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ABSTRACT 

Technetium-99m sulfuf colloid was prepared by two different methods: 

a) bubbling H2S through ad acid solution of pertechnetate, or (b) acid 

reduction of thiosulfate. The first method produces a colloid of 

smaller particle s i z e  which more readily concentrates in the bone marrow 

in comparison to the latter method. Distribution of colloidal material 

in the liver, spleen and bone marrow was studied in mice following I.V. 

administration. Marrow concentration is increased by the use of larger 

doses or pretreatment with "cold" H2S colloid, gelatin, carbon or 

polystyrene latex particles. The effect of pretreatment with "cold" 

H2S on distribution of thiosulfate colloid is to decrease marrow local- 

ization and increase the amount in the spleen. Apparently both particle 

size as well as number of particles administered affects distribution 

of colloid in the reticuloendothelial system. 
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INTRODUCTION 

The ra te  of  removal add t h e  d i s t r i b u t i o n  of c o l l o i d a l  p a r t i c l e s  

i n t roduced  i n t o  t h e  blood stream i s  dependent on blood flow t o  t h e  

r e t i c u l o e n d o t h e L i a 1  orga'ns and e x t r a c t i o n  e f f i c i e n c y  of t h e  phagocyt ic  
' 

c e l l s .  Blood f low i s  a f f e c t e d  by such f a c t o r s  as c i r r h o s i s ,  v a s c u l a r  

shun t s ,  c a r d i a c  ou tpu t  and f u n c t i o n a l  o b s t r u c t i o n  of  blood v e s s e l s  lead-  

i n g  t o  t h e  RE organs .  

The e x t r a c t i o n  e f f i c i e n c y  of t h e  phagocyt ic  c e l l s  is a f f e c t e d  by a 

number of f a c t o r s ,  some of them poor ly  unders tood .  

d i s c u s s e d  i n  t h e  l i t e r a t u r e  are par t ic le  size, number of p a r t i c l e s  i n -  

Among t h e  f a c t o r s  

j e c t e d ,  p resence  of c a r r i e r ,  s t a b i l i z e r  o r  competing subs t ances ,  and t h e  

immunological competence of t h e  s u b j e c t  (Dobson, 1957; Meredi th ,  1961; 

Meredi th  e t  a l . ,  1962; Zilversmit e t  a l . ,  1952; Dobson et&., 1949; 

Dobson and J o n e s ,  1952; S c o t t  e t  a l . ,  1967; Neukomm et e., 1957; 

Eenacerraf  et aJ., 1957; Schap i ro  e t  al., 1966; Kampschmidt sal., 1966; 

Saba and D i  Luzio ,  1969). There  is Borne confus ion  concern ing  t h e  i m -  

por t ance  and mechanism of some of t h e s e  f a c t o r s .  Many of t h e  c o l l o i d s  

are  n o t  homogeneous w i t h  r ega rd  t o  p a r t i c l e  size, and i n  a n y  s t u d i e s  

t h e  e f f e c t s  of c a r r i e r  o r  s t a b i l i z e r  were overlooked.  The e f f e c t  of 

p a r t i c l e  number was sometimes confused w i t h  p a r t i c l e  s i z e .  

I n  our  c l i n i c a l  s t u d i e s  w i t h  t e c h n e t i m - 9 %  as t h e  s u l f u r  c o l l o i d ,  

w e  have been i n t e r e s t e d  i n  bone marrow scanning .  We undertook t h e s e  

s t u d i e s  in orde r  t o ' a s c e r t a l n  what f a c t o r s  might be involved i n  concen- 

t r a t i n a  t h e  c o l l o i d  in t h e  marrow organ and t o  compare two d i f f e r e n t  

methods of technet ium s u l f u r  c o l l o i d  format ion  in terms of t i s sue  d i s -  I 

t r i b u t i o n .  
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METHODS 

Technetium-9% s u l f u r  c o l l o i d  was formed by two d i f f e r e n t  methods. 

The f i r s t  method (Atkins  ete., 1966) (H2S method) is as fo l lows:  

4-5 m l  p e r t e c h n e t a t e  oo ' lut ion add 0.5 m l  conc.  HC1 and 50 mg g e l a t i n  

To 

d i s s o l v e d  i n  1-2 ml w a r m  H20. 

S t i r  f o r  5 minutes  and then  bubble n i t r o g e n  through t h e  s o l u t i o n  f o r  

Bubble H2S through s o l u t i o n  f o r  5 min. 

5 min. 

th rough a 0.3-p s t e r i l e  f i l t e r .  

The pH i s  a d j u s t e d  t o  5.5-6.5 w i t h  NaOH and t h e  s o l u t i o n  passed 

The f i n a l  volume is 8 ml. 

_ _  Another method u t i l i z e s  t h e  a c i d  r e d u c t i o n  of t h i o s u l f a t e  

(Stamm). To t h e  p e r t e c h n e t a t e  s o l u t i o n  i s  added 50 mg g e l a t i n  d i s s o l v e d  

i n  1-2 m l  H 2 0 ,  1 m l  Na2S203 s o l u t i o n  (4 mg/ml) and 1 m l  1 N  H C l  (dropwise 

i n  - 1 min).  

5.5-6.0 w i t h  NaOH. 

S t i r  i n  b o i l i n g  H20 ba th  f o r  8 min. Cool. Adjus t  pH t o  

White mice weighing abou t  25 gm were i n j e c t e d  v i a  a t a i l  v e i n  w i t h  

v a r y i n g  amounts of t h e  c o l l o i d s .  

a f t e r  c o l l o i d  i n j e c t i o n ,  and l i v e r ,  s p l e e n ,  bo th  femurs and carcass 

a c t i v i t y  determined by  c o u n t i n 3  w i t h  a 2x2-in NaI (Th) c r y s t a l  d e t e c t o r  

a t  25-30 cm d i s t a n c e  w i t h  a s t a n d a r d  d e v i a t i o n  i n  counts  o f ' f  2% o r  l e s s .  

The t o t a l  coun t s  ob ta ined  were assumed t o  be 1007. of t h e  i n j e c t e d  d w e ,  

and  t h i s  was confirmed by comparing one group of mice t o  a n  i n j e c t i o n  

s t a n d a r d .  

