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Studies on the Time Factors

Fractionation Factors on the Lethal Effect on Mice

Sachiko Kawano
Department of Radiology, School of Medicine, Tokushima University
(Director: Prof. Fumio Kawamura)

The time factors (fractionation, sessional dose and intervals between fractions) on lethality of mice
by repeated whole body irradiation were examined.

Male mice of Swiss albino strain and ddS strain were irradiated with ¢°Co-y ray, sessional dose 100 R
to_600_R, intervals 1 to 6 days and dose rates 5 R/min and 50 R/min.
The 50%, lethal dose (LDj;,) were calculated from the daily mortality by the probit method.
1) Experiment on the fractionation factor,
Varying the number of fractions and sessional dose by the same weekly dose, the equation was
D/Dgp = Ej0-254

r

where D is LDy, in R, Es; == D/fr (D; average weekly dose, fr; number of fractions).

With the same weekly dose, increase in the sessional dose resulted in increase in 509, lethal dose.
2) Experiment on the sessional dose factor.

Varying the sessional dose with egual intervals between fractions, we found
D/Dyo = Ef307
where D is LD;; and Eyps is the sessional dose (R/exposure).

When the intervals between fractions are equal, the higher the sessional dose,the smaller the lethal
effect on mice in the range of 100 R to 600 R.

3) Experiment on the interval factor.

Varying the intervals between fractions with equal sessional dose, the following equation was obtained
D/Dyq = I;0-110

where D is LDj, and I, is the intervals between fractions (days), the longer the intervals, the greater the
radiation effect in the range of 1 to 6 days.
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AR R Tk, EIRRER X b, MBEH
) & K84 & DR 13 W] -4 AHBY  time-dose
relationship & LT D=kT* (D : &#iE, k: —
EISEMfRE, T : BAHE, n : BEEHEEO +2
BRI b T3, oBIRILE D B
B, EMRIG ER B TR BILL, =7 2D
eI e oW b = OBIFRIRRIE T 5.

FERRADZ R bt R RH-FREAERY 13, EHR
FEv iz 5 B79%E 6 BRSO E» RO B R
b DTHBHN, O, —EiifE, BEREREOR
A w2 Eercidiadne.

AT\, ddS FHERK U Swiss albino F
<V AD “Co-viileH—eRE o RKEE X %50
BBIERRAIBEL LT, 48, —EHEEROR
R >WTHRE L.

—E#E & LR EER A5 100R
b 600R, BHMEZI1IBEL D6 HE L.

A, ZBEEFEONTOHE

NEFRTF 2 BET 5 e, BigarRE i
U C—[Elf R & B a8 2 o84 D 50 % 34 FE
fii (LDsp) %3k, —[ElRE & BIFEHRED
BAREHR Lic.

1. ddS R I2CHIFHEER

(B EREMY L LT ddS %, 4470
THZE80H, {A#23.4+ 1.8 DX HH L. B
Mi320° £ 1°C, BE60E£10% DiERE T, ER
ik BB LKL TRBLE.

80Co-r #3525 Co jafR AR RS EE( 1,000
Ci) #HTFo7.

FAEISE L Radocon HifEEl (Probe No. 606)
R, BEHAROETRES laan7 29 54
MEIER A BV TR L. SEREEYE
DfEEE67enT50R /min T 07z,

BENIEHFET -, FEE Lic~ v A% H 9Ky
EDHLUTHTHOET L LT L.

P 600R/6 H (1 HEH4E: 100R)
L LT, —EfET 100RX D 600RTHS.

RS 12 8H 100R, 2 HP 200R, 3 HfE
300R, 4 HfF 400RIFV1= 6 HF 600R®D 5

ARESRHAELMEE B0k H1%

T, BEHTIEIETH S .
- EETOMORTOREL L T, —
a0 EBx FRPC 7ok

SO%BIEMBEOEMIL 7 r €y FMER K DIVE
WMFrEy b, HES ey PROEH e v,y
FERRD, Zhbh B Regression line X b
SEEFECHEREE L, Chie FeiEH REHEE
HHELT LDy #EHLE. ZoFERECERO
St O—fl% Table 1 /R L 1.

€539

100 R4% H JR4HBE ¢ probit iz Xk 5 %8 (Table
2) B B f-Regression line 3 y==15.045
x—16.231C, LDj, 132580+ 100 R THot-.

200R 2 F4gMB447F : Regression line |3y =
15.769 x—16.592, LDjp 132020+ 100 RTH-2
7=. (Table 3),.

300R 3 HYEMEIEf : Regression line |3y =
12.548 x--11.751, LDy, 32170+ 100 RTH>
fz (Table 1),

400 R 4 H 45 MBE4EE : Regression line |3y =

" 9.732 x— 7.195, LDy 31790+ 130RTH

7z (Tabled ).

€00 R 6 HIZHSHF : Regression line |3y =
16.165 x—14.580, LDy, 131730% 100R (Table
5) ThHot.

ChoDECEFBERLE % THS.

ddS7R—~ v A D HE 600 R/ 6 HIBSHic g\
T, S0%7ET: % To WEAHRE 11 100 R4EH RS
FET11 2580 £ 100R, 200R 2 AfGMBEEETIT
2020 100R, 300R 3 HEMHEE T12 2170R
1 100R, 400R 4 HEMBHFETIZ17901: 130R
T, 600R 6 HEMSHHETILI630+ 100RTHS
(Tableg ).

