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The effect of remote ischemic conditioning
on blood plasma heat capacity profiles
A differential scanning calorimetry study

OBJECTIVE To shed light on the effect of remote ischemic conditioning (RIC)
on the properties of blood plasma of patients with acute myocardial infarc-
tion (AMI), using differential scanning calorimetry (DSC), which has recently
emerged as a novel tool in biomedicine. METHOD We used DSC to examine
the protein denaturation heat capacity profiles of blood plasma samples,
particularly of plasma albumin and immunoglobulins, collected from patients
with acute myocardial infarction, before and after RIC intervention. DSCis a
highly sensitive, non-invasive biophysical technique, which provides fast in situ
monitoring of changes in the thermodynamic behavior of biological samples.
RESULTS A major finding of the study was the reduction of the albumin peak
in the DSC profiles of the patients with AMI as a result of the RIC intervention,
with the heat capacities ratio of the albumin to globulin peaks approaching
the control (healthy) values. In contrast, when RIC was applied to healthy
individuals, it produced no significant changes in the heat capacity profiles
of their plasma proteins. CONCLUSIONS RIC intervention had a beneficial ef-
fect on patients with AMI, bringing their blood plasma thermograms closer
to those characterizing healthy individuals. Previous studies have proposed
various mechanisms for the RIC beneficial effects and some reports suggest
oxidative stress reduction as a possible mechanism mediating the RIC effects.
However, since blood plasma oxidation has been previously reported to result
in suppression of the albumin denaturation peak, the findings of the present
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study appear to disagree with the hypothesis that RIC exerts its beneficial

effect through oxidative stress reduction.

Remote ischemic conditioning (RIC) is an experimental
medical intervention intended to reduce the ischemic
injury to an organ such as the heart, most commonly in
the situation of a heart attack (when the heart may suffer
temporary ischemia), by triggering the natural protec-
tion mechanisms against tissue injury.”? The intervention
involves temporary cessation of blood flow to a limb to
create ischemia in the tissues. Such conditioning activates
protective mechanisms against reperfusion injury caused
when tissue oxygen returns from low to normal levels after
a period of ischemia (hypoxia). Thus, RIC essentially mimics
the cardio-protective effects of exercise.?
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RIC utilizes intracellular signal transduction, but it also
involves the transfer of a cardioprotective signal from the
ischemic/reperfused remote tissue or organ to the heart,
through both neuronal and humoral pathways.? The signal
transduction pathways of the conditioning phenomenain
the human heart are still largely unknown. Data regarding
the benefits of RIC are contradictory. Numerous clinical
studies have demonstrated its ability to reduce the size of
myocardial infarction and improve prognosis, but clinical
trials have failed to demonstrate such benefits.*

Differential scanning calorimetry (DSC) is a sensitive,



non-invasive thermoanalytical technique that provides
fast in situ monitoring of changes in the thermodynamic
behavior of biological samples such as blood plasma. Basi-
cally, it provides a specific heat capacity C, vs temperature
T curve, which is a unique signature for the denaturation
of a given protein under specific solution conditions. For
blood plasma, the C,(T) curves (thermograms) obtained
by DSC reflect the denaturation of a complex mixture of
proteins, with the recorded thermogram representing
the sum of the individual protein thermograms weighted
according to their mass in the solution.? DSC has recently
emerged as a novel tool in biomedicine, since its potential
for disease diagnostics and monitoring based on body
fluid (mainly blood plasma) heat capacity profiles has been
demonstrated in a number of diseases.® This method has
been shown to detect specific aberrations in the thermal
behavior of blood plasma proteins in a variety of diseases,
including lung cancer,” multiple sclerosis,® brain tumors,’ etc.

In the present study, we used DSC to examine the pro-
tein denaturation heat capacity profiles of blood plasma
samples obtained before and after RIC from patients with
ischemic heart disease-myocardial infarction, to shed light
on the mechanism(s) of the beneficial effects of RIC. A ma-
jor finding of our study was the reduction of the albumin
peakin the DSC profiles as a result of the RIC intervention.
To our knowledge, this is the first calorimetric study of the
effects of RIC on the plasma proteome denaturation profile.

MATERIAL AND METHOD

Subjects

Ten patients (9 men, T woman, age 39-75 years, mean age
62410 years) admitted to the “Attikon” University Hospital, Athens,
Greece with acute myocardial infarction (AMI) volunteered to
participate in this study, while 6 healthy volunteers [4 men (aged
22,26, 55 and 79 years) and 2 women (aged 19 and 54 years)]
served as control subjects. All the participants gave their written
informed consent to participate in the study and all data were
handled according to the ethical standards of the Declaration of
Helsinki (1975).

