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Abstract - N-nitrosoethylurea (NEU)-induced changes of lipid peroxide content, alde-
hyde metabolic enzyme activities and antioxidant enzyme activities were examined in
cultured rat liver cell. Aldehyde metabolic enzymes tested in this investigation were al-
cohol dehydrogenase and aldehyde dehydrogenase. Several antioxidant enzymes test-
ed were glutathione transferase, superoxide dismutase, glutathione reductase and cat-
alase. When the cell was exposed with various concentrations of NEU, lipid peroxide
content increased about 2.5 fold with 6.25 mM NEU, Maximun 2.3 times higher alcohol
dehydrogenase activity was found after NEU treatment. About 2 times higher aldehyde
dehydrogenase activity could also be observed. Only slight increases of glutathione
transferase and catalase activities occurred with NEU treatment. In addition maximun
1.5 times higher superoxide dismutase activities and 3 times higher glutathione reduc-
tase activities were found after NEU treatment. Therefore, it is likely that the increas-
es of superoxide dismutase and glutathione reductase could contribute in a antioxi-
dative process against NEU toxicity.
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N-nitrosoethylurea®} N-nitrosomorpholine 5-¢] ]
=2x dgEe BEas 9= AU B2 ok
2t AGRANA FekslA AT & A HE dgrEz
o]t} (Hasegawa et al. 1998). AWM= Wz} M=
WA QR PR gl DuAn Agsel Ue
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S8 uersl S E7 471tk (Faber 1984), N-
nitrosoethylurea (NEU)¥= wk7}7]7} ¢ 208-© 2 4] NEU
o o3 MESA P B3sh HYE x4 2AHSeyama
et al. 1985)¢} para-aminobenzoic acid (Malashenko and
Vasileva 1985)0l] 29Jsle] FTEASA o g Zrlx¢joh
27 ohije A9l By Weh 270 Yaled
sspdel, e e wetse gzzlolMe] ugt
rc we £xz 2§ 5t} (Beniashvili et al.
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2001). N-nitrosoethylurea”} w2394 H4d o K-
ras A 2L 129 FE)| point mutationo] o]t}
B 3157 = o} (Ohgaki et al. 1991). NEU 2|l C3H/
HeNCr # o4 transmembrane domain®] missense
point mutation®l] £}3] neu oncogeneo] A3}tz
B 159} (Buzard et al. 1999). Benzopyrenes 3-
methylcholanthreneol] )3t wholsle] 7}2igt AA A=
ol#{ 2l beta-naphthoflavone-2 N-nitrosoethylureasi]
g wetste AAEAE X3 Aoz RuFHgdd
(Anderson et al. 1990). hetA] okl 2Fo) uhel A
2 vhe ekt Bol WY Aoz dEstn Ak

NEUE %33l o] E-A (Xenobiotics)e] M=z AL
AsEd oA #-YF A phasel &4} pha-
227} B3 "o} Phase I a4 23] o
o -] dojrir] S, of Aol A
ZF7HA| &2 phase IT &4xel 23] B35 A8}
o u]Adxlc} (Nebert e al. 1987). o]u] AkA9] REZ ]
391 o 2 hydrogen peroxide (H20z), superoxide anion
(O27), hydroxyl radical (OH - )3} 712 A ALAZo] A
qeol A4 FHPSL B ALY AFHE 2
QAR 4 A Aok BHALES Azte FHRT
e RIS ARAEY I FATH 455 AHHY
vl2-8 E3led XA #HAFFE-S 3 A3} (Mitchell and
Petersen 1987), o] & E22 Az o3 7|Hd =
A& 13t} 2at olulg} 4-hydroxynonenal 2] A
A FApshubg- AHEQl 2% aldehyder} AAAFHA H=
2 (Eckl and Esterbauer 1989), aldehyde thAle] #ai=l
240 A o] Z71¥lg s B aE e} gk} (Feinstein and
Cameron 1972; Canuto et al. 2001). A1 AZ9] oS
24 = e stasrz e
glutathione transferase, superoxide dismutase, catal-
ase, glutathione reductase 5& & 4 ot A3} Eas
B F2 IRAAE 7A 2 Al gste] 4akae] HA}
£ FozH AIEEE Fwisled o % gutathi-
one transferase™ Se-¥]2J&A peroxidase@Al-S A
I %le] A AAREHE A AUl Tedt ERE ope)
A ze] A4 e =X a2 delA o (Farber
1984; Rushmore and Faber 1987). Phase I £4-%} phase
sl 9% o2 dAse 49s) 9T 9
23 Ah 47 AA] 29 (Ah gene battery)& & 4= Sl
o o meel shd Ah $AAIAE TART U
FH 22 = CYPIA1, CYPIA2, Class III aldehyde dehy-
drogenase, glutathione transferase -2} o] ¢l
(Marselos and Michalopouros 1987; Nebert et al. 1990;
Sophos et al. 2001).
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glutathione peroxidase,

