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Abstract 

We previously reported tihat the renal arterial infusions of non-hypotensive doses of calcitonin gene-related peptide (CGRP) 
caused renal vasodilatation and increases in glomerular filtration rate at a low dose, but renal vasoconstriction, natriuresis and 
kaliuresis at a high dose. In the present study, we examined the effects of the specific CGRP 1 receptor antagonist CGRP-(8-37) 
(1 and 10 nmol/kg) and the putative CGRP receptor antagonist, [Tyr°]CGRP-(28-37) (3 and 30 nmol/kg), on the renal vascular 
and tubular effects of CGRP in inactin-anaesthetized Sprague-Dawley rats. Renal arterial infusion of single doses of CGRP 
(0.3-300 pmol/kg per min) did not significantly alter mean arterial pressure or heart rate. However, during the continuous renal 
arterial infusion of either CGRP-(8-37) or [Tyr°]CGRP-(28-37), a high dose of CGRP (300 pmol/kg per min) paradoxically 
reduced arterial pressure and increased heart rate. CGRP-(8-37) completely but [Tyr°]CGRP-(28-37) incompletely inhibited 
the vasodilatation and increments in glomerular filtration rate elicited by low doses of CGRP. Both blockers abolished the renal 
vasoconstriction but did not inhibit diuresis, natriuresis and kaliuresis elicited by a high but non-hypotensive dose of CGRP. On 
the basis that CGRP-(8-37) is a competitive CGRP 1 receptor antagonist, our results suggest: (1) the renal vascular effect of 
CGRP is completely mediated via the activation of CGRP 1 receptors, (2) the renal tubular effects of CGRP are not mediated via 
CGRP 1 receptors, and (3) [Tyr°]CGRP-(28-37) is a CGRP 1 receptor antagonist with potency and efficacy less than those of 
CGRP-(8-37). 

Keywords: CGRP (calcitonin gene-related peptide); Renal blood flow; Renal conductance; Na + excretion; K + excretion; 
CGRP-(8-37); [Tyr °]CGRP-(28-37) 

I.  Introduct ion 

Calcitonin gene-related peptide (CGRP)  is a neuro- 
transmitter and a neuromodulator  which is widely dis- 
tributed in various tissues (see review by Ishida- 
Yamamoto  and Tohyama,  1989). It exerts central and 
peripheral  actions, which include vasodilatation (Brain 
et al., 1985; DiPette  et al., 1987; Abdel rahman et al., 
1992; Abdel rahman and Pang, 1992), cardiac accelera- 
tion (Ishikawa et al., 1987; Lappe et al., 1987; Miyauchi 
et al., 1988) and inhibition of gastric secretion (Lenz et 
al., 1985; Kraenzlin et a l ,  1985). 
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Within the kidney, a high density of CGRP-contain-  
ing nerve fibers exists in the muscular layer of  the renal 
pelvis, in the proximity of arteries and arterioles and in 
the periglomerular and peri tubular space (Maggi et al., 
1987; Geppet t i  et al., 1989a,b; Kurtz et al., 1989a). 
C G R P  stimulated renal cortical and medullary adeny- 
lyl cyclase activity (Geppet t i  et al., 1989a,b; Aiyar et al., 
1991) and caused renal vasodilatation in rats (Gardiner  
et al., 1989), dogs (Villarreal et al., 1988) and humans 
(Kurtz et al., 1989a). In the isolated perfused rat kid- 
ney, C G R P  reduced vascular resistance (Kurtz et al., 
1989a,b; Chin et al., 1994). C G R P  also stimulated the 
release of renin (Kurtz et al., 1988) and atrial natri- 
uretic peptide,  and inhibited the secretion of aldos- 
terone (Murakami et al., 1989,1991). We have shown 
that the renal effects of C G R P  vary according to the 
dose. The infusion of low doses of C G R P  caused renal 
vasodilatation and increments in glomerular filtration 
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rate, whereas infusion of higher doses caused renal 
vasoconstriction, diuresis, natriuresis and kaliuresis 
(Elhawary and Pang, 1995). 

