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Assessment of khat (Catha edulis Forsk)
1.

Substance Identification
A. International Nonproprietary Name (INN): B. Chemical Abstract Service (CAS) Registry Number: C. Other Names: qat, q’at, kat, kath, gat, chat, tschat (Ethiopia), miraa (Kenya), murungu; the
dried leaves of khat are known as Abyssinian tea or Arabian tea;
D. Trade Names: E. Identification Characteristics: Khat refers to the leaves and the young shoots of the plant
Catha edulis Forsk, a species belonging to the plant family Celastraceae.
F. WHO Review History: The WHO Expert Committee on Drug Dependence (ECDD) and
other UN bodies reviewed khat at earlier occasions. The Advisory Committee on the
Traffic in Opium and Other Dangerous Drugs of the League of Nations discussed on the
subject in 1933, but no action was taken. On request of the Commission on Narcotics
Drugs (CND), the Expert Committee on Addiction-Producing Drugs (as the ECDD was
named at the time) reported in its 12th report (1962) that clarification on the chemical and
pharmacological identification of the active principles of khat was needed before a sound
medical appraisal of the chronic use of khat could be made [1]. No referral was made to a
study on the effects. In its 13th report (1964) the committee studied a report by the
Secretariat on the medical aspects of the habitual chewing of khat leaves. It concluded
"that the problems connected with khat and with the amphetamines should be considered
in the same light because of the similarity of their medical effects, even though there are
quantitative differences and specific socio-economic features; this is all the more desirable
since the problems with respect to khat are confined at present to a few countries in one
region" [2].
In 1971 CND recommended again to ECOSOC to ask WHO to review khat, and requested
that the UN Narcotics Laboratory should undertake research on the chemistry of khat and
its components. These studies were reported in a series of internal UN documents from
1974 through 1978 [3].
In 1978 an Expert group financed by the UN Fund for Drug Abuse Control convened to
consider the botany and chemistry of khat [4]. However, in the reports of ECDD no
review of khat could be found after 1971. In 1983 an international conference on khat
took place in Madagascar [5].
In 2002 the 33rd ECDD pre-reviewed khat and concluded that there was sufficient
information on khat to justify a critical review [6].

2.

Chemistry
The environment and climate conditions determine the chemical profile of khat leaves. In the
Yemen Arab Republic, about 44 different types of khat exist originating from different
geographic areas of the country [7,8]. Its taste varies from one kind to another and depends on
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the tannic acid content. Khat leaves have an astringent taste and have an aromatic odour. The
young leaves are slightly sweet.
Many different compounds are found in khat including alkaloids, terpenoids, flavonoids,
sterols, glycosides, tannins, amino acids, vitamins and minerals [9-11]. The
phenylalkylamines and the cathedulins are the major alkaloids. The cathedulins are based on a
poly-hydroxylated sesquiterpene skeleton and are basically polyesters of euonyminol.
Recently, 62 different cathedulins from fresh khat leaves were characterized [12]. The khat
phenylalkylamines comprise cathinone [S-(–)-cathinone], and the two diastereoisomers
cathine [1S,2S-(+)-norpseudoephedrine or (+)-norpseudoephedrine] and norephedrine [1R,2S(–)-norephedrine]. These compounds are structurally related to amphetamine and
noradrenaline. The plant contains the (–)-enantiomer of cathinone only; the (+)-enantiomer is
not found [11]. Thus, the naturally occurring S-(–)-cathinone has the same absolute
configuration as S-(+)-amphetamine. Cathinone is mainly found in the young leaves and
shoots. During maturation, cathinone is metabolised to cathine [(+)-norpseudoephedrine] and
(-)-norephedrine. The leaves contain [(+)-norpseudoephedrine] and (-)-norephedrine in a ratio
of approximately 4:1 [11].
Other phenylalkylamine alkaloids found in khat leaves are the phenylpentenylamines
merucathinone, pseudomerucathine and merucathine. These seem to contribute less to the
stimulant effects of khat [10,13,14] and will not be reviewed here.
Cathinone is unstable and undergoes decomposition reactions after harvesting and during
drying or extraction of the plant material [10,11,15,16]. Decomposition leads to a ‘dimer’
(3,6-dimethyl-2,5-diphenylpyrazine) and possibly to smaller fragments. Both the dimer and
phenylpropanedione have been isolated from khat extracts [15]. As cathinone is presumably
the main psychoactive component of khat, this explains why fresh leaves are preferred and
why khat is wrapped up in banana leaves to preserve freshness.
The phenylalkylamine content of khat leaves varies within wide limits. Fresh khat from
different origin contained on the average 36 mg cathinone, 120 mg cathine, and 8 mg
norephedrine per 100 gram of leaves [7]. Toennes et al. (2003) found 114 mg cathinone, 83
mg cathine and 44 mg norephedrine in 100 gram of khat leaves confiscated at Frankfurt
airport [17]. Widler et al. (1994) found 102 mg cathinone, 86 mg cathine and 47 mg
norephedrine in 100 gram of fresh leaves from Kenya confiscated at Geneva Airport [18]. AlMotarreb et al. (2002) reported higher levels of cathinone in fresh leaves: 78 – 343 mg/100
gram [8].
Khat leaves also contain considerable amounts of tannins (up to 10% in dried material) and
flavonoids [8,19].
A.

Chemical Names: cathinone: S-(–)-cathinone; S-(–)-α-aminopropiophenone; (S)-2amino-1-phenyl-1-propanone;
cathine: 1S,2S-(+)-norpseudoephedrine; 1S,2S-(+)phenylpropanolamine; 2-amino-1-phenyl-1-propanol;
norephedrine: 1R,2S-(–)-norephedrine; 1R,2S-(–)phenylpropanolamine; 2-amino-1-phenyl-1-propanol;
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Chemical Structures:

cathinone

cathine, norephedrine
C.

Chemical Formulas: cathinone: C9H11NO
cathine and norephedrine: C9H13NO

D.

Molecular Weights:

cathinone: 149.2
cathine and norephedrine: 151.2

E.

3.

Stereoisomers: Cathinone refers to the naturally occurring S-(–)-cathinone;
cathine to the naturally occurring 1S,2S-(+)-norpseudoephedrine; and
norephedrine to the naturally occurring 1R,2S-(–)-norephedrine.

