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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 vivo of this enzyme by these drugs was investigated in rat liver and brain by measuring
the distribution of catabolites obtained from catechol amines. Incubations of brain and liver 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 200 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. Tetrahydropapaveroline {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-identified metabolite of dopamine was
isolated, primarily from incubations of brain tissues. Some, but substantially less, of the non-identified
metabolite was obtained from incubations of hiver slices as well as from brain perfusions. Chloral
hydrate at a dose of 100 mg/kg-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 incubations of slices: disulfiram
is a potent inhibitor of 34-dihydroxyphenylacetic acid formation, while chloral hydrate is virtually
ineffective at inhibiting the acid formation. The major differences found from the perfusion studies
compared to the slice incubations were in the increased concentration of homovanillic acid (HVA)
and the decreased formation of the non-identified 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 isozymes of aldehyde dehydrogenase are involved in the oxidation
of these two aldehydes. The lack of inhibition of 34-dihydroxymandelic acid formation suggests that
the aldehyde derived from noradrenaline may be metabolized by still a different isozyme of aldchyde

dehydrogenase.

Aldehyde dehydrogenase (aldehyde:NAD oxido
reductase, EC 1.2.1.3, ALDH} catalyzes the oxidation
of aldehydes to acids. The aldehydes are formed in
vive from either alcohols such as ethanol or from bio-
genic amines such as the catechol amines and sero-
tonin. These amines are converted to aldehydes by
an oxidative deamination catalyzed by monoamine
oxidase (monoamine:Q, oxido reductase, EC 1.4.3.4,
MAQO)} while alcohols are oxidized to aldehydes by
alcohol dehydrogenase (alcohol:NAD oxido reduc-
tase, EC 1.1.1.1, ADH). Though aldehydes such as
acetaldehyde are almost exclusively oxidized to acids,
biogenic aldehydes can be either oxidized to acids
or reduced to alcohol derivatives. Prior to excretion,
the catechol amine-derived compounds can be methy-
lated by catechol-O-methyl transferase (S-adenosyl-
methionine:catechol-O-methyl transferase, EC 2.1.1.6,
COMT). Though acetaldehyde is primarily formed
and metabolized in the liver [1]. ALDH is located
in other tissues such as brain and heart. In these tis-
sues, the role of the enzyme is presumed to be to
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oxidize biogenic aldehydes derived from amines to
their acid derivatives. The catabolic pathway for bio-
genic amines is found to be essentially the same in
the liver [2], heart [3] and brain [2]. Thus, a drug
which inhibits liver aldehyde dehydrogenase may also
inhibit the enzyme located in non-hepatic tissue.

Disulfiram is a potent inhibitor of ALDH, both
in rvivo [4] and in vitro [S]. If alcohol is ingested
when disulfiram is present. acetaldehyde levels rise.
The increased blood acetaldehyde is presumably
partly responsible for the well-known disulfiram-alco-
hol reaction [6]. For this reason the drug is often
given to the alcoholic patient in order to deter drink-
ing. Chloral hydrate is another inhibitor of ALDH.
and is sometimes used for the treatment of with-
drawal syndrome in conjunction with other drugs [7].
and in cases of insomnia of alcohol-addicted indivi-
duals [8].

Since ALDH is involved in both cthanol and bio-
genic amine metabolism, any drug which inhibits the
enzyme could also affect biogenic amine metabolism.
In this paper, we report on the effects of disulfiram
and chloral hydrate on catechol amine metabolism
in the liver and brain of rats.
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EXPERIMENTAL
Muaterials

