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Abstract

Introduction. It is known from literary review that in persons exposed to neutron-activated radionuclide - Manganese-56
(56Mn) and external ionizing radiation (°Co) along with dystrophic, inflammatory and necrotic phenomena in the respiratory
system special attention is paid to the development of neoplastic processes.

The aim. To determine and compare the quantitative content of p53 protein in the pulmonary tissue of rats exposed to
internal and external ionizing radiation.

Materials and methods. In experiment, male sex «Wistar» rats in amount of 90, weighting approximately 270-350 g. It
was 3 groups identified: 1) %Mn which obtained by neutron activation of 100 mg MnO2 powder using the «Baikal-1» atomic
reactor with a neutrons fluence of 4x10% n/cm? 2) 8Co y-rays; 3) control group. Animals necropsy was made on the 31,
14t and 60t day after irradiation, then the lung removed, after that it was fixed in 10% formalin. Paraffin sections were
dewaxed and rehydrated using a standard procedure. To visualize the immune histochemical reaction, DAB+(DAKO) system
was used. For the purpose of calculating, respectively, the number of p53-positive cells, taking into account the colored
nuclei of any intensity, expressing the results in percent. Statistical processing of the results was processed using licensed
packages of application programs «SPSS 2,0». All quantitative variables are described using the mean (M), median (Me)
and interquartile interval (IQR). In their comparison, depending on the factors studied, the Kruskel-Wallis criterion was used.
The critical level of significance p in testing the statistical hypotheses in this study was taken to be 0,05.

Results. The number of p53-positive cells in the intra-alveolar septum of the pulmonary tissue increases in laboratory
animals exposed to neutron-activated manganese dioxide from the 14t day, while in rats, this indicator increases
significantly only on the 60 day after external irradiation. It should be noted that there was no statistical
difference between the studied factors and the control group according to p53 protein level on the 14t day,
whereas on the 60t day after exposure, the difference between experimental and control groups becomes
significant (p<0,001). Apoptosis as a sign of DNA breaking chain correlates with cell injury observed late after
irradiation. Immune histochemical analysis of lung tissue of rats exposed to internal and external radiation
showed that the highest quantitative content of p53 protein was observed when exposed to %Mn.

Conclusion. Thus, %Mn effect to the rat lungs of revealed a high level of risk of exposure, which is confirmed
by the presence of a high percentage of p53 indicating programmed cell death. The obtained data confirm the
role of irradiation exposure in the formation of oncomorphological signs depending on the radiation type.

Keywords: radioactive %Mn, pulmonary tissue, intra-alveolar septum, p53, apoptosis, rats.

70


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

Hayka u 3apaBooxpanenue, 2018, 6 (T.20) OpUrHHAJIbHBIE HCCATOBAHUS =4 S

SEMEY MEDICAL UNIVERSITY

Pestome

CPABHMUTEJIbHASA OLIEHKA P53 BEJIKA B JIEFOUYHOM TKAHM KPbIC,
NMOABEPrABLLMUXCA BHYTPEHHEMY U BHELWWHEMY U3NYYEHUIO

HAapxan E. Y36ekos *, http://orcid.org/0000-0003-4399-460X
Kasyko LWnumnpxxo 2, http://orcid.org/0000-0003-1370-6865
Hapua M. lWa6pap6aesa ", http:/lorcid.org/0000-0001-9463-1935
HypnaH B. CaskeHoB *, http://orcid.org/0000-0002-5082-7554
Hawnnsa X. YanmxyHycoBa 3, http:/lorcid.org/0000-0002-6660-7118
Akmapan A. XKakunoga *, https://orcid.org/0000-0003-3023-9445
Cantanar E. Y36ekoBa 4, http://orcid.org/0000-0001-9006—120X
Pycnan M. Canopos *, http://orcid.org/0000-0003-3152-8759
BaxbiT PycnaHoBa 1, http://orcid.org/0000-0003-3046-7077
Maguna M. Anb6acoBa 5, http://orcid.org/0000-0003-3215-1076

' Kachepgpa naTtonornyeckom aHaTommm 1 cyaebHON MeguLUHbI,

FocypapcTBeHHbIM MeAULMHCKUIM YHUBepcuTeT ropoaa Cemen, r. Cemen, Pecnybnuka KasaxcraH;
2YHunsepcuteT Haracakm, UHCTUTYT no usy4yeHuto 3aboneBaHnin nocneacTBUM aTOMHOMN
6ombapaupoBku, Haracaku, AnoHus,

® Kacdheapa nuTaHMA M rMrMeHN4eCKNX AUCLUNIINH,

4 Kacheapa ructonorum,

® Kacheapa aHeCTe3ONOrMmn U peaHuMaTonoruu,

FocyaapcTBeHHbIN MeAULIMHCKUM YHUBepcuTeT ropoaa Cemen, r. Cemen, Pecnybnuka KazaxcraH.

