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Abstract - Embryos and fetuses are more sensitive to various environmental agents than are
adults or children. The biological effects such as intrauterine death and malformation are closely
connected with prenatal exposure very various agents. The sensitivity of these embryonic/fetal
effects depends on the stage of pregnancy. From the viewpoint of fetal development, embryonic
and fetal stages can be divided into three stages . Preimplantation, organogenetic and fetal. Each
stage corresponds to 0 to 4.5days, 4.5 to 13.5days, and 13.5days of gestation in mice, respectively.
Many studies on the biologcal effects of mice irradiated by Y-rays at various stages during
organogenesis and fetal period have been performed. Based on these results, the dose-effect and
dose-response relationships in malformations, intrauterine death, or retardation of the physical
growth have been practically modeled by the ICRP(International Commission on Radiological
Protection) and other international bodies for radiation protection.

Many experimental studies on mice have made it clear that mice embryos in the preimplantation
period have a higher sensitivity to radiation for lethal effects than the embryos/fetuses on other
prenatal periods. However, no teratogenic effects of radiation at preimplantation stages of mice
have been described in many textbooks.

It has been believed that “all or none action results” for radiation of mice during the
preimplantation period were applied. The teratogenic and lethal effects during the preimplantation
stage are one of the most important problems from the viewpoint of radiological protection, since
the preimplantation stage is the period when the pregnancy itself is not noticed by a pregnant
woman.

There are many physical or chemical agents which affect embryos/fetuses in the environment.
It is assumed that each agents indirectly effects a human. Then, a safety criterion on each agent
is determined independently.

The pregnant ICR mice on 2, 48, 72 or 96 hours post-conception (hpc), at which are
preimplantation stage of embryos, were irradiated whole body Cesium-gamma radiation at doses
of 0.1, 0.25, 0.5, 1.5, and 2.5 Gy with dose rate of 0.2 Gy/min. In the embryos from the fetuses
from the mice irradiated at various period in preimplantation, embryonic/fetal mortalities, incidence
of external gross malformation, fetal body weight and sex ratio were observed at day 18 of
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gestation. The sensitivity of embryonic mortalities in the mice irradiated at the stage of
preimplantation were higher than those in the mice irradiated at the stage of organogenesis. And
the more sensitive periods of preimplantation stage for embryonic death were 2 and 48 hpc, at
which embryos were one cell and 4 to 7 cell stage, respectively. Many types of the external
gross malformations such as exencephaly, cleft palate and anophthalmia were observed in the
fetuses from the mice irradiated at 2, 72 and 96 hpc. However, no malformations were observed
in the mice irradiated at 48 hpc, at which stage the embryos were about 6 cell stage precompacted
embryos. So far, it is believed that the embryos on preimplantation stage are not susceptible
to teratogens such as radiation and chemical agents. In this study, the sensitivity for external
malformations in the fetuses from the mice irradiated at preimplantation were higher than those
in the fetuses on stage of organogenesis.

Key words : hours post-conception (hpc), preimplantation, malformation, exencephaly, cleft palate,
anophthalmia, organogenesis, Heiligenberger mice, ICR mice, pyknotic cells.
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INTRODUCTION

There have been many studies of the effe-
cts of radiation at various stages during em-
bryonic and fetal development. So far, many
experimental animal studies have made it
clear that the embryos on preimplantation
stage have high sensitivity for lethal effects,
but no sensitivity for malformation to radia-
tion and many other environmental delete-
rious agents[1—3]. Therefore, it has been
described in any textbook on developmental
effects of embryos/fetuses that induction of
malformations is characteristics of the period
of organogenesis[4—8].

Recently, streffer et al. reported that Heili-
genberger mice had significant high sensiti-
vity of malformations for irradiation during
preimplantations stage[9,10]. If this is true,
a dogma on the embryonic effects at preimp-
lantation that there is no susceptibility for
malformations, is broken. For this reason, we
examined external malformations and other
developmental effects for irradiation during
preimplantation stage in ICR mice, which
were frequently used in examinations on
malformations[ 11— 18].

We used radiation as the pathogenic agent
for embryos/fetuses because an acute exter-
nal exposure to radiation can directly affect
embryos/fetuses, and produce the initial cel-
lular and tissue damages leading to develop-
mental defects during a very short time.
Then the sensitive period for induction of
developmental defects can be identified as
the time at exposure.

