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Mediation of calcitonin gene-related peptide in protection of

ischemic preconditioning in rat hindlimbs'
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. AIM: To study modulation of calcitonin gene-
related peptide (CGRP) in the protective effect
of ischemic preconditioning on endothelial cells.
. METHODS: Rat hindlmbs were subjected to

ischemia for 2 h, and endothelium-dependent
vasorelaxation to acetylcholine ( ACh ) was
examined in rat hindlimbs.  RESULTS: Two
hours of ischemia elicited no effect on
| vasoconstrictor responses to norepinephrine, but
- markedly impaired vasodilator responses to ACh.
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Ischemic preconditioning induced by 5-min aortic
occlusion and 10-min blood reperfusion prevented
the impairment of vasorelaxation to ACh due to
long-term ischemia. The protection of ischemic
preconditioning was abolished by repeated
pretreatments with capsaicin to deplete CGRP.
Acute application of capsaicin to evoke CGRP
release or CGRP caused an ‘ischemic precondi-
tioning-like protection. CONCLUSION: Cap-
saicin-sensitive sensory nerves are involved in the
protective effect of ischemic preconditioning on
endothelial cells in the rat hindlimbs, and CGRP
can mimic the protective effect of ischemic
preconditioning in blood vessels.

Ischemic preconditioning showed protection
on not only the ischemic myocardium, but also
endothelial cells. It was postulated the cardio-
protection of ischemic preconditioning might be
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secondary to the protection of endothelial
cells!").  Endogenous chemical mediators were
suggested to play a pivotal role in the mediation
of ischemic precondition.ing[zj. Our studies
showed that calcitonin gene-related peptide
(CGRP), a principal transmitter in capsaicin-
sensitive sensory nerves, was involved in the
protection of ischemic preconditioning in the rat
hearts®® . -

According to the presence of capsaicin-
sensitive sensory nerves in vascular tissues and
the protective effects of exogenous CGRP on
endothelial cells’ , the present study examined
whether the protective effect of ischemic

preconditioning on endothelial cells was mediated
by endogenous CGRP in rat hindlimbs.

MATERIALS AND METHODS

Reagents Phenylephrine, acetylcholine
(ACh), norepinephrine, CGRP, and capsaicin
were obtained from Sigma. All drugs were
dissolved in Krebs’ solution, except that capsaicin
was dissolved in a vehicle containing 10 % Tween
80, 10 % ethanol, and 80 % saline.

Perfusion of rat hindlimbs  Sprague-
Dawley rats (8, n =47, 220+ s 24 g) were
anesthetized with ip sodium pentobarbital 30 mg*
kg~!. The abdominal aorta was quickly
cannulated adjacent to the iliac bifurcation and

‘the vena cava was sectioned to permit the
perfusate to escape as previously described™’ .
The hindlimbs were perfused with Krebs® solution
(37 C, saturated with 95 % O, + 5 % CO).
The perfusion pressure was recorded by a
pressure transducer and physiologic recorder.
After perfusion with Krebs’ solution in hindlimbs
was commenced, the rat was killed by an
intracardiac injection of KCl 4 mol-L~!.

Experimental protocols  Phenylephrine
was administered by switching the perfusion
solution to solution containing drug at the
concentration indicated. For measurement of
vasoconstrictor or vasodilator responses to
norepinephrine and ACh respectively, boluses
doses (100 pL) of them were given. Vasodilator
responses to ACh were examined in the presence
of phenylephrine. In the ischemic group, the
hindlimbs were subjected to 2-h - ischemia
followed by reperfusion with Krebs’ solution. In

the preconditioned group, the hindlimbs were

subjected to a single preconditioning episode «
min aortic occlusion and 10-min blood reperft
before long-term ischemia.

In the case of CGRP-induced preco
tioning, rats were treated with iv CGRP 8
kg™' 10 min before long-term ischemia. For
studies on the mediation of endogenous CGR
ischemic preconditioning, rats were treated
capsaicin by sc injection. For acute applice
of capsaicin to protect endothelial cells, the
were treated with a single dose of capsaicin 5(
kg™' 3 h before beginning of each experim
and then the hindlimbs were subjected to
ischemia before examining vasorelaxation to A
For repeated administration of capsaicin
deplete neurotransmitters in sensory nerves,
received capsaicin 50 mg * kg™! followed b
second injection of 50 mg-kg™' 24 h later.
rule out a direct effect of capsaicin on endothe
cells, after repeated capsaicin injection for 4
the animals were again injected with capsaicir
mg* k%'l 3 h before beginning of each exp
ment'®, and then the hindlimbs were subje
to a brief episode of preconditioning before I
term ischemia.

Control rats were injected with veh
alone.

Statistics  All values were expressed
% + s and analyzed with ANOVA.

RESULTS

Effects of ischemic or CGRP-indu
preconditioning Basal perfusion pres:
during perfusion with Krebs’ solution at
constant rate of 12 mL-min~! in rat hindli
was (4.0+0.5) kPa. Norepinephrine (6 -
pmol *L™') evoked a concentration-depend
vasoconstriction, and the effects were
influenced by long-term ischemia (Tab 1).

