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Brief Review
Roles of kappa opioid receptors in cardioprotection againg ischemia
— the signaling mechanisms

Tak Ming WON G® , Song WU
Department of Physiology, The University of Hong Kong, 4/ F, Laboratory Block, Faculty of Medicine Building, 21
Sassoon Road, Hong Kong SAR, China

Abgract :  Thereisevidence that the myocytesproduce dynorphin and dynorphirdike peptides, which are kegppaopioid re2
ceptor K20R) agonists. Activation ofk 20R , a dominant opioid receptor in the heart , atersthe cardiac function in vivo and
in vitro. The observations suggest that the endogenousk Zopioid peptides may act as autocrines or paracrine in regulation of
cardiac functions. Myocardia ischemia is a common cause of heart disorders, which is manifested in decreased nyocardid
performance, arrhythmia and infarct. When myocardia ischemia occurs, the sympathetic discharge increases, which in turn
increases the workAoad and oxygen consumption. This exacerbates the stuation induced by ischemia. Oneof the mechanisms
with which the body protects againg ischemiz?nduced injury/ arrhythmia is inhibition of stimulation of B 2adrenoceptor (32
AR) , the receptor mediating the actionsof sympathetic stimulation. K 20pioidsinhibit theB2AR activation. The inhibition of
theB2AR activation is due to inhibition of G&protein and to alesser extent the adenylyl cyclase of the dgnaling pathway me2
diatingB2AR stimulation by a pertussis sendtive Gprotein that mediatesk 20R activation. Another mechanism against i2
chemiaZ nduced injury ispreconditioning, which is defined asprior exposures to ischemiaor other insults make the heart more
tolerant to subsequent and more severe insults. Protection occursimmediately or 1 - 3 days ater preconditioning. K20R me2
diates protection of preconditioning with ischemia or metabolic inhibition, one of the consgjuences of ischemia, in the heart.
Activation ofK 20R by U50488H , a selectivek 20R agonist (pharmacologica preconditioning with U50488H , UP) , activates
protein kinase C (PKC) , opens Katpchannds and increases the production of heat shock proteins. Blockade of PKC, or clo®
ing of the Katp channesor inhibition of the synthess of the heat shock protein abolishes the cardioprotection of UP. The
findings indicate the important rolesof PKC, the Katpchanndsand the heat shock proteinin cardioprotection of UP. In ad?
dition, UP ado attenuates the C&* overload , a precipitating cause of cardiac irjury , induced by ischemic insults, indicating
that UP may confer cardioprotection via at least partly attenuating the C&#* overload. Most interestingly , blockade of the
Katp channds with channd blockers, that abolishes the delayed cardioprotection of UP, ad< attenuates the inhibitory effect
of UPon C&* overload , suggesting that the cardioprotective effect of opening of the Katpchannes may be due at least partly
to the prevention/ attenuation of C&* overload.
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Receptor hinding studies showed that kgppadpioid
receptor K20R) is a predominant opioid receptor in
the heart!*?!. Functiona studiesa showed that a2
tivation of K20R with its sdlective agonists triggers
cardiac reponses, which is blocked by selectivek 20R

[3-8]1  The observations indicate

antagonists in vitro
thatk 20R may play an important role in the regulation
of cardiac function. The presence of dynorphin and
dynorphin2ike peptides, which are sslectivek 20R ag2
onists, in the heart!”! | and the expression of the mR2
NA of the precursor prodynorphin of these peptidesin
the cultured myocytes®! indicate that the K 2opioid
peptides are syntheszed in the heart. The findings
suggest that the opioid peptides may play an important
role in the regulation of cardiac f unctions as autocrines
and/ or paracrines via thek 20R.

