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ABSTRACT 

Background: Chewing the leaves of Catha edulis, commonly known as khat, is a habitual practice embraced by individuals 

across various societal strata in Yemen and East Africa. The interaction of medications used to treat chronic diseases with khat 

has not been adequately studied, particularly in relation to electrolyte imbalances. Therefore, this study aimed to investigate 

the effect of khat extract and atorvastatin, either alone or in combination, on electrolyte imbalance in a rat model. 

Methods: Khat was extracted by the methanolic extraction protocol. A total of 24 healthy albino rats were randomly divided 

into four groups of six rats: control group, khat extract-treated group, atorvastatin-treated group, and khat plus atorvastatin-

treated group. All drugs were administered orally using a metal gavage needle from day 1 to 28, and body weight was 

measured weekly. Blood samples were collected from the tail vein to measure serum levels of sodium, potassium, chloride, 

calcium, and ionized calcium. The mean values of body weight and serum electrolytes were compared using appropriate 

statistical tests. 

Results: On day 28, the mean body weights of rats treated with khat plus atorvastatin (153.17±30.30), atorvastatin 

(155.67±19.53) and khat extract (194.17± 26.73) were significantly lower than the mean body weight of the control group 

(246.50±39.73). In addition, significantly higher mean serum sodium levels (mmol/L) were observed in rats treated with khat 

extract (157±2.22),  atorvastatin (161±7.21) and khat plus  atorvastatin (167±4.14) compared to the control group (139±1.71). 

However, there were no statistically significant differences in the mean serum potassium levels (mmol/L) in rats treated with 

khat extract (5.07±0.33),  atorvastatin (5.21±.036) and khat plus  atorvastatin (5.48±0.68) compared to the control group 

(4.66±0.39). Regarding serum chloride, significantly higher mean levels (mmol/L) were observed in rats treated with khat 

extract (111±5.49),  atorvastatin (114±3.31) and khat plus  atorvastatin (120±2.64) compared to the control group (99±1.77) on 

day 28. However, significantly lower mean serum calcium and ionized calcium levels (mmol/L) were observed in rats treated 

with  atorvastatin (2.68±0.16 and 1.24±0.09, respectively) and khat plus  atorvastatin (2.61±0.10 and 1.23±0.05, respectively) 

compared to the control group (2.82±0.09 and 1.37±0.08, respectively). 

Conclusion: Khat and  atorvastatin alone or in combination can reduce body weight and potentially induce hypernatremia, 

hyperchloremia and hypocalcemia, with no obvious effects on serum potassium levels in the rat model. Therefore, clinicians 

should be aware of these electrolyte imbalances induced by khat and statins in people who chew khat. Clinical studies are 

needed to better understand the mechanisms behind these effects and to determine the extent of risk in the human 

population. 
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1. Introduction 

Catha edulis, commonly known as khat, is an 

evergreen shrub whose fresh leaves are chewed as 

a stimulant in many parts of the world, particularly in 

East Africa and Yemen. Chewing khat leaves induces 

a feeling of euphoria, primarily due to its two main 

components: cathinone and cathine.(1) It is often 

chewed alone or in combination with smoking and 

alcohol.(2) It is estimated that there are up to 20 

million khat consumers worldwide.(3) Long-term 

consumption of khat affects almost every organ in 

the human body and can lead to oral 

histopathological changes.(4) Therefore, abuse of C. 

edulis has become an important public health 

problem.(5) Chronic exposure to C. edulis can cause 

dependency, psychosis, hepatotoxicity, hyperten-

sion, cardiovascular problems, and sexual dysfunc-

tion, among other adverse effects.(5) Despite its 

potential connection to electrolyte imbalance, 

limited research has been conducted on its effect on 

serum electrolytes in animal models.(6)  

Statins are commonly used as lipid-lowering 

medications because they are potent competitive 

inhibitors of 3-hydroxy-3-methyl-glutaryl-CoA (HMG-

CoA) reductase.(7) Atorvastatin is one of the most 

commonly recommended statins(8) and has been 

the best-selling lipid-regulating medication world-

wide in the new millennium.(9) While statins are 

typically considered safe as a class of medications, 

they are associated with muscular issues.(10) These 

issues range from mild myalgia to potentially fatal 

rhabdomyolysis, with skeletal muscle complaints 

being the most common. Damage to skeletal muscle 

tissue can have serious consequences.(11) In addition, 

there are numerous underappreciated side effects 

of statins that should be considered, including 

hepatic and renal failure, myopathy, and the 

development of type 2 diabetes.(12) Although these 

side effects may not occur frequently, their impact is 

significant due to the large number of people 

worldwide who take statins on a daily basis.(12)  

Electrolytes are minerals that can conduct 

electricity and form ions in solutions. They play a vital 

role in the functioning of the body.(13) Optimal 

electrolyte levels both inside and outside cells are 

essential for various metabolic activities and 

maintaining normal organ function.(14) Critically ill 

individuals often experience electrolyte imbalance. 

