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Mixed complexes of Ibuprofen-Pyrimethamine were synthesized using Cd(II) Co(II), Zn(II), and Mn(II). 

The mixed complexes were characterized based on some physicochemical and spectroscopic techniques 

such as infrared, elemental analysis, conductivity measurements, and magnetic moment. Based on the 

results obtained, the complexes were formulated as [M(L1)(L2)]Cl2, where M = metal ion, L1 = 

Pyrimethamine, L2 = Ibuprofen). The complexes were found to be non-electrolytes. The ligands act as 

bidentate towards the central metal ions with deprotonation occurring at the carboxylic group. The 

complexes were also analyzed by conductometric titration. Antimicrobial screening against the selected 

organisms: Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus substilis, Bacillus 

megaterium and Serratia marcescens for the complexes alongside the free ligands were investigated. The 

antimalarial study was investigated for the compounds against Plasmodium berghei (NK 65 strain). It was 

observed that the complexes showed significant potentials against the studied organisms. 
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Research towards improving the therapeutic effects of drugs has become the frontiers of numerous inorganic 

researchers towards synthesizing potent drugs with better therapeutic effects on microorganisms with 

resistance to previous drugs (Triathi and Aarti, 2015). Metal-drug complexes are of great interest to 

researchers due to their different medicinal use for the treatment of diseases (Alaghaz et al., 2013). It was 

discovered recently that some gold complexes had been investigated for the treatment of Rheumatoid 

arthritis. Some ruthenium compounds have shown antitumor activity due to the protein and DNA binding 

capacity of the metal ion (Cassells et al., 2018). Many kinds of research have been carried out on the 
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combination of some antimalaria drugs which are effective in the treatment of the disease. Mixed Artesunate 

and Lapdap (Chlorproguanil/dapsone) drugs have been confirmed to be an improvement in the Treatment 

of malaria through combined therapy and the elimination of the parasites from the body system (Waziri et 

al., 2018). 

 

A few years back, the formation of mixed antimalarial drug complexes attracted great attention as a result 

of their interesting molecular structures (Huang et al., 2016), catalytic abilities and especially their potential 

uses in the area of the biomedical field (Raheem et al., 2014). Chemotherapy is one of the methods used in 

the treatment of diseases such as cancer. The spread of parasites resistant to some drugs has become a cause 

for concern to researchers, and the recommendation to use a combination of drugs for full treatment has 

received wide attention (Enermose et al., 2014). Synthesis of novel metal-drug complexes depends on the 

capability of the central metal ions to enhance the therapeutic ability of the drug. Hence, some drugs are 

more effective upon coordination to the central metal ions (Recio Despaigne et al., 2014). Some metal 

complexes have been reported to be more effective than their parent ligand, such as bleomycin (Li-June, 

2003). Many biologically active compounds used as drugs possess enhanced modified pharmacological and 

toxicological potentials when administered in the form of metal-based compounds (Ibrahim et al., 2015; 

Babamale et al., 2016). More research has been carried out on the application of antimalaria drug metal 

complexes which has which are more recognized as a leading candidate for the treatment of different 

infectious diseases (Padman et al., 2016). The preparation of antimalaria drug metal complexes has led the 

research into the effect of the coordinated metal ion on the pharmacological properties of the ligand 

(Ramachandran et al., 2017; Safila and Lailoona, 2014). In continuation of this work, we envisage that the 

synthesis of mixed Ibuprofen- Pyrimethamine metal complexes would lead to enhanced therapeutic ability 

on micro-organisms that have developed resistance to these drugs.

 

 

 

All reagents and chemicals used for this research work were of analytical grade and utilized without further 

purification. Ibuprofen and Pyrimethamine were obtained from Rajrab Pharmaceutical company (Ilorin, 

Nigeria), while cadmium(II) chloride, zinc(II) chloride, cobalt(II) chloride, manganese(II) chloride were 

obtained from Sigma-Aldrich (USA). The melting point of the synthesized complexes was recorded on the 

Gallenkamp melting point apparatus (Melting point SMP 10) and conductivity measurements were carried 

out using Jenway 4510 conductivity meter at the Department of Chemistry, University of Ilorin, Ilorin, 

Nigeria. The IR spectra were recorded in KBr pellets within the range of 4000-400 cm-1 on the Buck 

Scientific M500 IR spectrometer at the Redeemer University, Sango-Ota, Nigeria. All organisms used for 

screening purposes of the complexes were obtained from the Department of Microbiology, University of 

Ilorin, Nigeria. 

