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It is known that persons exposed to ionizing radiation, together with a different of damaging effects, particular
importance is also attached to the respiratory system. The dominant role of neutron-activated radionuclide Manganese-
56 (®*Mn) was noted in the treatises of Japanese scientists who studied the A-bomb effects of Hiroshima and Nagasaki,
deserving the interest today. In this regard, the research purpose was to study the microscopic changes in the lung of
rats exposed to y— and neutron radiation.

In experiment, both sexes «Wistar» rats in amount of 36, weighting approximately 220-330 g. Necropsy of the
animals were on the 3™, 14" and 60" days after irradiation, then the lung removed, after which it was fixed in 10%
formalin. Tissues fragments embedded in paraffin, then sections are manufactured serial transverse 4 mm thickness,
which were subsequently stained by hematoxylin and eosin (H&E). Our experimental studies have shown that the
majority of animals exposed to **Mn and ®°Co starting from the 2™ week observed signs of fibrosis and chronic
inflammation, foci of emphysematous dilated alveoli, whereas after inhalation by MnO, in rats prevailed thickening of
interalveolar septa due to cellular elements. Foci of hemosiderosis, signs of vasculitis, lymphadenitis and hyalinosis
were typically for neutron-irradiated rats.

Thus, *Mn effect on the rat lung revealed a high risk of neutron radiation, which confirmed the presence of
inflammatory processes. The findings support a role of ionizing radiation in the formation of morphologic signs

depending on both dose and type of radiation.
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It is known that among the neutron-
induced radioisotopes *°Mn is a dominant element
found after an A-bomb explosion. Since **Mn and
the other neutron-activated radioisotopes were
present in dust after bombings, people have in-
haled these radioactive materials and been inter-
nally exposed to radiation. People who returned
early to Hiroshima and Nagasaki after A-bombing
were reported to suffer from the symptoms of
acute radiation effects [16]. Currently, particular
interest represents a comparative assessment of
pulmonary morphologic changes in persons ex-
posed to ®°Co and **Mn [10]. Most diseases at-
tributable to radiation in A-bomb survivors and
nuclear reactor workers are lung pathology [16].
Pulmonary damage was identified as an im-
portant sphere of interest in radiation research
after a significant number of sacrifice died early
from radiation induced lung injury (RILI) [3]. Sci-
entists are continuing to develop the mitigators
for radiation injuries to the lung caused by a sin-
gle dose of ionizing radiation at doses pertinent
to a radiologic attack or nuclear accident. There-
fore, animal models that reproduce radiation inju-
ries in humans are necessary [5]. Average or se-
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vere RILI significantly exerts on patients life qual-
ity, and may even lead to death. In spite of de-
cennary of studying the morphogenesis for lethal
RILI at the organ level remain insufficiently de-
fined [3].

Objective of the study — to identify and
compare the microscopic changes in the rat lung
after exposure by single dose of y-radiation and
neutron—activated *Mn powder.

MATERIALS AND METHODS

For this study, it was purchased and raised
in a specific-pathogen-free facility six-month-old
both sexes «Wistar» rats in an amount of 36 with
mean whole body weight 220-330 g. All experi-
mental animals were acclimatized for 2 weeks
before initiation of experiments and kept under
normal conditions and fed pellets concentrated
diet and vitamin mixtures. They were maintained
at constant temperature (22+1°C) on 8 hour light
-dark cycle.

The rats were allocated into 4 groups. The
first group of animals (n=9) were subjected to
*Mn which was obtained by neutron activation of
100 mg of manganese dioxide (MnO,) powder
using nuclear reactor («Baikal-1») with neutron
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Figure 1 - Photomicrograph of uniform airiness in control rat lung (a).

