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When conducting preclinical studies, it is necessary to use appropriate experimental models, which can further 

increase the effectiveness of anticancer therapy. The review showed the relevance of using Ehrlich’s mammary gland 
adenocarcinoma (EAC) model for this purpose, represented by two strains (subcutaneous and ascites). In this model, a 
large number of substances have been successfully tested and their potential antitumor effect has been identified. The 
use of EAC has been expanded to include the study of agents such as tumor necrosis factor, as well as nanoparticles as 
targeted drugs. This model was used to study the unstructured protein apoptin of the chicken anemia virus (ApoA-1), 
which is capable of causing the death of tumor cells. Molecular mechanisms of carcinogenic action, including expres-
sion, angiogenesis and apoptosis in tumors, were studied using the example of the investigated factors tested on the 
EAC. The cell cycle and the role of macrophages in the tumor growth and inflammation have been investigated under 
the influence of potential anticancer agents. The review provides examples of the use of the EAC model in testing natu-
ral drugs that help overcome the toxicity and drug resistance of chemotherapeutic agents. The successful use of EAC 
has been shown in the study of various types of anticancer therapy (photodynamic, radiation, magnetic).
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Over the past decade, thanks to the success 
of fundamental and experimental sciences, 
data have been obtained that concretize and 
expand the understanding of oncopathogene-
sis. Advances in molecular biology have made 
it possible to deepen the understanding of the 
mechanisms of malignant transformation and 
metastasis, to identify and study potential tar-
gets for the action of pathogenetic drugs [1].

At the same time, increasing the effective-
ness of chemotherapeutic treatment continues 
to be an urgent task. The potential therapeutic 
potential of a number of known pharmacologi-
cal agents and new chemical compounds for the 
prevention and treatment of malignant tumors 
remains unclear. Thus, there is a need to search 
and use models that can most fully predict the 
clinical response when testing compounds un-
der study. Such models should have the nec-
essary potential not only to confirm cytotoxic 
activity, but also to obtain broader information 
about the mechanisms of antitumor action (in-
cluding molecular ones), safety assessment, 
dose level and regimen, as well as the effec-
tiveness of combinations of test compounds.

One of the approaches is the use of trans-
planted tumors as such models, which are still 
actively used to identify antitumor compounds. 
Information about the study of the interaction 
of the model with the compounds tested on it 
can contribute to obtaining new data not only 
on the properties of the tested agents, but also 
allows one to evaluate the biological charac-
teristics of the experimental models used. The 
use of tumor strains transplanted into mice has 
a number of advantages: they are highly re-
producible, can be stored for a long time, are 
easily transplanted to animals, and at the same 

time retain their initial histopathological char-
acteristics. Ehrlich’s mammary gland adeno-
carcinoma (EAC) is one such model. 

According to the histological structure, it is 
a spontaneous undifferentiated adenocarcino-
ma of the mammary gland of a mouse, usually 
used as an experimental tumor by subcutane-
ous transplantation of tumor tissue into mice. It 
lends itself well to transplantation, multiplies 
rapidly, and is 100 % malignant [2, 3]. The 
model has proven itself well in the develop-
ment of antitumor agents, as well as for obtain-
ing the necessary information to understand the 
mechanisms of the inhibitory effect on tumor 
growth The use of this sensitive model made it 
possible to test on it a large number of different 
compounds with potential antitumor properties 
in order to obtain new information on the pos-
sible mechanisms of their inhibitory action on 
tumor growth. The results of studying the mo-
lecular mechanisms underlying the inhibitory 
action of the compounds are analyzed, and a 
search is made for possible therapeutic targets 
that can be used in subsequent chemothera-
peutic treatment. The results of studies carried 
out on the EAC model and summarized in this 
review will allow a deeper assessment of the 
prospects for its preclinical use. First of all, 
due to the possibilities of studying antitumor 
mechanisms, the action of which is carried out 
by influencing the main processes of carcino-
genesis, suppressing cell proliferation, stimu-
lating apoptosis in transformed cells, as well as 
by increasing antitumor immunity.

Chemical factors
Improving the effectiveness of chemo-

therapeutic treatment continues to be an urgent 



EUROPEAN JOURNAL OF NATURAL HISTORY № 2, 2021

23Medical sciences

task of oncopharmacology. The use of molecu-
lar hybridization of anticancer compounds al-
lows the development of new drugs that can 
demonstrate better affinity for tumor cells and 
less severe side effects. 