All chemicals were reagent grade and used, except
when stated, without further purification. Soluble car-
boxymethyl cellulose, disulfiram, 24-dinitrophenyl-
hydrazine. catecholamines and other catechol prod-
ucts were purchased from Sigma Chemical Co. (St
Louis. Mo.), and chloral hydrate from Fisher Scien-
tific Co. (Fair Lawn. N.J.). [Ethylamine 1-'*C7 dopa-
mine hydrochloride and pr{carbinol-'*C]noradrena-
linc bitartrate were obtained from Amersham/Searle
Corp. (Arlington Heights, IL), Parafilm M from
American Can Co. (Greenwich. CT). phenol re-
agent (Folin} from Harleco (Gibbstown. NJ) and
3MM chromatography paper from Whatman W &
R Balston Ltd. (Maidstone. England). Tetrahydropa-
paveroline was a gilt of Dr. A. Collins, Inst. for Be-
havioral Genetics. Univ. of Colorado (Boulder. CO).
All other chemicals were purchased from Mallinck-
rodt Chemical Works (St. Louis, MQ). Wistar rats
were supplied by the breeding facilities of Purdue’s
Department of Biochemistry. Double-distilled water
was used throughout this work.

Methods

Drugs  administration.  Disulfiram  (recrystallized
from water-acetone mixtures [9]) was suspended
(200 mg/ml) in 19, carboxymethyl cellulose. Chloral
(distillated after treatment of the hydrate crystals with
concentrated  sulfuric  acid [10]) was mixed
(100 mg/ml) with 1°, carboxymethyl cellulose. Either
one of the drugs was intubated in the stomach of
300-g male Wistar rats (1 ml/kg) every 24 hr for at
least 3 days. when tissue slices were to be incubated.
Reference animals were treated with an equivalent
amount of carboxymethyl cellulose. An additional
dose of chloral hydrate was given 1 hr before sacrific-
ing the animal. Either a dose (3 ml/kg) of chloral hyd-
rate or disulfiram (0.5 or 16 hr before dopamine injec-
tion respectively) was intubated in the stomach of the
animal when drug inhibition was to be measured by
brain perfusion.

Incubation of tissue slices. Brain and liver were
removed from the body within 2min after decapi-
tation. Slices (50 mg) were prepared with a Stadie
Riggs microtome, briefly washed in standard Krebs
Ringer phosphate buffer [117] and incubated for 4 hr
in 1ml of the samc solution containing 2mM
(0.2 4Ci) "*C-labeled dopamine or noradrenaline. The
incubation tubes (13 x 100 mm) were flushed with
oxvgen. sealed with Parafilm and shaken con-
tinuously in a thermostatic bath at 37 .

Separation of products. After removing the slice
from the incubation mixture, a 25-ul sample was sub-
jected to paper electrophoresis in 50 mM sodium bor-
ate buffer, pH 9.5 (3 hr, 10 V/em, 4°). in order to sep-
arate the metabolites of dopamine or noradrenaline
[12.13]. Standard solutions of expected products
were run simultancously. Spots were visualized with
50", aqueous phenol reagent, cut from electrophore-
grams and quantitated by scintillation counting as de-
scribed by Tank er ol [13]. Individual components
were identified by comparison of electrophoretic
mobility with reference standard solutions in either
sodium borate or 30 mM sodium phosphate buffer,
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pH 6.8. The presence of aldchydic function was recog-
nized by spraying with 0.4 of 24-dinitrophenylhyd-
razine in 2N HCl Schematic electrophoregrams arc
presented in Fig. 1.

Surgery. A thin-wall stainless steel guide tube was
implanted stereotaxically in the brain of the rat under
aseptic conditions, as described by Myers[14]. The
coordinates of the site to be perfused. the caudate
nucleus, were determined using the stercotaxic atlas
of Pellegrino and Cushman[15]: 4P = 82 L = 3.0
and V = 4.0. After surgery. the animals were allowed
5 days for recovery.

