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Abstract

Introduction. According to the literature data, it is known that persons exposed to ionizing radiation,
together with a different of damaging effects, particular importance is also attached to the
gastrointestinal tract. The dominant role of neutron-activated radionuclide Manganese-56 (5Mn) was
noted in the treatises of Japanese scientists who studied the A-bomb effects of Hiroshima and
Nagasaki, deserving the interest today.

The research purpose. Investigate the microscopic changes in the small intestine of rats exposed
to y— and neutron radiation.

Materials and methods. In experiment, both sexes «Wistar» rats in amount of 36, weighting
approximately 220-330 g. Four groups were identified: 1) 56Mn 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)
nonradioactive MnOo; 3) 69Co y-rays; 4) control group. Necropsy of the animals were on the 34, 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). Specific painting on
apoptosis was performed by ApopTag. The difference between samples was examined using the
Student’s t-test.

Results. Increasing the number of mitotic cells in the small intestine of experimental animals
observed on the 31 day after exposure y- and neutron radiation. Histological analysis of
neutron-activated 56Mn showed the high level of apoptosis in the investigated organ. Apoptosis as DNA
strand breakage, correlated with cell damage observed on the 14t day after irradiation.

Conclusion. Thus, %Mn effect on the small intestine of rats showed a high level of risk exposure,
which is confirmed by the apoptosis presence.

Keywords: radioactive Mn, gastrointestinal syndrome, intestinal crypts, apoptosis.
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' F'ocypapcTBEHHbIM MEOUUMHCKUIM YHUBepcuTeT ropoga Cemen,

Kadcdeapa naTonornyeckon aHatommm u cyne6Hon meauumHbl, r. Cemen, KasaxcraH,;

2 YHuBepcuTteT Haracaku, MHCTUTYT no usyyeHuto 3abonesaHum nocneacTemn
aTomHoun 6ombapanpoBku, r. Haracaku, AinoHus;

3 YHnBepcurteT Xupocuma, HayuyHo—-mccnegoBatenbCKMN MHCTUTYT pagMaLMOHHON
ouonorum n MmeguuUuHsbI, r. Xupocuma, AnoHus;

“TocynapcTBeHHbIN MeAULMHCKUA YHUBepcuTeT ropoaa Cemen,

Kadeapa nutaHmsa v rmrmeHnyeckux gucumnnuH, r. Cemen, Kasaxcras;
>TocypapcTBeHHbIM MeauLMHCKUIA yHuBepcuteT ropoaa Cemen, r. Cemen, KazaxcraH

BeepeHue. 10 OaHHbIM NUTEPATYPHbIX WCTOYHUKOB WM3BECTHO, YTO Y MWL, MOABEpraBLUKXCS
BO30ENCTBMIO MOHU3NPYIOLLETO U3MTyYeHNs Hapsay C pasnuyHbIMK NOBpexaarowmmy acpdektamm ocoboe
MeCTO OTBOAMTCS W XeNyAO4YHO—KULLIEYHOMY TpakTy. [JOMUHMPYIOLLAs poNb HEUTPOHHO—aKTUBUPOBAHHOMO
paanoHyknnaa — MapraHua-56 (%6Mn) oTMeyanach B Tpyaax SMOHCKMX YYEHbIX, U3y4aBLLMX NOCNEACTBUS
aToMHon BombapanpoBku B Xupocuma u Haracaku, 3acryxmBatoLmini HTEpPeC No Cen LeHb.

LUenb wuccnepoBaHus. M3yunTb MUKPOCKOMMYECKMNE W3MEHEHUS B TOHKOM KULIEYHUKE KpbIC,
noJBepraBLUNXCA BO3LENCTBUIO Y— N HEMTPOHHOTO W3MTyYEHUS.

