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Abstract

The mouse (Mus musculus) bone marrow micronucleus test was carried out using 24 outbred National Institutes of
Health (NIH) mice, 24 inbred Swiss Webster (CFW) mice and 20 inbred Bagg albino/color locus Jackson (BALB/cJ)
mice. The mice in the experimental group (n = 32) were injected intraperitoneally with 133 mg kg-1 of metronidazole
parenteral solution and the control group consisted of mice (n = 36) which had not been injected with metronidazole.
There was no significant difference (p > 0.05) between the sexes regarding the micronucleus frequency in either the
experimental or the control group. When the Mn frequencies of the three strains were compared, the results for the
CFW and BALB/cJ strains did not differ statistically (p > 0.05) for either the experimental or control groups but there
were significant (p < 0.05) differences between the CFW and NIH strains and the NIH and BALB/cJ strains for the ex-
perimental and control groups, with the NIH strain always showing the highest micronucleus frequency. Our results
also show that metronidazole was possible genotoxic agent because it produced a significant increase (p < 0.05) in
the micronucleus frequency of the experimental group as compared to the control group for all the three mouse
strains tested.
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The micronucleus test is one of the most widely ap-

plied short term test used in genetic toxicology and has be-

come one of the most important tests implemented by the

regulatory entities of different countries to evaluate muta-

genicity of, and sensitivity to, xenobiotics (OECD, 1997;

EPA, 1998). The experimental models proposed for these

evaluations include different strains of inbred, outbred or

hybrid mice (Salamone and Mavourin, 1994), transgenic

mice (Recio et al., 2005) and, more recently, wildlife ani-

mal models (Da Silva et al., 2000 a, b). The species em-

ployed to monitor the potential genotoxic effect must be

considered as a source of variability as certain genotoxic

agents have been described as species-specific. For exam-

ple, the effects of ionizing radiation have been highly vari-

able when assayed with different animal species and

laboratory strains (Catena et al., 1994) and differing re-

sponses have occurred between different rat strains when

exposed to chemical agents such as cyclophosphamide

(Hamada et al., 2001). According to Simula and Priestly,

1992, these effects could be due to the influence of various

factors such as the differential distribution of the compound

tested within the tissues of the different species and strains

of animals used in testing. The importance of strain-de-

pendence sensitivity to different agents has been growing

in the last three decades (Styles et al., 1983; Aeschbacher,

1986; Sato et al., 1987, 1993). Sato et al. (1993) analyzed

the micronucleus frequency in the bone marrow of different

mice strains treated with base and nucleotide analogues,

and found that BALB/c mice were more susceptible to

clastogenic effects than C57BL/6 or DBA/2 strains of mice.

Similar results were obtained after exposure to radiation

(Bhilwade et al., 2004).

Erexson et al., (1991) found no species or strain dif-

ferences in the micronucleus test for rats, mice or humans

when investigating the effects of X-ray radiation and this

was supported by Styles et al. (1983), who reported no dif-

ferences in micronucleus test results for different mice

strains exposed to genotoxic agents such as cyclophos-

phamide and hexamethyl phospharamide. More recently,
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however, Salamone and Mavourin (1994) reported that the

basal micronucleus frequency of different mice strains di-

verge significantly from that of their parental strains.

To clarify this situation and ascertain whether or not

the strain of mice used in the micronucleus test affected the

results of the test we compared three mice strains fre-

quently used in genetic toxicology evaluation protocols in

respect to their micronucleus test results after exposure to

the genotoxic agent metronidazole, an anti-infective agent

mainly used in the treatment of infections caused by proto-

zoa and anaerobic bacteria.

The mouse (Mus musculus) bone marrow micro-

nucleus test was carried out according with EPA, 1994, and

Schmid, 1975, using 24 outbred National Institute of

Health (NIH) mice, 24 inbred Swiss Webster (CFW) mice

and 20 inbred Bagg albino/color locus Jackson (BALB/cJ)

mice (Schmid, 1975; Potter, 1985; EPA, 1994) (Table 1).

CFW and NIH mice were provided by the animal breeding

unit of the School of Medicine (FMed, UBA) and the

BALB/cJ mice by the animal breeding unit of the School of

Exact and Natural Sciences (FCEyN, UBA), both in Bue-

nos Aires, Argentina. The mice strains had previously been

obtained from National Atomic Energy Comittee (CNEA)

(CFW and NIH) and Jackson Laboratory (BALB/cJ). The

mice in the experimental group (n = 32) were injected

intraperitoneally with 133 mg kg-1 of metronidazole

parenteral solution, this dose being comparable to that used

in humans. The control group consisted of mice (n = 36)

which had not been injected with metronidazole. In this ex-

perimental design the control group was not injected with

the vehicle (physiologic solution) since our previous results

did not show significant differences between experimental

mice treated with the vehicle and controls without treat-

ment (Abrevaya et al., 2004). For both the experimental

and control groups of each strain we used equal numbers of

adult mice of both sexes (60-days old, mean weight = 30 g ±

5 g) housed in separate same-sex communal cages main-

tained at 20 °C ± 2 °C under a 20 lux 12 h day-length and

given ad libitum access to a commercial feed (Nestle

Purina, Argentina) and filtered water acidified to pH 2.5.

