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P r e v i o u s l y  i t  h a s  been  s h o r n  t h a t  g a l l i u m ,  a d m i n i s t e r e d  p a r e n t e r a l l y  a s  
t h e  l a c t a t e  o r  c i t r a t e ,  is r a p i d l y  d e p o s i t e d  i n  o s t e o i d  s t r u c t u r e s ,  p a r t i c u -  
l a r l y  i n  t h e  t e e t h  and i n  a r e a s  o f  o s t e o b l a s t i c  a c t i v i t y .  
has  shown promise a s  a d i a g n o s t i c  a g e n t  f o r  t h e  l o c a l i z a t i o n  of m a l i g n a n c i e s  
i n v o l v i n g  bone. 

F 
R a d i o g a l l i u m  (Ga72) 

L a b o r a t o r y  s t u d i e s  i n d i c a t e  t h a t  i n  t h e  r a b b i t  t h e  r o u t e  o f  a d m i p i s t r a t i o n ,  

I 
i 

intr-avenous or s u b c u t a n e o u s ,  d o e s  n o t  s i p i f i c a n t l y  i n f l u e n c e  t h e  amount o f  Ga 
c o n t a i n e d  i n  t h e  bones 2 4  h o u r s  a f t e r  i n j e c t i o n .  By v a r y i n g  t h e  d o s e  from low 
t o  t o r i c  l e v e l s ,  i t  has  been shown i n  r a t s  and r a b b i t s  t h a t  a t  low l e v e l s  
( 1  - 15 mg. Ga/kg) t h e  amount o f  Ga d e p o a i t e d  i n  t h e  femur is  d i r e c t l y  p r o p o r -  
t i o n a l  t o  t h e  dose .  As t h e  doaage  approaches  the t o r i c  l e v e l  (30 - 45 mg.  Ga) 
t h e  amount o f  Ga d e p o s i t e d  r e a c h e s  a r e l a t i v e l y  c o n s t a n t  v a l u e .  

I 4 
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4 

S t u d i e s  i n  dogs  and r a b b i t s  o f  modes o f  c l e a r a n c e  o f  Ga from bone by p ro -  
d u c i n g  an a c i d o s i s ,  o r  by t h e  a d m i n i s t r a t i o n  o f  c h e l a t i n g  a g e n t s ,  i n d i c a t e  
t h a t  g a l l i u m  i s  n o t  s i g n i f i c a n t l y  e f f e c t e d  by t h e s e  p rocedures .  
remains i n  t h e  bone €o r  s i x  months o r  l o n g e r  f o l l o w i n g  a d m i n i s t r a t i o n  of g a l l i -  
um c i t r a t e .  

Normal ly  i t  
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In p r e v i o u s  s t u d i e s  i t  was demons t r a t ed  t h a t  g a l l i u m  is  an  e l e m e n t  which 
r a p i d l y  e n t e r s  o s t e o i d  t i s s u e ,  p a r t i c u l a r l y  a r e a s  o f  p r o l i f e r a t i o n ,  i r r e s p e c -  
t i r e  o f  whether  t h i s  growth  is normal o r  p a t h o l o g i c  i n  n a t u r e  (Dudley e t  al., 
1949,'jO) (King  and P e r k i n s o a ,  1950). The l a b o r a t o r y  f i n d i n g s  h a r e  been  con-  
f i r m e d  i n  p a r t  by c l i n i c a l  s t u d i e s  (Mulry.  1951, King 1952, Bruce r  1952) u t i -  
l i z i n g  r a d i o g a l l i u m  (Ga72).  

