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Abstract

The guanidine and imidazole derived moieties have gained significant attention in  nucleophilic organocatalysis, anion recognition, coordination 
and pharmaceutical chemistry. The present study was designed to understand the biochemical efficacy of the Cobalt (II)- 2- Guanidinobenzimidazole 
[Co (II)-2GBI] complex. For the purpose, we measured the Fe (II) chelation efficacy of the stated complex. Co (II)-2GBI exhibited significantly (p< 
0.005) higher potential at 10, 20 & 40 uM as compared with the standard, EDTA. Infact, 95% chelation was recorded at 50 ug/mL. One of the products 
of Fenton reaction is hydroxyl radical. Significant hydroxyl radical scavenging potential was noted. Infact 61% activity was the highest recorded at 
50μg/mL. It was further confirmed by DPPH scavenging potential, where the complex inhibited 85 % (DPPH) at 50 μg/mL. The IC50 values of the 
complex are 25.01, 29 and 40.63µg/mL against, Fe (II) chelation, DPPH and hydroxyl quenching assay. The presence of nitrogen containing moieties 
in complex may contribute towards the broad antioxidant potential. However, further molecular studies are needed to decode the exact biochemical 
mechanism of action.
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Introduction

Figure 1: Structure of 2-Guanidinobenzimidazole (2GBI) and Co (II)- 2GBI complex.
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Coordination compounds play a pivotal role in chemical and 
pharmaceutical industries [1]. 2-Guanidinobenzimdazole (2-GBI) 
has been extensively studied for its coordination complexes with 
transition metals ions [2]. The structure of 2-Guanidinobenzim-
dazole consists of guanidine and benzimidazole group. It is a poly 
functional planar molecule with a delocalized π system. It contains 
five nitrogen atoms that act as basic Centre and five labile N-H 
groups forming a planer structure with sp2 hybridization [3]. These 
metal complexes interact through the lone pair of nitrogen of imid-
azole and can replace one of the acidic N-H of the guanidine group. 
This compound can act both as a mono- or bidentate ligand to form  
 
strong complexes with transition metals [4]. The structure of 2-GBI 
is shown in the (Figure 1) Extensive literature has been reported on 
coordination complexes of 2 GBI with transition metals ions such 
as Zn (II), Cu (II), Mn (II), Ni (II), Cr (II), Fe (II), Co (II), Sn (IV). The 
characterization of all these metal complexes were confirmed by 
FT-IR, NMR, UV-Visible spectroscopy. The interaction of 2 GBI with 
metal ions occurs through donor nitrogen atoms of guanidine and 
imidazole moieties [5,6]. 

Benzimidazole with its many analogues plays a major role in a 
vast number of biological activities like antibacterial and antifun-
gal agents. They also play a major role in catalyzing the topologi-
cal reactions through the breakage of DNA or reunion mechanism 
using topoisomerase II enzyme. The benzimidazole molecule also 
showed strong lipophilic character which reveals its bioactive ef-
fect [7]. Guanidine plays a very crucial role in binding the transition 
state due to their non-covalent specific binding nature. Various nov-
el drugs were synthesized which acts at CNS, as antithrombotic, in-
hibitors of Na+/H+ exchangers and NO synthase [8,9]. 2GBI shows 
biological properties as a Na+ and K+ transport regulator in the 
apical membrane of the skin, reduces the gastric acid secretions, 
and serves as a hypoglycemiant and hypotensor. It also performed 
an important role in the activity of photosynthesis and can act as a 
mild uncoupler in photophosphorylation. 

