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SUMMARY: We s t u d i e d  e l e c t r o p h y s i o l o g i c a l  e f f e c t s  of  e n d o t h e l i n  on canine 
c a r d i a c  t i s s u e s .  Endothe l in  prolonged a c t i o n  p o t e n t i a l  d u r a t i o n  and 
dec reased  spontaneous f i r i n g  r a t e  of the r i g h t  bundle branch c e l l s .  At ' a  
c o n c e n t r a t i o n  of 2xlO-TM the p l a t e a u  phase of a c t i o n  p o t e n t i a l s  was 
f l a t t e n e d ,  fo l lowed by the  ab rup t  occur rence  of e a r l y  a f t e r d e p o l a r i z a t i o n s  
(EADs). ET, a t  a c o n c e n t r a t i o n  as low as 2xlO-gtl, was capab le  of  inducing 
EADs a l though  t h e i r  inc idence  was low. The EADs were i n i t i a t e d  from the 
membrane p o t e n t i a l  l e s s  n e g a t i v e  than -30mY and were suppressed  by 
n i c a r d i p i n e ,  sugges t i ng  the involvement  of  d i h y d r o p y r i d i n e - s e n s i t i v e  Ca 2÷ 
channels  in the induc t ion  of EADs. Because EADs are  cons ide red  to  u n d e r l i e  
c e r t a i n  types  of  a r rhy thmias  endo the l i n  per se may have ar rhythmogenic  
action. ©1990 Academic Press, Inc. 

INTRODUCTION: Since the d i s cove ry  of endo the l in  (ET) t, a po ten t  

v a s o c o n s t r i c t o r  pep t ide  produced by v a s c u l a r  e n d o t h e l i a l  c e l l s ,  a v a r i e t y  

of  a c t i o n s  have been found fo r  ET. These inc lude  a c t i o n s  on the hea r t ,  

k idney and n o n - v a s c u l a r  smooth muscles 2. ET has been shown in guinea pig 

a t r i a  to  pro long a c t i o n  p o t e n t i a l  du ra t i on  (APD) and to  i nc r ea se  the 

c o n t r a c t i l e  fo rce  s . In i n t a c t  animals  ET produces myocardia l  ischemia due 

to  an in t ense  coronary  v a s o c o n s t r i c t i o n  and causes  c a r d i a c  death  4 '5  

Recent ly  we showed t h a t  a c l o s e - c o r o n a r y  a d m i n i s t r a t i o n  of ET e l i c i t e d  

l e t h a l  a r rhy thmias  in a n e s t h e t i z e d  r a t s  6. Since these  a r rhy thmias  could not 

s o l e l y  be a t t r i b u t e d  to myocardia l  ischemia,  we s p e c u l a t e d  t h a t  ET per se 

had a r rhy thmogenic  a c t i o n s .  In the  p r e sen t  s tudy we i n v e s t i g a t e d  

e l e c t r o p h y s i o l o g i c a l  e f f e c t s  of ET on canine c a r d i a c  t i s s u e s  to c l a r i f y  the 

mechanisms under ly ing  a r rhy thmias  caused by the agent .  
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METHODS AND MATERIALS 

Adult male mongrel dogs were a n e s t h e t i z e d  with sodium p e n t o b a r b i t a l  
and were a r t i f i c i a l l y  v e n t i l a t e d .  Af te r  thoracotomy the  h e a r t  was r a p i d l y  
removed and v e n t r i c u l a r  s ep t a  con ta in ing  the  r i g h t  bundle branch were 
exc ised .  The t i s s u e  p r e p a r a t i o n  was mounted in an a c r y l i c  chamber f i l l e d  
with a 25ml K r e b s - H e n s e l e i t  s o l u t i o n  of  the fo l lowing  compos i t ion  (mM): 
NaC1 128.7, NaHC03 22.0, KC1 2.2,  KH2P04 1.8, CaC12 2.5,  MgC12 0.5 and 
g lucose  5.5. The s o l u t i o n  was a e r a t e d  with a mixture  of 95~02 and 5~C02 
gas and was main ta ined  a t  37"C. The transmembrane p o t e n t i a l s  were measured 
with a g l a s s  m i c roe l ec t rode ,  f i l l e d  with 3M KC1 and having r e s i s t a n c e  of 
lO-20MOhm. The p r e p a r a t i o n s  were exposed to  2xlO -8, 2xlO -8 or 2xlO-VM of 
ET-1 or v e h i c l e  (0.05~ bovine serum albumin, BSA), and a c t i o n  p o t e n t i a l s  
were observed fo r  1hr. 

