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Respiration in isolated cardiomyocytes and microviscosity of their
membranes in rats of different ages with heart failure
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ABSTRACT

Background. According to the latest epidemiological data, heart failure (HF) is diagnosed in 10% of adult
population over 70 years old. However, currently this diagnosis is being increasingly made in young and middle-
aged people. The pathogenesis of HF may be based on a decrease in respiration in cardiomyocytes with age, which
affects the function of energy-dependent processes in cells.

Aim. To study respiration in cardiomyocytes and microviscosity of their membranes in rats aged 2 and 15 months
with heart failure.

Materials and methods. The study was carried out on male Wistar rats. The animals were divided into 4 groups: 2
groups of intact rats aged 2 and 15 months (» = 12) and 2 groups of animals of similar ages (n = 10) with a model
of HF. In the latter, HF formed by day 28 after a double subcutaneous injection of isoproterenol hydrochloride at
a dose of 170 mg / kg with an interval of 24 hours. Isolated cardiomyocytes were obtained from enzyme-washed
rat hearts. Cell respiration was studied in a thermostated chamber in an incubation medium supplemented with
phosphorylation (ADP) and oxidation (succinate) substrates. The respiratory control (RC) ratio was calculated by
dividing V3 respiration state to V4. Membrane microviscosity characteristics were assessed by the eximerization
coefficient of pyrene fluorescence in the areas of protein — lipid and lipid — lipid interactions.

Results. RC in cardiomyocyte membranes of intact animals did not change with age. In 2-month-old rats with HF,
respiratory control ratio (RCR) did not change compared with the intact age-matched controls. In 15-month-old rats
with HF, there was a significant decrease in RC of cardiomyocytes (CM) compared with the intact animals of this age
and 2-month-old rats with HF. An age-dependent decrease in the microviscosity of CM membranes in the areas of lipid —
lipid interactions and no significant changes in the parameter at the sites of protein — lipid interactions were noted.
In 2-month-old animals with HF, the microviscosity of CM membranes in the areas of protein — lipid interactions
significantly decreased, and in 15-month-old rats it increased, compared with the intact controls. When carrying out
an intergroup comparison, an age-dependent increase in the microviscosity of CM membranes in the areas of protein —
lipid interactions and no differences in the parameter in the areas of lipid — lipid interactions were revealed.

Conclusion. In the intact rats, the absence of significant changes in respiration with age was revealed. In the
15-month-old animals with HF, respiration in CM was significantly lower than in the intact controls and 2-month-
old animals with HF. These changes may be due to the differences in the membrane microviscosity characteristics
in different periods of ontogenesis.

Keywords: cardiomyocyte respiration, membrane microviscosity, age-dependent changes, rats
Conflict of interest. The authors declare the absence of obvious or potential conflicts of interest related to the
publication of this article.

Source of financing. The research was carried out within the fundamental research topic of the Cardiology Re-
search Institute, Tomsk NRMC (No. AAAA-A15-115123110026-3).

Conformity with the principles of ethics. The study was approved by the Bioethics Committee at the Cardiology
Research Institute, Tomsk NRMC (Protocol No. 192 of 18.12.2019).

< Korepanov Viacheslav A., vakorep41811@gmail.com

Bulletin of Siberian Medicine. 2023; 22 (1): 51-56 51



Korepanov V.A., Rebrova T.Yu., Afanasiev S.A. Respiration in isolated cardiomyocytes and microviscosity of their membranes

For citation: Korepanov V.A., Rebrova T.Yu., Afanasiev S.A. Respiration in isolated cardiomyocytes and
microviscosity of their membranes in rats of different ages with heart failure. Bulletin of Siberian Medicine.
2023;22(1):51-56. https://doi.org/10.20538/1682-0363-2023-1-51-56.

AKTVBHOCTb AbIXaHUA N30/IMPOBaHHbIX KAPANOMMOLINTOB
M MUKPOBA3KOCTb X MEMOPAH Y KPbIC pa3HbIX BO3PacToB
npu cepAevYHoO HeAOCTaTOUYHOCTH

KopenaHos B.A., Pe6poBa T.10., ApaHacbeB C.A.

