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a b s t r a c t

The leaves of khat (Catha edulis Forsk.) are chewed as a social habit for the central stimulant action of their
cathinone content. This review summarizes the prevalence of the habit worldwide, the actions, uses, con-
stituents and adverse health effects of khat chewing. There is growing concern about the health hazards
of chronic khat chewing and this review concentrates on the adverse effects on health in the periph-
eral systems of the body, including the cardiovascular system and gastrointestinal tract. Comparisons
are made with amphetamine and ecstasy in particular on the detrimental effects on the cardiovascular
system. The underlying mechanisms of action of khat and its main constituent, cathinone, on the car-
diovascular system are discussed. Links have been proposed between khat chewing and the incidence of
myocardial infarction, dilated cardiomyopathy, vascular disease such as hypertension, cerebrovascular
ypertension

asoconstriction
athinone

ischaemia and thromboembolism, diabetes, sexual dysfunction, duodenal ulcer and hepatitis. The evi-
dence, however, is often based on limited numbers of case reports and only few prospective controlled
studies have been undertaken. There is therefore an urgent need for more thorough case-control studies
to be performed. This review outlines the current knowledge on the adverse health effects of khat chew-
ing on the cardiovascular system and other internal medical problems, it assesses the evidence and the

limitations of the studies and identifies the questions that future studies should address.

© 2010 Elsevier Ireland Ltd. All rights reserved.
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. Introduction

Chewing the leaves of khat or qat (Catha edulis Forsk.) is a social
abit in Yemen and East African countries. People chew fresh khat

eaves (Fig. 1) daily on a regular basis mainly in the afternoon,
lthough some people start to chew khat in the morning. Social
atherings like wedding parties, funerals and at election time have
ade khat chewing more popular. At the present time, easy trans-

ortation of khat and easing of importation restrictions has helped
his habit spread to countries such as the USA and Western Europe
here Yemeni, Somali and other East African communities are liv-

ng (Griffiths, 1998; Manghi et al., 2009). Euphoria, alertness and
entral nervous system stimulation induced by cathinone, the main
ctive constituent derived from khat chewing, makes this habit
opular among large numbers of society. Khat chewing was linked

o the body’s physical health many centuries ago and was men-
ioned as a medicine by an Arabic physician, Abu Al-Rihan Bin
hmed Al-Baironi (973–1051 AD), in his book Pharmacy and Thera-
eutic Art (El-Tahir, 1990). It had been used for the management of

Fig. 1. A bundle of khat (Catha edulis Forsk).
armacology 132 (2010) 540–548 541

obesity and depression due to its central stimulant effects (Al-Attas,
1981). Religious scholars used to chew khat to be alert during the
night time to study religious science. Many factors played a role in
the extension to its social use in society; easy transportation from
village to city khat market, the availability of cheap khat making
it affordable for all and afternoon free time because work officially
finishes at 2:00 pm in the Yemen. People also believe that khat helps
them to work more effectively, particularly with manual work, due
to increased energy and alertness. Khat chewing, however, has been
reported to have adverse effects on various human body systems.
Recently, khat chewing has become a real national problem in the
Yemen and many people, in particular physicians, believe that khat
chewing can damage health and have grave social, financial and
medical consequences (Khalil, 1997; Manghi et al., 2009). There is
now growing concern of its health effects worldwide (Manghi et
al., 2009). There have been a number of reviews of the effects of
khat chewing (Halbach, 1972; Al-Meshal et al., 1985; Pantelis et al.,
1989; Al-Motarreb et al., 2002a; Cox and Rampes, 2003; Al-Habori,
2005; Hassan et al., 2007) and this article supplements those earlier
reviews to concentrate on the adverse health effects in a num-
ber of peripheral systems, with a focus on the cardiovascular side
effects of khat use. This review does not deal with the psycholog-
ical and neuropharmacological properties of khat chewing which
can be found in recent reviews (Feyissa and Kelly, 2008). Other
adverse health effects such as the incidence of oral diseases, includ-
ing periodontitis, oral leukoplakia and oral cancer, associated with
khat chewing are also reviewed elsewhere (El-Wajeh and Thornhill,
2009).

