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ABSTRACT

Background: The chewing of khat leaves (Catha edulis Forsk) is widely practiced in East Africa and parts of the Middle
East, where it forms a deep-rooted social and cultural function. Consumption of Khat is common among men but
recently it has extended to women. Biochemical and toxicological effects of Khat on pregnancy and fetal development in
lower animals has been noted. Studies on the effect of khat consumption has focused on men thus no data is available
on women and especially during pregnancy. This study was conducted to evaluate the effects of khat on liver and kidney
functions during pregnancy using olive baboons as experimental models.

Methods: Six pregnant olive baboons were randomly assigned into khat treatment group (n=3) that received 100mls of
crude khat at a dose of 5 g/kg body weight/week for 8 weeks and the control group (n=3) received normal saline during
the second trimester. Blood pressure, temperature and weight changes were measured weekly. Blood was collected to
assay for liver and kidney function tests and liver and kidney tissues collected during necropsy for histopathological
examinations.

Results: The levels of aminotransferases, urea and creatinine in the khat treated group were significantly elevated
compared to those in the control group. There was a decrease of body weight in the dams, fetal birth weight and levels
of albumin and sodium in treatment group compared to those in the control group. Kidney and liver tissues of the
baboons and their fetuses treated with khat showed necrosis, periportal fibrosis with focal degenerative changes,
glomerular degeneration and infiltration with lymphocytes. Blood pressure was not significantly different between the
two groups.

Conclusion: The findings show that crude khat may damage the liver and kidneys and modulate the levels of liver
enzymes, urea, creatinine and electrolytes essential for liver and kidney functions. Khat is not safe and its use during
pregnancy should be discouraged.

Key words: Khat; olive baboons; toxicity; pregnancy; liver and kidney function; safety.

INTRODUCTION

Improvement in modes of transport in Africa and Arabian Peninsula have allowed for a wide distribution of khat
(Catha edulis) into Europe, America and Asia leading to increased consumption (Pennings et al., 2008; Ageely,
2009; Kassim and Croucher 2009). The increase in consumption of khat is due to the euphoric effect of cathinone
which also stimulates the central nervous system thereby increasing energy, improving concentration and motivation
hence improving work capacity and counteracting fatigue (Nencini and Ahmed, 1989). Khat chewing is addictive and
has negative physical, economic and social connotations (Ageely, 2009).
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A study in rats found out that Khat reduced the food consumption, maternal weight gain, in addition to significant
increase in resorptions and fetal wastage. Khat administration in utero also reduced the litter size and caused
intrauterine growth retardation (Al-Mamary et al., 2002). Examination of tissue sections of the liver from rabbits
treated with khat displayed evidence of congestion of the central liver veins as well as acute hepatocellular
degenerative and regenerative activities. Also tissue sections of the kidneys showed some lesions, and the degree of
the lesion increased as the dose of khat increased (Islam et al., 1994).

It is important to note that while the investigations in humans have provided crucial information into the
effects of khat, they mostly have a retrospective background and as such they have several limitations such as the
inability of retrospective analysis to permit sample collection and allow controlled parameters such as dosage as
would be in a randomized controlled study. Animal models are therefore required to address this issue. Whereas
studies in lower animals indicate that khat may have negative effects on body physiology, they do form a good basis
of what is expected in higher animals. Extrapolation of these results to humans is limited because of wide
phylogenetic gap between humans and lower animals.

Various studies available, in human, on khat chewing/usage and its associated effects mainly on males
(Islam et al., 1994; Al-Habori et al., 2002). There is a paucity of information on the effects of khat in females who
engage in khat chewing. The available literature is mainly on social-economic effects and based on retrospective
study designs with no controlled dosage administration. This studies have not been able to generate data on
histopathology of organ tissues such as liver and kidney because it is ethically impossible. Animal models can allow
for randomization and controlled dosage administration as well as harvesting of organs for histopathological
examination.

