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similarly and  s imul taneous ly  p repa red  d id  no t  d isplay  
such changes.  

In  v i t ro  s tudies  of the  hea r t  muscle indicate  t h a t  h igh  
concen t ra t ions  of alcohol have  a direct  toxic  effect  on 
the  m e m b r a n e  po ten t i a l  and the  contract i le  systemS, 9. 
Loss of enzymes  and  electrolytes10, n f rom the  myocar -  
d ium of ch ron ic  alcoholic pa t i en t s  suggests  t h a t  e t h a n o l  
affects  the  pe rmeab i l i t y  and me tabo l i c  p a t h w a y s  of the  
myocytes .  I t  is t hus  possible t h a t  the  s t ruc tura l  changes  

of t he  in te rca la ted  disc are secondary  to  the  metabol ic  
changes  induced  by  chronic e thanol  consumpt ion .  

The pa thogenes i s  or t he  effects of t he  a l tera t ions  of 
in te rca la ted  disc on myocard ia l  func t ion  is unknown.  
However ,  in some ca rd iomyopa th ic  s ta tes  of m a n  6 and  
in chronical ly  exercised ra t s  5 the  nonspecial ized region 
of the  in te rca la ted  disc was found to be swollen. Macula 
occludens or nexus  has been  considered as the  region of 
lowest  electrical  res is tance allowing electrotonic  coupling 
be tween  the  myocard ia l  cellsK W h a t  effect  the  changes  
of the  intercel lular  space in ad jacen t  por t ions  of the  
in te rca la ted  disc have  on the  electrophysiological  p r o p -  
ert ies of macula  occludens is no t  known.  In  any  event ,  
it  is possible t h a t  degenera t ive  changes  in the  s t ruc tu re  
of in te rca la ted  disc m a y  affect  t he  normal  spread  of 
exc i ta t ion  impulse  in the  hear t .  In teres t ingly ,  a va r i e ty  
of e lec t rocardiographic  a l tera t ions  in associat ion wi th  
alcoholic h e a r t  disease of m a n  has been  repor ted  l~,13. 

Rdsumd. L ' e x a m e n  au microscope d l e c t r o n i q u e  du 
disque intercalaire  dans  le t issu card iaque  de la souris, 
apr~s admin i s t r a t i on  orale d 'a lcool  dthylique,  on t  rdvdl6 
une a u g m e n t a t i o n  de la d i s tance  intercellulaire.  Le cou- 
plage dlect ro tonique en t re  les cellules du myoca rde  est  
assurd par  le disque intercald. Pa r  consdquent ,  des change-  
m e n t s  ddgdndratifs survenus  dans  le d isque intercalaire  
d iminuen t  la p ropaga t ion  de l ' impuls ion exci ta t r ice  dans  
le t issu cardiaque.  
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Fig. 1. Intercalated disc from the inyocardium of a control mouse 
showing the 4 types of intercellular contact : maeula adherens (MA) ; 
maeula oceludens (MO); fascia adherens (FA); and nonspecialized 
region (G). • 34,000. 

Fig. 2. Intercalated disc of the myocardimn of a mouse on ethanol 
ingestion. Note the vesieulation of fascia adherens (FA). • 23,400. 
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The Effect of Various Beta-Receptor Blocking Agents on Platelet Aggregation 

In  1960 HELLEM found t h a t  a protein-free,  hea t -s tab le ,  
d ia lysable  ex t r ac t  of red cells could p roduce  mark ed  
p la te le t  aggregat ion  in v i t ro  1. This  ext rac t ,  or ' fac tor  R '  
as HELLEM called it, was subsequen t ly  ident i f ied as 
adenosine  d iphospha t e  (ADP) by  GARDER et al. ~. 

A D P  was found  to  be the  mos t  act ive of a n u m b e r  of 
nucleotides,  lipids, ca techolamines  and o ther  sub- 
s tances  tes ted  for the i r  aggregat ing  ac t iv i ty  8,4. 