2. Prevalence of khat chewing

Khat use is highly prevalent in East African and Middle Eastern
countries, in particular the Yemen (Manghi et al., 2009). Figures for
the numbers of individuals who chew khat in the general popula-
tions of individual countries is mainly anecdotal, however, surveys
have been performed to determine the exact incidence of khat
chewing among specific cohorts. 15 years ago, Kalix mentioned 6
million daily khat users (Kalix, 1996). Khat chewing among male
Aden University medical students increased from 35% to 90% over
the 5 years of training (Laswar and Darwish, 2009). In college and
high school students of Jazan region of Saudi Arabia aged between
15 and 25 years, 37.7% of males and only 3.8% of females chewed
khat (Ageely, 2009). 15.9% of a sample of 4001 men in Addis Ababa,
Ethiopia regularly chewed khat (Tesfaye et al., 2008). There is
evidence that khat use in Ethiopia is more prevalent in ethnic com-
munities with a tradition of khat use but it is now becoming an
every-day drug for the general population (Alem et al., 1999; Belew
et al., 2000). The prevalence of khat chewing in Western countries
appears to be restricted to the immigrant communities from these
countries where there is still a high prevalence among the immi-
grant groups (Manghi et al., 2009). In the UK, 75 male Yemeni adults
reported chewing up to 3 bundles of khat per week of which 39%
were assessed as dependent (Kassim and Croucher, 2006). In Somali
communities of the UK, approximately 1 third chew khat on a reg-
ular basis (Patel et al., 2005). Khat chewing is also an emerging
problem in Australia (Stefan and Mathew, 2005) and among Somali
immigrants in Norway (Al-Samarraie et al., 2007). The Dutch Minis-
ter of Health requested a risk evaluation for khat in order to decide
upon its legal status in the Netherlands (Pennings et al., 2008). The
report concluded that chronic toxicity of khat was modest when

used in low amounts but high use was associated with hyperten-
sion, heart rhythm disorders, loss of appetite and a high incidence
of cancers in the digestive tract. In the population at large of the
Netherlands and other countries, khat chewing does not represent
a high health risk as its use is restricted to East African immigrants.
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ig. 2. Chemical structures of the primary alkaloid constituents of khat, cathinone,
athine (norpseudoephedrine) and norephedrine, compared with amphetamine and
,4-methylenedioxymethamphetamine (MDMA, ‘ecstasy’).

here is some evidence that khat use has spread to the host popula-
ion. For example, a pill containing extract of khat leaves known as
Hagigat” has been sold to Israeli drug users (Bentur et al., 2008). It is
lso spreading to non-ethinic users in the UK (Holligan, 2009). Khat
s illegal in the USA, Canada and many European Countries including
enmark, Finland, Ireland, France, Germany, Switzerland, Norway
nd Sweden.

. Constituents of khat

There are three main alkaloids present in khat leaves
Kalix, 1988, 1992): S-(−)-cathinone (s-�-aminopropriophenone),
orepseudoephedrine (cathine) and norephedrine.

There are also small amounts of ethereal oil, sterols and triter-
enes, together with 5% protein which has insignificant nutritional
alue. Ascorbic acid is also present in the leaves (Raman, 1983).
hat leaves also contains tannin (7–14% by weight in dried leaves)
nd minute amount of thiamin, niacin, riboflavin, iron and amino
cids (Lugman and Danowski, 1976). Apart from tannin, these
ubstances are unlikely to contribute to the biological effect of
hat (Kalix, 1984, 1992). S-(−)-cathinone is relatively unstable
nd decomposes within a few days of picking or if the leaf is
ried into (+)-norpseudoephedrine and norephedrine. Thus, only
reshly picked leaves have the full efficacy. Norpseudoephedrine
nd norephedrine are slowly absorbed and then excreted mainly
nchanged within about 24 h (Brenneisen et al., 1986). The
ajor metabolites of S-(−)-cathinone after ingestion are R,S-(−)-

orephedrine and R,R-(−)-norpseudoephedrine (Brenneisen et al.,
986), which have weaker sympathomimetic activities and central
timulant properties.
. Khat chewing and the central nervous system

Khat leaves contain the psychoactive alkaloid cathinone, which
s structurally similar to d-amphetamine (Fig. 2). Cathinone,
armacology 132 (2010) 540–548

