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ABSTRACT. The renal hemodynamic response to renal
arterial infusions of norepinephrine was compared to epi-
nephrine infusions during renal «-adrenoceptor blockade
in chronically instrumented and unanesthetized fetal (127-
141 days gestation; term 145 days), newborn (6-10 days
old), and nonpregnant adult sheep. Infusions of either
catecholamines produced renal vasodilation which was of
greater magnitude in fetal compared to newborn and adult
sheep. Maximal increases in renal blood flow velocity
during norepinephrine infusion were 64 * 5% in fetal, 23
* 4% in newborn, and 24 * 7% in adult sheep ( p < 0.001).
Similar age-dependent increases in renal blood flow veloc-
ity were observed during epinephrine infusion, with maxi-
mal changes being 74 * 10% in fetal, 23 * 4% in newborn,
and 19 * 4% in adult sheep (p < 0.001). Increases in renal
blood flow velocity produced by both norepinephrine and
epinephrine infusions were completely inhibited by intra-
renal infusion of ICI 118,551, a §,-adrenoceptor antagonist.
Taken together, these results suggest that the renal vas-
cular 8,-adrenergic receptor that mediates vasodilation
may be stimulated by both norepinephrine and epinephrine
with equal potency. In addition, results of this study dem-
onstrate that enhanced B,-adrenoceptor mediated renal
vasodilatory capacity is observed during fetal life. (Pediatr
Res 22: 465-470, 1987)

Abbreviations

RBF, renal blood flow
RVR, renal vascular resistance
ANOQVA, analysis of variance

Extremely high catecholamine levels are observed during fetal
stress (1) and during birth (2, 3), with the predominant circulating
catecholamine being norepinephrine. In contrast, the sympa-
thoadrenal response to stress in adults is associated with signifi-
cantly lower plasma catecholamine values where epinephrine is
the major circulating catecholamine (4). Because the sympa-
thoadrenal system plays an important role in modulating renal
hemodynamics (5), knowledge about differences in sympathoad-
renal activity during development and its functional role in
determining RBF is of interest in perinatal medicine.
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Little is known about the ontogeny of sympathoadrenal stim-
ulated renal vasodilation. Buckley et al. (6, 7) have examined
the postnatal development of renal vasodilatory mechanisms in
anesthetized piglets (6, 7). Their studies have shown that the §-
adrenergic vasodilatory mechanism in the renal vascular bed of
swine is absent at birth and appears postnatally at 2 wk. However,
in chronically instrumented sheep, we have demonstrated during
a-adrenoceptor blockade, enhanced renal S-adrenoceptor me-
diated vasodilator response to renal nerve stimulation (8) and to
intrarenal infusions of epinephrine (unpublished observations)
in fetal compared to newborn and adult sheep. In contrast, these
results differ from dopamine-mediated vasodilator responses
which are of considerably smaller magnitude in fetal, newborn,
and adult sheep (9).

Since levels of plasma catecholamines and of norepinephrine,
the predominant circulating catecholamine found during stress,
are age dependent, and because norepinephrine and epinephrine
differ in their ability to stimulate the vascular g-adrenergic recep-
tor (10), the present protocol was designed to compare the renal
hemodynamic response to renal arterial norepinephrine and
epinephrine infusions during renal a-adrenoceptor blockade in
chronically instrumented fetal, newborn, and adult sheep.

METHODS

Animal preparation and surgical procedures. Fetuses of seven
pregnant sheep of Dorset and Suffolk mixed breeding were
studied between 127 and 141 days gestation (term was 145 days).
Gestational ages were based on the induced ovulation technique
as previously described (11).

Ewes were fasted for 48 h prior to surgery. General anesthesia
of the ewe and fetal surgery were performed as previously de-
scribed (11). Briefly, when the ewe was receiving a mixture of
1% halothane, 33% oxygen, and 66% nitrous oxide, the uterus
was opened and bilateral femoral arterial and venous catheters
were inserted. A catheter was also secured in the amniotic cavity
for intrauterine pressure measurements. The left kidney was
exposed through a left flank incision. A Doppler flow probe,
constructed in our laboratory, was secured around the renal
artery with care being taken to not interfere with renal innerva-
tion. Thereafter, a nonobstructive renal artery catheter (9) was
implanted using the method described by Herd and Barger (12).
The Doppler flow probe and renal arterial catheter were secured
to the renal capsule.