 

2.1. Synthesis of the complexes 

The metal complexes were synthesized in line with the method adopted from Lawal and Obaleye (Lawal 

and Obaleye, 2007) with some modifications. 1 mmol of CdCl2, ZnCl2, CoCl2, MnCl2, each dissolved in 

warmed aqueous solution (15 ml) was mixed to a cold solution of ibuprofen (1 mmol, 15 ml of ethanol) and 

solution of pyrimethamine (1 mmol, 15 ml of DMSO). The resulting mixture was stirred thoroughly and 

refluxed for 2 hours. It was left and allowed to stand for 24 hours. Immediately, the coloured precipitate 

was formed and isolated by filtration under vacuum. They were washed with mixed distilled water and 

ethanol and then dried in a desiccator using silica gel for further analysis. 

 

2.2.  Antimicrobial Screening 

The antimicrobial screening was carried out by adopting the procedure reported by Ahmed et al. (2009) 

was adopted. The complexes were screened against the following selected organisms such as Gram-positive 

bacteria: Staphylococcus aureus, Bacillus substilis, Bacillus megaterium, and Gram-negative bacteria: 

2. MATERIALS AND METHODS 
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Serratia marcescens, Escherichia coli, Pseudomonas aeruginosa. The complexes were dissolved in their 

suitable solvent at certain concentrations. Filter paper discs were used for screening by saturating the discs 

with the solution of the complexes. The filter paper discs were positioned on the surface of the prepared 

solidified nutrient agar plates. Afterwards, they were seeded by the organisms and then incubated for 

twenty-four hours at a temperature of 37 °C for bacteria. 

 

2.3. Antimalarial activities 

The antimalarial study was investigated following the procedure. (Tella and Obaleye, 2010). Plasmodium 

berghei (NK 65 strain) was collected from Nigeria Institute of Medical Research and the parasites were 

maintained weekly by blood passage in mice. 

 

2.3.1. Inoculation of experimental mice 

The infection of the mice was performed within the cavity of the peritoneum with standard inoculum (0.2 

ml of 1x10-7 parasitized Red blood cell). The inoculum was from a single donor mouse previously infected 

with Plasmodium berghei (33 percent parasitaemia). 

 

2.3.2. Animal grouping and extract administration 

After confirmation of parasitaemia in the animals, the animals were divided into six groups containing five 

mice, seventy-two hours post-inoculation. Test agents were orally given to the first four groups with 

different concentrations for five days while group 5 was given a standard drug for five days while group 6 

(control) was left untreated but was administered an appropriate volume of distilled water (Adibi et al., 

2012). 

 

2.3.3. Determination of percentage parasitaemia 

After twenty-eight days of investigation, the percentage of parasitaemia was evaluated using the formula 

below: 

 % 𝑃𝑎𝑟𝑎𝑠𝑖𝑡𝑎𝑒𝑚𝑖𝑎 =  
Parasitized RBC

 Parasitized RBC + Non parasitized RBC
   𝑋  100 

  

2.3.4. Determination of percentage chemosuppression 

The percentage chemosuppression was calculated using the formula: 

% 𝐶ℎ𝑒𝑚𝑜𝑠𝑢𝑝𝑝𝑟𝑒𝑠𝑠𝑖𝑜𝑛 𝐴 =  
B − C

 AC
    

        Where B = Parasitaemia in the study group, C = Parasitaemia in control 

 

2.4. Conductometry titration 

This type of conductometric titration was performed following the method reported by (Abdel-Nasser et 

al., 2009). The solution of ibuprofen (0.01 M) was prepared in a 4:1 mixture of methanol and water. Metal 

ions were prepared using the same solvents with a concentration of 0.02 M. The Ibuprofen ligand was 

titrated against metal salts solution using a mono variation method and each conductance reading was taken 

after every 1 ml of Ibuprofen was added. The graph of conductance against volume was plotted. 

2.5. Metal-chelation studies 

The procedure followed by (Renny et al., 2013) was adopted for the continuous variation and the 

determination of the composition of metal-chelation studies. Three series (C1, C2, C3) of an equimolar 

solution of ibuprofen ligands and metal salt solution were prepared.C1, 0-12 ml of metal salt was measured, 

and the total volume was made up to 12 ml in each case. Also, in C2 ligand solution was measured and C3 

metal salt was prepared by mixing of 0-12 ml ligand solution. Conductance was taken and recorded for each 

solution and calculated using the C1+C2-C3 formula. 

https://www.researchgate.net/profile/Abdel-Nasser_Alaghaz
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3.1. Characterization of the compounds 

The analytical result of the metal complexes is presented as shown in Table 1. From the elemental analysis, 

the formation and stoichiometry of the complexes in ratio 1:1 was confirmed. The estimated metal contents 

of the complexes were observed and compared with the experimental data, as presented in Table 1 (Abdel-

Nasser et al., 2009). It indicates that they are in good agreement with each other (Fig. 1). The complexes 

do not decompose in air. It was also observed that the melting point of the metal drug complexes was higher 

than their free ligands. This is due to the formation of coordination compounds; hence, the complexes are 

electrolyte in nature (Shaker et al., 2009). 

