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Summary
Remote ischemic preconditioning (RIPC) represents one of the
forms of innate cardioprotection. While being effective in animal
models, its application in humans has not been always beneficial,
which might be attributed to the presence of various
comorbidities, such as hypertension, or being related to the
confounding factors, such as patients’ sex and age. RIPC has
been shown to mediate its cardioprotective effects through the
activation of Reperfusion Injury Salvage Kinase (RISK) pathway
in healthy animals, however, scarce evidence supports this effect
of RIPC in the hearts of spontaneously hypertensive (SHR) rats,
in particular, in relationship with aging. The study aimed to
investigate the effectiveness of RIPC in male SHR rats of different
age and to evaluate the role of RISK pathway in the effect of
RIPC on cardiac ischemic tolerance. RIPC was performed using
three cycles of inflation/deflation of the pressure cuff placed on
the hind limb of anesthetized rats aged three, five and eight
months. Subsequently,

hearts were excised, Langendorff-

perfused and exposed to 30-min global ischemia and
2-h reperfusion. Infarct-sparing and antiarrhythmic effects of
RIPC were observed only in three and five months-old animals
but not in eight months-old rats. Beneficial effects of RIPC were
associated with increased activity of RISK and decreased
apoptotic signaling only in three and five months-old animals. In
conclusion, RIPC showed cardioprotective effects in SHR rats that
were partially age-dependent and might be attributed to the
differences in the activation of RISK pathway and various aspects

of ischemia/reperfusion injury in aging animals.
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Introduction

Ischemic heart disease (IHD) and acute

myocardial infarction (AMI) are leading causes of
morbidity and mortality worldwide [1,2]. Although
ischemic a main

reperfusion of myocardium is

prerequisite  for salvage of the viable tissue,
revascularization may paradoxically induce ischemia/
reperfusion (I/R) injury and accelerate cardiomyocyte
death in terms of greater size of AMI and post-AMI
myocardial dysfunction that may later progress into heart
failure [3]. Therefore, identification of novel therapeutic
strategies to protect the heart during myocardial
reperfusion is of great importance [4]. Since 1993, when
Przyklenk et al. [5] demonstrated that brief episodes of
ischemia in the circumflex branch of left coronary artery
protected remote virgin myocardium from subsequent
sustained ischemia in the region supplied by left anterior
descending coronary artery, the application of this
method and its modifications defined as remote ischemic
preconditioning (RIPC) has been extended to various
animal models [6,7,8]. Moreover, a number of clinical
investigations has demonstrated a protective effect of
RIPC in patients undergoing cardiac bypass and heart
valve surgery [9,10], or heart transplantation [11]. RIPC

has been described as one of the forms of an endogenous

PHYSIOLOGICAL RESEARCH « ISSN 1802-9973 (online) - an open access article under the CC BY-NC-ND 4.0 license
© 2023 by the authors. Published by the Institute of Physiology of the Czech Academy of Sciences, Prague, Czech Republic

Fax +420 241 062 164, e-mail: physres@fgu.cas.cz, www.biomed.cas.cz/physiolres



S12 Farkagova et al.

Vol. 72

cardioprotective mechanism when brief episodes of
sublethal ischemia or other moderate stress applied to
a remote organ protect another organ/tissue including
myocardium against the detrimental effects of prolonged
severe ischemia and reperfusion injury [12]. Different
from classical ischemic preconditioning, protective effect
of RIPC could be achieved noninvasively using
a pressure cuff placed on the upper/lower limb, which
made the intervention more clinically relevant [13]. RIPC
has been shown to exert its cardioprotective effect due to
a transfer of protective signal from the distant organ
through the autonomic nervous system [6,14] directly to
the heart and
signaling cascades such as Reperfusion Injury Salvage
Kinase (RISK) pathway including kinases PKB(Akt),
ERK1/2 and inactivating GSK-3f, directly in the heart
[4,15]. However, many studies of RIPC have been

subsequently activating pro-survival

performed in the models underestimating the role of
lifestyle-related risk factors in the pathogenesis of
cardiovascular diseases (CVD) [16]. Diseases, such as
such diabetes, hypertension, and hypercholesterolemia
contribute to the development of ITHD [13,17,18,19].

