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ABSTRACT

ATM: The cardioprotective effect of calcironin gene-
related peptide (CGRP) was investigated in an ischemia

METHODS ; ischemia-reperfusion injury
was provoked by 60 min left main coronary artery occlu-

rat model.

sion followed by &) min of reperfusion in anesthetized
rats. The transverse slices of ventricles were stained by
2,3, S-triphenyltetrazofium chloride to determine the in-
farct area. Plasma creatine phosphokinase levels were
determined by means of a creatine phosphokinase ( CPK)
kit. A radioimmunoassay was used to determine plasma
CGRP levels. RESULTS. Intravenous infusion of
CGRP {1 nmol-kg™"*h™") 10 min before occlusion until
the end of repetfusion reduced infaret size by 89 % +
5 % . The reduction in infarct size was accompanied by
a decrease in circulating levels of creatine phosphokinase .
Infusion of the same dose of CGRP commencing from the
starl of reperfusion until its end induced a 40 % + 3 %
reduction of the infarct size.  The cardioprotective effects
of CGRP were blocked by the novel CGRP antagonist
BIBN4OUGBS (20 nmol kg ~'+h™ '),  Although cardiac
ischemia resulled in an almost 50 % increase in plasma
CGRP levels in blood sampled from right cardiac ventri-
cle, intravenous infusion of the CGRP antagonist
BIBN4096BS before occfusion until the end of reperfusion
had no statistically significant effect on the infarct size.
CONCLUSION; The present study demonstrates that
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CGRP is 2 potent myocardial protective substance.

INTRODUCTION

Calcitonin  gene-related peptide [ CGRP) isx a 37
amino acid peptide that is predominantly synthesized and
It can be released trom both
the cemral and peripheral axons of these neurons' |
CORP-containing fibers have been identified
throughowt the cardiovascular syslem, in association with
blood veswels. in particular the coronary arteries. and

stored in sensory newrons.

nerve

around the sinoatrial and awioventrcular nodes'
CGRP is a potent vasodilator pepiide and it exents positive
chronotropic  and and  hu-
It has been shown to exert extremely potent
vasodilator activity in isolated bovine. porcine. and hu-
man coronary arteries' ™ " In uddition. CGRP appears
to be a more potent vasodilator in the smali-diameter
coronaries when compared with the large-diameter coro-
naries ', In patients with acute myocardial infarction,
an almost two-fold increase of plasma CGRP level was
observed within 24 h afier hospital admission.
may result from the reflex release of CGRP in response to
the reduction in myocardial perfusion''>* . CGRP has
been tested in patients with chronic stable angina caused

inotropic  effects  in  rats
manst* -7,

This rise

by coronary arery disease. It was shown to dilate coro-
nary arteries at the site of atheromatous stenoses and o
delay the onset of myocardial ischemiu during exercise
testing:**! |

We previously reported on the first small molecule
selective CGRP antagonist; BIBN#¥MBS, | R-(R.
(R". 8 ) -N-"2[[ 3-amino-1- | 4-{ 4-pyridinyl I-1-
piperazinyl ]carbony] pentyl amino |-1-1 (3. 3-dibrome-4-
hydroxyphenyl ) methyl ]-2-oxoethyl |-3-( 1. 4-dinydro-2-
ox0-3 ( 2H )-quinazolinyl )-, |-piperidinecurboxamide
which possesses high affinity and selectivity for human
CGRP-recepiors''™ . For the putative CGRP-] {eg, car-
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diac tissue) and CGRP-2 receplors in rat tissue the affinity
(pKy) of BIBN 4090BS amounts 10 8.5 and 7.1. re-
spectively["’]. In the present study., we investigated the
effects CGRP and BIBN409GBS on myocardial ischemia
provoked by left main coronary artery occlusion followed

by reperfusion in anaesthetised rats,

MATERTALS AND METHODS

Male Wistar rats (Chbb: Thom), weighing 35( —
380 g were used in this study. All experiments were
performed according to institutional guidelines.

Measurement of myocardial infact size One
day fasted rats were anaesthetised with sodium pentobarbi-
tone; induction with 60 mg - kg™' ip and then main-
tainence with an infusion of 30 mg-kg~!+h~! sc in the
abdominal skin through a 23 G needle using a solution of
10 g-L™". The trachea was cannulated and the animals
were artificially ventilated (80 strokes*min ') with room
air supplemented by cxygen. The body temperature was
maintained at 37 T with a heating pad. The right
femoral artery and left jugular vein were cannulated for
the continuous measurement of arterial blood pressure and
intravenous infusion of test agents [ or vehicle; saline).
respectively.  Heart rate was derived from the blood
pressure signal .

