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SUBMICROSCOPIC STATE RESPIRATORY ALVEOLI OF THE LUNGS IN
DYNAMIC AFTER EXPERIMENTAL THERMAL INJURY

Summary. /n the experiment on white laboratory rats studied the state of submicroscopic components alveoli of the lungs
respiratory in dynamics after thermal injury the third degree. Established that in stages toxemia and septic toxemia after severe
burnsthere are significant destructive changes of ultrastructure components of aero-hematic barrier and blood capillaries.

Key words: alveoli of the lungs, submicroscopic state, thermal injury.

Introduction

Heat injury is one of the important issues in modern
theoretical and practical medicine. With deep, large area
burns along with skin damage, there are significant
morphological and functional changes in tissues and organs
of the body, including the lungs. One reason for this is a
significant exogenous and endogenous intoxication, which
occurs in the affected body [4, 5]. Due to little knowledge of
ultrastructural changes of components of the respiratory
department of lungs in severe burns, the study of
submicroscopic state of aero-hematic barrier in the alveoli
dynamics after experimental injury is relevant [2, 7, 8, 9].

The aim was to establish submicroscopic structural
changes in the components of the alveoli of the lungs
respiratory in dynamics after experimental thermal injury.

Materials and methods

Experiments conducted at 20 mature white male rats.
All manipulations with experimental animals were carried
out in compliance with the rules "European convention for
the Protection of vertebrate animals used for experimental
and other scientific purposes” and under "Scientific and
practical recommendations for the maintenance of laboratory
animals and working with them” [3, 6]. Burn applied with
copper plates heated in boiling water. Size of the area
impression accounted for 18-20% of the shavedbody surface
of animals. The results of histological studies showed depth
skinlesion damaged corresponding to the third degree burns.

The experimental animals were divided into two groups:
whites intact rats and animals with burn injury. Animals kept
on conventional diet vivarium. With daily inspection of their
general condition controlled the degree of manifestation of
local changes in the area of burn wounds, body weight and

mortality.

The objects of the study were lung. To study the
ultrastructural changes, the animals were decapitated using
the guillotine during ketamine anesthesia on 7, 14 and 21
days, that according to modernideas corresponds stage early
and late toxemia and septic toxemia of burn disease [4].

For electron microscopic studies took pieces of the
respiratory department of lungs, their fixed in 2.5%
glutaraldehyde solution, post fixed with 1% osmium tetroxide
solution in phosphate buffer. Further processing was carried
out according to conventional methods [1]. Ultrathin sections,
made on ultra-microtome UMPT-7, contrasted by uranyl
acetate, lead citrate according to Reynolds method and
studied in the electron microscope PEM-125K.

Results. Discussion

Electron microscope examination conducted on day 7
of the experiment after thermal injury showed that the
structural components of the respiratory alveoli of lungs
available adaptive-compensatory and initial signs of
destructive change. There were expanding and blood filling
gaps majority hemo capillaries. For endothelial typical swelling
and enlightenment of cytoplasm, few organelles therein
considerably changed. Mitochondria have oblong or round
shape, enlightened and damaged matrix christie.
Nonextensionality tubules of granular endoplasmic reticulum
and Golgi complex cisternsirregularly thickened. In peripheral
cytoplasmic areas was observed small number of pinocytosis
vesicles and caveolae. In karyoplasm of endothelial nuclei
dominated heterochromatin, nuclear membrane rough,
winding through invaginations and perinuclear focal area
increased.
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Fig. 1. The ultrastructural state alveoli walls respiratory
department of lungs on day 7 after thermal injury. The lumen of
the capillary (1) with blood cells, the lumen of the alveoli (2),
enlightened and swollen area of cytoplasm respiratory alveolocyte
(3), aero-hematic barrier (4). x9000.