For  many y e a r s  a d m i n i s t r a t i o n  of  ammonium c h l o r i d e ,  r i t a m i n s ,  and r a r i e d  
c a / p  - h a r e  been used  €or t h e  removal of l e a d  from v i a b l e  bone. These  and 
o t h e r  r e t h o d r  have been s t u d i e d  (Aub e t  a l . ,  1938) (Copp e t  al., 1941) i n  an  
a t t e m p t  t o  promote the e l i m i n a t i o n  o f  r a d i o a c t i v e  m a t e r i a l s .  C o n c u r r e n t l y  
w i t h  t h e  s t u d y  r e p o r t e d  h e r e ,  Fornan  and Hamil ton (1951)  have  shown t h e  e f f e c t  
o€ v a r i o u s  c h e l a t i n g  a g e n t s  on t h e  u r i n a r y  e x c r e t i o n  of  GI44 and Pu239. 

The e x p e r i m e n t s  h e r e i n  d e s c r i b e d  u t i l i z e d  e x p e r i m e n t a l  a n i r a l s  f o r  t h e  
f o l l o w i n g  pu rposes :  

( a )  t o  d e t e r m i n e  t h e  i n f l u e n c e  of  r o u t e  o f  a d m i n i s t r a t i o n  ( i n t r a v e n o u s  o r  
s u b c u t a n e o u s )  o f  g a l l i u m  c i t r a t e  on the up take  of  g a l l i u m  by  bone of t h e  r a b b i t ;  

( b )  t o  d e t e r m i n e  the i n f l u e n c e  of t h e  doae  o f  g a l l i u m  c i t r a t e  on t h e  
amount o f  g a l l i u m  d e p o s i t e d  i n  bone o f  t h e  r a t  and r a b b i t ;  

1 
I 

( c )  a t u d y  o f  i n f l u e n c e  o f  time on t h e  c l e a r a n c e  of  g a l l i u m  from bone o f  I. 

t h e  r a t  aud r a b b i t ;  

( d )  s t u d y  o f  t h e  methods f o r  promot ing  u r i n a r y  c l e a r a n c e  o f  g a l l i u m  by 
t h e  r a b b i t  and dog. 

METHODS 

GaTliuG c i t r a t e  was p r e p a r e d  as d e s c r i b e d  p r e v i o u s l y  ( h d l e y ,  1950) and a 
s o l u t i o n  of  t h i s  s a l t  a t  pH 6 . 5  c o n t a i n i n g  20 mg. Ga/cc. waa i n j e c t e d  e i t h e r  
i n t r a v e n o u s l y  or s u b c u t a n e o u s l y .  men s u b c o t a n e o u a l y  a d m i n i s t e r e d ,  t h e  g a l l i -  
u m  c i t r a r e  s o l u t i o n  c o n t a i n e d  one p e r  c e n t  p r o c a i n e  h y d r o c h l o r i d e  i n  o r d e r  t o  
p r e v e n t  undue p a i n  a t  t i re o f  i n j e c t i o n .  
i n t r a v e n o u s  i q j e c t i o n  was preceded  by an  i n t r a r e n o u s  dose o f  200 rng. G C l 2  i n  

A t  t h e  h i g h e r  d o s e s  o f  g a l l i u m  t h e  
I 

1 

o r d e r  t o  p r e v e n t  hypoca lcemic  type  c r i a i s  (Dudley e t  n l . ,  1950). I 
! 

a l b i n o  r a b b i t s  ( 3 . 2 - 3 . 8  kg . )  w e r e  g iven  g a l l i u m  c i t r a t e  e i t h e r  i n t r a v e n o u s l y  
o r  s u b c u t a n e o u s l y  a t  doses from 1 t o  45 mg. Ga/kg. A d u l t  a l b i n o  r a t s  (225 gm.) i 
o h o  were i n j e c t e d  r u b c u t r n c o u s l y  a t  doaages  of  e1 t o  100 mg. Ga/kg. Twenty- i 

In o r d e r  t o  a t u d y  t h e  i n f l u e n c e  of dose  and r o u t e  of a d m i n i s t r a t i o n ,  a d u l t  
i 
1 

f o u r  hour s  a f t e r  i n j e c t i o n ,  t h e  an ima l s  -ere k i l l e d  and b o t h  femurs  were r e -  
r o v e d .  
marrow and t h e  e n t i r e ' f e o t r r s  o f  t h r e e  o r  mort  a n i m a l s  were used  a t  e a c h  con-  
c e n t r a t i o n  and r o u t e  o f  a d s i n i s t r a t i o n .  These bone. were c r u s h e d ,  pooled  and 
chemica l  d e t e r m i n a t i o n s  were made ( i n  d u p l i c a t e )  of t h e  g a l l i u m  c o n t e n t ,  by 
t h e . m e t h o d s  p r e v i o u a l y  d e a c r i b e d  (Dudley 1349, Munn 1951).  