Accumulating evidence suggests that there are at 
least two subtypes of CGRP receptors (Dennis et al., 
1989, 1990; Mimeault et al., 1991; Giuliani et al., 1992; 
Stangl et al., 1993; see review by Poyner, 1992). CGRP 1 
and CGRP 2 receptors were designated on the basis of 
affinity to the C-terminal fragment, CGRP-(8-37) 
(Dennis et al., 1989, 1990; Chiba et al., 1989). CGRP- 
(8-37) was proposed as a selective antagonist at the 
CGRP 1 receptor (Chiba et al., 1989; Maggi et al., 1991) 
and it has been shown to antagonize the vasodilatation 
response to aCGRP in the isolated, constant flow-per- 
fused rat kidney (Chin et al., 1994). Other available 
CGRP fragments such as [Tyr°]CGRP-(28-37) 
(Chakder and Rattan, 1990; Maton et al., 1990), 
CGRP-(23-37) and CGRP-(19-37) (Rovero et al., 
1992) also possess antagonistic activity at CGRP recep- 
tors but their selectivities are unclear. 

The present study investigated the effects of a low 
and a high dose of the CGRP 1 receptor antagonist 
CGRP-(8-37) and those of the putative CGRP recep- 
tor antagonist [Tyr°]CGRP-(28-37) on the actions of 
CGRP on renal haemodynamics and excretions of wa- 
ter, sodium (Na ÷) and potassium (K ÷) in the anaes- 
thetized rat. 

2. Materials and methods 

2.1. Surgical procedure 

Male Sprague-Dawley rats (350-400 g) were anaes- 
thetized with inactin (100 mg/kg, i.p.). Body tempera- 
ture was maintained at 37.5°C using a rectal ther- 
mometer and a heating pad connected to a Thermis- 
temp Temperature Controller (Model 71; Yellow 
Springs Instrument Co., OH, USA). Cannulae (PE-50) 
were inserted into the left femoral artery, for the 
continuous measurement of mean arterial pressure with 
a Statham pressure transducer (Model P23 DB, Gould 
Statham, CA, USA), and into the right femoral artery 
for blood sampling (0.5 ml per sample, each sample 
replaced by the injection of 1 ml normal saline). Heart 
rate was derived electronically from the upstroke of the 
arterial pulse pressure using a tachograph (model 
7P4G, Grass, MA, USA). The left femoral vein was 
cannulated for the administration of 51Cr-EDTA solu- 
tion (infusion at 6.9 ~Ci/min at 0.8 ml/min for 2 min 
followed by 0.16 /~Ci/min at 20 izl/min) (Leyssac et 
al., 1991; Stacy and Thorburn, 1966). The abdominal 
cavity was opened through a ventral midline incision. 
The right suprarenal artery was located and its origin 
from the renal artery was verified. A tapered PE-10 
tubing was inserted retrogradely into the suprarenal 

artery as described by Smits et al. (1983), and con- 
nected to a syringe pump (SAGE 341A, TX, USA) for 
the infusion of drugs. A transonic flow probe (Model 
1RB630, Transonic) which was connected to a flowme- 
ter (Model T206, Transonic, NY, USA) was placed 
around the right renal artery for the continuous mea- 
surement of renal blood flow. Mean arterial pressure, 
heart rate and renal blood flow were monitored by a 
Grass polygraph (model RP57C8, Grass, MA, USA). A 
piece of PE-10 cannula (< 15 cm length or < 10 /zl 
dead space) was inserted into the right ureter for the 
collection of urine at 10 min intervals in a pre-weighed, 
closed vial which contains a small hole in the vial cap 
to allow the passage of the catheter. The samples were 
prepared immediately after collection to avoid evapo- 
ration. A 1 h stabilization period was allowed after 
surgery before the study began. 

