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ABSTRACT 
I 

A method is descr ibed  f o r  t h e  separa t ion  of gall ium frm u r i n e  by diethy: 
e- ther  e x t r a c t i o n  of 6~ iicl so lu t ion .  Color imetr ic  o r  f l uo romet r i c  es%ir tat ion 
of 8-hydroxy~uin~liae-gallium cornplex i n  chloroform i s  the basis for quant i ta .  
t i v e  de terminat ion.  

I n  t h e  rabbi t  and dog, in t ravenous  i n j ? c t i o n  r e s u l t e d  i n  l o v e r  urina-cy 
e x c r e t i o n  of t h e  z d n i n i s t e r e d  galii’m c i t r z t e ,  c o n p r a b l e  with animals s i n i -  
l a r l y  t r e a t e d  by suScutaneous i n j e c t i o n .  Ti? u r i n a r y  exc re t ion  of gall ium 
d u r i n g  the  f irst  24 hours  al‘ter i t s  intravenons i n j e c t l o n  va r i ed  widely ( 4  - 
78 p e r  c e n t )  i n  p a t i e n t s  r ece iv ing  rad ioga l l i i rn  (GaT2). 
observed between t h e  c l i n i c a l m a n i f e s t a t i m s  and the  rate o r  m c u n t  of G a  
exc re t ed .  

No c o r r e l a t i o n  vas 

S tudies  of t h e  ra te  of ur inary exc re t ion  of Ga72 i n  man and  206; i nd ica t e  

Blood gal l ium l e v e l s  fail r a p i d l y  a f t s r  iutraverious i n  j e r t i o n  and ap- 
t h a t  i n  both t h e  r s t e  i e  i n i t i a l l y  h igh ,  b-ct reaches 2 l o w  l e v e l  within 18 
hours.  
proach low constal l t  va lues  wi th in  six horns. 

Pfiblishzd i n  p a r t  i n  the J O E U U L  O F  W O W f G i l Y  AND C L I N I C A L  
MEDICINE 37: 676, 1951. Addi t iona l  data on the u r i n a r y  
e x c r e t i o n % ?  g a l l i u n  by msn and animals a r e  included.  
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I n  previous s t u d i e s  i t  wes demonstrated t h a t  p a r e n t e r a l l y  adminis te red  
gallium w a s  r a p i d l y  depos i t ed  i n  osseous s t r u c t u r e s  (1,2). 
t h a t  t h e  element m i g h t  prove u s e f u l  i n  t h e  s tudy of  bone metabolism. 
with t h e  r a d i o a c t i v e  i s o t o p e  (GaT2) both i n  the  l z b o r a t o r y  ( 3 , b )  and c l i n i -  
c e l l y  ( 5 , 6 )  i n d i c a t e  t h e  r ad ioec t ive  i s o t o p e s  of ga l l ium may have medical  
s ign i f i cance .  S ince  u r i n a r y  exc re t ion  w a s  shown t o  be the ch ie f  means of 
c learance  of t h i s  element (7),  more d e t a i l e d  s t u d i e s  of t h i s  phase of t h e  
metabolism of  ga l l ium were ind ica t ed .  

It t h u s  appeared 
S tud ie s  

The p r e s e n t  r e p o r t  d e a l s  with (a)  a chemical method f o r  t he  de te rmina t ion  
of gal l ium i n  u r i n e ,  ( b )  a s tudy of t h e  in f luence  o f  dose and r o u t e  o f  i n j e c -  
t i o n  on t h e  u r i n a r y  e x c r e t i o n  of  g a l l i m  b y  the  r a b b i t  a n d ' t k e  dog, and ( c )  
a s tudy of t h e  g a l l i u n  e x c r e t i m  of p a t i e n t s  r ece iv ing  s i n g l e  doses  of ga l l ium 
c i t r a t e  in t ravenous ly .  
used i n  t h e  c l i n i c a l  s tudy  of Fersons having neop las t i c  l e g i o n s  invo lv ing  bone. 

