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Adminis t ra t ion  of cobalt  chlor ide o r  unithiol (sodium di th io l -2 ,3-dimercaptopropanesul fonate)  to a l -  
bino r a t s  inhibits  the abil i ty of the thyroid of these an imals  to a b s o r b  I TM and f a c i l i t a ~ s  i ts  e l iminat ion with 
the ur ine.  The weight  of the thyroid i n c r e a s e s .  If both p r epa ra t i ons  a r e  given s imultaneously,  these  p h e -  
nomena do not occur .  Hypotheses  concerning the mechan i sm of the goi trogenie effect  of cobalt  and unithiol 
and their  in te rac t ion  a r e  suggested.  

The role  of cobalt  in the onse t  of endemic  goi te r  has  been inadequately studied. Invest igat ions in loci 
of the d i sease  have not es tab l i shed  in e v e r y  case  a d i r ec t  re la t ionship  between its  sever i ty  and the cobal t  
content in the ex te rna l  env i ronmen t  [3, 4, 6, 7, 11]. Converse ly ,  exper imenta l  r e su l t s  indicate that cobalt  
l owers  the abi l i ty of the thyroid to ab s o rb  iodine, and leads to an i nc r ea se  in i t s  weight and t.o change in i t s  
hlstolo~ical  st}~ucture [5, 15, 17, 18, !9] .  

The combined effect  of cobalt  and sul fur-conta in ing subs tances  on thyroid function has  rece ived  l i t t le  
study. Meanwhile, the goi t rogenic  act ion of some of these  subs tances  p resen t  in plants of the Cruc i fe rae  
fami ly  has been repor ted  by many  authors  [19, 20, 22-25]. An inc reased  content of sulfhydryl groups has  
been  found in white cabbages  grown in inhabited a r e a s  of Orenburg r cg lonswi tha  bad goi ter  r eco rd  [13]. 

The object  of the p r e s en t  invest igat ion was  to study exper imen ta l ly  the effect  of combined a d m i n i s t r a -  
tion of cobalt  and unithiol, containing two act ive  sulfhydryl  groups,  on thyroid function. 

EXPERIMENTAL ]%1 E T H O D  

Exper imen t s  we re  p e r f o r m e d  on young male  albino r a t s  weighing init ial ly 100-180 g. All the an ima l s  
w e r e  kept on an o rd inary  l abo ra to ry  diet .  

The ra t s  were  divided into 4 groups .  The an imals  of group 1 rece ived  unithiol in a dose of 20 m ~ j ~ ,  
those of group 2 cobalt  chlor ide in a dose of 4 mg/kg daily, those of group 3 the same doses  of cobalt  c h l o r -  
ide and unithiol s imul taneously ,  and the r a t s  of group 4 were  con t ro l s .  

It has  been shown [12] that unithiol r e ta ins  i ts  pha rmacodynamic  p r o p e r t i e s  when admin is te red  both 
by mouth and pa ren te ra l ly .  I towever ,  to rule  out any poss ibi l i ty  of in teract ion in the gas t ro - in tes t ina l  t rac t ,  
cobalt  was  given with the drlraking wa te r  and unithiol injected subcutaneously.  The control r a t s  rece ived  
0.3 ml  physiological  sa l ine  by subcutaneous injection.  

The an imals  w e r e  kept in g roups  in cages  with wi re  mesh  walls and roof.  The exper iment  continued 
for 60 days. 

The indices used as criteria of changes taking place in the rats were their general condition, weight, 
thyroid function determined by absorption of radioactive iodine and its elimination with the urine, weight of 
the thyroid, and pulse rate determined from the number of waves on the ECG recorded by a type EKPS-4 
electrocardiograph with an ink writer. 

1131 was injected intramuscularly in a dose of 5 pCi and the rats were kept in Indi~Idual metabolic 
cages. The dcgree of absorption of isotope by the thyroid was determined in the living animals 15 rain and 
2, 6, 8, 24, and 48 h after injection. Its elimination from the animal was measured in 8-h and 24-h samples 
of urine. The radioactivity was mcasured as y-radiation by a B-3 scintillation counter. The radioactivity 
in percent was determined relative to a reference standard, mak/ng allowance for the background. 
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rABLE 1, Absor ) t ion  of 11~I by the Thyroid  ,'rod Its El iminat ion with the Urine (in %; M~m) 

Emission from thyroid IContent of iso:ope in urine 
Animals  inter~,'als of m e a s u r e m e n t  (hows)  

Receiving tmithiol 
w cobalt 
" c o b a l t  

and unithiol 
Control  

11.62+2.7 
13.6-~2.5 

11.7• 
11.3~:0.6 

2 
15.3• 
19.4-  2.5 

21.4• 
23.2• 

19.1+3.5 
24.8~2.6 

27.4 ~- 2.8 
34.3~:1.0 

19,2• 
24.8~:3.7 

30.I~:2.6 
40.9=~i.I 

24 
23.1:e3.6 
26.0~:4.0 

33.4~:0.7 
52.9~:I.6 

48 
19.5=~2.0 
25.3~2.2 

33.1~0.3 
34.7+0.8 

30.1• 
18,2~:7.3 

12.0+0,6 
14.5~:0.4 

24 

35.1:~7.0 

35.1:e7.0 
21.5~:2.5 

48 

7.7~:1.1 

12.8~:1.8 
10.7~2.7 

TABLE 2. Weight of Thyroid  and Pu l se  Rate of Exper imen ta l  Animals  (M~m) 

Animals 
No. O~ 
an i m a l s  

28 
18 
12 

I0 

Receiving unlthtol 
cobalt  

, cobalt and unithtol 
Control  

Mean body 
weight at 
end of e x -  
p e r i m e n t  
(in g) 

