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Abstract: The standard version of the wing somatic mutation and recombination test (SMART) in Drosophila 

melanogaster was employed in order to evaluate the genotoxic potential of metronidazole (MTZ) as a function of 

exposure concentration. MTZ was administered by chronic feeding of 3-day-old larvae with the parenteral parental 

solution at 0, 500, 1000 and 2000 μg/ml until pupation. The marker-heterozygous progeny (mwh+/+flr3) with 

phenotypically wild-type wings was analyzed. Non significant differences were found between control and each MTZ 

concentration tested for single small spots (SSS) frequencies. Large single spots (LSS) and twin spots (TS) were 

significantly increased with the higher dose. MTZ treatments with 1000 and 2000 μg/ml also significantly increased the 

frequency of Total spots. These findings suggest that MTZ is genotoxic in the present experimental conditions and 

induces recombinagenesis and/or gene conversion, two major mechanisms that cause loss of heterocigosity and could play 

an important role in tumorigenesis and carcinogenesis processes. 

Keywords: Drosophila, genotoxicity, Metronidazole (MTZ), loss of heterozygosity, wing spot assay. 

INTRODUCTION 

 Benefit–risk analysis of medicines is a complex process 
that requires evaluation of a large amount of relevant data, 
and at the present it is highlighted the value of post-
marketing studies and the dynamic balance of perceived 
benefit and perceived risk. Consequently, it is critical the 
evaluation and characterization of a product’s risk profile for 
making informed decisions on risk minimization [1]. 

 Nitro-heterocyclic compounds are widely used as 
therapeutic agents against a variety of protozoan and 
bacterial infections. Among them, metronidazole (MTZ, 1-2-
hydroxyethyl-2-methyl-5-nitroimidazole) possesses direct 
trichomonacidal and amebacidal activities as well as activity 
against most obligate anaerobes [2, 3]. The literature on 
different undesired biological effects of these imidazolic 
compounds, which are even suspected of being carcinogenic, 
is controversial [4]. Besides, as the use of MTZ is also 
permitted during pregnancy provided the indications for its 
use have been strictly verified [5], it is very important to 
establish if this antibiotic puts the individual at risk during 
gestation. Thus, all information on positive or negative 
effects of this compound on different tests systems is 
valuable. 

 In the last 20 years MTZ has been re-evaluated regarding 
its potential cytotoxicity, genotoxicity, reproductive and 
developmental toxicity in different animal and vegetal in 
vivo/in vitro model systems [6-16]. 
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 The aim of the present work is to report the results 
obtained with the wing Somatic Mutation and 
Recombination Test (SMART) in order to contribute to the 
knowledge of MTZ genotoxic profile. This assay monitors 
the loss of heterozygosity (LOH) in somatic tissues of D. 
melanogaster larvae and detects several genetic end-points, 
including point mutation, deletion, unbalanced half-
translocation, mitotic recombination and gene conversion 
[17-22]; it has been applied to a variety of compounds and 
complex mixtures [21, 22]. 

MATERIALS AND METHODS 

 Two D. melanogaster strains were used for the SMART 
wing assay: (i) the multiple wing hairs — mwh/mwh and (ii) 
the flare

3
 strain — flr

3
/In(3LR)TM3, ri p
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 sep l(3)89Aa bx

34e
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Bd
S
. The standard (ST) cross was performed using females 

from the flr
3
 strain and mwh males. Ten females were 

crossed to 15 males for 5 days (ST) and then they were 
permitted to lay eggs for 8 h in regular media. When larvae 
were 72 h old, they were transferred to vials containing 
mashed-potatoes medium prepared with the parenteral 
solution of the drug diluted in water at concentrations of 500, 
1000 and 2000 μg/ml of MTZ. The medium contained 1g of 
dry instant mashed potato powder per 5 ml of the solution at 
the concentration to be tested, with the addition of an 
alcoholic solution of Nipagin (3.6 ml/100 ml of water). The 
larvae were fed on these media until pupation. Concurrent 
control series in water plus Nipagin were run. All series were 
kept at 25 ± 1 °C. The emerging flies were stored in 70% 
ethanol until the wings were mounted on slides in Faure’s 
solution and examined for spots under a microscope at 400x 
magnification. Single spots (mwh or flr

