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The input of metallo-pharmaceutical to biomedical research is of high remarkable effect in drug design 

either as therapeutic, diagnostic or MRI imaging agents to mention few. Ranges of d - orbital transition 

metals: Cu(II), Zn(II), Mn(II), Ni(II), and Cd(II) complexes bearing Isoniazid-Ibuprofen mixed ligands have 

been synthesized. The prepared complexes were characterized by using microanalytical, infrared 

spectroscopy and CHN elemental analysis. FT-IR spectroscopic data showed that the ligands coordinate to 

the metal ion via the oxygen and nitrogen donor atoms from Isoniazid and oxygen of the carboxylic group 

and oxygen of the hydroxyl group of Ibuprofen. The elemental analysis measurement supports an octahedral 

geometry complexes proposed in line with the electronic structures of the metal ions. Comparative 

antibacterial study of the synthesized metal complexes and their parent ligands against Escherichia Coli, 

Staphylococcus aureus, and Pseudomonas aeruginosa microorganisms were carried out. 

[Ni(ISO)(IBR)Cl2] and [Co(ISO)(IBR)Cl2] exhibited the highest antibacterial activities than other 

complexes, however, the metal complex activities were found higher than the free ligands. 
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The use of metal complexes and their applications in medicine have continued to increase. Metal 

complexes have found application as medicinal agents in the treatment of various diseases. Recently, 

platinum (II) complexes have been screened as antitumor drugs, while silver and gold complexes have been 

used as antibacterial and antiarthritic agents with gold compounds (auranofin, solganol and miochrysine) 

found to be very important in treatment of arthritis (Naglah et al., 2015). 
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Tuberculosis (TB) has been known to be a disease that produces millions of deaths annually, being 

the leading cause of mortality in developing countries. The number of persons infected with tuberculosis is 

also growing in developing countries, especially in persons infected with the human immunodeficiency 

virus (HIV) (Maria et al.,2013; Arounaguiri  et al., 2000; Adadey and Sarfo, 2016; Poggi et al., 2013).  

 

Isoniazid has been known to be an antimycobacterial drug effective in the prevention and treatment of 

tuberculosis (Mukherjee, 2000; Diana et al., 2012).  It is also of considerable interest due to its ability to 

coordinate with metals via the heterocyclic nitrogen atom of the pyridine ring and/or the carbonyl oxygen 

and nitrogen atoms of the hydrazide group (Obaleye et al., 2011). Ibuprofen (α,α-methyl-4-(2-

methylpropyl) benzenaceticacid) is known to be an  important non-steroidal anti-inflammatory drug 

(NSAID). It has finds application in the treatment of inflammatory and painful rheumatic and non-rheumatic 

diseases (Amolegbe et al., 2012). The carboxylate group in its structure makes it possible for metal-ligand 

interactions. 

 

 
 

Fig. 1: Structure of (a) Isoniazid; (b) Ibuprofen 

 

An increase in drug-resistant microbial strains of the disease (MDR-TB) has been of alarming rate 

making it difficult for the control of the disease effectively. In addition to this, drug-drug interactions have 

been observed between TB drugs and anti-HIV treatments and other medications used in treatment of 

chronic disease such as diabetics (Obaleye et al., 2011). 

 

Research into synthesis and application of drug-metal complexes for the purpose of new drug 

synthesis is of great interest in inorganic, pharmaceutical and medicinal chemistry.  Isoniazid is a front-line 

drug used in the treatment of Tuberculosis. ‘’The major route of isoniazid resistance relies on KatG enzyme 

disruption, which does not promote an electron transfer reaction’ (Chaudhary et al., 2005). Schiff bases of 

metal complexes of nitrogen and oxygen donor is of great interest due to different biological activities of 

pharmacological, antitumour, fungicide, bactericide, anti-inflammatory, and antiviral activities (Prasad and 