Matepuanbi u metoAbl. B akcnepumeHTe UCNOMb30BaHbl KpbiChl 060MX MOOB NMHUK «BucTap» B
konuyectee 36, maccoit 220-330 rp. Bbinu BbigeneHsl 4 rpynnbl: 1) 56Mn, nonyyeHHbi nyTém
HeiTpoHHon akTmeaumm 100 mr nopowka MnO. Ha aTomHOM peakTope «bainkan—1» npu dnoeHce
HenTpoHoB 4x10'* H/cM?; 2) HepagmoakTvBHbii MnOy; 3) 80Co y-nyuu; 4) KOHTpoOnMbHas rpynna.
YKMBOTHbIX noaBepranu Hekponcuu yepes 3, 14 n 60 gHen nocne obnyyeHuns, 3aTeM M3BNEKanu TOHKMIA
KMWeYHUK, nocne yero cukcuposanu ero B 10 % copmanuHe. dparMeHTbl TKaHei 3anuBann B
napaduH, 3aTeM M3roTOBMMBANM MOMEPEYHble CEpPUHbIe Cpesbl TOMWMHOA 4 MKM, KOTOpble B
AanbHeLWweM OKpaLumMBanm reMaTokCuiMHoM 1 303nHom (H&E). Cneumdpmnyeckyto nokpacky Ha anontos
ocywlecTBnsm nocpeactsoM ApopTag. PasHuuy mexgy BblGopkamu OLEHMBaNM MCnonbsys t-—
kputepuit CTblogeHTa.

PesynbTaTbl. YBenMYeHMe KONMWYECTBA  MWUTOTUYECKMX KMNETOK B TOHKOM  KULUEYHMKE
9KCMepUMEHTASbHbIX XWBOTHbIX OTMEYaeTCs Ha 3—e CyTKW MOoCne BO3LEeNCTBUS Y— U HEUTPOHHOTO
n3nyyeHns. MMCTONOMMYECKUN aHanm3 HeMTPOHHO-aKTUBUPOBAHHOMO %6Mn BbISBMM BbICOKWA YPOBEHDb
anonTos3a B WCCrefoBaHHOM opraHe. AnonTo3 kak npusHak paspeiBa uenu JHK, koppenupyet c
NOBPEXAEHWNEM KNETOK, Habrnogaemon Ha 14—e cyTku nocne obnyyeHus.

BbiBogbl. Takum obGpasom, Bo3geinctee Mn Ha TOHKMIA KULLEYHMK KPbIC BbISIBUM BbICOKWIA
YPOBEHb pucka 0bnyyeHus, 4To NOATBEPKAEHO HaMMYMeM anonTosa.

KnioueBble cnoBa: pagnoakTvBHbINA 58Mn, enyoouYHO—KMLWEYHbIA CUHOPOM, KULIEYHbIE KPUMTI,
anonToa.
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2 Haracaku yHuBepcuTeTi, ATOM 60ombachl apeKeTiHeH TyblHAaFaH CbipKaTTapAbl
3epTTey MHCTUTYTbI, Haracaku K., XKanoHus;

3 Xupocuma yHuBepcuTteTi, Pagnaumansik 6uonorus xxeHe MmeguUmuHa FbifibIMU—
3epTTey MHCTUTYTbI, XMpocuma K., XKanoHus;

4CeMel KanacbIHbIH MeMIeKeTTiK MeauLMHa yHuBepcuTerTi,

TaramTaHy XaHe rurmeHanblk naHgep kacdeapacol, Cemenk., KazakcraH;

°> Cemel KanacblHbIH MeMIeKeTTik MeguuuHa yHuBepcuteTi, Cemelt K., KazakcTtaH

Kipicne. ©pebu wmanimeTTepre coWkec, WOHOafbl CByne acepiHe nAywap OonFaHaapabiH
kenTereH OyniHAOIprill cangapbiMeH KoCa ackasaH—illeK XorgapblHa da epekwe MaH OGeniHepi.
Xupocuma MeH Haracakvparbl atomablk 6ombanayablH, cangapblH 3epTTereH xanoH FanbiMaapbiHbIH
eHbekTepinaeri HenTpoHabi-6encenai Mapraneu-56 (°6Mn) paguoHyknuginiH, 6acsiM peni 3amaHayu
KaFdanga aa Kbl3bIFyWbInblK apTTbipagbl.

