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Abstract

The search for new derivatives of benzoimidazole with an active center that have a wide range of biological effects (antifungal, 
antiflammatory, antibacterial, antiviral, antitumor, antidiabetic, etc.) is the subject of modern pharmaceutical science.
To determine the mechanism of action of benzoimidazole, a search is underway for more. We have previously carried out the 
Ultrastructural characterization of various prokaryotes and protists, as well as the mechanism of action of antibiotics and 
chemical preparations on them. From a series of heterocyclic drugs, a drug with a wide spectrum of action was chosen as 
derivatives of benzimidazole and a model of a free-living unicellular eukaryote Endameba moshkovskii with a vegetative and 
cystic form.
The purpose of this work is the nature of the action of drugs of the benzimidazole series and in the ultrastructural visualization 
of the mechanism of action of benzimidazole using electron microscopic and electron-cytochemical methods on the model of 
polyxenic cultures of unicellular eukaryotes Entamoeba moshkovskii. We have established for the first time the excising effect 
of benzimidazole and the functional-ultrastructural mechanism of the action of benzimidazole on entameoba cells. As a result, 
the ultrastructural and functional morphology of benzimidazole action in the process of excysting entamoeba was established. 
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Introduction

It is known that various derivatives of heterocyclic 
compounds, including derivatives of benzimidazoles exhibit 
antimicrobial, protistocidal antifungal [1-5], cardioprotective, 
antitumor [6-9], activity and are used in practical medicine 
[10,11]. Among heterocyclic compounds of natural and 
synthetic origin, the benzimidazole ring is designated as 
a nucleus due to its presence in polyfunctional bioactive 
preparations [1-3], including vitamin B12 (Figure 1).

The use of plant growth regulators in agriculture, which 
include heterocyclic compounds (benzimidazole derivatives), 
which have a certain effect on unicellular organisms of free-
living protists living in soil and water bodies. To determine 

the mechanism of action of benzimidazole, a search is 
underway for more economical and at the same time adequate 
models. We have previously studied the ultrastructural 
characteristics of various prokaryotes and protists, as well 
as the mechanism of action of antibiotics and chemotherapy 
drugs on them [4,13].

From a series of heterocyclic drugs, a drug with a broad 
spectrum of action and a model of a free-living unicellular 
eukaryote Entamoeba moshkovskii with vegetative and 
cystic forms were selected as derivatives of benzoimidazole. 
The aim of this work is to elucidate the nature of the action 
of drugs of the benzimidazole series and in ultrastructural 
visualization of the mechanism of action of benzimidazole 
using electron microscopic and cytochemical methods on 
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the model of polyxenic cultures of single-celled eukaryotes 
Entamoeba moshkovskii. As a result, the ultrastructural 
and functional morphology of benzimidazole action in the 
process of excysting entamoeba was established.

Figure 1: Vitamin B12. 

Material and Methods

Experimental part

The Entamoeba culture was used as a model of a single-
celled eukaryote. Moshkovskii Chalaya “Yer” isolated from 
urban wastewater [12]. During cultivation, we used Pavlov’s 
single-phase medium at 250C. To determine the excising 
effect of various doses of benzimidazole, 10 samples of an 
11-day-old culture of Entamoeba moshkovskii, where cystic 
forms of entamoeba prevailed, were used. The results of 
the study were evaluated in vitro under light and electron 
microscopy. For biometric measurements under a light 
microscope, an AT-9 oculare micrometer (MOV-15x) was 
used.

Electron Microscopic and Cytochemical Parts

Biological samples for electron microscopy were fixed 
with 2.5% glutaraldehyde in 0.1M cacodylate buffer at pH 7.4 
for 2hours. After washing three times in cacodylate buffer, 
postfixation was carried out with 1% osmium tetroxide in 
0.1M cacodylate buffer at pH 7.4 for 1hour. After washing 
in the same buffer, biological samples were dehydrated 
in ethanol and acetone with an increasing concentration, 
then they were impregnated with a mixture of araldite [13]. 
After that, the samples were polymerized in a thermostat 
and ultrathin sections were obtained in an ultramicrotome 
(Reichert-Jung, Austria). Ultrathin sections were stained 
with 3% aqueous uranyl acetate and lead citrate. Microscopic 
examination was carried out on a Tesla-500 (Czech Republic) 
or JEOL-100 CX (Japan) transmission electron microscope 
(TEM). Determination of the localization of adenylae cyclase 
in entameb cells was performed according to the method 
proposed by Gayer G, et al. [14]; Reik J, et al. [15]. 

