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TOXICOKINETICS AND METABOLISM
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Abstract Betel quid chewing has been associated with
several human cancers. However, the role of betel quid in
carcinogenesis remains uncertain. Piper betle contains high
concentrations of safrole (an inducer of DNA oxidative
damage). Safrole may be metabolized by hepatic sulfo-
transferase 1A1 (SULT1A1), or glutathione S-transferases
(GSTM1, GSTT1, and GSTP1). Thus, we investigated the
association of genetic polymorphisms of SULTIAI,
GSTM1, GSTTI, and GSTP1 with DNA oxidative damage
among betel quid chewers. A biomarker for oxidative
stress, urinary 8-hydroxy-2'-deoxyguanosine (8-OHdG)
level, was analyzed using isotope-dilution LC-MS/MS in
64 betel quid chewers and 129 non-betel quid chewers.
Data on demographics and habits (smoking, alcohol drink-
ing, and betel quid chewing) were obtained from question-
naires. Our results revealed that urinary 8-OHdG level was
higher in chewers with SULTIAI Arg-His genotype than in
chewers with SULTIAI Arg-Arg genotype. Urinary
8-OHdG level was also higher in chewers with GSTP1 Ile-
lle genotype. Furthermore, the combined effect of
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SULTIAI and GSTPI genotypes on urinary 8-OHdG was
evaluated. Non-chewers with both SULTIAI Arg-Arg and
GSTP1 Val-Val/lle-Val (reference group) had the lowest
mean level (3.6 ng/mg creatinine), whereas chewers with
either SULTIAI Arg-His or GSTPI Ile-Ile had the highest
8-OHdG mean level (6.2 ng/mg creatinine; vs. reference
group, P =0.04). Chewers with both of SULTIAI Arg-Arg
and GSTP1 Val-Val/lle-Val (4.6 ng/mg creatinine), and
non-chewers with either SULTIAI Arg-His or GSTPI Ile-
lle (4.7 ng/mg creatinine) had a moderately increased
8-OHdG level. Thus, the susceptible SULTIAI and GSTP1
genotypes may modulate increased DNA oxidative stress
elicited by betel-quid chewing.

Keywords Betel-quid chewing - SULTIAI gene - GSTPI
gene - DNA oxidative stress -
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Introduction

In Southeast Asia, especially in Taiwan and India, betel
quid is a natural masticatory and stimulant composed of
fresh green areca fruit, Piper betle (betel leaf), and slaked
lime paste (Jeng et al. 2001). The prevalence of betel chew-
ing in the Taiwanese population is greater than 10% (Ko
etal. 1992). Although the chewing of betel quid is prac-
ticed in several different ways in various areas, the major
components are relatively consistent. An association
between betel quid with oral submucous fibrosis, oral can-
cer, esophageal cancer, and hepatocellular carcinoma has
been demonstrated in previous studies (Chiu et al. 2002;
Liu et al. 2000; Shiu et al. 2000; Tsai et al. 2001; Wu et al.
2001). However, the role of betel quid in carcinogenesis
and mutagenesis remains uncertain.
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In Taiwan, Piper betle influorescence, which contains
about 15 mg/g safrole (1,2-methylenedioxy-4-allylben-
zene), is frequently added to betel quid (Hwang et al.
1993). During chewing, the concentration of safrole can
reach 420 mol/l. Safrole has been classified as a carcinogen
in rodents (IARC 1976). Liu et al. (1999) have also indi-
cated that safrole dose-dependently induced oxidative
stress in rat liver, and that glutathione played an important
protective role. The possibility of lime and area nut pheno-
lics generated reactive oxygen species (ROS) such as
hydroxyl radical (HO-) was also suggested (Nari et al.
1995). The generation of oxidative stress has been linked to
chemical carcinogenesis and mutagenesis (Cerutti 1985;
Kehrer 1993). Among the diverse oxidative DNA lesions,
8-hydroxy-2'-deoxyguanosine (§-OHdG) is one of the most
abundant base modifications and has attracted special atten-
tion because it is premutagenic, causing G—T transversions
(Cheng et al. 1992).

In animal studies, the carcinogenicity of safrole has been
attributed to the formation of safrole-DNA adducts (Borc-
hert etal. 1973; Ioannides etal. 1981; Randerath et al.
1984; Reddy and Randerath 1990). Safrole is primarily
metabolized by hepatic cytochrome P450 biotransforma-
tion to become a proximate carcinogen 1’-hydroxysafrole
(Miller and Miller 1983). Furthermore, 1'-hydroxysafrole
is subsequently conjugated by sulfotransferase (SULT) in
liver to form its electrophilic sulfuric acid ester that reacts
to form stable safrole-DNA adducts.

Metabolic polymorphisms have been implicated in the
chemical exposure-related health effects. However, their
exact effects on safrole-induced oxidative stress remain
unclear. Sulphation catalyzed by members of the sulfo-
transferase enzyme family is a key metabolic pathway of
many drugs, neurotransmitters, hormones, and xenobiotics
(Falany 1997; Glatt 1997; Nagata and Yamazoe 2000).
SULTIALI is a major sulfotransferase enzyme in humans
(Dooley et al. 1993), and Raftogianis et al. (1999) reported
on a G-A transition that causes an Arg to His substitution at
amino acid 213 of SULTIAI. Previous studies have shown
that the His allele is associated with low enzyme activity
compared to the wildtype Arg allele (Coughtrie et al. 1999;
Raftogianis et al. 1999), and suggested that the high activ-
ity of the SULTIAI Arg allele protects against environmen-
tal chemicals involved in the pathogenesis of cancer.
Therefore, the SULTIAI genotype may influence suscepti-
bility to cancer induced by environmental carcinogens such
as safrole. Glutathione S-transferases (GSTs) protect
against oxidative stress by conjugating glutathione to elec-
trophilic species that can form protein or DNA adducts and
generate ROS (Hayes and Strange 1995). Because of this
important role in cellular defense against oxidative stress,
genes encoding GSTs have been considered candidates for
association with safrole-induced oxidative stress. The genes
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for GSTM1 (Bell etal. 1992; Chen etal. 1996), GSTTI
(Chen etal. 1996), and GSTPI (Watson et al. 1998) are
known to be polymorphic. The GSTMI and GSTTI geno-
types are also reportedly associated with an elevated risk of
developing leukoplakia in Indian betel quid chewers (Nair
etal. 1999). However, SULTIAI, GSTMI, GSTTI, and
GSTP1 metabolic genetic polymorphisms, with or without
modulating effects on safrole-induced oxidative stress, have
not been identified.

