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RESUMO

Uma das tarefas relevantes da morfologia atual € a investigagdo do potencial regenerativo dos
tecidos e a pesquisa de novos medicamentos que melhorem a eficiéncia do processo de recuperagéo.
Atualmente, os especialistas clinicos se concentram em medicamentos baseados em compostos naturais.
No entanto, tal influéncia de medicagao nos processos que ocorrem dentro dos tecidos lesados ainda nao é
identificada. O objetivo deste estudo foi investigar a resposta da regeneragédo pés-traumatica do tecido
muscular esquelético a medicacao de peldide humica, com base em acidos himicos modificados por ions
zinco. A extragéo de acido humico foi realizada por meio de procedimento de patenteado. O estudo incluiu
ratos de laboratério Wistar com hiperextensdo do musculo fémur frontal. As preparacdes foram estudadas
por meio de microscopia, microscopia eletrobnica e autoradiografia. A avaliagdo das preparacdes
histologicas mostrou que, sob exposi¢cdo ao medicamento peldide, os processos de catabolismo das fibras
musculares sao inibidos, o edema intersticial fica restrito a area lesionada, o crescimento dos vasos na area
dos capilares danificados € estimulado, os macréfagos migram, e a area e a duragéo da inflamacao pos-
traumatica diminuem. Além disso, a ingestdo de medicamentos de peldide encurta o comprimento dos
estagios de histogénese reparadora do tecido muscular esquelético: miossatélites sao ativados mais
precocemente do que no grupo de controle, mioblastos e miomaplastos sdo detectados, a separagéo de
areas sarcoplasmaticas nucleares de fibras musculares parcialmente lesadas é estimulada, miotubulos
aparecem entre 3 a 5 dias antes do que no grupo controle. No geral, a eficiéncia de regeneracao do tecido
muscular aumenta em 21%. Os resultados obtidos permitem concluir que a medicagéo pélvica baseada em
acidos peldides humicos modificados por ions zinco influencia positivamente a estimulagdo do processo de
regeneracao. Isso levard a uma investigagdo mais aprofundada das substancias humicas: fulvica,
himaomelanica, humina e acidos humicos de peldides como medicamentos e sua implementagéo na pratica
clinica.

Palavras-chave: tecido muscular esquelético, peloides, regeneragédo reparativa.

ABSTRACT

One of the relevant tasks of current morphology is the investigation of tissue regenerative potential
and research for new medications that improve recovery process efficiency. Nowadays, clinical specialists
focus on medications that are based on natural compounds. However, such medication influence on the
processes that occur within the injured tissues is still not identified. The purpose of this study was to
investigate skeletal muscle tissue posttraumatic regeneration response to humic peloid medication, based on
humic acids modified by Zinc ions. Humic acid extraction was carried out by means of patent procedure. The
study included laboratory Wistar rats with hyperextension of front femur muscle. The preparations were

Periédico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

DOI: 10.52571/PTQ.v16.n32.2019.114_Periodico32_pgs_96_107.pdf

96



studied by means of light and electronic microscopy and autoradiography. Histologic preparations evaluation
showed that under peloid medication exposure the apolexis processes within muscle fibers rupture are
inhibited, interstitial edema becomes restricted by the injured area, vessel growth into the area of damaged
capillaries is stimulated, macrophages migrate and the area and duration of posttraumatic inflammation
decrease. Additionally, peloid medication intake shortens the length of skeletal muscle tissue reparative
histogenesis stages: myosatellitocytes are activated earlier than in the control group, myoblasts and
myosymplasts are detected, the separation of nuclear sarcoplasmatic areas from partly injured muscle fibers
is stimulated, myotubules appear 3 — 5 days earlier than in control group. Overall, muscle tissue
regeneration efficiency increases by 21%. Obtained results allow us to conclude that peloid medication
based on humic acids modified by Zinc ions positively influence the stimulation of the regeneration process.
This will lead to further investigation of humic substances: fulvic, hymatomelanic, humin and humic acids of
peloids as medications and their implementation in clinical practice.

Keywords: skeletal muscle tissue, peloids, reparative regeneration.

