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Experimental Studies Concerning Comparison of the Effect on the
Intestine between Antitumor Agents and Radiation

Hisao Suto, Michitaka Yamakawa and Hideo Niibe
Department of Radiology, Gunma University School of Medicine
(Director: Prof. Teruo Nagai)

Research Code No. : 407
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Isoeffective dose, Combined effect

Though radiotherapy combined with chemotherapy is used increasingly more frequently in the
recent treatment of malignant tumors, very little is known about what dose of an antitumor agent
equals what radiation dose in effect. We tried to determine those radiation doses which are required to
produce the same effect as certain specific doses of antiturnor agents (isoeffective dose) by studying the
early effects of radiation and drugs chiefly on the intestine of dd strain mice. Parameters used were
food consumption, body weight change, ®H-TdR radioactivity in the intestine and the labelling index of
intestinal crypt cells. The results were as follows:

1) To determine that radiation dose which is equal to a drug dose (1/2 its LD50) in systemic
effect, body weight change and food consumption were suggested to be useful parameters.

2) To determine that radiation dose which is equal to a drug dose in the effect on a specific organ,
parameters suitable for the target cells must be selected. For evaluating the effect on the intestine, the
labelling index of intestinal epithelium was a useful parameter.

3) The results of treatment with combined radiation and slight amounts of drugs suggested that
the degree of aggravation of radiation injury due to drugs might vary with the time of drug
administration.

4) Graphic representation of the severity of injury as indicated by parameters enabled us to
grasp visually the characteristics of drugs.
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Fig. 1 Body weight change of mice after whole
body irradiation (200 and 600R) and after admin-
istration of 5FU( 30, 60 and 120mg/kg )
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Fig. 2 Isoeffective doses of radiation and 5FU for
body weight change of mice
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Fig. 3 Food consumption of mice after whole
body irradiation (200 and 600R) and after admin-
istration of 5FU (30, 60 and 120mg/kg)

Relative food consumption=

food consurnption in treated mice/day
food consumption in untreated mice/day
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Fig. 4a and 4b Effect of whole body irradiation
(200 and 600R) and effect of 5FU (30, 60 and
120mg/kg) for food consumption.

a) in 7 days after irradiation ; b) in 7 days after
adminstrated 5FU
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Fig. 5a and 5b Labelling index of intestinal crypt
cells of mice.
a) after whole body irradiation (200 and 600R) ;
b) after administration of 5FU (30, 60 and
120mg/kg )
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£3EHF D LD5001/28&13, Pepleomycin 23650R,
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Fig. 6a and 6b °*H-TdR radioactivity in intestine
of mice.

a) after whole body irradiation (200 and 600R) ;
b) after administration of 5FU (30, 60 and

120mg/kg )

5FU Pepleomycin Endoxan
600r M 6001
R
300 3001
R “wor U YwoF LU
Adriamycin Mitomycin C Cis-platinum
600 [} 600 600
300 300F 300
7N
w W F L U

Fig. 7 Isoeffective doses of radiation and
antitumor agents (1/2LD50)-5FU (120mg/kg),
Pepleomycin (26mg/kg), Endoxan (200mg/kg),
Adriamyecin (5.0mg/kg), Mitomycin C (2.5mg/kg)
and Cis-platinum (8.0mg/kg) for body weight
change (W), food consumption (F), labelling index
(L) of intestinal crypt cells and *H-TdR radio-
activity (U) in intestine of mice

platinum #430R & ZThZhEHR L ir-7, &
oo 2 o0fgE ST, EFoEEIL 5

ERI ot Zhidl, BlEEkoE#EE

HEEH L B o 2R B B3 5 HERIIBTAE

5FU Pepleomycin Endoxan
600 B0O 600
R
300 \-% 300 300
"W F Lu O °
Adriamycin Mitomycin C Cis-platinum
600 - 600

