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Radiation Carcinogenesis in Radiosensitive Mutant Mice

Toshiaki Ogiu®, Hiroko Ishii-Ohba', Shigeru Kobayashi?, Yoshiya
Shhnadal, Mayumi Nishimura!, Tkuko Furuno®, Tsuneya Nkmsununo4,
Fumio Suzuki®, Tatsuo Hayao4,and Wataru Ueno®

! Fifth Research Group, % Guest Research Associate, °Division of
Biology and Oncology, 4Labora‘cory Animal and Plant Sciences, and
S Visiting Scientist (Hiroshima University)

Severe combined immunodeficient (scid) mice are
known to be radiosensitive due to their heritable defects
of repair of double strand breaks induced by ionizing
radiation. We studied the effects of scid mutation on
the acute as well as late effects of radiation. Acute
50% tethal doses of gamma-rays for scid, F1l and
C.B-17 mice were 4.1, 6.5 and 7.2 Gy, respectively.
When mice were irradiated with same dose, survival
period of F1 mice was shorter than that of C.B-17
mice. The bone marrow cells of scid mice were also
radiosensitive as compared to those from other 2
strains. Bone marrow cells from F1 mice were slightly
but significantly more radiosensitive than that from
C.B-17 mice. These results mean that scid hetrozy-
gotes are more resistant to ionizing radiation when com-
pared with scid homozygotes, but more sensitive than
On the other hand, there were no dif-
to UV light and also in
radiation-induced mutation as compared with wild type

wild-type.

ferences in sensitivity

or scid heterozygous cell lines. In late effect studies,
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Scid ¥ 7 A BEREN LT & L T Philadelphia @
Fox Chase Cancer Center®@Bosmab 2L D) BwnwZshs:
D, 20wy AORERERSI:, REBYMEIETHLT
M Bl Z W Fho THRSEAKECZFBLURES
o7 VBEFOBERSPEE T RbL 2wz, oMb
TERVILPERTH5%2Y, ZDscidv 7 A HEE
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groups of scid, F1 and C.B-17 mice were exposed to a
single whole body dose of 1 - 3 Gy of gamma-rays.
Results clearly indicated that scid mice were extremely
susceptible for induction of thymic lymphomas as com-
pared to other 2 strains. No difference for induction of
thymic lymphomas was observed between Fl mice and
C.B-17 mice. Ethylnitrosourea, a strong lymphomagen,
was administered to scid mice. However, incidence of
thymic lymphomas were not so high. These results indi-
cate that close relationship between radiosensitivity and
susceptibility for radiogenic development of thymic lym-
phomas was proved, but effect of scid heterozygosity
was not demonstrated. Almost all thymic lymphomas of
scid mice were CD4/CD8 double positive. In other
organs, relationship between radiosensitivity and suscep-
tibility for tumor development was not demonstrated in
this system. Further studies are needed to analyze the
effects of scid mutation on radiation-induced develop-
ment of solid tumors.
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Table 1. Properties of immortal cell lines established frem C.B-17,
scid and F1 mouse embryos.

Chromosome Plating  Doubling

Mouse strain Cell line mode efficiency time
(frequency) (%) (hr)

C.B-17 CB/CB-eA 30-40 (70%) 5.5 24
CB/CB-eB 50-60 (46%) 12.4 33

CBICB-eC 55-65 (40%) 20.2 33

(C.B-1Txscid)F1 ~ SD/CB-eA 65-75 (47%) 8.5 39
SD/ICB-eB 60-70 (40%) 7.7 32

scid SD/SD-eA 45-55 (37%) 7.5 27
SD/SD-eB 84-94 (30%) 14.8 45

SD/SD-eC 67-77 (33%) 447 18

ScidlgRR ) > 2 ERIREHR D ST #R BB 5 1 D AEFRFKE & SRR AE

BHEEDOKEF | sciddifgiZMuto et al. I[ZX OB N

scid= 7 A HSEMEE Y o SEMBESCALMERY ¢, 37C
D5 %REENAERSZORTEBEEEL, WEMARE L
T~y ABRMmBEABERLSI78 YR & ST BBt SRS
PEBRLX8304IH (L5178Y 7> & Sato et al.'® iz L b HgE =
N RETRBIE &R 2B, CCoh v i % BaT
L7-. BETERE., Mgt —&85HL. 6~ 2707 L—
FERAVZPOEP C L BEDE AT L. FREE
DFESHR21.0E Lz EnERELY RO, BY OM
PR HBEME LT 7 HEOEEE (1YY 7472 b 1084
FaLLE % #E3) 24T o 727%. 2X10? cells/wellDEIET 6 -
FAITTZ(1 teg/nl) 5 EUEBICHEE FARC—Hz,
ERLETRVERIC 1 cell/wellDEIE THEWTIHED
KERDI, 6-FA ST vitEo 0 —HEEED
ECHELLLO2RREEHEEL L.
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Fig.1l.Mortality of C.B-17 ((J), scid (@) and their
hybrid F1 (&) mice after whole body 7 -ray
irradiation.
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Fig.2.Survival curves for C.B-17 () and F1 (&)
mice exposed to 7 Gy, 7.5 Gy and 8 Gy of 7~
rays.
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Fig.3.Survival curves of X-ray-irradiated bone marrow
cells of C.B-17 (), F1 (&) and scid (@) mice.
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Table 2. Sensitivity of various cell lines to X-rays and UV.

Parameters for UV
Mouse strain Cell line Do Duo Do Dio
(Gy) n Gy) @Jimd  n (Jhad)

Parameters for X-rays

C.B-17 CB/CB-eA 1.08 518 4.25 2.27 1.00 5.23
CB/CB-eB 2.50 1.68 7.05 4.68 2.18 14.16
CB/CB-eC 2.00 2.01 5.88 3.10 3.67 117
(C.B-17Txecid)F1  SD/CB-eA 1.41 3.23 4.92 3.62 247 11.28
SD/CB-eB 191 2.24 5.94 4.00 3.33 14.02
scid SD/SD-eA 0.63 7.73 2.72 3.90 3.80 14.19
SD/SD-eB 0.88 4.09 3.28 4.75 1.80 13.73
SD/SD-eC 0.79 1.656 2.22 3.76 2.67 12.31
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Fig.4.Survival curves for SCAl (@), L5178Y (&) and
LX830 (&) cells irradiated with 7 -rays. Ver-
tical bars denote SEM.
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Fig.5.Mutant frequency of SCAl (@), L5178Y (&)
and LX830 (&) cells as a function of dose of 7 -
rays. Vertical bars denote SEM.
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F1 mice exposed to 0 (), 1), 2 (B) or 3
(&) Gy of 7 -rays.
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Fig.7.Scheme of T cell maturation and cell surface anti-
gens. Maturation of scid cells arrested at early
stage (CD4/CD8 double negative) but lymphoma
cells generally represents CD4/CD8 double posi-
tive phenotype.
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Mammary Tumorigenesis by Radiation

and lts Regulatory Factors

Hiroshi Inano, Makoto Onoda, Keiko Suzuki, Hiroko Ishii,
and Hiroshi Yamanouchi

Since the relationship of the 7 -ray doses and of the
developmental stages of the mammary gland to
radiation-induced mammary tumorigenesis is not clearly
understood, this study was designed to investigate the
dose-response effect of radiation on the induction of
mammary tumors in rats in various mammary develop-
mental stages including the fetal, virgin, pregnant and
lactating phases. Mammary tumors did not develop dur-
ing the l-year observation period in all of the mature
rats that received less than 2.1 Gy intrauterine irradia-
tion at fetal day-20. In the rats irradiated during vir-
gin phase, mammary tumor incidence reached a max-
imum (approximately 30%)at the doses higher than 1.0
Gy. The total incidence of mammary tumors in the rats
received whole-body irradiation with 7-rays during pre-
gnant and lactating periods increased in a dose-dependent
manner. A significantly higher incidence of adenocarci-
noma (~83%) was induced in the lactating group at
lower doses than 1.5 Gy of Y-rays, while much lower
incidence of adenocarcinoma (~57%) was found in the
pregnant group. The high susceptibility of the mammary
glands during pregnancy and lactation to tumor induc-

A
FUROZEINT RS, R, BIEREER Er o5l s
NABAGRVEV Lo THERMENT VS, #0728,
BB RIVEVBEBEIULD THROEZEIFREENIC, £
THERERER L LT EL A B ENTES, LETL Y, %
EHEWIRICE S BERZBEED—2 &L LTHAREESEE S
NTWBEIERE, FBAFZINTTIC, BEHIC L 2B
BEOEE2 Sy POEFVRYAVTREL TR, B
o, BIREEBICHER LSSy Mo, BE. BARETE
7 aE— 4 — ¢ LTEARIA MO Xy OIJF NV AF IV

(First Research Group)

tion by radiation may be a cause of the higher
radiosensitivity of the differentiated stem cells than that
of undeveloped stem cells in virgin rats.

