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ABSTRACT
The study was aimed at evaluating the bioavailability and bioequivalence of generic products of artemether-lumefantrine (AL) 
antimalarial double strength oral tablet formulation. A non-randomized open label single dose study in eighteen healthy African 
male subjects was designed. The volunteers were administered one tablet of a product with a fatty meal and 0.5 L of water, after 
overnight fast. Venous blood sampling was taken at 0, 1, 2, 4, 6 and 8 h post-dose and plasma samples analyzed for artemether 
and lumefantrine exposure simultaneously using a validated high performance liquid chromatographic system with Chromosil 
C18 column, flow rate and UV detection at 1.0 mL/min and 216 nm, respectively. Acetonitrile: potassium dihydrogen phosphate 
(70: 30%, v/v) and nevirapine were employed as mobile phase and internal standard, respectively. The primary endpoints were 
area under the plasma concentration time curve (AUC) from zero to 8 h and maximum plasma concentration (Cmax). The 90% 
confidence interval for the ratio of the geometric means of AUC0-8 was compared with the established bioequivalence limit. All 
enrolled subjects with mean age 28.5 ± 4.5 years completed the study. The Cmax for artemether and lumefantrine for the products 
ranged from 0.225 - 0.558 µg/mL and 0.319 – 0.517 µg/mL, respectively. Drug products AL1 and AL2 met the bioequivalence 
criteria. The other products failed the pharmacopoeia test specification for chemical content with respect to either or both API 
and their pharmacokinetic profiles varied with statistical significant differences (P>0.05). Only two of the generic products studied 
were bioequivalent and could be switched. 
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INTRODUCTION

Oral administration of drugs is convenient and this route 
forms the largest means of drug administration (Martinez 
and Amidon, 2001). To produce a clinical response, drugs 
are required to achieve an effective concentration at the 
site of action and this maintained for an adequate length of 
time (Abdou, 1989). Orally administered drugs required for 
systemic agents, involves the transfer of the drugs from the 
gut to the systemic circulation. Bioavailability describes the 
fraction of the drug dose that reaches the systemic circula-
tion unchanged. As many drugs are made and marketed by 
more than one pharmaceutical company, the application of 
biopharmaceutics gives substantial evidence on the effect of 
the method of manufacture (i.e., procedures and materials) 
on bioavailability of the drug (Chow and Liu, 1992).

The plethora of drug products containing the same active in-
gredients and possibly different excipients may require that 
all concerned (i.e., physician, pharmacists and end-users) 
select products that produce equivalent therapeutic effects. 
Most bioavailability studies, either for new or generic prod-
uct, require qualitative tests to assess the performance of 
orally administered formulations (Pabst and Jaeger, 1990].

Some useful guidelines and methods have been developed by 
the U.S. Food and Drug Administration for determining drug 
bioavailability (Ribeiro et al., 2000). Bioavailability studies 
are therefore important in defining the safety and efficacy of 
drug products in terms of its effect on drug pharmacokinetics 
while bioequivalence studies compares the bioavailability of 
a drug from various drug products (USP, 2001).
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In cases where there is approval of multisource marketing 
of any particular product, generic substitution and dispens-
ing of different brands or unbranded products in place of the 
prescribed products may prevail without sufficient evidence 
of pharmaceutical equivalence or assurance of therapeutic 
performance (Committee for Proprietary Medicinal Prod-
ucts, 1992).

Artemether-lumefantrine is the most widely employed fixed-
dose artemisinin combination therapy (ACT) employed for 
the treatment of uncomplicated malaria (FDA-CDER, 2002; 
WHO, 2013). In Nigeria, the National Guidelines on Malaria 
Treatment, Prevention and Control recommends, and in prin-
ciples, supports the multisource availability of AL products 
(Dondorp et al., 2005). The national drug regulatory agency 
in Nigeria has similarly approved for marketing, in recent 
times, DS formulations but speculations as to the bioavail-
ability and bioequivalence indices of the several marketed 
products has been raised. In previous studies on bioavailabil-
ity of AL generic tablet formulation conducted in Tanzania, it 
was concluded that the bioequivalence was not demonstrated 
due to non-compliance with FDA 90% confidence interval 
criteria (Federal Republic of Nigeria, 2005).   