2. 2. Experimental protocol 

Preliminary experiments (n = 6) were first con- 
ducted to observe the effect of continuous renal arte- 
rial infusion of the vehicle (0.45% NaCI) on haemody- 
namic and renal responses (time-control). Afterwards, 
rats were randomly divided into nine groups (n = 6 
each). One group was renal arterially infused with 
single doses of CGRP (0.3-300 pmol/kg per min) after 
two control sampling periods; each dose of CGRP was 
infused for 10 min followed by a recovery period of 5 
min. Two groups were pretreated with bolus renal 
arterial injections of a low dose (1 nmol/kg) of the 
CGRP receptor antagonist CGRP-(8-37) after the first 
sampling period and another two groups were pre- 
treated with a high dose (10 nmol/kg) of CGRP-(8-37). 
The injections of the antagonists were followed by 
infusions of 20% of the bolus dose per hour (15/~l/min) 
for the remaining of the experiments. The two low 
dose CGRP-(8-37)-pretreated groups were infused 
with either CGRP (0.3-300 pmol/kg per min) or an 
equal volume of vehicle (0.45% NaCI) after the second 
sampling period, and likewise with the two high dose 
CGRP-(8-37)-pretreated groups. Another four groups 
were pretreated with the CGRP antagonist [TyrO] - 
CGRP-(28-37), with two groups given a low dose (3 
nmol/kg) and two groups a high dose (30 nmol/kg) of 
the antagonist, followed by the infusion of CGRP or 
vehicle, as described for the CGRP-(8-37)-treated 
groups. Blood was sampled at 10 min after the start of 
drug infusion or injection whereas urine collection 
began from 3 till 13 min after the start of drug adminis- 
tration. The later collection time for urine allowed 
extra time for the equilibration of drug responses and 
the drainage of urine from the nephron to the ureter 
and collecting catheter. Blood and urine samples were 
also taken at the same time-points in the vehicle time- 
control groups. The duration of infusion and urine 
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Table 1 
Effects (means 5: S.E.M.) of vehicle (0.45% NaCI) on mean arterial pressure (MAP, mm Hg), heart rate (HR, beats/min), renal blood flow 
(RBF, ml/min), glomerular filtration rate (GFR, ml/min), urine flow (UF, ~l/min), urine osmolality (UOSM, mOsm/kg) and urinary Na-- and 
K ÷ excretion rate (UNa V and UKV, nmol/min) during the six sampling periods (SP1 to SP6, 10 min each) in inactin-anaesthetized rat (n = 6) 

MAP HR RBF GFR UF UOSM UNaV UKV 
sP1 108 ± 2 360 ± 19 10.9 ± 0.9 0.97 +_ 0.04 4.6 ± 0.5 1421 ± 236 239 ± 84 1045 ± 160 
sP2 109 +_ 3 362 ± 21 11.3 _+ 1.2 0.97 ± 0.03 4.7 ± 0.4 1424 ± 227 283 ± 97 1112 ± 111 
sP3 108 _+ 4 365 +_ 20 11.2 ± 1.3 0.84 _+ 0.06 4.8 _+ 0.6 1360 _+ 222 348 _+ 115 1140 _+ 179 
sP4 108 _+ 4 36!) + 23 10.8 ± 1.5 0.89 ± 0.03 5.3 ± 0.7 1362 ± 216 408 5:110 1121 ± 241 
sP5 108 _+ 5 386 _+ 26 10.8 _+ 1.5 0.89 + 0.02 5.2 5:0.5 1286 ± 151 411 _+ 127 1046 _+ 205 
sP6 106 ± 4 393 _+ 27 10.4 5:1.7 0.94 5:0.04 5.0 5:0.6 1195 5:159 422 5:153 956 5:238 

c o l l e c t i o n  for  C G R P  w e r e  f o u n d  to be  su f f i c i en t  to  give 

s t eady  s t a t e  r e s p o n s e s  ( E [ h a w a r y  a n d  Pang ,  1995). 

