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of Brain Tumor C6 Model in the Terahertz Reagion
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INTRODUCTION: The LINAC (linear particle accel-
erator) technology in the milli and tera-hertz waves had
been unique and had been used as a coherent synchrotron
light in the research reactor institute of Kyoto university
(KURRI) to observe the transmittance spectra of a sec-
tioned tissue of raw brain tumor C6 model as a collabo-
rate study. The absorption spectra in the tera-hertz region
had been not so clear for the raw tumor tissue although
Ashworth-PC. et al. [1] had reported for the excised hu-
man breast cancer by a terahertz pulsed spectroscopy
observed at 320 GHz, which was estimated a longer re-
laxation time component of the induced electricity for
water molecules [2-3] in the raw tumor tissue.

We also estimated what kind of water molecules become
dominant in the viable and necrotic cancer regions by the
different measurement method as an aim of this study.

EXPERIMENTS: (1) Instrument of Near-field in
tera-hertz_region: The photograph of the instrument
was shown in Fig. 1. Mark-A: Pre-probe Wiston
cone; 50-10mm diameter, Length=60mm; the irradiate
diame-ter=0.775mm; The concentrate light probe
(diame-ter)=3mm. The instrument was developed by
Dr. T. Takahashi in KURRI. [Fi

(2) Sample preparation: A cryo-sectioned (thickness=100
um) tissue was prepared from the raw C6 glial tumor
model using a Cryo-section Maker (Leica) and was
sealed sandwich-type with saran-wrap film (thickness=10
um) in Figures 2-3 or with 2 plates of cover glasses
(thickness=130-170 um) in Figure 4, respectively under
freezing condition (-20 C) before the measurements.

RESULTS: Two different penetration materials of sa-
ran-wrap film and cover glasses were mapping measured
of spectra of two different C6 tumor model tissues as
shown in Figures 2-3 and Figure 4, respectively.

[Fig. 2] H.&E.-stained Images and linear mapping
line and the transmitted spectra

Saran-wrap film- R100
(C6 Glial Tumor Tissue)

Transmittance Spectra
in Tera-hertz region

[Fig. 3] H.& E.-stained Images and linear mapping
line and the absorbance at 9.69 cm™

Saran-wrap film- R100
(06 Glial Tumor Tissue)

£

[Fig. 4] C6 glial tumor model tissue, the
H.&E.-stained Image, the transmit spectra, and the
linear mapping analysis of the different de'pth areas-|
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From these 2 linear mapping data (Figures-3, and 4),
there were presented higher absorbance components at
7-9 cm-1 in necrotic cancer region in these linear analysis
from Figures 3 and 4 even the penetrate materials were
different. It was estimated that the specific water mole-
cules at 7-9 cm™ region might be presented in the necrot-
ic cancer area which the large amount of lipid compo-
nents induced in the necrotic cancer area. These envi-
ronment condition will control the water molecule con-
formation (looks like a free water which the hydrogen
bond will be longer, 0.295 nm than that, 0.273 nm of the
binding water molecules in viable cancer area) around the
lipid components in the cancer region. These estimation
will be more needed to be reappear the spectra, especially,
the diffraction effect in these spectra data to remove from
the data.

REFERENCES:

[1] P. C. Ashuworth, et. al., Optics Express, 17(14) (2009)
12444-12454.

[2] T. Fukasawa, et al., Phys. Rev. Let., 95 (2005) 197802.
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to y-Ray Irradiation
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INTRODUCTION: Carotenoids are a group of colored
terpenoids with antioxidant properties. Especially, carot-
enoids have a unique radical scavenging and singlet oxy-
gen quenching activities [1]. Therefore, carotenoids may
prevent the organism from vy-ray irradiation through its
scavenging and quenching activities. Lactic acid bacteria
(LAB) are Gram-positive, low-GC, microaerophilic, rod
or cocci that ferment sugar to produce lactic acid, and
have been used to ferment foods for at least 4000 years.
Carotenoid-producing LAB may have an industrially
worth for producing the fermented food with antioxidant
effect. Lb. plantarum is one of LAB species used as pro-
biotic microorganism for many fermented foods. In this
study, we investigated whether carotenoid-producing Lb.
plantarum strains are resistant to y-ray irradiation.

