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Introduction. The article deals with the effect of mexidol and melatonin in the separate
and combined use, on the process of carcinogenesis of soft tissue induced by benzopyr-
ene at mice.

Materials and Methods. 120 mice were divided into four groups: three experimental
groups of 30 mice, 30 mices are the control group on carcinogen. Animals from the all four
groups were applied with benzoapyrene at a dose of 0.2 ml per mouse, 2 times a week.
Results. It is found that the histological examination has showed a pattern similar to
malignant fibrous histiocytoma. In the application of melatonin, the number of animals
with induced tumors was 57 %, under the influence of mexidol frequency of formation
of tumor nodes was 50 %. With combined use of mexidol and melatonin, the number of
mice which had progressing tumor nodes was 36.6 %.

Discussion and Conclusions. While induced tumor growth of soft tissue, we can identify
the various stages of the morphogenesis of malignancy.
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Bseoenue. Crarbsi HcceqyeT BIUSHIE MEKCHAOJIA U MEJIATOHUHA IIPU OTAEIHEHOM U KOM-
OGMHMPOBAHHOM IPHMEHEHUHU Ha MPOIIECC KaHIIEPOTeHe3a MATKUX TKaHel MbIIIeH, HHIy-
IPOBAHHOTO OEH30aIPEHOM.

Mamepuanvt u memoowvt. 120 Mpimeld OblIM pa3zfeneHbl HAa 4 TPyHIbL: 3 IKCIIEPUMEH-
tanpHble (10 30 ocobeil) M KOHTpPOJNBHAs TPyIIa, MHAYNUPOBAHHAS KaHIEPOTECHOM,
(30 mpimeit). JKUBOTHBIM M3 BCEX YETHIpEX IPYII BBOIWIN OCH30AIMPEH B IO3UPOBKE
0,2 M1, 2 pa3za B HeJleJO.

Pezynemamul uccneooéanus. YCTaHOBIEHO, YTO MPH T'MCTOJIOTHUECKOM HCCIIEIOBAHUU
Ha0JTIoa1ach KapTHHA, CXOIHAS CO 3JI0Ka4eCTBEHHOH (pHOpo3HOH ructuonuromoil. Ipu
MPUMEHEHHN MEIATOHWHA KOJIMYECTBO 0CO0ed ¢ MHAYyLMpPOBAaHHBIMH OITyXOISIMH CO-
ctaBisuio 57 %, MOX BAMSHHEM MEKCHJOJIa 4acToTa OOpa30BaHUS OIYXOJIEBBIX Y3JIOB
coctapyana 50 %. IIpu koMOMHMPOBAHHOM HCIIONB30BaHUM MEKCHJONA M MEJIaTOHHHA
nost ocobelt ¢ IPOrpecCHpyIONIMMH OITyXOJIEeBBIMH y3JIaMH focturana 36,6 %.

© Jlepsiouna O. H., [TnorHuxosa H. A., PaxsiHoBa C. b., 2017



Vol. 27, no. 3. 2017

MORDOVIA UNIVERSITY BULLETIN M

Obcyorcoenue u 3axniovenus. TIpn MHAYLMPOBAaHHOM OITyXOJIEBOM POCTE MSTKHMX TKaHEH
MBI MOXEM HACHTH()UIMPOBATH Pa3lUYHBIC CTAIUH MOPQOreHe3a 3JIOKAYeCTBEHHBIX

00pa3oBaHHiA.
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Introduction

The relevance of research. It is well
known that malignant neoplasms occupy
a leading place in the structure of morbidi-
ty and mortality of the population. Accord-
ing to the WHO for 2012, the incidence of
malignant neoplasms in the Russian Fed-
eration was 480.2 per 100,000 population,
and the death rate was 288.3 per 100,000
population [1]. At present, malignant neo-
plasias in Russia occupy the second place
among all causes of death of the popula-
tion — 14.9 % [2].

As is known, carcinogenesis is a mul-
ti-stage process during which a normal
stem cell is transformed into an atypi-
cal one. Typically, the stages of tumor
growth are presented in the form of pre-
tumor hyperplasia, dysplasia, cancer “in
place”, invasive growth and metastasis.
The process of tumor transformation is
accompanied by metabolic disturbances,
changes in many body systems, including
nervous, immune and endocrine systems
[3]. Presence of premalignant lesions,
processes of hyperplasia and cell prolif-
eration in the initial stage of neoplasia
are one of the fundamental properties of
various stages of tumor growth. Further
invasive growth of neoplasms seems to
be a complex morphogenetic program
in which proliferative processes are in-
tegrated into such as migration, natural
selection, induction of cell division [4].
Any stage of tumor growth is potentially
reversible, which encourages the search
for oncostatic drugs that can affect the
different stages of carcinogenesis.

