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ABSTRACT

Background. Heart transplantation is currently the treatment of choice for patients in terminal stages of chronic heart failure. The critical
shortage of donor organs and the growing need for heart transplantation necessitate the expansion of donor selection criteria, including the
estimated ischemia time of the donor heart. Despite numerous studies, the issue remains regarding the safe cold ischemia time; no definite
limit to the acceptable preservation time is known and no relevant pathomorphological data are available on the state of the donor heart myo-
cardium at different time parameters. Objective. To comparatively assess the features of cardiomyocyte pathomorphology and expression of
protein markers (actin and desmin) in the myocardium of a donor heart prior to the main stage of orthotopic heart transplantation. Methods.
The work adopted the design of an observational clinical study, which was prospective in nature. The study used intraoperative myocardial
biopsy specimens of the left atrial appendage from donors aged up to 60 years, following cold ischemia of the transplant in Bretschneider
solution (Dr. Franz Kohler Chemie GmbH, Germany) lasting up to 240 minutes (Group 1, n = 10) and over 240 minutes (Group 2, n = 7).
The nature of pathomorphological myocardial transformation in the left atrial appendage of the donor heart was determined at different cold
ischemia times. Histological myocardial sections were stained with hematoxylin and eosin according to standard procedures. After that,
they were further studied using light and polarization microscopy; the immunohistochemical method was used to analyze the expression
of actin and desmin. Morphometry was performed using the ImagelJ 1.48v software (USA). In the analysis of actin and desmin amount, the
area of DAB(3,3'-diaminobenzidine)-positive products of the immunohistochemical reaction was estimated as a percentage of the image
area. The volume density of immunohistochemically detectable actin and desmin was determined using 20 images at a magnification of
40x10. In order to study the intensity of the immune reaction, a semiquantitative method was used, which involved counting the number of
cells in 25 randomly selected fields of view. The types of myocardial contracture damage were assessed via polarization microscopy. Re-
sults. Patients included in the first and second groups were comparable in terms of mean age and anthropometric indices. The mean age of
patients amounted to 50 [44;59] years in Group 1 and 50 [49;50] years in Group 2, p = 0.193. The body mass index was 25 [22;27] in Group
1 and 25 [21;31] in Group 2, p = 0.288. Both groups showed male predominance: 8 (80%) in Group 1 and 6 (85.7%) in Group 2, p = 0.256.
The comprehensive morphological assessment of ischemic myocardial damage at different cold ischemia times revealed the uniformity and
reversibility of changes in cellular structures (in both groups) that take the form of I-1II class contractures, lysis changes in individual car-
diomyocytes (only in Group 2), preserved immunohistochemical reactions to actin and desmin in both groups at their average intensity and
the complete absence of areas showing no reaction to desmin, which gives an idea about the degree of preservation of their macromolecular
structure. Conclusion. The obtained study results showed that due to having a balanced elemental composition that determines the metabolic
protection of cells and their ionic balance, the Bretschneider solution effectively protects the donor heart during its transportation, with the
myocardial cold ischemia lasting up to 240 min and more.
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AHHOTAILIUA

