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Summary.-Effects of X-irradiating the urinary bladder of female F344 rats with a
single dose of 20 Gy were studied by light and electron microscopy. The animals were
killed 1 week-20 months post-irradiation, and all tissues of the bladder wall were
found to be affected by the irradiation.

In the urothelium, damage was initially restricted to the basal cells but slowly
extended to intermediate cells, and by 6 months post-irradiation the urothelium was
focally hyperplastic. Twenty months post-irradiation, transitional-cell carcinomas
were found in 10 of the surviving 17 animals (59%). The blood vessels in the bladder
wall showed damage to both the endothelial cells and the smooth muscle. The fibro-
blasts in the connective tissue of the bladder wall appeared to show increased secre-
tion after irradiation, and there was abundant collagen deposition, resulting in
severe fibrosis of the bladder wall. After a latent period of a few months, focal degen-
eration and extensive necrosis of the smooth muscle cells were seen, leading to
severe destruction and disorganization of the muscular coats of the bladder wall.
Thus, a single dose of irradiation of 20 Gy was sufficient to produce severe fibrosis

of the bladder wall with smooth muscle degeneration and to induce carcinoma of
the urothelium in most of the treated animals within 20 months.

CARCINOMA OF THE UTROTHELIUM lining
the bladder is the most frequent malig-
nancy of the urinary tract in man,
representing -5% of all new malig-
nancies in Western Europe and America.
It is commoner in males and cigarette
smokers. Usually presenting in middle
life with painless haematuria, many blad-
der tumours are for long periods confined
to the urothelium, with only superficial
invasion into the musculature of the
bladder wall. Although it is a multi-
focal disease with a high rate of recur-
rence, such superficial tumours may be
treated successfully for some years through
the cystoscope by surgical removal and/or
fulguration. However, the disease com-
monly progresses both in stage and grade
and once tumours penetrate more than

half the thickness of the bladder wall,
their ultimate prognosis becomes dis-
mally poor. The only proven modes of
treatment then are radiotherapy and/or
total cystectomy (Bloom, 1960; Wallace
& Bloom, 1976; Whitmore et al., 1968).
The radical use of radiotherapy is

limited by the tolerance of the whole
bladder; even in patients whose tumours
have been arrested, haematuria may
recur in combination with dysuria and
frequency, often many years after irradia-
tion. The functional changes which
develop in the bladder after irradiation
have been studied in the mouse by
Stewart et al. (1978) and some of the
histological changes have been described.
The present study was undertaken in the
rat in order to explore the progressive
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morphological changes which underlie
functional incapacity in the bladder due
to irradiation.

MATERIALS AND METHODS

Method of irradiation.-Female, 10-week-
old F344 Fischer rats weighing , 175 g were
used. It was necessary to irradiate the blad-
der without at the same time exposing the
radiosensitive small intestine and rectum.
In the rat, the urinary bladder is surrounded
by thick folds of peritoneum, filled with adi-
pose tissue. When distended, the bladder
dome moves upwards and lies in close proxim-
ity to loops of the small intestine and caecum.
Animals were anaesthetized with i.p.

pentobarbital ("Sagatal") at a dose of 30
mg/kg. Anaesthetized animals were laid
on their side in a jig and the bowel massaged
gently upwards. The hind legs were pulled
as far back as possible in order to exclude
the femur from the area to be irradiated.
The jig, which was made from 2mm-thick
lead sheet, immobilized the anaesthetized
animal with its hind legs in the correct
position, and also limited scattered radiation
to the animal. The greater trochanter was
located by palpation, and its position marked
with ink on the overlying skin. The line
joining the greater trochanter with the
pubic symphysis was used as the lower edge
of the radiation field. Although the trochanter
is mobile, it lies close to the hip joint which
is a stable point. Therefore the position of
this line is constant and reliably situated.
As is shown in a xeroradiogram (Fig. 1)
when in the treatment position the entire
urinary bladder lies above this line and hence
was always included in the radiation field,
even when the bladder was distended by
excretion of the injected anaesthetic by the
kidneys. After marking the exact site of the
greater trochanter, animals were placed in
pairs on a thick sheet of perspex. After
covering the animal with a 5mm-thick lead
shield to limit the X-ray beam, the mark
over the greater trochanter was placed at
the dorsal posterior corner of the window in
this shield. The pubic symphysis was covered
by the other posterior corner. The window
was in the shape of a trapezium, with the
dimensions shown in Fig. 2.
The bladder was irradiated with 250