General pharmacology
Khat contains many different compounds and therefore khat chewing may have many
different effects. The major effects include those on the gastro-intestinal system and on the
nervous system. Constipation, urine retention and acute cardiovascular effects may be
regarded as autonomic (peripheral) nervous system effects; increased alertness, dependence,
tolerance and psychiatric symptoms as effects on the central nervous system. As cathinone,
and to a lesser extent cathine, are held responsible for the effects of khat on the nervous
system, the effects of the many other constituents of the khat plant are frequently overlooked.
As a consequence, much research has been focused on the pharmacological effects of
cathinone and cathine, and much less on the other constituents of khat.
Because of the large number of different compounds in khat, it is not feasible to include all
effects of all components of khat. As this report is submitted to the Expert Committee on
Drug Dependence of the WHO, it focuses on the psychoactive properties of khat and the main
psychoactive compounds, cathinone and cathine, found in khat. In addition, the main health
effects of chronic khat chewing are described.
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Animal Studies
Behavioral effects
Rats fed C. edulis material (extract or whole) show increased locomotor activity and reduced
weight gain [20]. Retardation of growth rate was considered to be due to decreased absorption
of food and not due to decreased food consumption. In pregnant rats, khat reduces food
consumption and maternal weight gain, and also lowers the food efficiency index [21].
Many reports have since confirmed the enhanced locomotor activity. In addition, khat extracts
and (–)-cathinone produce stereotyped behavior, self-administration and anorectic effects in
animal species [15,22-26]. Qualitatively, this behavior is similar to that evoked by
amphetamine [S-(+)-amphetamine] [27,28].
Both khat extract and (–)-cathinone enhance baseline aggressive behavior of isolated rats [29].
Furthermore, (–)-cathinone is capable of producing conditioned place-preference in rats at the
dose (1.6 mg/kg) that produces increased locomotor activity, thus showing the rewarding
effect of the drug [30,31]. A lower dose of cathinone (0.2 mg/kg) that did not increase
locomotion, also failed to show conditioned place preference. Cathinone is also able to act as
a discriminative stimulus in a food-reinforced operant task [32].
(–)-Cathinone appears to have stronger effects than cathine [(+)-norpseudoephedrine] and
norephedrine [(–)-norephedrine] [11,27]. For example, it was 7-10 times more potent than
cathine on a behavioral measure of food intake [33]. Compared to cathine, cathinone also has
a more rapid onset of action, which agrees with its higher lipophilic character facilitating
entry into the central nervous system, and a shorter duration of action, which agrees with the
rapid metabolism of cathinone [11,27,33].
Dopaminergic antagonists (e.g. haloperidol) and dopamine release inhibitors are able to
partially block the activity-enhancing properties of (–)-cathinone [23,34], but this has not
been confirmed in another study [35]. Generally, cathinone is not considered a direct
dopamine agonist but rather a presynaptic releaser and re-uptake inhibitor of dopamine [10].
(–)-Cathinone also releases radioactivity from rat striatal tissue pre-labelled with 3Hserotonin, similar to (+)-amphetamine although one-third as potent [36]. Apparently, (–)cathinone shares important effects of (+)-amphetamine on neurotransmission. Further
evidence for serotonergic involvement is given in a recent study in which both khat extract
and cathinone produced a significant depletion of serotonin and its metabolite 5hydroxyindoleacetic acid in both the anterior and posterior striatum [29].
Locomotor sensitisation and deficits in prepulse inhibition (PPI) induced by psychostimulants
are two paradigms that have been widely studied as animal behavioral models of
amphetamine psychosis. Repeated oral administration of a standardised C. edulis extract
(containing a dose of 1 mg cathinone per kg body weight) or (–)-cathinone (1.5 mg/kg) to rats
induced a strong locomotor sensitisation and led to a gradual deficit in prepulse inhibition
[37,38]. The behavioral sensitisation was long-lasting and persisted after cessation of the
treatments, comparable to amphetamine-induced sensitisation. Clozapine, an atypical
antipsychotic agent, was able to reverse this behavioral sensitisation and the PPI deficits
induced by C. edulis extract or cathinone [38]. These results may support the reports on khatinduced psychosis in humans. Neurotransmitter level analyses showed a significant increase
in the level of dopamine in the prefrontal cortex (p<0.05). There was also a significant
decrease in the level of serotonin in the nucleus accumbens (p < 0.05) and its metabolite 5hydroxyindoleacetic acid in the prefrontal cortex (p<0.01). In the remaining regions (anterior
and posterior striatum) no significant changes were found.
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Cardiovascular effects
Cathinone has vasoconstrictor activity in isolated perfused hearts from guinea pigs [39]. The
effect was unlikely to be due to an indirect action by release of noradrenaline from
sympathetic nerve endings or due to a direct action on alpha1-adrenoreceptors. (–)-Cathinone
is able to potentiate noradrenaline-evoked contractions of the rat right ventricle [40] and to
inhibit the uptake of noradrenaline into ventricular slices by a mechanism involving
competitive blockade of the noradrenaline transporter [41]. The vasoconstrictor activity of
cathinone explains the increase in blood pressure seen in humans [42] and in animals [43],
and might be related to the increased incidence of myocardial infarction occurring during khat
sessions, i.e. during the khat-effective period [44], and associated with heavy khat chewing
[45].
Effects on the adrenocortical function
In rabbits, a khat extract given orally for 30 successive days induced a decrease in adrenal
cholesterol, glycogen, ascorbic acid and an increase in adrenal phosphorylase activity, serum
free fatty acids and urinary 17-hydroxycorticosteroids [46]. These results have been
interpreted as a stimulating effect of khat on adrenocortical function. This effect was also seen
after oral administration of cathinone and cathine (6.5 mg/kg).
Effects on the reproductive system
Animal data are conflicting. Treatment of male mice with a khat extract over a period of 6
weeks produced a dose-dependent reduction in fertility rate in female mice in the first week
after the 6-week khat treatment [47]. In cathinone-treated rats, a significant decrease in sperm
count and motility, and an increase in the number of abnormal sperm cells were found [48].
Histopathological examination of the testes revealed degeneration of interstitial tissue, cellular
infiltration and atrophy of Sertoli and Leydig cells in cathinone-treated animals. Cathinone
also produced a significant decrease in plasma testosterone levels of the rats. Although both
enantiomers of cathinone produced deleterious effects on male reproductive system, (–)cathinone was found to be more toxic [48].
In contrast, rabbits fed khat for three months had an increased rate of spermatogenesis and the
Leydig cells were in good condition [49]. In male adult olive baboon, crude khat extract
(equivalent to 250 g leaves and shoots) given orally once a week during 2 months produced
an increase in plasma testosteron levels and a decrease in the plasma levels of prolactin and
cortisol [50]. The testosteron results are in contrast with earlier observations in humans [11]
and rats [48]. In biopsies taken 1 month after the last khat administration, no histopathological
changes were found in the testis, epididymis, liver, kidney and pituitary gland of the animals.
This contrasts with results of cathinone on rabbit liver, which showed increasing chronic
inflammation with porto-portal fibrosis in the tissue sections obtained from animals treated
with both 20% and 30% C. edulis [51]. The doses and administration regimens were different
and this may explain the differences.
Khat given to pregnant guinea pigs reduces placental blood flow [52] and produces growth
retardation in the offspring [53].
Studies in Humans
The main effects of khat chewing are on the central and peripheral nervous system, and on the
oro-gastro-intestinal system.
Subjective effects
Khat chewing induces a state of euphoria and elation with feelings of increased alertness and
arousal. This is followed by a stage of vivid discussions, loquacity and an excited mood.
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Thinking is characterised by a flight of ideas but without the ability to concentrate. However,
at the end of a khat session the user may experience depressive mood, irritability, anorexia
and difficulty to sleep [8,10]. Lethargy and a sleepy state follow the next morning.
In a Yemen study with adult healthy volunteers, functional mood disturbances were reported
during khat sessions (Hospital Anxiety and Depression scale). The effect on anxiety and
depression was temporary and had disappeared the next day [54]. Many Yemenite users,
however, believe that khat chewing improves their sexual desire and excitement [8].
Khat chewing induced anorexia and insomnia (delayed bedtime) resulting in late wake-up
next morning and low work performance the next day [19].
In the study of Toennes et al. [17] subjects reported subjective feelings of alertness and being
‘energetic’. They did not report any severe adverse reactions. The chewing dose was 0.6 gram
of khat leaves per kg of body weight resulting in a mean absorption dose of 45 mg of
cathinone. This is about one-half to one-fourth of the regular khat dose chewed in sessions.
Effects on the urinary bladder
Khat induces a fall in average and maximum urine flow rate in healthy men [19,55]. The
urinary effects are probably mediated through stimulation of alpha1-adrenergic receptors by
cathinone. This is indicated by the complete blockage of this effect by indoramin, a selective
antagonist of alpha1-adrenergic receptors [55].
Effects on the gal bladder
Khat chewing has no clinically significant effect on gal bladder motility [56].
Cardiovascular effects
Khat chewing induces small and transient rises in blood pressure and heart rate [8,57-61].
Cathinone (0.5 mg base/kg of body weight) has similar effects coinciding with the presence of
cathinone in blood plasma [42,62]. These effects could be blocked by the beta1adrenoreceptor blocker atenolol, but not by the alpha1-adrenorecptor blocker indoramin,
indicating mediation through stimulation of beta1-adrenoreceptors [59].
In a pharmacokinetic study, diastolic and systolic blood pressures were elevated for about 3
hours after chewing [17]. The rise of blood pressure already started before the rise of alkaloid
plasma concentrations, indicating an initial study engagement effect. The dose used was about
one quarter (0.6 g/kg) of a traditional khat session dose and chewing was for 1 hour. This
resulted in a mean oral dose of 45 mg cathinone. This rather low dose did not affect heart rate,
pupil size and reaction to light, and it did not induce rotary nystagmus or impairment of
reaction. All participants reported the personal feeling of being alert and ‘energetic’. An
impairment of other psychophysical functions could not be objectified [17]. In another study,
diastolic and systolic blood pressure, mean arterial blood pressure, and heart rate were raised
during the 3 hours of khat chewing and during the following hour [61].
Effects on the adrenocortical function
Nencini et al. (1984) found that khat and cathinone increase adrenocorticotrophic hormone
levels in humans [63].