Experimental design

The RIC protocol of a single ischemic session was applied in
each patient within 48 hours after AMI and primary percutaneous
coronary intervention (PCl), and in the healthy control subjects,
using bilateral brachial cuff inflation at 200 mmHg for 5 minutes,
and a final assessment was performed 25 minutes after the cuff
deflation. Blood samples were collected immediately before and
30 min after the RIC intervention. All the AMI patients were be-
ing treated with statins, anti-platelet treatment and B-blockers.
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In addition, all the patients were in sinus rhythm, while exclusion
criteria included Killip class >2 during the index event, adminis-
tration of nitrates, a history of previous known coronary artery
or other cardiovascular disease, previous PCl or coronary artery
bypass surgery (CABG), and chronic inflammatory and systemic
disease. The study protocol was approved by the University General
Hospital “Attikon” Institutional Review Board (www.clinicaltrials.
gov; unique identifier: NCT3884123).

Differential scanning calorimetry measurements

The DSC measurements were performed using a Nano DSC
instrument (TA Instruments). Typically, a sequence of two heating
scans was made for each sample at 1 K/min scan rate in the range
1-105 °C. The first scans displayed the denaturation heat capac-
ity profiles of blood plasma, while the second scans displayed
heat capacity profiles typical of denatured samples, with no
detectable thermal events. The second scans, which originated
from the same sample, with the same chemical composition, but
displayed no thermal events, were used as a baseline and were
subtracted from the first scans. Such an approach is typically used
for samples with complex composition, undergoing irreversible
thermal denaturational transitions and was rationalized in our
previous work.”-?The heat capacity profiles were deconvoluted
using Gaussian curves.”"?

SDS-PAGE electrophoresis

The serum samples were serially diluted with phosphate-
buffered saline (PBS) and the resulting dilutions were analyzed
for total protein concentration using the bicinchoninic acid (BCA)
protein assay (Sigma). From a working solution of 2 mg/mL (final
dilution), 30 pg of each serum sample were mixed with loading
buffer [62.5 mM Tris pH=6.8, 5% glycerol (v/v), 1% SDS (v/v), 2.5%
B-mercaptoethanol (v/v)], denatured at 95 °C for 5 min, and sub-
jected to polyacrylamide gel electrophoresis (SDS-PAGE) [using
both a 7% and 17% (w/v) polyacrylamide separating gel, and a
4% (w/v) polyacrylamide stacking gel] and vertically electropho-
rized at 100V for approximately 3 hours at room temperature. All
the samples of a given subject were always run on the same gel
along with a broad-range pre-stained molecular weight marker
(Precision Plus Protein™ Dual Color Standards, Bio-Rad). We utilized
polyacrylamide separating gels of different concentrations (7% and
17%) to ensure a distinctive and appropriate separation of both
the high and low molecular mass proteins contained in the serum
samples. After electrophoretic separation of serum proteins, gels
were stained with Colloidal Coomassie G-250 and the separated

protein molecules were visualized under ultraviolet (UV) light.

RESULTS

Differential scanning calorimetry

The averaged heat capacity profiles of the blood plasma
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samples from patients with AMI collected immediately be-
fore and 30 min after applying RIC intervention are shown
in figure 1. The averaged thermograms were deconvoluted
with Gaussian curves and the results are presented in fig-
ures 2B, 2C. For comparison purposes, the averaged heat
capacity profile of the 6 healthy volunteers is shown in
figure 2A. It displays the typical signature DSC pattern of
blood plasma proteome, with dominating peaks at about
63 °C and 72 °C, resulting from denaturation of the most
abundant albumin and globulins fractions, respectively, a
minor fibrinogen peak at approximately 52 °C, and a barely
visible hump at about 82 °C, usually attributed to IgG and
transferrin components.>” The maximum heat capacities
C,m® of the major albumin and globulin peaks are 2.42+0.12
mJ/Kand 1.72+0.06 mJ/K, respectively.

As shown in figure 1, the major difference between
the heat capacity profiles of the plasma samples collected
before and after the RIC intervention is the reduction of the
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albumin’s heat capacity peak, obviously as a result of the RIC.
Table 1 presents the ratios of the maximum heat capacities
C,m* of the albumin to globulin peaks of the thermograms
of plasma samples collected from patients with AMI before
and after RIC, as well as from healthy individuals. It appears
that the RIC intervention resulted in a peak ratio which ap-
proached the control (i.e., healthy) mean value.

