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SUMMARY 

Khat (Catha edulis For k) i n p ) h n tivc plant commonly used in East Africa, horn 

of Africa and th r bi n p~ninsula. Its ciTcct are mainly modulated through the 

dopamincr 'i · ,j,llilar t amphetam ines. Psychoactive substances/ drugs of 

ubu · · ·rr· ·t ch ir hange centrally by acting on the brain, altering the 

nl.!ur lrun ·mitt r ~ 'tern and structural ly affecting the limbic Papez system. These 

sub·tance can affect learning and memory by interfering with the medial temporal 

I be tructures and thus affecting spatial learning and memory. This study evaluated 

the effect of khat on CBA mice using a Morris water maze task which is a test of 

patial learning and memory. Twenty CBA mice were divided into 5 groups and 

administered, intraperitoneally, 0.5 mls normal sa line, 40, 120, and 360 mg/kg body 

weight of khat extract, respectively. The doses were given once daily for 17 days 

during v hich the animals were submitted to acquisition, reversal learning and 

reference tests in the Morris water maze. The study also investigated the effect on 

learning and memory of escalating, repeated high (run) doses of khat extract given to 

CBA mice. Twenty nine CBA mice were divided into groups of 5 - 7 animal . The 

animal ''ere fir t subjected to an e calating do e regime and then folio\ ed by 

repeated high (run) do e , or an e calating do e regime folio\ ed b ingle dail d e. 

or an e calating do e regime followed by aline or a! in folio\ ed b e5 alating do e 

regime of khat extract. he mice \\ere te ted in a M rri water maze for patial 

I rning and memory. The e cap lat nc). "im path I ngth, '\\ im sp\;cd. quadrant 

tim nd qu drant \\ im distan c "cn:: m a ur d by the u of st p " tch and 'ide 

rdin tn • 

u in P , in hi h multh ri 1t m 

rri ut n th in nt ' ri bl 
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and groups) against the dependent ariables (e cape latency, swim distance, swim 

speed). Bonferroni po t h t t \\ r' 'arricd out on dependent variables, and P < 

0.05 was considered igniti nt. 

lligh doses of kh \1 • 1r.\ 1 ( (: 0 mg/ k , body weight) significantly increased (P < 

' hi I low do ·cs (I 0, 30, 40 and 120 mg/kg) and very high 

dos ·s ( 10 m k eight of khat extract had no effect on line crossings in 

'wi · · und B mice. High doses (120, 270, 360 mg/kg) body weight of khat extract 

igni1icantl) P < 0.05) inhibited the centre square and rearing frequencies in the two 

pe ie of mice. \ hereas, low doses (1 0, 30, 40 mg/ kg) body weight of extract 

ignificantly increased (P < 0.05) the two measures. Repeated khat treated CBA mice 

had significantly (P < 0.05) higher line crossings than Swiss mice treated with the 

same dose. Similarly, the centre square and rearing frequencies were significantly 

higher (p < 0.05) in CBA mice than the Swiss mice and the control. The study 

demonstrates that repeated khat causes behavioural sensitization in mice and affects 

locomotor behaviors similarly regardless of the dose regime. 

Mice treated \ ith higher (360 mg/kg body weight) khat extract had their learning and 

memory ignificantly (P < 0.05) impaired. The extract, further ignificantly (P < 0.05) 

impaired learning and memor of B mice at higher (360 mg/ kg bod \\eight) 

during r ver at ion . The tud how that higher do (3 0 mglkg b d \\eight), 

beh vi ural witching in B mic wa int rf rt:d with a C\ idcn ed by th mi c 

nding mon.: time nd wirnrnin, I n cr di tan c in the ~ rrncr pi, tf rm quadrant 

urrcnt t r d pi, tlorm qu dr nt. 

iii 



Mice treated with escalating then repeated runs (Binge) regimen of khat extract 

significantly (P < 0.05) impr , . d th ir learning but their retention were also 

significantly (p < 0.05) imp ir~d. K.h, t xtract admini tcred as escalating followed by 

inglc daily d , i nitl ".In ti 0.05) improved their learning as well as memory, 

whereas, tlli · • iuj t ·I "ith saline then repeated high doses of khat extract had their 

It: tmiug ,md mcm ry ad er ely affected. In addition, CBA mice treated with 

s~;nl1ting d e fl lim: ed by saline had their learning and memory impaired. The study 

-h " that khat extract at a high dose adversely affected learning and memory though, 

the mechanism of this is not clear, but could involve the dopaminergic 

neurotran mitter system. 



CHAPTER ONE 

1.0 INTRODUCTION 

1.1 Problem statement 

Khat is used a a rccrcation,ll 't.ll dru 1) by the inhabitants of areas where it is grown, in East 

A!'ricu and ntbt,ut P ·nin ula late!, 2000). hesh leaves and shoots of khat plant contain a 

nalurnlly occurring ulk:.ll id. cathmone which produces euphoric and psycho stimulant effects on 

the u· 'rs ( uqnMn and Oanowiski, 1976; Baasher et a!., 1980; Brenneisen et al., 1990; Kalix, 

199~). 

AdYances in transport, especially air transport has made khat reasonably accessible in many parts 

of the world (Paker, 1985; Weir, 1988; Cassanelli, 1986; Kalix, 1987, and Almotareb et al., 

2002). Furthermore the flooding of refugees from the horn of Africa in the eighties to USA, 

Canada and other European countries has also contributed further to the spread of khat chewing 

practices. 

It is difficult to say precisely how much khat is chewed but the practice is widespread and 

records of khat u age are scarce however, according to rough estimates, five million people use 

khat on a dail)' basis (Balint 1991) and many of them have become compul ive user , 

de\·eloping p ·chic dependence on the drug (Edd et a/., 1965). In thiopia al ne, a ur e in 

one of the rural region howed high dependence on the drug ( ·dd et ul., 19 5) and found the 

pr~o:\ h.:nce of khat u age t b about 0°-'o of the total p pulation Alem et a! .. 1999). 

b lly, pur~.: cathin m: and methcathinone (cathinone analogues) have appeared u uh · tanc~.:s 

( p,m\ '0 et a/., I 6· Youn 1 an I Cd~.:nnon . 

ommon. 

m1 ul i p tt m I u l .' th u t 

t i n hi . ph i 



tolerance similar to marked tolerance obser ed with amphetamine abuse (Kennedy et al. , 1980, 

Kennedy, 1987). Tolerance, al o d \' 1 p 1 th s mpathomimetic effects of khat (Nencini et al., 

1984). 

The problem of khat tbu \ maj()r oncl!rn socially, psychologically, economically and 

med ically (Dhuilitlth, 00 . 1 h • dn p ut rates from school has increased because the would be 

stud l'tll~ k 1v • ·~.:h )~)I h g and work for and /or sell khat for short term economic gain, a 

situation that can lead t de astating socio economic long term effects. Similarly, individuals 

di' rt their inc me into khat chewing, neglecting their family needs (Kalix, 1987) and low 

pr ductivity due to work place absenteeism and the after effects of its use (I Ialbach, 1972; 1979; 

Alem. 1983b; Giannin et al., 1986; Kalix, 1987). Nationally, diversion of resources towards the 

production and /or importation and marketing of the khat has negative effects on the economy 

(Baasher, 1980). The cultivation of khat results in decreased production of other essential crops, 

thus promoting malnutrition and disease (Murad, 1983). 

Although the scientific literature on cellular and psychomotor effects of amphetamine and other 

p ychostimulant are large, comparatively, little has been published on the pharmacology of khat 

in controlled exp riment in animals (Connor el al., 2002). However, the phenylpropan !amine 

in khat (cathinone, cathine, norp eudoephedrine and norephedrine) have pharmacal gical 

prop rtie imilar t d-amphetamin (Zeiger et a/., 1980) a the timulate the rl.!lea ·c and block 

th r -uptake of dopamine in th (Zeiger and arlini, I I). imilarl ·. a I t ha ccn 

\Hitt n on th effc t f khat b ing imilar t amph tam in n p · h mot r behavior in human 

im I · h ' c\ cr. then.: arc n tudi that have b en nduct d to d t rmim: the eff ·t ( f 

kh t n I min n m mory in hum n~ and nim 1 . I h~.= d c ·t o kh t on hum 111 'nit ion 

un r pl rc limit th n tu rimcnt ttion 

\1 I tllll th ll th nim I m I in thi tu 



Furthermore, despite khat being classified as drug of abuse by United Nations Office on drug and 

crime (WHO, 1985) some countrie , K n · in ludcd, till consider it as a minor psychostimulant 

just like caffeine and nicotin , nd in r..:~: l, it':s a I 'gal drug (Dhaifalah, 2004), a view that could 

blur the appreciation of the m t 'nitu l (>fits l'fTccts. 

1.2 Sludy qm:~;ti(Hl' 

l...... . ll w d · atha eduli (khat) affect the CBA mice performance of spatial learning and 

mem r) ta kin !orris water maze (MWM)? 

1._. ·e there dose dependent effects of khat on CBA mice spatial learning and memory 

performance in MWM? 

1.3 Justification 

Amph tamines and other psychostimulnats, khat included, inhibit re uptake and stimulate the 

release of dopamine in the C S, thereby increasing the temporal and spatial presence of 

dopamine at post-synaptic receptors (Klause et al., 2000; afer and Krager, 1988). Brain 

structures such as striatal cortex, prefrontal cortices and limbic areas, have been demon trated to 

undergo adapti e chang during repeated amphetamine administration and the e tructure ha c 

b~.:l!n implicated with ariou forms of learning and memor ( ldman-Rakic, 19 7: Baddelc , 

2· Di et a/ .. 1 96: ' ter and Aghajanian, 19 7; R bin on and K lb, 1997: Berke and 

t trial amphetamine treatment ha b en h \\ n to t.:nhanct.: mt.:mOr) 

wah.:r maze task (Br v.n eta/., 2000 . h \\eYer. n the other hand. ·hronic 



(McGaugh, 1989 and Kill cross et a/.. 1994 ). It is for these reasons therefore, the study was 

conducted to elucidate whether khat extra t r s mble amphetamines on its effect on learning 

and memory among other imil riti . 

Drugs of abuse arc pro\ in 1 l ~ ;\ majM public health concern throughout the world. Indeed, 

they arc u major · •u · • )I mt r1 tlit and morbidity in the communities directly and I or indirectly 

nnd nwr · s 1 thr llJ'h 'tim . di ease and accidents. Cathinone, a major ingredient of khat, is a 

psych 1nctiv~ · m und that has been shown to modulate its effects in humans and animals and 

has nbu e p tential. 

Toda). u e and abuse of illicit substances is pervas1ve and associated with frequent co 

morbidities such as HIV infection and other sexually transmitted diseases, teenage pregnancy, 

rape, assault and murder (Allen, 2001; Odejide, 2006). The effects of these drugs contribute 

immensely to social economic burden of the family, the community, and more importantly, their 

effects and risks to the abuser. Adolescents and youths are heavily affected because at this stage 

in their development, they are adventurous, experimenting on almost everything. Their death and 

or dependence on the e psychostimulants could have major repercussions both to the family 

and the community. 

Khat i chewed a a social drug, with hardl any re trictions in Kenya and in mo t of th · a t 

African and rabian Peninsula countries, hence the need to carry out perimental re ar h to 

e\u idak it e e t particular! • tO\ ard learning and memor ·. 1 hi tud examined the effects 

of kh t n I arning and mem ry m B mic and ma pr vid in[! rmati n that ma I ad t 

imil r cv lu. ti n in human . 



1.4 Objectives and hypothesis of the study 

1.4.1 Broad objective 

To determine the effect of th t.: iulis < n BA mice spatial learning and memory task 

performance in Morris V.. ' It •r t. :~o· 

1.4.1.1 Sprcilic oh · ·th t ~ 

I. T d t~nnine the effect of Catha edulis extract on CBA mice locomotor activity 

T determine the effects of single daily dose of Catha edulis extract on acquisition 

training of M\VM task in CBA mice 

., To determine the effects of single daily dose of Catha edulis extract on reversal 

learning 

4. To determine the effects of single daily dose of khat extract on memory retention of 

MWM task in the CBA mice 

5. To determine the effects of khat extract on post training locomotion in CBA mice 

6. To determine the effects of escalating binge model dose of khat extract on acquisition 

and retention of MWM task by CBA mice. 

1.4.2 Hyp the i 

Khat ha n adver~e effect on l aming and mem r~ m B \ mi 



CHAPTER TWO 

LITERATURE REVIEW 

2.1 Bnckground 

Lcmni ng is th pn> · · ·s l ' "ht h nc information is acquired by the nervous system and 

memory is lhli 111 ··It mi m t t rage and /or retrieval of that information (Purves, 2001) 

Tlu.: pro ·c · · d. Jl'nd · n mplex forms of synaptic plasticity that involves largely post synaptic 

change·. 1 ·t prominent among the candidate cellular mechanisms of learning in vertebrates is 

N ID receptor dependent long term potentiation (L TP) (Bliss & L0mo, 1973; Bliss & 

Collingridge. 1993). Similarly, post synaptic mechanisms, including NMDA receptor dependent 

plasticity have been shown to play crucial roles in learning in invertebrates, for example, Aplysia 

(Robert & Glanzman, 2003). LTP is the activity dependent increase in synaptic efficiency (Bliss 

& L6mo 1973) and it is now accepted that one prominent type of L TP involves the elevation of 

po t ynaptic Ca2 
... following MDA receptor activation (Lynch et a/., 1983, Collingridge et a/., 

1983. 1988; Malenka et al., 1992). The changes in synaptic strength may be critical for learning 

either as a mechanism for direct storage of memories, or as a process that transform informati n 

making it uitable for long term storage (Hebb 1949). The MDA receptor i a oltag en iti e 

glutamate gated channel and it regulate calcium current e entiat [! r the indu ti n f TP 

( llingridg · mger. 1 90). 

In m t m.mm 1i n brain rcg1 n ~. ncur ene i only o curs durin' dcvdopmcnt. llowc\'~o:l , 
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conditions that increase memory performanc such as enriched environment, runmng and 

physical exercise also enhance neurogene is (K mpermann et al. , 1997, 1998; Van praag et al. , 

1999). On the other hand, itu t i ns t h. t r 'du c ncurogenesis such as prenatal stress or 

antimitotic treatment hm c b 'en \s~ i.tt d with cognitive impairments (Van praag et al. , 1999). 

Th~.:n.: i ~ cvid ·n · · thut. dru · f abuse are capable of altering the structure and functions of 

stru ·tun:, c nc rn d "ith learning and memory. For example, ethyl alcohol when ingested in 

lnn.!.t.: b lu, in "binge drinking" can have a devastating effect on neurogenesis in the 

hir poc:unpus ( berg. 2001). But more importantly, other drugs, for example, cortisol inhibits 

hippocampal neurogenesis whereas dehydroepiandrosterone (DHEA) has stimulatory effect. The 

former can actually kill hippocampal neurons and it does so increasingly with aging and stress, 

but, this effect can be reversed with melatonin and insulin like growth factor (IGF -1) (Aberg, 

2001). 

Attention deficit hyperactivity disorder (ADHD) is a common childhood psychiatric di order 

affecting bet\veen 1.3% and 5% of primary school children ( wanson et a!., 1998; Taylor, 1998). 

It i · characterized b h: peracti it , inattention, and impul ivity (I lime! tein et a/., 2000; Tayl r, 

1998) and problem \\ith cognitive impul i ene , that ma be defined as planning deficit . 

forg tfulne , p or u of time and impetuou b ha i r ag !den, 2000). pontan u 

hypcrt n i\ rat ( HR) have often been u ed an animal m d I f ADI l , since the) displa; 

h) p m tivit). impul ivcnc impain:d ability withh ld rc p ns' and p rly ustaincd 

m n n \ ith normotcn iH: Wi t r- K ot 
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To date, the "dopaminergic h 'poth i " ba ed on a dysregulation in dopaminergic 

neurotransmission, has been th m 1 'pt d hypothesis regarding the behavioural alterations 

both in attention deficit h pert ·li l li sordcr patients (/\OJ ID) and spontaneous hypertensive rat. 

There is consid ·1 tbl · .,.j I ·n · · u 'gcsting that ADIID patients may have disturbances in 

dop:ullinl' upt th'. ·t )Ju~e and I or metabolism (Castellanos & Tannock, 2002). The most 

dTcctivl' and frequently pre cribed drugs for ADIID, methylphenidate and d-amphetamine, are 

psych ·timulanl that inhibit re uptake and stimulate release of dopamine in CNS, thereby 

inc rea ·ing the temporal and spatial presence of dopamine at post synaptic receptors (Krause et 

al .. _000. Safer and Krager, 1988). Reduced performance by spontaneous hypertensive rat has 

be n observed in different paradigms used to investigate learning and memory processes, for 

e ample Morris water maze (De Bruin et al. , 2000). For this reasons, it is evident that 

p ychostimulants and drugs of abuse are capable of altering the structure and functioning of 

structures concerned with learning and memory. 



2.2 Types of learning and memory 

M in to hours 

Innuence of 
unconscious 
presentati on of 
elements 

ASSOC IATIVE 
(Conditioning) 

-habituation 
-Sensitization 

Temporal 
lobe Striatum Cortex & 

neocortex 

Emotional 
responses 
(f!'llr) 

Muscular 
responses 
(!'w hi ink) 

Figure 1 Taxonom of memory according to Ti.il ing ( 1983 ), and quire and Knowlton (1994) 

Human memory can b qualitati el diYided into two different tern f in[! rmati n t rage; 

the are generally refcrn:d t a declarative (e:plicit) and procedural implicit) mem r . 

2.2.1 D lara tiv mory 

lh mm n \ , It ld ncar and lear. th y l l calkd c ·pli it 111 llll nc K mdc I. 
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and a structure deep to it, the hippocampus (Milner eta!., 1998; Bacskal eta!., 1993; Castellucci 

et a!., 1988). Additionally, declarativ m mori ar also distributed to other neocortical areas 

after consolidation (PurYes, 20 1 . lt is not kn v n why the initial storage of long term memory 

requires the hippocampu-;, "h r .ts. it is n< t r~quircd once a memory has been stored for weeks 

or months (Milm·t •t 1/. 1 > • 'quire Zola, 1991 ). Declarative memory is categorized into 

cpist)dit m~:m )I') thut ·nt il retne al of past events stored in spatial and temporal context, and 

semnnti · m m r) that inY l es acquired knowledge, general facts independent of the context 

ucquisiti n (PurYe . 2001). Furthermore, explicit memory, like implicit memory below, has a 

short term pha e that does not require protein synthesis and along term phase that requires 

protein ynthesis. 

The hort term phase (early phase of L TP) is produced by a single train of stimuli, lasts only 1 to 

3 hour and doe not require new protein synthesis (Nguyen eta!., 1994). It involves covalent 

modifications of preexisting proteins that lead to the strengthening of preexisting connections. 

On the other hand, repeated trains of electrical stimuli produce a late phase of L TP, which has 

prop rties quite different from early phase of L TP. The late phase of L TP per ist for at lea t a 

da) and require both translation and tran cription. This pha e of LTP like long term torage of 

implicit memory require protein kina e mitogen - activated pr t in kina c and c MP 

re dem nt binding ( R ·B) and appear t lead t the gr \\th f nc\ s naptic c nn 'Ct r 

(·ry tal.! "': gu)cn.194. 

2.2.2 Proc dural hmol') 
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memory such as sensory priming, habituation, sensitization skills and habits. The amygdala, 

cerebellum and the striatum are orne ft h tru tures t11at modulate procedural memory such as 

classical conditioning, (fear n iti nin 1), p'ront conditioning and motor skills an1ong others. 

Other forms of proccdur tl I . rnin ~. I( r ' ample, sensory priming and habits are modulated by 

neocortex, und ~tri It urn. In ddit1 n, r ·Ocx loops in the brain stem and the spinal cord also 

modulnll' s )Ill • r )rm 1 I • rning and memory such as habituation and sensitization. 

2.3 Temporal cia ification of memory 

The human memor can further be temporally categorized depending on the time over which it is 

effective into three groups (Purves, 2001) as follows; 

2.3.1 Immediate memory 

This i the routine ability to hold ongoing experiences for a few seconds. The capacity of this 

register is ery large and it involves all the modalities (visual, tactile, and verbal among others) 

and pro ides the ongoing sense of present (Purves 2001 ). 

