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sUM�mA1tY

Aldehyde theisydmogennmuse ins mit liver mitochnonidritu nunnd supemnumslanst fluid humus beenn as-

smuyed by followinsg tine mute of XADH productions from NAI) tumid muldehnyde.

Althsoumgiu it is knnowns tinat disulfinmum is mumucin more pot ennt imnisibiton in i’itro of nuldeinyde
dehydrogenase thmun diethylditiniocanbammute, tine mu(lminnistmmutioms of either compoumsd to
rats brings about mudecremuse in enzyme mictivity ins tine livers of sucis ansimmuls. Very similmur

dose-nesponise curves are obtmuined if it is mussumed limit thiethyldithiocmsnbarnnute unndengoes
reoxidations to disulfiram in vivo.

Tine decrenuse tumid return of activity of the supenmnmutmumnt tumid mitochnondninul enszymes mufter

disuifinam administmmutions mure identical ins time course. Tine return of nuctivity cmiii be blocked
by cycloineximide. These results indicate that disulfiram is ann irreversible imninibitor of muhde-
isyde dehydrogennase in vito.

I NTIIOI)UCT nON

Disulfimmunu linus lomng beemn known to bring

about mu toxic remuctiomn to the insgestions of
ethanuol (1). Clmussicalls’ thus nuctions ismus been

attributed to tine inshibition of muldelsyde

dehnydmogensmuse mund subsequenut muccumulations

of acetnuhdehyde (2). Recenulhy, the inhibitiomn

of dopansimne fl-inydroxylmuse by diethylditinio-
cnurbnummute (3) amid the catecinohamine-releas-
mug activity of acet muldeinyde (4) have beemn
implicated ins thus pisennomensonu.

Wisihe tise mud ions of disulfimnum on a nnumber
of emszymes (5, 6), innciudimng muldehyde dehsy-
drogemsmsse (7), linus beems imsvestignuled, it wmus
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shownu omuI�� recemnthv thimut disulfirmnns, ad-
ministered to mmubbits, would imudeed bring
mubout mudecmenuse in liver aldehivde dehiydno-
genimuse nuctivity as memusuned in vitro (8). It
has mulso beers clmuimed final diethyldithiio-

cmurbmummute is the muctive conipoummud in n’in’o (9)

ins spite of I he known irseffectivenuess of this
subst mimuce mus munn muldeinvde dehnydrogenase

imninibitor (7).
Sinnce I)rehimimnnur� expeninnemsts ins rmubbits

(8) hmud imn(licmuled thnmut the decrease ims ems-

zyme muctivity brought mubout by disulfiram
� Iomng-ltustinsg, it seemed possible that tine

recovery of tuctivity might depenud upon symn-
thesis of isew emnzyme protein. Tine pnesennt
study nvmus cnummied out to determinue tine

utihit y of disuhhmmuns mis mutool for extumimsat ions

of the symntinesis of the emuzyme in rico, ansd to

cimurify finnthen the mechnanisni of actions of

disulfimmum msnnd diet invidit hiocanbamate.
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METHODS

Disuhfirmtm \vmus obtmuimned thnmougin hue coum-

tesy of Avemst, Ltd., Quebec, tumid fronn Innter-
nnmutionsmul Cinennicmtl tumid Ntnclentm (1onnpmumny, or
it n�’as prepmured fromin (li(’t 1myIdi t in iocmurbmunnmtt e
by oxidmutions n�itis J� . Inn tine hmutten’ case it nvnus

reci’vst nullized t w�ice fronni et hsmtnnol . Pi’opions-

alcleinvde nvtus redisiihhed unnuden’mnitrogems ansd

assayed emnzynsat icnully ( 10) . I nndoleacet aIde-
hyde wmus prej)mumed fmomns its bisulfite coni-

pounsd tumid mtssaye(l as previously described

( 1 1). 14e1!cinie_t4C (210 nnCi/nnnnole) wmus oh-

tmuimsed frons \Iii(’s Lmubormuton’ies. :ssS_I�m5bel(�(l
disulfimmunn (40.6 minCi/’misniole) ��mus obtmtimned

from Ansershimunu, Semunle.

