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Aims

 

We assessed the disposition of oral amodiaquine (AQ) and CYP2C8 polymorphism
in 20 children with falciparum malaria.

 

Methods

 

AQ and DEAQ concentrations were determined with SPE-HPLC method. CYP2C8
genotypes were assessed by PCR-RFLP method.

 

Results

 

AQ was not detectable beyond day 3 postdose. 

 

C

 

max

 

 for DEAQ was reached in
3.0 days. The mean values for 

 

t

 

1/2

 

, MRT, and AUC

 

total

 

 were 10.1 days, 15.5 days and
4512.6 

 

m

 

g l

 

-

 

1

 

 day, respectively. All the children were CYP2C8* homozygous.

 

Conclusion

 

Our data are consistent with those previously reported, and the AQ regimen seems
pharmacokinetically adequate in the absence of CYP2C8 polymorphism.

 

Introduction

 

Amodiaquine (AQ) has been used for the treatment of
nonsevere malaria in Papua New Guinean children for
the last three decades [1], but very little pharmacokinetic
data exits. Available pharmacokinetic data of AQ,
derived mainly from healthy adult volunteers, indicate
that oral AQ is cleared rapidly from systemic circulation
[2–4]. Of the three quantifiable metabolites of AQ
metabolism, N-desethylamodiaquine (DEAQ) is quanti-

tatively the major metabolite [2–4] and is therapeutically
important 

 

in vivo

 

 [4, 5]. The primary route of AQ metab-
olism to DEAQ is via a polymorphic CYP2C8 enzyme
[6, 7]. Assessing the CYP2C8 genotype status of this
polymorphism in individuals may be of clinical value in
predicting the therapeutic and/or toxicological outcome
of AQ use. In this study we assessed the disposition of
oral AQ regimen, and CYP2C8 polymorphism in Papua
New Guinean children with falciparum malaria.
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Methods

 

Paediatric patients and dose schedule

 

Patients between the ages of 1.0–10.0 years were
enrolled in the study if they had fever (

 

≥

 

37.5 

 

∞

 

C),
asexual 

 

Plasmodium falciparum

 

 parasitaemia and were
able to take oral medication. Exclusion criteria were
severe or complicated malaria [8], including high
parasitaemia requiring parenteral drug administration,
history of diarrhoea or vomiting in the preceding 24 h,
haemoglobin 

 

£

 

8.0 g dl

 

-

 

1

 

, history of AQ allergy, pres-
ence of other disease in association with malaria,
refusal to give written consent, and failure to comply
with study protocol. All patients received the total oral
AQ (infant Camoquin®, Prawll Laboratories Ltd,
India, 100 mg tablet) of 30 mg kg

 

-

 

1

 

 (10 mg kg 

 

-

 

1

 

 day

 

-

 

1

 

¥

 

 3 days) and a single dose of sulphadoxine-
pyrimethamine combination (sulphadoxine 500 mg-
pyrimethamine 25 mg, S-P), given on day 7 (25 mg
kg

 

-

 

1

 

, based on the sulfadoxine component of the S-P
combination) [9]. All drug doses were administered
under supervision (IH) and children who vomited twice
following the first and repeated doses on the same day
were excluded. All the drugs were obtained from the
National Department of Health Pharmaceutical Ser-
vices who procured these drugs from reliable sources.
The National Department of Health Medical Research
Advisory Committee and Tokyo Women’s Medical
University Ethical Committee approved the study.

 

Blood sample handling

 

Finger prick blood (75.0 

 

m

 

l) was collected on an
ET31CHR filter paper (Whatman Limited, Kent UK) for
the pharmacokinetic and genotypic analyses. For phar-
macokinetic studies, children were hospitalized and
blood was sampled on filter papers at times 0, 2, 4, 12,
24, 36 and 48 h as in-patient; and on days 3, 5, 7, and
14 as out-patient follow-up. The filter paper samples
were dried and stored at room temperature until analy-
sis. For CYP2C8 genotypic analysis, filter paper sam-
ples were air-dried and stored in sealed plastic bags at
4 

 

∞

 

C until analysis. DNA was extracted and purified
from blood spot on the filter paper using a QIAamp
DNA Mini Kit (QIAGEN, Hilden, Germany) according
to the manufacturer’s instruction with some modifica-
tions [10]. CYP2C8 genotyping was done using a pre-
viously described PCR/RFLP method [7].