AHHOTALUUA

B coBpemeHHOI Mopchonornn ogHoM 13 akTyarnbHbIX NPobnem SBNSETCs M3ydeHne pereHepaTopHbIX
BO3MOXHOCTEN TKaHen N NOUCK CPEeACTB, yrydllaoLmx aeKTUBHOCTbL BOCCTAHOBUTEbHbLIX Npoueccos. B
HacTosilllee Bpems BHMMaHue KINMHULMCTOB BCE Yalle NpYBIEKAT CpeacTBa, CO34aHHblE Ha OCHOBE
NPUPOAHBIX COEOANHEHWUIA, OOHAKO MX BRMSIHWE Ha MPOLECCHI, MPOUCXOAALME B MOBPEXAEHHBIX TKAHSX OO0
CMX MOp HensBecTHbl. Llenbio mnccrnegoBaHust sBNSIETCA U3yYeHWEe MOCTTpaBMaTMYECKON pereHepaumm
CKENeTHON MbIWEYHOW TKaHM B YCMOBWUSX MWCMONb30BaHUSA nenougonpenapara ryMUHOBBIX KWUCIOT,
MOOUMMLMPOBAHHBIX MOHaMM UMHKa. V3BneyeHWe ryMMHOBBIX KMCNOT M3 MEenongoB OCYLLECTBASNM nNo
3anaTeHToBaHHOM MeToguke. OOBEKTOM wuccrnedoBaHus Obinn nabopaTopHble Kpbickl nuHun  Wistar,
KOTOpPbIM MpPOBOOUNM MepepacTskeHne nepegHen Mblwubl 6egpa. Matepuan wusydanu ¢ NOMOLLbIO
METOL0B CBETOBOW M 3NEKTPOHHON MMKPOCKOMMWMU, a Takke aBTopaguorpadun. MsyyeHne rmctonornyeckmx
npenapaToB Mokasano, 4YTO B YCNOBMSAX BO3AENCTBUS nenougonpenapara npoueccbl pacnaga B obnactu
paspbiBa MbILLEYHbIX BONTOKOH WUHIMOUPYETCs, B 30HE MOBPEXAEHUS OrpaHWYMBAETCS MHTEPCTULMANBHBIN
OTeK, CTUMYyNUPYeTCs npopacTaHMe B 30HY MOBPEXAEHUSI KPOBEHOCHBIX Kanwunmsipos, Murpauus
MakpodparoB, YyMeHblUaeTCcs Mnowagb W MNPOOOIDKUTENbHOCTL MOCTTPaBMaTUYECKOro BOCManeHus.
OQHOBpPEMEHHO NPUMEHEHWe nenougonpenapaToB CNocobCTBYOT YCKOPEHUIO CTaaui penapaTUBHONO
rMCToreHe3a CKeNeTHOM MbIWEYHOW TKaHu: B Gornee paHHME CpPOKW, YeM B KOHTPOSEe aKTUBU3UPYIOTCS
MuocaTennmMTounTbl, OOHapyxmBaloTCs MuobnacTbl, MWOCMMMNACTbI, CTUMYNMPYeTCs oOTAerneHue oT
YaCTMYHO MOBPEXAEHHbIX MbILEYHbIX BOJSIOKOH S4EPHO-CapKOMMa3MeHHbIX TEPPUTOPUIA, MO CPABHEHMIO C
KOHTporneM Ha 3 — 5 CyTOK paHblUe MosiBNSATCA MUOTYObl. NToroBasi adhpekTMBHOCTL BOCCTAHOBIIEHNUS
MbILLIEYHOW TKaHW yBenuumBaeTcs Ha 21%. [llonyyeHHble pe3ynbTaTbl MO3BOMASKT cAenaTtb BbiBO4 O
NOMNOXMTENBHOM CTUMYNUPYIOLLEM BNUAHMU nenougonpenapara ryMUHOBBIX KMCIOT, MOANMULNPOBAHHBLIX
MOHaMM UMHKA Ha Mpouecchbl pereHepaumn. 3TO MNO3BONWUT MPOAOIDKUTE AanbHEnWwyo pa3paboTky
cybCTaHUMN rymMmMHOBOro psaga: OynbBOBbIX- TMMAaTOMEMNaHOBbIX — TYMUHOBBLIX — T[YMYCOBbLIX KUCIOT
nenouaoB B KayeCTBE JIEKApPCTBEHHbIX MpenapaToB M PEKOMEHAOBaTb WX NPUMEHEHWE B KIMHUYECKOW
npakTuke.

