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Abstract--Antibodies were raised against fl-adrenergic antagonists of the phenoxypropylamine series 
by the use of an alprenolol-bovine serum albumin conjugate. Binding of [SH]dihydroalprenolol was 
studied by means of the Farr technique. Inhibition of [:~H]dihydroalprenolol binding by several 
fl-adrenergic antagonists revealed the following sequence in binding affinities, propanolol- 
bromohydrinalprenolol-tazolol-alprenolol-pindolol. Specificity of the antibodies was further shown 
by their ability to inhibit [SH]dihydroalprenolol binding on the adrenergic receptor from turkey 
erythrocyte membranes. Specific antibodies were purified by affinity chromatography. Purification from 
the y-globulin fraction was 200-fold and recovery of binding capacity was 88 percent. The heterogeneity 
index of the purified antibodies was 1 and the association constant 1.4 × 108/mole. 

Since the introduct ion of  f l-adrenergic blocker  [1], 
the use of  these compounds  in the t rea tment  of  
card iovascular  d iseases  has increased t remendous-  
ly. The  phenoxypropy lamine  series,  the best known 
example  of  which is propanolol ,  has given rise to 
several  therapeut ical  useful drugs. Recent ly  the in- 
t roduct ion of  f l -adrenergic blockers  in the study of  
the propert ies  of  specific receptors  f rom various 
t issues [2.3] ,  widened the fundamenta l  impor tance  
of  this class of drugs.  

The  isolation of  the f l-adrenergic receptor  by 
affinity ch romatography  on an a lp renolo l -agarose  
co lumn in our  laboratory incited us to e laborate  new 
approaches  in the study of those drugs [4]. In this 
report  we present  a method  to raise ant ibodies  
against d ihydroalprenolol  in rabbits. Their  specifi- 
city towards  several  analog drugs was tested,  their 
effect  on the binding of  alprenolol  to f l-adrenergic 
receptors  studied and a successful  a t tempt  was 
made to purify the specific anti-alprenolol  anti- 
bodies by affinity chromatography .  

MATERIALS AND METHODS 

Chemicals. The fol lowing were  obtained as 
gifts: (_+)-Alprenolol hydrochlor ide  (Ciba-Geigy  
Lab.) ,  Propanolol  (ICI),  Butoxamine  hydrochlor ide  
(Burroughs Wel lcome) ;  Pindolol (Sandoz) and 
Tazolol  (Syntex).  [:~H]dihydroalprenolol (33Ci /  
m-mole)  was purchased  f rom N e w  England Nuclear .  
Bovine  serum albumin (BSA) was fract ion V f rom 
Sigma Chemical  Compound ,  and bovine  7-globulins 
f rom Miles. All o ther  reagents  were  of  analytical  
grade. 

Alprenolol-BSA conjugates 

Synthesis of bromo-alprenolol. Alprenolol  con- 
tains an olefin moie ty  which can readily react  with 
N-bromosucc in imide  in water  to yield the corre-  
sponding bromohydr in  [5]. N-bromosucc in imide  
(178 rag) was d isso lved  in 100ml of 10 mM (-+)- 
alprenolol  in water .  The  mixture  was stirred for  2 

days at 4 ° in the dark. Phys icochemical  data  (thin- 
layer chromatography ,  u.v. spectra,  to be pub- 
lished) indicated the quant i ta t ive  t ransformat ion  of 
alprenolol  in its cor responding  bromohydr in .  

Synthesis of the protein conjugate. Twenty  five mg 
BSA were  d issolved in 5 ml of  a 7 M guan id ium-HCI  
solution brought to pH 8 with a 0.5 M Tris buffer in 
order  to al low the disulfide bridge to be reduced by 
the Cleland reagent  (dithiothreitol).  Af te r  addit ion 
of 7.25 mg of the  reagent  the solution was kept under 
a nitrogen a tmosphere  for  5 hr at 37 °. 

The react ion products  were  s ieved through a 
Sephadex  G 25 column (1.6 × 32 cm),  equil ibrated 
with 0.1 M sodium carbonate  (pH = 8.2), flushed 
with nitrogen. The fract ion eluted in the void vo lume 
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Fig. I. Reaction scheme for the preparation of the 
hapten-protein conjugate. NBS = N-bromosuccinimide,. 

