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Abstract 
Topicality. Most of the inhabitants on the planet have directly 
experienced certain manifestations of pain, and in the case of 
chronic pain sensations, some significant changes may occur 
not only in the psycho-emotional sphere of a human individu-
al, but also some functional alterations in the life maintenance 
systems. There are two global problems of medicine which are 
associated with oncology and cardiovascular pathology, and, 
taking into account the prevalence of pain symptoms of var-
ious etiologies, a pathological triangle is formed, each side of 
which affects the overall configuration thereof. There is a need 
to understand these pathological relationships in order to de-
termine the real possibilities of breaking them and correcting 
such common complex life situations. Any attempt to create 
a concept and visually verify the real pathological changes in 
the heart, when modeling a combination of chronic neurogenic 
pain and a malignant process, is relevant that is the aim of 
this research work. We targeted the morphological picture 
of the heart in female mice with chronic neurogenic pain (CNP) 
and the growth of B16 melanoma and found a rather tough 
scenario of unfolded events.
Materials and methods. We used female mice of the C57BL/6 
line with a normal genotype. Chronic neurogenic pain (CNP) was 

produced by bilateral ligation of the sciatic nerve. Against that 
background, all animals were subcutaneously transplanted with 
melanoma B16/F10. After decapitation, the isolated heart prepa-
rations were carried out according to the stages of morpholog-
ical preparation for staining sections with hematoxylin-eosin, 
followed by morphological examination of the structure with 
the Leica DM LS2 microscope furnished with an Olympus opti-
cal.C-5050 Zoom video camera and Morfotest software. Photo-
graphing was conducted with magnifications x10, x40, x100. 
Results. A pronounced pro-oncogenic effect of pain stimula-
tion of the neurogenic nature was revealed, which consisted in 
an earlier manifestation of the tumor growth, large-scale me-
tastasizing even to atypical target organs, and the formation 
of a pre-terminal state at an earlier time. At the same time, 
morphological correlates of prolonged damage to the heart at 
the level of the valves and the ventricular wall were determined, 
the key elements of which were ischemia, total longitudinal 
splitting of muscle fiber bundles, blood filling of large vessels, 
hemorrhages, deep cell dystrophy of cardiomyocytes, myolysis, 
macrofocal necrosis (myomalacia), an accumulation of necrotic 
masses, fibrosis and eosinophilic infiltration. Visualization of the 
nuclei of cardiomyocytes indirectly indicated the switch of the 
death program to the non-apoptotic pathway, i.e. necrosis as 
a result from the “tumor-caused” depletion of the energy re-
serves of cardiomyocytes. 
Conclusion. The simulated hypertrophied manifestations of 
myocardial catastrophe in the experiment expand the concept 
of a prolonged infarction and provide a basis for predicting and 
preventing a negative course of events in difficult patients with 
persistent pain syndromes and comorbid pathology against the 
background of the development of a malignant process.
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Introduction 
Cardiovascular diseases are the most common 

causes of disability and death in the world, and the 
number of patients of this category of diseases has 
been increasing. Heart failure (HF) is a progressive 
myocardial remodeling disorder characterized by the 
impaired cardiac function and circulatory congestion 
[1]. Acute myocardial infarction (MI) is a dramatic, 
confusing, stressful event. Despite the fact that various 
therapeutic and preventive measures are being imple-
mented, there has not been a significant reduction in 
cardiovascular disease (CVD) achieved worldwide. 
The World Health Organization (WHO) predicts that 
cardiovascular disease deaths in the world will rise 
from 17.1 million in 2016 to 23.4 million in 2030 [2]. 
Studies have shown that the occurrence rate of this 
complication in Russia is 3-4 times higher than in the 
countries of the European Union and the USA [3]. 
Myocardial infarction leads to myocardial ischemia, 
blockage of microcirculation, apoptosis of cardiomy-
ocytes and necrosis in the area of infarction that leads 
to vicarious fibrosis of the heart [1].

