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ABSTRACT 

A double an t ibody  assay f o r  t h e  de te rm ina t ion  [N-(4-amino)- 

pheny l ]  aminophenyl i m i n o d i a c e t i c  a c i d  ( I )  and a number o f  i t s  

d e r i v a t i v e s  i n  serum has been developed. The same ant iserum and 

t r a c e r  were used f o r  t h e  de te rm ina t ion  o f  t h e  serum l e v e l s  o f  

d e r i v a t i v e s  o f  ( I ) .  The minimum de tec tab le  concen t ra t i on  o f  I 

t h a t  was de tec tab le  was 6 ng/ml. 

than 1% ilnd t h e  accuracy as i n d i c a t e d  by t h e  recovery  ra t i o l s  was 

s a t i s f a c t o r y  f o r  a l l  d e r i v a t i v e s  of I. 

The p r e c i s i o n  e r r o r  was less  

INTRODUCTION 

Several  i n v e s t i g a t o r s  have developed radiolimmunoassays f o r  

t h e  de te rm ina t ion  o f  endogenous and exogenous compounds i n  plasma 

and serum. These assays are  cha rac te r i zed  by t h e  f a c t  t h a t  t hey  

-.-- 

*To whom i n q u i r i e s  should be d i rec ted , .  
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812 TERACOSTU AND THEODORAKIS 

have been developed s o l e l y  f o r  t h e  determinat ion o f  one compound 

only.  Extensive c r o s s - r e a c t i v i t y  i n  these assays i s  undesirable.  

I n  t h i s  sense, t h e  development o f  radioimmunoassays f o r  t h e  

determinat ion of compounds depends on the  development o f  h i g h l y  

s p e c i f i c  antiserums (4 )  and t r a c e r s  o f  h igh  s p e c i f i c  a c t i v i t y .  

Although extens ive c r o s s - r e a c t i v i t y  i n  most instances i s  d e t r i -  

mental t o  t h e  assay, t he re  are instances where extens ive cross- 

r e a c t i v i t y  may be des i rab le .  This  paper descr ibes t h e  develop- 

ment of such an assay f o r  t h e  d i r e c t  determinat ion o f  

[N-(4-amino)phenyl] aminophenyl i rn inodiacet ic  a c i d  ( I )  and i t s  

d e r i v a t i v e s  i n  serum. 

The d e r i v a t i v e s  o f  ( I )  are good che la to rs  o f  Fe3+ which 

l o c a l i z e  i n  the  h e p a t o b i l i a r y  system and the re fo re  can be used 

f o r  removing i r o n  deposi ts  i n  cases o f  t rans fus iona l  s i d e r o s i s  

(1-3,9). 

r a b b i t s  i n  order  t o  determine t h e i r  e f fec t i veness  f o r  removing 

i r o n  deposi ts  from the  l i v e r .  A d i r e c t  radioimmunoassay f o r  t h e  

determinat ion o f  (1) and i t s  d e r i v a t i v e s  has been developed. 

The innovat ion i n  t h i s  assay i s  t h a t  one antiserum and one t r a c e r  

i s  used f o r  a l l  d i f f e r e n t  d e r i v a t i v e s  o f  I .  This  assay has 

adequate s e n s i t i v i t y ,  it i s  h i g h l y  reproducib le ,  and extremely 

s i m p l i f i e d .  

These agents are administered o r a l l y  t o  hypertransfused 

I I 1  I11 
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DOUBLE ANTIBODY ASSAY 813 

EXPERIMENTAL 

- Prepara t i on  o f  Immunogen. Bovine serum albumin (BSIZ) was 

con jugated  t o  ( I )  th rough t h e  t y r o s y l  res-idues o f  BSA v i a  a 

d i a z o t i z a t i o n  and condensat ion procedure ( '5 ,6) .  Compound I (200 

mg) was d i s s o l v e d  i n  3 ml o f  d i s t i l l e d  water  and t h e  pH was 

ad jus ted  t o  9 w i t h  1 N NaOH. Sodium n i t r i t e  (60 mg) and 2 m l  o f  