Agarwal, 2007; Mewis and Archibald, 2010). Metal complexes have been greatly known as medicinal 

agents in the treatment of diseases. There are some platinum (II) complexes used clinically as antitumor 

drugs (Diana et al., 2012). It has been observed that Ibuprofen -copper and zinc complexes are used as 

preservative solutions which penetrate wood. With the absence of the ammonia from the wood, the 

complexes are retained in the wood providing a long-lasting preservative (Tella and Obaleye, 2010). 
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Isoniazid and Ibuprofen were purchased from Sigma Aldrich. All the reagents and chemicals used for this research work 

were of analytical grade. They were purified by standard procedure. The IR spectra of the complexes were carried out and reported 

using FT-IR Spectrophotometer at Redeemer University, Nigeria. The elemental analysis was carried out and reported at Medac 

Limited, Brunel Science, Egham, United Kingdom for the determination of percentage chemical elements (CHN) present in the 

complexes. 

 

2.1 Synthesis of the complexes [M(IBR)(ISO)Cl2] 

 

The procedure described by (Tella and Obaleye, 2010 )was followed with little modification in the synthesis of these 

complexes. 0.14 g (1 mmol) of Isoniazid in 20 ml of methanol and 0.21 g (1 mmol) of Ibuprofen in 20 ml of ethanol were mixed 

together with the chloride salts of the metals (M = Cu2+, Zn2+, Mn2+, Ni2+, Cd2+) dissolved in the suitable solvents. The mixture 

was refluxed for three hours at a determined temperature and allowed to cool at room temperature. A precipitate was obtained, 

filtered and washed with the mixed solvent used to remove any unreacted substances. It was dried in a desiccator and stored in a 

sample bottle for further analysis. 

 

2.2 Antimicrobial screening 

 

Nutrient broth was used in this study to activate the growth of the selected organisms. It was prepared by weighing 4 g of 

the Nutrient broth in 250 ml of the conical flask containing distilled water to dissolve. The conical flask was plugged with a well 

fitted cotton wool and wrapped with an aluminum foil. It was then sterilized in an autoclave at 121 °C for fifteen minutes. It was 

transferred into petri- dish and allowed to cool.  Hole borer was used to form a hole at the center of the solidified agar. The 

selected organisms were introduced at the hole and incubated at 37 oC for twenty-four hours. The plates were checked for possible 

zones of inhibition (Tella and Obaleye, 2013). 

 

2. EXPERIMENTAL SECTION 
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2.3 Determination of Minimum Inhibitory Concentration (MIC) 

 

Procedure followed by (Collins et al., 1995) was adopted. The free ligands and their complexes were prepared at 

concentration of 20 and 40 mg/ml and were transferred into different test tube. The test tube was inoculated with some selected 

isolated organisms such as Escherichia Coli, Staphylococcus aureus and   Pseudomonas aeruginosa. They were diluted to obtain 

a final concentration of about hundred cells per ml. The prepared test tubes were then incubated at 37 °C for twenty hours. It was 

observed that the complexes that has the least concentration inhibited the growth of the isolated organisms in broth cultured. 

 

2.4 Determination of Minimum Bactericidal Concentration (MBC) 

 

After the isolated organisms has been cultured separately in the nutrient broth of different concentration of the synthesized 

complexes, the nutrient broth was then inoculated into the agar plate to assay for the bactericidal effect. It was inoculated for 

twenty hours at 37 °C. It was shown that the lowest concentration of the ligands inhibited the growth on the plate immediately 

after incubation (Alade and Irobi, 1993). 

