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Abstract:  Recent studies suggest that moderate alcohol consumption is associated with a low risk of
cancer, coronary heart disease, and other diseases.  Most of these diseases are considered to be related
to the action of reactive oxygen species (ROS) at certain stages of disease progression.  However,
considerable evidence exists indicating that ethanol generates ROS in vivo.  Thus, the reduced risk of
disease as a result of alcohol consumption seems to contradict evidence suggesting the induction of
ROS by ethanol.  In the present study, we investigated whether oxidative stress was induced in moderate
alcohol drinkers.  We measured the total urinary biopyrrins and 8-hydroxydeoxyguanosine (8-OHdG)
levels as a systemic oxidative stress marker and an oxidative DNA damage marker, respectively.  Serum
uric acid was also measured as an alcohol-induced antioxidant.  We compared total urinary biopyrrins
and 8-OHdG levels among groups with different alcohol habits.  The results showed that total biopyrrins
levels increased with the amount of alcohol consumed, but that the level of 8-OHdG significantly
decreased with the amount of alcohol consumed.  The decrease in 8-OHdG levels seemed to be associated
with increasing levels of uric acid.  Judging from the increasing level of total biopyrrins, alcohol may
induce ROS.  ROS may then cause cell damage in liver, as suggested by the positive correlation between
the total biopyrrins levels and the serum GOT, GPT, and γγγγγ-GTP levels.  However, since ROS may be
more effectively counteracted by uric acid in organs other than the liver, DNA damage may be surpressed
rather than induced.  Accordingly, moderate alcohol consumption seems to have the overall effect of
reducing DNA damage, as shown by the decrease in urinary 8-OHdG levels observed in our study.
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Introduction

Educating workers to improve their drinking habits as
well as to reduce smoking and engage in regular exercise is
an important target in worker health promotion1), and thus
investigating the health effects of alcohol consumption in
workers is useful for promoting health objectives.

Recent studies show that moderate alcohol consumption
(less than 45 g per day by Japanese and 60 g per day by
Westerners), as opposed to no alcohol consumption, reduces
the risk of death from coronary heart disease (CHD)2–4),

cancer5), and other causes5–7).  On the other hand, ethanol
exposure has been shown to cause lipid peroxidation in rat
livers8, 9) and brains10), DNA cleavage in isolated hepatocytes11),
a reduction in the levels of antioxidant vitamins A and E12, 13),
and a reduction in the levels of cerebral and hepatic
glutathione12).  Further, the hydroxyl radical level in the
peripheral blood of human subjects has been shown to increase
with alcohol consumption14).  These findings suggest that
exposure to ethanol induces reactive oxygen species (ROS),
and several possible mechanisms to explain the generation
of ROS after ethanol exposure have been presented15).  Since
the occurrence of CHD and cancer have been considered to
be related to ROS16, 17), the data showing reduced risk of death
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from CHD and cancer in alcohol drinkers seem to contradict
the evidence that suggests induction of ROS by ethanol.
Whether the in vivo induction of ROS by ethanol contributes
to the toxic effects of alcohol remains uncertain.

In the present study, we investigated whether moderate
alcohol consumption induces oxidative stress and whether
the oxidative stress contributes to cell and DNA damage.  We
also investigated whether moderate alcohol consumption alters
the level of uric acid, an antioxidant that is induced by alcohol.
Finally, we discuss the relationship among alcohol consumption,
oxidative stress, and DNA damage in view of our results.

Materials and Methods

Subjects
Sixty-eight healthy Japanese, consisting of 58 males (21

to 58 years old, mean 35.9 ± 13.5) and 10 females (20 to 61
years old, mean 39.7 ± 11.5) were included in the study.  The
subjects had not been exposed to workplace chemicals
suspected of inducing oxidative stress.  All subjects agreed
to anonymously donate blood and urine samples and gave
their written informed consent.  The blood and urine samples
were collected at the time of the subject’s regular health checks.