The bones  were f r e e d  of  811 n i s c l e  and c o n n e c t i v e  t i s s u e  aa w e l l  aa  



I 

To de te rmine  t h e  i n f l u e n c e  of time on t h e  c l e a r a n c e  o f  g a l l i u m  from t h e  
bones ,  male a l b i n o  r a b b i t s ,  o f  e q u a l  s i t e ,  age and g e n e r a l  c o n d i t i o n ,  were i n -  
j e c t e d  i n t r a v e n o u s l y  w i t h  g a l l i u m  c i t r a t e  a t  30 mg. Ga/kg. Male a l b i n o  r a t s  
were a l s o  subcu taneous ly  i n j e c t e d  w i t h  g a l l i u m  c i t r a t e  a t  a dosage  o f  30 mg. 
Ga/kg. Three  an ima l s  of  each  species were k i l l e d  a t  each  s u i t a b l e  time from 4 
hours  t o  12  months a f t e r  i n j e c t i o n .  The femurs  o f  t h e  t h r e e  an ima l s  were c l e a n e d  
a s  shown above ,  c r u s h e d ,  poo led ,  and t h e  g a l l i u m  de te rmined  c h e m i c a l l y .  

S t u d i e s  of t h e  u r i n a r y  e x c r e t i o n  o f  g a l l i u m  ( 1 , 1 0 1  i n d i c a t e  t h a t  48 hours  
a f t e r  i n j e c t i o n  o f  g a l l i u m  c i t r a t e ,  t h e  u r i n a r y  g a l l i u m  d r o p s  t o  a low l e ~ e l ,  
a n d - o f t e n  c o n t i n u e s  a t  t r a c e  l e v e l  f o r  an ex teaded  p e r i o d  t h e r e a f t e r .  A s t u d y  
h a s  been made o f  t h e  i n f l u e n c e  of  r a r i o u s . c o m p l e x i n g  a g e n t s ,  c i t r a t e ,  and an 
a c i d o s i s - l i k e  c o n d i t i o n ,  i n  promot ing  t h e  i n c r e a s e d  u r i n a r y  e x c r e t i o n  of  g a l l i -  
'am. These  s t u d i e s  hare been made a f t e r  t h e  organism had a t t a i n e d  an e s s e n t i a l -  
l y  e q u i l i b r i u m  c o n d i t i o n  w i t h  r e s p e c t  t o  t h e  r a t e  o f  e x c r e t i o n  of  g a l l i u m .  T h i s  
phase o f  t h e  i n v e s t i g a t i o n  w a s  prompted by t h e  f i n d i n g s  t h a t  t h e  p o s s i b l e  t h e r a -  
p e u t i c  a p p l i c a t i o n  o f  r a d i o g a l l i u m  (Ga7*) i n  ma l ignanc ie s  i n v o l v i n g  bone was 
s e r i o u s l y  l i m i t e d  b l  .@&e t o x i c i t y  o f  t h e  r e p e a t e d  d o s e s  o f  n o n - r a d i o a c t i r e  g a l l i -  
um ( G ~ " P ~ ~ )  which accompanied t h e  Ga72 ( 6 ; i ; .  

