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Abstract--Disulfiram and chloral hydrate are known inhibitors of aldehyde dehydrogenase (ALDH), 
an enzyme involved in the metabolism of dopamine and noradrenaline as well as acetaldehyde. The 
inhibition in riro of this enzyme by these drugs was investigated in rat liver and brain by measuring 
the distribtltion of catabolites ohtaincd from catechol amines. Incubations of brain and hvcr tissues 
as well as perfusions of the caudate nucleus of conscious animals were performed with “C-labeled 
catechol amines. Data from slice incubations revealed that disulfiram at a dose of 3X) mg!kg.day 
given for at least 3 days inhibits brain ALDH more effectively (48 per cent) than the liver enzyme 
(16 per cent). as measured by the decreased formation of 3.4.dihydroxyphenylacetic acid. Furthermore. 
disulfiram increases the rate of deamination of dopamine in liver slices by approximately 25 per cent, 
but did not alter the rate of dopamine deamination in the brain tissues. Tetrahydropapav,erolinc (THP) 
was formed in every experiment utilizing dopamine. Approximately 10 per cent of the deaminated 
dopamine was recovered as the alkaloid. In addition, a non-identi~ed metabolite of dopaminc was 
isolated, primarily from incubations of brain tissues. Some, but substantially less. of the noll-ide[lti~ed 
metaholite was obtained from incubations of liver slices as well as from brain perfusions. Chloral 
hydrate at a dose of 100 mgikg’day given for at least 3 days did not significantly affect the metabolism 
of dopamine in either organ. The metabolism of noradrenaline was not significantly altered by either 
drug. Data from the brain perfusions confirmed the conclusions from mcubations of slices: disulfiram 
is a potent inhibitor of 3,4-dihydroxyphenylacetic acid formatton, while chloral hydrate is virtually 
ineffective at illhibiti[lE the acid formation. The major differences found from the perfusion studies 
compared to the slice incubations were in the increased concentrati~~n of homovaniilic acid (HVA) 
and the decreased formation of the non-identdied metabolite. The finding that disulfiram only inhibited 
by 16 per cent the liver metabolism of dopamine while drastically inhibiting the liver metabolism 
of acetaldehyde suggests that different isozymcs of aldehyde dehydrogenase are involved in the oxidation 
of these two aldehydes. The lack of inhibition of 3.4-dihydroxymandelic acid formation suggests that 
the aldehyde derived from noradrenaline ma) be metabolized by still a ditferent isozyme of aldchyde 
dehydrogenase. 

Aldehyde dehydrogenase (aldehyde:NAD oxido oxidize biogenic aldehydes derived from amines to 
reductase, EC 1.2.1.3, ALDH) catalyzes the oxidation their acid derivatives. The catabolic pathway for bio- 
of aldehydes to acids. The aidehydes are formed in genie amines is found to be essentially the same in 
cirn from either alcohols such as ethanol or from bio- the liver [2]. heart [3] and brain [II]. Thus, a drug 
genjc amines such as the catechol amines and sero- which inhibits liver aldehyde dehydrogenase may also 
tonin. These amines are converted to aldehydes by inhibit the enzyme located in non-hcpatic tissue. 
an oxidative deamination catalyzed by monoamine Disulfiram is a potent inhibitor of ALDH. both 
oxidase (monoamine:02 oxido reductase. EC 1.4.3.4. in riro [4] and in t’itro [S]. If alcohol is ingested 
MAO) while alcohols are oxidized to aldehydes by 
alcohol dehydrogenase (alcohol:NAD oxido reduc- 

when disulfiram is present. acetaldehyde levels rise. 
The increased blood acetaldehyde IS presumably 

tase. EC 1.1.1.1, ADH). Though aldehydes such as partly responsible for the deli-kno~tl disulfir~lln~ai~o- 
acetaldehyde are almost exclusively oxidized to acids. hol reaction [6]. For this reason the drug is often 
biogenic aldehydes can be either oxidized to acids given to the alcoholic patient in order to deter drink- 
or reduced to alcohol derivatives. Prior to excretion. ing. Chloral hydrate is another inhibitor of ALDH. 

the catechol amine-derived compounds can be methy- and is sometimes used for the treatment of with- 
lated by catechol-O-methyl transferase (S-adenosyl- drawal syndrome in conjunction with other drugs [73. 
methionine:~ate~hol-O-methyl transferase. EC 2.f .I .6. and in cases of insomnia of ~Il~ohol-addicted indivi- 
COMT). Though acetaldeh~de is primarily formed duals [Xl. 
and metabofized in the liver [I]. ALDH is located Since ALDH is involved in both ethanol and bio- 
in other tissues such as brain and heart. In these tis- genie amine metabolism, any drug which inhibits the 
sues, the role of the enzyme is presumed to be to enzyme could also affect biogenic amine metabolism. 

