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Abstract—Rats were treated with disulfiram (Antabuse®, DSF) or its metabolite diethyldithiocarbamic
acid methyl ester (Me-DDC) and challenged with ethanol. The blood pressure response to ethanol was
followed and blood was analyzed for DSF, Me-DDC and diethyldithiocarbamic acid (DDC). The rat
liver aldehyde dehydrogenase (ALDH) isozyme activities were measured 2 hr after the ethanol challenge.

Both treatments produced a significant fall in the blood pressure when challenged with ethanol,
probably caused by a marked decrease in hepatocyte low K,, and high K|, activities.

The mean plasma concentration ranges of Me-DDC and DDC were found to be 49-1241 nmol/1 and
182-841 nmol/1, respectively, whereas DSF was undetectable.

In addition, it was found that inactivation of hepatocyte low K,, ALDH activity was dependent on
preoxidation of Me-DDC by the microsomal cytochrome P-450 mixed function oxidases. Me-DDC was
found to be oxidized under aerobic conditions in the presence of NADP to form diethylthiocarbamic
acid methyl ester (Me-DTC). The structure was confirmed from its MS/EI fragmentation spectrum.
Me-DTC was found to be a potent inhibitor of low K,, ALDH when added to rat liver homogenate.
The compound was also identified as a metabolite in rat blood collected from the DSF and Me-DDC
treated rats, and in blood from human alcoholics on DSF treatment.

Me-DTC appears to be more selective for the low K, isozymes whereas the opposite seems to be the
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case for the hydrolytic product, DTC.

Disulfiram (DSF) is a drug used in the treatment of
alcoholism [1]. Despite more than 35 years of clinical
experience, its basic mechanism of action remains
unknown, whether it is due to DSF or its metabolites.
It has been suggested that the rapidly formed mono-
mer of DSF, DDC [2], is implicated in the in vivo
inactivation of the DSF sensitive hepatocyte low K,
ALDH [3, 4], by covalent interaction with a cysteine
residue located close to the active site of the isozyme
[5, 6], or by formation of an intramolecular disul-
phide link via a DDC adduct [7]. However, it has
been clearly demonstrated [7, 8] that, unlike the in
vivo inactivated enzyme, the enzyme inhibited in
vifro is reversed when treated with various reducing
agents, e.g. glutathione, 2-mercaptoethanol and
dithiothreitol.

A significant relationship between measurable
plasma concentrations of Me-DDC, a completely
inhibited DSF-susceptible ALDH isozyme in
erythrocytes, and a decrease in the diastolic blood
pressure has been demonstrated after ethanol chal-
lenge in human volunteers treated with increasing
doses of DSF [9].

These findings prompted an investigation of other
possible inhibition routes of ALDH, beyond those
caused by intact DSF, with special attention to one
of its metabolites. The aim of this investigation was
to elucidate whether the Me-DDC or any other
metabolite is responsible for any of the effects

observed in rats and humans receiving DSF.

MATERIALS AND METHODS

Me-DDC, diethyldithiocarbamic acid ethyl ester
(Et-DDC) and diethyldithiocarbamic acid propyl
ester (prop-DDC) were kindly supplied by A/S
Dumex (Copenhagen, Denmark). NAD and NADP
were obtained from Boehringer Mannheim
(Mannheim, F.R.G.), sodium deoxycholate,
sucrose, diethylamine and acetaldehyde from E.
Merck (Darmstadt, F.R.G.), Pyrazole from Janssen
(Beerse, Belgium), magnesium chloride, ethyl iodide
and methyl iodide from BDH Chemicals (Poole,
U.K.), glutathione and 2-mercaptoethanol from
Sigma Chemical Co. (St. Louis, MO) and carbonyl
sulphide from Alfax AB (Malmé6, Sweden). All other
chemicals were of analytical grade and obtained from
E. Merck.

Diethylthiocarbamic acid (DTC) was synthesized
by bubbling pure COS gas through an ethanolic
solution (3 ml) containing 1.0 m! of diethylamine at
room temperature for 1.5 hr. The DTC formed was
methylated to form Me-DTC, by addition of a two
molar excess of methyl iodide at 37° for 1 hr. The
internal standard diethylthiocarbamic acid ethyl
ester (Et-DTC) was synthesized in the same way,
except that methyl iodide was exchanged for ethyl
iodide in the alkylation step. After evaporation and
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repeated washing with water, the compounds were
dried over sodium sulphate and the purities and
structures were confirmed from their UV spectrum,
gas chromatographic characteristics and MS/EI frag-
mentation patterns, respectively.