3
) can result from 

different genotoxic events: mitotic recombination, mutation 
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and chromosomal aberration. Twin spots (mwh and flr
3
) are 

produced only by mitotic recombination. For a full 
description of the test see Graf et al. [17, 23, 24]. In the 
present experiments only the marker-heterozygous progeny 
(mwh+/+flr3) with phenotypically wild-type wings were 
analyzed. 

 Statistical evaluation was according Frei and Würgler 
[25]; Kastenbaum and Bowman tables for the Conditional 
Binomial Test where applied when frequencies were < 5 and 

2 
Test when frequencies were 5. 

RESULTS 

 The induction of LOH in the marker-heterozygous flies 
produces two types of mutant clones: single or twin. Single 
spots are generated by mitotic recombination, somatic gene 
mutation, and deletion or chromosome aberrations at mwh or 
flr

3
 locus. They are recorded as small (1-2 cells, SSS) or 

large (>2 cells, LSS) single spots, being the size related to 
the number of divisions that occurred after the genetic 
change. Twin spots (TS), manifesting both flr

3
 and mwh 

subclones, originate exclusively from mitotic recombination 
occurring between the proximal marker fir and the 
centromere. 

 Table 1 shows that there are not significant differences in 
SSS frequencies between control and all MTZ doses tested. 
LSS induction is significantly increased by 500 μg/ml; 1000 
μg/ml MTZ treatment gave inconclusive results for LSS and 
TS. Treatments with 2000 μg/ml significantly raised the 
frequency of LSS and TS. Total spots were not affected by 
the lower MTZ dose (500 μg/ml), but raised significantly 
with 1000 and 2000 μg/ml. These results indicate that MTZ 
is genotoxic and suggest a recombinagenic effect of this 
drug. Fig. (1) shows that these genotoxic effects are dose 
dependant (R= 0.90066 for SSS; R= 0.81057 for LSS; R= 
0.97086 for TS; R= 0.98571 for Total; lineal fit). 

DISCUSSION 

 Data previously reported in Drosophila indicate that 
MTZ gave contradictory results for SLRL test (reported 
negative by Mohn et al. [26] and by Kramers [27], but 
positive by Tripathy et al. [28]). With much higher doses 
than those we report here, Tripathy et al. [28], found 
inconclusive results regarding LSS and TS, which could be 
interpreted as due to toxic effects of DL50 applied by the 

above mentioned authors. Rodriguez-Arnais and Hernandez 
Aranda [29] using the eye mitotic recombination assay 
reported that MTZ chronic treatments were the best exposure 
and concluded that MTZ action was mediated by 
electrophilic intermediates 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). Dose response of spots induction after MTZ treatments in 

D. melanogaster (SSS: small single spots; LSS: large single spots; 

TS: twin spots; Total: total spots). 

 Metronidazole is classified as a Group 2B carcinogen, 
thus it is considered possibly carcinogenic to humans but 
with limited evidence of carcinogenicity in humans and 
insufficient evidence in experimental animals [30]. 
Brambilla et al. [31] reviewed the long-term carcinogenesis 
assays for 535 pharmaceuticals and reported that MTZ gave 
positive results in Swiss mice (lung tumors, 0.06% in diet) 
but equivocal data in Sprague-Dawley weanling female rats 
(mammary tumors, 0.135% in diet) and equivocal or weakly 
positive in humans (lung and cervix tumors, cancer at any 
site). 

