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Introduction: Khat (Catha edulis) is a recreational psychoactive drug with psychostimulant 

properties. While the use of this drug is widespread in eastern Africa, including the Horn of 

Africa, surveys and anecdotal data show that its use has become cosmopolitan, with users now 

living in Europe and North America as well. Recent data in Uganda suggest an increasing pattern 

of simultaneous khat and ethanol use particularly among young adults. However, the effects of 

this pattern of use remain largely unknown, even though long-term use of either drug alone is 

known to be harmful. The aim of this study was to examine the toxic effects of simultaneous 

chronic administration of khat and ethanol on hematological parameters, clinical chemistry, 

and testosterone in a rat model.

Methods: Adult male Sprague-Dawley rats were randomly assigned to one of six dose groups: 

2 g/kg khat; 4 g/kg khat; 4 g/kg ethanol; combined khat and ethanol (4 g/kg each); control; 

and an untreated group. Treatments were given by gavage twice daily for 28 days, followed by 

determination of hematological parameters, blood clinical chemistry, and testosterone.

Results: Ethanol alone significantly reduced platelet counts compared to control-, untreated and 

low-dose khat-treated rats; conversely low-dose khat significantly increased both the hemoglobin 

and hematocrit values, while ethanol alone also significantly increased the hemoglobin value 

compared to controls. Simultaneous khat and ethanol administration per se did not produce 

more toxic consequences in chronic use than either drug alone.

Conclusion: Chronic short-term khat use and ethanol dependence individually produce note-

worthy effects on the blood, but not on clinical chemistry or testosterone. Chronic short-term 

combined khat and ethanol use does not produce more toxic effects compared to use of either 

drug alone. This provides an opportunity for appropriate clinical interventions to avert the 

chronic long-term effects that result from use of these drugs of abuse.
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Introduction
Khat (Catha edulis), a plant with a natural distribution in East Africa and the Arabian 

Peninsula, is harvested almost year-round and its tender leaves and twigs chewed for 

their euphoriant effects. Chewing of khat has presently become cosmopolitan because 

of air transport and the migration of ethnic populations that traditionally chew khat.1,2 

The ingestion of khat produces sympathetic activation characterized by euphoria, 

increased intellectual efficiency and alertness, anxiety, high blood pressure, and other 

effects.3 These effects are mainly mediated by phenylalkylamines such as cathinone 

(the major stimulant) and cathine, although several other stimulant compounds are 

also found in khat.3 Recent studies in Uganda and elsewhere have shown that many 

individuals chew khat and drink alcohol (ethanol) concurrently.4–8 It is established that 
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khat produces psychological and physical dependence on 

long-term use,9 and chronic use of khat is associated with the 

development of several systemic and metabolic disorders.