The GC/MS analysis was performed with a JEOL
DMS 300 mass spectrometer interfaced to a Varian
3700 gas chromatograph. The MS conditions were
as previously described [11]. Chromatography was
performedona2m X 2 mmi.d. glass column packed
with SE 30, 80-100 mesh, operating at a temperature
of 120°, with a helium carrier gas flow rate of 25 ml/
min. The injector temperature was set to 180°.

In the first part of this experiment, four rats (male,
Sprague-Dawley, weighing 400 g) each received a
100 mg/kg i.p. and 30 mg/kg i.p. dose of DSF, 21 hr
and 5 hr before sacrifice, respectively. DSF was made
up as a suspension in water, with a few drops of
the tenside Duphasol-X added. Three hours before
sacrifice the rats were anaesthetized with urethane
1.25 g/kg i.p. and the blood pressure in the carotid
artery was recorded. The body temperature was kept
at 37° by a heating pad. The heart rate was obtained
from the ECG. After stabilisation of the blood press-
ure for about 30 min, ethanol was injected i.p. in a
dose of 1g/kg (10 ml/kg of a 10% v/v solution).
The cardiovascular reaction was followed for 2 hr at
which time blood was collected and centrifuged at
3000 rpm for 10 min. The liver was removed and
stored at —70° together with the plasma until
assayed. In the second part, ten rats were divided
into two groups of five. The first group was given
Me-DDC 60 mg/kg + 30 mg/kg as above. The rats
in the second group were each given 60 mg/kg i.p.
one hour before the ethanol challenge (3 hr before
sacrifice).

Fractionation of fresh homogenate from rat livers
was performed as previously described [12]. The
total and low K,, ALDH activities in the homo-
genates were measured spectrophotometrically by
following the reduction of NAD at 37° and at 340 nm
in 50 ul homogenate aliquots. The reaction mixture
contained 50 mmol/] sodium pyrophosphate buffer,
pH 9.0, 0.25% (w/v) sodium deoxycholate,
0.5 mmol/t NAD and 0.1 mmol/l pyrazole. The sub-
strate acetaldehyde was added at two concentrations;
5.0 mmol/I (total activity) and 0.025 mmol/1 (low X,,,
activity), respectively [13].

The cytochrome P-450 catalyzed oxidation of Me-
DDC to yield Me-DTC in rat hepatocytes was inves-
tigated according to the method of Axelrod [14]. The
biotransformation of metabolites and inactivation of
low K, and high K,, ALDH activities after addition
of Me-DDC to the homogenates were analyzed
simultaneously. Five hundred microlitres of the
homogenate [12] was incubated in 4 ml septum cap
vials (Alltech Assoc. CA) with 5umol NAD,
0.1 umol NADP, 5 umol MgCl,, 0.6 umol Me-DDC,
and 2.0 ml 0.2 mol/1 phosphate buffer, pH 7.4. Incu-
bation was done aerobically or under nitrogen at
37° with gentle shaking for 2 hr. The reaction was
terminated by incubation at 4° for 15 min. Two hun-
dred and fifty microlitre aliquots of the homogenate
mixture were solubilized with sodium deoxycholate
and analyzed for the ALDH activities [13].

The biotransformation of Me-DDC to yield Me-
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DTC was assessed by an on-line pre-column enrich-
ment HPLC assay [15]. The reaction mixture was
extracted with 5ml of chloroform, containing
80 umol of the internal standard, propyl-DDC, at
ambient temperature for 15 min. The organic phase
was separated and evaporated to dryness, and the
residue was dissolved in 50 ul of methanol. Five
microlitre sample volumes were injected and ana-
lyzed at 254 nm (Me-DDC) and 214 nm (Me-DTC),
respectively.

The inactivation of ALDH activity by Me-DTC
and DTC was studied in 500 ul rat liver homogenates
[12] added to 2.0 ml of 0.2 mol/1 phosphate buffer,
pH 7.4, in three concentrations of Me-DTC,
2760 pmol/1, 276 umot/l and 27.6 umol/l, and at a
DTC concentration of 34.1umol/l, respectively.
Samples were incubated at 37° for 1hr with and
without addition of oxidative factors [14], and then
analyzed for the ALDH activities.

