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Haemodynamic effects of human a-calcitonin gene-related
peptide following administration of endothelin-1 or

NG-nitro-L-arginine methyl ester in conscious rats

1S.M. Gardiner, A.M. Compton, P.A. Kemp, T. Bennett, *R. Foulkes & *B. Hughes

Department of Physiology and Pharmacology, Medical School, Queen's Medical Centre, Nottingham NG7 2UH and
*Department of Pharmacology, Celltech Ltd., Slough

1 We investigated the peripheral haemodynamic effects of human ac-calcitonin gene-related peptide
(CGRP) following administration of endothelin-1 or NG-nitro-L-arginine methyl ester (L-NAME), an
inhibitor of nitric oxide production, in conscious, chronically-instrumented, Long Evans rats.
2 Infusion of endothelin-1 (3 nmol kg-' h-') caused hypertension, bradycardia and renal, mesenteric and
hindquarters vasoconstrictions. Co-infusion of human a-CGRP (1.5 nmol kg-t h-) reduced the hyper-
tension and abolished the hindquarters vasoconstriction caused by endothelin-1 but the renal and mesen-
teric vasoconstrictor actions of endothelin-1 were not affected.
3 Infusion of human a-CGRP (l5nmolkg-'h-1) in the presence of endothelin-l caused hypotension
and hyperaemic vasodilatation in the hindquarters; the mesenteric vasoconstrictor effects of endothelin-1
were diminished, but there was only a transient reversal of the renal vasoconstrictor effects of endothelin-1.
4 Pretreatment with the non-peptide angiotensin II receptor antagonist, DuP 753 (10mgkg-1), caused
slight hypotension associated with renal, mesenteric and hindquarters vasodilatations, but DuP 753 did
not affect responses to endothelin-1 infusion. However, under these conditions co-infusion of human
a-CGRP (15 nmol kg-1 h- ) caused a sustained reversal of the renal vasoconstrictor effects of endothelin-1.
5 These results indicate that the failure of human a-CGRP to cause sustained reversal of the renal
vasoconstrictor effects of endothelin-1 in the absence of DuP 753 was due to activation of the renin-
angiotensin system (possibly as a consequence of the hypotension).
6 In the second experiment, L-NAME (l0mgkg-1) caused renal, mesenteric and hindquarters vasocon-
strictions similar to those seen in the presence of endothelin-1. However, the renal vasoconstrictor effects
of L-NAME were reversed completely by human x-CGRP (l5nmolkg- h-1), even though the latter
caused hypotension comparable to that seen in the presence of endothelin-1. These results are consistent
with a lack of functional activation of the renin-angiotensin system by human x-CGRP in the presence of
L-NAME.

7 The vasoconstrictor effects of L-NAME on the hindquarters were completely reversed by infusion of
human a-CGRP, but hindquarters flow and vascular conductance did not rise above baseline levels.
Hence these results indicate the hindquarters hyperaemic vasodilator effects of human a-CGRP seen in
the presence of endothelin-1 were contributed to by nitric oxide-mediated mechanisms.

Keywords: Human a-CGRP; endothelin-1; NG-nitro-L-arginine methyl ester (L-NAME); peripheral blood flow

Introduction

In a recent study (Gardiner et al., 1990d) it was found that
infusion of endothelin-1 caused marked constriction of the
internal carotid vascular bed in conscious rats, and that this
effect was antagonized by co-infusion of nimodipine or human
a-calcitonin gene-related peptide (CGRP). In the case of
human a-CGRP it was suggested that the antagonism of the
vasoconstrictor effects of endothelin-1 might show regional
variations, since the internal carotid vasoconstriction was
reversed at a time when systemic arterial blood pressure was
still elevated, indicating persistent vasoconstriction in other
vascular beds. Thus, the first aim of the present study was to
investigate the functional antagonism between the vasocon-
strictor effects of endothelin-1 and the influence of human
Lx-CGRP in the renal, mesenteric and hindquarters vascular
beds.
The results indicated that the hindquarters vasoconstrictor