In young adults, the chronic use of khat is associated with 

hypertension, as well as stomatitis, esophagitis, gastritis, and 

constipation.10 Notably, an association has been found between 

khat chewing and acute coronary syndrome, a syndrome that 

results from coronary artery spasm and produces myocardial 

infarction.11–13 Other cardiovascular disorders, for example 

cardiovascular ischemia, thromboembolism, and dilated car-

diomyopathy, have also been associated with khat chewing.13 

Additionally, khat use has been associated with metabolic 

disorders such as diabetes mellitus, and with the development 

of hepatitis and liver cirrhosis.14 Moreover, khat use has been 

associated with anaphrodesia among male users who noted a 

loss of sexual drive and subsequent impotence after a brief 

and initial increase in libido associated with khat use.15 Prior 

animal studies have indicated that cathinone can depress tes-

tosterone levels and produce degeneration of testicular tissue 

and decreased sperm count and motility,16 and that khat extracts 

can alter testosterone levels in a dose-dependent manner. 17

In its most recent assessment of the burden of global 

alcohol use, the World Health Organization estimates that 

men have far greater total burden rates attributable to alcohol 

than women (7.4% for men compared to 1.4% for women), 

with men outnumbering women in a 4:1 ratio in weekly 

episodes of heavy drinking.18 Consequently, men suffer more 

deaths – globally, 6.2% of all male deaths are attributable to 

alcohol, compared to 1.1% of all female deaths. Furthermore, 

harmful alcohol use is the leading risk factor for death in 

men aged 15–59 years, mainly from injuries, violence, and 

cardiovascular diseases.18–21 Despite the known harmful 

consequences of alcohol abuse and dependence, attention 

and action to mitigate harm remain a low priority in health 

and public policy in many countries.18

The goal of this study, therefore, was to determine the 

effects of khat and ethanol on blood counts, liver function, 

and testosterone, and to address the question of whether 

concurrent chronic but short-term use of khat and ethanol 

can produce greater toxic effects on these markers than use 

of either drug alone. Because the effects of simultaneous 

khat and ethanol consumption are largely unknown, it is 

important to study these effects in order to provide evidence 

that can help to mitigate the toxicity induced by consump-

tion of these recreational drugs. Evidence obtained from this 

study would additionally inform policy regarding the use of 

khat and ethanol. Therefore, the aims of this study were to 

(1) assess complete blood count (CBC) and indices following 

chronic short-term administration of both khat and ethanol 

and compare these parameters among the different treat-

ment groups; and (2) determine blood clinical chemistry and 

testosterone following chronic short-term administration of 

both khat and ethanol and compare these parameters among 

the different treatment groups.

Materials and methods
Experimental design and animals
This experimental study was a between-groups design where 

the difference between group means would indicate the size 

of the effect of treatments. Adult male Sprague-Dawley rats, 

approximately 8 weeks old at the start of the experiments, 

were fed standard laboratory chow and given water ad 

libitum. The animals were group-housed in polypropylene 

cages (four animals per cage) in a temperature-controlled 

(23°C ± 1°C) research facility with a 12:12 hour light:dark 

cycle (lights on at 6 am). Following one week of acclimation, 

the animals were assigned to one of six dose groups: 2 g/kg 

khat; 4 g/kg khat; 4 g/kg ethanol; combined khat and ethanol 

(4 g/kg each); control; and an untreated group. All treatment 

assignments were randomized by computer-generated random 

numbers at the beginning of the experimental period. The 

sample size for all experiments was eight to ten animals 

per treatment condition. Rats were weighed twice a week to 

ensure appropriate dosing based on body weight changes. All 

treatments were given between 8 am and 10 am and repeated 

between 3 pm and 5 pm daily. This dosing regimen was based 

on earlier studies that showed reliable induction of ethanol 

dependence and positive reinforcement by khat.22 Additionally, 

because khat chewing typically occurs in the daytime,1,6 

and the maximal plasma concentrations of cathinone, a 

major active component of khat, appear to be delayed to 

approximately 2 hours after oral administration,23 the dosing 

regimen was designed to mimic typical consumption in people 

who use both drugs concurrently. Treatments were given 

uninterrupted for 28  days as described under the Animal 

Treatment section below. Ethical approval was obtained from 

the Faculty of Medicine Research and Ethics Committee 

and the Institutional Ethics Review Board of Mbarara 

University (Approval Numbers: DMS 20/4 and 01/05-12 

respectively).

Phytochemical screening
Khat extracts were prepared according to the method described 

for phytochemical screening of medicinal plants.24 Briefly, khat 

extracts were obtained by macerating a known weight of the 

fresh plant parts (tender leaves and twigs) with distilled water 
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in an electric blender. The extract was suction-filtered and 

the process repeated until all soluble components had been 

extracted, judged by loss of colour of the filtrate. This extract 

contained all undegraded active components. The total extract 

was then evaporated to dryness at 45°C and further dried to 

constant weight at the same temperature in a hot-air oven. A 

separate quantity of the fresh khat was air-dried under shade 

and ground with a mortar and pestle. Half of the dried powder 

obtained was extracted with 80% methanol in a soxhlet extrac-

tor, while the other half was extracted using distilled water. 

The extracts were oven-dried to constant weight. Residue yield 

(percentage yield) was calculated as (weight of dried concen-

trate/initial weight of powder) × 100, and a portion used in 

phytochemical testing for all the common phytochemicals.

Animal treatment
Khat administration
Animals that received khat were given 2 g/kg and 4 g/kg 

of khat by gavage twice daily simultaneously with the oral 

ethanol and control groups. The choice of these doses of khat 

was based on prior related studies that showed the activity of 

fresh aqueous khat extracts without excessive effects,22,25 and 

because the absorption of the active principles in khat users is 

thought to be limited by the bulk quantities of the khat leaves 

chewed.3 Khat treatment was done for 28 days.

