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ABSTRACT

Bioactivity of benzimidazoles and their metal complexes have been reported extensively since they
exhibit a wide range of biological properties. In the present study, the evaluation of the antioxidant
effect of 1, 3- bis (benzimidazolyl) benzene and its copper complex was studied by DPPH method. The
percentage of inhibition at 200-1000ug/ml concentration of 1, 3- benzimidazolyl benzene and its
Cu 2+ complex was compared with a standard phenol. The tested compounds were found to have less
antioxidant activity compared to the standard. The antibacterial effect of these compounds on gram-
positive bacteria, Staphylococcus aureus, Strptococus mutans and Enterococcus faecalis was studied
using Resazurin microtitre plate method. These bacteria are frequently found in dental caries, which
is one of the most prevalent and chronic dental diseases. The studied compounds showed an effective
antibacterial activity against all three bacteria. The highest activity was observed
against Streptococcus mutans and lowest activity was observed against Enterococcus faecalis.
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INTRODUCTION

Benzimidazoles are a group of heterocyclic, aromatic and bioactive organic compounds which exhibit
a wide range of biological properties. They are sometimes used as pharmaceutical targetsl.
Benzimidazoles are synthesized by the condensation of o-phenylenediamine and benzoic acids.
Benzimidazoles and their derivatives have a broad spectrum of therapeutic uses specifically as
antitumor, antifungal, antiparasitic, analgesics, anti-viral,anti-histamine,anti-ulcerative, anti-
inflammatory, antiproliferative, anti-allergic, anti- hypersensitivity, anthelmentic, anti-convulsant, anti-
diabetic and anti-inflammatory compounds. They are also used in treating cardiovascular diseases
and in neurology, endocrinology and ophthalmologyz'e. Since benzimidazoles and their metal
complexes are associated with clinical medicine and development of new drugs, several scientists
have synthesized and reported various derivatives of benzimadazoles for the pharmacological
applications7’8’9. Benzamidazole derivatives are structural isomers of naturally occurring nucleotides,
which allow them to interact freely with biopolymers of living systemslo. Hence, benzimidazoles, their
derivatives and metal complexes have been a subject of interest concerning their therapeutic
potential. Based on this, the present study was conducted to evaluate the antioxidant effect of 1, 3-
bis (benzimidazolyl) benzene and its copper complex by DDPH method. Their antibacterial effect on
gram-positive bacteria which are frequently found in dental caries is also studied by Resazurin micro
titer plate method and reported. Resazurin is a redox indicator used to assess
viability for antimicrobial activity* **. It is blue in colour and on reduction turns pink. A change in color
from blue to pink indicated the growth of bacteria. In the presence of an antibacterial compound the
wells of the plate remain blue. The Minimum Inhibitory Concentration (MIC) was estimated by using
various concentrations of the compounds [1,3-bis(benzimidazolyl)benzene and its copper complex] to
record the lowest concentration that inhibited the growth of bacteria after incubation for 24 h at 35-37
°C.
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MATERIALS AND METHODS

Preparation of Ligand and complex

Preparation of 1, 3-bis (benzimidazolyl) benzene

Isophthalic acid (0.05mM) was added to a mixture of o-phenylene diamine (0.1mM) in phosphoric acid
syrup and stirred for 4 hours in a sand bath at 240°C. The greenish blue melt obtained was poured
into cold water and subsequently neutralized with 10% sodium carbonate solution. The pink colour
solid separated was recrystallised from ethanol. The resultant white needles were checked for melting
point at 185°C*2,

NH,

H
/@\ + 2 [ I > \
HooC COOH NH, N

Preparation of Dichloro bis[1,3-bis (benzimidazolyl) benzene] dicopper (ll)

To a solution of 1, 3-bis (benzimidazolyl) benzene (1mM) in ethanol, ImM CuCl, was added. The
brown coloured compound instantaneously precipitated was allowed to remain for 1 hour at room
temperature and then washed with ethanol and dried in vacuum over P,Osg 1,

