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This project attempted to investigate the
toxic effect of nitrogen oxides (NOx) and
polycyclic aromatic hydrocarbons (PAHS).
They are environmental pollutants commonly
found in the exhaust released from
imcomplete combustion. In addition, NOx
may attack PAHs to form potent mutagenic
nitro derivatives. First year, we investigated
combined effects of NOx and PAHS in
animal  models. We found that the
mutagenicity of combined exposure was
higher than that of pyrene exposure aone.
Second year, we measured the levels of
plasma NOx and urinary 1-hydroxypyrene
(1-OHP) for the taxi drivers and the referent
groups. We recruited ninety-five male taxi
drivers and 75 male community residents as
the referents. With consent, subjects provided
blood and urine samples and completed a
self-reported  questionnaire.  Significant
difference in the average NOx level was
observed between drivers and referents (45.6
vS. 40.0 uM). The drivers had higher level of
1-hydroxypyrene (1-OHP) compared with
the referents (0.33 vs. 0.20 pg/g creatining).
We used urinary 8-hydroxydeoxyguanosine
(8-OHdG) as an effective biomarker on DNA
damage due to NOx and PAHs exposure
from traffic exhaust, and susceptible gene
Mspl/Hincll and GST M1/T1 polymorphism
related to exposure level and DNA oxidative
damage. In the multiple linear regression,
after adjusting for smoking, GSTM1
genotype and other associate variables, there
was a significant correlation between the
levels of urinary 8-OHdG and 1-OHP but not
NOx. This study supports that taxi drivers
had higher levels of NOx and 1-OHP due to



traffic exhaust exposure and 8-OHdG level
may serve as a sensitive biomarker of induce
oxidative damage associated with PAHSs
exposure.

Keywords. Nitrogen oxides, Polycyclic
aromatic hydrocarbons, 1-Hydroxypyrene,
8-hydroxydeoxyguanosine, taxi drivers
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1) 15niL DNA
2) R &px% Tag0.4nh (5unit/nl)
3) Tagz 10" =% 7% 25nL
4) 25mM dNTPO.2nL
5 25nM primer % 0.4 nL
5-TAGGAGTCTTGTCTCATGCCT-3
5-CAGTGAAGAGGTGTAGCCGCT-3
6) *F = -k 19.6
7) PCR 7 4 3¢
94°C > 5min
Z4f 35 =
Denaturation : 94 °C > 1 min
Annealing: 60 °C > 1 min
Elongation: 72 °C » 2 min
72°C> 7min
4°C>» 24hr
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PCR F J=+ £ 2884 5 15nL
1) PCRAZ# 8niL
2) Mspl *24] i 2.0nL (10 unit/m)
3 10 & =5k 1.5
4) 10" BSA (bovin serum abumin) 1.5 L
5) ®Fx = =x-k20n
6) 37°C, 12hr
7) 15 i AFFser 30l 6 i HS
A > 12 100 bp ladder = DNA %3z > 12
3% agarose gel & {77 A > 1 TAE
buffer 4 4 & -
8) &7 60min & &
9) UV light = %3 340 bp~200 bp~140 bp
B
m1/m1: 340 bp

m1/m2: 340 bp, 200 bp, 140 bp
m2/m2: 200 bp, 140 bp
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1) 15nL DNA
2) %R &px% Tag0.4nh (Sunit/nl)
3) Tagz 10 =% 25nL
4) 25mM dNTPO.2nL
5 25nM primer % 0.4 L
5-GGACTGCCACTTCAGCTGTCT-3
5 -GAGAAAGACCTCCAAGCGGTCA-3
6) *F% = -k 19.6nL
7) PCRF ¥ 2
94°C > 5min
T4 35 =
Denaturation: 94 °C > 1 min
Annealing: 56 °C > 1 min
Elongation: 72 °C » 2 min
72°C> 7min
4°C> 24 hr
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9) UV light = %3 141 bp~120 bp~ 48 bp
R
lle/ lle: 141 bp

lle/Val: 141 bp, 120 bp
Val/Val: 120 bp
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5-TTCCTTACTGGTCCTCACATCTC-3
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% 1 Jrig? 8OHAGEAR M T %~ m i ipll RA oA Fl 5 252 v