response to endothelin-1 was readily reversed by co-infusion
of human oc-CGRP, whereas the renal vasoconstrictor effects
of endothelin-1 were resistant to reversal by human a-CGRP
(see Results). Previously we (Bennett et al., 1989; Gardiner et
al., 1990a) had found that the renal vasodilator effects of rat
a-CGRP were enhanced by the angiotensin converting
enzyme inhibitor, captopril, and suggested that activation of
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the renin-angiotensin system either directly (Kurtz et al., 1988)
and/or indirectly might oppose the vasodilator action of the
rat a-CGRP. However, we could not exclude the possibility
that captopril inhibited the catabolism of the peptide and
thereby enhanced its effects.

Therefore, the second aim of the present study was to deter-
mine if inhibition of the cardiovascular actions of angiotensin
II influenced the ability of human a-CGRP to oppose the
renal vasoconstrictor effects of endothelin-1. In order to avoid
the putative problems with the use of captopril in this proto-
col (see above), and the complications arising from the partial
agonistic effects of the peptide analogues of angiotensin II (e.g.
Tomlinson et al., 1990), we used the non-peptide angiotensin
II receptor antagonist, DuP 753 (Wong et al., 1990; Batin et
al., 1991), which is extremely potent but totally lacking in
agonistic effects.

In vivo, endothelin-1 is produced by endothelial cells and its
release is inhibited by nitric oxide (Boulanger & Luischer,
1990), the major endothelium-derived relaxing factor (see
Moncada & Higgs, 1990). In conscious rats, administration of
NG-nitro-L-arginine methyl ester (L-NAME; Moore et al.,
1990) causes hypertension associated with marked regional
vasoconstrictions (Gardiner et al., 19900. L-NAME inhibits
production of nitric oxide from L-arginine (Ishii et al., 1990;
Mulsch & Busse, 1990), hence its regional haemodynamic
effects could be due to loss of nitric oxide-mediated vasodila-
tor tone and/or disinhibition of endothelin-1 release. If the
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latter were the case the haemodynamic profile of L-NAME
and endothelin-1 might be similar. The question of whether
or not human cx-CGRP opposes the vasoconstrictor effects of
L-NAME and endothelin-t in a comparable fashion depends
on the extent to which the vasodilator action of human
a-CGRP is dependent on release of nitric oxide from endothe-
lial cells; this is contentious (Gray & Marshall, 1990) and
could vary in different vascular beds. Therefore, the third aim
of the present work was to compare the regional haemo-
dynamic profiles of endothelin-1 and L-NAME and to assess
the degree of reversal of these effects by human a-CGRP.

Methods

All experiments were carried out on male, Long Evans rats
(350-450g). Under sodium methohexitone anaesthesia
(60mg kg- ', i.p., supplemented as required) miniaturized,
pulsed Doppler probes (Haywood et al., 1981) were implanted
to monitor renal, superior mesenteric and hindquarters blood
flows in conscious animals. All the techniques have been
described in detail elsewhere (Gardiner et al., 1989a,b;
1990d,f).
Continuous recordings of the Doppler shift signals were

made by use of a Crystal Biotech VF-1 mainframe (Crystal
Biotech, Holliston, USA) modified to operate with a pulse
repetition frequency of 125 kHz and fitted with modified
HVPD-20 modules, to avoid problems with signal aliasing
(Gardiner et al., 1990c). Mean arterial blood pressure and
mean Doppler shift signals were used to calculate percentage
changes in regional vascular conductances (Gardiner et al.,
1990c). The following protocols were run:

Effects ofendothelin-J

Conscious, Long Evans rats (n = 8) received an i.v. infusion of
endothelin-t (3nmolkg-'h-' at 0.3mlh-1) over a period of
20min.

Effects ofhuman a-CGRP during infusion of endothelin-J

Ten min after the onset of endothelin-1 infusion (as above),
conscious Long Evans rats (n = 8) were given a concurrent
infusion of human cx-CGRP (1.5 nmol kg- 1h- at 0.3 mlh-1)
and the two peptides were given together for the following
10min.
The protocol as above was also performed but with a 10

fold higher dose of human a-CGRP (i.e. 15nmolkgt h-' at
0.3mlh-1).
The same animals (Group 1 in Table 1) were used in proto-

cols 1 and 2; the protocols were randomized and spread over

2 days. At least 90min separated each experimental run and
all variables were back to baseline before the next intervention
was begun.