! Hayuno-uccredosamenvcxkutl uncmumym (HUH) kapouonoeuu, TomcKkuil HAYUOHATLHBLIL UCCICO08AMENbCKULL
meouyunckuil yenmp (HUML]) Poccutickou akademuu HayKk
Poccus, 634012, 2. Tomck, yn. Kuesckas, 111a

PE3IOME

AKTYaJbHOCTB. [10 TOCIICHUM 3MUAEMHONIOTHYCCKUM JITAaHHBIM, cepiiedHas HemoctarouHocTh (CH) muarHocTn-
poBana y 10% B3pocioro Hacenenus crapuie 70 jer, Ipu 3TOM BCe Yallle JaHHbIM AUarHo3 CTaBAT JUIaM MOJIO-
JIOTO M cpenHero Bo3pacta. B ocHoBe marorene3a CH MOKeT jexaTh CHI)KCHHE JIBIXaHUS B KAPJAUOMHUOLUTAX C
BO3pACTOM, YTO OTPaXKAaeTCsl Ha paboTe YHEPro3aBUCHMBIX IPOIIECCOB B KIIETKAX.

Heab. M3y4unTh IpIXxaTelIbHYIO0 aKTHBHOCTh I MUKPOBSI3KOCTH MeMOpaH kapanoMuoutoB (KM) kpeic B Bo3pacTte
2 u 15 mec nipu ceplieqHON HEJOCTATOYHOCTH.

Matrepuajbsl U MeToabl. VccienoBanue mpoBeleHo Ha camiax Kpbic juHuu Wistar. CHopMHPOBaHO HeThIpe
IPYIIBI )KUBOTHBIX: JIBE TPYMIBI HHTAKTHBIX KPbIC B Bo3pacTe 2 u 15 mec (n = 12) u ABe TpyNIbl )KUBOTHBIX aHa-
JOTHYHBIX Bo3pacToB (1 = 10), y koTopsix Moaenuposanu pazsurue CH, hopmupoBasmyrocs x 28-M cyT mocine
JIByKPaTHOTO TIOAKO)KHOTO BBEICHMS M3aApuHa Tuapoxiopuaa B no3e 170 mr/kr ¢ unrepsaiom 24 4. M3ommpo-
BaHHbIE KapAHOMHUOLUTBI MOJTYYaJIH U3 IIPOMBITOrO ()epMEHTAMU cep/ua. V3yueHne akTHBHOCTH JbIXaHUS KIIETOK
MIPOBOJMIIM B TEPMOCTATHPYEMOH KaMepe B MHKYOAIIMOHHOM cpesie ¢ JoOaBIeHneM cyocTpaTos ¢hochopuauposa-
s (Al®) u okucnenus (cykuunat). PaccunteiBanu ko3¢ punmeHt asixatensHoro kouTposst (AK) kak otHomre-
HHUE CKOPOCTeH yOBUIN KUCIOPOAa B METa0OIHUECKUX cOCTOAHUAX V3 1 V4. MUKPOBSI3KOCTHBIC XapaKTEPUCTHKHI
MeMOpaH OLEHUBAIN MO KOA(PPUIHEHTY SKCUMEpU3au (IyOopeceHTHOrO 30Ha MUPEH B 30HaX OCIOK-THUITU/-
HBIX U JIMMNI-TAIHAAHBIX KOHTAKTOB.

PesyabTathl. [IpIxaTenbHblii KOHTPoab B KM MHTaKTHBIX XKHMBOTHBIX C BO3PACTOM HE HpeTepreBal U3MEHEHUH.
[Ipu CH y 2-mecsiunbIx kpbic JIK He n3MeHAICS OTHOCUTEIBHO HHTAKTHOTO BO3PACTHOIO KOHTPOJIsL. Y 15-mecsu-
HbIX kpblc ¢ CH mpoucxoaut 3Haunmoe cHipkeHue JIK B KM kak OTHOCUTENIBHO MHTAKTHBIX KUBOTHBIX 3TOTO
BO3PACTa, TaK U OTHOCUTEJIBHO 2-MecsiuHbIX KpbIc ¢ CH. OTMeueHo Bo3pacT-3aBUCUMOE CHIXKEHHUE MUKPOBSI3KO-
ct MeMOpan KM B 30HaX JIUITUI-TMIUHBIX B3aUMOACHCTBUN 0€3 3HAYMMBIX W3MEHEHUI MMoKaszaTels B MecTax
6eoK-TMnuAHBIX KOHTaKTOB. [Ipy CH y 2-MeCsIYHBIX )KUBOTHBIX MUKPOBSI3KOCTh MeMOpaH KM B 30Hax Oes1ok-Ju-
MUJIHBIX B3aUMOJICHCTBHI CYIIIECTBEHHO MOHIKACTCS, a y 15-MECAUHBIX MOBBIIACTCS OTHOCUTEIBHO HHTAKTHOTO
KOHTpOJIA B rpymne. MeXrpynrnoBoe CpaBHEHUE BBISIBUIIO BO3PACT-3aBUCHMOE YBEIMYEHUE MUKPOBSA3KOCTH MEM-
6pan KM B oGnacty 6€TOK-ITUIHAHBIX KOHTAKTOB U OTCYTCTBHE pa3inuuii B haze OONIMX JIUIHIOB.

