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Soin trapping resgents ae usad for ESR
measurements of short-lived free radicals by extending the
lifetime of the radicds via formation of spin adducts.
Since the sin trapping reagents react with free radicds,
they can be regarded as scavengers of free radicas from
another viewpoint.  They may function as antioxidants to
Inthe

in vivo

protect injuries related to reactive oxygen oedies.
present  study,
radioprotection of spin trgoping reagents agang whole
body X-irradiation of mice.  The reagents examined are
DMPO (55-dimethyl-1-pyrroline-N-oxide), DEPMPO
(5-diethoxyphogphoryl-5-methyl-1-pyrroline-N-oxide),
PBN (N-t-butyl- a -phenylnitrone), and POBN («
-(4-pyridyl-1-oxide)-N-t-butylnitrone) asshownin FHg. 19.
The soin trgpping reagents were administered
intrgperitonedly to mice (C3H, male, 10 weeks old) and
the mice were irradiated with X-rays @ the totd radiation
dose of 8.0 Gy with the radiation dose rate of 0.6 Gy/min.
PBN and POBN showed sgnificant radioprotection,
wheress DMPO and DEPMPO showed only dight
radioprotection.  The radioprotection by POBN wes
dose-dependent and the dose of 450 mg/kg, which shows
no acute toxicity, was chosen as the sandard dose for later
experiments.  POBN injected & 60-120 min before the
X-ray irradigtion showed the highest radioprotective
activity, whereas injection after the X-ray irradiaion
showed no effect. Dose reduction factor (DRF) of

therefore, we examined
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POBN administered at 450 mg/kg was messured as 1.3.

Since the radioprotection is observed only when the
reegents were adminisered before the irradiation, the
primary action of the spin trgoping resgents may be
quenching of the free radicds. However, the effect is
different among the reagents examined dthough the spin
trapping activity of themisnot very different and rdaivey
long period before the irradidion is required for the
protective effect.  Therefore, some pharmacologica
action in addition to the radicd quenching might be
responsiblefor the radioprotection.
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Fg. 19. Structure of spin trapping reagents usad in this
study.
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51. Adaptive Response in Embryogenesis: V. underganding of AR induction and they suggested thet

Existence of Two Dose-Rate Ranges for the influence of dose rate should be teken into condderaion
Same Priming Dose to Adapt Fetal Mice regarding making radiothergpeutic protocols as well as seiting
Sandards of radiation protection.
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Radicadaptive response (AR) manifests an  important
phenomenon in radiobiology. Research on the essentid
conditions for RA induction is of critical sgnificance, and has
with an impact on understanding nove biodefense
mechaniams againg hazardous effects from irradiaion. This
paper reports the firg time evidence on the exigence of two
doserate ranges for the same priming dose of irradiation to
successfully induce the AR in uterus in fetd mice. A dose of
0.30 Gy given to the fetuses on embryonic day 11 (E11) wes
adopted asthe priming dose according to our previous study. A
dose of 350 Gy adminidered to the fetuses on E12, which
aone could lead to the desth of dl neonates within the first
posinatd week, was chosen as the chdlenging dose. Induction
of gpoptads in the predigitd regions of fetd limb buds,
incidences of fetd limb maformations and prenatd fetd degth,
and podnad surviva of neonaies were employed as the
biologica endpoints. The doserate effectsin arange from 0.06
Gy/min to 500 Gy/min of the priming irradiation on RA
induction wereinvedtigated. The effectiveness of AR induction
was corrdated to the doserate in neither anorma nor areverse
doserae efect manne, namdy, priming irredidion a a
dose-raterange ether from 0.18 t0 0.98 Gy/min or from 3.50to
4.20 Gy/min could successully adgpt the fetuses, while giving
another dose rate dway's lead to falled AR induction. Results
indicated that dose rate of priming irradiation played a crucid
role in AR induction. These findings provided specific
informaion on dose rae to complement the current
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The irradiation of fetuses a the late period of
organogenesis has been known to induce a dramdic
increese in maformations. The mechanisms involved,
however, have remained undear. Using the mouse limb
bud system, wefirst found that radiation-induced apoptoss
isinvolved in theinduction of limb mdformation, namdy,
radigion-induced apoptosis in the predigita regions of
embryonic limb buds is responsible for digita defects in
mice. To investigate the possible dose-rate effects on these
radiation-induced phenomena, 35 Gy of X-rays & dose
rates ranging from 0.06 to 5.00 Gy/min was given to ICR
mice on geddion day 12. The dose rae of radigion
dramdicaly afected the consequences of the experiment.
Percentages of dive fetuses, maformed fetuses among the
dive fetuses and podnatd survivd were dgnificantly
higher in the ICR mice irradiated with 35 Gy a the dose
rates from 2.82 to 3.50 Gy/min when compared to those
that recaived the same dose but a other dose rates. The
biologica effect as afunction of dose rate appeared like a
U shape curve. This phenomenon could not be described
or evduated by cdculding the doserde effectiveness
factor. Contrary to both normd and inverse doserae
effects, which have a regular order of tendency, the
doserate effects observed in the present sudy seemed to
have an irregular order. As the duration of irradiation a
different dose ratesin the present sudy waswithin 1 h, the

