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ABSTRACT 

 Amoebiasis is a major public health problem in developing countries. Drug toxicity must be acceptable to patients and 

should cause less harm than the disease itself. Assessment of hazard and risk varies throughout drug development as more 

persons are exposed for longer periods of time and more nonclinical information on the hazard is collected and evaluated. 

Cancer risk for human pharmaceuticals is important because drugs are taken at pharmacologically active doses and often on a 

chronic basis. Epidemiologic studies on patient populations have limited value because of the long latency period for most 

cancers and because these studies lack sensitivity. Besides the mutagenicity and genotoxicity testing of antiamoebic drugs as a 

part of pre-clinical trials, there are several literatures confirming the mutagenicity and genotoxicity of marketed antiamoebic 

drugs. Genetic abnormalities may also play a part in the incidence and severity of adverse reactions to drugs. In this paper a 

comprehensive review of literature pertaining to the mutagenic and genotoxic properties of some antiamoebic drugs are 

presented. 
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INTRODUCTION 

Amoebiasis is a major public health problem in 

tropical and subtropical countries. Amoebiasis refers to 

infection caused by protozoan Entamoeba histolytica [1]. 

Entamoeba histolytica, has the capacity to invade intestinal 

mucosa resulting in intestinal amoebiasis and cause extra 

intestinal amoebiasis [2].Worldwide, 40-50 million 

symptomatic cases of amoebiasis occur annually and 

70,000 to 100,000 deaths due to this infection [3]. There 

are two distinct, but morphologically identical species of 

Entamoeba: Entamoeba histolytica, which is pathogenic 

and Entamoeba dispar, which is non-pathogenic. Other 

species of Entamoeba which infects humans are 

Entamoeba hartmanni, Entamoeba coli, Entamoeba 

moshkovskii. This gastrointestinal infection may or may 

not be symptomatic and can remain latent in an infected 

person for several years. Symptoms canrange from mild  

 

diarrhoea to dysentery with blood and mucus in the stool. 

Invasion of the intestinal lining by parasite causes amoebic  

dysentery or amoebic colitis. If the parasite reaches the 

bloodstream it can spread through the body, most 

frequently ending up in the liver where it causes amoebic 

liver abscesses. Liver abscesses can occur without previous 

development of amoebic dysentery. When no symptoms 

are present, the infected individual is still a carrier, able to 

spread the parasite to others through poor hygienic 

practices. Amoebiasis is usually transmitted by the fecal-

oral route, but it can also be transmitted indirectly through 

contact with dirty hands or objects as well as by anal-oral 

contact. Infection is spread through ingestion of the cyst 

form of the parasite. Drugs of choice for invasive 

 

Corresponding Author:-Rakesh Sahu Email: rakesh_sahu2010@rediffmail.com 



79 | P a g e  

 

amoebiasis are tissue active agents, like metronidazole, 

tinidazole and chloroquine or the more toxic emetine 

derivatives, including dehydroemetine. 

 

Life cycle of Entamoeba histolytica 

Humans are infected by the amoeba through 

ingestion of water or food containing cysts of E. 

histolytica, the infective stage of the parasite. In the host, 

the cysts become the active living form of the parasite 

known as trophozoites. These trophozoites live in the 

mucosal layer of the colon, and occasionally invade other 

organs. Encystation and excystation are the two major 

differentiation events essential for completion of E. 

histolytica life cycle in the human intestine [4-6]. 

Trophozoite lyses the host cell and invades the mucosa. 

This process may result in dysentery. The parasite then 

invades the liver resulting in liver abscesses. ‘Carriers’ 

passes the cysts in their faeces which infect other 

individuals [7]. Encystation is a complex process, 

involving intracellular rearrangements, consumption of 

glycogen reserves, formation of ribosome aggregates, 

changes in gene expression and transcription, protein 

synthesis and the deposition of a chitin cyst wall. 

