
Received:  2024.08.07
Accepted:  2024.09.10

Available online:  2024.09.30
Published:  2024.11.04

  3914      3      5      22

Impact of Fresh Khat Extract 
on Proinflammatory Cytokines 
and Hepatic and Renal Responses

	 ABCDEFG  1	 Siddig I. Abdelwahab
	 ABCE  1	 Manal M.E. Taha 
	 BC  2	 Sivakumar S. Sivagurunathan Moni 
	 B  3	 Mahdi M. Alnajai 
	 BEG  4	 Ahmed A. Jerah
	 BEG  5	 Abdullah Farasani
	 BEG  5	 Saleh M. Abdullah
	 BEG  6	 Ieman A. Aljahdali
	 BEG  7	 Omar Oraibi
	 BEG  1	 Bassem Oraibi 
	 BEG  8	 Hassan A. Alfaifi
	 BEG  9	 Amal H. Alzahrani
	 BEG  10	 Yasir O.H. Babiker 
	 BE  10,11	 Adel S. Al-Zubairi 

	 Corresponding Author:	 Adel S. Al-Zubairi, e-mail: adelalzubairi@hotmail.com
	 Financial support:	 Deanship of Graduate Studies and Scientific Research, Jazan University, Saudi Arabia, through Project Number RG24-M014
	 Conflict of interest:	 None declared

	 Background:	 This study examined the effects of khat extract on the proinflammatory cytokines, liver, and kidneys of rats. 
Unlike previous research that focused on broad immune markers and general effects, this study investigated 
specific proinflammatory cytokines (IL-1b, IL-2, IL-4, IL-6, and TNF-a) and considered gender differences in the 
immune response. Fresh khat plants and nontoxic doses were used to obtain clear observations relevant to 
human health.

	 Material/Methods:	 Extracts were prepared from young shoots of khat plants and fresh leaves. 150-gram male and female rats 
were randomly divided into 8 groups (5 rats per group). Six groups received the extract orally for 8 weeks at 
doses of 100, 300, and 500 mg/kg/day. Blood samples were collected after 56 days and assayed for cytokines 
using ELISA, while liver enzymes and kidney markers were assayed using kinetics and colorimetric methods.

	 Results:	 Khat extract increased the levels of most cytokines, with higher doses causing greater increase. This effect was 
consistent across sexes for some cytokines (IL-1b, IL-2), but not others (IL-4, IL-6, TNF-a), where sex played a 
role at specific doses. Various doses of the extract influenced glucose levels in both male and female rats. In 
addition, liver enzyme markers showed some variations.

	 Conclusions:	 This study, with its intriguing findings, illuminates the complex effects of khat on various systems. Variations in 
AST and ALT levels in the liver support earlier hepatotoxicity research and suggest possible khat-induced dam-
age. This study revealed consistently increased levels of all cytokines as the dose of khat extract increased.
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Introduction

Khat (Catha edulis, Forsk), an evergreen shrub, is commonly used 
as a natural stimulant. Millions of people chew them in Ethiopia, 
Kenya, Yemen, Saudi Arabia, Somalia, Djibouti, and other coun-
tries. Chewed khat leaves have long been used as a social and 
recreational stimulant [1,2]. In addition to being a social and en-
tertaining stimulant, khat has long been used to treat various 
illnesses [3]. The alkaloid cathinone, and to a lesser extent the 
diastereomers cathine, is primarily responsible for khat-stimu-
lating effects. Cathinone is mostly present in the young, fresh 
leaves of khat plants and is an intermediary metabolite in the 
synthesis of cathine. In each session, 100-200 g of fresh khat 
leaves or shoots is chewed, the juice is drawn out, and the plant 
residue is left in the mouth. A slightly euphoric state brought 
on by using khat increased alertness, energy, and chattiness. 
Farmers, students, and everyday workers utilize khat while work-
ing to increase alertness and reduce physical fatigue [1,3-5].

