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ABSTRACT. Ethanol is principal ingredient of alcohol beverage, but considered as human carcinogen, and has neurotoxicity.  Alcohol con-
sumption during pregnancy often causes fetal alcohol syndrome.  The DNA damage is one of the important factors in carcinogenicity
or teratogenicity.  To detect the DNA damage induced by ethanol, we used an in vivo alkaline single cell gel electrophoresis (Comet)
assay in pregnant mice organs and embryos.  Pregnant ICR mice on Day 7 of gestation were treated with 2, 4 or 8 g/kg ethanol, and
maternal organs/tissues and embryos were subjected to the Comet assay at 4, 8, 12 and 24 hr after ethanol treatment.  Four and 8 g/kg
ethanol induced DNA damage in brain, lung and embryos at 4 or 8 hr after the treatment.  Two g/kg ethanol did not cause any DNA
damage, and 8 g/kg ethanol only increased the duration of DNA damage without distinct increase in the degree of the damage.  No sig-
nificant DNA damage was observed in the liver.  To detect the effect of acetaldehyde, disulfiram, acetaldehyde dehydrogenase inhibitor,
was administered before 4 g/kg ethanol treatment.  No significant increase of DNA damage was observed in the disulfiram pre-treated
group.  These data indicate that ethanol induces DNA damage, which might be related to ethanol toxicity.  Since pre-treatment of dis-
ulfiram did not increase DNA damage, DNA damage observed in this study might not be the effect of acetaldehyde.
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Ethanol is the principal ingredient of alcohol beverages.
Epidemiological studies indicate that addictive intake of
ethanol is related to the cancers in the upper gastrointestinal
tract such as oral cavity, pharynx, larynx and esophagus, the
large consumption of ethanol increases the incidents of
hepatocirrhosis or hepatoma [5, 7].  Ethanol is classified
into Group 1 (human carcinogen) by International Agency
for Research on Cancer (IARC) [7].  Ethanol has also neuro-
toxicity, and the nerve system is easily affected by ethanol.
The cortical atrophy or alcoholic cerebellar atrophy are
often reported in chronic alcoholic patients [6].  The large
consumption of ethanol in the pregnancy causes fetal alco-
hol syndrome (FAS), which is characterized by growth
retardation, facial anomalies such as short palpebral fis-
sures, flat mid face, maxillary hypoplasia, and mental retar-
dation of the newborns [2, 7, 10, 21].

There are many in vivo or in vitro studies about the toxic-
ity of ethanol, especially its neurotoxicity [6].  But the
mechanism of ethanol toxicity, such as carcinogenicity or
teratogenicity is not clear.  It is generally considered that
DNA damage play an important role in the carcinogenesis
or congenital anomalies [5].  There was a report showing
that significant increase of DNA damage was observed in
rat brain administered ethanol [23].  Thus, DNA damage
could be a reason for the neurotoxicity, carcinogenicity or
congenital anomalies induced by ethanol.  Acetaldehyde, a
metabolite of ethanol, could play an important role in etha-

nol toxicity by crosslinking the DNA [8, 26].
To detect the DNA damage induced by the ethanol, we

applied the in vivo alkaline single cell gel electrophoresis
(Comet) assay [22–24] to multiple organs in pregnant mice.
Furthermore, we administered disulfiram (DSF), the acetal-
dehyde dehydrogenase inhibitor, to pregnant mice so as to
investigate the effects of acetaldehyde [9, 11, 19].

MATERIALS AND METHODS

Animals: Seven week-old virgin female mice were pur-
chased from Clea Japan, Inc (Tokyo), and were acclimated
to the environment for 7 days.  They were mated at the age
of 8 to 10 weeks, and successfully copulated females were
used in this study.  The diet for this study was the commer-
cially available pellet MF (Oriental Yeast Co., Ltd., Tokyo).
Animals were given tap water.  The diet and water were pro-
vided to the animals ad libitum.  The animal room was kept
under the following conditions: temperature of 22 ± 2°C,
relative humidity of 20–40% and 12 hr light-dark cycle.  All
procedures were approved by the Animal Research Com-
mittee, Faculty of Agriculture, Iwate University, and were
conducted under Guidelines for animal experiment in Iwate
University.