1\Imule Spmmugime-1)nswley n’muts weighsinng msbout

200 g were used finm’oughnount . Tiney were
fmusted for 1G Inn’, t hienn munsest hnetize(l nvithn

ether, mtnid exsmumnguimnntt cii fromni t hue nubdonsi-

nsmul aortmt. ‘Fine level of glutmut inionne ins flue

blood nva.n (Ieten’nninned by tIne metino(l of

Beuther et al. (12). Tine livers wen’e memnioved,

weighed, amnd inonuogennized witin a loosely

fitting rf(�flc)mn I)estl(’ inn suffnciennt 0.25 run
sucn’ose to nsmuke mu 20 #{182}hnonM)gennmute. This

was cemntrifuged nut 600 X g for 10 mini, amsd
tise supemnsnutamnt liquid wmus dectunsted numsd

smuved. Tine pellet wmus inonnogemsized ins 0.25 rum

sucrose Witis mu tigintly fit tinng ‘1�eflonn l)estle,

anud tine isomogemnmute wnus cenutnifuged at
600 )< �j. Tue finsmul combimsed supemnnmutamuf

fractions (hnomogemsate) was nuppmoximmutely a
10% hnomogensmste. It � tineni subjected to

differentimul censtrifugmutions to isolnute the mito-

chsonsdrimul munnd sul)emnnmst amut fmmuctiomis as
\nioushV (lescribed ( 1 1 ) . Tue niitochnonndria

were mnude up to mu volume equmul to the orig-
instil wet weight of the liver. Amu muhiquot wmus

removed munnd diluted wit in munn equmuh volume
of col(1 water. This prepmummut ions ��#{231}mussonsicmully
treated wills tine nnicroprobe for tine Brannson

model 125 Sonuifier nut muset tinng of 2 for mutotal
of 3 mini. 1)uminng tine three 1-mini somsicmutioms

periods, fine mitocinonudmimul suspemnsions was

immersed ins nuns ice-smult water mixture nut

- 7#{176}At lemust 1 mims elmupsed bet weenn each
sonsicat ions pen’iod, duminng winicin time tine

suspemssiomn �vmus pimuceci inn ams ice bnutin mit 0#{176}.

Tine tempermuture did nuot rise above 4#{176}.‘Fl
somnicmul ed mifochnonsdnimul prepammut ions was

cenutrifuged mit 1 10,000 X j for 30 mimn. Tine
mitochonndmimui smnpemnsnutmnnnt wmus used directly

for det erminnmut ions of muhdehnyde dehnydmogen-

muse. Of tine total timounst of proteins ins the

liven’ mitocinomsdnitu of disulfirans-treated rats,
55.8 ± 1.48% (means ± stansdard error) did

nnot sedimemnt durinsg tine censtnifugations

followinug sonnicmutionu. Tine value for constrol

msnsimmuhs is 5M.3 ± 2.4 % . Tine recovery of
aldehnvde dehsydnogemsmuse mis det emnninued by

measurememst of inndohemucetic acid production
from inndolemucetmsldeinyde wnus essenutially

(lumutitmutive.
Tine supei’inmutnunnt frmuctionn constmuining tine

dYlosol nund nnicmosonnes wmus censtnifuged at

122,000 X ii for 1 inn. Ann nuliquot from tue

upemmnmutmtnnt of tinis censtnifugnutions � pltuced
0!5 2 X 10 cm columnus of Sephnmudex G-25
(medium) e(1uiiibrmuted witin 0.25 run sucrose.

‘Fine ehutiorn of tine proteins from tine column
nvmus followed visually by obsenvinng the ned

bmuund as it moved downs tine columsun. Tine
recovery of proteins wmus 94.2 #{182}�for munimnuls
trenuted whim disuhfinnum annd 99.4 % ins expeni-

nnennts witin comntrol nunsimmuls. The recovery of
muldehvde deinydrogemnmtse mis menusured by
insdolenucetic mucid productions (see mubove) �

complet (�.

Disuhfimnum suspemnded ins 5 % mucacinu by

sOnsid irmnudimutioin wmus mudministered by

stornacin tube to amnimals fmssted for 24 inn.

