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Abstract

Introduction. Despite the numerous data about results of morphological studies of lungs at the
cellular and tissue levels in different radiation situations, and also regarding connection assessment of
increasing bronchopulmonary diseases with the values of external and internal doses exposure during
acute and long-term periods, hitherto not fully explored the association revealed pulmonary disorders
with exposure to y— and neutron radiation effects, it is not fully proven the value of radiation dose and
duration of radiation influence on the nature of detectable pathology, there are no systemic data about
morphogenesis of their damaging effect on the lungs.

The review purpose was to analysis of the literature regarding the nature of morphofunctional
disorders in the lungs during exposed to radiation of different levels and types.

Materials and methods. To achieve this purpose we have searched and analysis of scientific
publications. All received working to the review formation has been indexed in the databases PubMed,
Medline, E-library, Cyberleninka using «Google Scholar» scientific search engine. The following search
filters have been delivered before the start of the search: experimental studies carried out on mice and
rats, for the past 10 years, published in English, Japanese and Russian languages, as well as full versions
of papers with legibly formulated and statistically proven conclusions. Exclusion criteria included a review
of publications became summary reports, newspaper articles and personal notifications.

Results. Analysis of published data showed that radiation—induced lung injury defined by the defeat
by bronchial lesion, causing the development of atelectasis with subsequent connective tissue
organization, serous—fibrinous alveolitis with epithelial desquamation, vascular damage and endothelial
proliferation, increased vascular permeability with excretion of plasmatic proteins. It should be noted that
the secondary immunodeficiency condition, developing under the influence of radiation factor are
realization of pathogenetic mechanisms that contributes to formation of inflammatory and fibrotic
processes in the lungs, inducing development of acute inflammatory infiltrative pneumonitis and chronic
fibrosing pneumonitis.

Conclusion. The findings data support a role of ionizing radiation in the formation of morphological
signs of the radiation-induced pneumonitis and pulmonary fibrosis which are form of lung damage
depending on both the dose and type of radiation. According to result of majority of leading research in
the field of radiology regarding the assessment of neutron radiation effect on the lungs, there is no
consensus. Thus, radiobiologists and morphologists have opportunity to continue studies concerning
neutron radiation effects, moreover to evaluate and compare the degree of pulmonary structural
changes, which will develop diagnostic criteria for the study of persons' lungs exposed to different types
of ionizing radiation.

Keywords: ionizing radiation, pulmonary pathology, morphofunctional changes, pro-inflammatory
mediators, lung fibrosis.
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BeegeHune. HecMmoTps Ha  CyleCTBYWLME MHOTOYMCIEHHbIE [AaHHble M0  pesynbTatam
MOPOMOrNYECKNX UCCNENOBaHUA NIETKUX Ha KMNETOYHOM M TKAHEBOM YPOBHSX B PasfiNYHbIX
PagMaUMOHHbIX CUTyauusX, MO OLeEHKe CBA3M yBennyeHns OpOoHXOMeroyHblx 3abonesaHuit ¢
BENMYMHAMM [03 BHELUHEr0 W BHYTPEHHero obsy4YeHus B OCTPOM W OTZANEHHOM nepuogax, a0
HacTOALLero BPEeMEeHM He [0 KOHLUA W3y4YeHa CBS3b BbISBMEHHbIX MErOYHbIX HapyLIeHun C
BO3JEMCTBMEM Y— 1 HEUTPOHHOIO WU3MyYeHWs, He MOMHOCTbIO [OKa3aHO 3HaYeHue J030BbIX HAarpy3oK
ONUTENbHOCTU  pauaLMOHHOTO  BAIWSHASI HA  XapakTep BbISIBASIEMON NATONOMMW, OTCYTCTBYHOT
CUCTEMHbIE AaHHble 0 MOPHOreHe3e UX NOBPEXAAIOLLEro AENCTBIUS Ha Nerkue.

Llenbto 0630pa ABUNCS aHanu3 nutepaTypbl 0 xapakrepe MopdodyHKLMOHANbHbIX PAaCCTPOMCTB B
Nerkux Npu pasHblX YPOBHAX M TUNax paauaLloHHOro BO3AENCTBUS.