L 

A 

R a b b i t s  were i n j e c t e d  i n t r a r e n o u s l y  a i t b  g a l l i u m  c i t r a t e  ( 1 5  m g .  Ga/kg) and 
u r i n e  c o l l e c t e d  d a i l y  f o r  t h r e e  t o  f i r e  d a y s ,  u n t i l  t h e  % a l l i u m  e x c r e t i o n  had 
reac6ed  low l e v e l s .  A f t e r  t h i s  t i s e  t h e  a n i a a l s  ( s i x  i n  each  s e r i e s )  were g i v e n  
d a i l y ,  f o r  t h r e e  days ,  ( a )  2 6. W4C1 by mouth, (b) 100 mg. sodium c i t r a t e / k g .  
( i n t r a v . ) .  ( c )  1 0  rg/kg. disodium e t h y l e n e  d iamine  t e t r a a c e t i c  a c i d  ( i n t r a v . ) ,  
Ld) ,.35 ag/kg.  8 -hydroxyqu ino l ine ,  ( i n t r a v .  ) ( e )  40 mg/kg.  aluminon (ammonium a u r i n  
t r i c a r b o x y l i c )  ( i n t r a r .  ) o r  f f )  10  rng/kg., i n t r a m u s c u l a r l y ,  d i m e r c a p t o l p r o p a n o l  
(BAL). A f t e r  t h e s e  t r e a t r e n t s  t h e  u r i n e  o f  each  an imal  was c o l l e c t e d  d a i l y  f o r  
t h r e e  d a y s ,  and t h e  g a l l i u m  e x c r e t i o n  de te rmined  c h e m i c a l l y  ( 1 , l O ) .  

( 

Two g rbups  o f  dogs ,  t h r e e  i n  each  g roup ,  were i n t r a v e n o u s l y  i n j e c t e d  w i t h  
g a l l i u m  c i t r a t e  ( 5  as. Ga/kg . ) ,  t h e  u r i n e  c o l l e c t e d  d a i l y  f o r  t h r e e  d a y s ,  and t h e  
g a l l i u m  e x c r e t i o n  de te rmined .  Three  d a y s  a f t e r  a d m i n i s t r a t i o n  o f  t h e  g a l l i u m ,  
e a c h  dog  was a d m i n i s t e r e d  by mouth 5 grams NH4CL, i n  e n t e r i c  t a b l e t s  d a i l y  f o r  
t h r e e  d a y s  i n  o r d e r  t o  prodace  an a c i d o s i r - l i k e  c o n d i t i o n .  The u r i n e  was c o l -  
l e c t e d  d a i l y  d u r i n g  t h i s  tise and t h e  amount o f  g a l l i u m  e x c r e t e d  d e t e r a i n e d .  

One o f  t h e s e  groups  o f - d o g s ,  f o t l o r i n g  t h i s  t r e a t m e n t  w i t h  NHICl, was in- 
4 j s c t e d  i n t r a m u s c u l a r l y  w i t h  d i r e r c a p t o p r o p a n o l  (BAL) ( 1 0  mg/kg.) and t h e  u r i n a r y  

e x c r e t i o n  o f  g a l l i u m  de te rmined  d a i l y  f o r  an a d d i t i o n a l  Zhree d a y s . -  Fol lowing .  
t h i s  s t u d y ,  t h e s e  dog. were k i l l e d  and t h e  g a l l i u m  c o n t e n t  o f  t h e  l i v e r ,  k i d n a r ,  
s p l e e n  and femur de t e rmined .  e I 

d 

# In f i g u r e  1 is p r e r e n t e d  a resume of r e s u l t .  of  r t o d i e s  of t h e  i n f l u e n c e  of  
dose  and r o u t e  of  a d r i n i r t r i t i o n  ( i n t r b r e n o u r  o r  s u b c u t a n s b u r )  o f  g a l l i u m  c i t r q w  
on t h e  u p t a k e  of  g a l l i u m  by t h e  bones of r a b b i t s  and r a t s .  There  f i n d i n g r  i n d i -  
c a t e  t h a t  i n  t h e  r a b b i t ,  a t  a dorage  o f  1 t o . 4 5  mg. Ga/kg. ,  t h e  r o u t e  of admin i s -  
t r a t i o n  has no s i g n i f i c a n t  i n f l u e n c s  on t h e  amount o f  ga1i iu .a  d e p o s i t e d  i h  t h e  
normal femur 2 4 ' h o u r s  a f t e r  i n j e c t i o n .  I t  is  a l r o  i n d i c a t e d  thrs i n  f h e  dorage  
range  1 t o  1 5  mg. Ga/kg. ,  t h e  amount o f  g a l l i u m  d e p o r i t e d  i n  t h e  femur o f  t h e  rat. 



