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STATE OF CELL MORPHOFUNCTIONAL SYSTEMS UNDER ACTION
OF SEAFARING LABOUR FACTORS: EXPERIMENTAL STUDY

Alexey A. Myasnikov, Olga E. Mirgorodskaya, Zagir M. Israfilov*, Sergey P. Kolchanov
Military Medical Academy, St. Petersburg, Russia

OBJECTIVE. Carry out morphological analysis of the tissues in the parenchymal organs after single x-ray exposure and in
different intensity of decompressive venous gas embolism at the light-optical level.

MATERIALS AND METHODS. The study was carried out on experimental models: mice (acute radiation sickness, simulated
by single x-ray exposure with the lethal absorbed dose of 7,8 Gy) and guinea pigs (acute decompression sickness (DS) and
recurrent decompressive venous gas embolism of different intensity). Organ fragments of the experimental animals were
recorded at different periods after removing from the experiment and processed using transmission electron microscopy to
make and analyze semifine sections. There was comparative morphological analysis of semifine section of the liver, renal cortex
and respiratory lung field.

RESULTS. There have been revealed reactive changes in various cell differons of the main parenchymal organs: lungs, liver and
kidney, most sensitive to such adverse effects as radiation exposure and different levels of decompressive venous gas embolism,
specific to professional activity of the crew of surface vessels and submarines. Reactive tissue changes at the cellular level are the
initial link in the formation of pathological processes. The analysis if semifine organ sections of mice and guinea pigs has revealed
non-specific reactive changes: vacuolization of parenchyma cell cytoplasm, erythrocyte stasis in microvasculature vessels and the
formation of specific lesions — gas bubbles in acute DS. Reactive changes, observed in severe exposure, are also detected in cells
and at lower loads of the studied factors. Their nature remains, but intensity of morphological manifestations reduces.
DISCUSSION. Studies of morphological changes in structural and functional units of the organ in acute conditions and
accumulation of “residual changes” in cells, causing a chronic disease, are necessary for the evidence-based correction of
seafarers’ working environment in sub-extreme and extreme conditions of service.

CONCLUSION. Morphological studies with the use of light-optical microscopy reveal initial reactive changes in tissues and
cells of experimental animals, subjected to adverse factors, characteristic to professional activity of marine specialists. This
contributes to identify factors of seafaring labour, having the most adverse effect on the body, and allows to improve the
prevention system, creating conditions for increasing professional longevity of fleet specialists.
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COCTOAHME MOPP®OPYHRIVMOHAJBHBIX CUCTEM RJIETRI
IIPU JEVICTBUU ®AKTOPOB MOPCKOI'O TPYJIA:
IRCIIEPMMEHTAJIbBHOE MCCJIEJOBAHME

A. A. Macnuxos, O. E. Mupzopodckas, 3. M. Ucpagunoe*, C. II. Koauarnos
Boenno-mennnmuckas akagemus umenu C. M. Kuposa, Cauxr-Iletepbypr, Poccusa

Mopcrasa meguinaa

ITEJIb. ITpoBecTy MOppoJIOrMyecKmii aHaIM3 TKaHel ITapeHXIMaTO3HbIX OPTaHOB I10CJIe OJHOKPATHOTO PEHTTeHOBCKOT0 00Ty -
YeHNA U IIPY Pa3HO MHTEHCUBHOCTY IeKOMIIPECCMOHHOM BEHO3HOM ra30B0i HMO0JIMM Ha CBETOOIITUYECKOM YPOBHE.
MATEPUAJIBI I METO/JBI. ViccienoBaHne BBIIOJHEHO Ha KCIEPUMEHTAJbHBIX MOJEJAX: MbIIIax (ocTpasd sydeBas 60-
JIe3Hb, MOZEJIVPOBAaHHAA OJHOKPATHBIM PEHTIEHOBCKIM O0JIyUeHMEM C JIeTaJIbHOJ IIOIVIOIeHHOi no3oi 7,8 I'peil) 1 MOpCKuUx
CBMHKAX (ocTpad JeKoMIlpeccuoHHasA 6osae3Hb ([B) 1 moBTOpANIaica JeKOMIPECCMOHHAA BeHO3HAA ra3oBasa dM00ama pas-
JIMYHOV MHTEHCUBHOCTM). PparMeHThl OPTaHOB SKCIEPMMEHTAJIbHBIX SKMBOTHBIX (PMKCUPOBAJM Ha Pa3HBIX CPOKaxX IIOCJIe
BBIBEJIEHNA M3 DKCIEPVUMeHTa 1 00pabaThiBasy 10 PYTUHHOM METOAMKE TPAHCMMCCUOHHONM 3JEKTPOHHOI MMUKPOCKOIMN IJIS
M3TOTOBJIEHNA M aHAJM3a MOJYTOHKUX cpe30B. IIpoBoAMIIM CpaBHUTENbHBI MOP(OJIOTNYecKnii aHaJIN3 IIOJYTOHKUX CPe30B
IIe4eH), KOPKOBOTO BeII[eCTBa IIOYKY M PECIIIPATOPHOTO OTEJIa JIETKOTO.

