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Original Article

Abstract

Background and objective: Malaria and tuberculosis remain endemic in tropical regions and most often coexist, 
increasing the burden of malaria mortality due to unintended interactions of the co-administered drugs employed 
in the management of the infections. Rifampicin (RIF) and amodiaquine (ADQ) are likely to be administered con-
currently in the treatment of patients with tuberculosis and malaria. The metabolism of ADQ is mediated princi-
pally by CYP2C8, while RIF is a known inducer of this enzyme. This study, therefore, investigated the effect of RIF 
on the disposition of ADQ, a major partner drug in the first-line treatment against uncomplicated malaria in line 
with the World Health Organization recommendations.

Methods: Sixteen healthy volunteers received oral 150 mg dose of RIF daily for 5 days with or without oral 600 
mg single dose of ADQ on the fifth day (5th dose) with a 4-week wash out period, in a crossover fashion. Blood 
samples were collected at predetermined time intervals of 0, 1, 2, 4, 6, 8, 12, 24, 36 and 48 h. Plasma samples 
were analyzed for ADQ and its major metabolite desethylamodiaquine using a validated RP-high-performance 
liquid chromatography. Pharmacokinetic parameters were obtained using appropriate software and subjected to 
appropriate statistical analysis.

Results: Coadministration of ADQ and RIF resulted in significant decreases in the critical pharmacokinetic param-
eters of ADQ, such as area under the curve (AUC0–∞) of about 66%, time to peak plasma concentration (Tmax) of 
about 10%, maximum plasma concentration of about 44%, and elimination half-life of about 55%, while the AUC0–∞ 
 and Tmax of the main metabolite desethylamodiaquine increased about 2-fold and 3-fold respectively during the 
coadministration of RIF with ADQ. The metabolic ratio increased significantly, from 1.55 to 2.68. The AUC0–∞ and 
Tmax of the drug ADQ, as well as the maximum concentration of both the drug and its metabolite fell outside the 
point of estimates of the test/reference ratio of the geometric means of 80–125% of bioequivalence range.

Conclusions: An interaction was established during coadministration of RIF and ADQ, confirming RIF as a strong 
inducer of CYP2C8 in vivo, which may lead to malaria 
therapeutic failure or adverse drug reactions with ADQ 
and contribute to the rate at which resistance to ADQ 
develops.

Induction of Amodiaquine Metabolism by Rifampicin Following 
Concurrent Administration in Healthy Volunteers

Adebusuyi Akande Ademisoye1, Julius Olugbenga Soyinka1*,  
Samuel Olanrewaju Olawoye1, Sharon Iyobor Igbinoba2, 

 Samuel Anu Olowookere3, Adelola Taiwo Ademisoye1 and Cyprian Ogbona Onyeji1

1Department of Pharmaceutical Chemistry, Obafemi Awolowo University, Ile-Ife, Nigeria; 2Department of Clinical Pharmacy and 
Pharmacy Administration, Obafemi Awolowo University, Ile-Ife, Nigeria; 3Department of Community Health, College of Health Sciences, 

Obafemi Awolowo University, Ile-Ife, Nigeria

Keywords: Amodiaquine; CYP2C8; Desethylamodiaquine; Induction; Rifampicin.
Abbreviations: AUCT, area under plasma concentration-time curve; BE, bioequiva-
lence; CL/F, oral clearance; Cmax, maximum concentration; CYP, cytochrome P450; 
DEAQ, desethylamodiaquine; HPLC, high-performance liquid chromatography; RIF, 
rifampicin; T½, elimination half-life; T½b, terminal elimination half-life; TB, tuber-
culosis; Tmax, time to reach maximum concentration.
Received: November 21, 2017; Revised: March 23, 2018; Accepted: March 27, 2018
*Correspondence to: Julius O. Soyinka, Department of Pharmaceutical Chem-
istry, Faculty of Pharmacy, Obafemi Awolowo University, Ile-Ife, Nigeria. Tel: 
+2348035822785; E-mail: juliussoyinka@gmail.com
How to cite this article: Ademisoye AA, Soyinka JO, Olawoye SO, Igbinoba SI, 
Olowookere SA, Ademisoye AT, Onyeji CO. Induction of Amodiaquine Metabolism 
by Rifampicin Following Concurrent Administration in Healthy Volunteers. J Explor 
Res Pharmacol 2018;3(3):71–77. doi: 10.14218/JERP.2017.00024.

