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The article presents structural changes of thel revalulla in  experimental traumatic skin injury iats under
conditions of intravenous infusion of a colloid-leypsmolar solution of gekoton. It was found thelt@on acts on the structure
of the body as a cytoprotector. The cytoproteatiffect is caused by induction of hypertrophy aggeuplasia of mitochondria.
It also acts as a stimulator of mitophagia andndibitor of mitochondrial transduction of apoptasignal. The obtained results
are a kind of control and necessary for interpigtain comparison with the data to be obtainechim $tudy of changes in the
structural components of the renal medulla undaditimns of infusion of other combined hyperosmaalutions.
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This paper is a fragment of the research scientitick “Development of new complex colloidal blood gtithtes with
multifunctional effect and solutions for red bloogsuspending (laboratory experimental justificatioh using the latter in
transfusiology)”, State Registration No. 0107U00213

Pathogenesis arttkatment of burns is a topical and not enoughostbd issue [3]. However, it
has been established that the administration afisiahs of hyperosmolar solutions in case of
experimental skin burns of II-1ll grades of 21-2386dy surface area has an effective influence over
endogenic intoxication [1], which causes an inceeafscatabolism level, destruction of cellular aoh-
cellular components of the organs [2, 5, 6, 7] aich is the cause of numerous characteristic burn
disease manifestations of multiple organ failure.

The purpose of the work was to study structural changes of rdreal medulla in case of an
experimental skin burn injury in rats under corais of an intravenous infusion of gekoton.

Materials and methods The experimental study of morphological chandeth@® renal medulla
in case of burn disease (within 1, 3, 7, 14, 21,da89s) under condition of exposure to 0,9 % NaCl
solution and an infusion of colloidal hyperosmoldmugs with detoxicating, rheological, energetic,
antishock effect gekoton and lactoproteinum witibiol has been executed in 90 male Wistar rats of
155-160 g.

Results of the study and their discussion.The destruction of microvilli of limbus penicillagu
and the breakage of apical region epithelial agltsplasm of proximal convoluted tubules of thehrep
are typical for theenal medulla in rats with skin burns which wereegi the gekoton solution during the
first three days, one and three days after therewmpat began.

These modifications were observed on the backgrofingstruction of mitochondria, formation
of lysosomes and autophagosomes (mitophagosomes3t bften the mitochondria pathology is
expressed in matrix focal clearing, partial or ktalisappearance of cristae, swelling, damage efrmnat
membrane integrity. The internal membrane of sanitechondria is not detected and the organelle is
converted into a vacuole, but such vacuoles argebighan primary vacuoles (which are detected in
cytoplasm of epithelial cells in a norm) and theidaes of the cristae or the internal membranenallo
their origin to be specified from mitochondria.

While assessing the state of mitochondria it isdrtgnt to emphasize morphological signs of
irreversibility of their changes. First of all thegre: destruction of the membrane limiting the
mitochondrion that results in decomposition of tihganelle. A sign of irreversible changes of a dgeda
mitochondrion is also its fusion with a lysosomeatvieads to cristae homogenization and to theioreat
of an autophagosome (a mitophagosome) which lotdes & vacuole densely filled with quite a
homogenous material consisting of osmiophilic aschiophobic areas. In some mitophagosomes the
residues of membrane and/or globular inclusionshigh electron density remarkably seen on the
background of electronically-transparent matrixeunded with the conserved organelle’s membrane are
detected.

