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Purpose : To evalute the late effect(3 and 6 months) of cis -diamminedichloroplatinum(lIl)(cisplatin) on
the radiation brain damage when the cisplatin was intraperitoneally infused immediately after whole
brain irradiation in the rats.

Materials and Methods : The histolopathological findings of the brain were examined in rat
brains at 3 and 6 months after the treatment. The rats were irradiated(20 or 22.5 Gy, RT) or
cisplatin was injected intraperitoneally(2, 4, or 8mg/kg, CT) and in combined treatment group,
cisplatin(2mg/kg) was injected immediately after irradiation(20 or 22.5 Gy). Histopathological
examination was done mostly in irradiation or cisplatin alone groups, because the rats in
combined group died during experimental period except 2 rats.

Results : The rats treated with cisplatin showed marked epithelial vacuolation with perivascular
edema and vascular dilatation in choroid plexus at 3 months as wdl as multifocal necrosis
involving fimbria and cerebellar hemispheres at 3 and 6 months. The changes were more
prominent in rats with 2mg/kg injection compared to rats with 8mg/kg injection.The rats with RT
and combined CT and RT showed characteristic delayed irradiation effects such as focal
coagulation necrosis and vascular changes, which were more marked than previous reports.
Prominent perivascular and leptomeningeal astrocytic proliferation was well documented by
anti- GFAP antibody. Cisplatin treatment did not enhance the effect of radiation-induced changes
of blood vessels and astrocytic proliferation.

Consluion : The focal necrosis was the most consistently noted finding in this study, it
suggested the possibility to use this as an evaluation factor for combined effects of RT and
cisplatin.
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INTRODUCTION

Cis-diamminedichloroplatinum(cisplatin)

is

a

heavy metal ¢ ompound with a well established
antitumoral effect in various tumors including brain

tumors.*® The effect of cisplatin as a potential
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radiosensitizer in brain tumor is controversial. In a
rat brain tumor study, Douple et al. demonstrated an
improvement over radiation therapy alone by the
addition of systemic cisplatin.¥  Clinically,
concomitant cisplatin has been effectively added to
standard fractionation radiation therapy for the
treatment of brain metastasis. However, an EORTC
Brain Tumor Group Study concluded that systemic
cisplatin did not enhance the effect of radiation
therapy in malignant glioma. Combined cisplatin
and cranial irradiation may lead to increased risk of
ototoxicity, cranial nerve palsies, and coma.”

The changes occuring in normal brain
parenchyme by treatment is important to know,
since the effects of therapeutic irradiation and
chemotherapy are inevitably limited by the
tolerance of the surrounding normal tissue.
Previous studies on effect of cisplatin alone or
combination of cisplatin and radiation in the rabbit's
brain® ” did not show any clinical symptoms or
histopathological changes. In their studies,
histopathological examination was done at various
times up to 2 weeks after intracarotid(IC) injection in
cisplatin alone group and up to 8 weeks after
irradiation in combination group. On the contrary,
focal brain necrosis asssociated with increased
permeability following IC administration of cisplatin
was observed in other studies® ? Intraperitoneal(IP)
administration of more than LD50(12mg/kg) of
cisplatin did not show histological changes in rat
brain during 1-28 days in other study.*?

The purpose of this study was to establish the
morphologic effect of cisplatin alone or combined
cisplatin and irradiation to the normalrat's brain at 3
and 6 months. In addition, histopathological findings

of irradiation alone group were compared with
previous studies. Astrocytic glial reaction was
evaluated by glial fibrillary acidic protein(GFAP)
immunoreaction and electron microscopic
examination was performed at 6 months after
treatment.

MATERIALS AND METHODS

1. Animals and experimental design

Sprague-Dawley rats of both sexes weighing
200-250gm were used for the present study. Each
rat was allowed free access to food and water
before and after the irradiation and chemotherapy.
Sixty seven rats were devided into 3 groups:
irradiation(RT) alone, chemotherapy(CT) alone,
and combined irradiation and chemotherapy(Table
1).