Introduction

Between 2010 and 2015, concerted efforts aimed at controlling ma-
laria infection globally reduced the incidence of malaria by 21%, 
its mortality rates by 29% among at-risk populations and by 35% 
among children under 5 years of age.1 In spite of these statistics, 
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malaria remains one of the most serious health problems world-
wide.2 Plasmodium falciparum, which causes the most severe form 
of malaria, is predominant in Africa; and, in 2015, about 212 million 
cases of malaria occurred worldwide, mostly in Africans (90%).3 In-
cidentally, in regions with high incidence of malaria infections, such 
as sub-Saharan Africa, malaria may coexist with other infections.4

Tuberculosis (TB), an infection caused by Mycobacterium tu-
berculosis, is one of the top 10 leading tropical diseases that re-
quire long-term therapies. TB and malaria are the most prevalent 
bacterial and parasitic infections that coexist frequently in hu-
mans.5 This can potentially contribute to morbidity and mortality 
in impoverished populations in the tropics.6 Moreover, concurrent 
infections involving TB and malaria have been reported to modify 
immune response in the coinfection situation and to increase anti-
bacterial intolerance,7 which may be detrimental to the prognosis 
of TB.6 In addition, malaria infection can result in rapid increase 
in parasite burden if there is a delay in or application of ineffective 
treatment, with reported case fatality rates of 10% to 20%.8

Therefore, a treatment goal for TB patients with malaria will be 
the prevention or effective treatment of malaria in TB patients in 
order to reduce overall morbidity and mortality.6,9–11 For instance, 
induction of CYP3A4-mediated quinine metabolism in a patient 
infected with the human immunodeficiency virus by the antiretro-
viral drug nevirapine worsened malaria symptoms, and the clinical 
deterioration was only abated when quinine was substituted with 
proguanil/atovaquone, a non-CYP3A4 substrate.12 Concurrent sul-
phamethoxazole and trimethoprim combination with amodiaquine 
(ADQ) has been found to increase pharmacokinetic parameters of 
ADQ, due to inhibition of its metabolism when concurrently ad-
ministered.13

ADQ is a frontline antimalarial recommended by the World 
Health Organization for artemisinin derivative-based combination 
therapy.14 It is available in tablets of 150–600 mg, and the recom-
mended dose is 10 mg/kg of ADQ base once daily for 3 days, usual-
ly in combination with other antimalarial, such as artesunate. ADQ 
is almost entirely metabolized by the polymorphic cytochrome 
P450 (CYP) isoform 2C8 to the pharmacologically active desethyl-
amodiaquine (DEAQ).15 Expression of each CYP is influenced by 
a unique combination of mechanisms and factors, including genetic 
polymorphisms, induction by xenobiotics, regulation by cytokines 
hormones and during disease states, as well as sex, age and others.16

Multiallelic genetic polymorphisms, which strongly depend on 
ethnicity, play a major role in the function of CYPs 2D6, 2C8, 2C9 
and 2B6, and lead to distinct pharmacogenetic phenotypes, termed 
as poor, intermediate, extensive and ultra-rapid metabolizers.17 For 
these CYPs, the evidence for clinical significance regarding adverse 
drug reactions, drug efficacy and dose requirement is rapidly grow-
ing. Knowledge of the intrinsic and extrinsic factors that influence 
expression and function of the responsible enzymes is, thus, a pre-
requisite for predicting variable pharmacokinetics and drug response.

The human CYP2C subfamily consists of the four highly ho-
mologous genes, CYP2C18-CYP2C19-CYP2C9-CYP2C8, which 
are localized in this order (from centromere to telomere) in a 390 
kb gene cluster on chromosome 10q23.3.18 Although CYP2C18 
mRNA is highly expressed in liver, the transcript is not efficiently 
translated into protein and does not make significant contributions 
to drug metabolism.18 CYP2C9 is the highest expressed member, 
being expressed at similar or even higher protein levels than CY-
P3A4, while CYP2C8 and CYP2C19 are expressed at about 2-fold 
and 10-fold lower levels.18