PE3YJIBTATBI. BriaBieHb! peaKTUBHbIE M3MEHEHNUA Pa3JIMYHBIX KJIETOYHBIX AM(P(PEepPOHOB OCHOBHBIX IapPEHXMMAaTO3HBIX
OPraHOB: JIETKMX, II€4YEHV U II0YEeK, HauboJee YYBCTBUTEJIBHBIX K TaKUM HeﬁJIaI‘OHpI/IHTHbIM BOSI[eﬁCTBMHM, KaK paaranyioH-
Hoe o0JiyueHMe ¥ pas3JynMyHble YPOBHU AeKOMIIPECCHOHHOI BEHO3HOI ra30Boii SMO0JNMN, XapaKTepHbIe IJIf IPOgeCcCroHaTb-
HOJI IeATeJbHOCTM JIMYHOTO COCTaBa HAaABOAHBIX KopalbJieil ¥ IIOIBOAHBIX JIOAOK. VIMEHHO peaKTUBHbIE N3MEHEHNA TKaHell Ha
KJIETOYHOM YPOBHE ABJIAIOTCS HAUaJbHBIM 3BeHOM (POPMMPOBAHNA ATOJOTMYECKIX IIPOIeCCOB. AHAJNS ITOJIYTOHKUX CPE30B
OPTaHOB MBIIIIE} I MOPCKMX CBMHOK BBIABMJI HecIeluiecKye peaKTYBHbIE I3MEHEeH)A: BAKY0JIM3aII0 M TOILJIA3MbI KJIETOK
[IapeHXMMBbI, CTa3 SPUTPOIMTOB B COCYZaX MUKPOIMPKYJIATOPHOTO Pycia U (hopMmupoBaHue crenydndecknx obpasoBanmii —
ra30BbIX IIy3bIPbKOB IIpy ocTpoii IIB. PeakTuBHBIE M3MeHeHN, HAOI0JaeMble IIPM TAMKEJION CTENIeHN BO3JEVICTBUA, TaKKe
OOHapysKeHBI B KJIETKaX U IIPM MEeHBIINX Harpy3Kax MccieAyeMbIXx (DaKTOpoB. XapaKTep UX COXPaHAeTCs, HO IIPU 3TOM CHI-
’KaeTcs MHTEHCUBHOCTb MOP(OJIOTMYECKIX IIPOABIICHMIA.

OBCYIEHMUE. ViccoienoBauus MOP(OJIOTUYECKUX M3MEHEeHNI CTPYKTYPHO-(PYHKIMOHAJIBHBIX e JVMHNI] OPTaHa IIPY OCTPhIX
COCTOSIHMSAX VI IIPY HAKOILJIEHNM KJIETKAMM «OCTATOYHBIX M3MEHEHMII», BeIYIIINX K XPOHNYIECKOMY TeUeHMI0 3a00JieBaHNA, He-
00XOVIMBI JIJIA Hay4HO-O0OOCHOBAHHOM KOPPEKIMM yCJIOBUI TPyZa MOPAKOB, HAXOAAIIMXCA B CyO9KCTpEeMaJIbHBIX U DKCTPe-
MaJIbHBIX YCJIOBIAX HECEHUA CJIyHQ6bI.