Acridine derivatives have attracted the at-
tention of researchers because they have antitu-
mor, antibacterial and antiviral properties. The 
resulting hybrid thiophene-acridine compound 
was tested in an EAC model and showed a 
significant reduction in tumor volume and 
cell viability. As a result, the compound was 
characterized as possessing potential antitu-
mor properties, the cytotoxicity of which may 
be associated with the action of nitric oxide 
(NO) [4].

Another new compound, spiroacridine (at 
doses of 12.5, 25 or 50 mg/kg given intrave-
nously), after seven days of treatment showed 
inhibitory effects on EАC growth, cell cycle, 
angiogenesis, and inflammation. The com-
pound actively reduced the total number of vi-
able cancer cells and the density of peritumoral 
microvessels, and also caused an increase in 
the G1 subpeak and the level of the Th1 cy-
tokine profile. The antitumor effect of the drug 
can be explained by the modulating effect of 
the immune system on the Th1 cytokine profile 
and a decrease in the process of angiogenesis 
in the tumor [5].

The Ehrlich ascites carcinoma model has 
been successfully used to study the antitu-
mor activity of a new analog of amsacrine –  
N' - (2-chloro-6-methoxyacridin-9-yl) -2-cya-
no-3- (4-dimethylaminophenyl) acryloidrazide 
(ACS-AZ10). It should be noted that am-
sacrine has pronounced side effects, including 
those caused by the development of resistance 
and low bioavailability. The new analogue am-
sacrine (ACS-AZ10) demonstrated greater an-
titumor activity compared to amsarkin due to a 
significant decrease in tumor mass and volume, 
viability of tumor cells and their total number. 
The arrest of the cell cycle and a decrease in 
the density of microvessels were also noted, 
which indicates its antiangiogenic effect [6]. 

A study [7] used EAC cells to induce sub-
cutaneous tumors in 129 / SvJ mice to study 
the effect of tumor on cardiac muscle function. 
EAC mice exhibited a significant decrease in 
left ventricular wall thickness, decreased ejec-
tion fraction, and severe muscle atrophy. In 
this model, the key signaling molecule mTOR, 
which is responsible for maintaining cell 
growth and autophagy, was suppressed. The 
same mechanism was observed in cancer pa-
tients in the course of tumor growth. Increased 
expression of transcription factors TFEB and 

FoxO3a, which are involved in the regulation 
of the activation of genes for muscle atrophy, 
genes for lysosomal biogenesis, and genes for 
autophagy, was observed in the heart muscle of 
mice with tumors.

Thus, the authors showed that Ehrlich’s 
subcutaneous adenocarcinoma causes cardio-
myopathy in mice, which is associated with 
atrophy, fibrosis, and dysfunction of the heart; 
similar changes in the cardiovascular system 
are observed in cancer patients. It is expect-
ed that this model can be successfully used 
to identify potential therapeutic targets in the 
treatment of heart failure in patients with can-
cer and during chemotherapy. 

Treatment of cancer patients with cytostat-
ics leads to their pronounced toxic effect on 
healthy tissues. In an experiment carried out in 
mice, the possibility of using mTOR rapamy-
cin (RAP) as an inhibitor was shown, which 
can reduce the adverse effects of paclitaxel on 
normal crypts of the jejunum in the presence of 
transplanted EAC [8].

As an experimental model, Ehrlich’s mam-
mary gland adenocarcinoma was used to study 
tumor necrosis factor (TNF-alpha) [9]. A new 
approach has been proposed to enhance the an-
titumor activity of TNF-alpha by extracorpor-
eal removal of soluble receptors. The authors 
believe that such an increase in endogenous 
TNF-alpha activity can provide increased 
death of tumor cells without concomitant sys-
temic toxicity and be one of the approaches to 
cancer treatment [10].

Lewis lung carcinoma and Ehrlich’s mam-
mary gland adenocarcinoma were used to study 
a composite preparation containing TNF-alpha 
and hematoporphyrin derivatives (PGP). The 
data obtained indicate that the complex drug 
was characterized by increased antitumor ac-
tivity in comparison with its individual compo-
nents. It inhibited both the primary tumor node 
and the metastatic process. The complex drug 
(TNF-alpha + PGP) is less toxic than the iso-
lated form of TNF-alpha [11].