The mice were s a c r i f i c e d  a t  1-2 hours  

I t  had been p rev ious ly  determined t h a t  6.09. of t o t a l  marrow a c t i v i t y  

fo l lowing  a d m i n i s t r a t i o n  of technet ium s u l f u r  ' c o l l o i d  was i n  t h e  two 

femurs ( C a r s t e n ) .  Using t h i s  assumption i n  t h e  v a r i o u s  s t u d i e s  t o  be 

r e p o r t e d ,  it was p o s s i b l e  t o  account  f o r  88-997. of t h e  to t a l -body  a c t i v ' i t y  

i n  the  l i v e r ,  s p l e e n  and bone marrow. 



I n  a d d i t i o n  t o  de te rmining  the  d i s t r i b u t i o n  wi th  va ry ing  doses  of 

c o l l o i d ,  t h e  e f f e c t  of p re t r ea tmen t  w i t h  s e v e r a l  subs t ances  was s t u d i e d .  

These were g e l a t i n  i n  39. s o l u t i o n ,  p o l y s t y r e a e  l a t e x  p a r t i c l e s  0.088 p 

i n  diameter, carbon p d r t i c l e s  0.020 p i n  d iameter  and "cold" technet ium 

s u l f u r  c o l l o i d .  The fo rmdla t ion  of t h e  H2S c o l l o i d  w a s  v a r i e d  by i n -  

c r e a s i n g  t h e  amount of g e l a t i n  p re sen t  d u r i n g  the  H2S bubbl ing  procedure 

by f a c t o r s  of 2 ,  3 and 5 .  

RESULTS 

The e f f e c t  of i n c r e a s i n g  t h e  dose of t h e  H2S c o l l o i d  on l i v e r  and 

marrow c o n c e n t r a t i o n  i s  seen  i n  F i g .  1. About 84-879: of t h e  a c t i v i t y  

w a s  found i n  t h e  l i v e r  and 

0.005 m l l g m .  Beyond t h i s ,  

i n  l iver  c o n c e n t r a t i o n  and 

0.45-0.50% i n  t h e  femora wi th  doses .  up t o  

up t o  0.02 m l / g m ,  t h e r e  was a s t e a d y  dec rease  

a n  i n c r e a s e  i n  femoral  marrow c o n c e n t r a t i o n .  

The d i f f e r e n c e s  a re  s t a t i s t i c a l l y  s i g n i f i c a n t . *  It w a s  n o t  p o s s i b l e  t o  

go t o  h i g h e r  d o s e s ,  s i n c e  t h e  an imals  could  n o t  t o l e r a t e  them, due t o  

t h e  volume and pH change. 

I n c r e a s i n g  t h e  amount of g e l a t i n  used a s  s t a b i l i z e r  a l s o  changed 

t h e  organ c o n c e n t r a t i o n  i n  a manner s i m i l a r  t o  i n c r e a s i n g  t h e  dose of 

c o l l o i d .  However, t h e r e  was l i t t l e  e f f e c t  beyond doubl ing  t h e  g e l a t i n  

conc 'entrat ion;  The resul ts  a r e  shown i n  Pig. 2 .  With d e c r e a s i n g  doses  

of c o l l o i d  c o n t a i n i n g  l a r g e  amounts of s t a b i l i z e r ,  t he  l i v e r  and femoral  

marrow c o n c e n t r a t i o n s  approached the  v a l u e s  obta ined  wi th  the  0.6X 

ge l e t  i n .  

P re t r ea tmen t  w i t h  g e l a t i n  o r  "cold" H2S c o l l o i d  one-half  hour 

b e f o r e  t h e  dose of r a d i o a c t i v e  H2S c o l l o i d  a l s o  caused decreased  l i v e r  

up take  and i n c r e a s e d  marrow c o n c e n t r a t i o n  (Fig.  3).  The i n j e c t i o v  of 

*p < 0 . 0 5 . b ~  t t e s t .  

I 1'14'7 t 8 



2.24 x l O I 4  p a r t i c l e s  of 0,088 p po lys ty rene  l a t ex  p a r t i c l e s  

(8.96 x 1015/kg body we igh t )  p r i o r  t o  i n j e c t i o n  of t h e  H2S c o l l o i d  re- 

duced l iver  c o n c e n t r a t i o n  t o  67.8 & 12.7% of t h e  a c t i v i t y  w h i l e  i n c r e a s -  

i n g  t h e  femora l  mar row-ac t iv i ty  t o  0.79 f .099.. 

(3.44 x l 0 l 6 / k g  body w e i g h t l o r  8 .6  x 1014 p a r t i c l e s  t o t a l )  i n  t h e  form 

of I n d i a  ink were a l s o  i n j e c t e d  p r ' i o r  t o  t h e  H2S c o l l o i d  and had a 

l e s s e r  b u t  s t i l l  d e f i n i t e  e f f e c t .  The l i v e r  a c t i v i t y  w a s  reduced t o  

72.5 f Z.W., whi le  femoral  marrow a c t i v i t y  w a s  i n c r e a s e d  t o  0.69 f 0.12%. 

Carbon p a r t i c l e s  

The i n f l u e n c e  of t h e s e  v a r i o u s  f a c t o r s  on s p l e n i c  r a d i o a c t i v i t y  was 

n o t  c o n s i s t e n t  (Fig.  4 ) .  

l i t t l e  d i s c e r n i b l e  e f f e c t .  The e f f e c t  of t h e  R.E. b lock ing  a g e n t s ,  such 

as  g e l a t i n ,  po lys ty rene  la tex p a r t i c l e s  and ca rbon  was a tendency toward 

C e r t a i n l y ,  v a r y i n s  t h e  dose of c o l l o i d  had 

i n c r e a s e d  s p l e n i c  l o c a l i z a t i o n ,  bu t  t h e  e f f e c t  was no t  g r e a t .  

The d i s t r i b u t i o n  of  t h e  t h i o s u l f a t e  c o l l o i d  w a s  similar t o  t h e  H2S 

c o l l o i d  i n  small d o s e s ,  bu t  i n c r e a s i n g  t h e  dose  t o  a p r a c t i c a l  l i m i t  d i d  

n o t  d e c r e a s e  t h e  l i v e r  c o n c e n t r a t i o n  or d imin i sh  marrow l o c a l i z a t i o n .  