Limited information is available regarding the association be-
tween acute and chronic khat use and its impact on liver func-
tion, including serum enzyme levels. However, many case stud-
ies and brief case series have surfaced recently, mostly from 
the UK and Europe, as well as among immigrants from areas 
where khat use is common [6-8]. These findings indicated cas-
es of serious acute and chronic liver damage associated with 
khat use. Long-term khat usage usually precedes the devel-
opment of liver damage, which can manifest as acute symp-
toms, including nausea, exhaustion, pruritus, and jaundice, 
or as chronic manifestations, including symptoms and conse-
quences associated with portal hypertension. Hepatocellular 
patterns of elevated liver enzyme levels are often seen in cas-
es of khat-related liver damage; acute presentations show no-
ticeably higher aminotransferase levels [6,7].

On the other hand, because of the plant’s tannin and norpseu-
doephedrine content, khat is known to increase risk of and vul-
nerability to cognitive impairment, vascular diseases, stomach 
ulcers, increased adrenocorticotrophic testosterone levels, urine 
retention, gastrointestinal tract constipation, and hemorrhage 
[1,3-5]. Cathinone also briefly increases the heart rate, blood 
pressure, and respiration rate. It also improves cerebral blood 
flow, sharpens thinking, and gives people energy [9,10]. It has 
been shown that the physiological properties of cathinone are 
comparable to those of the artificial stimulant amphetamine 
[11]. The structural connections were clear. It is produced in 
the central nervous system, euphoria, hyperactivity, restless-
ness, enhanced alertness and happiness, decreased physical 
tiredness in users, mouth dryness, mydriasis, hunger, hyper-
thermia, hypertension, and tachycardia [12,13]. Despite these 
reports of the psychological and physical impacts of khat and 
cathinone, little research has been conducted on their immu-
nomodulatory properties or biochemical effects.

This study investigated the effects of khat extract on the pro-
inflammatory cytokines, liver, and kidneys of rats. The goal of 
this study was to overcome the shortcomings of earlier stud-
ies and to increase our knowledge of the effects of this plant. 
Clearer observations that more accurately characterize human 
body processes were attained by investigation using fresh khat 
plants [14] and nontoxic dosages. Unlike earlier studies that 
focused on broad effects and general immune system mark-
ers [15-17], this study examined particular proinflammatory 
cytokines and sex variations in immunological responses. This 
study provides important new information regarding the com-
plex effects of khat extract on many systems and emphasizes 
the need for future research to fully understand the potential 
risks and therapeutic implications of khat use.

Material and Methods

Ethical Considerations

This study underwent a comprehensive review and was 
approved by the Institutional Research Review and Ethics 
Committee (MRC-IRB) of the Medical Research Centre at Jazan 
University, Jazan, Saudi Arabia. The study was approved by ap-
proval number 112/SIA/1443. The study strict ly adhered to 
the ARRIVE Guidelines for reporting in vivo experiments [20] 
and all experiments were conducted in complete accordance 
with the guidelines set by the MRC-IRB.

Materials and Reagents

High-quality analytical grade solvents, reagents, and chemicals 
were used in this study. Reference standards for cathine and 
cathinone were acquired from Lipomed (Al-Ashban Trading, 
Kingdom of KSA). Ethanol, chloroform, sodium chloride, potas-
sium chloride, magnesium sulfate, calcium chloride, glucose, 
ammonium formate buffer, formic acid, and acetonitrile were 
purchased from reputable suppliers such as Sigma-Aldrich and 
ThermoFisher (St. Louis, MO, USA).

Plant Material and Extraction

The khat plant was acquired from the Jazan University’s 
Substance Abuse and Toxicology Research Center, with all 
necessary government authorizations. The taxonomic iden-
tity was confirmed at the Medical Research Center of Jazan 
University. A voucher specimen (MRC/CE/1442-3) was de-
posited at the botanical facilities of Jazan University Medical 
Research Center. Young shoots and fresh leaves were frozen 
before use. The fresh khat contained the most active ingre-
dients. Young shoots and fresh leaves were cleaned, frozen, 
and minced using a mortar and pestle. The weight of the fresh 
plants served as a guide for dosage. The effectiveness of our 
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extraction technique for the detection of cathine and cathi-
none alkaloids was verified by liquid chromatography-mass 
spectrometry (LC-MS). Comparable results have been obtained 
in a previous study [18].

