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Abstract

Malaria remains one of the most pressing public health challenges, particularly in Sub-
Saharan Africa. Antimalarial drugs used in its treatment may infl uence biochemical markers 
of hepatic, renal, and metabolic function. This study aimed to evaluate the toxicological 
effects of the sequential administration of artemether-lumefantrine and sulfadoxine-
pyrimethamine in male Wistar rats. Thirty (30) mature male Albino Wistar rats weighing 
between 190- 280 g were randomly divided into fi ve groups comprising six (6) rats each. 
Group 1 served as control, Group 2 received Artemether-lumefantrine (8 mg/kg/bw) for 3 days, 
Group 3 received sulfadoxine-pyrimethamine (0.079 mg/kg/bw) for 1 day, Group 4 received a 
sequential dose of Artemether-Lumefantrine for 3 days and sulfadoxine-pyrimethamine for 
1 day, while Group 5 received a sequential dose of SP for 1 day and AL for 3 days. Sequential 
administration of AL and SP resulted in a signifi cant (p < 0.05) elevation of ALT, AST, ALP, serum 
total and direct bilirubin levels, urea, creatinine, and HDL. There was a signifi cant (p < 0.05) 
decrease in the serum total protein and albumin. Notably, HDL levels increased signifi cantly 
in the SP → AL group (p < 0.05), while other lipid parameters showed sequence-specifi c 
signifi cant changes compared to the control. Sequential administration, particularly the 
SP → AL sequence, was observed to have more pronounced effects on hepatorenal 
biomarkers compared to independent administration. These fi ndings provide preliminary 
evidence that the sequence of administration may infl uence hepatorenal biochemical 
responses following exposure to these antimalarial drugs.
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vulnerable host by Plasmodium parasites, of which over 120 
species are known, with only ϐive (P. falciparum, P. vivax, 
P. malariae, P. ovale, P. knowlesi) causing malarial infections 
in humans. Mortality is predominantly attributed to infection 
with P. falciparum, and P. vivax, heretofore associated with 
uncomplicated malaria, has recently been documented as a 
causative agent of severe human infection [3]. In 2024, it is 
estimated that there were 282 million cases of malaria in 80 

Introduction 
Malaria is one of the most devastating infectious diseases 

with an annual global burden of over 200 million, alongside 
hundreds of thousands of deaths reported each year and 
approximately 95% occurring in the WHO African Region 
[1,2]. It is a protozoan disease transmitted by Anopheles 
female mosquitoes and results from the infection of a 
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detected before any histopathological changes in the kidney, 
making them markers of functional organ stress [13].

Artemisinin derivatives such as artemether are 
metabolised in the liver by cytochrome P450 enzymes. These 
drugs have been shown to modulate enzyme activity through 
induction mechanisms [14]. Modulation of drug metabolism 
dynamics by sequential exposure to antimalarial drugs may 
alter drug clearance, leading to the accumulation of reactive 
metabolites. This can affect drug-metabolising pathways, 
leading to different effects in the liver and kidneys depending 
on the sequence of drug administration [15].

Considering the widespread use of Artemether–
Lumefantrine and Sulfadoxine–Pyrimethamine and the 
likelihood of their sequential administration in malaria-
endemic regions, it is therefore pertinent to evaluate the 
biochemical consequences of such exposure, especially early 
biochemical indicators of hepatorenal stress. Therefore, the 
objective of this study was to ascertain sequence-speciϐic 
variations in hepatic and renal biochemical markers following 
independent and sequential administration of Artemether–
Lumefantrine and Sulfadoxine–Pyrimethamine in Wistar rats.

