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Effects of Endothelin on Renal Function in 
Newborn Rabbits1 

ABSTRACT. The renal effects of endothelin-1 were inves- 
tigated in 16 anesthetized and mechanically ventilated 
newborn rabbits. Renal blood flow and glomerular filtration 
rate were determined by the clearance of para-aminohip- 
puric acid and inulin, respectively. Each animal acted as 
its own control. In eight newborn rabbits, a bolus injection 
of 5 nmol.kg-' of endothelin-1 caused an initial fall in 
mean arterial blood pressure followed by a gradual, signif- 
icant increase in mean arterial blood pressure that lasted 
for 45 min. The dramatic increase in renal vascular resist- 
ance (+28 f 4%) induced by endothelin led to a fall in 
glomerular filtration rate (-12 + 4%) and renal blood flow 
(-16 + 3%). In spite of the reduction of glomerular filtra- 
tion rate and renal blood flow, urine flow and sodium 
excretion rates increased significantly (+20 f 5% and +49 
f 9%, respectively). In eight additional newborn rabbits, a 
bolus injection of 1 nmol. kg-' of endothelin-a dose that 
usually induces marked renal and systemic vasoconstriction 
in adult models-did not affect systemic or renal hemody- 
namics. In conclusion, endothelin induces renal and sys- 
temic vasoconstriction and affects water and sodium ho- 
meostasis during the neonatal period. These effects occur 
under higher doses than those used in adult animals. This 
age difference in systemic and renal responsiveness is 
probably mediated by receptor immaturity and/or interfer- 
ence of high levels of counteracting hormones present 
during the neonatal period. (Pediatr Res 34: 120-123, 
1993) 

Abbreviations 

CFR, glomerular filtration rate 
RBF, renal blood flow 
RPF, renal plasma flow 
FF, filtration fraction 
MBP, mean blood pressure 
RVR, renal vascular resistance 
PAH, paraaminohippuric acid 
V, urine flow rate 
UNaV, urinary sodium excretion 

The immature kidney is exposed to various vasoactive systems 
such as the renin-angiotensin system, intrarenal adenosine, the 
prostaglandins, and atrial natriuretic peptide, which are hyper- 
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active in the neonatal period (I). Endothelin, a potent vasocon- 
strictor peptide, has been recently isolated from cultured porcine 
endothelial cells (2). This peptide is approximately 100 times 
more potent than noradrenaline and 1000 times more active 
than neuropeptide Y on a molar basis in the rabbit microvascu- 
lature system (3). The effects of endothelin on renal function 
have been well described in adult animals: rats (4-6). dogs (4, 7). 
and rabbits (8). In these experiments, a bolus injection of endo- 
thelin induced a slow-developing and long-lasting vasoconstric- 
tion of renal afferent and efferent arterioles that led to a dramatic 
decrease in RBF and GFR (4-7). Little information is as yet 
available concerning the renal hemodynamic effects of endothe- 
lin in the neonatal period (9). This study was therefore under- 
taken to evaluate the renal actions of endothelin in newborn 
rabbits, an animal model whose renal maturation shows close 
similarities to that of premature infants ( 10. 1 I ). 

MATERIALS A N D  M E T H O D S  

Experiments were performed in 16 newborn New Zealand 
White rabbits aged 5 to 8 d and weighing 76 to 136 g. Animals 
were born by spontaneous vaginal delivery and afterwards housed 
with the maternal rabbit and breast-fed. The animals were di- 
vided into two groups. The animals of group 1 ( n  = 8) received 
a dose of 1 nmol. kg-' of endothelin. whereas those of group 2 
received 5 nmol .kg-'. 

E . ~ p ~ r i r n ~ n ~ a /  proc~~dlrres. The animals were initially anesthe- 
tized with sodium pentobarbital (25 m g  kg-' intraperitoneally), 
supplemental small doses being thereafter given i.v. as required. 
The trachea was cannulated to allow mechanical ventilation with 
a mixture of air and oxygen (Rodent ventilator. model 683, 
Haward, Millis, MA). The femoral vessels and urinary bladder 
were catheterized for arterial blood sampling and monitoring of 
systemic blood pressure (Statham P23 ID pressure transducer 
recorded on a model 78205 D pressure recorder, Hewlett-Pack- 
ard Co.. Palo Alto, CA, solute and drug infusion, and urine 
collection as previously described ( 1  2. 13). Body temperature 
was also continuously recorded by an intraesophageal thermom- 
eter (Digital thermometer, Poliak and Gramiger, EPFL. Lau- 
sanne, Switzerland) and maintained around 38" and 39°C by 
means of an infrared lamp and a warming operating table. After 
completion of the surgical procedure, a priming dose of inulin 
(80 mgkg- ')  and PAH (1.25 mg. kg-') was administered and a 
sustained infusion given to maintain constant plasma inulin and 
PAH concentrations. Throughout the experiment, the infusion 
rate was 1 rnL/h/100 g body weight, using a constant infusion 
pump (Perfusor EDL 2, Braun, Melsungen, Germany). The 
infusate contained, per L: 100 mmol of NaCI, 50 mmol of 
NaHCO,, 5 mmol of KC], 50 g of mannitol, 3 g of inulin, and 
150 mg of PAH. Approximately 45 min were spent for animal 
preparation and 90 min for subsequent equilibration. 