- In this paper, we report on the effects of disulfiram 
*Journal paper number 6245 of the Purdue University and chloral hydrate on catechol amine metabolism 

Agricultural Experiment Station. in the liver and brain of rats. 
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LXPERIMEhTAL 

All chemicals were reagent grade and used, except 
when stated. without further purification. Soluble car- 
boxymethyl cellulose. disulfiram. 2,4_dinitrophenyl- 
hydrazine. catecholamines and other catechol prod- 
LKYS were purchased from Sigma Chemical Co. (St. 
Louis, MO.). and chloral hydrate from Fisher Scien- 
tilic C‘o. (Fair Lawn. N.J.). [Ethylamine 1 -14C’] dopa- 
mine hydrochloride and Dr.[carbinol-‘Y’]noradrena- 
lint hitartratc were obtained from Amersham6earle 
C‘orp (Arlington Heights. IL). Parafilm M from 
American Cali Co. (Greenwich. CT). phenol rc- 
agent (Folin) from Harleco (Gibbstown. NJ) and 
3 MM chromatography paper from Whatman W & 
R Balston Ltd. (Maidstone. England). Tetrahydropa- 
pa\crolinc was a gift of Dr. A. Collins. Inst. for Be- 
ha\ ioral Gcnctics. Univ. of Colorado (Boulder. CO). 
All other chemicals wcrc purchased from Mallinck- 
irodt C‘hcmical Works (St. Louis. MO). Wistar rats 
wcrc supplied by the breeding facilities of Purdue’s 
Dcpartmcnt of Biochemistry. Double-distilled water 
L~;I\ used throughout this work. 

lIr1ry,\ tr[ln~ir~i.sfr.cllio/l. Disulfiram (recrystallized 
from water- acetone mixtures [S]) was suspended 
(200 mg:ml) in I”,, carboxymethyl cellulose. Chloral 
(distillatcd after treatment of the hydrate crystals with 
concentrated sulfuric acid [IO]) was mixed 
(100 mg/ml) with I”,, carbovymethyl cellulose. Either 
one of the drugs was intubated in the stomach of 
300-g male Wistar rats (I ml/kg) every 24 hr for at 
least 3 days. when tissue slices were to be incubated. 
Refercncc animals were treated with an equivalent 
amount of carboxymethyl cellulose. An additional 
do\c of chloral hydrate was given I hr before sacrific- 
ing the animal. Either a dose (3 ml/kg) of chloral hyd- 
rate or disulfiram (0.5 or I6 hr before dopamine injec- 
tlon rcspectivelq) was intubated in the stomach of the 
animal when drug inhibition was to be measured by 
brain perfusion. 

[r~c~rhtrtior~ qf’ ti.t.s~c~ slicc~ Brain and liver were 
removed from the body within 2 min after decapi- 
tation. Slices (50 mg) were prepared with a Stadie 
Riggs microtome. briefy washed in standard Krebs 
Kingcr phosphate bull& [I I] and incubated for 4 hr 
in 1 ml of the same solution containing 2 mM 
(0.1 IcC’i) “C-labeled dopamine or noradrenaline. The 
incubation tubes (I3 x 100 mm) were flushed with 
oxv~cn. scaled with Parafilm and shaken con- 
ti~~~&usly in a thermostatic bath at 37 

Scptrr~crior~ of’ ptdws. After removing the slice 
from the incubation mixture, a 25-/tl sample was sub- 
jccted to paper electrophoresis in 50 mM sodium bor- 
ate butfer. pH 9.5 (3 hr. 10 V/cm, 4 ), in order to sep- 
aratc the metaholites of dopaminc or noradrenaline 
[I?. Ii]. Standard solutions of expected products 
wcrc run simultaneously. Spots were visualized with 
50”,, aqueous phenol reagent. cut from electrophore- 
grams and quantitated by scintillation counting as de- 
scribed by Tank c’t (I/. [13]. Individual components 
wcrc identified by comparison of electrophoretic 
mobility Lvith reference standard solutions in either 
sodium borate or 30 mM sodium phosphate buffer. 