To elucidate the reversibility of the inactivation of
ALDH by Me-DTC, 2-mercaptoethanol or
glutathione was added to the reaction mixture at a
concentration of 200 umol/l, which was previously
found adequate to restore in vitro inactivated ALDH
from various species [4, 8, 10]. The mixture was incu-
bated at 37° for Smin immediately before the
addition of acetaldehyde and NAD for deter-
mination of the ALDH activity.

Protein concentrations in the homogenates were
determined by the method of Lowry [16].

The concentration of Me-DTC in plasma collected
from rats treated with DSF or Me-DDC and in
human plasma collected from five alcohotics 2 hr
after ingestion of a single oral dose of 400 mg DSF
was analyzed by a modification of an HPLC assay
[15]. The blood was anticoagulated with sodium
heparin. The plasma was separated by centrifugation
at 2500 g at 4° for 15 min. Two hundred microlitres
of plasma containing the internal standard Et-DTC
in a concentration of 500 nmol/1 was injected directly
on the enrichment precolumn. The enriched com-
pounds were separated on a reversed phase column
(250 mm x 4 mm i.d.) packed with Lichrosorb RP-
18, 7 um (E. Merck). The mobile phase consisted of
10 mmol/1 phosphate buffer, pH 7.5, acetonitrile 45/
55 (v/v) % and the compounds were detected at
214 nm. The concentrations were determined from
a standard graph covering the range of 0.05-
4.00 umol/1,

Plasma was analyzed for the presence of DTC to
investigate the occurrence of metabolic hydrolytic
formation of DTC in rats treated with DSF or Me-
DCC [15].

RESULTS

Synthesis of DTC, Me-DTC and Et-DTC

All three substances were obtained in a high purity
grade with less than 0.5% of impurities. The gas
chromatographic retention time of Me-DTC was esti-
mated to be 1.15min and that of Et-DTC to be
3.20 min. From the Me-DTC MS/EI fragmentation
pattern (Fig. 1), it could be seen that the compound
decomposes with a molecular ion at m/e 147, a base
peak at m/e 100 and with a typical fragment at m/e
72. The ethyl derivative showed a similar spectrum
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Fig. 1. EI mass spectrum of Me-DTC. The fragmentation pattern shows the M* ion at m/e 147, the loss
of S-CH; (m/e 47), leaving the base peak at m/e 100, and loss of CO (m/e 28), giving a chief fragment
at m/e 72.

Table 1A. Rat hepatocyte ALDH activity and concentrations of Me-DDC, DDC and Me-DTC in rat plasma after
intraperitoneal administration of DSF and Me-DDC

ALDH activity Plasma concentration
Dosage nmol of NADH formed/min/mg protein Me-DDC DDC Me-DTC
Homogenate*  mg/kg Total Low K, High X, (nmol/1) (umol/1)
Control — 259024 0.26 £0.04 2.33+0.22 — — —
DSF 100 + 30 1.58 = 0.49 0.20 +0.05 1.38 +0.46 49 + 36 841 = 581 1305
Me-DDC¥ 60 + 30 1.46 = 0.28 0.18 £ 0.06 1.28 +0.24 249 =219 182 + 169 2.1+x11
Me-DDC3 60 1.58 +0.48 0.22 +£0.04 1.36 £ 0.52 1241 * 653 259+147 101x7.1

* The values are the mean + SD from four controls, four DSF treated rats, and ten Me-DDC treated rats, respectively.
t The values are the mean = SD from five Me-DCC treated rats examined 5 hr after the last drug administration.

t The values are the mean * SD from five Me-DDC treated rats examined 3 hr after drug administration.

The ALDH activity values from each rat are an average of two determinations.

except that the molecular ion was found at m/e 161.
The UV spectrum showed an absorption maximum
at 206 nm for Me-DTC and at 195 nm for DTC.

Blood pressure, hepatocyte ALDH activities, plasma
Me-DDC, DDC and Me-DTC concentrations in DSF
or Me-DDC treated rats

Table 1B shows that ethanol 1g/kg did not pro-
duce any significant effect on the cardiovascular
parameters. The DSF or Me-DDC treatment pro-
duced a significant fall in both systolic (P < 0.05-
0.01) and diastolic pressure (P < 0.01-0.001) at
30 min with partial recovery at 120 min.

Rats treated with one high dose of Me-DDC 1 hr
before ethanol challenge showed the same effect as
with two doses.

