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Cardioprotective effect of bradykinin-induced preconditioning
mediated by calcitonin gene-related peptide in isolated rat heart!
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ABSTRACT

AIM; To study the mediation of calcitonin gene-
related peptide (CGRP) in the cardioprotective
effect of bradykinin-induced preconditioning in
heart. METHODS: The isolated rat hearts
were perfused in a Langendorff mode. The
cardiac function and creatine kinase (CK) were
RESULTS: Pretreatment with

bradykinin for 5 min caused an improvement of

measured .

heart function and a decrease of CK release
during reperfusion | CK was (0.18 + 0.06),
(1.07+0.14), and (0.37£0.15) Usmin~'-
g~ '7(wet wt) for control, ischemia-reperfusion,
and bradykinin, respectively, P < 0.01], and
the effect of bradykinin was abolished in the
presence of icatibant acetate { HoeldQ 1 rmol *
L") or CGRPgy (0.1 pamol*L™") [ CK was
(0.37+0.15), (1.01 £0.23), and (1.07 +
0.23) Uemin~"* g™ ' (wet wt} for bradykinin.
Hoeld), and CGRPg;x, respectively, P <
0.01 |.  Pretreatment with capsaicin also
abolished the protection of bradykinin [ CK was
(0.30+0.04) and (1.14 £0.12) U+ min~'-
g ' (wet wt} for vehicle and -capsaicin,
respectively, P < 0.01]. CONCLUSION;
The cardioprotective effect of bradykinin-induced
preconditioming was related to stimulation of
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CGRP release in the rat.

INTRODUCTION

Endogenous bradykinin might be involved in
the mediation of ischemic preconditioning, and
could mimic the
cardioprotection of ischemic preconditioning*?),
Our recent work showed that.the calcitonin gene-
related peptide { CGRP) played an important role

exogenous  bradykinin

in the mediation of ischemic preconditioning in
the rat'>* .
Bradykinin stimulated CGRP release from

cardiac sensory nerves'™

The present study
was to examine whether the cardioprotective effect
of bradykinin-induced preconditioning  was

mediated by endogenous CGRP in the heart.

MATERIALS AND METHODS

Reagents CGRPg3;. capsaicin, brady-
kinin, and icatibant acetate ( Hoeld0) were
purchased from Sigma. All drugs were dissolved
in Krebs-Henseleit (K-H) buffer solution, except
capsaicin was dissolved in a vehicle containing
10 % Tween 80, 10 % ethanol, and B0 %
saline. The creatine kinase {(CK) assay kit was
obtained from Baoding Chemical Co.

Isolated heart preparation Sprague-
Dawley rats (Laboratory Animal Center, Hu-nan
Medical University, Grade [l , Certificate No 20-
011) (t, n =46, 245 g+ s 25 g) were
anesthetized with ether. The hearts were excised
and perfused under 9.8 kPa with gassed (95 %
Ox and 5 9% CO,) K-H buffer solution (37 C,
pH 7.4}, according to the modified Langendorff
procedure'® . The K-H buffer solution had the
following composition ( mmol - L~' ). NaCl
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119.0; NaHCO; 25.5; KCI 4.3: KH,PO, 1.2,
MgS0, 1.2; CaCl, 2.5; and glucese 11.0.

A waler-filled lalex balloon was inserted in
left veniricle and connected 1o a polyphysiclogic
recorder for examination of the left ventricular
pressure { LVP)} and ils first derivative (LY dp/
Aty ). An epicardial electrocardiogram record-
ing ( ECG ) throughout the experiment was
analyzed for heart rate {(HR). Coronary flow
{CF) was measured by timed collection of
coronary effluent.

Creatine kinase measurement Samples
of coronary effluent after 5 min of reperfusion
were collected for measurement of CK release 1o
monitor myocardial injury. CK activity was
assayed by spectrophoiometry.