Sterile wood shavings were used as bedding and the air in

the animal house was renewed eight times a day. Both

groups were sacrificed by cervical dislocation 30 h after in-

jection with metronidazole (Mudry et al., 1994). This study

as approved by the animal experimentation review board of

our institution.

Bone marrow preparations were made and stained ac-

cording to the method described in Schmid, 1975. The pres-

ence of micronucleated polychromatic erythrocytes was

visually scored (at least 1000 per mouse) by optical micros-

copy using a Leica bright field microscope. Cells were con-

sidered to be micronucleated when they contained neatly

defined chromatin corpuscles with a diameter of less than

one-third the diameter of the cell nucleus and stained equal

or lighter than the nucleus of the cell from which the

micronucleated cell had developed (Schmid, 1975). The

experimental and control micronucleus frequency for each

specimen within and between the different mice strains

were compared using the non-parametric two-tailed un-

paired Mann-Whitney test, the Kruskal-Wallis and the Chi-

Squared tests using the Statistica program V3 (the analysis

was performed considering individual value frequencies).
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Table 1 - Micronucleus frequency (mean ± standard error, SE) for bone marrow polychromatic erythrocytes from three strains of mice treated with

133 mg kg-1 of metronidazole (the experimental group) and untreated mice (the control group). We assessed six mice of each sex for both the control and

experimental groups, except for the BALB/cJ experimental group for which four mice were assessed for each sex. At least 1000 cells were scored per

mouse, although for the BALB/cJ experimental group 1500 cells were scored per mouse.The two-tailed Mann-Whitney test was used to test for

differences between frequency values.

Micronucleus frequency (mean ± SE per 1000 polychromatic erythrocytes)

Mouse strain and group Sex Total

Male Female (male + female)

NIH

Control 9.47 ± 1.88a (n = 6) 9.02 ± 1.64a (n = 6) 9.24 ± 1.98b (n = 12)

Experimental 21.31 ± 4.2a (n = 6) 20.39 ± 4.44a (n = 6) 20.85 ± 4.15bd (n = 12)

CFW

Control 6.80 ± 1.40a (n = 6) 6.62 ± 1.25a (n = 6) 6.45 ± 1.28bc (n = 12)

Experimental 13.72 ± 3.17a (n = 6) 18.50 ± 4.76a(n = 6) 16.11 ± 4.59bcd (n = 12)

BALB/cJ

Control 7.25 ± 1.88a (n = 6) 8.14 ± 1.39a (n = 6) 7.70 ± 1.65bc (n = 12)

Experimental 15.5 ± 2.88a (n = 4) 13.25 ± 4.19a (n = 4) 14.37 ± 3.54bcd (n = 8)

aFrequency values with this superscript did not differ significantly between male and female mice in the same row (p > 0.05). bNIH frequency values with

this superscript differ significantly between rows (CFW and BALB/cJ) (p < 0.05). cCFW frequency values with this superscript did not differ

significantly between rows (from BALB/cJ strain) (p > 0.05). dFrequency values with this superscript differ significantly from the control group for the

same strain (p < 0.05).



There was no significant difference (p > 0.05) be-

tween the sexes regarding the micronucleus frequency in

either the experimental or the control group, because of

which the data for the male and female mice of each strain

were pooled (Table 1). For all the strains, the micronucleus

frequency was, as expected, significantly higher (p < 0.05)

in the experimental group than the control group. When the

micronucleus frequency of three strains were compared the

results for the CFW and BALB/cJ strains did not differ sta-

tistically (p > 0.05) when each individual group (experi-

mental and control) was considered separately but, how-

ever, there were significant (p < 0.05) differences between

the CFW and NIH strains and the NIH and BALB/cJ strains

for the experimental and control groups when considered

separately, with the NIH strain always showing the highest

micronucleus frequency.

Since the 1980s our research team has used experi-

mental designs based on the micronucleus test using the

CFW mouse strain (Larripa et al., 1984, 1992; Mudry et al.,

1987, 1994) and established an historical mean number of

micronuclei for untreated control CFW mice of 9.73 ± 2.53

micronuclei per 1000 polychromatic erythrocytes, the addi-

tion of the data from the present study altering this mean

value to 9.13 ± 2.58 micronuclei per 1000 polychromatic

erythrocytes for this strain.