 As mentioned in above, the genotoxic and mutagenic 
properties of nitroimidazoles are well documented but 
information regarding the recombinational hazards of their 
human and veterinary applications is scarce. Mitotic 
recombination and gene conversion are two major 
mechanisms that cause LOH, thus they could play an 
important role in the processes of tumorigenesis and 
carcinogenesis [32]. The results presented here are in line 
with those reported previously that found a significant 

Table 1. Results Obtained with the Drosophila Wing Spot Test (SMART) in the Marker-Heterozygous After Chronic Treatment 

of Larvae with MTZ 

 

Spots Per Fly (Number of Spots); (Statistical Diagnosis)* 

Treatments Number of Flies 
Small Single Spots (1–2 cells) 

m=2 

Large Single Spots (>2 cells) 

m=5 

Twin Spots 

m=5 

Total Spots 

m=2 

Control 55 0.545 (30) 0.018 (1)  --- 0.564 (31)  

MTZ 500 μg/ml 55 0.509 (28) (-)* 0.127 (7) (+)* --- 0.636 (35) (-)* 

MTZ 1000 μg/ml 55 0.691 (38) (-)* 0.109 (6) (i)* 0.042 (2) (i)* 0.836 (46) (+)* 

MTZ 2000 μg/ml 59 0.763 (45) (i)* 0.152 (9) (+)* 0.102 (6) (+)* 1.017 (60) (+)* 

*Positive (+); negative (-); inconclusive (i) according Frei and Würgler [25]. (Kastenbaum and Bowman tables for the Conditional Binomial Test when frequencies are < 5; 2 Test 

when frequencies are >5). 
m=multiplication factor. 
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increase in sister chromatid exchange (SCE) frequency 
following MTZ treatments in vitro as well as in vivo [33-35]. 
Consequently, they had to be taken into account when risk-
benefit evaluation of MTZ is performed in order to avoid an 
indiscriminate use of the drug. 

CONCLUSIONS 

1. MTZ evaluated by the wing spot test, significantly 
increased the frequency of large, total and twin spots 
above control values, confirming the genotoxic and 
mutagenic properties of this nitroimidazole in D. 
melnogaster. 

2. The effects reported here are in line with with data in 
the literature, particularly with those found in sister 
chromatid exchange (SCE) frequency following in 
vitro and in vivo MTZ treatments. 

3. The rising in twin spots suggests the induction of 
recombinagenesis and/or gene conversion with the 
consequent loss of heterozygosis. 

4. This loss of heterozygosity has to be considered in 
risk-benefit evaluation of MTZ, since it could play an 
important role in tumorigenesis and carcinogenesis 
processes. 

ACKNOWLEDGEMENTS 

 This work was supported by grants MDM PIP 
057262/2012-14 and UBACyT FX 0136/

REFERENCES 

[1] Luteijn JM, White BC, Gunnlaugsdóttir H, Holm F, Kalogeras N, 

Leino O, Magnússon SH, Odekerken G, Pohjola MV, Tijhuis MJ, 
Tuomisto JT, Ueland Ø, McCarron PA, Verhagen H. State of the 

art in benefit–risk analysis: Medicines. Food Chem Toxicol 2012, 
50: 26–32. 

[2] Freeman CD, Klutman EN, Lamp KC. Metronidazole: A 
therapeutic review and update. Drugs 1997, 54: 679-708. 

[3] Barbut F, Meynard JL, Eckert C. Traitement des infections 
digestives à Clostridium difficile: anciennes et nouvelles approches. 

J Anti-infec 2011, 13: 74-86. 
[4] Bendeski A, Menéndez D, Ostrosky–Wegman P. Is metronidazole 

carcinogenic? Mutat Res 2002, 511: 133-144. 
[5] Mylonas I. Antibiotic chemotherapy during pregnancy and 

lactation period: Aspects for consideration. Arch Gynecol Obstet 
2011, 283: 7-18. 

[6] Dobías L, Cerna M, Rossner P, Sram R. Genotoxicity and 
carcinogenicity of metronidazole. Mutat Res 1994, 317: 177-94. 