The gall ium was t h e  c a r r i e r  which accompanied GaT2 

IETRODS 

The c h e ~ c a l  procedure f o r  t h e  d e t e m i n a t i o n  of  g a l l i m  i n  u r i n e  i s  based 
on t'ne f a c t  t h a t  g a l l i m  may be q u z n t i t e t i v e l y  e x t r a c t e d  from 6N H C 1  s o l u t i o n s  
by d i e t h y l  e t h e r  (8). After s e s a r a t i o n  t h e  galliun i s  converted t o  zn 8- 
hydroxyquinoline c o q l e x  in c h l o r o f s m  s o l u t i o n  ( l ,9) .  
t o  1 .5  mg., t h e  yel low c o l o r  of t h e  complex i s  neasured i n  a pho toco lo r ine t e r .  
I n  the  range of one t o  t e n  micrograms, t h e  f luorescence  produced by u l t r a -  
v i o l e t  l i g h t  i s  used t o  e s t ima te  t h e  galliurn conten t  of u r z l o ~ m s .  

I n  t'ne range of 0.05 

Analy t ic  procedure.-  To 20 c c .  of f r e s h l y  v o i d e d . u r i n e  a r e  added t e n  
drops of concent rz ted  (37 p e r  c e n t )  H C 1  t o  d i s so lve  all p r e c i p i t a t e s .  Add 4 
cc . -of  40 per c e n t  hydroxylamine hydrochlor ide s o l u t i o n  and 1 - c c .  of 10 per  
c e n t  sodium a c e t a t e  s o l u t i o n .  Le t  s t and  i n  a s toppered con ta ine r  f o r  a t  l e a s t  
t e n  minutes.  Add 20 cc .  of concentrated HC1,  cool,  and e x t r a c t  10 c c .  of t h i s  
mixture twice with 10 cc .  po r t ions  of a c i d i f i e d  e t h y l  e t h e r .  The e t h e r  should 
have been p rev ious ly  shaken with twice i t s  voluce of  6N BC1. 

The e t h e r  e x t r a c t s  are combined and e x t r a c t e d  t d c e  wi th  10 c c .  p o r t i o n s  
o f  d i s t i l l e d  water. The g a l l i u n  ch lo r ide  passes  i n t o  t h e  aqueous l a y e r .  

To t h e  aqueous g a l l i u n  so lu t ion ,  zdd 2 c c .  of 40 p e r  c e n t  hydroxylamine 

The c o n t r o l  of t h e  pH a t  t h i s  p o i n t  i s  o f  
hydrochlor ide and 1 - c c .  of 10 pe r  c e n t  sodium a c e t a t e  s o l u t i o n .  Ad jus t  t he  
pH of  t h i s  mixture t o  2 .5  t o  2.8. 
g r e a t e s t  importance t o  i n s u r e  s p e c i f i c i t y .  
qu inol ine  s u l f a t e  (p rev ious ly  ad jus ted  t o  pH 2.6). 

Add 2 cc .  of 5 per c e n t  8-hydroxy- 

E x t r a c t  t h e  hydroxyquinoline complex Ki th  two 5 cc. p o r t i o n s  of r e d i s t i l l e d  
chloroform. Adjust  t h e  f i n a l  volume t o  10 cc. with 2 m a l l  m o u n t  of  chloroform; 

-1- 



, 

1 cover  wi th  about  0.5 c c .  of t h e  water phase.  L e t  s t a n d  for at l eas t  15 minutes 
and compare w i t h  s t anda rds .  
i s  a measure of t h e  ga l l im  i n  tine chloroform s o l u t i o n .  I n  t h e  range twa t o  
t e n  micrograms, f luorescence  may be used  t o  e s t i m a t e  t h e  ga l l ium content  i n  
a s u i t a b l e  photof luoroneter  h a v i n ~  En u l t r a v i o l e t  s o w c e .  

I n  the  r z q e  0.05 t o  1.5 IWS.', t h e  yellow color  

Notes on a n a l y t i c  procedure.-  
( a )  Prepzre  hydroxyquinoline 2nd hydroxylamine s o l u t i o n s  f r e s h  weekly 

and  s t o r e  under r e f r i g e r a t i o n .  

( b )  I n  tbe co lo r ime t r i c  procedure r e c m e r y  a t  0.00.5 z g -  i s  70 pe r  cen t  
of t h e  added g a l l i m .  In the  r a g e  0.01 t o  1.0 mgs., recovery i s  96 t o  98' 
p e r  c e n t  of  added Ga. Using the  f luorometr ic  techrtique,  et 1 t o  2 n i c rog rms ,  
g a l l i m  recovery i s  80 pe r  cen t  of added s t znda rd  m o u n t s ,  while  i n  the  range 
of  3 t o  10 n i c r o g r a m ,  reco';ery i s  e s s e z t i z l l y  q u a n t i t a t i v e .  
r e c o v e r i e s  are sho;m i n  t a b l e  1. 