Chronic systemic inflammation is a recognized 
cardiovascular risk factor which is based on the im-
mune activation as the main pathophysiological fac-
tor [4]. Chronic intestinal inflammation caused by 
Crohn’s disease and ulcerative colitis is associated with 
an increased risk of coronary, cerebrovascular, and pe-
ripheral arterial diseases [5]. Approximately one in ev-
ery three individuals worldwide experiences a chron-
ic and painful disease [6]. Osteoarthritis (OA) and 
chronic low back pain are the most common diseas-
es that contribute significantly to the overall burden 
of the life years lived with disability [7]. In Japan, for 
example, chronic pain from osteoarthritis affects ap-
proximately 25.3 million people aged over 40, and the 
occurrence of chronic leukemia among people over 
50  is estimated at about 24.8% [8]. Chronic neuro-
genic pain adversely affects people’s health by limiting 
their physical and functional capabilities; therefore, 
chronic pain control is of paramount importance. A 
meta-analysis showed that patients with chronic pain 
had a 24% higher risk of developing cardiovascular 
disease than those without the latter [9]. The male 
gender and comorbidities were found to increase the 
incidence of acute myocardial infarction [10]. 

Previously, we have shown that the reproduction of 
chronic neurogenic pain (CNP) produced by bilateral 
ligation of the sciatic nerves has a stimulating effect on 

the growth of experimental melanoma in females and 
promotes an early tumor appearance and metastasiz-
ing, as well as a reduction in the life span of animals 
[11]. In addition, it has been determined that chronic 
neurogenic pain associated with a malignant process 
aggravates the dysfunction of the mitochondria of the 
heart cells with destabilization of the respiratory chain 
mediated by free radical oxidation processes [12, 13]. 
Morphological studies of areas of damage to the heart 
muscle show that in the myocardium detected are 
hemorrhage, foci of necrosis, ruptures of some indi-
vidual cells, focal infiltration of leukocytes, fibrinous 
necrosis of the walls of blood vessels, dilated heart cav-
ities, and blood clots in the lumen [14]. Microscopy 
of smears of a suspension of cardiac mitochondria at 
2-3 weeks of the melanoma growth against the back-
ground of CNP has revealed a process of cold glow 
of high brightness, i.e. chemiluminescence [15]. It is 
interesting that the detected abnormality of the con-
tractile function of the heart in the dynamics of the 
standard growth of B16 / F10 melanoma, regarded as 
manifestations of tumor stress, or rather, the systemic 
effect made by the tumor on the body, has not been 
accompanied by signs of damage to the heart wall in 
macroscopic and morphological examination. 

Knowledge of the mechanisms connected with the 
progression of myocardial infarction associated with 
chronic neurogenic pain is necessary for the develop-
ment of new treatment technologies.

The aim of our research work is to study morpho-
logical changes in the heart of female mice with the 
development of a malignant tumor (B16/F10 melano-
ma model) under the conditions of chronic neurogen-
ic pain.

Materials and methods
In this research work, female mice of the C57BL/6 

line with a normal genotype with an initial individual 
weight of 20–25 g were used. The animals were sup-
plied by the Andreevka Research Center for Biomedi-
cal Technologies at the Federal Medical and Biological 
Agency (Moscow Region). All mice were divided into 
experimental groups as follows: the mice with B16/
F10 melanoma as the comparison group; the mice 
with chronic neurogenic pain (CNP) + B16/F10 mela-
noma as the main test group. 

The laboratory animals (mice) were kept under nat-
ural light conditions with free access to water and food. 
Work with animals was carried out in accordance with 
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the rules of the “European Convention for the Protec-
tion of Vertebrate Animals used for Experimental and 
other Scientific Purposes” (Directive 86/609/EEC), as 
well as in accordance with the International Guiding 
Principles for Biomedical Research Involving Animals 
and Order No. 267 “Approval of the Rules of Laborato-
ry Practice” dated June, 19, 2003 issued by the Minis-
try of Health of the Russian Federation.

Model of chronic neuropathic pain
All manipulations with the animals were carried out 

in a box. Tools, utensils and hands were disinfected in 
the conventional way, observing all asepsis conditions.

The model of chronic neurogenic pain (CNP) was 
reproduced by applying a ligature to the sciatic nerve 
on both sides under xylazolethyl anesthesia [16]. An-
esthesia: xyl-zoletyl, 10 minutes before the main anes-
thesia; premedication: xylazine (Xila preparation) in-
tramuscularly, at a dose of 0.05 ml/kg of body weight 
(according to the instructions), then after 10 minutes, 
Zoletil-50 was administered at a dose of 10 mg per 
100 g of body weight. On post-operative day 14, me-
chanical allodynia and hyperalgesia were measured. 