A left sided thoracotomy was performed at the level
of the fifth intercostal space.
placed around the left anterior descending coronary artery
Four pieces of

A 5~ 0 silk suture was

approximately 1 — 2 mm from its origin.
number 16 sewing colton were ligated along with the
coronary artery to facilitate reperfusion. The coronary
artery was occluded for a period of 60 min followed by
60 min of reperfusion. Reperfusion was instituted by re-
moving the ligature. Blood pressure and heart rate were
measured continuously throughout the experument. At
the end of the reperfusion period, the heart was removed.
Both atria and the roots of the greal vessels were re-
moved. The entire ventricle was cut from the apex to
base into four wransverse slices and incubated in 2,3, 5-
triphenyltetrazolium chloride (10 mg+mL ™" in phosphate
buffer) for a period of 10 min at 37 C to visualize the
infarct area''™" . Each section was scanned by a colour
image scanner ( Hewlett Packard Scanlet licx, Germany )
and infarct size was determined using the Photoshop 4.0
progranm.

Drug treatment: Test agents saline, CGRP
{1 nmol-kg="'+h" '}, BIBN4OO6BS (20 nmol - kg™ '-

h™'}, and CGRP (1 nmol kg '-h™') + BIBN4WOBES
(20 nmol-kg™' *h™'}  were infused into the jugular
veinat a rate of 3.3 mL-kg™'-h~'. In the first series
of experiments (protocol | }, the infusion of cach com-
pound commenced 100 min before occlusion and wuas
maintained until the end of reperfusion. In the second
series of experiments (protocol |}, the intusion of each
compound commenced from the start of reperfusion and
was maintained until the end of reperfusion. The doses
were selected on the basis of prior testing: infusion of
CGRP (1 nmol*kg™'*h~', for 2 h), induced a 25 %
decrease in blood pressure from 10 min after starting of
infusion until the end of infusion in anesthetized rats.
When CGRP (1 nmol*kg~'-h~'}! and BIBN40OOBS (20
mmol kg™ ' -h™') were infused together, BIBN4OGGBS
reduced the effect of CGRP on blood pressure by 50 % .

Measurement of creatine phosphokinase ac-
tivity In protocol | groups, femoral artery blood samples
were removed before infusion of the test agent, 50 min af-
ter occlusion, and 30 min after reperfusion.  The blood
samples were promplly centrifuged at 14 000 x g, 4+ T,
for 15 min, and the plasma thus obtained was stored at
—80 T umil assay. Creatine phosphokinase {CPK) lev-
¢els were determined by means of a CPK kit.

Measurement of CGRP levels  Animals were di-
vided into three groups. In group |, blood samples were
taken from the right ventricle of the heart after anuesthesia.
In groups |l and [, animals were subjected to 0 min
coronary artery occlusion followed by O min of
reperfusion, and the infusions of saline and CGRP
(1nmol-kg™'-h™') were commenced 10 min before oc-
clusion and were maintained untit the end of repertusion,
respectively . Femoral artery blood samples were removed
before occlusion and 50 min after reperfusion from group |1
animals. Blood samples from the right ventricle of the
heart were removed 50 min after reperfusion from both
group [[ and group [l animals. The blood samples were
promptly centrifuged at 14000 g, -+ T, lor 15 min. and
the plasma was stored at —80 T until assay.

Peptide extraction: Plasma samples were mixed with
a double volume of 0. 1 % trifluorvacetic acid (TFA) (v
v) and centrifuged at 14 000 x g, 4 1C, for 13 min. The
supernatants were pooled and applied on preprimed CI8
Sep-Pak cartridges ( Waters Corporation, Massachusetts,
USA). The Sep-Pak cartridges were washed with 20 mL
0.1 % TFA at a flow rate of 3 mL-min~', and then elut-
ed with 3 mL of 60 % acetonitril {v/v} containing (.1 %
TFA (v/v) at a flow rate of 2 mL+min'. The eiuates
were freeze dried. and stored at —80 T unul radioim-
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munoassay was performed. Recovery was determined by
addition of " [fCGRP 1o plasma prior to extraction, and
was (75.4£1.1) % (n=8).

