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ABSTRACT
This work assesses tablets of artemether and lumefantrine in vitro drug interaction with lamivudine or metronidazole. Spectra 
changes on artemether or lumefantrine vibration bands were evaluated using Fourier transform infrared spectroscopy (FTIR) 
and analyzed with essential FTIR (eFTIR) software. Instantaneous pH changes and acid buffering capacity in biorelevant media 
were also determined. USP type-2 dissolution apparatus (paddle) containing Fed State Simulated Intestinal Fluid Version 2 
(FeSSIF-V2) was employed for dissolution test. Sample (5 mL) collected at various predetermined time intervals were analyzed 
simultaneously for artemether and lumefantrine with high performance liquid chromatographic (HPLC) reverse phase (RP) 
system, at 25oC. Artemether (O-H) stretching vibration was shifted to wavenumber 3387.0 and 3408.22 cm-1 by lamivudine and 
metronidazole, respectively. There was no significant shift in spectral bands corresponding to the endoperoxide linkage due to 
both drugs. Lamivudine and metronidazole showed no significant change in the pH of biorelevant media (p > 0.05). The release 
kinetics in FeSSIF-V2 for artemether changed from Higuchi (R2 = 0.9124) to first order (R2 = 0.9422) due to presence of lamivu-
dine while that of lumefantrine from first order (R2 = 0.9423) to Higuchi due to the metronidazole (R2 = 0.9871).  There was no 
significant level of interaction between lamivudine and metronidazole with the actives of AL tablet in vitro. The drugs therefore 
can be co-administered without any biopharmaceutical implications.
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INTRODUCTION

Co-prescribing and use of more than one drug at the same 
time is regular occurrence in clinical practice for the treat-
ment of a single or multiple pathological conditions (Bennett 
and Brown, 2008). The concurrent use of multiple medici-
nal agents has been further necessitated by co-morbidities of 
pathologic conditions such as HIV/AIDS, diabetes, hyper-
tension and malaria infection (Ahsan et al., 2012).

Malaria is one of the widely reported infectious diseases in 
the world that caused about one million deaths in the year 
2006 (Rosenthal, 2014). The artemisinin derivatives have 
been co-formulated with other antimalarial agents and used 
with success in areas earlier reported with cases of multi-
drug resistant Plasmodium falciparum infection (Adjei et al., 
2008, Sagara et al., 2001). Some diseases of global inter-
est along with malaria include intestinal parasitic infections 

such as amoebiasis or giardiasis and HIV/AIDS (Haque et 
al., 2003; CDC 2008, Cohen et al., 2008).

Artemether-lumefantrine (AL) is a fixed dose combination 
(FDC) antimalarial that is widely prescribed based on World 
Health Organization recommendation for uncomplicated 
Plasmodium falciparum malaria (WHO, 2015). This drug 
however may be co-prescribed with other drugs for which 
malaria has co-morbidities or share geographical distribu-
tion.

In the management of human immunodeficiency virus (HIV) 
infection, most clinicians prescribe fixed dose combinations 
of either tenofovir/emtricitabine or abacavir/lamivudine both 
of which can be given once daily. Zidovudine/lamivudine is 
commonly reserved for second or third line regimen due to 
toxicity and dosing schedule (Schooley, 2010; Thompson et 
al., 2010). Lamivudine as antiretroviral drug (ARD) and for 
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hepatitis or metronidazole for intestinal and hepatic forms 
of amoebiasis/giardiasis may be co-administered with anti-
malarial AL. Antimalarial drug resistance has been of global 
concern with searchlight directed at avenues that predicate 
the bioavailability of the drugs.

Drug - drug interactions (DDI) have been reported as con-
sequent to treatment failure (Edwards and Aronson, 2000). 
A study on drug-drug interaction of pyronaridine/artesunate 
and ritonavir in healthy volunteers by Morris and co-workers 
concluded that co-administration of ritonavir and pyronari-
dine/artesunate interacts to alter exposure to artesunate, di-
hydroartemisinin and ritonavir itself (Morris et al., 2012). 
Several in vitro models have been developed for predicting 
in vivo drug interactions of co-administered dugs (Wienkers 
and Heath, 2005).   Fourier transform infra-red spectroscopy 
(FTIR) utilizes the phenomenon of wave interference and a 
software Fourier transform of the interferogram, to produce 
an infra-red spectrum that is characteristic of molecules. This 
instrumental method has been exploited extensively as an in 
vitro approach to predicting possible in vivo DDI (Kumari 
and Balaji, 2013). 