Similarly, rifampicin (RIF) is an important drug in the treatment 
of TB and is used extensively despite its broad effects on drug-drug 
interactions arising from its activities on most CYP and/or P-glyco-
proteins in the gastrointestinal tract and liver.19,20 It is available in 

capsules of 150–300 mg, and the recommended dose is 10 mg/kg/
day; the dose should not exceed 600 mg/day. The drug is usually 
given in combination with other anti TB drugs, such as isoniazid. 
Concurrent infections with malaria and TB may occasion the need 
for ADQ and RIF coadministration,7,9 and such practice may give 
rise to clinically important drug-drug interactions that may compro-
mise the therapeutic outcome. RIF and lopinavir/ritonavir,21,22 in 
separate studies, enhanced the therapeutic activity of ADQ in mice 
infected with chloroquine-resistant Plasmodium berghei.

It has been reported that withdrawal of RIF from the medication 
regimen of a TB patient on atenolol, amlodipine and ramipril (ACE 
inhibitor) in the management of essential hypertension brought the 
fatal consequence of hypertension.23 Since ADQ is mainly metabo-
lized by CYP2C8 and activity of this isozyme has been demon-
strated to be modulated by RIF,21 theoretically, RIF is expected to 
induce the metabolism of ADQ. The extent of interaction between 
RIF and ADQ when used concurrently in man is not known. Since 
effective malaria treatment is important in TB patients and RIF may 
reduce the overall exposure to ADQ, this study set out to determine 
how RIF influences the disposition of ADQ in man.

Methods

Materials

Amodiaquine hydrochloride dihydrate (Sigma, St. Louis, MO, 
USA). Desethylamodiaquine (TLC PharmaChem, Ontario, 
Canada). Hydroxychloroquine sulphate (AK Scientific Inc., San 
Francisco, CA, USA). High-performance liquid chromatography 
(HPLC)-grade methanol and triethylamine (Scharlau Chemie, 
Barcelona, Spain). Analytical grade diethyl ether (Lobal Chemie, 
Mumbai, India). Orthophosphoric acid (Aldrich, Hamburg, Ger-
many). Amodiaquine tablets (Camoquine®) (Parke-Davis, Pfizer, 
Detroit, MI, USA). Rifampicin (Rifabon) (Bond Pharmaceuticals, 
Nigeria). Hydrochloric acid (Sigma-Aldrich, UK).

Instrumentation

The HPLC system (Agilent 1200 series; Agilent Technologies, 
Frankfurt, Germany) consisted of a binary pump with a degas-
ser and isocratic gradient mixer, reverse-phase C18 column (150 
mm × 4.6 mm i.d. × 5 µm) (Agilent Eclipse Plus), rheodyne valve 
injector loop (20 µL), variable wavelength ultraviolet detector, 
Chromjet data integrator and Hewlett-Packard Chemstation re-
corder. Other equipment included a vortex mixer (XHC, Nanjing, 
China), centrifuge (800-CE; Jiangsu, China), vacuum filter (Su-
pelco, Bellefonte, PA, USA), pH meter (Hanna Instruments, Wilm-
ington, NC, USA), and micropipettes (Microlax, Milan, Italy).

Ethical clearance

Ethical clearance for the study was obtained from the Health Re-
search Ethics Committee of the Institute of Public Health, Obafemi 
Awolowo University, Ile-Ife, Nigeria (Reference Number: IPH/
OAU/12/539; 15th March, 2016).

Study population

Healthy nonsmoking men and women who were within 20% 
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of their ideal bodyweight for height and sex (Metropolitan Life 
Scale) were deemed eligible to participate in the study. Subjects 
were excluded if they met one of the following criteria: pregnancy; 
breastfeeding; history of hypersensitivity reactions to RIF, ADQ or 
similar agents (mefloquine, chloroquine, quinidine, quinine); se-
rum creatinine >1.5 times the upper limit of normal; liver function 
test >3 times the upper limit of normal; or evidence by history or 
physical examination of gastrointestinal, psychiatric, cardiovascu-
lar or neurological disorder. Electrocardiogram findings were also 
recorded. Nine men and seven women, who had all been certified 
healthy by a doctor in the team, were recruited as well, but only 
fourteen volunteers completed the study. The mean ± standard 
deviation age and weight of the subjects was 24.75 ± 2.8 years 
(range: 18–43) and 57.88 ± 4.5 kg (range: 40–80) respectively. 
None of them had received any other drugs for at least 1 month 
before the study. All subjects gave written informed consent before 
participation in the study.

