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Behavior of Tritium in the Terrestrial Environment

Tetsuo Iwakura, Yoshikazu Inoue and Kiriko Tanaka-Miyamoto

Behavior of tritium in the terrestrial environ-
ment was studied in the vicinity of nuclear
facilities in Tokai-mura, Ibaraki Prefecture.
A trend of fallout tritium concentration in
Kujigawa and Nakagawa rivers in Naka Terrace
was well simulated by a modified tank model,
in which river water was cosidered to be supplied
with a mixture of discharges of three layered
aquifers in the underground of Kanto Plain
whose residence time was estimated at about
4, 8 and over 30 years, respectively. A relation-
ship between monthly washout deposition and
a source distance was clearly observed along
the southwest direction of two heavy-water
moderated research reactors in JAERI and was

1. &8

BT & 5 RGP Eniz b Y F v 4
(3H) 7, IEBITLUERIICARIESLET
I, BA2ORET 2 VYR58 (K&, BK, +
B OB ARAEEZONS, ATET
B, FATOEAF— 4 2RICT IV X T 654
R ARERIBEBO SHOBTEHELLUZD
XERTE@FEBEL, HREGERINCLAEREED
NZ A= DOEEFWHMLIBEEEEL, Bi O

Division of Environmental Health

well simulated by a sector model in which a
proportionality constant for a washout constant
was estimated to be 2.6 X 107® amm™ s7*.

Two to three times higher tritium concentra-
tion was observed during three years in organical-
ly bound form than in tissue water form in pine
needles collected near tritium facilities. Mean
annual tritium concentrations of both forms
were well correlated with mean annual tritium
concentration of monthly precipitation, mean
annual fritium deposition and annual tritium
discharge rate. Soil was suggested to play an
important role as a reservoir and source of
tritium for plants, atmosphere and ground-
water.
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1982 1983

APR MAY JUL SEP JAN MAR
Deposi- Obs. 6.4 32.1 67.5 11.2 3.9 17.9
tion Cal. 11.8 72.5 41.1 8.0 2.4 29.9
(nCi/m?)
RATIO (Obs/Cal} 0.54 0.44 1.6 1.4 1.7 0.60
Concen- Obs. 74 234 540 82 233 163
tration Cal. 114 566 325 41 127 259
(pCi/1)
RATIO (Obs/Cal) 0.65 0.41 1.7 2.0 1.8 0.63
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SH =4 ) vy7OEHEOEEE L ThR%E
BAR, HE OEEERETIEL RS, F—
WWITHATHIR, ZHAMLIRRTE3ED
AETHOECENTHERSNTOL3DT, -4
OB ENTIRER C EEETH B, AT,
1981 FE®¥Nh 5 1985 EDOMIKH 6 iIK/RT P 1
~PADAERTI ~24 Fic | EFEL -/
D 3HAMMBAE TWT (Tissue Water Tri-
tium ) EHEASIETBT (Tissue Bound
Tritium ) &ICHEEL TRIE L7,

1) MEOTWTEEICOWTIE, FE~FErE
HENCEOHIB A AR L, BESic it 4 248
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HES JAERIDFEELTIJRR-2& JRR-3
PORGEEEIN3SH Th R EHESNT,

2) FEFFEOPEREER 500 mOHE P 2 D5k
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D, BHEICERO TH—Th-7, £7, LK
DEEHOESEER, 1291014 LEOHLS
Wolh, THEARKFD SEANDBEARLSH
SlilchEEZ LN B,

3) MG CERELL A, B, T (FEEO
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R Lo SHAKDEER, ABN=1E=%
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EEUKIE, MERRE=— 10 % LTRIT 50
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#5 RO LEOKS D HBEORHS

SH #E. nCi/1 (x£1SD)

NOF 221 -3 53 WER (E/B)

1 1.94 + 0.04 1.55 + 0.04 1.25

2 1.46 + 0.04 0.99 + 0.03 1.48

3 1.79 £ 0.04 1.39 = 0.03 1.29

a4 1.56 + 0.03 1.19 + 0.03 1.32

5 1.51 + 0.04 1.13 = 0.03 1.33

6 1.33 + 0.03

7 1.47 £ 0.04 1.41 + 0.03 1.04

8 1.94 + 0.04

9 1.97 + 0.04

10 1.75 + 0.04
P8 1.67 = 0.23 1.28 + 0.21 1.29 = 0.14
(BHRE) (14%) (16%) aim
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Metabolism of Tritium Bound to Glutamic Acid in Carp

Excretion of tritium bound to glutamic acid
was investigated in carp. Approximately 80 %
of orally administered tritium was excreted with
a half life of 1.4 hour and for the remainder
slower excretion with that of 7 days was ob-
served. Analysis with an ion exchange column
chromatography suggested that tritium would
be released in the form of tritiated water as a
result of catabolism of glutamic acid in the
fish. Tritium bound to glutamic acid was effic-
iently retained in the site of absorption, i.e.
intestine, followed by liver, kidney, gill, blood
and muscle in the decreasing order. A 10-fold

1. %8

BISICHHEEINIZ MY F oL (FYF I LK)
BAEgGic X o EBhicEEES RS, ZOBFEY
D b Y F 0 LMY F o LUK HE LT
TOEEHERBEL, £/, M) FuaksdR
RBEYMBREERDTEDOEEALND, Licts
->T, MIFYLOWBHEENETE, BEPT
OERE VF v LOEREBE AMRCESLEY
HEBITE X CERENICB Y 5B DV TR
SIEHMREBTBLLCEBNBETH B, KEICE
WTRHE—~REEETHIBHAL M 79 LES
BRicEEhcEET 5, KEEYICLE MY
F 7 L OREAB KRR FOBUAA LB LIS
&, Z3E# (discrimination factor)id,

Teruhisa Watabe
Division of Radioecology

variation of fritium concentration was observed
among these organs (tissues).

A dual marking experiment using tritiated
glutamic acid and '%C-labeled glutamic acid
showed higher excretion of tritium, by a factor
of 2 to 5, than that of *C. This could reaso-
nably be explained by postulating a discrimina-
tion by the citric acid cycle between {ritium and
4C, when glutamic acid entered into it. It was
concluded that the energy producing process
would greatly contribute to reducing the reten-
tion of organically bound tritium in the fish.

BT 0415105, 2L TE DB EAENH 1
LEEsnTw s 2, BHO MY FU L
BESERT 3L S BEHETIRBOTS  DEH]
FEIE, BIE 1 AERT BT EhRSATOEY
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BOL S H—@EORBIKELTE N Y FILD
EYEEHBICETS ICEELILND CEPBET
b5, — i, EEREHICBOTM)FILD
FEMIBREISR T 25 h, $1o, BRKHICHL
b YT LADEYEIE « EUENEESE OREK
IR 5 AR B icd B T & DR BRI R
DOBEERBETHLEND CENTE S,
BEICELBA M) F oA (PUFULK OHGA
AL T, RKEREEA A5 EO—EZH,
FYFILADT I BEANDOEIAADEANSN
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F U LK, KFE14 (CEBRE PREEHNCERME
n, 73/EICHAE NIRE IS REICH T B
M) F U LREREDHED ST 3 2 BRAD Y
F v LAORGAD B S IC OV TREDTbA, 7
53 VBICEY M) F o ABAMSES TR
KRETE, TOMBICEINT, sy 3 Vg
WHGAE NIz b U F o A5l 4 5 Ot B
BEBORBICBITLES2BEL, Alkdics
BB7L0E I VBTG LI N FY LOXE %
FRBIDDEREIT>1-DTEDFERICDONT
_A B,

2. BIEFGE

a. AARPICBOAEREN )T v LD ICEE
T B5E FINDEE

Lo

e

BU1  AMIERICB D 2 EREEN U F o 2 DAY
R

AR T OERAEN ) F U A OREICEI L,
BOEENBOOLLTH I LSS ET
WNEEBEZBLEBTE S, AP OEERE

b UF YU LEERL LSS, ThoEMETT
BAbd 5 VREUMERESZT Bna v —r 2 v
b, PLicBEINBLEELZD, CDAV/N—P A Y
FoME OkESF) ORA - HEERESEE
SNBEVELL, BMPOr Y Fusidcl
TRIMERA 20 2 EBEEDON YF Y L L LT
Pk BEHENE, TDav— 2V MTEA
SNIEHEREN Y F o 40— REMLIER %5
o, HEEPTLOEFRROENT v XY
k, Pgbzfgﬁ?.%n; F7z, PbPZFEﬁ@%E (k)
REROEE S, RESERINGBROEFELVLOD
ET5, TNoDBFREIKDLHiCEHT B
LISTX B,

{ SpedCy/dt = kg3 Co— (kygt+ky2) Crrky Co

S dCy/dt= Kk13Ci— kg Cro (1)

LT, S, Sy idavN—FrA Py Py DK x

S (M), Cp, Colda /X —=b XY PPL,Pg DY
F o LBE (mit/M), ColdfEDO M) F9 L8
B (unit/M), 7z, Ko, ki, ki 8L Tky
&i%'??%& (M/T) T.‘_\;i) D, k01:k10=k3’
klZ = kZl = k“ & ?’50 Cﬂ?&ﬁﬁb\fﬂ VN —
P AV Py, PO FULRBERRAD L IC
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(BIS# LERTAE )

Tritium Behavior in Food-Chain

Studies have been made on the metabolism
of tritium in plants, in particular the incorpora-
tion into edible plants.

Samples of the edible plants including rice
and wheat were given fritiated water by a single
irrigation in the plant culture chamber. The
distribution of tritium among plant tissues was
subsequently determined. The results showed
a definite but complex pattern of distribution
according to the period of growth during which
the tritium was given and the time of harvest
of the plants.

The highest incorporation of tritium in the
soybean was found in the bean, followed by the
root. A similar distribution was found in other
species of the plant examined.

Other experiments demonstrated the impor-
tance of the time of administration of tritium
and the time of harvest on the distribution of
tritium in the leaf, pod and seed. Similar find-
ings were obtained in rice and wheat.

1. #®E

Y F U L OBREBFRICE BRI OV T,
BYEEEIRH T 2 b OY, BELENSE LD S
EVSTEN, THNETIREIGR TS, D=1
e, 7 TEHEORHEEDE BT, BEE
RicBIF 2 b ) Fua0BEEZERL, DAL
DO, WYOPALIcL D, Y F v aOiEY

Kiyohiko Arai
Division of Environmental Health

Marked changes were observed in the uptake
and distribution of non-volatile tritium in wheat
grains depending of the times after flowering
and administration.
in wheat fruit was highest when tritiated water
was administered at two weeks after flowering,
a period where the growth of fruit was very
rapid.

To examine the influence of cooking, tritium
content of the grain was determined after 120
minutes’ boiling. The tritium activity decreased
to about 50 % of the original value and the
decrease was about 25 % when milled samples
(40 minutes’ boiling) were examined.

After 30, 60, 90, 120 minutes’ boiling, tritium
concentration decreased to 84, 58, 53,47 % in
the rice and to 77, 65, 56, 54 % in the soybean.
A decrease of about 30 % was observed in milled
rice and soybean samples after 40 minutes’
boiling.

