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Abstract 
 

The biological activity of some zinc (II) complexes containing mixed ligands 

having the formulaes [Zn(BBSCH)(LH)X] and [Zn(BBSC)(L)] (where BBSCH = 

benzilbis- (semicarbazone), BBSC
-
 = deprotonated BBSCH ligand, LH = the 

ligands benzoinsemi- carbazone-BSH or 2-chlorobenzaldehydesemicarbazone-

CSH or 2-fluorobenzaldehyde- semicarbazone-FSH or 

furaldehydesemicarbazone-FrSH, L = deprotonated LH ligand, X = SO4
2-
 or 

CO3
2-
) in dimethylsulphoxide solution have been evaluated by agar plate 

diffution technique against five human pathogenic bacterial strains = Bacillus 

subtilis, Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli and 

Proteus mirabilis. The complexes were found to have antibacterial activity on 

some bacteria in vitro. The effective concentration of the complexes ranging 

between 1-10 µg/ml. Bacillus subtilis and Proteus mirabilis were the most sensitive 

bacteria followed by Staphylococcus aureus. 

 

  المستخلص

  

 الحاوية على مزيج من الليكنـدات ذات الـصيغ          (II)تمت دراسة الفعالية لبعض معقدات الخارصين       

 ،)سـميكاربازون (بنزل بس  = BBSCHحيث   ([Zn(BBSC)(L)] و   [Zn(BBSCH)(LH)X]العامة  

BBSC
-٢ او   BSH-ت بنزوين سـميكاربازون   ندايكلال = LH مزال منه بروتون،     BBSCHالليكند   = -

 او فورفورالديهايـد    FSH -فلوروبنزالديهايد سميكاربازون -٢ او   CSH-كلوروبنزالديهايد سميكاربازون 

X = SO4 مزال منه بروتون،     LHالليكند   = FrSH   ، L-سميكاربازون
CO3 او   -2

 في محلول ثنائي    )-2

 باستخدام تقنية الانتشار على سطح الاكار        البشرية المرضية   من الجراثيم  خمسة على   كبريتميثيل اوكسيد ال  

ــا   Pseudomonas و Staphylococcus aureus و Bacillus subtilisكمـــضادات للبكتريـ

aeruginosa و Escherichia coliو Proteus mirabilis وقد اثبتت الدراسة في الوسط الصنعي ان ، 

 مايكروغرام  ١٠-١ بين   للمعقداتلجراثيم، يتراوح التركيز المؤثر   لبعض ا  فعالية كمضادات    لها هذه المعقدات 

 هما الاكثر حساسية للمركبات وتلتها بكتريا Proteus mirabilis و Bacillus subtilisان البكتريا . مل/

Staphylococcus aureas.   
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Introduction 

 

The coordination chemistry of zinc in both non-biological and biological areas 

has been the subject of intensive researches. The administration of zinc to animals 

induced the synthesis of the proteins called metallothioneins, which played an 

important role in the metabolism of this element[1]. Zinc is the most common trace 

element and the only metal known to be required for at least one enzyme in each of 

the major classes of enzymatic activities. Zinc plays multifaceted roles in biological 

system[2]. 
 

Some aromatic compounds possessed antimicrobial activities against some 

bacteria [3]. Schiff bases have been shown to possess antibacterial activity [4,5] and 

their complexes demonstrated good or remarkable activity against Staphylococcus 

aureus, Bacillus subtilis, Proteus vulgaris, Pseudomonas aeruginosa and Salmonella 

typhimurium [6]. Schiff bases and their complexes have received renewed attention 

recently, due to their antitumor, antimicrobial and antifungal activities. They were 

known to exhibit a wide variety of pharmacological properties (e.g. antiflammatory, 

antimalarial, antihelmintic, anticonvulsant activity and hypotensive action) [7,8]. 

 

Substituted thiadiazole, substituted oxadiazole possessed various biological 

activities such as antitumor, antibacterial and antimicrobial activity [9]. 