EXPERIMENTS: Lb. plantarum strains used in this
study are described in Table 1. For their culturing, MRS
broth (Merck) were used. Each strain was grown in MRS
broth at 30°C for 24 h, and the resulting broth contained
about 2x10° cells per ml. Before irradiation, cells were
washed with PBS buffer and resuspended into the same
buffer. Cell suspensions were irradiated with y-ray from a
%9Co source at a dose rate of 717 Gy per h. To measure
the number of surviving bacteria after irradiation, irradi-
ated cell cultures were diluted appropriately, and then
plated on MRS agar in triplicate. Plates were incubated at
30°C and colonies were counted after 72 h of incubation.
In Fig. 1, log of the ratio of the number after the treat-
ment with irradiation to that without irradiation is plotted
against the total dose.

RESULTS AND DISCUSSION: As shown in Fig. 1,
y-ray irradiation experiments indicated that Dy of two
carotenoid-producing strains against the y-ray irradiation
(470 and 430 Gy for 3930 and SN35N strains, respec-
tively) was higher than that of carotenoid-nonproducing
strain (190 Gy for SN13T strain). In addition, SN13T is
more sensitive toward the exposure of hydrogen peroxide,
one of the active oxygen, than 3930 and SN35N (Table 1).
These results suggested that carotenoid produced by LAB

the same resistance toward y-ray irradiation, MIC toward
hydrogen peroxide of 3930 (8 mM) was higher than that
of SN35N (6 mM). SN35N produces a plenty of extra-
cellular polysaccharide, but 3930 and SN13T do not. The
extracellular polysaccharides produced may be involved
in the resistance toward hydrogen peroxide in the SN35N
strain.

Table 1.
Lactobacillus plantarum strains

Carotenoid  Extracellular

) ! MIC toward
Strain produc- polysaccharide o ©(mM)
tion® production® 22
3930 + - 8
SN35N + + 6
SN13T - - 4

& Judged by color of the cell pellets obtained after cen-
trifugation: +, yellow; -, white.

® Judged by turbidity of culture supernatant after centrif-
ugation; +, cloudy; -, clear.

¢ Hydrogen peroxide resistance assay were carried using
overnight cultures grown at 30°C. Cells were washed
with PBS buffer and resuspended into the same buffer.
1x10” cells per spot was loaded on MRS agar containing
indicated concentration (4, 6, and 8 mM) of hydrogen
peroxide, which was prepared at the time of use. Plates
were incubated at 30°C for 72 h. MIC, minimum inhibi-
tory concentration.
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Fig. 1. Response of Lb. plantarum strains to y-ray irra-
diation. Strains were irradiated with the indicated dose
of y-ray and the survival ratio was measured as de-
scribed above. €, 3930; A, SN35N; m, SN13T. Dy
represents the dose of irradiation causing death for 90 %
of total cells.

is involved in the protection from active oxygen generat- ~ REFERENCES:

ed by y-ray irradiation and from hydrogen peroxide. On  [1] A. Clauditz et al., Infect Immun., 74 (2006)
the other hand, whereas 3930 and SN35N show almost 4950-4953.
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with lonizing Radiations in Water
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INTRODUCTION: It is known that DNA lesions in-
duced by ionizing radiation and chemicals can cause
mutation and carcinogenesis. In particular, ‘clustered
damage’ site, that is a DNA region with multiple lesions
within one or two helical turns, is believed to be hardly
repaired. This damage is considered to be induced, e.g.,
around high-LET ionizing radiation tracks. However,
detail of the damage is not known. We have already de-
veloped a method for estimating degree of localization of
apurinic/apyrimidinic(AP) sites on DNA using Forster
resonance energy transfer (FRET). The FRET efficiency
(E) was calculated using the donor fluorescence intensi-
ties before/after enzymatic digestion of the labeled
AP-DNA [1]. Now we have tried to apply the method to
*He?*- and *°Co y-irradiated DNA.

