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ABSTRACT

Ethylene oxide is a genotoxic carcinogen with widespread uses as industrial chemical intermediate and gaseous ste-
rilant. 2-hydroxyethylated N-terminal valine in Hb is a good biomarker for biological monitoring of ethylene oxide
exposure, because of its stability. For measuring the hemoglobin adduct formed by exposure of ethylene oxide, we stud-
ied the determination of (N-2-hydroxy-ethyl)valine(HEV) in hemoglobin adduct by using GC/MS. Firstly we syn-
thesized HEV with 2-amino-ethanol and bromoisovaleric acid(BIVA) and confirmed it with GC/MS-FID. Its
fragmentations were m/z 116(base ion, M+ —45) and m/z 130(M+ —31). For measuring HEV with higher sensitivity, we
use derivatives which were PFPITH(pentafluorophenylisothiocianate) and TBDMS(tributyldimethyisilylation) by using
Edman procedure. Its fragmentation were m/z 425(M+—57), m/z 383(M+-99) and m/z 172(M+ -310) by using GC/MS.
We did biological monitoring for mice inhalation exposure with 400 ppm ethylene oxide. The concentrations of hemo-
globin adduct were 168+ 3.8 and 512 £ 04(nmol g-1 globin) at 0.5 hr/day 400 ppm ethylene oxide inhalation exposure
group, and 631 % 17 and 2265 £ 9.4(nmol g-1 globin) at 1.0 hr/day 400 ppm ethylene oxide inhalation exposure for 1
and 4 weeks, respectively. We confirmed that (N-2-hydroxy-ethyl)valine(HEV) of hemoglobin was a good biomarker
for biomonitoring of ethylene oxide exposure, and can measured with derivatives such as PFPITH(pentafluorophe-
nylisothiocianate) and TBDMS(tributyldimethylsilylation) by using GC/MS.

Keywords: ethylene oxide, (N-2-hydroxy-ethyl)valine(HEV), hemoglobin adduct, GC/MS

A, EEtE, BYA 9 982 ARSI Sk
g g SA == A o] 7] sl oA

LM E

o2 el 2A| E (ethylene oxide)E APZ 0T AMR-317]
Al RAe 1920t el o), "l & Alo| =T} HhE-
Aol wf 7Fal7] W, o 7 AEAet A
AR 7 Bel ARRSlE lod, Jdal FeEwn
e g fr1sleEE e gslet] Sk 9
24 geksiAl AMesla vk 53] sHE, AdgA
Al, FEIENEHE, A8H/K, Beola £E€79] U8
2 ARE Bl ol EgjdlaHE 51|, 2 #3F

*Corresponding author : Department of Environmental
Education, Kongju National University

Tel: 82-41-850-8814, Fax: 82-41-850-8810

E-mail : ejhl@kongju.ac.kr

164

I lo A

57179 AEAld] AM-FEAL T (Landrigen, 1992).
3] fejvgilMe Foll ot 277, A 57
71, FA, AN, WA, Aol Ad), vl )+
S @l AHgHZ Aok H vk 1980; A 5,
1993), @Al SAlo|=e] Aikao] vlFoA] wipd oF
60-702) Hgeol Aog BUHT on(Sullivan &
Krieger, 1992), $-2jugtelA odaASA =9 Ald-To)
W7k oF 305k 2WES R Ak UThE, 1996).
il Aol B HolM|Fol] JFFe Fo] M)
ddol Har L, 7+, AP, 9, CNSoll 24 e
sk Fos detEde weAn) ueia] ge
7l M ddgElSAlel=e] ¢F WS outslr] st



SEREANEC RS EIEEERT

ek

of AH| R E (biomarker)S 7123} o] 53k AAEY
Byzzads fushke o] e =3HE 7|89
I o v)F AR SAEE7FEE (ACGIHPIM = g

A el =g A2 EebEdE BRate FEse
(ACGIH, 2002), ") B33 (US EPA, 1985)9 FA|
AT ZIARCNA = ALY 7HsE2 (probable
human carcinogen)® T+8ted Fa)3tar o).
Sl 24 9- EH*L o Asslgad
oA TE}DP“" H| £ 74E lﬁ}-ﬂ%fa‘% A