KnioueBble CroBa: ckeslemHasi Mblle4Hasi mKaHb, nenaoudsl, pernapamusHasl peceHepayusl.

INTRODUCTION muscle tissue regeneration (Tulaeva O. N.,
2003; Nepomnyaschikh L. M., Bakarev M. A,
2005; Yamschikov N. V. et al., 2011; Chernova
O. N. et al., 2015), however, it is still acute to
functions are influenced by numerous factors de_zvelop_ new means of regeneration process
that may lead to muscle tissue damage and its stimulation. Researph O.f new ways O.f synthet.|c
malfunctioning processes stimulation is being carried out in
. different directions. Numerous works are

Muscle tissue regeneration and dedicated to the study of different physical
responsiveness issues are widely discussed in impact factors (Plaksina L. N., Ukhov Y. I,
classic histological literature (Mauro A., 1961; 2001; Bulyakova N. V., 2004; Tulaeva,
Carlson, 1973; Schmalbrach Y., Hallhammer U., Bovtunova S. S., 2004), exercise load factors
1977; Klishov A. A. 1971; Danilov R. K., 1982; (Kuznetsov S. L., Papas E.A., 1999; Morozov V.
Schudlo N.A. et al., 2014). There are detailed |. et al., 2006), biotic factors (Stadnikov A. A.,
descriptions of the origin, means and stages of Shevlyuk N. N., 2006) and a number of

Skeletal muscles that provide not only
body movements but also a number of vital
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pharmacologic factors (Terekhov A. Y., 2005;
Ushabeev O. I. et al., 2007; Balaev T. A., 2011;
Rabovskaya L. A. et al., 2011).

Over the recent years, biologically active
preparations have been intentionally used in
clinical practice to stimulate the tissue recovery,
to supplement the consumed macronutrients
and to manage the most important organism
functions selectively during major physical loads
and injuries (Plechewa D. V. et al, 2018;
Dmitriev A., Kalinichev A., 2017).

Medication stimulatory effect improves
blood flow and metabolism in tissues and
activates  granulation and  epithelization.
Traditionally, among pharmacological means of
recovery multivitamin and  macronutrient
preparations are used. Medications that
stimulate reparative regeneration are used in
the form of creams, ointments, and gels. It
should be noted that most of them contain
nonindifferent to the organism substances as
the main ingredient like steroids, anabolics,
vitamins, and hematogenesis stimulators that
can lead to different allergic reactions and other
negative responses (Bachmaier M. et al., 2015).

Alternative medications without the
mentioned side effects are based on natural
compounds. The high biological activity of
peloids is well known. Their humic compounds
are described as a group of complex natural
organic compounds that are formed as a result
of biochemical transformations of animal and
plant residues under the influence of climate
factors and microorganisms. Theoretical and
applied medicine is particularly interested in
sulfide muds, which are characterized by a long
period of biota biological activity in humid
conditions, weak-base solution, and negative
redox potential of the mud solution. Humic
compounds content is highest in low
mineralized silt sulfide muds. In the group of
humic substances the most fluent acid fraction
is extracted; these humic acids are divided by
water solubility into humic and fulvic acids
depending on the solution acidity (Platonov V.
V. et al., 2014; Kuzminova E. V. et al., 2015).

Broad spectrum therapeutic effects of
humic acids are explained by their structural
polymorphy. They are high-molecular
polydisperse polyheterofunctional systems that
include an aromatic ring and aliphatic peripheral
fragments. Humic acids are characterized by
polymolecularity, stochasticity, and structural
disarray. Their macromolecules include electron
donating and electron accepting substituents

that are capable of forming charge-transfer
complexes (Ubashev I. O., 1997; Verba O. Yu.,
2005).

Electrolytic activity is an important
property of humic peloid medication that allows
reducing ion balance inside the damaged body

cells, which leads to normalizations of
biopotentials (Khasanov V. V., 2006).
The developed peloid medications

based on biologically active natural compounds
that come in various formulations (solutions,
suppositories, ointments), are neutral to the
organism, possess high biological activity, and
do not provoke allergic reactions. It was proved
experimentally that humic acids are not toxic.
No negative reactions were reported when
administered orally at the dose of 15 g/kg of

tested animals (Avvakumova N.P. and
Krivopalova N.A., 2012).
Due to their structural organization,

humic acids are considered to be a perspective
group of compounds that can be modified by
different bioelements and, thus, the desired
biological effect can be obtained from the
received complexes. The developed
formulations, as purified concentrates of main
active substances of peloids, are made more
active by means of adding components that
provide additional target activity (Buzlama B. C.,
Shabunin S. V., 2007; Avvakumova N. P.,
Krivopalova M. A. et al., 2012).

