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Thio case has been reviewed. We are disposed to  agree v i t h  your 
recomtendatioa to  inactivate th i s  caae based on the prior publication 
of December31, 1964 a8 w e l l  ar the lack of uae envisioned by the 
inventors. 

This case i o  therefore being closed and d l l  be f i l e d  v i t h  those 
cases not to be prosecuted. 



R.  A. lrnderscn, Aasi8tant h e r d  Counsel for 
Patents, Germantown 

F e b w  4, 1966 

I). S. &chry, Chief, 
Oak Ridge Patent Group 

S-36,023 - CONTRACT AP-(4@-l)-GE3-33, O W J  

)ICP:DsZ 

he losed  are a Record d Invention and i t s  attacbnunt in the  M e  
case. 
&~IXIXU citrate togetber uitb 2 4  mg of rdalliua per kilogram of 
body weight as a carrier, SCMS of osteogenicolly active pol.tians 
of the bone may ba obtained. 
X-ray can be detected dth 68calliur. 

The Fnventim reported is the d i scoveq  that by rdrFnistering 

bsionr not v i s i b l e  w i t h  standard 

Preliminaq inrestigotionr in t h i s  field wre plbllshed in report 
OiUNS49 ,  Annual Report for the Tear BLding December 31, 1964, page 79. 
I t  is mported %bqub scans of tbe skeleton af the rat con be d e  
at levels of I t o  10 & of 
is not considered to be p.tantabl. in rim of the prior plbUcatdon 
of the rat data. the inventors that certain 
other radioisotopes pIwide scans that are more sensitive to lssiona 
than X-FpyS, 80 that swh property i8 not unique or unarpsctsd. 

plation t o  humans m d  the d t a t i c m  of the 
all ium carrier". 

Xt i r  rlso reported 

k c o r d i n g b ,  inactivation i 8  r o c m a d  with priority P a .  

Emlosure : 
&cord of Invention w/attach. 



FORM AEC-213 TED STATES 
ATOMIC -u.IERGY COMMISSION 

PATENT BRANCH 
iD-U) 

RECORD OF INVENTION 
This Record of Ir.ver,!ion :s 3r. impcrtonl :egal d0curneF.t a n d  proper cg-ire in 1's cf,~:Iy ar.d comp!ete prepara-  

The :r.s!ruct:x.s* ;n the back s h o ~ l d  be read tion wdl save  important time a d  inconvenience in +he fL*ure.  
carefuliv befcre fi1,ing in the data.  
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ATTACHMENT TO SECTION C, F'OFW AE-213 

H i s t o r i c a l  Developmnts 

Dudley, as the r e su l t  of s tud ies  on the  tox ic i ty  of e;allium, f i r s t  

suggested t h a t  gallium might be a "new t o o l  f o r  the study of bone metabolism" 

(Journal of Pharmacology and EStperimental Therapeutics $: 135 ( 1  949) ) , and 

la ter  proposed t h e  use of radioactive isotopes of gallium i n  the therapf and 

diagnosis  of bone les ions (J. Phrmtlacol. and mer. Therapeutics 96: 224 (1949); 

RadioloCy 55: 571, (1950)). Ektensive diagnost ic  and therapeutic c l i n i c a l  

t r ia ls  of 72gallium were carr ied out a t  t h e  Medical Division (ORINS) and 

elsewhere, without s ign i f icant  pos i t ive  r e s u l t s  (Radiology 61 : 534, (1953)). 

Toward the  end of the  invest igat ion of gallium a t  t h i s  i n s t a l l a t i o n  work car r ied  

out  w i t h  6 7 g a l l i m  indicated the existence of a pronounced e f f ec t  on t i s sue  

d i s t r i b u t i o n  produced by the amount of s t ab le  gallium c a r r i e r  administered 

( see  Sect ion G )  . 
has been developed elsewhere ( In te rna t iona l  Journa l  of Applied Radiation and 

I B O t O p e S  12: 62, ( 1  961 ) ) . 
@ l i u m  ( h a l f - l i f e  68 min) and the considerable advances that had taken place 

i n  diagnost ic  scanning raised the question of the  possible use of tNs 

radioisotope i n  the  diagnostic detect ion of bone les ions.  It appeared on the  

basis of a report by Dudley (J. P h a m c o l .  and mer. Therapeutics 98: 105, (1950)) 

and work a t  t h e  Medical Division ( see  Section G )  that close a t ten t ion  t o  the 

l e v e l  of c a r r i e r  g a l l i u m  administered might make it possible t o  achieve rapid 

bone loca l i za t ion  coupled with equally rapid clearance from other t i s sues .  