Thus, betel quid chewers with inherited metabolic geno-
types that affect susceptibility to DNA damage may
experience increased oxidative stress. We designed a popu-
lation-based, cross-sectional study to investigate the associ-
ation of metabolic genetic polymorphisms and urinary
8-OHdG in betel quid chewers.

Materials and methods
Study subjects and biospecimen collection

Higher prevalence of substance use (betel quid, cigarettes,
and alcohol) in Taiwanese aborigines has been observed
(Cheng and Chen 1995; Liu etal. 1994). Furthermore,
aboriginal health status is worse than that of the general
Taiwanese population. During the period from September
2003 to January 2004, a community-based, disease screen-
ing project was performed in Fuhsing, located in the north-
ern mountain area of Taiwan. The study protocol
conformed to the Declaration of Helsinki and had been
approved by the relevant ethics committees of the partici-
pating institutions.

Information pertaining to personal characteristics was
collected from study subjects using interviewer-adminis-
tered questionnaires during the medical surveillance.
Informed consent was obtained from all participants. The
structured questionnaire contained questions that covered
demographic characteristics and life style (including habits
of cigarette smoking, alcohol drinking, and betel quid
chewing). Subjects were also queried to determine amount,
frequency, and duration of smoking, alcohol drinking, and
betel quid chewing. Habitual alcohol drinking was defined
as alcohol consumption on at least one occasion weekly and
of more than 80 g of alcohol weekly as described in our
previous report (Wong et al. 2002). Habitual betel quid
chewing was defined as chewing one or more quids daily
for at least 1 year. Additionally, in this report, obesity was
evaluated using body mass index (BMI), defined as kg per
m? (height). However, since oxidative stress has been asso-
ciated with inflammatory illnesses (Crack and Taylor 2005;
Dhalla et al. 2000; Nagler et al. 2003), we excluded sub-
jects with the history of cerebrovascular or cardiovascular
diseases (n = 6), or rheumatoid arthritis (n = 3), as well as



Arch Toxicol (2008) 82:313-321

315

subjects who were taking antituberculosis drugs (n=7),
from the 209 recruited. Overall, 64 betel quid chewers and
129 non-betel quid chewers were recruited into current
study. The Atayal tribe accounted for all subjects.

Urine and venous blood were collected during medical
surveillance, then stored at 4°C and processed on the same
day. The blood was centrifuged to separate the serum and
the cells. All specimens were stored under —70°C condi-
tions until analysis.

Determination of urinary 8-OHdG levels

Urinary 8-OHdG level was determined as previously
described by Hu et al. (2006) using liquid chromatography-
tandem mass spectrometry (LC-MS/MS) coupled with
automated solid-phase extraction (SPE). Briefly, the urine
samples were thawed and thoroughly mixed at room tem-
perature. After centrifugation at 5,000g for 5 min, 20 pl of
urine was diluted tenfold with 5% (v/v) methanol contain-
ing 0.1% formic acid. To the diluted urine, we added 40 pl
of Ns-8-OHdG solution (20 ng/ml in 5% methanol/0.1%
formic acid) as internal standard followed by vigorous vor-
texing. Prepared urine (100 pl) was then injected into an
on-line SPE LC-MS/MS. The on-line SPE system was con-
sisted of a switching valve and an Inertsil ODS-3 column
(50 x 4.6 mm, 5 um bead size; YMC Inc., Wilmington,
NC, USA). The HPLC system consisted of two series
200 micropumps, a series 200 autosampler (Perkin Elmer,
Boston, MA, USA), and a Polyamine-II endcapped HPLC
column (150 x 4.6 mm, 5 pm bead size, YMC) with a
guard column (10 x 2 mm, YMC). An isocratic mode was
used to separate the analytes. The mobile phase was 85%
methanol containing 0.1% formic acid, delivered at a flow
rate of 1 ml/min. The eluting of the HPLC system was
introduced into a TurboionSpray source installed on a
triple-quadrupole mass spectrometer (API 3000, Applied
Biosystems , Foster City, CA, USA), operated in positive
mode. The limit of detection (LOD) of the method was
5.7 pg/ml. Each analysis was conducted in triplicate.

Additionally, urinary levels of any oxidative lesion rely
upon efficient renal excretion of the products of oxidative
damage; therefore, renal impairment can affect urinary
8-OHdG levels (Akagi et al. 2003). In our study, urinary
creatinine levels were used to correct for variation in urine
concentration.

Polymorphisms of SULTIAI, GSTMI1, GSTTI and GSTPI
genes

Genomic DNA was extracted from peripheral blood of sub-
jects. Genotyping were analyzed using polymerase chain
reaction (PCR)-based methods as described below. Geno-
typing was also accomplished with blinding to exposure

status of subjects. Rigorous quality control procedures were
applied throughout the genotyping process. To avoid PCR
contamination, reagents for PCR reaction were carefully
aliquoted, and each aliquot was used no more than three
times. For each assay, a negative control (no DNA
template) was added to monitor PCR contamination. Pilot
experiments were always conducted to optimize the restric-
tion digestion conditions. After genotyping each genetic
polymorphism, ~20-25% of the samples in each genotype
group were randomly selected for repeated assays to
validate the results.

The determination of SULTIAI polymorphism at amino
acid 213 of exon 7 was performed as previously described
(Coughtrie etal. 1999). Briefly, for the SULTIAI gene
analysis, any restriction fragment length polymorphism
(RFLP) was detected by differences in Haell sites follow-
ing the polymerase chain reaction (PCR) amplification.
Primers used for the amplification of SULTIAI gene were
5'-GTT GGC TCT GCA GGG TTT CTA GGA-3' and
5'-CCC AAA CCC CCT GCT GGC CAG CAC CC-3'.
DNA (0.5 pl) was added to PCR buffer containing 200 ng
of primers, 1.5 mM MgCl,, 0.2 mM of dNTPs, 50 mM
KCl, 10 mM Tris—HCI (pH 8.3), and 0.1% of BSA in a final
volume of 50 pl. Amplification was achieved by the follow-
ing: denaturation (94°C for 5 min), followed by 35 cycles at
94°C for 30 s, annealing (62°C for 30 s), and extension
(72°C for 30 s). The PCR products were digested with Haell
for 24 h at 37°C. When an Haell restriction site was present,
the fragment of 333 bp was digested into two lengths: 168
and 165 bp. Individuals with homozygous His-His had a sin-
gle 333 bp fragment, whereas individuals with homozygous
Arg-Arg had both the 168 and 165 bp fragments, and hetero-
zygous Arg-His individuals had all three fragments.

