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avtorTa sayuradRebod!

redaqciaSi statiis warmodgenisas saWiroa davicvaT Semdegi wesebi:

 1. statia unda warmoadginoT 2 calad,  rusul an inglisur enebze, dabeWdili 
standartuli furclis 1 gverdze,  3 sm siganis marcxena velisa da striqonebs 
Soris 1,5 intervalis dacviT. gamoyenebuli kompiuteruli Srifti rusul da ing-
lisurenovan teqstebSi - Times New Roman (Кириллица), xolo qarTulenovan teqstSi 
saWiroa gamoviyenoT AcadNusx. Sriftis zoma – 12. statias Tan unda axldes CD 
statiiT. 
 2. statiis moculoba ar unda Seadgendes 10 gverdze naklebs da 20 gverdze mets 
literaturis siis da reziumeebis (inglisur, rusul da qarTul enebze) CaTvliT.
 3. statiaSi saWiroa gaSuqdes: sakiTxis aqtualoba; kvlevis mizani; sakvlevi 
masala da gamoyenebuli meTodebi; miRebuli Sedegebi da maTi gansja. eqsperimen-
tuli xasiaTis statiebis warmodgenisas avtorebma unda miuTiTon saeqsperimento 
cxovelebis saxeoba da raodenoba; gautkivarebisa da daZinebis meTodebi (mwvave 
cdebis pirobebSi).
 4. statias Tan unda axldes reziume inglisur, rusul da qarTul enebze 
aranakleb naxevari gverdis moculobisa (saTauris, avtorebis, dawesebulebis 
miTiTebiT da unda Seicavdes Semdeg ganyofilebebs: mizani, masala da meTodebi, 
Sedegebi da daskvnebi; teqstualuri nawili ar unda iyos 15 striqonze naklebi) 
da sakvanZo sityvebis CamonaTvali (key words).
 5. cxrilebi saWiroa warmoadginoT nabeWdi saxiT. yvela cifruli, Sema-
jamebeli da procentuli monacemebi unda Seesabamebodes teqstSi moyvanils. 
 6. fotosuraTebi unda iyos kontrastuli; suraTebi, naxazebi, diagramebi 
- dasaTaurebuli, danomrili da saTanado adgilas Casmuli. rentgenogramebis 
fotoaslebi warmoadgineT pozitiuri gamosaxulebiT tiff formatSi. mikrofoto-
suraTebis warwerebSi saWiroa miuTiToT okularis an obieqtivis saSualebiT 
gadidebis xarisxi, anaTalebis SeRebvis an impregnaciis meTodi da aRniSnoT su-
raTis zeda da qveda nawilebi.
 7. samamulo avtorebis gvarebi statiaSi aRiniSneba inicialebis TandarTviT, 
ucxourisa – ucxouri transkripciiT.
 8. statias Tan unda axldes avtoris mier gamoyenebuli samamulo da ucxo-
uri Sromebis bibliografiuli sia (bolo 5-8 wlis siRrmiT). anbanuri wyobiT 
warmodgenil bibliografiul siaSi miuTiTeT jer samamulo, Semdeg ucxoeli 
avtorebi (gvari, inicialebi, statiis saTauri, Jurnalis dasaxeleba, gamocemis 
adgili, weli, Jurnalis #, pirveli da bolo gverdebi). monografiis SemTxvevaSi 
miuTiTeT gamocemis weli, adgili da gverdebis saerTo raodenoba. teqstSi 
kvadratul fCxilebSi unda miuTiToT avtoris Sesabamisi N literaturis siis 
mixedviT. mizanSewonilia, rom citirebuli wyaroebis umetesi nawili iyos 5-6 
wlis siRrmis.
 9. statias Tan unda axldes: a) dawesebulebis an samecniero xelmZRvane-
lis wardgineba, damowmebuli xelmoweriTa da beWdiT; b) dargis specialistis 
damowmebuli recenzia, romelSic miTiTebuli iqneba sakiTxis aqtualoba, masalis 
sakmaoba, meTodis sandooba, Sedegebis samecniero-praqtikuli mniSvneloba.
 10. statiis bolos saWiroa yvela avtoris xelmowera, romelTa raodenoba 
ar unda aRematebodes 5-s.
 11. redaqcia itovebs uflebas Seasworos statia. teqstze muSaoba da Se-
jereba xdeba saavtoro originalis mixedviT.
 12. dauSvebelia redaqciaSi iseTi statiis wardgena, romelic dasabeWdad 
wardgenili iyo sxva redaqciaSi an gamoqveynebuli iyo sxva gamocemebSi.

