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Abstract — The modulation of cytochrome P450(P450) activities and glutathione S-transferase (GST) was
investigated after i.p. administration of glucose-diethyldithiocarbamate (Glu-DDTC) to rats. P450 1A2 and
2E1 activities were inhibited by 60% 4 hr after the administration of 200 mg Glu-DDTC/kg and those activities
were recovered to original levels 24 hr after dosing. In contrast, GST activities were enhanced up to 24 hr after
dosing. These results seem to be due to the bifunctional activity of Glu-DDTC. Glu-DDTC acts as an inhibitor
of PA50 enzymes as well as inducer of GST enzyme. Glu-DDTC inhibited PNP hydroxylation (P450 2E]1) and
ethoxycoumarin O-deethylation (P450 1A2) in a dose-dependent manner up to 200 mg/kg wherease it did not
affect testosterone 6B-hydroxylation (P450 3A) and pentoxyresorufin O-dealkylation (P450 2B) activities.
Induction of GST activity toward 1-chloro-2,4-dinitrobenzene (CDNB) and 1,2-dichloro-4-nitrobenzenen
(DCNB) was dependent on the dose of Glu-DDTC and no species difference in the GST induction was seen
between rat and mouse. Amoung GST subunits, Ya, Ybl and partially Yb2 were induced by Glu-DDTC as
conjugated by western blotting, The levels Yp, Yk and Yc subunits were not affected by Glu-DDTC treatment.
Therefore the enhanced activity of GST toward CDNB and DCNB might be due to the induction of Ya, Ybl
and partially Yb2 subunits. In conclusion, Glu-DDTC selectively inhibited P450 1A2 and P450 2E] activities
whereas it enhanced Ya, Ybl subunits and partially Yb2 subunits of GST and the antimutagenic activity of this
compound might be attributed from the modulation of these enzyme activities in animals.

Key words ] Glu-DDTC, P450

o o

A (xenobiotics)= FE AA7} IS FA8) € epoxide hydrolaseo]]

o] glucuronide %= sulfate FIHAE
AW
g =4 E3e] AFgk(oxi-dation),
7h 3l (hydrolysis) 59 <H8-&

=} epoxide® #Adsle] HAdo]

=g Al A RS XEY A5

& 710 A3 2hd A
3 Aol HAE AR 2
o] AE Aol AhE Fof FHE
and Orrenius, 1934).

A S RS 53] A Z w2 M2 ¥

AR 37 Ah A2

osle] fgAde] E YALEER F3HE
PAE F A Q= vy
Ao zm FES gA} 2he(detoxifi-cationyd 31 =)
=42 23 ukg
of] FHosl= BAQ] o]Ahe 2 QlFle] phase I E3F HES-)
Z#1A B (nu-cleophile)e] phase 1 & Ak
4 (electrophile) Z 3~ %
"Q‘i]—q-(srl’]iﬂl

F gl Bofshs B2 AR GSHE ¥l Wol

EZAE st A2 WA=, == epoxided HA
g dAt AR T2 glutathion(GSH) Z3A S A8}

*To whom correspondence should be addressed.

ek oled 5t o]EAle] GSH % conjugations &
AAsl= o] gukHe] HAAkA] BA EAle] FEIEE 1
FA4<] WAL A olch. GSH= DNAY Z3A 23 9129}
AAF R 23l A BAE 7R)E AR AL A
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Eof Hlo]A el 2H-g g 4= glel= A& #E= Boyland
9l Chasseauddl] &3}e] ¥ 22w (Boyland and Chas-
seaud, 1969), oJ& &t ¥h-g-o] GSTS] Zhge &3] k-] &
)| %] T (Ketter, 1988; Boothe 5, 1964), GSTS] #Hd#3
A BolA& 7R wd F9 84v) gler, o EiE
o|ekd| Fd(dimeric enzyme)® EZA|EIH, o T A=
1-chloro-2,4-dinitro-benzene(CDNB), 1,2-dichloro-4-nitroben-
zenen(DCNB) & trasn-4-phenyl-3-butene-2-one 5%} Zre
ojg] 71gel dis] BYEZ Belrh(Ketter, 1986). & ©] &
Ay BE Falo] 3% Rasls 53] 7t 236 gel] ¥
Eo] gl =3t B9 4 EEE 7 A of2A o
e oj@l FAea st subunits?} -$4|E1A EA
8= A& 2 4 9lvh(Hayes and Mantle, 1986).