Currently, one of the widely accepted
theories of tumor growth is the free radi-
cal theory, which explains the morphogen-
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esis of many pathological processes, such
as cardiovascular pathology, immunode-
ficiency states, brain function disorders,
cataracts, neoplasms and some others [5].

According to this theory, during
the process of morphogenesis of tumor
growth, on the one hand, the processes
of lipid peroxidation are accelerated and
activated, and on the other hand, there is
a decrease in the reserves of the body’s
own antioxidant system [3].

The peroxide-oxygen concept of tu-
mor growth postulates the need to create
inside the cells hyperoxic conditions for
their further malignancy. The relatively
high level of free radicals that arise at the
same time, in fact, creates conditions con-
ducive to tumor transformation in the cell.

Much attention is paid to the search
for new effective oncostatic drugs, taking
into account the staged nature of the neo-
plasia processes, especially under condi-
tions of experimental tumor growth.

One of the representatives of syn-
thetic antioxidants is mexidol — a 3-hy-
droxypyridine derivative. The drug has
a wide range of biological effects: it in-
creases activity towards oxygen-depend-
ent pathological processes, inhibits the
formation of lipid peroxidation products,
and also the formation of superoxide and
hydroxyl radicals. At the heart of their
antioxidant effect is the ability to sup-
press the rates of oxidative stress, the
synthesis of free radicals at the initiation
stage, thereby reducing the possibility of
developing neoplasia [6]. In particular, in
the literature available to us, information
on the oncostatic effect of antioxidants
in conditions of induced tumor growth is
not fully presented and contradictory.
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It is known that melatonin also has
antioxidant properties [7]. Melatonin is
the main hormone, which is synthesized
mainly at night, in the tissue of the pineal
gland.

The main functions of melatonin in
the body are antioxidant, immunomodu-
lating and biorhythmologic [8].

The results of many years and many
studies is the fact that the most signifi-
cant physiological functions of melatonin
are: suppression of cell proliferation and
antitumor effect in experimental neopla-
sia, stimulation of metabolic processes;
Inhibitory effect on the metabolism of
pigment substances, sedative effect on
the central nervous system, controlling
the effect with seasonal and circadian
rhythms. In addition, one of the most im-
portant functions of melatonin is the ac-
tive absorption of most endogenous free
radicals [9].

For a more complete understanding
of the effect of melatonin and the mex-
idol antioxidant on the processes of tumor
growth, experimental studies on a signifi-
cant number of experimental models us-
ing substances of diverse organ specific-
ity and a different mechanism of action
are needed to reveal the mechanisms and
patterns of their possible suppressive ef-
fect on tumor growth processes [10].

Materials and Methods

120 mice were divided into four
groups: three experimental groups of 30
mice, 30 mices are the control group on
carcinogen. All experimental animals 4
groups were introduced by benzopyrene
one time. Benzopyrene is the carcinogen
of the chimical origin. Benzopyrene was
introduced at a dose of 2 mg per mouse
in a volume of 0.1 ml, subcutaneously in
the area of the lumbar region, previously
carcinogen was dissolved in sterile olive
oil. The next day after the introduction
of benzopyrene, experimental animals of
the 1% experimental group received mela-
tonin in a dose of 2 mg/L.

For the experiment, there was daily
prepared solution of melatonin ex tem-

pore. In order to prepare a solution, the
drug was dissolved in 2—3 drops of 96 %
ethanol and then was diluted with tap
water and brought to the desired concen-
tration. Experimental animals of the 2nd
experimental group during the whole day
received mexidol in a dose of 0.1 mg/kg
together with drinking water. The mice of
the 3™ group were simultaneously given
melatonin at a dose of 2 mg/l and mex-
idol in a dose of 0.1 mg/kg, during the
day along with drinking water. The con-
trol group was submitted to the mice of
the 4™ group who received drinking water
without the addition of the studied drugs.
All experimental animals, and also
mice that have died and withdrawn from
the experiment at the end of the period,
were subjected to autopsy and macro-
scopic examination. In autopsy were in-
vestigated by details - the skin, induced
neoplasms of the skin and tissue of in-
ternal organs. It was counted the total
number of tumor nodes on the skin and in
the soft tissues, and also identified their
options and dimensions. Tissue of all in-
duced tumors were excised and then fixed
in 10 % formalin solution. All the pieces
were exposed to standard histopathologi-
cal treatment and were drenched in par-
affin. Subsequently, histological sections
with thickness of 5—7 mkm were stained
with hematoxylin and eosin, fuchsin van
gieson and studied microscopically.
Staining by Van-Gieson is used to iden-
tify collagen of connective tissue fibers.
Results
After 6 months the mice that were ex-
posed by benzpyrene, in 73 % of cases
(22 out of 30 animals), there were soft
tissue tumors. Thus, in the course of
the experiment it was possible to trace
the stages of morphogenesis of tumor
growth. Since 126 days, since the intro-
duction of benzapyrene in experimental
animals described the group, on the skin
of the back, at the injection of the car-
cinogen, were detected tumor nodules
rounded-oval, with clear boundaries,
grayish-white color, with a rough sur-
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face, dense texture, displace on palpation. tissues. On tumor-like formations, in all
With increasing tumor sites in size, they cases, hair was missing and the skin was
became tightly fixed to the underlying bruised (fig.1)