Accordin&, a g a i i i ~ ~ n - 6 8  generator w a s  ordered from Brookhaven National 

Laboratory on October w, 1962 (Req. No, 40456; received February 8, 1$3) 

and s tud ie s  were s t a r t ed  i n  ear ly  1963. 

Recently a nuclide generator f o r  the production of 68gaU.im 

The a v a i l a b i l i t y  of t h i s b h o r t - l i v e d  radioisotope of 

1 
-...I 
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Gallium-68 as an agent for  bone s c a n n i x  

Gallium 1s not unique i n  i t s  tendenciee t o  local ize  i n  bone 1esior.s. Such 

behavior is a general  charac te r i s t ic  of bone-seekiw elements such as calcium, 

strontium, and f luo r ine .  The finding that gallium-68, when su i tab ly  prepared, 

can be used t o  de tec t  bone lesions before standard X-ray techniques mke them 

v i s i b l e  is predated by similnr findings with other  radioisotopes ( for  example, 

85strontium) and is thus an extension of a known diagnostic technique usirq a 

new agent. 

diagnostic t e s t a  are: 

The m l n  advantages associated with the use of 68ga11im i n  such 

1 .  The shor t  half- l i fe  of 68gallium (68 min) and the resulting decrease 

i n  dose t o  the pat ient  o r  increase i n  detect ion s e n s i t i v i t y  or 

suitable combination of both. 

The long h a l f - l i f e  of i t a  68genaanium parent (280 days) resul t ing i n  

a very long usefu l  l i f e  for  the gene'rator system. 

2. 

The one unique cha rac t e r i s t i c  of gallium is the f a c t  that the  d is t r ibu t ion  

pa t te rn  can be rmrkedly controlled by the am&& of gallium administered and 

that p re fe ren t i a l  loca l iza t ion  In act ive bone occurs within a short  period of 

time a f t e r  administration a t  high levels  of gallium administration rather than 

a t  low levels. 



ATTACHMENT TO SECTION E, FORM AEC-213 

E.  Results of Tests, and Extent of U s e  of Invention (continued) 

Known metastatic malignant les ions  have been consis tent ly  detected 
e8 areas of Increased densi ty  on the scans. 
scanning agents, these  l e s ions  can occasionally be detected by 
scanning before they are v i s i b l e  on roentgenograms. 
fa lse  posi t ive scan has been obtained. 
are detected include recent  fractures, degenerative s r t h r l t i e ,  and 
myelofibm8ie with oeteoecleroeis.  
suf'ficlent stable csrrier (4  m$kilogrsm), very good kidney scans 
can be obtained. 

A s  with other  bone 

One possibly 
Other bone l e s ions  which 

With the 8me preparation uelng 
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RADIOIS~PES OF GALLIUM 

R. L. Hayes 

Medical Division, Oak Ridge I n s t i t u t e  of Nuclear S t d i e s ,  an cperatlng unlt 

of Oak Ridge Associated Universities, Inc., Oak R i k e ,  Tennessee, d e r  

contract with the United States  Atomlc h e r g y  Corrrmission. 



Of the  r ad iwc t ive  isotores  of gallium o w  three, 67,, 6 8 ~ ,  and 7&, 

are apt  t o  be of any medical i n t e r e s t  e i t h e r  because of production 1 M t a t i o n s  

o r  half- l i fe  cocsider t t ions o r  both. Plnaj ianl  has recent ly  reviewed 

production methods f o r  these  radionuclides and compiled a bibliography of 

their medical uses. 

The medical m e  of gallium radionuclides dates  back t o  the suggestion 

by D ~ d l e y ~ , ~  that ‘%a might be of use I n  the  diagnosis and t r e a t m n t  of 

osteogenlc sarcorm and metastat ic  bone lesions. 

observations made during t ax lco loglca l  s tudies  re la ted t o  t h e  possible use of 

gallium as a reactor  coolant. 