aRniSnuli wesebis darRvevis SemTxvevaSi statiebi ar ganixileba.
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трем. Следовательно получено соотношение 3:1. Соответ-
ственно этому меняется коэффициент электрогенности.

რeზიume

Na/K-ATPazas da Cl-ATPazas regulacia dofami-
niT

g. Wkadua, l. waqaZe, l. SioSvili, e. nozaZe

iv. beritaSvilis eqsperimentuli biomedicinis 
centri, Tbilisi, saqarTvelo

Seswavlilia dofaminis (DA) gavlena TeTri 
virTagvas Tavis tvinis sinafsur membranebSi 
lokalizebul Cl-ATPazasa da Na/K-ATPazaze. sin-
af-suri membranebis fraqcia miRebulia diferen-
cialuri centrifugirebis meTodiT. Cl-ATPazasa 
da Na/K-ATPazas Seswavlisas gamoyenebuli iyo 

mravalubniani fermentuli sistemebis kinetikuri 
analizis meTodebi, rac warmoadgens mravalubni-
ani fermentuli sistemebis moqmedebis moleku-
luri meqanizmis Seswavlis erTaderT meTods. 
dadgenilia, rom dofamini ar cvlis Cl--is trans-

portis steqiometrias da Cl--isaTvis gankuTvnili 
aucilebeli aqtivatorebis ricxvi (n) rCeba 1-is 
toli. dofaminis Tanaobisas Na/K-ATP-azas K+-iT 
aqtivaciis Seswavlisas dadgenilia, rom K+-is, ro-
gorc aucilebeli aqtivatorebisaTvis gankuT-
vnili ubnebis ricxvi da, Sesabamisad, K+-is trans-
portis steqiometria icvleba da 2-is nacvlad 
xdeba 1-is toli. Na,/K-ATPazas Na+-iT aqtivaciaze 
dofaminis gavlena ar iwvevs Na+-is aucilebeli 
aqtivatorebisaTvis gankuTvnili ubnebis ricxvis 
cvlilebas (n=3). amrigad, DA-is gavleniT Na/K-
ATPazas Na:K steqiometria icvleba da nacvlad 
3:2, xdeba 3:1. Sesabamisad, icvleba eleqtrogenu-
lobis koeficientic.

DYNAMICS OF ULTRASTRUCTURAL REARRANGEMENTS OF SKELETAL MUSCLE FIBROBLASTS 
AFTER SIMULATED GUNSHOT SHRAPNEL WOUNDS

1Mikhaylusov R., 2Negoduyko V., 1Pavlov S., 3Oklei D., 1Svyrydenko L.

1Kharkiv Medical academy of Postgraduate education; 2Military Medical clinical center 
of the northern region of the Ministry of defense of Ukraine; 3V.n. Karazin Kharkiv national University, Ukraine

The issues of diagnostics, treatment, and rehabilitation of sur-
gical patients of gunshot wounds, in spite of the centuries-long 
history of fire weapon using, continues to be a topical issue of 
modern medicine [6,16]. Studies show that even increasing the 
reservation of a person does not fully guarantee the preservation 
of life and health after exposure to fragmentation ammunition 
[18].

When performing peace-support missions, counter-terrorism 
operations, in local military conflicts from 40 to 72% of injuries 
are shrapnel, of which more than 50% are blind, most commonly 
affects the lower limbs and the most massively damaged muscle 
tissue [3,5,8,12].

