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A direct radioimunoassay for the determination of beta- 
metham 17-benzoate ( I )  in serum was developed. In this as- 
say, a highly specific antibody is used to bind the 1251- 
labeled antigen. Polyethylene glycol is used for the separation 
of the free from bund antigen. A blocking agent (AE1s) was used 

to inhibit binding of the steroid onto serum proteins. 
minirrmm detectable concentration was 15 pg/ml. 
inter assay coefficients of variation were 7.4% and 10.2%, 
respectively. 
not require extractim or chranabgraphic separation of the 
steroid. 

The 
The intra and 

This assay required 0 . 1 m l  of serum and it did 
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412 THEODORAKIS AND STEFANAKOU 

lWXX?UXION 

Several radioinnunoassays have been developea for the 
determination of endogenous s teroids  i n  plasma or serum. 
to the l a c k  of highly specif ic  antiserum, most of these assays 
required extraction of the s teroids  by organic solvents from the 
serun and then, separation of the interfering s teroids  by paper, 
colm or thin layer chromatography before i n b a t i o n  with the 
antiserun was atterrpted. 't2 These assays 
were very tedious to perform and, therefore, their  employment 
for analyzing large numbers of serun samples was inpractical. 
Hwever, i n  recent years several  radioinmunoassays have been 
developed which make use of highly specif ic  ant isera  for the 
d i r ec t  determination of certain s teroids  i n  serm or i n  urine 
and thus, eliminating the t ime constuning steps of extraction and 
chromatographic separation. Furthermre, the replacement of the  
3 ~ - l e l e d  tracers by 125~-iabe1ed tracer has great ly  sim- 
p l i f i ed  the munting procedure. 
velopnent of a d i r e c t  r a d i o h u m a s s a y  for  the determination of 
an experimental s teroid i n  serun samples. 
quate sensi t ivi ty ,  is highly spec i f i c  and extremely s inpl i f ied.  

Due 

This paper describes the de- 

This assay has ade- 

mTERIALsANDMGMoIxs 

Reagents: Steroid (I) was synthesized according to a previously 
described procedure.3 Bovine serum albumin was obtained from 
Miles CO., oarplete F r e u d ' s  adjuvant f ran Difm, polyetkylene 
glycol 6000 (PEG) from Sigma, Na1251 (17 Ci/mg) from ICN, and 
8-anilin>-l-naphthalene-sulfonic acid (ANS) f r an  Eastam K o d a k  C. 

Preparation of Immmog en and Irmunization: The 3-0xime deriva- 
t i ve  of I w a s  prepared and axljugated with bovine serum albumin 
using a nrodificatim of a method described by H e n z i e  and 
 clement^.^ The ratio of I to protein was 24:l as determined 
by U.V. spectropbotxmetry. Four albino New Zealand male rabbi ts  
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BETAMETHASONE 17-BENZOATE 413 

5 were imnunized axord ing  to a method previously described. 
Each rabbit was injected with an i n i t i a l  dose of approximately 
150 vg o f  I-bovine-serum albumin conjugate emulsified with 
Freund’s complete adjuvant. 
200 pg were injected a t  m t h l y  intervals .  
bleeded tsm weeks a f t e r  the f i n a l  booster inject ion.  
12’1-1 Solution: 
pl ing a previously iodinated histamine through a 3-0xime bond 
to I according to a procedure previously 
labeled steroid was isolated f r an  the react ion mixture by pre- 
parative t h i n  layer chromatography (silica ge l ,  benzene: e thanol  
7:3).  
nol.  he spec i f i c  a c t i v i t y  of the 1 2 5 ~ - ~  ranged f r m  1000 
nCi/ng to 1950 nCi/mg. 
s t e ro id  w a s  d i lu t ed  with a buffer so lu t ion  consis t ing of 350 m l  

0.1M citrate and 650 m l  0 . 2 M N a p 0 4 ,  p-l 6.0, containing 
0.2% bovine gama globulin to an a c t i v i t y  of  200,000 cpn per ml. 

The s l u t i o n  was dispensed i n  siliconized v i a l s  and kep t  a t  -20 

C. 

Stripped Calf Serum: Calf serun (300 m l )  was passed through a 
charcoal colm (1.5 an x 40 cm) which was previously washed 
with d i s t i l l e d  water. The f i r s t  50 m l  of  the e lua t e  were dis- 
carded and the rest was col lec ted  and used as s teroid-free c a l f  
ser un. 
Radioinmumassay: 
a 0.2 q / m l  stock solut ion in  ethanol with s t r ipped ca l f  serun. 
The following standards were prepared 0, 200, 400, 800, 1600 

pg/ml. The antiserun w a s  d i lu ted  (1:5,000) with 0.1 M borate 
buffer, pl 8.6, containing ANS (950 pg/ml). The radioicdinated 
antigen w a s  d i lu ted  with 0.1M borate buffer ,  @ 8.6, so t h a t  a 
0.1 m l  a l iquot  had a c t i v i t y  of 20,000 cpn. 
p r o m 1  is shown i n  Table 1. The procedure w a s  as follaws. 
The standards or the unknowns (0.1 ml) were mixed with 0.1 ml 

Five booster in jec t ions  each of  
The animals were 

Iodine 125-labeled-I was prepared by mu- 

The 

The spot with the  labeled s t e ro id  was eluted with etha- 

The ethanol ic  solut ion of the  labeled 

Standards of I were prepared by d i lu t ion  of  

The radioinmumassay 
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4 14 THEODORAKIS AND STEFANAKOU 

