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ABSTRACT: Chewing the leaves of Khat, a natural stimulant from the Catha Edulis plant, is a social habit in
Yemen and East African countries, which spread to countries such as the USA and Western Europe where
Yemeni, Somali and other East African communities are living. The present study has been designed to evaluate
the functions of liver and kidney among female Khat chewers in Thamar city, Yemen. Population of Thamar city
was divided into two groups; those chewing Khat and those non-chewers. Blood of twenty female Khat chewers
and twenty controls (non Khat chewers) were drawn and their plasma were isolated. The activities of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) were measured along with the measuring levels
of creatinine, uric acid (UA), urea and total protein. An increase in the activities of ALT and AST were observed
in the plasma of female Khat chewers concomitant with increase in the levels of creatinine, UA and urea.
However, a reduction in the total protein level was observed in the plasma of female Khat chewers group. It is
concluded that chewing Catha edulis with amphetamine like effect might be responsible for the damage in liver
and kidney of female Khat chewers.
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I.

INTRODUCTION

Chewing the leaves of Khat, a natural stimulant from the Catha Edulis plant, is a social habit in Yemen
and East African countries, with the easy transportation of Khat and easing of importation restrictions this has
helped this habit spread to countries such as the USA and Western Europe where Yemeni, Somali and other East
African communities are living [1]. In India too, where those immigrants especially students studying there used
to chew this plant which is transported from Ethiopia. Khat contains chemicals with amphetamine like effect,
primarily cathinone and to a lesser extent cathine [2]. Cathinone is the most important active ingredient of Khat
which causes the major pharmacological effects [3]. In addition, Khat leaves are rich in phenolic compounds
including flavonoid glycosides and condensed tannins [4]. Free radicals and oxidants are now seriously
implicated in Khat toxicity despite the presence of different antioxidants as chemical components of Khat [5-6],
although the decreased activity of antioxidant enzymes due to reactive oxygen species (ROS) and oxidative
stress have been reported in rats [5, 7] and human[8-9]. ROS are potentially very damaging to cells, leading to
oxidation of essential cellular constituents including proteins, lipids and DNA [10]. The biological effects of
oxidative stress depend upon the size of these changes, with a cell being able to overcome small perturbations
and regain its original state. However, more severe oxidative stress can cause cell death and even moderate
oxidation can trigger apoptosis, while more intense stresses may cause necrosis [11]. These effects of ROS may
lead liver and kidney cell to be damaged and their contents will appear in high amounts in the blood [12]. It has
been reported that plasma levels of alkaline phosphatase (ALP), alanine aminotransferase (ALT) and aspartate
aminotransferase (AST) were significantly increased in rabbits following Khat administration [13-14]. In other
studies on rats, administration of Khat was reported to cause a reduction in the liver enzyme, ALP, and
increased activities of acid phosphatase, lactate dehydrogenase (LDH) and increased total bilirubin [15]. Aside
from these biochemical changes, other studies have reported histopathological changes in both livers and
kidneys of treated rats [5, 13]. Keeping on mind the structural and pharmacological similarities between
cathinone and amphetamine it might be expected that the toxic effects could also be similar. The present study
has been designed to assess the liver and kidney function tests in the plasma of female Khat chewers of Thamar
city, Yemen.
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II.

METHODS

2.1. Chemicals
All chemicals used were of highest grade commercial products. Kits of the biochemical tests were
purchased from Spinreact, Spain.
2.2. Study design, population and grouping
Thamar city populations were divided into two groups each having n=20:
1. Khat Chewers group: local females with habit of chewing Khat.
2. Non-Khat Chewers (control) group: local females never chew Khat.
Those included in the present study fulfill the following criteria: healthy, non diabetic volunteers and aged
between 20 and 30 years those excluded are suffering from hepatitis, kidney problems, carcinoma and diabetes.
The study was performed in accordance with the Helsinki Declarations and approved by Ethical Committee.
2.3 Sample collection
Blood samples of 40 individuals (20 each group) were collected, plasma of all samples were separated
and the biochemical analyses were measured.
2.4 Biochemical assays
The biochemical tests includes assays of ALT, AST, creatinine, total protein, urea and uric acid were
estimated following the instructions of commercial kits provided by Spinreact, Spain.
2.5 Statistical analysis
Data were expressed as mean ± S.D. and were analysed by student t-test. Differences between groups
were considered significant when P < 0.05. All analyses were performed using the sigma-stat software.

III.

RESULTS

An increase in the activities of ALT and AST of Khat chewer group compared to the control group was
seen in the present study (Fig 1 and 2). This increase was 65.5% and 85.678% of ALT and AST respectively.
However, creatinine content was significantly increased in chewing Khat group by 41.19% compared to non
Khat chewers group as shown in Fig 3.

Figure 1: Activity of alanine aminotranferase in the plasma of female non-Khat chewers and Khat chewers.
Results are expressed as mean ± S.D.; n= 20. Data were analyzed by student-t- test. *p<0.001 was considered
significant from control group.
The total proteins were significantly decreased in Khat chewing group as compared to non Khat chewers group
by 7.35% (Fig 4). Urea content was significantly increased in chewing Khat group by 17.39% compared to non
Khat chewers group as shown in Fig 5, whereas, uric acid content was significantly increased in chewing Khat
group by 44.72% compared to non Khat chewers group (Fig.6).
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Figure 2: Activity of aspartate aminotranferase in the plasma of female non-Khat chewers and Khat chewers.
Results are expressed as mean ± S.D.; n= 20. Data were analyzed by student-t- test. *p<0.001 was considered
significant from control group.

