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ABSTRACT : Dithiocarbamate and mixed disulfide containing allyl functions were designed and syn-
thesized as putative chemopreventive agents, i.e. N,N-diallyldithiocarbamate (DATC) and S-(N,N-
diallyldithiocarbamoyl)-N-acetylcysteine (AC-DATC). DATC and AC-DATC were administered and the ac-
tivities of cytosolic glutathione S-transferase (GST), glutathione reductase (GR) and microsomal N-ni-
trosodiethylamine (NDEA) deethylase were assayed in order to test the effects of these organosulfur com-
pounds on the detoxification and metabolic activation system of NDEA. The amounts of hepatic glu-
tathione (GSH and GSSG) was also determined. The administration of DATC to rats led to an increase in
the activity of GR and to an inhibition of CYP2E1-mediated NDEA deethylation. AC-DATC induced the ac-
tivity of GR and GST, increased the hepatic GSH content and inhibited the rate of NDEA deethylation.
The level of GSSG was decreased as a consequence of the increased activity of GR. These effects may
contribute to possible antimutagenic and anticarcinogenic action of the dithiocarbamates investigated.
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Asle s 3384 glo|u}l(Chemoprevention)e) gl 3=
SAe] e dAlHerka gl W T4 o
Szl S Sla AsAel Bo] BT 7 A
L71R0] WAz g}, Heted A A (Chemopreven-
tive agenty= HA=A 3 FAAEE HHE = Sl=
ol Ao 7 B2 o] Al &l nlEF
AQEEe] ARABlaL 9lem A, AR T ofkdt A
L 2RE B4 Aol FlEe] o] 5o Wiy B2 o
T7} A= 1 Qlch(Wang et al., 1989; Yang et al.,
1994; Surh et al., 1995). vl ¥ of5}o] AHFAE =
g A AT ok EuEel 9l.em(Belman
1983) F-Zol allyl7] & -3k 7133¢=50] ]
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o) fageele]l WAL o1 AV Fu 5
Hol= EZlol diallyl sulfide2} diallyl disulfideo]w]
o] 52] el Eo= CYP2E1 £ wbde] oA}
A 3}ol] Fojst= B4l oA, glutathione S-trans-
ferase 5 Wokle] 5o Foisl= 40 X3 S
o2 AwEch(Brady et al, 1991; Hu and Singh,
1997). Spamnins 5-2-(1988) F-Z &Aool o] 5]
allyl7| & Z3A|A propylZ]| 2 A8AZ FEAES
ot Al ZAdo] glon, #xd allyl7]E 3 A T
T Ayt 7 8 3 feAe Ao =2
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gt 9&8-& & Aozt syt AT ERE
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carbamate(DDTC)7} ¢) 2w T o] 52| FZ2HAMAE
o] 3}7gukolelal  benzo[a]pyrene, N-nitrosodiethyla-
mine(NDEA) Sl &3] 25 454 o4
shar, kel o] WiAlEA S oAlste g e
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CH=CHCH, § .
N—C—S
CH,=CHCH”
DATC (1)

CH=CHCHa, i . Sj N<CH20H=CH2
CH;=CHCH/ CH,CH=CH,
TATD (2)

§ GOOH _CHCH=CH,
CHaCNHCHCH, —S —5—C—N{
" CH,CH=CH,
AC-DATC (3)

Fig. 1. Structural formulae of DATC (1), TATD (2) and AC-
DATC (3).

At 5 ol AAE Zwglge]l Rusm glot
(Lee et al, 1994; 1995; 1996; 1997; Hadjiolov et al.,
1992).

Allyl7] o] et Al A A3} dithiocarbamate 3}3}HE-2]
FASAAAZAE 28 Aok oefgt 2871
of 93 et A4 FREAS MU 5 gl o
7ol & Aol & allyl7]| S i3} dithiocar-
bamateq! N,N-Diallyldithiocarbamate(DATC)$} o]2] #
X A9l S-(N,N-Diallyldithiocarbamoyl)-N-acetylcy-
steine(AC-DATC)S- 34l s}o{(Fig. 1) ¢]E°] NDEA-/]
ixpEAd sle} sl 57| el AdE st 2 Fel| @
e e A ES

IL TH2 3 2
1 XiZ

BE Aoke EFAkS AHesgon F2 Sigma
8 MerckAbe] Alebg AHEskel T ol Baa A9
molecular sieve(pore size 0.4 nm)E o]-8-3] Axg F

AHg-ssich.
2. 7|1
NMR-& Bruker WH-90(90 MHz)-8-, HPLC+ Latek

P400 pump, Shimadzu SPD-6A UV detector, Hewlett-
Packard 3390A integrator 2 A X 2] & A&t}