Nanoparticles and other factors
The drugs developed on the basis of na-

noparticles are effective, provide minor side 
effects and have a targeted effect on tumor 
cells. The most commonly used materials for 
the preparation of nanoparticle carriers are 
dendrimers, polymers, liposomes, micelles, 
inorganic, organic nanoparticles. For example, 
anti-Mir-191 (Mir-191 – oncogenic micro-
RNA expressed in breast cancer), loaded onto 
the liposomal complex of stearylamine, signifi-
cantlyincreased the sensitivity of breast cancer 
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cells to chemotherapy compared to drugs such 
as doxorubicin or cisplatin, if they were used in 
a free state [12].

On the transplanted EAC, studies were 
carried out using a complex lipid preparation 
based on the micellar form of cisplatin and a 
nanoferromagnet. An inhibitory effect on tu-
mor growth and an insignificant toxic effect 
at the cellular and tissue levels were revealed. 
The use of this model made it possible to ex-
plain the mechanism of the inhibitory action of 
the drug due to the activity of connective tis-
sue cells, as a result of which the tumor node 
was replaced by 60 % with connective tissue 
cells [13]. The use of such composite drugs in 
clinical practice confirmed the observations 
noted in the experiments. Such drugs were 
characterized by a reduced toxic effect and in-
creased prolonged antitumor action, with tar-
geted delivery to target organs [14].

The results obtained on another experi-
mental model, Guerin’s carcinoma, also in-
dicate that cisplatin in liposomal form has a 
higher specificity of antitumor action than the 
free form of cisplatin, both in susceptible and 
resistant animals with carcinoma in relation to 
cisplatin [15]. Lipid platinum chloride nano-
particles (LPC NPs) encapsulated with cispla-
tin have also shown promising anticancer ef-
fects in models of melanoma, bladder and liver 
cancer [16].

To determine the genotoxic and cytotoxic 
effects of AgNP in mice with EAC, various 
concentrations of AgNP (6, 24, and 48 mg / 
kg) were used, which were administered intra-
peritoneally (IP) and intratumoral (IT) meth-
ods. It has been shown that AgNP significantly 
increases (0.5-5 times) the level of malondi-
aldehyde (MDA) and reduces the activity 
(32-64 %) of superoxide dismutase (SOD). In 
addition, AgNP caused a 2–3 fold increase in 
comet parameters (comet analysis), such as 
the percentage of tail DNA. Under the action 
of AgNPs, the tumor volume decreased by 
about 31-95 % compared to the control. The 
results obtained showed that AgNPs have cy-
totoxic and genotoxic effects against Ehrlich’s 
tumors. This confirms the antitumor properties 
of AgNPs [17].

Nanobiotechnology is a new alternative 
method for the synthesis of biocompatible na-
noparticles. Phycobiliprotein was used in [18] 
for the synthesis of silver nanoparticles. In or-
der to optimize the synthesis, phycoerythrin 
was used, extracted from the cyanobacteria 
Nostoc carneum using FCCD (centrally cen-
tered composite design). To characterize the 
synthesized AgNPs, they were studied and 

shown that it has a cytotoxic effect on normal 
cell cultures and human breast cancer cells. 
More informative results were shown using 
Ehrlich’s ascites carcinoma (EAC). It was con-
cluded that the phycoerythrin protein has the 
ability to synthesize AgNPs, which have anti-
bacterial, antihemolytic, cytotoxic activity in 
vitro and in vivo. It was previously reported 
that AgNP had anticancer efficacy against Ehr-
lich carcinoma in mice due to its potential oxi-
dative damage effect, evidenced by increased 
levels of malondialdehyde (MDA) and H2O2 in 
solid tumor tissue, indicating lipid peroxida-
tion and free radical production in the tumor 
and induction of apoptosis through activation 
of caspases [19].