3epTTey MaKcaTbl. y— MeH HENTPOHObl Coyne acepiHe YllblparaH ereyKympblKTapablH, XiHjllke
iLeringeri MUKpOCKOMUANbIK ©3repiCTepai 3epTTey.

Matepuangap meH agictep. Toxipnbe xysiHae «Buctap» Tykbimabl 220-330 rp canmarbl 6ap
aTarnblK XaHe aHanblK XbIHbICTbl 36 ereykynpbIK nanganaHbinFaH. 4 Tonka ipiktey xyprisingi: 1) %Mn,
sFHM 100 Mr MnO2 yHTaFbIH «Bbaikan-1» atoM peaktopbl apKbinibl 4x10%4 H/cM? HEUTPOH hOEeHCIHAE
HeNTPOHAbIK 6enceHaipy Xy3iHae anbiHFaH anemeHT; 2) beipagunoaktusti MnOy; 3) 80Co y—caynenep;
4) bakbinay Tobbl. XaHyaprnapra ceyneneyaeH KewiH 3-wi, 14-wi xoHe 60-wbl ToynikTepae
Hekponcus Xyprisy 6apbicbiHOa XiHjwke iweriH anbin, 10 %-Tik dopmanuHae dukcaunsnagplk. TiH
(bparMeHTTepiH napaduHre Kymbin, KanbiHObIFbI 4 MKM KONAEHeH, CepuanblK KeciHainep AambiHaan,
9pi Kapai remaToKCMnH MeH 303uHMeH (H&E) Gosiabik. AnonTtosfFa apHaiibl 6osyabl ApopTag apKbinbl
Xy3ere acblpaplk. TonTap apacblHaafbl CbiHamanapasl CTbtoaeHTTiH, t-enwemi 6onbiHWa 6aFanagbiK.

Hatnxenep. Toxipubenik xaHyapnapAabiH, XiHiLLKe iLIeriHaeri MUTO3abIK XacyLianap CaHbl y— MeH
HENTPOHAbIK coyneneyaeH keniH 60—Lbl TaYNiKTe XoFapnafraHbl aHblKTanFaH. Hentponabi-6enceHgi
SMn—TiH rucTonormanblk TangayblHa caill 3epTTEnreH ar3afjafbl anonTo3dblH KOFapbl AEHrem
TipkenreH. Anonto3 [HK Tisberi ByninyiHiH, 6enrici peTiHae 14—wWwi TaynikTe aHFapbIIFaH xacyluanap
3aKbIMaaHybIMEH bannaHbICTbl GonFaH.

KopbiTbiHAbl. COHbIMEH, ereyKynpbIKTapablH XiHiwke iwwiriHe 5Mn acepi anonto3 GenceHyimeH
pacTtanatblH CoyneneHy KayniHiH, »XoFapbl AeHreriH KepceTTi.

Heri3ri ce3gep: pagnobenceHai %6Mn, ackasaH—iLlek CMHAPOMbI, iLUEKTIK KpunTanap, anonToa.
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Introduction. It is known that 5Mn became
one of the dominant neutron caused by beta-
irradiator during first few hours following A-bomb
explosion in Hiroshima [30]. For the dose—effect
relationships in atomic bomb survivors to be
applied beyond the radiation quality as a
generalized measure of risk assessment at a Gy—
equivalent basis of reference radiation, neutrons
in atomic bomb radiation in Hiroshima and
Nagasaki have been conventionally weighted by
a constant value [34]. Therefore, atomic bomb
effects on health of survivors have been
correlated with delayed y-rays and neutrons [12].
The accidental high-dose radiation exposure
induces a series of injury levels in multiple organs
[36]. The highly radiosensitive intestine is an
important dose-limitative organ in both total body
and abdominopelvic radiation [13]. Most of
studies regarding the fast neutron effect have
focused at intestinal changes [19].

