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Summary. T h e  c h l o r o f o r m  e x t r a c t  o f  Dictyopteris 
undulata c o n t a i n s  m i n o r  a m o u n t s  of  t w o  n e w  c h r o m a n o l s ,  
c h r o m a z o n a r o l s  (2) a n d  i s o c h r o m a z o n a r o l  (3). T h e  
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Copper Ion Binding and Enzyme Inhibitory Properties of the Antithyroid Drug Methimazole 

M e t h i m a z o l e  ( 1 - m e t h y l - 2 - t h i o l i m i d a z o l e )  h a s  b e e n  a 
d r u g  of  cho ice  in  t h e  t r e a t m e n t  of  h y p e r t h y r o i d i s m  for  
o v e r  a d e c a d e .  A l t h o u g h  i t  h a s  b e e n  e x t e n s i v e l y  u s e d  t h e  
m e c h a n i s m  b y  w h i c h  i t  e x e r t s  i t s  p h a r m a c o l o g i c a l  a c t i o n  
is n o t  c o m p l e t e l y  u n d e r s t o o d .  A c c o r d i n g  t o  BROCK a n d  
HEAD 1 m e t h i m a z o l e  c o m p e t e s  w i t h  t y r o s i n e  for  e l e m e n t a l  
iod ine .  VAN PILSUM e t  al. 2 f o u n d  t h a t  m e t h i m a z o l e  a l so  
i n t e r f e r e s  w i t h  t h e  e x t r a t h y r o i d a l  u t i l i z a t i o n  of  e x o g e n o u s  
t h r o x i n e .  I n  v i e w  of  t h e  u s e  of  m e t h i m a z o l e  as  a t h e r a -  
p e u t i c  a g e n t  we  feel  t h a t  c e r t a i n  p r o p e r t i e s  of  t h e  d r u g ,  
as  y e t  u n a p p r e c i a t e d ,  s h o u l d  be  b r o u g h t  to  a t t e n t i o n .  
S p e c i f i c a l l y  t h i s  r e p o r t  d e s c r i b e s  t h e  i n t e r a c t i o n  of m e t h i -  
m a z o l e  w i t h  c u p r i c  i on  a n d  i t s  e f fec t  on  s e l e c t e d  c o p p e r  
d e p e n d e n t  m e t a l l o e n z y m e s .  

Materials and methods. M e t h i m a z o l e  w a s  o b t a i n e d  f r o m  
S i g m a  C h e m i c a l  Co. a n d  w a s  r e c r y s t a l l i z e d  f r o m  w a r m  
E T O H - H 2 0  b e f o r e  u s e  Im.p .  = 1 4 1 - 1 4 2  (corr.)] .  O t h e r  
c h e m i c a l s  u s e d  in t h e s e  e x p e r i m e n t s  were  of r e a g e n t  g r a d e  
o r  b e t t e r .  S o l u t i o n s  we re  p r e p a r e d  w i t h  d i s t i l l ed  w a t e r  

Table I. "['itration data for inethimazolc and Cu ~1 in 40% I)MSO. 
Concentration of Ligand is 10 lnM~ 

pi t  Moles H i n pA log/( I IogK 2 

Mole Cu + ~ 

Ligand : Cu++ ratio 2:1 

3.485 0.088 0.155 10.84 
3.602 0.268 0.318 10.76 
3.658 0.356 0.401 10.73 
3.705 0.446 0.486 10.71 
3.759 0.534 0.570 10.68 
3.875 0.712 0.74 10.63 
3.942 0.800 0.825 10.59 
4.219 1.068 ] .081 10.43 
4.525 1.246 1.252 10.22 
5.852 1.424 1.424 9.08 
5.935 1,602 1.602 9.00 
7,749 1.690 1.691 7.39 