kVp X-rays with 2mm aluminium added

filtration at a dose rate of 1-975 Gy/min.
Dose inhomogeneity through the bladder
volume was less than + 5%. After treatment
animals were removed from the jig and re-
turned to their cages. Care was taken to
keep the animals warm to prevent hypo-
thermia during anaesthesia. To check the
accuracy of this method of locating the
bladder, an anaesthetized animal was cathe-
terized with 0-7mm plastic tubing (PP-10
tubing, Portex Ltd, Hythe, Kent) and in-
jected under slight pressure with 0-25 ml of
a radiopaque medium ("Conray 280" meglu-
mine iothalamate). The greater trochanter
was marked and the animal was covered by
the lead shield without being put in the jig.
A xeroradiogram was taken and, as is shown
in Fig. 3, the entire bladder was included in
the irradiated field.

Histology and electron microscopy.-Animals
were killed at pre-selected times by cervical
dislocation. The urinary bladder was exposed,
emptied by gentle pressure and after clamp-
ing the urethra, cacodylate-buffered 4%
formaldehyde (pH 7.3) was injected to fill,
but not over distend, the bladder. The
serosal surface of the bladder was bathed
with the same fixative and after a few
minutes the bladder was excised, opened
and inspected for macroscopic abnormalities.
Representative samples were further fixed
in formalin for light microscopy or cut into
,1mm cubes and post-fixed in cold cacody-
late-buffered 1% osmium tetroxide for elec-
tron microscopy. Adjacent organs, including
loops of the caecum, small intestine and
the uterus, were also processed for histology.
All specimens for histology were fixed in
formalin, embedded in paraffin wax, and
sectioned and stained with haematoxylin
and eosin. Thin sections (-80 nm) of Spurr-
embedded bladder were contrast-stained
with uranyl acetate and lead citrate for
electron microscopy, and semi-thin (1 ,um)
sections were stained with toluidine blue for
high-resolution light microscopy. For detailed
examination of cellular structure thin sec-
tions were examined in a Jeol 100 electron
microscope.

RESULTS

Morphological changes in the urinary
bladder
In the urothelium.-The time-related

changes in the urothelium are summarized
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FIG. 1. Xeroradiogram of unshielded rat to show position of the urinary bladder in relation to the
greater trochanter (T) and the pubic symphysis (PS). The bladder was dilated with a radiopaque
medium.

FIG. 2.-Dimensions of the trapezium-shaped window in the 2 mm-thick lead body shield, designed
to reduce to a minimum the field of irradiation.

FIG. 3.-Xeroradiogram of rat, covered with the shield, to show the bladder included in the field of
irradiation.

in the Table. One month post-irradiation,
the urothelium appeared normal except
for more-than-usual numbers of lysosomes
in the basal layer. By 1 month, some basal
cells were necrotic and macrophages
had invaded the epithelium. The cell debris
within the macrophages was probably of
urothelial origin. A few binucleate basal
cells were also seen at this time.
Three months post-irradiation, sub-

cellular damage involved intermediate
cells as well as basal cells. In both layers
individual cells could be found containing
very large lysosomes and associated areas
of oedematous or rarified cytoplasm (Fig.
4) while others contained abundant

smooth endoplasmic reticulum (Fig. 5)
which is not conspicuous in normal
urothelial cells. Binucleate basal cells
were still present.
By 6 months, areas of focal hyperplasia

were established but, in general, superficial
cells were still normally differentiated,
limited by the characteristic angular
luminal cell membrane and contained
fusiform vesicles in their apical cyto-
plasm. The deeper layers of smaller cells
showed varying degrees of mild atypia,
including nuclear irregularities, the
presence of lipid droplets and varying
amounts of endoplasmic reticulum, Golgi
cisternae and mitochondria. The hemi-
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TABLE.-The effect of irradiation on the rat bladder urothelium
State of the urothelium