results could hardly be smply attributed to the change of
cdl kindics Further dudies need to be done on the

mechaniams underlying the phenomenon.
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The purpose of this Sudy isto compare the frequency and
type of Tp53 mutations in rat lung tumors after inhdation
expoaures to three different apha-emitters, “°Pu0, (Pu),
ZINpO, (Np) and 2Rn (Rn). In addition, Tp53
mutations of X-ray-induced lung tumors ae dso
compared with the high LET radiation-induced tumors.
Genomic DNA was extracted from tumor Stes of
paraffinrembedded sections of thetumors.  Exon 5to 8 of
Tp53 were amplified individualy from the extracted DNA
by PCR method. The exons were amplified in 16 cases of
Pu-, 22 cases of Np-, 15 cases of Rn- and 33 cases of
X-ray-induced tumors, repectivdy.  PCR products were
andyzed for mutations utilizng SSCP and direct
sequencing method.  Point mutetions within exon 6 a
codon 219 (G to A trangition) and exon 8 a codon 266 (C
to T trangtion) were detected from Pu-induced tumors.
Only one point mutetion was found in Np-induced tumors
within exon 5 a codon 175 (C to T trangtion) and in
X-ray-induced tumorswithinexon 6 a codon 224 (Cto T
trangtion). No mutations, however, were found in
Rrrinduced tumors (See Table 2).  These resultsindicate
that the mutation frequencies of the TpS3 are inconsgtent

among the rat lung tumorsinduced by different irradiation,
and G:C to A:T trangtion is a common mutaion in Tp53
of the tumors  The fact that low frequencies of Tp53
mutation were obsarved in the radiation-induced lung
tumors indicates thet the abnormdlities of the TpS3 might
not be so citicd for the pulmonary carcinogenesis,
dthough other carcinogenic process for genetic and/or
epigendtic changes might dso be rdated to the rat lung
tumorsinduced by dpha-emittersand X-rays.



Yutaka Yamada,
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Table 2. Tp53 mutation in rat lung tumors after inhalation of apha emitters and X-ray irradiation

Radiation source BI; P?;ggggdp modi?fecr?lsjézt&ggies (%) Mutation types

239Pu02 16 2 (12.5) Exon 6 codon 219, GAG-AAG
Exon 8: codon 266, GAC-GAT

23'NpO, 22 1(4.5) Exon 5: codon 175,CCC-TCC

222Rn (+BNF) 15 0(0)

