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An Experimental Study on Development of Radiation Induced Malformation in Mice
by

Naonori Tamaki
2nd Department of Oral Surgery, Osaka University Dental School
(Director: Prof. K. Kawakatsu)
Department of Oral Radiology, Osaka University Dental School
(Chief: Lecturer H. Fuchihata)

An experimental study was made on the mechanism developing radiation induced malformation,
with special reference to the relationship between fetal malformation and radiation damage to the pla-
centa. The change was examined macroscopically and microscopically using ddO strain mice.

The study was performed in following ways:

1) The depth dose at uterus was measured with small ionization chamber (PTW Simplex Universal
Dosimeter), and the absorbed dose (rads) was caluculated by multiplying conversion factor.

2) Of the duplex uterus of the mouse, the embryos of one side was used for inducing malformations,
and the other side was to be saved as the control; the same environment and the same pregnant stage
were considered to be essential for this study. In order to irradiate the one side of the horns, a 1.5 cm.
thick lead plate having a window covering it, was used to shield the other part of the body. The scat~
tered dose of the uterus of control side was measured about 2%, of the dose of the irradiated one. Any
histological changes could not be found in the control side.

3) To find the critical period developing cleft palate, embryos of the 7'/,th to 13!/,th day of
gestation were irradiated with 190 kVp X-rays, which received two different doses of 193 and 242 rads.
The cleft palate developed on the embryos of the 7!/,th to 12!/,th day of gestation and most frequently
on those of the 11'/,th day. The embryos of the 111/;th day of gestation received a dose of ranging
48 to 339 rads, and every cases which received more than 242rads developed cleft palate.

4) The fetuses and placentas irradiated with a dose of 242 rads on the 11'/,th day of gestation
were weighed daily and observed histologically. The growth was retarded of the placenta as well as
of the fetuses. In the histological observation, however, any change could not be seen in the tissue of
placenta, in spite that the fetal tissue was destoroyed remarkably. The fetal weight began to decrease

immediately after irradiation, but on the other hand the placental weight began to decrease 24 hours
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later. The rate of retardation thereafter was approximately equal in both.

From these findings the retardation of placental growth was considered as a secondary change due

to fetal destruction.

5) Histological examination was made to evaluate the radliosensitivity of the fetal and placental

tissues according to the stage forming germs. As materials, early embryos were used having received

a dose of 193 and 242 rads at different stages ranging from the 6!/,th to 10%/sth day of gestation.

In the fetus forming germs irradiated at the stage of pre mesoderm formation, embryonic ectoderm

was damaged slightly; on the other hand those irradiated at any stage of post mesoderm formation re-

vealed remarkable destruction in most embryonic ectodermal and mesodermal cells. In the irradiated

placenta forming germs, however, no changes were found in any germ layer at any stage of differentiation.

These findings could prove that the placenta has much less sensitivity to radiation than the fetus,

irrespective of the stage of the embryo.

From this experimental study, it could be concluded that the radiation induced malformations are

principally due to the direct effect to the fetus not to the placenta.
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Fig. 2 Comparison of distribution of fetus weig-
hts within and between litter on various days
of gestation.
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Fig. 3 Schema showing the relation between lead
plate and duplex uterus of mouse.

a) FEHIFE A O WIER B

FEh K4, 5RT IO, R VTE— VR
BT CIER = ¥ A R ATELOARECARREL O B A&
EBEEL, ~flFEARLRE, # 1.5n0E
Lol T ey 7 2 —TLHEERE, Bho%k

BAEFHHRFERHE W29% #3345

HreZedhfiiE s LT 268BROXA B Lz, &
e EREhicflo FES (B ORI E
(rad) X, FROFECHERHE L.

FaoR ¢ SEl S R R R T R A & O
PIFFEAROBIREE, Rl1ernd. Thbb
FBEHRI DRI FE 242 rads ThHOte A, FERA
WL bSrads iR Uiz, 2% D IREMllOH 2 % Ol
T & 2RI HE S hic,

Table 1. Depth dose and absorbed dose at
irradiated and shielded uterus of mouse.

irradiated side shielded side

depth | absorbed | depth ahsorbed
dose dose ose dose
(R) (rad) (R) (rad)
1 258. 34 242.8 5.23 4.9
2 257.94 242.5 5.30 5.0
3 253. 80 238.6 5.33 5.0
4 257.53 242.1 5.20 4.9
5 259. 04 243.5 5.16 4.9
6 256. 84 241.4 5.14 4.8
mean | 257.25 241.8 5.22 4.9

air dose : 268R, conversion factor : 0. 94

b) R O X §REE e X 5 e

528 IEIRLLI A D =Y A, BEHIFEAD
W5 HS 48—389 rads [T % Lk 5 T B AER B O
X xME L, 1ER18Y,H BB LT, FE&M
TEAAORFEZMEL, k&s, R, /EF
5 B O RN b o W TR Ui . e
WisgE gy, = ORI fd B2 v
Wb TS HRHRRE 3 2B 07, IR 6 B
[, 12, b0 7 At (418 OB
TR L. NIRI3IERB S = v 2 0 JaF R
Te.