Since it has been reported that the biosynthesis and
metabolism of steroid hormones and hyperlipidemia may
be associated with an increased risk of mammary carci-
nogenesis, we have undertaken investigations to evaluate
the anti-carcinogenic activities of a precursor steroid,
such as DHEA and anti-hyperlipidemic drugs, such as
BEZF and SIMV against DES-dependent promotion/progression
of radiation-induced mammary tumors. Incidence of
mammary tumors that developed in the rats of the con-
trol group was approximately 87-96%. The administra-
tion of dietary 0.6% DHEA in rats irradiated in late
pregnancy significanly decreased the total incidence of
mammary tumors (35%). Next, we have studied the
chemopreventive effects of anti~hyperlipidemic drugs,
such as BEZF and SIMV, the tumor incidences were
significantly decreased to 27% and 36% in the rats fed
BEZF- and SIMV-diet, respectively.Precise mechanisms
of those drugs against the radiation-induced mammary
tumorigenesis still remain to be elucidated.
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A AUREESECEEL Twa L EbnsfElkEF
ELT. AFE 4 FHVEyOESRPREBREINLERE
Bahtwa, FeFont¥7» Fo A5 a2 v (DHEA) X
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Fig.l. Chemical structures of dehydroepiandrosterone

(DHEA), bezafibrate {(BEZF) and simvastatin
(SIMV).
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Table 1. Chemoprevention by various drugs of mammary tumorigenesls induced by y-ray

Trestment No. of rats No, of rats  [ncidence No. of temors No. of Latescy  [oalls'
wsed w/ tumor (%) Fibro- Adeno-  tumory/ral  period (M) iadex
adenoina  carcinoma
Control % 23 96.2 3 16 176 82206 3.1
DHEA™ 2 7 35.0° 7 5 L7 91s05 128
Control 48 3 8.6 4 27 172 89:04 334
BEZF 2 6 213® 5 2 117 88207 99
Contro! 57 50 87.7 56 2 L0 87204 3
simv" 2 363" 13 188 87204 139

Fig.2. Cumulative incidence of total mammary tumors
obtained after one year observation period in rats
irradiated during various phases of development
of the mammary glands. Values represent mean

+ S.D.
2. WEHEFRIBEEICW T 2 DHEAOEZEMFBEZIR
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Fig.3. Cumulative incidence of the development of mam-
mary tumors in irradiated rats treated with dieth-
ylstilbestrol (DES) and fed DHEA-, BEZF- or
SIMV-diet.

*1: The radio of incidence (%)to the average latency period
in days was mulipied by 100.

: dehydroepiandrosterone

: bezafibrate

. simvastatin

: The significance of differences from control (p <0.01).
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Table 2. Effect of DHEA~, BEZF~ and SIMV-treatment on

hormones, cholesterol and triglyceride in rat serum

Control diet Drug treatment (% of control) ®

Substrate N
(Actual concentration)®

DHEA BEZF SIMV
Estradiol-17 8 6.1+1.1 pg/ml 622168 381+£123" 2017
Progesterone 44,0£9.9 ng/ml 2845 118+30 144+17
DHEA 0.9%£0.1 ng/ml 10,000%3,510 408" -
DHEA-S 32.2:42.9 ng/ml 57,143%4,348 84413 -
DOC 103.5+8.4  ng/ml 109+61 91=x13 -
PRL 349.6:105.7 ng/ml 57+9° 5614 9524
LH 0.3%£0.1 ng/ml 171£39 76£9 15015
FSH 5.4+0.4 ng/ml 1078 14520 10613
TSH 2.3%+0.3  ng/ml 280+=42" 197+£11"  135%15
Free-Cholesterol  20.8+0.4 mg/dl 41+4" 144420 135+19
Cholesterol Bster  67.7+3.5 mg/dl 836 196117 86+£10
Triglyceride 135.8£3.6  mg/dl 667 63+12° 9046

&): The value represent mean:£S.E. obtained from 3 independent experiments.
Each experiment contained 5 specimens.
b): The value represent mean=S.E. obtained from 5 specimens in each experiments.
“*: Significant difference between cortrol and others, p<0.01.
* : Significant difference between control and others, p<0.05.
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Table 3. Effect of DHEA-, BEZF- end SIMV-ireatment on expression of estrogen
receptor and progesterone receptor in mammary tumors

2
Treatment  No. of temors Receptors

ER+;g—R+ ER+PrgR— ER~FrgRt ER"PrgR—

analyzed
Control 11 8 2 1 1
DHEA ® 5 3 0 2 0
Control o 33 ;f - 5 5 1
BEZF® 7 5 2 0 0
Countrol o 40 37)——" 3 & 1
13 5 2 2 4

SiMv ¢

a: ER; cstrogen receptor, PrgR; progesterone recepter
b; dehydrocpiandrosterone

¢; bezafibrate

d; simvastatin
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Fig 4. Mechanism of chemoprevention by DHEA, BEZF
and SIMV against radiation-induced mammary
tumorigenesis In rats.
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Modifying Factors of Radiation-induced
Myeloid Leukemogenesis

Kazuko Yoshida, Tohru Inoue*, Kumie Nojima"* (Division of Biology and Oncology,
*National Institute of Health Sciences, **Space and Particle Radiation Science Research Group) .
Hiroshi Ishihara (Bioregulation Research Group),
and Isamu Hayata (Division of Radiobiology and Biodosimetry)

The host-defense mechanisms against cancers are
known to be modulated by changing the environmental
factor (s). The spontaneous incidence of myeloid leuke-
mia is about 1% in C3H/He mice, and the incidence in-
creases up to 23.3% when a single dose of radiation, 3
Gy X-ray, is exposed to a whole-body. Since calorie
restriction was known to reduce the incidence of spon-
taneous tumors, a question as to whether such radiation
induced-increase of myeloid leukemia would be also de-
creased by calorie restriction, was aimed to answer to
elucidate possible mechanism of radiation-induced
myeloid leukemia. By the calorie restriction, the inci-
dence of myveloid leukemia was significantly decreased; it
was reduced to 7.9% and 10.7% when restriction was
started before (6 weeks old) and after (10 weeks old)
irradiation , respectively. In addition, the latent period
of the myeloid leukemia in the groups for calorie res-
triction was significantly extended at a greater extent as
compared with the control diet groups.

Number of hematopoietic stem cells, the possible
target cells for radiation-induced leukemias, in the
groups for the calorie restriction demonstrated a signifi-
cant decrease, especially in the spleen, as compared

A
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with that in the control, when the evaluation was made
at the time of radiation exposure. Then, we examined
whether the decreased number of target cells at the time
of exposure is caused by the reduction of dadiation-induced
myeloid leukemia with caloric restriction. The third res-
tricted groups were fed 65 kcal diet(restricted diet) for
the first 4 weeks i.e. from 6 weeks to 10 weeks old,
then, the mice were fed with control diet after radia-
tion. The incidence of myeloid leukemia in this group
was slightly decreased but did not show statistically sig-
nificance. Therefore , the caloric restriction seems to
be more effective in the promotion stage than the in-
itiation stage on radiation-induced leukemogenesis.