Since Szilvassy et al. [20] observed the loss of
preconditioning protection in hypercholesterolemic
model, it has been well documented that cardiovascular
risk  factors interfere with cardioprotective
interventions [21,22]. The loss of the IS-limiting effect of
ischemic preconditioning and postconditioning has been

may

shown in various models of hyperlipidemia
[23,24,25,26,27] and in preconditioning against I/R under
conditions of hyperglycemia [28].

Moreover, confounding factors, such as age or
sex, may play a great role when considering myocardial
response to ischemia (even in the period of maturation
[29] and the effect of preconditioning [21,30]. Both,
ageing and sex contribute to the differences in the heart
susceptibility to ischemia and to the outcome of
preventive interventions [31,32]. The aims of the present
study were: (i) to examine whether RIPC was effective in
the hypertensive rats in the ex vivo model of AMI; (ii) to
determine whether aging can attenuate the response to
RIPC in the SHR rats; and (iii) to define the intracellular
signaling pathways involved in the cardioprotective
mechanisms of RIPC in the hypertensive rats.

Materials and Methods

Ethical approval
All animal experiments were performed in
accordance with the State Veterinary Administration of

the Slovak Republic, legislation No 289/2003(3548/12-
221), as well as the journal's principles and standards for
checklist. The study
protocol was approved by the Animal Research and Care

reporting animal experiments

Committee of the Centre of Experimental Medicine
Slovak Academy of Sciences v.v.i., Institute for Heart
Research, and ethical committee of the CEM SAS,
(protocol code 3754/18-221/3, 11.1.2019).

Animals

Seventy-two spontaneously hypertensive male
rats (SHR) purchased from the Department of Toxicology
and Laboratory Animal Breeding (Dobra Voda, Slovak
Republic) were used. The animals were housed five per
cage (according to their age and group), under conditions
of standard 12 h light/12 h dark cycle (light: 8:00-20:00),
fed standard laboratory chow ad libitum with free access
to drinking water. All animals were left intact to adapt for
10 days before the initiation of the experiments.

Experimental groups

Rats of age three (juvenile), five (young adults)
and eight (mature adults) months were randomly divided
into the control group (SHR; 7 rats for each age group)
and group preconditioned with remote ischemic
preconditioning (SHR-RIPC; 7 rats for each age group
for infarct size evaluation and 5 rats for each age group
for Western blot analysis). Baseline measurement of
mean arterial blood pressure (MBP) by noninvasive tail-
cuff plethysmography (ADInstruments, Germany) was
performed 48 h before anesthesia. Rats from SHR-RIPC
groups underwent the RIPC protocol consisting of three
cycles of 5-min non-invasive hind limb occlusion
followed by 5-min reperfusion under thiopental
anesthesia (50-60 mg/kg i.p.) together with heparin
(500 IU). Limb occlusion/reperfusion was induced by
inflation/deflation of the pressure cuff (D. E. Hokanson,
Inc. USA) placed on the right hind limb. The cuff was
inflated to 240-250 mm Hg (31.99-33.33 kPa) according
to an increased blood pressure in SHR rats. Control SHR

rats were only anesthetized for 30 min.

Perfusion technique

Immediately after RIPC or 30 min anesthesia,
the hearts from SHR and SHR-RIPC animals were
rapidly excised, placed into cold saline buffer (4 °C;
154 mM NacCl) and subsequently cannulated via the aorta
and perfused in the Langendorff mode at a constant
perfusion pressure of 120 mm Hg (proportionally

adjusted to the higher blood pressure in SHR in vivo) and
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at 37 °C. The perfusion solution was a modified Krebs-
Henseleit buffer gassed with 95 % O, and 5% CO,
(pH 7.4) containing (in mM): glucose 11.0; CaCl, 1.6;
NaCl 118.0; NaHCOs; 25.0; MgSO, 1.18; KH,PO, 1.28;
KCl13.0.