Before the irradiation, the rats were lightly
anesthetized with ketamine(50mg/ml)
intraperitoneal injection(100mg/kg). Whole brain
was irradiated 20 or 22.5 Gy by 6MV linear
accelerator(NEC 1000x , Japan) through anterior 1
portal with shielding of both eyes.

In chemotherapy alone group, cisplatin(2, 4, and
8mg/kg, Cisplan, Dong-A Pharmacy Co) was
injected intraperitoneally and immediately
intraperitoneal injection of 3ml 0.9% NaCl was was
done for hydration. In combined group of irradiation
and chemotherapy, cisplatin(2mg/kg) was injected
intraperitoneally immediately after irradiation(20 or
22.5 Gy).

Histopathologic examination was performed after
3 or 6 months. At least one sham-operated rat(no

Table 1. Experimental Groups and Survival Rate

) No. of rats Survived rats(%)
Duration
3 mo 6 mo 3mo 6 mo
Control group 2 2 2(100) 2(100)
RT alone groups
20Gy 5 6 5(100) 2(33.3)
225Gy 5 6 3(60) 0(0)
Combined RT & CT groups 5 5 0(0) 1(20)
Y. St 5 5 0(0) 1(20)
SGy CT
CT alone groups
2mg/kg 5 6 5(100) 6(100)
4mg/kg 6 0 62100; 0
8ma/kg 4 0 4(100 0
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irradiation or chemotherapy took place) was
included as a control with each experimental group.

2. Tissue preparation for light microsopic
examination and immunohistochemical
method

Each rat was anesthetized and the brain was
fixed with transcardiac infusion of 4%
paraformaldehyde following perfusion with isotonic
saline to remove blood from the cerebral
vasculatures. The brains were removed and fixed in
the same solution for a further 24 hours. Coronal
sections of the supratentorial portion of each brain
were taken and embedded in paraffin. Routine
sections were stained with hematoxylin-eosin(H-E)
and luxol fast blue(LFB) to demonstrate changes of
myelin. Immunohistochemical study with anti-glial
fibrillary acidic protein(GFAP) antibody was
performed to evaluate the reactive changes of
astrocytes.

The immunohistochemical reaction with anti-
GFAP antibody was  accomplished using
peroxidase-antiperoxidase method as described
with  some  modification.!¥  Briefly, each
deparaffinized 5-y m coronal section was reacted
with a primary antiserum for 60 min before reaction
with the peroxidase-antiperoxidase complex by
LSAB kit from DAKO(Santa Babara, CA, USA). The
antiserum for GFAP from human brain, raised in
mouse, was purchased from Dako(Glostrup,
Denmark) and diluted to 1:100. The peroxidase
reaction was carried by incubation with link antibody
and streptavidin for 20 min, respectively, and
subsequently with AEC(3-aminoethyl 9-carbasol).
The sections were counterstained with Meyer's
hematoxylin to visualize cell nuclei. A coronal
section was incubated with nonimmunized serum
from the same species used to raise primary
antiserum.

3. Histopathologic examination

The histopathological analysis was performed in
anatomical regions of interest, which has been
known as main target of irradiation in the brain,
such as white matter, blood vessels in choroid
plexus in lateral ventricles, and subependymal
primitive cell layers. The changes of choroid plexus
and basal ganglia such as epithelial cell vacuolation,
perivascular edema, and vascular dilatation were
graded O to where 0 was absence of changes

and , and were mild, moderate, or

marked severity, respectively. Vascular endothelial
cell reduction and hypertrophy, vascular wall
thickening, and other findings were evaulated as
absence( ). GFAP
immunoreactions(IR) were graded to as
mild, moderate, and marked positive reaction. The
subependymal primitive cell layers were evaluted
for degree of mitosis and loss of cells with reactive
glial proliferation. The hippocampi and
frontoparietal cerebral cortex were also evaluated
for the presence of degenerated neurons or other
pathological changes.

presence( ) or

4. Electron microscopic examination

Electron microscopic examination was performed
on 6 rats, consisting of 2 control rats and
experimental groups at 6 months, which were a rat
with 20 Gy RT, arat with 20 Gy RT and 2mg/ kg CT,
aratwith 22.5 Gy RT and 2mg/kg CT, and a rat with
2mglkg CT.

