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©  This  invention  relates  to  a  method  for  efficiently  label- 
ling  red  blood  cells,  which  permits  the  imaging  of  blood 
pools  in  the  intact  animal  or  human  patient,  accomplished  by 
injection  of  a  saline  solution  of  an  alkaline  earth  metal  salt  of 
glucoheptonic  acid  and  a  non-toxic  stannous  salt  followed  by 
injection  with  a  solution  of  sodium  pertechnetate  Tc  99m  to 
tag  the  red  blood  cells. 

The  invention  also  relates  to  the  kit  used  in  the  method 
of  our  invention,  consisting  of  a  single  vial  containing  a 
lyophilized  mixture  of  25  mg.  of  calcium  glucoheptonate  and 
3  mg.  of  stannous  chloride  dihydrate  in  2  ml.  of  saline  solu- 
tion. 
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BACKGROUND  OF  THE  INVENTION 

One  of   t h e   m e t h o d s   e m p l o y e d   in   t h e   p a s t  
to   i m a g e   t h e   b l o o d   p o o l   f o r   d i a g n o s t i c   p u r p o s e s  
i n v o l v e s   t h e   i n t r a v e n o u s   a d m i n i s t r a t i o n   of   99m  T c  

s e r u m   a l b u m i n   w h i c h   i s   a v a i l a b l e   c o m m e r c i a l l y   and  i s  

a  s t e r i l e   p y r o g e n - f r e e   s o l u t i o n   of   a l b u m i n   l a b e l l e d  

w i t h   T e c h n e t i u m   99m  h a v i n g   an  a c t i v i t y   of   g r e a t e r  
t h a n   100  m i c r o c u r i e s / m l .  

In  u t i l i z i n g   t h i s   m e t h o d   of   b l o o d   p o o l  

i m a g i n g ,   i t   i s   i m p o r t a n t   to  p r e d o s e   t h e   p a t i e n t  

i m m e d i a t e l y   p r i o r   to   t h e   a t t e m p t e d   v i s u a l i z a t i o n   o f  

t h e   b l o o d   p o o l ,   s i n c e   t h e   99m  Tc  s e r u m   a l b u m i n   i s  

v e r y   r a p i d l y   l o s t   f r o m   t h e   b l o o d   s t r e a m   by  e x c h a n g e  

in   t h e   k i d n e y .  

A n o t h e r   m e t h o d   u s e d   in   t h e   p a s t   f o r   i m a g -  

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

b l o o d   c e l l s   ( o u t s i d e   t h e   h o s t   a n i m a l )   f o l l o w e d   b y  

r e i n j e c t i o n   of   t h e   c e l l s   i n t o   t h e   v a s c u l a r   s y s t e m  

o f   t h e   s e l e c t e d   a n i m a l .   By  t h i s   m e t h o d ,   i t   i s   p o s -  
s i b l e   to   v i s u a l i z e   b o t h   h e a r t   b l c o d   p o o l s   p l u s   m a j o r  

p e r i p h e r a l   v e s s e l s   up  to   3  h o u r s   a f t e r   i n j e c t i o n   o f  

t h e   l a b e l l e d   c e l l s .   As  can   be  s e e n ,   t h i s   i s   a  c o m -  

p l i c a t e d   p r o c e d u r e ,   and  t h e r e f o r e   i s   a  more   t i m e -  

c o n s u m i n g   and  e x p e n s i v e   m e t h o d .  



S t i l l   ano the r   p rocedure   for  imaging  blood  i n v o l v e s   t h e  

i n j e c t i o n   of  s tannous   py rophospha te   fo l lowed   by  i n j e c t i o n   o f  

99m  T c - p e r t e c h n e t a t e .   This  t e c h n i q u e   is  r e p o r t e d   as  s u c c e s s f u l  

in  p r o d u c i n g   s a t i s f a c t o r y   imaging  of  blood  p o o l s .  

