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Studies on the Biological Effects of Disulufiram
—Effect of an active metabolite of disulfiram on the activity
of d-aminolevulinic acid synthetase—

Mitsuo ArRakAKIY, Ayako Kase!’ and Toshio AKIYOSHI?

Y Nagasaki Prefectural Women’s Junior College, Nagasaki 850-0011
® Department of Anatomy, Saga Medical School, Saga 849-8501

Abstract The effect of diethyldithiocarbamic acid methyl eater (Me-DDC), a metabolite of di-
sulfiram, on hepatic d-aminolevulinic acid (ALA) synthetase activity was investigated in male
rats. The results obtained were as follows :

1) When rats were given intraperitoneally Me-DDC at the dose levels of 0.0625, 0.125, 0.25 and
0.50 mmol/kg, the activity of ALA synthetase showed a maximum level at a dose of 0.125
mmol/kg.

2) ALA synthetase activity increased rapidly and reached a maximum level in about 2 hr af-
ter the intraperitoneal administration of Me-DDC (0.125 mmol/kg).

3) Pretreatment with phenobarbital (an inducer of drug metabolizing enzymes) tended to de-
press the increase of ALA synthetase caused by Me-DDC, whereas pretreatment with SKF 525-
A (an inhibitor of drug metabolizing enzymes) stimulated slightly the Me-DDC-induced in-
crease of the enzyme.

4) The apparent Km value of the enzyme for glycine did not change but the Vmax value in-
creased in Me-DDC-treated rats.

5) Actinomycin D (a potent inhibitor of DNA-dependent synthesis of RNA), when adminis-
tered to rats before Me-DDC, completely prevented the induction of ALA synthetase caused by
the latter compound.

6) Pretreatment with phorone (a glutathion depletor) 4 hr prior to the administration of Me-
DDC completely inhibited the Me-DDC-induced increase of ALA synthetase.

TUEREE L LTHW O N TR 3EAITH 2", DSF

f = o ALDH Ji%/Ef 13 DSF BB & 3 DT % <,
Disulfiram (Antabuse; N, N, N’, N’-Tetraet- DSF 234N TRE 22T TE U3 ERRBED I
hylthiuram Disulfide, DSF) % aldehyde dehydroge- LB Eah, EEHABEY & L T Diethyldithiocar-

nase (ALDH) [HEEHE%2HEL, 7N I —WKFED bamic acid methyl ester (Me-DDC), iz # DE b4k


library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked

library
ノート注釈
library : None

library
ノート注釈
library : MigrationNone

library
ノート注釈
library : Unmarked


334 HE - fnEE - M

@ Diethylthiocarbamic acid methyl ester (Me-DTC) .
PHEESI T3, —F, Mays 5™ 13 DSF D5
OIEHRBED L, Me-DTC 8SERB L Z U TE
U % S-metyhl-N, N-diethylthiocarbamate sulfox-
deThAIEH|EL TS, EES TR &1,
DSF Q&K 2 BREO—RE LT, ~2&EH
B % M B2 % O daminolevulinic acid(ALA)syn-
thetase™? izt 3 % DSF O ZE 23 L, DSF »
ALA synthetase JEH M ¥ 2 EASHE %
B3 & &bz, DSF OEERBEY TH % Dieth-
yldithiocarbamate” (DDTC) 122w T b [AkkDO RS
1T\, DDTC iz ® ALA synthetase {EM: 2808 ¥
BENRBDH B Z L EHAS I L, 4, DSF OFEHE
REEVO 1 D2LAHREINTWVS Me-DDCIZDWT,
ALA synthetase IS T3 E2RNT AL LD
iz, INEFF v (GSH) BEENIC BT 5 EEIER
WEEREE 2L Tw3 I 5, iF GSH 20%EH)
& ALA synthetase MO ZEL L OBEIZ DWW T H
BEF LD THET 3,