Chemicals: Ethanol, tetraethylthiuram disulfide (disul-
firam, DSF), carboxymethyl cellulose sodium (CMC) were
obtained from Wako Pure Chemical Industries, Ltd., Osaka.
Ethanol was diluted to 20 v/v% with distilled water.  DSF
was suspended with 0.5 w/v% CMC, to prepare 200 and 400
mg/kg dosing suspensions.
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Regular (GP-42) and low-melting point (LGT) agar were
purchased from Nacalai-tesque, Inc., Tokyo.  They were
diluted to 1 or 2 w/v%, respectively, with physiological
saline.

All other chemicals were mainly purchased from Wako
Pure Chemical Industries, Ltd., Osaka.  The fully frosted or
super frost slide glasses were purchased from Matsunami
Glass, Osaka.

Chemical treatment and observation: Eight to 10 week-
old females were caged with males overnight, and were
checked for the presence of the vaginal plug in the next
morning.  The day when vaginal plug was confirmed was
designated as Day 0 of gestation.  On Day 7 of gestation, 4
successfully copulated females were assigned to each treat-
ment and  non-treated control group (4, 8, 12 and 24 hr).  In
our previous mouse Comet assays, we observed no signifi-
cant differences in mean migration between vehicle control
groups and corresponding untreated groups at any time for
any organs [15–18].  The results enabled us to use untreated
control animals as concurrent control animals.  Any clinical
changes were observed and recorded.  The dose and the
administration route of ethanol were based on the study,
which reported that 4 g/kg orally administered ethanol
caused DNA damage in rat brain [23].  There are some
reports showing that administration of 200 mg/kg DSF sig-
nificantly inhibited the acetaldehyde metabolism in mice [9,
11, 19].  The animals were orally exposed to either 20 v/v%
ethanol at 2, 4 or 8 g/kg, or DSF in 0.5 w/v% CMC at 200 or
400 mg/kg.  Furthermore, 200 or 400 mg/kg DSF was
administered before 4 g/kg ethanol treatment.  The methods
were described below.
(i) Single oral doses of ethanol (4 and 8 mg/kg) were admin-

istered to animals in 4 groups.  Four and 8 hr after
administration, animals were euthanazed by cervical
dislocation and their maternal organs/tissues (brain,
lung, liver, kidney and mucous membranes of stomach,
colon and urinary bladder) and embryos (2 to 4 embryos
per dam, unless otherwise stated) were removed.

(ii) Based on the results of the experiment above, single oral
doses of ethanol (2, 4 and 8 g/kg) were administered to
animals in 12 groups.  Four, 8, 12 and 24 hr after the
administration, animals were euthanazed and their brain,
lung, liver and embryos were removed.

(iii) DSF at the dose of 200 or 400 mg/kg was administered
to the animals in other 4 groups.  Eight and 12 hr after
the administration, animals were euthanized and their
maternal organs/tissues and embryos were removed as
the same manner.

(iv) To detect the effect of acetaldehyde, pre-administration
of 200 or 400 mg/kg DSF was performed 4 hr before the
administration of 4 g/kg ethanol.  Four and 8 hr after the
administration of ethanol, the maternal organs/tissues
and embryos were removed as the same manner.

Any changes in size, color and texture of all organs/tis-
sues and embryos were recorded in each animal.

