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Orosomucoid or a lpha- i -ac id  g lycoprote in  (AAG) is the pre ferent ia l  serum binding protein for proprano- 

Iol. This implies that var iat ions in serum proprano[ol binding depend on AAG concentrat ions and not on 

human serum albumin (HSA). Actually9 Piafsky et al. ( I)  and other authors (2-5) have shown that 

bound/free rat io of propranolol  is l inear ly  corre lated wi th AAG concentrat ions which are several t imes 

increased in in f lammatory disease (6). Therefore,  binding studies with isolated, pur i f ied AAG should 

agree wi th binding results observed with serum. This is not the case : we have prel iminary calculated 

from previous publ icat ions that  propranolol  binding to isolated AAG seems to be lower than necessary 

to account for var iat ions of propranolol  binding to whole serum (7,8) whatever the pathological  states. 

Once the discrepancy between binding to isolated AAG and to serum is confirmed, two main hypotheses 

come to mind : l )  proprano[ol is bound to another acute phase protein ; 2) isolated AAG does not beha- 

ve l ike AAG in serum. The f i rst  hypothesis was ruled out from the start  because propranolol  was s l ight-  

ly bound to other impor tant  acute phase proteins (9) and to gamma-globulins (7). The second hypothesis 

was confirmed by our results. A clear in teract ion was found between AAG and serum albumin for pro- 

prano[ol binding. The character is t ics of the in teract ion highly suggest that HSA potent ia tes propranolo] 

binding to AAG. Moreover,  the ex tent  of the potent ia t ion  appears to depend on lipids associated with 

those two proteins. 

MATERIAL AND METHODS 

Mate r i a l .  All p r o t e i n s  used were  p u r c h a s e d  from Sigma C h e m i c a l  Co.  E x c e p t  o t h e r w i s e  spec i f i ed ,  HSA, 

e s s e n t i a l l y  I a t t y  ac id  f r ee  (A 1887), was  used ; a 40 g/l  so lu t ion  c o n t a i n s  less  than  0 . i  g/l  of  AAG.  

(D-L)3H-proprano lo l  h y d r o c h l o r i d e  (84mCi /mg)  was  p u r c h a s e d  from A m e r s h a m  I n t e r n a t i o n a l .  R a d i o c h e m i -  

ca l  pur i ty  was  supe r io r  to 98 % as a s s e s s e d  by t h i n - l a y e r  c h r o m a t o g r a p h y ,  AAG c o n c e n t r a t i o n s  w e r e  

d e t e r m i n e d  by radia l  i m m u n o d i f f u s i o n  ( N o r - P a r t i g e n  p l a t e s ,  Behr ingwerke ) .  

Serum.  Serum was  o b t a i n e d  from 16 p a t i e n t s  inc lud ing  3 c a s e s  of  a r t h r i t i s ,  4 of  d i s s e m i n a t e d  lupus ,  4 o f  

c a n c e r  and  3 of  b a c t e r i a l  i n f e c t i o n .  Two p a t i e n t s  had  no o rgan i c  d i s ea se .  P a t i e n t s  did not  t ake  any 

b e t a - b l o c k e r .  Blood was  c o l l e c t e d  into g l a s s  t ubes  and  se rum samp le s  w e r e  kep t  a t  - 20 ° b e f o r e  e x p e r i -  

m e n t a t i o n .  

Bindin[~ e x p e r i m e n t s .  P r o p r a n o l o l  binding was  m e a s u r e d  in v i t ro  by equ i l ib r ium d ia lys i s  a c c o r d i n g  to 

G las son  e t  al.  (7) e x c e p t  t h a t  e x p e r i m e n t s  cou ld  be p e r f o r m e d  in 4 hour s  due to t he  low volume of  h a l f -  

c e l l s  (100 lal e a c h ) .  A c o n s t a n t  c o n c e n t r a t i o n  of  3H-proprano lo l  (2.5 ng/ml)  was  c h o s e n  in o rde r  no t  to 

reach saturat ion level of AAG at 0.66 g/ i .  This was determined by prel iminary exper iments wi th increa- 

sing concentrat ions of propranolol .  Our results agreed with other authors' (7). Propranolol  binding to 

HSA is not saturable from I to 104 ng/ml of the drug. No s igni f icant  degradat ion of AAG was observed 

during dialysis wi th AAG alone or associated wi th HSA. Results are expressed as mean + SD of at 

least 3 exper iments  performed on d i f fe ren t  days. 
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De l ip ida t ion  o f  AAG. Native AAG (Sigma, 99 % pure) was de l ip idated accord ing to Ganguly et al (10). 

App l i ca t ion  o f  the law of  mass act ion.  In non-saturable condit ions~ drug binding to a mix ture  of  two 

prote ins (1 and 2) can be charac te r i zed  by the s impl i f ied equat ion : 
B 
-~ = n l  x KI  x RI  + n2 x K2 x R2 

B is the molar concen t ra t ion  of  bound drug, F the molar concen t ra t ion  o f  f ree drug~ n the number o f  

binding sites per mole of  p ro te in ,  K the associat ion constant  (M - l )  and R the molar concen t raUon o f  

the pro te in .  The app l ica t ion  of  this equat ion al lows to compare bound/ f ree ra t io  observed (in presence 

o f  both prote ins)  wi th  the expected value represented by the sum of  nI x K I  x R1 plus n2 x K2 x R2 

(determined fo r  each prote in  alone). 

