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APPLICATION FOR DIRECT QUANTIFICATION I N  HORSE U R I N E .  
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( 3 )  Pacu l t e  de medecine v e t e r i n a i r e ,  Uriiversite de Montreal,  
St-Hyacirithe (Quebec) 525 7 C 6 ,  CANADA. 

Ottawa (Ontar io)  K 1 A  OL2, CANADA. 
(4) Health P r o t e c t i o n  Branch, Pharmaceutical  Chemistry Divis ion 

ABSTRACT 
A monoclonal antibody was syli thesized i n  niouse a g a i n s t  

t h e  0- (3-carboxypropionyl) d e r i v a t i v e  of a l b u t e r o l  l inked t o  
bovine serum albumin. Isotypirig of t h i s  m a t e r i a l  revealed t h e  
IgGl class cha rac t e r i zed  by an a f f i n i t y  constant  of 1 .03 nM-’ 
arid a d e n s i t y  of s i tes  of 0.55 nM. This  ant ibody was found 
spec i f  i c  as i t s  cross-  r e a c t i v i t y  t o  s t r u c t u r a l l y  r e l a t e d  
molecules was less than 1% except  for c lenbu te ro l  (75%). A 
radioinmunoassay was set up with c u l t u r e  supernatant  (f irial 
d i l u t i o n  1/1000) arid [3H] a l b u t e r o l .  The c a l i b r a t i o n  curve was 
cha rac t e r i zed  by a raaxinium binding of 28%, an ED50 of 1.15 pniol 
p e r  tube,  t h e  d e t e c t i o n  limit was 28.8 fmolltube arid t h e  
l i n e a r i t y  of t h e  response was up t o  39.8 pmolltube. This  R I A  
method has been used f o r  d i r e c t  y u a n t i t a t i o n  of a l b u t e r o l  i n  
horse u r i n e  without any clean-up OK- e x t r a t i o n  s t e p .  (KEY 
WORDS : a l b u t e r o l ,  c l e n t u b e r o l ,  radioinuiunoassay, niorioclorial 
ant ibody) .  
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3 30 ADAM ET AL.  

INTRODUCTION 

Beta-2 a g o n i s t s  have been ex tens ive ly  used f o r  t h e  

t reatment  of c o n s t r i c t i v e  and o b s t r u c t i v e  pulmonary d i s e a s e s ,  

i n  human and v e t e r i n a r y  niedicine. Aniorig these  drugs,  a l b u t e r o l  

has been used f o r  the iniprvvenierit of t h e  pulmoriary func t ion  i n  

r ace  doping arid f o r  t h e  inc rease  of the muscular inass of oxen 

and ca lves .  For t hese  reasons,  t h e  monitoring of a l b u t e r o l  is 

r equ i r ed  f o r  the q u a l i t y  c o n t r o l  of drug r e s idues  i n  meat as 

w e 1 1  as f o r  t h e  d e t e c t i o n  of t h i s  substance i n  ant i -doping 

purposes.  

The methodologies a v a i l a b l e  for t h e  determinat ion of 

a l b u t e r o l  i n  b i o l o g i c a l  samples include gas  chromatography-niass 

spectrometry (11, high p res su re  l i q u i d  chromatography with 

f luoroiuetr ic  (2) and electrochemical  ( 3 - 4 )  d e t e c t i o n ,  high 

pe r fomance  t h i n  l a y e r  chromatography (5) arid radioiiiwiunoassay 

us ing  a polyclonal  antiserum ( 6 ) .  Most of t hese  procedures 

r e q u i r e  l abor ious  e x t r a c t i o n  s t e p s  and t h i s  is a l i m i t i n g  

f a c t o r  for t h e  processing of a l a r g e  number of samples. 

The p resen t  s tudy  desc r ibes  a s e n s i t i v e  radioinmunoassay 

t o  q u a n t i t a t e  a l b u t e r o l  using a monoclonal antibody. This  

method has  been va l ida t ed  f o r  t h e  d i r e c t  quaxi t i ta t ion of 

a l b u t e r o l  i n  ho r se  u r i n e  samples. 

