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2-Mercaptobenzothiazole, an inhibitor of dopamine 
p-hy droxylase 

The presence of copper in purified preparations of dopamine /I-hydroxylase and the 
functional role of cupric ions in the oxidative conversion of dopamine to noradrenaline 
have been reported (Friedman & Kaufman, 1965). The critical role of cupric ions in 
the activity of dopamine B-hydroxylase renders this enzyme vulnerable to inhibition by 
copper chelating agents. Chelation of the cupric ion is the probable mechanism for 
the inhibition of this enzyme by inhibitors which include disulfiram (Goldstein, 
Anagnoste & others, 1964), phenylethyldithiocarbamate (Jonsson, Grobecker & 
Gunne, 1967), tropolone (Goldstein, Lauber & McKereghan, 1964) and various 
aromatic and alkyl thioureas, including U- 14,624 [ l-phenyl-3-(2-thiazolyl)-2- 
thiourea] (Johnson, Boukma & Kim, 1969, 1970). The irreversible inhibition of a 
banana polyphenoloxidase, also a copper enzyme, by 2-mercaptobenzothiazole 
(MBT) (Palmer & Roberts, 1967) prompted our investigation of this drug as a potential 
inhibitor of dopamine /I-hydroxylase. 

In vitro inhibition of dopamine 8-hydroxylase isolated from bovine adrenal 
medulla (Friedman & Kaufman, 1965) was measured (Goldstein, Prochoroff & Sirlin, 
1965). The animals were CF-1 male mice, 18-22 g, and Upjohn Sprague-Dawley 
male rats, 180-19Og. The drugs were dissolved or suspended in 0.25% aqueous 
methylcellulose before intraperitoneal administration. Noradrenaline and dopamine 
in paired mouse brains were measured (Veldkamp, Johnson & Keasling, 1968). The 
repletion of rat myocardial noradrenaline from exogenous dopamine after the deple- 
tion of noradrenaline with metaraminol was examined as described by Nikodijevic, 
Creveling, & Udenfriend (1963). Myocardial noradrenaline was adsorbed onto 
alumina (Anton & Sayre, 1962), eluted with 0 - 5 ~  acetic acid and assayed (von Euler & 
Floding, 1958). 

Spontaneous motor activity was recorded in actophotometer cages (Woodward 
Research Corp.). Mice received MBT (300 mg/kg, i.p.) or vehicle and two mice from 
the same treatment group were placed in each cage. After an initial 10 min acclima- 
tion period, activity was recorded in each 30 min interval for 4 h. 
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MBT inhibited non-competitively dopamine /3-hydroxylase in vitro 72% at 1 0 - 5 ~  
and 47% at 5 x 10-6~ .  In the same assay disulfiram produced 45% inhibition at 
2 x lo-’ M and benzyloxyamine 30% at 5 x 

MBT (300 mg/kg, i.p.), lowered noradrenaline to approximately 60% of control 
after 1 and 2 h (Table 1). Dopamine levels were raised 24% above control con- 
centrations at 2 h. Both noradrenaline and dopamine returned to control values at 

Table 1. Mouse brain catecholamine levels 1,2, and 4 h after 2-mercaptobenzothiazole 
(MBT), 300 mg/kg, i.p. All values are expressed as pg/g wet weight 
whole brain tissue and are the average of at least three determinations 
fs.e. 

M. 

Noradrenaline Dopamine 
Diluent treated controls 0.43 f 0.03 0.78 f 0.06 
MBT l h  0.25 & 0.01 * 0.86 f 0.02 

2 h  0.27 2= 0.02* 0.96 f 0.03t 
4 h  0.42 f 0.00 0.81 f 0.02 

* = P <0*01 = P <0.05 

Table 2. Eflect of 2-mercaptobenzothiazole (MBT) on the repletion of rat myocardial 
noradrenaline from exogenous dopamine after its depletion with metaraminol. 
Rats were pretreated with metaraminol bitartrate, 5 mg/kg, 18 h before 
each received MBT, 300 mg/kg, or diluent. Dopamine hydrochloride, 
35 mg/kg, or diluent was administered 30 min later and all rats were killed 
3 h later. All values are expressed as pg/g and are the average of at least 
three determinations fs.e. 

Myocardial 
noradrenaline 
0.88 f 0.05 

0.52 i 0.09: 
0.18 f 0.03 
0.17 f 0.02 

Diluent treated controls 

Metaraminol + dopamine 
Metaraminol + MBT 
Metaraminol + MBT + dopamine 

Metaraminol 0.15 f 0.01 

* Significantly different from each of the other values, P <0.05. 
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FIG. 1. Effect of 2-mercaptobenzothiazole, 300 mg/kg i.p., upon spontaneous motor activity in 
mice. Each point represents the average 30 min activity for six pairs of mice f s.e. -*, 
control; -A-, MBT. 
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4 h. Overtly, the treated mice were extremely depressed shortly after the administra- 
tion of the drug and the depression accompanied by marked ptosis extended after 2 h. 
The return of amine levels to control concentrations paralleled a loss of overt depres- 
sion. After 4 h the mice appeared normal. 

We also treated rats with metaraminol bitartrate (5 mg/kg, i.p.) to deplete heart 
noradrenaline stores. After 18 h, rats were dosed with MBT (300 mg/kg) or diluent 
and 30 min later with dopamine (35 mg/kg). All rats were killed 3 h after the dopa- 
mine. The effect of MBT upon the repletion of rat myocardial noradrenaline from 
exogenous dopamine is summarized in Table 2. Exogenous dopamine restored the 
myocardial noradrenaline concentratations to 60% of the pre-drug level. At 300 mg/ 
kg, MBT totally blocked the conversion of dopamine to newly synthesized nora- 
drenaline. The effect of MBT upon spontaneous motor activity is shown in Fig. 1. 
Motor activity in control mice fell rapidly in the first hour and the mice remained 
relatively inactive for the remainder of the experiment. Initial exploratory activity was 
absent in MBT-treated mice. The increase in the spontaneous activity of treated mice 
at 2 h coincided with the termination of dopamine /3-hydroxylase inhibitory activity in 
the brain as indicated by the recovery of brain noradrenaline stores between 2 and 4 h. 

Thus, MBT effectively inhibits dopamine /I-hydroxylase in vitro and in vivo. In 
vitro, MBT had 1/25th the inhibitory activity of disulfiram. In vivo, the compound 
altered mouse brain catecholamines in a manner consistent with that expected for 
inhibition of the enzyme in brain. In addition, the initial rate of decline of mouse 
brain noradrenaline (0.18 pg/g/h-l) after MBT compares favourably with similar 
results we have obtained in mice after treatment with disulfiram and U-14,624 
(Johnson & others, 1970). The effectiveness of the in vivo inhibition of noradrenaline 
synthesis by MBT was also clearly demonstrated by the complete block of the con- 
version of exogenous dopamine to noradrenaline in the rat myocardium. The recovery 
of both brain noradrenaline and dopamine to control levels by 4 h reflects a short 
term inhibition by MBT of mouse brain dopamine /3-hydroxylase. 

This compound should serve as an additional pharmacologic tool to study the 
effects of depleted noradrenaline levels concurrent with the short term in vivo inhibition 
of dopamine P-hydroxylase upon animal behaviour. 

Metaraminol bitartrate was supplied by the Merck Institute for Therapeutic 
Research. The authors are very grateful to Mr. R. R. Russell for his technical 
assistance . 
CNS Research, G. A. JOHNSON 
The Upjohn Company, 
Kalamazoo, Michigan 49001 , U.S.A. 
June 16, 1970 
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