Thiosemicarbazone complexes possessed antitumor activity in addition to other 

activities [10-12]. Semicarbazones and their complexes had important biological 

applications [13,14]. On the other hand mixed ligand complexes had considerable 

importance in the field of metalloenzymes and other biological activities [15-17]. 

 

Due to the importance of mixed ligand complexes, we took a humble part in the 

chemistry of mixed ligands and their biological activity, and some articles have been 

published [18,19]. 

 

In view of this and since the biological activities of mixed ligand-zinc (II) 

complexes have not been reported yet, it is a matter of interest to determine the extent 

of these complexes on the bacterial growth. The complexes under investigation have 

been previously characterized by elemental analysis, molecular weight determination, 

molar conductance values, magnetic moment data, infrared spectrophotometry and 

electronic spectral data [20]. 

 

In the present work, the antibacterial activity of some zinc (II)-mixed ligand 

complexes have been studied against Bacillus subtilis, Staphylococcus aureus, 

Pseudomonas aeruginosa, Escherichia coli and Proteus mirabilis. 

 

Materials and Methods 

 

All the chemicals have been used as supplied from Fluka or BDH. Augmentin 

and Ciprofloxacin have been used as supplied from Biomerieux France. 

 

1. Synthetic methods 

Semicarbazones ligands (Figure 1) have been prepared according to the 

literature method [20,21]. Benzilbis(semicarbazone) has been prepared [21] by 

refluxing 1:2 molar ratio of benzil : semicarbazide hydrochloride and sodium acetate 



solution for about 3 hours. The semicarbazone thus formed has been filtered off from 

it
'
s solution, washed with distilled water and recrystallized from ethanol. 

 

The ligands BSH, CSH, FSH and FrSH (Figure 1) have been prepared [20] by 

refluxing equimolar quantities of the semicarbazide hydrochloride and the 

corresponding aldehyde. Same procedure has been followed as above. 

 
Figure 1: Structures of the ligands 

 
2. Preparation of zinc (II) complexes [20] 

Complexes (Figure 2) of the type [Zn(BBSCH)(LH)X] (where LH = BSH, FSH, 

FrSH or CSH, X = SO4
2-
 or CO3

2-
) have been prepared by the reaction of 0.0018 mole 

ZnSO4.7H2O or 0.0040 mole ZnCO3 with 50 ml ethanolic solution of 

benzilbis(semicarbazone) and the other semicarbazone ligands in 1:1:1 molar ratio. 

The mixture has been refluxed for 3 hours, evaporated to about half it
'
s volume and 

cooled. The resulting product has been filtered off, washed with petroleum ether and 

dried. 

 



Complexes (Figure 2) of the type [Zn(BBSC)(L)] (where L = deprotonated LH 

ligands, BBSC
-
 = deprotonated BBSCH ligand) have been prepared by the reaction of 

0.0018 mole ZnSO4.7H2O or 0.0040 mole ZnCO3 with benzilbis(semicarbazone) and 

other semicarbazone ligand in 1:1:1 molar ratio. Ethanolic solution of sodium 

hydroxide (1M) has been added to the mixture until pH = 8-9. The products have been 

filtered off, washed with petroleum ether and dried. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: Structures of the complexes 

(I) complexes in neutral medium. (II) complexes in basic medium 

X = S or C, . . . . . O = O or nothing 

 
 
 

 

 

3. Antimicrobial assay of the complexes 

Five pathogenic bacteria have been selected to study the antibacterial activity of 

the complexes in this research. These were Bacillus subtilis, Staphylococcus aureus, 

Pseudomonas aeruginosa, Escherichia coli and Proteus mirabilis. All the bacterial 

strains have been isolated and identified using standard method [22] before use in 

Department of Biology, College of Education, University of Mosul. They grown up to 

the stationary phase in nutrient broth at 37 
o
C and a sample of 0.5 ml of each bacteria 

was spread over the surface of nutrient agar plate [23]. 

