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A longitudinal study of oxidative DNA damage for PAHs exposed coke oven
workers

Chiung-Wen Hu
Abstract

Polycyclic aromatic hydrocarbons (PAHS) are considered human carcinogens. Coke oven
workers are occupationally exposed to high concentrations of PAHs. Epidemiologic studies
demonstrate increased cancer incidence among the workers exposed to PAHSs, probably
through cumulative oxidative DNA damage. It has been suggested that various reactive
oxygen species (ROS) can be generated and can further cause oxidative DNA damage during
PAHs metabolism. 8-hydroxy-2’-deoxyguanosine (8-OHdG) is one of the major oxidative
DNA damage formed by radical-induced damage at C-8 position of guanine and has been
regard as the biomarker of oxidative stress. Previous studies have showed that a significant
increase of 8-OHAG in urine among coke oven workers. However, little information was
found in the association between the level of 8-OHdG and the major urinary metabolite of
PAHSs (1-OHP).
Several methods have been applied for analysis of 8-OHdG, such as high performance
liquid chromatography with electrochemical detection (HPLC-ECD), gas chromatography
with mass spectrometry (GC-MYS), liquid chromatography with tandem mass (LC-MS/MYS),
and enzyme-linked immunosorbent assay (ELISA). Among these methods, LC-MS/MS has a
high sensitivity and selectivity, and can be applied with the isotope-dilution method, such
analytical technique is the most accurate and reliable analytical method. However, it was
noted that most previous efforts on the determining of 8-OHdG was made by ELISA rather
than LC-MS/MS.
In the present study, our aim is to investigate the association between the level of 8-OHAG
and exposure biomarker of PAHs (1-OHP). We will conduct alongitudinal study in coke oven
workers. Preshift and postshift urine samples were collected consecutively and analyzed for
8-OHdG and 1-OHP. The level of 8-OHdG will be measured by our newly developed
isotope dilution LC-MS/MS method. This two-years project is aimed to answer the following
guestions:
1. Thevariation of oxidative DNA damage in coke oven workers during working period.
2. The association between urinary 1-OHP and 8-OHdG in coke oven workers, including
- thetime and order of appearance after exposed to PAHsS
- therelative amounts

3. The influence of polymorphism on urinary 8-OHdG in coke oven workers
(CYP1A1 GSTM1 and GSTT1 genotype)

4. The association between urinary mutagenicity and oxidative DNA damage in coke

oven workers

Keywords: 8-OHdG; urine; coke-oven plant; PAHS; polymorphism; mutagenicity
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2.
3.
4,
( )
5.
6.
PAHs 1994 NIOSH NIOSH 5515
Tsa et a. (2001) IOM XAD-2
PAHs PAHs
GC/IMS PAHs
16 PAHs ( Supelco EPA 610 PAHs
Mix) Naphthalene Acenaphthylene Acenaphthene Fluorene Phenanthrene

Anthracene Fluoranthene Pyrene Benz(a)anthracene Chrysene Benzo(b)fluoranthene
Benzo(k)fluoranthene Benzo(a)pyrene Indeno(1,2,3-cd)pyrene Dibenz(ah)anthracene
Benzo(ghi)perylene

8-OHdG
8-OHdG -
(Hu et al., 2004) 0.25 ml N5-8-OHAG
8-OHdG LC-MS/MS
- (Off-line SPE-LC-MS/M S condition)
PE 200 PE 200 micro pump
(Perkin Elmer, Norwalk, CT, USA) Polyamine-11 endcapped
HPL C column (150x2.0mm, 5um, YMC) (10x2 mm, YMC)
(API 3000, Applied Biosystem/MDS Science)

m/z 284.1-168.0 (MRM mode) 8-OHdG 8-OHdG
(**N5-8-OHdG) m/z 289.1173.0 (mobile phase) 80 %

acetonitrile with 0.1 % formic acid 300 pl/min 220 ul

2



1-OHP

1-OHP Tsai et d., (2001)

- (HPLC-FLD)

1-OHPHPLC-FLD

HPL C (autosampl er/pump) Hitachi L-7200
Hitachi L-6200 Fluorescence detector Hitachi F-1080
Flow rate 1.5 ml/min
Injection volume 10

Mobile phase

70% acetonitrile

Wave length (nm)

Ex: 241 Em: 388
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On-line SPE-LC-MS/IMS

On-line SPE

Injection volume 100 pl

On-line SPE Inertsil , ODS-3, 150*4.6 mm, 5um
Mobile phase (Eluent B) Solvent A: 5%MeOH + 0.1% FA
(Gradient mode) Solvent B: 60%MeOH + 0.1% FA
LC:

Analytical column YMC polyaminell , 150*4.6 mm , 5um
Mobile phase (Eluent A) Solvent C: 75 %MeOH+0.1% FA
(Isocratic mode)

MSMS:

NEB gas. 10

CUR gas: 12

CAD: 4

lonSpray Voltage(1S) : 5500

TurbogasT : 500

4000 r
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2 PAHSs

PAHs
18
8357.44 ng/m®
1196.81 ng/m*  (
PAHs

( )
1-hydroxypyrene (1-OHP)

41
108
pyrene
pyrene

PAHs

481.89 ng/m® total PAHs
72.17 ng/m® total PAHs

PAHs ( pyrene)

pyrene



PAHs

PAHSs p-value
Naphthalene 33.92+4.14 85.36 + 40.39 0.169
Acenaphthylene 218+1.30 0.67+0.38 0.01*
Acenaphthene n.d. 1.72+0.76

Fluorene 493+ 1.40 3.34+0.98 0.002*
Phenanthrene 88.91 + 28.91 44,33+ 9.26 0.027*
Anthracene 2045+ 1231 13.27 + 3.20 0.034*
Fluoranthene 585.35 + 353.74 76.25+ 17.53 0.003*
Pyrene 481.89 + 277.86 72.17 + 16.16 0.003*
Benzo(a)anthracene 1101.21 + 632.17 96.06 + 22.14 0.002*
Chrysene 794.86 + 376.84 93.45 + 23.80 < 0.001*
Benzo(b)fluoranthene 1667.04 + 802.24 221.61 +49.42 0.002*
Benzo(k)fluoranthene 587.09 + 256.70 78.70 + 15.77 0.003*
Benzo(a)pyrene 1307.24 + 714.75 131.57 + 34.87 0.003*
Indeno(1,2,3-cd)pyrene 891.03 +447.72 133.58 + 35.60 0.003*
Dibenzo(a,h)anthracene  227.15+ 126.71 32.50+9.13 0.005*
Benzo(g,h,i)perylene 555.25 + 244.62 11121+ 29.38 0.003*
Total PAHSs 8357.44 + 4261.46  1196.82 + 265.56 0.002*
n.d.

mean + SE (ng/m°)

* p<0.05



Total PAHs concentration (ng/m?®)

Pyrene concentration (ng/m°)
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3. 8-OHdG
(longitudinal study)

1-OHP  8-OHdG PAHs
8 8-OHdG (
5 ) 8 8-OHdG 6.38 ng/mg creatinine (
5 ) 8 8-OHdG 3.07 ng/mg creatinine
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