Beenenune. TpaHciranTanus cep/ia B HACTOSIIEE BPEMsI SBIISETCS KIIOUYEBBIM METOIOM JICUCHHS ITAIIMEHTOB B TEPMHHAJIBHON CTaIuu
XPOHHUYECKOH cepaedHoil HerocTaTouHOCTH. [Ipobnema KpuTHUECKOTo JehUnnuTa JOHOPCKUX OPTaHOB, POCT MOTPEOHOCTH B TPAHCIIIAH-
TalUU cepila AUKTYIOT HEOOXOIUMOCTh PACIIUPATH KPUTEPUU 0TOOpa JOHOPOB, BKIIOYAs M IPEANIOIAaraeMoe BpeMs UIIEMHUH TOHOP-
ckoro cepana. HecMoTpst Ha MHOXKECTBO HUCCIIEIOBAHUM, B HACTOAIIEE BPEMsI OCTAETCsl OTKPBITBHIM BOIIPOC O 0€30I1aCHOM JIUTEIEHOCTH
XOJIOZIOBOM MIIEMUH, HET Y€TKOW IPAHUIEI JOMTyCTUMOTO BPEMEHHN KOHCEPBAIIMH M COOTBETCTBYIONIUX MATOMOP(OIOrHIeCKNX AaHHBIX
0 COCTOSTHUYM MHOKap/ia JOHOPCKOTO CepAlla IIPU Pa3InYHBIX BpEMEHHBIX apaMmerpax. Lleb HccietoBaHUsI — IIPOBECTU CPAaBHUTEIb-
HYIO OLIEHKY OCOOEHHOCTEH MaToMop(hOJIOrHH KapAMOMHUOLHUTOB M IKCIPECCHH OENKOB-MapKepOB — aKTHHA M JECMHHA B MHOKapJe
JOHOPCKOT'O CepAla Iepe]] BHIOJHEHHEM OCHOBHOTO STama ONEepaluy OPTOTOIIMYECKOH TpaHCIUIaHTanuu cepana. Mertoabl. PaGora
BBITIOJIHEHA 110 1n3aifHy HaOII0AaTeNbHOT0 KIMHUYECKOT0 HccaenoBaHus. MccnenoBannue HOCUIIO MPOCTIEKTUBHBIN XapakTep. [l uccie-
JOBAHUS MCIOIH30BAIN HHTPAOIIEPAIIMOHHBIE OMONTATH MUOKAp/ia YIIKa JICBOTO MPEACEpaus JOHOPOB Bo3pacToM a0 60 1et, mocie Xo-
JIOZIOBOM MIIeMUH TpaHcIIanTara pactBopom Bretschneider (Dr. Franz Kohler Chemie GmbH, I'epmanust) nnurenbHocThi0 10 240 MUHYT
(1-s rpynma, n = 10) u 6onee 240 MunyT (2-1 Tpynna, n = 7). B Muokapze ymika JeBoro npeacepaus JOHOPCKOTO CepALla ONPEeAeIsiin Xa-
pakTep naToMopQosIOrHIecKoi IepecTPOUKY B YCIOBUSIX Pa3IUYHON JUIMTEIBHOCTH XOJIO00BOI HIIeMUH. ['HcToIornueckue cpessl Mu-
oKap/a ObLIM OKpaIIeHbl MO CTaHAAPTHOW METOANKE TeMAaTOKCHIMHOM U 203MHOM. JlanpHeliee X n3y4eHue MpOBOJUIN MOCPEICTBOM
CBETOBOH M MOJSIPU3AIMOHHON MUKPOCKOIHUH, JUUISI aHATHN3a KCIPECCUU aKTHHA U AeCMUHA MPUMEHSUIH HMMYHOTHCTOXUMHUYECKIH Me-
Tox. MopdoMeTpHst oCyIeCTBIIsIIaCh ¢ IpuMeHeHneM rporpammsl «Imagel 1,48v» (CILA). [Ipu ananu3e cojepkaHus akTHHA, ISCMHUHA
momaabs DAB (3,3'-diaminobenzidine)-o3U THBHBIX TPOAYKTOB UMMYHOTHCTOXUMUYECKON pEaKIIMH OLIEHUBAIN KaK IIPOICHT TLIOMIATH
n3obpaxxenust. O0beMHas MIOTHOCTh NMMYHOTHCTOXMMHYECKH BBISIBIISIEMOTO aKTHHA M JIECMHHA olpenersuiach no 20 u300pakeHusIM
¢ ysennyenuem 40x10. J{ng u3ydeHus MHTEHCUBHOCTH CTENEHH MMMYHHOH PEaKIMM HCIIOJNb30BATH TONYyKOINYECTBEHHBIN METOM: C
MOICYETOM YHCJIa KJICTOK B CIIy4aifHO BRIOPAHHBIX 25 MOJSAX 3peHHs. THITBI KOHTPAKTYPHEIX ITOBPEXKASHIH MHOKap/a OLEHIBAaIH METO-
JIOM TIOJIAPU3AIMOHHOM MuKpockonuu. Pe3ynbTaThl. Bee BKIIoueHHBIE B IEPBYIO M BTOPYIO TPYIIIEI CAy4yau OBIIN JTOBEAEHBI O KOHIA
nccnenoBanus. [lanueHTsl, BKIIOYEHHBIE B IEPBYIO M BTOPYIO I'PYTIIBI, OBLIM COMOCTAaBUMBI 110 CPEJHEMY BO3PAcTy M aHTPOIOMETpHYIe-
ckuM nokaszarensam. Bospact 1-it rpynnel cocrasisin 50 [44; 59] net, 2-it rpynnet — 50 [49; 50] ner, p = 0,193. Unpaexc maccel Tena B 1-i
rpynme 0611 25 [22; 27] u Bo 2-ii rpynme 25 [21; 31], p = 0,288. B o6eux rpynmax ObUI0 OTMEYEHO IpeodiagaHue MalueHTOB MYKCKOTO
mona: 1 -st rpynmna — 8 (80 %) u 2-1 rpymma — 6 (85,7 %) uernosek, p = 0,256. [Ipu kOMILIIEKCHON MOP(HOIOTHYCCKON OIICHKE HIIEMUYCCKUX
MOBPEKJEHNI MHUOKap/a MPH Pa3HON MPOJOIKUTENBHOCTH XOJIOJ0BON MIIEMUHU Obla BBISABIEHA OHOPOAHOCTh U OOPAaTUMOCTh H3Me-
HEHWH KJICTOYHBIX CTPYKTYP B 00CHX IPYyMIIax B BHJC PAa3BUTHS KOHTPAKTyp He Oosree I-1I cTenenn, mosBiIeHne TN3NCHBIX N3MCHEHUI
B OTHACJBHBIX KapAUOMUOLUTAX TOJIBKO BO BTOpOﬁ rpymnrne, COXpaHeHue UMMYHOTI'MCTOXUMUYCCKUX peaKLLI/Iﬁ Ha aKTHWH U ICCMUH B O6el/IX
TpyHIax Ipy UX CpefHeil HHTEHCUBHOCTH M IMTOJTHOM OTCYTCTBUHU yUacCTKOB 0€3 peaKIiy Ha IECMUH, UTO TTO3BOJISAET CYAUTh O CTETIEHH CO-
XPaHHOCTH UX MaKpPOMOJIEKYJISIPHOH CTPYKTYpHI. 3akaiouenue. [loydeHHBIE B X0/Ie UCCIIEOBAHUS Pe3yIbTaThl IIOKA3aJI1, YTO PACTBOP
Bretschneider, o6nagas cOamaHCHpOBaHHBIM 3JIEMEHTHBIM COCTABOM, ONPEACIAIONIUM METa0OINYECKYIO 3aIIUTY KICTOK M UX MOHHBIN
OanaHc, co3aeT AeHCTBEHHYIO 3aIIUATY JOHOPCKOTO CepAlla IPH ero TPaHCHOPTHPOBKE C NMEPUOAOM XOJIOAOBON HIIEMHUN MHOKapAa -
TENBHOCTBIO 10 240 MuH 1 Ooee.
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INTRODUCTION