There is no data in the scientific
literature  on skeletal muscle  tissue
posttraumatic regeneration response to humic
peloid medication, based on humic acids
modified by Zinc ions. The choice of Zinc
compounds in the present study is based on
active participation of this bioelement in the
synthesis of more than 40 metalloenzymes. It
should be noted that Zinc containing
medications show antimicrobial activity and
immunomodulatory effect; their administration
activates the cell and tissue growth
(Romanteeva Y. V., 2006; Obukhova O. V.,
2016).

Scientific data allows predicting the
therapeutic activity of humic acid peloids,
modified by Zinc ions, on skeletal muscle tissue
posttraumatic regeneration.

The purpose of this study was to
investigate skeletal muscle tissue posttraumatic
regeneration after experimental hyperextension
of m.biceps femoris underexposure of humic
acid peloids, modified by Zinc ions.
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MATERIALS AND METHODS

Humic acid is extracted from peloids by
means of patented procedure (Avvakumova N.
P. etal., 2011).

Air dry weights were diluted in a minimal
volume (0.01 mol/dm3) of sodium hydroxide
solution and further kept for 2 hours on 35-400C
water-bath. The obtained solution was filtered
through a paper filter (white strip) and
neutralized with a hydrochloric acid solution
(0.01 mol/dm3) to pH 7.36. Zinc humate was
obtained by adding the estimated volume of 1%
zinc chloride solution so that the obtained
solution contained 5 mg of Zinc ions for 1 g of
humic acids. The obtained solution of zinc
humate was diluted with distilled water to get
0.1% zinc humate solution. Peloid formulation is
a transparent liquid of red-brownish color with a
slight specific smell.

The medication was tested on 130 —
150g white Wistar rats. Ether anesthesia was
applied, and rats’ skin was cut 1.5 cm along the
front femur muscle after that 1/3 of the front
femur muscle was separated by means of
dissector and fixed with Bilroth's forceps.
Further dosed extension of the separated part
of the muscle was carried out by extending the
forceps jaws up to 3 cm. The extension was
stopped when the muscles lost resistance to
jaws extension, which generally happened after
25 — 3 mins. The wound was closed with
corner caprofile stitches. The first test group of
rats was administered 1 ml of the tested
medication s/c in the thigh for 6 days. The rats
in the control group didn't receive the
medication.

The probes for histological assay were
taken on the 3, 5, 7, 11, 15, 20 and 30th day,
the samples were placed into 10% formalin,
poured with paraffin and iron hematoxylin
stained with haematoxylin and eosin according
to Van Gieson’s method. The relative area of
necrosis and area of muscle tissue within the
regenerated was measured by the stereometric
net (Avtandilov G. G., 1973).

DNA synthetic activity was detected by a
histoautoradiographic  method using 3H
thymidine (specific radioactivity 240 tB, foreign
trade association Isotope). The autoradiographs
were developed in amid developing solution.

For submicroscopic examination, the
samples were prefixed in 2.5% glutaraldehyde
solution with 0.1 M phosphate buffer and fixed
in 1% osmium tetroxide. After dehydration, the
samples were covered with araldite. Ultrathin

sections were contrasted by 2.5% uranyl
acetate solution. The sections were studied
under electron microscope Hitachy-9.

RESULTS

Standard processes were observed after
the muscle’s injury in the control group: muscle
fibers necrosis, activation of non damaged or
partly damaged muscle fibers accompanied by
myosatellitocyte release, myoblasts, and
myoblasts formation and further development of
new muscle fibers.

Muscle hyperextension is followed by
local alteration of muscle fibers. Generally,
injured areas go along muscle fibers with very
few single fibers remaining not damaged.
Muscle injury leads to major interstitial edema
development and necrotic contraction nods
formation in  muscle tissue. Zenker's
degeneration is spread in muscle fibers within
the first day after the injury. Since
hyperextension leads to non-uniform damage,
the necrosis is observed in several sites along
muscle fibers, and single fragments keep their
structural integrity for some time. The spaces
within the necrotic fibers are filled with
leukocytes and macrophages that provide
necrotic tissue lysis and clear the spaces from
cell debris (Figure 1).

