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A S P E C I F I C  RADIOIMIUNOASSAY FOR THE D E T E C T I a J  OF 
19-NORTESTOSTERONE RESIDUES I N  URINE AND PLASMA OF 

CATTLE 

P.Evrard, P.Gaspar and G.Maghuin-Rogister, 
Un ive rs i t y  o f  Liege, Facul ty  o f  Veter inary Medicine 

45, rue des veter ina i res,  B-1070 Bruxe l l es  
Belgium 

ABSTRACT. 
19 -Nor tes tos te rone  (NANDROLONE) i s  i l l e g a l y  used as a growth 

promoter f o r  meat p roduc ing  animals  . T h i s  worK d e s c r i b e s  a 
radio-immunoassay ( R I A )  t o  d e t e c t ,  i n  c a t t l e  u r i n e ,  WDROLONE and 
i t s  metabol i t e s .  

m e t a b o l i t e s ,  and t o  a l e s s e r  e x t e n t  f o r  TRENBOLONE 
The an t i se rum was s p e c i f i c  f o r  19 -no r tes tos te rone  and i t s  main 

( 17B-h ydr ox ye 5 t r a-4,9,11 -tr i en-3-one ) . 
b i nd i  ng. 

w i t h  19 -no r tes tos te rone  i n  meat p r o d u c t i o n .  
(KEY WORDS: 19-NORTESTOSTERONE, NANDROLONE, RADIO 
ANTISERUM, MEAT PRODUCTION ) .  

The s e n s i t i v i t y  o f  t h i s  assay was 6 ug/ l  a t  

T h i s  assay can be used i n  f o r e n s i c  c o n t r o l  o f  

90 % BO/T 

l l e g a l  t rea tmen t  

IMMUNOASSCIY OF, 

INTRODUCT 1 ON. 

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

i n  animal p r o d u c t i o n  i s  common i n  Belgium.Since the r e i n f o r c e m e n t  

o f  the o f f i c i a l  c o n t r o l  program f o r  " s t i l b e n i c  compounds", t he  

d e t e c t i o n  f requency o f  d i e t h y l s t i l b e s t r o l  (DES) has d r a s t i c a l l y  

decreased ( 1 ) .  
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354 EVRARD, GASPAR, AND MAGHUIN-ROGISTER 

A p r e v i o u s  r e p o r t  has shown t h a t  19 -no r tes tos te rone  

INANDROLONE) f r e q u e n t l y  occured i n  i l l i c i t  hormonal p r e p a r a t i o n s  

( 2 ) .  Several pharmaceut ica l  p r e p a r a t i o n s  c o n t a i n i n g  NWDROLONE 

are p robab ly  used as growth promoter by the fa rmers .  I n  the 

Ne the r lands ,  the a n a l y s i s  o f  i n j e c t i o n  s i t e s  has shown t h a t  84 Z o f  

573 samples con ta ined  19 -no r tes tos te rone  ( 3 ) .  U n t i l  now, the 

methods t o  d e t e c t  19 -no r tes tos te rone  r e s i d u e s  i n  u r i n e  w e r e  t h i n  

l a y e r  chromatography ( 4 )  o r  gas chromatography/mass spec t romet ry  

( 5 ) .  A radioimmunoassay ( R I A )  would t h e r e f o r e  be u s e f u l  t o  p e r f o r m  

sc reen ing  on l a r g e  numbers o f  samples. 

MATERIALS f W D  METHODS. 

Reaaen t s 

D i e t h y l e t h e r  (Ar is tar ,BDH) was 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 ;  t r i t i a t e d  19 -no r tes tos te rone  ( 1 9  Ci/mmol) was 

purchased f rom Amersham ,U K ;  the s t e r o i d  s tandards  

19 -no r tes tos te rone ,  t e s t o s t e r o n e ,  androsterone,  17 - t e s t o s t e r o n e  

d i h y d r o t e s t o s t e r o n e ,  methy l  t e s t o s t e r o n e ,  17 - e s t r a d i o l  , 
progesterone w e r e  purchased f rom S t e r a l o i d  ,USA. Trenbolone and 7 

- t renbo lone  w e r e  g i f t s  f rom Roussel UCLAF, France.  M e t a b o l i t e s  o f  

19-nor testosterone w e r e  K i n d l y  p r o v i d e d  by  D r .  Kuys f rom Organon 

S c i e n t i f i c  Group (OSS, The N e t h e r l a n d s ) .  