Nuclear  factor is  pronounced in
gastrointestinal tract those that are exposed to
the external environment [20], therefore one of
outcomes of radiation effects is gastrointestinal
(Gl) syndrome [13]. The underlying molecular
mechanism of radiation-induced intestinal injury
is still not well understood. Some researchers
suppose that intestinal stem cells, almost always
located in crypts subjected directly to ionizing
radiation [18]. It is still unclear whether intestinal
stem cell apoptosis or endothelial cell apoptosis is
the main factor involved in the initiation and
development of radiation—induced Gl syndrome.
Given that intestinal cell apoptosis has major
implications in Gl syndrome, radiation oncologists
and medical researchers have been seeking
radioprotective agents for the intestine that would
help to limit intestinal cell death and facilitate
intestinal crypt reproduction. Several protective
substances that minimize radiation-induced
intestinal apoptosis have been known for decades
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[11]. Currently, particular interest is a comparative
characteristic of microscopic changes in the
immune organs of persons exposed to %Mn and
60Co [5], allowing in the future to work out the
diagnostic criteria for assessing of radiation effect
factor on the gastrointestinal tract, depending on
the cumulative dose.

The objective of study. Our goal has been to
identify and compare the microscopic changes in
the small intestine of rats after exposure by single
2.0 Gy dose of y-radiation and neutron-activated
56Mn powder.

Materials and methods. For this study, it was
purchased and raised in a the specific-pathogen—
free facility six-month-old both sexes «Wistar»
rats (Karaganda State Medical University) in an
amount of 36 with mean whole body weight 220-
330 g. All rats 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. Then, 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. (Rare
Metallic Co., Ltd., Japan) powder using the
«Baikal-1» nuclear reactor with neutron flux
4x10' n/cm?. Activated powder with total activity of
%Mn 2.75%108 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 small intestine) [1].

The second group of rats (n=9) were exposed
to not irradiated MnO>. The spray powder was
carried out in @ chemical box, which contained
boxes of 9 rats. Each portion of MnO, was
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sprayed in box with lots of biological objects.
Then unirradiated powder and incubated
biological objects in a container for hour.

The third group of rats (n=9) 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 czech
radiotherapy device «Teragam K-2 unit». Before
the exposure, topometry and dosimetry of the rats
was performed. 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
specially engineered cage made of organic glass
with individual compartments for each rat.

The fourth group consisted of control rats
(n=9) which were placed on shelves in the same
facility and shielded from the radiation. All animal
procedures were approved by 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. Rats
were housed in a moderate security barrier.

The rats were sacrificed on the third, fourteenth,
sixtieth day after irradiation and the small intestine
was immediately surgically extracted for further
histological 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 with hematoxylin—eosin
(H&E). Identification of apoptosis was confirmed

using a TUNEL technique. The TUNEL assay
VISR | .

5",9"“ g, &
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i

(Terminal deoxynucleotide transferase dUTP Nick
End Labeling) was performed using the ApopTag
Fluorescein In Situ Apoptosis Detection  Kit
according to the manufacturer’s instructions. The
incidence of cell death and number of mitotic cells in
the small intestine was quantified by counting the
number of cells in each crypt in H&E-stained
sections at 40 magnification by light microscopic
analysis.

All values were expressed as the mean *
standard error (S.E.) of results obtained from
experimental animals per data point. Differences
between samples by the level of trait measured
quantitatively were estimated for statistical
significance using the Student’s t-test. A P<0.05
value was considered to be of statistical
significance.

Results. In the present study, we performed
experiment with neutron-activated 5Mn powder
exposed laboratory rats. Although the level of
radioactivity received from 5Mn 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.
The highest doses were recorded in the small
intestine [2]. According to finding, mitosis in this
organ was enhanced for an extended period after
exposure to %Mn. For count of mitotic cells in the
intestinal crypt was used longitudinal sections of
the crypt. On the figure 1, there was a sharp
increase the number of mitotic cells in the
intestinal crypts of %Mn-induced (A) and y-ray-
induced (B) rats on the 3 day after irradiation
when compared with Mn02 and control rats.

