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The role of protein kinase C and PI3-kinase in the mechanism
of the cardioprotective effect of remote ischemic postconditioning
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ABSTRACT

Background. Acute myocardial infarction (AMI) with ST segment elevation is associated with high incidence
of complications. Mortality from AMI is about 5%, which has not decreased in recent years. Revascularization
provides recovery of coronary blood flow, but also contributes to the occurrence of reperfusion injury to the heart.
Remote ischemic postconditioning (RIPostC) is a promising, non-invasive method that can effectively and safely
reduce the infarct size.

The aim of the study was to investigate the role of protein kinase C and PI3-kinase in the development of the
infarct-limiting effect of remote ischemic postconditioning.

Materials and methods. The study was performed on Wistar rats. Coronary artery occlusion (45 min) and
reperfusion (2 h) were performed. The infarct size (IS) and the size of area at risk (AAR) were assessed. RIPostC
was modeled by applying tourniquets to the hind limbs in the hip joint immediately after the restoration of coronary
blood flow. All inhibitors were administered intravenously 10 min before reperfusion.

Results. In the control group, the IS / AAR ratio was 44%. RIPostC reduced the IS / AAR ratio by about 50%.
Preliminary administration of the protein kinase C inhibitor chelerythrine and the PI3-kinase inhibitor wortmannin
eliminated the cardioprotective effect of RIPostC.

Conclusion. The mechanism of the infarct-limiting effect of RIPostC is implemented through activation of protein
kinase C and PI3-kinase.
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Yuyactue npotenHkuHasbl C u PI3-KMHa3bl B mexaHusme
KapAUONPOTEKTOPHOro 3¢ ¢eKkTa AUCTAaHTHOrO NOCTKOHAULMOHUPOBAHUA

MyxomensaHos A.B., HapbikHasa H.B., Macnos J1.H.

Hayuno-uccnedosamenvckuii uncmumym (HUHU) kapouonozuu,
Tomckuil HayuoHanvbHbLIL Uccaedo8amenbekull meouyunckuil yenmp (HUMI]) Poccutickoti akademuu Hayk

Poccus, 634012, 2. Tomck, yn. Kueeckaa, 111a

PE3IOME

BBenenune. Octpeiii nHapkT muokapaa (OMIM) ¢ nogbemom cermenTa ST oTiaM4aeTcst BHICOKOH 4acTOTOM oc-
noxHeHni. CmepTHOCTh 0T OMIM cocTaBnsieT okoio 5% 1 B MOCIEHUE IOkl HE CHUKaeTcs. PeBackynspusanus
obecrieyrBaeT BOCCTaHOBIICHHE KOPOHAPHOTO KPOBOTOKA, HO TAKXKE CIIOCOOCTBYET BOSHUKHOBEHHIO periepdy3u-
OHHBIX MOBPEXICHUH cepana. JluctantHoe moctkoHaunnonuposanue (JII1oct) sBasieTcss MHOTOOOCIIIAOIINM He-
MHBA3MBHBIM METOJIOM, CITIOCOOHBIM 3((PEeKTHBHO 1 0€30MacHO YMEHBILINTH pa3Mep HH(papKTa MHOKap/a.

Hean — m3ydenue yuactus nporenHkuHasbl C u PI3-kuHa3bl B peanuzanuu MHGapKT-muMuTUpyomero 3ddexra
HlTocr.

MatepuaJjibl H MeToABbI. VccrenoBanue BEIIOMHEHO Ha 48 camuax KpbIc TMHUK Bucrap. OcyniecTBIsI KOpOHa-
POOKKITIO3HIO (45 MuH) U periepdysuro (2 1). OnieHuBaIN pa3Mep 30HbI HEKpo3a U 30HBI prcKa. JlicTaHTHOE OoCT-
KOH/TUIIHOHHPOBAHNE MOJICTTUPOBAJIN IIyTEeM HAJOXKEHHS JKI'yTOB Ha 3a/HHE KOHEYHOCTH B 00JACTH Ta300eIpeH-
HOTO CYCTaBa cpasy [OCIIy BOCCTAHOBJICHUSI KOPOHAPHOTO KPOBOTOKA. Bee MHTHOMTOPHI BBOIMIIN BHYTPUBEHHO 32
10 muH 10 penepdy3un.

Pe3yibTaThl. B KOHTPONIBHOI TpyNIIe OTHOIICHHE 30Ha MH(apKkTa/30Ha pucka (31/3P) cocraBuio 44%. {ucrant-
HOE MOCTKOHAMIMOHUpOBaHue yMeHbinano cootHomenue 3U/3P B 1,5 pasa. [IpeaBapurensHoe BBEJCHHE HHTH-
O6uropa nporenHkuHa3bl C XenepuTpuHa wik HHruouTopa PI3-kuHa3pl BOpTMaHHUHA YCTPAHAIO KapIUOIPOTEK-
topHsii a3 dext Alloct.