 

Analytical methods

 

Blood AQ and DEAQ were measured by the validated
solid-phase extraction (SPE) high-performance liquid
chromatographic (HPLC) method of Lindegardh 

 

et al.

 

[11]. The limit of quantification for AQ and DEAQ
was 35.6 and 32.8 

 

m

 

g l

 

-

 

1

 

, respectively. The intraday
coefficients of variation (CVs) at 35.6, 177.9 and
1067.6 

 

m

 

g l

 

-

 

1

 

 of AQ and 32.8, 163.9 and 983.6 

 

m

 

g l

 

-

 

1

 

of DEAQ were 9.7, 6.9, and 7.1% (AQ) and 8.3, 10.0,
and 7.6% (DEAQ), respectively. The respective inter-
day CVs (

 

n

 

 

 

=

 

 5) at the same concentrations were 11.8,
11.8, and 6.2% (AQ) and 13.8, 11.3, and 8.3%
(DEAQ). The calibration curves in spiked whole blood
samples were linear within 32.8–1067.6 

 

m

 

g l

 

-

 

1

 

(

 

r

 

2

 

 

 

≥

 

 0.98) range. AQ and DEAQ concentrations were
calculated using the peak height ratio of AQ and
DEAQ to the internal standard.

 

Pharmacokinetic calculations

 

The peak concentrations (

 

C

 

max

 

) and times to reach the

 

C

 

max

 

 (T

 

max

 

) were determined from the blood concentra-
tion-time curves. Other DEAQ pharmacokinetic param-
eters were calculated by noncompartmental analysis
using a pharmacokinetic software program (Kinetica

 

TM

 

,
version 4.2, Inna Phase, USA). Spearman rank correla-
tion coefficient (r

 

s

 

-value) test was used to assess rela-
tionship between oral AQ metabolism and CYP2C8
polymorphism. Results are expressed as mean with 95%
confidence interval (CI) unless stated.

 

Results

 

The concentration-time data of AQ and DEAQ were
available in 20 children. The median age for these chil-
dren was 4.6 (range: 1.10–8.11) years. The median
body-weight was 15.5 (range: 9.6–25.0) kg. The parasi-
taemia levels in all the children were greater than 1000
parasites 

 

m

 

l

 

-

 

1

 

 of blood.

 

Pharmacokinetic and genotype data

 

Figure 1 shows the mean (

 

± 

 

SD) concentration 

 

vs.

 

 time
profiles for AQ and DEAQ. The mean 

 

±

 

 SD. capillary
blood concentrations of AQ on days 1, 2, and 3 were
75.6 

 

±

 

 47.2, 51.2 

 

±

 

 14.0, 53.0 

 

±

 

 11.9 

 

m

 

l

 

-

 

1

 

, respectively;
DEAQ at 2, 4, 12, 24, 36, and 48 h postdosing were
142.5 

 

±

 

 88.4, 145.1 

 

±

 

 53.0, 94.5 

 

±

 

 41.6, 143.8 

 

±

 

 88.8
(trough), 214.7 

 

±

 

 50.8, and 227.5 

 

±

 

 85.1 

 

m

 

g l

 

-

 

1

 

 (trough),
respectively. The mean (95%CI) 

 

C

 

max

 

 of 368.8 (306.6–
431.0) 

 

m

 

g l

 

-

 

1

 

 was reached in the median time of 3 days.
The standard pharmacokinetic parameters (mean with
95% CI) for DEAQ are shown in Table 1. All 20 children
were CYP2C8*1 homozygous.

 

Discussion

 

Our study confirms previous observations that AQ is
rapidly and extensively metabolized to DEAQ upon oral
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administration [2–4]. The blood concentration-time
profiles of AQ and DEAQ observed in the present
study are similar to those previously reported from
healthy adult volunteers [2–4] or malaria patients [5].
Therefore,  it  seems  apparent  from  all  these  studies
[2–5] including our study that AQ is a minor entity 

 

in
vivo

 

; implicating DEAQ as the major antimalarial com-
ponent in both the paediatric and adult populations.