flux 4x 1014 n/cm2. Activated powder with total
activity of 59Mn 2.75x 108 Bq was sprayed pneu-
matically over rats placed in the special box. The
moment of exposition beginning of experimental
animals by 58vn powder is 6 minute after finish-
ing of neutron activation. The second group of
rats (n=9) were exposed to not irradiated Mn02.
The spray powder was carried out in a chemical
box, which contained boxes of 9 rats. Each por-
tion of Mn02was sprayed in box with lots of bio-
logic objects. Then unirradiated powder and incu-
bated biologic objects in a container for hour. The
third group of rats (n=9) were irradiated with a
single dose of 2 Gy was performed at a dose rate
of 2.6 Gy/min using 6Xo Y-ray by czech radio-
therapeutic device «Teragam K-2 unit». During
the exposure, animals were placed in a specially
engineered cage made of organic glass with indi-
vidual compartments for each rat. After irradia-
tion, rats were taken back to the animal facility
and routinely cared. The fourth group consisted
of control rats (n=9) which were placed on
shelves in the same facility and shielded from
radiation. All animal procedures were approved
by Ethical Committee of Semey State Medical Uni-
versity, Kazakhstan (Protocol Ne5  dated
16.04.2014) in accordance with Directive of the
European Parliament and the Council on the Of-
fice in animals protection.

The rats were sacrificed on the 3rd 14th,
60th day after irradiation and the lung was imme-
diately surgically extracted for further histologic
study. The lung sections were deparaffinized and
dehydrated in graded 10% formalin solutions.
Paraffin sections performed with 4 mm thickness.
Stained by hematoxylin-eosin (H&E) slide glasses
were examined under a Leica DM 1000 micro-
scope (Germany) and images were captured with
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a charge-coupled device camera (Visitron Sys-
tems, Puchheim, Germany) at x 10 and x40 mag-
nifications. Qualitative histological assessment of
lung injury was carried out to obtain an overall
damage severity result.

RESULTS AND DISCUSSION

In the present study, we performed experi-
ment with neutron-activated 59vin powder exposed
rats. It was previously reported the internal dose
estimates in organs of 5GVn-exposed rats. The
highest doses were recorded in the lung [13].

The study of lung components in control
rats revealed an uniform airiness of pulmonary
tissue, shown on figure 1 a. In the Ilung
parenchyma of animals inhaled MnO02 starting
from the 2rd week reveals changes in the vascular
walls with signs of productive vasculitis. Status of
the pulmonary parenchyma is characterized by
focal emphysema moderate severity. Intra-
alveolar septa are thickened due to lymphocytes,
alveolar macrophages and less number of neutro-
phils. Changes in the structure of the interstitial
tissue are manifested by presence of inflammato-
ry foci (fig. 1 b).

Microscopic changes in the lung tissue of
MnOZ2inhaled rat (b). H&E staining, original mag-
nification x10

Research of different pathologists estab-
lished that radiation causes tissue damage via
sensitization of autoreactive lymphocytes which
react with lung tissue [18]. On the 3 day after y
-radiation exposure, authors registers the inflam-
matory response manifested by moderate of cel-
lular infiltration of interstitial lung tissue [7]. The
above data are consistent with our study results
the lung tissue in 8XCo-exposed rats showed a
similar changes.
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Figure 2 - Light microscopy of 58Min-induced (a, b, ¢) and Y-ray-induced rat lung (d). H&E staining, original

magnification xio and x40

According to histologic examination most
pronounced changes were observed in the lung
of 58Min-exposed rats, indicating that neutron ra-
diation has a significant biologic effect on exam-
ined organ. In experimental animals exposed to
5Mn and 6o were observed thickening of in-
traalveolar septa in virtue of leucocytes,
erythrocytes, lymphocytes, histiocytes,
alveolocytes, and rupture of the intraalveolar
septa [10].

