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Abstract

Introduction. It's known that persons exposed to B- and y-rays, together with a different of
damaging effects, particular importance is also attached to the digestive system. The dominant role of
neutron-activated radionuclide Manganese-56 (°Mn) was noted in the treatises of scientists who
studied the atomic bomb effects of Japanese cities, deserving the interest today.

The research purpose. Investigate and compare the morphometric indicators in the small intestine
of rats exposed to low dose by f- and y-rays.

Materials and methods. In experiment, male sex «Wistar» rats in amount of 90, weighting
approximately 270-350 g. Three groups were identified: 1) %Mn which obtained by neutron activation of
100 mg MnO_ powder using the «Baikal-1» atomic reactor with a neutrons fluence of 4x10' n/cm?, 2)
60Co y-rays; 3) control group. Necropsy of the animals were on the 31, 14t and 60" days after
irradiation, then the small intestine removed, after which it was fixed in 10% formalin. Tissues fragments
embedded in paraffin, then sections are manufactured serial transverse 4 um thickness, which were
subsequently stained by hematoxylin and eosin (H&E). For stereoscopic changes, a microphotometric
system with Avtandilov's ocular measuring grid was used. In each micropreparation, 20 fields with a
total area of 181 points were counted. 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. On the basis of the histological research methods characterizing the structural state of the
small intestine of irradiated rats, pronounced histomorphological changes are both reactive and
destructive in later terms. Structural rearrangement of the tissue composition of the examined organ
which persists several weeks after the termination of the influence of Mn, indicates a toxic and
sensitizing effect of internal irradiation as compared to 8Co effects. The most pronounced dystrophic,
inflammatory and necrotic changes are observed in the late periods after irradiation of 56Mn when
studying histostructural processes occurring in the tissues of the studied animal organs after exposure
to neutron-activated manganese dioxide and external irradiation identified by the totality of
morphometrical indicators. The studied parameters of the small intestine have statistically significant
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differences in the effect groups of the factors and the control group (p<0,001). It was found that the
greatest difference in thickness of the mucosa compared to the control group after exposure to %Mn by
6,3 mcm, whereas after 60Co effect at 6,25 mcm. The greatest decrease in the enterocytes number of
the intestinal villi is observed in the I-group at 17,39%, and in the Il-group at 3,99%. After exposure to
60Co, the leukocytes number compared to the control group is 4,76% higher, and after 56Mn at 3,77%.
The greatest deviations in the lymphocytes number are observed after y—, and then p—irradiation.

Conclusion. Thus, %Mn effect on the small intestine of rats showed a high level of risk p-ray
exposure, which is confirmed by the morphometric indicators.

Keywords: radioactive 56Mn, gastrointestinal syndrome, intestinal cells, morphometry.
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BeepeHue. M3BeCTHO, 4TO y nnL, NOABEPraBLUMXCS BO3LENCTBUMIO - U y—M3NyYyeHWs Hapsgy C
pasnnyHbIMK NOBPEXAKLLMMM achdekTamm 0coboe MECTO OTBOAUTCA M MULLEBAPUTENBHON CUCTEME.
[JoMMHMpYIOLLAs porb  HEMTPOHHO-aKTUBMPOBAHHOMO  paguoHyknuga — MapraHuya—56  (%6Mn)
OTMeYanacb B Tpydax Y4eHblX, W3yyaBLUMX MOCNEACTBUS aTOMHOM 60OMOGapAMPOBKM B SMOHCKMX
ropogax v BbI3bIBaeT OrPOMHbIA UHTEPEC MO CErOAHALLIHUIA AeHb.

Llenb uccnepoBanus. M3yuntb 1 CpaBHUTb MOPGOMETPUYECKINE NOKA3ATENM TOHKON KULLKK KPbIC,
NOABEPraBLUNXCH BO3AENCTBMIO MarbiX 403 B— W y—13MyyeHus.