Although the blood concentration data obtained
from these children are similar to those previously
reported by Winstanley 

 

et al.

 

 [5], there are some dif-
ferences between the two studies. For example, the

 

C

 

max

 

 and T

 

max

 

 values reported for African patients are
lower than those observed in our study (Table 1). The
disparity may reflect differences in ethnicity, drug for-
mulations, age, drug dosage, and methodologies
between the two studies. It is difficult therefore to
compare the extent to which the results of the two
studies differ from each other. Clearly the small num-
bers (

 

n

 

 

 

=

 

 20), with all expressing homozygous for the

wild-type (CYP2C8*1) allele, have prevented any
evaluation of the role of genetic polymorphisms in
CYP2C8 in determining the disposition of amodi-
aquine. However, our data on genetic polymorphisms
of CYP2C8 assessed in 173 individuals within the
study area and 112 individuals randomly selected
within Papua New Guinea population so far showed
absence of CYP2C8 polymorphisms (authors’ unpub-
lished data). Therefore, we are confident that the inci-
dence of the genetic polymorphisms of CYP2C8 in
Papua New Guinean population might be low. Never-
theless, since AQ-SP combination regimen continues
to be the first-line treatment for nonsevere malaria in
Papua New Guinean children [9], clinical implications
of the oral AQ disposition in relation to the CYP2C8
polymorphism are still being investigated including
determination of CYP2C8 (CYP2C8*1/*2/*3) allelic
frequencies in Papua New Guinean population. We
conclude, however, that our study confirms the
pharmacokinetic evaluations of AQ and DEAQ carried

 

Table 1
Pharmacokinetic parameters (mean, 95%CI) of DEAQ in 20 children with falciparum malaria who received oral amodiaquine 
(10 mg kg-1 day-1 ¥3 days)

Patient
no.

Cmax 
(mg l–1)

Tmax 
(days)

AUC0-14 
(mg l-1 day)

AUCtotal 
(mg l-1 day)

t1/2 
(days)

MRT 
(days)

01 735.1 3 2772.8 4361.4 3.5 6.8
02 351.8 3 2220.4 2407.1 3.3 6.6
03 399.7 3 1351.4 2827.7 6.7 10.5
04 407.8 3 3881.2 5863.7 8.4 13.0
05 226.0 3 1337.2 1445.9 3.4 6.1
06 590.5 3 4052.3 5825.2 7.7 11.9
07 282.4 1.5 2248.9 3258.3 7.9 12.2
08 278.2 3 2198.4 3516.4 9.3 14.2
09 451.2 0.08 2988.5 10472.4 30.5 43.3
10 273.7 3 1416.6 3983.0 8.8 14.2
11 416.6 1 3154.5 3774.9 5.1 8.1
12 262.2 0.08 1752.5 5157.3 23.6 33.9
13 525.4 3 4505.3 5469.6 5.1 8.8
14 228.7 2 1158.6 4450.8 13.5 20.6
15 280.4 3 2438.1 8414.6 29.1 41.7
16 310.0 3 2673.6 3796.3 7.1 11.8
17 462.4 3 3949.6 5632.3 7.1 11.9
18 245.9 5 2125.0 2507.0 4.2 8.6
19 344.0 0.08 1835.1 2415.9 6.8 10.0
20 303.8 3 2674.8 4672.7 10.6 16.3
Mean 368.8 3.0* 2536.7 4512.6 10.1 15.5
95% CI 306.6–431.0 0.08–5.0* 2078.2–2995.2 3517.3–5507.9 6.3–13.9 10.3–20.7

*Median value with range.
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out previously in healthy volunteers and malaria
patients. Our data seem to suggest that the oral AQ
dose regimen recommended in Papua New Guinean
children may be pharmacokinetically adequate in the
absence of any CYP2C8 polymorphisms.
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Figure 1
Mean (±SD) capillary blood concentrations of AQ (�) and DEAQ (�) vs. 

time in 20 children after the oral administration of AQ (10 mg kg–1 day–1 

¥ 3 days). Inset indicates data of the first three days post-dosing; Error bars 

show ± SD
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