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rain. For  blocking agents  and ouabain,  the  con tac t  t ime  
was about  30 min. The  inotropic  effect was expressed as % 
increase of contract ion.  Chronotropic  act ion was eva lua ted  
by  measur ing the  sponaneous beats  of strip. 

Stat is t ical  analysis of the  results was carried out  using 
S tudent ' s  t-test. Stock solution of P G E  1 was prepared 
f rom crystal l ine PGE~ by  dissolving in alcohol, and was 
kept  at  0 ~ 

Results. PGE~ at  the  concentra t ion  range of 50 ng/ml  to 
400 ng/ml  increased the  contract i le  force of strip. I ts  ac- 
t iv i ty  was dependent  on the  dose. The inotropic effect of 
var ious  doses of PGE~ is shown in the  Table.  F igure  illus- 
t ra tes  a typ ica l  t racing of one exper iment .  PGE1 did not  
cause any  signif icant  change in the  rate  of vent r icular  
beats. 

When  propranolol  (PRO) was added to the  ba th  at  the 
concentra t ion  of 500 ng/ml,  i t  inhibi ted f requency of 
vent r icular  rate.  This  effect was signif icant  (P  < 0.001). 
In  addit ion,  the  spontaneous ac t iv i ty  had more regular 
r h y t h m  after  propranolol .  Propranolol  did not  cause any 
signif icant  inhibi t ion on the  response of muscle to P G E  1 
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(Table). However ,  i t  antagonized posi t ive inotropic  act ion 
of norepineptlr ine (NE) (P  < 0.001). 

Phenoxybenzamine  did not  change the  effect of PGE~ at  
concentra t ion  of 500 ng/ml  (Table). The  act ion of cate- 
cholamines was also not  affected by alpha blockade. This 
drug signif icant ly reduced the  f requency of vent r icular  
rate  (P  < 0.005). 

Ouabain,  at  the  concent ra t ion  of 20 ng/ml,  was used 
to inhibi t  the sodium pump.  Af ter  this t r e a t m e n t  no signif- 
icant  change was observed in t i le inotropic act ion of P G E  1 
(Table). However ,  Na p u m p  inhibi t ion significantly slow- 
ed the  spontaneous  r h y t h m  of s t r ip  (P  < 0.001). I t  occa- 
sionaly caused p rema tu re  beats. 

Discussion. The results of the  present  s tudy  indicate  t ha t  
the  effect of PGE~ on frog vent r icu lar  str ip is not  media ted  
by catecholamine release or adrenergic  receptor  s t imula-  
tion. Here,  a l though propranolol  a t  this  concentra t ion  did 
not  change the  act ion of PGE~, i t  s ignif icant ly antagonized 
the  response of tissue to norepinephrine.  This  f inding is 
not  in agreement  wi th  the  effect of be ta  blockade on the  
cat  isolated papi l lary  muscle. These invest igators  5 have  
observed tha t  propranolol  inhibi ted the  effect of PGE~ on 
the  tension of muscle. Cont radic tory  findings may  be ex- 
plained by  the  species specif i ty  of P G E p  The act ion of 
propranolol  on vent r icu lar  ra te  m a y  be due to  fl adrener-  
gic blocking ac t iv i ty  or quinidine-l ike actions of this drug. 
Phenoxybenzamine  nei ther  blocked PGEl - induced  change 
nor inhibi ted the  effect of catecholamines.  These results 
s t rongly indicate  t ha t  vent r icu lar  adrenergic receptors of 
frog are of the  be ta  type.  The  haloalkylamines  have  a 
t rans ient  direct  depressant  effect on the  myoca rd iumL 
This  effect m a y  account  for the  act ion of phenoxybenz-  
amine on the  strip rate. Af ter  p r e t r ea tmen t  wi th  ouabain,  
we could not  observe any  signif icant  change in the effect 
of P G E  v This led us to the  conclusion t h a t  PGEl - induced  
change is not  di rect ly  re la ted to sodium pump.  However ,  
a s tudy  ~ indicated t h a t  P G E ,  increased the  sensi t iv i ty  of 
isolated rabbi t  a t r ia  to ouabain.  

Rdsumd. Les effets de la P G E  1 out  6t6 6tudi6s sur les 
bandele t tes  ventr iculai res  isole6s de la grenouille. La  P G E  1 
augmente  la force de cont rac t ion  de ces pr6parat ions.  Le 
propranolol  antagonise  s igni f ica t ivement  les effets de la 
noradrenal ine  sans alt6rer les r6ponses ~ la PGE~. Un 
bloqueur  des r6cepteurs ~-adrenergiques,  la ph6noxy-  
benzamine  n ' inhibe  pas les effets induits  par  la P G E  1 ou 
les cat6cholamines.  L ' inh ib i t ion  de la pompe  ~ sodimn par  
l 'ouabaine  ne modif ie  pas la r6ponse du tissu ~ la P G E p  

F. I3AYSAL and H. VLIRAL 8 

Department o/Pharmacology, Faculty o/Medicine, 
Diyarbak~r (Turkey), 
2d Apri l  1973. 