2 Alge| A N-nitrosoethylureacl] 2}sl 4%+
AZFH B3t AR E sl AT AzaTF2A
t}efst %x¢] N-nitrosoethylurea® 2] 7HA] % (clone
9)ol] =7 stgdvh N—nitrosoethylureaoﬂ o8 =718 R
2 A slEe) ke =35} aldehyde thA I3 &
Ao} gabstase] FdwstE 2Ry H7)dF
el A o] BAANE F3ted M2 vlawslsld

g

1 A=EF

Tl AF&3E 7 7HME<Q] clone 9 M) £FE= I
MxZF so=zre| Bok wiottd Clone 92 10% FBS
7} A7}9) Ham's F12KW| x| 2 A}43le] 5% COs, 95%
air, 37°C2] CO2 v F7]ollA vl oFstgd o} (Kim et al.
1999).

FFI

2. A|EF2] Ak

NA Ao BPFH 9l TRMEZE 37°C 39

=9) & 10mle] wix]&} £3sled 4°C, 500 gl A 5
b A 3 A5EE A7k 5mle] s A
Hebsl & 25cm? M E wjok TekATe] 7 5% CO,,
37°C} CO; w719 A wlokslsdet. Al 2] Achul o2
Zkzte] iAol 10% FBSE #H7hah wiA| & AH8-3tsict
wlofol & ol 4°C, 500 gl A 5E-7F 1A Eeld & A
g AANT smle] Aze WA Weteled A=
ey Eetaaz ‘d"ff}ﬁi‘;} 3 942 Nz A wiF
He Fol AAS T 1mle trypsin-EDTA &4 7}
3l 5% COq, 37°C2] COs i F71oll A ofF 3271 uk-&
& trypsm EDTA £ 2J3)] R&3 AEzE5E
B8 FH=E £7)3, 4°C, 500 gol|A] 587 44
& J%——‘.'T% oAl AlA F 5mle A2 wiA|
satd A2 Yebalo] AT Fepaze] 2T
5% COz, 37°C2] CO; v F7] A wl F3ldct
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3. Methyl thiazolyl tetrazolium (MTT) assay

MTT 442 wjx|o] 5mgml-!¢ MTTE &3 & At
T3 AHARNZ A3l F4A EAE A ASI AHE-
slodch MESE 104ml-l2 A ste] 200 p1% 233
%] 5% COq, 37°C2] COg vl ek7]olA] 24| 7F wlj ek3}siT).
I FIrEAS seHE YUk 2447 of wokat
%] ZA5k MTT solutiong 20 ul well-1%8 A r}s}e] 44]
2 B wkeAIZIA wiAE FY A AT DMSOE 50
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Wwell 14 7hsm 7 alste] DAEE 243 $oat
Aok 74 well®] £33 53 ELISA reader® o| &3} 7t
well®] 570nmol| A& &3 xE &4)8}9 3 background
wavelength= 630 nmel|A] 23] 3]9IcHKim et al. 1999).

4. N-nitrosoethylurea?) =]

Clone 9 M| ®3Z0] 3 N-nitrosoethylurea (NEU)2]
EdE=E 0, 0.39, 1.56, 6.25 mM = ZA A3} ). NEU
E iAol Xelsted 24A17ko] At F A} w2 Zo}
F F Azrt Eepaavige] 80% o AAE wW7hA]
ul F8lod .

v A Al ze] 79 wickel & ®ol 4°C, 500 gl A
587 1Al EeElsled MEZE 22 5 PBSE 3 44
% A3 dged, BAA Az A trypsm~
EDTAZ x2|sle] vl oz He] AZE vo] W & 9
*‘HB]PL EHo| Ro} 4°C, 500 gl A 587 YAlRa)

% PBS= 33 4A3tsix 1 mM EDTA, 5 mM 2-mer-
captoethanol & 233t 0.1 M tris-HCl (pH 7.4) &+ 4
A 1mlg Hrlste] AxE 252 T A
FA3E A=z EFAL 10,000 golA] 14)7F S9F LA
Ha]sle] Al=d-g FHa] 4N ow 83} (Tsao et
al. 1985).