MATERIAL and METHODS 

Material 

The following m a t e r i a l s  were purchased from the s u p p l i e r s  

i nd ica t ed :  a l b u t e r o l  hemisu l f a t e ,  t e r b u t a l i n e ,  bovine serum 
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RADIOIMMUNOASSAY FOR ALBUTEROL USING A MONOCLONAL ANTIBODY 331 

albumin arid bovine ganuna g l o b u l i n s  Cohn f r a c t i o n  11, I11 (Sigma 

Chemical Co. , S t .  Louis,  MO) , tris-hydroxyniethylan~irioet~iaI~e, 

charcoal N o r i t ,  polyethylene g lyco l  8000, S c i n t i v e r s e  BD 

( F i s h e r  S c i ,  Muskegori, M I ) ,  dextrari T70 (Phamac ia ,  Uppsala, 

Sweden), Freurid coniplete adjuvant (CFA) arid cell c u l t u r e  media: 

Hypoxarithine amiriopteririe thymidine (HAT) , Rosewell Park 

Memorial I n s t i t u t e  (RPMI) (Difco,  DETROIT, M I ) .  Microplates  

(Nunc, Roskilde,  Denmark), U l t r a sphe re  ODs coluniri (Beckman, 

Palo Alto,  CA) .  Ouchterloriy inuiunodiffusion k i t  ( I C N  

Biochemicals, Costa Mesa, CA) . Mouse Inuiunoglobulin Subtype 

Ider i t i f  i c a t i o n  k i t  (Boehringer Mannheim, Ind ianapo l i s ,  I N )  . 
Fenoterol  arid cler ibuterol  were a generous g i f t  of 

Boehringer Irigelheim (GFR) . T r i t i a t e d  [ H I  a l b u t e r o l  was 

custom l a b e l l e d  by t h e  Negev Nuclear Research Center  (Beer 

Sheva, Israel) with a s p e c i f i c  a c i t v i t y  of 17Ci/nrniol. 

3 

Methods 

Syn thes i s  of salbutamol succir ia te  d e r i v a t i v e  arid i t s  coupling 

t o  bovine serum albumin (BSA) . 

The s y n t h e s i s  of t h e  0- (3-carboxypropionyl) d e r i v a t i v e  of 

salbutamol has been performed according t o  Beaulieu e t  a1 ( 7 ) .  

B r i e f l y ,  200 nip of salbutaniol base were dissolved i n  25 n i l  of 

abso lu t e  e thano l  i r i  presence of l o 7  dpm of [ HI salbutaniol.  

While s t i r i r i g ,  bo th  succiri ic anhydride (90 mg) arid [ C l  

3 

1 4  
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3 32 ADAM ET AL.  

6 
l a b e l l e d  s u c c i n i c  anhydr ide  ( 2 . 7  x 1 0  dpm) were added. The 

l ia rves ted  c r i s ta l s  were washed w i t h  e thano l  u n t i l  a cotistarit 

r a t i o  H/ C was ob ta ined .  The nielty p o i n t  (142OC) of t h e  

d e r i v a t i v e  conf inned t h e  salbutaniol benzy l i c  s u c c i n a t e  

d e r i v a t i v e  was ob ta ined .  

F o r t y  mg of t h i s  d e r i v a t i v e  were d i s s o l v e d  i n  25 ni l  of dioxarie, 

3 n i l  water arid 300 p 1  t r ie thar io lan i ine  were coupled t o  BSA (86 

nig) p r e v i o u s l y  d i s s o l v e d  i n  25 m l  of d i s t i l l e d  wa te r  i n  

reserice of 300 p l  t r i e thano lamine .  The s o l u t i o n  was f i r i a l l y  

d i a lyzed  a g a i n s t  d i s t i l l e d  water g i v i n g  a y i e l d  of 3.87 moles 

of hapteri/riiole of BSA. 

3 14 

Product ion  of t h e  nwnoclonal an t ibody  

Inunun i z a t ion  p ro  t o co 1 

Three  B ioze i  ruice (IFFA Credo, France)  were inmiuriized 

i n t r a p e r i t o n e a l l y  w i t h  20 pg of t h e  0- (3-carboxy propioriyl)  

d e r i v a t i v e  of a l b u t e r o l  c o v a l e n t l y  l i nked  t o  BSA, eniulsif i e d  i n  

