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TITLE : (Please use separate sheet f o r  each problem). ! 
The metaboliw and destructive a c t i m  of astat ine (element 85) upon the 
thyroid gland. 

NAES OF ALL INVESTIGATORS CONISCTED wI?H STUDYt 

Joseph G. Bankiltoh, X.D., C.W. A s l i n g ,  and K. Q. Sco t t  

EREF SutmARY: 
destructive act ion of as t a t ine  upon the t h p ~ l d  and to Lnrsstigate ln detail  
1- distribution ln the other tissuer and organ8 of the bed7 ps- am11 laboral: 
t o r r  animi.8. The s i p l f i c a n t  point of i n t e r e a t  in t h i o  eleprsnt l a  th8t 
accumulates i n  the t h m i d  t o  a degree comparable t o  that okened vitb Iodine. 
A f t e r  completion of detai led &racer studies in animala and a careful evaluatian 
of i t s  rsdio-toxicity,  no t  only from the point of view of m i d  destruction 
but  the possible i n J u v  to other tiesueo end organs; it i r  planned to i n i t i a t e  
first t h m i d  uptrke and excretion r tubies  La n u .  If the human uid anlrP.1 
experiments proride msulb vhlch indicate the w e  of quant i t ies  of a them- 
peutlc level in h~erthyroidim am sa fe  - the point of -- of the patient, 
it. is  plarmed to extend the studlea in this direction. 
RESULTS : 

(Approximately SO words).Wo* 10 In PmmsO to 0-7 *e 

it 

A prsliminary stud7 has been rads upon the destructive e f f ec t  of astat ine 
on the thyroid of the rat and it has been found that a m l a t i r s l y  small 
amount of t h i s  alpha. act ive a r t i f i c i a l  ndio-element proTokes a pmfotmd 
degree of destructism t o  the t h p i d  gland vithout apparent l.molTemnt Of 

Tie r ea l i ze  t h a t  there  is a period when one is between problems, and neighboring 
if  yo^ are, there  wil.1 be nothing t o  report. stmct-8. 
re turn  t h i s  form before November 15th. 
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cinostasis. In our experiments smears and 
cultures were taken from liver, kidney! and 
tumor of cortisone-treated mice, particularly 
in those in which the tumor growth was in- 
hibited. Kith very few exceptions no bacteria 
were found on mean or in culturts. 13ecause 
of this. infection as a contributory factor was 
ruled out. The fact that the animals appeared 
well nourished and continued to gain weight 
spoke against inanition as a factor in produc- 
ing the retardation of tumor growth. 

Sutnnrorp. 1. Cortisone. wben administered 
during the first fen days after transplantation 
of carcinoma is5 in C57 mice. has a profound 
inhibitory effect on growth of the tumor bur 
the tumor remains viable. 2. These e;Hects of 
cortisone appear to be due to the change in 
the environment and to tbe delay in new blood 
vessel Ionnation about the tumor transplant. - - 
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TABLE I Uptake of ( 

AgQ SQl  Tbproldsa 

-40 p LeftL' 

41 p B g b t L  

31 9 WholeG 

35 9 WholeG 

52 ; IhghtL 

43 P LeftL 

66 2 WholeG 

* L = lobe, G = gle 
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Methods The A 
modification of the 

microcur~es of A P  1 

water at intervals R 

to 22 hours prior to I 

held for at least 2 bo 
oral administration c 

A s t a t i n P .  which is the fast member of the 
halogen group of elements, has been found to 
be accumulated by the thyroid glands of ex- 
perimental animals to a degree similar to that 
of i0dine~~'(1-4). Since the average energv 
of the alpha-particles arising from the dis- 
inteeration of .4tZ" is 6.8 Mev and Ibe range 
in tissue is but 706 the degree of specibc 
ionization produced as compared to the beta- 
particles from PS1 is much greater. The maxi- 
mum energy of beta-particles is 0.6 Mev 
and the range is 2.000 ,L The motivation for 

This work was performed under contmcl of the 
Eniversity of California under the U. 5. Atomic 
Encw Commission. 

these extensive studies aith A P  has been the 
consideration that the short range and high 
specific ionization of the alpha-particles of 
At'l' as compared to the much longer range 
and mote wea!dy ionizing beta-particles from 
P' might have clinical applications in treat- 
ment of thyroid disorders. and in particular 
hyperthyroidism. 

