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One of the most difficult tasks in modern medical societies is the process of 

identifying a cure for many infectious diseases caused by drug-resistant 

microbes. Therefore, it has become necessary to discover new compounds 

that work in this regard. The currently prepared Schiff base, derived from 

thiazole, has a biological activity against bacteria and biofilms and its 

activity increases when it is associated with copper, zinc and platinum ions 

and forms metal complexes. This study highlights the synthesis and 

evaluation of novel biological compounds as inhibitors of bacterial growth 

and biofilms. A three newly complexes are resulting from the reaction of a 

new Schiff base ligand (LC) with metal ions (Zn, Cu, Pt). The new ligand 

(LC) was prepared from the reaction of precursor (P) and 

benzenecarbaldehyde. The prepared compounds were characterized by 

1H&13CNMR, FTIR, UV-Vis, Magnetic susceptibility, CHNS and Molar 

conductivity. It was determined that the anti-bacterial activity of the newly 

synthesized Lc and (Cu-Lc) was mightily significant towards more 

antibiotic-resistant bacteria and had low (MIC) values. Like that, anti-

biofilm inhibitory of the same compounds showed 100% of clinical isolates 

of P. aeruginosa and S. aureus in 16 and 32 mg/ml respectively, whereas 

(Zn-Lc) were inhibited 100% in 4 mg/ml. On the other hand (Pt-Lc) 

inhibited 100 % in 2 mg/ ml. Good yield was obtained from the synthesis of 

new compounds from the starting material. They can be potential candidates 

as inhibitors of bacteria and biofilms.     
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1. INTRODUCTION  

S. aureus (G
+
) and P. aeruginosa (G

-
) are the causative agents of many prevalent and well-known human 

diseases and can colonize a wide range of sites with serious clinical consequences. The most common 

infections are among immuno compromised patients in hospitals, and are caused by infections resulting from 

burns, respiratory infections and cystic fibrosis [1-2]. One of the reasons for the spread and prosperity of 

these microorganisms is their ability to form biofilms and a large group of virulence factors related to the 

outside of the cell and the cell itself, and through transcriptional regulators they are controlled, which makes 

them adapt quickly to host defenses and environmental changes [3]. Biofilms are defined as a thin layer of 

living material that can form on nonliving surfaces such as metals, dead organisms, and air-water interfaces, 

as well as on living surfaces such as plants and animals. Biofilms contain homogeneous or heterogeneous 

bacterial communities embedded in a matrix of extracellular polymeric substances composed mainly of 

polysaccharides, in addition to proteins, lipids, and nucleic acids that can be found in this composition. 

https://creativecommons.org/licenses/by-sa/4.0/
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Biofilms pose a pathological risk and contribute to the occurrence of various pathological infections, in 

addition to their presence on the surfaces of medical equipment such as catheters, and facilitate the process of 

gene transfer between bacterial cells, which leads to an increase in the number of virulent strains on the one 

hand, and on the other hand, these same cells can evade host defenses and resist antibiotics, as the matrix 

composed of extracellular polymeric substances hinders the diffusion of antibiotics through the biofilm. 

Biofilm formation begins with the attachment of floating microorganisms to a surface. Initially, the first 

colonies adhere to the surface by weak, reversible van der Waals forces [4-6]. If colonies are not removed 

from a surface promptly, they can become permanently attached by cell adhesion molecules such as bacterial 

cilia. Early colonizers facilitate the access of other cells by providing different types of attachment sites and 

building an extracellular matrix that holds the biofilm together. Some species cannot attach to a surface on 

their own, but can attach to the extracellular matrix or directly to early colonizers. When invading a surface 

and forming a biofilm, cells communicate by quorum sensing. Once invasion has occurred, the biofilm 

gradually grows by cell division and recruitment of new cells. The final stage of biofilm formation is called 

development, and it represents the stage in which the biofilm is fully established. At this stage, the biofilm 

can only change in shape and size. Development of the biofilm allows cells to become more resistant to 

antibiotics [7,8]. In this context and due to the large history of metal compounds with antimicrobial 

properties, drugs based on zinc, platinum, and copper have been widely evaluated [9]. Benzene carbaldehyde 

is an organic compound with the chemical formula (C6H5CHO) containing of a C6H6 ring and a substituted 

(formyl) group. It is the simplest and most useful aromatic aldehyde in industrial fields. In 1832, the 

Friedrich and Justus were able to synthesize benzaldehyde for the first time [10]. The goal of the study is to 

prepare new Schiff base complexes resulting from the binding of the new ligand (LC) with metal ions Pt(IV), 

Zn(II) and Cu(II) and then test their biological activity represented by antibacterial and antibiofilm activity 

towards clinically relevant strains based on the minimum inhibitory concentration (MIC) method. 
 