U r i n e  v o l u m e  was  m e a s u r e d  g rav imet r i ca l ly .  51Cr 

E D T A  c o n c e n t r a t i o n s  w e r e  d e t e r m i n e d  us ing  a g a m m a  

c o u n t e r  (1185 ser ies  d u a l  c h a n n e l ,  N u c l e a r - C h i c a g o ,  

IL) .  U r i n e  N a  + a n d  K + c o n c e n t r a t i o n s  w e r e  m e a s u r e d  

by f l a m e  p h o t o m e t r y  ( M o d e l  IL143,  F i s h e r  Sc ien t i f ic ,  

M A ) .  U r i n e  o smo la l i t y  was  m e a s u r e d  by a v a p o r  p res -  

su re  o s m o m e t e r  ( M o d e l  5500, W E S C O R ,  U t a h ) .  A 

b l o o d  s a m p l e  was  t a k e n  at t he  e n d  o f  t h e  s t ab i l i za t ion  

p e r i o d  a n d  a f t e r  t he  c o m p l e t i o n  o f  t h e  s tudy  to  m o n i -  

to r  c h a n g e s  in h a e m a t o c r i t ,  p l a s m a  o smo la l i t y  a n d  t h e  

leve ls  o f  N a  + and  K + d u r i n g  the  c o u r s e  o f  t h e  s tudy.  

2.3. Materials 

I n a c t i n  ( t h i o b a r b i t u r i c  ac id)  was  o b t a i n e d  f r o m  B Y K  

G u l d e n  K o n s t a n z  ( G e r m a n y ) .  a - C G R P  (ra t )  a n d  ra t  

C G R P - ( 8 - 3 7 )  was  f r o m  S i g m a  C h e m i c a l  Co.  (St.  Louis ,  

M O ,  U S A ) .  [ T y r ° ] C G R P - ( 2 8 - 3 7 )  was  p u r c h a s e d  f r o m  

P e n i n s u l a  Lab.  ( B e l m o n t ,  C A ,  U S A ) .  T h e  d rugs  w e r e  

d i s so lved  in 0 .45% N a C I  so lu t ion .  5 1 C r - E D T A  was  

o b t a i n e d  f r o m  A m e r s h a m  I n t e r n a t i o n a l  ( U K )  a n d  was  

so lub i l i zed  in 0 . 9 %  NaC1 so lu t ion .  

2.4. Calculations and statistical analysis 

R e n a l  a r t e r i a l  c o n d u c t a n c e  ( r ena l  b l o o d  f l o w / m e a n  

a r t e r i a l  p r e s s u r e )  was  c o m p u t e d  to  n o r m a l i z e  r ena l  

b l o o d  f low i n d e p e n d e n t  o f  c h a n g e s  in m e a n  a r t e r i a l  

p r e s su re .  G l o m e r u l a r  f i l t r a t ion  r a t e  was  c a l c u l a t e d  as 
t h e  r a t io  o f  u r i n e  to  p l a s m a  c o n c e n t r a t i o n  o f  51Cr 

E D T A  m u l t i p l i e d  by u r i n e  f low ra te .  U r i n e  N a  + and  

K + e x c r e t i o n  ra tes  w e r e  e s t i m a t e d  by the  r e s p e c t i v e  

p r o d u c t  o f  ion ic  c o n c e n t r a t i o n  and  u r i n e  flow. E l ec -  

t ro ly te  f r a c t i ona l  e x c r e t i o n  was  c a l c u l a t e d  by the  per -  

c e n t a g e  o f  t he  ra t io  o f  u r i n a r y  e x c r e t i o n  r a t e  to t h e  

p r o d u c t  o f  p l a s m a  c o n c e n t r a t i o n  and  g l o m e r u l a r  f i l t ra-  

t ion  ra te .  A l l  d a t a  a r e  e x p r e s s e d  as m e a n s  + S .E .M.  

T h e  resu l t s  w e r e  a n a l y z e d  by t h e  analysis  o f  v a r i a n c e ,  

b lock  des ign  fo r  t h e  c o m p a r i s o n  o f  d a t a  w i th in  t he  

s a m e  g r o u p  and  r a n d o m  des ign  fo r  c o m p a r i s o n  a m o n g  

g roups ,  f o l l o w e d  by D u n c a n ' s  m u l t i p l e  r a n g e  test ,  w i th  

P < 0.05 s e l e c t e d  as t h e  leve l  o f  s ta t i s t ica l  s ign i f icance .  