0.25 niL of t h e  CFA. Three weeks l a t e r ,  t h e  blood of mice 

witlidrawi from t h e  t a i l  was screened  f o r  t h e  p re sence  of 

a n t i - a l b u t e r o l  a n t i b o d i e s .  The mouse e x h i b i t i n g  t h e  h i g h e s t  

t i t e r  w a s  boos ted  i n t r a p e r i t o n e a l l y  w i t h  40 pg of albuterol 

con juga te  emul s i f i ed  i n  0.25 niL CFA, 3 t o  4 days p r i o r  t o  the 

f u s i o n .  
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FUs ion 

8 Spleen cells ( 1 . 4  x 10 c e l l s )  were fused with SP2/0 mouse 

niyelonia c e l l  l i n e  ( 2 . 8  x 10 ce l l s )  using the  polyetl iylene 

g lyco l  method descr ibed by Fazekas de S a i n t  Groth ( 8 , 9 ) .  T?ie 

spleen ce l l  suspension (10 c e l l s  p e r  w e l l )  was seeded i n  96 

7 

6 

w e l l  m ic rop la t e s  with mouse p e r i t o n e a l  macrophages a s  f eede r  

l a y e r .  Fusion hybr ids  were microscopical ly  observed, 10 days 

a f t e r .  On days 1 3  arid 19 ,  t h e  supe rna tan t s  of growing hybrids  

were screened f o r  t h e  presence of a n t i  a l b u t e r o l  IgGs, using 

t h e  radioinwiunoassay procedure descr ibed below. 

Clon  in& 

Afte r  t h e  screening of tlie c e l l  supe rna tan t s ,  t h e  cloning 

was perfornied twice by l i m i t i n g  d i l u t i o n  a t  0.5 and 1 ce l l  per 

w e l l  i n  96 w e l l s  m ic rop la t e s  using human umbi l i ca l  cord serum 

a s  f eede r .  

Screening f o r  t h e  product ion of a n t i - a l b u t e r o l  IgG a n t i b o d i e s  

Anti-albuterol  IgG an t ibod ies  i n  the s e r a  of immunized 

mice and t h e  cu t u r e  supernatant  were screened by RIA. 

B r i e f l y ,  100 p L of the  test sample d i l u t e d  t o  1 : 4  with 200 n@ 

phosphate b u f f e r ,  pH 7 . 4 ,  were incubated with 100 pL of ['HI 

a l b u t e r o l  i n  a f i n a l  volume of 0.5 niL f o r  4 fir a t  4OC. 

Polyclonal  r a b b i t  antiserum ( f i n a l  d i l u t i o n  112500) (10) and 

c u l t u r e  niedium were used as p o s i t i v e  and nega t ive  c o n t r o l s  
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ADAM ET AL. 3 34 

3 r e s p e c t i v e l y .  The s e p a r a t i o n  of bound from f r e e  [ H I  a l b u t e r o l  

was obtained by adding 0 .5  mL cha rcoa l  mixture c o n s i s t i n g  of 

cha rcoa l  N o r i t  10 g, dex t ran  T70 1 . 0  g, bovine ganunaglobuliris 

f r a c t i o n  I1 arid I11 2 . 8  g / L  i n  200 nM phosphate b u f f e r ,  pH 

7 . 4 .  The mixture  was incubated f o r  15 m i r i  a t  4OC,  followed by 

c e n t r i f u g i o n  a t  3,000 g ,  f o r  15 m i r i  a t  10°C. 

The supe rna tan t s  were then  decanted arid t h e i r  r a d i o a c t i v i t y  was 

determined i n  t h e  e x t e r n a l  s t anda rd  mode (Beta coun te r ,  LKB, 

Branma, Sweden) . 

Radioiriununoassay f o r  quari t i ta t ior i  of a l b u t e r o l  u s ing  t h e  

moriocloiial ant ibody 

The a s say  b u f f e r  was a 5OnM T r i s I H C l ,  pH 7 . 4 .  The 

iricubatiori medium (0.5mL) cons i s t ed  of s t anda rds  (1.05 t o  266 

pmol/mL) o r  u r i n e  samples (100 p L ) ,  [ H I  a l b u t e r o l  (100 pL, 

10000 dpm), c u l t u r e  superriatarit con ta in ing  t h e  moriocloiial 

ant ibody a t  t h e  f i n a l  d i l u t i o n  of 1/1000 (100 pL) arid a s say  