The R I A  b u f f e r  was phosphate b u f f e r ,  20 mmol/L, pH 7.4, c o n t a i n i n g  

g e l a t i n  ,5 g/L, 

The h y d r o l y s i s  b u f f e r  was phosphate b u f f e r ,  pH 7.0,  100 mmol/L, 

c o n t a i n i n g  8-glucuronidase-arylsulfatase f rom H. Domatia 
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19-NORTESTOSTERONE RESIDUES 355 

(Boerh inge r )  I 1 0 0  &1/15 m l )  and (%)-19 n o r t e s t o s t e r o n e  (2 .5  * l o 5  

cpm/l5 m l )  as i n t e r n a l  s tandard  f o r  e v a l u a t i o n  o f  e x t r a c t i o n  

recove ry .  

P r e p a r a t i o n  o f  19-Nortestosterone-Bovine Serum Albumin Conjuqate.  

19-Nor testosterone (500 mg) and s u c c i n i c  anhydr ide  (500 mgj 

w e r e  d i s s o l v e d  i n  20 m l  d r y  p y r i d i n e  and hea ted  under r e f l u x  f o r  4 

hours.19-Nortestosterone hemisucc inate was p u r i f i e d  a c c o r d i n g  t o  

Dixon (6) and the f i n a l  e t h y l  a c e t a t e  e x t r a c t  was evaporated t o  

dryness. The d r y  r e s i d u e  (250 mg) was taken up i n  20 m l  o f  d ry  

d ioxan and coupled t o  1.2 g o f  bov ine  serum albumin a c c o r d i n g  t o  

the mixed a n h y d r i d  method 1 7 ) .  The r e s u l t a n t  p r e c i p i t a t e  was 

d i s s o l v e d  i n  sodium c h l o r i d e  , 9 g/L. 

Immunizat ion o f  Rabb i t s .  

Four r a b b i t s  w e r e  immunized a c c o r d i n g  t o  the procedure o f  

U a i t u K a i t i s  ( 8 ) .  The immunogen s o l u t i o n  ( 2  mg pe r  r a b b i t )  was 

e m u l s i f i e d  i n  complete Freund's ad juvent .The r a b b i t s  r e c e i v e d  a 

t o t a l  o f  seven i n j e c t i o n s ,  a t  i n t e r v a l s  o f  15 days. The serum o f  

one r a b b i t  showed accep tab le  b i n d i n g  p r o p e r t i e s .  I t  was d i l u t e d  

w i t h  R I A  b u f f e r  (1:lOO) and s t o r e d  i n  1 m l  a l i q u o t s  a t  -2O'C. 

Sampl es. 

A pool  o f  b lank  u r i n e  was p repared  from c a t t l e  t h a t  had been 

ma in ta ined  under c o n t r o l l e d  c o n d i t i o n s .  

E i g h t y  f o u r  u r i n e  samples w e r e  c o l l e c t e d  ( f r o m  June t o  J u l y  

1985) by the o f f i c i a l  v e t e r i n a r y  i n s p e c t o r s  and w e r e  examined f o r  
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356 EVRARD, G A S P A R ,  A N D  M A G H U I N - R O G I S T E R  

t h e i r  19 -no r tes tos te rone  c o n t e n t .  U r i n e s  were s t o r e d  a t  -20'C u n t i l  

assayed. 

H y d r a l y s i s  and E x t r a c t i o n .  

Three h u n d r e d a l  o f  h y d r o l y s i s  b u f f e r  was added t o  1 0 0  4.11 of 

plasma or u r i n e  samples and the m i x t u r e  i ncuba ted  1 h a t  37'C. 

S t e r o i d s  w e r e  then e x t r a c t e d  by m i x i n g  w i t h  2 m l  d i e t h y l e t h e r  and 

the o rgan ic  phase evaporated t o  dryness under a s t ream o f  

n i t rogen 

100fil a1 

Ready-so 

Counter 

The d r y  r e s i d u e  was d i s s o l v e d  i n  500 & I  of R I A  b u f f e r .  A 

quot was mixed w i t h  5 m l  o f  s c i n t i l l a t i o n  f l u i d  (Beckman 

u HP) and counted i n  a LS1800 Beckman S c i n t i l l a t i o n  

o r  the e s t i m a t i o n  o f  e x t r a c t i o n  r e c o v e r y .  