It is well known that C3H/He mice develop hepatoma
spontaneously with high incidence . However, the inci-
dence of hepatoma in all groups for calorie restriction
significantly decreased. The calorie restriction not only
reduced the incidence but also reduced the latent period
of the hepatoma. Interestingly, the incidence of hepato-
ma was not changed with radiation , however, the
onset of hepatoma in all diet groups was promoted by
radiation.
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Exp. Groups Diet (kcal/Mouse/Wook) Radiation
Control
8 Weok 10Week

cc Ne
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95 Kcal / 75 kcal

3RD T T Yes
95 Kcal 75 keal

CRC r T No
85 Keal v 25 Kcal

3RC I T Yeos
85 Kcal 95 Kcat

Fig.1 Experinental groups and procedures

CC; nonirradiated mice on the contol diet; 3C;mice on the control diet irradi-
ated with 3 Gy, CRD(the restricted diet D groups), CRC and 3RC(the res-
tricted diet D groups)with and without irradiation at 3 Gy, respectiry. The
control diet groups were given 95 kcal diet from 6 weeks over their entire
lifespan. The restricted D groups were given 95 kcal for the first 4 weeks
then 75 kcal of diet. The restricted groups were given 65 kcal for the first 4
weeks then 95 keal of diet
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Table 1

Incidence of myeloid leukemia, hepatoma and tumor free mice

and survival in experimental mice

Experimental No of

No of Incidence of

No of

Incidence of Tumor free

Incidence of Mean survival

groups mice leukemic leukemia, hepatoma hepatoma, % mice tumor free days +SE
mice %+SE mice +SE mice ,%+SE
CcC 97 0 0 80 82.5+3.9 8 8.2+2.8 798.7+21.1
3C 109 22 20.2+3.8 78 71.6+4.3 5 46+2.0 724.0+16.7
CRD 139 0 0 68 48.9+4.22 42 30.2+¢3.99 866.7+15.89
3RD 149 12 8.1+2.2Y 87 58.4+4.09 27 18.1+3.29%  767.8+18.57
CRC 95 2 2.1x1.5 71 74.7+4.5 10 10.5+3.1 853.2+17.0
3RC 99 16 16.2+3.7 75 75.8+4.3 7 7.0+£2.6 717.0+18.9

0.2.3.49.6) X2 tests for the incidence of myeloid leukemia, hepatoma and tumor free mice were performed.
Significant difference were found between » 3C and 3RD(p<0.01), 2CC and CRD(p<0.0001), 3C and 3RD(p<0.05),
4 CC and CRD(p<0.0001), ¥3C and 3RD(p<0.005). Generalized Wilcoxon tests were performed.

Significant difference were found between 6CC-CRD, P<0.005, " 3C-3RD, p<0.05.
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Dose and Dose Rate Effectiveness Factors of Radiation
Induced Myeloid Leukemia in C3H Male Mice

Takeshi Furuse, Yuko Noda, Hiroshi Otsu (Division of Radiation Biology and Oncology),
Akihiro Shiragai (Division of Radiation Research), and Norikazu Yasuda (Senior Reserch Counselor)

We investigated the induction of myeloid leukemia and
other kinds of neoplasias in C3H male mice irradiated at
several levels of dose and dose rate to compare the in-
cidence of neoplasias among these groups, and then to
obtain dose and dose rate effectiveness factors (DDREF)
for myeloid leukemia.

C3H/He male mice were exposed to whole body 7 ray
irradiation at 8 weeks of age. All mice were main-
tained for their life span and then pathologically ex-
amined after thier death. Radiation at a high dose
rate of 882 mGy/min (group H), a medium dose rate of
95.6mGy/min (group M), and low dose rate of 0.298mGy/min
(group L-A), 0.067mGy/min (group L-B), 0.016mGy/min
(group L-C) were delivered from 137Cs sources. The
mice in group L were irradiated continuously for 22
hours daily up to total doses of 1, 2,3,4,and 10Gy
over a period of 3 days to 200 days. As for the in-
duction of neoplasias ,it was significant that myeloid
leukemias developed more frequently in irradiated

L

BSOS HEE IOV TOREROEEIZO VT,
MALE LR, R, ATEMAREE 2 B CEERLCHE
FREANTE, FITRBEEZ T L, BWHEIFHOX)
BRIRAL, »5EERUTTRFOHEIRD LN L
BVt~ METERSACELTYRABEOWESTF
Hah, EEXMfTbhi, FOEREEEENEDLNE
WEWEER TR LB EEREOEMAFEHE SN
72577, 0k R ERERREEIC L ARFARE PIC
BUIAIBERSHE) A ZOEF VAL EINE L) HE-
72o L POBBREBIILAY A ERETHRIL. B
B BEEEHIICELSOINEIZ L o THET AL
FHER R, FRICI EEOHNR L 2 A EFEICEL T,
BERICL > T ONBENREBROETLVEHWT
BWE - BERYEEE (DDREF) ¥BoLENH S,

groups than in unirradiated groups. The time distribu-
tion of mice dying from myeloid leukemia did not show
a difference between group H and L.

The incidence of myeloid leukemia showed a greater
increase in the high dose rate groups than in the low
and medium dose rate groups in the dose range over
2Gy, it also showed significant increase in the groups
irradiated with 1Gy of various dose rate, but the differ-
ence between these groups was not clear. These dose
effect curves had their highest values on each curve at
about 3Gy. We obtained DDREF values of 2-3 by
linear fittings for their dose response curves of dose
ranges in which leukemia incidences were increasing.

key words: radiation carcinogenesis, myeloid leukemia,
low dose and low dose rate exposure, dose and dose
rate effectiveness factor (DDREF)
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Table 1. Tumors observed in irradiated and unirradiated groups of mice and its incidences.

High Dose Rate(882mGy/min)

Dose (Gy) No. of Mice ML HCA HAD LuCA LuAD Lymphoma Adrenal Thyroid Others
0.000 272 0.4% 18.0% 74.6% 2.2% 14.7% 10.7% 0.0% 6.3% 3.3%
0.125 205 1.0% 19.5% 75.6% 2.9% 7.3% 5.9% 0.5% 7.8% 3.4%
0.250 189 5.3% 16.9% 76.2% 4.2% 13.8% 4.2% 0.5% 11.1% 2.1%
0.500 225 1.8% 14.7% 79.1% 3.1% 11.1% 6.7% 0.0% 7.6% 31%
1.000 200 4.5% 15.5% 76.5% 3.0% 13.5% 4.0% 0.0% 6.0% 3.0%
2.000 196 12.8% 21.9% 66.8% 2.6% 17.9% 4.6% 2.0% 6.6% 2.6%
3.000 299 16.7% 17.7% 63.9% 5.4% 18.4% 3.3% 1.0% 11.0% 5.7%
4.000 183 12.6% 17.5% 68.3% 4.9% 16.4% 71% 1.1% 6.0% 6.0%
5.000 169 8.3% 19.5% 65.1% 3.6% 16.0% 9.5% 4.7% 10.7% 11.2%

Mediumn Dose Rate(95.8mGy/min)

Dose (Gy) No. of Mice ML HCA HAD LuCA LUAD Lymphoma Adrenal Thyroid Others
1.000 259 6.6% 18.9% 69.9% 2.7% 13.5% 4.2% 1.5% 10.4% 6.9%
3.000 264 8.7% 20.5% 64.0% 5.3% 16.3% 4.5% 1.1% 14.8% 4.9%
5.000 158 9.5% 19.6% 70.3% 1.9% 18.4% 7.6% 1.9% 12.0% 10.1%

Low Dose Rate
(0.298mGy/min)

Dose (Gy) No. of Mice ML HCA HAD LuCA LUAD Lymphoma Adrenal Thyroid Others
0.000 272 0.4% 18.0% 74.6% 2.2% 14.7% 10.7% 0.0% 6.3% 3.3%
1.000 319 2.2% 17.6% 73.7% 3.1% 11.3% 5.6% 0.0% 5.3% 3.8%
2.0600 258 3.9% 19.0% 70.2% 3.9% 17.4% 5.4% 0.8% 7.8% 1.9%
3.000 225 4.4% 24.9% 69.8% 2.7% 9.3% 3.6% 0.4% 5.3% 1.3%
4.000 279 5.0% 20.8% 67.7% 3.9% 17.6% 2.5% 0.4% 5.4% 3.9%
10.000 180 2.8% 21.7% 67.2% 5.0% 19.4% 3.9% 2.8% 10.0% 1.7%

(0.067mGy/min)