Ligand : Cu ++ ratio 4 : 1 

3.654 0.176 0.267 10.66 
3.773 0.356 0.424 10.56 
3.914 0.536 0.583 10.44 
4.078 0.712 0.746 10.30 
4.553 1.068 1.080 9.88 
4.908 1.248 1.251 9.55 
5.419 1.424 1.426 9.07 
6.409 1.600 1.602 8.11 
7.552 1.780 1.780 7.01 

10.60 

10.58 

8.95 

8.94 

Experimental conditions are given in Materials aud inethods. 

p a s s e d  t h r o u g h  a m i x e d  b e d  ion  e x c h a n g e  r e s i n  c a r t r i d g e  
to  r e m o v e  p o s s i b l e  c o n t a m i n a t i n g  m e t a l  ions .  

T h e  i n t e r a c t i o n  of m e t h i m a z o l e  w i t h  Cu  ++ w a s  m e a s u r e d  
b y  a p H  t i t r a t i o n  m e t h o d  p r e v i o u s l y  e m p l o y e d  b y  HAN- 
LON 3. F o r m a t i o n  c o n s t a n t s  we re  c o m p u t e d  f r o m  v a l u e s  
of  t h e  f ree  l i g a n d  c o n c e n t r a t i o n ,  [A], a n d  t h e  a v e r a g e  
n u m b e r  of  l i g a n d s  b o u n d  p e r  m o l e  of  m e t a l  ion,  g, a s  
d e s c r i b e d  in  t h e  HANLON re fe rence .  D u e  t o  t h e  i n s o l u b i l i t y  
of  t h e  c o p p e r  c o m p l e x e s  of m e t h i m a z o l e  in  w a t e r  t i t r a -  
t i o n s  w e r e  p e r f o r m e d  in  4 0 %  a q u e o u s  d i m e t h y l s u l f o x i d e  
( D M S O ) .  

T h e  i n h i b i t o r y  e f f ec t  of  m e t h i m a z o l e  o n  4 c o p p e r  
c o n t a i n i n g  o x i d a s e s  w a s  s u r v e y e d  u s i n g  d r u g  c o n c e n t r a -  
t i o n s  u p  to  1.0 m M  in  t h e  a s s a y  m e d i u m .  In  s o m e  e x p e r -  
i m e n t s  t h e  e n z y m e s  we re  p r e i n c u b a t e d  w i t h  1.0 m M  
m e t h i m a z o l e  for  1 h p r i o r  to  a s s a y .  T h e  p r e i n c u b a t i o n  
m i x t u r e  c o n t a i n e d  a s s a y  s o l u t i o n  m i n u s  s u b s t r a t e  for  t h e  
s u p p o r t i n g  m e d i u m .  M o n o a m i n e  o x i d a s e  a c t i v i t y  of  h u -  
m a n  s e r u m  w a s  d e t e r m i n e d  fo l l owing  t h e  m e t h o d  of  
M c E w A N  4. C e r u l o p l a s m i n  w a s  a p u r i f i e d  p r e p a r a t i o n  
( T y p e  IV,  h u m a n )  o b t a i n e d  f r o m  S i g m a l  C h e m i c a l  Co. 
I t s  o x i d a s e  a c t i v i t y  w a s  m e a s u r e d  u s i n g  t h e  m e t h o d  of  
CURSON a n d  REILLY. S t o c k  s o l u t i o n s  of e n z y m e  a n d  
a s s a y  s o l u t i o n s  c o n t a i n e d  10 a M e t h y l e n e d i a m i n e t e t r a -  
ade t i c  ac id  to  e l i m i n a t e  a n o m a l o u s  r e s u l t s  d u e  to  t h e  
p o s s i b l e  p r e s e n c e  of t r a c e s  of  Fe++.  A s c o r b i c  ac id  o x i d a s e ,  
u r i c a s e  a n d  m u s h r o o m  t y r o s i n a s e  ( S i g m a ,  G r a d e  I I I )  
we re  a s s a y e d  as  p r e v i o u s l y  d e s c r i b e d ,  a 