6. £x9) 8454 ¥ 249

Alcohol dehydrogenase2} aldehyde dehydrogenase,
glutathione transferase, glutathione reductase, catalase
2 superoxide dismutase BF-8-2 Ab--of|A] H}-L FE3}ob
o)) 7_}7_}- FANL 7)3le] A zble] ©mf (Canuto et al.
1993), &4 lunitd $19 ¥be ZAdA 18 Z<td 1
umoled] 712& AAEZ WH3A7IEd BLF 559
ko 2 Aslod 3, v]&HA = (specific activity)= T 1
mge] &A4AFA (unit)ez VeRYth Arjdx=L 6%
polyacrylamide gel & ©]83}e] 10puge] A8E FYst
o 549¢ AN F A7 IAaR.

7. AR istE ¥ 34

A #AL3+E 3k thiobarbituric acid (TBA) ¥+
£ o]23}e] thiobarbituric acid reactive substances
(TBARS) #ek& &332 (Kim et al. 1999) 1% sul-
furic acid& 4" & I 10mM TMPES BFE&¢Ho=z i}

gahgict.

s o n&

Y A YERx IPES
genotoxic carcinogen© 2 dimethylnitrosamine, 2-
acetylaminofluorene, aflatoxin B; 53} B]<3F upilo g
A 2ol A AR = Hatgetsr 24 gle) (Lindahl
1977). H L AP HEEZIEEL g a4 wg
7§ A1 9 (initiator) 0.2 A}23lc}y ¥ 115 ¢) o™ (Brown-
Peterson et al. 1999), oju] AN AH MEAA] o of
4 EEAALE SAE 4E Aoz A4ET o
(Hasegawa et al. 1998). WA JJE=2315ME-2 Mz
A AAFAEHAE FUEA Hi AA FAshbS-S
EAg oz A FAakshutg-eo] F7AHEQ] aldehyde
o] AAE f=3A "ok wets kAR o] A=Y
4] aldehydetjA}2 433l aldehyde dehydrogenase,
aldehyde reductase®} alcohol dehydrogenase?] &Alw
37} deojuiA "z oeA lv}h 53] preneoplastic
cellol| 4] neoplastic cell22] 3AAZL] A AR =
aldehyde dehydrogenase?] #AZ712 o|&3l7|= 3
™} (Canuto et al. 1993; Hempel et al. 2001; Muzio et al.
2001). Aldehyde dehydrogenase (ALDH)2] &A]Z7}+=
AAA Zo| M= W F A ¢k tumor-specific class 111
ALDH #3=}1¢] Wl 7]¢lstetz B 3% gl o} (Canuto
et al. 2001; Wymore et al. 2001). Y E & % 3}3}E-o] 2|3}
of WAANE AL Gyl mBEAel di-(2-
ethylhexyl)phthalate-2 *] 2]} class III ALDHS$} p21
Ras gl Al o] Wt ¥ 7% v} o) (Richmond et
al. 1996). Alcohol dehydrogenase (ADH)= 2z}Z& alipha-
tic aldehyde$} aromatic aldehydeZ- alcohol® A 3hx|Z)
S Qe E4z4 55 7 293} Sl ADHS| B
Alo] Z7}8)lgdvH(Canuto et al. 1993). u}2br aldehyde
Habell e wao] FAZ/E BGEA s A
4 aldehyde B2 ohizh AL <o) A
/% aldehydeo] w3 A =25 Heidlr] A 713 =
F# o] ¢Jri(Lindahl 1992). 9t oflg} AZAEH A
o g AL Welrl e ARgow HrG 2w 9l
=

Table 194 ©}ok3t = 2] N-nitrosoethylurea’}
clone 94| 2] ADH¢} ALDHS} Ao n|X|= oL
ZAFs}gi T} N-nitrosoethylurea®] %2 0.39 mMol) A
625 mM= Z7[X|7|HA ADHO] v|8A =5 245 2
7} 0.39mM®] N-nitrosoethylureasl] 2]3}e] ADHS] ¥]
A =7F Azl vkl oF 2.3w] Frisieh 0.39
mM oA 2] FEedME HelsErst Frigtel et

