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RADIATION EFFECTS IN THE COLON

An experimental study in the rat

STAFFAN WEIBER, GORAN BIELKENGREN, FRITZ RANK, HASSE JIBORN and BENGT ZEDERFELDT

In an experimental study, resembling a clinical trial of preoperative irradiation, 10 + 10 Gy was
given to the pelvic and lower abdominal region of rats with a 4-day interval. The early effect on the
colonic wall was evaluated by myeloperoxidase activity and hydroxyproline content of the bowel wall
and correlated to histological findings. Groups of animals were followed up to eight months after
irradiation for evaluation of later effects. General effects of irradiation were seen as low WBC during
the first week and delayed body weight development up to two months after irradiation. Local effect in
the colonic wall was noted as an increase in myeloperoxidase activity (indicating a leucocyte
accumulation) in irradiated parts of colon during the first 11 days and again significantly elevated after
two months in parts of colon, irradiated as well as protected. This correlated well with histological
findings of inflammatory reaction, atypia and dysplasia during the first 10 days after irradiation but not
at two months after irradiation. Hydroxyproline content was not affected. There were no major

complications due to irradiation seen in the late course of the study period.

The high recurrence rate after resection for rectal car-
cinoma (1) has motivated investigations of adjuvant therapy.
Preoperative radiotherapy has been suggested and tried in
various doses and schemes (2). The aim of the present study
was to set up an experimental model, resembling the clinical
situation of preoperative radiotherapy of rectal carcinoma
used in Scandinavian trials (3, 4) and to evaluate the
irradiation effect in the colonic wall with special reference
to early inflammatory reaction as a basis for further studies
of reparative processes in areas of irradiation.

Material and Methods

One hundred and sixty male Wistar rats (M6llegaard Ltd.,
Denmark) with an initial weight of 249g (range
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200-300 g) were used. The animals had free access
to water and standard laboratory diet. Body weight
was followed throughout the experiments at regular
intervals.

The animals were randomly allocated into one of two
groups. The treatment group was irradiated at two sepa-
rate days, four days apart. The sham group did not receive
irradiation but was else handled as the treatment group.
Under general anaesthesia (chloral hydrate: 0.25 g/kg in-
traperitoneally) the rat was placed in a plastic shell with
lead shields on both the anterior and the posterior side. In
both shields field-openings of 3 by 4 cm (w x 1) gave access
to irradiation of the pelvic and lower abdominal region
(Fig. 1). The location of the radiation field was previously
checked by x-ray films with barium enema and the rat
positioned in the shell. Through the two openings irradia-
tion was given using two opposing fields with an anterior—
posterior technique. Irradiation was given with 240 kV
x-rays, 15mA, filter 0.2 mm Cu. total filtration HVL
1.1 mm Cu. The focus-to-skin distance was 42 cm. The
dose rate was 1.135 Gy/min and the total dose given was
10 Gy at each day of irradiation. The dose was homoge-
nous within the irradiated volume. The dosage was previ-
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Fig. I. Schematic view of irradiated area and segments of colon
taken for analysis: A) at the peritoneal reflection. B) 1 cm, C) 2 cm
and D) 3cm above the peritoneal reflection. E) at the major
flexure and F) at the transverse colon.

ously checked by a Farmer electrometer and an ion cham-
ber placed in a rat phantom made of wax.

Blood samples were taken through a tailcut at days of
irradiation and at sacrifice. Analysis of haemoglobin, albu-
min and white bloodcell count were made according to
hospital routines.

Experiment 1. Eighty-four animals were used and after
allocation to treatment/sham group they were again ran-
domized to day of sacrifice: 0, 4, 7, 11, 30 and 60 days
after the second irradiation/sham irradiation (at each day
8 animals for irradiation and 6 for sham irradiation). After
sacrifice in a CO, box the abdomen was explored and the
colon excised. Six standardized 5 mm colonic segments
were taken (A—B within, C at the border and D-F outside
the irradiation field) as marked in Fig. 1. Each segment
was divided at the mesenteric and antimesenteric lines into
two equal halves. One part was weighed and then dried to
contant weight and subsequently analysed for hydroxy-
proline content (5) as a marker of collagen. The counter-
part was analysed for myeloperoxidase as an indicator of
neutrophil leukocyte accumulation (6).