1 N HC1 was added. The d i a z o t i z e d  I s o l u t i o n  was added t o  50 ml 

s o l u t i o n  o f  2% w/v BSA i n  i c e  c o l d  0.04 N INaOH. The s o l u t i o n  

was s t i r r e d  a t  5 C f o r  24 h and t h e  pH was ad jus ted  a t  8.5. The 

immunogen was d i a l y z e d  aga ins t  d i s t i l l e d  water  f o r  3 dqys and i t  

was l y o p h i  l i z e d .  S p e c t r o p h o t m e t r i c  a n a l y s i s  o f  t he  con juga te  

i n d i c a t e d  t h a t  a mo la r  r a t i o  o f  BSA t o  I rang ing  from LB-24. 

- Prepara t i on  o f  I o d i n a t e d  Tracey. The con jugate  (BSA-I) was 

i o d i n a t e d  us ing  t h e  chloramine-T procedure (7 ) .  Conjugate ( 2  mg 

i n  0.4 ml o f  phosphate bu f fe r ,  pH 7.5) and 1.5 m C i  o f  c a r r i e r -  

f r e e  Na1251 were mixed w i t h  2 mg o f  chlorainine-T i n  phosphate 

b u f f e r ,  pH 7.5. A f t e r  90 seconds, 4 mg of sodium m e t a b i s u l f i t e  

was added and then c a r r i e r  potassium i o d i d e  ( 5  mg). 

was chromatographed by g e l - f i l t r a t i o n  i n  a 0.9 x 15 cm 6-25 

Sephadex column. The s p e c i f i c  a c t i v i t y  was about 1.8 t o  1.9 

Ci/mmlole o f  I .  

The m i x t u r e  

F r e p a r a t i o n  o f  Ant iserum -~ t o  I. The con jugate  (BSA-I) was 

used t o  immunize male a l b i n o  r a b b i t s  acco rd ing  t o  a p rocedure  

p r e v i o u s l y  descr ibed ( 8 ) .  A f t e r  6 months, an t iserum d i l u t i o n  o f  

1:1200 y i e l d e d  50% b i n d i n g  o f  6 ng o f  I. 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

0/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



8 14 TERACOSTU AND THEODORAKIS 

Second Antibodx. Goat a n t i - r a b b i t  immunoglobin G was pu r -  

chased from Mi les  Research Products, E lkhar t ,  Indiana. 

Radioimmunoassay. Standards o f  the th ree  d e r i v a t i v e s  were 

prepared by d i l u t i o n  o f  a 0.4 mg/ml stock s o l u t i o n  i n  0.055 M 

phosphate bu f fe r ,  pH 7.5. Standards ranging from 0 t o  250 ng 

were prepared i n  0.055 M phosphate bu f fe r ,  pH 7.5. The t r a c e r  

( l abe led  immunogen) was d i l u t e d  i n  0.055 M phosphate b u f f e r  t o  

an a c t i v i t y  o f  30,000-40,000 cpm/O.l m l .  The antiserum was 

d i l u t e d  w i t h  b u f f e r  t o  y i e l d  40-60% b ind ing  w i t h  t r a c e r  and 0.1 

m l  was used f o r  t h e  assay. 

f o l l ows .  The standards and unknowns were mixed w i t h  the  r a d i o -  

i od ina ted  t race r ,  b u f f e r  and the  antiserum i n  6 x 75 mm dispos- 

able tubes. A l l  tubes were vortexed f o r  approximately 5 seconds 

and incubated f o r  3.5 h r  a t  25 C. Then 0.1 m l  o f  t h e  second 

ant ibody was added and t h e  tubes were incubated f o r  2 hours a t  

5 C. 

t he  f r e e  (supernatant)  and bound ( p r e c i p i t a t e d )  f r a c t i o n s  were 

separated and counted. The percent bound a c t i v i t y  was p l o t t e d  

versus concentrat ion.  