Figure 2 a shows an uneven blood filling
with a predominance of capillary-venous plethora.
It is necessary to pay attention to changes that
occur in the bloodstream characterized by pres-
ence of erythrocytes in vascular lumen. Distruc-
tion of pulmonary parenchyma manifested by
formation of fibrosis. It has been observed pro-
nounced bronchitis with coverage of the lung pa-
renchyma and lymph node, bronchial lumen con-
tains stratum of desquamated ciliated epithelium,
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a small amount of mucus strands. It is also noted
transition the inflammation to peribronchial tis-
sue. By magnificating x40, can be traced diape-
detic microhemorrhage, several small focal intra-
alveolar hemorrhage of intensive red color with a
small amount of leukocytes. Foci of acute alveolar
emphysema varying degree of severity and prev-
alence with a thinning and defects of intra-
alveolar septa. In some fields of weak-moderate
congestion hemosiderophages (fig. 2 b, c), ob-
served on the 14th day in rats exposed 5avn.
Comparative characteristics of changes in the
lung after influence of Y- and neutron radiation
showed uniformity of manifestation. Microscopic
picture of animals on the 2rd week after 80Co ex-
posure provided on figure 2 d, where we are not-
ed signs of thickening of the vascular walls, as
confirmed by research which describes pulmonary
vasculopathy after a single dose of Y-irradiation
rats [8]. Considerable importance should be given
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Figure 3 - Histologic sections of the pulmonary tissue in rats exposed to 5Gvn. H&E staining, original

magnification xiQ

to presence of the thickened walls of the intersti-
tial tissue, alternating with emphysematous
changed portions of the lung, presented keenly
dilated alveoli. Mostly intra-alveolar septa are
thickened. They determined cell infiltrates.
Peribronchial infiltration is expressed. The sec-
tions are represented mainly by medium caliber
bronchi which in a state of mild dystonia, a sub-
total desquamation of ciliated epithelium and
signs of mild mucus hypersecretion.

After radiation exposure in rat lungs on the
2rd  month were found small focal mild
hemorrhage, cellular response in the form of
leukocyte infiltration and fibroblast proliferation
(fig. 3 a).

Microscopic changes also characterized by
presence of vasculitis, lymphadenitis, hyalinosis
and peribronchial cell infiltration. According to our
research all of above changes were typically for
rats irradiated 59vin (fig. 3 b).

In this study, we have shown the sequence
of morphologic changes in the rat lungs from
early to late stage after a single influence of 56vin
and Lo at 2 Gy dose, which were the initiators
of radiation pneumonitis related to fibrogenesis.
Results of morphologic studies have shown that
structural changes in the lung observed in
irradiated rats little differed from the previously
published results using different radiation models.
It should be noted that the most prominent
microscopic changes were detected in rats
exposed to 56vn after 2 weeks.

Currently, great importance is attached to
the role of Mn, inducing apoptosis or necrosis.
Thus, in the literature we have examined papers
revealed regarding ability of Mn to cause histo-
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morphologic changes in the lung tissue of animals
[17]. In one of the papers, authors showed that
the intoxication by Mn steams leads to distruction
of the pulmonary parenchyma, the development
of manganese pneumonia and lung edema [9],
which corresponds to the data obtained in our
experiment.

Identified us the signs of pneumonitis and
fibrosis have been well described in models of
irradiated rats [14]. According to the literature,
the early phase after acute lung injury character-
ized by exudative inflammation complicated by
interstitial pneumonia after few weeks post-
radiation. The later phase is characterized by
chronic inflammation and tissue restructuring [2].
There are studies indicating that accumulation
and activation of monocytes, macrophages and
lymphocytes are a key component of RILI [11].
Radiation damage contributes to the development
of chronic inflammatory processes that may pre-
dispose irradiated individuals to the formation of
lung fibrosis. Although the pathogenesis of
radiation-induced lung fibrosis at the molecular
and cellular levels is not completely understood,
initial immune and inflammatory responses to
repeated irritants lead to tissue damage and
progressive fibrosis [14]. Histologic analysis of
irradiated lungs showed the fibrosis development
by progressive collagen deposition after several
month, which characterized by formation of
typical fibroblast foci and accompanied by a
severe second outbreak of leukocyte infiltration.
The later fibrogenesis phase characterized the
fibrotic foci evolved and grow together into
widespread fibrosis  with the pulmonary
architectonics remodelling [12]. During granula-
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tion growth and tissue repair, pulmonary intersti-
tial fibrosis occurs in the late phase of RILI after
fibroblast cell proliferation and collagen synthesis,
inducing the development of respiratory failure,
which is one of the major causes of death [15].
Our findings of pulmonary tissue changes in irradi-
ated rats consistent with conclusion of some au-
thors that marked thickening of alveolar walls and
dilatation of intralobular septa, and also sealed foci
of fibrosis, mainly in intralobular septa [6].