Thus, modern methods for the synthesis of 
nanoparticles and advances in nanotechnology 
have created the prerequisites for their biologi-
cal and medical applications. The results, re-
ceived on the ACE model, showed that nanopar-
ticles can change the functional activity of not 
only normal, but also transformed cells due to 
transmembrane transport into the cell. Also the 
possibility of their use for targeting angiogen-
esis in various types of cancer, as well as for re-
modeling the tumor microenvironment in order 
to improve cancer immunotherapy has been 
shown. The transplanted EAC strain turned 
out to be a convenient model for experimental 
evaluation of new dosage forms – fluorescent 
nanoparticles and their ability to bind to tumor 
cells. The use of the methods of luminescence 
microscopy and spectroscopy made it possible 
to establish that the synthesized nanoparticles 
of rare-earth elements (spindle-shaped, spheri-
cal and rod-shaped) have an antitumor effect in 
vivo. The mechanism of realization of the anti-
tumor effect in vivo also depended on the con-
centration of nanoparticles. It was shown that 
spindle-like nanoparticles at a concentration 
of 0.87 g/L maximally inhibited the develop-
ment of the tumor process, while in vitro, only 
spherical and spindle-shaped ones were able to 
distinguish between cancer stem cells [20].

One of the main aspects of modern oncol-
ogy is the targeted transport of drugs to target 
tumor cells, which reduces the dose load with-
out losing effectiveness. Ehrlich’s ascites carci-
noma was used to study the antitumor activity 
and safety of a new targeted drug, dactinomy-
cin. The target for the action of the drug vector 
protein was the alpha-fetoprotein (AFP) recep-
tor, and a recombinant glycoprotein was used 
as the vector. The advantage of targeting the 
drug to alpha-fetoprotein was that AFP recep-
tors are found only in tumor cells, and they are 
absent in normal cells. Thus, the study carried 
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out on this model confirmed the possibility of 
using this drug for targeted drug delivery to tu-
mor tissue, which led to a significant decrease 
in the effective dose and toxicity [21]. 

The development of targeted drugs, in-
cluding those using transgenes, is a priority in 
the treatment of cancer patients. The Ehrlich 
ascites carcinoma model made it possible to 
study the possibility of cell transfection using 
the lipofectamine 2000 protein, which is repre-
sented by apoptin (ApoA-1) and a transfection 
reagent. The authors showed the possibility of 
transfection and high cytolytic activity of apo-
ptin in relation to the process of apoptosis of tu-
mor cells. The use of the EAC model for these 
purposes was carried out for the first time. The 
creation of artificial liposomes containing high 
density lipoproteins (HDL) and their protein 
component ApoA-1 as a method for promising 
drug delivery is of undoubted interest [22].

Macrophages and intracellular calcium
The spectra of intracellular proteins of tu-

mor-associated macrophages and peritoneal 
macrophages of healthy mice differ in the con-
tent of apolipoprotein (APO-E), as shown by 
the example of Ehrlich’s mammary gland ad-
enocarcinoma. This model has also been used 
to study the role of macrophages in the regula-
tion of protein biosynthesis in normal and tumor 
cells under the action of high density lipopro-
teins (HDL) and cortisol. The results obtained 
showed that APO-E can play the role of nega-
tive feedback in the dynamics of the mechanism 
of protein biosynthesis in tumor cells [23]. 

The data obtained by the authors were con-
firmed by other works in which the participa-
tion of macrophages in tumor progression was 
studied. Studies have shown that the effect of 
macrophages on tumor growth may be deter-
mined by their ability to produce ROS, NO-
radicals, and a number of cytokines.

In experiments on mice with subcutaneous 
EAC transplantation, we studied the features 
of NO synthase expression depending on the 
growth rate of EAC. Immunohistochemical de-
termination of enzymes was performed in tu-
mors with different growth rates. It was shown 
that iNOS expression was detected in tumors 
with a higher growth rate at each growth pe-
riod. More pronounced tumor progression was 
accompanied by an increase in the expres-
sion of both iNOS and eNOS. In tumors with 
a slower growth rate, iNOS expression was 
practically not detected. Expression of NO 
synthase depends on many factors, including 
an increased load of NO on tumor cells and 
phenotypic characteristics of target cells [24].

