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a b s t r a c t

The potential interactivity of the antimicrobials miconazole and metronidazole in the induction of terato-
genic effects was investigated in the present study. Drugs were injected at 60 mg/kg either individually
or in combination to pregnant mice on gestation day (GD) 8, 9, or 10. Teratological assessments were
carried out on GD 18. A potent teratogenic interaction resulted from miconazole–metronidazole co-
vailable online 27 September 2008

eywords:
iconazole
etronidazole

administration, causing an increment in axial skeletal defects incidence. While, the individual exposure
to miconazole or metronidazole produced axial skeletal defects at frequencies that did not exceed 5.6%
in the various treatment groups, the percentage of fetuses with malformed skeleton reached 26% after
co-exposure on GD 8 or GD 9. No significant synergism was noted when drugs were co-administered
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. Introduction

Metronidazole is a nitroimidazole derivative which is active
gainst both anaerobic bacteria and protozoa [1]. Unlike other
midazole derivatives, it does not exert antifungal effects. Metron-
dazole contains a nitro-group that must be reduced in order to
roduce its toxicity in microbial cells [2]. Activation of metronida-
ole is promoted by anaeroboic conditions [2]. The reduction of the
itro-group of the 5-nitroimidazole leads to the generation of toxic
erivatives that kill sensitive organisms by interacting with DNA
2]. Miconazole is an imidazole antifungal agent acting by inhibit-
ng the fungal cytochrome P450 (CYP) (14�-sterol demethylase),
n enzyme responsible for the conversion of lanosterol to 14�-
emethyllanosterol in the ergosterol biosynthetic pathway, leading
o the disruption of the growing fungal cell wall and death of the
ungal cell [3,4]. Pharmaceutical formulations containing micona-
ole and metronidazole are widely used for the topical treatment
f common vulvovaginal infections, including candidiasis, bacte-

ial vaginosis and trichomonal vaginitis [5]. Data suggestive for
possible association between combined vaginal treatment with
iconazole plus metronidazole during pregnancy and an increased

requency of polydactyly (addition of digits) and syndactyly (fusion

∗ Corresponding author at: Sezione di Ostetricia e Ginecologia, Dipartimento di
edicina e Scienze dell’Invecchiamento, Facoltà di Medicina e Chirurgia, Università

G. d’Annunzio” di Chieti-Pescara, Ospedale “SS. Annunziata”, Via dei Vestini, 66013
hieti, Italy. Tel.: +39 0871 540034; fax: +39 0871 540037.

E-mail address: tiboni@unich.it (G.M. Tiboni).
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at a teratogenic interaction can result from miconazole–metronidazole
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f digits) have been recently reported by a population-based case-
ontrol study [6]. The effect was theorized to be dependent on
he interaction between the two antimicrobials, as also supported
y the evidence that independent exposure to metronidazole or
iconazole has not been associated to increased risk for struc-

ural congenital anomalies in the majority [7–11] albeit not all
12,13] the human studies. The concept that the single exposure
o miconazole or metronidazole is free of teratogenic potential is
lso supported by animal studies. In rats, no teratogenic effects
esulted from treatment with daily doses of metronidazole up to
00 mg/kg given by gavage, or administered with the diet at 0.13%
14]. Concordantly, no teratogenic effects were found in rabbits
iven 200 mg/(kg day) of metronidazole from gestation day 3 to ges-
ation day 13 of pregnancy [14], and in mice administered by gavage
p to 20 mg/(kg day) on gestation days 6–15 of pregnancy [15].
lso miconazole failed to induce teratogenic effects in experimental
nimals [16,17], it was embryotoxic but not teratogenic following
ral doses of 80 mg/kg [18,19]. No indication of embryotoxicity
r teratogenicity resulted from reproduction studies where rats
nd rabbits received intravenous doses of miconazole at 40 and
0 mg/kg, respectively [19].