BeepeHne. W3 nuTepaTypHbIX MCTOMHUKOB W3BECTHO, YTO Yy WL, MOABEPraBLUMXCS BO3AEMCTBUIO HENTPOHHO-
aKTMBWPOBAHHOTO paguoHyknuga — MapraHua-56 (%Mn) n BHewHero woHu3upytowero wsnyyenus (8°Co) Hapsgy ¢
AMCTPONYECKMMI, BOCMANUTENBHBIMW N HEKPOTUYECKMM SBNEHNAMM B AbIXaTENbHOM cUCTEME 0c060e MECTO OTBOAUTCA U
Pa3BUTMIO HEOMTACTUYECKUX NPOLIECCOB.

Lenb nccnegoanus. OnpedenuTb W CPaBHUTb KOMWYECTBEHHOE coaepxaHue bernka pS3 B NErovHol TkaHu KpbiC,
NOABEpPraBLUMXCS BO3OENCTBII0 BHYTPEHHENO 1 BHELLHErO MOHU3NPYIOLLEro N3NyYeHus.

Matepuansl n metoabl. B akcnepumeHTe UCMONb30BaHbI KPbICkI-CaMLbl IMHUM «Buctap» B konmudectse 90, maccon
270-350 rp. Beigenenbl 3 rpynnbi: 1) Mn, nonyyeHHbIn nyTém HeltpoHHoR aktueaummn 100 mr nopowwka MnOz2 Ha aToMHOM
peaktope «bailkan—1» npu cntoeHce HeTpoHoB 4x10' H/cm?; 2) 80Co y—nyum; 3) KOHTponbHasa rpynna. JlabopaTopHbix
KMBOTHbIX MoABepranu Hekponcun yepes 3, 14 n 60 gHeir nocne obnyyeHus, 3aTem W3BMeKanu nerkoe, nocrne 4ero
cukeuposanu ero B 10% dopmanuHe. MapaduHoBbIE Cpesbl AenapaduHUpoBany U pernapaTMpoBany no CTaHAapTHOM
MeToauke. Busyanusaumio MMMyHOTMCTOXMMMYECKO peakumyu npoeogunm ucnonb3ys cuctemy DAB+(DAKO). Konnuecteo
p53-NO3NTUBHBLIX KMETOK MOLCYWTLIBANM YYMTbIBAS OKpALLEHHble Sapa Mioboi CTeneHu WHTEHCMBHOCTH, Bblpaxas
nonyyeHHble pesynbTatbl B npoueHTax. CratucTuyeckylo obpaboTky pesynbTaToB MPOBOAMAM C UCMOMb30BaHWEM
NIMLIEH3MPOBAHHBIX MaKeTOB MpuKnagHblx nporpamMm «SPSS 2,0». Bce u3yyaemble KONMWMYECTBEHHbIE MEPEMEHHbIE
nokasaTenu onucaHbl npu nomowm cpegHen (M), meguansl (Me) u MexkBapTUnbHoro uHTepsana (IQR), npu cpasHeHuw
KOTOPbIX B 3aBMCMMOCTW OT U3yyaemblx (hakTopos Bbin ucnonb3osaH kputepuit Kpackena-Yonmuca. Kputuyeckuin ypoBeHb
3HAYMMOCTM P NpU MPOBEPKE CTATUCTUYECKUX TMNOTE3 B AaHHOM MUCCrnegoBaHuu npuHuMancs pasHbim 0,05.

Pe3ynbTatbl. KonnyectBo pS3-nonoxuTensHbIX KNETOK B MEXarnbBeOoNnsapHON Neperopoake NEroYHom TkaHn BospacraeT
y nabopaTopHbIX XMBOTHBIX NOABEPraBLUNXCS BO3AEACTBMIO HENTPOHHO-aKTUBUPOBAHHOMO AMOKCWAA MapraHua HaunHas ¢
14-ro oHs, B TO BPEMS KaK NOCIe BHeLUHero 06yyeHnst KpbiC AaHHbIA NOKasaTenb 3HaYMTENbHO NOBbILIAETCS NuLb Ha 60-i
AeHb. CnegyeT OTMETWTb, YTO CTATUCTUYECKON Pa3HWLbl MEXOY W3yYeHHbIMW (hakTOpamu W KOHTPOMbHOW Tpynnon no
ypoBHIO Oenka p53 Ha 14-1 OeHb He BbISBMNEHO, TOrAa Kak Ha 60-W geHb Mocre 9KCmosvuMW pasHuua Mexgy
9KCMEPUMEHTANBHON U KOHTPOIBHOM rpynnami CTaHOBUTCA 3HauuUTensHoi (p<0,001). AnonTo3 kak npu3sHak paspbisa Lenu
[HK, koppenvpyeT ¢ NoBpexaeHWeM KneTok, HabrnioaaeMoil B No3AHNE CPOKK nocne obmyyeHns. IMMYHOmMCTOXMMUYECKMIA
aHanu3 NeroyHom TKaHW KpbiC, NOABEPraBLUMXCS BHYTPEHHEMY W BHELLHeMy obryyeHuto nokasan, 4to Haubonee BbICOKOE
KONMn4ecTBEHHOE cogepxaHue benka pb3 oTmeyaeTcs npu Bo3gencTaum M.

