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Abstract

The study investigated the effect of frequent administration of artemether-lumefantrine on biochemical parameters of
kidney functions and the role of dyslipidemia in the progression of kidney disease. Male Wistar rats, weighing between
230 and 330 grams, were divided into five subgroups (n=7) of Group (I), control and received no medication, (2) 8
mg/kg bodyweight (bw) of artemether-lumefantrine for three days, (3) 12 mg/kg bw for three days, (4) 8 mg/kg bw
three days a week for three weeks with a two-week recovery interval, (5)12 mg/kg bw three days a week for three
weeks with a two-week recovery interval. Biochemical parameters investigated include serum lipid profile and kidney
function biomarkers. A significant (p<0.05) decrease in high density lipoprotein cholesterol concentration across
treatment groups compared to the control was observed. Triglyceride levels significantly (p<0.05) increased in Group
5, while total cholesterol levels significantly (p<0.05) decreased in Group V. No significant (p>0.05) changes were
observed in low density lipoprotein-cholesterol and VLDL-cholesterol levels. Kidney function tests revealed a significant
(p<0.05) increase in urea and creatinine concentrations in the treatment groups compared to the control. Serum
electrolytes showed increases and decreases that were not significant. These findings highlight the nephrotoxic effect
of repeated exposure to artemether-lumefantrine, suggesting caution in its indiscriminate use.
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1. Introduction

In many regions of the world, particularly in sub-Saharan Africa, malaria is still a major public health burden amidst
public health initiatives to reduce its impacts. [1] The World Health Organization (WHO) advised artemether-
lumefantrine for the treatment of uncomplicated malaria caused by the Plasmodium parasite due to the parasite's
resistance to the numerous antimalarial and insecticides. [2] With a well-established efficacy, tolerance profile, and
rapid parasite clearance in the blood, artemether-lumefantrine is considered amongst the best and safe antimalarial
available today but they can become toxic under certain conditions. [3] In sub-Saharan Africa, artemether-lumefantrine
is extensively administered regularly without parasitological confirmation as advised by the World Health Organization.
[4] According to research, several people self-diagnose and purchase artemether-lumefantrine over-the-counter, which
raises the possibility of abuse and overdose. [5-8] This widespread practice of self-medication gives rise to major
concerns over the drug's long-term effects on health, particularly regarding vital cellular functions necessitating the
need for close monitoring of its use.

Chronic kidney disease (CKD) is fast becoming a major public health concern due to its rising incidence and prevalence
across the globe. [9,10] Global Burden of Disease (GBD), Injuries, and Risk Factors study reveals a significant financial
burden associated with the rising rates of CKD-related morbidity and death observed globally. [10] According to Collins
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et al. [11], the cost of treating and caring for individuals with CKD is now higher than that of other common diseases.
Although, the etiopathogenesis of nephropathy remains unclear, a number of risk factors have been identified. A report
by Su et al., [12] cites that nephrotoxicity and kidney disease may result from a disturbance in the lipid balance.
Numerous compounds that are present in lipids support signal transduction and membrane structure, thereby
regulating an array of biological processes to maintain physiological homeostasis. [13] Research have demonstrated
that dyslipidemia is prevalent in every stage of chronic kidney disease and that lipid disorders may accelerate the
illness's progression by impairing the glomerular filtration barrier, which causes waste products to accumulate in the
blood. [14]

While antimalarial drugs, such as artemether-lumefantrine, are essential for treating malaria, it has been demonstrated
that these drugs can significantly alter vital biochemical parameters. [15-17] Therefore, frequent administration of
artemether-lumefantrine may further complicate this scenario by posing a potential risk to kidney health. Hence,
understanding the effect frequent administration of artemether-lumefantrine has on kidney health is crucial, especially
in contexts where its misuse is widespread. This study was designed to investigate the significance of abnormalities in
serum lipid profile in the development and exacerbation of renal function impairments in males.

2. Materials and Methods

2.1. Drugs, Chemicals and Instruments

Artemether-lumefantrine (brand name: Lokmal®) 80/480 mg per tablet from Emzor Pharmaceutical Industries
Limited, Nigeria. The serum biochemical parameters were assayed using commercially available kits from Agappe
diagnostic India adhering strictly to the manufacturers manual. All chemicals and reagents used were of analytical
grade. Well-ventilated animal cages, Wood fillings, Feeders and drinkers, Needles and syringes, Microplate Reader
[MayaMed BY010], Disposable micropipette tips, clean glass tubes and test tube racks, Micropipettes, Beakers (10 -
1000ml), Oral cannula, Rubber gloves, Weighing scale, Serum bottles, Centrifuge and Pasteur pipette.