The goal of this study was to investigate, in a in vivo mouse
odel, the interactive effects of concurrent exposure to miconazole

nd metronidazole in the induction of teratogenic effects.
. Materials and methods

.1. Animal husbandry and breeding procedure

Sexually mature ICR (CD-1) mice were used in this study. Animals were housed in
olycarbonate cages with rodent laboratory chow (Altromin-MT, Italy) and filtered

http://www.sciencedirect.com/science/journal/08906238
http://www.elsevier.com/locate/reprotox
mailto:tiboni@unich.it
dx.doi.org/10.1016/j.reprotox.2008.09.005
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Fig. 1. Effect of miconazole–metronidazole co-administration on axial skeletal
development of ICR (CD-1) mouse fetuses. The drugs (60 mg/kg) were administered
intraperitoneally on gestation day (GD) 8, 9 or 10. Controls were injected with vehicle
on GD 8, 9 or 10. Uterine contents were evaluated on GD 18. Numbers in parenthe-
ses correspond to number of fetuses affected/number of fetuses evaluated. Fetuses
displaying only skeletal variations (like long or short supernumerary ribs, sterne-
b
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ap water provided ad libitum. During the entire study, animals were maintained in a
limate-controlled room (22 ± 1 ◦C), under an alternating 12-h of artificial light/dark
ycle. Timed pregnant mice were produced by caging individual males of the same
tock into cages containing three/four nulliparous females during the dark cycle.
etection of vaginal plug (taken as evidence of mating) at the end of the dark cycle

8:00 a.m.) was used to designate gestation day (GD) 0.

.2. Experimental procedures

All the chemicals used in the study were purchased from Sigma Chemical (Milan,
taly). All dosing solutions were prepared shortly before administration. Miconazole
nd metronidazole were dissolved in dimethyl sulfoxide (DMSO) and administered
ntraperitoneally, individually or in combination, at 60 mg/kg in one of GD 8, 9 or
0. The doses were identified on the basis of a preliminary study showing lack
f substantial teratogenic effects under single exposure. The administration times
ere selected to span important phases of early organogenesis, including early limb
evelopment. The intraperitoneal route of administration was selected to provide
onsistent and controlled doses. Animals receiving only miconazole or metronida-
ole also received an injection of DMSO. Controls animals were treated with a double
njection of appropriate doses of DMSO. In order to minimize exposure to the vehicle,

small injection volume (1.5 ml/kg) was used. In all instances, the second injec-
ion was administered within 5 min of the first one. Pregnancies were terminated
ear term, on GD 18, and gestational end-points, including maternal weight, preg-
ant uterus weight, maternal absolute weight (maternal weight − pregnant uterine
eight), number of living and dead fetuses, fetal gender, fetal weight and gross

etal morphologic malformations were recorded. Half of the fetuses from each lit-
er were prepared for double-staining skeletal examination using the methods of
nouye [20] and Kimmel and Trammel [21], as modified by Kuczuk and Scott [22]. The
emaining fetuses were fixed in Bouin’s solution and subsequently examined for vis-
eral anomalies, using the free-hand slicing method of Wilson [23]. All morphologic
valuations were carried out under a stereo microscope.

.3. Statistical analysis

Continuous data were compared using Student’s t-test or ANOVA and post hoc
tudent–Newman–Keuls test for multiple comparisons. Binomial data were com-
ared using the �2-test. Differences were considered statistically significant when
< 0.05.

. Results

.1. Maternal and litter data

Maternal and litter parameters of ICR (CD-1) mice treated with
iconazole, metronidazole or miconazole plus metronidazole on
D 8, 9 or 10 are shown in Table 1. Treated animals showed
transient depression of animal activity (lasting a few hours).
o maternal deaths occurred during the study and exposures,
t any administration time, did not affect maternal body weight
arameters, including maternal body weight at term gestation, and
aternal corrected body weight (maternal body weight at term
inus gravid uterine weight). There were no treatment-related

ffects on the mean fetal body weight/litter. There were, on the
ther hand, treatment-related effects on embryonic viability that
ere dependent not only on the type of treatment but also on the

iming of exposure. Comparable levels of prenatal demise were
oted in control groups, being the post-implantation loss of 14.7%,
3.8%, and 14.7% after injection with vehicle on GD 8, 9 or 10,
espectively. Among animals treated on GD 8, statistically signifi-
ant (p < 0.05) increases in post-implantation loss in comparison to
he control group were seen after treatment with miconazole alone
25.2%), metronidazole alone (26.8%), or miconazole plus metron-
dazole (26.2%). Data relative to GD 9 treatment groups showed

n increased post-implantation loss in the combined treatment
roup, with a frequency rate of 26.4%. This value resulted statis-
ically higher (p < 0.05) not only in comparison to the control group
ut also with respect to the miconazole alone (10.5%) or metron-

dazole alone (9.3%) groups. No statistically significant differences
n post-implantation loss between control and treated groups were
bserved in GD 10 experimental groups.

i

4

o

ral anomalies and sacralization of the 6th lumbar vertebra) were not considered as
alformed. *Statistically significant (p < 0.05; �2 test) vs. control group, miconazole

r metronidazole groups of the same GD.