like 3,4-methylenedioxymethamphetamine (MDMA, ‘ecstasy’) and
amphetamine, exerts pronounced behavioural effects including
euphoria, excitability, anxiety, irritability, hyperactivity, restless-
ness and insomnia (Cox and Rampes, 2003). The central nervous
activity of cathinone is qualitatively and quantitatively similar to
that of amphetamine (Kalix, 1984). This is followed by lethargy
and sleepiness the next morning. Depression and psychosis occur
mainly among heavy khat chewers (Odenwald et al., 2005). There
is also hyperthermia (Kalix, 1984; Kalix and Braenden, 1985). Khat
usage is associated with memory impairment, depression and
psychoses (Houghton, 2004) and the World Health Organisation
classifies khat as causing psychological but not physical depen-
dence, with daily consumption causing negative effects on the
social and economic life of the user (WHO, 2006). The adverse
effects of khat in the central nervous system, as in other sys-
tems, are dose-related (Alem and Shibre, 1997; Cox and Rampes,
2003). As with other recreational drugs, heavy khat chewing pre-
cipitates psychosis in those who are already predisposed (Cox and
Rampes, 2003; Odenwald et al., 2005) and might exacerbate symp-
toms in patients with pre-existing psychiatric disorders (Hassan et
al., 2002). Khat withdrawal is an effective treatment of khat psy-
chosis (Degraeve, 2007) and antipsychotic medications have been
used to alleviate symptoms (Jager and Sireling, 1994). Cathinone
has a similar mechanism of action to that of amphetamine, acting
by releasing catecholamines from presynaptic storage sites (Kalix,
1992). Cathinone and amphetamine induce dopamine release from
central dopaminergic nerve terminals thus increasing the activity
of dopaminergic pathways.

5. Cardiovascular effects of khat

Regular khat chewing is associated with elevated mean dias-
tolic blood pressure (Tesfaye et al., 2008). Khat chewing by human
volunteers increases blood pressure which coincides with elevated
plasma levels of cathinone (Brenneisen et al., 1990; Widler et
al., 1994), the peak occurring at 1.5–3.5 h (Halket et al., 1995).
Cathinone increases blood pressure, has positive inotropic and
chronotropic actions in isolated atria (Gugelmann et al., 1985) and
increases heart rate in anaesthetized rats (Kalix and Braenden,
1985) and dogs (Kohli and Goldberg, 1982). Vasoconstriction
from electrical field stimulation is potentiated and claimed to
arise from enhanced noradrenaline release (Kalix, 1992). At the
peripheral noradrenaline storage site, where S-(−)-cathinone acts
like amphetamine, the noradrenaline releasing effect of S-(−)-
cathinone was abolished by the noradrenaline reuptake inhibitors,
cocaine or desipramine (Kalix, 1983). These observations suggested
that cathinone was acting as an indirectly acting sympathomimetic
amine (Fig. 3).

In guinea-pig isolated perfused hearts, cathinone causes a
marked constriction of the coronary vasculature, the maximum
being equivalent to that achieved with noradrenaline or the
cathinone metabolite, norpseudoephedrine. There was also a pro-
nounced negative inotropy, possibly due to the impared coronary
perfusion (Al-Motarreb and Broadley, 2003). The vasoconstriction
was not inhibited by cocaine (10 �M) suggesting that the response
was not an indirect sympathomimetic action. Cathinone (Fig. 4)
and MDMA both produced coronary vasoconstriction in pig isolated
left anterior descending coronary artery rings. The vasoconstric-
tor response to cathinone was also not inhibited by cocaine or the
�1-adrenoceptor antagonist, prazosin (Fig. 4) (Baker et al., 2007).

This result suggests that the vasoconstriction in this vessel was not
mediated via either a direct or indirect sympathomimetic mecha-
nism. This finding contrasts with the pharmacology of cathinone at
other sites where it is reported to have indirect actions by releasing
noradrenaline (Kalix, 1983).
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ympathetic neurones and release of noradrenaline (NA) onto �-adrenoceptors. It
an also act via a sympathomimetic-independent mechanism probably directly on
race amine-associated receptors (TAAR mechanism).

Another vascular complication of chronic khat chewing is a
ignificantly much higher incident of haemorrhoids (Al-Hadrani,
000). This study showed clear evidence that 62% of khat chewers
ad haemorrhoids, of which 45.4% of the group underwent haem-
rrhoidectomy, compared with only 4% of non-chewers displaying
aemorrhoids. However, the study did not attempt to examine the
oles of confounding influences, such as smoking, diet, age and
ther disorders of the lower gut such as chronic constipation. It also
id not address the question of whether the haemorrhoids were
aused by the cathinone in the khat or by other constituents such
s the tannins. Thus, further prospective studies are warranted that
ontrol for these factors.