MATERIALS AND METHODS
Experimental Animals and Mating Proce-

dure
A closed colony of ICR(Crj: CD-1) mice

were purchased from Chales River Japan Inc.
They were housed in a room at the tempera-
ture of 21—23C and the relative humidity
of 50 to 70% with 12-hour light-dark cycle
(the light phases starting at 6 : 00 and 18 :
00). The mice were given free access to food
(CA-1, CLEA Japan Inc) and to tap water.
One or two female mice 10 to 18 weeks old
were placed together with one male mouse
of the same age range in the same cage for
only three hours from 6 : 00 to 9 : 00. The
female mice in which vaginal plug were
found were assumed to have become preg-
nant at 8:00, at which time was designated
as day 0 of gestation[19,20].

Irradiation with Gamma Rays

The pregnant mice were placed in plastic
cages for exposure, and were treated with
a single whole body gamma radiation at 0.1
to 2.5 Gy at dose rates of 0.2 Gy/min. A 80.2
TBq Cs-137 radiation source belonging to the
University of Tokyo was used. The time of
exposure for embryos were 2, 48, 72 or 94
hpc. The total number of irradiated dams ob-
served in this study was 458 and a total of
44 non-irradiated control dams was also pre-
pared, and 561 non-irradiated live fetuses
served as controls.

Observation of External Malformation and
Other -Effects

After irradiation, the pregnant mice were
sacrificed by cervical dislocation on day 18
of gestation and the total numbers of corpus
luteum in the ovaries, of implantation sites
and of live and dead embryos/fetuses were
counted. The live fetuses were removed from
the uterus and examined for external malfor-
mations under a dissecting microscope. the
body weight and sex of each fetus were also
determined.
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The embryo at 2, 48, 72 and 96 hpc were
removed from oviduct of pregnant mice. The
removed embryos were suspended in hypo-
tonic 0.8% potassium chloride for 30 to 80
minutes at room temperature. The embryos
were centrifuged and fixed in 3 methanol : 1
glacial acetic acid. Slides were prepared by
air-drying and stained by hematoxirine-eo-
sine. The total cells numbers, the numbers
of mitotic and pyknotic cells of each embryo
were counted under microscopy.

Statistical Analysis

The reproductive parameters
group, that is the implantation rate at uterus,
mortalities of embryo/fetus and so on, were
analyzed by variation analysis with 95% or
99% confidence limit. The incidence of each
external malformation in each group were
analyzed by the Wilcoxon and the kruskal
Wallis tests with a 95% or 99% confidence
limit[21,22].

in each

RESULTS

Intrauterine Death

Prenatal deaths of embryos/fetuses were
divided into three categories, which were
preimplantation death and embryonic and fe-
tal deaths of post-implantation. Implantation
sites, placental remnants and resorption of
embryos were identified as the embryonic
death. Preimplantation death define as before
implantation death, This time that embryo
move from oviduct to uterious.

The fetal death were identified as macera-
tion of fetuses[10]. The mortalities of preim-
plantation, embryonic and fetal stages mice
irradiated at various periods are shown in
Tables 1 to 4 and Figs. 1 to 3. The implanta-
tion rates of the non-irradiated control mice
were 97.1%. In the mice irradiated at 2, 48,
72 and 96 hpc, the mortalities of preimplan-
tation stage increased significantly(P<0.001).

Table 1. Embryonic/fetal death and fetal body weight of ICR mice irradiated at 2hpc during preimplantation

period.
Dose No. of No of No. of Dead No. of Dead No. of Live Fetal body
(2hpc) Dam Implantation(%) Embryos(%) Fetuses(%) Fetuses(%) Weight(g)
607 45 1 561 M : 1376+ 0.107
Control 44
(97.13) (741 0.16) 92.42) F . 1.323+ 0.096
392 44 0 348 M ! 1.373+ 0.096
0.1Gy 30 .
(94.58) (11.22) 0) (88.7) F . 1.327+ 0.088
324 40 2 282 M 1.289+ 0.157
0.25Gy 20
(88.55) (12.34) (0.65) (87.03) F 1253+ 0.150
245 67 1 177 M 1.393+0.132
0.5Gy 21 .
(77.14) (27.73) 0.31) (72.24) F : 1349+ 0.147

Implantation rate . The value was calculated as the following method.