— Bl o W B0k B, LDgy o x3%i% il
CEDTT my b5 EEBBIFIBIIL, D=
kER, 7o —HRTEHLIh3. ZoBEKRIZD=
8954 EL**Cn. =z TD : LDy, (R), Eip=
D/fr (D : FHlMGE, fr:HEEE) 8 : &
EThsr (Fig. 1).
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Table 1. An example for calculation of 50_% lethal days for 3001{-; every third day whole body
irradiation by probit method - ' x b

i expomre | Qog a0 | Ll | Beed | Bamued| v | P
15 1.176 6.2 | 346 | 3.3 0.208 3.36
16 1.204 12.5 3.84 3.62 0.307 3.80
17 1.230 12.5 3.84 3.90 0.405 3.80
18 1.255 12.5 3.84 419 0.500 3.80
19 1.279 12.5 3.84 447 0.574 | 3.8
20 1.301 31.2 4.50 4.72 0.618 |  4.48
21 | 1322 43.8 4.84 49 | 0.636 4.87
22 1.342 56.2 5.16 5.19 0.628 5.13
23 1.362 68.8 5.49 542 |  0.598 5.50
24 1.380 68.8 5.49 5. 62 0.553 5.52
25 1.398 81.2 5.89_ 5. 62 0.497 5. 84
26 1.415 87.5 6.16 6. 02 0.432 6. 04
27 1.431 100 - 6.20 0.370 6.79

n—16 R - ynwx 2 nwy b 2w (x—%) (y—9)

Sow ? Y ynw \ Yiow (x—%)?
y==12.548x —11.751  when y=15, x==1.335
1) Confirmation of line ) )

X% = Tnw (y —§)* — {En%i’:\,zxi)_(;; DY~ 9,948

k=13, n=11, X? (0.05) ==19.695<.X%,
2)  Confirmation of “b”’ '

1 t*
E= T X TTnw(x—%)°
t = te (0.05) =1.963
3) Standard error of “m’’

—0.06<0.1

1 1 __(m=X)
Vi = bt X Snw + nw(x—%)?
y/V{,.,,m== 0.008 m= 1-335i0-008

2
S=64%107°

Table 2. Calculation of 509 lethal day for 100R every day irradiation

b g |3 Clog a0 | bt | Deted | Baimed | oge | Tt
! 19 1.279 6.2 346 3.40 [ 0.238 3.36
' 20 1.301 6.2 3.46 3.67 |  0.326 3.39
21 1.322 18.8 4.10 3.92 0.412 417
_ 22 1.342 18.8 4.10 4.17 | 0.494 4.17
, 23 1.362 18.8 4.10 4.42 0.563 4.18
i 24 - 1.380 25.0 4.33 4.63 |  0.808 4.34
25 1.398 31.2 4.50 4.85 |  0.630 4.49
26 1.415 43.8 4.84 507 |  0.635 4.87
27 1.431 50.0 500 | 530 | 0.616 498
28 1.447 68.8 5. 49 549 | 0.579 5.52
29 1.462 87.5 | 6.15 5.65 0.545 '5.97
30 | 1am 87.5 6.16 58 |  0.487 6. 01
) 31 1.491 100 - 6.02 0.432 6. 66

® =1.402 ¥ =>5.191 b =15.045
y =15.045 x —16.231 when y =5, x=1.412
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1) Confirmation of line

X2,=4.128

2) Confirmation of ““b”’
g=0.05<0.1
3) Standard error of *m”’

AREZRERNERMEE $20% |

k=13, n=11 X? (0.05) =19.675>X>,

%15

Vim=55%10"¢  ,/V(m)=0.007
m= 1,41240.007
Table 3. Calculation of 509 lethal days for 200R every second day irradiation
g [ dos o0 ot [ Pt [ P | e ||

léi 1.176 6.2 3.46 3.30 0.208 3.40 1
16 1.204 6.2 3.46 3.64 0.315 - 3.40
17 1.230 12.5 3.8 3.98 0.436 3.86 |
18 1.255 18.8 4,10 4,29 0.530 4.17 '
19 1.279 31.2 4.50 4,58 0.597 4,48
20 1.301 37.5 4,68 4,88 0.632 4. 62
21 1.322 62.5 5.32 5.13 0.632 5.25
22 1.342 68.8 5.49 5.38 0.604 5.52
23 1.362 68.8 5.49 5.62 0.552 i, 52
24 1.380 81.2 5.89 5.85 0.487 5.84
25 1.398 93.8 6. 54 6.07 0.415 6.45
26 1.415 93.8 6. 54 6.28 0.342 6.90 :
27 1.431 100 — 6. 50 0.269 7.10 ’1

#=1.318 ¥=>5.191 b =15.769

1) X% =128 k=13, n=11, X2 (0.05) =19.675<X>

2) Confirmation of “b”

g==0.03<0.1

3) Standard error of “m’’

Table 4. Calculation of 50%lethal days for 400R every 4th day irradiation

Vim =40%10"°

vV =0.006

m== 1.30640.006

Days after . 2 Calculated |
frst exponre | xy (g x) | pLetal | Deteced | Eeimated | Weigh peobit
13 1.114 12.5 3.8d 3.55 0.285 373 |
14 1.146 12.5 3.84 3.88 0.398 3.9 |
15 1.176 18.8 4.10 4.20 0.503 . 4.16 !
16 1.204 31.2 4,50 4,50 0.581 4,48 |
17 1.230 37.5 4.68 4.80 0.627 472 |
18 1.255 50.0 5. 00 5. 08 0.5635 500 |
19 1.279 56.2 5.16 5.33 0.510 5.12
20 1.301 75.0 5.67 5.56 0.570 5.67
21 1.322 81.2 5.89 5.80 0.503 5.84
22 1.342 81.2 5.89 5.01 0.435 5.83
23 1.362 81.2 5.89 5.23 0.360 576 |
24 1.380 87.5 6.16 6.42 0.296 594 |
25 1.398 93.8 6.54 6.62 0.232 6.64 |
26 1.415 100 = 6.80 0.180 7.26 |
X=1.268 §=5.145 b=9.732 y=9.732x—7.195 when y—5, x —1.253