Results and discussion. M e t h i m a z o l e  is a w e a k l y  ac id ic ,  
m o n o p r o t i c  l i g a n d  w i t h  a pK~ of  11.38. I n  4 0 %  D M S O  
t h e  pK~ is s h i f t e d  to  12.28. T h i s  c h a n g e  c o r r e l a t e s  w i t h  
a c h a n g e  in  t h e  a m p h o t e r i c  p r o p e r t i e s  o f  t h e  m i x e d  
s o l v e n t  r e l a t i v e  to  w a t e r  a n d  d o e s  n o t  i n d i c a t e  a d e c r e a s e d  
i o n i z a t i o n  p o t e n t i a l  p e r  se. F o r  l i g a n d  to  m e t a l  ion  r a t i o s  
of  2 :1  a n d  4: I t h e  c o m p l e t e l y  f o r m e d  c o m p l e x e s  c o n t a i n e d  
a m a x i m u m  of 2 m o l e s  of  l i g a n d  p e r  m o l e  of  Cu++ (Ta b l e  
I). M e t h i m a z o l e  i n t e r a c t s  s t r o n g l y  w i t h  s o l v a t e d  Cu++ as  
i n d i c a t e d  b y  t h e  d i m e n s i o n  of t h e  f o r m a t i o n  c o n s t a n t s  for  
t h e  1 : 1 a n d  2 : 1 c o m p l e x e s  ( s h o w n  as  log  K 1 a n d  log K 2 
in  T a b l e  I). T h e  c o n s t a n t  for  t h e  f u l l y  f o r m e d  c o m p l e x  
( log K 1 + log  K 2 = 19) r i v a l s  t h o s e  o b s e r v e d  for  p o w e r f u l  
Cu  ++ c h e l a t i n g  a g e n t s  s u c h  as  8 - h y d r o x y q u i n o l i n e - 5 -  
s u l f o n i c  ac id  [log K 1 13.3, log  K~ - -  11.7 (in 5 0 %  
E T O H ) ]  a n d  E D T A  (log K 1 - -  18) 5 

S ince  m e t h i m a z o l e  is a p o w e r f u l  c h e l a t o r  of  s o l v a t e d  
Cu+ ~ i t  m i g h t  b e  e x p e c t e d  t o  h a v e  s o m e  e f f ec t  on  c o p p e r  

1 R. E. BROCK and W. F. HEAD JR., J. Pharm. Sci., 55, 822 (1966). 
2 j .  F. VAN PILSVM, J. R. BOEN and L. BANS, Endocrinology 92, 

135 (1973). 
a D. P. HANLON, J. reed. Chem. ld, 1084 (1971). 
4 C. M. MCEWAN and J. D. COHEN, J. Lab. clin. IKed. 62, 766 (1963). 
5 L. G. SILI.EN and A. E. MARTELL, Chem. Sot., Spcc., Pubh 17, 

378 (1964). 
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c o n t a i n i n g  en zy mes .  Our  f ind ings  l i s ted in Tab le  I I  
ind ica te  t h a t  t h i s  is t he  case, b u t  inh ib i t ion  is r a t h e r  
selective,  being l imi ted  to 2 of t he  5 copper  d e p e n d e n t  
e n z y m e  s y s t e m s  inves t iga ted .  I n  one case, c e rup lop l a smin  
oxidase ,  th i s  ac t ion  is re la t ive ly  w e a k  w i th  1.0 m M  
m e t h i m a z o l e  requ i red  to achieve  50% inhibi t ion .  On  t he  
o the r  h an d ,  t h e  inh ib i t ion  of t y ros inase  is ex t ens ive  (I50 
= 5 • 10-5). R e l e v a n t  to these  f ind ings  is t he  d i scovery  
b y  STOLK a n d  HANLON 6 t h a t  m e t h i m a z o l e  depresses  t he  
b i o s y n t h e s i s  of n o rep ineph r ine  in r a t  b ra in  due  to  the  
specific inh ib i t ion  of d o p a m i n e - ~ - h y d r o x y l a s e ,  a copper  
c o n t a i n i n g  en zy m e .  