GSTM1 and GSTTI genotypes were determined by co-
amplification of two genes (Comstock et al. 1990; Pemble
etal. 1994). Primers used for GSTMI gene were 5'-CTG
CCC TAC TTG ATT GAT GGG-3' and 5'-CTG GAT
TGTAGC AGATCATGC-3'. The primers used for the
GSTTI gene were 5'-TTC CTTACT GGT CCT CAC ATC
TC-3" and 5'-TCA CCG GAT CAT GGC CAG CA-3'. The
amplification of human f-globin (110 bp) was also per-
formed as a positive control in each reaction to confirm the
presence of amplifiable DNA in the samples. The primers
used for f-globin were 5'-ACA CAA CTG TGT TCA CTA
GC-3' and 5'-CAA CTT CAT CCA CGT TCA CC-3'. The
amplification procedure was carried out under conditions
similar to those described previously for SULTIAI, except
denaturing was conducted at 94°C for 1 min 30 s, annealing
at 59°C for 1 min, and extension at 72°C for 1 min. The
reaction product was then subjected to electrophoresis in a
2% agarose gel. Individuals with one or more GSTM1 alle-
les had a 273 bp fragment, and individuals with one or
more GSTT1] alleles had a 480 bp fragment.
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GSTPI-Alw261 polymorphism was also determined
using a PCR-RFLP technique (Liu et al. 2006). An Ile to
Val substitution in exon 5 (codon 105) was amplified to
form an undigested fragment of 177 bp using the primer
pair 5'- ACC CCA GGG CTC TAT GGG AA-3' and
5'-TGA GGG CAC AAG AAG CCC CT -3'. The amplifi-
cation was carried out as follows: denaturation (94°C for
30 s), annealing (61°C for 30 s), and extension (72°C for
30s). The PCR products were digested with Alw26l.
Homozygous Ile-Ile individuals had a single fragment of
177 bp, whereas homozygous Val-Val individuals had both
92 and 85 bp fragments, and heterozygous Ile-Val individu-
als had all three fragments.

Statistical analysis

Comparisons between betel quid chewers and non-chewers
groups for age at recruitment, gender, smoking status, alco-
hol drinking, and BMI were made using the Student #-test
for continuous variables and the y’-test for discrete vari-
ables. The y’-test or Fisher exact test was used to test the
significance of differences in prevalence of SULTIAI,
GSTM1, GSTTI, and GSTPI genotypes between betel quid
chewers and non-chewers. Because the distribution of the

(71.9% vs. 27.9%; P <0.01, xz-test) and alcohol drinkers
(81.3% vs. 38.0%; P<0.01) were significantly higher
among chewers than non-chewers. A significant difference
in BMI was also observed between both groups (P = 0.04;
t-test).

The genotypic prevalence of SULTIAI, GSTMI1, GSTT1,
and GSTP1 amongst the study subjects is shown in Table 2.
For all subjects, the frequencies of the Arg and His alleles
of SULTIAI were 95.6 and 4.4%, respectively, and no sub-
jects had the His-His genotype. The prevalence of the
GSTM 1 null-type and non-null type was 57.5 and 42.5%,
respectively, and that of the GSTT! null-type and non-null
type was 50.8 and 49.2%, respectively. In addition, the fre-
quencies of the 105Ile and 105Val alleles of GSTPI were
48.7 and 51.3%, respectively. The prevalence of SULTIAI
(P =0.43, Fisher exact test), GSTMI (P =0.24, Xz-test),
GSTTI (P =0.29), and GSTP1 (P = 0.75) genotypes did not
differ significantly between chewers and non-chewers.

The creatinine-adjusted mean urinary 8-OHdG level for
the study subjects was 4.4 + 0.3 ng/mg (SE) creatinine
(Table 3). Mean urinary 8-OHdG levels for the betel-quid

Table 2 Genotype prevalence of SULTIAI, GSTM1, GSTTI, and
GSTP1 in betel-quid chewers and non-chewers