Figure 3: Level of creatinine in the plasma of female non-Khat chewers and Khat chewers. Results are
expressed as mean ± S.D.; n= 20. Data were analyzed by student-t- test. *p<0.001 was considered significant
from control group.

Figure 4: Level of uric acid in the plasma of female non-Khat chewers and Khat chewers. Results are expressed
as mean ± S.D.; n= 20. Data were analyzed by student-t- test. *p<0.001 was considered significant from control
group.
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Figure 5: Level of urea in the plasma of female non-Khat chewers and Khat chewers. Results are expressed as
mean ± S.D.; n= 20. Data were analyzed by student-t- test. *p<0.001 was considered significant from control
group.

Figure 6: Level of protein in the plasma of female non-Khat chewers and Khat chewers. Results are expressed as
mean ± S.D.; n= 20. Data were analyzed by student-t- test. *p<0.001 was considered significant from control
group.

IV.

DISCUSSION

The present study investigated the changes in liver and kidney functions as a result of chewing Khat
with amphetamine like effect in the plasma of female Khat chewers. We have observed an increase in the levels
of ALT, AST, creatinine, urea and uric acid, whereas, the total protein content was decreased in the plasma of
female Khat chewers. A large number of people chew Khat leaves because of its pleasurable and stimulating
effects. Free radicals and oxidants are now seriously implicated in Khat toxicity despite the presence of different
antioxidants as chemical components of Khat. The effect of Khat extract was reported to be cytotoxic and
induced a rapid cell death effect [16]. It also induced apoptosis through a mechanism involving activation of
capase-1, capase-3 and capase-8 [17]. Cathinone the main components of Khat leaves has similar structure and
pharmacological activity as amphetamine [18]. D-amphetamine is known to exert different forms of
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hepatotoxicity in-vivo and in-vitro when tested on hepatocytes [19-20]. It also induced mitochondrial ROS
generation [21]. Severe liver disease has been described in human due to Khat chewing [22-24]. Our
observations are in agreement with those of Al-Motarreb et al., [13] who reported a significant increase in the
level of serum urea, bilirubin , uric acid and creatinine accompanied by significant decrease in serum total
protein in rats fed with Khat. Similar findings of those of Al-Habori et al., [14] who reported that long term
feeding of Khat leaves to New Zealand white rabbits is responsible for increased liver enzyme levels. It has also
been reported that Khat induces cytotoxic effects in cells, in the liver and kidney of rabbits. Liver damage due to
tissue necrosis or membrane damage due to oxidative stress will lead to increase the levels of hepatic enzymes
ALT and AST in the plasma [25]. It also establishes Khat as an etiological risk factor in chronic liver disease
and suggests a potentiating effect of Khat toxicity on chronic hepatitis B and Delta virus mediated liver damage
[26]. These explain the increase in the levels of ALT and AST in the plasma of female Khat chewers in the
present study. Uric acid (UA) is the end product of catabolism of the purine nucleotides in human system [27],
its levels in blood and urine serve as valuable indicators for certain clinical conditions. Abnormal levels of UA
are related to a number of diseases including kidney diseases [28]. UA is ubiquitous in body fluids and tissues,
and its concentration in the plasma is higher than that of most endogenous antioxidants, second only to albumin
[29]. In vitro experiments reportedly have shown that UA protects erythrocytes against damage by singlet
oxygen, inhibits lipid peroxidation, and protects against free radical-induced damage to DNA [30]. Being an
endogenous antioxidant it's able to protect human body from different reactions involving free radicals. The
decreased activity of antioxidant enzymes due to ROS and oxidative stress have been reported in rats fed Khat
[5, 7] and in the plasma of female Khat chewers [9]. The increase in the plasma UA in the present study is a
natural response to production of oxidants by Khat. AlRajhi et al., [31] have reported decreases in total
cholesterol, HDL, LDL and glucose levels in serum of rabbits fed leaves of Khat with histopathological changes
in liver which confirm the toxic effect of Khat. ROS are potentially very damaging to cells, leading to oxidation
of essential cellular constituents including proteins, lipids and DNA [10]. The decrease in total protein of plasma
of female chewers in this study is due to increase in ROS produced by Khat, this findings are in agreement with
those of Al-Hashem et al., [32] who have reported that there was a significant decrease in serum total protein
and albumin of Khat extract treated rats as compared to control rats. This indicates impaired liver function,
decreased protein synthesis, either primary as in liver cell damage or secondary to diminished protein intake and
reduced absorption of amino acids. Increased serum urea and creatinine have been linked to kidney disease [32].
Rats treated with Khat extract had significantly increased serum creatinine suggesting impaired renal function
due to a reduced ability to excrete these products. These effects could originate from changes in the threshold of
tubular re-absorption, renal blood flow and glomerular filtration rate [15, 33]. An increased level of creatinine in
the serum of male and female rats fed Khat has been reported by Alsalahi et al., [34]. They also observed
histopathological abnormalities confirmed hepatic and renal toxicities of Khat that were related to heavy Khat
consumption. They concluded that Khat could be associated with hepatic hypertrophy and hepatotoxicity in
male and female rats and nephrotoxicity only in female rats [34].

V.

CONCLUSION

From the data we found that both liver and kidney function tests were affected in the Khat chewing group which
was clear by increasing the activities and levels of ALT, AST, creatinine, urea and uric acid, whereas, the
protein content was decreased. Thus these changes might be attributed to the generation of ROS due to the
presence of cathinone as a main component of Catha edulis.
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