 

2.5 Stoichiometry and stability constant of complexes 

 

2.5.1 Preparation of the ligands solution 

 

A modified procedure as reported in the literature was adopted (Tella and Obaleye, 2013). Fresh stock solution of 

Isonicotinic Acid Hydrazide and Pyrazine-2-carboxamide were prepared. A known certain weight of the ligands: Isonicotinic 

Acid Hydrazide (0.14 g/L,) and Pyrazine-2-carboxamide (0.12 g/L in) were determined by dissolving them in their appropriate 

solvents (20 ml of ethanol and 20 ml of mixed acetone-methanol) respectively. 
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2.5.2 Preparation of metals solution 

 

Solution of 0.05 M of Zn(II), Cu(II), Fe(II), Ni(II),Co(II) and Mn(II) metals ( 0.07g/L, 0.06 g/L, 0.06 g/L, 0.06 g/L, 0.06 

g/L and 2.75 g/L) respectively were prepared by dissolving them in their suitable solvents. Distilled water was the only solvent 

used in dissolving all the metal ions (Tella and Obaleye, 2010). 

 

2.5.3 Determination of the absorbance of the metals - ligands solution  

 

Different solutions were prepared by adding different volumes of 0.05 M of each solution of the metals and the ligands. 

The ionic strength was maintained using 0.1 M KNO3 at pH 7.4. The absorbance was determined using ultraviolet spectroscopy 

(Ogunniran et al., 2008). 

 

2.5.4 Stoichiometry determination 

 

Solution of 0.05 M of the ligands and the metals were prepared. Different mixtures of the metal ions (Y ml) and (30-Y) 

ml of the ligands were top up to 30 ml of a volumetric flask. Absorbance was determined using Ultraviolet spectroscopy following 

Job method of continuous variation (Ogunniran et al., 2012; Willey et al., 2008). 

A graph of absorbance against concentration of metal ion divide by concentration of the metal ions and concentration of the 

ligands were plotted.  
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3.1 Chemistry of the compounds 

The results of physicochemical data are as presented in Table 1. The melting points of the complexes were found to be 

higher than that of their parent ligands. This indicates the formation of the complexes (Fig. 1). The magnetic moments of the 

synthesized complexes are in the range of 0.68 B.M - 3.58 B.M. A magnetic moment of 0.68 B.M. was observed for Cd(II) 

complex which indicates that the complex is essentially diamagnetic. Nickel and cobalt complexes showed magnetic moment 

values of 3.47 B.M. and 2.29 B.M. respectively, suggesting octahedral geometry (Ogunniran et al., 2012). 

 

The metal drug complexes were synthesized by refluxing method. The incorporation of the metals into the ligands spheres 

resulted in the formation of the complexes (Sousa et al., 2012). The compounds were characterized using Infrared spectroscopy 

and elemental analysis. The conductivity measurements were determined in methanol for the metal complexes with result 

indicating they are strong electrolytes. The elemental analysis of the complexes suggest that the compounds are pure and in good 

agreement with the molecular formula (Willey et al., 2008). 

 

3. RESULTS AND DISCUSSION 
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Figure 2: Proposed Structure of the complexes 
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Table 1: Physiochemical data of the ligands and their complexes 

 

Ligands/Complexes 
Melting 

Point (oC) 

Found(Calculated)o/o 
Conductivity 

Ω-1Cm2Mol-1 

Magnetic 

Susceptibility 

(B.M) C H N M 

Isoniazid [ISO] 170-171 - - - - - - 

Ibuprofen [IBR] 75-77 - - -- - - - 

[Ni(ISO)(IBR)Cl2] 195-196 
48.11/ 

48.23 

5.63/ 

5.29 

8.21/ 

8.88 

12.39/ 

12.42 
2.5 3.47 

[Cu(ISO)(IBR)Cl2] 186-188 
47.77/ 

47.74 

5.57/ 

5.24 

8.61/ 

8.79 

13.29/ 

13.31 
3.1 3.58 

[Cd(ISO)(IBR)Cl2] 198-199 
42.95/ 

43.31 

4.39/ 

4.75 

7.43/ 

7.98 

21.32/ 

21.29 
6.0 0.68 

[Co(ISO)(IBR)Cl2] 189-191 
48.17/ 

48.21 

5.31/ 

5.29 

8.81/ 

8.88 

12.34/ 

12.46 
4.3 2.29 
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Table 2: Infrared spectra of the ligands and their complexes 