SR Bl okEx L, EBH <Y 2D
JRfFozh & o EAXE 6 iRt . it 290
rads ICE L E T FRETHBA, 339 rads Bk
2B EETORIHRED -, ERHIIFESR
L, {2 LEBIRT. ToRELAEITIEREH <
7 ADPAFEENMFHCADTE Y, 290 rads [,
Lwin s LEToRMEA RS bhic.

ERBBRFONFH OB, E3TTL S
T HHEC H Ok,



Weights of shielded fetuses and irradiated fetuses with various doses.

Table 2.
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Fig. 8 Change ot weights of shielded fetuses and
irradiated fetuses with various doses.
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Table 5. Development of fetuses and placentas after irradiation with
242 rads on 11'/,th day of gestation.
Wl | wzy |13y | 1a |15y | 160 | 170 | 18
P 30.9 65.9 | 130.1 |206.8 |360.7 |553.7 815.3 1109.2
i E ( 8.8) | (18.0) | (16.5) | (29.2) | (51.2) | (71.6) | ( 102.3) | ( 102.6)
¢ » | 542 | 97.2 | 143.4 | 242.7 |335.5 | 523.7 | 665.5
' (11.8) | (14.2) | (27.8) | (48.5) | (61.3) (75.7) (66.5)
e 29.2 41.6 63.2 69.4 | 82.8 80.2 83.0 72.2
Jacenta © 44| (T2) | (1006) | (8.7 | A1) | (9.5) | (6.7)] (16.2)
A - _ 2.8 | 49.9 | 50.5 | 55.8 | 53.4 54.0 47.3
: (6.8) |l (7. DT 9.8 (2.8 (7.6)] (10.3)
(S.D.)
Table 6. Growth retardation of fetuses and placentas on various days
of gestation after 242 rads irradiation on 11 1/, th day.
12, day | 137, 14, 15 1/, 6Y, | 17, 181/,
fetus 17.8 25.3 30.7 32.8 9.4 | 3.8 40.0
placenta 0 ‘ 21.0 27.2 32.6 33.4 34.9 34.5

retardation (%)=

mean wt. of cont-mean wt. of irrad.
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Fig. 21 Growth of control and irradiated fetuses
exposed on 11'/, th day of gestation.
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Fig. 22 Growth of control and irradiated place-
ntas exposed on 11'/, th day of gestation,
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Fig.
Fig.

Fig.

Fig.
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Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.
Fig.

Fig.

Fig.

Fig.
Fig.

Fig.
Fig.

Fig.
Fig.

1

Explanation of Figures

Roentgenogram showing the position of ionization chamber.

4,5 Mouse is shielded with lead plate, except for area on one side horn. upper view (Fig. 4), lateral

view (Fig. 5).

6,7 Fetuses of shielded side (Fig. 6) and irradiated side (Fig. 7), exposed with various doses from 48 to

9

10

. 11

12

13
14

15

16
17
18
19
20

339 rads at one side horn.

Neural tube of shielded fetus irradiated with 339 rads at one side horn on 11%/,th day of gestation. There
is no histological change six hours after.

Palatal area of control fetus on 18'/,th day of gestation.

Irradiated fetus (18'/,th day of gestation) exposed with 193 rads on 11'/,th day of gestation, showing
its growth retardation and cleft palate formation.

Irradiated fetus (18'/,th day of gestation), exposed with 242 rads on 11'/;th day of gestation, showing
its more wide cleft of palate than Fig. 11.

Skull of control fetus (18'/,th day of gestation) stained with arizalin red S.

Skull of irradiated fetus (18'/,th day of gestation) exposed with 193 rads on 11'/,th day® of gestation,
showing growth disturbance of palatal processes of maxillary and palatal bones.