Numerous consequences, including respiratory 

failure, edema, muscular weakness, altered mental 

status and arrhythmias, have been documented in 

patients admitted to intensive care units due to 

electrolyte imbalance.(15) Studying the effect of khat 

and atorvastatin on electrolyte levels in rats is 

necessary to investigate how this combined effect 

may affect electrolyte levels in humans. Therefore, 

this study aims to investigate the effect of the khat 

extract and atorvastatin, either alone or in 

combination, on electrolyte imbalance in a rat 

model. 

2. Methods 

2.1. Khat collection and extraction 

Two and a half kilograms of fresh, pesticide-free 

shoots of C. edulis were collected from Wadi Al-

Jannat area in Ibb Governorate, Yemen. The plant 

materials were identified by a taxonomist, which 

were assigned a voucher specimen (739) and stored 

in the Pharmacognosy Laboratory of the Faculty of 

Pharmacy at Sana’a University, Yemen. The freshly 

collected shoots were rinsed in distilled water to 

remove any debris and dust particles. The fresh khat 

leaves were then separated from the shoots and 

prepared for the extraction step. 

The extraction process was performed using 

the methanolic extraction protocol.(15) The fresh 

khat leaves were removed from the stems, thor-
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oughly cleaned in distilled water, carefully chopped 

on glass plates, and then crushed. The crushed 

material was placed on a rotating shaker for 20 hours 

after being immersed in a conical flask filled with 

99.5% methanol. The mixture was filtered twice: first 

through a gauze roll to remove larger particles, and 

then through qualitative filter paper. Any remaining 

unfiltered plant material was subjected to an 

additional extraction with fresh methanol. The 

filtrate was admixed with the initial filtrate. The 

resulting filtrate was then collected and placed in 

conical flasks that had been previously weighed. The 

methanol was entirely evaporated at 65°C using a 

rotary vacuum evaporator.(15) Finally, the khat 

extract solution was prepared by dissolving the 

extract powder in distilled water just before daily 

oral administration to the rats throughout the 

experiment for 28 days.(15) 

 

2.2. Study design and rats housing 

An experimental study was conducted on 4-week-

old male albino rats weighing 170 to 190 grams. 

These rats were obtained from the Animal Experi-

mentation Unit of the Faculty of Medicine and 

Health Sciences at Sana’a University. The rats were 

housed in the animal facility and allowed to 

acclimatize for two weeks at a controlled tempera-

ture of 20 ± 4°C, relative humidity of 30% to 70%, and 

a 12-hour light and 12-hour dark cycle.(6) They had 

free access to a rodent diet and tap water ad libitum. 

The rats were maintained according to the 

Guidelines for Proper Conduct of Animal Experi-

ments.(6) The rats' body weight was measured 

weekly. 
  

2.3. Drug preparation and administration 

Atorvastatin powder was purchased from Global 

Pharmaceutical Industries in Sana'a, Yemen. Khat 

extract and atorvastatin were dissolved in 1 ml of 

distilled water and administered orally using a metal 

gavage needle from days 1 to 28.  
 

2.4. Animal grouping and drug dosing 

The rats were randomly divided into four groups, 

each consisting of six rats:(17) Group I (control 

group), which received 1 ml of distilled water orally 

from day 1 to day 28; Group II (atorvastatin-treated 

group) received a single daily oral dose of 40 mg/kg 

of atorvastatin dissolved in 1 ml distilled water from 

day 1 to day 28;(11, 13) Group III (khat-treated group) 

received a single daily oral dose of 500 mg/kg of khat 

extract dissolved in 1 ml distilled water from day 1 to 

day 28; Group IV (khat plus atorvastatin-treated 

group) received a single daily oral dose of khat plus 

atorvastatin dissolved in 1 ml distilled water from day 

1 to day 28.(17) The dose of the extract administered 

to each rat was calculated based on the total body 

weight of each rat. The appropriate volume of 

vehicle (2.5 ml/kg body weight) was used to 

determine the amount of volume used to dissolve 

the calculated dose of khat extract and atorvas-

tatin.(6)  
 

2.5. Blood collection and electrolyte measurement 

On day 28, all rats were anesthetized, and 5 ml of 

blood were collected from the tail vein into a plain 

tube without anticoagulant and left at room 

temperature for 20 minutes. The serum was then 

separated by centrifugation at 6000 rpm for 5 

minutes.(19) All samples were sent in a cool container 

to the National Center of Public Health Laboratories 

in Sana’a. They were stored at -20°C until sodium, 

potassium, chloride, total calcium and ionized 

calcium were measured using commercial kits.  
 

