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

In experiment, both sexes «Wistar» rats in amount of 36, weighting approximately 220-330 g. Necropsy of the 
animals were on the 3rd, 14th and 60th days after irradiation, then the lung removed, after which it was fixed in 10% 
formalin. Tissues fragments embedded in paraffin, then sections are manufactured serial transverse 4 mm thickness, 
which were subsequently stained by hematoxylin and eosin ^&Е). Our experimental studies have shown that the 
majority of animals exposed to 56Mn and 60Co starting from the 2nd week observed signs of fibrosis and chronic 
inflammation, foci of emphysematous dilated alveoli, whereas after inhalation by MnО2 in rats prevailed thickening of 
interalveolar septa due to cellular elements. Foci of hemosiderosis, signs of vasculitis, lymphadenitis and hyalinosis 
were typically for neutron-irradiated rats.

Thus, 56Mn effect on the rat lung revealed a high risk of neutron radiation, which confirmed the presence of 
inflammatory processes. The findings support a role of ionizing radiation in the formation of morphologic signs 
depending on both dose and type of radiation.

Key words: ionizing radiation, pulmonary tissue, morphologic changes, pneumonitis, fibrosis, rats

It is known that among the neutron- 
induced radioisotopes 56Mn is a dominant element 
found after an A-bomb explosion. Since 56Mn and 
the other neutron-activated radioisotopes were 
present in dust after bombings, people have in­
haled these radioactive materials and been inter­
nally exposed to radiation. People who returned 
early to Hiroshima and Nagasaki after A-bombing 
were reported to suffer from the symptoms of 
acute radiation effects [16]. Currently, particular 
interest represents a comparative assessment of 
pulmonary morphologic changes in persons ex­
posed to 60Co and 56Mn [10]. Most diseases at­
tributable to radiation in A-bomb survivors and 
nuclear reactor workers are lung pathology [16]. 
Pulmonary damage was identified as an im­
portant sphere of interest in radiation research 
after a significant number of sacrifice died early 
from radiation induced lung injury (RILI) [3]. Sci­
entists are continuing to develop the mitigators 
for radiation injuries to the lung caused by a sin­
gle dose of ionizing radiation at doses pertinent 
to a radiologic attack or nuclear accident. There­
fore, animal models that reproduce radiation inju­
ries in humans are necessary [5]. Average or se­

vere RILI significantly exerts on patients life qual­
ity, and may even lead to death. In spite of de­
cennary of studying the morphogenesis for lethal 
RILI at the organ level remain insufficiently de­
fined [3].

Objective of the study -  to identify and 
compare the microscopic changes in the rat lung 
after exposure by single dose of y-radiation and 
neutron-activated 56Mn powder.

MATERIALS AND METHODS
For this study, it was purchased and raised 

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

The rats were allocated into 4 groups. The 
first group of animals (n=9) were subjected to 
56Mn which was obtained by neutron activation of 
100 mg of manganese dioxide ^ пО2) powder 
using nuclear reactor («Baikal-1») with neutron
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Figure 1 -  Photomicrograph of uniform airiness in control rat lung (a).

flux 4x 1014 n/cm2. Activated powder with total 
activity of 56Mn 2.75x 108 Bq was sprayed pneu­
matically over rats placed in the special box. The 
moment of exposition beginning of experimental 
animals by 56Mn powder is 6 minute after finish­
ing of neutron activation. The second group of 
rats (n=9) were exposed to not irradiated Mn02. 
The spray powder was carried out in a chemical 
box, which contained boxes of 9 rats. Each por­
tion of Mn02 was sprayed in box with lots of bio­
logic objects. Then unirradiated powder and incu­
bated biologic objects in a container for hour. The 
third group of rats (n=9) were irradiated with a 
single dose of 2 Gy was performed at a dose rate 
of 2.6 Gy/min using 60Co Y-ray by czech radio­
therapeutic device «Teragam K-2 unit». During 
the exposure, animals were placed in a specially 
engineered cage made of organic glass with indi­
vidual compartments for each rat. After irradia­
tion, rats were taken back to the animal facility 
and routinely cared. The fourth group consisted 
of control rats (n=9) which were placed on 
shelves in the same facility and shielded from 
radiation. All animal procedures were approved 
by Ethical Committee of Semey State Medical Uni­
versity, Kazakhstan (Protocol №5 dated 
16.04.2014) in accordance with Directive of the 
European Parliament and the Council on the Of­
fice in animals protection.