3 

b u f f e r  (200 y L ) .  C a l i b r a t i o n  curves were cons t ruc t ed  by ser ia l  

d i l u t i o n s  of a s tock  s o l u t i o n  from 1.05 t o  266 pmol/mL. The 

non-specif ic  binding w a s  def hied i n  t h e  absence of t h e  

motioclorial ant ibody arid a qua l i t y -con t ro l  sample which cons i s t ed  

of blank ho r se  u r i n e  spiked with a l b u t e r o l  a t  20 pmol/n& was 

included i n  each a s say  batch.  A f t e r  incubat ion f o r  2 h r  a t  room 

temperature ,  the s e p a r a t i o n  of bound froin f r e e  f r a c t i o n  was 
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RADIOIMMUNOASSAY FOR ALBUTEROL USING A MONOCLONAL ANTIBODY 335 

c a r r i e d  o u t  by adding 40 pL of a r a b b i t  anti-mouse IgG antiserum 

and 0.5 niL of PEG 8000 (15% w/w) and 500 pg of m i c r o c r y s t a l l i n e  

c e l l u l o s e  t o  each tube .  The tubes  were then vortexed,  allowed 

t o  s t and  f o r  15 min a t  10°C and were cen t r i fuged  a t  3,000 g ,  f o r  

15 n i i r i  a t  4°C. The supe rna tan t s  w e r e  c a r e f u l l y  a s p i r a t e d  ou t  

arid t h e  p e l l e t  corresponding t o  t h e  bound f r a c t i o n  was 

resuspended i n  0.5mL of t h e  incubat ion b u f f e r ,  arid t h e  

r a d i o a c t i v i t y  was counted i n  a b e t a  counter .  

In orde r  t o  a s s e s s  t h e  s p e c i f i c i t y  of t h e  monocloiial 

ant ibody,  t h e  c r o s s - - r e a c t i v i t y  of t h e  s t r u c t u r a l l y  r e l a t e d  

molecules arid those  used i n  ho r se  doping were examined. The 

c r o s s - r e a c t i v i t y  (4,) was def ined a s  t h e  r a t i o  dose a t  50% 

displacement of t h e  t r a c e r  (ED501 f o r  a l b u t e r o l  r e l a t i v e  t o  ED50 

f o r  each of t h e  following substances:  t e r b u t a  1 irie , 

isoproterer iol ,  f e n o t e r o l ,  c ler ibuterol ,  dobutaniine, aniphetamine, 

ephedrine,  arid phenylephrine . 

Urinary e x c r e t i o n  p r o f i l e  of a l b u t e r o l  followinn an IV dose i n  

ho r se  

One q u a r t e r  h o r s e ,  6 yea r s  o l d  female (465 kg), without any 

medication during t h e  week preceding t h e  experience was used. 

During t h e  experiment,  t h e  ho r se  w a s  r e s t r a i n e d  bu t  had access  

t o  water & l i b i tum.  A bolus of a l b u t e r o l  (10 pg/kg body 

weight) i n  100 n& NaCl 0.9% was i n j e c t e d  intravenously v i a  a 
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336 ADAM ET AL. 

c a t h e t e r  i n s e r t e d  i n  t h e  j u g u l a r  vein.  Urine was sampled v i a  a 

Foley c a t h e t e r  a s e p t i c a l l y  i n s t a l l e d  i n  the  b l adde r ,  before  

admin i s t r a t ion  of t h e  drug arid a t  each hour f o r  a 12 hr pe r iod .  

The volume of each sample was measured arid t h e  sample s t o r e d  a t  

-30°C. The pH of u r i n e  samples was ad jus t ed  t o  pH 7 . 0 - 7 ,  . 5  arid 

t h e  samples wefe then f i l t e r e d  o r  cen t r i fuged  (2 500 g, 10 min) 

t o  e l imina te  p r e c i p i t a t e d  phosphate o r  u r a t e  be fo re  a l b u t e r o l  

a n a l y s i s .  

Inmunorram of u r i n a r y  a l b u t e r o l  

To eva lua te  t h e  s p e c i f i c i t y  of t he  radioinmunoassay 

procedure,  a l i q u o t s  of u r i n a r y  samples from a ho r se  r ece iv ing  a 

10 pg/kg body weight were submitted t o  a clean-up e x t r a c t i o n  

s t e p  using PRP-1 c a r t r i d g e  (Chromatographic spec.  , Milford,  

Mass) p reac t iva t ed  with 5 mL of methanol and 5 n& of d i s t i l l e d  

water.  Following t h e  a p p l i c a t i o n  of t h e  u r i n e  samples (1  m L ) ,  

the c a r t r i d g e  w a s  washed with 5 n\L d i s t i l l e d  water;  a l b u t e r o l  

was f i n a l l y  e l u t e d  with 2 mL methanol. The e l u a t e  was then 

evaporated t o  dryness  i n  a speed vac concen t r a to r  (Savant,  

Fa"lningdale, NJ). The r e s idue  w a s  r e c o n s t i t u t e d  i n  150 pL of 

mobile phase arid 100 pL were i n j e c t e d  i n  t h e  HPLC system. 