This was the r e s u l t  of 

He reported an elevated depoeition of gallium 

i n  a n i m l s  a t  s i t e s  of osteogenic a c t i v i t y  when gallium was given in the 

l a c t a t e  or  c i t r a t e  form. 

encouraging but subsequent invest igat ions reported by Brucer, 

van der Werffg(who used a mixture of 66Ga and 67Ga) i n  general f a i l ed  t o  yield 

Early reports  on c l i n i c a l  tr ials of 7 b 4 9 5  were 

King,7f8 and 

favorable therapeutic o r  diagnostic reeul t s .  O n l y  a few reports  on the m e  of 

gallium radionuclides as bone-seeking agents have appeared since then. 10-1 2 

It should be emphasized i n  connection w i t h  the e a r l i e r  diagnostic trials that 

the  instrumentation avai lable  d u i n g  this ac t ive  period of investigation, 

coupled with the decay cha rac t e r i s t i c s  of 7%a, made fo r  a d i f f i c u l t  task 

indeed, A l l  the  gama emissions associated with the  decay of have 

energies abwe 0.6 Mev with W p  above 1 .O Mv and W $  above 2.0 Mev. 

I n  1960 Gleason’3 suggested t h e  generator production of 68-m~n 

from the long-lived parent, “ G e  (T1/2 = 280 days). His m t h d  was modified 

i n  1961 by Greene and Tucker14 r e su l t i ng  In the  Brookhaven alumina generator 

fo r  t h i s  isotope. 

0.51 Mev annihi la t ion radiat ion.  Although SOIE h igh-enera  gama rays are 

caiii~m-68 decays mainly by positron enlssion with associate( 

emitted these munt t o  only 4% of the output. Gallium-68 is thus  a mch m r e  

1 1 8 5 0 3 1  
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s a t i s f a c t o r y  radionuclide from a g m - r a y  energy s t a n d p i n t  t han  7b. 
addi t ion it has the  advantage of pos i t ron  capabi l i ty  fcr coincidence detectior.. 

In 

The advantages of its short half-life f o r  diagnostic use are  the s a n ~  as those 

of o ther  short-lived radionuclldes and will  not be detai led.  

long half-life of the  68Ga parent, @Ge (T,,2 = 280 d a y s ) ,  is of course a 

d i s t i n c t  advantage since the generator will thus  have a long useful  life, 

The unusually 

G~UIUD-68 ethylenediaminetetraacetic ac id  (EDTA), the  form In which the  

radionuclide i s  milked fromthe generator, has been used by Anger and 

Gott8chaUr15 and Shealy, Aronow, and Brcwnellt6 as a brain-scanning agent. We 

believed that 68Ga i n  the  c i t r a t e  form mlght possibly be used as a bone-scanning 

agent and t h e  rmjor portion of this paper w i l l  be devoted t o  a discussion of 

this me. 

Toward the end of the invest igat ion of 7%a c i t r a t e  by the m i c a 1  

Division of the Oak Ridge I n s t i t u t e  of Nuclear Studies (ORXJS:, animal studies 

of t h e  distributim of ca r r i e r - f r ee  67Ga c i t r a t e  were carried out. A 

considerable discrepancy between the  d i s t r i b u t i o n  of the two isotopes was 

observed. Since t h i s  observation i s  qui te  per t inent  t o  the use of Ga i n  bone 

scanning, 8 br ie f  discussion of these s tud ies  is desirable. 

68 

Table 1 shows a comparison of some of t h e  animal d is t r ibu t ion  data 

obtained during these studies or' 7%3 and 67Ga. The times of sacr i f ice  and 

dose l eve l s  do not exactly correspocd because the  data are taken from severel  

d i f f e r e n t  s tudies  as indicated a t  the bottom of the table .  The word 

ca r r i e r - f r ee  is  in quotes because some c a r r i e r  gallium was undoubtedly presen% 

i n  the preparation although it could not be detected s9ectroscopicaU.y. 

