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AN INVESTIGATION OF THE KINETICS OF FORMAMIDINE SULFINIC ACID (FSA) 
DEGRADATION I N  THE PREPARATION OF 

TECHNETIUM-99m RADIOPHARMACEUTICALS 

D. C .  J e t t e ,  J .  R .  S c o t t ,  W .  S i t a r z  
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SUMMARY 

Technetium-9% glucoheptonate complex was prepared us ing  
formamidine s u l f i n i c  a c i d  (FSA) as a reducing agent.  The 
f r a c t i o n  of technet ium which was complexed t o  glucohepton- 
a t e  remained a t  l e s s  than 20 pe rcen t  f o r  t h e  f i r s t  10 
minutes.  A f t e r  20 minutes,  t he  complexed f r a c t i o n  was 
g r e a t e r  than 95 pe rcen t  and remained a t  t h i s  l e v e l  a f t e r  
24 hours.  
o f  t he  base ca ta l yzed  degrada t ion  o f  FSA t o  urea and 
b i s u l f i t e .  The o v e r a l l  r a t e  o f  FSA degrada t ion  was d e t e r -  
mined and found t o  be dependent on the c o n c e n t r a t i o n  o f  
base and the  i n i t i a l  c o n c e n t r a t i o n  o f  FSA. The r a t e  o f  
p r o d u c t i o n  o f  one o f  t h e  degradat ion products ,  urea, was 
a l s o  measured and found t o  be dependent on the concentra-  
t i o n  o f  base, b u t  independent o f  t he  i n i t i a l  FSA concen- 
t r a t i o n .  A r e a c t i o n  scheme f o r  t he  degrada t ion  o f  FSA 
was proposed and t h e  r e a c t i o n  r a t e  cons tan ts  fo r  t h e  p r o -  
ducts  o f  t h i s  r e a c t i o n  were determined. 

The l a g  phase was a t t r i b u t e d  t o  the  k i n e t i c s  
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INTRODUCTION 

The m a j o r i t y  o f  d i a g n o s t i c  procedures i n  n u c l e a r  medic ine u t i l i z e  t h e  

r a d i o n u c l i d e  technetium-99m which has favourab le  imaging c h a r a c t e r i s t i c s .  

I n  o r d e r  t o  o b t a i n  the d e s i r e d  t i s s u e  and organ l o c a l i z a t i o n  i t  i s  neces- 

sa ry  t o  complex technetium-99m to c a r r i e r  molecules.  The most s t a b l e  form 

o f  technet ium has a va lence o f  +7. To achieve complexat ion by l i gands ,  

r e d u c t i o n  o f  technet ium t o  a valence o f  +3, +4 o r  +5 i s  necessary.  

The most commonly used reduc ing  agent f o r  t h e  p r e p a r a t i o n  o f  techne- 

tium-99m radiopharmaceut ica ls  i s  t he  stannous ion,  u s u a l l y  u t i l i z e d  as the  

c h l o r i d e  s a l t .  However, stannous c h l o r i d e  i s  use fu l  o n l y  i n  a c i d i c  o r  neut-  

r a l  media. Recent ly ,  o t h e r  reducing agents,  i n c l u d i n g  formamidine s u l f i n i c  

acid (FSA), have been suggested as a l t e r n a t i v e s  t o  stannous c h l o r i d e . ( l )  
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A major advanatage o f  FSA i s  t h a t  

medium. The use of FSA a l l o w s  the  

form s t a b l e  complexes a t  b a s i c  pH 

t i s  a s t r o n g  reducing agent i n  a l k a l i n e  

b i n d i n g  o f  technet ium t o  l i g a n d s  which 

5 ) .  

Provokov, g .  a r . ( 2 )  have measured the  r e d u c t i o n  o f  FSA i n  normal 

sodium hydrox ide.  The r e d u c t i o n  p o t e n t i a l  was dependent on hyd rox ide  con- 

c e n t r a t i o n  and temperature,  reach ing  a maximum va lue  a t  95' C .  FSA, i n  an 

aqueous s o l u t i o n  a t  25' C. ,  o r  lower ,  underwent a mo lecu la r  rearrangement.  