EXPERIMENTS:
eSample preparation and He beam irradiation

Plasmid DNA digested by Sma | was used (linear
formed). One hundred microliters of the DNA aq. (0.5
g/L) was transferred to an irradiation chamber (Fig.1),
and was irradiated with linear energy transfer (LET) of ~
70 keV/um of “He?" beam (TIARA, Japan Atomic Ener-
gy Agency), which was controlled by a depth-tunable cell
irradiation equipment at r.t.. ®°Co y-rays (Kyoto Univer-
sity Research Reactor Institute: KURRI) were also used
as a standard radiation source.

Kapton®
(0.0075)

1
<40 > acrylresin plate

Fig.1. Irradiation chamber (mm)

ePreparation of fluorophore-labeled irradiated DNA and
the fluorescence spectroscopy for FRET observation

The irradiated DNA (10 pL in water) and 10 uL of 100
mM Tris-HCI (pH7.5) were mixed in a microtube. Two
microliters of a mixture containing AF350 (donor fluo-
rescent probe) and AF488 (acceptor one) with a given
molar ratio was added to the DNA solution and was in-
cubated for 24 h at 37°C. The fluorophore-labeled DNA
was purified by ethanol precipitation. Twenty microliters
of water was added to the residue. The fluorescence in-
tensities were measured both at 449 nm (ex. 347 nm for
AF350) and at 520 nm (ex. 460 nm for AF488). After the
measurement, the enzyme cocktail containing DNase |

and phosphodiesterase | was added to the solution, and it
was incubated for 2 h at 37°C. E values were calculated
from the donor intensity before/after the digestion.

RESULTS AND DISCUSSION:
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Fig.2. Relationship between absorbed dose and AP density for
He ion beam (m) and *°Co y-rays (e).
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Fig.3. Relationship between AP density and FRET efficiency
for He ion beam (m) and *Co y-rays (e). The dashed lines
indicate theoretical lines for randomly-distributed AP in DNA.

The He beam is stopped completely by DNA ag. (1
mm depth, see Fig.1), and all of the energy is trans-
ferred into the solution. It should be noted that the en-
ergy deposition may not be homogeneous although dif-
fusion of DNA molecules can be promoted by vibration
of the chamber during irradiation. Fig. 2 shows clear
difference in the AP density (the number of AP sites
produced/total DNA base pairs in the solution) between
these radiation sources. Elimination of OH radicals by
recombination would be responsible for the low level
AP production for the high-LET He beam. In Fig.3, de-
crease of E for ®°Co y-rays would be caused by gross
fragmentation of DNA due to the numerous lesions.
More data of lower dose region are needed. The E val-
ues for He beam are much higher than those for ran-
domly-distributed AP. This seems that He beam pro-
duces clustered AP regions more frequently than ran-
dom case. However, deeper consideration in heteroge-
neity of the energy deposition should be important for
more proper estimation of the damage localization. Im-
provement of the irradiation system may also be need-
ed.

REFERENCE:
[1] K, Akamatsu, N. Shikazono, Anal. Biochem. 433
(2013) 171-180.
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Structure Specificity of Radio-Induced Biomolecule Damage and

Its Effect on Radio-Biological Consequence
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INTRODUCTION: We have thought existence of a
specific form of radiation damage, and are recently start-
ing to consider clustered DNA damage (CDD) as one of
the damage. CDD contains multiple lesions in the limited
region of target DNA molecule caused by passage of
radiation beam track. High-LET radiations such as heavy
ion beams generate more condense and vast form of the
track than low-LET radiation such as gamma-ray and
X-rays. Thus, heavy ion beams are thought to produce
larger number of CDD than low-LET radiations. In this
regard, we indicated that yields of CDD decreased in
elevation of the LET in the DNA molecule target irradi-
ated in vitro (gamma > carbon > iron) [1]. We also re-
ported that the isoltated DNA damage showed similar
trend for the LET’s elevation. In this study, we simulta-
neously analyze the yields of DNA damage including
CDD and surviving fractions of the irradiated cells to
discuss the connection between the CDD and the impact
of radio-biological effectiveness in heavy ion beam irra-
diation.