Matepuanbl n metoabl uccnefoBaHus. [Ing JOCTUKEHUS MOCTABMEHHONW LiENM Hamu NpOBEAEH
MOMUCK W aHanu3 HayyHblx nybnukauui. Bce npuHstble kK dopmuposaHuio 063opa pabotbl Bbinu
nHaekcupoBaHbl B 6asax gaHHbix PubMed, Medline, E-library, Cyberleninka npn nomowm Hay4Hoi
nouckoBon cuctembl «Google Scholary. lNepea Havanom noucka ObinM BbICTABMEHbI CReaytoLme
MOUCKOBbIE (PUNBTPbI: AKCNEPUMEHTaNbHbIE UCCNEeLOBaHMS, BbINMOSHEHHbIE HA MblaXx U Kpbicax, B
TeyeHne nocnegHux 10 net, onybankoBaHHbIE HA aHIMMMCKOM, SMOHCKOM U PYCCKOM S3blKax, a Takke
MOMHbIE BEPCUM CTaTen C YETKO CHOPMYIMPOBAHHBIMU U CTATUCTUYECKN AOKa3aHHLIMU BbIBOZAMM.
Kputepusamu uckmoveHus nybnukaumin B 0630p CTanu pestomMe [OKNafgoB, raseTHble nybnukauu u
NNYHbIE COOBLLEHNS.

PesynbTaTbl. AHanu3 nuTepaTypHbIX daHHbIX NOKasan, 4To pagvauMOHHO—MHOYUMPOBAHHbIE
NOBPEXAEHNS NETKX ONPedensTcs nopaxeHnem BPOHXOB, Bbi3bIBAKOLLEM Pa3BUTUE aTENEKTA30B C
nocneaylowein CoeaNHUTENBHOTKAHHON —OpraHu3auuen, Cepo3HO—(UOPUHO3HBIM  arbBEONIMTOM C
[ecKkBaMaupein anuTenus, MOpPaXeHWeM COCYAOB, C nponudepauuneit 3HOOTENUS, NOBbILLEHHOM
NPOHMLIAEMOCTBIO COCYA0B C BbIXOXAeHeM OenkoB nnasmbl. CriegyetT OTMETUTb, YTO BTOPUYHbIE
UMMYHOAEe(UUMTHBIE  COCTOSHUS, pasBMBalOLLMECS MOL AEACTBMEM pagMauyoHHOro  dhaktopa
SBMAOTCSA NATOreHeTUYECKUMI MexaHu3MaMmm, peanusaumns KoTopbix Cnocob6CTBYeT hopMUpOBaHMIO
BOCNanNUTENbHbIX U (MBPOTUYECKMX MPOLIECCOB B nerkux, oBycnaBnuBaloWMX pasBUTUE OCTPOrO
BOCManUTENbHO—MHUNBLTPATUBHOTO MHEBMOHUTA W XPOHWMYECKOTO (PMOPO3NPYIOLLETO MHEBMOHMTA.

BuiBoabl. [lonyyeHHble daHHble  MOATBEPXKOAT  POMb  MOHM3MPYIOLLETO  W3MyYeHus B
(hOPMMPOBaHUM MOPOMNOrMYECKNX MPU3HAKOB, XapakTepHbIX AN paauauyoHHO—MHOYLMPOBAHHOTO
NHEBMOHMTA 1 (onbpo3a Nerknx, SBRAKLLMXCS hOPMOMN NOBPEXAEHUS NETKUX, 3aBUCALLAs HE TOMbKO OT
[03bl, HO W OT BuAa u3nyyeHns. Mo pesynbTatam GOMbWKMHCTBA BEAYLUMX UCCNEAOBaHNA B 0bnacTtu
pagnonorii nNo BOMPOCYy OLEHKN OEeACTBUS HENTPOHHOTO W3MYYeHUs Ha NEerkne HET eauHOro MHEHWS.
Takum obpasom, Ansg pagrMobuonoroB 1 MoOponoro NpeacTaBnsSeTcs HECOMHEHHOW aKTyanbHOCTb

161


http://orcid.org/0000-0003-4399-460X
http://orcid.org/0000-0001-6978-0883
http://orcid.org/0000-0002-6660-7118
http://orcid.org/0000-0001-9463-1935
http://orcid.org/0000-0002-5082-7554