pH 6.8. The presence of aldchydic function was rccog- 
nizcd by spraying with 0.4”,, of 3.4.dinitrophcnylhqd- 
razine in 2 N HCI. Schematic clectrophorcgr~~iiis ;II-c 

presented in Fig. 1. 
S~qqr. A thin-wall stainless steel guide tube wab 

implanted stcrcotaxically in the brain of the rat undc~- 
aseptic conditions, as described b> Myers 1141. The 
coordinates of the site to hc perfused. the caudatc 
nucleus. were determined using the stcrcotaxic atlas 
of Pellegrino and Cushman [ 151: .-1P = X.2. L = 3.0 
and I/ = 4.0. After surgery. the animals Lvcrc allowed 
5 days for recovq. 

I’~r.t/~~p~f/l /wI~/u~~o~~s. The microiii,jcction and the 
push pull perfusion canulae were fashioned and filled 
with a physiological sterile solution as described by 
Myers [l6]. Approximately I LrCi (2 III, 0.6 to 
I.O/lmolc) [‘“Cldopamine was injected at I 1’1 min 
1 mm below the tip of the implanted guide tube Fi\e 
min later, the push-pull perfusion was started and 
performed for 30 min continuously at 35 /tl,min; the 
pcrfusatc was stored at 0 in a long coil of PF 50 
polycthylenc tubing. and fractions of ~‘(1. 501tl LICI-c 
collected and acidified to pH 4.0 with 0. I U HC‘I. The 
products wcrc anal~/cd as described aho\c 11~ the 
incubation experiments. Each animal \+;Is submitted 
to one perfusion daily. Reference metabolism M;I\ 
dctcrmincd hcforc an> drug was gikcn to the rat. His- 
tology of the area of implantation was performctl 
according to Wolf [ 171. 

0 
MIGRATION (mm) 

ACD 0 
NIM 0 
HVA 0 
NTR 

THP 0 
PRO 0 
AMN 0 O-S1 
DOPAMINE TAF 

0 ACD 
100 

NTR 

50 

0 PRO 

0 AMN 

+a 
?T 

NORADRENALINE 

Flp. I. Schematic clectrophoregrnms 01‘ mctabolites from 
dopamine (left) or noradrenalinc (right) incubated wllh 
brain or liver tissues. Migration is in horatc bulfcr. a\ dc- 

scribed in the Experimental section. Ahhreviatmns arc ;,I 
follows: AMN: dopaminc or noradrcnalinc: PRO: 
‘sC-laheled compound(s) hound to protcln; NTR : ncut~-;~l 
metaholites (alcohol and aldehydes): THP: (ctrahvdrop:,;l- 
paveroline: HVA 4-hydros~-3-methoxqphenqlacetlc acid: 
NIM: non-identified metaholite: ltnd ACD: 3.3-dihq’dro%!~ 
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~u~~~{~~~~~~)~~s. Except when stated, all values are 
expressed as mean and standard deviation of dupli- 
cate analysis from eight animals. Statistical signifi- 
cance was determined by Student’s t-test for two 
means with a programmed Hewlett-Packard 25 cai- 
cuiator. 

RESULTS 

Lircr ~)~~t~~b~~js~l. Approximately 50 per cent of the 
dopamine was deaminated during the course of the 
incubation. The major metabolites isolated were acids 
(48 per cent). either 3,4-dihydroxyphenytacetic acid 
(DOPAC) or 4-hydroxy-3-methoxyphenylacetic acid 
(homovanillic acid, HVA), and neutrals (28 per cent), 
which were previously shown to be a mixture of both 
3~~-dihydroxyphenylethanol (DOPET) and 3,4-dihyd- 
roxyphcnvlacetaldehydc (DOPAL) 1131. Tetrahydro- 
papaverofine (THP), a condensation product of dopa- 
mine and DOPAL 1181, was also obtained. Two ad- 
ditional radioactive components were found. The first, 
which migrated between dopamine and THP, con- 
tained proteins. It was not ascertained which metabo- 
tites were associated with, or how they were bound 
to, this protcic material. The second was a metabolite 
which is not yet identified (non-identified metaboiite, 
NIM) migrating close to DOPAC. Since the chemical 
nature of this component is still unknown. the same 
specific activity as dopamine (1 “C atom/molecule) 
was assumed to calculate the levels of this component 
(Table I). The distribution of these products is pre- 
sented in Fig. 2A. When dopamine was incubated 
with free intact hepatic cells. the same distribution 
of metaboiites was obtained, within experimental 
error. 

aldehyde oxidation: less than 10 per cent of ALDH 
activity remained when 25 PM disulfiram was present 
in the assay. However, only a modest th per cent 
decrease in DOPAC formation was observed in the 
incubation of liver slices. A higher inhibition (48 per 
cent) was found in incubations of brain tissues. For 
both organs, the level of HVA was unaffected by the 
drug. Concomitant with the decrease of DOPAC con- 
centration was a proportional increase of the neutral 
accumulation. The overall effect of disul~r~~~i on the 
metabolism is presented in Fig. 2 and Table I. 

