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Summary. Calcitonin gene-related peptide (CGRP) 
has been localized in cardiac nerve fibers and blood 
vessels from which it may be released as neuro- 
transmitter or neuromodulator.  Acute cardiovas- 
cular effects of i.v. administered CGRP have been 
studied in human subjects.  CGRP (25.3 nmol) 
caused a mean maximal increase of the heart rate 
of 41 beats per min (P < 0.01) and lowered arterial 
systolic and diastolic pressures by 26 mm Hg and 
20 mm Hg, respectively (P < 0.01) (n = 6 subjects). 
These effects were associated with facial flushing, 
and a rise of plasma levels of norepinephrine and 
epinephrine of 257 pg/ml and 9 pg/ml, respectively 
(P < 0.01). Administration of equimolar amounts of 
human calcitonin caused no cardiovascular effects 
except for minor facial flushing. Serum calcium was 
marginally lowered with both CGRP (0.2 mg/100 ml) 
and calcitonin (0.4 mg/100 ml) (P < 0.05). Further- 
more, CGRP (12.7 nmol) reduced the preejection pe- 
riod and duration of the electromechanical systole 
by 26 msec and 66 msec, respectively (P < 0.001 
and P < 0.01), presumably acting as positive ino- 
tropic agent. Labetalol, blocking adrenergic recep- 
tors, obliterated these inotropic effects, whereas the 
positive chronotropic and hypotensive actions of 
CGRP remained unchanged. 
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sequently derived from extracts of medullary thy- 
roid carcinoma tissue [3]. CGRP has been recog- 
nized in the central and peripheral nervous system 
including the heart [4-7].  Indeed, a specific ra- 
dioimmunoassay in combination with high-perfor- 
mance liquid chromatography revealed the pres- 
ence of CGRP predominant ly  in the rat atrium 
(unpublished data), and CGRP stained by immu- 
nohis tochemis t ry  was abundant  in nerve fibers 
around coronary vessels, especially those of the 
right atrium [5, 7]. Moreover, specific binding sites 
of CGRP have been recognized in corresponding 
parts of the heart, notably the atrium (unpublished 
data). Recently, intracerebroventricular administra- 
tion of synthetic CGRP has been shown to raise the 
arterial pressure in rats, concomitant with a stim- 
ulation of noradrenergic sympathetic outflow [8]. 
Intravenous injections and administration of CGPR 
in vitro caused hypotension and a positive inotropic 
effect in rats [7-9]. Through intracerebroventric- 
ular, i.v., and local injections the heart rate was 
increased in the rat. Intradermal administration in 
man and rabbits evoked vasodilatation [10]. 

Here we have assessed cardiovascular effects of 
i.v. administered CGRP in man through the use of 
noninvasive procedures, and have recognized pos- 
itive chronotropic and inotropic effects associated 
with hypotension and a rise of plasma norepineph- 
rine and epinephrine levels. 

Calcitonin gene-related peptide (CGRP) is a unique 
37 amino acid neuropeptide with potent cardiovas- 
cular effects. The existence of CGRP has been pre- 
dicted by analysis of the nucleotide sequence of the 
rat and human calcitonin (CT) genes [1, 2], and the 
amino acid sequence of the human peptide was sub- 
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Subjects and Methods 

Subjec ts  

Twelve subjects were selected for study. Serum levels of cal- 
cium, phosphate, alkaline phosphatase, and creatinine were 
normal and administration of all drugs was stopped at least 4 
days prior to the i.v. injection of CGRP or CT. Six subjects (age 
41-77 years, 3 females with postmenopausal osteoporosis, 3 
males with osteoarthrosis) received 100 o.g synthetic human 
CGRP and 100 ixg synthetic human CT, freshly dissolved in 1 
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ml 0.9% NaC1 (Table 1). Injections of CGRP preceded those of 
CT by 3 days in 4 subjects and followed CT in the remaining 2. 
Six different subjects (age 29-70 years, 1 normal female and 2 
females with postmenopausal osteoporosis, 2 normal males and 
1 male with osteoporosis) received 50 p~g human CGRP, infused 
in 50 ml 0.9% NaCI from 0-10 min in the absence, and 3 days 
later in the presence, of 100 mg labetalol infused in 100 ml 0.9% 
NaC1 from minus 15 to 60 min (Fig. 1). Informed consent about 
the experimental procedure was obtained from all the subjects. 