Myocardia ischemia leads to anoxia/ hypoxia, hy2
perkalaemia, acidoss and metabolic inhibition, which
in turn triggers inflammatory responses and initiates
gpoptoss. Myocardia ischemia is a common cause of
coronary heart diseases, which is manifested by de?
creased myocardia performance, arrhythmia and my2
ocardia infarct. When myocardia ischemia occurs,
the sympathetic activity isincreased , a reponse to i2
chemignduced stress. Increased sympathetic activity
increases the beating rate and oontractility of the
heart , which increases the work2oad and oxygen con2
sumption. An increase in oxygen consumption at a
time when oxygen supply is insufficient exacerbates
the damage induced by ischemia. There are mecha2
nismsin the body that counteract the detrimenta &2
fectsof myocardia ischemia. Of these mechanismsone
is inhibition of the sympathetic activity and another
cardioprotection of ischemic preconditioning. There is
evidence that thek Zopioid peptides and their receptors

areinvolved in both mechanisms. Inthisarticle we re?

view the evidence demonstrating the roles of thek?2
OR, and the sgnaing mechanisms.

Inhibition of sympathetic simulation

When an electrical stimulation is gpplied to a my2
ocyte, like the arrivd of an action potentid , the sar2
colemma membrane is depolarized, which leads to
opening of the voltage gated L2type Ca’* channd ,
that alows influx of extracellular C&* into the my2
ocyte. Theentry of Ca®* triggers a massve release of
ca’* from the sarcoplasmic reticulum (SR) , the in2
tracellular Ca2* store, via a Ca’*2nduced2Ca’* 2re2
lease mechanism; the sudden increase in intracelular
ca?* ([ca®* ]i) triggers contraction. The release of
Ca’* from SR and contraction is enhanced by stimula2
tion of theB2drenoceptor B2AR) . The whole sequence
of events could be demonstrated in a dngle islated
ventricular myocyte in laboratory conditions®!. In ad2
dition it could be demonstrated that shortening of the
myocyte in reponse to electrical stimulation ispreced?
ed by a [Ca2+ ]Ji trangent , which is enhanced by nore2
pinephrine (NE) , an efect abolished by blockade of B2
AR with its antagonist , propranolol!®!,

In keeping with the well established fact that the
efect of B2ZAR gtimulation is mediated via the GsJpro2
tein adenylyl cyclase (AC) pathway!™® |, we do
demonstrated that B2AR simulation increases the
CAMP accumulation in the rat ventricular my2
ocyte!™!. When N E was administered together with a
K 2opioid receptor K 20R) agonist , US0488H , at 10”8
- 10" ® mol/ L , a concentration range which itsdf has
no efect , the simulatory efectsof NE on dectricaly
simulated [ Ca " ]; transent'® and cAMP accumula2
tion!™! were sgnificantly reduced. The inhibitory 2
fect of U50488H was abolished by blockade of K 20R
with a sdlectivek 20R antagonist , norBNI1° . The
observation indicates thatB2A R stimulation isinhibited
byK 20R gtimulation, crostak betweenB2AR andk 2
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OR (Figll). A dmilar cros2talk betweenB2AR and
K20Rin rat heart has o been observed! > **! |t was
a9 shown that U50488H inhibited the effect of acti2
vation of G&rotein with cholera toxint**. In addi2
tion, U50488H inhibited dightly , but dgnificantly ,
the effect of activation of AC with forskolin'®!. The
observationsindicate that the crostak results mainly
from inhibition of the G&protein and to alesser extent
is d due to inhibition of AC. The cros2tak was
abolished by pertusss toxin (PTX) ! an agent
known to inhibit the inhibitory Gproteins. The find2
ing indicates that the inhibition of Gsprotein and AC
resultsfrom activation of a PTX2%ndtive Gprotein,
known to mediate the action ofK 20R stimulation!®!.
There is evidence suggesting that during myocardial
ischemia thereisan increased release of opioid peptides
from the heart’®. S we hypothesized that during
myocardial ischemia the opioid peptide released may
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inhibit the efects of increased sympathetic activity,
thus attenuating cardiac arrhythmia. To test the hy2
potheds, we induced arrhythmias with NE in the i2
lated rat heart perfused with a low flow , a Stuation,
which mimics myocardial ischemia. We found that
U50488H at 10 ° mol/L , which itself had no effect
on cardiac rhythm , abolished the arrhythmias induced
by NEI*. The effectsof U50488H were abolished by
nordBN 1. The finding demonstrates that activation of