 

Antiamoebic drugs 

Antiamoebic drugs are classified into luminal, 

tissue, and mixed amoebicides. Metronidazole is the major 

drug of choice in the treatment of amoebasis. Other 

nitroimidazole derived compounds like tinidazole, 

secnidazole and ornidazole are equally effective in the 

treatment. Diloxanidefuroate, diiodohydroxyquin, 

paromomycin, emetine and chloroquine have also been 

used as alternate drugs. Diloxanide furoate is the mainstay 

for treating asymptomatic cyst carriers [8].Chloroquine is 

used along with metronidazole/emetine in cases of hepatic 

amoebiasis. However, emetine is rarely used on account of 

its toxicity. Metronidazole, tinidazole and other 5-

nitroimidazole agents which kill the trophozoites by 

alterations in the protoplasmic organelles of the amoeba 

are ineffective in treating cyst passers. Whereas, 

chloroquine acts on the vegetative forms of the parasite 

and kills it by inhibiting DNA synthesis, emetine kills the 

trophozoites mainly by inhibiting protein synthesis [9]. 

 

Mechanism of drug resistance in E. hystolytica 

The mechanisms of drug resistance hypothesized 

in protozoan parasite are decrease of drug uptake because 

of loss of a transporter required foruptake, the efflux of 

drugs from the parasite either by the P-glycoproteins (Pgp) 

or by ATPases, the alteration of drug target, and loss of 

drug activation [10]. 

 

GENOTOXIC AND MUTAGENIC PROFILE  

Metronidazole 

Metronidazole is nitroimidazole derivatives that 

have proven to be effective against Entamoeba histolytica, 

Trichomonas vaginalis, Giardia lamblia and Helicobacter 

pylori. It is also a first-line drugs in the prophylaxis of 

perioperatory infections of the digestive tract or 

gynecological surgery [11, 12]. The drug is effective orally 

against both the acute and carrier states of disease. 

Recently, metronidazole has been found to possess efficacy 

against obligate anaerobic bacteria, but it is ineffective 

against facultative anaerobes or obligate aerobes. It is 

mainly effective against Gram-negative anaerobic 

Bacteroides and Fusobacterium species. It is also effective 

against Gram-positive anaerobic Clostridium, Peptococcus 

and Peptido streptococcus species [13]. 
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Fig 1. Metronidazole 

 

Metronidazole when given intravenously or orally 

at usual recommended dose, attains concentrations well 

above the minimum inhibitory concentrations for most 

susceptible micro-organisms. The drug has an oral 

bioavailability approaching 100%. Rectal and vaginal 

administration results in a smaller amount of drug 

absorption and lower serum concentrations. Metronidazole 

has limited plasma protein binding but can attain very 

favorable tissue distribution, including into the central 

nervous system. The drug is extensively metabolized by 

the liver to form two primary oxidative metabolites, the 

hydroxy and acetic acid metabolites. The kidney is 

responsible for the elimination of only a small amount of 

the unmetabolized metronidazole [14]. In critically ill 

patients with liver and renal dysfunction, the half life of 

metronidazole was found to be beupto 42 hours while renal 

clearance ranges from 0·281–1·17 ml/min/kg [15]. 

The reactive intermediate formed in microbial reduction of 

5-nitro group of metronidazole covalently binds to DNA of 

the microorganism [10]. Metronidazole has been reported 

to bind and damage DNA [16]. Binding of metronidazole 

to nucleic acids were quantitated and characterized in vitro 

[17]. 

Using Ames Salmonella assay, Dayan et al [18] in 

1982 concluded that nitroimidazole derivatives are 

mutagenic in Salmonella typhimurium. Further, in 1983, 

Forty et al [19] concluded that Metronidazole causes base-

pair mutation in Salmonella typhimurium and is thus a 

potent mutagen. 

Potential of metronidazole to cause DNA strand 

break was studied by Reitz et al[58]in lymphocytes of 

human. Results indicated that the recommended dose of 

metronidazole induces DNA single strand-breaks. 
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In another research work, Reitz et al., [20] studied 

the induction of DNA strand breaks in cultures of human 

lymphocytes and phytohemagglutinin-stimulated human 

lymphocytes. Results showed that metronidazole induced 

DNA single strand-breaks in resting human cells (non-

stimulated lymphocytes) and in proliferating human cells 

dose dependently. 

Potential of metronidazole to produce DNA strand 

break was also evaluated by Ferreiro et al [21] in 

peripheral blood lymphocytes.  Findings suggested that 

primary damage is induced under aerobic conditions and 

confirmed that metronidazoles is a DNA damaging agent. 