N -nitroscethylurea
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Table 1. Effects of N-nitrosoethylurea on the activities of
alcohol dehydrogenase and aldehyde dehydroge-
nase from rat liver cell

Concentration ADH*

Carcinogen (mM) ALDH*

0 100 100
. 0.39 230428 150+2.1
N-nitrosoethylurea " 170+2.9 200+1.2
6.25 90+2.2 175+3.2

ADH*: Alcohol dehydrogenase
ALDH?*: Aldehyde dehydrogenase

Table 2. Effect of N-nitrosoethylurea on the lipid perox-
ide levels in terms of thiobarbituric acid reactive
substance content

Concentration Lipid peroxide level

Carcinogen (mM (%)

0 100
) 0.39 150+2.4
N-nitrosoethylurea 1.56 152+1.9
6.25 250+2.7

ADHS| W4 ssb Pashe A3e vehlor A
How yo wRHES FANNS SR JE2as)
352l N-nitrosodiethylamine x]2]¢]] 2]3ldx= ADH
o] &Aool dAF A Fokgivty ¥3d vl 9lvh(Kim et
al. 1999). NEU A 2]o| ¢]&t ALDHS] &A493slE A
2™ 0.39mMo A} 6.25mMe} A Hx=F7hoA v]EA
x°] =712 Rgr} £33 1.56 mM2] N-nitrosoethylu-
reac]] ¢]3le] ALDH ¥|EA w7} of 2v) 71381t o
g3 Az dghEAA=E s D A=Ed
aldehydeZ F53} A]7]7] I3 Az d 29 o
g dF2| w7z oz o|ad & 4~ Qv Fig. 15} Fig. 2
o] A]= N-nitrosoethylurea®] x¥Z7}o] w2 ADH<2}
ALDH®| &AW3E 77} A7|odsitdr e S9N
& 53t AT Egia v|@Ad =] Fule) §7] NEUY
3% $7bel ubd ADHs} ALDH S4Jwi3}s &4dul9
deusts 53t AT 4=

Wekdell 23t AN ErE dAlze FAARE=
HA M= BAAIAEF ] AT A2 o] F2% &
A AAZ© 2= superoxide anion, hydrogen peroxide,
hydroxyl radical, singlet oxygen So] ¢t} 13xx2] 3}
NApage S wheqs ALERo) eslel thuldl
o DNA ' A= chepg 2ele] 42T 4 7
"ot o]z dste] A HAbshEg-e] EX1HWH MEE
APSEAEE Sol] o)A Hd webA A H(ALS whE-2
Mz AtrE 2] He2 de] AMEHT Yo o

N

o
A
2

Fig.1. Changes of alcohol dehydrogenase activity by in-

creasing concentrations of N-nitrosoethylurea
(NEU). After electrophoretic separation of the enz-
yme on the polyacrylamide gel, activity staining
was performed. Lane 1: control, lane 2: 0.2 mM
NEU, lane 3: 0.39 mM NEU, lane 4: 0.78 mM NEU,
lane 5: 1.56 mM NEU, lane 6: 3.13 mM NEU, lane
7: 6.25mM NEU.

1 2 3 4 5 6 7

Fig. 2. Changes of aldehyde dehydrogenase activity by in-
creasing concentrations of N-nitrosoethylurea
(NEU). After electrophoretic separation of the enz-
yme on the polyacrylamide gel, activity staining
was performed. Lane 1: control, lane 2: 0.2 mM
NEU, lane 3: 0.39 mM NEU, lane 4: 0.78 mM
NEU, lane 5: 1.56 mM NEU, lane 6: 3.13 mM
NEU, lane 7: 6.25 mM NEU.

g}A] N-nitrosoethylurea *2l& <13t A=y =z =}
Abzlgo] geke 245l (Table 2). 1 A3} A 3
A5hge) e NEUS| 557} 24945 27)sied
6.25 mM2] NEUo 2]3}e] o =3¢ ulsled oF 2.5u)2]
Z7}2 H.9v}. N-nitrosodiethylamine®] A-9- wlE-=
ool Al XA ArsLEe] geko]l A 10wi7tA] F7)
3t T (Kim et al. 1999). °]2 3 A3} NEUe| 23t #]
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Table 3. Effects of N-nitrosoethylurea on the activities of antioxidant enzymes from rat liver cell

Concentration

Carcinogen (mM) GST* CAT* SOD* GR*

0 100 100 100 100
N-nitrosoetholar 0.39 107+1.4 95+3.1 112+1.4 125+3.5
yhurea 1.56 105+2.2 123+2.2 150+2.4 204+2.1
6.25 110+2.9 120+1.8 151+15 298+2.2