Effects ofhuman z-CGRP during infusion of endothelin-J
in the presence ofDuP 753

In a separate group (Group 2 in Table 1) of conscious, Long
Evans rats (n = 9) human cx-CGRP (15 nmol kg-' h-;
0.3 ml h-) was administered during the last 10 min of a
20 min infusion of endothelin-1 (as above) in animals that had
received DuP 753 (lOmgkg-' bolus in 100 ul; Wong et al.,
1990; Batin et al., 1991), 10min before the onset of the endo-
thelin infusion.

Effects ofhuman oc-CGRP after administration of
L-NAME

Elsewhere (Gardiner et al., 19901) we have shown that an i.v.
bolus dose of L-NAME (lOmgkg-1) causes haemodynamic
effects that are established within 10min of administration
and are maintained for the following 60min at least. There-
fore, an additional group (Group 3 in Table 1) (n = 8) of Long
Evans rats was given an i.v. bolus injection of L-NAME
(lOmgkg-' in 100t 1) and 10min later an infusion of human
x-CGRP (15nmolkg-1, h-', 0.3mlh-') was begun and con-
tinued for the following 10min.
The resting, baseline values for all cardiovascular variables

in the 3 separate groups of animals used in the present study
are shown in Table 1. There were no significant differences
between the groups (Kruskal-Wallis test).

Drugs and peptides

Human a-CGRP (Celltech Ltd) and endothelin-1 (Peptide
Institute) were dissolved in isotonic saline containing 1%
bovine serum albumin (Sigma). 2-n-butyl-4-chloro-5-
hydroxymethyl - 1 - [2 - (1H - tetrazole - 5 - yl) bi - phenyl - 4 - yl -

methyl]imidazole, potassium salt (DuP 753, Du Pont de
Nemours, USA; gift from Dr R. Smith) and L-NAME hydro-
chloride (Sigma) were dissolved in isotonic saline.

Statistics

Within-group comparisons were carried out with Friedman's
test (Theodorsson-Norheim, 1987) and between-group com-
parisons with Wilcoxon's rank sums test or the Kruskal-
Wallis test, as appropriate.

Results

Effects of endothelin-J

Infusion of endothelin-1 at 3 nmol kg- h' for 20 min caused
a progressive rise in mean arterial blood pressure and a
bradycardia (Figure 1), accompanied by reductions in blood
flows and conductances in the renal, mesenteric and hindquar-
ters vascular beds (Figures 1 and 2). The profiles of change
were similar to those described previously (Gardiner et al.,
1990b).

Table 1 Resting, baseline cardiovascular variables in the three separate groups of Long Evans rats studied

Group

Heart rate (beats mi -1)
Mean arterial blood pressure (mmHg)
Doppler shift (kHz)

Renal
Mesenteric
Hindquarters

Vascular conductance ([kHzmmHg- 1] 103)
Renal
Mesenteric
Hindquarters

Values are mean + s.e.mean.

I (n = 8) 2 (n = 9) 3 (n = 8)

325 + 15 318 + 16 319 + 10
104+3 105+ 1 102+4

8.5 + 1.4
6.3 + 0.9
4.0 + 0.5

83 + 14
61 + 9
39 + 5

11.0 + 0.9
5.3 + 0.4
4.4 + 0.3

104 + 8
51 + 4
42 + 2

11.4 + 1.5
7.9 + 0.5
4.0 + 0.4

111 + 14
77 + 5
40 + 5
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Figure 1 Changes in heart rate, mean arterial blood E
and regional blood flows (Doppler shift) in the same L
(n = 8) during infusion of endothelin-1 alone (3 nmo
20min (0), during infusion of endothelin-1 alone for l
by co-infusion of endothelin-1 and human a-calciton
peptide (a-CGRP) (1.5 nmol kg-' h- ) for the subsequ
or during infusion of endothelin-1 and hur
(lSnmolkg-'h-l) for the subsequent 10min (El). V,
and bars show s.e.means. * P < 0.05 versus baseline. t I
10 min value, ° P < 0.05 versus corresponding value in
endothelin- alone.