Ethanol administration
Animals that received ethanol were given 20% ethanol by 

gavage at a dose of 4 g/kg body weight. This dose of ethanol 

was based on data that have indicated that persons who chew 

khat and drink alcohol concurrently typically drink spirits 

and wines known to have a higher alcohol content than 

beer.6 Ethanol treatment was done twice daily for a total of 

28 days. All treatments ended by the beginning of the active 

period (starting at 6 pm for alternating 12 hour light:dark 

periods), during which rats are more active. Blood alcohol 

levels (BAL) were not measured because the twice-daily 

administration of ethanol would lead to variations in BAL; 

furthermore, because animals were not sacrificed until the 

morning of the day after the last administration of ethanol 

(and other substances), there would not be any measureable 

BAL at the time of obtaining trunk blood, as BAL has been 

found to reach zero by 6 hours after oral administration.26

Control animals
Control animals received normal saline (4 mL/kg) only by 

gavage, for 28 days. An untreated animal group was included 

and gave an intrasystem negative control to ensure that 

measurements were valid by providing a point of contrast 

with the normal saline-treated (control) group. This ensured 

that the experimental system, as outlined for the other 

treatments, was not in itself pertubing the outcome.

Measurement of hematological values and indices
On day 29, trunk blood (approximately 4 mL) from each animal 

of the six experimental groups was collected after sacrifice by 

decapitation, in a tube containing ethylenediamine tetraacetic 

acid to prevent blood clotting. Samples were then promptly 

delivered to the hematology laboratory where full blood 

counts, including hemoglobin, mean corpuscular hemoglobin 

(MCH), mean corpuscular volume (MCV), total red blood cell 

(RBC) count, total plus differential white blood cell count, and 

platelet count, were determined. Collection of trunk blood for 

measurement of hematological parameters, clinical chemistry, 

and testosterone was done between 7 am and 11 am.

Measurement of blood clinical chemistry
On day 29, animals were sacrificed by decapitation and trunk 

blood collected from each animal (approximately 4 mL) of each 

of the six experimental groups. The blood was kept in a plain 

tube to allow clotting and serum separation. The samples were 

sent to the hematology laboratory where serum separation was 

done to obtain clear sera for measurement of serum amylase, 

alkaline phosphatase (ALP), aspartate aminotransferase (AST), 

alanine aminotransferase (ALT), serum albumin, creatinine, 

and low and high density lipoproteins (LDL and HDL). We 

did not measure blood glucose levels because prior studies 

have shown that khat has little effect on blood sugar levels.27 

Clinical chemistry analysis was done using an automated 

analyzer (Humastar®; Human Diagnostics GmbH, Wiesbaden, 

Germany) according to the manufacturer’s instructions.

Measurement of serum testosterone
Total testosterone was measured using a Microparticle 

Enzyme Immunoassay (MEIA; AxSYM® Testosterone; 

Abbott Laboratories, Abbott Park, IL, USA). This assay 

displaces bound testosterone from binding proteins (sex 

hormone binding globulin or testosterone binding globulin 

and albumin) and quantitatively measures total testos-

terone. The AxSYM® Testosterone assay demonstrates a 

functional sensitivity (the lowest concentration measure-

able with an inter-assay coefficient of variation #20%) of 

#0.2 ng/m. Its analytical sensitivity (the concentration at 

two standard deviations above the standard control mean 

rate representing the lowest concentration of testosterone 

that can be distinguished from zero) is #0.1 ng/mL.
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Data analysis
Numerical data summaries were obtained and presented 

graphically, followed by testing for homogeneity of variance 

using Bartlett’s test. Thereafter, statistical testing was done 

using one-way analysis of variance (ANOVA) for parametric 

data, and Kruskal–Wallis test (non-parametric ANOVA) for 

data that did not meet the assumptions for 1-way ANOVA. The 

independent variable was treatment and comprised six levels: 

an untreated group; 2 g/kg khat; 4 g/kg khat; 4 g/kg ethanol; 

combined khat and ethanol (4 g/kg each); and a control group. 