Chloral hydrate, though a potent inhibitor irr vitro 
of ALDH, is relatively ineffective in producing alter- 
ations in DOPAC or neutral levels as shown in Fig. 
2. The response in ~>it~j of ALDH to the drug. as 
measured by the alteration of DOPAC formation in 
incubation of tissues, is summarized in Table 2. where 
only the concentrations of major metaboiites were 
considered. Chloral hydrate produced a small but sta- 
tistically significant increase (~1. I? per cent) in brain 
neutral levels. However, the u>. ? per cent decrease 
in brain DOPAC levels that was observed did not 
reach a statistical significance due to broader indivi- 
dual variation. 

Disutfiram-treated animals, but not chtoral hy- 
drate-treated ones. exhibited an enhancement of the 
overall deamination of dopamine in the liver slices. 
Neither drug affected this deamination in the brain 
tissues. 

Bvuit~ ~?7~~[~~~~/~.s~~~. The same metabotites were iso- 
lated from incubatiotls of brain and liver tissues. 
However. the rate of deamination of dopamine was 
50 per cent lower than in incubations of liver slices 
(Table I). The major difference in product distribution 
between results from these two organs was in the level 
of the non-identified metaboiite. After incubations of 
brain tissues, this component was a major metabolic 
product, reaching a level comparable to that of 
DOPAC, as shown in Fig. 23. In addition, more 
radioactivity was recovered in the protein fraction. 

~(~r~z(~r~~z~zliF~~ metabohn in fissue ,sf&% 1 n con- 
trast with the deamination of dopamine, disulfiram 
did not affect the rate of noradrenaline disappearance. 
After incubations of liver and brain slices from any 
control or drug-treated animals, two major fractions 
were isolated. The neutral one comprised 3.4-dihyd- 
roxyphenylglycot (DOPEG) and 3,4-dihqdroxy- 
p~~cnyl~lycolaldehyde; the acid one contained on14 
3,~dihydroxymandelic acid (DORA). A slightly 
higher level of acid was found as a result of liver 
metabolism (19 per cent), as compared to brain meta- 
bolism (14 per cent). Some radioactivity was also 
found in a fraction containing proteins; I7 and 22 
per cent of the recovered labeled components were 
associated with this fraction in the incubation mix- 
tures of liver and brain tissues respcctivcly. The drugs 
did not alter these values (data not presented). 

&%ct c$ ~~~.~~~~~~~uf?~ nn(/ ihlorul h~&~~re. Assays in 
ritio [ 19.201 using p-nitrobenzaldehyde or acetalde- 
hyde revealed that disuifiram is a potent inhibitor of 

Basal nwtaholism The metabolism of dopamine in 
the brain was also measured in situ by perfusion of 

Table I. RadioLkctivity (cpm) found in compounds isolated from incubations of [“Cldopamine with lrvcr or brain 
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the caudatc nucleus of conscious rats. In Table 3 are 

presented re~res~t~t~ti~e results obtained at selective 
time points during perfusion. In contrast la results 

from incubation of brain slices. where the ratio of 

HYA to DOPAC was 0.7. the perfusion data showed 

a ratio from 1.2 to 4.0. Also, the level of the non-iden- 

tified metaholite was three to t&c times lower. 

The relative levels of acid and neutral metabolites 

at different times after micro injection of dopamine 

are presentctl in Fig. 3. Each time point of the curc’CS 

is analogous to the single entry of Table 7. The levels 
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Table 3. Radioactivity (cpm) found in compounds derived from dopamine isolated at various times 
for perfusion of the caudate nucleus in the presence and absence of drugs 

* 1.ime after injection of dopamme. 
P For abbreviations of compound see Figs. 1 and 2. 

expected from the incubation of brain slices, disul- 
firam drastically inhibited the formation of acids as 
shown in Fig. 3A. The inhibition is observed CCI. 
10 min after the onset of perfusion. Similar effects can 
be noted if either HVA or DOPAC was plotted separ- 
ately. since both of their respective levels were simi- 
larly decreased by this drug. The expected increase 
in the level of neutral metabolites was observed as 
well as the unaltered amounts of both THP and non- 
identi~ed metabolite. 

