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Abstract 

Following reperfusion of ischaemic human hearts subjected to cold (4 ° C) cardioplegia during coronary bypass surgery, there 
was an increase in cardiac outflow of endothelin-1 but not the pro-peptide big endothelin-1. Furthermore, specific endothelin-1 
binding in human lung membrane preparations was displaced by incubation in buffer medium at 4 ° C. The present results thus 
indicate that cold-induced displacement of endothelin-1 binding, rather than increased synthesis, may explain the cardiac release 
of endothelium-1 following ischaemia during heart surgery in which cold cardioplegia has been used. 
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1. Introduction 

The vascular endothelium synthesizes the coronary 
vasoconstrictor peptide endothelin-1 through enzy- 
matic cleavage of the propeptide big endothelin-1 
(Yanagisawa et al., 1988; Franco-Cereceda, 1989). In- 
creased plasma levels of endothelin-1 have been re- 
ported in a variety of cardiovascular disorders although 
the data on the possible cardiac release of endothelin-1 
during myocardial ischaemia are conflicting (see Ton- 
nessen et al., 1993; Franco-Cereceda et al., 1994). 
Acute myocardial infarction is associated with in- 
creased peripheral plasma levels of both endothelin-1 
and big endothelin-1 (Miyashi et al., 1989). In order to 
evaluate a possible co-release of endothelin-1 and big 
endothelin-1 from the human heart we have measured 
the cardiac outflow of these peptides from the is- 
chaemic heart during coronary bypass surgery. 
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2. Materials and methods 

This study was approved by the Ethics Committee of 
the Karolinska Hospital. Four males (66 +_ 3 years) 
with stable angina pectoris underwent coronary bypass 
surgery with extracorporeal circulation (for 84 + 15 
min). Hypothermia (32 ° C) and cardiac ischaemia were 
induced by aortic cross-clamping (44 + 11 min) in com- 
bination with intermittent, cold cardioplegia (4 ° C) ad- 
ministered approximately every 10 min. Arterial and 
coronary sinus blood samples were obtained before 
cardioplegia was given and 1, 5, 15 and 30 min after 
release of the aortic cross-clamp. Coronary sinus blood 
flow was measured at each sampling time point by 
thermodilution. Intracoronary outflow of the peptides 
was calculated as previously described for neuropep- 
tide Y (Franco-Cereceda et al., 1990). Endothelin-1- 
and big endothelin-l-like immunoreactivity was deter- 
mined by radioimmunoassay (for details, see Weitzberg, 
1993). In human lung preparations, specific endothelin- 
1-binding was determined as previously described 
(Hems6n et al., 1990). Briefly, the membranes were 
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incubated at 37°C for up to 180 min. Cold-induced 
displacement of endothelin-1 binding was studied by 
cooling the buffer solution to 4°C for 5, 30 and 60 min 
after equilibrium had been reached at 37°C. Data 
were calculated as difference of specific binding at 4 ° C 
compared to corresponding time points at 37 ° C. 