Grouping and Dosing of Experimental Animals

The rats were allowed to acclimatize to the laboratory envi-
ronment for one–two weeks during the first phase of acclima-
tization, which was used to optimize experimental conditions. 
This was the time at which the rats could consume regular lab-
oratory food and water. Animals (150±25 g) were supplied by 
the Jazan University Medical Research Center in Jazan, Saudi 
Arabia. To ensure that they were healthy, they were selected 
based on inclusion criteria. Animals were randomly assigned 
to experimental groups using a computer-generated random-
ization sequence or another unbiased method to reduce bias. 
A pilot experiment to determine the extract doses showed no 
physical or behavioral harm to rats. We chose doses of 100, 
200, and 500 mg/kg for further research [19]. The experiment 
involved male and female rats 8 weeks old. Forty male and fe-
male rats were randomly divided into 8 groups of 5 rats each. 
Rats in the control group were divided into 2 groups: male 
and female. Male and female rats comprised the remaining 6 
groups, which received an oral dose of the extract for 8 weeks 
at doses of 100, 300, and 500 mg/kg/day. Fifty-six days after 
the rats received the extract, their blood and plasma samples 
were collected for biochemical testing.

Measurement of Serum IL-1b, IL-2, IL-4, IL-6, and TNF-a 
Levels

Serum IL-1b

Serum levels of IL-1b were quantitatively measured using rat 
IL-1b ELISA kits (ABCAM, USA). This assay uses a simple sand-
wich ELISA technique to determine the IL-1b concentration in 
the serum samples. Both the standards and samples were pi-
petted into the designated wells and incubated at room tem-
perature for 2.5 hours with the ELISA plate covered with a lid. 
During this incubation, the IL-1b contained in the samples 
bound to the wells, which had previously been coated with 
a specific immobilized antibody. After incubation, the wells 
were thoroughly washed with a Biotek ELISA washer (Elx50, 
USA) using 1X wash solution to remove unbound substanc-
es. A 1×biotinylated anti-rat IL-1b antibody was then added 
to each well, and the plate was incubated for 1 hour at room 
temperature with gentle shaking. The plate was then washed 
again to remove unbound biotinylated antibody. Horseradish 
peroxidase (HRP)-conjugated streptavidin was then added to 
the wells, and after another wash, a substrate solution con-
taining tetramethylbenzidine (TMB) was added. The plate was 
then incubated for 30 minutes at room temperature in the dark 

with gentle shaking. Finally, a stop solution was added to stop 
the reaction. The intensity of the developed color, which is di-
rectly proportional to the amount of IL-1b present, was mea-
sured at 450 nm using a Biotek ELISA reader (ELX 800, USA). 
The absorbance value indicated the amount of IL-1b bound to 
the specific antibody, and the sample concentration was cal-
culated by extrapolation from a standard curve.

Serum IL-2

The serum level of IL-2 was quantitatively determined using 
an IL-2 ELISA kit for rats (ABCAM, USA). A sandwich ELISA was 
used to determine the IL-2 concentration in the serum sam-
ples. Standard solutions and samples were pipetted simulta-
neously into the corresponding wells, the plate was covered 
with a lid and incubated overnight at 4°C with gentle shak-
ing. After incubation, the solution was discarded, and the wells 
were thoroughly washed with 1×wash solution using a Biotek 
ELISA washer (ELX 50, USA). Then, 1X biotinylated anti-rat IL-2 
antibody was added to each well, and the plate was incubated 
at room temperature for 1 hour with gentle shaking. After this 
incubation, the plate was washed again to remove unbound 
biotinylated antibody. HRP-conjugated streptavidin was then 
added to the wells, followed by incubation at room temper-
ature for 45 minutes. The wells were washed again as previ-
ously described. After the last wash, a tetramethylbenzidine 
(TMB) solution was added to the wells and the plate was incu-
bated for 30 minutes in the dark with gentle shaking at room 
temperature. A stop solution was then added to stop the re-
action. The IL-2 concentration was determined by measuring 
the absorbance at 450 nm using a Biotek ELISA reader (ELX 
800, USA). The IL-2 concentration in the samples was calcu-
lated by extrapolation from a standard curve.