Classification of the subjects
An experienced occupational health doctor interviewed the

subjects concerning their drinking habits, smoking history,
medical history, and other lifestyle factors using a questionnaire
(see appendix for the alcohol drinking habit questionnaire).
First, the subject’s habitual alcohol intake level was reported

as frequency of alcohol consumption.  Subjects who were
habitual drinkers were also asked to report the amount and
type of alcohol beverages usually consumed.  The amount of
ethanol was calculated in grams as follows18): 180 ml of sake
(rice wine), 27.7 g of ethanol; 180 ml of shochu (white spirits),
45 g of ethanol; 30 ml of whiskey or brandy, 12.9 g of ethanol;
60 ml of wine, 7.2 g of ethanol; and 633 ml of beer, 28.4 g of
ethanol.  Wannamethee et al.4), classified levels of alcohol
drinking into none, occasional (less than 1 unit per week),
light (1–15 units per week), moderate (16–42 units per week),
and heavy (more than 6 units per day), and since one UK unit
of alcohol (1 drink) was defined as half a pint (570 ml) of
beer, a single measure of spirits, or a glass of wine
(approximately 8–10 g alcohol)4), we defined 1 unit equals
10 g of ethanol as the conversion factor.  To evaluate the long-
term effects of alcohol consumption, we classified the subjects
into three groups: non-drinkers, light drinkers (1–15 units
per week), and moderate drinkers (16–42 units per week).
To evaluate the acute phase effects (acute effects) of alcohol
consumption, we subclassified the light and moderate drinkers
into two groups depending on their drinking history on the
day before the day of sampling: an abstaining group and an
alcohol-consuming group.  The characteristics of each group
tested for long-term effects of alcohol consumption are shown
in Table 1, and the characteristics of each group tested for
acute effects are shown in Table 2.

Biological and hematological measurements
Serum levels of glutamic oxaloacetic transaminase (GOT),

glutamic pyruvic transaminase (GPT), and gamma-glutamyl

Table 1.   Results of the analysis of the long-term effects of alcohol

Groups*
Smoking habit Blood chemistry

Age Male Female Non-Smokers Smokers GOT GPT γ-GTP

Non-drinkers 39.3 ± 11.3 17 7 13 11 20.8 ±   5.7 a 25.2 ± 14.1 c 27.6 ± 24.7 e

Light-drinkers 33.3 ± 11.1 17 4 10 11 21.0 ±   3.6
    b

22.9 ± 10.3
    d

30.0 ± 33.7
    f

Moderate-drinkers 44.0 ± 11.2 21 1   9 13 33.8 ± 21.0 41.0 ± 31.0 77.68 ± 65.5

*Non-drinkers: those who do not consume alcohol; light-drinkers: those who consume 1–15 units of alcohol per week; Moderate-drinkers: those

who consume 16–42 units of alcohol per week.  a, b, c, d, e, f p<0.05 significant difference (Bonferroni test).

Table 2.   Results of the analysis of the acute effects of alcohol

Groups
Smoking habit Blood chemistry

Age Male Female Non-Smoker Smoker GOT GPT γ-GTP

Abstaining group 36.6 ± 11.7 21 4 14 11 22.6 ±   7.7
g

27.6 ± 16.3 40.4 ± 45.3

Alcohol-consuming group 41.7 ± 12.5 17 1   5 13 34.4 ± 22.1 38.4 ± 32.7 73.8 ± 67.0