300
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300

s

Fig. 8 Isceffective doses of radiation and
antitumor agents (1/4LD50)-5FU (60mg/kg), Pe-
pleomycin (13mg/kg), Endoxan (100mg/kg),
Adriamycin (2.5mg/kg), Mitomycin C (1.3mg/kg)
and Cis-platinum (4.0mg/kg) for body weight
change (W), food consumption (F), labelling index
(L) of intestinal crypt cells and *H-TdR radio-
activity (U) in intestine of mice
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B 452 4 % L, Pepleomycin #3530R, Endoxan
#3350R, Adriamycin 73220R, Mitomycin C 2%
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Pepleomycin #3200R, Endoxan #3300R, Adria-
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num H200R LR LT o7, FEFlic L HER
Nhbhic, FEEFCRVT, BEERELH
BELIHEOFHRBREL, BELERE L
B LRABEY, EWiERRLE, BLEOES
FEH & H-TdR B b 1A 8L, Pepleomycin & @
&, RABEOHEERLL. £EEH O LD0D
V4RO EHRFER/ILFig. 8T L e, LD
5001/2ik L AEOEE X 7R Lizds, HT°L b, 15
Blzl->7T, RALE&EOREDETETI My
. PWT, 2HENOFERLHFE L AFEREY
WL LT, HE~0EEYE EEOBERIEH
PR L L TCEEAOSHREBRELEHLL TH
% &, 5FU & Pepleomycin @ LD50D 1/2 4% £
B, R 3ERPDRL, BREE=AR
&z iz, & hick LT, Endoxan, Cis-platinum,
Adriamycin, Mitomycin C I3 E A MEL fiE
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5FU Pepleomycin Endoxan
Weizht - __|_/_2_|:_1:15_D_ Food  Weight 1/2 LDsg Food Weight 1/200s Food
o Y ------ 430R 77 490 90F ..__.____32_UF 480R ESURYSEUR e WOR7 470R
SlﬂR \\\ ],’4'.05(' B 1/4 LDsy f’ \ I/‘LDW /I
\ v 1
\\ ,/ ’3/ \
d h 0
240R \“/ & /
v
350R 350R
_520R 530R Intestine
Intestine Intestine
Adriamycin Mitomycin C Cis-platinum
Weight 1/2LDs, Food  Weight Food Weight Food
aan\ D7 s00R 1/2LDsp 1808 G[IDR‘-..... ”E_'-_[L____f,auﬁ
210Re=="7" x ;wﬂ JIOR\ZIOR‘U‘ILDsu"1’3sﬂlFI /4D 7
NS N4 '{mr""iaon
~100R L4 \
N \)H!R
220R 150 .
Iritastie _320 R Intestine
Intestine

Fig. 9 Isoeffective doses of radiation and antitumor agents (1/2LD50,1/41.D50)-
SFU (120, 60mg/kg), Pepleomycin (26, 13mg/kg), Endoxan (200, 100mg/kg),
Adriamyein( 5.0, 2.5mg/kg), Mitomycin C(2.5, 1.3mg/kg) and Cis-platinum (8.0,
4.0mg/kg)-for body weight change (weight), food consumption (food) and label-
ling index of intestinal crypt cells of mice (intestine )

Days after treatment Days after treatment
1.0 ! ! 1 T T T 1.0 ! I T ! LI |
J 7 S 7
£ W o
= W £
o A #, =)
3 e °o___o 2
> P S ETTT% s o
o I - ¢ o
[s] ] 2
a o
o 8 _H—=0
é 1 \ [
© ) -, ....& A
iy ° -
Hy-- 3, IN.S. Hy o ]
0 g N #a—- 3,3 I N.S, o
i #a—3%, I N.S, 05‘_

Fig. 10 - Combined effect of whole body irradia?ion Fig. 11 Combined effect of whole body irradiation
(600R) and ‘SFU (15mg/kg) for body weight (600R) and 5FU (15mg/kg) for food consumption
change of mice bod o Relative food consumption=

. P t
Relative body weight =———ocy welght food consumption of irradiated
v e initial body weight or 5FU administrated mice
"""" radiation alone food consumption of control mice
----- 5FU immediately after irradiation ------ radiation alone
— 5FU at 30 minutes before irradiation -+-+= 5FU immediately after irradiation

—=— 5 FU at 30 minutes befor irradiation
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FRLANE=EMAYE s, 72, Mitomycin C,
Cis-platinum T3 ==EH O W SR HIC N & 5
-7 (Fig. 9).

B. HlfE& & SR HRAZHR

B ECSFU 26t Lic R %, &isicoun
TR LIcLZh, LUTomEER ORI,
FEOIFLTIL, 5FU 2 BMHATR G L cFETIR
FEMBFIICHE L CHEERSBREVWEALED S
hic (Fig. 10), L? L, S5FU ¥RBE#HELE L
BELBETHMEE L W RERIED DRI - T,

" #,-3; NS,
20r Hp-5IN.S.
" Ma-#,IN.S.
#, -
3 3 | (
2z
E
_gv 10F
)
o
3
0
600R 600 R G00R
+ +
5FU before 5FU after
irradiation irradiation

Fig. 12 Combined effect of whole body irradiation
(600R) and 5FUJ (15mg/kg) for labelling index of
intestinal crypt cells of mice

REFERE T, AREOHILLFAROEMAHI A
hiz (Fig. 11D, B EEOEEIgE T, 5FU %
fBERTIC S L BEAME W ER R Lichy, 3 EFER
Bl BT ERITED b his b 7 (Fig. 12), 4