This study seeks to evaluate in vitro drug–drug interaction 
between AL and lamivudine or metronidazole.

MATERIALS AND METHOD

Materials
AL tablet (Coartem®) was bought from a registered drug out-
let, in Uyo State, Southern Nigeria. Lamivudine and metro-
nidazole tablets were purchased in Lagos State, Nigeria. The 
details of the drugs are presented in Table 1. Acetonitrile, 
methanol, tetrahydrofuran (THF), potassium dihydrogen 
phosphate were HPLC grade, products of Sigma Aldrich, 
Germany. FaSSIF/FeSSIF/FaSSGF and FeSSIF-V2 powder 
are products of Biorelevant.com, UK.  Other reagents were 
of analytical grade, products of Sigma Aldrich, Germany.

Methods

Preparation of Standard solutions
The internal standard (IS) solution was prepared by ac-
curately weighing 10 mg of halofantrine into 10 mL volu-
metric flask. A volume of 6 mL of methanol was added to 
dissolve and subsequently made to mark to produce a stock 
concentration of 1 mg/mL. A weight of 20mg and 120mg 
of reference standard artemether and lumefantrine, respec-
tively were poured into different 10 mL volumetric flask. 
Artemether and lumefantrine were dissolved in acetonitrile 
and tetrahydrofuran (THF), to produce 2 mg/mL and 12 mg/
mL stock solutions, respectively. Mixed standard solutions 
of artemether – lumefantrine and (IS) were prepared by add-
ing equal aliquot volume of artemether and lumefantrine 

stock solutions (2 mL), dispensed into 5mL plain polypro-
pylene sample bottles to produce 1 mg/mL and 6 mg/mL 
of the standards, respectively. Serial dilutions of the mixed 
standards and reference standard solutions were made to 
obtain graded concentrations of 0.01/10, 0.1/10.0, 0.5/20.0, 
1.0/40.0, 5.0/60.0, 10.0/80.0 and 20.0/100.0 mg/mL.  The 
mixed standard solutions were diluted with acetonitrile and 
THF (50:50 %, v/v). The obtained solutions were spiked with 
IS stock solution to give 5 µg/mL with micropipette (Huang 
et al., 2010).   

Preparation of buffers and simulated intestinal solution
A weight of 1.0 g of sodium chloride was dissolved in 0.450 
L of distilled water. The pH of the resulting solution was 
adjusted to 1.6 with hydrochloric acid solution and made up 
to 0.5 L with distilled water at room temperature. A weight of 
2.020, 4.325 and 5.937 g of sodium hydroxide pellet, glacial 
acetic acid and sodium chloride, respectively, were dissolved 
in 0.450 L of distilled water and the resulting pH adjusted to 
5.0 with either of 1N sodium hydroxide or hydrochloric acid. 
Fasted state simulated gastric fluid (FaSSGF) was prepared 
by dissolving 1.120 g of FaSSIF/FeSSIF/FaSSGF powder 
in 0.25 L of pH 1.6 buffer. This was stirred until the pow-
der was completely dissolved. The solution was made up to 
0.5L mark. The solution was allowed to stand for 2 hours 
before use and an unused portion was discarded after 48 h of 
preparation. Fed state simulated intestinal fluid was prepared 
by dissolving 5.60 g of FaSSIF/FeSSIF/FaSSGF powder in 
0.25 L of buffer pH 5.0. The solution was made up to 0.5 
L volume and allowed to stand for 2 h before use. Any un-
used solution was discarded after 48 h.Fed State Simulated 
Intestinal Fluid – Version 2 (FeSSIF – V2) was prepared by 
dissolving 5.0 g of FeSSIF – V2 powder in 5 L of distilled 
water (Galia et al., 1998).

