
Inhibition of dopamine ~-hydroxylase by and-tbyroid agents. 
methimazole and propylthioura~ii 

I-Mcthql-2-mercaptoimidazoic (rncthiill~~oi~) and h-pro- 
~)y~-~-thiour~~cil (pr~~pylthioLlr~ci1) are potent inhibitors of 
thyroid iodide pcroxidasc which catalyzes the initial step 
of thyroid hormone biosynthesis [I. 21. On the other hand, 
various sulfhydr?l compounds such as mcrcaptoethanol. 
cystcinc. glutathmne and coenzyme A are known to be 
inhibitors of dopamine /Lhydroxylasc [3.4-dihydroxy- 
phcnylcthylaminc. ascorbate:oxygen oxidorcductase (hyd- 
roxylating). EC 1.14.3.1] (DBN) which cataly7es the hio- 
synthesis of norc~~i~~ep~~rinc (NE) from dopaminc (DA) [3]. 
Since both nlethirn~l~olc and pr~~p~lthiotl~~cil are thought 
to he sulfhydryl compounds, studies on the effects of these 
two drugs and their analogues on DBH have been carried 
out. This communication described an inhibitory 
mechanism of mcthimazole. propylthiouracil and their 
anaiogues on DBH i/t rYtro. 

Y-eth~lmalcin~idc and catalnsc wcrc obtained from 
Sigma Co. Methim~z~ie, l-mcthyiimid~zo~c, Z-mercapto- 
imidazole. propyl-tl~iour~~cil and 7-thiouracil were gifts 
from C’hugai Pharmaceutical Co., Tokyo. Japan. All other 
chemicals were rcngent grade or commercially available. 

Dopamine /Ghydroxylasr of hovinc adrenal gland was 
highly puriiicd according to the method of Friedman and 
Kauliilan [A]. A spectropttcrtometric assay using tyraminc 
as ihc substnttc was cmploycd to determine cnryme ac- 
tivity [5]. The incubation mivturc (I ml) contained the fol- 
toLcing components: potassium phosphate huiYcr (pH S.5). 

100 mM; ascorbic acid. IO mM; fumaric acid, I2 mM; tyra- 
mine h~drochloridc. IO mM: enough crystalline catalase to 
give maximal stimulation of the reaction rate; and 
20-10 1’8 of the purified cnsyme. C’oncentrations of rnhihl- 
tors were dccreascd over the range of 0.5 to 10 mM until 
the inhibition fell hclow SO per cent. The inhibitor concen- 
tration producing 45 55 per cent inhibition (I,,,) was dcter- 
mined graphicaliq 161. 

Purified bovine adrenal DBH was inhihitcd by methirnn- 
zole and l-mercaptoimidazolc but not hq I -mct~~y~~rniti~~- 
zolc and imidarolc. The inhibitory cffccts of these drugs 
are summarized in Table 1. DBH was also inhibited by 
propylthiouracil and 2-thiouracll (Tahlc I ). Mcthimazole, 
2-mercaptoimida7ole. propylthiouracil and 2-thiouracil. 
which contain sullhydryl or thiol reslducs in their moi- 
ecde, inhibited DBH. hut I-metl~ylimidarolr and irnidn- 
loic, which do not contain ~ulfhydryl rcsiducs. failed to 
inhihit DBH up to a coiice~itr~tiol? of 50 mM. It has hcen 
reported that \,arious st~l~~~ir~l conii~oli~~~ls such as cys- 
teine. gluthathionc and coenryme A inhibit purified DBH 
from bovine adrenal gkmd [3]. II is likely that sulfhydryl 
residues or thiol residues in these compounds are essential 
for inhlhition of DBH. Unlike the other sull’hydryl com- 
pounds reported previously [3]. the ii~iiibiti(~ll of DBH by 
lnethim~~~olc :md prop~ltl~i~~t~r~~c~l W;IS not reversed bq. the 
addition of S- cthqlmaleimidc. hut the inhibition by I’-mcr- 
captoimidazolc and ?-thiouracil was partially I-evcrsed by 