Reviews Science & Healthcare, 6, 2016

NPOJOIIKEHNS  UCCNESOBAHWA, MOCBALEHHbIX W3YYEHWH0 BO3AEMCTBUS HEUTPOHHOTO U3NYYeHus,
OLEHWUTb W CPaBHUTb CTerneHb CTPYKTYPHbIX W3MEHEHUA B INerkux, YTo MO3BONMUT paspaboTarb
[VArHoCTUYECKNE KPUTEPUM MPWU  UCCIIEOOBAHWM NErkux nuu, MOABEpPraBLIMXCS  BO3LENCTBUIO
pasfNYHbIX BULOB MOHU3NPYIOLLErO U3MYYeHNs.
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Kipicne. KentereH pagvauuanbik xafgannap kesiHge TyblHOAUTbIH OKMEHIH, Xacywa MeH TiH
AeHreningeri MOpgonorusanblK 3epTTeynepaiH CaH anyaH HaTwkenepi 6ap ekeHiHe xaHe OpOHX—
OKnenik aypynap caHbl XofapblnayblHblH, Xe4en MeH KeniHri keseHaepaeri ilUKi MeH CbIpTKbl cayneney
[o3anapblHblH, MenwepiMeH 6GannaHbicbiH OaFanaygarbl maniMeTTiH, G6ap 6onybiHa KapamacTaH,
Kasipre feniH exnenik Gy3binbiCTapablH, Y— MEH HEWTPOH caynenepi acepimMeH GannaHbICbl asfbiHa
LWeWiH 3epTTENMereH, aHfapbinFaH AEpTTiH, cunaTbiHa pagvauusnblk biKnanablH Y3aKTbiFbl MeH
[03anblK KYKTEMEHIH, MBHi A€ TOnblKTan aanenaeHbereH, COHbIMEH KaTap OnapablH, eknere
3aKbIMAayLLbl SCEPiHIH MOPOreHesi Xaisbl XKyNenik aknapaTTblH, KOKTbIFbl 4a KYMSH TyablpManabl.

Opebu wonyablH MakcaTbl — paguauusiHblH TYPRi AeHreili MeH TUNTEPIHIH, acepi kesiHae
eknegeri MophodyHKLoHanabl by3binbicTapAblH cunaThl Typanbl FoibiMi 8aebueTTepdi Tangay.

Martepuanpgap MeH oapictep. Anfa KOWblIFAaH MaKcaTTbl Xy3ere acblpy VLWiH FbifbIMKU
XapusinadbiMgap Tabbinbin, TankpiFa canbiHFaH. Oaebu Wwonyabl icke KOCyFa YCbiHbIFaH 6apsblk
XyMbictap «Google Scholary FuinbiMu i3gey xyieci apkbinbl PubMed, Medline, E-library, Cyberleninka
GasanapbiHga vHaekcTenreH. TaHaay angblH4a Keneci WwapTTap eCKepifnreH: afbiflbiH, XanoH XoHe
opbIC TingepiHae xapusananrFad coHfbl 10 Xbin iliHAeri ThilUKaHOAp MEH ereykympbiKTapFa xacanfaH
9KCMEPUMEHTTIK 3epTTEYNep, COHbIMEH KaTap anKblH MBMIMAENreH XaHe CTaTUCTUKA TYPFbICbIHAH
[onenaeHreH KopbITbiHAbINapbl 6ap MakananapAablH, TOMbIK aknapaTbl KonaaHbinFaH. ©nebu wony
kesiHge GasHAamanap TyXbIpbIMAapbl, ra3eT makananapbl MeH Xeke iC aknapaTTapbl KaXeT emec
XapusinadbiMaap peTiHae KoraaHblnmaraH.