In contrast to the external y-radiation, in-
ternal **Mn radiation contributes to the develop-
ment of pathologic changes manifested by for-
mation of foci of hemorrhage and emphysema
[10]. The emphysema is characterized by dilata-
tion of air space and destruction of the alveolar
walls. Scientists have shown that the combination
of lung fibrosis and emphysema have bad prog-
nosis similar to idiopathic pulmonary fibrosis [4].

Our results showing about multifocal alveo-
lar reactive changes, such as edema and moder-
ate increase the number of cells in the alveolar
walls, and also interstitial inflammation in the pul-
monary tissue confirmed already known fact re-
garding y-radiation effect to organism. These
changes are most often found in the form of a
thickening of the alveolar and vascular walls,
sclerosis on the 3 month after exposure [1].

Summing up, irradiation of normal lung
tissue has two generally recognized adverse ef-
fects, including inflammatory and fibrotic process-
es [12]. These histomorphologic changes in the
lung of rats exposed to y- and neutron radiation
make it possible to develop diagnostic criteria for
assessing of radiation effect on the lung,
depending on cumulative dose.

CONCLUSION

Our research results and their comparison
with literature data led to the conclusion that ma-
jority of experimental animals exposed to y- and
neutron radiation more pronounced changes
were observed from the 2" week after exposure,
consisting the appearance of fibrosis and chronic
inflammation, foci of emphysematous dilated al-
veoli, whereas after inhalation by MnO, in rats
dominated thickening of intra-alveolar septa on
account of leukocytes, erythrocytes, lymphocytes,
histiocytes and alveolocytes. Consequently, like y-
rays, °Mn also promotes activation of inflamma-
tory processes and stimulation of immune re-
sponses manifested by cellular infiltration. It
should be noted that the most prominent histo-
logic picture characterized by presence of hemo-
siderosis foci, signs of vasculitis, lymphadenitis
and hyalinosis were found, in particular, in rats
exposed to *°Mn.
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Thus, experimental studies confirm the role
of neutron radiation in the formation of
morphologic features which typically for radiation
pneumonitis, that is a form of acute or subacute
lung injury, depends on both dose and type of
radiation.
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CPABHUTE/IbHAS] XAPAKTEPUCTUKA [ICTOMOP®OJIOMNYECKUX U3MEHEHMN B JIETKUX KPbIC, [TOABEPIABLLINXCH

TAMMA- ¥ HEITPOHHOMY OBJTYYEHUIO

1Kaghespa naTosIormiIEcKos aHaToMm 1 CyAEOHON MEAMLINHBI OCYAPCTBEHHOO MEAMLIMHCKOIO YHUBEPCUTETA

r. Cemeri (Cemeri, KazaxcraH),

2HayyHO-HCC/IEA0BATENLCKMHA MHCTUTYT PAANALMOHHON GUMOJIONm 1 MEAMLMHBE (Xupocuma, SroHus),
SUHCTUTYT 110 U3YHEHHIO 3a00/1EBaHMI ITOCTIEACTBIA aTOMHOM 6OMbapAnpoBKy (Haracarkv, SroHus),
*Kagheapa muTanms 1 rurmeHnYeckux AUCmyim [OCyAapCTBEHHOO MEANLMHCKOIO yHIBEPCHTETA I. CeMeli

(Cemeri, KazaxcraH),

[ OCYAGDCTBEHHBIN MEAVLIMHCKI yHUBEPCHTET I. Cemeyi (Cemeri, Kasaxcrar)

M3BECTHO, UTO y NWL, NOABEPraBLUMXCA BO3AEUCTBUIO MOHU3UPYIOLLErO W3NYYEHWUs, HapsaLy C PasfvyHbIMU
noepexaaroummMm 3pdekTaMm 0cob0e MeCTo OTBOAMTCH AbIXATeNbHOW cucteMe. [IOMUHMPYIOILAs pOJNib HEWTPOHHO-
aKTMBMPOBAHHOMO paanoHykmaa (MapraHua-56 (°°Mn) oTmeuanacb B TpyAax SMOHCKUX YYEHbIX, W3y4aBLLMX
nocneacTBUsl aTOMHON 60M6apANPOBKM B XMPOCMME M Haracaku, v NpeacTaBnsieT Hay4HbId UHTEPEC NO Ceil A€Hb. B
CBA3M C 3TUM UENbl0 WCCNEAOBAHUS SBUIOCE M3YYEHWE MUKPOCKOMMYECKUX W3MEHEHWIA B JIErKUX KPBIC,
MOABEPraBLLMXCS BO3AEUCTBUIO Y- U HEUTPOHHOMO U3JTyYeHus.