The e f f e c t  of p re t r ea tmen t  w i t h  g e l a t i n ,  0.09 mg/g body weight ,  was 

n e g l i g i b l e .  

i s t e r e d  one haaf  hour p r i o r  t o  i n j e c t i o n  of r a d i o a c t i v e  t h i o s u l f a t e  

c o l l o i d ,  no e f f e c t  on l i v e r  a c t i v i t y  was noted .  However, a s i g n l f i c a p t  

When "cold" H2S c o l l o i d  (0.012 ml/g body we igh t )  was admin- 

i n c r e a s e  i n  s p l e n i c  r a d i o a c t i v i t y  and a d e c r e a s e  i n  femoral  a c t i v i t y  was 

e v i d e n t  (Fig. 5). 

DISCUSS ION 

The two c o l l o i d s  which we have s t u d i e d  d i f f e r  bo th  p h y s i c a l l y  and 

b i o l o g i c a l l y .  

a t h i o s u l f a t e  c o l l o i d  p r e p a r a t i o n  i n d i c a t e  o n l y  23% pass ing  through a 

The s t u d i e s  of S t e r n ,  McAfee and Subramanian (1966) wi th  
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0.45-p  m i l l i p o r e  f i l t e r ,  whereas more t h a n  807. of t h e  H2S c o l l o i d  w i l l  

pass through a 0.45-0.3-p m i l l i p o r e  f i l t e r .  I n  low doses  t h e  d i s t r i b u -  

t i o n  of each i n  the  r e t i c u l o e n d o t h e l i a l  system i s  t h e  same bu t  w i t h  

l a r g e r  doses  r e - l a t i v e l y  more of t he  H2S c o l l o i d  boes i n t o  t h e  marrow 

and less t o  t h e  l i v e r .  

The d i f f e r e n c e s  i n  behavior  may be a f u n c t i o n  of p a r t i c l e  s i z e  o r  

number of p a r t i c l e s  i n j e c t e d .  

cu rve  f o r  r e l a t i v e  marrow u p t a k e  a5 dose  of H2S c o l l o i d  i s  inc reased  is 

s imi la r  t o  t h e  curves  r e l a t i n g  d i sappea rance  h a l f - t i m e  t o  Inc reased  

c a r r i e r  (Meredi th ,  1961; Dobson and Jones ,  1952),  o r  t o  t h e  number of 

The g r a d u a l l y - i n c r e a s i n a  s l o p e  of t h e  

p a r t i c l e s  pe r  ki logram body weight  (Cohen, e t  a l . ,  1968). Why i n c r e a s e d  

c a r r i e r  o r  dosage should change t h e  in -v ivo  d i s t r i b u t i o n  is n o t  c l e a r  

u n l e s s  t h e  e f f i c i e n c y  f o r  c l e a r a n c e  of &be blood stream by t h e  B.E. 

cells i n  t h e  v a r i o u s  body s i tes  d i f f e r s  from one s i t e  t o  a n o t h e r .  
, 

The e f f e c t  of b locking  a g e n t s  on t h e  two c o l l o i d s  is markedly 

The b lock ing  a g e n t s  auch a s  d i f f e r e n t  but  may be a f u n c t i o n  of dose .  

g e l a t i n ,  po lys ty rene  l a t e x  and carbon d e f i n i t e l y  a f f e c t e d  d i s t r i b u t i o n  

of t h e  r a t h e r  l a r g e  doses  of H2S c o l l o i d .  The e f f e c t  of "cold" H2S 

c o l l o i d  on t h e  a c t i v e  material was t h e  same as i n c r e a s i n g  t h e  dose.  

G e l a t i n  p re t r ea tmen t  had v e r y  l i t t l e  e f f e c t  on t h e  t h i o s u l f a t e  c p l l o i d  

d i s t r i b u t i o n  but  presumably,  i f  l a r g e r  doses  of c o l l o i d  cou ld  have been 

g i v e n ,  t h e r e  might have been a n  appa ren t  e f f e c t .  

Although some i n v e s t i g a t o r s  have a t t r i b u t e d  much of t h e  behavior  

of g e l a t i n - s t a b i l i z e d  c o l l o i d s  t o  t h e  g e l a t i n  i t s e l f  ( K a m p s c w d t . e t  a l . ,  

1966; F i l k i n s  and Di Luzio,  1966; Maurer,  1954; Murray, 1963; Koenig 

-- e t  a l . ,  1965) ,  t h i s  cannot account  f o r  a l l  t h e  o b s e r v a t i o n s ,  such as t h e  

e f f e c t  of  po lys ty rene  l a t e x  o r  carbon p a r t i c l e s .  E s p e c i a l l y  i n t e r e s t i n g  
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i s  t h e  e f f e c t  of a load ing  dose of "cold" H2S c o l l o i d  on t h e  d i s t r i b u -  

t i o n  of  t h e  t h i o s u l f a t e  c d l l o i d .  Apparent ly  t h e r e  i s  a p re fe rence  f o r  

t h e  smaller H2S c o l l o i d  p a r t i c l e s  by the  R . E .  c e l l s  of t h e  marrow, 

w h i l e  t h e  s p l e e n  took  Up t h e  excess  l a r g e r  p a r t i c l e s  when t h e  marrow 

s i t e s  were b locked .  T h i s  e f f e c t  cannot  be a s c r i b e d  t o  t h e  g e l a t i n  

s t a b i l i z e r ,  s i n c e  g e l a t i n  i t s e l f  i n  l a r g e r  doses  d i d  n o t  produce t h e  

same changes.  

We d i d  no t  perform blood d isappearance  cu rves  wi th  t h e s e  c o l l o i d s ,  

bu t  i f  we assume t h a t  t h e  change i n  d i s t r i b u t i o n  p a r a l l e l s  t h e  change 

i n  d i sappea rance  h a l f - t i m e  as demonstrated by Cohen (1968) wi th  i n -  

c r e a s e  i n  number of p a r t i c l e s  a d m i n i s t e r e d ,  t h e n  w e  can  o b t a i n  some 
I 

i d e a  of t h e  nuinbet of p a r t i c l e s l m l .  

c r i t i c a l  dose i s  l O I 3  p a r t i c l e s l k g  body we igh t ,  beyond which d i sappea r -  

ance  h a l f - t i m e s  from t h e  blood and body d i s t r i b u t i o n  are a f f e c t e d .  