Serum IL-4

Serum interleukin-4 (IL-4) levels were measured quantita-
tively using an IL-4 ELISA kit for rats (Abcam, USA) in a sand-
wich ELISA format. A 96-well plate pre-coated with an anti-
body specific for rat IL-4 was used for the assay and samples 
and standards were added to the plate. The IL-4 in the sam-
ples binds to the immobilized antibody, resulting in a detect-
able signal. The plate was then sealed and incubated for 2.5 
hours. After incubation, the wells were rinsed 4 times with 1X 
wash buffer in a microplate strip washer (Biotek ELX50, USA). 
After washing, 100 µL of biotin-labelled IL-4 specific antibody 
was added to each well and incubated at room temperature 
for one hour. The plate was washed again 4 times, then 100 
µL of HRP-streptavidin solution (enzyme conjugate) was added 
to each well and incubated for 45 minutes with gentle shak-
ing. Subsequently, 100 µl of TMB substrate was added to all 
wells and incubated for 30 minutes in the dark. The reaction 
was then stopped and the absorbance was measured at 450 
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nm using an ELISA reader (ELx800, USA). The IL-4 concentra-
tion in the samples was determined by extrapolation from an 
IL-4 standard calibration curve.

Serum IL-6

Serum interleukin-6 (IL-6) levels were quantified with a rat IL-6 
ELISA kit (MyBioSource, USA) using a double antibody sand-
wich technique similar to that used for IL-2 and IL-4. Standard 
solutions and samples (100 µl each) were added to the appro-
priate wells of the ELISA plate and incubated at 37°C for 1.5 
hours. After incubation, the plates were washed twice with 
wash buffer. Subsequently, 100 µl of the biotinylated IL-6 an-
tibody was added to each well, the plate was sealed and in-
cubated at 37°C for 60 minutes. The wells were then washed 
thoroughly 3 times using a microplate strip washer (Biotek 
ELX50, USA). Then, 100 µL of the enzyme complex was added 
to each well and the plate was incubated at 37°C for 30 min-
utes. After this incubation, the wells were washed again and 
100 µL of the prepared color reagent was added, followed by 
incubation at 37°C for 30 minutes. After 30 minutes, 100 µl 
of reagent C was added to each well and the contents were 
mixed thoroughly on a plate shaker for 1 minute. The absor-
bance was then measured at 450 nm using an ELISA spectro-
photometer (ELx800, USA). The IL-6 concentration in the sam-
ples was determined by extrapolation from a standard curve 
and expressed in pg/ml.

Serum TNF-a

Tumour necrosis factor-alpha (TNF-a) levels in serum were 
quantified using a rat TNF-a ELISA kit (MyBioSource, USA). This 
kit uses a sandwich enzyme immunoassay for the quantita-
tive in vitro detection of TNF-a in rat serum. In the assay, 100 
µL of each of the standards and samples were added to the 
corresponding wells of the ELISA strips. The plate was sealed 
and incubated at 37°C for 1.5 hours. After incubation, the me-
dium in each well was replaced with 100 µL of the biotinyl-
ated antibody, the plate was resealed and incubated at 37°C 
for one hour. The wells were then rinsed 3 times with wash 
buffer using a microplate strip washer (Biotek ELX50, USA), 
with a two-minute soak time after each wash. Subsequently, 
100 µL of the HRP complex was added to each well, the plate 
was sealed and incubated at 37°C for 30 minutes. The wells 
were then washed 3 more times using the same soaking pro-
cedure. Subsequently, 90 µL of substrate solution was added 
to each well and the plate was incubated for 15 minutes at 
37°C in the dark. Finally, 50 µl of stop reagent was added to 
each well, and after thoroughly mixing the contents, the op-
tical density was immediately measured at 450 nm using an 
ELISA reader (ELx800, USA). The TNF-a concentrations in the 
samples were determined by extrapolation from a standard 
calibration curve.