Table 2 
Baseline values (means + S.E.M.) of mean arterial pressure (MAP, mm Hg), heart rate (HR, beats/min), renal blood flow (RBF, ml/min), renal 
arterial conductance (COND), glomerular filtration rate (GFR, ml/min), urine flow (UF, ~l/min), urine Na + (UNaV, nmol/min), urine K + 
(UKV, nmol/min) and urine osmolality (UOSM, mOsm/kg) following the first sampling period of i.v. infusion of vehicle (0.45% NaCI) in nine 
groups (n = 6 each) of inactin-anaesthetized rats, prior to administration of the CGRP antagonists or equal volume of the vehicle (see full 
description of treatments for each group in text) 

Group MAP HR RBF COND GFR UF Uya V UKV UOSM 

Vehicle 
CGRP 99 + 5 366 + 13 11.5 + 0.7 0.116 + 0.009 1.52 + 0.10 5.4 + 0.3 264 + 36 857 + 121 1303 + 148 
CGRP-(8-37) (1 nmol /kg) 
Vehicle 107 + 4 369 + 10 12.9 5:0.7 0.124 + 0.011 1.46 + 0.14 4.6 + 0.4 253 ± 50 916 ± 133 1566 + 207 
CGRP 102 ± 7 358 + 12 12.6 5:1.2 0.122 + 0.010 1.47 + 0.18 5.4 + 0.6 243 ± 49 866 + 168 1431 + 252 
CGRP-(8-37) (10 nmol / kg) 
Vehicle 105 + 3 368 + 19 13.2 + 0.9 0.126 + 0.008 1.56 + 0.18 4.9 + 0.5 304 + 72 789 ± 95 1762 + 205 
CGRP 107 + 7 355 + 24 12.1 _+ 1.5 0.115 + 0.018 1.48 + 0.23 5.7 + 0.4 295 + 53 949 _+ 82 1640 + 252 
[Tyr°]CGRP-(28-37) (3 nmol / kg) 
Vehicle 99 ± 9 367 ± 14 13.2 ± 0.7 0.133 ± 0.011 1.39 + 0.18 4.8 ± 0.4 243 ± 39 697 ± 93 1747 ± 239 
CGRP 100 ± 5 357 + 16 12.5 ± 1.1 0.125 ± 0.016 1.46 ± 0.18 4.6 ± 0.4 267 ± 37 805 ± 111 1521 ± 189 
[Tyr°]CGRP-(28-37) (30 nmol / kg) 
Vehicle 98 ± 8 349 ± 19 12.1 ± 1.1 0.128 ± 0.012 1.37 ± 0.19 5.2 ± 0.4 387 ± 56 960 ± 82 1757 ± 169 
CGRP 100 ± 7 378 + 14 13.4 ± 0.5 0.134 ± 0.007 1.40 + 0.15 5.3 ± 0.4 362 ± 55 758 ± 87 1647 ± 169 
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3. Results 

The vehicle (time-control group) caused insignifi- 
cant changes in mean arterial pressure, heart rate, 
renal blood flow, glomerular filtration rate, urine flow, 
urine osmolality and urinary excretions of Na ÷ and K ÷ 
(Table 1). Table 2 shows the baseline values of mean 
arterial pressure, heart rate, renal haemodynamics and 
renal excretion prior to the infusion of CGRP or the 
vehicle in the remaining nine groups of rats. Neither 
the low nor the high dose of CGRP-(8-37) or 
[Tyr°]CGRP-(28-37) induced any significant changes 
in all parameters measured at the end of the sampling 
periods (vehicle groups in the figures). 