Disulfiram?- aldehyde dehydrogenase® *A|5}7] &
o WHA E H= ABA|E AMSEE HEA Lt A
¢] nitrosamine®d] gt skt EAT 9ol 9 A o]
Foks] 75T}, o= nitrosamine?] WA} FA2HA| 7|
| #4¢) phase 12] E49l cytochrome P450(P450)2 SA
e} EA)ol) GSTZ-2- nonoxidative detoxifying enzymes
A A Ao} oA EAle] Wl W] 28-S 5
=d] ouf F8 i} 4AHES! N,N-diethyl dithio-carbamate
(DDTCYE HA AAApd e} vbgshe = st F2
A} AHE-S 3AER] BAE viehdct. o] 3 diethyldithi-
ocarbamate®] 34 F3E 7)o g A g2 AT
oA o8] FEANZ A HUIL diethyl-dithiocar-
bamate?] =AY sugars 94X glucose-diethyldithio-
carbamate(Glu-DDTC) 2 lactose-diethyldithio-carbamate %¥
2 sugar-linked dithiocarbamate® FAEHA E it ol
brain®-& transports 7} (Namane 5, 1992) A|A 3 84
o] Z71ge- BZolx A A F AE T o] A
B3 el ch(Lee 5, 1994).

. d7o|A= Glu-DDTC microsomal monooxygenase
A 3% 2 cytosolic GST R 7154 Lol 11z} 3}
43¢}, Phase I g4 microsomal monooxygeanse?] %
A 5Z P450 E= 5484 phase IelM GSTHER
ZrellA B8k cytosol|4] CDNB ¢+ DCNBell th3h A4t
Aol T FHEE dol T western blot2E Ya, Ybl,
¥Yb2,Ye, Yp % Yk subunitsollA Glu-DDTCel <] GST
2 fed 217Re) protein®g Eeldho B GST fie 7]
A% Gop ) sj4eh

Ny e

firam< Sigma A EF& ARSI L glucose-diethyldithio-
carbamate(Glu-DDTC)= 1534 o gkalef|a] oF Hhol ALS-
slodt. . o] glell AMasl Alek2 Aldrich 9 Sigma Al
< ARl

AESE HX2

71 SDAl 23 (150~200 g)¢ ICR Al =F-2(30~50 )
S oFE FA} A 2447 AAA]F)E Glu-DDTC 200 mg/
keg& 7} Fak3le] 4A7E, 24X F 2bS A&,
disulfiram %A 200 mg/kgs B2 TARK 442t A F
7+ A2s9cl. = Gu-DDTCE -£3HE 0,50,
200 mg/kgS- B2} FASIAL 2477 A T g HES
om disulfiram 2 59 4802 E7} FARBIAL 477+ 7
s F 7 AE 3ok

Cytosol 3 microsome £2|

Cytosol % microsom®] -2 Gengerich(Gengerich,
1977; Van der Hoven and Coon, 1974; Gengerich, 1989)
59 23 94 Fe] we ARSI

GST Assay

CDNB¢} DCNBe &4 2442 CDNB2F DCNBE 7]
A= sl B FEA A FHE HIE BUEHY TeE
A &451vHBooth %, 1961).

Protein Assay
whilal ARe FF bovine serum albumin(BSAYS A}
£3}] Lowry 22 A3 (Lowry &, 1951).

Sodium dodecyl sulfate polyacrylamide Gel Electropho-
resis (SDS-PAGE)

SDS-PAGE= Laemmli(Laemmli, 1970)9] Bvhgo=z =
71 g3t

Westen blot

ZK7194% F gel?- nitrocellulose filterl] 7] F western
blot(Bollag and Eldlstein, 1991)5}33%t. Horseradish per-
oxidase2 AR&3}ed 22} 44| anii-IeG% conjugate® & ©|
g3l HAN 2 30 mg/ml chloronaphtol soln. 2 ml,
methanol 20 ml, TBS 100ml, 3% H,0, 0.6 mkZ #”}s}
o}, uhggl whale] Welboz viehd g Flaloint.
GST 7t subunits® 1:100~1:4002.2. 3]}t

p-Nitrophenol (PNF) hydroxylation
PNP hydroxylation®] #4J-& PNP7} 4-nitrocatechol®
AL He Ag S48 (Koop, 1986).
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Dimethylnitrosamine (DMN) demethylation
DMN demthylatlon-r] A2 DMNe] formaldehydeZ
WA} == AL 29519 oH(Palakodety F, 1988).