The regulation of tumor growth by mac-
rophages is usually considered from two points 
of view – inhibitory and stimulating activity. 
APO-E can be one of the factors in the imple-
mentation of the antitumor effect. It follows 
from the literature that APO-E can suppress 
cell proliferation in various tissues, including 
tumor ones. It is also able to reduce gene ex-
pression through the β-catenin Wnt-signaling 
pathway, the activation of which plays an im-
portant role in carcinogenesis. Thus, depend-
ing on the implementation of the synthesis 
activation program, cell proliferation can be 
suppressed, or HDL and steroid hormones can 
be absorbed with the formation of a biological-
ly active complex that enhances protein biosyn-
thesis in tumor cells and APO-E secretion [25].

Intracellular calcium (Ca2+) is a mediator 
that regulates proliferation, differentiation and 
apoptosis in tumor cells. In addition to it, ROS 
and pH are involved in these processes. These 
factors (CA2 +, ROS, pH) are interrelated. The 
study of inhibition of proliferation processes 
is important for the study of the mechanisms 
of carcinogenesis and cancer prevention. For 
this purpose, the EAC ascites model was used, 
which is a rapidly multiplying population of 
cells and has receptors on the cell surface capa-
ble of regulating intracellular transport and the 
concentration of calcium ions Ca2+ [26, 27].

The results obtained for the first time on the 
EAC model show that the dynamics of the con-
tent of Ca cations in ascites cells depends on 
the presence of reactive oxygen species. The 
amount of Ca cations depends on the phase of 
tumor growth, and their supply is carried out 
by calcium cations from different sources – 
intracellular depots or extracellular space. A 
relationship was also found between intracel-
lular signaling parameters such as Ca2+, NAD 
(P) H and pH. The authors conclude that the 
data obtained may indicate that during chemo-
therapy treatment, depending on the stage of 
tumor growth, instead of the cytotoxic effect, 
hyperproliferation may develop, aggravating 
the course of the oncological process [28, 29].

Natural compounds
The effect of herbal biologics with the po-

tential to increase the effectiveness of antican-
cer therapy has also been studied in the EAC 
model. A significant amount of data has been 
obtained on the use of these drugs as chemo-
therapy modifiers [30]. 

This model made it possible to identify a 
number of substances with antioxidant, antimu-
tagenic and antiangiogenic properties. These 
properties of the studied drugs were explained 
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by the presence of certain compounds, such 
as natural polysaccharides, polyprenols (PP), 
fullerenols and aconites. Their action increased 
antitumor resistance. An increase in the induc-
tion of interferon (IFN) in the blood serum of 
animals with Ehrlich’s mammary gland adeno-
carcinoma was revealed in animal experiments 
when studying polyprenol (a preparation ob-
tained from the needles of the common spruce 
Picea abies (L.) Karst). Combined therapy with 
polyprenol and cyclophosphamide (CF) in the 
EAC model increased the lifespan of mice by 
50 % compared to the control and by 25 % 
compared with the use of CF and reduced the 
toxic effect of the cytostatic without reducing 
its antitumor activity [31].

An aqueous suspension of Shiitaki mush-
rooms (Lentinus edodes) was studied on a 
transplanted EAC model. It was shown that the 
main component of the suspension, the poly-
saccharide lentinan, inhibiting tumor growth 
by 42-53 % (p <0.05), activated nonspecific 
antitumor protection by stimulating the func-
tional activity of peritoneal macrophages [32].

The development of anticancer drugs 
of plant origin is actively used at the present 
time, therefore, experimental studies aimed 
at assessing their biological, cytotoxic and 
antitumor activity are of great interest for re-
searchers. Various models are used for these 
purposes, including the Ehrlich’s mammary 
gland adenocarcinoma model (EAC).

Extracts from leaves, rhizomes and other 
parts of medicinal plants widely used in folk 
medicine, have shown pronounced antitumor 
activity against adenocarcinoma cells [33, 34]. 
The extracts had an inhibitory effect on EAC, 
significantly reducing tumor volume. When ex-
posed to human cell cultures (cell lines of the 
mammary gland, liver and larynx), they caused 
an antiproliferative effect. In addition, in an ex-
periment on mice with tumors, a decrease in 
the level of malondialdehyde (MDA) and an 
increase in the levels of superoxide dismutase 
and catalase in the liver tissue were observed 
under the influence of the studied natural plant 
products [35, 36].

Piperine is an amide alkaloid that has anti-
tumor activity, but is highly toxic. The antitu-
mor activity of a modified analogue of pipirin 
(pipranate N) was studied after intraperitoneal 
and intravenous administration on Ehrlich car-
cinoma cells [37]. 