3.1. Effects of CGRP on mean arterial pressure, heart 
rate, renal blood flow, arterial conductance and glomeru- 
lar filtration rate in the absence and presence of CGRP- 
(8-37) or lTyr°]CGRP-(28-37) 

Renal arterial infusion of CGRP caused insignifi- 
cant changes in mean arterial pressure and heart rate 
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(Fig. 1A,B). However, in the presence of both the low 
and high dose of CGRP-(8-37), a high dose CGRP 
decreased mean arterial pressure significantly and in- 
creased heart rate, but the heart rate effect was signifi- 
cant only in the presence of the low dose of CGRP-(8- 
37) (Fig. 1C,D). The highest dose of CGRP also signifi- 
cantly reduced mean arterial pressure and increased 
heart rate in the presence of either the low or the high 
dose of [Tyr°]CGRP-(28-37) (Fig. 1E,F). 

Low doses of CGRP (0.3 and 3 pmol/kg per min) 
significantly increased renal blood flow and renal arte- 
rial conductance indicating vasodilatation (Fig. 2A, B) 
but a high dose (300 pmol/kg per min) decreased renal 
blood flow and arterial conductance indicating vaso- 
constriction. The increases in renal blood flow and 
conductance by CGRP (0.3 pmol/kg per min) were 
completely abolished by both doses of CGRP-(8-37) 
(Fig. 2C,D) but incompletely though significantly (P < 
0.05 relative to the respective CGRP responses in 
untreated rats) inhibited by both doses of [TyrO] - 
CGRP-(28-37) (Fig. 2E,F). Whereas only the lower 
dose of CGRP-(8-37) and none of the doses of 
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Fig. 1. Dose-response effects of renal arterial infusion of CGRP (filled symbols) or an equal volume of vehicle (0.45% NaCI, open symbols) on 
mean arterial pressure (MAP) and heart rate (HR) in ten groups of inactin-anaesthetized rats (n = 6 each group) in the absence (11,[]) of an 
antagonist (A,B), in the presence of a low (1 nmol/kg,  o ,O)  or a high (10 nmol/kg,  v ,  v ) dose of CGRP-(8-37) (C,D), and in the presence of a 
low (3 nmol/kg,  o,©) or a high (30 nmol/kg,  v , v )  dose of [Tyr°]CGRP-(28-37) (E,F). Data are shown as means + S.E.M. * Significantly 
different from the corresponding vehicle control. 
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[Tyr°]CGRP-(28-37) attenuated the decrease in renal 
blood flow induced by the highest dose of CGRP, both 
doses of CGRP-(8-37) and [Tyr°]CGRP-(28-37) inhib- 
ited the reduction of renal arterial conductance elicited 
by the highest dose of CGRP. This suggests that the 
reduction in renal blood flow by the high dose of 
CGRP in the presence of either one of the receptor 
antagonists was seconda]aj to hypotension. 

Glomerular filtration rate was increased by low doses 
(0.3 and 3 pmol/kg per rain) of CGRP but unchanged 
by the higher doses (Fig. 3A). The increases in 
glomerular filtration rate by low doses of CGRP were 
inhibited by both doses of CGRP-(8-37) completely 
(Fig. 3B) and by both doses of [Tyr°]CGRP-(28-37) 
incompletely (Fig. 3C). 

3.2. Effects of CGRP on urinary flow, osmolality, and 
Na ÷ and K ÷ excretion in the absence and presence of 
CGRP-(8-37) or [Tyr°]CGRP-(28-37) 

which were significantly different from the correspond- 
ing time-control readings at the highest two doses. 
Fractional excretion of Na ÷ was increased by CGRP 
from a baseline value of 0.15% to 0.35, 0.43 and 0.55% 
at the second, third and fourth dose of CGRP. The 
increments in urine flow (Fig. 4C,E) and excretions of 
Na ÷ (Fig. 5C,E) and K ÷ (Fig. 5E,F) by 300 but not 30 
pmol/kg per min of CGRP were similarly blocked by 
both the low and high doses of CGRP-(8-37) or 
[Tyr °]CGRP-(28-37). 

CGRP did not affect urine osmolality either before 
or after treatment with CGRP-(8-37) or [Tyr°]CGRP- 
(28-37) (Fig. 4B,D,F). 