Another important property of 2 GBI is that it can act as a stim-
ulator or inhibitor of different ions in the dermis of the body [10]. 
The molecules with odd number of electrons and high instability 
can be termed as free radicals. They are produced by a variety of 
cellular enzymes, non-enzymes and electron transport processes 
[11]. Mitochondria, endoplasmic reticulum, diamine oxidase, B5 
enzymes and cytochrome p450, proxisomes, phagocytic cells, xan-
thine oxidase, NADPH oxidase, lipoxygenases, cyclooxygenases and 
peroxisomal oxidase are some of the fundamental endogenous and/
or intrinsic sources of free radical production. The exogenous and/
or extrinsic sources includes but not limited to radiations (X-rays, 
UV light) transition metals, infection, smoking, ozone, heat, indus-
trial waste, cigarette smoke, therapeutic drugs and herbicides. Ex-
cessive production of free radical can cause oxidative stress which 
has been implicated in a variety of diseases like diabetes, cardio-

vascular disease, cancer, neurodegenerative disorders and other 
chronic conditions [12-14]. The role of metals and specially Iron 
(Fe) cannot be neglected in causing molecular damage. Fenton and 
Haber-Weiss reactions are reported to be involved in initiating 
oxidative stress, both of them cause production of radicals. Thera-
peutically, metal chelation or hydroxyl quenching may be of strong 
interest in the field of drug designing [12,13]. However, there is no 
literature data available of the 2GBI and its stated metal complex on 
the Fe (II) chelation. This led us to design the present project. For 
the purpose, the Fe (II) chelation ability of complex was performed. 
We also investigated the hydroxyl-radical scavenging ability of the 
stated complex. Furthermore, the radical scavenging potential of 
complex was also evaluated by DPPH method.

Material and Method 
Preparation of [Co (II) (2GBI)2Cl2] Complex

By using 1:2 ratio, the cobalt (II) complex with 2GBI was syn-
thesized. Briefly, in 30 mL ethanol, the solution of 2GBI was pre-
pared. A dehydrated cobalt (II) chloride (dehydration was carried 
out at a temperature of 120 ⁰C in electric oven for 3-4 hours) was 
added to the same solution. The mixture was stirred and heated for 
30 minutes. It was then kept aside until the formation of crystalline 
compound takes place (mostly for 1 to 2 days). The crystals were 
separated through filtration, washed with diethyl ether and dried 
[6].

Fe (II) Chelation Assay

The Fe (II) chelation ability of the compound was determined 
by the method of[15].The reaction was started by the addition of 
500 μM FeSO4 (150 μL) to a reaction media, which contained (168 
μL) 0.1 M Tris–HCl (pH 7.4), 218 μL saline. The volume of the tested 
compound was used in the region of 0-25μL. Total incubation time 
was 5 minutes, before the addition of 13 μL 0.25% 1, 10-phenanth-
roline (w/v).The net absorbance of the reaction was measured at 
510 nm in UV-Spectrophotometer[15]. 

OH, Radical Scavenging Ability

We also decoded the OH radical scavenging ability of the synthe-
sized complex. The principal idea was to inhibit Fe2+/H2O2-induced 
decomposition of deoxyribose. We used the method of Halliwell 
and Gutteridge (1989).We started the reaction by adding (0-100 
ul) of the complex to a mixture containing (120 μL) 20 mM deoxy-
ribose, (400μL) 0.1 M phosphate buffer, (40 μL) 20 mM hydrogen 
peroxide, and (40μL) 500 μM FeSO4. Total volume was 800μL with 
double distilled water. The reaction incubation time was 30 min 
and the temperature were 37°C. It was stopped by adding 0.5ml of 
2.8% trichloroacetic acid. Lastly, 0.4ml of 0.6% thiobarbituric acid 
(TBAR) was added to the solution. It was further incubated for 20 
min in boiling water. Data was recorded at 532 nm in a UV Spectro-
photometer. The following equation was used for percent inhibition 
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calculation [16].

Percent Inhibition= {(A0 –A1)/A0) *100}. 

DPPH Radical Scavenging Assay

The scavenging ability of the complex was performed against 
the DPPH• radical. [17] method was followed for the purpose. 100 
µM DPPH• was added to a reaction medium which contained differ-
ent concentrations of the complex. After 30 min incubation (37 ⁰C), 
the absorbance was measured at 518 nm against DPPH. This was 
the principal depiction of their scavenging ability. We used Ascorbic 
acid as a positive control. Infact, it was considered 100% of inhibi-
tion [17].

