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Optimal balance between control probability and risk of complication is emphasized even in
present time. Although certain incidence of intestinal injury is accepted as an inevitabie
consequence after abdominopelvic irradiation, these complications still remain as problems.

60 mice were irradiated with 250 kVp orthovoltage x-ray machine and 200 rad x 5/wk regimen.
Histpathologic findings of colorectum and the relationship with occult blood test were analyzed
and possible tolerable dose which would be safe from permanent complication was also

estimated.
Followings are the resulits:

Mild mucosal and submucosal edema were observed in 1,000 rad irradiated group.

Congestion of small vessels was prominent in 2,000 rad irradiated group and infiltration of
inflammatory cells was observed in 3,000 rad irradiated group.

Denuded mucosa was observed in 3,000 rad irradiated group.

Occult blood test is not a proper indicator for rectal denuding or rectal ulcer, but our results
suggest the possibility of using this as a relative scale of intestinal damage.

Mitotic figures of crypt cells were observed even in 5,000 rad irradiated group, these suggest
that the repair capacity of crypt cells are still functioning.
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INTRODUCTION

Radiation therapy is a powerful and effective
modality for treatment of cancer in present time.
But probability of tumor control by irradiation is
very small at low dose, rises steeply at moderate
doses, and reaches a plateau at high dose. Similar
curve is presumed for the probability of complica-
tion as a function of dose because administration
of sufficient dose to eradicate viable tumor cells
may produce damage to normal tissue within
treatment field, unfortunately.

Therefore, radiation therapy is necessary to
achieve an optimal therapeutic balance between
control probability and risk of complication. The
study of radiocurability as well as tolerance of
normal tissue has continued to the present time!~*
to maximize tumor destruction and minimize nor-
mal tissue damage.

Many experimental and clinical studies on var-
ious factors of intestinal complication have been

published, but systemic study on the effect of total
dose, fractionation and dose rate, which is similar
to clinical practice, has not been perfomed so far.

The purposes of this study are:

1) to analyze histopathological change of colo-
rectum at various total dose of irradiation,

2) to investigate the correlation with the extent
of histopathology of colorectum and occult blood
test of stool,

3) to estimate the maximum tolerable dose of
colorectum respectively,

4) hopely those datas could be used as the
basic data in clinical practice.

MATERIAL AND METHOD

Used animals were 60 mice (30 male, 30 female)
derived from “brother-sister or offspring-young
parents” mating. Selected animals were 30+ 3 days
old, weighing 25+2 gm (%), 23+2 gm (%), which
were based on previous experiment in
radiobiology laboratory of Yeungnam



100

University.®® 250 kVp, 25 mA (Coronado, Wes-
tinghous, England) orthovoltage x-ray machine
was used, calibration of dose was confirmed every
Saturday.

Treatment was performed 5 times/week, from
Monday to Friday with 200 rad daily dose and 2 x
3 cm field from symphysis pubis to xyphoid proc-
ess. All the animals were given light ether anesthe-
sia and placed in specially designed boxes to
minimze motion.

Animals were divided into 6 groups from 1,000
rad to 5,000 rad group with 1,000 rad interval in-
cluding contro! group. Each group consisted of 5
male and 5 female mice.

Occult blood test was carried out every Friday
after irradiation and then mice were sacrified
immediately. About 1.5 cm of colorectal portion

was excised and processed for histopathologic
study. All specimens were examined with light
microscope and analyzed by 2 pathologist to
minimize subjectivity.

RESULT

The result of histopathological findings and
occult blood test are summerized in Table 1 and
Table 2.

In 1,000 rad irradiated group, slight mucosal
edema, capillary congestion, and mitosis of crypt
cells were observed in male and female specimens
(Fig. 1). Occuit blood test showed (+) in 61% of
male, in 60% of female, (++) in 7% of female.

