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Abstract

In this paper, we present experimental findings on the protective effect of some bis-
* Corresponding author:  benzimidazole molecules against oxidative (H.02) and nitrosative (SNP) stress using
amine.ouaket@gmail.mcom the protozoan T. thermophila as a cellular model. The results of this article show that
Received 17 May 2020, the molecules 2,2’-Benzendiyl-1,4-Bis-(5-amino-1H-benzimidazole) and 2,2’-
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Accepted 01 May 2021 against stress important than the molecule 2,2°-Benzendiyl-1,4-Bis-(1H-

benzimidazole).
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1. Introduction

In our research on the synthesis of substituted and unsubstituted bis-benzimidazoles [1], our research group is
interested in studying the biological activity of these molecules [2]. Benzimidazole and its derivatives are one of the
most bioactive heterocyclic compounds, owing to an important position in different research fields such as medicinal
chemistry. They are well known as pharmacophores due to their privileged structure. Benzimidazole nuclei have been
commonly used as preferred scaffolds for the development of therapeutic molecules of pharmaceutical or biological
interest [3], several of the studies show that this type of molecule has antihemic activities [4], anti-HIV [5],
anticonvulsant [6], anti-inflammatory [7], antihepatic [8], antineoplastic [9], antiulcer [10], and antioxidants [11].
Nowadays the antioxidants value of these aromatic compounds attracted the interest of the scientific community due to
their ability to reduce the risk of chronic diseases such as cancer and heart disease [12]. There are several methods of
evaluating antioxidant activity among these methods 1,1-diphenyl-2-picrylhydrazyl, superoxide scavenging, reducing
power, nitric  oxide scavenging, 2,2-azino-bis(3-ethylbenzothiazoline-6-sulfonate), hydroxyl radical, and ferric
reducing antioxidant power [13]. In this study, we have chosen the protozoan T. thermophila as a cell model for the in-
vivo antioxidant activity. T. thermophila is one of the well-studied phylum of the eukaryotic kingdom, due to its
diversity and biological parameters including its hormonal system similar to the human system, it can be easily
cultured in different axenic medium and in small volumes. Indeed that Tetrahymena is considered as an ideal tool to
discuss many cellular processes such as sexual reproduction, oxidative stress, and toxicity of many xenobiotic [14,15].
In this article, we have evaluated for the first time the protective effect (in-vivo) of molecules A, B, and C (Figure 1)
on the protozoan T. thermophila, against both types of oxidative stress by hydrogen peroxide (H20-) and nitrosative by
sodium nitroprusside (SNP) according to the method reported previously in literature of Addoum et al. [16]. The
measurement of the antiradical activity has been tested for these molecules [2], and we have shown that the two
molecules B and C have a significant antioxidant activity which exceeds 46% as regards the percentage of DPPH
inhibition, whereas the A molecule has a very low DPPH antioxidant effect that does not exceed 7%.

2. Materials and Methods

2.1. General synthesis procedure
The molecules A, B, and C mentioned in the following Figure 1 were carried out according to the experimental
methods described previously [1].
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Figure 1: Semi-developed formula of molecules A, B, and C

2.2. Protozoa and culture conditions

To evaluate the in-vivo antioxidant activity of our bis-benzimidazole derivatives, we used protozoa T. thermophila
grown in PPYE at 32°C for 72h. This liquid medium (PPYE) is composed by 1.5% (w/v) of the Trypton USP and
0.25% (w/v) of yeast extract [16], after sterilization of the culture medium we transplanted the protozoan and we
incubated it as shown in Figure 2.
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Figure 2: Microscopy images of T. thermophile (objective x 10)
2.3. Kinetics of Tetrahymena growth

To monitor the growth of T. thermophila, we measured absorbance at 600 nm using the UV-Visible
spectrophotometer.
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2.4. Microscopic observation

In order to study the morphology and mobility of T. thermophila, a 1mL aliquot was removed immediately, and the
samples were fixed with buffered neutral formol, prepared at 2% in phosphate-buffered saline: PBS [16], then 6uL of
suspensions were taken to perform the visualization under the light microscope: A. KRUSS Optronic optical
microscope (objective x 10). All experiments presented were performed at least in duplicate or more.

