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A study on biomarker for biomonitoring of 1,3-butadiene inhalation exposure

JnHeonlLee

Dept. of Environmental Education, Kongju National University

The purpose of this Sudy is to invedtigate the appropricte
metabolite as biomarker for the biomonitoring of 1,3-
butadiene(BD) inhalation exposure. We measured the
hemoglobin adducts which were extracted from the blood of the
ICR mice inhalation exposure with 100ppm and 500ppm 1,3-
butadiene for 2 weekd(5 hr/day X 5 daysweek). Hemoglobin
adducts were the (N-2-hydroxy-3 -butenyl) vadine (HB Va) and
(N-2,34-trihydroxy-butyl)vaine (THB Va).

Body weights of the exposure groups were significantly
lower from 11 exposure post-day in 100ppm BD inhalation
mice and from 7 exposure pog-day in 500ppm BD inhdation
mice than in control. The levels of HB Va are 0.8~
1.7pmoal/mg globin for 100ppm BD inhaation exposure, and
2.1~4.4 pmol/mg globin for 500ppm BD inhdation exposure.
The levels of THB Va are 15.0~22.0 pmol/mg globin in
100ppm BD inhaation exposure, and 34.8~45.7 pmol/mg
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globin for 500ppm BD inhdlation exposure. So the levels of
THB Va and HB Vd are proportiond relationship with BD
exposure level. THB Vd is 129~ 1838 times higher level that
HB Vd in 100ppm BD exposure group and 104~ 16.6 times
higher level than HB Va in 500ppm BD exposure group.

We condluded that THB V is an gppropriate metabolite as
biomarker for the biomonitoring for BD inhalation exposure.

KeyWords:  1,3-butadiene, biomarker, (N-2-hydroxy-3-
butenyl)vaing(HB Va), (N-2,34-trihydroxy-

butyl)valine(THB V4)
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sk ‘e 22 A7 9 A A A
FE et = E5 5 (7181 1, 00669ppm) 7} B3 %]
7] Agste] vid eEE 7 s (A b R
7-9,1997), 2004 ol = 2AE A 8l eha o] SR AREO] F-
Efr o] 0.322ppm(7]5H4 7t 1121, ND-2.0415ppm) T+ 0. %
=E 53 QI ThAL B AEkS) 0. H(F7] = 5, 2004), 2006~ 2009
id Atolof| o ek ZEAFE FollA uldAke] oF 81%7) -
Elt]ele] wE7|ES 2skal IStk HaEkloh(Ake
QAR AT, 2009). Lok HEF] Al A5k ek g eke]
A0 tf7| 9} RS QA7) E 8L, AFs A w4
gt e o] ¥7] % sh, F-Efr]gllo] EHrE AlEo] dA4st
At guljAd7] el BHskar Q71 % SHEHERA, 2002). o] b
o] Feft] AL Ao LEASANA wEH I E §h,
e S Awshs AAYEe 79 FUsolA =522
AE==03 9dE Aot}

o] 3t FElT] A& B6CIFIr -9 DI A TF 2 A
HFeo 28712 22N 7I0E AFol o] BT
21 X318} Q) eH(Huff et dl., 1985; Owen et dl., 1987; Melnick et
d., 1990; Oteman-Golkar et d., 1998). 53], F-Ejr] ol 3]

13-Hed 5571 w20 A E tiAbE o] tigk A7 71

Hps vhg oA deio] B & 0% de A Qlrh
Osterman-Golkar 5-(1998)> H-Eft] & 213 o] A 1,000~
8000ppm . & - F | Gl5 7350 o] A, v
-2l A= 6.25~1,250ppm ‘= EF] 3 5ol ko] whAy
sHithal Barskgl.

FER 9] QUA] Wb g ef] gt S tAR= w= S A
(USERA)o| A 19851 o]l & %2 K 1135} tHUS EPA, 1985).
HeR) S A ALY A8 2 ARSehe &g 224}
ol tigk TEATFOA APEAL SAA O 7 oot =
okom, Autz A3} FlA Fo A AP oho] ApEeIQl e
2 98] 5 tHMcMichad e dl., 1976, Manhardt e d., 1982). 0] 21
& HEoRE FEydE 74 %A T A(IARC, The
International Agency for Research on Cancer) ol 4] = 1999+ o] <1
A Hrel7 b 54 (Group 2A) E 2575191 1(IARC, 1999), 7| =+
A AR AE7H S(ACGIH) A = A2 A = 58t
%12 H(ACGIH, 2002), ] = 373 (US ERA)ol A& 557
FHof st B R EHSIITHER, 2002). 3t -5
Aol = AAES7sd o] = =4 (R45, “may cause
cancer”), S-2lHetel| A 2 A2E A 2 ool skl glet
(= 314, 2008).
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Figure 1. Biomarkers as surrogate measures of 1,3-butadiene exposure