Table 1. Radiohumassay  Protoml 

Buffer 
Tube Standard 0.1 M Labeled Anti- Total 
No. Description Volume Borate Steroid Serum V o l m  

1,2 
3,4 
5,6 
7,8 
9,lO 

13 , 14 
15,16 

0 p9 standard 
200 EXJ standard 
400 pg standard 
800 pg standard 

1600 pg standard 
Total count 
Nonspecific 

bidir@ 
unknowns 

m l m l  ml 
0.1 - 0.1 

0.1 0.1 - 
0.1 - 0.1 

0.1 0.1 - 
0.1 0.1 - 

- 0.2 0.1 

0.1 0.1 0.1 
0.1 - 0.1 

ml m l  
0.1 0.3 
0.1 0 .3  
0.1 0.3  
0.1 0 .3  
0.1 0.3  

0.3 - 

0.3 
0.1 0 .3  
- 

of the  1251-1 solutim and 0.1 m l  of antiserum. 
batim of 5 hours a t  ram tenperature, 1 m l  of 25% polyethylene 
g l y m l  in  0.1 M borate buffer, @I 8.6, was added. 

were votrexed for  10 sec. and centrifuged a t  ram temperature 
a t  2000 xg for 20 min. The supernatant layer was aspirated and 
the  precipi ta te  w a s  munted. 

A f t e r  incu- 

A l l  tubes 

REsULls 

Figure 1 shows the standard curve of the assay. The sensi- 
t i v i t y  of the assay was 1.5 
urable range of the assay was 1.5 to 160 pg and the nonspecific 
binding w a s  less than 5%. The cross react ivi ty  of the antiserum 
with various s teroids  w a s  tested and expressed according to a 
previously described method.8 The resu l t s  are shown i n  Table 
2. 

with 95% confidence. The meas- 

The resu l t s  of di lut ion study is shown in  Figure 2. Tkm 

serum samples spiked with different  anounts of I were s e r i a l l y  
diluted with charcoal treated calf  serum and assayed. A l inear  
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BETAMETHASONE 17-BENZOATE 415 

- 
2o t 

Figure 1. Standard curve of the radioinmumassay. Each 
point is the averge of 10 replications. 
indicate one standard deviation. 

The bars 

relationship was obtained between the samples dilution and the 
mncentratim of I in each sanple. 

The accuracy of the assay was evaluated by recovering vari- 
ous amounts of I from a series of controlled sera of I. On the 
average, the percent recovery w a s  101.2 5 8.3%. The correlation 
ooefficient, r, between recovered I and added I was 0.99, (Fig. 
3) .  The precision, as expressed by the intra-assay and inter- 
assay reproducibility, was examined by assaying a series of 
controlled sera. The results are slmmarzied in Table 3. 
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416 THEODORAKIS AND STAFANAKOU 

TABLE 2. Cross-reactivity of the Antiserum 
With Various Steroids 

Steroid Cross-reaction% Steroid Cross-reaction% 
Betamethasone- Testosterone 4 0.00031 
17-benzoate 100 Progesterone 0.0001 

Cortisol < 0.0001 Cor t imsterone < 0.00 15 
Cortisone 0.00009 Aldosterone < 0.0003 

DI LUTlO N 

Figure 2. A linear relationship exists between concentration 
of I in serun ard sanple dilution. 
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BETAMETHASONE 

Figure 3. 

17-BENZOATE 417 

I L 

500 m 
ADDED BETAMEMADONE -17 BENZOATE (pg/ml) 

Recovery of I added to two different serm pools. 

DISCUSSION 
The highly specific antibody made it possible to measure the 

concentratim of I directly in serum without extraction. 
producing such highly specific antiserum, the follcwing sugges- 
tims of previous investigators were taken into consideration: 
a) the hapten w a s  conjugated through a 3-0xime bond to the pro- 
tein; b) the hapten was carefully purified before ampling to 
the carrier protein; c) the animals were imnunized using small 
doses of imumgen according to a previously described meth- 

vity of the antiserun with endogemus steroids was observed. 

In 

As it is shown in Table 2, no substantial cross-reacti- 
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4 18 THEODORAKIS AND STEFANAKOU 

"ABW 3. Precision of Radioirrrmnoassay 

Cancentration of I (pg/ml) 
Intra-assay (n = 8) Inter-assay (n = 5) 

Mean fi SD C.V.(%) 
1 77.4 + 8.2 10.6 
2 237.2 5 19.6 8.3 
3 59.8 + 30.3 5.5 
4 1102.5 5 56.2 5.1 

Mean 7.4 

Mean fi SD C.V. (%) 
85.5 fi 15.0 17.5 
258.6 5 21.4 8.3 
567.6 fi 41.8 7.4 
1162.4 2 88.6 7.6 

Mean 10.2 

Because of the relatively extensive specific and nonspecific 
binding of steroids an plasm proteins, several investigators 
used cxqounds which blocked the binding of the steroids and did 
not cross-react with the antibody. Agents such as testosterone, 
ANS, and dim salicylate have been used to minimize interfer- 
ence of plaana binding proteins in several steroid radioinnuno- 
assays. 9-11 
the specific and non-specific binding of I on plasma proteins. 

The accuracy, precision, and reproducibility of the assay 
were satisfactory. 
tracer has eliminated the need of liquid scintillation munting, 
while the use of polyethylene glycol as a method to separate the 
hound f m  free antigen has made it more convenient ta handle 
m y  sanples simultaneously since the time of incubation and its 
tenperaure dependency have been reduced. 

It was found that ANS was useful in minimizing 

firtbmre, the use of the 125~-~ as a 
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