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Abstract

Urinary 8-hydroxydeoxyguanosine (8-OHdG) DNA adduct has been used as a biomarker in epidemiological studies.
However, the determinants for urinary 8-OHdG have not been clearly identified. We tested urinary 8-OHdG levels in 205
male workers who had been exposed to vinyl chloride monomer (VCM). Epidemiological information was obtained by an
interviewer-administered questionnaire. Hepatitis B surface antigen (HBsAg) and anti-hepatitis C antibody (anti-HCV) were
also determined by immunoassay. Plasma antioxidants including Vitamins A andifitjg-carotenes were assayed by high
performance liquid chromatography. Median of urinary 8-OHdG level was 9.8 ng/mg creatinine (range, 1.4—60.1). Multiple
linear regression analysis showed that alcohol drinkers had higher urinary 8-OHdG than those who did not, but there was no
dose-response between the amount of alcohol consumption and urinary 8-OHdG. Workers with positive HBsAg, anti-HCV
and elevated plasma Vitamin A level were independently associated with higher levels of urinary 8-OHdG, whereas age,
smoking, body mass index, plasmsaandp-carotenes, Vitamin E levels, or VCM exposure did not show such an association.
The results suggest that active inflammation of hepatitis B and C, alcohol consumption and higher Vitamin A level can induce
oxidative stress. Thus, we conclude that potential determinants need to be considered in epidemiological studies when urinary
8-OHdG is used as a biomarker.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Oxidative damage in DNA can be caused by a
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fax: +886-2-23957845. compoundg1]. This type of damage, if not repaired,
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xyguanosine (8-OHdG) is one of the most abundant tion of 8-OHdG levels with a competitive ELISA kit
oxidative DNA adducts. It is mutagenic in nature and (Japan Institute for the Control of Aging, Japan). The
can cause G to T transversifs]. determination range was 0.5-200 ng/ml. The 8-OHdG
The repair process for 8-OHdG inflicted damage monoclonal antibody and urine sample were loaded at
results in excised 8-OHdG adduct being excreted into 50l on a microtiter plate which has been coated with
the urine[2,4]. Because of easy collection, urinary 8-OHdG, and incubated at 3T for 1 h, in accordance
8-OHdG has been used as a biomarker in occupationalwith the instructions of the manufacturer. After wash-
epidemiological studie®]. Age, gender, smoking and  ing, the antibodies that remained bound to the 8-OHdG
the use of dietary supplements have been reported toin the sample were further bound with the horseradish
be associated with urinary 8-OHd[&,5]. However, peroxidase-conjugated secondary antibody. Sub-
the association between non-occupational factors andsequent addition of 3,%,5-tetramethylbenzidine
urinary 8-OHdG has not been consist{sjt We have resulted in the development of color intensity propor-
used a comprehensive design to determine the roletional to the amount of antibody bound to the plate.
of occupational and non-occupational factors in the The color reaction was terminated by stop solution
generation of urinary 8-OHdG in a group of workers (phosphoric acid) and the absorbance was measured
exposed to vinyl chloride monomer (VCM). using a spectrophotometric plate reader at 450 nm
wavelength. Urinary creatinine was determined with a
Hitachi 7050 autoanalyser at the Department of Lab-

2. Materials and methods oratory Medicine in the National Taiwan University
Hospital (NTUH). Finally, urinary 8-OHdG levels
2.1. Study subjects were adjusted by urinary creatinine levels.

A total of 205 males with greater than 6 months of 2.3, Determination of plasma micronutrients
VCM exposure from five polyvinyl chloride (PVC) |evels
production plants were included in the analysis. In-
formation on their smoking, alcohol consumption, Micronutrients levels for Vitamins A, E and-
medication practices, and their detailed occupational and B-carotene were measured by high-performance
histories were collected by interviewer-administered liquid chromatography (HPLC, Hitachi D6000) using
guestionnaires with the workers’ consent. Because the the methods described by Miller et al. in 1984.
usual alcohol consumption in the study subjects was Vitamin A level was monitored by the ultraviolet de-
relative low, habitual alcohol drinking was defined as tector with a 325 nm filtera-and -Carotenes were
alcoholic consumption of at least once a week and measured using the visible detector with a 466 nm fil-
more than 809 of alcohol per week. Additionally, in ter and Vitamin E was monitored by the UV detector
this report, overweight was evaluated by body mass with a 280 nm filter. Total equilibration time between
index (BMI), which was defined as kilograms per runs was approximately 14 min. The correlation coef-
m?. VCM exposure levels for these study subjects ficients of standard curve were all greater than 0.990.
were based on our previously published wdgf}. The recovery rates ranged from 80 to 120%, and co-
Urine and venous blood were collected in subjects efficients of variation (CV) for reproducibility were
with fasting during medical surveillance, then stored all less than 10%. Because Vitamin E circulates in
at 4°C and processed on the same day. Venous bloodthe blood-associated lipids, plasma concentration of
was further separated into plasma, buffy coat and red Vitamin E was adjusted for blood lipids by diving