Hotuxenep. ©Opebn wmanimetTepai Tangay paguauus  oCepiHeH  TyblHOaFaH — okKne
3aKbIMAaHynapbiHbIH aTenekTasgap MeH 4SHeKep TiHAK OpraHM3auusicel AaMyblH TyAblpaTbiH BPOHX
OyniHicTepiH, anuTennWii JeckBaMauMsICbIMEH KOPIHETIH  Cepo3abl-(hunbpuHO3abl  anbBEONUTNEH,
SHOOTENUA MPONUepaLmMsCbIMEH XaHe nna3mMa Hapybl3fapbl WbIFyblHA anbin KeneTiH KaHTamblp
KabblpFacbl ~ OTKI3riWTiri  XOFapblnaybIMEH  aHblKTanaTblH  KaHTamblp  Oy3blibiCTapbiMeH
cunatTanatblHbiH kepceTTi. YKeaen KabbiHyMbIK-MHDUNbTPaLMANbIK MHEBMOHUTTI X8He CO3blMarbl
(nbpo3gayllbl MHEBMOHUTTI TyAblpaTbiH ©knegeri KabblHyMblK neH  ubposablk  YpaicTepain,
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KanbINTacyblH XYy3ere acblpaTblH NATOreHe3nik MexaHn3mMaep peTiHae paanauussblK haktop acepiHeH
OaMUTBIH eKiHLLINIK UMMYHABIK TanWbInbIKTbI XarFaannapablH 60mbin TabbinaTtbiHbIH anTa KETKEH XOH.

KopbITbIHAbI. AnblHFaH HOTUXENEP MOHAAYLWbI COYNenepaiH ekne 3aksiMaaHynapbiHbiH, 6ip Typi
Bonbin  TabbinaTblH - paguaunManbIK—MHOYKUMANAHFAH MHEBMOHUT MeH ekne (ubposbiHa ToH
Mopdonoruanblk 6enrinepaid AamyblHaarbl peniH aenenaenai. byn Genrinep coyneHin, 4o3ackl MeH
TypiHe GainaHbICTbl TyblHAANALl. Pagmonorst canackliHaarbl KenTereH 3epTTeynepaiH HoTuxenepiHe
call HeTPOHAbI CaynenepaiH, eknere acepiH baranayaafbl opTak ke3kapacTapablH KanbintacnaraHbl
aHblkTangel. [lemek, paguobuonortap mMeH mopdonortapFa HeWTPOHObl CaynenepaiH acepiHeH
TYbIHOAWTBIH ©KNeaeri KypbinbiMAbIK ©3repicTep [AeHreiiH 6aranay MeH canbiCTbipy bIKnanbiH
KapacTblpyFa apHanfaH 3epTTeynepai xanracTblpyablH, ©3eKTifir ew KyMaH Tyaslipmangbl. byn ap
TYPNi MOHZAYLWbI Caynenep acepiHe yLblpaFaH4apablH, OKNeCiH 3epTTey KesiHaeri AMarHoCTUKasblk
HblLWaHaapab! KypacTbipy MYMKIHAIMH TyFbi3agbl.

Heziz2i ce3dep: uoHOaywsI coynenep, ekne namonoausichl, MOpGogpyHKUUOHaNkI by3bibicmap,
KabbIHy Meduamopnapbl, 6kne pubpo3b!.
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Introduction

It is known that in 2012, a technical meeting
and symposium were held to discuss the problem
of residual radiation exposures to the A-bomb
survivors of Hiroshima and Nagasaki [50]. It was
allowed for participants to evaluate the use of
data from many different research programs in
clarifying the potential residual radiation doses to
survivors of Japanese cities bombing. Factors for
the evaluation of exposure to y- and neutron
radiation at both cities are discussed in the
external and internal doses from residual
radiation exposure. Questions were asked about
the conclusion that manganese-56 (56Mn) is the
most important radionuclide, and offering were
made to consider not only half-lives but the
number and energies of y-rays emanated by
each radionuclide and time—dependent survivor
actions. Radiobiologists concluded that the
methodological guides on external and internal
dose estimation developed for the public living
near Semipalatinsk Nuclear Test Site can be
applied with modifications to the conditions of
residual radiation exposure to Japanese A-bomb
survivors. A view, based on an analysis using a

multi-step pathologic process model, suggests
that residual radiation doses in Hiroshima were
approached to 2 Gy to match the modeled
incidence. This analysis suggests a residual y-
dose that could dominate over the initial radiation
dose for most survivors [49]. Therefore, the
radiation dose of critical organs affected by the
A-bombing should be particularly taken into
account [39]. Scientists have long been proven
that exposure to ionizing radiation can cause
long—term effects, such as chronic inflammation
and diffuse fibrosis of the affected organ and
tissue [14, 98]. Nevertheless, despite decades of
research the pathophysiological mechanisms of
fatal radiation-induced lung injury in organ level
warranted further investigations [51]. Moreover,
the presence of numerous data on the results of
morphological study of the lung at the cellular and
tissue levels in different radiation situations,
according to the connection of increasing
bronchopulmonary diseases with the values of
external and internal doses exposure during
acute and long-term periods. Did not fully
demonstrated the link identified pulmonary
disorders with exposure to y- and neutron
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radiation, it is not fully proved the value of
radiation dose and duration of radiation effect on
the nature of detectable pathology, there are no
system data on the morphogenesis of their
damaging effect on the lungs.