Study design and drug administration

The study was an open-label, randomized, two-period crossover 
pharmacokinetic study. The subjects were randomized into two 
groups (Groups A and B). After an overnight fast, Group A sub-
jects received a single oral 600 mg dose of ADQ, while Group B 
received oral 150 mg dose of RIF daily for 5 days and 600 mg dose 
of ADQ with the fifth RIF dose. After allowing 4-weeks wash-out 
period, Group A subjects received the same drug treatment that had 
been given earlier to group B, and vice versa. No other drugs or 
alcohol were permitted during the study.

Sample collection

Before drug administration, venous blood samples (5 mL) were 
collected from all subjects for determination of serum chemistry 
and hematological screening. Thereafter, blood samples (5 mL) 
were drawn by venipuncture into heparinized tubes from the fore-
arm of each subject before ADQ administration and at 1, 2, 4, 6, 8, 
12, 24, 36 and 48 h afterwards. The samples were centrifuged im-
mediately (3,000 ×g for 15 m) to separate the plasma. The plasma 
aliquots were stored at −20 °C until analysis.

Drug analysis

Plasma samples were analyzed for ADQ and DEAQ using the 
HPLC method reported by Adedeji et al.24 Sample extraction in-
volved precipitation of the plasma proteins, followed by extraction 
as follows: in a 15 mL extraction tube, 1 mL of plasma, 1 mL of 
acetonitrile and 2 µL of 50 µg/mL of hydroxychloroquine (internal 
standard) were added and centrifuged for 20 min at 3,000 ×g to 
precipitate the plasma protein. The supernatant was then separated 
into clean and dry extraction tubes, to which 2 mL of diethyl ether 
was added. The content was vortexed for 2 m and centrifuged for 
20 m at 3,000 ×g. The organic layer was transferred into taper-end 
tubes. The exercise was repeated with another 2 mL diethyl ether 
and the combined organic layers in the tubes were evaporated un-
der stream of warm air. The residue was reconstituted with 1 mL 
of 0.1M hydrochloric acid.

A 20 µL aliquot was injected onto the HPLC column by using 
an autosampler. The calibration procedures were as reported.24 A 
calibration curve, based on peak area ratio, was prepared by spik-
ing drug-free plasma with standard solutions of ADQ and DEAQ 

to give concentration ranges of 100–1,000 ng/mL for both ADQ 
and DEAQ. The samples were taken through the extraction proce-
dure described above. The mobile phase, consisting of 2 % TEA 
buffer solution (pH 2.2): methanol (80:20), was prepared and 
pumped through the column at 1.0 mL/min. The column was set 
at 30 °C, while the column effluent was monitored with a variable 
wavelength ultraviolet detector set at 340 nm.

Data and statistical analyses

The peak plasma concentrations (Cmax) and the time to reach peak 
concentration (Tmax) were noted directly from the concentration-
time profiles. Other pharmacokinetic parameters, such as terminal 
elimination half-life (T½b) and oral clearance (CL/F) were cal-
culated from individual plasma concentration-time profiles, using 
standard noncompartmental methods.25 For example, the total area 
under the plasma concentration-time curve (AUCT) was deter-
mined using the linear trapezoidal rule to the last datum and ex-
trapolation to infinity. The area from the last datum points (Ct) to 
infinity was obtained as Ct/b. The elimination rate constant, b, was 
calculated by linear regression analysis of the terminal phase of the 
log concentration-time profile. T½b was calculated from 0.693/b 
and CL/F was determined from dose/AUCT. Pharmacokinetic 
calculations were carried out using the pharmacokinetic program 
WinNonlin (standard edition, version 1.5; Scientific Consultant 
Inc., Apex, NC, USA). In the model option for the noncompart-
mental analysis, the linear trapezoidal rule was used for calculation 
of the AUC. The Wilcoxon matched pairs signed-ranked test was 
used to evaluate the difference between pairs of data; a p-value 
below 0.05 was considered significant.

Results

The retention times of internal standard, DEAQ and ADQ were 
3.5, 5.2 and 6.4 m, respectively. The coefficients of variation for 
both the intraday and interday analyses at 150, 300 and 900 ng/
mL ranged from 3.10–6.86% for ADQ, and from 4.68–8.98% for 
DEAQ. The mean extraction recoveries of ADQ and DEAQ were 
80.0% and 78.9%, respectively, at concentrations at the lower and 
upper limits of their calibration curves.