blood cells. All specimens were stored unde80°C by the sum of plasma cholesterol and triglyceride
until analysis. concentration$8].
2.2. Determination of urinary 8-OHdG level 2.4. Determination of HBsAg and anti-HCV

Urine samples were centrifuged at 2@pdr 10 min Hepatitis B virus surface antigen (HBsAg) and

and the supernatants were used for the determina-anti-hepatitis C virus antibody (anti-HCV) were
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assayed with radioimmunoassay (RIA, Abbott Lab, Table 1 o _
Chicago IL, USA) and enzyme-linked immumosor- Basic characteristics of study subjects

bent assay (ELISA, Austria-ll, Abbott Lab, Chicago variables N = 205 (%)
IL, USA), respectively, at the Department of Labora- A
.. ge (year)
tory Medicine, NTUH. <40 96 (46.8)
>40 109 (53.2)
2.5. Satistical analysis VCM exposure
<1 (ppm) 79 (38.5)
Non-parametric test was used to test the difference 1-4 (ppm) 88 (42.9)
of 8-OHdG in each variable. Subsequently, multiple =5 (ppm) 38 (18.6)
linear regression analysis was conducted to examine smoking
the association of urinary 8-OHdG levels with var-  No 121 (59.0)
ious variables including age<é0 and>40), VCM <10cigarettes per day 13 (6.3)
10-19 cigarettes per day 71 (34.7)

exposure €1, 1-4 and>5 ppm), smoking (ho<10
cigarettes per day and10 cigarettes per day), al-  Alcohol drinking

cohol consumption (no,<140g per day,>140g No 165 (80.5)
. <1409 per day 24 (11.7)

per day), BMI «25 and >25), HBsAg (positive ~140g per day 16 (7.6)

and negative) and anti-HCV (positive and negative),

and plasma vitaminsp@/ml for Vitamins A and E o5 131 (63.9)

and 3-carotene andug/dl for a-carotene). Mean of ~25 74 (36.1)
age and alcohol consumption were used as cut-off

points. A cut-off point of 25kg/rh was used for HB,\IS%gative 168 (82.0)
BMI, which had been recommended by World Health  pgsitive 37 (18.0)
Organization to define overweight. Regression coef- Ant

- . nti-HCV

ficient and their standard error of means were also ' negative 201 (98.0)
computed. Positive 4 (2.0

Antioxidants

Vitamin A (p.g/ml)
3. Resaults a-Carotene gg/dl)
B-Carotene g/ml)
Vitamin E (ug/ml)

0.58 (0.09-2.02)
4.98 (0-46.37)
0.19 (0-0.93)
7.28 (2.11-23.4)

The basic characteristics of the study subjects
are presented iffable 1 The average age was 39.7 @Median (range).
years. Smokers accounted for 41.0% of the study
population, and alcohol consumption 19.5%. HBsAg
was positive in 18.0% of workers and anti-HCV in Workers with VCM exposure greater than 5ppm
2.0%. Median plasma level was 0.h8/ml for Vi- also had higher 8-OHdG than those with exposure
tamin A, 4.98ug/dl for a-carotene, 0.19.g/ml for less than 5ppmK = 0.09). Those who consumed
p-carotene and 7.28g/ml for Vitamin E. Median alcohol with total amount either greater than or less
urinary 8-OHdG level for the study subjects was than 140 g per week had higher urinary 8-OHdG than
9.8 ng/mg creatinine (range, 1.4—60Thble 2. Sub- those who did not® < 0.05). However, there was no
jects greater than 40 years old had higher 8-OHdG dose-response between amount of alcohol consump-
level than those less than 40 years old. Those smokingtion and urinary 8-OHdG.
over 10 cigarettes per day had higher 8-OHdG level = Workers with positive HBsAg also had higher uri-
than subjects who never smoked or smoked less thannary 8-OHdG than those withouP(< 0.05). The dif-
10 cigarettes per day. Workers with BMI less than 25 ference in urinary 8-OHdG was even more prominent
also had higher 8-OHdG than those with BMI higher between those with anti-HCV and those withoBt &
than 25. However, the association for age, cigarette 0.01). Plasma Vitamin A level was also found to be
smoking and BMI was not significant. positively associated with urinary 8-OHdG, whereas
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Table 2
Urinary 8-OHdG in ng/mg creatinine stratified by different vari-
ables