For several years this laboratory has bcen 
engaged in a study of the rate and degree Of 
accumulation of both 1x91 and A P  in the 
thyroid gland and other tissues and organs 
of experimental animals. The acute and 
chronic effects of relatively large amounts 01 

these two radiohalogens has also been investi- 
pated(2-4). lThe results of these experiments 
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%,At” Cone. AtN, 
Time, an Z/gret mg1,io mgIJg 

Age Sex Tbrroid sample Diagnosis hr  sample tissue sample Ket ussue 

(1 q RigktL Son.tozic meta- 13% 2.85 

a1 q WboleG koo-toric nodular 16% 6.73 
goiter rritb e p t  
formation 

35 Q Whole G Toric goiter (Lugo- 15 . 6.66 

Gnon’diiuse(thy- 18 J52 .017 

13 p LeftL 

56 8 LdtL 

66 8 Whole G .021 28.5 

‘L=lobe;  G = g b d .  

removed by the use of the dissecting micro- 
scope. This specimen was then fixed in 10% 
neutral formalin, subjected to routine paraffin 
impregnation and clearing technics. and finally 
stained with hematodin and eosin. Since the 
decay xhme of AZ” is associated with the 
emission of 80 Kev r-rays(6) it was possible 
to make a relatively accurate measurement of 
the A P  content of the wet sample employing 
a sodium-iodide thallium iodide activated 
crystal scintillation counter. Two patients 
had previously received which made this 
type of determination essentially impossible 
due to the presence of gamma-rays from P. 
The stable iodine content in tbcv studies was 
determined in a carbon tetrachloride solution 
by means of a spectrophotometer rather than 
by titration emplogng dilute solutions of 
sodium thiosulfate used in earlier experiments 
(7 ) .  The Atz1’ was quantitatively isolated 
from tbe specimens by a procedure to be re- 
ported elsewbere( 8). 

R e m h .  The results of the experiments are 
shown in Table 1. A number of observations 
may be made. The accumulation of At2” by 
the tbyroid gland appears to be relatively 
higher than bas been observed in some of t h e  
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previously reported experiments which em- 
ployed laboratory animals(2). Admittedly, 
the number of patients is too limited to draw 
conclusions of a statistical nature. but there 
ceminly does appear to be a trend of a rela- 
tively higher uptake. I t  should be noted that 
in 3 patients only one lobe of the thyroid 
gland was available for assay. Moreover, 
histoloyidly. the thyroid tissue obtained from 
most of these patients was obviously quite ab- 
normal. -4 v e v  low uptalit! of At211 was 
noted in a patient that had had a very unusual 
series of therapeutic attempts to control his 
disease and at  one stage he had received both 
thyroxin and Lugol‘s Solution. In the one 
patient irom whom an entire relatively normal 
thyroid gland was available, the total uptake 
was approximately 17% of tlie administered 
dose. There appears to be a correlation of tbe 
amount of At2” accumulated )per gram of tis- 
sue with the stable iodine content per gram of 
tissue. In general: when there ras a relatively 
high total iodine content! the astatine content- 
was increased. Finally it should he noted that 
in the patient with a metastatic papillary 
adenocarcinoma there was no demonstrable 
accumulation of .4t31 in the cervical lymph 
node5 Khich contained essentially nothing but 
neoplastic tissue showing no tendency towards 
the formation of either follicles or colloid. 

Discussion. n‘ith the ekception of the one 
patient M-ho had received thyrosin. there was 
quite a good correlation between accumula- 
tion of .4t?” per p a m  of thy~oid tissue and the 
amount of stable iodine present. .4ttempts to 
correlate the histological findings in thyroid 
tissue from the 6 patients with the amount of 
stable iodine present per gram and the uptake 
of At?” is difficult. The interpretation of the 
apparen! relatively greater concentration in 
.4t2” by human thyroid t i sue  as contrasted 
to animal studies is hard to establish. If tbis 
apparent effect can still be dlrmonstrated in- 
volving a larger number of patients, then con- 
sideration must be given to the factors such as 
total iodine intake and the passible existence 
of the species difference. Tbe At“’ uptake 
studies in the monkey are too limited to be of 
any value in attempting to make any com- 
parison aith humans presented in this paper 
( 2 ) .  

The evaluation of the potential use of AtZ1l 
for the therapy of human thyrotoxicosis must 
of necessity await much more information de- 
rived from both further studies with experi- 
mental animals and more extensive human 
uptake studies. 