Assessment of tablet quality parameters
The weight uniformity, tablet friability, disintegration and 
hardness were performed based on established pharmaco-
peia protocols. The chemical content of artemether and lu-
mefantrine were simultaneously determined using the chro-
matographic system.

FTIR Spectroscopic analysis
FTIR spectroscopy was performed using FTIR spectropho-
tometer (FTIR 84005,Schimadzu, Japan). One milligram of 
AL crushed powder and 200 mg of dried potassium bromide 
(KBr) powder were mixed in a mortar and compressed into 
a translucent disk. The scanning was carried out at a speed 
of 2 mm/s over a wavenumber region of   4000 to 500 cm-1. 
Similarly, the process was repeated with the addition of 1 
mg of the co-administered drugs (i.e, lamivudine or metroni-
dazole) to the AL before pellet formation with KBr. The re-
sulting spectra were analyzed using essential FTIR (eFTIR) 
software.
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Buffering capacity of drugs
A tablet of lamivudine (150 mg) or metronidazole (200 mg) 
was crushed and dispersed in 500 mL of FaSSGF and FeSSIF 
separately. The change in pH of the medium was observed as 
the instantaneous pH change due to the added drugs. The 
amount of hydrochloric acid that produced one unit pH 
change with continuous pH monitoring was also determined.

Dissolution studies
A tablet each of lamivudine or metronidazole was dissolved 
in 500 mL of FeSSIF-V2 in a dissolution apparatus (USP 
type 2, paddle method). A tablet of AL was placed in the ap-
paratus with speed of agitation and temperature at 100 rpm 
and 37oC, respectively. A volume of 5 mL of the dissolution 
media was sampled at 5, 15, 30, 45, 60 and 90 min. The 
sampled volume was filtered using 0.45 µm syringe filter. 
The filtrate was analyzed for artemether and lumefantrine 
concentration simultaneously using HPLC system.

Statistical analysis
All experiments were performed in triplicates and the dif-
ferences in the effects of lamivudine or metronidazole on 
artemether and lumefantrine profile were analyzed statisti-
cally using single factor analysis of variance and statistical 
significant difference was taken at p < 0.05.

RESULTS AND DISCUSSION

In this study, FeSSIF-V2 was employed for AL dissolution 
studies as this medium has been extensively used to predict 
in vivo drug release (Lakka and Goswami, 2012). The con-
tent of FeSSIF-V2 such as sodium taurocholate and leci-
thin makes the output of this biorelevant medium to closely 
mimic intestinal environment (Vertzoni et al., 2005).The use 
of this updated postprandial biorelevant media, FeSSIF-V2, 
presents a readily available dissolution testing tool for quick 
adjudging of in vivo performance of drugs. 

In the model simulating the co-administration of lamivu-
dine or metronidazole with AL, the result of instantaneous 
pH change due to lamivudine or metronidazole on FeSSIF 
produced a pH increase of 0.13 and 0.17 units, respectively 
(Table 2). The increases were however not significant as 
the pH were still within the range of physiological value 
for intestinal absorption of drugs. In the stomach-simulated 
media (FaSSGF), the instantaneous pH change result gave 
an increase of 0.31 and 0.55 units, respectively. Since a pH 
change of less than 1 unit was recorded in the gastrum, the 
ratio of unionized to ionized form of the dissolved drugs 
(i.e., artemether and lumefantrine) becomes insignificant.  

The R2 value for the determination of artemether and lume-
fantrine were 0.9920 and 0.9930, respectively. The disso-
lution curve for artemether and lumefantrine are presented 

in Figure 1a and 1b, respectively. It was observed that ar-
temether had significantly higher drug release in the pres-
ence of lamivudine (p < 0.05).but there was no significant 
difference in the drug release profile for lumefantrine in the 
presence of either lamivudine or metronidazole.

