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Promising Effect of Mixed Ligand Transition Metal Complexes on Antimicrobial 
Properties
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abstract:
Metal ion complexes of Co(III), Cu(II), Fe(III), Cr(III) and Ni(III) have positive effect in the development of 
antimicrobial properties. The ligand and the complexes have been examined for antibacterial activity 
against a range of Gram-positive (Bacillus authracis, Bacillus cereus, Bacilis subtilis Staphylococcus aureus, 
Streptococcus agalactiae) and Gram-negative bacteria (Escherichia coli, Shigella dysenteriae, Shigella 
sonnei). In this present study, we report here the antimicrobial properties of transition metal mixed ligand 
complexes. Our results are consistent with that of others. 
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1. IntroductIon: 
Antimicrobial agent indicates any chemical or 
biological agent that either kills or inhibits the growth 
of microorganism. The susceptibility of microorganism 
to antimicrobial agent can be determined in vitro by a 
number of methods. The disc diffusion technique [1,2] 
was widely acceptable for preliminary investigation of 
materials, which were suspected to pose antimicrobial 
properties. Diffusion procedure was normally used 
for qualitative test, which allocates organism of the 
susceptible intermediate (moderately susceptible) or 
resistant categories.

Many biological processes in living organisms have 
been affected by metal ions. Metal complexes comprise 
of a central metal atom surrounded by ligands [3] 
and produce metal complexes significantly used 
in treatment of human diseases including cancer, 
leukemia, infection and inflammation [4]. Recently, 
works on metal complexes have been reported to deliver 
drugs to target sites, leading to reduce side effects 
and improve pharmacokinetics. Metal complexes of 
8-hydroxyquinoline (8HQ) have shown to be antiviral, 

antiparasitic, antioxidant, anti-inflammatory, and 
anti-diabetic agents [5-7]. Due to metal binding/
chelating abilities and lipophilicities to penetrate cell 
membranes, Quinoline-based compounds have high 
selectivity of human malaria [8]. For treatment of 
rheumatoid arthritis, gold containing complexes are 
normally used [9]. Sequentially, radiopharmaceuticals 
based on metals such as technetium and rhenium are 
used in imaging and radiotherapy [10], and ruthenium 
complexes have some success as anticancer drugs [11]. 
The complexes of gadolinium, cobalt, lithium, bismuth, 
iron, calcium, lanthanum, gallium, tin, arsenic, rhodium, 
copper, zinc, aluminum and lutetium have significant 
medicinal property [12]. More recently, cobalt(III) based 
ligand complexes have been found to possess antiviral 
and antibacterial activities. We reviewed here the 
current status of the biological activities of cobalt(III) 
complexes formed with mono and polydentate 
ligands.

Previously, we studied antibacterial properties of metal 
complexes of Co(II) and Fe(III) with tartaric acid or 
succinic acid and hetero cyclic amines [13-14].
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2. MaterIals and Methods 
The bacterial strains Escherichia coli, Shegella dysenteriae, 

Shegella sonnei, Bacillus subtilis, Staphylococcus aureus   

Bacillus cerus, Streptococcuc agalactiae were used for this 

work, cultured in Muller-Hinton Agar medium (Oxoid, 

UK), and incubated at 37°C for 24 h. The test organisms 

were pathogenic for human beings. For this reason, 

all steps of the work were done with high precaution 

and aseptic conditions which were mentioned below. 

The tests were carried out at Microbiology Laboratory, 

Department of Pharmacy, Rajshahi University, 

Bangladesh during the time duration August 2012 to 

February 2013.

 2.1. Synthesis of complexes: 

An ethanolic solution of metal salt (1 mmole) and 

deprotonated amino acid (1 mmole) were mixed in the 

calculated ratio with constant stirring but no precipitate 

was observed. Then 25 ml of an ethanolic solution 

of L (4 m mole) was added to the resulting mixture 

and heated on a magnetic regulator hotplate with 

constant stirring. The volume reduced to one half. After 

that it was allowed to cool at room temperature. The 

precipitate formed and were filtered, washed several 

times with ethanol and then dried in a desiccator over 

anhydrous CaCl2. 

2.2. Antimicrobial screening: 

 2.2.1. Media used:

 Nutrient broth (Oxiod, UK) and Nutrient Agar (Oxoid 

UK) were used for sub culturing the bacterial isolates, 

while Muller-Hinton Agar (Oxoid UK) was used for 

sensitivity test. 

2.2.2. Activity testing:  

The activities of the samples were determined by agar-

well diffusion method. The bacterial isolates were first 

grown in nutrient broth (Oxoid UK). The zone inhibition 

of the samples was observed after 24 h incubation 

at 37°C. The sensitivity effects were compared with 

kanamycin standard antibiotic at a concentration of 1 

mg/ml [15].

3. results and dIscussIon 
Antimicrobial activities of the test samples are expressed 
by measuring the zone of inhibition observed around 
the area.