Experimental protocols The hearts were
equilibrated for 10-30 min before each
experiment. In the control group. the heart was
perfused with K-H buffer solution throughout the
experiment. In the ischemia-reperfusion group,
the heart was subjected 1o 30 min of global
ischemia and 30 min of reperfusion. In the
preconditioned group, the heart was exposed to 3
cvcles of 5 min of ischemia and 5 min of
reperfusion before long-lerm ischemia. In the
bradykinin-induced preconditioning group, the
heart was exposed 10 bradykinin (0.5 pmol-L™")
for 5 min. and then washed out for 5 min with
bradykinin-free K-H buffer before long-term
ischemia. For the studies on the effect of
Hoel40 or CGRPg 3 on the prolective effect of
bradykinin, the hearts were pretreated with
Hoel40 (1 pmol*L™!) or CGRPy4; (0.1 pmol-
L™1) for 5 min, and then exposed to bradykinin
(0.5 pumol- L™1) in the presence of Hoel4( or
CGRPyz; for 5 min.
the hearts were treated with capsaicin (50 mg*
kg™ ') by sc injection 4 d before experiments.
In the vehicle-treated group, the rats
injected with vehicle 4 d before experiments.

Statistics Data were expressed as % + 5.

In the case of capsaicin,

were

Statistical analyses were performed using ANOVA
and the Newman-Keuls tests.

RESULTS

In the control group, continucusly perfused
rat hearts were observed for 100 min. There
were no changes in CF, HR, LVP, and LV dp/
df,e. Thirty minutes of global 1schemia and 30
min of reperfusion caused a decrease in cardiac
functions (CF, HR, LVP, and LV dp/dty, )
(Tab 1).

Reperfusion after 30 min of ischemia also
increased the release of CK (Tab 2) .

Ischemic precondilioning induced by 3
cycles of 5-min ischemia and 5-min reperfusion
improved the recovery of heart function, as shown
in enhancement of CF, HR, LVP, and LV dp/
d?pmax - and reduction of CK release (Tab 1, 2).

Pretreaiment with bradykinin (0.3 pmol *
L1 for 5 min also cansed an improvement of
cardiac functions (CF. HR, LVP. and LV dp/
dt . ) and a decrease in the release of CK during
reperfusion, and the protective effects of
bradykinin were abolished by Hoel40 (1 pmol -
L—]) ar CGRP3,37 (U 1 !J.II]O]'L- ]) .

Pretreatment with capsaicin 1o deplete
transmillers in sensory nerves abolished the
prolective  effect  of  preconditioning  with
bradykinin.  Vehicle treatment alone had no
effect on the cardioprotective effect of bradvkinin
(Tab 1, Tab 2).

DISCUSSION

There was considerable evidence to suggest
that endogenous myocardial protective substances
might play a central mle in ischemic
precondilioningm. Our previous studies showed
thal in the isolaied rat heart, the protective effect
of ischemic preconditioning against ischemia-
reperfusion injury was abolished by the CGRP
receptor antagonist CGRP3_37[3]. Pretreatment
with capsaicin, which evoked CGRP release from

sensory nerves, could mimic the protective effect
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Tab 1.

Effect of bradykinin on cardiac functions in isolated rat hearts.

P >0.05, 'P <0.01 vs ischemia-reperfusion. EP >0.05, 'P <0.01 ys + bradykinin.

iP>0.05, 'P <0.01 vs + vehicle + bradykinin.

iP5 0.05, °P <0.01 vs control.