EXPERIMENTS: Chinese hamster ovary (CHO) AA8
cells growing exponentially were irradiated by
gamma-ray (0.2 keV/pm), and carbon (13 keV/um), sili-
con (55 keV/um), argon (90 keV/um) and iron (200
keV/um) particle beams, respectively (parenthetic num-
bers indicate respective LETs). The gamma-irradiation
was at *’Co-gamma-source at KURRI, and those heavy
ion beams were obtained from HIMAC at NIRS. The
irradiated cells were embedded into agarose plugs, and
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Fig. 1. The yields of clustered DNA damage (CDD)
in the irradated cells.

then the plugs were treated with endonuclease 111 and Fpg
for CDD containing oxidative pyrimidine and purine le-
isions, respectively. Finally, the plugs were subjected to
static field agarose gel electrophoresis (SFGE) to esti-
mate CDD yields.

Also, we analyzed isolated DNA damage including
oxidative base lesions by aldehyde reactive probe (ARP).
The cultured cells were irradiated by those radiations, and
the chromosomal DNA was extracted from the irradiated
cells by Nal. The DNA were treated by the appropriate
DNA glycosylases mentioned above, for identification of
base lesions and then modified by ARP. Finally, we ana-
lyzed the ARP- modified DNA by ELISA-like procedure.

The radio-biological effectiveness of the irradiated cells
was estimated by colony forming assay. The detail of
analysis procedures was on our previous report [1].

RESULTS: SFGE analyses showed that the total CDD
decreased in the elevation of the LETs (gamma > carbon
> silicon > argon > iron) (Fig. 1). Similarly, the total iso-
lated DNA damage decreased in elevation of the LETs
(Fig. 2). These results conform our previous result of
DNA solution [1]. On the other hand, colony forming
assay showed that the radio-biological effectiveness cor-
responded to the LET-elevation (data not shown). The
present result indicates that the relationship between
yields of DNA damage including CDD and ra-
dio-biological effectiveness is imbalance. Thus, CDD
seems to contribute the effect of heavy ion beams with its
some characters other than the quantity. For instance, we
must consider the importance of the quality, namely, the
variation of constituent lesions and the distribution in a
CDD for repair efficiency.

REFERENCES:
[1] Terato H, et al., J Radiat Res 49 (2008) 133-146.
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Fig. 2. The yields of isolated DNA damage in the ir-
radated cells.
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INTRODUCTION: A high incidence of amyotrophic
lateral sclerosis (ALS) has continued in the Koza /
Kozagawa / Kushimoto (K) area in the Kii Peninsula of
Japan. We previously reported an elevation of transitional
metals in the scalp hair by NAA at KUR, and an eleva-
tion of urinary 8-hydroxydeoxyguanosine (8-OHdG), an
oxidative stress marker, of patients with ALS in this area
(K-ALS) [1]. Environment and lifestyle might play a role
in increasing oxidative stress on patients with K-ALS. To
examine the hypothesis that chronic Ca deficiency induce
an increase of absorption of toxic metals, and conse-
quently increase metal-induced oxidative stress on neu-
rons, we compared metal contents in the scalp hair
among patients with ALS in the K area, patients with
sporadic ALS and residents in the Muro district.

EXPERIMENTS: Approximately 200 mg of hair was
obtained from patients with K-ALS, patients with spo-
radic ALS, residents in the Muro district and controls.
The hair samples were washed with 50 ml acetone, 50 ml
d.d.w. (3 times) and 50 ml acetone in sequence. The
samples were then dried in air. Approximately 30 mg of
the sample was weighed and double-wrapped in polyeth-
ylene films and subjected to NAA. The samples in poly-
ethylene capsules were irradiated in Pn-1 of KUR (1000
kw) for 2 minutes as short irradiations and for 120
minutes as long irradiations. As comparative standards,
orchard leaves (NBS), a human hair standard (NIES,
CRM No.13) and elemental standards were used. The
y-ray spectroscopic measurements with a Ge detector
were performed repeatedly according to the protocol pre-
viously reported [2].

