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A MODIFIED PROCEDURE FOR THE PREPARATION OF MACROAGGREGATED ALBUMIN 

( M U )  KITS TO BE IABELLED WITH 9 9 m T ~  FOR LUNG SCANNING. 

M. A .  A1 -UANABI and S .O .MOUSSA 

Radioisotope Production Dept., Nuclear R e s e a r c h  I n s t i t u t e ,  

Tuwaitha ,Baghdad, l raq 

SU MMI\ R Y  

A method is reported f o r  t h e  preparat ion of lyophi l ized  MRA k i t s  

fcr 99mTc l a b e l l i n g  i n  a s i n g l e  s t e p  process .  High radlochemical y i e l d  

was obtained.  Lung and l i v e r  uptake m mice w e r e  determined t o  be 97% 

and 0 2% respec t ive ly .  
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I NT RO D UCT I0 t4 

99mTc-MAA h a s  b e e n  a p p l i e d  t o  l u n g  s c a n n i n g  b y  Rarper 

e t  a1 i ! ] .  S i n c e  t b d t  t i m e  a * l t h o r s  h a v e  p r o p o s e d  v a r i o u s  m e t h o d s  

f o r  t h e  p r e p a r a t i o n  of MAA t o  b e  L a b e l l e d  w i t h  "%C, have increased 
t h e  r e p r o d u c i b i l i t y  of MAA w i t h  r e s p e c t  t o  t h e  p a r t i c l e  s i z e  and obtained 

a n a r r o w e r  s i z e  d i s t r i b u t i o n  a n d a p p l i e d  it i n  n u c l e a r  m e d i c i n e  

[ 2 , 3 , 4  I . We h a v e  l a b e l l e d  denatured human s e r u m  a l b u m i n  

( a s  m i c r o s p h e r e s  a n d  a g g r e g a t e s  ] 

[ 5 , 6  1 . In  t h i s  r e p o r t  w e  d e s c r i b e  a m o d i f i e d  p r o c e d u r e  f o r  

t h e  p r e p a r a t i o n  o f  99mT~-MAA . 

w i t h  99mTc f o r  l u n g  s c a n n i n g  

EXPERIMENTAL AND RESULTS 

m a c r o - p r o t i e n  w i t h  d i v a l e n t  t i n  for t a g g i n g  with 99mTc was essen-  

t i a l l y  f o l l o w e d  1 7 1  . Human s e r u m  a l b u m i n  ( 2 . 5  m l  c o n t a i n i n g  500 m g )  

was a d d e d  t o  4 5  ml of 1% a q u e o u s  b e n z y l  a l c o h o l  a n d  t h e  s o l u t i o n  

was h e a t e d  f o r  a g g r e g a t i o n  a t  6 0  , 7 0  , 80 a n d  9 0  C f o r  1 0 , 1 5  

a n d  2 0  m i n u t e s  w i t h  d i f f e r e n t  r a t e s  of s t i r r i n g .  M a g n e t i c  S t i r r e r  

a n d  recaulator h o t p l a t e  were u s e d  t o g e t h e r  w i t h  a w a t e r  b a t h  a n d  a 

c i r c u l a t o r .  The v i a l  w i t h  t h e  MAA p r e p a r e d  a t  8 2  C f o r  1 5  m i n u t e s  

w l t h  r a p i d  s t i r r i n g  was c o o l e d  t o  1 8 - 2 2  C u s i n g  c o l d  w a t e r .  

T w o  m l  o f  0 . 9 8 5  N HCl w e r e  added slowly w i t h  r a p i d  s t i r r i n g .  

The p r o c e d u r e  o f  t r o l f a n g e l  f o r  t h e  p r e p a r a t i o n  of d e n a t u r a t e d  
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T h e  pH o f  t h e  s u s p e n s i o n  was 4 . 9  . The s u s p e n s i o n  was r e h e a t e d  

to 8 2  C f o r  5 m i n u t e s  w i t h  s l a w  s t i r r i n g  . I t  was t h e n  c e n t r i f u g e d  

a n d  t h e  s u p e r n a t a n t  w a s  r e p l a c e d  w i t h  30 m l  o f  a c e t a t e  b u f f e r  

s o l u t i o n  (pH = 1.8) , 0 . 1  m l  o f  s t a n n o u s  c h l o r i d e  s o l u t i o n  i n  1N 

