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Studies on LD50/30 of Mice by Sieve Irradiation Given in 1—16 Equal Fractions

Sumihiro Kickawa
Department of Radiology (Direotor: Prof. H. Kaneda)
Kyoto Prefectual University of Medicine
Kawaramachi-Hirokoji, Kamikyo-ku, Kyoto-602, Japan

It is well proved that the sieve effect is proporticnal to the inhomogenity quatient (IQ) and has nega-
tive correlation with the size of radiation field, however, the most published data are based on single ex-
posure studies and it is obscure how the dose fractions influence on the sieve effect.

In this paper, a relationship between biological sieve effect ratio (BSER) and number of fractions
(1,2, 4, 8 and 16) was studied by evaluating the LD350/30 of the mouse after whole body x-irradiation with
or without a sieve.

1239 male mice of ddYTF strain (8 weeks old and 25 4- 3 g in body weight) were used in this series of
experiment. Toshiba KXC-18 type x-ray unit was operated at 200KV, 25 mA, H.V.L. was 0.8 mm
Cu and FSD was 40 cm. Dose rate in 1 cm depth was 155 rads/min. without a sieve and 65 rads/min,
with a sieve. The sieve was made of a sheet of lead 2 mm thick with open. circles of 3 mm in diameter,
The open area ratio was 4095 and IQ in 1 cm depth was 4.0.

The LD50/30 by convetional homogenous irradiation given in the number of fractions of 1, 2, 4, 8 and
16 were 626, 772, 835, 990 and 1344 rads, and those by sieve irradiation given in the same number of frac-
tions were 749, 907, 992, 1168 and 1514 rads, respectively.

These values were well coincided with the theoretical data calculated by a multi-target formula assums
ing that LD50/30 is resulted in the bone marrow death of the animals and bone marrow cells have the ra-
diosensitivity reported by Till and McCulloch.

The BSER, i.e. the ratio of LD50/30 by the irradiation through a sieve versus 1.D50/30 by the conven-
tional method, for each fractionated irradiation of 1, 2, 4, 8 and 16 were 1.196, 1.175, 1.188, 1.180 and 1.126,
respectively. They did not differ significantly. Therefore, it would be considered that the sieve effect

remains throughout the fractionated irradiation.
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Fig. 1 Probit and mortality rate as a function of dose for several fractions
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Table 1 Experimental design and results
No. Conventional Irradiation Sieve Irradiation
of - = :
s Dose | No. of | No. of |Mortalit Dose | No. of | No. of | Mortalit
Fra._(,tlons Group rads mice | death % Y Group rads mice | death % i
1 449 19 2 10.5 1 539 18 1 5.6
2 539 36 12 33.3 2 645 32 7 21.9
1 3 645 39 19 43.7 3 774 35 21 60.0
4 774 24 18 75.0 4 929 27 24 88.9
5 929 18 17 94.4 5 1115 27 26 96.3
1 588 20 1 5.0 1 686 20 1 5.0
5 2 706 30 9 30.0 2 323 30 10 33.3
3 847 28 20 71.4 3 988 29 18 62.1
4 1016 20 19 95.0 4 1186 20 19 95.0
1 612 20 1 5.0 1 (12 20 1 5.0
2 735 30 5 16.7 2 735 3 4 13.3
4 3 882 30 17 56.7 3 882 a 12 40.0
4 1058 20 19 95.0 4 1058 41 26 63.4
5 1270 23 13 78.3
1 750 10 1 10.0 1 853 20 2 10.0 |
2 853 20 25.0 2 980 42 10 23.8
8 3 980 45 21 46.7 3 1127 31 15 48.4
4 1127 32 22 68.8 4 1297 31 20 64.5
5 1297 22 20 90.9 5 1491 12 10 83.3
1 1072 | 16 ! 6.3 1 1236 17 3 17.6
2 1236 36 10 27.8 2 1421 27 10 37.0
16 3 1421 36 23 64.7 3 1635 45 28 62.2
4 1635 36 33 91.7 4 1880 27 23 85.2
5 2162 18 17 94.4
Table 2 LD50/30 over various number of fractions and biological sieve effect ratio (BSER)
No. Conventional Irradiation Sieve Irradiation ESER
of o 5 N
Fractions gg: gf glr:)'lleps LD50/30 (range) gg: g;: gmn;ieps LD50/30 (range) (range)
1 136/5 626 ( 606— 649) 139/5 749 ( 729— 770) | 1.196 ( 1.271— 1.123)
2 93/4 772 ( 753— 792) 99/4 907 ( 883— 932) | 1.175 ( 1.233— 1.115)
4 100/4 835 ( 812— 858) 144/5 992 ( 952—1034) | 1.188 ( 1.273— 1.110)
8 129/5 990 ( 963—1016) 136/5 1168 (1133—1204) | 1.180 ( 1.250— 1.115)
16 124/4 1344 (1318—1370) 134/5 g 1514 (1472—1561) | 1.126 ( 1.184— 1.074)

LD 50/30%H#EE3% & 626 (606—649) rads
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Fig. 2 LD50/30 as equal daily doses over
various number of fractions
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= 626 rads @ 3 oNfH%, Fihe multi-target
theory ORI AT 5L, S= 0.005&7%5.
Lic232oT, 626 rads oX§E4&HBH X b,
ddYF v 2 0EHiKIfEY 0.0051c@d =25 =
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Fig. 4 Proposed survival fraction when fractio-
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of sublethal damage
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4[E, 8@l XV 16EISEIRSTIX, ThEh,
798 rads, 991 rads %5 J; 0% 1260 rads t7c % (GE
3). &2 Txi-HEEHEITERR X - LD 50/30&
Wl X < —3F 5, 2[Elk LU 4 E5EIRG
Tix, EHE 0 F 23 BmiEERLTwS (B
5). 2 b OHEEEIL~ v ADIFET R BRIERT

Table 3 Theoretical LD 50/30 over various
number of fractions: Each wvalues
were estimated by multi-target for-
mula as an extrapolation number
of 2 and Do of 105 rads for con-
ventional irradiation and of 126
rads for the sieve method.

No. of Conventional Sieve

Fractions Irradiation Irradiation
1 526 rads 749 rads
2 6599 rads 836 rads
4 798 rads 958 rads
8 991 rads 1189 rads
16 1260 rads 1512 rads

Fig. 5 Theoretical data and experimental
data on L.D50/30

( gurves represent theoretical data,

Dose ( rads ) 4% and o experimental data )
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WCEHE Uikl iam ko @it & b MikaBuEt
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