Sections from gray and white matter as well as
basal ganglia were post-fixed in 0.1% OsO4 and
embedded in epon. Light microscopic examination
was performed on semi-thin sections with toluidine
blue stain before electron microscopic examination.
Selected ultra-thin sections were stained with
uranyl acetate and lead citrate and examined by
Hitachi-500 transmission electron microscope.

RESULTS
1. Survival rates

The survival rates of each experimental groups
are summarized in Table 1. The rats with 20 Gy RT
showed 100% survival rate at 3 months compared
to 33.3% at 6 months. The rats with 22.5 Gy RT
showed 60% and 0% at 3 and 6 months,
respectively. All the rats with different dosages(2, 4,
8mg/kg) of CT group survived at 3 months but, only
2mg/kg CT group of rats were survived at 6 months.
Combined RT and CT groups showed 0% and 20%
at 3 and 6 months, respectively in both 20 Gy and
22.5 Gy RT groups.

2. Weight gain

The average body weight of experimental groups
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are summarized in Table 2. With 20 Gy irradiation,
average weight gain at 3 months was 50gms
compared to 120-150gm increase in control rats.
With 22.5 Gy irradiation, weight gain at 3 months
was poor. Average weights gain were similar in rats
with different dosage of CT at 3and 6 m

onths.

3. Histopathological findings of rats with
cisplatin injection

The histopathological findings depending on the
dosage of cisplatin and examination time are
summarized in Table 3. The rats belong to same

experimental conditions showed similar
histopathological findings each other. The
discernible  histopathological changes were

changes of choroid plexus such as epithelial
vacuolation, vascular dilatation and thickening,
endothelial cell reduction and haphazardly
scattered focal necrosis involving gray and white
matter.

At 3 months post-CT, epithelial cell vacuolation,
perivascular edema, and vascular dilatation in the
choroid plexus were marked in rats with 2mg/kg CT
compared to moderate to mild reaction in rats with 4
or 8mg/kg CT(Fig. 1A & B). At 6 months
post-CT(2mg/kg), only moderate epithelial

Table 2. Experimental Groups and Body Weight

No. of rats ;
Duration (survived rats) Average body weight(gm)
3mo 6 mo 0mo 3mo 6 mo
Control group 2(2) 2(2) 220 340 370
RT alone groups
20 Gy 5(5 6(2 254 304 NA
225 Gy 5(3 6(0 250 267
Combined RT & CT groups
20 Gy CT(2mg/kg) 5(0) 5(1) 260 320
225 Gy CT(2mg/kg) 5(0) 5(1) NA NA
CT alone groups
2mg/kg 5(5 6%6) 225 287 290
4mg/kg 6(6 220 292
8mg/kg 4(4) 0 220 273
NA : rats were survived but weights were not available
: no rats were survived
Table 3. Histopathological Findings of Rats with Cisplatin Injection
Condition Control Cisplatin dosage(mg/kg)
2 4 8 2
Duration(month) 3 6 3 3 3 6
Number of animals 2 2 5 6 4 6
Choroid plexus
epithelial vacuolation
perivascular edema
vascular dilatation
endothelial cell reduction
endothelial hypertrophy
vascular wall thickening
Focal necrosis 3) 2) 4)

(n) : number of rats that showed changes
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vacuolation was noted with no other changes.

Focal necrosis was noted in fimbria as well as
cerebellar cortex and white matter(Fig. 1C & D).
With 2mg/kg CT, necrosis was confined in fimbria in
3 out of 5 rats at 3 months compared to multifocal
necrosis of cerebellum and fimbria in 4 out of 6 rats
at 6 months. The 2 out of 6 rats with 4mg/kg CT also
showed focal necrosis in fimbria at 3 months. The
rats with 8mg/kg CT did not show necrosis in all 4
rats at 3 months.

Primitive cells in subependymal plates were
largely well preserved in all groups. The
immunohistochemical stain  with  anti-GFAP
antibody showed no increased reaction at 3 and 6
months, except minimal reaction around focal
necrotic areas.