Skull of irradiated fetus (18'/,th day of gestation) exposed with 242 rads on 11'[,th day of gestation,
showing more severe growth disturbance than Fig. 14.

Ectdactylia (fore-limb) due to 242 rads irradiation on 11'/,th day of gestation.

Polydactylia (hind-limb) due to 193 rads irradiation on 11'/,th day of gestation.

Hemato-dactylia (hind-limb) due to 339 rads irradiation on 11!/,th day of gestation.

Ependyma of control fetus on 18-'/,th day of gestation.

Ependyma of irradiated fetus (18'/,th day of gestation) exposed with 242 rads 11'/,th day of gestation,
showing rosettes (R) caused by abnormal morphogenesis.

23,24 Entire view of control placentas on 11'[,th day (Fig. 23) and 15'/,th (Fig.24) day of gestation.

25

26

27

28

29
30

31
32

L: labylinth, E: embracement zone, G: giant cell layer, D: desidua.

Ependyma of control fetus on 11'/,th day and 3 hours of gestation, showing many mitotic figures in
inner layer of ependyma.

Ependyma 3 hours afiter irradiation with 242 rads on 11'[,th day of gestation, showing picnotic ruclei,
disorder of cell arrangement, and no mitotic figure.

Labylinth of placenta from same fetus as Fig 25. F: fetal vessel and blood, M: maternal vessel and
blood, Cy: cytosyncytium.

Labylinth of irradiated placenta from same fetus as Fig. 26, showing no change. Reveals presence o
mitotic figures (Mi) in cytosyncytium.

Ependyma of control fetus on 11'/,th day and 6 hours of gestation.

Ependyma 6 hours after irradiation with 242 rads on 11'/,th day of gestation, showing sever damage
of neural tissue, and distructed cell mass fill in ventricle.

Ependyma of control fetus on 13'/,th day of gestation.

Ependyma 2 days after irradiation with 242 rads on 11'/;th day of gestation, showing appearance of
phagocytes (Ph) and rosettes (R) formation. There are many mitotic figures in surface of ependyma.
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Fig.
Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.
Fig.
Fig.
Fig.

Fig.
Fig.

33
34

35
36

37

38

39

41

42

43

44

45
46

AAE SRR 2N 25205 H3 5

Labylinth of control placenta from same fetus as Fig. 31. Sy: syncytium.

Labylinth of irradiated placenta from same fetus as Fig. 32, showing no damage. Syncytiurn and cyto-
syncytium have mitotic figures, and they proliferate as well as control.

Labylinth of control placenta on 15'/,;th day of gestation.

Labylinth 4 days after irradiation with 242 rads on 11'/,th day of gestation. It grows and differentiates
as well as control.

Control embryo on 6'/;th day of gestation, showing embryonic portion (Em) and extra-embryonic
portion (Ex, EPC). Em: embryonic ectoderm, Ex: extra-embryonic ectoderm, EPC: ectoplacental
cone, En: entoderm.

Embryo 6 hours after irradiation with 193 rads on 6'/,th day of gestation. In embryonic ectoderm,
disorder of cell arrangement and picnotic nuclei are seen, but ther is no damage in extra-embryonic
ectoderm and ectoplacental cone.

Control embryo on 7'/,th day of gestation, showing appearance of mesoderm layer between embryonic
ectoderm and entoderm. A: amniotic fold, M: mesoderm, AC: amniotic cavity.

Embryo 6 hours after irradiation with 193 rads on 7'[,th day of gestation, revealing severe damage in
embryonic ectoderm and mesoderm, and mass of damaged cell filling in amniotic cavity. But there
is no damage in extra-embryonic portion; amniotic fold, extra-embryonic ectoderm, and ectoplacental
cone.

Control embryo on 8-'/,th day of gestation, showing allantois formation from mesoderm. Al: allantois,
Ch: chorion.

Embryo 6 hours after irradiation with 193 rads on 8'[,th day of gestation. There is sever damage in
embryonic mesodermal tissue, but no change in extra-embryonic mesodermal tissue (allantois).

Fetus 6 hours after irradiation with 242 rads on 9'/,th day of gestation, showing severe damage in ecto-
dermal neural tube (N), and mesodermal somites (S).

Labylinth of irradiated placenta from same fetus as Fig. 43, showing no damage in ectodermal cytosyn-
cytium (Cy) and mesodermal endothel (Ed).

Labylinth of control placenta on 10'/,th day of gestation.

Labylinth 6 hours after irradiation with 242 rads on 10*/,th day of gestation, showing no change in any
tissue,
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