Endothel in  (ET-1, Pep t ide  I n s t i t u t e ,  Osaka, Japan)  was d i s s o l v e d  in 
0.05~ BSA. Bay k 8644 (Wako Pure Chemical, Osaka, Japan) and Nica rd ip ine  
(Sigma) were d i s s o l v e d  in dimethyl  s u l f o x i d e  and were d i l u t e d  by d i s t i l l e d  
water .  

RESULTS AND DISCUSSION 

Action p o t e n t i a l s  recorded from the most upper p o r t i o n  of the r i g h t  

bundle branch showed a pacemaker a c t i v i t y .  At lower c o n c e n t r a t i o n s  of  ET, 

2xlO -~ or 2xIO-SM, APD g r a d u a l l y  inc reased  and reached a p l a t e a u  30-40min 

a f t e r  exposure  (Fig.  lB.C).  At a c o n c e n t r a t i o n  of  2xlO-VM of  ET the p l a t e a u  

phase of a c t i o n  p o t e n t i a l  was f l a t t e n e d ,  fo l lowed by the  ab rup t  occur rence  

of e a r l y  a f t e r d e p o l a r i z a t i o n s  (EADs) 24±6min a f t e r  exposure  to  ET (N=5) 

(Fig.  ID, E). EADs were e l i c i t e d  in 5 out of  8 p r e p a r a t i o n s  a t  t h i s  

c o n c e n t r a t i o n  and each a c t i o n  p o t e n t i a l  had a s i n g l e  EAD ( in  4 out of  5 

p r e p a r a t i o n s )  or m u l t i p l e  EADs ( in  1 out of 5, see Fig. lE) which were not 

abo l i shed  by removing ET from the ba th ing  s o l u t i o n .  

EADs were i n i t i a t e d  from a t a k e - o f f  p o t e n t i a l  of -24 .5±2 .6mV and 

reached a peak v o l t a g e  of -8 .9±2 .2mV (N=5). The most n e g a t i v e  t a k e - o f f  

p o t e n t i a l  of  EADs recorded was -34mV. Peak vo l t age  of EADs never  exceeded 

the zero p o t e n t i a l .  Action p o t e n t i a l  d u ra t i on  (APD) a t  50~ r e p o l a r i z a t i o n  

(APDso) j u s t  p r i o r  to the induc t ion  of EADs was 460±26msec, which was about  

twice  the con t ro l  value.  

ET a t  2x10-8~, as well  as a t  2xlO-~M, e l i c i t e d  EADs in 1 out of  6 

p r e p a r a t i o n s .  The c h a r a c t e r i s t i c s  of  EADs produced by lower c o n c e n t r a t i o n s  

of  ET were s i m i l a r  to those  by the h ighes t  one. The APDs of the  two 

p r e p a r a t i o n s  in which EADs developed were much longer than the  APDs of the 

o the r s  in which EADs did not  developed,  sugges t ing  t h a t  the  induc t ion  of  

EADs is  a s s o c i a t e d  with l eng then ing  of  APD, p a r t i c u l a r l y  f l a t t e r i n g  of 

p l a t e a u  phase. Other pa ramete rs  such as the maximum d i a s t o l i c  p o t e n t i a l ,  
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Fi~.l. Effects of endothelin and vehicle on action potentials recorded 
the r ight bundle branch. 

from 

t a k e - o f f  p o t e n t i a l  and amplitude of  a c t i o n  p o t e n t i a l s  were not a f f e c t e d  by 

ET. Spontaneous f i r i n g  r a t e  was decreased by the h ighes t  concen t r a t i on  of 

ET, 2x10-7~. 

