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Malformation of Digits in Mouse Foetus caused by y-ray Irradiation during Pregnancy
By

Keiko Ueda, Yasuo Yoshizawa
Department of Radiological Health, Faculty of Medicine, University of Tokyo, Hongo, Tokyo, Japan

The congenital malformation in the mouse foetus caused by radiation exposure during pregnancy
have already been reported by various authors from different points of view. -

Authors accorded special attention to the developrnent of the digital malformations and its usefulness
as the biological indicators of radiation effect.

The experimental animals used were the ddY strain of mice, 70 days old. After keeping for a week,
the esterus mice were kept with males in cages overnight and the next morning those found with varginal
plugs were considered to be in day zero of pregnancy. 'The pregnant mice were exposed to the gamma ray
of cesium-137.

The study reported in this paper consists of the following three observations.

Exp. I: The critical period for the digital malformations: The pregnant mice were irradiated 200R
y-ray (dose rate, 3.3 R/min.) at different stages of gestation between 8 and 13 days after fertilization. (Table.
1.

Exp. II: Dose-rate effects upon the digital abnormality: The mice were irradiated at the six dif-
ferent dose-rates of 1.0, 3.3, 6.7, 20, 40 and 100 R /min. (total exposure dose, 200 R) on the 11th day of preg-
nancy. (Table. 2)

Exp. ITI: The relationship between dose and the digital abnormality: The mice were irradiated
with the six different doses of 75, 100, 150, 200, 250 and 300R on the 11th day of pregnancy. (Table. 3)

On the 18th day of pregnancy, the foetuses were removed from sacrificed mothers, and were observed
digital malformations (Ectrodactylism, Brachydactylism, Polydactylism and Syndactylism) and body
weight.

The following results were obtained:

1. The critical period for the digital malformations was found on the 11th day of pregnancy.
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2. The dose-effects relationship of the digital abriormal development showed that the threshold dose

existed between}75R and 100R, and the appearance rate of the malformations reached about 100 per cent

at the dose of 250R.

3. A inverse correlation was founded between digital abnormality and foetus weight.

4. The foetus irradiated in lower dose and dose-rate appeared the malformations in two forlimbs,

and in higher appeared in all digits. The malformations of only hindlimbs, one digit or three digits were

rare.

5. The dose-rate dependencies were found both in the abnormality and body weight.
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Fig. 1 The normal right fingers of a mouse
foetus. (born stain by the Dawson method)

Fig. 3 The right fingers with Brachydactylism
caused by 200R v-ray irradiation on day 11,

Fig. 2 The right fingers with Ectrodactylism
caused by 200R y-ray irradiation on day 11,

Fig. 4 The right toes of a mouse foetus with
Polydactylism caused by 200R vy-ray irrad-
iation on day 11.

Fig. 5 The left toes of a mouse foetus with Syndactylism
caused by 200R v-ray irradiation on day 11.
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Table. 1 Malformations of the Digits Caused by 200R y-ray
Irradiation at Different Stages of Pregnancy

Malformations of the digits

Number in parenthesis show per cent.
* Number of abnormal digits.

|
Expo-
Gesta- No. of/Total Foetus-
B sure| . Mean | Foetal Foetus |
ag::]on dose, :?elz? Iﬁooé_or litter exaf]‘: | ! Abnormal
(dose N size | deaths - | weight | Normal ———— :
(day)|rate)| ted | tuses e | 1*‘ 2v‘ 3% | 4% | Towl
T 200 5.80 I 110 ;
8 (3.3 % | 2|4i1e (3.4 = (96. 4)‘( 3. 6)‘ 0 O ’( 3.6)
8.40 2 1. 00 r | 2
9| 7 ‘ 50 2152 ce5)| B |+o0.09 ‘(94.7)1( 5‘3)! 0] 0 ;( 5.3)
i 818 4 [ 0.94 81 | 4 | 1 5
0 7 |10 90 ol ()| B | Fo0.10 | (04.2) !( a1l 0 ‘ (5.8)
. ' 8.64 1 0.96 % | 4 | 43 | 8 |
| o | 1L 9| 4106 | ( 11) ‘ % | Xo0.11 | (26.6) | 5.8)(62. 3)|(11 6)(20. 3)| 75.4)
h 8.75 2 - | 1.03 103 |
12 | y‘1z 105 | &0 | oy | 18 |50 | (10| o | o] 0| o | o
‘ '8.29 1| 1. 07 54 ; I
13 | D7 | s 5| celn | B0 caony | 0| 0 | 0| o l 0
Total | — ‘ 51 ‘ a9 | — — | a0 | — ‘ = ‘
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Table. 2 Dose Rate Effects on the Digital Malformations
(Irradiated on the 11th Day of Pregnancy)

