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ABSTRACT
Malaria is caused by the transfer of Plasmodium parasite, to a host by an infected
female anopheles mosquito. Artemisinin-based
Artemisinin based combination therapies (ACTs),
on the other hand have become the mainstay for malaria treatment. Artemisinin
derivatives are highly potent, fast acting antimalarials, but with short half-life,
half
and need to be combined with partner drugs with a longer half-life
half life to clear the
remaining parasites after a standard 3-day
3
ACT regimen. Thirty-six,
six, three months
old male and female albino mice weighing 25-31g
25 31g were randomly selected into
six groups of six mice per group. Group 1 animals served as normal control
(NC). Group 2 animals were infected with Plasmodium berghei without being
treated withh ACTs, and as such served as positive control (PC). The test groups
3, 4, 5 and 6 animals were infected with Plasmodium berghei and treated with
artesunate-amodiaquine
amodiaquine (AA), artemether-lumefantrine
artemether lumefantrine (AL), artesunateartesunate
mefloquine (AM), and dihydroartemisinin-piperaquine
dihydroartemisinin piperaquine phosphate (DPP)
respectively, at therapeutic doses. At the end of the three days treatment, the
animals were sacrificed using chloroform anaesthesia and the blood samples
were collected by cardiac puncture for analyses using standard methods.
Artesunate-amodiaquine
amodiaquine and artemether-lumefantrine
artemether lumefantrine caused significant (p<0.05)
increase in serum malondialdehyde concentration when compared to the positive
control. The groups treated with artesunate-amodiaquine,
artesunate amodiaquine, artemetherartemether
lumefantrine, artesunate-mefloquine
artesunate
and dihydroartemisinin--piperaquine
phosphate showed significant (p<0.05) decrease in the concentrations of total
cholesterol and low-density
density lipoprotein when compared with the positive control.
The group treated with artesunate-mefloquine
artesunate
indicated a significant
ignificant (p<0.05)
reduction in the concentrations of triglycerides and very low-density
low density lipoprotein
when compared to the positive control. Artesunate-amodiaquine
Artesunate amodiaquine and artemetherartemether
lumefantrine treated groups indicated increased significance (p<0.05) in the
concentration of high-density
high density lipoprotein when compared to the positive control.
Hence, this study revealed that the treatment of malaria-infected
malaria infected albino mice with
ACTs generally elevate the peroxidation of lipid and do not significantly
contribute to the amelioration of lipid profile.
INTRODUCTION
Malaria is the most lethal parasitic disease in the world, annually affecting approximately five
hundred million people mostly in African sub-Saharan
sub
countries (WHO,
WHO, 2000;
200 Snow et al.,
2005). Plasmodium berghei and Plasmodium vinckei are considered
ed a comparable genetic
model to humans. There is a high degree of genomic conservation, up to 99% (Pennacchio,
(
2003),
), and it is well established that mice also exhibit natural difference in susceptibility to
malarial infection (Greenberg
Greenberg et al., 1954).
). Patients with malaria present hypocholesterolemia,
decreased levels of high-density
density lipoproteins (HDL) and low-density
density lipoproteins (LDL), which
are accompanied by increased levels of triglycerides, and very low-density
low density lipoproteins
(VLDL). Such lipid abnormalities are transient, occurring in the most prevalent species
of Plasmodium as well
ll as in complicated or noncomplicated cases (Visser et al., 2013).
Animal (on rats) studies have suggested toxicity on the haematopoietic system with
reticulocytes reversible decrease, but clinical observations point out to a lower toxicity in
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malaria patients compared to healthy volunteers (Clark, 2012). However, research on the
effects of the four different classes of ACTs on the lipid peroxidation and lipid profile of
malaria-infected mice is yet to be carried out.
The Artemisia annua plant (Artemisia) is known to be the most ancient antimalarial treatment,
having been used in China for over 2000 years. It contains artemisinin, a substance which
eliminates the blood-stage parasites more rapidly than any other drug and works well against
Plasmodium falciparum species that are resistant to other drugs. This drug produces free
radicals in contact with iron, a common metal in the body, especially within erythrocytes
(Grahame-Smith, 2004). Artemisinin is a saturated endoperoxide lactone molecule and has
been used by the Chinese for two millenniums as a folk remedy against fever (Mpiana et al.,
2007). The artemisinins produce fast recrudescence when used alone due to their short halflives. ACTs combine artemisinin derivatives with other antimalarials, including quinoline
compounds, such as amodiaquine and mefloquine. The quinolines act mainly by inhibiting
hematin polymerization, thus intoxicating the parasite with the ferriprotoporphyrin groups
generated by hemoglobin degradation (Vennerstrom et al., 1999). Other antimalarials used in
ACTs, for example, pyrimethamine and proguanil, inhibit the tetrahydrofolic acid cycle and
thus eliminate an important cofactor for DNA synthesis. Chuljerm et al. (2021), observed high
increases in lipid peroxidation products, including thiobarbituric acid-reactive substances
(TBARS) (e.g MDA) in the plasma and livers of Plasmodium berghei ANKA mice (p<0.05),
treated with deferiprone, deferiprone-resveratrol, and pyrimethamine, when compared with
normal mice.
MATERIALS AND METHOD
Chemicals and Equipment
Chemicals and reagents of analytical grade were used for this study. The assay kits for the