Outliers in the data were determined using Grubb’s method 

(extreme studentized deviate). Data were reported as mean ± 

standard error of the mean, and statistical significance was 

taken for P , 0.05. Significant main effects obtained from 

ANOVA were further analyzed using Bonferroni’s multiple 

comparison test to compare the treatment groups (for 1-way 

ANOVA), and least significant difference for Kruskal–

Wallis test. Graphing and statistical analysis was done using 

Microsoft Excel® (Microsoft Corporation, Redmond, WA, 

USA) and GraphPad Prism® version 6 (GraphPad Software, 

Inc, La Jolla, CA, USA) respectively.

Results
Phytochemical testing
Khat leaves and twigs contain big amounts of tannins (up 

to 14% dry weight); cathine is an alkaloid fraction found 

in small quantities (0.1%–0.2% of dried leaves) in khat.28 

The phytochemical tests done were a qualitative analysis 

comparing the presence or absence of the different phy-

tochemicals in the aqueous and methanol extracts. General 

phytochemical screening showed the presence of the major 

phytochemicals in the crude aqueous khat extracts (Table 1). 

The fresh aqueous extract tested positive for the presence of 

all the phytochemicals tested except for alkaloids; the dried 

aqueous extract tested negative for alkaloids, lactones, cou-

marins, steroids, and terpenoids; the dried methanol extract 

tested positive for all the phytochemicals tested.

Body weight of experimental animals
All animals showed a modest weight gain. There was no 

statistical difference between the treatment groups for body 

weights at the beginning of the experiment and at 28 days of 

treatment (Figure 1). However, on day 24, there was a trend 

towards a significant difference in body weights (P = 0.059) 

which persisted to day 28 (P = 0.062).

Hematological values and indices
Blood counts
White blood cell (WBC) counts, RBC counts, platelet counts 

and RBC distribution width (RDW) in male rats after 28 days 

of treatment with 2 g/kg khat, 4 g/kg khat, 20% ethanol, 20% 

ethanol plus khat, control, and no treatment are shown in 

Figure 2A–D. There were no significant differences among 

the treatment groups in the blood counts for WBC, RBC, and 

RDW. However, there was a significant effect of treatment on 

the platelet count in the male rats (Kruskal–Wallis H = 13.61, 

Table 1 Screening test results for phytochemicals found in khat

Test Result Deduction

Fresh aqueous 
extract

Dried aqueous  
extract

Methanolic 
extract

Ferric chloride test +++ +++ +++ Tannins present in all the extracts
Mayer’s test Negative Negative ++ Alkaloids detected only in the methanolic extract
Dragendorff’s test Negative Negative ++ Alkaloids detected only in the methanolic extract
Baljet test + Negative + Fresh aqueous and methanolic extracts but not dried 

aqueous extracts contain lactones, and coumarins
Foam assay + + ++ Steroidal or triterpenoidal saponins present in all 

extracts; more in methanolic extract
Liebermann–Burchard’s test + Negative ++ Fresh aqueous and methanolic extracts but not dried 

aqueous extracts contain steroids and terpenoids; 
more in methanolic extract

Salkowski’s test + Negative + Fresh aqueous and methanolic extracts but not dried 
aqueous extracts contain terpenoids

Sudan III test + + + All three extracts contain oils and fats
Fehling’s test + + ++ All three extracts contain simple sugars; more in 

methanolic extract
Ammonia test + +++ +++ All three extracts contain flavonoids; more in dried 

aqueous and methanolic extracts

Notes: The fresh aqueous extract tested positive for the presence of all the phytochemicals tested except for alkaloids; the dried aqueous extract tested negative for 
alkaloids, lactones, coumarins, steroids, and terpenoids; the dried methanol extract tested positive for all the phytochemicals tested.
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Figure 2 Blood cell counts of male rats after 28 days of treatment.
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critical x2, 5 df, for α of 0.05 = 11.07; P = 0.018). Ethanol 

treatment significantly reduced the platelet count compared 

to 2 g/kg khat treatment (P , 0.05), significantly reduced 

the platelet count compared to control (P , 0.05), and sig-

nificantly reduced the platelet count compared to untreated 

rats (P , 0.05) (Figure 2C).