2 weeks after the reproduction of chronic neuro-
genic pain in the mice of the main group, the B16/F10 
melanoma cells were transplanted into the C57BL/6 
strain mice by standard subcutaneous injection of tu-
mor suspension under the right shoulder blade in a 
volume of 0.5 ml of cell suspension in a 1:10 dilution 
with physiological saline solution. The animals of the 
comparison group were transplanted with the B16/
F10 melanoma cells in a similar way, but without re-
production of CNP. The tumor strain of murine mel-
anoma B16/F10 was obtained from the Federal State 
Budgetary Institution “NN Blokhin National Medi-
cal Research Center of Oncology” at the Ministry of 
Health of the Russian Federation.

After decapitation, the isolated heart preparations 
were harvested according to the stages of morpholog-
ical preparation for staining sections with hematoxy-
lin-eosin, followed by the morphological examination 
of the structure with the Leica DM LS2 microscope 
furnished with an Olympus optical C-5050 Zoom vid-
eo camera and Morfotest software. Photographing was 
conducted with magnifications x10, x40, x100. 

Results
Our experiments made it possible to give some vi-

sual representations of the state of the heart in case of 

systematic neurogenic pain as a background condition 
for the development of oncological pathology.

Appearance of primary tumors
As shown in Table 1 given herein, the subcutane-

ous tumors appeared in the female mice of the main 
group with CNP as early as 1 week after inoculation, 
and after 2 weeks in the mice of the comparison 
group. That was a significant gap in the reduction 
of the duration of the latent period thereof, which 
might indicate the formation of conditions for a 
pro-oncogenic influence of the pain factor. The av-
erage volume of subcutaneously transplanted B16 
melanoma in the female mice clearly confirmed that 
stimulating dynamics. 

Direct indicators of average tumor volumes
The minimum size of the newly recorded subcuta-

neous tumors in the mice of the main group at week 
1 was 2 times greater than that found in the compari-
son group at week 2. At the same time, the maximum 
tumor size at week 3 of the experiment in the mice 
from the comparison group (without pain) was 2.3 
times greater than that recorded in the mice with pain 
(see Table 1 herein). However, in that case, the major-
ity of mice with pain at week 3 were reported to be in 
a pre-terminal state, while we dealt with a completely 
different type of situation with the mice from the com-
parison group.

Additional signs of tumor growth 
stimulation

Despite the fact that in the mice with pain in the 
preterminal period, the volume of the tumor increased 
less intensively, some important features of pathogen-
esis modulated by pain were revealed such as the oc-
currence of a 2-focus growth already from week 1 in a 
considerable number of mice. In addition, in the mice 
from the main group, B16 melanoma demonstrated 
its more aggressive behavior, since it metastasized 
more often, sometimes to several organs, and affect-
ed atypical metastasis zones. Metastases in the mice of 
the main group were recorded as early as 1 week after 
the inoculation, and in the mice from the comparison 
group 4 weeks after thereof. Moreover, in the mice un-
der the CNP conditions, the tumor metastasized not 
only to its typical sites, namely the liver, the spleen, 
and the lungs, but also to atypical regions like the heart 
and the uterus.
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Morphological changes in the myocardium
From the presented data on the strong stimulating 

effect produced by pain on the development of mela-
noma B16, it was clear that some events associated with 
the early appearance of the B16 tumor in the female 
mice unfolded as early as at week 1, and the pre-termi-
nal state in them was already identified. This indicated 
that even before the B16 melanoma transplantation, 
chronic pain had already sufficiently weakened or de-
pleted the reserve capabilities of the functional systems 
in the organism. One of the main morphological man-
ifestations of the response by the heart to the combined 
stressful effects of pathogenic factors, namely CNP plus 
the tumor progression, was a significant pathological 
change in the aortic and mitral valve systems and, as a 
result, hypertrophy of the myocardial ventricular wall 
recorded already 1 week after the B16 melanoma trans-
plantation (see Figure 1 herein).