$42 Bichirte] 3154715 AH8slglom ole B

B A 3kt
3. gty

1) N,N-Diallyldithiocarbamate{DATC) 1

12% NaOH 100 mLel| diallylamine 29.2 g-& <1
Ag -5~0°CE W7hsh 25.1 g CS.5 A A3 7Hat
V7 £t Aol aksisieh. WHEe A
gt AF-E-2 diethylether® x4 A 3} v]shd A=
QAojthmp 72~74°C; 81%).
'H-NMR (90 MHz in d,-DMSO): 8[ppm] = 4.68 (d, 4H,
2N-CH,); 4.93~5.03 (m; br; 4H; 2C=CH,); 5.67~6.09
(m, br, 2H, 2C=CH)
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2) N,N,N' N'-Tetraallylthiuramdisulfide(TATD) 2

115 g & 200 mLe] <1 8945 HlgFellA Yzt
AF3 o§7]ell 8= 10 g& =<1 CH,OH 200 mLE
Hkgole] alo] Hztajo] uﬂvw st 1)
73ttt wh-&4g CHCLE 3
Aol NaSO.2 A28 F HE et e
A5EL silica gel& ©]€3}%] column chromato-
graphy(n-Hexane/Diethylether = 4/1)2 A A|s}gict. o]
AL 7] FelA A AgEEE AL A7
o Foll B3l on dut HhE53te] NMRE
&)t} (65%).
TLC: n-Hexane/Diethylether = 2/1; R; = 0.58
'H-NMR (90 MHz in CDCL): 8[ppm] = 4.63 (d, 8H,
4N-CH,); 5.20~5.38 (m, br, 8H, 4C=CH,); 5.76~6.18
(m, br, 4H, 4C=CH)

3) S-(N,N-Diallyldithiocarbamoyl)-N-acetylcysteine
(AC-DATC) 3

3.3 g N-Acetylcysteine-2- 100 mL2] CH,OHel| 50|
3L 5.5mL ethyldiisopropylamine¥} n-Hexane/Diethy-
letherel] =o}9)= 2 9.2 g8 7}3lo] A4 s}el|A] 247
Fukskeicl. 7FbEE%E 100 mL CHCLE 233}y
IN citric acid2 33] A& 3l §7]2g Rol 28 v}
Al AlFstgdet. NaSO2 AxAZ F Zeh553)o
benzene 2.2 A ZAAI}G Tt AA o} §-G% benzene-d
AA3t71 213t CH,OHE 71F F Zhststel Adx3t
oA c}H(14%).
TLC: CHCL,/CH;OH = 2/1; R; = 0.36
'H-NMR (90 MHz in CDCL): 8[ppm] = 2.15 (s, 3H,
CH,CO); 3.08~3.67 (m, 2H, CH,S); 4.42 (s, br, 1H, N-




CH); 4.62~4.82 (m, br, 4H, 2N-CH,); 5.16~5.40 (m,
4H, 2C = CH,); 5.70~6.13 (m, br, 2H, 2C=CH); 6.32
(s, 1H, COOH); 7.68 (d, 1H, NH)
HPLC: column: uBondapak C18; 300X 4 mm
Solvent: A = 7.9 mM Na,HPO,
+ 5 mM NaH,PO, in H,0
B = CH,OH
A/B = 70/30
Flow rate: 1 mL/min
Detector: UV 254 nm
Retention time: 14.1 min(95%)

4. MSSIN R|T 2

2E Al 150~250 g2 34 SD H=F AR
sjaeh. 7 2 Seele] BFel DATC i AC
DATC(1.7 mmol/kg; i.p.)5 £oi3ld 2 2Tl 5
Sfo] AP BSE FASAT Fol 447 32 244
7t Foll FEES FAAA & AHET ¥ Bertram 5
2] ] (1982))] w2} cytosols} microsome-S- 2] 3}
S AFsiathLowry F 1951). 2t e
Glutathione(GSH®} GSSG) 3§52 Griffithe] wHH
(1980)¢ll wl2} 5,5'-dithiobis(2-nitrobenzoic acid), glu-
tathione reductase, NADPH 5-&- &-4-31= systemo]| 4]
2-nitro-5-thiobenzoic acid’} AAAE &= &% &) A
2F3}93dtt. Glutathione S-transferase(GST)e] &4 1-
chloro-2,4-dinitrobenzene-&- 714 2 A}£-3}lo] Habig %
o] HF(1974)¢] wie} A 8}gx, glutathione
reductase(GR)2] &4J-2- GSSGel| 9}zl NADPH7} AF3}

L &% 23] =A3}girh(Calberg®} Mannervik
1975). Nitrosamine dealkylase®] #4J-2 1 mM NDEA
Z 7|Ad=2 3slo] AAEE acetaldehydeE 2,4-dinitro-
phenylhydrazone 0.2 {43} 3le] HPLCE &3}
At} (Janzowski 5 1982).