3akiouenne. MexaHusM HHpapKT-TUMUATHPYIoniero spdekra [Iloct peanusyercs dyepe3 akTHBAIHIO POTEHH-
kuHa3bl C, PI3-kuHa3sbl.

KinroueBble ci10Ba: cepie, HieMus, pernepdysus, AMCTAaHTHOE MOCTKOHAUIIMOHUPOBAHHE.

KoHpaukT uHTEpecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBHUE SIBHBIX U MOTEHIMAIBHBIX KOH()INKTOB HHTEPECOB,
CBSI3aHHBIX C MyOIUKaNKeil HACTOSIIECH CTaThH.

Hcrounnk ¢punancuposanus. CtaTbs NOATOTOBICHA IpU noaiepxke rpanta POOU Ne 21-515-53003. Paznen,
nocesimeHHsl P13, odopmilen B paMmkax rocynapcTBeHHbIX HazHaueHHH AAAA-A15-115120910024-0. Pa6ota
BBINIOJIHEHA Ha 000py1oBaHnH LIeHTpa KOJIEKTHBHOTO MOJIb30BaHMs « MEANIIMHCKAsi TEeHOMHUKA.

CooTBeTcTBME NPUHIMIAM 3TUKH. MccaenoBanue ogo06peHo JoKaIbHBIM 3THYecKkuM komuterom HUU kapauo-
noruu Tomckoro HUMI] (mpotoxon Ne 207 ot 23.02.2020).

s uutupoBanus: Myxomenssaos A.B., Hapsokaas H.B., Macnos JI.H. Yuactue nporennkunassl C u P13-ku-
Ha3bl B MEXaHU3ME KapAHOMPOTEKTOPHOTO 3 eKTa JUCTAHTHOTO MOCTKOHIUIHOHUPOBAHUS. blonnemens cubup-
ckou meouyunel. 2021; 20 (4): 6-10. https://doi.org/10.20538/1682-0363-2021-4-6-10.

INTRODUCTION

The mortality rate for acute myocardial infarction
(AMI) is about 5% and has not decreased in recent
years[1, 2].Revascularization of an infarct-related co-
ronary artery is an important therapeutic intervention
for myocardial infarction [3]. However, recovery of

coronary blood flow also has adverse consequences
manifested through reperfusion injury of the heart
affecting the final infarct size and further prognosis
[4]. Currently, in clinical practice there are no high-
ly effective drugs for preventing reperfusion injury
of the heart [5]. Literature data suggest that remote
ischemic postconditioning (RIPostC) is a promising,
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non-invasive method to effectively and safely reduce
the infarct size and reduce the risk of developing
complications.

RIPostC was discovered in 2005 by a research
group led by Prof. J. Vinten-Johansen [6]. RIPostC
consists in an increase in myocardial tolerance to pro-
longed reperfusion after exposure to short-term isch-
emia-reperfusion of another organ at the time of cardi-
ac reperfusion. It was found that RIPostC helps reduce
the infarct size by 50% [7]. However, the molecular
mechanisms underlying this effect remain poorly un-
derstood.

The aim of this study was to investigate the role
of protein kinase C and PI3-kinase in the infarction-
limiting effect of remote ischemic postconditioning.

MATERIALS AND METHODS

Male Wistar rats (n = 48), weighing 250-300 g,
were used in in the study. All procedures related to
keeping and using the animals were carried out in
accordance with Directive 2010/63/EU of the Eu-
ropean Parliament and of the Council adopted of
22 September, 2010 on the protection of animals
used for scientific purposes. The study was ap-
proved by the Ethics Committee at the Cardiology
Research Institute of Tomsk NRMC. All pain-
ful procedures were performed on anesthetized
animals.

The rats were anesthetized with a-chloralose (60
mg / kg, intraperitoneally) and ventilated with a SAR-
830/P ventilator via a tracheostomy tube. Heart rate
was recorded using the Data Acquisition Unit MP35.
The infarction-limiting effect of RIPostC and its in-
tracellular mechanisms were studied using a model of
45-minute coronary occlusion and 120-minute reper-
fusion in vivo [8]. The quantitative assessment of the
myocardium damage was determined by the ratio of
the infarct size to the area at risk (IS / AAR) [8]. The
area at risk is considered to be a part of the myocar-
dium that was exposed to ischemia during coronary
occlusion. RIPostC was modeled by applying tourni-
quets to the hind limbs in the hip joint, immediately
after restoration of coronary blood flow. The time of
ischemia and reperfusion for each phase was 3 cycles
of 5 minutes.