B2 *}%8}3’— ATt :LFJI “%5}5 %‘&XIO—C‘\ 7]
FolA Feidda dgAEA= Fo] HEHT AT
& 5, 1999; & F, 1998; F 5, 1998). 18} ¢
gutolse gz ols £d9 F2Fecl st
Bkl Qg W, ols WAl wekEdd) 2F ¢ 4
He 1 Arolle oA AQl gle Aol )
of, 2RAETH FUE0] o5 B

F2 2253 3l dAoloA ol

A3 a7+ Uk

AT = LA LEEZH] AAxeFo st
e 27k (adducts)E S0)F¢l AAAEZ B
sl oF WYL s A A7l B2 =%E 7]

_4

golal S}, Zevt vt e TRl 7
ol EAleE 4 4l YEEEY FRE 45
o E—LO}— Aol sFd=lo] dued F
1998; & %, 1998), LA LIEH *M
g o dl‘ﬂcﬁﬂzﬂé A Ate Wy F=EA %‘31 A
= Aot miA selustM = Hfsataeli
E‘i]}%ﬂ‘ X]glﬂ ‘T‘?_ ] :x:L o_xi E‘E-E]—J- 9}1\; a
A ddEde] o dAE AHel] Ak, ol =
o] AR &8 + U= F7H (adducts)e] A
ol B x)ge] fTAck P2,

uokEo) AAe] E2g o WyHe drzay
B4 2} DNA S7H4)9} 728 AR F (biomarkers)E
Zgshs WHE FoX EAE o]&g AsiEE Tp-
postlabeling ¥ ZxpA xle] 7| Aol 7]
7 Zoke] A= Fg WRA}
S 2Ue YA SATAE QYFTO) Fold o
EAA7)) AN 2HE 33397 B A
g e A% EUEHZY & 993 o9 BEagl
Serom ALgwEolTh T ARF AR A
Q7 DNAY] WAbs E2& —tr'*—} 1715 postlabeling™3
Ho] kgl wle} Abge] AINES AFsl 2 &

o ¥4 DNA adducts® BUEHE 5 A =20t
(Gupta er al., 1982; Guta, 1985; Reddy & Randerath,

109

oﬂ‘.

344

_0_

A EZEN FHAe gt G 165
1986; Lee & Sjin, 2004; ©] & 2000; 2002, 2003).
e HERe sl AAe] FAHHE FRER
Hl 27142} DNA adducts® A &atA Zs17] S1a]
A AN EE (-PPIATPD)S ARg3ll dtti= ¢Hl
He) aRs] dEsial St} TSo] SEhvee Aks
EAE o=olrd U5t TR A, WAksEd
< HFeh) fsiMe THEHA oisked H3gk A
o} AEE ZHHA FAGoF He Aol DNA
adduct FHUFL IHA WET vk wlehd BUE
o) AAAEZ ALESHR= DNA adductsE Al =2
S AR ¥ BE AR Y & Y oA
ol 2gvbHe) slge] A 7% ek

E3] "o S0 ole HPT AlxY &Ik ok
1208 HZRrFhe)7] wEell o] 7IZ 3t =24
AL dolst=d vf$- F-831KH(Nico er al., 1993). wh
g B Aoy I7A SAEHQ cdEySAe]
=t BAC Z2EHAE Aol FAEE AREEN
Bk o)A AA X E (biomarkenZE 48 T A+ &
AL ¥l GOMSE 4313, AFFE odsl
SAP|EE =& o)F o BAXES 253t
o, gelEl EFol M]QQQA}O]‘:J =Eof gl A
LLEQ}Q-’F A AF-E RIske Z1S AT
2oz A3

Nl

1. Q1P

1L 8z

Ethylene oxide (EQ), bromoisovaleric acid (BIVA),
formamide, trimethylsilyl imidazole (TMS-I), ammonium
iodiode (NH4I), N-methyl-N-(trimethylsilyl) trifluoro-
acetamide (MSTFA) and N-methyl-N-(tributyldimethyl-
silyl) trifluoroacetamide(MTBDMSTFA)-2 Aldirich A
Z(St. Louis, MO, USA)S- AR5}, 2-Aminoethanol
(AE)}2 Across-Organic A& (Geel, Belgium)g AN
3}t Pentafluorophenylisothiocyanate(PFPITC)-
Fluka A3 (Buchs, Swizerland)& Al&35 o, 2-
aminoethanol-d4 (AE-d4)2 CDN(Quebec, Canada)S-
2HE i