g p<0.05 significant difference (Bonferroni test).
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transpeptidase (γ-GTP) activity were selected for estimating
cell damage.  The total urinary biopyrrin, which are oxidative
metabolites of the antioxidant bilirubin19), were selected as
an indicator for estimating levels of systemic oxidative stress.
The level of urinary 8-hydroxydeoxyguanosine (8-OHdG),
a useful marker of oxidative DNA damage20–22), was selected
as an indicator for estimating the level of oxidative DNA
damage.  The serum level of uric acid, which varies with the
amount of ethanol consumed23, 24), was measured as an
antioxidant in the serum25–28).  Blood samples were collected
from an antecubital vein of each subject in the morning.  GOT,
GPT, γ-GTP, and uric acid were measured with an automated
biochemical analyzer (AU-5200; Olympus, Japan) with Quick
Auto II GOT (Shino-Test Corporation, Sagamihara, Japan),
Quick Auto II GPT (Shino-Test Corporation), DAIYA-γ-GTP
(DAIYA SHIYAKU Co. Ltd, Japan) and Quick Auto Neo
UA (Shino-Test Corporation), respectively.  Urine samples
were collected in the morning and a portion of it was
immediately frozen; exposure of the sample to light was kept
at a minimum.  The level of urinary 8-OHdG was measured
with Wellreader sme 3400 (Iwaki, Japan) by using an 8-OH-
dG Check ELISA kit, which contains the anti-8-OHdG
monoclonal antibody N45.1 (Japan Institute for the Control
of Aging, Japan).  Total urinary biopyrrins levels were
measured with a BIOPYRRIN EIA KIT, which contains the
anti-bilirubin monoclonal antibody 24G7 (Shino-Test
Corporation).  The level of creatinine in urine was measured
with an automated biochemical analyzer (7150 Automatic
Analyzer; Hitachi, Ltd., Japan) and Accuras Auto CRE (Shino-
Test Corporation).  The urinary 8-OHdG and total biopyrrins
values were adjusted for the urinary creatinine value.

Statistical analysis
Analysis of variance was used to test differences among

group means and the Bonferroni test was used for multiple
comparisons.  Spearman’s correlation coefficient was used
to test relations between categorical variable and numerical
variable, and Pearson’s correlation coefficient was used to
test relations between numerical variables.

Results

Analysis of the long-term effects of alcohol consumption
showed that the levels of all cell damage markers GOT, GPT,
and γ-GTP significantly increased with moderate alcohol
consumption (Table 1) indicating that moderate daily alcohol
consumption had induced liver toxicity.  The total urinary
biopyrrin levels correlated positively (p<0.01) with the
activity of GOT (r=0.427), GPT (r=0.386), and γ-GTP

(r=0.591) levels.  The total biopyrrin level of the moderate-
drinker group (2.3 ± 1.3 µmol/g creatinine) was significantly
higher than that of the light-drinker group (1.5 ± 0.9 µmol/
g creatinine) (Fig. 1A) whereas the level of urinary 8-OHdG
tended to be lower in the moderate-drinker group (Fig. 1B).
The uric acid level of the moderate-drinker group (6.0 ± 1.1
mg/g creatinine) was significantly higher than that of the
light drinker group (5.0 ± 1.1 mg/dl) and non-drinker group
(4.9 ± 1.3 mg/dl) (Fig. 1C).  The correlation coefficient for
the relationship between the uric acid levels and weekly
alcohol consumption level was 0.334 (p<0.01).

Analysis of the acute effects of alcohol consumption
showed that the GOT level of the alcohol-consuming group
was significantly higher than that of the abstaining group
(Table 2).  The levels of GPT and γ-GTP activities of the
alcohol-consuming group also tended to be higher than those
of abstaining group.  Although not significant, the total urinary
biopyrrin level of the alcohol consuming group (2.1 ± 1.3
µmol/g creatinine) was higher than that of the abstaining
group (1.7 ± 1.1 µmol/g creatinine) (Fig. 2A).  On the
contrary, the urinary 8-OHdG level of the alcohol-consuming
group (6.5 ± 2.2 µg/g creatinine) was significantly lower
than that of the abstaining group (8.4 ± 2.7 µg/g creatinine)
(Fig. 2B).  The correlation coefficient for the relationship
between urinary 8-OHdG levels and the level of alcohol
consumed on the day before specimen collection was -0.315
(p<0.05).  In addition, the level of serum uric acid of the
alcohol-consuming group (6.1 ± 1.0 mg/dl) was significantly
higher than that of the abstaining group (5.0 ± 1.1 mg/dl)
(Fig. 2C).  The correlation coefficient for the relationship
between uric acid levels and the level of alcohol consumed
on the day before the specimen collection was 0.456 (p<0.01).

There was no correlation between the level of urinary 8-
OHdG and total urinary biopyrrin level (data not shown),
but the serum uric acid levels correlated negatively with
the urinary 8-OHdG levels (r=－ 0.342, p<0.01).