Pentoxyresorufin O-dealkylation

Pentoxyresorufin  O-dealkylation®] 242 pentoxyreso-
rufine] B3 resorufin©. . thAL S S 2SI Kelley
=, 1990).

Ethoxycoumarin O-deethylation (ECOD)
Ethoxycoumarin O-deethylation®] #4J-2- 7-ethoxycou-

marine] #HA 7-hydroxycoumarin .2 YA} HE AL 24

81939 (Greenlee and Polands, 1978; Guengerich, 1978).

Testosterne 63-hydroxylation
Testosterne  6B-hydroxylation®] #AJ-2 6f-hydroxytesto-
steronel 2 tA} = o2 EZX5l¢vlBrian 5, 1990).

Statistics
= 3E7ke) BAA 2ol 2 el
! tests AMEEIAT

7] #ste] Student's

o 2n

Glu-DDTC} disulfiram®| P4500f CHEt S5}
Glu-DDTC(4h, 24h)2} disulfiram(4hyS 21704, s%4
(10,50 2 200 mgkg)E B2} Fo 3 &oﬂ A =
rmcmsomeoﬂfﬂ P450 7+ isozyme ol Wit E4 GA A=
EF =751} P450 2E19] A|¥ A %E demethylnitro-
samine(DMN) demethylation®} p-nitrophenol(PNP) hydroxy-
lation2: &AEAch. 2 A3} Gu-DDTCY 4717} |, 244|%F
ZAZA-F2] DMN demethylation® 2 o} 2E12] H4 &
AEE fE2Fo v 68.8 T 925%c]%2m] PNP
hydroxylaton< 56.0 4 96.5%% Z+A~8}%d TH(Table I).
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Disulfiram¥} ¥lm3dF 447} F¢] ZAEFE DMN deme-
thylationell A Bx Glu-DDTC#} disulfiramel|A] 242+ 68.8
o 59.29%9°]3 PNP hydroxylationel| A= 56.0 & 52.4%
i P450 2EL] wigl BAEE 2R AZF Fe FaE9)

28 2] I 5 SIeKTable D). %ol TE Glu-DDTCS]
®IE DMN demethylation®] 10, 50 2 200 mg/kgS-3l)
A B 2z gzl vls] 81.8,70.0 H 65.7%2 EA
QA S H9om PNP hydroxylation o|X% Z+z} 89.4,
87,5 & 51.6%= AAFHG. webd Gu-DDTC: 43
2)Ed 22 paso 2E1e| wHE oA B} SUMEE ERg
T it

Testosteron 6B-hydroxylation2-2 43k P450 3A49]
A2}l pentoxyresorufin O-dealkylation 8. 243 P450
9B¢] FAF|= Glu-DDTCS disulfiram 2% &71} 3
A g B F ik

Ethoxycoumin O-deethylationS2 2 P450 1A29] A
2 G-DDTC ¥ 4A)7}, 2477 77 Fo 434 &
87.7%0]® 4A7F 73} Fo| Mg disulfiramel] A=
43.6%2. Glu-DDTCS} ¥]528} 7h4-8-& ¥ 9ivh. Glu-DDTC
= 10,50 2 200 mgkel® HTEE EUSE 956,582
2 35992 #4 P oJA4 E37F AR disulfiram 9
Al 50 9 200 mgkgell A 42.5 B 48.7% 2 HE27Y] &
A= Hsle) oF 50% AAagg A 5 9lgvh

