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Abstract. Background. Intestinal parasites are among the most important infectious agents with an impact on human 

health. Indeed, in the lack of an available treatment option, these parasites could constitute a real health problem 

in the population. In the present study, we investigated for the first time the effect of a novel synthetic heterocyclic 

((C15H12N5OCL)2-(benzo(d)(1,2,3)triazol-1-yl)-N-benzylideneacetohydrazine) compound on two intestinal parasites 

(Entamoeba histolytica and Giardia lamblia). Methods. The parasite isolates tested were collected from outpatients at 

the General Pediatric Hospital in Kirkuk, Iraq, between September 2019 and January 2020. Thus, we studied the in vivo 

and in vitro pharmaceutical activity of the ingredient on both parasites. The toxicological effects of the substance on some 

blood parameters and liver and kidney function tests were also studied. Results. After five days of treatment, the drug’s 

in vivo action on G. lamblia resulted in an inhibition rate of 88.2% at a dose of 1 mg/kg. On the other hand, we observed 

that the influence of this synthetic substance on cultured E. histolytica was very close to the metronidazole effect. 

The maximum result was at a concentration of 1 g/ml and was obtained after 72 hours of incubation with an inhibition rate 

of 89.4%. The substance did not affect the blood parameters or the studied liver and kidney functions. Conclusion. It can be 

concluded that this substance is highly effective against both E. histolytica and G. lamblia, and that it has no toxic effects 

on the studied parameters. Therefore, it could be a promising pharmacophore for intestinal protozoan parasites including 

E. histolytica and G. lamblia and an alternative or competitor to the current medications available.
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Резюме. Актуальность. Кишечные паразиты являются одними из наиболее важных инфекционных агентов, 

влияющих на здоровье человека. Действительно, при отсутствии доступного варианта лечения такие пара-
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зиты могут представлять реальную проблему для здоровья населения. В настоящем исследовании мы впер-

вые исследовали действие нового синтетического гетероциклического соединения [(C15H12N5OCL)2-(бензо(d)

(1,2,3)триазол-1-ил)-N-бензилиденацетогидразин] в отношении двух кишечных паразитов (Entamoeba 

histolytica и Giardia lamblia). Методы. Тестируемые изоляты паразитов были собраны от амбулаторных пациен-

тов в Главной детской больнице в Киркуке, Ирак, в период с сентября 2019 г. по январь 2020 г. Таким образом, 

мы изучили фармацевтическую активность использованного соединения in vivo и in vitro в отношении обоих 

паразитов. Токсичность вещества изучалась по некоторым показателям крови и функциональным пробам 

печени и почек. Результаты. После пяти дней лечения действие препарата in vivo на G. lamblia привело к сте-

пени ингибирования 88,2% при дозе 1 мг/кг. С другой стороны, мы наблюдали, что влияние указанного син-

тетического вещества на культуру E. histolytica было очень близко к действию метронидазола. Максимальный 

результат был получен при концентрации 1 г/мл через 72 ч инкубации со степенью ингибирования 89,4%. 

Соединение не влияло на показатели крови или изучаемые функции печени и почек. Заключение. Можно сде-

лать вывод, что данное вещество обладает высокой эффективностью как в отношении E. histolytica, так и в от-

ношении G. lamblia и не оказывает токсического действия. Таким образом, соединение может быть эффек-

тивным фармпрепаратом в отношении кишечных простейших паразитов, включая E. histolytica и G. lamblia, 

а также альтернативой или конкурентом доступных в настоящее время лекарственных средств.

Ключевые слова: фармацевтика, активность, синтез, гетероциклическое соединение, Entamoeba histolytica, Giardia lamblia.

Introduction

Human gastrointestinal parasites are among 

the leading causes of disease worldwide, especially 

in undeveloped countries, where people still suffer 

from high rates of parasitic infections. Intestinal par-

asites are ingested with contaminated food and wa-

ter and pass through the entire gastrointestinal tract. 

These gastrointestinal parasites constitute a real pub-

lic health problem, as they represent a threat to the 

health of a large part of the population and can also 

lead to high mortality rates, exclusively in the absence 

of available treatment options [20, 30]. For many de-

veloping countries, metronidazole remains the drug 

of choice for treating intestinal parasite infections. 