Matepuanbi u metogbl. B akcnepumenTe ncnonb3osaHbl 90 kpbic 060Mx NooB MuHUKM «Buctapy,
maccon 270-350 rp. Bbinu Boigenexsl 3 rpynnbl: 1) 5Mn, nonyyYeHHbIA NyTEM HEUTPOHHON aKTUBALWK
100 mr nopowka MnO2 Ha aToMHOM peakTope «baiikan—1» npu noeHce HeNTPOHOB 4x10™4 Hicm?, 2)
60Co y-un3nyyeHue; 3) KOHTPOMbHas rpynna. KMBOTHbIX NOABEPranm Hekponcumn yepes 3, 14 n 60 gHei
nocne obnyyeHusi, 3aTeM M3BMEKanM TOHKWA KULWEYHWK, nocne 4ero dwmkcmpoeanu ero B 10%
opmanuHe. dparMeHTbl TKaHeW 3anueanu B napaduH, 3aTeM U3roTOBNUBANK NOMNepeYHble CepuinHble
Cpesbl TOMWMHON 4 MKM, KOTOpble B JaNbHENLLIEM OKpalLMBanu reMaToKCUiMHOM U 303uMHOM (H&E).
[N CTEepeoCKONMYEeCKUX M3MEHEHUA UCMONb30BaIN MUKPOPOTOMETPUYECKYID CUCTEMY C OKYNSPHOM
N3MepuUTENbHOM CceTkon ABTaHaunoBa. B kaxgom mukponpenapate npocuutbiBamu 20 nonewn
cymmapHon nnowagbto 181 Touka. Cratuctudeckylo 0BpaboTKy pesynbTaToB NPOBOAMAM C
MCMONb30BaHNEM NULEH3NPOBAHHbIX NakeToB MpuKnagHbix nporpamm «SPSS 2.0». Bce usyyaemble
KONMYECTBEHHbIE NEPEMEHHbIE MOKa3aTenu onucaHbl npu nomoww cpegHen (M), megunansl (Me)
MexkBapTunbHoro uHtepsana (IQR). Mpu ux cpaBHEHMM B 3aBUCUMMOCTH OT U3y4aeMblx HakTOPOB Bbin
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ncnonb3oBaH kputepuii Kpackena-Yonnuca. Kputuyeckun ypoBeHb 3HAYMMOCTU p MpU MPOBEPKe
CTaTUCTUYECKMX TMNOTe3 B JaHHOM WCCredoBaHum npuHumancs pasHbim 0,05.

PesynbTtatbl. [0 COBOKYNHOCTW MUCTOMOrMYECKUX METOLOB WCCIEOOBaHMUS, XapakTepusyHLmx
CTPYKTYPHOE COCTOSIHME TKaHEW TOHKOM KMLLKW OKCMEPUMEHTAsbHbIX XWBOTHBIX, BblpaXeHHbIE
MCTOMOPEOIIOTMYECKNE U3MEHEHUS B NO3AHUE CPOKW HOCAT KakK peakTUBHbIW, Tak U AeCTPYKTUBHbIN
xapaktep. CTpyKTypHas nepecTporka TKaHEBOTO COCTaBa WCCEOOBAHHOTO OpraHa  Kpblc,
pa3sBMBalOLLAsACca B paHHME U MO34HME CPOKM nocne npekpalleHus geictsus Mn, ykasbiBaeT Ha
TOKCUYECKOE W CEeHCMBUNU3upyoLLee feiCTBIUe BHYTPEHHEro 0bydeHns No CpaBHEHMIO C adhdekTamu
60Co. MMpn CpaBHEHWN MUCTOCTPYKTYPHbIX MPOLECCOB, BO3HMKAIOWMX B TKAHSX TOHKOWA KWLLKM KPbIC
nocne BO3AEUCTBUS HEUTPOHHO-aKTUBMPOBAHHOMO [AMOKCMAA MapraHua U BHELHero obsyveHus,
Hambonee BbIpaXEHHbIE AWCTPOMYECKMe, BOCMANUTENbHbIE U HEKPOTUYECKMe  U3MEHEHWS
OTMEYalTCa B MNO3AHWE CPOKM nocne obnyveHus 6Mn, BbISBNSieMble MO COBOKYMHOCTM
MOpOMETPUYECKIX MokasaTenen. [3yyaemble napameTpbl TOHKOM KWLIKM MMEKT CTaTUCTUYECKM
3HauMMble pasnuuus B rpynnax BO3ZEUCTBUA (DaKTOPOB M KOHTponbHOW rpynne (p<0,001).
YCTaHOBMEHO, YTO Haubornblias pasHuua Mo TOMWMHE CAM3UCTOM OBOMOYKM MO CPABHEHMIO C
KOHTPONBHOM rpynnoi nocne Bo3agenctans Mn oTmeyaeTcs Ha 6,3 MKM, Torga kak nocne aKCnosuumm
60Co Ha 6,25 mMkM. Hauborbluee yMeHbLUEHWE KOMMYECTBa 3HTEPOLMTOB B BOPCHHKAX KMULLEYHMKA
oTmevaetcs B |-oi rpynne Ha 17,39%, a Bo ll-om Ha 3,99%. MNocne Bo3gencTaus 0Co konm4ecTso
NENKOLUMUTOB MO CPABHEHWIO C KOHTPOIBHOW rpynnoit npesblwaeT Ha 4,76%, a nocne %Mn Ha 3,77%.
HaunbornbLune OTKIOHEHWS N0 KONMYECTBY NMMMEOLUTOB OTMEYAETCS Noche y—, a 3aTeM [B—obmnyyeHus.

BbiBoabl. Takum obpasom, Bo3aencTane 8Mn Ha TOHKYIO KULLIKY KPbIC BbISIBUS BbICOKAA YPOBEHb
pucka 0b1y4YeHus:, YTO NOATBEPKAEHO MOPGOMETPUYECKUMI NOKA3ATENAMM.