4.

Toxicology, including adverse reactions in humans
Khat use affects cardiovascular, digestive, respiratory, endocrine, and genito-urinary systems.
In addition, it affects the nervous system and can induce paranoid psychosis and hypomanic
illness with grandiose delusions [64]. The effects on the nervous system resemble those of
amphetamine with differences being quantitative rather than qualitative [9,19,65-68].
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The main toxic effects include increased blood pressure, tachycardia, insomnia, anorexia,
constipation, general malaise, irritability, migraine and impaired sexual potency in men [10].
Mild depressive reactions have been reported during khat withdrawal or at the end of a khat
session [11,54,69]. Frequent use of high doses may evoke psychotic reactions.
Biochemically, khat leaves decreased plasma cholesterol, glucose and triglycerides in rabbits
[70], and increased plasma alkaline phosphatase and alanine aminotransferase in white rabbits
[49]. Histopathological signs of congestion of the central liver veins were observed with acute
hepatocellular damage and regeneration. In addition, some kidney lesions were seen with the
presence of fat droplets in the upper cortical tubules, acute cellular swelling, hyaline tubules,
and acute tubular nephrosis. Spleen was not affected and the histoarchitecture of the testes and
cauda epididymis was normal showing, however, increased rate of spermatogenesis. The
amount of khat consumed by the rabbits cannot be evaluated from the details given. The
authors reported that, in general, the activity and the behaviour of the animals were observed
to be normal [49].
Acute effects include:
· relief of fatigue, increased alertness, reduced sleepiness
· mild euphoria and excitement; improved ability to communicate, loquacity
· tachycardia, hypertension
· moderate hyperthermia
· mydriasis, blurred vision
· anorexia, dry mouth
· constipation (supposedly due to tannins, but amphetamines may also cause constipation)
· psychotic reactions at high doses
· irritability and depressive reactions at the end of a khat session
· lethargy and sleepy state (next morning)
Long-term effects include:
· malnutrition
· psychotic reactions after chronic use; depressive reactions
· irritative disorders of the upper gastro-intestinal tract (gastritis, enteritis)
· cardiovascular disorders
· hemorrhoids
· impaired male sexual function, spermatorrhoea, impotence
· periodontal disease, mucosal lesions (keratosis)
Adverse effects of khat may be summarised according to the system involved. Table 1 is from
[9] with modifications and updated.
Table 1. Reported and suggested adverse effects of khat in man [9]
Cardiovascular system
tachycardia, palpitations, hypertension, arrhythmias,
vasoconstriction, myocard infarction, cerebral hemorrhage,
pulmonary edema
Respiratory system
tachypnoea, bronchitis
Gastro-intestinal system
dry mouth, polydipsia, dental caries, periodontal disease,
chronic gastritis, constipation, hemorrhoids, paralytic ileus,
weight loss, duodenal ulcer, upper gastro-intestinal
malignancy
Hepatobiliary system
fibrosis, cirrhosis
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Obstetric effects
Metabolic and endocrine effects
Ocular effects
Central nervous system
Psychiatric effects
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urinary retention, spermatorrhoea, spermatozoa
malformations, impotence, libido change
low birth weight, stillbirths, impaired lactation
hyperthermia, perspiration, hyperglycaemia
blurred vision, mydriasis
dizziness, impaired cognitive functioning, fine tremor,
insomnia, headaches
lethargy, irritability, anorexia, psychotic reactions,
depressive reactions, hypnagogic hallucinations