The mean ADQ and DEAQ plasma concentrations versus time 
profiles in the 14 healthy subjects who completed the study, fol-
lowing oral administration of single doses of ADQ (600 mg) alone 
and coadministration of ADQ with RIF (150 mg daily for 5 days) 
are illustrated in Figures 1 and 2, respectively. Tables 1 and 2 sum-
marize the pharmacokinetic parameters (mean ± standard devia-
tion) for ADQ and DEAQ following a single oral administration 
of 600 mg dose of ADQ to each of the subjects before and after 
concurrent administration of RIF (150 mg daily for 5 days), re-
spectively. The demographic features of the study participants are 
presented in Table 3.

The Cmax of ADQ when administered separately was 47.43 ± 
6.20 ng/mL, but decreased significantly to 26.49 ± 4.39 ng/mL (p 
< 0.05) when co-administered with RIF, resulting in about a 44% 
decrease, whereas the Cmax of the metabolite was 54.42 ± 3.56 
and 59.94 ± 3.8 ng/mL for ADQ and its concurrent administration 
with RIF, respectively, and was comparable to the baseline (p > 
0.05). The Tmax was 3.43 ± 0.98 and 2.75 ± 0.97 h (p > 0.05) for 
ADQ alone and coadministration with RIF, respectively, but there 
was a 3-fold increase in the Tmax of the metabolite after single 600 
mg dose of ADQ and its coadministration with RIF (150 mg daily 
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for 5 days), specifically 2.01 ± 0.05 and 6.01 ± 1.2). The Cmax of 
both the drug and its metabolite fell outside the bioequivalence 
range of 80–125%, being −58.2 (49.2, 68.1) and 9.7 (6.1, 13.6), 
respectively.

The Tmax of the drug also fell outside the range, being 19.1 
(9.2, 30.4), whereas the Tmax of the metabolite was bioequivalent. 
There was an almost 66% fall in ADQ exposure, as depicted by 
the AUC0–∞ after single dose of ADQ, which was 572.53 ± 121.96 
ng/L*h and 196.42 ± 77.39 ng/L*h (p < 0.05) when it was coad-
ministered with RIF, with corresponding increase by about 90% of 
the AUC0–∞ of the metabolite DEAQ (795.53 ± 193.84 vs. 1,510 
± 942.60, p < 0.05) during single oral dose of ADQ and concur-
rent administration with RIF. Only the AUC of the metabolite fell 
outside the 90% confidence interval range of 64.1 (43.6, 77.2), 
whereas the AUC for the drug was bioequivalent, being 107 (94.1, 
120.5).

There was a 52% decrease in the mean residence time of ADQ 
when taken alone and when RIF was coadministered, with results 
being 17.92 ± 10.16 h and 8.52 ± 5.98 h, respectively (p < 0.05). 
There was equally a 55% decrease in the elimination half-life (T1/2) 
of ADQ when it was administered alone and when coadministered 
with RIF, being 12.35 ± 7.27 h and 5.5 ± 5.85 h, respectively, with 
a corresponding significant elevation of its CL/F, from 1,087 ± 

205.4 L/h to 3,183 ± 588.48 L/h (p < 0.05). The oral clearance of 
the metabolite decreased by about 44%, from 778.18 ± 172.0 L/h 
to 436.78 ± 125.17 L/h (p < 0.05).

The metabolic ratio, which is the AUC(metabolite)/AUC(drug), 
that is, the ratio of AUC of the metabolite to that of the unchanged 
drug, and is a known measure of extent of metabolism of a drug, 
was found to increase significantly, from 1.55 ± 0.53 to 2.68 ± 1.85 
before and after RIF coadministration, respectively (p < 0.05).

Discussion

This study was designed to evaluate the plausible interaction be-
tween ADQ and RIF. Only 2 out of the 16 recruited volunteers, 
a male and a female, withdrew from the study after complaining 
about dizziness and pain at the site of blood collection, so that a 
total of 14 volunteers completed the study. Their withdrawal, how-
ever, did not in any way affect the conduct, the goal nor the find-
ings of the study.

There is a constant stream of new information about drug in-
teractions in patients with malarial infection, who may also need 
to take antimalarial drugs together with drugs for other ailments. 