BSA = Bovine serum albumin, DTT = Dithiothreitol. 
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of the co lumn  was added  d i rec t ly  to 20 ml of a solu- 
t ion of 100 mg b romo-a lp reno lo l  in the  same  buffer .  

Bromo-a lp reno lo l  was  coup led  to BSA at 4 °, 
unde r  a n i t rogen  a t m o s p h e r e ,  in the  da rk  for  48 hr. 
Af ter  r eac t ion ,  the  mix ture  was d ia lyzed  aga ins t  
con t i nuous ly  flowing de ion ized  wa te r  for  3 days ,  
and  lyophi l ized.  The  lyophi l ized p r oduc t  weighed  
8.5 mg. 

Figure  I g ives  a s chema t i c  r e p r e s e n t a t i o n  of  the  
con juga t ion  reac t ion .  

Immunization. A rabbi t  was i m m u n i z e d  wi th  1 mg 
con juga te ,  d i s so lved  in p h o s p h a t e - b u f f e r e d  sal ine 
(PBS),  to which  1 ml of  comple t e  F r e u n d ' s  a d j u v a n t  
(Difco) was  added .  The  emul s ion  was in jec ted  sub-  
c u t a n e o u s l y  (s.c.)  on eight  p laces  in the  f lanks of  
the animal .  

F o u r t e e n ,  28 and  42 days  la ter  the  an imal  was  
r e in j ec t ed  with I mg of  the  c o n j u g a t e  d i s so lved  in 
I ml PBS and  emuls i f ied  in I ml i n c o m p l e t e  F r e u n d ' s  
a d j u v a n t  (Difco).  

Preparation of the immunoglobulin fraction. 
Seven  days  a f t e r  the  boos t e r  in jec t ions ,  b lood was 
d r a w n  f rom the  ear  vein.  Af te r  coagu la t ion  and  
cen t r i fuga t ion  the  s e rum was co l lec ted  and  an  
al iquot  was  used to s tudy the  b inding  of  [:'H]di- 
hydroa lp reno lo l .  

F r o m  the  r ema in ing  se rum,  the  i m m unog lobu l i n  
f rac t ion  was purif ied by prec ip i ta t ing  twice  wi th  35% 
(NH4)~SO4. The  prec ip i ta te  was  d i s so lved  in a 
minimal  a m o u n t  PBS to which  0 .05% azide  was  
added  as p re se rva t ive .  Af te r  t h o r o u g h  dialysis  
agains t  PBS-az ide ,  the i m m unog l obu l i n  f r ac t ion  was  
cen t r i fuged  to r e m o v e  aggrega ted  mater ia l  and  
s tored  at 4 ° until  use.  C o n c e n t r a t i o n  was  d e t e r m i n e d  
by measu r ing  the  a b s o r b a n c e  at  280 nm,  tak ing  the  
va lue  of  1.4 as the  a b s o r b a n c e  of  1 mg/ml .  

C o n c e n t r a t e d  immunog lobu l in  so lu t ions  c o n t a i n e d  
33 mg _+ 0.5 mg/ml.  

Binding studies by means of the Farr technique 
[6]. Di f ferent  a m o u n t s  of  a [3H]dihydroa lprenolo l  
so lu t ion  in PBS-az ide  0 .05% were  added  to 0.100 
ml of a 10 mg/ml  b o v i n e  immunog lobu l in .  