Upon a d d i t i o n  of  sodium hydrox ide,  t h e  FSA decomposed t o  g i v e  sodium 

b i s u l f i t e  and urea. 

Rasinskaya, z. 2 . ( 3 )  repo r ted  t h a t  t h e  c o n c e n t r a t i o n  o f  FSA i n  n e u t r a l  

s o l u t i o n s  a t  50' C .  t he  c o n c e n t r a t i o n  p o t e n t i a l  was 300 mV i n  the  50' - 90' C 

range. The a d d i t i o n  o f  sodium hyd rox ide  increased the  r e d u c t i o n  p o t e n t i a l ,  

b u t  reduced t h e  s t a b i l i t y  o f  FSA. The optimum FSA t o  sodium hyd rox ide  r a t i o  

was found to be 1 : s  o r  1:6 a t  an i n i t i a l  FSA c o n c e n t r a t i o n  o f  2.0 - 4 .0  grams 

per 1 i t r e .  

McGi l l  and T indst rom ( 4 )  r e p o r t e d  the  use o f  FSA i n  t h e  r e d u c t i o n  o f  

cadmium. They conf i rmed the presence of d i t h i o n i t e  and urea as degrada t ion  

products  of FSA i n  a l k a l i n e  medium and proposed a r e a c t i o n  sequence f o r  t h e  

degradat ion o f  FSA ( F i g u r e  1 ) .  

FSA has been u t i l i z e d  i n  o u r  l a b o r a t o r y  f o r  t h e  p r e p a r a t i o n  o f  techne- 

tium-99m glucoheptonate ( 5 ) .  Th i s  p r e p a r a t i o n  was found t o  have h i g h  r a d i o -  

chemical p u r i t y  and s t a b i l i t y  a t  l e v e l s  o f  r a d i o a c t i v i t y  up t o  37 GBq and 

concen t ra t i on  o f  1.9 G B q  pe r  m l .  

I n  o r d e r  t o  u t i i i z e  FSA for t he  p r e p a r a t i o n  o f  o t h e r  rad iopharmaceut i -  

c a l s  i t  i s  necessary t o  f u r t h e r  examine t h e  chemical  p r o p e r t i e s  o f  t h i s  

reducing agent.  
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METHOD 

Technetium-99m g lucoheptonate  was prepared acco rd ing  t o  t h e  f o l l o w i n g  p ro -  

cedure. 

To 1.5 ml c a l c i u m  g lucoheptonate  (200 mg/ml) add 18.5 m l  o f  a s o l u t i o n  o f  

technetium-99m sodium p e r t e c h n e t a t e  i n  0.9% sodium c h l o r i d e  f o l l o w e d  by 0.5 ml 

o f  formamidine s u l f i n i c  a c i d  (10 mg/ml). The pH i s  a d j u s t e d  t o  12 u s i n g  0.01 N 

sodium hyd rox ide .  The f i n a l  volume i s  app rox ima te l y  20 ml. 

The f r a c t i o n  o f  technetium-99m which  was complexed t o  g lucoheptonate  was 

determined u s i n g  t h i n  l a y e r  chromatography (Gelman S .  G .  Type) developed i n  

n -bu tano l .  

U l t r a v i o l e t  Spectrophotometry (Unicam 5000) was used t o  m o n i t o r  t h e  d i sap -  

pearance o f  FSA. The u l t r a v i o l e t  s p e c t r a  was recorded a t  ambient tempera ture  

u s i n g  1.00 cm matched q u a r t z  c e l l s  w i t h  wa te r  as t h e  re fe rence  m a t e r i a l .  A 

n e u t r a l  FSA s o l u t i o n  e x h i b i t s  an absorbance peak a t  270 nm. A t  t h i s  wave length  

FSA conforms t o  Beer ' s  law f o r  c o n c e n t r a t i o n s  o f  0.001 t o  0.5 mg/ l .  I f  FSA i s  

d i s s o l v e d  i n  a l k a l i n e  media a second absorbance peak appears a t  316 nm wh ich  i s  

the  wave length  a t  wh ich  d i t h i o n i t e  absorbs.  