Dose {Gy) No. of Mice ML HCA HAD LuCA LUAD Lymphoma Adrenal Thyroid Others
1.000 228 3.5% 25.9% 68.0% 7.5% 14.0% 6.1% 1.3% 11.0% 3.5%
3.000 279 6.8% 21.5% 71.7% 2.2% 15.1% S.7% 0.4% 6.5% 2.2%
4.000 298 4.0% 21.5% 71.5% 5.4% 18.1% 3.7% 1.0% 8.1% 4.0%
10.000 151 4.6% 18.9% 67.5% 7.3% 21.9% 9.3% 0.0% 5.3% 2.6%

(0.016mGy/min)

Dose (Gy) No. of Mice ML HCA HAD LuCA LuAD Lymphoma Adrenal Thyroid Others
1.000 269 3.3% 11.2% 82.2% 3.3% 14.1% 3.7% 0.7% 4.1% 2.2%
2.000 300 5.0% 20.7% 72.7% 2.3% 16.3% 3.3% 0.7% 3.3% 3.3%
3.000 253 3.2% 24.1% 70.4% 3.2% 15.8% 3.6% 1.2% 8.3% 4.0%
4.000 367 3.8% 18.9% 74.7% 4.1% 21.5% 3.8% 0.5% 3.5% 3.8%

ML: myeloid leukemia, HCA: hepatocellular carcinoma, HAD: hepatocellular adenoma, LuCA:lung carcinoma,
LuAD: lung adenoma, Adrenal: adrenal gland tumor, Thyroid: thyroid gland tumor
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Fig.l Incidences of myeloid leukemia at intervals of 100 days indicate latent periods of the disease in

irradiated and unirradiated groups of mice.
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Fig.2 The relationship between radiation dose and inci-
dence of myeloid leukemia.

NCRP»#HHLTWwWADDREFNDEHEHFXDDRE
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Bon7-BemElE MR EREZEETIVLEN DA
A5, BT E L 3Gy EOEREB TIIRERN
BEEERTCOLE(ETBLIIZ>TVANDT, BREFELAF
WEERB I PEEERD—HTIX, 3GyEFTHOETOEIS
SVTOEIZFEZEE AW, REEEFIIOVWTERE
EDEREBHDOCYD 526y F TOREFRIZOVWTOEF
HEE kD7, EBEOKIIM I IRTIEL

EHEEE ( 882mGyin)
Y=0.067+7.202X R=0.939
HFEEE ( 95.8mGyin)

Y=1.598+3.355X R=0.953

Table 2. Average life span and myeloid leukemia in-
cidences in irradiated and unirradiated groups of mice.

Dose Rate Dose  No. of Average of No.of Incdence Age Adjusted

(mGy/min) (Gy) Mice Life Span ML of MI.  Incidence of ML
(day) (%) (%)

______ Q__,_____ 0 272 T19.7 = (94 1 00 | 0.37 0.368 =0.368
882.0 0:125 205 T41.4="9.7 2 0.98 0.874:0.61&; .

0.25 189 708.5= 9.8 10 5.29 8.295+3.335

0.5 225 732.0% 9.9 1 1.78 1.667x0.834

1.0 200 692.5+11.1 9 4.50 4.774+£1.593

2.0 196 679.8£10.7 25 12,96 14.631=2.946

3.0 299 6506 = 8.0 50 16.72 23.572+3.827

1.0 183 637.4=11.1 23 12.67 15.161x3.215

___3_0 169 641.1=1 1.4__ 14 8.28 9.902+2.772

95.8 1.0 259 708.4= 9.5 1% €.56 6.795*+1.653

3.0 264 659.0+ 9.7 23 8.71 11.048=2.376

_______ 5 ()_ 159 (E?:O.Z: 12.0 15 9.43 10 4_12:‘_3,()'94

0.298 1.0 319 681.0x &3 7 2.19 2.615x1.018

2.0 258 682.9 9.2 10 3.88 5.598 = 1.804

3.0 225 655.6x 9.5 10 4.44 5.355=1.807

4.0 279 671.0x 9.8 14 5.02 T.345 2. TTF

10.0 180 612.9x11.0 5 2.78 5.01742.37

0.067 1.0 228 695.2:==29.9 8 3.51 4.086 =1.479

3.0 279 682.8+ 8.3 19 6.81 7.246x1.742

4.0 298 643.1+ 8.1 12 4.03 5.325£1.574

10.0 151 591.3+ 9.9 7 4.64 5.781+2.275

0.016 1.0 269 654.1= 9.8 g 3.35 5.382+1.976

2.0 300 665.1+ 7.7 15 5.00 6.302+1.731

3.0 253 6719 8.4 8 3.16 4.333=1.414

4.0 367 653.4+ 6.2 14 3.81 5.075+1.506
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Fig.3 Linear regression to dose response curves of myeloid leukemia incidences for 5 dose rate groups.
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The aims of this study were, 1) to evaluate the
radiation doses in rodent embryos and fetuses after
maternal contamination with major radioactive matters,
2) to elucidate possible mechanisms of radiation
damages of fetal hematopoietic function by plutonium,
and 3) to clarify the relationship between severe mental
retardation caused by in utero radiation exposure and
impaired oxygen transport to fetal brain. In the dose
estimation study, transfer of *q (THO and organic
bound tritium), ’Cs, 54Mn and 65Zn to the fetus as
well as the deposition of these radionuclide in the feto-
placental units including fetus, placenta, fetal membrane
and fluid were investigated. The amount and rate of
transfer were different between the nuclides as well as
their chemical states. In the study on the effects of plu-
tonium on fetal hematopoietic systems, very interesting
findings were obtained. First, the rodent placenta play
as effective barrier for the transportation of plutonium
from maternal circulation to fetal tissues and accumulate
the plutonium at concentrations 30-50 times higher than
fetal tissues.
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The second important finding was that the decrease in
fetal hematopoietic functions (determined by the number
of spleen colony forming unit in the fetal liver) was
more pronounced in BDF1 mice than C3H mice. The
colony forming unit numbers (CFU-S) in the fetal liver
were decreased significantly by 239py at doses more
than 30kBq/kg body weight in BDF1 mice, but were
not changed by up to 900kBq/kg in the C3H strain
mice. In the study on the relationship between severe
mental retardation caused by in utero radiation exposure
and a possible involvement of impaired oxygen transport
to fetal brain following the prenatal irradiation, the
effect of X-ray irradiation on erythropoietic activity in
fetal liver of C57B1/6 mice was studied in vivo and in
vitro. The erythropoietic activity in fetal liver deter-
mined by 9pe incorporation was markedly reduced by
irradiation in vivo and in vitro, suggesting that the
necessary amount of oxygen may not be supplied to the
fetal brain at the time required, and this may be one
possible cause of brain damage after fetal irradiation.
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Table1. Relative tissue concentration of tritium 24hr after

ingestion in different chemical forms

Tissue or organ Relative concentration of tritium*

After ingestion on the
13th day of gestation

After ingestion on the
17th day of gestation

- - - -
HTO thymidine  lysine HTO thymidine lysine
Mater nal liver 73+4 785 136+8 T4x4 766 130%11
Mater nal kidney 71232 776 125+8 703 81+5 120+10
Fetus whole 1026 736 786 87+7 85+4 95+7
Placenta 87x7 79+7 1007 713 68+6 105+6
Fetal membrane 863 714 764 725 656 84+5

* Relative concentration was expressed as the per cent of radioactivity administered
per g body weight of mother rat. Each value is the mean=s.d. for the three pregnant
rats.

