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INTERACTION OF BETA-ADRENERGIC BLOCKING AGENTS WITH 
HUMAN LOW DENSITY LIPOPROTEINS DETECTED BY EPR 

0. ZSCHORNIG, D. WIEGEL, K .  ARNOLD 
I n s t i t u t e  f o r  Biophysics,  School o f  Medicine, 
K a r l  Marx U n i v e r s i t y ,  Le ipz ig ,  G.D.R. 

INTRODUCTION 

The i r i f luence o f  beta-adrenergic agents on the  s t r u c t u r e  

and physico-chemical p roper t i es  of model and n a t u r a l  mem- 
branes has been inves t i ga ted  by severa l  autors  192,374 

Knowledge o f  t h e  mechanisms o f  the i n t e r a c t i o n  between 

these pharmaca arid rnernbranes i s  necessary f o r  a d e t a i l e d  

d e s c r i p t i o n  and f u r t h c r  doveloprncnt o f  these pharmaca. 
One problem i n  understandin~j  the pathways o f  pharmaca t o  the  

" t a r g e t "  membrane i s  the quest ion o f  passing hydrophobic 

b a r r i e r s  ( e . g . ,  ce l l  membranes). On t h e  other hand, beta- 

adrenergic b lock ing  agents have o f t e n  been used i n  the  

treatment o f  coronary a r t e r y  disease. 

Thei r  e f f e c t s  on the serum l i p o p r o t e i n  l e v e l s  are d i f f e r e n t  

and d i f f i c u l t  t o  i n t e r p r e t  

With a view t o  these quest ions we used e l e c t r o n  paramagne- 

t i c  resonance (EPR) spectroscopy t o  measure the  incorpora- 

t i o n  of the 8-adrenergic b lock ing  agents i n t o  low densi ty  

l i p o p r o t e i n s  (LDL) l a b e l l e d  with a f a t t y  a c i d  spin probe. 

10,11,12 
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364 0. ZSCHORNIG, D. WIEGEL AND K. ARNOLD 

MATEKIALS AND METHLIOS 

LDL was i s o l a t e d  from human plasma accord ing  t o  HAVEL e t  
a?.  Af t e r  u l t r a c e n t r i f u g a t i o n  t h e  samples were d i a l y z e d  
a g a i n s t  t h e  a p p r o p r i a t e  b u f f e r  s o l u t i o n  a t  4 ° C  o v e r n i g h t .  
Spin  l a b e l l i n g  was performed by adding t h e  c t h a n o l i c  so lu -  
t i o n  of iml/l  5 -duxy l s t ea r i c  a c i d  (Sigma, S t .  Lou i s ,  
USA). Tn t h e  snrnple thu  labi: l /protein r a t i o  was 1/50 ( w t . /  
wt. 1 ,  i . e .  label/LDL dry  weight r a t i o  was 1/250.  The pro- 
t u i n  was deturrniiied accord ing  t o  LUWRY e t  a1.6.  The samples 
were incubated  fur 5 min. a f t e r  t h e  a d d i t i o n  of t h e  pharma- 
ca and measured a t  room tempera ture  w i t h  a ERS-231 s p e c t r o -  
meter (ZWG; B e r l i n ,  GDR) us ing  f l a t  ce l l s .  Typica l  i n s t r u -  
meiltal parameters  were: microwave power, 20 mW; scan  time, 
6.6 min. ; modulation ampl i tude ,  10-4T; time c o n s t a n t ,  0 .3  
sec. For  t h e  e s t i m a t i o n  of t h e  e f f i c i e n c y  of t h e  drugs  i n  
p e r t u r b a t i n g  t h e  L D L ,  t h e  order parameter S was c a l c u l a t e d  
from t h e  EPR s p e c t r a .  The i n n e r  and o u t e r  hype r f ine  s p l i t -  
t i n g  ( A , ,  and A * )  were taken  t o  c a l c u l a t e  t h e  l i p i d  o r d e r  
parameter’ which is a c h a r a c t e r i s t i c  of t h e  f l u i d i t y  accor -  
d ing  t o  the formula 

- Q Axx + Ayy+ AZz , where (1) 
2 (*I1  + * AL *zz -(Axx+Ayy)/ 

r -  II 
J -  

- 
A L =  A 1  + 1.32 + 1.86 loglo ( l -So) .  (2 )  

So is c a l c u l a t e d  by eq. (1) us ing  Al i n s t e a d  of rl. 
8 The A - t e n s o r s  were taken  from t h e  paper of SEELIG . 

