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Abstract. The cardiorenal actions of endothelin-1 (ET-1) were evaluated in rats following 
nephrectomy, in rats during a-adrenergic blockade with phentolamine, and in rats during 
8-adrenergic blockade with propranolol. Female rats were anesthetized with pentobar- 
bital and, following surgery, were allowed 60 min to stabilize before 3 x 20 min-control 
clearances were collected. ET-1 was then infused at a rate of 100 ng kg-' min-' for 30 
min, the infusion was stopped, and three additional clearances were collected. Four 
groups of rats were studied: in Group 1 (n = lo), ET-1 was infused; in Group 2 (n = 5), 
a bilateral nephrectomy was performed 120 min before infusing ET-1; in Group 3 (n = 
5), ET-1 was infused into rats treated with phentolamine (0.015 mg kg-' min-'); and in 
Group 4 (n  = 5), ET-1 was infused into rats treated with propranolol (0.015 mg kg-' 
min-'). At 30 rnin during infusion of ET-1 into Group 1 rats, mean arterial blood pressure 
had increased (P c 0.01) by 27 f 2% (SE) and the glomerular filtration rate had 
decreased (P c 0.01) by 71 f 6% of baseline values. Nephrectomy potentiated and 
prolonged the ET-1-induced systemic vasoconstriction. Phentolamine had no effect on 
the cardiorenal actions of ET-1 whereas propranolol enhanced ET-1-induced changes 
in mean arterial blood pressure; mean arterial blood pressure increased 38 .C 2% at 30 
min during ET-1 + propranolol infusion (P c 0.01 versus value with ET-1 alone). These 
data indicate that the kidney affects ET-1-induced systemic vasoconstriction and that 
B-adrenergic (but not a-adrenergic) receptors are activated during infusion of ET-1 with 
a resultant attenuation of ET-1-induced changes in systemic blood pressure. 
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everal laboratories have demonstrated that media 
from endothelial cells in culture release a potent S vasoconstrictor peptide (1-3). More recently, en- 

dothelin, a 2 1 -residue peptide, has been isolated from 
vascular endothelial cells in culture (4). The endothelin- 
induced contraction of vascular smooth muscle in vitro 
is dependent on extracellular Ca2+ and is reduced by 
Ca2+ channel antagonists but is not affected by antag- 
onists of a-adrenergic receptors, histamine HI receptors, 
cyclooxygenase, or lipoxygenase ( 1-4). 

A number of studies have demonstrated that en- 
dothelin is a potent vasoconstrictor in both the dog and 
the rat and that the renal circulation is particularly 
sensitive to the peptide (5-1 1) .  Among the in vivo 
responses to endothelin are increases in plasma renin 
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activity, plasma norepinephrine concentrations, and 
plasma epinephrine concentrations ( 5 ,  6). Therefore, in 
the current study we have evaluated (i) the potential 
contribution of the kidneys in the systemic response to 
endothelin by determining the effects of endothelin on 
mean arterial blood pressure in bilaterally nephrecto- 
mized rats and (ii) the potential role of norepinephrine 
and epinephrine in the endothelin-induced changes in 
mean arterial blood pressure and renal function by 
determining the cardiorenal actions of endothelin in 
rats treated with a- and with P-adrenergic receptor 
antagonists. 

Materials and Methods 
Twenty-five female Sprague-Dawley rats (200-300 

g) were maintained on standard rat chow and water ad 
libitum for at least 1 week prior to the initiation of the 
experiments. Rats were deprived of water at 16:OO hr 
the day before the experiments; the experiments started 
at 08:OO hr the following morning. At the time of the 
renal clearance experiments, all rats were anesthetized 
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with sodium pentobarbital (60 mg/kg). Rectal temper- 
ature was maintained at 37 f 0.5"C by a radiant heat 
lamp connected to a temperature controller. A trache- 
ostomy was performed with PE-240 tubing and the left 
femoral vein and artery were cannulated with PE-50 
tubing. Blood pressure was monitored with a pressure 
transducer and displayed on a chart recorder. Imme- 
diately after catheterization of the femoral vein, saline 
containing 3% creatinine was infused at a rate of 0.024 
ml/min and maintained throughout the experiment. 
Finally, the bladder was cannulated with PE- I00 tubing 
via a small (0.5-cm) abdominal incision. The rats were 
then administered 1.3 mg of pentobarbital, a procedure 
repeated at 20 and 40 rnin after surgery. 