urinary 8-OHdG level was positively skewed, we used non- ~ Variables ~ Non-chewers Betel-quid Total
parametric testing (Wilcoxon rank sum test) to test the (n=129) chewers (n = 64) (n=193)
di.ﬁ“erence in urinary 8-OHdG level for each Va.riable. SULTIAI
F1r.1ally, least squares means were calculatf:d to predlc.t the Arg-Arg 116 (89.9%) 60 (93.8%) 176 (91.2%)
adjusted S-QHdG IE‘:VEIS for our study sub.]ects with differ- Arg-His 13 (10.1%) 4(6.2%) 17 (8.8%)
ent betel quid chewing statgs and metgbohc g.en.otypes. All His-His 0(0.0%) 0(0.0%) 0(0.0%)
P values were calculated using two-tailed statistical tests.
GSTM1
Null 78 (60.5%) 33 (51.6%) 111 (57.5%)
Non-null 51 (39.5%) 31 (48.4%) 82 (42.5%)
Results
GSTTI
. . L. . Null 62 (48.1% 36 (56.3% 98 (50.8%
The basic characteristics of the study subjects are summa- Nu . 67 §56 3;; - E43 7;; 05 E49 2;;
rized in Table 1. Their mean age was 47.8 £ 1.1 (standard G;Tn}_:;u o o o
error SE) (range 17-83) years and 73.6% of the subjects
] . lle-lle 39 (30.2%) 16 (25.0%) 55 (28.5%)
were male. Betel-quid chewers were significantly younger
than non-chewers (39.9 vs. 51.7; P<0.01, #test). The lie-val >1(39.6%) 27 (42.2%) 78 (404%)
mean amount of betel-quid consumed per chewer was Val-val 39 (302%) 21(33.8%) 60 (31.1%)
9.9 £ 1.5 quids/day. The proportions of current smokers  Number of subjects (%)
Table 1 B,aSiC characteristics Variables Non-chewers Betel-quid Total
of betel-quid chewers and non- (n=129) chewers (1 = 64) (n=193)
betel-quid chewers
Age 51.7+£13 39.9 + 1.4%* 478 £ 1.1
Gender: male 90 (69.8%) 52 (81.3%) 142 (73.6%)
Current smokers 36 (27.9%) 46 (71.9%)** 82 (42.5%)
. ksk
Mean & standard error Cigarettes/day 6.0+ 0.9 158 £ 1.6 924+09
. Alcohol drinkers 49 (38.0%) 52 (81.3%)** 101 (52.3%)
Number of subjects (%) )
* 0.0l <P <005 Alcohol consumption (g/wk) 81.2+16.9 285.3 £ 108.4 148.9 £ 38.1
“ p <00l Body mass index (kg/m?) 246 £0.3 25.8 £ 0.5* 249 +£0.2
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Table 3 Urip ary 8_OH,dG level Variables Non-chewers Betel-quid chewers Total
(ng/mg creatinine) stratified by
betel-quid chewing status and n Mean = SE n Mean = SE n Mean = SE
various factors
All 129 43105 64 46+04 193 44+03
Age
>48 years 80 47+0.7 12 49+0.7 92 4.7+0.6
<48 years 49 35104 52 45+0.5 101 40+0.3
Gender
Males 90 3.6+0.2 52 45+04 142 39402
Females 39 59+14 12 47+13 51 5.6+ 1.1
Current smoking
Yes 36 3.5+04 46 524057 82 45+04
No 93 45+0.6 18 314+05 111 43+0.5
Alcohol drinking
Yes 49 39+04 52 46+0.5 101 43+03
No 80 45+0.7 12 43+09 92 45+0.6
BMI
> 25 kg/m? 54 51+ 1.1 36 45+0.6 90 49+0.7
<25 kg/m? 75 3.6+03 28 4.6+0.6 103 39+03
SULTIAI genotype
Arg-His 13 3.1+£0.8 4 6.6 £3.2 17 39+1.0
Arg-Arg 116 44+0.5 60 44+04 176 44+04
GSTM1
Null 78 44408 33 41+05 111 43+0.5
Non-null 51 41+04 31 5.0+0.6 82 44+03
) ) GSTTI
acg"eflg;‘;é’; ?ﬁfgﬁi‘; giifzm Null 62 37403 36 49406 98 42403
alcohol drinking, BMI, and Non-null 67 4.7+09 28 42+05 95 4.6 £ 0.6
genotype groups conducted GSTPI genotype
i:?g the Wilcoxon rank sum lle-lle 39 55+14 16 53407 55 54410
* b <00l Val-Val/lle-Val 90 374+03 48 43105 138 39+03
chewers and non-chewers were 4.6 (range 0.5-16.1) and Furthermore, least-squares mean analysis was

4.3 ng/mg (range 0.1-57.5) creatinine. Among chewers,
urinary 8-OHdG level was obviously higher in those with
cigarette smoking habits than in those without cigarette
smoking habits (5.2 vs. 3.1 ng/mg creatinine; P < 0.01). In
addition, the urinary 8-OHdG level was higher in chewers
with SULTIAI Arg-His genotype than in chewers with
SULTIAI Arg-Arg genotype (6.6 vs. 4.4 ng/mg creatinine),
but this difference did not reach statistical significance
(P =0.14). In addition, GSTPI lle-Val and Val-Val geno-
types were combined because it has been shown that indi-
viduals with at least one GSTPI Val allele have a lower
enzyme activity than those with the GSTP! Ile allele (Zim-
niak etal. 1994). The urinary 8-OHdG level was also
higher in chewers with GSTP1 Ile-1le genotype (vs. Ile-Val/
Val-Val, P = 0.09). However, age, gender, alcohol drinking
status, BMI, GSTM1 genotype, and GSTTI genotype were
not associated with elevated urinary 8-OHdG.

performed to assess the urinary 8-OHdG level of chewers
who possessed the metabolic SULTIAI, GSTM1, GSTT]I,
and GSTPI genotypes after adjusting for age, gender,
smoking, alcohol drinking, and BMI (Table 4). When non-
chewers with SULTIAI Arg-Arg genotype were selected as
reference (4.2 ng/mg creatinine), chewers with SULTIAI
Arg-Arg genotype had an increased level of urinary
8-OHdG (4.9 ng/mg creatinine). Chewers with SULTIAI
Arg-His genotype had the highest level of urinary 8-OHdG
(7.1 ng/mg creatinine; 95% CI =2.2-11.9). However, the
differences in different combinations did not reach statisti-
cal significance. Similarly, non-chewers with GSTPI Val-
Val/lle-Val genotype had the lowest level of urinary
8-OHdG (3.5 ng/mg creatinine). Groups ordered according
to urinary 8-OHdG level (from highest to lowest) were:
chewers with GSTPI Ile-1le genotype (6.0 ng/mg creati-
nine; P = 0.08), non-chewers with GSTPI Ile-Ile genotype
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Table 4 Adjusted urinary

8-OHdG levels (ng/mg Variables

Non-chewers

Betel-quid chewers

creatinine) by betel-quid N Adjusted mean P-Value n Adjusted mean P-Value
chewing status and different (95% CI) (95% CI)
metabolic genotypes
SULTIAI
Arg-His 13 2.8 (0.1-5.4) 0.32 4 7.1 (2.2-11.9) 0.25
Arg-Arg 136 42(3.2-5.1) Ref 60 4.9 (3.5-6.3) 0.40
GSTM1
Null 78 3.5(2.24.7) 0.23 33 5.4 (3.7-7.1) 0.44
Non-null 51 4.5(3.3-5.7) Ref 31 4.7 (2.7-6.6) 0.90
GSTTI
Null 62 4.2 (3.0-5.3) 0.72 36 4.7 (2.9-6.5) 0.47
Non-null 67 3.8(2.5-5.2) Ref 28 5.4 (3.6-7.2) 0.19
GSTPI
Adjusted the effects of age, Ile-le 39 5.2 (3.6-6.7) 0.07 16 6.0 (3.5-8.5) 0.08
gender, smoking, alcohol Val-Val/lle-Val 90 3502545 Ref 48 48(33-62) 0.19

drinking, and BMI

(5.2 ng/mg creatinine; P = 0.07), non-chewers with GSTP1
Val-Val/lle-Val genotype (4.8 ng/mg creatinine, P = 0.19),
and non-chewers with GSTPI Val-Val/lle-Val genotype
(3.5 ng/mg creatinine; reference group). There were no
obvious differences in urinary 8-OHdG level between
chewers and non-chewers with different GSTMI and
GSTT1 genotypes.

