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Introduction

Abstract: Artemisinin-based Combination Therapies (ACTs) are employed
as first-line agents in malaria chemotherapy. In many malaria endemic
areas, ACTs are frequently abused partly due to resistance, poor drug
control and inadequate health facilities. This study investigated the effects
of prolong administration of Artesunate-Sulfadoxine-Pyrimethamine (ATS-
SP), Artesunate-Amodiaquine (ATS-Amod) and Artemether-Lumefantrine
(ATM-Lum) on plasma levels of biochemical parameters (AST, ALT, ALP,
urea and creatinine) and lipids in guinea pigs. Adult guinea pigs were
administered standard (NTD) or Double Therapeutic Dose (DTD)
equivalents of ATS-SP, ATS-Amod or ATM-Lum for 14 days. Some other
animals received similar drug treatments but were allowed to recover for 14
days. Control group was given vehicle. ATS-Amod caused significant
(p<0.05) elevations in AST, ALT, urea and creatinine levels without
altering ALP compared to control. The elevations were all reversed except
the DTD-induced creatinine elevation. ATS-SP reversibly elevated
(p<0.05) AST and creatinine levels. ATM-Lum caused no effect on urea,
creatinine and ALT, but increased AST and ALP levels. Lipids were
unaffected, except triglyceride level that was reversibly elevated (p<0.05)
by ATS-SP (DTD). The results demonstrate that standard doses of the
ACTs may have no harmful effects, but prolong overdose treatment with
artesunate-amodiaquine or artesunate-SP may elevate creatinine and
triglyceride levels, respectively.

Keywords: ACTs, Artemisinin, Creatinine, Lipids, Prolong Treatment,
Triglyceride

effective drugs resulting in the development of

Malaria is a public health disease which is endemic in
the sub Saharan region and it has remained a leading
cause of mortality and morbidity in the developing world
(Breman et al., 2004). There are many drugs available
for malaria treatment, but poor therapeutic outcome due
to treatment failures is common and this had impacted
negatively on man’s health and economy (Sachs and
Malaney, 2002). Treatment failures have been linked
majorly to the development of resistance of the malaria
parasite (plasmodium) to standard antimalarial agents
(Ronn et al., 1996; Ogutu et al., 2000; Djimdé et al.,
2001). This has necessitated the search for new and more
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artemisinin and its derivatives (artesunate, artelinic acid,
artemether, arteether and dihydroartemisinin).
Artemisinins are highly effective against the
plasmodium parasite (Harinasuta and Qinghaosu, 1994;
Hien, 1994). They are believed to produce their
antiplasmodial activities via generation of free radicals
with subsequent alkylation of the parasite’s membrane
(Heppner and Ballou, 1998). Currently, Artemisinin-
based Combination Therapies (ACTs) are recommended
as the first line agents for the treatment of uncomplicated
malaria (Nosten and White, 2007). Expectedly, these
agents are used widely and frequently in endemic areas
of the disease, including Nigeria. But sadly, there is a
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serious concern of their misuse as ACTs and other
antimalarial drugs are readily purchased over-the-
counter in most parts of these regions and self-
medication is a common practice (Akanbi et al.,
2005). Also, wrong diagnosis of other fever related
conditions for malaria (in both clinical and nonclinical
settings) is not uncommon and patients are therefore
treated repeatedly with antimalarial agents in these
areas. The consequence of this is overdose and
prolong usage of ACTs which raises the concern of
drug toxicity (Jaeger et al., 1987).