3akioueHue. BosiBieHO OTCYyTCTBHE 3HAYMMBIX M3MEHEHUH JIBIXaHHSI C BO3PACTOM Y MHTaKTHBIX KpbIc. [Tpu CH y
15-MecstuHBIX KUBOTHBIX JbixaHue KM 3HaUUTENIbHO HUKE MHTAKTHOTO KOHTPOJIS U 2-MeCSYHbIX )KUBOTHBIX ¢ CH.
JlaHHBIE H3MEHEHHSI MOTYT OBITH O0YCIIOBICHBI PA3IIMYMEM MHKPOBS3KOCTHBIX XapaKTEPUCTHK MEMOPaH KIIETOK B
pa3HbIe IEPUO/IbI OHTOT€HE3A.

KuroueBble ci1oBa: qpIxaHue KapAHOMHOIIUTOB, MUKPOBS3KOCTh MEMOpaH, BO3pacT-3aBUCUMBIE U3MEHEHUSI, KPBICHI
KonpaukT unTepecoB. ABTOPHI JEKIAPUPYIOT OTCYTCTBUE SIBHBIX M MOTEHIMANBHBIX KOH(INKTOB HHTEPECOB,

CBSI3aHHBIX C MyOIUKaIKeil HACTOSIIEeH CTaThH.

Hcrounuku punancuponanus. VccienoBanue npoBeJeHO B paMKax TeMbl (hyHIaMEHTAIbHBIX HAYYHBIX HCCIIe-
nosanuit HUM xapauonornu Tomckoro HUMIL (Ne AAAA-A15-115123110026-3).

CooTBeTcTBHE MPUHIINNAM ITUKH. VcciieoBanne 0100peHO KOMUTETOM 110 OnoMeauiHcKoi atnke HUU kap-
nuonornu Tomckoro HUMI (mpotoxoi Ne 192 ot 18.12.2019).
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INTRODUCTION

Heart failure (HF) is a common outcome in a
multitude of cardiovascular diseases. According to
epidemiological studies, with age, the incidence of HF
increases from 3% in the age group of 46—-64 years
to 10% in the age group of 70 years and older [1].
Recently, a rising incidence of HF in younger adults
has been noted. The results of European studies have
shown an increase in the proportion of patients under
50 years with new-onset HF [2, 3]. A decrease in
respiration in cardiomyocytes (CMs) at later stages of
ontogenesis may be one of the possible pathogenetic
factors in the development of HF [4]. It is known that
the state of a lipid bilayer in biological membranes
affects their functioning and the functioning of
membrane-bound enzymes [5].

The aim of the study was to compare respira-
tion in CMs and microviscosity characteristics of
their membranes in rats of different age groups
with HF.

MATERIALS AND METHODS

The research was performed on male Wistar
white rats. The animals were divided into 4 groups:
2 groups of intact rats aged 2 and 15 months
(n = 12) and 2 groups of animals of similar ages
(n=10)withamodel of HF. The isoproterenol-induced
HF model was used in the study. Two subcutaneous
injections of isoproterenol hydrochloride (Isadrin,
Sigma, USA) with an interval of 24 hours (170
mg / kg of rat body weight) were performed. HF
developed by day 28 after the second injection [6].
By the time the groups were formed, the weight of
2- and 15-month-old rats averaged 199 (198; 203)
and 528 (500; 563) g, respectively. All manipulations
on the rats were carried out in compliance with the
provisions of the order of the Ministry of Health of
the Russian Federation of April 1,2016 No. 199n “On
Approval of the Rules of Good Laboratory Practice”.
The study was performed within the fundamental
research topic of the Cardiology Research Institute,
Tomsk NRMC AAAA-A15-115123110026-3. The
study was approved by the Bioethics Committee at
the Cardiology Research Institute, Tomsk NRMC
(Protocol No. 192 of 18.12.2019).

