
Interaction of disulfiram with benzodiazepines 

The disposition of chlordiazepoxide (50 mg, intravenously), diazepam (0.143 mg /kg, orally), 

and oxazepam (0.429 mg/kg, orally) were studied in normal and alcoholic men before and after 

chronic disulfiram administration. Decreases in the plasma clearance of chlordiazepoxide 

(54%, p < 0.05), diazepam (41%, p < 0.05), and their active N-desmethyl metabolites were 

observed. Oxazepam has no important active metabolites and its net disposition is minimally 

altered by disulfiram. Oxazepam disposition is unaffected by age and liver disease. These 

considerations together with that of the short half-life of oxazepam (median, 6.1 hr) suggest 

that oxazepam may be the drug of choice if benzodiazepine therapy is used for patients 

taking disulfiram. 
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Disulfiram (Antabuse) has been used for over 
25 years in aversive therapy for selected chronic, 
alcoholic patients.!' 2 It is upon the threat of an 
Antabuse reaction when alcohol is ingested, 
that the use of the drug is based. This reaction is 
probably due to accumulation of acetaldehyde 
associated with disulfiram inhibition of acetal
dehyde oxidoreductase.!' 2 Disulfiram also 
inhibits a variety of other enzymes, includ
ing dopamine-,B-hydroxylase, xanthine oxi
dase, hexokinase, glyceraldehyde 3-phosphate 
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dehydrogenase, and d-amino acid oxidase. 31 

Disulfiram also inhibits hepatic microsomal 
drug metabolism in laboratory animals 
after both short- and long-term administra
tion. 6 • s. 11, 14. 17. 19. 25. 31 In man, disulfiram 
prolongs the half- life (t'h) of antipyrine28, 29 and 
can cause toxic accumulation of phenytoin5, 20 

and warfarin21 through inhibition of hepatic 
mixed function oxidase-catalyzed hydroxyla
tion. 

The 1,4-benzodiazepines, diazepam and 
chlordiazepoxide, are frequently used in the 
treatment of chronic alcoholic subjects concur
rently with disulfiram.!' 2 Inhibition of ben
zodiazepine biotransformation could be associ
ated with unexpectedly high drug concen
trations and enhanced clinical effects. The 
major pathway of chlordiazepoxide and diaz
epam biotransformation is initial N -demeth
ylation and eventual glucuronidation. 10 The 
nonglucuronide metabolites of each drug are 
pharmacologically active. Other metabolites 
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have been identified in animals but are unimpor
tant in man. In contrast, oxazepam has no quan
titatively important active metabolites «5%)30 
and is conjugated to a pharmacologically inac
tive glucuronide. In liver disease, conjugation 
appears to be influenced less than mixed
function oxidase activity, since the tV2 of chlor
diazepoxide, diazepam, and desmethyldiazepam 
but not oxazepam is prolonged. 13, 22, 24 Animal 
studies suggest that similar differential effects of 
inhibitors of drug metabolism may also exist. 

In three separate experimental protocols we 
have determined the influence of chronic di
sulfiram administration on chlordiazepoxide, 
diazepam, and oxazepam disposition in normal 
subjects and chronic alcoholic SUbjects. The re
sults are presented here in combination to facili
tate comparison. The results suggest that 
oxazepam disposition is altered only minimally 
by disulfiram and that oxazepam will be the 
benzodiazepine with fewest dosing difficulties 
when administered with disulfiram to alcoholic 
subjects. 

Methods 

Participants in these studies were healthy, 
male subjects or male chronic alcoholic patients 
in an alcohol abuse rehabilitation program, with 
a past history of consuming at least 80 gm 
ethanol per day for at least 10 yrs. All subjects 
had a history, physical, SMA-12 hemogram, 
urinalysis, electrocardiogram, and urine drug 
screen. Subjects with active medical or surgical 
problems or any factors except smoking known 
to alter drug disposition were excluded. All 
chronic alcoholic patients had stopped drinking 
at least 2 wk prior to the study. In normal sub
jects, drug or alcohol intake was not permitted 
during and for at least 2 w k before the study. No 
chronic alcoholic patient was included if he had 
clinical or laboratory evidence of cirrhosis or 
hepatitis. 