The  mix ture  was a l lowed to reac t  ove rn igh t  at 4 ~ 
and  c o n s e q u e n t l y  the  immunog lobu l i n s  were  pre- 
c ip i ta ted  by addi t ion  of 0.5 ml of cold 100~  
(NH4)2SO4. Af te r  30 min,  the s u s p e n s i o n  was cen-  
t r i fuged for  4 min in an  E p p e n d o r f  cen t r i fuge  ( 12,000 
t imes /min) .  Af te r  r emova l  of  the  s u p e r n a t a n t ,  the 
prec ip i ta te  was  r e s u s p e n d e d  into 0.5 ml of 5 0 ~  
(NH4)2SO4 and  cen t r i fuged  for  2 min. Af te r  r emova l  
of  the  s u p e r n a t a n t ,  the  prec ip i ta te  was  d i s so lved  in 
0.5 ml PBS-az ide  0 .05% and t r a n s f e r r e d  into scin- 
t i l lat ion vials.  F ive  ml of  Un i so lve  was  added  and  
rad ioac t iv i ty  was m e a s u r e d  in a Packard  scinti l la-  
t ion f l -counter .  

Fo r  inhib i t ion  s tudies ,  i ncuba t ions  were  per- 
f o r m e d  in s imilar  cond i t ions ,  but  in p r e sence  of 
f l -adrenergic  b lockers  of d i f ferent  c o n c e n t r a t i o n s .  

Binding of [3H]dihydroalprenolol to the fl-adren- 
ergic receptor of turkey erythrocyte membranes. 
Aliquots  of immunog lobu l i n s  were  i ncuba t ed  at 
30 ° in 75 mM T r i s - H C l  buffer  pH - 7.4 and  25 mM 
MgCI2 with 2 nM [:~H]dihydroalprenolol  for  20 min 
in a vo lume  of  0.2 ml. S u b s e q u e n t l y  0.2 ml of mem-  
b r a n e s  f rom tu rkey  e r y t h r o c y t e s  (8 mg/ml)  in the 
same  buffer  were  added  and  incuba t ion  c o n t i n u e d  
for  10 min. At the  end  of the  incuba t ion ,  t r ip l icate  
0.1 ml a l iquots  were  di lu ted at 0 ° in 4 ml of the same  
buffer .  The  c o n t e n t s  of the tubes  were  filtered unde r  
suc t ion  th rough  glass fiber filter d iscs  (25 mm di- 
ameter ) .  Fi l ters  were  w a s h e d  with 6 ml ice-cold 
buffer  and  p laced  in scint i l la t ion vials. One  ml HCI 
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Fig, 2. Binding of [aH]dihydroalprenoiol to immune serum. To a final volume of 0.5 ml immune serum 
dilution, 0.05 m110 -8 M [aH]dihydroalprenolol was added. Bound radioactivity was determined by the 
Farr technique. Blanks were made up by serum dilutions of pre-immune serum from the immunized 
animal and subtracted from the radioactivity bound by the immune serum. Points are the mean of 
at least two independent experiments. © O Binding after first booster injection (3 weeks after 
first immunization). ~ Binding after second booster injection (5 weeks after first immunization). 

× × Binding after third booster injection (7 weeks after first immunization). 
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1 N and 10 ml scintillation fluid were  added and the 
amount  of  bound ligand de termined .  

A~nity chromatography of the anti-alprenolol 
antibodies. Affinity ch romatography  was pe r fo rmed  
on an agarose-alprenolol  der iva t ive  descr ibed  else- 
where  [4]. Ten  ml immunoglobul ins  (33.6 mg/ml) 
were  passed through a 5 ml co lumn of adsorbent  
and the co lumn was washed with PBS-azide until 
the optical densi ty  of  the effluent re turned to the 
baseline. Elut ion of  the adsorbed ant ibodies  was 
per formed  with a 10 -:~ M propanolol  solution. Elu- 
tion fluids were  col lected,  and the immunoglobul ins  
precipi ta ted twice  with 50% saturat ion of 
(NH4)~SO4. The pellet was d issolved in I ml PBS- 
azide and thrice d ia lyzed in 1 I. of  the same buffer. 
The dia lyzed immunoglobul ins  were  brought  to 3 
ml with PBS-azide  and centr i fuged to el iminate the 
aggregates.  The obtained solution was tested sub- 
sequent ly  for a lprenolol-binding capaci ty.  