One of the main problems faced by global health care to-
day is terminal heart failure, for which heart transplantation
remains the leading treatment [1]. The critical shortage of
donor organs with the increasing need for heart transplanta-
tion indicates the inevitability of expanding donor selection
criteria; among these, one of the most important criteria is the
ischemia time of the donor heart. Increasing the ischemia time
to over 240 minutes, according to some authors, raises the risk
of developing transplant dysfunction and may lead to a lethal
outcome [2, 3].

Noteworthy is that normothermic ischemic myocardial dam-
age is associated with the destructive effect of hypoxia on the
structures of cellular proteins comprising the cellular frame-
work of cardiomyocytes. Together with myosin, actin, which
constitutes an integral part of microfilaments, creates the
contractile elements of muscles, i.e., actomyosin complexes
of sarcomeres. The reduction in sarcomeric actin intensity in
the cytoplasm of muscle cells in the damaged areas indicates
a decrease in the contractile function of cardiomyocytes' [4].
Another representative of the main structural proteins of mus-
cle cells is desmin [5, 6], which binds cytoplasmic components
creating a matrix near the sarcomere Z-disk and links it to the
cytoplasmic zone of the cardiomyocyte membrane [7, 8], thus
linking both adjacent myofibrils and Z-disks [9, 10]. In order
to maintain longitudinal loading during contraction, desmin,
through its own contact with the sarcomere binds the contrac-
tile part to the cell nucleus, organelles in the cell cytoplasm
that provide cellular respiration, and the postsynaptic region

[11;12]. This mechanism is most likely associated with the
phosphorylation pathway disruption followed by the destruc-
tion of proteins in the cardiomyocyte cytoskeleton that are
bound to them, as well as an increase in the number of calcium
and hydrogen ions in the cells, which initiates calcium-depen-
dent protease activity with the subsequent breakdown of actin
and desmin.

Some studies report that prolonged cold ischemia of the
transplant cannot be a factor in its dysfunction and has no ef-
fect on surgical outcomes [3, 13]. The determination of myo-
cardial damage using light optical microscopy is associated
with certain difficulties if a short period of time has passed
since its onset. In practice, it is reasonable to use an immu-
nohistochemical method or polarized light microscopy in the
diagnostics of myocardial damage [10,14—16], which pro-
vide a means to draw conclusions about the macromolecular
structure status of cardiac muscle cells when studying areas of
myocardial ischemia.

The article aims to comparatively assess the features of
cardiomyocyte pathomorphology and expression of protein
markers (actin and desmin) in the myocardium of donor hearts
prior to the main stage of orthotopic heart transplantation.

METHODS

Study design

The work adopted the design of an observational clinical
study, which was prospective in nature. Seventeen myocardial
samples from the left atrial appendage (LAA) of donor hearts
were included in the study.