323 . 
and r a b b i t  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  amount o f  g a l l i u m  a d m i n i s t e r e d .  
Horcve r ,  above t h i s  r a n g e ,  i n  both  r a t s  and r a b b i t s ,  t h e  amount o f  g a l l i u m  d e -  
p o s i t e d  p e r  m g .  of  g a l l i u m  i n j e c t e d  f a l l s  o f f  r a p i d l y .  

The 24-hour  g a l l i u m  c o n t e n t  of  t h e  bone shown i n  f i g u r e  1 f o l l o w i n g  a d o s e  
of 30 mg. Ga/kg., was found t o  be r e l a t i v e l y  c o n s t a n t  from 24 h o u r s  t o  s i x  
months  a f t e r  i n j e c t i o n .  The g a l l i u m  c e n t e n t  o f  t h e  femur i n  t h e  r a b b i t  o v e r  
t h i s  p e r i o d  ave raged  65Y/gram o f  f r e s h  bone, and i n  t h e  r a t  53y/gram. 
t h e  6 t o  1 2  &t.b p e r i o d  t h e  g a l l i u m  d e c r e a s e d  i n  t h e  r a b b i t  femur t o  l V / g r a m  
and in t h e  r a t  femur 2Zy/gram. These f i n d i n g s  i n d i c a t e  t h a t  t h e  d e p o s i t s  o f  
g a l l i u  i n  bone,  r e s u l t i n g  from ' i n t r a v e n o u s  i n j e c t i o n  o f  g a l l i u m  c i t r a t e ,  a r e  
r e l a t i v e l y  s t a b l e .  T h i s  c o n c l u s i o n  is  f u r t h e r  s t r e n g t h e n e d  by t h e  r e s u l t s  g i v e n  

- below on t h e  s l i g h t  e f f e c t s  o f  r a t h e r  d r a s t i c  e f f o r t s  t o  induce  i n c r e a s e d  u r i n a r y  
o u t p r t  o f  g a l l i u m .  

Dur ing  

t S t u d i e s  o f  t h e  i n f l u e n c e  of v a r i o u s  a g e n t s  oa t h e  u r i n a r y  e x c r e t i o n  o f  
g a l l i u m  have g i v e n  t h e  f o l l o w i n g  r e s u l t s :  

Rabbits. I n t r a v e n o u s  i n j e c t i o n  of sodium c i t r a t e  t h r e e  d a y s  f o l l o w i n g  
g a l l i l l r  c i t r a t e  produced l e t h a l  hypoca lcemic - type  shock  a t  modera te  l e v e l s  o f  
t h e  Xa c i t r a t e .  
a n c e  - 

T h e r e f o r e ]  t h i s  s a l t  was u s e l e s s  in t h e  s t u d y  o f  g a l l i u m  c l e a r -  