Time killed
(mths)

I

1

3

6

12

20*

Treatment
X-rays
Control
X-rays
Control
X-rays
Control
X-rays
Control
X-rays
Control
X-rays
Control

n
7
3
7
3
7
3
7
3
7
3

17
3

I
A

Normal Hyperplastic Neoplastic
7
3
7
3
7
3
4
3
3
3
3
3

3

4

4 10

* At this time, in addition to 10 transitional-cell carcinomas of the bladder, 12 other
tumours were found, namely 3 fibroadenomas and an adenoma of the inguinal mammary
gland; 1 sebaceous carcinoma and 2 squamous-cell carcinomas in the skin of the supra-
pubic area and its appendices, and 5 tumours of the uterus, including 1 adenocarcinoma,
1 sarcoma and 3 endometrial polyps.

desmosomes connecting the basal cells
to the basal lamina were particularly
conspicuous and appeared to have in-
creased in number. The basal laminae
were multi-layered (Fig. 6).
At 12 months, extensive atypical hyper-

plasia involved the urothelium in most
animals (Fig. 7). The superficial cells at
the surface of the epithelium were small,
immature, and had lobulated nuclei,
and most were no longer limited by the
characteristic urothelial luminal mem-
brane composed of plaques and hinge
regions. Instead, they were limited by a
thinner, flexible membrane, and many
carried small microvilli on their luminal
face. Fusiform cytoplasmic vacuoles were
either totally absent, or very few. In the
deeper cell layers there were increased
numbers of ribosomes and cytoplasmic
filaments and the latter were frequently
aggregated into conspicuous tonofibrils.
Mitochondria were elongated, and many
contained deformed cristae whose axes
were parallel to the long axis of the mito-
chondrion. There was hypertrophy of the
Golgi complex, and lysosomes and resi-
dual bodies were more numerous than
in controls. In the normal urothelium the
epithelial/mesenchymal junction is rela-

tively flat; in the bladder from animals
irradiated 12 months before, this junction
was folded, and large pseudopodia of the
epithelium, still limited by a basal lamina,
extended into the lamina propria. These
down-growths were similar to those seen
in tumours at 20 months (see below,
Fig. 11).
At 20 months, all survivors were killed,

and 10/17 had urothelial tumours, while
4 of the remaining 7 had multifocal,
atypical hyperplasia. The tumours varied
from simple, papillary outgrowths with a
relatively well differentiated transitional
cell structure (Fig. 8) to solid, invasive,
less well differentiated carcinomas (Fig.
9). In most bladders there were multifocal
tumours of the urothelium, and in all
cases some at least were exophytic in
growth pattern. Of the solid tumours,
some had the growth pattern of inverted
papillomas while others had a storiform
growth pattern. Mitoses and nuclear
pleomorphism were frequent. The sub-
cellular features of the urothelial cells
were comparable to those seen at 12
months, with abundant ribosomes, Golgi
elements, mitochondria and cytoplasmic
filaments either dispersed or organized
into tonofibrils. The membrane on the

406



(4)

) 6) (6)

Pw~ ~ ~

(7)~~~~~~~~~~~~~~~~~~~~~~~~~~7

_z_

FIG. 4.-A damaged intermediate cell in the bladder urothelium, 3 months post-irradiation. Two
large secondary lysosomes (arrows) are present in an otherwise oedematous cytoplasm. The few re-
maining sub-cellular organelles are displaced to the periphery of the cell. EM. x 3200.

FIG. 5.-Abundant smooth-surfaced endoplasmic reticulum (ser) in the cytoplasm of an intermediate
cell, 3 months post-irradiation. EM. x 8000.

FIG. 6.-Section through part of a blood capillary at the base of the urothelium 6 months post-
irradiation. The basal laminae (arrows) both around the capillary (C) and below the basal urothelial
cells (B) are multilayered. EM. x 2560.