R E S U L T S  

The binding capaci ty  of  the immune serum to- 
wards [3H]dihydroalprenolol  was measured  I week  
af ter  the first, the second and the third boos ter  
inject ions.  As shown in Fig. 2, the titer increased 
thrice af ter  the second immuniza t ion  and again twice 
after  the third booster .  Since the titer af ter  the first 
boos te r  inject ion was too low to de termine  the 
character is t ics  of the p roduced  antibodies,  the re- 
sults descr ibed were  obta ined with the immuno-  
globulins purified 1 week  af ter  the second and the 
third booster .  Figure  3 represents  the binding 
character is t ics  of  the ant ibodies  af ter  the second 
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Fig. 3. Reciprocal curve for the binding of [:~HIdi- 
hydroalprenolol to the immune y-globulin fraction. 
Binding studies were performed with different concentra- 
tions of [aH]dihydroalprenolol to a 1.33 x 10 -5 M solution 
of immunoglobulins. Blanks, made up of bovine immuno- 
globulins were subtracted. Results are the mean of two 
independent experiments. O © Reciprocal curve. 

Best fit calculated by means of the least square 
method for a heterogeneity index = 0.8 (r ~" = 0.9985). 

boos ter  of  the [:~H]dihydroalprenolol concent ra t ion  
as proposed by Nisonoff  and Pressman 171. The 
curva ture  of  the plot indicates the heterogenei ty  of  
the ant ibody molecules  produced.  Using the method 
of  Nisonoff  [8], we calculated for different values 
of ~, the he te rogenei ty  index,  the best fit to a 
straight line when plotting the reciprocal  of  alpre- 
nolol bound vs the reciprocal  of free alprenolol  to 
the power  co. Best fit was obta ined for ~ = 0.8. The 
apparent  dissociat ion constant  and concent ra t ion  of 
specific ant ibodies  was calculated according to 
fol lowing formula:  

I I I 
F - -  

(AbH) (AbOK~o[H] ~ (Abt) 

where  (AbH)= the molar  concent ra t ion  of bound 
alprenolol ,  ( A b , ) = t h e  molar  concent ra t ion  of 
binding antibodies,  K,, = the apparent  associat ion 
constant ,  c t= the he terogenei ty  index,  [HI = t h e  
molar  concent ra t ion  of  free alprenolol .  

If one assumes  that every  ant ibody has two 
binding sites, calculat ions suggest that 0.15 per cent  
of  the immunoglobul in  fract ion is specific for the 
dihydroalprenolol  and that the apparent  associat ion 
constant  is 6 x 10 ". This value is in accordance  with 
the average  ant ibody affinity obtained for  o ther  hap- 
tens 19]. 

To study the specificity of the ant ibodies ,  a series 
of  f l-adrenergic blockers  were  tested for  their  inhi- 
bition of  the [3H]dihydroalprenolol binding. Table I 
lists the s tructures of the compounds  tested.  With 
the except ion  of  butoxamide  all the compounds  
were  able to inhibit binding of  [3Hldihydroalprenolol  
to the antibodies.  

Fur ther  confirmation of the specificity of  the anti- 
bodies  was given by the inhibition of alprenolol-  
binding to the ,8-adrenergic receptors  f rom turkey 
e ry th rocy te  membranes .  As shown in Table 2, the 
binding of  d ihydroalprenolol  was inhibited 94 and 86 
per cent  in the presence  of respect ive ly  4 mg and 2.5 
mg/ml immunoglobulins .  The  same quanti t ies  of  
bovine immunogiobul ins  had no effect on the 
specific f l-adrenergic receptor  binding. 

The increase in titer af ter  the third boos ter  fos- 
tered us to purify the anti-alprenolol  ant ibodies  by 
affinity chromatography.  Figure  5 shows the binding 
propert ies  for the y-globulin f ract ion,  the fract ion 
which was not retained by the affinity-adsorbent and 
the purified anti-alprenolol  antibodies.  F rom the half 
saturat ion point it can be deduced  that the anti- 
alprenolol  f ract ion was purified 200-fold. Since f rom 
336 mg y-globulin 1.5 mg purified anti-alprenolol  
ant ibodies  were  obtained,  it means  that 83 per cent  
of  the binding capaci ty  could be recovered .  Analysis  
of the binding curve  of  the purified ant ibodies by the 
method of  Nisonoff  (r = 0.998) resulted in a hetero-  
genei ty  index ct = 1 and an associat ion cons tant  
K~ = 1.4 x 10" mole.  