In 2,000 rad irradiated group, slight increased
mucosal edema and mitotic figures of crypt cells

Table 1. Histopathologic Change of Mice Colon after Irradiation

Irradiated dose (rad)

1,000 2,000 3,000 4,000 5,000
Histopathological findings
Mucosal edema + + + ++ ++
Submucosal edema + + + ++ ++
Capillary congestion + + ++ ++ +++
Mitosis of crypt cells + ++ +++ ++ ++
Mucosal denuding - — + + ++
Ulcer - — —- — -
Mucosal atrophy — — — + 4+
Focal infiltration on inflammatory cells - - + ++ ++
£ : Tracely positive finding +  : Slight positive
++ :  Moderately increased finding +++ : Severe increased finding
Table 2. Result of Percent Distribution of Occult Blood Test after lrradiation
Degree of test
+ + ++ +++ ++++
Rad Sex
o) 38.9 61.1
1.000 Q 333 60.0 6.7
d 6.7 93.3
2,000 Q 71.4 28.6
3 56.3 37.5 6.3
3.000 Q 58.3 25.0 16.7
d 55.6 44.4
4,000 ? 22.2 44.4 33.3
d 57.1 429
5.000 @ 87.5 12,5
*  : Tracely positive + : Mildly positive ++ : Moderately positive

+++ : Severely positive

++++ : Most severely positive



Fig. t. Slight vascular congestion and dilatation in 1,000rad irradiated
group (H&E, X100),
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- .
Fig. 2. Increased mucosal and submucosal edema, but intact crypt cells
in 2,000rad irradiated group (H&E, X40).

buat : . ,
Fig. 3. Denuding of mucosal surface in 3,000rad irradiated group
(H&E, X200}).
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were evident. Submucosal edema and capillary
congestion were more prominent than 1,000 rad
group (Fig. 2). Occult blood test showed (+) in 93
% of male, in 71% of female, (++) in 29% of
female.

In 3,000 rad irrdiated group,marked mitotic fi-
grures of crypt cells and denuding mucosa (Fig. 3),
prominent capitlary congestion and infiliration of
inflammatory cells were observed. Occult blood
test showed (+) in 56% of male, in 58% of female,
(++)in 38% of male, in 25% of female, (++ +)in
6% of male, in 17% of female.

In 4,000 rad irradiated group, slight decreased
mitotic figures than 3,000 rad group, but similar
degree of capillary congestion and submucosal

edema were observed. Mucosal atrophy with focal
denudation of mucosa (Fig. 4), and marked infiltra-
tion of inflammatory cells were also observed in
some specimens. Occult blood test showed (+) in
22% of female group only, (+4) in 56% of male, in
44% of female, (+++) in 44% of male, in 33% of
female group.

In 5,000 rad irradiated group, mucosal denuding,
capillary congestion and atrophy of mucosa were
increased than 4,000 rad irradiated group, but
mitoses of crypt cell similar to 4,000 rad irradiated
group (Fig. 5). Occult blood test showed (+ + +)
in 57% of male, in 88% of female, (++++) in 43
% of male, in 12% of female group. (Fig. 5)

Fig. 4. Moderate mucosal atrophy, vascular congestion and perivascular
inflammatory cell infiltration in 4,000rad irradiated group

(H&E, X40).

Fig. 5. Many mitotic figures in the mucosal epithelium in 5,000rad
irradiated group (H&E, X400),



DISCUSSION

Uterine cervical cancer, bladder cancer,
seminoma, renal cell ca, malignant lymphoma and
colorectal cancer, which need abdominopelvic
irradiation, have been known as curable with radia-
tion therapy with or without surgery and chemo-
therapy.

Development of supervoltage machine may
minimize skin reaction and make it possible to
deliver greater tumor dose and incidentally greater
tissue dose to the deep seated normal iissue,
especially intestine.

Therefore, certain incidence of intestinal injury
came to be accepted as an inevitable conse-
quence, particulary after combination of
intracavitary and external irradiation for uterine
cervical cancer. Especially when the large intestine
was fixed by adhesion after previous surgery, PID,
or tumor, the problems are serious because these
condition induce malposition of the radioactive
source so that created deviation of the dose,
causing hot spot.

Such Gl complications following ab-
dominopelvic irradiation are reported in 0.5%7 to
23.9%% of patients.

The influencing factors for those Gl complica-
tions are:

1) total radiation dose, overall treatment time,
number of fraction, size of fraction, quality of radia-
tion, and size of field,”!*~!* 2) number or previous
laparatomy and extent of surgery,'?7'* 3) hyper-
tension, diabetes, cardiovascular disease, 12719 4)
age, sex and thin or obese physique,*~1% 5) stage
of disease.®'z1®

Smith et al® observed mucosal edema, capillary
thrombosis, hyalinization of small arteries and infil-
tration of non-specific inflammatory cells in his
autopsy specimens which were irradiated 2,500-4,
500 rad on abdomen. Our result showed sub-
mucosal’ edema and capillary congestion in 2,000
rad group, non-specific inflammatory cell infiltra-
tion in 3,000 rad irradiated group, these are com-
patible with the report of Smith et al.