Pyknotic nuclei appear in the damaged
muscle fibers, myofibrils adhere and be-come
homogenous. Myofibrillar protein coagulation
leads to protein fusion that is shown
ultrastructurally as electron-dense areas. Such
areas are surrounded by macrophages that
phagocytize necrotic muscle fibers (Figure 2).

On the 3rd day after the injury,
myosatellitocytes are activated in partly un-
touched fibers. The myosatellitocytes are well-
seen light-optically and electronic  mi-
croscopically due to a large light nucleus and
their disposition under the basal membrane of a
muscle fiber (Figure 3).

Muscle tissue destruction processes
continue up to 7 — 9 days in the control group,
muscle fibers necrosis area is being filled with
phagocytes, blood capillaries grow in between
muscle fibers, activated fibroblasts quickly fill in
interstitial space  with  collagen fibers.
Simultaneously, reparative muscle tissue
histogenesis processes begin. Myosatellitocytes
that separated from muscle fibers differentiate
into my-oblasts, which are divided mitotically.

As a result, post-synthetic myoblasts
merge into myosymplasts, which start
synthesizing contractile proteins and
assembling myofibrils, and by the 9th day after
the injury, myosymplasts look like long thin
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tubes with light nuclei in the center (Figure 4).

Further differentiation involves
myosymplasts transformation into myotubules
and young muscle fibers. Fiber sarcoplasm is
filed with myofibrils and mitochondria in
between them first loosely and later more
densely (Figure 5).

Interstitial edema remains in the control
group up to 20th day from the experiment
beginning. Collagen fibers fill the spaces
between young muscle fibers forming a
connective tissue scar by the 30th day.

Test group observation showed that
under zinc humate exposure necrotizing
processes at the site of muscle fibers rapture
were significantly inhibited. The area of necrotic
changes decreases by 9.7% in comparison with
the control group. The duration of muscle fibers
degradation shortens by 3-4 days in comparison
with the control group. At the same time, tissue
macrophages migration and function is
stimulated. As a result, this increases necrotic
products resorption. Interstitial edema is limited,
numerous capillaries grow into the damaged
area on the 3rd day, and the duration of
posttraumatic inflammation shortens (Figure 6).

In its turn, early clearance of the muscle
wound from necrotic debris is beneficial for
myogenic  elements  development.  Partly
untouched basal membranes of the damaged
muscle fibers act as a guide frame for the
developing muscle fibers.

Muscle fibers degeneration processes
are followed by regeneration processes.
Myoblast, myosymplasts, myotubules and
muscle fibers formation was observed in both
animal groups according to the reparative
histogenesis stages.

Zinc humate administration stimulated
earlier myosymplasts synthesis in comparison
with the control group. Myoblasts and separate
myosymplasts were detected on the 3rd day at
the site of hyperextension and necrosis of
muscle tissue. Myosymplasts in the test group,
as in the control group, had oxyphilic cytoplasm
and con-tained up to 3 — 5 light round nuclei.
Myosymplasts appear in damaged areas as well
as in partly damaged or nondamaged muscle
fibers (Figure 7).

Thus, peloid medication administration
promotes earlier myotubules formation (by 3 — 5
days) in comparison with the control group.
Myotubules are thin, long, multinuclear
symplasts with centrally located nuclei and
peripherally oriented myofibrils. Zinc humate
administration seems to stimulate biosynthetic
processes in myosymplasts.

Under test medication exposure, the
formation of young muscle fibers results from
the differentiation of myotubules on the 7th day

after the experimental hyperextension. By
contrast, in the control group, this process starts
on the 10th day. Young muscle fibers, like in the
control group, are assembled incoherently on
the edges of the regenerate being formed
(Figure 8). Developing loose fibrous tissue
forms the central part of the regenerate.

Additionally, peloid medication
administration stimulates the separation of nu-
clear sarcoplasmic areas from partly damaged
muscle fibers (Figure 9), which also seem to be
a part of the myosymplast structure.