RESULTS AND DISCUSSION 

The bound/ f ree  ra t io  of  proprano[o l  to  AAG at vary ing concent ra t ions ,  alone or associated wi th a cons- 

tant  concen t ra t i on  o f  f a t t y  acid f ree HSA (#0 g/ l )  is i l l us t ra ted  in f igure  I. The values o f  nl x K I  for  

AAG alone (0.137 -+ 0.029 pM - I )  are independent  of  AAG concent ra t ions  from 0.2 to 4.0 g/ l .  The l i -  

near regression curve in presence of  HSA is not para l le l  to the previous one. The slope corresponds to a 

new value o f  n x K fo r  AAG (n'1 x K ' I  = 0.#I# -+ 0.072 pM-1). 
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Figure i .  Mean (-+ SD) bound/ f ree  ra t io  of  p ropra -  
no]ol as a func t ion  o f  AAG concent ra t ions  alone (L3) 
and associated wi th #0 g/] o f  f a t t y  acid f ree HSA 
( I ) .  Dashed l ines represent  the expected values o f  
B/F in presence of  both prote ins.  The equat ion  fo r  
AAG alone was y = 3.11 x AAG (g/l) - 0.11. ,Then, n] 
x K !  for  AAG alone = 0.137 -+ 0.029 pM - t .  The 
equat ion  fo r  AAG associated with HSA was y = 9. /79 
x AAG (g/l) + 3.29. New value (~f nl  x K I  m presen- 
ce of  HSA = 0.#1# -+ 0.072 pM- (ca lcu la ted by l i -  
near regression).  

Figure 2. Mean (-+ SD) bound/ f ree ra t io  o f  
propranolo i  as a func t ion  o f  HSA concen t ra -  
t ions alone ( o )  and associated wi th 0.66 g/l  o f  
AAG ( e ) .  Dashed hnes represent  the expected 
values o f  B/F in presence o f  both prote ins.  
New va lues  of  nl  x K I  fo r  AAG in presence 
o f  HSA were ca lcu la ted  as (B/F ra t io  in p re -  
sence of  both pro te ins)  - (B/F ra t io  in presen-  
ce of  HSA) fo r  each concen t ra t i on  o f  HSA. 
New values of  nl  x K I  in p resence ,o f  HSA 
from 10 to 50 g/ l  = 0.#05 -+ 0.033 pM -1 

Studies o f  bound/ f ree  ra t io  wi th  HSA at vary ing concent ra t ions  alone or associated wi th  a constant  

concen t ra t i on  o f  AAG (0.66 g/ l )  ( f igure 2) showed again that  the observed bound/ f ree ra t io  in presence 

o f  both prote ins was higher than the expected value. Since binding capac i t ies  (n2 x K2) for  HSA alone 

were dependent on HSA concent ra t ions  (7), new values of  n l  x KI for  AAG (n'1 x K ' l )  were ca lcu la ted  

as (bound/ f ree observed)  - (n2 x K2 x R2) fo r  each concen t ra t ion  of  HSA. Mean n ' l  x K ' I  - 0.#05 -+ 

0.033 pM - I  in presence o f  HSA from 10 to 50 g/ l .  In o ther  words, the po ten t i a t i on  o f  AAG binding ca-  

pac i ty  by HSA was much the same e i the r  wi th  vary ing concen t ra t i on  levels o f  AAG or HSA at phys io lo-  

gical  concent ra t ions .  Add i t iona l  studies were per formed with AAG at 0.66 g/l and HSA at very low con-  

cent ra t ions .  No po ten t ia t ion  was observed wi th  0. l g/ l  o f  HSA. Then, the po ten t ia t ion  progress ive ly  m- 

creased wi th  HSA concent ra t ions  from 0.2 to 10 g/l  (results not shown). 
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Figure  3, Mean (-+ 5D) b o u n d / f r e e  ra t io  of  p ropranolo l  
1) wi th  AAG alone at  0.66 g/l (1~1)~ 2) wi th  serum albumin 
f a t t y  acid  f r e e  (17) or f a t t y  ac id  rich (lil)~ at  40 g/l and 
3) wi th  AAG a s s o c i a t e d  wi th  serum albumin f a t t y  acid  
f ree  (B) or f a t t y  ac id  rich (11). 
Pane l  A. Human serum albumin~ f a t t y  acid f r ee  (A. 1887) 
and f a t t y  acid  rich (A. 1653). 
Pane l  B. Bovine serum albumin~ f a t t y  acid  f ree  (A.7511) 
and f a t t y  ac id  rich (A.4378). 
Hor izonta l  line r e p r e s e n t s  the  e x p e c t e d  value of  B/F ra -  
tio in p r e s e n c e  of  both  p ro te ins ,  

Figure  4. Co r r e l a t i on  b e t w e e n  bound / I r ee  
rat io of  p ropranolo l  and AAG c o n c e n t r a -  
t ions in serum samples.  Each value is the  
mean of a dup l ica te  d e t e r m i n a t i o n ,  The 
equa t ion  was y = 12.78 x AAG (g/l) + 3.09. 
r = 0 . 8 g , p  < 0.001. Then mean nl x KI -- 
0.56 IJM - l ,  

In s tud ies  wi th  d i f f e r e n t  kinds ol  albumin (f igure 3)~ p o t e n t i a t i o n  of  AAG binding c a p a c i t i e s  w e r e  less 

marked wi th  f a t t y  acid  rich serum albumin than  wi th  f a t t y  acid f ree  serum albumin (t test~ p < 0,001). 