Muscle tissue regeneration after extensive injuries affects for 
regenerative process in terms of gunshot wounds and rehabilita-
tion of the injured and is an important medical and social issue. 
After significant gunshot damage to the soft tissues, has been 
observed a longstanding and defective recovery of skeletal mus-
cles with replacement dead fibers by conjunctive tissue [11,13]. 
Connective tissue cells – fibroblasts – perform an important 
function in wound healing, are capable of division, growth, and 
movement, synthesize extracellular matrix, secrete precursors of 
collagen, elastin, and mucopolysaccharides [9,17].

The question of the duration of reparative processes, full-
fledged tissue restoration, and the formation of mature scar tis-
sue after a gunshot shrapnel wound remains unclear. One of the 
methods allowing determine in-depth the recovery of the func-

tioning and structure of tissues at the subcellular level is the sub-
microscopic [1,10].

To study the peculiarities of rearrangements of skeletal muscle 
fibroblasts surrounding the wound canal at various times after an 
experimentally modeled gunshot shrapnel wounds.

Material and methods. Experimental modeling of gunshot 
shrapnel wounds of soft tissues has been carried out on 20 lab-
oratory animals – breeding rabbits of the breed «Chinchilla». 
The mass of animals was 2200-3000 g. The average weight of 
animals was 2620±120 g. To laboratory animal was caused a 
gunshot wound in the sartorius area with the gun «Fort-12» cali-
ber 9 mm, with a reinforced cartridge loaded with cut-off (with-
out a cap) metal screws SMK 3.5×9.5 («self-tapping screw») 
mass 0.9-1.1 g, from a distance of 3.0 m. The initial velocity 
of the fragment was 305 m/s. Gunshot shrapnel wounds were 
simulated in a certified shooting range while meeting the safety 
requirements. 

Laboratory animals were kept in a vivarium of the Kharkiv 
Medical Academy of Postgraduate Education in standardized 
conditions using natural light and a standard diet, with free ac-
cess to water and food, in accordance with the international rules 
of the “Guide for the Care and Use of Laboratory Animals” [7]. 
Experimental work was carried out in accordance with Euro-
pean animal handling requirements [2,4].

Research protocols using laboratory animals were approved 
by the local ethics committee of the Military Medical Clinical 
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Center of the Northern Region (positive decision of the Ethics 
Commission № 3/2 dated March 12, 2015 “On conducting re-
search on gunshot wounds of soft tissues using laboratory ani-
mals”). 

Pieces of tissue, taken after the withdrawal of the experimen-
tal animals from the experiment, for electron microscopic ex-
amination, were placed for provisional fixation in 2,5% buffered 
solution glutaric dialdehyde for 5-6 hours at a temperature 4°С. 
After finishing the pre-fixation, the tissue pieces were rinsed in 
buffer solution and transferred to a 1% buffered solution osmic 
anhydride for 2-3 hours at temperature 4°С. The tissue was de-
hydrated in alcohols of increasing concentration and acetone, 
impregnated with a mixture of epoxy resins (epo-araldite), and 
enclosed in blocks according to generally accepted methods. 
The polymerization of the blocks was carried out in a thermostat 
at a temperature of 60°C for two days.

From the blocks obtained, on the ultramicrotome UMТP-4 
were prepared ultrathin sections, which, after contrasting with 
lead citrate, were studied under an electron microscope EМ-125 
at accelerating voltage 75 kV. The increase was chosen adequate 
to the research objectives and oscillate in the range 20000-
60000 arm.

Quality control of the processing of histological tissue biop-
sies were intact experimental animals.

An electron microscopic study of the ultrastructural organiza-
tion of skeletal muscle fibroblasts of intact experimental animals 
showed the adequacy of histological processing of tissue since 
the submicroscopic structures of the fibroblasts corresponded to 
modern outlooks and there was no destruction of their membrane 
structures. The ultrastructure of reparative processes in the tissues 
of gunshot wounds was studied 30 and 60 days after injury.

Results and discussion. Thirty days after the gunshot wound 
of the femoral muscle, metabolically active fibroblasts were 
found in the tissue filling the wound canal. The ultrastructural 
organization of most of these cells has not been changed. The 
fibroblast cytoplasm contained well-developed organelles (Fig. 
1A). Cores had an elongated irregular shape and an electrodense 
matrix. The core membrane formed a large number of invagina-
tion, was moderately loosened. Perinuclear spaces are unevenly 
expanded and filled with an electronically transparent substance. 
Most of the core chromatin was in a condensed form and its 
osmiophilic lumps were concentrated along the core membrane. 