 

Ligands/Complexes ʋ (C=O) ʋ (O-H) ʋ (C=N) ʋ (N-H) ʋ (C-N) ʋ (M-N) 

Isoniazid (ISO) 1705 2945 - - 2849 - 

Ibuprofen (IBR) 1666 - 1552 3300 2816 - 

[Ni(ISO)(IBR)Cl2] 1786 3145 1616 3319 2810 516 

[Cu(ISO)(IBR)Cl2] 1735 3142 1610 3425 2814 519 

[Cd(ISO)(IBR)Cl2] 1720 - 1610 3319 2817 508 

[Co(ISO)(IBR)Cl2] 1715 3146 1614 3314 2811 512 

 

 

 

 

 

 



 Natural & Applied Sciences Journal Vol. 2 (2) 2019  10 

 

3.2. Infrared absorption spectra 

The Infrared bands of the prepared complexes were assigned based on the 

literature values obtained for similar structural compounds of the ligands 

(Sousa et al 2012; Ogunniran et al., 2008). The infrared spectra of both the 

complexes and the ligand (Fig. 3) were compared to determine the sites of 

coordination that may be involved in the synthesis (Ogunniran et al., 2012). 

A broad band within the region 3200-3600 cm-1 is observed which is due to 

asymmetric and symmetric O-H stretching vibration. The parent ligands act 

as a bidentate. Isoniazid is coordinated to the metal via the oxygen of the 

carbonyl group and nitrogen of the amine group while in Ibuprofen, the metal 

is coordinated through the oxygen of the carbonyl group and hydroxyl group. 

The band due to v(C=O) and v(N-H) were shifted to higher frequency in all 

the complexes. The shift to higher frequency for O in v(O-H) and v(C=O) 

indicate strong frequency and weak M-O. While shift to higher frequency in 

all the complexes indicates v(N-H). This suggest strong v(N-H) and weak M-

N.  
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Figure 3: FT-IR of the synthesized complexes 
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Table 3: Antibacterial activity of the ligands and their complexes 

 

Organisms Escherichia Coli Staphylococcus aureus Pseudomonas aeruginosa 

Ligands/Complexes 

 

                                                       Concentration (µl/ml) 

20 40 20 40 20 40 

Isoniazid (ISO) - - - 11 - - 

Ibuprofen (IBR) - - - - - - 

[Ni(ISO)(IBR)Cl2] 11 14 8 12 8 13 

[Cu(ISO)(IBR)Cl2] 4 16 5 24 14 19 

[Cd(ISO)(IBR)Cl2] 22 29 13 14 13 16 

[Co(ISO)(IBR)Cl2] 9 12 11 11 17 18 
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Table 4: Minimum Inhibitory Concentration of the ligands and their complexes 

 

Organisms Escherichia Coli Staphylococcus aureus Pseudomonas aeruginosa 

Ligands/Complexes                                            Concentration (µl/ml) 

5      10     15 5       10      15 5      10     15 

Isoniazid (ISO) -       -        - -        -         - -        -        - 

Ibuprofen (IBR) -       -        - -        -         - -        -        - 

[Ni(ISO)(IBR)Cl2] +      +       + +       +        + +       +       + 

[Cu(ISO)(IBR)Cl2] +      -        + +       -         - +       +      - 

[Cd(ISO)(IBR)Cl2] +      -        - +       +        + +       +       + 

[Co(ISO)(IBR)Cl2] +      +       + +       +        + +       +       + 
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Table 5: Minimum Bactericidal Concentration of the ligands and their complexes 

 

Organisms Escherichia Coli Staphylococcus aureus Pseudomonas aeruginosa 

Ligands/Complexes                                                      Concentration (µl/ml) 

5        10         15 5             10            15 5           10            15 

Isoniazid (ISO) -          -           - -              -                - -              -              - 