Results and Discussion

Our studies have shown that different concentrations of 
benzimidazole induce inappropriate cellular responses to 
Ent. moshkovskii. The benzylimidazole reaction is cytotoxic 
for entamoeba, which is manifested by immobilization of 
entameb and in the absence of pseudopodia. Determination 
of the amoebicidal concentration for an 11-day culture of 
18 mg/ml Ent. moshkovskii showed where cystic resistant 
forms of entamoeba prevail Figure 2, Under the influence 
of benzimidazole at 4.7mg/ml on an 11-day culture of 
Entamoeba, there is a massive excretion of entamoeba cysts 
with the formation of giant vegetative forms exceeding the 
usual vegetative cells in (Figure 3).

Figure 1: TEM. Vegetative form of Ent. moshkovskii. Scale 
bar: 1.0µm.

Figure 2: TEM. The cyst of Ent. moshkovskii. Scale bar: 
1.0µm. 

Figure 3: TEM. Excystation of Ent. moshkovskii. After 
effect of benzimidazole. Polynucleus cells vegetative form 
of Ent. moshkovskii. Scal bar: 1.0µ. 
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The aim of this work is ultrastructural visualization 
using electron microscopic and cytochemical methods of the 
action of benzimidazole on the model of polyxenic cultures of 
the unicellular eukaryote Entamoeba moshkovskii.

Earlier, in the search for effective anti-amebic drugs, we 
studied the comparative protistocidal action of etiotropic, 
as well as sought-after anticancer drugs from the group of 
imidazoles, on entamoeba (Tables 1 & 2).

Appellation 
preparations Entamoeba moshkovskii t

Metronidazol 0.6±0.03 9.02±0.01 10.12

Table 1: Example t indicator explained in composition with 
the action of metronidazole on Ent. moshkovskii: 9.02±0.01; 
t-10,12.
Note: t index is calculated in comparison with the effect of 
metronidazole on Ent. moshkovskii.

Name of Preparates Solution Name of the drug Solvent Minimum inhibitory Concentration
F-5469 Water .>100

CL-5650 Dimethyl Sulfoxside 75
Br-5651 Dimethyl Sulfoxside 75

4-NO2.5658 Dimethyl Sulfoxside 41.5
3-NO2.5653 Water .>100

NH2 Water .>100

Table 2: The action of new drugs from the imidazole group on Ent. Moshkovskii.

The aim of this work is ultrastructural visualization 
using electron microscopic and cytochemical methods of the 
action of benzimidazole on the model of polyxenic cultures of 
the unicellular eukaryote Entamoeba moshkovskii.

According to some authors, the mechanism of 
benzimidazole action on eukaryotes is associated with a 
change in the permeability of the cytoplasmic membrane 
of cells, during which the proton pump is activated, which 
leads to an increase in cell volume [16-18]. On the one hand, 
benzimidazole affects the process of gene transcription 
and telomere preservation through an indirect effect on 
telomerase [19]. On the other hand, benzimidazole acts on 
the activation of adenylate cyclase, the location of which 
has been identified in the plasma membrane of entamoeba 
(Figures 4a-c). 

Figure 4a: TEM. Citochemistry reaction of adenilatcyclasa 
to plasmatic membrane of cell Ent. moshkovskii. Scale bar: 
0.5µm.

Figure 4b: TEM. Citochemistry reaction of adenilatcyclasa 
under plasmatic membrane of Ent. moshkovskii. Scale bar: 
0.5µm.

Figure 4C: TEM. Reaction of adenilatcyclase in the 
citoplasmatic vacuole of Ent. moshkovskii. Scale bar: 
0.5µm.

In our opinion, the molecular mechanism of 
benzimidazole action through the activation of adenyl 
cyclase, the detection of an electron- dense sediment under 
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the plasma membrane and in the cytoplasmic vacuole, 
identified using a cytochemical reaction, indicates its role in 
cell excretion.

Conclusion

Studies have shown the mechanism of the excystic action 
of low concentrations of benzimidazole on cysts of an 11-day 
culture of Ent. moshkovskii. Ultrastructural localization of 
adenylcyclase enzymatic activity in the plasma membrane 
of the entamoeba cell has been established. Taking into 
account the obtained data, it seems promising to continue 
a comparative study of the properties of etiotropic and 
antitumor drugs on simple economical models of unicellular 
eukaryotic cells.
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