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ABSTRACT

The efficacy of amodiaquine in the malaria endemic region of sub-Saharan Africa has
declined. The use of serum lipid lowering agents as part of management protocol for treatment of
malaria infection has been advocated. The  aim of present study was to evaluate the clinical
response of amodiaquine plus simvastatin combination in relation to amodiaquine alone in the
treatment of malaria infection. Subjects with frank malaria (n=60) diagnosed by thick blood film and
immunological tests were nominated for the study. Informed written content was obtained and
subjects randomized into amodiaquine plus simvastatin (test) and amodiaquine alone (control)
groups. The ethical clearance certificate was obtained from the University of Nigeria Teaching
Hospital Research Ethics Committee (NHREC/05/01/2008B). The assessment of clinical response
was done in line with WHO criteria and patients followed up on days D3, D7, D14 and D28 post-
treatment. The GraphPad Prism 4.0 was employed in the analysis of data which was presented as
tables and graphs. Statistically significant decrease in the mean early treatment failure given as
2.5±0.11% in the test group relative to 12.5±0.11% reported in the control; similarly the mean late
treatment failure given as 7.2±0.34%  in the test group was decreased relative to 20.3±0.17% in
the control. A statistically significant increase was reported in  adequate clinical and parasitological
response given as 90.3±0.55% in the test group relative to 67.2±0.45% in the control. There was
statistically significant reduction in the mean parasite clearance time in the test group given as
2.8±0.19 days relative to 6.3±0.27days in the control. Similarly, the fever clearance time  given as
24.3±1.13 hours was significantly reduced relative to  66 ±2.1 hours rported in the control. A
statistically significant increase   in the clinical clearance rate given as 96.3±0.5% was recorded
in the test group as compared to the 71.6±2.1% recorded in the control. A statistically significant
decrease in the recrudescence rate given as 6.4±0.0.1% in the test group relative to  13.6±0.16%
in the control was also reported. Evidently, the enhanced clinical response obtained in the test
subjects relative to control in present study, can only be attributed to the modulating influence of
the HMG-CoA reductase inhibitor, simvastatin.
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INTRODUCTION

Amodiaquine is a 4-aminoquinoline
compound (4-[(7-chloroquinoline-4-oyl) amino]-2-
(diethyl aminomethylphenol) similar in structure and
activity to chloroquine and exhibiting clinical
efficacy against the parasite despite high
parasitological resistance1,2.  Studies have revealed
decreasing efficacy of amodiaquine in the malaria
endemic region of sub-Saharan Africa3,4. It has been

shown that chlorpheniramine in combination with
amodiaquine was significantly more effective than
amodiaquine alone in the treatment of acute
uncomplicated malaria5. The lipogenesis-inducing
activity in the lipid fractions of  boiled supernatant
of  Plasmodium falciparum  cultures with subsets of
T-lymhocytes being affected at an early stage during
paroxysms of  non-endemic malaria infection has
been demonstrated6,7.  It has been shown that
Plasmodium falciparum glycosylphosphatidyl
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inositols (GPIs) stimulate the production of  tumor
necrosis factor alpha (TNF-á) in macrophages
through mainly toll-like receptor2 (TLR-2) activation
and to a lesser extent through TLR-4 activation8,9.
Simvastatin has been reported to reduce levels of
TNF- á and interleukin-1â10,11 . Consequently, it is
hypothesized that simvastatin in combination with
amodiaquine significantly improves clinical
response compared  to amodiaquine alone in the
treatment of malaria infection.

MATERIALS AND METHODS

Subjects
Subjects with acute malaria (n=60) in

attendance at eight primary health facilities were
selected for this study. Malaria infection was
diagnosed using thick blood films and confirmed
by immunological test (Paracheck PI®) . Paracheck
PI®, a rapid qualitative two site sandwich
immunochromatographic dipstick assay, was
employed for the determination of Plasmodium
falciparum specific histidine rich protein-2 (PfHRP-
2) in whole blood samples.  This was considering
the fact that  classical method of diagnosis by
microscopy involving examination of thin and thick
blood smears was prone to false negative readings
and time consuming.