 HEERTISFU XBAICES LB CTET R

¥ bkt (Fig. 13). ki ©5FU & [ # i Pe-
pleomycin, Cis-platinum @ #FEHIZ2\ T HE 5t
L7z#$ % Table 1R L7z, Pepleomycin Gl
EFRBIETIC L TRHBRCE S LB KT

% 30/30 ==
100 fer=rsmmErsmmans s s = N S

N VAT B

p<0.05

?IID———,

50 |

Survivai raie

=

U L L
0 5 10 Days
Fig. 13 Combined effect of whole body irradiation
(600R) and 5FU (15mg/kg) for survival rate of
mice
------ radiation alone
----- 5F1J immediately after irradiation
—— 5FU at 30 minutes befor irradiation

Table 1 Combined effect of whole body irradiation(600R) and
antitumor agents-5FU (15mg/kg), Pepleomycin (3.3mg/kg) and

Cis-platinum(Img/kg)

Survival rate

Weight Food Labelling

Consumption index

Pre*! 1.5(p<0.05) 12 1% 1.1

aHL Post*? 1.1 1.0 1.0 1.0
Pepleomyecin re 1.0 1.0 1.1 1.0
i Post 1.3(p<0.1) 1.0 1.2 1.0
Cis-platinum Pre 1.0 1.0 1.0 1.0
ASPIAUIUM - pogt 1.0 1.0 1.0 1.0

Combined effect of radiation and antitumor agent

Enhancement ratio=

effect of radiation alone
on survival rate, body weight change(Weight),
food consumption, labelling index
*!'Pre : antitumor agent before irradiation

**Post : 4

(80)
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Fig. 14a and 14b Acute radiation injury to epith-
elium of small intestine in mice, as demonstrated
by autoradiographs,

a) normal state; b) three days after irradiation
(10001 )

ENEs LR, fofEEcaBEoaERR
Eaxbhiled o, Cis-platinum ¢ E&EE~C 3
ML ERIBED bR -,
IV. BEusUIcEER

iR & &R o0 6F I Bl B BF9EE in vitro
LU vivo THHFCHBEShTVW37, L
oL, HEFoRSE KMo FoRECRE
EHY T30 L B 58G9 4E, R4
iz, HMEAOBELEAFOHEY LHTHERD
B (SYRER rRETs 0T ORR
i,

HEICH VR, £R0EYL 5 EMNIC
IR oEL, IRy, ¥4, HEoRE

PolTE 8 4258

AH th2d
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(Fig. 14) H*H-TdR @8 ~DH b A2k & 18
R O SR A kS e, B H-
TdR Ht b 342 ik & B 8 o B8R #U2, Pepleo-
mycin ¥ OF ¥, REECEAKBBH L, L
fehiat, WTFhihv—HOF -2 0L Tl LR
OEHOBEX RS LHAELEL LA, *
7o, B LEIREHRCH T S BB ooz
RHEBSHTH S, FRAOM RN
Ehofs, Thid, BHBOFRARE EDTE
VoS LT, EFGBECENT L 0ER
MpdELs 2 LMRLTWS, i, §EH
BERCELT, BHERBSMCENELS D L
bEfHEZhTV-33,

mlS Rl oS REEE, WA OME BEh
th, BERICL - TRIGHRED, ¥, HED
MbdhdiloTbRE-TL B B, ~7 A%
Bv-%8 T, ETHTIL5FU, Pepleomycin,
Endoxan, Adriamycin, Mitomycin C, Cis-pla-
tinum @ LD50D 1/28k 1%, £ h % #1600, 650,
630, 620, 510, 600R L L, HhoFEH
§ L ix R L, bbb, LD50D1/2
OEFIETE, £ScHTiNioBR ML T
HEFlOEREC L ABERIILE{ hhaf. “h
L, BB o EiiE# T, SFU,
Pepleomycin, Endoxan, Adriamycin, Mitomy-
cin C, Cis-platinum @ LD50@ 1/28ik, £h+h
520, 530, 350, 220, 320, 200R I=#EX4L, 3H
Ll 2EREMNES R, SFUSR o SR8
BRI L 2R L o2, 5FU BEEO /)
BB LE 2 Shds, Endoxan®=
Cis-platinum®~*", Adriamycin®™*", Mitomy-
cin CO 2RI E AR L C i
BME V-l %75 L =, Cis-platinum, Adriamycin
o )~ i R BE 03 E @A {E S, Cis-platinum i3 5§ R
B, W KoM BER <, BEK
L EELEETLEL ChTWBH, Fh
SEET SRR A hid <, Endoxan, Mito-
mycin C OB EEO/NBREIMES 27 {, $4
R E iAo R L oo LRI ARRa o =
hoOREAHTHEEROELREML TS &
Exbhi, BEROERER:BEO*H-TIR
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YAz, 5EEOEHTEHRB/EIRE
[FIFEEE O % 7= L 7= 7%, Pepleomycin*® 9T
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