Tine annimnuls were fasted for munumudditiomnal 16

iii’ fohlowimng mudminsistrmution of the drug. Corn-

t mol mumnimals received only 5 % acacinu tumid
were similmurlv ftusted. Cvchohexinside was
nudminsistered inntraperitonneally ins 0.9 #{182}Z.
XmuCl. Cvcloiueximide wmus givens mit a dose of
1 mg/kg twice daily for eacin of two innjec-

tionss, turnd then mut 0.5 mg/kg twice daily

thneremufter unstil terminnationn of tine experi-
mennt. Thse last (lose wnus givens 90 mm before

death. Insjectiomns of cycloineximide were imsi-

hated 24 Inn tufter disulfinam or 5% acacia
nvmus mudminnistered. Tine dose used was
selected mns tine mmuximum tolerated dose for

tine period of time msecessarv.

To measure i nncorporat ions of n4C_leucimse
insho liver prot(9mns, 2.5 or 5 j.�Ci of t4C_leucine
were injected inntrmiperitomsemilly imuto rats.

Thirty mimnutes later the livers were ne-
moved, hnomogennized ins 0.25 run sucrose to

mmuke mu 109 isomogemsmute, amid cemstrifuged nut

600 X q for 10 mimi. Ahquots were tmukenn from
tine 600 X q sul)emmsatnunst fractions for proteins
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deternsinsmutioms, munid nuns equmul vohunse of 0.6 N

pem’chulonic mucid � mudded to nunsotinen ahiquot
After censtnifugmutions tine pellet wmus wmusined

twice witis 0.33 N percislonic mucid. The pellet
was dissolved inn 1 ml of “NCS” solubihizen’
(Amersisarn/Searle), munsd musmumple was tnuken
for countinng by liquid scinstillation.

Tiue data were calculated ons thue bmusis of

botin wet weigint amid milligrams of proteins.
Statistical calculations were performed withs

ani Olivetti Programma 101 computer and
programs supplied wills thsat innstrument.

:\ litocisomudrimul muldeisyde deinydrogensnuse

was detenmimsed at j)H 9.6 ins 0.01 M sodium

i)YrophnosPiiate buffer constainning 0.33 mrui
NAD amsd 0.33 miii aldeisyde by followinsg tine
rate of XADH formations in a Gilfond 2000

spectn01)isotometen nut 340 mj.n ansd 25#{176}.Bimumnk
cuvett es constainsed mso ahdeinyde . N�U)H

oxidase amud mulcoinol dehydrogennase were

absemst from thus prepmummutionn.
Supennsatamnf aldeinyde dehydrogemsase �

determimsed simihurly except that 33.3 �rui

I)�-razole was mudded to imnhnibit muhcohnol (he-
hydnogenase completely . Alcohol deinydro-

genase was nseasun’ed by fohlowimng NADH
oxidations ins I lie jwesensce of pn�pi�ns-

muldeisyde.

Attempts were mmude to restore ennzyme tic-

tivity in flue liver in vitro after disulfinam
administrmutionn in vito. Smumphes of liver
supemnatmunst munsd mitochnomndrimuh muldehnyde de-

inydrogensase from botin disulfinam-t remut ed
amsd constrol tumsimmuls were incubated at 0#{176}or

37#{176}for 30 mins wit in and nulso witinout 0.01 rut

dithiotinreitol inn 0.01 run sodium pinospinnute

buffer, pH 7.4. Ahiquots were removed, mumnd

enszyme activity \�5 determinsed mumsd com-

pmured.
Disuifirmum-35S nr� mudministered inn tine

smume manumser as umnlabeled mmuteniah. rfissus

comst ainninng � label � hiomogennized inn
0.25 run sucrose, munid snumples were tmukens for

counstinug by stamsdmurd liquid scimstiilmut ions

techsmsiques.