The rats were sacrificed on the 3rd, 14th, 
60th day after irradiation and the lung was imme­
diately surgically extracted for further histologic 
study. The lung sections were deparaffinized and 
dehydrated in graded 10% formalin solutions. 
Paraffin sections performed with 4 mm thickness. 
Stained by hematoxylin-eosin (H&E) slide glasses 
were examined under a Leica DM 1000 micro­
scope (Germany) and images were captured with

a charge-coupled device camera (Visitron Sys­
tems, Puchheim, Germany) at x 10 and x 40 mag­
nifications. Qualitative histological assessment of 
lung injury was carried out to obtain an overall 
damage severity result.

RESULTS AND DISCUSSION
In the present study, we performed experi­

ment with neutron-activated 56Mn powder exposed 
rats. It was previously reported the internal dose 
estimates in organs of 56Mn-exposed rats. The 
highest doses were recorded in the lung [13].

The study of lung components in control 
rats revealed an uniform airiness of pulmonary 
tissue, shown on figure 1 a. In the lung 
parenchyma of animals inhaled Mn02, starting 
from the 2nd week reveals changes in the vascular 
walls with signs of productive vasculitis. Status of 
the pulmonary parenchyma is characterized by 
focal emphysema moderate severity. Intra­
alveolar septa are thickened due to lymphocytes, 
alveolar macrophages and less number of neutro­
phils. Changes in the structure of the interstitial 
tissue are manifested by presence of inflammato­
ry foci (fig. 1 b).

Microscopic changes in the lung tissue of 
Mn02-inhaled rat (b). H&E staining, original mag­
nification x l0

Research of different pathologists estab­
lished that radiation causes tissue damage via 
sensitization of autoreactive lymphocytes which 
react with lung tissue [18]. On the 3rd day after y 
-radiation exposure, authors registers the inflam­
matory response manifested by moderate of cel­
lular infiltration of interstitial lung tissue [7]. The 
above data are consistent with our study results 
the lung tissue in 60Co-exposed rats showed a 
similar changes.
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Figure 2 -  Light microscopy of 56Mn-induced (a, b, c) 
magnification x io  and x40

According to histologic examination most 
pronounced changes were observed in the lung 
of 56Mn-exposed rats, indicating that neutron ra­
diation has a significant biologic effect on exam­
ined organ. In experimental animals exposed to 
56Mn and 60Со were observed thickening of in­
traalveolar septa in virtue of leucocytes, 
erythrocytes, lymphocytes, histiocytes, 
alveolocytes, and rupture of the intraalveolar 
septa [10].

Figure 2 a shows an uneven blood filling 
with a predominance of capillary-venous plethora.
It is necessary to pay attention to changes that 
occur in the bloodstream characterized by pres­
ence of erythrocytes in vascular lumen. Distruc- 
tion of pulmonary parenchyma manifested by 
formation of fibrosis. It has been observed pro­
nounced bronchitis with coverage of the lung pa­
renchyma and lymph node, bronchial lumen con­
tains stratum of desquamated ciliated epithelium,

and Y-ray-induced rat lung (d). H&E staining, original

a small amount of mucus strands. It is also noted 
transition the inflammation to peribronchial tis­
sue. By magnificating x40, can be traced diape- 
detic microhemorrhage, several small focal intra­
alveolar hemorrhage of intensive red color with a 
small amount of leukocytes. Foci of acute alveolar 
emphysema varying degree of severity and prev­
alence with a thinning and defects of intra­
alveolar septa. In some fields of weak-moderate 
congestion hemosiderophages (fig. 2 b, c), ob­
served on the 14th day in rats exposed 56Mn. 
Comparative characteristics of changes in the 
lung after influence of Y- and neutron radiation 
showed uniformity of manifestation. Microscopic 
picture of animals on the 2nd week after 60Co ex­
posure provided on figure 2 d, where we are not­
ed signs of thickening of the vascular walls, as 
confirmed by research which describes pulmonary 
vasculopathy after a single dose of Y-irradiation 
rats [8]. Considerable importance should be given
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Figure 3 -  Histologic sections of the pulmonary tissue in rats exposed to 56Mn. H&E staining, original 
magnification x iQ

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

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

Microscopic changes also characterized by 
presence of vasculitis, lymphadenitis, hyalinosis 
and peribronchial cell infiltration. According to our 
research all of above changes were typically for 
rats irradiated 56Mn (fig. 3 b).