All vascular catheters were impregnated before surgery with
dimethyl-poly-siloxane (Acumetric, Elizabethtown, CT) to re-
duce clotting. After surgery, the ewes were kept in a restricted
area and fed a standard diet. Experiments were started 3 days
after surgery. Fetal weight was estimated according to the follow-
ing formula: fetal body weight (kg) = [0.096 X gestational age
(days)] — 9.233, r=0.85, p < 0.001 (13).
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Eight newborn lambs (8.2 + 0.5 kg) between the ages of 6 and
10 days and seven nonpregnant adult ewes (53 £+ 5 kg ) were also
studied. Surgery in these animals were similar to that described
for the fetuses above. An additional catheter was placed in the
left ventricle of the newborns and adults for infusion of radio-
active microspheres to determine RBF in ml/min. Following
surgery, the newborn lambs were returned to their mothers.

Procedures on the use of sheep in this project were approved
by the University of lowa’s Animal Care and Use Committee
and are in accordance with PHS policies and the Guide for the
Care and Use of Laboratory Animals, NIH Publication no. 85-
23, revised 1985.

Physiological studies. Each pregnant and nonpregnant ewe
was transferred into a small cart permitting it to stand during
the physiological studies. Each lamb was supported upright with
a harness.

A 60-min equilibration period was allowed to permit the
animal to adapt to the laboratory environment and to assure
stability of the preparation before starting the experiment. Arte-
rial blood was collected from the femoral artery catheter at the
beginning of each experiment to determine arterial pH and blood
gases (pO,, pCO,). During the studies, phentolamine (4 ug/kg/
min) was infused continuously into the renal artery at a rate of
0.1 ml/min. Epinephrine and norepinephrine were diluted in
D5W and given in two-fold increments, ranging from 0.0125 to
0.4 pg/kg of body weight. Each dose was infused directly into
the renal artery as a 0.3 ml infusion over 30 s using a Harvard
pump. In addition, D5W was infused as a vehicle control. Doses
of epinephrine and norepinephrine and D5W were administered
in random sequence and each dose was given twice. There was
an interval of at least 5 min between each dose to allow renal
flow to return to baseline. Usually RBF was back to baseline 3
min after catecholamine administration. The largest catechol-
amine dose infused was determined by the dose that produced
the maximal renal hemodynamic response without changing
blood pressure and heart rate.

In a second series of experiments, done the same day and in
the same animal, intrarenal catecholamine infusions were com-
pared before and during renal arterial infusion of the Br-adre-
noceptor antagonist ICI 118,551 at 10 pg/kg/min.

During each experiment, arterial and amniotic pressures were
recorded continuously using Statham P23Db pressure trans-
ducers (Statham Instruments, Schiller Park, IL). Fetal arterial
pressure was corrected relative to a concomitant amniotic pres-
sure. Fetal heart rate was monitored with a cardiotachometer
triggered from the fetal arterial pressure pulse wave.

Changes in RBF velocity to the left kidney were monitored
continuously using the ultrasonic pulsed Doppler flowmeter,
modified from the original design of Hartley and Cole (14), and
constructed by the University of lowa Bioengineering Resource
Facility (15). The pulsed Doppler flow probe consisted of a silastic
cuff around a | mm diameter 20 MHz piezoelectric crystal with
insulated copper wire leads. The techniques for construction, use
of the probes and application of the flowmeter have been vali-
dated and described in detail (15). In our model, the validity of
the pulsed doppler flowmeter for use in determining percent
changes (%A) in fetal renal blood flow velocity has previously
been demonstrated (8, 16).

To estimate catecholamine concentration in renal blood, base-
line RBF in ml/min was measured using the microspheres tech-
nique. Approximately 4.0 x 10° radioactive microspheres (15 +
3 um diameter) labeled with either "'Ce, Sc, *Sr, or **Nb (3M
Co., Minneapolis, MN) were infused over a 30-s period into the
fetal femoral vein catheter and then immediately flushed with 3
ml of 0.9% saline solution (17, 18). In newborns and adults,
radioactive microspheres were infused into the left ventricular
catheter. Blood for lower body independent reference sample
was collected from the femoral artery during a period of 3 min
beginning 20 s before the injection of microspheres at a with-
drawal rate of 2.91 ml/min using a Harvard infusion-withdrawal
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pump. Fetal blood collected for lower body independent refer-
ence sample was replaced with an equal volume of maternal
blood to avoid any hemodynamic effect of sampling. At the end
of the experiment, the animals were sacrificed with a lethal dose
of pentobarbital sodium (Somlethal, Mid-Tech, Inc., Elwood,
KS). Animals were then weighed and kidneys were taken for
radioactivity determinations.