K2R protects the heart against ischemiaZnduced ar2

rhythmias It is of interes to note that K20R ago?2
nists, U50488H or dynorphin at concentrations higher
than 10" ® mol/ L induces cardiac arrhythmias®!. It is
therefore likely that during myocardid ischemia there
isan increased release of thek Zopioid peptides. These
peptides may inhibit theB2AR , thus reducing arrhyth2
mias. However , if ischemia is severe and prolonged ,
excessve amount ofK Zopioid peptides may be released ,
which may induce arrhythmias.

Car dioprotection of ischemic preconditioning

In 1986 Murry!™! and co2workers first discovered
that brief exposures of a heart to ischemia make the
heart more tolerant to subsequent and more severe 12
chemic insults. Thisphenomenon is termed cardiopro2
tection of ischemic preconditioning. Subsequent stud2
ies showed that preconditioning with one of the conse?
quences of ischemia such as metabolic inhibition!*® "]
or other insult such as heat!*®*®! confers protection a2
gaing ischemia and vice versa, a cross tolerance phe2
nomenon. There are two windows of the protection,
namely immediate (1 - 3 h ater preconditioning) [**!
and delayed (12 - 72 h &ter preconditioning) (%),
The clinica implication of protection by precondition2
ing has aroused great enthusasm in the research of the
mechanismsinvolved. Up to now receptorsto a num?2
ber of endogenous humora substances such as adeno2
sne, catecholamine, acetylcholine and® Zopioid have
been shown to mediate the cardioprotection of precon2
ditioning!®!. We found that the cardioprotection of
preconditioning with ischemial?®! or metabolic in2
hibiton!?®! was mimicked by pretreatment with
U50488H , a selectivek 20R agonist , but antagonized
by administration of norBN 1, a selectivek 20R antag?
onig at the time of preconditioning. The observations
indicate that K20R alsb mediates cardioprotection of
preconditioning. We demonstrated that in vivo (Chen
and Wong, unpublished result) and in vitrol®®:?*
that prior treatment with ak 20R agonist , U50488H
(UP) , conferred the same cardioprotection as with i2
chemial??! or metabolic inhibition!®*!,
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The sgnaling mechanism regponshble for the imme2
diate cardioprotection of preconditioning has been ex2
tensvely studied. We found that the immediate car2
dioprotection of U P was abolished with blockade of &2
ther protein kinase C (PKC) or the mitochondria
(mito) Katp channel with sdlective blockers during
preconditioning in the ilated perfused rat heart!®?!
indicating that both PKC and mito2Katp channd act
to trigger the heart in a preconditioned state, leading
to cardioprotection. The observation is in agreement
with the well2Zestablished roles of these two messen?
gers®®,

The duration of ddayed cardioprotection is longer,
which is dinicdly nore usfu. However the sgnding
mechanism of delayed cardioprotection has not been as wdl
sudied asthat of immediate cardioprotection. We have de2
lineated the dgnding mechanisms of UP, hoping to pro2
vide more information on the sgnaing mechanism of
delayed cardioprotection of preconditioning.

Smilar to immediate protection , the delayed cardio2
protection of preconditioning with metabolic inhibition
(MI1P) or with U50488H was abolished when an in2
hibitor of PKC was administered at the time of pre2
conditioning!®*!. The observation indicates that acti2
vation of PKC triggersthe sgnading mechanisms. Ina
subsequent study we found that both MIP and UP,
that conferred delayed cardioprotection, induced an
increased expresson of PKC2 and that blockade of the
PKC ioform with a selective inhibitor € V122, at the
time of preconditioning, abolished not only the in2
creased expresson of PKC2 , but more importantly
delayed cardioprotection of preconditioning'®!. The
observation indicatesthat PKC2 isatrigger of delayed
cardioprotection of MIPand UP. Thisisin agreement
with the previousfinding that PKC2 triggers delayed
cardioprotection of preconditioning with ischemi2
al?"®l |t seems that this PKC iform is a common
trigger of delayed cardioprotection of preconditioning
of different kinds.

