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FEATURES OF REMODELING CROSS-STRIATED MUSCLES OF HI ND LIMBS IN RATS
UNDER CONDITIONS OF EXPERIMENTAL HYPERCHOLESTEROLEM IA
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The study was performed with the purpose to sthdyféatures of cross-striated muscles remodelinefemoral,
knee and lower leg areas of the hind limbs in oditpre-reproductive and reproductive age under itiomg of experimental
hypercholesterolemia. It was established that restiagl of muscle fibers in all terms of the expenrmwas manifested by loss
of striation, homogenization, sarcoplasmolysis withiocytolysis and contracture changes. Submicrasaibpdegenerative and
destructive changes of mitochondria, cytoplasm eation, pycnosis of hemocapillar endotheliocytagtleoplasm were observed.
The most significant remodeling occurs in the egigated muscles of reproductive age animalsaridtver leg area, in animals of pre-
reproductive age - in the femoral and knee areas.
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The work is a fragment of the research project “Ryetion and treatment of postoperative complicationplanned
and urgent surgery”, state registration No. 011613664.

Atherosclerotic injury of the lower extremities’tares remains an important medical and social
problem of the present day. According to epidengmlal studies, the overall prevalence of peripheral
arterial disease makes 3-10%, and among patiepts @ager 70 it makes 15-20% [8, 9]. The problem’s
topicality is aggravated by an increase in the eslodithe elderly persons among the populationubhs
individuals, the incidence of occlusive lesionghe lower extremities arteries may reach 23%, among
which 20-40% develop chronic critical ischemia lné fower extremities (CCILE). Over 90% of patients
with CCILE during the first year after diagnosig @rerformed amputations, reconstructive or anggipla
operations. Only during the first year after thelEdiagnosis, 25% of patients require high lewstér
limb amputation and another 25% die [7]. Atherosides is a systemic disease, so injury of a single
vascular pool increases the incidence of asympiondisease or clinical manifestations of other
localizations. In the REACH studies, in 65% of pats with diagnosed lower limb artery disease,
clinical manifestations of other vascular pools evdetected. A significant problem remains the prese
of “multistoried” lesions of the lower extremitiegessels, which is found in about 70% of patienth w
critical ischemia [2, 4]. However, the conditiorfssargical treatment do not always take into actdoe
morphofunctional state of the patient's cross-ttdamuscles. At the same time, the cross-striated
muscles play a significant role in providing hemiedsics in the lower extremities. Proceeding from th
above, the study of the muscle and hemomicrocitoyebed remodeling features under the conditions
of atherosclerotic lesion of the lower extremitgteries is a topical problem for development dtent
methods of prevention, diagnosis, correction aedtinent of this pathology.

The purpose of the study was to establish the peculiaritiestrid hind limb cross-striated
muscles remodeling in rats of the pre-reprodudtif@@A) and reproductive age (RA) under experimental
hypercholesterolemia (HC).

Materials and methods.HC simulation was performed in 16 white rats bydfag cholesterol in
the dose of 0.5 g/kg with warmed vegetable oil asthg Mercazolil in the dose of 10 mg/kg [3, 5, 6].
The mixture was injected with a probe intragastijcaAnimals with biochemically verified HC were
divided into 2 groups: the first included 8 animatged 3-4 months, weighing 150 - 170 grams, and the
second - 8 rats, which reached 11-12 months of agéghing 230-250 grams. The control group
included rats at the age of 4 and 12 months. Esmipgcomprised 8 animals.

The rats keeping and all experiments were carrigdroaccordance with the provisions of the
European Convention for the Protection of Vertabratimals used for Experiments and Other Scientific
Purposes (Strasbourg, 1986), the General EthigatiPles of Animal Experiments adopted by the First
National Congress on Bioethics (Kyiv, 2001), HelisiDeclaration of the World Medical Association
(2000), the Order of the Ministry of Health of Ukra No. 281 of November 1, 2000. Removal of
laboratory rats from the experiment was carried lpubleeding after intraperitoneal administratidn o
sodium thiopental in the dose of 50 mg/kg body Wwedajfter 15, 30 and 45 days of the study.