As a result from the prolonged stressogenic effect 
made by pain and the added loading on the heart due 
to the tumor manifestation in its early period, a disor-
der of the structural organization of the aortic and mi-
tral valve systems was observed. There was a thicken-
ing of the valve leaflets, their edge fusioning with the 
formation of commissures, and, as a result, stenosis 
of the mitral foramen developed with progression of 
fibroplastic endocarditis. Hyperplastic changes in the 
valves which occured along the edge of the valves due 
to continuous traumatization by blood flow probably 
contributed to hindering blood flow in the pulmonary 
circulation and producing a heavier load on the left 
atrium and the right ventricle. The left atrium, under-
taking an intensive operation, noticeably expanded, 

and its wall hypertrophied. We believe that the patho-
genesis of the acquired valvular defects, first of all, is 
closely related to the etiology of CNP, and the growth 
of an aggressive tumor completes the disorganization 
of the heart structures.

On the heart preparations at low magnification of 
the microscope, at some places clearly visible was the 
structure of the epicardium, which, being a visceral 
sheet of the pericardium, had the structure of a thin 
serous membrane lined with mesothelium. In some 
areas, a detachment of the epicardium with the forma-
tion of pockets or loose ends was found. The endocar-
dium included a layer of endothelium facing the cav-
ity of the heart, a subendothelial layer with structures 
similar to Purkinje fibers with nuclei, sarcoplasm and 
bundles of myofibrils. The next layer was formed by 
the myocardium, where some pathological structural 
changes were clearly presented (see Figure 2 herein)

As noted above, narrowing of the ascending aorta, 
which was observed in the mice with chronic pain and 
the tumor growth, resulted in myocardial hypertro-
phy. In that case, longitudinal splitting of muscle fiber 
bundles, increased fibrosis, and filling of the gaps with 
detritus and blood were observed in quite significant 
areas.

Based on the video sequence of the images (see 
Figure 3 herein), we can detect not only the process 
of disorganization of the connective tissue, but even 
more pronounced pathological processes in the peri-
cardium. It is known that pericarditis is an inflamma-
tion of the outer shell of the heart that is not consid-
ered as an independent disease. Its etiology may be 
associated with necrobiotic processes in the myocardi-

Table 1. Effect produced by chronic pain on the melanoma B16 growth in female mice 
Week 1 Melanoma В16 Melanoma В16+pain

Week 2 Week 3 Week 4 Week 1 Week 2 Week 3 
Number of mice 22 22 22 16 28 22 10

su
bc

ut
an

eo
us

 tu
m

or

average size, cm3 no 0.85±0.12 2.75±0.73 4.69±0.86 0.70±0.25 1.65±0.27 2.50±0.49
minimum size, cm3 – 0.12 0.44 1.29 0.24 1.01 1.35
maximum size, cm3 – 1.48 8.77 9.30 1.35 2.22 3.75
number of mice with 
tumor ulceration

– no 2 2 no 6
(3–5 mm)

6
(2–9 mm)

number of mice 
with 2 tumor nodes

– – – – 8 8 2

metastases n/a n/a n/a avail. avail. avail. avail.
metastasis zones – – – spleen (2) heart (2) heart (4),

lungs (4)
heart (6), lungs (4), 
liver (2), uterus (2)

number of mice in pre-termi-
nal state

– – 4 2 2 8 6



32 | Cardiometry | Issue 22. May 2022

um (infarction). However, a substantial role in the de-
velopment of pathological changes in the pericardium 
is played by factors of a traumatic stressogenic nature 
(traumatic pericarditis), the spread of a cancerous tu-
mor (cancerous pericarditis).

In the light of the above studies, the presence of the 
root cause of pericarditis in the form of a not relievable 
pain stimulation in the process of the constant com-
pression of the sciatic nerves and the territorial prox-
imity of the metastatic melanoma nodes, most often in 

Figure 1. Fragments of the mouse heart at week 1 of B16 melanoma growth under the CNP conditions: significant thickening of 
the aortic and mitral valve cusps, fibrosis and metachromasia against the background of stenosis of the aortic opening for blood 
flowing with hypertrophy of the ventricle walls. Stained with hematoxylin-eosin, magnification x5, x10, x100. 