Details of the  

The s p e c i f i c i t y  of t h i s  method depends on tine r educ t ion  of i r o n  by 
hydrc:ylanine i n  the cresence  of s o d i m  a c e t a t e .  I n  tine f e r r o u s  state i r o n  
i s  n o t  e x t r a c t e d  by e t h e r  r'ron 6~ X C l .  Such i r o n  2 s  may normally be c a r r i e d  
i n t o  t h e  f i n a l  8 -hydroxyquiso~.ne  s o l u t i o n  will o f f e r  no d i f f i c u l t i e s  a t  a pz 
of  2.5 t o  2.8. Cark c o l o r  i n  the  chloror 'orn s o l u t i o n  i n d i c a t e s  t h e  presence 
of  excess ive  m o u n t s  of i ror ,  a i d  a pra'cable pH of 3 o r  m r e  i n  t h e  f i n a l  ex- 
t r a c t i o n  procedure.  Lov values i n  the  f l u o r e s c e n t  range will be obtained if  
t h e  f i n e l  ch lo ro fo rn  e x t r a c t i o n  i s  a t  pB l e s s  t h z n  2.5. I n d i m  nay  in t e r f e re ,  
b u t  h a s  n o t  been found i n  the ur ine  samples s t u d i e d .  No norna l  c o n s t i t u e n t s  
of animal  o r  h m a n  u r i n e  have been noted i n  r o u t i n e  srnpl. ing which give f luo-  
r e scence  under the c o n d i t i o m  of t h i s  procedure.  X i &  b lanks  can  be expected 
i f  t h e  cond i t ions  ere n o t  cont ro l led ,  and  p a r t i c u l a r l y  i f  t h e  S-hydroxyquino- 
l i n e  s o l u t i o n  i s  n o t  prepare2 ueekly.  

( c )  Prepare  s-tanderds of 5 gama end 0.5 m g a s  . con ten t  and c a r r y  t h r o w  
t h e  e n t i r e  e x t r a c t i o n  procedure.  Use t h e s e  s o l u t i o n s  as r e f e r e n c e  stzndards 
s i n c e  t h i s  method w i l l  c o r r e c t  for unavoidable losses through e x t r a c t i o n  and 
w i l l  q u i c k l y  i n d i c a t e  spurious r e s u l t s  due t o  conteminat ion  of  reagents. - 

- ( a )  
qu inol ine-ga l l ium complex i n  chloroform, and t h e  l ight t r e n s n i s s i o n  of the  
f i l t e r  used.  
i n  t h e  yellow-green range .  r ' i l t e r s  a v a i l a b l e  with nost photof luoroneters  
s a t i s f a c t o r y  f o r  t h i s  emission. 

I n  f i g u r e  1 are shovn t he  c o l o r  c h a r a c t e r i s t i c s  of the 8-hydroxy- 

The f luorescence produced by u l t r a v i o l D t  light i s  a continurn 

( e )  I n  f i w e  2 are s?iio--~ t he  curves  i n d i c a t i n g  t h e  range i n  which the 
li&t t ransmiss ion  o r  emission i s  a s t r a i a t - l i n e  f u n c t i o n  of t h e  ConcentrC- 
t i o n  of ga l l ium-quinolz te  i n  10 cc .  cf chloroforia.  

(f) The f i n a l  ch loroforn  e x t r a c t s  if covered x i t h  a smll m o u n t  cf tbe  
aqueous phase ( redcc ing  atrios2here) are s t a b l e  f o r  24 hour s  o r  l onge r  if store' 
a t  5 t o  loo  C. 

-2- 
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:, For t h e  s tudy  of t h e  in f luence  of dose m d  r o u t e  of admin i s t r a t ion  on t h e  
m o u n t  of  gal l ium excreted i n  t h e  u r i n e ,  albin:, r a b b i t s  were i n j e c t e d  i n  t h e  
e a r  v e i n  o r  subcutaneously over t h e  lumbar region of t h e  back; w i th  a s o l u t i o n  
of ga l l ium c i t r a t e  c o n t a i n i n g  20 mg Ga/cc, a t  pH 6.5 t o  7.0. The animals were 
housed i n  i n d i v i d u a l  metabolism cages.  Urine vas  c o l l e c t e d  a t  t h e  end o f -each  
24-hour per iod ,  and t h e  galliurn con ten t  of a s u i t a b l e  a l i q u o t  w a s  d e t e d - n e d  
by t h e  procedure desc r ibed  ebove. Dogs were s i m i l a r l y  t r e a t e d  b u t - i n  t h e  case 
of t h i s  spec ie s  t h e  in t ravenous  ga l l ium w a s  given by way of a s u p e r f i c i a l  femo- 
r a l  ve in .  