The study showed a decrease in the vi-
ability of tumor cells and the density of peritu-
moral microvessels; in addition, an increase in 
the level of the cytokine profile of Th1 helper 
T-lymphocytes, the content of reactive oxygen 

species and the production of nitric oxide was 
observed. Thus, the piperine analog studied in 
this model showed low toxicity, and its antitu-
mor effect included modulation of the immune 
system to the Th1 cytotoxic profile. A similar 
effect on enhancing the antitumor effect was 
obtained by combining natural polysaccha-
rides (pectins, chitosans) with cyclophospha-
mide (CP) [38].

The antitumor effect of the combination 
of fucoidans from the sulfated polysaccha-
ride family with cycrophosphamide (CF) was 
shown in the EAC model. The inhibition of 
vascular development in the tumor and the an-
timetastatic effect of fucoidan were noted. In 
addition, anticoagulant, antithrombotic, antivi-
ral and anti-inflammatory activity of the drug 
was observed in mice with tumors, and a de-
crease in the fixation of Helicobacter pylori on 
the gastric mucosa was noted [39]. 

In combination with CF, the antitumor ac-
tivity of the components of the polyphenolic 
complex of the herb Zostera marina, studied in 
prophylactic and therapeutic modes, has been 
shown [40]. Tincture of Aconite soongaricum 
showed the presence of antitumor and antimet-
astatic activity in the study on the experimen-
tal EAC model. The authors believe that with 
further improvement, its use may be useful in 
clinical practice [41].

The immunomodulatory properties of 
BioBran’s arabinoxylan, derived from rice 
bran extract, were investigated in Ehrlich’s 
mammary gland adenocarcinoma. It has been 
shown that the mechanism of its antitumor ac-
tion is associated with the ability to influence 
such parameters as apoptosis, tumor necrosis 
factor alpha, gamma-interferons, immunosup-
pressive cytokine (interleukin-10) [42]. 

According to the results of a study [43], a 
modified drug BioBran / MGN-3 can comple-
ment cancer chemotherapy. The data obtained 
on the EAC model indicate the possibility of 
their further study in clinical practice as poten-
tial candidates for improving the quality of life 
of cancer patients.

Physical factors
In clinical practice, research is being ac-

tively carried out on methods of treatment us-
ing radiation and photodynamic therapy (PDT) 
and magnetic fields. The mechanisms of their 
effect on a wide range of tumors are being 
studied. Transplantable Ehrlich’s mammary 
gland adenocarcinoma has proven successful 
for this type of experimental study. This model 
was used to study the process of the effect of 
PTD on the dynamics of tumor damage. It has 
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been shown that when the tumor is exposed to 
the following changes occur in sequence: mi-
crocirculation disturbance, necrotic changes, 
hypoxia. All this took place against the back-
ground of the formation of scar tissue [44].

When carrying out chemotherapeutic treat-
ment, patients often develop resistance to the 
drugs used. To prevent such phenomena, it is 
necessary to study dose-dependent effects, in-
cluding with the involvement of experimental 
studies. Analysis of literature sources showed 
that such studies were successfully performed 
on transplanted tumors (for example, EAC). 
In experiments on F1 (NEAxC57BL/6) mice, 
which were transplanted with Ehrlich ascites 
carcinoma cells, a model was developed to 
study the effect of radiation exposure on anti-
tumor resistance [45].

Post-radiation injuries are common in pa-
tients with malignant neoplasms who have re-
ceived effective radiation therapy [46]. There-
fore, there is a need for techniques that can 
prevent the adverse effects of radiation. An 
eNOS inhibitor was used that significantly re-
duced radiation damage to the skin in animals 
with Ehrlich’s mammary gland adenocarcino-
ma. The effectiveness of radiation therapy has 
not decreased [47].

Another study examined the effects of dif-
ferent modes of exposure to electromagnetic 
radiation on animals with solid adenocarci-
noma. A pronounced dependence of the effect 
on the dose of exposure and the possibility 
of obtaining a persistent antitumor effect are 
shown. It was concluded that the mechanisms 
of radiation antitumor action may be associ-
ated with a change in the immune status of the 
organism [48].