Table 1.  Derived pharmacokinetic parameters of ADQ following oral administration of single 600 mg dose of the drug to each of 14 volunteers and when 
coadministered with multiple doses of RIF at 150 mg daily for 5 days

PK parameters ADQ alone ADQ+RIF Statistics with 90% CI

Cmax, ng/mL 47.43 ± 6.20 26.49 ± 4.40 p < 0.05 −58.2 (49.2, 68.1)*

Tmax, h 3.43 ± 0.98 2.75 ± 0.97 p > 0.05 19.1 (9.2, 30.4)*

AUC0–∞, ng/mL*h 575.53 ± 121.96 196.42 ± 77.39 p < 0.05 107 (94.1, 120.5)

T1/2, h 12.35 ± 7.27 5.60 ± 5.85 p < 0.05

MRT, h 17.92 ± 10.16 8.52 ± 5.98 p < 0.05

CL/F, L/h 1,087 ± 205.4 3,183 ± 588.48 p < 0.05

Vd/f, L 73.04 ± 27.96 473.7 ± 177.28 p < 0.05

*Values within the 80–125% bioequivalence range. Abbreviations: ADQ, amodiaquine; CI, confidence interval; CL/F, oral clearance; MRT, mean residence time; PK, pharmacoki-
netic; RIF, rifampicin.

Fig. 1. Mean ADQ plasma concentrations versus time profiles in 14 
healthy subjects following oral administration of single dose of ADQ at 
600 mg alone and coadministration of ADQ with RIF at 150 mg daily for 5 
days. Abbreviations: ADQ, amodiaquine; RIF, rifampicin.

Fig. 2. Mean DEAQ concentrations versus time profile in 14 healthy sub-
jects following oral administration of single dose of ADQ at 600 mg alone 
and coadministration of ADQ with RIF at 150 mg daily for 5 days. Abbre-
viations: ADQ, amodiaquine; DEAQ, desethylamodiaquine; RIF, rifampicin.
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RIF has been shown to have the potential to interact with a range 
of other drugs,20,21,23 and healthcare providers need to be aware of 
the basis of these interactions and the potential impact on therapy. 
Clinical situations that require antibiotic therapy are prevalent in 
many parts of the world, including sub-Saharan Africa, where ma-
laria is endemic.26 Moreover, the comorbidities increase the poten-
tial for drug interactions during poly therapeutics.

Information on interactions between antimalarial and antibiot-
ics are limited. Combining antibiotic medications with an antima-
larial can result in treatment failure when plasma concentrations 
fall below therapeutic levels or toxicity resulting from increased 
plasma drug levels. Our study evaluated the possible interaction 
between ADQ and RIF, when coadministered in healthy human 
subjects. The results from the present study indicated that ADQ 
was rapidly absorbed after oral administration in all the subjects. 
The Tmaxs of ADQ were 2.0 ± 0.05 and 6.01 ± 1.2 h for single 
dose ADQ and coadministration with RIF, respectively, which 
revealed enhanced exposure of the drug to the body, with cor-
responding values for the metabolite DEAQ of 3.43 ± 0.98 versus 
2.75 ± 0.97, respectively.

While the Tmax for the metabolite did not translate to clinical 
relevance, as assessed by 90% confidence intervals for its mean 
ratios that are bioequivalent, the Tmax of the unchanged drug had 
value of 19.1 (9.2, 30.4) that are not within the range of 80–125%. 
The point estimates of the test/reference ratio of the geometric 
means for the Cmax of the unchanged drug and its metabolite were 
58.2 (49.2, 68.1) and 9.7 (6.1, 13.6), respectively, falling outside 
the bioequivalence range. Although ADQ is not known to have a 

narrow therapeutic window, the significant elevation of the Cmax 
may explain some of the observed adverse reactions, such as 
agranulocytosis and hepatitis.27

Drug toxicities must be acceptable and cause less harm than the 
malaria itself, in order to encourage compliance and reduce mor-
tality.28 The AUC0–α after single dose of ADQ alone was 572.53 ± 
121.9644 ng/L*h, while the value of 196.42 ± 77.39 ng/L*h (66% 
decrease in exposure to ADQ) was obtained when it was coadmin-
istered with RIF. Also, the AUC0–∞ values of DEAQ were 795.53 
± 193.84 and 1,510.63 ± 942.60 ng/mL*h (representing 90% in-
crease in values) for ADQ and pretreatment with RIF. The appar-
ent CL/F for ADQ was 1,087 ± 205.4 L/h and 3,183 ± 588.48 L/h 
(about 200% increase), while the DEAQ clearance was 778.18 ± 
172 L/h and 436.78 ± 125.17 L/h (about 44% decrease). The ap-
parent fall in the exposure to ADQ could be a result of significant 
oral clearance, amounting to about 200% when ADQ was coad-
ministered with RIF.

