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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 defi nite 
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 Köhler 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 ImageJ 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 magnifi cation of 
40×10. 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 fi elds of view. The types of myocardial contracture damage were assessed via polarization microscopy. Re-
sults. Patients included in the fi rst 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, р = 0.193. The body mass index was 25 [22;27] in Group 
1 and 25 [21;31] in Group 2, р = 0.288. Both groups showed male predominance: 8 (80%) in Group 1 and 6 (85.7%) in Group 2, р = 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–II 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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АННОТАЦИЯ
Введение. Трансплантация сердца в настоящее время является ключевым методом лечения пациентов в терминальной стадии 
хронической сердечной недостаточности. Проблема критического дефицита донорских органов, рост потребности в трансплан-
тации сердца диктуют необходимость расширять критерии отбора доноров, включая и предполагаемое время ишемии донор-
ского сердца. Несмотря на множество исследований, в настоящее время остается открытым вопрос о безопасной длительности 
холодовой ишемии, нет четкой границы допустимого времени консервации и соответствующих патоморфологических данных 
о состоянии миокарда донорского сердца при различных временных параметрах. Цель исследования — провести сравнитель-
ную оценку особенностей патоморфологии кардиомиоцитов и экспрессии белков-маркеров — актина и десмина в миокарде 
донорского сердца перед выполнением основного этапа операции ортотопической трансплантации сердца. Методы. Работа 
выполнена по дизайну наблюдательного клинического исследования. Исследование носило проспективный характер. Для иссле-
дования использовали интраоперационные биоптаты миокарда ушка левого предсердия доноров возрастом до 60 лет, после хо-
лодовой ишемии трансплантата раствором Bretschneider (Dr. Franz Köhler Chemie GmbH, Германия) длительностью до 240 минут 
(1-я группа, n = 10) и более 240 минут (2-я группа, n = 7). В м иокарде ушка левого предсердия донорского сердца определяли ха-
рактер патоморфологической перестройки в условиях различной длительности холодовой ишемии. Гистологические срезы ми-
окарда были окрашены по стандартной методике гематоксилином и эозином. Дальнейшее их изучение проводили посредством 
световой и поляризационной микроскопии, для анализа экспрессии актина и десмина применяли иммуногистохимический ме-
тод. Морфометрия осуществлялась с применением программы «ImageJ 1,48v» (США). При анализе содержания актина, десмина 
площадь DAB (3,3′-diaminobenzidine)-позитивных продуктов иммуногистохимической реакции оценивали как процент площади 
изображения. Объемная плотность иммуногистохимически выявляемого актина и десмина определялась по 20 изображениям 
с увеличением 40×10. Для изучения интенсивности степени иммунной реакции использовали полуколичественный метод: c 
подсчетом числа клеток в случайно выбранных 25 полях зрения. Типы контрактурных повреждений миокарда оценивали мето-
 дом поляризационной микроскопии. Результаты. Все включенные в первую и вторую группы случаи были доведены до конца 
исследования. Пациенты, включенные в первую и вторую группы, были сопоставимы по среднему возрасту и антропометриче-
ским показателям. Возраст 1-й группы составлял 50 [44; 59] лет, 2-й группы — 50 [49; 50] лет, р = 0,193. Индекс массы тела в 1-й 
группе был 25 [22; 27] и во 2-й группе 25 [21; 31], р = 0,288. В обеих группах было отмечено преобладание пациентов мужского 
пола: 1 -я группа — 8 (80 %) и 2-я группа — 6 (85,7 %) человек, р = 0,256. При комплексной морфологической оценке ишемических 
повреждений миокарда при разной продолжительности холодовой ишемии была выявлена однородность и обратимость изме-
нений клеточных структур в обеих группах в виде развития контрактур не более I–II степени, появление лизисных изменений 
в отдельных кардиомиоцитах только во второй группе, сохранение иммуногистохимических реакций на актин и десмин в обеих 
группах при их средней интенсивности и полном отсутствии участков без реакции на десмин, что позволяет судить о степени со-
хранности их макромолекулярной структуры. Заключение. Получе нные в ходе исследования результаты показали, что раствор 
Bretschneider, обладая сбалансированным элементным составом, определяющим метаболическую защиту клеток и их ионный 
баланс, создает действенную защиту донорского сердца при его транспортировке с периодом холодовой ишемии миокарда дли-
тельностью до 240 мин и более.
КЛЮЧЕВЫЕ СЛОВА: трансплантация сердца, консервация донорского сердца, время холодовой ишемии, актин, десмин, мор-
фологическая диагностика
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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 microfi laments, 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 cardiomyocytes1 [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 myofi brils 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 diffi culties 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.