estimation of serum malondialdehyde (MDA), total cholesterol (TC), high density lipoprotein
(HDL), and triglyceride (TG) were obtained from Fortress Diagnostics, unit 2C Antrim
Technology Park, Antrim, United Kingdom. The equipment and glasswares used in this
research are spectrophotometer, centrifuge, light microscope, refrigerator, automated
micropipette, test tubes, syringes, hand gloves, plain tubes, slides, slide box and plastic cages.
Experimental Animals
Thirty six albino mice were used in this research, 10-15 weeks old. Swiss albino males and
females of weight ranging from 25-31g, obtained from the Animal House, Faculty of Basic
Medical Sciences, University of Uyo, Uyo. The experimental animals were fed ad libitum on a
commercial diet, housed in plastic cages with wire guaze for sufficient ventilation and with
provision for feed and water. Room temperature of 26 ± 2°C and the relative humidity of 46%
were maintained. The albino mice were allowed to acclimatize for 7 days and were handled in
accordance with the guidelines for laboratory animal use of the University of Uyo, Uyo.
The parasite used in this study is chloroquine-sensitive Plasmodium berghei, NK 65 strain,
obtained from the National Institute of Pharmaceutical Research and Development (NIPRD),
Abuja, and it constituted the blood of albino mice already infected with plasmodium berghei,
serving as the donor mice for further use in this experiment. The characteristics of plasmodium
berghei are quite identical to that of plasmodium falciparum known to be the common cause of
malaria in humans. The parasites were maintained by serial passage of blood from infected
mice to non-infected ones to induce malaria in them.
Drug Samples and Drug Preparation
P-Alaxin (containing dihydroartemisinin-piperaquine phosphate), Artequin (containing
artesunate-mefloquine), Lumartem (containing artemether-lumefantrine) and Camosunate
(containing artesunate-amodiaquine), were purchased from the Contour Pharmacy, Abak.
Standard recommended therapeutic doses (according to the weight of the experimental animals)
of each ACTs suspended in vehicles were administered orally to the different groups of the
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experimental animals for three days. The ACTs were administered orally via an oral carnula
and new stock solution, of the drugs were prepared, each day of the administration.
Experimental Design and Treatment of Animals
A total of thirty six albino mice were divided into six different groups of six per group. Group
1, acting as the normal control, was uninfected with the parasite and was given normal rat
pellets and water. Group 2, acting as the positive control, was infected with the parasite but
untreated. Group 3 was infected with the parasite and then treated with 1.42 mg/kg body weight
of Artesunate and 4.29mg/kg body weight of Amodiaquine twice a day for three days. Group 4
was infected with the parasite and then treated with 1.14mg/kg of Artesunate body weight and
6.86mg/kg body weight of Lumefantrine twice a day for three days. Group 5 was infected with
the parasite and then treated with 2.86mg/kg body weight of Artesunate and 3.57mg body
weight of mefloquine once a day for three days. Group 5 was infected with the parasite and
then treated with 1.71mg/kg body weight of dihydroartemisinin and13.71mg/kg body weight of
Piperaquine Phosphate once a day for two days followed by the administration of two-third of
the dosage, on the third day.
Animal Sacrifice, Blood Samples Collection and Sera Preparation for Analyses
At the end of the third day administration, the mice were fasted overnight (12hrs) and induced
with anesthesia by dropping each mice in a transparent desiccators, saturated with chloroform
vapour. Incision was performed on the abdomen of the weakened mice. Blood samples were
collected via cardiac puncture, using sterile syringes and needles into sterile plain tubes for sera
preparation.
Biochemical Analyses
Estimation of total cholesterol (TC) was carried out according to the method of Richmond
(1973). Estimation of triacylglycerol (TG) was carried out according to the method of Trinder
(1969). Estimation of HDL cholesterol was carried out according to the method of Richmond
(1973). Lipid peroxidation was assessed by measuring MDA, an end product of fatty acid
peroxidation, according to the method of Ohkawa et al. (1979).
Statistical Analysis
Differences between groups were determined by one-way analysis of variance (ANOVA), and
post hoc testing was performed for intergroup comparisons using the least significant difference
(LSD). Data presented are mean ± standard error of mean (SEM) and were analyzed using
Statistiscal Package for Social Sciences (SPSS) software for windows. P< 0.05 was considered
significant.
RESULTS AND DISCUSSION
The malaria therapy currently includes artemisinin-based combination therapy as first- and
second-line treatment in most endemic countries which consists of artemisinin combination (or
one of its derivatives) with other drug (s) (or two other antimalarials) referred to as partner
drugs, and antimalarial drug resistance is one of the greatest threat to the control and
elimination of malaria globally (WHO, 2018a). The drug combinations in the ACT not only
have different mechanism leading to their improved efficacy but also, the chances of
emergence of drug resistance to each component drugs are lower (Ashley et al., 2018). Hence,
the results (Table 1) have shown the efficacy of ACTs against the parasites.
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Table 1: Four classes of ACTs and their Percentage Parasitemia Clearance
Group
Parasitemia
Clearance