D I S C U S S I O N  

The use of radiolabeled f l-adrenergic antagonists  
has permit ted direct  character iza t ion  of  the fl- 
adrenergic  receptor  by means  of  binding studies [2, " 
4]. We have recent ly  purified such a receptor  f rom 
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Table 1. Structure of the different fl-adrenergic antagonists studied. 
ID:,, doses were calculated from the results of Fig. 4. 

Compound Chemical structure IDso 
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Fig. 4. Inhibition curves for different fl-adrenergic an- 
tagonists. To Img y-globulins were added 2 × 10 ~ M 
[3H]dihydroalprenolol and increasing amounts of fl- 
adrenergic antagonists. Blanks were made up with I mg 
bovine immunoglobulins and substracted from the radio- 
activity bound to the immune globulins. Means of two 
independent experiments are shown. O O Alprenolol. 
• • Propanolol. [] [] Tazolol. • ~ Bromohy- 

drinalprenolol. A A Pindolol. "- -- Butoxamide. 

tu rkey  e r y t h r o c y t e  m e m b r a n e s .  1t s e e m e d  inter- 
es t ing  to us to try to induce  an t ibod ies  against  
f l -adrenerg ic  b lockers  in o rder  to have  specific 
molecu les  which  could  c o m p e t e  wi th  the  r ecep to r  
for  the  d rugs  used.  Two  cond i t ions  are n e c e s s a r y  
for  this  specific compe t i t ion .  The  an t ibod ie s  
ra ised mus t  in te rac t  d i rec t ly  or indirect ly  wi th  the 
si tes neces sa ry  for  the b inding and  the  affinity con-  
s tan t  of the  an t ibod ies  should  not  be too di f ferent  
f rom tha t  of  the  recep tor .  The  syn thes i s  of b romo-  
a lprenolol  in our  l abora to ry  and  its success fu l  bind-  
ing on  a su l fhydry l - con ta in ing  space r - a rm [4] inci ted 
us to link this  c o m p o u n d  to r educed  se rum a lbumin  
and  ob ta in  in this  way an i m m u n o g e n i c  h a p t e n -  
pro te in  con juga te .  No ana lys i s  of this  h a p t e n -  
p ro te in  con juga t e  was  p e r f o r m e d  in v iew of the  diffi- 
cul t ies  invo lved  in h a p t e n - p r o t e i n  ra t io  measure -  
men t  w h e n  no rad ioac t ive  p recu r so r s  are avail-  
able.  We  may neve r the l e s s  infer  f rom the success fu l  
induc t ion  of an t ibod ies  with  as little as 1 mg of 
h a p t e n - p r o t e i n  c o n j u g a t e  tha t  the  ra t io  mus t  be 
sufficiently high. The  low dose  of  i m m u n o g e n  in- 
j ec ted  could  also accoun t  for  the  re la t ively  high 
affinity of  the  an t ibod ies  for  the h a p t e n  [10]. 

The  specifici ty of  the an t ibod ie s  was a s sessed  
by inhibi t ion  s tudies  wi th  severa l  f l -adrenergic  
b lockers .  The  a b s e n c e  of inhib i t ion  of b u t o x a m i d e  
h in t s  t owards  an t i body  specifici ty for  c o m p o u n d s  
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Table 2. Inhibition by anti-alprenolol antibodies of the 
binding of [:~Hldihydroalprenolol to the fl-adrenergic re- 
ceptor of turkey erythrocyte membranes. Inhibition was 
calculated according to the following formula: 