Subsequently, the combined effect of SULTIAI and
GSTP1 genotypes on urinary 8-OHdG was also evaluated
(Table 5). Non-chewers with both SULTIAI Arg-Arg geno-
type and GSTPI Val-Val/lle-Val genotypes (reference
group) had the lowest mean level (3.6 ng/mg creatinine;
n = 80), whereas chewers with either SULTIAI Arg-His
genotype or GSTPI lIle-Ile genotype had the highest 8-
OHAG (6.2 ng/mg creatinine; n = 19; vs. reference group,
P =0.04). Chewers with both of SULTIAI Arg-Arg and
GSTP1 Val-Val/lle-Val (4.6 ng/mg creatinine; n = 45), and
non-chewers with either SULTIAI Arg-His or GSTPI Ile-
lle (4.7 ng/mg creatinine; n=49) had a moderately
increased 8-OHAG mean level. Furthermore, the difference
in urinary 8-OHdG levels between the reference group and
chewers with either SULTIAI Arg-His or GSTPI lle-Ile
(2.6 ng/mg creatinine) was greater than the combined
differences in urinary 8-OHdG levels between the reference

group and chewers with both of SULTIAI Arg-Arg and
GSTP1 Val-Val/lle-Val (1.0 ng/mg creatinine), and
between the reference group and non-chewers with either
SULTIAI Arg-His genotype or GSTPI lIle-Ile genotype
(1.1 ng/mg creatinine).

Discussion

Betel-quid chewing is a popular oral habit and it has been
associated with several human cancers in epidemiological
studies (Liu et al. 2000; Shiu et al. 2000; Tsai et al. 2001;
Wu et al. 2001). However, the role of betel-quid in carcino-
genesis and mutagenesis remains unclear. In our study, uri-
nary 8-OHdG levels were significantly higher in betel-quid
chewers possessing SULTIAI Arg-His or GSTPI lle-lle
genotypes than in non-chewers with SULTIAI Arg-Arg and
GSTP1 Val-Val/lle-Val genotypes.

Piper betel contains high concentrations of safrole
(Hwang et al. 1993), which may induce oxidative stress
(Liu et al. 1999). Previous animal studies revealed that saf-
role is primarily metabolized by the hepatic cytochrome
P450 system to become active intermediate 1’-hydroxysaf-
role (Borchert et al. 1973; Ioannides et al. 1981; Randerath

Table 5 Adjusted urinary 8-OHdG levels (ng/mg creatinine) by betel-quid chewing status with combined SULTIA1 and GSTP1 genotypes

Combined genotypes Non-chewers

Betel-quid chewers

n Adjusted mean (95% CI) P-value n Adjusted mean (95% CI) P-value
SULTIAI Arg-His or GSTP1 Ile-Ile 49  4.7(3.3-6.1) 0.19 19 6.2 (3.9-8.5) 0.04
SULTIAI Arg-Arg and GSTP1 Val-Val/lle-Val 80 3.6 (2.5-4.7) Ref 45 4.6 (3.1-6.1) 0.30

Adjusted the effect of age, gender, smoking, alcohol drinking, and BMI

Included individuals with both of SULTIAI Arg-His and GSTP1I Ile-1le genotypes, those with both of SULTIAI Arg-His and GSTP1 Val-Val/lle-
Val genotypes, and those with both of SULTIA1 Arg/Arg and GSTP1I Ile/lle genotypes
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etal. 1984; Reddy and Randerath 1990). This proximate
carcinogen is subsequently conjugated by sulfotransferase
to form electrophilic sulfuric acid ester. SULT1ALI is a
major sulfotransferase enzyme in humans (Dooley et al.,
1993), thus, the SULTIAI genotype may influence suscep-
tibility to carcinogenicity or mutagenicity following betel-
quid chewing. Previous studies have also shown that the
SULTIAI His allele is associated with low enzyme activity
compared to the Arg allele (Coughtrie et al. 1999; Raftogi-
anis et al. 1997). Furthermore, a significantly reduced risk
of cancer was observed to be associated with homozygosity
for SULTIAI Arg allele (Bamber et al. 2001; Wu et al.
2003). These results suggest that the high activity of the
SULTIAI Arg allele protects against environmental chemi-
cals involved in the pathogenesis of cancer. From our data,
chewers possessing SULTIAI Arg/His had a lower meta-
bolic activity than those with SULTIAI Arg/Arg genotype,
and thus may have elevated levels of active intermediates
and oxidative stress. However, regarding the association of
SULTIAI genetic polymorphism with DNA oxidative
stress in this study, the possibility of a type II error as a
result of insufficient statistical power cannot be ruled out;
thus, further study with a larger sample size is required.
When excessive quantities of ROS are produced, crucial
cellular macromolecules (such as DNA) may be attacked
and thereby cell function may become impaired. Glutathi-
one S-transferases (GSTs) protect against oxidative stress
by conjugating glutathione to electrophilic species that can
form protein or DNA adducts and generate ROS (Hayes
and Strange 1995). Because of this important role in cellu-
lar defense against oxidative stress, genes encoding GSTs
have been considered as candidates for association with
safrole-induced oxidative stress. Interestingly, individuals
with the GSTPI Ile-Ile genotype had increased DNA oxida-
tive stress in our study. The functional effect of the GSTP1
1le105-Vall05 substitution may be substrate dependent.
Compared with Val-containing enzymes, Ile-containing
GSTP1 was associated with a threefold increase in specific
activity towards 1-chloro-3,4-dinitrobenzene, but a seven-
fold reduction in activity towards polycyclic aromatic
hydrocarbons (Hu et al. 1997; Watson et al. 1998). Thus,
GSTP1 Ile-containing enzymes are less efficient than Val-
containing enzymes at detoxifying the products of
oxidative stress elicited by betel-quid chewing. Functional
studies will be required to test these hypotheses. In addition
to GSTPI, no significant difference in urinary 8-OHdAG
level was found between subjects with GSTM1 and GSTT1
genotype in our study. Such differences could result from
differences in the type and/or level of expression of individ-
ual GST isoforms, and/or specific differences in activity of
enzymes necessary to form the GST substrate.
Interestingly, DNA oxidative stress in our study was
more likely in chewers with either both SULTIAI Arg-His