Materials and methods
Experimental animals

Thirty male albino Wistar rats weighing 190- 280 g were 
procured from the Department of Zoology Animal House, 
Faculty of Science, University of Uyo (UNIUYO), Akwa Ibom 
State. The animals were weighed, labelled, and kept in cages at 
the Animal House, Faculty of Basic Medical Sciences (FBMS), 
UNIUYO, Akwa Ibom State, Nigeria. The rats were acclimatised 
in an optimum pathogen-free environment and maintained a 
12-hour light/dark cycle (light on at 6:00 a.m.) at 25-27 °C 
for 2 weeks before the start of the experiment, to allow free 
and unhindered access to diet and water. The animals were 
separated into cages with dimensions of 23 cm in length, 10.3 
cm in width, and 13 cm in height. The cages were properly 
maintained by changing the sawdust and leftover feed daily. 
The rats were fed with rat pellets supplied by Grand Cereals 
Ltd, Onitsha, Nigeria, and were maintained under standard 
conditions. Also, the Department of Biochemistry, University 
of Uyo, Nigeria, Animal Experiment Committee approved the 
protocol for all animal experiments conducted in this study. 
All procedures followed the standards established in the 
NIH Guide for the Care and Use of Laboratory Animals (NIH 
Publication No. 83-123, revised 1985). The Postgraduate 
Committee of the Faculty of Basic Medical Sciences at the 
University of Uyo, Nigeria, approved this study, which received 
Registration number UU_FBMSREC_2025_002. Efforts were 
made to reduce the pain caused to the animals and the number 
of animals required for the study.

Drugs acquisition

Artemether–lumefantrine (AL) was administered 

endemic countries, an increase of 9 million cases from 2023, 
and this is determined by various complex factors, including 
population growth, conϐlict, climate events, and health system 
disruptions [4].

The primary impediment to successful malaria treatment 
is the proliferation of parasite resistance to antimalarial 
drugs in Africa. Consequently, the World Health Organisation 
(WHO) recommended that antimalarial therapies be deployed 
as combination therapies (CTs) rather than the usual 
monotherapies [5]. Coartem®, an artemisinin combination 
therapy containing Artemether-Lumefantrine (AL), is the 
ϐirst-line drug recommended for the treatment of acute 
and complicated malaria fever in patients with a minimum 
body weight of 5 kg, and it is widely used across malaria-
endemic regions [6]. Clinical trials showed that Coartem® is 
effective, safe, and well-tolerated against multidrug-resistant 
Plasmodium falciparum [7]. Artemisinin derivatives rapidly 
reduce parasite biomass, achieving up to a 10,000-fold 
reduction per asexual cycle [8].

Despite the scale-up of antimalarial interventions and the 
resultant reduction in malaria transmission in some areas, 
the morbidity and mortality of malaria disease are still high 
in several areas of sub-Saharan Africa [9]. Artemether–
Lumefantrine and Sulfadoxine–Pyrimethamine (SP) are 
both recommended by the WHO and have contributed to 
reductions in malaria-related morbidity and mortality in 
different populations [10,11]. Artemisinin-based combination 
therapies (ACTs) combine a fast-acting artemisinin derivative 
with a long-acting drug to prevent recrudescence and 
drug resistance [5]. The emergence of antimalarial drug 
resistance has led various countries in sub-Saharan Africa to 
adopt the World Health Organisation (WHO) recommended 
artemisinin-based combination therapy for treatment of 
uncomplicated P. falciparum malaria [7]. In routine clinical 
practice, treatment failure, self-medication, drug switching, 
and mass drug administration programs may result in the 
independent or sequential use of different antimalarial agents. 
However, the biochemical consequences of their sequential 
administration, particularly the effect of drug order, are still 
not well understood.

