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Various concentrations of  the peptide endothelin-1 were tested for their effect on coro- 
nary vascular resistance in anesthetized rats. Intracoronary infusion o f  this peptide over 
4 min in a total dose that gave rise to blood concentrations o f  0.002-0.003 or 0.2-0.3 
fmol /ml  elicited only a decrease in the estimated coronary vascular resistance. It is 
suggested that only supraphysiological doses o f  endothelin are likely to exert a power- 
ful vasoconstrictive effect on coronary vessels and cause myocardial ischemia. 
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Endothelin,  a peptide of  21 amino acid residues 
first isolated in 1988 from cul tured endothelial  
cells o f  the porcine aorta [13], can alter arterial 
pressure (AP), cause bronchospasm, exert positive 
ino- and chronotropic  effects, and modulate the 
transmission o f  neural  signals [14]. Awake animals 
administered this peptide in bolus form show a 
biphasic change in AP, whereby its transient fall 
is succeeded by a sharp and persistent rise [1,10, 
13]. It is believed that such a biphasic response is 
most likely due to the activation of  two different 
types of  endothelin receptors, and that receptors o f  
one type (ETb) are located on the vascular endot-  
helium and, when  activated, cause endothel ium- 
dependent  vasodilatation [11], while those o f  the 
other type (ETa) occur in smooth-muscle cells and 
are responsible for their  endothel in- induced con-  
traction [3]. This suggests that low plasma concen-  
trations of  endogenous  endothelin can only cause 
a decrease in vascular tone. However,  endothelin 
circulating in the blood may be implicated in the 
genesis o f  coronary  vasospasm, as is suggested by 
experiments where  the action o f  endothelin was 
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studied in animals given it in relatively high doses 
[4,5,8] so that its concentrations in the blood rea- 
ched levels which probably never occur under phy- 
siological or  pathophysiological conditions [4]. 

The purpose the present study was to evaluate 
the effects of  endothelin-1 in relatively low doses 
on the coronary vascular bed in anesthetized rats. 

MATERIALS AND METHODS 

Nembutal-anesthetized random-bred male albino rats 
weighing 250-330 g were used. The effects of  endo- 
thelin-1 were studied using our modification of  the 
method by which coronary vessels are perfused with 
the animal's own blood [2]. Blood for autoperfusion 
was taken from the left carotid artery with a cath- 
eter connected to a shunting system (Fig. 1, a, 1). 
A glass catheter was introduced into the aortic area 
via the right carotid artery and then carefully ma- 
nipulated into the left coronary artery (Fig. 1, b). 
A transient fall in AP and the commencement  of  
blood flow through the shunting system indicated 
that  the  ca the t e r  was in the right place.  The 
intracoronary infusion of endothelin-1 or physiologi- 
cal saline was continued for 4 min at a rate of 0.04 
ml/min using an infusing device. During the experi- 
ment,  systemic AP, coronary blood flow, and per- 
fusion pressure in the system were recorded. 
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Fig. I. Schemat ic  of the model  u sed  for the au toper fus ion  
of co rona ry  vesse ls  in ane s t he t i z ed  rats. a) genera l  exper i -  
mental  setup: 1) perfusion loop, ,2) Doppler  blood flow meter, 
3) infus ing device,  4) AP sensor;  b) en l a rged  r ep resen ta t ion  
of the glass ca theter .  

The experimental protocol involved infusion of 
physiological saline and endothel in-1 in total 
amounts of 0.2 fmol, 20 fmol, 2 pmol, and 0.2 
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Fig. 2. Ef fec t  of i n t r a c o r o n a r y  e n d o t h e l i n - - 1  i n f u s i o n  in  
different doses  o n  AP in anes the t ized  rats. Here and  in Fig. 
3: rats were g iven  e n d o t h e l i n - - I  in a total  dose of 0.2 fmo l /  
kg (1), 20 f m o l / k g  (2), and  2 p m o l l k g  (3), and the abscissa 
indicates  measu remen t  t imes dur ing  (minutes 0--4) and  after 
(minutes 4--14) endo the l in  infusion.  

nmol per kg body weight, at intervals of 30-40 
min. Coronary vascular resistance (CVR) was cal- 
culated as the ratio of perfusion pressure to coro- 
nary blood flow minus resistance of the system. 
The results were subjected to statistical analysis 
using Student's t test for paired samples. 

RESULTS 

The total coronary vascular resistance measured in 
10 rats had a mean value of 52.66+9.56 mm Hg 
(range, 16.36-70.51 mm Hg), and the mean AP in 
these rats was 125.9+4.91 mm Hg. Intracoronary 
infusion of either saline or endothelin-1 in doses of 
0.2 fmol/kg to 0.2 nmol/kg did not cause signifi- 
cant changes in the recorded parameters. However, 
the presser effect of the peptide tended to increase 
as more of it was infused (Fig. 2). The greatest 
change in AP (by 13.05%) as compared to the 
baseline (preinfusion) level occurred approximately at 
minute 5 after the discontinuation of infusion. 