Weisbrotet al'" reported prominent eosinophilia
and numerous mitosis in autopsy specimens which
were irradiated 1,300-2,500 rad. Withers and
Elkind*® reported that crypt cell of mice has a big
capacity for recovery of sublethal injury in his
single (2075 rad) and split dose (66041415 rad)
experiments and also insisted that almost all the
recover occur within 8 hours after irradiation even
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though various differences existed in different
species. Our result showed mitosis of crypt cells in
5,000 rad irradiated group, and these suggest big
capacity of recovery,

Although mucosal ulcer after irradiation report-
ed even in whole body irradiation of 400 rad only,
D Kieszel et al? reported severe ulcer on irradiated
area 7 days after 1,750 rad, single irradiation. Choi
and Suh" also reported similar results in 1,800 rad
irradiated specimen of mice which was recovered
completely in 12 days after irradiation.

Our result showed no significant ulcer even in 5,
000 rad irradiated group, but investigation of sub-
mucosal edema and mucosal denuding in 3,000
rad irradiated group suggest that 5,000 rad which
has been accepted as safe dose for colorectal
complication, is not absolutely safe. Confirmation
of the relationship between these findings and later
chronic complication, such as stenosis or perfora-
tion should be demonstrated further experiment.

Rectal bleeding is the most common acute com-
plication after abdominopelvic irradiation,
because rectum is the commonest site of injury,
even though small intestine and other part of colon
may be damaged.® Not infrequently, considerable
desparity exist between the severity of clinical
manifestation and histopathological findings and
radiation injuries of the colon and rectum are most
often associated with small amounts of rectal
bleeding with or without demonstrable ulceration
after 4,500-6,000 rad irradiation.” Decosse et al,'¥
Macmahon & Rowe'” also emphasized that degree
of rectal ulceration is not necessarily similar to
histopathological finding and these rectal ulcera-
tion was seen in 4-12 month after irradiation. Our
result showed no significant ulceration except
mucosal denuding in 3,000 rad group, but occult
blood test showed (+)~(+ +) in 100% of animals
of 2,000 rad irradiated group, (++ +)~(++++)
in 100% of animals of 5,000 rad irradiated group.
These result support that histopathological find-
ings of colon after irradiation is not exactly same as
the degree of occult blood test, but the tendency of
increasing positive degrees, depending on total
dose of radiation, cannot be denied.

Maximum tolerable radiation dose of colo-
rectum has been reported to be 1,750~2,000 rad in
single irradiation,™® 4,500~5,500 rad in multiple
fractionated dose.®'v'® But our result shows defi-
nite mucosal denuding and (+)~(++ +) of occult
blood test in 3,000 rad irradiated group, these
means that we should be careful even below 3,000
rad level, even though the report of Choi and Suh,
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U which these acute reaction were recovered com-
pletely within 12 days especially in large field irradi-
ation.

CONCLUSION

60 hybrid mice (30 male, 30 female) were
irradiated with 2x3 cm field and 200 rad x5/wk
fraction.

Analysis of histopathological findings at various
total dose level are summerized as follows:

1) mucosal and submucosal edema were obser-
ved in 1,000 rad irradiated group, but the findings
were evident in 2,000 rad irradiated group,

2) capillary congestion was evident in 2,000 rad
group, and infiltration of inflammatory cells around
vessels were observed in 3,000 rad irradiated
group, and were evident in 4,000 rad group,

3) mucosal denuding was observed in 3,000 rad
irradiated group,

4) occult blood test showed (+)~(+++) in
100% of animals of 3,000 rad irradiated group,
(+++)~(++++) in 100% of animals of 5,000
rad irradiated group.

These result suggest that occult blood test can
not be a exact indicator of intestinal damage. But
the tendency of increasing degree with total dose
increment was evident, this may suggest the possi-
bility that occult blood test can be used as a the
relative scale of intestinal damage.

5) Mucosal denuding was observed in 3,000 rad
irradiated group, but numerous mitotic figrures
were evident even in 5000 rad irradiated group.
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