Push—-pull perfusions. The microinjection and the
push-pull perfusion canulae were fashioned and filled
with a physiological sterile solution as described by
Myers [16]. Approximately 1uxCi 2ul, 06 to
1.0 umole) ['*C]ldopamine was injected at 1 ul/min
I mm below the tip of the implanted guide tube. Five
min later, the push-pull perfusion was started and
performed for 30 min continuously at 25 pl/min: the
perfusate was stored at 7 in a long coil of PE 30
polyethylene tubing, and {ractions of ca. 50 pl were
collected and acidified to pH 4.0 with 0.1 N HCL. The
products were analyzed us described above for the
incubation experiments. Each animal was submitted
to onc perfusion daily. Reference metabolism was
determined before any drug was given to the rat. His-
tology of the area of implantation was performed
according to Wolt[17].
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Fig. 1. Schematic clectrophoregrams of metabolites from
dopamine (left) or noradrenaline (right) incubated with
brain or liver tissues. Migration is in borate buffer, as de-
scribed in the Experimental section. Abbreviations arc us
follows: AMN: dopamine or noradrenaline: PRO:
'*C-labeled compound(s) bound to protein; NTR: neutral
metabolites (alcohol and aldehydes): THP: tetrahydropa-
paveroline; HVA 4-hydroxy-3-methoxyphenylacetic acid:
NIM: non-identified metabolite: and ACD: 3.4-dihydroxy-
phenylacetic acid or 3.4-dihydroxymandelic acid.
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Calculations. 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 r-test for two
means with a programmed Hewlett—Packard 25 cal-
culator.

RESULTS
Dopamine metabolism in tissue slices

Liver metabolism. 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-dihydroxyphenylacetic 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
3.4-dihydroxyphenylethanol (DOPET) and 3.4-dihyd-
roxyphenylacetaldehyde (DOPAL)[13]. Tetrahydro-
papaveroline (THP), a condensation product of dopa-
mine and DOPAL [18], 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-
lites were associated with, or how they were bound
to, this proteic material. The second was a metabolite
which is not yet identified (non-identified metabolite,
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 1). The distribution of these products is pre-
sented in Fig. 2A. When dopamine was incubated
with free intact hepatic cells. the same distribution
of metabolites was obtained, within experimental
erTor.

Brain metabolism. The same metabolites were iso-
lated from incubations of brain and liver tissues.
However, the rate of deamination of dopamine was
50 per cent lower than n incubations of liver slices
(Table 1). The major difference in product distribution
between results from these two organs was in the level
of the non-identified metabolite. After incubations of
brain tissues, this component was a major metabolic
product, reaching a level comparable to that of
DOPAC, as shown in Fig. 2B. In addition, more
radioactivity was recovered in the protein fraction.

Effect of disulfiram and chloral hydrate. Assays in
rvitro [19.20] using p-nitrobenzaldehyde or acetalde-
hyde revealed that disulfiram is a potent inhibitor of

5

aldehyde oxidation; less than 10 per cent of ALDH
activity remained when 25 uM disulfiram was present
in the assay. However, only a modest 16 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 disulfiram on the
metabolism is presented in Fig. 2 and Table 1.

Chloral hydrate, though a potent inhibitor in vitro
of ALDH, is relatively ineffective in producing alter-
ations in DOPAC or neutral levels as shown in Fig.
2. The response in vivo 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 metabolites were
considered. Chloral hydrate produced a small but sta-
tistically significant increase {ca. 12 per cent} in brain
neutral levels. However, the ca. 7 per cent decrease
in brain DOPAC levels that was observed did not
reach a statistical significance due to broader indivi-
dual variation.

Disulfiram-treated animals, but not chloral 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.

Noradrenaline metabolism in tissue slices. In 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-
roxyphenylglycol (DOPEG) and 34-dihydroxy-
phenylglycolaldehyde: the acid one containcd only
3.4-dihydroxymandelic acid (DOMA). 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; 17 and 22
per cent of the recovered labeled components were
associated with this fraction in the incubation mix-
tures of liver and brain tissues respectively. The drugs
did not alter these values (data not presented).