The genotoxic effect of metronidazole was 

studied in primary cultures of both rat and human 

hepatocytes by Martelliet al [22].Results indicated that 

metronidazole produced DNA fragmentation. The amount 

of DNA damage was directly related to the dose and the 

length of exposure of hepatocytes to metronidazole. 

In the study of mutagenic effects by Wegman et al 

[23], gene mutations at the HPRT locus were determined in 

peripheral blood lymphocytes of sheep treated with 

metronidazole at therapeutic doses for amebiasis. Further, 

pharmacokinetic studies suggested that the animals with 

the lowest elimination rates of metronidazole had increased 

gene mutations. 

Mudry et al [24] studied the genotoxic activity of 

metronidazole with the anaphase-telophase test in a CHO 

cell line, Chromosomal aberration and Micronucleus test in 

lymphocyte cultures and bone marrow cells. An increase in 

micronucleated cells and increase in the percentage of 

abnormal anaphases demonstrated the genotoxic effect of 

metronidazole. 

Another report concerning the evaluation of 

chromosomal aberrations in cells from patients treated with 

metronidazole showed an increased frequency of damage 

after treatment [25]. 

Using different doses of metronidazole, genotoxic 

activity was evaluated by Re et al [26] in human 

lymphocytes using Comet assay. Results indicated that 

metronidazole induced DNA damage in a dose dependent 

manner but the potential of the drug to cause genotoxicity 

was decreased in the presence of S9 mix. 

Another study was performed by Elizondo et al 

[27] to evaluate the genotoxicity of metronidazole therapy. 

In this study, chromosome aberration was noticed in 

peripheral blood lymphocyte cultures suggesting that the 

drug treatment induced breaking of chromosome and 

isochromosome. 

Mohn et al [28] found that the drug induces 

forward and back mutations in Escherichia coli, forward 

mutation in Nuerosporacrassa, mitotic gene conversion in 

Saccharomyces cerevisiae and sex-linked recessive lethal 

in Drosophila melanogaster. 

Mutagenic and genotoxic activities of 

metronidazole were evaluated by Meo et al [29] using 

modified version of Ames test and colorimetric SOS 

Chromotest. In this experimental work Salmonella 

typhimurium tester strain TA 100 was used with and 

without the addition of metabolic activation in Ames test. 

For SOS chromotest, Escherichia coli tester Strain PQ 37 

was used with and without metabolic activation. Result 

showed that metronidazole was mutagenic and genotoxic. 

DNA damage was determined by Menendez et al 

[30] using single cell gel electrophoresis assay in 

lymphocytes from healthy subjects treated with therapeutic 

doses of the drug. Findings suggested that metronidazole 

induced DNA damage. 

Celiket al [31] evaluated the mutagenicity and 

cytotoxicity of metronidazole at therapeutic plasma 

concentration in cultured human peripheral blood 

lymphocytes. Result indicated that meronidazole was 

mutagenic and cytotoxic at plasma concentration. 

Buschiniet al [32] evaluated the cytotoxic and 

genotoxic potential of metronidazole using a number of 

assay methods. Metronidazole was found to be mutagenic 

in Salmonella Plate incorporation test. The drug was found 

to be genotoxic in anoxic condition. 

Cavas and Gozukara [33] evaluated the effect of 

different doses of metronidazole on fish (Oreochromis 

niloticus) by using the piscine micronucleus test. Results 

revealed that metronidazole had cytotoxic and genotoxic 

effects. 

Genotoxicity of metronidazole in the peripheral 

blood lymphocytes of Cebus libidinosus was evaluated 

Sister chromatid exchange and mitotic index values were 

found to be different as compared to that of control 

suggesting genotoxic nature of the drug. 

Herbert et al [34] confirmed the mutagenicity of 

metronidazole. There results indicated that the mammalian 

enzymes can activate metronidazole to a genetically active 

intermediate which may have a direct relevance to the 

carcinogenicity. 

Genotoxicity of metronidazole was assessed in 

vitro by Sekis et al [35] in feline peripheral blood 

mononuclear cells and feline T-cell lymphoma line and in 

vivo in feline peripheral blood mononuclear cells using 

Comet assay. They detected genotoxicity at all 

concentration of Metronidazole. 

