level HVA was also
observed in the hippocampus. Finally, the results from catalepsy study documented that acute
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administration of S-(-)-cathinone reverses catalepsy induced by haloperidol. The
anticataleptic effect of cathinone, however, was later masked upon repeated testing.

Recommendations: Finally, much remains to be done on the long effect of Catha edulis
extract, especially the emotional aspects: impairment of judgments or learning and memory,
anxiety and impulsivity. Such studies could contribute further information to the causes of
household violence, gambling, lethargy for work and traffic related accidents in Ethiopia.
Further studies should as well be conducted on the neuro-toxicity of Catha edulis extract
using immunohistochemistry, attenuation of aggression behaviours, the role of Catha edulis
in the early gene expressions, such as cJun and cFos and treatment of Catha edulis abusers.
Last but not least, further study is also recommended on the antiparkinsonian activity of
Catha edulis extract.
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“To the man who pleases him, God gives wisdom, knowledge
and happiness……………......... „ Ecclesiastes 2:26

There are different choices in life but wisdom determines one´s
destination. How nice it is to pursue unswervingly a choice which leads to
education (without rebellion), love (without hypocrisy), inner peace
(without pretension) and forgiveness (without grudge).

This piece of work is dedicated to my beloved wife for waiting patiently
and devoting her entire energy while taking care of our two lovely children
(Bersabeh & Menase) until this journey is over.

May my late brother’s soul rest in peace.
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