B 3akCnepuMeHTe MCNOsb30BaHbl KPbICbl 060MX MOMIOB IMHUKM «BuCTap» B KonmyecTee 36 ocobeid, maccoin 220-
330 rp. XKunBOTHbIX noaBeprany Hekponcun yepes 3, 14 n 60 cyT nocne obnyyeHus, 3ateM U3BNAEKanu Jierkue, nocne
yero ¢ukcuposanu B 10% ¢opManuHe. ®parMeHTbl TKaHel 3anmBany B napacduH, 3aTeM W3rOTOBAMBANN MOMEpPeYHbIe
CepUIiHbIE CPe3bl TONMWMHON 4 MKM, KOTOPblE B AANbHEMILEM OKpaLUMBaNM FEMaTOKCUIIMHOM W 303MHOM. PesynbTartbl
3KCMEPUMEHTANBHOMO MCCNEA0BAHMS MOKA3anM, UTO y GOMbLUNHCTBA JXMBOTHBIX, MOABEPrHYTHIX BO3AEHCTBMIO *°Mn 1
%0Co, HauMHas co 2 HeaeNM OTMEYaIUCh NPU3HaKM (MBP03a M XPOHWMUECKOrO BOCTANEHWS, ovark 3MPU3EMaTO3HO
paclUMpEHHbIX anbBEOs, TOrAa Kak nocne wuHranauMm MnO, B NErkux KpbeiC  HAGMIOAANOCh  yTOMLUEHWE
MEXANbBEOSNISAPHLIX MEPErOpoOAOCK 33 CUET KJETOUHbIX 3neMeHTOB. Ouarn reMOCMAEepos3a, MPU3HaKU  BaCKynuTa,
nuM@aseHITa U TManuMHO3a NPeotnaAany y KpbiC, NOABEPraBLUMXCS BO3AENCTBMIO HEUTPOHHOIO M3TyUeHusI.

TakuM 06pasoM, U3yueHne BO3AEHCTBUS *Mn Ha NIErKME KPbIC BbISIBUIO BLICOKUI YPOBEHb pUCKa OByYeHUs,
UTO MOATBEPXAEHO HANMUMEM BOCMAIUTENBbHBIX MPOULECCOB. [ONyYeHHbIE AaHHbIE  MOATBEPXKAAOT  POfb
VOHU3UPYIOLLErO U3nyyeHus B (OPMUPOBAHUM MOPEONOTMUECKMX MPU3HAKOB, 3aBUCSLLMX KaK OT A03bl, TAK U OT TMNA
U3NyyYeHus.

KtoueBpie /1083 VOHV3VPYIOLLEE U3JTyYEHWE, NIErOYHas TKaHb, MOPMONOrMYECKUE WU3MEHEHMUS, MHEBMOHWUT,
¢nbpOo3, KpbICh
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FTAMMA-MEH HEWTPOH/Ibl COYNE SCEPIHE YLLILIPAFAH EFEYK¥WPLIKTAP ©KMECIHAEIT MMCTOMOP®OMOMNANBIK,
©3rEPICTEPAIH, CANBbICTBIPMAJTbI CUMTATTAMACHI

1Cemerf MEMIEKETTIK MEAMLNHE YHUBEDCUTETIHIH NaTO/IOMS/ILIK AHATOMUS XKSHE COT MEANUMHA Kaespacs!
(Cemedi, KazaxcraH),

2PaaunaLmssibiK GUOIONS KOHE MEANLIMHE FbI/TBIMU-3EDTTEY MHCTUTYTbI (XUpoaMa, JKarioHus ),