2. METHOD  

Materials and instruments 

All chemicals and solvents (sulfuric acid, cefixime, glacial acetic acid, absolute ethanol, HCl, benzene, 

carbaldehyde, methanol, diethyl ether, zinc chloride, copper (II) chloride dihydrate, potassium 

hexachloroplatinate, sodium chloride) are supplied by certified companies (BDH, Merck, Fluka) with a high 

degree of purity. 

     Measurement of electronic transfers of compounds prepared at laboratory temperature and with a quartz 

cell (1cm) was carried out using a device UV-M90 Double Beam Spectrophotometer. Analysis of 

microelements (CHNS) was performed using a device Euro EA CHNSO Elemental Analyzer. Infrared 

spectroscopy was performed for the prepared compounds within the range (4000–400) cm
-1

 with potassium 

bromide tablets using a device Shimadzu FTIR-8400S Spectrometer. Electrical conductivity measurement 

was performed at concentration (10
-3

 M) and laboratory temperature with DMSO solvent by a Philips pw-

Digital Meter conductance. The atomic absorption measurement of the syntheses compounds was carried out 

using a device Shimadzu AA-7000 Shimadzu. An examination of the magnetic susceptibility of metal 

complexes was carried out at 25 °C by a device the Sherwood Scientific's Magnetic Susceptibility Balances. 
 

1
H,

 13
C NMR spectroscopic measurements of the prepared ligand was performed using a device Bruker 

AVANCE NEO 400 MHz spectrophotometer with DMSO. Determination of chlorine content in the prepared 

compounds was carried out using 686-Titro processor – 665 Dosimat. Metrohm. Swiss.  

 

Synthesis of New Schiff base ligand [ethyl (6R ,7R) -7- ((E) -2- (2- (((E) -benzylidene) amino) thiazol -4- 

yl) -2- ((2- ethoxy -2- oxo ethoxy) imino) acetamido) -8- oxo -3- vinyl -5-thia -1- aza bicyclo [4.2.0] oct -

2- ene -2- carboxylate] (LC) 

 

Prepare ligand (LC) in two steps:- 

A. Synthesis of precursor (P)  

     Using a 100mL round flask, (0.47g, 1mmol) of cefixime was dissolved in (1mL) of absolute ethanol 

containing dissolved HCl, where saturated absolute ethanol was prepared. With HCl gas, by adding an 

amount of concentrated sulfuric acid to a flask containing an amount of sodium chloride (NaCl), and we 

collect the liberated gas in a flask containing ethanol, which is formed (ethanol saturated with HCl gas) and 

the mixture is left to stir continuously. With reflux for 3 hours, the course of the reaction was followed by 

TLC. After that, the mixture was cooled to obtain ester crystals and they were recrystallized using hot 

methanol and diethyl ether. The percentage of the product after drying the precipitate was 85% and its 

melting points were (109-111°C) [14]. 
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B. Synthesis of (LC) New Schiff base Ligand  

     The New Schiff base ligand (LC) was prepared by adding a solution of the substance obtained in the first 

step (P) (0.51g, 1mmol) in 10 mL of ethanol to a solution of benzene carbaldehyde (0.11g, 1mmol in 10 mL 

of ethanol with the addition of 3-4 drops of glacial acetic acid. After stirring for one hour, the mixture was 

placed for 3 hrs (under reflux), and then the course of the reaction was followed by TLC.After that, the 

mixture was filtered to obtain the desired precipitate (orange), and the precipitate was recrystallized using hot 

methanol and diethyl ether. The precipitate was then left to dry at room temperature and was weighed to 

calculate the percentage of the product, which was (74%). And the melting point is (196-198) °C [15], 

Scheme 1. 