To overcome the limitations, olive baboon are ideal models of providing insight into the effects of khat usage
during pregnancy. This is because olive baboons are similar to humans in phylogenetics, physiology and
reproductive biology (Nyachieo et al., 2013; D’'Hooghe et al., 2009) and the results can easily be extrapolated and
applied in humans. Indeed, the olive baboon reproductive endocrinology reveal similar hormonal profiles as observed
in humans with the peak estrogen serum level at the time of ovulation followed by progesterone secretion increase
after the onset of LH surge (Steven, 1997). In addition, since baboons’ exhibit perineal sex skin inflation and
deflation in response to the levels of estrogen, it is easy to follow the menstrual cycle by daily inspection and
recording of perineal sex skin inflation and deflation which correspond with relative precision, to the follicular and
luteal phase’s respectively (Steven, 1997). Additionally, studies using baboons offer a number of advantages such
as possibility to evaluate in a dose controlled study the effects of khat on pregnancy and fetal growth and
development with limited ethical restrictions, studies not possible in humans because of the generation time and
examination of features not possible without fatalities.

Thus, the study used pregnant olive baboon (Papio anubis) as an experimental animal model system to
investigate the effects of khat usage during pregnancy.

MATERIALS AND METHODS

Ethical statement

All experimental protocols for this study were reviewed and approved by the nationally accredited Institutional Review
committee (IRC) of Institute of Primate Research (IPR) (Karen, Kenya) vide protocol number IRC/06/13. The
experiments described herein are in accordance with ARRIVE guidelines (KilKenny et al., 2013). Animals were
housed and handled according to international guidelines on care and use of laboratory animals for biomedical use.
Study animals

Six (n=6) adult female olive baboons were sourced from the Institute of Primate Research (IPR) Nairobi, Kenya. Prior
to the study, the animals were screened for tuberculosis, haemoprotozoan parasites and helminths in blood and
stool. They were housed in social groups at the biocontainment facility at IPR under 12 h: 12 h light: dark cycle,
average room temperature of 23° C and with a 60% relative humidity. Animals were fed on commercial pellets (Unga
Feeds Ltd, Nairobi, Kenya), supplemented with fruits and vegetables and water was provided ad libitum.

Preparation of crude khat extract

Fresh khat twigs were purchased from a specific local farm in Maua, Meru County, Kenya on weekly basis and
processed as follows: 60g fresh khat twigs (leaves and shoots, peeled barks), were weighed and blended with 1 00
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ml of distilled water to give crude khat extract. The crude extract was then filtered using a sterile dish cloth. Five
grams of glucose was then added to the filtrate and administered to the baboons.

Experimental design

Six (n=6) adult olive baboons were mated with selected males during their normal cycling period. At 18 days post-
mating, the diagnosis of pregnancy was made with clinical criteria (amenorrhea with flat and red colored perineum)
and ultrasound at day 18 to 24. The pregnant baboons (n=6) were randomly assigned into two groups; the treatment
group (n=3) were given crude khat extract at a dose of 5g/kg body weight per week for 8 weeks and the control group
(n=3) were administered orally with 100ml of normal saline once a week by gavage method. The dosing was based
on previously published information in humans and baboons (Al-Motarreb et al., 2002; Mwenda et al., 2006). All
animals were sedated by intramuscular injection with 0.2 ml/kg body weight of Ketamix (10% Ketamine HCI and 2%
xylaxine). Administration of khat was started during the second trimester (2" month of pregnancy that is week 9 to
week 16). Changes in animal physical health, body weight and blood pressure were monitored throughout the
experimental period. Ten milliliters (10ml) of whole blood was collected weekly for the 8 weeks for separation of sera.
On parturition, both the control and treatment groups were humanely sacrificed and both the liver and kidney were
collected from the dams and the foetus for histopathological examinations.