.2. Teratogenesis

Axial skeletal defects were the prominent malformations
bserved in the study. Percentages of fetuses with abnormal skele-
ogenesis from the various experimental groups are shown in Fig. 1.
he single administration of miconazole or metronidazole, was
ssociated with percentages of fetuses with skeletal defects that
ere, at maximum, of 5.6% and 1.9% respectively. These frequen-

ies, both resulting from treatment on GD 8, were not significantly
igher than those recorded in controls. A teratological syner-
ism resulted, on the other hand, from miconazole–metronidazole
oncurrent exposure. The teratogenic response was influenced
y the time of co-administration, being significant teratogenesis
etectable on GD 8 and GD 9, with about 26% of fetuses resulting
ffected, but not on GD 10, when the percentage of the malformed
etuses decreased to 9%. Types and frequencies of the specific axial
keletal malformations and variations are listed, along with other
orphological anomalies, in Table 2. Examples of the axial skele-

al defects observed are shown in Fig. 2. Major skeletal features
ncluded asymmetric, cleaved and fused vertebrae and vertebrae

ith fused, asymmetric, cleaved and dumbbell shaped centrum.
hese abnormal vertebral phenotypes were more prevalent in tho-
acic and lumbar vertebrae. Rib malformations especially consisted
f rib fusion. Concurrent exposure to miconazole and metronida-
ole also increased the incidence of axial skeletal variations, like
ull supernumerary ribs, short ribs and sternebral anomalies. One
umbar hemivertebra (1.85%) was the only skeletal malformation
bserved in the control fetuses. Cleft palate, the only craniofa-
ial malformation seen in the study, occurred sporadically among
he various treatment groups. Other sporadic defects encountered
ncluded dilated renal pelvis and distended bladder.
. Discussion

The present study investigated the interactive teratogenicity
f two antimicrobial agents, miconazole and metronidazole, fol-
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Table 1
Maternal and litter parameters in ICR (CD-1) mice administered with miconazolea, metronidazolea or miconazolea plus metronidazolea on gestation day (GD) 8, 9 or 10.

GD 8 GD 9 GD 10

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Number of
pregnant
animals treated

10 13 11 11 9 12 10 9 10 9 10 12

Maternal body
weight
(g ± S.E.M.) at
term gestation

61.16 ± 3.21 54.38 ± 2.51 56.81 ± 1.50 58.30 ± 2.61 60.35 ± 2.35 57.20 ± 2.43 61.57 ± 1.69 56.23 ± 3.22 54.03 ± 2.37 60.93 ± 2.09 63.69 ± 2.66 58.34 ± 2.13

Maternal
corrected body
weight
(g ± S.E.M.)c

42.35 ± 1.91 40.06 ± 1.11 40.80 ± 1.30 41.06 ± 1.27 39.95 ± 1.43 38.27 ± 1.80 40.07 ± 1.17 39.19 ± 0.98 38.16 ± 0.77 42.51 ± 1.19 45.17 ± 1.76 39.97 ± 0.97

No. of
implantations
per litter
(mean ± S.E.M.)

12.20 ± 1.18 10.46 ± 1.14 12.64 ± 0.97 12.82 ± 1.09 13.56 ± 1.17 11.83 ± 1.01 12.90 ± 0.62 13.44 ± 1.19 10.20 ± 1.56 13.22 ± 0.60 12.70 ± 0.84 13.08 ± 0.78

Post-
implantation
lossd

18/122 (14.75%) 35/136* (25.73%) 37/138* (26.81%) 37/141* (26.24%) 17/123 (13.82%) 15/143 (10.48%) 12/129 (9.30%) 32/121§ (26.44%) 15/102 (14.70%) 23/119 (19.32%) 24/127 (18.90%) 31/157 (19.74%)

No. of viable
fetuses per
litter
(mean ± S.E.M.)

10.40 ± 1.29 7.77 ± 1.24 9.18 ± 0.96 9.45 ± 1.06 11.78 ± 1.06 10.67 ± 0.86 11.70 ± 0.60 9.89 ± 1.61 8.70 ± 1.51 10.67 ± 0.93 10.30 ± 1.00 10.50 ± 0.91

Mean fetal
body weight
per litter
(g ± S.E.M.)