For histological and polarization studies, sofsiiss were excised with vascular-nerve bundles
up to 0.5 cm thick from the femoral, knee, and Iovexy areas of the hind limbs. Fixation, paraffin
sealing and histological sections were made acegrth standard techniques. Dewaxed sections were

© 1. LYuryk, P. Ya. Bodnar, 2019
215



| SSN 2079-8334. Ceim meouyunu ma oionozii. 2019. Ne 2 (63)

stained with hematoxylin and eosin, Hart fuxelingrp-fuchsin by the van Gieson method, iron
hematoxylin by the method of Heydengain. The prajiams were studied in a Granum microscope. The
images from the microscope were displayed to thaptger monitor using the VISION Color CCD
Camera and the InterVideoWinDVR software.

Microscopic-polarization study of the samples wasigrmed in a trinocular microscope with a
software image processing and polarization cam8EO{. Sections for an electron microscopic study
were prepared according to standard procedured it semifine sections 1iiin thick were made using
LKB-3 ultramicrotome (Sweden) and stained with mptgthe blue. Ultrathin sections were contrasted
with lead citrate by the Reynolds method and stlidigh the PEM-125K electron microscope [1].

Results of the study and their discussioriight-optically, in muscles of the pre-reproductive
age animals after 15 days of experimental HC stasgigthrocyte aggregation, partially exfoliated
endothelium, swelling and fraying of perivasculapsa were revealed. Among the unchanged muscle
fibers there are unevenly colored, without expressross-striation, there are no cytolysis phenanen
Polarization microscopy has shown the predominapicéghe | and Il stage fiber injuries of the
contracture type. In 4 animals’ knee area musches, A-discs fusion was observed, which
corresponded to the stage Il injury.

In the reproductive age animals, these changes mere often reported in the lower leg area,
where the frequency of stages Ill and IV injuriasreased. Muscle fibers in this period were usually
having a homogeneous structure, their nuclei wkyarly defined under the myolemma, orienting their
long axes in parallel with it. The cytolysis pheremma were manifested sporadically.

Sub-microscopic changes in the muscle fibers ofmals in the both age groups in this period
more concerned the energy apparatus. In mitochanalifiocal cristae destruction and the matrix ahgar
were revealed. Mitochondria were located evenlhhe®brganelles with the changed structure altedhate
with little changed ones. Other myofibrils changeported by us in the first series of the experimen
were not observed. Myofibrils had the correct lamat but with areas of myofilaments fraying.
Sarcomeres, as a rule, were distinctly noticeable.

Hemocapillar endotheliocytes are densely locathdir tcytoplasm shows an increase in the
number of pinocytotic vesicles and the presencexofescences on the lumen surface. The cytoplasm is
heterogeneous with small osmophilic inclusions. Tinelei are swollen, with single superficial
invaginations (fig. 1).

After 30 days of experimental HC, the manifestatiasf structural changes in the skeletal
muscles of the rat hind limbs significantly incredsn animals of the both studied groups and were
manifested by aggravation of the hemomicrocircujatdisorders that became systemic. As in the
previous studies, the structural reorganizationthef knee and femoral vessels was characterized by a
hypertrophic remodeling. The polarization studythad muscles in this group of the pre-reproductige a
(PRA) animals showed both types of myofibril inggi With the prevalence of contracture type ingjrie
cases of their third stage and myocytolysis witts |pronounced regeneration were more frequent.

In samples stained with hematoxylin and eosin, eheere areas of homogenization and
fragmentation. The characteristic rectilinear agement of myofibrils often varies in an unevenlywera
like manner. Lymphohistiocytic infiltrates were foed around the aggressive cells.

All the structural components of muscles undervikatsimilar changes in the reproductive age
animals. The peculiarity was the presence of rooelll infiltrates in the vascular wall and in the
perivascular area with a tendency to spread on ped endomysium. We observed the most pronounced
changes in the lower leg area.

On the semifine sections, along with the unchangescle fibers, there were fibers with signs of
myofibrils fraying, their decay and deformed direity.

At the submicroscopic level, the manifestationsstifictural changes in muscle fibers were
increasing. The number of mitochondriawas growinglicating the activation of compensatory
mechanisms. They were getting polymorphic, mostth&f organelles were concentrated under the
myolemma and were destructively changed, and tbenskiary lysosomes were detected between them.
The myolemma was partially exfoliated and had kdhiappearance. Sarcomeres of muscle fibers varied
in size, disintegration of their anisotropic diskas clearly expressed. More distinct destructivenges
were observed. Hemocapillars studies also showeth@ease in destructive changes. The basement
membrane was thickened, the cytoplasm of the ertiatitells was heterogeneous, cleared, the nucleui
were pyknotic. In the perivascular spaces, thenmewdema phenomena due to the increase in thentonte
of the electron-illuminated amorphous componeriheffluffy connective tissue (fig. 2).