Besides, in the test group the processes
of myosatellitocytes activation are pro-longed,
even on the 9th day from the beginning of the
experiment there are stil seen DNA-
synthesizing nuclei in muscle fibers (Figure 10).

As a result, by the 30th day after
hyperextension zinc humate administration
leads to the increase of newly synthesized
muscle tissue by 21.5% in comparison with the
control group.

DISCUSSION

The kinetic data obtained by the limited
solution volume method made it possible to
determine the optimal impregnation time of a
macroporous polymeric carrier with technical
TAA, that is 25-35 h. The presence of a highly
volatile diluent (acetone) contributes to the
reduction of the extractant layer formation rate
on the carrier surface, thereby decreasing the
sorption characteristics over time. On the
contrary, the temperature increase leads to the
increase in the impregnation rate, since the
extractant viscosity reduces without the injection
of additional components of the organic phase
(diluent). This can be confirmed by the rate
constants, calculated according to the data of
linearized integral kinetic curves with the aid of
a pseudo-second-order model.

The impregnation process takes place in
the diffusion region, since the apparent
activation energy of the process is relatively low
(837t4 kJ/mol). However, the kinetic data,
described with a high degree of correlation by
means of the pseudo-second order and Elovich
models, is indicative of the contribution of TAA
physical adsorption on the carrier and the
possible interaction of the extractant molecule
with two sorption centres of the carrier.

To shorten the impregnation time, it is
reasonable to carry out the process of obtaining
impregnates at an elevated temperature.

CONCLUSIONS:
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The results obtained in this study show
that peloid medication administration in
posttraumatic period decreases degradation
processes in the damaged muscle fibers and
activates the processes of skeletal muscle
tissue reparatory regeneration. As a result,
muscle, as an organ, increases its regeneration
efficiency.

ACKNOWLEDGEMENTS
This research was partially funded by
the Ministry of Education and Science of the

Russian Federation under the Subsidy
Agreement No. 14.580.21.0004 of 19.08.2015
(project identification number

RFMEF158015X0004).

REFERENCES:

1. Avvakumova, N. P., Krivopalova, M. A.
et al. The origin of humic acids protective
effect of different genesis. Journal of Samara
scientific center of Russian Academy of
Sciences, 2012, 1-8, 2104-2107.

2. Avvakumova, N. P., Krivopalova, M. A,,
Fomin, I. V. Means of extraction of
biologically active substance of humic acids
from low mineralized silt sulfide muds. Patent
RF Ne2480224 dd 12.01.11. Report Ne34 dd
12.03.11, p. 6.

3. Avtandilov, G. G. Introduction into
quantitative pathologic morphometry. M.:
Medicine; 1980, p. 216.

4. Alekseeva, N. T. Cell component
involvement into wound regeneration.
Journal of anatomy and histopathology,
2014, 3, 1(9), 9-15.

5. Balaev, T. A., Badyugina, |. B,
Moldaver, B. L., Aslanyan, T. A., Belyaeva,
O. M. Phytogenic anticeptic treatment of
uterine cervix inflammation. Obstetrics and
gynecology, 2011, 2, 102-105.

6. Bachmaier, M., Smolensky, A. V.,
Mityushkina, O. A. Professional risks in the
sport of high achievements. Bulletin of new
medical technologies, Electronic edition,
2015, 3, 9.

7. Bulyakova, N. V., Azarova, V. S.
Structural peculiarities of muscle regenerates
and thymus condition during laser therapy of
injured muscles at different periods of their
reparation. Journal of Russian Academy of
Sciences. Biology series, 2006, 6, 667-679.

8. Buzlama, B. C., Shabunin, S. V.
Structure and biological activity of humic

substances. Veterinary science, 2007, 6, 48-
49,

9. Danilov, R. K. Differen-tiation of
myosatellitocyte and muscle fibers at
embryonal and reparative histogenesis:

author's abstract of dissertation; 1982, p. 32.

10. Dmitriev, A., Kalinichev, A. Vitamin, D:
role in sports and sports medicine (literature
review). Science in Olympic sports, 2017, 1,
56-74.

11. Khasanov, V. V., Bolshakov, A. M.,
Ryzhova, G. L. Antioxidant properties of
natural peloids. Chemistry of plant raw
materials, 2006, 3, 53-54.