25000 =

Fig 1. The V contents in hair samples were shown (ppb,
boxes indicate median values, 25 and 75 percentiles). 1:
controls, 2: residents in the K area, 3: patients with K-ALS,
4: patients with sporadic ALS (*: p <0.05).

RESULTS: Hair samples from seven patients with
K-ALS, 10 patients with sporadic ALS, 86 K-residents
and 19 controls were collected between 2010 and 2012
and the contents of Ca, Al, Cu, Mn and V were analyzed.
The samples were not treated with chemical procedures
including perm. The contents of V (148.3 £ 277.4 ppb,
mean + S.D.) and Mn (0.75 = 0.66 ppm) of patients with
K-ALS were higher than those of the controls (19.2 +
11.1, 0.22 + 0.35, respectively, p < 0.05, Fig. 1). Some of
the K-residents showed high V in the hair; however, the
mean content (28.6 + 27.9 ppb) was not significantly dif-
ferent from the controls.

DISCUSSION AND CONCLUSIONS: The present
results indicate that the contents of V and Mn in the scalp
hair of patients with K-ALS were elevated. These tran-
sitional metals may play a role in increasing oxidative
stress on patients with K-ALS.

Part of this report is submitted to 24™ International Symposium
on ALS/MND held at Milan, Dec. 2013.

REFERENCES:
[1] Kihira T, et al. Internal Medicine (2013), in press.
[2] Kihira T, et al. KUR Report (2012).
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Mechanism Involved in Tumor Tissue of Colon 26 Carcinoma-Bearing Mice

Irradiated with Neutron in the Presence of BSH-Appended Polyamine
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INTRODUCTION: Recently, we synthesized a novel
polymeric boron carrier based on biodegradable polyam-
ine, e-poly-L-lysine, followed by cross-linking and modi-
fied with the boron cluster, BSH (BPP, Fig. 1) [1]. Since
this polymeric '°B carrier has anionic zeta-potential, pol-
yion complexes with cationic polymer (nEG-PLL, Fig.1)
afford nanoparticles suitable for safe and effective deliv-
ery into tumor tissues due to Enhanced Permeability and
Retention (EPR) effect. The neutron-irradiation exper-
iment was carried out with the complex in colon 26 car-
cinoma-bearing mice. Significant depression effect for
the tumor proliferation was observed. Herein, mechanism
of tumor growth suppression was assessed using
well-characterized TUNEL assay.

EXPERIMENTS: Colon 26 cells (8 x 10° cells) were
transplanted into a left thigh of mice (4 weeks old
BALB/c, male). After 10 days of transplantation, BPP
complex (BPP/23EG-PLL/9EG-PLL=8/4/1 wiw/w) solu-
tion was injected via tail vein at a dose of 4.0 mg *°B/kg
(400 ppm of B concentration; 200 pL). Twelve hours
after injection, neutron irradiation (4 x 10 fluence/cm?)
was carried out at Kyoto University Reactor (1 MW, 90
min). The mice were sacrified 24 h and 48 h after neutron
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Fig. 1. BSH-appended polyamine and based polyamines.
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Fig. 2. TUNEL staining of tumors irradiated with neutron in
the absence (A) and presence (B) of administrated BPP com-
plex.

irradiation, and the tumor tissues were taken out and
fixed by freezing with compound. Ten um sections of
tumor were stained with terminal deoxynucleotidyl
transferase-mediated ‘nick-end’ labeling (TUNEL) using
a In Situ Cell Death Detection Kit, Fluorescein (Roche).