Decondensed chromatin granules were located mainly in the 
central region of the core matrix.

Thrust oneself forward of hyperplasia of the granular mem-
branes, endoplasmic reticulum, the tank, which is flattened and 
filled with a substance of fine-grained structure and medium 
electron density. On the membranes of the granular endoplasmic 
reticulum were present numerous ribosomes, which indicates 
an intensive protein synthesis. It is discovered that in the cy-
toplasm a small number of small mitochondrial having a com-
pact-grained matrix and average electron density. Mitochondria 
contain a small number of short cristae. Laminar cytoplasmic 
Golgi complex without significant changes. Its smooth mem-
branes are parallel-oriented, stacked, and surrounded by many 
small vesicles. Fibroblasts were almost always surrounded by 
bundles of randomly oriented collagen fibers. Sometimes near 
fibroblast detected crimped bundles of collagen fibers having 
different osmiofiliey. The cytoplasmic membrane of fibroblasts 
clearly contoured without loosening and lysis.

Along with this, fibroblasts were found in the preparations, 
the submicroscopic organization of which indicated the course 
of various degenerative processes at the intracellular level. 
Their organelles had focal destruction of intracellular mem-
brane structures (Fig. 1B). The core membrane was subject to 
loosening, had small foci of destruction. Perinuclear spaces are 
unevenly expanded and filled with an electronically transparent 
substance. In a short distance from the clusters of disorganized 
smooth membranes of the lamellar cytoplasmic Golgi complex, 
were found secondary lysosomes and small inclusions of lipids.

The matrix of swollen mitochondria had a low electron den-
sity. In some fibroblasts, the outer membranes and cysts of mi-
tochondria were subject to focal destruction. Fragmentation of 
granular endoplasmic reticulum membranes was found in prepa-
rations.

During this period, the preparations show the appearance of 
definitive forms of development of fibroblasts – fibrocytes, the 
cytoplasm of which contained a small number of organelles 
subject to focal destruction, as well as the inclusion of lipids 
and secondary lysosomes. The cytoplasmic membrane of some 
fibrocytes is loosened, and in individual cells is subject to total 
destruction. Fibrocytes are usually surrounded by a large num-
ber of collagen fibers, in which lipid inclusions were often found 
(Fig. 1C).

  A                B        C 
Fig. 1. The ultrastructure of fibroblasts of the scar tissue of the injured channel 

on the 30th day after the simulation of a gunshot wound. 
A – core membrane tortuosity and invagination, expansion of perinuclear spaces, х 65000. 

B – secondary lysosomes in the cytoplasm, × 63000. 
C – a large number of collagen fibers surrounding the fibroblast inclusion of lipids near fibrocytes, × 55000
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Experimental animals, sixty days after a gunshot injury in the 
tissue surrounding the wound canal, are observed a rearrange-
ment of the submicroscopic architectonic of fibroblasts, which 
is characteristic of reducing the synthetic activity of their organ-
elles. Fibroblast cores had an irregular shape and an electron-
transparent matrix. The nuclear membrane formed a small num-
ber of various depths, invaginations. There is patchy loosening 
of its structure. Perinuclear spaces were not changed and had a 
constant width. A significant part of the core chromatin was in 
a condensed state, in a state of osmiophilic lumps which was 
located on the karyotheca. A small number of facets of decon-
densed chromatin and ribosomes are diffusely scattered over the 
central area of the core matrix. In some cores detected dense os-
miophilic cores. The cytoplasm of separate fibroblasts contained 
secondary lysosomes, which were visualized in the structure of 
which degeneratively altered fragments of the membranes of the 
granular endoplasmic reticulum. The fibroblast cytoplasm con-
tained large lipid inclusions (Fig. 2A).