3.2. Infrared spectra analysis 

The IR spectra of the mixed complexes of Ibuprofen and Pyrimethamine are presented in Table 2. The 

broadband at 3300 cm-1 in Ibuprofen was attributed to ν(OH) band. There was shifted to a higher frequency 

within the regions 3346 - 3399 cm-1 in the complexes (Fig. 2). This is attributable to intra-hydrogen bonding 

interaction between the H-atom of the hydroxyl group and its carbonyl group. The sharp band at 1720 cm-

1 in Ibuprofen was assigned as ν(C = O) stretching vibrations. This was shifted to a lower frequency between 

1650 – 1696 cm-1 in all the complexes, an indication of the coordination of the oxygen of the carbonyl group 

in Ibuprofen (Ayad, 2002). The ν(N-H) frequency in the free Pyrimethamine was shifted in all the 

complexes. It was observed in the same region between 3306 – 3478 cm-1 as in the free parent ligand. The 

ν(C = O), which occurs at 1720 cm-1 in Ibuprofen, is shifted to lower frequencies in all the complexes. It 

indicates that the central metal ions are directly coordinated to the oxygen of the carbonyl group (Shaker, 

2009). The band at 519 – 647 cm-1 was observed in all the complexes which are attributed to metal to 

nitrogen. Formation of new bands between 710 – 725 cm-1 as assigned to ν(M–O) and ν(M–Cl) respectively. 

Pyrimethamine has four active coordinating sites. It was observed that Pyrimethamine and its complexes 

confirmed that the frequency bands which are attributed to the symmetrical and asymmetrical stretching 

mode of NH2, change the complexes. It signifies that coordination occurs through the nitrogen of the 

pyrimidine group. All the complexes were observed to be in octahedral geometry except Zn(II) complex 

(Bamigboye et al., 2015). All complexes were tested using the AgNO3 solution to determine the presence 

of chloride. A white precipitate of AgCl was formed and this showed the presence of chloride ion outside 

the co-ordination sphere (Aragoni et al., 2002). 

 

3.3. Antimalarial activity 

The complexes of mixed Pyrimethamine-Ibuprofen showed the antimalarial activity against the ligands 

based on the antimalaria activity, as shown in Table 3. Pyrimethamine was found to be effective than 

Ibuprofen. The average percentage for pyrimethamine is 31. The ligands and the complexes were compared 

which indicated that the complexes are more effective than their parent ligands. It could be a result of the 

coordination of the ligands to the metal ions which improve the effectiveness of the drug. It could also be 

observed that Co(II) and Zn(II) complexes exhibited the same antimalaria activity at 70 percent (Tella and 

Obaleye, 2010). The parasitemia level was determined by the number of erythrocytes that are being infected 

with the organisms: Plasmodium berghei. Based on the result, it was observed that the parasitemia indicates 

a high presence of trophozoite; hence, complexes showed potent antimalarial activity (Osowole et al., 

2015). Antimalarial activities of the complexes with respect to the percentage reduction in parasitaemia can 

be ranked as follows: [Mn(Pyr)(Ibu)Cl2] > [Cd(Pyr)(Ibu)Cl2] > [Co(Pyr)(Ibu)Cl2] = [Zn(Pyr)(Ibu)Cl2] > 

[Ibuprofen] > [Pyrimethamine]. Following the results obtained in this studies, percentage (%) reduction in 

parasitemia for the synthesized compounds were more potent or active as compared to similar complexes 

reported by Tella and Obaleye (2010) with activities less than 70% as obtained in this study. 

 

3. RESULTS AND DISCUSSION 

https://www.researchgate.net/profile/Abdel-Nasser_Alaghaz
https://www.researchgate.net/profile/Abdel-Nasser_Alaghaz
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Figure 1. The proposed structure of the synthesized complexes. 
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Figure 2. FT-IR of the ligands and the metal complexes. 

 

Table 1. Analytical data of complexes. 
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Table 2. Infrared data of the complexes. 

 
 

Table 3. Antimalarial activities of the complexes (Percentage reduction in parasitaemia). 

 
 

3.4. Conductometric Titration Study 

The plotted graph between corrected conductance against the volume of mole-metal ligand shows the 

equivalent point in the graph and it was concluded that complex formation had taken place in ratio 2:1 (Figs. 

3 and 4). The conductance of the reaction mixture increased continuously with complexes under 

investigation and this could be attributed to the presence of the ligand in ionic form (Tables 4 and 5). From 

the results, the method of continuous variation of the complexes (Tables 6 and 7) the stoichiometry reaction 

for the formation of a metal ion complex between Pyrimethamine and Ibuprofen, it also determines the 

concentration of colored central metal ion complex in solution (Shivankar et al., 2012). 

