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ABSTRACT

An experiment was conducted to evaluate the effects ofcobalt radiation inhistomorphology
changes in heart, brain, kidney, spleen, lung and liver of Wistar rats weighing 160 to 180 gr. A
total of 100 rats were divided into 4 groups with 25 rats each.T1) First group as control group
did not receive any radiation, T2) was irradiated with 6Gy, T3) was irradiated with 8Gy, T4) ws
irradiated with 14Gy. Results demonstrated dosage dependent changes in different parts of the
brain tissue. Histopathological studies of the central nervous system revealed radiation-induced
lesions early after exposure with congestion and edema.The renal tissues were subjected to
histological processing, and then studied. Histopathological studies revealed glomerular and
tubular changes with infiltration of the neutrophils and other leukocytes .More irreversible
changes included mesangial matrix and cell number increase in gromeruli. The muscular strings
of heart were narrowed and became of atrophic which led to the gap between heart muscular
strings (edema) in groups 2 and 3 while, rupture and necrosis can be seen in group 4.Areas of
necrotic hepatocytes and cell swelling were seen in G3 and G4. But in the group 4severe
congestion was seen. Also pathological study of spleen was showed that necrosis in some parts
of the spleen in 3 exposed groups andfibrinoid degeneration in the central splenic vein in group.
Sudies of the lung reveal ed radiation-induced Edema, hyperemia can be seen in all the 3 groups
and goes up as the dosage increases. Also, the thickening of alveolar walls through penetration
of unicellular e.g. lymphocytes and macrophages are observed in animals of groups 3 and 4.
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INTRODUCTION

Radiation may be used as adjuvant or primary tlyerapa variety of tumors in the chest,
abdomen and pelvis. Therapeutic radiation affeat¢ only malignant tumors but also
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surrounding normal tissues. The risk of injury degse on the size, number and frequency of
radiation fractions, volume of irradiated tissueyation of treatment, and method of radiation
delivery. Combination of surgery, chemotherapy, eadiation treatment are the mainstay of the
modern cancer therapy [1]. Radiation damage isrgdyealivided into early and late stages. The
early stage, occurring 1 to 4 months after treatmenhat of radiation pneumonitis. The severity
of radiation pneumonitis increases with increasetume of tissue radiated [2], increased
radiation dose, and faster rate of administrati®][ Radiation pneumonitis is generally not
radiologically apparent after doses less than 2Q8kyNecrosis and inflammation were the key
features of high dose radiation injury. Radiati@enosis is coagulativeand predominantly affect
white matter. The coagulative necrosis is due tallsartery injury and thrombotic occlusion. It
has been hypothesized that irradiation of the bitss an additional risk factor for the
development direct injury toglial cells. Exposure the moderately low doses of cobalt 60
radiation has resulted in decreased body weigl®.Studies from exposed human and animals
indicate that radiation from cobalt can affect alevivariety of tissues with greater levels of
cellular divisions [10], Necrosis and inflammatiauere the key features of high dose radiation
injury. Exposure to the moderately low doses ofatbB0 radiation has resulted in decreased
body weight [11]. Irradiation of the kidney may acauring TBI, which is a form of direct
injury, or as a consequence of irradiation of ngastouctures, thus causing radiation nephritis
[12].

MATERIALSAND METHODS

A total of 100 rats were divided into 4 groupshw2 rats each.T1) First group as control group
did not receive any radiation, T2) was irradiatath®Gy, T3) was irradiated with 8Gy, T4) was
irradiated with 14Gy.. Animals were housed undeandardized conditions for light and
temperature. A commercially prepared diet and cliramking water were provided ad libitum.
The rats were anesthesized with an intra-peritoimgettion of mixture of ketamin( 80mg/kg)
and xylazine ( 8 mg/kg ) prior to irradiation. Rat®re randomly divided into four groups
(n=25/group) and three groups were irradiated ®i#ly, 8Gyand 14Gy, on the whole body for
10 to 15 minutes. Irradiation was performed throtigs use of cobalt60 rays with the device
from a Canadian company Tretron, model Phoenix. citalt radiation was administered to the
body using a 250 kvorthovoltage system. A custosigieed positioning device based on the
standard steriolactic frame was used so that simasa could be simultaneously irradiated.
Dosimetry was performed by implanting lithium flide thermoluminescent dosimeters into
various areas. The corrected dose rate was detrtonbe 205/69¢ GY/min and irradiated with
a distance of 7.5 cm on the field of 35x35 in tbesdventrl axis.

During 30 days after irradiation behavioral changed other possible clinical symptoms, mainly
changes on the body surface and lethality was dedofhe surviving rats at the end of
experiment were sacrificed with carbon dioxide, lednately after irradiation, the rats were
freed, placed in their cages, and transferred badke Iaborator)é where they were allowed to
recover from anaesthesia. The animals were mouittilethe 30" day post-irradiation, when
they were sacrificed. The kidneys, heart, braidng&y, spleen, lung and liver were carefully
dissected out, extracted, rinsed in 10% formalich taen fixed immediately in 10% formalin.
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RESULTSAND DISCUSSION

The animals which received the highest dose otliataon were severely prostrated, very wet
with sweat and by the second day some of them aleeady dead by the 3 day. All the rats in
this group died in the 1 week period. Result ofrditative analysis of structural disorders in the
central nervous system revealed radiation produdachages early after exposure which
correspond to vascular responses and includedofobemorrhages accompanied with severe
vasogenic and cytotoxic edema, on the first wedkr agxposure in group4, rarefaction and
necrosis was observed in the subcortical area ainbnemisphere(Fig. 1).The deteriorated
regions were surrounded by gliosis, were predontipdocated in the white matter of the
medullary layer more on the white mater. Hemorrlsagere visible either within the necrotic
areas or were restricted to areas surrounding {teicanecrosis. In an organ such as the brain,
different topographical regions may have varyingcgptibility to ionizing radiation. Radiation
induced lesions tend to occur more frequently i@ terebral brain white matter. The main
findings in this study were the radiation necrasishe cortex and subcortical area in the brain.
There are controversial views as to relative imgooee of vascular theory versus the glial theory
as the prime underlying element of pathogen-ndsiadiation necrosis [7,13].