1) The corpus luteum number of each mouse was counted.

2) The implantation number of each mouse corpus luteum was ruled out.

M ! Male, F : Female



ERATHA 1M ICR Mouses) BaiRol W@ iR B8 Level B8 BIR 277

Table 2. Embryonic/fetal death and fetal body weight of ICR mice irradiated at 48hpc during preimplanta-
tion period.

Dose No. of No of No. of Dead No. of Dead No. of Live Fetal body
(2hpc) Dam Implantation(%) Embryos(%) Fetuses(%) Fetuses(%) Weight(g)
607 45 1 561 M ! 1.376+ 0.107
Control 44
(97.18) (741) (0.16) (92.42) F © 1.323+ 0.096
297 27 4 266 M 1404+ 1.113
0.25Gy 22 .
(93.72) (9.09) (1.34) (89.5) F: 1374+ 0.154
252 42 0 210 M 1371+ 0.101
0.5Gy 21 .
(90.34) (16.66) )] (83.33) F : 1313+ 0.085
254 143 1 110 M : 1.408+ 0.097
1.5Gy 20 .
(81.75) (56.29) (0.39) (43.30) F . 1322+ 0.102

Implantation rate : The value was calculated as the following method.
1) The corpus luteum number of each mouse was counted.

2) The implantation number of each mouse corpus luteum was ruled out.
M ! Male, F ' Female '

Table 3. Embryonic/fetal death and fetal body weight of ICR mice irradiated at 72hpc during preimplanta-

tion period.

Dose No. of No of No. of Dead No. of Dead No. of Live Fetal body
(72hpc) Dam Implantation(%) Embryos(%) Fetuses(%) Fetuses(%) Weight(g)

607 45 1 561 M [ 1376+ 0.107

Control .
(99.18) (7.14) (0.16) (92.42) F . 1.323+ 0.096
519 47 5 467 M 1398+ 0.117

0.1Gy 38 _ .
(95.67) (9.05) (0.96) (89.98) F: 1328+ 0.093
459 40 7 412 M 1386+ 0.117

0.25Gy 37 .
(91.22) 8.7D) (1.52) (89.72) F . 1316+ 0.099
532 56 8 468 M ! 1.351+ 0.096

0.5Gy 40 .
(89.99) (10.52) (1.50) (87.96) F : 1.305+ 0.093
467 106 2 359 M 1341+ 0.091

1.5Gy 36 .
(91.24) (22.69) (0.42) (76.87) F 1302+ 0.086
369 217 1 - 151 M 1390+ 0.150

2.5Gy 28 .
(90.73) (58.80) ©0.27) (40.92) F : 1346+ 0.133

Implantation rate . The value was calculated as the following method.

1) The corpus luteum number of each mouse was counted.

2) The implantation number of each mouse corpus luteum was ruled out.
M : Male, F : Female
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Table 4. Embryonic/fetal death and fetal body weight of ICR mice irradiated at 96hpc during preimplanta-

tion period.

Dose No. of No of No. of Dead No. of Dead No. of Live "Fetal body
(96hpc)  Dam Implantation(%) Embryos(%) Fetuses(%) Fetuses(%) Weight(g)

607 45 1 561 M 1376+ 0.107

Control 44 .
(99.18) (7.14) (0.16) 92.42) F [ 1.323+ 0.096
290 26 1 263 M : 1.390+ 0.095

0.1Gy 20 .
(94.81) (8.96) (0.34) (90.68) F I 1333+ 0.098
. 268 26 3 239 M :1331+0.121

0.25Gy 20 : .
‘ (91.51) (9.70) (1.11) (89.17) F: 13141+ 0.128
: 251 29 5 217 M: 1411+ 0.144

0.5Gy 20 i )
. (90.83) (11.55) (1.99) (86.45) F . 1366+ 0.226
281 32 1 247 M: 1241+ 0.115

1.5Gy 21 .
(89.38) (11.70) 0.35) (87.90) F : 1199+ 0.133
264 60 1 203 M ! 1.216%+ 0.082

2.5Gy 20 )
(92.10) (22.72) 0.37) (76.89) F 1212+ 0.082

Implantation rate . The value was calculated as the following method.