CMs were separated from the isolated heart.
The anesthetized rat was submitted to thoracotomy,
which provided access to the heart. The excised
heart was transferred into ice-cold Krebs — Henseleit
solution (mM) (NaCl — 118;KCl - 4.7, KH,PO, —
1.25; MgSO, — 1.3; CaCl, — 1.2; glucose — 10)
(pH = 7.35-7.40) (Sigma, USA). The connective
tissue was removed, isolating the aorta; and the organ
was washed from blood. Then it was transferred to
the perfusion chamber and perfused via the aorta with
oxygenated (95% O,, 5% CO,) Krebs — Henseleit
solutions with different content of Ca*" ions and
proteolytic enzymes (collagenase type Il (PanEco,
Russia) — 0.2 mg/ ml and pronase (Roche Diagnostics,
USA) — 0.1 mg / ml). At the end of the perfusion
procedure, the enzyme-washed heart was placed in
Krebs — Henseleit solution, the ascending aorta was
removed, and the heart was cut into 1-2 mm? pieces.
Then a suspension of isolated CMs was obtained by
gentle pipetting [4].

The concentration of total protein in the obtained
cell suspension was determined by the micro Lowry
assay using a set of Sigma reagents (USA). The
optical density in the studied samples was measured
by the NanoDrop spectrophotometer (USA) against a
reagent blank at A = 630 nm.

CM respiration was measured on the Expert —
001 fluid analyzer (Ekoniks, Russia) using the Clark
DKTP-02.4 sensor immediately after the isolation.
An aliquot of cell suspension (protein content of
0.5-1 mg) was placed in the thermostated (¢ = 25—
27 °C) 1 ml chamber with a pre-oxygenated incubation
medium (mM) (sucrose — 0.25; KCI - 10; KH,PO, —
5, MgCl, — 1.2; succinic acid — 5). Readings
for oxygen concentration in the medium after
stabilization and “warming” of CM corresponded to
the V2 respiration state — free respiration (sufficient
amount of oxygen and substrate for oxidation in the
medium, but the absence of the phosphorylation
substrate — ADP). We measured the rate of oxygen
consumption in the medium after adding 100 pl of
0.2 mM ADP solution into it (V3 respiration state)
and after its consumption (V4 respiration state).
Oxygen consumption by CM was calculated in
nM O,/ min / mg of protein in the sample. The
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respiratory control (RC) ratio was calculated by
dividing V3 respiration state to V4 [4].

The microviscosity of CM membranes was studied
by assessing lateral diffusion in the hydrophobic
region of the membranes using pyrene fluorescence
and calculating its eximerization coefficients (C))
C.=1,,/L,, at excitation wavelengths of 340 and 285
nm for lipid — lipid and protein — lipid interactions,
respectively [7]. The intensity of pyrene dimer
formation, characterized by C, values, was inversely
correlated with the membrane microviscosity. The
peak luminescence was recorded at 390 nm for pyrene
monomers and at 470 nm for pyrene dimers (excimers).
The fluorescence of fluorophore was measured on
the Cary Eclipse fluorescence spectrometer (Varian,
USA).

Statistical processing of the obtained data was
performed using the STATISTICA 10.0 software
package. Normal distribution of quantitative data was
checked using the Shapiro — Wilk test. Non-normal
distribution of quantitative data was assessed by the
non-parametric Mann — Whitney test. The results were
presented as the median and the interquartile range
Me (Q,; Q,). The differences were significant at
p <0.05.

RESULTS

Fig. 1 shows the results obtained in the assessment
of CM respiration in the studied groups of animals. It
can be seen that the groups of intact 2- and 15-month-
old animals had no significant differences in the RC
coefficient (p = 0.05). The value of this coefficient was
3.57 (3.32; 3.93) in 2-month-old rats and 3.36 (3.27;
3.40) in 15-month-old animals.

In the context of developed HF, the studied groups
of animals differed significantly (p < 0.01) in the
RC coefficient. At the same time, it was found that
in 2-month-old animals, this coefficient remained
virtually unchanged — 3.50 (3.19; 4.34) (p = 0.86).
On the contrary, in 15-month-old animals with HF,
the RC coefficient was significantly lower than in the
intact animals of the same age and reached only 2.77
(2.71; 2.78) (p < 0.05) (Fig. 1).

When comparing C, of pyrene fluorescence in areas
of protein — lipid interactions in CM membranes of
intact animals, no significant (»p = 0.11) age-dependent
differences were found (Fig. 2). On the contrary, when
comparing the microviscosity coefficients of CM
membranes in the zones of lipid — lipid interactions,
an explicit age dependence was established (Fig. 3). In
our study, the value of this coefficient in 2-month-old

animals was 1.25 (1.01; 1.48), and in 15-month-old
animals — 1.73 (1.37; 1.87) (p < 0.001).

