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Identification of target cells for radiation damage in
a particular organ or tissue is important because if
the target cells are proliferating parenchymal cells,
they may regenerate and modify the response to an
initial or subsequent radiation regimen, whereas
vascular lesions might lead to continuously pro-
gressive, non-recoverable injury (Withers et al.,
1982). In slowly responding tissues such as the
kidney, identification of the 'target cell' is more
difficult because there are multiple critical cell types
which vary widely in cycle times.
The progression and pathogenesis of radiation

nephropathy in the dog after a single 15 Gy dose
was studied using sequential biopsies of irradiated
canine kidneys (Hoopes et al., 1985). In those
studies irradiated kidneys were histologically
examined at 2 week intervals to 13 weeks after
irradiation. The data suggested that the dose and
time after irradiation determined the dose limiting
tissue in the kidney. The early functional survival of
the kidney appeared to be dependent upon direct
radiation-induced parenchymal cell killing. After
the initial loss of parenchyma, there was extensive
regeneration followed by an apparent second wave
of parenchyma loss, which was thought to be due
to a 'histohematic barrier' created by progressively
increasing perivascular fibrosis. The relatively short
length of the initial study (13 weeks) proved to be a
major limitation since the second epithelial loss
occurred near the termination of the study. To
clarify some of the later effects seen in that study,
the quantitative and qualitative responses of canine
renal tissues have now been determined 24 weeks
after 15Gy.

Materials and methods

The dogs were obtained from a controlled access
colony maintained at the Collaborative Radio-
logical Health Laboratory at Colorado State
University (CSU). The irradiations, biopsies and
necropsies were done at the CSU Veterinary
Teaching Hospital. The dogs were sheltered in
inside runs beginning one month before and during
the experiment. They were fed once daily and water
was given ad libitum.
For all procedures requiring anaesthesia, the dogs

were induced with 2.5% thiopental given i.v.
(18 mg kg-1), and anaesthesia was maintained with

methoxyflourane by inhalation. Atropine sulfate
(0.05 mg kg- 1) injections were given prior to
anaesthesia to reduce salivation and heart
arrhythmias.
For the intraoperative irradiations, a celiotomy

was done through a midline abdominal surgical
incision to expose the kidneys. A collimator served
to localize the electron beam and to keep tissues
not intended for irradiation out of the treatment
field. The field included the kidneys and 5mm or
smaller portions of the ureters and renal arteries at
renal pelvic attachment. The 6 MeV electron beam
reached a maximum dose rate (D Max) of
6.6Gymin-i along the central axis at a depth of
15 mm. Dose ranges >90% of D Max were
obtained between 4 and 18 mm of depth which
included 85-95% of the renal cortex. The
experimental doses delivered to the kidneys were
calculated to be 90% or greater of D Max.
The kidneys examined at 24 weeks were

irradiated through bilaterally opposed portals using
6 MV photons.
A 1 cm x 1 cm x 0.5 cm wedge-shaped tissue

sample was taken from the subcapsular cortex of
the kidneys of each dog, by biopsy or necropsy
(Table I). Three dogs were sampled at 0, 3, 7 and
11 weeks post-irradiation. The other three dogs
were sampled at 0, 5, 9 and 13 weeks post-
irradiation. Preirradiation tissue samples were taken
immediately prior to irradiation. Individual kidneys
were biopsied once or twice. In those kidneys
biopsied twice, there was a 7 or 9 week interval
between procedures and care was taken by the
surgeon to separate the biopsies by the greatest
possible distance. Kidney weight decreased by
- 1.4% at the termination of the experiment. The
dogs were necropsied at the last time periods.
Two techniques for morphometric tissue analysis

were used. Parenchymal, stromal and vascular
volumes were quantified using a modified Chalkley
point count technique on histologic sections
(Chalkley, 1943). Planimetric area measurements of
the wall layers and lumen of the kidney cortical
and corticomedullary junction blood vessels were
made using a Zeiss M.O.P.P. computerized
histologic analyzer. The percent area of the wall
layers and lumen of the renal cortical and
corticomedullary arteries and arterioles were
calculated.
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Table I Timea after 15 Gy a kidney necropsy or biopsy sample was taken