Brain perfusions

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

Table 1. Radioactivity (cpm) found in compounds isolated from incubations of [**CJdopamine with liver or brain
tissue in control and drug-treated animals

Activity* {cpm) Total count
Drug AMN PRO THP NTR NIM HYA DOPAC revovered
Liver
Reference + 8. D 2375 4 9%t 184 + 21 467 ~ 106 399 + {32 66 + 20 174 £ 73 $27 + 457 4763 + 564
Disulficam =+ S DL 1814 + 824 218+ 29 482 = 20 968 + 154 122 + 68 289 + 98 103X 1 S82 4899 jf— 347
Chioral hydrate
=S D 2507 + 9%6 180 + 26 418 = 145 604 + 150 75 %27 192 + 93 877 + 587 4555 4 340
Brain
Reference + S, D. 3063 + 406 130 + 26 219 =~ 51 236 + 77 232 =91 61 = 12 271 473 4211+ 400
Disulfiram + S. D. 2982 + 236 143 + 98 227 =92 355 + 127 265 + 111 60 + 14 139 I 70 4192 ; A3y
Chloral hydrate
+8 D 2904 + 319 165 + 108 211 = 62 260 + 91 219 + %0 62 + 22 242+ 79 4154 4 a4

* For abbreviations of compounds see Fig. 1.
+ Ca. SO00 cpm was placed in the paper.
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Fig. 2. Relative concentration of the deaminated products isolated from incubation of liver (A} or

brain (B} slices with dopamine. Abbreviations are as follows: PRO: "C-abeled compound(s) bound

to proteins: THP: tetrahydropapaveroline: NTR: neutral metabolites (3.4-dihydroxyphenylacetaldehyde

(DOPAL) + 34-dihydroxyphenylethanol DOPET); HVA: 4-hydroxy-3-methoxyphenylacetic  acid:

NIM: non-identified metabolite: and ACD: 34-dihydroxyphenylacetic acid (DOPAC). Comparison

of control animals {777/, left), animals treated with disulfiram {7 © © .. center) or chloral hvdrate
{ " right). Conditions are as described in the Fxperimental section,

the caudate nucleus of conscious rats. In Table 3 are
presented representative results obtained at selective
time points during perfusion. In contrast to results
from incubation of brain slices. where the ratio of
HVA to DOPAC was 0.2, the perfusion data showed
a ratio from 1.2 to 4.0. Also, the level of the non-iden-
tified metabolite was three to five times lower.

The relative levels of acid and neutral metabolites
at different times after micro injection of dopamine
are presented in Fig. 3. Each time point of the curves
is analogous to the single entry of Table 2. The levels

of non-identitied metabolite were omitted from Fig.
3 for clarity of presentation.

Effect of disulfiram and chloral hydrate, The total
radioactivity isolated at any time point differed prior
to and after drug treatment {Table 3). It cannot be
concluded from this difference that the drug altered
the uptake of dopamine or MAQO activity, for it is
often observed that there is a high degree of variabil-
ity in the levels of radioactivity in the effluent. This
variability does not prevent the measurement of the
inhibition of aldehvde dehydrogenase activity. As

Table 2. Distribution of the major metabolites isolated from incubation of brain or liver tissues with dopamine {(norma-
. _ p
lized to equal 100 per cent)

Neuptrals® (7,3 Acidst ity NAMT

Ohgan Drug Mean 8 D P Mean - 5.0 D P Mean - S D P
Brain RO B R 422 -S4 RS

Ihisulfiram 436 4 {07 PRTAT] RAR S N ~ 001 SR NE§

Chloral hydrate 320+ 44 PRIV KR I 3 NS JIN - 42 NS
Liser S9X - 03 IN e e

Disulfirum - NS R PRI LA - 105 334 A NS

Chioral hydrate W2 b te NS RERTE K NS 3K B 23 NS

* Neutrals: 3.4-dihydroxyphenylethanol (DOPET) + 3.4-dihydroxyphenylacetaldehyde (DOPAL).
+ Acids: 34-dihydroxyphenylacetic acid (DOPACY + 4-hydroxy-3-methoxyphenylacetic acid (HVA)

T NIM: non-identificd metabolite.
§ NS = not significant.
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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

