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PREPARATION OF NO-CARRIER-ADDED 4-[1311]IODOANTIPYRINE USING CHLORAMINE-T 
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SUMMARY 
The b lood f l o w  reagent 4- iodoant ipyr ine,  l a b e l l e d  w i t h  13'1 

o r  lZ5I, was prepared by a l l o w i n g  aqueous a n t i p y r i n e  t o  reac t  
w i t h  e i t h e r  no-carr ier-added 1311- o r  lZ5I- i n  the  presence o f  
c h l  orami ne-T. P u r i f i c a t i o n  o f  4-[ 13'I]i odoanti  p y r i  ne was 
performed by reversed-phase 1 i q u i d  chromatography and r e s u l t e d  
i n  a 99?1% radiochemical ly  pure product i n  an o v e r a l l  90% y i e l d .  
The use o f  iodogen f o r  o x i d a t i o n  o f  t he  rad io iod ine  was a l s o  

invest igated.  

Key words: 4-[ 1311]Iodoantipyrine, 4-[ 1251]Iodoanti pyr ine,  Chloramine-T, 

Iodogen, No-Carrier-Added 1311- and 1251-, Reversed-Phase L i q u i d  Chromatography. 

INTRODUCTION 

R a d i o i s o t o p i c a l l y  l a b e l l e d  4 - iodoan t ipy r ine  (4-IAP), a nonpolar, h i g h l y  

d i f f u s i b l e  compound wi th a h igh  l i p o p h i l i c i t y ,  has been shown t o  be a s u i t a b l e  

t r a c e r  f o r  s tudy ing reg ional  cerebra l  b lood f l o w  (1-13). I t  has been l a b e l l e d  

w i t h  1311, lZ5I, lZ3I, 14C, and "C (14-22). Recently, several r a d i o i s o t o p i c  

methods us ing 4-IAP l a b e l l e d  w i t h  14C, lZ3I, and I3lI have shown t h a t  double 

t r a c e r  autoradiography a1 lowed p rec i se  l o c a l  assessment o f  reg iona l  cerebra l  

b lood f l o w  and glucose u t i l i z a t i o n  (6-12). 

Our previous work i n v o l v i n g  sur face cata lysed iod ina t i ons  (19,22) i nd i ca ted  

t h a t  4-1311AP was r e a d i l y  prepared by r e a c t i o n  o f  a n t i p y r i n e  (AP) w i t h  ox id ized 

fonns o f  1311-. Since chloramine-T (C-T) i s  an e x c e l l e n t  reagent f o r  ox idat ion,  

we have inves t i ga ted  i t s  use t o  l abe l  AP w i t h  no-carr ier-added 1311- o r  1251-. 

The use o f  iodogen (24) as an ox idant  was a l so  studied. This  paper presents a 
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method u s i n g  C-T f o r  r a p i d  p r e p a r a t i o n  o f  4-1311AP and subsequent p u r i f i c a t i o n  

by reversed-phase l i q u i d  chromatography. 

MATERIALS AND METHODS 

General .  

The rapeu t i c  Na1311 s o l u t i o n  was purchased f rom Syncor, Inc. ,  Miami,  

F l o r i d a .  The f o r m u l a t i o n .  c la imed  t o  be  " c a r r i e r - f r e e " ,  was s u p p l i e d  i n  

phosphate b u f f e r e d  sodium c h l o r i d e  c o n t a i n i n g  up  t o  0.16% sodium t h i o s u l p h a t e  a t  

a pH o f  7.5-9.0, a d j u s t e d  w i t h  NaOH. Reductan t  f r e e  Na lZ5 I  was f r om Dupont NEN 

Produc ts .  A n t i p y r i n e  ( A l d r i c h  Chemical Co.); chloramine-T (Eastman Kodak Co.); 

and Iodogen (1,3,4,6-tetrachloro-3 a, 6 a - d i p h e n y l g l y c o u r i l  , Sigma Chemical Co.) 

were used w i t h o u t  f u r t h e r  p u r i f i c a t i o n .  4-IAP was syn thes i zed  acco rd ing  t o  a 

l i t e r a t u r e  method ( 1 5 ) .  

