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fungal strains.

1. Introduction

The search for new antimicrobial agents is an important line of research because of the resistance acquired by
several pathogenic microorganisms [1], which cause damage to human health [2], exhibit drug resistance due to
inadequate use of antibiotics [3]. Thus, there is a need for the discovery of new substances. The field of
bioactive coordination chemistry, which deals with the study of role of metal complexes in biological systems
during the past decades, much attention has been given to the synthesis of new metal complexes and the
evaluation of these agents for antibacterial activity [4, 5]. Metal ions are required for many critical functions in
the Biological periodic system. [6] Metal complexes or coordination complexes; have been widely used in
medicine [7] and pharmaceutical fields [8] because of their broad bioactivities of antibacterial, antifungal [9,
10]. They have been evaluated against several pathogenic fungi and bacteria with promising results. Some of the
recent studies have shown that metal complexes are reported to possess antitumor [11], antiviral [12], they are
also used in the treatment for diabetes [13] and anti-HIV [14]. Some metals complexes have been used as drugs
[15] and diagnostic agents [16] to treat a variety of diseases and conditions [17]. The importance of metal ions
in biological systems is well known. One of the most interesting features of metal coordinated systems is the
concerted spatial arrangement of the ligands around the metal ion [18].

In the recent years quaternary ammonium compounds (QAC) have received much attention because of
many uses for a variety of clinical purposes [19]. They have been extensively employed as antimicrobial [20],
antifungal [21], antimalarial [22], disinfectants [23], biocides, insecticidal [24], herbicidal [25], muscle relaxants
[26] anti-inflammatory [27], cytotoxicity [28]. Metal complexes with ligands containing quaternary ammonium
moieties have interesting properties due to their diverse multifunctional groups. Thus, the development of this
compound is now attracting the attention of medicinal chemists. In the literature, there are few reports
concerning biological properties of metal complexes containing QAC. In view of the previous rationale and as a
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part of continuation of our extensive research program aimed at the discovery of novel bioactive compounds,
the aim of this study was to determine the antioxidant and antimicrobial properties of new ligand and its metal
complexes of Cu (II), Fe (1II), and Co (II) and we summarize our results.

2. Material and Methods

2.1.1 Tested compounds

The tested compounds were synthesized and confirmed by spectral data by our group [29]. Chemical structures
of free ligand and its metal complexes are shown in (Figure 1).
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Figure 1: Chemical structures of the ligand and its metal complexes.

2.1.2 Antioxidant activity

The free radical scavenging activity of the tested compounds was studied in vitro by 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay method [30], methanolic solution of each tested compounds having different
concentrations (0.12, 0.24, 0.48, 0.79, 1.49, 3.89 and 7.79 mg/ ml) was mixed with DPPH methanol solution.
The mixture was shaken vigorously and allowed to stand at room temperature in the dark for 30 min. then;
absorbance was measured at 517 nm. by using spectrophotometer. L-Ascorbic acid were used as positive
controls. The radical scavenging activities were expressed as the inhibition percentage and were calculated
using the formula:

Radical scavenging activity (%) = [(Ac-As)/Ac) x 100]

Where Ac is absorbance of the control (without compound) and As is absorbance of the tested compounds. The
IC50 parameter, which represents the concentration of the material in question necessary to inhibit 50% of free
radicals. Thus, a lower IC50 value indicates a greater ability to neutralize free radicals. The radical scavenging
activities of the tested compounds are summarized in Table 1.

Table 1: Antioxidant activity of the tested compounds

Compounds DPPH scavenging activity IC50 Value
Concentration (mg/ ml) and % inhibition (mg/ ml)
[C] (mg/ml) 012 024 048 0.79 149 389 7.79
HL 413 2545 3438 39.00 46.77 5090 5537 5.13
CuL, 13.11 50  56.66 62.11 6422 68.88 77.66 0.84
CoL, 1206 27.1 36.03 4231 50.08 5338 54.04 4.95
FeL; 3.11 4755 5488 61.88 63.66 66.88 76.66 1.43

As indicated in table 1, the percentage inhibition of the free radical appears to increase with increasing
concentration. Metal complexes CuL, and FeL; exhibited the highest antioxidant activity of 77.66 at 76.66 %,
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with the /C50 value of 0.84 and 1.43 mg/ml. Other moderately active compounds of the ligand HL. and metal
complexes CoL, showed the /C50 values of 5.13 and 4.95 mg/ml, respectively.

2.1.3 Microorganisms used

Antimicrobial activities of free ligand and its metal complexes were tested against twelve microorganisms,
including six strains of bacteria: Enterococcus faecalis ATCC 49452, Bacillus subtilis ATCC 6633, Bacillus
cereus ATCC 11778, Escherichia coli ATCC 25933, Campylobactr fetus ATCC 27374 and Enterobacter
cloacae ATCC 13047, the anti-yeast activities were tested against two registered yeast species, Candida
albicans ATCC 10231 and Candida albicans 1PP444. For antifungal activity four species were selected,
Aspergillus niger, Alternaria alternata, Rhizopus stolinifer and Aspergillus flavus. All the microorganisms were
obtained from the culture collection of the Laboratory of Biotoxicology, Pharmacognosy and Biological
recovery of plants, Department of Biology, Faculty of Sciences, University of Saida Dr Moulay Taher, Algeria.