Mitochondria are small, containing truncated cristae. The out-
er mitochondrial membranes were loosened and contained foci 
of destruction. The mitochondrial matrix had a finely granular 
structure and average electron density. Lamellar cytoplasmic 
Golgi complex of fibroblasts is reduced and represented by clus-
ters of randomly oriented, loosened fragments of smooth mem-
branes. The cytoplasmic membranes of fibroblasts were loos-
ened and contained a large number of foci of destruction. Next 
to the fibroblasts of the newly formed connective tissue filling 
the wound channel, a large number of bundles of randomly ori-
ented collagen fibers with varying degrees of osmiophilia were 
found (Fig. 2B).

In the preparations, fibrocytes detected with totally destroyed 
intracellular membranes and organelles. Around the fibrocytes 
was an extensive network of randomly oriented collagen fibers 
with inclusions of osmiophilic lipid drops. Characteristic is the 
varying degree of osmiophilia of bundles of collagen fibers (Fig. 
2C). Therefore, all fibroblasts found in the newly formed fibrous 
tissue filling the wound canal are secondary. That is, this fibrous 
tissue arose on the 60th day in place of the previously formed, 
but not resistant fibrous tissue, which is destroyed. This is evi-
denced by dying mature fibroblasts with atrophic and necrotic 
changes.

On the 30th day after the simulated gunshot shrapnel wound, 
неоднозначные changes in scar tissue fibroblasts were revealed. 
Nuclear membrane invaginations, secondary lysosomes in the 
cytoplasm were detected. These features indicate the metabolic 
activity of fibroblasts. The largest numbers of fibroblasts had a 
typical ultrastructural organization and were surrounded by a 

large number of synthesized collagen fibers. 
At the same time, some of the preparations of these terms 

showed fibroblasts, with signs of various dystrophic processes 
in the form of focal destruction of intracellular membrane struc-
tures. The nuclear membrane became tortuous and had small 
foci of destruction. 

However, there were signs of maturity of fibrous tissue. This 
is evidenced by the definitive forms of fibroblast development – 
fibrocytes. The cytoplasm of fibrocytes contained a small num-
ber of organelles with signs of focal destruction, the inclusion 
of lipids and secondary lysosomes. Such changes are usually 
observed with focal destruction and ongoing processes of re-
modeling of the muscle scar at these times [15]. That is, against 
the background of the dominant number of active fibroblasts 
participating in the compensatory-adaptive processes, the ma-
ture fibrous tissue that forms the wound canal is destroyed. Con-
sequently, the newly formed fibrous tissue up to 30 days, which 
filled the muscle defect in the wound channel, is not stable and is 
formed against the background of maturing, but decaying tissue, 
not for the first time.

On day 60, fibrocytes with totally destroyed intracellular 
membranes and organelles were detected. Around them was an 
extensive network of randomly oriented collagen fibers with in-
clusions of osmiophilic lipid drops. Such changes and a revealed 
decrease in the synthetic activity of fibroblasts correspond to the 
depletion of repair processes [14].

It was found that there are convoluted bundles of collagen 
fibers near fibroblasts with different osmiophilia. This can be 
caused by exposure to heavy metal ions. They could get into 
the wound channel as a result of the passage of the damaging 
element. It is also possible the sedimentation of metal ions dis-
solved in the tissue fluid from the material of the damaging el-
ement. The described dystrophic and destructive disorders of 
fibroblast organellе from the area of the gunshot canal do not 
depend on the timing of observation. These disorders are the 
result of mitochondrial dysfunction, which disrupts intracellular 
bioenergy.

Conclusion. On the 30th day after the gunshot wound, the 
scar tissue is not yet fully mature. This is documented by a sig-
nificant number of fibroblasts and a smaller number of mature 
cells of fibrous tissue – fibrocytes.

On the 30th day after a gunshot wound, most of the cells of 
the scar tissue of the wound canal, femoral muscle of rabbits was 
represented by fibroblasts with a disturbed structure of nuclei 
and cytoplasm, often characteristic of compensatory-adaptive, 
synthetic and reparative processes. Fibroblasts were surrounded 
by a large number of collagen fibers.