2.2. Experimental animals

Thirty-Five (35) adult male Wistar rats used for this study was obtained from the animal house of the Department of
Pharmacology and Toxicology, University of Uyo, Uyo, Akwa Ibom State, Nigeria. The animals were acclimatized for
three weeks in a well ventilated rat cages prior to the commencement of drugs administration at a standard temperature
of (25 %= 2) °C and humidity (70 £ 5) %, and a 12 h light and dark cycle. They were fed standard rat pellets and water ad
libitum throughout the experimental period. All animals were treated humanely in accordance with the principles
outlined in the declaration of Helsinki in research involving animal subject and handling. Ethical approval for the study
was obtained from the Research Ethical Committee of the Faculty of Basic Medical Sciences, University of Uyo, Uyo,
Nigeria.

2.3. Experimental Design

The Animals were randomly divided into five groups of seven (n = 7) each and administered graded doses of artemether-
lumefantrine through oral gavage. The dose of artemether-lumefantrine (Lokmal®) used for this study was calculated
from the manufacturer’s recommended dose for a man weighing at least 70kg and calculated in mg/kg body weights of
the experimental animals. The experimental design is as follow:

e Group 1: Control

e Group 2: Therapeutic dose of 8 mg/kg bodyweight of artemether-lumefantrine (AL) for 3 days divided into
equal parts twice daily. This is to mimic the normal therapeutic dose of AL and duration of the drug in human.

e Group 3: Overdose of 12 mg/kg bodyweight of AL for 3 days divided into equal parts twice daily.

e Group 4: Therapeutic dose of 8 mg/kg bodyweight of AL for 3 weeks divided into equal parts and administered
twice daily for 3days each week with a 2 weeks’ interval in-between dosage.

e  Group 5: Overdose of 12 mg/kg bodyweight of AL for 3 weeks divided into equal parts and administered twice
daily for 3 days each week with a 2 weeks’ interval in-between dosage.

2.4. Drug Preparation and Administration

The artemether-lumefantrine was ground to a powdered form, mixed with distilled water and administered as an
aqueous suspension. The drug suspension was continuously agitated during the administration in order to deliver the
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drug homogenously to the animals. The treatment was administered to all the rats twice daily using a 1.0 mL syringe by
oral gavage

2.5. Collection and preparation of samples for analysis

At the end of the treatment, all rats were anaesthetized by chloroform inhalation in a closed chamber and thereafter,
sacrificed. Blood was collected by cardiac puncture into a plain serum bottle and later centrifuged at 3500 rev/min at
room temperature for 15 min to obtain serum by aspiration. The serum was kept frozen until it was used for biochemical
analysis. The kidney was carefully harvested and immediately cleared of adhering tissues and weighed.

2.6. Serum Biochemical Assay

Serum lipid profile were assayed using Agappe diagnostic kits and their respective principles. High density lipoprotein
cholesterol (HDL-c) was estimated using the method described by Rifai and Warnick (1994) [18]. Low-density
lipoprotein cholesterol (LDL-c) was assayed based on the principles of Crouse et al. [19] Very low-density lipoprotein
cholesterol (VLDL-c) was estimated from the relationships established by Friedewald et al. [20] using triglyceride
concentration. Total cholesterol (TC) was assayed based on the principle laid down by Allain et al. [21] Triglycerides
was determined based on Bucoloy and David, (1973) [22] principle. Electrolyte levels (Sodium, Potassium and Chloride)
were estimated based on the principles of Tietz, (1995) [23]. Blood Urea level was determined based on the Urease-
Berthelot method using the Weatherburn, (1967) [24] principle. Serum creatinine was estimated based on the method
described by Haeckel, (1981). [24]

2.7. Statistical Analysis

Data obtained from the study were expressed as mean * standard error of mean (SEM.) Statistical analysis was done
using version 17 of SPSS with the aid of one-way analysis of variance (ANOVA) and Tukey post-hoc test. Differences
between experimental groups are considered statistically significant at p < 0.05

3. Result and Discussion

The kidneys, being the primary organs responsible for eliminating waste products and foreign materials from the urine,
also control blood's ionic composition, pH, osmolarity, blood volume, blood pressure, and blood sugar levels. They also
support the regulation of processes like the synthesis of red blood cells (RBCs), the secretion of calcitriol, the active
form of vitamin D, and erythropoietin (EPO), which stimulates the production of RBCs. [26-27] When kidney function
declines, these processes become impaired.