72 
The rad ioga l l ium ( G a  ) c i t r a t e  used i n  the  e x c r e t i o n  and blood ga l l ium 

s t u d i e s  of t h e  p a t i e n t s  was i n j e c t e d  i n t o  one of t h e  s u p e r f i c i a l  ve'ins of t h e  -' 
forearm. 
oppos i te  arm. 
except  t h a t  one of t h e  s u p e r f i c i a l  femora l  veins was used as t h e  p o r t a l  of e n t r y ,  

Blood s&i~ples were d r a m  a t  s u i t a b l e  i n t e r v a l s  f r o n  a v e i n  of t h e  
The dogs used i n  t h e  r ad ioga l l iu i i  s t u d i e s  were s i m i l a r l y  t r e a t e d ,  

and s i t e  of withdrawal of blood. 

The p repa ra t ion  and s t a n d a r d i z a t i o n  of  the  g a l l i u n  and radiogal l iuin (GaT2) 
c i t r a t e  s o l u  ions  have been descr ibed  i n  d e t a i l  elsewhere (4,lO). 
gal l ium (Ga7') c i t r a t e  w a s  contained i n  c a r r i e r  ga l l ium and was edminis te red  
t o  t h e  p a t i e n t s  i n  t h e  t r a c e r  s t u d i e s  a t  dosages ranging f r o n  3 t o  9 mg c a r r i e r  
g a l l i u ,  which conta ined  300 t o  700 microcur ies  Ga72. 
p a t i e n t s  r e c e i v i n g  t h e  l a r g e r  doses  (60 - 70 p.c G a 7 2 ) J  t h e  gal l ium w a s  immedi- 
a t e l y  preceded by a n  i n t r z  
I n  t h e  dogs given 1 2  xc Ge7*J 500 mg of in t ravenous  calcium ch lo r ide  was a l s o  
r equ i r ed  t o  prevent  t h e  onse t  or' h n o c a l c e n i c  shock. Under e11 circumstances 
t h e  counts  obtzined from Ga7* s z q ? l e s  were c a l c u l a t e d  t o  a r e fe rence  t i n e ,  
u s u s l l y  t ime of i ngec t ion ,  c o r r e c t i n g  for decay (T4, 14.3  firs.). 

The r a d i a -  

I n  t h e  case  of those  

nous dose of 500 t o  800 mg c a l c i m  c h l o r i d e  ( C z C 1 2 ) .  

3IESULTS 

I n  tab le  2 are shown t h e  r e s u l t s  of e study of t h e  inf luence  of t h e  r o u t e  
cf p e r e n t e r a l  a 6 n i c i s t r a t i o n  ( in t revenous  o r  sujcutaneous)  on tfie u r i n z r y  ex- 
c r e t i o n  of gal l ium by t h e  r e b b i t .  Also  shown me t h e  e f f e c t s  on excret iof i  of 
varying t h e  s-&cutaneous dosage. 
(non- toxic)  dose of  ga l l ium c i t r a t e  t h e  r a b b i t  e x c r e t e s  a s i g n i f i c a n t l y  g r e a t e r  
q u z n t i t y  of  gal l ium vhen it i s  a d a i n i s t e r e d  subcutaneously than i f  t h e  ga l l ium 
i s  in t roduced  in t r avenous ly .  If t h e  t o x i c  range (15-45 Ge/kg) i s  given sub- 
cu taneous ly  the  p ropor t ion  of g z l l i m  e x c r e t e d  i s  s i g n i f i c a n t l y  lower than i n  
t h e  case  of  t he  sml le r  subcutaneous dose ( 5  DIJ Ga/kg). 