BbiBogbl. Takum obpa3om, BosgencTeue 6Mn Ha nerkme KpbiC BbISIBUM BbICOKMIA YPOBEHb pUCKA OOMy4YeHus:, YTO
MOATBEPKOEHO HanMuMeM BbICOKOTO MPOLEHTHOMO copepkaHus p53, CBWAETENbCTBYIOWEr0 O 3anporpamMMuUpOBaHHON
kneTouHoi rmbenu. [onyyeHHble AaHHble MOATBEPXKOAKT POMb PaaMaLMOHHOrO BO3AEACTBMS B (HOPMUPOBAHWM
OHKOMOPOIOTUYECKIX MPU3HAKOB, 3aBUCALLIMX OT TUMA U3NTYYeHUs.

Knrouesnble cnosa: paduoakmusHblili *Mn, neeoqHas mkaHb, MEXanbeeossapHble nepe2opodku, p53, anonmos, Kpbich!.
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' MaTonorusanblk aHaTOMUSA XXaHe COT MeAuLIMHA Kacheapacbkl, Cemeln KanacbiHblH MeMIIeKeTTiK
MeguumHa yHuBepcuteTi, Cemen kanachl, KasakctaH Pecny6nukachoil;

2 Haracaku yHuBepcuTteTi, AToM 6ombachkl apekeTiHEeH TyblHAaFaH CbipKaTTapAbl 3epTTey
MHCTUTYTbI, Haracaku, XKanoHus;

3 TaraMmTaHy XXaHe rurmeHanbIK naHagep kacdenpachl, * M'mcTonorus kadeapachi,

®> AHECTe3Monorus xaHe peaHnmaTonorma kadeapacbl, Cemein KanacbiHblH MeMIEKeTTiK
MeguumHa yHuBepcuteTi, Cemen kanachl, KazakctaH Pecnyb6nukacoil.

Kipicne. Helitponabl-6encenai paguonyknua — MapraHeu-56 (58Mn) xaHe cbIpTKbl MoHAayLwbl cayneney (6°Co) acepiHe
yliblparaHaapablH, ThIHbIC any XyWeciHae aHbIKTanFaH AUCTPOUANbIK, KabbiHYMbIK NEH HEKpOo3ablK KyObinbicTapmeH
KaTap HeonnasusanblK YAepicTepre ae epekie MaH beniHin xypreHi fbinbiMv 9aebuettepaeH Manim.

3epTTey MaKcartbl. ILLKi MEH ChIPTKbl MOHAAYLLbI CaYrEeney acepiHe YiLblparaH ereyKympbiKTapablH ekne TiHiHaeri p53
HOPYbI3bIHbIH CaHAbIK MENLIEPIH aHbIKTan, e3apa canbiCTbIpy.