2.6. Data analysis 

Data were analyzed using IBM SPSS Statistics, 

version 26.0 (IBM Corp., Armonk, NY, USA). Electro-

lyte levels were presented as mean ± standard 

deviation (SD). The Kruskal-Wallis H test was used to 
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compare the mean ranks of electrolyte levels among 

groups, with post hoc pairwise Mann-Whitney tests 

performed to identify specific groups that had 

significant differences. The significance level was set 

at a P value of <0.05. 

 

3. Results 

3.1. Effect of khat extract, atorvastatin and their 

combination on body weight  

Table 1 shows that the mean body weight of rats in 

grams was significantly different among all groups 

on all measurement days. It was significantly lower 

in khat plus atorvastatin-treated group than khat-

treated group (148.17±16.12 vs. 172.33±13.75). On 

days 8 and 21, the mean body weights were signifi-

cantly lower in khat plus atorvastatin-treated group 

(155.67±25.67 and 161.00±31.94, respectively) and 

atorvastatin-treated group (157.83± 16.82 and 

163.50±13.35, respectively) compared to the mean 

body weight of the control group (188.33±30.72). 

However, on day 28, all three treatment groups 

showed lower mean body weights than the control 

group. In addition, the mean body weights of rats 

treated with khat plus atorvastatin (153.17±30.30), 

atorvastatin (155.67±19.53) and khat extract (194.17 

±26.73) were significantly lower than the mean body 

weight of the control group (246.50± 39.73).  
 

Table 1: Effect of khat extract, atorvastatin and their combination on body weights of rats 

Measurement 
day  

Mean body weight ± SD (grams) 
P value 

Control (n=6) Khat extract (n=6) Atorvastatin (n=6) Khat plus atorvastatin (n=6) 

Day 1 154.83±27.63 172.33±13.75 150.33±18.28 148.17±16.12 a 0.030 

Day 8 188.33±30.72 182.33±19.23 157.83±16.82 b 155.67±25.67 b 0.037 

Day 21 210.67±34.61 187.33±16.05 163.50±13.35 b 161.00±31.94 b 0.020 

Day 28 246.50±39.73 194.17± 26.73 a 155.67±19.53 a, b 153.17±30.30 a, b 0.004 

SD, standard deviation; a significantly different from khat extract group; b significantly different from the control group. 
 

3.2. Effect of khat extract and atorvastatin and 

their combination on serum sodium levels 

Table 2 shows significantly higher mean serum 

sodium levels (mmol/L) in rats treated with khat 

extract (157±2.22), atorvastatin (161±7.21) and khat 

plus atorvastatin (167±4.14) compared to the control 

group (139±1.71). However, there were no statisti-

cally significant differences in mean serum sodium 

levels among the three treated groups. 
 

 

Table 2: Effect of khat extract, atorvastatin and their combina-
tion on serum sodium levels in rats 

Group 
Sodium  

Mean ± SD (mmol\L) 

Control 138.78±1.71 
Khat extract 156.83±2.22 a 
Atorvastatin 161 ±7.21 a 
Khat plus atorvastatin 167±4.14 a 

SD, standard deviation; a significantly different from the control group.  

3.3. Effect of khat extract, atorvastatin and their 

combination on serum potassium levels 

Table 3 shows that there were no statistically 

significant differences in the mean serum potassium 

levels (mmol/L) in rats treated with khat extract 

(5.07±0.33), atorvastatin (5.21±0.36) and khat plus 

atorvastatin (5.48±0.68) compared to the control 

group (4.66±0.39). In addition, there were no statis-

tically significant differences in mean serum sodium 

levels among the three treated groups. 
 

Table 3: Effect of khat extract, atorvastatin and their combina-
tion on serum potassium level in rats 

Group 
Potassium  

Mean ± SD (mmol\L) 

Control 4.66±0.39 
Khat extract 5.07±0.33 
Atorvastatin 5.21±.036 
Khat plus atorvastatin 5.48±0.68 

SD, standard deviation. 
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3.4. Effect of khat extract, atorvastatin and their 

combination on serum chloride levels 

Table 4 shows significantly higher mean serum 

chloride levels (mmol/L) in rats treated with khat 

extract (111.21±5.49), atorvastatin (113.57±3.31) and 

khat plus atorvastatin (120±2.64) compared to the 

control group (98.63±1.77). Moreover, significantly 

lower serum chloride levels were observed in rats 

treated with khat extract and atorvastatin compared 

to those treated with Khat plus atorvastatin. 
 