Following surgery and a 60-min stabilization 
period, 3 X 20-min clearance periods (Cl, Cz, and C,) 
were performed with a 0.2-ml arterial blood sample 
obtained between CI and Cz. An intravenous infusion 
of porcine/human endothelin (endothelin- 1 was pur- 
chased from Peninsula Laboratories, dissolved in 0.5 N 
acetic acid, divided into aliquots which were used for 
each experiment and stored at -80°C) was then initi- 
ated for 30 rnin at a rate of 100 ng kg-' min-I. Urine 
samples were collected every 15 rnin during the infusion 
of endothelin (El and E2). A second arterial blood 
sample (0.2 ml) was collected immediately following 
E2. The infusion of endothelin was stopped, 3 x 20- 
rnin recovery clearances were performed (Rl ,  R2, and 
R3), and 0.5 ml of arterial blood was collected following 
R3. Upon completion of each experiment, all rats were 
sacrificed with a lethal injection of sodium pentobar- 
bital and the kidneys were removed, cleaned of excess 
tissue, blotted dry, and weighed. 

Four groups of rats were evaluated: Group 1 ( n  = 
10) received an infusion of only endothelin; Group 2 
( n  = 5 )  received a bilateral nephrectomy 120 rnin prior 
to the infusion of endothelin; Group 3 ( n  = 5) was 
infused with endothe 1 in plus an intravenous infusion 
of phentolamine (the a-adrenergic receptor antagonist 
was infused at 0.015 mg kg-' min-' during the 1-hr 
stabilization period, during the experimental period, 
and during the recovery period); and Group 4 ( n  = 5) 
was infused, intravenously, with endothelin plus pro- 
pranolol (the dose of the P-adrenergic receptor antago- 
nist was 0.0 15 mg kg-' min" and was also administered 
throughout the entire experiment). The dose of phen- 
tolamine and of propranolol employed in the present 
study has been shown to effectively block the a- and P- 
adrenergic receptors in our previous reports ( 12, 13). 

Chemical Determinations. Urine volume was de- 
termined gravimetrically. Urinary and plasma concen- 
trations of sodium, potassium, and calcium were deter- 
mined with an atomic emission spectrophotometer. 
Creatinine concentrations in urine and blood were 
measured according to the method of Folin and Wu 
( 14). The clearance of creatinine and excretion rates of 

sodium (U,,V) and potassium (UKV) were calculated 
by standard formulas (U = urine concentration and V 
= urine flow rate). The clearance of creatinine was 
equated with the glomerular filtration rate (GFR) ( I  5). 

Statistical Analysis. Differences within each group 
were determined by one-way analysis of variance for 
repeated measurements and Duncan's new multiple 
range test. Differences between groups were evaluated 
using Student's t test for pooled data. Values were 
accepted as significantly different when the probability 
of no difference was less than 5%. Mean f SE are 
reported. 

Results 

Figure I illustrates the effects of endothelin (100 
pg kg-l min-l) on mean arterial blood pressure (MAP) 
and GFR. At 30 rnin during the infusion of endothelin, 
relative to the baseline values, MAP had increased ( P  
< 0.01) by 27 +- 2% (28 f 2 mm Hg) and the GFR had 
decreased ( P  < 0.0 1) by 71 f 6%. As summarized in 
Table I, other variables of renal function were also 
significantly reduced. At 30 rnin during endothelin 
infusion, UKV, UN,V, and V had decreased by 71 f 
596, 65 f 10% and 71 f 3% ( P <  0.01, P <  0.01, and 
P < 0.01, relative to corresponding baseline values, 
respectively). 

