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The aim of this study was to investigate the effects of single and repeated disulfiram doses on serum dopamine- 
P-hydroxylase activity and blood carbon disulphide concentrations in a group of abstinent alcoholics. The 
increase in the blood concentration of carbon disulphide was dose dependent after the oral administration of 
100400 mg of disulfiram. Free carbon disulphide peaked at 12 h while the protein-bound fraction increased 
at least up to 24 h. Both single (100400 rng p.0.) and repeated (200 mg daily p.0. for ca. 1 month) 
administrations failed to inhibit the activity of serum dopamine-P-hydroxylase. The repeated daily administration 
of 200 mg of disulfiram also had no influence on copper-activated serum dopamine-P-hydroxylase, which was 
the same before and after 1-month treatment period. Contrary to the disulfiram group, the activity of the 
copper-activated enzyme in the serum of abstinent alcoholics declined significantly during the same 30 days. 

INTRODUCTION 

Disulfiram (ANTABUSE) has been used as an alcohol 
aversive drug for more than 40 years. Behavioural and 
neurological symptoms, as well as adverse cardiovascu- 
lar effects, have been reported in abstinent alcoholics 
after prolonged disulfiram treatment.' It has been 
proposed that these effects are caused by the formation 
of carbon disulphide,2 a well-known occupational, 
neurological and cardiovascular toxic agent.ss In 
rodents, both disulfiram and carbon disulphide inhibit 
dopamine-p-hydroxylase (DBH) and reduce the con- 
version of dopamine to noradrenaline."' The mechan- 
ism of DBH inhibition involves chelation of copper, 
an essential cofactor of DBH, by dithiocarbamates 
formed either by the reduction of disulfiram or by the 
reaction of carbon disulphide with circulating amines.* 
It has been shown that inhibition of DBH is quickly 
reversed in the adrenal glands of rats exposed to 
carbon disulphide, but a rebound effect has been 
observed after repeated exposures characterized by 
increased content of DBH and a faster rate of 
catecholamine synthesis.9J0 Increased DBH activity 
has also been reported in the blood of monkeys 
repeatedly dosed with disulfiram. " Based on these 
observations it has been suggested that repeated 
short-lasting inhibitions of DBH, caused either by 
occupational exposure to carbon disulphide or by 
prolonged therapy with disulfiram, trigger neurological 
and cardiovascular effects through the chronic stimu- 
lation of the sympathoadrenal system. 

The aim of this study was to investigate the effect 
of single and repeated disulfiram administrations on 

t Author to whom correspondence should be addressed. 

serum DBH activity and on the metabolic formation 
of carbon disulphide in abstinent alcoholics. 

EXPERIMENTAL 

In vitro study 
The effect of disulfiram on serum DBH was measured 
with and without copper sulphate supplementation 
(1 pM final concentration). Serum was separated from 
ca. 20 ml of blood withdrawn from the cubital vein of 
a healthy volunteer. Serum DBH was measured by 
the conversion rate of tyramine to octopamine at 37°C 
and pH 5.0 according to Kato et ~ 1 . ' ~  A 50-p1 aliquot 
of disulfiram dissolved in acetone was added to the 
test system (1 ml) to give final disulfiram concentrations 
between 0.1 and 0.6 pM. The addition of acetone 
(1:20) reduced the enzyme activity by ca. 30%. 

Acute in vivo study 

Four alcoholics (two males and two females) were 
hospitalized to start alcohol aversive treatment with 
disulfiram. They were taking a normal diet without 
any medication and had abstained from alcohol for 
3-5 days before disulfiram therapy. A sample of blood 
was withdrawn from the cubital vein of each subject 
before taking a single oral dose of disulfiram: 100 mg 
(one subject), 200 mg (two subjects) or 400 mg (one 
subject). Three more blood samples were withdrawn 
from each subject at scheduled times (1, 12 and 24 h 
after disulfiram). The total blood for carbon disulphide 
determination and the serum for DBH determination 
were processed separately. Blood samples were placed 
in glass tubes containing two drops of 10% ethylen- 
diaminetetracetate solution and stored at 4°C until 
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Table 1. Characterization of the study subjects 

Group A Group B 

No. of subjects 15 20 
Malelfemale" 1213 1416 
Age (years)b 46.2 2 11.2 51.4 t 10.3 
Alcohol intake (g 161.0 k 44.0 152.0 2 33.0 
Smokerslnon-smokers" 817 1218 

a Not significantly different, Pearson chi-squared test. 
Not significantly different, Student's t-test. 