Group I: Chlordiazepoxide. Fourteen nor
mal subjects (median age, 24.5; range, 21 to 31 
yr; median weight, 72.2, range 60.0 to 96.5 kg) 
received 50 mg of chlordiazepoxide HCl in
travenously over 10 min. Venous blood sam
ples were drawn through an indwelling cannula 
placed in the contralateral forearm or by sepa
rate veinpuncture, prior to drug administration, 
at the termination of the infusion and over 48 hr 
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after infusion. Plasma concentrations of chlor
diazepoxide, and its metabolites, desmethyl
chlordiazepoxide and demoxepam, were de
termined by a spectrophotofluorometric assay. 26 

At least 1 mo later, 6 of the same subjects 
received 0.5 gm disulfiram orally each night for 
14 days. Compliance was checked by pill 
counts. Twelve hours after the last dose of di
sulfiram, chlordiazepoxide was administered. 

Eight chronic alcoholic patients (median age, 
41; range, 33 to 54 yr; median weight, 72.7; 
range 57 to 104 kg) administered disulfiram for 
at least 14 days as part of treatment, were given 
a single intravenous dose of chlordiazepoxide 
and samples were drawn and analyzed as indi
cated above. 

Group II: Diazepam. Six normal subjects 
(median age, 25.5; range, 21 to 30 yr; median 
weight, 71.8; range, 67.3 to 88.5 kg) received 
diazepam, 0.143 mg/kg, orally after a 6-hr 
fast. Fasting was continued for 2 hr after drug 
administration. Blood samples were taken over 
120 hr. 

The first night after the 120-hr blood sample, 
disulfiram (0.5 gm orally each night) was given 
for 12 days and the identical diazepam dose 
readministered. Disulfiram was discontinued 
108 hr after the second diazepam dose. Two 
chronic alcoholic subjects (aged, 35 and 51 yr; 
weight, 67.7 and 76.1 kg) received diazepam 
and disulfiram by an identical protocol as the 
normal subjects. Serum diazepam and its active 
metabolite desmethyldiazepam were assayed by 
electron-capture gas chromatography. 32 

In order to maximize compliance to the 
prescribed regimen, subjects were required to 
telephone the Clinical Research Unit at the time 
they ingested the disulfiram dose each evening. 

Group III: Oxazepam. Five normal subjects 
(median age, 25; range, 23 to 28 yr; median 
weight, 73.7; range, 71.0 to 82.8 kg) and 2 
chronic alcoholic subjects (age 57 and 28; 
weight, 83.6 and 89.4 kg) received oxazepam, 
0.429 mg/kg orally, before and after disulfiram 
in a study format identical to that used for 
diazepam except that disulfiram was discon
tinued 24 hr after the second oxazepam dose. 
Blood samples were taken over 36 hr. Plasma 
oxazepam concentrations were determined as 
for diazepam, except that benzene: ether (5: 1) 
was used as the extracting solvent and desmeth-
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Fig. 1. Plasma concentrations of chlordiazepoxide and desmethylchlordiazepoxide in a normal 
subject before and after disulfiram administration. 

yldiazepam was used as the internal standard. 7 

Pharmacokinetics. Using weighted (recip
rocal of the square root of the concentration) 
nonlinear least-squares regression analysis, 
postinfusion plasma concentrations of chlordi
azepoxide were fitted to the linear sum of the 
smallest number of exponential terms (inmost 
cases two) necessary to describe the data points 
adequately. 16, 27 The following pharmacokinetic 
parameters were calculated: apparent volume of 
distribution (Vct ) by the "area" method, appar
ent elimination half-life (tV2(f3», and total body 
clearance .. Total body clearance was calculated 
from the dose and area under the curve (AUC) 
integrated to infinity. 