Tritium concentration

ERICB T 2BENRIC, EROH DT & AR
LT&EY) 2R, e L TRy AENT
BEFIC, FOESEASELTHET Ak
D, FEl—OEHEICHEKT 26D THE-Td, #
BRBICERDOEC AT ENTEINI

I olT, AT solEyE:, e L CTERY
BEEIL, B RBREALEDOMIEBCHSD
T, TOHEPEEIRLD, BRBONY F9 4
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(EB R pCi/mg)

HIEL DS g
1 250 932
15 912 73
25 195 13
37 99 10

HTO 10mCi,/300ml pot

F2 KEEBEHAEDO LY FvLRENR

B R () M F LR (pCi Amg
BEL RS | REXOFH | 4 -
= TOHIK ¥ TOHEK

25 31.4 9.86

48

47 29.1 7.73

1 10.9 10.5
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Tritium Behavior in Animal Tissues

Hiroshi Takeda
Division of Environmental Health

Tritium released from nuclear facilities is
converted ultimately to tritiated water (HTO)
in the environment. Humans may be exposed,
however, not only to HTO but also to tritiated
organic compounds formed in the food chain.
To obtain information necessary for dose estima-
tion, incorporation and distribution of tritium
in the cells and tissues were investigated in rats
exposed chronically to HTO or tritiated organic
compounds (various tritiated precursors and
tritiated food). Different amounts of tritium
were incorporated into the tissue organic con-
stituents as organically bound tritium, OBT,
depending on the chemical form of tritium.
All of the tritiated precursors examined (trit-
iated leucine, lysine, glucose,
thymidine, uridine) gave higher incorporation

glucosamine,
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into OBT than HTO. The highest incorpora-
tion was found in tritiated amino acids (leucine
and lysine). Furthermore, tritiated wheat,
examined as an example of tritiated food,
showed higher incorporation into OBT than
any other tritiated organic compounds tested.
The results indicate importance of tritium up-
take into OBT through the food chain in tritium
exposure, thereby giving higher tissue dose than
HTO.

The present study also revealed non-uniform
distribution of OBT in the cell, the pattern of
which was different with different chemical
forms of administered tritium. This should be
taken into account for risk estimation for each
tritiated compound.
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percent of activity administered
per gram freeze—dried tissue

Tissue
HTO *H-leucine *H-glucose *H-thymidine

Liver 5.6 31 15 19
Kidney 4.8 25 13 13
Testis 4.4 26 11 10
Spleen 38 19 11 11
S.intestine 4.3 17 11 15
Muscle 3.1 20 6.3 6.8
Brain 3.2 16 8.4 7.3
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Percent of activity administered R value %
per gram of wet tissue Tissue Hydrogen content
Tissue %) Tritiated Tritiated
Tritiated Tritiated water vheat
water wheat
Liver 7.1 0.20 0.74
Liver 13 48 Kidney 7.62 0.16 0.45
Kidney 15 41 Testis 6.32 0.18 0.37
Testis 15 38 Spleen 6.12 0.16 0.47
Spleen 14 33 Lung 5.61 0.20 0.56
Lung 13 35 Heart 8.15 0.11 0.37
Heart 13 35 S.intestine 7.95 0.14 0.41
S.intestine 12 33 Muscle 5.93 0.14 0.33
Muscle 15 31 Brain 9.26 0.09 0.18
Brain 15 35

3 CSHEM/NES KU HTO ERERSROHAET
SHEE

Percent of activity administered Tritiated
per gram of freeze-dried tissue jﬁey

Tissue

Tritiated Tritiated Tritiated

vater wheat water
Liver 5.6 61 10.9
Kidney 4.8 40 8.3
Testis 4.4 27 6.1
Spleen 3.8 33 8.7
Lung 4.3 36 8.4
Heart 3.6 35 9.7
S.intestine 4.3 37 8.6
Muscle 3.1 23 7.4
Brain 3.2 198 5.9
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sH - Fraction (%)
compound

Cold-PCA Ethanol—ether Hot—-PCA Alkali

soluble soluble sofuble  soluble
HTO 65 13 3.1 19
(*H) leucine 7.7 3.7 8.8 80
(*H) glucose 27 37 33 33
(®HJ) thymidine 48 21 17 14
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d
compoun Cold~PCA Ehtanol—ether Hot~PCA Alkali

soluble soluble soluble  soluble

HTO 34 22 4 40
(*H) glucocse 39 13 4 44
(*H) glucosamine 15 21 8 50
(*H) thymidine 45 17 9 29
(*H) uridine 47 14 23 16
(*H) leucine 8 6 4 82
(®H) lysine 22 6 6 66
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Percent of administered dose per g dried tissue

Tissue
Tritiated water Tritiated food

A B C A B Cc
Liver 5.6 4.8 S 61 32 7
Kidney 4.8 4.7 5 10 32 43
S.intestine 4.3 4.1 4 37 26 68
Lung 4.3 3.8 3 36 2 41
Spleen 3.8 3.6 5 33 22 43
Heart 3.8 3.3 4 35 2 38
Muscle 3.1 2.7 2 23 12 13
Brain 3.2 7.2 4 18 12 11

A Present report (experimental animal: rat, tritiated food:

. tritiated vheat, duration of exposure: 22 days)

B :Rrport by Pietrzak-Flis,Z. et al., (experimental animal:
rabbit, tritiated food: tritiated alfalfa, duration of
exposure: 23 days)

C : Reort by Rochalska,M. et al., (experimental animal: rat,
tritiated food: tritiated rat meat, duration of exposure:
S days)
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1) Hatch, F. T. and Mazrimas, J. A.: Tritiation
of animals from tritiated water. Radiat.
Res., 50, 339-357, 1972.

2) Choi, L. C. and Aronoff, S.: Photosynthetic
transport using tritiated water.  Plant.
Physiol. 41, 1119-1129, 1966.

3) Takeda, H. and Kasida, Y.: Biological
behavior of tritium after administration of
tritiated water in the rat. J. Rdiat. Res.,
20, 174-185, 1979.

4) Takeda, H.: Comparative metabolism of
tritium in rat after single ingestion of some
tritiated organic compounds versus tritiated
water. J. Radiat. Res., 23, 345-357, 1982.

5) Pietrzak-Flis, Z., Radwan, [. and Indeka,
L.: Tritium in rabbits after ingestion of
freeze-dried ftritiated food and tritiated
water. Radiat. Res., 76, 420-428, 1978.

6) Rochalska, M. and Szot, Z.: The incorpo-
ration of organically-bound tritium of food
into some organs of the rat. Int. J. Radiat.
Biol, 31, 391-395, 1977.
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Microdosimetric Properties of Low LET Radiation

Kazuo Hoshino, Katsuhiro Kawashima, Takeshi Hiraoka and Hiroshi Yamaguchi

The microdosimety system for tritium f-rays
was constructed. It consists of a spherical wall-
less proportional counter, a gas flow controller,
electronics (including a logarithmic amplifier)
and a multichannel pulse height analyzer. Micro-
dosimetric event distributions for low energy
X-rays and *°Co, *7Cs and #'Am 7y-rays were
measured using this system. Low energy X-rays
were used as tritium (-ray substitute, and 7-
rays sources were used to check the system.

The simulation of a microscopic volume of
tissue of 1 g/cm?® is achieved by replacing it by
a much larger cavity (2.54 cm ¢) filled with
tissue equivalent (TE) gas of much lower density.
The TE gas employed was the propane based
gas mixture. The simulated cavity diameters(d)
chosen were 0.5, 1, 2 and 3 um for a % Co,
and 1 and 2 um for the other radiation sources.

Microdosimetric quantities such as the fre-
quency-mean and dose-mean lineal energies

Division of Physics

(yg and yp) were computed by personal com-
puter from measured data of lineal energy distri-
butions.

The results are compared with those of others
who employed similar wall-less proportional
counters. An agreement was found for %°Co
and 7Cs, v rays, however, differences larger
than experimental uncertainty were found for
low energy X-rays.

The quantity ¢ which was derived from the
dual radiation action theory by Kellerer and
Rossi was calculated from experimental value
of ¥p. In experiments where the dose is small
compared to {, RBE should be proportional to
{. Therefore, the RBE value can be estimated
from {'s. The estimated RBE values were re-
latively independent on the simulated cavity
diameter. These results agreed with those of
Ellett and Braby.
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Radistion Effective  Site Dia. ¥ o ¢ RBE
Erergy(kev) d (um)  CkeV/us )
Co-80 1250 0.5 0432 249 203.2 0.6
1 0.3 LT .1 0.5
2 0341 1.3 7.0 05
3 0.302 1.8 2.9 0.5
Cs-131 660 1 0.461 197 40.1 0.6
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X-rays
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2 133 3: 16.5 11
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80KV 3.0 i 141 38 753 11
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0KV 31.8 1 143 370 5.4 11
2 143 3.5 16.6 11
80KV 2.9 1 150 378 182 11
2 153 323 165 1
50KV 28.0 1 151 3m 16.8 11
2 162 3.3 171 1.1
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Co-60 0.371 L75 35.7 Present work
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0.380 1.85 33.7 L.A.Braby & W.H.Ellett
0.298 1.62 33.1 M.H.Varma et al
0.301 1.51 30.7 Y.Hoda
Cs-137 0.48! 1.97 40.1 Present work
0.371 1.85 37.7 P.Kliauga & R.Dvorak
0.395 1.89 38.6 M.H.Varsa et al
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102keV(250kV) 3.73 6 V.H.Eilett & L.A.Braby
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2Tkev (65kV) 5.39 1o V.H.Etlett & L.A.Braby
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Tritium 5.39 110 V.H.Ellet & L.A.Braby
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Yields of Free Radicals in Water Irradiated by Tritium g Rays

Hiroshi Yamaguchi, Katsuhiro Kawashima, Kazuo Hoshino and Takeshi Hiraoka

A detailed track structure of electrons in
water is considered in the prescribed diffusion
calculation for a many-radical system. An inter-
spur distance of an electron path in the primary
electron and subsequent § rays is introduced by
using the average energy to produce a spur and
a restricted energy loss by an electron along the
path, which is characterized by a cutoff energy.
The resultant G-values of free radicals for each
electron path are summed up to give the integral
G-values from the whole paths by the electron
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FEAEDNRMDOEETH B,

COMX T, M@ s > THRANE Bb
15, bYFULBEICE S TKBIICED 55
WEHREDONEAHEE T 2 ER k2 L,
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degradation spectrum. The concept of the inter-
spur distance of an electron path segment and
the use of the electron degradation spectrum
improved the calculation. The yields of free
radicals by ftritium { rays are calculated and
compared with those of ®°Co v rays. The result
suggests that the indirect processes, determined
by the whole yields of the free radicals, are less
important than others with respect to higher
RBE of the tritium f rays relative to 7y rays.
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BB DO D, free radicals DK
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& OHBESILENTE 275,
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CEDWHINEEEITRD, % %electron
degradation spectrum TCTEAFMD L TES
NBERD I, TORMDFEVICK>TEDHEK
EOTREMEE 2 BB o NS L HiE-
720

CDHXTIE, €D Yamaguchi @ HFHEOHEE
AN, bPUFYLBBAOBERAIEZNICLB
HEZEBRNB,

2. A prescribed diffusion model

a. TREMHEE

KhZEZEFTOZFNVF -DBRAKE N &,
HMRichic b 0 @hFLET S5, M1 IKZOES
T2 4 HRICh - THOTH 5, EROH
RIZHBREE RO T 2 v F— 3P E L TIES

A M :

N 7T
U \ﬁ :I/ NN primary electron
Zy

M1 BFHERSEEOHER, Mz ir¥-ED
—IRBTFH» 5 4 HRICH B0 HAHETH B
PleRde —IRBFREV IRICTBOTRD
M (zxvF—Dicutoff energy c =506V
LDREWV) BB E TORBBOE 5 AR
FEFD, ZOEIK—EDRKEED spur(Es
=50.5 eV ) BREWIF O F v F — IS L
7BEBEZ | S &0 DRI IR,

L T RS asi aem e S

10°*

10°

10?

10"

10°

y(E.Q),micro-meter keV™

107

1072 - -
187 17 10 10" 10 10°? 10!