Martepuangap mMeH agicTep. OkcnepuMeHT xy3siHae «Buctapy Tykbimpac 270-350 rp canmarbl 6ap aTanblk XbIHbICTbI
90 ereykyvpblk naiganaHbinFaH. 3 Tonka ipikrey xypridingi: 1) %Mn, aran 100 Mr MnO2 yHTafbiH «baitkan—1» atom
peakTopbl apKbinibl 4x10™4 H/cM? HEMTPOH (IOEHCIHAE HENTPOHAbIK 6enceHaipy xysiHhe anbiHFaH anemeHT; 2) 8Co y-
coynenep; 3) 6akbinay Tobbl. XaHyapnapfa cayneneygeH keiH 3-1ui, 14-wwi xaHe 60-1Ubl TOyNIKTEPAE HEKPOMCHS Xyprisy
BapbicbiHga exneciH anbin, 10%-ablK dopmanuHae dukcaumusnaqFaH. MNapaduHaik kecinimaep cTaH4apTTbl 84iC apKblnbl
AenapadvHu3aumMsanaHbin, perugpataumsnanFad. IMMyHabI TUCTOXMMUANBIK CepninicTepai Buayanusauusnay MakcartbiHaa
DAB+(DAKO) xyiteci kongaHbinFaH. YKacywanapgblH, 6argapnamanaqFaH eniMiH aHblkTayFa apHanfaH p53-nosnTuBTi
Kacyllanap CaHbl aHblKTanbin, arblHFaH HOTWXenep naibi3 Mernwepi TypiHAe YCblHbINFaH. 3epTTey HaTUXenepiHiH
cratuctukanelk eHgeyi «SPSS 2,0» konpanbanbl GaFgapnamaHblH NMULEH3USIaHFaH NakeTTepi KOMeriMeH xy3ere
acblpbinFaH. bykin 3epTTenreH caHablK kepceTkiluTepaiH CTaTUCTUKanbIK eHAeyi kesiHge onap opTawa kepceTkiw (M)
*oHe wmegnaHa (Me), coHpai-ak keapTunb apanblk uHTepsan (IQR) xysiHge cunatTanfaH. 3epTTeyre anbiHFaH
thakTopnapablH, SCEPiH canbicTbipManbl Typae baFanay bapeicsiHga Kpacken-Yonnuctii H-enwemi KongaHbinfad. Henaik
CTaTUCTMKarbIK MMNOTe3a HaKTbIMNbIFLIHBIH, P KpUTUKanbIK AeHredi 0,05-ke TeH, Aen caHarfaH.

Hatuxenep. HeitpoHabl-6enceHaipinreH mMapraHey, AMOKCUAIHE YLUblpaFaH 3epTxaHanblK xaHyapnap ekne TiHiHiH,
anbBeona apanblk nepgenepiHoe aHblkTanFaH p53-MosvTWBTI Xacywanap CaHbiHbiH - 14-wi  ToynikteH 6acTan
KOFapblnaraHbl, an CbIpTKbl COyNeney oCepiH anFaH ereykyipbikTapga Oyn kepceTkiwTiH, 60-wbl TaynikTe faHa
aHaFypIbIM XofapblnaraHbl TipkenreH. 3epTTeyre anblHFaH daktopnap MeH bakeinay Tobbl apacbiHaa 14-wi Teynikte p53
HOPYbI3bl BOMbIHLA CTATUCTVKANbIK albipMALLbINbIKTbIH, aHbIKTanMaraHbiH, an eHai 60-wbl TaynikTe 3KCno3uynsiaaH keiH
Toxipubenik neH Hakbinay TonTapbl apackiHgarbl albipMaLLbINbIKTbIH, aHaFypribiM BonFaHbiH anTbin eTkeH xeH (p<0,001).
AnonTos ygepici HK Tisberi GyniHyiHiH, 6enrici petinge 60-wwbl ToynikTe aHfFapbinFaH xacywanap 3akbIMAaHybIMEH
GannaHbICTbl GonFaH. |WKi MeH CbIpTKbl CoOyneney acCepiHe YlUblpaFaH ereyKympbiKTap ©Kne TiHiHiH, WMMYHAb
MUCTOXUMUANBIK  Tandaybl, HeridiHeH p53 HopybIsbiHbIH CaHAbIK KepceTkiwi %6Mn  biknanbiHaH KewriH aHarypribiM
XOFapbINanTbIHbIH aHFapFaH.

KopbITbiHAbI. COHbIMEH, ereyKympbIKTapablH, ekneciHe Mn acepi kacywanapgblH, OargjapnamanaqFaH eniMiH
cunaTTanTbiH p53 KepceTKilliHiH XOFapbl Nanbi3ablK MenLepiMeH pacTanaTbiH CayneneHy KayniHiH xofapbl AeHreiH
kepceTTi. 3epTTey HOTUXENEPiHe cail MOHAAYLLbI coyneney acepiHeH TybIHAANTbIH OHKOMOPGONOrUANbIK ©3repicTepaiH
cunatbl cayneneryain TypiHe 6aiinaHbiCTbl Jamugsl.