Diazepam and oxazepam were administered 
orall y. In consequence, it is inappropriate to 
calculate pharmacokinetic parameters such as 
apparent volume of distribution and clearance in 
which exact knowledge of the systemically 
available dose is required. Accordingly, tV2(f3) 
(determined from the logclinear apparent elimi
nation phase), "nominal apparent volume of 
distribution," and "nominal clearance" have 
been calculated. 

After characterization of the pharmacokinetic 
profile of each subject, it is possible to report 
intercompartmental rate constants; we have 
chosen not to do so. The numerical values ·of 
these parameters are dependent on the sampling 

times, the number of samples in each pharma
cokinetic phase, and the configuration of the 
pharmacokinetic model. In addition, the as
sumption of monotonic log-linear elimination 
may not be valid. This is particularly well illus
trated with diazepam in which marked fluctua
tions in the plasma concentrations occur within 
a 24-hr period during the apparent elimination 
phase. 23 

Statistics. Comparison between the before 
and after conditions between groups were made 
with the nonparametric rank sign and Mann
Whitney tests. 

Results 

Comparison of liver function tests of 
the normal subjects and chronic alcoholic sub
jects indicated that while albumin, prothrombin 
time, serum glutamic oxaloacetic transaminase, 
GGTP, and alkaline phosphatase were margi
nally different there were no important differ
ences between groups. The median age of the 
chronic alcoholic subjects (41) was significantly 
greater than that of the normal subjects (25) 
(p < 0.01) but not sufficiently different to 
cause important differences in drug clearance as 
affected by ageY' 15, 22 

The four potential effects of disulfiram to be 
considered are on relative bioavailability, tl;2, 
apparent volume of distribution, and clearance. 
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Fig. 2. Apparent elimination half-lives and total body 
clearances in normal (closed circles) and alcoholic 
(open circles) subjects before and after disulfiram 
administration. In the cases of the orally administered 
diazepam and oxazepam the clearances are nominal. 

For chlordiazepoxide, which was administered 
intravenously, the bioavailability is 100%. 

Fig. I shows one normal subject's plasma 
chlordiazepoxide concentrations against time, 
before and after disulfiram. After disulfiram, 
the early chlordiazepoxide concentrations are 
higher and desmethylchlordiazepoxide lower, 
but after 30 hr, desmethylchlordiazepoxide con
centrations become higher than before disul
firam. Analysis of normal chlordiazepoxide 
subjects indicates significant (p < 0.01) effects 
of disulfiram on chlordiazepoxide (higher) and 
desmethylchlordiazepoxide (lower) concentra
tions. In all subjects the time to peak of des
methylchlordiazepoxide (9.0 ± 1.0 hr) was de
layed after disulfiram (17.0 ± 2.41 hr). Four of 
the normal subjects had demoxepam detected in 
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Table I. Chlordiazepoxide median subject 
pharmacokinetic parameters 

Clearance 
Group (mllmin) 

Group* 
la 10.6 25.6 29.7 
Ib 19.5 26.0 13.7 
Ic 24.4 23.2 12.3 

P (la - Ib)t <0.01 NSt <0.05 
p (la - Ic) <0.01 NS <0.05 
P (lb - Ic) NS NS NS 

'Group la: 14 normal male subjects before disulfiram adminis
tration; Group I b: 6 normal male subjects after disulfiram admin
istration; Group I c: 8 male alcoholic subjects after disulfiram 
administration. 

tSignificance was determined by the Mann-Whitney U test. 

tNot significantly different. 

the plasma at 24 hr only after disulfiram and the 
other 2 had higher desmoxepam concentrations 
after disulfiram. In the 8 chronic alcoholic sub
jects on disulfiram, demoxepam was detected. 