1 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 Köhler 
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 rhythm disorders; 
need for excessive inotropic support (dopamine at a dose of 
20 μg/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.2

Selection of group members
The participants were assigned to groups according to the 

time of preoperative cold ischemia of the transplant. The fi rst 
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 Köhler Chemie GmbH, 

Germany). The fi xation 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.A1 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% H2O2 solution, followed by protein blocking with a 
serum. After that, the obtained slices were incubated with an-
tibodies to Actin, Muscle Specifi c Ab-4 (HHF35) and Desmin 
43/GJA1 (clone D33, mouse monoclonal, DAKO, Denmark). 
Immunostaining was performed using a peroxidase-labeled 
polymer detection system (EnVision FLEX, DAKO, Den-
mark). At the fi nal 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-
nifi cation of 40×10. 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 fi elds 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 
modifi ers)

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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Mann–Whitney test or Fisher’s exact test. The p-value of < 
0.05 was conside red statistically signifi cant 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.e., 
375[245;375] minutes (p ≤ 0.05) (Fig. 1).

Characteristics of the study sample (groups)
Patients included in the fi rst 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, р = 0.193. The body mass 
index (BMI) was 25 [22;27] in Group 1 and 25 [21;31] in 

Group 2, р = 0.288. Both groups showed male predominance: 
8 (80%) in Group 1 and 6 (85.7%) in Group 2, р = 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 fi bers 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 myofi bril 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 myofi brils 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 

Potentially included cases (n = 17) 

Evaluated as per inclusion criteria (n = 17)   

Not evaluated as per inclusion criteria (n = 0) 

Excluded (n = 0) 

Included in the study (n = 17) 

Removed from the observation (n = 0) 

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

Group 2  
(n = 7) 

Group 1  
(n = 10) 

Completed the study   
(n = 10)  
Removed from the study  
(n = 0) 

Completed the study  
(n = 7)  
Removed from the study  
(n = 0) 

Assessment of pathomorphological changes in the LAA 

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.
Рис. 1. Блок-схема дизайна проведенного исследования
Примечание: блок-схема выполнена авторами (согласно 
рекомендациям STROBE). Сокращение: LAA — ушко левого 
предсердия донорского сердца.

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, ×200
Note: the photograph was taken by the authors.
Рис. 2. Пациенты 1-й группы: холодовая ишемия транс-
плантата до 240 минут. Неравномерность эозинофиль-
ной окраски миокарда левого предсердия (отмечено 
стрелками). Окраска гематоксилином и эозином. Уве-
личение ×200
Примечание: фотография выполнена авторами.



ORIGINAL ARTICLES / ОРИГИНАЛЬНЫЕ СТАТЬИ  BIOMEDICAL SCIENCES / МЕДИКО-БИОЛОГИЧЕСКИЕ НАУКИ 

20 Kuban Scientifi c Medical Bulletin / Кубанский научный медицинский вестник 
2024 | Toм 31 | № 1 | 15–26

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 suffi cient 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 fi bers were mostly uniform in diameter 
with weak non-uniform oxyphilic staining of cardiomyocytes; 
only in some places, individual fi bers 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–II 
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 
myofi brils. The preserved myofi brils were present as weakly 
anisotropic inclusions (Fig. 5).