The liver is the most sensitive predictor of chemical-
induced toxicity because of its involvement in metabolism, 
detoxiϐication, and storage of drugs and their metabolites. 
It is an important target organ for drug-induced injury in 
mammals. The leakage of cytosolic enzymes such as alanine 
aminotransferase (ALT), aspartate aminotransferase (AST), 
and alkaline phosphatase (ALP) is closely related to the 
distortion of hepatocyte membrane integrity [12]. These 
enzymes are commonly used as markers of hepatocellular 
stress. The kidney is affected because of its signiϐicant role in 
drug elimination and maintaining metabolic balance. Changes 
in serum urea and creatinine levels are used as early markers 
of kidney function impairment. These modulations can be 
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using Coartem® tablets (Novartis Pharma AG, Basel, 
Switzerland). Each tablet contained 80 mg artemether and 
480mg lumefantrine as active ingredients. Sulphadoxine-
Pyrimethamine tablets were sourced from Somboson 
Pharmacy, Uyo, Akwa Ibom State, Nigeria (Wapmalar®, 
Ipca Laboratories, India). Each tablet contained 500mg 
sulphadoxine and 25mg pyrimethamine as active ingredients.

Experimental design

The adult male Wistar rats were weighed, marked, and 
divided into ϐive groups of six (6) per group. The study was 
conducted and reported in accordance with the ARRIVE 2.0 
guidelines for animal research. A sample size of six animals 
per group was selected based on previous toxicological studies 
employing similar experimental designs and endpoints.

Group 1 served as the control with no drugs administered. 
Groups 2-5 were administered the following;

were suspended in distilled water to obtain the required 
dosing concentration. Animals assigned to SP treatment 
received a dose of 0.079 mg/kg body weight of the combined 
sulfadoxine–pyrimethamine formulation. Based on the ϐixed 
20:1 sulfadoxine-to-pyrimethamine ratio, this corresponded 
to approximately 0.075 mg/kg sulfadoxine and 0.004 mg/kg 
pyrimethamine. 

The volume administered to each animal was calculated 
individually based on body weight and the concentration of 
the prepared suspension. All treatments were administered 
by oral gavage using freshly prepared suspensions. Animals 
in the sequential-treatment groups received the respective 
formulations according to the study design, and all dosing 
procedures were performed under the same experimental 
conditions. 

Animals in Group 4 received AL for three consecutive days 
followed by a single dose of SP on the fourth day, whereas 
animals in Group 5 received a single dose of SP followed by AL 
for three consecutive days. Blood samples were collected 24 
hours after the ϐinal drug administration.

Animal sacrifi ce and preparation of sera for 
analysis

Twenty-four hours after the ϐinal drug administration, all 
animals were anaesthetised by intraperitoneal administration 
of ketamine. Adequate depth of anaesthesia was conϐirmed by 
the absence of the pedal withdrawal reϐlex, corneal reϐlex, and 
response to tail pinch before any procedure was undertaken.

Under deep surgical anaesthesia, whole blood was 
collected by cardiac puncture using sterile disposable syringes 
and needles. Following blood collection, the animals were 
humanely euthanised by exsanguination while remaining 
under deep anaesthesia, ensuring that recovery from 
anaesthesia did not occur. All experimental procedures were 
conducted in accordance with institutional guidelines for the 
care and use of laboratory animals and were approved by the 
University of Uyo Faculty of Basic Medical Sciences Research 
Ethics Committee (Approval No. UU_FBMSREC_2025_002).

Approximately 1 mL of whole blood from each animal 
was transferred into EDTA-anticoagulated tubes for 
haematological analysis. The remaining blood was dispensed 
into plain tubes and allowed to clot undisturbed at room 
temperature for approximately 2 hours. Samples were 
subsequently centrifuged at 3,000 rpm for 10 minutes using a 
bench-top centrifuge (MSE, UK), and the serum was carefully 
separated using sterile disposable Pasteur pipettes.