Glo-DDTC®} disulfiram2| GST M=o CHEH Y&k
Glu-DDTC ¢} disulfirams 27} Fof & 7lof|A] B3}
cytosolellA] CDNB&} DCNBel| th3t GST XS &4
3lTh. Glu-DDTCE 7 Foigk BFolA 4r)7), 2443
A7 ¥ CDNB} DCNBol| =3t GSTO] B Ex H=2T
o ule) Zb2 152, 186% 2 148, 199%2 Z7FEE Hgl
“H(Table ). Disulfiram® E7} Fo] 4478 ¥ CDNB%
DCNBe| W8 B4 =e tize v|xs & o Zhz
97.3%, 114.7%2 A7t vjehdA] edle). ol @8k GST
A& A=E g3 ¢sle] Glu-DDTC £} disul-firams 7zt

Table 1. Time response for the inhibition of microsomal P450 activities by Glu-DDTC and disulfiram

Testosieron Pentoxyresorufin PNP DMN Ethoxycoumarin
P450 activity 6p-hydroxylation O-dealkylation hydroxylation demethylation Q-deethylation
(3A4) (2B) (2E1) (2E1) (1A2)
Control 2.57 £ 0.40%(100.0%)° 0.99 £ 0.00 (100.0%) 24.60+0.31 (100.0%) 8.06 +4.56 (100.0%) 2.87 +1.12 (100.0%)

Glu-DDTC4hr  2.10+0.24 (81.7%) 1.24 £0.75" (43.2%)
2.52+0.74" (87.8%)

1.25 £ 0.30% (43.6%)

1.13+0.00(114.0%) 13.7+2.927(56.0%) 5.55%0.07" (68.8%)
Glu-DDTC 24 hr  2.39£0.31 (93.0%)  1.15+0.03 (116.0%) 23.8+3.76" (96.5%) 7.46+0.77"(92.5%)
Disulfiram4 hr  2.6340.32(93.0%) 1.06+0.00 (107.0%) 12.9+0.84"(32.4%) 4.78£0.19"(59.2%)
a: Each value represents mean + SD (n=3)(nmol/min/mg protein).

b: Number in parenthesis represents relative perentage of the control.

Rats were administrated Glu-DDTC and disulfiram by single i.p. injection of 200 mg/kg and then sacrificed 4 hr and 24 lir after dosing.
*=P <00l ** =P <0.05
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Table II. Time response for the induction of rat hepatic GST activityes by Glu-DDTC and disulfiram.

GST activity CDNB ) DCNB

6.02 + 0.782(100.0%)° 0.44 +0.04 (100.0%)

9.16 £ 0.40" (152.2%) 0.65+ 0.04™ (147.7%)
Glu-DDTC 24 hr 11.18 £ 1.75"(185.9%) 0.88 £ 0.14™ (198.9%)
Disulfiram 4 hr 5.86+0.16 (97.3%) 0.39 + 0.01(88.6%)

a: Enzyme activity was measured by using 1-chloro-24-dinitro-benzene (CDNB) and 1,2-dichloro-4-nitorbenzene (DCNB) as sub-

strates (Umol/min/mg protein).

b: Number in parenthesis represents relative perentage of the control.

Rats were administrated Glu-DDTC and disulfiram by single i.p. injection of 200 mg/kg and then sacrificed 4 hr and 24 hr after dosing.
* = P < 0.05

Control
Glu-DDTC 4 hr

Table III. Increase of GST activities in hepatic cytosol by Glu-DDTC

Glu-DDTC CDNB DCNB
{mg/kg) rat mouse rat mouse
Control 7.40 £ 0.18% (100.0%)b 18.0 + 2.83 (100.0%) 0.14 + 0.04 (100.0%) 0.29 % 0.00 (100.0%)
10 7.85 +0.82™ (106.1%) 26.7+£2.51™(148.3%) 021+ 0.01" (150.0%) 040 +0.13" (141.0%)
50 9.69+ 1.65" (131.0%) 295+ 3.00" (163.8%) 0.25 + 0.01™ (100.0%) 0.40 £ 0.07" (143.0%)
200 11.74 % 1,097 (159.0%) 48.0 +2.017 (266.6%) 0.37 £ 0.09" (265.4%) 0.40 £ 0.07(142.1%)

Enzyme activity was measured by using 1-chloro-2,4-dinitro-benzene (CDNB) and 1,2-dichloro-4-nitorbenzene (DCNB) as substrates
(Lmol/min/mg protein).
Rat and mice were given a single intraperitoneal injection of 10, 50 and 200 mg/kg Glu-DDTC.
a: Each value represents mean + SD (n=3 or 4).
b: Number in parenthesis represents relative perentage of the control.
=p <001, ** =P < 0.05