2.3.2 hort term memory 

Thi i ~ the ability to hold information in mind for cond to minute once th pr • cnt moment 

ha c nYentional wa · f te ting th int grit · f de larati 

pr nt a tring of rand mly ordered digit which th patient i a ked t rep at. rdinaril ·. the 

n rm I di it p, n i on I ' 7 - numb r (Pun· , 2 r (proccduwl 

h rt t nn m m ry c ll I' orkin m m ry \\hich r\!(i r~ t th bilit t hold inli.mn tth n Jon' 
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2.3.3 Long term memory 

This is a type of memory in which informnti n i retained in a more permanent form for days, 

weeks or even life time. Th rt: i · idl:n I( r a continual transfer of information from the short 

to long term memory stor •c ,\sin th l h 'nom ' non of priming (Purves, 2001). 

2.4 CENTR M LEARNING MECHANISMS 

!though th gic basis for learning and memory is far from understood at least five 

different areas f the have been proposed to underlie the different aspects of memory 

(Br \\11 eta/., _000). Damage to one of these structures disrupts some memory categories but 

leaYe other intact (Squire, 1987). The five neural area mostly widely studied include the 

hippocampus, amygdala, dorsal striatum, rhinal cortex and cerebellum. None of these neural 

systems is a unitary entity. 

2.4.1 The hippocampus 

Mice ha e a medial temporal lobe system, including a hippocampus that resembles that of 

human and the; use it much as humans do to store memory of places and object (Kandel, 

2001 ). It i distinguished b three distinctive regions composed of granule cell , th A3 and 

AI r\!gion , which are compo ed of p;ramidal cell with dif[i rent pr p rties. argha Khaden 

an c w rker ( 1997), prop ed an anat mica! m del in which the ' uggcstcd that tht: 
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Cells in the hippocampus, therefore contribute to memory, however, the precise way in which 

they contribute to memory remain un 1 nr ( hapiro and Eichenbaum, 1999). Furthermore, it is 

well established that the hipp t ntnins a cllular representation of extra personal space, 

a kind of cognitive map f ·p.t '~.;, ;tnd I sions of the hippocampus are known to interfere with 

spntial tusks. Mor · )\' •t, l 111 and Bliss (1972) discovered that the perforant path, a major 

putlmu ' ithin th hi11 ampu exhibits activity dependent plasticity, a change now called 

long ll'rm p )t nlt ti n Kandel. 2001), which appears to be the basis for learning and memory. In 

thl' \ l regi n. L TP i induced post synaptically by activation of an NMDA receptor by 

glutamate. Blocking the MDA receptor pharmacologically not only interferes with L TP but 

al o blocks memory storage (Bliss and L0mo, 1973). 

One triking sensory and I or behavioral correlate of hippocampal neuronal activity is the place 

field (O'Keefe and Dostrovsky, 1971). Hippocampal pyramidal cells discharge at rates that vary 

with the specific location of a rat as it moves through a given environment. Region of the 

em ironment where a single cells fires at a high rate defines the place field of that cell and 

nemon with thi pattern of activity have been called place cells ( Ke fe and Do tro k , 

1971). 

ording to i h nbaum (19 9 , place cell ar principal hipp campal n ur n that fire \\hen 

an animal i in a particul, r lo ation in the cnvir nm nt. The • firer gardle. of what din.: tion the 

nnim I i fi ing , nd r rdl of \\hat th anim, I i d In'· h I cus and pattern or firin I i 

t rmin by II, ti n all uc.: nd indc: ndent ,f ll) p. rti ·ulu 
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of the environment, that is, the hippocampu contains three dimensional framework in which the 

activation of each place cell (the plac fi ld) r pre cnts the animals presence at a particular set of 

coordinates within th patial r rt:n t: Cr. m . 

The observation of It·· · II· t thcr with demonstrations that hippocampal lesions impair 

lcmning ltld p •tlbnnun in patial discrimination tasks, led to the spatial map theory of 

hippt)cntnpal functi n. Thi theory holds that the hippocampus contributes to memory by 

ennding l cati n, '' ith a spatial framework (O'Keefe and Nadel, 1978). Hippocampal neurons 

arc re~ponsiYe t complex spatial cues, a characteristic which is consistent with a role for the 

hipp campus in patiallearning (O 'Keefe & Nadel, 1978; Kubie & Ranck, 1983; Me Naughton 

et al. 1983). While much behavioural and electrophysiological data are consistent with the 

spatial map theory, other results indicate that hippocampus cells formation is independent of 

location. Indeed, the hippocampus is needed for learning, remembering and other non spatial 

t pe of information (Winocur, 1990; Bunsey and Eichenbaum, 1995, 1996). 

L arning and memory are supported by many brain systems and different a pect of experience 

and b haviour are encoded in parallel by many different circuits in the brain (M onald and 

White. 199"). Through a variety of pia ticity mechani m , the tructure and functi n f the ·c 

circuit change a a con equence of information proce ing ( hapir and ichcnbaum. 19 

In m mmalian hipp ampu . the ph nom non f long t rm p t ntiati n (L'I P), a timul· ti n 

firm f ynaptic pl. ti ity. has b n h 'P th iz d r flc t a p tcntial ncur. I 
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Alternatively, the information processing that precedes memory encoding may require LTP 

(Dejonge and Racine, 1985; quire, 19 7). Bilateral damage to the human medial temporal lobe 

results in profound and p r i t nt nk r 'rndt: amnc ia (Scoville and Milner, 1957; Milner, 

1972). 

Compr~:b 'II ·iv · 11 ·ur 1 ' h I g1cal and neuropathological studies of amnesic patients have 

I rovid~:d ·ubstanti 1 e\ 1dence that the hippocampal formation plays an essential role in normal 

memory functi n (Zola-1 !organ et al., 1986; Victor and Agamonils, 1990). Further, experimental 

upp rt for thi idea has also come from ablation studies in monkeys. These studies have 

identified e era! components of a medial temporal lobe memory system (Mishkin, 1978; Squire 

and lola-Morgan. 1991 ). The important structures appear to be the hippocampal formation itself 

(comprised of the dentate gyrus, hippocampus proper and sub insular complex and entorhinal 

c01te. ) and the adjacent peripheral and parahippocampal cortices. 

A major finding emerging from recent studies of the primates' medial temporal lobe memory 

sy tem is that structures besides those of the hippocampal formation play a significant role in 

normal memory function (Zola-Morgan and quire, 1993; Mi hkin and Murra , 1994). 

num r of theori of hippocampal function ugge t that it ha a r I in u ing the rclati ns 

bet\ • n ambi nt cu to guid m \ement (I Iir h. 1974; 'K fe and adcl. 1978: , utlH:rland 

and Rudy. 19 : J rrard 199 ). 
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and afferents in the fimbria-fornix (Cassel and Kelche, 1989; Sutherland and Rodriguez, 1989) 

or cholinergic blockade (Sutherland eta/., 1 8_; Whi haw, 1985 a, b; Whishaw and Jomil, 1987) 

are severely impaired in thi t ~. in th am studies show that the rats remain excellent 

swimmers and can quic~l l .un 1t s ·up' to a visible platform, the results suggest that the 

hippo<:nmpus is ·I· ·th· ·ly im I d in using the relational properties of ambient cues to guide 

mov ·m ·nts (Whi hu" 1 11., l 95). 

s li.rst dem n trated b} Krechwky (1938), problem solving involves at least two processes, 

di · ·oyering the tasks solution and then learning the task, similarly, in swimming pool tasks, 

animal must fir t learn to swim, discover that there is an escape, and find that effective guidance 

requires distal cues (Sutherland and Dyck, 1984; Whishaw and Petrie, 1988). In fact, during the 

fir t swimming trials, the rats engage in a variety of behaviours such as scrabbling at the edge, 

making sorties into the centre of the pool, swimming in circles, etc, therefore, suggesting that 

they are searching for an appropriate solution. Once a solution is found, however, new place 

re pon es, e en in tests in novel locations can be acquired with in one trial (Whishaw, 1985c, 

1989). 

Hippocampal functioning has t pically been examined with test of patial learning uch a the 

~orri water maz ( 'pchurch and Wehner. 198 ) and radial arm maz Me nald nd White, 

19 Le rning in \\att:r maze, h weYer. rna · d end n th am ·gdalu a w II a th~.: 

hip mpu 111 much a wimming in an op que p I may r 



2.4.2 The Amygdala 

The amygdala has been considered for . enr to b involved in emotions. This almond shaped 

part of the limbic forebrain ( t tht: b·1.' ~.: C th' t 'mporal lobe) is also involved in learning and 

memory both dir ctl ·m I 10 ht~.: ·tl ia its close a sociation with the hippocampus. The 

electrical stimul ttion 1l th · Ill\) data an increase memory retention (McGaugh & Gold, 1976). 

Furth1.·rnwr ·. it h 1 • h · ·n m n ·trated that memory can be modulated by post-training injections 

or q in~phrin • und n r epinephrine directly into the amygdala. The increased retention induced 

intra-amygdala injection of norepinephrine can be blocked by concurrent administration of beta-

adrenergic antagonists such as propranolol (Gallagher et al., 1981 ). 

nor pinephrine and epinephrine are dose and time dependent. 

The two effects of 

The Amygdala is composed of at least four independent units (Swanson and Petrovich, 1998). 

Artificial stimulation of the amygdala causes animals to demonstrate signs of strong fear or rage. 

Monkeys whose amygdala has been lesioned can learn to recognize objects, but have difficulty 

as ociating objects with reward or punishment. The role of amygdala in learning and memory is 

generally studied using tests of conditioned fear responses. In the context of conditioning, 

animal shocked in di tinct environment display conditioned fear beha iour (c .g. freezing) 

wh n they rememb r the a ociation between conte t and hock ( ·an el w, 1 90, 1 4.) 

2.4. h D r al. triatum ( audat /Putam n) 
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somatomotor cortex (Fetz and Baker, 1973). This memory system is activated in operant 

conditioning tasks in which the timulu n o iatcd with a specific motor response is reinforced. 

The cued win stay radial m t sh. hns b 'On effective in dissociating differences in the 

cauda1c/putamcn from th) in thl \Ill 1dala and hippocampus. In this task, a light is used as a 

cuc, nnd dutin • · t ·h 11 i tl. th · animal learns to enter the arm of the maze associated with the 

light t~HI · (Pu ·k ud ·t 1 •. I 9) . 

2AA The Rhinal orte 

The rhinal corte\. appears to be involved in object recognition (Zhu et al, 1995). In rats, 

recognition memory in the delayed non matching to sample (DNMTS) object recognition task is 

impaired b lesions of the rhinal cortex but not by lesions of the amygdala or hippocampus 

(Mumby and Pinel, 1994; Mumby et al., 1992). This impairment difference suggests that the 

D MTS object recognition task can be used to dissociate the role of the rhinal cortex, 

hippocampus and amygdala in learning. When testing object recognition, it is necessary to 

en ure that there is an absence of all spatial and odour cues and that the object have no biologic 

ignificance so that the spatial and emotional learning and memory systems are not activated. 



2.4.5 The Cerebellum 

The cerebellum seems to be important in lt:nrnin :r crtain types of motor skill , especially those 

involving balance and coordin ti n, lik' ridin 1 a bicycle. The interpositus nucleus of the 

cerebellum and th r d nu 1 us f th' mid brain arc the critical intermediaries in a circuit linking 

( n . in thi · classical conditioning experiment. New synapses are 

npp:trL'IItly l'mu ·d inth r d nucleus in association with this learning (Fetz. and Baker, 1973). 

Th~:: ·creb llum c rdinated motor learning tasks such as the conditioned eye-blink (Thompson, 

19 1 
) tmd Ye tibuloocular reflex (Ito, 1984; Chen et al. , 1996). The conditioned eye-blink 

respon -e have been studied in mutant mice with Purkinje cell degeneration. Rats raised in an 

em·ironment where they could exercise and be active showed 23% more spines on the dendrites 

of Purkinje cells of the cerebellum than rats kept in cages allowing only enough space for access 

to food and water. Similarly, rats raised in enriched environment allowing for exploration 

shO\ ed increased branching of dendrites in the primary visual area of the cerebral cortex (Fetz 

and Baker, 1973). 

2.5 ffect of hormone and neurotran mitter on learning and memor 

2.5. t. Epinephrine and . orepinephrine 

Th g neralit · of the dTe t of adren rgic comp und n mem r ha been supp t1ed b 

r h on olfa tory mem ry in h n b e . P t learning inj cti n ·· f n repincphrin into 

ram ffi t memory: retenti n i nhanccd b · 111l d rated c , nd impain.:d b: hi 1h dl c 

n rcpin phrin 

tu m I in hum 1 • in ith r Ill r imil r 

th t m n It hill I 1/ , I Ill 



the individuals were treated with propranolol which significantly impaired memory of the 

emotionally arousing story, but did n tam t memory of the neutral story (Cahill et al., 1994). 

These results supported th h p tht.:sb th< t hi )hly charged emotional memories require 

activation of beta ad1~n r •i • rt 1 !{ r~ ( 'ahill et al., 1994). The effects of epinephrine 

ac.hninistlm.·d ·ith ., ·ri1 h 't 111 ' < r •ntrally could hypothetically be mediated via increased 

rei ·u · · rut ·s )r tdr ·n · nti tr pic hormone (ACT! I). However, the memory enhancing effect 

ol' po ·t training 1 in phrine administration is not blocked by dexamethasone, an artificial steroid 

release of ACTH. Therefore, it appears that ACTH does not mediate the 

mem ry-enhancing effect of epinephrine (McGaugh et al., 1987) although ACTH has its own 

pot nt effects on memory. 

Epinephrine ele\ates blood glucose concentration which increases the amount of glucose that 

enter the neurons. Epinephrine enhances memory and its memory enhancing effects are both 

do e and time dependent. Responses to different concentrations of epinephrine follows an 

inverted U- shaped curve, that is, low and high blood levels of epinephrine impairs memory 

whereas moderate epinephrine enhances memory (Parsons & Gold, 1992). In tihis regard tudie 

have reported that the optimal dose in rats i about 0.1 mg/kg which yield a blood le el f 

epin phrine of about 1500 picogram /ml ( old and Van Bu kirk, 1975). In additi n, injecti n 

of cpinephrin 1 mg/kg are mo t effe ti e in enhan ing m m r if given I minute after training 

11 th nefici I fft.:ct dimini h minute after training ( old. I 7). B a us ·pinephrine 
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animals experiencing moderate foot shock . Both of these effects have been demonstrated 

(Gold; 1987), For example, the optimal lev"L of epinephrine for memory enhancement in rats is 

1500 picograms /ml of bl d rum , nd this level in rats showed optimal performance in 

avoidance tasks ( old, 1 7 ' l '1 mild r ot hock produces blood epinephrine levels of 1000 

pg/ml and the slHH:k i { tit • I \\ ith an injection that raises epinephrine levels another 500 pg/ml, 

thw the l'X~) ' ·m1u · nd ·nd gcnous epinephrine sum and the animal exhibit optimal learning 

(Gold. 19 7). Th~: t time to administer epinephrine is immediately after training, treating 

t cror · training r ' hen a substantial period of time has elapsed since training is not effective in 

enh~mcing memory (Gold, 1987). These temporal constraints are consistent with the hypothesis 

that epinephrine influences memory by potentiating the effects of noxious events. 

Learning and memory involve encoding, storing and retrieving information. Epinephrine as well 

as other hormones could facilitate any or all of these processes. The precise mechanisms of 

memory have yet to be elucidated. Epinephrine is a molecule that is too large to cross the blood 

brain barrier, although it is produced by very few neurons in the brain as a neurotransmitter 

(\\ eil-\1alharbe et al. , 1959). How then can epinephrine affect learning and memory proce e if 

it cannot get to the neurons in the brain? pinephrine mu t affect orne pr ce ut ide f the 

brain that ub equentl influence the brain. 
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into the brain also enhances memory (Gold, 1987). Elevated blood glucose levels permit more 

glucose to enter neurons, which in tum timulnt an increase in the release of acetylcholine from 

neurons in the brain. The n ur bi l 1i • I m chanism(s) by which glucose improves memory 

ln a study of rats in a simple T-maze, micro dialysis 

rcwaku that 11 'L'l l·h llin · I ' cr elevated in glucose treated rats during memory testing 

(Ra' lain) ·t 1/ .. I , . 

Re · ·nt ·tudie haYe confirmed that glucose enhances both memory storage and retrieval in 

health) elderly humans (Manning et al., 1998 b). In addition, glucose also improves learning 

and memor · in people v ith Alzheimer disease as well as in adults with Down's syndrome (Korol 

& Gold, 1998; 1anning et al., 1998 a). However, rats rendered diabetic display deficits in 

spatial learning in Morris water maze (Biessels et al., 1996). 

The other hypothesis on how epinephrine modulates memory is that it activates peripheral 

receptors that communicate with the central nervous system (McGaugh 1989). In order to 

di CO\ r which neural receptors are involved in the memory effects of epin phrine, specific 

re ptor agoni t and antagoni ts are used. he effects of epinephrine on mem ry can be 

bk k d by both lpha and b ta adrenergic antagoni t ( temb rg et a/., 1 5. 1 ). In one 

tud . rat ' re injected with an alpha r a b ta adr n rgic ant g ni t phen . b 111aminc r 
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that crosses the blood brain barrier can b blocked only by centrally acting beta adrenergic 

antagonists (Introini-Collison & Baratti, 19 ). These data suggests that epinephrine acts in 

peripheral adrenergic r c pt r t initi. t" it ~ dTccts on memory (McGaugh, 1989). The two 

working hypothesi pl tinin' h< lJ in phrinc affects memory are not compatible. 

Lpincphrinc lcv·1t • t l(l lu '< · concentration which increases the amount of glucose that 

cn!L'r. · th · n ·ur m • I h n ur nc thus release higher concentration of acetylcholine into the 

s ' lltlp"~:s. pin~J hrine al o appears to act directly on neurons to enhance their function. These 

direct c~ntral eiiect of epinephrine may reflect endocrine activity or epinephrine could affect 

mem ry directly (perhaps after entering the brain through the cerebro-spinal fluid thus 

circumventing the blood brain barrier) by acting as a central neurotransmitter (McGaugh, 1989). 

2.5.2 Adrenocorticotropic hormone (ACTH) 

ACTH injections in rats lacking both pituitary and adrenal glands restore learning and these 

effect on memory are independent of its endocrine effects (De Wied, 1974). Not only A TH 

but al o small pieces of the ACTH molecule devoid of any effect on the adrenal gland , affect 

learning (De Wied, 1974; 1977). ACTH can also protect against amne ia, failure to remember. 

Three experimental techniques can induce amnesia; expo ing animal t carb n di xide 

imm diatel)' after training, administering a trong electri hock after training r treatm nt \ ith 

pr tein ynth i inhibit r ( uartermain 197 . A TH attenuate the amn i 

b · th _ e. ·p rim nt manipu\ati n . 
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dysftmction. Homozygous Brattleboro rat avoid the compartment in which they have been 

shocked when their retention i te ted imm dint I after the learning trial , however, if a delay 

occurs between training and t tin , thl: r·1pidly rc enter the compartment in which they had 

been shocked. l r atm nt "ith ':\:\( 1 r 'Ssin immediately after the learn ing trial raises the 

subsequent HV()idan · I ·h l\ i( ur of homozygous Brattleboro to the level of the heterozygous 

cou~iu whi ·h h ,. n )1'111 I ' pre · in levels. 

a ·oprt!s '111 1 k. fi rgetting or prolongs memory; indeed its injection can prolong memory in 

normal animal for noxious experience by days or weeks (De Wied, 1980). In addition, their 

etTect of on memory are dose and time dependent (De Wied, 1984). Furthermore, the memory 

enhancing effect of post training treatment with vasopressin in normal rats require the presence 

of an intact adrenal gland or prior treatment with epinephrine (McGaugh, 1989). Both working 

memor and reference memory (long-term) assessed in a radial arm maze are improved by 

vasopressin and vasopressin antagonists (Dietrich & Allen, 1997 a, b). 

0 . ytocin on the other hand appears to have a variety of effects on memory function but the 

majority of tudie have implicated oxytocin as an amne ic peptide when given intra ntricularl) 

it nhanc forgetting (Bohu et a/., 19 2). ther tudi indicat that temi injection of 

an enhanc memory ( e Wied, 19 4) but u uall on! · in c n trained ituati ns or 
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slight place preference suggesting that o ytocin has intrinsic reinforcing properties (Liberzon et 

al., 1997). 

2.5.4 Endogcncou. Opi t ' 

piates utt ·nual · p tin t\r 1h 111< tiona) response to pain. Opiods have amnestic properties in 

uvPiduntT I· 1rnin · pJt 1di m . but seem to enhance the reward properties of trial and error 

kurning situati n True amnesties act directly on memory storage, retrieval, or both processes. 