H C 1  containing 15 m q  c f  S n C l  . 2 i i  0 w a s  a d d e d  a n d  t h e  s u s p e n s i o n  
2 

i n c u b a t e d  a t  room t e m p e r a t u r e  f o r  2 4  hrS.The  M A A  were washed t h r e e  

t i m e s  b y  c e n t r i f u g a t i o n  w i t h  r e s u s p e n s i o n  i n  30 m l  o f  f r e s h  

a c e t a t e  b u f f e r  f o l l o w i n g  e a c h  washing  . The MAA were f i n a l l y  

r e s u s p e n d e d  i n  50 m l  of t h e  a c e t a t e  b u f f e r  c o n t a i n g  1% by 

wei.ght h e n z y l  a l c o h o l  . O n e  ml of  t h e  s u s p e n s i o n  w a s  r e a c t e d  

w i t h  T c  i n  s a l i n e  t o  g e t  a f i n a l  volume o f  5 m l .  0.1 m l  was 

u s e d  for o r g a n  d i s t r i b u t i o n  in mice, 

B e c a u s e  of t h e  h i g h  L i v e r  u p t a k e  a n o t h e r  c e n t r i f u g a t i o n  s t e p  w a s  

p e r f o r m e d  a f t e r  t h e  f i n a l  r e s u s p e n s i o n  i n  5 0  m l  of t h e  a c e t a t e  

b u f f e r .  The c e n t r i . f u g a t i o n  w a s  p e r f o r m e d  far 5 m i n u t e s  a t  = r a t e  

o f  1000  rpm . The s u s p e n s i o n  w u s  d i l u t e d  1 - 5  ace ta t e  h u f f e r  c o n t -  

a i n i n g  1 %  b e n z y l  a l c o h o l ,  90% of t h e  p a r t i c l e s  w e r e  w i t h  diameters 

b e t w e e n  10-60 pm . The o r g s n  d ' i s t r i b u t i o n  was d e t e r m i n e d  

9 9 m  

The s t a b i l i t y  o f  MAA p a r t i c l e s  w a s  s t u d i e d  a s  a 

f u n c t i o n  o f  t i m e  and b e c a u s e  t h e  s h e l f - l i f e  o f  MAA p a r t -  

i c l e s  was n o t  l o n g  a n o t h e r  p r o c e d u r e  was f o l l o w e d  . 
0 . 3  m l  of  2 0 %  H S A  w a s  m i x e d  w i t h  o n e  m l  o f  t i n  S o l u t i o n  

c o n t a i n i n g  5 mg of  SnC12..2H20 a n d  1.1 ml. o f  0 . 9 %  

w a s  s o n i f i . e d  for 10 m i n u t e s  u s i n g  s o n . i c  d i s m e m b r a t o r  ( F i s h e r  , 
Model 300 ) The s o x u t i o n  w a s  t r a n s f e r r e d  to a 100 m l  c a p a c i t y  

v i a l  ( a n d  t h e  pH w a s  r a i s ed  w i t h  p h o s p h a t e  b u f f e r  t o  5 - 5 . 1  - 
One m l  of 5 %  Tween 80 w a s  a d d e d  a n d  t h e  a g g r e g a t F o n  s t e p  was 

p e r f o r m e d  u s i n g  a w a t e r  c i r c u l a t o r  m a g n e t i c .  stirrer , r e g u l a t o r  

h o t p l a t e  a n d  a m a g n e t i c  b a r  whose f e n q t h  was 2 . 8 ~ 0  . The a g g r e g a t i o n  

w a s  p e r f o r m e d  w i t h  r a p i d  s t i r r i n g  for 10 m i n u t e s  a t  70 C . 
The s u s p e n s i o n .  w a s  cooled t o  18-22 C w i t h  co ld  w a t e r  and i.t was 

t h e n  r - e h e a t e d  f o r  5 m i n u t e s  a t  80 C w i t h  slow stirring. 