Radio-Immunoassay. 

One hundred f i l  o f  (3H) 19 -no r tes tos te rone  ( 1 0 0 0 0  cpmj i n  R I A  

b u f f e r  and 100 4.11 o f  an t i se rum ( i n i t i a l  d i l u t i o n  1/20000) w e r e  

added t o  the 300 dl sample e x t r a c t .  

A l l  tubes w e r e  incubated a t  37'C f o r  30 m i n u t e s  and subsequent ly  

f o r  2 hours a t  4'C t o  e q u i l i b r a t e  the r e a c t i o n .  Dext ran coa ted  

charcoal  suspension ( 5  g N o r i t  cha rcoa l ,  d e x t r a n  0.5 g/L o f  R I A  

b u f f e r )  was added (500 u l )  and incuba ted  f o r  10 m i n u t e s  i n  o rde r  t o  

separate bound and f r e e  s t e r o i d .  A f t e r  c e n t r i f u g a t i o n ,  500 u l  o f  

f l u i d  and the supernatant  was added t o  5 m l  s c i n t i l l a t i o n  

r a d i o a c t i v i t y  was determined.  

The r e s u l t s  were c a l c u l a t e d  from a c a l  

l o g i t - l o g  t r a n s f o r m a t i o n  and l i n e a r  r e g r e s s  

b r a t i o n  cu rve  a f t e r  

on a n a l y s i s  , 
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19-NORTESTOSTERONE RESIDUES 35 7 

TABLE 1 

R e l a t i u e  Cross R e a c t i u i t i e s  o f  An t i se rum a g a i n s t  19 -Nor tes tos te rone  
expressed as Percentages. (9)  

Chemical ( t r i v i a l )  name 

17J3-Hydroxy-4-estren -3-one (19 -no r tes tos te rone)  
174-h~droxy-4-estren-3-one ( 1 9 - n o r e p i t e s t o s t e r o n e )  
4-estren-3,17-dione (19-norandrostendione)  
5 -estrane-3,17-dione (19-norandrostandione)  
17J3-h~droxyandrost-4-ene-3-one ( t e s t o s t e r o n e )  
17~-hydroxyandrost -4-ene-3-one I e p i t e s t o s t e r o n e )  
F@-androstan-l78-ol-3-one ( d i h y d r o t e s t o s t e r o n e )  
4 -an d r  0s t en - 1 7+me t h y 1 - 1 78 - o 1 - 3 -0 n e 
Es t r a- 1 ,3,5 ( 1 0 1 - t i en e -3,178-d i o 1 ( 1 78-e s t r ad i o 1 ) 
Pregn-4-en-3,20-dione (p roges te rone)  
54-andr 0s t an-3 - 0 1  -1 7-one ( andr os t erone 
17~-h~droxyestra-4 ,9 ,11- t r ien-3-one(TRENBOLONE)  
1 7 ~ - h ~ d r o x y e s t r a - 4 , 9 , 1 1 - t r i e n - 3 - o n e ( e p i T R E N B O L O N E )  
D i e thy1 s t  i 1 bes t r o l  

100 
3.25 
46.3 
20 I 1  

(0.03 
<0.01 
(0.01 
<o .01 
(0.01 
(0 .04  
(0.02 
9.09 
4.29 

( 0 . 0 1  

To c o r r e c t  f o r  the a d d i t i o n n a l  coun ts  i n  the b i o l o g i c a l  

samples r e s u l t i n g  from the i n t e r n a l  s tandard ,  the procedure o f  

Hoffmann ( 9 )  was a p p l i e d .  

RESULTS. 

S p e c i f i c i t y  o f  the Ant iserum. 

Assay c r o s s  r e a c t i v i t y  determined acco rd ing  t o  Abraham ( 1 0 )  of  

the an t i se rum towards v a r i o u s  s t e r o i d s  and a n a b o l i c  compounds a r e  

g i ven  i n  t a b l e  1. M e t a b o l i t e s  o f  19 -no r tes tos te rone  and TRENBOLONE 

showed an a p p r e c i a b l e  c r o s s  r e a c t i u i t y .  A l l  o t h e r  r e l a t e d  compounds 

showed a c r o s s  r e a c t i o n  lower  than 0.05 %. 
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358 EVRARD, GASPAR, AND MAGHUIN-ROGISTER 

TABLE 2. 