! Zbrueva YuV, Kul’bitskii BN, Kabakova SS, Dzhuvalyakov PG, Bogomolov DV, Fedulova MV. Immunohistochemical study of heart

contusion. Sudebno-Meditsinskaya Ekspertisa. 2013;56(1):54-55.
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Study conditions

The study was conducted at the Meshalkin National Medical
Research Center, Ministry of Health of the Russian Federa-
tion. The heart transplantation procedure was carried out using
a classical bicaval technique. Heart extraction was performed
using the standard method, with preservation performed using
a cold Bretschneider cardioplegic solution (Dr. Franz Kdéhler
Chemie GmbH, Germany). In some cases, donor hearts from
remote regions were used: Altai Krai and Kemerovo Oblast.
Eligibility criteria
Inclusion criteria

Hearts from donors aged up to 60 years. Absence of chest
trauma, prolonged hypotension and hypoxemia; stable he-
modynamics; mean arterial pressure (MAP) of >60 mmHg;
central venous pressure (CVP) of 8—12 mmHg; inotropic sup-
port of below 10 mg/kg/min (dopamine); electrocardiography
(ECG) and echocardiography (Echo-CG) revealing no patho-
logical changes.
Exclusion criteria

Donors aged under 18. Complex cardiac rthythm disorders;
need for excessive inotropic support (dopamine at a dose of
20 pg/kg/min or similar doses of other adrenergic preparations
despite aggressive pre- and post-load optimization); contrac-
tile dysfunction according to echocardiography or left ven-
tricular ejection fraction of < 40% despite the optimization of
hemodynamics with inotropic drugs.
Removal criteria

Intravitam refusal of the patient to have internal organs re-
moved.
Description of the eligibility criteria (diagnostic criteria)

The selection of donors for participation in the study in-
volved establishing brain death on the basis of the clinical pic-
ture and results of laboratory and instrumental studies, which
were conducted collegially in accordance with the national
recommendations and accepted clinical protocols.?
Selection of group members

The participants were assigned to groups according to the
time of preoperative cold ischemia of the transplant. The first
group included ten cases with cold ischemia of the transplant
lasting up to 240 minutes, while the second group consisted of
seven cases with cold ischemia of the transplant lasting over
240 minutes.

Target parameters in the study
Main parameter in the study

The nature of pathomorphological myocardial rearrange-
ments in the LAA of the donor heart was determined at differ-
ent cold ischemia times.
Additional parameters in the study

Additional parameters are not provided in this study.
Methods for measuring the target parameters

In an operation theatre setting during the main stage of the
operation, myocardial samples were collected from the LAA
of the donor heart following cold ischemia with the use of
Bretschneider solution (Dr. Franz Kohler Chemie GmbH,

Germany). The fixation of myocardial slices, their histological
processing, and subsequent hematoxylin-eosin staining were
conducted according to available guidelines. The study of the
obtained slide mounts was conducted by means of an Axio
Scope.Al universal microscope (Zeiss, Germany), equipped
with an analyzer and polarizer, an AxioCam MRc5 camera
(Zeiss, Germany), and ZEN blue software (Zeiss, Germany).
The staining of myocardial slices for immunohistochemical
analysis was performed according to the available recommen-
dations of the antibody manufacturer and standards outlined in
the guidelines for immunohistochemical studies [15]. The slic-
es were dewaxed, and the tissue antigens were unmasked in a
PT Link module (DAKO, Denmark) in citrate buffer (pH 6.0)
at 95 °C for 60 minutes. Endogenous peroxidase was blocked
with a 3% H,O, solution, followed by protein blocking with a
serum. After that, the obtained slices were incubated with an-
tibodies to Actin, Muscle Specific Ab-4 (HHF35) and Desmin
43/GJAT (clone D33, mouse monoclonal, DAKO, Denmark).
Immunostaining was performed using a peroxidase-labeled
polymer detection system (EnVision FLEX, DAKO, Den-
mark). At the final stage, cell nuclei were stained with hema-
toxylin.

Morphometry was performed using the ImageJ 1.48v soft-
ware (USA). In the analysis of actin and desmin amount, the
area of DAB-positive products of the immunohistochemical
reaction was estimated as a percentage of the image area. The
volume density (Vv,%) of immunohistochemically detectable
actin and desmin was determined using 20 images at a mag-
nification of 40x10. In order to study the intensity of the im-
mune reaction, a semiquantitative method was used: (+/+++)
counting the number of cells in 25 randomly selected fields of
view; (-) no staining; (+) weak, only the cytoplasm of cells is
stained; (++) moderate, with staining of cell cytoplasm and
focal staining of extracellular components (<50%); (+++)
marked expression, with staining of both cell cytoplasm and
most of the extracellular components (>50%) [17]. The types
of myocardial contracture damage were assessed via polariza-
tion microscopy [18].