Ibuprofen (IBR) -          -           - -              -                - -              -              - 

[Ni(ISO)(IBR)Cl2] +        +           + +            +                + +             +             + 

[Cu(ISO)(IBR)Cl2] +        -            + +             -                - +              -             + 

[Cd(ISO)(IBR)Cl2] +       +            + +            +               + +             +              + 

[Co(ISO)(IBR)Cl2] +       +            + +            +               + +             +              + 
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3.3 Antibacterial potentials 

                   

It was also observed that the complexes compounds exhibit greater zone of inhibition acting agent bacterial 

species. This confirm that the coordination increases the capability of the complexes to cross a cell 

membrane (Chohan and Supuran, 2006). The complexes possess high susceptibility in all the selected 

organisms. This indicates a pharmacological potential in the development control of the organisms (Reddy 

et al., 2012). The antibacterial resistance against some antituberculosis drugs such as Isoniazid were known 

in different countries during in-vivo analysis of pathogen (Yıldız et al., 2012). The metal present in the 

complexes could help to enhance the effectiveness against the species used. The MIC and MBC of the 

ligands and their complexes were studied and compared with the parent free ligands as presented in Table 

4 and 5 respectively. Based on the result obtained, it was observed that the complexes indicated MIC and 

MBC properties in all concentrations. The data obtained showed that all the complexes are more effective 

except Cu complex in MBC. In MIC, it was observed that Ni and Co complexes are more effective than Cd 

and Cu complexes. In general, it was indicated that the ligands are not effective against the organisms when 

compared with their complexes (Liebowitz et al., 2001). The order of MIC activity of the as-synthesized 

complexes against the studied strains follows the order: [Ni(ISO)(IBR)Cl2] = [Co(ISO)(IBR)Cl2] > 

[Cd(ISO)(IBR)Cl2] > [Cu(ISO)(IBR)Cl2]. 

 

Table 6: Stoichiometry Determination of Metals - Isonicotinic acid hydrazide in Solution 

 

Ligand Metal : Ligand λ(nm) M : L 

Isonicotinic Acid 

Hydrazide 

 

Ni(II)ISO 

365 1:1 
226 1:1 
218 1:1 
210 1:1 

Cu(II)ISO 

245 1:1 

 186 1:1 
167 

 

1:1 

 

1:1 

158 1:1 

 

Cd(II)ISO 

357 1:1 

 217 1:1 
209 1:1 

1:1 193 1:1 

Co(II)ISO 

176 1:1 
148 1:1 
118 1:1 

112 1:1 

 

1:1 
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Table 7:  Stoichiometry Determination of Metals - Ibuprofen in Solution 

 

Ligand Metal : Ligand λ(nm) M : L 

 

Ibuprofen 

 

Ni(II)IBR 

446 1:1 

 211 1:1 

186 1:1 

153 1:1 

Cu(II)IBR 

236 1:1 

 211 1:1 

199 1:1 

171 1:1 

Cd(II)IBR 

468 1:1 
308 1:1 

284 1:1 

200 1:1 

Co(II)IBR 

431 1:1 

429 1:1 

377 1:1 

318 1:1 

 

 

Table 8:  Stability Constant determination of Metals- Isonicotinic acid hydrazide in Solution 

 

Ligand M : L λ 

(nm) 

Lo Mo/A 

X 10-4 

1/Lo STABILITY 

CONSTANT 

Isonicotinic 

acid 

hydrazide 

Ni(II)ISO 248 0.01 0.403 100 218 

231 0.02 0.433 50  
234 0.03 0.427 33.3  

282 0.05 0.355 20  

Cu(II)ISO 216 0.01 0.463 100 154 

354 0.02 0.282 50  

277 0.03 0.361 33.3  

213 0.05 0.469 20  

Cd(II)ISO 298 0.01 0.336 100 65 

314 0.02 0.318 50  

323 0.03 0.309 33.3  

487 0.05 0.205 20  

Co(II)ISO 141 0.01 0.709 100 114 

135 0.02 0.741 50  

119 0.03 0.840 33.3  

174 0.05 0.575 20  

  