The research purpose: identification of
differences between the nature of the structural
changes in the lungs at different levels and types
of radiation exposure.

Materials and methods

To achieve this purpose we have searched
and analysis of scientific publications. All received
working to the review formation has been indexed
in the databases PubMed, Medline, E-library,
Cyberleninka using «Google Scholar» scientific
search engine. The following search filters has
been presented before the start of the search:
experimental studies carried out on mice and rats,
for the past 10 years (from 2006 to 2016),
published in English, Japanese and Russian
languages, as well as full versions of papers with
legibly formulated and statistically proven
conclusions. The key points of search requests
were submitted to the following elements:
«ionizing radiation», «pulmonary pathology»,
«morphofunctional changes», «pro—inflammatory
mediatorsy, «pulmonary fibrosis».

Exclusion criteria included a review of
publications  became  summary  reports,
newspaper articles and personal notifications.
There were found 1210 literary sources of which
were for analysis selected 100 papers. After
fulfillment the stage of automatically search we
had conducted the search of publications by
«simple method», which made it possible further
to identify the scientific sources included in this
review.

Results and discussion

It was proved that lung exhibits the abrupt
dose-related response to ionizing radiation [99].
At estimate the internal doses in rat organs
exposed to neutron—activated %Mn using nuclear
reactor  (Experimental facility — «Baikal-1»,
Kurchatov, Kazakhstan) with neutron flux 4x10
n/cm? [7], the highest doses were recorded in the
lung. Consequently, the cumulative absorbed
dose of internal radiation exposure for the first
version (without forced ventilation) was equal to
0.1 Gy, and for the second variant of radiation
(with  forced ventilation box with animals)
cumulative absorbed dose of internal radiation

was 0.03 Gy for the lung, respectively [8].
Therefore, currently, particular interest is a
comparative characteristic of morphofunctional
changes in the persons' lung exposed to 8Co and
%Mn, allowing to identify the informative criteria
for assessing the effect of the radiation factor on
the respiratory organs, depending on the
acumulative dose [89].

Radiation-induced lung injury (RILI) produces
an eligible pre-metastatic microenvironment for
cancer cells [34]. According to many scientists,
one of the common neoplastic diseases
ascribable to ionizing radiation in A-bomb
survivors and nuclear reactor workers are lung
cancers [1, 2, 74], which accounts for almost a
quarter of radiotherapy—induced secondary
malignant tumors [5, 6, 56]. Some researchers
argue that radiation—induced pulmonary injury of
varying severity still significantly affects the
quality of patients life, and may even lead to
death [81, 92]. According to the results of foreign
authors, about 10-15% of non-small cell lung
cancer patients develop severe lung toxicity after
chest irradiation, and a significant percentage of
patients die due to irreversible pulmonary
inflammation [13, 27, 78, 79].

It is known that development of lung damage
after radiotherapy is a continuous process that
can be attributed to radiation damage in
parenchymal cells, specifically the inflammatory,
fibroblastic, and epithelial cells, that appear to
play the most critical roles in radiation—induced
pulmonary pathogenesis [85]. However, available
data on histological alterations after radiotherapy
human lung is limited, since patients are unlikely
to give consent for diagnostic thoracotomy and
autopsy. The existing histological data have
mostly come from animal models [96]. For this
reason, animal models that reproduce radiation
injuries in humans are mandatory. Rodents are
the animal models of selection, because they are
well characterized, easy to work with, and have
genetically altered strains accessible for
advanced research [28, 95]. It was experimentally
confirmed that the lungs are damaged when
exposed to a single lethal dose of y-radiation.
Several radiation dose- and time—dependent
tissue outcome develop following acute high—
dose radiation exposure. One of the recognized
delayed effects of such exposures is pulmonary
injury, characterized by respiratory failure as a

164



Hayxka u 3apaBooxpanennue, 6, 2016

O030p JMTEPaTYPHI

result of pneumonitis that may subsequently
develop into lung fibrosis. Since this pulmonary
subsyndrome associated with high morbidity and
mortality [29]. It should be noted that clinically,
radiation induced lung toxicity also manifested by
cough, fever, shortness of breath and other signs
of respiratory failure [15, 21].