1 iods pr babl) ameliorate the noxiousness of an aversive stimulus so that it is not perceived as 

anriYe. thus appearing to act as amnesties. Opiate receptors may play a part in reinforcement 

and reward, for example. opiates such as morphine and heroin have reinforcing effects that cause 

some people to become addicted to the drugs. The reinforcing effects of opiods were found to be 

caused by activation of opiate receptors in the brain (McGaugh, 1983). This finding suggests 

that the release of endogenous opiates may play a role in the reinforcement of behaviour. 

Neurones than contain opiate receptors are found in several regions of the brain in which 

electrical timulation ha reinforcing effects including the hypothalamus, nucleus accumben and 

periaqueductal grey matter. Rats will press ale er repeatedly to cau e opiate to be inj cted into 

th~.:ir brain , thu acti ating the e receptor . Furthermore, morphin and th r piate incr a 

tht: rate of re p nding (bar pre ing) for el tri al br in timulati n ' herea nal 

n.: pt r bl ker d rca ·e th rate chacfcr. 19 . In udditi n. rat sh w a place 
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On the other hand, opiate antagonists ameliorate the memory impairing effects of opiates and 

their agonists. Studies have demon tr ted that retention is enhanced by post training 

administration of opiate ant g nisL in ludin 1 naloxone (McGaugh, 1989). The memory 

enhancing effects of th s • )pi.u~ ,\1\10 'Onist!) arc also dose and time dependent and have been 

found in studi •s u ·in • f training tasks, including passive avoidance, active 

uvoidHilL't, h tbitutti n und appetitive spatial learning (McGaugh, 1989). Furthermore, opiate 

ant 1 •otti ·t · ul· bl ck the amnestic effects of electroconvulsive shock therapy (Collier et al., 

19l:P) l ut ha\ e had mi. ·ed results in human patients with memory disorders (McGaugh, 1989). 

The memor modulating effects both central and peripheral injections of met-enkephalin (and 

peripheral naloxone) are attenuated in adrenal-denervated (or demedullated) animals (Conte et 

al.. 1986). Taken together, these results suggest that peripheral injections of opiates affect 

memory via epinephrine. The injections of met-encephalin elevate blood glucose probably by 

stimulating epinephrine secretion, however, it is prudent to recall that the effects of epinephrine 

and glucose follov an inverted U-shaped curve, levels too high or low reduce performance on 

leaming and memory tasks and therefore, only moderate levels of epinephrine and gluco 

enhance learning and memory. 

2.5.5 I:ffect f ·tucoc rticoid on I arnin and m m 
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A study that correlated corticosterone consumption and maze performance indicated that rats 

consuming the most corticosterone mnd th mo t errors in a radial arm-maze (Luine et al., 

1993). Therefore, cortico t r n tn.: tm~.:nt impair patiallearning in rats in a variety of testing 

situations (McLay et a/., 1 .1n l, in addition, treatment with a progestin and glucocorticoid 

receptor antngon i t ( 1 \ infu ·d directly into the dorsal hippocampus improved the 

pi:tl{ll'tiHIIILT 1f mtl wl in the MWM ( itzl eta!., 1998). In another study, evidence indicated 

str~.:~~ nnd ·orti' 1 te1 n impairs memory retrieval (De Quervain et al., 1998). Like estradiol, 

cm·tico ·ter ne cau e re tructuring of the hippocampus and its circuit. The hippocampus related 

brain tructure are rich in glucocorticoid receptors. Treatment of rats with corticosterone or 

inducing chronic stress decreases number of pyramidal cells, dendritic length and number of 

dendritic branch points in the CAl and CA3 regions of the hippocampus (Watanabe et al., 1992; 

Woolley et al., 1990; Sapolsky et al., 1985). Similarly, very low corticosterone concentration 

a1 o cause degeneration in a brain region closely associated with hippocampus the dentate gyru 

( lo' iter et al., 1989; Conrad & Roy, 1992). After adrenalectomy, hippocampal cell numb rs 

decrea e by approximately 50% (Gould et al., 1991; Conrad & Roy, 1992; Luine 1994). patial 

m mory is impaired by adrenalectomy (Gould et al., 1991). Furthermore, adult neurogene i i 

chronicall suppressed b repeated expo ure to stress contributing to dimini hed patial 

navigational teaming ( ould el a/., 1998 . 
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of sex hormone on learning performance ma be indirect and may be influenced by extrinsic and 

intrinsic factors such as stre s. Ind ed, an int ra ti n between sex and the stress of novelty or 

electric shock has been d m n tr t in 1\: 'nt tudics (Williams et al., 1990). Males generally 

perform better th, n fcm tl s in tht: h ni:s wat0r maze (Galea et al., 1996). In one study, stress 

impaired learnin • )r t im1l · ts < iativc task (i.e. eye blink) in females but not in males. In fact, 

I · p ·rfi rmance (Wood & Shors, 1998). From the foregone the choice of 

mak C B 1111 • " t a oid the effect of estrous which arises from sex hormones with their 

utt ·n iant dTe ton learning and memory. This was an important consideration because female in 

c mpari on to male animals, undergoes estrous, which could be a confounding factor causing 

interpretational problem and thus affecting the validity ofthe results. 

2.6.1 Effects of Androgens on learning and memory 

Many studies conducted to investigate the role of testicular androgens in learning and memories 

haYe shown that the gonadal androgens do not affect learning and memory and this is true of 

humans and non human animals (Alexander et al. 1998). For example, neither testosterone 

replacement therapy in hypogonadal men nor testosterone treatment of normal men revealed 

change in learning and memory performance (Alexander eta/., 1998) . 
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2.6.2 Effects of Oestrogen on learning and memory 

Estradiol appears to enhance patial mem r in a reliable and subtle manner (Luine, 1994; 

Daniel et al., 1997). Howe r, \,; tr 'U1i 'IT~ ts on learning and memory are complex and 

depend on many l~1ct rs, in ludin th timing of hormone administration and the gonadal state of 

c individual b ·tug 1 · · • I. 1 urth r more, estrogens appears to enhance consolidation and 

s li ght! ' ~nh 111 • • t·qui iti n f patial reference memory tasks (Daniel et al., 1997; Luine et al., 

!99': F1d r ·t 11 •. 199 ). n the other hand, several studies in rats and humans have 

d~mon ·t_rated that patial memory is impaired during pre ovulatory portion of the ovarian cycle, 

wh n e tadiol concentrations are normally high (Frye, 1995 ; Galea et al., 1995; Korol et al., 

199-k \ arren & Juraska. 1997). 

Infusion of water soluble form of estradiol directly into the hippocampus enhances the memory 

of ovariectomized rats for Morris water maze but only if given immediately after training. 

(Packard et al., 1996; Packard & Teather, 1997). Estradol receptors are located within the 

hippocampus especially in the CAl, CA3 and dentate gyrus regions (Loy eta!., 1988; Maggi el 

al. , 1989: Gould et a!., 1990). Oestrogen treatment and naturally high oe trogen concentration 

around the time of ovulation are associated with an increa e in the den it f dendritic pine in 

the Al region ( ould eta!. , 1990, Woolley eta!., 1990a; Me''-' en eta!., 1995).llippo mpal 

1:1 p i r. ilitated b ' tr g n treatm nt in awake rat ( rd ba-M nto a · arrcr, 1997), and 

h lincrgic ncur nc that might be imp nant in passi\' 
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2.7 Paradigms used to investigate learning and memory 

2.7.1 Habituation 

This is the most generaliz d nd im~ k t f ' of I armng. It is usually considered to be a loss of 

response after repeat 'U c p m t( n :timulus (Nelson, 2000). Habituation occurs in the central 

nervous syst ·m 111 I i r · ·ar ·d a· learning not to respond. The neuronal mechanism of 

hnbilunlion h t· b · ·n tudied in ·implc invertebrates systems and involves a reduction in the 

nmounl of n untt n mitter released at the synapse. Habituation is different from fatigue or 

·ens ry udaptati n. Fatigue is the loss of efficiency in the performance of a motor act after 

num rou rapid repetitions whereas sensory adaptation occurs at the level of sensory receptor; 

that i the sensory receptors repeatedly exposed to a stimulus stop sending nerve impulses to the 

central nervous s stem elson, 2000). The habituation test has been used as a non associative 

te t of learning (Plate! and Porsolt, 1982). 

2.7.2 Conditioned fear response (aversive learning) 

Active avoidance describes a situation in which an animal must do something to avoid noxious 

situation elson. 2000). This is a test of conditioned fear response which generally tudie the 

role of am gdala in learning and memory. In the content of conditioning animal hocked in a 

di:tinct environment di pla conditioned fear b haviour " hen the remem r th a iati n 

bd"\\ n the conte. t and the hock ( ·an low, 1990, 1994). In pla a id- nc c nditi ning, 

animal a\·oid th~ place a · ciat d ' ith hock ( 'tcgfricd and ri hknccht. l 9). In a tivc 
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into the illuminated part of the shuttle to e cape the shock. In other words the rat inhibits its 

inclination to enter the dark compartment of the box and therefore passively avoids the 

unpleasant stimulus (Delprato an RusininJ..., 1991 ). 

2.7.3 Rudial arm m tl ' 

t t is !I co tum )I\ ppm utu u.: d in assessment of spatial memory. The maze is open at the top and 

nw · hnv , . l 1r e\'en arms. The greater the number of arms, the more difficult the maze is. 

Th radial arm maze has been used to examine the functioning of hippocampus on spatial 

learning ( lcDonald and White, 1993). Males use different strategies than females to solve 

radial arm maze . and these strategies can be manipulated by early hormone treatment (Williams 

et a!.. 1990). In one study, eight of the twelve runways of a radial arm maze were always 

provided with a food treat (baited); four arms were always devoid of the treats (unbaited). The 

solution to the maze involved making only one trip down each of the eight baited arms and 

avoiding the unbaited arms. This task, therefore involves long-term, or reference, memory recall 

which of the t\.velve arms were always baited, as well as short term or working memory to recall 

of \\hich the eight baited arms had already been visited on that particular trial ( \ton and 

amuel on, 1976: Williams et al. l 1990). 
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2.7.4 Win stay radial maze 

The cued win stay radial maze ta k h . b n effective in dissociating differences in the 

candate/putamen from tho in m. l l. , nd hippocampus. In this task, a light is used as the 

cue, and during ea h tr til £h . ninul I nrns to ~;nter the arm of the maze associated with the 

light/tone (Pack ud ·t 1/ .. I >, c 

2.7.5 NoY 1 b' "t r oniti n ta ·k 

lj , ·t rec gniti n memory is another model of declarative memory in which the medial 

temp ral lobe ha been implicated in primates and humans (Squire and Zola, 1996). Some 

tudie of primates and rodents have shown the importance of the parahippocampal regions of 

the temporal lobe (the perirhinal, entorhinal and inferior temporal) in visual object recognition 

memor (Gilbert and Kesner, 2000). Excitotoxic lesions of the peripheral cortex in rats disrupt 

object recognition memory (Aggleton eta!., 1997; Lin & Bilkey, 2001) and in some studies of 

neuronal activation and response in rats and monkeys suggest it is cortical and not hippocampal 

nemon that are involved in object recognition tasks (Brown & Aggleton, 2001 ). However, 

some human and primate studies have shown that hippocampal le ion re ult in impaired bject 

recognition memory (Zola eta/., 2000). While other have shown limited effect of hipp cam pal 

le ion on object recognition memory in primate (Zola & quire, 2001 . 

Th bj t rc gniti n task wa devel p d b · I~ nnac 'Ur and al. c ur 19 8 and 



objects and testing. The second type of no el object recognition task is a test of long term 

memory which involves a 24 hour peri d bet\ c n trial I and trial 2. 

2. 7.6 Delayed non matchin~ to s:nnpl' (ONMT ) object recognition task 

Perirhinal cort • · 1111k u\ · ·ntial ontribution to object recognition memory, as measured by 

delu '·d 1111t ·hin• ( 11 n n matching) to sample tasks. In these tasks, subjects must choose a 

cutTL'nlly pr · nt ·d b'ect that matches (or fails to match) an object presented previously 

(l\ lurray and Richmond. 2001 ).The rhinal cortex also appears to be involved in object 

rec gnition (Zhu et a/., 1995). In rats recognition memory in the delayed non matching to 

ample (D IT ) object recognition task is impaired by lesions of the rhinal cortex but not by 

le ion of the amygdala or hippocampus (Mumby and Pinel, 1994; Mumby et al., 1992). This 

impairment difference suggests that the DNMTS object recognition task can be used to 

di ociate the role of the rhinal cortex, hippocampus and amygdala in learning. 

2.7.7 The Morri Water Maze 

The lorris Water Maze (Upchurch and Wechner, 1988) is paradigm that i u ed to a spatial 

learning. a hipp campal function. It is a circular pool filled with water. Mice are trained to use 

e. ·tra-maz vi ual cue to locate an e cape platform hidden ju t below the urfac f the paqu' 

wat r ( 1 rri 4). The hidden platform ver'ion of the Morri water maze i test of patial 

m m ry , hich i n itiv t hipp ampal damag or d fun ti n. \l hi! th vi iblc plat[! nn 

v i n of th 1orri ", tcr maze a non-hipp am pal ta k v.:hi h is dL ruptcd b • d )I" al 
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al. , 1995). The MWM apparatus is er useful for evaluation of spatial learning and memory. It 

allows simultaneous evaluation of 1 arning, pntial memory and working memory as well as 

motor activity by submitting th s. ml: nnimal to di tinct and consecutive phases of training 

(Pctlcnuzzo, 2001 ). Di ·tin t l'l tl b cnn t ~ run in the water maze e.g. the platform can be 

hidden or visibl ·. th ·u · m h intra or extra-maze, the number of daily trials and number of 

rn . 1982). Using a hidden platform, better evaluates the spatial 

kuming md m m Q ince animals must build a spatial map to locate the submerged platform in 

th~ 1 1: Umt i di tinct from what occurs when the platform is visible. 

2.8 Effects of addictive drugs on the brain. 

p ) choactive drugs have their effects on the brain. The drugs act primarily on the brain at the 

neuronal and structural levels. At the neuronal level the drugs interfere with neurotransmitter 

turno\ er. At the structural level they alter the morphology of key brain structures. Further, the 

addictive drugs alter the functioning of the brain by modifying the production, release and 

breakdown of neurotransmitter and nueropeptides. The type of effect a given drug will exert 

dep nd on the transmitter (catecholamine serotonin, and acetylcholine) r ncur pepetidc 

(endorphin) \ ith \\hich the drug predominate! interact , th natur f thi intcra ti n, and th 

1 u f th intera tion in th brain and the functi n that thi ar a f th brain fulfil . 
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2.8.1 Effects of amphetamines on learning and memory 

The most effective and frequent! ' pr rib --d drug for treatment of attention deficit hyperactive 

disorder, is methylph nid t it , lin ln i omphctnmincs which are psychostimulants that inhibit 

rc uptake and . timultt · th r 1 .t ( f dopamine in the NS, thereby increasing the temporal and 

sputinl pr·cst·u · · \lr d 1( 1111in • at p t-synaptic receptors (Klause et al., 2000; Safer and Krager, 

l ()g '). n r th eiTec of amphetamine withdrawal is demonstrated in behavioural 

s 'llSitizntion tud1e . m \\hich withdrawn subjects exhibit an enhanced behavioural response to a 

ingl challenge of the drug compared with drug-nai've subjects and this effect can last for at 

lea 't a year (Paul on et al., 1991 ). The striatal cortex, prefrontal cortices and limbic areas are 

ome of brain structures demonstrated to undergo adaptive change during repeated amphetamine 

administration. These structures have been implicated with various forms of learning and 

memory (Goldrnan-Rakie, 1987; Baddeley, 1992; Dias et al., 1996; Nester and Aghajanian, 

1997, Robinson and Kolb, 1997 and Berke and Hyman, 2000). Post trial amphetamine treatment 

ha been shown to enhance memory consolidation in the water maze task (Brown et al., 2000). 

On the other hand chronic administration of psychostimulant cocaine, a drug that resemble 

amphetamine pharmacologically, has been reported to impair water maze performance in rat 

(Quirk et a/., 200 I). 

In an th r tudy, a ute amphetamin treatment h e n r p rt d t increa 't.: mcm r 
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2003). In addition, acute administration of low doses of amphetamine enhances reversal learning 

(Weiner et al., 1986; Weiner and F ld n, 19 6) p ibly due to an effect of the drug acting on 

the nucleus accumben in nh n in 1 hl'h. ioural witching. This hypothesis attributes a role of 

switching to the nu 1 us l ·um n. unckr th modulation of the ascending dopaminergic input 

a and the gl ulamatergic limbic inputs originating from the 

hii[Wl'HtllP' li rmn tim. nt rhinal cortex, amygdala and prefrontal cortices. It is suggested that 

this balance between the two sets of inputs resulting in enhanced 

behavioural "itching \ einer, 1990; Weiner and Feldon, 1997). 

In ne tud . methamphetamine administration during early post natal development in rats 

re ulted in impaired learning in a T -maze if administration occurs from postnatal day 1 to 10, 

and impaired learning in the MWM if administration occurred from postnatal days 11 to 20 

(Vorhees et al. . 1994). In a report published by McFadyen and colleagues (2001) 

meth phenidate administered chronically to male CD-1 mice at a prepubertal (late juvenile) 

deYelopmental stage had little or no enduring effect on locomotor, exploration, emotionality or 

learning in a simple isible platform water maze task and in a recent study, methylphenidate ha 

be n found to enhance \\Orking memory in human (Mehta eta/., 2000). 
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trigger brain mechanisms which are then predisposed to their continued self administration. They 

produce a primary pleasurable reward Pnt n, 1980), mediated, by their action upon brain reward 

mechanism (Freud, 1961; ld , 1 77 . h ~ effects of addictive drugs on the brain 

neurotransmitter and sp ·i 1li l fun ti< ns of the limbic structure produce neuropsychological 

anomnlies, whi ·It 1 ·suh in I ·h.n i< ur alterations. These are numerous and differ according to the 

drug. ddt ·ttv • hu ' Ut las ificd on the basis of their effects on brain and behaviour (Nahas; 

19g 1 ). rh · dT ·t · ar primarily mediated through alteration of brain neurotransmitters in the 

nrl'ns t1f the lim ic ) tern that have been associated with the pleasure reward mechanism of the 

bruin: th mechanisms control motivation and behaviour. 

2.9.1 Major Psycho stimulants 

This class of drug cause increased arousal, awareness and insomnia. Major psycho stimulants are 

the most profound reinforcers in rhesus monkeys, which will press a lever more than 4,000 times 

in order to get single injection of cocaine. When given free access to cocaine or amphetamine , 

the animals will immediately self-administer high daily doses. Man's propensity to take drug of 

abu e i shared \\ith other mammals (Johanson & Balster, 1978; Johanson, 1978). 

2.9.2 linor P ) cho timulant 

of drug fa u e cau m derate ar u I, awarene and in mm . It includes drug 

lik 01 tine and caffeine. he e drug gi\cn m m derate am unt d n t pr ducc un ' 

m ympt m o ncur p ')' hol ic l to:i it) aha l ). 
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2.9.3 Opiates and their Derivatives 

These drugs produce pleasurable ftl t n brnin r~ward mechanism and they are associated with 

ability to dissipate unplea ant fl lin '·, k ·r ns~ anxiety and detachment from the world. They 

arc also powerful with r' p 1 1 1h ir <lnalg~sic property i.e. by relieving pain. They decrease 

arousul and aw 11 ·n ut 1 thu au ·e sleepiness. There are withdrawal effects after drug 

discontinu tti m. Wtth 1 iat • . monkeys self administer the drug by gradually raising the daily 

dose over ~t p nod f \\eek until they reach a steady state. For the opiates, the withdrawal 

'Ill! tom, 'eem t re ult mainly from an imbalance or alteration of autonomic nervous system 

contr !led by hypothalamus (Pradhan & Dutta, 1977). Drugs in this group include opium, heroin, 

m rphine and synthetic opiate agonists among others. 

2.9.3 Depressants 

This category of drug includes barbiturates, alcohol, benzodiazepines and marijuana (TIIC). 

Into. icating concentration of ethanol enhance the function of gamma amino butyric acid type A 

(GABAA) receptors, the major inhibitory neurotransmitter in the brain. (Allan and Hams, 1986; 

Ticku et al., 1986). They decrease arousal and awareness cau ing Jeepine , e pecially 

barbiturate . In addition. alcohol cau e motor in coordination and trem r t the u cr. but alcoh I 

in mall an1ount do not produce mea urabl ymptom f n urop ychological t .·icit . 