A l l  s o l v e n t s  f o r  h i g h  performance l i q u i d  chromatography (HPLC) were h i g h  

p u r i t y  grade o b t a i n e d  f r o m  B u r d i c k  and Jackson L a b o r a t o r i e s  and degassed u l t r a -  

s o n i c a l l y  under vacuum b e f o r e  use. Separa t i ons  were per fo rmed u s i n g  an A l t e x  

Model 330 l i q u i d  chromatograph equipped w i t h  an A l t e x  Model 155-40 v a r i a b l e  

wavelength UV d e t e c t o r  ope ra ted  a t  240 nm. S p e c i f i c  a c t i v i t y  d e t e r m i n a t i o n s  

were performed a t  190.5 nm t o  i nc rease  t h e  l i m i t  o f  d e t e c t i o n  f o r  4-IAP ( 2 2 ) .  

E l u a t e s  were c o n t i n u o u s l y  mon i to red  f o r  r a d i o a c t i v i t y  u s i n g  a NaI(T1) d e t e c t o r  

w i t h  a Nuc lea r  Data Model 60A M u l t i c h a n n e l  Ana lyze r  o p e r a t i n g  i n  t h e  m u l t i -  

channel  s c a l i n g  mode. The c o n d i t i o n s  f o r  HPLC speara t i ons  a r e  shown i n  Tab le  I. 

System B was used f o r  p r e p a r a t i v e  separa t i on .  

L a b e l l i n g  Procedure.  

A n a l y t i c a l  exper iments  were per fo rmed as f o l l o w s :  To e i t h e r  100 p 1 o f  

wa te r  o r  e thano l  c o n t a i n i n g  an a p p r o p r i a t e  amount o f  a n t i p y r i n e ,  e i t h e r  Na1311 

(0.5-1.0 u l ,  50-1OOuCi/pl) A s o l u t i o n  

o f  aqueous ch lo ramine-T  ( 4  p l ,  70 9 g / u l )  was then  added r e s u l t i n g  i n  a l o - *  M 

c o n c e n t r a t i o n .  A f t e r  2 m in  t h e  r e a c t i o n  was stopped by  t h e  a d d i t i o n  o f  aqueous 

Na2S203(25 111, 30mg/ml). Ten m i c r o l i t e r  samples were removed f o r  HPLC a n a l y s i s  

u s i n g  s o l v e n t  system A. Iodogen (20 ~ 1 ,  10 mg/ml) i n  methy lene c h l o r i d e  was 

o r  N a l Z 5 I  (3 pl, 20 p C i / p l )  was added. 



Table I .  Condit ions f o r  High Performance L i q u i d  Chromatographic 

Separations Using a C-18 Reversed-Phase Columna. 
b Re ten t i  on t ime (mi n )  

Compound System A System B 

1311- 1.5 2.0 
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A n t i  py r i ne  5.3 11.2 

4 - Iodoan t ipy r i  ne 10.3 15.0 

a )  A l l t e c h  C-18 column ( l o p ,  25 cm x 4.6 nun i .d.) equipped w i t h  a 

Analytichem C18 guard column ( 4 0 ~ ~  3 cm x 4.6 mn i .d . ) .  

b)  The mobi le  phases were: System A - H20/CH3CN(75:25) a t  2.0 

ml/min; System B- H20/MeOH(75:25) a t  2.0 ml/min. 

coated on the  bottom o f  a 12x7511111 tube by evaporat ion o f  so l ven t  (24). To t h i s  

was added a t  room temperature 50 111 o f  water con ta in ing  AP (0.5 mg/ml) and 

e i t h e r  N a I 3 l I  ( 3  ~ 1 ,  1 u C i / u l )  o r  Na1251 ( 3  p l ,  20 pC i /u l ) .  Samples were 

removed a f t e r  2-15 min f o r  analys is .  

The p repara t i ve  procedure was performed as fo l l ows :  A n t i p y r i n e  i n  water 

(10 111, 5mg/ml, 0 .27pmol)  and chloramine-T i n  water ( 5  u l ,  70 mg/ml, 1.24 pmol) 

were added t o  90 pl  o f  the Na1311 so lu t i on .  A f t e r  5 min the r e a c t i o n  was 

stopped by the  a d d i t i o n  o f  aqueous Na2S203(25 p l y  30mg/ml, 3.0 p m o l ) .  The 

r e a c t i o n  m ix tu re  was i n j e c t e d  onto the HPLC column us ing so l ven t  system B and 

the 4-l3l1AP c o l l e c t e d  i n  a 50 m l  conica l  vessel. The so lvent  was reduced t o  ~2 

m l  under vacuum. 