Effects ofhuman a-CGRP during infusion of e

While endothelin-1 was being infused alone du
10min the cardiovascular effects were indistingt
those described above. Co-infusion of human
1.5 nmol kg- ' h- l caused a significant (P < 0.05:
the endothelin-1-induced hypertension, accoml
pronounced tachycardia (Figure 1). Although the
hindquarters blood flow caused by endothelin-1 %

by human a-CGRP, the latter did not significant]
or mesenteric blood flows (Figure 1). Thus, the
vasoconstrictor effect of endothelin-1 was revers

a-CGRP at a time when the renal and mesento
strictor effects were not significantly changed (Fig

Infusion of endothelin-1 alone in the third pr(
effects very similar to the responses evoked by t
the first protocol (Figures 1 and 2). Co-infusi(
a-CGRP at 15 nmol kg-l h- caused hypotensic
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Figure 2 Changes in regional vascular conductances in the same
Long Evans rats (n = 8) as in Figure 1 during infusion of endothelin-1

Hindquarters alone (3 nmolkg-' h 1) for 20min (0), during infusion of endothelin-
1 alone for IOmin followed by co-infusion of endothelin-I and human
a-calcitonin gene-related peptide (a-CGRP) (l.5nmolkg-'h-') for
the subsequent 10min (0), or during infusion of endothelin-1 alone
for 10min followed by co-infusion of endothelin-1 and human
a-CGRP (15nmolkg1lh 1) for the subsequent 10min (El). Values
are mean and bars show s.e.means. *P <0.05 versus baseline,

pressure (MAP) t P < 0.05 versus 10min values, 'P < 0.05 versus corresponding value
Song Evans rats in the presence of endothelin-l alone.
)lkg-'h-1) for
IOmin followed cardia (Figure 1). The reduction in renal blood flow was

lent 10ml (0) enhanced, whereas the reduction in hindquarters blood flow
nan m-CGRP was converted to a significant increase above baseline during
alues are mean infusion of endothelin-1 and human a-CGRP; mesenteric
P < 0.05 versus blood flow showed no significant change (Figure 1). Hence
the presence of there was a significant increase in hindquarters vascular con-

ductance above baseline levels; mesenteric vasoconstriction
was diminished, but there was only a transient rise in renal

?ndothelin-l vascular conductance, which always remains below baseline
ndothelin-J (Figure 2).

tring the first
aishable from Effects ofhuman a-CGRP during infusion of endothelin-J
q-CGRP at in the presence ofDuP 753
reduction in

panied by a Injection of DuP 753 (lOmgkg-1) caused a slight, but sus-
reduction in tained fall in mean arterial blood pressure (maximum at

was abolished 10min, -9 + 2 mmHg, P < 0.05), accompanied by a tachy-
ly affect renal cardia (40 + 9 beats min- 1, P < 0.05). There were increases in
hindquarters flow in renal (9 + 2%, P < 0.05), mesenteric (23 + 5%,
.ed by human P < 0.05) and hindquarters (14 + 4%, P < 0.05) vascular beds,
eric vasocon- together with rises in vascular conductance (renal, 19 + 2%;
gure 2). mesenteric, 35 + 6%; hindquarters, 23 + 5%, all P < 0.05). In
otocol caused the presence of DuP 753 the haemodynamic effects of
the peptide in endothelin-1 infusion were not different from those seen with
on of human endothelin-1 alone. However, the subsequent administration
)n and tachy- of human a-CGRP elicited a sustained renal vasodilatation in
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Figure 3 Changes in regional vascular conductances 5 and 10 min
after infusion of human a-calcitonin gene-related peptide (a-CGRP)
(15nmolkg Vh-1) in the presence of an endothelin-1 infusion
(3 nmol kg- h-' beginning 10min before human a-CGRP) (open
columns, data from Figure 2) or in the presence of an endothelin-l
infusion beginning 10min before human a-CGRP and 10min after
administration of DuP 753 (lOmgkg'1) (stippled columns) in a

separate group of animals (n = 9). Values are mean and bars show
s.e.means. The changes are expressed relative to the value before
human a-CGRP was administered. * P < 0.05 versus value in the pre-
sence of endothelin-1 alone.