In  recent  years  an increasing n u m b e r  of subs tances  
has been  found - besides those  wi th  aggregat ing  proper t ies  
- t h a t  inhibi t  p la te le t  aggregat ion in vitro.  A m o n g  these  

subs tances  the  fl-receptor blockers  seem to be of par t icu lar  
interest ,  as t h e y  are used increasingly in the  t r e a t m e n t  
of hea r t  diseases. 

In  the  following we have  explored the  inhib i tory  act ion 
of four  f l-receptor blockers on adenos ine -d iphospha te  
induced  p la te le t  aggregation.  

Method. Blood was ob ta ined  f rom h ea l t h y  volunteers  
in fas t ing condi t ion  by punc t ion  of an an tecubi ta l  vein 
and collected in siliconized (silicone oil: A K  3501 glass 
tubes.  Nine pa r t s  of blood were added  to  one p a r t  of 
3.8% t r i sod ium ci t ra te  as ant i -coagulant .  P la te le t - r ich  



EXPERIENTIA 25/3 Specialia 281 

p lasma  (PRP)  was p repa red  by  slow cent r i fuga t ion  at  
250 g for 10 rain, whereas  p la te le t -poor  p lasma  (PPP)  
was ob ta ined  by  cent r i fugat ion  at  2000 g for 20 rain. 

The p la te le ts  were coun ted  in t he  phase -con t r a s t  
microscope according to BRECHER and CRONKITE'S 
methodS,  bu t  a white-blood-cel l  h a e m o c y t o m e t e r  p ipe t te  
was subs t i tu t ed  for the  red-cell  p ipe t te .  

P la te le t  aggregat ion was measured  in a d a p t a t i o n  of 
BORN and CRoss'  me thod  ~ as follows: 3 ml  P R P  were 
filled into a cuve t te  of 10 m m  layer th ickness  and the  
l ight  absorp t ion  measured  wi th  a Zeiss P h o t o m e t e r  
Elko I I I  a t  a wave  length  of 610 n m  as compared  wi th  
P P P .  At  a cons t an t  t e m p e r a t u r e  and  over  a longer period 
of t ime there  was no f luc tua t ion  in the  opt ical  dens i ty  of 
the  plasma.  According to BORN and CRoss and  to our 
own f indings there  is a l inear corre la t ion be tween  pla te le t  
concen t ra t ion  and l ight  absorp t ion  at  th is  wave  length.  
In  order  to car ry  out  all measu remen t s  a t  fairly the  same 
level of absorpt ion ,  P R P  was di luted wi th  P P P  if neces- 
sary  and thus  the  p la te le t  concen t ra t ion  was ma in t a ined  
be tween  250-350,000/mm 3. 

A t  the  onse t  of the  measurements ,  adenosine  diphos-  
pi la te  (ADP) ( tr isodium salt  of adenos ine-5 ' -d iphospha te ,  
C. F. B6hringer-S6hne)  was added  to  P R P  up to a 
f inal  concen t ra t ion  in the  cuve t t e  of 0.5 tzg/ml. The 
opt ical  dens i ty  was first  recorded every  minu te  and  la ter  
every  5 rain af ter  hav ing  covered the  cuve t t e  wi th  
'Pa ra f i lm '  and  hav ing  ove r tu rned  it sharp ly  6 t imes.  

In  order  to s t u d y  the  influence of t he  various fl-receptor 
blocking agents  0.1 ml of the  dissolved subs tance  was 
mixed  wi th  2.9 ml P R P  in the  cuve t te  i tself and  incuba ted  
at  room t e m p e r a t u r e  for 30 min  before adding  ADP.  In  
a control  expe r imen t  a s t anda rd  value wi th  saline was 
obta ined.  