The assumpt ion  by Cohen i s  t h a t  a 

From our  cu rves  t h e  dose of 0.005 m l l g m  body weight  cor responds  t o  

t h i s  p o i n t ,  i . e . ,  t h e r e  should  be 1013 p a r t i c l e s  of t h e  H2S c o l l o i d  i n  

5 m l  o r  2 x 1 0 l 2  p a r t i c l e s  i n  a m i l l i l i t e r  of t h e  p r e p a r a t i o n .  

The doses  under d i s c u s s i o n  a r e  no t  p r a c t i c a l  i n  c o n s i d e r i n g  human 

u s e .  For  a 70-kg man t h i s  would mean 350 m l  of c o l l o i d a l  suspens ion  t o  

be a d m i n i s t e r e d , a n  i m p r a c t i c a l  amount. However, t he  use of g e l a t i n  as 

a b lock ing  -agent  i s  pract ical  and has  been used t o  measure r e t i c u l o e n d o -  

t h e l i a l  f u n c t i o n  by o t h e r s  (Wagner and I i o ,  1964). It may be p o s s i b l e  

t o  i n c r e a s e  marrow d e p o s i t i o n  of technetium-99m s u l f u r  c o l l o i d  by pre -  . . 

t r ea tmen t  w i t h  g e l a t i n .  
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COdCLUSIONS .WD SUMMARY 

Technet ium-sul fur  c o l l o i d  formed by bubbl ing  H2S through a n  a c i d  

p e r t e c h n e t a t e  s o l u t i o n  i n  the  presence  o f  g e l a t i n  as a s t a b i l i z e r  i s  

d i s t r i b u t e d  p r i m a r i l y  -to the l i v e r  s p l e e n  and bone marrow fo l lowing  

in t r avenous  a d m i n i s t r a t i o n .  F a c t o r s  whfch t end  t o  de l ay  blood d i s -  

appearance  of c o l l o i d s  ( i n c r e a s e  i n  c a r r i e r ,  u se  of "blocking a g e n t s )  

a l s o  r e s u l t  i n  a change i n  r e l a t i v e  d i s t r i b u t i o n  wi th  l e s s  l i v e r  

d e p o s i t i o n  and g r e a t e r  marrow c o n c e n t r a t i o n .  

A s i m i l a r  c o l l o i d  formed by a c i d  r e d u c t i o n  of sodium t h i o s u l f a t e  

c o n s i s t s  of l a r g e r  p a r t i c l e s  which l o c a l i z e  i n  t h e  marrow t o  a lesser 

e x t e n t  a n d ,  when i n  compe t i t i on  w i t h  t h e  H2S c o l l o i d ,  l o c a l i z e  i n  t h e  
I 

marrow i n  even s m a l l e r  c o n c e n t r a t i o n  and c o n c e n t r a t e  more r e a d i l y  i n  

t h e  s p l e e n .  
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ILLUSTRATIONS 

Neg. No. 

' Fig. 1: Effect of increasing the dose of technetium-sulfur colloid 4-123-69 

(H2S method) on the-concen&ration in liver and bone marrow. 

F i g .  2: Effect of changing the concentration of gelatin stabilizer 4 - 124- 69 
on distribution of the technetium-sulfur colloid (H2S method) 

in liver and bone marrow. 

Fig. 3: Changes in distribution of technetium-sulfur colloid (H2S 4 -  125-69 

method) induced by pretreatment with gelatin and "cold" 

colloid. Also shown is the concentration in liver and bone 

marrow of two different doses of the colloid formed by the 

thiosulfate method. 
I 

F i g .  4 :  Splenic concentration of radioactivity following adminlstra- 5-1879-69 

tion of technetium-sulfur colloid prepared by two methods 

and the effect of pretreatment with gelatin and "cold" 

colloid. 

Fig. 5 :  Splenic  and marrow concentration of technetium-sulfur 5-1878-69 

colloid (thiosulfate method) and the effect of pretreatment 

with "cold'H2S colloid and gelatin. 

. .  

.. . 
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S c i n t i g r a p h i c  examinat ions of t h e  organs  c o n t a i n i n g  t h e  b u l k  of 

t h e  c e l l s  o f  t h e  r e t i c u l o e n d o t h e l i a l  s y s t e m  can  be c a r r i e d  o u t  a f t e r  

t h e  in t r avenous  o r  subcutaneous i n j e c t i o n  of s u i t a b l e  r a d i o a c t i v e  

c o l l o i d a l  s u b s t a n c e s .  S ince  1964 w e  have been u s i n g  t h i s  approach 

and have been scanning  l i v e r ,  s p l e e n ,  bone marrow and lymph nodes 

w i t h  technet ium-99m-sulfur  c o l l o i d .  T h i s  approach is perhaps not  

t h e  most r e f i n e d  when a scan  of on ly  one of  t h e s e  organs  i s  wanted, 

b u t  a t  t h e  p r e s e n t  time i t  i s  more p r a c t i c a l  t h a n  t h e  use of  any of 

t h e  o t h e r  r ad iopha rmaceu t i ca l s  s p e c i f i c a l l y  des igned  for e i t h e r  

l i v e r ,  s p l e e n  o r  bone marrow s c a n s .  From Tab le  I i t  can  be seen  

t h a t  t h e  r a d i a t i o n  dose absorbed from t h e  h igh  dose of 9 9 9 c - S  

c o l l o i d  ( w i t h  a usab le  photon y i e l d  oI O . g / d i s i n t e g r a t i o n )  compares 

f a v o r a b l y  w i t h  t h a t  absorbed from t h e  lower doses  of t h e  o t h e r  scan-  

n i n g  a g e n t s .  

TO t ake  f u l l  advantage of t he  p o t e n t i a l  of  '%c-S c o l l o i d  i t  

has  been n e c e s s a r y  t o  modify scann ing  equipment and technique .  I n  

t h i s  p a p e r  w e  want t o  s u m a r i z e  a l l  t h e  m o d i f i c a t i o n s  we have i n t r o -  

duced s i n c e  19641-5 and then  g i v e  an  e v a l u a t i o n  of t h e  r e s u l t s  

o b t a i n e d  w i t h  '%Tc-S c o l l o i d  a s  a scann ing  a g e n t .  