One of acute or subacute form of the lung
damage related to radiation dose is radiation
pneumonitis (RP) [45]. RP always associated with
fibrosis and never relapses, while organizing
pneumonia (OP) usually resolves without fibrosis
but commonly relapse [24, 66]. OP is identified
inside and outside of the tangential irradiated field
and occurs independent of the radiation dose.
Also, OP lesions are characterized by lung
infiltrates out side the radiation field and
frequently migrate. This type of pneumonia is a
form of lung toxicity that arises due to some
interaction between radiotherapy and the immune
system, which may also explain the occurrence of
OP lesions outside the irradiated field. It is an
important question why OP occurs after
radiotherapy for breast cancer more frequently
than after radiotherapy for other malignancies.
Lungs are often exposed to radiation for the
treatment for malignant tumor. Late damage to
the lung, which usually manifests as fibrosis, is a
radiation dose-dependent occurrence in patients
undergoing radiotherapy for lung cancer. The
incidence of OP after radiotherapy in patients with
breast cancer significantly higher than another
one. In contrast, RP occurs much more commonly
after radiotherapy in patients with lung cancer
[67].

As is known that underlying molecular and
cellular mechanisms of RP are very complex [10,
59, 75, 77]. Although the molecular mechanism
for RP is complex and obscure, involvement of
cytokines, chemokines, and cell adhesion
molecules has been implicated [15, 21]. Many
investigators have shown that in the pathogenesis
of RP or alveolitis essential roles play interleukins
(IL) [42, 82, 93] produced through epithelial cells
[46]. Clinical as well as experimental findings
have suggested the participation of IL-6 as a
pro—inflammatory cytokine in RP [18]. RILI
includes various types of radiation damage of
target cells and the release of multiple
inflammatory mediators [30, 44]. A number of
authors have described the mechanisms of

interaction of the pulmonary and cardiac
pathology that associated with development of
RILI [31, 90]. It was noted that in rats exposed to
letal dose of y-radiation is observed loss of
pulmonary vessels, right ventricular hypertrophy,
increased pulmonary vascular resistance, an
increase in the dry weight of the lungs and reduce
the overall activity of pulmonary angiotensin—
converting enzyme (ACE), and extensibility of the
pulmonary artery. In contrast, subletal dose alone
resulted in a moderate increase in weight of the
right ventricle and the decrease in the activity of
ACE in lungs [32]. This data confirm the clinically
significant lesions that appear in time and on the
dose—exposure after a relatively low radiation
doses [60]. Irradiation with 10 Gy resulted in
increased breathing rate, a reduction in oxygen
saturation, an increase in bronchoalveolar lavage
fluid protein and attenuation of vascular reactivity
between 2-3 months after irradiation. These
changes were not observed with the lower dose
of 5 Gy. Histological examination revealed
perivascular edema at 4-8 weeks after exposure
to both doses, and mild fibrosis beyond some
month after fatal dose of y-radiation [62, 100].
Some authors believe that pulmonary vascular
resistance associated with hypoxia of the lung
tissue and decreased cardiac output [73,
87]. Thus, lethal RP may happen if a large
volume of normal lung tissue is irradiated, even at
dose lower than 5 Gy [43].

In a setting of chronic inflammation, the
persistent lung tissue damage and cellular
proliferation are associated with superfluous of
reactive oxygen species (ROS) [11, 72]. It has
been suggested that the generation of ROS
instantly after irradiation, together with a cyclic
up-regulation of cytokines and the recruitment of
inflammatory cells are responsible for the injury
observed in the lung [23, 25]. Thereby,
accumulation of lipoperoxidation (LPO) products
in the lung tissue homogenates caused by free
radicals effects after y-radiation exposure was
noticed by several authors. Free radical-
mediated LPO is harmful not only because
damaged lipids disrupt the structure of pulmonary
cell membrane, but also because the process
produces potentially mutagenic and carcinogenic
byproducts. One such product is the highly
reactive carbonyl compound, malondialdehyde
(MDA), which can react with deoxyadenosine and
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deoxyguanosine in deoxyribonucleic acid (DNA)
to form DNA adducts. LPO reactions can occur at
the both the cellular membrane and mitochondria
membranes, and either can subsequently trigger
cell death through apoptosis [3, 4].