6 - RC, relative

units
5..
4_
#+
3
i} —.—
2_
1_
0

2 months intact 15 months intact 2 months HF 15 months HF
Fig. 1. Respiratory control coefficient (relative units) of rat
cardiomyocytes; Me (Q,; O.).

RC — respiratory control; HF — heart failure. Significant dif-

ferences: # between age groups of animals with HF, p < 0.01;

+ between intact and experimental animals within one age
group, p < 0.05

When comparing C, of pyrene in the areas
of protein — lipid interactions in myocardial cell
membranes of animals with HF, a significant age-
dependent decrease in this parameter was noted
(p» <0.05). At the same time, in 2-month-old rats with
HF, this coefficient, in comparison with intact animals,
was significantly higher and reached 1.21 (1.06; 1.54)
(» < 0.01). However, in 15-month-old animals with
HF, this coefficient was found to be significantly
lower and reached 0.88 (0.70; 0.90) (p < 0.05) (Fig. 2).
In the zones of lipid — lipid interactions, no significant
differences in the microviscosity coefficients between
intact and experimental animals in both age groups
were found.

27 Ce,
relative units

15

0.5

0

2 months intact 15 months intact 2 months HF 15 months HF

Fig. 2. Cardiomyocyte membrane eximerization coefficient

(relative units) in zones of protein — lipid interactions, relative

units; Me (Q,; Q,): C, — eximerization coefficient; HF — heart

failure (here and in Fig. 3); # significant differences between

age groups of animals with HF, p < 0.05; + significant

differences between intact and experimental animals within
one age group, p < 0.01.
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Besides, no significant difference was found in these
coefficients between age groups when comparing both
subgroups of intact rats and animals with modeled HF

(Fig. 3).

2.5 (&
relative units
=
2
)
0.5 A
0 T T T 1

2 monthsintact 15 monthsintact 2 months HF 15 months HF

Fig. 3. Cardiomyocyte membrane eximerization coefficient

(relative units) in zones of lipid — lipid interactions, relative

units; Me (Q; O,): * significant differences between groups of
intact 2- and 15-month-old animals, p < 0.001

DISCUSSION

The absence of significant differences in CM
respiration between the intact animals of both age
groups may be due to the activation of adaptive reserve
capacities in CMs in adult animals. At the same time,
according to the literature data, RC values in both
groups fall within the reference norm (3-5 relative
units) [8]. Interestingly, in HF in young animals,
no significant change in RC was noted, which may
indicate greater adaptive reserve capacities in CMs in
young animals. In adult rats with HF, this parameter
significantly decreased both in young animals with
HF and in intact rats of the same age, which may be
due to disruption of adaptive responses in cells and a
decrease in function with age. It can also be assumed
that the injection of toxic doses of isoproterenol
increases synthesis of reactive oxygen species (ROS)
in the cell in response to the effect of this agent due to
intensification of energy production and an increase in
electron leakage from the electron transport chain. It is
in line with the results of our previous studies, which
showed that the activity of antioxidant enzymes in the
myocardium decreases with age [9].

The above hypothesis about the change in adaptive
reserve capacities of myocardial cells is quite
consistent with the data obtained from a comparative
analysis of the CM membrane microviscosity in the
same groups of animals. The differences in C_ between
the groups of intact animals of different ages may be
associated with age-dependent changes in cholesterol

metabolism. One of the main functions of this neutral
lipid is regulation of biological membrane viscosity
by changing lateral movement of fatty acid residues in
phospholipids [10]. With age, the level of cholesterol
in the body increases [ 11], which may affect its content
within the lipid bilayer of the membrane. The latter
leads to an increase in the viscosity of membranes,
which makes them rigid.

The data obtained in the groups of animals with
HF could indicate oppositely directed age-dependent
changes in the phospholipid composition of annular
lipids, which is reflected in the C_. These differences
may affect the activity of cellular enzyme systems that
provide energy metabolism.

CONCLUSION

Therefore, it was found that respiration in isolated
CMs of intact animals is not subject to significant
age-dependent changes. However, a trend toward its
decrease has been noted. This may indicate depletion
of compensatory mechanisms in the cell that maintain
the optimal respiration level. With the development
of HF, these differences become more pronounced,
which manifests itself by a significant decrease in
respiration in aged rats (15 months old) compared
to intact animals of the same age group. At the same
time, in 2-month-old rats with HF, the respiration
level remains the same as in intact animals.
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