Synthesis of the complexes  

     The zinc complex was prepared with a molar ratio of (1:1) (M:L) using a 100mL round flask by adding 

(0.14gm) (1mmol) of (ZnCl2) dissolved in (10mL) ethanol to the ligand solution (LC) resulting from 

dissolving (0.59gm, 1mmol) in (10mL) ethanol and leave the mixture at a temperature of 70 °C with 

continuous stirring and reflux for (3 hours). Filter the solution to obtain the yellow precipitate. It was washed 

several times with H2O distilled and (C2H5)2O and re-crystallized with CH3OH absolute. Then the percentage 

of the product, which was (68%), and the melting point (211-213)°C were calculated. Preparation of the 

remaining complexes M= Pt(IV) and Cu(II) of the ligand (LC), these complexes were prepared by the same 

method mentioned [16], Scheme 1. 

 

 

 
 

Scheme1: Synthesis of ligand (LC) and its complexes 
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 Biofilm and antibacterial information  

     The culture was grown overnight in TSB supplemented with 1% glucose after S. aureus and P. 

earuginosa had been revived on blood agar plates. To achieve an optical density at 600 nm (OD600) of ∼0.1, 

the‎overnight‎culture‎was‎diluted‎1:50‎in‎TSB‎and‎2%‎glucose.‎In‎addition‎to‎100‎μl‎of‎Lc‎and‎its‎complexes‎

in each well of a 96-well‎plate,‎100‎μl‎of‎the‎diluted basal culture was drained, resulting in a final volume of 

200‎μl‎per‎well.‎Incubation‎was‎carried‎out‎at‎37°C‎under‎static‎conditions‎for‎18‎h‎after‎which‎only‎sterile‎

liquid medium covered with its three coverslips (as a control) was used. To remove unattached bacteria after 

incubation, planktonic cells were rinsed twice with distilled water. After that for 20 min at room temperature, 

the‎adherent‎bacterial‎cells‎in‎each‎well‎were‎fixed‎with‎200‎μl‎of‎absolute‎methanol.‎Then‎the‎adherent‎cells‎

were stained‎by‎adding‎200‎μl‎of‎0.1%‎crystal‎violet‎to‎each‎well‎for‎15‎min.‎Using‎DW,‎the‎excess‎dye‎was‎

removed by washing it repeatedly. To ensure complete dryness, the plate was dried in the room for 30 min. In 

the final stage, to fix the dye, 33% acetic acid was added. Using an automatic ELISA reader, the biofilm was 

evaluated by determining the (OD) optical density readings at 630 nm (wavelength) [11]. 

 

Biofilm reduction %= (OD630nm of bio film growth control – OD630nm of treated isolate)/ OD630nm 

of bio film growth control×100. 

 

Minimum inhibitory concentration (MIC) 

     The both micro dilution method was performed for test material determination: 

1- Preparation of test material  

2- Dilution of 1\10 in a sterile mullar hinton broth (MHB). 

3- Transfer 100 microliters of diluted test material to the first line of wells. 

4- Add 100 microliters of broth medium in each well from 2 to 12. 

5- Two fold dilution: by transferring 100 microliters from the first to the 10th well 

6- Except well 11 and 12 were used as controls (positive & negative).  

7- All wells were inculcated with 20 microliters of bacterial suspension comparable to McFarland standard 

no 5 (1.5 * 10
8
 CFU\ml). 

8- The microtitre plate was incubated at 37 
0
C (24 h). 

9- The MIC value was determined the lowest concentration that inhibits bacteria growth. The growth was 

measured at OD450 determination using a microtiter plate reader [12]. 

 

Antibacterial activity assay  

For the purpose of testing the ability of the synthesized compounds to inhibit the selected bacteria, the 

diffusion method was used. By steam sterilization at 121 °C for 15 minutes, the prepared what man filter 

paper discs with a diameter of 6 mm No. 3 were‎sterilized,‎then‎100‎μg‎of‎the‎synthesized‎compounds‎were‎

placed on each disc, followed by placing the discs on the upper surface of the culture plate [13].  