X R F &

SEER 12 A \» 7z Me-DDC K& UF SKF 525-A 13 Bk
FERIRE K A L R ORI R HRER
BIVBOZIIbDTHS, duy (V4V7oE
VFV7 ey, BBV F4 > (GSH), 5, 5'-
VFAERQ-= P uREER), 7/ NVEF—
F V7L (PB) BAGMETES, 77F /74y
D (Act. D) id ¥ 7 <38, EDTA @RI (LFEWE
P, boEoa vl mEssEs, 4 Tl
Dowex 1X8 (200~400 X v & 2) 13577 « & T Vit
BRER U, EBREWIC X 4~5 850 Wistar R
Moy b (KIPEREY) 2RV, ER23: 1°COR
B2 T 3~4 ARIFHET Lk, EBICHL 2, Fk
WA ) vy VEERSE MF BEEER 2BV, 3
BRERIO 24 B3 A S v B8k OEBER Bl fT
b¥iz, Me-DDC RU'Fa it b Eo Iy,
Act. D RO SKF 525-A REERTEKCHEL TS
v hARETIWETHE L .. BREBORESIER
BEE2FR1I~2KRe—El, ZOO—ERM
WZiTo 7z, MEOHHNEE U TREFEZRD LI
BEL .

@OMe-DDC @ Dose-Response EE :

Me-DDC #% 0.0625, 0.125, 0.25, 0.50 mmol/kg
DEET 1 EEREARS L, 3FFFBICEBRL .
@Me-DDC o Time Course 5Bk :
Me-DDC (0.125 mmol/kg) # 1 BIEHENES
L, 1, 2, 3, 6 FHIRICER L 72,

®Me-DDC #5142 & 5 ALA synthetase {EMEHEN
W3 5 PB RTALE DR EEEER
PB (80 mg/kg) % 24 WifHfIRE T 3 HEREARS
U721, Me-DDC (0.125 mmol/kg) % 1 [EIfERE
AREL, 20 2FHBICERL 2.

@Me-DDC ##5.17 & 5 ALA synthetase &2 Xt
3% SKF 525-A BALEDREER :
SKF 525-A (40mg/kg) % 1 EERERKEE L 2
%, 1K/ Me-DDC (0.125 mmol/kg) # 1
EIERENR S L, Z0 2EHE%RICBEZL .
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Act. D (2 mg/kg) % 1 HEEREARRS L7z, 1
EFE#12 Me-DDC (0.125 mmol/kg) % 1 [EIfERE
WREL, 202 FHRCERL 2.

@Me-DDC 5.1z & 5 ALA synthetase ¥EME# 0
Wwxfs Bk v CHTALE DR EEE
&> (2 mmol/kg) % 1 BEENZRE L%, 4
K21 Me-DDC (0.125 mmol/kg) % 1 [EIfERHE
W5 L, 202 BERCERL:.

%8B, ALA synthetase JEHEIZBERY 12 L7235 ¢,
JFigih GSH O BIE X Costa 5D HED 12 Lizds-
THE L7z, ERERETHELEERZTRL, B
EZERE X Student’s t-test I X BERE 5% LT
PERELL.
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Table 1 Dose-related effects of Me-DDC on he-
patic ALA synthetase activity and GSH
content in rats

Treatment  ALA synthetase activity GSH content
(nmol ALA/g liver/hr)  (umol/g liver)
Control 47.91+3.56 3.45+0.13
Me-DDC (mmol/kg)
0.0625 49.70+3.89 3.02+0.18
0.125 104.70 £6.62% 2.59+0.12%
0.250 82.60+2.66% 2.11+0.22%
0.500 63.514£2.97 1.5340.19%

Rats were injected intraperitoneally with Me-
DDC at the doses indicated and killed 3 hr later.
Values are means+S.E.M. of four to five animals.
a) p<0.05, significantly different from controls.

