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Abstract  

Some transition metal complexes of mixed artemether, ascorbic acid and lumefantrine 
have been synthesized and characterized using UV/Vis, FTIR, Atomic Absorption 
Spectroscopy (AAS) and Gas chromatography-Mass Spectroscopy (GCMS). The 
results revealed that the artemether and ascorbic acid are chelating ligands and 
coordinates through the oxygen of the carbonyl groups while lumefantrine coordinates 
through the hydroxyl group in a monodentate fashion.  The metal complexes were 
investigated for biological activity using five bacterial species - Staphylococcus 
aureus, Escherichia coli, Bacillus aureus and Pseudomonas aeruginosa. It was 
observed that the synthesized complexes were more effective towards the five bacteria 
species than the free drugs.  

Keywords: Artemether, lumefantrine, ascorbic acid, metal complexes, biological 
activity.  

Introduction  

Artemether is an aliphatic tetra heterocyclic compound synthesized from artemisinin 
[1]. It is an important antimalarial drug that is highly effective against multi-strain 
resistant plasmodium species. It is on the World’s Health Organization list of essential 
medicine in basic medical system [2]. Lumefantrine is also an antimalarial drug which 
belongs to the chemical family named “Aryl amino alcohol”. It is always administered 
in combination with artemether. Ascorbic acid, also known as vitamin C and has two 
isomers; the L- and D- isomer. Only L-ascorbic acid is found in nature as well as being 
useful in the human body. Ascorbic acid is an essential vitamin in the body which 
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helps to repair and maintain growth of tissues. Its deficiency in the body leads to the 
various diseases such as scurvy. However, overdose of this essential vitamin may lead 
to nausea and diarrhea [3]. The study of metal complexes is gaining increasing 
importance in the design of drugs [4]. It is known that some drugs act via chelation 
[5]. The combination of the metal with the drugs may improve the activity of the drug 
[6]. In addition, the combination therapy of two antimalarial drugs haves been proved 
to provide the benefits for rapid cleaning of parasites from the blood stream. The most 
effective treatment against malaria is a combination of drugs using derivatives of 
artemisinin [7]. The combination of artesunate and mefloquine appear with a high 
prevalence of multidrug resistant parasites [8,9]. The combination of artesunate with 
pyrimethamine/sulphadoxine gave diverse results [10,11]. Artemisinin has also been 
combined with an antibiotic, clindamycin, but the resultant application produced a 
delayed activity in malaria parasite death [12].  

As part of our research on mixed drug metal complexes, this paper report the synthesis, 
characterization and antibacterial activity study of mixed metal complexes of 
artemether, lumefantrine and ascorbic acid.  

MATERIALS AND METHODS  

Materials  

The solvents (which include distilled water, methanol, ethanol, ethylacetate and 
acetone) and metal salts (FeCl3

.4H2O, CoCl2
.6H2O, CuCl2

.6H2Oand ZnSO4) were 
from BDH Chemicals. Artemether, ascorbic acid and lumefantrine were obtained from 
Emzor Pharmaceutical Company, Lagos, Nigeria. The melting point and conductivity 
of the complexes were determined using Electrothermal IAg100 apparatus and 
HANNA instruments EC214 conductivity meter respectively. Infrared spectroscopic 
analysis of the complexes were done at LAUTECH, UV/Visible spectroscopy were 
carried out at University of Ibadan using Perkin Elmer UV/Visible spectrometer, 
Atomic Absorption Spectroscopy was done using AAS BUCK SCIENTIFIC 210 
VGPand GC-MS analysis of the complexes were carried at University of Ilorin using 
MSD machine adopting ACQ method.  

Biological activity study of the complexes was investigated on the five bacterial 
species mentioned above at Department of Microbiology, Olabisi Onabanjo 
University, Ago-Iwoye, Nigeria.  
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Methodology  

Synthesis of [M(ART)(ASC)Cl2], [M(ASC)(LUM)Cl2] and [M(LUM)(ART)Cl2] 

complexes.  

The procedure described by Obaleye et al. (13) was adopted for the synthesis of the 
complexes. Gramme equivalent of 1mmol each of the metal salts M, were weighed 
and dissolved in methanol. Similarly, gramme equivalent of 1mmol of the ligands 
were also weighed and dissolved in appropriate solvent. Two of the ligand solutions 
were added together and then mixed with one of the dissolved metal salt. The resulting 
solution was refluxed for about three hours. The refluxed solution was allowed to cool 
at room temperature, kept for five days after which there was crystal formation, which 
was filtered and stored in a desiccator over CaCl2.  