Previous works have reported that therapeutic dose
levels of artemisinins exhibit potential neuro- and
reproductive toxicities (Raji et al., 2005; Nwanjo et al.,
2007; Aprioku and Obianime, 2011). Artemisinin
derivatives (artesunate and artemether) and ACTs
(artesunate-sulfadoxine-pyrimethamine, artesunate-
amodiaquine) have equally been reported to alter plasma
levels of biochemical parameters of different organ
functions, including alkaline phosphatase, acid phosphatase,
urea, creatinine, uric acid and total cholesterol in animals
(Adaramoye et al., 2008; Obianime and Aprioku, 2011;
Ugian et al., 2013; Etim et al., 2016). There is therofore a
compelling need to assess the impact of overdose and
prolong use of artemisinins as they are often misued in
Africa and other sub Saharan countries. Apparently, this is
yet to be studied. In this work, the effects of fourteen
days daily administrations of standard or double
therapeutic dose equivalents of three frequently used
ACTs (artesunate-amodiaquine, artesunate-sulfadoxine-
pyrimethamine and artemether-lumefantrine) on
plasma levels of renal and hepatic biochemical indices
were investigated in the guinea pig. We equally
evaluated their effects on lipid levels as well as the
reversibility of these effects.

Materials and Methods
Drugs

Artesunate-amodiaquine, Winthrop® (Sanofi-aventis,
France), artesunate-SP, Farenax® (Swiss Pharma
Nigeria Ltd., Nigeria) and artemether-lumefantrine,
Fynale® (NAXPAR Laboratory PVT Ltd., India) tablets
were obtained from the Pharmacy Unit, University of
Port Harcourt Teaching Hospital, Port Harcourt, Nigeria.

Animals

Sixty five out bred strains of adult male guinea pigs,
weighing 450+5 g were obtained from the Animal House
of the University of Port Harcourt, Nigeria and housed
within the experimental animal handling facility of the
Department of Pharmacology University of Port
Harcourt. They were maintained with standard rodent
chow and given free access to tap water under natural
conditions, with temperature of 26+4°C. The animals
were handled in accordance with international guidelines
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for care and use of laboratory animals in biomedical
research. Experimental methods were done in accordance
with the approved guideline of the Research Ethics
Committee of the University of Port Harcourt, Nigeria.

Experimental Design

The guinea pigs were randomly divided into thirteen
groups (1-13) containing 5 animals per group. Group 1-6
animals were administered artesunate-amodiaquine (4/10
or 8/20 mg kg™ day™"), artesunate-SP (4 plus 1.25/25 or
8 plus 2.5/50 mg kg ™' day ™) and artemether-lumefantrine
(4.4/27.2 or 8.8/54.4 2 mg kg™' day™), respectively, for
14 days. Similar drug treatments were given to groups 7-
12 (recovery groups), while group 13 (control) rats
received distilled water. The drugs were dissolved in
distilled water and given by oral gavage. The lower
doses of the drugs used were equivalent to their standard
doses for the treatment of uncomplicated malaria in
humans (Adjuik et al., 2002; Basco et al., 2002;
Barnes et al., 2005, respectively). Twenty-four hours
following the last treatment, all pigs were deeply
anesthetized with diethyl ether and killed by cervical
dislocation, except recovery group animals. Recovery
groups (7-12) were allowed to recover for 14 days after
treatment before they were sacrificed. Blood was
withdrawn with sterile needles and syringes into lithium
heparinized bottles via cardiac puncture. Plasma was
separated by centrifugation and analyzed to measure the
concentrations of Alanine Transaminase (ALT),
Aspartate Transaminase (AST), Alkaline Phosphatase
(ALP), urea, creatinine and lipids (total cholesterol,
triglycerides, LDL and HDL) using a Clinical Chemistry
Mindray Auto-analyzer (Model: BS-800m; Guangzou
Shihal Medical Equipment Co. Ltd., China).

Statistical Analysis

Data are presented as mean = Standard Error of Mean
(SEM). Differences between groups were determined by
one-way Analysis of Variance (ANOVA) followed by
Duncan’s multiple comparison test for intergroup
comparisons. Data were analyzed using Statistical
Package for Social Sciences (SPSS) software for
windows, p<0.05 was considered significant.