 

3. RESULTS AND DISCUSSION  

Some physical properties of the synthesized compounds were determined, including complex colors, thermal 

stability, elemental analysis, metal content determination, and matching the calculated values with the 

experimental results, Table 1. 

 
Table 1: Analytical data of synthetic compounds 

Com. 

 
Colour M . wt m . p 

Calculated 

(Actual) 

%M %C %H %N %S %Cl 

Ligand (LC) Orange 585.65 
196-198 

0C 
- 

53.60 

(53.32) 

4.72 

(4.65) 

12.00 

(11.96) 

10.82 

(10.95) 
------- 

[Cu(LC)Cl2] Olive 775.18 
252-254 

0C 

8.13 

(8.20) 

45.00 

(44.93) 

4.21 

(4.16) 

10.91 

(10.84) 

8.24 

(8.27) 

9.11 

(9.15) 

[Pt(LC)(H2O)2Cl2].Cl2 Turmeric 1013.64 
270-272 

0C 

19.33 

(19.25) 

34.23 

(34.36) 

3.71 

(3.58) 

8.15 

(8.29) 

6.25 

(6.33) 

13.47 

(13.99) 

[Zn(LC)(H2O)Cl].Cl Yellow 794.02 
211-213 

0C 

8.19 

(8.23) 

43.78 

(43.87) 

4.15 

(4.19) 

10.39 

(10.58) 

8.12 

(8.08) 

8.67 

(8.93) 
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1
H,

13
CNMR spectra 

     The Proton NMR spectral data of ligand LC is listed in Table 2, Figure 1 [22]. 

 

Table 2: Proton NMR data for ligand with DMSO-d6  

Ligand Protons Type Protons number  (ppm) 

 

 

 

LC 
 

 

 

 

6H, proton 2CH3 group H11 0.88-1.74 

4H, proton 2O-CH2 group H10 3.43-3.48 

4H, proton S-CH2 + O-CH2 group H4, H26 3.84-4.46 

5H, proton C-H group H6, H7, H12, H13 4.88-5.31 

5H, proton C-H aromatic group H23, H24 , H25 6.77-7.97 

1H, proton NH group ------ 8.15 

1H, proton N=CH group H21 8.58 

1H, proton C=CH-S group H20 10.03 

 

The Carbon NMR data of ligand LC is listed in Table 3, Figure 1 [23]. 

 

Table 3: Carbon NMR data for ligand with DMSO-d6  

Ligand Carbons Type 
Carbons 

number 
 

(ppm) 
Carbons Type 

Carbons 

number 
 

(ppm) 

 

 

 

 

LC 
 

 

 

2C, CH3 C11 19.02 1C,CH aromatic C22 131.19 

1C, S-CH2 C4 29.85 1C,C aromatic C25 133.34 

1C, N-CH C7 56.49 1C,=C C3 135.07 

2C,O-CH2 C10 61.19 1C,=C C19 136.62 

1C,S-C-N C6 64.33 1C,C=N C15 157.63 

1C,NOCH2 C26 71.96 1C,C=N C21 161.53 

1C,=CH2 C13 115.50 1C,NHCO C14 164.16 

1C,N-C= C2 126.63 1C,NC=O C8 165.58 

1C,S-CH= C20 128.96 1C,OC=O C9 167.78 

2C,CH aromatic C23 129.04 1C,OC=O C27 169.74 

1C,=CH C12 129.63 1C,N=C-N 

 
C17 175.26 

2C,CH aromatic C24 129.97 

 

(A) 
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(B) 

 

Figure 1: 
1
H (A),

13
C(B)-NMR spectrum of ligand LC 

 