, -  

Te c hne t i um - 9 9m - s u 1 f u r  c o 1 1 o i d . 

Technetium w a s  f i r s t  sugges ted  as  a t r a c e r  f o r  c l i n i c a l  s t u d i e s  

by Richa rds  i n  1960.6 Subsequent ly  a technetium-99m-labeled s u l f u r  

c o l l o i d  was developed a t  Brookhaven Na t iona l  Labora to ry  (H2S method) 

7-9 S ince  and e v a l u a t e d  a s  a scanning  agen t  a t  s e v e r a l  i n s t i t u t i o n s .  

t hen  o t h e r  methods have u t i l i z e d  o t h e r  sou rces  of s u l f u r  such  a s  
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thiosulfate and antimony sulfide in order to simplify and speed up 

the procedure. lo,ll Not all colloidal forms of technetium have the 

same biological distribution, and each has certain advantages and 

disadvantages .' We have, however, continued to use the originally- 

developed method with a few modifications. The currently-used 

method is: 

A .  Source of technetium. 

1. Technetium-9% is obtained as pertechnetate from its parent 

molybdenum-99 by solvent extraction with methyl ethyl 

ketone. 8s12,13 

makes 99mTc~4' available in any desired concentration and 

The production of technetium by thig method 

assures a low molybdenum contamination which is essential 

f o r  the production of colloid by the H2S method. 

Molybdenum-99 contamination of the separated technetium-99m 

is determined by a recently-developed method using a 

commercially-available well-type ionization chamber and 

lead shield. 

2 .  

14 

B. Preparation of the colloid. 

1. While stirring, 4 ml of conc. HC1 (reagent grade) is added 

to ,-. 5 ml of 999c~4- in saline solution. 

2 .  100 mg of  gelatin U . S . P .  are dissolved in 1-2 ml of warm 

H20 f o r  injection U . S . P . ,  and added to the solution. 

3 . -  H2S (technical grade) is passed through a presterilized 0.45-p 

.filter and bubbled through the solution for - 5  min. The 

solution i s  then stirred for - 5  min. 
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4 .  N2 ( p r e p u r i f i e d  g r a d e )  is  passed through a p r e s t e r i l i z e d  

0.45-p f i l t e r  and bubbled through t h e  s o l u t i o n  t o  d r i v e  o f f  

excess  H2S u n t i l  l ead  a c e t a t e  paper  i s  n o t  darkened any 

l o n g e r .  

5 .  The pH of t h e  s o l u t i o n  is  tllen a d j u s t e d  t o  5 .5-6 .5  w i t h  

NaOH ( r eagen t  g r a d e ) .  

F r e e  9AoTc04- is removed by p a s s i n g  t h e  s o l u t i o n  through a n  6 .  

a n i o n  exchange column. 

The f i n a l  product  i s  s t e r i l i z e d  by p a s s i n g  i t  through a 7 .  

p r e s t e r i l i z e d  0.3-p f i l t e r ,  i n t o  a s t e r i l e  m u l t i - i n j e c t i o n  

v i a l .  

Although t h e  use  of g e l a t i n  i n  the  p roduc t ion  of technet ium- 

s u l f u r  c o l l o i d  has r e c e n t l y  been cha l l enged ,  15-17 we f e e l  t h a t  

s u f f i c i e n t  i n fo rma t ion  about  t h e  pharmacological  use of g e l a t i n  has  

been accumulated18719 s i n c e  t h e  i n t r o d u c t i o n  of g e l a t i n  as plasma 

expander  i n  191S20 t o  war ran t  i t s  cont inued  u s e .  

Scanning procedure 

For  scans  o f  l iver  and/or  s p l e e n ,  3-5 mCi of 9 9 9 c - S  c o l l o i d  

a re  i n j e c t e d  i.v.; - 12 m C i  are  used when bone marrow scans  a re  

d e s i r e d  i n  a d d i t i o n .  For  lymph node scans  up t o  2 m C i  are i n j e c t e d  

S . C .  LntQ t h e  d ra inage  bed of  t h e  nodes t o  be examined. 

The c u r r e n t l y - u s e d  scann ing  procedure i s  t h e  r e s u l t  of s e v e r a l  

~ t u d i e s ’ , ~ , ~ , ~  which were under taken  i n  an  e f f o r t  t o  o b t a i n  a n  o p t i -  

mum d i s p l a y  on photoscans.  Scanning i s  performed w i t h  a 5- inch  

d iameter  c r y s t a l  r e c t i l i n e a r  scanner  which i s  equipped wi th  a 

s p e c i a l l y  designed law-energy c o l l i m a t o r  system.’ The  scanning  



speed i s  a d j u s t e d  s o  t h a t  t h e  fo l lowing  count  d e n s i t i e s  a r e  ob ta ined  

ove r  t h e  area of t he  h i g h e s t  r a d i o c o l l o i d  c o n c e n t r a t i o n :  > 2,000 

counts/cm2 over  l i v e r ' a n d  s p l e e n ,  > 800 counts /cm2 over  a l i m i t e d  

r e g i o n  of t h e  bone marrow, 250 counts/cm2 f o r  t h e  e n t i r e  bone marrow, 

and 550 counts/cm2 over  lymph nodes.  To  o b t a i n  t h e  b e s t  p o s s i b l e  

d i s p l a y  on t h e  photoscan ,  t h e  fo l lowing  s t e p s  a r e  taken:  

1. The p i c t u r e  i s  recorded  i n  one-quar te r  of  t h e  o r i g i n a l  s i z e  t o  

a i d  v i s u a l  pe rcep t ion .  5 

2 .  A l a r g e  l i g h t  s p o t  (0.45 x 0.45 c m  - cor re spond ing  t o  a 

0.9 x 0.9 cm l i g h t  s p o t  i n  a 1:l r e c o r d )  i s  used  t o  avo id  t h e  

i n t r o d u c t i o n  of s t a t i s t i c a l  "noise"  from a s m a l l  l i g h t  s p o t .  3 2 5  

3 .  The s y s t e m  of m u l t i p l e  ove r l app ing  w i t h  l i n e  s p a c i n g  increments  

of 0.15 c m  is employed i n  o r d e r  t o  reduce  t h e  motion a r t i f a c t  

and t o  improve the  v i s u a l  d i s p l a y  o f  s c a n s .  