Akyol et al [36] used sister-chromatid exchange 

test to evaluate the genotoxic potential of metronidazole in 

lymphocytes. Results showed that metronidazole had 

genotoxic effects in lymphocytes. 

The ability of oral metronidazole administration 

to induce genotoxic damage in somatic cells of mice was 

evaluated by El-Nahas and El-Ashmawy [37] using mitotic 

index, micronuclei and chromosomal aberration tests. 

Reduction in mitotic activity, increase in the frequency of 

chromosomal aberration and micronucleus showed that 

metronidazole has the ability to induce genotoxic effects in 

somatic cells. 

Ornelas-Aguirre et al [38] worked on the 

genotoxicity of metronidazole on vaginal cell of rat. 
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Results indicated that topical administration of high 

concentration of metronidazole was genotoxic in rat 

vaginal mucosa cells. 

Analysis of induction of chromosomal aberration 

after incubation of Chinese hamster V79-379A cells with 

metronidazole in aerobic and hypoxic conditions was done 

by Korbelik and Horvat [39]. Results showed that 

metronidazole exhibits a significant clastogenic action. 

Metronidazole was tested for mutagenicity on a 

nitroreductase-positive (TA 100) and a nitroreductase-

deficient (TA 100-FR1) strain of Salmonella typhimurium 

by Lindmark and Muller [40]. Result showed that the drug 

induced mutation in both strains of Salmonella 

typhimurium. 

Ong and slade evaluated the mutagenicity of 

metronidazole in Neurospora crassa. Results of their work 

indicated that the compound was mutagenic in growing 

vegetative cells of in Neurospora crassa [41]. 

Urine of patients administered with metronidazole 

also showed mutagenic effect. Paper chromatographic 

separation revealed that mutagenicity in the urine was 

associated with unmodified metronidazole and at least four 

of its known urinary metabolites [42]. 

The in vivo mutagenic potential of metronidazole 

was evaluated in Bacteroides fragilis. The forward and 

back mutations were identified by nucleotide sequence 

analysis with GC→CG transversion. Results showed that 

metronidazole induced base pair substitutions and DNA 

strand break [43]. 

Sisson et al. [44] reported that metronidazole is 

mutagenic and causes DNA fragmentation in Helicobacter 

pylori and Escherichia coli. 

Carcinogenicity of metronidazole was evaluated by Rustia 

and Shubik [45]. They reported that the drug is able to 

induce lung tumors and malignant lymphomas in mice. 

Yeung et al [46] evaluated the mutagenicity of 

metronidazole in Escherichia coli. Results suggested that 

the metabolite of the drug interacted with DNA and 

produced lesion similar to that caused by ultra violet light. 

Wulf concluded that metronidazole is genotoxic 

as it is has the ability to induce sister chromatid exchange 

in lymphocytes [47]. 

The genotoxic effect of metronidazole was 

studied by Martelliet al[48] in primary cultures of both rat 

and human hepatocytes. The result also suggested that the 

drug induces genotoxic effect and the amount of DNA 

damage was directly related to the dose and the length of 

exposure to the drug. 
 

Tinidazole 

Fig 2.Tinidazole 
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Tinidazole, a second-generation 5-nitroimidazole 

compound chemically related to metronidazole, has been 

widely used throughout Europe and developing countries 

for the treatment of amoebic and parasitic infections [49].  

Metabolism of minidazole is slower and is suited 

for once daily therapy. Tinidazole exhibits activity against 

a wide range of pathogenic protozoa (Tricbomonas 

vaginalis, Entamoeba histolytica, Giardia duodenalis), 

clinically significant anaerobic bacteria (Bacteroides 

fragilis, Clostridium difficile), and the microaerophilic 

bacterium Helicobacter pylori. In susceptible protozoal 

and bacterial cells, tinidazole is reduced to cytotoxic 

intermediates that covalently bind to DNA, causing 

irreversible damage. In human adults, tinidazole has a 

bioavailability of 100% and a volume of distribution V(d) of 

50.7 L. It is almost 12% bound to plasma protein with 

plasma elimination half life of 12.3 hours. It is eliminated 

primarily by hepatic metabolism. Clinical cure rates in 

patients with trichomoniasis, giardiasis, amebiasis, and 

amebic liver abscess are generally >90%. Tinidazole is 

more effective in treatment of amebiasis and giardiasis 

[50]. 