The haematocrit (43 + 3%), and blood values of 
osmolality (290 _+ 3 mOsm/kg), Na ÷ (141 + 5 mEq/1) 
and K ÷ (3.3 __ 0.4 mEq/l)  at the end of the experi- 
ments were similar to the corresponding values at the 
end of the stabilization period (results not shown). 

CGRP dose dependently increased urine flow (Fig. 
4A), and excretions of Na + (Fig. 5A) and K ÷ (Fig. 5B), 
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Fig. 2. Dose-response effects (means + S.E.M.) of renal arterial infusion of CGRP (filled symbols) or an equal volume of vehicle (0.45% NaCI, 
open symbols) on renal blood flow (RBF) and renal arterial conductance in ten groups of inactin-anaesthetized rats (n = 6 each group) in the 
absence (A,B) or presence of CGRP-(8-37) (C,D) or [Tyr°]CGRP-(28-37) (E,F). See legend to Fig. 1 for explanation of symbols. * Significantly 
different from the corresponding vehicle control. 
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Fig. 3. Dose-response effects (means  + S.E.M.) of renal arterial infu- 
sion of CGRP (filled symbols) or an equal volume of vehicle (0.45% 
NaC1, open symbols) on glomerular filtration rate (GFR)  in ten 
groups of inactin-anaesthetized rats (n = 6 each group) in the ab- 
sence (A) or presence of CGRP-(8-37)  (B) or [Tyr°]CGRP-(28-37) 
(C). See legend to Fig. 1 for explanation of symbols. * Significantly 
different from the corresponding vehicle control, 

4. Discussion 

The present results showed that renal arterial infu- 
sion of CGRP, at doses that did not significantly alter 
mean arterial pressure and heart rate, induced a bipha- 
sic renal vascular response: increased renal blood flow 
and renal vasodilatation at low doses and reduced 
renal blood flow and vasoconstriction at high doses. 
Low doses of CGRP also increased glomerular filtra- 
tion rate and this was likely secondary to the increase 
in renal blood flow. These results were similar to those 
reported previously (Elhawary and Pang, 1995). The 
renal vasodilatation and increased glomerular filtration 
responses were inhibited completely by both doses (1 
and 10 nmol/kg) of CGRP-(8-37) and incompletely 
inhibited by both doses (3 and 30 nmol/kg) of 
[Tyr°]CGRP-(28-37). Both antagonists blocked the re- 
nal vasoconstrictor responses to CGRP. 

CGRP binding sites are classified as CGRP 1 and 
CGRP 2 according to the high or low affinity, respec- 
tively, of the sites to the C-terminal fragment of 

CGRP-(8-37) (Mimeault et al., 1991). Similarly, CGRP 
receptors are postulated to be of CGRP 1 or CGRP a 
subtype on the basis of susceptibility of the response to 
antagonism by CGRP-(8-37) in isolated tissues (Den- 
nis et al., 1990; Mimeault et al., 1991). There is, how- 
ever, insufficient information to indicate if the CGRP: 
receptors are homogeneous or heterogeneous. The 
ability of CGRP-(8-37) to block the vasodilator effect 
of CGRP in the present study suggests that this is 
mediated via the activation of CGRP 1 receptors. We 
have previously shown that the renal vasodilator re- 
sponse to low doses of CGRP is blocked by the nitric 
oxide synthase inhibitor NG-nitro-L-arginine methyl es- 
ter (Elhawary and Pang, 1995). Therefore, the renal 
vasodilator response to CGRP is likely due to the 
activation of renal vascular CGRP1 receptors causing 
the release of endothelium-dependent relaxing fac- 
tor/nitric oxide. The renal vasoconstrictor effect of 
CGRP was likely reflex-mediated in response to slight, 
though insignificant, hypotension and this was also 
blocked by CGRP-(8-37). 