1) The corpus luteum number of each mouse was counted.

2) The implantation number of each mouse corpus luteum was ruled out.

M : Male, F : Female

In the mice irradiated at 2 and 48 hpc, the.

mortalities of preimplantation were recogni-
zed to be the dose-response relationships.
However, in mice irradiated at 72 or 96 hpc,
a significant dose response relationships bet-
ween doses and implantation rates were not
recognized. Mortality in embryonic stage
(embryonic death rate) in control mice was
741%. The mortalities of embryonic stage
in mice irradiated at various stages of preim-
plantation increased significantly(P<0.001).
Particularly in mice irradiated at 2, 48 and
72 hpc, mortalities of embryonic stage were
recognized to have the strongest dose-res-
ponse relationship(P<0.001). For the mortali-
ties at the fetal stage in all irradiated mice,
there were no statistically significantly diffe-
rence among dose groups. Regarding the
mortalities of preimplantation and embryonic
stages, our data showed that the embryos
irradiated at 2hpc were the more sensitive

than those irradiated at 48, 72 and 96 hpc.

External Malformations

External malformations observed in fetu-
ses irradiated at 2, 72 and 96 hpc are shown
in Tables 5 to 8. Various types of external
malformation which were exencephaly, cleft
palate, ventral hernia, open eye, anophthal-
mia, abnormal tail and polymelia, were obser-
ved in fetuses irradiated at 2, 72 and 96 hpc.
Polymelia, and open eye were also observed
in control fetuses, however other external
malformations were not observed in control
fetuses. On the other hand, in fetuses irra-
diated at 48 hpc, external malformations ex-
cept polymelia were not observed, shown in
Tables 6. The embryos on 48 hpc were no
sensitive for radiation on external malforma-
tions however, the embryos on 2, 72 and 96
hours after conception had high sensitivity
for radiation on external malformation.
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Fig. 1. Implantation rate of ICR mice irradiated
at 2, 48, 72 and 96hpc in the preimplantation pe-
riod. The dose-dependence was detected with sta-
tistical significance (p<0.001) among all dose
groups by Kruskal Wallis test.
Implantation rate . The value was calculated as
the following method.

1) The corpus luteum number of each mouse
was counted.

2) The implantation number of each mouse cor-
pus luteum was ruled out.
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Fig. 2. Embryonic death of ICR mice irradiated

at 2, 48, 72 and 96hpc in the preimplantation pe-
riod. The dose-dependence was detected with sta-
tistical significance (p<0.001) among all dose
groups by Kruskal Wallis test.
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20r Table 5. Numbers of fetuses bearing external mal-
formations in mice irradiated at 2hpc during the

15k preimplantation period.

Types of malformation Control 0.1 Gy 0.25 Gy 05 Gy
10 Exencephaly - - 1 -
° Hydrocephaly - - - -
5 F Cleft plate - 1 2 2
Ventral hernia - -
o ) ) L : 1 J Chest hernia - - -
20r Open eye 1 - 2
Anophthalmia - - - -
Abdominal hernia - - -
Anomalies of tail - 1 2
Polydactyly -
R ° polymelia
8 Total number of
malformations
Percentage of
malformataion(%)

Total number of
otal number 0 561 M8 282 177
: live fetuses

Mortality(%)

[

151

00 = N

15 3

Mortality(%)
>
-3

8 17 10 20

142(%) 4.88(%) 3.54(%) 11.12(%)

Table 6. Numbers of fetuses bearing external mal-
formations in mice irradiated at 2hpc during the

10
preimplantation period.

Mortality(%)

0000
[}

° ° Types of malformation Control 0.25 Gy 05 Gy 15 Gy
Exencephaly - 1 - -

Hydrocephaly - - - -
J l ' I ' - Cleft plate - - - -
Ventral hernia - - - .
Chest hernia 1 - - -
1 ° , Open eye - - - .
Anophthalmia - - - .
or o ' Abdominal hernia - - - -
° 8§ ' Anomalies of tail . . i )
ST ‘ ° . Polydactyly - - - -
polymelia 7 12 4 0

Mortality(%)

0 L ) 1 L ; Total number of

control 0.1Gy 0.25Gy 0.5Gy -1.5Gy. 2.5Gy . 8 13 4 0
malformations
' DOSE

Fig. 3. Mortality of fetal stage of ICR mice irra-
diated at 2Zhpc in the preimplantation period.