No alteration of the metabolism was observed with 
the chloral hydrate-treated animals. Though the 
representative results presented in Table 3 and Fig. 
38 indicate a slight difference between the metabolic 

levels. it was established that they were within the 
range of metabolic variation observed for a given ani- 
mal. as opposed to experimental errors. 

WXX_!SSION 

Incubations of liver slices or free intact hepatocytes 
yielded similar patterns for the dopamine metabolism. 
Comparable results were also obtained with incuba- 
tions of brain tissues and from perfusions of the cau- 
date nucleus. However, an exception is the low level 
of HVA obtained: this 0-methylated acid is not 
formed in high amounts in the incubations. presum- 
ably due to the non-regeneration of endogenous 
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Fig. 3. Representattve curves of brain perfusion of animals before (0 or 0) or after (A or a) treatment 
with disulfiram (A) or chloral hydrate (B). For simplification, only relative concentrations of neutral 
[.-; -. A. 0: 3,4-dihydroxyphenylae~taldehyde (DOPAL) + 3~4-dihydroxyph~nyieth~~ol (DOPET)] and 
actd [ ----, A. 0: 3.4-dihydroxyphenylaeetic acid (DOPAC) + 4-hydroxy-3-methoxyphenylacetic acid 
(HVAII metaboiites are shown as a function of the time elaspsed after injection of dopamine, Conditions 

are as described in the experimental section. 
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S-adenosylmethioninc (SAM) in the cell. In brain per- 

fusates from live animals. where regeneration of SAM 

i\ possible. a large fraction of the recovered acids was 

HVA. Since O-methyl amines were not detected in 

any incubation or perfusion. COMT must have trans- 

fcrrcd methyl groups to DOPAC and.ior DOPAL. 

No one has reported the presence of aldehydcs de- 

ribed from the catecholamines in urine. They were 

identified in incubations of liver [13] and brain tis- 

hues and perfusions. This suggests that the aldehydc 

is further metabolired or oxidized before excretion. 

Though not normally found in urine, TH P has 

been dctccted from subjects treated with 3.4.dihyd- 

roxq phenylalanine (L-DOPA) [‘I]. The isolation of 

THP in every cxperimcnt in this study shows. as orl- 

ginallv published bq Da\ib and Walsh [IX], that this 

compound can indeed be formed in the animal. No 

attempt was made to determine where THP form\ 

in the organs and if it is further metabolized. The 

relationships between dopamine. DOPAL nnd THP 

concentrations will bc presented elsewhere. 

A presumably new but still not identified mctabo- 

litc from dopaminc was isolated. This compound was 

l’ound in large amounts from incubation of brain 

slices but in low concentrations from liver tissues. 

Finding the compound primarily from incubations of 

brain slices shows that the compound was not one 

of the typical catcchol degradation products that are 

formed when incubating catechols in the presence of 

oxygen. Perfusions of the caudatc nucleus yielded a 

Icccl more similar to that obtained with liver slices. 

suggcstinf that the main site of synthesis is located 

in another region of the brain. Preliminary attempts 

to characterize this compound by mass spectrometr? 

t-emaincd unsuccessful. Its high clectrophoretic mohl- 

11th in borate huKcr could be due to cithcr the prcs- 

cncc of acidic residue\ or of additional hycirc~x~ I 

gl-oups bcinp complcxcd bq the borate anion. 

Chloral hydrate is metabolized rapidly in the li\cl 

[21]. Assa! \ i/l rifrc~ performed under I’,,,,,, conditions 

uhinl crude rat liver homogenates showed that 

IO mM chloral hydrate was necessary to totally in- 

hlbit ,ALDH activit). It was not possible to adminis- 

tcr the drug nt such ;I concentration in the animal. 