4. Histopa

thological findings of rats with
irradiation(RT) alone or with cisplatin
2mg/kg(Table 4)

1) Changes of choroid plexus in the lateral
ventricle:

The rats of each group showed similar
histopathological findings in the choroid plexus
eachother. Epithelial cells showed mild vacuolation

in 20 Gy RT group at 3 and 6 months as well as in
combined 20 Gy RT and CT group at 6 months. The
rats in 22,5 Gy RT group showed moderate
vacuolation at 3 months(Fig. 2A). Mild perivascular
edema and vascular dilatation were noted in RT
groups(20 and 22.5 Gy) at 3 months. At 6 months,
perivascular edema was mild in 20 Gy RT group
and combined 20 Gy RT and CT groups but
vascular dilatation was not noted. Vascular
endothelial cells were decreased in numbers in all
groups at 3 and 6 months and endothelial cell
hypertrophy was noted at 6 months. Vascular wall
thickening was noted only in 20 Gy RT group at 6
months(Fig. 2B). The rat with 22.5 Gy RT and CT
only showed endothelial cell reduction and
hypertrophy at 6 months.

2) Changes in basal ganglia

Basal ganglia showed prominent changes of
blood vessels with no evidence of necrosis or
demyelination(Fig. 2C). Perivascular edema was
mild in 22.5 Gy RT group at 3 months and moderate
in all groups at 6 months. Vascular dilatation was
equivocal in 20 Gy RT group and mildin 22.5 Gy RT
group at 3 months compared to moderate reaction
in 20 Gy RT group at 6 months. Combined RT and

ig. 1. Histopathological findings of chorold plexus(A & B), Tmbria(C), and_cerebelum of rat

brain with cisplatin injection(CT). A & B: marked epithelial cell vacuolation, perivascular
edema, and vascular dilatation in rat with 2mg/kg CT(A) compared to scattered
vacuolation of epithelial cells in rat with 8mg/kg CT(B) at 3 month post-CT(x 66, H-E). C
& D: The rats with 2mg/kg CT showed focal necrosis(Asterisks) in fimbria(C, x 16, H-E)
and cerebellum(D, x 5, H-E) at 3 months and 6 months post-CT, respectively.
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Table 4. Histopathological Findings ot Rats with Irradiation Alone or with Cisplatin

Condition Control

20Gy 225Gy 20Gy 20Gy CT 225Gy CT

Duration(month) 3 6

3 3 6 6 6

Number of animals 2 2

5 3 2 1 1

Choroid plexus
epithelial vacuolation
perivascular edema
vascular dilatation
endothelial cell reduction
endothelial hypertrophy
vascular wall thickening

Basal ganglia
perivascular edema
vascular dilatation
vascular wall thickening

Focal necrosis

Cranial nerve degeneration
Focal hemorrhage
Periventricular edema

GFAP positive reaction
corpus callosum
fimbria
internal capsule
caudate
thalamus
globus pallidus

CT : chemotherapy(cisplatin) 2mg/kg

CT groups did not show vascular dilatation at 6
months. Vascular wall thickening was noted at 6
months in all groups.

3) Changes in subependymal plate(SEP)

In normal rats, subependymal plate about the
rostral end of the lateral ventricle showed many
undifferentiated primitive cells with active mitosis
(Fig. 3A). GFAPshowed strong positive reaction in
SEP as well as in adjacent ependymal linings. The
cell density in SEP was markedly decreased in
number at 3 and 6 months compared to control rats
and the lateral ventricles were considerably
dilated(Fig. 3B).

4) Focal necrosis and other findings

Focal necrosis and cranial nerve degeneration
were noted in all irr

adiated groups at 6 months (Fig. 3C & D).
Multiple small focal hemorrhages were present in
20 Gy RT group at 6 months(Fig. 2D). Combined RT
and CT groups showed periventricular edema at 6

months.