Weeks post-irradiation

Dog Biopsy Necropsy

Number Sex Preirradiation 3 5 7 9 11 13 24

1 M L R L L&R
2 F L R L L&R
3 M R L R L&R
4 F R L R L&R
5 M L R L L&R
6 F R L R L&R
8 M L&R
9 F L&R
10 M L&R

'Weeks after irradiation a biopsy or necropsy specimen was taken from the left
(L) or right (R) kidney.

Results

Tubular epithelium
Three weeks after irradiation the volume of the
cortical tubular epithelium was unchanged (Figure
1) and the cells were morphologically unremarkable
except for occasional mild vacuolization. The
volume of tubular epithelium progressively
decreased through the 5 and 7 week periods to a
volume -50% that of non-irradiated kidneys at 9
weeks. Renal clearance studies at that time showed
a 50% decrease in renal function (Cloran, personal
communication). Although there was marked
parenchymal loss and atrophy at 9 weeks, many of
the cells had the morphologic appearance of
regenerating cells. Some of these regenerating cells
were noted as early as 5 weeks post-irradiation. By
11 weeks the volume and function of the cortical
tubular epithelium had returned to -85% that of
non-irradiated kidneys. At 13 weeks there was
evidence of a second wave of epithelial loss. This
trend was substantiated by data from the kidneys
examined 24 weeks after irradiation. In those
kidneys, the relative volume of tubular epithelium
dropped to 15% that of non-irradiated kidneys and
the overall size of the kidney was significantly
reduced (Figure 2).

Interstitium
The volume of the renal cortical interstitium
correlated inversely with tubular epithelial volume
throughout the experiments (Figure 1). As the
volume of renal parenchyma decreased, the
interstitial compartment volume increased. During
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Figure 1 The relative percent tissue volumes of the
renal cortical tubular epithelium (e), interstitium (e)
and vasculature (A) are plotted against time after a
single 15 Gy dose. Each point represents data from one
or both kidneys from each of 3 dogs. The relative
volume of tubular epithelium progressively decreased
to 50%/0 of its preirradiation volume by 9 weeks after
irradiation, then increased to near normal at 11 weeks.
The decrease in epithelial volume beginning at 13
weeks and continuing through 24 weeks indicates a
second wave of epithelial depopulation. The response
of vasculature paralleled changes in the epithelium
while the volume of interstitium correlated inversely
with the epithelium. Error bars represent s.e.

the initial loss of epithelium, the increase in
interstitium was primarily due to a proteinaceus
ground substance and/or basement membrane-like
material. During the second loss of epithelium, the
increase in interstitium appeared to contain a
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Figure 3 Datum points represent the percent change
in the renal cortical artery wall (@) or lumen (A)
areas from one or both kidneys of 3 dogs from 3 to 24
weeks after 15 Gy. Changes in the wall and lumen
areas generally correlated inversely at all time periods
demonstrating the temporary and functional nature of
the early changes. It appeared that wall and lumen
alterations through 13 weeks responded as the need for
blood increased or decreased with changes in the
tubular epithelial cell population. Error bars represent
s.e.

Figure 2 Histologic preparations of canine kidneys
before irradiation (top) and 6 months after a single
15 Gy dose (bottom). The irradiated kidney is
markedly shrunken due to the loss of most of the
tubular epithelium. A small focus of normal appearing
cortex is present at one pole (arrow). Masson's
trichrome stain.

greater percentage of densely staining fibrous
connective tissue.