I t  has been repor ted  t h a t  ET i n d i r e c t l y  a c t i v a t e s  the d ihyd ropyr id ine -  

s e n s i t i v e  Ca ~÷ channels  via  the s p e c i f i c  ET recep to r s ,  a l though the p rec i se  

c e l l u l a r  mechanisms are  not known 2 '7  We t h e r e f o r e  examined the e f f e c t s  of 

n i c a r d i p i n e  and Bay k 8644, a d ihydropyr id ine  Ca 2÷ channel a n t a g o n i s t  and 

agonis t ,  r e s p e c t i v e l y ,  to examine i f  the a c t i v a t i o n  of Ca e÷ channels is 

involved in the induc t ion  of EADs by ET. In one study, EADs were i n i t i a l l y  

genera ted  by 2xlO-VM of ET, and lxlO-eM of n i ca rd ip ine  was then added to 

the chamber. Nicard ip ine  completely  e l iminated  EADs, shor tened the 

prolonged APD (Fig. 2, upper panel) and increased the f i r i n g  r a t e  s l i g h t l y .  
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8: mV 

Endothelin 2 x I0-7M +Nicardipine 1 x 10~M 
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Bay k 8644 2 x I0-6M + Nicardipine 1 x 10"6M 

Before 6 rain 10 rain 7 min 

400 ms 

Fig, 2. Effects of endothelin (upper panel) and Bay k 8644 (lower panel) 
act ion po ten t i a l s  recorded f ro•  the r igh t  bundle branch. 

o n  

In other study, Bay k 8644 was added in a cumulative manner at 

concentrations of 2xi0 -8, 2xi0 -v and 2xlO-eH. The agent increased APD in a 

concentration related manner (Fig. 3) and elicited single or multiple EADs 

at the highest concentration in 1 but of 4 preparations. The EADs were 

suppressed and the prolonged APD was shortened by ixlO-SM of nicardipine 

(Fig. 2, lower panel). In other three preparations treated with Bay k 8644 

EADs were not induced, although APD was markedly prolonged. Other 

paramete r s  of a c t i o n  p o t e n t i a l s  were not a f f e c t e d  by Bay k 8644 except  

f i r i n g  r a t e  which was i n c r e a s e d  s l i g h t l y .  

200- 

150. D 
13_ < 
._c 

loo- 

" -  5 0 .  

@ Endothelin 

i i  

v 2x10 "9 2×10 ~ 2x10 -7 2xld 6 

concentration (M) 

Fig. 3. Effects of endothelin ( f i l l e d  c i r c l e )  and Bay k 8644 ( f i l l e d  square) 
on act ion po ten t ia l  duration (APD) recorded from the r ight  bundle branch. 
V:vehicle. 
Abscissa: concentrations of endothelin and Bay k 8644. 
Ordinate: percent changes in APD measured at  50~ repo la r iza t ion  (APDso). 

APDso was measured before EADs were developed. 
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Recent ly ,  January  e t  a l .  have shown in sheep p u r k i n j e  f i b e r s  t h a t  Bay 

k 8644 induces EADs by i n c r e a s i n g  L- type  Ca 2÷ "window" c u r r e n t  dur ing 

s t eady  s t a t e  8 ' s  EADs induced by ET and Bay k 8644 were s i m i l a r  in the 

fo l lowing  aspec t s : l )EADs occur red  dur ing  the l a t e  p o r t i o n  of  p l a t e a u  phase. 