. Mechanism of elevated blood pressure caused by

athinone

Khat chewers experience an increase in heart rate, body tem-
erature and sweating. This is associated with cold extremities,

ig. 4. Mean cumulative concentration-response curves for the contractile effects
f cathinone on pig left anterior descending coronary artery. Responses were
btained in the absence (�) and presence (�) of prazosin (�1-adrenoceptor antago-
ist, 1 �M), propranolol (�-adrenoceptor antagonist, 1 �M) and cocaine (neuronal
ptake inhibitor, 10 �M) Responses are the mean (±S.E.M.) (n = 4) increases in ten-
ion at each concentration expressed as a percentage of the contraction to KCl
60 mM) added at the end of each experiment. Coronary artery rings (5 mm long)
ere set up in Krebs-bicarbonate solution gassed with 5% CO2 in oxygen at 37 ◦C

nd attached to isometric tension transducers (Dynamometer, Type UF1, 57 g sensi-
ivity range) (Ormed, Welwyn Garden City, Hertfordshire). Isometric tension was
ecorded on a PowerLab/4SP computer system (ADInstruments. Software: Chart
.4.1.1 sampling frequency 4 Hz) (Chalgrove, Oxfordshire, UK).
armacology 132 (2010) 540–548 543

a clinical manifestation of the peripheral vasoconstriction caused
by khat chewing. Since guinea-pig aortic ring preparations (Al-
Motarreb and Broadley, 2003) and pig coronary artery rings (Baker
et al., 2007) constrict in response to cathinone, vasoconstriction
would explain the increase in blood pressure caused by cathinone
in anaesthetized animals (Kohli and Goldberg, 1982) and human
volunteers (Brenneisen et al., 1990; Hassan et al., 2000). This would
also explain a rise in blood pressure of about 15 mm Hg after chew-
ing khat (Widler et al., 1994). Whether this is entirely due to the
release of noradrenaline from peripheral sympathetic neurons can-
not be established at present, since the vasoconstrictor effects of
cathinone in isolated blood vessels are independent of either a
direct or indirect noradrenergic mechanism. The vasoconstriction
of porcine coronary arteries was not blocked by an �1-adrenoceptor
antagonist, prazosin, or by the neuronal uptake inhibitor, cocaine
(Baker et al., 2007). It is possible that the vasoconstriction by
cathinone is via the recently identified trace amine-associated
receptors for which ecstasy at least has been shown to have affin-
ity (Bunzow et al., 2001) (Fig. 3). The increase in blood pressure
after chewing khat was also not blocked by the �1-adrenoceptor
antagonist, indoramine, confirming a lack of involvement of vascu-
lar �1-adrenoceptors in the pressor response (Hassan et al., 2005).
There is probably a significant cardiac component to the increase in
blood pressure after chewing khat through tachycardia, since the
increases in blood pressure and heart rate were reduced by the �1-
adrenoceptor antagonist, atenolol (Hassan et al., 2005). It is likely
therefore that the residual pressor response is due to stimulation
of trace amine-associated receptors by cathinone, further studies
are required to confirm this when antagonists of these receptors
become available.

7. Khat precipitates acute myocardial infarction

Abuse of amphetamines has been shown to be significantly
associated with acute myocardial infarction (AMI) with 0.2% of
AMIs in the state of Texas being attributable to amphetamine
abuse (Westover et al., 2008). Recently, the khat chewing habit
has changed and many chewers extend their chewing time into the
evening, sometimes until midnight. This has been associated with a
change in the circadian rhythm of presentation with AMI. The most
common time for presentation with major cardiovascular events,
such as acute myocardial infarction and sudden death, is in the early
morning after waking and rising (Selwyn et al., 1991; Detry and
Vincent, 1992). This diurnal rhythm is associated with increased
sympathetic outflow and circulating catecholamines producing
increases in heart rate, blood pressure, myocardial contractility and
oxygen demand soon after rising. However, there is a shift in this
diurnal rhythm of AMI amongst khat chewers, where a greater pro-
portion presented in the evening compared with non-khat chewers
(Al-Motarreb et al., 2002b). In a follow-up case-control study, khat
chewing was found to be an independent risk factor for AMI (Al-
Motarreb et al., 2005). Moderate khat chewers were shown to be
at high risk (Odds Ratio, OR = 7.62) and heavy khat chewers were
at even higher risk (OR = 22.28). There was a direct relationship
between the duration of khat chewing sessions and the risk of AMI;
subjects chewing for more than 6 h were at high risk (OR = 39).
In this study, smoking was considered as a possible confounding
issue since many khat chewers are also tobacco smokers and khat
chewing increases the desire to smoke. The study showed an inde-
pendent dose-related risk of MI from both smoking 20 cigarettes