Ia d o s e s  u p  t o  2-gm. NH C1 f o r  t h r e e  d e s ,  no i i g n i f i c a n t  r i s e  i n  t h e  u r i -  4 - n a r y  g a l l i u m  was obse rved  ( f i g .  2 ) .  I n t r a v e n o u s  i n j e c t i o n  of t h e  c h e l a t i n g  
a g e n t s ,  d i s o d i m  e t h y l e n e  diamine t e t r a a c e t i c  a c i d  and 8 - h y d r o x y q u i n o l i n e  p r o -  
d u c e d  no s i g n i f i c a n t  change i n  t h e  r a t e  o f  u r i n a r y  e x c r e t i o n  o f  g a l l i u m  i n  t h e  
rabbit .  The i n t r a v e n o u s  i n j e c t i o n  of a luminon and  t h e  i n t r a m u s c u l a r  i n j e c t i o n  
o f  E U  f o u r  d a y s  a f t e r  i n j e c t i o n  of  15 mg. Ga/kg. ( a s  c i t r a t e )  p roduced  a t r a n s i -  
t o r 7  rise i n  t h e  u r i n a r y  g a l l i u m  (11 of  12 a n i m a l s )  which l a s t e d  b u t  f o r  24 h o u r s .  
This  e f f e c t  may be due  t o  a combina t ion  o f  t h e  r e a g e n t s  w i t h  g a l l i u m ,  b u t  may 
a I s o  b e - d u e  t o  s i m p l e  d i u r e t i c  e f f e c t  o f  t h e  a g e n t .  

Examinat ion  o f  t h e  t i s s u e s  of  s i x  r a b b i t s  r e c e i v i n g  &QL and s i x  c o n t r o l s  
which r e c e i v e d  t h e  same dose  of  g a l l i u m  b u t  no BAL, i n d i c a t e d  t h a t  no s i g n i f i -  
c a n t  r e d u c t i o n  i n  g a l l i u m  c o n t e n t  o f  t h e  l i v e r ,  s p l e e n ,  k idneys ,  o r  f e r n r  o c -  
c u r r e d  f o l l o w i n g  a d m i n i s t r a t i o n  o f  10 mg. BAL/kg. d a i l y  f o r  t h r e e  day's. 

Dogs. The d a i l y  f e e d i n g  of  5 gm. NH4Cl f o r  t h r e e  days  ( i n  e n t e r i c  c a p s u l e s )  
t o  t ro groupa  of grown dogs .  
galliou i n  s i x  d i ' s i x  which l a s t e d  f o r  o n l y  t h e  f i r s t  24  hour s .  
t h e s e  dogs  were t r e n t e d  d r i l y  f o r  t h r e e  d a y s  w i t h  BAL ( 1 0  mg/kg. i n t r a m u s c u l a r -  

l e v e l  d u r i n g  the ,  t h r e e  day8 i n  which t h e  BAL waa a e i n i s t e r e d  ( f i g .  3 ) .  

(11-19  k g . )  p roduced  a s l i g h t  r i s e  i n  t h e  u r i n a r y  
When t h r e e  o f  

ly), t h e  u r i n a r y  g a l l i u m  a g a i n  r o s e  ( t h r e e  o f  t h r e e )  and remained  a t  a m o d e r r t e  

The t i s a u e a  which normal ly  c o n c e n t r a t e  g a l l i u m  were removed a t  a u t o p s y  o f  
t h e  t h r e e  dogs  which had r e c e i v e d  b o t h  t h e  NH4Cl and BAL t r e a t m e n t .  
y i e l d e d  t h e  f o l l o w i n g  mean g a l l i u m  v a l u e a  i n  micrograms Ga/gram f r e s h  t i s s u e :  
L i v e r  2 9 ,  s p l e e n  26, k idney  17, and whola femur 13. There  a r c  no c o n t r o l  v a l u e r  
w i t h  which t o  compare- these  f i n d i n g s  ( s e a  r a b b i t  r e s u l t s  above ) .  Howkver, t h e s e  
f i n d i n g s  a r e  g i v e n  h e r e  t o  i n d i c a t e  t h a t  t h e  g a l l i u m  v n s  n o t  c l e a r e d  e n t i r e l y  
f r o -  t h e  t i a s u e s  of  t h e  dogs by r a t h e r  d r a s t i c  t r e a t m e n t .  