(Albertini et al, 2001)
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Partial Metabolic Scheme for 1,3-Butadiene (ED)
o
/\(
SR

1-Hydray-2-N-Acetylcysteiny)-
Fhutene

P45 CYPZE! CYP2A6
1,3Butadiene GsT
® \
1,2-Epary-3-Butene /Y\ >
(Butaddien Monoepcwide)
EB OH

H{N-Acatylcysteimy)-
2-Hydrosy-3-butene

OH
s R/\I/
o] OH
D—Q oH GST 1,2-Dibycirowy=4-
- = (N-Acetyiystany)-
o /_Q_ [Z=T)
i HO =

e butane
12,34 Diepowybutane: (ADH) Vet
(Butadiens Dieposide) 1,2 Diydray-3-butene

DEB BD-did

Product 1,2-Dilydrovy-3,4-Epaybutane
(Butadiene Diol-eporide)
EED

Figure 2. General scheme of the metabolism of 1,3-butadiene Abbreviations over arrows indicate enzymes
that mediate the reactions. CYP2E1, CYP2P6, CYP3A4 are cytochrome P450-dependent monooxygenases. GST,
EH and ADH are the detoxifying enzymes glutathione-S-transferase, epoxide hydrolase and alcohol
dehydrogenase, respectively

QA=A wFo gg AU H S A sk 54 =3gle o] xSl oY Lk wAd = o
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.
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SFSiTh 7t Aol sekg o A DS AjF =, A
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o]} A&t tzte] A g9l Fd ek i) o] SHFE
A7rste] AT M2t 85 o] S 2Rl0] ZeueA 8t
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Table 1. Experimental design with ICR female mice for inhalation exposure

Exposure of 1,3-butadiene Sampling of blood
Group - Number of mouse
leve time Owek 19 week 2nd week
Control 0.0ppm 0 15 5
Experiment 1 100ppm Shr/day 15 5
Experiment 2 500ppm Shr/day 15 5
Totd 45 15 15 15
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Table 2. GC-MS conditions for the analysis of hemoglobin adduct formed by 1,3-butadiene inhalation

exposure
Parameter Conditions
Column HP-5M S(Cross-inked 5% phenylmethylsilicon, 30m < 0.25mml.D. X 0.25um FT)
Carrier Hea 1.0mL/min
OvenTemp 10°C/min
100 (Imin) — 280TC pogtrun 300C(3min)
Injector type pulse splitlessmode
Injector Temp 280C
Trandfer line 280C

THA] 45°Cof| A 154 7F Htahd 248} = itk 2mle] 5
FTE H7bet ol MSTAZ} - =43k E4-5 3ml 2] o e
JHEZR 33| AL FZ3I0T) oH=ZR 29 E48 1
Z A7) Zof| 2ml 7o &34 7) 1, 0AmIE A2 8 S0,
22245 GCIMSE =74 519 tH(Osterman-Golkar et d.,
199%).

. AxZ

D HFE el 357] w2 g vk A5 s

273 K (Bhv/day, Sdaysiweek) F-EFT] <llof] 257 % F =
o ok o) AlFHshs Aol 723 2fo| 2 st
AT BT PR AT e Al eE A
257] AlAFsR Az, 100ppm eE ] s wE F U
FH thxgol nlste] AFol o e a7t YEbRtaL,
500ppm =& A mE § TLFE R Hlgke

Ao fo)3 747t vepy) Alzkstele

2) Heftell-a] w22l o1 2l

Figure 3> N-(2-hydroxy-3-butenyl) Vaing(HBVa adduct) ]
fragment=-©] miz 15, miz 43, mvz 117. miz 129014 Yt
sectras H.oJ5=11 9131, Figure 4= N-(2,3 4-trihydroxybutyl)
vaingTHBVA adduct) ] fragment=-©] mvz 15, miz 43, miz 117.
m/z 3079114 LHEb spedtras: B0 53 Sl

3 HeEldel-sl w22 nl HUH o F 5

N-(2-hydroxy-3-butenyl)Vaing(HB Va)<] &%+ 100ppm +-
Bt el 35712 =25 s 7350l 1,257 ol A 212+ 08
7} 1.7 pmolimg globin©. & LFER=T), 02 %59
S = 1, 25 Aol ZH2} 213} 44 pmolimg globin®. 2 LFERE
t}. N-(2,3 4-trihydroxybutyl)valing(THB Va)2] &%+ 100ppm
He o] 35715 =2 wel 1, 2574 o]l 212t 150
¥} 220 pmol/mg globin®. = LR, 500ppml. 2 - E Y]
NS el 1, 254 o] 217} 34,87} 45.7 pmol/img globin©.
= bt