Time* Activity? {cpra) Total counts
{min} AMN PRO THP NTR NiM HYA DOPAC recovered
Reference (animal 1
125 3051 136 287 199 { % 102 4.881
150 1,263 3t a7 85 15 41 124 1627
157 5635 2 33 R2 2 45 2 1190
Disutfiram-treated
128 B3 46 34 627 122 238 139 1700
150 161 3 23 99 118 165 1t L9t
17.5 107 I8 116 207 S3 K9 &7 677
Reference {funimal 2)
125 R.786 KIE2 984 1. 274 n 221 12,538
150 2943 162 7y [ 136 284 {38 4,703
{15 1984 47 210 st 107 168 120 397
Chioral hydrate-treated
{28 3.449 166 949 1,445 173 473 160 6815
150 IRATY a1 403 622 02 284 142 2,761
t7 3 AR 41 M 328 54 23 e 1524

* Time after injection of dopamine.

T 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 ca.
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-
identified metabolite.

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

80

CONCENTRATION [%)]
2 3

il
[+]

o] i i i H
[¢] 20 30 40
TIME [min]

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

DISCUSSION

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 O-methylated acid is not
formed in high amounts in the incubations, presum-
ably due to the non-regeneration of endogenous
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Fi_g. 3. Representative curves of brain perfusion of animals before (@ or ©) or after (A or A} treatment

with disulfiram (A) or chloral hydrate (B). For simplification, only relative concentrations of neutral

[ A, ®;34-dihydroxyphenylacetaldehyde (DOPAL) + 3.4-dihydroxypheuylethanol (DOPET)] and

acid [~—-~ . AL O; 3.4-dihydroxyphenylacetic acid (DOPAC) + 4-hydroxy-3-methoxyphenylacetic acid

{HVAJ] metabolites are shown as a function of the time elaspsed after injection of dopamine. Conditiong
are as described in the experimental section.
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S-adenosylmethionine (SAM) in the cell. In brain per-
fusates from live animals. where regeneration of SAM
is 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-
ferred methyl groups to DOPAC and/or DOPAL.

No one has reported the presence of aldehydes de-
rived from the catecholamines in urine. They were
identtfied in incubations of liver [13] and brain tis-
sues and perfusions. This suggests that the aldehyde
is further metabolized or oxidized before excretion.

Though not normally found in urine, THP has
been detected from subjects treated with 3.4-dihyd-
roxyphenylalanine (L-DOPA) [21]. The isolation of
THP in every experiment in this study shows, as ori-
ginally published by Davis and Walsh [18], that this
compound can indeed be formed in the animal. No
attempt was made to determine where THP forms
in the organs and if it is further metabolized. The
relationships between dopamine. DOPAL and THP
concentrations will be presented elsewhere.

A presumably new but still not identified metabo-
lite from dopamine was isolated. This compound was
found 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 catechol degradation products that are
formed when incubating catechols in the presence of
oxygen. Perfusions of the caudate nucleus yielded a
level more similar to that obtained with liver slices.
suggesting that the main site of synthesis 1s located
in another region of the brain. Preliminary attempts
to characterize this compound by mass spectrometry
remained unsuccessful. Its high clectrophoretic mobi-
lity in borate butfer could be due to either the pres-
ence of acidic residues or of additional hvdroxyl
groups being complexed by the borate anion.

Chloral hydrate is metabolized rapidly in the liver
[227. Assays in vitro performed under V. conditions
using crude rat liver homogenates showed that
10mM chloral hydrate was necessary to totally in-
hibit ALDH activity. It was not possible to adminis-
ter the drug at such a concentration in the animal.
so the lack of inhibition in the liver or brain slice
experiments could be due to either the fact that the
drug was completely metabolized or that there was
not cnough drug present to inhibit the enzyme in the
presence of the substrate. However. Huff er al. [23]
found that chloral hydrate given to rats greatly
affected the serotonin metabolism. It was found in
this study that even if an additional dosc (0.6 LDs,)
of chloral hydrate was given intragastrically only
30 min prior to brain perfusion. no alteration in the
metabolism of dopamine was observed. It is possible
that the enzymes located in the caudate were not as
inhibited by chloral hydratec as were the enzymes
lacated in the serotonergic regions of the brain. Thus.
the finding of essentially no inhibition by the drug
cannot be used as evidence to prove that the drug
is not an inhibitor in rivo of aldehyde dehydrogenase.