Table 4: Effect of khat extract, atorvastatin and their combina-

tion on serum chloride levels in rats 

Group 
Chloride  

Mean ± SD (mmol\L) 

Control 98.63±1.77 
Khat extract 111.21±5.49 a, b 
Atorvastatin 113.57±3.31 a, b  
Khat plus atorvastatin 120.20±2.64 a 

SD, standard deviation; a significantly different from the control group; b 
significantly different the khat plus atorvastatin group. 
 

3.5. Effect of khat extract, atorvastatin and their 

combination on serum calcium and ionized calcium 

levels  

Table 5 shows significantly lower mean serum cal-

cium and ionized calcium levels (mmol/L) in rats 

treated with atorvastatin (2.68±0.16 and 1.24±0.09, 

respectively) and khat plus atorvastatin (2.61±0.10 

and 1.23±0.05, respectively) compared to the control 

group (2.82±0.09 and 1.37±0.08, respectively). Fur-

thermore, there were significantly lower mean serum 

ionized calcium levels in rats treated with 

atorvastatin and khat plus atorvastatin compared to 

those treated with khat extract alone. 
 

Table 5: Effect of khat extract, atorvastatin and their combina-

tion on serum calcium and ionized calcium levels in rats 

Group 
Calcium  Ionized calcium 

Mean ± SD (mmol\L) 

Control 2.82±0.09 1.37±0.08 
Khat extract 2.73±0.21 1.49±0.22 
Atorvastatin 2.68±0.16 a 1.24±0.09 a ,b 
Khat plus atorvastatin 2.61±0.10 a 1.23±0.05 a, b 

SD, standard deviation; a significantly different from the control group; b 

significantly different from khat extract-treated group. 

4. Discussion  

The present study found a significant reduction in 

body weight of rats in all groups treated with khat 

alone, atorvastatin alone and their combined use. 

This finding is consistent with a previous study that 

demonstrated the efficacy of microencapsulated 

khat extract in increasing weight loss in rats.(20) Khat 

reduces appetite and weight by reducing hunger and 

promoting satiety. Cathinones in khat may reduce 

appetite by influencing the hypothalamus.(21) 

Following intensive chewing of khat (400 g), ele-

vated levels of the anorectic hormone leptin were 

detected in plasma after four hours.(21) Similarly, 

atorvastatin reduces leptin mRNA expression and 

leptin secretion and serum levels of leptin,(22) which 

explains the rapid weight loss observed when 

atorvastatin was administered together with khat 

extract in the present study from the second to the 

fourth week. 

The effect of khat extract and atorvastatin on 

electrolyte imbalance varied based on the type of 

electrolyte in the present study. Khat extract caused 

hypernatremia, which is consistent with hyper-

natremia reported with khat in humans.(23) In 

contrast, Limenie et al.(6) reported hyponatremia in 

rats administered with various doses of khat extract 

for 12 weeks. The difference between these findings 

could be attributed to the extraction protocol, which 

used diethyl ether and chloroform at a 3:1 v/v ratio in 

the previous study, besides using different small 

doses of khat extract and durations of administra-

tion.(6) However, a single dose combined with 

atorvastatin was used for four weeks in the present 

study.  

In the present study, it was observed that 

atorvastatin also induced hypernatremia. It is note-

worthy that there have been no published studies on 

the effect of atorvastatin on serum sodium levels. 

However, atorvastatin was found to reduce urinary 

sodium excretion compared to placebo, leading to 
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hypernatremia.(24) In addition, no published studies 

have measured the effect of khat extract in combina-

tion with atorvastatin on serum sodium levels, 

making this study the first to assess the combined 

effect of khat plus atorvastatin on these levels. 

Remarkably, this combination induced the most pro-

nounced hypernatremia in rats compared to either 

component alone. This electrolyte imbalance has 

also been observed in several disorders, including 

rhabdomyolysis, due to dysfunction of energy-

dependent ion pumps such as Na+/K+-ATPase and 

Ca2+-ATPase in the sarcolemma and other intracellu-

lar membranes, leading to hypocalcemia and hyper-

natremia.(25) 

In the present study, khat extract induced 

significant hyperchloremia. This finding aligns with a 

human study showing that khat extract can induce 

hypernatremia and hyperchloremia.(23) It has been 

suggested that mechanisms that lower sodium levels 

also lower chloride levels and vice versa.(26) In 

contrast, Limenie et al.(27) showed that khat extract 

had no significant effect on serum chloride. How-

ever, in the latter study, different doses of khat 

extract (100, 200, and 300 mg/kg body weight) dis-

solved in Tween 80 and distilled water were used. 

Few studies have addressed the effect of 

atorvastatin on serum chloride levels. For instance, 

Onwuchekwa et al.(28) showed that serum chloride 

levels were significantly higher in rats treated with 

atorvastatin (80 mg and 120 mg) within 21 days com-

pared to controls. Although the doses were differ-

ent, this finding agrees with our finding. 