ABL Crat KEEN®E L7 £ & O Me-DDC ®
LDso i3 167 mg/kg (X % 1 mmol/kg) LEL T
W3, £ CHEIOEBRTIIRERSE% LDso D 1/2
ErL, 4HE(0.0625 0.125, 0.25 K% 0.50 mmol
/kg) TITo7z. Me-DDC %R 54 3 E
E# L, ALA synthetase i&E{E® & O+ GSH &
PHIE LR % Table 1 127R3. ALA synthetase
wEHEER LT, 0.0625 mmol/kg DR TR EIIRR
bohkdoTed30.125 0.25 38 & O 0.50 mmol/kg
DHETRERCEML]:. LrL, ZULZThOHEHE
EIXNREOB X % 210%, 166%, 128% T, REED
Bhne &b EEENOFESRRS L. —7, i
TGSHERBRESEEOHEME & b A L, 0.50
mmol/kg DHETIIEEHDO L VD 50% LT &
wolz,

Dose-response 5 Bk #» & ALA synthetase 3§ {4 i<
N B EENER b H 5 HAEIX0.125 mmol/kg T
HEHZEBHELER-DT, R5EE%0.125
mmol/kg & LU, #¥Ef912 ALA synthetase BB &
UGSHEZHE LR % Table 2 iz~ 3, ALA
synthetase (&M 1% Me-DDC 5% ac L& L, #&
5% 2B CRBECELLOBEA L, &5 6 R
BIZIHIZIZHBREOVAVIEZRE S 2. —F, S

Table 2 Time course of the effects of Me-DDC
on hepatic ALA synthetase activity and
GSH content in rats

ALA synthetase activity GSH content
(nmol ALA/g liver/hr)  (umol/g liver)

Treatment

Control 42.481+3.41 3.43%0.15
Me-DDC
lhr 48.72+17.67 1.81+0.15?
2hr 125.074+7.84% 2.62+0.15%
3hr 66.50 +6.36% 25740179
6 hr 45.01+2.13% 3.25+0.23

Rats were injected intraperitoneally with Me-
DDC (0.125 mmol/kg) and killed at the times indi-
cated. Values are means+S.E.M. of four to five
animals.

a) p<0.05, significantly different from controls.

GSH #13 Me-DDC # 5% 1 R CHRIEE 2R L, 6
MEfE 7212 12 ALA synthetase Y5 & BB IZ 1T 2 >
ba—n vV ERLUTE.

Me-DDC #: 5.1z & 5 ALA synthetase i O #h0
PEMNRBBERFEH O PBY I3 E RSB RHEE
&l SKF 525-A% ORIALEIC & > THEERT 2 »
£ EME LR % Table 3 8 & U Table 4 12
7. Me-DDC #5412 & 5 ALA synthetase &M D
fnix, PB 2HLE S % L oefglah, —F, SKF
525-A REIAME T 2 L 2 MINT 2 EM 2R Lk,
DSF @ ALDH [HE/ER 1 DSF BS&EEAN TR# %252
FTEUHEERBEDC L 5 L 3h, HERHEYD
& LT Me-DDC, Fiz Z DE{b{AD diethyldithiocar-
bamic acid methyl ester (Me-DTC) #MfEE S LT
3, UL, ALA synthetase FEEEICDWT A5 &,
Me-DDC it 2B 3 % & Me-DDC iz & % iEM:
EhinseMElansd 2 L5, Me-DTC ik Me-
DDC & D ZDEIRIIFTFHH D LHH IS,

Me-DDC #5112 & % ALA synthetase @ stimula-
tion ZHR 3T % Act. D HIABE OHERRET L&
B % Table5 7r §. Me-DDC# 5 12 X % ALA
synthetase EMDO#EIMIE, Act. D BB & > THRE
iz ehi, ZOEREE, Me-DDC 28 ALA syn-
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Table 3 Influence of pretreatment with pheno-
barbital on the effect of Me-DDC on he-
patic ALA synthetase activity in rats

Treatment ALA synthetase activity
(nmol ALA/g liver/hr)
Control 46.45+1.97
Me-DDC 110.49+5.17%
Phenobarbital 109.70 £15.48%
Phenobarbital 84.34+5.45%
+Me-DDC

Rats were injected intraperitoneally with sodium
phenobarbital (80 mg/kg) daily for 3 days, and
then received Me-DDC (0.125 mmol/kg, i.p.). The
animals were sacrificed 2 hr after the Me-DDC
administration. Values are means+S.E.M. of four
to five animals.

a) p<0.05,significantly different from controls.