1-hw • .\ er, if alcoh l i · uddenl d priv d 

, ithd \\81 > ndrom (Ro th in, 1973 . 
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including alterations in the receiving sensor areas of the cerebral cortex. Hallucinogens are not 

self administered by non human prim te a oppo cd to other drugs, such as, the psycho 

stimulants and opiates. 

2.9.5 Antidcpr · "mh tH' :mtip. hoti 

Thl:st 1r ~ 111 ·di · II dru ' u ed in the treatment of severe mental illness like, schizophrenia or 

end )gmou · d pr · ·i n. Drugs grouped in this class include amitryptylline, imipramine, 

chl r~ romazine. butyrophenone, perphenazine among others. These drugs tried on monkeys are 

ne\' r -elf admini tered and the animals learn to avoid manoeuvres that results in administration 

of the drugs. (Griffith et al., 1978; Johanson and Uhlenhuth, 1978). 

2.9.6 Non-Narcotic analgesics 

This class of drugs includes non steroidal anti-inflammatory drugs such as acetylsalicylic acid, 

phenybutazone and sodium salicylate to mention a few. They are generally used medically to 

relie\'e pain. 

2.9.7 olvent 

The~ are broad range of volatile ub tance v.hich are inhaled. The includ glue , I cnt., 

hh u l th ~ 

th nn 

xid ) and a ro l prop llant am ng other . Man · of thcs ar 
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2.9.1.1 KHAT 

2.9.1.1 .1 Introduction (Background) 

Khat, Catha edulis for k. (fi mil. ks1rn~.: n ), is a flowering evergreen shrub or small tree that 

grows wild or is cultiv tt J in ~rt,\in r ' ions of bast Africa and Southern Arabia (Patel, 2000). It 

has been k.nown flH · ·nt 1ri · in I· a ·t Africa and the Middle East, indeed it is indigenous to 

Ethiopiu llld '1m 1li trlini. 200 ; 'onnor et al., 2002) 

Th~: ·h \\ing f khat lea es is common in certain countries of East Africa and the Arabian 

Penin ·ula. It has been used for recreational purposes (Kennedy, 1987) for its valued psycho 

timulant effects (Baasher, 1980). Khat must be chewed while fresh and that is the reason why it 

is u ·uall \vTapped in banana leaves immediately after picking, to preserve its potency (Elmi, 

1983). Fresh khat leaves are crimson- brown and glossy, but become yellow green and leathery 

as they age. They also emit a strong smell. The most favoured part of the leaves is young shoots 

near the top of the plant. However, leaves and stems at the middle and lower sections are also 

us d. 

2.9.1.1.2 eographical di tribution 

e ral million p ople are e timated to b frequent u r of khat (Kali. and ra nd n, 19 5) and 

it 11 umption i (K nn d;, 19 7 . 'I h pr 'alene \Uri \ ide I between th 

\'an u khat u in 

rn li 

rth 

kh t Ill 

n li m n 

untri ( anci li and I arrincll , 19 7· m l and Ohadphale. l 7). In 
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khat is regarded as beneficial, though it ' as considered desirable to prevent the young generation 

developing the habit (Mckee, 19 7 . 

In Kenya, khat is grown m 1 ru di tri t nnd propo cd active ingredient are named reflecting the 

sample source as m ru . thtnl n • ps udomcrucathine and merucathine (Brenneisen and 

Gcissllusler, 1 981). h ," ., ·r. th < n cntration or these compounds in the plant is quite low 

(Kali ·. I <J<J I). Khu.t h local names, miraa in Kenya, qat, African salad, Africa tea, 

gomba un n, the . call . there are different variety depending on quality with giza being 

the t st qualit) and mo t expensive and kangeta and kata, the latter being less expensive and not 

fre h. The market alue of the leaves correlates with eathinone content (Kalix and Braeden, 

19 ) and eason. 

ub tance abuse in olving khat cuts across all ages. Youths and young adults between the ages 

of 16 - 25 ear constitute the majority in khat consumption. These findings are reported to 

correspond to ob ervation in Kenya (Adugna et al. , 1994) and other neighbouring countries, 

Uganda, Tanzania and Ethiopia (Selassie and Gebre, 1996; Adugna et al., 1994). 

The habitual use of khat is often compulsive a fact that is illustrated by the tendency of many 

che\\er to secure their dail supply of the lea es at the exp n e of ita! need . Indeed, the h bit 

may gi,·e ri to moderate but often per i tent p chic dep nden n thi drug (Edd et a/ ., 

1 >- . There an: h wever. onl · min r withdrawal · •mpt m after pro! ngcd khat us •: the · ' 

in lu lethar ·. mild deprc i n, light tremblin' and r~curr~nt bad dr~am (1 lalbach. 197-: 

K on y r a/., 1 0). 



2.9.1.1.3 Active ingredients of khat 

The first attempts to isolate the a tiv mp und of khat were made in the 1800's (Fluckiger & 

Gerock, 1987). Wolfe, (19 id ntifk i othinc in the khat leaves and up to about 1960s; 

cathinc was gencrall b li \(; i ll l th main active compound of khat (Alles et al., 1961). 

I Iowevcr, Von Hru ·k · l q l p int'd out that the concentration of cathine in the leaves is 

insul'lkil'llt t) t' ·~1unt r the mptoms produced by that portion of the drug, and therefore, the 

pn:s ·n · · 11' an 1th r lkal id in khat had to be taken into consideration. 

careful re-im e tigation by the United Nation Narcotics Laboratory culminated with the 

lation in 1975 of the cathinone (UN documents 1975). Cathinone is mainly present in young 

leave which explain why the khat users prefer fresh leaves (Guantai and Maitai, 1982; Schorno 

et a!.. 1982). The findings led to the conclusion that cathinone is a biosynthetic precursor which 

accumulates in young leaves, but in adult leaves and during the wilting process, undergoes 

enzymatic reduction to cathine and norephedrine (Kalix, 1991). Indeed cathinone is rather labile 

compound which explains why it was discovered so late inspite of its relatively imple tructure 

(Kali . . 1991 ). 
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mainly cathine which explains the user pr fer nee for fresh leaves. Because of the similarity of 

their structure and their phy iologi al ffe t , cathinonc has been named a natural amphetamine. 

The only chemical differ n b l\ ~;; n th ~ two is that, oxygen double bond substitutes the two 

hydrogen molecules in th b 1 '.ltll)ll ()f th' amphetamine side chain. 

The ·ITt<:l · )r ·uhin • ti . 2) have been found to be analogous to those of cathinone, but its 

pol ·n ·y i · .:ub ·tuntiall} I ·er than that of cathinone (Kalix and Braeden, 1985). In rats trained to 

distin12.ui h et\\een cathinone and saline, they make cathinone appropriate response upon 

·ub tituti n of cathinone by cathine; however cathine is in such experiments eight times less 

pot nt than cathinone (Glennon et al., 1984 ). The more and intense action of cathinone compared 

to cathine is explained by its higher lipid solubility, facilitating quicker access into the NS 

(Z lger et al., Kalix, 1991 ). 

Khat also contain a group of phenylpentanylamines that are analogs of the phenylpropylamine , 

cathinone cathine and nor ephedrine, that have a side chain containing an additional element that 

is tm aturated. These substances were discovered in the khat from the Meru di trict in Kenya, the 

name merucathinone, p eudo merucathine and merucathine were prop d ( renn i en and 

Gei hul r. 19 7). hO\\ Yer, th ir concentration in khat plant i quite lo\ . The app r n t t 

contribute to any imp rtant e. t nt to the p ych timulant effe t f khat I v ( ali . rt a/., 

. I urthcnm rc. khat leave c ntain an ther •nc f alkaloid called th cathcdulin whi h 
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2.9.1.1.4 THE PHARMACOLOGY OF KHAT 

2.9.1.1.4.1 Absorption 

Khat is rapidly ab orbed aft r r 1 ministration (WIIO, 1985). Indeed buccal mucosal plays a 
major role (80%) in th t :~ rpti n or all the three alkaloids (cathinone, cathine and 
norephedrine) ('I )\.'nn • · t 1 .. 2 0 ). The stomach and I or small intestine receive the swallowed 
juit~: und nr pr 1tabl) r p n ible for the second phase of absorption (Toennes et al., 2003). 
Klnt i · m tu liLed in the liver with only small fraction appearing in the urine (Kalix and 
Brucdcn. l 5 . The more rapid and intense action of cathinone compared with cathine, 1s 
ex~ lained by its higher lipid solubility facilitating access into the CNS (Zelger et al., 1980.). 

2.9.1.1.4.2 Mechanism of action 

Cathinone, which is the main ingredient of khat, is structurally similar to amphetamine and 
indeed, has pharmacological profile resembling that of amphetamine (Kalix, 1992; Wilder et al., 
1994). It has been demonstrated that cathinone operates through the same mechanism as 
amphetamine, that is, it acts by releasing catecholamines from presynaptic storage sites (Kalix, 
1992). Furthermore, they inhibit re uptake and stimulate release of dopamine in the N , thereby 
incr a ing the temporal and spatial presence of dopamine at the pre ynaptic receptor (Krau et 
al., 2000· afer and Krager 1988). 

2.9.1.1.5 
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2.9.1.1.5.1 Psychoactive effects of khat 

Khat is most valued for its stimulant ffe t (Baa her, 1980). The stimulatory effects of khat are 
perceived by the user as an in re ~.: in 11 rtnc energy, relief from fatigue, feeling of elation 
and improved ability to mHnuni at (Baasber, 1980). Additionally, they have a feeling of 
cnlwnccd imugithttiv · tbilit . apa it to associate ideas and an increase in self confidence 
(Kal i ·. l 99! ). l j ti\ d ·. khat use induces a state of mild euphoria and excitement often 
uccomptmi d y I quacit (Laurent, 1962; Margetts, 1967). High doses may induce hyperactivity 
and frank manic beha iour and in exceptional cases it may result in toxic psychosis (Kalix, 1991) 
and paranoid (Critchlow & Serfert, 1987). Other effects of khat on the CNS are insomnia, 
hyperthermia and increased respiration. It is also an effective anorectic, which largely explains 
the malnutrition observed in the habitual chewers (Lebras and Fretillere, 1965; Halbach, 1972). 
The peripheral effects of khat are the sympathomimetic type. El-Guindy (1971) demonstrated 
increa es in temperature and pulse rate as well as mydriasis in 30 people chewing khat. 

2.9.1.1.5.2 Effects on circulatory system 

The cardiovascular effects of cathinone have been examined in anaesthetized dogs and 
confirmed to be analogous to those of amphetamine (Kohli & Goldberg 1982). 

athinone admini tration to anaesthetized cat or rat ha e been found to cau c ub tantial 
incr ru-e in blood pre ure and that it had a positive inotropic and chron topic effi ct in i olatcd 
guin a pig heart (Kalix .1991 ). It ha pre or ffect on arteri , c n tricti n f the \US defer n 
(Knli · nd Braedcn, 1985· Kr II. 197 ) a \\dl pr ducing x itati n and in reascd a ·ti\ it • 
\ H 0 . h p ripheral em of khat bdng tl1t: )mp. th mimcti t;pcs, ma · h.:. c.l t) 

nrrh .. thmi nd in bl pr urc c.l p nc.lin on th am tmt mc.l qu lit { th\.: 
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& Fretillere, 1965). Khat has also been suspected to cause myocardiat infarction (Alkadi et al., 
2002) 

2.9.1.1.5.3 Effect. on r pirnto . s st 'm 

Khal causes an in ·r ._. in r •:pirati n possibly by acting on the respiratory center. Additionally, 
it incn:us s m l1b li rate and oxygen consumption by the user (Yanagita 1979, WHO, 1980). 
lnd · ·d. r c nt tinding ha e shown that khat stimulates the respiratory center and 
bron 'h dilation. explaining the feeling of comfort for asthmatic users (Dhaifalah and Santavy, 
2004). There is increased prevalence of respiratory problems in men resulting from associated 
heavy making during khat session (Kennedy et al., 1983) as co morbidity. 

2.9.1.1.5.4 Effects on gastrointestinal system 

Gastro intestinal tracts effects are common, such as anorexia and constipation (Giannin et al. , 
1986). Constipation and malnutrition is probably related to high tannin and norpseudoephedrine 
content of the leaves (Kalix, 1991; Halbach, 1972; Dhaifalah, 2004). Anorexia leads to 
malnutrition and increased susceptibility to infectious diseases, especially tuberculosi (Kalix, 
1987). Khat chevving ha been associated with de elopment of periodontal browni h taining of 
teeth (Kalix 1987~ Dhaifalah 2004). In addition, Khat chewing ha been u p cted to cau e oral 
qu mou cell carcinoma asr and Khatri, 2000) and hemorrhoidal di ea e (Al-Hadrani 2000). 

2.9.1.1.~.5 ~ on urinary 
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2.9.1.1.5.6 Effects on endocrine system 

Endocrinologically associated effect of khat arc variable (Giannin et al., 1986). Hyperglycemia 
associated with khat may oc ur in di t t 'S (Luqman & Danowiski, 1976), reduced birth weight 
of babies (Kalix, 19 7) m tnhi iti n of lactation (Luqman and Danowiski, 1976) have been 
reported in kh 11 ·h '" tn • m th •r · po ·sibly resulting from increased dopamine production 
(Larr t. l 961 ). Khat ha · al been associated with an increase in adrenocorticotrophic hormone 
and gr 1wU1 h 1111 ne. as \ ith amphetamines (Nencini et al. , 1983). More recent studies have 
r p rted an increa e in testosterone levels but reduction of plasma prolactin and cortisol in olive 
bab on (Papio anubis. Cercopithecidae) after oral administration of khat (Mwenda et al, 2005). 
Invitro studies of crude khat on isolated mouse interstitial cells showed that low concentrations 
of khat extracts (0.06, 0.6 and 6 mg/ml) enhanced while high (30 mg/ml and 60 mg/ml) 
suppre sed testosterone production (Nyongesa et al, 2007) 

2.9.1.1.5.7 Effects on reproductive system 

Hi torically khat has been used as an aphrodisiac (Margetts, 1967; Krikorian, 1984). However, 
studie have reported divergent results in this area, for example, according to Halbach, (1979) 
khat increases libido, causes impotence and spermatorrhoea among other . ther finding report 
the oppo ite effect an impairment of e uality WH Advi or group, 19 0). I lam et a/. 
( 19 0) rep rted lo s of libido and dec rea ed em en output in p ple wh chcv khat. 
·urth rmor d lcteriou effect of khat on m n parameter in luding, ha c 
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of eggs in roosters (Hammouda, 1978) and increase in the frequency of abnormal sperm in mice 
(Qureshi et al., 1998). More recent tudi hav reported that, crude khat extract affected the 

viability of cell in isolated m u inkr. titial cell in a dose related manner (Nyongesa et al, 
2007) . Khat has al o b 

dccrt:usc ynth •si · lf I 

a/., l9g4). 

• 1 

au chromosomal abnormalities, decrease mitosis and 

and total protein in studies conducted with rats (De Hondt et 

2.9.L.1.6 BEHAYIO RAL EFFECTS OF KHAT 

a thin one the main ingredient of khat has been shown to maintain drug seeking behaviour in rats 

habituated to amphetamine and monkeys trained to lever press for cocaine injection (Y anagita, 

1979). Similarly, rats injected with cathinone, display the same stereotypical behaviour and 

h perlocomotion observed with amphetamines (Zelger et al. , 1980). Locomotion stimulation 

induced by cathinone in mice is characterized by a dose effect relationship resulting in an 

in erted U- shape curve, a fi ature that is typical and similar to hyper motility of the 

an1phetamine type. The locomotor effects could be antagonized by the same substances a that 
for amphetamine. for example, haloperidol and pimozide (Kalix, 1982). Recent studies have 

sho\\ 11 that khat like amphetamine and cocaine can induce seizures and at low do e (3 .7 g/kg 

b.\\t) it reduces the pent lenetetrazol (PTZ) induced seizure threshold (Patel et al , 2004) . 

2.9.1.1.7. 
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prostitution and criminal behaviour (Elmi, 1983). The cultivation of khat, results in the decreased 

production of other more es ential r p lik cereals, promoting malnutrition and disease 

(Mmad, 1983). Khat ch wing 1 d I I \J productivity due to absenteeism and the after effects 

ofthc usc (Halbach, 19 7, l\. 7 : l·lmi, 198 b; iannin eta/., 1986; Kalix, 1987). However, khat 

is tl major S()UfCt' off 'V '1\U Jli , 1991). 

The 'OIH.:omit mt u f ale hol to counteract the stimulant and insomniac effects of khat 

(Kennedy. 1 7. m & Dadphale, 1987) raises the risk of complication from the two drugs. 



CHAPTER3 

3.0 MATERIALS AND METHOD 

3.1 The Study Area. 

This study was condu ·t 11 th · I partment of Medical Physiology, Chiromo Campus, of the 

University or Nnit >t i. I h · . p •riments were carried out in a laboratory measuring (4.64 x 3.78 x 

·- m). Th · light und dark c cle was maintained by turning on the lights at 0800 hrs and turning 

oiT at t 700 lu during the work. All the procedures on mice were carried out during the light 

cycle. The cage with animals and their accessories were kept in the animal house. To avoid 

interference with the results, only the principle investigator, the supervisors and the assistant 

v ere allowed into the laboratory where the testing was done. 

3.2 Experimental animals 

Male wiss mice (n=18). weighing 20-35 gms, 5-6 weeks old bred in the department were used 

in the open field test (experiment I) to examine the effects of khat extract on locomotor activity 

and to determine the dose to be used in subsequent experiments. 

Male CBA mice (n=20), weighing 20 - 35gms, 5 - 6 weeks old from Department of 

Biochemistry v ere used in experiment II. A further 29 male CBA mice weighing 20 35gms, 5 

- 6 we ks old ' ere used during experiment III. The animals were caged in gr up of 5 7 in 30 

.· 15 .· 12 em metallic \\ire me hed cages, \\hich were put on a rai d urfa , .75m fr m th 

flo r in th animal h u e. The b dding w d having ·) wcr changed ever thr e da . 'I he 

'"' [I d with tand rd rodent p llct ( nga ·c d . airobi) and fresh t p wah.:r ad libitum in the 

. I h mt u cd in thc c:p rimcnt \\l:l'C handlcd [i r tiH: minuh.: cn:r) tl,; for the 
(j 
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(15-30 minutes) before injection with khat or normal saline. All the experiment started at 0800 

hours every day. The study wa ondu t d in accordance with the internationally accepted 

principles for laboratory anim 1 u n i or (NlJI publication # 85 - 23 revised 1985) and the 

FELASA guidelines. 

3.3 E pcrim ·ntul d '"i n 

1 hi · \\'llS u rand mized e 'perimental study carried out using simple random sampling technique 

aim~d at generating data on the effects of khat (Catha edulis) on learning and memory in the 

B mice on Morris Water Maze task. 

3.3.1 Experiment 1 (Open field test) 

The aim of this experiment was to determine the appropriate dose of khat extract to be used in 

the subsequent Morris water maze task experiments. This was necessary because in the spatial 

learning and memory, escape latency, swim distance and the velocity are the key variables 

measured and they are affected by the locomotor activity of the animal. Taken together it was 

important to establish which dose affected locomotor activity significantly to avoid the problem 

of confounding the MWM results. A poor learning and memory results could be due to inhibition 

of locomotion rather than an actual effect on learning and memory. The do e of khat c tra t 

te ted wa e tabli hed b a 3n progre sion formula tarting from 10 mg/ kg b d weight. The 

ft llo\\ ing do e w re te ted 10, 30 90, 270, 360, and 540 mg/ kg bod weight. The 0 mg/ kg 

bod \ dght do " a cho n to capture effect that w uld ha e e n licited b th _7 t 540 

m k b dy wd ht khat c. 'tr ct but pr ably mi cd b~.: au f th v, id int rd · gap. 



3.3.2 Experiment 2 (Morris water maze task following single daily dose khat extract 

injection) 

In the second set of expcrim nt, mi ~.: ' ~r' di idcd into four groups: control group injected with 

0.5 mls normal saline, un l thr~.:t: tr atm nt group injected i.p in 3n progression, of khat extract 

daily: 40, 120, (>Om •,/k • t ' \\ •i ht, respectively. The volume of khat extract was made up to 

a volume t)f' 0. ml· p 1 inje ti n with normal saline for all the animals. Mice were injected with 

khnt ' truct l 0 mmute before the Morris water maze tasks were commenced. 

3.3.3 Experiment 3 (Morris water maze task following escalating then multiple high khat 

extract dose) 

In thi experiment, mice were divided into five groups: control group were injected with 0.5 mls 

normal saline i.p, and four treatment groups were injected with escalating dose followed by 

repeated high doses of khat extract (binge model) or 0.5 mls normal saline. The volume of khat 

extract was made up to a volume of 0.5 mls per injection for all the animals using normal saline. 