Comet assay: The organs/tissues and embryos were
minced, suspended at 1 ml/g in chilled homogenizing buffer

containing 0.075 M NaCl and 0.024 M Na2EDTA, and gen-
tly homogenized at 500–800 rpm using a potter-type
homogenizer.  To obtain nuclei, the homogenate was centri-
fuged at 700 × g for 10 min at 0°C, and the precipitate was
re-suspended in chilled homogenizing buffer at 1 g/ml.  Sev-
enty-five µl agarose GP-42 was quickly layered on a fully
frosted slide (Matsunami Glass, Osaka) and covered with
another slide.  The slide sandwiches were placed to allow
the agarose to the gel.  The nuclear preparation was mixed
1:1 (v/v) with 2% agarose-LGT, and 75 µl of the mixture
was quickly layered in the same manner after removal of the
covering slide.  Finally, another 75 µl agarose GP-42 was
quickly layered on top.  The slides were immediately placed
in a chilled lysing solution (pH 10) of 2.5 M NaCl, 100 mM
Na2EDTA, 10 mM Trizma, 1% Sarkosyl, 10% DMSO, and
1% Triton X-100 and kept at 0°C in the dark for 1 to 24 hr.

The slides were placed on a horizontal gel electrophoresis
platform and covered with chilled alkaline solution made up
of 300 mM NaOH and 1 mM Na2EDTA (pH 13).  The slides
were left in the solution in dark for 10 min, and then the
DNA was electrophoresed at 0°C in the dark for 15 min at 1
V/cm and approximately 250 mA.  The slides were gently
rinsed in 400 mM Trisma (pH 7.5) to neutralize the excess
alkali.  Each slides was stained with 50 µl of 20 µg/ml ethid-
ium bromide and covered with a coverslip.

Examination of the nuclei and statistical analysis: Fifty
cells on each slide per organ/tissues or embryos from each
animal were examined and photographed (black and white,
400 ASA, Fuji Film) in a fluorescence microscope (Olym-
pus, at 200 × magnification ) equipped with an excitation fil-
ter of 515–560 nm and barrier filter of 590 nm.  The length
of the whole comet (‘length’) and the diameter of the head
(‘diameter’) were measured.  Since broken DNA fragments
stream further from the nucleus than intact DNA, the differ-
ence between length and diameter (migration) were calcu-
lated as the index of the DNA damage.

We compared the average of four mean migration dis-
tances per group (the unit of measure was the mouse).  The
migration distance was subjected to F-test for homogeneity
of variance between 2 groups.  Homogeneous data were
analyzed by Student’s t-test, and heterogeneous data by
Mann-Whitney test, to assess the significant difference
between 2 groups.  As for statistical analysis among 3
groups, the data were first analyzed by one-way analysis of
variance (ANOVA), and significant data were analyzed by
Dunnett’s multiple comparison test for significant differ-
ences.  A P-value less than 0.05 was considered statistically
significant.

RESULTS

Clinical findings: There were no dead animals in each
group.

No clinical findings were observed in 2 g/kg groups.
Slight hyperpnea and ataxic gait was observed in 10 min

after the administration of 4 g/kg ethanol in all animals.
These findings were continually observed for about 2 hr
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after the administration.  No clinical findings were observed
at 4, 8, 12 or 24 hr after administration in 4 g/kg groups.

When 8 g/kg ethanol was orally administered, decrease in
locomotor activity, abnormal gait and hyperpnea were
observed in 5 min after the treatment.  Then, lateral position
and loss of righting reflex were observed in all animals.
Hypopnea, hypothermia, cyanosis and stupor lasted for 12
hr after the onset of the symptoms.  No clinical findings
were observed at 24 hr after 8 g/kg ethanol treatment in 3 of
4 animals, but 1 animal was still in stupor.

No death or clinical findings were observed in the single
oral treatment of DSF.

When 4 g/kg ethanol was administered 4 hr after DSF
treatment, similar clinical findings were observed as the sin-
gle treatment of 4 g/kg ethanol, and there was no difference
in recovery.

Necropsy findings: There were no gross abnormalities in
any organs/tissues or embryos in 2 g/kg ethanol-treated
groups.   At 24 hr after the treatment of 4 and 8 g/kg ethanol,
embryos were about half in size compared with the 24 hr-
control group.   Diluted lumen of stomach, liquid contents in
jejunum and ileum were observed at 24 hr after 8 g/kg etha-
nol treatment.  No gross abnormalities were observed in any
other organs/tissues in 4 or 8 g/kg groups.