The rad io imunoassay p ro tpco l  was as 

The tubes wre cen t r i f uged  f o r  20 minutes a t  3000 rpm, and 

RESULTS AND DISCUSSION 

This  radioirnmunoassay prov ides a degree o f  f l e x i b i l i t y  and 

convenience over o the r  radioimmunoassays because the  same a n t i -  

serun and labeled ant igen can be used i n  developing assays f o r  

t h ree  d i f f e r e n t  compounds t h a t  t h e i r  chemical s t r u c t u r e s  are 

c l o s e l y  re la ted .  The I and i t s  d e r i v a t i v e s  are low molecular  
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DOUBLE ANTIBODY ASSAY 815 

Table 1.  C r o s s - r e a c t i v i t y  o f  t h e  ant iserum w i t h  I and i t s  
d e r i v a t i v e s  

-- 
Concent ra t ion  f o r  

50% hinging Concen t r a g  i o n  Molecu 1 a r  
Compound (M x 10 ) r a t i o  we igh t  

_.-I-- 

I 
I 1  
I 1 1  

0.020 
0.020 
0.022 

1 .oo 
1 .oo 
' I .  10 

281 
295 
309 

acornpared t o  I 

loor 

0 5 0  100 150 200 2 5 0  
Concentration of Antigen I(ng) 

FIGURE 1.  P l o t  o f  t h e  standard w r v e  f o r  I .  

Table 2. P r e c i s i o n  and Accuracy 
_.. 

b Added Measured b Measured b Me as u r e  cl 
Antigena I (ng) 11 (ng )  I11 (ng)l 

(ng )  Mean - + SE R a t i o  Mean 5 SE R a t i o  Mean 2 5E R a t i o  

10 9.90+0.100 0.99 9.20t0.14 0.,92 11.320.54 1.2 
20 19.8E0.0115 0.99 19.171.2 _. 0..95 18.9+1.10 - 0.94 

- _- - - ~  
aAntigen I o r  I1 o r  I11 b k e p l i c a t e s  of t h r e e  
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816 TERACOSTU AND THEODORAKIS 

weight compounds and t h e i r  s t r u c t u r a l  d i f f e rences  are on t h e  

aromatic r i n g .  The immunogen was synthesized by d i a z o t i z a t i o n  

of I which was then conjugated ma in l y  through the  t y rosy  

dues o f  BSA by a d i a z o t i z a t i o n  and condensation r e a c t i o n  

Thus, t he  antiserum which was formed i n  response had ant  

determinants which recognized the  im inod iace t i c  moiety  o 

molecule which was c m o n  t o  a l l  t h ree  d e r i v a t i v e s .  The 

r e s i -  

( 5 )  

genic 

the  

cross-  

r e a c t i v i t y  s tud ies  i nd i ca ted  t h a t  t h e  a f f i n i t y  o f  t he  antiserum 

f o r  a l l  t h ree  ant igens was very h i g h  (Table 1). 

The ant ibody d i d  not  recognize t h e  s t r u c t u r a l  d i f f e r e n c e s  o f  t he  

th ree  de r i va t i ves ;  therefore,  t he  same antiserum preparat ions 

were used t o  assay a l l  three compounds i n  serum. A l l  t h r e e  com- 

pounds gave standard curves which showed adequate l i n e a r i t y  over 

concentrat ions ranging from 0-60 ng o f  compound/ml (F ig .  1). 

Therefore, t he  unknown s e r m  samples were d i l u t e d  adequately t o  

f a l l  w i t h i n  t h i s  concentrat ion range. The d i l u t i n g  process a l so  

decreased the  degree o f  nonspec i f i c  b ind ing  (4).  

nonspec i f i c  b ind ing  were made f o r  both standards and unknowns. 

The standard e r r o r  o f  r e p l i c a t e s  f o r  a l l  three d e r i v a t i v e s  

(Table 2) was l ess  than 1% o f  the  mean value f o r  each concentra- 

t i o n  measured, i n d i c a t i n g  t h a t  t h e  prec ison o f  t h e  assay was 

good. 

i nd i ca ted  by t he  recovery r a t i o s  (Table 2). 

Correct ions f o r  

The accuracy o f  t h e  assays was acceptable as i t  was 
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