3.4 Khat Material Preparation and Extraction 

Fre h bundles of khat (Catha edulis), shoots and small branches were purchased from Westland 

airobi) local market for each experiment. During experiment 1, two bundle of khat lea e 

w re purcha ed. he were cru hed on a gla plate. weighed (90.74 gm ) and th n cru h d \J ith 

P t1 nd mortar. he chopped leave wer put into a fla k and 00 ml f m than I \J a · added 

to o r the lea\ e c mpletcl ·. ethan I wa u cd a . ·tra ti n lv~.:nt a it i ahl t rem vc 

ul . [ urin' e. 'Jerim nt 2. three bundle or khat leave d· the · "crc 
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leaves completely. The mixtures were stirred gently and then left to stand overnight. They were 

then coarse filtered using a piece of gnuz r 11, to epa.rate the big particles, followed by fine 

filtering using Watman' filt r p ~.:r . I to remove the fine particles. The methanol was 

removed with a Rota a· v p rat< r at a t mpcrature of 65°C, at a speed of 100 rpm and 240 

Pascal pres ·urc v t ·uum. l h di tillation took about 2.5 hours and it was considered complete, 

whl:t\ no dr )ps or m ·than l ' ere coming out. The complete removal of methanol yielded 32.47 

gm, in n v lumt! f 142 mls for experiment I, 61.30 gms in a volume of 60.30 mls for 

experim nt li and. 43.42 gms in a volume of 42.0 mls for experiment III. The extract was 

' eighed and the Yolurne determined to calculate the dosage at mg/kg body weight. The extract 

v a, put into small bottles, stored at 0 - 8°C and covered with aluminium foil to avoid 

degeneration. Every bottle was used specifically for one day until the experiment was over. 

3.5 APPARATUS 

3.5.1 The Morris Water Maze 

The \1orris water maze modified for mice was used (Taylor et al., 1996). It con isted of a 

circular polyprop lene pool (112 em in diameter X 25cm in depth) . The pool was filled to a 

depth of 12.5 em with tap water and the temperature was maintained at 25°c u ing a coil wat r 

heat r. The ''ater was made opaque with the addition of non toxic white paint Xpre c I ur 

r' n LTD) to amouflage the e cape platform. A stable circular platform mea uring 11.5 m in 

diam t r and painted white acted as the ap platfl rm. It had a r ugh urf: v hich all wed 

th anim I limb nt it , ily. h platfl m1 wa u m rg d 1 em I w the urf: c c r the 
\ t r n rom the nimal view. 'I he p I "a di\ id I int I ur 

t nd \tl ' l lr mt 
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room, posters with drawing were mounted to provide visual cues which could be used by the 

mice to develop spatial map to navigate t th platform. 

The mice were put into th rna c u. in' n f la ·tic mug by the investigator at different starting 

position, randomly 1 h 1 rf( rmanc~ of the mice in the water maze was recorded using 

a video cum 't'll ( l 'P ·-lmu 1 \:id ·o camera AM) mounted 2 meters above the water maze, 

which wa · conn 'l d t vide camera recorder (Toshiba) and 14 inch television (JVC 

upermulti). The cape latenc was measured using a stop watch (model 3000 ADANAC) and 

ex pre' 'ed in econds. The stopwatch was started immediately the mouse was placed into the 

water at the tart position, and stopped when it stepped on to the escape platform. The swim path 

length (swim distance), the distance covered by the mouse from start position until it located the 

platform was determined by replaying the video tape and tracing the mouse swim path using 

marker pen on a tracing paper mounted on the TV using masking tape. The length of the swim 

path was determined using a map reader and the distance obtained by multiplying by 5.65, the 

ratio of true maze diameter and that of the maze on the TV. It was expressed in centimeters. The 

pool was emptied after five days and refilled again for subsequent experiments. 

3.5.2 The Open Field Te t 

Th op n field te t (Walsh & ummms 1979) provides simultaneous mea ure of 1 c m ti n, 

e. ·plor, tion. and anxiety. he number of line cro e and the frequenc of rearing arc u uall 

u d a me ur of locomotor acti ity, but areal o mea ure of plorati nand an. ·id . hi gh 

fr qu nc ' of th behavior ~ indic incrc ed l c moti n and c pi ruti n r a lower lev I of 

p d int I ' hi t I 7_ 7_ m • m 
h i lt th u h hi h th mi l. Bl. lin 



were drawn on the floor with a marker di iding the floor into a grid. The lines divided the floor 

into sixteen 18 x 18cm squares. 

The central square was used b u m~.: mou' trains have high locomotor activity and cross 

the lines of the tc t chamb r 01.10 • tim . during a test session. Additionally, the central square 

has surficicnt spa·· smt\lUil in l 1t to give meaning to the central location as being distinct from 

the other lol·ntion · { ar '\. lc Fad en & Brown, 2000). The open field was located in a 4.64 x 

. 78 l k 'l r m with ufficient lighting. 

Mice \ ere placed into the center of the open field and then allowed to habituate and to explore 

th apparatus for 15 minutes prior to being injected with khat extract or saline. After 15 minutes, 

mice ' ere returned to their home cages and the open field was cleaned with 70% ethyl alcohol 

and permitted to dry between tests. Measures of the line crossing, center square entries, center 

square duration and rearing (Brown et a!., 1999) were scored at an interval of 5 minutes. The 

mice were then injected with khat at different doses and then returned to the open field and 

scored for the above measures at an interval of 5 minutes for 40 to 50 minutes. 

Center square duration was measured manually by use of a stop watch, while the line crossing 

wa ' 'COred b the in e tigator and an assistant. Furthermore, to maintain alidity, the mice 

activitie were video taped with a video camera Image video camera AM) mounted 2 m ab ve 

tht: fi ld and then c nne ted to the V R and TV. 



3.6 PROCEDURE 

3.6.1 EXPERIMENT I 

3.6.1.1 Open Field Test 

The purpose of this p riment '' 1 t<) d ·t rminc the appropriate dose of khat that would not 

inhibit mice loconwh)r 1 ·th it \ t tal f 18 white mice were used. They weighed 20 - 35gms 

and tlu.:y w ·r · ~ ld. The mice were divided into six groups, of three mice each. They 

wcr' handl d and all wed to the experimental environment (habituated) for one week before 

being e.·po ed to the te t for one full week. On the test day each mouse was placed in the center 

quare of the open field and the following variables were scored by the investigator: line 

cro ing, rearing. and frequency to the center square at an interval of 5 minutes for 15 minutes. 

After 15 minutes the mouse was injected with khat extract intraperitoneally according to the 

group dosage: 10. 30, 90, 270, 360 and 540 mg/kg body weight with an injection volume of 0.5 

mls. 

3.6.2 EXPERIMENT II- MORRIS WATER MAZE TEST 1 

3.6.2.1 Learning I Acquisition 

The purpose of this exp riment was to determine the effects of pretraining administration of khat 

on patial learning and memory of BA mice in MWM task. 

total of 20 mi e, 20 - 30gm, aged 5 6 week \vere u ed. They were di' ided into group f 

four mice (group I, II. III & IV . Th group were injected 0.5 ·aline, 4 mg. 120mg and 

3 m ·g dy w ight khat . tract re pe tiYcly. I - minute cf r the t t.1 h · w r' ubj~; kd 

th 

th r 

m th 

n of trial p r da) for 4 d · 

uth f· t Sl. qu d nt o 

d 

rt I un h I 

find n ubm rg~;d platfl m1 th t \\\ I akd in 

rn W t r maz t nk. I h pi tt1 nn r m in I 

ml 

• n l . h 

7 



randomly so that each block of four trials (se ions) in any given sequence was not repeated on 

consecutive days . Each mouse wa allow d 0 onds to search for the platform. The latency to 

find the platform ( escap Iaten nd ' im path was recorded using a video camera. Once the 

mouse located the platform, it ".1 · 1 um it ll..:d to remain on it for 30 seconds. If the mouse did not 

find lhL: plutfon11 within th · < 0 nds it was gu ided to it and allowed to remain on it for 30 

SL:conds. tkr en 'h triul. th m u e was removed, dried in a paper towel and put back in its 

hom' ·age·. 1~ or a h mou e the inter trial interval was 5 minutes. The trials were carried out 

bet' cen 0800hr to 11 0 hrs. 

3.6.2.2 Probe trial (memory) 1 

On da five the platform was removed and each mouse was subjected to a probe trial (60 

seconds). The mouse was placed in the water maze from the North (N) position because during 

acqui ition phase the platform was in the South East (SE) position. The time spent in the 

quadrant of the former platform position and the proportion of swim distance in the platform 

quadrant was determined from the video recording. 

3.6.2.3 Rever allearning pha e 

The purpo e of thi experiment was to determine the effect of admini tration of khat extract n 

re' r al learning in BA mice on MWM ta k. After e en da of dail khat e ·tra t inje ti n 

fall '' ing e. ·p riment I. a re er al training pha c wa carri d ut in \ hich the mi e were trained 

ft r p r day to find a hidden platform '' htch wa I a ted dia' nally opp site the 

orth \\ c t W qtl'ldrant. he c caJ ' l .. tcncy and \\ im p'lth \ ere re rdcd 

rim nt l. < n th 11 th i lt pr l t ti h 

pi tn th uth iti n m th 11 



swimming and the time and distance spent in the targ t and the opposite platform quadrant and 

the swim distance were determined fr m th vid or ording. 

3.6.3. EXPERIEM T lll- )I Rl!o\ \1 ATI._R MAZE TEST 2 

The purpose of tlti: · p ·ru11 ·nt "a , t determine the effect of escalating dose binge model of 

khut ·:trn ·t ndministr ti n n learning and memory in CBA mice on MWM task. Twenty nine 

(29) mic w ighing _ - 5gm aged 5-6 weeks were grouped in 5 groups. They were injected 

with khat e.· tract as folio~ s: 10 60, 110, 160, 210, 260, 310 and 360 mg/kg in an escalating 

regimen to mimic an escalating dose model. 

The animals were exposed to gradually escalating doses of the stimulant to a maximum of three 

do es per day for 3 days, and two doses on day 4, to mimic the common usage pattern of high 

dose stimulant abusers (Gawin, 1991; Angrist, 1994b; Gawin and Khalsa, 1996) (table 1 ). In 

such a dose regimen tolerance develops to the sympathomimetic effects of the stimulants, and 

the users are able to survive higher doses (Fischman and Schuster, 1974, 1977; chuster and 

Fi chman, 1975: chmidt et al., 1985b· Angrist 1994b) and thus increase both the dose and 

frequ nq of administration, presumably to achie e and maintain high level f the euph ria 

produced by the e drug (Angri t, 1987, 1994b· a-v in and Khat a, 1996). Thu the alating 

d ~ frequ ntl) lead to a high do e binge pattern of ad mini trati n and pr ailing e\ id nc 

t that p y ho i i mo t frequent! · a ociated with thi patt m f timul nt bu c ( a\ ic 

hi mmer 19 O· Angri t. 19 4 b; awin and h l , 19 

imul t thi 
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gradually escalating doses of d-amphetamine before multiple daily administration of relatively 

high dose. 

3.6.3.1 Escalating do. e ph\ 

In the open 11 ld l ·st. th · ·tr· o differ ·nt khat extract doses on locomotor activity were tested 

to ~o:~lublish tlu: m t imum d · that did not produce locomotor dysfunction. The dose up to 360 

mg/l g body w~o:ight ''a found to be suitable. Therefore, the dose pattern that was followed in 

this experiment ''as guided by the open field test results and the schedule was adopted from 

egal and Kaczenski (1997) as follows: 

Table 1 -Escalating dose injection schedule 

Day Time 

8am 2pm 8pm 

1 10 mg/kg bwt 60 mg/kg bwt 110 mg/kg bwt 

2 110 mg/kg bwt 160 mg!kg bwt 210 mg/kg bwt 

3 210 mg/kg bwt 260 mg/kg bwt 310 mg/kg bwt 

4 310 mg!kg bwt 360 mg/kg bwt 

·or th e alating c · lc . mice received their injection ca h da for [! ur da - cginning with a 

dy ' dght do c of n khat :tra t • nd ~nding with Om, kg h d: w~i 'Ill n th~ 

fth )cl . Durin' th Ill J k I h d) 

\ ry h 1innin m n t ndin tt 2 pm. 'I h mk ' 



regune for another four days and then te ted on the MWM. The animals were monitored 

continuously throughout the cour e of the trentm nt. 

Group 1 mice 7. 

The mice in this group '' ·i •h ·d mg ·; they were all male aged between 5-6weeks old. From 

day on~ to duy r 1ur th ' '' re injected with the escalating dose of khat extract. After IS minutes 

the ' were submitted t lorri ater Maze whose platform was submerged in the SE quadrant 

f r all the do es. Therefore. there were three sessions every day of four trials each, on day 5 they 

' ere run on a probe trial in which the submerged platform was removed and the mouse was 

placed at the N tart point. The swim distance and the time spent in each of the four quadrants 

were interpreted as a memory strategy with the quadrant where mice swam and spent most as a 

memory for the quadrant location. From day 6 through to day 9 the mice were subjected to run 

regimen in which they were injected with 360mg/kg body weight of khat extract every two hours 

for four runs, during which they l,; ere subjected to Morris Water Maze test and therefore there 

were four sessions of four trials per day. On day 10 the mice were subjected to a probe trial in 

which the platform had been removed, distance and time spent in the four quadrant were 

determined. 

roup 2 mice = 5. 

'I h animal re eiYed calating d e f khat extract a ab e and then were ubje ted t MWM 

n da . the pr b trial w carri d ut th -.me wa as that 

\ er. from day thr u h tt day mice \\Crc injc tc i with a in 11 d< ily d c 

t th n ubj t I t n i '~ 



Group 3 mice N=6 

The mice were injected with escalating d 

then subjected to MWM test a 

f khat extract as for the two former groups and 

n day 5, they were injected with normal 

saline 0.5 mls intrapcriton tll .1n t th n a 1 robe trial was carried out. From day 6 through to day 

9, the mice were inj '(;t ·I '"th . ml · normal saline (4 doses) and then exposed to 4 sessions of 

trinls as for lhc f{nm r gr up ·. Pr be trial was also carried out as for the other group. 

Group 4 =6 

The ~mimal \ere injected with 0.5 mls normal saline as from day 1 - 4 then subjected to MWM 

te t a for the other groups. On day 5 probe trial was carried out as for the former groups. From 

da) 6 through to day 9 the mice were injected with high dose (360mg/kg) of khat extract for four 

runs. They were then subjected to 4 sessions of MWM tests of 4 trials each. On day 10 probe 

trial was carried out similar to the other groups. 

Group 5 (control) N=S 

The mice were injected with 0.5 mls normal saline for all the acquisition days and subjected to 

MW 1 tests the arne \\ay as the other treatment groups. On the fifth day the probe trial wa 

carri d out imilar to the treatment groups. The control animal were al o injected with 4 d e 

of 0.- ml normal aline and submitted to 4 e ion of \1WM training from the i. th t ninth 

day. I he prob tri I wa. further conducted on the tenth da imilar to tht: ther group . 
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distance was determined using a map measure and then expressed in centimeters. The actual 

swim distance was calculated a real mnz diameter divided by maze diameter multiplied by 

tracing distance, that is multipli d b) r: ... Th swim peed was calculated as a distance (em) 

divided by the time ( econd ) llu; I.S 'HJ latency and the swim distance were recorded in the 

MWM dutu he I ( tpp 'II ti 

3.{).5 llntn uuulysi, 

The datu collected was entered and organized for analysis. All values of escape latency, swim 

disttmc and elocity were expressed as mean± standard error of the mean (SEM). 

E cape latency and swim distance data for difference in the mean among groups and time period 

was analyzed b MANOV A followed by Bonferroni multiple comparison post hoc tests. 

Statistical significance was set at P < 0.05 



CHAPTER FOUR 

4.0 RESULTS 

4.1 Effects of khat on locomotor i\Cti icy (open field test) 

The results of the cffc ·ts ol kh.11 tra ·t on locomotor activity of Swiss mice are presented in 

fi gures 4u, 4h, und c. rh I ' m t r activity of all the mice were evaluated before and after 

inj ~cting th ·m '' ith l . . 90. 270, 360 and 540 mg/kg body weight doses of khat extract, 

respcctivd ' · The l\\ phases (pre and post khat extract injection) were analysed together and the 

line cro' ing . centre quare frequency and rearing frequency scored as the measure of locomotor 

actiYity. There was reduction of activity between doses and over the 60 minutes duration. 

A multivariate analysis of variance test yielded a highly significant effect of doses (F (5, 13) = 

27.4· p < 0.001) and time (F (11, 49) = 9.18; p < 0.001) on locomotor activity. The interaction 

of doses and time, however, was not significant (F (33, 62) = 0.79; p = 0.79). The changes 

across doses were highly significant (F (5, 13) =16.93; p < 0.001) but, the changes across time 

were not significant (F ( 11 49) = 1.39; p = 0.189). A post hoc test with Bonferroni procedure 

rev aled that the mean line crossing of mice treated with 360 mg/kg body weight khat extract 

( 42.18 .±- 24.83) was significantly higher than mice treated with other do e (p < 0.001 ), (fig.4a). 

n th~.: other hand, th change of line cro ing aero time were e id nt but, ' er n t 

ignificant (p > 0.05). 

'I h ult indi t d that there wa do dcp ndcnt m nncr inhibiti n of line r s ing at all other 

pt 0 rn · ' body ''ei li •ht rcdu ·tion in lin~.: cr in' \~.:r the fir t 

ti n 1 th nim I lim tiz d t l th t t quipm nt. oil \\~.: l 
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post khat extract injection. The reason for thi is probably because the levels of khat decreased in 

the body due to metabolism and thu th d lining lin crossing. 

The centre square fr q u n mice is shown in Figure 4b. The result show 

signilkant dccn:us ()I' • ·ntr · 1uar • fr ·qucncy across dose and time (F (5, 13) =2.34; p < 0.05) 

and(/" (II. 49) .7 : 1 . respectively. However, the interactions of dose and time was 

not ·ignifictmt (F ( . _ - 0.75: p = 0.83). A post hoc test revealed that the mean centre square 

frcqu nc ' f mice treated with 30, 90, 360 and 540 mg/kg body weight of khat decreased 

significant! (p < 0.05) over time compared to pre injection phase. On the other hand, khat 

extract at doses 10 and 270 mg/kg body weight had no significant (p > 0.05) effect in reducing 

centre square frequency in Swiss mice. Furthermore, centre square frequency decreased 

significantly (p < 0.05) across time with significant decrease (p < 0.05) occurring between 15 to 

35 minutes in these post injection phase. It appears that khat extract abolished centre square 

frequency completely between 15 minutes and 35 minutes, which returned after 45 minutes. 

The results of rearing frequency of the Swiss mice are shown in figure 4c. They show an 

increa e in rearing frequency in the first 15 minutes which was absent in the subsequent 15 to 35 

minute . This phase was followed by gradual regain of locomotor activity. 

multivariate anal i howed that the change on r~;aring frequ nc acr F 5, I ) 

2."'6· p < 0.0-) and time (F 11. 49 .63: p < 0.05) \\a ignificantl differ nt. II w er th 

int tion of do e nd time wa not ignilicc nt (I· ( . 2) = .75: p = . ) with rl:arin '· 

b d. ' \\ nih ntly p < 0.0- 1 du pr tnl til n 

ph d ht h t t h t fllll 
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Further test revealed that rearing frequency incr ased significantly (p < 0.05) during the first 10 

minutes of pre injection phase; thi ould t c attributed to acclimatization and less anxiety. In 

addition, though the rearing d f\: c l h~ t\J n 15 45 minutes during khat extract injection 

phase, the decrease was n t si •nifi \ \n' (p 0.05). After, this there was an increase in rearing 

frcqu ncy. 
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Figure 4a. Effect of khat extract on line crossing of Swiss mice in open field test. The mice were 

injected " ith (1 0 30 90 270, 360 and 540 mg/kg b.wt of khat extract) then tested in an open 

field. (n = 3, mice in each group). Data are presented as mean± s.e.m of line cro ing b twe n 

do and over 60 minutes duration. Mice injected with 360 mg/kg b.wt khat extract had higher 

(p < 0.05) line cr ing than mice tn:ated \ ith other d e and contr I gr up. 
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Figure 4b. Effects of khat extract on centre square frequency of Swiss mice in open fie ld test. (n 

= 3 mice in each group). Data are presented as mean± s.e.m of centre square frequency between 

do e (lO, 30 90. 270, 360, & 540 mg/ kg b.wt khat extract) and over 60 minutes. Mice injected 

with 10 and 270 mglkg b.wt. had higher (p < 0.05) centre square frequency. In addition the 

centr quare frequenc) decrea ed ignificantl p < 0.05) aero time with ignificant (p < 0.05) 

d cr a e ccurring twe n 15 to 35 minute after injecti n. 
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Figure 4c. Effect of khat extract on rearing frequency of Swiss mice in open field test. (n = 3 

mice in each group). Data are presented as mean ± s.e.m of rearing frequency between doses (1 0, 

30, 90. 270, 360 & 540 mg/ kg b.wt) khat extract over the 60 minutes period. Multivariate 

analyses of variance showed that rearing frequency decreased with time and across the dose. 