RIF is a major player in induction of many enzymes, including 
CYP2C8,20,21 a notable enzyme in the metabolism of ADQ,14,22 
which may have clinical significance during antimalarial therapy. 
Therefore, the observed decrease in plasma ADQ exposure found 
in this study, seen as significant decreases in Cmax, T½ and AUCT 
of the drug following concurrent administration of RIF, is most 
probably attributable to induction of CYP2C8 by RIF, the enzyme 
that catalyzes formation of DEAQ. This assertion is supported by 
the observed corresponding increase in the Cmax and AUC of the 
metabolite.

The stimulatory effects on the metabolism of ADQ can allow 
the body to detoxify as the plasma concentration falls below thera-
peutic levels, conferring advantage of the enhanced drug’s action 
through increased activity of the metabolite DEAQ. For instance, 
in a 3-day dosage, blood concentrations higher than breakpoints of 
135 ng/mL was associated with treatment success in the manage-
ment of uncomplicated Plasmodium falciparum.29 In addition, the 
extra-hepatic metabolism by CYP1A1 and 1B1 reported by some 
researchers may constitute less significance in the overall metabo-
lism of ADQ, which may have contributed to the fall.30

The 90% confidence intervals computed for the ratios of the 
geometric means for ADQ and the metabolite clearly showed that 
there was interaction for the point of estimates for AUC0–∞ of the 
metabolite which fell outside the 80–125% range for ADQ and 
coadministration with RIF. AUC is known to be directly propor-
tional to dose and may be disproportional if there are saturable 
pathways for some routes of elimination. The enhanced AUC of 
the metabolite may increase as dosage increases and will worsen if 
coadministered with inducers such as RIF, due to formation of the 

Table 2.  Derived pharmacokinetic parameters of desethylamodiaquine following oral administration of single 600 mg dose of ADQ to each of 14 volun-
teers and when coadministered with multiple doses of RIF at 150 mg daily for 5 days

PK parameters ADQ alone ADQ+RIF Statistics with 90% CI

Cmax, ng/mL 54.42 ± 3.56 59.94 ± 2.38 p > 0.05 9.7 (6.1, 13.6)*

Tmax, h 2.01 ± 0.05 6.01 ± 1.20 p < 0.05 111.0 (99, 123.1)

AUC0–∞, ng/mL*h 795.53 ± 193.84 1,510.63 ± 942.60 p < 0.05 64.1 (43.6, 77.2)*

Metabolic ratio 1.55 ± 0.53 2.68 ± 1.85 p < 0.05

MRT, h 6.30 ± 1.12 12.55 ± 1.03 p < 0.05

CL/F, L/h 778.18 ± 172.0 436.78 ± 125.17 p < 0.05

Vd/f, L 192.11 43.47 ± 12.42 p < 0.05

*Values within the 80–125% bioequivalence range. Abbreviations: ADQ, amodiaquine; CI, confidence interval; CL/F, oral clearance; MRT, mean residence time; PK, pharmacoki-
netic; RIF, rifampicin.

Table 3.  Demographic features of the study participants

Demographic features

Participants, total 16

Participants, completed the study 14

Sex, female/male 6/8

Mean ± SDa

Age, years 24.75 ± 2.80

Weight, kg 57.88 ± 4.50

Height, m 1.57 ± 0.12

BMI, kg/m2 24.80 ± 4.20

aMean ± the standard deviation of demographic features. Abbreviations: BMI, body 
mass index; SD, standard deviation.
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toxic metabolite amodiaquine quinoneimine, known for causing 
adverse effects of ADQ.31,32