In  a c c o r d a n c e  w i t h   the  p r e s e n t   i n v e n t i o n ,   the re   i s  

p r o v i d e d  a   d i a g n o s t i c   k i t   s u i t a b l e   for   the  r a d i o a c t i v e  

l a b e l l i n g   of  red  b l o o d  c e l l s   in  v ivo ,   thus  making  p o s s i b l e  

the  imaging  of  blood  pools   w i th in   the  c i r c u l a t o r y   system  o f  

the  p a t i e n t   being  examined.  As  an  i n t e g r a l   p a r t  o f   t h e  

d i a g n o s t i c   k i t   of  the  p r e s e n t   i n v e n t i o n ,   there   is  a l s o  

p r o v i d e d  a   novel  chemical   c o m p o s i t i o n   compr i s ing   a  l y o p h i l i z e d  

mix tu re   of  a  g l u c o h e p t o n a t e   s a l t   and  a  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s tannous   s a l t   in  the  r a t i o   of  25  p a r t s   by  w e i g h t  

of  g l u c o h e p t o n a t e   s a l t   to  3  p a r t s   by  weight   of  s t annous   s a l t  

measured  as  calc ium  g l u c o h e p t o n a t e   and  s tannous  c h l o r i d e  

d i h y d r a t e   or  a p p r o x i m a t e l y   22.9  p a r t s   of  g l u c o h e p t o n a t e   i o n  

to  1.32  p a r t s   of  t i n   c a l c u l a t e d   as  a v a i l a b l e   s tannous   i o n .  

A n   i m p o r t a n t   f e a t u r e   of  the  p r e s e n t   i n v e n t i o n   is  t h e  

p r o v i s i o n   of  an  i n d i v i d u a l   d i a g n o s t i c   k i t   c o n t a i n i n g   a  n o n -  

t o x i c  s t a n n o u s   s a l t   capable  of  s u p p l y i n g   an  amount  o f  

s tannous   ion  e q u i v a l e n t   to  no  more  than  4.0  mg  and  p r e f e r a b l y  

at  l e a s t   2.5  mg  of  s tannous  c h l o r i d e   d i h y d r a t e .   Less  t h a n  

2.5  mg  of  the  s tannous   c h l o r i d e   does  not  p rov ide   s u f f i c i e n t  

s t annous   ion  to  e f f e c t   a  s a t i s f a c t o r y   degree  of  l a b e l l i n g   o f  

red  blood  c e l l s .   Because  of  the  known  t o x i c i t y   of  s t a n n o u s  

s a l t s ,   no  more  t han  4   mg  of  s t annous   c h l o r i d e   d i h y d r a t e   or  a  

s t annous   s a l t   c o n t a i n i n g   an  e q u i v a l e n t   amount  of  s t a n n o u s  

ion  should   be  i n c o r p o r a t e d   in  an  i n d i v i d u a l   dosage  k i t .  



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

p r o c e s s  f o r   t h e   p r e p a r a t i o n   of   t h e   n o v e l   c h e m i c a l  

c o m p o s i t i o n   and  t he   d i a g n o s t i c   m e t h o d   f o r   i m a g i n e  

b l o o d   p o o l s   in   p a t i e n t s   s u s p e c t e d   of   h a v i n g   a b n o r -  

m a l i t i e s   in   t h e   c i r c u l a t o r y   s y s t e m .  

In  a c c o r d a n c e   w i t h   t h e   p r o c e s s   of  t h e  

p r e s e n t   i n v e n t i o n ,   a  s t e r i l e   s o l u t i o n   of  a  n o n - t o x i c ,  

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

a c i d ,   e . g . ,   c a l c i u m   g l u c o h e p t o n a t e ,   i s   m i x e d   w i t h   a  
n o n - t o x i c   s t a n n o u s   s a l t   in   a  r a t i o   of  25  p a r t s   b y  

w e i g h t   of   g l u c o h e p t o n a t e   s a l t   to  3  p a r t s  b y   w e i g h t  
o f   s t a n n o u s   s a l t ,   c a l c u l a t e d   as  c a l c i u m   g l u c o h e p t o -  
n a t e   and  s t a n n o u s   c h l o r i d e   d i h y d r a t e .  

The  s o l u t i o n   i s   a d j u s t e d   to  a  n e u t r a l   pH 
6 - 8 ,   s u b d i v i d e d ,   and  l y o p h i l i z e d   to  p r o d u c e   i n d i v i d -  

u a l   v i a l s   c o n t a i n i n g   a  d r y ,   s t e r i l e   m i x t u r e   c o m -  

p r i s i n g   25  mg.  c a l c i u m   g l u c o h e p t o n a t e   and  3  m g .  
s t a n n o u s   c h l o r i d e · d i h y d r a t e .  

