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Influence of Time Factor on Biological Effects of X-Irradiation
on Mice Bearing Solid Type Ehrlich’s Carcinoma
Part 11

Effect of Doses and Intervals on Response to Radiation
By

Keichiro Ogino
Department of Radiology, Okayama University Medical School

(Director: Prof. Michio Yamamoto)

Solid type Ehrlich’s carcinomas inoculated into the right legs of Cb mice were treated with doses of
10,000r (large dose), 5,000r (medium dose) and 2,500r (small dose) of x-rays at three different fraction-
ations, as shown schematically in Figures 2, 3, 4, consisted of irradiation at intervals of seventy-two hours
with large, medium and small doses (72 h L, 72 h M, 72 hS), irraidation at intervals of twnty-four hours
with large, medium and small doses (24 h L, 24 h M, 24 h S) and distributed daily irradiation with large,
medium and small doses (Dist L, Dist M, Dist S).

In survival rate, treatment with medium dose at intervals of 72 hours gave the best result and irradi-
ation at intervals of 24 hours prolonged the life span in proportion to doses, while three different doses
in distributed daily irradiation gave almost the same effect (Table IT & Fig. 1). Tumors in size were
controled in proportion to doses. In each dose tumor response was greater for irradiation at intervals of
72 hours than for distributed daily irradiation and the most for irradiation at intervals of 24 hours (‘Table
II & Figs. 2, 3, 4). Examination of the blood on 31 days after transplantation of the tumors disclosed
that white cell count was reduced by treatment with large dose and that red cell count and amount of
hemoglobin remained higher level for large dose, while control animals showed marked anemia (Table
IV & Figs. 5, 6). Activity of succinic dehydrogenase system of the liver inhibited in proportion to doses
(Table V & Fig. 7).

Based on these findings, it is reasonable to presume that moe widely spaced fraction with adequate
doses have the advantages such as better tumor response and better general tolerance of the treatment,

in radiation therapy in malignant tumors.
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3 | HESEROE, #ESSCL 2250
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EEIIE1IED 1BV TV ZADTHRE TR
Fi L 725565 Ehrlich %2 b2 pERAREME £ Bz L7z
B 5,000 rOXARHTRE AT, T2
MR TR L) OBEREGRL AT 2L
FEAL T L7z, L L b, SoBRsEs
BMECEOTHEILT 3 LEALNZD T,
AEVB WL & EEF OREGR & s B R
B L UEEDORBIMBNCOWT T Tl { 2812
BT OWTLBE LW LB A S,

ERIMEB X CHEILE LY LERRCTA
35z k kL, £z TEEC O TR B
VR RET BIMHE R & VRO EMTERIC
S TEELFENTH 5o TRENIUE
71 energry OXEVG 2 WS T B WEREESPIUER
f7: SHEET B % o 7 RN K SEEESR OVE S &
P27z

EBVE L DU ICERAE

1) SEgE Cb MiR<7 0 4~6EE, K
920 € DR A7z, FEE IR R
ZRTSEMNERE C 2 &AGEAE Ay, 2iEX20
°C+ 5 COHMIT ROz,

2) FEEORE SZ|18Y TRl LiFEIL
» Ehrlich f@AdERRE30X 104 ff # A TREFE
WRSKE L, R T B BRSNS 2B L.

3) MHEFE BHEEEBE 200kVp, B
Ty 25mA, J#i@tR 0.5mmCu+0.5mmAl, g
50em, @ Cu 1.37mm, FEEE 74.9r/min. &
L7z MBS~ v 2 AHOL5[HE5 L 5 MAIC
ALEHI=HOEIAN, EHEMIHFIRITT
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g LR L. o hic X D EMDA G 3 m
DT & D TIRHE 1, FEMOFER 5,000 D
JRFTRS T H DFEIREIH60r TH DTz,

4) A4 EBIRHEE O B L HEEIE A O
WREER k LB OIEREI DWW TfT 2 27z,
BB YRICR T 338 Y 04 EITFED B IRAE
10,000r (large dose), 5,000r (medium dose),
2,500 r (small dose) % [R&FL7=.