[7] Rodriguez Ferreiro G, Cancino Badias L, Lopez-Nigro M, Palermo 
AM, Mudry MD, Prieto González E, Carballo MA. DNA single 

strand breaks in peripheral blood lymphocytes induced by three 
nitroimidazole derivatives. Tox Lett 2002, 132: 109-15. 

[8] López Nigro MM, Palermo AM, Mudry MD, Carballo MA. 
Cytogenetic evaluation of two nitroimidazole derivatives. Toxicol 

in Vitro 2003, 17: 35–40. 
[9] Palermo AM, Mudry MD, Reynoso AS, López Nigro M, Carballo 

MA. Teratogenic evaluation of metronidazole and ornidazole using 
Drosophila melanogaster as an experimental model. Birth Defects 

Res 2004, 70: 157-62. 
[10] Ornelas-Aguirre JM, Gómez-Meda BC, Zamora-Pérez AL, Ramos 

Ibarra ML, Batista-González CM, Zuñiga-González GM. 
Micronucleus Induction by Metronidazole in rat vaginal mucosa. 

Environ Mol Mutagen 2006, 47: 352-6. 
[11] Abrevaya X, Carballo MA, Mudry MD. The bone marrow 

micronucleus test and metronidazole genotoxicity in different 
strains of mice (Mus musculus). Gen Mol Biol 2007, 33: 1139-43. 

[12] Mudry MD, Carballo MA, Labal de Vinuesa M, González Cid M, 

Larripa I. Mutagenic bioassay of certain pharmacological drugs. 
III. Metronidazol (MTZ). Mutat Res 1994, 305: 127-32. 

[13] Mudry MD, Martinez-Flores I, Palermo AM, Carballo MA, 
Egozcue J, García-Caldés M. Embryolethality induced by 

metronidazole (MTZ) in Rattus norvegicus. Teratogen Carcinog 
Mutag 2001, 21: 197–205. 

[14] Mudry MD, Palermo AM, Merani MS, Carballo MA. 
Metronidazole induced alterations in murine spermatozoa 

morphology. Reprod Toxicol 2007, 23: 246-52. 
[15] Buschini, A., Ferrarini L., Franzoni S., Galati S., Lazzaretti M., 

Mussi F., Northfleet de Albuquerque C., Araujo Domingues Zucchi 
TM, Poli P. 2009. Genotoxicity revaluation of three commercial 

nitroheterocyclic drugs: nifurtimox, benznidazole, and 
metronidazole. J. Parasitol. Res. (Online) 2009:463575. 

[16] Sekis I, Ramstead K, Rishniw M, Schwark WS, McDonough SP, 
Goldstein RE, Papich M, Simpson KW. Single-dose 

pharmacokinetics and genotoxicity of metronidazole in cats. J 
Feline Med Surg 2009, 11: 60-8. 

[17] Graf U, Würgler FE, Katz AJ, Frei H, Juon H, Hall CB, Kale PG. 
Somatic mutation and recombination test in Drosophila 

melanogaster. Environ Mutagen 1984 6: 153–88. 
[18] Graf U, Frei H, Kägi A, Katz AJ, Würgler FE. Thirty compounds 

tested in the Drosophila wing spot test. Mutat Res 1989, 222: 359–
73 

[19] Guzmán-Rincón J, Graf U. Drosophila melanogaster somatic 
mutation and recombination test as a biomonitor. In: Butterworth 

FM, Corkum LD, Guzmán Rincón J Eds, Biomonitors and 
Biomarkers as Indicators of Environmental Change. Plenum Press, 

New York, 1995, pp. 169–81. 
[20] Vogel W, Graf U, Frei HJ, Nivard MMJ. The results of assays in 

Drosophila as indicators of exposure to carcinogens. In: McGregor 
DB, Rice JM, Venitt S, Eds, The use of short- and medium-term 

tests for carcinogens and data on genetic effects in carcinogenic 
hazard evaluation, IARC Sc. Pub. 146, 1999, pp. 427–70. 