There were no gross abnormalities in any organs/tissues
or embryos in the single administration of DSF groups, or
DSF and ethanol-treated groups.

DNA migration: No significant differences were
observed between each control group (4, 8, 12 and 24 hr).
Each time control group was subjected to statistical analysis
between control and each corresponding group treated with
ethanol or DSF.

As the results of the experiment (i), significant increases
of DNA damage were observed in brain, lung and embryos
in 4 and 8 g/kg ethanol-treated groups.  Significant increases
of DNA damage were sporadically observed in kidney,

mucus membranes of stomach, colon, and urinary bladder in
4 g/kg ethanol-treated groups.  No significant difference
was observed in the liver after ethanol treatment (Table 1).

Based on the results above, DNA migration in brain,
lung, liver and embryos were observed at 4, 8, 12 and 24 hr
after 2, 4 and 8 g/kg ethanol treatment, to detect the dose-
dependency and the prolongation of DNA damage.

As for brain, which is considered as the target organ of
ethanol toxicity, significant increases of DNA damage were
observed at 4 to 12 hr after 4 and 8 g/kg ethanol-treated
groups.  Significant increases of DNA damage continued to
24 hr after 8 g/kg ethanol treatment.   DNA damage peaked
at 4 hr after the treatment.  No significant increase of DNA
damage was observed in 2 g/kg ethanol-treated groups
(Fig.1A).

Lung is not generally considered as the target organ of
ethanol toxicity, but significant increase of DNA damage
was observed in experiment (i).  Thus, we further investi-
gated the effect of ethanol treatment.  As the result, signifi-
cant increases of DNA damage were observed at 4 and 8 hr
after 4 and 8 g/kg ethanol treatment.  In 8 g/kg groups, sig-
nificant increase of DNA damage was also observed at 24 hr
after the treatment.  The DNA damage peaked at 4 hr after
the treatment.  No significant increases of DNA damage
were observed in 2 g/kg ethanol-treated groups (Fig. 1B).

Liver is generally considered as the target organ of etha-
nol toxicity, but no significant increases of DNA damage
were observed in any treatment of ethanol (Fig. 1C).

In embryos, the target of the ethanol toxicity, significant
increases of DNA damage were observed at 4 to 12 hr after
4 and 8 g/kg ethanol treatment.  In 8 g/kg groups, significant
increase of DNA damage continued to 24 hr after the treat-
ment.  The DNA damage in embryos peaked at 8 hr after the
treatment.  No significant increases of DNA damage were
observed in 2 g/kg ethanol-treated groups (Fig. 1D).

In 2 g/kg ethanol-treated groups, the DNA damage did

Table 1. DNA migration in maternal organs/tissues and embryos of pregnant mice treated with ethanol

Sampling Dose Animal Migration (µm)
Time (hr) (g/kg) Number Brain Lung Liver Kidney Stomach Colon Urinary Bladder Embryo

4 0 Mean 4 0.16 1.79 0.30 0.36 6.65 5.84 1.69 0.10 
SE 0.11 0.21 0.30 0.08 0.44 0.77 0.35 0.10 

4 Mean 4  1.97*  5.86* 0.30  1.48* 7.90 7.30 1.44  0.69*
SE 0.69 1.08 0.23 0.45 1.59 1.42 0.52 0.16 

0 Mean 4 0.39 1.69 0.30 0.41 6.51 6.20 1.48 0.21 
SE 0.20 0.29 0.30 0.06 0.47 0.88 0.24 0.12 

8 Mean 4  2.41*    3.59** 0.39 0.91 8.46 7.59 3.61  1.07*
SE 0.66 0.35 0.28 0.32 0.72 1.29 0.80 0.24 

8 0 Mean 4 0.16 1.76 0.36 0.30 6.60 5.63 1.38 0.10 
SE 0.11 0.23 0.29 0.12 0.45 0.78 0.25 0.10 