Urea c o n c e n t r a t i o n s  were de termined u s i n g  a m o d i f i c a t i o n  of t he  method o f  

B e r t h l o t  ( 6 ) .  T h i s  p rocedure  u t i l i z e s  the  enzyme urease and i s  s p e c i f i c  f o r  

urea. 

RESULTS AND D I S C U S S I O N  

The b i n d i n g  o f  technetium-99m g lucoheptonate  i n  t h e  presence o f  FSA was 

mon i to red  by t h i n  l a y e r  chromatography ( F i g u r e  2 ) .  There was a l a g  phase i n  

t h e  f i r s t  10 minu tes  d u r i n g  wh ich  the  p r o p o r t i o n  o f  t o t a l  a c t i v i t y  bound t o  

g lucoheptonate  remained a t  l e s s  than 20 pe rcen t  w i t h  t h e  remainder be ing  p res -  

e n t  as pe r techne ta te .  A f t e r  10 minu tes  t h e  b i n d i n g  inc reased r a p i d l y  and was 

g r e a t e r  than 95 pe rcen t  by 20 minu tes .  
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F igu re  2 
Percentage o f  technetium-99m bound t o  g lucoheptonate  vs t ime.  
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The l a g  phase seen i n  t h e  complexing o f  t echne t ium t o  g lucohep tona te  may 

be due t o  t h e  p resen t  o f  t r a c e  amounts o f  contaminants  wh ich  a r e  s t r o n g e r  

o x i d i z i n g  agents than techne t ium and thus  a r e  p r e f e r e n t i a l l y  reduced by t h e  

FSA. Another p o s s i b l e  e x p l a n a t i o n  i s  t h a t  t h e  reduc ing  spec ies  i s  n o t  FSA 

i t s e l f ,  b u t  one o r  more of i t s  deg rada t ion  p roduc ts .  I f  t h i s  i s  t h e  case, 

t h e  technet ium w i l l  n o t  be reduced u n t i l  s u f f i c i e n t  q u a n t i t i e s  of t h i s  p ro -  

duc t  a r e  produced. I n  o r d e r  t o  i n v e s t i g a t e  t h i s  p o s s i b i l i t y  i t  i s  necessary 

t o  examine t h e  k i n e t i c s  of t h e  degrada t ion  o f  FSA. 

Assuming t h e  f o l l o w i n g  mechanism f o r  t h e  base c a t a l y z e d  degrada t ion  

FSA (7 )  : 

FsA<Product A 

Produc t  B 

t h e  r a t e  equa t ion  i s :  

where k , + k 2 = K  

by i n t e g r a t i o n :  

( 3 )  
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The r a t e  o f  f o rma t ion  o f  p roduc t  A can be expressed as:  

( 4 )  a = k l  [FSA] = kl ESP$, ,-Kt 
d t  

and t h e  i n t e g r a t i o n :  

( 5 )  

s i n c e  A = 0 

and l i k e w i s e  f o r  p roduc t  B :  

( 7 )  

From equa t ion  ( 2 )  a p l o t  o f  I n  FSA / FSA vs t ime w i l l  r e s u l t  i n  a 

s t r a i g h t  l i n e  ( w i t h  a s l o p e  which i s  equal t o  K.) From equa t ion  (6)  a p l o t  

o f  urea vs (1-evKt) w i l l  y i e l d  a s t r a i g h t  l i n e  w i t h  a s lope equal t o  _1. FSAo. 

Using these two p l o t s ,  i t  i s  p o s s i b l e  t o  c a l c u l a t e  K, t h e  r a t e  constant  f o r  

t h e  disappearance o f  FSA and k l ,  t h e  r a t e  constant  f o r  t h e  p roduc t i on  o f  

p roduc t  A.  

k 

K 

A 0.05 mg/ml s o l u t i o n  o f  FSA was prepared i n  0.01 sodium hydrox ide.  The 

change i n  FSA c o n c e n t r a t i o n  was mon i to red  usi.ng u l t r a v i o l e t  spectrophotomet y .  

A p l o t  o f  I n  FSA / FSA vs t ime r e s u l t e d  i n  a s t r a i g h t  l i n e  (F igu re  11 ) .  

The s lope  o f  t h i s  l i n e ,  which i s  equal  t o  K, t h e  o v e r a l l  r a t e  constant ,  was 

determined u s i n g  t h e  Method of Least Squares and was found t o  be 0.0438 

The c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h i s  l i n e  was 0.984. 