Knroyeeble cnoea: paduoakmueHbil 5Mn, xenydoyHO—-KUWEYHbII CUHOPOM, KULWIEYHbIE KITemKU,
mMopgomempus.
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Kipicne. f— MeH y—Ccayneney acepiHe gywap GonFaHaapabiH, kentereH GyniHAgipriw cangapbiMeH
KOCa acKopbITY XYMECiHe Aa epekiue MaH 6eniHesi. KanoH KananapbiHaarsl aTomablk 6ombanayabiH
cangapblH 3epTTereH fanbiMaapablH, eHoekTepiHaeri HenTpoHabl—-6enceHai MapraHeu-56 (56Mn)
pagMoHYKNUAiHIH BackiM peni 3aMmaHaym xafaanaa 30p Kbi3blFyLbIIbIK apTTbipagb!.

3eptTey Makcartbl. LLaFbiH fo3anbl B— MeH y-cayneney acepiHe yilblpaFaH ereyKympbikTapablH,
XIHiLLKe iweriHaeri MopdoOMeTPUANbIK KOPCETKILUTEPAI aHbIKTay XoHe CanbICTbIpy.
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Matepuangap meH agictep. Taxipnbe xysiHae «Buctap» Tykbimabl 270-350 rp canmarbl 6ap
aTarnblK xaHe aHanblK XblHbICTbl 90 ereykynpbIK nanganaHbinFaH. 3 Tonka ipiktey xyprisingi: 1) %Mn,
aFHn 100 Mr MnOy yHTafblH «Baitkan—1» atom peakTopbl apKbinbl 4x1014 H/CM? HENTPOH OEHCIHAE
HeNTPOHALIK BenceHaipy Xy3iHOe anblHFaH anemeHT; 2) Co y—ceyneney; 3) Gakbinay ToObl.
)KaHyaprnapra coyneneygeH KewiH 3—wi, 14-wi xaHe 60-Wwbl TOYMiKTEpOe HEKPOnCus Xypridy
BapbicbiHaa XiHiwke iweriH anbin, 10%-Tik opmanuHge dukcaumnsanagplk. TiH (parMeHTTepiH
napaduHre Kymbin, KanbiHObIFbl 4 MKM KenfeHeH CepusnblK KeciHainep AanbiHaan, opi Kapau
remaToKCUnH MeH 303nHMeH (H&E) Bosabik. CTepeockonuanblk e3repicTep Xys3iHae ABTaHAMNOBTbIH
OKynsApMblK ©nLWeril Top Cbi3blfbl 6ap  MUKPOGOTOMETPUANBIK KyAeci KonaaHbinFaH. Opbip
Mukponpenapatta 181 HykTeni XubIHTbIK Kenemi XysiHge 20 anaHpl ecentenreH. 3epTrey
HOTWXeNepiHiH cTatucTukanblk eHgeyi «SPSS 2.0» konaaHbanel 6argapnamaHbiH NULEeH3NsnaHFaH
nakeTTepi KEMeriMeH Xy3ere acblpblriFaH. bykin 3epTTenreH caHablK KepCeTKILTEePAIH, CTaTUCTUKasbIK
eHfeyi kesiHge onap optawa kepcetkiw (M) xaHe meauaHa (Me), coHgam-ak KBapTWuib apanblk
natepsan (IQR) xysiHae cunatTanfaH. 3epTTeyre arnblHFaH akToprapablH, CepiH canbICTbipMarbl
Typae Garanay GapbicbiHga Kpacken-Yonnuctiv, H-enwemi konpaHbinFaH. Henpik ctatuctukanblik
rmnoTesa HaKTbINbIFbIHbIH KpUTUKanblK aeHreni 0,05-ke TeH, gen caHanfaH.