3ARJIOYEHME. Mopdosornieckne 1CCIeOBAHNS C VICIIOJIb30BaHMEM CBETOOITINYECKO MUKPOCKOIMY BBIABJIAIOT HadYaJIb-
Hble PeaKTVBHbIe IBMEHEH)A B TKAHAX U KJIETKaX dKCIIePMMEHTAJIbHBIX KMBOTHBIX, IIOABEPIIINXCA HeOIaronpuaTHeIM (aK-
TOpaM, XapaKTePHBIM JIJIA IIPOPEeCCUOHATIBHOM AeATeIbHOCTY MOPCKUX CIEIMAJVICTOB. OTO CIIOCOOCTBYET BBIABJIEHNIO (DAKTO-
POB MOPCKOT'0O TPYZa, OKa3bIBAIOIIMX HanbobIllee HeOJIArOIPMATHOE NEJICTBYIE Ha OPTaHNM3M, U II03BOJIAET COBEPIIEHCTBOBATD
cyucTeMy IPOMMIIAKTIKY, CO3/IaBas YCIJIOBUA IJIA yBEJINIEHNA IPOPECCUOHATIBHOTO JOJT0JIETHA CIIEMAVICTOB (PJIoTa.

RJIIOYEBBIE CJIOBA: Mmopckas MequIVHA, JeKOMIIPECCUOHHAA BEHO3HAA ra3oBad dM0od, panmannsd, HeppoH, JIETKOE,
renaToIMThI, CBETOONTUYECKA MUKPOCKOIN, IPO(ECCHOHAIBHOE OJT0JIETIE MOPSIKOB

Introduction. Professional activity of fleet
specialists is accompanied by a significant strain
of physical and mental power. In the process of
performing functional duties, sailors, especially
in long autonomous voyages, are affected by a
large number of unfavorable factors, different
in modality, intensity and duration of action [1,
2]. These include increased pressure of gas and
water environments and radioactive exposure.
It should be noted that in addition to emergency
situations, radiation injuries caused by low-dose
and chronic exposure are also discussed in the
scientific community [3—5].

During the period of national fleet formation,
a large number of bench and field studies [6]
have been carried out, allowing to normalize
asdverse factors and to achieve in most cases
accident-free navigation, preserving not only

seafarers’ health, but also an acceptable level of
professional performance [7]. In response to the
action of a complex of unusual stimuli, adaptive
reactions develop in the seafarers’ body, allowing
it to adapt to the specific features of the activity.
Professional adaptation is a continuous process
of dynamic equilibrium in the system “subject
of labor — professional environment”. The basis
of this process is a long and deep restructuring
of the labor subject in response to stable changes
in the professional environment. The reserve
capabilities of the body spent on this process are
replenished in the period of post- voyage rest and
in the intervoyage period. The relevance of this
issue led to the fact that a system of physiological
support of long voyages was developed in the
Navy under the leadership of I.A. Sapov in the
1970s [8].
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However, the problem of preserving the
professional longevity of seafarers remains poorly
researched and its importance is increasing
nowadays due to the limited human resources
against the background of a rather high share of
seafarers’ discharge from service due to health
problems! [9].

To date, conducting tests involving humans
is associated with methodological difficulties. A
possible promising solution to this problem is the
determination of initial morphological changes
in tissue cells of experimental animals under the
action of adverse factors of maritime labor of
different intensity, first isolated, and at the next
stage - in the complex as well.

Thanks to modern histological methods
of research, it was possible to identify and
characterize many processes of cell vital activity
under normal conditions and reactive changes in
morphofunctional cell systems under the effect
of damaging factors [10]. All morphofunctional
cell systems are subject to reactive changes:
covering and receptor systems (plasmolemma),
internal metabolic environment (nucleus,
organelles, inclusions) and locomotor systems
(microfilaments, cilia, etc.). Reactive changes can
be reversible, such as localized destruction of
the inner membrane (cristae) of mitochondria,
and irreversible, such as total destruction of
mitochondrial cristae. The degree of severity of
these changes is different, it depends on the time
and strength of exposure and is individual in
nature

Reactive tissue changes at the cellular level are
the initial link in the formation of pathological
processes. Identification of morphological
changes in structural and functional units of an
organ in acute conditions and in accumulation of
residual changes by cells causing chronic course
of the disease are necessary for correction of labor
conditions of persons working in sub-extreme
and extreme conditions, which undoubtedly
include seamen.

Objective. To carry out morphological analysis
of parenchymatous organ tissues after single
X-ray irradiation and at a different intensity of

'Military Field Therapy. National Guidelines, 2nd edition,
revised and supplemented by E. V. Kryukov, Moscow:
GEOTAR-Media; 2023. 736 p.

