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Abstract—Diethyldithiocarbamate-methyl ester (DDTC-Me), a metabolite of disulfiram, has been
shown recently to produce a disulfiram-ethanol reaction (DER). Studies were carried out to compare
the ethanol-sensitizing properties of DDTC-Me with those of disulfiram and diethyldithiocarbamate
(DDTC) in the rat. All three drugs inhibited liver mitochondrial low K,, aldehyde dehydrogenase
(ALDH) in vivo, with maximal ALDH inhibition occurring 8 hr after drug administration. The onset
of ALDH inhibition was most rapid after DDTC-Me administration. ALDH was inhibited approximately
50% 0.5 hr after DDTC-Me, whereas ALDH was inhibited only 5 and 10%, respectively, after disulfiram
and DDTC. Not until 8 hr after drug treatment was ALDH inhibition the same for disulfiram, DDTC
and DDTC-Me. The degree of ALDH inhibition from 8 to 172 hr after dosing was the same for all three
drugs. An ethanol (1 g/kg, 20% v/v) challenge administered to rats treated with disulfiram (75 mg/kg),
DDTC (114 mg/kg), or DDTC-Me (41.2 mg/kg) for 8 hr produced similar blood acetaldehyde/ethanol
concentration-time profiles. In addition, all three agents produced a DER (hypotension, tachycardia).
No DER occurred if ethanol was administered more than 24 hr after drug pretreatment. The hypotension
associated with the DER correlated with the increased blood acetaldehyde but not blood ethanol. A
threshold blood acetaldehyde of 110 uM appeared to be required for hypotension to occur, and this was
related to ALDH inhibition of approximately 40%. The tachycardia associated with the DER correlated
more with blood ethanol. After DDTC-Me administration, no disulfiram or DDTC could be detected
in the plasma. Furthermore, no DDTC-Me was found in the plasma 8 hr after DDTC-Me administration,
suggesting that no correlation exists between the DER and plasma concentration of DDTC-Me and
most likely disulfiram. These data suggest that the alcohol-sensitizing properties of DDTC-Me are
similar to those observed with disulfiram and DDTC. Since DDTC-Me is an active metabolite and
more potent than disulfiram and DDTC in producing a DER, disulfiram metabolism is an important
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consideration in the disulfiram—ethanol reaction.

The most widely accepted mechanism explaining the
alcohol-sensitizing properties of disulfiram [disul-
firam-ethanol reaction (DER)] is that of low K,,
mitochondrial aldehyde dehydrogenase (ALDH)
inhibition, and a subsequent increase in acetaldehyde
upon ethanol ingestion. Although the role of acet-
aldehyde in producing the DER is controversial,
recent studies in humans suggest that the peak in
plasma acetaldehyde may be a major determinant in
predicting the severity of hypotension during the
DER [1].

In vivo, disulfiram is metabolized to diethyl-
dithiocarbamate (DDTC), diethyldithiocarbamate-
methyl ester (DDTC-Me), carbon disulfide, and
diethylamine, and these metabolites have been found
in biological fluids and tissues. It is generally believed
that disulfiram is the chemical species responsible for
producing the DER. Disulfiram inhibits ALDH both
in vivo and in vitro, whereas DDTC, an effective in
vivo inhibitor, is approximately 100-fold less potent
as an inhibitor of ALDH in vitro [2]. For this reason
it has been suggested that DDTC is effective in vivo
because it is reoxidized to disulfiram {3, 4]. Carbon
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disulfide is not known to inhibit ALDH, and while
diethylamine has been reported to inhibit mito-
chondrial ALDH in vitro, the concentrations of
diethylamine used were relatively high [5]. Gessner
and Jakubowski [6] first reported that DDTC-Me is
formed in vivo after the administration of disulfiram.
DDTC-Me has been found in plasma and tissue
after the administration of disulfiram in many species
including rats [6, 7], mice [8], dogs [8], and humans
[9, 10]. In vitro, DDTC-Me does not inhibit the low
K,, ALDH [11]. In more recent in vivo studies [12],
DDTC-Me was found to inhibit the liver mito-
chondrial low K,, ALDH in rats. The marked inhibi-
tory action of DDTC-Me on the low K,, ALDH in
vivo is similar to that of disulfiram, whereas the lack
of an effect by DDTC-Me in vitro is consistent with
that observed with DDTC [2]. In addition, in DDTC-
Me-treated rats challenged with ethanol, a DER-like
reaction characterized by a drop in mean arterial
pressure (MAP) and tachycardia is produced [12].
The focus of the present study was to compare the
recently recognized alcohol-sensitizing properties of
DDTC-Me with those of disulfiram and DDTC so
that the chemical species responsible for producing
the DER could be better ascertained. This could
provide not only an understanding of the relationship
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between mitochondrial low K,, ALDH inhibition,
plasma acetaldehyde and ethanol and their respect-
ive role in the DER, but also help in delineating the
mechanism of the DER.