Since smoking has been reported to induce 8-OHdG
production17, 29, 30) we investigated whether smoking worked
as a confounder to alcohol consumption which lead to the
alcohol consumption responsible to the change of 8-OHdG
level.  We analyzed the level of 8-OHdG as a dependent
variable using factorial analysis of variance with daily alcohol
consumption (or the amount of alcohol consumed on the day
before the sample collection) and smoking habit as two factors.
After controlling the smoking habit the effect of the amount
of alcohol consumed on the previous day still remained.  We
also examined whether age influenced the production of total
urinary biopyrrins, but no correlation between the level of
total urinary biopyrrins and age was found (data not shown).
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Fig. 2.   Results of the assessment of the acute effects of alcohol con-
sumption.
To evaluate the acute effects of alcohol consumption, light and moderate

drinkers were subclassified into an abstaining group or an alcohol-con-

suming group depending on their drinking history on the day prior to

specimen collection.  *P<0.05, ** P<0.01 (Bonferroni test).

Fig. 1.   Results of the assessment of the long-term effects of alcohol
consumption.
Subjects have been classified: Non, non-drinkers; Light, light-drinkers

(1–15 units per week); and Moderate, moderate-drinkers (16–42 units

per week).  *P<0.05 (Bonferroni test).

Discussion

The amount of alcohol consumption was determined during
an interview with each subject, and the reliability of the self-
reported consumption was supported by measuring the liver

function indicators GOT, GPT, and γ-GTP.  The finding that
the levels of these indicators in the moderate drinker group
were significantly higher than in the light- and non-drinker
groups supported the validity of our grouping methods.
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We measured total urinary biopyrrins, which are oxidative
metabolites of bilirubin, as an oxidative stress marker, because
determination of the level of total urinary biopyrrins has been
described as a simple screening method for the level of
oxidative stress31) based on the following findings.  Increased
urinary excretion of total biopyrrins has been reported after
injection of mice with lipopolysaccharide, which is known
to induce ROS32), and also when the peritoneal cavity of mice
was exposed to air33).  In both studies, the total biopyrrin levels
were associated with the ROS levels.  In addition, total
biopyrrin have been found to increase in the urine of patients
after abdominal operations31).  Our analysis of the long-term
effects of alcohol consumption showed that the total urinary
biopyrrin level of the moderate-drinker group was higher than
that of the light-drinker group, and the difference was statistical
significant.  The level in the moderate drinker group was also
higher than in the non-drinker group, but the difference was
not significant.  In view of the earlier studies showing that
alcohol drinking induced oxidative stress in alcohol-dependent
patients14), and the results of our own analysis of the acute
effects of alcohol consumption showing that the total biopyrrin
level in the alcohol-consuming group was higher than in the
abstaining group, although not statistically significant, it can
be concluded that the total urinary biopyrrin level increased
in the moderate drinker group.  Although more total biopyrrin
have been reported to be excreted by younger than the older
subjects34), no correlation was found between total urinary
biopyrrin levels and age in our study.  In addition, there was
no significant age difference between the moderate drinker
group and the light or non-drinker groups.  Thus, the increasing
total urinary biopyrrin levels must be dependent on the amount
of daily alcohol consumption.  These results suggest that
moderate alcohol consumption probably induced ROS, and
since there were positive correlations between total urinary
biopyrrin levels and the levels of GOT, GPT, and γ-GTP
activity, the ROS probably damaged some hepatocytes.

The amount of urinary 8-OHdG decreased significantly
with the amount of alcohol consumed on the previous day.
As noted in other reports17, 29, 30), smoking may induce 8-OHdG
and may confound with the alcohol consumption.  According
to the result given by factorial analysis of variance the effect
still remained even the smoking habit was controlled.

Since 8-OHdG is known to be the major product of oxidative
DNA damage among the many other products of oxidative
DNA damage35) and is known to cause mutation36, 37), it is
considered to be an important factor in the development of
cancer, and because of this many researchers use the level
of 8-OHdG produced as an indicator for cancer risk
assessment38, 39).  A decrease of 8-OHdG production seems

to reduce cancer risk related to ROS.  Our results are consistent
with another study that showed a reduction in the mortality
rates for cancer among drinkers who consumed 1–300 g alcohol
per week5).  The amount of alcohol they drank was slightly
lower than the amount consumed by our moderate drinkers
group, who drank 160–420 g alcohol per week, but the ranges
of the levels of alcohol consumption overlapped each other.