Despite the widespread use of this compound in many 

countries, however, its use is not approved by the Food 

and Drug Administration (FDA) in some countries, 

such as the United States [12, 14].

Since the emergence of many cases of parasite re-

sistance to this drug [11, 16, 19, 25, 32], several stud-

ies have been conducted with the objective of finding 

therapeutic alternatives to treat these parasites [2, 26, 

29]. Also, it has been reported that metronidazole 

use could lead to several frightening side effects that 

could have detrimental effects on human health [21, 

22] and that its long-term use could be carcinogen-

ic [6] and/or cause damage to various parts of the 

brain [10, 21, 22].

For several years, numerous studies around 

the world have attempted to find other suitable com-

pounds that can be used instead of metronidazole. 

Some substances like cryptdin-2 [26], hexadecyl-PC 

and other substances with longer alkyl chains [29] 

have been tested for their therapeutic activities against 

E. histolytica strains. These substances were found 

to be very effective at various concentrations [26, 

29]. However, of all the compounds tested, oleyl-PC, 

octadecyl-PC, and non-adecenyl-PC had the highest 

effective concentrations, with concentrations rang-

ing from 15–21 mM for strain SFL-3 and 73–98 mM 

for strain HM-1 after 48 hours of treatment [29].

In the in vitro test of kaempferol (KPF) as an an-

ti-protozoal, with an effective concentration of fifty 

percent, was 7.9 g/mL for E. histolytica and 8.7 g/mL 

for G. lamblia [7]. Several synthetic compounds 

(5-(3-chlorophenyl)-1-methyl-4-nitro-1 H-imidazole, 

synthesized inhibitors of the Hsp90 class, and many 

other compounds) have been reported to have po-

tential chemotherapeutic properties against E. his-

tolytica and G. intestinalis [8, 27]. Thus, some of the 

compounds tested as alternatives to metronidazole 

have had encouraging results on intestinal tract para-

sites [15, 28].

However, despite the efforts already made to find 

alternative treatments for intestinal protozoa, there 

is still a need for further work in this area to find and 

propose new treatments from different sources in or-

der to overcome the problem of resistance and harm-

ful side effects of currently available pharmaceuti-

cals. Thus, this study aimed to investigate the effect 

of a synthetic organic heterocyclic compound against 

two intestinal parasites, E. histolytica and G. lam-

blia because it has been shown to be highly effective 

against some resistant pathogenic bacteria.

Materials and methods

Study design

This study was designed to see if the newly synthe-

sized organic heterocyclic compound (C15H12N5OCL) 

2-(benzo(d) (1,2,3) triazol-1-yl)-N bennzylideneace-

tohydrazine) had any therapeutic effects on the intes-

tinal parasites E. histolytica and G. intestinalis in lab-

oratory mice and in culture.

The organic heterocyclic (C15H12N5OCL) ingredient

The composite used in our study was synthesized 

from a series of eleven novel heterocyclic compounds 

that were tested in a study on bacteria [26], in which 
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the fifth compound proved to be very effective against 

gram-positive and negative bacteria. The preparation 

of heterogeneous rings was carried out based on the re-

actance of benzotriazole present in some compounds 

(6, 7, 8, 9, 11) described previously in [1] and with 

chloroethyl acetate ester. Hydrazone was made from 

the condensation of hydrazide with the replacement 

of benzaldehyde in ethanol. From the reaction of an 

ester with aqueous hydrazine and the reaction of hy-

drazine with hydrazonebenzaldehyde, the heterocyclic 

effective compound ((C15H12N5OCL)2-benzo(d)(1,2,3)

triazol_1_yl)_N_bennzylideneacetohydrazine) was 

formed. The structure of the synthesized ingredient was 

checked by calculating the melting point and the in-

frared spectrum. The specifications of the ingredient 

were as follows: IR =:1652 (C=O), 1620 (C=N), 3311 

(NH), as.1265 (C-O-C), sy.1104 (C-O-C), 1HNMR = 

3.6 (O-CH3), 7-7.5 (4H-Ph), 8.1 (Ph-CH), 8 (NH), 5.1 

(N-CH2), R group: 2-Cl, UV spectrum: 294, molecu-

lar formula: C15H12N5OCL, melting point: 210–212°C, 

harvested percentage: 57, color: leady, Fig. 1.