Khat-induced psychosis
Khat chewing can induce two kinds of psychotic reactions. First, a manic illness with
grandiose delusions and second, a paranoid or schizophreniform psychosis with persecutory
delusions associated with mainly auditory hallucinations, fear and anxiety, resembling
amphetamine psychosis [69,71-76]. Both reactions are exceptional and associated with
chewing large amounts of khat [77,78]. Symptoms rapidly abate when khat is withdrawn
[72,79,80]. In fact, khat withdrawal consistently appears to be an effective treatment of khat
psychosis and anti-psychotics are usually not needed for full remission [69,78,79].
Nevertheless, in most cases described in the literature antipsychotic medication has been used
to alleviate the symptoms. Khat psychosis, however, is an infrequent phenomenon, probably
due to the physical limits of the amount of khat leaves that can be chewed [65,66,81].
Khat psychosis may be accompanied by depressive symptoms and sometimes by violent
reactions [72]. It has been argued that khat chewing might exacerbate symptoms in patients
with pre-existing psychiatric disorder [54].
Recently, a large study in the city of Hargeisa, Northwest Somalia, revealed a relationship
between khat consumption and onset of psychotic reactions [82]. The results indicated that
not khat consumption per se but rather early onset and excessive khat chewing were related to
psychotic symptoms. In most cases a pattern of binge chewing (more than two ‘bundles’ per
day) preceded the onset of psychotic symptoms.
Dhapdole and Omolo [77] studied psychiatric morbidity among khat users. In moderate users
there was no excess morbidity. Chewing more than two bundles per day was associated with
increased psychiatric morbidity. Case reports confirm that adverse effects occur at high doses
of khat [76,83,84].
Cases in the UK were characterized by the solitary use of khat by young individuals and these
may represent a vulnerable group [69]. This may explain contradictory results sometimes
obtained. For example, in a large survey among Yemenite khat users the incidence of adverse
psychological symptoms was not greater than in non-users [85]. In fact, there was a negative
association between the incidence of phobic symptoms and khat use. On the other hand, a 34year-old Somali woman living in the UK attempted suicide during a khat-induced paranoid
psychosis [76].
Hypnagogic hallucinations
Hypnagogic hallucinations have been reported in chronic khat users [86]. These consist of
continuous visual and/or auditory dreamlike experiences that accompany daily life and are not
related to khat sessions. Patients may consider them as normal and do not usually report these
hallucinations unless specifically asked about.
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Impairment of cognitive functions
Adverse effects of khat chewing include impairment of perceptual-visual memory and
decision-speed cognitive functions [87]. This study was carried out in flight attendants during
a standard aviation medical examination.
Toennes and Kauert (2004) investigated plasma khat alkaloid concentrations in 19 cases
suspected of driving under the influence of drugs. In all cases, cathinone or cathine was found
in blood and urine, but an association between alkaloid concentrations and impaired driving
could not be established. Nevertheless, the authors concluded that chronic khat use might lead
to a marked deterioration of psychophysical functions [88].
Neurological complications
One case history of severe leukoencephalopathy associated with khat misuse has been
reported [89]. EEG and MRI findings indicated progressive leukoencephalopathy but the link
with khat use is not proven (coinciding).
Cardiovascular complications
An increased incidence of acute myocardial infarction presenting between 2 pm and midnight,
i.e. occurring during khat sessions, has been found [44]. Recently, it has been reported that
khat chewing is associated with acute myocardial infarction [45,90]. The authors concluded
that khat chewing is an independent dose-related risk factor for the development of acute
myocardial infarction with heavy chewers having a 39-fold increased risk [45].
Two cases of pregnant patients with chest pain, sinus tachycardia and hypertension have been
described [91,92]. As khat intake was unknown at admission, the physicians were faced with
a diagnostic dilemma. Only after repeated questioning, it appeared that the women had used
khat in familial gatherings and that the symptoms had developed after khat use only.
Khat chewing has also been reported to be a significant risk factor for acute cerebral
infarction [93]. The prevalence of high blood pressure was significantly higher in the patient
group than in the control group and this higher prevalence was associated with khat chewing.
Another cardiovascular complication of khat chewing is the higher incidence of hemorrhoids
and hemorrhoidectomy found in chronic khat chewers (62% and 45%) as compared to nonkhat users (4% and 0.5%) [94].
Hyperthermia
Pronounced hyperthermia has been observed in rabbits treated with 24 mg/kg (–)-cathinone
(two out of three animals died). When the dose was reduced to 16 mg/kg, behavioral
symptoms were less pronounced and the hyperthermic response was less (1.9 °C rise) [95].
This response to (–)-cathinone was blocked by haloperidol and strongly inhibited by
pimozide, two antagonists of amphetamine hyperthermia. The effect of (–)-cathinone on body
temperature shares a phenomenon with the effect of (+)-amphetamine and 3,4methylenedioxymethamphetamine (MDMA, XTC): hyperthermia at room temperatures and
above, but hypothermia in animals kept below room temperature [11].
Oral and gastro-intestinal complications
As a consequence of its mode of consumption khat affects the oral cavity and the digestive
tract [66]. A high frequency of periodontal disease has been suggested as well as gastritis [96]
and chronic recurrent subluxation and dislocation of the temperomandibular joint [97].
Epidemiological studies, however, have yielded conflicting results. Several studies indicated
no such detrimental effects of khat chewing and suggested beneficial effects on the
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periodontium [98,99]. Another study could not show a significant role of khat chewing and
suggested bad oral hygiene as a major factor in periodontal disease [100]. No significant
association could be found between khat chewing and oral leukoplakia in a Kenyan study
[101]. In a recent study, the authors concluded that khat chewing does not seem to increase
the colonization of gingival plaque and that, in stead, khat chewing might induce a microbial
profile compatible with gingival health [102].
Recently, oral keratotic lesions at the site of chewing [103] and plasma cell gingivitis (allergic
reaction to khat) [104] have been reported.
The tannins present in khat leaves are held responsible for the gastritis that has been observed
[65,72].
Cancer
Makki (1975) stressed the importance of khat when she found that most of the oral squamous
cell carcinomas of her study patients were located in the buccal mucosa and lateral sides of
the tongue, which comes into direct contact with the khat during chewing [105]. In a survey
that reviewed cancers for the past two years in the Asir region of Saudi Arabia, 28 head and
neck cancer patients were found [106]. Ten of these presented with a history of khat chewing.
All were non-smoking chewers and all of them had used khat over a period of 25 years or
longer. Eight of these ten presented with oral cancers. In some cases the malignant lesion
occurred at exactly the same site where the khat bolus was held. The authors concluded that a
strong correlation between khat chewing and oral cancer existed.
In another study performed in Yemen, 30 of 36 patients suffering from squamous cell
carcinoma (in the oral cavity: 17; oropharynx: 1; nasopharynx: 15; larynx: 3) were habitual
khat chewers from childhood [107]. The authors considered khat as an important contributing
factor.
It was reported that 50% of khat chewers develop oral mucosal keratosis [98]. Keratosis of the
oral buccal mucosa is considered as a pre-cancerous lesion that may develop into oral cancer
[108]. Recently, Ali et al. (2004) reported that 22.4% of khat chewers had oral keratotic white
lesions at the site of khat chewing, while only 0.6% of non-chewers had white lesions in the
oral cavity [103]. The prevalence of these lesions and its severity increased with frequency
and duration of khat use.
In human leukaemia cell lines and in human peripheral blood leucocytes, khat extract,
cathinone and cathine produced a rapid and synchronized cell death with all the
morphological and biochemical features of apoptotic cell death [109].
Reproductive system
Detailed studies on the effects of khat on human reproduction are lacking. However, the
available data suggest that chronic use may cause spermatorrhoe and may lead to decreased
sexual functioning and impotence [65,110]. In chronic chewers, sperm count, sperm volume
and sperm motility were decreased [111,112]. Deformed spermatozoa (65% of total) have
been found in Yemenite daily khat users, with different patterns including head and flagella
malformations in complete spermatozoa, aflagellate heads, headless flagella, and multiple
heads and flagella [111]. In pregnant women, khat consumption may have detrimental effects
on uteri-placental blood flow and as a consequence, on foetal growth and development [110].
Lower mean birth weights have been reported in khat-chewing mothers compared to nonusing mothers indicating an association between khat chewing and decreased birth weight
[113].
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Genotoxicity and teratogenic effects
Orally administered khat extract induced dominant lethal mutations in mice [47],
chromosomal aberrations in sperm cells in mice [114], and teratogenic effects in rats [21].
With the micronucleus test to determine genetic damage, an 8-fold increase in micronucleated
buccal mucosa cells was seen among khat chewing individuals living in the area of the horn
of Africa [115]. Khat consumption did not lead to a detectable elevation of micronucleated
bladder mucosa cells. Among heavy khat chewers, 81% of the micronuclei had a centromere
signal indicating that khat is aneuploidogenic. The effect of khat, tobacco and alcohol was
found to be additive. These results suggest that khat consumption, especially when
accompanied by alcohol and tobacco consumption might be a potential cause of oral
malignancy [115].

