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Radiation Effect on Intestinal Function
II. Comparative Study of Species Difference in Radiation Effect on Intestine

By

Osamu Matsuoka, Takehiko Tsuchiya and Hideo Eto
Division of Radiation Hazards, National Institute of Radiological Sciences, Chiba, Japan

There are remarkable differences in the intestinal effect of radiation among species.
Four species of experimental animals, mouse, rat, guinea-pig and rabhit were employed
for comparative study.

Two types of purgatives of different action mechanism such as anti-cholinesterase drug
and MgSO, were given to these species. Anti-ChE drug, Fisostigmine methyl sulfate did not
produce diarrhea in mouse, rat and guinea-pig but did in rabbit. MgSOy produced diarrhea
in mouse and rat, but not in guinea-pig and rabbit. As the radiation induces diarrhea in
the animals which are susceptible to its induction by MgSO4 but not by anti-ChE drug, it
is suggested that there is a close relationship between water absorption mechanism from
intestine and the radiation induction of diarrhea.

Intestinal length of five strains of mouse, and rat, guineapig and rabbit were measured
in three intestinal components, i.e. small intestine, caecum and large intestine. The
proportion of these components were calculated in each strain and species.

There was no strain difference in mice, but there was remarkable difference among
species. The order in the proportional length of caecum in these species agreed with that
of their radiotolelance in intestine. It was suggested that species which have large caecum
are radioresistant against intestinal damage.

In order to establish this hypothesis, experimental caecumtomy of rabbit intestine was
tried. Four whole-caecumtomized, and one appendectomized rabbit were exposed to 1500 r
of X.ray by abdominal region. Caecumtomized animals induced heavy diarrhea several
days after irradiation resulting in intestinal death in 4-11 days, but appendectomized one
did not induced diarrhea and survived 21 days.

It is concluded that the morphological charactors of intestine play a modifying role
in the development of intestinal damage caused by radiation.
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Table 1. Incidence of Diarrhea in Natural
and Experimental Condition

Condition Rat |Mouse gitéinea- Rabbit
“Intestinal Death”| + | + | £ | —
Irradiation + + + _
Bad Feeding -+ + + i
Pathogen + - + -+
Anti-Ch. E. Drug - — —_ -+
MgSO, + -+ - —

W, U, TAEYME, et riEELiES

TRENIRE/L, =URARTIVPOENR, rhet
WIEWZ E R o7.
EERL, 2 OFER, L UNTEESEDOMENDTIN
b AFEOBINC oW T OFEZ DERIC L 3 THO
FHEOGMERIE L, Table 112R7.

ZOENSBHBC L VBRI B THE, B
BFTAC WBERE WD O LIIZECEED
BRI ETBZERHMENS.

3. WMEEREOES OHEB & U LR
SRR 2 ORER X VIHLE R b DkS WA IXE)
MERD Y, T OBEAPIHELE DRSO
Bz ofr & Ty 2HERMLNI-DOT, Z
b0 4 FEOEBREYN >V OHILESHOE S
FE, HE L.
WHILFDFHINE, =YX, 5V, ELEY b
WZ2WTIE10% R L= Y vy EESIZ, 79 X126
HESF0 I » OWRRETITo7z. Fig. 112R T
CAWEE LI X v/NgG, ' KBEo=#c
S TCEHUL, FofiREP ThEnalifFoREs
VT B R TEED L.

VLA DMy 72 B 3 Y D EMREER o

HEREFAMEaEE Wm24e 875

Fig. 1. Comparison of Intestinal Tract
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7208, FDMREBMEINC X bFsA ¥
Y FEADR o7

(a) =V A®D5FfEo strain (dd/Y, RF, CB:
A, NH. CF#1) 1zowT, Zhbd O HE{ED
BEHOLEE KT B H#BE R 7-iEE ¢ Table
2R,

INB®=T ZAD strain O TIE, LDsofiiE
IR & U7 B ARSENE & ) T ORI E
BEHBZERHALN TS89 WLEFDRE DI
R L QA EDERTD 5 o7,

(b) =¥ R kAo 3FEDBI & O K #1T 5
7z, [EROFHME T2 e Table 312
AT, (22 L=7 23RFRICOGCTOME)

FREDMOEN B L 51T, Zhb 4FROBH D
T oZBPO ERICEHE LWERD b,

E—EC, 7

Table 2 Comparative Length of Intestinal Components in Various Strain of Mice

Small Intestine | Large Intestine Caecum Caecum + L.I
: No. of
Strain Animals
Total Total Total Total
dd/Y 18 77.940.22 18.4-40. 19 3.7420. 03 22.140.22
RF 20 76.9+0. 36 19.640. 22 3.540. 07 23.140.22
CBA 16 77.240.22 18.340.22 3.54:0. 21 21.9-40. 22
NH 10 74.940.37 21.3+0.35 3.84-0.09 25.140. 37
CFNo. 1 10 77.3+0. 46 19.7-0. 43 3.64-0.08 22.740. 46