Identification and isolation of the parasitic stages

In our study, parasite isolates were researched 

in samples of outpatients who suffered from diarrhea 

and who had attended the General Pediatric Hospital 

in Kirkuk, Iraq during the period between September 

2019 and January 2021. The presence of cysts and 

trophozoite stages was confirmed by microscopic 

examination of the stool samples and the presence 

of RBCs in Entamoeba trophozoite. Another positive 

sample was requested for culture for some positive 

samples from patients in whom we found E. histolyt-

ica trophozoites. A small amount of the mucoid part 

of the sample was implanted directly onto the pre-

pared medium for culture. The cystic stages of the 

two parasites were separated from human or mouse 

stool samples using the concentration sedimentation 

method.

Pharmaceutical activity of the heterocyclic 

compounds

In vivo pharmaceutical activity

To test the effect of the substance in vivo, male 

or female albino (Balb/C strain) mice weighing 25–

30 grams were selected. The mice were raised under 

standard conditions and brought to the animal house 

of the College of Sciences at Kirkuk University. Mice 

were infected with Giardia by being orally dosed with 

a thousand cystic stages. The concentrations of 0.25, 

0.5, 0.75, and 1.0 mg/kg of the substance were ad-

ministered to mice orally three times daily for five 

days (six mice for each concentration) [34]. Parasite 

excretion in mice was monitored daily by examining 

the excretion patterns of the parasites in their feces. 

The mean number of cysts and trophozoite stages 

counted in 30–50 high microscopic fields was esti-

mated. The inhibition ratio (control group–treated 

group/control group ×100) was calculated. 0.4% 

trypan blue was applied for staining. Metronidazole 

at a concentration of 0.8 mg/kg and a group dosed 

with the parasite without any treatment were used as 

a control group. Laboratory animal experiments and 

handling were designed based on the ethics and rec-

ommendations of protecting laboratory animals with 

the code (MUCEDLA-01) of the Ethics Committee 

for Animal Handling of the University of Kirkuk.

In vitro pharmaceutical activity 
of the heterocyclic ingredient

Preparation of culture media. For culturing E. his-

tolytica, Boeck and Dr. Bohuslav’s Locke-Egg-Serum 

(LES) medium were used [23]. First, the Locke solution 

was prepared, filtrated, and autoclaved. For the solid 

face of the culture, four eggs were mixed with 50 ml 

of Locke’s solution and homogenized. The medium was 

solidified in a slant position. Finally, 2 mL of Locke’s 

solution was added to each tube and re-autoclaved. 

The media was kept in the refrigerator until used [13]. 

0.5 ml of inactivated human serum from a healthy per-

son, 0.05 ml of stock antibiotic solution (100 U per ml 

of penicillin and 100 μg per ml of streptomycin) and 

a loopful of sterile starch were added to each tube and 

gently shaken directly before inoculation.

Culturing of E. histolytica. Approximately ten (10) 

tubes of culture media were warmed in an incubator 

at 35°C for 1 to 2 hours and inoculated with bloody 

mucoid diarrheic fresh stool samples from the outpa-

tients who were diagnosed with E. histolytica trophozo-

ites [13]. A small amount of mucus parts was inoculated 

into which were then incubated in a photophore under 

microaerophilic conditions at 37°C for 48–72 h. After 

that, cultures were cooled for a few minutes in ice wa-

ter upright to remove the attached trophozoites from 

the tube walls. In addition, we took 0.05 μl of the liquid 

part from the tube bottom, mixed it with 0.05 μl PBS 

and examined it to search for trophozoite stages of dif-

ferent parasites. All positive cultures were maintained 

by sub-culturing every three days.