Variables N Mean+ S.D. Median (range)
Total 205 12.7+ 9.2 9.8 (1.4-60.1)
Age (year)
<40 96 12.6+ 10.7 9.3 (1.4-60.1)
>40 109 129+ 76 10.8 (2.2-45.9)
VCM exposure
<1 (ppm) 79 12.6+- 94 9.8 (2.2-56.7)
1-4 (ppm) 88 11.A4 84 9.6 (1.4-45.9)
>5 (ppm) 38 14.7+ 10.7 11.8 (3.9-60.1)
Smoking
No 121 115+ 7.1 9.5 (1.4-45.9)
<10 cigarettes 13 14.3+ 15.7 6.7 (4.8-60.1)
per day
10-19 cigarettes 71 13.94+ 10.8 10.6 (3.3-56.7)
per day
Alcohol drinking
No 165 11.4+ 6.8 9.4 (1.4-45.9)
<1409 per da¥y 24  18.1+ 16.5 13.0 (3.0-60.1)
>1409g per day 16 17.3 11.6 14.0 (3.0-39.0)
BMI
<25 131  13.4+ 10.0 10.5 (1.4-60.1)
>25 74 114+ 75 9.2 (3.7-54.5)
HBsAg
Negative 168 12.3: 9.5 9.2 (1.4-60.1)
Positive 37 14+ 74 13.8 (3.0-32.3)
Anti-HCV
Negative 201 12.4- 8.8 9.7 (1.4-60.1%
Positive 4  28.1+16.6 26.6 (13.2-45.9)
Vitamin A (p.g/ml)
<0.622 101 11.7+ 84 9.5 (1.4-54.8)
>0.61 104 13.6+ 10.1 10.2 (3.8-60.1)
a-Carotene jig/dl)
<6.12 123 133+ 9.7 10.1 (3.0-56.7)
>6.1 82 11.4+ 8.6 9.2 (1.4-60.1)
B-Carotene jtg/ml)
<0.23 125 12.8+94 9.6 (1.4-56.7)
>0.23 80 12.3+9.3 9.8 (2.2-60.1)
Vitamin E (ug/ml)®
<8.07 119 12.74+10.3 9.4 (1.4-60.1)
>8.0 86 124+ 7.6 10.4 (3.0-45.9)
aMean.
bp =0.06.

¢ Adjusted for blood lipids.
*0.01< P < 0.05.
** P < 0.01.
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Table 3

Regression coefficient (in ng/mg creatinine) and their standard er-
rors (S.E.) from constructing multiple regression model for urinary
8-OHdG

Variables Regression  S.E. P-value
coefficient

Intercept 7.2 3.0 <0.05
Age

<40 year vs.>40 year 0.5 14 0.82
VCM exposure

1-4ppm vs.<1ppm -1.6 1.5 0.3

>5ppm vs.<1ppm 0.01 2.0 0.9
Smoking

<10 cigarettes 0.4 1.6 0.8

per day vs. no
>10 cigarettes -0.3 2.2 0.9
per day vs. no

Alcohol drinking

<1409 per day vs. no 6.3 24 <0.01

>140g per day vs. no 6.1 2.4 0.02
BMI

>25 vs. <25 -1.5 14 0.53
HBsAg

Positive vs. negative 3.2 1.7 0.06
Anti-HCV

Positive vs. negative 17.8 57 <0.01
Antioxidants

Vitamin A (ng/ml) 7.2 3.5 0.03

a-Carotene j¢g/dl) 0.2 0.1 0.28

B-Carotene jtg/ml) -2.0 5.6 0.72

Vitamin E (ug/ml)? -0.2 0.2 0.39

aAdjusted for blood lipids.

plasmaa- andp-carotenes and Vitamin E levels were
not associated with urinary 8-OHdG.