Variables (predictors, confounders, and effect
modifiers)

Previous congenital or acquired cardiac pathology could be
a confounding factor independently affecting the study result.
This factor was eliminated at the sampling stage by adding
them to the exclusion criteria.

Statistical procedures
Principles behind sample size determination

The sample size was not determined in advance.
Statistical methods

A statistical analysis of the obtained results was performed
using the STATISTICA 10.0 software (StatSoft, Inc., USA).
Quantitative variables are presented as a median and inter-
quartile range Me [Q1—Q3], while qualitative variables are
given as the frequency of occurrence and/or percentage. An
intergroup comparison of parameters was conducted using the

2 Ministry of Health of the Russian Federation, Order No. 908n of December 25, 2014 “On the Procedure for Diagnosing Human Brain

Death”.
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Potentially included cases (n = 17)

Not evaluated as per inclusion criteria (n = 0)

Evaluated as per inclusion criteria (n = 17)

Excluded (n =0)

Included in the study (n =17)

Removed from the observation (n = 0)

Data available for analysis:
e Clinical (n=17)
» Histological (n =17)
e Immunohistochemical (n = 17)

Group 1 Group 2
(n=10) (n=7)
| |
Assessment of pathomorphological changes in the LAA

Completed the study Completed the study
(n=10) (n=7)

Removed from the study Removed from the study
(n=0) (n=0)

Fig. 1. Block diagram of the study design

Note: the block diagram was created by the authors (as per
STROBE recommendations). Abbreviation: LAA — left atrial ap-
pendage of the donor heart.

Puc. 1. brok-cxema qu3aiiHa IPOBEICHHOTO UCCIICIOBAHUS
Tlpumeuanue: 610K-cXeMa 6bINOAHEHA ABMOPAMU  (CO2NACHO
pexomendayusam STROBE). Cokpawenue: LAA — ywko neozo
npedcepous OOHOPCKO20 cepoya.

Mann—Whitney test or Fisher’s exact test. The p-value of <
0.05 was considered statistically significant for all types of
analysis.

RESULTS

Sampling

Two groups were formed for the study: Group 1 — ten cases
with cold ischemia of the transplant lasting up to 240 min-
utes, i.e., 140[140;150] minutes; Group 2 — seven cases with
cold ischemia of the transplant lasting over 240 minutes, i.c.,
375[245;375] minutes (p < 0.05) (Fig. 1).

Characteristics of the study sample (groups)

Patients included in the first and second groups were com-
parable in terms of mean age and anthropometric indices. The
mean age of patients amounted to 50 [44;59] years in Group
1 and 50 [49;50] years in Group 2, p = 0.193. The body mass
index (BMI) was 25 [22;27] in Group 1 and 25 [21;31] in
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Fig. 2. Group 1 patients: cold ischemia of the transplant last-
ing up to 240 minutes. Uneven eosinophilic staining of the
left atrial myocardium (marked by arrows). Hematoxylin
and eosin staining, x200

Note: the photograph was taken by the authors.

Puc. 2. [TartuenTs! 1-if TpyHIBL: XOJI0A0BAS UIIEMUS TPAHC-
mianrata 10 240 muHyT. HepaBHOMEPHOCTD 303MHODHIIb-
HOM OKpacKM MHOKapaa JIEBOTO Ipenacepaus (OTMEYeHO
crpenkamu). OKkpacka reMaTOKCHIMHOM M S03MHOM. YBe-
nugeHue x200

Tpumeuanue: pomoepaghus svinoinena agmopamu.

Group 2, p = 0.288. Both groups showed male predominance:
8 (80%) in Group 1 and 6 (85.7%) in Group 2, p = 0.256.

Main study results

In the study of the material taken from the Group 1 patients,
LAA myocardial preparations stained with hematoxylin and
eosin revealed features characteristic of the fragmentation
of individual muscle fibers in the stroma, as well as signs of
non-uniform vascular plethora with moderate intermuscular
edema and areas of erythrocytic sludges in microcirculatory
vessels. A spasm of arterioles was noted, with veinous dilata-
tion and plethora. Some vessels revealed a rod-shaped elonga-
tion of endotheliocytes. In general, most of the cardiomyocytes
retained a regular structure with a slight sign of non-uniform
oxyphilic staining characteristic of cells with myofibril con-
tracture (Fig. 2).