In vitro evaluation of the heterocyclic ingredient effect 

in culture media. Certain weights of the heterocyclic 

compound were dissolved in Locke solution to ob-

tain the desired concentrations of 0.25; 0.5; 0.75; and 

1.0 μg/ml. For each concentration, three tubes of cul-

ture media were supplemented with inactivated human 

serum, antibiotics, and starch. Transplantation with 

about 5000 trophozoites of E. histolytica was carried 

out after counting utilizing a hemocytometer. The im-

Figure 1. Molecular formula of the synthetic 

substance
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planted tubes were incubated as described in the above-

mentioned steps. The viability of the trophozoites was 

estimated after 24, 48, and 72 hours of exposure by 

counting the viable and nonviable cells in 30–50 mi-

croscopic fields using 0.4% trypan blue [26]. The per-

centage of viable cells (no. of viable cells/total viable 

and unviable cells ×100) and inhibition rate (control 

group — treated group/control group × 100) of each 

concentration were calculated. Metronidazole at 

a concentration of 0.8 μg/ml and cultures without any 

addition were tested as negative and positive controls. 

Each experiment was conducted in triplicate.

In vitro evaluation of the heterocyclic ingredi-

ent on E. histolytica and G. lamblia cysts. The test 

of evaluation of compound effects on the different 

parasite species was carried out using the [11] meth-

od with some modifications. First, we dissolved 1 ml 

C15H12N5OCL (0.25, 0.5, 0.75, and 1.0 mg/ml) in PBS, 

and then incubated it with about 1000 cysts of E. his-

tolytica and G. lamblia, which had been isolated as de-

scribed in the previous step. After incubation for 10, 

20, and 40 minutes, the cysts were washed three times 

with PBS. Then 0.1 ml of trypan blue was mixed with 

0.1 ml of cyst sediment for 15 minutes. The viable and 

unviable cysts were counted in 30–50 microscopic 

fields. The percentage of viable cysts (No. of viable 

cells/total viable and unviable cells × 100) and in-

hibition rate (control group — treated group/control 

group × 100) was calculated. An incubation with met-

ronidazole 0.8 mg/ml and PBS were used as controls. 

Each experiment was carried out in triplicate.

Toxicological effect of the heterocyclic compounds

To test the toxicity of our compound in our study  

we proceeded to sacrifice the mice that received dif-

ferent concentrations (the highest and the lowest dos-

es) of our compound (C15H12N5OCL) and metronida-

zole to obtain blood and serum samples. Blood sam-

ples were collected in EDTA and dry tubes and used 

to measure some hematological parameters such as red 

and white blood cells and platelets. For analysis, about 

500 μl of blood was added to the CBC apparatus type 

Swelab (Swedish made) for analysis and we printed all 

the results for each realized test. On the other hand, se-

rum was used to evaluate the effect of the compounds 

on liver and kidney function (GPT, GOT, alkaline 

phosphatase, urea, and creatinine) were measured. 

Thus, with the help of the Cobas type chemistry ana-

lyzer (German made), we used 150 μl of serum to test 

the liver and kidney function and all the test results 

were printed and analyzed. To finish with this aspect 

of our study, we took the blood samples from infected 

mice untreated with any substance and uninfected 

mice for comparison as control groups.

Statistical analysis

Statistical analyses were performed using SPSS 

software. The comparative analysis between con-

centrations obtained and the value of controls was 

done, as well as between concentrations and times 

of treatment, and between concentrations and con-

trols for blood analysis tests and other chemical tests. 

Analysis of variance between studied factors was done 

using an ANOVA two-factor test without replication. 

Differences were considered statistically significant 

at a 0.05 confidence level.

Results

Pharmaceutical activity of the heterocyclic 

(C15H12N5OCL) compound

In vivo pharmaceutical activity of the heterocyclic 

compound. After examination, we observed a direct 

relationship between the substance and Giardia at 

different concentrations and times. The use of this 

compound led to a complete recovery after five days. 

The results obtained with metronidazole were simi-

lar to those obtained with the synthetic compound, 

especially at the concentration of 1 mg/kg, and an 

inhibition of 88.2% after four days. The effect of the 

substance on the dying stages was evident in the depo-

sition of the substance around their nuclei, which gave 

it a very visible and prominent appearance (Fig. 2, A).