or GSTPI Ile-1le than in non-chewers with both SULTIAI
Arg-Arg and GSTP1 Val-Val/lle-Val (Table 5). Chewers
with both of SULTIAI Arg-Arg and GSTP1 Val-Val/lle-Val
had a moderately increased 8-OHdG level. Since SULTIAI
and GSTP]I are involved in the biotransformation of betel
quid, and act as detoxifying enzymes for the reactive
metabolites, this finding indicates that while the combina-
tion of SULTIAI Arg-Arg and GSTP1 Val-Val/lle-Val seem
to protect chewers from DNA oxidative stress, the enzymes
separately may provide only minor protection. In addition,
we observed a synergistic effect of SULTIAI and GSTPI
genotypes on DNA oxidative stress in chewers in the cur-
rent study. This implies that betel quid causes other types of
cellular damage, or affects other defenses such as repair
enzymes against carcinogenesis. Additional study including
more subjects may shed light on these questions.

Aging is reportedly associated with increased urinary
8-OHdG levels (Adelman et al. 1988; Cathcart et al. 1984).
As the balance between pro-oxidant and antioxidant pro-
cesses is shifted in favor of the former during aging, more
8-OHdG is generated from DNA oxidation and ring open-
ing followed by rearrangements (Cadet et al. 2003). In our
analysis, older individuals also had higher urinary 8-OHdG
than did younger individuals. Since cigarette smoke (Loft
etal. 1992) and alcohol (Bailey and Cunningham 1998)
contain ROS, it would be expected that oxidative stress is
increased in subjects with these habits. However, we did
not find statistical association between alcohol drinking and
increased urinary 8-OHdG. Loft et al. (1992) reported that
overweight persons had lower metabolic rates than did lean
persons. Our study did not reveal a significant association
between BMI and 8-OHdG, probably because most of our
subjects were not obese (mean BMI, 24.9).

There were some limitations to this study. The amount
of the modified base in cellular DNA excreted into urine
should represent the average rate of DNA damage in the
whole body (Cooke et al. 2000). Moreover, it is possible
that the levels of oxidative DNA damage are reflective of
different active diseases. Since urinary levels of any oxida-
tive lesion rely upon efficient renal excretion of the prod-
ucts of oxidative damage, renal impairment can therefore
affect urinary 8-OHdG level (Akagi etal. 2003). In our
study, urinary creatinine levels were used to correct for
variation in urine concentration. In addition, no medical
histories were reported by our participants. Furthermore, in
Taiwan, higher educational level and socioeconomic status
is associated with lower likelihood of betel quid chewing
(Ko et al. 1992). We tried to minimize possible selection
bias by recruiting control subjects from the same geo-
graphic area and having the same ethnicity and similar
socioeconomic status as the study subjects. Though
decreased levels of cellular oxidative damage have been
found in those subjects with increased intake of antioxi-
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dants-rich vegetables and fruits (Thompson et al. 1999), no
data were collected or available on fruit and vegetable
intake. In addition, we deemed the available historical
exposure data too sparse and lacking in detail for a quanti-
tative estimation for amount and duration of betel quid
chewed. Data pertaining to individual exposure was obtained
without the knowledge of health outcome. Consequently,
exposure misclassification is assumed to be non-differential
and, if apparent, directed toward an underestimation of the
risk for oxidative DNA damage. Lastly, our study was lim-
ited by the relative small numbers of subjects, especially in
the analysis of subgroups. In the beginning of our study,
research assistants abstracted name, personal identification
number, gender, date of birth from the records of local
housing offices. A total of 700 residents in our study area
were invited to participate. However, the response rate was
low. To improve the response rate, we used a variety of
strategies, including sending letters when phones were
disconnected, sending research staff to the last known
address, and using contacts (friends and neighbors) to gets
updated information on the participants or to pass a
message along. The reasons given from subjects who
rejected to or could not participate in the study were that
they were not busy for the interview, were out of town,
could not be located, and were unwilling to provide the
biospecimens.

In our study, increased generation of 8-OHdG was found
in betel-quid chewers with SULTIAI and GSTP1 genotypes
that affect susceptibility to DNA damage. However, the role
of other metabolic genes on oxidative DNA damage also
requires further study. In the future, longitudinal rather than
cross-sectional studies should be conducted to ascertain the
possible association between betel-quid chewing and oxi-
dative DNA lesions. A longitudinal study that includes a
sufficient number of participants has the potential to show
dose—effect relationships.

Acknowledgments The authors thank local nurses in the Health
Center of Fuhsing for helpful assistance. This study was supported by
CSMU 95-OM-B-002, Taiwan.