The chemical properties of astatine are con- 
siderably different from those of iodine in 
many respects(9). An indication of the bio- 
chemical differences between astatine and 
iodine have been presented in another paper. 
The deet of pre-treatment with propyl thiou- 
r a d  resulted in the enhancement in the accu- 
mulation of At”’ by a factor of nearly 20 in 
the thyroid gland in the rat while there w a  
a t  the same time, a decrease of accumulation 
of I”’( 10). K i t h  these considerations in mind 
there is a veri. remote possibility that certain 
typs of neoplasms of the thyroid gland may 
more efiectively accumulate A P  than P1. 
This concept is purely hypothetical and is 
based upon the probability that At- may be 
oxidized to AtD more readily than I- might be 
oxidized to 12. I t  should be emphasized thar - 
this phase of the discussion is purely specula- 
tive in nature and the very questionable 
validity of this theory can only be tested b!- 
doing tracer studies on many patients sufierinp 
from various [!pes of neoplasms of the thyroid 
gland. 

Su~nnrar?. 1. Accumulation of At211 by 
thyroid gland in patients suffering from vari- 
ous disorders of that organ has been demon- 
strated. 2. Accumulation of At2” by thyroid 
glands of these patients appears to be rela- 
tively higher than has been observed in crperi- 
ments employing rats. 3. There may bc a 
correlation between the uptake of Atz1’ and 
stable iodine in thyroid tissue. 4. One pa- 
tient with papillary adenocarcinoma showed 
no discernible accumulation of A P 1  in meta- 
stases present in cervical lymph nodes. 

Production of A W  was thc responsibility of M:. 
G. Bernard Rossi and the s t a 0  of the 60-inCh cyclo- 
tron at thii laboratory. The continued interest and 
encouragement by Dr Robcrt 5.  Stone, Dr Earl R. 
Miller, t h c  StaK of the Divirior of R a d i 0 1 0 ~ ;  Dr. 
Tbcodore L. Ntbawen, Dr. Morris E. Dailcy, D: 
E. Glenn Bell, Dr. Henry H. Scuk, and the  sur@ 
rtaK at the Medica! Sdool  mrdc thc expenmenti 
wilb h u h  subjects pouibk. Tbc coopntion Of 
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c. 
St has long been b o a n  that a variely of 
:mid apents act 85 anti-th!-roid drugs to 
duce or almost completely prevent the intro- 
fction of iodine into tyrosine and subu-  
iently the production of thyroid hormone 
$2). Propyl thiouracil and related anti- 
p o i d  drugs have been used extensively in 
I e  treatment of human thyrotosicosisi:3,4). 

atine is the heaviest member of the halogen 
up; and certain of its chemical properties 
mble those of iodine. There are, however! 4 rather significant dissimilarities( 5 ) . AI- 
ugh 18 radioactive isotopes of astatine 
'e been identified, no stable isotopes of this 
bent are k n o m  to esist(6). The particu- 
:radioisotope used in these and other 

$dies is the i . 3  hour .4t"' n-hich decay  by 
,emission of alpha-particles and 59 Xer 
ays. 1 

5 

u o r l  WE performed under contract of tbc 
p i t y  of Caliiornia under the U. S. Atomic 

% pa cent of the rmdd deuys by 
lpture to form Po211 mtb a 03 second i d - l i f e ,  
40% dcovs bv n l ~ h - d c l e  mission 'to form 

Commiuon. 

-.. 
'The capacity of the thyroid gland to con- 
centrate and retain .4t211 bas been demon- 
strated in experimental animals and man 
(7-10). The present studies were undertaken 
in order to dttem)@e the possible effect of 
propyl thiouracil upon accumulation and re- 
tention of A P  by the thyroid gland of the rat 
and to compare this effect r i t h  that obtained 
using carrier-free F. It was also b o p d  that 
these experiments would help to shed some 
light on the mode of entry of astatine into the 
thyroid gland and on its chemical state in 
that organ. 

Methods.  The animals employed for these 
studies were 75-dayold funale Sprague-Daw- 
ley rats weighing about 165 g. all received 
from the dealer a t  the same time and main- 
tained for 3 weeks prior to the start of the 
experiment on tap water and a pelleted stock 
diet which is in general use throughout the 
Cniversity of California Radiation Labora- 
tory.: Both fpod and water were given 

:This diet b s imh  in comfition to "Diet 14" 
developed by the Uniwrsity of California Institute 
of Expcrimcntal B~olog). and contains I fairly large 
amount of added iodide. To wcry 270 b of feed 
i s  rddcd 302 ml of an 0.45% sulution of KI. 