Fig.1l. A photograph and autoradiogram of the fetuses after
maternal injection of 14C-thymidine. In the autoradiogram,
the region with red to orange color are those with the high-
er accumulation of *C: the inner layer of the brain tissue
facing the brain cavity (ventricular zone), the dorsal thala-
mus, the spinal cord, the palate and the liver. Horizontal
bar shows 2.5mm. The same tissue section was stained with
hematoxylin and eosin after autoradiography and photo-

graphed.
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Table 2. List of animal data on the fetoplacental transfer of plutonium

Species Days of gestation Fetus:mother Reference
Injection Analysis ratio
Guinea pig 10 17 0.14 Morgan et al. (1991)
10 Birth 0.002
20 27 0.0008
30 37 0.00
30 Birth 0.006
50 57 0.054
80 61 0.035 Sikov (1986)
60 Birth 0.035 Morgan et al. (1991) -
Rat 7 Birth 0.0015
8 1 0 2
9 10 Sikov and Andrew (1979)
9 12 0. 015 0 25 Morgan et al. (1991) Sikov (1986)
Hackett et al. (1979)
g 14 0.013-0.075 Hackett et al. (1979)
9 18 0.01 Sikov and Andrew (1379}
9 20 0.008 Sikov (1986)
9 Birth 0.008 Sikov and Andrew (1979)
11 12 0.13 Morgan et al. (1991)
1 14 0.0
15 16 0.025-0.1 Sikov (1986)
Sikov and Mahlum (1968.1976)
15 18 0.05-0.1 Morgan et al. (1991
Sikov and Andrew (1979)
15 20 0.075 Sikov (1986)
15 Birth 0.05 Morgan et al. (1991)
Sikov and Andrew (197
19 20 0.025-0.1 Morgan et al. (1991) S:kov (1986)
Sikov and Mahlum (1968,1976)
19 Birth 0.13 Sikov and Andrew (1979}
Mouse 13 14 0.17 Mason et al. (1991)
13 16 0.27
13 Birth 0.22
4 17 0.019
8 Birth 0.008 Bluzat et al. (1966)
Birth 0.021
14 Birth 0.0
17 Birth 0.12-0.19 Mason et al. (1991)
19 Birth 0.04 Biuzat et al. (1966)
16 18 0.11-0.48 Weiss and Walburg (1979)
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_Table 3. 2Py Concentration in conceptuses 1 day after
intravenous administration of plutonium citrate to
pregnant mice

Days of pregnancy 29py Concentration (% 1A/g tissue)

at injection Decidua Yak sac Fetus Fetal liver
10.5 1.19 =047 7.68 £3.61 003001 nd
41 =12) (9+2) (30£6)
11.5 0.94 = 0.23 855 4086 0.040.01 n.d
(65 = 13) (14 £5) (72%8)
125 1.29 =017 943 £223 0.04+001 nd
(72 £13) (22 +4) (134+9)
135 1.71 £077 8.62 4= 3.34 0.07+0.02 n.d
(88 = 10) @27 (20719)
145 3.04 =048 1369 =344 012002 n.d
(101 £ 15) (38 £ 4) (350::36)
15.5 349 =117 16.07 =3.99 0.13+0.02 024015
(117 = 26) (36 = 8) (45771) (33£13)

16.5 476 038 2120271 012002 027005
(103 = 17) 35+ 4) (732+43) (50£11)

Values in parentheses are tissue weights (mg).
n.d:not determined.

[#E8]

Table 312, 7 b =7 AxiTiRPEALIED v 7 X (2E
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Table 4. Effect of °Pu injected on day 4 of gestation on the number
of GFU-8 in the foetal liver on day 17 of gestation®

Dose® Injection Mouse strain
(kBg/ke) route C3H BDF1
0 - 18774291 23894109
30 intraperitoneal 18012204 1636:£276°
300 intravenous 20354-568 1192:2£492¢
300 intraperitoneal 1951342 1255+210°
900 intraperitoneal 19474287 1304 £79¢

*Values are mean=SD of CFU-S per foetal fiver.

® Plutonium was maternally injected on day 4 of gestation (kBq/kg body weight).

© Significant difference between control and plutonium injected group.
Determined with Student’s t-test (significance level p<0.05 ).

Table 5. Relative concentration of 2*Pu in fetoplacental tissues
of BDF1 and C3H mice determined by quantitative
autoradiography ®

Days of Fetoplacental Mouse strain
gestation tissue BDF1 C3H
6 Inner cell mass® 19490 182175
Trophoblast 415135 4714235
Decidua 103 1543
Perimetrium 1109698 21634928
Background 240 2+0
8 Foetus 31 341
Placenta 51 83
Yolk sac, Trophoblast 14034 196103
Decidua 41 5+3
Perimetrium 9594583 12784509
Background 220 240
10 Foetus 3+0 30
Placenta 341 ) 3+0
Yolk sac, Trophoblast 196£50 138465
Decidua 340 240
Perimetrium 303119 175487
Background 2+0 240

* Plutonium was administered intraperitoneally at 300kBq/kg body weight on day 4
of gestation. On each day 6, 8 or 10 of gestation two mice of each strain were
sacrificed and their uterine were used for quantitative autoradiography. Values
are mean PSL(photostimulated luminescence)==SD and based on analysis by
measuring PSL in 20 fields of each foetoplacental region of interest in several thin
sections.

" inner cell mass is the embryonic region surrounded by trophoblast.

Table 6. Concentration of **Pu in fetoplacental tissues on day 13
and 17 of gestation after the administration on day 4 of
gestation®

13 Day of gestation

Dose® Mouse Injection Foetoplacental tissues
ose strain route Placenta Yolk sac Foetus
300 BDF! i.p. 0263+0.127  1.793+0.025 0.012+0.003
300 C3H i.p. 0.304::0.040  1.4560.391 0.0100.001
17 Day of gestation
Dose® Mouse Injection Foetoplacental tissues
strain route Placenta Yolk sac Foetal liver
30 BDF1 ip. 070740290  3.920::0.482 0,1370.005
30 C3H ip. 1.020:£0.428  3.715::1.385 0.1103:0.046
300 BDF1 v, 06140236  3.225=1.115 0.086:+0.039
300 C3H iv. 0.644::0.234  2.212+0.336 0.065::0.031
300 BDF1 i.p. 0.588+:0.204  2.5660.741 0.068::0.018
300 C3H i.p. 0.629+0.135  2.454::0.596 0.061:£0.022
900 BDF1 i.p. 0.332£0.101  1.155:£0.425 0.0320.014
900 C3H i.p. 0.362+0.068  1.395+4-0.331 0.037:£0.006

" Values are meanz SD of the relative concentration of “’Pu, expressed as
percentages of the injected dose per g wet weight of the tissue and are based on
analysis of pooled foetal tissues from each dam. Values in parentheses are weight(mg)
of the tissues and denote the mean=SD.

b Plutonium was administered on day 4 of gestation(kBq/kg body weight).
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in vivo Fe-59 uptake into heme and nonheme fractions
of fetal liver.
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Effects of Radiations on the Histogenesis of
Central Nervous Systems in Development

Tomohisa Hirobe, Yuji Ishikawa, Yasuko Taguchi (Division of Biology and Oncology), and
Shinji Fusiki(Department of Dynamic Pathology, Research Institute for
Neurological Diseases and -Geriatrics, Kyoto Prefectural University of Medicine)

We investigated the effects of continuous exposure to
gamma-rays during corticogenesis on the migration of
Pregnant
mice were injected with 0.5 mg of bromodeoxyuridine
(BrdU) on day 14 of gestation to label cells in the S
phase. The mice were then exposed to 187¢c5 gamma-
rays (dose rates of 0.1,0.3, and 0.94Gy/day) continuously
for 3 days.Brains from 17-day-old embryos and offspring

neuronal cells in developing cerebral cortex.

at 3 and 8 weeks after birth were processed immunohis-
tochemically to track the movements of BrdU-labeled
cells. Comparative analyses of the distribution pattern
of BrdU-labeled cells in the cerebral cortex revealed
that (1) the migration of neurons was delayed during
the embryonic period in mice irradiated at 0. 94Gy/day,
(2) in 3-week-old mice, there was a significant difference
in the distribution pattern of BrdU-labeled cells in the
cerebral cortex between the mice irradiated prenatally
and control, and (3) in 8-week-old mice, there were
no differences in the distribution pattern of BrdU-labeled
cells between control and animals irradiated with 0.1 and
0.3Gy/day. In contrast, in the animals irradiated with
0.94Gy/day, the significant difference in the distribution
pattern of the labeled cells relative to control was main-
tained. These results suggest that the migration of
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neuronal cells in mouse cerebral cortex is disturbed by
continuous prenatal irradiation at low-dose and some
modificational process occurred during the postnatal
period.