RESULTS AND DISCUSSION: When tumor-bearing
mice injected with BPP complex was irradiated with neu-
trons, significant depression effect for the tumor prolifer-
ation was observed (date not shown). Moreover, TUNEL
staining of thin sections of tumor tissues after injection of
BPP complex and neutron irradiation showed the DNA
fragmentation (Fig. 2). After 48 h of irradiation highest
DNA fragmentation was observed. These results indicat-
ed that BNCT with BSH-appended polyamine induced
apoptosis of tumor cells in vivo.

REFERENCE:
[1] M. Umano et al., Appl. Radiat. Isot., 69 (2011)
1765-1767.
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INTRODUCTION: The disulfide bond(s) play a criti-
cal role in the stabilities of their tertiary structures for the
expression of biological activities. The disulfide bond
formation thermodynamically and kinetically controls
under redox conditions [1], for instance, concerning the
role of glutathione, cystein, protein disulfide isomerase
(PDI), and PDI oxidase. These catalyze the formation,
breakage, and isomerization of disulfide bond(s) in vivo
or in vitro. Recently, we demonstrated that a positively
charged redox reagent is preferred for accelerating disul-
fide-exchange reactions, as evidenced by the fact that the
folding recovery is greater than that for a typical redox
system [2,3,4]. Although the disulfide bond formation
and the tertiary structure of a target protein are affected
by redox molecules, the nature of the redox environment
related to protein folding remains a matter of debate. The
objective of this research is to elucidate the disul-
fide-coupled folding mechanism by de novo designed
peptides as a redox molecule.

EXPERIMENTS:

Peptide Synthesis- The peptides were synthesized by
the Fmoc solid-phase method using a PSSM-8 peptide
synthesizer (Simadzu, Kyoto). The resulting peptides,
containing several cystein residues, were air-oxidized to
form an intramolecular disulfide bond and the product
was purified by RP-HPLC (Hitachi High-Technologies
Corporation, Tokyo). The purified peptides were con-
firmed by MALDI-TOF/MS (Bruker Daltonics, Kanaga-
wa) and stored in 0.1 M Tris/HCI buffer (pH 8.0) at room
temperature until used.

Preparation of reduced/denatured proteins- The re-
duced/denatured proteins were prepared according to
previously method [2], that is, purchased materials dis-
solved in 0.1 M Tris/HCI (pH 8.3) containing 20 mM
dithiothreitol and 8 M urea, and the supernatant was al-
lowed to stand for 3 h for room temperature. The mixture
was then dialyzed against 10 mM HCI and lyophilized.

Micrococcus luteus assay- The refolding reaction was
performed in 0.1 M Tris/HCI pH 8.0 buffer containing
1.0 mM GSH and 0.2 mM GSSG in the presence or ab-
sence of 1 mM synthesized peptide (peptide A or B). A
Micrococcus luteus suspension (0.5 mg/mL) in 50 mM

A New Reagent for Disulfide-Coupled Protein Folding

phosphate buffer pH 6.5 was prepared to determine the
bacteriolysis activity. The bacteriolysis reaction was
started by mixing 10 uL the refolded lysozyme solution
and 1 mL a Micrococcus luteus suspension, and was
quenched by adding a quenching solution containing 0.5
M iodoacetic acid, 1 M KOH, 1 M Tris/HCI buffer pH
7.0 [3,4]. The light scattering intensities of the reaction
mixtures were measured at 600 nm.

Oxidative folding analyses- The denatured/reduced
proteins were dissolved in 0.1 M Tris/HCI pH 8.0 in the
presence of 2 mM reductant and 1 mM oxidant at room
temperature for 48 hr, as described previously [2,3]. All
solutions used in the folding experiments were flushed
with N, gas. The reaction mixtures were removed at sev-
eral time points, quenched with an equivalent volume of
1 M HCI [2,3], and separated by RP-HPLC. The HPLC
fractions were analyzed by MALDI-TOF/MS.