F i g. 1 Malignant tumor of soft tissues in the experimental
mice of the control group

P u c. 1. 3noxauecTBeHHBIC OITYXOIN MATKUX TKAHEH y MbIIIEH
KOHTPOJILHOH I'PYIIIbI

After a latent period of tumor develop- with a large diameter. We also often marked
ment, during 121-140 days, in the control phenomena of collapse, hemorrhage and
group most of tumors were tumor nodules destruction of the tumor tissue (fig. 2).

F i g. 2. Malignant tumor of soft tissues in the experimental
mice of the control group

P u c. 2. 3nokadecTBeHHbIE OIMYyXOIM MATKUX TKaHEH y MBIIIEH
KOHTPOJIbHOM TPYIIIBI

Pathophysiology and experimental medicine 455
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In the experimental group with the use of mors only in a few cases we observed the pro-
mexidol macroscopically, the tissue induced tu-  cess of ulceration of the tumor tissue (fig. 3).

F i g. 3. Malignant soft tissue tumors from the mice that received mexidol
P u c. 3. 3nokadecTBEHHBIE OITyXONMN MSTKUX TKaHEH y MBIIIEH, MOIyYaBIINX MEKCHION

In the group with the use of melatonin secondary changes in the form of the
in one case revealed the development of ulcer (fig. 4).

F i g. 4. Malignant soft tissue tumors from the mice that received melatonin
P u c. 4. 3n0Ka4eCTBEHHbIE OIyXOJIM MATKUX TKaHEH y MBIIIeH, MOTyYaBIIuX MEIaTOHUH

456 Hamod)muonozuﬂ U IKCnepumeHmaibHasi Mebuuuua
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When the joint introduction of mexidol
and melatonin in experimental animals, in all

cases, on the surface of tumor sites were: hair,
skin integrity was not compromised (fig. 5).

-

F i g. 5. Malignant soft tissue tumors from the mice that
received melatonin and mexidol

P u c. 5. 3nokauecTBeHHBIE OITyXOJIU MATKUX TKaHEH
Y MbllIEH, N0JIy4aBIINX MEJIATOHUH U MEKCUIO0I

At the macroscopic study of induced
tumor nodes, the dead mice of the control
group, the tumors were firmly adherent
with epidermis and surrounding tissue.
Almost all tumors had foci of hemor-
rhage and necrosis. In mice of the experi-
mental group also had tumors that had an
expansive growth form, quite clear, the
capsule, and in relation to the surround-
ing tissues squeezed them, pushed away,
but not ingrown. Skin tumor in these
nodes quite easily separated.

Microscopically, the introduction of
benzpyrene subcutaneously in mice was
diagnosed with a tumor of the soft tissues
fibrohistiocytoma origin, the type of ma-
lignant fibrous histiocytoma.

Histologically, the tumor is built
of fibroblasts, myofibroblasts, oval or
rounded histiocytes. In places the tumor
cells develop into short bundles, forming
a typical moire structure (fig. 6).

In tumor nodes in the control group,
were microscopically identified two
forms of malignant fibrous histiocytoma:
superficial and deep. At a superficial der-
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mal localization of fibrous histiocytoma is
more pronounced cellular polymorphism,
with the presence of stroma, inflammato-
ry infiltrates, and secondary changes such
as hemorrhage and necrosis (fig. 7).
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F i g. 6. Malignant tumor of soft tissue fibrohis-
tiocytoma origin in the mice of the control group.
The formation of moiré structures. Hematoxylin
and eosin, x 200