The use of polarization microscopy showed the presence of
contractural changes in LAA muscle cells in both groups. Gen-
erally, such changes did not exceed subsegmental (contrac-
tions of individual groups of sarcomeres in the myofibrils of
cardiomyocytes) and segmental Class I-II contractures (which
involve the entire muscle cell) and were characterized by the
increased anisotropy in the A-disk of sarcomeres with a vary-
ing degree of shortening of isotropic I-disks (Fig. 3). Cardio-
myocytes having merged A-disks in the form of homogeneous
anisotropy (Class III contracture) were observed sporadically
in both groups.

The study of actin and desmin expression revealed that
most muscle cells were separated from each other by clearly
outlined intercalated disks with preserved near-disk intensity
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Fig. 3. Group 1 patients: cold ischemia of the transplant last-
ing up to 240 minutes. Class I-II myofibril contractures. Po-
larization microscopy (highlighted rectangle), X630

Note: the photograph was taken by the authors.

Puc. 3. Tlamments!r |- Tpynmel: XOIOAOBast HINEMUS
TpancrutantaTa 10 240 munyT. KoHTpakTypsl MUOGUOpHILIT
I-II crenmenm (Bermeneno ¢wurypoit). IlomspuzanmonHas
MHKpPOCKOMHS. YBennderue x630

Tpumeuanue: pomoepaghus gvinonrnena asmopamu.

in the form of dark-brown staining, which was revealed in
the immunohistochemical reaction. In general, the cytoplasm
had a uniform light brown color with increased reaction in-
tensity in the Z-band region (Figs.4 A, B). The preserved
uniform staining of actin and desmin in cardiomyocytes

both in the cytoplasm itself and in the region of intercalated
disks, characterizing the sarcomeric cytoskeleton and the ex-
tra-sarcomeric cytoskeleton associated with the sarcolemma,
indicates sufficient protection of the myocardium during pro-
longed ischemia. With unprotected myocardium, prolonged
ischemia leads to the dissociation of the actin cytoskeleton
from the cardiomyocyte membrane, followed by cell degen-
eration and apoptosis, which was not observed in the present
study.

In the histological study of the material obtained from
Group 2 patients with cold myocardial ischemia lasting over
240 minutes, dilation was observed in the perivascular spaces
with wall edema of intramural arteries and preserved paretic
changes in some of them, which involved venous plethora and
dilation. Some arteries exhibited spastic changes with luminal
narrowing; the endothelial lining retained its integrity. In mi-
crocirculatory vessels, erythrocytic sludges were observed in
some places. Muscle fibers were mostly uniform in diameter
with weak non-uniform oxyphilic staining of cardiomyocytes;
only in some places, individual fibers were observed showing
thinning and a wavy contour. Cytoplasmic edema was found
in cardiomyocytes, which was accompanied by non-uniform
staining. Along with the contractural changes of muscle cells,
which did not exceed subsegmental and segmental Class I-1I
contractures, another type of change in cardiomyocytes—in-
tracellular myocytolysis—was observed in polarized light. It
was characterized by a decrease in the A-disk anisotropy or
the absence of anisotropic structures within individual mus-
cle cells due to the disappearance of one or another part of
myofibrils. The preserved myofibrils were present as weakly
anisotropic inclusions (Fig. 5).

Fig. 4. Group 1 patients: cold ischemia of the transplant lasting up to 240 minutes. Uniform immunohistochemical staining of
actin (A) and desmin (B) (marked by arrows) in cardiomyocytes. Immunohistochemical study, x400

Note: the photographs were taken by the authors.

Puc. 4. ITannenTs! 1-# Tpynmel: X0JI0A0Bas HIIEMHUS TpaHCIUTaHTaTa 10 240 MuHyT. PaBHOMEpHOE MMMYHOTHCTOXHMHYE-
CKO€ OKpanrnBaHue akTHHA (A) (OTMeUeHO CTpenkoii) u necMuHa (B) (oTMedeHo cTpenkoif) B kKapauomMuonurax. MMMmyHoru-

CTOXMUMHYECKOE HcciaenoBanue. Ysennuenne x400
Ipumeuanue: gomoepaghuu vinoiHeHvl A8MOPaAMuU.
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In the immunohistochemical study, the expression of ac-
tin and desmin generally remained the same in the form of
a light-brown staining reaction of cardiomyocyte cytoplasm
while slightly increasing in some regions. In some fields of
view, a decrease in intercalated disks was detected, with the
emergence of deformations in some of them in the form of
a “polyline band,” while a slight cross-striation blurring and
moderate changes in the structure of the cytoplasm of muscle
cells were observed in some places (Figs. 6 A, B).

Thus, the immunohistochemical analysis aimed at studying
the expression of actin and desmin showed that in both studied
groups, LAA cardiomyocytes exhibit a uniform light-brown
staining reaction with its abrupt changes to dark-brown col-
or in the region of the intercalated disks of muscle cells and
throughout the muscle fiber in the region of Z-bands.