In the present study, serum potassium levels 

were not significantly affected by khat extract, 

atorvastatin, or their combination. Likewise, serum 

potassium levels were not significantly increased in 

rats receiving khat extract (300 mg/kg) compared to 

rats receiving Tween 80 and ascorbic acid (200 

mg/kg).(6) Chewing khat was also not significantly 

associated with changes in serum potassium levels in 

Kenyan consumers.(29) Furthermore, these findings 

agree with the finding by Limenie et al,(27) who found 

that serum potassium levels in rats receiving khat 

extract sub-chronically at a dose of 300 mg/kg were 

significantly higher compared to rats receiving Tween 

80.(27) In contrast, atorvastatin doses of 80 mg/kg 

and 120 mg/kg were found to be significantly 

associated with hyperkalemia.(19) Among the intra-

cellular components that leak from damaged skeletal 

muscles, potassium is the most important one. 

Because potassium shifts from cells with high levels 

to the serum where a low level is normal, lethal 

hyperkalemia can rapidly develop.(30) Furthermore, 

this study is the first to report on the effect of khat 

extract and atorvastatin, alone or in combination, on 

serum potassium levels.  

In the present study, significant hypocalcemia 

was induced in rats receiving atorvastatin and khat 

plus atorvastatin. However, khat extract did not 

induce significant hypocalcemia. This finding is con-

sistent with other studies,(6, 27) which found that 

different doses of khat extract did not induce 

significant hypocalcemia. Atorvastatin was found to 

significantly suppress intracellular calcium levels.(31) 

Furthermore, in lithium users with relatively normal 

calcium levels, atorvastatin was found to be associ-

ated with hypocalcemia.(32) In contrast, a previous 

study found that atorvastatin had no effect on serum 

calcium levels in rats.(33) Although previous studies 

have assessed the effects of khat extract or atorvas-

tatin on serum calcium levels, the present study is the 

first to assess the effect of their combination on 

these levels.  

Ionized calcium plays a pivotal role in muscle 

fibers during the excitation-contraction process.(26) 

In the present study, atorvastatin and khat plus 

atorvastatin were found to be significantly associ-

ated with reduced levels of ionized calcium. How-

ever, khat extract caused hypercalcemia. These ef-

fects cannot be compared because this study is the 
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first to assess the effects of khat extract and atorvas-

tatin, alone and in combination, on the levels of ion-

ized calcium. 

The present study has several limitations that 

should be considered, including the small sample size 

and the use of fixed doses throughout the study. 

Renal function tests and cardiac parameters were 

not included in this study. However, this study still 

provides insights into the effects of khat extract, 

atorvastatin and their combination on electrolyte im-

balance as a preliminary step for clinical trials. 
 

5. Conclusion 

Khat and atorvastatin alone or in combination can 

reduce body weight and potentially induce hyper-

natremia, hyperchloremia and hypocalcemia, with no 

obvious effects on serum potassium levels in the rat 

model. Therefore, clinicians should be aware of these 

electrolyte imbalances induced by khat and statins in 

people who chew khat. Clinical studies are needed to 

better understand the mechanisms behind these 

effects and to determine the extent of risk in the 

human population. 
 

Acknowledgments 
The authors thank Dr. Safia A. Alrezami, Department of 
Pharmacology, Faculty of Medicine and Health Sciences, 
Sana’a University for her support and encouragement 
during this study.  
 

Ethical approval  
The experimental protocol was approved by the Research 

Ethics Committee of the University of Science and 

Technology, Sana’a, Yemen (Ethical Clearance No.: 1445/ 

003/UREC/UST). In addition, all efforts were made to 

minimize animal suffering. 
 

Conflict of Interest 
The authors declare no conflict of interest associated with 

this article. 
 

Funding 
None. 

References 
1. Abou-Elhamd AS, Kalamegam G, Ahmed F, Assidi M, 

Alrefaei AF, Pushparaj PN, et al. Unraveling the Catha 

edulis extract effects on the cellular and molecular 

signaling in SKOV3 cells. Front Pharmacol. 

2021;12:666885. DOI ● PubMed ● Google Scholar 

2. Abdelwahab SI, Alsanosy R, Mohamed Elhassan Taha M, 

Mohan S. Khat induced toxicity: role on its modulating 

effects on inflammation and oxidative stability. Biomed Res 

Int. 2018;2018:5896041. DOI ● PubMed ● Google Scholar 

3. Patel NB. Khat (Catha edulis Forsk) – And now there are 

three. Brain Res Bull. 2019;145:92-6. DOI ● PubMed ● 

Google Scholar 
4. Syed AUY, Ahmed MA, AlSagob EI, Al-Askar M, AlMubarak 

AM, Jouhar R, et al. Cytotoxic influence of khat (Catha 

edulis (Vahl) Forssk. ex Endl) on oral fibroblasts, squamous 

carcinoma cells, and expression of α smooth muscle actin. 