Mice treated with 30, 90. 270 360, &540 mg /kg b.wt khat extract had ignificantly (p < 0.05) 

reduc d rearing fr quenc_ compared to pre injection pha e. 



4.2 Effects of khat on spatial learning and memory of CBA mice in Morris water maze. 

The Morris water maze (MWM) ta k p r[i rmnn re ult are represented in figures Sa, 5b and 

5c. All khat and saline treated mi k wn "d to locate the hidden platform as evidenced by 

decrease in escape latency, swim li 1 \1\ ' and increase in swim speed over the 4 day trial period. 

A rnultivariatc unal · ·s ,,r' ri 1t1 • t · t on performance measures yielded a highly significant 

ciTc·l o!'dt)sc.;s (/'(1. I = 11._9: p 0.001) and days (F(3, 17) = 15.9; p < 0.001). There was 

improvc:m nt betw en day and a significant doses and days interaction in MWM task 

perD nnance (F l9. 16 = 2.43; p < 0.05). The escape latency during acquisition training across 

do ·e and da s decreased significantly (F (3, 17) = 9.14; p < 0.001) and (F (3, 17) = 13.06; p < 

0.001) hm: e er, there was no statistical significance between the interactions of days and doses 

(F (9. 16) = 0.42; p < 0.92) on this measure. 

A post hoc test with Bonferroni multiple comparison procedure revealed that the mean escape 

latenc) was significantly (p < 0.05) higher in mice treated with 120 and 360 mg/kg body weight 

of khat extract compared to the controls and 40 mg/kg body weight khat treated mice . 

Thee cape latenc improvement for all the mice was more pronounced on day 3 (18.26 ± 3.22) 

but not significant! different though, it was markedly improved compared to day 2 (28.29 ± 

3.2 ). The improvement on da 3 was facilitated by the marked impro ement f mic treated 

with 0 m ·g b d ' \\" ight of khat extract ( . 8 ± 2.67) which in th pr i u da (29 .14 3. 9) 

had ho\\ n very mall impr vemcnt and thu the general mall r impro mcnt on that d b tht.! 

mt . h c ntr I lr up nd mice trc.:atcd '' ith 4 mg/kg b dy ' ·eight f kh t app red n t to 

ha impr ' d J, h::n y on 4th day lmparc.::d to thcr •r UJ 
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0.52) and (9.68 ± 0.56). However, mice treated with 120 mg and 360 mg/kg body weight of khat 

extract required more days to achiev their minimum c cape latency. 

The swim distanc mcusur l l ni: at 'r maze task during acquisition training decreased 

significantly ucro:s I) ·· md d · (F• ( , 17) 6.43; p < 0.05) and (F (3, 17) = 14.24; p < 

f dose and days was not significant for this measure (F (9, 17) 

= l.08: I 0. 9). P t h c multiple comparison test showed that the mean swim distance of 

LO mg/kg b d) ' eight khat extract treated mice (542.88 ± 54.61) was significantly (p < 0.05) 

high r than mice treated v ith 40 and 360 mg./kg body weight of khat extract and control group, 

re p ctively. The sv im distance improved with days in a dose dependent manner. Swim 

di tance between days improvement was more marked (p = 0.54) on 3rd day for all the groups. 

This improvement was more evident due to the improvement by mice treated with 40 mg/kg 

body weight of khat extract. This is in contrast to swim distance recorded on 2"d and 41
h days 

which had very minimal improvem nt because of the mice treated with 360 mg/kg body weight 

of khat extract had shown marginal improvement in swim distance measure over the first 3 days 

but howed remarked improvement on day 4. A similar pattern to the escape latency by mice 

treat d \Vith 40 mg.'kg boy weight of khat extract wa ob erved with swim di tance mea urement 

in \\h1ch the mice impro ed marginally on the la t da . Their wim di tance " a higher 

'er. it was n t ignificant. h re ult hov that it take a fev m r da [! r th mea ure · 

of im di t n e to c nv rg and achieve the lowe t alu for th mice tr ated ' ith 40 and 

m kg y \\l:l ht kh t tr at d mice and th c ntr l. pp d t the :tra du · th ... t \\ uld b 

, t the.: of c.: up I tc..:ncy ' luc..: 

nifi lh 

Ill inin' p nnt 



significant (F (3, 17) =1.48; p < 0.229). In addition, no significant difference (F (9, 17) = 0.740; 

p < 0.671) was observed on swim peed with int ra tion of dose and days. 

A post hoc test showed, th·tt mt.: m s' im s1 ~..:d of mice treated with 360 mg/kg body weight khat 

extract (1 .0 t 0. > 0) wt i 'nifi ·anti (p ...- 0.05) lower than in mice treated with 40, 120 

mg/kg body w ·ighl klnt un the control group. Whereas, the swim speed increased as training 

pro 1 t"csscd, it "a · n t ·u tained across all doses (groups). The 360 mg/kg body weight khat 

extract treated mice wim speed increased across days while for the other groups, it increased 

then decreased. For example, the swim speed of mice treated with 40 mg/kg body weight 

increa ed on day-, decreased on day 3 and then improved on day 4. Similarly, the swim speed 

of mice treated with 0.5 mls normal saline and 120 mg/kg body weight khat increased marginally 

on day 2 and 3 and then decreased on the 41
h day. 

7 



() 
c: 

60.0 

50.0 

40 0 

,lll 30 0 
( 

Ul a. 

~ 
w 200 

10 0 

.. ... . . 
·· ... 

•, 

- · ·- ·· -· · -o 

·•··. 
· · . . . , . . ... .. . .. ...... .... . ... .. 

0.0 ----.- T 

2 3 4 
Time (days) 

· · + · · Omg/kg • 40mg/kg -a- 120mg/kg __._ 360mg/kg 

Figure Sa. Effects of khat extract on escape latency of CBA mice over 4 day trial period in a 

MWM task. Mice were injected with (0.5 mls normal saline, 40, 120, & 360 mg/ kg b.wt) of khat 

e tract then subjected to the MWM test. (n = 5 mice in each group). Data are pre ented as mean 

± .e.m.of e cap latenc). Mice injected with 120 and 360mg /kg b.wt khat extract had higher (p 

< 0.0 ) e cape latency than other do es and the control group. Furthermore, the mean e ap 

latency decreased ignificantly (p < 0.001) O\ r da) for all the animal 
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Figure Sb. Effects of khat extract on swim distance of CBA mice over 4 day trial in a MWM 
ta k .. \1ice were injected with (0.5 mls normal saline, 40, 120, & 360mg) kg/b.wt of khat extract. 
(n = 5 mice in each group). Data are presented as mean ± s.e.m of wim distance to find the 
platform. 1ice injected with 120mg/kg b.\ .t khat extract had longer wim di tanc (p < 0.05) 
compared to th other do e and control. Furthermore. the -v im di tancc de rea ed ignificantl 
(p < 0.00 l) over da) for all the animals 
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Figure Sc. Swim speed of CBA mice during 4 day trial in a MWM task. Mice were injected with 

0.5 ml normal saline 40, 120, & 360 mg/kg b.wt khat extract. (n = 5 mice in each group) . Data 

are pre ented as mean ± s.e.m of swim speed. Mice injected with 360 mg I kg b.wt khat extract 

had ignificantl) (p < 0.05) slower swim speed than the other doses and control group 
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4.2.1 Effects of khat on spatial memory retention of CBA mice in MWM (probe triall) 

As shown in figures 6a and b, mice did not ear h equally amongst the four quadrants. 

A paired t-test revealed that, mi tr~ h: i ' ith 0.5 mls normal saline, 40mg, 120 and 360 mg/kg 

body weight of khat c tract, n.: 'P !1\ I , s1 ·nt more time in target (S.E) quadrant than in South 

West (adjacent lt.:rt) qutlr tnt. t h • mcasur·s were significantly higher (t (4) =3.56; p < 0.05), 

(I ( ) •. 05: p , l.O ). tt = .44· p < 0.05) and (t (4) = 3.85; p < 0.05). Mice treated with 

nlin '. L.O tmd 0 mg kg d "eight of khat extract spent significantly (t (4) = 3.61; p < 0.05), 

(t ( ) .4 : = 4: p < 0.05) and (t (4) =6.47; p < 0.05) longer time in the target quadrant than 

N.W (oppo ite) quadrant in contrast with mice treated with 40 mg/ kg body weight (t (4) = 2.65; 

= 4· p = 0.057). 

All mice displayed marked preference for N.E (adjacent right) quadrant as opposed to other 

quadrants, but this was not a significant difference (p < 0.05). There was no significance 

difference between time spent in target quadrant and N.E (adjacent right) quadrant (p > 0.05) 

an1ong mice treated with 40 and 120 mg/kg body weight khat extract and the control. On the 

contrary, mice treated with 360 mg/ kg body weigt khat extract did not show this pattern (t (4) -

6.15:p<0.05 

All n11ce group except the one tea ted with 120 mg/ kg bod weight, had longer " im di tanc 

in the target .l ) quadrant and had ignificantl} (p < 0.05) longer \i im di tance in target 

quadrant than in \\'.(adjacent left) and . \J . adjac nt right quadrant , re pe ti I . II ' CH:r, 

m1 t , t d ' ·ith 0 m, kg b dy weight khat e ·tract had I ng r ·wim di . tanc in targ t 

qu nt th n .\\ . and .W. and .1 :. qu d nt t 4 =2. · p < .OS (t 4) = 7. ; p < and 

tiv ly. 

7 



All mice treated with 120 and 360 mg/kg bod ' eight of khat extract had significantly (p < 0.05) 

longer swim distance in the target qundrunt omparcd with N.E (adjacent right) quadrant, 

however, mice treated with contr l n i 40 m 1/kn b dy weight khat extract showed preference 

for N.E quadrant (t (4) 1. , p . I 10 a: wdl as the target quadrant though the distance in the 

N.E quadrant wus ·t 1ti ·ti ·ll h iu.nifi ant. 

77 
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Figure 6 a. Effects of khat extract on quadrant time of CBA mice during probe trial to assess 

spatial memory acquisition in MWM task. Mice were injected with 0.5 mls normal aline, 40, 

120 & 360mg /kg b.wt khat extract respective! . (n- 5 mice in each group). ata ar pre ented 

a mean± .e.m of 0/o quadrant time ( c.) Mice inj cted with 0.5 ml alin , 40, 120 and 0 

m kg b.wt khat e.·tract pent more time (p < 0.05) in th target ( . ) quadrant than in ther 

qu r nt . 1ic tn.:at d with 12 and 360 mgl kg b.wt and alin pent ignifi nt (p < . 5) 

tim in t r[) t qu d , nt than in (opp site) quadrant a pp d t mice treated with 4 

ill ' i vith k b. \'. t khat :tr ct did n t show p1 ~t r n c {( r . 1 ~ 

qu nt Ill d t th r nt I. 
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Figure 6 b The effect of khat extra ·ton swim distance of CBA mice during spatial memory 

as e ment in MWM task acquisition. (n = 5 mice in each group). Data are represented a mean 

± .e.m of quadrant swim distance (ems). Mice injected with 0.5 mls saline, 40mg and 120 

mgfkg b.wt khat extract sv am longer (p < 0.05) in the target ( . ) quadrant than mice treated 

with "'60 mg/kg b.wt khat e tract. All mice treated" ith 360mg /kg b.wt khat e tract had l ng r 

(p < 0.0~) wim di lance in target quadrant than in . (adja nt right quadrant a o p cd to 

contr l n thcr tr atmcnt gr up . 
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4.2.2 Effects of khat on reversal learning of CBA mice in morris water maze. 

The performance during the rever a! learning r ha a measured by the escape latency and swim 

distance showed clear improvem nt r th' 4 do s of training (Figures 7a, 7b, and 7c) 

A multivariate analy L of lri n c ld d a highly significant effect of doses (F (3, 10) = 10.14; 

.07 · p · 0.001). The improvement of escape latency across 

doses und duy~ w1s ·i ,nili ant F (.3 , 10) 7.58; p < 0.001) and (F (3, 10) = 6.54; p < 0.05), 

rcspl:ctivd . H " Yer. there was no significant effect (F (9, 1 0) = 0.42; p < 0.921) with the 

intcracti n f d ·e and day on this measure. There was marked decrease in escape latency on the 

_ml day in all mice groups (p < 0.05). However, on the subsequent days the escape latency for 

mice groups decreased marginally and it was not statistically significant. 

A Post hoc test revealed that the mean escape latency of mice treated with 360 mg/kg body 

weight of khat extract was significantly higher (38.69 ± 5.58, p < 0.05) compared to mice treated 

with other doses and control. This group of mice improved their escape latency on the second 

da) but there after the latency was poor. It appears that mice treated with 40 mg and 120 mg/kg 

bod) weight of khat extract and the control needed only one more day to reduce their e cap 

latcncie to the lowest I Yel, hov ever, it could take more trial for 360 mg I per kg b dy weight 

khat treated mice to achie e its lowe t le el if the pattern wa to b repeated. Thi i an 

indi tion of inter[! r nee of khat to beha ioural sv itching in mice. 

·r h ' ·•m i tan e a ro do de n.:a cd oYer day ( ig 7b . MA yielded ignificant 

• I = " 4· p < 0.0-) nd d ) /· 10 = 11.77· p < but n 

1 tit no n ' im 

un in II nu p ut n th th impr 



marginal for animals treated with lower khat e tract doses and the control while mice treated 
with 360 mg/kg weight khat extract did n t , hm any improvement there after. A post hoc test 
revealed that mice treated with 'i )ht khat extract had significantly (p < 0.05) 
longer swim distance than the ' ntr I lut nc t si nificantly different from the other khat treated 
mH.:c. 

Th0 'wim sp cd r mice treated with 120 mg and 360 mg/kg body weight of khat extract 
decn.~u ·ed ' hile mice treated with 40 mg/kg body weight and the control increased consistently 
with da ' (Fig. 7c). The changes on swim speed across doses were significant (F (3, 10) = 7.16; 
p <. 0.001) but no statistically significant difference (F (3, 10) = 0.63 ; p <0.597) yielded over 
day . In addition. no significant difference (F (9, 10) = 0.69; p < 0.709) on swim speed with the 
interaction of dose and days was observed. A post hoc test revealed that mice treated with 360 
mglkg body weight had significantly (p < 0.05) reduced swim speed than the other groups and 
the control. Taken together (es ape latency, swim distance and swim speed), the results 
indicated that mice treated with higher dose (360 mg/ kg) of khat extract poorly acquired MWM 
ta k compared to lower dose and the control 
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Figure 7 a. Effects of khat extract on escape latency of CBA mice during reversal learning trial 

of M\VM task. (n = 2 - 5 mice in each group). Data are presented as mean ± s.e.m of e cape 

latenc) (sees). E cape latency were significantly higher (p < 0.05) in mice treated with 360 

mg/kg b. wt of khat extract compared with the other do es and the control group. The e cape 

latt:ncy. impr ved igniticantly over da s and marked impro ement-. a h \\11 on 2"d da (p 

0.05) 



Figure 7 b. Effects of khat extract on swim distance of CBA mice during reversal spatial 

learning and memory of MWM task. (n = 2 - 5 mice in each group). Data are presented as mean 

± .e.m of s" im di tance (ems.). Mice treated with 360 mg/kg body weight khat extract, had 

longer wim di tance (p · 0.05) than the other do e and th c ntrol. 
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Figure 7 c. Effects of administration of (0.5 mls normal saline, 40, 120 or 360 mg/kg b.wt) khat 
extract on swim speed of CBA mice during reversal spatial learning and memory of MWM ta k. 
(n = 2 - 5 mice in each group). Data are presented as mean ± s.e.m. Mice injected with 360 mg 
khat had slO\' er (p < 0.0 -) " im speed than the other do es and control. 



4.2.3 Effects of khat on spatial memory retention during reversal learning 

The khat and saline groups on rever I m m r a c mcnt displayed preference for the new 

target quadrant (N.W) as e pre · d in p r nt time and swim distance spent per quadrant 

(figures 8a and 8b). llowl:: l'r, mi ·~, trLUtcd with 360 mg /kg body weight of khat extract 

preferred the form ·r qut II mt , 1 . (22.29 ~ 11.53) than the new target (N.W) quadrant (17.62 

I 11 .. 9). 

paired t-te t reYealed ignificant distinct preference (p < 0.05) in time spent in target (N.W.) 

quadrant by mice treated ith 120 mg/kg body weight khat extract as opposed to the other 

quadrant . Similarly. mice treated with 0.5 mls normal saline also showed significant (p < 0.05) 

preference for .E. quadrant (right adjacent quadrant). Indeed, mice treated with 120 mg/per kg 

bod \ eight of khat extract favoured the target quadrant as opposed to the other quadrants. A 

paired test further revealed that mice treated with 120 mg/kg body weight of khat significantly (p 

< 0.05) moved longer distance in the target quadrant compared to the other quadrants and 

comparred with other groups of mice and the control. All mice injected with 360 mg/kg of khat 

extract. swam (236.05 ± 156.95) in the target quadrant and (328 ± 165.0) in the former target 

quadrant ( .E quadrant) . Howe er the difference was not significant tatistically (p > 0.05). 
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Figure 8 a. Effects of khat extract on quadrant time of CBA mice during reversal spatial 

memory assessment of MWM task acquisition. Mice were injected with (0.5 mls normal saline, 

40. LO or 360 mg/kg b.wt khat extract). (n = 2- 5 mice in each group). Data are repre ented a 

mean ± .e.m of% quadrant time ec .). Mice injected with aline, 40 and 120 mg khat e ·tract 

p nt more tim in th target ( . W) quadrant (21. 97 ± 3.2 ) than 12. 11 ~ 2. 97) in th [i rmcr 

targ t . -: quadrant. 1 lice inje ted with .., 0 mg of khat p nt m n: time ( 17. 2 I .2 ) in the 

u dr nt nd -2.2< 11.5 in the fonncr tu •ct ( I ) quadrant 
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Figure 8 b Effects of khat extract on quadrant swim distance of CBA mice during rever al 

spatial memory a sessment in MWM task acquisition. Mice were injected with (0.5 mls normal 

alin , 40 120 or 360 mglkg b.wt khat extract). (n = 2 - 5 mice in each group). Data are 

repre ented as mean ± .e.m of quadrant swim di tance (Cm.). All mice injected with aline, 40 

and 120 mg khat had longer swim di tance in target .W) quadrant ( 491.31 ± 81.27) than in th 

fonn r target ) quadrant (263.67 ± 63.22 . ll mic injected with 360mg/ kg .wt f kh t 

. tra t l1< d hortcr \ im di tanc (236.05 ..;.. 156.95 in the target quadr nt than in th [I rm r 

qu d.t nt 16-.0) 

'7 



4.3 Locomotor behaviour of CBA mice after Morris water maze and khat extract treatment 

The results of the effects of khat e tra t n lo omotor activity after 17 days of khat extract 

injection and 10 days of exp urt.: t 1 M task arc illustrated in figures 9a, 9b and 9c. The 

behaviour was evaluated b fm; m I ,\It r inj '·tin, the animals with 0.5 mls normal saline, 40 mg 

ti ·I . 'I he two phases (pre and post khat extract injection 

phases) w ·r · m tl · · ·d t ther. The line crossing, centre square frequency and the rearing 

fn:qu 'ncy w ·r ·' red u the measure of locomotor activity. A multivariate analysis revealed 

high ·igniticant change across doses (F (2, 12) = 18.82; p < 0.001) and time (F (10, 45) = 3.17; p 

<.. 0.0-) 'vith no ignificant (F (14, 47) = 0.94; p = 0.52) change between the interaction of dose 

and time. 