The s t r u c t u r e s  of t h e  be ta -adrenerg ic  b locking  a g e n t s  used 
are 
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INTERACTION OF BETA-ADRENERGIC 365 

HI: - NH - CtH2- CH - CH2- R 
\ 

B u n i t r o l o l  

r 

Propanolo l  

RESULTS A N D  DISCUSSION 

The i n f l u e n c e  of t he  d rugs  on t h e  f l u i d i t y  of t h e  LDL par -  
t i c l e s  is given i n  F igure  1. I t  is i n t e r e s t i n g  t o  n o t e  
t h a t  t h e  o p t i c a l l y  i somer i c  types  of propanolo l  show d i f -  
f e r e n t  e f f e c t s  on t h e  f l u i d i t y  of LDL.  L-propanolol i nc rea -  
sed ,  d-propanolol decreased  t h e  f l u i d i t y  of LDL i n  t h e  re- 
g ion  of t h e  s p i n  probe. A lp reno lo l  i nc reased  t h e  f l u i d i t y  
of LDL both a t  high and low i o n i c  s t r e n g t h s ,  whereas buni- 
t r o l o l  decreased  the f l u i d i t y .  The measurement show t h a t  
a l l  pharmaca used p e n e t r a t e  i n t o  t h e  LDL p a r t i c l e s .  Nosal 
e t  a l . 3  i n v e s t i g a t e d  t h e  i n t e r a c t i o n  of a l p r e n o l o l  and pro- 
pano lo l  wi th  i s o l a t e d  p l a t e l e t  membranes us ing  EPR. The i r  
s p i n  probe is comparable w i t h  t h a t  used i n  our  exper iments .  
Alprcriolol and p r o [ ~ a n o l o l  i nc reased  t h e  f l u i d i t y  of t h e  

111 a t  I: l e  t mombrar ii:s . 
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366 

The authors of 3 d i d  no t  use the o p t i c a l  isomers o f  propa,. 

i i o l u l  fur t h e i r  s tud ies.  SUREUICZ and LEYKU descr ibed a 

~ ~ i e ~ ~ ~ ~ r ~ ~ ~ c ~ - ~ ~ ~ ~ t ~ i l i z i ~ ~ ~ ~  c f f c c t  of propanolo l  on l i q u i d - s t a t e  

h i l a y e r s .  ROGERS e t  id.’ descr ibed an o rde r ing  e f f e c t  of 

propanolol  un human erythrocytes.  The i n t e r a c t i o n  o f  pro- 

par io lo l  arid thc other beta-adreneryic b lock ing  agents was 

found t o  i n v o l v e  e l e c t r o s t a t i c  i n t e r a c t i o n s  between ca t i ons  

and negat ive ly  charged b ind ing  s i t e s  on t he  c e l l  surface, 

which may be p r o t e i n ,  phosphol ip id  or bo th  i n  a d d i t i o n  t o  

a s t rong hydrophobic e f f e c t  which per turbs the  arrangement 

of molecules i n  the s t r u c t u r e  of the membrane. 

According t o  the model o f  receptor-mediated endocytosis o f  

BROWN and GOLOSTE1N1’ i t  seems poss ib le  t h a t  t he  incorpo- 

r a t i o n  of the beta-adrenergic b lock ing  agents i n t o  LDL re- 
s u l t s  i n  changed p roper t i es  o f  t he  LDL surface (sur face 

p o t e n t i a l )  and leads t o  d i f f e r e n t  r e c o y n i t i o n  cond i t i ons ,  

which can exp la in  the  d i f f e r e n t  l e v e l s  o f  l i p o p r o t e i n s  i n  

human serum a f t e r  t reatment with beta-adrenergic b l o c k i n g  

a)L?llts. 

0. ZSCHORNIG, D. WIEGEL AND K. ARNOLD 
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INTERACTION OF BETA-ADRENERGIC 367 

FIGURE 1. I n f l uence  of the pharmaca concentrat ion on the  
ca l cu la ted  order parameter 5-gf the s p i n  probe. 
1: B u n i t r o l o l ,  LDL i n  6.0 10 mol/l phosphate bu f fe red  

s o l u t i u n  (PBS), 1 . 4  10- 
2:  (-)-Propanolol, LOL i n  10 mo 1 t r i s ,  pH = 7*4 
3: (+)-Propanololl LDL i n  6.8 10 '/mol/l PBS, 10- mol/l 

NaC1, 2.62 10- mol/ l  s u c q s e ,  pH = 6 .0  -2 
4 :  Alprenolo l ,  LDi  i n  6.8 10 mol/l PBS, 10 rnol/l 

NaCl, 2.62 10- m o l / l  sucfgse, pH = 6.0 
5: Alprenolo l ,  LOL i n  6 .8  10 

FJaCl, pH = 6 . 8  

mgl/l NaC1, pH = 6.8 

mol/l PBS, 1 . 4  lo-' mol/l  
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