Fig. 2. Ultrastructural state of respiratory alveolar walls of the
lungs on 21 days after heat injury. The lumen capillary with
erythrocytes (1), voluminous endothelial cytoplasm protrusion (2),
swollen cytoplasmic area of alveolocyte type | (3), basement
membrane (4). x15000.
o=

Fig. 3. Submicroscopic changes alveolocyte type Il at 21 days
after experimental thermal injury. The core (1), small microvilli
(2) on the apical surface, modified lamellar bodies (3) with low
osmiophil content. x15000.

OPUTHANBHI AOCIIAXEHHA

Submicroscopic reactive changes were recorded in
respiratory alveolocyte. There was swelling and
enlightenment of cytoplasm, hypertrophy and signs of
destruction organelles. Oblong or oval nuclei had
intussusception of nuclear membrane, perinuclear space
poorly expressed. Peripheral cytoplasmic areas of cells were
observed irregularly thickened and local destruction of
luminal surface (Fig. 1).

The ultrastructure of secretory alveolocyte in this term
of experience also changed, existing swelling and
vacuolization of the cytoplasm and nucleus with shallow
nuclear membrane intussusception. In karyoplasm small
nucleoli are identified, prevailed uniformly euchromatin.
Perinuclear space in some areas significantly expanded,
formed overemphasizing the cytoplasm. Mitochondria have
a spherical shape, electronic light matrix and partially
destroyed christie. Endoplasmic reticulum tubules were
thickened, fragmented on the surface of their membranes
few ribosomes. Golgi complex represented by advanced
tanks and large bubbles. Lamellar bodies in the cytoplasm
are few and mostly housed at plasmolemma. Apical portion
of these alveolocyte contained a small amount of microuvilli.

In the stage toxemia after thermal injury in the lumen
of the alveoli was observed increase in the number of
macrophages. Their surface has a significant amount of
cytoplasmic invaginations and outgrowths. In cytoplasm
existing small oval mitochondria, hypertrophied Golgi
complex cisterns and tubules of endoplasmic reticulum,
many primary lysosomes and large osmiophil phagosomes.

Electron microscope study conducted structural
components of the respiratory department of lungs in later
periods after heat injury revealed the growth of destructive
changes and especially at 21 day experiment. Alveoli were
observed that had detergents gaps, and much,
emphysematous expanded. Enlightenment of alveolar blood
capillaries expanded, full-blooded, with symptoms of sludge
effect and thrombosis. In their gaps observed mainly red
blood cells available also segmented neutrophils, platelets,
lymphocytes. Endothelial cytoplasmic areas have been
thickened, swollen, formed overemphasizing the lumen of
the blood capillaries containing a small amount of organelles
and pinocytosis vesicles and caveolae. The nuclei of the
cells pyknotic, with fuzzy contours nuclear membrane in
their karyoplasm dominated heterochromatin (Fig. 2).

Basement membrane was uneven thickness
homogeneous. In the interstices between the alveolar walls
revealed a significant amount of collagen fibers formed as
a result of increased activity of fibroblasts. For respiratory
epithelial ultrastructure characteristic was enlightenment
cytoplasmic areas, swelling and bulk formation of protrusion
into the lumen of the alveoli. The nuclei of these cells
have deep intussusception of nuclear membrane, fuzzy
contours of membranes. In karyoplasm were recorded
osmiophil clumps of heterochromatin. In type 1 alveolocyte
cytoplasm few organelles and they destructive changed,
few little pyknotic bubbles.
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Submicroscopic alveolocyte in type Il also observed
significant violations ultrastructure nucleus and organelles.
The nuclei were irregular in shape, available nuclear
membrane deep intussusception, locally advanced
perinuclear spaces. In karyoplasm are identified marginally
located heterochromatin clumps. In cytoplasm existing
swollen mitochondria, spherical, and their homogeneous
matrix have few cristae due to their destruction. Endoplasmic
reticulum tubules significantly expanded, partially
fragmented and similar to vacuoles. Golgi complex
represented by advanced tanks and bubbles.