All kinetic data are summarized in Tables I, 
II, and III and Fig. 2. In normal subjects, di
sulfiram prolonged the median chlordiaze
poxide tVz(f3) by 84% and chronic alcoholic pa
tients without serious liver disease have a simi
lar prolonged median tVz (24.4 hr). Disulfiram 
decreases chlordiazepoxide clearance signif
icantly in both treated groups (Table I). 

The pattern of diazepam absorption was not 
significantly altered by disulfiram; median peak 
plasma diazepam concentrations occurred at 
0.88 hr (566 f.1-g/L) before and at 0.75 hr 
(548 f.1-g/L) after disulfiram treatment. Disul
firam increased the terminal half-life of diaz
epam by 37% and reduced its nominal clear
ance by 41 %, without significantly altering the 
nominal V d (Table II). The area under the curve 
of desmethyldiazepam (median, 7.63 f.1-g hrlml) 
was significantly (p < 0.05) increased (median 
8.25 f.1-g hr/m!) after disulfiram administration. 

The disposition of oxazepam (Table III) was 
not altered significantly by disulfiram. The me
dian time to peak oxazepam plasma concentra
tion was 2.0 hr both before and after disulfiram 
administration, although disulfiram reduced 
(p < 0.05) the median peak concentration from 
432 to 358 f.1-g/L (17%). This suggests an effect 
on oxazepam bioavailability. Five of the 7 sub
jects had increased oxazepam tl/Z after disul-
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Table II. Diazepam median subject* pharmacokinetic parameters 

tlh (f3) 

Before disulfiram 30.2 
After disulfiram 4l.4 
p+ <O.OS 

'Six nonnal and 2 alcoholic subjects. 

tNominal since bioavailability is unknown. 

:j:Significance was detennined by a rank sign test. 

§Not significantly different. 

Nominal Nominal clearance 
Vd (L)t (mllmin)t 

4S.3 17.9 
42.4 1O.S 
NS§ <O.OS 

Table III. Oxazepam median subject* pharmacokinetic parameters 

I (1/2 (f3) (hr) 

Before disulfiram 
After disulfiram 
p+ 

'Five nonnal and 2 alcoholic subjects. 

tNominal since bioavailability is unknown. 

:j:Significance was determined by a rank sign test. 

§Not significantly different. 

6.0S 
7.07 
NS§ 

firam treatment but the median increase in the 7 
subjects was only 17% (not significant). 

Discussion 

These studies demonstrate that disulfiram, 
markedly changes the pharmacokinetic profiles 
of chlordiazepoxide and diazepam while only 
minor effects on oxazepam disposition were 
demonstrated. The clearance of chlordiazepox
ide and the nominal clearance of diazepam are 
significantly decreased. All subjects received 
disulfiram in a pattern typical of the actual 
therapeutic use of the drug. Close agreement 
between disulfiram-treated normal subjects and 
alcoholic subjects receiving disulfiram suggests 
that studies in normal subjects are adequate 
predictors of disulfiram effects in the population 
of clinical interest. 

The clinical importance of the inhibition of 
chlordiazepoxide and diazepam biotransforma
tion is not proved by this study but is predict
ably important because increasing chlordiaz
epoxide, diazepam, and desmethyldiazepam 
doses (and, therefore, plasma concentrations32

) 

are correlated with increased sedation. 3 Since 
steady-state drug concentrations are directly de
pendent on tV2 and inversely dependent on 