Degraded energy, 0, keV

K2 The electron degradation spectrum
y(E,Q),
4HERICh 23 s BAEEUBAICOVT
Pagnamenta & Marshall? OFERKRE -
TR zo &4 ORI —RETHR E, = 14.6
Gevi(i=1, 2, — , 18) ccic¢i=2
Dy (E, Q) 2717, KHMENERL 3E5KEBO
oy i3 BRI BE DB EIT G B,



<, & OBUITRMNCIN » TIKDFAEBREL 72 0l
LD LTIZAVF-2EL 5T, DI
DIEFEHNIC T 3 v F — %46 5 T L FRIBDEL S %
C T TRIRBIA &8s, REFIF 3T D 5 v
F~-TCHENITSNBZDT, K& & D—Fspur
TEZLE, MPWIFCED spurfIBEEEZ, 3
ZTORBUF ZHYAT 260 L TEATE 3,
REF) - OTREF 2RI 72 2 5F013 electron
degradation spectrum y (E, Q) THMET
& 3,27 T3, Pagnamenta & Marshall?
DHETHEL, K2itRLT,
b. BSHRE

BFHE/EBEBRI0-2~10"1 Bickd 3K
WEHRARITRDT L TH 5,

Hy0 — eaq-» H, H30T, OH, Hy (1)
Zh% species MICE|EHOTRET 2{LERIG
RUOBSREERER 1 ITRT,

£1 RUSR & SUSEEERS

Reactions kx10-18 M-1sec-!

(1) €sa- * €sa- + 2H20 — H2 + 204" 0.55
(2) esa + K+ Ha0 — Hz + OH- 2.5
(3) e~ + H = H 1.7
(4) eaa- + OH — OH- 2.5
(5) eaq- + H20z — OH- + OH 1.3
(6) H+H# — e 1.0
(1) H+ O = K20 2

(8) H 4 Ha02 — Ho0 + OH 0.01
(9) H + 04 ~ H0 10

(10) OH + OH — H20. 0.6

c. WRESUSHRE
HLMMIA Eicd B spur D species i
DIEE C (3, KDL 5 HTERICHES S,
dCi/dt=Dj ¥ 2Cj - 2;Kjj Ci Cj +
2, k#i KjkCj Cx ~Ks Ci Cs (2
T T T, D BILEAEERL, Kij dspecies
i &species | OO RIGEEERTHD,
Kg Ci Cq d species 1 LBE (ZDEECY)
E OB RN 0 ORIEEAERT, BEDZEM
DEEH GaussianlETHsd EREL, QREL%E
lichlk - THEST5&, QRid spur DR O
species i D N; icxtd 5 AERNCFET 5,
dNj/dt=- 2;Kjj Nj Nj fij+ 25 ks
KikNj fjk ~KsCs Ni, (3

fie=Cl+{m(bj 2 +by2) } (L2073
/ST (by 2+ b 2) 3 (372), 4)
CCT, 21 b FEORUYF _ETDspur
FaREREE R 98), F7c bj 213, spur DEHD %
REETHHHMEE LT Gaussian D ri© @
2EHBELN, HEUC L DI it RE 5
T<,
d. ﬂ%ﬁrtﬂﬂ* spur f&FEEE
—IREFHUCT T BHIBRAIEREL 1, ¢ %
%Aﬁé

Ly, c= j‘ N1 (E,Q) (Q+B)dQ
+Be e (B), o)
¢, Ny (E, Q) dQUE = x Vv¥~ED—X
BFHEOBMNES S DOREL» S, (Q, Q+HdQ)
DIFNVF—5# - THTL 38R0 HFOE
%789, B=126 ev {d ionization potential
THY, c B cutoff energy, Bo=13ev?) &
the mean excitation energy transfer, Z L T de
(B) B—REBFMRoBEIcN 3 2 Wi’ +
AN S

F2 1 EB)Hr o, TREFIA O spur FEIEEEEZ X
DT EL EHTB6),

Z1=Es/Li,c, 6
T, Es id spur —l%{E2DICHE T &
WE-—THD, RPEICHI > T—ETHBE
T 5,

e. BFHOBAGE

T RIVF-NQOREIF L TOWNGIE
Gi’ (Q) & 100evH7z0 D species 1 DT
&5H, QEBROE,LSRKH LN B,

Tz A vF-EOBETD, BHGHER
electron degradation spectrum y (E, Q)
2 ffi-C,

Gi (B) =/ G,, (Qy (E, QL(Q)dQ

/f y(E, QL (QdQ (0
Ekwonsd, T, L(Q) 3LeMikfEx R
ERS

TREHRD B RO BTFRICH L T v¥ —

ki P(E) EROBE, €OEPGHE Gi iE,
fO P(E) Gy (E) dE. 8
J:f’&éo

3. WmREFW

EIT S HRERE) I3 t =107 12~3%x 1077
Wichic b, MBS E LT Schwarz Y 0f#,



species OYIHERIE Burns 00 E A V1S
HT iR B,
00Co 74 & B #5i5 4 TSI % Fricke
dosimeter OEERME 1D & HEE% h~F, Zh
LRSI T E2EFOL 2 VE -7 P (E)
Wk 12 B Wi sz vk 3,
spur M@ species OYIHEIFERE LD ©
Schwarz® OEABE L THH I,
INEAEELIHZ T, Fricke dosimter
DEREEZROBETLILHIN Y52 -4 —Es
Lo LB SN Es = 50.5ev, c=50ev £73
5770 F 21T Fricke dosimeter OGEDETE
8 EEBRE & DHERERL 72, 3 it & species
OBNGED T 2 v F—IREM-ER LI,

%92 Fricke BBITG (Fe®T) OITEE L EilE!)

& D
radiation calculation experiment

8 rays
1. 3 12.91 12,9 + 0.2
2. 353 14.80 14.3 = 0.4
3. 98y 15.72 15.4 £ 0.4
4. 32p 15.64 15.3 = 0.5

7 rays
s8Co 15.55 15.5 = 0.3

#£3 0COTHICKDKPICE U BREEEE DI
BICHOVCOFEE & ERET) &DOHE

Calculations Experiment”

Species Burns Truabore Present vork

€se” 2.85 2.97 3.04 2.70

Of 3.06 3.67 2.86 2.86

" 0.712 0.804 0.647 0.61

Ha 0.407 0.452 0.402 0.43

202 0.659 0.503 0.82 0.61
G(Fe?*) 15.08 16.0 15.55 13.01
€s in eV 82.5 60 $0.5

% Data in the presence of scavenger.

#£4 SHARKRUYOCo rfglc Lokpick UFc&E
WEEE DINE

Tritivm 8 rays %Co r rays

Species  Calculation Experiment Catculation Experiment:

Cse” 2.318 3.04 2.70
OH 2.140 2.86 2.86
# 0.641 0.647 0.61
He 0.503 0.402 0.43
H202 0.814 0.82 0.61

G(Fe3*)*  12.91 12.9 £ 0.2 15.55 15.5 £ 0.3

% Data in the presence of scavenger from
A.Appleby and H.A.Schvarz, J.Phys.Chem.,73,1937,(1969).
tt A.0.fregene, Radiat.Res.,31,256,(1967).

G of species i/100eV

Electron energy. keV

3 BFBRICEDKPICE L KRB EHEEDOE N
. MBI LEFEThTN 1 =¢e,44—,
2=H, 3=H", 4=0H, 5=0H",
6=H,0,, T=H, %77,

#3112 60Co 1 ficxld 2 ERE & OB RTD
ChE CTOHEMEDHKETRT, e OHER
TREFT s pur FIEESE% (55 Burns 4Tr umbord)
LR ERABED—HTHBH, ChETOD
Es=60~625ev ThdE b TOicb DD,
EidbHIFTC LIS Es=505ev &7 orm
DL WEIRSS EBbh B,

Al r ) FuLPHRICEBEE speciesDG
% 60Co 7R ID & DI TRLI, b
) F YLDV TOERMBEER S, 8% 60Co



rREDHTRYTE, eqq =076, OH =
0.75, H=099, Hy= 125 Hy Oy = 1.11
LiEsEE N, NBHTIAMEALOE H,) &
He O2 23 TH -1 LML, K3ITRENT
WBEIHIRINEDOHFOCHED T V¥ —KF
HEREFNEEFELEELNEVDT, PIFYU
4 DR BE kdic A & nfosk 5 F 4 v DFRIN
BICHED & D REEARIGER L TWADTH
13X %51 L DRERERZT 5,
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Synthesis of 3 Ni Cyclam Complex as a Model of Tritiated Water

Sadao Shibata, Kazuo Watari, Shoichi Kawamura and Hiromichi Matsudaira*®
Division of Chemistry, *Division of Biology

Attempts have been made to use ®*Ni as an
alternative of tritiated water, a low energy f-ray
emitter, sometimes inconvenient to handle due
to its volatility. ®*Ni eyclam (cyclam = 1, 4, 8,
11-tetraazacyclotetradecane) was expected to be
a model compound of tritiated water applicable
in biologic experiments, because of its high
solubility and stability in water, nonvolatility,
and low toxicity.

In the present experiments were studied,
method of preparation, optical absorption spec-
tra, adsorption or extraction behavior, isotopic
exchange of central metal ion, and metabolism
in rat of the cyclam complex.

Preliminary experiments were made using
®0Co instead of ®*Ni, because chemical proper-

1. #8

RERICHESNIZ M) F oL Z20EEAS
BrVFULkELTEETREELZLN, T
ERPFLTH M) FULKAENEET B ENB D,
CDMYFULKBERPTOKERL 228 LTI
ETEMICERLT, BA - BOE b5 AARRKN
KHERIKEDATNE DO TERER LPILE
BREOHELEMSEI P THRVSRETH 5,

DEHBHEELDS

1) dUFYLKRRECEAYAEREFETZET,
EERBDBELLS I #37T 5,

2) MU TFYLOEYRRICEZ B4
BUNDBEHEAZRRL

ties of Co (III)-cyclam are similar to Ni-complex
and y-rays of ®°Co are suitable to rapid and easy
radiation measurement. Carrier free ®° Co cyclam
solution (2 u Ci/ml) was prepared by mixing
cyclam and 9°Co chloride in methyl alcohol.

The %°Co complex prepared was injected i.v.
to rats and the biological half-lives estimated:
they were 6.5 hours (90 %) and 5.0 days (10 %).
Those values were not influenced by the presence
of EDTA in contrast to inorganic **Co com-
pound.

These results suggest that **Ni cyclam com-
plex is very stable and can be used as an alterna-
tive compound of tritiated water. Its preparation
is now being under way.