P u c. 6. 3n0KauecTBeHHAs OIYXONb MATKUX
TKaHe! (puOPOrHMCTHOLMTOMHOTO MPOUCXOKACHHS
y MblIel KOHTpoJbHOH Tpynmsl. O0pa3oBaHue
MyapoBBIX CTPYKTYp. I'eMaTokcunua
¥ 503uH, X 200
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Fig. 7. Development of secondary processes in soft-tissue tumors in animals
of the control group. Massive areas of hemorrhages in the stroma of the tumor tissue.
A hematoxylin and eosin,x 200

P u c. 7. Pa3BuTHE BTOPUYHBIX MPOLIECCOB B OMYXOJSIX MATKUX TKaHEH
y KMBOTHBIX KOHTPOJBHOH Ipynmbl. MaccHBHBIE Y4acTKH KPOBOUZIHSHUMI B CTpOME
OMyX0JIeBOM TKaHU. [eMaToKCHIMH 1 203uH, X 200

With the deep form of a malignant structure, multi-core osteoclastogenic,
fibrous histiocytoma prevailed myofi- foam cells, cell Tutone (fig. 8) also were
broblastic component. In the tumor were foci of myxomatosis and hyalinosis stro-
also identified hemangiopericytoma ma (fig. 9).

F i g. 8. The deep form of a malignant fibrous histiocytoma. Dominated by
a pronounced cellular irregularities in the form of polymorphism and anaplasia
of the tumor cells. A hematoxylin and eosin, x 200
P u c. 8. I'mybokast popma 31mokadecTBeHHON (HUOPO3HON TMCTHONUTOMBL. JlOMUHIpOBaHA
SPKO BBIPAKCHHBIMH KJICTOYHBIMH HApPYIICHUAMHU B BUAE NOIMMOpdHU3Ma U aHAIIA3UU
OITyXOJIEBBIX KJIETOK. [ eMaTokcriinH 1 303uH, X 200
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Fig. 9. The deep form of a malignant tumor of the soft tissues fibrohistiocy-
toma origin. Foci of hyalinosis stroma. A hematoxylin and eosin, x 200

P u c. 9. I'lmyGokas opma 3710Ka4eCTBEHHOH OITyXOJIH MSTKUX TKaHeH (HuOporu-
CTHOLIUTOMHOTO MPOUCXoXkaeHHs. OUark ruagMHO3a CTPOMBI. [ eMaTOKCHINH
H 503uH, X 200

Were often revealed angiomatous form
of malignant histiocytoma, which micro-
scopically is characterized by three main
matching component. First, it is cystic
cavities with hemorrhagic content from the
solid to the centers of red blood cells organ-
izes hematoma (fig. 10); second, solid clus-
ters of oval and elongated cells resembling

i = (A

- il il

gistiotitarnaya (fig. 11), and, finally, the
presence of foci of reactive inflammatory
infiltrates containing lymphocytes, plasma
cells, sometimes foam cells and deposits
of hemosiderin. On the periphery nodes
among the inflammatory infiltrate were of-
ten discovered reactive lymphoid follicles
with centers of reproduction.

s

F i g. 10. Malignant fibrous histiocytoma. Angiomatous form. The formation of cystic cavities.
A hematoxylin and eosin, x 400

P u c. 10 3noxauectBenHas pudpo3Has ructuoruTomMa. AHruomarossas gpopma. dopmupoBanue Ku-
CTO3HBIX MOJNOCTeH. ['eMaTokcuanH U 303uH, X 400
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F i g. 11. Malignant fibrous histiocytoma. Angiomatous form. Proliferation of oval
or elongated cells that looks like histiocytes. A hematoxylin and eosin, x 200
P u c. 11. 3nokayecTBeHHast pUOPO3HAsE THCTHOLUTOMA. AHTHOMAaTO3HAs (opMa.
Tposudeparyst OBaIbHBIX WK IPOAOITOBATHIX JIEMEHTOB, BEINLIIAIINX KaK
TUCTHOIUT. ['eMaToKCHIuH U 303uH, X 200

F i g. 12. Malignant fibrous histiocytoma of combined application of melatonin and
mexidol. Fibroblastoid cellular elements. A hematoxylin and eosin, x 200
P u c. 12. 3nokauectBeHHast GUOPO3HAS THCTHOLIMTOMA B PE3yIbTaTe KOMOHHHPO-
BaHHOTO TIPUMEHEHHUS MEJIaTOHHHA U MeKcuona. OubpoOiacTonIHbIe KICTOYHbIC
37eMeHTBL. ['eMaToKCHInH 1 303uH, X 200

460 Hamot])mumozuﬂ U IKCnepumeHmaibHasi Mebuuuﬁa
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Microscopic structure of tumor tis-
sue, on the background of combined ap-
plication of melatonin and mexidol was
characteristic polymorphic cellular com-
position, in particular, the formation of
fusiform cells, the presence of fibroblas-
toid and histopatholgic elements (fig. 12).
In some cases, we identified cells con-

taining lipids, large multinucleated mac-
rophages type cells Tutone and type
of osteoclasts. Was also found isolated
pockets lymphomacrophagal interstitial
infiltration and foci of the connective-
tissue substitution (fig. 13). Areas of
myxomatosis and mucosis of stroma
was not detected.