In most secretory cells alveolocyte number plate
cytoplasm is small, in them few osmiophil plates. On the
apical surface of secretory alveolocyte there is small number
of microvilli (Fig. 3).

In the late stages of toxemia and septic toxemia in the
lumen of the alveoli also were many alveolar macrophages
and they are characterized by histological polymorphism
status. Available actively phagocytic cells and macrophages
destructive change. In the first plasmolemma formed
numerous cytoplasmic overemphasizing, a sign of active
phagocytosis. Characteristic for their cytoplasm were a
significant number of primary lysosomes and phagosomes.
Phagocytized material contained fragments of destroyed
cells. In the cytoplasm existing small mitochondria with
electron dense matrix and partially reduced cristae. Golgi
complex represented by advanced tanks vacuoles and
bubbles.

Observed macrophages with destructive-degenerative
changes. Their plasmolemma has little and small micro-
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Conclusions and prospects for further
development

1. In the stage toxemia (7 days) in experimental burns
set adaptive-compensatory processes and characteristics
of destructive changes of alveolar epithelial secretory
alveolocyte and walls of hemo capillary.

2. In the late stage of toxemia and septic toxemia (14,
21 days) after heat injury is undergoing profound changes
submicroscopic structural components of the respiratory
alveoli of the lungs. Developed significant degenerative-
dystrophic changes aero-hematic barrier hemo capillaries
and of alveolar macrophages. This significantly impairs gas
exchange in the respiratory department of lungs.

In further research is planned to establish the degree of
morphological changes in the respiratory department of
lungs dynamics after experimental thermal injury under
conditions of corrective agents.
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CYBEMIKPOCKOMIYHNUMA CTAH ANIbBEON PECMIPATOPHOrO BIAAINY NEFEHb B AMHAMILI nICcn{

EKCNEPUMEHTANIbHOI TEPMIYHOT TPABMWU

Pesiome. B excriepymeHTi Ha 6inx 1abopaTopHuX LLYypax MpoBEeneHO BUBYEHHST CYOMIKPOCKOMiYHOro cTaHy KOMIOHEHTIB albBeos

PECMipaTropHOro BiAAIy A€reHb B AMHaMILl rnicis TepmidHoi Tpasmu Il ctyrneHs. BcTaHOBIEHO, L0 B CTaAiX TOKCEMII Ta CENnTuKo-

TOKCeMii ric/s Baxkux orikiB BigOYyBarOTLCS 3HAYHI 4ECTPYKTUBHI 3MIHN YIibTPACTPYKTYPU KOMITOHEHTIB aeporemMatTn4yHoro 6ap'epy

74 KPOBOHOCHUX KarisisipiB.

Knio4oBi cnoBa: asnbBeosn nereHb, cyOMIiKpOCKOMiYHWE CcTaH, TepMidyHa Tpasma.
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CYBMUKPOCKOMUYECKOE COCTOAHUE AJIbBEONT PECMUPATOPHOIO OTAENA NEFKUX B AUHAMUKE
NOCNE 3KCNEPUMEHTAJIbHOX TEPMWYECKOMN TPABMbI

Pe3iome. B skcriepumeHTe Ha 6esibix 1a60paTopHbIX KpbiCax MPOBEAEHO U3YHEHNE CYOMUKPOCKOMNYECKOro COCTOSIHUS KOMIT0-
HEHTOB a/lbBEOJ1 PECNNPATOPHOro OTAENA NIEFKUX B ANHAMUKE MOC/E TEPMUYECKOV TpaBmbl Il cTeneHn. YCcTaHOBAEHO, YTO B
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CTaANSAX TOKCEMUMN U CENMTUKOTOKCEMUM 10CIE THXE/bIX OXOroB TPONCXOAST 3HAYUTEJIbHbIE AECTPYKTUBHbIE NBMEHEHUS y/ibTpa-
CTPYKTYPbl KOMITOHEHTOB asporemMarn4eckoro 6apbepa N KPOBEHOCHbIX Karinsiispos.
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MOP®OJIONN4HI 3MIHN MIOKAPLOA MNPU EKCNEPUMEHTAJIbHIN ILLEMII B
YMOBAX 3ACTOCYBAHHSA KAPAIOMPOTEKTOPIB