D2 RBRRTNEMEL L ThEobEiE-1,

FUFULDETUKES LT, EEGOHM
N— S RHET, NS BOFARTRF -5k
VF O LDZNICENSDOBEE LT EiFnD
ETHHEL, COEMSIE3H OBERT A VF—
186keVitHR &1L, BRBIKBATERH K
HiE 63 Ni (87 keV) DBEBETHZ, LrLK
Mo, EEED= . 5y VTIRERSH B ESH
TOdky, BRICHT > TIEY L3R E
ZABLEDBYMETH 5,

F7c, TIROD 63 Niicid, NED =y & Vil
BEENTED, Ky FLr—vavenyv
5~ TCOREDE, oy v F v a8 Liti
SHEMELETLEDEE TEEFHITE LW,



INETIEBEH LB Vv F v I 2ELTH
B A mE L, 63 Ni KEK Im1ic20%7 2 2
NEVER2FEETIMLIZDB, InstaGel (Pac-
kard f1) 10ml%2EN$T A Licky, oz v
F Y TBRD NV EOHERRTEHRTE B
CEARRL T B,
AT, Y F 9 skeF LY ORE
SR L, ZOAREBERDEERICDNT
Bt L DTHET 3,

2. BRAE

a. M)FULKETMELEYDEESEM

MU F T LKDETALEYE L TOERBLLL
TOsEEMET D EELT,

(1) KT B,

2) BUBHMEL, AFEPTEAEZTTICE
EWHFEELE S,

Q) R ERANDE D AAPCEE T
51500,

4) BRLEO,

(5) FHEOED,

INODEEEEB LN = v r vib&ho
BREEEH AT~ 2DRERT I/ EY Ak
BB LUOKRRICAYABRALTF & 3 5 A 058
WMEEZ SN, BIERTZF L VYT I VIYEERR
(EDTAYA2E LD ELTHLLMLSTFHNSNTHL
56DThbH, BREIFRE, &BA A VBIRHEL
EFoBREEESER SN, 28O
EIBRAEhELIcbDTH B, 174)

Bea &SRS LB EFICRELHEA
2 51,4811 -F 53T aF bFFhHY
(cyclam) BLUZF07+uicE&BHL, £
DL 5 IRET L 72,

Fi, B8 NifkAYEENETAb0D, BIED
B o FHEHIE TN v < B A EE L
Vo L LEH6 Ay < aRid 284718
M=y r VERESEE LIS WD, B LUICES
2EBEERDNB0Co 0 LK ERVEC &
i Lz, 59

b. $EADERK

1) BEER (1,4 811-F b5 7¥vroF
7 TFAY)Y =y (ID):(Ni(eyclam))
(CLO 4)2

G RIT Lo - TiT» 1. THb B, 1
3-IUTI/)FoNvel2-YVIineIy v

Wal, 47 -97FFhv - L10-VT7IvE
Bod, I m=w A vEHERE LTS Y 4
FH—WEREARILL, KBLFIREF YT L
TEILL IO BFREHROBERBIES LT
ke B,

2) 1,4, 810-F hS3F7¥ v aF b3 FhY
CioHoy Ngy=cyclam

(NiCcyclam J(CLO 4 )y /KW A~ 7 VAL,
MAA Y TREL, 7oaofkisaiciliiliz0b
BIRERE, N YhOHEERT S, &E, T
WEBHENTO BRI L THY 2 68055 5,

3) vron (1,481l-F+37¥vsuF
F55hY) =9ho (ITD): (NiCly(cyclam))

I FNTNI =T cyclam (L= v 7 v
TRIGEE, T-FAENAZ B EREROKRE
BB, X FTa - VITHEL LT —FVENA
B ECIDEHETE b, KicE» T &Y
A4 v EfEiELkEeErEd 5,

4) trans- Y7 oo (1,4811-F b5 74
YruaF b FHY) axh (M) (CoCly)
(cyclam ) C#

AFTa —)VHRT cyclam &b a N b
() 2REL, EKEBEU TS 3,
MA S EBEBEOBREDLSEBFEICED S, &
SILESAEBUTH S, ABRAKFHRAELET
5, BREYEEKICE D LIGET B LigEHIRD
HRERSL, CNEABLTELY, T—FIUT
VRS 5,

5) S ETRE S0 Co— cyclam AL © CF-
60Co-cyclam

cyclam 2mg %4 FAF7 I a—wi0ml ITHE
DL, F+ ) TRLEOCoCl o &INA, TS5 1
RIET 5, BIER ImIANA TS Sicl Bz
SEBLAOL100mIE—h—BLTRRT
THEEARET D, BEEK20mlIcE»L, 7
ook ASmIERYD BERRIGOBEMFEZKL,
K% 7 v E2=T7/KTpHBEL, A+ v -
O F IV ABE SmITHRELT7Y) —D80Co%k &
o BEEIRINS v 7 TRFEL, BE1% 0.45nm
DIVERT 745 —ThHifdd b, KTLEX5
ml & L7DL 5mldF2i/NYF LT A4 7olr
AICANTERE L 2,

c. A[RERINA ~7 b

(CoCl, (cyclam))Cln10™2 ML gy %
#AKL, NaCl, NH, OH, AgNO; D #inic
&£ 5500~ 700nm DAY b ZE{LAEFENERE



HICHFEST LB AHEE LT,

d. 80Co—cyclam $8{AD 1 4 viEEB LU IE
A R KRB IE~DREEE
CF-80Co-cyclam 0.5ml % & W kEMAZT
1000micg 5, INE"nL—FHIKNaC1400mg
2P T, H4210ml ERHE0l g —EEERED
FHIKIERPOBREEERAIE L TRELE KD -,
e. FULEE DRI FSHE

1) B

g5 (CoCl, (cyclam)ICl 250mg% 1071 M
L7160CoCl, 7.5m1, [BIEER 0.1 m 10 TINEVA
fRL, BHEBICITH LicER%E b — 3 — 28N 5
ATABL, T bY, T—FU T, ThE
10 100ERMicingvaR L CEERL, —EoH
WETEIC 735 & TR YET,

2) SotEEMSH

$8(K 250mg, 69Co—CoCl, (1071 ML™1)
6ml, NH, Cl 166mgics5mlok, B7vE=7
K3 TENMACTMBER L, BEBICHH L6
A b —3 —AfN5ATABL, TV, T
— T VTEHWEET S, CoDT /3 VEKEKRL
oIl 2 HBRICNEVARR L BHERT %, &5
21 100G BRICINBVARR L CEAER L, —EDik
BHEICE B2 ETRDET,

f. REER

RS 4 25 — 7 5 NICB#ERD® S CF-
8%Co-cyclam $EAEESH L, £EBHEaEERlIc X
D BELERE AT, D, CF-60CoCl,
DOHEEE B L CEDTAZ Eici 5 Lt &0
HELREF L,

BRI 2 DO RN TE S b &
L, SRHDBAZE L ICERERN 2 |/ET 0S5 4
EDCAL1% B\ T Lz, 677)

3. HBR

a. MYFULsKEFIMMLEYDRTESM

FIRTI/RYANKVBEBLUOAHFET
LD BT cyclam OBIRETER & = » & VA
ERERZTRT. I bbhbdidic, KEE
TLHELERVLONTHE VzFLY MY T I VA
FEER (DTPA) T~ T eyclamid 1002 d&HE
1R AE DL B,

F 7, DFEENCK - T cvelam $E{RD S H
IKOFERBED—HERMUL T B E0HEND
54, TDTEDLLSTDILEMNKDETVE
LTHEYESDEEZEZBTEMTE S,

b. EEEDER

BCALF 3 LA DO SRR 1T Lz o500 Hik
FIBEITITH T &SRz, & e 60 Co—
cyclamBERDLHEEER 2 #Ci/ml Th -7,
T, AFvrv—r ook siciiBEns T Y
=D Co? "4 # v RAHBAEZ-THAD LN
=iz,

c. ARERIIN R <~y b
X 2 icfE L DT B % a0 FMERD R <
7 MWERT, 615nm & 605 nmTITIC S IY
Rebdbb, TNENORNOEMA 4+, £
DIF A4 A+ v OIEBEEENICHIEL T B, &)
D7 ALK GO RS

[CoCl;(cyclam)) T+H,0 «—>
(CoCl(cyclam)H, 012+ +C1-

DOFEHEHT 6 X103 ML LRELONTH
D, 08BEEKBETHIEEALEDN (CoCl,
(cyclam))+ & LTHAET 2 T E05FEL SHN
b,

£1 BEATFOT 0 b vB LU=y 5 v RE RIS DL ER

BEAF cyclam CN- EDTA CDTA DTPA
H log K, 11. 59 9. 21 10. 24 112. 4 10. 565
log K2 10. 62 6. 186 6. 15 8. 59
log K3 1. 61 2. 66 3. 53 4. 30
log K 2. 42 2. 0 2. 42 2. 686
log Ks 1. 82
Ni|log Kune| 22. 2 30. 22% 18.62|20. 3 20. 32

X) log Bnis



BEEHE
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cyclam

1

NoCN
R
N N
J HUH ethanc HI\/IH

N
[Br Hz Hz KOH [NH NH2
—_—
Br Hz H2 ether [\UHZ
a I+
#gijt\ufﬁt;jﬁg CoCQ 0;
N/\?}‘I methnno{

X1

1 1 A
500 600 700
#E, nm
K2 Co-—cyclam $EOREIMIBNAZ <7 bov

(1) 0.8 %AtEKF : (CoCl, (cyclam)) T
#ZHKkP (pH 4)
(3) 1 MBEOHEBRATRMED LB
(CoCl (OH,) (cyclam) ) 2™
4) 2 MEDOWBRARINZ DO LB
(Co (OH,) , (cyclam))®™

(5) BBt (pHSB)
(Co (OH) (OH,) (cyclam))?™t

ol
o E ]

- 1

2+
W[l

BT 5 L U B D SRR

d.80Co—cyclam & DR IE~N DIREET)
£ 21CCF-80Co-cyclam#ADRERIE~
@&%%%%ﬁc
&8 D[RRI 2 #a
§3Mmﬁﬁﬁbt%ﬁ%ﬁﬁwwm R ic
OCo%uMmL, BRERERYEL THKSELH
NIFERERT, CNLYERMERRIBIEEAL
Ecémmt%26m5o
. REER
.3 WWHERSB Y 4 X% — 5 » b DB EEE
Hlic X 5 BEMER%EZRY, 4 EDCALLI %H
WTCETE SN BENERE ¥ 5 4 — 5 A RE S 555
Sl )FULOMEELEBITRT,
4. H
ZEOM)F U LEROES BEIEAT
thmof Z DWRRIC L BB AT
HEEREMABELTHS, LHLIESS, b
) F 9 LERN— 7 BEAETH D, b)Y FTak
ELTHEALCESCIER L TERBEDEL
T LG, MEPHHRWICHEL T &80,
&1XW# WSRO BN LEELRZ T T
L, 41AmP M4 Ce DF v v BN RIBH %
BAnaZ Ehd#ks,



%£2 CF—%Co—cyclam $E{EOWER (%) 2

LiE=RTN B 2 4 BRI IRE 4 SEMIESE
BaA> YK 82. 1x1. 3 82. 7x1. 3
T 0.8%&iEk 66. 0x1. 9 867. 5%x1. 8
=3 i EHEK 3.5+£3. 7 7. 0+£3. 8
poi B8 0.8% &IEK 0. 0+3. 9 0. 0x3. 8
EI S IV EYK 34. 8x2. 8 40. 2%x2. 6
MR#E 0.8%BIEK 4. 6+3. 7 0. 1x3. 8
a) BREBKO. 1g/HPE10m!l b)Y 7YN—54+200C

c) 7NX—54F1IRA-804

d) 7YN—54}FXAD-7

*)

3 AUV A A& v DREIRHAAHER ¥
B HERU HiES Y
0.5NiER: 2. 82X10"°° 1. 85X10"°°%
0.2N7 V&7 K 1. 33X10"°¢ 4. 42x10°°7
Co-cyclam + °®°CoC 1, «— 82C o-cyclanm

-+ COCIQ

%4 ColbEBMBIUMN)FILKDT v bERT
DR
548 R EX g RS
88 C o -cyclanm 6. SEME 4. 6H
(90%) (109%)
$8C o -cyclam 5. OFRM 4. 0H
+ EDTA (92%) ( 8%)
88CoCl, 6. 9 3. 6d8
(79%) (219%)
88CoCl, 3. M 2. 8H
+ EDTA (898%) ( 29%)
HTO (3v M) 3. 68
HTO (& }) 9. 6H




100

, %

10

0 Co £ BBEE BREBICKT HEIE)

B3 7 v MCEIRPIRS L CoCl, DREEH
hig
O: 5% Co— cyclam #{&
@ : % Co— cyclam #4f&+ EDTA
[]: % CoCl,
[: % CoCl, + EDTA