In contrast to chloral hydrate, disulfiram not only
inhibited ALDH in brain and liver but stimulated
the deamination of dopamine in the liver. It did not
alfeet the deamination of noradrenaline. The cause
of this stimulation, presumably of liver MAO activity,
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was not investigated. There are multimolecular forms
of MAQ [24] and different isozymes are involved in
the oxidative deamination of noradrenaline and dopa-
mine [25]. It appears, then, that disulfiram is affecting
these isozymes ditferently.

As can be seen from the data in Table 2, inhibition
of DOPAC formation in disulfiram-treated animals
ts three times more effective in the brain than in the
liver. This small extent of inhibition (16 per cent) of
the liver enzyme was unexpected, since it 15 known
that acetaldehyde 1s barely oxidized in the presence
of the drug and that the same mitochondrial ALDH
[26] isozyme is preferentially responsible for both
acetaldchyde and DOPAL oxidation (1o be published).
Deitrich and Erwin [4] have shown that all rat hiver
ALDH isozymes are not equally inhibited by disul-
firam. Such an uninhibited isozyme could thus
account for the DOPAL oxidation in the drug-treated
animals. This would be valid only if the uninhibited
isozyme had higher specific activity toward DOPAL
than toward acctaldehyde. Preliminary work on sub-
strate specificity supports this hypothesis.

From brain perfusions of control rats. 55 80 per
cent of the acid product obtained was HVA. DOPAC
as well as HVA levels were decreased in perfusions
of disulfiram-treated animals. This suggests that the
unaltered levels of HVA found after incubation of
brain slices were due not to lack of ALDH inhibition.
but more likely to the rapid depletion of SAM as
discussed above.

The large standard deviations of the presented
results are due to differences between individual ani-
mals and not to simple experimental errors. It could
be caused by differences in the rates of drug absorp-
tion and interactions, as illustrated by the broader
varfation in incubations of brain slices from disul-
firam-treated animals (sce Table 2).

Among the multiple cffects on the organism. disul-
firam altects brain and liver dopamine metabolism
mainly by inhibition of ALDH. In addition 1t inhibits
dopamine-fi-hydroxylase  (3.4-dihydroxyphenylethyl-
amine.  ascorbateroxvgen  oxido  reductase.  EC
1.14.2.1. DBH). thus lowering the concentrations of
noradrenaline in the organism [6. 27]. Since the drug
inhibits DBH and ALDH. the physiological balances
of every metabolite from dopamine and noradrenaline
are altered. The extrapolations from animal models
to humans are always difficult. Rats neither exhibit
a “knock-out™ effect when chloral hydrate and cth-
anol are given simultancously, nor the well-known
cthanol-disulfiram syndrome. When disulliram is pre-
scribed to patients in order to deter drinking. the
treatment is usually for a long period of time. If some
similaritics exist between the metabolism of rats and
humans. disulfiram-treated patients would encounter
a serious change in their overall catecholamine meta-
bolism. What the fong-term effects of such an alter-
ation would be 1s not predictable.

Acknowledgements  The authors wish to thank Dr. R D
Myers. who permitted free access to his laboratories and
instrumentation for brain perfusion experiments. and C.
L. Melchior and M. McCaleb for their helpful technical
advice. They are also grateful to Dr. T. K. Li, who supplied
the hepatocytes, This work was supported by a Postdoc-
toral Fellowship from the Swiss National Science Founda-



Effects of disulfiram and chloral hydrate on metabolism

tion and grants from NIH (AA01395) and NSF (BMS 75

03926).
REFERENCES
1. J. P.von Wartburg, in The Biology of Alcoholism (Eds,

T

B. Kissin and H. Begleiter), Vol. 1. p. 63. Plenum Press.

New York (19711

. M. Goldstein, A. J. Friedhott, S. Pomerants and I, F.