In contrast, inspection of the thermograms of plasma
samples collected before and after the RIC intervention
in healthy individuals revealed no significant differences
between the pre- and post-RIC condition (representative
thermograms are shown in figure 3).

SDS-PAGE electrophoresis

Inspection of the 17% gel, used for the separation of
the low molecular mass proteins (fig. 4), suggests that
the samples 5B, 6B, 7B, 9B, 10B, which correspond to the
post-RIC condition, exhibited bands of increased density
(protein concentration) at the level of approximately 25

kDa, compared to the corresponding samples in the pre-
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% globulin peaks in the heat capacity profiles of blood plasma collected
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Figure 1. Averaged blood plasma heat capacity profiles of patients with Before RIC 1.75+0.17
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Figure 2. Deconvolutions with Gaussian curves of the averaged heat capacity profiles of healthy control subjects (A) and patients with acute myo-
cardial infarction, before (B) and after remote ischemic conditioning (RIC) (C). The positions of the denaturation peaks of the major blood plasma

protein components are indicated.
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Figure 3. Representative heat capacity profiles of blood plasma derived from healthy individuals before and after the remote ischemic conditioning

(RIC) intervention.
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Figure 4. SDS-PAGE electrophoresis gels of samples collected from 10 patients with acute myocardial infarction before and after applying remote
ischemic conditioning (RIC) and from a healthy individual (control). Samples marked with “A” indicate pre-RIC condition while samples marked with

“B"indicate post-RIC condition. LD: Molecular weight Ladder.

sample 2B (post-RIC) showed a decreased density of the
band(s) at 25 kDa compared to its pre-RIC condition (2A),
indicating an opposite effect of RIC on this patient.

In the 7% gel, used to separate the higher molecular
mass proteins, the patients generally exhibited bands of
similar density (protein concentration) in the pre-RIC and
post-RIC conditions. Nevertheless, the post-RIC samples
2B and 3B showed bands of decreased and increased
concentration, respectively, at approximately 50 kDa, while
patient 7 exhibited decreased densities at 50 and 100 kDa
post RIC (7B), along with a band of remarkable density at
approximately 65 kDa occurred only post RIC.

DISCUSSION

RIC has been believed to reduce myocardial damage in
patients with AMI, but its biochemical mechanisms have
not yet been defined, and various mechanisms have been
deemed responsible for its assumed beneficial effect. The RIC
intervention has previously been shown to improve aortic
elastic properties and endothelial glycocalyx thickness in
patients with AML. RIC may also prevent adverse myocardial
remodeling after the ischemic event, possibly by upregulating
the expression of cardio-protective microRNAs.’# In addition,
it has been suggested that RIC by a single 5-min brachial cuff
inflation confers acute short-term improvement of vascular



REMOTE ISCHEMIC CONDITIONING THERMOGRAMS

function, possibly through oxidative stress reduction,’ while
oxidative stress reduction has come up as a suggested mecha-
nism of RIC protection in other studies.’s’8
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In conclusion, in this study, RIC intervention was
shown to have a beneficial effect on patients with AMI,
bringing the blood plasma thermograms closer to those

characterizing healthy individuals. Previous studies have
suggested various mechanisms for the beneficial effect
of RIC and some reports proposed oxidative stress re-
duction as a possible mechanism that may mediate the
RIC effects. However, since the blood plasma oxidation
has been previously reported to result in suppression
of the albumin denaturation peak, the findings of the
present study appear to disagree with the hypothesis
that RIC exerts its beneficial effect through oxidative
stress reduction.