HaTuxenep. SKCNepUMEHTTIK XaHyaprap XiHiLUKe iLLeriHiH, KypblibIMAbIK XaFganblH aHbIKTanTbIH
TUCTOMNOMMANBIK  3epTTey  oficTepi  Keleyingey  MepsiMi  ascblHoa  TyblH4aFaH — alKblH
TMCTOMOPCONOTMANbIK ©3repiCTepaiH PeaKkTUBTI XaHe OeCTPYKUMANbIK cunaTblH KepceTkeH. 6Mn
aCepiHe ylblparaH ereyKympblKTapablH, 3epTTeyre anblHFaH aF3acblHa KanbiNTackaH epTe XoHe
Keweyingey MepsiMi ascblHAarbl TiHAIK KypaMblHbIH ©3repyi, HerisiHeH 80Co acepiHe KaparaHaa, iLuki
WOHZAylWbl CAyneneyadiH aHafFypnbiM ynbl XOHE CeHcubunusaumsnaywbl biknanbiH Bingipeai.
HeiTpoHabl-benceHgipinred  MapraHey — AMOKCWAI  MEH  CbIpTKbl — MOHZAylbl — cayneneygiH
ereyKy/ipbIKTapablH, ki aFsanapbiHa ocCepiH canbiCThipManbl Typae 0Oafanay GapbicbiHAa,
MOP(OMETPUANBIK SAICTI KONndaHy apKblibl COUKEC CaHOblK KOpCETKTep KeMeriMeH Kelleyingey
Mep3iMi  ascbiHaa Oacka Toxipubenik TonTapAafFbl KaHyapnap ar3anapbiHha  aHfapbliFaH
NaToNorUsANbIK ©3repicTepMeH CanbICTbipFaHaa, ankblH AUCTPOPUANBIK, KabbIHYMbIK NEH HEKPO3abIK
yaepictepaiH, %Mn ocepiHeH KkeWiH Xy3ere acaTbiHbl AonengeHreH. XiHilKke ilekTiH, 3epTTenreH
napameTpsiepi acep ety haktopnap Tontapbl MeH Hakblnay TonTapbl apacblHAa CTaTUCTUKA XY3iHae
MaHOi ekeHi aHfapbinFaH (p<0,001). Cinemeini kabbiKWwaHbIH, KanbiHAbIFbl OOMbIHWA aHaFyprbim
aliKbIH aibipMaLLbInbIK Benrinepi 6akpinay TonTapblHa KapaFaHaa, %Mn acepiHeH KemiH 6,3 MKM-re, an
60Co akcnosuumusaCbiHaH KerliH 6,25 MKM-re KanblHAaFaHbl aHbiKTanFaH. lwek 6ypnepiHgeri
SHTepoumutTep caHbl |-wi Tonta — 17,39%-fFa, an ll-wi Tonta — 3,99%-fa asaitraHbl KynTtanfaH. 50Co
BCepiHeH KeniH neikouuTTep caHbl Bakbinay TobbiMeH canbicTbipFaHaa 4,76%-Fa, an %Mn acepiH
anraHgapga 3,77%-Fa xofapbinafFaHbl ganengeHreH. JlumcountTep caHbl GOMbIHIWIA aHaFyprbIM
aliKbIH aybITKynap y—, CoaH CoH, f-CayneneyaeH keiiH bankarnrax.

KopbiTbiHAbl. COHbIMEH, ereyKyvpbIKTapablH KiHiwke iwiriHe 5Mn acepi MopdoMeTpuAnbIK
KOPCETKILUTEPMEH pacTanaTblH f—coyrneneHy KayniHiH Xofapbl AeHreniH KepceTTi.

Hezizei ce3dep: paduobenceHOi Mn, ackasaH—ilwek CUHOPOMbI, ilUeK xacywanapbl,
Mopghomempus.
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Introduction

It's generally known that neutron-induced
radioisotope such as %Mn was dominant element
found after an atomic bomb explosion. Since %Mn
and the other neutron-activated radioisotopes
were present in dust after bombings, people have
inhaled these radioactive materials and been
internally exposed to ionizing radiation [23]. People
who returned early to Hiroshima and Nagasaki
after atomic bombing were reported to suffer from
the symptoms of acute radiation effects [28].
Consequently, atomic bomb effects on health of
survivors have been correlated with delayed -
and y-rays [11]. The accidental high—dose
radiation exposure induces a series of injury levels
in multiple organs. Most of studies regarding the
fast neutron effect have focused at intestinal
changes [9, 31]. Thereby, increasing attention has
been given to the radiation effect on the
gastrointestinal (GI) tract due to concerns about
exposure to radiation after an accident [24]. It's
known that nuclear factor is pronounced in Gl tract
those that are exposed to the external
environment, therefore one of outcomes of
radiation effects is Gl-syndrome [12], which
characterized clinically by  haemorrhage,
endotoxemia, bacterial infection, anorexia, nausea,
vomiting, diarrhoea, loss of electrolytes and fluid,
dehydration, systemic infection, septic shock and
even death. In spite of the significant advances
that have occurred in research on underlying
mechanisms over the last two decades, the overall
morphogenesis of the gastrointestinal syndrome
still remains unclear. According to morphologists,
these symptoms are probably due to a rapid
modification of the intestinal motility and to the
structural alteration of the intestinal mucosa [16,
21, 37]. Presently, particular interest is a peculiarity
of histomorphological changes in the small
intestine of persons exposed to %6Mn and €0Co,
allowing in the future to work out the diagnostic
criteria for assessing of internal and external
radiation effect on the digestive system [6].

The objective of study

To identify and compare the morphometric
indicators in the rats small intestine after
exposure by single small dose by 5Mn and 6°Co.

Materials and methods

For this study, it was purchased and raised in
a specific-pathogen—free facility six-month-old
sexes «Wistar» rats from Animal Laboratory of
Karaganda State Medical University in an amount

of 90 with mean whole body weight 270-350 g.
All animals were acclimatized for two weeks
before initiation of experiments and kept under
normal conditions and fed pellets concentrated
diet. The rats were maintained at constant
temperature (22+1°C) on 8 hour light-dark cycle.
Then, animals were allocated into 3 groups. The
first group of rats (n=30) were subjected to 0,2 Gy
%Mn which was obtained by neutron activation of
100 mg of MnO2 (Rare Metallic Co., Ltd., Japan)
powder using the «Baikal-1» nuclear reactor with
neutron flux 4x10%4 n/cm?2. Activated powder with
total activity of %Mn 2,75x108 Bq was sprayed
pneumatically over animals 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 %Mn radioactive powder was
4,0 hour [2].