The described phenomenon completely meets thereiail selective form of mitochondria
autophagy or mitophagy [10], which final stage i@anplete (or partial) digestion of phagosome’s
content and the release of the latter out of cgspl Within 3 days after the skin burn mitochondifia
different form and size (giant mitochondria, mitontdria with constrictions and buds of differentfijprare
detected in cytoplasm of epithelial cells of remdules (fig. 1).
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o This phenomenon meets the established view
[9] about the new growth of mitochondria in the way
of budding. The process of mitochondria hypertrophy
and hyperplasia is performed on the background of
selective autophagy of a part of them. On the final
phase of their development the autophagosomes look
like autophagic vacuoles filled with electronically
transparent contents. These vacuoles’ form and size
» N L 5 are approximately correspondent to the form ang siz
o ; . % ‘”V W of mitochondria, that is why there is a reason to
“Fig. 1. Peritubular blood ciIIry and renal wbules in the CONsider that not only «old», but also “young”
renal medulla of a rat with skin bum injury to whiwas given gekoton mitochondria in the phase of «budding» can be @gjur
Puckeus of an epitelial ool 2 gant mitochaamin cytopiasm of an (80 lysed as & consequence of the autophagy)isin t
epithelial cell of renal collecting tubule. Imagegnification x 5000. follow-up period the wall of peritubular blood
capillaries conserves its typical structulre.the
lumen of blood microcirculation vessel sometimes
the cell debris is detected (most often the resichie
lysed red blood cells).The processes of mitophagy,
destruction of certain groups of mitochondria, as
well as mitochondria hypertrophy and its new growth
(budding of large mitochondria and small
mitochondria formation) are typical for the cells o
the renal medulla in rats with burns 7 days aftelyd
injection of gekoton. The fact that the above
A / mentioned processes are moderate and they are not
o :I,.t_ Ao tcﬂﬁ 3; i g Eé i associated with either apoptotic or necrotic cell
mitophagosomes, autophagic vacuolee and autophagcaress on HJISTUPLON is the evidence of its effectivenessdem
apical pole of an epithelial cell of the proximaheoluted tubule of thethese conditions, particularly, the microvilli @hbus
nephron in the renal medulla in a rat with skinnbimjury which were hanjcillatus of epithelial cells of proximal conutéd
given gekoton solution during 7 days after the fr@gy of the experiment, K
7 days after the experiment had begun. 1-strulgte@hserved microvill tubule of the nephrons conserve their structure
of limbus penicillatus; 2-mitochondrion with cledmmatrix and destructedindamaged. There is a gradient of motion (transport
cristae; 3—area of autophagic lysis. Image magtiific x 24000. of autophagic vacuoles directed to apicalaaxfe
epithelial cells cytoplasm and a similar gradient mitochondria damage and forming of
mitophagosomes.This is what can allow us to exglaénresistance of cytoplasm basal areas (and then,
basement membrane) and the tendency of apical afegsoplasm (and microvilli of limbus penicillagu
related to them) to destruction. Even if the midtioof limbus penicillatus conserve their struauhere is
a tendency to accumulate mitochondria with cleanadtix and with destroyed cristae, mitophagosomes,
autophagic vacuoles and areas of autophagic Ipdisepapical Removal of the single vacuoles’ cotstén
pole of cytoplasm 2). Wave never registered such a phenomenon in the norm
e V5 ¥ performed by due to an autophagic vacuole's
... membranes fusion with plasmatic membrane of a cell
and, in this case, the separating (with an outside
medium) function of the plasmalemma is conserved.
However, in case of massive autophagic
vacuolization the vacuoles and mitophagolysosomes
fusion (in different phases of maturation) resits
«vacuolar explosion» when the membrane is
fragmented into “pieces” and its separating functio
levels out. The areas of autophagic lysis are kst
through the cytomembrane, initiating in this wag th
F. 3. An epithelcell Wh the sins of an essive areal progress of necratic destruction of a Ce”'.(ﬂg'we
autophagic vacuolization in the lumen of proximahwoluted tubule of Nave not detected the processes of mitophagy and
the nephron in the renal medulla of a rat with $kim injury which was  hypertrophy and new growth of mitochondria in the
e o et e, 199 1 ' cells of the renal medulla n rats with skin bunjuiy
an epithelial cell; 2 — fusion area of vacuoles amiphagosomes with t0 which gekoton solution was administered during 7
forma_tion of a locus o_f_ pe_mial necrosis; 3 —midiowf limbus days after the beginning of the experiment, 21320d
penicilltus. lmage magnification x 8000. days after the beginning of the experiment.
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During this period of follow-up a segmental, irréggureduction of areas of hyperosmotic
cytoplasm, their clasmatosis, subtotal (and sonetimtotal) peeling the deformed and fragmented
hyperosmotic cells off the basal membrane has bletected (fig. 4). This phenomenon reminds the
phenomenon of anoikis which The Nomenclature Cotemibn the Cell Death proposes to consider a
kind of classical apopgc_g}sis