T2R R U EE (B CRE> T 72hL, 72hM,
72hS, LEEELT ) BARE D Yo FE24RRIRERE T
3[E, FOE TR T 7 BRS L, 24HM
TS 24T B, CARRERNE RERE GRRIbaE
-5 24hL, 24hM, 24hS, & WEECT ) E D Yo
SHAREFHMIFE GRS L, 10R I CRI #4477 5.

SRR Gl o taEL, 4EM, 4
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st L, 24HM TR 2T 5.
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LSRR 10PLA R 100PED B DOu THEMER
DA A¥E & UREHESR 7, 15, 20, 25, 30, 35
B 1 H 1SR T OERE e L
1=k

6) Mk RS o BRI IREEE X CIEHERE
P ANA 721184 4T, &3 44ICORMN D WTH#
HEER31 B E AR mBRE, eSS & O E LR
O #4757z, i Ambrus 9 (19
51) oS FHE LT, SRR BREI
CEHL, B0 1R R OB Fi TER
W T % ot JH.S. 0 BiE AR
AB kDB EF B\ THRBE & FRR 0 FkT
JlEE L7z

T a7 BRAKESEEEOWE  HIa
1IEER- 4 UG, A OmhEn -2\ TREREtR31H
BN o o 7 BRI K SRBESR OFE b BE & AR AR
& LT neotetrazolium chloride # Fi v~ /NER®
(1958) D THlE L7z (Table I ). fifHi L7z
ff#E% 100ug 12 pH 7.6 0.1 M phosphate bu-
ffer 2ml % #1210 ml glass homogenizer THF
@ homogenate # {E ->7>. W E LT 0.2M
sodium succinate ¥ 2ml B k O kEZEMAKE
LT 0.2% neotetrazolium chloride # 2ml %
WY, @E#F R UCY O LT homogenate # FI
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Table I. Colorimetric Estimation of the Acti-
vity of Succinic Dehydrogenase Syst-

em with Neotetrazolium Chloride

Reaction medium: ‘

Substrate:-.... Sodium cuccinate
€ 0.2M) -+---- 2 ml

Hydrogen  Neotetrazolium 37°C
acceptor chloride
(0.29) - 2ml

Fresh liver---..... 100ng l
Phosphate buffer l homogenate 37°C
(0.1M,pH 7.6) - 2ml

Reaction temperature: 37°C

Reaction time: 30min.

Stopping the reaction with 2 ml of 1094 formalin
solution

Extraction of diformazan with 10ml of ether-
acetone (1 : 1)

Mesurement of optical density at 520mpy

R AN, BOHIT°CLIE L 2= 2R
C TG 2Bt L, 30434%1210% formalin %% 2
ml % fin A TR 3451k L 7=, 4 U7z diformazan
13 Acetone-ether %R AW10m] % i % B&
EHEL, 1RERHREL CHAH U7s. 485 horod
W FEFE 721) acetone-ether # fi X TIERELZ10
ml & U, BHOEESYE QR-508C TR
520 mye VIFAVF B WEEE I L 7=,
ERER

D ERER Ex OB ORBRESATE HES
X URBEDOFH(E L Table II 12, s§iEBrcsE
2 R EBROIEMR A% Fig, 11CR L7z, B

HARREZEMBS M #2058 H15

BOFETF B B RO 34. 4H 12k L 72hM
FH1245. 30 CREAHETI0.9H & 2 D F Y & <,
24hS B3 FrgTEH 8240, 4 H TREAH I 6.0
HERVEDE 2T B, H58 BTN HRE -
DEEREZA 2L Fig. 1 X 08BLnn L 512, 72
FETIX 5,000 JEAT L7230 ORED T SAIEd
TARL, 4BETRIEA B OISR Ui & iz X
Ch, SEETEIHEOHMB L 322NT LA
EZDBNAanoT:,

Day |_
10
— -
& — - —
€ I—
4
2
LMSILMSLMS

72hours 24hours Distribut

Fig. 1 Superiority of each irradiated group to
the control group in the survival (from
Table II). '