fl-receptor blocking agents.  Each  of the  4 fl-receptor 
blockers  t e s t ed  - propranolol ,  I.C.I. 50,172, LB-46 
(Sandoz) and  Ba-39,089 ( C I B A ) -  has the character is t ic  
basic side-chain.  The s t ruc tura l  formulae  are shown in 
Figure 1. Propranolo l  (Inderal) has  been used for several  
years  in the  t r e a t m e n t  of a r r h y t h m i a s  and of angina  
pectoris.  Un fo r tuna t e ly  this  drug is known to  have  a 
considerable  depressan t  effect  on myocard ia l  funct ion  ~-~ 
and  therefore  its appl icat ion is l imited.  At  an equal  
dosage I.C.I. 50,172 shows no fall in cardiac o u t p u t  
concomi t an t  wi th  the  reduct ion  of the  hea r t  ra te  as 
compared  wi th  propranolol ,  nor  is there  a rise in pulmo-  
na ry  a r t e ry  pressure  l~ LB-46 (Sandoz) is charac-  
ter ized by  an advan tageous  re la t ion be tween  the  desired 
fl-receptor b lockade and the  c i rcula tory  depressan t  
effect  13,13. Ba-39, 089 (CIBA) also features  a more  
favorable  re la t ion be tween  an t i - a r rhy thmic  and  negat ive  
inotropic  action,  as pharmacologica l  and clinical tes ts  
have  shown ~4, ~5. 

Results .  During  the  incuba t ion  of P R P  wi th  fl-receptor 
blockers no change in opt ical  dens i ty  could be observed.  
The addi t ion  of A D P  produced  the  typ ica l  aggregat ion 
and  dis-aggregat ion curve for all substances ,  var ia t ions  
depending  on the  degree of concent ra t ion .  Figure  2 shows 
the  mean  values  of 20 curves for saline, propranolol ,  
Ba-39, 089 and  LB-46. For  s ta t i s t ica l  purposes  an analysis  
of var iance  (F-test) was performed.  At  the  given concen- 
t r a t ion  all 3 subs tances  devia te  cons iderably  f rom the  
saline value af ter  the  th i rd  minute .  This devia t ion  may  
be in t e rp re t ed  as accelerated disaggregat ion.  Difference 
be tween  NaCI and propranolol  (30 txg/ml) s ignif icant  f rom 
4th  to 6 0 t h m i n  ( P <  1%). Difference be tween  NaC1 and 
propranolo l  (6 ~zg/ml) insignificant .  Difference be tween  
NaC1 and  LB-46 (6 vg/ml) s ignif icant  f rom 4th  to  60th 
min  ( P <  5%). Difference be tween  NaC1 and Ba-39,089 

(70 ~xg/ml) s ignif icant  f rom 3rd to  60th rain ( P <  1%). 
Difference be tween  NaC1 and  Ba-39,089 (30 ~xg/ml) only 
s ignif icant  in the  60th min (P  < 5%). 

Ba-39,089, in a 21/~ t imes  higher  concent ra t ion ,  has  
the  same inh ib i to ry  act ion as propranolol ,  whereas  LB-46 
still inhibi ts  p la te le t  aggregat ion at  a concen t ra t ion  5 
t imes  weaker  t h a n  propranolol .  At  the  same concent ra -  
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Fig. 1. The structnral fornmlae of propranolol, I.C.I. 50,172, LB-46 
und Ba-39,089. 
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t ion as LB-46, i.e. 6 ~g/ml, propranolol  showed no signifi- 
cant  inhibi tory  act ion durii lg the  65 rain observat ion  
period. Fur thermore ,  Ba-39,089, at  a concentra t ion  equal  
to t ha t  of propranolol  (namely 30 tzg/ml), dev ia ted  signifi- 
can t ly  f rom tile control  va lue  only af ter  60 min  (Figure 3). 

On the  o ther  l ~ n d  I.C.I.  50,172, which, at  the  same 
concent ra t ion  as propranolo],  proves  to have  a com- 
parable  fi-receptor blocking act ion in vivo,  showed no 
influence of ADP- induced  pla te le t  aggregat ion in v i t ro  
whatsoever .  