FIG. 7.-Part of the hyperplastic urothelium lining the bladder 12 months post-irradiation. The
tissue shows. an abnormal, differential growth pattern, with loss of normal cell differentiation and
considerable nuclear pleomorphism. The junction between the urothelium and its supporting stroma
is irregular, and sub-epithelial blood capillaries (C) and larger vessels (BY) are dilated and engorged.
Toluidine blue-stained Epon section. x 192.
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FiG. 8.-Section through one of the papillary fronds of a well-differentiated exophytic transitional-
cell carcinoma of the bladder, found 20 months post-irradiation. Toluidine blue-stained Epon
section. x 128.

FIG. 9.-Part of an invasive transitional-cell carcinoma of the bladder 20 months post-irradiation.
The cords of epithelial cells growing into the stroma have a disorientated growth pattern, are less
well differentiated than those covering the surface of the tumour and show some nuclear pleomor-
phism. Toluidine blue-stained Epon section. x 112.
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20 months post-irradiation. The angular asymmetric membrane which normally limits the urinary
face of the urothelium has been replaced by a thinner, flexible membrane and instead of the
characteristic microridges and fusiform vacuoles, the cells have numerous microvilli on their
luminal face and very small round vesicles in their apical cytoplasm. EM. x 14,400.

FIG. 11.-A multi-cellular epithelial downgrowth (E) at the base of a transitional-cell carcinoma of
the bladder, 20 months post-irradiation. The basal lamina at the leading edge of this downgrowth
(arrowheads) is thicker and less discrete than normal (arrow), and the stroma (S) below it is oedema-
tous. Adjacent blood vessels (BV) are abnormally dilated, and there is collagen deposition between
them and the epithelium. EM. x 4800.
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urinary face of the surface layer of cells
was not normally differentiated, but was
thinner and lacked plaque regions, and
the cells carried numerous microvilli
(Fig. 10). At the epithelial/mesenchymal
junction there were frequent discontinui-
ties in the basal lamina, and epithelial
cellular downgrowths extended into the
supporting mesenchyme (Fig. 11). In
general, these urothelial tumours were
not highly invasive; no metastases were
seen and there was little penetration of
the muscle in the bladder wall by 20
months post-irradiation.
No abnormalities of the urothelium were

found in unirradiated control animals of
the same age.
In the blood vessels in the bladder wall.-

At 3 months some endothelial cells were
oedematous and contained increased num-
bers of lysosomes. Large vacuoles in the
smooth-muscle cells of the vascular wall
proved to be greatly distended cisternae
of the sarcoplasmic reticulum.
At 6 months the endothelial cells

contained large secondary lysosomes (Fig.
12) and the pericytes had abundant
rough-surfaced endoplasmic reticulum.
Sub-cellular damage and distension of
the sarcoplasmic reticulum was wide-
spread in the vascular wall (Fig. 13), and
there was multi-layering of the basal
laminae around blood capillaries (Fig. 6).
A close association between numerous
sub-epithelial capillaries and mast cells
was found at this time.
At 12 months the endothelial cells of

the sub-epithelial capillaries were hyper-
plastic and contained numerous Weibel-
Palade bodies. The pericytes and smooth-
muscle cells were rich in Golgi elements
and rough-surfaced endoplasmic reticu-
lum, and there was some vacuolation.
Perivascular fibrosis was prominent. These
changes persisted at 20 months when
vessels with a thickened wall were also
found, in which the cross-sectional ap-
pearance was consistent with previous
occlusion and re-canalization, which are
known sequelae of radiation damage in
man (Fig. 14).