contrast to the transient effect seen in the absence of DuP 753
(Figure 3). The mesenteric and hindquarters vasodilator
responses to human a-CGRP in the presence of endothelin-1
were unaffected by DuP 753 (Figure 3).

Effects ofhuman c-CGRPfollowing administration of
L-NAME

Injection of L-NAME caused hypertension and bradycardia
(Figure 4) accompanied by reductions in renal, mesenteric and
hindquarters blood flows and conductances (Figures 4 and 5).
The changes in vascular conductances following adminis-
tration of L-NAME were very similar to those seen during
infusion of endothelin-1 (Figure 5), although the changes in
mean arterial blood pressure, heart rate and renal blood flow
were different (Figure 4). In the presence of L-NAME, human
a-CGRP caused tachycardia and hypotension similar to those
seen in the presence of endothelin-1 (Figure 4). However, there
were differences in the changes in renal and hindquarters
blood flows indicating that human a-CGRP caused more

marked renal vasodilatation and less marked hindquarters
vasodilatation in the presence of L-NAME than in the pre-
sence of endothelin-1 (Figures 4! and 5). The mesenteric vaso-

dilator response to human a-CGRP was similar under the two
conditions (Figure 5).

Discussion

The present work produced two main findings: (1)-the ability
of human a-CGRP to oppose the vasoconstrictor effects of
endothelin-1 varies in different vascular beds; (2) the haemo-
dynamic changes following administration of endothelin-1 or
L-NAME and the ability of human a-CGRP to reverse these
changes are not identical.

In a previous study (Gardiner et al., 1990d) we suggested
that the functional antagonism between the vasoconstrictor
effects of endothelin-1 and the vasodilator effects of human
a-CGRP might vary in different vascular beds. This was
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Figure 4 Changes in heart rate, mean arterial blood pressure (MAP)
or regional blood flows (Doppler shift) following infusion of
endothelin-l alone (3 nmol kg- h-) for 10min and co-infusion of
endothelin-1 and human a-calcitonin gene-related peptide (a-CGRP)
(15nmolkg-'h-1) for the subsequent 10min (El), (data from Figure
1): (0) indicates changes in cardiovascular variables after injection of
NG-nitro-L-arginine methyl ester (lOmgkg-1 bolus) followed 10min
later by infusion of human a-CGRP (15nmolkg-'hV1) for the sub-
sequent 10 min in a separate group of Long Evans rats (n = 8). Values
are mean and bars show s.e.means. * P < 0.05 versus baseline,
t P < 0.05 versus Omin value. ° P < 0.05 versus corresponding value
in the presence of endothelin-1.

demonstrated to be so in the present work since the hindquar-
ters vasoconstrictor effects of endothelin-1 were abolished by
infusion of human a-CGRP at a rate that had no effect on
renal or mesenteric vascular conductances. Furthermore, in
the presence of endothelin-1, infusion of human a-CGRP at a

higher rate, sufficient to cause hypotension, tachycardia and
marked elevations in hindquarters blood flow and vascular
conductance above baseline levels, caused only a modest
reduction in the mesenteric vasoconstriction and a transient
reversal in renal vasoconstriction. In the latter vascular bed
the ability of human a-CGRP to reverse endothelin-1-induced
vasoconstriction was augmented in the presence of DuP 753, a
non-peptide, angiotensin II antagonist (Wong et al., 1990).
These results are consistent with activation of the renin-

Z-

01)

co

0

0

>Ua

fi*t

60F

40 [



1260 S.M. GARDINER et al.

t*o
20 -

0 _

-20 -

-40 -

-60L

a) -20 -

CJ

4

- -4

-40 -

0

: 60 -

4n
-.