Percentage of
malformataion(%)
Total number of

There were no statistical differences between con- 561 266 210 110
live fetuses

142(%) 4.88(%) 1.90(%) O(%)

trol and each dose group.
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Table 7. Numbers of fetuses bearing external mal-
formations in mice irradiated at 72hpc during the
preimplantation period.

Types of
malformation Control 0.1Gy 0.25Gy 05Gy 15 Gy25 Gy
Exencephaly - 1 3 - - 1
Hydrocephaly - - - - - -
Cleft plate - 1 3 1 1 1
Ventral hernia - 2 - - -
Open eye 1 1 1 2 2
Anophthalmia - - 5 1 - -
Abdominal hernia - - - - - 1
Anomalies of tall - - 1 - - 1
polymelia 7 18 15 12 7 8

Total number of
8 20 030 14 10 14

malformations
Percentage of 142 428 728 299 278 927
malformataion(%) (%) %) (%) (%) &) (%)

Total number of
561 467 412 468 359 151

live fetuses

Table 8. Numbers of fetuses bearing external mal-
formations in mice irradiated at 96hpc during the
preimplantation period.

Types of

Control 0.1Gy 0.25Gy 05Gy 15 Gy2.
malformation 0.1Gy 0.25Gy 0.5Gy 15 Gy2.5 Gy

Exencephaly - - - - 1 1

v
)
'

Hydrocephaly
Cleft plate
Ventral hernia - - - - .

'
'
—
'
1

Open eye 1 - 1 - 1 -
Anophthalmia - - - - 1 2
Abdominal hernia - - - - - 1
Anomalies of tail - 2 1 - - 4
poymelia 7 16 15 4 20 18
Total number of

. 8 18 18 4 23 26
malformations

Percentage of 142 684 753 184 931 12.80
malformataion(%) %) (%) (%) (%) (%) (%)

Total number of

. 561 263 239 217 247 203
live fetuses

Table 9. Threshold doses of embryonic death in
mice irradiated at each stages during the preimp-
lantation period.

Threshould dose
LDs LD, X2/3

Exposure time (hpc)

2 02Gy 022Gy
48 033Gy 036Gy
72 053Gy 059Gy
96 118Gy 133Gy

Fetal Body Weight

The fetal body weight on day 18 of gesta-
tion are shown in the seventh column in Ta-
bles 1 to 4. The body weights of female and
male control fetuses were 1.323 g and 1.376
g, respectively. There were no statistically
significant difference in fetal body weights
between irradiated and control mice. Also,
There were no difference in sex ratios of
mice between irradiated and control

DISCUSSION

The regression curve of the mortalities of
preimplantation and embryonic stages in
mice irradiated at various periods of preimp-
lantation fitted to Logistics models by SAS-
LOGISTIC procedure are shown in Figs. 4
and 5. The threshold dose of embryonic
death, which were assumed to be the same
dose as 5% lethal dose of embryos, are
shown in Table 9. In this study, the most
sensitive period during preimplantation stage
for embryonic death was 2 hpc, at which the
embryos were one-cell stage and located at
ampullary region of oviduct. One-cell stage
embryo at 2 hpc have two haploid pronucleus
in the cell. As shown in Figs 3 and 4, the
sensitivity on embryonic death of embryos
in early stage of preimplantation were higher
than the those in later stage of preimplanta-
tion[23]. The sensitivities for embryonic
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Fig. 4. Regression curves of preimplantation death

rate in ICR mice irradiated at 2, 48, 72 and 96hpc
during the preimplantation period. The dose-de-
pendence was detected with statistical significance
(p<0.001) among all dose groups by Kruskal Wal-
lis test.