Experimen~al pro~ocol.  After the equilibration period. the ex- 
perimental protocol started with a control period of 60 min. At 
the end of the control period, the animals received a bolus 
injection of 1 or 5 nmol . kg-' of endothelin (human Endothelin- 
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1, P e ~ t i d e s  International. Louisville. KY 1. Renal function and FF(%) = GFRIRPF 
blood pressure were then further assessed during two 30-min 
periods (I and 11). Each animal acted as its own control. For the 
control period. two timed urinary collections of 30 rnin each 
were obtained with blood sampling (0.4 mL) at  the midpoint. 
For each of the two subsequent periods. one timed urinary 
collection of 30 min was obtained with blood sampling (0.4 mL) 
at  the midpoint. Eighty pL of blood were used for immediate 
gases, hematocrit. and protein levels determination. The remain- 
der was centrifuged and the red blood cells immediately recon- 
stituted in up  to 0.4 m L  of human albumin and returned to the 
animal. Plasma and urine samples were kept at -20°C for 
subsequent analysis of inulin. PAH. and Na. The rabbits were 
thereafter killed with a lethal dose of pentobarbital. 

Analytical procedlire~. Urine volume was calculated from the 
change in weight of the preweighed tubes without correction for 
specific gravity. Arterial blood for pH, Pco2. Po?. hematocrit. 
and protein levels was collected anaerobically in heparinized 
capillary tubes. Blood gas determinations were performed with a 
pH/blood gas analyzer (Gas analyzer 168. Corning. Essex. UK). 
The automatic anthrone ( 14) and the Bratton and Marshall ( 15) 
methods were used for the determination of inulin and PAH 
concentrations. respectively (Autoanalyzer 11, Technicon Instru- 
ment Corporation. Tarrytown. NY). Sodium was measured by 
flame photometry (Flame-Photometer 943. Instrumentation 
Laboratory. Lexington. MA). Plasma protein concentration was 
estimated from the plasma index of refraction. using a tempera- 
ture-compensated refractometer (AOTS meter. American Opti- 
cal, Buffalo, NY). 

Data analysis. The renal clearances of inulin (C,,) and PAH 
(CpAH) were calculated from standard equations and used as 
indices of G F R  and RPF, respectively. A renal PAH extraction 
ratio (EpAH) of 0.55, as previously determined in our laboratory 
( lo) ,  was used to calculate RBF. RBF. RVR. FF. and Uy,V were 
calculated from the following equations: 

RBF(mL. kg-'. min-')  = CPAH/[EPAH X ( 1 - hematocrit)] 

RVR(mm Hg. mL-' . kg. min) = MBP/RBF 

- 7-  

n 5 10 *in 

Fig. 1. Effects of endothelin (5 nmol . kg-') on arterial blood pressure. 
Endothelin bolus injection induced an initial drop in MBP followed by 
a gradual increase. 

UN,V(pmol. k g '  . min-') = Na urine concentration 
x urine flow rate 

The data obtained from the two control periods were averaged. 
The effects of endothelin on hemodynamics and renal functions 
were assessed statistically by multiple paired 1 test. a Bonferroni 
adjustment being used so as to  assure an overall type I error rate 
of <0.05. Comparisons between group I and group 2 were 
performed by unpaired r test: p values < 0.05 were considered 
statistically significant. All data are expressed as means + SEM. 

RESULTS 

Postnatal age. body weight. pH. arterial oxygen tension. arterial 
carbon dioxide tension, protein plasma levels. hematocrit. MBP. 
and renal function during the control period were not statistically 
different between the two groups of newborn rabbits. Blood pH. 
arterial oxygen tension, arterial carbon dioxide tension. protein 
plasma levels, and hematocrit did not vary significantly through- 
out the study in both groups (Table I ). 