METHODS

Drug administration. Disulfiram (Sigma Chemical
Co., St. Louis, MO) was recrystallized from 100%
ethanol and homogenized in 0.5% methylcellulose
in saline. This was then administered in a dose of
75mg/kg.  Diethyldithiocarbamate  (trihydrate
sodium salt, Sigma Chemical Co.) was dissolved in
saline for injection and given in a dose of 114 mg/
kg. Diethyldithiocarbamate-methyl ester was syn-
thesized in the laboratory using a modified method
of Koch [13] as previously described by Faiman et
al. [14]. The dose of DDTC was calculated on the
basis that one molecule of disulfiram forms two mol-
ecules of DDTC. The dose of DDTC-Me was cal-
culated in a similar manner, except that, because of
cardiovascular toxicity, one-half of the equivalent
dose of disulfiram was used. Ethanol (1 g/kg) was
given as a 20% (v/v) solution in saline. All drugs
were administered intraperitoneally (i.p.) in the
ALDH activity studies, or via an implanted intra-
peritoneal catheter (i.i.c.) in the DER studies.

Animals. Sprague-Dawley derived female rats
(200-300 g) were used throughout the study. The
animals were bred from a resident colony maintained
in the Animal Care Unit at the University of Kansas.
Rats were maintained on a 12-hr light-dark cycle
with access to food and water ad lib. The night before
an experiment, all food was removed.

In vivo aldehyde dehydrogenase activity. Rats were
treated with disulfiram, DDTC, or DDTC-Me and
killed by cervical dislocation. Portions of the liver
were removed for enzyme analysis. The liver was
homogenized, and the subcellular nuclear, mito-
chondrial, lysosomal, microsomal and cytosolic frac-
tions were isolated according to the method of
Tottmar et al. [15]. The low and total ALDH activi-
ties were determined, with the high K, activity cal-
culated by subtracting the low K,, activity from the
total activity [15]. In reference cuvettes containing
all reaction components except acetaldehyde, no
background activity was detected.

Mean arterial pressure and heart rate. Polyethylene
tubing (PE-50) was inserted into the femoral artery.
The catheter then was passed subcutaneously over
the leg and along the spine, and exited at the mid-
scapula region of the back. The rats were allowed
to recover from surgery for 1 day before use. All
measurements were performed on conscious, unre-
strained rats. This procedure has been described
previously in detail [12].

Blood ethanol and acetaldehyde. Blood acet-
aldehyde and ethanol were measured simultaneously
using the head-space chromatographic method of
Eriksson ef al. [16], and modified for hemolyzed rat
blood. Rats were anesthetized with pentobarbital
(35mg/kg, i.p.), and blood was drawn from the
abdominal aorta into a heparinized syringe. In a 30-
m! serum bottle, 0.5 ml of whole blood was mixed
with 7.0 m] of distilled water to hemolyze the blood.
The serum bottle was sealed with a rubber stopper
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and placed into a 65° water bath for 5 min. A Ham-
ilton gas-tight syringe was used to remove 1.0 ml of
head-space gas which was then injected into the gas
chromatograph (Shimadzu GC-9A, flame ionization
detector). The stainless steel column was a 60/80
Carbopack B/5% Carbowax 20M, 6ft x 1/8in
(Supelco, Inc.). Temperatures: column oven, 85°
injector, 120°. Gas flow rates: hydrogen, 35 ml/min;
air, 450 ml/min; carrier gas (nitrogen), 30 ml/min.
Retention times: acetaldehyde, 0.9 min; ethanol,
2.2 min. Samples were quantitated from daily stand-
ard curves prepared from freshly distilled acet-
aldehyde and ethanol. The sensitivity for
acetaldehyde was 5 uM. No spontaneously formed
acetaldehyde could be detected in blood to which
known amounts of ethanol were added.