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 %°Co y-ray by
radiotherapy device «Teragam K-2 unit» (Czech
Republic). After irradiation, rats were taken back
to the animal facility and routinely cared. The
experiment was followed our institution’s guide for
the care and use of laboratory animals. During
the exposure, rats were placed in a specially
engineered cage made of organic glass with
individual compartments for each animal.

The third group consisted of control rats
(n=30) which were placed on shelves in the same
facility and shielded from the radiation. All animal
procedures were approved by Ethical Committee
of Semey Medical University, Kazakhstan
(Protocol Ne5 dated 16.04.2014). The rats were
housed in a moderate security barrier.

The rats were sacrificed on the 3rd, 14t and
60t day after irradiation and the small intestine
was immediately surgically extracted for further
histological and morphometric study. The small
intestine  sections were deparaffinized and
dehydrated in graded 10% formalin solutions.
Paraffin sections performed with 4 um thickness.
For routine pathology, sections were hydrated
and stained by hematoxylin—eosin (H&E). The
specimens were examined under a Leica DM
1000 microscope (Germany) and images were
captured with a charge—coupled device camera.
Qualitative histological assessment of intestinal
injury was carried out to obtain an overall damage
severity result.
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For stereoscopic changes, a microphotometric
system was used with Avtandilov's ocular
measuring grid [1]. In the histological sections of
the tissue of the small intestine, the thickness of
the mucosa, the number and volume of
enterocytes, the number of leukocytes and
lymphocytes were analyzed. In each slide
glasses, 20 fields with a total area of 181 points
were counted. The studies were performed with
x10 and x40 magnifications.

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 interquartle 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 [18].

Results

In this study, we have performed experiment
with 56Mn-exposed Wistar rats. Although the
radioactivity level received from %Mn was rather
low, the observed biological effects were
consistent in our experiment. That was previously
reported the internal dose estimates in the
gastrointestinal organs of rats exposed to 5Mn
[30]. According to dosimetry study the highest
doses were fixed in the small intestine [3, 29]. To
ass

evaluated activity, posture, dehydration and
pelage of the rats. Radiation induced a decrease
in health score in all groups of irradiated animals.

Algorithm description of slide glasses of the
small intestine included: presence of a layers in
the intestinal wall; degree of vascular hyperemia;
state of mucosa, submucosa, muscle membrane
and serosa. Light microscopic examination of the
intestinal mucosa of control rats showed a normal
architecture of villi, crypts and enterocytes.
Intestinal tissues were collected on the 3rd, 14th
and 60t day post-radiation, time associated with
complete crypt ablation in small intestine after
radiation exposure. H&E sections of intestine
revealed not damage in control groups. However,
in segment radiated rats, partial loss of crypts
were observed exclusively within the targeted
segment, while the rest of the intestine was
unaffected.

The study of slide glasses of the small
intestine in rats on the 3 day after %Mn effect
shown presence the severe degenerative
changes of glands, mild accumulations of
leukocytes in the stroma and uneven hyperemia
of the stromal capillaries (Fig. 1-B). In rats that
exposed to 89Co was found focal accumulations in
the glandular lumen the cellular elements,
preferably desquamated epithelial cells and
reactive nature cells (Fig. 1-C) in compared with

cod ol v, 21
i g L8
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control rats (Fig. 1-A).
T W [ RRY

Control (A), 5¢Mn (B) and €Co (C); H&E staining, original magnification x10.
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The results of changes in the small intestine
under the influence of the studied factors on the
3d day are presented in Table 1. As can be seen,
the thickness of the mucosa is not statistically
different when exposed to ionizing radiation. The
number of enterocytes in the villus of the intestine

compared with the control group, it's the highest
when %Mn irradiation and more than the
parameters of the control group by 3,31%. When
exposed to 0Co, an increase of 1,48% is noted in
comparison with the control group (p<0,001).

Table 1.
Morphometric indicators of the small intestine of experimental animals on the 31 day.
Morphometric 56Mn 60Co Control Kruskal- value

indicators M Me [IQR| M Me [IQR| M Me |IQR Wallis test|P

Thickness of the 36,16 | 35,92 | 2,96 | 35,56 | 35,32 3,02 | 35,02 | 35,36 |2,52| H=2,802 | 0,422
mucosa, mem
Enterocyges 76,42 | 76,54 1,98 | 74,58 | 74,54 [1,72| 73,10 | 73,22 |0,88 |H=31,106|<0,001
number, %
Enterocytes 1135 28/ 138,22| 1,56 137,02| 136,56 | 2,52 | 134,86 134,88 | 2,62 | H=25,244<0,001
volume, mem
Leukocyt?s 20,46 | 20,28 | 1,46 | 19,96 | 20,06 [ 1,72 | 11,28 | 11,26 |2,04 |H=47,258|<0,001
number, %
LymlohocgfteS 24,06 | 24,22 | 1,4 | 24,14 | 24,28 (1,58 25,02 | 24,88 |1,16|H=27,688|<0,001
number, %

There were similar situation for leukocytes:
irradiation by %Mn the number of leukocytes
exceeds the control group by 9,14%; when
exposed to %0Co an increase of 8,67% that
observed compared with the control group
(p<0,001).