Liver and Kidney Markers

Serum concentrations of glucose (mmol/L), blood urea nitro-
gen (mmol/L), creatinine (µmol/L), sodium (mmol/L), potassi-
um (mmol/L), aspartate aminotransferase (U/L), alanine ami-
notransferase (U/L), alkaline phosphatase (U/L), and total 
bilirubin (mg/dL) were measured using an automated clinical 
chemistry analyzer (Beckman Coulter, Brea, California, USA). 
Measurements were conducted at the General Directorate of 
Health Services and University Hospital, Jazan University, Jazan 
45142, Saudi Arabia.

Statistical Analyses

Data were analyzed using SPSS version 21.00. Descriptive sta-
tistics are reported as the mean±standard error of the mean. 
Statistical comparisons between groups were performed us-
ing one-way analysis of variance (ANOVA) and Student’s t-test. 
Post hoc analysis was conducted using the least significant dif-
ference (LSD) test. The significance level for all tests was set 
at a=0.05. Figures were generated using GraphPad Prism ver-
sion 9 (GraphPad Software, San Diego, CA, USA).

Results

Cytokine network

Figure 1 depicts IL-1b levels in response to varying doses of 
khat extract. The findings revealed that at higher extract dos-
ages, IL-1b levels significantly increased. However, there were 
no appreciable differences in IL-1b levels between the male 
and female groups. In contrast, Figure 2 shows IL-2 levels in 
response to various khat extract dosages. These results dem-
onstrated that the extract affected IL-2 levels in a dose-de-
pendent manner (P<0.05). Moreover, no appreciable differ-
ences in IL-2 levels were observed between the male and 
female groups, indicating that the dose-dependent effect of 
khat extract on IL-2 levels was unaffected by sex. Figure 3 
displays the dose-dependent effects on IL-4 levels and poten-
tial sex differences in rats treated with various khat extract 
doses. Increasing the extract dosage led to increased IL-4 lev-
els. Significantly, a sex difference was noted at a dosage of 
200, suggesting a unique reaction to this particular khat ex-
tract dosage in terms of IL-4 synthesis. These results empha-
size how the complex khat extract dose, IL-4 levels, and sex 
affect the immunological responses of rats. Figures 4 and 5 
show that, at higher dosages of khat extract, IL-6 and TNF-a 
levels increased in a dose-dependent manner. Significant sex 
differences were noted in this instance, too, at dosages of 
100 mg/kg and 500 mg/kg, respectively, indicating sex-spe-
cific changes in IL-6 and TNF-a synthesis.
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Figure 1. �Quantitative assessment of IL-1b levels in serum using sandwich ELISA. This figure demonstrates the measurement of IL-
1b concentration in rat serum using a sandwich ELISA. Serum samples were collected and analyzed using IL-1b rat ELISA 
kits from MyBioSource (USA). The optical density was measured at 450 nm with an ELISA reader (ELx800, USA). IL-1b levels 
were calculated based on a standard curve and expressed in pg/mL. * Indicates statistically significant differences; ns – no 
significant changes. (A) Female groups; (B) male groups; (C) comparison between male and female groups. (This figure was 
generate using GraphPad Prism version 9, GraphPad Software, San Diego, California, USA).
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Figure 2. �Sandwich ELISA quantitative serum IL-2 assessment. IL-2 rat ELISA kits from MyBioSource (USA) were used to examine 
serum samples. We assessed optical density at 450 nm with an ELISA reader (ELx800, USA). IL-2 levels were determined in 
pg/mL using a standard curve. The picture depicts the experimental technique and quantifies serum IL-2 levels. * Indicates 
statistical significance; ns – no significant differences. (A) Female groups; (B) male groups; (C) contrast between male and 
female groupings. (This figure was generate using GraphPad Prism version 9, GraphPad Software, San Diego, California, USA).
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Figure 3. �Sandwich ELISA quantitative serum IL-4 assessment. IL-4 rat ELISA kits from MyBioSource (USA) were used to examine 
serum samples. We assessed optical density at 450 nm with an ELISA reader (ELx800, USA). IL-4 levels were determined in 
pg/mL using a standard curve. The picture depicts the experimental technique and quantifies serum IL-4 levels. * Indicates 
statistical significance; ns indicates no significant differences. (A) Female groups; (B) male groups; (C) comparison between 
male and female groups. (This figure was generate using GraphPad Prism version 9, GraphPad Software, San Diego, California, 
USA).
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Figure 4. �Quantitative assessment of IL-6 levels in serum using sandwich ELISA using IL-6 rat ELISA kits from MyBioSource 
(USA). * Indicates statistically significant differences; ns – no significant changes. (A) Female groups; (B) male groups; 
(C) comparison between male and female groups. (This figure was generate using GraphPad Prism version 9, GraphPad 
Software, San Diego, California, USA).
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Figure 5. �Quantitative assessment of TNF-a levels in serum using sandwich ELISA. Serum samples were collected and analyzed using 
TNF-a rat ELISA kits from MyBioSource (USA). The optical density was measured at 450 nm with an ELISA reader (ELx800, 
USA). TNF-a levels were calculated based on a standard curve and expressed in pg/mL. The figure provides an overview of 
the experimental procedure and represents the quantitative assessment of TNF-a levels in serum. * Indicates statistically 
significant differences; ns – no significant changes. (A) Female groups; (B) male groups; (C) comparison between male and 
female groups. (This figure was generate using GraphPad Prism version 9, GraphPad Software, San Diego, California, USA).
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Effect of Khat on the Blood Glucose Levels