12.  Klishov, A. A. Histogenesis,
regeneration and tumor growth of skeletal
muscle tissue, L.: Medicine; 1971, p. 214.

13. Kotomtsev, V. V., Medvedeva, S. Y.,
Kazantsev, N. A. The role of macrophages in
bone tissue regeneration response to an
injury. Journal of Kazan state academy of
veterinary medicine named after N.E.
Bauman, 2014, 217, 122-127.

14. Kuzminova, E. V., Semenenko, M. P.,
Troshin, A. N., Tarasov, A.V. the Use of a
new ointment bases in the treatment of
wounds in the experiment. Regulatory
questions in veterinary medicine, 2015, 2,
137-139.

15. Kuznetsov, S. L., Papas, E. A. The

study of skeletal muscle fiber energy
metabolism economization. Collection of
research papers issued “By the100th

anniversary of Eliseev V.G.” M.; 1999, p.
142-143.

16. Lebedeva, A. I. Macro-phage cytokine
spectrum during skeletal and smooth muscle
tissue regeneration, induced by alloplant
biomaterial. In the book: Lymphology: from
fundamental research to medicine
technologies. Materials of Xll international
conference dedicated to the 25th anniversary
of Scientific research institute of clinical and
experimental lymphology. 2016, p. 124-126.

17. Morozov, V. 1., Sakuta, G. A,
Kalinskiy, M. |.  Morphological and
biochemical aspects of skeletal muscle

damage and regeneration during physical
loads and hypodynamia. Morphology, 2006,
129, 3, 88-96.

18. Nepomnyaschikh, L. M., Bakarev, M.
A. Morphogenesis of metabolic damages of
skeletal muscles. Moscow; 2005, p. 351.

19. Obukhova, O. V. Influence of copper,
zinc, cadmium salts on growth and level of
biological aggressiveness of conditionally
pathogenic microflora. Trudy VNIRO, 2016,

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

101



162, 184-189.

20. Plaksina, L. N., Ukhov, Y. I. The
influence of HeNe laser therapy on skeletal
muscle posttraumatic reparation. Russian
medical biological journal named after
Academic Paviov |.P., 2001, 1-2, 67-71.

21. Popova, M. F. Radio-sensitivity and
stimulating properties of regenerating muscle
tissues of mammals. M.: Science; 1984, p.
174.

22. Rabovskaya, L. A., Saiko, S. G,
Sanina, M. A. Rat muscle tissue regeneration
under «BSCH» medicine  exposure.
Veterinary Doctor, 2011, 9, 23-24.

23. Platonov, V. V., Chunosov, S. N,
Fridzon, K. Ya. The biological effect of the

sapropel in basic research. 2014, 9-11,
2474-2480.
24. Plechewa, D. V., Okroyan, V. P.,

Ibragimov, T. R., Galimov O. V., Khans, V.
O. Improving reparative regeneration in
surgery. Perm medical journal, 2018, 35, 3,
32-38.

25. Romanteeva, Y. V. A study of the
nature of the interaction of humic compounds
with several metal ions-nutrients. Post-
graduate Bulletin of the Volga region, 2005,
2, 74-76.

26. Ryabov, V. V., Gombozhapova, A. E.,
Rogovskaya, Y. V., Ivaniyuk, E. E.,
Kzhyshkovskaya, Y. G., Karpov, R. S.
Monocyte/macrophage functional plasticity in
the processes of reparative regeneration and
post infarction heart remodeling.
Immunology, 2016, 37, 6, 305-311.

27. Sepiashvili, R. I., Berezhnaya, N. M.
Immune system as a regulator of tissue
homeostasis  (regeneration, reparation,
remodeling). Allergology and immunology,
2015, 16, 1, 127-137. 1

28. Stadnikov, A. A., Shewlyuk, N. N.
Hypothalamic neurosecretion and reparative
histogenesis under prokaryot and eukaryot
interaction. Morphology, 2006, 5, 84.

29. Terekhov, A. Y. Investigation of
flavonoid Tagetes Patula therapeutic effect
on chronic liver disease at rats. Published in
“Development, research and marketing of
new pharmaceutical products”. Pyatigorsk;
2005, p. 425-428

30. Tulaeva, 0. N. Reparative
regeneration of myotendinous junction under
supra-gravity conditions of craniocaudal
direction. Author's abstract of dissertation.
Saransk; 2003, p. 27.