Nominal 
Vd (L)t 

91.7 
128.7 

NS 

Nominal clearance 
(mllmin)t 

20S 
21.0 
NS 

clearance, more extensive accumulation of 
chlordiazepoxide and diazepam will occur dur
ing long-term therapy. However, not all pa
tients receiving chlordiazepoxide, diazepam, or 
chlorazepate (which is rapidly converted to 
desmethyldiazepam) in combination with di
sulfiram will have equally important accumula
tion of parent drug or metabolites since there is 
considerable interindividual variation in the ex
tent of disulfiram effects. Disulfiram treatment 
increased chlordiazepoxide tV2 between 8.2% 
and 52.8% in the normal subjects. The median 
increase in chlordiazepoxide and diazepam 
tV2(!3) , respectively, of 84% and 37% after 
disulfiram suggests that mean steady-state and 
the time to reach steady-state will be propor
tionately greater and of longer duration. Fur
thermore, both chlordiazepoxide and diazepam 
have active metabolites which contribute to the 
overall clinical effect. Dasberg and associates4 

have suggested that desmethyldiazepam levels 
above 300 p.,g/L might cause worsening of cer
tain symptoms of anxiety and this would further 
complicate the diazepam/disulfiram drug in
teraction. The importance of the interaction 
may in part be offset by the development of 
chronic tolerance to benzodiazepines. Patients 
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who will have clinically important potentiation 
cannot be identified in advance. Important se
dation would be particularly likely to occur and 
could be detected by careful observation of the 
patient upon initiation of chlordiazepoxide or 
diazepam administration to patients on disul
firam. 

The Boston Collaborative Drug Surveillance 
Program3 reports drowsiness in 4.5% of 2,623 
patients receiving diazepam and 7.2% of 
the 2,086 patients receiving chlordiazepoxide. 
Drowsiness is among the most common side 
effects of disulfiram, and in our study 63% of 
the normal subjects and 79% of the alcoholic 
subjects reported drowsiness as a disulfiram 
side effect. There is, therefore, potential for 
pharmacodynamic as well as pharmacokinetic 
interactions to occur between these two drugs. 

The pharmacokinetics of the demethylated 
metabolites of chlordiazepoxide and diazepam 
after disulfiram are complex because the levels 
depend on the concentration of the parent com
pound, the rate constant for conversion (de
methylation) to its metabolite, the apparent vol
ume of distribution of the desmethyl metabolite, 
and the rate of conversion to demoxepam and 
oxazepam, respectively. Inhibition of des
methylchlordiazepoxide, demoxepam, and des
methyl diazepam metabolism by disulfiram is 
likely to occur. Supporting evidence includes: 
(1) many subjects had higher AVC for des
methyl after disulfiram, (2) the time to peak for 
desmethyl was delayed, and (3) more demoxe
pam was measurable after disulfiram. In addi
tion, separate studies with suspended, isolated 
rat hepatocytes 12 and rabbit liver microsomal 
preparations show inhibition of diazepam and 
des me thy I diazepam metabolism by in vitro ad
dition of disulfiram. 18 Animal studies suggest 
that there may be differences in the mechanism 
of disulfiram after short- and long-term admin
istration. 31 In any case the consequence of the 
two durations of exposure is inhibition of me
tabolism. 

Inhibition by disulfiram of oxazepam glucu
ronidation is minimal. By inference from the 
present data it may be said that disulfiram 
exhibits independent inhibitory effects of vari
able magnitudes on both N-demethylation and 
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C-hydroxylation by hepatic mixed-function ox
idase as well as glucuronidation of the metabo
lites so formed. 

The small inhibition of elimination of oxaze
pam by disulfiram is offset by a slightly reduced 
bioavailability. The net result is a similar AVC 
and nominal clearance. Since the tVz({3) of 
oxazepam is considerably less than that of the 
other two benzodiazepines (Tables I to III) and 
since it has no important active metabolites, 
more accurate titration of dosage to clinical re
sponse should be possible on both short- and 
long-term coadministration with disulfiram. 

From all the various studies with disulfiram it 
seems that it inhibits all microsomal metabolic 
reactions. It is therefore probable that there are 
many other drugs in which inhibition of drug 
metabolism by disulfiram is likely to be found 
and may be important in clinical use. 
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tance and Ms. T. Fan, Ms. K. Franke, Mr. M. Ram
say, and Ms. R. Berg for their excellent technical 
work. 
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