Pre-Treatment

NC
PC
AA
AL
AM
DPP

0.00±0.00
17868.00±3030.41
25368.00 ±4987.35
12924.00 ±3382.21
29022.00±6283.26
17688.00±2486.93

Post-Treatment

%

0.00 ±0.00
56261.29±5565.44
71.46±41.95
188.41±107.08
885.51±467.59
294.13±108.70

0.00
----99.72
98.54
96.95
98.34

NC=normal control, PC=positive control, AA=artesunate amodiaquine, AL=artemether
lumefantrine, AM=artesunate mefloquine, DP=dihydroartemisinin piperaquine phosphate

Table 2: Lipid peroxidation (MDA Concentration)
GROUPS

MDA(uMol)

NC
PC
AA
AL
AM
DPP

1.35± 0.20
1.56 ± 0.22
4.88±0.56a,b
4.58±0.53a,b
2.16±0.38c,d
1.15±0.18c,d

NC=normal control, PC=positive control, AA=artesunate amodiaquine, AL=artemether
lumefantrine, AM=artesunate mefloquine, DP=dihydroartemisinin piperaquine phosphate
Data are presented as Mean ± Standard Error of Mean. a = significantly different from Group 1
(p < 0.05); b = significantly different from Group 2 (p < 0.05); c = significantly different from
Group 3 (p < 0.05); d= significantly different from Group 4 (p < 0.05), e = significantly
different from Group 5 (p < 0.05).
Table 3: Lipid Profile Concentrations
GROUPS

TC (mg/dl)

TG (mg/dl)

HDL (mg/dl)

LDL (mg/dl)

NC
90.73± 2.72
51.45± 1.32
16.17±0.89
64.28±3.08
a
a
PC
96.79± 0.58
54.54 ±1.27
13.4±0.66
72.42±0.35a
b
a
b
AA
90.21±1.55
55.54±0.96
16.77±0.68
62.34±1.66b
AL
83.58±3.07a,b,c
51.07±1.20c
20.02±1.32a,b,c
53.35±2.04a,b,c
AM
76.37±1.80a,b,d
44.51±1.53a,b,d
15.48 ± 0.52d
51.98±1.70a,b,c
DPP
78.81± 2.06a,b,c
55.87±1.44a,d,e
14.61 ± 0.93d
53.03±1.93a,b,c
NC=normal control, PC=positive control, AA=artesunate amodiaquine, AL=artemether
lumefantrine, AM=artesunate mefloquine, DP=dihydroartemisinin piperaquine phosphate