Nowadays in scientific literature [7, 8, 10]
the following types of cell death are mentioned:
1) macroautophagy (or the autophagy itself);
2) microautophagy or selective autophagy to
which particularly belongs the mitophagy. The
paradox of autophagy phenomenon consists in the
fact that it can be not only a variation of
; : realization of thanatogenic signal, but, on the
e - : 5 3 *contrary, the cell’s survival programme. After
e g < skin burn injury under conditions of an infusion
of gekoton we have observed two kinds of
mitochondria death in the cells of the renal
medulla: 1) breakdown of the cristae and limiting
membranes with the following organelle
disintegration (that can be assessed as a component
of necrotic modifications in the cell);
2) mitophagy. If the first kind of mitochondria
et e .. s death is certainly pathological, mitophagy has an
Fig. 4. Irregular reduction of hyperosmotic cytspiaareas, their adaptive nature as a factor of mitochondria

clasmatosis, subtotal peeling of deformed and fesed hyperosmic . d f f . f
cells off the basement membrane of the nephrorttbinle in the renal renovation an a factor o suppression 0

medulla of a rat with skin burn injury which wasei gekoton solution mitochondrial transduction of apoptotic signal [9].

during 7 days after the experiment had begun, 24 after the beginning ; ; ;
of the experiment. 1 — paravasal edema; 2 — tuluigen; 3 — paravasal There are certain dynamlcs In  progress of

cell debris; 4 — cytoplasm of an epithelial cathage magnification x Mitophagy which achieve their peak level 14 days
10000. after the skin burn and becomes redundant or

even excessive.
Increase of mitophagolysosomes number and theimsite transformation into autophagic vacuoles
which ends in a massive autophagic vacuolizatidghetytoplasm of some epithelial cells is considex
sign of an excessive mitophagy. Such vacuolizdtlmvacuole’s contents are removed out of theptyson)
results in formation of numerous defects of cytolmeme (the consequence of «vacuolar explosionib), ce
disruption by type of necrosis and desquamatidheofatter into the tubular lumen.

T sneisions)

1. In case of an experimental skin burnlefll grade of 21-23 % of body surface area in rats a
remarkable cytoprotective effect of gekoton on gteicture of the renal medulla is a morphologic
equivalent of positive effect of an intravenouusibn of gekoton. The above-mentioned cytoprotectiv
effect is caused by the induction of mitochondiadrtrophy and hyperplasia, as well as the stinarat
of mitophagy which provides the removal of damagetbchondria and suppresses the progress of cell
apoptosis.

2. During 30 days of structural modifications pregs in the renal medulla in rats which were
given the solution gekoton, the mitophagy in theoplasm of epithelial cells of renal tubules haérbe
characterized with full timely dynamics. The mitagly reaches its peak within 14 days after skin burn
and it becomes redundant or even excessive. Addigntophagy excessiveness is an increase of number
of mitophagolysosomes and their intensive transébion into autophagic vacuoles, which finishes with
a massive autophagic vacuolization of some epéheills the cytoplasm. Such vacuolization (the
vacuole's contents are removed out of the cytoplamsults in formation of numerous defects of
cytomembrane (a consequence of “vacuole explosiae€l disruption by type of necrosis and its
desquamation into the tubular lumen.

3. Within a long period of time after the last adisiration of gekoton (21 and 30 days after skin
burn, that means, 14 and 23 days after the |astion) we have not noted the mitophagy in thesoell
the renal medulla in rats with burns. Instead pfhié peeling of the deformed hyperosmotic celfsttoé
basement membrane is observed, what morphologicathesponds to a kind of classical apoptosis, that
means, to anoikis.
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4. The comparison of terms of mytophagy progresswell as the induction of mitochondria
hypertrophy and hyperplasia in the cells of theakenedulla in rats given gekoton, with the terms of
progress of anoikis allows us to suppose that duinertain period of time (21 and 30 days aftersiin
burn) an unblocking of mitochondrial transductidnapoptotic signal is performed. These data are not
only a morphologic sign of cytoprotective effectgd#koton, but also an evidence of the existenca of
period of time for an optimal cytoprotective effetthe drug in case of its short — time (a dailjgction
during the first 7 days) administration.

Prospects of further researchue consider that the obtained results are a peculiantcol and they are necessary for
an interpretation in comparison with the data whaae to be obtained during the investigation of tedifications of structural
components of the renal medulla under conditiorendhfusion of other combined hyperosmolar sohgio
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MOP®OJOITYHU CTAH MO3KOBOI
PEYOBUHU HUPKHU LIYPIB
TP EKCHEPUMEHTAJIBHIN OIIIKOBIN

MOP®OJOI'NYECKOE COCTOSAHHUE
MO3T'OBOI'O BEHIECTBA ITOYEK KPBIC
IPA SKCMEPUMEHTAJILHOM OKOT'OBOM

TPABMI HIKIPA 3A YMOB 3ACTOCYBAHHSI
IHOY3Ii TEKOTOHY
Maugikos O. B.