While the mito2Katp channd is widely beieved to
play an important role in cardioprotection of precondi2
tioning'®* 2~ * | the role of sarcolemmal (sarc) Kate
channd is controversa!® ! Recently we found
that intravenous administration of U50488H to rats
led to a reduction in infarct induced by ischemia 24 h
later (Chen and Wong, unpublished result) , confirm2
ing that UP confers delayed cardioprotection demon2
drated in an in vitro iolated ventricular myocyte
preparation'®!. The infarct aring effect of UP was
attenuated when ether of the two channds was blocked
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by their salective blockers, namely 52HD , a sdlective

blocker of mito2Katp channe or HRM21098 , a selec?
tive blocker of sarc2Katp channd , at the time of pre2
oonditioning (Chen and Wong, unpublished result) ,
indicating that both channels act as a trigger of de2
layed cardioprotection of UP. On the other hand,
blockade of mito2Katp channel , but not sar2Karte
channd , before ischemia abolishes the delayed cardio2
protection of UP (Chen and Wong, unpublished re2
sult) , indicating that mito2Katp channel, but not
sar@Katp channd |, is d a mediator/ end2effector of
cardioprotection of UP. Thisisin agreement with the
previous observation®®,

Heat shock proteins are known to play an important
role in cardioprotection!®®!. We a o found that both
UP and MIP increased the expresson of an inducible
heat shock protein 70 in the heart. More importantly ,
we found that blockade of synthess of the protein
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with a selective antisense a9 bhlocked the delayed pro2
tection!®*®!. The observations indicate a mediating role
of thisprotein.

It has been shown that cardiac injury ispreceded by
an intracelular C&* ([C&* ]i) overload upon i2
chemia® 8!, We ad o found an increased [ C&** ]; fol2
lowing metabolic inhibition!®*. More importantly we
found that pretreatment with an intrgperitoned injec2
tion of BAPTA2AM , a C&®* chelate, attenuated the
infarct sze induced by subsequent more sever myocar2
dia ischemia and reperfudon in the rat ( Yan and
Wong, unpublished observation). The observations
confirmed the belief that [Ca " ]; overload is a precipi2
tating cause of injury. Recently we observed that in2
travenous administration of U50488H into the rat con?
ferred delayed cardioprotection against ischemic insults
and that the delayed cardioprotection was accompanied
by attenuation of [Ca2+ ]i overload induced by i2
chemic insults (Chen and Wong, unpublished re2
sults) . The observation suggests the delayed cardio2
protection of UP may result , at least partly , from at2
tenuation of Ca’* overload induced by ischemic in2
sults. Smilar observations have al been reported in
immediate cardioprotection of UP againgt ischemic in2
sults®,

Interestingly , blockade of mito2 or sarc2Ka e chan2
nels during UP or mito2Katp channel before ischemic
insults, that abolished the delayed cardioprotection of
UP, a2 suppresed the attenuating effect of UP on
[Ca?* ]i overload (Chen and Wong, unpublished re2
sults) . The observation suggests that the cardiopro2
tective effect of the Katp channels may result at least
partly from attenuation of Caf* overload (Figl2) .

Conclusion

When myocardid ischemia occurs there may be an
increased release ofK 2opioid peptidesin the heart , that
would inhibit the harmful action of increased sympa?
thetic activity via activating theK 20R. Ischemia may
a o trigger another protective mechanism, cardiopro2
tection of preconditioning, that confers protection
when the heart is exposed to a more severe ischemic
insult again. K20R isone of the receptorsthat mediate
the protection of preconditioning. PKC, Katp chan2
nels, heat shock protein and intracellular C&* are all
i nvolved.
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