1) Cofirmation of line

96 —
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X*,=5. 968 k=14, n=I12, X* (0.05) =21.026>X"s
2) Confirmation of “b”
g =0.06<0.1
3) Standard error of “m "’
V= 1.6x10% Vi, =0.126  ra= 1.25340.126

Table 5. Calculation of 509 lethal days for 600 R every 6th day irradiation

ﬁgta )’ersxggf;_e x: (log ap) Lethal Detect_ed Estima_ited W eig:ht cz}:l':;i?:ﬁ f
(a) L /| percentage probit probit (w) (D)
13 1.114 6.2 3.46 3.65 0.320 3.42
14 1.146 18.8 4.10 3.90 0.405 4,24
15 1.176 37.5 4,68 4,50 0.581 4.63
16 1.204 50.0 5.00 4,92 0.635 5.00
17 1.230 62.5 5.32 5.28 0.618 5.30
18 1.255 75.0 5. 67 5.62 0.553 5. 67
19 1.279 75.0 5. 67 5.97 0.446 5. 62
20 1.302 87.5 6.16 6. 28 0.342 6.02
21 1.322 100 — 6. 60 0.238 7.09

n =16 % =1.221 § =5.157 b=16.165
y==16.165x —14.580, when y=35, x =1.211
1) Confirmation of line
X%=0.64 =9, n=T7 X? (0.05) ==14.067>X?2,

2) Confirmation of “b”

g= 0.078<0.1
3) Standard error of “m”

Vi =60%10° Vi, =0.008 m == 1,2114+0.008

Table 6. Lethal days and £0% lethal dose for ddS strain male mice

Irradiation group Regression line 509 LEt]’EgL;‘;Y 1S.E. | 502 Lewthz&‘[Rd)crse +S.E.
100R every day y=15.045x —16.231 25.841.0 25804100
200R. every 2nd day y =15.769 x —15.592 20.241.0 20204100
300R every 3rd day y=12.548x —11.751 21.741.0 21704100
400R every 4th day y= 9.732x — 7.195 17.941.3 17904130
600R every G6th day y =16.165 x —14.580 16.34+1.0 - 16304100
2. Swiss albine Y Y Z(CH1TBEE Hfg, 400R 4 HEE U 600R 6 HEEOFHFT,

(ZEB ) EWEhh & LT Swiss albino Sk~ AEH108E, 1 FAXI3~18IETH 5.
v A 160 HRIER, FH24.4% 1.58 oEER(E CERREE)

ALt _ 50R/min fR4HEE (Table 7.1)
HESEME, SENEETT & RAEET, %Co-r 100 RE: H B51HE @ Regression line (¥ y =
fiEsHL ©Co miFScRRSHEE 2 M L. 9.636 x— 6.874, LDy, (31610 110R'TH>
R 350R /min (1,000 Ci THIREFL grs to T owE
fEgEEE67em) , B2 08 5 R/min (110 Ci THRIFEY 200R, 2 HEMESHFED Regression line |3 y=
FC IR 70em) ThH B . 13.300 x— 9.866, LD;, 131310 110RTH>
RSz 100R4FH, 200R 2 H%E, 300R 3 o i ;

— 9r—=
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HARESFHRHRESYE 520% H15

Table 7. 50% Lethal days and 502 lethal dose for Swiss albino male mice

I. High dose rate (50R/min)

Irradiation group Regression line 507 'Letlélg;yciéy +S.E. | 50% Le:th(a.]l{;losc +SE.
"~ 100R every day y= 9.636x — 6.874 16.04-1.1 1610+110
200R every 2nd day y=13.300x — 9.866 13.14-1.1 13104110
300R every 3rd day y=13.429x — 9.902 12.94-1.0 1290+100
400R every 4th day y=12.300x — 8.885 11.24-1.5 11204150
__B00R every 6th day y= 9.629x — 4.626 10.04:1.0 10004100

II.  Low dose rate ( 5R/min)

Fig. 1. Factors of Fractionation on the LD,, of
mice

Lethal effect and sessional dose of fractionated

irradiations by the same weekly exposure dose

(600 R./6 days)

1050
(R
3000 F
2000 | g2
| ﬁ"‘-..;;.% —
w000 | =
|
| 100 200 300 400 600
{ Rlexposure )
)
[JFD1 E“,
Swiss § mice © 5Rimin Be-0.292
@ 50R/min B -0.266
dds & mice ®50R/min B -0.266

300R 3 HIEMEEIFED Regression line |3 y=
13.429 x— 9.902, LDjs, 121290+ 100RTH
7.

400R 4 HIEMESHHED Regression line |3 y=
12.300 x— 8.885, LDj (%1120 & 150 R TH>
ic.