The chromatographic system cons i s t ed  of a pump (Model 510, 

Waters ASS, Milford,  Mass) an i n j e c t i o n  valve (Rheodyne, Model 

7125, Berkeley, CA) with a 100 p L  loop. The r eve r se  phase HPLC 

colunui used was Ul t ra sphe re  ODS,  5 pin, 25 cm x 4.6 nun ID 
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(Bechian, Palo ALto, C A I .  The mobile phase cons i s t ed  i n  a 

mixture of SO ntM anunonium acetate b u f f e r  pH 6, methanol, 

a c e t o n i t r i l e  (80:8:12 v / v ) .  The flow rate was a t  0.8 nil/min. 

F rac t ions  of 1 niL w e r e  c o l l e c t e d  (FRAC 100 C c o l l e c t o r ,  

Pliarmacia, Uppsala, Sweden). The f r a c t i o n s  were then evaporated 

t o  dryness  as descr ibed e a r l i e r  t o  detetniine a l b u t e r o l  by R I A .  

Data a n a l y s i s  

The curves were arialysed by non l i n e a r  r eg res s ion  us ing  a 

f o u r  pacanieter l o g i s t i c  equat ion providing estimates f o r  

asymptotic maximal arid miriimal b ind ing ,  t h e  s lope  f a c t o r ,  and 

ED50 of t h e  curve (11). 

RESULTS 

Morioclorial ant ibody c h a r a c t e r i s t i c s  

Isotypirig of t h e  monoclonal antibody 

I so typ ing  of t h e  nionoclorial ant ibody was c a r r i e d  ou t  by 

Ouchterlony inmiunodif fu s ion  using t h e  conmiercial k i t  from ICN. 

A p r e c i p i t a t i o n  band was observed only when the ant ibody r eac t ed  

with r a b b i t  a n t i  IgG1. No r e a c t i o n  was de tec t ed  with ant iserum 

a g a i n s t  o t h e r  mouse IgG subc la s ses ,  I g A  atid IgM ( f i g u r e  1). 

I d e n t i c a l  r e s u l t s  were confirmed by an ELISA method using the  

Mouse Inmunoglobulin Subtype I d e n t i f  icat ior i  k i t  and by inuiiunodot 

(12-13). 
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338 ADAM ET AL,  

Figure 1: Isotypirig of monoclonal ant ibody by Ouchterlony 
inmiunodi f f u s  ion.  Cu l tu re  superria t a n t  : A .  Rabbit  
ant iserum a g a i n s t  mouse iiimiunog lobu 1 i n  : 1 ( IgGl) , 
2(IgG2a), 3(IgG3),  4(IgG4),  5(IgA),  6(IgM). 

S p e c i f i c i t y  of t h e  monoclonal ant ibody 

The coniparative c r o s s - r e a c t i v i t y  of a l b u t e r o l  analogs and 

o t h e r  drugs used i n  ho r se  dopixig is shown i n  Table 1. It i s  

i n t e r e s t i n g  t o  n o t e  t h a t  only c l e n b u t e r o l  d i s p l a y s  a h igh  

CL-OSS. r e a c t i v i t y  (75%) followed by terbutal i rke ( 7 % ) .  

Cross- r e a c t i v i t y  less than 1% could be de t ec t ed  f o r  o t h e r  t e s t e d  

molecules.  
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TABLE 1 

COMPARATIVE CROSS REACTIVITY OF ALBUTEROL ANALOGS 
I N  THE RADIOIHMUNOASSAY 

Drug ED50 Cross - r eac t iv i  t y  
(pniol/niL) (%I 

Albu te ro l  
Cleribu t e r o  1 
Terbu ta l ine  
Feno te ro l  
I sopro tererio 1 
Dobu t anii fie 
Aniphe t aniine 
Ephedrine 
Pheny l ephr  iria 

12 
16 
171 

< 2 500 
< 2 500 
< 2 500 
< 2 500 
< 2 500 
< 2 500 

100 
75 
7 
< 1% 
< 1% 
< 1% 
< 1% 
< 1% 
< 1% 

A f f i n i t y  constarit  of t h e  morioclonal ant ibody 

The Scatchard a n a l y s i s  revealed t h e  presence of a s i n g l e  

homogeneous ant ibody popu la t ion  c h a r a c t e r i z e d  by an a f f i n i t y  

cons t an t  of 1.03 11M-l with a d e n s i t y  of s i tes  of 0 .55 nM (14). 