4 Mean 4  0.69*    5.24** 0.14 0.86  12.53**  13.06**    4.04**  2.11*
SE 0.15 0.84 0.14 0.22 0.95 1.41 0.51 0.70 

0 Mean 4 0.23 1.86 0.71 0.46 6.59 6.61 1.57 0.10 
SE 0.10 0.22 0.35 0.25 0.44 0.79 0.26 0.10 

8 Mean 4  1.16*  3.14* 0.79 2.91       11.10 9.09 2.91  5.78*
SE 0.57 0.38 0.28 0.97 1.90 1.58 0.93 0.93 

Significant difference; *: p<0.05,  **: 0.001<p<0.01.
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not increase in any organs or embryos, rather tended to
decrease compared with those of control groups.  No signif-
icant difference was observed between 2 g/kg ethanol-
treated groups and control.

Compared with 4 g/kg ethanol-treated groups, the degree
of DNA damage increased in embryos at 8 hr after 8 g/kg
ethanol treatment, but not in brain or lung.

Neither 200 nor 400 mg/kg DSF caused DNA damage in

any samples examined (Table 2).
Ethanol did not increase DNA damage in any organs/tis-

sues or embryos in the pre-treatment of DSF except for
colon and urinary bladder at 8 hr after ethanol treatment in
the presence of 200 mg/kg DSF (Table 3).

To investigate the effect of pre-treatment of DSF, the
increased DNA migration detected in 4 g/kg ethanol treated
group was compared with 200 or 400 mg/kg DSF pre-

Fig. 1. DNA migration in maternal organs and embryos of pregnant mice treated with ethanol. Each data is shown as the difference
between control and treated group. Significant difference; *:p<0.05, **:0.001<p<0.01, ***: p<0.001.

Table 2. DNA migration in maternal organs/tissues and embryos of pregnant mice treated with disulfiram

Sampling Dose Animal Migration (µm)
Time (hr) (mg/kg) Number Brain Lung Liver Kidney Stomach Colon Urinary Bladder  Embryo

8 0 Mean 4 0.39 1.72 0.43 0.53 5.94 6.60 1.26 0.40 
SE 0.20 0.28 0.28 0.07 0.64 0.62 0.22 0.15 

200 Mean 4 0.34 3.89 0.56 0.90 8.96 7.87 2.79 0.63 
SE 0.27 1.01 0.10 0.23 1.64 0.50 0.42 0.31 

400 Mean 4 0.20 1.63 0.04 0.67 10.24 7.67 1.91 0.54 
SE 0.20 0.80 0.04 0.40 3.54 1.30 0.92 0.32 

12 0 Mean 4 0.26 0.90 0.00 0.17 6.22 5.51 1.83 0.11 
SE 0.22 0.31 0.00 0.11 0.28 1.30 0.46 0.11 

200 Mean 4 0.30 2.54 0.31 0.66 5.67 5.27 1.91 0.44 
SE 0.30 0.87 0.22 0.26 1.01 0.42 0.22 0.35 

400 Mean 4 0.04 1.53 0.09 1.26 10.39 8.34 3.46 0.70 
SE 0.04 0.46 0.09 0.30 1.30 0.14 0.91 0.59 

Significant difference; *: p<0.05.
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treated groups.  As the result, no significant increases were
observed among single treatment of 4 g/kg ethanol, 200 or
400 mg/kg DSF pre-treated groups.  Furthermore, signifi-
cant decrease of DNA damage was observed in the brain at
8 hr after 4 g/kg ethanol treatment with 200 mg/kg pre-treat-
ment of DSF.  DNA damage induced by ethanol tended to be
depressed in lung and embryos in DSF pre-treated groups
(Fig. 2).