100

601

Embryonic death (%)

20

2 hpe

Percentage of external malformations (%)
. ~

=3

14

Dose (Gy)
Fig. 5. Regression curves of embryonic death rate

in ICR mice irradiated at 2, 48, 72 and 96hpc du-
ring the preimplantation period. The dose-depen-

dence was detected with statistical significance
(p<0.001) among all dose groups by Kruskal Wal-
lis test.

death were decreased with developmental
stage during preimplantation. In ICR mice,
embryos on 48 hpc were 4- to 7-cell stage
precompacted embryo, embryos at 72 hpc
were about 30-cell stage embryos and embr-
yos at 96 hpc were the blastocyst stage and

shortly after the blastocyst has escaped from
the zona. The threshold dose of embryonic
death in mice irradiated at organogenesis
were 14 Gy in our previous study[24]. Re-
garding the mortalities, the embryos irradia-
ted at preimplantation stage were more sen-
sitive than those irradiated during organoge-
nesis.

w

S
T

w
>
T

0 0.25 0.5 0.75 1
Dose (Gy)

Fig. 6. Regression curve of frequencies of external
malformation ICR mice irradiated at 2hpc in the
preimplantation period. The dose-dependence was
detected with statistical significance (p<0.001)
among all dose groups by Kruskal Wallis test.

In this study, the many types of the exter-
nal gross malformations such as exencephaly,
cleft palated and anophthalmia were obser-
ved in the mice irradiated at 2, 72 and 96
hpc. Also, the threshold dose of external mal-
formation in ICR mice irradiated at 2, 72
and 96 hpc were about 0.1 Gy[10,24]. This
threshold of external malformations in ICR
mice irradiated in organogenesis was lower
than those in mice irradiated during organo-
genesis, which were between 0.5 to 1.0 Gy.
Therefore, the sensitivity for external malfo-
rmations in preimplantation stage embryos
of the ICR mice was higher than those in
organogenesis stage embryo. The studies ca-
rried out by Muller et al, were reported that
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Heiligenberger mice had significant high sen-
sitivity of gastroschisis for irradiation du-
ring preimplantation stage[9]. The types of
external malformations were different bet-
ween Heiligenberger mice and the ICR mice,
however, the teratogenetic susceptibilities to
radiation had both strain mice. From both
studies, we did not believe that the embryo
during preimplantation period were not sus-
ceptible to physical teratogens such as radia-
tion. It was not sure whether the embryos
during preimplantation period were suscepti-
ble to chemical and biological teratogenic
agents, because the embryos in preimplanta-
tion stage were located in oviduct and sur-
rounded by zona pellucida. The further inve-
stigation were needed to broke a dogma on
the embryonic effects at preimplantation that
there are no susceptibility for malformations.

In this study, no malformations were ob-
served in the mice irradiated at 48 hpc, at
which stage the embryos were about 6-cell
stage precompacted embryos[25]. In precom-
pacted embryos, all the cells formed the
embryos would have totipotency and conse-
quently damaged cells could be replaced by
other cells with totipotency[26]. After 8-cell
stage, compaction occurs among the cells and
then each cell begins to have a specific func-
tion and morphology, therefore, many types
of external malformation could occur. In the
one-cell stage embryos, the causes of exter-
nal malformation could be genetic changes
of fertilized egg by teratogens such as radia-
tion[27].

During preimplantation, a pregnant woman
would not be aware of her pregnancy, thus
there is a high possibility of exposure of de-
veloping embryos to radiation. On these ba-
ses, we strongly propose to follow the 10-
day-rule, which means that a radiological
examination involving the lower abdomen in

a reproductive woman should be carried out
only during the first 10 days after the onset
of menstruation, and also which have been
claimed to be more restrictive by many re-
searchers[5].

References

1. Russell. LB and Russell. W.L. (1950) The
effects of radiation on the preimplanta-
tion stages of the mouse embryo. Anat.
Res, 108, 521.

2. Russell. LB and Russell. W.L. (1954) An
analysis of the changing radiation respon-
se of the developing mouse embryo. J.
Cell. Physiol, 43, 103-149.

3. Brent. R.L. and Bolden. B.T. (1967)a. The
indirect effect of irradiation on embryo-
nic development. Ill. The contribution of
ovarian irradiation, uterine irradiation,
oviduct irradiation and zygote irradiation
to fetal mortality and growth retardation
in the rat. Radiation Research, 30, 759-
773.

4. Brent. RL and Bolden. B.T.(1967)b. Indi-
rect effect of irradiation on embryonic
development. IV. Lethal effects of mater-
nal irradiation on first day of gestation
in the rat. Proc. Soc. Exptl. Biol. Med,
125, 709-712.