The heart rate and the arterial pressure and facial flushing 
were monitored, and blood (15 ml) was collected 15 min before, 
at time "0", and 15, 30, 60, and 120 min after the start of the 
administration of CGRP and CT. The intensity of readily ob- 
servable facial flushing was evaluated in arbitrary units ac- 
cording to a severity score ranging from 0 (no effect) to 4 (max- 
imal discomfort). 

Ten milliliters of blood was transferred to a plastic tube con- 
taining 50 U (USP) of heparin and after centrifugation at 4~ 
the plasma was separated and kept frozen at - 20~ until assayed 
within 4 weeks for norepinephrine and epinephrine. The re- 
maining 5 ml of blood was separated after clot retraction and 
centrifugation, and used for the determination of serum calcium 
and inorganic phosphorus. In one group of subjects (Fig. 1), the 
heart rate was also electrocardiographically monitored and the 
preejection period and duration of the electromechanical systole 
evaluated [11]. 

Reagents 

Synthetic human CGRP was obtained from Peninsula Labora- 
tories, Belmont, CA, and synthetic human CT from Ciba-Geigy, 
Basel, Switzerland. Labetalol (Trandate) was purchased from 
Glaxo, Greenford, UK. 

Methods o f  Analysis 

Plasma catecholamines (norepinephrine, epinephrine) were de- 
termined by a specific radioenzymatic method (CAT-A-Kit, Up- 
john, Kalamazoo, MI). Total serum calcium was measured by 
atomic absorption spectrophotometry and inorganic phosphorus 
according to Fiske and Subbarow [12]. 

Results are expressed as mean values _+ SEM. Statistical anal- 
ysis was done by paired t test and one-way analysis of vari- 
ance [13]. 

Results 

In response to i.v. injections of CGRP (25.3 nmol), 
the heart rate was stimulated and the arterial pres- 
sure was decreased (P < 0.01) (Table 1). Associated 
with these effects was severe facial flushing (P < 
0.001), and plasma levels of  norepinephrine and epi- 
nephrine were raised (P < 0.01). In response to 12.7 
nmol CGRP rather than 25.3 nmol, the rise of  the 
heart rate and plasma norepinephrine levels, the fall 
of the blood pressure, and facial flushing were less 
p ronounced ,  but the difference was only statisti- 
cally significant for facial flushing (P < 0.05) (Table 
1, Fig. 1). The structurally related CT (29.3 nmol) 
caused mild and transient facial flushing, and small 

rises of  plasma norepinephrine (P < 0.05) and epi- 
nephrine levels (P < 0.1), and the heart rate and 
arterial pressure  remained unaltered.  Analysis  of  
variance revealed that the CGRP responses at 15, 
30, and 60 min were different from those obtained 
with CT (P < 0.01 for systolic arterial pressure and 
P < 0.05 for all remaining parameters). In response 
to CGRP and CT, marginal falls of serum calcium 
levels occurred (P < 0.05) which could not be sta- 
tistically differentiated, and serum phospha te  re- 
mained unchanged (not shown). 

Furthermore,  i.v. CGRP (12.7 nmol) caused a de- 
crease of  the preejection period and of the duration 
of the electromechanical systole (P < 0.01) which 
reflect  enhanced  myoca rd i a l  contract i l i ty ,  and 
CGRP can be considered as a posit ive inotropic  
agent (Fig. 1) [I1]. These latter effects were sup- 
pressed in the presence of  labetalol. The chrono- 
t ropic  effect  of  CGRP, h y p o t e n s i o n  a n d  facial  
flushing, on the other hand, were not affected by 
labetalol. The rise of  plasma levels of  norepineph- 
rine and epinephrine, and the small fall of  serum 
calcium concentrations were similar in the presence 
and absence of  labetalol (not shown). 