Table 1 displays the sex-based glucose values (mmol/L). The 
glucose level variations between the groups were statistical-
ly significant as the threshold of significance was less than 
0.05. The letters (a, b) in the table indicate one-way ANOVA-
analyzed statistical significance between groups. The control, 
100 mg/kg, 300 mg/kg, and 500 mg/kg treated groups were 
included. In male rats, the control group had a mean glucose 
level of 6.12±0.14 mmol/L, followed by the 100 mg/kg group 
at 6.04±0.71, the 300 mg/kg group at 5.67±0.09, and the 500 
mg/kg group at 6.73±0.30. Among female rats, the control 
group had a mean glucose level of 6.55±0.10 mmol/L, followed 
by the 100 mg/kg group at 5.98±0.25, the 300 mg/kg group 
at 6.17±0.79, and the 500 mg/kg group at 6.47±0.39 mmol/L.

Table 1. Effect of khat on the blood glucose levels.

Groups
(mmol/L)

Male Female

Control 6.12±0.14a 6.55±0.10a

100 mg/kg 6.04±0.71a 5.98±0.25b

300 mg/kg 5.67±0.09a 6.17±0.79a,b

500 mg/kg 6.73±0.30a 6.47±0.39a,b

The level of significance was set at <0.05, indicating that the 
differences between the groups were statistically significant. 
The letters (a, b) in the table represent the specific statistical 
significance between groups, as analyzed by one-way ANOVA.

Groups
AST (U/L) ALT (U/L) ALP (U/L) TBI (mg/Dl)

Male Female Male Female Male Female Male Female

Control
336.33± 
18.64a

216.67± 
29.84a

109.67± 
13.87a

92.33± 
10.79a

227.00± 
84.48a

144.00± 
30.0a

0.17± 
0.06a

0.10± 
0.01a

100 mg/kg
270.33± 
90.15b

277.33± 
36.96a

110.33± 
16.26a

85.67± 
21.94a

265.33± 
75.48a

125.33± 
22.01a

0.13± 
0.06b

0.17± 
0.06a

300 mg/kg
270.67± 
62.32b

251.67± 
33.65a

92.67± 
11.72b

86.00± 
3.46a

171.33± 
16.80a

200.00± 
60.36a

0.17± 
0.06a

0.13± 
0.06a

500 mg/kg
267.33± 
21.78b

322.00± 
26.89b

98.00± 
11.53b

91.00± 
7.21a

213.00± 
59.00a

178.67± 
23.63a

0.17± 
0.06a

0.20± 
0.01a

Table 2. Glucose, hepatic markers and total bilirubin of female and male rats fed with the extract.

The level of significance was set at <0.05, indicating that the differences between the groups were statistically significant. The letters 
(a, b) in the table represent the specific statistical significance between groups, as analyzed by one-way ANOVA.