Radioimmunoassay: A competitive radioimmunoas-
say was used 1o specifically measure rat (r) CGRP con-
cenfrations in plasma extracts. The procedure was ap-
plied according to the instructions of the rICGRP RIA kit.
Plasma extracts were assayed in duplicate using an anti-
body raised against rCGRP. The label (' [-rCGRP)
was added after the samples had been incubated with the
antibody ( rabbit anti-tCGRP) for 1 d.  Subsequent o
another | d incubation, the antibody bound '“*1-1CGRP
was scparated using goat anti-rabbit antibody, and the ra-
dicactivity counted on a gamma counter ( Canberra-
Packard GmbH, Germany). Rat CGRP was used as
standard .

Statistical analysis
expressed as a percentage of the surface of the transection

Myocardial infarct size was

of the ventricles.  All results are expressed as x + 5,.
A=3-6. Comparisons were camried out by means of
analysis of variance { ANOVA) followed by Dunnett’s
test. P <0.05 were considered 1o be significant.

Drugs used The following drugs and analytical
tools were used; h-oCGRP was purchased from Polypep-
tide. Wolfenbiittel, Germany; the 'CGRP RIA kit was
purchased from DRG Instruments GmbH, Marburg. Ger-
many; the CPK kit was purchased from Sigma, Stein-
heim. Germany: BIBNXKG6BS was synthesized by
Boehringer Ingelheim Pharma KG, Biberach an der Riss.
Gemmany. BIBN4(90BS was dissolved in a small vol-
ume (20 pL) HC1 1 mol/L, further diluted with saline,

and then adjusted to pH 6.5 ~ 7.0 by NaOH | mol/L.
Salutions. were diluted 10 final concentrutions with saline

RESULTS

Hemodynamic changes during coronary
artery occlusion and reperfusion in control and in
drug treated rats As shown in Tub 1, occlusion of
the main left coronary artery resulted in a reduction in
mean blood pressue and heart rte, and remaned un-
changed throughout the experiment.  Intravenous infusion
of CGRP {1 amol* kg™ '+h™") hefore occlusion resulied
in a significant decrease in mean blood  pressure
(mmHg), from 110 £ 8 w 82 £ 7. Infusion of
BIBN406BS (20 nmol-kg™"<h~') and CGRP (1 nmol-
ke '-h™') + BIBNAODOBS (20 nmol-kg™'-h~') did
not induce significant changes in mean blood pressure.
However, there was no significant difference between
treated groups and control group after coronary artery
occlusion and reperfusion.

Immunoreactive CGRP levels We observed a
small but significant increase in plasma CGRP level in the
blood sampled from the right ventricle of the heart 5 min
after reperfusion in group I . compared to the basat level
The levels were (133 £ 14}
ng-L~' in ischemic heurts compared to (84 £ 120 ng-
L~"in the controls ( P <0.03). We lound nu increase
in the systemic blood {data not shown}. 1In CGRP

treated animals {1l ), the CGRP level was (798 £ 103)
1

of control animals {Fig 1).
|

ng-L~" in the blood sampled from the rght ventricle of

the heart 50 min afier reperfusion.

Tab1. Hemodynamics in control and drug treatment groups. r=6. x+5,. °P <0.05 vs the control group.
Baseline Afler 5 min Occluslion Repertusion
) drug treatment 3 min I'h 2h
MBP {mmHg)
Control 179 18+ (5] [{F= 0o x5
CGRP {Pre-lsch) o=y 27" T3 GE£5 W15
BIBNAOX: ( Pre-[sch) 116+ 8 H7 9 i 02t [
CGRP + BIBN40% { Pre-lsch) 122+ 9 [BICE b +d oled (IR
CGRP (Pre-Rep) 11248 112 +8 w86 PR RIS
BIBNAOGH ( Pre-Rep) ni+8 F12+8 [ (ISR ol &5
HR ( bpm)
Control 427 £ 22 420 £ 22 32+ 18 1 DS (] RN
CGRP { Pre-Isch) 18+ 23 436 24 ESSEN N 352 x 19 BIFNin
BIBNAOSG ( Pre-Isch) 413+ 24 416+ 25 BE+20 RIEE 3 A0 20
CGRP + BIBNAOSG { Pre-lsch) 425+ 26 429 + 24 3222 T 18 LI REN B
CGRP { Pre-Rep) 12222 422 + 21 I £23 S 20 RINER LY
BIBNA9% { Pre-Rep! 7221 418 +23 321+ 19 312 2 KINIE N
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Fig 1. CGRP levels in the blood samples taken from
the right ventricle of the rat heart. The influence of is-
chemia-reperfusion and CGRP treatment of the animals
jsshown., m=6. xrs. "P<0.05ps saline control.