+ 2CuWCl, — >

Determination of antioxidant activity by DPPH method

The antioxidant activity of 1,3- bis (benzimidazolyl) benzene and its copper complex was assessed on
the basis of their radical scavenging effect on 2,2-diphenyl-1-picrylhydrazyl (DPPH) free
radical according to the standard method'. DPPH free radical accepts an electron from the
compounds to form a stable diamagnetic molecule. This ability of DPPH to undergo reduction by an
antioxidant is measured in terms of decrease in its absorbance at 517 nm. As DPPH radical reacts
with a suitable reducing agent, the odd electron becomes paired and the solution loses color from
purple to yellow stoichiometrically depending on the number of DPPH radicals that have undergone
reduction. The degree of discoloration indicates the scavenging potential of antioxidant compounds.
The lower absorbance of reaction mixture indicates higher free radical scavenging activity. Two
milliliters of various dilutions of the compounds were mixed with 5mL of 0.1mM methanolic DPPH
solution and incubated at 37°C for 30 min. The wavelength of maximum absorbance of DPPH was
measured at 517 nm using the spectrophotometer. The percentage of free radical scavenging activity
of each concentration was calculated according to the formula:

DPPH scavenged (%) =_(Acontrol= A test) X 100

Acontrol
Assays were performed in triplicate for each sample and at each concentration.

Determination of antibacterial activity by Resazurin microtiter plate method

The Gram-positive pathogens such as Staphylococcus aureus,
Stryptococus mutans and Enterococcus faecalis were obtained from Azyme Biosciences, Bangalore.
The antibacterial activity of 1, 3-bis (benzimidazolyl) benzene and its copper complex against these
pathogens was studied by Resazurin microtiter plate method.
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Resazurin microtitre plate preparation

Resazurin solution was prepared using 10g of Resazurin in one liter of deionized water as a stock
solution. It was saved and frozen at -20°C and diluted 1:10 in deionized water just before the
experiment. Bacterial culture was prepared with Staphylococcus aureus,
Strptococus mutans, and Enterococcus faecalis. The samples 1, 3 bis (benzimidazolyl) benzene and
its copper complex were prepared in serially diluted samples (1000, 500, 250, 125, 62.5, 31.25,
15.25, 7.81ug/ml). Lysogeny broth (LB), a nutrient-rich growth media primarily used for the
bacterial growth. The control wells were prepared with LB broth, Resazurin dye, and deionized water,
the wells turned blue in color. Blank wells were prepared with broth and water only which remained
colorless.

To all the wells of microtiter plate, 200ul of deionised water (to prevent the samples from
drying), 100uL of sterilized LB broth, 30uL of 0.1% Resazurin solution and 100ul each of serially
diluted samples (1000, 500, 250, 125, 62.5, 31.25, 15.25, 7.81ug/ml) was added. Finally, the 100pl
bacterial culture was inoculated into different wells. The plates were sealed and incubated for 24 hr at
37°C. After incubation, the activity of the samples was noted to see which samples inhibit the dye
reduction. The changing color was then assessed visually. When there was no growth of organisms
the wells remained blue. Whereas, when there was the positive growth of organisms, the color
changed to pink and orange. The Minimum inhibitory concentration (MIC) was estimated by using
various concentrations of the compounds 1, 3-bis (benzimidazolyl) benzene and its copper complex to
record the lowest concentration that inhibited the growth of bacteria after incubation for 24 h at 35-37
°C.

RESULTS AND DISCUSSIONS

Antioxidant activity of 1, 3- bis (benzimidazolyl) benzene and its copper complex

The free radical scavenging properties of benzimidazole and its complexes were measured using
DPPH, which is frequently used for the evaluation of the ant oxidation potential of various samples.
DPPH undergo reduction by an antioxidant, measured in terms of decrease in its absorbance at
517nm. As DPPH radicals react with a suitable reducing agent, the electron becomes paired and
color of the solution changes from purple to yellow. Table 1 shows the scavenging ability expressed
as a percentage of inhibition of DPPH radical. The antioxidant activity of samples investigation
showed a fall in absorbance indicating significant antioxidant activity in 1,3- bis (benzimidazolyl)
benzene, the ligand, and its Cu** complex. The highest percentage of DPPH radical scavenging
ability was 66% in Cu ** complex of 1, 3 -benzimidazole benzene. The results clearly indicate that the
ligand has less free radical scavenging potential of 46.6%. The percentage of inhibition at different
concentrations (200-1000ug/ml) of 1, 3-bis (benzimidazolyl) benzene and its Cu 2 complex were
compared with the standards Catechol (phenol), whereas, the tested samples were found to have
less antioxidant activity compared to standard which ranged from 34.06 to 92.0% in different
concentrations (Fig 1).