Analytical grade of sodium carbonate, sodium

hydroxide, sodium sulfate, ammonia,
hydrochloric acide 25 AldrichAte] Z5F-5-<F 2418
HOZ A3, diethylether, toluene, acetone, ethyl
acetate and isopropanol MerckAte] S0l& ARSI
2 olol AFEE A% BeleRES S Aokl W A

Fo o9 vk 507 AMLEIg T

aqueous
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Table 1. Experimental design with female mice for inhalation exposure

Group Exposure of ethylene oxide Number of Sampling of blood
level time mouse Ist week 2nd week 3rd week 4th week
Control 0.0 ppm 0 15 3 3 3 3
Experiment 1 400 ppm 0.5 hr/day 25 5 5 5 5
Experiment 2 400 ppm 1,0 hr/day 25 5 5 5 5
Total 65 13 13 13 13
2. SEAHE 9y A A Table 2. GC-MS conditions for the analysis of adduct formed
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by ethylene oxide exposure

Parameter Conditions
Column HP-5MS(Cross-linked 5%phenylmethylsilicon,
30 mX<0.25 mml.D.X0.25 pm F.T)
Carrier He at 1.0 m//min
Oven temp. 10°C/min

100°C(1 min)—280°C  postrun 300°C(3 mim)
pulse splitless mode

280°C

280°C

Injector type
Injector temp.

Transfer line

GC/MS(Agilent Techologies; Palo Alto, CA, USA)°|
A, HE71= Agilent 6890 Gas Chromatography
(GCyll direct interface® FZE 5973 MSDE AM8-5}
Ath. BE A|EE HP 7673A auto-samplerd Al-8-3}
o GCol FYIHLT data systemSZ= HP
GG1701AA MSD ChemstationS ©]-&-3IAtt.
oj2alef} A9 ZRAAR)= 70 eVelRAIL, electron
multiplier= auto tune FXET 200 V © F7FAA A}
2351k, dwell time® 100 sec® 24395, A2
HAEES B fisle A7 29 EY¥Y] B4
o]-&(characteristic ion)7H= AE8le] HA3= selected
ion-monitoring(SIM) WH-E o] 83t zAIE GC/
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¥ ammonia waterS 7}t FEF7I2 ZARATIL G
ES ZHF 15miE A £347) & acetone :
ethanol(2:1, vivy& HZS] 7tsbax] g4 A4& A
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1. N-(hydroxyethyl)valineHEV)2| &Mz}

@A E N-(hydroxyethylvalineS &<1517] 8}
EIMSZ =433tk N-(hydroxyethyl)valine®] mass
spectum Fig. 13} 73o] m/z 116(base ion, M+—45),
m/z 130M+-31)9] fragmentation2 H3Icl WEESE
EZZ AM-E N-(hydroxyethyl-d4)valine= Fig. 29}
7ol m/z 120(base ion, M+—45), m/z 132(M+-33)
2] fragmentations KT},

2. HEV-PFPITH-TBDMS f=A|2| &4 A1}
N-(2-Hydroxy-3-butenyl)valineEZ Edman degradation
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Table 3. Changes of body weights in female mice inhalation exposure with ethylene oxide for 4 weeks

Unit : g, mean=S.D

Inhalation Weeks
exposure Ist 2nd 3rd 4th
Controt 28.24+1.78 28.57+2.23 29.05+1.51 29.30£1.68 29.30£1.62 30.88+2.54 31.80+1.18 32.33£2.07

400 ppm

0.5 hr 19701090 23.27+1.27 23712094 24.01£1.67 2435+ 1.44 26.1111.78 2586+ 1.59 25.89+1.91
1.0 hr 214114 237117 2402099 243+£1.06 24.6+1.12 270122 267%1.51 26.6+1.81

Table 4. The levels of N-(2-hydroxy-ethyl)valine(HEV) separated from hemoglobin of female mice inhalation exposure with ethylene

oxide (5 days/week)

Unit : pmol/mg globin

Inhalation exposure Ist week 2nd week 3rd week 4th week
Control N.D. N.D. N.D. N.D.
Ethylene oxide 0.5 hr 167.61+43.8 1700+ 64.4 353.0£110.4 5122+ 104.4
(400 ppm) 1.0 hr 631.1+217.7 1023.81£242.5 15204 +256.4 2264.5+994

N.D. ; No Detection
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