5) Immunohistochemical reaction with
anti-GFAP antibody

Control rats showed moderate positive reaction
in corpus callosum, fimbria, internal capsule, and
globus pallidus compared to mild reaction in
caudate nucleus and thalamus. In RT alone groups,
20 Gy RT did not increase positive reaction in
corpus callosum, fimbria, internal capsule, and
globus pallidus at 3 and 6 months. In caudate
nucleus and thalamus, 20 Gy RT group showed
similar positive reaction to control rats at 3 months
(Fig. 4A) and increased positivereaction(moderate)
at 6 months. The rats with 22.5 Gy RT showed
increased positive(moderate) reaction at 3 months.
The rat with combined 20 Gy RT and CT showed
markedly increased positivereaction in all the areas
at 6 months(Fig. 4B). The positive reaction was
most prominent in perivascular and leptomeningeal
areas. One rat with combined 22.5 Gy RT and CT
showed similar(marked) reactions in most of the
regions, except moderate reactions in fimbria and
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brain with irradiation(R
22.5 Gy RT showed mo

ig- 2. Histopathological findings of choroid
glg alone or with cisplatin
erate vacuolation of epithelial cells at 3 months post-RT(A) and

PIEXUS(A & E?Z, thalamus(C), and brain stem(D) of rat

mg/kg) injection. A & B: The rat with

rat with 20 Gy RT showed vascular wall thickening and prominent endothelial cells at 6
months postRT(B)(x 66, HE). C & D: The rat with 20 Gy RT showed vascular wall
thickening and perivascular edema(Arrows) in thalamus(C, x 33, HE) and multiple

small focal hemorrhages(Arrows) in brain stem(D, x 66. H-E) at 6 months post-RT.

caudate nucleus.

5. Light microscopic examination of semi-
thin section and electron microscopic
examination

A rat with CT alone showed largely well
preserved neurons and axons with minimal
perivascular edema. Distorted neurons are
scattered in much less numbers than RT groups.

Tworats with 20 Gy RT(one with RT only and one
with RT and CT) showed similar findings of blood
vessels, consisting of mild to moderate vascular
wall thickening and perivascular edema (Figs. 5A &
6). Distorted neurons were frequently noted as well
as axonal degeneration.

A rat with 22.5 Gy RT and CT showed focal
necrosis, in which blood vessels with markedly
thickened wall were remaining(Fig. 5B). Distorted
neurons were frequently noted as well as axonal
degeneration and perivascular macrophages.

DISCUSSION and CONCLUSION

In RT alone groups, the survival rate was significantly

better with 20 Gy irradiation than 225 Gy at 3
months(100% vs 60%) and 6 months (33.3% vs 0%).
Combined group of RT and CT showed a poor
survival rate, especially 22.5 Gy group. All the rats
with different dosages of CT survived at 3 months
but, only 2mg/kg CT group of rats were survivied at
6 months.

Average body weights were similar in rats with
different dosage of CT as well as at 3 and 6 months.
The body weight studied in early stage (1-10 days)
by Sugimoto'? showed a weight loss up to 14% of
pretreatment level during day 4 to 10 in rats with
intracarotid(IC) administration of 1.2 mg/kg and
1.5mg/kg cisplatin. In contrast, the rats with 1mg/kg
did not show any significant changes in the same
study. Neurological signs such as seizure,
hemiparesis, lethar Gy, and coma were noted only
in the group with 1.5mg/kg cisplatin. Cisplatin
neurotoxicity was manifested as CT evidence of
brain edema and atrophy.*¥
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ig. 3. Hisiopathological Tndings _of _subependymal ,Elate(A & Bg},
cerebellum E(EE) and cranial nerve(D) of control(A) and rats wit|
20 Gy RT(B-D). Actively proliferating primitive cells (Arrows)
were noted in control rat(A), comparing to the absence of cells in
rat with RT at 3 months postRT(B)(x 40, H-E). Multifocal
necrosis(Asterisks) of cerebellum(C, x 16, H-E) and cranial
nerve degeneration(Asterisks)(D, x 13, HE) were noted at 6
months post-RT.
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ig. 4. Tmmunohistochemical reaction with ant-GFAP antbody. The rat with 20
Gy RT showed similar positive reaction to control rat at 3 month
post-RT(A) and the rat with combined 20 Gy RT and CT showed markedly