5.

Pharmacokinetics
The euphoric effects of khat start after about 1 hour of chewing. Blood levels of cathinone
start to rise within 1 hour and peak plasma levels are obtained 1.5 – 3.5 hours after the onset
of chewing [116]. Maximum plasma levels in this study ranged from 41-141 ng/ml (mean 83
ng/ml) after a 1-hour chewing dose of 60 g fresh khat leaves per subject (cathinone: 0.8 – 1
mg/kg body weight). Cathinone was barely detectable at 0.5 h and 7.5 h, and not detectable
any more after 24 hours.
Six drug-naive male volunteers received a single khat dose of 54 – 71 gram fresh leaves,
corresponding to 0.8 mg cathinone per kg body weight. Alkaloid-free khat, prepared by gentle
extraction of the alkaloid fraction with 0.1 M hydrochloric acid, was used as the placebo.
Chewing was for 1 hour. Maximal plasma concentrations of cathinone (127 ± 53 ng/ml) were
attained after 127 ± 30 minutes (values given as the mean ± S.D.). The area under the plasma
concentration-time curve from 0 to 9 hours was 415 ± 207 ng/ml.hr, and the terminal
elimination half-life was 260 ± 102 minutes [18]. Comparing these values with those from an
earlier study in which pure S-(–)-cathinone was given to subjects, shows that the time period
for reaching the maximal plasma concentration was significantly shorter (72 ± 33 minutes)
after administration of pure S-(–)-cathinone. The other values did not differ significantly [42].
In humans, after oral administration of synthesized cathinone (isomers, racemate) 22-52%
was recovered in 24 h urine samples mainly as the aminoalcohols norephedrine and
norpseudoephedrine. The main metabolite of S-(–)-cathinone was identified as R,S-(–)norephedrine and the main metabolite of R-(+)-cathinone as R,R-(–)-norpseudoephedrine.
Both aminoalcohols are apparently formed by a stereospecific keto reduction [117].
Metabolism is rapid and occurs already during first passage through the liver. Only 2% of
administered cathinone was found unchanged in the urine [10,117]. The rate of metabolism is
close to the rate of absorption, which limits cathinone blood levels reachable by chewing [9].
In humans, norephedrine and norpseudoephedrine are slowly absorbed and excreted almost
unchanged in urine [11,118].
Recently, a pharmacokinetic study was performed with 4 volunteers and a dose of 0.6 gram of
khat leaves per kg body weight, i.e. one fourth of a traditional khat session dose [17]. A twocompartment kinetic model with a two-segment absorption could describe the plasma
concentration-time data with a tlag1 (first compartment) of 0.1-0.2 h and a tlag2 (second
compartment) of more than 1.2 h. The oral mucosa was seen as the first absorption segment,
where the major proportion of cathinone and cathine is absorbed (mean ± S.D.: 59 ± 21% for
cathinone; 84 ± 6% for cathine). On the average, peak plasma levels were obtained after 2.3 h
for cathinone, 2.6 h for cathine and 2.8 h for norephedrine. Chewing resulted in a high
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extraction of the alkaloids with only 9.1 ± 4.2% remaining in the leaf residues. The mean ±
S.D. khat dose was 0.63 ± 0.04 mg of cathinone, 0.45 ± 0.03 mg of cathine, and 0.26 ± 0.01
mg of norephedrine per kg of body weight. The mean ± S.D. terminal elimination half-life of
cathinone was 1.5 ± 0.8 h and that of cathine 5.2 ± 3.4 h. The apparent volume of the central
compartment for cathinone was 2.7 ± 1.6 L/kg and for cathine 0.7 ± 0.4 L/kg. The data
obtained for norephedrine could be explained by the metabolism of cathinone into
norephedrine [17].
It has been reported that khat chewing delays gastric emptying of a semi-solid meal [119]. It
is not known whether this effect is caused by cathinone or by other khat constituents.