The micronucleus test is often used to predict the car-

cinogenic potential of compounds (Sato et al., 2001), al-

though the scope of this test is continuously broadening by

incorporating new technologies for the detection of differ-

ent genetic alterations (Zuñiga González et al., 2001a, b;

Ateeq et al., 2002; Cristaldi et al., 2004). Several authors

have reported modifications to the test, including alter-

ations in culture media, β-cytochalasin concentration, os-

molarity, pH and staining techniques, all of which are

capable of introducing artifacts and producing intra- and

inter-laboratory variability (Fenech et al., 2003; Mentières

and Marzin, 2004). Additionally, there have been reported

cases of false negative results when subjecting 5-azaci-

tidine, diazepam or hydroquinone to the micronucleus test

using cultured LUC2 cells (Lynch and Parry, 1993).

Some authors have described sex as an important

variable in the micronucleus test (Fenech et al., 1994;

Zuñiga et al., 2000, 2001a, b), with males generally being

more sensitive than females to the induction of micronuclei

(Hayashi et al., 1982; CSGMT, 1988). However, other

studies have shown no sex-related differences in micro-

nucleus test results (Vanparys et al., 1990; Mudry et al.,

1994; Gimmler-Luz et al., 1997) and although fewer mice

were used in our study our results also showed no signifi-

cant differences in micronuclei frequency between the

sexes for the mice strains tested.

The role played by the genotype in the response of

mice strains to xenobiotics has been discussed by several

authors (Evans et al., 1986; Sato et al., 1987) and it is

known that the genetic background of different mouse lines

results in some lines having special features in their physio-

logical processes (Boggs et al., 1978; Pettersson et al.,

2000; Gutierrez-Enriquez et al., 2004). When different

strains of mice are used, the variability observed in micro-

nucleus frequencies could be reflect some of this process

(Bhilwade et al., 2004).

Our results support the reports of inter-strain differ-

ences between mice used in the micronucleus test in agree-

ment with previous paragraph (Table 1).

In our study the value for the inbred CFW strain rang-

ing from 5.17 to 7.73 (mean 6.45 ± 1.28 for n = 12, Table 1)

show partially overlapping within the basal range from 7.50

to 15.00 reported in the literature for this strain (Salamone

and Mavourin, 1994). Although a literature search showed

no available data for the basal micronucleus frequency of

the inbred BALB/cJ strain, our basal value for this strain

(mean for 7.70 ± 1.65 for n = 12, Table 1) ranging from 6.05

to 9.35 fell in the superior value of the range between 1.00

to 7.00 reported in the literature for the closely related

BALB/c strain (Salamone and Mavourin, 1994). However,

our basal range for the outbred NIH strain (mean for

7.70 ± 1.65 for n = 12, Table 1) ranging from 7.26 to 11.22

showed no correspondence with the value of 1.7 to 6.1 re-

ported in the literature for this strain (Salamone and Ma-

vourin, 1994). Such a discrepancy could be due to breeding

inside the NIH strain colonies, which could have lead to di-

vergence in different breeding centers due to the degree of

homogeneity reached inside the colonies in a relatively re-

duced population of mice (Salamone and Mavourin, 1994).

However, the difference in the micronucleus frequency be-

tween the inbred and outbred strains (CFW or BALB/cJ

versus NIH) was significantly higher (p < 0.05) than that

observed between the inbred strains alone (CFW versus

BALB/cJ).This could be due to the genetic variability gen-

erated when performing each type of crossing. Endogamic

crossing, can lead to a high degree of genetic homogeneity

within each strain, resulting in each inbred line having a

high degree of differentiation in regard to other lines (Hartl,

2001). Crosses producing outbred stocks generate high ge-

netic variability which explains the genotypic differences

among individual mice in such stocks and perhaps pro-

duces more resistance to chemically induced toxicity than

is the case for inbred strains (Hartl, 2001). Furthermore,

even though there may be differences between one outbred

line and another, the existence of some genetically hetero-

geneous mice in each outbred line may generates a certain

degree of population identity that may have statistical sig-

nificance (Hartl, 2001). In our study, strain dependent vari-

ability of micronucleus frequencies was observed for both

the control and experimental groups when the outbred

strains were compared with the inbred strain (p < 0.05).

During the last 20 years, the nitroimidazolic geno-

toxic agent metronidazole has been studied by several other

authors (Dobiàs et al., 1994; Cavas and Ergene-Gozukara,

2005) and has been associated with differential effects due
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to the metabolism of this compound and with the genotype

of the exposed organisms, or both. When we analyze the

potential metronidazole genotoxicity we found differences

in micronucleus frequencies between the control groups

and the experimental groups which had received

metronidazole for all the mouse strains used. These find-

ings agree with previous reports described in the literature

(Dobiàs et al., 1994, Cavas and Ergene-Gozukara, 2005)

and widely studied in other models and experimental de-

signs (Mudry et al., 1994; López Nigro et al., 2003;

Palermo et al., 2004; Mudry et al., 2007).
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