To assess the approximate catecholamine concentration in
renal blood, the catecholamine dose in pg/kg was multiplied by
the weight of the animal. This product, divided by blood flow
(ml/min), provides an approximation of catecholamine concen-
tration (ug/ml) in the renal vascular bed (9, 19). Estimated
catecholamine concentration (pg/ml) was then converted to mo-
lar concentration (M).

Analytical procedures. Arterial blood for pH, pCO;, and pO;
was collected anaerobically in heparinized glass syringes and
measurements were immediately determined with the appropri-
ate pH, pCO,, and pO: electrodes at 39° C using a Radiometer
PHM 72 MK 2 acid-base analyzer (Radiometer Co., Copen-
hagen, Denmark).

Gamma emissions generated from the microspheres were
measured in the left kidney and reference femoral arterial blood
samples using a Beckman 300 gamma spectrometer. Energy
window ranges were set between 74-102 Kev for '*1Ce, 210-275
Kev for #8r, 320-410 Kev for **Nb, and 420-580 Kev for “Sc.
Handling of the kidney before counting and isotopes separation
were as previously described (11, 18).

Drugs. The following drugs were used: epinephrine (Abbott,
North Chicago, IL), phentolamine (Regitine, CIBA, Summit,
NJ), norepinephrine (Levophed, Winthrop-Breon, New York,
NY), and ICI 118.551 (Imperial Chemical Industries, Maccles-
field, Cheshire, England).

Determinations and data analysis. RBF, using the micro-
spheres technique, was determined according to the following
formula: RBF (ml/min) = total kidney counts X reference flow
from the femoral artery (ml/min)/total femoral blood counts.

RVR was determined according to the following formula:
RVR = RPP/RBF, where RPP is the renal perfusion pressure
estimated to be equal to aortic pressure minus inferior vena cava
pressure.

Percent changes in renal blood flow velocity (% ARBF, using
a Doppler flow probe, were calculated using the following for-
mula:

% RBF = [(Eps — Bps)/Bps] X 100

where EDS is the maximal Doppler shift in KHz during intra-
renal epinephrine infusions; BDS is the baseline Doppler shift in
KHz.

Comparisons of dose response curves between fetal, newborn,
and adult sheep were performed by simultaneous analysis of
physiological dose-response curves as described by Delean et al.
(20) and previously used by us (9). These comparisons were
made by using the ALLFIT program adapted for an Apple
computer by Martin H. Teicher, Department of Psychiatry,
Harvard Medical School. ALLFIT was made available by the
Biomedical Computing Technology Information Center, Van-
derbilt Medical Center, Nashville, TN. Briefly, ALLFIT analysis
was based on the logistic function:

s ,_aT.i_ -+ d

Y2 T+ /oy

where x and y were the dose and response respectively; and “a,”
“b,” “c,” and “d” were the four fitted parameters: response at
zero dose (“a”), slope factor (“b”), EDs, (“c™), and response at
“infinite” dose (*d”). Goodness of fit of individual dose-response
curves was evaluated by: 1) F ratio test which represented the
ratio of residual variance for one curve to the overall residual
variance of the other curves, and 2) run test, which evaluated the
randomness of distribution of data points around and along the
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fitted curve. Significant F ratio tests ( p < 0.05) or run tests (p <
0.05) suggested poor fits according to the logistic model. Conse-
quences of forcing parameters to be equal were also evaluated
by an F ratio test. A significant p value of less than 0.05 indicated
that data supported the hypothesis that shared parameters were
in fact different from each other.

One-way ANOVA with Newman-Keuls multiple comparisons
procedure was used to compare baseline parameters. Systemic
hemodynamic measurements were analyzed by ANOVA for
repeated measures and comparisons to a control were made
using Dunnett’s test. The term “significant” is used throughout

Table 1. Baseline renal and systemic hemodynamic values
(mean + SE)*

Fetus Newborn Adult
(n=17) (n=28) (n=29)
RBF
ml/min 23 + 3% 83 + 261 381 + 55§
ml/min/gKw 1.76 £ 0.13 3.14 £ 091 4.52 + 0.80§
RVR

mm Hg/ml/min 209+023 1.39+026f 0.22+0.03§

mm Hg/ml/min/gKw 2590 + 2.15 36.84 £ 8.36 19.26 + 3.87
MABP mm Hg 46 + 2% 79+3 86 + 11§
HR beats/min 176 £ 6+ 200+ 11 97 + 8§

* RBF, renal blood flow to left kidney; RVR, renal vascular resistance
in left kidney; MABP, mean arterial blood pressure; HR, heart rate; gKw,
gram kidney weight.