3.1. Effect of frequent artemether-lumefantrine administration on serum lipids

The serum lipid profile of male Wistar rats administered artemether-lumefantrine at therapeutic and overdose levels
for three days and three weeks, respectively, is displayed in Table 1. Analysis of the data revealed a significant (p<0.05)
decrease in high density lipoprotein cholesterol in treatment groups compared to the control. This is consistent with
the study of Nkereuwem et al. [28], which found that administering artemether significantly reduced HDL-c levels.
Studies have shown a strong correlation between reduced HDL-c levels and the progression of chronic kidney disease
(CKD). [29-31] Moreover, lowered HDL-c levels have been linked to increased oxidative stress and inflammation, two
factors that may hasten the development of chronic renal disease. [30, 31] The significant reduction in HDL-c in this
study raises the possibility of renal impairment since it may weaken the glomerular filtration barrier and cause renal
function loss. Disruptions in lipoprotein metabolism are linked to renal dysfunction leading to dyslipidemia and buildup
of atherogenic particles. [32] A study by Agrawal et al, [33] demonstrated how lipid metabolism is linked to the
pathophysiology of kidney disease, highlighting dyslipidemia—a condition marked by abnormalities in the serum lipid
profile—as a key factor affecting the onset and progression of kidney disease.

Triglycerides, total cholesterol, low-density lipoprotein cholesterol and very low-density lipoprotein cholesterol
recorded some increase and decrease which were not significant (p>0.05) when compared to the control except for the
significant increase in triglycerides in group V and a significant decrease in total cholesterol of group V rats. The
significant rise in triglycerides suggests the possibility of hypertriglyceridemia, a known risk factor for the development
of CKD. Increased triglyceride levels are associated with glomerular hypertrophy and glomerulosclerosis-related renal
impairment. [34, 35] Triglyceride buildup in the kidney tissues can also result in lipotoxicity, which exacerbates
nephropathy and may further damage renal cells. [35, 36] When paired with decreased HDL-c, the observed decrease
in total cholesterol in Group V may indicate a lipid metabolic imbalance that could be harmful to kidney function.
Although reducing total cholesterol could seem beneficial, lowering HDL-c—a protective lipid—at the same time might
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be harmful. Changes in LDL-c and VLDL-c were not significant, but trends toward increased levels could still be clinically
relevant. Increased levels of LDL and VLDL can lead to lipid accumulation in the kidneys, triggering inflammation and
fibrosis, which can impair renal function. [37] Elevated levels of VLDL-c and LDL-c are well-known risk factors for
cardiovascular disease and atherosclerosis, which are intimately related to chronic kidney disease. [37]

Table 1 Effect of frequent artemether-lumefantrine administration on serum lipids

Grouping/Dosage TC TG HDL-c LDL-c VLDL-c
(mg/dl) (mg/dl) | (mg/dl) (mg/dl) (mg/dl)

Group I (Normal Control) 138.0 + | 40.01 + | 30.67+1.75 | 96.84 + | 8.001+0.844
3.31 2.22 2974

Group II (8mg/kg/bw AL) 138.7 + | 40.39 + | 28.02 + | 98.69 + | 8.078+0.795
3.90 1.97 2.48* 5.243

Group III (12mg/kg/bw AL for 3 days) 136.8 + | 41.73 + | 26.21 + | 98.72 + | 8.346+0.423
4.67 1.80 4.05 1.348

Group IV (8mg/kg/bw AL every 3 days for | 136.9 * | 4197 + | 28.18 + | 98.45 + | 8.395+0.011

3 weeks 2.20 1.95 3.16™ 2.097

Group V (12mg/kg/bw AL every 3 days for | 125. 6 + | 42.42 * | 2497 + | 99.28 + | 8.485+0.362

3 weeks) 2.23 1.81% 1.521™ 4.041

Values are expressed as Mean * Standard Error of Mean (SEM); n= 7. TC= Total cholesterol; TG= Triglyceride; HDL-c= High density lipoprotein
cholesterol; LDL-c= Low density lipoprotein cholesterol; VLDL-c= Very low-density lipoprotein cholesterol. * = p<0.05 relative to control Group 1, a
=p<0.05 relative to Group II (p < 0.05).

3.2. Effect of frequent artemether-lumefantrine administration on blood urea and serum creatinine levels

Serum creatinine and blood urea levels show a substantial (p<0.05) rise in the treatment groups relative to the control
group (Table 2). Additionally, the observed significant (p<0.05) increase in blood urea and serum creatinine levels is
dose-dependent when compared to the control group. An impairment of the renal filtration capacity is suggested by the
higher blood urea and creatinine levels in the treatment groups. This aligns with other research that reports that
antimalarial drugs, including those containing artemisinin derivatives, may cause nephrotoxic consequences. [12-14].