Table 4 Influence of pretreatment with SKF 525-
A on the effect of Me-DDC on hepatic
ALA synthetase activity in rats

Treatment ALA synthetase activity
(nmol ALA/g liver/hr)
Control 47.77+4.31
Me-DDC 109.68+4.13%
SKF 525-A 125.104+11.39%
SKF 525-A 123.74+12.88%
+Me-DDC

Rats were injected intraperitoneally with SKF
525-A (40 mg/kg) 1 hr before administration of
Me-DDC (0.125 mmol/kg, i.p.). The animals were
sacrificed 2 hr after the Me~-DDC administration.
Values are means=+S.E.M. of four to five animals.
a) p<0.05, significantly different from controls.

thetase B¢ 38 & B © £ & 5K 18 78 T transcriptional
level TTEALTW3B Z L R2RBL TV,
BREEOEIIBREHOEWN M2 TR L
BEX L EEOFEMEOEcLs L bEZLNED
T, Me-DDC #5512 & - T ALA synthetase D £ '&
(7Y ¥y) x5 KmEPET 2 0E»ZRE

Table 5 Effect of pretreatment with actinomycin
D on the increase in hepatic ALA syn-
thetase activity by Me-DDC

Treatment ALA synthetase activity
(nmol ALA/g liver/hr)
Control 56.68 +3.46
Me-DDC 106.22+7.55
Actinomycin D 41.18+4.38%
Actinomycin D 48.88+3.64

+Me-DDC

Rats were injected intraperitoneally with actino-
mycin D (2 mg/kg) 1 hr béefore an administration
of Me-DDC (0.125 mmol/kg, i.p.). The animals
were sacrificed 2 hr after the Me-DDC admini-
stration. Values are means*+S.E.M. of four to
five animals.

a) p<0.05, significantly different from controls.

U7z (Fig. 1). Fig. 1 X9 ALA synthetase DFEH X
95 KmEAU Vmax fE%2KD 2 &, NEHTI
ZHEN 5.40 mM, 62.50 nmol/gliver/hr, Me-DDC
BERETIX5.40 mM, 117.65 nmol/gliver/hr £ 72 1,
Me-DDC #5142 & - T Km {HI3Z{t¥ §° Vmax {E72
AL, T OFEEIE, Me-DDC #5.12 & 3 ALA
synthetase {EHE QMR ER L EH o BEMEOEL
EBOTREL, BREGOEAROTTHEICED
LbOTHBZEEREL T3, Me-DDC 51k 3
ALA synthetase {EEDOHEMPERER DO EGKDIL
BREISHDDOTH S Z L id, BEHEGREEHD
Act. DEALEIZ & - T Me-DDC I & 2 {EHEBEMYS5E
2z oo bIZFFENS (Tables).

R v EHALE L CHEBF GSH v v 2R 3 ¥
7z & &2, Me-DDC 12 £ 5 ALA synthetase {EH D3
IDSAAl 72 2 BB % 2T 5 R RET L 7o SR % Table
6 ITmT.

RO V5T 5 L, KT GSH BESEEICHA T
% k& b ALA synthetase FTEHEDE L S BA L 72,
£z, ®vu BB I VFEFGSH VRV EZETE
¥ 5% ¥, Me-DDC iz & 5 ALA synthetase &% DM
VEESWMFHEINE BT D NI,

GSH 1%, MBS RE L #ERF 3 2 L CE b TEERR
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1/V x 103

[1/S]x 102

Fig. 1 Lineweaver-Burk Plots of ALA synthetase
activity for glycine
Rats were given Me-DDC (0.125 mmol/kg) or
corn oil intraperitoneally, and were killed 2
hr later for enzyme assay.
Reaction. mixtures contained in a final vol-
ume of 2.5ml, 187.5 #uM of Tris-HCI buffer
(pH 7.2), 25 uM of EDTA, 1 ml of liver homo-
genates, and varied amounts of glycine.
The open circles (O) represent the mean val-
ues of the control rats.
The filled circles (@) represent the mean val-
ues of the Me-DDC-treated rats.
S: glycine concentration (mM)
V: ALA formed (nmoles/g liver/hr)