Appl Sci. 2021;11(8):3524. DOI ● Google Scholar 

5. Ye S, Hu J, Liu Z, Liang M. Progress and research trends on 

Catha edulis (Vahl) Endl. (Catha edulis): a review and 

bibliometric analysis. Front Pharmacol. 2021;12:705376. 
DOI ● PubMed ● Google Scholar 

6. Limenie A, Dugul T, Eshetu E, Gurmu D. Effects of Catha 
edulis Forsk (khat) and ascorbic acid on serum electrolytes 

in swiss albino male rats. East Afr Med J. 

2018;95(11):2083-90. Google Scholar 

7. Jiang W, Hu JW, He XR, Jin WL, He XY. Statins: a 

repurposed drug to fight cancer. J Exp Clin Cancer Res. 

2021;40(1):241. DOI ● PubMed ● Google Scholar  

8. Shawish MI, Bagheri B, Musini VM, Adams SP, Wright JM. 

Effect of atorvastatin on testosterone levels. Cochrane 

Database Sys Rev. 2021;1(1):CD013211. DOI ● PubMed ● 

Google Scholar 
9. Kogawa AC, Pires AEDT, Salgado HRN. Atorvastatin: a 

review of analytical methods for pharmaceutical quality 

control and monitoring. J AOAC Int. 2019;102(3):801-9. 
DOI ● PubMed ● Google Scholar 

10. Ruscica M, Ferri N, Banach M, Sirtori CR, Corsini A. Side 

effects of statins: from pathophysiology and epidemiology 

to diagnostic and therapeutic implications. Cardiovasc Res. 

2022;118(17):3288-304. DOI ● PubMed ● Google Scholar 

11. Camerino GM, Tarantino N, Canfora I, De Bellis M, 

Musumeci O, Pierno S. Statin-induced myopathy: 

translational studies from preclinical to clinical evidence. 

Int J Mol Sci. 2021;22(4):2070. DOI ● PubMed ● Google 

Scholar 
12. Patel KK, Sehgal VS, Kashfi K. Molecular targets of statins 

and their potential side effects: not all the glitter is gold. 

Eur J Pharmacol. 2022;922:174906. DOI ● PubMed ● Google 

Scholar  
13. Ikitde N, Onwuchekwa B, Akpanyung E. Effect of 

atorvastatin on the liver enzymes, electrolytes and 

histology of organs in male albino Wistar rats. Biosci Res 

Today’s World. 2015;1:24-31. Google Scholar 

14. Heydari B, Khalili H, Dashti-Khavidaki S, Beig-Mohammadi 

MT, Mohammadi M. Atorvastatin for prevention of 

Amikacin-induced electrolytes imbalances; a randomized 

clinical trial. Iran J Pharm Res. 2016;15(2):627–34. PubMed 

● Google Scholar 

https://doi.org/10.3389/fphar.2021.666885
https://pubmed.ncbi.nlm.nih.gov/34040530/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=12336364560600522005&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1155/2018/5896041
https://pubmed.ncbi.nlm.nih.gov/30003103/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=14217913362625351620&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1016/j.brainresbull.2018.07.014
https://pubmed.ncbi.nlm.nih.gov/30059706/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=6176104954503815291&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.3390/app11083524
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=8958308626423651930&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.3389/fphar.2021.705376
https://pubmed.ncbi.nlm.nih.gov/34867319/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=6721958329708904494&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=11773899696548760952&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1186/s13046-021-02041-2
https://pubmed.ncbi.nlm.nih.gov/34303383/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=9314514935009031980&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1002/14651858.cd013211.pub2
https://pubmed.ncbi.nlm.nih.gov/33482034/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=14384463925303076128&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.5740/jaoacint.18-0200
https://pubmed.ncbi.nlm.nih.gov/30563586/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=15050622587386505236&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1093/cvr/cvac020
https://pubmed.ncbi.nlm.nih.gov/35238338/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=13076717781456827188&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.3390/ijms22042070
https://pubmed.ncbi.nlm.nih.gov/33669797/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=2967082275245356020&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=2967082275245356020&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1016/j.ejphar.2022.174906
https://pubmed.ncbi.nlm.nih.gov/35321818/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=10850628223327505145&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=10850628223327505145&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=12453702410953124884&oi=gsb&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/27642335/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=9292139691391834752&oi=gsb&hl=en&as_sdt=0,5


 

 

 

© 2024 University of Science and Technology, Sana'a, Yemen. 