6.

Dependence potential
According to [64], khat chewing may induce moderate but often persistent psychological
dependence. Withdrawal symptoms after prolonged use are mild and may consist of lethargy,
mild depression, slight trembling and recurrent bad dreams [64]. In fact, there are very few
reports on khat dependence [120,121] and habitual users do not show serious problems when
stopping use. Discontinuation results in improvement of sleep and appetite, and fewer
constipation problems. Kennedy et al. (1984) concluded that, in general, remarkably few of
the allegations regarding the direct effects of khat use on health were supported by his study
[96].
Animal Studies
Self-administration
Self-administration of khat has not been described but (–)-cathinone induces selfadministration behavior in monkeys [22] and rats [122].
Prolonged use of psychostimulants has been suggested to induce long-lasting behavioral
sensitisation involved in the acquisition and maintenance of addictive behavior. To evaluate
the effect of repeated oral administration of C. edulis, male rats divided into five groups
received: saline, (–)-cathinone (1.5 mg/kg), (+)-amphetamine (1.5 mg/kg) and standardized C.
edulis extract (50 or 200 mg/kg) once daily for nine consecutive days and later challenged
with the same psychostimulants after five days of abstinence. Behavioral activities were
monitored using activity and sniffing boxes. The results demonstrated that the khat extracts
induced a long-lasting behavioral sensitisation in rats, similar to cathinone and amphetamine
[29]. Neurotransmitters analyses showed no significant changes in the basal levels of
dopamine in most regions except that C. edulis extract (200 mg/kg) significantly reduced the
level of dopamine and its metabolites dihydroxyphenylacetic acid (DOPAC) and
homovanillic acid (HVA) in the anterior caudate putamen (P < 0.05).
In a study of cathinone versus cocaine self-administration and the effects of dopamine
antagonists on cathinone self-administration in male rats it was found that the dose response
curve for cathinone was shifted to the left of that for cocaine by a factor of approximately 2
[122]. Pretreatment with the dopamine D1-type receptor antagonist SCH 23390, at 10 mg/kg,
significantly increased the number of infusions obtained. It was concluded that cathinone is a
potent reinforcer in rats and a role was suggested for D1-type dopamine receptors in
mediating its reinforcing effects [122]. In many other studies, similar results were obtained on
the reinforcing effects of (–)-cathinone [22,31,123-127]. The (–)-isomer appeared to be more
potent than the (+)-isomer [125]. Presynaptic dopamine release seemed to be involved
[23,128].
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Drug discrimination
The conditioned place preference has been used as a parameter of dependence and abuse
potential. Cathinone produces place preference in rats both by peripheral and by central
administration [31]. Dopamine release inhibitors block this effect of cathinone [129].
Tolerance
Rats previously trained to discriminate between 0.6 mg/kg S-(–)-cathinone and saline in a 2lever, food-motivated operant task were administered S-(–)-cathinone at the same dose, every
8 hrs for 10 days. Results indicate that tolerance to the discriminative effects of S-(–)cathinone can be produced within 10 days of chronic administration and recovery from this
observed tolerance occurs within 15 days of cessation of chronic administration [130].
Tolerance and cross-tolerance between cathinone and cathine have been reported in many
studies [131-134] and these effects are probably mediated by presynaptic dopamine release
[135].
Withdrawal
Studies going into the estimation of withdrawal effects after khat use have not been found.
Human Studies
Several authors have argued that regular consumption of khat seriously affects the social and
economic life of the user [136-138]. The medical problems that arise from khat consumption
are partly due to the sympathomimetic effects of the drug and partly to its effect on mental
health.
An effect of khat was observed in the Addiction Research Center Inventory (ARCI) scales
Abuse Potential (p < 0.01), Motor Stimulation (p < 0.02), Amphetamine-Like Effect (p <
0.005), and Stimulation-Euphoria (p < 0.005), as well as in the visual analog scales ExcitedCalm (p < 0.001) and Energetic-Lethargic (p < 0.001). These results provided evidence for
the amphetamine-like stimulatory effects of khat leaves. These effects were similar to those
observed after cathinone, 0.5 mg/kg body weight, although peak plasma concentrations of
cathinone after khat were delayed [18,42].
Although cathinone is assumed to be the dependence-producing constituent, khat has low
abuse potential in humans and khat dependence is mild. It is associated with consuming khat
on a daily basis [10]. Mild craving and tolerance to the effects of khat do exist but there is no
definite withdrawal syndrome. A habitual user may feel hot, lethargic and gripped with the
desire to chew khat in the first two days [8]. During sleep nightmares are common but these
stop after a few nights.
2 Cases (a 20-yr-old woman and a 26-yr-old man) with khat dependence have been described
in the literature [121]. They were successfully treated with bromocriptine. The psychiatric
manifestations (hyperactivity, mania, pressured speech) were similar to those induced by
other stimulants such as amphetamine and cocaine [121].
Tolerance
Tolerance is difficult to evaluate because chewing sets an upper limit to the amount of khat
that can be consumed. Nevertheless, a certain degree of tolerance seems to develop to the
increases in blood pressure, heart rate, respiratory rate and body temperature, and to the
insomnia [11,63,66,139].
Withdrawal
A khat withdrawal syndrome has not been described. Discontinuation after prolonged use may
produce symptoms such as slight trembling, loss of energy, lethargy and depressive feelings
but these symptoms are mild and resolve in short time [66]. In one study, 0.6% of khat
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chewers reported to take khat because of dependence [140]. No signs of khat dependence
were found in a survey held in Kenya among outpatients attending rural and urban health
centres [141]. Stopping of khat chewing generally improves sleep, appetite, and constipation
problems [8,139]. Due to its self-limiting way of administration, khat was not classified as an
inevitably dependence producing drug [65,142].