Results
Effects of ACTs on Hepatic Enzymes

Normal and double therapeutic dose treatments of
artesunate-amodiaquine had no effect on Alkaline
Phosphatase (ALP) enzyme plasma level, but caused
significant (p<0.05) elevations in Aspartate Transaminase
(AST) and alanine transaminase, ALT levels (Table 1).
Artesunate-SP caused significant (p<0.05) elevation of
AST, but produced no change in ALT and ALP levels,
compared to control (Table 1). Elevation of AST was
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observed in normal and double therapeutic dose treated
groups (Table 1). Furthermore, artemether-lumefantrine
caused significant (p<0.05) elevations of AST (normal
and double therapeutic dose) and ALP (double therapeutic

dose), but had no effect on ALT, compared to control
(Table 1). In all three ACT treated recovery groups, the
enzyme levels were not significantly (p>0.05) different
compared to control (Table 1).

Table 1. Effects of 14 days treatments with Artesunate-Amodiaquine (ATS-Amod), Artesunate-Sulfadoxine-Pyrimethamine (ATS-
SP) and Artemether-Lumefantrine (ATM-Lum) on plasma Aspartate Transaminase (AST), Alanine Transaminase (ALT)
and Alkaline Phosphatase (ALP) levels in guinea pigs

AST (IUL™) ALT (IUL™Y ALP (IUL™)
Dose Treated group Recovery group  Treated group Recovery group Treated group  Recovery group
Control 30.00+£2.27 28.00+1.68 18.00£2.35
NTD (ATS-Amod)  66.00+9.07* 60.75+36.80 37.33£1.86*  20.00+0.71 16.00+2.21 26.67+2.96
DTD (ATS-Amod)  97.67+10.84%* 79.00+35.00 37.33+£2.67* 18.75+2.06 18.00+3.70 26.33+2.91
NTD (ATS-SP) 121.75+16.45**  59.25+18.35 32.25+14.91 28.75+2.66 16.00+1.87 16.50+1.04
DTD (ATS-SP) 170.50+12.31*%*  60.25+15.05 41.00+1.68 29.00+£2.97 15.75+1.18 29.25+7.58
NTD (ATM-Lum) 196.75£13.18%*  54.00+10.21 30.50+1.26 24.50+2.50 24.00+5.07 12.50+1.32
DTD (ATM-Lum) 252.50+12.18**  61.00+14.58 32.50+1.71 27.50+1.66 35.50+3.52* 11.75+0.48*

Data expressed as mean + SEM, n=35

* Significantly different from control at p<0.05
** Significantly different from control at p<0.01
NTD: Normal Therapeutic Dose

DTD: Double Therapeutic Dose

Table 2. Effects of 14 days treatments with Artesunate-Amodiaquine (ATS-Amod), Artesunate-Sulfadoxine-Pyrimethamine (ATS-
SP) and Artemether-Lumefantrine (ATM-Lum) on plasma urea and creatinine levels in guinea pigs

Urea (mmolL™")

Creatinine (umolL ™)

Dose Treated group Recovery group Treated group Recovery group
Control 4.40+0.53 37.00+£3.56

NTD (ATS-Amod) 12.85+2.60%* 5.80+0.76 45.00+£1.87* 44.33+5.21
DTD (ATS-Amod) 12.30+2.10%* 6.30+£1.08 50.50+1.94%* 55.00+£2.08*
NTD (ATS-SP) 9.58+0.95 5.03+0.45 46.50+2.33% 45.00+1.00
DTD (ATS-SP) 10.75+2.71 5.43£0.34 48.00+£1.87* 46.00+4.44
NTD (ATM-Lum) 6.03+1.82 4.58+0.27 40.50+1.76 44.00+0.58
DTD (ATM-Lum) 5.03+0.42 4.23+0.17 47.25+£3.01 43.00+1.23

Data expressed as mean £ SEM, n=15

* Significantly different from control at p<0.05
** Significantly different from control at p<0.01
NTD: Normal Therapeutic Dose

DTD: Double Therapeutic Dose

Table 3. Effects of 14 days treatments with Artesunate-Amodiaquine (ATS-Amod), Artesunate-Sulfadoxine-Pyrimethamine (ATS-
SP) and Artemether-Lumefantrine (ATM-Lum) on plasma levels of lipids in guinea pigs