Hematological indices
As shown in Figure 3A–D, rats treated for 28 days with 

2 g/kg khat, 4 g/kg khat, 20% ethanol, and 20% ethanol 

plus khat did not show significant differences in MCV, 

MCH, mean corpuscular hemoglobin concentration 

(MCHC) or mean platelet volume (MPV); however, the 

effect of treatment on MPV values approached significance 

(P = 0.0821). Additionally, as shown in Figure 4A, there 

was a significant effect of treatment on hemoglobin levels 

(F
(5, 49)

  =  3.78, P  =  0.0057). Hemoglobin levels of rats 

treated with 2 g/kg khat significantly increased compared 

to control treatment (P , 0.05, t = 3.786) and hemoglobin 

levels for the 20% ethanol-treated rats also significantly 

increased compared to controls (P  ,  0.05, t  =  3.425) 

(Figure 4A). Furthermore, there was a significant effect of 

treatment on hematocrit values (F
(5, 49)

 = 2.98, P = 0.019). 

Hematocrit values of rats treated with 2 g/kg khat signifi-

cantly increased compared to control treatment (P , 0.05, 

t = 3.439) (Figure 4B).

Clinical chemistry
Serum enzymes
Measurements of serum amylase, ALP, AST, and ALT val-

ues showed no statistically significant differences between 

the treatment groups (Figure 5). However, there was a trend 
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towards a significant ethanol effect on serum AST levels 

(P = 0.0611); Figure 5C.

Serum proteins
Measurements of serum levels of creatinine, albumin, HDL, 

and LDL showed no statistically significant differences 

between the treatment groups (Figure 6A–D).

Total serum testosterone
Measurements of total serum testosterone showed no statis-

tically significant differences between the treatment groups 

(Figure 7).

Discussion
This study began with the aim of assessing the experimental 

consequences of combined chronic but short-term khat and 

ethanol administration on hematological parameters, clinical 

chemistry, and testosterone levels in male rats. We compared 

the phytochemical screens of fresh khat aqueous extract, 

dried khat aqueous extract, and dried methanol extract to 

get an insight into the appropriate dosing regimen to use, 

and to evaluate the extent of acute preservation of the phy-

tochemicals contained in khat. The fresh aqueous extract had 

a phytochemical profile similar to that of the dried methanol 

extract, but was unlike the dried aqueous extract. However, 

cathinone, the most active phytochemical in khat, has been 

identified in dried khat leaves after several years of storage.29 

This study purposefully chose male rats since prior studies 

have shown that khat chewing is predominant in men, with 

prior studies noting that the habit is considered less appealing 

to women.30 Khat use has also been associated with alcohol 

drinking, cigarette smoking, and the use of other prescrip-

tion drugs.31 As previously described, the present study 

showed that administration of khat, ethanol, and combined 

khat and ethanol chronically did not produce weight loss in 

the juvenile male rats ostensibly because of the short-term 

anorexiant efficacy of the khat extracts used;22 there was 

however a trend towards weight differences by the end of the 

present chronic study. This was consistent with a previous 

study which investigated the chronic liver and hematological 

effects of khat leaves in a rabbit model.32 In that study ground 

khat leaves added to the diet of rabbits in various concentra-

tions did not alter food intake of the animals or body weight, 

compared with controls. In the present study, blood samples 

were collected from trunk blood obtained after decapitation 

in order to maintain uniform sampling sites, since anatomical 

location can influence murine hematological parameters.33 

No anesthesia was administered during decapitation to obtain 

trunk blood because anesthesia can induce physiological 

changes that can influence the factors being studied.34

The CBC measured the number of RBC, WBC, platelets, 

the total amount of hemoglobin in the blood, and the frac-

tion of the blood composed of RBC (hematocrit). Additional 

information obtained from the CBC included the average 

RBC size (MCV), the hemoglobin amount per RBC (MCH), 

and the amount of hemoglobin relative to the size of the cell 

(hemoglobin concentration) per RBC (MCHC). The hemat-

ocrit measures the percentage of the volume of whole blood 

that is made up of RBCs and depends on their number and 

size. The significant increase in hematocrit for the 2 g/kg 

of khat group indicated a relative polycythemia, suggest-

ing a decrease in plasma volume without change in RBC 

mass in which the erythrocytes become more concentrated 

and which may be either an acute transient condition or a 

chronic condition. MCV measures the average volume or 
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size of a single RBC and increases in patients who chroni-

cally drink alcohol and so it is used as a tracker of chronic 

alcohol administration.