EBRLLTWT, HIIEAO GSHBEMETLTWL
35 REHT CRESVOEULESCHEEAL, %
72 DREVBIENSL L bR, BE, RN
GSH EEMMET L TW a2 RET T, BEAERFIO7
N7 72 ESL OFITESENSEBIENS Z
EREHISNTWBY Kosower ' 134K BIT 5%
HEERBBIER L {fTbh bz wid+47% GSH v
NOVHSERR X N B LEDSH B L¥RE L, Fischer 59 3
T N7 72k 5HEAAEOMEE X GSH
ORBE XL —HT2LHMEL TS, FurBHIF
BEOEBKRICEERSZ 2V, ThoDEEERRE
LT#% 3L, Me-DDC Iz & 5 ALA synthetase 1
OISR E2HMET 2 Z k> TzohD
DX, i GSH BOEBI oS EHER 72 13 MR I

Table 6 Influence of pretreatment with phorone
on the effects of Me-DDC on hepatic
ALA synthetase activity and GSH con-
tent in rats

Treatment  ALA synthetase activity GSH content

(nmol ALA/g liver/hr)  (umol/g liver)
Control 46.30+3.04 3.77+0.08
Me-DDC 108.05+5.57% 2.4140.04®
Phorone 48.73+1.77 1.57+0.12%
Phorone 35.85+2.11  1.334+0.04%
+Me-DDC

Rats were injected intraperitoneally with phorone
(2 mmol/kg) 4 hr before an administration of Me-
DDC (0.125 mmol/kg, ip.). The animals were
sacrificed 2 hr after the Me-DDC administration.
Values are means+S.E.M. of four to five animals.
a) p<0.05, significantly different from controls.

b) p<0.05, significantly different from phoron

dosed group.

BHEL TWAZ B REBLTWS,
# "

VANVT 475 (DSF) OEFEANDEENFEO—R
LT, §E, DSF OEMRHBEDD 1 DLEZLS
. T v % Diethyldithiocarbamic acid methyl ester
(Me-DDC) iz 2T, FFIEIZ B 5 ~AEGHRER
B3 (D d-aminolevulinic acid (ALA)synthetase &4
Wi d 5 B ERET L7, Me-DDC 27 v M EREA
5. L, ALA synthetase {E#E1Zxf9 % Me-DDC O
E-RICE%RZ R 3 &, 0.125mmol/kg DFHED & &
EHRRLEL Rol, £z, 0.125 mmol/kg D&
T ALA synthetase {EHDORRFNELEZ RS &, &5
B2RMTERIRLEL 85 2 Loa»ol. Me-
DDC iz & % ALA synthetase {EH: DM, BERKIE
DEEROFND S, BREBEHBOREMMEOELI &
20 TRZ BRBEHOENEMZ L2 Z L850
Ligote, Iy F4 > (GSH) BEERRNE BT 5%
BEACEEZEE 2L C»T, MENO GSH BE
PMET LTV ARG T CREEVOFEELES I HIA
L, 7, ZOBRELHRIENS Lvwbh3, 22T,
FFGSH VRNV ERT IR & &1 Me-DDC IZ & 3
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ALA synthetase JEEDEIC ED & 5 LB H 5
DOhEHE L7458, GSH WiBHI Ok o > ZHIALE L
THGSHV LV EET&¥ 5L, Me-DDCIiZ & 3
ALA synthetase JFHEOEMI B2 clE s ns 2 &
DB otz, ZOBRH Me-DDC IZIEF OBERK LD
2, fid ALA synthetase FFEANT D WT H FEIKDE
BBRENE DD DVTIEHEROF N2 25T
»HY, SHROBMFIFTEE Uiz,
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