The effects of nephrectomy on endothelin-induced 
increases in mean arterial blood pressure are summa- 
rized in Figure 2. Nephrectomy significantly enhanced 
both the absolute increase in MAP (AMAP 52 f 8 mm 
Hg, P < 0.01 compared with Group 1) and the frac- 
tional increase in MAP (78 f 16%, P < 0.05 compared 
with Group 1) at 30 rnin during infusion of endothelin. 
In addition, MAP remained significantly elevated above 
the baseline value in Group 2 during the 60-min pos- 
tinfusion period. By contrast, as illustrated in Figure 1, 
MAP decreased to values that were significantly lower 
than baseline in control rats during the 60 rnin follow- 
ing endothelin infusion. 

Phentolamine did not affect either the endothelin- 
induced increase in MAP (Fig. 3) or the decrease in 
renal function (Fig. 4 and Table I). Specifically, MAP 
increased 30 rfr 6% and the GFR decreased 83 f 5% 
during infusion of endothelin into phentolamine- 
treated rats. By contrast, the endothelin-induced in- 
crease in MAP was enhanced by propranolol (Fig. 3). 
Specifically, at 30 rnin during the infusion of 
endothe 1 in into propranolol-treated rats, MAP in- 
creased 38 f 2% ( P  < 0.01 versus the baseline value 
and P < 0.0 1 versus corresponding value with endothe- 
lin alone). The absolute change in MAP at 30 rnin 
during infusion of endothelin was also significantly ( P  
c 0.02) greater in propranolol-treated rats compared 
with Group 1 (Amm Hg = 38 f 2 vs 28 f 2, respec- 
tively). It is also of interest to note that the postinfusion 
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Table 1. Effects of ET-1-Induced Changes in Cardiorenal Function in Control Rats (Group 1) and in Rats Treated 
with Phentolamine (Group 2), or with Propranolol (Group 3)” 

Group 1 (n = 10, ET-1 alone) 
UKV (pEq/min) 1.01 f 0.12 
UNaV (pEq/rnin) 0.51 f 0.09 
V (pl/min) 1 4 f 1  
GFR (ml/min) 2.7 f 0.1 
MAP (mm Hg) 1 0 6 f  1 

Group 2 (n = 5, ET-1 + 
phentolamine) 

UKV (PEqlmin) 0.69 f 0.12 
UNaV (pEq/min) 0.37 f 0.13 
V (pl/min) 8 f 1  
GFR (ml/min) 2.3 f 0.2 
MAP (mm Hg) 100 f 4 

pranolol) 
Group 3 (n = 5, ET-1 + pro- 

UKV (pEq/min) 1.67 f 0.14 
UNaV (pEq/rnin) 0.99 f 0.20 
V (pl/min) 1 7 f  1 
GFR (ml/min) 2.5 f 0.1 
MAP (mm Hg) l o o f  1 

0.95 f 0.09 
0.49 f 0.1 1 

11 f 1  
1.5 f 0.1 ’ 
133 f 3’ 

0.58 f 0.14 
0.34 f 0.15 

7 f l  
1.2 f 0.1 ’ 
124 f 3’ 

1.36 f 0.16“ 
1.43 f 0.28 

7 f 2  
1.4 f 0.2’ 
133 f 2’ 

0.30 f 0.10’ 
0.17 f 0.06’ 

4 f 1 ’  
0.7 f 0.1 
135 f 2’ 

0.09 _+ 0.03’ 
0.08 f 0.03“ 

2 f  I’ 
0.3 f 0.1 ’ 
131 f 1’ 

0.1 8 f 0.04’ 
0.25 f 0.07’ 

3 f  1’ 
0.3 f 0.1 ’ 
139 f 2’ 

0.21 f 0.04’ 
0.1 2 f 0.02’ 

5 f l ’  
0.6 f 0.1 ’ 
107 f 8 

0.08 
0.1 3 

5 
0.5 
102 

f 0.02’ 
f 0.02 
f 1“ 
f 0.1 ’ 
f 10 

0.1 8 f 0.06’ 
0.31 f 0.09’ 

6 f 1 ’  
0.5 f 0.2’ 
112 f 5 

0.52 f 0.1 3’ 
0.29 f 0.04’ 

11 f 2  
1.2 f 0.2’ 
84 f 3’ 