The p a r t i c l e  si.ze of t he  p r o d u c t  ( p r o d . u c t  n0.J)  w a s  m e a s u r e d  

u s i n g  a haernocytometer  a n d  a. l i g h t  microscope. I n  a n o t h e r  e x p e r i -  

ment  h a l f o f t h e s u p e r n a t a n t  was  r e p l a c e d  w i t h  p h o s p h a t e  b u f f e r  

( p H = s )  a n d  t h e  p a r t i c l e  5 i z . e  d e t . e r m i n e d  ( p r o d u c t  no.21 . 
The t h i r d  p r 6 d u c t  w a s  p r e p a r e d  by r e m o v i n g  h a l f  o f  t h e  s u p e r -  

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

N a c l .  The s o l u t i o n  

0 

Q 

e 

One m l  p o r t i o n s  were  p u t  i n  v i a l s  a n d  t h e  k i t s  w e r e  l y o p h i -  

l i z e d .  A f t e r  r e s u p e n s i n n  w i t h  s a l i n e  t h e  p a r t i c l e  s i z e  w a s  

m e a s u r e d  ( p r o d u c t  nG.3)  . The r e s u l t s  a r e  shown i n  t a b l e  I 
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The o r g a n  d i s t r i b u t i o n  of a l l  t h e s e  p r o d u c t s  was d e t e r m i n e d  a n d  

t h e  r e s u l t s  a r e  p r e s e n t e d  i n  T a b l e I I .  The p r o c e d u r e  which g a v e  

t h e  o p t i m a l  s i z e  d i s t r i b u t i o n  was a p p l i e d  t o  p r e p a r e  MAA 

s u s p e n s i o n s  a n d  t h e  r a d i o c h e m i c a l  y i e l d  w a s  d e t e r m i n e d  u s i n g  

s u s p e n s i o n s  k e p t  a t  a b o u t  6 c , f r o z e n  a n d  l y o p h i l i z e d .  

The a n a l y s i s  w a s  p e r f o r m e d  b y  a d d i n g  4 ml of 99mTc e l u a t e  

c o n t a i n g  500 uci t o  o n e  m l  of MAA u s i n g  p a p e r  c h r o m a t o g r a p h y  

(Whatman No.3 a n d  8 5 %  M e t h a n o l ) .  The r e s u l t s  a r e  p r e s e n t e d  i n  

t a b l e  111. 

0 

S t e r i l i t y  a n d  p y r o g e n  t e s t s  were c a r r i e d  o u t  u s i n g  t h e  

MAA l y o p h i l i z e d  k i t s  a n d  a s e p t i c  t e c h n i q u e s  were f o l l o w e d  d u r i n g  

t h e  p r e p a r a t i o n .  

The r a d i o c h e m i c a l  p u r i t y  o f  99mTC-MAA was a l s o  m e a s u r e d  

u s i n g  t h i n  l a y e r  c h r o m a t o g r a p h y  ( p r e c o a t e d  TLC p l a t e s  w i t h  

s i l i c a  g e l  6 0 ) .  The r e s u l t s  w e r e  i n  a g r e e m e n t  w i t h  t h o s e  o b t a i n e d  

w i t h  p a p e r  c h r o m a t o g r a p h y .  

Table 1 -  S i z e  d i s t r i b u t i o n  ( 0 )  of  M A A  particles 

P r o d u c t  no. c t O  urn 10-60 urn 60-80 urn > 80 prn 

86.0 2 - 4 8  0 .o 

9 5 . 3 3  0.62 0 . o  

P r o d u c t  W o . . l  0 .o 
P r o d u c t  No.2 0 .o 9 2 . 7 4  7 . 2 3  0 .o 

p r o d u c t  No.3 4 ..02 

Table11 Organ d i s t r i b u t i o n  o f  99rnTc-MAA i n  mice 10 m i n u t e s  p o s t  

i n t r a v e n o u s  i n j e c t i o n  

P r o d u c t  0 o f  i n j e c t e d  d o s e  

Lungs L i v e r  S p l e e n  K i d n e y s  

P r o d u c t  Na,I 9 2  3 2 0 . 4  1 1 . 4 t o . 0 7  0 . 0 7 + 0 . 0 1  0 - 4 t  0 . 0 1  

P r o d u c t  No.2 95.ltO. 4 5 0 . 8 t O .  1 7  O . O 4 + c ) . o 1  0 . 3  t 0.01 

