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INTRODUCTION 

According to HARINGTON AND RANDALL I, the thyroid gland contains only two 
iodinated compounds; thyroxine and diiodotyrosine. Thyroxine, which is the active 
principle of the gland, can be separated from diiodotyrosine by virtue of its insolubility 
in acid solution. This is the basis of the chemical method of thyroid assay (HAa~INGTON 
AND RANDALL 2) in which thyroid substance is hydrolysed with alkali, the thyroxine 
fraction of the hydrolysate is precipitated with acid and the iodine of the precipitate 
determined either directly or indirectly (total iodine minus acid-soluble iodine gives 
acid-insoluble or thyroxine iodine). The technique of the method has been criticized 
by several workers mainly on the grounds that hydrolysis is inadequate and that 
diiodotyrosine iodine is therefore included in the acid-insoluble fraction. Nor is the 
method always accepted on theoretical grounds: the relationship between biological 
activity and acid-insoluble iodine was questioned by GADDUM AND HETHERINGTONS; 
these authors believed that the activity of the gland was related to the total rather than 
the thyroxine iodine. However, TAUROG AND CHAIKOFF'S 4 recent evidence in favour of 
thyroxine being the circulating thyroid hormone indicates that the thyroxine content 
of any preparation is likely to be the best index of its activity. 

HARINGTON AND RANDALL'S 0 method of chemical assay cannot be used with 
biologically active iodinated proteins, first prepared by LUDWIG AND VON MUTZEN- 
BECHER 5 in 1939 and since then extensively studied by other workers. During iodination, 
acid-insoluble iodine-containing products other than thyroxine are formed, so that the 
acid-insoluble iodine content is no longer a guide to the thyroxine content of the proteins. 
This was amply demonstrated when a number of iodinated protein preparations were 
made from casein, "Ardein" (ground-nut protein), and ox-plasma by PITT-RIVERS AND 
RANDALL 6 for experiments on the milk yield resporme in cows (BLAXTER~). Preliminary 
chemical assays by the method of HARINGTON AND RANDALL 9 were done in the expecta- 
tion that products with high acid-insoluble iodine contents would show high physiolo- 
gical activity. The chemical assay however, was no guide to activity, and in later 
experiments on the effect of iodinated proteins on the metamorphosis of Xenopus 
tadpoles, DEANESL¥ AND PARKES s confirmed these findings, that the acid-insoluble 
iodine content of many proteins tested (prepared by different workers) could not be 
correlated with their activity; these authors however found that biological response as 
measured on tadpoles was quantitatively related to the response in cows. Later PITT- 
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RIVER@ showed that two iodinated proteins with high acid-insoluble iodine values and 
low activity yielded only minute amounts of thyroxine after alkaline, hydrolysis. 

Evidence is brought forward from the experiments described below that the 
activity of artificially iodinated proteins is proportional to their thyroxine content. A 
simple method foc thyroxine isolation is described. 

EXPERIMENTAL 

For these experiments, six iodinated proteins were chosen with different biological 
activities. One of them (casein C4 + 5) was according to DEANESLY AND PARKES 8 
slightly more active than thyroid powder when administered in an equal dose; another 
(casein NCB 3/62) had an activity very similar to that of thyroid powder. The iodinated 
proteins used include casein and "Ardein" preparations and one plasma preparation. 

Hydrolysis and isolation 

The iodinated proteins (30-35 g) were boiled under reflux in an electric heating 
mantle for 20 hours with 200 ml water and IOO g hydrated baryta. (These quantities 
were all doubled for the hydrolysis of Piasma N 4 as the expected amount of thyroxine 
was small). The precipitated barium salts were separated and decomposed with I% 
NaOH and Na2SO 4 according to the  method of HARINGTON 1°. A small crop of acid- 
insoluble material was also obtained from the baryta filtrate and was combined with 
the product from the barium salt. After drying, this material was extracted twice with 
ether and dissolved in the minimum amount of boiling o.I N sodium carbonate solution 
and filtered. The sodium salt of thyroxine was allowed to separate in the ice-chest 
during 72 hours after which it was collected by centrifuging; the salt was dissolved in 
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Fig. i. Relationship between the thyroxine content by 
isolation and biological activity of iodinated proteins 