The ability of CGRP-(8-37) to inhibit vascular re- 
sponses to CGRP has been reported. CGRP-(8-37) 
inhibited mesenteric vasodilatation elicited by CGRP 
or peri-arterial nerve stimulation in vitro (Han et al., 
1990), the microvascular dilator response induced by 
CGRP and capsaicin in the skin in situ (Hughes and 
Brain, 1991), and the vasodilator response to CGRP in 
the isolated perfused kidney (Chin et al., 1994). This 
antagonist also inhibited the vasodilator response to 
CGRP in the renal and hindquarter beds as well as the 
vasoconstrictor response to CGRP in the mesenteric 
bed of conscious rats (Gardiner et al., 1990). There is a 
paradox in the ability of CGRP-(8-37) to block the 
vasodilatation response to CGRP and yet potentiate 
the hypotensive effect to a high dose of CGRP. This 
potentiation was observed in every experiment involv- 
ing CGRP-(8-37) and [Tyr°]CGRP-(28-37). In con- 
trast to our findings, i.v. administered CGRP-(8-37) 
either attenuated or blocked the hypotensive effect to 
i.v. infused CGRP (Gardiner et al., 1990; Donoso et 
al., 1990). The differences in the dose and mode of 
administration of CGRP-(8-37) and CGRP may ac- 
count for the discrepancy in the results of ours and 
others. The mechanism by which CGRP reduced mean 
arterial pressure in the presence of either one of the 
CGRP receptor antagonists is unclear but is obviously 
not mediated via the activation of CGRP 1 receptor. 

The selectivity of [Tyr°]CGRP-(8-37) on subtypes of 
CGRP receptors is unclear. [Tyr°]CGRP-(8-37) in- 
duced a rightward shift of the concentration-effect 
curves of CGRP analogs on the opossum internal anal 
sphincter smooth muscle without affecting the resting 
tension (Chakder and Rattan, 1990). This blocker also 
inhibited CGRP-induced amylase secretion in the iso- 
lated acini from the guinea pig pancreas (Maton et al., 
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Fig. 4. Dose- response  effects (:means + S.E.M) of  renal arterial infusion of  C G R P  (filled symbols) or  an equal volume of vehicle (0.45% NaCI, 
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1990). The ability of [Tyr a]CGRP-(28-37) to inhibit the 
renal vasodilator and vasoconstrictor effects of CGRP 
in the present study suggests that [Tyr°]CGRP-(28-37) 
is also a CGRP 1 receptor antagonist, though its po- 
tency and efficacy appear to be less than those of 
CGRP-(8-37). 

High doses of CGRP increased urine flow, absolute 
Na ÷ and K ÷ excretions and fractional Na ÷ excretion, 
but did not affect urine osmolality. Both CGRP-(8-37) 
and [Tyr°]CGRP-(28-37) did not affect the diuretic, 
natriuretic and kaliuretic effects elicited by 30 pmol/kg 
per min of CGRP but significantly attenuated (P < 
0.05) the effects elicited by 300 pmol/kg per min of 
CGRP. The absence of blockade of tubular effects 
elicited by 30 pmol/kg per min of CGRP suggests that 
these effects are not mediated via the activation of 
CGRP 1 receptors. The attenuation of the diuretic, 

natriuretic and kaliuretic effects elicited by 300 
pmol/kg per min of CGRP may be indirect: the results 
of systemic hypotension, reduced renal perfusion pres- 
sure and decreased renal blood flow. 

To summarize, CGRP infused intra-arterially into 
the kidney caused vasodilatation and increased 
glomerular filtration rate in low doses, and vasocon- 
striction, diuresis, natriuresis and kaliuresis in high 
doses. CGRP-(8-37) abolished the vasodilatation, 
vasoconstriction and increments in glomerular filtra- 
tion rate elicited by CGRP suggesting the predomi- 
nance of CGRP 1 receptors in the vasculature. The 
diuresis, natriuresis and kaliuresis responses elicited by 
non-hypotensive doses of CGRP were not affected by 
CGRP-(8-37) suggesting the lack of involvement of 
CGRP 1 receptors. The profile of antagonistic actions 
of [Tyr°]CGRP-(28-37) and CGRP-(8-37) were simi- 
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lar, and this indicates that [Tyr°]CGRP-(28-37) is also 
an antagonist of CGRP 1 receptors, though its potency 
and efficacy are less than those of CGRP-(8-37).  
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