RIA character is t ics 

F igure  2 shows a typical c a l i b r a t i o n  curve which is 

c h a r a c t e r i z e d  by a maximal binding of 27.7% (SD = 0.1%) of t h e  

t o t a l  l a b e l l e d  a l b u t e r o l  added;a ED50 of 1.15 (SD = 0.032) pmol 

per  tube and a s l o p e  f a c t o r  of 1.01 (SD = 0.023). The miriiniuni 

d e t e c t a b l e  m o u n t  (Bo mean minus 2 SD) was 28.8 fmoll tube and 
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Figure 2: 

1 I 
- 2  -1 0 1 2 3 4 

LOG CONC ALBUTEROL (pmol/tube) 

A t y p i c a l  c a l i b r a t i o n  curve f o r  a l b u t e r o l  
radioinmunoassay. Conipet i t  ion C U C V ~  between 
a l b u t e r o l  arid i t s  t r i t i a t e d  d e r i v a t i v e  us ing  the 
nionoclonal ant ibody ( 0 ) .  The p a r a l l e l  i n h i b i t i o n  
of radioligarid birldirig with s e r i a l  d i l u t i o n s  of 
u r i n a r y  excreted a l b u t e r o l  (h) and blank u r i n e  
spiked with a l b u t e r o l  s tandard (R) was repor t ed .  

the l i n e a r i t y  of the response w a s  up t o  39.8  pniol/tube. The 

non-specif i c  binding of [ HI a l b u t e r o l  ranged between 1-1.5%. 3 

S i m i l a r l y ,  excreted u r i n a r y  a l b u t e r o l  was t e s t e d  by 

analysit ig t h e  p a r a l l e l i s m  between t h e  c a l i b r a t i o n  curve arid a 

d i l u t i o n  curve of ?io~-r;e u r i n e .  

The mean s lope  f a c t o r  of t hese  c a l i b r a t i o n  arid d i l u t i o n  

curves (0 .96  2 0.027 arid 1 .01  5 0 .023  r e spec t ive ly )  were riot 

s t a t i s t i c a l l y  d i f f e r e n t  (F = 3 . 8 7 ,  P < 0.01) .  S imi l a r  r e s u l t s  

w e r e  obtained with success ive  d i l u t i o n s  of a c a l i b r a t i o n  curve 

spiked i n  u r i n e .  
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Val ida t ion  of t h e  assay 

The p r e c i s i o n  of t h e  a s say  w a s  assessed by t e s t i n g  blarik 

u r i n e  spiked with a l b u t e r o l  concen t r a t ions  of 4, 16 ,  32 

pmol/mL. These samples were analysed i n  f i v e  r e p l i c a t e s  over 

f i v e  consecut ive days.  The in t r a -a s say  coef f icierits of 

v a r i a t i o n  were 5 .9 ,  5 . 3  arid 6.8%, r e s p e c t i v e l y .  The in t e r - a s say  

c o e f f i c i e n t s  of v a r i a t i o n  w e c e  1 2 . 4 ,  7 . 8  and 8%. r e s p e c t i v e l y .  

The accuracy of t h e  assay was t e s t e d  us ing  a blank u r i n e  

t o  which a l b u t e r o l  was added t o  g ive  a f i n a l  concen t r a t ion  of 

1.05 t o  133 ymol/mL. The l i n e a r  regressiori  curve f o r  the 

c o r r e l a t i o n  between a l b u t e r o l  concen t r a t ions  expected arid those 

measured is descr ibed by t h e  following equation: Y = 0.898X + 

0.75 ( r  = 0.995, P < 0 .01) .  The abso lu te  a n a l y t i c a l  recovery of 

a l b u t e r o l  was over  95% f o r  t h e  range of coriceritratioris s t u d i e d .  