As the result, pre-treatment of DSF did not increase the
DNA damage induced by ethanol.  Furthermore, the DNA
damage induced by ethanol was depressed by pre-treatment
of DSF.

DISCUSSION 

To detect the DNA damage induced by ethanol, the alka-
line single cell gel electrophoresis (Comet) assay was per-
formed in pregnant mice with multiple organs.

We administered ethanol to pregnant mice on Day 7 of
gestation, since it is considered as organogenic period of
mice [25].  In this study, significant increases of DNA dam-
age were observed in brain, lung, and embryos of pregnant
mice when administered 4 and 8 g/kg ethanol.  Twice as low
as 4 g/kg ethanol did not cause any DNA damage, and, twice
as high as 4 g/kg ethanol only increased the duration of
DNA damage without distinct increase in the degree of the
damage.  No significant DNA damage was observed in the
liver.

There were reports showing that significant increase of
DNA damage was observed in rat brain administered 4 g/kg
ethanol [23], and acute ethanol exposure induced DNA
damage in cultured neurons [20].  Excess chronic intake of
ethanol causes severe damages on the brain such as alco-

holic cellebellar atrophy [6].  The DNA damage in the brain
detected in this study might be related to ethanol neurotox-
icity.

It is well known that large consumption of alcohol during
pregnancy causes fetal alcohol syndrome (FAS).  There are
many studies about ethanol teratogenicity, especially about
the effects of chronic alcohol consumption.  Binge drinking
during pregnancy is also considered as important factor of
FAS, as possible human teratogen [2, 13].  We administered
ethanol to pregnant mice on Day 7 of gestation.  Some
reports show the teratogenic effects of ethanol on mice
fetuses, especially external anomalies, when administered to
dams on the same period [25].  In this study, the size of the
embryos at 24 hr after ethanol treatment was apparently
smaller than those in control groups, it is considered that
ethanol treatment induced growth inhibition in mice
embryos.  Since embryos on Day 7 of gestation are very
small, we cannot say which part of the embryos were dam-
aged by ethanol in this study.  The DNA damage in embryos
detected in this study might have some effects on ethanol
embryotoxicity or FAS.

No significant increases of DNA damage were detected
in liver and stomach, which are considered as the target
organ of ethanol toxicity.  On the other hand, significant
increase of DNA damage was detected in the lung when
administered 4 and 8 g/kg ethanol.  Lung is not generally
considered as the target organ of ethanol.  Epidemiological
studies suggest there are some kinds of relation between
lung cancer and chronic alcohol consumption [1].  Since
DNA damage is one of the important factors of carcinoge-
nicity, the results obtained in this study suggest that the
DNA damage in the lungs might have effects on lung can-
cer.  But there are no reports about relation between lung

Table 3. DNA migration in maternal organs/tissues and embryos in pregant mice treated with disulfiram and ethanol

Sampling Dose Animal Migration (µm)
Time (hr)a) Ethanol Disulfiramb) Number Brain Lung Liver Kidney Stomach Colon Urinary Bladder  Embryo

(g/kg) (mg/kg)

4 0 200 Mean 4 0.34 3.89 0.56 0.90 8.96 7.87 2.79 0.63 
SE 0.27 1.01 0.10 0.23 1.64 0.50 0.42 0.31 

4 200 Mean 4 1.31 4.13 2.85 0.72     10.69     12.12 6.92 0.84 
SE 0.41 1.73 1.65 0.57 4.05 3.37 3.26 0.18 

0 400 Mean 4 0.20 1.63 0.04 0.67     10.24 7.67 1.91 0.54 
SE 0.20 0.80 0.04 0.40 3.54 1.30 0.92 0.32 

4 400 Mean 4 1.16 4.60 0.00 0.39     11.33     10.19 4.89 0.69 
SE 0.72 1.51 0.00 0.27 2.00 1.80 1.83 0.58 

8 0 200 Mean 4 0.30 2.54 0.31 0.66 5.67 5.27 1.91 0.44 
SE 0.30 0.87 0.22 0.26 1.01 0.42 0.22 0.35 