Microscopic analysis of structural changes in dieélmuscle and hemomicrocirculatory bed of
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PRA and RA rats after 45 days of experiment shotiwd same patterns of morphological changes
development as those described above. In genésil, progress was observed, but the intensity of
growth was somewhat reduced. As in the previousoger the dependence on the age of rats was
observed: the above changes prevailed in the raptiod age animals.

ig. 1. Ultrastructure of of the lower leg skeletaliscle fiber Fig. 2. Ultrastructure of the lower leg skeletalguie fiber in
in a rat of reproductive age after 15 days of expemtal the reproductive age rat after 30 days of experiaien
hypercholesterolemia. Mitochondria (1), myofibrils (2), hypercholesterolemia. Mitochondria (1) and myoftbri(2) with
endotheliocyte’s nucleus (3).Magnific.: x 12000. destructive changes, endotheliocyte nucleus (3)ectEinic
microphotography.Magnific.: x 19000.

The study of muscle in polarization light in PRAiraals in the knee area revealed all types of
contracture injuries. In half of animals, along lwithe IlI-IV stages injuries, the phenomenon of
intracellular myocytolysis occured.

In the RA animals, similar as to the injury sewedhanges were found in the lower leg muscles,
where contracture I-Il stages changes occurred therats, and IlI-IV stages lesions with intrbickar
myocytolysis were observed in most animals.

The femur muscles were less damaged. Most frequyeh# contracture type I-1l stages lesions,
less frequently - stages Il and IV were obserddgocytolysis in the lower leg was detected in 3 ratit
of 8 ones studied (fig. 3).

e 7

G

Fig. 3. Myocytolysis of the lower leg skeletal migsca Fig. 4. Ultrastructure of the skeletal muscle fibéthe femur
reproductive age rat after 45 days of experimentalea in a pre-reproductive age rat after 45 dayexplerimental
hypercholesterolemia. Perivascular edema (1). Smenifsection. hypercholesterolemia. Mitochondria (1) and myof@r{(2) with
Staining with methylene blue. Magnific.: x 1200. destruction phenomena, endotheliocyte nucleusc@)agen fibers
(4). Electronic Microphotography. Magnific.: x 1200

Submicroscopically further enhancement of destvectthanges in muscle fibers and blood
vessels of the hemomicrocirculatory bed was esfabii. Most of the mitochondria had a bright matrix
and reduced cristae, the outer membrane was ooedlgiclamaged. Cytoplasm of the of hemocapillars
endotheliocytes was cleared and contained smallofidimlobules. A small number of micropinocytic
vesicles and single small excrescences on the hlndnrface showed a decrease in transcapillary
metabolism. Proliferation of collagen fibers wasedéed perivascularly. In the muscle fibers thees &
submyolemma edema. Myolemma is partially exfolisaed has a hilly appearance. Decompositions of
necrotic muscle fibers have been observed in sepsitas (fig. 4).

A review of modern literature sources suggests tngiercholesterolemia is an important
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hereditary, pathobiochemical and pathophysiolodmetior that can change the course of the diseask,
also affect remodeling of its structural componeAtsalyzing in general the obtained results ofshealy
it can be argued that in the skeletal muscles amomycocirculatory channels in the conditions of
experimental hypercholesterolemia there is a coxnplgrogressively unspecific morphological changes
at all levels of their structural organization. flievlic disturbances cause toxic-hypoxic damagéde¢o t
vascular endothelium, which creates preconditiamgpfasma vascular percolation and accumulation of
glycosaminoglycans. The final phase of this processlopment is hyalinosis and sclerosis of aresio
Under these conditions, inadequate blood supplysesmuwamage to the structure of the muscular
component in the form of contractural and cytolyli@mnges, which have a clear age dependence ih dept
of their manifestation, which is reflected in thenks of many researchers [2, 4, 7, 9]. Thus, imaits of
preproductive age, remodeling in all series of #xperiment was weaker than that of RA animals.
Studies of histological sections of skeletal musdle the polarized light permitted to detect vasiou
contracture damages of muscle fibers. It shoulshdited that contracture changes of stage Il became
systemic at the late stages of the experiment aadaped in animals of the older age group. The
presence of dystrophic-necrotic changes in sketeteicles was confirmed submicroscopically.