Heziz2i ce3dep: paduobesnceH0i 56Mn, exne miHi, anbeeona apanbik nepdenep, p53, anonmos, e2eyKylpbiKmap.
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Introduction

The factors for the evaluation of exposure to - and
y—radiation at Hiroshima and Nagasaki are discussed in
the external and internal doses from residual radiation
exposure. Questions were asked about the conclusion
that manganese-56 (%Mn) is the most important
radionuclide. Radiobiologists have concluded that the
methodological guides on internal and external 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 atomic 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 [16]. The presence of numerous data on the
results of morphofunctional study of the lung at the cellular
and tissue levels in different radiation situations, according
to the connection of increasing neoplastic processes in
the respiratory system with the values of external and
internal doses exposure during acute and long—term
periods. At estimate the internal doses in rat organs
exposed to neutron-activated 56Mn using nuclear reactor
(Experimental facility «Baikal-1», Kurchatov, Kazakhstan)
with neutron flux 4x10'4 n/cm? [4], the highest doses were
recorded in the lung. Consequently, the cumulative
absorbed dose of internal radiation exposure for with
forced ventilation box with animals cumulative absorbed
dose of internal radiation was 0,03 Gy for the lung,
respectively [26, 27]. It is known that p53 is a nuclear
phosphoprotein that acts as a transcription factor to
control cell cycle checkpoints and induces apoptosis in
response to ionizing radiation. It is known that wild-type
p53 plays a role in the control of apoptotic pathways by
downregulating Bcl-2 and upregulating Bax. Bcl-2 inhibits
apoptotic cell death, whereas the expression of Bax and
subsequent formation of Bax-Bcl-2 complex is thought to
induce apoptotic cell death [19]. Therefore, currently,
particular interest is a comparison of morphofunctional
changes in the persons' lung exposed to 5Mn and ¢°Co,
allowing to identify the informative criteria for assessing
the effect of the internal and external radiation factor on
the respiratory organs, depending on the acumulative
dose [15, 30, 32].

The objective of study

Our goal has been to determine the content level of the
p53 apoptosis regulatory protein in the pulmonary tissue of
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rats exposed to Mn and 60Co, followed by an evaluation of
the diagnostic significance of morphofunctional changes.

Materials and methods

Six-month-old male Wistar rats (270-350 g) were
purchased from Karaganda State Medical University
(Kazakhstan). The rats were housed in groups of 2 to 3 per
cage in an air-conditioned room at 22°C (lights on from 8
a.m. to 8 p.m.), and allowed free access to food and tap
water at the Scientific Laboratory of Semey State Medical
University. Food was removed one day before irradiation
but water was available. Then, rats were allocated into 3
groups.

The first group of animals (n=30) were subjected to
%6Mn which was obtained by neutron activation of 100 mg of
MnO: (Rare Metallic Co., Ltd., Japan) powder using the
«Baikal-1» nuclear reactor with neutron flux 4x10% n/cm?.
Activated powder with total activity of 6Mn 2,75x108 Bq was
sprayed pneumatically over rats placed in the special box.
The moment of exposition beginning of experimental
animals by %Mn powder is 6 minute after finishing of
neutron activation. Duration of exposition of rats to
radioactive powder was 3,5-4,0 hours (starting from the
moment of spraying of Mn powder till surgical extraction of
the lung) [4].

The second group of rats (n=30) were irradiated with a
total dose of 2 Gy was performed at a dose rate of 2.6
Gy/min using 8Co y-ray by czech radiotherapy device
«Teragam K-2 unit». After irradiation, rats were taken back
to the animal facility and routinely cared. All the
experiments were followed our institution’s guide for the
care and use of laboratory animals. During the exposure,
animals were placed in a plastic shell with lead shield (2 pm
thickness) on the upper and lower sides.

The third group consisted of non-irradiated animals
(n=30) which were placed on shelves in the same facility
and shielded from the radiation. All animals were kept in a
specific pathogen-free facility at the Scientific Laboratory in
accordance with the rules and regulations of the Ethical
Committee of Semey State Medical University, Kazakhstan
(Protocol Ne5 dated 16.04.2014) in accordance with
Directive of the European Parliament and the Council on
the Office in animals protection. The rats were housed in a
moderate security barrier. Laboratory animals in each group
were sacrificed by deep anesthesia after exposure. They
were sacrificed on the 31, 14t and 60t day after irradiation
and the lung was immediately surgically extracted for
further histological study (Table 1).

SEMEY MEDICAL UNIVERSITY
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Table 1.The arrangement of experimental animals.

Ne Group Dose (Gy) The 31 day after The 14t day The 60t day Animals
exposure after exposure after exposure number
1 %6Mn 0,15+0,02 10 10 10 30
2 80Co 2 10 10 10 30
3 Control 0 10 10 10 30
Totally 90

The pulmonary tissue was resected and immersed in
10% neutral-buffered formalin, and embedding in paraffin
blocks from which 4 um sections were cut and stained.
Identification of apoptosis was confirmed using a terminal
deoxyribonucleotidyl transferase-mediated  deoxyuridine
triphosphate nick end labeling (TUNEL) technique (Apop
Tag; Oncor, Gaithersburg, MD) which stains the
oligofragmented DNA characteristically found in apoptotic
nuclei. Intra-alveolar septum per group from complete
pulmonary tissue that had been cut in the longitudinal plane
were selected for analysis. The incidence of cell death in
the lung was quantified by counting the number of dead
cells in intra-alveolar septum stained sections at x40
magnification by light microscopic analysis (Leica
microscope DM 1000, Germany). For the purpose of
calculating, respectively, the number of p53-positive cells,
taking into account the colored nuclei of any intensity,
expressing the results in percent. All fragments chosen
were at least 20 cells in length, with cell position 1 located
at the tissue.