An epicardial electrogram (EG) was registered
by means of two stainless steel electrodes attached to the
apex of the heart and the aortic cannula and continuously
recorded. Heart rate (HR) was calculated from the EG.
Left ventricular (LV) pressure was measured by means of
a non-elastic water-filled balloon inserted into the left
ventricle via the left atrium and connected to a pressure
(MLP844,
LV systolic pressure (LVSP), LV diastolic pressure
(LVEDP), LV developed pressure (LVDP, systolic minus
diastolic ~ pressure), maximal rates of pressure
development [+(dP/dt),.x] and fall [-(dP/dt),.x] as the
indexes of contraction and relaxation, as well as the

transducer ADInstruments, Germany).

coronary flow (CF) were used to evaluate cardiac
function that was analyzed using PowerLab/8SP Chart 7
software (ADInstruments, Germany).

Protocol of ischemia/reperfusion

After the onset of perfusion and set up of all
perfusion parameters, hearts from all experimental
animals were left to stabilize for 15 min. Subsequently,
global ischemia was induced by clamping of aortic inflow
for 30 min, followed by 40 min reperfusion for the
evaluation of postischemic recovery of contractile
function (expressed in percentage of pre-ischemic values)
and further 80 min reperfusion (2 h altogether) for the
determination of the size of myocardial infarction as the
primary end-point of injury. Non-elastic water-filled
balloon inserted into the left ventricle was removed after
40-min of reperfusion. Isolated hearts for tissue samples
for Western blot analysis were subjected to 15 min
stabilization, followed by 30 min global ischemia and
40 min reperfusion.

Quantification of arrhythmias

Susceptibility to reperfusion-induced ventricular
arrhythmias, such as premature ventricular contractions
(PVCs), ventricular tachycardia (VT) and fibrillation
(VF) was evaluated during 10-min reperfusion [33].

Determination of infarct size

The size of the infarcted area and the area at risk
size were delineated by staining with 2,3,5-triphenyl-
tetrazolium chloride (TTC). After staining, the hearts
were cut perpendicularly to the long axis of the heart, into

1-mm thick slices, and determined by a computerized
planimetric method as described previously [13]. The
infarct size (IS) was expressed as percentage of the area
at risk (AR) size that represented the entire area of left
ventricle.

Preparation of tissue protein fractions

In parallel experiments, the tissue samples used
for Western blot analysis were obtained from the LV of
hearts of all experimental groups (n=5 per group) after
40 min of reperfusion (ischemia/reperfusion samples).
The total LV tissue samples (300-350 mg) were wiped in
liquid nitrogen, resuspended in ice-cold buffer A
containing (in mmol/l): 20 Tris-HCl, 250 sucrose,
1.0 EGTA, 1.0 dithiothreitol (DTT), 1.0 phenylmethyl-
sulphonyl fluoride (PMSF), and 0.5 sodium ortho-
vanadate (pH 7.4), and homogenized with a Teflon
homogenizer. The homogenates were centrifuged at
800x g for 5min at 4°C. Pellets after the first
centrifugation were discarded and the supernatants were
16100x g for 30 min. The
supernatants after the second centrifugation were used for
further analysis. The protein concentrations
measured by the method of Bradford [34].

centrifuged again at

WeEre

Electrophoresis and Western blot analysis

Samples of the protein fractions containing
equivalent amounts of proteins per lane (70 pg per lane)
7-12.5%  SDS-PAGE  gel
electrophoresis. For Western blot assays, proteins were