Discussion. Adding adenosine d iphosphate  to a p la te le t  
suspension produces a character is t ic  and well-repro- 
duceable c lumping of the  platelets.  This  two-phase  pro- 
cess can be observed direct ly  by measur ing  the  optical  
dens i ty  of the  p lasma a t  610 nm. The first  phase begins 
immedia te ly  af ter  addi t ion of A D P  and consists in 
c lumping the  pla te le ts ;  i t  reaches its c l imax 3-5 rain 
later, The in tens i ty  of this process, whicb is also known 
as p la te le t  aggregation,  depends on the  degree of A D P  
concent ra t ion  in this mix tu re  ~. I m m e d i a t e l y  thereaf ter  
the  dis~aggregation phase takes  place and lasts for about  
1 h. Our exper iments  confirm the  results of HAMPTON 
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Fig. 3. Mean percentage fall in optical density produced by adding 
ADP to platelet-rieh plasma in presence of Ba-39,089 (30 ~g/ml) 
compared with normal saline control. 

e t  al. TM, who were able to t race an effect on the in v i t ro-  
behaviour  of pla te le ts  in a series of vasoac t ive  substances, 
one of which being propranolol .  

Of the  4 substances considered to be fl-receptor 
blocking agents because of thei r  chemical  s t ructure  and 
for pharmacologica l  reasons, propranolol ,  LB-46 and Ba-  
39,089 proved  to inhibi t  ADP- induced  p la te le t  aggrega- 
t ion in v i t ro  to a significant  degree. The only difference 
be tween the  var ious  substances is found in the relat ion 
between dose and effect. The ac t iv i ty  of LB-46 on pia te le t  
aggregat ion in v i t ro  seems to be 5 t imes higher  than  tha t  
of propranolol ,  whereas  Ba-39,089 is only half  as effec- 
t ive.  

The figures clearly show t h a t  the addi t ion of an 
aggregat ion- inhibi t ing substance does no t  p reven t  t he  
c lumping in itself bu t  enhance dis-aggregation. This  
leads to the  conclusion tha t  the  bonds between the  
individual  p la te le ts  which produce c lumping in v i t ro  
under  the  influence of A D P  are ei ther  weaker  or of shorter  
durat ion.  HAMPTON et al. 16 found tha t  A D P  and cate- 
cholamines  increase the  negat ive  charge of the platelets.  
They  also Observed tha t  this rise in nega t ive  charge is 
reversed by  var ious  substances, one of which being pro- 
pranolol.  Such facts favour  the  assumpt ion tha t  the  
/ l-receptor blocking agents  possibly a t tack  the  cell mem-  
brane direct ly  in v i t ro  and thus  modify the  flow of ions. 
As a result  the  el iminat ion of a p la te le t  c lumping agent  
from the  cells or their  surface would be easier. 

Unt i l  t oday  there  are no indicat ions tha t  these findings 
could be of direct  clinical importance,  i.e. t h a t  the admin-  
is t ra t ion of fl-receptor blockers would influence the role 
of blood platelets  in the  format ion  of thrombi .  Nonethe-  
less, HAMPTON et  al. were able to prove t h a t  af ter  oral 
adminis t ra t ion  of propranolol  the  circulat ing platelets  
show no more increase in nega t ive  charge after  having  
been t rea ted  wi th  A D P  or noradrenal ine  1~. These observa- 
tions indicate  t ha t  drugs decisively influence the in v i t ro  
behaviour  of platelets,  a fact  which should be taken  into 
account  while s tudying  plate le t  funct ion in pat ients  wi th  
vascular  disease z:, ~s. 

Zusammen/assung. Vier betarezeptorenblockierende 
Substanzen wurden  an/  ihre F/ ihigkei t  nntersucht ,  die 
Adenos ind iphospha t - induz ie r te  Thrombozytenaggrega-  
t ion in v i t ro  zu hemmen,  Dabei  erwies sich die Dosis- 
Wirkungs-Rela t ion  bei LB-46 (Sandoz) am giinstigsten, 
indem diese Substanz eine e twa ffinfmal st/irkere Akt i -  
vi t / i t  als Propranolol  aufweist.  Ba-39 089 ist gegeniiber 
Propranolol  e twa zweimal weniger  wirksam. Fi ir  I .C.I.  
50 172 konnte  bei gleicher Dosierung wie Propranolol  
i iberhaupt  keine H e m m u n g  festgestel l t  werden. 
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