*Mirgorodskaya O. E. Reactive Changes in Tissue Cells
under Damaging Effects / edited by prof. I. A. Odintsova. St.
Petersburg: Military Medical Academy. 2022. 29 p.
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decompression venous gas embolism at the light-
optical level.

Materials and methods. Using the RUM-17
X-ray therapy unit, acute radiation sickness
was modeled by exposure of male mice (n = 18)
to X-rays in the dorsal-chest direction. Material
was taken on the 9th and 30th day after exposure
to a lethal absorbed dose of 7.8 Gy.

Acute decompression sickness (ADS) was
modeled in a barocamera by 4-min non-stop
decompression after saturating the guinea pigs’
body with air nitrogen at a pressure of P = 0.96
MPa for 25 min (Group 1; n = 4). Animals with
low intensity decompression venous venous gas
embolism (DVGE) constituted group 2 (n = 3)
and were decapitated 30-40 min after the end
of decompression. DVGE was determined using
an ultrasound unit operating on the Doppler
principle. Animals were exposed to air pressure
P = 0.30 MPa with isopression for 120 min and
non-stop decompression for 2 min. Animals
of group 3 (n = 3) were subjected to a series of
consecutive exposures to increased air pressure
with an interval of 2-3 days, decapitation
was performed 30-40 min after the end of the
fifteenth “dive”. The pressure in the barocamera
was used from 0.26 to 0.38 MPa with an exposure
time of 120 min. Each next “dive” was performed
at a pressure 0.02 MPa higher than the previous
one. The intensity of DVGE never exceeded
0 points. Thus, the professional activity of
divers was simulated. Guinea pigs of group
4 (n=3) participated in the experiments together
with animals of group 3, but were decapitated
30 h after the fourteenth “dive”. Thus, the
morphological picture obtained characterized
the aftereffects of previous exposures to tissues
and cells.

For morphological analysis fragments of organs
of experimental animals were fixed in 2.5% glu-
taric aldehyde solution on 1% phosphate buffer
with postfixation in 4% osmium tetraoxide solu-
tion on 10% paraformaldehyde. After dehydra-
tion, the material was cast in epoxy resin mixture
(Epon-Araldite) according to routine procedure
for transmission electron microscopy. Semi-thin
sections of 1 um thickness were made on Ultra-
microtome PT-PC device (RMC Boeckeler, USA)
and stained with 1% toluidine/methylene blue
solution. Morphological analysis was performed
using a Scope Al light microscope with an Axio-
cam ERc 5s camera.
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All manipulations were guided by the rules of
humane treatment of animals used for scientific
purposes®.

Results. Reactive changes in the cytoplasm of
hepatocytes, the leading cellular differon of the
organ, were detected in the liver parenchyma
in acute DS. The character of vacuolization
of hepatocytes in the lobule is uneven: in
hepatocytes adjacent to the central vein
vacuolization is moderate, and at the periphery
of the lobule almost the whole cytoplasm of cells
is vacuolized (Fig. 1). Part of the liver sinusoidal
capillaries is filled with erythrocytes tightly
adhering to each other. At the periphery of the
lobule, gas bubbles and vacuolized macrophages
with phagocytic activity are seen in the lumen of
sinusoid capillaries.

In guinea pigs of groups 3 and 4, who underwent
a series of consecutive “dives”, the character of
morphologic reactive changes remained, but was
less severe. A large accumulation of lipid droplets,
which is a sign of fatty degeneration of the liver,
was also observed on the periphery of the lobules.
At the same time stellate liver macrophages
(Kupftfer cells) were vacuolized to a greater extent
than hepatocytes. Mitochondria of hepatocytes
of the peripheral zone of the classical lobule
were larger in diameter and more numerous
than in the center, so the reactive changes were
more pronounced. In some hepatocytes, the
appearance of a single large vacuole without a
membrane, many times larger than the diameter
of mitochondria, was noted.

In the kidneys of experimental animals, the
main reactive changes were detected in the
structures of the cortical substance, represented
by cortical nephrons consisting of renal tubules,
distal and proximal convoluted tubules. In
the guinea pigs of group 1 that died of DS, the
capillaries of the nephron tubule are densely
filled with erythrocytes and gas bubbles. The
erythrocytes trapped by gasin the capillaries take
on a multifaceted shape. The renal corpuscles of
the nephrons are deformed. The space between
the sheets of the capsule is not visible. Cells of

$Directive 2010/63/EU of the European Parliament and
of the Council of the European Union on the Protection
of Animals Used for Scientific Purposes. St. Petersburg:
Rus-LASA "Association of Specialists in Working with
Laboratory Animals", working group on translations and
publication of thematic literature, 2012. 48 p.