Tinidazole is a prodrug which is converted to 

cytotoxic forms in vivo. After diffusing into the cells of 

susceptible organisms (protozoa or anaerobic bacteria), 

tinidazole is reduced at its nitro group to short-lived, toxic 

radicals by a ferredoxin-mediated electron transport 

system. Experimental evidence suggests that the toxic 

intermediates covalently bind to DNA, resulting in DNA 

damage in the form of loss of helical structure, impaired 

template function, and strand breakage, which eventually 

lead to cell death [51, 52]. 

Genotoxic and cytotoxic potential on tinidazole at 

therapeutic concentration was evaluated by Nigro and 

Carballo [53] in cultured human lymphocytes using mitotic 

index, replication index, sister chromatid exchange and 

chromosomal aberrations tests. Results concluded that 

tinidazole is genotoxic, cytotoxic and is able to modulate 

cell death through apoptotic mechanisms. 

Voogd et al [54] evaluated the mutagenicity of 

tinidazole using fluctuation test in three bacterial strains 

Klebsiella pneumonia, Escherichia coli and Citrobacter 

freundii. Result of the test revealed the mutagenic potential 

of tinidazole. 

Possibility of the metabolites of tinidazole to 

produce mutagenic effect was assessed in bacterial strains 

by Gupta et al [55] They used Ames Salmonella plate 

reversion method in presence of mamalinam liver S9 mix. 

Results suggested that the metabolite of the drug was 

mutagenic in Salmonella typhimurium strain TA100 and 

YG 1029. 

Similar work was carried out by Lindmark and 

Muller [56] in Salmonella typhimurium strain TA 100 and 

TA 100-FR(1). Their finding suggested that the drug is a 

mutagent to both bacterial strains under aerobic and 

anaerobic conditions. 
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Coulter and Turner [57] also reported tinidazole to 

be mutagenic in Salmonella typhimurium assay. Potential 

of tinidazole to produce abnormal sperm was reported by 

Pylkkanen and Lahdetie [58]. 

Urine of patients under tinidazole therapy showed 

greater mutagenic effect as compared to that of 

nonmetabolized drug in Salmonella typhimurium. This 

suggested that metabolism of the drug produces 

compounds with greater mutagenic potency [59].  

Potential of tinidazole to produce DNA strand 

break was evaluated by Ferreiro et al [60] in peripheral 

blood lymphocytes.  Findings suggested that primary 

damage is induced under aerobic conditions and confirmed 

that tinidazole is a DNA damaging agent. 

Mutagenic activity of tinidazole was screened by 

Melo and Ferreira [61] using Simultest in Salmonella 

typhimurium starins TA 97, TA 98, TA 100 and TA 102. 

The drug gave positive result indicating its mutagenic 

potency. 

Nigro et al [62] evaluated the potential of 

tinidazole to cause DNA damage in human 

lymphocytes.The results revealed the genotoxic and 

cytotoxic effect of tinidazole in human peripheral blood 

cultures in vitro. 

 

Chloroquine 

Fig 3.Chloroquine 

NCl

HN
CH

CH3

C
H2

H2
C

CH2

N
C2H5C2H5

 
Chloroquine, an antiamebic and anti-

inflammatory drug, is used in the treatment of malaria, 

giardiasis, extraintestinal amebiasis, lupus erythematosus, 

and rheumatoid arthritis. The phosphate salt of chloroquine 

came into use in the mid 1940s, is used as an oral dosage 

form and the hydrochloride salt is administered parentrally. 

The main site of action involves the lysosome of the 

parasite. Chloroquine is associated with retinopathy, 

haemolysis and impaired liver function [63]. At high doses 

chloroquine accumulates in eye and ear tissues [64]. 

Chloroquine is also associated with in utero effects on rat 

lungs near term [65] and on dandritic maturation of 

hippocampal neurons [66]. 