The or igin of albumin7 human or bovine~ did not in f luence  p o t e n t i a t i o n .  

The i n t e r a c t i o n  could  be spec i f i c  to serum albumin s ince no d i f f e r e n c e s  were  found b e t w e e n  the  

b o u n d / f r e e  values  e x p e c t e d  and those  obse rved  when AAG~ at varying concen t ra t ions~  was mixed wi th  

gamma-globul ins  a t  22,5 g/l ( resul ts  not shown).  The i n t e r a c t i o n  b e t w e e n  AAG and HSA could occur  

wi th  o t h e r  basic  drugs~ such as some be ta  blocking~ a n t i a r r h y t h m i c  or ana lges ic  agen t s  ... (31 8~ l l ) ,The 

resu l t s  of  p ropranolo l  binding to p a t i e n t  se ra  ( f igure  4) ag ree  with l i t e r a t u r e  da ta  (1-5), In this f igurer  

t he  most  s t r ik ing  point  is t ha t  the  l inear  curve  and those  ob t a i ned  with the  mix ture  of  AAG plus HSA 

desc r ibed  in f igure  1 are  a lmost  para l le l .  The slope d e t e r m i n e d  from serum samples  is only 1.3 t ime t h o -  

se ob t a ine d  wi th  t he  mix ture  of AAG plus HSA~ w h e r e a s  tha t  s lope is 4.1 t imes tha t  ob ta ined  wi th  AAG 

alone  (f igure 1). 

Ganguly e t  al. (10) have e s t ab l i shed  a 3.5 t imes i nc r ea se  in binding c a p a c i t i e s  of  p r o g e s t e r o n e  for  AAG 

a f t e r  i ts  de l ip ida t ion .  The d i f f e r e n c e s  b e t w e e n  albumin f a t t y  acid  rich and f a t t y  acid  f r ee  led us to 

examine  the  e f f e c t  o f  AAG de l ip ida t ion  upon i ts  p o t e n t i a t i o n  by HSA. Exper imen t s  were  pe r fo rmed  as 

in f igure  1. Resu l t s  a re  i l l u s t r a t ed  in f igure  5. Mean value of  nl  x K1 for de l ip ida ted  AAG used alone 

was near  those  c a l c u l a t e d  for non -de l i p ida t ed  AAG p o t e n t i a t e d  by HSA. Nevertheless~ nl  x KI values  

depe nde d  on AAG c o n c e n t r a t i o n s  for  an u n d e t e r m i n e d  reason (propranolol  binding to de l ip ida ted  AAG at  

1 g/l was not  s a tu r ab l e  in our cond i t ions )  ( resul t s  ne t  shown).  P o t e n t i a t i o n  of  de l ip ida ted  AAG by HSA 

was c lea r ly  less marked  than  Ior na t ive  AAG • at  1,5 g/l of AAG~ the  p r e s e n c e  of HSA a l lowed  a 1.8 

t ime i n c r e a s e  of  nl  x K1 for AAG and a lmost  no p o t e n t i a t i o n  o c c u r e d  at  2.5 g/l o l  AAG. 
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Figure 5. Mean (-+ SD) bound/free rat io of propranotol in presence of del ip idated AAG alone (EJ) and 
associated wi t  h /~0 g/ l  of fa t t y  acid free HSA (11). Numbers under open symbols represent the values of 
nl x K [  (IJM-') for del ip idated AAG alone. The equation in presence of both proteins was y = 16.73 x 
AAG (g/ l ) l+ 1.079. Then, new value of nl x K l  for del ip idated AAG in presence of HSA = 0.736 -+ 
0.082 pM- . 

These last experiments  suggest that  some inhibitory llpids associated with "native" AAG are picked up 

by HSA allowing a h£gher binding capaci ty of AAG for propranolol. This mechanism could account for 

the less marked potent ia t ion observed w)th fa t ty  acid rich albumin. The kind and role of lipids removed 

during AAG delipidation are under investigation ; the lipid-HSA interact ion could involve fatty acids 

known to be bound to serum albumin. Whatever the underlying mechanism) large use of isolated and pu- 

rified AAG for binding studies led us to consider this in teract ion.  Our results indicate that binding stu- 

dies with propranolol and probably with other  basic drugs should rather  be carried out with a mixture 

of AAG plus HSA. Competit ive binding between those drugs could also be influenced by this 

phenomenon. 
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