The homogenates were prepared and analyzed
5 hr after the last dose was given. The mean (+SD)
ALDH activities are shown in Table 1A. The rats
treated with DSF demonstrate a 23% decrease in the
low K, activity, whereas the high K, activity was

reduced by 41% (P < 0.01). In the Me-DDC groups,
the inactivation of the low K,, activity was more
pronounced, giving a decrease of 31%, whereas the
high K, activity was diminished by 45% (P < 0.001).

The values were 15% and 42% (P < 0.01), respect-
ively, when a single dose of Me-DDC was studied.

Comparison of the mean plasma concentration of
Me-DDC between the groups treated twice (Table
1A), shows a five-fold increase in the rats treated
with Me-DDC. In samples collected 3 hr after the
single treatment, this divergence was even higher
(25-fold) (P < 0.01), and is probably explained by

,the shorter time between ingestion of the drug and

collection of the sample for analysis.

The reverse was found in the plasma concentration
of DDC and in the two groups. The mean DCC
concentration in the DSF group was estimated to be
841 nmol/l, whereas that in the Me-DDC group was
as low as 182 nmol/1.

To investigate whether Me-DTC and DTC could
be detected as metabolites in blood after adminis-
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Table 1B. Blood pressure and heart rate in rats treated with DSF and Me-DDC

Dosage Time (hr) from dosing Heart rate Systolic BP Diastolic BP
Treatment mg/kg 1.p. 1st 2nd % of control % of control % of control
Saline — 1 — 101.8+ 5.5 95029 92.5%5.2
DSF 100 + 30 19 3 107.8 = 19.8 85.0x6.7* 65.5 * 8.9
Me-DDC 60 + 30 19 3 105.8 = 11.7 75.2 * 7.4% 61.2 9.2
Me-DDC 60 1 — 96.8 4.3 77.6 * 8.5% 61.8 = 12.0t

The cardiovascular response to ethanol 1g/kg i.p. challenge after treatments with disulfiram and Me-DDC. The
responses are given at 30 min where the maximal effects were observed. The responses were slightly less at 120 min. The

data were analyzed by Student’s r-test.
*P<0.05 1t P<0.01 and + P < 0.001.
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Fig. 2. HPLC profiles obtained from chloroform extract of rat liver homogenates, (a) aerobic conditions,

(b) under nitrogen, and (c) in rat plasma. Dashed line represents a control plasma. The peaks show

Me-DDC (1), propyl-DDC (2), Me-DTC (3) and ethyl-DTC (4). The analysis was performed by a

modified HPLC system (15) and the compounds were separated on a reversed phase Lichrosorb RP 18

(Merck) column, equilibrated with the mobile phase, consisting of 10 mmol/i phosphate buffer, pH 7.5/
acetonitrile 45/55 v/v % (c) and 25/75 v/v % (a) and (b), respectively.

tration of DSF or Me-DDC to rats, plasma chloro-
form extracts were analyzed by GC/MS. The
formation and distribution of Me-DTC in blood was
confirmed from its MS/EI spectrum. The frag-
mentation patterns were identical with the spectrum
obtained from pure Me-DTC (Fig. 1). However, the
formation of DTC in the liver, and its distribution
to the blood could not be demonstrated.

When analyzed by HPLC, the chromatogram (Fig.
2¢) confirmed the presence of an Me-DTC peak
with a retention time of 12.1 min. The mean plasma
concentration of Me-DTC in the DSF treated rats
was found to be 1.3 umol/l and in the Me-DDC

groups 2.1umol/l (21 hr + 5hr) and 10.1 umol/l
(3 hr), respectively (Table 1A). When the ALDH
activities were compared with the Me-DTC con-
centrations in plasma of the 21 hr + 5hr Me-DDC
and DSF groups, the former clearly tended to be
more inactivated, as was also shown by the higher
Me-DTC level.

Microsomal oxidative formation of Me-DTC in vitro

The inactivation of low K, activity in rat hepa-
tocytes, is achieved aerobically (Table 2). The low
K., activity was decreased by 46% (P <0.01) in
the presence of NADP. Hence, no inactivation was
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Table 2. Oxidative formation of Me-DTC from Me-DDC in rat hepatocytes in vitro

ALDH activity Elimination
nmol of NADH formed/min/mg protein of Me-DDC Formation
Homogenate Total Low K, High K,,, pmol/1 of Me-DTC
Control 2.47 £ 0.05 0.28 +£0.01 2.19 +0.06 — —
Me-DDC, air 1.18 £ 0.66 0.15 = 0.04 1.03 + 0.68 105 = 32 Positive
Me-DDC, N, 1.66 = 0.64 0.28 £ 0.06 1.38 = 0.63 41+18 Negative

Rat liver homogenates were incubated at 37° for 2 hr with 240 umol/i Me-DDC and oxidative factors (see
text), and analyzed for ALDH activity. The values are the mean + SD of duplicate determinations in

homogenates from three control rats.