RESULTS

Time course of in/i ibition by elisulfirani. Tine

adminnistmnutions of disulfiram resulted inn mu
measurable declinse ins emszyme muctivity in 2 him

but did nuot remucin its nnaximum effect unntih
16-40 ism (Fig. 1). Thus is comnsistenst witis oumr

previ#{176}u� shindies inn mmubbits munsd is typical of
climsicmul expemiennce wills this drug (13). Ac-

t ivity retumnned imn both the suspemmnnutmunnt tumid

mitochnonsdninuh fnmuctionns, wills mu inmulf-time of
mubout 24 hum. 1)muta cmulculmuted usimsg activity

l�em gram of liven sisowed similar results, ex-
cept tisnut tue mitocisorudninul muctivity nseven
retumnied to more thans 70 (7 of control values

(‘Veni mut 184 him. Attenspts t0 restore muctivity
of tine imsinibited enzyme by additions of di-
t iniot isreitol in vitro were umssuceessful.

One of t lie likely sources of meducinsg equiv-
mulemnts for (iisulfmmnum is tine glutmuthiomse

(USH) of thie red blood cell. It seemed possi-

ble thnttt withu tine relatively lange doses of

(hisulfimmum mu(lnsimsistered, tine blood GSIHI

would dechinne. This proved nsot to be tine

cmuse, inowever, mis tine blool GSH level 6 mr

tufter (lisuhummam mudmimnistrnutioms was un-

ciumimnged from comutmol vmuhues. Appnunemutly tine
mccii munnism for genneratinng reduced glut a-
thiomne inn tine blood is sufficienstly fmtst to keep

pmuce witin t lie nelmut ively slow mubsomptiomi of
disulhmmum.

_..I�liii ifl istrat i()fl of (lie//i yklitli iocarbann ate.

Sinuce it is knnonvms t hmuf disulfimmuns is quickly
mumsd completely reduced t 0 diet hnyldit hsio-
cnun’bmsnsmite inn the mInuet numuimal (14), the

latter compoinmnd � muhso tested mis mumiinnisibi-
for of muldeinvde dehydrogensmuse activity (F’ig.

1). After sunbculmtnneous injections of this com-

pounnd, muctivity fell more ral)idly thans tufter
its omnul mudnninnist mit ions. I)ose-response curves

for diet iiVl(lit hiiocmurbmurnnute nunnd disulfiram
tune givens inn l’ig. 2. ‘FIne dose of diethyhdithsio-
cnurbamate is cmulculmuted as disulfiram equiv-

alemnts, sinsce 2 molecules of tine cmurbamate mure

mequnin’ed to make 1 molecule of disulfiram.
Tine vmulues were detemnsinne(i 40 inn tufter ad-
minsistnnut ionn of tine insinibitons.

Effect o,J in/i ibit ion oJ protein synt/nesis.

Cycloineximide effect ivelv blocked tue returns
of tuldehyde dehnydrogemntuse muctivity in tine

mitochnoiidmittl fmnuct ions (p < 0.001 at 88 hn,

disunlfimmum juhins cycloiseximide vs. cvchohsexi-

mide mulomne). Similmum results were obtnuinsed for
inc supenmnmut tumst ensz me (p < 0.001 mit $8 him)

(Table 1).

Expenimensts were cnurmied out to determimne

tine effect of cyclohneximide on proteins syns-

thesis inn rmut liver. Tremutmennt witin cvclo-
inexirnide on’ cvclohiexinside pius disulfiram
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Fn�. 1 . ‘l’ime course of inhibition of rat liver mitochondrial al(lehi/de dehydrogenase activity after ad-

ministration of disulfiram and diethqldithiocarbamate (I)EDI’C).

Disuslfirann (2.02 mmolesjkg ins 5(� acacia) or 5% acacia as comntrol was admimnistered orally at zero

time to 24-hr-fasted rats. l)iethyldithiocmurbansate (100 mg/ml its 0.1 sn sodimnm phosphate binifer, pH 7.4)

was administered sinbctntamieously (2.02 nnnisoles/kg as disulfiram) at zero tinne to 24-hr-fasted rats. Cons-

trols received imijectiomis of sodiunis phosphate bimfTer alomte. Aldehyde dehydrogenase imi the nnsitochondrial

amid smnpermiatamit fractiomis of the cell was deternnimned as described imn the text. The data were calculated

usimig the muctivity pi�I’ nsihhigrans of proteus as 100% for the zero-time controls. Brackets detiote standard

errors of the mean. Each poimit represemits at least sevemi ammimals for disulfiram amid fomnr ansimals for

diethyldithiocarbansate. For mnitochomsdria, 100% activity is 110 ± 11.7 mimoles of NAI)h1 per milligram

of proteus per 5 nsimn, amid for the supermiatamit, 100% activity is 17.5 ± 1.6 mimoles of NAI)h1 per milli-

gram of proteimn per 5 mmmi. Omily tine curves for the nnitochomndriah emizyme are presennted, for clarity,

simice the curves for the supermiat multi emizynie are almost identical.