The release of creatine phosphokinase  Tah 2
illustrates the difference in CPK activity i each group.
Plasma creatine phosphokinase levels wene significamly
elevated 50 min aller occlusion of the comonary arery
This inerease was further enhanced 50 win after the start
of reperfusion. Treatment with CGRP (1 nmol = kg s
b3 oredoced the increwse during the reperfusion period
(P05, Treatiment with BIBNAOOGBS 20 nmol +
kg 'eho b did ot influence plasma creatine phosphoki-
nase activity  compared 0 saline  reatment  controls.
However, BIBNAOMGBS significantly amenaed the effect
of CGRP on CPK activity ( P <0051,

Myocardial infarct size Occlusion ol the lelt
anterior descending coronary anery for a period of 60 min
followed by (0 min of reperfusion resulted in substantial
In & group of contr! fals o
clusion and reperfusion produced an infarct amounting 1o

injury to the myocandium

(3241 % of the area of vemiricles (Fig 2],
Fig 1 shows the infiret size expressed as o percent-

é¢

Scanning graphs of the infarct area | surface of

Fig 2.
each slice) .

15
-
10 "

57 '!_'l'_|

CGRP

Infarct sbre e of ventricle

Contral BN A0SR S L&

Fig 3. The effects of CGRP (1 nmael - kg™' - h"'),
BIBNADGES {20 nmol-kg~'=h "1, and CGRP {1 nmal-
kg '+h ') + BIBNAISGBS 120 mmol kg ' ch ') on in-
faret size, exprossed as a percentage of the surface of
both venwicles. nm=6. x2 5. "P<0.05 vs with
saline control. P <0.05 s the group receiving CGRP
alone.,

age of both veniricles afier reatment with saline and test
apents, respectively.  The infusion was stated 10 min
befone ligmion of the coronary arery and continued  until

Tali 2. The effects of CGRP (1 nmel-kg™'~h" '}, BIBN4OIGBS (20 nmol-kg™' *h~'), and CGRP (1 nmol-kg '+h™') +
BIBNADOGBS (20 nmol-kg™"*h~'} on creatine phosphokinase levels (UsmL "'} in the blood of anacsthetized mis,  The
lefi descending covonary artery was occluded for a 60-min period followed hy 60 min of reperfusion and femorl netery
blood samples were taken 5 min before compound infusions, 50 min after occlusion, and 50 min after reperfusion, e

spectively, n=5-6. xs=s. "P<0.05 vs saline control group.

vs the base level (before occlusion] .

*P<().05 vs the CGRP treatment group. P <0.05

Saline CCGRP BIBN-HFGBS CORP + BIBNUrnBS
Befor oy lrdin 38213 3007 T2 i
0 i after occlusan 1.5+ 00" 13020 b (TS 129 047
S men after reperfusion [ELES {3 e 5 2425 ks 15
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the end of reperfusion. Treatment with CGRP {1 nmol*
kg™'-h7') reduced the infarct size by 89 % x5 %,
The reduction in infarct size by CGRP was coun-
teracted by BIBN4(KOBS. However. (reatment with
BIBN4(96BS alone {20 nmol-kg™'+h~') had no statisti-
cally significant effect on myocardial infarct size.

Fig 4 shows the infarct size after trearment with
saline, CGRP {1 nmol-kg™'-h~'), and BIBN4096BS
(20 nmol - kg~' -h~'), respectively, when the com-
pounds were infused at the start of the reperfusion and
maintained until the end of reperfusion. CGRP reduced
the infarct size by (40+3) %. BIBN409GBS showed
no influence on the infarct size compared to contro]
group.

40

35 9 T T

30 7
257

20 1 L

151

101

Infaret size/% of ventricle

5 1

0

Cantrel CGRP BIBN4096BS

Fig 4. The effects of infusion of CGRP {1 nmol-kg™'*
h~') and BIBN4096BS {20 nmol-kg~'-h~!) from the
start of reperfusion and maintained untl the end of
reperfusion on infarct size, expressed as a percentage
of the surface of both ventricles. n=6. xzts,. "P<
0.05 vs with saline control.