7.

Epidemiology of use and abuse, with an estimate of the abuse potential
Khat leaves are chewed habitually in the south-western part of the Arabian Peninsula and in
the East African countries between Sudan and Madagascar, namely Djibouti, Ethiopia,
Somalia, Kenya, Tanzania and Uganda.
In addition to the reported health problems, the regular consumption of khat is associated with
a variety of social and economic problems affecting the consumers and their families. The
impact of khat chewing in Yemen is considerable. It is deep-rooted in the Yemenite society
where khat is consumed in social gatherings with family and friends while holding
conversations, smoking cigarettes and drinking tea and soft drinks. In Yemen khat users,
mostly male, meet after noon and start masticating the leaves thoroughly one by one. In other
countries, it is less predominantly a male habit and there is less social pressure to participate
in khat sessions [66]. Much time is spent on buying and chewing khat leaves, which affects
working hours and time with family [8]. For some, the daily cost of the khat habit exceeds
their expenditure on food for their families. In 1992, an anti-khat association was formed to
draw the nation’s attention to the deleterious effects of khat chewing and to discourage its use.
Usually, a person consumes 100-200 gram of the leaves. Young leaves are preferred because
these have the highest stimulant activity. In 1990, khat consumption was estimated at about 5
million portions per day [42]. In the last decades, the khat ‘habit’ has spread to other African
countries and to Europe, to Australia and to the United States. In Europe, Australia and the
United States, khat use is seen amongst immigrants from Yemen, Somalia and Ethiopia
[108,143,144]. Some authors estimate that 10 million people chew khat worldwide [84].
A large survey study was carried out in three urban and three rural areas in Yemen. The
sample constituted of 800 Yemenite adults (15-76 years), both male and female, with
overrepresentation of students, state employees and housewives. The cross-sectional survey
was undertaken with face-to-face interviews and no preset selection criteria regarding
profession, socio-economic status, age or gender. The Symptoms Checklist-90 (SCL-90) was
used containing 90 items, which cover nine scales of the following domains: somatisation,
depression, anxiety, phobia, hostility, interpersonal sensitivity, obsessive-compulsive,
hostility, interpersonal sensitivity, paranoia and psychoticism. At least one lifetime episode of
khat use was reported in 81.6% of men and 43.3% of women. Male users tended to use more
frequently. Khat use was not associated with adverse psychological symptoms [85].
In South-western Uganda, use and perception of khat was studied among 130 students, 35 law
enforcement officials and 16 transporters [145]. In this sample, 32% had experience with
chewing khat and 20% were still using khat. The authors concluded that knowledge of khat is
becoming widespread in Uganda and that its consumption is increasing especially among
youths and young adults.
Khat is freely available in Ethiopia and is a highly valued export commodity in that country.
The number of khat chewers has significantly increased in this country and khat consumption
has become popular in all segments of the Ethiopian population [146]. Previously, khat was
mainly cultivated in the eastern part of Ethiopia. Nowadays, it is grown in all parts of the
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country. The Ethiopian authorities have recommended the banning of khat consumption from
schools and workplace [146].
In a house-to-house survey held in 1997, 1200 adults from a rural Ethiopian community were
interviewed to determine the prevalence of khat chewing and to find associations with health,
social functioning, and economic well being [147]. Prevalence of khat use was 32%.
Significant associations of khat use were found with physical illness, injuries, undernutrition,
and mental distress. Mental distress was higher among frequent and daily users and among
those who chewed khat for more than two years. In addition, sleep disturbances were
significantly higher among khat users than among non-users. Social functioning, economic
well-being, and problem drinking were not associated with khat use [147].
Provincial studies suggested a prevalence rate among males of between 50% and 75%, with
some authors suggesting higher rates based on those of neighbouring countries. A prevalence
of khat use of 44% was found in an Ethiopian sample of 25 juvenile delinquents drawn from
the national Remand Home in Addis Ababa [148]. As the only such institution in the country,
it provided a sample of respondents from all over Ethiopia. The relatively low prevalence of
44% suggested that khat is not associated with crime as previously thought. Low levels of
other socially unacceptable habits were discovered, such as high levels of social deprivation,
low parental education and widespread family separation.
A study of rural Yemenite communities in Israel has reported a usage rate of 39% among 15to 65-year-old males [149].
The prevalence and socio-demographic correlates of khat use have been determined in a large
house-to-house survey carried out in the rural Ethiopian community of Butajira [140]. Over
10 thousand residents aged 15 years and above were interviewed. Of these, 58% were female
and 74% were Muslim. Lifetime experience of khat chewing was 55.7% and the prevalence of
current use was 50%. Among current chewers, 17.4% reported taking khat on a daily basis.
Various reasons were given for chewing khat. Eighty percent of the chewers used it to obtain
maximum concentration during prayer. There was a strong association of Muslim religion,
smoking, and high educational level with daily khat chewing. The authors concluded that khat
chewing affects a majority of the adult population of the Butajira district, in particular the
most educated and most productive age group [140].
Among Somali refugees in the UK, war-related experiences, occupational status before
migration and current khat use were found to be risk factors for anxiety, depression, suicidal
thinking and symptoms of psychosis [150]. This study showed a higher prevalence of khat use
in men (63%) than in women (17%).
Examined patterns of use, perceptions, associated effects and problems of using khat in a
sample of 94 Somalis (aged 11-26 yrs) in Sheffield, UK. A questionnaire regarding the use
and perceptions of using khat was developed and administered. Findings indicate that khat
chewing has a social dimension, occupies a significant proportion of one's time and may be
associated with other drugs. Most respondents considered khat to be a problem among
Somalis with some negative health and social effects, but they rationalized khat use citing
personal pressures, socio-cultural and emotional problems faced as a result of dislocation
from their home country, and need for recreation. Social intervention including counselling,
health education and advice about khat was seen as necessary. It is suggested that excessive
khat consumption among Somalis in UK should be seen in the wider context of a people
dislocated from their country of origin as facilitating a deviant pattern of drug abuse [151].
Griffiths et al. (1997) studied patterns of khat use among 207 Somalis (aged 18-78 yrs) living
in London [144]. Seventy-eight percent had used khat at some point in their lives and 67%
reported khat use in the week prior to the interview. The majority (76%) used more khat in the
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UK than in Somali. Some users reported moderate dependence. A minority reported severe
problems. Adverse psychological effects included sleep problems, anxiety and depression.
Medical problems associated with khat use were rare. The authors concluded that khat users
who continue to use this drug when it is transplanted from a traditional context might
experience difficulties. On the other hand, khat use can be seen as playing a positive role in
supporting the cultural identity of the Somalian community [144].
In a recent study of khat use among Somalis in four English cities, 38% of the overall sample
(602 interviews) had ever used khat in their lifetime and 34% had used it in the month prior to
the interview [152]. The average frequency of khat use in this study was three days a week
with 10% of last-month users chewing khat on a daily basis. Sleeping problems were reported
by 65% (8% severe, 23% moderate, 34% mild), 51% (2% severe, 18% moderate, 14% mild)
reported loss of appetite, and 44% (11% severe, 11% moderate, 22% mild) reported feeling
the urge to chew khat.
Out of 67 countries that answered a questionnaire sent out by WHO in October 2005,
9 countries responded that abuse in their country exists. In 25 countries it does not exist and
the remainder have no knowledge of abuse in their countries or do not know. Out of the 9
countries with abuse only Kenya has a high prevalence, estimating the percentage using khat
to 20 %. The other countries report that (ab-)use is confined to certain ethnic groups, in most
countries to Somali, and often to adult men, although there is a tendency in several countries
for use among women and adolescents. In Denmark it is 30-40 % (1350 people), in Sweden
almost 100 % of the adult men (2000 - 3000 people). Except for Kenya, that reports that use
of khat "is associated with dependence" (which is understood: with dependence of other
substances), there are no reports that the situation is severe. In Sweden a project "to map and
change the situation" started in 3 cities, after Somali women asked attention for problem.
Here, one early observation was that the Somalis today are more worried that the younger
generation will be influenced by the Swedish drug customs among young people then the khat
abuse among compatriots. Only one case of emergency after use of khat was reported in the
United States of America between 1995 and 2002 (DAWN) and no reports between 2001 and
2003 (TESS).