Plasma DDTC-Me. Plasma DDTC-Me was
measured using the HPLC procedure previously
described by Jensen and Faiman [17].

Statistical analysis. Results were analyzed using
a one-way analysis of variance. If significance was
detected, a Student-Newman-Keuls d posteriori test
was used to determine differences between group
means.

RESULTS

Enzyme activities for low and high K,, ALDH in
the nuclear, mitochondrial, lysosomal, cytosolic and
microsomal fractions in control, and disulfiram,
DDTC and DDTC-Me treated rats are shown in
Table 1. In the rat liver, the greatest concentration
of the low K, ALDH was found in the mitochondrial
fraction. This is consistent with the findings of others
[15]. The dégree of inhibition of the low K,, mito-
chondrial ALDH with respect to time after a single
dose of disulfiram, DDTC, or DDTC-Me is shown
in Fig. 1. The degree of ALDH inhibition for these
three drugs was identical between 8 and 168 hr after
dosing (Fig. 1b). However, during the first 8 hr after
drug administration (Fig. 1a), low K,, ALDH was
inhibited more rapidly with DDTC-Me than by disul-
firam or DDTC. For example, maximal low K,
ALDH inhibition occurred 2 hr after DDTC-Me
administration, 4 hr after disulfiram administration,
and 8 hr after DDTC dosing. No inhibition of the
high K,, mitochondrial ALDH by disulfiram, DDTC
or DDTC-Me was found at any of the time periods
(data not shown).

The degree of low K, ALDH inhibition was simi-
lar for disulfiram, DDTC and DDTC-Me 8 hr after
dosing, and for this reason, an 8-hr pretreatment
time was selected for the following studies. An etha-
nol (1g/kg, i.i.c.) challenge given 8 hr after disul-
firam and DD'TC-Me administration to rats produced
a rapid decrease in MAP, which began to return to
normal within 3-4 hr. Disulfiram and DDTC-Me
decreased MAP to a similar degree and for a similar
duration, whereas the hypotensive effect associated
with DDTC was less marked. The increase in tachy-
cardia at various times after the ethanol challenge
was greater only in DDTC-Me and DDTC-pre-
treated rats when compared to ethanol alone (Fig.
2).

Blood acetaldehyde in rats given disulfiram,
DDTC or DDTC-Me 8 hr before an ethanol chal-
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Table 1. Effects of disulfiram, DDTC and DDTC-Me on low and high K,, ALDH activity in rat liver
subcellular fractions

Nuclear Mitochondrial Lysosomal Cytosolic Microsomal
High K,, ALDH
(nmol NADH formed/min/mg protein)
Control 119+1.1 128+1.1 202x22 25%0.5 28.6 +2.9
Disulfiram 11.1x1.6 147+£1.2 22.8=+1.5 1.3+0.1* 25.6 + 0.5
DDTC 125+0.9 151 0.7 23.4x20 1.1x0.2* 303x1.6
DDTC-Me 122x03 16.1+0.8 244+23 1.1x0.1* 28.9+23
Low K,, ALDH
(nmol NADH formed/min/mg protein)
Control 121 x0.7 194+1.7 34%x03 1.1£0.03 22+0.2
Disulfiram 3.8+0.7* 7.3+0.2* 2.5%0.4* 0.6 = 0.09* 20+02
DDTC 51+09* 7.5+1.4* 2.5%0.3* 0.6 £0.1* 22x04
DDTC-Me 39+0.4* 7.6 +0.9* 2.8 +0.3* 0.5 £ 0.06* 2.0+0.1

Disulfiram (75 mg/kg), DDTC (114 mg/kg) and DDTC-Me (41.2 mg/kg) were administered i.p. Eight
hours later, the rats were killed and the livers were removed for ALDH determination. Data represent

the mean + SE for four rats.