600R 6 HIEMBAIED Regression line |3 y=

Irradiation group Regression line 50% I-e‘?g;if)‘}f +S.E. | 50% Le‘lh?]‘léo'se +S.E.
100R every day y =28.667 x —30.162 16.94+1.0 16904100
200R every 2nd day y=21.714 x —18.674 12.3+1.1 1230-+110
300R every 3rd day | y—12.846x —10.067 14.941.1 14904110
400R every 4th day y=13.000x — 9.256 12.5%1.0 1250-+100
600R every 6th day y=11.348x — 6.651 10.3+1.0 1030-+100

9.629 x— 4.626, LDs 13 1,000+ 100RTH
SfE,

LDs, oxBraiitline, —EIE % Hx fih
WEDTERE 7 ey b T35 L BREGRVES
n, CoBRfRRIED=5483 EF* tE b ahs
(Fig.1).

ddSFH~ v Aiessl) 2 EME BT 5 &, LDy
hE <, 100 RfEHBHEET, ddS %op2580+
100 RIS LT, Swiss albino FTix1610% 110
R EEPZA Y, —EfFROMINC X 5 HIEE
oL oEmETIzERBETH .

-5R/min [AERE (Table7 . 1)

100 R4 F FRES#E @ Regression line |3y =
28.667 x-—30.162, LDy, {11690+ 100 RTH>

e

200 R 2 HfEMBHHED Regression line |3 y=
21.714 x--18.674, LDy {31230+ 110RTHD
p 2

300R 3 HfFBEIED Regression line |3 y=
12.846 x—-10.067, LDy, 131490+ 110RTH*>
e

400R 4 HEEHSITE D Regression line 13 y=
13.000 x— 9.256, LDy, %1250+ 100RTHD
p o

— 98 —
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600 R 6 H{EE4tEED Regression line |3 y=
11.848 x— 6.651, LDsp 21030+ 100R TH>
jz.

1528 & A tiiie LDy, oxtscy, Ml
—EEONE L 7 = » P 5 &2 D ERBGR
MBILL, D=5393E;>** L 75 (Fig. 1).

ERERTORHTL, —EHEORIMC L
Ao TEMFERA U T BG5S,

AERSHC 3\ Ty, 5R/min BHBEOBKIE
FREL 100 R4 HBSHEE T 1690+ 100RT, 50
R/min JBHHE CTo £ 1610+ 110 R TEH e
oz, :
NG

ddS &, Swiss albino FH—~ 7 A Do EREE
W Th, FEHRMEESS L LT—iE
%L, fEEEENE L5 L LDy 13
THEWOIERTHS.

ddS Rk Swiss albino Fickl LDs, ik
T, ThidEZHoRELEL NS,

BRI X 5313, AW TIZRD bhis
ot

& DERO BRI & LDy & ofliciD=
kEf, 722 BIRAMHILT 5. DIt LDy, k i35
#, Ex=D/fr (D: VigEMRE, fr:4HEE

Fig. 2. Factors of Fractionation on the LD,, of

mice

Lethal effect and sessional dose of fractionated

irradiation by the same weekly dose

: 0.254
§ DID) gy Eyy
g 100 H&HH
S 8 \!.'\LQ
© o
2
C Hﬁmh
3
100 20300 A0 a0
Rlexposure
o, €8

1 fr

Swiss § mice O 5R/min B« - 0,252
@50R/min B - 0,266
ddS & mice @ S0R/min B~ - 0,266

B).8ARTSHS.

T THRHELR BT, 100 R HBESRE
TO LD % 100 & LTl BB D HHER £
3, DHSHE DX ECR Hlli, R/exposure o %t
Boxbiline 7= 5 b 35 & BEABR SHOZL,
D/Dygo=E"* 73X TEbLIh 2 (Fig. 2).

- RRMERE TR S BRI 2 highsote.

ORI Y, FEHREXRA Cic LT—-EifEy
e L, SEEEY 2 ffic LizBarit LDy i3
L8 &7 b, —EiRER ! 4c L THE% 4 fific
THIEBTERE L. AE L e s . Pe—EEr
1051 L To EIEE % 10 i F4uE LDso 1%0.56
fELins.

RS, —HEHERYR BT,
—EiEE %< UThEEE D 5 HHEIE
BRIAE .

B. —EHREBETFICONTORE

—ERRERF 2B T 5 oo, BYHERELS
L LTC—EELXZE 2 84D LDy o o\nT
KB, —EREEBIEHE L OBFRERD .

(EETE) SEBREME LT Swiss albino 3
= U A, EHRE0ANIH, AE24.48+ 1.58 Dl
EHALE. 1 BISEASI18ETSHS.

By D B4, ©Co-v §HESH % 050 % FKFE
MEOIEHFRINER L AHETHS.

—EFRE L LTk 100R X D 600R, HERIL
5R/min K050 R/min T, WAHIEZER, 2
HEERU'3 BEORE & L.

198 D KR AR 7072,

(EREER)

45 [ RSB

7 H RS2~ R & LT 100R, 200RE
O 300 R& Tz,

R 5R/min 1z it % 100 RIBEEED Re-
gression line | y=28.667 x—30.162, LDj, 13
1690k 100 R'T, 200 RIEHH#ED Regression line
1% y=16.500 x--11.608, LDy, {32040+ 200R
T, 200 RIBEHFE®D Regression line |3 y =10.500
x— 4,958, LDy, 324003 360 RT 227 (Table
8). :

fitlie. LDso o3d¥or, e —EE o8]

—.99 —
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Table 8. 509 Letha dose for every day
irradiation

5 R/min
5024 Lethal /5094 Lethal
Sessional | Regression day dose
dose line | 4 S.E* |+ S.E.*
Cdays) | T (R)
100r |Y=28,867%/16.941.0 |1690-+100
200r Y =16,500% 10,241, 0 |2040+-200
300r |Y=10-200%/ 8.041.2 |2400+360