The evidence that total urinary biopyrrin increased with
the amount of alcohol consumed apparently conflicts with
the decrease in urinary 8-OHdG with the amount of alcohol
consumed.  Recent studies suggest that Kupffer cell stimulation
by endotoxin released by gut bacteria affected by alcohol might
release free radicals in liver40).  In addition, the classical pathway
for ethanol metabolism in liver appears to be associated with
the formation of free radicals41).  Since free radicals induction
might reflect induction of heme oxygenase, an enzyme of
bilirubin biosynthesis in the liver42), biopyrrins probably
increased, as a result of oxidation of bilirubin synthesized in
the liver.  Accordingly, the total biopyrrin level might directly
reflect oxidative stress produced in the liver and correlate
well with increase in the levels of GOT, GPT, and γ-GTP.
The serum uric acid levels in the present study, also increased
with the amount of alcohol consumed on the habitual base
and the acute phase base, these findings were compatible with
the increase serum uric acid levels as a results of ethanol
consumption in previous reports23, 24).  Serum uric acid is known
to be increased by ethanol via ethanol-induced activation of
adenine nucleotide turnover, which is triggered by the acetate
formed from ethanol43).  Production of uric acid via adenosine
nucleotide turnover may occur in every tissue in the body,
and uric acid may be increased throughout the body, because
the large amount of acetate formed from ethanol in the liver
is probably released and utilized at other tissues43).  Uric acid
is considered one of the major antioxidants in plasma that
inhibits oxidative damage, such as lipid peroxidation25–28).  In
our study, the level of 8-OHdG decreased with the level of
uric acid, although the total urinary biopyrrin level was not
correlated with the 8-OHdG levels.  Accordingly, uric acid
increased with the amount of alcohol consumed and might
have mitigated oxidative DNA damage, at least in organs other
than liver, thereby decreasing urinary 8-OHdG.

The difference in uric acid levels between the abstaining
group and the alcohol-consuming group based on the analysis
of the acute effects was more profound than the difference
based on the analysis of the long-term effects.  On the other
hand, the difference in total biopyrrin levels between the
moderate-drinker group and the light-drinker group based on
the analysis of the long-term effects was more profound than
the difference in the acute effects analysis.  These findings



327MODERATE ALCOHOL CONSUMPTION REDUCES URINARY 8-OHdG

suggest that alcohol consumption suppresses the generation
of 8-OHdG via both uric acid and bilirubin, however, 8-OHdG
generation might be mitigated mainly by the uric acid whose
production was induced immediately after the alcohol was
consumed.  This might explain the absence of a correlation
between the amount of 8-OHdG and total biopyrrin levels.
There are also other substances, such as ascorbic-acid and α-
tocopherol, that act as antioxidants under physiological
conditions44).  These substances might be related to the
mitigation of 8-OHdG generation, and the relation between
these substances and oxidative stress needs to be investigated.
The antioxidants contained in a variety of alcohol beverages
must also be taken into consideration.

Some researchers have reported findings that wine drinking
was more effective or that wine drinking alone reduces the
risk of CHD and other causes of mortality when they compared

it with drinking of other alcohol beverages45, 46).  Since red
wine contains antioxidant flavonoids47) and they may prevent
oxidative stress, wine may have the ability to reduce the risk.
Our results suggested that other alcohol beverages as well as
wine have effects that reduce the risk of disease.

In conclusion, all of the markers of cell damage in liver,
GOT, GPT, and γ-GTP, increased with the amount of alcohol
consumption, and their activity correlated positively with total
biopyrrin levels.  Total urinary biopyrrin levels might reflect
the induction of hepatic oxidative stress induced by alcohol
consumption rather than oxidative stress induced throughout
body.  While the level of 8-OHdG decreased in the acute phase
of alcohol consumption, uric acid levels increased with the
amount of alcohol consumed.  Moderate alcohol consumption
may reduce cancer risk as a result of decreasing DNA damage
in the body as a whole, probably due to increased uric acid.