P r o d u c t  No-3 9 6 . 9  2 0  . 4  5 0 . 2 2 0 . 0 3  9 . 0 4 + 0 . 0 1  0.1+ 0.02 
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T a b l e I I I :  E f f e c t  o f  s t o r a g e  t i m e  o n  t h e  s t a b i l i t y  o f  t h e  MAA k i t s  

t o  b e  l a b e l l e d  w i t h  Tc  f o r  l u n g  s c a n n i n g  . 99m 

Time  p r e p a r a t i o n  
( - d a y s  ) 

1 

39 

60 

75 

1 1 5  

180 

R a d i o c h e m i c a l  p u r i t y  ( 9 . )  

K e p t  a t  6 C F r o z e n  l y o p h i l z e d  

99 .89  98.57 99 .85  

98.25 9 8 - 2 0  99.60 

9 8 . 0 7  98.60 99.64 

99 .88  99.52 9 9 - 8 0  

34.40 - 99.68 

- - 99.14 

DISCUSS I O N  

The p r o p e r t - i e s  o f  MAR k i t s  d e p e n d  on t h e  a g g r e g a t i o n  s t e p  

w h l c h  i s  l a r g e l y  r e l a t e d  t o  t h e  a m o u n t  o f  human s e r u m  a l b u m i n ,  

t h e  c o n c e n t r a t i o n  of  s t a n n o u s  c h l o r i d e  , a d j u s t m e ' n t  o f  pH a n d  

t e m p e r a t u r e  a n d  t h e  r a t e  o f  s t i r r i n g  . E m u l s i f y i n g  a g e n t s  a r e  

a l s o  u s e f u l  t.0 p r e v e n t  t h e  a g g r e g a t i o n  o f  H A A  p a r t i c l e s  . 

The  p r o c e d u r e s  p u b l i s h e d  i n  t h e  l i t e r a t u r e  f o r  t h e  

p r e p a r a t i o n  o f  9 9 r n T c - M A A  f o r  l u n g  s c a n n i n g  i r . v o l v e  t h e  r e -  

a c t i o n  o f  

l y o p h i l i z e d  Sn-MAA k i t  w h i c h  i s  t h e  m o s t  s u i t a b l e  f o r m  f o r  

c o n v e n i e n t  d e s p a t c h .  I n  some p a p e r s  t h e  s t a n n o u s  c h l o r i d e  

was a d d e d  a f t e r  t h e  a g g r e g a t i o n  s t e p  g i v i n g  r i s e  t o  a s h o r t  

s h e l f  l i f e  o f  t h e  p r o d u c t .  

Tc w i t h  Sn-MAA s u s p e n s i o n s  a n 3  n o t  w i t h  a 99rn 

O u r  m e t h o d  f o r  t h e  p r e p a r a t i o n  of  S.3-MAA k i t s  f o r  

l a b e l l i n g  w i t h  99 rnTc  i n v o l v e s  t h e  f o l l o w i n g  a d v a n t a g e s :  

1 -  S u i t a b l e  s i z e  d i s t r i b u t i o n .  

2 -  High  a n d  c o n s i s t e n t  r a d i o c h e m i c a l  y i e l d  ( 9 9 %  ) . 
3 -  High  u p t a k e  i n  t h e  l u n g s  ( 9 7 % )  w i t h  l o w  l i v e r  u p t a k e  

(0.2%). T h i s  i s  a d v a n t a g e o u s  t o  m i n i m i z e  t h e  i n t e r f e r e n c e  

d u r i n g  t h e  d i a g n o s t i c  p r o c e d u r e .  

4 -  Long s h e l f  l i f e  

5 -  E a s e  o f  p r e p a r a t i o n  i n  s t e r i l e  a n d  p y r o g e n - f r e e  f o r m .  

I n  r e c e n t  y e a r s  o n e  o f  t h e  a i m s o f  radiopharmacy i s  t o  

f a c i l i t a t e  and improve d i a g n o s i s  and t o  streamline procedures  and 

t o  minimize r a d i a t i o n  exposure a t  the medical  i n s t i t u t i o n .  The 

procedure a p p l i e d  i n  t h i s  r e p o r t  l e a d s  t o  a s i n g l e  s t e p  MAA k i t s  

for t h e  p r e p a r a t i o n  of 99mTc-MAA w i t h  h igh  medical  s u e c i f i c a t i o n .  
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