Table 1: Complex abbreviation for antibacterial 

activity

Complexes 
No

Complexes Symbol

1 [Cu(II) (Gly)2(8-HQ)] A

2 [Cr(III)(Ala)2(Py)2] B

3 [Cr(III)(Cyst)2(8-HQ)] C

4 [Fe (Gly)2(8-HQ)] D

5 [Co(II) ( Gly)2(Q) 2] F

6 [Co(II) ( Gly)2(IQ) 2] G

7 [Cu(II)(Gly)2(Q)2] H

8 [Cu(II)(Gly)2(IQ)2] I

9 [Ni(II) (Gly)2(Q) 2] J

Where, Gly = Glycine, Cyst= Cysteine, Py = Pyridine, Q = 
Quinoline, IQ = Isoquinoline, 2-Pico = 2-Picoline, 8-HQ= 
8-hydroxyquinoline

The results revealed that the complexes were more 
toxic to microorganisms than that of the free metal 
ions or ligands. All the complexes of metals under 
investigations showed more or less activities against 
the seven pathogenic bacteria tested. 

Table 2: Antibacterial activities of the compound A, 

B, C, D and Kanamycine (K-30)

Sl. 
No. Bacteria Gram 

Staining

Diameter of zone inhibition (in mm)

A 100 
µg/disc

B 100 
µg/
disc

C 100 
µg/
disc

D 100 
µg/disc

K- 30 
µg/
disc

1 Bacillus subtilis Positive 6 30 22 8 22

2 Staphylococcus 
aureus Positive 21 0 0 9 22

3 Bacillus cereus Positive 19 3 2 8 20

4 Streptococcus 
agalactiae Positive 19 1 0 16 20

5 Escherichia coli Negative 20 0 5 17 25

6 Shigella 
dysenteriae Negative 19 0 0 19 21

7 Shigella sonnei Negative 15 0 3 0 15

From the zone of inhibition, it is observed that the 
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complexes A, H, I of Cu(II);  B, C of Cr(III); D  of Fe(III); 
and F, G of Co(II), and J of Ni(II) amine bases and  amino 
acid exhibited greater susceptibilities towards all the 
bacteria used. The results also revealed that among 
all the tested samples, these metal complexes showed 
strong activity against both the Gram positive and 
Gram-negative bacteria (Table-2 and 3).  

Table 3: Antibacterial activities of the compound F, 
G, H, I, J and Kanamycine (K-30).

Sl. 
No. Bacteria Gram 

Staining

Diameter of zone inhibition (in mm)

F 
100 
µg/
disc

G 
100 
µg/
disc

H 
100 
µg/
disc

I 100 
µg/
disc

J 
100 
µg/
disc

K 30 
µg/
disc

1 Bacillus subtilis Positive 6 30 22 8 7 22

2 Staphylococcus 
aureus Positive 8 27 23 9 11 25

3 Bacillus 
megatherium Positive 6 31 24 7 10 24

4 Escherichia coli Negative 5 29 25 7 5 24

5 Shigella 
dysenteriae Negative 4 27 26 5 3 21

6 Shigella sonnei Negative 4 27 31 5 7 15

 Fig. 1: P h o t o g r a p h i c 
representation of zone of 
inhibition of complexes    
A, B, C and D, against 
Escherichia coli.

Fig. 2: P h o t o g r a p h i c 
representation of zone of 
inhibition of complexes A, 
B, C and D against Shigella 
dysenteriae

 Fig. 3: P h o t o g r a p h i c 
representation of zone of 
inhibition of complexes A, 
B, C and D against Shigella 
sonnei

Fig. 4: P h o t o g r a p h i c 
representation of zone of 
inhibition of complexes   
A, B, C and D against 
Staphylococcus aureus.

 Fig. 5: P h o t o g r a p h i c 
representation of zone of 
inhibition of complexes   A, 
B, C and D against Bacillus 
cereus.

Fig. 6: P h o t o g r a p h i c 
representation of zone of 
inhibition of complexes    
A, B, C and D against 
Bacillus subtilis.

 Fig. 7:  P h o t o g r a p h i c 
representation of zone 
of inhibition of the 
complexes F, G, H, I and J 
against Bacillus subtilies.

Fig. 8: P h o t o g r a p h i c 
representation of zone of 
inhibition of the complexes 
F, G, H, I and J against 
Staphlococcus aureus.

Fig. 9: Photographic 
representation of zone 
of inhibition of the 
complexes F, G, H, I and J 
against Escherichia coli.

Fig. 10: P h o t o g r a p h i c 
representation of zone of 
inhibition of the complexes 
F, G, H, I and J against 
Shigella dysenteriae.

Fig. 11: P h o t o g r a p h i c 
representation of zone 
of inhibition of the 
complexes F, G, H, I and J 
against Shigella  sonnei

Fig. 12: P h o t o g r a p h i c 
representation of zone of 
inhibition of the complexes 
F, G, H, I and J against 
Bacillus megatherium
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4. conclusIon:
The results showed that the metal complexes have 
positive scenario on antimicrobial properties. All the 
microorganisms examined showed high to moderate 
susceptibility to the tested compounds, good growth 
and easily visualized colonies, which make them useful 
for evaluation studies involving antibacterial activity 
of metal complexes as well as other compounds. The 
highest inhibition zone was observed for Co (II) complex 
against Bacillus megatherium. But Cr (III) complex 
showed good antimicrobial property on an average 
against all mentioned bacteria. In our further work, 
the antimicrobial activity against all other pathogenic 
bacteria will be studied and their toxicity level will be 
measured for therapeutic application.
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