DHA bound to,membranes 
+ anti-alprenolol antibodies 

Per cent - D H A  bound to antibodies 
inhibition 100 x (1 - 

DHA Bound to membranes 

Controls were performed with non-specific bovine V- 
globulins (B.G.G.). 
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of the  p h e n o x y p r o p y l a m i n e  class .  This  c o n t r a s t s  
with  the  specif ici ty of  ad rene rg ic  r ecep to r s  for  bo th  
p h e n o x y p r o p y l a m i n e  and  p h e n y l e t h a n o l a m i n e  
de r i va t i ve s  [4, 11]. I t  is w o r t h w h i l e  to m e n t i o n  tha t  
d ihyd roa lp reno lo l  and  p ropano lo l  s h o w e d  respec-  
t ively a 10- and  5-fold g rea t e r  affinity for  the  ant i -  
bod ies  than  the  o the r  p h e n o x y p r o p y l a m i n e  
de r iva t ives .  T he  na tu re  of the  s u b s t i t u e n t  in the  
o r tho  pos i t ion  of  the  a roma t i c  r ing s eems  l inked to 
the  inc rease  in affinity. S tudy  of  more  ana logs  is 
n e c e s s a r y  to d raw firm conc l u s i ons  a b o u t  the  role 
of  the  g roups  i n v o l v e d  in the  b ind ing  reac t ion .  

F u r t h e r  a s s e s s m e n t  of  the  specif ici ty of the  anti-  
bod ies  was  made  by showing  the  inhib i t ion  of  
specific a lp reno lo l -b ind ing  to the  f l -adrenerg ic  re- 
cep to r  of  t u rkey  e r y t h r o c y t e  m e m b r a n e s .  Al though  
the  d i s soc ia t ion  c o n s t a n t  of the  an t ibod ie s  for  di- 
hyd roa lp reno lo l  is ten  t imes  h igher  than  that  for  the  
f l -adrenerg ic  r ecep to r ,  inhib i t ion  was near ly  100 per  
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cent .  This  is due  to the  fac t  tha t  the a m o u n t  of  
specific an t ibod ie s  is m u c h  h igher  than  that  of the  
r ecep to r  molecu les  in our  expe r imen t a l  cond i t ions .  

Final ly ,  a success fu l  pur i f icat ion of the  specific 
an t i -a lprenolo l  an t ibod ie s  was p e r f o r m e d  with a re- 
c o v e r y  of 88 per  cen t  of  the  b inding  capac i ty .  The  
slight d e c r e a s e  is due  to the  b inding of  res idual  
p ropano lo l  used  for  the  e lut ion f rom the affinity- 
a b s o r b e n t .  

Indeed ,  e x p e r i m e n t s  p e r f o r m e d  in the same con-  
d i t ions  but  with  labeled p ropano lo l  s h o w e d  a re- 
sidual b o u n d  rad ioac t iv i ty  of  16 per  cent .  It is f u r t he r  
wor thwh i l e  to men t i on  that  the  a s soc ia t ion  c o n s t a n t  
a f t e r  the  third boos t e r  was  inc reased  23-fold o v e r  
tha t  of  the  s econd  boos te r .  At  the  same t ime,  the  
he t e rogene i t y  index b e c a m e  1. This  m e a n s  that  re- 
pea ted  in jec t ion  lead to the  se lec t ion  of  more  homo-  
geneous  an t i body  molecu les  with  a h igher  affinity 
for  the  hap ten .  

In conc lus ion ,  we infer  f rom the  a s soc ia t ion  con-  
s tan t s  as well as f rom the  specif ici ty,  tha t  the  anti-  
bodies  can  be used in the  de t ec t ion  and  quan t i t a t ion  
of  f l -adrenerg ic  b locker s  of the phenoxyp ropy l -  
a m i n o  series .  The  poss ibi l i ty  to ob ta in  the specific 
an t ibod ie s  in pure  fo rm by affinity c h r o m a t o g r a p h y  
will e n a b l e  us to s tudy more  t ho rough ly  the s t ruc ture -  
ac t iv i ty  re la t ionsh ip  be tween  this  new hap ten  and  
the  an t ibod ies .  
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Fig. 5. Affinity chromatography purification of the antibodies. O O Binding capacity of purified 
anti-alprenolol antibodies. • -- Binding capacity of the total v-globulin fraction. × × Bind-ing 
capacity of the v-globulin fraction after adsorption. Binding capacity was measured with the Farr 

3 ~.p 27,'1 -~ technique using 2 × 10 -8 M [ H]dihydroalprenolol hapten concentration. 
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