Discs of filter paper (6 mm diameter) have been sterilized at 140 
o
C for 1 hour 

and impregnated with 1 ml containing the concentrations 10, 1.0, 0.1 and 0.01 µg/ml 

of each complex solution and then dried, dry dimethylsulphoxide has been used for 

the antibiotics (Augmentin and Ciprofloxacin). Blank paper discs of 

dimethylsulphoxide have been used as control. The inoculated plate have been 

incubated at 37 
o
C for 24 hours and inhibition zones were measured [24] in all 

experiments the mean of each triplicate was measured [25]. 

 

 

Results and Discussion  

 Many chemical compounds had a good ability to attack the bacteria through 

their effects on the synthesis of ribonucleic acid which could be resulted from the 

inhibition action of these compounds on the DNA of the bacteria which caused 

inhibition of the activities of DNA gyrase enzyme including the separation of 
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supercoiling or decantenation or unkotting of the DNA [26-29]. Moreover, the 

antibacterial agent were known to attack the cell in a variety of ways such as killing or 

inhibiting the growth of microorganisms by affecting special target sites like the 

synthesis of cell wall, protein and nucleic acid or by inhibiting the function of the cell 

membrane, binding of the sulfhydryl groups of the cell enzymes with the complexes 

[18]. Numerous experiments have been done to determine the antimicrobial influence 

of the complexes. Table 1 showed that the complexes 1,8,9 and 12 have antimicrobial 

activity against only Bacillus subtilis, whereas complexes 2-7 and 15 have 

antimicrobial activity against Bacillus subtilis and Proteus mirabilis, while complexes 

10, 11, 14 and 16 have antimicrobial activity against both Staphylococcus aureus and 

Proteus mirabilis. Meanwhile complex 13 has antimicrobial activity against Bacillus 

subtilis, Staphylococcus aureus and Proteus mirabilis. As metal ion preferentially 

bind to –SH group of the cell enzyme more strongly, it is logical to assume that the 

complexes screened were involved in competitive equilibria involving the SH group 

of the cell enzyme. Therefore, we concluded that most of the complexes aquire 

biological activity. If this is the case, the complexes which were expected to bind to –

SH group of the cell enzyme acted more strongly than the nitrogen donor atom in the 

ligand (Table 1) [30], these observation have been consistent with that observed by 

many workers [11]. 

 
Table 1: Antibacterial activity of the complexes 

No. Complexes 
Bacillus 

subtilis 

Staphylococcus 

aureus 

Pseudomonas 

aeruginosa 

Escherichia 

coli 

Proteus 

mirabilis 

1 [Zn(BBSCH)(BSH)CO3] MS R R R R 

2 [Zn(BBSC)(BS)] MS R R R S 

3 [Zn(BBSCH)(CSH)CO3] MS R R R S 

4 [Zn(BBSC)(CS)] S R R R S 

5 [Zn(BBSCH)(FSH)CO3] S R R R S 

6 [Zn(BBSC)(FS)] MS R R R S 

7 [Zn(BBSCH)(FrSH)CO3] S R R R MS 

8 [Zn(BBSC)(FrS)] S R R R R 

9 [Zn(BBSCH)(BSH)SO4] MS R R R R 

10 [Zn(BBSC)(BS)] R MS R R S 

11 [Zn(BBSCH)(CSH)SO4] R MS R R MS 

12 [Zn(BBSC)(CS)] MS R R R R 

13 [Zn(BBSCH)(FSH)SO4] MS MS R R MS 

14 [Zn(BBSC)(FS)] R MS R R MS 

15 [Zn(BBSCH)(FrSH)SO4] MS R R R MS 

16 [Zn(BBSC)(FrS)] R MS R R S 

Augmentin (30 µg) MS S R R R 

co
n
tr

o
l 

Ciprofloxacin (5 µg) R R S S S 

S = sensitive diameter not more than 6 mm less than control [31,31] 