The experiment used the following pharmacologi-
cal agents: a protein kinase C inhibitor chelerythrine
was injected at a dose of 0.3 mg / kg [9], a PI3-kinase
inhibitor wortmannin was administered at a dose of 25
ug / kg [10]. The inhibitors were administered into the
femoral vein 10 min before reperfusion (35 minutes

after the onset of coronary occlusion). Chelerythrine
and wortmannin were dissolved in 0.1 ml of DMSO
and then diluted in 0.9 ml of 20% 2-hydroxypro-
pyl-p-cyclodextrin. The animals of the control group
were intravenously injected with a mixture of DMSO /
2-hydroxypropyl-p-cyclodextrin. The rats were re-
moved from the experiment 2 hours after the onset of
reperfusion by excision of the heart from the thoracic
cavity for subsequent staining and determination of
the IS / AAR ratio.

The data were statistically processed using the
Statistica 13 software. The Mann — Whitney test was
used to assess reliability of the results obtained. The
data were presented as mean and standard deviation
M £ SD. The threshold significance level p was as-
sumed to be 0.05.

RESULTS

After 45-minute coronary occlusion and 120-mi-
nute reperfusion, the IS / AAR index in the control
group was 44%. The use of RIPostC helped reduce
the IS / AAR ratio by 1.5 times (Figure). Therefore,
RIPostC increases resistance of the heart to reperfu-
sion injury. Further research was aimed at studying
the signaling mechanism underlying the cardioprotec-
tive effect of RIPostC. Thus, preliminary administra-
tion (10 minutes before reperfusion and RIPostC) of
the protein kinase C inhibitor chelerythrine eliminated
the infarct-limiting effect of RIPostC. The use of the
PI3-kinase inhibitor wortmannin showed a similar ef-
fect (Figure).
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Figure. IS / AAR ratio: *p <0.05 compared to the control

No significant changes in the heart rate were found
in the control group during the experiment. No signi-
ficant changes in the heart rate were observed in the
group in which RIPostC was simulated 45 minutes af-
ter coronary occlusion (Table). Therefore, the use of
RIPostC does not affect the heart rate.
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Heart rate values in the model of coronary occlusion and reperfusion, M + .SD

Table

Observation period

Group Before coronary 10 minutes before Before 30 minutes .
. . . . 2 hours after reperfusion
occlusion reperfusion reperfusion after reperfusion
Control, n = 12 364.4+3.5 362.3+3.8 358.7+29 353.4+43 349.7+5.2
RIPostC, n =12 366.8 +3.1 364.8+3.6 363.5+3.2 357.6+4.1 351.5+£49

DISCUSSION

Literature data suggest that RIPostC has a pro-
found infarct-limiting effect [7]. The results obtained
in our research confirmed these data. Literature data
indicate that the cardioprotective effect of RIPostC
is associated with the activation of protein kinase C,
MEK-kinase, and PI3-kinase [7, 11, 12]. Based on
these data, we suggested that these kinases can be
involved in the mechanism of the infarct-limiting ef-
fect of RIPostC. Indeed, according to the results ob-
tained, protein kinase C and PI3-kinase are involved
in the mechanism of the cardioprotective effect of
RIPostC, which indicated the similarity of the mole-
cular mechanisms of preconditioning and RIPostC.

According to some data, the cardioprotective effect
of RIPostC is a consequence of the appearance of a
hydrophobic peptide with a molecular weight of 30
kDa in the blood of experimental animals; this sub-
stance is released into the blood from ischemic limbs
[13]. The researchers suggest that this humoral fac-
tor differs from the known endogenous peptides with
infarct-limiting effect (opioid peptides, bradykinin)
and significantly exceeds them in molecular weight.
Several studies showed that RIPostC has a neuropro-
tective effect [14]. Therefore, it can be asserted that a
distinctive feature of the humoral factor is its ability to
penetrate the blood — brain barrier. It can be assumed
that the cardioprotective effect of RIPostC may be as-
sociated with central mechanisms as well. In turn, to
date, there is no clear understanding of what molecu-
lar mechanisms underlie the effect of RIPostC.

CONCLUSION

The presented data indicate that remote ischemic
postconditioning can increase the resistance of the
heart to reperfusion injury. The infarct-limiting effect
of RIPostC is implemented through the activation of
protein kinase C and PI3-kinase.
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