Serum samples were visually inspected for evidence of 
hemolysis, and grossly hemolyzed samples were excluded 
from biochemical analyses. The separated serum was 
aliquoted into sterile cryovials and stored at −40°C until 
analysis. All biochemical analyses were performed within one 
week of sample collection, and samples were subjected to a 

Group Treatment Dose 
(mg/kg bw) Duration Dosing Schedule

1 NC – Distilled Water 5 mL/kg 4 days 5 mL/kg/day

2 Artemether–
Lumefantrine (AL) 8 3 days Day 1–3: 8 mg/kg/day

3 Sulfadoxine–
Pyrimethamine (SP) 0.079 1 day Day 1: 0.079 mg/kg

4 AL → SP (Sequential) AL 8 + SP 0.079 4 days Day 1–3: AL 8 mg/kg/day; 
Day 4: SP 0.079 mg/kg

5 SP → AL (Sequential) SP 0.079 + AL 8 4 days Day 1: SP 0.079 mg/kg; 
Day 2–4: AL 8 mg/kg/day

Administration of experimental drugs

Artemether–lumefantrine (AL) and sulfadoxine–
pyrimethamine (SP) were administered orally as commercially 
available formulations. AL was administered using Coartem® 
tablets, each containing 80 mg artemether and 480 mg 
lumefantrine (560 mg total active ingredients), while SP was 
administered using Wapmalar® tablets, each containing 500 
mg sulfadoxine and 25 mg pyrimethamine (525 mg total 
active ingredients).

Immediately before administration, tablets were ϐinely 
crushed using a sterile porcelain mortar and pestle and 
suspended in freshly prepared distilled water. Because both 
formulations contain poorly water-soluble active ingredients, 
the preparations were administered as homogeneous oral 
suspensions rather than true solutions. Suspensions were 
continuously vortex-mixed before dosing to ensure uniform 
dispersion of the active ingredients.

For AL, one tablet containing 560 mg total active 
ingredients was suspended in 100 mL of distilled water to 
obtain a stock suspension concentration of 5.6 mg/mL. 
Appropriate dilutions were prepared from this stock 
suspension, and animals received AL at a dose of 8 mg/
kg body weight. For SP, Wapmalar® tablets containing 
500 mg sulfadoxine and 25 mg pyrimethamine per tablet 
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single freeze–thaw cycle before analysis to preserve sample 
integrity.

Biochemical analyses

Serum AST was determined by the Kinetic Method [16], 
ALT by the colourimetric endpoint method [17], and total 
and direct bilirubin by Doumas, et al. [18]. Creatinine and 
urea were assayed spectrophotometrically [19,20]. Serum 
Potassium, Sodium, and Chloride were measured using 
an automated ion-selective electrode machine (Lanwing 
LWE60D, Germany), while bicarbonate was determined 
spectrophotometrically [16]. Serum Lipid Proϐile, including 
triglycerides, total cholesterol, and high-density lipoprotein 
cholesterol, was assayed using the Fortress Assay Kit. Very low-
density lipoprotein cholesterol and Low-density lipoprotein 
cholesterol were calculated using Friedwald’s formula [21]. 
Commercial diagnostic kits supplied by Fortress Diagnostics 
(Antrim, United Kingdom) were used for biochemical 
analyses according to the manufacturer’s instructions. Assays 
were calibrated using the kit-provided standards and quality-
control materials. All analyses were performed in duplicate. 
The reported analytical sensitivity, linearity ranges, and intra-
assay coefϐicients of variation were within the speciϐications 
provided by the manufacturer. Quality-control samples were 
included in each analytical batch to ensure assay reliability.

Statistical analyses

Statistical analyses were performed using SPSS version 
20.0 (IBM Corp., Armonk, NY, USA). Data were assessed for 
normality using the Shapiro–Wilk test and for homogeneity 
of variance using Levene’s test. Comparisons among groups 
were performed using one-way analysis of variance (ANOVA), 
followed by Tukey’s multiple-comparison post hoc test where 
appropriate. Data are presented as mean ± standard error of 
the mean (SEM). In addition, 95% conϐidence intervals (95% 
CI) were calculated for group means using the t-distribution 
(n = 6 animals per group; df = 5) according to the formula: 
Mean ± (2.571 × SEM). Statistical signiϐicance was accepted 
at p < 0.05.