In the present study, ethanol alone significantly reduced 

the platelet count compared to controls and low-dose (2 g/kg) 

khat. Remarkably, the hemoglobin concentration was signifi-

cantly increased by both low-dose khat and by 20% ethanol 

compared to control animals. A recent animal study found 

evidence for liver dysfunction in both male and female rats 

given high dose khat (2  g/kg) in which the extracts had 

been obtained after soxhlet methanol extraction of the dried 

khat leaves;25 there was also evidence for renal dysfunction 

but only in female rats compared to controls. In our study 

however, freshly prepared khat leaves were used to mimic 

the more common use of khat. In the assessment of clinical 

chemistry, measurements were made for serum creatinine, an 

indicator of renal function; liver function tests, including the 

serum enzymes AST, ALT, amylase, alkaline phosphatase, 

and serum albumin; and HDL and LDL.

AST is widely distributed in various organs but has the 

highest concentration in hepatocytes; this enzyme is involved 

in the transfer of amino acids and peptides across the cel-

lular membrane and participates in glutathione metabolism, 

detects liver cell dysfunction, and is a sensitive indicator of 

hepatobiliary disease and an indicator of heavy and chronic 

alcohol use. Our study showed a trend towards a significant 

increase of AST levels by ethanol on chronic (but short-

term) administration. While prior studies on chronic khat 

toxicity have identified significant elevations in serum AST, 

ALT, and ALP, and deranged biochemical indicators such 

as plasma triglycerides and glucose,35,36 the present study 

did not identify evidence indicating that chronic short-term 
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khat alone and combined khat and ethanol administration 

worsen hematological function and clinical chemistry com-

pared to either drug alone. Similar to our chronic study, a 

chronic long-term study found normal kidney function in 

rabbits 6 months after exposure to khat, and found a normal 

hematology profile, except for a mild elevation in WBC 

count in the female animals on the highest dose studied.35 

Nevertheless, in the present study, when khat was given con-

currently with ethanol, the hematological effects of the latter 

dissipated, suggesting that an interaction existed between the 

two substances. The nature of this interaction is presently 

unknown and could be explored in future mechanistic and 

other molecular studies.

At least one previous study has found significant dose-de-

pendent depression of serum testosterone by (−)cathinone.16 

A more recent study found a bi-directional effect of khat 
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Figure 6 Serum creatinine, albumin and lipoprotein levels of male rats after 28 days of treatment.
Notes: (A) Serum creatinine of male rats after 28 days of 2 g/kg khat, 4 g/kg khat, 20% ethanol, 20% ethanol plus khat, control, and no treatment, shown as mean ± standard 
error of the mean. There was no statistical difference between the treatment groups. (B) Serum albumin of male rats after 28 days of 2 g/kg khat, 4 g/kg khat, 20% ethanol, 
20% ethanol plus khat, control, and no treatment. There was no statistical difference between the treatment groups. (C) Serum high density lipoprotein of male rats after 
28 days of 2 g/kg khat, 4 g/kg khat, 20% ethanol, 20% ethanol plus khat, control, and no treatment. There was no statistical difference between the treatment groups. 
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on serum testosterone; low-dose khat (100 mg/kg) signifi-

cantly increased serum testosterone while two other higher 

doses (200 mg/kg and 300 mg/kg) significantly decreased 

serum testosterone.17 In the present study we did not find a 

significant effect of khat on serum testosterone. It is likely 

that the disparity between our findings and the study in 

which khat had a bi-directional effect arises from the dif-

ference in the khat extracts administered to the khat-treated 

animals. The aqueous khat extract used in the present study, 

intended to mimic customary khat use, apparently had lower 

concentrations of cathinone than that extracted by the organic 

solvents (chloroform and ether) used in the study in which 

khat had a bi-directional effect. Indeed, in the latter study, 

the 100 mg/kg khat dose used increased serum testosterone 

in contrast to the 5 mg/kg dose of both (−) and (+)cathinone 

enantiomers used which did not produce any significant 
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alteration in testosterone levels in male rats. Regardless, 