Q u a l i t y  Contro l  Parameters o f  19-Nor testosterone Radioimmunoassay 

0 .5  0.51 f 0.08 12.9 
1.0 1.11 i 0.15 10.5 
1.5 1.69 t, 0.10 4.7 
2.0 2.21 i 0.12 2.8 

12.4 
12.4 
5.0 
5.6 

0.5 0.46 0.07 14.4 
1.0 1.07 f 0,13 5.6 
1.5 1.55 f 0.12 2.1 
2.0 2.04 t 0.26 8.5 

13.8 
13.0 
8.3 

12.1 

Assay Parameters. 

I n i t i a l  b i n d i n g  (Bo/T) was 40 + 4 %; non s p e c i f i c  b i n d i n g  1.2 

+ 0.3 %;  s lope -0.9345 + 0.049 ; c o r r e l a t i o n  c o e f f i c i e n t  0.9993 ; 

s e n s i t i v i t y  a t  90 % B/Bo b i n d i n g  6 + 3 pg; c o n c e n t r a t i o n  a t  50 % 

b i n d i n g  53 + 6 pg (mean + s .d . ) .  The mean o f  e x t r a c t i o n  

r e c o v e r i e s  o f  19-nor testosterone f rom u r i n e  was 89 + 4. % ( n= 96) .  

To est imate i n t r a  and i n t e r  assay v a r i a b i l i t y  , u r i n e  and plasma 

c o n t a i n i n g  0.5,  1.0, 1.5 and 2.0 ug/ l  o f  19-nor tes tos terone w e r e  

analyzed i n  t r i p l i c a t e  over f o u r  assays. The r e s u l t s  a re  shown i n  

t a b l e  2. 
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19-NORTESTOSTERONE RESIDUES 

TABLE 3.  

359 

Dete rm ina t ion  o f  19-Nor testosterone Content i n  U r i n e  Samples 
c o l l e c t e d  a t  the s laughterhouse.  

x 52 .4  8 . 3  14 .3  16.6 8 . 3  

The i n t e r f e r e n c e  o f  the b i o l o g i c a l  m a t r i x  f o r  u r i n e  and plasma 

taken f rom c o n t r o l  u n t r e a t e d  an ima ls  w e r e  r e s p e c t i v e l y  0.05 + 0.01 

ug/L (n=14) and 0 . 0 3  + 0 .01  ug/L In=16) .  

De te rm ina t ion  o f  19-Nor testosterone Content i n  U r i n e  Samples. 

E i g h t y  f o u r  u r i n e  samples c o l l e c t e d  a t  t he  s laug the rhouse  w e r e  

analyzed u s i n g  the R I A  procedure.  T h e i r  r e s u l t s  a re  g i ven  i n  t a b l e  

3 .  

T h i r t y  th ree  samples (39  %)  showed a 19 -no r tes tos te rone  c o n t e n t  

h ighe r  than 0 . 5  u g / l .  

DISCUSSION. 

A n a l y t i c a l  c o n t r o l  o f  meat p roduc ing  an ima ls  i n  farms or  i n  

s laugtherhouses must d e t e c t  the p a r e n t  d rug  and/or i t s  main 

m e t a b o l i t e s .  Cross r e a c t i v i t y  o f  the an t i se rum w i t h  m e t a b o l i t e s  o f  
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360 EVRARD, GASPAR, AND MAGHUIN-ROGISTER 

the drug i s  t hus  a u s e f u l  c h a r a c t e r i s t i c  o f  t h i s  R I A  as i t  

measured n o t  o n l y  pa ren t  d rug  b u t  a l s o  main m e t a b o l i t e s  a l t hough  

w i t h  l e s s e r  s e n s i t i v i t y .  17 8-hemisucc inate d e r i v a t i v e  was s e l e c t e d  

f o r  the c o u p l i n g  t o  bov ine  serum albumin, r a t h e r  than 

19-nortestosterone-3-carboxymethyloxime i n  o rde r  t o  o b t a i n  h i g h e r  

c ross  r e a c t i v i t y  a g a i n s t  m e t a b o l i t e s .  