FT-IR spectrum of (LC) and its complexes   

     In Table 4, the ligand (LC) was identified by studying its infrared spectrum shown in Figure 2, where 

strong band at (3237) cm
-1

 cm‎was‎observed,‎is‎attributed‎to‎the‎frequency‎υ(N–H)str. As for the two sharp, 

strong bands at wave numbers (1747) cm
-1

 and (1697) cm
-1

, they are attributed to the stretching frequency 

bands‎ of‎ the‎CO‎ group‎ υ‎ (C=O)ester and‎ υ(C=O)amide respectively, with the appearance of other stretching 

frequency bands at (1593) cm
-1

, (1516) cm
-1 

and
 
(1230,1172)cm

-1
 belong‎ to‎ the‎ aggregates‎ ʋ‎ (C=N)five ring, 

ʋ(N-H)bend, ʋ(C-O-C)ester respectively and finally a band appears at the wave number (1651)cm
-1

 is due to 

ʋ(CH=N) imine for (LC)[17,18].      The prepared complexes were identified by following their infrared spectra 

and comparing them with the spectrum of the prepared ligand (LC). It was observed that some bands shifted 

and new bands appeared while other bands remained stable. The infrared spectra of the metal complexes of 

the ligand showed (LC) represented by Figure 1 is absorption bands within the range (3475-3225) cm
-1

, 

(1747-1739) cm
-1

 and (1697-1685) cm
-1

 back‎to‎υ‎(N–H)str.,‎υ(C=O)ester and‎υ(C=O) amide respectively, which 

did not participate in the coordination of the prepared complexes, while the coordination of the ligand (LC) 

with the metal ions was revealed through absorption bands of the order of (1654-1639) and (1608-1597) cm
-1

 

, which are back to the‎ groups‎ of‎ υ(C=N)imine and‎ υ(C=N)five ring respectively, which were shifted towards 

different frequencies compared to their absorption band in the free ligand (LC). What enhances this 

consistency is the appearance of weak absorption bands in the range (582-466) and (556-420) cm
-1

 back to 

the‎υ(M-N) bands in the complexes. Which confirms the coordination of water with the central ion is the 

shower of bands in the range (840) cm
-1

 back‎to‎ρ(H2O) in the spectrum of Zn
(II)

 and Pt
(IV)

 complexes [19-

21], Table 4.  

 
Figure 2: FTIR spectrum of LC and its complexes 
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Table 4: FTIR data of ligand with complexes 

ʋ(M - N) 

ʋ (M - N) 
ρ‎(H2O) 

ʋ (C=N) 

imine 

ʋ (C=O) 

amide 

ʋ 

(C=N) 

five ring 

 )ʋ C=O) 

ʋ(C-O-C) 

ester 

ʋ (N-H)str. 

ʋ (N-H)bend 

Com. 

 ـــــــــــ

 ـــــــــــ

 

______ 1561 1561 1661 

1171 

1311 

1113 

1311 

1615 
Ligand (LC) 

285 

624 
 1567 1566 1516 

1171 

1333 

1115 

1716 

1717 
[Cu(LC)Cl2] 

644 

654 
761 1516 1561 1517 

1171 

1311 

1115 

1336 

1615 
[Pt(LC)(H2O)2Cl2].Cl2 

644 

656 
761 1516 1561 1661 

1116 

1317 

1115 

1711 

1615 
[Zn(LC)(H2O)Cl].Cl 

  

Electronic spectra 

     All electronic transition data for the spectra of the synthesized compounds [24,25] are included in the 

table 5 and Figure 3.  

 

Figure 3: Electronic spectrum of the synthesized compounds 

 
 

Table 5: UV/Vis data of ligand with complexes. 

Compound 

Maximum 

absorption 

υmax(cm-1) 

and (nm) 

Band 

assignment 

Molar 

Conductivity 

(Electrolyte 

nature) 

µeff 

(B.M) 

 

Suggested 

geometry 

Ligand (LC) 36764(272) π→π⃰ ------ ------- ------- 

[Cu(LC)Cl2] 

40485(247) 

34722(288) 

23529(425) 

20833(480) 

Intra Ligand 

Intra Ligand 

C.T               
2B1g‎→‎2Eg 

16.50 

(Non-

electrolyte) 

 

 

1 
Square planer 

[Pt(LC)(H2O)2Cl2].Cl2 

16077(622) 

18867(530) 

23923(418) 

1A1g→
3T1g 

1A1g→
3T2g 

C.T 

 

76.41 

(Electrolyte) 

 

1 

 

Octahedral 

[Zn(LC)(H2O)Cl].Cl 
22471(445) 