Endothelin-1 reduced CVR throughout the in- 
fusion period, after which CVR rose to exceed the 
baseline level for a short time (minutes 10-15). 
These biphasic changes in CVR varied in degree 
depending on the endothelin-1 doses used (Fig. 
3). After the doses of 0.2 and 20 fmol/kg, CVR 
decreased by 13.6+4.9% and 20.6+6.5%, respec- 
tively (p<0.05, n=6), followed by a rise to the 
control level. Similar biphasic changes in CVR (an 
increase by 12.5+5.5% and then a decrease by 
20.5+9%) were observed after the dose of 2 pmol/ 
kg (endothelin-1 concentrations in the coronary bed 
then ranged from 20 to 30 fmol/ml; n=5), but the 
differences from the control tests with physiological 
saline were insignificant. Infusion of the peptide at 
0.2 nmol/kg (its concentration in the blood flow 
averaged 2-3 pmol/ml; n=2) led to a slight reduc- 
tion of CVR followed by pronounced (62%) con- 
striction of the coronary vessels. Vascular resistance 
rose at minutes 3 and 4 of infusion and remained 
elevated for 10 rain postinfusion, i.e., during the 
whole period when parameter values were calculated. 

In this study, intraeoronary endothelin-1 in- 
fusions over 4 min in total doses of  0.2 fmol/kg, 
20 fmol/kg, and 2 pmol/kg altered CVR without 
causing significant changes in systemic AP, and it 
was therefore possible to study the local effect of 
this peptide. Because the blood flow level was 
measured continuously, concentrations of the ex- 
ogenously administered peptide simulating those of 
the endogenous peptide in the blood under various 
conditions could be calculated. 

Endothelin-1 levels in the blood plasma of 
healthy people have been reported to range from 
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0.36 to 1.50 fmol/ml. Higher levels are recorded 
in a variety of disease states, including cardiogenic 
shock, heart failure, and pulmonary edema [12], 
diffuse intravascular thrombus formation [7], dia- 
betes [6], and some forms of hypertension [9]. 
Endothelin-1 concentrations in disease do not ex- 
ceed those in health by a factor of more than 10 
[7]; when they reach levels in excess of 5 fmol/  
ml, death occurs - at least among patients with 
extensive myocardial infarction [12]. On the basis 
of  this reported evidence, we evaluated in the 
present study the effects of both physiological and 
pathophysiological endothelin-1 concentrations in 
the blood, namely 0.002-0.003 fmol/ml (in rats 
given a total dose of 0.2 fmol/kg), 0.2-0.3 fmol/ 
ml (total dose = 20 fmol/kg), 20-30 fmol/ml (to- 
tal dose = 2 pmol/kg), and 2-3 pmol/ml (total 
dose = 0.2 nmol/kg). The 4-rninute infusion of 
the two lowest doses led only to coronary vasodi- 
latation: the maximal decreases in total CVR were 
13.6+4.9% and 20.6+6.5%, respectively, relative to 
the preinfusion levels (p<0.05). 

Infusing the higher dose of 2 pmol/kg, which 
resulted in local endothelin-1 concentrations of 20- 
30 fmol/ml, caused an insignificant (by 12.5+5.5%) 
vasodilation during the infusion and was followed by 
a more strongly marked, though also insignificant, 
vasoconstriction (CVR rose by 20.6+6.5%). Presum- 
ably, the peptide circulating in such concentrations 
passes through the vascular endothelium in amounts 
sufficient to activate the specific receptors of smooth 
muscle and to cause vasoconstriction. This late con- 
tractile response appears to mask the rapidly oc- 
curring vasodilatation. Moreover, the only effect 
from the largest of  the doses used (0.2 nmol/kg), 
which gave rise to the highest blood concentrations 
of  endothelin-1 (2-3 pmol/ml), was pronounced 
coronary vasoconstriction (CVR rose by 62%), 
which was already observed during the last minute 
of infusion. The 3-minute period preceding the 
onset of  the contractile response to such high 
endothelin-1 concentrations in the blood may have 
been the time it took the peptide to penetrate 
through the endothelial monolayer. 

The results of  this study indicate that intraco- 
ronary infusions of endothelin-1 in doses giving 
rise to blood concentrations similar to those oc- 
curring in health or disease produce only a vaso- 
dilatative effect. According to the literature, this 
effect of  endothelin-1 is most likely mediated by 
the receptors located on the vascular endothelium 
(ETb-type receptors). The endothelin-1 acting on 
these receptors activates the synthesis and release 
by the endothelium of vasodilating factors (pros- 
taglandin and nitric oxide), and these cause relax- 
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Fig. 3. I m p a c t  of 4 - - m i n u t e  e n d o t h e l i n - 1  i n f u s i o n  in 
d i f f e r e n t  doses  o n  c o r o n a r y  v a s c u l a r  r e s i s t a n c e  (CVR) in 
anes the t ized  rats. Solid l ine: e n d o t h e l i n - - 1  infusion;  dashed 
line: i n fus ion  of p h y s i o l o g i c a l  sa l ine  {control group) .  The 
as ter i sk  denotes  a s igni f icant  d i f ference  at  p<0.05 from the 
control  group. 

ation of smooth-muscle cells. It may be concluded 
that even the considerable elevations of plasma 
endothelin-1 levels occurring in various disease 
states cannot be responsible for the extensive car- 
diac ischemia documented in experiments using 
unacceptably high doses of this peptide. 
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