1 Values statistically different from newborn (p < 0.05).

1 Values statistically different from adults (p < 0.05).

§ Values statistically different from fetus (p < 0.05).

Mean 80
Arterial
Blood
Pressure 2\_2/1\2/1———1
mmH a
(mmHg) |
O Fetus
® Newborn
B Adult

ol g/t It 1 | )

Baseline 8 7
Estimated Norepinephrine Concentration (-log M)
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to describe changes with a total p value of less than 0.05 in a
two-sided significance limit. Values are expressed as means +
SEM.

RESULTS

Baseline artenal blood pH, pCQO, (mm Hg), pO, (mm Hg),
and hematocrit (%) were 7.39 £+ 0.05,48 £4,20 = 2, and 30 *
2,740 £0.01,32+ 2,101 = 8,and 24 = 1;7.47 £ 0.02, 29 +
1, 103 + 2, and 22 + | in fetal (n = 7), newborn (n = 8), and
adult (n = 7) sheep, respectively.

Baseline renal hemodynamics and mean arterial blood pres-
sure values in fetal, newborn and adult sheep are presented in
Table 1. RBF values measured by the microsphere technique
increased with maturation, being lower in fetuses than in new-
born or adult sheep when expressed in ml/min (F = 50, p <
0.05). When corrected for kidney weight (ml/min per g kidney
weight), only fetal values were lower than values in adults (F =
5.5, p < 0.05). Moreover, RVR was significantly higher in fetal
and newborn compared to adult sheep (F = 15.6, p < 0.05), and
declined progressively with age. However, when RVR was cor-
rected for kidney weight, RVR tended to be higher in fetuses and
in newborn compared to adult sheep, but differences were not
found to be significant (F = 3.3, p = 0.08).

Effect of intrarenal catecholamine infusions on blood pressure
and heart rate. Intrarenal infusions of norepinephrine had no
effect on the systemic circulations of fetal, newborn or adult
sheep (Fig. 1). Mean arterial blood pressure and heart rate did
not vary during renal artery infusions of different norepinephrine
concentrations. Similarly, renal arterial infusions of epinephrine
(Fig. 2) had no effect on mean arterial blood pressure. A signifi-
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Fig. 1. Mean arterial blood pressure and heart rate during intrarenal norepinephrine infusions. Values are means + SE. Baseline refers to placebo
infusion of vehicle. Phentolamine infused intrarenally at 4 ug/kg/min. No differences were noted in mean arterial blood pressure or heart rate when

different doses, including placebo, were compared (p > 0.05 ANOVA).
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Fig. 2. Mean arterial blood pressure and heart rate during intrarenal epinephrine infusions. Values are means + SE. Baseline refers to placebo
infusion of vehicle. Phentolamine infused intrarenally at 4 ug/kg/min. No differences were noted in mean arterial blood pressure or heart rate when

different doses were compared to baseline ( p > 0.05, Dunnett).
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cant overall difference in heart rate of adult sheep was noted
during renal arterial epinephrine infusions (ANOVA, p < 0.05).
However, no difference was noted between vehicle infusion and
each dose of epinephrine (Dunnett, p > 0.05).

Effect of intrarenal catecholamine infusions on percent change
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Increase
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Velocity
20 —
0 i‘ 41 i | ' |
Baseline 9 8 7