LOG DOSE (mMoies / kg as Disuifiram)

FmG. 2. Dose-response rVeS for inhibition of rat

liver sup ernatant al(leh yde dehydrogenase

The imihibitors were admimnistered as described

for Fig. 1. The dose of diethyldithiocarbamate
plotted on the abscissa was calculated as disulfirans

equivalents; i.e., 2 molecules of diethyldithio-
carbamate are requnired to fornn 1 nnolecmnle of

disulfirans. The resmmlts for imthibitiomi of the mito-

chomidrimul emizyrne are virtmtally idemitictul. The

values showms were deterruimied 40 hr after ad-

mimmistrations of the imihibitors. The limies are drmuwmu

fronn a limnear least-squares fit to tine data.

(#{149}-----S, disulfiramin; A--A, diet hvldit hiocar-
bamate.)

lowered tue inucorporations of ‘4C-heucine into
liver proteins (Table 2).

It was necessary to show that cyclohexi-
mide w not effective simply by prolonging
tine pnesenuce of inhibitor ins the body. Table 3

presennts the results of an experiment in
wisicin the amount of 35S lmibel was deter-
mined ins control nunsd cychoheximide-treated
rats msfter midminnistmations of labeled disul-
finam. Clearly, cvcloineximide did nsot slow
thse mute of loss of 355�

I)ISCUSSI ON

As was expected from our previous results

(8) amid from chinsical impnessionss (13), the

declinse ins aldehyde delsydnogemsase activity
produced by disulfirans is honng-lasting. The

fact that tine decrease amid inalf-time for
recovery of activity followed tine same time

course for botis the supernatannt and mito-
cinonudriai emuzymes inndicmutes tiumut tine media-
nsisms responsible for imsisibitionn anud recovery

mire equally operative for bothi ennzymes. It is
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TABLE 1

Effect of cycloheximide on recovery of aldehyde dehydrogenase in rat lin’er mitochondria and supernatant

after disulfiram treatment

The comsditiomns were the sanne as for Fig. 1, except that 1 nsg/kg of cycloheximide was given for two

doses daily, starting 24 hr tufter disulflrans, or 5% acacia was given, followed by 0.5 mg/kg of (‘vclo-

heximide twice daily. The values are those obtaimied at 88 hr.

‘I’reatment
Percentage of zero-time control values

- - ---�- ------------------- ------ -
Supernatant M itochondria

mean ± SE (n)

Disulfirmuns 101 ± 10.5 (5) 76.4 ± 5.8 (5)

Cyclohexinside” 93.7 ± 8.2 (5) 98.5 ± 12.2 (St

l)isulflranu plus cycloheximideb 31.7 ± 4 (6) 23.6 ± 2

p < 0.001” p < 0.001”

(6)

a The eistire time course both with cycloheximide amid with dismnlfiram plus cvclohexinnide was fol-

howed. Onsly at 88 hr amid beyomsd, however, did the disuslflram-treated mumninnahs recover sufficiemstly to

demnsonstrate the imihibitioms of recovery by cyclohexinside. The values are still sigmniflcamst at 112 hsr

(p < 0.01). Beyomnd that tinne cycloheximide alone depresses aldehyde dehydrogemsase activity, so thiut
there is nO differemice betweems the values for cycloheximide mulomse amid cycloheximide plums dismnhfirarn.

l)isuifiram plums cycloheximide vs. either cvcloheximide alone or disulfirans alomne.