An ideal formulation releases the exact amount of the active 
ingredient at the right time thereby optimizing the therapeu-
tic action of the active ingredient (Dey et al, 2012). Drug re-
lease and other effects of co-administration of AL with other 
drugs have not been extensively evaluated. The dissolution 
profile for artemether and lumefantrine are expressed in Ta-
ble 3. The C40 value for artemether in the medium containing 
metronidazole was significantly lower than that with lamivu-
dine (25 versus 65 mg; p < 0.05). Media with metronidazole 
did not achieve 70% artemether release throughout the disso-
lution period. There was no difference in the dissolution pro-
file for lumefantrine with respect to the additives (9.0 versus 
10.0 mg). Lumefantrine did not achieve 70% release for the 
additives throughout the dissolution period.

The R2 values of the media conditions describing the ki-
netic model that best describes the dissolution curves for 
artemether and lumefantrine drug release from  AL tablet 
were Higuchi (R2 = 0.9124) and first-order (R2 = 0.9423), 
respectively. Table 4 presents the output for the coefficient 
of determination for the various tested models.

The basic information provided by the FTIR spectra analyses 
of drugs and their possible changes due to chemical interac-
tions with the medium or chemical substances therein were 
compared for AL. The FTIR spectra analyses for AL and the 
mix (i.e., with the investigated drugs - lamivudine and met-
ronidazole) are presented in Figure 3. The observed peaks 
for AL alone were compared with the characteristic spectra 
features of pure artemether and lumefantrine from the litera-
ture. This confirms the identity and the co-formulation status 
without interaction between actives or the excipients in the 
tablet as the spectra peaks for both artemether and lumefan-
trine were evident (Musibau et al., 2016).

In this study, the AL spectra in Figure 2a presented broad 
peaks at 3462.54 cm-1 due to the artemether component 
attributed to the aliphatic (O-H) bending.  It also featured 
peak at 2937.48 cm-1 due to the aliphatic (C-H) stretching 
vibrations. The values here were found to be consistent with 
values for pure artemether spectra from the literature and 
the eFTIR software library. The AL sample exhibited broad 
peaks at 3419.79 cm-1due to aliphatic (C-H) stretching vibra-
tion and 2951.09 due to aliphatic (C-H) bending vibrations 
due to the lumefantrine entity. Previous study by Musibau 
and co-workers also confirmed the co-formulated status of 
the actives in AL (Musibau et al., 2016).This formed the 
baseline for the investigation of the effect of the co-pelletized 
studied drugs. A similar study conducted by Balaji and Ku-
mari evaluating the formulation of immediate release pellets 
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containing artemether and lumefantrine revealed artemether  
and lumefantrine spectral bands that were consistent with 
the literature values also indicating that artemether and lu-
mefantrine in their product were co-formulated without any 
form of interactions (Balaji and Kumari, 2013). The infer-
ence therefore was that there was no breakdown in the struc-
ture of artemether in the co-formulation of the AL products. 
Similarly, the   literature values for pure lumefantrine and the 
software library were in agreement with the characteristic 
spectra presentation of lumefantrine in the AL sampled in 
this study.

As observed in Figure 2, the spectra of artemether in the AL 
drug showed a broad peak at the wavenumber 3462.54 cm-1 
and 2937.48 cm-1 due to (O-H and (C-H) stretching vibra-
tions, respectively. The corresponding (O-H) stretching vi-
brations due to lamivudine and metronidazole were shifted 
downwards to 3387.0 and 3408.22 cm-1, respectively with re-
spect to the plain AL spectral bands. The reference artemether 
band had 3379 and 2947 cm-1, respectively. Comparing the 
wavenumber difference for the effect of lamivudine and 
metronidazole with respect to the reference artemether band, 
they had values of 8 and 9 cm -1, respectively. The same argu-
ments hold for the difference in wavenumber of peak expres-
sion for (C-H) stretching as approximately 18 and 9 cm-1, re-
spectively. The endoperoxide bridge (C-O-O) demonstrated 
a broad IR stretching at 890 - 820 cm-1, adjudging by the 
reference artemether band. The co-pelletization with lamivu-
dine and metronidazole did not affect the (C-O-O) stretching 
of artemether as they revealed IR spectra band within that 
range (i.e., 871.82 and 881.47 cm-1, respectively).