1.32 ± 0.04 1.36 ± 0.04 1.27 ± 0.03 1.34 ± 0.05 1.28 ± 0.03 1.30 ± 0.05 1.30 ± 0.03 1.26 ± 0.02 1.35 ± 0.03 1.27 ± 0.05 1.25 ± 0.03 1.27 ± 0.02

a 60 mg/kg administered intraperitoneally.
b Administered with vehicle.
c Maternal body weight at term minus gravid uterine weight.
d Resorptions plus dead fetuses.
* Statistically significant (p < 0.05) vs. control group of GD 8.

§ Statistically significant (p < 0.05) vs. other groups of GD 9.
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Table 2
Congenital abnormalities observed in ICR (CD-1) mice administered with miconazolea, metronidazolea or miconazolea plus metronidazolea on GD 8, 9 or 10.

GD 8 GD 9 GD 10

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Total number
of fetuses
examined

104 101 101 104 106 128 117 89 87 96 103 126

Axial skeletal defects
Thoracic vertebrae

Asymmetric
vertebra (flat)

0/54 0/53 0/53 6/50 0/54 0/65 0/61 4/45 0/47 1/49 0/53 3/66

Hemivertebra
0/54 0/53 0/53 1/50 0/54 1/65 0/61 0/45 0/47 0/49 0/53 0/66

Cleaved
vertebra

0/54 0/53 0/53 1/50 0/54 0/65 0/61 0/45 0/47 0/49 0/53 0/66

Fused
vertebrae

0/54 0/53 0/53 1/50 0/54 1/65 0/61 1/45 0/47 0/49 0/53 0/66

Fused
centrum

0/54 0/53 0/53 1/50 0/54 1/65 0/61 1/45 0/47 0/49 0/53 0/66

Asymmetric
centrum

0/54 0/53 0/53 2/50 0/54 0/65 0/61 2/45 0/47 0/49 0/53 0/66

Cleaved
centrum

0/54 0/53 0/53 3/50 0/54 0/65 0/61 0/45 0/47 0/49 0/53 0/66

Dumbbell
shaped
centrum

0/54 1/53 0/53 4/50 0/54 0/65 0/61 2/45 0/47 0/49 0/53 0/66

Lumbar vertebrae
Asymmetric

vertebra
0/54 1/53 0/53 1/50 0/54 0/65 0/61 1/45 0/47 0/49 0/53 1/66

Hemivertebra
1/54 0/53 0/53 0/50 0/54 0/65 0/61 1/45 0/47 0/49 0/53 0/66

Cleaved
vertebra

0/54 0/53 0/53 0/50 0/54 0/65 0/61 1/45 0/47 0/49 0/53 0/66

Fused
vertebrae

0/54 0/53 0/53 0/50 0/54 0/65 0/61 1/45 0/47 0/49 0/53 0/66

Fused
centrum

0/54 0/53 0/53 0/50 0/54 0/65 0/61 0/45 0/47 0/49 0/53 0/66

Asymmetric
centrum

0/54 0/53 0/53 2/50 0/54 0/65 0/61 1/45 0/47 0/49 0/53 0/66

Cleaved
centrum

0/54 1/53 0/53 0/50 0/54 0/65 0/61 3/45 0/47 0/49 0/53 2/66

Dumbbell
shaped
centrum

0/54 1/53 0/53 0/50 0/54 1/65 0/61 3/45 0/47 0/49 0/53 4/66

Sacralization
of the 6th
lumbar
vertebrac

0/54 3/53 2/53 0/50 0/54 4/65 1/61 2/45 0/47 0/49 0/53 0/66

Sacral vertebrae
Dumbbell

shaped
centrum

0/54 0/53 0/53 0/50 0/54 0/65 0/61 0/45 0/47 0/49 0/53 0/66
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Table 2 (Continued).

GD 8 GD 9 GD 10

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Controlb Miconazole Metronidazole Miconazole +
Metronidazole

Ribs
Undulated 0/54 0/53 1/53 0/50 0/54 0/65 0/61 0/45 0/47 0/49 0/53 0/66
Fused 0/54 2/53 0/53 6/50 0/54 0/65 1/61 2/45 0/47 0/49 0/53 0/66
Rudimentary 0/54 0/53 0/53 1/50 0/54 0/65 0/61 0/45 0/47 0/49 0/53 0/66
Branched 0/54 0/53 0/53 1/50 0/54 0/65 0/61 0/45 0/47 0/49 0/53 0/66
Long