-

F i g. 13. Malignant fibrous histiocytoma of combined application of melatonin and

oy L p- ‘.

mexidol. Extensive foci of fibrosis .A hematoxylin and eosin, x 200

P u c. 13. 3nokayectBennas HpuOpO3HAsi THCTHOLUTOMA KOMOMHUPOBAHHOTO MTPUMEHECHHUSI
MeJaTOHMHA M Mekcuona. O0mupHbie ouarn Guoposa.
T'emaTokcuinus u 303uH, X 200

Cells dominated by a pronounced
polymorphism, a change in the rela-
tionship between the nucleus and the
cytoplasm, the chaotic distribution
of chromatin. A distinctive feature is
the presence of mitoses in the cells of the
tumors. In the stromal part of the tumor
tissue were identified as lymphocytes,
foam cells, hemosiderin, reactive mac-
rophages.

Pathophysiology and experimental medicine

Depending on the prevalence in tumor
tissue cellular and fibrous structures were
diagnosed with different pathological vari-
ants of malignant histiocytoma. Was often
characteristic (fibrous) forms of soft-tissue
malignant tumor fibrohistiocytoma origin
submitted by cellular elements in the form
histopatholgic cells (fig. 14). Specific, that
spindle-shaped tumor cells formed a char-
acteristic “moire” of education.
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of melatonin and mexidol. Fibroblastoid and histiopteris cell shape.
A hematoxylin and eosin, x 200
P u c. 14. 3nokayectBenHas (HHOPO3HAsi THCTHOLUTOMA B Pe3yJbTaTe
KOMOMHUPOBAHHOTO NIPUMEHEHUS MEJIAaTOHHHA M MeKkcunona. Oudpobracro-
unHas Gpopma KIeTok U popMa B BUE JIUCTHEB MANOPTHHKA (THCTHOITEPHC).
T'emarokcrnmH u 303uH, X 200

In some cases, tumor tissue has re- cleated osteoclasts, with the presence of
vealed a large number of giant multinu- nuclei of irregular configuration (fig. 15).

7 ‘._ ' .* "‘v;’\. ,\ . M) ‘&,»‘

F i g. 15. Malignant tumor fibrohistiocytoma of the animal of combined application

of melatonin and mexidol. Large multinucleated cell type of osteoclasts with diverse
forms nuclei. A hematoxylin and eosin, x 200

P u c. 15. 3nokauectBenHasi PUOPOrHCTOLUTOMHAS! OITYXOJIb )KMBOTHOTO B PE3yJIbTaTe
KOMOMHHMPOBAHHOTO IPUMEHEHHST MEJIATOHNHA ¥ MEKCHIO0MA. BombIoii MHOTOS e pHEII
THIT KJIETOK C Pa3IHYHBIMEI (JOpPMaMH siiep OCTEOKIIAcTOB. ['eMaTokcuiiH 1 303uH, X 200

462 Tlamoguzuonozusn u IKCHEPUMEHMATLHASL MEOUYUHA
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Thus, on the background of mexidol
and melatonin in tumor sites that were
induced by benzopyrene in experimental
animals, formed the characteristic (fi-
brous) forms of malignant histiocytoma
presented fusiform cell shapes with cell
irregularities, and polymorphism. How-
ever, in the stroma of the tumor tissue
was not identified pockets of mucus
and myxomatosis, and areas of necrosis
and hemorrhages were found in isolat-
ed cases. These morphologic signs are
a manifestation of secondary changes in
the tumor tissue. Reduction or absence
of such secondary changes shows, in our
opinion, about the possible slowdown of
tumor progression.

Discussion and Conclusions

1. When induced tumor growth of soft
tissue identify the various stages of the
morphogenesis of malignancy: expansive
growing tumor nodules, tumors with in-
vasive growth and neoplasia with fuzzy
boundaries, extensive lesions are ulcerat-
ed with the presence of secondary chang-
es, necrosis and hemorrhages.

2. The combined use of melatonin
and mexidol has the greatest onkotic ef-
fect that is manifested by positive dy-
namics of pathological changes: the ab-
sence of foci of mucus and myxomatosis
in the stroma of the tumor tissue, and the
presence of isolated areas of necrosis and
hemorrhage.
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