The number of enterocytes were the highest
with irradiation of %Mn and €Co by 3,42% and
2,17%, respectively in comparison with the
control group (p<0,001).

Changes of the number of lymphocytes
depended on the studied factor. When exposure
by %Mn and €Co the number of lymphocytes
have decreased by 0,95% and 0,88%,
respectively, relative to the control
(p<0,001).

group

Microscopic picture of animals on the 14t
day after %Mn exposure provided on figure 2,
where we drew attention to the presence of gaps
semi—collapsing glands with degeneration, as
well as optically empty vacuoles in the glands.
Mild cluster of cellular elements, predominantly
leukocytes. Considerable importance should be
given to presence in the lumen of the individual
glands accumulation of lymphocytes, modified
leukocytes, mainly neutrophils. Histological
studies of €0Co-exposed rats revealed radiation—
induced prominent degeneration. Moreover, we
are registered the inflammatory response
manifested by moderate of macrophages and
lymphocytes infiltration in the stroma of the
mucous and in lumen of some glands.

Fig. 2. Photomicrograph of the small intestine in 6Mn-exposed rat on the 14th day.
H&E staining, original magnification x40.
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The parameters of the small intestine on the
14th day after irradiation are presented in Table 2,
from which it's evident that the numbers of
enterocytes in the villus of the intestine became
statistically insignificant on the 14t day between
the groups. The thickness of the mucous
membrane is different when exposed to various
factors. It's the largest in comparison with the

control group after irradiation by %Mn by 5,97
mcm, whereas after exposure to 80Co more than
the control group at 5,36 mcm. The trend in the
number of enterocytes and on the 14t day
coincide with the indicators of the 31 day. Also,
the greatest differences were noted after
exposure to 56Mn.

Table 2.
Morphometric indicators of the small intestine of experimental animals on the 14th day.
Morphometric %6Mn 60Co Control Kruskal- value
indicators M Me |[IQR| M Me [IQR| M Me |IQR |Wallis test P
Thickness of the | 4 o6 | 40.44 |2,34( 30,44 | 30,56 |2,24| 34,08 | 34,02 1,22 H=45,018 | <0,001
mucosa, mcm
Enterooytes | 73 08 | 73,82 |3.98| 73,58 | 7358 [1,96] 73.30 | 73.42 2,24 H=0.4958 | 0,920
number, %
Enterocyles 1441 94|140,84|2,42|139.94|140.48|1,62| 134,11 | 134,38 |2,18| H=36,146 |<0,001
volume, mem
Leukocytes 20,84 | 20,48 |1,54| 20,02 | 20,28 |1,36| 13,10 | 13,34 |2,52| H=42,862 |<0,001
number, %
Lymphocytes | o7 g | 28 46 |5.42| 27,54 | 28.44 [5.73| 2531 | 24,36 |3,74| H=20,322 | <0,001
number, %

The same situation was specially for the
leukocytes. Their number in absolute values is
lower than on the 3 day, but the trend persists:
the highest number after exposure to %Mn and
60Co was 7,74% and 6,93%, respectively
(p<0,001). The trend of the number of
lymphocytes persists and on the 14t day after
irradiation. However, in comparison with the 3rd
and 14t day, the amount increases after all
irradiation methods and exceeds the control
group values when exposed to %Mn by 2,17%
and after €0Co by 2,24% (p<0.001).

Figure 3 shows that B-radiation effect induces
on the 60" day moderate severe degenerative
changes of the mucosa and submucosa. The
sections are represented mainly by edematous

stroma. Epithelial glands exposed to collapse, in
the lumen observed mild accumulations of cellular
elements with a predominance the neutrophils.
The glands are shrouded by optical empty
vacuoles. Mostly celebrated the formation of
necrotic foci. In contrast to the internal - and
external y-radiation, inhalation of nonactivated
manganese in rats intestine after 2 month
contributes to the appearance narrowing and
swollen glands, epithelial desquamation of some
glands. Regarding experimental animals exposed
to y—radiation it should be noted the presence of
marked degenerative and necrobiotic changes of
surface mucous layer and uneven hyperemia of
vessels. Here and there observed the foci of
necrosis and reactive changes in the mucosa.

H&E staining, original magnification x40.
12
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The above data are consistent with our study
results the small intestine in both %Mn- and
60Co-exposed rats showed a similar changes.
Nevertheless, according to results of histologic
examination most pronounced changes were
observed in the small intestine of rats from %Mn
group, indicating that neutron radiation has a
significant biologic effect on examined organ
[32].