Spec i f i c i t y of t h e  rad i o  inmunoas s ay 

In orde r  t o  a s s e s s  t h e  s p e c i f i c i t y  of t h e  

r a d i o  inuiurioassay , u r i n a r y  sanip l e  c o l l e c t e d  f 01 lowing an 

iritraverious dose of 10 pg/kg i n  ho r se  was d i l u t e d  a t  1/80,  

1/160, 1/320 arid 1/640 with blarik u r i n e .  Aliquots  of t h e  

d i l u t e d  samples were sub jec t ed  t o  d i r e c t  radioinmiunoassay be fo re  

arid a f t e r  HPLC chroniatography. The peak was measured a t  t he  

e l u t i o n  volume ( 5  n i l )  of t h e  a u t h e n t i c  a l b u t e r o l  s tandard 

(Figure 3 ) .  These values  were c o r r e l a t e d  t o  t h a t  measured by 

d i r e c t  radioinmiunoassay. The l i n e a r  r eg res s ion  curve is given 

by t h e  equat ion:  Y = 0.849X - 0.45 ( r  = 0.995, P < 0.01). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
1
:
4
7
 
1
6
 
J
a
n
u
a
r
y
 
2
0
1
1



342 ADAM ET AL. 

10 
n 

E 
2 
0 

Ep 

e 5  

3 

Y 

$ 
3 

U 

+ 
3 6 9  

RETENTION TIME (mid 

Figure 3 :  Inmunoreactivity p r o f i l e  of an urine sample a f t e r  
HPLC separation. The s p e c i f i c i t y  of the assay i s  
demonstrated by the presence of a unique 
inuiunoreactivity peak which co-elute with 
a1 bu t ero 1s t atidard . 
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Figure 4 :  Urinary excretion p r o f i l e  of albuterol i n  a horse 
a f t e r  an i . v .  administration of 10 pg/kg of t h i s  
drug. 
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Urinary  e x c r e t i o n  p r o f i l e  of a l b u t e r o l  

The cumula t ive  u r i n a r y  e x c r e t i o n  p r o f i l e  of a 

343 

b u t  e ro  

r ep resen ted  by the amount of a l b u t e r o l  exc re t ed  i n  f u n c t i o n  of 

time is p resen ted  i n  F i g u r e  4. 

DISCUSSION 

The p r e s e n t  s t u d y  d e s c r i b e s  t h e  development of a mono- 

c l o n a l  an t ibody a g a i n s t  a l b u t e r o l  and i t s  a p p l i c a t i o n  i n  a 

d i r e c t  radioinuuunoassay of t h i s  drug  i n  h o r s e  u r i n e .  

The monoc lona l i c i ty  of t h e  an t ibody has  been a s ses sed  by 

l i m i t i n g  d i l u t i o n  method and confirmed by t h e  I g G  i s o t y p e .  The 

high a f f i n i t y  c o n s t a n t  of t h i s  an t ibody  could be u s e f u l  € o r  t h e  

d e t e c t i o n  of a l b u t e r o l  i n  rianomolar range .  It is i n t e r e s t i n g  t o  

n o t e  t h a t  t h i s  an t ibody  d i s p l a y s  a h i g h  c r o s s  r e a c t i v i t y  o n l y  

f o r  c le r ibu tero l  among t h e  beta--Z-agonists t e s t e d  which would 

f a c i l i t a t e  t h e  d e t e c t i o n  of t h i s  compound wi th  t h e  p r e s e n t  

a s s a y .  The HPLC-RIA inmiunograrii on t h e  u r i n e  e x t r a c t s  d e p i c t s  an 

unique  inuiiunoreactivity peak cor responding  t h a t  of a l b u t e r o l ,  

conf i rming  t h e  s p e c i f i c i t y  of the a s s a y .  As no c l e a n  up 

procedure is r e q u i r e d ,  t h e  p r e s e n t  a s say  is  p a r t i c u l a r l y  u s e f u l  

f o r  t h e  handl ing  of a l a r g e  number o€ samples.  

I n  conc lus ion ,  t h e  p r e s e n t  method g i v e s  adequate 

r e l i a b i l i t y  and s e n s i t i v i t y  f o r  t h e  d e t e c t i o n  and q u a n t i t a t i v e  

de t e rmina t ion  of t h e  a l b u t e r o l  i n  u r i n e  a t  subrianomolar l e v e l s .  

Th i s  could be e x p l o i t e d  f o r  t h e  moni tor ing  of bo th  a l b u t e r o l  and 

c l e n b u t e r o l  i n  v e t e r i n a r y  medicine.  
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