40
-

Renal

Hindquarters
20

0

-20

-40

-60L

0 5 10 15 20

Time (min)

Figure 5 Changes in regional vascular conductances following infu-
sion of endothelin-1 (3nmolkg-1h-1) for 10min and co-infusion of
endothelin-1 and human a-calcitonin gene-related peptide (a-CGRP)
(15nmolkg-1h-1) for the subsequent 10min (El), (data from Figure
2); (0) indicates changes in cardiovascular variables after injection of
N0-nitro-L-arginine methyl ester (10mgkg-1 bolus) followed 10min
later by infusion of human a-CGRP (15 nmol kg-1 h-1) for the sub-
sequent 1Omin in a separate group of Long Evans rats (n = 8). Values
are mean and bars show s.e.means. * P < 0.05 versus baseline;
t P < 0.05 versus O min value; ° P < 0.05 versus corresponding value
in the presence of endothelin-1.

angiotensin system in the presence of human a-CGRP off-
setting its renal vasodilator effects. Such findings corroborate
previous observations showing that captopril causes marked
renal vasodilatation in the presence of rat a-CGRP (Bennett et
al., 1989; Gardiner et al., 1990a), and indicate that those
effects were due to antagonism of angiotensin II-mediated
vasoconstriction rather than to some other action of captopril
augmenting the effects of rat a-CGRP.

It is possible that activation of the renin-angiotensin system
by humana-CGRP was a direct (Kurtz et al., 1988), and/or an
indirect effect, consequent upon the fall in mean arterial blood
pressure. Whatever the explanation, it is notable that this
occurred in the presence of endothelin-1 which has been
shown to inhibit renin release in vitro (Rakugi et al., 1988;
Takagi et al., 1988, 1989; Matsumura et al., 1989b). However,
in vivo, any inhibitory effects of endothelin-1 on renin release
may be obscured by stimulatory effects secondary to changes
in renal function (e.g. Goetz et al., 1988; Miller et al., 1989;
Otsuka et al., 1989; Matsumura et al., 1989a; Tsuchiya et al.,

1990). Moreover, it is feasible that the stimulatory effect of
human a-CGRP on renin release is greater than endothelin's
inhibitory effect. However, the relative potencies of
endothelin-1 to inhibit, and human a-CGRP to stimulate,
renin release have not been assessed.

It is notable that in the presence of endothelin-1, human
x-CGRP acted to cause mesenteric vasodilatation, albeit to a
modest extent. In previous studies in conscious rats, adminis-
tration of human a-CGRP alone was found to cause a fall in
mesenteric vascular conductance, and we argued that this
might have been due to reflex vasoconstrictor effects
(Gardiner et al., 1989a). The present results are consistent with
in vitro studies showing mesenteric vasodilator responses to
human a-CGRP, since those experiments were carried out in
preconstricted preparations (Marshall et al., 1986). The lack of
a marked mesenteric vasodilator response to human a-CGRP
in the present work in vivo, even when the mesenteric vascula-
ture was preconstricted with endothelin-1, could have been
due to activation of baroreflex mechanisms consequent upon
the hypotension caused by human a-CGRP. In this context it
is interesting that the mesenteric vasodilator effects (unlike the
renal effects) of human x-CGRP were not augmented in the
presence of DuP 753. A similar picture was seen in the hind-
quarters, consistent with a relative lack of vasoconstrictor
effect of angiotensin II in that vascular bed (Gardiner et al.,
1988). However, angiotensin II can exert substantial mesen-
teric vasoconstrictor effects (Gardiner et al., 1988), as was
clear from the marked vasodilator response to DuP 753.
Hence, the apparent lack of involvement of the renin-
angiotensin system in opposing the mesenteric vasodilator
effects of human a-CGRP in the presence of endothelin-1 was
probably due to the hypotension eliciting baroreflex-mediated
vasoconstrictor effects that had a more extensive influence in
this vascular bed than in the renal circulation.