This study was aimed at assessing the bioavailability and 
bioequivalence of some AL DS tablet formulation marketed 
in Nigeria.

MATERIALS AND METHODS

Chemicals 
HPLC grade acetonitrile and potassium dihydrogen phos-
phate (Sigma-Aldrich, Germany) were used for the LC anal-
ysis. Nevirapine powder, artemether and lumefantrine refer-
ence standards were donated by Central Medical Laboratory 
of University of Lagos (CMUL).  Deionized water was used 
throughout and obtained from a Milli-Q system (Millipore, 
MA, USA). The generic products of artemether-lumefantrine 
were purchased in a licensed pharmacy outfit in Uyo, Nige-
ria. Details of the generic products are presented in Table 1. 
All other reagents were of analytical grade.

Chromatographic system
Simultaneous determination of artemether and lumefantrine 
was done using HPLC (HPLC Peak 7000 System (Rheodyne 
manual sample injector, analytical Chromosil column C18, 
250x4.6 mm column, Germany) with wavelength of UV de-
tection at 216 nm and nevirapine as internal standard. The 
mobile phase was a mixture of acetonitrile and 25 mM po-
tassium dihydrogen phosphate (70:30%, v/v). The total run 
time was 8 min. The method of analysis was developed by 
the CMUL and modified from an earlier reported method by 

Cesar and co-workers (International Conference on Harmo-
nization, 1995).

Study design
The study had an open label randomized one-period and 
single-dose design. Eighteen healthy volunteers were ran-
domly assigned to one of six AL DS generic products. The 
study was conducted in accordance with the Declaration of 
Helsinki 2013 and Good Clinical Practices Guidelines set up 
by the International Conference on Harmonization and local 
applicable laws and regulations (Minzi et al., 2013).

Subject Recruitment and Management  
Volunteers were eligible for the study if they had a neg-
ative result for malaria parasite test (using microscopic 
detection of parasites in blood smear after Giemsa 
stain) and had not taken any antimalarial in the past 
2 months from the commencement of the study. Other 
eligibility criteria included Haemoglobin level >9.0 g/dL 
(5.5 mmol/L, serum bilirubin ≤ 2 mg/dL (34 µmol/L) and 
adequate renal function defined as serum creatinine 
clearance ≥ 60 mL/min. 

Volunteers were excluded if they had gross ascites or an 
evidence of active peptic ulcer disease or other documented 
gastrointestinal (GI) diseases that might influence GI mo-
tility (Cesar et al., 2008). They were certified healthy by a 
physician based on their medical history, clinical examina-
tion, haematological and biochemical screening. The study 
protocol was approved by the Institutional Health Research 
Committee of University of Uyo Teaching Hospital (ap-
proval certificate number UUTH/AD/S/96/VOL.XVI/67). 
All volunteers gave written informed consent. The study was 
done according to the Guidelines of Helsinki Declaration, 
2013 (World Medical Association, 2013).

Drug products and administration
Volunteers received a single dose of the drug after an over-
night fast, administered with 500 mL of water within 15 min 
of finishing breakfast (a standard measure of oily rice). Food 
and water intake was restricted for 4 h after ingestion of AL 
tablet.

Blood sample collection
Blood samples (5 mL each), taken from an indwelling intra-
venous cannula placed in the arm were collected in heparin-
ized tubes at 0, 1, 2, 4, 6 and 8 h post dose. The samples were 
centrifuged at 3000 rev/min for 5 min and the clear super-
natant transferred to a polypropylene tube and immediately 
stored at -60o C until analysis.
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Pharmacokinetic analysis
The maximum drug concentration (Cmax), time to achieve 
the maximum concentration (Tmax) and area under the curve 
(AUC0-8) were determined by imputing the experimental data 
for each subject in each group into GraphPad Prism pharma-
cokinetic software (Prism for Windows version 6.05, USA). 
The pharmacokinetic parameters (AUC0-8, Cmax, Tmax) for the 
AL tablet formulations were compared with that of the es-
tablished product.