Fig. 1. Guinea pig liver in acute decompression
sickness. Intense vacuolization of the cytoplasm
of hepatocytes located along the periphery of the
lobule is expressed. “Vacuoles” of a larger diameter,
localized near the core, presumably “gas bubbles”. A
semi-thin slice.

The color is toluidine blue. The scale: 20 pm.
Puc. 1. Ileuens MOpPCKOJ CBMHKM IIPU OCTPON
JIeKOMITpecCMOHHOI 601e3HM. BrIpaskeHa MHTEHCHUBHAA
BaKyOJIM3aLMY HYTOIJIA3MBI I'ellaTOI[UTOB,
PAaCIIOIOKEeHHBIX I10 Tepudepuy JoJIbKN. Bakyosn
foJiee KPYIIHOTO AMaMeTpa, JIOKaJJIM30BaHHbIE OKOJIO
Anpa, IPeIoJoKUTENTbHO, — ra30Bble IIy3bIPbKIL.
ITosyToHKMII Cpes.

Oxpacka TosyuaMHOBbIM cHUM. MaciiTabHbIl
oTpe3ok — 20 MKM.

convoluted tubules are abundantly vacuolized
(Fig. 2). Gas bubbles are also seen in the lumen of
the tubules. As in the case of liver hepatocytes,
destruction of mitochondrial cristae and larger
diameterinert gasbubblesinthe cell are observed.
Autopsy of experimental animals with acute
DS revealed bloody foam discharge from the
lungs and other parenchymatous organs. In the
respiratory section of the lungs at the light-
optical level, the exit of blood formations into the
lumen of alveoli was noted: in some of them, blood
formations lay along the periphery, displaced by
gas bubbles (Fig. 3). Areas of reduced airiness,
compaction of lung parenchyma were detected.
Alveolar macrophages localized in the lumen of
alveoli were vacuolized. Their outgrowths are
directed towards the direction of formed blood
elements, which have exited into the lumen.
During a single X-ray irradiation of mice liver
with alethal dose of 7.8 Gy, we observed pronounced
vacuolization in the cytoplasm of hepatocytes and
an increase in their area, which causes partial
narrowing of the lumen of sinusoidal capillaries.
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Fig. 2. Guinea pig kidney in acute decompression
sickness. Fine-dispersed vacuolization and larger
vacuolization in the structures of nephrons. Capillary
stasis of the microcirculatory bed of the renal
corpuscle. A semi-thin slice. The color is toluidine
blue. The scale: 20 pm.

Puc. 2. IIouka MOPCKOIT CBUHKM IIPY OCTPOI
ZIleKoMIIpeccroHHoM 6ose3un. MesnkoaycrnepcHad
BaKyoJM3alnua 1 6oJee KPyIHAA BAKyOIM3aLNA
B CTPYKTypax HedpoHOB. CTa3 KanuJJIApOB
MMKPOLMPKYJIATOPHOTO PYyCJIa [IOYEYHOTO TeJbIIA.
ITomyToukuit cpes. Okpacka TOTYUINHOBBIM CUHUM.
MacurrabHblit oTpe3ok — 20 MKM.

At the same time, the reactively changed cells were
evenly distributed in the liver lobule (Fig. 4).

In the kidney, erythrocyte stasis was observed
in the capillary network of renal tubules of cortical
nephrons at a lethal dose of X-ray irradiation. On
the 9th day after irradiation in some renal tubules
the lumen between the outer and inner sheets of
the capsule is narrowed or absent, and the lumen
of the capillaries of the tubulesis dilated. Some cells
of proximal tubules contain vacuolized cytoplasm,
but the nucleus retains its native structure with
predominance of euchromatin (Fig. 5). At later
terms (30th day) after irradiation the character of
reactive changes is more pronounced: practically
in all renal tubules of nephrons the lumen between
capsule sheets is absent, the lumen of capillaries
of the tubular network is deformed, the lumen of
proximal tubules is dilated, probably due to the
loss of brush border height on the apical surface of
cells[11]. Under the studied extreme factors on the
kidney (decompression gassing and irradiation)
no ruptures of plasmalemma cells were observed.
Formed blood elements are located in the lumen of
vessels, they are absent in the cavity between the
sheets of the renal celiac capsule.