In vitro evaluation of the heterocyclic ingredient ef-

fect in culture media. The effect of the synthetic sub-

stance on Entamoeba in the culture was great and was 

close to the effect of metronidazole, and the effect re-

mained almost constant on the second and third days. 

The maximum effect was at a concentration of 1 μg /ml 

after 72 hours, with an inhibition rate of 89.4% com-

pared with the effect of metronidazole, which reached 

94.7 percent after the same period (Fig. 2, B).

In vitro evaluation of the heterocyclic compound 

on E. histolytica and G. lamblia cysts. The cystic 

stage was more resistant to the effect of the synthet-

ic compound for both parasites, although the effect 

of the compound exceeded that of metronidazole, 

especially at the highest concentration and during 

the forty minutes of incubation. The effect of the 

compound was greater than metronidazole. Indeed, 

we obtained a percentage of inhibition and death 

of 46.7% for Entamoeba cysts and 20.4% for Giardia 

cysts with the synthetic compound, while the inhi-

bition rate with metronidazole was 10% and 13.3%, 

respectively for Entamoeba and Giardia (Fig. 2, C, 

D). We also observed that the effect of the substance 

on the dead cystic stages was evident in the deposi-

tion of the substance around the nuclei of the cystic 

stages and the cyst wall, which gave it a very visible 

and prominent appearance, especially for the cystic 

stages of the Entamoeba parasite.

Toxicological effect of the heterocyclic 

(C15H12N5OCL) compound

Concerning the toxicity of the heterocyclic com-

pound, our analyses revealed that the substance had no 

significant effect on the different parameters evaluated 

(blood, number of red blood cells) compared to the 
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control groups. Thus, no parameters gave significant 

differences between them and the controls (Fig. 3, A).

The groups of mice infected and treated with 

the substance and metronidazole showed only 

a slight increase in white blood cells compared to the 

uninfected and untreated control groups (Fig. 3, B, 

C). However, both products (synthetic substance and 

metronidazole) had only a slight effect on the platelet 

count. We observed a significant increase compared 

to the control groups (Fig. 3, D, E, F). On the other 

hand, our results show that when the effects of the 

manufactured substance were tested on some liver 

and kidney functions, the effect of the substance was 

not significant on any of the studied parameters ex-

cept for the GOT enzyme, where the ratio of the en-

zyme in mice dosed with the substance and metroni-

dazole had slightly increased compared to the unin-

fected and untreated control group (Fig. 3, G, H, I).

Discussion

For the first time, the current study sought to as-

sess the effectiveness of a novel synthetic organic 

compound against two kinds of intestinal parasites. 

Indeed, intestinal protozoa are one of the main caus-

es of gastrointestinal diarrhea, responsible for many 

cases of morbidity and death [9]. And metronidazole 

is the only treatment used and available in many de-

veloping countries against its parasitic infections. 

However, many attempts to find alternative treat-

ments to treat many intestinal parasites, especially 

those with a deleterious effect on human health [3, 5]. 

Indeed, in many cases, it may be necessary to manu-

facture the effective active ingredient, even when ex-

tracted from plants, in order to overcome the obsta-

cles inherent in traditional methods [27].

The manufactured materials are pure and the quan-

tities obtained from them are abundant, but their toxi-

cological and histological effects need to be studied if 

they are used for therapeutic purposes [31]. In our case, 

the use of this substance was based on proving its lethal 

effects on pathogenic resistant bacteria [1].

In this study, the results show that the tested sub-

stance had an effect on parasites of the genus Giardia. 