7+ 10, 50 ¥ 200 mgkes F74 Fo & CDNBY DCNB
ol 98 GST A =E 24J3F 27} Gu-DDTC: CDNBS}
DCNB Z X disted 106, 131, 159% 2 150, 177,
265%2. B E7} Z7)lEl= AL o 4 919t Glu-DDTC
2 U8 T2 FARRE v~ A9 CDNB2} DCNB
2y =X w5l 148.3, 163.8, 266.6% 4 141.0, 143.0,
142.1%%2 S 2)&e] 252 ¥elo =z E7ke] Aol
2 4 glglch(Table OI). Disulfitame Glu-DDTCS} $¢
3l =EB Bl Fo] F GST ZAETS 2438 29 iz
=3 BlE EA4 TS HY224 GST -5 )
= Aoz AdE

Glu-DDTC2| western blot0]| 2[5t GST subunits®| &
ol = &1t

Glu-DDTCe]| 2|8} GST A =2} GST subumit] protein
o] A AAE #qls)r] $13led Glu-DDTC 10, 50 %
200 mg/keE- 6ug protein®E loadingdt westemn blotS 2
ofX ot

Yk, Yp subunits’= ¥ Foi 83200 mgke Glu-DDTC/
kgl A protein 9} 20ug 74 Z£7FA1A bloting 3l =
band’} E1ER] ogkem 2 GST subunit Yk, Yp& %
ol e FA| g A= FAHS. Ya Ybl, Yb2,

Yc subumt&-— protein®¥& 6 ug2Z. blotting3}si& W &

% o] 73 Elgd 4= 9%t Glu-DDTCE oitﬁi
western blotsled & o Ya subunits™ Ybl,Yb2 ® Yc
subunite]] B3] FEle] HPT =X wlE 4 = A
X Felgr = 9l Yo subunites ¥%¢) WE band?)
apelE $igle =R GST el £ 28400 ¢l AL
2 AT Ybl subunits Glu-DDTC] %7} £7ps
2 pand’} A PWLZZE Ya subunite} TR 2 S8k 9]
ZHe) B4 Fx F0F gl 4 gledet YbZ subuint
+ Glu-DDTCE A2|¢ A 89} ti2e3te] Aol 3USIA
T} F%o) wpE Xlo]= §leitH(Table 1V, Fig. 1).

i

o

B P = pitrosamine®] tALE A7) R
% 9] phase 19 ®Ael cytochrome P450(P450y8 <At
# F Aol GSTZ-2 nonoxidative detoxifying enzymeS
FRAFAA SAd ot b 2o Hsfe] Hle 2hE-5 7}
Akl o=l disulfiram®] AV F2 ARGl NN
diethyldithio carbamate(DDTC)8] -f-5A]<] Glu-DDTC7]-
chemical carcinogenell W&F AlA] wlo] 2:8- 7154-S- phase
I2] microsomal monooxygenase 4 o5 3 phase I
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Table IV. Western blot analysis of GST subunits expressed in control and Glu-DDTC treated rat hepatic cytosol

Glu-DDTC (mg/kg) Yk Yp Ya Ye Ybl Yb2
Control ND ND + + + +
10 ND ND ++ + ++ +
50 ND ND +++ + o+t ++
200 ND ND -+ + +H++ ++

+++ strong band, ++ moderate band, + weak band, ND not detectable.

Each sample was loading at the protein amount of 6 ug.

(A) Ya subunits

(B) Yc subunits

Fig. 1. Western blot analysis of GST subunits expressed in
Glu-DDTC rat liver. Lane 1 is control and lane 2, 3 and 4 are
10, 50 and 200 m Glu- DDTC respectively.

GSH9} #3gl 849l cytosolic GSTS] % 715402
FolEode.