Discussion 

Calcitonin gene-related peptide is a neuropeptide 
recognized in the central  and peripheral  nervous  
system, including the heart, of man and rats [4-7].  
The presence of  CGRP [5, 7] and of  its binding sites 
(unpublished data) has recent ly  been revealed in 
cardiac tissue, and they are predominantly localized 
in the atrium. Intravenous injections of  CGRP in 
rats evoked hypotens ion  accompanied  by an in- 
crease of  the heart rate [8]. Both capsaicin which 
stimulates the release of  CGRP from nerve fibers, 
and CGRP have been shown to cause hypotension 
and positive inotropic and chronotropic effects in 
the isolated heart of guinea-pigs, and auricles of rats 
and man [7, 14]. Intravenous administration of  cap- 
saicin was associated with a depletion of immuno- 
reactive CGRP from nerve fibers in the myocardium 
and around coronary  vessels. Recently, CGRP has 
been reported to cause relaxation of rat aorta strips 
and an increase of  the blood flow in rabbit skin and 
local reddening in human skin [10]. It appears pos- 
sible that endogenous CGRP released from nerve 
fibers is responsible for the characteristic cardio- 
vascular actions. 

Here we report potent cardiovascular effects of 
CGRP in vivo in humans. The use of a noninvasive 
procedure has allowed us to assess left ventricular 
performance [11], and the findings are compatible 
with positive inotropic effects of  CGRP previously 
recognized in the isolated perfused guinea-pig heart 
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Table 1. Comparison of heart rate, arterial pressure, flushing, plasma norepinephrine and epinephrine and serum calcium responses to 

CGRP and CT 

Time (min) 
Pep~de - 1 5  0 15 30 60 120 

Heart rate (min-~) 
CGRP 70 • 3 69 
CT 71 • 4 67 

Arterial pressure,  
systolic (ram Hg) 

CGRP 139 • 3 135 • 3 
CT 135 • 4 135 • 6 

Arterial pressure,  
diastolic (ram Hg) 

CGRP 84 • 4 83 • 3 
CT 81 • 4 83 _ 4 

Flushing (arbitrary 
units) 

CGRP 0 0 
CT 0 0 

Plasma norepinephrine 
(pg/ml) 

CGRP 270 • 60 266 _ 45 
CT 223 • 40 238 • 45 

Plasma epinephrine 
(pg/ml) 

CGRP 51 • 5 51 • 5 
CT 33 • 8 34 + 4 

Serum calcium (mg/dl) 
CGRP 9.3 • 0.2 
CT 9.2 • 0.2 

4 111 • 4 b 90 • 5 a 86 • 6 75 • 5 
3 71 • 4 68 • 4 69 • 4 69 • 3 

111 • 4 b 116 • 4 b 116 • 3 b 126 • 4 a 
133 • 5 134 • 6 131 • 5 136 • 4 

63 • 3 b 68 • 3 a 75 • 4 74 • 4 a 
83 • 3 84 • 4 82 • 4 83 • 3 

3.50 • 0.22 b 2.67 • 0.21 c 1 . 6 7 -  0.33 c 0.33 • 0.21 

0.83 • 0.31 a 0.17 • 0.16 0 0 

359 • 50 525 • 49 b 550 • 89 a 381 • 59 
240 • 24 259 • 43 a 240 • 49 259 • 51 

60 • 3 b 62 • 7 a 44  • 5 42 _+ 6 

37 -+ 5 38 • 5 34 • 5 35 • 5 

9.2 • 0.1 9.1 --_ 0.l a 9.0 • 0.2 a 9.1 • 0.1 9.1 • 0.1 
9.1 • 0.2 9.0 • 0.2 8.8 -+ 0.2 8.7 +-0.2 a 8.9 -+ 0.2 