 

Mo = 0.01M  

Equation for determining stability constant of complexes:  

  Mo/A =1/βεc[1/Lo] + 1/εc 
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Where   λ(nm) = Absorbance (A) 

  Lo =  Concentration of the ligand 

  Mo =  Concentration of the metal ion 

  β =  Stability Constant 

 

 
 

 

Figure 4: Graphical illustration of Stability Constant determination of Metals- Isonicotinic acid hydrazide 

in Solution 

 

 

 

Table 9: Stability Constant Determination of Metal- Ibuprofen in solution 

 

Ligand M : L λ 

(nm) 

Lo Mo/A 

X 10-4 

1/Lo STABILITY 

CONSTANT 

Ibuprofen Ni(II)IBR 324 0.01  1.543 100 231 

300 0.02 1.667 50  

216 0.03 2.315 33.3  

412 0.05 1.214 20  

Cu(II) IBR 186 0.01 2.688 100 127 

211 0.02 2.370 50  

235 0.03 2.128 33.3  

241 0.05 2.075 20  

Cd(II) IBR 146 0.01 3.425 100 81 

154 0.02 3.247 50  

175 0.03 2.857 33.3  
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219 0.05 2.283 20  

Co(II)IBR 193 0.01 2.591 100 118 

205 0.02 2.439 50  

243 0.03 2.058 33.3  

265 0.05 1.887 20  

 

 

Mo = 0.01M  

Equation for determining stability constant of complexes:  

  Mo/A =1/βεc[1/Lo] + 1/εc 

 

Where   λ(nm) = Absorbance (A) 

  Lo =  Concentration of the ligand 

  Mo =  Concentration of the metal ion 

  β =  Stability Constant 

 
 

Figure 5: Graphical illustration of Stability Constant determination of Metals- Ibuprofen in Solution 

From the result obtained for stability constants of the complexes as presented in Table 6-9, it was 

observed that the order of stability constant of the metal-ligand reaction follows this trend: Ni(II) > Cu(II) 

> Co(II) > Cd(II). The stability constants were found to be inversely proportional to the ionic radius of the 

metals. Ni(II) complex is the most stable being the metal ion with the smallest ionic radii while Cd(II) 

complex is the least stable because the crystal field stabilization energy of Cadmium is equal to zero and 

the electronic configuration is d10. The order indicates that values increase with decreasing ionic radius of 

the metals. The order of the stability constant is in agreement with the trend of electronegativity and hence 

indicates that Irving-William rule is strictly obeyed (Irving and Williams, 1953).  
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Isoniazid and Ibuprofen alongside their complexes showed good yield in stoichiometry ratio of 1:1 with 

refluxing method. The results of the physical and spectroscopic analysis of the complexes confirm that the 

ligands have chelating properties coordinating to the metal ion via the oxygen of the carbonyl and hydroxyl 

group in Ibuprofen, and nitrogen of amine and oxygen of carbonyl group in Isoniazid. The antibacterial 

screening investigation confirms that the complexes possess higher antimicrobial activities as compared to 

the free ligands. [Ni(ISO)(IBR)Cl2] and  [Co(ISO)(IBR)Cl2] exhibited the highest antibacterial activities 

against the screened bacterial strains, followed by [Cd(ISO)(IBR)Cl2], while [Cu(ISO)(IBR)Cl2] had the 

least activity, however, the activity was found higher than the free ligands. The results obtained in the study 

are of great significance towards further designing and developing metal (II) complexes towards combating 

bacterial resistance in the health sector. Incorporation of some metals into the bioactive ligands is a key 

metalloenzymes cofactor that can enhance greater inhibitory effectiveness against strains thus improving 

the development of a sensitive chemotherapy. 
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