It was considered that tissue reactions in
cases where the threshold dose has been
exceeded may be of the inflammatory type
resulting due to the cellular factors release, or can
be reactions resulting from cell lesion [84]. The
time at which an effect may be discovered
depends on the temporal course of the injury and
progresses with time after irradiation [36]. It is
known that radiation activates immunity via
initiation of T—-cells recruitment [16, 54]. More
relevant than the availability of lymphocytes in the
iradiated lung is their profile of secreted
mediators. In particular, the pro—inflammatory T-
helper cells oppose the pro-fibrotic T-
lymphocytes [37]. As evidenced by a number of
authors, the T-helper response to thoracic
irradiation of different lines of mice has not been
reported, but mouse strains have been shown to
differ in their cytokine response post radiation and
in gene expression profiles suggestive of differing
adaptive immune responses [38, 47, 52, 83].
Thoracic irradiation causes also activation of
various immune cells into the lung, including
monocytes, neutrophils and basophils, that are
responsible for local and systemic expression of
mediators after radiation exposure [22, 48, 57],
which are important in the pathogenesis of lung
injury [97]. It should be noted that inflammatory
infiltrates appear as secondary effects in the
setting of high—single or fractionated radiation
doses [51]. Basically, irradiation induces tissue
injury across sensitization of autoreactive
lymphocytes, reacting with lung tissue [64].
Endogenous and migrating leukocytes together
with lung epithelial and endothelial cells create a
feedback loop where stimuli from damage
responses can activate alveolar and interstitial
macrophages  [19].  Various inflammatory
mediators released from injured alveolar and
interstitial cells produce inflammation, which also
increase of vascular permeability. Moreover, the
alveolar space is filled with exudates because of
direct radiation damage and inflammatory
process [69].

It was experimentally confirmed that in the
rats, morphologically, mild interstitial inflammatory

cell infiltration was observed at third day and
intra—alveolar hyaline material was found at
second week after y—irradiation. Concerning focal
irradiation, numerous foamy macrophages
aggregated in a distal part of the irradiated area,
while hemosiderin—laden macrophages were
observed in the center of the irradiated zone. Two
month after irradiation, the hyaline materials
fragmented and disappeared to a definite extent,
and fibrous exudates were present in the air
spaces along with inflammatory cellular
infiltration. The alveolar inflammation score at 2
weeks post-irradiation characterised by a small
amounts of collagen which were detected in the
intra—alveolar and interstitial areas. At 1 month
after irradiation, extensive collagen was
observed, correlating with late—stage fibrosis [41].
It is important to note that pathological final stage
which characterised by excessive deposition of
this fibrillar component in the pulmonary
interstitium leads to disorder of normal gaseous
exchange [65, 80]. Pathologists' results showed
minimal edema and minimal to mild increase of
cellularity in  alveolar  walls, interstitial
inflammation,  enlargement and  atypical
pneumocytes by 3 month post irradiation [58].
Histologically, lung tissue of irradiated rats include
also highly thickened, corrugated and distorted
arterial walls with different granulomatous
masses, and also congested alveolar septae,
highly elongated and branched bronchioles, their
lumen contained debris of degenerated epithelial
cells with ruptured epithelial lining of these
bronchioles and dense fibrous layers nearby them
[9]. After radiation effect the majority of
pneumocytes are lost at which point alveolocytes
begin to proliferate and produce important
biopolimers to repair the surrounding injury
changes [68].

Depending on both radiation dose and
volume, lung injury is characterized by formation
of pulmonary fibrosis [35, 94] that is integral to
development and progression inflammatory
airway diseases, including asthma, chronic
bronchitis and bronchiectasis, where histological
development of airway remodeling correlates with
irreversible lesion of lung function. Diffuse
parenchymal pulmonary diseases are a
heterogeneous group of illnesses characterized
by various degrees of lung inflammation and
fibrosis [61]. Pathohistologists showed that
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fibrogenesis phase was characterized by
development of typical fibroblast foci in lungs
iradiated animals. Furthermore, the later
fibrogenesis phase was accompanied by a strong
second onset of leukocyte infiltration that began
some month after irradiation. At later time points
the fibrotic foci evolved and combined into
widespread fibrosis with remodelling of the lung
architecture [53].