MR A S 4 5 & &1, R~ &
ik b ) FuskREALEUHEEN DU T
BB, KEELTIEHENI DAMCENSE DI
Bhloiin, EESEDSBNICL, 207 —
STRFORBEAELTLT I VEREEELLE
EXF ONEE S DESTOENA L /ORETHE
TEEINTRY, KoFLEFHTicd s L
EZ NI,

ZCT, =y rvEEOh TR EF T &ED
{baati Lo, BRATOREME LT, #1
KED BT I /R AR VBETEOLE
DTA, Y7 m~&x4 v 7 3 v AFE#(CDTA),
BLOBEETCLELEHAVWSN TS DTPA
BEFEZONLD, VTIOHEKS ZIEZLE
HEBEOS bIcRE LTHShTLES T E
Diin > T B, 8 -10)

Brd, &BA A VBRER S ORFRILEN
BiEE b O>RBIMLAMIcERL, ChE Tt

FHER bo v F o aOREESTEORFELT->T
1. €T, NABLFTHScyclamp
DTPAD 100 L EM NI sEEEEHT 5 &
L, ZOBEIIKDFRICEREIISADAD DS
DTHHEVHI T EDPLRGELALLOELTE
B4t L ..

b. BAIF cyclam B8 & UstE D &Rk HLERRY
BETH5, F/c, MREVBHEIS L HiCiE-T
I DTEBROMITICTER LBVEHNE > T
7o

SR BE 60 Co $ERIEI ORBLIC IR IULD
BfIF& 80Co #RL T EDBMRETH AL, /o
OhRNVABEUAF Yy —r ook A THET
B LK - TERTE, T2, FEHETESEE
EEFELICT AT EMSELLEREIN TV S
T EaRERL T,

c. (CoCl,(cyclam))CI D10 "2ML™Y
BWIRETH 505, AgNOZHEMLTN L
Yy EIciih, NH,OHTT/VHh Y iicd 5 &5k
Ricisbd, chud, #Eo7 ke #hicl
Faxfhickd D THb, NaClarEliARk
PTRIEEAED (CoCl, (cyclam))+ &173
> T3,

d. CF80Co-cyclam #{ADEERIE~D
TERIZ 0.8 BREKPTEHEA &+ v Hhi ki
DHFELTVABEZ EEZRLTEBY BIRZ~T b
WORR E—T B, BEKITEIT B RERE,
FeCl, B4 4 D XAD— T~DEKE L [6#
ICHEA & Y DBUKBERERR & LTI TE 3,10

e. PLERBORMNALZRITEHERETRAMR
DEZEAERTISEWENLZ S, T Yk Co-
Cl, HEL L TOMHFNDIZO0Co2T 4 4V
DOEFERE L TMANH, Clickd 7y s v
EBBRE N -l DTHA A9,

i, HOBEHR O RICEE7 1) —D60Co Hs
BHENEL -7 &, cyclamdEbicw L
7o b rERELTIEREEESERT A 8L
DIRELME TS 3L b—RTHES D,

f. DIEDEEEREM S OEENESEELSD
THDHLEDBERTEXIDT, HEDTORBME
BpaAic, BT A4 Ry —F o b DL
BEEHANC X AHEMER B 80CoCl, Db D & ILAH
WICRITBEVZ S, BEESBA A v TIHEEHR
HOHH7320% & & 5 DIckt LEEETIZ10%55 T
bbB, £72, EDTAR[EHCEE L /IS ERS
BAA V3 BICEDTASLKES L 985 %o



PICHEENTL 9 Dicxd LEHEADEENTIZ
EAEEEBEZT TR,

L7ctS=> T, RERTEFRNICBOTORNE
EICEEL, TOEYFENEEE (465H) dR
HOOEEIHSH b Y F v LKDIEIHICHNE
WA B,

BT OVT HEEERREAE O FENIIER
T, IO DEEE TR EALEENTNT &N
REN, BHBEVSDEEL LN B,

5. ¥

PlEDC EafnfficBS LTAHS L, (1K
B B, QRBESEL, ERPTELES
FFIEEICELEL, QEDALPRENRET S
7, WHERLTOVT, OFWSMENEVSITLET
H0, cyclamiEkiZ b)Y F o akoEFLEL
THATE S E85hD 7,

At 3 NighiA2 REICAFRRREICERT 5
Lk, BE® cyclam $ADBREZE, A
T, WMEDRBEREELAFARLLENBETH 5,

wE, chEFTIC cyclamBLUPZDTF sy
THVWEIDOBORER, bdhiKF s xF UL

(V) $SEDEZZMEL < vy (1) #iEK
RS IEA 2 — Vv FREBER L T 2 HA D
BABLNBICTER NV, COETE, ThdDEK
R AFEOFRBELEEN S,

6. EE
AFEEZTTEICHI-OREERE L T
O BEEHEEROMERMEEBLUENE
HEBZ L Wil Wit Y ESOETEF T
MEEICEH I LET,

SE X

1) ANIE—, BERE, $£HEkR, TTE:
759 VI —FIAKRPOR]I OWESRE), 5521
EE R LES REs, RIIEROR, 1977.10

2) EFIE—, $HEkR, BERE, TFE:
7 59T —FckBSr ORE, 2GS L
FEmE, B, 1978.10

3) FRIE—, TEE, EHEX, BERE:
Artemisiae folium #RI RE RiEEicE
He 584, FE3OBstEidnse, KK, 1979
10

4) FATIE—, PITEE, BERD, SHEXR,
EFEH ) Ty v Nick AREHKERED
A4, FOEMEMEFERES, MAE, 1985.10

5) SEHEK, WRIE—, Efl—K, WMEEHE,
FRIERER : 60 Co—v 4 7 5 L $EEDARR, %21E
B2 B ARNTRFEFHES, HIiR, 1984,
7

6) LM% : EDCALFIBAEY 75 40DH
¥—TSS THXARN2FEICLD T A—F
e (1), REHERSE, 25, 172-175, 1982

7) BsHEKk  EDCALFI|HZEY 7 v 25 4D
BFE-TS STHEZBRN2IFEICLSE/ VT £~
SHEE (2) , HREHERRIZE, 25, 193-198 , 1982

8) MER, [IRIRTF, EHES, BEM—
BR, LM AR, WA, RKER, EHFZB:HF
) =% 4 DTPAIC & 5 NMR—C TE BT
HmEORA, MES, 22, 219-224, 1985

9) MEiER, BEM—ER, WEEF JHE
BLEHEHR, BREL, AR, BEC, RER
EHZHE A F) =29 ADTPAIC L 5 NMR—CT
BHERERE G2 —Biv/ S5 a L3
HMPGFRAIEREIC DWT, IES, 22, 1615—
1624, 1985

10) 2Bk : GA—DTPA : NMRA X —Y v

JERK|, {b3 & TH, 38, 381, 1985

1) ERl—K, 5HETF, EHER, ZHIEHK
DAt E A E L TOMRBIIEERY v L
5 v 7+ —LOMA, BREBETHELSE, 26,
384-391, 1984



I EpfilEaEH 2z ) F 2 20
HW5h R o M F 5%

1. PV FvailXAEHPMEE X OZDDNASFO

FEEICBE 9 5 PF9E

" OF M O E E (MR

Tritium Effects on Cultured Mouse Leukemia Cells L5178Y

Akiko M. Ueno, Ikuko Furuno-Fukushi and Hiromichi Matsudaira

Effects of tritium, tritiated water and tritiated
organic compounds, were studied in cultured
mouse leukemia cells L5178Y, with cell killing
and induced mutation as end points, by using
acute and low dose-rate y rays as reference.
Effects of D, O were also examined.

Beta-rays from HTO had an RBE from 1.3 to
2.9 relative to low dose-rate 7y rays, the values
being higher for induced mutation than for cell
killing.

D,0 at 45 % enhanced the cell killing and
mutation induced by +y rays and HTO. It abolish-
ed totally the dose-rate effects of vy rays for cell
killing. The results with D, O precluded the con-
tribution of isotope effects in the action of HTO.

The effects of ftritiated organic compounds
were examined in detail. Tremendous differ-
ences were found in their effects when compared

1. ¥#E

b F T LKIZIEESRMES DT, ERICILEXN
Bl EALEOFOBBETH D, EHEDOKEBR
X0 SREEHSLEIT S, £ T, a3 BN
DOEGISHIALBYBERMEEZR T Y F Y L0

Division of Biology

on the basis of their concentration in the med-
ium (for example, tritiated thymidine was about
1000 times more radiotoxic than HTO). These
differences disappeared when compared on the
basis of the absorbed dose. HTO and tritiated
amino acids examined have given similar dose-
response relationship each other for both cell
killing and induced mutation. Tritiated thymi-
dine, however, was found to be about two times
more effective than HTO and tritiated amino
acids even on the basis of the absorbed dose.
Therefore, tritium incorporated into DNA of
the cells may have actions other than § ray-
irradiation.

These results indicate the importance of
measurement of the absorbed dose in the esti-
mation of risks from tritium.
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Cell killing

HRRASE L ERE R OB —RUIRD/ 5 A — 5 —o #IFEIL S= exp — (aD+AD?)

EREREE Y=aD+ D2 L7 4 v b ST,

Range of dose

* %k
tested oL ﬁ RBE
{-rays acute 0.5 - 6 0.277 ¢ 0.01 (1.12 + 0.086)%X1072
{-rays chronic 0.5 - 6 0.279 + 0.028 -
HTO 0.5 - 4 0.356 + 0.024 - 1.3
3H-amino acid 0.2 - 7.5 0.461 z 0.029 - 1.7
H-thymidine 0.2 - 2.5 0.980 + 0.074 - 3.5
Mutation
¥-rays acute 1.0 - 5.0 6.9 + 2.63% 3.03 & 0.75%
0.5 - 3.0 9.0 + 2.6 1.80 + 0.65
¥-rays chronic 1.5 - 5.0 8.1 + 1.25 -
0.5 - 3.0 7.7 £ 1.3 0.25 + 0.14
HTO 1.5 - 5.0 14.8 + 3.7 - 1.8
0.5 - 3.0 22.2 + 1.6 - 2.9
3H-amino acid 0.5 - 5.0 19.9 ¢ 0.43 - 2.6
3H-thymidine 0.3 - 2.5 45.8 ¢ 0.67 - 5.9
* x10-% in ay.
*% relative to ¥-rays, chronic.
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Az CH)7 S /BIEEKO D, B
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573 /BROMICRENET O, #-T, H50H)
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1 0.1 Gy,/h DREEAES A 5 Eeirb O ILEE

HTO 37 MBg/ml ( 1 mCi/ml )
3H-Arg 74 kBg/ml ( 2 uCi/ml )
3g-Lys 111  kBg/ml ( 3 uci/ml )
3H-Leu 148 kBg/ml ( 4 uCi/ml )
3g-dThd 55 kBg/ml ( 1.5 uCi/ml )
31-asp 4.4 MBq/ml ( 120 uCi/ml )

b L, EENTIR G- EWMDAENS
AREM: DD B o

CH)F 3 Y v OBEEE B L URARERFEFR
BN EEM D TATS CHIT I /B, H
TO, 7#HEELIDBED, T ORI Liber
54 DEERLDLE-TVS, BHERELY v
SEERRER A EY, CH)F 3 Y v OBBEHRE
HTO kb s, RAEZEFRIE HTO LELUTH
BT ERHE L, Chide b Evy ROMED
BOCL D, NEERSHICESHOHEE LT
WIS B NSRRI - oo b Ly, (CHIF
I VY OMBEBSFIANIC KRS VERESDET A
HE S TSV S, BHRLIALD DNA IKHLDAE
nizh YV F o a0 (B HRERSESLTVSE
Bbd, (AFN—3HIE (6—-°H)FIVV
DERERFZRDBICENDL LD LERY 3
oY g uNIRNy T ) TIEBT L, WY
BEZAMAS T & Cleaver %) ICdk » THE SN,
L L, HxDERTRMERIKENSS SN
517 BEHEE LM TS, CleaveridEEHIR
BEOIaAE HY, A LB EVHRETER
LTWADT, #DLHIEEN, HIBEEDOED
BREBENTHBHEDhS LN, (CHIF IV
VISR ELR T & b, REDORE
D HEBEAPICID AT NG C LIFFRA SRV E
BbhdDT, VA/EEDHE»LEHEOM
BICT BLEBERIBVTHA D,

HERRMI ) ORRERFRETAHAS L, HTO
B CHIF I P Vicld 3 Emb, D&
KEWERBEMESEICE S & OISR OTER
BETHAD.