T h e  p o t e n t  inh ib i t ion  of m u s h r o o m  ty ro s ina se  a c t i v i t y  
was  e x a m i n e d  in some  detail .  P r e i n c u b a t i o n  of the  e n z y m e  
wi th  1.0 m M  m e t h i m a z o l e  for 1 h pr ior  to  a s s a y  showed  
no m o re  inh ib i t ion  t h a n  w h a t  could be a c c o u n t e d  for on 
t he  bas is  of d i lu t ion  in to  t he  a s s a y  m e d i u m .  Doub le  
rec iprocal  p lo ts  of ve loc i ty  d a t a  for a series of non -  
s a t u r a t i n g  c o n c e n t r a t i o n s  of L -DOPA in t he  presence  of 

Table II. The effect of methimazole on copper containing metallo- 
enzymes 

Enzyme Source I50 

Ascorbic acid oxidase Summer squash No inhibition at 
5 InM methimazole 

1Vfonoamine oxidase Hunlan blood No inhibition at 
5 mM methimazole 

Uricase Porcine liver No inhibition at 
5 InM methimazole 

Ceruloplasmin (oxidase) Human blood 1.0 mM 
Tyrosinase Mushroom 5 • 10 -5 M 

Experimental conditions are given on Materials and methods. I~0 
: concentration of methimazole required to obtain 50% inhibition 
under assay conditions employed. 

Table III. Kinetic parameters for methinmzole inhibition of mush- 
room tyrosinase 

d i f fe rent  c o n c e n t r a t i o n s  of m e t h i m a z o l e  resu l t ed  in 
c ha nge s  in b o t h  Km a n d  V m ~  (see Tab le  III) .  Th i s  t y p e  
of inh ib i t ion  is qua l i t i t i ve ly  r e min i s c e n t  of t he  k ind  

�9 r epor t ed  for o the r  2- th io l imidazoles  a a n d  me e t s  t h e  re- 
q u i r e m e n t e s  for  a ' m i x e d  t ype '  i nh ib i t i on  descr ibed b y  
FREIDENWALD a nd  MAENGWYN-DAVIES 7. A p p r o p r i a t e  
g raph ica l  ana lys i s  ge ne ra t e s  an  inh ib i t ion  c o n s t a n t  (K d 
wh ich  is a we ighed  va lue  exp re s s ing  b o t h  c ompe t i t i ve  
a nd  n o n - c o m p e t i t i v e  a spec t s  of inhib i t ion .  A second  
cons t an t ,  e, w h i c h  m e a s u r e s  t he  inf luence  of the  inh ib i to r  
on t he  d i ssoc ia t ion  of t he  e n z y m e - s u b s t r a t e  c omp le x  a n d  
t h e r e b y  m e a s u r e s  the  e x t e n t  of c ompe t i t i ve  ve r su s  non -  
c ompe t i t i ve  inhibi t ion,  is also ob t a ine d  g raph ica l ly  (e = 
1.0 for n o n - c o m p e t i t i v e  inh ib i to r s  a nd  in f in i ty  for com-  
pe t i t ive  inhibi tors) .  A K l  in t he  r ange  of 10 -6 M ind ica tes  
t h a t  m e t h i m a z o l e  is a p o t e n t  inh ib i to r  of m u s h r o o m  
ty ros inase  a n d  a n  ~ of 9 to 10 shows  t h a t  inh ib i t ion  is 
chief ly compe t i t ive .  