[21] Carmona ER, Kossatz E, Creus A, Marcos R. Genotoxic evaluation 
of two mercury compounds in the Drosophila wing spot test. 

Chemosphere 2008, 70: 1910-14. 
[22] Demir E, Marcos R, Kaya B. Genotoxicity studies in the ST cross 

of the Drosophila wing spot test of sunflower and soybean oils 
before and after frying and boiling procedures. Food Chem Toxicol 

2012, 50: 3619–24 
[23] Graf U, Spanó MA, Guzmán Rincón J, Abraham SK, Andrade HH. 

The wing Somatic Mutation and Recombination Test (SMART) in 
Drosophila melanogaster: an efficient tool for the detection of 

genotoxic activity of pure compounds or complex mixtures as well 
as for studies of antigenotoxicity. Afr Newslett on Occup Health 

and Safety 1996, 6 (Suppl. 1): 9–13. 
[24] Graf U, Abraham SK, Guzmán-Rincón J, Würgler FE. 

Antigenotoxicity studies in Drosophila melanogaster. Mutat Res 
1998, 402: 203–9. 

[25] Frei H, Würgler FE. Statistical methods to decide whether 
mutagenicity test data from Drosophila assays indicate a positive 

negative or inconclusive result. Mutat Res 1988, 203: 297–308. 
[26] Mohn GR, Ong T, Callen DF, Kramers PNG, Aron CS. 

Comparison of the genetic activity of 5-nitroimidazole derivatives 
in Escherichia coli, Neurospora crasa, Saccharomyces cerevisiae 

and Drososphila melanogaster. J Environ Pathol Toxicol 1976, 2: 
637-70. 

[27] Kramers PGN. Studies on the induction of sex-linked recessive 
lethal mutations in Drosophila melanogaster by nitroheterocyclic 

compounds. Mutat Res 1982, 101:209-36. 
[28] Tripathy NK, Sahu GP, Anandkumar A, Sahoo UR. Studies on the 

genotoxicity of two antiprotozoal and antibacterial agents in 
somatic and germ line cells of Drosophila. Rev Int Contam 

Ambient 1996, 12: 83-8. 
[29] Rodriguez-Arnais R, Hernández Aranda J. Metabolic activation of 

four drugs in the eye mosaic assay measuring principally mitotic 
recombination in Drosophila melanogaster: differences in strain 

susceptibility and route of exposure. Mutat Res 1994, 305: 157-63. 
[30] http://monographs.iarc.fr/ENG /Classification/index.php, 2012 

[31] Brambilla G, Mattioli F, Robbiano L, Martelli A. Update of 
carcinogenicity studies in animals and humans of 535 marketed 

pharmaceuticals. Mutat Res 2012, 750: 1–51. 



4    Current Drug Safety, 2013, Vol. 8, No. 3 Palermo
 
and Mudry 

[32] Nickoloff JA. Recombination: Mechanisms and Roles in 

Tumorigenesis. In: Bertino, J. R., Ed, Encyclopedia of Cancer (2nd 
Ed.), Academic Press, New York, 2002, pp. 49-59. 

[33] Carballo MA, Martinez RA, Mudry MD. Nitroimidazole 
derivatives: non-randomness sister chromatid exchanges in human 

peripheral blood lymphocytes. J Appl Toxicol 2008, 29: 248-54. 

[34] López Nigro MM, Mudry MD, Carballo MA. Metronidazole: Short 

term tests and cell death induced under aerobic condition. Lat Am J 
Pharm 2010, 29: 1319-27. 

[35] Mudry MD, Martinez RA, Nieves M, Carballo MA. Biomarkers of 
genotoxicity and genomic instability in a nonhuman primate Cebus 

libidinosus (Cebidae, Platyrrhini). Mutat Res 2011, 721: 108-13. 

 

 

Received: July 24, 2012 Revised: May 23, 2013 Accepted: May 24, 2013 