5. #&mm

paETh D = v R BRI TH N b ) F U LK
® RBE BIREBREHEICE - TEL LM, TXT

1.5 5 30BThHY, 2A2BABEEND S,
U F o LEET I BORHRIEO N FY
LBEMI D THENRDE MY F U LKIOIEFIT
KEL, TI/BOBHICL > TEENH LD,
AR B 72 U THANULTEA E 20510 {1 5,
F YT AEBLEY ORI EEYS DT
FHNRBLEMBETH D, M UFULOEROK
W BRI L BBDTHEH, b U F U LIEHR
F IO Y F Y abEYE D SEOHIN
IR PEREME B, Thicid gREUSAD
SHESHES L TWAEEbLN5S,

S5

1) Knaap, A. G. A. C. and Simons, J. W. L. M.:
A mutational assay system for L5178Y
mouse lymphoma cells, using hypoxanthine-
guanine-phosphoribosyl-transferase(HGPRT)
-deficiency as marker. The occurrence of
a long expression time for mutations in-
duced by X-rays and EMS. Mutat. Res., 30,
97-110, 1975.

2) NCRP, Tritium and Other Radionuclide
Labeled Organic Compounds Incorporated
in Genetic Material. Report No. 63, National
Council on Radiation Protection and Mea-
surements. Bethesda, 1979.

3) Ueno, A. M., Furuno-Fukushi, I. and Matsu-
daira, H.: Induction of cell killing, micro-
nuclei and mutation to 6-thioguanine resis-
tance after exposure to low dose-rate y-rays
and "tritiated water, and their potentiation
by deuterium oxide in cultured mammalian
cells L5178Y. Proc. of the Workshop on
Tritium Radiobiology and Health Physics,
NIRS-M-41,;19-34, 1982.

4) Ueno, A. M., Furuno-Fukushi, I. and Matsu-
daira, H.: Induction of cell killing, micro-
nuclei, and mutation to 6-thioguanine resis-
tance after exposure to low dose-rate y-rays
and tritiated water in cultured mammalian
cells (L6178Y). Radiat. Res., 91, 447-456,
1982.

5) Ueno, A. M. and Matsudaira, H.: Deuterium
oxide inhibition of gamma ray dose-rate
effects in growing mouse leukemia cells.
Proc. of the Second Workshop on Tritium



6

~—

7

~—

8

~—

9)

10)

Radiobiology and Health Physics, NIRS-M-
52, pp 110-126, 1985.

Ueno, A. M., Tanaka, O. and Matsudaira,
H.: Inhibition of gamma-ray dose-rate ef-
fects by D, O and inhibitors of poly (ADP-
ribose) synthetase in cultured mammalian
15178Y cells. Radiat. Res., 98, 574-582,
1984.

Furuno-Fukushi, I. and Matsudaira, H.:
Mutation induction by tritiated water and
effects of some agents in mouse leukemia
cells, Proc. of the Second Workshop on
Tritium Radiobiology and Health Physics,
NIRS-M-52, pp.101-109, 1985.
Furuno-Fukushi, I. and Matsudaira, H.:
Mutation induction by tritiated water and
effects of deuterium oxide in cultured
mouse leukemia cells. Radiat. Res., 103,
466-470, 1985.

Matsudaira, H., Ueno, A. M., Furuno-Fuku-
shi, I. and Yamaguchi, T.: Induction of cell
killing, mutation and oncogenic transforma-
tion following exposure to tritiated water in
cultured mammalian cells. Radiat. Prot.
Dosimet., 16, 145-150, 1986.
Furuno-Fukushi, L., Ueno, A. M. and Matsu-
daira, H.: Cell killing and mutation to 6-
thioguanine resistance after exposure to tri-
tiated amino acids and tritiated thymidine
in cultured mammalian cells (L5178Y).
Radiat. Res., 110, 428-438, 1987.

11)

12)

13)

14)

15)

Matsudaira, H., Ueno, A. M., Furuno-Fuku-
shi, I. and Sato, K.: Dose-rate effects in cul-
tured mammalian cells, their mechanisms
and implications. Proc. Intern. Symp. on
Biological Effects of Low Level Radiation.
Nanjing, China, 23-26 Nov. 1986, Society
of Radiological Medicine and Protection,
Chinese Medical Association.

Takeda, H.: Comparative metabolism of
tritium in rat after single ingestion of some
tritiated organic compounds versus trititated
water. J. Radiat. Res., (Tokyo), 23, 345-
357, 1982.

Takeda, H., Iwakura, T. and Mabuchi, Y.:
Radiation doses to the tissues of rat from
tritiated thymidine administered by three
different routes. J. Radiat. Res. (Tokyo),
25, 194-202, 1984.

Liber, H. L., Lemotte, P. K. and Little, J. B.:
Toxicity and mutagenicity of X-rays and
['**1]1dUrd or [*H]TdR incorporated in the
DNA of human lymphoblast cells. Mutat.
Res., 111, 387-404, 1983.

Cleaver, J. E.: Induction of thioguanine-
and ouabain-resistant mutants and single-
strand breaks in the DNA of Chinese ham-
ster ovary cells by 3 H-thymidine. Genetics,
87, 129-138, 19717.



2. MU F v AT K B EILEIYHIE O B R R B

ERRIE

H (REERZEED

Tritium Effects on Growing and Plateau Phase
NRK Cells in Cultures

Relative biological effectiveness (RBE) of
B-rays from tritiated water relative of ®°Co y-rays
was examined in NRK cells, using cell division
delay and cell killing as end points. Based on a
prolonged doubling time of NRK cell popula-
tions following irradiation at dose rates of
9.2-9.8 rads/hr and of 13-14 rads /hr, RBEs of
B-rays from HTO relative to %°Co v-rays were
estimated to be 1.8 and 1.36 respectively. From
the iso-effect curves of cell growth, an RBE of
1.5 was estimated for HTO. The division of
NRK cells ceased almost totally during conti-
nuous irradiation above dose rates of 1.5 mCi/ml
(13 rads/hr) for HTO and 19 rads/hr for vy-rays.
Then, efficiencies of cell killing were compared
in the exponential phase cells at dose rates of

1. H¥E

AR IS FRIIICHES b ) F U L0EY
BB L =S T oYy bO—RELTT
bRl bDTH bo. FNIE M) F U LK BER
DEELIMT Z 01, HLOERFT—4 -0
PELEENTHBIIENE LI, P FULITK
BAREEASMET A 1D I3 F DLW R I(R
BE) 2#kDACENTERREELIL 5,

BEICHEEINILINYFILORBEICET S
FHF-4505-TRSEE, E.J HallZ (19
67) 17 DfEF 1.6 LEmBLTLABL) LhL,

Atsushi Tsuboi, Kaoru Tanaka and Takeo Yamaguchi*

Division of Radiation Hazards
*Division of Biology

19-37 rads/hr of <y-rays and 2-4 mCi/ml (18.3-
36.6 rads/hr) of HTO. From cell survival res-
ponses the values af D, were estimated to be 380
rads and 300 rads for vy-irradiation and HTO,
respectively. Then, an RBE of 1.26 could be cal-
culated for HTO. Similary, the RBE values of
HTO were estimated for killing of the stationary
phase cells following irradiaiton at dose rates of
8-11 rads/ hr and 17-44 rads/hr. They were 1.88
at dose rates of 8-11 rads/hr and 1.53 at the dose
rates of 17-44 rads/hr, respectively.

These results indicate that the values of
tritium RBE relative to y-rays were more than
unity, and high for lower dose rates, and decr-
eased with increasing doses of -rays from HTO.

ICRP (1969) ZRBEHIIX&5ELELS
BE1EDESRECHNWELT, QF 21 &7
B EEHLTODB.2) & 12, SllEI NI bDT
i, FYFYLDORBEMIE1LDAENSS)
NS Py F9 LADRBEESEHT AFHEHIE
HE L g R E SR OO MU B OB R D E 0,
Wik s L oL o, Auvicend—point
DPEREHICIVEFH LPT VWEREE -TH A
BETH5,8) Lichi-T, P)FILDORBE
ExEmE L TR # 42 E8 T 584, Z0
RBEAB—EITIFZHE LS LOL,
ZD1HITBLDEL OEBREFICBIE MY F
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Effects of Low Dose-Rate y-Irradiation on Cell Kinetics in
Cultured Mammalian Cells (L5178Y)

Effects of protracted low dose rate irradia-
tion with or without repair inhibitors (D, 0O and
3-AB) on cell kinetics were analyzed in mouse
leukemic LH5178Y cells. The cells in exponential
growth phase were irradiated with *°Co vy-rays
at dose rates of approximately 0.1, 0.2 and 0.4
Gy/h as reported by Ueno ez al 15), When total
absorbed dose reached 4.4 or 8.5 Gy, the cells
were removed, stained with propidium iodide,
and subjected to flow cytometric analysis. The
results indicated a significant accumulation of
cells in the G, + M phase and a slight decrease
in the other phases of cell cycle. There was no
signifficant difference in the kinetics among
three levels of dose rate used in this experiment.
Furthermore, the results suggested that there
are no direct correlation between cell’s radio-
sensitivity and cell’s kinetic change.

Deuterium oxide (D,0), an inhibitor of
raidation-induced potentially lethal damage,
caused a slight change in cell cycle distribution.
Since cell growth was reported to be inhibited
by 45 % D, 0 in the same cell line!®), it may be
concluded that D, O inhibits cell progression at

Tkuo Watanabe, Hiromi Itsukaichi, Etsuko Hongo
(Division of Physiology and Pathology)
Akiko M. Ueno, Hiromichi Matsudaira

(Division of Biology)

any phase in the cell cycle. When the cells were
irradiated in D, O medium, a significant accumu-
lation of cells in the G, + M phase was observed.
Fraction of cells in the G, and S phases was re-
duced in parallel with G, + M phase accumula-
tion.

Administration of 3-aminobenzamide (3-AB),
an inhibitor of poly (ADP-ribose) synthetase, at
10 mM-did not accumulate cells in the S phase
but resulted in a slight accumulation of cells in
the G, + M phase. Since cell growth was not
inhibited until 30 to 40 h even in the presence
of 3-AB15), inhibition of poly (ADP-ribose)
synthetase may not interfere with cell progres-
sion through the cell cycle. A drastic change in
the cell kinetics was observed when the cells
were irradiated with low dose-rates of y-rays in
the medium containing 10 mM of 3-AB. That
is, approximately a half of cells accumulated in
the G, + M phase at a total dose of 8.2 Gy and
the cells in G; and S reduced significantly.
The mechanisms and the role of synergistic
accumulation of G, + M phase cells in the pre-
sence of D,0 or 3-AB are not known at present.
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Effects of Tritiated Water on Germ Cells in Medaka

Embryos of the medaka (Oryzias latipes;
strain of d-rR) were exposed to tritiated water
continuously from the morula stage until hatch-
ing (10 days at 26°C). Tritium concentrations
of 0.05 to 0.2 mCi/ml were applied to the eggs.
To compare with the tritium, the eggs were con-
tinuously irradiated for the same period of time
with 37Cs y-rays at dose-rates of 11.4 to 47.6
rad/day. The dose for 50 % survival of female
primordial germ cells were 140 rad for f-rays
and 305 rad for y-rays, and an RBE of 2.2 could
be calculated for ®H pB-rays relative to *7Cs
y-rays. From the dose-survival relationship
curves, no significant differences were found
between (- and <y-rays for killing of male pri-
mordial germ cells.