supernumerary
thoracolumbar
(14)c

11/54 12/53 6/53 21/50 26/54 22/65 17/61 10/45 9/47 16/49 8/53 7/66

Short
supernumerary
thoracolumbar
(13 + 1)c

6/54 9/53 3/53 11/50 5/54 0/65 0/61 1/45 3/47 0/49 5/53 9/66

Sternebrae

Extrasternebral
ossification
sitec

3/54 6/53 1/53 20/50 0/54 0/65 0/61 0/45 0/47 4/49 2/53 2/66

Asymmetric
dumbbell
shapedc

2/54 3/53 2/53 5/50 0/54 0/65 0/61 1/45 0/47 1/49 3/53 5/66

Fusedc 1/54 0/53 0/53 6/50 0/54 0/65 0/61 0/45 0/47 0/49 3/53 2/66
Cleavedc 1/54 4/53 0/53 3/50 0/54 0/65 0/61 1/45 0/47 0/49 2/53 3/66

Rudimentaryc
3/54 4/53 1/53 13/50 0/54 0/65 0/61 0/45 0/47 3/49 2/53 4/66

Caudal vertebra
Fused

vertebrae
0/54 1/53 0/53 0/50 0/54 0/65 0/61 0/45 0/47 1/49 0/53 0/66

Visceral defects
Dilated renal
pelvisc

0/50 0/48 2/48 2/54 0/52 0/63 1/56 3/44 0/40 3/47 4/50 2/60

Distended
bladderc

0/50 1/48 0/48 0/54 0/52 0/63 2/56 0/44 0/40 2/47 0/50 3/60

Cleft palate 1/104 1/101 0/101 0/104 0/106 2/128 0/117 0/89 0/87 1/96 0/103 1/126

A single fetus may be represented more than once in listing individual morphologic abnormalities.
a 60 mg/kg administered intraperitoneally.
b Administered with vehicle.
c Variations.
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Fig. 2. Microphotographs of ventral views of axial skeletons stained with alizarin red (bone) and Alcian blue (cartilage) from term ICR (CD-1) mouse fetuses concomitantly
e etus e
i bs (arr
l verteb

l
T
d
d
m
m
s
o
z
w
o
h
c
s
i
t
t
i
s
i
a
W
h
t
e

a
m
M
m
l
s

v
s
r
t
i
m
a
o
A
w
e
m
(

xposed to miconazole and metronidazole. (A) specimen from a GD 8 co-exposed f
n the mid thoracic region; (B) extensive vertebral dysmorphology and fusion of ri
umbar vertebrae (arrows) from a GD 8 co-exposed fetus; (D) Asymmetric thoracic

owing in utero exposure during early phases of organogenesis.
he interaction yielded a significant increment in the inci-
ence of axial skeletal defects. The percentages of fetuses with
efective skeletogenesis were small after the various single treat-
ents (and not exceeding 5.6%), but reached 26.6% following
iconazole–metronidazole co-exposure. The enhancement was

ignificant when mothers were co-treated on GD 8 and GD 9, but not
n GD 10. Although the teratogenic effects resulting from micona-
ole and metronidazole co-administration appear to be consistent
ith a more than additive effect (synergism), lack of information

n dose–response functions for the agents at intraperitoneal doses
igher that those tested in the current study make it difficult to
haracterize the nature of the combined response. Axial defects
imilar to those described in the present study have been observed
n rodent fetuses exposed during organogenesis to imidazole or
riazole derivatives, including cyproconazole [24], flusilazole [25],
riadimefon [26], and itraconazole [27]. It was somewhat surpris-
ng that, with the exception of few sporadic cases of cleft palate, nor
ingle neither combined exposure to the two agents induced caran-
ofacial malformations, another teratological response consistently

ssociated to several imidazole and triazole derivatives [24–29].
hile the single treatment with miconazole or metronidazole

ad only a limited impact on the incidence of fetal malforma-
ions, it resulted effective in decreasing the viability of implanted
mbryos. Denoting again the crucial role played by the time of

m
g
F
i
i

xhibiting fused ribs (black arrows) and aberrant thoracic vertebrae (white arrows)
ows) in the lower thoracic region from a fetus co-exposed on GD 9. (C) Abnormal
rae from a GD 8 co-exposed fetus.

dministration, increased embryo lethality was noted when ani-
als were co-treated on GD 8 but not on later gestational days.
aternal toxicity did not seem to represent an important deter-
inant of deviant developmental response, as denoted by the

ack of treatment-related alterations on the maternal indices mea-
ured.