Experiment 2. Seventy-six animals were used. Groups of
animals were sacrificed in a CO, box 3, 10, 30, 120 and 240
days after the second irradiation. The abdomen was ex-
plored and two standardized colonic segments of 1cm
were taken from the left colon 1 cm above the peritoneal
reflection (within the irradiation field) and from the trans-
verse colon (outside the irradiation field). The specimens
were fixed in formalin, stained with haematoxylin-eosin
and taken for histological examination by one pathologist.
Information was not given to him about treatment group,
time interval from irradiation/sham or location of biopsy.
Each specimen was evaluated for inflammatory reaction,
atypia and dysplasia. Each parameter was judged by an

arbitrary scale from 0 to 3 (normal, mild, moderate and
severe reaction). Inflammatory reaction was judged ac-
cording to Borgstrom et al (7). Atypia was judged accord-
ing to degree of degenerative changes in the epithelium and
gland crypts (8). Dysplasis was judged by nuclear changes
of preneoplastic nature (8).

Statistical methods. The mean (m) and standard devia-
tion (SD) were calculated. Comparisons of the means were
carried out by Student’s t-test for unpaired observations.
Probability levels are represented by the following signs:
*=p<0.05 and ** =p <0.01.

Results

Experiment. 1. Animals receiving irradiation had a
marked body weight reduction to approximately 80% on
the seventh day after completion of irradiation. Body
weight development was delayed in the irradiated group up
to 60 days after irradiation (Fig. 2). There were no differ-
ences seen between groups in Hb and albumin (data not
presented). WBC was significantly reduced in irradiated
animals on the day of the second irradiation and four days
after completion of irradiation (Fig. 3). During the first 11
days after irradiation myeloperoxidase activity increased in
irradiated segments of the left colon with a maximum (a
20-fold increase) at 11 days after completion of irradiation.
Up to the eleventh day this increase was not seen in
segments outside the irradiation field (Fig. 4) but 60 days
after irradiation myeloperoxidase was elevated in irradi-
ated as well as in protected parts of colon (Fig. 5). There
were no differences in hydroxyproline content between
irradiated and control animals either in irradiated or in
protected parts of colon irrespective of time after irradia-
tion (data not presented).
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Fig. 2. Body weight development in animals in experiment 1.
A =days of irradiation; @ = irradiated animals; O = non-irradi-
ated animals. Significant differences (p <0,01) between groups
from day 4.
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Fig. 3. White bloodcell count. A =days of irradiation;

B = irradiated animals; (] = non-irradiated animals.
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Fig. 4. Myeloperoxidase activity in different segments of colon
(see Fig. 1 for details) at 0, 4, 7 and 11 days after completion of
irradiation/sham. B = irradiated animals; (] = non-irradiated an-
imals.

Experiment 2. In the left colon a moderate to severe
inflammatory reaction and atypia was seen, 3 as well as 10
days after irradiation. In addition, dysplasia was observed
in 6 out of 9 specimens 10 days after irradiation. A mild
inflammatory reaction was noted in sham irradiated ani-
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Fig. 5. Myeloperoxidase activity in different segments of colon
(see Fig. 1 for details) at 30 and 60 days after completion of
irradiation/sham. M =irradiated animals; [J = non-irradiated
animals.

Table

Histological findings in the left colon days 3 and 10 after irradia-
tion. 0 = normal, 1 = mild, 2 = moderate and 3 = severe reaction.

Day n Radiation Inflammation Atypia Dysplasia
o1 2301 23 01 2 3

3 10 yes 0010 00O0T10O0100 0O
3 6 no 41 1051 00 60 0O
10 9 yes 20 1625 20 31 41
10 5 no 14 0050 00 50 0 0

mals (Table). After 30 days there were no signs of inflam-
mation, atypia or dysplasia with the exception of one
animal in the irradiated group at 240 days with moderate
inflammation and dysplasia. In the transverse colon no
histological changes were observed during the study period.