This article may be used, disseminated, or reproduced as long as the journal and authors are credited.  

Online ISSN: 2959-4146  

Print ISSN:    2959-4138                        

      8 

Abbas and Al-Amrani., UST J Med Sci 2024;2:5. 
https://doi.org/10.59222/ustjms.2.2.A4 

 

15. Ageely HM, El-Nagar MM, Abouelmagd A, Abou-Elhamd AS, 

Kelany ME, Patil BR. Khat extract mediated morphological 

and histochemical alterations in rat liver. Int J Adv Res. 

2014;2:971-80. Google Scholar 

16. Pennisi M, Di Bartolo G, Malaguarnera G, Bella R, Lanza G, 

Malaguarnera M. Vitamin D serum levels in patients with 

statin-induced musculoskeletal pain. Dis Markers. 

2019;2019:3549402. DOI ● PubMed ● Google Scholar 

17. Mohan S, Shaheen E, El-Amir YO, Khadashi HA, Ncibi SS, 

Farasani A, et al. Catha edulis-induced skeletal muscle 

toxicity in experimental rats via regulation of 

rhabdomyolysis biomarkers. Pharmacog Mag. 

2019;15(64):359-65. DOI ● Google Scholar 

18. Belete S, Asres K, Bekuretsion Y, Ashebir R, Abebe MS, 

Seyoum G. Toxic effect of khat in rat embryos and fetuses. 

Biomed Res Int. 2021;2021:9933389. DOI ● PubMed ● 

Google Scholar 
19. Jabir SH, salih Jaffat H. Effects of atorvastatin drug in albino 

male rats. J Pharm Sci Res. 2018;10(11):2924-8. Google 

Scholar 
20. Aziz HA, Peh KK, Tan YTF. Herbal delivery system for 

treatment of obesity administration of encapsulated khat-

extracts on body weight of rats. Obes Res Clin Pract. 

2011;5(4):e267-360. DOI ● PubMed ● Google Scholar 

21. Abebe M, Kindie S, Adane K. Adverse health effects of khat: 

a review. Fam Med Med Sci Res. 2015;4(1):2-5. Google 

Scholar 
22. Singh P, Zhang Y, Sharma P, Covassin N, Soucek F, 

Friedman PA, et al. Statins decrease leptin expression in 

human white adipocytes. Physiol Rep. 2018;6(2):e13566. 
DOI ● PubMed ● Google Scholar 

23. Hussen AA, Hussien FM, Yusuf N, Ahmed AY, Hassen HY. 

Case report: khat chewing and acute myocardial infarction 

in two young men without underlying risk factors. Am J 

Trop Med Hyg. 2021;105(4):890–5. DOI ● PubMed ● Google 

Scholar 
24. Paulsen L, Matthesen SK, Bech JN, Starklint J, Pedersen 

EB. Acute effects of atorvastatin on glomerular filtration 

rate, tubular function, blood pressure, and vasoactive 

hormones in patients with type 2 diabetes. J Clin Pharmacol. 

2010;50(7):816-22. DOI ● PubMed ● Google Scholar 

25. Zhang MH. Rhabdomyolosis and its pathogenesis. World J 

Emerg Med. 2012;3(1):11. DOI ● PubMed ● Google Scholar  

26. Timerga A, Haile K. Patterns of calcium- and chloride-ion 

disorders and predictors among obese outpatient adults in 

southern Ethiopia. Diabetes Metab Syndr Obes. 2021:1349-

58. DOI ● PubMed ● Google Scholar 

27. Limenie AA, Dugul TT, Eshetu EM. Effects of Catha Edulis 

Forsk on spatial learning, memory and correlation with 

serum electrolytes in wild-type male white albino rats. PloS 

One. 2022;17(2):e0257932. DOI ● PubMed ● Google Scholar 

28. Onwuchekwa BU, Moses EU, Ikitde NG, Akpanyung EO. 

Effects of higher doses of atorvastatin on the liver, renal 

and cardiac functions in female albino Wistar rats. J 

Biochem Int. 2016;3(1):35-44. Google Scholar 

29. Mworia C, Kinge W, Kahato M, Mwamisi J. Effects of Catha 
edulis on kidney and liver function among chewing adults in 

Meru County, Kenya. East Afr Med J. 2016;93(7):261-5. 
Google Scholar 

30. Long B, Koyfman A, Gottlieb M. An evidence-based 

narrative review of the emergency department evaluation 

and management of rhabdomyolysis. Am J Emerg Med. 