were separated by
transferred to a nitrocellulose membrane. Specific anti-
Akt 1/2/3 (Santa Cruz Biotech. Cat. sc-8312, Lot #E0913,
RRID: AB 671717), anti-p-Akt (Cell Signaling Tech.
Cat. #4058L, Lot #30, RRID: AB 331168), anti-GSK-
30/p (Santa Cruz Biotech. Cat. sc-7291, Lot #LD0915,
RRID: AB 2279451), anti-p-GSK-3 (Santa Cruz
Biotech. Cat. sc-11757, Lot #D1913, RRID:
AB 2279471), anti-ERK 1/2 (Santa Cruz Biotech. Cat.
sc-135900, Lot #L1715, RRID: AB 2141283), anti-
pERK 1/2 (Cell Signaling Tech. Cat. 9101S, Lot #30,
RRID: AB 331646), anti-Bax (Santa Cruz Biotech. Cat.
sc-7480, Lot #J2313, RRID: AB 626729), anti-Bcl
(Santa Cruz Biotech. Cat sc-783, Lot #H2914, RRID:
AB 2243455), anti-caspase 3 (Merck Millipore, Cat.:
AB 1899, Lot 2659167, RRID: AB_91084), antibodies
were used for the primary immunodetection. Peroxidase-
labelled anti-rabbit (Cell Signaling Tech. Cat. #7074S,
Lot #27, RRID: AB 2099233) or anti-mouse (Cell
#7076S, Lot #25, RRID:
immunoglobulin  were used as the

Signaling Tech. Cat.
AB 330924)
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secondary antibody. Bound antibodies were detected by
the enhanced chemiluminescence (ECL) method (Pierce
Thermofischer Scientific, USA). The optical density of
individual bands was analyzed by PCBAS 2.08e software
and normalized to GAPDH (anti-GAPDH, Santa Cruz
Biotech. Cat. sc-25778, Lot #A0515, RRID:
AB _10167668) as an internal control.

Statistical evaluation

The data were expressed as means £ S.E.M.
One-way ANOVA and subsequent Student-Newman
Keuls test, as well as Mann-Whitney U test (for
arrhythmia evaluation) using GraphPad Prism version
6.00 (GraphPad Software, USA) were used. Differences
were considered as significant at P<0.05.

Results

Biometric parameters and baseline function of isolated
hearts

Mean values of body weight and mean blood
pressure (MBP) from all experimental groups are shown
in Table 1. Preischemic (baseline) functional parameters
of HR, LVSP, LVEDP, LVDP (LV systolic minus
LV diastolic pressure), +(dP/dt)y., -(dP/dt)n.c in the
hearts of three-, five- and eight-month-old (3-m; 5-m;
8-m) SHR and SHR-RIPC animals are summarized in
Table 1. Body weight and contractile parameters were
significantly higher in both 8-m groups in comparison
with those in 3-m and 5-m groups.

Table 1. Biometric data of experimental animals and baseline values of hemodynamic parameters of isolated rat hearts.

Age 3-m 5-m 8-m

Group SHR SHR-RIP SHR SHR-RIP SHR SHR-RIP
Body weight [g] 250+7.5 242+ 6.9 266+ 11.6 256+2.9 319+ 6.9%¢ 327 +5.9%¢
MBP [mm Hg] 190+5 189+6 201 +6 201 +4 196 +3 198 +4
HR [beats/min] 247+ 10 252+6 237+6 232+7 258+ 13 242+ 15
LVSP [mm Hg] 117+6 102+9 11249 111+5 141 + 4*& 141 + 5
LVEDP [mm Hg] 63+2.1 44+18 95+0.8 7.0+1.1 4.7+03% 3.7+07%
LVDP [mm Hg] 110+7 98+8 102+10 104+6 136 £ 4% 138 £ 5.5
+dP/dt g [mm Hg/s] 2885 + 128 2669 +201 2747 + 161 2704 + 195 3480 +£227%& 4002 + 127%%&
-dP/dt e [mm Hg/s] 1930+ 184 1796 + 186 1641 +£219 1700 + 145 2232 +83% 2495 + 655

HR - heart rate; MBP — mean blood pressure; LVSP — left ventricular systolic pressure; LVEDP — left ventricular end-diastolic pressure;
LVDP — left ventricular developed pressure (LV systolic minus LV diastolic pressure; +(dP/dt)max, -(dP/dt)max — maximal rates of pressure
development and fall; respectively. *P<0.05, SHR-RIPC vs. SHR; *P<0.05, 8-m SHR-RIPC/SHR vs. 3-m SHR-RIPC/SHR;
&8-m SHR-RIPC/SHR vs. 5-m SHR-RIPC/SHR; SHR — spontaneously hypertensive rats; SHR-RIPC — SHR with remote ischemic
preconditioning; 3/5/8-m — age of animals in months. Data are means + S.E.M., n=7 per group.