These  
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The r e s u l t s  o f  t h e  s t u d i e s  on t h e  l e n g t h  of time n e c e s s a r y  t o  e f f e c t  even  
p a r t i a l  c l e a r a n c e  ( w i t h  t ime)  o f  g a l l i u m  f r a  bone i n d i c a t e  t h a t  once  t h i s  
e lement  is d e p o s i t e d  i n  t h e  bone s t r u c t u r e  i t  is  r e l a t i v e l y  immobile.  However,. 
t h i s  c o n c l u s i o n  must be c o n s i d e r e d  i n  t h e  l i g h t  o f  o t h e r  f i n d i n g s  t h a t  t h e  s o f t  
t i s sues  ( l i i e r ,  k idney ,  s p l e e n )  which a t  f i r s t  c o n t a i n  h igh  c o n c e n t r a t i & s  o f  
g a l l i u m  l o s e  i t  more r a p i d l y  t h a n  does  bone (1 ) .  T h e r e f o r e ,  t h e  g a l l i u m  i n  t h e  
bone may r e p r e s e n t  t h e  most s t a b l e  d e p o s i t s ,  which a r e  c l e a r e d  o n l y  a f t e r  t h e  
s o f t  t i s s u e s  l o s e  t h e  g a l l i u m  d e p o s i t e d  t h e r e i n .  I t  may a l s o  be  p o s t u l a t e d  
t h a t ' t h e  g a l l i u m  i n  bone i s  i n  an e q u i l i b r i i a  s t a t e  s u c h  t h a t  i t s  c o n c e n t r a t i o n  
a m e a r s  t o  remain c o n s t a n t .  T h i s  c o n d i t i o n  would c o n t i n u e  a s  l o n g  as t h e r e  was 
g a l l i u m  a v a i l a b l e  i n  t h e  s o f t  t i s s u e s  t o  r e p l a c e  t h a t  g i v e n  o f f  b y . t h e  bone 
d u r i n g  normal  m e t a b o l i c  p r o c e s s e s .  

In t h e  s t u d y  o f  f i v e  s p e c i e s  o f  an ima l s  o v e r  an ex tended  p e r i o d ,  w e  have  
observed  no  d e l a y e d  e f f e c t s  9f g a l l i u m ,  e i t h e r  g r o s s l y  o r  on d c r o s c o p i c  e x -  
a n i n a t i o n  o f  s e l e c t e d  t i s s u e s .  Thus i t  a p p e a r s  t h a t  t h e  c o n c e n t r a t i o n s  o f  g a l l i -  
um l a i d  down i n  bone a r e  n o t  a t o r i c  h a z a r d ,  as i n  t h e  case o f  lead.  R e p e a t e d  
doses  o f  g a l l i u m  c i t r a t e  ( 1 1 )  i n  dogs and r a b b i t s  h a r e  shown t h i s  m e t a l  t o  be 
cumula t ive  i n  i t a  t o x i c  e f f e c t s  b u t  no  e v i d e n c e  of marked r ep ' l aceaen t  of calcium 
i n  t h e  bone has  been obse rved ,  a s  i n  s t r o n t i u m  r i c k e t s .  

Throughour. o u r  s t u d i e s  o f  t h e  metabol i sm o f  g a l l i u m  and i ts  p r e d i s p o s i t i o n  
f o r  bone, i t  h a s  been found t h a t  t h e r e  a r e  many f a c t o r s  which may i n f l u e n c e  t h e  
amount o f  g a l l i u m  d e p o s i t e d  i n  normal  bone. These f a c t o r s  i n c l u d e  s ) ac i e s ,  age. 
d i e t ,  g e n e r a l  c o n d i t i o n ,  w a t e r  i n t a k e ,  and pe rhaps  o f  major  i m p o r t a a c e ,  i n d i -  
v i d u a l  k idney  t h r e s h o l d .  The re  f o r e ,  comparison o f  r e s u l t s  from d i f f e r e n t  g r o u p s  
or s t a i n s  o f  any one s p e c i e s ,  muat be done w i t h  r e a l i z a t i o n  o f  t h e  l i m i t a t i o n s  
imposed by t h e s e  n o r e e l  v a r i a t i o n s .  