In this study, we have shown the sequence 
of morphologic changes in the rat lungs from 
early to late stage after a single influence of 56Mn 
and 6QCo at 2 Gy dose, which were the initiators 
of radiation pneumonitis related to fibrogenesis. 
Results of morphologic studies have shown that 
structural changes in the lung observed in 
irradiated rats little differed from the previously 
published results using different radiation models. 
It should be noted that the most prominent 
microscopic changes were detected in rats 
exposed to 56Mn after 2 weeks.

Currently, great importance is attached to 
the role of Mn, inducing apoptosis or necrosis. 
Thus, in the literature we have examined papers 
revealed regarding ability of Mn to cause histo-

morphologic changes in the lung tissue of animals 
[17]. In one of the papers, authors showed that 
the intoxication by Mn steams leads to distruction 
of the pulmonary parenchyma, the development 
of manganese pneumonia and lung edema [9], 
which corresponds to the data obtained in our 
experiment.

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

In contrast to the external Y-radiation, in­
ternal 56Mn radiation contributes to the develop­
ment of pathologic changes manifested by for­
mation of foci of hemorrhage and emphysema 
[10]. The emphysema is characterized by dilata­
tion of air space and destruction of the alveolar 
walls. Scientists have shown that the combination 
of lung fibrosis and emphysema have bad prog­
nosis similar to idiopathic pulmonary fibrosis [4].

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

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

CONCLUSION
Our research results and their comparison 

with literature data led to the conclusion that ma­
jority of experimental animals exposed to Y- and 
neutron radiation more pronounced changes 
were observed from the 2nd week after exposure, 
consisting the appearance of fibrosis and chronic 
inflammation, foci of emphysematous dilated al­
veoli, whereas after inhalation by Mn02 in rats 
dominated thickening of intra-alveolar septa on 
account of leukocytes, erythrocytes, lymphocytes, 
histiocytes and alveolocytes. Consequently, like y - 
rays, 56Mn also promotes activation of inflamma­
tory processes and stimulation of immune re­
sponses manifested by cellular infiltration. It 
should be noted that the most prominent histo­
logic picture characterized by presence of hemo­
siderosis foci, signs of vasculitis, lymphadenitis 
and hyalinosis were found, in particular, in rats 
exposed to 56Mn.

Thus, experimental studies confirm the role 
of neutron radiation in the formation of 
morphologic features which typically for radiation 
pneumonitis, that is a form of acute or subacute 
lung injury, depends on both dose and type of 
radiation.
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СРАВНИТЕЛЬНАЯ ХАРАКТЕРИСТИКА ГИСТОМОРФОЛОГИЧЕСКИХ ИЗМЕНЕНИЙ В ЛЕГКИХ КРЫС, ПОДВЕРГАВШИХСЯ 
ГАММА- И НЕЙТРОННОМУ ОБЛУЧЕНИЮ
Кафедра namBowHecKotj анатмии и cyiie6HoH медицины Гocудapc^ввннoгo медицинсксю униввpcитвтa 
г. Семей (Семей, Казахстан),
2Нaучнс-иccлвдсвaтвльcкий институт paдиaцисннсй б и ^ ^ и  и медицины (Хирам а, Яптия), 
зИнститут no изучению зaбслевaний nсcледcтвий cto m hm  бсмбapдиpсвки (Нагасаки, Яптия),
4 Кафедра питсния и гигиеничеасих дисциплин Гсcудapcтвеннсгс медицинс^ т унивеpcитетa г  Семей 
(Семей, Казахстан),
5Гсcудapаrвенный медицинский университет г. Семей (Семей, Казахстан)

Извеа™, что у лиц, пoдвеpraвшихcя вoздейcтвию иoнизиpующегo излучения, наряду с различными 
пoвpеждaющими эффектами ocoбoе место oтвoдитcя дыхaтельнoй системе. Дoминиpующaя poль нейтpoннo- 
aктивиpoвaннoro paдиoнуклидa (Марганца-56 (56Mn) oтмечaлacь в трудах япoнcких ученых, изучавших 
пocледcтвия aтoмнoй бoмбapдиpoвки в Хиpocиме и Нагасаки, и представляет научный интерес no сей день. В 
связи с этим целью иccледoвaния явилocь изучение ми^ с^ ^ ческих изменений в легких крыс, 
пoдвеpraвшихcя вoздейcтвию у- и нейтpoннoгo излучения.