a day (OR = 32.98) and khat chewing for 6 h per day (OR = 39.33).
The A further study showed that of 120 patients admitted with
AMI, a much higher proportion (79%) were khat chewers than non-
chewers (Alkadi et al., 2002). In the same paper, these authors
also showed that administration of khat (1 g/kg three times a day)
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o rabbits over 2 months significantly increased serum levels of
he cardiac enzymes, lactate dehydrogenase (LDH) and creatine
inase-iso enzyme (CK-MB), and caused histological changes in
he heart consistent with myocardial infarction. The above clin-
cal observations have been supported by laboratory studies on
he effects of cathinone on isolated hearts and coronary arteries.
athinone caused coronary vasoconstriction in guinea-pig isolated
earts (Al-Motarreb and Broadley, 2003) and in pig isolated left
nterior descending coronary arteries (Baker et al., 2007), which is
ot due to indirect or direct sympathomimetic activities. This coro-
ary vasoconstriction by cathinone would explain the increase of
cute myocardial infarction among khat chewers due to coronary
asospasm in susceptible individuals. The increase in blood pres-
ure in khat chewers will also raise the risk of AMI. Doctors usually
ecommend stopping khat chewing as part of changing lifestyle and
or better control of patients with high blood pressure. Future stud-
es on the role of khat chewing in risk of MI must separate out other
onfounding issues, most particularly smoking. Both MI patients
nd non-MI controls must include equivalent numbers of recruits
n the following groups: Khat chewers/non-smokers, khat chew-
rs/smokers, non-chewers/non-smokers, non-chewers/smokers.
his will make recruitment of sufficient numbers in each group dif-
cult, but the rewards in the validity and power of the study will be
orthwhile.

. Cerebrovascular accident related to khat chewing

The vasoconstrictor effects of cathinone and arterial hyperten-
ion produced by khat chewing and the links with myocardial
nfarction reported above suggest that the same mechanism might
ccur in the cerebral vasculature. Stroke-like cerebral complica-
ions in patient abusing sympathomimetic drugs like cocaine and
mphetamine have been observed (Bruno, 2003). Ischaemic stroke
fter khat chewing has been reported in a 41 years old male
atient khat chewer (Vanwalleghem et al., 2006). In another case
eport, a 28 years old male khat chewer patient developed AMI
nd cerebrovascular accident after chewing khat, with the sugges-
ion of an increased thrombogenecity as a key factor (de Ridder
t al., 2007a,b). Khat chewing has also been reported to increase
he incidence of acute cerebral infarction. This is probably due to
he significantly higher blood pressure among the acute cerebral
nfarction khat-chewer patients compared with the control group
Mujalli et al., 2005). However, more definitive studies showing
causal relationship between khat chewing and cerebrovascular

ccidents are still lacking.

. Khat chewing and dilated cardiomyopathy

Cardiomyopathy has been linked to sympathomimetic agents,
n particular amphetamine. Smith et al. (1976) reported a relation-
hip between dilated cardiomyopathy and amphetamine ingestion
nd Call et al. (1982) described a case of acute heart failure with
ulmonary oedema and evidence of myocardial necrosis immedi-
tely after intravenous injection of amphetamine. Crean and Pohl
2004) reported a 30 years old woman with dilated cardiomy-
pathy after long-term amphetamine intake. Cathinone, having
dentical properties to amphetamine, may have the same effects
n the heart muscle and may also produce dilated cardiomyopa-
hy. Indeed, a case report describes an East African man who had
hewed khat constantly for 2–3 days presenting with myocardial

nfarction and 27 months later echocardiography revealed severely
mpaired biventricular function consistent with ischaemic myopa-
hy (Saha and Dollery, 2006). This article prompted a report by
he BBC warning of the dangers of severe heart problems from
hat chewing (BBC, 2006). Al-Saadi and Grigorov (2004) studied
armacology 132 (2010) 540–548

50 Yemeni patients with dilated cardiomyopathy who were regu-
lar khat chewers. They investigated the role of different risk factors
like khat chewing, alcohol consumption, family history, hyperten-
sion, ischaemic heart disease and diabetes, and concluded that khat
chewing contributes to the occurrence of dilated cardiomyopathy
in young patients with an inherited predisposition. Khat-related
dilated cardiomyopathy needs further studies, with myocardial
biopsy performed in post-infarct patients to confirm the extent of
myopathy.