RESULTS: To estimate the efficiency for coupled
protein folding using the designed redox reagents, we
employed to lysozyme, bovine pancreatic trypsin inhibi-
tor (BPTI), and prouroguanylin as a model protein. In the
case of lysozyme folding, peptide A or B accelerates the
disulfide coupled protein folding as compared to a typical
glutathione redox system, resulted in the increase of re-
folding yield.

By using HPLC analysis of disulfide-coupled folding of
BPTI we found that synthesized peptide A or B acceler-
ates the formation and the isomerization of in-
tra-molecular disulfide bonds: the folding intermediates
of BPTI were rapid rearrange to native form with correct
disulfide bonds pairings as compared to a typical gluta-
thione redox system.

In general, several disulfide-containing proteins such as
lysozyme, BPTI, and RNaseA require redox condition to
fold correctly in vivo or in vitro, because proteins in
which cysteine residues are involved in folding are folded
into the native conformation via the formation of
agent-mixed disulfide intermediates under redox condi-
tions. It is therefore a complicated problem to choice the
folding condition with redox environment. This work
demonstrated a redox molecule is preferred in accelerat-
ing the disulfide coupled folding and the new approach is
effective in catalyzing the disulfide coupled protein fold-
ing. To elucidate the disulfide coupled protein folding
mechanism further, folding experiments in detail using
folding intermediates of prouroguanylin and BPTI are
already in progress.
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M. Fukushima, Y. Nakano®, R. Okumura®and
A. Yoshihara

Department of Basic Sciences, Ishinomaki Senshu
University
'Research Reactor Institute, Kyoto University

INTRODUCTION: In 2011 March 11, great earth-
quake and Tsunami attacked Pacific side of Main Island,
Japan. Tsunami brought great amount of marine sedi-
ment to land, and after Tsunami we found the geograph-
ical feature of ocean floor has changed. In this study,
we have analyzed multi-elements in marine samples in-
cluding marine sediments, shellfishes, marine inverte-
brates by neutron activation analysis to compare them
with elemental levels of samples obtained before The
Great East Japan Earthquake.

EXPERIMENTS: <Samples> Marine sediment, oys-
ters, mussels, and sea squirt were collected in two differ-
ent points (Higashimatsushima and Makinohama in
Oshika Pensula) in Sendai Bay. Marine sediment was
dried for 12 hours at 60 “C. Soft tissues of oysters were
separated from shells, hepatopancreas, muscles, gills, and
mantles were separated each other, and freeze dried.
Dried samples were pulverized by mill. Soft tissues of
mussels were separated from shells, freeze dried, and
pulverized by mill. Sea squirt was washed with tap water,
freeze dried, and pulverized by mill. <Neutron Activa-
tion Analysis> 0.3-0.5 g of dried samples were heat
sealed doubly by cleaned polyethylene seat, and irradiat-
ed with several kinds of Standard Reference Materials
(SRM). Irradiation was done for 12 seconds by Tc-Pn
or Pn, 1 minute by Tc-Pn, 20 minutes by Pn, and 4 hours
by Pn. After appropriate cooling time, gamma rays of
irradiated samples were measured by Ge detector. For
12 second irradiation, Compton suppression system
(CSS) was used for measuring. Elemental levels were
calculated from the specific sensitivity of SRM.

Fig. 1 Gamma spectrum of sea squirt by CSS after 12 second irradiation.

RESULTS: Typical gamma spectrum by CSS is shown
in Fig. 1, and gamma spectrum by normal Ge detector is
shown in Fig. 2. By using CSS, it is obvious the back
ground level for lower energy range has lowered. Ele-
mental levels are shown in Table 1 for several samples
for the example without error.  We have analyzed sever-
al elements in hepatopancreas of oysters from same col-
lection point before The Great East Japan Earthquake.
The levels were 0.15, 198, 0.13, 0.03, and 477 ppm (dry
weight base) for Co, Fe, Rb, Sc, and Zn, respectively.
By comparing them each other, we can say that Fe level
changed lower and Rb level changed higher, and other
elemental levels did not change. We will continue the
analysis of these samples for further work.