All values were expressed as the mean (M), median
(Me) and interquartile interval (IQR) of results obtained from
animals per data point. Differences between groups were

examined for statistical significance using the Kruskel-
Wallis test (SPSS 2,0 program). A p<0,05 value was
considered to be of statistical significance.

Results

In the present study, we have performed experiment
with neutron-activated 56Mn powder exposed Wistar rats.
Although the level of radioactivity received from 56Mn was
rather low, the observed biological effects were consistent
in experiment. It was previously reported the internal dose
estimates in organs of Mn-exposed rats. According to
finding, p53 number in the lung was enhanced for an
extended period after exposure to %Mn. For count of
apoptotic cells in the pulmonary tissue was used
longitudinal sections of the intra-alveolar septum.

On the 14t day after irradiation in rats from the first
group, a large number of apoptotic cells was observed in the
intra-alveolar septum, as determined by special staining. On
the figure 1, there was a sharp increase the number of
apoptotic cells in the intra-alveolar septum of -ray-induced
(A, B) and y-ray-induced (C, D) rats on the 60" day after
irradiation when compared with control rats. Light microscopy
shows that apoptosis was observed in the intra-alveolar
septum in the rats exposed to internal irradiation.
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Fig. 1. Light microscopy of 5Mn-induced (A, B) and %Co-in
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duced rat lung (C, D). Original magnification x10 and x40
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Apoptotic cells different small dimensions comparable
with lymphocytes dimensions with high nuclear—cytoplasmic
ratio, rounded contours and condensed chromatin and
cytoplasm in experimental animals of the first group on the
60t day after irradiation. The distinctive morphological
features of apoptosis were used to recognize apoptotic
cells. Small clusters of dead cell fragments were assessed
as originating from one cell and any doubtful cells were
disregarded. Apoptosis was measured on the basis of
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nuclear image morphology and were able to correlate
positive staining with measurable nuclear fragmentation.

Apoptotic cells look as the rounded or oval
accumulations of intensively eosinophil cytoplasm with
dense by the fragments of nuclear chromoplasm.

Table 2 shows the number of p53-positive cells in the
intra-alveolar septum were increased in %Mn exposed rats
from the 14t day after internal irradiation and in 8Co
exposed rats on the 60t day after external irradiation.

Table 2.
Number of p53-positive cells (%) in the intra-alveolar septum of laboratory rats.
*Mn %Co Control Kruskel-Wallis p

M Me IQR M Me IQR M Me IQR test value
The 31 day after exposure

1,68 1,74 0,72 1,74 1,86 0,54 1,64 1,76 0,44 H=2,582 0,462
The 14t day after exposure

2,28 2,32 0,82 2,02 2,08 0,22 1,78 1,94 0,54 H=5,862 0,116
The 60t day after exposure

4,76 4,92 0,48 4,02 4,06 1,16 1,82 1,78 0,54 H=46,506 <0,001

Based on this table, it should be noted that there is no
statistical difference between the studied factors and the
control group for the p53 protein number on the 14! day,
whereas on the 60" day after exposure the difference
between experimental and control groups was significant
(p<0.001).

Using the tagged consensus sequence of p53, we
have showed that the increase in the DNA-binding activity
of the p53 protein occurs independently of the level of this

protein. Interestingly, in cells approaching aging, a
significant number of chromosomes accumulate [25]. It is
possible that critical shortening of telomeres in these cells
leads to the accumulation of such chromosomes.
Subsequent rupture of chromosomes in the next mitosis
provokes formation of at least one rupture. These gaps
are then perceived by the cell as a DNA damage signal,
which induces to the p53 protein activation and then to
stop in G1[39].
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Fig. 2. Changes of p53 indication in the lung of experimental and control animals