References

Adelman R, Saul RL, Ames BN (1988) Oxidative damage to DNA:
relation to species metabolic rate and life span. Proc Natl Acad
Sci USA 85:2706-2708

Akagi S, Nagake Y, Kasahara J, Sarai A, Kihara T, Morimoto H, Yano
A, Nakao K, Nanba K, Ichikawa H, Makino H (2003) Signifi-
cance of 8-hydroxy-2'-deoxyguanosine levels in patients with
chronic renal failure. Nephrology 8:192-195

Bailey SM, Cunningham CC (1998) Acute and chronic ethanol
increases reactive oxygen species generation and decreases viabil-
ity in fresh, isolated rat hepatocytes. Hepatology 28:1318-1326

Bamber DE, Fryer AA, Strange RC, Elder JB, Deakin M, Rajagopal R,
Fawole A, Gilissen RA, Campbell FC, Coughtrie MW (2001)

@ Springer

Phenol sulphotransferase SULT1A1*1 genotype is associated
with reduced risk of colorectal cancer. Pharmacogenetics 11:679—
685

Bell DA, Thompson CL, Taylor J, Miller CR, Perera F, Hsieh LL,
Lucier GW (1992) Genetic monitoring of human polymorphic
cancer susceptibility genes by polymerase chain reaction: appli-
cation to glutathione transferase mu. Environ Health Perspect
98:113-117

Borchert P, Miller JA, Miller EC, Shires TK (1973) 1'-Hydroxysaf-
role, a proximate carcinogenic metabolite of safrole in the rat and
mouse. Cancer Res 33:590-600

Cadet J, Douki T, Gasparutto D, Ravanat JL (2003) Oxidative damage
to DNA: formation, measurement and biochemical features. Mu-
tat Res 531:5-23

Cathcart R, Schwiers E, Saul RL, Ames BN (1984) Thymine glycol
and thymidine glycol in human and rat urine: a possible assay for
oxidative DNA damage. Proc Natl Acad Sci USA 81:5633-5637

Cerutti PA (1985) Prooxidant states and tumor promotion. Science
227:375-381

Chen CJ, Yu MW, Liaw YF, Wang LW, Chiamprasert S, Matin F,
Hirvonen A, Bell DA, Santella RM (1996) Chronic hepatitis B
carriers with null genotypes of glutathione S-transferase M1 and
T1 polymorphisms who are exposed to aflatoxin are at increased
risk of hepatocellular carcinoma. Am J Hum Genet 59:128-134

Cheng AT, Chen WJ (1995) Alcoholism among four aboriginal groups
in Taiwan: high prevalences and their implications. Alcohol Clin
Exp Res 19:81-91

Cheng KC, Cahill DS, Kasai H, Nishimura S, Loeb LA (1992) 8-Hy-
droxyguanine, an abundant form of oxidative DNA damage, caus-
es G—T and A— C substitutions. J Biol Chem 267:166-172

Chiu CJ, Chang ML, Chiang CP, Hahn LJ, Hsieh LL, Chen CJ (2002)
Interaction of collagen-related genes and susceptibility to betel
quid-induced oral submucous fibrosis. Cancer Epidemiol Bio-
markers Prev 11:646-653

Comstock KE, Sanderson BJ, Claflin G, Henner WD (1990) GST!
gene deletion determined by polymerase chain reaction. Nucleic
Acids Res 18:3670

Cooke MS, Evans MD, Herbert KE, Lunec J (2000) Urinary 8-oxo-2'-
deoxyguanosine—source, significance and supplements. Free Rad-
ic Res 32:381-397

Coughtrie MW, Gilissen RA, Shek B, Strange RC, Fryer AA, Jones
PW, Bamber DE (1999) Phenol sulphotransferase SULT1A1
polymorphism: molecular diagnosis and allele frequencies in
Caucasian and African populations. Biochem J 337:45-49

Crack PJ, Taylor JM (2005) Reactive oxygen species and the modula-
tion of stroke. Free Radic Biol Med 38:1433-1444

Dhalla NS, Temsah RM, Netticadan T (2000) Role of oxidative stress
in cardiovascular diseases. J Hypertens 18:655-673

Dooley TP, Obermoeller RD, Leiter EH, Chapman HD, Falany CN,
Deng Z, Siciliano MJ (1993) Mapping of the phenol sulfotransfer-
ase gene (STP) to human chromosome 16p12.1-p11.2 and to
mouse chromosome 7. Genomics 18:440-443

Falany CN (1997) Enzymology of human cytosolic sulfotransferases.
FASEB J 11:206-216

Glatt H (1997) Sulfation and sulfotransferases 4: bioactivation of mu-
tagens via sulfation. FASEB J 11:314-321

Hayes JD, Strange RC (1995) Potential contribution of the glutathione
S-transferase supergene family to resistance to oxidative stress.
Free Radic Res 22:193-207

Hu X, Xia H, Srivastava SK, Herzog C, Awasthi YC, Ji X, Zimniak P,
Singh SV (1997) Activity of four allelic forms of glutathione
S-transferase hGSTP1-1 for diol epoxides of polycyclic aromatic
hydrocarbons. Biochem Biophys Res Commun 238:397-402

Hu CW, Wang CJ, Chang LW, Chao MR (2006) Clinical-scale high-
throughput analysis of urinary 8-oxo-7,8-dihydro-2'-deoxygua-
nosine by isotope-dilution liquid chromatography—tandem mass



Arch Toxicol (2008) 82:313-321

321

spectrometry with on-line solid-phase extraction. Clin Chem
52:1381-1388

Hwang LS, Wang CK, Shen MJ, Kao LS (1993) Phenolic compounds
of piper betle flower as flavoring and neuronal activity modulating
agents. In. Ho CT, Lee CY, Huang MT, Rossen RT (eds). Pheno-
lic compounds in food and their effects on health I: analysis,
occurrence and chemistry. American Chemical Society Sympo-
sium Series 506:200-213

IARC (International Agency for Research on Cancer) (1976) IARC
monographs on the evaluation of carcinogenic risk of chemicals
to man, safrole, isosafrole, and dihydrosafrole, vol 10. IARC, Ly-
on, pp 231-244

Ioannides C, Delaforge M, Parke DV (1981) Safrole: its metabolism,
carcinogenicity and interactions with cytochrome P-450. Food
Cosmet Toxicol 19:657-666

Jeng JH, Chang MC, Hahn LJ (2001) Role of areca nut in betel quid-
associated chemical carcinogenesis: current awareness and future
perspectives. Oral Oncol 37:477-492

Kehrer JP (1993) Free radicals as mediators of tissue injury and dis-
ease. Crit Rev Toxicol 23:21-48

Ko YC, Chiang TA, Chang SJ, Hsieh SF (1992) Prevalence of betel
quid chewing habit in Taiwan and related sociodemographic fac-
tors. J Oral Pathol Med 21:261-264

Liu BH, Hsieh SF, Chang SJ, Ko YC (1994) Prevalence of smoking,
drinking and betel quid chewing and related factors among
aborigines in Wufeng District (in Chinese with English abstract).
Kaohsiung J Med Sci 10:405-411