Table 1: Antioxidant activity of 1,3-bis (benzimidazolyl)
benzene, its Cu®* complex and standard
Percentage of inhibition (%)

Sl-No Samples 200 pg/ml 400 pg/ml 600 pg/ml 800 pg/ml 1000 pg/ml
1. L.3bis(benzimidazolyl 1.9 16.8 20.2 416 46.6
enzene
2. Cu” complex of the ligand 7.5 28.8 31.8 58.4 66.0
3. Standard (Catechol) 34.06 61.86 87.32 90.41 92.0

A possible mechanism behind the increased rate of radical scavenging of DPPH with the copper (Il)
complex is suggested. Copper (II) can be reduced to copper (I) by the ligand.

Cu™+L D>CuL™ > cu*+L"

followed by a reaction of the copper(l) with DPPH. Cu® + DPPH - diamagnetic complex.
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Fig. 1: Comparison of antioxidant activity of 1, 3-bis (benzimidazolyl) benzene, Cu
complex and standard in different concentrations

Antibacterial assay

The antibacterial activity was determined by Resazurin titer plate method and the results are
summarized in Table 2. Resazurin titer plate method has provided a potentially useful technique for
determining Maximum Inhibitory Concentration (MIC) of large numbers of test samples. MIC in
microbiology is the lowest concentration of antimicrobials that will inhibit the visible growth of
microorganisms after required incubation. MIC is important in diagnostic laboratories to confirm
resistance of microorganisms to an antimicrobial agent and also to monitor the activity of new
antimicrobial agent™®.

Resazurin is an active blue compound, has been potentially used for a novel antibacterial therapy
where the active bacterial cells reduce the non-fluorescent resazurin (blue) to the fluorescent
resorufin (pink) which can be further reduced to hydroresorufin*’*°.

The antibacterial potential of both 1, 3 -bis (benzimidazolyl) benzene and its copper complex were
evaluated according to their color change against Staphylococcus
aureus, Strptococus mutans, and Enterococcus faecalis. The results revealed that the studied
compounds showed an effective antibacterial activity against all three bacterial strains. The sample,
1,3-bis (benzimidazolyl) benzene was found to inhibit Enterococcus faecalis at a concentration of
1000 pg/ml and Streptococcus mutans was inhibited at the concentration of 500 pg/ml. Whereas,
1,3bis(benzimidazolyl) benzene did not inhibit the growth of Staphylococcus aureus up to the
concentration of 7.81ug/ml. Similarly, the effect of cu” complex of the benzimidazole was found to
inhibit the growth of Staphylococcus aureus and Enterococcus faecalis at the concentration of
1000pg/ml and Streptococcus mutans at the concentration of 250ug/ml (Fig 2). Among the two
compounds studied, the copper complex of the legend showed the highest degree of inhibition.

Table 2: Minimum Inhibition Concentration of
1, 3-bis (benzimidazolyl) benzene and its cu?* complex

Minimum Inhibition

Test Organism Concentration
Ligand Cu” complex
Staphylococcus aureus - 1000
Streptococcus mutans 500 250
Enterococcus faecalis 1000 1000
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Fig. 2: Resazurin micro titer plate with 1, 3-benzimidazolyl
benzene and its copper complex

CONCLUSION

Benzimidazole ring is an important pharmacophore in modern drug discovery and their derivatives are
a resource for medicinal research. According to the present study,

1, 3-bis (benzimidazolyl) benzene, the ligand and its cu* complex were found to have significant free
radical scavenging potential. The results of the antibacterial assay of these compounds against gram-
positive pathogens of oral cavity have proved their potential as antibacterial agents. The biological
properties of benzimidazole derivatives may be because they are similar to naturally occurring
nucleotides, which allow them to interact freely with biopolymers of living systems. Nevertheless, this
study attempted a comparison of antioxidant and antibacterial activity among the ligand and its
cu® complex. The cu® complex seems to be a more promising antioxidant and antimicrobial agent
than 1, 3-bis (benzimidazolyl) benzene, the ligand. The results of the study may support the
pharmaceuticals with the development of new antimicrobial and antioxidant drugs from both the
compounds.
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