Gallium-67 was produced by proton b o n h r d m n t  of zinc. 

t he  tissue concentrations in l i v e r  and spleen for  7%a (necessarily administer& 

with c a r r i e r  since it was reactor produced f r o m  natural gallium) (colunm 1 )  and 

The difference between 
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the  ca r r i e r - f r ee  67Ga (column 2) are qui te  striking. As shown i n  c o l m  3 the 

addition of c a r r i e r  gal l ium t o  the  67Ga preparation resul ted i n  a d is t r ibu t ic r  

that was approximately the s a m  as that obtained with 7%a. 

the  s k e l e t a l  content shown i n  column 3 probably a r i se s  f r o m  the fac t  that the 

bone is approaching a sa tura t ion  1 e ~ e l . l ~  These s tudies  of 67Ga by B m e r  and 

co-workers18 showed t h a t  bone depoeition of gallium was d i r e c t l y  proportional 

t o  the  dose administered over a wide range of gallium dose levels. 

important, it was a l s o  observed that the  concentration i n  other  t issues  tended 

t o  decrease w i t h  increasing s tab le  ga l l i -m  above a leve l  of approximately 0.25 

mg gallium per kilogram. 

in the  use of gallium radionuclides as bone seekers. 

The decreese in 

More 

This c a r r i e r  effect can be of comiderable importance 

G a l l i u m - 6 8  as obtained 2mm the Greene and Tucker Brookhaven generatorf4 

i s  i n  a ca r r i e r - f r ee  M T A  chelate  form. 

agent, it should be freed from E D I A  and con;rerted into a su i tab le  form, such as  

the c i t r a t e .  

that the  e f fec t ive  use of 68Ga i n  bone scanning may necessarily iwolve  the 

addition of som s tab le  c a r r i e r  gallium t o  the @Ga bone-scanning prepra t ion .  

Because of i ts  s h o r t  h a l f - l i f e  a further and even more important requirement 

f o r  P rac t i ca l  bone Scam- with 68Ga i s  that of rapid local izat ion i n  bone 

coupled with an equally rapid clearance f r o m  other  t issues  a f t e r  administration. 

I n  the  o r ig ina l  ORINS Medical Division study of galllum c i t r a t e ,  no anlml 

d i s t r ibu t ion  s tudies  were car r ied  out a t  less than 6 hr after administration. 

On the  other hand i n  an e a r l i e r  communication on the dis t r ibut ion of 

gallium i n  animals, presented evidence that local izat ion i n  bone was quite 

rapid. In attempting t o  a s ~ e s s  the f eas ib iUty  of using 

we have studied t h e  d is t r ibu t ion  of gallium as a f'unction of s table  gallium 

dose during the f i r s t  few hours a f t e r  administration.20 

If it is t o  be used a8 a bone-seeking 

I n  view of the c a r r i e r  e f fec t  seen w i t h  67Ge, it is apparent 

f o r  bone scanniw, 

Table 2 shms of 
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the  results of this study. Gallium-68 with and without c a r r i e r  w a s  administered 

intravenously i n  the c i t r a t e  C G ~ .  I n  going from car r ie r - f ree  t o  high levels  

of gallium t h e  p e r c e n t q e  i n  the bone increased, while, with the  exception of 

t h e  kidney, percentages i n  the  other tissues decreased s t r ikingly.  I n  t h i s  

study, except for  the  car r ie r - f ree  preparation, t he  molar r a t i o  of c i t r a t e  t o  

gallium was held a t  2:l. I n  another study, i n  which the galllum dose was kept 

constant a t  5 mg/kg and the  ci t ra te-gal l ium r a t i o  was varied, some decrease in 

t h e  Hdney concentration occurred with increasing c i t r a t e ,  but o themise  the 

concentration in other  t i s sues  remined approximately constant up t o  a c i t r a t e  

t o  gallium r a t i o  of 5 :  1 .  

figure 1 shows the d i s t r ibu t ion  of 68M i n  the  rat with time a t  a 5 mg/kg 

l e v e l  and a 3:l molar c i t r a t e  t o  gallium r a t i o  f o r  selected t i s sues ;  

d i s t r ibu t ions  beyond 3 hr were carr ied out with 7%3 as the t racer .  The 

concentrations i n  the bone are the average of the r ib ,  femur, and calvaria., 

There was a rapid depcsit ion of gallium i n  bone couTled with a pronounced drop 

i n  the level in  the blood and muscle. A t  2 h r  af'ter administration the r a t i o  

of b l d  concentration t o  bone concentration w88 approximately 25 and that of 

bone t o  muscle approximately 100. 

a d d n i s t e r e d  dose. 

The vascular compartnent contained 2$ of' the  - 

Approximately 40% of the dose had been excreted via the  

xr ine  and of t h i s  80$ w a s  excreted i n  the  f i r s t  1/2 hour. 