assayed. Carbon disulphide was determined as free 
and bound (acid-labile) carbon disulphide. Acid 
hydrolisis was performed by heating two parts of 1% 
hydrochloric acid with one part of blood at 100°C for 
1 h. Carbon disulphide was measured according to 
Brugnone et d . 1 3  The concentration of bound carbon 
disulphide was calculated from the difference between 
total (free + acid-labile) and free carbon disulphide 
concentrations. Serum was separated soon after blood 
sampling and stored at -80°C until assayed. The DBH 
activity with and without the addition of copper (1 pM) 
was measured in all samples on the same day according 
to Kato et ~ 1 . ' ~  

Patients were aware that blood sampling was aimed 
at obtaining experimental results that were of no 
clear therapeutic or diagnostic value for themselves. 
Informed consent was obtained from the patients 
before starting the experimental procedure. 

Subchronic in vivo study 

Thirty-five hospitalized alcoholic patients (26 males 
and 9 females) selected for a detoxification programme 
were divided into two groups according to their 
willingness to undergo disulfiram therapy. The two 
groups (group A: 15 subjects not treated with disulfi- 
ram; group B: 20 subjects selected for disulfiram 
treatment) did not differ in age or sex distribution, 
smoking habit or alcohol intake (Table 1). Informed 
consent was obtained from patients before joining the 
study. 

A blood sample was withdrawn from the cubital 
vein of all patients 6.1 ? 2.4 (mean ? SD) days after 
the beginning of the abstinence period (5.8 and 6.3 
days for group A and B, respectively; not significantly 
different). Disulfiram therapy (group B) with daily oral 
doses of 200 mg of disulfiram (equal to 2.9 t 0.36 mg 
disulfiram kg-' body wt., mean t SD) started on the 
next day. Serum was taken and stored at -80°C 
until assayed. A second blood sample was withdrawn 
31.2 t 8.2 days after the first sampling (33.8 and 29.3 
days for group A and B, respectively; not significantly 
different) and serum was taken and stored as reported 
above. The second sample from patients treated with 
disulfiram was taken between 2 and 24 h after the last 
dose. Between the first and second samplings the 
subjects were not hospitalized, but all participated in 
group psychotherapy and abstained from alcohol up 
to the end of the study. Circumstantial evidence for 
the continuity of disulfiram therapy was obtained at 
the 2-weekly psychotherapy sessions by patients and 

Table 2. Effect of disulfiram and copper addition to human 
serum dopamine-P-hydroxylase (DBH) 

Copper DBH Disulfiram 
(pM1 (1 wM) (wmol min-' I - '  serum) 

0 
0.1 
0.2 
0.4 
0.6 
0 
0.2 
0.4 
0.6 

20.8 
18.7 
16.3 
11.3 
6.4 

+ 35.0 
+ 34.1 
f 36.9 
f 34.0 

- 

- 
- 

- 

- 

~~ ~- 

the relatives of patients, who were asked to be present 
at the daily tablet ingestion. Serum DBH activity was 
measured in both samples from each subject on the 
same day with and without the addition of 1 pM 
copper.12 

RESULTS 

The addition of copper to the test system increased 
DBH activity from 20.8 to 35 pmol min-' I- '  of 
serum. This is a known effect of copper on serum 
DBH and it is due to the neutralisation of endogenous 
sulphydryl inhibitors present in serum. l4  Table 2 shows 
the effect of copper and disulfiram supplementation 
on DBH activity. Disulfiram inhibited serum DBH 
activity with an 150 of ca. 0.4 pM. The addition of 
copper completely neutralized the effect of disulfiram 
up to the highest tested concentration of 0.6 pM. 

Table 3 shows a dose-related increase of both free 

Table 3. Blood carbon disulphide (CSJ concentration and 
serum dopamine-P-hydroxylase (DBH) activity of abstinent 
alcoholics after a single oral disulfiram dose 

Time of blood Blood CS, Serum DBH 
sampling after (nM1 (wmol min-'l-') 

Subject and disulfiram 
disulfiram dose (h) Free Bound No Cu2+ Cu2+ 

Subject 1 0 1 10 14 29 
100 mg p.0. 1 1 9 13 27 

12 10 64 13 27 
24 7 119 10 26 

Subject 2 0 3 15 24 53 
200 mg p.0. 1 4 26 20 48 

12 162 446 28 57 
24 157 986 25 53 

52 
200 mg p.0. 1 3 177 19 59 

12 50 242 24 54 
24 5 508 20 55 

Subject 4 0 5 13 16 34 
400 mg p.0. 1 11 77 16 34 

12 617 2397 15 32 
24 260 2562 16 32 

4 24 17 Subject 3 0 
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Table 4. Serum dopamine-P-hydroxylsse (DBH) activity with- 
out copper supplementation in abstinent alcoholic patients 
with and without a 1-month disulfiram therapy 