Pe3iome. 3a pesynibraramu naroMop@osoridHoro AOC/AKEHHS MIOKapAa B €KCrIepUMEHTa/IbHUX TBapPUH B YMOBax rocTpoi
HOPaAPEHaIIHOBOI iLLemii BCTaHOBJIEHO HASIBHICTb UMTOMPOTEKTOPHWX Ta aHTUIMTIOKCUYHUX BJIACTUBOCTEN Y MOXIAHOIr O XIHA30/1iHY

cnonykun [NK-66, KoTpi 3a CBOEIO e(eKTNBHICTIO HE IMOCTYNAaTLCS MEKCUAOIY Ta KOPLAAPOHY.
Knio4oBi cnoBa: miokapa, MopgonoriyHi 3miHy, kapaionpotekTopu, crosnyka [1K-66, Mekcuaon, KopaapoH.

BcTyn

llwemiyHa xBopoba cepus (IXC) sanumwaeTbcs Ha nep-
LLIOMY MiCLi B CTPYKTYPiI CMEPTHOCTI NpauesnaTtHoro Hace-
NeHHs YkpaiHn. Y CTpyKTypi NoLwmpeHoCTi XBopob cucte-
MW KPOBOOOIry i 3aXBOPIOBAHOCTI HA HUX Ceper, OOPOCANX
ii yacTka ctaHoBUTL BignosigHo 34,1 i 28,0%, a cepen npa-
Le3naTHoro Hacenerns - 27,3 i 24,3%. Ha IXC cepen oo-
pocnux npunapae 67,6% BuUNaakiB CMepTi y CTPYKTYPi XBO-
pob cuctemn KpoBoobiry [4]. OT>e, BUBYEHHSI MEXaHi3MiB
PO3BUTKY i MPOrpecyBaHHs LIbOro 3aXBOPIOBAHHST € BaXK/IN-
BUM MeauKo-06i0/1oriyHMM 3aBAaHHsSIM. B ocTaHHi poku B
nikyBaHHi XBOpMX 3 KapAjanbHOoI0 nartosorieto Bce BinbLua
yBara HaaeTbCsl 3aCTOCYBaHHIO NpenapaTiB 3 metaboniy-
HUM edeKTOoM, AKi 3MOXYTb CKNaCTU OOCTaTHLO aprymMeH-
TOBaHy aJibTEPHATUBY TPAAMLMHIN aHTUAHTIHANLHIN Tepanii
6, 8, 9, 14]. OgH1M i3 MOX/IMBUX BapiaHTIB BUPILLEHHS
LLbOrO MUTaHHA € 3aJTy4eHHs O CXEM iHTEHCMBHOI Tepanii
npenapariB i3 KapaionpPOTEKTOPHUMM BRacTUBOCTAMU. He-
3BaXaloyun Ha NOCTiNHE PO3LLNPEHHA apceHany Nikapcb-
KX 3aco06iB 32 paxyHOK HOBMX MpenapariB i3 3aXMCHOLO
LI€I0 Ha iemMi3oBaHuin Miokapn, (TioTpia3oiH, KOPBITUH,
MEKCUKOP Ta iH.), Ki 30aTHi BNAMBATW Ha Pi3Hi eTann pos-
BUTKY iLLEMIYHOIO Kackagy, Ha CbOrOAHi He iCHYE eTasiOH-
HOro KapgionpoTekTopa ANs JlikyBaHHS rOCTPOi ilemii.
Nuwe ?-appeHobnokaTopy 3 NO3uLLi A0Ka30BOi MeauLn-
HY MOXHa po3rngagatn 9K edbeKkTUBHI KapaionpoTeKTOPU B
ymMoBax iHdapkTy Mmiokapaa [15, 18]. Bce ue obymosnioe
NpU3HaYeHHs 4oOaTKOBUX NiKapcbkix 3acobiB, kUM B TilA,
YU iHWIN Mipi, NpUTaMaHHa KapaionpoTekTopHa Ais, Lo
yacto popMmye aBumLLe noninparmasii. Came TOMy CbOroaHi
BELETbCS IHTEHCMBHUIM NOLLIYK HOBUX MOJIEKYN 3 Kapaion-
POTEKTOPHUMM BNACTMBOCTAMM, SIKi 6 MOrnM CTaTtm OCHO-
BOIO [J151 CTBOPEHHS HOBOro Ginbll edekTnBHOro Ta 6e3-