The next three figures show 6011~3 scans made with c i t r a t e .  figure 2 

shows t h e  rather dramatic effect of the  presence of s table  ca r r i e r  on the  

d i s t r ibu t ion  of *Ga  c i t r a t e  i n  t he  rat. In both scans the animals were k i l l ed  

a t  1 h r  and scanned by ident ica l  techniques. Notice the mre o r  less diffuse 

d i s t r ibu t ion  i n  the car r ie r - f ree  animal while t h e  deposition i n  the anirrral 

receiving c a r r i e r  is mainly canfined t o  the  skeleton, kldney, and urinary 

bladder. 
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Mgure 3 shows a 2-hr %a c i t r a t e  scan of a rabbit  given a ca r r i e r  doc 

of 5 mg stable gallium per kiio,yam. 

pronounced. 

due t o  a leakage f romthe  Inject ion site i n  the ear. 

pronounced uptake a re  the skeleton, kidneys, and urinarj bladder. 

Here the  def in i t ion  i s  even more 

The area of epparent uptake on the  l e f t  foreleg is an a r t i f a c t  

Again the area8 of 

F'igure 4 is  an example of the type of scan6 that have been obtained i n  

The subject w a s  considered t o  bave a our c l i n i c a l  program with 68Ga c i t r a t e .  

n o m 1  skeleton. 

v i sua l i za t ion  of both bone and kidney. 

Notice on the  right side of t h e  i l l u s t r a t i o n  the ear ly  

Thirty-six pat ients  have been studied 

t o  date. 

wi th  68Ga c i t r a t e  before they were roentgenographicau visible. 

A s  with other bone-scanning agents, bone lesions have been detected 

Based on o w  

studies i n  rats the estimated rad ia t ion  dose t o  t h e  bone and kidney I s  of the 

order of 400 millirads per mll l lcur ie .  

estimted t o  be approxirnate3.y 75 mllllrads per mil l icur ie .  

G a  c i t r a t e  dis t r ibut ion,  it was necessary t o  

The average whole-body dose i s  

68 I n  the  animal studies of 

separate 68Ga from the E1711A mludng before i t s  preparation i n  the c i t r a t e  form. 

~ a i u ~ 1 - 6 8  i n  the EDrA form does not loca l ize  i n  the skeleton. This separation 

w a s  accompllshed by acidifylng the EDTA eluant with hydrochloric acid and 

ext rac t ing  with isopropyl ether.m When suf f ic ien t  ca r r i e r  gallium i s  

involved i n  the  dose preparation, as it normally is i n  preparations for use i n  

hwrPurs, t he  added c a r r i e r  gallium can mask the  presence of M T A  i n  the milking, 

if exchange occurs between 68Ga EDTA and ionic  g a l l i m  o r  galllum c i t r a t e .  For 

example, fo r  a 70-kg subject dosed a t  a level of 2 mg Ga/kg on ly  5$ of the 6 8 ~ a  

dose would be present i n  the M P A  form If complete exchange occurs (20 ml of 

0.005 M EWTA used as eluant) .  

and avai lable  for bone local izat ion.  

eliminate the  necessity f o r  a separation step.  

The rermlning 95$ would be i n  the citrate form 

This mthod of dose preparation would 
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If this procedure i s  t o  be adoTted it is  of upmost importance that 

adequate measures be taken t o  ins-ne that exchange takes place during the 

preparation of t he  68Ga c i t r a t e  dose, 

that the rate of exchange between ionic  gallium and gallium E U I A  i s  

imasurably slaw from pH 7 d a m  t o  pH 1.5. 

d isastrous results that can occur i f  s teps  are not t aken  t o  promote exchange 

when preparing 68Ga-LSbeled gallium citrate from *Ga  M T A .  

d i s t r i b u t i o n  obtained with a c u r l e r  dose of 5 mg gallium per kilogramwhere 

t h e  6 8 ~  w a s  obtained by the extract ion procedure previously mntloned. The 

results sham i n  column 2 were obtained when the app-opriate amount of a 

Sai to  and Tsuchimoto2’ have reported 

Table 3 illustrates the rather 

Column 1 shows t he  

/ 
generator m i ~ n g  that W Q i l d  give a 5k r n ~  contamination of the 08, 

c i t r a t e  preparation, assuming complete exchange, w a s  added t o  a neutralized 

preparation of stable gallium c i t r a t e .  

temperature f o r  up t o  30 min. There was p rac t i ca l ly  no 58Ga deposition i n  the  

bone. The results I n  c o l - m  3 were obtained when appropriate s teps  were taken 

t o  produce exchange before the  preparation was neutral ized.  

i s  similar t o  that i n  column 1 .  The procedure indicated i n  column 3 is the 

method nar being used t o  prepare doses for administration t o  huroans. 