10. Khat chewing, thrombosis and aspirin intake

Aspirin as a preventive therapy against cardiovascular events is
widely recommended for healthy people as well as patients with
ischaemic heart diseases. A low daily dose of aspirin (75 mg) is
used for the long-term prevention of heart attack and stroke. The
bleeding time in myocardial infarction patients taking long-term
aspirin (100 mg daily) was significantly reduced in khat chewers to
2.3 min compared with 8 min in non-khat chewers taking the same
dose of aspirin (Alkadi et al., 2008). This finding suggested that a
constituent of khat attenuates the antiplatelet aggregating proper-
ties of aspirin, thereby neutralizing the beneficial actions of aspirin.
Adrenaline induces aggregation of human platelets which is medi-
ated via �2-adrenoceptors (Broadley, 1996). Thus, it is possible that
cathinone by releasing catecholamines can have a pro-aggregatory
action. This hypothesis needs testing both experimentally in in vitro
aggregation tests and in the clinic. Does cathinone promote platelet
aggregation in vitro via �2-adrenoceptor stimulation or via trace
amine-associated receptors? Do cathinone or khat chewing elevate
the levels of adrenaline to the circulation and does the blood show
increased platelet aggregation and clotting properties?

A 28-year-old male khat chewer admitted with both AMI and
cerebral infarction revealed thrombus occlusions of cerebral artery
and proximal right coronary artery. It was concluded that increased
thrombogenecity among khat chewers is as key factor for cardio-
vascular complication (de Ridder et al., 2007a,b). Another male
khat chewer admitted with MI showed stenosis in the left ante-
rior descending coronary artery and filling defects consistent with
thrombus formation (Saha and Dollery, 2006). Further studies are
therefore urgently required to examine whether the blood from
khat chewers shows greater thrombogenecity and the likely mech-
anisms involved.

11. Khat chewing, diabetes mellitus type II and appetite

The general concept among Yemeni people, in particular dia-
betics, is that khat chewing controls the level of glucose in
the blood and khat has a therapeutic role in the management
of high blood glucose. The sympathomimetic actions of cathi-
none would be expected to raise plasma catecholamine levels.
These catecholamines would increase blood glucose levels by
activation of glycogenolysis in skeletal muscles and the liver; a �2-
adrenoceptor-mediated response. There is also inhibition of insulin
release from the pancreatic �-cells via �2-adrenoceptor stimula-
tion which would also elevate blood glucose levels (Broadley, 1996)
(Fig. 5). While some studies show that in healthy non-diabetics,
khat does not affect fasting or post-prandial serum glucose levels
(Saif-Ali et al., 2003), others have suggested a decrease in serum glu-
cose (Ramadan et al., 1979). In diabetic subjects, however, serum
glucose was significantly higher after 1 and 2 h of khat chewing

(Saif-Ali et al., 2003). Rabbits fed a diet containing different levels
of khat leaves showed an increase in plasma glucose levels after
4 months but a significant reduction after 6 months (Al-Habori
and Al-Mamary, 2004). These results are difficult to interpret but
indicate the complex relationships between the stimulation of gly-
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Fig. 5. Diagram of the hypothetical effects of khat and cathinone on blood sugar
levels. Cathinone releases catecholamines (noradrenaline/adrenaline) which acti-
vate �2-adrenoceptors (�2-AR) in the liver to induce glycogenolysis of glycogen to
glucose. They also activate pancreatic �2-adrenoceptors (�2-AR) to inhibit insulin
release, which normally increases glucose uptake by skeletal muscle; the inhibi-
tion of insulin therefore results in increased blood sugar. High blood sugar induces
A. Al-Motarreb et al. / Journal of Et

ogenolysis by raised catecholamine levels and the effects of raising
lucose on insulin release. Raised glucose levels will result in com-
ensatory increases in insulin release. This study also showed that
eeding rabbits with khat caused a significant reduction in plasma
holesterol throughout the 6-month period (Al-Habori and Al-
amary, 2004). This of course would be a favourable consequence

f khat chewing in the context of cardiovascular risk. Clearly, our
nowledge about the effects of cathinone and khat chewing on
lasma glucose and insulin levels is very sparse and controlled
tudies need to be undertaken. These should examine the effects of
cute cathinone administration and khat chewing on fasting levels
f glucose, insulin and adrenaline in the serum. The effects of �2-
nd �-adrenoceptor antagonists on these changes could then be
xamined to dissect out the possible mechanisms and interactions
etween these factors.

Effects of khat chewing on appetite may also indirectly influence
lood glucose levels and body weight. Recently, Murray et al. (2008)
howed chewing khat to significantly decrease subjective feelings
f hunger and increase the sensation of fullness but had no effect on
hrelin and peptide YY levels. They concluded that the anorexigenic
ffect of khat may be secondary to central mechanisms mediated
ia cathinone. Indeed, one of its uses is in the control of obesity,
hich indirectly would reduce the risk of diabetes. High plasma

evels of the anorectic hormone, leptin, have been found 4 h after a
eavy khat chewing session (400 g). This hormone may then con-
ribute to the decreased appetite and body weight observed in khat
hewers (Al-Dubai et al., 2006).