0.002. 

S i x  s o l u t i o n s  o f  0.05 mg/ml o f  FSA i n  0.01 N sodium hydrox ide were incubated 

a t  room temperature.  A t  0, 5, 10, 20, 30, and 60 minutes t h e  pH o f  t h e  s o l u t i o n s  
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The n a t u r a l  log o f  t h e  i n i t i a l  absorbance d i v i d e d  by the  absorbance a t  t ime 
t vs t ime (0.5 mg p e r  m l  FSA i n  0.01 N osdium h y d r o x i d e ) .  
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were adjusted t o  pH 5-6 i n  order  t o  "stop" the  product ion o f  urea. A p l o t  o f  

urea concentrat ion vs l -e-Kt  was obta ined and found t o  be l i n e a r .  

The slope o f  t h i s  l i n e ,  which i s  equal t o  

1.2 x lov3 min by the Method o f  Least Squares. The va lue k was ca l cu la ted  

t o  be 0.023 min . The c o r r e l a t i o n  c o e f f i c i e n t  f o r  t h i s  p l o t  was 0.977. 

(F igure 1 V ) .  

FSAo, was determined t o  be 
K -1 

1 
- 1  

The reac t i on  r a t e  constant k was ca l cu la ted  us ing  t h e  equat ion K - k, + kZ 2 
- 1  and found t o  be 0.021 min . The r a t e  o f  product ion o f  d i t h i o n i t e  was no t  

determined s ince a p l o t  o f  t he  change o f  absorbance a t  316 nm vs I - e  -Kt does 

no t  y i e l d  a s t r a i g h t  l i n e  due t o  the simultaneous o x i d a t i o n  o f  d i t h i o n i t e  t o  

b i s u l f  i te.  

The o v e r a l l  r eac t i on  r a t e  constant (K )  was determined a t  var ious concen- 

t r a t i o n s  o f  sodium hydroxide (Table 1 ) .  

t r a t i o n  o f  less than 0.01 N t he  r e l a t i o n s h i p  o f  I n  FSA / FSA vs t ime was 

no longer l i n e a r .  A t  these concentrat ions,  the sodium hydroxide i s  no t  i n  

g rea t  excess and the molar r a t i o  o f  FSA t o  sodium hydrox ide i s  g rea te r  than 

1:lO. Under these cond i t i ons  sodium hydroxide i s  no longer a c t i n g  as a 

c a t a l y s t  and the reac t i on  r a t e  equations described p rev ious l y  no longer apply. 

AS the concentrat ion o f  base was increased from 0.01 N t o  0.02 N ,  the 

I t  was found t h a t  a hydrox ide concen- 

0 - 

o v e r a l l  r eac t i on  r a t e  constant decreased suggesting t h a t  t he  increased amount 

o f  sodium hydroxide was i n h i b i t i n g  the reac t i on .  

The ra te  o f  product ion o f  urea (k  ) was a l s o  found t o  be dependent on 

the  sodium hydroxide concentrat ion.  

i n d i r e c t l y  using K and kl ,  was found t o  be independent o f  the concentrat ion o f  

base added. 

1 

The r a t e  constant, (k2) which was obta ined 

K,  k and k were determined a t  d i f f e r e n t  i n i t i a l  FSA concentrat ions.  The 1 2 

sodium hydroxide concentrat ion was 0.06 N i n  a l l  cases. The r e s u l t s  i n  Table 1 1  

show t h a t  K, the o v e r a l l  r eac t i on  ra te ,  i s  dependent on t h e  i n i t i a l  FSA concen- 
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t r a t i o n .  

urea, was found t o  be independent o f  i n i t i a l  FSA c o n c e n t r a t i o n  and k2 was found 

t o  be dependent on t h e  i n i t i a l  FSA concen t ra t i on .  