Cffi7cr (?i'cndothclin on AIBP. The i.v. bolus injection of I 
nmol.kg-' of endothelin did not induce changes in MBP. By 
contrast. the i.v. bolus injection of 5 nmol.kg-' of endothelin 
caused an initial fall in MBP (Fig. I )  followed by a gradual. 
significant increase in MBP reaching its maximum level 15 rnin 
after injection (43 2 2 tvr.sl1.s 34 + 2 mm Hg: p < 0.001). MBP 
then decreased but remained elevated 45 min after the bolus (37 
+ 2 m m  Hg:p<O.OI)(Table I). 

&/fi~cr.\ c!/' ctidothcliti on rctlul hct~~od~~nutnic~,  utld t1,utev utid 
.sodiritn (I.\-c.rc.tion. Table 2 shows the absolute values observed 
for the renal parameters in the control and experimental periods 
in both groups. 

In group I .  the i.v. bolus injection of I nmol. kg-' ofendothelin 
did not induce any change in renal hemodynamics during both 
periods. It significantly increased sodium excretion in period 11 
(Table 2). 

In group 2. V. GFR. RBF. and F F  did not vary significantly 
during the first 30 min after the administration of endothelin 
(period I).  whereas RVR rose by 40 + 9% ( p  < 0.01). During 
the subsequent period (period 11). GFR (-12 + 4%) and RBF 
(-16 + 3%) decreased significantly. whereas V (+2O + 5%; p < 
0.01 ) and UN,V (+49 f 9%: p < 0.01 ) increased markedly (Fig. 
2). RVR remained elevated throughout period 11. 

DISCUSSION 

This study was undertaken to determine the effects of endo- 
thelin on systemic and renal hemodynamics in newborn rabbits. 
using two different doses of 1 and 5 nmol. k g ' .  In this model, a 
marked systemic and renal vasoconstriction was only seen with 
the higher dose of endothelin. The response of blood pressure 
was biphasic. This pattern has been reported by others (5. 16) 
especially when high doses of endothelin were used. The initial 

Table 1.  Effects of endothelin on MBP, pH, artcv-ial o.\-!xcw ~c~n.nsion, urtcriul curbon di0.1-id0 tcn.vion, protc~iti Ic~vcl.~, utid hctnrrroc.rit 
in grolip I ( I  rit~zol. kg-') und 111 groiip 2 (5 tit?~oI. kg-')* 

- -- 

MBP Pao: Pac,02 Protein Hct 
Group Period (mm Hg) pH (kPa) 

- - - - - - -- -- 
(kPa) (g. L-') ( L )  

- 

1 Control 36 + 2 7.5 1 f 0.01 15.7 ? 0.4 4.7 + 0. l 3 1.4 + 5.5 0.29 ? 0.04 
I 38 + 2 7.50 + 0.01 15.6 + 0.6 4.8 ? 0.2 30.6 + 2.2 0.29 + 0.04 
I I 37 + 2 7.51 + 0.01 15.9 f 0.7 4.3 + 0.2 30.3 + 2. l 0.31 + 0.01 

2 Control 34 + 2 7.51 + 0.01 16.1 k 0.6 4.8 k 0.1 31.6 + 1.9 0.31 + 0.01 
I 43 + 2t  7.50 + 0.01 16.4 2 1.0 4.6 k 0.2 30.8 + 1.9 0.31 + 0.01 
I I 37 + 2$ 7.51 + 0.01 17.0 + 0.7 4.6 + 0. I 29.8 + 1.8 

- -. - - - - - - - -~ -- 
0.29 ? 0.01 

~ -- 

The values were measured at the midpoint of each period: 15 rnin after endothelin bolus injection for period I and 45 rnin aftcr endothelin 
bolus injection for period 11. Pao2. arterial oxygen tension: Pace?. arterial carbon dioxide tension: Hct. hematocrit. 

t p  < 0.001 significant difference when comparing values with the control period of the same group. 
$ p  < 0.01 significant difference when comparing values with the control period of the same group. 
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Table 2. Effects of endothelin on renal hemodynamics and water and sodium e,ucretion in group 1 ( 1  nmol. kg-') and in 
arouD 2 15 nrnol. ka-I) 

v 
Group Period ( m L  kg-'. min-I) 

I Control 0.08 1 + 0.005 
I 0.095 + 0.006 
I1 0.094 + 0.009 

2 Control 0.085 + 0.008 
I 0.106 ? 0.008 
I1 0.103 + 0.0 lot 

GFR 
(mL. kg-'. min-I) 

2.13 ? 0.18 
2.26 + 0.22 
1.95 + 0.22 
2.17 + 0.22 
2.06 + 0.18 
1.95 + 0.26* 

RBF 
(mL. kg-'. min-I) 

RVR 
(mm Hg.mL1.kg.min) 

1.91 + 0.12 
2.03 ? 0.17 
2.13 + 0.27 
1.69 + 0.10 
2.35 + 0.17t 
2.16 + 0.13$ 

FF U N ~ V  
(%) (rmol. kg-'. min-I) 