Histopthological examination of the kidney revealathrked changes in tubules and glomeruli
.Early changes noted in the tubules and interstiisue. The tubular epithelial cell were swollen
with vacuolation with numerous hyaline cast in thmen (Fig.2). These changes appeared as
early as # day of post irradiation. There were also severephty and necrosis of the tubules in
group three which received the highest dose oatauhi.Some tubules showed marked thining of
the epithelial cells which were transformed intthia layer of cytoplasm covering the basement
membrane. The pathophysiology of radiation neghnigéi due to cellular injury caused by
ionizing radiation [14].Cohen [12] explains thanat injury caused by ionizing radiation is
initiated by oxidative injury to deoxyribonucleicid (DNA), that is, it is a genotoxic injury. It is
established that tissue injury elicits acute inflaamtion whose features among others include
swelling of the affected part. This is due to acalation of exudates particularly fluid, proteins,
and cells from local vessels unto the damaged &1 The hypercellularity in kidneys
especially in inflammatory conditions are associatgth an increase in cell number linked to
cellular proliferation of mesangial, endothelialparietal epithelium cells.

The animals which received the highest dose otliataon were severely prostrated, very wet
with sweat and by the second day some of them alezady dead by thé®Xay. All the rats in
this group died in the®lweek period. In all three groups areas of necimtisatocytes and cell
swelling were seen (figure 3) but in the group 4sewcongestion was seen. In all three groups,
some of the cells lose their nuclei and cells gsue can be seen as separate Furthermore, cell
swelling occurs and the atmosphere of sinusoidasenexpanding. Also pathological study of
spleen was showed that necrosis in some partseo$gleen in 3 exposed groups andfibrinoid
degeneration in the central splenic vein in gro(fig4). In the experience in humans that the
tolerance of the whole liver is 30-35 Gy in conwemal fractionation, but parts of liver can be
treated with doses in excess of 70 Gy with threeedisional radiotherapy treatment planning
[16]. Radiation-induced liver disease (RILD), odigtion hepatitis, is a clinical syndrome of
anicteric ascites and hepatomegaly occurring 2 svdek4 months after hepatic irradiation,
because of venoocclusive disease [16].
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Fig 1.Necrosisin the neurons. Thecellshavelost their  Fig 2. The cytoplasm of the tubular epithelial cellsare
nuclei and normal cell outline.(hematoxylin-eosin; distended with vacuoles and hyline castsin thelumen
original magnification & 400). (Hematoxylin-eosin;original magnification x 400)
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Fig3: Necrosisoflivercellsin rat Fig4:fibrinoiddegeneration in the central splenic veinin
(H& E X400) theliver of rat (H& E X400)
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Fig6: blood and edemain the spaces of heart muscular
(H& E X400)

Fig5: hyperemia and necrosisin lung tie(H& E X400)
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The animals which received the highest dose otliataon were severely prostrated, very wet
with sweat and by the second day some of them alezady dead by thé%day. All the rats in
this group died in the®lweek period. Result of quantitative analysis ofctural disorders in the
lungs revealed radiation produced damages eamy akposure which correspond to vascular
responses, and edema and hyperemia can be sekthie & groups and goes up as the dosage
increases. Also, the thickening of alveolar wallsotigh penetration of unicellular e.g.
lymphocytes and macrophages are observed in anohgioups 3 and 4 There are hyperplasia
of lymphatic follicles around respiratory tract.eBting, wide necrosis in lung tissue and pleural
pnemonia could be seen in animals group 4 whickived the highest dosage (Fig5). Radiation
induced pneumonitis typically develops approxima@t8 weeks after treatment with doses of
30-40 Gy and is well known early expected effecthafrapy that is related to total dose and
fractionation [17].Radiation pneumonitis is mostemsive 3—4 months following the end of
therapy and eventually becomes radiation fibrosisolmes a stable finding approximately 9-12
months after therapy[18]. Result of quantitativalgsis of structural disorders in themuscular
strings of heart were narrowed and became of atophich led to the gap between heart
muscular strings (edema) in groups 2 and 3. Whilpture and necrosis can be seen in group
4.Blood is observed in the spaces of heart musstiizgs. A vein in the heart is shown in group
3 which is of degeneracy of fibroids. The wall gahne vein becomes monotonous and the cells
of endothelium are swollen. (Fig6).Radiation paddss generally presents 6—9 months after
therapy and the majority of cases occur within Brfonths of therapy [19]. Both pericardial
effusions and pericardial fibrosis are known toucdericardial effusions can be small and
incidental findings or large enough to require imémtion. Eccentric effusions may occur likely
due to adhesions of the treated pericardium[20].
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