Figure 2. Fragments of the mouse heart at week 1 of B16 melanoma growth under the CNP conditions: thinned epicardial layer 
with endothelium and subendothelial elastic layer bordering the myocardium. Multiple small extensive foci of necrobiotic lesions 
of cardiomyocytes. Disappearance of transverse striation pattern. Stained with hematoxylin-eosin, magnification x5, x100.
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the lungs and even in the pericardium, in our opinion, 
can fully explain the pathogenesis of pericarditis. The 
infarcted area of the myocardium, located subpericar-
dially, has led to the development of fibrinous pericar-
ditis. It may be assumed that, along with the transition 
to the pericardium of inflammatory and oncological 
factors from the neighboring organs (lungs) by the 
hematogenous or lymphogenous pathway, the domi-
nance of the neurogenic pathway of myocardial troph-
ism is also formed due to failures of its own conduct-
ing systems of autoregulation, as well as stressogenic 
impulses of the nerve trunk of the sympathetic system 
and the vagus nerve of the parasympathetic system of 
the organism. It follows that in the mechanism of the 
occurrence of structural and functional disorders of 
the heart, the reactivity of the organism, the virulence 
of a pathogenic factor and the state of the intramural 
nervous system assumes unarguable significance.

Microscopy of histological sections of the myocar-
dium indicated some pronounced dystrophic changes 
in cardiomyocytes (see Figure 4 herein). In the visual 
fields, there were signs of cloudy swelling and fatty de-
generation up to myolysis and necrosis. As noted, the 
processes might be of focal and diffuse nature, often 
localized in the subendocardial layers of the myocar-
dium. Microscopically, in addition to the changes in 
muscle fibers, plethora, edema of the myocardial stro-

ma, and pronounced cellular dystrophy were detect-
ed. The impression was given that the heart muscle 
was flabby, the cavities were dramatically expanded, 
and the muscle was faint as evidenced by weak stain-
ing of the cells. Along with edema, accumulations of 
leukocytes, eosinophils, lymphocytes, plasma cells, 
and histiocytes were found. Among the features of 
cell reactions, we could highlight eosinophilic infiltra-
tion, which was found to be like allergic eosinophilic 
myocarditis. Thus, we might assert the damage to the 
myocardium is of non-coronary origin.

Particular attention was paid to the condition of the 
nuclei of cardiomyocytes. In ischemic heart disease, 
division of the nuclei of the muscle cells of the heart by 
mitosis or amitosis can be extremely rarely observed, 
and mitoses in this case are of pathological type and 
culminate in the generation of mutiple micronuclei 
that might be expected in cardiomyocytes. However, 
in the gallery of images presented to our thoughtful 
reader (see Figure 5 and 6), in our opinion, it is prac-
tically impossible to identify the areas of mitotically 
dividing cells. On the contrary, for a period of time 
when chronic neurogenic pain had already prepared 
the negative scenario for some events in the heart, in-
cluding the mechanisms of pathological pathways for 
replenishing the cell population, the subsequent mel-
anoma transplantation altered finally not only the life 

Figure 3. Fragments of the mouse heart at week 2 of B16 melanoma growth under the CNP conditions: development of loose 
fibrous connective tissue with foci of myxomatosis and metachromasia, longitudinal splitting of muscle fiber bundles, increased 
fibrosis, filling of gaps with detritus and blood. Stained with hematoxylin-eosin, magnification x 40, x100.
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Figure 4. Fragments of the mouse heart at week 3 of B16 melanoma growth under the CNP conditions: hemorrhages, necrobiosis, 
basophilia, fibrosis in the media of branches of the coronary arteries of the heart, significant fields of necrotically altered tissue. 
Stained with hematoxylin-eosin, magnification x5,x10,x40,x100.
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program, but also the cell death program. Apparently, 
we may believe that with a prolonged, rather than an 
acute form of infarction, cells commit to their death 
by following no longer the path of an organized, ener-
gy-dependent, process of apoptosis with characteristic 
cell shrinkage, nuclear fragmentation and formation 

of apoptotic bodies. Forced by the influx of the neg-
ative influence made by the tumor, the programmed 
mode of apoptosis switches to the non-apoptotic 
pathway of cell death, i.e. necrosis. One of the expla-
nations for this phenomenon may be the stoppage of 
the apoptotic program of death of the surviving heart 

Figure 5. Fragments of the mouse heart at week 3 of B16 melanoma growth under the CNP conditions: eosinophilic infiltration, 
hemorrhages, fibrosis, erasure of the cellular structure of cardiomyocytes, and nuclear degeneration. Stained with hematoxylin-eo-
sin, magnification x 100.