Study Design
Informed consent was obtained after

adequate explanation of the purpose of study,
formal written documentation , type of treatment to
be administered and clarification of any likely
adverse effects or complication that may arise in
the course of treatment. Patients enrolled for this
study were within the age range 16 to 65 years
inclusive, in attendance at eight primary health
facilities within Asu Nkanu Local Health Authority
in Nkanu East Local Government Area of Enugu
State, Nigeria. Routine clinical clerkship and
examination including body weight measurement
and axillary temperature were  carried out to confirm
the enrollee’s physical condition and ascertain
presence of any confounding ailment. Subjects
were randomised into test and control groups using
a table of random numbers statistically generated.
No member of the research team including the
principal investigator, microscopist, field supervisor,
field assistants, medical officer and nurses involved

in the study had any prior knowledge of the patients’
medical records nor the treatment group to which
any enrollee was assigned. The ethical clearance
certification was given by the Institutional Research
Ethics Review Committee of the University of
Nigeria Teaching Hospital, Ituku-Ozalla, Nigeria
(Ref: NHREC/05/01/2008B) in line with principles
guiding human experimentation as enumerated in
the Declaration of Helsinki by the World Medical
Association General Assembly as last amended
(Seoul 2008); while approval for the study was
obtained from Enugu State Ministry of Health,
Enugu-Nigeria. Amodiaquine (Camoquin® from
Pfizer West-Africa, Dakar-Nigeria) was given as
15mg/kg at initial presentation D0, then 10mg/kg
daily for D1 and D2.  Simvastatin (Simvor® from
Ranbaxy Laboratories, Dewas-India) was given
orally in the dosage 0.6mg/kg/d only in the evening
for 3 consecutive days. The control group received
Amodiaquine only  in same dose as test group.
Artemether-Lumefantrine (Coartem® from Novartis
Pharma AG, Basel-Switzerland) was used to
salvage subjects who presented with
recrudescence or treatment failure and eventually
withdrawn from the study. The Artemether
component was given as 3.2mg/kg/d while the
Lumefantrine as 19.2 mg/kg/d respectively in two
divided doses for 3 days. Baseline monitoring of
liver function tests was done before
commencement and in the course of therapy. The
discontinuation of simvastatin would be indicated
following elevation of serum transaminase activity
up to three times normal level.

Assessment of Response
The patients were followed up on days

D0, D3, D7, D14 and D28. The categorization of
therapeutic response was done  as follows in line
the World Health Organisation (WHO) criteria as
follows:

´ Early Treatment Failure (ETF): Development
of danger signs of severe malaria on D1-D3
in the presence of parasitemia. Parasitemia
on D2 higher than D0 count irrespective of
axillary temperature. Parasitemia on D3 with
axillary temperature ³ 37.5oC.

´ Late Treatment Failure (LTF): Development
of danger signs of severe malaria after D3 in
the presence of parasitemia, without
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previously meeting any of the criteria of early
treatment failure. Presence of parasitemia
and axillary temperature ³ 37.5oC on any day
from D4 to D14, without previously meeting
any of the criteria of early treatment failure.

´ Late Parasitological Failure (LPF): Presence
of parasitemia on D28 and axillary
temperature <37.5oC without previously
meeting any of the criteria of early treatment
failure or late treatment failure.

´ Adequate Clinical  and Parasitological
Response (ACPR): Absence of  parasitemia
on D14 irrespective of axillary temperature
without previously meeting any of the criteria
of early treatment failure or late treatment
failure

´ Fever Clearance Time (FCT): The time taken
from anti-malarial drug administration until
axillary temperature falls below 37.4oC and
remains at that value for 72 hours.

´ Parasite Clearance Time (PCT): The time
taken from anti-malarial drug administration
until no patent parasitemia is detected.

´ Clinical Clearance Rate (CCR): The
proportion of subjects with full resolution of
signs and symptoms of malaria on D14.

´ Recrudescence Rate (RR): The proportion
of subjects in which there is incomplete
clearance of parasitemia on D14 and D28
of follow-up.

Statistical Analysis: Graphpad Prism

version 4.0 (GraphPad Software, Inc., La Jolla, CA,
USA)  statistical software was employed and data
presented in the form of tables and graph. Test of
significance statistically determined using  two-
tailed Student t-test, at 95% confidence interval,
p<0.05 considered significant.

RESULTS

The baseline characteristics of test and
control groups at presentation are as shown in Table
1.

The mean values of treatment failure in
patients treated with  amodiaquine and simvastatin
(test) and those treated with amodiaquine alone
(control) are shown in Table 2. The mean  values of
Parasite Clearance Time (PCT), Fever Clearance
Time (FCT), Clinical Clearance Rate (CCR),
Recrudescence Rate (RR) and Cure Rate (CR) in
both test and control groups are depicted in Table
3.. Figure 1 depicted the mean geometric parasite
densities of test and control groups on follow-up
days D0, D3, D7, D14 and D28.