Table 3. The inhibitory effect of Me-DTC and DTC on rat hepatocyte low and high X,, ALDH activities in vitro

Homogenates ALDH activity Elimination
Me-DTC/DTC Oxidative nmol NADH formed/min/mg protein of Me-DTC
pmol/l factors Total Low K, High X,, pmol/1
Control - 1.14 £ 0.11 0.25+0.06 0.8 +0.17 —
Me-DTC, 2760 - 0.45 = 0.05 0.03 £0.02 0.41 £0.03 1253 = 442
Me-DTC, 2760 + 0.55 £ 0.07 0.10 £ 0.03 0.45 = 0.05 1074 = 657
Me-DTC, 276 - 0.67 £0.11 0.01 = 0.01 0.66 +0.12 —
Me-DTC, 27.6 - 0.86 = 0.39 0.06 = 0.06 0.75 £ 0.26 —
DTC, 34.1 - 0.60 +0.03 0.22 £0.02 0.41 £ 0.04 —

Rat liver homogenates were incubated at 37° for 1 hr in air and analyzed for the ALDH activity. The values are the
mean * SD of duplicate determinations in homogenates from three control rats.

observed with incubation under nitrogen. The
remaining activity of the high K, isozymes in aerobic
conditions was 47% (P < 0.05) and with nitrogen
63%. Thus, these isozymes were apparently inhibited
by Me-DDC under both aerobic and anaerobic
conditions. However, inhibition was more pro-
nounced in the presence of oxygen. Furthermore,
the metabolic elimination of Me-DDC was also
increased, by a value of 44% (P < 0.01), compared
to 17% (P < 0.05) under nitrogen.

In the HPLC chromatogram derived from a
chloroform extract incubated aerobically, a peak
appeared, which had a shorter retention time than
that of Me-DDC, suggesting the formation of a com-
pound with more hydrophilic properties than the
parent drug (Fig. 2, a and b). The compound was
identified as Me-DTC from its chromatographic
characteristics and MS/EI fragmentation pattern,
and comparable to the spectrum in Fig. 1.

Inactivation of ALDH activity in rat hepatocytes in
vitro

It is evident (Table 3) that low K,, and high K,
isozymes are inhibited by Me-DTC. The inactivation
is independent of oxidative metabolism, which sug-
gests that the parent compound acts as the inhibitor.
The low K,, isozymes are almost completely inhibited
in the absence of oxidative factors, even when the
concentration of inhibitor is decreased 100-fold from
2760 pmol/1 to 27.6 umol/1 (P < 0.01). The high K,
ALDH, however, showed reduced inactivation from
54% (P < 0.01) to 16%. In the presence of oxidative
factors, inactivation was less pronounced and could
probably be explained by a simultaneous competitive

oxidative metabolic elimination of the inhibitor.

At concentrations approximately similar to those
of Me-DTC, the free acid, DTC, shows a reversed
selectivity for the isozymes as compared to Me-DTC,
with a 54% (P <0.01) decrease in the high K,
activity, but only 12% in the low K,, activity.

The inhibition of ALDH caused by Me-DTC could
not be reversed when glutathione or 2-mercapto-
ethanol was added, nor did an increase of the con-
centration of the latter compound up to 20 mmol/]
regain enzyme activity (unpublished observation).

Concentrations of Me-DTC in human plasma

In chloroform extracts from five human plasma
samples, Me-DTC was identified as a metabolite by
its MS/EI spectrum, similar to that shown in Fig. 1.

DISCUSSION

The main object of this study was to elucidate
whether Me-DDC, after its administration to rats,
shows inhibitory action on the low K,, and high
K,, ALDH isozymes in hepatocytes. The significant
decrease (Table 1, A and B) in the blood pressure
and inactivation of both low K,, and high K, activities
agreed with observations in rats treated with DSF.
This, confirms the importance of Me-DDC as a
metabolite involved in the irreversible inactivation
of these enzymes. The more pronounced inactivation
of the low K,, isozymes after Me-DDC treatment is
probably explained by the higher concentration of
drug found in the blood. The compound is highly
lipid soluble [17], and readily penetrates cell mem-
branes and is thus extensively distributed within the
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cell, where it becomes available for further
biotransformation.