In the smooth muscle and other supporting
tissues of the bladder wall.-The smooth
muscle of the bladder wall proved sur-
prisingly sensitive to radiation damage.
One week after irradiation the marginal
pinocytotic vesicles were very conspicu-
ous, and by 1 month many cells were
oedematous. In other cells distended
cisternae of sarcoplasmic reticulum con-
tained granular material, and there were
numerous lysosomes and abnormal mito-
chondria.
At 3 months, there was focal destruc-

tion of smooth-muscle cells, with necrotic
cells interspersed between normal ones.
Damage varied from mild oedema through
enormously vacuolated sarcoplasmic reti-
culum to complete cellular destruction.
Necrotic cells were replaced by apparently
empty or fluid-filled spaces containing
a little membranous residue. At the
same time, fibroblasts were conspicuous
and collagen deposition between and
around the muscle fibres increased.
By 6 months, collagen deposition was

marked and destruction of the smooth-
muscle cells continued. Many of the latter
were dead and their basal laminae now
bounded only fluid-filled or slightly granu-
lar spaces (Fig. 15). In other cells, the
nuclei were surrounded by large residual
bodies. In some cells the sarcoplasm had
a homogeneous, ground-glass appearance
and the distribution of dense bodies was
very variable from cell to cell. Collagen
deposition between smooth-muscle cell
bundles and between individual cells was
further increased.

This degeneration of the muscle coat
was still more marked at 12 months, and
a new feature was the protrusion of large
blebs of sarcoplasm through breaks in the
basal lamina into the intercellular spaces.
Such protrusions contained amorphous
sarcoplasm plus ribosomes and mito-
chondria, but no myofilaments. Degenera-
tion of the muscle layers and their replace-
ment by fibrous tissue continued and was
most marked in those animals killed 20
months post-irradiation. Fibroblasts were
prominent in the bladder wall of all irra-
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FIG. 12.-A secondary lysosome below the distorted nucleus of an endothelial cell lining a blood
vessel in the bladder wall 6 months post-irradiation. EM. x 9600.

FIG. 13.-Part of a blood vessel, showing endothelial cells (En) and smooth-muscle cells (M) and
part of the lumen (L) of the vessel. There is damage to the smooth muscle 6 months post-irradiation,
and the vacuoles (v) are grossly distended cisternae of the sarcoplasmic reticulum. EM. x 7600.

FIG. 14.-An abnormally thickened blood vessel (BV) in the bladder wall 20 months post-irradiation.
This image is consistent with recanalization of a previous area of occlusion. H. & E. wax section.
x 480.
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FIG. 15.-Part of the smooth-muscle layer in the bladder wall 6 months post-irradiation. The surviv-
ing muscle cells are considerably damaged, with vacuolated sarcoplasmic reticulum (v) and oedema-
tous mitochondria (m) and cytoplasm. The large, membrane-bound "empty" spaces (MS) indicate
the positions previously occupied by muscle cells which have been killed by the radiation, and either
sloughed or autolysed. EM. x 9600.

FIG. 16.-Abnormally distended rough-surfaced endoplasmic reticulum (rer) containing granular
material, in a Schwann cell in the bladder wall 1 month post-irradiation. EM, x 15,200.

FIG. 17.-A large fibroadenoma of the inguinal mammary gland at the irradiation site in a rat 20
months post-irradiation.
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diated animals, and from 12 months some
binucleated fibroblasts were present.
In nerve cells.-Some radiation damage

to the nerve cells in the bladder wall was
also observed. Thus 1 month after irradia-
tion the cisternae of rough-surfaced
endoplasmic reticulum in the Schwann
cells were distended with a granular
material (Fig. 16) and the cytoplasm
contained more than usual amounts of
ribosomes.
At 12 months, lipofuschin granules

were found in the Schwann cells. Collagen
deposition within and around nerve-
fibre bundles was seen in increasing
amounts from 3 months on.

Morphological changes in tissues adjacent
to the urinary bladder

Neither hydronephrosis nor hydroureter
were found in any of the irradiated
animals, nor was necrosis or fibrosis of
the rectum seen. However, in addition to
the 10 transitional-cell carcinomas of the
urinary bladder found in the 17 animals
killed at 20 months post-irradiation, 12
other tumours were found in adjacent
tissues which had been exposed inevi-
tably to irradiation when treating the
bladder.