DISCUSSION

Early reperfusion of an occluded coronary artery is a
well known and effective means of reducing ischemia-
induced myocardial damage!"®=*'_ However, reperfu-
sion has been shown to cause significant cardiac injury by
itself ¥, In the present study. occlusion of the left
anterior descending coronary artery for a period of 60 min
followed by 60 min of reperfusion resulted in substantial
injury (o the myocardium. In a group of contro] rats,
occlusion and reperfusion produced an infarct of {33 =
4) % of the venrricle. In accordance with litera-
ture % | 4 progressive rise in the CPK release during
reperfusion, resulting from myocardial reperfusion injury,
was observed.

In order to investigate the cardioprotective effect of

CGRF in anaesthetized rats subjected w0 coronary arery
occlusion followed by reperfusion, two different experi-
mental protocols were used.  When the infusion was
started 10 min before ligation of the coronary artery until
the end of reperfusion. CCRP (1 amol-kg™'*h~') re-
duced the infarcl size by (89 £ 52 % compared to con-
trols.  The same dose of CGRP reduced the infarct size
by (40 £ 3} % while the infusion commenced from the
start of reperfusion until the end of meperfusion. CGRP
did not alter CPK levels during ivchemia but there was a
marked decrease in CPK release during reperfusion.
These findings indicate that post-ischemia tissue damage
induced by reperfusion can be markedly atienuated by
CGRP. CGRP appears to maximize the myocardial sal-
vage achieved by reperfusion and may hence preserve
ventricular function.  In both protocols, infusion of
BIBN4(O6BS (20 nmol*kg~'-h~'), o novel CGRP an-
tagonist. did not signigicantly influence myocardial infarct
size and CPK activity by itself. However, BIBN4OOGBS
(20 nmol « kg=' < h™') significantly antagonized the
effects of CGRP on cardioprotection as well as on CPK
activity.

In patients with congestive heart faifure or myocar-
dial infarction. an almost two fold increase of endogenous
levels of CGRP level has been observed ™' .
likely that circulating CGRP acts primarily as o vasodila-

1t seems

tor arel it may thus play a role in the regulation of sys-
temic blood pressure and regional organ blood flow.
Since CGRP is stored in the peripheral terminal of sensory
nerves, it can be speculated that when the fissue 15 sub-
jected to ischemia or during the excitation of sensory
nerves, CGRP might be released by an axon reflex mech-
anism, thus increasing local blood CGRP-
immunoreactive nerves are abundantly present around the
coronary artery. and CGRP exerts extremely potent coro-
nary vasodilator activity. Therefore, the regulation of
coronary blood flow by endogenous CGRP can be imag-
ined. We observed an almost 3} % increase in plasma
CGRP levels in blood from the right venincle of the
hearts 50 min afier reperfusion compared to the basal lev-
. However. no increase was observed in systemic
blood samples. BIBNAOYGBS did not significantly in-
crease in infarct size which is somewhat in contrast o a
study by Kallner ef al™) | showing that capsaicin pre-
treatment augmented myocardial infarction.  This could
be explained by the fact that receptor antagonism is a
more specific way to block CGRP mediated effects than
depleting neuropeptides from sensory nerves through cap-
saicin treatmeni. Alternatively, it can be imagined that

How .
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the release of endogenous CGRP in the experimental set-
ing used is insufficient to produce effective cardioprotec-
tion.  Only high plasma levels CGRP may cause cardio-
protection. In the rats thal were treated with CGRP
i1 nmol-kg "*h™" )., the CGRP levels were about 10
fold higher than the basal level of the control group when
blood was sampled from the right ventricle.

Although it has recentty been shown that CGRP
might be involved in ischemia preconditioning[?” . the
exact mechanism and role for CGRP release under patho-
physiological condition is not ver fully undersiood. Tt
has been proposed that CGRP is not released during the
acute phase of myocardial infarction or anginal pain in
human but could be considered as an inflammatory reac-
tion rather than a response to ischemial2’'.

Nevertheless, the present investigation demonstrates
a cardioprotective effect of CGRP in anaesthetized rats
which were subjected to coronary artery occlusion fol-
lowed by repertusion.  Accordingly. these results support
the hypothesis that CGRP is a very potent myocardial pro-
tective substance. However, the endogenous release of
CGRP under experimental tschemia conditions used in this
study was not sufficient to produce effective cardioprotec-
tion.
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