At present, the phenomenon of the antitu-
mor effect of weak magnetic fields and their 
mechanism continues to be studied. The com-
bined effect of constant and alternating low-
frequency magnetic field mechanisms has been 
studied in Ehrlich ascites carcinoma cells. It 
has been shown that the effect of magnetic 
fields of different frequencies affects the pro-
cesses of apoptosis and necrosis, as well as the 
flutter of the plasma membrane and the produc-
tion of nitric oxide [49].

The production of nitric oxide (NO) plays 
an important role in the effect of magnetic fields 
on tumor growth. From the literature data, it 
follows that under the influence of NO, the 
expression of the heat shock proteins Hsp90, 
which provides antioxidant protection, as well 
as the nuclear protein P53, increases. In this 
case, there is an active expression of Bcl-2 pro-
teins, which determine the cytotoxic activity 

of macrophages. Under the action of magnetic 
fields on animals with tumors, the survival pe-
riod of experimental animals increases, which 
may be associated with the effect on cells at 
an early stage of apoptosis. At the same time, 
it was found that an increase in the amount of 
NO, which is produced by tumor cells, can 
stimulate tumor growth and thus suppress the 
activity of intratumoral T-lymphocytes, which 
is an unfavorable factor [50].

Conclusion
Thus, the review summarizes data based on 

numerous studies confirming the feasibility of 
using the model Ehrlich’s mammary gland ad-
enocarcinoma for the following purposes:

– possibility of studying the molecular 
mechanisms of inhibition of tumor growth 
was shown using the examples of the tested 
compounds. This model allows one to iden-
tify the mechanisms of the therapeutic effects 
of the compounds, which are mediated by in-
hibiting cell proliferation and angiogenesis, 
inducing apoptosis, increasing the level of 
P53 protein, suppressing the nuclear factor 
kappaB, decreasing the expression of genes 
for oxidative stress and decreasing the expres-
sion of EGFR;

– study of the antitumor activity of new 
chemotherapeutic drugs and / or herbal drugs, 
allows to identify with their help antitumor, 
antioxidant, antiangiogenic and antimutagenic 
properties of the substances under study. Al-
lows you to assess their potential as new can-
didates for cancer treatment or as modifiers of 
the antitumor effect in order to increase the ef-
fectiveness of chemotherapeutic treatment and 
reduce the toxic effect of cytostatics in an ex-
perimental study;

– this model can be used in the study of 
targeted drugs, enhanced by the action of 
a transgene, which increases the possibil-
ity of targeted delivery to tumor tissue and 
significantly enhances the therapeutic effect 
of chemotherapy;

– with the use of EAC, the presence of cy-
totoxic, genotoxic and antioxidant properties 
of nanoparticles was shown and their directed 
transport to tumor cells was studied. The possi-
bilities of using nanoparticles for targeting an-
giogenesis were investigated and determined, 
the relationship between the shape and size of 
nanoparticles and the ability of transmembrane 
penetration into tumor cells have been shown. 
The data obtained on the EAC model can sup-
plement clinical and experimental studies for 
the development of effective tactics for the 
treatment of tumor diseases;
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– the role of macrophages in the regula-
tion of tumor growth in the EAC model can 
be considered both in terms of inhibitory and 
stimulating activity; 

– the subcutaneous Ehrlich’s mammary 
gland adenocarcinoma can be used to study 
tumor cardiomyopathy due to the similarity of 
phenotypic features in the heart of mice and in 
cancer patients and the mechanisms of damage 
to the heart muscle due to the suppression of 
mTOR, a key signaling molecule. The result-
ing model can be used to identify potential 
therapeutic targets that may be present in can-
cer patients at risk of developing cardiomyopa-
thy and in the presence of cardiac side effects 
during chemotherapy;

– The Ehrlich’s mammary gland adenocar-
cinoma model can be used to study the effect 
of PDT on a tumor. This allows you to study 
the processes of damage to tumor tissue, mi-
crocirculation disorders and the formation of 
scar tissue;

– certain modes of exposure to radiation 
can be worked out on the EAS model, which 
makes it possible to study the dose-dependent 
effect of magnetic fields on tumor growth;

– experimental data obtained on this mod-
el using physical factors of influence may 
contribute to their wider use in the treatment 
of tumors.
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