DDTCE aldehyde dehydrogenase B4-& HA)sl= Ao

2 og8x 9lew 7 714 mechanism based inacti-
vation® 2. B35 51 glet whelA Glu-DDTCe] €] 3t
phase T2] microsomal monooxygenase®] A o ¥-S<
ol 7] fste] PASO E BAEE Yol ¥ 2BE1H
1A200] HBle] Bo]H o2 oA HAE HPYTL, 7e} o
P450 B¢ £4q] 2B, 3A40] ‘%H*}-— A =) #] 0]-}}:1:]-
>3l 2E1J+ 1A2¢]] gt 94 ZH-2 Glu-DDTCS =
H5(200 mg/ke)ll M oF 60%2 R}

P450 2E1-S ofeld-a) M BAA] B4 Al oAl B35
of T} EE, P450 1A2 BA= aromatic amineZt -3— ]
obu] At A fr#ll == Glu-1, PhIPs, Trp P-1, Trp P-2
o] Wist EAle] A} gAdsle] FeAiet. Al o5
Bool] gl FE AR 2 WielAd ERle] dake] g8 ‘J]
njElEe o] F HAo] Q] e A Lt oA
o Avtt 7]o17} Szt Z1d €t

Phasee 11 &) 53} djAlabge] oFxde) &48] GST
T odFe) 4L Glu-DDTCE 27} Foigh 279} v}
28] ke 2 ¥ B2l cytosolollA] £31819T). GSTe

gk dukdel &%= CONBY DCNDel| W& F4 &
AEZR FA319.0m BIF Fof 4|71 2447 A3 Tl
B 3 EE Al S7HEE Gl GSTE A% 7
7H2] subunits?} ExREFY ©]E submnits 257} A4
A xe] o7} 9lent F2 CDNBSF DCNDej i3 &
A€ epdvl 22y CDNBS} DCNDe| diglk GST HAx
24 EATCE 7} subunit®] A WEE o 5 gloE=E
GST subunit E4do| translation level|A GST f-% “3sF
< dolH 7] 9)5led western blot 2. Fels] Hlv}

Glu-DDTC 10,50 2 200 mg/kg ol @2 GST Ya,
Ye, Ybl,Yb2, Yp ¥ Yk subunits A& protein 9FO.=
9lelydL o GST Ya, Ybl subunitst] 24 Glu-DDTC
% Z7te] w2} protein 9Fo]l &r7[SFeiR, GST Yb2
subunits P70l ¥& proteine] S7HHE & 4 e
v e oAl Frke EelEA] esioh

Akl GST HelFel B4 ZA3E EAE o
CDNBelfl @&l &4 242~ Ya, Ye, Ybl @ Yb2 sub-unit
2] ZAdslo]l )8}k Aolw|, DCNBel| Het 4 4L F=2
Ybl, Yb2 subunit?] A2l gleki B =gl ol (Mannervik
% 1985). & Q7oA #FE Glu-DDTC 28 GST
5 B3= protein SV &g ey, REAH OB Yh?
subunit® EA el 332 w|AGL oAk o]t
AFEHE Glu-DDTCY phase T FAellA o] &) ogt
TE3) datel] Fast B4l GSTO 34 271> GST
subunit Ya, Ybl 2 Yb2 protein 7}l w2 Aulz )4
el

2 d7ellA phase II®] GST % 71% H#E& #5}ed
7} subunitl] ¥ protein 9Fe] F7}E ol HokE Hol
B2 GST §X 71" gk 5 2ol ‘”d:r'"ﬂ°47‘1°]= ?’\l‘jr-
E35] GST %9 molecular mechanismel] @&+ Pearson
2] Aol A F& GSTell et mRNAZF Z715ch= 7o
WAE ) T (Pearson -5, 1983), B8l Pickete] d7ol4]
phenobarbital ©]*} 3-methylcholanthrenes 574 Fo438F 2]
#2] GST enzyme content % AT ZF71= Ya mRNA®
translation activity?} Y* g3 LEE ¢ HDing and
Pickett, 1985). o]&5+ Fgol|A 2 @) Glu-DDTC)) £+ GST
9] = #HI= GST enzyme content D TAHF =7}
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9 epd=} GST ZF subunite]] @&k mRNA & &7} 7}
A0l gk AT} AAZ dolgler, A9 B2l g
A Glu-DDTC2] GST % & AFo] humanel]+]
GST % 7V 4% RS elol T FAeleh,

g oo

HAtel 2y
o] =g Hs FHAFA A= A3 7| A7sdel A

S8 AP A Ao FREsY, Glu-DDTCE 345
FAl At oM E WA ® Al=Eghc)

FHOE

ra
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