2.1.4 Antibacterial activity

The antibacterial activities of the tested compounds were screened for in vitro antimicrobial activity by
measuring the Minimum Inhibitory concentrations (MIC) and the minimum bactericidal concentration (MBC)
which give the lowest concentrations of compound inhibiting visible growth, according to the broth
macrodilution method [31]. Three Gram-positive and three Gram-negative bacteria. A solution of the activated
bacterial strain was made in sterile normal saline, the turbidity was adjusted using 0.5 McFarland standards. The
tested compounds were dissolved in dimethyl sulfoxide (DMSO) to get various concentrations. A series of
dilutions of each tested compound in the range concentration of 10, 5, 2.5, 1.5, 0.625, 0.3125, 0.156, 0.078, and
0.039 mg/ml were prepared. Fresh cultures of bacteria obtained by inoculating bacteria in Muller-Hinton broth.

The plates were incubated at 37°C for 24 hours. Test was repeated twice and the average values of MIC and
MBC results are presented in table 2.

Table 2: Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the tested
compounds

values of MIC/MBC (mg/ml)

Gram positive bacteria Gram negative bacteria
Enterococcus Bacillus Bacillus Escherichia coli Campylobactr Enterobacter
Compounds faecalis subtilis cereus ATCC 25933 fetus cloacae
ATCC 49452 ATCC 6633 ATCC 11778 ATCC 27374 ATCC 13047
MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
HL ND ND ND ND ND ND ND ND ND ND ND ND
CuL, 0.625 1.5 10 ND 5 10 ND ND ND ND ND ND
CoL, 0.625 2.5 0.312 5 1.5 5 2.5 5 2.5 5 10 ND
Fel, 10 ND 10 ND ND ND ND ND ND ND ND ND

Samples with CMI>10 mg /ml were considered not determined (ND)

The tested compounds exhibited variable antibacterial activity against the above tested bacterial strains. The
results of the minimum inhibitory concentration and minimum bactericidal concentration of tested compounds
showed that varying antibacterial activity against tested bacterial. Compounds CoL, exhibited very good
antibacterial activity against all tested bacteria, metal complexes of CulL, exhibited promising antibacterial
activities against Gram positive bacteria, FeL; showed moderate antibacterial activity against Enterococcus
faecalis and Bacillus subtilis.

2.1.5 Antifungal activity

The antifungal activities were tested by the reported method[32], all metal complexes and free ligand were
studied against four fungal cultures, the compounds were dissolved in dimethyl sulfoxide and tested at a
concentration of 0.25, 0.5, 1.25 and 2.5 mg/ml, and mixed with 20 ml of sterile potato dextrose agar medium
(P.D.A), the mixture was transferred to sterile Petri dishes of 9 cm diameter and allowed to solidify, then 0,6 cm
disc of 3-7 day-old culture of the test fungi were placed at the center of the petriplates and incubated at 28 + 4°C
for 7 days, three replicates were conducted; the antifungal index was calculated as follows:
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Antifungal index (%) = (1-Da/Db) x 100

Da: Area of mycelial colony grown with oil sample.
Db: Area of mycelial colony grown in control.

The values of Antifungal index results are presented in table 3.

Table 3: Antifungal index of the tested compounds

Antifungal index (%) of the tested compounds

compounds A.niger A.alternata R.stolinifer A.flavus
Concentration
(mg/ml)
025 05 125 25 025 05 125 25 025 05 125 25 025 05 125 25
HL 83 566 733 783 272 545 63.6 69 10 162 306 516 22 40 50 60
Cul, 55 62 65 816 45 581 60 62 6.6 0 111 166 9 11 18 32
CoL, 83 75 816 883 40 454 545 53 225 287 431 775 42 60 70 84
FeL; 70 83 8 883 64 690 73 84 25 38 59 66 55 61 79 87

The results of the in vitro antifungal activity of compounds showed that metal complex compound FeL; and
ColL, displayed good activity against all tested fungi at high concentration, while compound Cu L, showed
moderate activity against R.stolinifer and A.flavus, the ligand HL displayed good activity against A.niger,
A.alternata and moderate against R.stolinifer, A.flavus.

2.1.6 Anti-yeast activities

The yeast cultures used in these studies are Candida albicans ATCC 10231, Candida albicans 1P 444, They are
maintained into sterile Sabouraud dextrose liquid medium. The inoculum was prepared in saline solution. Its
turbidity was adjusted in accordance with McFarland scale (0.5), which was equivalent to the absorbance of
0.08- 0.10 at 625 nm corresponding to 5 x 10° CFU/ml. Tests were performed in triplicate and plates were
incubated at room temperature for 2-7days. A Reference method for broth dilution antifungal susceptibility
testing of yeasts was used to determine minimal inhibitory concentration (MIC) and minimum fungicidal
concentration (MFC). Test was performed twice and average values of MIC and MFC are shown in Table 4.

Table 4: Minimum inhibitory and fungicidal concentrations of

Species of yeast
Compounds Candida albicans ATCC 10231 Candida albicans 1P 444
MICmg/ml MFCmg/ml MIC mg/ml MFC mg/ml

HL 2.5 2.5 5 5
CuL, 10 10 10 10
CoL, 5 5 1.5 5
FeL; 2.5 5 5 10

From Table 4 it is found that the ligand and all the metal complexes exhibited very significant Anti-yeast
activity, the most active compound CoL, with lowest MIC against Candida albicans 1P 444. The copper
complex was moderately active for species of yeast, the ligand exhibited good activity against Candida
albicans.

Conclusion

We have reported the biological activity of new non-natural amino acid used as ligand and its metal complex of
Cu(Ill), Co(Il), Fe(Ill), The result of in vitro antimicrobial activity study indicated that all the compounds
showed significant activity against several Gram positive, Gram negative bacteria and fungi strains. The results
of antioxidant activity indicate higher free radical scavenging activity of metal complexes. These results make
metal complex with non natural amino acids bearing quaternary amino groups interesting lead molecules for
further synthetic and biological evaluation.
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