These r e s u l t s  i n d i c a t e  t h a t  a t  a moderate 

I n  tab le  3 are s k o m  t h e  r e s u l t s  of  a. study of t h e  in f luence  of t h e  r o u t e  
of  a d n i n i s t r a t i o n  and of dosage on t h e  u r ina r j f  e x c r e t i o n  of gzll iuni by t h e  dog. 
These r e s u l t s  i n d i c a t e  t h a t ,  2 s  i n  t h e  c2se  of t h e  r a b b i t ,  in t ravenous  i n j e c t i o n  
tends t o  t e c r e a s e  t i re  e x c r e t i o n  of g a l l i l s  by  the  2og. The inf luence  of dosag? 
i s  Rot s o  c l e z r  i n  t h e  case of t h e  dog, probably becatise t h e  t;ro dose l e v z l s  
a re  r e l a t i v e l y  c l o s e  t o s e t h e r  (1 End 5 ng Ge./kg). 
p rsx iz ia te ly  1 5  me GIL/~Z. 

Tne LD 50 f o r  dogs i s  e?- 
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I n  t a b l e  4 are shown the  results of 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  of 
! gal l ium by man (male and fenale patients) r e c e i v i n g  in t r avenous  doses  of gal- 

Urn c i t r a t e  r ang ing  from 3 t o  71 rz G a .  
n a n i f e s t a t i o n s  o f  n e o p l a s t i c  condi t ions ,  m y  of which involved bone. These 
p a t i e n t s  r e c e i v e d  t h e  i n d i c s t e d  q u a n t i t i e s  of nonradioac t ive  carr ier  gal l iun,  
and t h e  r e s u l t s  of u r i n e  e x m i n a t i o n  shown i n  par t  1 of tab le  4 were c a r r i e d  
o u t  by  the  chemical  technique r epor t ed  above. 

These persons e x h i b i t e d  c l i n i c a l  

I n  p a r t  2 of t ab le  4 are shown t h e  r e s u l t s  of t h e  s t u d i e s  on u r i n a r y  ex- 
These c r e t i o n  of ga l l i um 2s de tera ined  by radiochemical  count ing  techniques .  

r e s u l t s  confirm and zugment t h e  r e s u l t s  of t h e  c h e n i c a l  de te rmina t ions .  I n  
t h e  60 p a t i e n t s  no c o r r e l a t i o n  befveen t h e  c l i n i c a l  p ic ture  
e x c r e t i o n  of ga l l i um h a s  been observed. 
specimens- fk-78 p e r  c e n t  of i n j e c t e d  Ga) c a r r i e s  through t o  t h e  48-hour spec i -  
zens .  I n  gene ra l ,  t h e  n a j o r  f r a c t i o n  of ga1liu.a i s  exc re t ed  w i t h i n  the  f i r s t  
24 hours  a f t e r  i n j e c t i o n .  
t he  f i r s t  21; hours  u s u z l l y  continued t h e  l o x  ra te  of e x c r e t i o n  du r ing  the  
s e x t  24 hours .  

and t h e  rate of 
Tfie wide v a r i a t i o n  i n  t h e  21;-hour 

The p a t i e n t s  who exc re t ed  a smll f r a c t i o n  dur ing  

Details of r a d i o g a l l i u a  excre t ion . -  I n  f i g u r e  3 Ere shown typical r e s u l t s  
of d e t a i l e d  s t u d i e s  on t h e  u r ina ry  ra te  of exc re t ion  of G2T2 by t h e  dog, f o l -  
lowing in t ravenous  i n j e c t i o n  of  g a l l i u n  c i t ra te  ( t o t a l ,  f o u r  dogs s t u d i e d ) .  
These f i n d i n g s  i n z i c a t e  e a r l y  exc re t ion ,  followed by n e g l i g i b l e  amounts. These 
r e s  71,s a r e  exp lz ined  by the  r a p i d l y  decreasing b lood  concen t r a t ion  of g z l l i m  

a f te r  in t ravenous  i n j e c t i o n .  
(Ga Y2 ) (fig. 4 )  which reached a lox, r e l a t i v e l y  c o n s t a n t  va lue  witinin s ix  hours 

I n  f i g u r e  5 are shovn the  d e t a i l e d  r e s u l t s  ob ta ined  from t h e  s tudy  of a 
c a t h e t e r i z e d  p a t i e n t  vho rece ived  a t r a c e r  dose ( 0 . 4  mc) of  GaT2 and la ter  a 
l z r g e r  dose (12 nc). Tnis  case i s  typical of t h r e e  o t h e r  p z t i e n t s  s i n i l a r l y  
s tud ied ,  hnd i n d i c a t e s  marked e e r l y  u r i n a r y  e x c r e t i o n  wi th  dec reas ing  moun t s  
t o  24 hours  after i n j e c t i o n .  The f i n d i n g s  are exp la ined  by t h e  r a p i d  f a l l  i n  
t h e  GaT2 blood concen t r a t ions  fol lowing in t rzvenous  i n j e c t i o n  ( f i g .  6 ) .  From 
these  r e s u l t s  it appears  that a f t e r  f o u r  hours t h e  blood-gall ium l e v e l  hzs 
reeched a near  c o n s t a n t  value.  _ . -  