Groups
BUN (mmol/L) Creatinine (µmol/L) Na (mmol/) K (mmol/L)

Male Female Male Female Male Female Male Female

Control
8.23± 
0.35a

7.53± 
0.32a

35.69± 
4.51a

41.87± 
2.86a

143.00± 
1.00a

139.67± 
1.53a

7.40± 
0.36a

7.77± 
0.32a

100 mg/kg
8.13± 
1.17a

9.60± 
0.61b

32.06± 
9.43a

47.20± 
3.17a

141.33± 
3.51a

142.67± 
0.58a

6.93± 
0.59a

7.10± 
1.21a

300 mg/kg
7.10± 
1.18a

9.70± 
1.83b

33.87± 
7.00a

43.35± 
4.29a

144.00± 
1.00a

142.33± 
0.58a

6.97± 
0.38a

7.10± 
0.30a

500 mg/kg
7.23± 
0.75a

7.47± 
0.12a

29.15± 
9.01a

42.44± 
10.68a

140.00± 
4.58a

141.33± 
2.52a

7.33± 
0.21a

7.53± 
0.49a

Table 3. Renal markers female and male rats fed with the extract.

The level of significance was set at <0.05, indicating that the differences between the groups were statistically significant. The letters 
(a, b) in the table represent the specific statistical significance between groups, as analyzed by one-way ANOVA.
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Renal and Hepatic Markers

For males, the aspartate aminotransferase (AST) levels ranged 
from 267.33 U/L to 336.33 U/L, with the Control group having 
the highest level (Table 2). For females, the AST levels ranged 
from 216.67 U/L to 322.00 U/L, with the Control group having 
the lowest level. In males, the alanine aminotransferase (ALT) 
levels ranged from 92.67 U/L to 110.33 U/L. The Control group 
had the lowest ALT level, whereas the 100 mg/kg group had 
the highest ALT level. However, the differences in ALT levels 
between groups were not statistically significant. In females, 
the ALT levels ranged from 85.67 U/L to 92.33 U/L. The Control 
group had the highest ALT levels, whereas the 300 and 500 
mg/kg groups had relatively lower ALT levels. The differenc-
es in ALP levels between groups were not statistically signifi-
cant. No significant difference was observed in total bilirubin 
levels between the male and female groups.

Table 3 summarizes various biochemical parameters, includ-
ing blood urea nitrogen (BUN) in mmol/L, creatinine in µmol/L, 
sodium (Na) in mmol/L, and potassium (K) in mmol/L, for the 
different groups categorized by sex. Notable findings includ-
ed significantly higher BUN levels in females in the 100 mg/kg 
and 300 mg/kg groups than in the control group. No significant 
differences were observed in the other parameters between 
the groups. Specific statistical comparisons and significance 
levels are not provided in the given information.

Discussion

Variations in AST and ALT levels in the liver support earlier hep-
atotoxicity research and suggest possible khat-induced dam-
age. However, further investigation is required to verify the 
degree of damage and identify countermeasures. Higher BUN 
levels in females at higher khat dosages suggested possible 
malfunction. The main objective of this study was to assess 
the effects of khat extract on the immune system as well as 
hepatic and renal markers, using rats as a model animal. As it 
tackles the constraints that impede the detection of autoim-
mune effects, this study deviates from earlier studies [2,17]. 
Clearer observations made possible by the use of fresh plants 
and nontoxic doses in this study increased the precision of the 
results in describing the functions occurring in the human body.

Khat is associated with hepatotoxicity. Studies in rats have 
demonstrated that khat increases inflammation and oxida-
tive stress in the liver [1,4,21]. Changes in the liver serum are 
indicators of this injury [1,21]. Studies of normal hepatocytes 
have also indicated in vitro cytotoxicity prompted by khat [22]. 
Beyond the potential harm to the liver, khat consumption may 
also lower blood cell production [4] and interfere with liver-
metabolized drugs [21]. Although these studies highlight the 

potential risk of liver damage associated with chewing khat, 
Coenzyme Q10 supplementation may offer some protection 
against the negative effects of khat in mice [4].

The current results demonstrate the relevance of the differences 
in AST and ALT levels between various male and female groups 
in the context of possible hepatotoxicity. High AST and ALT val-
ues in the control group, especially in the females, were sugges-
tive of potential liver damage. Studies linking khat usage to liver 
damage are consistent with the rise in these liver enzymes be-
cause khat increases oxidative stress and inflammation in the liv-
er. The abnormalities identified in this study were consistent with 
the symptoms of liver damage associated with khat use [1,2]. 
Although there was no statistically significant difference in the 
ALT levels between the groups, khat could still be bad for the liver.