* P < 0.05, when compared to untreated control rats.

lenge peaked 30 min post-ethanol (Fig. 3). DDTC-
Me pretreatment produced a 30% greater accumu-
lation of acetaldehyde when compared to disulfiram
and DDTC 30 min after ethanol administration. At
1, 3 and 6 hr post-ethanol no differences in blood
acetaldehyde were found among all three drug treat-
ment groups. No acetaldehyde could be detected
in rats receiving ethanol alone. The blood ethanol
concentration—time profile in rats pretreated with
disulfiram, DDTC or DDTC-Me 8 hr before ethanol
administration is shown in Fig. 4. Blood ethanol
peaked 0.5 hr after an ethanol challenge, remained
constant for up to 1hr and then fell sharply and
was barely detectable after 6 hr. The blood ethanol
profiles for the drug-pretreated groups were not dif-
ferent from.the vehicle-treated ethanol-challenged

group, except at the 1hr post-ethanol time point,
where the DDTC-Me-pretreated group had a sig-
nificantly higher blood ethanol concentration when
compared to the other groups.

Studies were carried out to determine when the
decrease in MAP (Fig. 5) or the increase in heart
rate (Fig. 6) was lost in drug-treated (disulfiram,
DDTC or DDTC-Me) rats challenged with ethanol.
Disulfiram, DDTC and DDTC-Me given 0.5 to 24 hr
before an ethanol challenge produced a significant
drop in MAP, with the drop in MAP more variable
after DDTC administration. The decrease in MAP
48, 72, 120 and 168 hr after drug administration
was not different from that of the ethanol control.
Ethanol alone produced an increase in heart rate
of approximately 40 beats/min. Except for some

100 v a
90 h 704
x
3 80 s g 604
4
< § < 501 ’
S 704 3 S 404
3 € 3 30; Y ee
60+ 2 ,ql " Disulfiram
s * 20 a4 DDTC
- _l 104/% ®-8 DDTC-Me
s 50 f
3 2 3 4 5 6 7 8
:g 40-1 Time (hours)
5
E 30ﬂ
£
& 201
104

8 1624 40 60

U
80

T ¥ T by
100 120 140 160 180

Time (hours)

Fig. 1. Panels a and b: Relationship between the time after a single dose of disulfiram, DDTC, or

DDTC-Me and inhibition of low K,, ALDH. Disulfiram (75 mg/kg), DDTC (114 mg/kg) and DDTC-

Me (41.2 mg/kg) were given i.p. Data are given as percent inhibition and represent the mean of four
rats. Key: (*) P <0.05, compared to DDTC-Me.
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Fig. 2. Hypotension and tachycardia after ethanol challenge to rats pretreated with disulfiram, DDTC

or DDTC-Me. Disulfiram (75 mg/kg), DDTC (114 mg/kg), DDTC-Me (41.2 mg/kg) and saline were

given i.i.c. 8 hr before an ethanol (1 g/kg, 20% v/v, i.i.c.) challenge. Corn oil vehicle was given 8 hr

before the ethanol challenge (0). Results are means *+ SE of at least four rats. Key: (*) P <0.05,
compared to untreated controls.

selected time periods (16-hr pretreatment with all
drugs, 2-hr DDTC-Me and 72-hr DDTC pretreat-
ment), the drug-treated and ethanol-challenged
groups did not exhibit any greater degree of tachy-
cardia than the group receiving ethanol alone (Fig.
6).