 
C.T 

35.12 

(Electrolyte) 
1 Tetrahedral 

CT = Charge of Transfer                              IL=Intra of Ligand  

The table (6), show anti-biofilm activity of Lc, Cu-Lc, Zn-Lc and Pt-Lc on biofilm inhibition 
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Table 6: Before and after treatment with (LC, Cu-LC, Zn-LC, Pt-LC) biofilm formation of clinical isolates of P. aeruginosa and S. aureus. 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
(Sa): S. aureus, (Pa): P. aeruginosa, S= +++, M= ++, W= + and NBf= - 

No of 

isolates 

Before 

treatment 

After treatment concentration (LC) 

128 64 32 16 8 4 2 1 

Sa-1 +++ - - - - - + ++ ++ 

Sa-2 +++ - - - - - + ++ ++ 

Sa-3 +++ - - - - - - - ++ 

Sa-4 +++ - - - - - + + ++ 

Sa-5 +++ - - - - - + + ++ 

Pa1 +++ - - - - + ++ ++ +++ 

Pa-2 +++ - - - - + + ++ ++ 

Pa-3 +++ - - - + + ++ +++ +++ 

Pa-4 +++ - - - + + + + ++ 

Pa-5 +++ - - - - + + ++ ++ 

No of 

isolates 

Before 

treatment 

After treatment concentration (Cu-LC) 

128 64 32 16 8 4 2 1 

Sa-1 +++ - - - - - + + + 

Sa-2 +++ - - - - + + + + 

Sa-3 +++ - - - - - + ++ ++ 

Sa-4 +++ - - - - + + ++ ++ 

Sa-5 +++ - - - - - + + ++ 

Pa1 +++ - - - - + + + ++ 

Pa-2 +++ - - - ++ ++ ++ ++ ++ 

Pa-3 +++ - - - - - + + + 

Pa-4 +++ - - - - ++ ++ ++ ++ 

Pa-5 +++ - - - - ++ ++ ++ ++ 

No of 

isolates 

Before 

treatment 

After treatment concentration (Zn-LC) 

128 64 32 16 8 4 2 1 

Sa-1 +++ - - - - - - ++ ++ 

Sa-2 +++ - - - - - - ++ + 

Sa-3 +++ - - - - - - ++ +++ 

Sa-4 +++ - - - - - - + + 

Sa-5 +++ - - - - - - ++ ++ 

Pa1 +++ - - - - - - + ++ 

Pa-2 +++ - - - - - - - + 

Pa-3 +++ - - - - - - ++ ++ 

Pa-4 +++ - - - - - - ++ ++ 

Pa-5 +++ - - - - - - +++ +++ 

No of 

isolates 

Before 

treatment 

After treatment concentration (Pt-LC) 

128 64 32 16 8 4 2 1 

Sa-1 +++ - - - - - - - ++ 

Sa-2 +++ - - - - - - - + 

Sa-3 +++ - - - - - - - + 

Sa-4 +++ - - - - - - - + 

Sa-5 +++ - - - - - - - ++ 

Pa1 +++ - - - - - - - + 

Pa-2 +++ - - - - - - - + 

Pa-3 +++ - - - - - - - ++ 

Pa-4 +++ - - - - - - - ++ 

Pa-5 +++ - - - - - - - ++ 
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Figure 4 : Before and after treatment with of synthetic compounds biofilm formation of clinical isolates of P. aeruginosa 

and S. aureus.     

The table (7), show antibacterial activity of Lc, Cu-Lc, Zn-Lc and Pt-Lc on selected bacteria 

 
Table (7): Antibacterial activity of Lc and complexes compounds 

Comp 

Minimum Inhibitory Concentration in  mg\ ml 

average of inhibition zone diameter (mm)                                                  

P.aeruginosa                     S.auerus 

Lc 8.15 9.12 

Cu-LC 10.4 10.7 

Pt-LC 10.6 11.2 

Zn-LC 11 11.8 

    MIC values were at concentration range, 32.64.128 mg\ ml 

 