7 M. NICKERSON, in The Pharmacological Basis o] Therapeutics, 4th 
edn. (Eds. L. S. GOODMAN and A. GILMAN MacMillan Co., London 
1970), p. 554. 

a We should like to thank Prof. D. A. VAN DORP (Unilever Research 
Vlaardingen) for supplying PGEp 

P h e n t o l a m i n e  and Proprano lo l  on Isoprenal ine  Induced Responses  on Rabbit  Aort ic  Str ips  

~vVhether isoprenaline contracts  or relaxes smooth  
vascular  muscle in the  rabbi t  aort ic  strips, depends upon 
the  dose given. Low doses provoke re laxat ion and high 
doses contract ion (FuRcHGOTT1). 

DOREVITCH 2 suggests that ,  in rabbi t  aort ic  strips, some 
of the  //-receptors m a y  be exc i ta to ry  and the  contract i le  
effect produced by  large doses of isoprenaline m a y  be 
media ted  by  both a- and/ / - receptors ,  since a fi-antagonist,  
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Typical responses of rabbit aortic strips. Effect of Phentolamine mesylate (Ph) on Isoprenaline hydrochloride (ISP), Noradrenaline 
bitartrate monohydrate (NE), Histamine diphosphate (H) and KC1 induced contractions (upper curves). Effect of Propranolol hydro- 
chloride (P) on the contractions induced by the same agonists though adrenaline hydroehloride (E) was used instead Noradrenaline (lower 
curves). All concentrations are expressed in g/ml and refer to the concentrations of the salts added to the bath of 10 ml, except the 
concentration of KC1, expressed in molarity, which refers to the total concentration into the bath. 
The upper curves were evoked in one strip and the lower curves in another different one. Between each curve, and after washing (W), a 
recovery time of 90 rain was observed. 

p roprano lo l ,  p a r t i a l l y  b locked i ts  con t rac t i l e  efiect,  w h e n  
a d m i n i s t e r e d  before  t h e m .  

EYRE 3 descr ibed  a n  e -adrenerg ic  response  to isopren-  
al ine on  t he  p u l m o n a r y  a r t e r y  of t he  calf d u r i n g  fl- 
adrenerg ic  b lockade  w i t h  propranolo l .  LEwis  4 has  also 
descr ibed  a n  e -adrenerg ic  response  to i soprena l ine  on t he  
p u l m o n a r y  a r t e r y  of t he  guinea-pig,  as conf i rmed  b y  
e -b lockade  w i t h  p h e n t o l a m i n e  a n d  p h e n o x i b e n z a m i n e .  

The  purpose  of th i s  p a p e r  is to  p re sen t  some q u a l i t a t i v e  
t es t s  wh ich  can  c lar i fy  t he  m e c h a n i s m s  invo lved  in t he  
c o n t r a c t i n g  effect  of i soprena l ine  on  r a b b i t  aor t i c  s t r ips ,  
as well  as in  t he  b iock ing  effect  of p rop rano lo l  on  t he  
i nduced  c o n t r a c t i o n  b y  h igh  doses of i soprenal ine .  

Methods. Spiral  s t r ips  of r a b b i t  t ho rac ic  were p r e p a r e d  
as descr ibed p rev ious ly  b y  FURCHGOTT and  BHADRAKOI~I 5. 

Two series of e x p e r i m e n t s  were car r ied  out .  I n  t h e  f i rs t  
series, t he  ac t ion  of an  e-b locking  agent ,  p h e n t o l a m i n e ,  
on isoprenal ine ,  no rad rena l ine ,  h i s t a m i n e  a n d  KC1 
induced  c o n t r a c t i o n s  was  tes ted .  In  t he  second series of 
exper imen t s ,  t h e  effects ot a f l-blocking agent ,  p ropranolo l ,  
was  s imi la ry  t e s t e d  aga ins t  t he  same  agonis t  t h o u g h  
ad rena l ine  was used  in s t ead  of no rad rena l ine .  E a c h  series 
was  r epea t ed  6 t imes  on d i f fe ren t  aor t i c  str ips.  

Results. P h e n t o l a m i n e  (10 -4) i nduced  a s t rong  re lax ing  
effect  w h e n  a d m i n i s t e r e d  a f t e r  i soprena l ine  a n d  n o r a d r e n -  
al ine,  whereas  no  a p p a r e n t  effect  was  obse rved  a f t e r  
h i s t a m i n e  and  KC1 (Figure;  u p p e r  curves) .  

P rop rano lo l  a t  dose 10 -5 e n h a n c e d  t he  c o n t r a c t i o n  
induced  b y  isoprenal ine ,  b u t  depressed  those  induced  b y  
adrena l ine .  However ,  la rger  doses of p ropranolo l ,  10 -4, 
also depressed t he  con t rac t i l e  effect  evoked  b y  i soprenal ine .  
Ne i the r  one of t h e  p rop rano to l  doses tes ted ,  p roduced  
effects on  h i s t a m i n e  a n d  KC1 induced  c o n t r a c t i o n s  
(Figure;  lower curves) .  