Tab 1. Vasoconstrictor responses 0 norepinephrine
{increase in pressure/kPa). n =6 rats.
Norepinephrine/pmol - 1. Control Ischemis
6 0.4+0.1 0.4£0.1
18 1.0+0.1 1.0x0.1
60 1.3£0.3 1.310.1
180 2.1£0.3 2.0£0.2
600 5.3x1.0 5.2x1.1
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Phenylephrine (5-30 pmol*L™!) was
added to increase vascular tone. The active
tension generated was (9.7 +1.2), (10.0 %
1.2), (10.7+1.9), and (8.7+0.9) kPa for
control, ischemia, preconditioning, and CGRP
respectively.  Under these conditions, ACh
(0.04 — 4.00 pmol - L™!) caused a concentra-
tion-dependent vasorelaxation. Vasodilator res-
ponses to ACh in the rats subjected to 2-h
ischemia were decreased. However, ischemic
preconditioning induced by 5-min ischemia and
10-min reperfusion with blood markedly reduced
the inhibition of vasodilator responses to ACh by
long-term ischemia. A similar protection was
observed in the rats pretreated with CGRP
(Tab 2).

Effects of capsaicin  Pretreatment with
capsaicin 3 h before experiment reduced the
inhibition of vasodilator responses to ACh by
ischemia in the rat hindlimbs (Tab 2).

After repeated pretreatments with capsaicin
to deplete CGRP, the protective effect of
ischemic preconditioning on endothelial function
was abolished, as shown by the reappearance of
inhibition of vasodilator responses to ACh by
ischemia (Tab 2).

DISCUSSION

The present results confirmed previous
observations that ischemic preconditioning
improved the impairment of vasodilator responses
to ACh due to ischemia in the rat hindlimbs'’ .
A similar protection had also been seen in
coronary arteries and the cultured endothelial
cells. It was suggested that the protection of
ischemic preconditioning was mediated by

Tab 2. Vasodilator responses to acetylcholine ( relaxation % ).
mol-L-'). Cap-R: repeated treatment with capsaicin.

stimulation of endogenous chemical mediator
release 1" .

CGRP is widely distributed in cardiovascular
tissues, and myocardial ischemia, even a brief
ischemic period of 5 min, causes a significant
increase in the release of CGRP in guinea pig
hearts’®. CGRP possessed a beneficial effect
on the myocardium and endothelial cells®* .
Our previous investigations showed that the
cardioprotection of ischemic preconditioning was
mediated by endogenous CGRP in the rat
heart®). Results of the present study revealed
that acute application of capsaicin induced an
ischemic preconditioning-like protection, while
repeated pretreatments with capsaicin abolished
the protection of ischemic preconditioning in rat
hindlimbs,  suggesting that CGRP  also
participates in the mediation of . ischemic
preconditioning in blood vessels. Recently, we
also found that acute application of capsaicin to
stimulation of CGRP release from sensory nerves
attenuated endothelial cell damages elicited by
lysophosphatidylcholine  ( LPC YUOT ' These
studies suggest that CGRP may be an endogenous
cardiovascular protective substance .

The protective effects of pharmacological

preconditioning on the myocardium and
endothelial cells have been documented'’’. Our
recent studies showed that CGRP-induced
preconditioning  protected  the  ischemic

myocardium, and pretreatment with CGRP also
reduced the attennated endothelium-depedent
vasorelaxation by LPCI'"), In the present study,
pretreatment with CGRP also improved the

impaimment of vasodilator responses to ACh by
ischemia in the rat hindlimbs . These results

Rat hindlimbs were precontracted with phenylephrine (5 - 30

n =35 rats.

P<0.01 vs control. TP <0.01 vs ischemia. 'P <0.01 vs preconditioning. 'P <0.01 vs vehidle.

Acetylcholine/pmmol - L~}

0.04 0.12 0.4 1.2 4
ontrol 13.0x1.1 18.0+1.6 28.0+1.7 38.0£3.0 44.0+2.4
wchemig 9.0+0.4° 11.0£2.7° 15.0+3.4° 19.0+2.0° 25.0+3.4°

+ Vehicle 9.0+0.1° 13.0£1.2° 18.0+1.5° 2%4.0£1.7 31.0+2.5°
+ Preconditioning (PC) 14.0+1.4 19.0+1.7° 25.0+2.4 33.0+2.9 41.012.3
+PC + Cap-R 9.0+1.3 13.0+1.3f 18.0+ 1.4 25.0+2.6 29.0+2.6
+ Capsaicin 13.0x1.1 20.0+1.0 27.0+£3.0" 30.0+3.2" 38.0+2.8
+ CGRP 12.0£2.0f 19.0+1.0° 27.0+1.5 39.0£2.7

34.022.3
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suggest that CGRP, endogenous or exogenous,
can protect against endothelial cell damages due
to a variety of harmful factors.

In conclusion, the present study suggests
that (1) capsaicin-sensitive sensory nerves are
involved in the protection of ischemic
preconditioning in rat hindlimbs; and (2) CGRP
can mimic the protective effect of ischemic
preconditioning in blood vessels.
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Corrigendum
Acta Pharmacologica Sinica 1998 May; 19 (3): 269. The chemical structure of artemisinin should be