| Malformations of the digit
Dose (Expo- No_. off Total Mean | Foetal |Foetuses| Foetus B —— e o
(l{?te t“lf::.re 1:11(:? J?o. of| Yitter exa- ‘ R —
A kil ool 2008 size | deaths | mind | weight |Normal
min)|(min)| ted | tuses | 1= ‘ 9% | 3%| 4%| Total
, 9.00 | 3 098 | 30 | 8 | 53 |13 |10 | &
1.0 200 ‘ 18 | 17| Jp0 | oy | 114 | Yoo | s  oomlennlas sl e (o
, 8.64 1 0.96 2 | 4 |43 | 8 | 14 | 69
3.3 60| 11 ‘ i ‘ $1.69 [ (1.1 | % | £0.11 | (26.6) |( 5.8)|(62.3)(11.6){(20.3) (73.4)
I 8.20 0.98 1 | 20 4 6 30
6.7 3°J 51 4 1 +2.17| O ) $0.11 | (26.8) | O |(66.7)[(13.3)](20.0)| (73.2)
9.10 6 0.91 7| 8 | 15 | 55 | 178
20 | 10| 10 1 9| Yo02(C6.6)| S |+0.09|(82) | © (10 3)((19.2)|(70.5)| (91.8)
9.00 2 0.87 2 1 9 | 24 | 50
40 5/ 6 ‘ 54 | +2.00 | (3.7 | %% | 40.10 | ( 3.8) |( 2.0)((3 2. (I)(18.0) (48.0) (96.2)
8.38 3 0.86 10 1| 6| 4 | a3 | 54
1200 1 2| 8 | 67 j +1.85 | (4.5 | 8% | £0.12 | (15.6) |( 1.9)|(11.1)/C 7.4)|(79.6)| (84.4)
Total| — | 53 | 465 | — — 450 = - — | = =] = —
Number in parenthesis show per cent.
* Number of abnormal digits.
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Fig. 7 Dose Rate Effects on the Digital Mal-
formations Irradiated "on the 11th Day of
Pregnancy
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Table. 3 Malformations of the Digits Caused by the Various Dose of y-ray
(Irradiated on the 11th Day of Pregnancy)

Expox(Doss ND-' of Total Mean | Foetal |Foetuses| Foetus Maliormations of the digits _!
dose |(R] | tracs [Hon. liter | | e RN Abnorral }
(R) | min)| ted | tuses e | deaths | mind | weight [ Normal %] 2%] 3% 2% | Toml

o] - | s ii'-g?m (2?5} 95 | 157, (1%3?0:. Ny [y ey s |0 J'
Bs s | 103 Tt [y | o (LB oo — | — | = | - | o |
wojror) w0 | Tl | o [ m |4, @b sl O | 0 | aik)
180 |2.50 | 18 | 134 | Gt | olgy | 138 o @0 (10?0)(8%?0)( sy 0 | a2
20888 11| 95 G (1| « ot 26.6) ¢ 5%8)(6%?3)(11?6) (2%%3) I
20 417 | 10 | 85| 33 | s2y| ™ | %8% 1.3 ¢ 2263/(3 5y\¢ %) orD @D
300 [5.00 7 | 56 253?91 ¢ 5?4) 53 g;g?oa 0 0| o] o 133_0)( 1%%.0)

Total | —- 92 750 — —_ 731 - - - = — e ==

Number in parenthesis show per cent.

* Number of abnormal digits.
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Fig. 11 Dose-Effect Relationship on the Dig-
ital Malformations Irradiated on the 1lth
Day of Pregnancy
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