Age-dependent effect of  remote ischemic

preconditioning on ischemia-reperfusion injury

The size of myocardial infarction

The increasing age markedly increased the
extent of lethal injury (size of infarction) after I/R in
control SHR animals and in those exposed to RIPC
(Fig. 1A). At the age of eight months, infarct size was
significantly larger in comparison with that in 3-m and
5-m control SHR group. Animals subjected to RIPC
exhibited positive adaptive response resulting in
significantly decreased size of infarction in the hearts of
3-m and 5-m old animals as compared to control SHR of
the same age. On the other hand, in 8-m old rats,

application of RIPC did not attenuate the size of

myocardial infarction in their hearts (Fig. 1A).

Reperfusion arrhythmias

The occurrence of reperfusion arrhythmias in
control SHR animals of different age exhibited no
significant differences. Markedly decreased sensitivity to
reperfusion arrhythmias was observed after RIPC appli-
cation. As shown in Figure 1B, hearts from 3-m and 5-m
SHR-RIPC animals exhibited shorter
duration of a severe form of ventricular arrhythmias —

significantly

ventricular tachycardia (VT) compared to that in the
hearts of control SHR animals of the same age groups.

On the contrary, opposite effect of RIPC on
arrhythmogenesis during early reperfusion period was
observed in 8-m SHR-RIPC group, since total duration of
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VT was significantly increased as compared to
8-m control SHR (Fig. 1B) showing rather negative effect
of RIPC in this elder group.

In addition, 8-m SHR-RIPC animals showed
significantly ~ higher  sensitivity to  reperfusion
arrhythmias, where total duration of VT was significantly
increased in comparison to that in 5-m and 3-m SHR-

RIPC rats (Fig. 1B).

Age-dependent effect of remote ischemic preconditioning
on myocardial stunning

In SHR controls, recovery of contractile function
represented by LVDP and LVEDP restoration after I/R
did not differ among all age groups. However, different
age-related results were observed in the preconditioned
groups (Fig. 1C, 1D). RIPC markedly enhanced LVDP
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and LVEDP recovery in the hearts of 3-m-old SHR
(54.847.7 vs. 34.5£6.0 % in control SHR, P<0.05) and
5-m-old SHR animals (73.2+4.7 vs. 45.949.1 % in
control SHR, P<0.05). However, this effect was not seen
in 8-m-old SHR (54.6+9.6 vs. 52.3+13.2 in control SHR),
where RIPC application caused no effect on the
restoration of contractile function in the preconditioned
hearts as compared with the non-preconditioned controls
(Fig. 1C, D).

Age-dependent activation of RISK pathway after remote
ischemic preconditioning

As illustrated in Figures 2A, B and 3A, B, Akt
and ERK1/2 phosphorylation at 40 min of reperfusion
was significantly enhanced in the hearts from the 3-m and
5-m SHR-RIPC animals as compared to their respective
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Fig. 1. Age-dependent effect of RIPC on outcomes of I/R injury. (A) Age-dependent effect of RIPC on infarct size (IS) after I/R
expressed in percentage of area at risk (AR) size. (B) Age-dependent effect of RIPC on total duration of reperfusion -induced ventricular
tachycardia. (C) Age-dependent effect of RIPC on LVDP recovery after I/R. (D) Age-dependent effect of RIPC on LVEDP recovery after
I/R. SHR — spontaneously hypertensive rats; SHR-RIPC — SHR exposed to remote ischemic preconditioning; 3/5/8-m — SHR rats of age
three/five/eight months; LVDP - left ventricle developed pressure; * P<0.05, SHR-RIPC vs. SHR; # P<0.05, 8-m SHR-RIPC/SHR vs. 3-m
and 5-m SHR-RIPC/SHR; ?P<0.05, 5/8-m SHR-RIPC vs. 3-m SHR-RIPC; Data are means + S.E.M., n=7 per group.
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non-preconditioned SHR controls. Accordingly, GSK-3
phosphorylation as a downstream target of Akt and
ERK 1/2 was significantly increased in 3-m and
5-m SHR-RIPC groups as compared with control SHR
ones (Fig. 4A, B). Positive effect of RIPC on RISK
activation was not observed in the 8-m SHR-RIPC group.
Moreover, in these hearts from 8-m SHR-RIPC, there
was atrend towards a decreased Akt and ERK 1/2
phosphorylation as compared to 8-m control SHR group
(Fig. 2C, 3C). Similarly, GSK-3p phosphorylation in
8-m SHR (Fig. 4C) exhibited no significant change after
RIPC. These results are suggesting that RISK pathway is
not activated in this age group.