As reported elsewhere, administration of L-NAME caused
hypertension associated with marked renal, mesenteric and
hindquarters vasoconstrictions, consistent with a substantial
involvement of nitric oxide-mediated mechanisms in the main-
tenance of resting regional vascular conductances (Gardiner et
al., 1990e,f). In the present work we compared the haemo-
dynamic effects of endothelin-1 and L-NAME since there is a
possibility that disinhibition of endothelin-l release contrib-
utes to the vasoconstrictor effects seen following suppression
of nitric oxide production (Boulanger & Luscher, 1990) with
L-NAME. Although we were able to match very closely the
renal, the mesenteric and the hindquarters vasoconstrictor
effects of endothelin-1 and L-NAME, the changes in mean
arterial blood pressure, heart rate and renal blood flow were
different following administration of the two substances. At
the doses used, L-NAME produced a greater rise in mean
arterial blood pressure than did endothelin-1 even though
their vasoconstrictor effects were the same. Hence it is likely
that endothelin-1 produced a more marked decrease in
cardiac output than did L-NAME. However, it does not
follow that release of endogenous endothelin-1 would cause
the same haemodynamic effects as administering exogenous
endothelin-1. Therefore, direct assessment of the possible con-
tribution of endogenous endothelin-1 to the haemodynamic
actions of L-NAME will have to await the availability of a
selective antagonist of the cardiovascular actions of
endothelin- 1.

In the presence of L-NAME, human a-CGRP caused a
complete reversal of the renal vasoconstriction in spite of
mean arterial blood pressure falling to a level similar to that
seen in the presence of endothelin-1 (under which circum-
stances there was activation of the renin-angiotensin system
sufficient to oppose the renal vasodilator effects of human
a-CGRP; see above). These results indicate that in the pre-
sence of L-NAME, human ox-CGRP may have caused little
stimulation of the renin-angiotensin system, but there are no
studies available regarding the effects of L-NAME on renin
release. The fact that the initial overshoot in renal vascular
conductance following administration of human a-CGRP in
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the presence of L-NAME was transient (see Figure 5) might
indicate activation of the renin-angiotensin system at that
stage.
The occurrence of renal and mesenteric vasodilator

responses to human cx-CGRP in the presence of L-NAME that
were greater (renal) or similar (mesenteric) to those in the pre-
sence of endothelin-1 might indicate that endothelium-derived
nitric oxide was not involved in these responses, consistent
with other findings (Grace et al., 1987). However, in vivo, even
classical, endothelium-dependent vasodilators can elicit sub-
stantial responses in the presence of L-NAME (Gardiner et al.,
1990g).
The picture in the hindquarters was more clear-cut in as

much as the overshoot in blood flow and vascular conduc-
tance seen following administration of human a-CGRP in the
presence of endothelin-1 was absent when human a-CGRP
was given after L-NAME, although the hindquarters vaso-
constrictor effect of the latter was still reversed by human
a-CGRP. These findings indicate that about 50% of the hind-
quarters vasodilator response to human cx-CGRP in the

present experiments could have been mediated by nitric oxide-
mediated mechanisms sensitive to L-NAME. Differential
involvement of such processes in different vascular beds could
account for the regional differences in sensitivity to the vaso-
dilator effects of human a-CGRP and the variations in the
ability of this peptide to reverse endothelin-1-induced regional
vasoconstrictions (see above). In this connection it is of inter-
est that, although the carotid vascular bed is more sensitive
than the hindquarters to the vasodilator effects of human
cx-CGRP under normal conditions (Gardiner et al., 1989a), in
the presence of endothelin-1 the carotid vasodilator effects of
human a-CGRP (Gardiner et al., 1990d) were less than those
in the hindquarters (this study). The augmented hindquarters
vasodilator effect of human a-CGRP was abolished in the pre-
sence of L-NAME, whereas the latter has no effect on the
carotid vasodilator effects of human a-CGRP (unpublished
observations). Collectively these results indicate a substantial
nitric oxide-mediated vasodilator effect of human a-CGRP
localized to the hindquarters vascular bed.
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