The diagram shown in Fig. 2 shows that the studied
immunohistochemical indicator increases after 2 months,
because on the 3 day there are low indices, on the 14t
day the growth of this indicator is revealed, and in the later
periods the quantitative content of the protein increases.
The large increase of apoptotic cells on the 60t day mark in

our first experiments revealed a higher turnover of intra-
alveolar septal cells for the internal exposure model, as
compared to the low level of apoptosis found in the external
exposure model. As the half-life of %Mn is three hours,
understanding the initial damage to pulmonary cells by
internally deposited radioactive materials is crucial.
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Immune histochemical method is used for a long time to
verify the cancer of various localizations as well as in the
diagnosis of predictor diseases. It is possible to use the
obtained data to compose the nearest and remote
predictions of course of the precancerous process [17]. In
this respect, p53 biomarkers are of undoubted interest. The
pS3 protein encoded by a gene with the same name
regulates apoptosis. Mutations in p53 result in cessation of
apoptosis, which induces uncontrolled growth and
development of pathological cells [39]. It can be assumed
that in the cells of the intra-alveolar septum, there appears
to be genetic instability, which on the one hand changes the
cell cycle, and on the other hand the dysregulation of the
apoptosis processes in the late periods after irradiation [40].
Thus, morpho-immunohistochemical study of pulmonary
tissue of experimental animals revealed the predominance
of apoptotic activity of cells in the first group. At the same
time in some areas of affected tissues there were signs of
necrosis with deposition of fibrin masses, leukocytes, which
can be regarded as a result of secondary cell injury induced
by internal radiation.

Discussion

Radiation-induced lung injury produces an eligible pre-
metastatic microenvironment for cancer cells [1]. According
to scientists' opinion one of the common neoplastic
diseases ascribable to internal ionizing radiation in atomic
bomb survivors and nuclear reactor workers are pulmonary
cancers, which accounts for almost a quarter of
radiotherapy-induced secondary malignant tumors [2, 3].

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. For this reason, animal models that reproduce
radiation injuries in humans are mandatory. The rats and
mice are the animal models of selection, because they are
well characterized, easy to work with, and have genetically
altered strains accessible for advanced research [35].

Organizing pneumonia is a form of lung toxicity that
arises due to some interaction between radiotherapy and
immune system. It is an important question why organizing
pneumonia occurs after radiotherapy for breast cancer
more frequently than after radiotherapy for other
malignancies. The 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 organizing pneumonia
after radiotherapy in patients with breast cancer significantly
higher than another one [23]. In contrast, radiation
pneumonitis  occurs much more commonly after
radiotherapy in patients with lung cancer [6]. Although the
molecular mechanism for radiation pneumonitis is complex
and obscure, involvement of cell adhesion molecules has
been implicated [21]. It was experimentally confirmed that in
the rats, morphologically, mild interstitial inflammatory cell
infiltration was observed at 3 day and intra-alveolar hyaline
material was found at 2nd week after internal and external
irradiation [22]. The alveolar inflammation score on the 14t
day post-irradiation characterised by a small amounts of
collagen which were detected in the intra-alveolar and
interstitial areas [24, 31].
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lonizing radiation leads to the exhaustion of the stem
cells pool, increases the load on the differentiated cells,
resulting in enhanced processes of apoptosis. The
immediate response to damaged DNA is the stimulation of
DNA repair machinery and activation of cell cycle
checkpoints, followed by down-stream cellular responses
such as apoptosis [7]. It was observed that 2 Gy irradiation
induced apoptosis and cell cycle arrest. Over the past
decade, numerous studies have confirmed that
multifunctional adaptor proteins have indispensable roles as
scaffolds and adaptors in apoptosis—associated signal
transduction [9]. In response to DNA damage, wild-type p53
accumulates in the nucleus and arrests cell cycle
progression through the cyclin-dependent kinase inhibitor
[8]. Using the markers for double-strand breaks, it was
observed DNA damage accumulation during fractionated
low-dose radiation with increasing cumulative doses [13].
The amount of radiation-induced varied significantly
between bronchiolar and alveolar epithelial cells,
suggesting that different cell populations in the pulmonary
parenchyma had varying vulnerabilities to ionizing radiation
[11]. The genetic background of DNA repair determined the
extent of cumulative low-dose radiation injury. Moreover,
increased DNA damage during external low-dose radiation
affected replication, and apoptosis in the pulmonary
parenchyma, which can influence to respiratory and
metabolic functions of the lung [12].