The preparation remined a t  rccm 

The d is t r ibu t ion  

The d i s t r ibu t ion  s h m  i n  column 2 of Table 3 is similar t o  that 

obtained with @Ga M T A .  

very rapidly excreted v i a  the urine. The i n i t i a l  half-dlsapparance-time from 

the blood I n  rats is approximately 10 min. Rat d i s t r ibu t ion  data from sore of 

our studies of 68Ga EDTA are shown i n  Table 4,  The high concentration of 68Ga 

i n  the spleen (column 2) I s  of interest but probably not of p rac t i ca l  imprtance.  

Column 3 shows that this hlgh spleen concentration disappears when ca r r i e r  

Gdlium-68 EYTA does not deposit i n  t he  bone a d  i s  

gallium ECVA i s  added t o  t h e  

scans =de on two rats. The 

1 I F j 5 C 3 b  

preparation. 

scans shuw tbat the rate of passage through t h e  

Ngure 5 shows a se r i e s  of &Ga EDTA 
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kfdneys t o  the bladder is qui te  rapid even i n  t he  dehfirated animl. 

~ e r s ~  has proposed the  Use of 5 ’ ~ r  MTA f o r  i n  vivo tiynmic 

physiologic s tudies .  

type of study because it can be obtained d i r e c t l y  from a generator, is rapidly 

excreted, and can be med i n  la rge  amounts i n  scanning procedures without 

d u e  radiat ion expsu re .  

s tudies  should be prac t i ca l .  

kidney scans on a pa t ien t  from our c l i n i c a l  program. 

partial b i l a t e r a l  kldney obstruct ion.  

admittedly the def in i t ion  obteined i n  t h i s  series of scam w a s  due i n  large 

Gallium-63 M T A  appears t c  be a good candidate f o r  t h i s  

With c m r a  o r  rapid scanning equipment, dynamic 

As an exam’gle, Mg. 6 shaus a set of *Ga EDTA 

This subject  had moderate 

Since t h e  scan speed w a s  only 0.3 in./sec 

part t o  the delayed passage of ur ine  f romthe  

scanning or camera instrumentation ~f%a MTA 

obtained even on n o m 1  subjects .  

~ r o m  a purely physical a t a n d p i n t  6 8 ~ a  

kidney; however, with rapid 

pyelograrm” might be readily 

a l so  apTears t o  be an excel lent  

radionuclide fo r  scanning of the  re t icu loendothe l ia l  system. 

h a l f - l i f e  i s  a d i s t inc t  advantage. 

Its short 

Use of 68Ga in tNs type of scanning would 

require that it be administered i n  a co l lo ida l  form, but  because of i ts  short 

half-life, rapid r emva l  from the blood would a l s o  have t o  occur. 

hand, long-term retent ion of 68Ga by the co l lo id  would not be of importance 

beyond the usem decay period 02 ‘%a. 

On the other  

Ferric hydroxide has long been used as a scavenging agent f o r  various 

radionuclides. A mthod f o r  t h e  concentration of micro mounts  of s t ab le  

gallium is based on t h i s  p - ~ p e r t y . ~ ~  Colloidal  hydrous f e r r i c  oxide is 

readily prepared by the hydrolysis of d i l u t e  solutions of f e r r i c  salts, I ts  

preparation i s  a well-known and convenient Laboratory exercise. I n  recent 

preliminary studies w e  have found t h a t  co l lo id  preparations of hydrous f e r r i c  

oxide labeled x i t h  gallium rapidly loca l i ze  i n  the reticuloendothelial  system 

I 1 8 5 0 3 1  
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a? t es t  animal8 without an:. ap-arent loss of 8 C t i V f t ; .  t o  bone during the f f rs t  

b u r  after administration. 

Table 5 shows the results or' a p re l in inay r  study of the  d is t r ibu t ion  o r  

this t p  of preparation in the  rabbi t .  

t r ace r .  

concentration r a t io s  OS 50 and 0.3. 