Conterna. J. biol. Chem. 236, 1816 (1961).

. C. O. Ruttledge and N. Weiner, J. Pharmac. exp. Ther.

157, 390 (1967).

. R. A. Detitrich and V. G. Erwin, Biochem. Phurmac.

7, 301 (1970).

. R. A. Deitrich. Proc. west. Pharmac. Soc. 10, 19 (1967).
. R.Morgan and E. J. Cogan, in The Biology of Alcoho-

lism (Eds. B. Kissin and H. Begleiter). Vol. 3, p. 163.
Plenum Press, New York (1974).

. H. A. Lyons and A. Salzman. in The Biology of Alcoho-

lism (Eds. B. Kissin and H. Begleiter), Vol. 3, p. 403.
Plenum Press, New York (1974).

. B. Kissin, in The Biology of Alcoholism {(Eds. B. Kissin

and H. Begleiter). Vol. 3, p. 9. Plenum Press. New
York (1974).

. P. G. Stecher (Ed.), The Merck Index, 8th Edn, p. 393

Merck & Co.. Inc, Rahway. N.J. {1968),

. P. G. Stecher (Ed.), The Merck Index, 8th edn, p. 1067

Merck, Rahway, N.J. (1968).

. L. L. Iversen and M. J. Neal, J. Neurochem. 15, 1141

(1968).

. J. W. Schweitzer and A. J. Friedhoff, Life Sci. 8, 173

(1969).

. AL W, Tank, H. Weiner and J. Thurman, Aan. N.Y.

Acad. Sci. 273, 219 (1976).

14.

15.

747

R. D. Myers, in Methods in Psychobiology (Ed. R. D.
Myers). Vol. 1. p. 247, Academic Press. New York
(1971).

L. J. Pellegrino and A. J. Cushman, A Stereoraxic Atlas

of the Rat Brain. p. 20. Appleton-Century-Crofts. New

York {1971},

. R. D. Myers, in Methods in Psychobiology {Ed. R. D,
Myersl. Vol 2. p. 169. Academic Press, New York
(1972).

. G. Woll. in Methads in Psychobivlogy (Ed. R. D.
Myers). Vol 1. p. 281, Academic Press. New York
(1971).

. V. E. Davis and M. J. Walsh, in Biological Busis of
Alcoholism (Eds. Y. Isracl and J. Mardones). p. 73.
Wiley-Interscience, New York (1971).

. R. L Feldman and H. Weiner. J. biol. Chem. 247,
(1972).

. R. L Feldman and H. Weiner. J. biol. Chem. 247,
(1972).

. M. Sandler. S. Bonham-Carter, K. R. Hunter and M.
G. Stern. Nature, Lond. 241, 439 {1973).

- B. E. Cabana and P. K. Gessner. J. Pharmac. exp.

Ther. 174, 260 (1970).

260

267

23. 1 A, Hufll V. E. Davis. H. Brown and M. M. Clay.

Biochem. Pharmac, 20, 476 (1971},
. M. B. H. Yondim. C. G. S. Collins and M. Sandler.
Fedn Eur. Biochem. So¢. Lett. 7, 215 {1968).

25. M. D. Houslay and K. F. Tipton. Biochem. J. 139,

645 (1974).

26. 5. O. C. Tottmar. H. Petterson and K. H. Kiessling,

in Aleohol and Aldehydes Metabolizing Systems (Ed.
R. G. Thurman), p. 147. Academic Press. New York
(1974).

27. M. Goldstein. B. Anajoste. E. Lauber and M. R. Mc-

Kereghan, Life Sci. 3, 763 (1964).