_increased positive reaction at 6 months post-RT(B)(x 33, PAP).
0 1 g

ig. 5. ng_lr_lt MICTOSCOPIC examination of semi-thin section, The rat with 20 Gy

RT showed mild to moderate vascular wall thickening and perivascular
edema in basal ganglia(Arrows) at 6 months postRT(A) and the rat with
combined 22.5 Gy RT and CT showed blood vessels with markedl¥
thickened wall(Arrows) in necrotic background at 6 months postR
(B)(x 66, Toluidine blue).
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ig- 6. Hecfron MICroSCopIC _examination of rat  With
combined 20 Gy RT and CT showed moderate
vascular wall thickening with perivascular
edema(Asterisks) at 6 months post-RT(x

8500).

Distribution studies of cisplatin in animals
showed either a small amount of platinum in the
normal brain after V or IP injection* *® but human
studies showed a high accumulation of platinum or
radiolabelled cisplatin in brain tumor® *” and in the
normal brain tissue adjacent to the tumor following
IV or IC injection.

Since cisplatin passes very little through a normal
blood brain barrier(BBB), the toxicity observed must
be directly related to the exposure of
microcirculation to cisplatin and a subsequent toxic
reaction, which are first started in the endothelial
cells.® ®*® Double-tracer autoradiography study in
rats during 1-10 days after IC administration of
cisplatin showed increased BBB permeability on
ipsilateral side, which was dose-dependent and
preceded the brain necrosis® With 1.5mg/kg
cisplatin IC administration, statistically significant
BBB changes were noted in hypothalamus, auditory
cortex, and caudoputamen. Local blood flow
changes did not showed until brain necrosis was
noted. Histologic findings observed were focal brain
necrosis associated with or without

microhemorrhages during 4-10 days, although it
occurred haphazardly and was observed not in a
majority of animals in any of the groups with
different dosages of cisplatin. In this study,
multifocal necrosis involving fimbria and cerebellar
hemispheres was noted at 3 and 6 months after IP
injection of cisplatin, which seemed like more
prominent with 2mg/kg injection(3/5 at 3 months
and 4/6 at 6 months) than 4mg/kg(2/6) or 8mg/
kg(0/4). The degree of severity in the different
dosage was not propotional, but the mortality in 4
mg/kg and 8 mg/kg group were higher(6/6) than 2
mg/kg in 6 months. The explanation for this
difference according to the dosage in 3 months
group was not clear in this study and further studies
with more numbers of rats will be necessary. The
results of this study could not be compared with
other previous studies because examination time
and cisplatin administration method were different.
The results in this study were different from the
study by Kociba and Sleight’® showing no
histological changes at 1-28 days after massive
dosage(12mg/kg) of cisplatin IP administration.

The histologic changes of choroid plexus after
cisplatin IP injection have not been reported in the
literature. In this study, choroid plexus showed most
striking vacuolation in epithelial cells with
perivascular edema and vascular dilatation at 3
months with 2mg/kg injection.

Irradiation-induced changes of central nervous
system(CNS) include early delayed(2-13 weeks
after irradiation) or late delayed(months or years
after irradiation) effects. The late delayed effects
consists of blood vessel changes(fibrinoid necrosis
of vascular wall with vascular thrombosis and
telangiectases) and white matter damages
(coagulative necrosis and demyelination). Loss of
reproductive ability of cells in subependymal
plate(SEP) as well as vascular damages have been
known as mechanism of postirradiation white
matter necrosis and irradiation
encephalopathy.*??