In  u t i l i z i n g   t h e   k i t   of   t he   p r e s e n t   i n v e n -  

t i o n   f o r   i m a g i n g   t h e   b l o o d   p o o l s   of   a  p a t i e n t   t o  

d i a g n o s e   a b n o r m a l i t i e s . i n   t h e   c a r d i o v a s c u l a r   s y s t e m ,  

a  v i a l   c o n t a i n i n g   t h e   d r y ,   s t e r i l e   m i x t u r e   of  c a l c i u m  

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

r e c o n s t i t u t e d   by  m i x i n g   w i t h   2-8  ml .   of   a  USP  s a l i n e  

s o l u t i o n .   The  r e c o n s t i t u t e d   s o l u t i o n   i s   t h e n   u s e d  

f o r   i n j e c t i o n   of   t h e   p a t i e n t   to  be  e x a m i n e d .   A f t e r  

a  p e r i o d   o f   30  m i n u t e s ,   a  s e c o n d   i n j e c t i o n   of  2 - 8  

ml .   o f   a  s t e r i l e   s a l i n e   s o l u t i o n   of   s o d i u m   p e r t e c h -  

n e t a t e   i s   m a d e .   F o l l o w i n g   t h e   i n j e c t i o n   of   s o d i u m  

p e r t e c h n e t a t e ,   i t   i s   p o s s i b l e ,   a f t e r   w a i t i n g   f rom  30  

s e c o n d s   to   2  m i n u t e s ,   to  i m a g e   t h e   b l o o d   p o o l s   i n  

t h e   p a t i e n t   b e i n g . e x a m i n e d .   T h i s   " in   v i v o "   l a b e l i n g  

o f   t h e   r e d   b l o o d   c e l l s   i s   e x c e p t i o n a l l y   s t a b l e   a n d  

a p p r o x i m a t e l y   95%  o f  t h e   r a d i o a c t i v i t y   i s   r e t a i n e d  



by  t h e   r e d   b l o o d   c e l l s   f o r   a t   l e a s t   6  h o u r s   f o l l o w -  

i n g   i n j e c t i o n .   T h i s   s i m p l e   p r o c e d u r e   a v o i d s   t h e  

i n s t a b i l i t y   of  t h e   human  s e r u m   a l b u m i n / 9 9 m   Tc  i n j e c -  

t i o n   o f   t h e   p r i o r   a r t   as  w e l l   as  t h e   e x p e n s e   a n d  

i n c o n v e n i e n c e   of   t h e   in   v i t r o   l a b e l i n g  o f   t h e   r e d  

b l o o d   c e l l s   n o t e d   as  an  a l t e r n a t e   p r i o r   a r t  m e t h o d .  



EXAMPLE  1 

B l o o d   P o o l  I m a g i n g   K i t  

A  s o l u t i o n   i s   p r e p a r e d   u n d e r   s t e r i l e   c o n -  
d i t i o n s   w i t h   25  g.  of   c a l c i u m   g l u c o h e p t o n a t e   i n  

s t e r i l e ,   p y r o g e n - f r e e   w a t e r   w h i c h   has   been   p u r g e d  
w i t h   n i t r o g e n .   The  s o l u t i o n   of  c a l c i u m   g l u c o h e p t o -  

n a t e   i s   s t o r e d   and  p u r g e d   u n d e r   n i t r o g e n .   In  a  

s e p a r a t e   c o n t a i n e r ,   3  g.  of  s t a n n o u s   c h l o r i d e   d i -  

h y d r a t e   i s   d i s s o l v e d   in   1  ml.  of  h y d r o c h l o r i c   a c i d ,  

and  t he   r e s u l t i n g   s o l u t i o n   d i l u t e d   w i t h   n i t r o g e n -  

p u r g e d ,   s t e r i l e   w a t e r   to  a  v o l u m e   of  10  ml.  T h e  

s t a n n o u s   c h l o r i d e   d i h y d r a t e   s o l u t i o n   i s   t h e n   a d d e d  

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

f l u s h i n g   w i t h   n i t r o g e n .   The  s o l u t i o n   i s   m i x e d  

t h o r o u g h l y ,   and  t h e   pH  i s   a d j u s t e d   to  n e u t r a l i t y  

w i t h   a  s o l u t i o n   of  s t e r i l e   IN  s o d i u m   h y d r o x i d e   s o l u -  

t i o n .   The  v o l u m e   i s   t h e n   a d j u s t e d   to  2000  ml.   w i t h  

s t e r i l e ,   n i t r o g e n - p u r g e d   w a t e r   and  s u b d i v i d e d   i n t o  

v i a l s ,   e a c h   c o n t a i n i n g   2  ml.   of  t h e   s o l u t i o n .   T h e  

v i a l s   a r e   t h e n   l y o p h i l i z e d   and  s e a l e d   u n d e r   n i t r o g e n .  