Results
Effect on liver function

Results from liver function analyses revealed that 
sequential treatment with Artemether-Lumefantrine and 
Sulfadoxine-pyrimethamine signiϐicantly (p ˂ 0.05) increased 
ALT, AST, ALP, and serum total and direct bilirubin levels 
compared with the control. There were signiϐicantly (p < 0.05) 
decreased levels of serum total protein and albumin following 
sequential treatment with Artemether-Lumefantrine and 
Sulfadoxine-pyrimethamine compared with the control, as 
shown in Table 1 and Figure 1.

Ninety-ϐive per cent conϐidence intervals (95% CI) were 
calculated for all outcome measures to provide an estimate of 
the precision of the observed group means. The corresponding 

conϐidence intervals for all biochemical parameters are 
presented in Supplementary Tables S1–S3 (Click here).

Effects on kidney function

Serum concentrations of urea, creatinine, and electrolytes 
were analysed to ascertain kidney function. Signiϐicant 
(p ˂ 0.05) increases in serum urea and creatinine levels 
were observed in the sequential treatment with Artemether-
Lumefantrine and Sulfadoxine-pyrimethamine compared 
with the control. There were no signiϐicant differences in 
serum electrolyte levels (sodium, potassium, chloride, and 
bicarbonate) when all treatment groups were compared with 
the control, as shown in Table 2 and Figure 2.

Effect on lipid parameters

The total cholesterol (TCHOL), triacylglyceride (TAG), 
high-density lipoprotein (HDL), low-density lipoprotein 
(LDL), and very low-density lipoprotein (VLDL) in Wistar 
rats sequentially administered Artemether-Lumefantrine 
and Sulfadoxine-pyrimethamine are presented in Table 3 
and Figure 3. Serum high-density cholesterol concentration 
was signiϐicantly (p < 0.05) increased with sequential 
treatment with Sulfadoxine-pyrimethamine and Artemether-
Lumefantrine compared with the control. Group 5 (SP then 
AL) showed signiϐicant differences (p < 0.05) in the serum. 

TCHOL, TAG, LDL, and VLDL concentrations following 
sequential treatment with Sulfadoxine-pyrimethamine and 
Artemether-Lumefantrine when compared to the independent 
AL treatment group. Additionally, Group 4 (AL then SP) showed 
a signiϐicant difference in Total Cholesterol compared to the 
independent SP group. Notably, HDL levels were signiϐicantly 
increased (p < 0.05) in the SP then AL sequence compared to 
the control, independent AL, and AL then SP groups.

Effects of independent and sequential administration 
of Artemether–Lumefantrine (AL) and Sulfadoxine–
Pyrimethamine (SP) on liver enzymes (ALT, AST, ALP), 
renal markers (urea, creatinine), and serum high-density 
lipoprotein (HDL) levels in Wistar rats. Data are expressed as 
mean ± SEM (n = 6).

Figure 1: Liver enzyme biomarkers following AL and SP administration.
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Table 1: Biomarkers of liver function in Wistar rats sequentially treated with Artemether-Lumefantrine and Sulfadoxine-Pyrimethamine.
Groups and 
Treatment 

ALT
U/L

AST
U/L ALP Total protein g/dL Albumin

g/dL
Total bilirubin

mg/dL
Direct bilirubin

mg/dL
Group 1  NC 40.36 ± 1.54 133.58 ± 2.85 74.72 ± 2.39 80.69 ± 1.96 18.52 ± 0.89 28.83 ± 0.66 3.27 ± 0.41
Group 2 AL 41.50 ± 2.39 151.82 ± 2.68a 97.87 ± 3.09a 70.96 ± 2.16a 14.62 ± 0.57a 34.44 ± 0.39a 4.22 ± 0.52
Group 3 SP 40.47 ± 2.13 151.13 ± 2.63a 92.69 ± 4.64a 66.57 ± 2.24a 15.58 ± 1.45a 33.42 ± 0.44a 6.09 ± 0.17ab