Kazy et al. [6] recently observed an association between
aginal treatment with miconazole plus metronidazole during
econd–third months of pregnancy and an increased teratogenic
isk. The teratogenic effect, regarded as the result of an interac-
ion between miconazole and metronidazole, consisted of a sixfold
ncrease in polydactyly and syndactyly. Digital defects occurred

ore frequently in the upper limbs. Of the 61 cases of digital
nomalies identified in the study, 31 consisted of polydactyly, 20
f syndactyly, while both anomalies were observed in 10 infants.
lthough data generated in the current study seem to be congruent
ith the Kazy et al. [6] findings, various matters are to be consid-

red. As major issue, there was a divergence on the teratogenic
anifestations noted in humans (limb abnormalities) and mice

axial skeletal defects). This difference in phenotypical aberrations

ay reflect, as first hypothesis, an interspecies difference in terato-

enic sensitivity. This is a well-known phenomenon in teratology.
or instance, the anti-epileptic agent valproic acid was found to
nduce neural tube defects in humans, mice and hamsters, but not
n rats, monkeys and rabbits [30]. Axial skeletal defects, on the other
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and, have been observed in several laboratory animals (including
ice and rats) exposed to valproic acid [31], but apparently not in

umans [32]. When factors underlying divergent findings between
ice and humans are considered, difficulties in diagnosing the poor

henotypical appearance of mild axial skeletal defects in humans
n contrast to the higher ascertainment and more valid diagnosis
f poly/syndactyly should be kept in mind. In the light of our study
esults, a more accurate examination of the skeleton morphology of
nfants from women who receive vaginal miconazole plus metron-
dazole treatment seems to be advisable. In the current study, mice

ere dosed during gestational days that previous studies iden-
ified as sensitive to a multiplicity of limb teratogens, including
cetazolamide [33], retinoic acid [34], ethanol [35], itraconazole
27] and cadmium [36]. This suggests that failure of miconazole
nd metroidazole co-exposure to produce limb deficiencies was
ot reflecting incongruity in the timing of embryonic exposure. It

s important to notice, however, in this respect that limb defects
ave been also produced by exposing rodent embryos during devel-
pmental stages different to those selected in the present study.
ind-limb duplications, for instance, resulted from a single dose of

etinoic acid administered to pregnant mice at peri-implantation
tage, between GD 4.5 and GD 5.5 [37]. It appears also relevant to
emember in this context the possible role played by strain-related
ifferences in sensitivity to limb malformations. Collins et al. [38]
eported, for example, that retinoic acid administration on GD 9.5
o C57 mice causes forelimb ectrodactyly, whereas the same treat-

ent in SWV mice does not cause this malformation. Suggesting
aution in making comparisons between effects found by us in
he mouse and the response observed in humans are also differ-
nces in terms of doses, routes of administration and duration of
xposures.

While this is the first experimental study placing the focus on
otential interactive properties of miconazole, this is not the case
ith metronidazole. Indeed, Giknis and Damjanov [39] reported a
igher incidence of teratogenicity and fetotoxicity with the simul-
aneous administration of metronidazole and ethanol in the mouse.

etronidazole-mediated inhibition of alcohol dehydrogenase, and
onsequential increases of acetaldehyde to embryotoxic levels,
as postulated by the authors as the possible molecular mecha-
ism behind the interactive effect. The multiple enzyme-inhibiting
roperties displayed by imidazoles may favor pharmacokinetics

nteraction of this class of agents. In this regard, the antifun-
al fluconazole enhanced the teratogenic effects induced by the
ntiepileptic agent phenytoin by inhibiting the CYP system metab-
lizing phenytoin, and ultimately increasing concentrations of
n-metabolized phenytoin at target tissue [40,41]. It is also mer-

torious of mention that the enzyme-inhibiting capacity and in
articular on the CYP 26, the enzyme family which plays a critical
ole in maintaining homeostatic retinoid levels in the develop-
ng embryo [42], has been postulated to be a determinant of
midazole-induced teratogenesis [43,44]. When searching for a
ommon biochemical or molecular mechanism(s) shared by both
iconazole and metronidazole with the potentiality for initiat-

ng teratogenesis, it is interesting to note that both agents have
een shown to exert genotoxic activity [45,46], and the capacity
o initiate the generation of reactive intermediates [47]. Further
nvestigation aimed at determining the potential role of these

echanisms in the teratogenic interaction observed herein seem
o be worthwhile.

In conclusion the present study provides the first experimen-

al evidence for a teratogenic interaction between miconazole and

etronidazole. Given the widespread usage of this drug associa-
ion in the treatment of vaginal infection, further epidemiological
nd experimental investigation of the teratogenic hazard potential
f this interactivity is warranted.
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