probable, althoughs nuot provenu, that disul-
firam imsisibits aldelnvde dehydrogenase by

sulfisydryl group oxidatioms (7) in vitro. The

results of Hellermams, Coffey, arsd Neims (6)

proving this to be tine mechamsism of disul-
firam inhibitions of D-aminsO acid oxidase

make thus ans attractive hypothesis.
Direct companisomus betweems the declinue

ansd restorations of aldehyde dehydnogenase
followinsg disuifiram or diethyldithuiocanba-

mate are difficult, sinuce disulfiram is insolu-
ble in water and was given orally, while

diethyldithiocanbamate is iniginly ionized and
water-soluble amud was givems subcutamseously.
The time course of effect is somewinat differ-

ent for tine two conspounuds. As expected, tine
rates of dechinse anud restorations of activity
with diethyldithiocarbamnute were somewintit

more rapid. Tine recovery pisase thus begans

earlier, ansd significanst recovery was seen at

40 hr. However, at 184 hr about tue same
amount of enzyme nvtus presenut in both tue
supernsatanst and mitociuomudria, as was also

tine case after disulfiram administrations.
The fall in aldehsyde dehydrogenase achy-

ity after diethyldithiocarbamate adminsistra-

lion may have resulted from the conversions

of this compound to disulfiram in vivo. It is

known tisat dietisyhditiniocarbamate is 100

times less effective tinams disulfiram as an

TuttLE 2

Protein synthesis in rat liver

Amsinnals were treated mus outlimied for Fig. 1

amid Table 1. The livers were takems 88 hsr tufter

treatmemst with disulfiram or 5(� acacia (64 hr

after imiitiatiomi of cyclohexinside t reatnuemit ).

Values are calculated mis imicorporatiomi of tm4C-

leucimse per gram of liver, wet weight.

Treatment (n)
Percentage of con-
trol incorporation ‘#{176}

ezean ± SE

Control (10) 100 ± 11.5

l)isulfiram (5) 146 ± 2.8 <0.02
Cycloheximide (7) 53 ± 6.0 <0.02

l)isulfiram plums cyclo-
heximide (4) 45 ± 4.6 <0.05

inhnibitor of aldelsyde debnydnogenuase in vitro
(7). TIne shigist insinibitiomu observed with

dietinylditisiocanbamate in vitro may Isave
beers due to 1 % constnumimsation withs disul-
firmum.

Tine dose-response curves for disulfirans

ansd diethylditisiocarbamate have nuearly tine
same slopes, and while this evidensce is riot

consclusive, it is comssistent with mu common
mecisamuism of actions for tine two compoumuds.

Agaims, because of tine diffenemut routes of
admimuistrmutions annd different chmunactemistics
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TABLE 3

Effect of cycloheximide on retention of label after 355-disulfiranz administration

Rats were givemi 100 mg kg of uiS�disunlfiram (0.8 nnCi/mnsole) orally as described under METHODS for

unlabeled disulflrann. Cycloheximide was givems imitraperitomieally exactly as described for Table 1 and

Fig. 1. The amiimals were killed 88 hr after receiving disutlifrans. Tissues were homogenized ins 0.25 at

sucrose, tumid aliquots were takemi for scimitillatiomu coumiting. Plasnsa was counmsted without dilutions by

sumcrose. The values below tire ims disimstegratiomis per nsimiunte per nnilligrans of proteins; calculations in

terms of disimitegratiomss per mimsute per gram of tissue yielded similar results. Noise of the values for

treate(l amninnals is sigmiificamntly differemnt from the comstrols.

I’reatment (n
35S radioactivity

� �--- - --- --- -�-________ ---- -� ---�---

Liver Brain
-- -�--

Plasma

Control (12)

Cvcloheximide (6)

dprn/mg (± SEA!)

29.8 ± 2.9 35.7 ± 2.0

31.7 ± 3.1 32.8 ± 2.3

dpm/tnl (±SEM)

3201 ± 435

4349 ± 677

of tine conspounsds, it is umuhikely tinmut pne-

cisely tue smtme dose-respomuse curves would
be obtmuinued.