3 .  R e s u l t s  

Basal arterial and coronary sinus plasma concentra- 
tions of endothelin-l-like immunoreactivity were 4.2 + 
0.4 and 3.8 + 0.1 fmol × m1-1, respectively, while the 
corresponding levels of big endothelin-l-like immuno- 
reactivity were 9.6 + 0.9 and 9.5 + 1 fmol × ml-~, re- 
spectively. Reperfusion of the ischaemic hearts was 
associated with elevated concentrations of endothelin- 
l-like immunoreactivity, in both arterial and coronary 
sinus plasma (maximal increase to 5.1 + 0.5 and 5.5 + 
0.3 fmol × ml - ] ,  respectively). There was a positive 
gradient (i.e. a net ou t fow of endothelin-1) over the 
heart at 5 and 15 min, while no influence on the 
arterial or coronary sinus levels of big endothelin-l-like 
immunoreactivity was observed. The coronary sinus 
blood flow increased from a basal of 120 + 30 ml × 
min - ]  prior to ischaemia, to 195 + 50 ml x m in - l ,  
2 6 5 + 4 2 m l x m i n  ] , 2 0 2 + 5 1 m l × m i n  - l a n d 1 4 6 + 6  
ml × rain-1 at 1 min, 5 min, 15 min and 30 min after 
aortic declamping, respectively. Thus, correlated to 
coronary sinus blood flow, there was a marked, signifi- 
cant increase in cardiac outflow of endothelin-l-like 
immunoreactivity at 5 min and 15 min reperfusion 
while the outflow of big endothelin-l-like immuno- 
reactivity remained unchanged throughout the reperfu- 
sion period (Fig. 1). 
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Fig. 1. Cardiac release of endothelin-1 like immunoreactivity (ET-1- 
LI; II) and big endothelin-1 like immunoreactivity (Big ET-1-LI; o) 
following reperfusion after 44_+ 11 min of global ischaemia induced 
by aortic cross-clamping and cardioplegia in four patients undergoing 
coronary bypass surgery. Data are given as fmolxmin -1 and pre- 
sented as means_+ S.E.M. * P < the Friedman test for several related 
samples. 
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Fig. 2. Dissociation of [mSI]endothelin-1 binding (ET-1) in mem- 
brane preparations from the human lung. When equilibrium was 
reached, the incubation buffer was cooled to 4 ° C for 5, 30 or 60 rain. 
Values represent means_+ S.E.M. (n = 6 experiments in each group). 
* * P < 0.01, Mann-Whitney U-test. Bound peptide refers to differ- 
ence of specific binding at 4°C compared to corresponding time 
points at 37 ° C. 

High affinity binding sites for endothelin-1 were 
present in the lung with specific binding representing 
more than 80% of total binding (n = 6). The binding 
was t ime-dependent  and reached equilibrium within 
120 min and remained stable for up to 180 min in 
control experiments ( n - - 6 ) .  Cooling the incubation 
buffer solution to 4 ° C led to a displacement of specific 
endothelin-1 binding with 30%, 48% and 32% at 125 
min, 150 min and 180 min, respectively (n = 6 in each 
group; P < 0.01 at all times compared to controls, 
Mann-Whitney U-test) (Fig. 2). The non-specific bind- 
ing was unchanged by cooling. 

4.  D i s c u s s i o n  

The present  study demons t ra tes  that  aortic 
declamping after coronary bypass surgery is associated 
with increased cardiac outflow, suggesting release, of 
endothelin-1 but not of big endothelin-1. Prolonged 
cardiac ischaemia has been shown to cause severe 
coronary endothelial injury (see Tonnessen et al., 1993). 
However, the observed cardiac release of endothelin-1 
is unlikely to represent a simple washout of accumu- 
lated peptide from deteriorating endothelial ceils, or 
de novo synthesis, since big endothelin-1 overflow was 
not changed. Recently, endothelin receptor antagonism 
has been demonstrated to increase the circulating lev- 
els of endothelin-1, but not big endothelin-1 (L6ffler et 
al., 1993) and the plasma levels of endothelin-1 in- 
creased following cold pressor test (Fyhrqvist et al., 
1990). In analogy, the present observations that cooling 
the incubation buffer leads to displacement of en- 
dothelin-1 binding from lung membranes  indicates that 
the conditions associated with cardioplegia and hy- 
pothermia lead to ' re lease '  of endothelin-1 from tissue 
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b ind ing  sites. Neuropep t ide  Y is released from the 
hear t  dur ing  coronary bypass surgery (Franco-Cereceda  

et al., 1990) but  this is apparent ly  not  due to cold-in- 
duced d isplacement  of neuropep t ide  Y binding,  since 
no such effect was observed in isolated spleen mem-  
b rane  prepara t ions  (unpubl i shed  data). Al though  big 
endothel in-1  was presen t  in higher  concent ra t ions  and 
has a longer plasma half-life than  endothel in-1  (7 rain 
for big endothel in-1  versus 1.5 rain for endothel in-1,  in 
man  in vivo; Hems6n  et al., 1995), no inf luence on 

plasma levels or coronary sinus outflow of big endothe-  
lin-1 was detected,  indicat ing that  extracorporeal  circu- 

lat ion and reperfus ion of the ischaemic heart  are not  
associated with release of big endothel in-1.  The  possi- 
ble inf luence of endothel in-1 d isplacement  on the hy- 
peraemia  observed at reperfus ion of the hearts after 

cardiac surgery remains  to be fur ther  evaluated.  
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