Three fibroadenomas and 1 adenoma
developed in the inguinal mammary
glands (Fig. 17) and 1 sebaceous-gland
carcinoma and 2 well differentiated squa-
mous-cell carcinomas were found in the
skin or its appendices in the suprapubic
area. Five other tumours developed in
the lower parts of the uterine horn. One
was a poorly differentiated adenocarcin-
oma, another a sarcoma with areas of
malignant haemangiopericytoma; the
other 3 were endometrial polyps in which
the epithelial cells showed numerous
mitoses, were abnormally large and had
bizarre nuclei. The stroma of these polyps
was composed of loose connective tissue
which bordered on sarcomatous in ap-
pearance.
No other tumours were found, either in

irradiated or in control animals.

DISCUSSION

The human bladder is generally re-
garded as a relatively radio-resistant
organ (Denekamp, 1975; Strickland,
1980); nevertheless numerous clinical re-
ports record complications arising in it
following irradiation of the pelvis (from
Dean, 1927 and Everett & Baltimore, 1934
to Morrison & Deeley, 1965; Rubin &
Casarett, 1968; Rosen, 1971). Early symp-
toms of damage may be slight, but from
1 to 10 years post-irradiation, patients
often develop haematuria and dysuria
with persistent frequency, which reflects
the presence of severe fibrosis and ulcera-
tion of the bladder wall.

Because carcinoma of the bladder is
commonly multicentric in origin, radia-
tion therapy for invasive tumours is
normally delivered to the whole bladder
volume. At present the highest survival
rates are reported from pre-operative
radiotherapy followed by total cystectomy
(Wallace & Bloom, 1976) but with even
this drastic approach only 1 in 3 patients
with deeply invasive urothelial tumours
survive 5 years. Because of this, interest
has again developed in high-dose radio-
therapy with either external beams or in
combination with implantation of radio-
active sources into the bladder. The
advent of computerized tomographic scan-
ning has allowed more precise visualiza-
tion of the volume of gross tumour, but
the radiation dose which can be delivered
remains limited by the tolerance of the
contiguous normal tissues. The limiting
clinical complications in the bladder are
frequency and dysuria, believed to be due
to fibrosis limiting bladder elasticity.

In the mouse also, functional dis-
turbances to the bladder have been
demonstrated after a single dose of
radiation, though the onset of disorders
was delayed and occurred 6 months
after irradiation (Stewart et al., 1980).
As a man, there is first increased fre-
quency, followed after about 12 months
by fibrosis of the bladder wall (Stewart
et al., 1978). The onset of frequency was
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shown by these authors to coincide with
an increased rate of urothelial-cell pro-
liferation, and loss of the specialized
superficial cells from the urothelium.
Endothelial-cell proliferation occurred,
which was also a delayed response to
irradiation and paralleled the increased
cell turnover in the urothelium.
The present study in rats was under-

taken to reveal the progressive morpho-
logical changes which must underlie any
functional bladder damage from irradia-
tion. A single dose of 20 Gy was selected as
roughly equivalent for the production of
acute radiation damage to the 60-65 Gy
(30 fractions over 42 days) used thera-
peutically for the treatment of pelvic
neoplasms in man (Ellis, 1971). The
results showed the urothelium and blood
vessels of the rat bladder, like those of
the mouse, to be sensitive to radiation.
These data, however, underline the in-
appropriateness of the use of the Ellis
formula relating effects of radiation given
in different fractionation schemes, for
predicting late radiation damage. The
extended delay before radiation damage
is expressed in the bladder was attributed
by Stewart et al. (1978) to the slow turn-
over of the urothelium; the cell is only
able to express radiation damage when it
attempts to divide, and the normal
urothelium has an exceptionally low rate
of cell turnover. The results obtained in
the current studies support this suggestion
and demonstrate that cell damage is
first seen in the basal cell layer. Division
in this cell population gives rise to the
intermediate and superficial cell layers
and it was noteworthy, that as time
progressed, sub-cellular damage was found
to extend through the urothelium until it
involved all cell layers. The compensatory
proliferation which followed this pro-
gressive cell death caused the urothelium
to become hyperplastic by 6 months, and
by 12 months it was composed ofimmature
and/or atypical cells. The normally differ-
entiated superficial cells were not replaced
once shed, and in their absence it is to be
expected that the urothelium will lose its