For convenience 7%a was used as the  

The data show bone mrrm t o  bone and bone n a r r m r  t o  l i v e r  

F'igure 7 shows a scan of a rabbit ki l led 1 hr after adminiEtraticn of 

58Ga-labeled hydrous f e r r l c  oxide col loid.  

c l ea r ly  defined. 

similar t o  that shown in Table 5. The effect on d i s t r ibu t ion  of variations i n  

the method of col loid production are under study a t  the r resent  tkx?.  

loca l iza t ion  seen i n  anixnal s tudies ,  of course, is no ,parantee that similar 

results w i l l  be obtained i n  man, but the  prospect t h a t  such might OCCUT certainJ 

mri ts  fur ther  investigation. 

Bone marrow, l i v e r ,  and spleen are 

On autopsy the d i s t r ibu t ion  i n  this  animal was found t o  be 

The 

I n  sumnnuy, of t h e  radionvclides of ga l l iun  of possible interest i n  

G a  appears t o  of fe r  t h e  bes t  qua l i f ica t ions  for diagnostic use. 68 

Gallium-67 might i n  t u rn  be considered as a therapeut ic  egent where 68Ga s tudic  

shm su r l i c i en t  local izat ion.  

fo l lmr in ; :  trays : 

Gellium-6& avpears t 3  be useful i n  the 

1 . I n  an EIl l lA c'nelate ;ora a8 an agent for  b r a i n  scznnlng and possibly 

a l so  as  an agent f o r  i n  vi;ro dynamic ?hysiologic studies.  

I n  the c i t r a t e  ;orA, with Froper a t t en t ion  t o  c a r r i e r  effects ,  as a 

rapid local iz ing agent f o r  bone scanning. 

2. 

3 .  Incorporated i n  a hydrous f e r r i c  oxide col loid as a potent ia l  

scanning agent for the ret iculoendothel ie l  system. 
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LEx;ElDS 

lye; .  1 ,  G a l l i u m  ( c i t r a t e  lo rn )  d i s t r ibu t l sn  i n  the r a t  as a function of t i m e .  

G a l l i u m  c i t R t e  1ra6 administered intravenously a t  a l eve l  of 5 mg 

gallium per kilogram; t he  molar r a t i o  of c i t r a t e  t o  salliumwas 3 : l .  

Each point is the  average of 5 determinations or  nore w i t h  the 

exception of the 6-hr points  ( 3  animals each). 

3 h r  were made with 7%3 as the  t r a c e r ;  i n  a l l  others '%a w a s  used. 

G a l l i u m - 6 8  s cam of rats administered equal amounts of %a c i t r a t e ,  

one with and one rrithout s t ab le  ga l l ium ca r r i e r .  

k i l l e d  1 hr after intravenous administration and scanned by ident ica l  

procedures. Notice the  c l e a r  de f in i t i on  of the skeleton, kidneys, 

and urinary bladder In t he  animal given the ca r r i e r  preparation. 

Two-hour 68Ga ( c i t r a t e  form) scan of a rabbit. The animl received 

5 mg c a r r i e r  gallium per kilogram; the  c i t r a t e  t o  gallium r a t i o  w a s  

3 : l .  

l e f t  foreleg is an a r t i i a c t  due t o  a faulty ear  vein injection. 

Gallium-68 ( c i t r a t e  :om) scans of a hurrran with n o m 1  skeletal 

deposition. 

S e r i a l  68Ga EI7pA scans of a dehydrated (24-hr w i t h d r a w a l )  and a 

hydrated rat. Notice the  rapid passage t h m w h  the kidneys. The 

scam required approximately 10 min each. 

S e r i a l  68Ga M T A  scans of a pat ient  with moderate p a r t i a l  b i l a t e r a l  

kidney obstruction.Scans required appraximstelj. 25 min each. Scan 

speed was 0.3 in./sec. 

Measuremnts beyond 

Fig. 2. 

Both animals were 

Fig. 3 .  

Note the excel lent  ske l e t a l  def ini t ion.  The ac t ive  area i n  the 

ME;. 4. 
/ 

Notice t h e  early q t a k e  of 38Ga in bcth bone and kidney. 

Mg. 5 .  

Fig. 6 .  

JXg. 7. Scan of a rabbit made 1 hr after intravenous administration of 

66 hydrous f e r r i c  oxide co l lo id  labeled Kith Ga. Notice the 

excellent v i sua l iza t ion  of t he  bone mam-ow, spleen, and l iver .  