Table I. Effect of various compounds on purified bovine adrenal DBH 

Compounds I,,,* (mM) 

Methimazolc 7.7 

~-Merc~iptoimid~~zoie 

I-Methylimida7olc 

Imid:~ole 

Propytthioumcil 

2-Thiouracil 

1.5 

4.6 

*Concentration of drug producing SO per cent of DBH activity. 
f Fifty mM of the compounds has no effect on DBH activity. 
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Fig. 1. Effect of methimarole (MMI). 2-mercaptoimidazole 
(MI), 2-thiouracil (TU) and propylthiouraci) (PTU) on 
bovine adrenal DBH in the presence and absence of N-eth- 
ylmaleimide. Key: (PO) in the absence of N-ethylmale- 
imide; (A-A) in the presence of 5 mM h’-ethylmaleimide; 
and (GO) in the presence of IO mM R;-ethylmaleimide. 

1OmM of IV-ethylmaleimide (Fig. I). This would suggest 
that methimazole and propylthiouracil are slightly different 
from 2-mercaptoimidazole and 2-thiouracil as DBH inhibi- 
tors. Dixon plots show that methimarole and propyl- 
thiouracil inhibit DBH differently than do other sullhydryl 
compotalds (Fig. 2). This indicates that a methyl or propyl 
residue in methimazole or propylthiouracil would affect 
the chelate interaction between the sulfhydryl or thiol resi- 
due of each compound and the copper atom at the active 
site of the enzyme. Differences in the tautomeric frequen- 
CICS among these compounds might explain the effect 
observed because a I-methyl residue in the methimazolc 
molecule and a 6-propyl residue in the propylthiouracil 
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molecule atfect the tautomeric frequencies of thcsc com- 
pounds. When methimazolc or propylthiouracil was added 
with the substrate and ascorbic acid (cofactor or DBH) 
or incubated with enzyme before adding the substrate and 
ascorbic acid. propylthiouracil was noncompetitive for 
both the substrate and ascorbic acid but methima/olc wab 
competitive for the substrate and exhibited an unknown 
type of inhibition for ascorbic acid. These results might 
suggest that inhibition of DBH by methimarole and pro- 
pylthiouracil is not due to simple chelation between these 
compounds and copper in the enzyme. Incubation of in- 
hibitor with enzyme before the addition of the substrate 
did not influence the inhibitory activity or the mode of 
inhibition. Both compounds were noncompctitivc for 
fumaric acid. 

Methimazole and propylthiouracil arc often used in the 
therapy of hyperthyroidism. These drugs arc thought to 
exhibit clinical efl&tiveness through suppressing thyroid 
hormone biosynthesis by inhibiting thyroid iodide peroxi- 
dase [l. 21. These drugs inhibit thyroid iodide pcroxidase 
at approximately I x IV” M iu ritrn [2] but the) inhibit 
DBH at IO-” M ;,I vitro. as demonstrated III this communi- 
cation. It is tmlikcly that methimarole or propylthiouracil 
alleviates hyperthqroldism bq inhibiting DBH. 

Acki1or~1atlyrri1t~1f.s~ The authors arc grateful to Dr. M. 
Yano. Institute for Medical Rcscarch. Banyu Pharmaccuti- 
cal Co.. Tokyo. Japan, for his escellcnt techmcal assistance. 
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Fig. 2. Dixon plot for determining the apparent Ki of methimazole (MMI) and propylthiouracil (PTU) 
as inhibitors of purified bovine adrenal DBH. Panels I and 2: kinetics for tyramine. Key I@ O) 
1.25 mM; (to) 2.5 mM; and (n-n) 5 mM. Panels 3 and 4: kinetics for ascorbic acid. Key: (O--O) 

1.25 mM; (GO) 2.5 mM; and (n--n) 5 mM. 