Previous study on irradiated mature rat brain
during first 3 months postirradiation®® showed that
the cell density in SEP was less than 10% of normal
control at 10 days and 0% at 3 months. Hopewell
and Cavanagh?® showed dose-dependent changes
in mitotic activity of SEP. With the doses of 20 Gy or
less, mitotic counts showed rapid decline in the first
24 hours after irradiation and ariseto a peak at7
days with further decline up to 14 days, followed by
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gradual return by 3 months to within normal limits.
They also showed dose-dependent recovery; 1
month after 2 Gy of local irradiation compared to 3
months after 20 Gy irradiation. No recovery was
observed with 40 Gy irradiation with no mitotic
count at 6 months after irradiation. In this study, cell
density in subependymal plate was totally absent at
3 and 6 months with both 20 and 22.5 Gy RT and
mitotic counts could not be performed. The different
results in this study was probably due to different
experimental conditions with radiation ener Gy and
species of animal.

Vascular damages in radiation encephalopathy
have been described as doselimiting tissue
components(Tissue Injury Unit, TIU), which consist
of a dilatation of the vascular lumen, a thickening of
the blood vessel wall, an enlargement of endothelial

cell nuclei, and a hypertrophy of adjacent astrocytes.

Those parameters contributing to “TIU” present a
much stronger correlation with demyelination than
with number of astrocytes, oligodendrocytes, or
endothelial  cells?®  This  study  showed
characteristic blood vessel changes in basal
ganglia and choroid plexus such as moderate
perivascular edema and mild vascular wall
thickening as well as endothelial cell hypertrophy
and redistribution, which were similar to previous
reports>*?® Above changes as well as vascular
dilatation and focal hemorrhages were more
prominent at 6 months postRT than 3 months. The
rats with 22.5 Gy RT showed more perivascular
edema and vascular dilatation in basal ganglia than
those with 20 Gy RT at 3 months postRT. No
previous reports showed the changes of blood
vssels at 3 months post-RT. At 6 months post RT,
vascular dilatation and endothelial cell enlargement
were absent in rats with 20 Gy RT compared to
minimal reaction in 1 and 5 out of 6 rats with 22.5
Gy and 25 Gy RT, respectively??. Vascular wall
thickening was noted in rats with 20 Gy RT at 6
months postRT in this study, which was more
marked than previous study by Reinhold et al,??
showing minimal reaction with 25 Gy at 6 months
and first noticed reaction at 39 weeks post-RT in
rats with 20 Gy RT. Hypertrophy of astrocytes,
demonstrated by GFAP- positive cells in this study,
was increased in thalamus and basal ganglia at
post-RT 3 months of 22.5 Gy and was markedly
increasedin all areas at 6 months postRT of 20 Gy.
GFAP- positive cells were aggregated in
perivascular and leptomeningeal areas and

combination of CT and RT did not give discernible
differences. Reinhold et al*¥ showed no astrocyte
hypertrophia at 6 months postRT in the rats with 20
and 22.5 Gy irradiation and minimal reaction in 4
out of 6 rats with 25 Gy RT.

Multifocal coagulation necrosis of white matter
was noted in the rats with RT alone or combined RT
and CT at 6 months post-RT, which was similar to
previous report showing necrosis of white matter
after a latent interval of more than 26 weeks.?®
They showed dose-related incidence of necrosis at
39 and 52 weeks after irradiation. Other findings
such as focal hemorrhages and cranial nerve
degeneration in this study were similar to previous
reported studies ?” 2%%?

Epithelial cells of choroid plexus showed mild to
moderate vacuolation at 3 and 6 months post-RT,
which was most prominent in rats with 22.5 Gy RT
at 3 months post-RT. Vacuolation of epithelial cell
was the prominent changes in the irradiated mature
rat brain during first 3 months post-RT.?*® Atrophy of
epithelial cells were not present in this study
compared to previous study showing atrophy of
epithelial layer after 13 weeks with recovery by 39
weeks 2 Consistant endothelial cell reduction at 3
and 6 months post-RT and endothelial cell
hypertrophy at 6 months postRT in this study were
similar to previous reported studies.3*39

Enhancing effect by cisplatin on irradiation could
not be evaluated in this study because only 2 rats
were survived in combined group. Among
histopathologcal changes, focal necrosis was the
most consistently noted finding at 6 months of
radiation alone, cisplatin alone and combined
groups in this study. This suggests that the degree
of focal necrosis might be a good histologic finding
in evaluating the delayed effects of the combined
therapy with cisplatin and radiation in future studies.
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