58

Fig. 3. The respiratory department of the guinea pig
lung in acute decompression sickness. A semi-thin
slice. The color is toluidine blue. The scale: 50 pm.

Puc. 3. PecniupaTopHBIil 0TAE] JIETKOTO MOPCKOL
CBMHKI IIPM OCTPOJI IEKOMIIPECCHOHHOI O0JIe3HA.
Brerxoz (hopMeEHHBIX DJIEMEHTOB KPOBM B IIPOCBET
asbBeoJt. Hamane my3bIpbKOB rasa, 1eopMUpYIOIINX
cTpomy opraHa. IlosryToHEMII cpes.
Oxpacka ToIyuanHOBBIM cHNM. MaciTaOHbIi
0oTpe30oK — 50 MKM.

Fig. 4. Mouse liver at a lethal radiation dose
of 7.8 Gy on the 9th day. A semi-thin slice. The color is
methylene blue. The scale: 20 pm.

Puc. 4. Ileuens MbIIlM Ipy JIeTaJIbLHOM 103€
obsryuenus 7,8 I'p Ha 9-e cyTku. ['emaTonnTs! ¢
BaKYOJIM3VIPOBAHHO I[MTOIJIA3MOM PaCIIOJIOKEHbI
B JIOJIbKE PaBHOMEPHO.

ITosyTonkmii cpesd. OKpacka METMUIEHOBBIM CYHVIM.
Macirabubrit orpe3ok — 20 MKM.

In the lungs of experimental animals at autopsy
after exposure to a single X-ray irradiation of 7.8
Gy on the 9th and 30th days, extensive foci of
hemorrhages were observed. At the light-optical
level, local compaction of exudate-soaked areas
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Fig. 5. Mouse kidney at a lethal radiation dose
of 7.8 Gy on the 9th day. A semi-thin slice. The color
is methylene blue. The scale: 20 pm.

Puc. 5. ITouka MbIIM IIpY JIETAJIBHON H03€ 00JIydeHns
7,8 I'p Ha 9-e cyTku. HepaBHOMEPHO pacIiIupeHHbIe
IIPOCBETHI KAIMJIJIAPHON CETY ITI0YEYHOTO TeJblia.
MenxkonycriepcHasa Bakyoam3amsa HeoPOITOB
kaHaJbleB. IToyTorKNi cpes. OKpacka MeTUIIEHOBBIM
cvHYM. MacmtabHblit oTpe3ok — 20 MKM.

of respiratory parenchyma near bronchioles and
small vessels was revealed. The number of active
macrophages increases in such areas. All lumen of
bronchioles are filled with mucous secretion (Fig.
6). Areas of the aerochemical barrier (histone) are
thickened, probably, as a result of edema.
Discussion. The uneven character of hepato-
cyte vacuolization and localization of gas bubbles
in acute DS are probably associated with the pe-
culiarities of blood supply to the liver lobules: its
peripheral sections receive blood saturated with
indifferent gas (in this case, nitrogen) brought
from internal organs, which, taking into account
the slow intra-organ blood flow, contributes to gas
formation and hepatocyte damage in the form of
intense vacuolization. Even moderate exposure to
increased pressure, which does not lead to acute
forms of DS, causes reactive changes in cells,
which can subsequently develop into irrevers-
ible ones. Under different experimental effects,
the character of vacuolization spreading can be
different. It is known that the cytoplasm of he-
patocytes contains more glycogen in the periph-
ery of lobules, and lipids in the center; therefore,
it is believed that many severe disorders develop
in the central part of the lobule. However, as our
previous studies at the ultrastructure level show,
the formation of vacuoles can occur due to the

Fig. 6. The respiratory department of the mouse lung
at a lethal radiation dose of 7.8 Gy
on the 30th day. A semi-thin slice. The color is
toluidine blue. The scale: 20 pm.
Puc. 6. PectimpaTopHBI OTAEJ JIETKOTO MBIIIN ITPU
JIeTaJIbHOM N1o3e oburydenuda 7,8 I'p
Ha 30-e cyTkn. HacTb aJibBEOJI 3aII0JIHEHA
SKCCYZaTOM. YUaCTKM adporeMaTUIecKoro IrcToHa
oTeuHsl. ITosryToHKMI cpes3. OKkpacka TOTYUIAVHOBBIM
cuayM. MacirabHblil oTpe3ok — 20 MKM.