В эксперименте иcпoльзoвaны крысы oбoих пoлoв линии «Вистар» в кoличеcтве 36 ocoбей, мастой 220­
330 гр. Живoтных пoдвеpгaли некpoпcии через 3, 14 и 60 сут пocле oблучения, затем извлекали легкие, пocле 
чего фикcиpoвaли в 10% фopмaлине. Фрагменты тканей заливали в парафин, затем изготавливали пoпеpечные 
серийные срезы тoлщинoй 4 мкм, шторые в дальнейшем oкpaшивaли rемaтoкcилинoм и эoзинoм. Результаты 
экcпеpиментaльнoro иccледoвaния пoкaзaли, что у бoльшинcтвa живoтных, пoдвеprнутых вoздейcтвию 56Mn и 
60Co, начиная co 2 недели oтмечaлиcь признаки фибpoзa и хpoничеcкoro вocпaления, oчaги эмфиземaтoзнo 
расширенных aльвеoл, тогда как пocле ингаляции MnG2 в легких крыс нaблюдaлocь утолщение 
межaльвеoляpных пеpеropoдoк за счет клеточных элементов. Очаги rемocидеpoзa, признаки васкулита, 
лимфаденита и гиaлинoзa пpеoблaдaли у крыс, пoдвеpraвшихcя вoздейcтвию нейтpoннoro излучения.

Таким oбpaзoм, изучение вoздейcтвия 56Mn на легкие крыс выявилo выcoкий уpoвень риска oблучения, 
чтo пoдтвеpжденo наличием вocпaлительных пpoцеccoв. Пoлученные данные пoдтвеpждaют poль 
иoнизиpующеro излучения в фopмиpoвaнии мopфoлoгичеcких пpизнaкoв, зависящих как ot дoзы, так и ot типа 
излучения.

Ключевые cлсва: иoнизиpующее излучение, легочная ткань, мopфoлoгичеcкие изменения, пневмoнит, 
фибpoз, крысы
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зАтом бомбасы эрекетнен туындаган сыркаттарды зерттеу институты (Нагасаки, Жапония),
4 Семей мемлекеттк медицина университеты^ тагамтану жэне гигиеналык пэндер кафедрасы 
(Семей, Казахстан),
5Семей мемлекеттк медицина университет! (Семей, Казахстан)

ИондаFыш сэуле эсерке душар болFандардык кептеген бYлiндiргiш салдарымен коса тыныс-алу жYЙесiне 
де ерекше мэн белмедк Хиросима мен НагасакидаFы атомдык бомбалаудык салдарын зерттеген жапон 
Fалымдарынык екбектерiндегi нейтронды-белсендi Марганец-56 (56Mn) рaдионуклидiнiк басым релi заманауи 
жаFдайда да кызыFушылык арттырады. ОсыFан CYЙене отырып, y- мен нейтронды сэуле эсерке vшыраFан 
егеукуйрыктардык екпесiндегi микроскопиялык езгерiстердi зерттеу максатымыз туындады.

Тэжiрибе жYЗiнде «Вистар» тукымды 220-330 гр салмаFы бар аталык жэне аналык жынысты 36 
егеукуйрык пайдаланылFан. ЖануарларFа сэулелеуден кейiн 3-шi, 14-шi жэне 60-шы тэулiктерде некропсия 
жYргiзу барысында екпесiн алып, 10%-тж формалинде фиксацияладык. Тiн фрагменттерiн парафинге куйып, 
калыкдь™ 4 мкм келденек сериялык кеандтер дайындап, эрi карай гематоксилин мен эозинмен (Н&Е) боядык. 
Тэжiрибелiк зерттеу нэтижелерi 56Mn мен 60Co эсерке vшыраFан жануарлардык кепшiлiгiнде 2-шi аптадан ке^н 
фиброз бен созылмалы кабыну белгiлерiн, альвеолалардык эмфизематозды кекею ошактары басым болFанын, 
ал МпО2 ингаляциясынан кейiн егеукуйрыктар екпесiнде жасуша элементтер^к эсерiнен альвеола аралык пер- 
делердщ калыкдауын керсеттi. Гемосидероз ошактары, васкулит, лимфаденит пен гиалиноз белгiлерi нейтрон­
ды сэулелену эсерiне шалдыккан егеукуйрыктарта тэн болды.

Сонымен, егеукуйрыктардык екпеане 56Мп эсерi кабыну YPДiстерiмен расталатын сэулелену каупiнiк 
жоFары декгейiн керсетп. Зерттеу нэтижелерiне сай иондаFыш сэуле эсер^ен туындайтын морфологиялык 
езгерiстердiк сипаты сэулеленудiк дозасы мен тYрiне байланысты дамиды.

К лт сездер: иондаFыш сэуле, екпе ™ i, морфологиялык езгерiстер, пневмонит, фиброз, егеукуйрыктар
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