higher doses of cathinone (10 and 15  mg/kg) have been 

found to cause a significant decrease in serum testosterone 

in a dose-dependent manner.16 Further studies are needed to 

delineate the mechanism of khat action on serum testosterone 

levels, and on the influence of khat on sexual motivation and 

performance; in contrast to male users, a significant propor-

tion of female users have reported an increase in sexual 

desire followed by an improvement in sexual performance, 

an effect that suggests a sex difference in the action of khat 

on sexual motivation and performance.15

Animal studies on the relationship between ethanol 

administration and testosterone have found biphasic effects 

of acute and chronic ethanol administration on testosterone. 

Acute effects of high-dose ethanol (1.5  g/kg) caused 

depressed serum testosterone,37,38 while at least one study39 

found increased serum testosterone after a 2 g/kg ethanol 

dose. Chronic ethanol administration has been found to 

decrease serum testosterone38 by a complex mechanism 

thought to involve alteration of the hypothalamic–pituitary–

gonadal axis,38 and by a direct toxic effect on Leydig cells, 

in addition to the accelerated metabolism of testosterone by 

induction of hepatic microsomal enzymes. The present study 

used a 4 g/kg dose of 20% ethanol, both for the ethanol-

only group and the combined khat and ethanol group. This 

was intended to mimic the drinking of alcoholic spirits that 

has been shown among persons who chew khat and drink 

alcohol concurrently.6 In other urban areas in countries 

such as Ethiopia and Uganda, khat users binge on alcoholic 

spirits after the khat-chewing session to relieve the mental 

stimulation resulting from khat, especially at bedtime.40,41 We 

did not find a significant effect of this high dose of ethanol 

on serum testosterone, and while the reason for the lack of 

effect is unclear, it has been established that there is a dose-

dependent variation of the effect of acute ethanol on testos-

terone.37,39 Further studies may be warranted to determine 

the effect of chronic low-dose versus high-dose ethanol on 

serum testosterone. An important caveat to this study was 

that we used aqueous extracts which, although fresh, did 

not contain as much of the active phytochemicals as pure 

cathinone extracts or soxhlet-extracted methanol extracts. 

However, to offset this limitation, the study was designed 

to give the fresh khat extract more habitually to mimic the 

actual custom of khat chewing among users,6 in contrast to 

studies where soxhlet-extracted khat was given only once 

daily.25 Water extracted the phytochemicals less effectively 

than methanol, implying that the toxic actions of the active 

principles contained in khat occur in humans via a concerted 

chronic effect. Chewing of the tender leaves and twigs of 

khat produces a sweetish taste and an astringent action in 

the mouth,42 causing the chewer to drink large amounts of 

liquids while chewing in order to induce an effect comparable 

to laboratory water extraction of the active principles. The 

need for liquids arises because the presence of the strongly 

astringent tannins produce oral dryness and appear to be little 

affected by salivary enzymes, since chronic use of khat is 

characterized by common gastrointestinal side effects such as 

stomatitis, gastritis, and constipation, and salivary enyzmes 

are not known to digest cathinone.43

As recommended at the World Health Assembly in the 

Global Strategy to Reduce the Harmful Use of Alcohol,44 

an important target area for national action is to strengthen 

the knowledge base on the magnitude and determinants 

of alcohol-related harm, and on effective interventions to 

reduce and prevent such harm. This objective should be 

extended to the knowledge base on the concurrent use of 

alcohol and drugs such as khat. In conclusion, concurrent 

chronic but short-term khat and ethanol did not produce 

worse toxic effects than either drug alone; however, khat 

and ethanol separately produced limited toxic effects on 

blood, and appeared to have limited chronic effects on 

clinical chemistry and testosterone levels in our rat model. 

Therefore, early clinical intervention to avert the effects of 

excessive long-term khat and ethanol use can mitigate the 

harm from these drugs. Eventually, information from study-

ing long-term khat and ethanol coabuse or codependence can 

help guide decisions for appropriate intervention strategies, 

both for prevention of khat plus ethanol abuse and to guide 

strategies designed for appropriate treatment of dependence 

on these drugs.
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Figure 7 Total serum testosterone in male rats after 28 days of treatment.
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