Sinsce mudnsinsistered disuhfirans cannmsot be
found in l’li() tumid is reduced to dietinyldithio-
cnunbmunnmute ins tine blood upons nubsonptions (14),

thuene is little differenice between treatmenut
witis tisese nugents except tinmut tine disulfide-
reducimng cmipticity of tine body, annd of hue

blood ins pmut’ticulmur, will be tmixed wisile

disulfirmuns is beinsg absorbed. Str#{246}mme has
shnowns 1 mat mudminsistered 3S-dietinyldithuio-

cmmrbamnsmute is bounsd equmully mus well nis

disulfinmum to tine proteinss of boils liver super-
nsmutnunst mini(1 pimusmmu, 1-4 inn after imstmmupeni-
tomuemul imsjections (14). Tine boumsd material

w.tus idemntifte(l lmurgely mis dietisylditisiocanba-
mate inn nsixed disulfide linskage tumid wmus

relemused by treatmemnt witin GSH. As
Str#{246}nnme suggests (14), this result could
conic mubout omilv by (a) reoxidatiomu of di-

et isv Iditisiocarbamate t o disulfiram , nvhsicis
tiuenn innteracts wills proteins -SH groups to

produce tine mixed disulfide, or (b) direct
conibinnationi of -SH groups of proteins
witis tine -SH group of diethsylditisiocan-

bammite, mediated by some oxidizinsg agent
to fomnn the mixed disulfide directly. Suif-

isydryl groups of aldeisyde deinydrogemnase
(7, 15) itself might participate ins this action
in vito, or onne of flue mixed disulfldes could

instermuct wit in aldeinyde deinydrogemunuse and
bninng tubout imnisibitionn.

Tine innhuibitiomn of dopmunsimse /3-hnydroxyhmuse
by disulfinmunn offers a connt mast to tine effects

015 ahdeiuyde dehydrogersase observed here.

The inshibitor of dopamine $-hydroxylase is,
ins all probability, diethyldithiocarbamate,
and imuhibitions occurs by chelation of the

copper presenst ins the enszyme (3). Ins study-
inng the imuhsibition of tinis enzyme after intra-

pemitonneah administration of disulfiram it has
beems founud thnttt tine onuset of action is rapid,
1 inn on less (16), that tine duration of action
is about 6 hum, munsd thsat adose of300 mg/kg to
rats brings mubout a maximal effect (17). All

these observmttionss are ins contrast to those
mtude mu tine present work.

It is knuowni that imnisibition of aldehyde
deinydrogemuase in vitro by disulfiram is pre-
vensted but not reversed by sulfhydryl-con-
taininsg compoumsds (7). Thuus, inhibition of
tine enszyme in vivo might be irreversible and
svnntinesis of nuew erszyme might be required.
Treatmemut witis dithiotinreitol did not restore
nuctivity, msor did Sepinadex G-25 gel filtration

bring about ansy restorations of enzyme ac-
tivity ins tine supernnattinnt fraction. The ex-
perimemsts with cyclohueximide also bear on

tinis problem. Tinere wnus complete inhibition
of the recovery of aldehuvde dehydrogenase
muchivity tufter disulfiram and cycloheximide

treatment, indicmuting a requirement for muew

protein s nsthesis for return of activity.
The inscorpornution of t4C..leucine was

inninibited 46% followinsg cycloheximide treat-

menut; yet virtunully complete inhibition of
recovery of ennzyme activity was achieved.
Tine reasons for this observation is not clear,

unniess cycloheximide is somehow selective in
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its inshibitionu of proteins synutinesis. It is also
possible thstut cychoineximide inshuibited the

synithesis of some enszvme wisichs rapidly

turnus over mumsd which is required eitiner for

destructions of tine inuisibitor of aldeusyde
deisydrogenuase or for removal of the inhibitor
from tine enzyme. Tine results of the 35S ex-

penimenst seens to cmust doubt ons tiuis posSi-

bility, inowever.

Our results consfirns the earlier report (8)
tinmut admimsistrations of disulfiram lowers
aldelsyde dehydrogenase muctivity ins liver,

amsd extend tiuis fiisdinsg to diethnylditinio-

canbamate, which is equally effective after

nudminsistrations in vito. We also have ob-

taimued preliminsary evidensce that tine ininibi-
tions is irreversible anud returns of activity is

dependent uponn proteins symitinesis.
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