Appendix

Questionnaire

Name Age

Please answer the following questions.
Answer the multiple choice questions by checking the most appropriate box.
Fill in the blanks (underlined) as appropriate.

• What quantity of alcoholic beverages did you drink yesterday?
(Please describe the kind and the quantity of alcohol you had drunk)

What time was it when you finished your last alcoholic beverage?

• How often do you drink alcohol beverages?
□  never □  quit □  sometimes □  usually

At what age did you start drinking habitually?
At what age did you quit drinking?

On how many occasions do you drink per week? per week

Please describe the total amount of alcoholic beverages you drink during a typical week

Sake (rice wine): bottles (1 bottle is 180 ml)

Beer: bottles/cans for references: Mid- size can [350 ml]
Large-size can [500 ml]
Mid- bottle [500 ml]
Large-size bottle [630 ml]

Whiskey: Number of glasses (single) (double)

Shochu (white spirit): Number of glasses (single) (double)

Wine: Number of glasses or Number of bottle



328 R  YOSHIDA et al.

Industrial Health 2001, 39, 322–329

References

  1) Health and welfare statistics association (2000)  Journal
of Health and Welfare Statistics 47, 86–9.

  2) Poikolainen K (1995)  Alcohol and mortality: a review,
J Clin Epidemiol 48, 455–65.

  3) Valmadrid CT, Klein R, Moss SE, Klein BE,
Cruickshanks KJ (1999)  Alcohol intake and the risk
of coronary heart disease mortality in persons with older-
onset diabetes mellitus. JAMA 282, 239–46.

  4) Wannamethee SG, Shaper AG (1999)  Type of alcoholic
drink and risk of major coronary heart disease events
and all-cause mortality. Am J Public Health 89, 685–
90.

  5) Tsugane S, Fahey MT, Sasaki S, Baba S (1999)  Alcohol
consumption and all-cause and cancer mortality among
middle-aged Japanese men: seven-year follow-up of
the JPHC study Cohort I. Japan Public Health Center,
Am J Epidemiol 150, 1201–7.

  6) Gronbaek M, Deis A, Becker U, Hein HO, Schnohr P,
Jensen G, Borch-Johnsen K, Sorensen TI (1998)
Alcohol and mortality: is there a U-shaped relation in
elderly people?. Age Ageing 27, 739–44.

  7) Farchi G, Fidanza F, Giampaoli S, Mariotti S, Menotti
A (2000)  Alcohol and survival in the Italian rural cohorts
of the Seven Countries Study. Int J Epidemiol 29, 667–
71.

  8) Koch OR, Galeotti T, Bartoli GM, Boveris A (1991)
Alcohol-induced oxidative stress in rat liver.
Xenobiotica 21, 1077–84.

  9) Uysal M, Ozdemirler G, Kutalp G, Oz H (1989)
Mitochondrial and microsomal lipid peroxidation in
rat liver after acute acetaldehyde and ethanol
intoxication. J Appl Toxicol 9, 155–8.

10) Rouach H, Park MK, Orfanelli MT, Janvier B,
Nordmann R (1987)  Ethanol-induced oxidative stress
in the rat cerebellum. Alcohol & Alcoholism Suppl (1),
207–11.

11) Rajasinghe H, Jayatilleke E, Shaw S (1990)  DNA
cleavage during ethanol metabolism: role of superoxide
radicals and catalytic iron, Life Sci 47, 807–14.

12) Nordmann R (1987)  Oxidative stress from alcohol in
the brain, Alcohol & Alcoholism, Suppl (1), 75–82.

13) Hagen BF, Bjorneboe A, Bjorneboe GE, Drevon CA
(1989)  Effect of chronic ethanol consumption on the
content of alpha-tocopherol in subcellular fractions of
rat liver. Alcohol Clin Exp Res 13, 246–51.