At different cold ischemia times (up to 240 minutes and
over 240 minutes), fairly stable morphological dynamics of
actin and desmin expression in the myocardium are observed
according to the volume density parameter. The determina-
tion of this parameter in myocardial slices from the LAA in
comparison of groups revealed its slight but statistically sig-
nificant increase in Group 2: desmin, by 1.13 times; actin, by
1.07 times (Table), which may be associated with the con-
tinuing swelling of muscle cells due to the lysis changes in
myofibrils, as well as with the absence of cellular-interstitial
exchange during complete cold myocardial ischemia. In the
comparison of two cold ischemia groups (up to 240 minutes
and over 240 minutes) in terms of the intensity of actin and de-
smin expression, the morphological dynamics were reversed.
With the parameter of immunohistochemically detectable
actin and desmin increasing simultaneously, their expression
intensities were reverse in nature. The intensity of desmin ex-
pression decreased by 1.6 times due to an increase in cardio-
myocytes exhibiting a low level of intensity. Conversely, the

Fig. 5. Group 2 patients: cold ischemia of the transplant
lasting over 240 minutes. Foci of myocytolysis (highlighted
rectangle). Polarization microscopy, X630

Note: the photograph was taken by the authors.

Puc. 5. TlaumeHTsl 2-# rpynmsl: XOJOAOBas HIIEMUS
TpaHciutanTata 6osee 240 MuryT. OUaru MHOITUTOIHM3HCA
(o603HaueHO (hurypoii). [lonspru3amoHHAs MEKPOCKOITHS
VYBenuuenue x630

Tpumeuanue: homoepaguu vinonHeHvl ABMOPAMIL.

intensity of actin expression increased by 1.5 times due to the
increase in cardiomyocytes showing moderate and strong im-
munohistochemical reaction intensity (Table 1). For actin, this
change in the expression intensity of the studied cellular pro-
teins can be attributed to the contractile structure of the muscle
cell—sarcomere, which is the main structural unit of the heart
muscle and plays an important role in the effective regulation
of cardiac thythm and hemodynamic maintenance, while for
desmin, to the involvement of compartments only beyond the

Fig. 6. Group 2 patients: cold ischemia of the transplant lasting over 240 minutes. Uneven immunohistochemical staining of

actin (A) (indicated by arrows) and desmin (B) (indicated by arrows) in cardiomyocytes. Immunohistochemical study, x400

Note: the photographs were taken by the authors.

Puc. 6. [TanpenTs! 2-i TPYNIIBL: X0JIOOBAs UIIEMUs TpaHcrianTara oonee 240 munyT. HepaBHOMEpHOE MMMYHOTHCTOXH-
MHYECKOe OKpallnBaHue akTuHa (A) (06o3HaueHo cTpenkaMu) u necMuHa (B) (0003Ha4YeHO cTpesikaMu) B KapAHOMHOLIUTAX.

MMMmyHOrHCTOXHMHUYECKOE HcceioBaHue. YBenuueHue X400
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Table. Volume density of actin and desmin and their expression intensity in the cardiomyocytes of left atrial appendage
in patients with cold myocardial ischemia lasting up to 240 minutes (Group 1) and over 240 minutes (Group 2)

Tabnuna. O0beMHas INIOTHOCTh, HHTEHCHBHOCTD IKCIPECCHH KapJMOMHOIIMTAMHU YIIKa JICBOTO MPEICepIns aKTHHA

U JICCMUHA Y TIAIIMEHTOB C X0JIOOBOH nuiemuei Mmuokapaa a0 240 munyT (1-s1 rpymnma) u 6osiee 240 MuHyT (2-51 rpyIina)

Parameter Group 1 (n =10) Group 2 (n=7)
Immunohistochemical parameters of the LAA myocardium
Desmin, Vv, % 73 [69;76] 83 * [79;86]
. o . +AH+++ A+
0,
Desmin, expression intensity (%) 1/68/31 39/58/3
Actin, Vv, % 78 [74;81] 84 * [69;76]
. . . A+ A+
o
Actin, expression intensity (%) 35/52/13 4/78/18

Notes: the table was compiled by the authors; * — differences in the corresponding values between the groups (p < 0,05); +/++/+++ —weak/

moderate/strong expression intensity;, Vv — volume density.

Tpumeuanua: mabauya cocmasnena agmopamu,; *— omauyus om coomeemcmsayrouux 3uavenuii medxcoy epynnamu (p < 0,05); +/++/+++—
caabas/ymepennasn/8elpadcenHas UHMeHCUBHOCMb dKcnpeccuu; Vv — 06beMnas niomHocms CmpyKmyp.

sarcomeric cytoskeleton that provide physical support and
structural integrity for heart cells.