Total cholesterol Triglyceride High density Low density

(mmol L'l) (mmol L'l) lipoprotein (mmol L'l) lipoprotein (mmol L'l)

Treated Recovery Treated Recovery Treated Recovery Treated Recovery
Dose group group group group group group group group
Control 0.54+0.12 0.24+0.07 0.25+0.09 0.18+0.07
NTD (ATS-Amod) 1.39+0.12 0.44+0.09  0.47+0.07 0.14+0.01 0.37+0.04 0.32+0.09  0.81+0.16 0.06+0.02
DTD (ATS-Amod) 1.00+£0.39 0.51+0.06  0.37+0.04 0.26+0.12 0.16+0.08 0.26+£0.10  0.67+0.33 0.13+0.06
NTD (ATS-SP) 0.85+0.28 0.41+£0.06  0.35+0.10 0.26+0.07 0.21+£0.12 0.9+0.04 0.49+0.15 0.21+0.05
DTD (ATS-SP) 1.05+£0.17 0.39+0.04  0.54+0.06*  0.13%0.02 0.37+0.15 0.22+0.08  0.43+0.06 0.11£0.07
NTD (ATM-Lum) 0.88+0.22 0.27+0.05  0.36+0.03 0.17+0.04 0.19+£0.10 0.11£0.06  0.54+0.12 0.8+0.02
DTD (ATM-Lum) 0.66+0.22 0.30+£0.06  0.27+0.07 0.15+0.01 0.14+0.12 0.9+0.04 0.40+0.07 0.15+0.07

Data expressed as mean + SEM, n=35
* Significantly different from control at p<0.05
** Significantly different from control at p<0.01

NTD: Normal Therapeutic Dose; DTD: Double Therapeutic Dose
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Effects of ACTs on Urea and Creatinine

Artesunate-amodiaquine increased plasma levels of
urea and creatinine significantly (p<0.05) and dose-
dependently (Table 2). In artesunate-amodiaquine treated
recovery groups, urea levels were not altered, but
creatinine level in double therapeutic dose treated group
was increased compared to control (Table 2). In addition,
artesunate-SP treatment (normal and double therapeutic
dose) caused increase in creatinine level, but produced
no change in urea level (Table 2). The plasma levels of
urea and creatinine in artesunate-SP treated recovery
animals were not significantly differently compared to
control  (Table 2). Furthermore, artemether-
lumefantrine treatment did not cause change in the
levels of urea and creatinine and none of the parameters
was altered as well in the recovery animals when
compared with the control (Table 2).

Effects of ACTs on Lipids

Normal and double therapeutic dose treatments of
artesunate-amodiaquine and artemether-lumefantrine had
no effect on plasma levels of total cholesterol,
triglyceride, high density lipoprotein and low density
lipoprotein, compared to control (Table 3). Artesunate-
SP did not affect all the lipids except triglyceride which
was elevated, p<0.05. Triglyceride elevation was
observed only in pigs that received double therapeutic dose
of the drug. Plasma levels of lipids obtained in all recovery
groups were normal compared to control (Table 3).

Discussion

In this study, the effects of normal and double
therapeutic dose treatments of artesunate-amodiaquine,
artesunate-sulfadoxine-pyrimethamine  (artesunate-SP)
and artemether-lumefantrine on plasma levels of (1)
hepatic enzymes-aspartate transaminase (AST), Alanine
Transaminase (ALT) and Alkaline Phosphatase (ALP),
(2) renal biochemical indices- urea and creatinine and (3)
lipids-total cholesterol, triglycerides, High Lipids
Lipoprotein (HDL) and Low Lipids Lipoprotein (LDL)
were investigated in male guinea pigs. The regimens
selected are among the most frequently prescribed
Artemisinin-based Combination Therapies (ACTs) for
malaria treatment, globally.