Weight, blood pressure and body temperature

The animals were weighed, blood pressure and temperature monitored every time an animal was anesthetized to
administer khat or saline. Weight was taken using a weighing scale and body temperature using a thermometer
(rectal temperature). Blood pressure measurements were taken using an electronic a sphygmomanometer (VWR
International, Leuven, Belgium). During blood pressure measurements, while a baboon was under anaesthesia, an
inflatable cuff was placed smoothly around a shaved arm, at roughly the same vertical height as the heart while the
baboon was lying in recumbence position and the arm supported horizontally. The cuff was then inflated until tight
then slowly pressure in the cuff was released until stable readings were achieved and recorded as systolic and
diastolic pressures.

Liver and Kidney Function tests

The effect of khat on liver and kidney functions were determined by assaying for various parameters. For liver
function tests, the following parameters were assayed: liver enzymes (alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphate (ALP) and total and direct bilirubin. For kidney function test, the
following parameters were assayed: creatinine, total protein, blood urea, Potassium and Sodium. All these
parameters were assayed using human kits (Human Gesellschaft fur Biochemica und Diagnostica mbH, Germany)
and protocols followed according to manufacturer’s guidelines.

Histopathological analyses

The tissues (liver and kidney tissues) were collected from the dams and the foetuses, cut into cubes of 1mm? and
preserved in formalin for histopathological analysis. The formalin preserved cubes were then embedded in paraffin
and serially sectioned at 4um. Ten sections were cut per cube, each section was put on a different slide and stained
using hematoxylin and eosin (HE) then observed for histopathology under a microscope (Zeiss, Axiovert 10, model 1-
216-66-EL01-002, West Germany).

Statistical analysis
The levels of liver enzymes, bilirubin, creatinine, protein, urea and electrolytes were expressed as mean + standard
error of mean (SEM). Student t-test was used to determine the effect of khat between the two groups. All tests were

done using StatView software (version 5.0, SAS Institute Inc.). Differences with p values <0.05 were considered
significant at 95% confidence interval.
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RESULTS
Weight, blood pressure and body temperature

The results on effect of khat consumption on weight, blood pressure and body temperature changes are presented
below (Table 1; Figure 1). The results indicated that khat induced a decrease in weight of the animals in the
treatment group compared to those in the control group (p <0.0001). the fetuses from the dams treated with khat had
significantly low birth weight compared to fetuses (p <0.02) from dams in the control group. There were no significant
differences observed in body temperature changes in all groups throughout the experimental period. The treatment
group had both the systolic and diastolic pressure slightly increased than the control group, however, the difference
was not significant (p >0.05; Table 1).

Table 1: Physiological effects of khat (Catha edulis) extract administration in Olive baboons during

pregnancy
Parameter Control Treatment p-value
Diastolic pressure ( mm Hg) 35.33+2.433 40.40+1.173 0.109
Systolic pressure (mm Hg) 72.98+2.893 78.00+2.664 0.248
Weight dams (Kg) 14.99+0.1342 13.14+0.099 0.0001*
Weight Infants (Kg) 0.9 £0.05 0.60+0.05 0.02*
Temperature (°C) 36.52+0.1600 36.56+0.0905 0.7953
* statistically significant difference
Weight
18- Khat treated group
Control group
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=]
S
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Figure 1: The weight of pregnant olive baboons given Khat and pregnant olive baboons on saline

Liver and Kidney Function tests

The liver and kidney function tests are shown in Table 2. An elevation in levels of ALP, AST and ALT of the treatment
group as compared to the control were observed (Table 2). Total bilirubin and direct bilirubin did not show significant
difference between the treatment and the control groups (Table 2). Albumin was significantly decreased in the
treatment group with total protein showing no significance difference between the two groups (p>0.05, Table 2).
Creatinine and Urea were significantly increased in the treatment group while sodium compared was decreased in
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the treatment group compared to the control group (Table 2). There was no significant difference between the
potassium levels of the treatment and the control group (Table 2).