Apoptotic signaling after RIPC is influenced by age

RIPC treatment caused age-related changes in
apoptotic signaling linked to activation of RISK pathway.
Increased Akt and ERK 1/2 phosphorylation (activation)
in 3-m and 5-m SHR-RIPC groups was associated with
decline of apoptotic signaling, where Bax/Bcl-2 ratio
(Fig. 5A, B), as well as caspase-3 activation (Fig. 6A, B)
were significantly decreased in comparison to 3-m and
SHR. However, RIPC
8-m SHR animals did not reduce apoptotic signaling and
its markers (Figs 5C, 6C).

5-m control treatment in

Discussion

Several studies explored effectivity of different
forms of conditioning in hypertensive or aged individuals.
Some studies reported that ischemic preconditioning and
RIPC reduced IS
hypertensive rat hearts ex vivo [13] and in vivo [35]. In the

in normotensive as well as in
latter study, it was shown that in both, aged normotensive
and hypertensive animals, the effects of ischemic precondi-
tioning were maintained. Our present study shows that
non-invasive RIPC applied in SHR rats in vivo was
effective in attenuation of myocardial reperfusion injury in
the ex vivo model of I/R. Moreover, it revealed
age-dependent efficacy of RIPC in limiting the size of
myocardial infarction, reducing the duration of severe
reperfusion tachyarrhythmias and myocardial stunning in
the hearts of younger animals but not in the elder ones. In
contrast to our findings, Lu ef al. [36] demonstrated no
protective effect of remote ischemic preconditioning on the
in vivo I/R injury outcomes in 12 weeks old SHR rats. On
the other hand, our results are in agreement with those by
Ebrahim et al. [37] who demonstrated the loss of
preconditioning protection in the aged hypertensive rats. In

addition, ischemic postconditioning did not reduce IS in
hypertensive rat hearts, different from its effect in
normotensives, as has been shown by Wagner et al. [38],
probably due to a decreased phosphorylation (and
activation) of GSK-3B. These discrepancies may be
attributed to different forms of protection (pre-, per-, post-
conditioning versus RIPC), their timing, distinct type of
conditioning protocols used to induce cardioprotection and
different I/R injury models.

While  the
preconditioning in hypertensive and aged animal models
the effect and
mechanisms of RIPC in these conditions are still poorly
RISK pathway is
acommonly accepted mechanism involved

mechanisms of  ischemic

have been relatively well-studied,
understood. Activation of the
in local
ischemic pre- and postconditioning in normal animals [4].
Thus, IPC reduced myocardial infarct in SHR rats [39] and
in rats with hypertrophy induced by transverse aortic
constriction and increased blood pressure [27]. The authors
showed that Akt, GSK-3f [39,27] and ERKI1/2 [27]
phosphorylation was increased in the preconditioned
hearts. Moreover, treatment with both GSK-3f inhibitors
before and after ischemia exhibited exactly the same
cardioprotective action as IPC suggesting that its infarct
size-limiting effect is related to GSK-3B-dependent
mechanism [39].

Therefore, we assumed that RIPC activated the
RISK pathway and conferred protection against I/R injury
in the hearts of hypertensive animals as well. Indeed, in our
study, cardioprotective effects were associated with the
age-dependent changes in the activation of RISK pathway
and pro/antiapoptotic mechanisms in the hearts of
SHR animals.