Additional study results
No additional results were obtained during the study.

DISCUSSION

Main findings of the study

The comprehensive morphological state assessment of LAA
myocardium showed stabile actin and desmin expression in
patients with cold ischemia lasting up to 240 minutes and
more. Structural changes developing in the form of contrac-
tures did not exceed Class I-II. Lysis changes were noted in
the individual cardiomyocytes of Group 2 patients.

Research limitations

The results of the present study were obtained on small
samples of patients. In order to further develop the completed
work, a study using a larger sample size is required.

Interpretation of the study results

Several works [19-22] examine the nature of the cellular re-
sponse in case of damage to the molecular structures of the cell
that realize the interaction of its membrane with intracellular
elements comprising the cytoskeleton structure. The structure
of cardiomyocytes, including the arrangement of cellular pro-
teins in it, is strictly determined. Cellular proteins are poly-
functional, performing a variety of functions and interacting
with different structures in the extracellular and intracellular
space. This allows them to ensure that the cell remains pre-
served and stable during cardiac cycles. By interacting with
the extracellular matrix components, cellular proteins provide
mechanical strength and support to cells and help in the forma-
tion and stabilization of tissue structures. Within the cell, pro-
teins interact with various organelles, thus regulating cellular
metabolism, cellular energy supply, protein transport and sort-
ing, as well as signaling pathways within the cell [21-26]. In
literary sources, heart diseases involving damage to the struc-
ture of muscle cells are mostly cardiomyopathies [23]. The use
of the immunohistochemical method in diagnosing damage to

the molecular structures of the cell enables assessment of both
the dynamics of changes in their number and the degree of
cardiomyocyte integrity.

The analysis of actin and desmin expression in the study
of myocardium during cold ischemia showed that they are
reversed in the groups. The intensity of desmin expression
decreased with increasing ischemia time (on the point scale,
the group with one point characteristic significantly increased)
(Table 1). A significant decrease in desmin expression in var-
ious forms of ischemic myocardial damage was reported in a
large number of studies. Ischemic myocardial damage leads
to impaired blood supply to the heart and subsequent cardio-
myocyte death. This can cause changes in the expression of
different proteins, including desmin. Studies using immuno-
histochemistry, immunoblotting, and other methods also con-
firm that ischemic myocardial damage results in decreased
desmin expression, which is associated with the activation of
pathological signaling pathways, altered gene expression, and
other mechanisms. Decreased desmin expression in ischemic
myocardial damage has important implications for myocardial
structure and function. Under these conditions, a decrease in
desmin level leads to impaired cell integrity, as well as the dis-
organization of sarcomeres and other structural components.
However, of note is that the nature and extent of changes in
desmin expression may differ at different stages and in dif-
ferent forms of ischemic myocardial damage. For example,
I.V. Zadnipryanyi et al. (2017) report a significant decrease in
desmin expression in various forms of ischemic myocardial
damage while noting the its heterogeneous presence in differ-
ent regions—from no response of cardiomyocytes to desmin
to its strengthening in the region of Z-bands and intercalated
disks [27].

With prolonged complete ischemia of the LAA myocardium,
the present study also showed different expression intensities
during cold ischemia in both groups; however, no regions ex-
hibiting no reaction to desmin were observed. The expression
intensity of actin, unlike that of desmin, increased in Group 2
patients (Table 1) and was non-uniform. Taking into account

Kuban Scientific Medical Bulletin / Kybanckuii HayYHBIH MEIHIIMHCKUI BECTHUK

22 2024 | Tom 31 | Ne 1| 15-26



Kliver V.E., Volkov A.M., Nadeev A.P., Fomichev AV., Sirota D.A., Kliver E.E., Zhulkov M.O., Pozdnyakova S.V.
Morphological assessment of actin and desmin expression at different cold myocardial ischemia times: observational study

that during complete cold myocardial ischemia, the repair of
damaged myofibrils via activation of synthetic processes is
impossible, another mechanism behind enhancing actin ex-
pression should be assumed, which is associated with the in-
creased availability of reactive groups in actin filaments under
conditions of protein denaturation, with the development of
mixed damages in the form of contractures and myocytolysis
[19]. This may also be attributed to the inclusion of addition-
al receptors during the fragmentation of contractures, spirally
twisted actin filaments in foci of myofibril overcontraction and
overstretching.

CONCLUSION

The study revealed that the use of Bretschneider solution
during cold myocardial ischemia effectively protects the donor
heart during its transportation (with the myocardial cold isch-
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