 

Table 4. Conductometric titration between Pyrimethamine and CoCl2. 
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Table 5. Conductometric titration between Ibuprofen and CoCl2. 

 

 

Table 6. Job’s method (Concentration of Pyrimethamine 0.01M and concentration of CoCl2 0.01M). 

 
 

Table 7. Job’s method (Concentration of Ibuprofen 0.01M and concentration of CoCl2 0.01M). 
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Figure 3. Graph of Job’s method (Concentration of Pyrimethamine 0.01M and concentration of CoCl2 

0.01M). 

 

 

Figure 4. Graph of Job’s method (Concentration of Ibuprofen 0.01M and concentration of CoCl2 0.01M). 

 

Table 8. Antimicrobial activities of the complexes. 

 
 

Footnote:  Sm(-ve)= Serratia marcescens,  Bs(+ve)= Bacillus substilis, Ec(-ve)= Escherichia coli, 

Sa(+ve)= Staphylococcus aureus, Pa(-ve)= Pseudomonas aeruginosa, Bm(+ve)= Bacillus megaterium. 

3.5. Antimicrobial activity 

Careful observation of the results obtained on antimicrobial activities of the ligands and complexes, it is 

evident that the complexes indicate higher activities against the studied organisms as compared with the 

free ligands at  20 μg/ml (Table 8). Antimicrobial resistance against some antimalarial and antibiotic drugs 
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are common in most countries. Several studies have reported that coordination enhances the effectiveness 

of metal complexes, thereby acting as potent bacterial agents (Srinivasan et al., 2003). Mixed-ligand 

complex [Co(Pyr)(Ibu)Cl2] exhibited antimicrobial activities against both S. marcescens and E. coli bacteria 

tested with inhibition zone valve of 21 mm, and highest inhibition against S. aureus with zone value of 45 

mm (Table 8; Fig. 5). Antimicrobial activities of the compounds against P. aeruginosa  (gram -ve) is in the 

order: [Co(Pyr)(Ibu)Cl2] > [Mn(Pyr)(Ibu)Cl2] > [Cd(Pyr)(Ibu)Cl2] > [Zn(Pyr)(Ibu)Cl2] > [Pyrimethamine] 

> [Ibuprofen], while the compounds activities against  B. megaterium (gram +ve)  can be ranked  as follows: 

[Co(Pyr)(Ibu)Cl2] > [Cd(Pyr)(Ibu)Cl2] > [Mn(Pyr)(Ibu)Cl2] > [Zn(Pyr)(Ibu)Cl2] > [Pyrimethamine] > 

[Ibuprofen]. However, due to aromaticity within the ligands, the coordination significantly increases the 

antimicrobial activity of the complexes. It has been discovered and reported that the ligands with nitrogen 

and oxygen donor active sites can inhibit enzyme production (Ejidike, 2018). The enzymes need these 

groups for their activity to be more susceptible to deactivation by the central metal ions upon coordination. 

It has been reported that coordination helps to lower the metal ion polarity also known as Tweedy chelation 

theory (Ejidike, 2018; Mosiniewicz-Szablewska et al., 2003) of the central metal ions due to donating of its 

positive charge through the donor atoms. The reaction of coordination helps to increases the lipophilic 

character of the metal ions which help its permeation through the lipid layer of the membrane. This increase 

in the hydrophobic behaviour and liposolubility of the complexes bring about crossing in the cell membrane 

of the organism leading to cell respiratory activity disruption and restricts further organism growth (Ejidike 

and Ajibade, 2017). 
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0

10

20

30

40

Antimicrobial activities

Z
o

n
e

 o
f 

In
h

ib
it

io
n

 (
m

m
)

Strains: Bacteria

 [Pyrimethamine]

 [Ibuprofen]

 [Cd(Pyr)(Ibu)Cl2]

 [Co(Pyr)(Ibu)Cl2]

 [Zn(Pyr)(Ibu)Cl2]

 [Mn(Pyr)(Ibu)Cl2]

 
Figure 5. Zone of Inhibition of the compounds against studied bacteria strains. 
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Cd(II), Co(II), Zn(II), and Mn(II) complexes of mixed Pyrimethamine and Ibuprofen has been synthesized 

and characterized. Based on the results obtained, octahedral geometry has been proposed for the complexes 

except for Zn(II) complex which is in a tetrahedral geometry. Antimalarial and antimicrobial activities of 

mixed ibuprofen-pyrimethamine M(II) complexes [M = Cd, Co, Zn, Mn] indicated that the complexes 

exhibited higher activity as compared to the parent ligands. The multi-potential activities of the synthesized 

compounds support its usage for the development of chemotherapeutic agents useful for microbiological 

related ailments treatment. 
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