Statistical analysis

The data was analyzed by one-way analysis of variance (ANO-
VA), followed by tukey’s multiple comparison test or Bonferroni’s 
multiple comparison test, when appropriate. Differences between 

groups were considered significant when p <0.05. Detail descrip-
tive statistical analysis were performed, and graphics were created 
using Graph Pad Prisma 6.0.

Results

The current study reveals, for the first time, the ferrous ion 
chelating potential of CoII)-2GBI complex. The Fe (II) chelation 
assay was performed for serial concentrations (10 to 50 ug/mL) 
as shown in (Table 1). Its worthy to note that the complex exhibit-
ed significantly (p< 0.005) higher potential at each concentration 
as compared with EDTA, the standard. Precisely, at 30µg/mL the 
sample exhibited 60.56 % while the standard (EDTA) showed 55.99 
% chelation. Similarly, at higher concentrations of 40µg/mL and 
50µg/mL the Fe+2 chelation potential of the complex is 80.98% and 
95.23 % respectively. While, at same concentrations the standard 
EDTA presented 80.98% and 92.54 % chelation capacity. The high-
est potential was noted at 50 ug/mL, where almost 95 chelation 
was recorded. 25.01ug/mL was the IC50 of Co(II)-2GBI complex.

Table  1: Effect of different concentrations of EDTA, Vitamin C and Co (II)-2 GBI on Ferrous Ion-Chelation, Hydroxyl Radical & DPPH Scavenging 
Ability.  Asterisk (*) represent significant difference between different concentrations of standards and Co (II)-2GBI complex. Statistical difference 
(p < 0.05) was calculated by one-way ANOVA followed by Tukey’s multiple range test. Values (IC50) are expressed as mean ± S.E.M. (n = 5). 

Samples

Ferrous Ion-Chelating Assay % Chelation and Concentrations
IC50±SEM Values

10 μg/ml 20 μg/ml 30 μg/ml 40 μg/ml 50 μg/ml

EDTA 12.31* 33.65* 55.99 80.98* 92.54 25.37±6.28

Co (II) 2GBI 15.31 24.01 60.56 85.90 95.23 25.01 ±3.5

Hydroxyl Radical Scavenging Potential (% Inhibitions and Concentrations)

Vit-C 6.56* 17.98 25.78* 46.76 65.76* 43.97±4.63

Co (II) 2GBI 11.09 18.87 41.95 49.76 61.00 40.63±3.9

DPPH Scavenging Ability  (% Inhibitions and Concentrations)

Vit-C 12.00* 34.84* 48.00 76.00* 98.00* 31.01±5.03

Co (II) 2GBI 8.00 15.10 52.00 65.00 85.80 29.11±5.9

Our data (Table 1) showed that the complex has high DPPH 
scavenging potential. The IC50 was found to be 29 μg/mL. The 
highest data was recorded at 50 μg/mL, where 85 % inhibition was 
noted. Vit C was used as standard, which showed the highest po-
tential i.e. 98% at 50 μg/mL. Its IC50 was 31 μg/mL. However, the 
complex, presented modest hydroxyl radical scavenging potential. 
The highest i.e. 61% activity was recorded at 50 μg/mL, while the 
standard at same concentration shows 65.76 % scavenging activity 
as shown in (Figure 2). The IC50 for sample and standard (Vit C) 
were recorded at 40.63µg/mL and 43.97µg/mL respectively.

Discussion

There is considerable literature which confirms the presence of 
free iron in cytosol and mitochondria, which can initiate oxidative 
damage by increasing free radical production [13,14]. The Fenton 
reaction (given below) has been reported to be involved in the pro-
cess.

Fe2++ H2O2 → Fe3+ + OH −1 + OH●

The oxidation of Fe (II) to Fe (III) cannot be neglected which in 
the presence of oxygen molecule can generate superoxide radical 
as shown below.