Statistical analysis
Minitab for Windows Statistical Package (Minitab Inc., 
USA), was used for statistical analysis. The statistical anal-
ysis employed single factor one way analysis of variance 
(ANOVA). The parameters C max and AUC (0-8) were comput-
ed for individuals and the mean for each group was tested. 
The null hypothesis of no difference amongst the means of 
parameters for the generic products was tested at a 5% lev-
el of significance. Classical 90% confidence Intervals (CI) 
were calculated for the parameters based on the currently 
accepted criteria for assessing bioequivalence (Cesar et al., 
2008). To test for differences amongst the generic products, 
post hoc multiple comparison was performed using Duncan 
Multiple Range (DMR) and Student Neuman Keul (SNK).                     

RESULTS AND DISCUSSION

Malaria is a common parasitic disease known across the 
globe with all attention geared at combating the menace. The 
multisource proliferation of the generic products of antima-
larial agents will therefore require establishing their compa-
rable drug release and bioequivalence. 

Analysis of drug samples
The result of the chemical content of the drug samples is 
presented in Table 2. Samples AL1 and AL2 had satisfactory 
drug contents with respect to the active ingredients. Samples 
AL3, AL4, AL5 and AL6 failed the Pharmacopoeia specifi-
cation for chemical content with values less than 90% con-
tent for lumefantrine (USP, 1990). 

Volunteers and treatment
Eighteen healthy male volunteers were enrolled for the study. 
The median age was 28 (and range, 26-34) years, mean body 
weight and mean body mass index (BMI) of 76.5 Kg and 
27.5 Kg/m2, respectively. Overall, the drug was well-toler-
ated. 

Figures 2 and 3 presented the plasma concentration versus 
time curves for the drug products with respect to artemether 
and lumefantrine, respectively. The resulting pharmacoki-

netic parameters for the various sampled drugs are presented 
in Table 3.

The study was conducted in accordance with the Declaration 
of Helsinki 2002 (Henderson et al., 1992; International Con-
ference on Harmonization, 1995), Good Clinical Practices 
Guidelines set up by the International Conference on Harmo-
nization and local applicable laws and regulations.

The study here provides a simultaneous determination of 
the active pharmaceutical ingredients (i.e., artemether and 
lumefantrine) components of the drug. Previous work by 
Souppart et al., evaluated the plasma levels of artemether us-
ing HPLC-MS (Souppart et al., 2002) and another work in-
volving LC-MS/MS method for the determination of lume-
fantrine and its metabolite desbutyl lumefantrine in plasma 
from patients infected with Plasmodium falciparum malaria 
(Sethi et al., 2011). This present work evaluates the selected 
products based on the simultaneous determination of the 
unchanged drugs (i.e., artemether and lumefantrine compo-
nents) in the dosage form and in plasma.

Following up on the bioequivalence of artemether-lumefan-
trine drug products through artemether exposure has present-
ed some difficulties because on the instability of this drug 
component. The use of high performance liquid chromato-
graphic system involving nevirapine as internal standard, as 
employed in this study, was able to resolve the variability 
issues associated with artemether instabilities/analytical han-
dling complexities. Previous work employed halofantrine for 
the single drug component analysis of lumefantrine (Huang 
et al., 2012). The wavelength of UV detection in the work 
by Huang et al. was 335 nm while in this study involving 
nevirapine as internal standard, UV detection was at 216. 
Nevirapine gave signals with shorter resolution time distinct 
from those of the analytes of interest. Periodically interfering 
peaks have been reported with the analytes when halofan-
trine is used as internal standard (Huang et al., 2012).