Indeed, a direct effect was found between this com-

pound and this parasite at different concentrations 

over time. This led to a complete recovery after five 

days of treatment with our compound. This result 

is similar to the one observed with metronidazole [28], 

especially at a concentration of 1 mg/kg. Also, this 

compound had a similar effect to metronidazole 

on Entamoeba cultures [15]. Thus, we believe this 

compound could be an excellent therapeutic alterna-

tive for the treatment of intestinal parasites. However, 

we observed that the cystic stage of both parasites was 

more resistant to our compound, although the im-

pact of our substance exceeded that of metronida-

zole [28], especially at the highest concentration. This 

effect on trophozoites may be because organic com-

pounds are made of heterocyclic ring systems that 

Figure 2. In vivo and in vitro pharmaceutical effect of the heterocyclic compound on tested parasites, 

the numbers marked above in gray indicate the standard deviations



124

Инфекция и иммунитетH.M. Obaid, S.S. Sale, L. Boundenga

have a wide range of biological activities, effective 

against many pathogens [4, 18, 33]. Thus, we believe 

that the compound tested here in our study would ex-

hibit the same effects as those of many drugs and that 

certain compounds that produce anions that would be 

toxic to trophozoites would potentially activate it [33]. 

This would lead to DNA breakage and destabiliza-

tion of helices, resulting in the inhibition of synthe-

sis of certain proteins, which may kill the parasite [4, 

18, 24, 33]. The reduced efficacy observed on the 

cystic stage, on the other hand, could be explained 

by the fact that cysts are surrounded by a protective 

wall that is resistant to many substances [17], making 

penetration of the substance more difficult. Thus, we 

believe that increasing the period of exposure of the 

cysts to the substance would increase the effect of this 

product on the parasites and thus allow the destruc-

tion of a greater proportion, especially since the mate-

rial had a good effect on the cysts.

Concerning the toxicity, the compound did not 

present any toxic effect on the different blood param-

eters evaluated, i.e., on the number of red and white 

blood cells and platelets. Also, on some functions 

and enzymes of the kidneys and liver of mice treated 

with our compound. Previous studies on the impact 

of synthetic chemicals on intestinal parasites have 

Figure 3. Toxicological effect tests of the compound on some blood, liver and kidney tests
Notes. HGB — hemoglobin, HCT — hemotocrit, RDW — red cell distribution width, MCV — mean corpuscular volume, 
MCH — mean corpuscular hemoglobin, MCHC — mean corpuscular hemoglobin concentration, PLT — platelet, MPV — mean 
platelet volume, PDW — platelet distribution width, MID — mid-range absolute count (mono., eosino., baso.), PCT — plateletcrit, 
PLR — larger platelet cell ratio, the numbers marked above in gray indicate the standard deviations.
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taken many different forms. For instance, crypt-

din-2 was investigated for its impact on E. histolytica 

and found to be highly effective at lower concentra-

tions [26]. Similar tests were done on the effectiveness 

of hexadecyl-PC and other compounds with longer 

alkyl chains against two other strains of E. histolytica. 

However, of all the substances examined in earlier 

investigations, oleyl-PC, octadecyl-PC, and nonade-

cenyl-PC were the most successful [29].

Additionally, the anti-protozoal kaempferol 

(KPF) in vitro test results for E. histolytica and G. lam-

blia were 7.9 g/mL and 8.7 g/mL, respectively, with 

a 50% effective concentration [7]. Similar to this, KPF 

use resulted in early cell death by causing the absence 

of some intracellular regions of cytoplasmic juice [2]. 

When tested against E. histolytica and G. intestinalis, 

the synthetic substance 5-(3-chlorophenyl)-1-me-

thyl-4-nitro-1H-imidazole demonstrated a high fa-

tal dosage of 1.47 μM/mL [27]. Additional synthetic 

inhibitors were discovered to show potential chemo-

therapeutic activities comparable to metronidazole 

against trophozoites and/or cysts of G. intestinalis and 

E. histolytica [8, 15, 28].

Conclusion

In the end, we concluded that this substance 

is highly effective against both Entamoeba and 

Giardia, and its effectiveness may exceed that of met-

ronidazole at low concentrations. In addition to the 

stability of the substance and resistance to change, 

the substance did not have any toxic effects on the 

parameters that were studied. Therefore, it could 

be a promising pharmacophore for parasites and 

an alternative or competitor to the current medica-

tions available. As a result, we recommend using this 

substance and researching its effects on other patho-

gens, as it has proven effective against both bacteria 

and parasites. We also recommend researching its 

histological and toxic effects on various human and 

animal organs, as well as researching the substance’s 

mechanisms of action and sites of influence.
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