Discussion

The effect of radiation in the bowel is largely dose-
dependent (9, 10) and it is important to study radiation
effects within a range corresponding to clinical trials. In
the present experimental study we were looking for a
model simulating a clinical setting of fractionated radio-
therapy of 5 Gy given daily for 5 consecutive days to the
pelvic region (CRE = 14.59) used in Scandinavian trials (3,
4). In a pilot study in the rat, daily anaesthesia and
irradiation at the dose of 5 Gy interfered with normal food
intake and was accompanied with high mortality. Local
irradiation in a 2-dose scheme of 10+ 10Gy
(CRE = 14.54) was better tolerated by the animals and
thus chosen for the present study. With this low number of
fractions it might be somewhat inadequate to use the CRE
formula but by all events it can be stated that experimental
setting fairly well corresponded to the clinical setting. The
used technique gave a homogeneous irradiation dose in the
rectum and the lower left colon.
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Previous experimental studies in the rat on the effect of
irradiation in the rectum-colon have dealt with irradiation
tolerance applying different fraction schemes and irradia-
tion modalities (11-14). Endpoints in these studies have
been histological evaluation of damage and macroscopic
lesions, such as ulcerations and rectal stenosis. The main
purpose of our study was to evaluate the prerequisites of
anastomotic healing in the colon in the early phase after
irradiation. Thus, in experiment 1 we were looking for the
early effects of irradiation with biochemical techniques and
we wanted to correlate these findings with histology in
experiment 2. Moreover, we wanted to evaluate if the
irradiation in our model caused later histological changes
or ulcerations/stenosis as previously reported in similar
studies. Thus, in experiment 2 we followed groups of
animals up to 8 months but did not see any major adverse
effects as judged by complications and histology.

In experiment 1, general effects from irradiation were
seen as an initial loss in body weight and delayed body
weight development throughout the study period in ani-
mals receiving irradiation. Further, a reduction in WBC
was observed during the early period after irradiation but
in spite of this reduction no obvious infections were de-
tected. The relatively large field size employed, compared
to other similar studies, could contribute to the general
effects observed but we wished to include the left colon in
our field to make a study of anastomotic healing after
irradiation possible.

The local effect in the colonic wall, as seen in histologi-
cal specimens, was observed only within irradiated area
and only during the first 10 days after irradiation. There
was an acute inflammatory reaction accompanied by
atypia at 3 days after irradiation. This was followed by
dysplasia in 6 out of 9 animals ten days after irradiation.
In some sham irradiated animals a mild inflammatory
reaction was seen. This could be due to intraperitoneal
injections of anaesthesia.

By studying myeloperoxidase activity in biopsies it is
possible to quantify the inflammatory reaction after irradi-
ation (15). This method has not previously been used in this
context but is well defined in inflammatory bowel in exper-
imental models in the rat (16, 17). This is a technique which
could be further used in small biopsies in experimental as
well as in clinical studies. A gradual increase in myeloperox-
idase activity was seen in the left colon of irradiated animals
with a maximum on the eleventh day after irradiation,
indicating a successive accumulation of leukocytes in the
early phase. This increase of myeloperoxidase was confined
to the irradiated part of the bowel up to 11 days. The
non-irradiated parts of colon showed no signs of inflamma-
tory reaction, neither histologically nor in myeloperoxidase
activity at this time. After two months there was an overall
increase in myeloperoxidase not confined to the irradiated
parts but more general throughout the colon. One explana-
tion for this increase in myeloperoxidase activity might be

that it originated from monocytes as being part of a chronic
reaction throughout the colon not detected by histology.
Localized trauma in the left colon have in other studies
caused biochemical changes throughout the colon (18).

In the early course after irradiation there was a good
correlation between myeloperoxidase activity and histolog-
ical findings. Thus, in this period myeloperoxidase seems
well suited as a quantitative marker for inflammatory
reactions caused by irradiation. Later in the postirradiation
course no obvious correlation between myeloperoxidase
and histological findings was observed. A small but signifi-
cant increase in myeloperoxidase activity was seen in irradi-
ated as well as in non-irradiated parts of colon two months
after irradiation while in histological specimens no evidence
of chronic inflammation was seen after one month.
Myeloperoxidase seems to be sensitive in monitoring in-
flammatory reaction and elevated myeloperoxidase activity
may indicate later fibrosis.

Hydroxyproline content as a marker for collagen was
studied primarily as a base for further studies on anasto-
motic healing as collagen plays an important role in the
suture holding capacity of an anastomosis but it was also
determined as an indicator of fibrosis. However, hydroxy-
proline content in the bowel wall did not differ from
controls and according to this there was no sign of fibrosis
development up till two month after irradiation. In the here
reported part of the study we were mainly looking at the
early phase after irradiation and it should be pointed out
that signs of fibrosis histologically have been reported first
at a later stage after irradiation.
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