2. Effects of khat chewing on the gastrointestinal tract
nd liver

In the gastrointestinal tract, the astringent characteristics of
he tannins in khat accounts for periodontal disease, stomati-
is, oesophagitis and gastritis (WHO, 1980). Delay to intestinal
bsorption contributes to some degree to malnutrition. Tan-
ins and norpseudoephdrine contribute to constipation, the most
ommon medical complaint of the khat user. In a randomised-
ontrolled trial, Heymann et al. (1995) reported a delay in gastric
mptying after chewing khat, which was attributed to the sym-
athomimetic action of the cathinone. Moreover, Gunaid et al.
1999) showed khat to prolong whole gut transit and Makonnen
2000) reported that khat produced constipation in mice and an
ntispasmodic action on guinea-pig isolated ileum. The antispas-
odic effect of khat extract was observed to be similar to that

f d-amphetamine. Khat chewing has also been shown to be a
isk factor for duodenal ulcers (Raja’a et al., 2000). The case-
ontrol study compared 175 Yemeni subjects with duodenal ulcers
ith 150 controls with no evidence of duodenal ulcers from

astroduodenoscopy. 133 (76%) of the cases were khat chewers
hereas only 52 (35%) of controls were chewers. Other confound-

ng variables, such as smoking, non-steroidal anti-inflammatory
rug (NSAID) and alcohol consumption, however, were equally dis-
ributed between cases and controls and could be eliminated as
ausative factors. The authors concluded that khat chewing was
ignificantly associated with duodenal ulcer. They could not iden-
ify the causative factor, suggesting one or more from; Helicobacter
ylori associated with khat chewing, beverages consumed dur-
ng khat chewing sessions, pesticides and other chemicals on the
eaves, or the chemical constituents of khat such as cathinone or
athine. Further studies are required to eliminate each of these

actors.

Short- and long-term toxicological effects of khat leaves have
een tested in laboratory animals for a period of 6 months (Al-
abori et al., 2002; Al-Mamary et al., 2002). The liver biochemical
nd histological parameters were found to be significantly altered
insulin release to enhance uptake of the elevated glucose levels.

with a profound impact on the alkaline phosphatase and alanine
aminotransferease plasma levels throughout the treatment period.
Histopathological analysis showed evidence of congestion of the
central liver veins as well as acute hepatocellular degeneration
and regenerative activities, with porto-portal fibrosis. The conse-
quence of this would be spreading fibrosis leading to nodularity
of the liver and eventually cirrhosis. A vasoconstrictor action of
cathinone would also contribute to this liver pathology. In con-
firmation of the hepatotoxicity of khat ingestion, a case report
described an East African man with a regular khat chewing habit
who developed jaundice as a result of acute hepatitis (Brostoff et
al., 2006). Another report also described a patient with impaired
liver function attributed to khat chewing (Saha and Dollery, 2006).
More recently, severe acute liver injury has been attributed to
khat chewing in the USA (Chapman et al., 2010). A case series
described jaundice and deranged liver function based on biopsy
histology and serum biochemistry in 7 UK men of Somali origin
who were regular khat chewers. All denied any alcohol consump-
tion and no other aetiological factors could be identified (Peevers
et al., 2010). A rather unusual adverse effect on the liver of chewing
khat was a parasitic infection of the liver by Fasciola hepatica as a
contaminant of the khat leaves (Cats et al., 2000). Kidney lesions
have also been described with fat droplets in the upper cortical
tubules, acute cellular swelling and acute tubular nephrosis (Al-
Mamary et al., 2002; Al-Habori et al., 2002). Administration of khat
extracts showed a deranged systemic capacity to handle oxidative
radicals and induces cytotoxic effects in cells of liver and kidney
(Al-Habori, 2005). The khat dose levels used in these studies were
high and equivalent to chewing 750–2000 g. Further histopatholog-
ical analysis on the gastrointestinal tract showed no effect of khat
on the oesophagus as evident by the regular thickness of the squa-
mous epithelial mucosa, on the stomach as evident by the regular
architecture of the glands of the gastric mucosa as well as normal

submucosa and muscularis, and the intestinal tract as evident by
the appearance of normal regular size and shape of villi (Al-Aghbari
et al., 2004).
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3. Khat chewing and other peripheral systems

