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Abstract

The formation of N-(2-hydroxyethyl)
vaine (HEV) in hemoglobin has been
considered as a biologically-effective dose
to assess ethylene oxide and ethylene
exposures from tobacco smoke. The
objective of this study was to specifically
analyze HEV to study the association of life
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style with HEV formation. Blood (5 ml) was
collected from each of 150 volunteers
without history of occupational ethylene
oxide or ethylene exposure at a blood
donation station in Taichung, Tawan.
Questionnaires were used to gather
individual information of consumption of
tea, acohol, and tobacco smoke. Samples
were processed by following the modified
Edman degradation method and quantitated
using a Fission 8060 gas chromatograph
coupled with a Platform mass spectrometer
operated at negative chemical ionization
mode. The amounts of HEV in smokers (204
+ 151 pmol HEV/g globin) were higher than
nonsmokers (57 + 46 pmol HEV/g globin )
and increased with the numbers of cigarettes
smoked per day with a rate of 8.8 pmol
HEV/g globin/Cig/day, consistent with 16 -
58 pmol HEV/g globin in nonsmokers and
92 — 389 pmol HEV/g globin in smokers and
fell between 7.1 to 11.0 pmol HEV /g globin
/Cig/day in the literature. The associations
of the formation of HEV with life styles
were negative. The formation of HEV in
study subjects were significantly affected by
numbers of cigarette smoked (P < 0.001),
years of cigarette smoking (P < 0.001), and
consumption of tea among smokers (P < 0.1),
butt not by acohol consumption,
second-hand smoke, ages, or sex. These
results suggest that the significant higher
amounts of HEV in smokers than
nonsmokers were mainly from exposures to
EO or ET in cigarette smoke and probably in
part due to the tobacco smoking resulting in
lipid peroxidation which leads to the
increase in the formation of HEV.
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smokers, nonsmokers, tea consumption
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Ethylene oxide (EO) is a known human
carcinogen and a direct akylating agent
which attacks nucleophilic sites  of
biological molecules, such as proteins and
DNA bases to form protein and DNA
adducts (1-4). Among EO-induced protein
adducts, N-termina hydroxyethyl valine
(HEV) of hemoglobin has been validated as
a biologically effective dose in severa
animal species exposed to EO or ET (2-4).
The measurements of HEV in humans have
frequently been performed using a modified
Edman degradation and gas chromatography
(GC)/mass spectrometry (MS) to detect its
pentafluorophenylthiohydantoin
deterderivative (7). This assay was sensitive
enough to quantitate background levels of
HEV in nonsmokers without EO exposure
history.

HEV values varied from 16 £ 7 to 58 =
25 p mol/g globin in nonsmokers, and 92 +
25 to 389 = 138 p mol/g globin in smokers.
Approximately 5 nmg of EO estimated
present in each cigarette smoked suggested
that tobacco smoking is a cancer
risk-associated factor. The amounts of HEV
in nonsmokers could be contributed from
endogenous and exogenous sources (4-6).
Endogenous sources of EO found in
unexposed animals and humans were mainly
due to the metabolic product of ET produced
from lipid peroxidation, oxidation of
methionine and hemin, and metabolism of
intestinal bacteria (5).

Therefore, the formation of HEV
exhibits the summation effects of EO and
ET  exposures, lipid  peroxidation,
metabolism of ET, and detoxication of EO.
Some of them have been investigated, such
as the association of the formation of HEV
with genetic polymorphism of glutathione
S-transferase Theta (6). But, other factors,
such as lifestyles;, have not been
systematically studied. The objective of this
study was to use the modified Edman
degradation method to anadyze HEV in
smokers and nonsmokers so as to evaluate
the association between the formation of
HEV and factors related to lifestyles.
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3.1. Background information of the study

population

The background information of the study
population is summarized. Total 148
volunteers  without  occupationa EO
exposure history were studied, their ages
varied from 18-65 years old, 78 of them
were nonsmokers, and 70 were smokers.
55.7% of smokers consumed 1 - 10
cigarettes per day, and 44.3% consumed 10
or more cigarettes per day. Also, 77.9% and
75% of smokers were exposed to
second-hand smoke at home and at the
workplace, respectively. Among the smokers,
33.7% consumed alcohol, 44.9 % drank tea,
and 21.7% drank coffee. These numbers for
nonsmokers were 15.7%, 42.7%, and 32.6%,
respectively.