Group 4  AL then SP 56.30 ± 0.99abc 153.36 ± 2.14a 108.70 ±1.51abc 71.94 ± 3.33a 14.14 ± 0.83a 33.46 ± 0.37a 8.11 ± 0.56abc

Group 5 SP then AL 56.45 ± 1.37abc 154.54 ± 2.95a 106.13 ± 2.54ac 69.62 ± 2.21a 14.66 ± 0.94a 34.25 ± 0.53a 7.09 ± 0.23ab

Data presented as Mean ± Standard Error of Mean (SEM). Means of groups were compared and considered signiϐicantly different at (p < 0.05). Signiϐicant differences are indicated as 
superscripts deϐined thus: ‘a’ = signiϐicantly different compared with Group 1; ‘b’ = signiϐicantly different compared with Group 2; ‘c’ = signiϐicantly different compared with Group 3; 
‘d’ = signiϐicantly different compared with Group 4. NC – Normal Control; AL – Artemether-Lumefantrine; SP – Sulfadoxine-Pyrimethamine. n=6

Table 2: Biomarkers of kidney function in Wistar rats sequentially treated with Artemether-Lumefantrine and Sulfadoxine-Pyrimethamine.
Groups and 
Treatment Urea (mmol/L) Creatinine

(mmol/L)
Sodium

(mmol/L)
Potassium
(mmol/L)

Chloride
    (mEq/L)

Bicarbonate
(mmol/L)

Group 1  NC 4.21 ± 0.35 103.80 ± 2.31 127.01 ± 0.12 1.66 ± 0.14 55.91 ± 0.66 15.15 ± 0.50
Group 2  AL 5.19 ± 0.37a 104.32 ± 1.76 129.42 ± 5.09 1.52 ± 0.04 53.06 ± 3.26 16.02 ± 0.86
Group 3 SP 5.51 ± 0.16a 112.67 ± 1.57ab 128.70 ± 4.49 2.03 ± 0.39 51.42 ± 4.60 15.75 ± 2.26

Group 4 AL then SP 5.89 ± 0.26a 112.67 ± 1.95ab 128.10 ± 2.95 1.91 ± 0.18 57.47 ± 0.48 16.59 ± 0.77
Group 5 SP then AL 6.01 ± 0.19a 117.05 ± 1.69ab 133.15 ± 2.55 1.90 ± 0.18 58.07 ± 0.55 18.88 ± 1.07

Data presented as Mean ± Standard Error of Mean (SEM). Means of groups were compared and considered signiϐicantly different at (p < 0.05). Signiϐicant differences are indicated as 
superscripts deϐined thus: ‘a’ = signiϐicantly different compared with Group 1; ‘b’ = signiϐicantly different compared with Group 2; ‘c’ = signiϐicantly different compared with Group 3; 
‘d’ = signiϐicantly different compared with Group 4. NC – Normal Control; AL – Artemether-Lumefantrine; SP – Sulfadoxine-Pyrimethamine,.n=6

Table 3: Lipid proϐile of Wistar rats sequentially treated with Artemether-Lumefantrine and Sulfadoxine-Pyrimethamine.

Groups and Treatment TCHOL
(mmol/L)

TAG
(mmol/L)

HDL
(mmol/L)

LDL
(mmol/L)

VLDL
(mmol/L)

Group 1 NC 2.49 ± 0.06 1.09 ± 0.07 1.16 ± 0.07 0.83 ± 0.06 0.50 ± 0.03
Group 2 AL 2.91 ± 0.22 0.88 ± 0.07a 1.19 ± 0.14 1.33 ± 0.11a 0.40 ± 0.03a