8.

Nature and magnitude of public health problems
See the previous section 7 for a description of nature of public health problems. Socio-cultural
and socio-economic problems are associated with chronic khat use. No quantitative data are
available.

9.

International control
Khat is not under international control at present, but, two substances that are usually present
in khat, cathine and cathinone are, since in the early 1980s all amphetamine-like substances
were placed group wise under international control. (22nd report, ECDD, TRS 729, 1985)
Cathinone was included in Schedule I of the UN Convention on Psychotropic Substances in
1988 [18,58], and cathine was included in Schedule III of this Convention then.

10. National control
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According to the literature selected for this review, khat is illegal in France and Switzerland
but legal, at the time of writing, in the USA, the UK, the Netherlands and in most African
countries [142]. Today it is illegal in the USA if it contains cathinone (schedule I) or cathine
(schedule IV) (Answer to questionnaire). Other countries that prohibited khat are Sweden
(1998), Eritrea (1993), Finland and Jordan. In Australia only licenced persons can import khat
for personal use only up to a maximum of 5 kgs (answers to questionnaire).

11. Therapeutic and industrial use
None industrial use is reported.
In the Kenyan region where the plant originates from, the use is reported among the Meru
tribe for the treatment of erectile dysfunction, malaria, influenza, vomiting and headache
(annex to a questionnaire).

12. Production, consumption and international trade
Khat is an evergreen plant grown by grafting and cultivated as a bush or small tree. It is
mainly found in Ethiopia, Yemen, Somali, Sudan, Madagascar and South Africa, but it is also
seen in Turkestan and Afghanistan [9]. It grows at altitudes of 1500-2500 meters and it
usually reaches a height of 3-8 meters. Under optimal conditions the trees may reach 15-20
meters. The tree requires about 10 years to attain maturity, but the leaves and shoots are
already harvested after 3-4 years [8,153]. Khat is harvested throughout the year. A tree gives
two crops a year.
The effects of khat are obtained by chewing the tender leaves and shoots. Fresh leaves are
preferred as the psychoactive properties decrease after harvesting, in particular during drying
of the plant material. This is caused by the decomposition of cathinone into an inactive
‘dimer’ [15].
Immigrants have spread the use of the khat habit to Europe and the USA. Improved road and
air transport have facilitated the wider distribution to other countries. Khat is harvested in the
early morning hours and sold at markets in late morning. To preserve its freshness, khat is
wrapped in banana leaves and sold as bundles (30-40 cm) of twigs, stems and leaves. In the
UK, khat is not illegal and it has been estimated that about 7000 kg of khat pass through
Heathrow Airport each week from where it is distributed into the UK and into other European
countries [9].

13. Illicit manufacture and illicit traffic, and related information
The countries that prohibited khat report some seizures, the highest being Sweden with 9000
kgs yearly. There was an increasing tendency, but this might have flattened by now.
(Answers to the questionnaire).
In the Annual Reports Questionnaire (ARQ) for 2003 submitted by Governments to UNODC,
16 Governments reported seizures of khat in 2003 (Belgium, Canada, Eritrea, Finland, France,
Germany, Ireland, Italy, New Zealand, Norway, South Africa, Sweden, Tanzania, United
Arab Emirates, United States of America and Zambia). The largest seizures were reported by
Canada (25 tones), Tanzania (12 tones), Sweden (8.9 tones), Germany (5.4 tones) and
Norway (4.8 tones).
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In the Annual Reports Questionnaire (ARQ) for 2004 submitted by Governments to UNODC,
12 Governments reported seizures of khat in 2004 (Bahrain, Belgium, Canada, France,
Finland, Italy, FYR of Macedonia, Norway, Switzerland, United Arab Emirates, United States
of America and Zambia).
The largest seizures were reported by the United States (almost 50 tones), followed by Canada
(13.5 tones), Norway (3.7 tones), Finland (2.1 tones) and Belgium (almost 2.1 tones).

14. Current international controls in place and their impact
Khat is currently not under international control.
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