Fe2+ + O2 → Fe3+ + O2
●−1

The generation of free radicals in above reactions may trig-
ger the lipid peroxidation, protein oxidation or carbonylation and 
DNA/RNA damage. Similarly, the iron toxicity has been reported to 
be involved in the cellular processes. The implication of iron che-
lation therapy for the management of Fe(II) associated oxidative 
stress, damage or toxicity cannot be neglected [13]. This compelled 
us to design the present study and we evaluated the iron chelation 
potential of the stated complex. The classical chelating agent i.e. 
EDTA was used as a primary standard. As shown in (Table 1), the 
complex has a higher capacity to chelate Fe(II). The values for the 
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Fe2+ chelating ranged from 15% to 95% at the concentration of 10 
to 50 ug/mL Divalent metals catalyzed oxidative damage has been 
implicated in the development of various neurological and infact 
a series of pathological disorders. Thus, the deleterious effects of 
Fe2+ or divalent atoms can be attenuated by simple chelation. As 
stated above that hydroxyl radical is one of the products of Fenton 
reactions. Scavengers may help to remove it from the system and 
may inhibit degradation of biomolecules (14). For the purpose, we 
performed the stated assay. The data i.e. hydroxyl radical (OH●) 
scavenging potential of Co (II) complex is presented in (Figure 2). 
The highest i.e. (61%) potential was recorded at 50 μg/mL, while 
IC50 was approximately 40 μg/mL. Furthermore, we confirmed the 
OH radical scavenging potential against DPPH radical. 

The DPPH method is a direct and reliable method for determin-
ing radical scavenging potential. The scavenging potential of the 
complex was decoded by estimating its electron donating ability to 
DPPH, which was experimentally confirmed by changes in absor-
bance at 517 nm. The efficacy of complex to scavenge DPPH, at all 
tested concentrations has been provided in the Table 1. The highest 
scavenging was observed at 50 ug/mL, where the complex scav-
enged 85 % radicals. The IC50 or 50% inhibition of DPPH radical 
was found to be 31 ug/mL. Vitamin C was used as the reference 
standard for this assay. This was also performed to supplement 
the hydroxyl radical potential of the Co (II) complex. DPPH and hy-
droxyl radical scavenging potential suggests that the complex has 
interesting potential for scavenging free radicals which may be able 
to prevent the initiation of free radical-mediated chain reactions. 
However further studies are needed to confirm this assumption. 
The DPPH and OH radical scavenging activity of the complex in-
creased with an increase in concentration. This was expressed in 
IC50.

The strong radical quenching potential can be attributed to the 
presence of amine substituent group in the molecule, which can ab-
stract electron from free radical. Literature revealed that constitu-
ent of 2GBI showed promising biological potential. Both guanidine 
and benzimidazole can be used as antiviral, antihelminthics, antidi-
abetic, anti-inflammatory agents and as antiparasitic drugs [7,9]. In 
the present report we are provided the Fe (II) chelation and radical 
scavenging potential of the stated complex. By a closer inspection 
of the 2- Guanidinobenzimidazole structure, it is apparent that it 
has delocalized π system and five labile N-H groups. It can act as a 
mono- or bidentate ligand to form strong complexes with transi-
tion metals. In other words, the interaction of 2 GBI with metal ions 
can occur through donor Nitrogen atoms of guanidine and imidaz-
ole moiety [4]. It is reported that the cobalt complex is a distorted 
octahedral assembly in 1:3 where the metal cation occupied the 
centre position and interact with the three ligands through three 
N atoms of guanidine and imidazole moiety of the ligand [18]. The 
interaction of two amine group (NH2) in 2 GBI and/or delocalized 
π system with Fe (II) cannot be neglected, which may play a role in 

chelation and/or radical scavenging.

Conclusion

Our results indicated that cobalt complex have significant DPPH 
and hydroxyl radical scavenging potential and ferrous ion chelating 
activity. The IC50 values showed by Co (II)-2GBI complex are statis-
tically higher than the standard chelator, EDTA and standard radical 
scavenger, Vitamin C. However, further investigations are required 

to explore its probable mechanism of action.
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