M = moderate sensitive zone diameter of 6-12 mm less than control 
R = resistant zone diameter of 12 mm or less than control 

 

 

  The concentration of the complexes ranging between 1-10 µg/ml. The 

effective concentration of complexes 4, 5 and 7 (10 µg/ml) showed greater activity 

against Bacillus subtilis than the control (Augmentin), whereas the effective 

concentration of complex 8 (10 and 1.0 µg/ml) showed greater activity against 

Bacillus subtilis than the control (Augmentin), The effective concentration of 

complexes 2, 3 4, 5, 6, 10 and 16 (10 µg/ml) showed greater activity against Proteus 



mirabilis than the control (Ciprofloxacin), whereas complexes 2, 4 and 6 ((1.0 µg/ml) 

showed same activity against Proteus mirabilis as the control (Ciprofloxacin)  

 
 

Table 2: Antibacterial activity (inhibition zone) of different concentration of the complexes (µg/ml) 

Bacillus subtilis 
Staphylococcus 

aureus 

Pseudomonas 

aeruginosa 
Escherichia coli Proteus mirabilis 

Inhibition zone/6mm Inhibition zone/6mm Inhibition zone/6mm Inhibition zone/6mm Inhibition zone/6mm 
No. 

10 1.0 0.1 0.01 10 1.0 0.1 0.01 10 1.0 0.1 0.01 10 1.0 0.1 0.01 10 1.0 0.1 0.01 

1 15 10 1 1 - - - - - - - - - - - - - - - - 

2 15 9 1 1 - - - - - - - - - - - - 20 18 16 13 

3 15 8 1 1 - - - - - - - - - - - - 20 16 13 10 

4 20 18 15 9 - - - - - - - - - - - - 22 18 11 9 

5 22 18 15 11 - - - - - - - - - - - - 20 13 10 1 

6 14 9 1 1 - - - - - - - - - - - - 22 18 15 13 

7 20 18 15 11 - - - - - - - - - - - - 15 10 9 1 

8 23 20 15 13 - - - - - - - - - - - - - - - - 

9 10 8 1 1 - - - - - - - - - - - - - - - - 

10 - - - - 15 12 9 1 - - - - - - - - 20 17 15 13 

11 - - - - 12 8 1 1 - - - - - - - - 12 8 1 1 

12 15 12 1 1 - - - - - - - - - - - - - - - - 

13 15 11 9 1 15 13 10 1 - - - - - - - - 15 13 9 1 

14 - - - - 16 10 1 1 - - - - - - - - 10 1 1 1 

15 15 13 9 1 - - - - - - - - - - - - 10 1 1 1 

16 - - - - 15 13 12 9 - - - - - - - - 20 13 9 1 

Aug. 19 20 - - - 

Cip. - - 16 18 18 

 
Conclusion 

 

From the above data we could conclude the following: 

1. Complexes 1,2,3,6,9,12,13 and 15 showed less activity against Bacillus 

subtilis than the control (Agumentin), whereas complexes 10,11,14 and 16 

showed no activity against the same bacteria. 

2. Complexes 10,11,13,14 and 16 showed less activity against Staphylococcus 

aureus than the control (Augmentin), whereas all the other complexes have no 

activity against the same bacteria. 

3. All the complexes did not show any activity against Pseudomonas aeruginosa 

and Escherichia coli. 

4. Complexes 1,8,9 and 12 did not show any activity against Proteus mirabilis, 

whereas complexes 11,13,14 and 15 showed less activity than the control 

(Augmentin) against the same bacteria. 

5. Complexes 4,5,7 and 8 showed a good activity against Bacillus subtilis, i.e 

greater activity than the control (Augmentin). 

6. Complexes 2-6,10 and 16 showed greater activity against Proteus mirabilis 

than the control (Ciprofloxacin). 
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