2)RADs were always a s s o c i a t e d  with p r o l o n g a t i o n  of APD, which was long 

enough f o r  the  Ca 2÷ channels  to  r ecover  from the  i n a c t i v e  s t a t e .  3 )The i r  

t a k e - o f f  p o t e n t i a l  and peak p o t e n t i a l  lay near  -30mY and OmV, r e s p e c t i v e l y ,  

which roughly  cor responded to  the maximum a c t i v a t i o n  and i n a c t i v a t i o n  

v o l t a g e s  of  the Ca 2÷ channels  i°.  In view of these  s i m i l a r i t i e s ,  i t  i s  

conce ivab le  t h a t  EADs e l i c i t e d  by ET involve  the a c t i v a t i o n  of  L- type  Ca e÷ 

channels .  

However, the e l e c t r o p h y s i o l o g i c a l  a c t i o n s  of  ET and Bay k 8644 were 

not  e n t i r e l y  the same: 1)Bay k 8644 a t  2xlO-aM produced a g r e a t e r  

p r o l o n g a t i o n  of  APD than ET a t  2xlO-TM, whereas the inc idence  of  EADs was 

much h igher  f o r  BT (5/6 vs 1/4 fo r  Bay k 8644)(Fig.  3). 2)ET decreased  the 

f i r i n g  r a t e  of  the r i g h t  bundle branch c e l l s ,  whereas Bay k 8644 inc rea sed  

i t .  These o b s e r v a t i o n s  sugges t  t h a t  ion ic  mechanisms o the r  than Ca 2+ 

channel a c t i v a t i o n  may a l s o  be involved in the  a c t i o n s  of ET. 

Two subtypes  of  EADs have been sugges ted ,  based on the  l eve l  of  t h e i r  

t a k e - o f f  p o t e n t i a l s  l~. The f i r s t  type has a t a k e - o f f  p o t e n t i a l  l e s s  

n e g a t i v e  than -30mY and the  second type more nega t i ve  than -50mV. I t  is  

proposed t h a t  slow inward c u r r e n t  is mainly involved in the f i r s t  type of 

gADs and t h a t  Ha ÷ "window" c u r r e n t  and /or  outward K ÷ c u r r e n t  a r e  involved  

in the second type.  gADs induced by ET were of  the f i r s t  type .  EADs are  

induced by a v a r i e t y  of subs tances  such as Cs ÷ and qu in id ine  t h a t  prolong 

APD in i s o l a t e d  c a r d i a c  t i s s u e s .  They have been shown in i n t a c t  animals  

to produce QT p r o l o n g a t i o n ,  polymorphous v e n t r i c u l a r  t a c h y c a r d i a  and 

s o - c a l l e d  " t o r s a d e s  de p o i n t e s  " i2  

Severa l  r e p o r t s  have shown t h a t  i n t r a c o r o n a r y  a d m i n i s t r a t i o n  of RW 

produces v e n t r i c u l a r  f i b r i l l a t i o n  (VF) in i n t a c t  animals  4 '5 .  The au thors  of  

these  r e p o r t s  have a t t r i b u t e d  V? to  myocardia l  ischemia r e s u l t i n g  from an 

in t ense  coronary  v a s o c o n s t r i c t i o n .  Recent ly ,  however, we demonst ra ted  t h a t  

c l o s e - c o r o n a r y  a d m i n i s t r a t i o n  of ET e l i c i t e d  VF in a n e s t h e t i z e d  r a t s  and 

t h a t  VF developed a f t e r  myocardia l  ischemia subs ided  e. These o b s e r v a t i o n s  
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have lead us to speculate that ET per se has a direct arrhythmogenic 

action. The results of the present study suggested that this was the case. 

Although the concentration for 

lethal arrhythmias in situations 

released in the coronary vascular 

together with potent coronary vasoconstrictor action implies that 

peptide is involved in ischemic arrhythmias and cardiac sudden death. 

inducing EADs was high, ET may cause 

where a large amount of it is locally 

bed. The arrhythmogenic action of ET 

the 
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