I1850trO 
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Table 1 - CARRIER EFFECT ON GALLIUM CITRATE 

CIS"RJBIII?ON IN ??HE RAT 

Organ Percent administered dose 

Liver 0.91* 5.81 f 0.98t 

Spleen 0.07 1.66 0.13 

Skeleton M .90 21 .so 15.70 

Blood 0.14 0.23 0.07 

Conditions 

Mg w43 26 C.F.': 25 

Day sacr i f iced 4 5 5 

Isotope 72Ga %a 57Ga 

Animals  5 4 4 

* Data from H. D. Bruner, J. D. Perkinson, Jr., E. R.  ;3ng ,  G. A .  Andrews, 

J. B. Naeh, and M. Brucer, A Study of GallimT2, V, Ms t r ibu t lon  Studies 

on GallIum7* In Rats, Radiclogy, 61: 555-570 (1953). 

i- Data from H. D. Bruner, R. L. Hayes, and J. D. FerHnson, Jr,,  A Study of 

Gauim72, X, Preliminary Data on Gallium67, Radiology, 602-612 (1953). 

<: "Carrier-free" 



Table 2 - ErTEXIT OF CARTIER ON TJO HOUR GALLIUM CITRATE 
DISTRIBUTION IN TIIE RAT 

mg Ga/kg body weight 

Tissue C .F.* 1 .o 10.0 

$ admln. dose/g (250-g r a t )  

Blood 

Muscle 

Kidney 

Rib 

Femur 

Calvaria 

Liver 

Spleen 

Lung 

1.33 

0.21 

0.42 

1.61 

1 .m 
0.55 

0.2s 

0.35 

0.5; 

0.59 

0.07 

1.51 

2 0 9 6  

2.15 

1.28 

0.21 

0.18 

0.s 

0.10 

0.01 

4 0 2 7  

3.35 

2.41 

1.50 

0.08 

0.05 

0.09 

Animals 5 5 5 

q a r r i e r - f r e e  68G~ containing 1 mg c i t r i c  acid; other doses, 2:l m o l a r  

citrate/% r a t i o .  



Table 3 - EXCHARGE OF ‘8GP. m A - G A ( I I 1 )  I N  GALLKJI4 CITRATE 

EOS3 FIIEP.L.,W,TION 

M r a c t e d  68r&~l.3 68Ga EDFA + 68Ga EDTA + Ga* , 
+ c i t r e t e ,  OH- neut ra l  ~a c i t r a t e  E+ (O-YJ) ,  heat + - 

c i t r a t e ,  OH’ 
~ 

Tissue $ admin. dOSe/g t i s sue  (250-g rat) 

Blood 

Muscle 

Kidney 

R i b  

Femur 

Calvaria 

Liver 

Spleen 

Lung 

0.12 

0.02 

1.46 

3 -92 

2.69 

1.58 

0.08 

0.05 

0 .a 

Animals 9 

0.01 

0.004 

0 -32 

0.06 

0.07 

0.04 

0.01 

0.01 

0.02 

5 

5 mg Ga/kg; 3 : l  mlar citrate/Ga r e t io ;  k i l l ed  2 hr 

0.1 1 

0 -02 

0.58 

3 048 

2.57 

1.41 

0.07 

0.04 

0.06 

5 



T 

Table 4 - DISTRIBUTION OF 08GA E D T A  IN TBE FGT 

0.5 h 2.0 h Carrier” 2.0 h 

Tissue dp administered dose/g tissue (250-3 rat) 
~~ ~ 

Liver 

Spleen 

Kidney 

, L w  

Muscle 

Blood 

0.10 0.08 

0.16 0 035 

1.12 0.40 

0.14 0.03 

0.04 0.02 

0.09 0.04 

0.19 0.04 

Animals 5 15 

*5 m~ Ga/kg; 1 . 5  polar EDTA/& r a t i o  

0.02 

0.02 

0.33  

0.03 

0 ,O l  

0.03 

0.03 

4 



Table 5 - TISSUE DISTXBVTION OF G A L L W i - L A B E L D  EYDROUS 

FEWIC OXIDE CCLLDIcI 

Tissue Dose per gram 

$ injected 

Liver 0.76 

Spleen 1.97 

Femur 0.01 

Bone Marrow 0.61 

Lung 0.07 

Blood 0.01 

Muscle 0.002 

Kidney 0.01 
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