Fig. 1. Photomicrograph of rat small intestine. A numberof mltotlc ceIIs per mtestmal crypt were noted in
the 5Mn (A) and €Co (B) groups on the 3 day after exposure; H&E staining, original magnification x10.



Hayxka u 3xpaBooxpanenue, 3, 2017 OpurnHajabHbIe HCCJIEAOBAHNS

Exposure-related histological changes were  the mitotic process could be observed only in rats
noted in the small intestine of rats after neutron  exposed to %Mn (Fig. 2 A, B).
and y-radiation. On the 60t day after irradiation

-y

\ s 57 g e
Fig. 2. Light microscopy of Mn-induced rat small intestine on the 60t day after exposure;
H&E staining, original magnification x40.

The small intestine is among the most quickly  increased in both the %Mn and 8°Co groups on
self-renewing tissues in adult mammals [38]. The  the 3 day after exposure. While it returned to the
number of mitotic cells per crypt in the small  control level by 14t day in the 8Co group, it was
intestine are summarized on Table 1. The number still high on the 60t day in the 56Mn group.

Table 1.
Number of mitotic cells per crypt in rat small intestine.
Ne Group 3d day 14h day 60t day
1 56Mn 1.81 1+ 0.26* 114+ 0.14 2.83+0.24* #
2 MnO2 1.07£0.20 0.98+0.13 1.71+£0.24
3 60Co 219+ 0.25* 0.89+0.11 1.38+£0.18
4 Control 0.95+0.18 1.06 £ 0.22 1.32+£0.20

Mean + S.E. * p<0.05 vs. MnO2 and Control, # p<0.05 vs. 80Co

Mitotic index, on the other hand, gradually  staining (Fig. 3 A, B). Apoptotic cells different
increased and peaked on the 3 day after small dimensions comparable with lymphocytes
exposure, which coincides with our data showing  dimensions with high nuclear—cytoplasmic ratio,
increases in mitotic cell numbers on the 3 day in  rounded contours and condensed chromatin and
both the %Mn and 8°Co groups. Interestingly, an  cytoplasm in experimental animals of the first
increase in mitosis was still observed on the 60"  group on the 3 and 60" day after irradiation,
day after exposure to %Mn, while it returned to  whereas the third group of data changes were
the control level in the 8Co group, suggesting identified by three day after irradiation. The
that the effects of internal radiation of %Mn were  distinctive morphological features of apoptosis
more persistent. were used to recognize apoptotic cells. Small

Figure 3 shows that apoptosis was observed  clusters of dead cell fragments were assessed as
in the small intestinal crypts in the rats exposed to  originating from one cell and any doubtful cells
neutron—irradiation. On the 14h day after were disregarded. Apoptosis was measured on
irradiation in rats from the first group, a large  the basis of nuclear image morphology and were
number of apoptotic cells was observed in the  able to correlate TUNEL positive staining with
intestinal crypts, as determined by TUNEL measurable nuclear fragmentation.
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Fig. 3. Histologic sections of the small intestine of rats on the 14th day after 6Mn exposure,
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stained by TUNEL method to make visible the cells containing DNA fragments,
original magnification x40.

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 mitosis in small
intestinal crypt were increased in 2.0 Gy %Mn

exposed rats on the 31 and 14! day after internal
irradiation and in 2.0 Gy %Co exposed rat on the
3d day after external irradiation. Number of
apoptosis in small intestinal crypt were increased
only in 2.0 Gy %Mn internal exposed rats on the
14t day after irradiation.

Table 2.
Mitosis and apoptosis in the small intestinal crypt at different days after irradiation.
Ne | Group Mitosis Apoptosis
3rd day 14t day 60t day 3d day 14 day 60t day

1 %6Mn increase increase increase
2 MnO2 — — —
3 60Co increase —_ —_ -—_
4 | Control e — e e e

Discussion cells plays a critical role in this process [32].