DISCUSSION 

Previous s t u z i e s  i n  t h i s  l abora to ry  ind icz t ed  t h a t  u r i n a r y  e x c r e t i o n  of 
g z l l i u n ,  fo l lowing  p a r e n t e r a l  a d n i n i s t r a t i o n ,  i s  t h e  c h i e f  means of c learance 
by  r a b b i t s  and dogs (Feces Ga/Urine Ga 1/20 t o  i/50) (7 ) .  
in format ion  znd the p re l imina ry  c l i n i c a l  f ind ings ,  it was hoged t h a t  a s tuds  
o f  t he  u r i n a r y  e x c r e t i o n  of gall ium might prove a u s e f u l  a d j u n c t  i n  d iagnos t ic  
s t u d i e s  u t . i l i z i n g  r ad ioga l l ium ( 5 ) .  
d i c a t e  t h a t  t h i s  i s  n o t  t h e  czse.  The d i u r e t i c  e f f e c t  of c i t ra te ,  d i f fe rences  
i n  th re sho ld  of t h e  kidneys,  zs w e l l  as coodi t ions  of po lyu r i a ,  may 211 con' 
t r i b u t e  t o  a g r e a t e r  u r i n a r y  clearance of g a l l i m .  
cons idered  when evaluzt ine;  t h e  r e s u l t s  of g a l l i m  e x c r e t i o n  s t u d i e s .  

On t h e  b a s i s  of this 

However, the s t u d i e s  h e r e i n  r e p o r t e d  in-  

These v a i a b l e s  n u s t  be 

-4- 
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of ga l l ium following int ravenous adminis t ra t ion  of ga l l i um c i t r a t e .  
f i r s t  appear  that, t h i s  might r e s u l t  from g r e a t e r  r e t e n t i o n  by t h e  s k e l s t d -  
s t r u c t u r e .  
a func t ion  cf t h e  dose bu t  not  the rou te  of admin i s t r a t ion .  
t h a t  in t rzvenous  i n j e c t i o n  of' g d l i u m  may induce g r e a t e r  d e p a s i t i o n  i n  the  
s o f t  t i s s u e s .  

No explanation ce? b e  offered'kt t h i s  time f o r  t h e  decreased exc re t ion  i 
It xould 

I 

Other work i n  progress  here i n d i c a t e s  t h a t  t h e  uptake i n  bone i s  
Thus i t  eppears 

! 

The r a p i d  c l ea rance  of %he c i t r a t e  from the  blood strean might be ex- 
plpined on t h e  assuinption t h a t  t h i s  compound mayka c o l l o i d ,  and i t s  diszp- 
p e a r a c e  r e s u l t e d  from phagccyt ic  ac t ion .  To d e t e r n i n e  i f  .ga l l ium'c . i t ra te  
( a t  pH 7.4) was a ma:rOmo!-ecUle, L b r  c o l l o i d a l  i n  n a t u r e ,  water s o l u t i o n s  cf 
t h e  con;;?ound were F laced  I n  cellophane bags , -wi th  and wt thou t  ho r se  serun. 
a l l  c a s e s  t h e  g a l l i m  r a p i d l y  dialyzed through t h e  ce l lophane .  Thus it ar;pears 
t h a t  ga l l i cg  i s - i n  a t r u e  so lu t ion .  Slight d i s s o c i a t i o n  of t h e  g a l l i m  c i t r a t e  
i s  i n d i c a t e d ,  s ince  t h e  usual  soluble g a l l i m  sa l t s  p a ( N 0 3 ) 3 ,  G a C l 3  

I n  

Droduce 
a curd l ike  p r e c i p i t e t e  wi th  p ro te ins .  1 -  

SUI*P.I";IAilY AW CONCLUSIONS 
r 

1. A nethod is  3eEc:ri'ced fclr the  sepa ra t ion  of g a l l i u n  from u r i n e  by e t h e r  
e x t r a c t i o n  of 6 N BCL solutj.cn. 
8 - h ~ d r o x y q u i q o l i n e - g ~ ~ i ~ ~  conplex i n  chloroforn i s  t h e  basis f o r  q u a n t i t e t i v o  
de te -mina t rcn  e 

Colo ru . e t r i c  o r  f l u o r o m e t r i c  e s t ima t ion  of t h e  

! 