Kazakhstan morphologists featuring Japanese
researchers revealed that in majority of
experimental animals exposed to neutron-
activated 5Mn on the 3d and 14t days after
irradiation observed thickening of intra—alveolar
septa in virtue of leucocytes, erythrocytes,
lymphocytes, histiocytes, alveolocytes, and on the
60t day was found fibrosis phenomenon,
whereas like rats exposed to y-radiation except
signs of inflammation were noted foci of

emphysematous  expanded  alveoli  [89].
Pathologists reported that, especially, the
combination  of pulmonary  fibrosis and

emphysema, which are defined by the presence
of emphysematous foci and overgrowth of
connective tissue in the same patients lung, has a
poor prognosis, similar to that of idiopathic
pulmonary fibrosis [76]. Although according to
some scientists, none of the currently accepted
animal models of radiation—induced lung fibrosis
accurately mimic human idiopathic pulmonary
fibrosis [63, 71, 86].

Scientists have proved that susceptibility to
fibrosis can be a strain-specific or organ-specific.
A systematic review was conducted to obtain the
results of the feasibility of using a particular
mouse strain to simulate the human body specific
fibrotic pathology. Such information is useful in
determining which genetic signatures are
associated with susceptibility to fibrosis and also
important to identify individuals susceptible to the
development of a fibrotic phenotype in the organ
following injury [91]. Regulation mechanism of
lung fibroblast proliferation remains not fully
understood. To elucidate the key molecules in it
the authors established mortal and immortal
nontransformed lung fibroblast cell line or strains
with elongated life span by telomerase reverse
transcriptase gene transfection. Comparing the
expression profiles of them, genes were explored
to be the candidates responsible for regulation of
cellular proliferation of lung fibroblasts. This set of

fibrobrast strains of same origin with different
proliferative capacities may become useful model
cells for research on lung fibroblast growth
regulation and the candidate genes explored that
may provide biomarkers or therapeutic targets of
pulmonary fibrosis [40]. Combining genomic
approaches identified variation within specific
genes which function in the tissue response to
injury as associated with fibrosis following
thoracic irradiation in mice [70]. Thus, whole-
genome studies have provides a useful
conception into that gene patterns may influence
the development of fibrotic process to various
injurious agents [12].

Equally important is the fact that,
microvascular injury is a prominent feature of
normal tissue radiation injury and plays a decisive
role in both inflammatory and fibrotic radiation
responses. Injury of the vascular endothelium is
presumed to play a principal role in the response
of most normal tissues to ionizing radiation and to
the progressive character of chronic radiation
fibrosis. This is particularly true for chronic
radiation toxicity, in which microvascular injury
seems to be a key to the unique self-perpetuating
nature of radiation injury [17]. Others authors
have demonstrated that the recovery after
vascular injury and reendotelization enhanced by
circulating endothelial progenitor cells [53].
Studies of microcirculation, inflammation and
leukocyte—endothelium interactions at radiation
influence could enhance understanding of the
underlying pathophysiological mechanisms that
result in histological changes [33].

Conclusion

Summing up, presented by us the information
by virtue of foreign and domestic literature
indicates assess the effect of different types of
ionizing radiation on the lung. The findings data
support a role of ionizing radiation in the
formation of structural disorders of the radiation—
induced pneumonitis and pulmonary fibrosis
which are form of acute or chronic lung damage
depending on both the dose and type of radiation
[20, 26].

Thus, at present according to result of majority
of leading research in the field of radiobiology and
radiation medicine regarding evaluation the
effects of different types of ionizing radiation on
the bronchopulmonary system, there is no
consensus. In this regard, for scientists of
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Kazakhstan and Japan are undoubted relevance
of continuing research concerning radiation
effects on the lungs, to evaluate and compare the
degree of pathological processes in them under
the influence of y— and neutron radiation, which
will develop diagnostic ~ criteria of
morphofunctional changes in the lungs exposed
individuals [88].
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