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The Pathological Changes of Stomach in Experimental Rats following Single
Irradiation of Supervoltage

Myung Sun Choi, M.D. Won Hyuck Suh, M.D.

Department of Radiology, College of Medicine, Korea University, Seoul, Korea

The pathological changes of stomach of the rat following 1,000 rad and 1,800 rad single
exposure by Cobalt-60 has been made with 50 experimental rats,

The dose of 1,000 rad and 1,800 rad single exposure were equivalent of biologic effect of
2,500 rad in 2 !/, weeks and 6,000 rad in 6 weeks.

Following single exposure, the groups of rat were terminated in 1,2,4,8, 12 weeks intervals
and the stomach were fixed to formalin solution immediatly after dissection.

The pathological changes were as follows:

1. Following 1,000 rad single exposure, the stomach show only mild to moderate submucosal
edema in 4, 8,12 weeks group. 1 and 2 weeks group show no changes.

2. Following 1,800 rad single exposure, 32%(8/25) of rats were dead by radiation effect
and all other groups of stomach revealed variable pathological changes such as submucosal
edema, squamous dysplasia, squamous papilloma as well as squamous cell carcinoma.

3. Optimal tolerance dose to the stomach was 4,500~5,000 rad when irradiation given by
supervoltage. The entire stomach was included within the irradiation field, the dose to the
stomach should not exceed 6,000 rad.

4, In conclusion, the radiation injury to the stomach were more direct radiation effects to
the gastric mucosa rather than secondary changes of radiation injured vessels.
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Table 1. The Distribution of Experimental Groups

of 50 Rats

after irradiation Numbers

Group of rat
1, 000 rad 1 week 5
irradiation 2 weeks 5
4 weeks 5
8 weeks 5
12 weeks 5
1,800 rad 1 week 5
irradation 2 weeks 5
4 weeks 5
4 weeks 5
12 weeks 5

(Pentotal) 0.2~0.3 C.C & #pu:4tsle MEEAIZ £
EHEE Rl BlEst e BEHAE 1P BHFE 4%
4cm &) HehHg BEEA B4= 58 895 (Fig. 1).
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Fig. 1. Localization film for irradiation of rat sto- A. mucoral layer B. museular layer C. vessel
mach. Fig. 2. Normal Findings of stomach of the rat.

Fig. 3. Findings of stomach of the rat showing Fig. 4. Findings of stomach of the dead rat.
submucosal edema following 1000 rad single
exposure (4 weeks after irradiation).



Fig. 5. Findings of stomach of the rat showing Fig. 6. Findings of stomach of the rat showing
following 1800 rad single exposure (2 wks severe dysplasia following 1800 rad single
after irradiation). esposure (4 wks after irradiation),

Fig. 7. Findings of stomach of the rat showing Fig. 8, Findings of stomach of the rat showing sq.
squamous papilloma following 1800 rad si- cell ca. following 1800 rad single exposure
ngle exposure (8 wks after irradiation). (8 wks after irradiation).



Table 2. Findings of the Rat Stomach Following 1,000 Rad Single Exposure

rat No.
1. 2. 3. 4, 5.
After irradiation
1 week N.C N.C N.C N.C N.C
2 weeks N.C N.C N.C N.C N.C
4 weeks N.C E E N.C N.C
8 weeks E E E E N.C
12 weeks E E E E E

N.C: No changes
E: Submucosal edema

Table 3. Findings of Stomach of the Rat Following 1,800 Rad Single Exposure

rat No.
1. 2. 3. 4, 5
After irradiation

1 week E D D D E
2 weeks D D M.E. D M.E.
4 weeks M U D M Dp
8 weeks Ca P M D P
12 weeks M M P M P
D: dead M: squamous metaplasia

E: submucosal edema

Dp: severe dysplasia
U: ulcer of mucosa
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P:

squamous papilloma

Ca: squamous cell carcinoma
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Table 4. Types of Gastric Injury and Their Incidence in Relation to Tissue Dose?

No. of cases

Type of injury

15 32 61 22
% no injury 80% 75% 50% 37%
9% injured 20% 25% 50% 63%
ulcer with perforation or obstruction — — 11% 18%
ulcer 7% — 15% 14%
gastritis — 21% 21% 32%
dyspepsia 13% 3% 2% —

radiation dose to tissue 2,500r~3,400r 3,500r~4,400r 4,500r~5,400r 5,500r~6,400r

Table 5. Review of Literature!®

Gynecologic

Author Year No. of cases Cases followed Interval(Year) _malignancies
No. % No. %
Schmitz 1934 578 578 100 6(av) 1 0.17
Costolow 1941 1,009 986 98 2.5~13.5 4 0.40
Corscaden 1946 1,100 958 88 6.7(av) 17 1.90
Crossen 1947 526 526 100 5(av) 5 0.95
Montgomery 1952 1,232 831 69 0.5~21 12 1.40
Hunter 1954 765 644 84 5~20 3 0.50
Palmer, Spratt 1956 1,670 721 43 10~20 51 6. 60
Stander 1957 964 735 76.5 10~24 19 2.60
Rubin 1960 489 310 64 5~33 7 2.20

av: average
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Table 6, Nominal Standard Dose®

Nominal standard dose (NSD) in rets refers to
the biologic effect of a fractionated radiotherapy
treatment regimen, facilitation comparison of wid-
ely diffenrent treatment plans.

The quantity, NSD is defined by the equation

D=NSD x N®-2¢ x T0-11 Where

D=total dose delivered,

N=number of fractions and

T=the over all time in days.

The unit for NSD is the ret(rad equivalent the-
rapy) which is the dose of Cobalt-60 gamma rays.

The NSD corresponds to the tolerance at the tu-
mor site of the normal tissue-the limiting factor in
treatment.

The NSD applies mainly to tissues or organs
with epithelial surface.
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