230 
249 
238 
301 

Rela t ive  weight  
of thyroid (per 
100g body weight) 

13.3:~3.1 
9 . 1 ~ : 1 . 6  
7.7•  

7,05~1.0 

Pulse  ra te  (per  15 sec)  

6 6 . 3 ~ 3 . 8  
76.0~:3.3 
78.4 + 1.1 
91.4~1.9 

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

The  resu l t s  of invest igat ions of thyroid  function (Table 1) showed a d e c r e a s e  in the abi l i ty of the gland 
to abso rb  radioact ive  iodine in all  g roups  of e .xperimental  an imals  by compar i son  with the cont ro ls .  During 
all m e a s u r e m e n t s  the thyroid of r a t s  r ece iv ing  cobalt  absorbed much l e s s  isotope than the cont ro ls  ('P = 0.01). 
Absorpt ion was l e s s s t i l l  by r a t s  r ece iv ing  unithiol.  Af te r  s imul taneous  admin i s t r a t ion  of cobalt  and un i -  
thiol, the thyroid retained i ts  abil i ty to a b s o r b  rad ioac t ive  iodine m o r e  in tens ively  than a f t e r  thei r  a d m i n -  
i s t r a t ion  sepa ra t e ly  (P = 0.01). 

The ra te  of accumulat ion of labeled iodine in the thyroids  and the ra te  of i t s  e l iminat ion were  judged 
f rom the ra t ios  between the pe rcen tage  absorp t ion  a f t e r  24 and 48 h, and the pe rcen tage  absorp t ion  dur ing 
m e a s u r e m e n t s  at  the o ther  in t e rva l s .  

Radioact ivi ty  in the thyroid glands of all  groups  of an imals  reached  a m a x i m u m  at  24 h. However ,  
the ra te  of accumulat ion of isotope by the g l ands  of the exT~erimental an ima l s  was  below this index in the 
con t ro l s .  The fall in radioact iv i ty  to 48 h l ikewise  was s lower  than in the con t ro l s .  

A sharp  inc rease  in e l iminat ion  of the isotope in the f i r s t  8 h was  obse rved  with the r a t s  r ece iv ing  
tmithJol. When cobalt  and unithiol were  given s imul taneously ,  the e l iminat ion  of I TM with the ur ine  was not 
s ignif icant ly different  f rom that in the cont ro l ,  

The re la t ive  weight of the thyroid  and pulse ra te  of the  an ima l s  of the va r ious  groups  a r e  given in 
Table  2. 

The re la t ive  weight of the thyroid of the r a t s  receiving cobalt  was  inc reased  by 3 ~  (P = 0.01), and 
the i r  pulse ra te  was slowed to 76 (P = 0.02). These  changes were  st i l l  m o r e  m a r k e d  a f t e r  admin i s t r a t ion  
of unithiol. In the an imals  rece iv ing  both p r e p a r a t i o n s  together ,  the weight of the thyroid and the pulse 
r a t e  were  not s ta t i s t ica l ly  different  f r o m  n o r m a l .  

The facts  descr ibed  above give s o m e  idea of the mechan i sm of the goi t rogenic  act ion of  these  p r e p -  
a r a t i o n s .  In the case  of cobalt  it i s  explained in the modern  view of the nature  of its biological  act ion.  It 
i s  now genera l ly  accepted that cobal t  f o r m s  a chemica l  bond in the body with sulfhydryl  groups,  which play 
an impor tan t  role  in the act ivi ty  of many  e n z y m e s  respons ib le  for  ca rbohydra te ,  lipid 9 and pro te in  m e t a b o -  
l i sm [12]. Cobalt thus d i s turbs  the function of these  enzyme s y s t e m s ,  
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Work has recently been published ~mwing the presence of free sulfhydryl groups in the colloid and 
thyroid epithelium [1], and demonstrating that their distribution in the thyroid tissue is depex~dent on its 
structure and functional state [2, 10]. 

There are  reports  in the l i terature that the ability of the thyroid to accumulate iodine depends on the 
presence of Stt-grcups in the gland [21]. 

Cobalt, by combining with SH-groups in the thyroid, thus blocks its ability to absorb iodine from the 
blood. This is in agreement with d~ta [9] showing that, if the iodine content of the diet is the same, its ab-  
solute content in the thyroid tissue of rats falls with an increase in the cobalt content in the food. 

The neutralizing action of untthiol on the gottrcgenic effect cf cobalt can be explained s this stand- 
point. Unithlol forms a cyclic metal - unithiol complex with cobalt in the body, facilitating its elimination 
in the urine [25]. The possibility is not ruled out that the mechanism cf attachment of iodide to unithiol dur -  
ing its oxidation into iodine may be similar:. 

CHt"-SH S~CH 

C~I--SH + I - -  "~I< 
2H. - -SO~q.  S--CH--CHISO~N, 

If the possibility of participation of SH-groups cf the thyroid ~ the oxidation or t ransport  of iodide is 
accept:d, the 'tl-dol compounds containing these groups (including unithiol) must compete with them, By bind- 
ing iodine, they may be responsible for endogenous iodine deficiency. This may probably have caused the 
increased elimination of t TM in the urine in our experiments during the first  hours after  administration of 
the isotope to rats receiving unithiol. This would fully e.x~plain the neutralizing action of cobalt on the goi- 
trogenic effect of unithlol when they are administered together. By fixing unithiol, it leaves the sulfhydryl 
groups of the thyroid active. 

It is perfect ly possible that both these mechanisms may take place in the pathogenests of endemic 
goiter.  

Under the conditions of a natural iodine deficiency, ei ther an insufficient or an excessive intake of 
cobalt into the body may dtsturb iodine metabolism in the thyroid if the food products contain appropriate 
amounts of thiol compounds possessing active suLfhydryl groups in their composition. 
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