The change on line crossing across doses was significant (F (2, 12) = 1 0.64; p < 0.05) however, 

the changes over time (F (10, 45) = 0.66; p = 0.76) was not statistically significant nor was the 

interaction between dose and time (p < 0.05). A post hoc test revealed that the mean line 

eros ing of 40 mg/kg body weight of khat extract treated mice (17.08 ± 20.44) was significantly 

(p < 0.001) lower than 120 mg/ kg b.wt khat extract treated mice (34.04 ± 34.67, p < 0.05) and 

control group (41 03 ± 24.67. p < 0.001). (Fig. 9 a). These effect on line eros ing appeared to 

b do e d p ndent. The mean line cro ing decrea ed with time a the animal became habituated 

durin pre inj tion phase and al o during th 1 1 20 minute p t khat inje ti n time, howe,er, 

th d n.:a e ,,. not tati tically ignificant. 

nt r quc.:n y r ult for the B mice.: , n.: illu tratc.:d in fi 'Ur ( b . '1 hc.: rc.: 'Uit 

. 1 h 

-
n thi n . ·1 1 int ti n 11 1 t i 'lli t nt I 



(14, 47) = 0.73; p = 0.74) on centre squar frequency. A post hoc test revealed that the mean 

centre square frequency for mice treated with LO mg/kg body weight khat extract (0.88 ± 0.73) 

was significant (p < 0.001) than ntr I )f up (ligurc 9 b). Mice treated with 120 mg/kg body 

weight of khat extract had r du t: i squar' frequency compared with mice treated with 40 

mg/k, body w ·i ~ht or kh 11 -. tta t 0. 8 0.73) and (2.8 ± 2.14) respectively. 

Thl: rl·aring fr\!qU1;!11C) changed significantly across doses (F (2, 12) = 23.89; p <0.001) and (F 

(10. 'C) - -· 4: p < 0.0-) across time. There was no significant difference (F (14, 47) = 0.75; p 

= 0.76) with the interaction of dose and time on rearing frequency. A post hoc test showed that 

mice treated with 40 mg and 120 mg/kg body weight of khat extract had significantly (p < 0.001) 

lower rearing frequency than the control (0.58 ± 0.66) and (0.22 ± 0.36) vs. (5.6 ± 3.13). In all 

mice, however, there were changes in rearing frequency across time but the changes were not 

significance (p > 0.005). 
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Figure 9 a. The effects of khat extract on locomotor activity after 17 days ofi.p administration 

including 10 da of Morris water maze test. Mice were injected with (0.5 mls aline 40 Or 120 

mgl kg b.\\1 khat extract), (n = 4- 5 mice in each group). Data are pre ented a m an ± .e.m of 

line cro ing. Mice treated with 40 mg/kg b.\\1 had ignificantl [! wer (p < 0.001) line cro ing 

than ontrol and mic treat d" ith 120 mglkg b.wt khat extra t. 
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Figure 9 b. The effects of khat extract on locomotor activity after 17 days of i.p administration 

including 10 da of the Morris water maze test. Mice were injected with (0.5 mls aline, 40 or 

120 mg/ kg b.wt khat extract); (n = 4- 5 mice in each group). Data are pre ented as mean± .e.m 

of centre quare frequenc . Mice treated with 120 mg khat extract had fewer (p < 0.001) ccntr 

quar frequencic than control and mice treated \ ith 40 mg khat. 
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Figure 9 c. The effects of khat extract on locomotor activity after 17 days of i.p administration 

including 10 da s of Morris water maze test. Mice were injected with (0.5 mls saline, 40 or 120 

mg/ kg b.wt khat extract); (n = 4 - 5 mice in each group). Data are pre ented a mean ± .e.m 

rearing frequenc). Mice treated with 40 or 120 mg khat had a fewer (p < 0.001) rearing 

frequency than the control. 



4.4.1 Effects of escalating khat dose regimen on acquisition learning and memory of CBA 

mice. 

All khat and saline treated mi 1 , rn :i D lo ·at the hidden platform as shown by decreasing 

val ucs of escape latency m I "irn hst<\11 ~ (I· igurcs I Oa, 1 Ob, and 1 Oc ). A MANOV A test on the 

MWM performam:· m · t lit' ·h ' ·d highly significant effect between groups (F (4, 26) = 
11.7<>; p 0.00 I). 11~)\\ ' r. n significance difference was found across sessions on the 

pcrCormmu.:c mcasur • · F (3. 26) - 2.16; p - 0.093). Similarly, the interaction of sessions and 

day· bud 'igniti ant changes (F (5, 26) = 2.69; p < 0.05) on MWM task performance measures. 

The impro ement of escape latency (fig. 10 a) across groups and days during acquisition training 

were highly significant (F (4, 26) = 6.91; p < 0.001) and (F (3, 26) = 8.08; p < 0.001), however, 

improvement across sessions yielded no significant statistics (F (2, 26) = 0.73; p = 0.482). There 

wa a marked improvement in escape latency on the 2"d day for all the mice groups (p < 0.05) 

and the changes were sustained up to the 4th day, but it was marginal. Similarly, there was 

significant improvement (F (5 7) = 2.295; p < 0.05) in escape latency with the interaction of 

days and session. Despite the improvement of escape latency across doses and sessions, the 

difference" as not significant (F (8, 26) = 0.94; p = 0.482) and (F (2, 26) 0.73; p 0.482). 

po t hoc te t with B nferroni re\ ealed that ( · ig. 10 a the mean . cap Iaten d rca. cd 

ignifi , ntly p 0.0-) with day . 1 he te t furth r re\'ealed that, the c ap Iaten ' impr vcd 

but b t\\ct!n do c improvement wa n t i •nifi ant (p > .05) and mi c 

·th 10 m •, 0 m) k • b y weight of kh. t • t t had hi •h r (p 

t lin n th 

i ht mi p 



The swim distance improved across day for all the mice groups (F (3, 26) = 8.49; p < 0.01) but 

the improvement across sessions (F (-. _6) = _.12; p< 0.135) was not significant. However, 

there was a significance effect (F (. _ ) -· 5; p 0.05) of days, sessions interaction on the 

swim distance. A po t ho · t • ·t "ith H n~'rroni tc ·t revealed that, the swim distance improved 

significantly (p 0 00 I). I h .n ith marked changes on swim distance were day 1 and day 2 

(p 0.00 l ). bullh ·r. \\ u. runher improvement on day 4, though not significant (p = 0.971 ). 

'I hen: wu · im1 r 1\ ement f wim distance across doses but the interdose improvement was not 

ignilicunt. n the other hand. mice treated with 10, and 60 mg/kg body weight of khat extract, 

re pectivel ·• had ignificantly (p < 0.001) longer swim distance than the saline treated mice. 

Mice treated \ ith 310 mg/kg body weight of khat had significantly shorter swim distance than 

the control group and mice treated with doses between 10-110 mg/kg body weight khat. 

The improvement of swim speed across days for all the mice was not significant (F (3, 26) = 

2.84: p < 0.052) nor were the changes across sessions (F (2, 26) = 0.070; p = 0.93). Similarly, 

th interaction of essions, days and doses was not significant for swim speed (p - 0.17). 
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Figure 10 a. Effect of escalating khat extract dose on CBA mice escape latency during spatial 
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4.4.2 Effects of escalating khat extract dose on spatial memory retention (probe trial!) 

As shown in figures 11 a, 11 b and 11 , the mi c did not search equally amongst the four 

quadrants. A paired t test rev al d th t mi 'l; tr'at 'd with 0.5 saline, escalating khat dose (group 

4) and group 2 (treated with s '.tl.Hin•' khat dose), respectively, spent significantly more (p < 

0.05) tim in the t u· • ·t ( · .l . u dwnt than in '. W (left adjacent) quadrant. The time spent by 

thcsl: anim tb (I ( ) , . ' : p < 0.05) (t (5) 4.4; p < 0.05) and (t (6) = 4.64; p < 0.05) 

rcspl'c livd '. \Yds ·ignilicant ~ fice group 3 (treated with escalating dose) and group 5 (treated 

with 0.5 ml 'aline did not spend significantly more time in target quadrant compared with S.W. 

quadrant (t (4) = 1.53: p = 0.201) and (t (5) = 0.424; p = 0.69) respectively, (fig. 11a). All group 

3 mice (treated with escalating khat dose) group 4 (escalating dose) and the control group, spent 

significantly longer (p < 0.05) time in the target quadrant than in N.W (opposite) quadrant as 

opposed to group 2 and 5, respectively 

All mice groups pent most of their time in N.E (right adjacent) quadrant as opposed to other 

quadrants but this was not significant (p > 0.05). Indeed, some mice groups, for example, group 

4 (treated \vith normal saline) spent almost half the time in the two quadrants (16.95 ± 3.49 vs 

14.9 ± 3.93 seconds). Mice treated with escalating dose (groups 3 and 4) spent more time in the 

I. quadrant as oppo d to target quadrant (28.04 ± 4.64 21.76 .± 3.72) and (26.9 ± 5.03 \ . 

24.27 ± 4.62). n: p tivel . imilarl , mi e treated with e calating d e (gr up 2) pent m rc 

tim in thc }U drant a c mp. red to target quadrant but th dif ercn c wu n t ignilicunt 

th qu trnnt . 

kh t 

in h t r t qu 

.41). ignificance pr crt.:n wa n ted with t II mi c on ·crnin, 

r up 2 n I 

nt th lh 

n wim di tanc 

nd th ntr I h d 

. qu nt . 

i th t mi tr 'lh.:d 

ntl p > . - 1m ~.: r 



(group 3) and the control had longer wim di tance (p < 0.05) in the target quadrant than N.W. 

quadrant. 

All mice treated with scahtin) kh.1t h ~ sal in~.; and contro l had preference for N.E. quadrant as 

shown by long ·r swim li t 111 • • in .I ~. quadrant and, further confirmed, by lack of statistical 

signi lknn ·-. Th~.: mi · ·r up · treated with escalating doses (group 2, 3 and 4) had longer swim 

distnm: sin N .. quadrant than the .E. quadrant (291.4 ± 37.20 vs 260.73 ± 52.91) and (428.08 

± 81.41 v· 40-. ± .6- and (428.78 ± 72.4 vs 388.27 ± 111.69), respectively. 
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(group 1 all catt:d Ion •cr p < 0.05) time in th targ t quadrant than . W qu dmnt 

c m r d to group 2 · r p ctin:ly. 
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oth r gr up . ll m1 \ h th r treated with alating d r alin had n ignificant 

l l 



4.4.3 Effects of multiple high (Binge) khat extract doses regimen on acquisition learning 
and memory of CBA mice. 

The results (figuresl2a, 12b, and L .h -.: thnt th' mice had a decrease in MWM performance 

measures (escape latcnc ', '\\ im list 111 • ) aft 'r injection with multiple high dose khat extract, 

and/or single dail ' kh tt I 1 · • 11 • ml normal saline. A MANOVA test revealed that there was 

si ,nilicnnl u im1 rov m nl t\\een the groups (F (4, 18) = 24.66; p < 0.001) and days (F (3, 18) 

- .7 ; p 0.0 ut the impro ement across sessions was not statistically significant (p = 

0.06). imilarl ·. the interaction of groups and days was significant (p < 0.05) on the 

improYement of IW1-1 performance of the animals 

The e cape latency decreased significantly across groups (F (4, 18) = 23.18; p < 0.001) and 

marginally acros days (F (3, 18) = 2.56; p = 0.055) but the decrease across sessions was not 

significant (F (3. 18) = 0.85; p = 0.47). The interaction of groups, days, and sessions was not 

significant (F (24, 18) = 0.42; p = 0.99) with regard to escape latency. A post hoc test revealed 

that mice group 4 (administered with escalating khat dose then saline) had significantly higher 

e cape latency (p < 0.001) than the other groups. imilarly, mice groups 5 (treated with saline 

then multiple high khat dose) had significantly high (p < 0.001) e cap latenc than c ntrol and 

oth r croup ; however. the e cape latency wa lower than that of gr up 4. Th e cape Iaten 

da; . however. the change wa n t ignificant and there wa n ·pc ific da 

wh m rked hange \"a ob crved. 

111 •im di tan F . 1 =1 .7 ; p < . , nd d y ( ( . 1 

= 1 = 0. l ; 

p 0.7 . l·urth nn r th int ti n ) 



= 0.66; p = 0.89) with regard to swim distance. A post hoc test showed that mice group 4 (treated 

with escalating khat dose then saline) had ignifi antly longer (p < 0.001) swim distance than the 

control and other groups except mi rL up 5 ( tr at d with saline then multiple high doses of 

khat) which when compared w n 1 • t.lti~ti ally significance . The mice group 5 (treated with 

saline th n mult ipl hi •h I) ·s hat) had ·ignificantly (p < 0.05) higher swim distance than 

min: •roup (tr ·at· i "ith alating khat dose then single daily dose) and the control group 

(trl'ntl:d with ·~ ml, aline . 

The decrea e in wim di tance was significant across days (p < 0.05), and, there was a marked 

decrea e on the 2"d da (day 7) (p < 0.001) as compared to the other days. The swim speed 

decreased significantly across groups (F (4, 18) = 4.3; p < 0.05) and days (F (3, 18) = 5.61; p < 

0.05) but the decrease across session was not significant (F (3, 18) = 1.78; p = 0.15). The 

interactions between group, day and session was not significant (F (24, 33) = 1.1 ; p = 0.34) with 

regard to the swim speed. 

A post hoc test revealed that the swim speed of mice group 2 (treated with escalating khat do e 

then multiple high dose khat) and mice group 4 (treated withe calating khat do e then aline had 

ignifi ant (p < 0.05) reduced S\ im speed than the control group 1 h " er, compared t the 

oth r group their \ im sp d were lower, but the differenc wa n t ignifi ant. 

·urth rm r . th d r c in wim p d acr day \ a ignificant \ ith n ticca I d rca n 

ond d y day 7) (p < 0.05). 1 he de n.:~ c I ted to the Ia t da · h Wt.:\ cr. n the da ·s th 



= 0.66; p = 0.89) with regard to swim distance. A post hoc test showed that mice group 4 (treated 

with escalating khat dose then olin ) had ignificantly longer (p < 0.001) swim distance than the 

control and other group c.' cpt mi c group 5 (treated with saline then multiple high doses of 

khat) which wh n m 1r 'd v ns n t statistically significance . The mice group 5 (treated with 

snlilll: th 'n multtpl hi h do cs of khat) had significantly (p < 0.05) higher swim distance than 

llll l'l' 'J1ll( treated ith escalating khat dose then single daily dose) and the control group 

(tn:nl d wiU1 0.5 ml aline). 

The decrease in swim distance was significant across days (p < 0.05), and, there was a marked 

decrease on the 2nd day (day 7) (p < 0.001) as compared to the other days. The swim speed 

decreased significantly across groups (F (4, 18) = 4.3; p < 0.05) and days (F (3 , 18) = 5.61; p < 

0.05) but the decrease across session was not significant (F (3, 18) = 1.78; p = 0.15) . The 

interactions between group, day and session was not significant (F (24, 33) = 1.1; p = 0.34) with 

regard to the swim speed. 

A post hoc test revealed that the swim speed of mice group 2 (treated with escalating khat dose 

then multiple high dose khat) and mice group 4 (treated with escalating khat dose then saline had 

significant (p < 0.05) reduced swim speed than the control group 1 however, compared to the 

oth r groups their wim peeds were lower but the difference wa not ignificant. 

urth rmore, th decrea in swim sp d aero s day v.a significant with n ticenbl n 

ond da (day 7) (p < 0.05). h de rea e la ·t d t the la t day, h wever, n the da th 

h n \' r\: n t igni fie ant. 
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Figure 12 a. Effects of repeated high khat extract dose on escape latency of CBA mice during 

spatial learning and memory in MWM task. Mice were injected with (0.5 mls normal saline, and 

I or repeated high (binge) dose khat extract). (n =3 - 7 mice in each group). Data are presented as 

mean ± s.e.m of escape latency. Escape latency significantly improved (p < 0.05) over days. 

Ther \ as significant improvement (p < 0.001) on the 2"d day. Mice group 4 (injected with 

e calating khat do e then normal saline) had higher (p < 0.001) e cape latency than the oth r 

groups. Mice group 5 (injected with normal aline then multiple high khat do e ) had higher (p < 

0.05) c cape latency than the other group . 

10 



450.00 

400 00 

"":" ' 00 00 
~ 
~ 
~ 250 00 
c 
!3 
en 
0 200.00 
E 
'§ 
en 150.00 

100.00 

50.00 

0.00 

--- - --)1( 

Day 6 

-+ ' Group 1 (sal) 
-x- Group 4(esc.dse-sal} 

' 

Day 7 

' ' ' ' ' ' 

Time (Days) 

... 

Day 8 Day 9 

-•-Group 2(esc.dse-Runs --o-- Group 3(esc.dse-s.d.dse) 
-+-Group 5(sai-Runs) 

Figure 12 b. Effects of repeated high khat extract dose on CBA mice swim distance during 

spatial learning and memory in MWM task. Mice were injected with (0.5 mls normal saline, and 
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and memory in MWM task. Mice injected with (0.5 mls normal saline, and I or multiple high 
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a! in ) had lo\ er (p < 0.05) " im pe d than the other gr up . 
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4.4.4 Effects of escalating and /or multiple high (Binge) Khat extract dose on memory 

retention (probe trial 2) on BA mice performance of MWM task. 

The results (Figure 1 h w that the mice did not search equally in all the four 

quadrants. It app~ rs mi hnd t1 pn.:fcrcnce for the target (S.E) quadrants, however, they also 

had H pr ·I ·r ·n · lix I . quadrant (right adjacent quadrant) than the other quadrants. A paired t 

test r ·v · 1l d that mi c gr up 3 (treated with escalating khat dose then single daily khat injection) 

gwt'l 4 t tr ated \ ith escalating khat dose then saline) and group 1 (control group) had spent 

igniilcantl longer time to the S.E. (target) quadrants than S.W. quadrants (left adjacent) (t (4) = 

15.11· p < 0.001), (t (5) = 4.16; p < 0.05), (t (4) = 5.98; p < 0.05), respectively. On the other 

hand, mice group 2 (treated with escalating then multiple high khat dose) and group 5 (treated 

with saline then high khat dose) had preference for S.E. (target) quadrant compared to S.W. (left 

adjacent) quadrant though the preference was not significance (t (3) = 2.45; p = 0.092) and (t (1) 

= 0.43; p = 0.74), respectively. 

Further t test re ealed that mice group 3 (treated with escalating then single daily khat dose), 

group 4 (treated with escalating then saline) and the control group 1 had significantly longer time 

in the .E. (target) quadrant than in N.W. (opposite) quadrant at (t (4) = 10.89; p < 0.0001) and (t 

(5 = 5.88; p < 0.05) and (t (4) = 7.03· p < 0.05) respectively. imilarly mice group 5 (treated 

with aline then multiple high khat do ) spent ignificantly (t (1) = 14.38; p < 0.05) high r time 

in thl! . (targ t) quadrant than in the .W. oppo ite quadrant . 11 mi gr up (-, 4 5 

tr t d at m p int \ ith khat . tra thad a bia [! r . ·. right dja d t 

th ntr 1 gr u \\hi h had pn.:fert:n e for t, rgct qu drant mp red to the thet quadrants 
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multiple high khat doses) showed bias for SW (left adjacent) quadrant (24.75 ± 0.35 vs. 17.65 ± 

16.45) similar to N.E. (right ndjn nt) quadrant but biased against NW (opposite) quadrant 

(24. 75 ± 0.35 vs. 1.75 ± 1.... t (I ( l) 14. 8; p < 0.05). 

A !'urth ·r t t ·st r .,. ul d that mice searched differently in the quadrant based on the measure of 

swim di ·tm' s \\ ith preference for target quadrant and bias for N E (right adjacent quadrant) 

(Fig. l lice group 3 (treated with escalating then daily khat doses), group 4 (treated with 

e 'uluting khat doses then saline) and group 1 (control group) had allocated significantly longer 

\\im distance in theSE (target) quadrants then SW (left adjacent) quadrant at (t (4) = 13.23; p < 

0.001) and (t (5) = 4.00; p < 0.05) and (t (4) = 6.33; p < 0.05), respectively. On the other hand, 

mice group 2 (treated with escalating then multiple high khat dose) and mice group 5 (treated 

with saline then multiple high khat dose) had preference for S.E (target) quadrant compared to 

S.W (left adjacent) quadrant, however, the preference was not significant (t (3) = 2.1; p = 0.982) 

and (t (1) = 0.822; p = 0.56), respectively. 