the same volume of boiling o. I 
N sodium carbonate solution 
and acidified with acetic acid 
(c.f. TAUROG AND CHAIKOFF4). 
The crystalline thyroxine ob- 
tained was collected, washed 
with water and dried in vacuo. 
Melting points of the samples 
of thyroxine obtained varied 
between 228 ° and 235 ° (de- 
comp.). One of the iodinated 
proteins "Ardein" N4SF) was 
also hydrolysed with sodium 
hydroxide and the thyroxine 
isolated by n-butanol extrac- 
tion according to LELAND AND 
tZORSTER 11. The results of these 
experiments are summarized 
in the last column of Table I; 
other data on the iodinated 

proteins investigated are taken from DEANESLY AND PARKES'S s paper. The relationship 
between the biological activity of iodinated proteins and their thyroxine content as 
determined by isolation is shown in Fig. I. 
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TABLE I 
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Iodinated Protein 

g a s e i n C 4 +  5 
Casein NCB 3/62 
"Ardein"  PB7(DT]S]824) 
"Ardein" PB5(DT/S]822) 
"Ardein" N4SF 

Plasma N 4 

Total  

8. I 
8.02 
7.2 
7.3 
3.6I 

5.4 

Iodine % 

Acid-insoluble 

1.6 
1 . 4 6  
1.2  

1.3 
0.50 

o. 4 

Mean biological 
activity (tadpoles) 

I .O 

0.77 
0.50 
0.42 
0.29 

O. I I  

Thyroxine % 
by isolation 

0.2I 

o.17 
O. IO 

o.o94 
0.074 
0.071 * 
0.007 

* Duplicate isolation by  LELAND AND FOSTER'S u method 

DISCUSSION 

The above findings indicate that the biological activity of iodinated proteins is 
directly proportional to their thyroxine content when they are compared with each 
other. Of greater interest is the consideration whether the activity of such iodinated 
proteins can be compared with the activity of thyroid powder, the comparison being 
based on the thyroxine content of equivalent doses. Now DEANESLY AND PARKES s 
emphasized that the most active iodinated protein tested by them with 1-2% acid- 
insoluble iodine had only a slightly greater activity than commercial thyroid powder 
with o.1% acid-insoluble iodine. On an acid-insoluble iodine basis therefore the artifi- 
cially iodinated proteins are lO-2O times less active than thyroid powder. If however 
one considers the amount of thyroxine administered in equal doses of iodinated protein 
and thyroid powder then the biological responses to these doses can be explained in 
terms of thyroxine content only. For instance, the iodinated pzotein investigated in the 
present work whose activity was most similar to that of thyroid powder was the casein 
preparation NCB 3/62, and was found to contain o.17% of thyroxine by isolation; 
thyroid preparations prepared according to the British Pharmacopoeia are standardized 
to contain approximately o.15 % thyroxine (o.o99 to o.II % thyroxine iodine). The dose 
of active principle is of the same order in both cases. It is therefore suggested that the 
thyroxine content of an artificially iodinated protein determined by isolation will give 
the most reliable index of its biological activity. 

I am indebted to my colleague Dr. A. S. PARKES and to Dr. D. TRAILL, Imperial 
Chemical Industries (Explosives) Ltd., for gifts of iodinated proteins. 

SUMMARY 

1. Crystalline thyroxine has been isolated from six iodinated proteins of known biological 
activity.  

2. The amount  of thyroxine  isolated was found to be proportional to the biological act ivi ty of 
the  proteins. 

3. On the basis of thyroxine content,  tl~e act ivi ty of the iodinated proteins may be compared 
with t ha t  of thyroid powder. 

RtSUMt 

I. La thyroxine a ~t6 isol6e de six prot6ines iod6es dont  l 'activit6 biologique eat c o n n u e .  
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2. La  quan t i t d  de t hy rox ine  isolde est  propor t ionnel le  ~. l 'act ivi td biologique des  protdines.  
3- L 'ac t iv i td  biologique de ces protdines  petit  (~tre comparde  ~. celle de la poudre  de t hy ro ide  

l 'dgard de leur t eneu r  en thyrox ine .  

Z U S A M M E N F A S S U N G  

1. Kris ta l l i s ier tes  T h y r o x i n  wurde  aus  sechs  Jodopro t e inen  b e k a n n t e r  biologischer  Akt ivi t i i t  
isoliert. 

2. Die isolierte T h y r o x i n m e n g e  ist  der biologischen Aktivi tAt  der  Pro te ine  propor t ional .  
3. Die Aktivi tAt  der  Jodopro te ine  kann  auf  Grund  des T h y r o x i n g e h a l t e s  mi t  der jen igen  yon  

T h y r o i d p u l v e r  vergl ichen werden.  
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