X-ray 33 1(3.0) Exon 6: codon 224, GGC-GGT

(BNF: beta-naphthoflavone)
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Radiation-induced pulmonary carcinogenesis was
compared in atotd of 1,200 femde Widar rats following
dther inhaation exposure to apha-emitting 239Pu02
agrosols, or whole-body and thoracic X-ray irradition.
No sgnificant differences from the unexposad contral rats
in survivd periods and lung carcinoma induction were
obsarved a the lowest dose of 0.16 Gy in 23%Pu-exposed
rats, but dose-dependent survivad reduction was corrdated
with increesed mdignant lung carcinomeas a the doses
over 0.45 Gy, reeching the maximum incidence of 90 % a
66 Gy. While differentid dose regponses for each
hisopathologicd type of tumors were noted, dmogt 70-
80 % were carcinomas among al the primary tumorsfrom
23%yexposed rats  As the dose response curves for
lung carcinomes were compared, the dope of thefit lineer
equation and the caculated rdlative effectiveness for 50 %
inddence of lung carcinomas were goproximately 11
times as high in 239Pu-exposure as those of thoradic X-
irradigtion.  The numbers of tumor lesons digributed in
the lung per tumor-beering animd were about 2-fold more
in 23%u-exposed rats, while the proportions of their
higopathologicd types were dmogt dmilar  between
239p-exposure and X-irradiation.  Theseresuitsindicate
tha maegnitudes of rdaive effectiveness or risk for
pulmonary carcinogenes's are gregier in 23'>9Pu-e><pos~|re
than X-irrediation, and thet radiation-induced lung tumor
types gopear to originate mogly from the same target
epithdid cdls
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Lifetime bone tumor induction by injection of a
bone-seeking apha-emitter, 23%Pu ditrate, was compared
among a totd of 630 femde mice from three drains
(C3HMHe, C57BL/6 and B6C3F1) showing different
gendic background for spontaneous and rediation
cacinogeness. Bone tumors, modly osteosarcomis,
appeared rddivey early during the periods from 200 to
600 days after the injection of 239Pu, showing an dmost
Smilar dose respongveness with a pesk incidence of 50 -
63 % a the skdetd doses of 2-3 Gy, in dl the gtrains of
mice  The primary dtes of bone tumors from these
grains of mice were aso predominantly distributed in 80 -
90 % of the skdetd bones induding vertebra, femur and
tibia which had well-developed trabecular bone surfaces
and large vascular Snusoids. Higtological gppearances of
ogteosarcomeas from three gtrains of mice were commonly
characterized by an irregular growth of ogteoblagts dong
or indde endoged bone surfaces accompanied by
trabecular bone formation.  The frequency of lymphoid
neoplasams was sgnificantly lower than the control levels,
while some gppeared egrlier @ the higher injected doses
than those of the contros Fewer or no mydoid
leukemiaswerefound in dl the control and 239Pu—injected
animds, and the incidences of other s0lid tumors rather
decreased, reaching zero a doses where the maximum
incidences of bone tumors were noted.  These findings
indicate that ogeosarcoma is the only specific tumor
commonly observed among different mouse drans
fallowing theinjection of soluble plutonium compounds.

Publication:
Oghiso, Y. and Yamada, Y.: J Redid. Res 44, 125132,
2008.
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The DNA double strand bresks (DSBs) induced by
X-ray and carbon ion beam irradiation in scid cdls were
andysed using pulsed-fild gel dectrophoresis Scid cdlls
and hybrid cdls were ided to study the DNA DSB repair
mechaniams, because ther gendlic backgrounds were
identicad except DNA-PK adtivity. Induction of DNA
DSBswas determined after exposure to X-raysand carbon
beams DNA DSB repar was by biphadc kinetics with a
fag and a dow component. For scid cdls only a dow
component was obsarved, wheress the kinetics of DSBs
repar was biphadc with afast and a dow component. It
was conduded from the experimenta datathat the induced
DSB rgoining in stid cdls was due to the lack of
DNA-PK attivity.

Publication:
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The effects of the daily recommended humen dose
(1 g per 70 kg body weight=30 Omal/kg) of cdcium
diethylentriaminepentaacetic acid (Ca-DTPA) on removd
of plutonium from rats injected with different amounts of
plutonium were examined. Sixty femde widar rats were
prainjected with doses of 0.185, 0.37 and 3.7 x10°Baykg of
plutonium as a nitrate, and haf of the rats of each dose
group were injected with 30 CJmol/kg of Ca:DTPA for 3
days, beginning 1 h after plutonium injection on the firgt
day. The 24-h urine and feces of rats were collected. The
amount of urinary plutonium excretion in the CaDTPA
groupswasfound to be significantly greater than thet inthe
respective corregponding control groups on days 1-3. The
amount of urinary plutonium excretion in the CaDTPA
group on the 1t day was incressed in response to the
plutonium injected dose (corrdation coefficient: r=0.628,
vs. r=0.573 in the contral group, that accumulated in the
CaDTRA group for 3 dayswas r=0.800 vs. r=0.669 in the
control group), whilether rates of plutonium injected dose
were decreased. Such findings were not obtained in the
feces messurements. In conduson, the recommended
human dose of CaDTPA as chdaion thergoy enhances
plutonium excretion for increasing plutonium intake,
however the excreted rae of plutonium intake is
decreased.

Publication:

Fukuda, S, Yan, X. and lida, H.: Jpn. J. Health
Phys, 37, 158-161, 2002.