5. ICRP(International Commission on Ra-
diological Protection) Publ. 26 (1977).
6. UNSCAER(1986) Ionizing radiation :
Sources and effect, UNSCAER 1986 Re-
port to the general assembly, with anne-
xes, United Nation. .

7. NCRP(1983) Biological effects of ultra-
sound mechanisms and clinical implica-
tion. NCRP Report, 74.

8. Welsch. F. (1995) Pharmacokinetics in
developmental toxicology - 2-methoxye-
thanol as a prototype chemical for terato-



284

10.

11.

12.

13.

14.

15.

16.

17.

BEHiRE e

genicity studies at different stages of ges-
tation. CIIT. Activities, Vol. 15, Nol.

. MUller. W.U. and Streffer. C. (1990) Le-

thal and teratogenic effects after expo-

sure to X-rays at various times of early

murine gestation. Teratology, 42, 643-650.
Muller. W.U,, Streffer. C. and pampfer.
S. (1994) The question of threshold doses
for radiation damage : malformations in-
duced by radiation exposure of unicellu-
lar or multicellular preimplantation sta-
ges of the mouse. Radiat. Environ. Bio-
phys, 33, 63-68.

Hashimoto, Y. et al. (1967) Effects of hy-
pervitaminosis A on fetuses of bc strain
mice with observation of the incidence
of exencephaly compared with ICR strain
mice. Cong. Anom., 7, 14-25.

Igawa, H. et al. (1985) Bis(dichloroacetly)
diamine-induced craniofacial anomalies in
Je1.0 ICR and A/] mice. Cong. Anom., 25
. 45-56.

Hayasaka, 1. et al. (1986) Pathogenic of
ochratoxin A-and concanavalin A-induced
exencephalies in mice. Cong. Anom., 26
- 11-24.

Sakai, Y. (1989) Neurulation in the
mouse - Manner and timing of neural
tube closure. Anat. Rec, 223 . 194-203.
Kusama, T and Gu, Y. (1992) Combind
effects of radiation and ultrasound on
embryonic development in ICR mice. J.
Radiat. Ras., 33 : 67.

Tanaka, O. et al. (1990) mophological
analysis of neural tube defects . Chlo-
rambucli-induced exencephaly in mice.
Cong.. Anom. 30, 5-16.

Tuchiya, T. et al. (1991) Species differen-
ces between rats and mice in the terato-
genic action of ethylenthiourea : in vivo
/in vitro tests and teratogenic activity of
sera using an embryonic cell differentia-

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

3t H21E F45T 19965

tion system. Toxicol. Applied Phamacol,
109 : 1-6.

Fukui et at., (1992) Effects of hyperther-
mia induced by microwave irradiation on
brain development in mouse. /. Radiat.
res. 33 . 1-10.

Streffer. C, et al. (1980) Distribution of
micronuclei among single cells of pre-im-
plantation mouse embryos after X-irra-
diation in vitro. Cell Tissue Kinet 13,
135-143.

Molls, M., C. Streffer and N. Zamboglou.
(1981) Micronucleus formation in preim-
plantated mouse embryos cultured in vi-
tro after irradiation with X-rays and neu-
trons, Int. J. Radiation Biol., 39, 307-314.
Wilson J.G. et al (1979)a General princip-
les and ethology, Handbook Teratology.
Volum 1, Plenum. Press.

Wilson. J.G. et al (1979)b Mechanisms
and pathogenesis, handbook Teratology.
Volum 2, Plenum. Press.

Pampfer. S and Streffer. C. (1988) Prena-
tal death and malformation after irradia-
tion of mouse zygotes with neutrons or
X-rays. Teratology, 37, 599-607.
Kusama, T. et al. (1989) Combind effects
of radiation and caffeine on embryonic
development of mice. Radiat. Ras, 117
. 273-281.

Johnson. M.H and Maro. B. (1980) Exper-
imental approaches to mammalian embr-
yonic development. Pederson, R. A. p. 35,
Cambridge University Press, Cambri-
dge.

Johnson. M\H and Ziomek. C.A. (1981)
The foundation of two distinct cell linea-
ges within the mouse morula. Cell, 24,
71-80.

Fisher. D.L and Smithberg. M. (1973) In vi-
tro and in vivo X-irradiation of preimplan-
tation mouse embryos. Teratology, 7, 57-64.