On the bladder, khat chewing produced a fall in urinary flow rate,
n effect that has been shown to be inhibited by the selective �1-
drenoceptor antagonist, indoramine, and therefore attributed to
ctivation of this receptor subtype (Nasher et al., 1995). An increase
n the prevalence of gallstones has been reported in the Middle
ast and Yemen but whether this is due to khat consumption is
ot known. However, gallbladder motility was found to be unaf-

ected by acute khat chewing in healthy volunteers (Murugan et
l., 2003). Khat leaves are traditionally considered to be a herbal
emedy to alleviate respiratory disease symptoms and therefore
ay have effects on the airways (Al-Meshal et al., 1985). Little
ork has been undertaken on the airways effects of khat or cathi-
one. Cathinone did not cause direct contraction or relaxation of
uinea-pig isolated trachea. However, in human and guinea-pig
rachea, cathinone inhibited contractions induced via parasympa-
hetic nerve electrical stimulation. This was attributed to inhibition
f transmitter (acetylcholine) release from parasympathetic nerves
nnervating the airway at presynaptic �2-adrenoceptors and 5-HT7
eceptors (Freund-Michel et al., 2008). Thus, an inhibitory effect
n bronchospasm due to parasympathetic nerve activity in the
irways may explain the historical benefits of khat in respiratory
iseases.

Khat chewing has an adverse effect on reproductive functions
Mwenda et al., 2003). Khat chewing during pregnancy has a detri-

ental effect on the foetus, leading to low birth weight, teratogenic
ffects and infant mortality (Mwenda et al., 2003). Malformations of
he visceral and skeletal structures together with growth retarda-
ion of the offspring were observed after administration of khat and
hat extracts to pregnant rats from 5 to 15 days of gestation (Islam
t al., 1994). Khat chewing affects male sexual potency by inhibit-
ng spermatogenesis and affecting testosterone levels. Male rabbits
ed khat extract for 5 weeks showed significantly reduced plasma
estosterone levels and raised cortisol, to explain impaired repro-
uctive function (Nyongesa et al., 2008). In a contrasting study,
rude khat extract fed to olive baboons weekly for 2 months caused
ncreased serum levels of testosterone but falls in prolactin and
ortisol (Mwenda et al., 2006). However, these studies examined
xtracts of khat, the constituents of which were unidentified. An
valuation of cathinone in rats showed a decrease in sperm count,
n increase in number of abnormal sperms and a decrease in plasma
estosterone (Islam et al., 1990). Thus, there are conflicting results
n the effects on male sexual function of khat and its main con-
tituent, cathinone. Further studies are warranted to clarify this
mbiguity using both cathinone and khat, since they may have
pposing actions.

4. Conclusion

Khat is now widely chewed as a recreational drug in the Horn of
frica and the Arabian Peninsula and nowadays by expatriate com-
unities living in Europe and North America. Traditionally khat

hewing has been viewed as an aid to relieving fatigue and has some
lace in self-medication of depression (Deyessa et al., 2008). How-
ver, the WHO concludes that it has no therapeutic potential (WHO,
006). While the psychological effects of chronic khat use have
een the subject of much debate on its influence of social structure,
here is now mounting cause for concern over the health effects
n a wide range of peripheral organs. In Yemen, but not Djibouti,

xpenditure on khat is often at the expense of food (Milanovik,
008). This review has identified a wide range of adverse effects
n the cardiovascular, gastrointestinal and other peripheral sys-
ems. The evidence, however, is often based on limited numbers of
ase reports and only few prospective controlled studies have been
armacology 132 (2010) 540–548

undertaken. There is an urgent need for more thorough case-control
studies to be performed to examine the role of khat in the aetiology
of a number of diseases of peripheral organs, including cardiomy-
opathy, vascular disease such as cerebrovascular ischaemia and
thromboembolism, diabetes, sexual function, duodenal ulcer and
hepatitis. There are several issues that need to be addressed in
future studies. Confounding issues, other than khat chewing, need
to be eliminated as causative factors such as concomitant tobacco
smoking, alcohol consumption, coexisting disease states, diet and
obesity. Some of these have been mentioned in the discussions
above. There is also a need to identify the causative factor(s) aris-
ing from the khat. For example, are the adverse health effects due
to the cathinone content of the khat leaves? This could prove dif-
ficult to evaluate in human studies since it is unethical and illegal
to administer cathinone to human subjects and would therefore be
more appropriate to examine in animal studies. As pointed out on
several occasions above, contaminants of the khat leaves such as
pesticides may be responsible for some of the changes and these
need to be eliminated in future studies by using chemical-free khat
only in any prospective trials. While validity of much of our current
knowledge on the health effects of khat chewing can be questioned,
there are clear trends of adverse effects in a number of periph-
eral organs and these provide a warning to those in authority that
efforts should be made to restrict the use of khat and to support
more comprehensive evaluation of its health effects.
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