*3.E.; Standard error

Table 9. 509 Lethal dose for every day

irradiation
50 R/min
5094 Lethal|5095 Lethal
Sessional | Regression day dose
dose line +S.E.* | +S.E.*
= (days) R
y = 9.636x
100R 6874 16.14-1.1 |16104100
y =13.000x
200R - 8.43810‘8i1'1 21604220
y =23.333 x ‘
300R 17 367 9.141.1 27304330

Fig, 3. Factors of Sessional Dose on the LD,, of
Mice

Lethal effect and sessional dose by the same inter-

val of irradiation

LDSU

(R
3000

|

w2

1000 |
100 200 300 400 600
[ Rlexposure )
0
DIDyi= E;tps
Swiss & mice
every day exposure® 5Rimin =033
© 50RImin = 0.445

B EOTHEEREY T w » 15 L (Fig. 3) —
BIFE % { fo s EEIEHEITAE LR, Zo
Pz iE D =kEL 7 5 BARMSEGE 35 . D 13

BAREXHRHRELSEE H2o% B15

Table 10. 509 Lethal dose for every second
day irradiation

§ R/min
5094 Lethal 509 Lethal
Sessional | Regression day dose
dose line +S.E* | 4-S.E.*
5 (days) ®R)
y=21.7T14x |, 4. an 1
200R ~18.g74/12-3£1.1 (12304110
y =16.000x | il
400R —-10.490 9.3+1.1 |1860+:220
y=11.625x| ,, . k
600R __'5.977 T.6:£1.1 2280+330

B (R), K i32%H, Ew z—EiEE (R) T,
TIRARTHS.

g HIBGBE (5 R/min) CixD= 352E"3% & /¢
5.

50R/min T 100 RIBGHTEE o Regression line
1% y= 9.636 x— 6.874, LDy, 131610+ 110R,

200 RIBETFED Regression line (3 v =13.000
x — 8.438, LDy, 132160+ 220RC, 300RJE
§1BED Regression line |31y=23.333 x—17.367,
LDy, 1327303k 330 R T2t (Table 9),

—[Elfgi & LDy & oBiff% 5 R/min [RETEE &
Fffc LTRDB D= 209EL4° &+ 7 % (Fig.
3).

{8 HIBS1# o 5 R/min 250 R/min pii4% b
B 5 LEOEREC I3 EN R L, —EfFEEE
ThiHERTH oI,

2 BigfagtHE

2 BB o —Ef &1 200R,

600RTH 5.

5R/minT 200 RIB&}EED Regression line |1
y=21.714 x—18.764, LDj, %1230+ 110RT,
400 RIBHIHF > Regression line 13 y=16.000
x —10.490, LD, 1% 1860 220R, 600 RESH
#FEo Regression line |3 y=11.625 x— 5.211,
LDy, 132280+ 330R T 27 (Table 10).

LDsy X% fililie, -—ElR o ¥+ fiih
. EOTHERE © Pifia#5 &L, 5R/min 2
HBRHEEE TI12 D =82EL2° L icof- (Fig. 4).

50R/min T 200 RJBH#E > Regression line |1,
y =13.300 x — 9.866, LDy, {31310 + 110R
THhh, 400 RIBEEED .R_eg‘ress;iqn line |I y=
19.571 x—12.814, LDy, 121640 220RTH b,

400 R B TF
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Table 11. 509 Lethal dose for every second
day irradiation

50 R/min
509 Lethal|5094 Lethal
Sessional | Regression day dose
dose line +S.E.* | +S.E.*
(days) (R)
200r [Y=13-000%013.141.1 13104110
400r |Y=105TIx ] g 9411 1640220
600R |Y 10377} 7.541.2 2250360

Fig. 4. Factors of sessional Dose on the LD,, of
Mice

Lethal effect and sessional dose by the same in-

terval of irradiation

LDSI]
(R}
3000

| /%/%

e

100 200 300 400 ﬁre:msum
o,
Swi::jy g:wtﬁed.a;y exposure ®5RImin §= 0.515
@ 50R/min g+ 0.432
600 RIBETHE © Regression line |3 y =10.177
x— 3.877, LD;, 132250 360 R TH2o7-(Table
11).

—[ElfgE L LDs, & oBfRRIzD= 1335
#n (Fig. 4).

2 HERSHTY, —ERE L5 EHKE
MERKRERY, —ERESERELOL0TH
% . MERK X BB REOE DT,

3 Hig SR

3 HERSMo —MfHE 12 200R, 300R,

A0RFET* 600RTH .

5R/min = 200 RFBGHED Regression line i3

y = 7.333 x— 4.044, LDy 1} 1140 &= 80R,
300 RIBHIHED Regression line |3 y=12.846 x
—10.667, LDs, 121490k 110R'C, 400 RS

101

Table 12. 5095 Lethal dose for every third day

irradiation
5 R/min
5095 Lethal|50% Lethal|
Sessional | Regression day dose
dose line -+S.E.* | +S.E.*

(days) (R)
200r | Y= T3 N7 14011 [1140+ 80

300r |Y=12:846xl14 941 1 14904110

—10.067
y= 9.0Tlx N : -
400R —4.8% 12.14-1.1 16104120 |
y==13.333x ¥
600R —'7.687 9.04-1.1 |1800+220
Table 13. 509 Lethal dose for every third day
irradiation
50 R/min
509 Lethal 502 Lethal|
Sessional | Regression day dose
dose line 4-S.E.* | +5.E.*
(days) (R)
200R |Y =14:059%0g 449 9 [1200+ 70

—13.115

300r [ =13-428%)15 9410 12904110 |

600R | ¥ =13-308%1 g 7413 1740260

Fig. 5. Factors of Sessional Dose on the Ld,, of
Mice:
Lethal effect and sessional dose by the same in-
terval of irradiation
LQS{I
R
3000 |

“l . /3%/%4?