4 

3 , 5  

The u s e  of a n  even smaller l i n e  s p a c i n g  of  0.075 c m  would be 

p r e f e r a b l e 4  but would pro long  t h e  scanning  procedure ,  s i n c e  t h e  

scanne r  i s  u s u a l l y  a l r e a d y  o p e r a t i n g  a t  i t s  t o p  speed of 500 cm/min 

w i t h  t h e  p re sen t ly -used  technique .  Only w i t h  a t t e n t i o n  t o  t h e  

d e t a i l s  of r e c o r d i n g ,  as  desc r ibed  above,  can  an  optimum r e s o l u t i o n  

be  ach ieved .  We have a l s o  used a s c i n t i l l a t i o n  camera f o r  s t u d i e s  

w i t h  '%Tc--S c o l l o i d ,  but  p r e f e r  t h e  b e t t e r  r e s o l u t i o n  which can  be 

ob ta ined  w i t h  a r e c t i l i n e a r  scanner  and a f o c u s i n g  c o l l i m a t o r .  21 

The o n l y  e x c c p t i o n  t o  t h i s  r u l e  is i n  lymph node s t u d i e s .  I n  t h e s e  

t h e  s c i n t i l l a t i o n  camera is u s e d  be fo re  t h e  r e c t i l i n e a r  s c a n  f o r  a 

r a p i d  su rvey  of t he  uptake of c o l l o i d  i n  t h e  v a r i o u s  nodes.  The 

improved d i a g n o s t i c  c a p a b i l i t y  of t h i s  h igh  r e s o l u t i o n  scann ing  

s y s t e m  w i l l  be desc r ibed  below. 
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Organ d i s t r i b u t i o n  

Exact q u a n t i t a t i o n  of t h e  r e l a t i v e  organ  d i s t r i b u t i o n  of t he  * 

c o l l o i d  has  no t  been o b t a i n e d .  O u r  o b s e r v a t i o n s  and those  of  

o t h e r s  ,22 however, i i d i c a t e  t h a t  t h e  d i s t r i b u t i o n  i s  very  similar 

t o  t h a t  determined f o r  c o l l o i d a l  r ad iogo ld  i n  man (60-9077 i n  l i v e r ;  

5-16% each  i n  s p l e e n  and '  r e d  bone marrow) . 2 3  R e p r e s e n t a t i v e  count  

ra tes  w i t h  t h e  same c o l l i m a t o r  are  250,000+ counts /minute  over  t h e  

l i v e r ,  200,000 coun t s  pe r  minute  over  t h e  s p l e e n  and 15,000 counts  

pe r  minute  over  t h e  sacrum a f t e r  i . v .  i n j e c t i o n  of 12 m C i  of 9 9 9 c - S  

c o l l o i d .  Twenty-four hours  a f t e r  i n j e c t i o n  t h e  r e l a t ive  count  r a t e s  

remain unchanged. The a c t u a l  count  ra tes  d e c r e a s e  on ly  due t o  phy- 

s i c a l  decay of technetium-99m. 

The mean v a l u e s  t h a t  w e  ob ta ined  f o r  h a l f - t i m e s  of blood 

c l e a r a n c e  (2.65 min) and l i v e r  uptake (2.10 min) a f t e r  i n t r avenous  

i n j e c t i o n  were s imi la r  t o  those  ob ta ined  by o t h e r s  w i t h  smal l  doses  

o f  o t h e r  c o l l o i d s  . 24*25  

i t y  excep t  c i r r h o s i s  was no ted .  I n  c i r r h o s i s  t h e  h a l f - t i m e s  were 

i n c r e a s e d .  

No c h a r a c t e r i s t i c  p a t t e r n  f o r  any abnormal- 

L i v e r  

- L i v e r  s cann ing  i s  the  b e s t  e s t a b l i s h e d  of  a l l  scanning  proce-  

Rout ine ly  t h r e e  du res  that  can  be performed w i t h  9 9 9 c - S  c o l l o i d .  

views are t aken ,  and t h e  s p l e e n  is i nc luded  in t h e  a n t e r i o r  and 

p o s t e r i o r  v iews ,  s i n c e  a change i n  s p l e e n  s i z e  is  not  uncommon i n  

l i v e r  disease.  As w i t h  o t h e r  scanning  a g e n t s ,  p o s i t i o n ,  s i z e  and 

shape o f  t h e  l i v e r  and uneven d i s t r i b u t i o n  of t h e  c o l l o i d  due t o  

c i r r h o s i s  o r  space-occupying l e s i o n s  can be demonstrated.  However, 
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w i t h  t h e  scann ing  procedure d e s c r i b e d ,  w e  have shown t h a t  t h e  degra-  

d a t i o n  of r e s o l u t i o n  by a f a c t o r  of two or  t h r e e  d u e  t o  r e s p i r a t o r y  

motion21 can be a ~ o i d e d , ~  and we have found i t  p o s s i b l e  t o  unequivo- 

c a l l y  demonst ra te  d i l a t e d  b i l e  d u c t s  i n  on ly  s l i g h t l y  jaundiced  

p a t i e n t s  w i t h  e x t r a h e p a t i c  o b s t r u c t i o n  of  t h e  b i l e  duc t s .26  

g i v e s  a n  i l l u s t r a t i o n  of t h e  most common u s e  of  l i v e r  s cans  - t h e  

d e t e c t i o n  of space-occupying l e s i o n s  ( i n  t h i s  case due t o  m e t a s t a t i c  

carcinoma o f  t h e  b r e a s t ) ,  and t h e  e v a l u a t i o n  of  change d u r i n g  

the rapy  ( i n  t h i s  ca se  Thio-TEPA i . v . ,  i . p .  and i n t r a h e p a t i c a l l y ) .  

F ig .  1 

Sp leen  

The most common i n d i c a t i o n  f o r  a s p l e e n  s c a n  i s  a l e f t  upper 

quadrant  mass. U s u a l l y  t h e  p o s t e r i o r  p r o j e c t i o n  i s  b e s t  f o r  small 

s p l e e n s  or f o r  v i s u a l i z a t i o n  of t h e  s u p e r i o r  p o r t i o n  of t h e  s p l e e n .  