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 is rapidly absorbed in
the small intestine [28]. Microscopic examination
which proved that acute radiation intestinal
damage triggers apoptosis of intestinal crypt [39],
being observed within a period of some hours in
rodents [27]. Evidence obtained using genetic
modification technology has convincingly shown
that intestinal stem cells are columnar cells at the
crypt base intermingling with Paneth cells [35].
The molecular determinants of intestinal
radiosensitivity and Gl syndrome are not well
understood. Some believe that damage to stem
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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 [22].
Previous  studies implicated  vascular

endothelial cell apoptosis in the initiation and
development of Gl syndrome [10]. The immediate
response to damaged DNA is the stimulation of
DNA repair machinery and the activation of cell
cycle checkpoints, followed by down-stream
cellular responses, such as apoptosis. It was
observed that 2 Gy irradiation induced apoptosis
and cell cycle arrest [9]. Literature data suggest
that intestinal crypt stem cell apoptosis dominant
over villus vascular endothelial cell apoptosis in
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the initiation of radiation—induced Gl syndrome
[26]. Few studies have focused on a biopolymer
whose manipulation significantly regulates Gl
syndrome via securing stem cell zones and the
integrity of intestinal epithelium [23]. Over the
past decade, numerous studies have confirmed
that multifunctional adaptor proteins have
indispensable roles as scaffolds and adaptors in
apoptosis—associated signal transduction [24].

Cell death after radiation occurs by mitotic
catastrophe and by apoptosis [14]. It should be
noted that apoptotic cells are eliminated by the
adjacent epithelial cells, endothelial, fibroblasts,
macrophages [21, 40]. Apoptosis ensures the
removal of dying cells by phagocytosis without
inflammation [16]. The most fully the apoptosis role
was investigated at tumor growth. Intensification of
apoptosis has implications for tumor regression. If
the cell is not able to produce apoptosis due the
mutation it can start reproducing uncontrollably,
resulting to tumors [25]. Radiation-induced
apoptosis of intestinal crypts is largely responsible
for intestinal tissue damage [29]. In the
gastrointestinal ~ system, irradiation  induces
apoptosis of the small intestinal crypts, contributing
to denudation of the intestinal mucosa and reduces
the surface for nutrient absorption [31]. 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 apoptosis [13].
Apoptosis is a major pathogenic peculiarity of
radiation—induced small intestinal mucosal injury,
and apoptosis degree reflects the mucositis degree
[7]. Most authors believe that cell death resulting
from toxicity of Mn is not a classical apoptosis, and
its combination with cessation of ATP synthesis
due to mitochondrial damage [33]. Dysfunction or
death of intestinal epithelial cells caused by
massive apoptosis after radiation influence is
considered as dangerous component in the
pathogenesis of Gl syndrome [15]. The initiation
and progression of radiation—induced intestine
injury can be caused by disorder of metabolic
processes [3, 4, 6, 37] and molecular mechanisms,
which form an compounded response [17].

The large increase of apoptotic cells on the
60t day mark in our first experiments revealed a
higher turnover of crypt cells for the internal
exposure model of crypt cells, as compared to the
normal level of apoptosis found in the external
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exposure model. As the half-life of %Mn is three
hours, understanding the initial damage to stem
cells by internally deposited radioactive materials
is crucial.

Although whole-body radiation doses from
%Mn were relatively low, higher internal doses
were noted in the small intestine, in addition to
significant pathological changes that were more
severe and prolonged than the effects of 80Co y-
irradiation. These data may indicate the potential
for a high risk of internal exposure to 5Mn, which
would have existed in airborne dust after A~bomb
explosions in Hiroshima and Nagasaki.

Conclusion. Thus, results shown that number
of mitotic cells increased in the small intestine on
the 3 day after Mn and ¢0Co y-irradiation, but
the change persisted only in %Mn—exposed
animals. The histological findings show a
significantly higher rate of apoptosis in small
intestine for the rats irradiated 5Mn when
compared to the other group. Apoptosis is an
indication of DNA strand breakage and most likely
correlates to the continued cell damage observed
beyond 14t day.
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