MEeYHOro BiTYM3HAHOIO NiKkapcbkoro 3acody, Lo € akTyalb-
HOWO 3ajadeto dapmakonorii B upomMy nnaxi Hawy ysary
NpVIBEPHYY NOXiAHI 4-0KCO(aMiHO- )xiHa3oniHy, cnonyka K-
66, papmakonoriyHi BNacTUBOCTI AKOI (MPOTUriNOKCUYHA,
aHTUOKMOAHTHA, aKTONPOTEKTOPHA) A00pe CriBCTaBNAOTb-
cq 3 natoreHe3om IXC [3]. Ans NopiBHAHHA B3ATO Kopaa-
POH Ta MEKCUAON, SKi LUMPOKO BUKOPUCTOBYIOTLCS B SIKOCTI
KapaionpoTeKToOpHMX 3acobiB [7].

Merta pocnioKeHHs: OuiHUTLU MOPGDOAOriYHI 3MiHN MiO-
Kapaa Ta gatu nopiBHAIbHY XapakTePUCTUKY LIMTOMPOTEK-
TOpHOro edekTy HoBoi cnonyku MNK-66 B NOpiBHSAHHI 3
MEKCMO0N0M Ta KOpOapOHOM B yMOBax FOCTPOI ekcrnepu-
MEHTanNbHOI ieMil.

MaTepianu ta metoau

JocnigxeHHs npoeeneHo Ha 35 HeNiHINHMX Lypax-cam-
usx macoto Tina 150-220 r., posnogineHux Ha 5 rpyn no 7
TBAPVH Y KOXHIl: 1 - iHTaKTHI Wypu; 2- Wypwn 3 ekcrnepu-
MEHTasbHOIO iLemieto miokapaa (EIM) 6e3 nikyBaHHSA (KOH-
Tposb); 3 - 5 wypm 3 EIM, nikoaHi kopgapoHom (10 mr/kr,
B/0), mekcuaonom (100 mr/kr, B/0) Ta cnonykoto MNMK-66
(10 mr/kr, B/0). lwemito miokapaa MOAENIOBANU LUSISIXOM
B/O BBEOEHHS TBapuHaM yrnpoaoBxX 7 aib HopagpeHaniHy
rigpoxnopuay y 3pocratounx gosax [10]. LocnigxyBaHi
PEYOBMHM BBOAMAU LLyPaM LLOAEHHO NPEBEHTMBHO 3a 35-
45 xB. 0O BBEOEHHS HopaapeHaniHy. LLlypn KOHTPONbHOI
rpynu oTpumyBanu y BignosigHomy o6'emi 0,9% NaCl.
EBTaHasiio TBapmH npoBoamMnn Ha 8 noby ekcnepumMeHTy
nepenodyesaHHAM edipy. [ns ouiHki MOpPdONoriYHMX 3MiH
Miokapaa niaaocnigHvX TBapUH B YMOBaX eKCrepyMeHTaslb-
HOI iweMmii Nnpu 3acTocyBaHHi cnonykn MK-66 wmaToykm
cepueBoro m'a3a ¢ikcysanm B 10% posymHi HENTpanbHO-
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