In the present study, the major difference between
the heat capacity profiles of the blood plasma samples of
patients with AMI, collected before and after the RIC, is the
reduction of the albumin’s heat capacity peak as a result of
the RIC, thus causing the thermograms to evolve towards
the healthy configuration. In our previous studies, we have
found that plasma oxidation with H,O, leads to a strong
suppression of the albumin peak.6 Thus, once RIC was found
to cause similar suppression of the aloumin peak in the heat
capacity profile (fig. 1), it might be taken as a contradictory
to the hypothesis that RIC exerts its beneficial effect through
oxidative stress reduction. In contrast to the patients with
AMI, RIC did not result in significant differences in the heat
capacity profiles of samples collected before and after the
intervention in healthy individuals.
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MEPIAHYH

Emidpaon tTng IGXAIMIKNG TTEPIGPIENG TNG BPaxioviag apTnpiag 6To MAAGHA TOU AipAaTOoG.
MeA€tn TG peBOSou TNG Slaopikrg OeppidopeTpiag
A.TIATIATEQPTIOY," A. TATTAAOTETPAKH,? A. ®IAITIMNOY,? I. OIKONOMIAHZX,* R. KOYNOVA," B. TENCHOV"
'Department of Medical Physics and Biophysics, Medical University, Sofia, BouAyapia, °Turiua @uotoloyiag,
latpikry 2xoAn, EBviké kat Kamodiotplako MNavemotriuio ABnvwy, ABriva, °B ~ KapSioAoyikry KAvikn,
lMavemotnuiako leviké Noookoueio «ATTIKOV», latpikr) 2xoAr, EBviko kat Kamodiotpiakd MNavemotriuio ABnvwy,
A6Bnrva, EAAdSa

Apxeia EAAnviknG latpikric 2021, 38(1):43-48

ZKOMNOZ Enidpaon tnG IoXAIMIKAG TIEPICPIENG TNG Bpaxioviag aptnpiag (remote ischemic conditioning, RIC) og cu-
YKEKPIMEVA XOAPAKTNPELIOTIKA TOU TAACHATOG TOU AiaTog acBevwv pe o0&V Euppayua Tou puokapdiov (OEM), xpnot-
poTmolwvTag Tn PEBoSo TNG Saoplikrg Oepuidopetpiag (differential scanning calorimetry, DSC). MEOOAOX Aélo-
moinOnke n péBodog DSC yia va eE€TACTEL N EVOEXOUEVN TPOTTOTTOINCN TWV TTPWTEIVWY TOU TTAACOUATOG o€ Seiypata
aipatog acbevwy pe OEM mov eAfjBnoav mpiv Kat HeTd amd tnv mapéupaon RIC. H pébodog DSC amotelei éva véo
H€oo €peuvag oTov TopEa TNG Blolatpikng, mapéxovtag VWNANRG akpiBelag eISIKEG LETPAOEIG HECW ULAG PN ETEMPBATI-
KNG Stadikaciag e€€taong Twv BEpUOSUVAUIKWY TPOTTOTTOINCEWV TWV TTIPWTEIiVWV. AOTEAEZMATA Ta KUpla gupry-
HaTta TNG MEAETNG NTAV N LEIWON TNG Kopuaiag TIMAG Ogp UKk amodiata&éng tTng AeuKwpaTivng oto Oeppoduvauikd
TPO@IiN\ Twv acBevwv pe OEM, wg amotéleopa tng RIC. AvtiOeTa, oToug vyleic eBeNovTEG Sev BpEONKAV ONUAVTIKEG
OeppoSUVALIKEG AANNAYEG OTIC TTPWTEIVEG TOU TTAACHATOG HETA TNV TTapéuBaon RIC. ZYMMAEPAXMATA H RIC @aive-
TAL VO ETTEPEPE EVUEVEIG TTPOOAPUOYEG OTOUG aoBeveig pe OEM, kaBw¢ Tpomomoinoe ta Bepuikd Slaypdppata Twv
TIPWTEIVWV TOU TTAACUATOG, WOTE VA TTPOCOMOIAlOUV HE EKEIVA TWV LYIWV EDEAOVTWV. MPONYOUUEVEG MENETEG EXOUV
TIPOTEIVEL TN PEIWON TOL 0EEISWTIKOU Stress wg PNXAVIOHO PEow Tou ommoiou N RIC emM@EPEL TA EVEPYETIKA TNG ATTOTE-
Aéopata. QoTdOo0, N HEIWoN TNG Kopu@aiag TIHAG amodidtaéng TNG Aeukwpativng Hetd amd tn RIC ummodnAwvel Thv
avénpuévn o&eidwon Tou MAACHATOG, UN CLUVNYOPWVTAG UTTEP TOU AVWTEPOU TIPOCTATEVUTIKOU LNXAVICHOU.

NEé&erg eupeTnpiou: Alagpopikr BeppidopeTpia, Epgpaypa tou puokapdiouv, Ioxalpikn mpoeTolpacio/mponovnon Tou puokapdiov, Agu-
Kwpativn, MAdopa aipatog
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