Table 2: Effect of khat administration in olive baboons during the second trimester of pregnancy

Parameter Control group (n=3) Treatment group (n-3) p- value
Albumin (gm/dl) 3.336+0.399 2.065+0.083 0.0075*
Total protein (gm/dl) 6.320+0.6064 5.759+0.1606 0.386
Direct Bilirubin (mmol/I) 0.3238+0.7331 0.317540.074 0.9532
Total Bilirubin (mmol/l) 0.726310.478 0.7788+0.0586 0.499
ALP (1U/l) 190.5+10.72 936.3+95.01 0.001*
ALT (1UN) 22.94+0.8387 26.75+0.8935 0.0078*
AST (1U/) 22.94+0.8387 26.73+0.835 0.0078*
Creatinine (umol/l) 0.5625+0.0232 0.8400+0.09 0.0118*
Urea (umol/l) 39.90+1.686 49.10+3.403 0.0294*
Potassium (mmol/l) 5.524+0.5019 5.501+0.5019 0.97
Sodium (mmol/l) 162.5+5.059 81.53+3.899 0.0001*

* statistically significant difference

Histopathological analyses

Microscopic examination of liver tissues of controls group showed uniform hepatocytes, intact cytoplasm, prominent
nuclei of cells and uncongested central vein (Figure 2A). In addition, no necrotic lesions or inflammatory signs were
observed in these animals. In contrast, the liver tissue of the treatment group showed degenerative vacuolation and
coagulative necrosis and degenerative changes in persisting parenchyma with congestion and hemorrhage. There
were dilatation of sinusoids and mononuclear inflammatory infiltrates around the central vein and portal tracts
including periportal fibrosis (Figure 2B, Figure 2C).

Figure 2A: A micrograph of hematoxylin and eosin stained
liver section for control baboons showing normal liver
morphology. (H & E stain 20x)
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Figure 2B: A micrograph of hematoxylin and eosin stained
liver section for khat treated baboons showing perivascular
cuffing with periportal fibrosis. (H & E stain 20x)

Figure 2C: A micrograph of hematoxylin and eosin stained
liver section of infant from a khat treated baboons showing
perivascular cuffing with periportal fibrosis. (H & E stain 20x)

Microscopic examination of kidney tissue sections of control group demonstrated typical and normal histological
features of tubules, glomerular capillaries and Bowman’s capsule (Figure 3A). In contrast, kidney sections of
treatment group showed histopathological changes. Such changes were characterized by atypical tubules,
amorphous Malpighian corpuscles, and invasive infiltrative inflammatory cells. The glomerulus was degenerative and
capillaries in Malpighian corpuscles were hypertrophied, some of them were destructed, and Bowman’s capsules
seemed dilated (Figure 3B, Figure 3C).
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Figure 3A: A micrograph of hematoxylin and eosin stained
kidney section for control baboons showing normal kidney
morphology. (H & E stain 20x)

Figure 3B: A micrograph of hematoxylin and eosin stained
kidney section for khat treated baboons showing
degenerative glomerulus with red blood cell infiltration. (H
& E stain 20x)
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Figure 3C: A micrograph of hemato

xylin and eosin stained
kidney section of infant from a khat treated baboons
showing necrotic degeneration of the glomerulus. (H & E
stain 20x)

DISCUSSION

This study reports for the first time that consumption of khat during pregnancy alters liver and kidney functions and
results in weight loss. As compared to the controls, the experimental animals had lower body weight. This finding
was similar to previous studies in male baboons (Nyachieo et al., 2013) and other rodents (Shewamene and
Engidawork, 2014; Dhaifalah and santavy, 2014). The reduced body weight could be due to reduced food absorption
as documented elsewhere (Workineh et al., 2010).