1000 f

100 200 300 400 600

[ Riexposure }
v
D fD1 Exps
Swiss § mice

every 3rd day exposure O 5R/imin ¥ = 0,405
@®50R/min §= 0,312
B> Regression line |3 y= 9.071 x— 4.826,
LDgo 131610+ 120R°C, 600 RIBS#E Regre-
sion line {3 y=13.333 x-- 7.687, LD;; [31800:
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+ 220RTHofc (Table 12). -
el LDso %, #iline —ESRR O X
ZEOTERREY 7 vy T2 L, —EHER
KELBHE LDsy § k&b, 5R/min 3H
FRAFTIZD = 143E4® L 7pof- (Fig. 5).
50R/min -G 200R [EAHHHE > Regression line
It y=14.059 x--13.115, LDj, 3 1290+70R,
300 RBEEED Regression line |3 y=13.428 x
— 9.902, LD (%1290 100R, 600 RBHHEE
o Regression line |3 y=13.909 x— 8.060,
LDsy (31740 260 R T2z (Table 13).
—[E#E L LDy Lo BARR ko5 L D=
235ELR* L ipoie (Fig.5).
b OfER T 5191, 200 R/exposure
To LDg, % 100& U THERE o fxEr R
b, Z ORI EONE AN, — B ORI
Fig. 6. TFactors of Sessional Dose on the LD, of
Mice

Lethal effect and sessional dose by the same in-
terval of irradiation

-
S 200 0.409
% DID0" Eype 3/
= 150 8 o
g 8 <
=2
2 /@/ .
]
2 8
= ~e
&£
60
100 200 300 400 600 (R)
il
oD 5
Swiss & mice 1d @ 5Rimin ¥ = 0.335
s @ 50R/min §=0.445
2d® 5Rimin ¥ = 0.515
+ @50R/min ¥ = 0,432
3¢ O5Rimin = 0.405
: @50RImin  § = 0.312

e & 5 & (Fig. 6 ), —[EIfE & xR L
DN 13D/Dago=Elpe* iz 5 BIFRKR 2 E S hic. &
BB X Y FEHT X o,

BEER Y~ LT—EfEY 2 S L
ARIBIEHEEI 13657, —EHEEYY,.
LB acit LDy 130.58f%5 7 % .

JBAER Y —E LT —Ef&E % 100R2 5
600 R ¥ TE L 78D LDy EE T2, —[E

AAREZFRAEMESHE F208 B1FE

BEIKEL B LBIEMEL KLY, HEN
M|EKC e X 5 kR TH 2Tk,

C. BERMRRERFC>WLToEs

BHFRET o oo, —EfE»% L
S LTIREHEREZE 2 oA D LDy 3k, K
BHERR & BIER R & oBFA R LT,

(B HE:) KRB & LT Swiss albino F—=
VA, ABE0H TR, HE24.41 1.58 DR {#E
JAL#. 1FI3TEISETH S .

BofELM, BEHESR—ERERT
BITai b FETHS.

By —EfE 2 FLL LT, BYHRLE
H, 2H%, 3H#E, 4 AEKAUV'6 AL THE
L.

—[E#FEL 200R, 400 RKT* 600RTC, $#fk
BiX5R/min ) 50R/min T#H 3.

(B

200 R JESHRE

5R/min T{g HEH O Regression line |3
y =16.500 x—11.608, LDj, 132040+ 100R,
2 HigfBS#Eo Regression line |3 y=21.714 x
--18.674, LDy, {21230+ 110R, 3 H4FEMSEE
@ Regression line {3 y = 7.333 x — 4.044,
LDs, 111140 110RTH>f: (Table 14).

Mz LDgo %%, Ml R4 HIRE o 5 B
B EOTHELXY vy v T B E , BEHERE 2 R
fen & LDgp i3phE s . COfRo—#K %
RkDBED=KI; L7n, {D; BEE (R).k;
Ex. Inv; BHRRE (H),a ; Q). 5R/min
T 200 RIBHBF T13D =18201 & 7 o4 (Fig.
7).
50R/min T 200 RFE4T, 75 HBSE D Regre-
ssion line {3 y=13.000 x— 8.438, LD;, 32160
=+ 220R, 2 BEMBSE: © Regression line |3
y =13.300 x— 9.866, LDj, 1% 1310:£ 110R,
3 HfERSHHE D Regression line 13 y=14.059 x
--13.115, LDy, (31290£70RTH D7 (Table
15).