The newly hatched fry were irradiated for 7
days with - and 7y-rays under the conditions
mentioned above. The doses for 50 % survival
of female primordial germ cells were 200 rad for
B-rays and 460 rad for y-rays and RBE of *H
B-rays was calculated as 2.3. On the other hand,
RBE was estimated at 1 when survivals of male
primordial germ cells treated with tritiated water
were compared to those irradiated with y-rays.

To determine effects of early radiation in-

Hisami Etoh and Yasuko Hyodo-Taguchi
Division of Biology

duced germ cell loss on life-time reproduction,
the fecundity and fertility of the fish given
chronic irradiation in their embryonic stages
were also investigated. Embryos were exposed
to tritiated water and *7Cs y-rays. Newly
hatched fry were removed from radioactive
environment. At 4-8 months after hatching,
pairs consisting of irradiated males and nonir-
radiated females or the reverse were mated.
Tritium -rays were more effective than *7Cs
v-rays in .reducing the fecundity of irradiated
females. In the irradiated male pair groups,
the total number of oviposition hardly decreased,
but the number of fertilized eggs per fish de-
creased depending on the dose-rate. There was
little difference of effectiveness found between
B-rays and <y-rays in decreasing the fertility of
the irradiated males.

These results indicate that RBEs of *H f-rays
relative to *7Cs y-rays are approximately 2 in
the tissues consisting of dividing cells and 1 in
those consisting of non-dividing cells, and that
the recovery by germ cell repopulation is domi-
nant in females, although the primordial germ
cells at embryonic stages are more sensistive to
radiation in female than in male.
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Irradiation group Number of Total

Total Number of Normal

accumdated ovipositions number of oviposition avipositions with oviposition Completely
dose (rad) tested* ovipasition Sfrequency® Jertilized eggs [frequency® infertile fish
Controt 0 1176 1100 0.94 £ 0.01 1048 0.89 £ 0.02 0/84
HTO g rays 85 229 182 0.81 £ 0.06 150 0.68 + 0.08 1717
170 420 346 0.82 £ 0.04 275 0.66 = 0.06 0/30
255 182 131 0.72 = 0.08 95 0.52 £ 0.10 2/13
340 434 259 0.60 + 0.08 228 0.55 + 0.08 10/31
850 280 129 0.43 £ 0.11 12 0.40 £ 0.11 /21
1700 294 13 0.04 + 0.05 s 0.02 £ 0.02 20721
3400 126 1] 0 0 0 9/9
WCs v rays 61 280 225 0.80 + 0.04 184 0.70 + 0.06 0/20
105 294 242 0.82 £ 0.05 213 0.73 £ 0.07 0/21
240 588 482 0.80 £ 0.05 420 0.72 £ 0.06 5/42
910 431 339 0.79 + 0.06 293 0.68 = 0.07 5131
1400 378 248 0.66 + 0.08 225 0.60 + 0.08 121
2540 746 208 0.28 £ 0.06 199 0.27 £ 0.06 34/54
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dose (rad) tested ovipositions Sreguency Jertilized eggs Sfrequency infertile fish
Control 0 176 1100 094 = 0.01 1048 0.89 + 0,02 0/84
HTO § rays 85 308 275 0.89 £ 0.03 263 0.85 + 0.05 0722
170 210 197 0.94 £ 0.02 187 0.89 = 0.02 0/15
255 168 161 0.96 = 0.02 139 0.83 = 0.08 1/12
340 434 362 0.83 £ 0.04 198 0.46 + 0.08 6/21
850 266 201 0.76 = 0.04 e 0.45 £ 0.09 5/19
1700 434 275 0.63 = 0.04 55 0.13 £ 0.03 8/13
3400 126 86 0.68 + 0.07 24 0.19 = 0.07 4/9
Cs v rays 61 294 264 0.90 = 0.04 254 0.86 = 0.04 0721
105 224 202 0.90 = 0.03 183 0.82 + 0.04 0/16
240 812 634 0.88 + 0.02 566 0.75 £ 0.04 2/58
910 350 314 0.90 = 0.04 246 0.70 + 0.08 3725
1400 560 400 0.71 = 0.04 133 0.23 £ 0.05 14/40
2540 913 692 0.76 £ 0.03 344 0.38 + 0.04 12/66
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Retention of Tritium in the Femoral Bone Marrow
and Spleen in Mice after a Single Intravenous Injection
of Tritiated Water and Tritiated Thymidine

Hisamasa Joshima, Kumiko Fukutsu* and Masatoshi Kashima®*

To derive parameters necessary for evaluation
of the absorbed dose of tritium, retention of
tritium in femoral marrow and spleen was ob-
served in mice after a single intravenous injection
of tritiated water and tritiated thymidine.
Retention curves of *H in TCA insoluble and
soluble fractions of the femoral marrow and
spleen were resolved fairly well into two expo-
nential components.

After injection of [*H] thymidine, *H ac-
tivity in the femoral marrow and spleen attained
the maximum value of 0.1361 and 1.0361 % of
the administered radioactivity, respectively, at
the time of its initial localization. About two-
third of this *H was incorporated rapidly into
the TCA insoluble fraction. Tritium in this
fraction decreased with half-times of 2.2 days
in the femoral marrow and 3.6 days in the spleen
as the first component, and 23.9 days and 30.5
days, respectively, as the second component.
About one-third of initialy localized tritium in
the marrow and spleen was observed in TCA
soluble fraction. Most of tritium in this fraction
decreased with half-times of 2.8 and 2.6 days in

Training School
*Division of Radiation Hazards

the marrow and spleen as the first component,
respectively, suggesting breakdown of [®H]
thymidine into HTO.

After injection of HTO, *H activity in the
femoral marrow and spleen attained the max-
imum value of 0.0492 and 0.2296 % of the ad-
ministered radioactivity, respectively, at the
time of its initial localization. Only 0.0009 and
0.0087 % of the administered activity was in-
corporated into TCA insoluble fraction of the
femoral marrow and spleen, respectively. Then,
most of *H was considered to be in TCA soluble
fraction. Tritium in this fraction was estimated
to decrease with half-times of 2.6 days in the
femoral marrow and 2.3 days in the spleen as
the first component, and 8.0 days and 8.2 days,
respectively, as the second component.

It is concluded that the retention of *H in
marrow is similar to that in spleen for HTO but
not for [*H] thymidine. Radiation dose to the
bone marrow and spleen after intravenous
injection of HTO may be estimated from *H
only in body water.
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Induction of Micronuclei in Polychromatic

Erythrocytes of Mice after Injection
of Tritiated Thymidine and Tritiated Water

Masatoshi Kashima, Kumiko Fukutsu, Hisamasa Joshima* and Hiromichi Matsudaira®**
Division of Radiation Hazards
*Training School, **Division of Biology

The cytogenetic effects of tritium §-rays were
studied by micronucleus test with polychromatic
erythrocytes in the femoral marrow. RFM/Nrs
male mice, aged 7-13 weeks, were injected in-
travenously with methyl-> H-thymidine (methyl-
TdR), 6->H-thymidine (6-*H-TdR) or tritiated
water (HTO). To estimate RBE of tritium S-
rays, mice were given continuous *7Cs y-radia-
tion with a decreasing dose rate. Animals were
sacrificed 2 or 3 days after exposure to tritium
B3-rays or 13705 y-rays for the micronucleus test.
The absorbed dose to bone marrow from °H-
thymidine was calculated from the number of
nucleated cells in the femoral marrow, tritium
labeling index, specific activity, biological half
time, disintegration per nucleus per unit time and
mass of nucleus.

When mice were injected with 0.025 mCi/g
of HTO, significant increase in micronucleus

was observed. The dose-effect curves of micro-
nuclei induction were found to be almost linear
both for > H-TdR B-rays and *’Cs y-rays. How-
ever, curves for HTO were bending continuously
upward with an initial slope higher than that of
v-rays. RBE values of tritium S-rays relative to
v-rays for micronucleus induction were found
to be approximately 1.4-1.6 for methyl-> H-TdR
and 1.1-1.6 for 6-°H-TdR, respectively, at 2 days
after injection. Those of HTO f(-rays were es-
timated to be 2.2-2.7 for 2-day- and 3-day- ex-
posure. The values obtained in this study were
in good agreement with those of other investi-
gators. Therefore, the micronucleus test with
polychromatic erythrocytes in the femoral
marrow was found fo be one of the sensitive
indicators to evaluate the hazard from exposure
to tritium S-rays.
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Effects of Tritium 8, ®©Co y or X Radiation on Preimplantation

Mouse Development in Vitro

Takeshi Yamada, Osami Yukawa, Kouichi Asami and Tohru Nakazawa*
Division of Biology, *Faculty of Science, Toho University

Pre-implantation mammalian embryos are
highly radiosensitive.
mammalian embryos of tritium radiation with
those from other radiations at low dose, there-
fore, is of special imporatance from the view
point of radiation protection. To this end, we
have established a highly efficient culture system
of mouse zygotes fertilized in vitro which allow
them to develop to the expanded blastocyst
stage, using BC3F; mouse strain.

Comparing the effects on

1. &

P s & O RA R U RS DS, &
BEOKFMOBEIC L BEOFEL AL L 3,
hTbERADEIL, AIEEE LIZEE &L
ISP E, BIEFREORERIE itk
EDSFENC R B LTchi» T, WA g
B3RSO ERNITE, EEERSRD Y
A IHEBICE » TRAIRBIAEDHF TH %,

ERFIHOR TS, SRERD SIFEID KH
bob ESENENT &, 1960 F £ h S
EXNTOI, P ROBEERENHEEE C O
Bico0W T, ) A7 HEAESHGHEEED
EEMEERN DN o7z, 1970 FE K, o EH

i

Sensitivity of mouse zygotes to X-rays or to
UV was found to vary markedly depending on
the time of irradiation. Zygotes at early pro-
nuclear stage show the highest sensitivity (LDso:
40 R). RBE values for tritium f radiation rela-
tive to %°Co v rays were examined by using
damage to blastocyst formation (LDso) and
chromosome aberrations at the 1st cleavage
metaphase as endpoints. The values obtained

were within the range of 1 to 2.
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In Vitro Cell Transformation by Tritium Beta-rays

Takeo Yamaguchi, Chidori Muraiso, Hiromichi Matsudaira, Mieko Yasukawa*,
Toyozo Terasima** and Atsushi Tsuboi®***

Division of Biology
*Division of Physiology and Pathology, **Director General, ***Division of Radiation Hazards

Cultured mouse C3H 10T1/2 cells in con-
fluency were irradiated with either beta-rays
from tritiated water (HTO) or ®° Co gamma-rays.
The duration of exposure was 20 h at either 4°C
or 37°C, and the total dose was varied by chang-
ing the dose rate. HTO-exposure was carried
out by adding a required amount of HTO into
culture medium and the absorbed dose was
calculated using a water content value of 0.84.
The value of 0.84 was determined in a mass
culture of the cells by using [ carboxyl-'* C]inulin
to measure the amount of extracellular water.