Biological activity study   

The biological activity of the complexes and ligands were determined using agar 
diffusion method as prescribed by Matangi et al(14). The organisms used are 
Staphylococcus aureus, Pseudononas aeruginosa, Bacillus aereus and Escherichia 
coli. Nutrient agar was prepared by dissolving 4 g of nutrient agar into 500 ml of sterile 
distilled water. This was autoclaved for 15 minutes and transferred into sterilized Petri 
dish. One of the organisms was then streaked all over the agar. A hole is then bored 
on the agar using cork borer after which 0.5 ml of the standard solution of the drug 
was poured into the hole. It was then incubated for 24 hours after which the reading 
was taken by observing the inhibition zone. The diameter of this zone was then 
measured. This was done using each of the ten complexes and the three ligands at 10 
mg/ml and 5 mg/ml concentration.  

RESULTS AND DISCUSSION  

The physical property tests which include melting point, conductivity and solubility 
test yielded result suggesting the formation of these complexes. It was found that the 
melting points of the complexes are generally higher those of their constituting 
ligands. The conductivities of the complexes were also different from those of the 
ligands. The solubility test result indicated some changes in the physical properties of 
the ligands as the resulting complexes have solubilities different from those of the 
ligands.  
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Table 1:  Analytical data of mixed artemether, lumefantrine and ascorbic acid metal 
complexes  

Compounds   Melting point (оC)   Conductivity (µS)   

Ascorbic acid   190 – 192   5   

Artemether   85 – 89   4   

Lumefantrine   125 – 130   4   

[Cu(Lum)(Asc)]Cl2   220 – 223   10   

[Co(Lum)(Asc)]Cl2   262   5   

[Zn(Lum)(Asc)]SO4   155 – 157   5   

[Cu(Art)(Asc)]Cl2   222-224   5   

[Zn(Asc)(Art)]SO4   238(decompose)   4   

[Co(Art)(Asc)]Cl2   226-228   4   

[Cu(Lum)(Art)]Cl2   200 – 205   5   

[Co(Lum)(Art)]Cl2   300 (decompose)   10   

[Zn(Lum)(Art)]SO4   268-270   6   

[Fe(Art)(Asc)]Cl2   231-234   15   
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Table 2: UV-Visible spectral of mixed artemether, ascorbic acid and lumefantrine 
metal drug complexes  
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Table 3: Infrared spectral of mixed artemether, ascorbic acid, lumefantrine metal drug 
complexes  
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Table 4:  The results of AAS analysis of mixed artemether, ascorbic acid, 
lumefantrine metal drug complexes  

  

The results of the spectroscopic studies confirmed the formation of coordination 
complexes. The UV-Vis spectra data indicate that the ligands majorly absorbed energy 
in the electromagnetic spectrum corresponding to π → π* transition while the 
complexes absorbed lower energy corresponding to n → π* transition which is because 
of coordination of metals to these ligands. The π → π* transition was observed for 
lumefantrine ligand while its complexes absorbed lower energy corresponding to d → 
d transition which further confirmed the formation of these complexes[15].  

Infrared spectra data of the ligands were compared with those of the complexes. The 
O-H vibrations observed between 3526 to 3400 cm-1in the ligands were shifted to 
between 3435 to 3300 cm-1 in the mixed complexes due to coordination [13]. The C=O 
stretching vibrations at 1676 cm-1in the ascorbic acid has been shifted to 1710 cm-1 
and 1628 cm-1 in the mixed complexes [5,13].  

The metal content of the prepared complexes was determined by atomic absorption 
spectroscopy and the results are presented in Table 4. The percentage metal analyzed 
was calculated from these concentrations and the values were then compared to the 
theoretical/percentage metal calculated for each of the complexes. The comparison 
showed that there was no significant difference between them. This further established 
the formation of the expected metal complexes.  
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Table 5: Results of the biological activity study of the complexes  

  

A = 5mg/ml complex concentration.  B = 10mg/ml complex concentration  

The biological activity study carried out with the complexes and the ligands revealed 
that both were effective. However, it was observed that the complexes are generally 
more effective on the bacteria used than the ligands. Also, if any of the complexes 
would be active on the bacteria at low concentration, increasing the concentration to 
a very high concentration would rather lower the effectiveness or activity of this 
complex/drug.  
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Proposed structure for lumefantrine-ascorbic acid metal complex  

  

M = Zn, Cu, Co, Fe  

Proposed structure for ascorbic acid-artemether metal complexes  

  

M = Zn, Cu, Co, Fe  

    

Proposed structure for lumefantrine-artemether metal complexes  
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M = Zn, Cu, Co, Fe  

Conclusion  

The Co2+, Cu2+, Zn2+and Fe2+complexes of mixed lumefantrine, ascorbic acid and 
artemether have been synthesized and characterized using different spectroscopic 
techniques and physico-chemical methods. The spectroscopic techniques revealed the 
coordination of the ligand to the metal. The ascorbic acid coordinated in a bidentate 
fashion, while the coordination modes of lumefantrine and artemether is monodentate 
and bidentate respectively. The biological activity sttudy revealed that the synthesized 
complexes were more effective against the five bacterial species  than the free drugs.   
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