DISCUSSION

A study reported initial mean geometric
parasite density of 13167/µL in patients treated with
amodiaquine alone12. However, in the said study
initial parasite density was not normally distributed,

Table 1. Baseline Characteristics of Test and Control Groups

Characteristics Test Control p-Value

Number of Patients 30 30 -
Male: Female Ratio 2:3 2:3 -
Mean Age (Range: 16-65 years) 38.7±2.6 39.4±3.2 p>0.05
Mean Weight (Range: 43–92 kg) 62.5±4.8 61.8±3.6 p>0.05
Mean Temperature (Range: 37.8–39.2oC) 38.8±1.4 37.9±1.1 p>0.05
Mean Parasite Density (Range: 1260-21500/µL) 9168±932 10723±821 p>0.05
Mean Hemogram (Range: 4.2 – 11.5g/dL) 9.1±1.2 8.8±1.4 p>0.05
Mean WBC Total (Range: 3000 – 11700 x 109/L) 6720±457 7700±453 p>0.05
Mean Alanine Transaminase (Range: 7.8-31.2U/L) 13.4±3.1 15.7 ±4.1 p>0.05
Mean Aspartate Transaminase (Range: 13.7-28.4U/L) 16.7±5.1 17.3±5.4 p>0.05
Mean Alkaline Phosphatase (Range: 45.2-110.7U/L) 88.7±8.4 92.4±8.1 p>0.05
Mean Total  Bilirubin (Range 4.3-13.8µmol/L) 6.4±1.2 7.2±1.2 p>0.05
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and there was no statistically significant difference
between the sensitive and resistant subjects based
on the initial mean geometric parasite density. The
study confirmed that 64% of patients treated with
amodiaquine showed an initial parasite density
under 10000/µL. A statistically significant difference
(p<0.05) was found in the post-treatment mean

geometric parasite density between the test and
control groups as shown in Figure 1.

Mean values of treatment failure as
reported in both test and control are as  as shown
in Table 2. Previous studies have reported in vitro
therapeutic failure to amodiaquine13.

Table 2. Mean Treatment Failure in the Test and
Control Groups

Treatment Test Control P-Value
Parameters

ETF (%) 2.5±0.11 12.5±0.11 P<0.05
LTF (%) 7.2±0.34 20.3±0.17 P<0.05
ACPR (%) 90.3±0.55 67.2±0.45 P<0.05

ETF: Early Treatment failure;  LTF: Late Treatment
failure; ACPR: Adequate Clinical and
Parasitological Response

Table 3. Mean Clinical Response in the
Test and Control Groups

Clinical Test Control p-Value
Parameters

PCT (Days) 2.8±0.19 6.3±0.27 P<0.05
FCT (hours) 24.3±1.13 66±2.1 P<0.05
CCR (%)  96.3±0.5 71.6±2.1 P<0.05
RR  (%) 5.4±0.09 13.6±0.16 P<0.05

PCT: Parasite Clearance Time;  FCT: Fever
Clearance Time; CCR: Clinical Clearance Time
RR:  Recrudescence Rate

Fig. 1.
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The total treatment failure of 32.8%
reported in the control subjects was above the 25%
recommended limit. This contrasts sharply with the
value of 9.7% reported in the test subjects which
was considered far below the 25% limit
recommended for centres in the high endemicity of
malaria transmission. The early treatment failure
rate of 2.5% in the test group was considered far
below the 10% margin as compared to 12.5% in
the control which was above the 10% margin
recommended for change in first line anti-malarial
treatment. The above findings indicate that there
was significantly less therapeutic failure in the test
relative to the control group. This was further
corroborated by a relatively better clinical response
in the test compared to control as shown by mean
values  of adequate clinical and parasitological
response (ACPR) depicted in Table 2.

Amodiaquine, a 4-aminoquinoline is
rapidly metabolized by the hepatic cytochrome
CYP2C8 to N-desethylamodiaquine14, which exerts
the main anti-malarial therapeutic effect15-16. The
methodology to assess therapeutic efficacy of most
anti-malarials has been standardized. This is in
contrast to the wide variations in methodology used
for in vitro testing, particularly for amodiaquine. A
study highlighted the need to clinically differentiate
between re-infections and recrudescence after 14
days. Hence, treatment failure is confirmed by msp-
2-genotyping of infections at enrolment and
recurrence of parasitemia17. The above procedure
is not employed in the present study,
notwithstanding that the study site is an area of
intense malaria transmission.