The r a t e  cons tan t ,  kl, determined by m o n i t o r i n g  the  p r o d u c t i o n  o f  

The r a t e  o f  p r o d u c t i o n  o f  urea i s  kl. The r e a c t i o n  pathway wh ich  r e s u l t s  

i n  t h e  p r o d u c t i o n  o f  urea i s  dependent on t h e  hyd rox ide  c o n c e n t r a t i o n  and i s  

n o t  dependent on t h e  i n i t i a l  FSA c o n c e n t r a t i o n .  I f  t h e  proposed r e a c t i o n  scheme 

g i ven  i n  F igu re  1 i s  c o r r e c t ,  b i s u l f i t e  i s  a co-product  o f  t h i s  r e a c t i o n  pathway. 

The p r o d u c t i o n  o f  b i s u l f i t e  would a l s o  be expected t o  be dependent on hyd rox ide  

c o n c e n t r a t i o n  and independent o f  t he  i n i t i a l  FSA concen t ra t i on .  

The r a t e  cons tan t  k2 was found t o  be independent o f  hyd rox ide  c o n c e n t r a t i o n  

and dependent on t h e  i n i t i a l  c o n c e n t r a t i o n  o f  FSA. The o x i d a t i v e  rearrangement 

o f  FSA i n  aqueous s o l u t i o n s  should be independent o f  pH b u t  dependent on t h e  

i n i t i a l  FSA concen t ra t i on .  

i n  t h e  proposed r e a c t i o n  scheme (F igu re  1 ) .  

Product  B then corresponds t o  t h e  p roduc t  HNCH2NSO- 3 

The degrada t ion  o f  FSA, t h e r e f o r e ,  can be w r i t t e n  as: 

b i s u l f  i t e  

/u rea  

H N C H ~ N S O -  3 

Our exper ience w i t h  Tc-99m glucoheptonate (FSA) has shown t h a t  t h e  re -  

d u c t i o n  o f  technet ium and t h e  fo rma t ion  o f  t h e  Tc-99m glucoheptonate complex, 

u s i n g  FSA as a reducing agent,  i s  n o t  instantaneous i n  c o n t r a s t  t o  t h e  fo rma t ion  

o f  Tc-ggm glucoheptonate u s i n g  stannous c h l o r i d e  as a reducing agent.  

stannous c h l o r i d e ,  t h e  complex i s  formed v i r t u a l l y  i ns tan taneous ly  i n  n e u t r a l  

o r  s l i g h t l y  a c i d i c  media. 

Using 

Our i n v e s t i g a t i o n  o f  t h e  k i n e t i c s  o f  t h e  base 
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c a t a l i z e d  degradat ion o f  FSA has shown t h a t  t he  h a l f  t ime o f  t h e  r e a c t i o n  i s  i n  

the o rde r  o f  15  minutes.  I n  o r d e r  t o  i n i t i a t e  the r e a c t i o n  an i n i t i a l  pH o f  9.5 

o r  g r e a t e r  i s  requ i red .  To e f f e c t i v e l y  u t i l i z e  FSA a s  a reduc ing  agent f o r  t he  

p r e p a r a t i o n  o f  o t h e r  technet ium rad iopharmaceu t i ca l s ,  i t  i s  necessary t o  take 

the  k i n e t i c s  and chemical requi rements o f  t h e  fo rma t ion  o f  t h e  reducing species 

i n t o  cons ide ra t i on .  I f  t h i s  i s  done, FSA i s  p o t e n t i a l l y  u s e f u l  as a reduc ing  

agent f o r  o t h e r  technet ium radiopharmaceut ica ls ,  e s p e c i a l l y  those u t i l i z i n g  

I i gands  which form s t a b l e  complexes i n  a l k a l i n e  media. 

As  has been noted i n  Baldas and P a j e r  ( 8 ) ,  complexat ion o f  reduced techne- 

tium-99m by FSA o r  i t s  deg rada t ion  p roduc ts  i s  p o s s i b l e .  Under t h e  c o n d i t i o n s  

u t i l i z e d  i n  t h i s  work, t h e  complexat ion o f  technetium-99m by FSA o r  i t s  degrad- 

a t i o n  products  i s  low even i n  t h e  presence o f  excess q u a n t i t i e s  o f  FSA.  However, 

t he  p o s s i b i l i t i e s  of rad iochemical  i m p u r i t i e s  occu r ing ,  e s p e c i a l l y  i f  the  p r i -  

mary I i g a n d  i s  weak, should always be considered.  
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