50 the lack of inhibition in the liver or brain slice 

experiments could be due to either the fact that the 

drug \+a completely metaboli~cd or that there was 

not enough drug present to inhibit the enzyme in the 

pracncc of the substrate. Howcber. Huff ct trl. [3] 
f0tlnJ that chloral hydrate gi\cn to ruts grratlJ 

alfcctcd the scrotonin metabolism. It was found in 

thik stud! that even if an additional dose (0.6111~,,l 

of chlnral hydrate w;15 given intragastrically only 

3Omin prior to brain perfusion. no alterntion in the 

metabolism of dopaminc ~‘a5 observed. It is pos\ible 

th;lt the CW~II~CS located il? the caudatc were not as 
inhibited b) chloral hydrate 3s were the ervymes 

lncatcd in the scrotoncrgic regions of the brain. Thus. 

the (inding of cssrntially no inhibition by the drug 

cannot bc uheci ;I\; aidence to prove that the drug 

ix not an inhibitor ifi i.iro of aldehyde dehydropenase. 

In contrast to chloral hydrate, disulfiram not only 

inhibltcd ALDH in bruin and liker but stimulated 

the deamination of dopamine in the liver. It did not 

a(li.ct the deamination of noradrcnalinc. The GILISC 

of thi\ stimulation. prc~umably of liver M40 activity. 

was not investigated. There are multimolect~lar form\ 

of MAO [14] and different isozymcs are involved III 
the oxidative deamination of noradrenaline and dopa- 

mint 1251. It appears. then. that disulfirxm is atl’ccting 

these isozymes diffcrcntly. 

As can be seen from the data in Table 7, inhlbition 

of DOPAC formation in disulliram-treated ;Inim;ll\ 

is three times more etl’cctlve in the brain than m the 

liver. This small extent of inhibition (16 per cent) 01 

the liver cnryme was unexpected. since it 1s known 
that acetaldehyde is barely oxidized in the prescncc 

of the drug and that the same mitochondrial ALDf I 

L’76] isoqmc IS prcfcrcntially rcsponsiblc I’oI- both 

acetaldchyde and DOPAL o\tidation (to be publi+cd). 

Deitrich and Erwin 141 habe shown that all rat h\cr 

ALDH isorymes are not equally inhibitcd by C~IQII- 
firam. Such an uninhibited isoryme could thu\ 

account for the DOPAL oxidation in the drug-tl-eatcd 

animals. This would bc valid onI> if the uninhlbitcti 

isozyme had higher specific activity toward DOPAI. 

than toward acctaldchydc. Preliminq worh on \uh- 
strate spccificitg supports this hypothesis. 

From brain perfusions of control rats. 55 X0 IXI~ 
cent of the acid product obtained M;IS t1VA. DOPAC‘ 

;IS well as HVA Icvcls were dccreascd in perfuGon5 

of disulfiram-treated animals. This susgcsts that the 

unaltered Ie\cls of t1VA found after incubation 01 

brain slices were due not to lack of ALDH inhibition. 

but more likely to the irapid depletion of SAM ;I\ 

discussed above. 

The large standard deviations of the prcscnted 

results arc due to differences bctucen individual ani- 

mals and not to simple eupcrimental errors. It could 

be caused by differences in the rates of drug absorp- 

tion md intcractinns. as illustrated bq the broader 

\arlation 111 incubation!, of bwin slices from di\u- 

firam-treat4 animals (\cc Table 2). 

Among the multiple etrccts 011 the orpanism. cii\uI- 

tiram al‘l‘ects brain mntl libel- dopamine mctaboliwi 

mainly by inhibition of ALDH. In addition it inhibits 

dopaminc-/i-liyciro’;4laxc (X3-dihydl-0x4 phcnylcth) I- 

amine. ascorbatc:axypen oxido reduct;w. EC‘ 

1.14.2.1. DBH). thus lowcrinf the concentrations ot 

noradrcnalinc in the organism [O. 271. Sincc the drug 

inhibits DBH and ALDH. the physiological balance\ 

of cvcry mctabolitc from dopamine and noradrcnalinc 

are attcrcd. The estrapolutionh from animal modclh 

to human\ arc always difficult. Rats wither c\hlblt 

;I “knoch-out” effect when chloral hydrate and cth- 

anol al-e ei\cn simLllt~uneousl\. nor the \\cll-hnown 

ethanol ~d~ulliram syndrome. When disulliram is pre- 

scribed to patients in order to dctsr dt-inking. the 

treatment is usually for a long period of t imc. If w~mc 

similarities exist between the metabolism of [rat\ and 

humans. disulfiram-trc~ited patient5 uoutd encountci 

;I scrioub change in their o\crall catccholamine meta- 

bolism. What the long-tam cll’ccts of zuch an ;tltcr-- 

ation would be 1s not predictable. 
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