According to previous research, chewing khat can lead to neph-
rotoxicity [1,5]. Markers of impaired kidney function, creatinine, 
and blood urea nitrogen increased following khat use [1,5] lend 
credence. Al-Hashem et al. [1] also reported that khat increases 
kidney markers of oxidative stress and interferes with antioxidant 
enzyme activity [1]. Remarkably, khat may aggravate renal impair-
ment caused by other drugs [5]. Although earlier studies indicate 
that khat use can damage the kidneys in a dose-dependent man-
ner, with higher dosages causing more harm [1,5], Table 2 pro-
vides some evidence. In females from the 100 mg/kg and 300 mg/
kg groups, the table indicates noticeably higher blood BUN val-
ues than in the control group, which is consistent with the antic-
ipated increase in renal dysfunction markers at higher khat dos-
ages. A more definitive conclusion is hampered by the paucity of 
data on other indicators, such as antioxidant enzyme activity or 
interactions with other drugs and the absence of appreciable in-
creases in creatinine levels. Future research imitating this design 
with thorough statistical analysis and the addition of other kidney 
function markers is required to provide a more accurate picture.

The investigation of khat and its immunological effects revealed 
a complex dose-dependent relationship. Reduced khat extract 
dosages boost the immune system, as seen by increased IgG and 
IgM antibodies and CD4+ T helper cells in mouse studies [17]. 
Conversely, a decrease in CD8+, CD3+, and white blood cell 
counts suggested that increased khat extract dosages inhibit-
ed the cellular immunological response in mice [17]. Although 
khat addiction may not have a major impact on resistin levels 
in tuberculosis (TB) patients as opposed to TB patients with-
out addiction, one study suggested that khat addicts may have 
a higher bacterial burden in their lungs [15]. The exact mech-
anism by which khat alters the immune system remains un-
clear. More research is needed to validate these findings in hu-
mans and to clarify their implications for human health [16,17].

Drawing on other studies [16,17], this study presents a unique 
perspective on the immunological effects of khat extract. 
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Research on the impact of certain proinflammatory cytokines 
(IL-1b, IL-2, IL-4, IL-6, and TNF-a) extends beyond that of gen-
eral immune system markers such antibodies and cell counts. 
Remarkably, our results show that in contrast to earlier theories 
of possible dose-dependent immunological stimulation or inhibi-
tion, all assessed cytokines increased consistently with increasing 
khat extract doses [17]. Moreover, our study revealed differenc-
es in IL-4, IL-6, and TNF-a synthesis between male and female 
rats, thereby shedding light on the possible effect of sex on the 
immune system. However, previous studies have not addressed 
this issue [15-17]. Considering sex differences and concentrat-
ing on particular cytokine responses, the present study adds a 
great deal to the body of knowledge based on earlier studies.

This study has a limitation in the manner of extracting the 
khat juice in humans in contrast to extracting the plant ma-
terial manually to the animal model and the inability to mea-
sure the degree of damage in this study. Estimation of hepa-
tocellular damage and kidney damage require more markers 
measurement to highlight the effect of khat in these 2 organs.

Conclusions

This study examined the effects of khat extract on the liver, kid-
neys, and cytokines in rats. This provides new insights for future 

studies. Variations in AST and ALT levels in the liver support ear-
lier hepatotoxicity research and suggest possible khat-induced 
damage. However, further investigation is required to verify the 
degree of damage and identify countermeasures. Higher BUN 
levels in females at higher khat dosages suggested possible mal-
function, which was partially in line with previous research that 
related khat use to dose-dependent kidney injury. In contrast 
to earlier studies, in this study consistently increased all cyto-
kines as the dose of the khat extract increased. It also brings to 
light possible variations in the immune response by sex, which 
calls for further research. This study clarifies the intricate im-
pact of khat use on different systems and highlights the need 
for more research to completely comprehend the possible haz-
ards and therapeutic implications of khat use.
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