SATOM 60MOACHI SPEKETIHEH TYbIHAAFAH ChIPKATTAPAbI 3EPTTEY MHCTUTYTBI (Haracaku, JKarorus),

? Cemesi MEMAIEKETTIK MEANLIMHA YHUBEPCUTETIHIH TAFAMTAHY KOHE MMINEHA/IbIK TOHAED Kaeapacsi

(Cemesi, KazaxcraH),

>Cemesi MEMIEKETTIK MEAMLMHE yHMBEPCHTETI (Cemeri, KazakcTaH)

WoHaaFbI cayne acepiHe ayliap 6onFaHAapAbIH, KenTereH 6yniHAIprill canaapbIMEH KOCa TbIHLIC-any JKyheciHe
je epekwe MoH 6eniHeai. Xupocuma MeH Haracakumaarbl atoMAblk 60m6anaypbiH, CanjapblH 3€pTTereH >KanoH
FanbIMAApbIHbIH, EHBEKTepiHAEr HETPOHAbI-6enceHai Mapraneu-56 (°°Mn) paavoHyKIMAiHIH, 6acbiM peni 3aMaHayu
XarFjalAa Aa Kbi3bFYLbUIBIK apTThipaAbl. OCbiFAH CyWEHE OTbIpbIN, Y- MEH HEWTPOHABI COYNE SCEpiHE YLIbiparaH
ereykympbiKTapAblH, eKneciHAeri MUKPOCKOMUSILIK, ©3repiCTepPAl 3epTTey MaKCaTbIMbI3 TybIHAAAbI.

Toxipube xysinae «Buctap» TykbiMabl 220-330 rp canmarbl 6ap atanblK >XOHE aHanblK JKbiHbICTBI 36
ereykympblk naniganaHbinFaH. JXaHyapnapra coyneneyaeH KeliH 3-wi, 14-wi xoHe 60-wbl ToyniKTepae HEKponcus
Xyprizy 6apbicbiHAa ekneciH anbin, 10%-Tik dopmanuHae dukcaumsnaablk. TiH (parMeHTTepiH napaduHre Kyhbin,
KaNbIHAbIFLI 4 MKM K&JIAEHEH, CepusasbIK KeCiHAInep AavibiHAan, api Kapai reMaToKCUAMH MeH 303uHMeH (H&E) 6054bIK,.
Taxipubenik 3eptrey HoTvxenepi **Mn meH *°Co acepiHe yiubiparaH aHyapnapAbH KenwiniriHae 2-1i antagaH Kemid
¢unbpo3 6eH cosbuIManbl KabbiHy 6enrinepiH, anbBeonanapabl, SM(PM3eMaTo3abl KEHEIO OlaKTapbl 6ackiM 60FaHbIH,
an MnO; nHranauugcbiHaH KeliH ereykyvipbIKTap eKneciHAE Xacylla dNeMeHTTEPIHIH, 9CepiHeH anbBeosia apanblk, nep-
BenepaiH, KanbiHaayblH KepceTTi. F[eMOCUAEpO3 OLaKTapbl, BaCKynUT, NTMMMAAEHUT NeH rmannmHo3 6enrinepi HeMTpOoH-
Jbl COyNeneHy acepiHe WanplKKaH ereyKyvpbiKTapra ToH 60npl.

COHbIMEH, ereyKyVipbIKTapAblH, oKkneciHe *°Mn acepi KabblHy YpAICTEpiMEH pacTanaTblH COyfNeneHy KaymiHiH
JKOFapbl AEHreniH KepceTTi. 3epTTey HoTUXENepiHe Cail UOHAAFLIL CRYNe SCEpiHEH TYbIHAANTBIH MOPMONOrMAbIK
esrepicrtepaiH, cunatbl CAyNeNeHyAiH A03acbl MEH TypiHe 6alaHbICTbI AaMUAbI.

KinT ce34ep.; VOHAAFbILW CaYNe, OKMe TiHi, MOpdonoruabIK e3repicrep, MHEBMOHUT, (pMOpP03, ereykyvpbIKTap
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