Specifically, the RIPC treatment significantly
increased phosphorylation (activation) of Akt (Fig. 2) and
ERK 1/2 (Fig. 3) kinases and decreased GSK-3f activity
(Fig. 4) in the hearts from 3-m and 5-m old SHR rats.
Moreover, RIPC  suppressed apoptotic  signaling
manifested by reduction of Bax/Bcl-2 ratio (Fig. SA, B),
and caspase-3 activation (Fig. 6A, B) in the groups of
younger animals. However, this protocol of RIPC was not
capable to stimulate activation of Akt, ERK 1/2 and
inactivate GSK-3p in 8-m-old SHR group, as well as to
suppress apoptotic signaling. These findings could explain
the failure of RIPC to afford cardioprotection in the group
of 8-m-old animals.

A loss of protection by ischemic preconditioning
was demonstrated in aged myocardium [40] that could
be attributed to a failure to reduce interaction of
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Fig. 2. Western Blot analysis of Akt and p-Akt protein expression. (A) p-Akt/Akt ratio — Akt phosphorylation is increased in
3-m SHR-RIPC compared to SHR. (B) p-Akt/Akt ratio — Akt phosphorylation is increased in 5-m SHR-RIPC compared to SHR.
(C) p-Akt/Akt ratio — Akt phosphorylation is not changed in 8-m SHR-RIPC compared to SHR. Lower part of A) B) C): representative
blots showing the expression of Akt and p-Akt. SHR — spontaneously hypertensive rats; SHR-RIPC — SHR exposed to remote ischemic
preconditioning; 3/5/8-m — SHR rats of age three/five/eight months; *P<0.05, SHR-RIPC vs. SHR; Data are means * S.E.M.,
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a MPTP modulator, and adenine-
[41]. Delayed MPTP opening
reduced myocardial IS and time to MPTP opening in

cyclophilin D,
nucleotide-translocase

young rats but not in old individuals [42].

In accordance, in our study, we observed
increased phosphorylation of Akt, ERK and GSK-3f as
the main components of RISK pathway in the hearts of
3-m and 5-m SHR rats, as well as an anti-apoptotic effect.
However, infarct size-limiting, antiarrhythmic and
antistunning effects of RIPC were lost in 8-m-old
SHR rats. RIPC

duration of severe ventricular arrhythmias in this age

Moreover, significantly increased
group. The failure of RIPC to precondition the hearts of
the elder group of animals might be related to a lower
activity of “pro-survival” mechanisms. However, other
mechanisms cannot be excluded and require further

exploration.
Limitations

In the present study, we tested only one
RIPC protocol using three cycles of 5-min ischemia/
5-min reperfusion applied before myocardial ischemia.
Although this RIPC protocol failed to protect hearts from
I/R injury in 8-m-old SHR, it cannot be excluded that the
threshold for RIPC-induced protection is elevated in the
elderly SHR rats. In other words, more than three cycles

of 5-min ischemia/5-min reperfusion during RIPC might
be necessary to protect the elderly SHR hearts from
I/R injury. Since normotensive control rats were not
employed in this study, we cannot directly define the
impact of hypertension and aging on RIPC effectiveness.
that
and

Earlier  studies have shown increased

ROS production in mitochondria reduced
myocardial perfusion during reperfusion in SHR hearts,
could contribute to augmentation of I/R injury in this
model of hypertension. Also, our study did not explore
the role of the SAFE pathway. Since phosphorylation of
RISK kinases typically peaks early in reperfusion, the
assessment of RISK proteins at 40 min of reperfusion
may not indicate the most relevant changes that may have

occurred.
Conclusions

Despite insufficient information on the
cardioprotective effects of RIPC in individuals with
combined cardiovascular risk  factors, specific
medications are not fully explored. Moreover, most
experimental studies on cardioprotection are performed in
young and healthy animal models in the absence of
classical risk factors of CVD. Taken together, this study
provides new insight into the mechanisms responsible for
rats.

cardiac protection of RIPC in hypertensive



S20 Farkagova et al.

Vol. 72

about this form of

cardioprotection and its effects in the presence of

Extending the knowledge

different comorbidities may contribute to a more
successful application of RIPC in clinical situations.
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