On the other hand, in the mouse cerebellum, four
days after irradiation with 0.5 or 1 Gy, BrdU-labeled
cells were mainly seen in the inner granular layer,
which was also the case in non-irradiated mice.
However, following 2 Gy irradiation BrdU was found
not only in the inner granular layer, but also in the
Purkinje cell layer. This distribution was also seen at 2
In animals irradiated
with 1 Gy 4-6 weeks after irradiation, the proportion
of labeled cells present in the inner granular layer de-
creased, while labeled cells in the Purkinje cell layer
increased. On the other hand, 0.5 Gy irradiation did
not change the distribution of labeled cells, except that
the proportion of labeled cells in the inner granular
layer decreased at 2 weeks after irradiation. The num-

and 4-6 weeks after irradiation.

ber of labeled cells in the cerebellar cortex per unit
area decreased with time and dose.
gest that 2 Gy irradiation induces a migratory delay,
abnormal distribution, and cell death of the granular
neurons of mouse cerebellum.
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The relative positions of BrdU-labeled cells in the mouse neocortex on 3 days (A), 2 weeks (B), 3

weeks (C), and 8 weeks (D) after X-irradiation. Error bars show the standard errors of the mean. VZ: ventri

cular zone, In: intermediate zone, CPi: inner cortical plate, CPo: outer cortical plate, M: marginal zone.""P<0.001,

“P<0.01, "P<0.05 vs 0 Gy.
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The relative distribution of BrdU-labeled cells in the mouse cerebellar cortex on 4 days (A), 2 weeks

(B), and 4-6 weeks (C) after X-irradiation. Animals were irradiated either 0.5, 1, or 2 Gy. IGLIL inner half of
inner granular layer, IGLO: outer half of inner granular layer, Pur, Purkinje cell layer, Mol, molecular cell

layer, EGL, external granular layer. *
98, and 99% confidence limits, respectively.
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Deposition of Inhaled Radionuclides

in the Respiratory Tract and Metabolism

Hiroshi Sato, Yuji Yamada, Katsuhiro Miyamoto,

Akira Koizumi(Division of Radiotoxicology and Protection),

and Jiro Inaba (Deputy Director-General)

A. Modeling of larynx and tracheo-bronchial regions
for aerosol deposition study

New cast models of larynx and tracheo-bronchial (TB)
regions were developed for aerosol deposition study.
Stereo-lithography method was applied to the modeling.
Geometrical shape and dimensions of the larynx were
originally determined based on a human anatomical
data. Those of the TB region were given by Weibel's
bifurcation model data. Total depositions in the cast
were measured for monodisperse aerosols ranging from
0.01 to 0.3 #m in diameter.
creased with decreasing particle size and flow rate.
B. Effects of firing temperature on the metabolism
of plutonium inhaled into the rats

Wistar rats were inhaled PuOs produced by firing Pu
hydroxide at 1150 and 400°C and the difference in lung

Deposition efficiency in-

A. FERSEREEET T
. _

(=]
BT EEE RICRPICB VTR s h Tz
WEEET TV Pub.66(1994) & LTHERESN, T
JViEPub.30(1979) 2B B L O T, FOFTIZT IV
WFLEETVOKRBIIFELE AR Y, HREAEBENIC
BT RFERERS, REZBLE2EDTVE, LLR
ﬁe REECBT A RERR L EBRWICHN, ht

SEIRAT - BT A L 3B S TR KRS
Eﬁ‘f%%h'cwét IEZ VIR H 5,

WEEBEICR, LT — Y R EESLIHELD

EYER, HL20VEEDIENERET TChAIVALELRT S
O—FENRH LA, AN 1 DTRFFTHERL, 2hE
NIZBERIH ) BEVIIRHTE LD > T LENH B,
INHDHTEEL I T TLHENTETERIITIC
BEDTFENENH)ZET, BRAECHH L VIF v X b
EFNVEFHCRERYN T 0 —-F 2 LTER, LAL, &

retention, excretion and translocation of Pu between the
both firing temperature were studied. The clearance of
Pu from lung was relatively faster in rats exposed to
PuO, fired at 400C (low temperature group) than in
the rats exposed to PuOj fired at 1150°C (high tempera-
ture grouop). The fecal excretion of Pu was larger in
the low temperature group than high temperature group
and the ratio of fecal excretion to urinary excretion was
higher for low temperature group than high temperature
group. The amounts of Pu, although, translocated
from lung the organs, even liver, were very small, the
re-distribution of Pu to liver was higher in the low
This study suggests that the lung
retention of Pu is slightly affected by the firing temper-
ature of PuQ, in rats.

temperature group.
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Fig.1 Casting method for the respiratory tract model
by stereo-lithography.

Fig.2 Tracheobronchial cast model of photo-curable resin.
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Fig.3 Aerosol deposition effciencies within the
tracheobronchial cast with 0-7 generations.

@ Q=15LPM
A Q=4LPM Exp.
08} m O-l0LPM
Q=1.5LPM
- - Q=4LPM ) cal.
$ g6 Aar § RO a1 Q=10 LPM
S
= [ ]
804}
[}
=)
02}
e 4
R B
0 f td :
0.001 0.01 0:1 .

Particle diameter ( xm)

Fig.4 Comparison of aerosol deposition efficiencies at an
air flow rate of 1.5 liter/min for casts with 0-7and
0-4 generations.
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3. EBERRUEE

3-1. BREIRBICHTAEFRECLE : 7 v MIRA
ENPuDRFHE (activity median aerodynamic di-
ameter, AMAD)., W AR, IAD. ILFE WAEIIHT
HIADDEIE) %Table IR L7z, EEFREEIR TR
SEE7-B Py (LU, BIRERLY) D35% 100 LIEER T
e B bry (DT, KIREEY) TI352%T1.5%.
KEHEPu (BLF. KE(EY) TlR1/2017%THhHo7, 2
FEEOB LW IIB|MAEAITZE LIS Bb 5 FIADICED
K U7, AMADIMBIRER{LHE 5 H525%/ S5, ICRPD
WMEHEICLHL0.3~04 pnDFTREBRICHI N E
BV EDPHAMADOMESIEZ T v, LA T,
ERL L CEESREOEVEEZ LWL, BERETIX
REFEOECOEDFEHRIIFRHTS 5, KEILHWDAMAD
REHBBLY & ZIZECTH HHTADIXL/2THY, Zh
MEREOECIERLZLDTHAH . 2HEHOBLY

Table 1. Initial alveolar deposition of plutonium dioxide and hydroxide

Chemical Firing AMAD

h
form temp°C) () og Inhaled 1AD 1AD/Inhaled
dioxide 1150 0.38 1.7 41024581 139888 0.35::0.043
dioxide 400 0.29 2.1 38734660  2005+498 0.52+0.070
hydroxide 0.40 2.2 7131£1330 11932498 0.17+0.051

AMAD: activity median aerodynamic diameter, IAD: initial alveolar deposition.
*:mean + SD.

Table 2. Translocation of Pu from the lung to the other organs
1 month after inhalation of Pu dioxides and hydroxide

Organ/Excreta Oxide (1150°C) Oxide (400°C) Hydroxide
Lung 79.2:+6.78" 58.34+4.01 6.10+6.72
Liver 0.044+0.020 0.075+0.037 0.207+0.025
Spleen 0.0047+0.0028 0.0019+0.0090 0.01740.0024
Kidney 0.0065+0.001 0.0028+0.0010 0.045+0.0057
Femur 0.0015+0.0021 0.0004::0.0004 0.040+0.0025

*The values are mean = SD of 4 rats, and expressed as % [AD.
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B o 72 DKL L T Dretention curveZ i { (Fig. 5B).

Bz o T Ao EAFR o/, Fig. 6131 HHA
7o) DPEMROBEREE IRLZLDTHIH, EB L
URANDBEERIZ KB 0 F I SREBIH L D E <

IR P~ DOBEMEER KB L T130.1—0.3% TERILY D
0.05—0.1% 23 LEEB VW EZ R L7 (Fig. 6A)s —7.