Fig. 3. Group 1 patients: cold ischemia of the transplant last-
ing up to 240 minutes. Class I–II myofi bril contractures. Po-
larization microscopy (highlighted rectangle), ×630
Note: the photograph was taken by the authors.
Рис. 3. Пациенты 1-й группы: холодовая ишемия 
трансплантата до 240 минут. Контрактуры миофибрилл 
I–II степени (выделено фигурой). Поляризационная 
микроскопия. Увеличение ×630
Примечание: фотография выполнена авторами.

    

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, ×400
Note: the photographs were taken by the authors.
Рис. 4. Пациенты 1-й группы: холодовая ишемия трансплантата до 240 минут. Равномерное иммуногистохимиче-
ское окрашивание актина (А) (отмечено стрелкой) и десмина (B) (отмечено стрелкой) в кардиомиоцитах. Иммуноги-
стохимическое исследование. Увеличение ×400
Примечание: фотографии выполнены авторами.
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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 fi elds 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 fi ber 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-
nifi cant 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 
myofi brils, 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 

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 rhythm and hemodynamic maintenance, while for 
desmin, to the involvement of compartments only beyond the 

Fig. 5. Group 2 patients: cold ischemia of the transplant 
lasting over 240 minutes. Foci of myocytolysis (highlighted 
rectangle). Polarization microscopy, ×630
Note: the photograph was taken by the authors.
Рис. 5. Пациенты 2-й группы: холодовая ишемия 
трансплантата более 240 минут. Очаги миоцитолизиса 
(обозначено фигурой). Поляризационная микроскопия 
Увеличение ×630
Примечание: фотографии выполнены авторами.

 B  
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, ×400
Note: the photographs were taken by the authors.
Рис. 6. Пациенты 2-й группы: холодовая ишемия трансплантата более 240 минут. Неравномерное иммуногистохи-
мическое окрашивание актина (А) (обозначено стрелками) и десмина (B) (обозначено стрелками) в кардиомиоцитах. 
Иммуногистохимическое исследование. Увеличение ×400
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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 fi ndings 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 stru cture 
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 signifi cantly increased) 
(Table 1). A signifi cant 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-
fi rm 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 signifi cant 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 

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)
Таблица. Объемная плотность, интенсивность экспрессии кардиомиоцитами ушка левого предсердия актина 
и десмина у пациентов с холодовой ишемией миокарда до 240 минут (1-я группа) и более 240 минут (2-я группа)

Parameter Group 1 (n = 10) Group 2 (n = 7)

Immunohistochemical parameters of the LAA myocardium

Desmin, Vv, % 73 [69;76] 83 * [79;86]

Desmin, expression intensity (%) +/++/+++
1/68/31

+/++/+++
39/58/3

Actin, Vv, % 78 [74;81] 84 * [69;76]

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 (р < 0,05); +/++/+++ –weak/
moderate/strong expression intensity; Vv — volume density.
Примечания: таблица составлена авторами; * — отличия от соответствующих значений между группами (р < 0,05); +/++/+++ — 
слабая/умеренная/выраженная интенсивность экспрессии; Vv — объемная плотность структур.
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that during complete cold myocardial ischemia, the repair of 
damaged myofi brils 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 fi laments 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 fi laments in foci of myofi bril 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-

emia lasting up to 240 min and more) due to its balanced ele-
mental composition that determines the metabolic protection 
of cells and their ionic balance. The comprehensive morpho-
logical state assessment of the LAA myocardium in patients 
with cold ischemia lasting up to 240 minutes and more, which 
involved the use of light and polarization microscopy and im-
munohistochemical studies, showed stable actin and desmin 
expression in the myocardium, which indicates the reversibili-
ty of structural changes in the form of contractures not exceed-
ing Class I–II. Lysis changes in individual cardiomyocytes 
(only in Group 2), as well as preserved expression of actin and 
desmin in both groups at their average intensity, indicate a suf-
fi ciently high degree of preservation of their macromolecular 
structure in both groups to restore adequate cardiac function 
following heart transplantation.
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