3.2. Quantitation of HEV in nonsmokers and
asmokers

Samples were quantitated using
GC/MS operated at NCI and selective ion
mode (SIM). Mass/electron ratio at 348 and
352 were monitored, the ratio of peak area
of HEV and “Hs-labeled HEV and the
amounts of HEV was used to construct the
significant linear calibration curve. The
amounts of HEV were calculated using this
calibration curve.

The average amounts of HEV in
smokers (N = 70) were 204 + 151 pmol/g
globin and significantly higher than 57 + 46
pmol/g globin in nonsmokers (N = 78) in
Taiwan. However, there was no significant
difference in HEV content among male and
female nonsmokers. The amounts of HEV
increased with numbers of cigarettes
smoked at a rate of 88 pmol HEV/g
globin/day/cig with r = 0.53 when analyzed
using simple linear regression. The amounts
of HEV accumulated with the years of
smoking, and increased with both pack of
cigarettes x number of years smoking, and
cigarettes smoked x number of years
smoking. When analyzed using generalized
linear model, the number of cigarettes
smoked per day was the only factor that
caused significant increases in amounts of
HEV at P values less than 0.001. Age was
not a significant factor. Furthermore, the
amounts of HEV were stratified according to
factors associated with lifestyles and
analyzed using two-way ANOVA Results
showed that sex and consumption of acohol
did not affect the formation of HEV among
nonsmokers and smokers. Exposure to
second-hand smokes at workplace was not
significantly associated with the levels of
HEV in smokers and nonsmokers.
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Our results aso showed smokers have
higher amount of HEV (204.5 = 151.0 pmol
HEV/g globin) than nonsmokers (56.6 +
45.6 pmol HEV/g globin). The increased
rate in HEV, 8.8 pmol/g globin/Cig./day,
also fell within the range from 7.1 to 11
pmol/g globin/Cig./day. Although these
results are consistent with data in literatures,
the amounts of HEV in nonsmokers are
relatively high. Compared with estimated
endogenous background HEV 12 + 2.9
pmol/g globin (4), significant amounts of
HEV in nonsmokers might be contributed by
exogeneous sources of EO or ET probably
due to busy traffic in Taichung, which is the
third largest city in Taiwan with a population
approximate at 1 million.

The amounts of HEV in smokers
exposed to second-hand smoke at home (225
+ 160 pmol HEV/g dglobin) were
significantly higher than in smokers who
were not exposed to second-hand smoke at
home (138.+ 97 pmol HEV/g globin) with P
< 0.05. This could be explained partly that
smokers exposed to side-stream smoke at
home (14.0 cigarettes/day) have smoke more
cigarettes per day than smokers without
exposures to second-hand smoke (9.2
cigarettes/day). Therefore, second-hand
smoke might not have an impact on the
formation of HEV.

Drinking tea has been a habit in alarge
proportion of Taiwanese. Consumption of
tea did significantly reduce the formation of
HEV a P less than 0.1. One third of the
main components of teais polyphenols, such
as (-)-epigallocatechin gallate (EGCG),
which is a potent antioxidant with free
radical scavenging ability. Consumption of
green tea and black tea was reported to
increase total antioxidant content in human
blood plasma. Green tea and black tea were
found to reduce lipid peroxidation and
oxidative DNA damage in smokers and
nonsmokers by significantly reducing levels
of malondialdeyhde and
8-hydroxy-deoxyguanosine (8). Our data
showed that consumption of tea was weakly
associated with the formation of HEV in
smokers, but not in nonsmokers. However,
smokers with tea consumption usually
consumed more cigarettes than smokers
with tea consumption.

In conclusion, the amounts of HEV in
smokers were approximately 4-fold grater

than those in nonsmokers. The differences
was mainly due to exposures to EO and/or
ET in tobacco smoke.
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