Our ant iserum had a h i g h  s p e c i f i c i t y :  i t  d i d  n o t  c r o s s - r e a c t  

w i t h  endogenous hormones. T h i s  was n o t  the case i n  a p r e v i o u s  s t u d y  

Ill) where an an t i body  r a i s e d  w i t h  the same s t e r o i d  d e r i v a t i v e  as 

the p resen t  work shows s i g n i f i c a n t  c r o s s  r e a c t i v i t i e s  w i t h  the 

n a t u r a l  sex hormones and t h e i r  m e t a b o l i t e s .  Concen t ra t i ons  o f  these 

hormones c o u l d  be h i g h  enough f o r  even low c r o s s  r e a c t i v i t y  t o  

r e s u l t  i n  f a l s e  p o s i t  i ue  r e s u l t s .  

Recent ly ,  a s p e c i f i c  R I A  f o r  19 -no r tes tos te rone  which does n o t  

c r o s s  r e a c t  w i t h  19 -no r tes tos te rone  m e t a b o l i t e s  has been d e s c r i b e d  

( 1 2 ) .  T h i s  ant iserum w i c h  was p repared  a g a i n s t  a 

19-nor testosterone-7 - c a r b o x y e t h y l t h i o e t h e r  shows a h i g h e r  c r o s s  

r e a c t i o n  w i t h  t e s t o s t e r o n e  (1 .7  %1 and e s t r a d i o l  ( 1.6 % I  than our 

a n t i  serum, 

Cross r e a c t i o n s  w i t h  TRENBOLDNE and i t s  main m e t a b o l i t e  i n  

bov ine spec ies  (174- renbolone)  w e r e  f ound  t o  be 9 % and 4.3 % 

r e s p e c t i v e l y .  Jansen e t  a1 (12)  a l s o  d e s c r i b e d  a c r o s s  r e a c t i o n  o f  

t h e i r  ant iserum w i t h  TRENBOLONE. These o b s e r v a t i o n s  can be 

e x p l a i n e d  by the l a c k  o f  C-19 me thy l  proup i n  TRENBOLONE and i n  

19 -no r tes tos te rone .  I f  improved s p e c i f i c i t y  were needed, u r i n e  

samples c o u l d  be p u r i f i e d  by HPLC procedure (131 i n  o rde r  t o  

separate 19 -no r tes tos te rone  and TRENBOLONE r e s i d u e s .  
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On the b a s i s  o f  the c h a r a c t e r i s t i c s  o f  t he  an t i se rum and the 

assay desc r ibed  he re ,  i t  can be concluded t h a t  t h i s  R I A  i s  

a p p l i c a b l e  t o  the sc reen ing  d e t e c t i o n  o f  i l l e g a l  a d m i n i s t r a t i o n  o f  

NANDROLONE. 

Gas chromatography-mass spec t romet ry  g i v e s  o f  course 

d e f i n i t i v e  r e s u l t s  about the presence o f  a n a b o l i c  r e s i d u e s  i n  

t r e a t e d  animals .  Never the 

and the r e l a t i v e  s c a r c i t y  

Relgium impeed c o n t r o l  o f  

ess, the cos t  o f  the GC-MS d e t e r m i n a t i o n  

o f  l a b o r a t o r i e s  t r a i n e d  i n  t h i s  method i n  

l a r g e  numbers o f  samples. 

I n  our  c o u n t r y ,  T h i n  Layer Chromatography (TLC) i s  used f o r  

anabo l i c  r e s i d u e s  d e t e c t i o n  i n  an ima ls  s i n c e  1979 ( 4 ) ;  i t  i s  f i a b l e  

i n  w e l l  t r a i n e d  hands. 

R I A  i s  proposed as a sc reen ing  method as i t  i s  a l r e a d y  a p p l i e d  

f o r  s t i l b e n e  r e s i d u e s  d e t e r m i n a t i o n  ( 1 4 ) .  P o s i t i v e  RIA r e s u l t s  must 

be con f i rmed  by TLC b e f o r e  b e i n g  cons ide red  as " o f f i c i a l r "  

pos i  t i v e .  

A c o l l a b o r a t i o n  s tudy  (unpub l i shed  da ta )  i s  s t i l l  i n  p r o g r e s s  w ich  

i n v o l v e s  R I A  and TLC methods i n d i c a t e s  a good c o r r e l a t i o n  between 

b o t h  methods when the l e v e l s  o f  n o r t e s t o s t e r o n e  ( o r  m e t a b o l i t e s )  i s  

over 1 ~.rg/L. Under t h i s  va lue ,  the TLC method appears n o t  s e n s i t i v e  

enough t o  c o n f i r m  R I A  r e s u l t s .  
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