Thus, under the conditions of experimental hypeegterolemia in the skeletal muscles,
compensatory and adaptive changes develop, whicimignifestation of trophic insufficiency.

1. Under the conditions of experimental hypercheledemia in the muscles and
hemomicrocirculatory bed of the experimental anghhind limbs, a complex of nonspecific changes is
developed, characterized by a combination of dpsig degenerative, inflammatory and regenerative-
hypertrophic processes.

2. The main morphological manifestations of the chudibers remodeling at all stages of the
experiment were the loss of myolemma cross-stnatits cloddy disintegration and myocytolysis,
contracture changes.

3. The most pronounced structural changes weredfanirthe lower legs of reproductive age
animals; in animals of pre-reproductive age thengka occurred in the femoral and knee areas.

Prospects for further research: to clarify the fe@s of remodeling the hind limbs skeletal musiclgbe rats of pre-
reproductive and reproductive age in combinatiothveixperimental hypercholesterolemia and hyperumiee

1. Bahriy MM, Dibrova VA, Popadynets OH, Hryshchuk. Metodyky morfolohichnykh doslidzhen. Vinnytsyova Knyha;
2016. 328 s. [in Ukrainian]

2. Klymenko VM, Baldin IA. Revaskulyarizatsiya ny@kh kintsivok pry krytychniy ishemiyi. Materialy HKHIII zyizdu
khirurhiv Ukrayiny; 2015, zhovtnya 21-23; Kyiv. 2B1[Internet]: Dostupno na: http://surgery.org.@éd upload / content /
main / ua / mainPage / program_zyzdu_21-23.10.p@f5n Ukrainian]

3. Krepkova LV. Ispolzovaniye modeli giperlipidenniateroskleroza u krys v toksikologicheskom ekspente. Biomeditsina.
2011;3:103-6. [in Russian]

4. Nikulnykov PI, Bytsay AN, Yatsenko Al. Mezhdyggdinarnyi podkhod k lecheniyu patsiyentov s okkdianno-
stenotycheskim porazheniem arterialnykh sosudokinilkh konechnostey. Materialy XXIII zyizdu khirushiUkrayiny; 2015,
zhovtnya 21-23; Kyiv. 2015. [Internet]: Dostupno: rtp://surgery.org.ua/data/ upload / content immfaua / mainPage /
program_zyzdu_21-23.10.2015.pdf [in Russian]

5. Piskun RP, Hrynchak NM. Osoblyvosti mikromorfangehnykh zmin struktur sertsya pry eksperymentadnaterosklerozi
ta yoho hennoyi korektsiyi. Visnyk problem biolohig medytsyny. 2011; 2 (3): 147-50. [in Ukrainian]

6. Polyakov LM, Lushnykova EL, Nepomnyashchykh LIRyskykh HS, Byushkina NKh, Klynnikova MH. ta in. Ranyky
metabolizmu lipidiv ta bilkovoho skladu lipoproteyw plazmy krovi hipotyreoyidnykh shchuriv pry elksgmentalniy
hiperkholesterynemiyi. Fundamentalni doslidzhenrd.4; 10: 342-5. [in Ukrainian]

7. Chermak VA. Surgery of critical ischemia of the lowertemities. Heart and blood vessels. 2013;1:54-63.

8. Gardner AW, Parker DE, Montgomery PS, Khurand&#ti-Dias RM, Blevins SM. Gender differences iailg ambulatory
activity patterns in patients with intermittent wtcation. J. Vasc. Surg. 2010 Nov;52(5):1204-10.

9. Hirsch AT, Duval S. The global pandemic of phapal artery disease. Lancet. 2013 Oct 19;382(99812-4.

OCOBJIMBOCTI PEMO/JEJIOBAHHS OCOBEHHOCTU PEMOJIEJIMPOBAHUSA
MNOCMYI'OBAHUX M'A3IB 3AJHIX KIHIIIBOK MNONMEPEYHOIIOJOCATbBIX MbIIII 3AJHUX
IIYPIB 3A YMOB EKCIIEPUMEHTAJIbHOI KOHEYHOCTEM KPbIC B YCJIOBHUSIX
THIEPXOJECTEPOJIEMII 3KCNEPUMEHTAJILHOM TMIEPXOJECTEPOJIEMUU
KOpux L1., bonnap ILS1., Boguap 51.51., Open FO.M. IOpuxk U.U., Boanap I1.51., Bongnap 51.51., Opea FO.M.
JlocmijpkeHHsT  TIPOBECHO 3  METOI0  BHBUCHHS HccnenoBanne  mpoBEJEHO € LENBI0  HU3YYCHUS