Blood acetaldehyde (Fig. 7) and ethanol (Fig. 8)
were determined in disulfiram-, DDTC- and DDTC-
Me-treated rats challenged with ethanol 2, 8, 24, 48,
72 and 120 hr after drug administration. DDTC-
Me administered 2 hr before an ethanol challenge
produced a larger increase in blood acetaldehyde
when compared to the disulfiram and DDTC groups.
This was consistent with the degree of low K, ALDH
inhibition observed 2hr after drug pretreatment,
that is DDTC-ME > disulfiram > DDTC (Fig. 1a).
Eight and 24 hr after pretreatment with disulfiram,
DDTC or DDTC-Me, a significant decrease in MAP
was detected (Fig. 5) which corresponded with the
increased blood acetaldehyde (Fig. 7). Seventy-two
and 120 hr after drug administration, no statistically

significant decreases in MAP during the DER were
found (Fig. 5). This was consistent with the low
concentration of acetaldehyde detected in blood at
72 hr, whereas no blood acetaldehyde was found if
ethanol was given 120 hr after drug dosing (Fig. 7).
Blood ethanol concentrations measured during the
DER over the entire drug pretreatment time profile
are shown in Fig. 8. No differences between the
drug-treated groups and the controls (ethanol only)
were found. From these results it appears that the
initiation and extent of the hypotension associated
with the DER is dependent upon blood
acetaldehyde.

The decrease in mean arterial pressure correlated
with both ALDH inhibition and blood acetaldehyde,
but not with either blood ethanol or heart rate.
Acetaldehyde accumulation, as expected, was a func-
tion of the degree of iow K,, ALDH inhibition. In
general, the increase in heart rate observed during
the DER was not different than the tachycardia
observed in rats treated with ethanol alone.
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Fig. 3. Blood acetaldehyde concentration-time profile after an ethanol challenge to rats pretreated with

disulfiram, DDTC or DDTC-Me. Disulfiram (75 mg/kg), DDTC (114 mg/kg) and DDTC-Me (41.2 mg/

kg) were given i.p. 8 hr before an ethanol (1 g/kg, 20% v/v, i.p.) challenge, and blood acetaldehyde

was determined. No acetaldehyde could be detected in rats receiving ethanol alone. Results are
means * SE of four rats. Key: (*) P < 0.05, compared to disulfiram and DDTC.

DISCUSSION

Disuifiram inhibits the rat liver mitochondrial low
K,, ALDH both in vivo and in vitro, whereas DDTC,
although exhibiting limited inhibitory activity in
vitro, is an effective inhibitor in vivo. It has therefore
been snggested that ALDH inhibition by DDTC in

vivo is the result of its reoxidation to the disulfide
[4,18,19]. Although Faiman et al. ;8] found
[*Sldisulfiram in plasma after i.v. [*S]DDTC
administration to a dog, the amount of [*S]disulfiram
detected was extremely small and could have been
due to disulfiram contamination of the administered
[**S]JDDTC. The recent finding that DDTC-Me is a
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Fig. 4. Blood ethanol concentration-time profile after ethanol challenge to rats pretreated with

disulfiram, DDTC or DDTC-Me. Disulfiram (75 mg/kg), DDTC (114 mg/kg) and DDTC-Me (41.2 mg/

kg) were given i.p. 8 hr before an ethanol (1 g/kg, 20% v/v, i.p.) challenge. Control represents vehicle-

treated ethanol-challenged rats. Results are means * SE of four rats. Key: (*) P < 0.05, compared to
other groups.
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kg) and DDTC-Me (41.2 mg/kg) were given i.p. 0.5 to 168 hr before ethanol (1 g/kg, 20% v/v, i.p.),

and the mean arterial pressure (MAP) was determined 1 hr after ethanol administration. Results are

means = SE of four to eight rats for drug-treated, and for ethanol control, N = 14. Key: (*) P <0.05
compared to ethanol control.

potent inhibitor of low K,, ALDH in vivo [12] could
explain the low K,, ALDH inhibition in vivo by
DDTC, rather than its reoxidation to disulfiram. The
lack of ALDH inhibition by DDTC in vitro but
effectiveness in vivo further suggests that a metab-

olite of DDTC may be the active chemical species
causing ALDH inhibition.

Maximal low K,, ALDH inhibition occurred
approximately 8 hr after the administration of disul-
firam, DDTC, or DDTC-Me, with ALDH activity
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Fig. 6. Relationship between change in heart rate and time after treatment with a single dose of

disulfiram, DDTC, or DDTC-Me and an ethanol challenge. Disulfiram (75 mg/kg), DDTC (114 mg/

kg) and DDTC-Me (41.2 mg/kg) were given i.p. 0.5 to 168 hr before an ethanol challenge, and the

heart rate was determined 1hr after ethanol (1g/kg, 20% v/v, i.p.) administration. Results are

means * SE of four to eight rats for drug-treated, and for ethanol control, N = 14. Key: (*) P <0.05
compared to ethanol control.