The unexpected formation of DDC in eight of the
Me-DDC treated rats indicates the presence of a
liver enzyme with a thio ester hydrolytic activity.
This metabolic pathway enables the formation of
other previously reported [12, 18] metabolites, which
have been found in blood after ordinary DSF
treatment.

Metabolic formation of Me-DTC occurs both in
DSF treated rats and in rats given Me-DDC (Table
1). Increased transformation is demonstrated in the
latter group. This divergence may be an expression
of increased oxidation, owing to the higher con-
centrations of Me-DDC in plasma.

In rats challenged with ethanol 1 hr after ingestion
of Me-DDC, the decrease in blood pressure and
the remaining ALDH activity resemble those in the
21 hr + 5 hr group, indicating a rapid onset of the
DSF/alcohol reaction (DAR), which is also con-
firmed by the higher concentrations of Me-DTC in
plasma.

Me-DDC was reported inactive as an in vitro
inhibitor of ALDH [19]. This makes it unlikely that
Me-DDC is active in vivo. The parent compound is
apparently transformed along two different
biotransformation pathways. The formation of an
inhibitor with high affinity for the low K,, isozymes
is achieved by an oxidative and NADP dependent
reaction, whereas the inactivation of the high K,
isozymes is also demonstrated in anaerobic
conditions. A metabolic pathway independent of
oxygen is the thioesterase dependent hydrolytic reac-
tion proposed above. However, no such metabolic
pathway was found in rat liver homogenates incu-
bated with Me-DDC and analyzed for the presence
of DDC. This observation does not exclude it as an
anaerobic elimination pathway in vivo.

In rat hepatocytes exposed to increasing Me-DTC,
the inactivation of the low K|, isozymes seems to be
independent of the concentration of inhibitor in the
range studied, compared to the progressive inac-
tivation of the high K, isozymes. The reversed inac-
tivation profile shown by DTC demonstrates a higher
affinity for the high K, isozymes [19].

It has been reported previously that ALDH
enzymes that are inhibited in vivo are unaffected
when exposed to reducing agents [7, 8]. This was
confirmed in the present study. The irreversibility
is due to a non-reducible stable covalent binding
between inhibitor and enzyme. However, this bind-
ing is not to be regarded as a normal covalent disul-
phide interchange reaction as it is resistant to low
molecular weight thiols.

The irreversible binding is achieved by oxidation
of Me-DDC, forming a metabolite structurally
related to the normal substrates. The sulphur atom
is exchanged for oxygen in the Me-DTC metabolite,
hence creating an intra-molecular binding polarity
with the electrons displaced towards the oxygen,
which facilitates a nucleophilic attack on the exposed
electrophilic centre. Thus, it is tempting to speculate
about an inhibitory mechanism of the reaction, simi-
lar to that suggested for the irreversible inactivation
of acetylcholinesterase [20].

DTC, a possible hydrolytic metabolite of Me-
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DTC, has properties resembling those of DDC, in
that it is a water-soluble chelating compound, which
forms an extremely stable and water-insoluble com-
plex with cupric ions (unpublished observations).
However, unlike DDC, it is inadequate as an in vitro
inhibitor: the inhibitory action exerted by DTC is
probably attributable to the enhanced nucleophilic
character on the sulfhydryl group.

Preliminary results obtained in a subsequent study
confirm the hypothesis that Me-DTC acts as the
inhibitor of ALDH in vivo after DSF treatment.
Rats treated with a single intraperitoneal 30 mg/kg
dose of the drug and examined 1 hr after adminis-
tration demonstrated a positive DAR after ethanol
challenge, which was valid as a significant decrease
in blood pressure [21].

The finding of Me-DTC as a metabolite in human
blood after DSF treatment, suggests a similar inac-
tivation of ALDH in human and rat hepatocytes.

In summary, these results conclude that the Me-
DTC metabolite formed from Me-DDC by micro-
somal oxidative metabolism is implicated in the
inhibitory action of ALDH isozymes in rat hepa-
tocytes in vivo. Furthermore, it is also suggested that
this may be the inhibitor in vivo in rats and humans
on DSF treatment.
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