0coONMBOCTEH  PEMOJIENIOBAHHS IIOCMYyTrOBaHMX M'S3IB  OCOOCHHOCTEH pPEMOJEIMPOBAHHS IONEPEYHONONIOCATHIX MBI
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CTErHOBOI, KOJIHHOI 1 TOMUIKOBOI JIUISHOK 3a/HiX KiHIIBOK
LIypiB JIOPENPOAYKTUBHOTO Ta PEHPOIYKTHBHOIO BIKY B
yMOBax eKCIePUMEHTAIBHOT rinepxoJiecTeposeMii.
BcraHOB/ICHO, 1O PEMOJETIOBAHHA M'S30BHX BOJIOKOH Ha
BCIX TepMiHaX EKCIEPHMEHTY TMPOSBISUIOCS BTPATOIO
MOCMYTOBAaHOCTi, TOMOTEHI3aIi€r0, PO3MAIOM CapKOILIa3MH 3
MIOIUTONI30M i KOHTPaKTypHUMHU 3MiHAMHU.
CyOMIKpOCKOIIIYHO TOBEICHO JIETeHEePAaTUBHO-IECTPYKTUBHI
3MIHM MITOXOHZpIH, BaKyoJi3allis LWTOIUIA3MH, IIKHO3
HYKJICOIUIa3MU €HIOTETIOUUTIB reMokaniusipis. HaloOumbmn
ICTOTHE PEMOJICIIIOBAHHS TPOSBISAETHCS B CKEJIETHUX M's3aX
TBApPUH PEHPOAYKTHBHOTO BiKy B TOMITKOBIM MUISHIN, Yy
TBapHH JOPEIPOAYKTUBHOTO BiKy - y CTETHOBIH Ta KOJIHHII
UITHKAX.

Kurouosi CJI0BA: rinepxosecTeposeMis,
PEMOJICTIOBAHHS, CKENeTHI M'SI3M, KOHTPAKTYpHI 3MIHH,
MiOLATOJII3.

Crarrs Hapgiina 20.04.18p.

OCIpEHHOM, KOJEGHHOH W  TOJNICHHOW  obnacteil  3aaHUX
KOHEYHOCTEH KpBIC JOPCHIPOJYKTUBHOIO M PEIPOIYyKTHBHOIO
BO3pacra B YCIIOBHSIX IKCTIEPUMEHTANIBHOM
THIEPXOJIECTEPOTIEMHUU. Y CTAHOBICHO, YTO DPEMOJCIHPOBAHUEC
MBIIICYHBIX BOJIOKOH HA BCEX CPOKAX IKCIEPUMEHTA MPOSIBISLIOCH
MOTepei MoJ0CaTOCTH, TOMOTSHU3ANUEH, PACIalOM CapKOILIA3MBbI

C MHUOLHUTOJIN30M u KOHTPAKTYpPHbIMHU HU3MCHCHUSAMU.
Cy6MI/IKPOCKOHI/I‘{eCKI/I JIOKa3aHbI JACTCHEPAaTUBHO-
JACCTPYKTUBHLIC HU3MCHCHUSA MI/ITOXOHZ[pI/If;I, BaKyoJiu3auus
UTOIIA3MBbI, IIUKHO3 HYKJICOIJIa3MbI OHAOTCIIMOLUTOB

reMokanuusApoB. HauGoiee cylmiecTBEHHO peMoOJeInpOBaHUe
HPOSIBIACTCS B CKEJIETHBIX MBIIIIAX )KUBOTHBIX PEIIPOAYKTHBHOTO
BO3pacTa B TOJICHHOMN 00JACTH, Y )KHBOTHBIX JOPETIPOAYKTHBHOTO
BO3pacTa - B OSAPEHHON M KOJICHHOH 00IacTsIX.

Kniouesblie cJI0Ba: THIIEPXO0JIECTEPOIEMHUS,
pEMOJIETTMPOBAaHUE,  CKEJICTHBIE  MBIIIIBI,  KOHTPAKTYPHBIC
W3MEHEHUsI, MUOLIUTOJIHN3.
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