In the subsequent multiple regression analysis
(Table 3, positive HBsAg ¢ = 0.06), positive
anti-HCV (P < 0.01), increased alcohol consumption
(P < 0.01 for those having alcohol consumption but
less than 140 g per weel, = 0.02 for those having
alcohol consumption but greater than 140 g per week)
and increased plasma Vitamin A level® (= 0.03)
were associated with increased 8-OHdG in urine.
However, age, VCM exposure, smoking and BMI
were not associated with urinary 8-OHdG. Analysis
also showed that plasma levels@fandB-carotenes
and adjusted Vitamin E were not associated with
8-OHdG.
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4. Discussions the sake of safety, the effects of smoking on 8-OHdG
in workers are less likely to appear in the model.

The results revealed that active inflammation of hep-  Loft et al.[1] reported that overweight persons had
atitis B and C, alcohol consumption, and increased a lower metabolic rate than lean ones. Our study also
plasma Vitamin A levels were associated with urinary revealed an inverse association between BMI and
8-OHdG; however age, smoking, BMI, and VCM ex- 8-OHdG. However, the association was not signifi-
posure were not associated with urinary 8-OHdG. cant, probably most of our workers were not obese as

Inflammation of hepatocytes due to hepatitis B and the average of BMI was 24.1.

C has been reported to be associated with increased re- Antioxidants have been known to reduce oxidative
active oxygen species (ROS) in the liver tis$84 0]. damage in cultured cells, animals and hunmais-19]
Here, we have demonstrated that increased ROS byDecreased levels of 8-OHdG have been demonstrated
HBV and HCV infection can be detected in urine. inthose with increased intake of antioxidants-rich veg-
Thus, HBV and HCYV infection should be considered etable and fruit§20]. However, the exact effects of an-

in studies of oxidative damage, particularly in areas tioxidants on mutagenesis and carcinogenesis remain
with high prevalence of hepatitis B and C infection.  unclear. Opposite findings have reported that increased

It is interesting to observe that alcohol consump- risk of lung cancer can develop in smokers who receive
tion was associated with 8-OHdG. This kind of asso- antioxidants[21,22] Excess amounts of Vitamin A
ciation has not been reported in previous occupational have been found to increase chromosomal aberration
studies[5], although alcohol consumption has been in cultured lymphocytef23]. Further, rats treated with
reported to generate ROS presumably through the ef- retinol also experience higher incidence of pheochro-
fect of cytochrome p450 2E[M1,12] However, the mocytomag[24]. Thus, antioxidants as redox agents
dose—-response was not observed in our study. This wasmay have prooxidant effec{5]. Our results reveal
probably due to a small range in the level of alcohol that increased levels of Vitamin A are positively asso-
consumption. More studies are needed to corroborate ciated with increased 8-OHdG. It appears antioxidants
the effect of alcohol consumption on urinary 8-OHdG. may involve a complex mechanism in carcinogenesis.

VCM is a known mutagen and has been associated It is clear that active inflammation of hepatitis B

with increased genotoxicity in human studj&8—15] and C is associated with increased generation of ROS
Recent studies also revealed that VCM exposed work- and subsequent 8-OHdG. However, the lower con-
ers had increased DNA single strand brefkd 6], sistency between 8-OHdG and potential confounders

which suggest that oxidative damage may play a role underscores that oxidative stress may be involved in
in VCM-related DNA damage. Our study also revealed a very complex process and manifested in a variety
that urinary 8-OHdG increased in workers with VCM  of ways. Before the exact role of 8-OHdG is clearly

exposure greater than 5ppm, albeit less significantly. examined, potential determinants including cigarette
Because the air level of VCM in the work sites is rel- smoking, alcohol consumption, hepatitis virus infec-

atively low, a better assessment of individual VCM tion, BMI, and dietary habits need to be considered in
exposure may increase the sensitivity in detecting the future epidemiological studies when urinary 8-OHdG

difference of 8-OHdG. is used as a biomarker.

Although those smoked greater than 10 cigarettes
per day had higher urinary 8-OHdG than non-
smokers, the relationship was not significant. Since
cigarette smoke contains ROS, the association be-
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