The p53, a well-known tumor suppressor, becomes
activated in response to a myriad of stresses, including
DNA damage, ionizing radiation leading to diverse cellular
responses, including cell cycle arrest, apoptosis [5]. It has
been accepted that wild-type p53 increases the sensitivity
to radiation, but for mutants, the results are controversial
[10]. Apoptosis is the primary mechanism of radiation-
induced cell death has emerged recently as an important
mechanism of tumor cell death induced by radiation. Some
investigations have demonstrated that the coregulation of
both apoptosis can participate in mammalian cell death and
apoptosis. Under some circumstances, apoptosis and
radiation seem to be interconnected positively or negatively,
and there might be a molecular switch between them.
Undoubtedly, there are multiple connections between
apoptotic process and lipid peroxidation that can jointly seal
the fate of tumor cells [38]. In this study, we manage to
elucidate the roles of pb3 in the regulation of the
radiosensitivity, if p53 would lead to different outcomes in
the radiosensitivity or not, the results might contribute to the
understanding of a potential regulatory mechanism of
radiation-induced cell death and provide individual
treatment aiming at p53 status and provide specific
radiosensitizers for improving the efficacy of internal
radiation [37]. The pb53 has been shown to modulate
generation of lipoperoxidation; therefore, it was measured
reactive oxygen species levels in lung cancer cells. As a
key tumor suppressor protein, p53 and its associated
activities are tightly controlled by its interactions with other
proteins, its subcellular localization and its post-translational
modifications [14]. It is well known that p53 pathway
function as central mediator of the cellular DNA damage
response incurred by irradiation or chemotherapy drugs
through regulation of DNA damage repair, cell cycle arrest,
apoptosis and senescence. In recent years, miRNAs has
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been demonstrated to target p53, leading to decreased
sensitivity to ionizing radiation and chemotherapy drugs
through rescuing the stress-induced cell cycle arrest and
apoptosis [20].

The p53 transcription factor is  frequently
counterselected during tumor development due to its ability
to trigger a multitude of tumor-suppressive effects in
response to a wide variety of cellular stress signals,
including DNA damage and oncogene activation [34]. The
p53 mutations are present in lung adenocarcinomas and
correlate with reduced survival. Most are missense
mutations in the p53 DNA-binding region that can be
classified as either contact or conformational mutations [25].
Moreover, p53 mutation inactivates the tumor suppressor
gene, enabling the invasion, metastasis, proliferation, and
cell survival of malignant cells [29]. Immune histochemical
analysis for p53 showed clinical-morphological significance,
further investigation is needed to verify its prognostic role in
pulmonary neoplastic processes [28, 36].

It is generally known that cell death due to radiation
occurs to apoptosis. It should be noted that apoptotic cells
are eliminated by the adjacent epitheliocytes,
endotheliocytes, fibroblasts, macrophages [6]. Apoptosis
ensures the removal of dying cells by phagocytosis without
inflammation [17]. Cell apoptosis is an important factor
affecting progression of malignant tumors depends on the
inhibition of cell death processes, and unlimited malignant
hyperplasia of tumor cells. Therefore, interventions that may
cause tumor cell apoptosis represent potential tumor
treatment strategies. The most fully the apoptosis role was
investigated at tumor growth. Intensification of apoptosis
has implications for tumor regression [18]. If the cell is not
able to produce apoptosis due the mutation it can start
reproducing uncontrollably, resulting to tumors. The most
authors believe that cell death resulting from Mn toxicity is
not a classical apoptosis, and its combination with cessation
of ATP synthesis due to mitochondrial damage [33].

Presently, association of apoptosis and many
pathological conditions is no longer in doubt, therefore the
detection of specific mechanisms of disturbance of
apoptosis regulation with specific diseases will allow to
determine the etiopathogenesis of these diseases [24]. And
consequently it is possibility of correcting the disorder of
regulation of programmed cell death [38]. The definition of
apoptotic cell death has been used for a long time to verify
the neoplastic processes of various localizations as well as
in the diagnosis of predictor diseases. It is possible to use
the obtained data to compose the nearest and remote
predictions of the course of the precancerous process [22].

Conclusion

Immune histochemical determination of the p53 marker
in the pulmonary tissue of irradiated rats showed a
moderate level of diagnostic value regarding the possible
development of neoplastic transformation. When comparing
the quantitative indices of the protein content of the p53
regulator indicating the process of programmed death in the
animal lung tissue, the highest values were noted in the late
periods after 5Mn exposure. Apoptosis is an indication of
DNA strand breakage and most likely correlates to the
continued cell injury observed beyond 60" day. In this
study, apoptosis in sections increased steadily up to 14
days. The increased incidence of apoptosis from

77

background levels was first observed at late period after -
and y-irradiation. Internal radiation showed upregulation of
p53 accumulation. In conclusion, 6Mn has shown radiation-
induced apoptosis in the rat lung increases in p53
accumulation, which is the region most sensitive to DNA
damage. The determination of the p53 expression level is
quite informative in predicting the course of the pathology
after exposure to internal radiation. Collectively, our results
suggest that low, yet damaging, doses of internal radiation
increases the risk of %Mn toxicity to normal pulmonary
tissue and the probability of developing predisposition to the
neoplastic processes.
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