5R/min MERGH & Rk LDs, &-—[ElfRE L
OBIFER L RD B & D =19501;28L 7 -o¢- (Fig.
7).
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Table 14. 509 Lethal dose for 200R per

exposure
5 R/min

509 Lathal|509;Lethal

Irradiation | Regression day dose
method line +S.E.* | £S5.E*

(=0 (days) R

y =16.500x . "
every day _11_608110.2:1._1.0 20404100

every second |y==21.T14x - 4
day —1i8.67412.3%1.1 12304110

every third |y= 7.333x ¥ .
day —'4.044/17-14:1.1 |1140£110

S.E.* = Standard error

Table 15. 509 Lethal dose for 200R per
exposure
50 R/min
50%Lethal|509 Lethal
Irradiation | Regression day dose
method line +S.E.* | 4S.E.*
(days) ®)
every day Y=E[_3_'302§(8|10.8j:1.0 2160+220
every second |y =13.300x &
day _'9.86g15-11.1 |13104110
every third |y=14.058x b
day —13.11519-41.0 12904 70

Fig. 7. Tactors of Interval on the LD,, of Mice
Lethal effect and intervals of irradiation by the
same sessional dose

LI)50

R

3000

SN

o | AN

6 (days)

1 2 3 4
interval
a
Swiss & mice DIDy= Ty
200R/exposure @ SR/min a=-0475
© 50R/min a=-0438

200 RIESHE D 5 R/min & 50R/min & HEo
LDs, # i 2 & KER .
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— 4.826, LD; 1316104 120R, 4 BfEfASHE:
@ Regression line % y =13,000 x— 9.256,
LDs, 1112504+ 100RT#Hof- (Table 16).

400 RBSIFE (5R/min) o LDy, & RSHFE
& DBIFRIE D =28601;0% & 7 5 (Fig.8).

50R/min T 400R,

2 HigE 5D Regressi-

on line 3 y =19.571 x—12.814, LD; {11640
+ 220R, 4 HEMBEEoD Regression line |3 y

Table 16. 50% Lethal dose for 400R. per

exposure
5 R/min
509 Lethal 509 Lethal
Irradiation | Regression day dose
method line +5.E.* | -LS.E.*
d 16.000 Cars) 2
every second |y =16.000x . "
day —10.490 9.341.1 |1860+220
every thirdy |y= 9.071x
day _4.gop12.11.1 (1610120
every fourth |y=13.000x ,
day —'g.95612.51. 0 (12504100

Table 17. 50% Lethal dose for 400R per

exposure
50 R/min
5024 Lethal|5024 Lethal
Irradiation | Regression day dose
method line +3.E.* | -£S.E.*
(days) (R)
every second |y =19.571x '
day 19.g14 8-2%1.1 116404220
every fourth |y=12.300x :
day 128 a5 11.2:41.5 1120150

Fig. 8. Factors of Interval on the LD,, of Mice
Lethal effect and intervals of | irradiation by the
same sessional dose

I‘DEU
(R}
3000 [

2000 |

1000 |

400 R PR ATHE

5R/min T2 H4EMBHTED Regression line 3
y =16.000 x—10.490, LDj, 1860 &= 220R,
3 HEMB A Regression line |3 y= 9.071 x

1 2 3 4 6 (days )
interval
) : D/, = 1%
Swiss & mice . 1 ‘nv
400R/exposure @ 5R/min o= -0.581
@ 50RImin o= -0.508
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=12.300 x— 8.885, LDj 1% 1120+ 150RTH
“>f= (Table 17).

400 RB51%E (50R/min) T LDs, X+ fRE
B & DBIERRIZ D =240017055C ot

BHER? R s L BIERETA B8,
WEET X B E oot (Fig.8).

600 R fEAFHE

5R/min T2 H4ERET#ED Regression line |3
y=11.625 x— 5.211, LD; %2280+ 330R,
3 BRI o Regression line |3 y =13.333
x— 7.687, LDy 21800 = 220RC, 6 H#EM
5#£ D Regression line |3 y=11.348 x— 6.651,
LDs, 1310302 100 RT#27- (Table 18).

HEiiz LDg, DX EA , il B R o W5
HEOTHEM % 7y P T5E, 600 RIBHEE
(5 R/min)TD =3940I.)-™ & g0tz (Fig. 9).

50R/min T 600R, 2 H{gW 5o Regression
line {3 y =10.177 x — 3.877, LDy, ;32250
360R, 3 HEMEMED Regression line |1 y=
13.909 x— 8.060, LDj, (%1740 + 260R, 6
BB T D Regression line |3 v = 9.629 x—

Table 18. 509 Lethal dose for 600R per

exposure
5 R/min
509 Lethal 509 Lethal
Irradiation | Regression - day dose
method line +S.E.* | +S.E.*
(days) R)
every second |y=11.625x
day 5911 T7.641.1 22804330
every third |y=13.333x
every sixth |y=11.348x
day 6651 10.341.0 (10304100

Table 19. 509 Lethal dose for €00R per
exposure
50 R/min
5095 Lethal|509Lethal
Irradiation | Regression day dose
method line +S.E.* | 4-S.E.*
(days) R
every second |y =10,177x
day 3877 7.541.2 (22504-360
every third |y=13.909x
day & 060 | 8-7+1.3 (1740260
every sixth |y= 9.629x
day 4 g6 |10-0=£1.1 [1000£110

HAESHERESHE $20%8 5145

Fig. 9. Factors of Interval on the LD,, of Mice
Lethal effect and intervals of irradiation by the
same sessional dose

LDgy
(R}

3000 [

A4 %

1 2 o4 6

{ days )
interval
o
oD, =1
Swiss & mice 1 v
600R/exposure @ 5R/min o =-0,734
@50R/min @« = -0,714

4.626, LDy [31000=£100R T %27 (Table
19).

600 R (50R/min) FEEIEE ORHRIE L LDs
& DBIRFITD =37401;0 ™ T B0t (Fig. 9).
600RFAMHFET S, IRAIHRE KT i 5 & BT
ERAL Ry, FME X 5EZRED LD

P
.

UhE) D EoFEBR» S, —EELE 1< L
TIRHEREZE X 1354, fhoBeweh B
fansRicic s 0% BIEIERNTA S oo T\ B .