      A                 B        C 
Fig. 2. Ultrastructure of fibroblasts from tissue surrounding the injured canal at 60 days after a gunshot wound. 

A – incorrectly shaped nuclei. Fatty degeneration in the nuclei and cytoplasm. The cytoplasm is partly with invaginations, partly 
destroyed. The chromatin of the nuclei is large-granular, localized in the karyolemma with an enlightened middle of the nucleus, 

×75000. B – varying degrees of osmiophilia collagen fibers, ×62000. C – the extensive chain of collagen fibers, × 50000
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It should be emphasized that a small number of fibroblasts 
were detected in the preparations, the субклеточная organiza-
tion of which indicated the course of intracellular dystrophic 
processes. Single fibroblasts contained organelles whose ultra-
structural architectonics indicated the occurrence of catabolic 
processes, accompanied by the formation of secondary lyso-
somes and foci of cytoplasm apobiosis. Consequently, already 
mature fibrous tissue undergoes destruction of non-gunshot 
genesis.

Sixty days after a gunshot wound, the submicroscopic or-
ganization of fibroblasts from the wound canal area subjected 
to disorders associated with a decrease in the synthetic activ-
ity of fibroblasts. A significant portion of fibroblasts is turned 
into fibrocytes. In the tissue areas surrounding fibrocytes, a large 
number of bundles of collagen fibers are determined, that have 
varying degrees of osmiophilia, which is probably caused by the 
presence of heavy metal ions in the wound channel remaining 
after the damaging element passed through the femoral muscle. 

The above documents the good maturation of the formed con-
nective tissue of the wound canal. However, the presence of 
young fibroblasts and their functional activity denies the com-
plete completion of this process by day 60.

Limitations. This study has certain limitations. First of all, 
gunshot shrapnel wounds were modeled in the laboratory and 
may differ from actual shrapnel wounds received during a com-
bat injury. The period of taking histological material is limited 
to 60 days after a simulated gunshot shrapnel wound. Further 
changes in skeletal muscle fibroblast rearrangements were not 
investigated. The results obtained may be useful for further stud-
ies of this problem.

Funding. This study was funded by the Ministry of Health of 
Ukraine from the state budget. 
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SUMMARY

DYNAMICS OF ULTRASTRUCTURAL REARRANGE-
MENTS OF SKELETAL MUSCLE FIBROBLASTS AF-
TER SIMULATED GUNSHOT SHRAPNEL WOUNDS

1Mikhaylusov R., 2Negoduyko V., 1Pavlov S., 3Oklei D., 
1Svyrydenko L.

1Kharkiv Medical academy of Postgraduate education; 2Mili-
tary Medical clinical center of the northern region of the 
Ministry of defense of Ukraine; 3V.n. Karazin Kharkiv national 
University, Ukraine

Purpose of the study the peculiarities of rearrangements of 
skeletal muscle fibroblasts surrounding the wound canal at vari-
ous times after an experimentally modeled gunshot shrapnel 
wounds.

Experimental modeling of gunshot shrapnel wounds of soft 
tissues has been carried out on 20 laboratory animals – breed-
ing rabbits of the breed «Chinchilla». To laboratory animal was 
caused a gunshot wound in the sartorius area with the gun «Fort-
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12» caliber 9 mm. The initial velocity of the fragment was 305 
m/s. Ultrathin muscle sections were examined using an EM-125 
electron microscope at accelerating voltage of 75 kV, with a 
magnification of 20000 - 60000 arm.

In an experiment it was revealed that on the thirtieth day most 
of the fibroblasts of the wound canal in the femoral muscle tis-
sue had an ultrastructure characteristic of the course of com-
pensatory-adaptive, synthetic, and reparative processes. Sixty 
days after a gunshot wound, the submicroscopic organization 
of fibroblasts from the wound canal area undergoes disorders 
associated with a decrease in the synthetic activity of fibroblasts. 

Keywords: fibroblast ultrastructure, simulated gunshot shrap-
nel wound, focal organelle destruction.