destruction of mitochondrial inner membranes
(cristae) and be of a fine-dispersed character [12,
13]. The appearance of a single large “vacuole”
without a membrane in some hepatocytes is in-
terpreted by us as the formation of a gas bubble
inside the cell [13]. Focal destruction of mitochon-
drial cristae in some cells — total, can cause dis-
ruption of lipid metabolism of hepatocytes and,
as a consequence, excessive accumulation of lipid
droplets in the cytoplasm of cells and blood plas-
ma in experimental animals at extreme expo-
sure. The detected signs of fatty liver dystrophy
at systematic “diving” testify to the beginning of
the formation of the so-called general pathologi-
cal process, which in its various combinations and
in different degrees of severity is observed in all
types of pathology, regardless of the originality
of their etiology, pathogenesis and clinical and
anatomical picture* . Morphological changes in
the respiratory part of the lungs, revealed at the

*Sarkisov D. S. Essays on the History of General Pathology /
USSR Academy of Medical Sciences. Moscow: Medicine.
1988. 336 p.

*Professional pathology of Navy specialists. Pathophysiology:
a guide for students and doctors of the Military Medical
Academy and Military Medical Institutes / Ed. V. Yu. Shanin.
SPhb: ELBI-SPb. 2005. 639 p.
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light-optical level, testify to the violation of per-
meability of the aerogematic histone structures
and are characteristic of pulmonary edema, re-
sulting from massive embolization by gas bubbles
of the vessels of the small circle of circulation [11].

Previously, at the ultrastructural level, we
showed the content in the vacuoles of alveolar
macrophages, membrane-like structures -
unutilized lamellar bodies, which synthesize type
IT alveolocytes. Vacuolization of the cytoplasm
of type II alveolocytes is caused by swelling and
rupture of lamellar bodies, which are precursors
of surfactant, as well as by destruction of the
inner membrane of mitochondria and expansion
of the cisterns of the endoplasmic network [12].

When studying the effect of extreme factors
on the kidneys (decompression gassing and
irradiation), it was found that the structuresof the
hematonephridial histone retain their integrity.
This explains the absence of pronounced clinical
manifestations of kidney damage.

Conclusion. Cells are the basic structural and
functional unit of various tissues that form organs.
The ability of cell structures to react, to respond
withmorphological changes,adaptingtochanging
conditions of external and internal environment,
is the basis of fundamental diagnostic signs of the
developing pathological process. The search for
objective ways to assess cell viability and reactive
state of tissues is relevant in the development of
a system of prevention of the main pathological
conditions characteristic of specialists working
in sub-extreme and extreme conditions. As an
example of such prophylaxisin diversitis possible
to give development of methods of increasing
body resistance to decompression gas formation®.

Itislogical that more pronounced morphological
reactive tissue changes were observed under

Information about the authors:

extreme conditions: acute DS and lethal dose of
X-ray irradiation, which allows us to describe
and analyze the nature of morphological picture
of each exposure most fully.

The study of reactive changes in the structure
of tissues and cells on different terms after ex-
posure to lethal doses of radiation and repeat-
ed exposure, permissible according to today’s
ideas, decompression venous gassing, allow us to
assume the accumulative nature of morphologi-
cal changes and characterize the initial stages of
the pathogenesis of the chronic form of decom-
pression disease [15]. The presented results of
the experimental work indicate the prospect of
morphological studies to identify the initial re-
active changes in the body of experimental an-
imals exposed to adverse factors characteristic
of the professional activity of marine specialists.
In this case we consider it reasonable to use the
technique of light optical microscopy as more ac-
cessible for large-scale studies and at the same
time possessing the necessary morphological
informativeness. After identification of tissues
and cells with the most pronounced disorders
at the next stage of the study to determine the
underlying pathogenetic mechanisms it is advis-
able to use histochemistry methods.

In the future it is necessary to study the effect
on the body of animals of pre-critical doses acting
on the personnel of surface ships and submarines
for a long time, and then to model their complex
effect. Thus, it will be possible to identify at
the fundamental level the factors of marine
labor and their combinations having the most
adverse effect on the body. And this, in turn, will
allow to improve the system of prevention and
create conditions for increasing the professional
longevity of fleet specialists.
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