27.9 + 1.8 2.02 + 0.61 
29.8 + 2.2 2.71 ? 0.94 
27.6 + 2.3 3.01 ? 0.90* 
27.1 f 1.5 5.48 + 1.74 
29.0 + 1.1 4.93 + 0.88 
28.1k1.8 7.24f1.91t 

* p < 0.05 significant difference when comparing values with the control period of the same group. 
t p < 0.0 I ,  significant difference when comparing values with the control period of the same group. 
$ p < 0.001 significant difference when comparing values with the control period of the same group. 

suggested by in vitro studies (24). This discrepancy could be 
x a -  " explained by the in vivo release by endothelin of counterregula- 

tory hormones such as nitric oxide (17, 18), prostacyclin (25), or 

2 40- 
atrial natriuretic peptide (26). The nonsignificant increase in FF 

I present in our experiments suggests, but does not prove, predom- 
inant efferent vasoconstriction. 1 2 0 -  - In our experiments, noteworthy is the observation that V .. E increased significantly in the presence of reduced GFR and RBF. 

o -  A diuretic effect has been observed by others (23.27) and ascribed 
to an inhibition by endothelin of arginine vasopressin-stimulated 

Iz osmotic water permeability in inner medullary collecting ducts g -20 - (28). This effect could also be ascribed, at least in part, to the 
P increased salt excretion observed in our experiments (+49 + 9%; 

-40 4 p c 0.0 1). Such a natriuretic effect has been described by others 
MBP CFR RBF RVR v UNaV (5, 27, 29) and found to be, at least in part, pressure related (5). 

In our study, pressure is unlikely to be responsible for the 
Fig. 2. Effects of endothelin (5 nmol.kg-I) on MBP. renal hemody- natriuresis, because the increase in uN,v was also observed in 

namics, and water and sodium excretion in period 11. *. p c 0.05; **, p group I ,  where M B ~  did not change significantly. increased 
< 0.01; ***, p < 0.001, significant difference when values are compared sodium excretion could be due to an inhibition of N ~ + / K +  
with control period. ATPase, located in the inner medullary collecting duct cells (29). 
decrease in MBP has been ascribed to the release of nitric oxide Although Uusimaa et al. (30) showed that endothelin was able 
induced by exogenous endothelin (1 7, 18). As with to release atrial natriuretic peptide from cultured neonatal car- 
adult animals of other species (2, 5), our model presented with a disc mYocYtes, this agent is unlikely to be responsible for the 
different response to endothelin injection: the higher value ap- natriuretic and diuretic effects observed in our Study. Indeed, in 
peared earlier ( 15 min instead of 30), and the duration of elevated experiments performed by .%mmekrot el (21 ) in r~ewborn 
blood pressure was shorter (45 min instead of more than 60). rabbits, injection of exogenous atrial natriuretic peptide, reaching 
This latter finding could be explained by the existence, during levels of 1575 + 364 pg.mL-l, failed to increase either sodium 
the neonatal period, of high circulating levels of atrial natriuretic excretion or urine flow rate. 
peptide (19, 20). Such levels could, as suggested by the observa- It is of interest to note that in the newborn rabbit a dose of 1 
tion of Semmekrot et a/, (2 1) that the administration of atrial nmol. kg-' of endothelin, which usually induces severe renal and 
natriuretic peptide to newborn rabbits induced a significant systemic vasoconstriction in adult models (5, 16), failed to change 
decrease in MBP, produce systemic vasodilatation and so coun- systemic or renal hernodynamics (group 1). This age difference 
teract the effect of exogenous endothelin. in systemic and renal responsiveness is probably mediated by 

Injection of endothelin caused a marked elevation of RVR ~eCept0r immaturity Or interference of ~0~nteI'actiIlg hormones. 
that remained high throughout the experiment. The increase in In conclusion, the present results demonstrate that endothelin 
RVR did not seem to be pressure-dependent, because it persisted is able to induce renal and systemic vasoconstriction and to affect 
unchanged when MBp decreased toward values. This water and sodium homeostasis during the neonatal period. The 
confirms other reports showing that the intrarenal infusion of renal hemodynamic effects of endothelin mimic some of the 

endothelin induced intense renal vasoconstriction without changes induced by acute hypoxemia in animal models ( 10, 12) 
changing MBP, thus pointing to a local action of endothelin on as well as in human newborns (3 1). r his observation suggests 
the renal microcirculation (6, 22). that endothelin could be one of the mediators of the hypoxemia- 

In spite of the immediate increase in RVR in period I, GFR induced renal vasoconstriction. 
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