B crarri npeacraBieHi CTPYKTYpHi 3MiHH MO3KOBOL
PCUOBHHU HUPKHU TIPU €KCIIEPUMEHTAIbHIN OMIKOBiH TpaBMi
IIKIpY y IIypiB 32 YyMOB 3aCTOCYBaHHSI BHYTPIlIHHOBEHHOI
iH(yY3i1 KOJIOIMHO-TINEPOCMOJAPHOTO PO3UHHY T'EeKOTOHY.
3'sCOBaHO, IO TEKOTOH Ji€ Ha CTPYKTYpY OpraHa sk
uTornporekTop. LluronporekropHuii ehekT 00yMOBICHHI
iHayKuieo rineptpodii Ta rimeprasii MitoxoHapii. Takox
BiH Jie 5K crumymstop  Mitodarii  Ta  iHriGitop
MITOXOH/pIabHOT ~ TPAHCAYKLIl ~aloONTO3HOIO  CHUTHAIY.
OpneprkaHi pe3ysbTaTi € CBOEPITHUM KOHTPOJIEM i HeOOXimHi
JUIS iHTeprpeTamnii y CHiBCTAaBJICHHI 3 JaHHMH, sSKi MalOTh

Oyt OTpHMaHI NpH MJOCHDKCHHI 3MIiH CTPYKTYPHHX
KOMIIOHCHTIB MO3KOBOI pEYOBMHM HHPKH 332 yMOB
3aCTOCYBaHHs iHdys3ii HIMX KOMOIHOBaHIX

rifepoCMOISIPHUX PO3UYHHIB.
KnrouoBi cioBa: omik, MO3KOBa PEUYOBHHA HHPKH,
CBITJIOBA Ta EIEKTPOHHA MIKPOCKOITIsL.
Crarrst Hagiiinoia 16.03.18p.

TPABME KOXHU ITPU YCJIOBUU NIPUMEHEHUSA
HNH®Y3UHU TEKOTOHA
Manukos A. B.

B cratee mpencTaBiIeHBI CTPYKTYpHBIE  HM3MEHEHHMs
MO3IOBOT'O BEIIECTBA OUYEK MTPHU IKCIIEPUMEHTAIBHOM 0’KOTOBOM
TpaBMe KOXH Yy KpPBIC IIPH YCJIOBUH IpPUMEHEHHsS HHQY3UH
KOJIJIOMIHO-TUIIEPOCMOJIIPHOTO pacTBOpa 'eKOTOHA. BblicHEHO,
9TO TEKOTOH JEHCTByeT Ha CTpPYKTypy OpraHa Kak
muronporekrop.  LluTomporekTopHsli 3ddexr obycnosaeH
UHAYKUUEH TUnepTpoduu M THIepIula3ud  MUTOXOHAPHIL.
Tarke OH JEHCTBYET KaK CTUMYJIATOP MUTO(GAaruid U HHTHOUTOP
MHTOXOHJPHANbHOI  TPaHCAYKIMH  amONTO3HOTO  CHTHAlA.
INonyuyenHble pe3yabTaThl ABISIOTCS CBOEOOPA3HBIM KOHTPOJIEM
U HEeOOXOIMMBI JUIi WHTEpPIpETalid B CONOCTaBICHUH C
JaHHBIMH, KOTOpBIE  JOJDKHBI ~ OBITh  IOJNydeHBI  IpH
HCCICIOBAHUM  M3MCHEHMH  CTPYKTYPHBIX  KOMIIOHEHTOB
MO3TOBOTO BEIIECTBA MOYEK B YCIOBUSX NPUMEHCHUS HH(Y3UH
HHBIX KOMOMHHPOBAHHBIX THIIEPOCMOJISIPHBIX PACTBOPOB.

KnroueBbie ca0Ba: 00T, MO3rOBOE BEIIECTBO IOYKH,
CBETOBAsI U 3NEKTPOHHASI MUKPOCKOIIHSI.

Penenzent Llenitoko B.1.
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