E a c h .  v i a l   c o n t a i n s   25  mg.  of  c a l c i u m   g l u c o h e p t o n a t e  

and  3  mg.  of   s t a n n o u s   c h l o r i d e   d i h y d r a t e .  

EXAMPLE  2 

Me thod   of   U s i n g   B l o o d   Poo l   I m a g i n g   K i t  

A  s o l u t i o n   of  s o d i u m   c h l o r i d e   f o r   i n j e c -  

t i o n   USP  (2  m l . )   i s   a d d e d   to  a  v i a l   c o n t a i n i n g   a  

l y o p h i l i z e d   m i x t u r e   of  3  mg.  of  s t a n n o u s   c h l o r i d e  

d i h y d r a t e   and  2 5 . 0   mg.  c a l c i u m   g l u c o h e p t o n a t e .   T h e  

r e s u l t i n g   s o l u t i o n   i s   u s e d   f o r   t h e   i n t r a v e n o u s   i n j e c -  

t i o n   of   p a t i e n t s   f o r   t h e   p u r p o s e   of   i m a g i n g   t h e  

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

s o l u t i o n   u s e d   i s   b a s e d   on  t h e   w e i g h t   of   t h e   p a t i e n t  

and  s u f f i c i e n t   v o l u m e   i s   u s e d   so  t h a t   30  m c g . / k g .  



of   s t a n n o u s   i o n ,   m e a s u r e d   as  s t a n n o u s   c h l o r i d e   d i -  

h y d r a t e ,   i s   i n j e c t e d .   I t   i s   r e c o m m e n d e d   t h a t   n o  

more   t h a n   t h e   c o n t e n t s   of   one  v i a l   be  a d m i n i s t e r e d  

to  any  p a t i e n t .   A f t e r   w a i t i n g   a  p e r i o d   of   30  m i n -  

u t e s ,   a  s t e r i l e   s a l i n e   s o l u t i o n   of   s o d i u m   p e r t e c h -  

n e t a t e - T c 9 9 m   ( 2 - 2 0   mCi)  i s   i n j e c t e d .   T h i s   t a g s   t h e  

r e d   b l o o d   c e l l s   and  p e r m i t s   i m a g i n g   of   t h e   b l o o d  

p o o l s   of   t h e   p a t i e n t   b e i n g   e x a m i n e d   a l m o s t   i m m e d i -  

a t e l y   ( f r o m   30  s e c o n d s   to  2  m i n u t e s ) .  



1  A  d i a g n o s t i c   k i t   used  for  blood  pool  imaging  c o m p r i s i n g  

a  s t e r i l e   s e a l ed   v i a l   c o n t a i n i n g   a  l y o p h i l i z e d   mixture   of  a  
n o n - t o x i c   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s a l t   of  g l u c o h e p t o n i c  
acid   and  a  n o n - t o x i c   p h a r m a c e u t i c a l l y   a c c e p t a b l e   s t a n n o u s  

s a l t   in  a  r a t i o   of  22.9  p a r t s   by  weight  of  g l u c o h e p t o n a t e  
ion  to  1.32  p a r t s   of  s tannous   ion,  p rov ided   t h a t   t h e  

i n d i v i d u a l   dose  of  s tannous  ion  does  not  exceed  4   mg, 
c a l c u l a t e d   as  s tannous  c h l o r i d e   d i h y d r a t e .  

2  A  k i t   a c c o r d i n g   to  claim  1  in  which  the  s a l t   o f  

g l u c o h e p t o n i c   acid   is  ca lc ium  g l u c o h e p t o n a t e   and  t h e  

s tannous  s a l t   is  s tannous  c h l o r i d e   d i h y d r a t e .  