normal barrier function and that there
will be a consequent increase in urine
volume and micturition frequency (Hicks,
1975).
The damage to the urothelium was

exacerbated by damage to the blood
capillaries, smooth muscle and nerves of
the bladder wall, which was followed by
fibrosis and increased rigidity of the
bladder. The histohaematic barrier in the
bladder wall (Casarett, 1964; Rubin &
Casarett, 1968) must have been increased
by the observed radiation-induced peri-
vascular fibrosis, and multi-layering of
the basal laminae. More severe vascular
damage was also caused by this single
dose of 20 Gy, including endothelial-cell
oedema with partial obstruction of capil-
lary lumens. The radiation damage to the
blood vessels in the bladder was thus
substantially the same as that described in
other organs (Hopewell, 1974; Stearner
et al., 1976). The consequent partial or
complete haemostasis, leading to focal
areas of ischaemia, doubtless contri-
buted to the widespread necrosis of the
bladder muscle seen in these experiments.
The observed combination of necrotic
muscle layers plus progressive fibrosis
and nerve damage throughout the bladder
wall, would automatically produce dys-
function of the bladder with impaired
control of micturition and consequent
emptying defects. The production many
months after irradiation of dysuria is thus
a multifactorial process.
The high incidence of bladder tumours

(- 60% in animals killed 20 months
post-irradiation) and also of tumours in
coincidentally irradiated pelvic structures,
including skin, uterine horn and sebaceous
glands, was totally unexpected. No blad-
der tumours had been reported by Stewart
et al., (1978) in irradiated mice and the
tumours of the liver, ovary, uterus and
mesentery found in some of their animals,
had been attributed to age rather than
irradiation. The spontaneous incidence of
bladder neoplasms in the F344 rat is very
low. Coleman et al. (1977) found only 1
papilloma of the bladder in 144 rats
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maintained up to 33 months, an incidence
of 0.7%. In a much larger series of 1749
male and 1754 female F344 rats killed at
2 years, the total incidence in the males
was 0.1% (1 papilloma and 1 carcinoma)
and in the females 0 22% (2 papillomas plus
2 transitional-cell carcinomas) Goodman
et al., 1979. In this laboratory, between Jan-
uary 1978 and December 1980 no neoplastic
bladder lesions have been seen in 470 female
F344 control rats killed at ages between
12 and 24 months. The high incidence of
tumours in the irradiated but not in
control rats in the current experiment
raises the question whether at least some
of the "recurrent" bladder cancers seen
in patients previously irradiated for neo-
plastic disease of the urothelium, could
in fact be iatrogenic, and have arisen de
novo in response to radiation damage. In
the rat the bladder appears to be no less
susceptible, in the long term, to the
carcinogenic effect of ionizing radiation
than any other tissue. The fact that the
response is delayed by many months in
the rodent, which by analogy may
represent many years in man, could
account for any failure so far to attribute
cause and effect in the development of
neoplastic disease in previously irradiated
bladders. Bailar (1963) and Duncan et al.
(1977) have indeed reported a higher-than-
expected incidence of bladder cancer in
patients irradiated for carcinoma of the
cervix uteri, and more recently Kennedy
(1981) observed a statistically significant
increase in bladder cancer, with a latent
period of 11-1 6 years, in women surviving
irradiation for cervical cancer. There
is, however, some reluctance to admit this
possibility (Prout, 1977) and Arneson &
Schellhas (1970) found no bladder cancer
in their own series of similar patients.

This study demonstrates that a single
dose of 20 Gy to the bladder not only
causes severe vascular and muscular
damage with fibrosis of the bladder wall,
but also is carcinogenic for the urothelium
in the F344 rat. Threshold doses for these
effects still have to be established, and the
effect of fractionated doses of radiation on

the bladder needs to be assessed. If these
observations can be extrapolated from
rat to man, they suggest that the late-
developing complications of bladder
irradiation may not be confined to fibrosis,
frequency and dysuria, but may also
include malignant disease of the uro-
thelium. This should be borne in mind
when irradiating patients for malignant
disease elsewhere in the pelvis, especially
now that individuals may survive their
primary disease for many years.
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