Blood pressure and temperature showed similar results for control and experimental animals. Previously,
blood pressure had been shown to increase in khat treated male baboons (Nyachieo et al., 2013). Similarly, the
cathinone, found in khat has been shown to elevate diastolic blood pressure (Workineh et al., 2010).

and heart rate (Toennes et al., 2003). The difference between our study and previous studies could be due
differences in dosage and frequency of administration. Our study used lower dose of 5g/kg body weight/week
compared to the previous studies where 500g per animal was used (Nyachieo et al., 2013).

An increase in the levels of alkaline phosphatase (ALP), aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) in pregnant olive baboons administered with khat. This suggests leakage of these enzymes
into extracellular fluid as a result of toxic damage of liver tissue by the khat extract which may be compromising the
membrane integrity of hepatocytes. Our finding is corroborated by a previous report in rodents (Alam et al., 2014).
Tissue necrosis or membrane damage due to oxidative stress leading to increased levels of hepatic enzymes ALT,
ALP and AST in the plasma (Al-Habori et al.,2002). This agrees with the histopathological examinations we obtained.
In rats, similar findings have been shown while using hydroethanolic crude extract of khat shrubs (Al-Hashem et al.,
2011) and crude extract of khat to rats (Al-Mehdar et al., 2012).

In this study, there was a significant decrease in serum albumin. The results agree with those reported
earlier (Alam et al., 2014). Albumin is synthesized in the liver, and low serum albumin may be indicative of liver
failure or diseases such as cirrhosis or chronic hepatitis. Hypoalbuminemia can also present as part of the nephrotic
syndrome, in which protein is lost in the urine due to kidney damage. Moreover, low albumin levels can also be an
indicator of chronic malnutrition or protein losing enteropathy (Al-Mehdar et al., 2012; Fahaid et al., 2011). Liver
damage leading to decrease in albumin could be due to presence of some constituents of the Catha edulis that might
have been converted to pro-oxidant metabolites decreasing the synthesis or activity of the antioxidant system in
treatment group hence generation of free radicals by inhibiting synthesis of antioxidant enzymes, suggesting the liver
damage observed (Fahaid et al., 2011).

Our study showed that there were similar levels of total bilirubin, direct bilirubin and total protein between the
control and the treatment groups. This is in contrast with previous studies that have observed that oral administration
of khat increases serum bilirubin (Fahaid et al., 2011) and decreased total protein (Al-Hashem et al., 2011).This
difference could be due to the differences in the amount and duration of khat administration.
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Our study further established that khat has an effect on kidney function due to the presence of elevated levels of
creatinine and blood urea nitrogen in the treatment group compared to controls. This can be attributed to impairment
in tubular reabsorption, renal blood flow and glomerular filtration rate (Alam et al., 2014). Increase in serum urea,
creatinine, and uric acid has been previously linked to kidney disease (Fahaid et al., 2011). There was significantly
elevated levels of Sodium in the treatment group as compared to the controls but not in Potassium. The elevation of
Sodium is an indicator of renal impairment as evidenced previously (Herny et al., 1998). This shows that khat may
have chemical components that act directly or via mediation to induce over-hydration or induce secretion of
vasopressin (Herny et al., 1998).

Pathological findings showed that indeed khat causes destruction of kidney structures characterized with
infiltration of inflammatory cells, and degenerative glomerulus. The liver and kidney tissue pathologies observed in
this study are consistent with those observed in rabbits (Islam et al., 1994; Al-Habori et al., 2002) However, the
mechanism of khat toxicity in the liver and kidney is uncertain but generation of free radicals and oxidants can be
implicated in inducing organotoxicites (Fahaid et al., 2011; Al-Zubairi et al., 2013).

CONCLUSION

The study has revealed that khat (Catha edulis) extract could have toxic effects on the biochemical components
indicative of liver and kidney toxicity. However, the study findings were are not conclusive, therefore, further studies
are indicated to establish the actual metabolisms and signalling pathways that are controlled by the chemical
components present in khat.
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