2 HEBRATE © LDy % 100 £ LT, &Eo
LDy, o AH%HE & FRSHERE & oBIfR% 2 % & (Fig.
10), —[EHRE A UNRE, JRIHRIRR & BOTHE &
DL D/Doa=10 iz 7 BRI T 5 .

ChEll s BB o g, #lt 2 B BRSO
LDy w35 AEXHME D 2) .

FERRECOWTRET 5 &, MhiFEHTE
7o\

5 H IRSh Heie U C RS RIRE % 2 f5ic 35 & 3%
FERRENT0.60f5 12 b, M FBHRERRE A it T B
EBIEIIRIT1. 6315 L e n .

BHERREE RT3z itk b LDy 13/ &
b, BOEBHFRI KL 5.

IS - ER

JERRFCER S h T B A EBE T
v, BRARREROBIE X b, B OREERE, KW
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Fig. 10. Factors of Interval on the LDj, of Mice
Lethal effect and intervals of irradiation by the
same sessional dose

zml -0.710

DDy 1oy
150F

Relative value to L[)5[J of every 2nd irradiation
= B

aof
] N S B P
a
o= 17,

Swissgmice O 5RImin 200R/exposure @ = -0.475
© 50R/min H a=-0.438
® 5R/min  4D0R/exposure a= -0.581
©50R/min % a=-0508
& 5R/min  600R/exposure a=-0.734
@50R/min % a=-0.714

RIGE BT 558, BEURAE s
LRI D 2 EDRRD LTS, i ititE
DX, B BEHIM oY L5 &, ko
—BRTE bIh s EHEBER N BOLIL, FH-
$3EHHEY (time-dose relationship) r BEIFR T
Z)”J-

D =kT=»

(D ; g, k; —ESMRE. T B
fH, n; BEIFERED

Cohen®® 1 i i i fifEic 2>\~ Tk n=0.33,
B EBEOBRREC O\ TIL n=0.257s 55
fEXHLTw5. =9 AR o T4
DOWR Tt n=0.22TH 5®,

RHET & L OEsR®, —aEigE, 2EimE
B, BEHEELORHIIESRST OIS,

HEE 2o\ T Ellis®? 13 D,/D, =(T,/T,)°%2
EHLTw5 . DD, iidigiit, TJT, 1284
HRkETH 5.

R R X, BRI & ok
HETF D 5 b, HBEK» ST & ToRERE (ov-
erall time) 1335 BAHT R SRR BLic &
BEieEkeboLELT WS,
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# (D) NEETHH EELT\5. Du Sault»
X, HEIRSHCoOEEERY 8\ CRHERY
BHRELTWA.

AEBIC BT, ~ 7 AOFIEIELEE L
LT, FEEEYR Ce UT—ERE Lo EimEms
B L IBA WY, D/Dyo=Eg " 5 BIR = 48
B5h5 (BEx=D/fr. D : PIgHRMGE, fr: 4
[E1%) .

- CPERESRE USecik, —EfEv£ LT
SEEE A D THHIPBHF K E R BER
TH5.

B Bt 345 o EEF e onT by, AElE
BowE Ce LCREHIIMAZ 2 1854, RUHE
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ZRACI UTHEIRBEZE L 1oBE, HEEEH
B —[ERE SN FTRBRIE K E o 2 & AFED
BDHR T B0,

Ref— AR 3o\ CIRSHIRT & b & 2-EIE
o EETY, RAHRI o EIE o 5 A BR
LTWwWichoTHAS.

- SR BB Lo, ERREr 1<k
LA REA 5B TH B, A
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MEED LTRHEIEREEE T3 0L, HEl
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T, SHIEEERENEECHL LELS.

TBHFHRR S L LC—EE RS o384,
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BBARRMBOI L (Bxps 13—EI0E:), MREIERG
I LT—EEEYE 2 E, 10RAH
600 RO[ECia-—EIfFE K & < o LEIERE
BREheh, RENERC2X5cR25.

~ v AOFEIRRI T 51 5 —BIERR & EE R
L OPIRIToWT , —EFRE K& W HHEIHE
RAKT, BRI & DD BTN B,

ThbOFERE» b, —EFERHEE o
Bl 3\ T A ERE Y RS0 EELD
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IR EAEBE 2> & (X PREHR Y K& 7e b, ZHE
PHb T SE BRI A RAETHEN, —
ERELELL LTRHEREE L G0~
A D50 % BFEEE BT 5 B T3 D/Dya =170
e HBIRRAEA L {Inv; BEER ()}, B
SHEfRZKic T 5 & LDy i3vh&in b, BIEEE
3kEits.

it DB RN & BSBRIAEE © B E : o BIfRic
BWTh, AR LIBARBE & o i
<, B LRI E L oBIfR T, RE RS
OF PP ARETRERZ S hP . EE RS
BWTh, —EfELYF Ce L CRBHER2 K
LTh, BRVBE LT EBREIRBAEES
Tz EPFEDRD BRTWAY,

ERA I ERBZED b, —EREL R
CieLcgkREL e L, BERLER LT
LIEME X R0 AL WS R T, BR-EEE
BH b oHEE L 1zROTW 5.

REf-R B X v, RS L iR E e o B
FROER S TR, ERACITEMEGEER
LTH2TH—EfEROLEII X W EIRIZED,
B X b b oEAREREY L OBRTHS.

BRI BT, —ERE, SRR, By
fifE, #BEHEEOME R S owTE sz
Erbs.
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