14) Thome J, Zhang J, Davids E, Foley P, Weijers HG,
Wiesbeck GA, Boning J, Riederer P, Gerlach M (1997)

Evidence for increased oxidative stress in alcohol-
dependent patients provided by quantification of in vivo
salicylate hydroxylation products. Alcohol Clin Exp
Res 21, 82–5.

15) Bondy SC (1992)  Ethanol toxicity and oxidative stress.
Toxicol Lett 63, 231–41.

16) Floyd RA (1990)  Role of oxygen free radicals in
carcinogenesis and brain ischemia, Faseb J 4, 2587–
97.

17) Howard DJ, Ota RB, Briggs LA, Hampton M, Pritsos
CA (1998)  Environmental tobacco smoke in the
workplace induces oxidative stress in employees,
including increased production of 8-hydroxy-2'-
deoxyguanosine. Cancer Epidemiol Biomarkers Prev
7, 141–6.

18) Japanese Ministry of Science and technology (2000)
JAPAN Nutrient Database for Standard Reference,
Release 5, Printing bureau, Ministry of Finance, Tokyo.

19) Yamaguchi T, Shioji I, Sugimoto A, Komoda Y,
Nakajima H (1994)  Chemical structure of a new family
of bile pigments from human urine. J Biochem (Tokyo)
116, 298–303.

20) Kasai H, Crain PF, Kuchino Y, Nishimura S, Ootsuyama
A, Tanooka H (1986)  Formation of 8-hydroxyguanine
moiety in cellular DNA by agents producing oxygen
radicals and evidence for its repair. Carcinogenesis 7,
1849–51.

21) Yamamoto K, Inoue S, Kawanishi S (1993)  Site-specific
DNA damage and 8-hydroxydeoxyguanosine formation
by hydroxylamine and 4-hydroxyaminoquinoline 1-
oxide in the presence of Cu(II): Role of active oxygen
species. Carcinogenesis 14, 1397–401.

22) Shigenaga MK, Gimeno CJ, Ames BN (1989)  Urinary
8-hydroxy-2'-deoxyguanosine as a biological marker
of in vivo oxidative DNA damage. Proc Natl Acad Sci
U S A 86, 9697–701.

23) Faller J, Fox IH (1982)  Ethanol-induced hyperuricemia:
evidence for increased urate production by activation
of adenine nucleotide turnover. N Engl J Med 307,
1598–602.

24) Nishimura T, Shimizu T, Mineo I, Kawachi M, Ono A,
Nakajima H, Kuwajima M, Kono N, Matsuzawa Y
(1994)  Influence of daily drinking habits on ethanol-
induced hyperuricemia. Metabolism 43, 745–8.

25) Ames BN, Cathcart R, Schwiers E, Hochstein P (1981)
Uric acid provides an antioxidant defense in humans
against oxidant- and radical-caused aging and cancer:
a hypothesis. Proc Natl Acad Sci U S A 78, 6858–62.

26) Cohen AM, Aberdroth RE, Hochstein P (1984)



329MODERATE ALCOHOL CONSUMPTION REDUCES URINARY 8-OHdG

Inhibition of free radical-induced DNA damage by uric
acid. FEBS Lett 174, 147–50.

27) Meadows J, Smith RC, Reeves J (1986)  Uric acid
protects membranes and linolenic acid from ozone-
induced oxidation. Biochem Biophys Res Commun 137,
536–41.

28) Smith RC, Lawing L (1983)  Antioxidant activity of
uric acid and 3-N-ribosyluric acid with unsaturated fatty
acids and erythrocyte membranes. Arch Biochem
Biophys 223, 166–72.

29) Asami S, Hirano T, Yamaguchi R, Tomioka Y, Itoh H,
Kasai H (1996)  Increase of a type of oxidative DNA
damage, 8-hydroxyguanine, and its repair activity in
human leukocytes by cigarette smoking. Cancer Res
56, 2546–9.

30) Asami S, Manabe H, Miyake J, Tsurudome Y, Hirano
T, Yamaguchi R, Itoh H, Kasai H (1997)  Cigarette
smoking induces an increase in oxidative DNA damage,
8-hydroxydeoxyguanosine, in a central site of the human
lung. Carcinogenesis 18, 1763–6.