1. 3} 2 nE

DATC= NaOH <He]Alof|4] diallylamine®} CS, &
uh-8-A 71 & diethylether 2 A3 slo] A A slHt}. o]
EAL 37] FelA f4A EEER A4s $3%
‘Glove Bagol|lx 22}l ¥¥3lgct. DATCZY-E
TATD-E 3tA4 ¥ o] dithiocarbamateE- thiuramdisulfide
2 A o g o® ARSSHE H0, (Adamsst
Meuser, 1931), alkali hypochlorite(Bailey, 1931) 2-2
ammonium persulfate(Cramer 19365 Al4-3l9 &
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B2 PAElRZ B AlFdAE Scottd] diallyl-
thiurmadisulfide2] /3% (1930)0l] W} 2. =& AFs}hA|
2 ATk 449 allyly)| & Zkag)E TATD 2%
7] FollA wi$- Bkt ol Eel3kA] ¢ |t
Z AC-DATCR)E HH-2-A]17 NMR= ghals}s] o o)
EA 9] 5= HPLCE 73}t

EE2AES E3] DATCS AC-DATCE] whoted =)k
2 A3l X85 AN AHE Fig. 2o vebisd
t}. DATCE= 7]&2] N,N-diethyldithiocarbamate
(DDTC)h= 2] GRY 48 A 7 #H=d +
o 4A|7t Fof| djzTrel| uls| 77%, 2447 Fofl 47%
Z7MA 7tk GRS &Adeo] Fridtel| whep ZhellA
GSSGE] &Heko] 43% 712-3)g o o] Eo 2447}
Fo HApEo 2 385 glct. NDEAS] tiALEA] 3}
of Fedsls CYP2E1S] FAWSE AHslr] 43
NDEA deethylationel] 23} acetaldehyde2] 2§42 &}
Qlgk A1t DATCE o] 349 AL hAls] AT
< < 4 3l9ith. AC-DATCE Fo8 FEol4+= GR
2 GSTe] &Ao] Frisled s 2k 24 Y| GSHe| b=

100

50

% of Control
o
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Fig. 2. Percent decrease or increase of glutathione reductase (GR)
and glutathione S-transferase (GST) activity in cytosol, CYP2E1-
mediated NDEA deethylase activity (NDEAd) in microsome and
glutathione (GSH and GSSG) content in the liver 4 hrs (@) and 24
hrs (O) after i.p. administration of DATC and AC-DATC to rats
(1.7 mmol/kg). Each bar represents the mean+SD of results ob-
tained from five rats. (*: p<0.01; **: p<0.05).
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o] Z7}3}3 GSSGE 5] #&}= " NDEA deethy-
latione] A=Kt o]Are] A= DATCS AC-
DATC>} phase I tatedAlol] 2]3F whelede] whAEAd
5 H3)sh phase I hAF Z7boll 218 S4B 315
714 8443t 5 NDEAe| 23 wetelale}l gedsie]
o A A A2 FrH=ch

GR-Z Aol A] GSH/GSSGPJ vl&-& dAIA F

ANA Fol AAE BUH BAO2 WEo] FE &
&2 phase 1T EHAM@ oA wH$- F8gF FaelH,
o9 WYL WA E AL A SH LA it
AL A s=d v F83}c} Frank £0](1990)
GRe| A& 23] ¢Iste] A= o= 79
DDTC FZFAHEF o= 7% o] & °§§L‘% +
Al Fg ubE 2 AdeA AR DATC9E AC-
DATC7} 748 fr=ass Bl AL w9 5% w3t
Azolrt. AC-DATCS] §2 g 7+ 225 GSH
gare] 271l Lee S(1995)0] WEF AC-DDTC«]
GSH A 34s) AASHE AshE el A0 v
o} o] & BF X3 Fol| FHg-Fo{ql= N-acetyleys-
teineo] GSH AgA o] AFEAR 2857 vjlFoz
o AF=lth(Thielemann 5, 1990). GSH”} NDEA<] 3|5
gl A Boshizrlel dfalale ok sl gl
A ¢gko1} N-Nitrosodimethylamine(NDMA)S] ]
212 AAI%l methylating agent”} N-acetyl-S-methyl
cysteineo]t} S-methyl cysteine9] Hel2 25 £ vl
A=rhe dFEs= o] ZFeAS A dEd
(Hemminki 1982). ©] cysteine %452 GSHe}b
NDMA?2] =1A=}A tA}A4]  methyldiazonium  hy-
droxides] 3ol S8 WEA Holzh F2un)
(Jensen et al, 1981) GSHE TZAZ-& Al N7
methylguanine®} O6 methylguanine®] o] ZFr}=E o=
AR 2 2] GSH7} nitroso 3FgHE-2] 3l 5-2gol] o]
&} 7lo)zl s AZbE th(Frank et al, 1988).

DATCS} AC-DATC®] o7} CYP2E12] 842 o
Ast3. GSHE| &k 2 GSHA#HE 40 AL =7}
A 7ot B A9 As= o] 5 4 e] N-nitroso 3}
}-8-o]1} vinyl carbamate 53} Z3o] CYP2E19] tfA}&t
Qote Bae s Berdlel 93 WL ks
o) Az Bkl AL 5 9l TFeAd e Al
FEER

ZAel =2

o] =FL& 19983 % YPoetn
A= gl o]ef ZEAFEIT.

)R] el 2 3A
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