РЕЗЮМЕ

ДИНАМИКА УЛЬТРАСТРУКТУРНЫХ ПЕРЕСТРО-
ЕК ФИБРОБЛАСТОВ СКЕЛЕТНЫХ МЫШЦ ПОСЛЕ 
МОДЕЛИРОВАННОГО ОГНЕСТРЕЛЬНОГО ОСКО-
ЛОЧНОГО РАНЕНИЯ

1Михайлусов Р.Н., 2Негодуйко В.В., 1Павлов С.Б., 
3Оклей Д.В., 1Свириденко Л.Ю.

1Харьковская медицинская академия последипломного обра-
зования; 2военно-медицинский клинический центр северно-
го региона Министерства обороны украины; 3Харьковский 
национальный университет им. в.н. каразина, украина

Цель исследования – определить особенности перестрой-
ки фибробластов скелетных мышц, окружающих раневой 
канал, в разные сроки после экспериментально смоделиро-
ванного огнестрельного осколочного ранения.

Экспериментальное моделирование огнестрельных оско-
лочных ранений мягких тканей проведено на 20 лаборатор-
ных животных - племенных кроликах породы Шиншилла. 
Лабораторным животным наносилось огнестрельное ранение 
в область мышц бедра из пистолета «Форт-12» калибра 9 мм. 
Начальная скорость осколка 305 м/с. Ультратонкие срезы мышц 
исследованы на электронном микроскопе ЭМ-125 при ускоряю-
щем напряжении 75 кВ, с увеличением 20000-60000 крат.

В эксперименте выявлено, что на тридцатые сутки боль-
шая часть фибробластов раневого канала в мышечной ткани 
бедра имела ультраструктуру, характерную для компенса-
торно-приспособительных, синтетических и репаративных 

процессов. Спустя шестьдесят дней после огнестрельного ра-
нения субмикроскопическая организация фибробластов из об-
ласти раневого канала претерпевает нарушения, связанные со 
снижением синтетической активности фибробластов. 

reziume

ConCxis kunTebis fibroblastebis ultrastruq-
turuli cvlilebebis dinamika cecxlnasroli 
namsxvrevi Wrilobis modelirebis Semdeg

1r.mixailusovi, 2v.negoduiko, 1s.pavlovi, 3d.oklei, 
1l.sviridenko

1xarkovis diplomisSemdgomi samedicino ganaT-
lebis samedicino akademia; 2ukrainis Tavdacvis 
saministros CrdiloeTis regionis samxedro-sa-
medicino klinikuri centri; 3xarkovis v.karazinis 
sax. erovnuli universiteti, ukraina

kvlevis mizans warmoadgenda Wrilobis ar-
xis mimdebare ConCxis kunTebis fibroblastebis 
gardaqmnis Taviseburebebis gansazRvra eqsperi-
mentulad modelirebuli cecxlnasroli nams-
xvrevi Wrilobis Semdeg sxvadasxva vadaze.
rbili qsovilebis cecxlnasroli namsxvrevi 

Wrilobis eqsperimentuli modelireba Catarda 
20 laboratoriul cxovelze – SinSilas jiSis 
bocverebze. laboratoriul cxovelebs cecxl-
nasroli Wriloba miyenebuli hqomda TeZos mida-
moSi 9 mm kalibris pistoletidan “forti-12”; 
namsxvrevis sawyisi siCqare – 305 m/wm.
kunTebis ultraTxeli anaTlebi gamokvleulia 

eleqtronul mikrosopze ЭМ-125, amaCqarebeli 
ZabviT 75 kv,  20000-60000-jeradi gadidebiT.
eqsperimentulad dadgenilia, rom ocdameaTe 

dRes Wrilobis arxis kunTovani qsovilis 
fibroblastebis nawils Hhqonda kompensaciur-
SemgueblobiTi, sinTezuri da reparaciuli pro-
cesebisaTvis damaxasiaTebeli ultrastruqtura. 
cecxlnasroli Wrilobis miyenebidan samoci 
dRis Semdeg fibroblastebis submikroskopiul 
organizebaSi aRiniSna fibroblastebis sinTe-
zuri aqtivobis daqveiTebasTan dakavSirebuli 
darRvevebi