Serum DBH activity (mean 5 SD) 

Before the first After the last 
No. of Disulfiram disulfiram dose disulfiram dose 
subjects (200 mg day-’) (pmol min-’ I-’) (% change) 

15 - 13.5 5 9.6 -3.0 1?: 23.6 

20 + 18.0 2 14.0 -6.4 5 21.5 

and bound carbon disulphide concentrations in the 
blood of four abstinent alcoholics after a single dose 
of disulfiram. Free carbon disulphide peaked at 12 h 
after disulfiram administration and the bound fraction 
was still increasing after 24 h. Serum DBH activity 
measured both with and without copper supplementa- 
tion remained unaffected even by 400 mg of disulfiram. 

Table 4 shows that repeated disulfiram ingestion 
(200 mg daily p.0.) also failed to cause significant 
serum DBH inhibition in a group of abstinent alcoholics 
after ca. 1 month of treatment. Table 5 shows that 
the mean value of copper-activated serum DBH activity 
did not differ between the two groups of alcoholic 
patients at the beginning of the study, i.e. a few days 
after abstinence started. The only difference between 
the two groups was in the change of DBH activity during 
abstinence. While DBH activity was not significantly 
changed in patients treated with disulfiram, copper- 
activated DBH declined by a significant 11% in the 
15 control alcoholics who started abstinence simul- 
taneously with the disulfiram group. 

DISCUSSION 

Dopamine-P-hydroxylase is localized to catecholamine- 
containing vescicles in the sympathetic nerves, brain 
and adrenal medulla but it is released from these sites 

Table 5. Copper-activated serum dopamine-P-hydroxylase 
(DBH) activity in abstinent alcoholic patients with or without 
a 1-month disulfiram therapy 

Serum DBH activity’ (mean 2 SD) 

Before the first After the last 
No. of Disulfiram disulfiram dose disulfiram dose 
subjects (200 mg day-’) (pmol min-’ I - ’ )  (% change) 

15 

20 + 37.0 t 28.3 +2.6 * 20.6 

a Serum DBH activity measured with 1 pM copper addition. 
Significantly different from first sampling results. Student‘s 

t-test for correlated samples: P < 0.05, two-tailed. 
Significantly different from change in disulfiram-treated pati- 

ents. Student’s t-test for independent samples: P < 0.05, two- 
tailed. 

30.3 2 21.7 -11.1 1?: 17.6b,C - 

into plasma simultaneously with noradrenaline. l5 Thus, 
the serum concentration of DBH depends on the DBH 
content of the noradrenaline synthesizing sites and the 
activity of the sympathetic nervous system. As the 
activity of this enzyme depends on the presence 
of endogenous and exogenous inhibitors, which act 
through the chelation of copper in DBH, in vitro 
estimated enzyme activity is always lower without 
copper supplementation than with copper supplementa- 
tion. Tables 3-5 show that the DBH activities of serum 
samples obtained from disulfiram-treated or control 
abstinent alcoholics were twofold higher with copper 
supplementation (which relates to the enzyme content) 
than without copper supplementation. Although, after 
a single dose of disulfiram the blood concentration of 
bound carbon disulphide, which includes disulfiram, 
diethyldithiocarbamate and the dithiocarbamate-type 
compounds of carbon disulphide, sharply increased, 
the ratio of copper activated and unactivated enzyme 
activities remained unchanged. 

As the 150 for disulfiram in serum (where it is rapidly 
metabolized) is 0.4 pM (see Table 2), some inhibition 
was expected at least at the two highest concentrations: 
0.99 pM in subject 2 and 2.6 pM in subject 4, 
corresponding to 0.5 p M  and 1.3 pM disulfiram, 
respectively. The lack of inhibition suggests that either 
the distribution of bound carbon disulphide in blood 
follows the distribution of free carbon disulphide, 
which is predominantly (90%) in the red blood cells,16 
or the dilution of the assay system counteracted the 
disulfiram effect. Lake et al. were also unable to detect 
any inhibitory effect on serum DBH after prolonged 
disulfiram treatment (250 and 500 mg/day-l).” 

The only difference between the disulfiram-treated 
and control groups suggests an effect on DBH synthesis 
in DBH stores. After 1 month of treatment with 
200 mg disulfiram day-’ the serum DBH activities of 
copper-supplemented samples were approximately the 
same as before treatment, while DBH activities signifi- 
cantly declined in the serum of control abstinent 
alcoholics. It is a point of interest that this difference 
between the two groups can be shown only when 
individual changes in activity are compared. The reason 
for this is that in humans, DBH shows a genetically 
determined great interindividual variationl8 that could 
disguise a statistically significant effect when mean 
activities are compared. 