I.V. injection of 100 ~g CT CGRP and 100 Ixg CT at time " 0 "  in 6 subjects 
Values significantly different from preinjection periods (ap < 0.05, bp < 0.01, cp < 0.001) 

[7]. Direct pressure recordings through heart cath- 
eterization are required in the future to confirm our 
findings. The positive inotropic effects (reduction 
of preejection period and electromechanical sys- 
tole) were totally suppressed in the presence of la- 
betalol blocking o~ and [3 sympathetic receptors [15] 
and could therefore be caused also by reflex stim- 
ulation. Moreover, CGRP induced stimulation of 
the heart rate, prolonged hypotension and facial 
flushing, were presumably caused by vasodilata- 
tion. In contrast to the positive inotropic effects of 
CGRP obliterated by labetalol, these later effects 
were unaltered. 

In isolated rat auricles, propranolol, a specific [3 
adrenergic blocking agent [15], was shown to lower 
the rate and force of contraction, but CGRP re- 
versed the effects in a similar dose-dependent  
manner as in the absence of propranolol [9]. Me- 
toprolol blocking more selectively [31 adrenergic re- 
ceptors [15] did not affect similar CGRP responses 
in the isolated perfused heart of guinea-pigs [7]. In 
the same preparation, norepinephrine also caused 
marked positive inotropic and smaller chronotropic 
effects than CGRP which were completely sup- 
pressed by metoprolol.  The associated rise of  

plasma norepinephrine levels is not necessarily in- 
volved in the actions of CGRP, but the detailed 
mechanism remains to be delineated. 

The structurally related CT (see ref. 4) is known 
to cause facial flushing in man [16]. The action of 
equimolar amounts of human CT on facial flushing 
was much less marked than that of human CGRE 
Besides, human CT did not exert any other cardio- 
vascular effects when used in the same quantity. 
The more potent salmon CT, which shares closer 
structural homology to human CGRP (30%) than 
human CT (19%), had only marginal inotropic ef- 
fects in normal subjects and in contrast to CGRP, a 
small negative chronotropic effect [17]. In the iso- 
lated dog atrium, salmon CT had negative chrono- 
tropic and inotropic effects [18]. 

In conclusion, CGRP is a novel neuropeptide 
with potent cardiovascular properties. The phar- 
macological and perhaps physiological effects of 
CGRP remain to be further characterized. To this 
end, CGRP is released from cardiac nerve fibers in 
response to i.v. capsaicin which, much like CGRP, 
has positive inotropic and chronotropic effects [7, 
14]. Conceivably, CGRP may act in the heart as 
neurotransmitter or neuromodulator. 
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Fig. 1. Effects of CGRP (50 ~g, infused from 0-10 min) on 6 
subjects in the absence and presence of labetalol (100 mg, in- 
fused from minus 15 to 60 rain) on heart rate, arterial pressure, 
preejection period, e lec t romechanical  systole,  and flushing. 
Open symbols represent statistically significant changes from 
preinfusion levels (O = P < 0.05, [] = P < 0.01, A = p < 
0.001), closed symbols (0  = P > 0.05). 

Acknowledgments. This study has been supported by Grants 
3.813-0.81 and 3.957-0.84 from the Swiss National Science 
Foundation, the Kanton of Zarich, the Schweizerische Verein 
Balgrist, and the Ciba-Geigy Company. 