2.5. Stress conditions

To evaluate the effects of SNP and H;O, on the growth of T. thermophila, Erlenmeyer flasks containing PPYE
medium are inoculated with 1% (v/v) of protozoal T. thermophila, while cultures were supplemented with ICso (the
half maximal inhibitory concentration) stressors after 24 hours of cell growth. Protozoan growth was then monitored
by sterile sampling every 24h and T. thermophila absorbance was measured at 600nm for 120h. Simultaneously, a
negative control was prepared in the same stress-free state in order to follow the normal growth of T. thermophila. The
ICso used in this experiment are determined in Table 1.

Table 1: The concentration of H,O, and SNP used to induce stress [17]

ICso
H.0, SNP
0,4 mM 1,8mM

3. Results

3.1. Toxicity of molecules and determination of the MIC

From the stock solution (2mg/mL), dilutions were made to obtain solutions of concentrations 400, 300, 200 and
100pug/mL. The toxicity evaluation of our molecules (A, B and C) during 120h on T. thermophila, show that the form,
the mobility and the number of protozoa remain normal like the control (Oug / mL) by using the concentrations 100,
200 and 300ug/mL, while above 400ug/mL the number of protozoa decreased and high mobility with different forms
(pear shapes and elongated forms) was observed. The MIC (minimum inhibitory concentration) was the lowest
concentration showing no turbidity after 72 hours incubation of our protozoan [18]. The non-toxic (non-lethal)
concentration of our bis-benzimidazole was the concentration that did not affect the growth and shape and mobility of
the cells. Therefore, the three molecules have no negative effects on the protozoa (no toxicity) as long as the
concentration is less than 300ug/mL (Table 2). In order to work with optimal conditions, the test was carried out using

a concentration of 100ug/mL.

Table 2: Toxicity evaluation of molecules on T. thermophila

Concentrations used

2mg/mL
Compounds (Mother 400ug 300ug/ 200ug/ 100pg/ Contro
. mL mL mL I (Opg/mL)
Solution)
A + + ++ ++ +++
B + + ++ ++ +++ +++
C + + ++ ++ +++
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2.2. Kinetics growth of T. thermophila
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Figure 3: Growth curve of T. thermophile (TT) in the presence of molecule A and H-0- (H)
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Figure 4: Growth curve of T. thermophila (TT) in the presence of molecule A and SNP
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Figure 5: Growth curve of T. thermophila (TT) in the presence of molecule B and H.0- (H)
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Figure 6: Growth curve of T. thermophila (TT) in the presence of molecule B and SNP
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Figure 7: Growth curve of T. thermophila (TT) in the presence of molecule C and H;0- (H)
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Figure 8: Growth curve of T. thermophila (TT) in the presence of molecule C and SNP

According to the figures Figure 3Figure 8, we notice that oxidative stress with hydrogen peroxide (H.0.) and
nitrosative with sodium nitroprusside (SNP) negative influence on the growth of T. themophila (TT and TT+H and
TT+SNP), which corroborate with several works including the studies of Errafiy et al. [19]. The result shows clearly
that both stressors (H20. and SNP) completely inhibited the growth of T. thermophila. The presence of molecules B
(Figure 5 and Figure 6) and C (Figure 7 and Figure 8) in the culture media exposed to two types of stress protects the
protozoan T. themophila against the two types of stress because we found that the growth of T. thermophila is
comparable to control (TT). By screening the protective effect of molecule A against stress, we noticed from the
growth curves of the protozoan T. thermophila that this molecule (A) is unable to protect the protozoan against
oxidative stress by H,O (Figure 3) and we can notice that the curves TT+H and TT+H+A are superimposed after a
time of 96h. While the same molecule protects the protozoan against nitrosative stress by SNP (Figure 4) but remains
low compared to other molecules B and C.