This decline in serum DBH activities in the control 
group and no change in the disulfiram group seem to 
be paradoxical without considering the effects of 
alcohol withdrawal and disulfiram on noradrenaline- 
synthesizing and -releasing sites. Ethanol withdrawal 
syndrome, characterized by tremor, agitation, halluci- 
nation, dilated pupils, seizures, tachycardia and 
increased blood pressure, frequently develops in 
alcoholics 6-60 h after the discontinuation of long- 
term ethanol c o n ~ u m p t i o n . ~ ~  Most alcoholics do not 
develop every symptom and the usual clinical picture 
is mild. Similar symptoms are seen in hyperadrenergic 
states, such as anxiety and thyrotoxicosis, and direct 
observations, including increased plasma noradrenaline 
levels,20 support the view that the sympathetic nervous 
system is activated upon withdrawal of ethanol. Treat- 
ment with p-adrenergic blockers such as propanolol 
and timolol has been shown to control some of the 
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signs of alcohol withdrawal,21.22 otherwise clinical and 
biochemical changes tend to disappear spontaneously 
during the first week of abstinence.20 Direct evidence 
of serum DBH increase after ethanol withdrawal as 
compared with pre-abstinence values is lacking, but in 
a group of alcoholics serum DBH activity declined 
between day 1 and 4 of a b ~ t i n e n c e , ~ ~  suggesting that 
this parameter behaves like noradrenaline levels. The 
decline in the level of copper-activated DBH from the 
early days of abstinence to 1 month later can be 
the sign of normalization and the abatement of the 
withdrawal syndrome. The absence of the same decline 
in disulfiram-treated patients is unlikely to be the sign 
of a prolonged withdrawal syndrome. It is most likely 
the consequence of the effect of disulfiram on DBH 
in noradrenaline-synthesizing sites. Firstly, it has been 
reported that in rats the in vivo inhibition of adrenal 
DBH activity by diethyldithio~arbamate~~ or carbon 
disulphidelO was associated with increased adrenal 
DBH content. Secondly, in these rats the shift in 
adrenaline catecholamine concentrations simulates 
stress-like effects such as hypothermia, immobilization 
or hypoglycaemia, which consequently induce less 
additional response in carbon disulphide-exposed rats 
than in control rats.2s Thus, it seems reasonable to 
assume that the catecholamine system of patients 

treated with disulfiram is constantly in a stress-like 
situation. The result is that from the elevated DBH 
depots more DBH is released and this increased release 
is sufficient to keep the serum DBH content at the 
high initial level. 

In summary, serum DBH is not a sensitive test for 
the biological monitoring of disulfiram ingestion or 
occupational exposure to dithiocarbamates or carbon 
disulphide. However, disulfiram is not without effect 
on DBH. While in control alcoholics during the first 
month of the abstinence period the serum DBH 
content declined, this decline was prevented by the 
daily ingestion of disulfiram. As serum DBH derives 
from noradrenaline-synthesizing sites, this observation 
demonstrates that at these sites DBH and, through 
DBH, the whole catecholamine system is affected by 
disulfiram. 

Acknowledgements 

This work was supported in part by a grant (40%) from the Italian 
Ministry of Scientific Research and University and from the Italian 
National Research Council (CNR) targeted project: Prevention and 
control of disease factors. Sub-project SP2: Environmental quality 
and health toxicological methods for pesticides (grant no. 9100095- 
PF41). 