The parameters of the rat's small intestine
after 60 days are presented in Table 3. As can be
seen, all the studied parameters of the small

intestine have statistically significant differences
in the effect groups of the factors and the control
group (p<0,001). The thickness of the mucosa
continues to increase in comparison with 3 and
14 days. As before, the largest thickness
difference with the control group after exposure to
%Mn was 6,3 mcm, then after exposure to 80Co at
6,25 mcm. The number of enterocytes in the
intestinal  villi continues to decrease in
comparison with the control group. The greatest
decrease is noted in the %Mn exposure group at
17,39% and after exposure to 8Co by 3,99%.

Table 3.
Morphometric indicators of the small intestine of experimental animals on the 60t day.
Morphometric 56)n 60Co Control Kruskal- value
indicators | M | Me [IQR| M | Me |IGR| M | Me [IQR|Walis testP
Thickness of e | 40,56 | 40,22 | 1,38| 40,52 | 40,22 |1,64| 34,26 | 3448 | 1,6 | H=36,348 |<0,001
mucosa, mcm
Enterocytes 56,86 | 5528 | 8,2 | 70,26 | 70,56 | 1,28 | 74,24 | 73,98 |1,04| H=48,328 |<0,001
number, %
Enterocytes , |138,34/138,64|4,86|138,02|137,78| 3,34 |133,78| 133,34 | 1,4 | H=29,392 |<0,001
volume, mcm
Leukocyt(()as 16,52 | 17,48 |5,24 | 17,54 | 17,94 | 1,26 | 12,74 | 12,12 |3,82| H=27,894 |<0,001
number, %
Lymphocgltes 30,14 | 29,98 | 1,06 | 29,68 | 29,82 (2,06 | 24,32 | 24,22 | 1,4 | H=50,022 |<0,001
number, %
The number of leukocytes gradually The summary table of the %Mn effect on the

decreases and reaches the lowest values on the
60t day in comparison with acute and subacutes
effects. After exposure to 0Co, its excess of the
control group remains 4,76%, after Mn was
3,77%. The number of lymphocytes continues to
increase by 60 days. As well as on the 3 and
14t days, the greatest deviations in comparison
with the control group were observed after
exposure to 56Mn and 60Co.

parameters of the small intestine is presented in
Table 4. As can be seen from this table, the
thickness of the mucosa in the dynamics
increases, the number of enterocytes in the villi of
the intestine decreases, the enterocyte klemmi
practically does not change, the number of
leukocytes increases up to 14 days, then are
decreasing. The number of lymphocytes in the
dynamics is studied increases.

Table 4.
Morphometric indicators on different days in the 5Mn-induced rat small intestine.

Morphometric 31 day 14t day 60t day Kruskal- value
indicators M Me |IQR| M Me |IQR| M Me | IQR | Walis test |°
Thickness of e | 56 16 | 35,94 2,96 40,06 | 4044 |2,34| 40,56 | 40,22 | 1,38 | H=28462 | 0,001

mucosa, mcm

Enterocytes | 7642 | 76,54 |198| 73,08 | 73,82 |3,98| 56,86 | 55,28 | 82 | H=35854 | <0,001
number, %

Enterocyles 1458 781138,22| 1,56 | 141,24| 140,82 | 2.4 138,34 |138,64| 4,86 | H=16,732 | <0,001
volume, mcm

Leukocytes 20,44 | 20,28 | 1,46( 20,84 | 20,48 |1,54| 16,52 | 17,48 | 5,24 | H=24,186 | <0,001
number, %

LymPROCYes | o4 06 | 24,22 1,22 27,48 | 28,47 |5,42| 30,14 | 20,98 | 1,06 | H=25,352 |<0,001
number, %
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The conducted research confirms the
assumption that the controlled effect factor has a
high degree of influence on all the resulting signs
of morphometry. This suggests that a single
exposure to small dose %Mn and 8Co has a
direct damaging effect to the small intestine of
Wistar rats at a later date. A damaging
mechanism acting of the small intestinal tissue
can be the hyperactivation of lipoperoxidation
under the influence of neutron-activated
manganese dioxide capable of damaging the
gastrointestinal tract organs. Another controlled
exposure factor is external irradiation of rats
which had the least pronounced effect on the
parameters of the small intestine in comparison
with internal irradiation. The revealed indicators of
the degree of influence of the controlled factor
demonstrates that the effect of this factor doesn't
affect the most significant indicators of
morphometry but affect the most dynamic
indicators of morphometry.

Discussion

In this study, we have shown the sequence of
histomorphologic changes in the rat small
intestine from early to late stage after a single
influence of %Mn and 6°Co at small dose, which
were the initiators of radiation—induced intestinal
injury (RINI). Results of morphologic studies have
shown that structural changes in the small
intestine observed in irradiated rats little differed
from the previously published results using
different radiation models.