The mean fever clearance time (FCT)
reported for both test and control groups are as
shown in Table 3. A study in Enugu, Nigeria reported
fever clearance time of 41.2 hours in subjects
treated with amodiaquine alone18. The present study
revealed that mean fever clearance time in the test
group treated with amodiaquine and simvastatin
differed significantly (p<0.05) from the control
treated with amodiaquine alone. The mean parasite
clearance time (PCT) reported in the present study
in respect of test and control groups are as presented
in Table 3. A study in Enugu, Nigeria reported
parasite clearance time of 6.1 days in respect of
subjects treated with amodiaquine alone. This

compares closely with the value obtained in the
control in respect of the present study; though, the
mean difference is not statistically significant
(P>0.05). However, the parasite clearance time in
respect of the control subjects treated with
amodiaquine alone in the present study and that
reported in the earlier study both differed
significantly (p<0.05) from the test group treated
with amodiaquine and simvastatin. Another study
reported that parasite clearance time is lower during
re-treatment with amodiaquine plus
chlorpheniramine than during initial treatment with
amodiaquine alone, although group mean
difference is not significant19. The above study
evaluated the use of chlorpheniramine, a histamine
(H1) receptor antagonist in the enhancement of anti-
malarial efficacy of amodiaquine; in amodiaquine
resistant parasites harboring mutant PfcrtT76 and
Pfmdr1Y86 alleles in which the treatment outcome
is favourable. Nevertheless, the precise
mechanisms of the enhancement of amodiaquine
efficacy by chlorpheniramine or the clearance of
drug resistant parasites remain unclear and the
findings interpreted with caution because of the
small number of subjects involved. The present
study, however, evaluated the enhancement of
amodiaquine efficacy by simvastatin, a HMG-CoA
reductase inhibitor.

The present study reports recrudescence
rates of 5.4% in the test compared to 13.6% in the
control subjects treated with amodiaquine. These
values are inversely related to the the clinical
clearance rates of 96.3% and 71.6% in respect of
test and control subjects  respectively. Amodiaquine
recrudescence results due to failure to eradicate
the infecting population before drug concentration
declines below the level of a minimum inhibitory
concentration, necessary to maintain a parasite
multiplication rate less than 1. There are generally,
between 108 and 1013 parasites in the body in
symptomatic malaria. The parasite population might
be exposed to very high concentration of anti-
malarial drug and up to 99.99% of the population
killed during the first asexual cycle; although large
numbers of viable malaria parasites still remain and
must be killed in subsequent cycles. The short acting
anti-malarial drugs such as amodiaquine which
cause <1000-fold reductions in parasite number
per cycle must be given for longer than four asexual
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cycles, that is 7 days, as the total parasite biomass
in an adult with malaria may exceed 1012 parasites.
The above may explain the relatively high
recrudescence and lower cure rate reported in the
control treated with amodiaquine alone in the
present study compared to the test subjects treated
with amodiaquine and simvastatin. This simple
numbers game explains most of the in vivo and in
vitro result following anti-malarial treatment20.

Studies have shown that malaria parasites
are unable to synthesize fatty acid and cholesterol
de novo for biogenesis of cell membranes, rather
depending on their import from host plasma21-23. A
new pathway to malaria infection has been
uncovered linking it with cholesterol involved in the
assembly of CD81 “cluster of differentiation 81”
tetraspamin micro-domains on the cell surface
necessary for sporozoite infection24. Malaria
parasites are known to hide themselves in the dead
liver cells to enable them travel from liver to blood
stream without being noticed or detected by the
immune system. The sporozoite traverse kupffer
cell, then through a number of hepatocytes before
finally taking up residence in the liver. Traversal
damage and subsequent necrotic hepatocyte death
have been confirmed in liver sections, revealing
clusters of necrotic hepatocytes adjacent to
structurally intact , sporozoite-infected
hepatocytes25. Sporozoite traversal through
hepatocytes, induces secretion of the host
hepatocyte growth factor (HGF) which is known to
render hepatocytes susceptible to infection26 . The
successful liver stage replication is enhanced by

hepatocyte growth factor/tyrosine kinase receptor
signalling, which in addition to preventing the
apoptosis of parasite-infected cells, induces actin
re-organisation reported to be necessary for early
liver stage development. Simvastatin, is known to
concentrate in the liver, blocking the transformation
of sporozoites to hepatocytic schizonts. Evidently,
the enhanced clinical and parasitological
responses already highlighted, as obtained in the
test subjects relative to control in present study, can
only be attributed to the modulating influence of
the HMG-CoA reductase inhibitor, simvastatin.
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