Liu TY, Chen CC, Chen CL, Chi CW (1999) Safrole-induced oxidative
damage in the liver of Sprague-Dawley rats. Food Chem Toxicol
37:697-702

Liu CJ, Chen CL, Chang KW, Chu CH, Liu TY (2000) Safrole in betel
quid may be a risk factor for hepatocellular carcinoma: case re-
port. CMAJ 162:359-360

Liu YJ, Huang PL, Chang YF, Chen YH, Chiou YH, Xu ZL, Wong RH
(2006) GSTP1 genetic polymorphism is associated with a higher
risk of DNA damage in pesticide-exposed fruit growers. Cancer
Epidemiol Biomarkers Prev 15:659-666

Loft S, Vistisen K, Ewertz M, Tjonneland A, Overvad K, Poulsen HE
(1992) Oxidative DNA damage estimated by 8-hydroxydeoxygu-
anosine excretion in humans: influence of smoking, gender and
body mass index. Carcinogenesis 13:2241-2247

Miller JA, Miller EC (1983) The metabolic activation and nucleic acid
adducts of naturally-occurring carcinogens: recent results with
ethyl carbamate and the spice flavors safrole and estragole. Br J
Cancer 48:1-15

Nagata K, Yamazoe Y (2000) Pharmacogenetics of sulfotransferase.
Annu Rev Pharmacol Toxicol 40:159-176

Nagler RM, Salameh F, Reznick AZ, Livshits V, Nahir AM (2003)
Salivary gland involvement in rheumatoid arthritis and its rela-
tionship to induced oxidative stress. Rheumatology 42:1234—
1241

Nari UJ, Nari J, Friesen MD, Bartsch H, Ohshima H (1995) Ortho- and
meta-tyrosine formation from phenylalanine in human saliva as a
marker of hydroxyl radical generation during betel quid chewing.
Carcinogenesis 16:1195-1198

Nair UJ, Nair J, Mathew B, Bartsch H (1999) Glutathione S-transferase
M1 and T1 null genotypes as risk factors for oral leukoplakia in
ethnic Indian betel quid/tobacco chewers. Carcinogenesis
20:743-748

Pemble S, Schroeder KR, Spencer SR, Meyer DJ, Hallier E, Bolt HM,
Ketterer B, Taylor JB (1994) Human glutathione S-transferase
theta (GSTT1): cDNA cloning and the characterization of a genet-
ic polymorphism. Biochem J 300:271-276

Raftogianis RB, Wood TC, Otterness DM, Van Loon JA, Weinshil-
boum RM (1997) Phenol sulfotransferase pharmacogenetics in
humans: association of common SULTIAI alleles with TS PST
phenotype. Biochem Biophys Res Commun 239:298-304

Raftogianis RB, Wood TC, Weinshilboum RM (1999) Human phenol
sulfotransferases SULTIA2 and SULTIAI: genetic polymor-
phisms, allozyme properties, and human liver genotype-pheno-
type correlations. Biochem Pharmacol 58:605-616

Randerath K, Haglund RE, Phillips DH, Reddy MV (1984) 32P-post-
labelling analysis of DNA adducts formed in the livers of animals
treated with safrole, estragole and other naturally-occurring alke-
nylbenzenes. I. Adult female CD-1 mice. Carcinogenesis 5:1613—
1622

Reddy MV, Randerath K (1990) A comparison of DNA adduct forma-
tion in white blood cells and internal organs of mice exposed to
benzo[a]pyrene, dibenzo[c,g]carbazole, safrole and cigarette
smoke condensate. Mutat Res 241:37-48

Shiu MN, Chen TH, Chang SH, Hahn LJ (2000) Risk factors for
leukoplakia and malignant transformation to oral carcinoma: a
leukoplakia cohort in Taiwan. Br J Cancer 82:1871-1874

Thompson HJ, Heimendinger J, Haegele A, Sedlacek SM, Gillette C,
O'Neill C, Wolfe P, Conry C (1999) Effect of increased vegetable
and fruit consumption on markers of oxidative cellular damage.
Carcinogenesis 20:2261-2266

Tsai JF, Chuang LY, Jeng JE, Ho MS, Hsieh MY, Lin ZY, Wang LY
(2001) Betel quid chewing as a risk factor for hepatocellular car-
cinoma: a case-control study. Br J Cancer 84:709-713

Watson MA, Stewart RK, Smith GB, Massey TE, Bell DA (1998) Hu-
man glutathione S-transferase P1 polymorphisms: relationship to
lung tissue enzyme activity and population frequency distribu-
tion. Carcinogenesis 19:275-280

Wong RH, Du CL, Wang JD, Chan CC, Luo JC, Cheng TJ (2002)
XRCCI1 and CYP2EI polymorphisms as susceptibility factors of
plasma mutant p53 protein and anti-p53 antibody expression in
vinyl chloride monomer-exposed polyvinyl chloride workers.
Cancer Epidemiol Biomarkers Prev 11:475-482

Wu MT, Lee YC, Chen CJ, Yang PW, Lee CJ, Wu DC, Hsu HK, Ho
CK, Kao EL, Lee JM (2001) Risk of betel chewing for oesopha-
geal cancer in Taiwan. Br J Cancer 85:658-660

Wu MT, Wang YT, Ho CK, Wu DC, Lee YC, Hsu HK, Kao EL, Lee
JM (2003) SULT1A1 polymorphism and esophageal cancer in
males. Int J Cancer 103:101-104

Zimniak P, Nanduri B, Pikula S, Bandorowicz-Pikula J, Singhal SS,
Srivastava SK, Awasthi S, Awasthi YC (1994) Naturally occur-
ring human glutathione S-transferase GSTP1-1 isoforms with iso-
leucine and valine in position 104 differ in enzymic properties.
Eur J Biochem 224:893-899

@ Springer



	Sulfotransferase 1A1 and glutathione S-transferase P1 genetic polymorphisms modulate the levels of urinary 8-hydroxy-29-deoxyguanosine in betel quid chewers
	Abstract
	Introduction
	Materials and methods
	Study subjects and biospecimen collection
	Determination of urinary 8-OHdG levels
	Polymorphisms of SULT1A1, GSTM1, GSTT1 and GSTP1 genes
	Statistical analysis

	Results
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