A s  s p l e e n s  e n l a r g e ,  t hey  t end  t o  ex tend  a n t e r i o r l y  and a re  then  b e s t  

v i s u a l i z e d  on a n t e r i o r  s c a n s .  Best v i s u a l i z a t i o n  i s ,  of  c o u r s e ,  

found i n  d i s o r d e r s  i n  which t h e  u p t a k e  of  c o l l o i d  i n  t h e  s p l e e n  is 

enhanced.  We have found t h i s  t o  b e  t h e  c a s e  i n  p a t i e n t s  w i th  

c i r r h o s i s  of t h e  l i v e r  and i n  p a t i e n t s  w i t h  myelogenous leukemia.  

Seven ty -e igh t  of t h e  p a t i e n t s  we have examined have been scanned 

mofe than  once ,  u s u a l l y ’ i n  o r d e r  t o  g e t  o b j e c t i v e  d a t a  on t h e  change 

of  s p l e e n  size i n  p a t i e n t s  w i t h  leukemia undergoing treatment wi th  

e x t r a c o r p o r e a l  i r r a d i a t i o n  of blood.  I n  t h e s e  p a t i e n t s  a change of 

s p l e e n - s i z e  w a q  found,  u s u a l l y  a n  i n c r e a s e  d u r i n g  t h e  f i r s t  week of 

t r e a t m e n t ,  fol lowed by a subsequent  dec rease  i n  s i z e  (Fig.  2 )  27 . 

Next t o  splenomegaly t h e  most common d i a g n o s i s  made w a s  s p l e n i c  

i n f a r c t .  I n d i c a t i o n  for t h e s e  scans  w a s  u s u a l l y  a complaint  of pa in  
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i n  t h e  l e f t  e p i g a s t r i c  a r e a .  S e r i a l  s c a n s  show p r o g r e s s i o n  (F ig .  3 ) ,  

and i n  o t h e r  p a t i e n t s  g r a d u a l  h e a l i n g  of t h e  i n f a r c t .  

Another i n d i c a t i o n  f o r  s p l e e n  s c a n n i n g  i s  t h e  d i a g n o s i s  of 

H0dgkinI.s d i s e a s e  in'which a n  o b j e c t i v e  e v a l u a t i o n  of s p l e e n  s i z e  may 

be h e l p f u l  i n  t h e  s t a g i n g  of t h e  d i s e a s e .  28,29 

Although t h e r e  a re  t h e o r e t i c a l  d i s a d v a n t a g e s  t o  t h e  u s e  of a 

c o l l o i d  f o r  d e l i n e a t i o n  of t h e  s p l e e n ,  o u r  p r a c t i c a l  e x p e r i e n c e  has 

shown t h a t  s p l e e n  scannind  w i t h  99?.c-S c o l l o i d  i s  a s imple ,  r a p i d  

and  r e l i a b l e  procedure .  

Bone marrow 

There has  been i n t e r e s t  i n  imaging t h e  d i s t r i b u t i o n  of f u n c t i o n -  

i n g  bone marrow i n  t h e  body f o r  y e a r s .  30-32 Undoubted 1 y 52Fe - c i t r a t e  

i s  t h e  s c a n n i n g  a g e n t  of c h o i c e  for o u t l i n i n g  t h e  e r y t h r o p o i e t i c  com- 

ponent o f  t h e  hemopoiet ic  marrow. I t s  main d i s a d v a n t a g e s  a r e  expense 

and l a c k  of a v a i l a b i l i t y .  I t  was, t h e r e f o r e ,  q u i t e  obvious t o  t r y  t o  

l a b e l  i n s t e a d  t h e  r e t i c u l o e n d o t h e l i a l  component of t h e  marrow and 

assess t h e  r e s u l t s  f o r  c l i n i c a l  u s e f u l n e s s .  3 3  

y e a r s  of u s e  o f  99mTc-S c o l l o i d ,  t h e  r e s u l t s  c a n  be b e s t  summarized i n  

t h e  s t a t e m e n t  t h a t  c o l l o i d a l  ma te r i a l  is a good i n d i c a t o r  of marrow 

h y p e r p l a s i a  (F ig .  4 ) ,  w h i l e  i t  cannot  be used f o r  t h e  e v a l u a t i o n  of 

After more t h a n  f i v e  

e r y t h r o p o i e t i c  marrow i n  p a t i e n t s  w i t h  h y p o p l a s t i c  o r  a p l a s t i c  anemia. 

Since marrow h y p e r p l a s i a  c a n  f r e q u e n t l y  be diagnosed by easier  
.. . 

methods-, t h e  v a l u e  of bone marrow s c a n n i n g  is then q u e s t i o n e d .  From 

o u r  e x p e r i e n c e  and t h a t  of o t h e r s  35,36 i t  c a n  be concluded t h a t  t h e  

main i n d i c a t i o n s  f o r  bone marrow scans  a r e  t h e  q u e s t i o n  of replacement 

o f  marrow by tumor (F ig .  5 ) ,  and t h e  d e t e c t i o n  of  impafred v a s c u l a r  



s u p p l y  t o  bones w i t h  u s u a l l y  a c t i v e  hemopoiet ic  marrow (lumbosacral  

s p i n e ,  p e l v i s ,  proximal femur) . 3 7  S i m i l a r  t o  t h e  expe r i ence  wi th  

bone-scanning a g e n t s ,  tumor d e p o s i t s  have been d e t e c t e d  be fo re  they 

were r o e n t g e n o g r a p h i c a l l y  v i s i b l e .  35,38 

I n  p a t i e n t s  cons ide red  t o  have normal d i s t r i b u t i o n ,  a c t i v i t y  

can  g e n e r a l l y  be found i n  t h e  sacrum, i l i u m ,  i sch ium,  femora l  neck 

and lumbar v e r t e b r a l  bod ie s .  Scans of t h e  d o r s a l  s p i n e  are d i f f i -  

c u l t  t o  o b t a i n  because of t h e  s c a t t e r e d  r a d i a t i o n  from t h e  l i v e r .  