AST and ALT plasma levels were increased by
normal and double therapeutic doses of artesunate-
amodiaquine, whereas it had no effect on ALP. Elevation
of AST and ALT by artesunate-amodiaquine may have
resulted from damage to hepatic cell and leakage of
enzymes into circulation (Bhattacharyya et al., 2003;
Nyblom et al., 2006). The implication of this is that
prolong treatment with standard or overdose of
artesunate-amodiaquine may affect liver function in the
guinea pig, but this is unlikely to be of pathological
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concern as both AST and ALT elevations were reversed
when drug administration was terminated. Additionally,
normal and double therapeutic dose levels of artesunate-
SP reversibly increased AST level, but had no effect on
ALT and ALP. Furthermore, artemether-lumefantrine
reversibly increased AST and ALP levels, but did not
affect ALT, however, only double therapeutic dose of
the ACT increased ALP, while AST was elevated by
both doses. In an earlier study, Ugian et al. (2013) have
reported  that intraperitoneal administration of
artemether-lumefantrine elevates serum levels of AST,
ALT and ALP in pregnant Wistar rats and may cause
hepatic injury in pregnancy. The results of the present
study suggest that artesunate-SP and artemether-
lumefantrine may affect the liver, especially the double
therapeutic dose levels. However, a strong conclusion
cannot be made on this as ALT, which is a more specific
hepatic enzyme (McClatchey, 2002) was not affected by
both ACTs. Further, since the observed effects were
reversed when drug treatments were stopped, it is logical
to consider that the ACTs are incapable of posing serious
toxicity to the liver.

Elevation of urea and creatinine levels is an
indication of renal dysfunction (Mouton and Holder,
2006; Traynor et al., 2006). In the present study,
artemether-lumefantrine did not alter plasma urea nor
creatinine concentration, whereas artesunate-SP did not
affect urea, but increased creatinine level at its double
therapeutic dose. Interestingly, it was also observed that
the urea and creatinine elevations by the two ACTs were
reversed after termination of drug treatments, suggesting
that all the ACTs evaluated lack renal toxicity potential
in the guinea pig. In addition, artesunate-amodiaquine
increased plasma urea and creatinine concentrations at
normal and double therapeutic doses; urea was
reversible while creatinine remained elevated (in
double therapeutic dose treated animals) after drug
discontinuation. This indicates that prolong treatment
with double therapeutic dose of artesunate-amodiaquine
may affect kidney function in the guinea pig.

Dyslipidemia is recognized as a prominent risk factor
of cardiovascular disease (Yusuf et al., 2004) and
elevation of blood cholesterol level has particularly been
linked to elevation in blood pressure and coronary heart
disease (Cotran, 1999). Previously, Edikpo et al. (2014)
have demonstrated that treatment of mild and moderate
cases of malaria with artemether reduced serum HDL-
cholesterol concentration. Additionally, therapeutic
doses of artemether-lumefantrine and artesunate-
amodiaquine combinations have been shown to cause
non-significant reduction of cholesterol level in plasma
(Otuechere et al., 2012). These results do not however
address prolong or higher therapeutic dose treatments, as
only therapeutic doses of the drugs were used. In this
study, lipids were unaffected by the artesunate-
amodiaquine, artesunate-SP and artemether-
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lumefantrine, except triglyceride which was elevated by
double therapeutic dose of artesunate-SP treatment. This
indicates that artesunate-amodiaquine and artemether-
lumefantrine would not have adverse effects on
cardiovascular function over the dose range used in this
study. These observations were not different from the
results obtained with the therapeutic dose treatments
earlier reported. Furthermore, although, overdose
treatment with artesunate-SP raised serum triglyceride
concentration, since this elevation was reversible,
prolong treatment may not induce persistent lipid
alteration of pathological concern. However, longer
duration of drug treatment as well as preexisting
metabolic and/or cardiovascular diseases or risk factors
may promote artesunate-SP toxicity.

Conclusion

Subacute treatment with normal therapeutic doses of
artesunate-amodiaquine, artesunate-SP and artemether-
lumefantrine do not alter plasma levels of hepatic
enzymes, renal indices (urea and creatinine) and lipids,
but double therapeutic levels reversibly increase hepatic
and renal indices in the guinea pig.
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