Mice group 3 (treated with escalating then single daily dose), group 4 (treated with escalating 

then aline) and the control group 1 had significantly longer distance in the (target) quadrant 

than in W (opposite) quadrants at (I (4) = 19.59; p < 0.001) and (I (5) 4.47· p < 0.05) and (I 

(4) = 948~ p < 0.05), re pectively. imilarly, mice group 2 (treated withe calating th n multipl 

high khat do es) and mice group 5 (treated v ith aline then multiple high kh t d e ) had l nger 

'' im di tance in the . target quadrant than th .W opp it qu dr nt, h ' c\· r, th 

vatu \\cr not ~ jgnificant (272. ± \' . 1 ll \' . 1 . 

l 1 1 



Mice group 3 and control group had marginally longer distance in the S.E (target) quadrant 

compared to the N.E (right adja ent) quadrant at (t (4) = 2.71; p = 0.54) and (t (4) = 3.57; p < 

0.05), respectively, h w 'V r, mpm""d to other quadrants they showed biased for this quadrant. 

Mice group 5 (tr at i \ ith ::mlin ' then run doses) showed bias for the N.E (right adjacent) 

quadrant with r ·' trd l< im di ·tance than the other groups at (t (1) = 16.95; p < 0.0001). Mice 

group (lr ·at d '' ith e calating then multiple high khat doses) showed a bias for the N.E (right 

ndj 1 • nt quadrant b having longer swim distance than the target quadrant at (282.47 ± 42.34 

v . _7 -·6 ± 93 .88), respectively. 
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Figure 14 a. Effects of escalating and /or repeated high khat extract dose regime on CBA mice 

quadrant time during spatial memory assessment of MWM task. Mice were injected with 

(e calating -run escalating-single daily dose, escalating-saline run, saline-runs or aline-saline 

regimen). (n = 4-7 mice in each group). Data are presented as mean ± .e.m of% quadrant time. 

treated with escalating then single daily do e (group 3), e calating d then alin (gr up 

4) p nt longer (p < 0.05) time in the target quadrant than in .W quadrant c mpared with th r 

group. 11 mice except e calating - run tr ated mic .05) time in targ t 

qu drnnt than in .W quadrant. 11 mic tr at d " ith th di khat d · had n 

ifi nt p > 0. 5 di r nc s in tim t qu dr nt. c mp n.:d ' ith I qu drnnt 

d t th c ntr I 
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Figure 14 b. Effects of escalating and /or repeated high khat extract dose regime on CBA mice 

quadrant swim distance during spatial memory assessment in MWM task. Mice were injected 

with (escalating - run escalating-single daily dose escalating- aline run, aline-runs or aline-

aline regimen). (n = 4 - 7 mice in each group). Data are pre ented a mean ± .e.m of (a) 

qu drant wim di tance. Mice treated " ith escalating then ingle daily do (gr up ), calating 

th~n nlin (group 4 and contr I had longer " im di tanc (p < 0. 5) in th t rget qu dr nt th n 

rtcr \ im di tan e in . quadrant than in t rget quadrant c mpar d t th gr up . 
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4.5 Effects of single daily khat extract dose administration on CBA mice mortality during 

learning and memory trials of MWM task. 

The results of the ffi ts f khnt c tract on BA mice mortality are represented in (figures 15 a 

and 1 b). 'I h rn rtalitv rat fall the mice was evaluated during the 17 days testing period. 

v '!' lh · p ·ri d. mi treated with 120 mg and 360 mg/ kg body weight khat, respectively, had a 

nwrlllity rat f ~0% and 60% respectively. However, mice treated with 40 mg/ kg body weight 

khat . tract and the control group did not record any mortality. 

A multivariate analysis of variance test yielded a significant effect of doses (F (3, 17) = 3.41; p < 

0.05) on mortality rates. Similarly, the effects of doses on changes of mortality rates across days 

were significant (F, (3, 17) = 3.34; P < 0.05). A post hoc test with Bonferroni procedure revealed 

that the mean mortality rate of mice treated with 360 mg/ kg body weight khat extract (0.6 ± 

0.25) was highest, but was not significant, compared to mice treated with the other doses and 

control. In addition, the mean survival days of mice treated with 360 mg/ kg body weight khat 

extract (15.2 ± 0.92) was lowest, than mice treated with 40mg, 120 mg/kg body weight khat 

extract and control respectively at (17 ± 0), (16.2 ± 0.8) and (17.0 ± 0). The urvival rates by 

day were 100% for mice treated with 40mg/ kg body weight khat extract and the control group. 

In all the animals that died, there v as no post mortem done to determin the cau e of death. 

1 1 
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Figure 15 a. Effects of single daily dose of khat extract administration on mortality rate of CBA 

mice during learning and memory trial in MWM task. (n = 5 mice in each group). Data are 

presented as mean ± s.e.m. of deaths. Mice treated with 120 and 360 mg/kg b.wt khat extract 

showed mortalit rate of 20 and 60%, respectively, compared to the other doses and control 

which did not record any mortality. 
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4.6. Effects of escalating and /or repeated high khat extract dose regime on the mortality 

rates of CBA mice during learning and memory trial on MWM task. 

f t: ' nlnting and /or repeated high khat extract dose on CBA mice 

mortality arc rcpr' nk i in li llJr 15 a, b. The mortality rates of all the mice were evaluated 

durin • th I 0 I ty trial p 'ri d. ver the period, mice treated with escalating then repeated high 

khut ·. ·tru ·t. and mice treated with 0.5 mls normal saline then multiple high khat extract doses 

show d m rtalit) rates of 43% and 67%, respectively. Mice treated with escalating then daily 

ingle high dose of khat extract, escalating khat extract dose then 0.5 mls normal saline and the 

control had 100% survival rates over the training period. 

A multivariate analyses of variance test yielded a significant effect of dose regime (F ( 4, 25) = 

4.81 ; P < 0.05). Similarly, the effect of dose regime on the changes of mortality rates across days 

were significant (F ( 4, 25) = 4.69; P < 0.05). A post hoc test with Bonferroni procedure showed 

that the mean mortality rate of mice treated with escalating then multiple high doses of khat 

extract and mice treated with 0.5 mls normal saline then multiple high khat extract doses was 

highest at (0.43 ± 0.2) and (0.67 ± 0.21), respectively, though, the changes were not significant. 

Mic treated with escalating then single daily high khat extract dose, escalating khat dos then 

0.- ml normal aline, and the control, did not how any mortalities. he mean urvi al day f 

mic treated v ith e calating then multiple high khat extract d es, n rmal alin then multiple 

high khat e:tract do e regime, had 10\' e t urvi al da s at 9.29 ± .42), and 9.5 .22 ) 

comp r d to the other dos regim and th c ntrol gr up at 10.0 0.0 h .. Ind cd, ll the 

oth r d r~ ,imc tr~atcd mice a hicv d a 10 % urviv I r t tcstin , p ri d. 
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Figure 16 a. Effects of escalating and /or repeated high khat extract dose regime on the mortality 

rate of CBA mice during learning and memory trial in MWM task. (n = 3 - 7 mice in each 

group). Data are presented as mean± s.e.m. of deaths. Mice treated with escalating then repeated 

high khat extract showed mortality rate of 43%. Mice treated with 0.5 mls normal aline then 

repeated high khat extract regime showed 67% mortality rate compared to the other regime and 

control \ hich showed no mortality rate . 
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Figure 16 b. Effects of escalating and /or repeated high khat extract dose regime on the survival 

rate of CBA mice during learning and memory trial in MWM task. (n = 3 - 7 mice in each 
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CHAPTER FIVE 

5.0 DISCUSSIO 

The results of tht tud in li ':lt that acute intraperitoneal administration of khat enhanced 

locomotor acti ity in .1 lc · ' and time dependent manner with the highest line crossing at 360 

m ,/kg h{)d w i •ht r khat (moderate khat dose). The khat used in this study show an inverted 

re pon e curve, consistent with an inverted U-shaped response observed with 

runph tamine onnor eta!., 2002). The low dose khat extract inhibited locomotor activity and 

moderate dose increased locomotor activity in mice, whereas, very high doses were locomotor 

inhibitor . 

The findings, though in agreement with effects of amphetamine, did show some differences 

especially on centre square and rearing frequency, both of which are measures of locomotor 

activity. Whereas, the line crossing showed an inverted U - shaped response, the rearing 

frequency and centre square frequency were abolished in a dose dependent manner. Thus, it 

seems probably that the effects of whole khat extract with its many constituents, would differ 

from amphetamine with regard to the production of motor and probably other behaviour . The 

do e range adopted for this experiment were wide (3n progression), with the highe t do e being 

54 times the lowest, this was to cover full dose re pon e range, however, me int r d e 

re pon e could ha e b n mi sed hence the intr duction of intermediated lik Om g. 

·1 h ffc.:ct f khat c.·tra t c.·hibited \\ere c n i t nt and tim d ndcnt. ind d. th ma. imum 

rv d up t 5 minut . " hi h i 

within 5 - minute u 

ma. imum 

dmini tr, ti n in t.lts 

timulant h w h rt r h I li • nd r m qut I. md l ,lj I in 

l l 



rodents quicker than in humans (Melega eta!., 1995, Srinivas et al., 1992; Wargin et al., 1983). 

Furthermore, peak plasma cone ntrations occur at about 1 0 minutes following subcutaneous 

injection of cathinone in rnL, mpar d to 15 to 30 minutes following oral administration (Cho 

et al., 1999; Wargin •t 11 .. 1 8 ). 

Th~: 1{1 · 1m1t )t' a ti itie · are modulated by neurotransmitter dopamine and serotonin. Cathinone 

th~: i.l 'tiv mp und of khat is associated directly or indirectly with dopamine or serotonin 

reka 'e, b its action on dopamine or serotonin transporters function (Ban jaw et al., 2003). In 

addition, cathinone is regarded as a dopamine releaser and acts through D 1 type dopamine 

receptors in mediating its reinforcing effects (Kalix, 1990). It is also documented that cathinone 

and its close analog amphetamine, increase the efflux of e H] dopamine from slices of rat 

striatum (Zeiger and Carlini, 1983). It have also been demonstrated that the motor activities 

induced by S-(-) cathinone in experimental animals are associated with dopamine release 

(Glennon and Schowalter, 1981; Valterio and Kalix, 1982; Calcagnetti and Schechter 1992). On 

the other hand, head twitches in mice and head shakes in rats are quantifiable motor behaviours 

closel) linked to brain serotonin mechanisms. It has also been documented that -(-) cathinone 

could also release serotonin (Nielsen 1985; Fleckenstein et al., 199). The locomotor behaviours 

like head twitche were not evaluated in this study. 

mc acute and chronic treatment of animal " ith p cho timulnat c n affc t lo m t r 

ha iour. this factor had t b ruled ut b fore aluating the re ult f M rri \ ater m zc ta k. 

imp rtant to a\ oid bia in the int rprctati n I bchavi ur Iterations pt cscntcd b dru , 

B mi . In thi tu ' rc:du d \\ im p cd lu ·to khat \\Ould h, 'c ccn mi. int rptcl d 

min n l in thi tud ' ' t v n I. th It ndthcr t the 

inhi it m t r 1111 t r n r nh 1 II th m hn lin th 1t hd1 I 

1 .. 



to set the doses ( 40 mg. 120 mg and 360 mg) as appropriate for the subsequent Morris water 

maze experiments. 

The present tud) rcpr~s~.·nt t an ntt 'tnpt to evaluate the effects of khat extract administration on 

acquisition :p·tti tl l ·trninl nd memory of BA mice on the Morris Water maze task followed 

by r ·v ·rs ll I arnin . he schedule of single daily pre training administration of khat was 

IT·ctiv in impairing learning and memory in a dose related way. 

1 h tud) demon trated selective impaired learning but improved memory at dose 120 mg/kg 

body weight as compared to both impaired learning, memory and reduced swim speed at dose 

360 mg/kg body weight dose. However, at low dose ( 40 mg/kg body weight) there was increased 

enhancement of spatial learning and memory than at 120 and 360 mg/kg b.wt but similar to the 

control 

The fmding of decreased swim speed in Morris water maze at dose 360 mg contradicted the open 

field test in the previous study in which mice injected with 360 mg had increased line crossing. 

evertheless the results confirm that the improved spatial learning and memory in MWM is not 

due to locomotor alterations. The results that lower doses of khat extract substantially improved 

spatial learning and memory are consistent with De Bruin et. al (2003) finding in which, they 

concluded that caffeine can rever e attention deficit in p ntaneou h 

facilitate their patial learning. The finding are al con i tent with, th finding that a ut 

lidation and the impa t f 

r in~ r m nt in m l arning p radigm c augh, 1 · Killer et a/., 1 4 . 

r ult rim nt in hi h th m1 ' 1 m l\ l t th 

qu nt Ill mm n m m 11111 mn nt t hi •h r kh \1 t: . tr, 



administration (dose 360mg).The escape latency, swim distance and velocity were substantially 

affected depicting poor rever al patiallearning and memory. Further more on the probe trial test 

the mice treated with high r d khat did not discriminate between the former target quadrant 

and the current u dnnt. l hi: wa ' a demonstration that higher dose khat extract causes 

preservcrnti · b ·h n i 1 P r ·cr crative behaviour is a deficit in switching behaviour from one 

another, it expresses disturbance of executive function (Devain et al., 

Jl)l) 1: h.irk y. 1 9) and it is associated with lesions in the striatum and basal ganglia. It is also 

int 11 r ted a an inability to inhibit on going action or as a failure to initiate next response 

(DeYain et al., 1996). 

The results of this study demonstrated that the locomotor behaviour of CBA mice after, sub 

chronic intraperitoneal administration of khat and submission to MWM was affected in dose 

related manner. The khat dosage range used in the experiment was narrow ( 40 to 120 mg) thus, it 

was difficult to conclude which pattern of dose response could be adopted by mice injected with 

360mglkg b.wt the results because of high mortality. Nevertheless, the results of this experiment 

appeared to agree with the previous study on locomotor behaviour, in which low dose of khat 

extract inhibited locomotor behaviour and high doses increased the behaviour with and higher 

do inhibited the locomotor activity. The other results were also consistent in that the centre 

quar frequenc} and rearing frequenc were enhanced at lower khat extract d and a 

th do e wa increa d, while the line cr e incr a d with high d c and ice \ r a. 

t of kh t n po t ·1 rri Water m. 7c BA mi c I c m t r b h<wi r th u 1h d c 

' , ny time r I tion hip. 'I hi tion m~ d on 

nl l< r. 'I hi ml prt h 1l itu 1ti m 

II ' n th m timul ti n. th ult ' r 



important because they confirmed that the effects of khat extract on CBA mice in MWM was not 

due to changes of the locomotor b ha iour but neural behavioural alterations. The range of drug 

response was narrowly t ted be u at d e 360 mg/ kg b.wt the mice mortalities were high. 

However, beha 1 ur 1 ·1lt r ti ns an also be demonstrated in animals in the absence of any 

sp ci fie ·h·11l ·n, '. in ·lu lin r duccd motivation as well as specific cognitive impairments (Barr 

Uti i Philip'. . in •t a/., 1999; Lin et a/., 2002).There is evidence to suggest that changes 

ob.: ·rv d ur linked to altered dopaminergic transmission in the prefrontal cortex and /or striatum 

(Robin· nand Becker, 1986; Pezze et al., 2002). Such neurochemical change represents a form 

of neuro-adapti e changes developed during repeated psychostimulants exposure. 

The brain structures demonstrated to undergo adaptive changes developed during repeated 

amphetamine administration, the striatal complex, prefrontal cortices and limbic arrears, have all 

been implicated in various forms of learning and memory (Gold man- Rakic, 1987; Baddeley 

1992; Dias et al., 1996; Nestler and Aghayanian, 1997; Robinson and Kolb, 1997; Berke and 

H man 2000). 

The r ults of effects of escalating run dose regtme on acquisition learning and m mory 

d mon trated selective impairment on learning and m mory. calating run d treat d mic 

d m n trated reduced e cape latency and wim di tanc an indicati n f impr ed I arning but 

had impaired mem r . In addition the animal treated \ ith e calating k.h t d 

d v I ity, an indicat r that th ir I m t r ti it c uld imp ired. II 

tre l 

h n m1 ubj t it 

ry 

lin 

[I llow d b · alin d m n ·trat d imp ired lc rmn ' · n th th r 

It: d il inj tion I kh t h· d impr \ d 

. l1tin, kh.1t 



trial. The same case applied to mice subjected to normal saline followed by escalating dose, that 

though they had impaired learning, their memory improved depicting selective impairment 

effects of khat on learning nd pnrin 1 memory 

The results d •m HI ·twt ·d ·I tive impairment of learning in mice treated with escalating dose 

follow~:d b ..;aline. hi · is probably due to withdrawal effects of khat impairing learning but 

spnrinl! m m r . The findings are consistent with a study that reported that acute amphetamine 

incr a ·ed memory consolidation and enhanced the impact of reinforcement in some learning 

paradigms (Me Gaugh, 1989; Killcross et al., 1994). However, the results also contradicted 

findings by Russig who reported that escalating dose amphetamine withdrawal have little effect 

upon the acquisition of the MWM task by Wister rats (Russig et al., 2003 

The variance in the finding can probably be accounted for, by the difference in the test 

procedures. The results further demonstrated impairment of learning and memory m mtce 

treated with saline followed with high dose khat regimen. This was probably because of high 

levels of brain concentrations of khat compounds causing neurotoxicity. This argument can be 

supported by study of Segal and Kuczenski (1997), in which mice were injected with high doses 

amphetamine in repeated runs in absence of previous do e treatment, and thi re ulted in 

debilitation or death of most animal ( egal and Kuczenski 1997). Indeed, in thi tudy maj rity 

of animals died (60%) b da 9 in the group treated "' ith alin followed r p ated run d 

II r. mic treat d "' ith e calating khat do foil w d rep ted run h d impr cd 

nun and mcm r: pr b tc t 1) at d< · 5. In additi n, th • had impr \ d k rnin, in the 

ui ition ph 

t t 2 pp r t l b~ tu t t n itiz·1ti n 
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of locomotor component of the response, are consistent with findings by Segal and Kuczenski 

(1997). 

The results of impaired mem r d m n trated during probe trial could also be attributed to 

neurotoxicity of th rl:pt: t hi 'h do cs of khat extract. All mice treated with escalating dose 

followed by :in •l· dull d , · of khat demonstrated improvement of both learning and memory. 

guin. lh ·s lind in · can be attributed to admixture of tolerance, particularly in the acquisition 

phnst: tmd en itization of the locomotor component of the response (Segal and Kuczenski, 

1 997). 

In ummary the study demonstrates that single high dose khat extract causes increased 

locomotor behavior in Swiss mice. Similarly, repeated high dose khat extract cause increased 

locomotor and behavioral sensitization. However, the two khat extract administration regime 

affected measures of locomotor behavior differentially. The study further showed that khat 

extract effects on learning and memory are diverge depending on the dose; khat extract at lower 

dose improves learning and memory whereas at high doses it is selective in either impairing 

learning or memory or both. The extract administered at higher single daily doses impairs 

learning and memory and causes perseverative behaviors. Escalating then repeated high dose 

(nm) khat extract regime improves learning but impair reference memory, wher a , e calating 

th n ingle dail high dose khat extract regime impro ed both learning and reference memory. 

he tud sho\\ed that khat extract has differential effects n mea ure f b th 1 m t r 

b havior and learning and mem ry. p cau · fit man · ingredi nt , and diffi ren 111 

dmini trati n re un nd mi d. 
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The study calls for further experiments, to establish the effect of khat on spatial learning and 

memory using rats, other paradigm of 1 arning and memory using mice and rats. Studies should 

be conducted to inve tig t th m h ni m of effect of khat on learning and memory. 



Appendix 1 

Morris Water Maze Launch chedule form 
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Appendix 2 

Moris Water Maze Acquisition data form 

Mouse No . ....................... .. ......... ...... . Date Started ...... .......... .. 

lj, · pt·riutcut ·r ................................ ..... . 

rtjui~ition with m isible platform 

Mouse No ..... .......... . ... ................... .. .. Date Started ................ .. 

Experiment .... .. .............................. .. 

Acgui ition with invisible platform 

1 ) 



Appendix 3 

Morris Water Maze probe trial data form 

Mouse No . ...................................... .. . Date Started ................ .. 

Experiment ............................ . ....... .. 

Mouse No ....... . .. . ..... .......... . ....... . . . .... . Date Started ...... .. ........ .. 

Experiment .. .. . . . .... .... ... .................. .. 

Probe Trial with no platform 

Launch 

l I 



Appendix 4 

Morris Water Maze Tank 



Appendix 5 

Open field box 



Appendix 6 

Mouse Swim Path tracing 



Appendix 7 

Mouse Swim path tracing during probe trial 



Appendix 8 

Mouse Swim path tracing during acquisition training 
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