Table 3. Changes of body weight in ICR female mice inhalation exposure with 1,3-butadiene(5 hr/day, 5

days/week) Mean+S.D, g
Exposure Cortrol Inhalaion exposure groups Fvalte pvte
post-days 100ppm BD 500ppm BD

0 26.35+1.4661 26.32+£1.7135 2622121371 2683 0120
2 26.92+1.3058 25.92+1.6246 25.30+1.6193 2753 0.108
4 271.231£2.1240 25.49+1.8317 2521121781 3417 0.058
7 27.71+1.7860 25.27+1.1870 25.02+2.2521* 4.820 0.019
9 2783117247 25.10+14811 24.73+2.3838* 4949 0.017
n 2816122483 24.90+1.2974* 24,51+ 2.3552* 7212 0.009
14 28.35+3.2006 24.16+1.8215* 24.32+1.2088* 7.392 0.005

x5, p<0.05, Significantly different from control
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Figure 4. Spectra of N-2,3,4-trihydroxy-3-butyl(Valine) by using GC/MS

Table 4. The levels of N-(2-hydroxy-3-butenyl)valine(HB Val) and N-(2,3,4 -trihydroxybutyl)valine(THB Val)
extracted from hemoglobin of ICR female mice inhalation exposure with 1,3-butadiene(5 hr/day, 5

days/week)
Unit : pmol/mg globin

Inhaation exposure 1S wesk 29 wesk

1 83+0. 7*0.

HB Vd adduct 00ppm 08*=06 1703
500ppm 21+09 44115

1 0*1. 0£3.
THB Vil adduct 00ppm 15013 22031
500ppm N8+24 457+43
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whzbA], THB Va5 57} HB Va5 %ol 8] 3to] 100ppm'-E}
ol e E ol A= 129~ 188H) 4| LFEF a1, S00ppm e
el ol A= 104~ 1665 S| LeRT,

V. 1 &

A o] JE7) 7R up$- Ao A 0k 43Y, B F o A k63
o, Afgtell AlA oF 1209 4 T=0]7] wjEoll(Van Putten, 1958),
o] 7|7k E¢to] @ AEAo| EEH AE o] FH o] 9l
ohaL = 4 QlojA], B9 tiabAl el glato] P |
2R B 2E397HE B EE SdeA] gl
gt o] &3 BAAERE Z231 2dthLee and Shin,
2002; Leeand Shin, 2004).

FER o] AUE Fo] oA =1, FEH] o] 1,2-epoxy-
Shutene?] thAtEA-& FAJsHA H oL, o] thatEd o] &R
2419 N-termina valinez} 4+-8-3}o] N-(2-hydroxy-3-
butenyl)valingHB Va)#} N-(2,3 4-trihydroxybutyl) valine(THB
Va)3t Agsle] 2 FUAE g5 A Jo
(Swenberg, et d, 2001).

Boogaerd “-(2001)-> 2F 0.35ppm =2 F-EF| <l of] Al 1
28 Aol tisto] I =N #IHAE F4ek= HB Vd
FEE AAAEE G835t A RUE P 2lo] -
03 81901, AA R 11 mgm' 522 Fef) el wEH
T2A S R F 2R YbAo A HB VAE =5 578 A3
7} ¢k 0.2 pmal/g globin® LFERS TR B 115kt Albrecht et
al.(1993)2- 500ppm H-E}T] 9l o]] Bhv/day, Sdayiwesk 2 = EA] 71
nh-$- 2o 4 HB VA 557} 17 nmallg globin=. Web:t L, 8%
o]l A= 35 nmalig globin=. WFEFTEAL KL 8FATE - 1]
A% 100ppm*F-Eb] el = E ] 91& 73-F-¢ll HB Va5 =7}
08~ 1.7 pmol/mg globin=. LR} a1, 500ppm-EfT] <ol =%
Aol A= 21~44 pmalimg globin®. e, 7] <
TAT}o A9 7ro] Feft] el wmEFGo] Yrolzlof uje} F
7HA 9 B EE A Ashs 54 BojFal ol