VLDL(mg/d)
10.29±0.26
10.91±0.25
11.11±0.19a
10.22±0.24c
8.90±0.31a,b,c,d
11.18±0.29a,d,e

Data are presented as Mean ± Standard Error of Mean. a = significantly different from Group 1
(p < 0.05); b = significantly different from Group 2 (p < 0.05); c = significantly different from
Group 3 (p < 0.05); d= significantly different from Group 4 (p < 0.05), e = significantly
different from Group 5 (p < 0.05).
Artemisinin-based combination therapy (ACT) has been adopted as a strategy to mitigate
multidrug resistance to antimalarial monotherapies. ACT combines the rapid and effective but
rather short plasma half-life antimalarial action of an artemisinin derivative with a longer acting
partner drug (Kavishe et al., 2017).
The level of parasitemia (parasite count) was observed under the microscope using Giemsastained thin blood films (WHO, 2000), and presented in Table 1. The result showed a high
percentage clearance in the four treatment groups after being administered with the ACTs.
Additionally, this finding indicated that the ACTs generally have a high percentage clearance
on parasitemia when compared with the positive control group. However, the group treated
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with Artesunate-Amodiaquine indicated the highest percentage clearance. This highest
percentage clearance, is consistent with the view that parasitemia increases progressively after
inoculation or infection until the point of death in the absence of suitable treatment (Breman et
al., 2001; Trampuz et al., 2003).
Malondialdehyde (MDA) is a reactive aldehyde that is synthesized as one of the end products
of the process of lipid peroxidation. As presented in Table 2, a significant decrease in the
concentration of Malondialdehyde in the positive control was observed when compared with
the groups treated with Artesusunate-Amodiaquine and Artemether-Lumefantrine. This
suggests that Artesunate-Amodiaquine and Artemether-Lumefantrine increase lipid
peroxidation process when used in the treatment of malaria due to increased concentration of
MDA in the serum. This result is in agreement with Pandey et al. (2001), Bolchoz et al. (2002)
and Haynes et al. (2004), who reported that even antimalarial drug therapy constitutes a source
of oxidation, as many drugs such as chloroquine, primaquine and derivatives of artemisinin are
inducers of free radical production. The oxidation process of fatty acids, termed lipid
peroxidation, appears to originate from the cardiolipin oxidation in the apoptosis context. This
is because a prime event in malaria infection is increased production of highly reactive oxygen
species (ROS) as part of the host defense (Wozencraft et al., 1984). Dey et al. (2009), attributed
the hydroxyl radical with the function of triggering the process in hepatocytes. It was also
observed that there was no significant difference in the concentration of MDA in the positive
control when compared with the normal control and the groups treated with ArtesunateMefloquine and Dihydroartemisinin-Piperaquine Phosphate. This finding is not consistent with
the report that women treated with antimalarial drugs, lipid peroxidation levels were even
higher, with a more intense GSH and ascorbate decrease than in women not treated with these
drugs (Akanbi et al., 2010). However, higher levels of lipid peroxidation (malondialdehyde,
total plasma peroxides, and oxidative stress index), lower antioxidant (reduced glutathione, and
total antioxidant capacity), and nitric oxide were observed in malaria patients with or without
antimalaria therapy when compared to their respective controls (Nsonwu-Anyanwu et al.,
2019).
Lipids and lipoproteins are risk factors for coronary heart disease. It has been demonstrated that
high levels of serum total cholesterol (TC), triglycerides (TG), LDL cholesterol, very-lowdensity lipoprotein (VLDL) and low concentration of HDL cholesterol are significantly
associated with coronary heart disease (George and Ludvik, 2000). High Density Lipoprotein
(HDL) helps to extract excess cholesterol deposited in blood vessel walls and deliver it back to
the liver for elimination through the gastrointestinal tract. HDL cholesterol therefore aids to
keep blood vessels dilated, thereby promoting better blood flow. It also reduces blood vessel
injury through its antioxidant and anti-inflammatory functions, among other effects. HDL
cholesterol carries “old” cholesterol that has been discarded by cells back to the liver for
recycling or excretion. The main function of low density lipoprotein cholesterol is to transport
cholesterol from the liver to the tissues that incorporate it into the cell membranes. The
oxidation of LDL cholesterol is believed to have a central role in atherogenesis. Oxidized LDL