Similarly, the spectra for pure lumefantrine revealed a broad 
peak at 3394.72, 2951.82 and 1462.04 cm-1for (O-H) and (C-
H) stretchings and for (C-H) bending, respectively (Figure 
2). Comparing the spectra bands for AL alone revealed a 
co-formulated product of artemether and lumefantrine along 
with excipients with no complexation with respect to the 
lumefantrine component. Comparing the spectra bands for 
lamivudine and metronidazole when co-pelletized, shift in 
spectral wavenumber downwards of values 7 and 14 cm-1 
were observed for (O-H) stretching due to the investigated 
drugs, respectively. Considering (C-H) stretching, the dif-
ferences in band wavenumber values were 22 and 12 cm-1, 
respectively. The software adjudged the spectra on Figure 
2B and 2C corresponding to lamivudine and metronidazole, 
respectively, as not having a significant shift in the spectral 
features of artemether or lumefantrine as presented in Figure 
2A.

CONCLUSION

In this study, the presence of metronidazole or lamivudine 
in the admixture with AL has not significantly affected the 

FTIR spectra presentation of AL. There was no complex 
formed with AL by either lamivudine or metronidazole. AL 
tablet can be co-administered with either lamivudine or met-
ronidazole, based on the in vitro assessments.

Furthermore, the release profile of AL drug components was 
affected by the presence of metronidazole but unaffected by 
lamivudine. The release of artemether from AL matrix in the 
presence of lamivudine and metronidazole were first order 
kinetics and Higuchi respectively. The release kinetics for 
lumefantrine for both drugs was Higuchi.
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Table 1: Labeled information of the drugs used in the study
Name of Product Batch number Manufacturing Date Expiry Date Origin

Coartem K0906 July 2014 June-2016 Novartis Pharm. Corp USA

Loxagyl A150221 Jan-2014 Jan-2016 May and Baker, Nigeria

Lami-150 LEX-023 May-2014 April-2016 McNeil and Argus; India

Table 2: Instantaneous pH change and acid buffering capacities of the drugs on the media
Drugs added to medium Volume of hydrochloric acid (µL) / pH change

FaSSGF FeSSIF

Instantaneous pH 
effect

Buffering 
capacity(µL)

Instantaneous pH 
effect

Buffering capacity

Lamivudine +0.31 1.3 +0.13 5.7

Metronidazole +0.55 0.7 +0.17 7.2

NB: FaSSGF =1.62 and FeSSIF= 5.12; (+) signify an increase in pH due to the drug introduced.

Table 3: Dissolution profile for artemether and lumefantrine in the media conditions
Drugs Drug release profile

Artemether Lumefantrine

C40
(mg)

T70
(min)

AUC
(mg.min/mL)

DE C40
(mg)

T∞
(min )

AUC
(mg.min/mL)

DE

AL alone 40.0 65 4547.336 1.0 14.0 90 2260.990 1.0

Lamivudine 65.0 42 5286.920 1.16 10 90   922.345 0.41

Metronidazole 25.0 - 1721.220 0.39 9.0 90   906.195 0.40

NB: C40, T70, T∞, AUC and DE are concentration of drug dissolved at 40 min, time to achieve 70% dissolution, time to highest dis-
solution, total drug dissolved and the dissolution efficiency, respectively.
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Table 4: In vitro release kinetics of AL drug components
Drugs Coefficient of determination (R2) values for the tested order of reactions

Zero order First order Second order Higuchi

AL alone

Artemether 0.1043 0.7674 0.5615 0.9124

Lumefantrine 0.8862 0.9423 0.8189 0.7694

Lamivudine

Artemether 0.8761 0.9422 0.7706 0.8795

Lumefantrine 0.9613 0.9834 0.9494 0.9831

Metronidazole

Artemether 0.7025 0.8035 0.8715 0.9414

Lumefantrine 0.8842 0.8963 0.8085 0.9871

Figure 1: Dissolution profile for AL tablet; ♦fasted, □lamivudine 
and ▲metronidazole: (a) artemether profile and (b) lumefan-
trine profile. 

Figure 2: The spectra features of (A) AL alone, (B) AL pel-
letized with lamivudine (C) AL pelletized with metronidazole.