Table II. Days of Survival in Respective Number, Mean and Superiority

to the Control Animals

Group Respective number Mean Super,
72h L 37 | 39 | 41 | 43 | 43 | 45 | 46 | 47 | 47 | 49 43.7 9.3
72h M 39 | 41 | 42 | 43 | 45 | 46 | 47 | 48 | 50 | 52 45.3 10.9
72h g 3 | 37 | 39 | 40 | 40 | 43 | 45 | 47 | 48 [ 49 42.4 8.0
24h L 38 | 39 | 40 | 41 | 42 | 43 | 45 | 47 | 50 | 52 43,7 9.3
24h M 37 | 38 | 39 | 40 | 41 | 41 | 44 | 47 | 48 | 49 42.4 8.0
24h S 33 | 85 | 37 | 38 | 40 | 41 | 44 | 45 | 45 | 486 40.4 6.0
Dist L 37 | 38 | 38 | 40 | 42 | 43 | 43 | 44 | 47 | 48 42.0 7.6
Dist M 37 | 38 | 39 | 40 | 41 | 43 | 44 | 44 | 46 | 48 42.0 7.6
Dist S 36 | 37 | 38 | 40 | 43 | 43 | 44 | 47 | 47 | 48 42.3 7.9
Control 31 | 32 | 32 | 33 | 34 5 | 35 | 36 | 37 | 39 34.4 .
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Table III. Mean Diameter of the Tumors on 7,15,20,25,30 and 35 Days

after Transplantation

Group T days 15 days 20 days 25 days 30 days | 35 days

72h L 9.8 11.2 10.8 9.1 86 | 9.2
72h M 9.7 12.2 13.0 13.5 14.6 | 16.8
72h S 9.8 14.1 16.0 16.8 18.2 20.8
24h L 9.7 10.1 9.5 8.1 7.6 7.4
24h M 9.7 11.7 12.0 12.4 13.5 14.9
24h S 9.7 13.4 14.5 16.0 17.8 19.7
Dist L 9.7 10.6 11.1 10.3 10.0 1.2
Dist M 9.6 12.2 13.4 15.0 16.5 18.4
Dist S 9.7 13.7 16.2 17.6 19.0 21.4
Control 9.7 15.2 18.6 21.4 23.1 —

- - Cont
gmml I+ 1,0007 e mmm! I 2507 Dt
g 20 hu.uooows///// $%% 1 250m3 e ,,;;4ﬁ24ﬂ
P g = 52¢;ﬁ%7
S ﬁ; Dist S ﬁé%ﬁ/

x = —— .
E 10 —-—-..._\‘,______._____ ;E%R E 10 -~
= 1110111 72h s WL 111 72h
= T 24 h = LELLL 24 h
Tlvorrvisivivisreonan o Dist Hleevvvvviiiiiavionno Dist
10 20 30 40 10 20 30 40

DAYS AFTER TRANSPLANTATION

Fig. 2 Growth curves of the tumors irradiated
with total dose of 10,000 r and schematic
representation of irradiation plans. The
long sticks indicate irradiation with 1,000 r
and the short with one third of 1,000r
(from Table III).

mm ---— Cont
w | 1 500" —
§20 . 5000/3 // Dist
= f////nh
A et
s | L=
§I0
= [ T T T T T I O £-X
g [RRARARARN 24
Hlavvrvvoniniincnnenn Dist
10 20 30 40

DAYS AFTER TRANSPLANTATION

Fig. 3 Growth curves of the tumors irradiat-
ed with total dose of 5,000r and schem
atic representation of irradiation plans.
The long sticks indicate irradiation with
500 r and the short with one third of 500 r
(from Table III).

DAYS AFTER TRANSPLANTATION

Fig. 4 Growth curves of the tumors irradiated
with total dose of 2,500 r and schematic
representation of irradiation plans. The
long sticks indicate irradiation with 250 r
and the short with one third of 250r
(from Table III).