2., I n  t h a  r ab i i t  ziid Cbg, int rsvenous in j ec t . i on  r e s u l t e d  i n  lower ur inary  
exc re t ion  of t h e  adminis te red  g a l i i m  c i t r a t e ,  comparable wi th  animals  s h i l a r l y  
t r e a t e d  by subcutmeous  i n  j e c t i c n .  

3. The u r i n s r y  ezc.r,or,ion of gall ium during t h e  f i r s t  24 hours  after i t s  
intra-renous in Je -  i o n  vzried widely (4  - 78 per  c e n t )  i n  60 p a t i e n t s  r ece iv ing  

f e s t a t i o n s  zad t h e  r s t e  or mou..% of Ga excreted.  
radiogalllurn (Ca 7& 1. NO c c ~ n e l a f i o n  was observed between t h e  c l i n i c a l  mani- 

4. S t u d i e s  of t h e  raTe @I' ur ina ry  exc re t ion  of Ga72 i n  man ar.d i n  dog In- 
d i c a t e  t ha t  i n  bo% the i n i t i a l  excre t ion  r a % e  i s  h igh  and r eashes  a low l e - ~ e l  
i n  l e s s  t h a n  18 hcurs .  
i n j e c t i m  and appreach a l o w  v a l w  v i t h i n  six hours.  

Slood gallium l e v e l s  f a l l  rapi6l.j. a f ter  intraver,ou-, 

http://solutj.cn
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The a p p l i c a t i o n  of t h i s  s t anda rd iza t ion  t o  t h e  b i o l o g i c a l  s t u d i e s  was 
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Table 1.- Result of analysis of standard samples of gallium. 
I 

C O L O R r n  R I C  DE-ON 
Per cent 

Mg. Ga Present Mg. Ga Found* Re cover e d 

0.005 
0.010 
0.050 
0.080 
0.100 
0.150 

..0.0035 
' 0.0096 

0.048 
0 079 
0 - 097 
0.146 

PEOTOFZUOR0,bETRIC DEERMINATION 

~ g .  Ga Present /G( g:  Ga Found* Per cent 
Recovered 

2.0 1.6 80 
3 -0 3.0 100 
5.0 5.4 108 
7.0 7.4 106 
9.0 9.2 102 

Mean of 5 * 
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Table 2.- Ur inary  Exc re t ion  of Gallium by t h e  Rabbi t  

Mg. G a  
i n  j x t e d  

13 
10.8 
14 
11.6 
12.8 
8 

17.0 

16.5 
17.5 

11.6 
11.0 
9.2 

11.6 
10.2 
11 .o 
19.0 
19.0 

63.0 
61.5 
51.0 
78.0 
69.0 
60.0 

~ ~~ 

- 126 
108 
126 
68 

126 
104 

541: 

~ 

Mg. G a  exc re t ed  i n :  dp G a l l i u m  
exc re t ed  i n  

0-24 hr. 24-48 h r .  48-72 h r .  48 hr. 
* Doszge: 5 mg. Ga/kg in t ravenous ly  

0.4 
0.1 
0.2 
0.3 
0.3 
0.1 
0.7 
0.6 
1.4 

c -. 

.08 

.04 
19 

.12 

.64 
-07 
.14 
.11 
-57 

13.8 
6 - 5  
3.6 

13.8 
12.5 
17.5 
13.0 
22.3 
24.9 

Dosage: 5 mg. Ge/kg s u b c u t e n e o u s k ~  I 
9.3 
5 - 6  
2.0 
6.6 
9.0 
9.3 
3.7 
7.6 

0.8 
0.6 
0.2 
0.3 
0 -7 
0.3 
2.3 
1.1 

.01 
-02 
-03 
03 

-05 
.01 
0.2 
0.2 

87.0 
56.4 
24.0 
59.4 
95.1 
94.1 
31.6 
45.8 

Doszge: 15 mg. Ga/k& subcutaneously* I 
0.0 10.9 0.8 

18.7 7 - 9  0.6 
19.2 1.8 0.7 
14.3 8.6 1.7 
8.3 2.8 0.9 
4.3 13 -3  1.6 

1% 3 
43.2 
41.2 
29.3 
16.1 
29.3 

H Dosage: 45 mg. Ga/kg su3cutaneously 

19.9 3.0 0.2 
23.4 11.7 0.4 

21.0 3.3 Died 

31.2 2.3 0.4 

29.5 6.5 N.D. 