0.17 f 0.08’ 
0.24 f 0.09 

1 2 f 2  
1.3 f 0.2’ 
89 f 5 

0.58 f 0.1 6’ 
0.37 f 0.07’ 

1 6 f 2  
1.3 f 0.3’ 
92 f 11 

0.58 f 0.10’ 
0.32 f 0.05’ 

1 4 f l  
1.3 f 0.1 ’ 
86 f 3’ 

0.38 f 0.14“ 
0.26 f 0.12 

1 4 f  1 
1.7 f 0.1 ’ 
96 f 6 

0.64 f 0.31 ’ 
0.36 f 0.17” 

1 7 f 1  
1.4 f 0.2’ 
93 f 7 

a Values are mean & SE. 
P < 0.01 compared with corresponding control value. 
P < 0.05 compared with corresponding control value. 
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Figure 1. GFR (open circles) and MAP (solid circles) are plotted before (C), during (El and E2), and after (R,, Rz, and R3) an intravenous infusion 
of endothelin (100 ng kg-’ min”) into Group 1 rats (n = 10). and ** = P < 0.05 and P < 0.01 compared with corresponding baseline value, 
respectively. 

hypotension observed in Group 1 rats during clearance 
periods RZ and R3 was not present in either the phen- 
tolamine or propranolol group. On the other hand, the 
absolute values for MAP were not significantly different 
among the three groups during the recovery periods. 

The percentage of decrease in the GFR in propran- 
olol-treated rats was 89 f 3% (P < 0.01 versus the 
corresponding baseline value) but, relative to Group 1 
rats, the fractional change was of borderline significance 
(P < 0.1 but >0.05). 

Finally, the endothelin-induced decreases in excre- 
tion rates of potassium, sodium, and urine flow rate are 
summarized in Table I. In rats treated with phentol- 
amine, UKV, UNaV, and V decreased 84 f 8% (P c 

O.Ol), 67 f 1 I %  ( P  < 0.05), and 71 f 8% (P < 0.0 I), 
respectively, at 30 min during infusion of endothelin 
but these changes were not significantly different from 
the corresponding decreases in rats infused with endo- 
thelin alone. Similarly, in rats treated with propranolol, 
UKV, UNaV, and V decreased 89 f 2% (P < 0.01), 74 
f 7% (P < O.Ol), and 75 f 10% (P < 0.01) of the 
baseline values, respectively, at 30 min during infusion 
of endothelin. Again, the decreases were not signifi- 
cantly different from corresponding changes in Group 
1 rats. 

Discussion 
The results of the present study demonstrate that 

intravenous infusions of endothelin at a dose of 100 ng 
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Figure 3. MAP values (“10 of baseline) are shown before, during, and 
after an infusion of endothelin (1 00 ng kg-’ min-’) intravenously. Open 
bars are from Group 1 infused with endothelin alone (n = lo), solid 
bars are from Group 2 (n = 5) infused with endothelin plus phentol- 
amine (0.01 5 mg kg-’ min-’), and hatched bars are from Group 3 (n = 
5) infused with endothelin plus propranolol(O.015 mg kg-’ min”). ** = 
P < 0.01 compared with corresponding pre-endothelin infusion value; 
+ = P < 0.01 compared with corresponding value in rats treated with 
endothelin alone. 

kg-’ min-l induce significant increases in MAP and 
marked decreases in the GFR and that the systemic 
response to the peptide is potentiated by either nephrec- 
tomy or by the P-adrenergic receptor antagonist, pro- 
pranolol. 