31. Tulaeva, O. N., Bovtunova, S. S.
Reparative regeneration of cross-stripped

skeletal muscle tissue under exposure of
some physical factors. Journal of medical
institute “Reaviz”, 2014, 1, p. 13-15.

32. Ubashev, |. O. Natural medicines for
the damage of organs and tissues. Author's
abstract thesis doctor of biological Sciences.
Ulan-Ude; 1997, p. 26.

33. Ushabeev, O. |., Lonshakova, K. S.,

Ushabeev, |. O., Ushabeeva, E. N.
Experimental pharmacotherapy of skin
wounds with drugs based on natural

substances. Journal of Buryatskiy state
university, 2007, 8, 105-108

34. Chernova, O. N., Korsakov, I. N.,
Samchuk, D. P., Pulin, A. A., Mavlikeev, M.
O. Experimental models for cross-striped
skeletal muscle tissue investigation. Genes
and cells, 2015, 10, 4, 127-140.

35. Schudlo, N. A., Schudlo, M. M.,
Konon, N. A. Histomorphometric
characteristics of skeletal muscle after partial
collapse. Morphology, 2014, 146, 4, 59-63.

36. Verba, O. Yu., Potapova, O. V.,
Kornyukhin, V. N., Kornyukhina, E. A.,
Luzgina, N. G., Kulikov, V. Yu. Molecular-
cellular mechanisms anti-inflammatory effect
of peloids. Bulletin of the Siberian branch of
the Russian Academy of medical Sciences,
2005, 25, 2, 134-138.

37. Vysochin, Yu. V. Physiological
mechanisms of muscle damage in sprinters.
Pedagogical-psychological and medical-
biological problems of physical culture and
sport, 2009, 4, 3, 10-14.

38. Yamschikov, N. V., Grigorieva, Y. V.,
Ardashkin, A. P. Morphologic aspects of intra
vitam and postmortal damage of skeletal
muscles. Samara; 2011, p. 143.

39. Carlson, B. M. The regeneration of
skeletal muscle. A review. Am. J. Anat.,
1973, 137, 2, 119-149.

40. Mauro, A. Satellite cell of skeletal
muscle fibers. J. Biophys. Biochem. Cytol,
1961, 9, 307-309.

41. Schmalbrach, Y., Hallhammer, U. The
number of nuclei in adult rat muscle with
special reference to satellite cells. Anat.
Res., 1977, 189, 2, 169.

Periddico Tché Quimica. ISSN 2179-0302. (2019); vol.16 (n°32)
Downloaded from www.periodico.tchequimica.com

102



Figure 1. Control preparation. 3 day. Necrotized muscle fibers, the damaged area is filled
with leukocytes. Haematoxylin-eosin staining. Ob.40, ok. 10.

Figure 2. Control preparation. 3 day. Ultrastructure of the damaged muscle fiber, a
macrophage is observed nearby. x7000
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Figure 3. Control preparation. 5 day. The ultrastructure of a myosatellitocyte (Mcu) that is
partly separated from the damaged muscle fiber (MB). x7000

Figure 4. Control preparation. 9th day. Young myosymplast is located between necrotized
muscle fibers. Haematoxylin-eosin staining. Ob.40, ok. 10.
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Figure 5. Control preparation. 15" day. Myotubule ultrastructure. x7000.

Figure 6. 3 day of the experiment. Test preparation (zinc humate administration). The
damaged area is densely vascularized. Tissue macrophage mass release. Haematoxylin-eosin
staining. Ob. 40. ok. 10
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Figure 7. 7" day of the experiment. Test preparation (zinc humate administration).
Myosymplast is seen in partly damaged muscle fibers. Haematoxylin-eosin staining. Ob. 40. ok. 10

Figure 8. 7" day of the experiment. Test preparation (zinc humate administration). Newly
formed myosymplasts and young muscle fibers. Haematoxylin-eosin staining. Ob. 40. ok. 10.
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Figure 9. Test group. 7" day. Ultrastructure of a partly damaged muscle fiber (MB); nuclear
sarcoplasmic area (5icm) is being separated; nearby lies separated myoblast (M6). x7000.

Figure 10. 7" day of the experiment. Test preparation (zinc humate administration). DNA-
synthesizing cells within activated muscle fibers. Iron haematoxylin staining. Ob. 90. ok. 10.
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