Roy et al [67] evaluated the genotoxic potential of 

chloroquine using chromosome aberration, micronucleus, 

and sperm head abnormality assays in vivo in Swiss albino 

mice. They observed that chloroquine induced 

chromosome aberration as well as micronucleus in the 

bone marrow cells. Further the genotoxicity of chloroquine 

was evaluated by sperm head abnormality assay. There 

was a significant increase in the frequency of sperm head 

abnormality.  

Mutagenic potential can be confirmed by mitotic 

depression of cell cycle. The effects of chloroquine on the 

mitosis of Allium cepa was investigated by Wangburuka et 

al [68]. Onion roots were treated with different 

concentrations of chloroquine. There was a significant 

difference among the mitotic indices for different 

concentrations of chloroquine. This suggested that 

chloroquine induced cell mitotic abnormalities like 

anaphase bridge, fault polarization of anaphase, 

chromosome fragmentation, disorderly anaphase, C-

metaphase and clumping of chromosomes. 

Chloroquine increases the number of 

chromosomal aberrations at certain doses. Cytogenic 

effects of chloroquine in human lymphocyte culture was 

studied by Shalumashvili et al [69] In this finding, addition 

of chloroquine to a culture of human lymphocytes at the G1 

stage showed that the compound suppresses mitotic 

activity of the cells in concentrations of 60 and 100 μg/ml. 

Ebor et al [70] used Ames plate reversion and 

fluctuation tests to evaluate the mutagenic and genotoxic 

potential of chloroquine using different strains of 

Salmonella typhimurium and Escherichia coli. The results 

indicated that chloroquine had a potential to cause frame 

shift mutation. 

Potential of chloroquine to cause frame shift 

mutation in different strains of Salmonella typhimurium 

and Escherichia coli with rat liver S9 was studied by 

Thomas et al.[71] The result of the test suggested that the 

drug induced frame shift mutation. 

Potential of chloroquine to cause frame shift 

mutation was also confirmed by Cortinas de Nava et al 

[72] using fluctuation assay. The fluctuation assay showed 

chloroquine diphosphate to be mutagenic in Salmonella 

typhimutium strain TA1537, which detects frame shift 

mutation. 

Farombiet al [73] investigated genotoxicity of 

chloroquine in rat. They studied the effect of chloroquine 

using the alkaline comet assay. Chloroquine significantly 

increased DNA strand breaks of rat liver cells dose-

dependently. Further the concluded that the genotoxicity of 

chloroquine in rat liver cells might involve reactive oxygen 

species. 

To extend the data of mutagenic effects of 

chloroquine, Xamena et al [74] tested chloroquine for its 

mutagenicity in Drosophila melanogaster. Sex-linked 

recessive lethals and sex-chromosome loss induction were 

studied following treatment of adult males using a feeding 

technique. Result indicated that Chloroquine significantly 

increased the frequency of sex-linked recessive lethal. 

Mutagenic effects of chloroquine were also 

reported by Schupbach et al [75], in different salmonella 

strains. Similar investigation for mutagenicity of 

chloroquine in salmonella strains TA 1537, TA 1538, TA 

http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pylkk%C3%A4nen%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22L%C3%A4hdetie%20J%22%5BAuthor%5D
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98 and TA 98 by Espinosa-aguirre et al revealed the 

mutagenic potential of the drug. 

In vitro interaction of chloroquine with human 

polymorphonuclear neutrophils was evaluated by Labro 

and Chevaye [76]. Phagocytosis was found to decrease in 

presence of chloroquine. The drug altered neutrophil 

oxidative metabolism which was assessed by luminol-

amplified chemiluminescence. 

Chloroquine have been reported to be weakly  

mutagenic in Salmonella typhimurium by Ames and 

Whitfield [77] and Thomas et al [78] Mutagenic potential 

of the drug was also evaluated by Kadotani et al., [79] in 

Bacillus subtilis and similar results were reported. 

Genotoxic effect of chloroquine on Escherichia 

coli was studied by Espinosa-Aguirre et al [80] Result 

showed that chloroquine was genotoxic in Escherichia coli 

pol A+/pol A−. 

 

CONCLUSION 

Genotoxic effects of antiamoebic drugs should be 

taken into account considering its wide human 

consumption. Long-term clinical trials and careful post 

marketing surveillance during the next several decades are 

needed to determine whether some of the antiamoebic 

drugs cause cancer in humans. 
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