2.3. Cell enumeration of T. Thermophila
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Figure 9: Cell number de T. thermophila (TT) in the presence of the molecule A and H,O; (H)
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Figure 10: Cell number de T. thermophila (TT) in the presence of the molecule A and SNP
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Figure 11: Cell number de T. thermophila (TT) in the presence of the molecule B and H,O, (H)
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Figure 12: Cell number de T. thermophila (TT) in the presence of the molecule B and SNP
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Figure 13: Cell number de T. thermophila (TT) in the presence of the molecule C and H,O; (H)
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Figure 14: Cell number de T. thermophila (TT) in the presence of the molecule C and SNP

The counting of cells number (Figure Figure 9-Figure 14) confirmed the growth results of T. thermophila reported
previously in Figure Figure 3-Figure 8. The analysis of different growth phase of Tetrahymena especially from the
second phase 72h (exponential phase), we find that the B and C molecules have a protective effect against both types
of stress: oxidative and nitrosative, more important than the molecule A, and we can clearly see this result in the
stationary phase (96h).

2.4. Morphology and mobility of T. thermophile
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The results of the morphological studies summarized in Table 3 show that the mobility and form of this ciliate -T.
thermophila- exposed to different stressors are affected, we noticed the presence of elongated forms and conjugations
with cellular debris. The mobility is very low in this experimental condition. Accordingly, the same observation is
recorded when the PPYE medium is supplemented with the derivative A which demonstrated once again that this
molecule hasn't a protective effect especially against oxidative stress.

Table 3: Morphology and mobility of T. thermophila

Mobility Morphology

TT Fast Normal

TT+H Slow Rounded shape and form of conjugations
TT+SNP Slow Shape shrinks and cellular debris
TT+H+B Fast Normal

TT+H+A Slow Rounded shape and form of conjugations
TT+H+C Fast Normal

TT+SNP+B Fast Normal

TT+SNP+A Fast Normal

TT+SNP+C Fast Normal

TT+B Fast Normal

TT+A Fast Normal

TT+C Fast Normal

4. Discussion

Nowadays the medicinal and pharmacological studies classified the benzimidazole molecules as bioactive molecules
with a wide range of biological activities [4-11] related to the presence of a bioactive nucleus which is a constituent of
vitamin B12. As continuity to our previous study on bis-benzimidazole [2], the purpose of the current study is the
evaluation of the protective effect of the bis-benzimidazole molecules. The results of the toxicity show that our bis-
benzimidazole don’t have a toxic effect on the cells according to the concentration used (Table 2), for that we chose a
minimum inhibitory concentration (MIC) of 100 pg/ml which does not influence our protozoan in terms of mobility,
growth, and form. The ongoing results confirmed once again that stressors (H.O, and SNP) induce changes in
physiological parameters in our T. thermophila, such as growth, shape, and cell mobility. These results confirm the
results found by Errafiy et al. [19], Mar et al. [18] and Addoum et al. [16], they demonstrated that stressors SNP and
H.O, have negatively influenced the growth of T. thermophila cells. In the framework of classifying the molecules
according to their protective behavior, the molecule C takes the first position in the protection level against both types
of stress, then the molecule B is the second one, whereas the molecule A has a weak effect for the protective effect
especially against oxidative stress. The biological potential of these molecules can be explained by the semi-developed
forms (chemical formulas) of molecule A, B, and C (Figure 1). As the semi-developed formula of the molecule A
shows that this bis-benzimidazole molecule has no substitution at the benzimidazole group level. For the second bis-
benzimidazole molecule B is substituted by the amine group in the 5(6) position benzimidazole while the molecule C
which is electron-rich compound is substituted in the 5(6) position of benzimidazole by the quinoline molecule, this is
a well-known bioactive molecule (quinoline) among the N-heterocycles and displayed wide roles in the
pharmaceutical and agrochemical industries. Accordingly, compounds B and C contain a large number of nitrogen

atoms in their formula, since the presence of nitrogen in an organic molecule, in general, confers a significant
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biological activity such as metronidazole [20], nitrazepam [21], chloramphenicol [22], etc. The in-vivo results reported
herein are in harmony with the results in-vitro published previously, such as the molecules that have antioxidant
activity in vitro also have a protective effect in-vivo.

5. Conclusion

The purpose of this study is to assess and compare the effectiveness of the protective effect in benzimidazoles
molecules against oxidative and nitrosative stresses. The results presented in this article showed that the synthesized
benzimidazole derivatives have remarkable antioxidant activity. Especially the derivative substituted with quinoline
whereas their effects on various antioxidants enzymes should be studied and discussed to underlying their cellular
mechanism of action.
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