The dose-survival and dose-transformation
curves for gamma-irradiation at 4°C were nearly
the same as those obtained after a single acute
X-ray dose (0.5 Gy/min). When gamma-irradia-
tion was administered at 37 °C, both the lethality
and transformation-induction were lower than

1. 8

HEAGHEG#EES (1 CRP) #&kcly
BIBME (SvEildrem) i, BREMORES
B A RUSCRBELTESES T BY,
M-T, BEE (GyThidrad) »omEY

those after the corresponding doses at 4°C, indi-
cating the existence of repair from lethal and
tranaformational damage during irradiation at
37°C. The same effect of temperature was ob-
served in the case of HTO-exposure. The re-
covery ratios as expressed by the ratio of slopes
in the dose-response curve were 2.25 for cell-
killing by gamma-rays, 2.31 for cell-killing by
beta-rays, 1.65 for transformation by gamma-
rays and 1.51 for transformation by beta-rays.
The effect per Gy, however, was higher for
beta-rays than for gamma-rays in both the
responses. Resulting relative biological effec-
tiveness (RBE) values of tritium beta-rays were
ca.1.4 at Dy for cell-killing and 1.6-1.7 for cell
transformation within the dose range examined
(1 to 6 Gy of beta-rays), irrespective of the tem-
perature during irradiation.
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Changes in the Hemopoietic Stem Cells and
Lymphocyte Subsets in Humans after Exposure

to Some Internal Emitters

Isamu Nakao, Yasufumi Imai, Masako Nose and Yoshiko Kawase
Division of Radiation Health

An attempt was made to evaluate the effect
of long term internal exposure on hemopoietic
stem cells and cellular immunity in Thorotrast
(®*2ThO,) administered patients as a model
human exposure to some internal emitters.

Marrow cells from Thorotrast cases have
shown significantly decreased numbers of CFU-F
(fibroblastoid colony forming unit) and CFU-Mix
(mixed colony forming unit) as compared with
normal controls.

The values of BFU-E (erythropoietic burst
forming unit), CFU-E (erythrocytic colony
forming unit) and CFU-c (colony forming unit
in culture) in this CFU-F depleted marrow did
not show significant differences from the cont-
rols, albeit slight decreases in the mean values
of these stem cell lines.

The results of Thorotrast cases are regarded
to represent the injuries of the stromal pro-
genitor cells and multipotential
following the life long exposure to alpha emit-
ters.

Concerning the relationship between CFU-F

precursors

and CFU-Mix in controls and Thorotrast cases
(n=30), CFU-F values correlated well with those
of CFU-Mix (r=0.623, p < 0.01) but not with
the others, CFU-F was considered to play a
more important role in pluripotent hemopoiesis
than in stem cell hierarchy. Therefore, the ex-
amination of stem cells including CFU-F and
pluripotent hemopoietic precursors appears im-
portant for the evaluation of radiation hazard,
because it is informative to the detection of the
injuries in hemopoiesis.

Secondly, lymphocyte subpopulations in
Thorotrast cases were analyzed. There is a
decrease in the percentages of OKT 4% cells
and in the OKT 4/OKT 8 ratio. The results
may be regarded as a slight immunodeficiency
state. Moreover, there is an increase in the
total number and percentages of OKT 11%
OKT 177, OKT 10%, OKM1*and HNK-1* (Human
Natural Killer-1) lymphocytes compared to age
matched controls. It was thought that an in-
creased number of these cells reflects an in-
creased number of null cells. Further, a negative
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balance in the number of OKT 8 cells minus
the sum of OKT 4*and OKT 8" cells is consistent
with an increased number of less differentiated
T cells in the blood. It seems likely that an in-
crease of such cells reflects an increase in the
number of NK cells. In addition, the Leu 117,
Leu 7 cells which have been thought to be NK
cells having a potent function showed an marked-

1. #&E

U F U LERICK B HAERREEMEUOR
B3, WEEE L, MEBMEEoBEENSELLT
5T LMEIND, £ T, ABUsEMm
BAROEEBNT Y e A FEEEILILHIZAT, &
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75, FelTRERICh 3RS LT,
TEMEN U, B2ThO,(bm b5RMEA
BEHOBMNHMBEEL R Lic. 05 REH
BROLEEHGEE, 4.4rad FTHb,

EMBHEO—TNEEE B3 2o
MIBOHEEZZBTHICHSA TR L, Ll
U ZDESLERMRTH 5 au=— CFU
—SO—#h, bLLIBCFU-S &EELELS
{LBEBICH B EEZ ONEADEGD=— C
FU~MixDEBEERELLAIDOT, CFU-
Mix& &b, SMEERBMEE CFU-F,
FRIMFKREHME, BFU-F, CFU—E, B&
UBENIRZ®MA CFU-ci2bbeTRIEL
THeEt Lo,

wiz, BCL e b 32 NREF O HRE
BT Y Y Ty FORIEICEIDBEL,
§ibb, RIANDHED GERICRIETHEIC
DV, R YRR RY o R TERL,
TJo=HA4 b AP —IE-T, ¥7ky FDE
R EBECE RS TR L7,

2. BEHE

a. EMEHMEOE &
CFU-Mix7 v&4 13, BHO buffy
coat cell, 2 x10%E, FCS30%, BSA1%,
YRR F 20/ m, AFero—=x
088%, PHA LCCMI0%ZEar Yy Llul
gL, 37—, 56 x10°MfEEh o o
O=—=F7Y4eA4%f{T>%, BFU-E, CFU—-

ly low value, contrary to Leu 117, Leu 7" cells
having minimal function.

These results apparently indicate an increase
in the number of NK cells and their heteroge-
neity, the NK cells with minimal funection pre-
dominating in Thorotrast patients due to the
long term internal exposure.
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Comparison of Control and
Thorotrast Patients in Colony
Formation of Hematopoietic Stem Cells

Case Control Thorotrast Pts
No. of Case 13 18
CFU-Mix b
No.f6X 10°cells 44.5+14.4 21.24+12.4
CFU-F * ok
Now/5X 10° calls 85.4124.7 50.7+21.9
BFU-E
No/2 10° cells 153.34+70.4 113.1483.1
CFU-E
No.J5 X 10° celis 195.0+82.4 159.4+88.2
CFU-c
No./1 X 10° cells 73.1+42.0 §4.9+25.4

*% P<0.00!

1

Relationship between CFU-F and CFU-MiX

r=0.623
0 pcom
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90}
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s
% 70
<
ER|
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2
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wf
ok e
° o
2} ¥=33.5+0.98X
o
o Age mstched Controi
ior © Thorotrast Pts

W2 0 s 60 10 8 %
CFU-Mix (No./6X10%cells)

X 1.

BHECFU-Mixd, WERBMBECFU-F
DEEORBDERTEEIE M LN - 7o, FRIMER
Rl &R R, Pl EER
PEEERT D, BRELBEETIRO,

2) Wic, CFU-Mix&CFU—-Fofam?
ERET Lo, BEBITHE L USRE3FD 30
FlieBWCHEOHMEMN T 5 &, HBEHRKT
=0.62, P < 0.001 THEEZRL, BHEZEDRERS,
Y =2335+098X&E%% (1),

b EAR B RGP SRR 51 OHI falk S fED Mgk
D ) oSHRRIRE B9 T o b DR
232Th 0, MEBCHOK T 4 MO R

A OK T 8HlfatbRDBIMAH Y, 6 > Tl

#FOL, OKT4/0KT 8EHMEHt & Es

AL, BESHBE2 1IGL 1.4 SEHETH-

#8  —% OKT1t OKTITH OKMI™

HNK - 17 (Human Natural Killer— 1)

VRERHEER DB (P < 0.05) 73% 507 (K 2),

oL, OKT 3T ) v sl 50KT 47T

BRI OKTST ) v B Dfn %2 L3IV 74,

§78bH, OKT3 - (OKT4T+0KT8H

i, (3—(4+8))F, MBicH L, £V nega-

tive balance ZR L7 (£2),

2) NKHFY 7 &y b o !0

BRIEDY 27 8BV EEh 3 282ThO, fil iz
BWT, NKHfglEOHEINNLALNIDT, 20
FlONK#fathRE: NKHEEREED heter-
ogeneity ZfE#r L7z, & b NKH#IIEICRIGT B
B 70— F KRS DRAL ONED T
T3, NK#aicRIEd 554EE LT, Leu7(
HNK-1), Leull (B73—1) ,Leuls, ¥k
VOKTI1%AAW, FITCESHIEDOKT
11, Leu2a, Leu 7icxl, Phycoerythrin
EEGLAD Leull, BXU Leuls D ShdAaH
BEICHENTRETY V5RO 2 EEH AT
Flowcytometryick 0, HEBURZHF L7,
OKT11", Leull™ fHfa, T = 18.6+90 %,
LeullT#faid, ¥ =24.0+9.0%THY, Euo
£y P ARERT 54 THIEHEA co— express
U7z Leull #fa kA, Leul Il D#80% %
57, THIBaHE% co—express L7z NKH
K, REREN KM & A7 sh, NKHaEE
BIENESNTOEOT, BEBHO Leull™ g
K, 550 NKIEE LD 780 T & A HER
&Niz, &b, Leullt, Leu fmpghRI3,
X=8.7+34&{EHEERL, Leull™#ifaDs36
BITBEEILOH, Thickl, Leull” Leu7t
ML, X=215+105 %&EBME%ERL, Leu?t
MID61%% o, Leull™ LeuT7” #laid,
BONKERE &2, ChicBd 2Miath®iE
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o Reactivity with Monoclonal Antibodies
100 F
95t
b OKTH OKT17  OKT3  OKT4 OKT8  OKM1  HNK—I OKT10  OKla—1  OKB7
851
80 b
5E
70 = =
65 =2
60+ = ;
55+ =
sof = E
45 = g =
40F = i
= =
ki3 = =
30f = =
254 = =
20 = = =
151 = = é
2 Bl E -
I8 BN R =
oK B Ll B
cBT ¢cBT cBT CBT ¢CBT €BT CBT CBT C€BT CBT
C : Age matched control
2. B : Bikini patient
T : Thorotrast cases
Age matched . .
cogntrols Bikini patients Thorotrast cases Subsets of NK Cells in Blood from 232Th02Pat1ents
4 i Control Subjects Patients
g Ratio 2.1 2.5 1.4 n=12 =20
OKT 11 t % Leu 7 224%6.4 351+51"
OKT 3 % o N
OKT 4 % 3 Leu 11 29.0+49 242+838
OKT 8 4 T " T
OKM 1 = | £ 2groups PO OKT 11, Leu 11 17186 214x91
HK= # {2 2groups " Lew 7, Leu 11’ 9440 | 2L6%82"
OKT 10 k) tt
OKla-1 = b3 Leu 7. Leu 11 184+35 155+54
ative balance | negative balance | negative balance - N
3-(4-8)-| "ENLT o 810 Leu 7. Leu 11 17.2+50 8.6+36"
Leu 2a, Leu 15 17.0£6.2 23292
x2. p "
Leu 2a, Leu 15 9.4+58 8.9+38
_ Leu 2a, Leu 15 186+56 16078
<, BONKEREEET S Leull”, LeuT"
7 B N - #p<0.05, ,,p<0.001
Mk RRIE L, D Lo, s, 2%ThO, & "
%3.

BHTRE, HONKEHE & DN KL RLE
fLicd 5L EDELP LB 1o (E3) o —H,
$7 L v —$RE% b oLeu2a’, Leuls™ i
DR MG EE THEOF RS L

effector TH5 Leu2a™, Leuls {30 HER A,
WO bEENBEICHL, BEERE, -1,

4. W

HEE b Y Al & AR O BB NS
Tlk, CFU-F&, CFU-MixDZhEhE

BOROHS N, BINERREEE, 5L
A EE X LTV B L EAH L EN
>72, TORHEE, b VF U LOEBMEEBETRE
LB e & D - A AR B RS B DR R
CBELT, RRESABLSCEbDPNG,
EERIIC, <9 A TR O EHRR S
%7 0= —JBEAED 5 DolEx kw55, CF
U~—~Fid, 270 rad, CFU—-Mix 3140 rad
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