Estimated Norepinephrine Concentration. (-log M}

Fig. 3. Effect of intrarenal norepinephrine infusion on % changes in
RBF velocity during a-adrenoceptor blockade. Values are means + SE.
Baseline refers to placebo infusion of vehicle. a-Adrenoceptor antagonist,
phentolamine, was infused intrarenally at 4 ug/kg/min. The maximum
response of the fetal dose response curve differed from both newborn
and adult sheep (p < 0.001).
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Fig. 4. Effect of intrarenal epinephrine infusions on % changes in
RBYV velocity during «-adrenoceptor blockade. Values are means + SE.
Baseline refers to placebo infusion of vehicle. a-Adrenoceptor antagonist,
phentolamine, was infused intrarenally at 4 pg/kg/min. The slope, effec-
tive dose producing a 50% increase in flow velocity and maximum
response of the fetal dose response curve each differed from newborn
and adult sheep (p < 0.001).
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in mean RBF velocity during renal a-adrenoceptor blockade.
During intrarenal infusion of phentolamine, no changes in blood
pressure and heart rate were observed. Renal vasoconstriction
produced by norepinephrine and epinephrine was completely
inhibited during renal a-adrenoceptor blockade. Moreover, in-
trarenal norepinephrine infusions produced renal vasodilation in
fetal, newborn and adult sheep (Fig. 3). A dose-response relation
was noted in fetal (goodness-of-fit F = 1.79, p = 0.498), run test
p > 0.05), newborn (goodness-of-fit F = 0.38, p = 0.290, run test
p > 0.05), and adult sheep (goodness-of-fit F = 1.16, p = 0.798,
run test p > 0.05). No differences in minimum response, slope,
EDso, and maximum response were noted between newborn and
adult sheep (F = 0.18, p = 0.983). However, the maximum
response of the fetal dose response curve was greater when
compared to newborn and adult sheep, with maximal increases
in RBF velocity being 64 + 5% in fetal, 23 + 4% in newborn,
and 24 + 7% in adult sheep, respectively (F = 44.4, p < 0.001).

Renal arterial infusions of epinephrine also produced dose
related increases in RBF velocity in fetal (goodness-of-fit F =
3.02, p = 0.232, run test p > 0.05), newborn (goodness-of-fit F
=0.12, p = 0.03, run test p > 0.05) and adult sheep (goodness-
of-fit F = 1.03, p = 0.888, run test p > 0.05) (Fig. 4). However,
the best fit was generated by sharing the four fitted parameters
(minimum response, slope, EDs,, and maximum response) be-
tween newborn and adult curves (F = 1.43, p = 0.302) and
concluding that the slope, EDsg, and maximum vasodilation to
epinephrine was different in fetuses compared to newborn and
adult sheep. Maximal increases in RBF velocity to intrarenal
epinephrine infusions were 74 + 10% in fetal, 23 + 4% in
newborn, and 19 + 4% in adult sheep, respectively (F = 57.8, p
< 0.001).

Comparisons between norepinephrine and epinephrine me-
diated renal vasodilation (Fig. 5). To test the hypothesis that the
measured renal vasodilatory response to norepinephrine might
differ from epinephrine during renal a-adrenoceptor blockade,
comparisons of renal vasodilatory dose-response relations were
made between norepinephrine and epinephrine in fetal, new-
born, and adult sheep. In fetuses, norepinephrine and epineph-
rine dose response curves were best fitted by equating responses
at zero dose, slopes, and maximal responses (F = 0.63, p = 0.62).
Norepinephrine was slightly less potent than epinephrine with a
ratio of effective dose producing a 50% increase in RBF velocity,
EDs; norepinephrine/EDs, epinephrine of 1.5 + 0.2. In contrast,
comparisons of renal vasodilatory responses between norepi-
nephrine and epinephrine in both newborn and adult sheep
revealed similar dose-response curves (F =0.42, p=0.74 and F
= 1.45, p = 0.32 in newborn and adult sheep, respectively).

Effect of intrarenal B-adrenoceptor antagonisis on catechol-
amine induced renal vasodilation during renal «-adrenoceptor
blockade. As shown in Figure 6, renal vasodilation produced by
exogenous administration of norepinephrine was inhibited by
ICI 118,551. Similar blockade by ICI 118,551 was observed in
all age groups (fetus, #n = 4; newborn, n = 4, adult, n = 4).
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Fig. 5. Comparison between norepinephrine and epinephrine mediated renal vasodilation in fetal newborn and adult sheep. Values are means +
SE. Baseline refers to placebo infusion of vehicle. a-Adrenoceptor antagonist, phentolamine, was infused intrarenally at 4 ug/kg/min. In fetuses, the
EDso norepinephrine/EDs epinephrine = 1.5 #+ 0.2. Dose response curves in newborn and adult sheep were similar.
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Fig. 6. Effect of ICI 118,551 on norepinephrine mediated renal vasodilation during intrarenal phentolamine infusion in a fetal lamb (135 days
gestation). Arrows indicate start of infusion. Phentolamine infusion = 4 pg/kg/min. MABP, mean arterial blood pressure.