Results of our previous studies ( 1  1 )  indicate that 
the renin-angiotensin system does not contribute to the 
endothelin-induced changes in cardiorenal function. 
Specifically, we reported ( 1  1 )  that the competitive an- 
giotensin I1 receptor antagonist, Sarl -Thrs angiotensin 
11, does not affect endothelin-induced changes in either 
renal function or mean arterial blood pressure. In ad- 
dition, we also reported ( 1  1 )  that the angiotensin-con- 
verting enzyme inhibitor, captopril, significantly atten- 
uates the endothelin-induced changes in renal function 

Figure 4. GFR values (% of baseline) are plotted before, during, and 
after infusion of endothelin (100 ng kg-’ min-’) intravenously. Open 
bars are from Group 1 infused with endothelin alone (n = lo), solid 
bars are from Group 2 (n = 5) infused with endothelin plus phentol- 
amine (0.01 5 mg kg-’ min-’), and hatched bars are from Group 3 (n = 
5) infused with endothelin plus propranolol (0.015 mg kg” min-’). = 
P < 0.01 compared with the corresponding pre-endothelin infusion 
value. 

but does not alter the peptide-induced increase in mean 
arterial blood pressure. Thus, intrarenally generated 
agents such as the kinins may affect the renal actions 
of endothelin. The results of the current study clearly 
demonstrate that renal events do affect the increase in 
mean arterial blood pressure prompted by endothelin 
since nephrectomy enhances endothelin-induced sys- 
temic vasoconstriction. One interpretation of the cur- 
rent results is that the kidney significantly contributes 
to the clearance of the peptide, either via metabolism 
or via excretion. Alternatively, or, perhaps in addition 
to the latter, the kidney may release vasodilator sub- 
stances that attenuate the endothelin-induced systemic 
vasoconstriction. Along these lines, it has been shown 
that endothelin does stimulate the release of prostaglan- 
dins from several organs, including the kidney (1 6-2 1). 
We have recently reported, however, that under the 
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conditions employed in the current experiments, inhib- 
itors of cyclooxygenase do not potentiate the systemic 
or renal actions of endothelin (22). Thus, further ex- 
periments will be required to elucidate the mechanism 
by which nephrectomy potentiates the endothelin-in- 
duced systemic vasoconstriction. 

A number of investigators have demonstrated that 
catecholamines play a key role in the regulation of renal 
function and renal hemodynamics (23-26). Infusions 
of norepinephrine into renal artery elicit a decrease in 
renal blood flow and a release of histamine from the 
kidney (23). On the other hand, intrarenal artery infu- 
sions of the preceptor agonist, isoproterenol, result in 
increases in the GFR and a natriuresis (27, 28). With 
regard to endothelin, in vivo studies of Yanagisawa et 
al. (4) demonstrated that the endothelin-induced vaso- 
constriction could be completely reversed by the p- 
adrenergic receptor agonist, isoproterenol. The results 
of the current study demonstrate that a-adrenergic 
receptor blocker, phentolamine, has no effect on the 
biologic actions of endothelin; however, the P-adrener- 
gic receptor blocker, propranolol, significantly en- 
hanced the endothelin-induced change in MAP at 30 
min during infusion of the peptide. These data indicate 
that the biologic actions of endothelin are neither me- 
diated nor affected by a-adrenergic receptors, whereas 
/3-adrenergic receptors do modulate a portion of the 
endothelin-induced changes in arterial blood pressure. 
Along these lines, Goetz et al. ( 5 )  have reported that 
intravenous infusions of endothelin into dogs are asso- 
ciated with increases in the plasma concentration of 
epinephrine. Thus, the catecholamine may counteract 
a portion of the vasoconstrictive actions of the peptide 
in vivo. 

Results of the present study demonstrate that en- 
dothelin is a potent vasoconstrictor and that the renal 
circulation is particularly sensitive to the peptide. The 
kidney modulates the systemic action of the peptide, 
perhaps through metabolic and/or clearance actions or 
via a secondary release of a vasodilator substance(s). 
The endothelin-induced increase in mean arterial blood 
pressure and decrease in renal function are not affected 
by the a-adrenergic receptor blocker, phentolamine, 
whereas the endothelin-induced increase in mean arte- 
rial blood pressure is potentiated by the p-adrenergic 
receptor blocker, propranolol. 
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Affiliate Chapter of the American Heart Association. 
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Addendum 
During the review of this manuscript, Kohno et al. 

(29) also reported that nephrectomy potentiates the 
endothelin-induced increase in systemic blood pressure 

and, in addition, that the increase in the plasma con- 
centration of endothelin following a bolus injection of 
the peptide is greater in nephrectomized rats. 
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