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Expe r imen t s  in v i t ro  showed that 6-methyl th iourac i l  (6-MTU) can f o r m  complexes  with 
cobalt ,  zinc, manganese ,  copper ,  lead, and nickel  and also can r eac t  with iodine in an a l -  
kaline medium while not reac t ing  with po ta s s ium iodide. It is postula ted that this may 
account for  the ant igoi t rogenic  action of iodine and t r ace  e lements  when given together  
with 6-MTU, and also for  the difference between the prophylact ic  effect  of iodine and of 
po ta s s ium iodide. 

6-Methyl thiouraci l  (6-MTU) has  a goi t rogenic  action in man and an imals  and depr ives  the t i s su e s  of 
iodine, copper ,  and manganese  [3, 5-7,  10, 11, 14]. The effect  of t r a ce  e l emen t s  on goi te r  development  is 
taken as  evidence of the i r  ro le  in the genes i s  of endemic goi ter .  If r abb i t s  r ece ive  copper  or  manganese  
and 6-MTU with the i r  diet,  the goi trogenic action of 6-MTU is sharply  reduced or abolished,  and the in te r -  
nal o rgans  a re  depr ived  of iodine, copper ,  and manganese  to a l e s s e r  degree .  This  suggested that these  
agents ,  in ce r t a in  doses ,  act  like iodine and prevent  the onset  of endemic goi ter  [2, 10, 11]. During s imul-  
taneous  admin is t ra t ion  of cobalt  and 6-MTU, the high thyro t ropic  act ivi ty of the pi tui tary  [1], obse rved  
when 6-MTU is given alone [5], was  depressed .  

The object  of the invest igat ion desc r ibed  below was  to examine the m e c h a n i s m  of antagonism between 
6-MTU and t r a c e  e l emen t s  with r e g a r d  to the i r  action on the thyroid gland. 

E X P E R I M E N T A L  M E T H O D  A N D  R E S U L T S  

A solution of 100 mg 6-MTU was p r e p a r e d  in 50 ml  dist i l led wa te r  made alkaline with ammonia .  Next, 
0.5% solutions of cobalt  and ca lc ium chlor ides  and of manganese ,  copper ,  zinc, lead, and nickel  sulfates  
were  mixed in sepa ra t e  tubes in the ra t io  of 1 : 1 with the solution of 6-MTU. React ions  of solutions of the 
sa l t s  of these  me ta l s  with ammonia  were  used  as the control  (Table 1). 

TABLE 1. Color  of P rec ip i t a t e  a f t e r  React ion of Salt of Metals  with 
6-MTU and Ammonia  

Metals  r eac t ing  Solution of 6-MTU Ammonia  

Lead 
Copper  
Cobalt  
Manganese 
Zinc 
Nickel 
Calc ium 

Purple  
Muddy turquoise  blue 
Pale  yel low 
B l u e - g r e e n  
Milky 
Cloudy g reen  

Black 
Blue 
Pale  yel low 
Green  
White f loccules  
Lilac 
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The amorphous  prec ip i ta te  f o rm ed  in the tubes was  sepa ra ted  by f i l t ra t ion.  On the addition of hy-  
drochlor ic  acid to the f i l t ra te  is r ema ined  t rans lucen t ,  but on i ts  addition to the 6-MTU solution, the l a t t e r  
acqui red  the appearance  of a suspension [18]. The dif ference between the color  of the p rec ip i ta te  in the 
cont ro l  and expe r imen ta l  tubes  and the absence  of 6-MTU in the f i l t ra te  a r e  evidence of the fo rmat ion  of 
complexes  between 6-MTU and all  the m e t a l s  used  except  ca lc ium,  and of the prec ip i ta t ion  of the complex.  
On the addition of Lugol ' s  solution or  iodine to the suspens ion or  solution of 6-MTU, they were  deeolor ized,  
but no v is ib le  reac t ion  took place  with po ta s s ium iodide. 

A poss ib le  m e c h a n i s m  of the ant i thyroid action of th iourea  is the fixation of iodine in the thyroid  
gland during i ts  convers ion  into molecu la r  iodine [17]. Under these  c i r c u m s t a n c e s  the appearance  of an 
SH-group in i ts  s t ruc tu re  leads  to the fo rmat ion  of a fo rmamid ine  disulfide complex  [15]. In acid and neu- 
t r a l  media ,  th iourea  fo rm ed  complexes  with s eve ra l  t r a ce  e lements  [15]. 

The ability of SH-groups to r e a c t  with ce r t a in  me ta l s  and to be oxidized by iodine is well  es tab l i shed  
[4, 13]. As the p re sen t  expe r imen t s  showed, under  ce r t a in  conditions 6-MTU, which has  a th iocarbamido  
group in i ts  s t ruc ture ,  can a lso  f o r m  complexes  with me t a l s  and r eac t  with iodine. It may be a s sumed  that 
other  synthetic (mercap to imidazo le ,  th ieurac i l ,  mercazolyl )  and na tura l  (5-vinyl -2- th iooxazol idone  or  
goitr in,  ergothioeine) ant i thyroid  compounds posses s ing  reac togenic  SH- or  t h ioca rbamido-g roups  in the i r  
s t ruc tu re  will f o r m  complexes  under  ce r t a in  conditions with t r a c e  e lements  and will  r e ac t  with iodine. 

In exper imenta l  invest igat ions  6-MTU and sa l t s  of me ta l s  w e r e  given by mouth, and the poss ibi l i ty  of 
the i r  contact  was  a r e a l  one, while the alkaline reac t ion  in the smal l  intest ine c r e a t e s  favorab le  conditions 
for  t he i r  chemica l  in teract ion.  Other evidence that th is  reac t ion  can take place in the body is given by the 
d e c r e a s e  in content of t r a ce  e lements  in the t i s sue s  during admin is t ra t ion  of 6-MTU [2, 11, 14]. 

Both in solution and in suspension,  6-MTU does not r e a c t  with po ta s s ium iodide but r e a c t s  rapidly  
with iodine. Without denying the g rea t  impor tance  of po t a s s ium iodide for  r e s to r a t i on  of no rma l  thyroid  
function and for  the prevent ion  of endemic goi ter ,  it can be cons idered  that  one aspec t  of the ant igoi t rogenic  
use  of Lugol ' s  solution and of iodine in the t r e a t m e n t  of thyro tox icos i s  by 6-MTU [3, 6, 8, 9, 12] is  neu t ra l -  
izat ion of pa r t  of its dose while st i l l  in the gas t ro - in t e s t ina l  t r a c t .  With r e s p e c t  to 6-MTU and, poss ibly ,  
i ts  na tura l  analogue with a th iocarbamido  group - g o i t r i n -  iodine and po ta s s ium iodide di f fer  in value in 
the prevent ion of goi ter .  

This is conf i rmed  indirect ly  by the obse rva t ions  of Clements  [16] in Tanzania .  Consumption of mi lk  
containing goi t r in  in that  country led to the appearance  of goi ter  in chi ldren despi te  prophylac t ic  admin is -  
t r a t ion  of po tass ium iodide (10 mg every  w e e d .  

The poss ibi l i ty  is  not ru led  out that  in the p r e sence  of na tura l  goi t rogens  containing reac togen ic  
groups  in the i r  s t ruc ture ,  not only iodine but also other  t r a ce  e lements  capable  of fo rming  complexes  with 
them may  have a prophylact ic  act ion in foci of endemic goi ter .  
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