Discussion. W h e t h e r  t he  c o n t r a c t i o n  induced  b y  
i soprena l ine  is m e d i a t e d  t h r o u g h  e- receptors  m a y  be  
supposed,  since t he  r e l ax ing  effect  of a n  e -b lock ing  agent ,  
p h e n t o l a m i n e ,  on  i soprena l ine - induced  con t r ac t i on ,  was 
iden t ica l  to  those  p roduced  on  t he  c o n t r a c t i o n  induced  
b y  a t yp i ca l  e -adrenerg ic  a g e n t  as noradrena l ine .  H oweve r  
p h e n t o l a m i n e  did n o t  re laxed  t he  c o n t r a c t i o n  induced  b y  
d rugs  such  as h i s t a m i n e  a n d  KCt whose  con t r ac t i l e  effect  
is no t  m e d i a t e d  t h r o u g h  e -adrenerg ic  receptors .  

The  fac t  t h a t  a / / -blocking agent ,  p ropranolo l ,  a t  dose  
10 -~ increased  a n d  a t  dose 10 -a decreased  t he  con t r ac t i l e  
effect  induced  b y  isoprenal ine ,  and,  on  t he  o the r  hand ,  
a t  close 10 -s caused  a re lax ing  effect  on  ad rena l i ne - induced  
con t rac t ion ,  can  be  expla ined,  because  ad rena l ine  com- 
b i n e d  wi th  a s ign i f ican t  f r ac t ion  oi e - receptors  a n d  on ly  
w i t h  a smal l  a m o u n t  oi fl-receptors,  whereas  i soprena l ine  

has  a h igher  a f f in i ty  for f l -receptors  t h a n  for  e- receptors .  
Thus ,  accord ing  to FIJRCHGOTT 1, h igh  concen t r a t i ons  of 
i soprena l ine  m a y  i n t e r a c t  w i t h  fl-receptors,  b u t  w i t h  
e - receptors  too, and  t h e n  t he  c o n t r a c t i n g  effect  over-r ides  
t he  re lax ing  effect. In  th i s  manne r ,  t he  dose of p rop rano lo l  
10 _5 would  displace,  b y  compe t i t i ve  m e c h a n i s m ,  t he  
i soprena l ine  f rom the  /~-receptors, deve lop ing  more  
i n t ens ive ly  t he  e -con t rac t i l e  effect. A h ighe r  dose of 
p roprano lo l  (10 -4) m i g h t  r e m o v e  s i m u l t a n e o u s l y  isopren-  
a l ine  f rom the  e-receptors ,  i n h i b i t i n g  t he  e - ac t i v i t y  and  
deve lop ing  a r e l ax ing  effect. On t he  o t h e r  hand ,  a l t h o u g h  
ad rena l ine  is f ixed in a m u c h  larger  a m o u n t  to  e- 
t h a n  to /~-receptors ,  a lower c o n c e n t r a t i o n  of p rop rano lo l  
(10 -5) m i g h t  be  enough  to  produce ,  besides  a comple te  
d i sp l acemen t  of ad rena l ine  f rom fl-receptors,  also a pa r t i a l  
d i s p l a c e m e n t  of i t s  f ix ing po in t s  in  e-receptors ,  the re fore  
deve lop ing  a re lax ing  effect. 

This  e x p l a n a t i o n  is s u p p o r t e d  b y  t he  fac t  t h a t  pro-  
p rano lo l  d id  no t  modi fy  t he  c o n t r a c t i o n  induced  b y  drugs  
w i t h o u t  a f f in i ty  for adrenerg ic  receptors ,  such  as his-  
t a m i n e  a n d  KC1. 

These  f ind ings  sugges t  t h a t  t h e  con t r ac t i l e  effect  of 
large doses of i soprena l ine  on  r a b b i t  aor t ic  str ips,  is 
m e d i a t e d  t h r o u g h  e- receptors  a n d  t h a t  a f i-blocking 
agent ,  p ropranolo l ,  besides  i t s  f i -blocking effect, can  
also act ,  a t  leas t  par t i a l ly ,  as e -adrenerg ic  b lock ing  agent .  

Resumen. E1 efecto con t r ac t i l  de a l t as  dosis de Iso- 
p ro t e reno l  en  t i ras  de a o r t a  a is lada  de conejo  parece  ser 
deb ido  a e s t imulac i6n  e-adren6rgica .  E1 P r o p r a n o l o l  a la 
concen t r ac i6n  10-5 i n c r e m e n t s  y a 10-~ relaj  a la con t rae -  
cidn i n d u c i d a  po r  I sopro te renol ,  m i e n t r a s  que  ta con- 
cen t r ac idn  10 -5 re la ja  la con t r acc idn  i n d u c i d a  por  
A d r e n a l i n a  Es  posible  que  el P rop rano lo l  adem~s  de su 
efecto f l -bloqueante ,  actfie t a m b i 6 n  como b l o q u e a n t e  
e-adren6rgico.  
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