As at the time of this study, the patent right owners of AL 
markets only the 20/120 tablet formulation hence AL1 be-
ing the established and most widely prescribed generic, was 
referred to as the reference product. AL1 also gave a satisfac-
tory chemical content that met the pharmacopoeia standard.  
The comparative bioavailability of the AL DS generics re-
vealed that only product AL2 met the bioequivalence criteria 
by possessYing a relative bioavailability of 0.85.

The calibration curve for artemether and lumefantrine deter-
mination in plasma gave a correlation coefficient of 0.98 and 
0.94 respectively. The values were considered satisfactory 
for drug absorption kinetics involving plasma samples, so 
much more with the use of an internal standard in the analy-
sis.  The chemical content of the AL generic products Table 2 
revealed that only products AL1 and AL2 were pharmaceuti-
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cal equivalents with respect to both component drugs. The 
other products failed the chemical content test with respect 
to lumefantrine whereas   AL6 failed with respect to both 
drug components. Bioequivalence was therefore not consid-
ered for these products regardless of their relative bioavail-
ability values. 

Several antimalarial products that are artemisinin-based 
have been reported with lower than required concentration of 
active ingredients (Kaur et al., 2008; Nayyar et al., 2012). It 
is however required that products considered for bioequiva-
lence meet pharmacopoeia standards before being evaluated 
for bioequivalence with reference product (Ribiero et al, 
2000). Products AL3, AL4, AL5 and AL6 are thus not meet 
for bioequivalence considerations.

CONCLUSION

Many antimalarial agents in use have been reported to fall be-
low the regulatory standards due to deliberate counterfeiting, 
poor quality control during manufacture or decomposition 
due to improper handling or storage. The wide difference in 
the chemical content and gross relative bioavailability of the 
selected products serve as a pointer to the causes of the nag-
ging issue of drug resistance and failure in malaria treatment.
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Table 1: Details of the brands of antimalarial tablets studied

Drug Name Code Origin Man./Exp. Date Batch Number NAFDAC Reg. No

Lonart DS AL1 India 07/2012
06/2015

LD337 04-9927

Amatem forte AL2 India 08/2012
07/2015

ATMH
0014

A4-3489

Lynsunate forte AL3 Nigeria 02/2013
01/2015

3B76
0002

A4-5641

Voather forte AL4 India 12/2012
11/2015

113 A4-3799

Tamether forte AL5 China 04/2013
04/2016

130409 A4-1225

Ferife AL6 Nigeria 07/2012
08/2015

04 A4-3935

*NAFDAC National Agency for Food and Drug Administration and Control
Man/ Expiry Date- Manufacturing/Expiry dates

Table 2: Chemical content of the AL tablet brands

Drug component Product code / percentage strength (%,w/w)

AL1 AL2 AL3 AL4 AL5 AL6

Artemether 99.0±2.9 94.5±2.9 103.9±1.5 108.0±1.5 108.0±0.6 72.0±6.1

Lumefantrine 111.8±3.9  95.9±8.4 83.5±1.2 89.3±2.5 88.1±3.5 83.5±3.2

Table 3: The pharmacokinetic profile of AL tablet formulations

Product code Pharmacokinetic parameters

Artemether Lumefantrine

AUC0-8
(µg.h/mL)

Cmax (µg/mL) Tmax

 (h)
AUC0-8
(µg.h/mL)

Cmax (µg/mL) Tmax 
(h)

AL1 1.470 0.225 4 1.652 0.416 8

AL2 1.371 0.275 6 1.639 0.517 8

AL3 2.460 0.450 4 1.015 0.356 8

AL4 1.809 0.313 4 1.927 0.514 8

AL5 1.780 0.588 6 1.283 0.390 8

AL6 1.890 0.375 6 1.328 0.319 8
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Figure 1: Structure of (1a) lumefantrine and (1b) artemether.

Figure 2: Plasma concentration versus time curve for artemether (where AL1♦, AL2▄, AL3▲, AL4×, AL5* and AL6•)
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Figure 3: Plasma concentration versus time curve for lumefantrine (where AL1♦, AL2▄, AL3▲, AL4×, AL5* and AL6•).