18.8 19.4 3 -0  

18.0 
32.5 
28.6 
35.7 
30.3 
3202 

*This dosage produces co s i g n i f i c a n t  cha,nges i n  t h e  u r i n e .  

kidney func t ion .  Albuminuria and g lucosu r i a  are common. 
Note: G a l l i u m  adminis te red  2 s  t h e  c i t r a t e ,  i n  s o l u t i o n  con ta in ing  20 mg. 

HThis dosage i f  t h e  LD50, and produces wi th in  24 hours marked chsnges i n  

Ga/cc, a t  p H  6.5. 
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Table 3.- Urinary Excre t ion  of G a l l i u m  by t h e  Dog 

I 

Y l .  Ge exc re t ed  i n :  
Mg. GZ 
i n j e c  tea" 

Cosege: 5 mg. Ga/kg s ~ b c u t w e o u s l y  

50 35 *6 None 4 .O 
46 36.4 4.9 0.9 
64 27.4 10.8 1.1 
82 55.1 6.0 1.2 
98 43.9 0.6 1.5 
96 42.0 i.7 2 .o 

** Dosage : 5 ng . Ga/kg intra-,-enously 

59 
65 
60 
75 
85 
51 

~ ~~ 

16.2 1 . 5  
8 .3  1.2 

13.8 0 .a 
11.2 4.1 
36.1 4.4 
13.3 1.1 

~ ~~~ 

2. j 
2.5 
2.6 
0.0 
0.0 
0.0 

I ~ o s a . g e :  1.0 ng. Ga/ig in t ravenous ly  

4.5 
12 
12 
16 
20 1 4 . 8  
19 11.0 

I I 

0.1 
0.1 
0 . i  
0.6 
0.1 

I 

$ i c j e c t e d  Ga 
e x c r e t e d  i n  u r ine  
i n  48 h r .  

71.2 
90.0 
53.7 
50.1 
45.4 
45.5 

30.0 
14.6 
'24.3 
20.4 
47.6 
28.2 

7 
49.1 
4 b . l  
57.5 
83 .o 
60.5 

* 
Gallium adminis te red  es t h e  c i t r a t e ,  i n  s o l u t i o n  con ta in ing  20 ne. 
G ~ / C C ,  a t  PH 6.5. 

The The dose of 5 nq. 
Ga/kg prcduces m i c i m a l  kidney changes, which are often a c t o q x n i e d  by 
albuminuria .  

-* 
f o r  t h e  dcg i s  z 2 p r c k m t e l y  15 ma. Ga/kg. 



Table  4.- Ur imry  Excret ion of G a l l i u m  by Man fo l lowing  intra- 
venous admin i s t r a t ion  of gal l ium ci t ra te  

Number of  Dosage ( in t ravenous)  Exc re t ion  o f '  G a l l i u m  
p a t i e n t s *  (mg.  of ~ a ) *  as dp of dose 

I + 

0 - 24 h r .  I d h  
W r l  

9 2 8 0  7l 3 - 6  4 - 43dp 
b -i 6 - 9  16 - 335 

60 - 71 25 - 37% +,a u s  
R U  

7 
6 

c .  

k 0 - 24 hr .  24 - 48 hr. 
22 0 I r l  3 - 6  4- 33% n o t  de t e r -  a h0  

c o r l  (mean 15)  mined *A -d d 3% E;$$& 
-9 Y k E G  0, l r -  6 - 9  . a - 785 0 .4  - 27$ 

(mean S O )  (near- 10) P) h S  0 d 
R P  0 0 0  

38 

4 

?These p a t i e n t s  (male and f e n a l e )  exh ib i t ed  c l i n i c a l  signs of 
n e o p l a s t i c  involvement. 

T h i s  w a s  the c a r r i e r  g a l l i m  which accompanied t h e  G a 7 2  used 
i n  d i a g n o s t i c  s t u d i e s  ( 5 ) .  

Determined by t h e  chemical nethod descr ibed  a3ove. 

The gallium e x c r e t i o n  was determined by radiochemical  
count ing  technique  (4 ,5) .  

-E+ 

** 
w 
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