D i scovery  of the  copper  ion b ind ing  c a pa c i t y  of 
m e t h i m a z o l e  raises  s o m e  po t e n t i a l l y  i m p o r t a n t - p o i n t s  
w i th  regard  to i ts  t h e r a p e u t i c  use. For  example ,  p a t i e n t s  
m a n i f e s t i n g  t hy ro tox i cos i s  h a v e  e l eva ted  levels of s e r u m  
Cu++S m o s t  of wh ich  is p r o b a b l y  s e c o n d a r y  to an  increase  
in s e r u m  ce ru lop l a smin  as is observed  in o ther  s t ress  
s t a t e s  9. One  m i g h t  a sk  w h a t  effect  chronic  m e t h i m a z o l e  
ha s  on Cu ++ d i s t r i b u t i o n  a n d  m e t a b o l i s m  in h y p e r -  
t h y r o i d  ind iv idua ls .  Me th imazo le  t h e r a p y  is o f ten  
a c c o m p a n i e d  b y  a v a r i e t y  of side effects  some  of w h ich  
could be due  to  a bno rma l i t i e s  in Cu ++ me tabo l i sm.  

Summary.  The  a n t i t h y r o i d  drug,  m e t h i m a z o l e  (1- 
methy l -2 - th io l imidazo le ) ,  is a power fu l  che la tor  of cupr ic  
ion. Th i s  is ref lected in its ab i l i ty  to select ively  inh ib i t  
ce r ta in  copper  oxidases .  Uricase,  ascorbic  ox idase  and  
m o n o a m i n e  ox idase  are n o t  affected.  Ceru lop tasmin  
oxidase  is s l i gh t ly  inh ib i t ed  a nd  ty ros inase  is m a r k e d l y  
inh ib i t ed  b y  m e t h i m a z o l e .  
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Methimazole V,,,~z a K,,, • 104 M K, • 106 M r 
• 106 M 

0 0.463 2.27 - - 
1.0 0.387 5.14 1.00 8.8 
2.0 0.346 6.52 1.32 8.9 
5.0 0.236 11.0 2.20 10.1 

Values were obtained graphically as described in the text. ~Velocity 
expressed as A 475 nm/minl 

6 J .  STOLK and D. P. HANLON, Life Sci. 12, 417 (1973). 
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B. GLASS; Johns Hopkins Press, Baltimore, Md. 1954), p. 154. 
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9 I. STERXLIEB and H. SC~EINBERG, N.Y. Acad. Set. 9d, 71 (1961). 

10 This work was supported in part by Dartnlouth Medical School 
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~O.~topamine in th~,,QentrakN * a~,~. t ervou~ System of nneli<Lumbricus terrestris 
I n f o r m a t i o n  a b o u t  t r a n s m i t t e r s  in t he  cen t ra l  n e r v o u s  

s y s t e m  of anne l ids  is r a t h e r  scarce and  y e t  anne l ids  as well 
as o th e r  i n v e r t e b r a t e s  (the n e m a t o d e s ,  mol luscs  a nd  t he  
a r th ropods )  are b e c o m i n g  inc reas ing ly  i m p o r t a n t  in 
r e sea rch  in to  t h e  bas ic  m e c h a n i s m s  of t he  n e r v o u s  sy s t e m.  
A m o n g  t h e  i m p o r t a n t  phy logene t i c  t r e n d s  seen in t r a n s -  
m i t t e r  d i s t r i b u t i ons  is t he  re la t ive  i m p o r t a n c e  of t he  
m o n o p h e n o l i c  a m i n e  o c t o p a m i n e  in i n v e r t e b r a t e  n e r v o u s  

sy s t e ms .  O c t o p a m i n e  h a s  been  recognized as a n o r m a l  
c o n s t i t u e n t  of ad rene rg ica l ly  i n n e r v a t e d  o rgans  in m a m -  
ma l s  since t h e  work  of ~V~OLINOFF a n d  AXELROD 1. I t  
occurs  e n d o g e n o u s l y  in a m o u n t s  some  5 - 1 0 %  of t h a t  of 
noradrena l ine .  MOLINOFF a nd  AXELROD 1 observed  t h a t  

1 p. B. ~/[OLINOFF and J. AXELROD, J. Neurochem. 79, 157 (1972). 