cholesterol may be involved in atherogenesis by inducing smooth muscle cell proliferation.
Serum cholesterol plays an important role in atheromatous disease. In conditions with elevated
concentrations of oxidized LDL particles, especially small LDL particles, cholesterol promotes
atheroma plaque deposits in the walls of arteries, a condition known as atherosclerosis, which is
a major contributor of the disease. In contrast, HDL particles have been the only identified
mechanism by which cholesterol can be removed from atheroma. Therefore, an increased
concentration of HDL-C as is observed in our study, correlates with lower rates of atheroma
progression, even regression. In our study, we observed higher HDL-cholesterol than LDLcholesterol. There is a universal trend that lower total cholesterol levels tend to correlate with
lower rate of atherosclerotic event. However, the primary association of atherosclerosis with
cholesterol has always been specific with cholesterol transport patterns, but not on total
cholesterol level. For instance, if total cholesterol can be low, yet made up of small LDL and
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small HDL particles and atheroma growth rates are high. In contrast, however, if LDL particle
number is low and a large percentage of the HDL particles are large, then atheroma growth
rates are usually low, even negative, for any given total cholesterol concentration (Adekunle et
al., 2007).
The effects of the four classes of ACTs on the lipid profile are presented in Table 3. There was
significant decrease in the concentration of TC in the groups treated with ArtesunateAmodiaquine, Artemether-Lumefantrine, Artesunate-Mefloquine and DihydroartemisininPiperaquine Phosphate when compared with the positive control.This is in contrast with the
report of Kullu et al. (2018), who reported a significant decrease in the level of total cholesterol
in plasmodium falciparum malaria infected patient when compared with the control. There was
significant decrease in the concentration of TG in group treated with Artesunate-Mefloquine
when compared with the positive control. This finding agrees with Visser et al. (2013), who
reported that triglycerides are significantly higher in malaria patients when compared with
healthy controls, but these differences become non-significant when compared to symptomatic
controls. In patients with severe malaria, triglyceride levels were found to be higher compared
to triglyceride levels in patients with uncomplicated malaria Mfonkeu et al. (2010). There was
no significant difference in the level of TG in Artesunate-Amodiaquine, ArtemetherLumefantrine and Dihydroartemisinin-Piperaquine Phosphate when compared with the positive
control. This finding is not consistent with Kullu et al. (2018), who reported that serum
triglyceride was significantly higher in Plasmodium falciparum malaria than in control group.
There was significant decrease in the concentration of High Density Lipoprotein (HDL) in the
positive control when compared with the normal control. This finding is in line with Faucher et
al. (2002), who reported that malaria infection produces moderate changes in plasma lipid
profile in man, with typical decline in HDL concentration. However, there was a significant
increase in the concentration of HDL in the artesunate amodiaquine and and artemether
lumefantrine treated groups when compared with the positive control. This increase in the
concentration of HDL is consistent with the report that serum HDL is significantly decreased in
Plasmodium falciparum malaria than in control group (Kullu et al., 2018).
Significant reduction in the concencentration of Low Density Lipoprotein (LDL) was indicated
in the Artesunate-Amodiaquine, Artemether-Lumefantrine, Artesunate-Mefloquine and
Dihydroaremisinin-Piperaquine Phosphate treated groups when compared with the positive
control. This is not consistent with Das et al. (1996), and Mfonkeu et al. (2010) who reported a
significant larger decline in LDL in patients with severe malaria compared with patients with
uncomplicated malaria. There was no significant difference in the concentration of very low
density lipoprotein (VLDL) in the the groups treated with Artesunate-Amodiaquine,
Artemether-Lumefantrine and Dihydroartemisinin-Piperaquine Phosphate when compared with
the positive control. This is in contrast with Kullu et al. (2018), who reported that VLDL was
higher in Plasmodium falciparum malaria than in the control group.
CONCLUSION
This study shows that the treatment of malaria-infected albino mice with ACTs generally result
in the elevation of the peroxidation of lipid and do not significantly contribute to the
amelioration of lipid profile.
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