Disulfiram metabolism and disulfiram—-ethanol reaction

419

Blood Acetaldehyde (uM)

8

Disuifiram
L np1C
B3 poTc-Me

24 48 72

Pretreatment Time (hoursg)

Fig. 7. Blood acetaldehyde during the DER. Disulfiram (75 mg/kg), DDTC (114 mg/kg) and DDTC-

Me (41.2 mg/kg) were given i.p. 2-72 hr before an ethanol (1 g/kg, 20% v/v, i.p.) challenge. Blood

acetaidehyde was determined 1 hr after ethanol administration. No acetaidehyde was detected in non-
drug pretreated rats. Results are means + SE of four rats.

gradually returning to normal after 168 hr (7 days)
(Fig. 1). These data are similar to the findings of
Deitrich and Erwin [4] who reported that maximal
inhibition of ALDH occurs approximately 12 hr after
dosing with disulfiram and DDTC, returning to nor-
mal after 140 hr. Of greater interest, however, was
the rate at which the low K,, ALDH was inhibited
(Fig. 1b). The most rapid inhibition occurred after
DDTC-Me. Since disulfiram and DDTC first require
bioactivation to DDTC-Me, this would account for
the initial time lag of ALDH inhibition for disulfiram

and DDTC. Not only was inhibition of ALDH rapid
after DDTC-Me, but the DDTC-Me dose-equivalent
used was one-half that of disulfiram. Furthermore,
in previous studies, even when DDTC-Me was given
in a dose of 1.7 mg/kg i.p., the low K,, ALDH was
inhibited 10% [12], whereas the dose of disulfiram
required to obtain this degree of inhibition was
approximately 5-10mg/kg i.p. (unpublished
results). Another reason for the slower rate of
ALDH inhibition by DDTC is probably due to the
hydrophilic property of DDTC and slow distribution
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Fig. 8. Blood ethanol concentration during the DER. Disulfiram (75 mg/kg), DDTC (114 mg/kg) and
DDTC-Me (41.2 mg/kg) were given i.p. 2-72 hr before an ethanol (1 g/kg, 20% v/v, i.p.) challenge,
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and biood ethanol was determined 1 hr after ethanol administration. Results are means = SE of four
rats.
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Fig. 9. Plasma DDTC-Me concentration-time profile. DDTC-Me (41.2 mg/kg) was administered as a
single i.p. dose. Data are means * SE of four rats.

compared to the
disulfiram.

The primary mechanism proposed for the alcohol-
sensitizing properties of disulfiram is that of low K,
ALDH inhibition and the subsequent increase in
plasma acetaldehyde after ethanol [20]. In rats
treated with disulfiram, DDTC, or DDTC-Me and
then challenged with ethanol within 24 hr, a signifi-
cant decrease in MAP was observed. When these
drugs were given 48 hr or longer before an ethanol
challenge, no statistically significant decreases in
MAP during the DER were found (Fig. 5). Iber and
Chowdhury [21] similarly found no DER in human
volunteers with normal liver function and given etha-
nol more than 24 hr after disulfiram administration.
Thus, animal and human data appear to be consistent
with each other. The relationship between the
decrease in MAP and plasma acetaldehyde during
the DER also was examined. Plasma acetaldehyde
in rats challenged with ethanol 72 hr after disulfiram,
DDTC, or DDTC-Me was lower than that found in
rats challenged with ethanol 24 hr after these drug
treatments (Fig. 7). The decrease in MAP during the
first 24 hr but not at later times (Fig. 5) appears
to correlate with plasma acetaldehyde (Fig. 7). No
acetaldehyde was detected in rats treated with etha-
nol alone. Significant decreases in MAP were
generally noted when blood acetaldehyde con-
centrations were above 110 uM. Since the blood
ethanol concentrations during the DER were con-
stant regardless of drug pretreatment time (Fig. 8),
the only factor which correlated with the hypotensive
response during the DER was blood acetaldehyde.
It is therefore proposed that the intensity of hypo-
tension during the DER is dependent upon a critical
degree of low K, ALDH inhibition, approximately
40% , which is necessary to reach a “threshold’ con-
centration of blood acetaldehyde (110 pM) after an
ethanol challenge to produce the hypotension. In
contrast, the tachycardia associated with the DER
appears to be ethanol related (Fig. 6), with only a
small additive effect attributable to acetaldehyde.
This is consistent with the findings of Hellstrém and