[=

< - et e U

S 1

& i

£ 4 —— . I

A et

[ I —— e e

o — e o e — e

g o I, O—

- -] e Oxide/1150°C | .. ._._|
| & Hydroxide

0 100 200 300 400 500
Days after Inhalation

100

Lung retention, % IAD
S

[ cOwidesdoolc |
. & Hydroxide

1

o 100 200 300 400 500
Days after Inhalation
Fig.5 Ling retention of Pu following inhalation of PuO»

fired at 1150°C(A) and 400C(B)

BRI TP~ DOHRBERAKEL L D LBV
PR SN ARENOPEMEIZE A LR UBICHER L.
R X BBl Sy — 2 2R L7 (Fig. 6B). Mid
LEF~BITLZPuNRA 14 BEROESS T % Table 2
WKWR L7, ERBFRFOPUFEERTNRYD 1 %KETH
7 2o TS BRALHD & KBAL TR EILEVAR BN,
Thabb, 2EEOBRILYORBESHFITITIZEALALT
B ol KB TEEESVEISTEEL T, iF
WBNOGHEOECHKRE (L IHFLUEDENR N,
PEo ks, BERECRLZL 2EEOBLY:S > b
IR A X723 Elung retentionlZENE L L4, F0E
A RDOBEEIEFIKREL RV, LHL, TT7ADHED
EHELEPRVEVIFERTL 2, — RIS VE
WIIEWEORBEENENEEZIONLIN . TIA T Y
F. A X3BEOEHIDOFT— 5 DEVIIAHEEDE
ThbhbbEWEECIALDEEZENS,

T 7o, BbPuE KEELPuzBA S5 v MZowT,
IADDSEL 2 AL BV THRALEBROPuDIREE 5T AT
EDXICELRD P, IADEEESH L OBESEFBE L
7oo HBIL7-0E, EIEB{LY TIADAS00Bq (RIADEE)
£ 2000Bq (HIADH). KER{LI T200Bq (KIADH) &
1000Bq (FIADE) Th 2, (BRI, B B, KBE,
Fig. 7IMBERELWOBA 1 7 ARICB T 2R EEOS
HERPREEIRLELOTH S, ThoEHIzBNT
L BIADEO S PBEANOTHRIIN S, FICE, KB
BTENSKEL, KBETIEH0ENET D S, Fig. 8iF
KEALGOBA L H BEROERERLIZLDTH 345 .

. @ Oxide, 1150°C/F
o & 0 Oxide, 1 150°C/U
e A“ 4 Hydroxide/F
0® .A‘ & Hydroxide/U

eoa

1F - . .%A"‘ £ e

L

Daily excretion, % IAD
2O
-3
>
b

0.01

1 10 100 1000
Days after inhalation

Daily excretion, % IAD
Id
o

O Oxide.400°C/F
0 Oxide 400°C/U
A Hydroxide/F

& Hydroxide/U B

0.01 . L
1 10 100 1000
Days after inhalation

Fig.6 Daily fecal and urinary excretion of Pu following in-
halation of PuQO, fired at 1150C(A) and 400TC(B)

KB TRREVDPRONWARBETLSEE L TEHTNE
BESNLV, B TIRIADA 1472w L 24 &> HE
IR R L L HE SN TV B, B2 EKERRLY
TIIADY A E - T H BT AICEI R b )t KBk
1L TCEBILIOSEE0 LI L EVHR N2k
PEALFEEOBVIIL A L EESICHERNTES, LAL
FOANZALEIAHTH D, B{LWTOIADIZ X B E R
SHDE T lung retentionDEWIZ L 2 EBbh b, i
THEBtYOBBRF S LEE TP LT 2L LTI LS
IADBETIZHAMATEE N7 v 2T L s A E&AMEIADEE
VAT ELL 2D, DX T EDIADDEVIZLE -
THETHFELZL BRI > Twa20TE 2w LED
b,

% IAD

% 1AD

0.00t

ST,

== | i

oo L1 L | HE

100 1000 10000 100 1000 10000
IAD (Ba) 1AD (Bq)

Fig.7 Effect of IAD on the tissue distribution of Pu follow-
ing inhalation of PuO, fired at 400C




Y

1000
1AD (Bq)

1000
IAD (Bg)

10000

1600 10000

1AD (Bq)

10000 1000

1AD (Bg)

Fig.8 Effect of IAD on the tissue distribution of Pu follow-
ing inhalation of Pu hydroxide,

3— 2. MBEASHEIT T AEEREOZE  Fig. 9IR
Lfiﬁ’\Em@%%leﬁ@%\%m%ﬁibﬂy

FUTZWKHEEL, BDEY VYL ERZCHEEL TV,
I hav RY TESOPUERGEL L, 9 BB
1380% 25 b Y FYUTICHIEL Tz, VY —LHD
PuBRFESHOBHICLIVELOET T H 25, B
Bl %@L TIEIZ0% Tho72, BHEDOPUIZY VY —
X 1HBBICH0% TH 7205, 2BBIZEK% \ZHL L
BT EBRPM R EBEL TR LNV TH - 7, KEEIL

N

MoOBEIZ 1 EBIZ%NI Pary FY FICHEEL, 28
BIZ60% IS LB REGEHEIRONE P72, )

V= AHOPuRII BRI OBEE L FEHEOL XL T
B LA 4@@#%9@5¢#ﬁ1m'ﬁm¢%@ﬁ
WRONZZTER, LABPRS TEDE4ER FTHA
WML, 9BBTRIEEOLNLETHAL L,
30V —4, THEBESICEPURIEEACEFEEL 2o
770 MEROPWTY VY — LIZEET DA EhRTWVS,
AREEBIIBVWTLPUIY VY —AIKEELE. LAL S
POy R FIZEBICEEICET S REOPuUNHFEL T
T, 2 b3y FY7HPuMIlERN TORBHIIRE (b
TWbZ e R T 2ERNELN, 7275, eikd
A4 OHIRE % —#C L TR E L TWw A 72012 80l
A PuRRBEHI K E L b TV EPRAETH L, £
7oo ERLZHBSERE T VY -4 by YT
BTGB TE R WD) V) —L5DPTHEVES
(heavy lysosome) X3 P2 ¥ F) PHESIZETNH TV
ZEDPTFICEZONE, b LENNEELRSIE, MEAN
DPUFRED ) V= LIIFEETAZ LWL B, TR
FHOSPITAICEER LR ILETH B,

4, & W

BREREOR L 5 2EEOBLPuL UKEELPuE 5 v
WA SETH~DLE, iEF L72Pudfiid o & 5K
FNDOBAT, ERFAOFHEIC DWW TR L, FeERE
INENLECERE LN, ¥ A TIREEEREDRE)
T, A4 X TIEREIEEIZ X Dlung retentiondS &2 5 &
LMo nTwih, Iy P ToEEE o SED
—BEDEEBETTy FTH 4 REFEEETIE 2 WAENES
NizZ X, BRENS v FOL/I0IZED T A TIZEM
Bl Ty FOHEDOA X THEELREVTELATY
BIERFERTHL, v ALA XTORECIEWESC
YBELDOTHLTREIBV EBREENL, L.,
B bPu®lung retentiontE ) L CHERBEEIC LIV EL S
DPIIRIEARBECTH B, B{LPun B IR ATEERS
BECIDVELLZZOTE RV EEZONLPEHEST
BHEBOBEBRE L2V, F72, BEEEEIZE Alung re-
tention D&\ & T OMIEPI DG & O RE % AT 5
BREESNT. MIBEANSHIPuDlung retentiontZ 5
LTWBEPEMIBEL TRV,

[WroesE ]

1. Yamada, Y., Koizumi, A.,
J., Cheng, Y.S., Yeh, H.C.
23-31, 1994.

. Inaba, J., Ishigure, N., Oghiso, Y., Sato, H. :
J. Radiat. Prot. Dosim., 53, 335-337, 1994.

R, SR, ARE, BE B ARG EREST

ERfsesER S, 18, 1994.10.

Esaka, F., Takahashi, S., Sato, H.

Kikuchi, T., Furuya, K.: J. Tox1co

103-108, 1995.

CIIE, R, FEEE © B AREYBEZEASEI0RIIRERE
&, KF, 1995.5.

CHE, R, FREE g2l 7 o VvV EME - ST
HEme, AEF, 1995.8.

O AERE, UHE, R, MPE, J1ER, R, BER, KRB
. fBH, RHE, S5, ARHE, fR%E: HERBHE®RE
B3RO REs, T3, 1995.11.

. Sato, H. : The 1st Japan-France Workshop on
Radiobiology, Chiba, 1996.9.

. Yamada, Y., Koizumi, A., Inaba, J. : Workshop :

Intakes of Radionuclides, France, 1997.9

Yamada, Y., Koizumi, A., and Inaba, J.

Prot. Dosim., 79, 269-272, 1998.

Fukuda, S., Inaba,
. Hoken Butsuri, 29,

Kubota, Y.

Sci., O.