REFERENCES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

C. Wright and R. D. Moore, Disulfiram treatment of alcohol- 
ism. Am. J. Med. 88, 647-655 (1990). 
J. M. Rainey, Disulfiram toxicity and carbon disulfide 
poisoning. Am. J. Psychiatry 134, 371-378 (1977). 
J. R. Tiller, R. S. F. Schilling and J. N. Morris, Occupational 
toxic factor in mortality from coronary heart disease. Br. 
Med. J. 4, 407-41 1 (1968). 
P. M. Sweetnam, S. W. C. Taylor and P. C. Elwood, Exposure 
to carbon disulphide and ischaemic heart disease in a 
viscose rayon factory. Br. J. lnd. Med. 44, 220-227 (1987). 
R. R. O’Flinn and H. A. Waldron, Delpech and the origins 
of occupational psychiatry. Br. J. lnd. Med. 47, 189-198 
(1990). 
J. M. Musacchio, M. Goldstein, 6. Anagnoste, G. Poch 
and I. J. Kopin, Inhibition of dopamine-p-hydroxylase by 
disulfiram in vivo. J. Pharmacol. Exp. Ther. 152, 56-59 
(1966). 
L. Magos, The clinical and experimental aspects of carbon 
disulphide intoxication. Rev. Environ. Health II, 65-80 (1975). 
M. J. McKenna and V. Di Stefano, Carbon disulfide. II. A 
proposed mechanism for the action of carbon disulfide on 
dopamine-p-hydroxylase. J. Pharmacol. Exp. Ther. 202, 
253-266 (1977). 
S. Caroldi, J. A. E. Jarvis and L. Magos, In vivo inhibition 
of dopamine-p-hydroxylase in rat adrenals during exposure 
to carbon disulphide. Arch. Toxicol. 55, 265267 (1984). 
S. Caroldi, J. Jarvis and L. Magos, Stimulation of dopamine- 
p-hydroxylase in rat adrenals by repeated exposures to 
carbon disulphide. Biochem. Pharmacol. 33, 1933-1936 
( 1 984). 
L. F. Major, P. Lerner, P. S. Dendel, L. Glaser and R. M. 
Post, Effects of prolonged disulfiram treatment on plasma 
dopamine-p-hydroxylase activity in rhesus monkeys. J. 
Stud. Alcohol 43, 146-152 (1982). 
T. Kato, H. Kuzuya and T. Nagatsu, A simple and sensitive 
assay for dopamine-p-hydroxylase activity by dual-wave- 
length spectrophotometry. Biochem. Med. 10, 320-328 
(1 974). 
F. Brugnone, G. Maranelli, S. Zotti, I. Zanella, P. De Paris, 
S. Caroldi and A. Betta, Blood concentration of carbon 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

21. 

22. 

23. 

24. 

25. 

disulfide in ‘normal’ people and after antabuse treatment. 
Br. J. Ind. Med. 49, 658-663 (1992). 
T. Nagatsu, H. Kuzuya and H. Hidaka, Inhibition of dopami- 
ne-P-hydroxylase by sulfhydryl compounds and the nature 
of the natural inhibitors. Biochim. Biophys. Acta 139, 
319-327 (1967). 
R. Weinshilboum and J. Axelrod, Serum dopamine-p- 
hydroxylase: decrease after chemical sympathectomy. Sci- 
ence 173, 931-934 (1971). 
C. W. Lam and V. Di Stefano, Characterization of carbon 
disulfide binding in blood and to other biological subst- 
ances. Toxicol. Appl. Pharmacol. 86, 235-242 (1 986). 
C. R. Lake, L. F. Major, M. G. Ziegler and I .  J. Kopin, 
Increased sympathetic nervous system activity in alcoholic 
patients treated with disulfiram. Am. J. Psychiatry 134, 

R. M. Weinshilboum, Serum dopamine-p-hydroxylase. Phar- 
macol. Rev. 30, 133-166 (1979). 
E. M. Sellers and H. Kalant, Alcohol intoxication and 
withdrawal. N. Engl. J. Med. 294, 757-762 (1976). 
C. Carlsson and J. Haggendal, Arterial noradrenaline levels 
after ethanol withdrawal. Lancet, ii, 889 (1967). 
J. F. Potter, L. T. Bannan, D. G. Beevers and A. Patton, The 
effect of beta-blockers on symptoms and blood pressure 
during alcohol withdrawal. Clin. Sci. 63, 74P-75P (1982). 
C. Carlsson and T. Johannson, The psychological effects 
of propanolol in the abstinence phase of chronic alcoholics. 
Br. J. Psychiatry 119, 605-606 (1971). 
L. T. Bannan, J. F. Potter, D. G. Beevers, J. 6. Saunders, 
J. R. F. Wlaters and M. C. Ingram, Effect of alcohol 
withdrawal on blood pressure, plasma renin activity, aldos- 
terone, cortisol and dopamine-P-hydroxylase. Clin. Sci. 66, 
659-663 (1984). 
L. Magos and J. A. Jarvis, The paradox effect of carbon 
disulfide and diethyldithiocarbamate on adrenal dopamine- 
P-hydroxylase. G. ltal. Med. Lav. 3, 107-108 (1981). 
S. Caroldi, J. Jarvis and L. Magos, Carbon disulphide 
exposure affects the response of rat adrenal medulla to 
hypothermia and hypoglycaemia. Br. J. Pharmacol. 84, 

1411-1414 (1977). 

357-363 (1985). 