. . Reperfusionmin
n Preischemia 5 10 2 10
Crronary flow/mL*min™’
Control 7 10.321.0 10.220.9 10.2+0.5 10.1£0.7 9.9+0.7
Ischemia-reperfusion 7 W0.6x1.2¢ 5.7+1.6 6.3+1.1° 6.3+0.9 6.2+0.8
+ Preconditinning 6 10.4+1.0¢ 9.7+1.6 10.3¢1.4 10.1£1.3 5.9+1.2
+ Bradykinin ( BK) 5 0.7+ 2.0¢ 9.9x2.0f 10.0+1.9 10.5+2.00 10.3£2.2
+ Hoel40 + BE 5 10.821.1% 5.3z0.6 5.9+0.% 6.1+0.¥ 5.9+0.4
+ CGRPyy + BK 5 10,3+0.9 6,422 6.6+1.6 §.4:1.1 6.2+0.9
+ Vehicle + BK 5 9.6+0, 3% 8.8x1.0¢ 9.6+0.7 9.8 +0, 58 9.7+ 0.3
+ Capsaiemn + BK 6 9.820.5 1.320.4 4.5+0.4 4.8+0.4 4.8+0.6
Lefi ventricular pressure/'kPa
Controt 7 11.620.7 11.3£0.4 11.3£0.4 11.1+0.7 1.3£0.7
Ischemia-reperfusion 7 H.0£0.7 3.0:0.7° 4.1+0.8" 5.5£0.7 6.0£0.5
+ Preconditioning 6 11,320, 7 8§.9+1.2 10.1£1.1 11.0£1.1f 1711
+ Bradylarmn (BK) 5 H.4£1.1" 8.1x2.2 9.1+2.00 9.8+1.7 2.5+1.2
+ Hoel40 + BK 5 1.0z1.08 36209 1.6£0.7 4.8+0.5 5.3:£0.6
+ CGRPyy; + BK 3 11.5£0.5 3813 5.2£1.7 59+1.9 6.2+£1.2
+ Yehicle + BK 5 11.820.8% 6.7+ 0.8 9.3+1.68 10,4+ 1,5F 0.6+ 1.7
+ Capsaicin + BK 6 H.6+1.0 3.0:0.4 3311 4.6+1.4 48+1.3
Leh ventricle dp/de g, (kPa -+~ 1)
Control 7 30830 2001+ 22 300+ 29 205+ 27 205 + 29
Ischemia-reperfusion 7 318+ 27 53047 86+ 30° 134 £ 24 161 £ 24
+ Preconditioning 6 297 + 134 12+ 42 215 £ 32 251+ 19' 262 + 34
+ Bradvykinin ( BK) 5 205 + 354 172+ 56 198 + 37' 229 1 48 238 + 42
+ Hoeld0 + BK 5 289 + 10% 70+ 8 85+ 10 90+ 18' 123 £24'
+ CGRPy 3 + BK 5 208 + 195 S8 + 43 99 + 45' 157 + 21 158 + 26'
+ Vehirle + BK 3 288 + 25% 158 + 30¢ 238 4+ J4¥ 254 + 43% 247 £ 47¢
+ Capsaicin + BK 6 278+ 210 36+ 15 78+ 30 86 + 41! 101 £ 54!
Heart ratesbeat® min~"

Control 7 W06+ 4 M5 5 3015 Bt 5
lschemia-reperfusion 7 206 + 2 157+ 5° 183 + 4° 202" We+2°
+ Precomditioning 6 30+ 4 263+ 7 284 £ 4 28415 287 £ 4

+ Bradykinin [BK) 5 04 ¥ 239 +1Y 258 + 10 260 + 9' 269 +9°
+ Hoel40 + BK 5 W20 1286 190 + 10 195 + 12/ W5+ 1Y
+ CCRPy 57 + B 5 326 155 £ 21’ 192+ 11 269 07+ 4"
+ Vehicle + BK 5 316+ HME 231 £ 23¢ 23023 242 + 168 238 & 10¢
+ Capsaicin + BK 6 296 £ 11’ 171 £ 24! 191 £ 13/ 195 £ 13 194+ 7

of ischemic preconditioning in the rat heart!*®), conditioning was abolished' ' .  These findings

and that exogenous CGRP could substitute for
ischemic preconditioning and prevent myocardial
mjury due to ischema-reperfusion, endothelin-1
Recently, other
investigators reported that in the rat pretreated
with capsaicin to destroy sensory nerves, the

or oxygen free radicals:*#10

cardioprotective effect of pacing-induced pre-

suggested that CGRP might be a key mediator in
the protective effect of ischemic preconditioning
in the rat heart.

Interactions of peptides with autacoids,
including bradykinin, shown
prejunctionally!™ . There was also evidence to
suggest that bradykinin evoked CGRP release

were o ocecur
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Tab 2. Effect of bradykinin (BK) on release of  suggested that the cardioprotective effect of
creatine kinase during reperfusion. x 5. bradykinin-induced preconditioning was related to
‘£<0.01 vs control. 'P<0.01 s ischemia-  ilation of CGRP release in the rat.
reperfusion. P >0.05, 'P <{0.1 »s +BK.

'P <0.01 vs + Vehicle + BK.
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