Group 3 SP 3.04 ± 0.22a 1.06 ± 0.07 1.42 ± 0.07 1.14 ± 0.16 0.48 ± 0.03
Group 4 AL then SP 2.43 ± 0.06bc 1.02 ± 0.05 1.06 ± 0.08c 0.91 ± 0.08b 0.46 ± 0.02
Group 5 SP then AL 2.94 ± 0.11d 1.15 ± 0.08b 1.49 ± 0.11abd 0.93 ± 0.11b 0.52 ± 0.03b

Data presented as Mean ± Standard Error of Mean (SEM). Means of groups were compared and considered signiϐicantly different at (p < 0.05). Signiϐicant differences are indicated as 
superscripts deϐined thus: ‘a’ = signiϐicantly different compared with Group 1; ‘b’ = signiϐicantly different compared with Group 2; ‘c’ = signiϐicantly different compared with Group 
3; ‘d’ = signiϐicantly different compared with Group 4. NC – Normal Control; AL – Artemether-Lumefantrine; SP – Sulfadoxine-Pyrimethamine; TCHOL= Total Cholesterol, HDL = High 
Density Lipoprotein, TAG = Triacylglyceride,  VLDL = Very Low Density Lipoprotein, LDL = Low Density

Figure 2: Renal biochemical markers following AL and SP administration.
Figure 3: Serum HDL levels following independent and sequential 
treatment.

indicator of hepatocellular damage, whereas AST, although 
found in hepatocytes, is also present in extrahepatic tissues 
such as cardiac and skeletal muscles, kidneys, and testes, 
making its elevation not only hepatic in origin [23].

In this study, AST levels were elevated in all treatment 
groups and were statistically signiϐicant compared with the 
normal control, indicating systemic enzyme leakage following 
both independent and sequential drug administration. 

Discussion
Hepatocyte membrane distortion is associated with 

increased permeability and subsequent leakage of 
intracellular enzymes into the circulation, as evidenced by 
elevations in serum alanine aminotransferase (ALT), aspartate 
aminotransferase (AST), and alkaline phosphatase (ALP), 
which are generally considered biomarkers of hepatocellular 
injury [22]. Among these, ALT is usually the most reliable 
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Similarly, ALP levels were signiϐicantly higher in treated 
groups, especially sequentially treated animals. However, 
ALT activity was signiϐicantly elevated following sequential 
administration (Groups 4 and 5) but not with independent 
administration of AL or SP (Groups 2 and 3), suggesting that 
combined exposure may produce greater hepatocellular 
biochemical disturbance or stress than independent 
administration of either drug alone. This is corroborated 
by other studies showing that combined malaria regimens 
resulted in elevated ALT levels [24-27]. Meanwhile, in a 
Preclinical study in rodent malaria models conducted by 
Okafor, et al. [28], it was observed that artemisinin-based 
combination therapies induce histopathological changes in 
multiple organs, including the liver and kidneys.

Furthermore, a modest increase in total and direct 
bilirubin was observed, mainly in the sequential treatment 
groups, indicating some impairment of hepatobiliary 
processing and conjugation. However, this may reϐlect early 
functional disturbance rather than established liver damage. 
Interestingly, single SP administration caused relatively 
less enzyme induction than AL, which may explain why SP 
continues to be safely used in intermittent malaria prevention 
programs.

The sequence-speciϐic biochemical effects could be partly 
explained by the liver’s metabolism of these drugs. Artemether, 
for example, is extensively metabolised in the liver by 
CYP3A4 and CYP2B6. Some studies suggest that artemisinin 
induces these enzymes through auto-induction, which could 
alter the metabolism and clearance of a drug administered 
afterwards [29,30]. SP, by contrast, has slower clearance and 
longer systemic exposure. Drugs with extended elimination 
phases are thought to be more prone to enzyme-mediated 
interactions, potentially leading to metabolic competition 
and accumulation of reactive intermediates [31,32]. This may 
have contributed to the more pronounced effect on group 
5. Conversely, the administration of AL before SP may have 
induced the metabolism of the second drug so rapidly that the 
biochemistry was altered to a greater extent. Once again, this 
is speculative, but it is consistent with the results of previous 
studies on the pharmacokinetics-toxicodynamics of drug 
interactions [29,30].