RESULTS AND DISCUSSION 

The r e a c t i o n  o f  e i t h e r  1311- o r  1251- w i t h  a n t i p y r i n e  ( A P )  i n  the presence 

o f  chloramine-T (C-T) o r  iodogen was invest igated.  The r e s u l t s  shown i n  Table 

I 1  i n d i c a t e  t h a t  the r e a c t i o n  us ing 1311- and C-T was r a p i d  i n  both ethanol and 

water. When the r e a c t i o n  t ime was l i m i t e d  t o  2 min, a h ighe r  y i e l d  o f  4-1311AP 

was obta ined i n  water, as compared t o  ethanol, a t  lower AP concentrat ions and 

h ighe r  carr ier -added I -  concentrat ions (Table 11). The a d d i t i o n  o f  l a r g e  
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amounts o f  c a r r i e r  i o d i d e  s i g n i f i c a n t l y  reduced t h e  y i e l d  o f  4-1311AP (%50%). 

This confirms a previous i n v e s t i g a t i o n  o f  L i n h a r t  and co-workers (16) who 

prepared 4-13'IAP us ing a n t i p y r i n e ,  C-T and c a r r i e r  K I  (2201119). Experiments 

performed a t  C-T concentrat ions o f  M and M us ing no-carr ier-added 

I3'I- and an AP concentrat ion o f  5 mg/ml i n d i c a t e d  l i t t l e  i n  y i e l d s  

( 9 7 4 9 % ) .  The r e a c t i o n  o f  no-carr ier-added 1251- w i t h  aqueous AP us ing C-T gave 

e s s e n t i a l l y  t he  same r e s u l t s  as those experiments us ing 13'I-. 

v a r i a t i o n  

131 
H\ /CH3 

l3ll- Chloramine-T - 
Table 11. 

AP, mg/ml Sol vent C a r r i e r  I-, mg/ml Percent 4-l3'IAp 

Y i e l d  o f  4-1311AP Under Various Condit ionsa. 

0.05 H20 N C A ~  97-99 

NCA 95-98 

NCA 98-99 

0.1 98-99 

0.5 H20 

5.0 H20 

5.0 "20 

5.0 H2° 

0.5 Ethanol NCA 98 

5 .O Ethanol 0.01 98-99 

5.0 Ethanol 0.1 a4 

1.0 43-54 

0.05 Ethanol NCA 57-59 

5.0 Ethanol NCA 97-99 

5 .O Ethanol 1 .o 0.5-2 .O 

a)  Reactions were al lowed t o  proceed f o r  2 min. Chloramine-T 

concentrat ion was IO-~M. 

b)  NCA = no-carr ier-added. 

The use of iodogen f o r  o x i d a t i o n  o f  the rad io iod ine  was invest igated.  The 

maximum y i e l d  o f  4-1251AP o r  4-1311AP t h a t  could be obtained was 50% i n  2 min; 
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no f u r t h e r  increase i n  y i e l d  was observed w i t h  extended r e a c t i o n  t ime. 

Surpr is ing.  t h e  iodogen appeared t o  decompose AP, r e s u l t i n g  i n  a product which 

would i n t e r f e r e  w i t h  the HPLC p u r i f i c a t i o n  o f  4-IAP. 

Preparat ive experiments were developed so t h a t  p u r i f i c a t i o n  cou ld  be 

performed us ing  an a n a l y t i c a l  reversed-phase C-18 column. Keeping the i n j e c t i o n  

volume t o  l e s s  than 130 p1 r e s u l t e d  i n  adequate separat ion o f  t he  4 - l3 l IAP  from 

AP and 13’I-. The r e s u l t s  o f  two p repara t i ve  experiments are shown i n  

Table 111. As much as 90% o f  the i n j e c t e d  a c t i v i t y  was recovered as 4-1311AP. 