4. DISCUSSION 

     We need to understand how biofilms are formed in order to be able to synthesize and develop materials 

that can effectively inhibit or kill microbial growth and form biofilms. Over the past centuries, the formation 

of primary biofilms and the process of microbial attachment have been extensively studied. Biofilms can be 

described as an adherent swarm of living microorganisms that are assembled into a self-generated 

extracellular polymer (EPS) matrix [26], which in turn poses a serious threat in the fight against biofilm-

related diseases as they build a barrier and protective layer that increases the resistance of encapsulated 

pathogens to antibiotics. Since bacterial strains contain cilia, extracellular DNA, binding proteins, flagella, 

and adhesive fibers [27].      This has led to the use of synthetic compounds of ligand and its copper complex 

to inhibit antibiofilm with 100% antibacterial activity against S. aureus and P. aeruginosa at concentrations 

16 and 32 mg/ml, respectively, shown in (Table 6), while the zinc complex was used to inhibit the anti-

biofilm activity against S.aureus and P. aeruginosa by 100% at 4 mg / ml, shown in (Table 6). A higher anti-

biofilm activity against S. aureus and P. aeruginosa was observed when using the platinum complex 

compared to the ligand used alone and by 100% at 2 mg / ml, shown in (Table 6 and Fig.4). Surface 

conditioning (formation of a film composed of inorganic and organic molecules and nutrients absorbed on 

the surface) is the stage preceding cell attachment and biofilm formation. Surface conditioning is vital for cell 

growth, creating a favorable environment for bacterial attachment and then promoting cell adhesion to 

surfaces, causing infection [28]. Therefore, the presence of ligands and their complexes in growth media is 

considered to be an unfavorable condition that prevents cell attachment or can reduce surface adhesion. 

Based on their importance and biological roles, metals can be divided into two main categories, the first is 
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biologically relevant micronutrients such as iron, zinc, manganese, and copper, and the second is toxic-heavy 

metals. Therefore, most excess metal ions show toxicity by multiple mechanisms, including membrane and 

protein damage and generation of reactive oxygen species leading to antibiotic activity [29]. The inhibition 

ability of the synthetic compounds to the growth of bacteria represented by certain selected species was 

tested. They showed different inhibition abilities due to genetic differences and cell wall structure. The 

results obtained in this study showed that the synthetic compounds had a high inhibitory effect against Gram-

positive bacteria (S.aureus) and a moderate inhibitory effect against Gram-negative bacteria (P.aeruginosa), 

where the inhibition rate of metal complexes was higher than that of the free ligand (Table 7). Researchers in 

previous studies, including Prakash et al. (2009) and Santhosh et al. (2010), obtained similar results, 

including high inhibition against Gram-positive bacteria compared to Gram-negative bacteria for compounds 

containing‎metal‎ ions,‎and‎ the‎results‎ showed‎a‎mild‎response‎at‎concentrations‎of‎50‎and‎100‎μg/ml.‎The‎

difference between G+ and G- bacteria is the chemical composition of the cell wall, as G+ bacteria contain 

fewer amino acids than G- bacteria and contain higher lipid content in G- bacteria than G+ bacteria. The cell 

wall in G+ bacteria is less complex than in G- bacteria, as the cell wall in G+ bacteria consists of two layers, 

which are the mucopeptide layer known as peptidoglycan and the second layer is composed of teichoic acid. 

As for the cell wall of G- bacteria, it consists of three layers, which are the mucopeptide layer known as 

peptidoglycan, a sugar lipid layer, and a protein lipid layer. The peptidoglycan layer of G- bacteria does not 

contain teichoic acid, but it does contain lipoproteins called mureins; these are important for linking the 

peptidoglycan layer to the outer envelope. The outer envelope contains lipopolysaccharides (LPS) that are 

important for causing heat in the host. The outer membrane contains porin proteins, which allow nutrients to 

enter, shown in (Table 7) [30]. 

5. CONCLUSION  

 This study summarizes the preparation of (LC) resulting from the reaction of the intermediate (P) 

with the selected aldehyde (benzene carbaldehyde) as a first step, then the metal complexes are synthase from 

the reaction of the synthesized ligand with the mentioned metal ions as a second step, followed by the 

identification of the synthesized compounds by several spectroscopic methods to prove the geometric shapes 

of the metal complexes and finally the implementation of medical biological applications including anti-

bacterial and anti-biofilm against specific bacterial strains S. aureus and P. aeruginosa, which clarified the 

possibility of using them in the future as therapeutic agents. 
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