The d e p o s i t i o n  of many m e t a l l i c  e l emen t s  which t e n d  t o  l d o a l i z e  i n  bone 
have been d e a c r i b e d  i n  t h e  l i t e r a t u r e  f o r  t h e  p a s t  h a l f  c e n t u r y .  I t  w a s  t h r o u g h  
c l a s s i c a l  chemica l  p r o 6 t d u r e s  t h a t  t h e s e  r e s u l t .  w e r e  o b t a i n e d .  The r e c e n t  
deve1opment)f  a u t o r a d i o g r a p h i t  t e c h n i q u e s  have made p o s a i b l e  t h e  p r e c i s e  l o c a l -  
i z a t i o n  of t h e s e  aetsls,  s u c h  d e f i n i t i o n  now b e i n g  p o s s i b l e  down to  t h e  p a r t i c -  
u l a r  t i s s u e  i i  q u e s t i o n ,  and of- down t o  t h e  i n d i v i d u a l  c e l l .  

By means o f  a u t o r a d i o g r a  h i 5  t e c h n i  nee  summarized by Yagoda ( 1 9 4 9 ) ,  i t  
has been s h o r n  t h a t  Ca 45 , - S d + X a 8 ,  Ce1I4, and Am241 a r e  d e p o s i t e d  i n  t h e  bones  
of e q e t i n e n t a l  a n i m a l s  i n  n n y  r e spec t .  s i m i l a r  t o  g a l l i u m  (copp e t  a1. 1951,  
1947,'Ha.i.lton 1948) .  T h e r e  s t u d i e s ,  when viewed i n  t h e  l i g h t  of  t h e  e a r l i e r  
f i n d i n g s ,  i n d i c a t e  t h a t  many metals t end  t o  form i n s o l u b l e  complexes  in v i a b l e  
bone. The advan tage3  o f  r r d i o g a l l i u a  i n  t h e . p . w i b l e  r ~ f r l i c a t i o n  t o  c l i n i c a l  
s t u d i e s  is S@'&a~rhort h a l f  l i f e  b e t a  gama emi t te r ,  (tg; Ga67 80 hrs., G.72 
14.3 h r a . ) .  V i t h  t h e s e  a h o r t  h a l f  lire., these i s o t o p e s  l i e  w e l l  w i t h i n  t h e  
s a f e t y  zone (max. tfi 30 d a y s )  s u g g e s t e d  by t h e  u. s. Atomic h e r g y  h i s s i o n .  

S t u d i e s  o f  the e f f e c t  o f  d o s e  and r o u t e  o f  a d m i n i r t r a t i o n  on e x p e r i m e n t a l  
an ima l s  i n d i c a t e  t h a t  t h e  q u a n t i t y  of g a l l i u n  d e p o s i t e d  i n  n o r a a l  bone,  f o l l o w -  
ing a d m i n i s t r a t i o n  o f  g a l l i u m  c i t r a t e ,  i s  i a d s b n d s n t  o f  t h e  r o u t e  of adrn in is -  - 
t r a t i o n  b u t  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  d o s e  between 1 and 1 5  m g .  G a / k g .  
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G a l l i u m  c o n t e n t  a f  n o r r a l  bone shored l i t t l e  d e c r e a s e  &om 24 hours t o  8 

No s i g n i f i c a n t  i n c r e a s e  i n  the u r i n a r y  e x c r e t i o n  o f  g a l l i u m  was occaaionad 

months f o l l o v i n g  a d m i n i a t r a t i o n  of  g a l l i u m  c i t r a t e .  

by a d m i n i s t r a t i o n  o f  v a r i o u s  complexing a g e n t s ,  NHdC1, and BAL. 
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RABBIT 
Dosage 15 Mg. Galkg. 
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DAYS AFTER NJECTiON 
Figure 2. Urinary excratior, of goilium by the rabbit fcllaving feeding of NH~CI. 
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bgum 3 Effects of NH CI and BAL MI urinory excrstion of gallium by 
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the dog (6 Animals). 
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