Table 111. Results from HPLC P u r i f i c a t i o n  o f  4-13’IApa. 

S t a r t i n g  P u r i f i e d  Radiochemical S p e c i f i c  A c t i v i t y ‘  

A c t i v i t y ,  m C i  Product, m C i  P u r i t y ,  x mC i / m o l  

1.84 1.70 100.0 256+11( % 1100) 

4.60 4.45 98.0 697?25( 21 1000) 

a) 

b )  

c )  S p e c i f i c  a c t i v i t y  i s  a t  end o f  synthesis. The f i g u r e s  i n  

parentheses represent  the s p e c i f i c  a c t i v i t y  ca l cu la ted  back t o  the 

t ime o f  c a l i b r a t i o n  o f  t he  Na1311 so lu t i on .  

Experiments performed us ing two d i f f e r e n t  l o t s  o f  Na1311 s o l u t i o n .  

A c t i v i t y  obtained o f f  the HPLC. 

The mass o f  4-IAP i n  the product  was determined by HPLC us ing so lvent  

system A (Table I )  by comparison t o  s u i t a b l e  4-IAP standards o f  known mass. 

Although the  o r i g i n a l  Na1311 s o l u t i o n s  were claimed t o  be c a r r i e r - f r e e ,  the 

f i n a l  product  was n o t  c a r r i e r - f r e e  (Table 111). An independent HPLC method (25) 

i nd i ca ted  t h a t  t he  c a r r i e r  I- was in t roduced from the o r i g i n a l  Na1311 so lu t i ons .  

An examination was a l s o  made o f  the decomposition o f  p u r i f i e d  4-1311AP. 

The r e s u l t s  i n d i c a t e d  t h a t  t he  decomposition r a t e  was g rea te r  a t  h igher  s p e c i f i c  

a c t i v i t i e s ,  h ighe r  concentrat ions o f  a c t i v i t y  per  volume, and h ighe r  storage 

temperature. Th is  confirms prev ious r e s u l t s  (15.20). 

Radioiodinated 4-IAP has been prepared by i o d i n e  f o r  i o d i n e  exchange w i t h  

4-IAP, e i t h e r  i n  s o l u t i o n  (17.18) o r  i n  a h igh  temperature me l t  (21); by i od ine  

f o r  bromine exchange i n  4-bromoantipyrine i n  s o l u t i o n  a t  low pH (18); and by 
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i o d i n e  f o r  hydrogen exchange w i t h  AP on a s i l i c a  g e l  s u r f a c e  (19-22).  The 

l a t t e r  two methods produce a no -ca r r i e r -added  p roduc t .  P u r i f i c a t i o n  has been 

accompl ished by  i o n  exchange (17,18) , p r e p a r a t i v e  t h i n  l a y e r  chromatography 

(19)  o r  d r y  column chromatography (20 ,Zl ) .  

The advantages o f  t h e  method r e p o r t e d  he re  a r e  s e v e r a l .  An ad jus tment  o f  

pH i s  n o t  necessary t o  ach ieve  maximum y i e l d  as i s  r e q u i r e d  i n  most o f  t h e  above 

methods (17-22) .  The r e a c t i o n  i s  r a p i d  a t  room tempera ture  and c o n s i s t e n t l y  

r e s u l t s  i n  h i g h  y i e l d .  The r e a c t i o n  can be per fo rmed w i t h  no -ca r r i e r -added  o r  

sma l l  amounts ( 0 . 1  mg/ml) o f  c a r r i e r - a d d e d  i o d i d e .  The presence o r  absence o f  

r e d u c t a n t  i n  t h e  r a d i o i o d i n e  s o l u t i o n  appears t o  have no e f f e c t .  HPLC 

p u r i f i c a t i o n  can be per fo rmed on an a n a l y t i c a l  column and comp le te l y  separa tes  

t h e  4-IAP f rom r a d i o i o d i d e ,  AP, and C-T. The e n t i r e  procedure,  i n c l u d i n g  

syn thes i s  and p u r i f i c a t i o n ,  can be per fo rmed i n  l e s s  than  60 min and shou ld  be 

a p p l i c a b l e  t o  t h e  i n c o r p o r a t i o n  o f  a l l  i so topes  o f  r a d i o i o d i n e .  
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