R e f e r e n c e s  

1. Amara SG, Jonas V, Rosenfeld MG, Ong ES, Evans RM 
(1982) Alternat ive RNA processing in calci tonin gene 

expression generates mRNAs encoding different polypep- 
tide products. Nature (London) 198:240-244 

2. Steenbergh PH, H6ppener JWM, Zandberg J, van de Ven 
WJM, Jansz HS, Lips CJM (1984) Calcitonin gene-related 
peptide coding sequence is conserved in the human genome 
and is expressed in medullary thyroid carcinoma. J Clin En- 
docrinol Metab 59:358-360 

3. Morris HR, Panico M, Et ienne T, Tippins J, Girgis SI, 
Maclntyre I (1984) Isolation and characterization of human 
calcitonin gene-related peptide. Nature (London) 308:746- 
748 

4. Tschopp FA, Henke H, Petermann JB, ToNer PH, Janzer 
R, H6kfelt T, Lundberg JM, Cuello C, Fischer JA (1985) 
Calcitonin gene-related peptide and its binding sites in the 
human central nervous system and pituitary. Proc Natl Acad 
Sci USA 82:248-252 

5. Rosenfeld MG, Mermod J-J, Amara SG, Swanson LW, Saw- 
chenko PE, Rivier J, Vale WW, Evans RM (1983) Production 
of a novel neuropeptide encoded by the calcitonin gene via 
tissue-specific RNA processing. Nature (London) 304:129- 
135 

6. Tschopp FA, ToNer PH, Fischer JA (1984) Calcitonin gene- 
related peptide in the human thyroid, pituitary and brain. 
Mol Cell Endocrinol 36:53-57 

7. Lundberg JM, Franco-Cereceda A, Hua X, HOkfelt T, 
Fischer JA (1985) Co-existence of substance P and calcitonin 
gene-related peptide immunoreactivities in sensory nerves 
in relation to cardiovascular and bronchoconstrictor effects 
of capsaicin. Eur J Pharmacol 108:315-319 

8. Fisher LA, Kikkawa DO, Rivier JE, Amara SG, Evans RM, 
Rosenfeld MG, Vale WW, Brown MR (1983) Stimulation of 
noradrenergic sympathetic outflow by calcitonin gene-re- 
lated peptide. Nature (London) 305:534-536 

9. Tippins JR, Morris HR, Panico M, Etienne T, Bevis E Girgis 
S, MacIntyre I, Azria M, Attinger M (1984) The myotropic 
and plasma-calcium modulating effects of calcitonin gene- 
related peptide. Neuropeptides 4:425-434 

10. Brain SD, Williams TJ, Tippins JR, Morris HR, Maclntyre 
I (1985) Calcitonin gene-related peptide is a potent vasodi- 
lator. Nature (London) 313:54-56 

11. Hassan S, Turner P (1983) Systolic time intervals: a review 
of the method in the non-invasive investigation of cardiac 
function in health, disease and clinical pharmacology. Post- 
grad Med J 59:423-434 

12. Fiske CH, Subbarow Y (1925) The colorimetric determina- 
tion of phosphorus. J Biol Chem 66:375-400 

13. Diem K, Lentner C (1968) Documenta Geigy, Wissenschaft- 
liche Tabellen, Basel, 7th ed, pp 146-197 

14. Lundberg JM, Hua X, Fredholm BB (1984) Capsaicin-in- 
duced stimulation of the guinea-pig atrium. Involvement of 
a novel sensory transmitter or a direct action on myocytes? 
Naunyn-Schmiedeberg's Arch Pharmacol 325:176-182 

15. Neugebauer J, Morant J, eds (1984) Arzneimittel-Kompen- 
dium der Schweiz 1985. Documed AG, Basel 6th ed, pp 665- 
666, 790-791, 1426-1427 

16. Grunstein HS, Clifton-Bligh P, Posen S (1981) Paget's dis- 
ease of bone. Experiences with 100 patients treated with 
salmon calcitonin. Med J Austr 2:278-280 

17. Fiore CE, Carnemolla G, Grillo S, Grimaldi DR, Petralito A 
(1978) Inotropic effects of calcitonin in man. Acta Cardiol 
33:155-166 

18. Chiba S, Himori N (1977) Effects of salmon calcitonin on 
SA nodal pacemaker activity and contractility in isolated, 
blood-perfused atrial and papillary muscle preparations of 
dogs. Jap Heart J 18:214-220 