lipophilic characteristics of

Tottmar [22], in which ethanol (1 g/kg, i.p.) caused
slight tachycardia while the MAP did not change
from control levels. These data provide additional
evidence that the symptoms, collectively referred to
as the DER and their intensities, are due to the
interaction of ethanol, acetaldehyde, dose of ethanol
and disulfiram, and the disulfiram pretreatment time.

In previous studies in rats [14], neither DDTC nor
disulfiram were found in plasma after [PS]DDTC-
Me administration. In light of the small dose of
DDTC-Me required to produce a disulfiram-like
ethanol reaction, the rapid onset of low K,, ALDH
inhibition, and the knowledge that DDTC-Me in
vivo does not form DDTC or disulfiram, it is pro-
posed that either DDTC-Me or some other metab-
olite may be the active chemical species responsible
for the alcohol-sensitizing effect of disulfiram. Fur-
thermore, since DDTC-Me in plasma is virtually
nonexistent 8 hr after DDTC-Me administration
(Fig. 9), a time at which maximal ALDH inhibition
occurred (Fig. 1), the alcohol-sensitizing properties
of DDTC-Me are not related to the plasma drug
concentration of DDTC-Me. This also suggests that,
in all probability, no correlation exists between
plasma disulfiram and the DER.

Disulfiram is rapidly reduced in both humans and
animals to DDTC. The DDTC formed can either be
degraded nonenzymatically producing diethylamine
and carbon disulfide, glucuronidated and excreted
by the kidney, or methylated forming DDTC-Me
with S-adenosyl methionine transmethylase cata-
lyzing the reaction {23]. Although there may be
other metabolites, these have yet to be identified and
quantitated. Previously this metabolic scheme has
not been seriously considered in the DER, since
disulfiram always has been assumed to be the chemi-
cal species responsible for the DER. The present
studies suggest that this is not the case since DDTC-
Me can not only produce a DER, but does so at
a fraction of the dose of disulfiram (Fig. 2). The
importance of DDTC-Me formation may possibly
explain why many patients receiving disulfiram do
not experience a DER when challenged with ethanol
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[24]. Finally, the data from this study suggest that
disulfiram, DDTC and DDTC-Me all produce simi-
lar effects on low K, mitochondriai ALDH
inhibition, blood acetaldehyde, blood ethanol, hypo-
tension and tachycardia. All three of these agents
are capable of producing the DER, with DDTC-Me
being the most potent. It is therefore proposed that
DDTC-Me or some other metabolite derived
therefrom and not disulfiram, is the chemical
species responsible for producing the DER.

Acknowledgements—This research was supported by Grant
AAO03577 from the National Institute on Alcohol Abuse
and Alcoholism.

10.

11.

REFERENCES

. Beyeler C, Fisch HU and Preisig R, The disulfiram-

alcohol reaction: Factors determining and potential
tests predicting severity. Alcoholism 9: 118-124, 1985.

. Kitson TM, The effect of disulfiram on the aldehyde

dehydrogenases of sheep liver. Biochem J 151: 407-
412, 1975.

. Stromme JH, Effects of diethyldithiocarbamate and

disulfiram on glucose metabolism and glutathione con-
tent of human erythrocytes. Biochem Pharmacol 12:
705-715, 1963.

. Deitrich RA and Erwin VG, Mechanism of the inhi-

bition of aldehyde dehydrogenase in vivo by disulfiram
and diethyldithiocarbamate. Mol Pharmacol 7: 301-
307, 1971.