3   A  k i t   a c c o r d i n g   to  claim  2  in  which  the  l y o p h i l i z e d  

mixture   comprises   from  2 .5-4   mg  of  s tannous   c h l o r i d e  

d i h y d r a t e   and  25  mg  of  ca lc ium  g l u c o h e p t o n a t e .  

4  A  k i t   a cco rd ing   to  c la im  3  t h a t   comprises   a  l y o p h i l i z e d  

mixture   of  3  mg  of  s tannous   c h l o r i d e   d i h y d r a t e   and  25  mg  o f  

calcium  g l u c o h e p t o n a t e .  

5  A  p r o c e s s   for  the  p r e p a r a t i o n   of  a  blood  p o o l  

imaging  k i t   t h a t   comprises   p r e p a r i n g   a  s t e r i l e   aqueous  
s o l u t i o n   of  a  w a t e r - s o l u b l e   non-toxic  p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t   of  g l u c o h e p t o n i c   acid   and  a  n o n - t o x i c  

p h a r m a c e u t i c a l l y   a c c e p t a b l e   s tannous   s a l t ,   s u b d i v i d i n g   t h e  

sa id   s o l u t i o n   into  i n d i v i d u a l   dose  v i a l s   under  n i t r o g e n ,  

and  l y o p h i l i z i n g   and  s e a l i n g   the  said  v i a l s   under  n i t r o g e n ,  

in  which  the  i n d i v i d u a l   dose  of  s tannous   ion  does  n o t  

exceed  4  mg,  c a l c u l a t e d   as  s tannous  c h l o r i d e   d i h y d r a t e ,  



and  t he re   is  22.9  p a r t s   by  weight  of  g l u c o h e p t o n a t e   ion  t o  

1.32  p a r t s   of  s tannous   i o n .  

6  A  p roce s s   acco rd ing   to  claim  5  in  which  t h e  

g l u c o h e p t o n a t e   s a l t   is  calcium  g l u c o h e p t o n a t e   and 

the  s tannous   s a l t   is  s tannous  c h l o r i d e   d i h y d r a t e .  

7  A  p roces s   acco rd ing   to  claim  6  in  which  t h e  

i n d i v i d u a l   dose  v i a l s   con ta in   from  2.5-4  mg  of  s t a n n o u s  

s a l t   c a l c u l a t e d   as  s tannous  c h l o r i d e   d ihydra t e   and  25  mg 
of  ca lc ium  g l u c o h e p t o n a t e .  

8  A  p roces s   acco rd ing   to  claim  7  in  which  t h e  

i n d i v i d u a l   dose  v i a l s   c o n t a i n  3   mg  of  s tannous  s a l t ,  

c a l c u l a t e d   as  s tannous   c h l o r i d e   d i h y d r a t e ,   and  25  mg 
of  ca lc ium  g l u c o h e p t o n a t e .  

9  A  method  of  imaging  blood  pools   in  p a t i e n t s  

s u s p e c t e d   of  having  c a r d i o v a s c u l a r   a b n o r m a l i t i e s   w h i c h  

comprises   the  s teps   o f  

(1)  i n t r a v e n o u s   i n j e c t i o n   of  a  s o l u t i o n   c o m p r i s i n g  

a  water   so lub l e ,   n o n - t o x i c ,   p h a r m a c e u t i c a l l y  

a c c e p t a b l e   s a l t   of  k e t o g l u c o h e p t c n i c   acid  and  a 

water   s o l u b l e   n o n - t o x i c   s tannous   s a l t   in  t h e  

r a t i o   set   f o r t h   in  claim  1,  p rov ided   tha t   the  i n d i v i d u a l  

dose  of  s tannous  ion  does  not  exceed 4   mg,  c a l c u l a t e d  

as  s tannous   c h l o r i d e   d i h y d r a t e ,  

(2)  w a i t i n g   a  p e r i o d   of  30  minu tes ;   and  

(3)  i n t r a v e n o u s   i n j e c t i o n   of  a  s t e r i l e   s a l i ne   s o l u t i o n  

c o n t a i n i n g   from  2-20  mCi  of  sodium  p e r t e c h n e t a t e -  

Tc99m. 



10  A  method  accord ing   to  claim  9  in  which  t h e  

g l u c o h e p t o n a t e   s a l t   used  is  calcium  g l u c o h e p t o n a t e   and  

t h e  s t a n n o u s   s a l t   is  s tannous   c h l o r i d e   d i h y d r a t e .  
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