The mean residence time of ADQ also showed a significant de-
crease in values by about 52% when taken alone and when RIF was 
coadministered with it (17.92 ± 10.16 vs. 8.52 ± 5.98 h). Similarly, 
the T1/2 for ADQ showed a significant decrease in the presence of 
RIF, resulting in more than 50% shortening of the half-life (12.35 
± 7.27 h vs. 5.5 ± 5.85 h) with wide interindividual variation, as 
observed in the deviations from the mean values. It is known that 
ADQ exhibits interindividual variations in its pharmacokinetics.33 
This is especially true because genetic polymorphisms can charac-
terize CYP2C8 in the metabolism of drugs and provide basis for 
pharmacokinetic variations in individuals as well as responses to 
drug actions.34

There was occurrence of a pronounced increase in the metabolic 
ratio. This parameter, AUC (metabolite)/AUC (drug), the ratio of 
AUC of the metabolite to that of the unchanged drug, is a known 
measure of the extent of metabolism of a drug. This was found to 
increase from 1.55 ± 0.53 to 2.68 ± 1.85 in the absence and pres-
ence of RIF, respectively. The marked increase in the metabolic 
ratio of ADQ further strengthens the point that a metabolic interac-
tion occurs between ADQ and RIF, and the hypothesis that RIF 
induces the metabolism of ADQ.

Since antimalarial activity is partly dependent on the metabolite 
DEAQ, it is evident that ADQ had been rapidly metabolized to its 
metabolite and this can enhance the synergistic activity of ADQ 
and DEAQ. On the other hand, with the increased levels of the me-
tabolite, there is a higher possibility of the formation of the toxic 
ADQ metabolite quinoneimine. This toxic metabolite is a product 
of conversion from DEAQ by enzymes other than CYP2C8 and is 
reported to be responsible for some of the reported adverse drug 
effects of ADQ.31,32

The question remains whether the efficacy of ADQ is affected 
by a gene polymorphism. Genotype-inferred low metabolizers are 
found in 1–4% of African populations, which corresponds to mil-
lions of expected exposures to the drug.35 It is necessary to in-
vestigate the possible relevance, or lack of relevance, of CYP2C8 
polymorphisms in the present and future efficacy of ADQ. To 
date, several nucleotide sequence variations have been identified 
in CYP2C8. CYP2C8*3 (c.416G > A, p.Arg139Lys and c.1196A 
> G, p.Lys399Arg) is the most frequent variant allele changing 
the amino acid sequence of CYP2C8 in the Caucasian population, 
with an allele frequency of about 10–20%.36 On the other hand, the 
most common amino acid changing polymorphism in black popu-
lations is CYP2C8*2 (c.805A > T, p.Ile269Phe), but it is very rare 
in Caucasians.36 In vitro studies have suggested that CYP2C8*3 
has reduced activity for metabolizing paclitaxel and ADQ,37,38 but 
amiodarone N-demethylation was not affected by this polymor-
phism.39 It is therefore necessary to evaluate the in vivo effect of 
CYP2C8*3 on the pharmacokinetics of ADQ.

Future research directions

The clinical significance of this study would have been enhanced 
by also investigating the effect of ADQ coadministration on the 
disposition kinetics of RIF, and by carrying out the bidirectional 
pharmacokinetic interaction studies on patients with malaria. This 
is because there is a possibility of changes occurring in the phar-
macokinetic profiles of these drugs due to malaria infection. More 
studies are needed to further evaluate the impact of this interaction 
and of CYP2C8 genetic polymorphisms on the clinical outcomes 
of treatment.

Conclusions

This study evaluated, for the first time, the effect of RIF coad-
ministration on the pharmacokinetics of ADQ in healthy adult vol-
unteers. The study demonstrated that concurrent administration of 
RIF, a known inducer of CYP2C8, with ADQ, a substrate of the 
isoenzyme, results in a significant reduction in the plasma levels of 
the antimalarial drug. Plasma levels of DEAQ, the major metabo-
lite of ADQ, are elevated in the presence of RIF.

Adjustment of the ADQ dose may be necessary when the drug 
is coadministered with RIF, but this should be balanced against the 
potential increase in toxicity that may be associated with elevated 
plasma levels of the metabolite. There is a need to further deter-
mine the clinical implications for the extensive formation of the 
metabolite in this interaction, since DEAQ has potential for further 
metabolism to toxic metabolites when there is elevated plasma 
level, and this may be associated with increased toxicity.
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