Vasculature
Three weeks after irradiation, a few arterioles and
small arteries had thickened walls and reduced
lumen areas (Table II, Figure 3). The juxta-
glomerular arterioles appeared to be the vessels
most sensitive to change. By 9 weeks the changes
in vessel walls had extended to vessels of all sizes
and had become progressively more extensive as the
parenchyma decreased. The dimensions of most
blood vessels returned to near normal as the paren-
chyma repopulated at 11 weeks. Although some of
the vascular changes were undoubtedly permanent,
the sequential information suggested that most
early changes were temporary and likely due to
contraction and atrophic wall thickening resulting
from parenchymal depopulation and a reduced
need for blood. Histologically, the early changes

in the vessel walls were characterized by one or
more of the following: (1) hyalinized acellular
material in the tunic intima, (2) endothelial swelling
and/or proliferation, and/or (3) hypertrophy, con-
traction and/or proliferation of tunica media smooth
muscle. At 24 weeks vessel changes were more
severe and permanent with fibrinoid necrosis and
fibrosis of many vessel walls.
An increase in perivascular fibrous connective

tissue around blood vessels of all sizes was
progressive throughout the entire experimental
period. Capillaries are not represented in the
morphometric data due to the difficulty in
accurately evaluating their lumen and wall areas,
however, an increase in dense fibrous connective
tissue around capillaries was readily evident at 24
weeks post-irradiation.

Glomeruli
The relative volume of the glomeruli remained
within normal limits through 13 weeks, however, at
24 weeks when the kidneys were severely shrunken,
the density of glomeruli was greatly increased.
Severe damage to juxtaglomerular arteries appeared
to result in the loss of some glomeruli as early as 3
weeks after irradiation. The incidence of glomerular
and periglomerular sclerosis progressively increased
with time.
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Table' I Relative area of kidney cortex artery and arteriole layers and luman
from 3 to 24 weeks after a single 15 Gy dose

% Lumen or wall layer area

Perivascular
Weeks post- Lumen Intima Media tissue
irradiation % s.e.m. % s.e.m. % s.e.m. % s.e.m.

0 21.2+ 1.la 22.0+0.54 58.0+1.3 44.0+ 5.3
3 26.6+2.5 20.0+2.8 53.0+ 1.8 56.0+ 9.5
5 16.0+2.2 18.0+4.0 67.0+4.8 57.0+ 8.1
7 18.0+1.5 22.0+2.7 60.0+1.4 86.0+ 4.9
9 14.7+2.2 23.0+2.0 62.0±3.2 87.0+ 4.9

11 21.0+2.8 15.0+3.5 64.0+4.5 52.0+ 9.3
13 22.0+1.2 23.0+1.8 55.0+1.1 85.0+ 3.9
24 14.0+2.2 26.0+1.1 60.0+2.3 117.0+23.4

aMean + s.e.

Discussion

As information on the identification of 'target cells'
accumulates it is becoming increasingly evident that
many organs and tissues have more than one target
cell (Casarett, 1980; Fajardo & Berthrong, 1978;
Field & Michalowski, 1979). There may be a 'target
cell' for acute effects and a different one for late
effects. The 'target cell' for late effects becomes
important or dose limiting only if the organ or
tissue survives the acute effects (Withers et al.,
1980).
These studies in dogs suggest multiple target cells

for kidneys. Through 9 weeks post-irradiation the
histologic and functional survival of canine kidneys
appeared to depend on dose-related parenchymal
cell killing. Similar measurements showed that the
tubular epithelium had extensively repopulated by
11 weeks. Most of the early blood vessel wall

changes were shown to be temporary, while a
histochematic barrier created by perivascular
fibrosis became progressively more extensive with
time following irradiation. The second wave of
parenchymal loss, which began at 13 weeks and
continued through 24 weeks, may result from a
decrease in oxygen and nutrient delivery to the
tubular epithelium which was due to the progressive
histohematic barrier. The extensive cortical fibrosis
and renal shrinkage seen at 24 weeks suggested that
after a single 15 Gy dose a late effect target tissue
(perivascular connective tissue) was dose limiting,
while the target tissue for acute effects (tubular
epithelium) was able to tolerate that dose.
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