sHA, Fefr) el =25 S A5l sIEEFER F7HA
= 3451 THB Va5 of| t|3ho], Albertin et d.(2000)& &
e 3 EE Mgt Aol dabiA] FEH el
¥ 22219 | 2224l oA THB Vd adduct”} 178.73~ 716.7
pmal/g globin®. = YEF Tl B 11819111, Lee & Shin(2004)
< 500ppm=} 1,000ppme] F-EFC]qle]l = ph-2 ol A
THB Va adduct”} 32.0~55.0 pmol/mg globin¥} 67.8~83.5
pmol/mg globin® 2 YERS T B ElQiT) B Ao
THB Va5 =7} 100ppm*-EFt] gllef] = 91-& 7-5-¢l] 150
~22.0 pmol/mg globin®. = L} 31, 500ppm-EfT] gllel]
25 A3 0] A= 348~ 457 pmol/mg globins. LFEFLEA, 7]

= A3 A 9} o] wE ol nlgske] THB VA5 =7} 7t
A= EA S HoFa 9tk

o] FUd w0 =FEUS A9l HB VaF Lo
H]3to] THB VAl 557t ul§- =& 548 HojF1 Qltt.
2 A4 100ppm-Eft] el =Z+ & 79l HB Vd
o] H]&}o] THB VA=Z ¢late] g 2= =2H 27k 7} 129~
1884l H ol 349¥ %111, 500ppm FHEFH <ol =2 E e
73 = THB VAR A ¥ & 221 17147} 104~ 166
1) o] o] ERTh 0] 28 Lee & Shin(2004)] Aol A
500ppm F-EFC] el mE ¥ vpe-Ao A S E 2N kA
o] A] THB VA5 %7} HB Vd 5% 5.t} 1784)] =7 Uehc}
1 WL A 9o} vl Seaitt T %-o] Swenberg e d(2001)> %
& (1,000~ 1,250ppm) 2] FEFH el 1A 7SS A5
o] HB VA5 SRt} THB Vd 557} 578 A4 YepbskA vt

& F5E(625ppm) 2] FEH] o] =& H S 73$-oll= HB
Va 55 BT THB Va 557 30ul O =7 Uebstths 23}
5 B it o] 212 FElr]¢llo] 34-epoxy-1,2-butanediol
(epoxybutanediol) 2 thAFE o] 5o & 22412 N-termind
vaine} A g3} THB Va adducts 343 3H7) = st Bg
diepoxybutane®. = thALE Edo] R a2 Rl A4 A%s
o] THB Va adductE® F4J3t7] W22l o= Ayt 5 9l
T} (Perez et d., 1997)

o glko] Felt] el wEFH RS gl s F=N
7S §48= THB VA& el o] 7HAdt
2h vl gste] w7k At FUs R EFTAM T
VarTh 5 s EE EAeh, st R o] W
2 r25%S A $o] HB VAR T THB Vo] U] 52 45
Z FRE2N 7RIS A5k §l7) whitel, Fefr<l
wEE AAEYEHY S AAAEE Fgehed A3t
AANA FEAL THB vd e} A ZHd o),

Lo E &4

o

of

¢

V.4 8
B oo M= Fep o] =259l 7350 AAEY
EH S skt A3t YA EEL S a2yl §F
T oA golak7] Sake], ICRA vk$-2~f ] 100ppm}
500ppme] F-EFH 9l 25 5 <HGhr/day, Sdayiweek) F57] =
T2 o] T GRS AfF sl FRZEN RIS S
3tk
-2 9] A Z ¥ 3h= 100ppmFEf] Qo] wEE S 7
o= 119 4E], 500ppme]] =EH S Aol 7Y HE
SAA SR oA UhAl YERt | B2 2Rl A E
HB Va adduct®] &%+ 100ppm -EFL] ol 'm0 4= 08~



1.7 pmol/mg globin ©. = L}k a1, 500ppm H-EHH 4l o]
A= 21~44 pmol/mg globin® 2 YEptt) 38 THB VA
adduct®] 5%+ 100ppm*-Ef] 4l eE ol A= 150~220
pmol/mg globin .= LHERsE a1, 500ppm HERH l I Et ol A
= 348~457 pmalimgglobins LeRth

olglzo] FET] Y] =Fof| oJ3te] S| F-7HA|
7} A 5= THB Vas =9 HB Vd 5= 25 FLEfr] <l
=TT Hllste] Zhae] nlElete] skt 1y
sYg FE e 2] st HREIER TS E
433+ THB VA& HB Vol 1]3ke] 100ppm F-Elc]ell &t
ol A 129~1884 A LEFsEIL, 500ppm FERH <l mE
of| A 104~ 1664 = A YEITE

wHepA] FERC Ql mE 0] BARUEEE ko] AAA
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