Figure 6. Fragments of the mouse heart at week 3 of B16 melanoma growth under the CNP conditions: stratification and degeneration 
of the structure of myocardial fibers with the prevalence of necrotic processes. Stained with hematoxylin-eosin, magnification x 100.
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tissue as a result from the “tumor-caused” depletion of 
the energy reserves of cardiomyocytes (ATP), which 
occurs before the morphological features become fully 
evident [17]. 

On the studied preparations, a pathological pat-
tern of death of cardiomyocytes was observed, ac-
companied by clarification of nuclei with large chro-
matin grains appearing as a dispersed or linear-type 
structure along the nuclear membrane. Attention was 
drawn to the presence of vasculization and the loss of 
clear contours of disconnected fibers, a spilled space 
of necrotically altered tissue against the background 
of activation of fibrinolysis in the intercellular space.

We failed to detect manifestations of a regenerative 
reaction in the heart with extensive areas of myocardi-
al infarction in the female mice with the progression 
of B16 melanoma under the conditions of chronic 
neurogenic pain. There was also no filling of necro-
sis areas with full-fledged muscle tissue. The revealed 
changes in the heart were irreversible.

Conclusions
On the basis of the obtained materials of our mor-

phological studies, we have tried to formulate our con-
cept and visually verify the real pathological changes in 
the heart in the female mice when modeling common 
life situations integrating chronic neurogenic pain and 
a malignant process. Despite the different etiology, the 
pathogenesis of chronic pain includes multiple multi-
focal manifestations, especially when it refers to highly 
organized structures of the organism: the nervous and 
cardiovascular systems with a high risk of coronary 
and cerebrovascular diseases. It is believed that an in-
crease in the incidence of acute myocardial infarction 
is associated to a greater extent with the male gender 
aspect, but the question of changes in the reactivity of 
the cardiovascular system in females with CNP and 
the tumor growth remains open. We have targeted 
the morphological picture of the heart in female mice 
with B16 melanoma transplanted under the skin and 
found a rather tough scenario of the events, which, in 
general, can be outlined by several generalizing con-
clusions as given below:

1. Continuous pain stimulation of a neurogenic na-
ture has a significant pro-oncogenic effect, including 
an earlier manifestation of the tumor growth and large-
scale metastasizing even to atypical target organs.

2. Chronic neurogenic pain triggers the action of 
the mechanisms of destructive changes in the myocar-

dium before tumor cell transplantation, therefore, as 
early as 1 week after the melanoma inoculation and 
the formation of one or two tumor nodes, harsh heart 
damage has been observed. The valve system suffers 
that leads to ventricular wall hyperplasia, ischemia, 
longitudinal splitting of muscle fiber bundles, hem-
orrhages, cellular dystrophy, myolysis, multifocal ne-
crosis, fibrosis, eosinophilic infiltration. Thus, not an 
acute, but a prolonged myocardial infarction is real-
ized. 

3. Exhausting pain stimulation in combination 
with an aggressive tumor growth can considerably 
accelerate the rate of reduction in the organism re-
sistance, suppression of the life maintenance systems, 
provoking the development of severe heart failure and 
the formation of a pre-terminal state at an earlier time. 

4. One of the leading vectors of the pathological 
influence made by chronic neurogenic pain is aimed 
at weakening the mechanisms responsible for the cell 
population replenishment, and the subsequent mel-
anoma transplantation changes not only the life pro-
gram, but also the cell death program. Obviously, with 
a prolonged, rather than an acute form of infarction, 
the cells commit to their death following no longer 
the path of an organized energy-dependent process 
of apoptosis, but by switching to a non-apoptotic path 
of the cell death, i.e. necrosis as a result from the “tu-
mor-caused” depletion of energy reserves of cardio-
myocytes.

The morphological study of the changes found in the 
heart in the female mice using the pathological models 
of chronic neurogenic pain and the malignant tumor 
growth has made it possible to reproduce and trace the 
catastrophe of the highly organized cellular system re-
sponsible for the implementation of the hemodynamic 
processes. The simulated hypertrophied manifestations 
of the catastrophe in the experiment give grounds to 
predict and prevent the negative course of events in 
difficult patients with persistent pain syndromes and 
comorbid pathology against the background of the de-
velopment of a malignant process.
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