2) JEREZE JEREE & Table II B X f
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3 IMWEMRAE ARMERES & CmEsEE, %
N#h Tables IV, V Bk f Figs. 5, 6125
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KL, K2R L72d g bidnd,
FEIERAST O RIS D BRVEE 2R L, A
HEZRIFL72D 0% BT 5 L 240 HEAFRN
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EUMEREL OV Td, BRILR BRI HRH T 20
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Table IV. Red Blood Cell Count on 31 Days
after Transplantation

Animal No. 1 2 3 4 Mean
72 hours L | 610 | 723 | 748 | 685 | 692
72 hours M| 772 | 769 | 866 | 761 | 792
T2 hours S | 625 | 768 | 747 | 784 731
24 nours L | 566 | 592 | 751 | 683 | 648
24 hours M| 652 | 516 | 523 | 608 | 575
24 hours S | 265 | 240 | 324 | 456 | 321
Distribut L | 751 | 830 | 709 | 768 | 765
Distribut M| 786 | 742 | 667 | 703 | 1725
Distribut S | 615 | 564 | 705 | 644 | 632
Control 359 | 291 | 420 | 332 | 351
Normal 782 | 1071 | 903 | 886 | 911

Table V. Amount of Hemoglobin on 31 Days
after Transplantation

Animal No. | 1 | 2 | 3 ‘ 4 ! Mean
72howrs L| 84 | o1 | 85 | 96 89
72 hours M| 82 | 78 | 85 74 80
72 hours S| 71 77 66 69 71
24hours L | 81 | 79 | 88 | 80 82
24 hours M| 72 | 70 | 76 | 67 71
84 hours S| 61 58 56 64 60
Distribut L | 88 78 82 73 80
Distribut M| 80 | 78 | 75 | 74 77
Distribut S| 74 | 69 | 70 | 64 69
“Control 46 | 34 | 36 | 37 38
Normal | 102 | 112 | 109 | 100 106

BB IIER I CEEZ RT O T, EHlEH
AL DOLHY BRI AR, EEEO
gk 8,7522 740, 10,000r JREF L7z @ ik
3,000 Foydy 30, 5,000r Tl 5,0008i#%
Dz 17T H DA £, 2,500r Tid 5,000k p
15,0000 9, HMEHIEFEZ @550
NE ¢, 30,0002 8250 527, ZOHIM
BREG IV g & D3R L 2IEE 0 —EhisiE o
SHETPE S FUB TR A EE R S, Sl
X BB R LR L. EHOERE-DTIX
DEVRADLNANDT.

4) [Fa7BREGEESNE R FEREES1E
H O S BEDEESTE MR % Kt & b 4 U7z difor-
mazan O WFEEE T ¥ & Table VI B & U

AARESHME oS B0 H1s

Xl0 -
800

600

400

200

LMSLMSLMSCN
T2hours 24 hours Distribut o o

Fig. 5 Red blood cell count on 31 days after
transplantation (from Table IV).

100

80| | —

60 —

40

20

LMSLMSLMSGCN
T2hours 24 hours Distribut o o

Fig. 6 Amount of hemoglobin on 31 days after
transplantation (from Table V).

Fig. 70 ) TH 5. IEEBOFE0.832% L,
S RFRE0. T4 K, RIS DIEEEZ R L
TR SEOII/NE , HiE s BRIk
MEFRBIL-DOREEYEETHY, [F—H
i F A L7200 CEUBRIC R EERZED 5 1L
ot
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Table VI. Activity of Succinic Dehydrogenase
System of the Liver in Optical

Density

Animal No. 1 2 3 4 Mean
72 hours L | 0.53 | 0.48 | 0.59 | 0.46 | 0.52
72 hours M| 0.51 | 0.60 | 0.54 | 0.62 | 0.57
72 hours S | 0.73 _() 62 | 0.48 | 0.63 | 0.62
24 hours L | 0.45 | 0.54 | 0.52 | 0.42 | 0.48
24 hours M| 0.61 | 0.56 | 0.42 | 0.53 | 0.53
24 hours S | 0.37 | 0.65 | 0.54 : 0.54 0.52
Distribut L | 0.46 | (.54 l} fg 0.53 | 0.49
Distribut M| 0.58 | 0.66 | 0.54 | 0.52 | (.58
Distribut S | 0.63 | 0.52 | 0.58 | 0.66 0. 60
Control 0.62 | 0.92 | 0.76 | 0.67 | 0.74
Normal 0.94 | 0.80 | 0.91 | 0.68 | 0.83

0.8 B

06 [ ’__ o

— _ _
04
02

LMSLMSLMSTCN
T2hours 24 hours Distribut o o

Fig. 7 Activity of succinic dehydrogenase sys-
tem of the liver in optical density of
diformazan on 31 days after transplantation
(from Table VI).
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