DISCUSSION

The present study demonstrates that intrarenal infusion of
endogenous catecholamines during wa-adrenoceptor blockade
produces renal vasodilation which is of greater magnitude in
fetuses than in newborn and adult sheep. These results are
consistent with our previous study demonstrating enhanced renal
vasodilatory response to renal nerve stimulation during renal a-
adrenergic receptor blockade in fetal sheep (8). Renal arterial
infusion of propranolol, a nonspecific 8-adrenoceptor antagonist,
and ICI 118,551, a highly specific and potent B.-adrenoceptor
antagonist, inhibited the renal vasodilation produced by renal
nerve stimulation without changing systemic hemodynamics or
baseline mean RBF velocity (8). Taken together, these results
provide evidence for an age-dependent renal S-adrenergic vaso-
dilator mechanism during development in sheep.

It is important to note that norepinephrine is capable of
stimulating vasodilatory B-adrenoceptors in the renal vascular
bed since norepinephrine is the predominant circulating cate-
cholamine during fetal stress (1), including birth (2, 3), and that
increased activity of the peripheral sympathetic nervous system,
via release of neuronal norepinephrine, plays a major role in the
renal hemodynamic response to stress during fetal life (21). Thus,
activation of renal vascular g-adrenergic receptors that mediate
vasodilation may occur with stimulation by any of three func-
tional components of the sympathoadrenal system, i.e. sympa-
thetic nerve activity, circulating norepinephrine and epinephrine.

Renal vasodilatory responses are expected with epinephrine
infusions according to classical theory of 8,-adrenoceptor stim-
ulation, since epinephrine is both a 8,- and B;-adrenoceptor
agonist (10). In contrast, the vasodilation observed during nor-
epinephrine infusion is unexpected since norepinephrine is felt
to have little action on vasodilatory 8.-adrenoceptors (10). How-
ever, we have previously demonstrated that postsynaptic S,-
adrenoceptors are innervated in the near term fetus (8) and
during renal a-adrenoceptor blockade, stimulation of renal sym-
pathetic nerves produce renal vasodilation presumably by release
of the neurotransmitter, norepinephrine.

In addition, recent studies suggest that norepinephrine-me-
diated peripheral vasodilation may be more common than
previously thought. Vatner et al. (22) have demonstrated nor-
epinephrine-induced B,-adrenergic peripheral vasodilation in
conscious dogs. McPherson et al. (23) have shown that norepi-
nephrine as well as epinephrine infusions in the presence of a-
adrenergic blockade, produce dilator responses in anesthetized
cats. Hyman and Kadowitz (24) have evidence supporting nor-
epinephrine stimulation of 3,-adrenoceptors in the pulmonary

vascular bed of the cat. Finally, Taira et al. (25) using anesthe-
tized dogs, demonstrated both 8- and $,-adrenoceptor mediated
vasodilatory responses in the renal vascular bed. The possibility
that §8,-adrenoceptors may also mediate the renal vasodilation
observed was not investigated in the present study. However,
since 100% of renal vasodilation produced by both norepineph-
rine and epinephrine infusions were inhibited by ICI 118,551, a
specific 8,-adrenoceptor antagonist (26), it seems unlikely that
activation of fully differentiated 8,-adrenoceptors have a major
role in mediating the vasodilatory responses observed.

Reasons to explain these observations may be offered. 8,-
Adrenergic receptor density may be greater in fetal renal vessels
compared to vessels from newborn and adult sheep. In support
of this hypothesis is the preliminary report suggesting that renal
cortical membranes (containing both vascular and tubular mem-
branes) from fetal kidneys contains a greater density of S.-
adrenoceptors than kidneys from adults (27). Moreover, stereo-
selectivity of the B-adrenoceptor was greater in adult than fetal
renal cortical membranes suggesting that g-adrenoceptors may
be less differentiated into specific B-adrenoceptor subtypes in
immature animals (27).

In summary, renal arterial catecholamine infusions during
renal a-adrenoceptor blockade produce greater renal vasodilation
in fetal compared to newborn and adult sheep. Also norepineph-
rine-mediated renal vasodilation is similar to that produced by
epinephrine infusions and this vasodilation is blocked by infusion
of a specific 8,-adrenoceptor antagonist.
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