Sequential administration also seemed to affect renal 
biomarkers. Serum urea and creatinine were signiϐicantly 
elevated in the SP → AL group, suggesting possible alterations 
in renal function and reduced glomerular ϐiltration [33,34]. 
However, in the absence of histopathological assessment 
and additional functional studies, these ϐindings should be 
interpreted as evidence of biochemical renal stress rather 
than conϐirmed nephrotoxicity. Electrolytes remained 
generally within normal limits, indicating that the kidney’s 
regulatory mechanisms remained functional. The ϐluctuations 
in electrolyte levels could be due to a slight decrease in kidney 
efϐiciency, as observed in earlier studies of antimalarial 
administration [35-37].

Additionally, in this study, there were sequence-dependent 
changes in lipid parameters. HDL increased signiϐicantly in the 
SP → AL group compared to the control, independent AL, and 
AL → SP groups. Interestingly, independent administration 
of SP (Group 3) resulted in signiϐicantly elevated Total 
Cholesterol compared to the control. In contrast, the 
sequential AL → SP group (Group 4) showed signiϐicantly 
lower Total Cholesterol levels than both independent AL and 
SP treatments. Furthermore, while independent AL treatment 
(Group 2) caused a signiϐicant reduction in TAG and VLDL 
compared to the control, sequential SP → AL administration 
resulted in signiϐicantly higher levels of these lipids compared 
with the AL group. Elevated lipid levels have been associated 
with an increased risk of cardiovascular disorders, including 
atherosclerosis and coronary heart disease [35,38-41]. 

In the present study, these ϐindings suggest that the 
biochemical response to treatment may vary according to 
the sequence of drug administration. However, the clinical 
relevance of these alterations remains uncertain and warrants 
further investigation in longer-term experimental and clinical 
studies.

Limitations

The present ϐindings are based on short-term biochemical 
assessments obtained after a four-day exposure period and 
therefore should not be extrapolated directly to clinical 
settings. Although signiϐicant alterations in liver and kidney 
biomarkers were observed, these measurements provide 
indirect evidence of organ function and do not establish 
the presence of structural tissue injury. Histopathological 
examination, oxidative stress assessment, inϐlammatory 
biomarker proϐiling, and functional evaluations were not 
performed; therefore, the observed changes should be 
interpreted as biochemical alterations or possible hepatorenal 
stress rather than conϐirmed toxicity [42-53].

Furthermore, the study was not designed to investigate 
the pharmacokinetic mechanisms underlying the 
sequence-dependent effects observed following sequential 
administration of artemether–lumefantrine and sulfadoxine–
pyrimethamine. Consequently, any mechanistic explanations 
regarding altered drug exposure, metabolism, or elimination 
remain hypothetical and require experimental veriϐication. 
Future studies incorporating histopathological evaluation, 
oxidative stress biomarkers, inϐlammatory markers, 
pharmacokinetic analyses, longer observation periods, larger 
sample sizes, formal effect-size estimation, and graphical 
presentation of individual animal data are needed to 
determine the biological signiϐicance, reversibility, magnitude, 
and mechanistic basis of the observed alterations.

Conclusion
This study shows that the biochemical effects of 

Artemether–Lumefantrine and Sulfadoxine–Pyrimethamine 
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are inϐluenced by the sequence of administration in male 
Wistar rats. Independent administration of Artemether–
Lumefantrine (once daily for three days) or a single dose of 
Sulfadoxine–Pyrimethamine produced only mild and largely 
physiological changes in serum biochemical indices. However, 
sequential exposure resulted in more pronounced alterations, 
with the Sulfadoxine–Pyrimethamine-Artemether–Lume-
fantrine sequence showing higher elevations in hepatic and 
renal biochemical biomarkers. 
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