4 200 Mean 4 0.07 3.46 0.17 0.79 9.33 13.16 *   4.51 * 0.37 
SE 0.07 0.94 0.17 0.47 2.34 1.88 0.82 0.23 

0 400 Mean 4 0.04 1.53 0.09 1.26     10.39 8.34 3.46 0.70 
SE 0.04 0.46 0.09 0.30 1.30 0.14 0.91 0.59 

4 400 Mean 4 1.17 5.20 0.10 0.51     13.53     16.59 5.39 1.51 
SE 0.59 1.82 0.10 0.51 1.64 4.26 2.28 0.84 

a): Sampling time (hr) is the time after ethanol treatment.
b): Disulfiram was administered 4 hr before ethanol treatment.
Significant difference; *: p<0.05.
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cancer and acute ethanol exposure in experimental animals
as far as we know.  The DNA damage induced by ethanol in
the lung and its role in lung cancer should be examined fur-
ther.

The degree of DNA damage observed in embryos
increased at 8 hr after 8 g/kg ethanol treatment, but not in
brain or lung.  Significant increases of DNA damage
induced by ethanol prolonged in brain, lung and embryos in
8 g/kg ethanol-treated groups.  These results suggest that the
DNA damages induced by ethanol are prolonged dose-
dependently, and continuous DNA damage might cause
more errors in DNA repair.  Ethanol-induced DNA damage
and the failure to repair the damaged DNA are considered as
the factors in alcohol related-brain damage [6].

In this study, DNA damage did not increase in 2 g/kg eth-
anol treatment.  There is a report showing that low dose of
ethanol can inhibit DNA strand break in vitro [4].  But the
mechanism to reduce DNA damage detected in this study is
not clear.

Acetaldehyde, metabolite of ethanol is considered as
DNA crosslinker [8, 26].  The mechanism of DNA damage
caused by ethanol is not well studied.  However, some
reports show that acetaldehyde induces DNA-protein

crosslink in brain, liver and other organs in rat [12], and is
considered to play an important role in ethanol-induced
DNA damage [12, 26].  To detect the effect of acetaldehyde
on the DNA damage induced by ethanol, we administered
DSF 4 hr before ethanol treatment.  As the result, DSF itself
had no effect on DNA migration.  DNA damage was not
increased by pre-treatment of 200 or 400 mg/kg DSF.  Fur-
thermore, pre-treatment of DSF reduced DNA damage by
ethanol in some organs.  Theses results suggest that DSF has
no effect to increase DNA damage.  There are reports show-
ing that DSF prevents the ethanol-induced lipid peroxida-
tion in rat liver [14], and it inhibits DNA fragmentation [27].
The DNA damage induced by ethanol may not be the effect
of acetaldehyde, but direct effect of ethanol or caused by
some other factors.

We could not find any reports on the degree of resultant
mutation after the DNA damage caused by ethanol.
Although almost all of DNA damage would be repairable, it
is generally considered that DNA damage caused by chemi-
cals increase the possibility of mutation.  We need further
investigation on the relation between the carcinogenicity or
teratogenicity of ethanol and DNA damages observed in this
study.

Fig. 2. The effects of pre-treatment of disulfiram on DNA damge induced by 4 g/kg ethanol in maternal organs and embryos in pregnant
mice. Hr is the time after ethanol treatment. Significant difference between control and ethanol or disulfiram treatment groups; *:
p<0.05, **: 0.001<p<0.01. Significant difference between ethanol alone and disulfiram pre-treated ethanol (200 or 400 mg/kg disul-
firam); +: p<0.05. : Non-treatment. : Ethanol 4 g/kg. : Disulfiram 200 mg/kg. : Pre-treatment of disulfiram 200 mg/kg and etha-
nol 4 g/kg.  : Disulfiram 400 mg/kg. : Pre-treatment of disulfiram 400 mg/kg and ethanol 4 g/kg .
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