R ibs  can  be s e e n  on occas ion .  Normally, a c t i v i t y  is a l s o  found i n  

t h e  acromion,  the humeral head and i n  t h e  c e r v i c a l  s p i n e  

We have found t h a t  i n  t h e  n i a jo r i ty  of p a t i e n t s  w i t h  v a r i o u s  

t y p e s  of leukemia a t  v a r i o u s  s t a g e s  t h e  d i s t r i b u t i o n  i s  e s s e n t i a l l y  

t h e  same as  t h a t  i n  h e a l t h y  i n d i v i d u a l s .  O c c a s i o n a l l y  h y p e r p l a s i a  

i s  found i n  a p a t i e n t  w i t h  l e u k e m i a ,  but  i n  t h e  s t u d y  of 86 pa t i eq t s  

w i t h  leukemia w e  have been unable  t o  make any  c o r r e l a t i o n  w i t h  the  

t y p e  of leukemia.  

Lymphnode s 

A f t e r  S . C .  i n j e c t i o n ,  99?c-S c o l l o i d  is  t r a n s p o r t e d  v i a  

lymphat ics  a t  a r a t e  s imilar  t o  t h a t  of 19'Au c o l l o i d . 3 9  

p a t i e n t s  - t h e  i n g u i n a l  and i l i a c  lymphnodes can .  be demonst ra ted  w e l l ,  

w h i  I C  o n l y  f a i n t  v i s u a l i z a t i o n  of p a r a - a o r t i c  lymphnodes is  achieved .  

However, enhanced uptake of the  c o l l o i d  has  been found i n  a l l  abdom- 

I n  normal 

i n a l  nodes i n  p a t i e n t s  w i t h  Hodgkin's d i s e a s e  i n  advanced s t a g e s ,  

i n  which t h e r e  i s  a g e n e r a l i z e d  inc rease  i n  phagocyt ic  a c t i v i t y .  40 ,41  
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In  the  d i s c u s s i o n  above,  t he  c l i n i c a l  u s e f u l n e s s  of  99mTc-S 

c o l l o i d  has  been d e s c r i b e d .  I t  i s  a l s o  impor tan t  t o  e s t a b l i s h  t h a t  

s cann ing  wi th  99mTc-S c o l l o i d  i s  a s a f e  procedure .  I n  our p r a c t i c e  

w e  have no t  encountered  any untoward r e a c t i o n s .  

f o l l o w i n g  undes i r ed  e f f e c t s  could  be found from t h e  use of  r a d i o -  

pha rmaceu t i ca l s :  1) pharmacological  r e a c t i o n ,  2) t o x i c  r e a c t i o n ,  

3 )  h y p e r s e n s i t i v i t y  r e a c t i o n ,  4 )  r e a c t i o n  due t o  b a c t e r i a  o r  pyrogens,  

and 5 )  r e a c t i o n  due t o  r a d i a t i o n .  The kind of mater ia l  and t h e  

amount of  m a t e r i a l  used i n  the p r e p a r a t i o n  of  t h e  ''?c-S c o l l o i d  is  

obv ious ly  too  sma l l  t o  cause  any r e a c t i o n  of t h e  f i r s t  two types .  

Antibody p roduc t ion  a f t e r  a d m i n i s t r a t i o n  of g e l a t i n  h a s  been des-  

Genera l ly  the  

c r i b e d ,  bu t  t h e s e  a n t i b o d i e s  a r e  a p p a r e n t l y  of no  c l i n i c a l  s i g n i f i -  

~ a n c e . ~ ~  

p a t i e n t s  f i v e  o r  more, and i n  3 p a t i e n t s  10 o r  more; no hype r sens i -  

t i v i t y  r e a c t i o n  has been observed i n  any  of t h e s e  p a t i e n t s .  Bac- 

t e r i a l  con tamina t ion  could  e a s i l y  happen, s i n c e  g e l a t i n  i s  a good 

c u l t u r e  medium f o r  b a c t e r i a .  T h i s  has  been avoided  by t h e  f r e s h  

p r e p a r a t i o n  of t he  g e l a t i n  s o l u t i o n  d a i l y  immediately be fo re  t h e  

p roduc t ion  of t h e  c o l l o i d .  Pyrogen r e a c t i o n s  could  be expec ted  due 

I n  78 p a t i e n t s  we have performed m u l t i p l e  s t u d i e s ,  i n  26 

t o  t h e  p r o t e i n  n a t u r e  of  g e l a t i n ,  and they  have indeed been desc r ibed  

when unprocessed g e l a t i n  was used i n  l a r g e  amounts as  a plasma ex- 

pander.43 W i t h  t h e  small amount of g e l a t i n  (0.020-0.08Og) i n j e c t e d  

w i t h  t h e  c o l l o i d ,  we have not  observed any  pyrogen r e a c t i o n  nor  a re  

w e  aware of any such r e a c t i o n  observed by o t h e r s .  And, f i n a l l y ,  t h e  

absorbed  r a d i a t i o n  dose ,  as shown i n  Table  I ,  i s  comparable t o  t h a t  

of d i a s n o s t i c  X-ray procedures  and ,  a g a i n ,  no r e a c t i o n s  a r e  expec ted ,  

nor  have we observed .any .  



.. , - 10- 

Conclus ion  

From our  expe r i ence  ove r  t h e  p a s t  f i v e  y e a r s  w e  would l i k e  , to  

sugges t  t h a t  a t  t h e  pGesent s t a g e  of development 99?I’c-S s o l l o i d  can  

be  cons ide red  t h e  scann ing  a g e n t  of cho ice  f o r  l i v e r ,  s p l e e n ,  bone 

marrow and lymphnodes. The p roduc t ion  of  t h e  c o l l o i d  i s  no t  t i m e -  

consuming and i t s  use i s  s a f e .  We have d e s c r i b e d  a scanning  method 

which b e s t  complements t h e  use o f  technetium-99171. With t h i s  method 

i t  h a s  been p o s s i b l e  t o  ex tend  t h e  u s e f u l n e s s  of 99mTc-S c o l l o i d  t o  

the d i a g n o s i s  of d i l a t e d  b i l e  d u c t s  on l iver  s c a n s ,  i n f a r c t s  on 

s p l e e n  s c a n s ,  and t o  t h e  demonst ra t ion  of impaired v a s c u l a r  supply  

and replacement  of marrow by tumor on bone marrow scans .  
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