. Harada S, Agarwal DP and Goedde HW, Mechanism

of alcohol sensitivity and disulfiram—ethanol reaction.
Subst Alcohol Actions Misuse 3: 107-115, 1982.

. Gessner T and Jakubowski M, Diethyldithiocarbamic

acid methyl ester: A metabolite of disulfiram. Biochem
Pharmacol 21: 219-230, 1972.

. Faiman MD, Artman L and Haya K, Disulfiram distri-

bution and elimination in the rat after oral and intra-
peritoneal administration. Alcoholism 4: 412-419,
1980.

. Faiman MD, Dodd DE and Hanzlik RE, Distribution

of S¥-disulfiram and metabolites in mice, and metab-
olism of S*-disulfiram in the dog. Res Commun Chem
Pathol Pharmacol 21: 543-567, 1978.

. Cobby J, Mayersohn M and Selliah S, Methyl diethyl-

dithiocarbamate, a metabolite of disulfiram in man.
Life Sci 21: 937-942, 1977.

Faiman MD, Jensen JC and LaCoursiere RB, Elim-
ination kinetics of disulfiram in alcoholics after single
and repeated doses. Clin Pharmacol Ther 36: 520-526,
1984.

Kitson TM, The effect of some analogues of disulfiram

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

421

on the aldehyde dehydrogenases of sheep liver. Bio-
chem J 155: 445-448, 1976.

Yourick JJ and Faiman MD, Diethyldithiocarbamic
acid-methyl ester: A metabolite of disulfiram and its
alcohol sensitizing properties in the disulfiram—ethanol
reaction: Alcohol 4: 463-467, 1987.

Koch HP, Absorption spectra and structure of organic
sulphur compounds. Part III. Vulcanisation accel-
erators and related compounds. J Chem Soc 151: 401~
408, 1949.

Faiman MD, Artman L and Maziasz T, Diethyl-
dithiocarbamic acid-methyl ester distribution, elim-
ination and LDs, in the rat after intraperitoneal
administration. Alcoholism 7: 307-311, 1983.
Tottmar SOC, Petterson H and Kiessling KH, The
subcellular distribution and properties of aldehyde
dehydrogenases in rat liver. Biochem J 135: 577-586,
1973.

Eriksson COP, Sippel HW and Forsander OA, The
determination of acetaldehyde in biological samples by
head-space gas chromatography. Anal Biochem 80:
116-124, 1977.

Jensen JC and Faiman MD, Determination of disul-
firam and metabolites from biological fluids by high-
performance liquid chromatography. J Chromatgr 181:
407-416, 1980.

Strémme JH, Metabolism of disulfiram and diethyl-
dithiocarbamate in rats with demonstration of an in
vivo ethanol-induced inhibition of the glucuronic acid
conjugation of the thiol. Biochem Pharmacol 14: 393
410, 1965.

Strémme JH and Eldjarn L, Distribution and chemical
forms of diethyldithiocarbamate and tetraethylthiuram
disulphide (disulfiram) in mice in relation to
radioprotection. Biochem Pharmacol 15: 287-297,
1966.

Sauter AM, Boss D and von Wartburg JP, Reeval-
uation of the disulfiram-alcohol reaction in man. J Stud
Alcohol 38: 1680-1695, 1977.

Iber FL and Chowdhury B, The persistence of the
alcohol-disulfiram reaction after discontinuation of
drug in patients with and without liver disease. Alcohol-
ism 1: 365-369, 1977.

Helistrom E and Tottmar O, Acute effects of ethanol
and acetaldehyde on blood pressure and heart rate in
disulfiram-treated and control rats. Pharmacol Bio-
chem Behav 17: 1103-1109, 1982.

Faiman MD, Biochemical pharmacology of disulfiram.
In: Biochemistry and Pharmacology of Ethanol (Eds.
Majchrowicz E and Noble EP), Vol. 2, pp. 325-348.
Plenum Press, New York, 1979.

Brewer C, How effective is the standard dose of disul-
firam? A review of the alcohol-disulfiram reaction in
practice. Br J Psychiatry 144: 200-202, 1984.