2019;37(3):518-23. DOI ● PubMed ● Google Scholar 

31. Liu D, Cui W, Liu B, Hu H, Liu J, Xie R, et al. Atorvastatin 

protects vascular smooth muscle cells from TGF-β1-

stimulated calcification by inducing autophagy via 

suppression of the β-catenin pathway. Cell Physiol 

Biochem. 2014;33(1):129-41. DOI ● PubMed ● Google 

Scholar 
32. Soh JF, Bodenstein K, Yu OHY, Linnaranta O, Renaud S, 

Mahdanian A, et al. Atorvastatin lowers serum calcium 

levels in lithium-users: results from a randomized controlled 

trial. BMC Endocr Disord. 2022;22(1):238. DOI ● PubMed ● 

Google Scholar 
33. Chang B, Yang J, Li H, Lu S, Chen L, Fang P. Effects of 

atorvastatin on bone metabolism and bone mineral density 

in Wistar rats. Die Pharmazie. 2011;66(7):535-7. PubMed ● 

Google Scholar 
 

 

 

 

 

 
 

 
 
 

 

 
 
 
 

 
 
 
 

 

 To publish in this journal… 
Please submit your manuscript via the online submission system 

available at: https://journals.ust.edu.ye/USTJMS/about/submissions. 

To cite this article… 
Abbas AAM, Al-Amrani BAA. Effect of Catha edulis and atorvastatin 

on electrolyte imbalance in rats. UST J Med Sci. 2024;2:5. 

https://doi.org/10.59222/ustjms.2.2.A4 

chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=9877937063684181327&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1155/2019/3549402
https://pubmed.ncbi.nlm.nih.gov/31019583/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=1235376178293092148&oi=gsb&hl=en&as_sdt=0,5
http://dx.doi.org/10.4103/pm.pm_142_19
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=14971544226707586186&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1155/2021/9933389
https://pubmed.ncbi.nlm.nih.gov/34368361/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=12708672444308070141&oi=gsb&hl=en&as_sdt=0,5
https://scholar.google.com/scholar_url?url=https://search.proquest.com/openview/971e2399203c751713257e68c93115c8/1%3Fpq-origsite%3Dgscholar%26cbl%3D54977&hl=en&sa=T&oi=gsb&ct=res&cd=0&d=746427941308294278&ei=sYDuZvW3DO7Ey9YPmIHswAE&scisig=AFWwaeaQ1I0Iec2kudaoacCiM4Zp
https://scholar.google.com/scholar_url?url=https://search.proquest.com/openview/971e2399203c751713257e68c93115c8/1%3Fpq-origsite%3Dgscholar%26cbl%3D54977&hl=en&sa=T&oi=gsb&ct=res&cd=0&d=746427941308294278&ei=sYDuZvW3DO7Ey9YPmIHswAE&scisig=AFWwaeaQ1I0Iec2kudaoacCiM4Zp
https://doi.org/10.1016/j.orcp.2011.03.008
https://pubmed.ncbi.nlm.nih.gov/24331133/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=15970697412480603999&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=16028332944858356235&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=16028332944858356235&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.14814/phy2.13566
https://pubmed.ncbi.nlm.nih.gov/29372612/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=4818034208096147385&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.4269/ajtmh.21-0318
https://pubmed.ncbi.nlm.nih.gov/34310338/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=7329000697564034640&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=7329000697564034640&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1177/0091270009350627
https://pubmed.ncbi.nlm.nih.gov/20056802/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=1460148502757129526&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.5847/wjem.j.issn.1920-8642.2012.01.002
https://pubmed.ncbi.nlm.nih.gov/25215032/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=8470727911212588624&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.2147/dmso.s300434
https://pubmed.ncbi.nlm.nih.gov/33790602/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=8566768877532647060&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1371/journal.pone.0257932
https://pubmed.ncbi.nlm.nih.gov/35157725/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=2814614196364494171&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=11977403520020391233&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=13099266278979368179&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1016/j.ajem.2018.12.061
https://pubmed.ncbi.nlm.nih.gov/30630682/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=10251859509917169570&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1159/000356656
https://pubmed.ncbi.nlm.nih.gov/24481040/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=12119617267255362936&oi=gsb&hl=en&as_sdt=0,5
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=12119617267255362936&oi=gsb&hl=en&as_sdt=0,5
https://doi.org/10.1186/s12902-022-01145-w
https://pubmed.ncbi.nlm.nih.gov/36153583/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=10694127103118454848&oi=gsb&hl=en&as_sdt=0,5
https://pubmed.ncbi.nlm.nih.gov/21812330/
chrome-extension://ldipcbpaocekfooobnbcddclnhejkcpn/scholar?cluster=3099897049436465020&oi=gsb&hl=en&as_sdt=0,5
https://journals.ust.edu.ye/USTJMS/about/submissions
https://doi.org/xxxxxxxxxx