All values are represented as percentage =+ standard error
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Table 3 Species Difference in Comparative Length of Intestinal Components

) No. of Small 'l;testine Large Intestine Caecum ml'Saescum L.L
Species | Animals Total Total Total Total
Rat 10 80.8 £ 0.30 16.5 £+ 0.28 2.8 £0.11 19.2 =+ 0.30
Mouse 20 76.9 -+ 0.36 19.6 £ 0.22 3.5 = 0.07 23.1 + 0.22
Guinea-Pig 10 59.0 -+ 0.60 36.5 + 0.65 4.6 = 0.28 41.0 -+ 0.58
Rabbit 10 60.9 -+ 0.79 28.0 = 0.67 1.1 =+ 0.28 39.1 -+ 0.79

All values are represented as percentage + standard error

ERVIAASBIN EE ~BER BH B L EFEILND
K, BiE o LTS ERE, <V
Z, SV FCHLT, EALEYF, THETITK
¥, LQUCHEB KR, 7V (2.8), <V
Z ( 3.5), EAEY } (4.6), 7¥¥ (11.1) T
B, TEX TV rOH4EEEOTD. F
LT Z 0 EROMINONEFZ, FEELOERRR
12k 3D b DRMIDELE OB RRESEE D
LA BEFE I —|MLT W B Z ERbho
7.

gl BRI X RS ER

HE 3 ORI, S 7 ¥ O O RRM:
DEBERR, FOHEEOKRENZ LI L
I BN BIT\Tz02 0T, EERINIEHE T
L7 9 512 RS T WSO SR 0T 234 &
DENZOTIXR AN EDTREOS LIRERE
T27=.

BB T 2 » 7 ¥ — 0 250g/kg OFFIRYE:
B X BB T ATV, RS TR L pFSE RS
TOLEGFHEHE L, B TR L EE
AR LD, VX OWEFCB QI RES
48, BB CIIEREER, B 5 \WidEEs
HEWCES L, WERIERELTW50 T, fi§il
FHOFEMCIER I HETH DT, FORD,
Fihncpksh LiiE—RML EEZE L, ZoEoMR
HEBRICHZ-bD E LT 4B TH o0z JIC
— B IR L 0N 2 D THREA L L.

Bt Uk o LR MET
T500n, EBTHTHPELEL 258, F
WEN SR 7 Y P AOERBEhC R T B2

L VEREOTHOREREBS A5 Ll
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JRSF 1z 1 250kVp,, 25mA @ Xk EE 2 A
W, SR 200kVp, ER20mA, D 7 4
A& —50mmCu + 0.5mmAl, 4E£-FF M E
#E40cm, FEE 105r/min D&M @ T EEK
1.500r @B & 707, fEilEax, ¥
— 2 v Z4HE Universal Dosimeter # Flw @4
ROEGmREFFEL, ThPREWEL L7

S 2 AR e i L, FiligAKED
1D — R AE R TEFC [EE LT b XAHRES 217
W, —BHERFESEL, KRERLEEHKL. R’
HIEBOL2MEOb D (46 &, REDHIHH

Table 4 Experimental Causation of ‘* Intestinal
Death *’ in Caecumectomized Rabbits

Oper.-| Irrad. .
Rabbit No. [[rrad, | Dose  [Diarrheal o e
_ (days)| (r) S,
. |RBM—38 34 | 1,500 | - 10
3]
S y RBM—41 14 | 1,500 Shock
§§ RBM—64] ¢ | 1,500 - 4
' D
58 RBM—65| 11 | 1,500 | - 11
& -
gg
&8 RBM—42| 14 | 1,500 | -— 21
a8
=]

HicE EDb D (1FD w2 Tffor.
LG Table 427 ¢, B 4 #
D3 H1HN, BHEECHozY aYy 7 ornit
T L7288, o 3@ i b SRR A o8
LWTFEI 241, Wb 5 ¢ Intestinal Death ™’

— 23 —



914

Table 5 Comparative Radiosensitivity of
Intestine among four Species

I. Mean survival time after exposure

Dose [ Rat IMouse 'gil:{inea- Rabbit

1,5001’1 3.3d | 5.0d | 8.4d | >20

IInmr‘4nd 7.0d | 8.3d | >30

IL. Incidence of diarrhea & average days of its
appearence

Dose ‘ Rat | Mouse gitil;inea- Rabbit

1.500 ¢ 10025 10025 882 |Not obs-
i 2.04d 4.0d 6.4d |erved

1.000r 1009 | 1009 | 40% |Not obs-
il 3.0d 4.0d 6.5d |erved

Each value showed the mean of ten animals
Data cited from ‘ Matsuoka et al, J. Rad.
Research, 3 (2) :106, 62"
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