In  segment-radiated rats, the radiated
intestinal segment was still identifiable by H&E
staining at 14t day post-radiation and didn't
exhibit complete normalization of architecture of
the mucosa and bowel wall as compared with
non-irradiated tissue adjacent to the radiated
segment. Histological analysis showed that
radiation could induce epithelial degeneration,
that's characterized by the loss of intestinal
structural integrity, on the 14t day post-radiation.
A complete understanding of the mechanisms
driving epithelial regeneration and repair, as well
as the complications due to exposure of the small
intestine to 56Mn would benefit from the ability to
study later phases of regeneration involving
intestinal epithelial hyperplasia and hyper—
proliferation and ideally, times associated with
complete normalization of the intestinal epithelial
architecture.

14

It's known that mechanisms of injury in normal
tissues after irradiation include progenitor cell
depletion, microvascular injury, inflammation and
cell death [8]. The major pathological change
caused by RIIl is architectural disorganization
including inflammatory cell infiltration, villitis,
desquamation and necrosis [22]. Several
evidences suggest that radiation-induced
dysfunctions and either changes in subcellular,
cellular, histological structure of the small
intestine are mediated by concerted and
interrelated changes of a plethora of various
extracellular mediators and their intracellular
messengers [37]. Data morphologic findings were
consistent with radiation enteritis. Morphological
damages of radiation-induced enteritis were
known as architectural changes of intestinal
mucosa such as villus shortening by cell death.
The acute microscopic changes of intestine by
irradiation were consisted of structural changes in
the villus—crypt architecture and epithelial
transformations [12, 19].

Whole-body radiation can cause severe
damage to the digestive system causing
inflammatory processes and immediate cell
death. Radiation causes inflammation and
dysregulation of immune homeostasis. These
histomorphologic changes in examined organ of
rats exposed to B- and y-radiation make it
possible to develop diagnostic criteria for
assessing of radiation effect on the small intestine
depending on cumulative dose [33].

Presently, great importance is attached to the
role of Mn inducing cell death [26]. Experimentally
confirmed that a certain percentage of Mn enters to
organism through absorption in the gastrointestinal
tract. If Mn not absorbed in the stomach, it's rapidly
absorbed in the small intestine. Thus, in the
literature we have examined the papers revealed
regarding ability of Mn to cause histomorphologic
changes in the small intestine of animals [20].
Evidence obtained using genetic modification
technology has convincingly shown that intestinal
stem cells are columnar cells at the crypt base
intermingling with Paneth cells. The molecular
determinants of intestinal radiosensitivity and
gastrointestinal syndrome are not well understood.
Some believe that damage to stem cells plays a
critical role in this process [25]. lonizing radiation
leads to the exhaustion of the stem cells pool,
increases the load on the differentiated cells [22].
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Few studies have focused on a biopolymer whose
manipulation significantly regulates gastrointestinal
syndrome via securing stem cell zones and the
integrity of intestinal epithelium [27].

Cell death after radiation should be noted that
damaged cells are eliminated by the adjacent
epithelial  cells,  endothelial,  fibroblasts,
macrophages [13, 17, 35]. The acute
morphological changes of intestine by irradiation
were consisted of structural changes in the villus—
crypt architecture and epithelial transformations
associated with radiation-induced degeneration
[12, 36]. Most authors believe that cell death
resulting from toxicity of Mn is combination with
cessation of ATP synthesis due to mitochondrial
damage [29]. Dysfunction or death of intestinal
epithelial cells caused by degeneration after
radiation influence is considered as dangerous
component in the pathogenesis of gastrointestinal
syndrome [14]. The initiation and progression of
radiation—induced intestine injury can be caused
by disorder of metabolic processes and molecular
mechanisms which form an compounded
response [4-7, 10, 15, 34].

Summing up, the most pronounced typical
pathological processes are observed in the late
periods after irradiation of %Mn then studying
histostructural processes occuring in the tissues
of the studied animal organs after exposure to
neutron-activated manganese dioxide and
external irradiation identified by the totality of
morphometrical indicators.

Conclusion

The most prominent histologic picture
characterized by presence the signs of
inflammation and degeneration on the 3 and 14t
day, in particular, in rats exposed to 5Mn
compared to rats from Co groups. Our research
results and their comparison with literature data
leds to the conclusion that majority of
experimental animals exposed to - and y-
radiation more pronounced changes were
observed on the 60" day after exposure
consisting the appearance  of  chronic
inflammation, signs of degeneration and necrotic
foci. Consequently, like 80Co, %6Mn also promotes
activation of inflammatory processes and
stimulation of immune responses manifested by
cellular infiltration.

Although whole-body radiation doses from
%Mn was relatively low internal doses were noted
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in the small intestine, in addition to significant
pathological changes that more severe and
prolonged than 8Co y-irradiation effects. These
data may indicate the potential for a high risk of
internal exposure to %Mn which would have
existed in airborne dust after atomic bomb
explosions in Hiroshima and Nagasaki.

Thus, our data obtained from in vivo
experiments provide strong evidence that -
radiation causes formation of morphologic
features which typically for radiation enteritis
that's a form of small intestinal injury depending
on radiation type.
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