¥ R iR P AT B £ 2t p-value
8-OHdG 13.4+ 4.7 (95) 11.5+ 4.7 (75) 12.6 + 4.8 (170) 0.008
8 (k)
30-34 14.8 + 4.6 (12) 115+53 (9) 13.4+5.1(21) 0.148
35-39 14.1 + 6.0 (30) 104+44 (9 13.3+5.8(39) 0.090
40-44 12.6 + 3.5 (40) 11.7 + 3.9(18) 12.3 £ 3.6 (58) 0.367
45+ 13.1+4.5(13) 11.6 + 5.1 (39) 12.0+4.9(52) 0.349
p=0.400 p=0.904 p=0.523
L
7 14.3+ 5.3 (55) 13.3+4.4(32) 13.9+5.0(87) 0.350
# 12.2 + 3.4 (40) 10.1+4.5(43) 11.1+£4.1(83) 0.021
p=0.020 p=0.004 p<0.001
8RRy
7 13.0+ 4.6 (66) 13.3+4.9(12) 14.4 £ 4.9 (36) 0.355
# 149+ 4.9(24) 11.2 £ 4.6 (62) 12.1+ 4.7 (128) 0.026
p=0.098 p=0.158 p=0.014
NOx (M)
>42.4 14.4 + 4.9 (55) 11.4 £ 4.8 (30) 13.3+£5.0(85) 0.008
£42.4 12.1 + 4.0 (40) 11.5+ 4.7 (45) 11.8+ 4.4 (85) 0.544
p=0.018 p=0.907 p=0.036
1-OHP(ny/creatinine)
>0.22 14.0+5.0 (32) 142+4.4(24) 140+ 4.8(87) 0.822
£0.22 12.4 + 3.8(63) 10.2 + 4.3 (51) 11.0+£4.2(83) 0.021
p=0.119 p=0.001 p<0.001
CYP1A1 Mspl
ml/m1 13.2 + 4.5 (59) 115+46(51) 124+4.6(110)  0.057
m1/m2 14.2 +5.0(23) 13.0+5.0(13) 13.7+5.0(38) 0.480
m2/m2 13.1+4.9(13) 88+35 (9 11.3+4.8(22) 0.033
p=0.669 p=0.100 p=0.150
CYP1A1 Hincll
lellle 13.4+4.9(59) 11.0+ 4.1 (46) 12.3+ 4.7 (105) 0.012
lle/Val 13.2 + 4.4 (26) 11.7+5.4(24)  12.4+ 4.9 (50) 0.280
va/vd 145+ 4.2 (10) 148+5.7 (5) 14.6 +4.5(15) 0.279
p=0.724 p=0.238 p=0.221
GSTM1
Null 14.2 + 5.3 (51) 125+4.9(40)  13.4+52(91) 0.128
Present 12.6 + 3.7 (44) 10.3+4.2(35) 11.6 £ 4.0(79) 0.013
p=0.093 p=0.042 p=0.009
GSTT1
Null 13.7 + 4.9 (58) 11.4+47(48) 126+4.9(106) 0.016
Present 13.1+4.4(37) 11.7+£ 4.8 (27) 125+ 4.6 (64) 0.235
p=0.543 p=0.791 p=0.843

Beim £ 258 5 Lo AR L (4 ) > E = ny/g creatinine -



02 3R FA TR R Y 8-OHAG Ik A 2 v A F] 7 )4

% i i 7 fhde(b)  HREFER(SE) Force-in  Stepwise
p-vaue p-vaue
BB 10.24 3.63 0.005
S 1.51 0.83 0.071 0.024
(k) -0.005 0.07 0.946
7T AR (F) 0.01 0.34 0.976
PHEYR(G vs&) 3.69 0.94 0.001 0.001
S EEFEEBEG vsa) 2.04 1.01 0.064 0.043
HIEY (G vs ) -1.06 1.1 0.344
a3 VS.R) 0.76 1.05 0.473
THEY R (3 vsa) -0.37 0.83 0.656
Genotypes
CYP1A1 Mspl:
ml/m2 & m2/m2 vs. mi/ml -0.46 0.85 0.586
CYP1A1 Hincll:
lle/Val &Val/Vd vs. llellle 0.60 0.80 0.453
GSTM1: present vs. null -1.71 0.76 0.026 0.026
GSTTL1: present vs. null 1.00 0.77 0.196

n= 160, R* = 0.203, p= 0.001
NP PREAT AL R

b,ﬁL%dv‘ffﬁ—‘ﬁ: NS ¥ Ll
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%3 S RAALE fFAATRFRR Y 8B-OHAG k& £k %7 NOX fr/ji ® 1-OHP ik &
ZARHM RIE AT A5

% i i 7 fhde(b)  HREFER(SE) Force-in  Stepwise
p-vaue p-vaue
BB 12.10 3.38 0.001
£ #2 () -0.06 0.06 0.385
Y (G vsi) -0.15 0.77 0.846
SEY B (5 vsi) -0.34 1.12 0.764
w8 (7 vs.i) 1.44 0.95 0.134
NOX (M) -0.03 0.04 0.439
1-OHP (nmy/g creatinine) 7.93 2.14 0.001 0.001
Genotypes
CYP1A1 Mspl:
m1/m2 & m2/m2 vs. mi/ml -1.02 0.78 0.194
GSTM1: present vs. null -1.33 0.74 0.048 0.048

n= 160, R* = 0.170, p= 0.001
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% 4 i’iﬁ»t’ NOx jk & ~ Jki% ¥ 1-OHP & & - 8-OHAG ik & 2. 49 B 1+

ESLVER i

8-OHdG 1-OHP

Fe 4p B R isAphd 2 Fe 4P B Rrisiphd®
NOX 0.130 (170) -0.047 (151) 0.250(170)  -0.116 (151)
p=0.046 p=0.281 p=0.001 p=0.078
1-OHP 0.391 (170) 0.239 (156)
p<0.001 p=0.002

et >N 5 A A4 B 7% Bic(Pearson correlation coefficient) (4 #c)
REFTH R RN B KTARR R BRI IeES YR
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