Table 2 Effect of frequent artemether-lumefantrine administration on blood urea and serum creatinine levels

Grouping/Dosage Urea (mg/dL) | Creatinine (mg/dL)
Group I (Normal Control) 3.240%0.227 0.30 £ 0.04

Group II (8mg/kg/bw AL) 2.740+0.119 0.55+0.06

Group III (12mg/kg/bw AL for 3 days) 11.38+3.537*a | 0.64 £ 0.0272b

Group IV (8mg/kg/bw AL every 3 days for 3 weeks 15.63+0.924*ab | 0.57 + 0.032b

Group V (12mg/kg/bw AL every 3 days for 3 weeks) | 16.25+0.188%ab | 0.75 + 0.04a2bc

Values are expressed as Mean * Standard Error of Mean (SEM); n= 7; *= p<0.05 relative to the control; a= p<0.05 relative to the group 2; b= p<0.05
relative to the group 3. AL = Artemether- Lumefantrine

When glomerular filtration rate (GFR) is lowered, renal blood flow is decreased, or renal disease or obstruction of the
urinary tract occurs, blood urea nitrogen levels are raised. [27] The breakdown of amino acids produces urea, which is
typically eliminated in the urine. Varying amounts of urea are either released or reabsorbed in the collecting ducts and
tubules following its filtration in the glomerulus. When there is a large drop in the glomerular filtration rate, as occurs
in cases of renal disease, the urine is unable to properly remove urea, which instead builds up in the blood. [26-27]

The most reliable indicator of kidney function is considered to be the estimates of GFR (eGFR) [38,39] Prediction
equations are used to estimate the GFR, and they consider several factors such as age, gender, race, and body size in
addition to the serum creatinine concentration. [38,39] An assessment of the Kidneys' ability to eliminate waste
products such as creatinine from the blood is called creatinine clearance; a low creatinine clearance suggests
compromised kidney function. [39] A lipid imbalance can affect the glomerular filtration barrier, which causes waste
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products like urea and creatinine to remain in the bloodstream. The concentration of these waste products in plasma is
mostly dependent on glomerular function.

3.3. Effect of frequent artemether-lumefantrine administration on electrolyte levels

Electrolyte levels presented in Table 3 showed no significant (p>0.05) difference in treatment groups when compared
to the control except for the significant (p<0.05) decrease in chloride in Group 1V and Group V rats treated for 3 weeks
which were not statistically significant when compared to the control group. Although the electrolyte disturbances
observed in this study did not reach statistical significance, they suggest a potential trend that merits further
investigation. Research reports have reported significant electrolyte imbalances due to antimalarial drug use [12-14],
providing context for the minor disturbances observed here. Electrolyte imbalances, particularly involving sodium and
potassium, can have serious consequences for renal function and overall homeostasis. [12-14]

Table 3 Serum Electrolytes of Male Wistar rats on repeated administration of AL

Grouping/Dosage Na* (mmol/L) | K* (mmol/L) | CL-(mEq/L)
Group I (Normal control) 129.3+0.803 | 1.442+0.036 | 170.6+5.940
Group II (8 mg/kg/bw AL) 129.1 £3.920 | 1.434+0.111 | 166.9£3.195
Group III (12mg/kg/bw AL for 3 days) 129.5+3.070 | 1.448 +0.081 | 171.2+6.545
Group IV (8 mg/kg/bw AL every 3 days for 3weeks) | 129.5+2.464 | 1.436+0.058 | 151.6+1.235*
Group V (12 mg/kg/bw AL every 3 days for 3weeks) | 129.9 + 2.670 | 1.414 +0.029 | 149.6+4.035*

Values are expressed as Mean * Standard Error of Mean (SEM); n=7; *= p<0.05 relative to the control; a= p<0.05 relative to the group 2; b= P<0.05
relative to the group 3. AL = Artemether- Lumefantrine; Na = Sodium; K = Potassium; Cl = Chloride

The findings of this study suggests an interplay between lipoproteins alterations and acute kidney injury. Acute kidney
injury (AKI), an abrupt clinical episode of reduction in kidney function leading to the accumulation of nitrogenous waste
in the blood, elevated serum creatinine levels, electrolyte imbalances and volume overload [40] can cause loss of kidney
function which may be reversible, requiring temporary dialysis, or may progress to end-stage renal disease (ESRD),
necessitating permanent renal replacement therapy. [41] It is therefore crucial that clinicians monitor renal function
and serum lipid profiles in patients receiving frequent artemether-lumefantrine therapy as early detection could
facilitate timely interventions to mitigate the risk of chronic kidney disease and its associated cardiovascular
complications. Although there are strong correlations between imbalance in serum lipid profile and the progression of
chronic kidney disease, the underlying biochemical pathway and molecular mechanisms involved has not been
confirmed by this study. Further research is encouraged to establish the mechanisms involved in artemether-
lumefantrine-induced renal functions impairments and to identify potential protective strategies in new antimalarial.

4., Conclusion

The findings of this study suggests that repeated exposure to artemether-lumefantrine may result in deranged
biochemical parameters of kidney function and serum lipid profile highlighting the potential nephrotoxic effects of
frequent artemether-lumefantrine administration emphasizing the need for comprehensive monitoring, timely
interventions and a cautious approach in the long-term use of artemether-lumefantrine.
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