10. : J.Radiat.

3 4 .
. lysosome ;
08 08 e x50 08
g 06 8 06 + ~C— Oxide/400°C 2 ~e— Oxide/1150°C
é - :C; —o— Hydroxide EO'G [ —~— Oxide/400°C
£ ! 2 2 r ~— Hydroxid
304 —a— Oxide., 1150°C S04} S04 ydroxide
: [Fohonaa) hasd R e
—o— Hydroxide
g2 mitochondria 4 02 0.2 1
G 0 % ﬁ : % 7 .

4 6 10 2

Weeks after Inhalation

2 8

4

Weeks after Inhalation

6 8 10 2 4 6 10

Weeks after Inhalation

8

Fig.9 Sub-cellular distribution of Pu following inhalation of PuQO, fired at 1150 and 400°C and Pu hydroxide.



M. 77 7 BEHMEIC X A NEEIE < DR

B 5}&8
5’/ =

T DB A2 B 2 B 5E

2.

7N

AEEAN. THEE EAEF.

TV T 7 BEHEIT £ B PRI C DN R B

=RE
TRZERER (BF

\ZE8d AT

IWHE & (R < - BERFE) |

ERBE)

Studies on Biodosimetry in the Internal Exposure
by Alpha-pariicle Emitters

Nobuhito Ishigure, Takashi Nakano, Hiroko Enomoto, Yoichi Oghiso,
Yutaka Yamada (Divison of Radiotoxicology and Protection)

and Jiro Inaba (Deputy Director-General)

A basic study has been carried out to develop a
biologically based method for estimating alpha doses
(biodosimetry) in animal exposure experiment in our in-
stitute. In the biodosimetric method, alpha dose to the
cells sampled from the exposed animals is estimated by
comparing the cytotoxic or cytogenetic response observed
in the cells with the response of the cells exposed to
alpha-particles in vitro, where the dose is known.

A device to irradiate a monolayer of cultured cells
with alpha-particles in vitro using Am-241 source (3.3
X 107Bq) was designed.
veniently in a common laboratory by a small number of
(1) The
energy of alpha-particles at the entrance of the cell
layer is 3.2 MeV with a standard deviation of 0.25
MeV, (2) the incident angle to the cell layer is 82.8
degrees with a standard deviation of 3.2 degrees, (3)

This device can be used con-

researchers. The device performs as follows:
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the fluence rate is 4.7X10° ¢cm™ min™!, (4) the aver-

age LET for a cell layer 5#m thick is 138 keV/#m,
(5) the average dose rate for a cell layer 5#m thick is
0.10 Gy/min. and (6) a temperature and COz concen-
tration conductive to cell cultivation are maintained dur-
ing irradiation.

V79 Chinese hamster cells were irradiated normally
with alpha-particles using the device mentioned above.
The survival curve was exponential with a D37 of
0.97Gy, which corresponds to the cross section of 22#

m?.

The dose response for micronucleus induction us-
ing a cytocharasin B blocking technique fitted well to a
linear relationship: ¥=0.019+0.111D, where Y is the
number of micronuclei per binucleated cell and D is the
alpha-particle dose in Gy. This result supports the
validity of the micronucleus induction rate as the en-

dpoint index of cell doses.
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Fig.1l Schematic diagram of the device for in vitro irra-
diation with alpha-particles designed in the present
study.
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Fig.2 Distribution of the incident angles, which was
calculated by Monte-Carlo simulation.
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Fig.3 Etched CR-39 plate that was irradiated with
alpha-particles at the cell layer position.
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Fig.5 Measured energy spectra of alpha-particles: (O)
in vacuum and (@) after the traversal of both a base
thin foil and 3 mm in air space, which is the distance
between the source surface and the base foil of the cul-
ture dish.
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Fig.4 Uniformity of fluence rate at the cell layer posi-
tion: Frequency distribution of the number of tracks
counted in each 254 m X254 m square on the irradiated
CR-39 plate. Randomness of the spatial distribution of
incident positions of alpha-particles was verified as a
result of the closeness of the fit between the measured
frequency distribution and the calculated Poisson dis-
tribution.
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for the beam available in the present device, by appro-
ximating the values tabulated in ICRU REPORT 36 by a
polynomial function of alpha-particle energy.
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Fig.8 Survival curve for the V79 Chinese Hamster cells
exposed to alpha-particles with the energy of 3.2 MeV.
The line represents the fit of exponential model with the
D37 of 0.97 Gy
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Fig.9 Dose response curve for micronucleus induction,
which fitted well to a linear relationship: Y=0.019+
0.111D, where Y is the number of micronuclei per
binucleated cell and D is the alpha-particle dose in Gy.
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Fig.10 Theoretical prediction for micronucleous induc-
tion where p (number of lethal lesion per single track)
is 0.5 and m (probability for micronucleous induction)
is 0.12, which showed a good fitness to the observed
dose response curve for micronucleous induction.
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tween p (number of lethal lesion per single track) and
m {(probability for micronucleous induction).
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Studies on the Carcinogenesis Induced by Internal
Alpha-emitters and Its Biological Modifiers

Yoichi Oghiso, Yutaka Yamada, Haruzo lida, Kumiko Fukutsu,
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The carcinogenic effects of an alpha-emitter, 239py,
were investigated by animal experiments as focused on
both pulmonary tumors after inhalation exposures to in-
soluble oxide aerosols and tumor spectra induced by in-
jection of soluble citrate. The life-span study using
Wistar strain rats exposed to Pu dioxide aerosols has
shown differential dose-related responses of malignancies
and histopathological phenotypes of lung tumors, sug-
gesting a threshold dose around 1.0 Gy of the lung
dose. As abnormality of tumor-related genes could be
supposed for the background of pulmonary carcinogene-

sis, the mutations of p53 tumor suppressor gene were
 examined by PCR-SSCP analysis using DNA fragments
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extracted from lung tumors. While mutations were de-
tected in 23 cases(about 28%) among 82 lung tumors,
their relations to either malignancies, histological phe-
notypes, dose, or oncogenesis are not yet to be eluci-
dated. The life-span study using C3H strain mice in-
jected with Pu citrate has shown contrast dose respon-
ses bhetween osteosarcomas and lymphoid tumors around
10 Gy of the skeletal dose, and further indicated speci-
fic tumor spectra differed from low LET radiation ex-
posures as shown by much more frequency of B cell
type leukemic lymphomas and none of myeloid leuke-
mias.
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Fig.1. Dose Effect Relationships on Survival and Lung Tumor
Induction of 239Pu02-Exposed Rats

(A) Lung dose vs. mean survival perriod and benign or malig-
nant tumor incidences.

(B) Lung dose vs. incidences of lung tumor types.
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Table 1 Intranuclear p53 Protein Accumulation and Lung Tumor Types
in 239PuO2-Exposed Rats

Histological No. p53 Protein Accumulation*
Types Examined Negative Slight Positive
Adenoma 84 84 0 0
Adenocarcinoma 136 121 14 1
Adenosquamous Carcinoma 68 41 25 2
Squamous Cell Carcinoma 18 9 5 4
Total 306 259 4 7

* Criteria for positivity by immunohistochemistry: negative, not detectable in
all nuclei; slight, detectable in 10% or less of all nuclei; positive, detectable in
30% or more of all nuclei of tumor cells
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Fig.2. PCR-SSCP Analysis on p53 Mutations of Lung Tumors
from 239Pu02-Exposed Rats
Distribution of mutants and lung tumor types in each exon.
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Fig.3. Dose Effect Relationships on Tumor Incidences of
Citrate-Incidences Mice
Skeletal dose vs. incidence of each tumor
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Fig. 4. Onset Time of Lymphoid Tumors from 2Pu Citrate-Injected Mice

Numbers of lymphoid tumors appeared after injection

Table 2. Histological Phenotypes of Lymphoid Tumors in 23%Pu Citrate-Injected Mice

Experimental No. U Histological Phenotypes*
Group Lymphoid Thymic B Cell T Cell B Cell Malignant
Tumors Lymphoma Lymphoma  Leukemia Leukemia _ Histiocytoma
Control 20 5 8 0 0 ¥,
Pu Injected 29 L 13 2 13 Q9

* Differential diagnosis by immunohistochemistry using Thy1.2 and B220 monoclonal antibodies
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