GST*: glutathione transferase ~ CAT*: catalase = SOD*: superoxide dismutase =~ GR*: glutathione reductase

Fig. 8. Changes of glutathione transferase activity by in-
creasing concentrations of N-nitrosoethylurea
(NEU). After electrophoretic separation of the enz-
yme on the polyacrylamide gel, activity staining
was performed. Lane 1: control, lane 2: 0.2 mM
NEU, lane 3: 0.39 mM NEU, lane 4: 0.78 mM
NEU, lane 5: 1.56 mM NEU, lane 6: 3.13 mM
NEU, lane 7: 6.25 mM NEU.

-~

A SEEe) 8AY Zohz dshe] Az A A
HrEedag wn Jee svldch Asrsdag
€ ARl inage A des aAy
Sl s Wl 77k BAsSel glek Az
Jasrre
utase, catalase, glutathione reductase & 5 4= it}
Table 3¢l 4}3= N-nitrosoethylurea x]2]o}} 2]3} clone9
AEZ) Pstase] BAUNE SPsheleh A
e A x 2 AR-F = glutathione transferase®] 73-%
NEU A F=77tlA A4H3E 719 & & otk
NEUX e oj3te] AA apstEe] g2 Hd 2.5
W) Z7}sl9g] 2} glutathione transferase®] A Z71:=
oF 5~7%c) E}algich Wt ol 27| odFAtell A9
AN JE wzs AY #AE 4 Y (Fig. 3).
Glutathione transferase= 2] 334 719¢¢ §-=34
oV A S G B2 Byl e
Mada dx3) ¥4 BaHE A
&9 REQIAEA F-431A 2o]ar 9l (Canuto ef al.
1993). wber] 2 Ao A] glutathione transferase)

¢

r* > n;'i

glutathione transferase, superoxide dism-

A 2717} wlu)siA g XA HAarsEe] ko] dA3)
Al Z7l8lE o= Kol NEUZ gl zH=27} A
Aapdsteel FHoz AT AHAZIAE BT gl
o wesse) 271RA6 e Aoz Az 3
A2y A~29] hydrogen peroxide?] A7ulgol] A Frod
@& 4 gl catalase®] FAZrE Q2T H]3le F
o 20% Z7}oll E-33}gdT}. o]o] v|d}e] glutathione
reductase®] Z4-Z NEU X&jof| wie} dAsA F7138}
ot 6.25 mM NEU¢|| 2]3}ed glutathione reductase?]
o] oF 3uf F7etlet. #uF ohje} superoxide dis-
mutase?] AT 6.25 mMe] NEU| 2]sle] <k 1.5
Z7}slele}. o] 8t AF}E ES}ed N-nitrosoethylurea
A2z olsl gt FAALET AR A T
3}ab3z) dle]7)zbel| B3] glutathione reductase?} supe-
roxide dismutase?] FAZ717} 283 98L& & 7
2 FE2E 5 U0

= T -1

N-nitrosoethylurea (NEU)ol| 23} X2 A3 E-2
B wshe PN dAas 3 FAsEd] IA
WEE F A 2 A A dHF) = AtaLR
+ alcohol dehydrogenase$} aldehyde dehydrogenase”}
Al8-=Eol a1 A3l & A2 = glutathione transferase, su-
peroxide dismutase, glutathione reductase$} catalase”}
AHEE T 5 7MLl et w28 NEUE #2)3
F A Akt FgHsts SAsgA 1 A
6.25 mM NEU|| 2jste] A4 abzhEe] ko] )
2.58) Z7}3}9v}. Alcohol dehydrogenase®] Al
NEUAglell 93l dzsrct A 234 F7letdn
aldehyde dehydrogenase?] #A]-2 oF 2w Z7}s}gir}.
Aok wie] A&7 o] L5 2= glutathione transferase
8} catalase?] 71-$- NEU A&l &5t #4717} |q|
3leict. 18]} superoxide dismutase?] #HA-2 FH T
1.5u} =7}8}9) 31, glutathione reductase?] 42 ¢ 3

©:
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v Z7)3}elt}l. 18] 22 superoxide dismutase$} gluta-
thione reductase?] #2717} NEUS] S| oigt A
I bt Wbl bAoA Fedt dgs & ew F
290

Ab A}
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