31) Shimoharada K, Inoue S, Nakahara M, Kanzaki N,
Shimizu S, Kang D, Hamasaki N, Kinoshita S (1998)
Urine concentration of biopyrrins: a new marker for
oxidative stress in vivo. Clin Chem 44, 2554–5.

32) Takeuchi H (1995)  Induction of new bilirubin
metabolites in the urine of mice and heme oxygenase
mRNA in murine spleen, liver and kidney after injection
of lipopolysaccharide and hemoglobin. J Saitama Med
School 22, 239–50.

33) Aoki K (1996)  Mechanisms of the production of
oxidative methabolites of bilirubin, biopyrrins, in vivo
by exposure of peritoneal cavity to air in mice. J Saitama
Med School 23, 169–76.

34) Okamura Y (1990)  Clinical significance of
measurement of bilirubin in serum and urine using two
kinds of anti-bilirubin monoclonal antibody. J Saitama
Med. School 17, 235–51.

35) Richter C (1997)  Free-radical-mediated DNA oxidation.
In: Free radical toxicology eds.by Wallace KB, 89–
113, Taylor & Francis.

36) Kuchino Y, Mori F, Kasai H, Inoue H, Iwai S, Miura
K, Ohtsuka E, Nishimura S (1987)  Misreading of DNA
templates containing 8-hydroxydeoxyguanosine at the
modified base and at adjacent residues. Nature 327,
77–9.

37) Shibutani S, Takeshita M, Grollman AP (1991)  Insertion
of specific bases during DNA synthesis past the
oxidation damaged base 8-oxodG. Nature 349, 431–4.

38) Kasai H (1997)  Analysis of a form of oxidative DNA
damage, 8-hydroxy-2'-deoxyguanosine, as a marker of
cellular oxidative stress during carcinogenesis. Mutat
Res 387, 147–63.

39) Wang JS, Groopman JD (1999) Biomarkers for
carcinogen exposure: Tumor initiation. In: Molecular
biology of the toxic response eds. by Puga A, Wallace
KB, 145–166, Taylor & Francis, Philadelphia.

40) Thurman RG, Bradford BU, Iimuro Y, Frankenberg MV,
Knecht KT, Connor HD, Adachi Y, Wall C, Arteel GE,
Raleigh JA, Forman DT, Mason RP (1999)  Mechanisms
of alcohol-induced hepatotoxicity: studies in rats, Front
Biosci 4, e42–6.

41) Mantle D, Preedy VR (1999)  Free radicals as mediators
of alcohol toxicity. Adverse Drug React Toxicol Rev
18, 235–52.

42) Yamaguchi T, Terakado M, Horio F, Aoki K, Tanaka
M, Nakajima H (1996)  Role of bilirubin as an
antioxidant in an ischemia-reperfusion of rat liver and
induction of heme oxygenase. Biochem Biophys Res
Commun 223, 129–35.

43) Puig JG, Fox IH (1984)  Ethanol-induced activation
of adenine nucleotide turnover. Evidence for a role of
acetate. J Clin Invest 74, 936–41.

44) Scott MD, Eaton JW (1997)  Marker of free-radical-
mediated tissue injury: Tales of caution and woe. In:
Free radical toxicology eds. by Wallace KB, 401–420,
Taylor & Francis, Philadelphia.

45) Gronbaek M, Mortensen EL, Mygind K, Andersen AT,
Becker U, Gluud C, Sorensen TI (1999)  Beer, wine,
spirits and subjective health. J Epidemiol Community
Health 53, 721–4.

46) Gronbaek M, Becker U, Johansen D, Gottschau A,
Schnohr P, Hein HO, Jensen G, Sorensen TI (2000)
Type of alcohol consumed and mortality from all causes,
coronary heart disease, and cancer. Ann Intern Med
133, 411–9.

47) Hertog MG, Feskens EJ, Hollman PC, Katan MB,
Kromhout D (1993)  Dietary antioxidant flavonoids
and risk of coronary heart disease: the Zutphen Elderly
Study, Lancet 342, 1007–11.