Table 1. Elemental levels of samples obtained by NAA
(1 g/g, dry weight).

Element me_lrine _Sea squ_irt . oyster, hepato-
sediment | (Ciona savignyi) pancreas
Al 19000 12300 ND
Br 64 226 188
Co 8.55 2.56 023
Cs 2.6 0.76 0.03
Fe 31700 6720 94.4
Mn 237 157 ND
Rb 45.1 12.2 3.8
Sc 55 32 0.02
Zn 93.7 77.2 488

Acknowledgement:

We thank to Mr. Shigeru Watanabe and his family, Dr.
Takeshige Matsutani in Ishinomaki Senshu University for
their help for collecting samples.

Fig. 2 Gamma spectrum of sea squirt by normal Ge detector system
after 12 second irradiation.
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INTRODUCTION: Gadolinium (Gd)-based contrast
agents (GBCAs) have been used in medical magnetic
resonance (MR) imaging. In particular, human nephro-
genic systemic fibrosis (NSF) has been reported in pa-
tients with severe renal insufficiency treated with
Gd-based contrast agent [1]. A depletion of endogenous
Zn ion is proposed as one of the reasons for development
of NSF [2, 3]. On the other hand, there also reported no
correlation between Zn and NSF [4]. Our recent findings
also showed no correlation of Zn with both GBCA and
nephrectomized situations [5]. However, those results
were obtained from only one time point after GBCA ad-
ministration (2 days) and, therefore, the relation between
Gd and trace elements in vivo is still unclear.

In this study, we evaluated the time dependence of both
the distribution of Gd and concentration of some minerals
by neutron activation analysis (NAA) in selected tissues
of four mice under different experimental conditions.

EXPERIMENTS: Forty-one male 8-week-old ICR
strain mice were used in this study. Twenty-four mice
were housed as normal, while another seventeen mice
were partially nephrectomized as pseudo renal impair-
ment model [6]. Half of each group was administered 2.5
mmol Gd/kg b.w. Omniscan (gadodiamide) intravenously.
Mice were sacrificed and dissected 1, 3, 7 days after ad-
ministration according to the experimental conditions.
Blood samples were collected, and the femur, kidney, and
liver were excised and weighed. The samples were
freeze-dried and sealed into polyethylene bags for NAA.
The sealed samples and standard of gadolinium were
irradiated in Pn-3 for 30 s and in Pn-2 for 1 h, for short
and long half-life radioisotopes production, respectively.
The distribution of Gd and concentration of minerals
were determined by y-ray spectrometry.

RESULTS AND DISCUSSION: Almost of all the se-
lected tissues in nephrectomized (model) mice showed
high Gd concentration compared to normal mice during
the experimental period. Gd concentration decreased with
time except for the femur in model mice, in which Gd
increased for 7 days (Fig.1). Due to the bone seeking
property of Gd and the low rate of the renal metabolism
compared to normal mice, Gd seems to accumulate in the
femur in the model mice at a higher concentration.

The concentration of Mn in the liver and Zn in the skin
are shown in Fig. 2. The liver of Gd-administered model
mice showed increased Mn concentrations compared to
normal mice. Zn concentration in model mice was high
compared to other groups after 1 day of Gd administra-
tion. On the other hand, Gd-administered model mice
showed high Zn concentration after 7 days.

We evaluated the time-dependence of the concentration
of “exogenous” Gd and “endogenous” Mn and Zn. How-
ever, these results do not sufficiently provide statistically
warranted representations of the biodistribution of “ex-
ogenous” Gd and the concentration of “endogenous” and
“exogenous” trace elements in normal and model mice to
clarify the correlation between Gd and trace elements.

Gd-Skin Gd-Femur

Concentration (ppm)
Concentration (ppm)

7day

3day

1day

7day

‘ 3day
Fig. 1. Time dependence of the concentration of Gd in the
skin and femur of normal and nephrectomized mice after
GBCA administration. White and gray bars represent
normal mice and nephrectomized mice, respectively.

Mn-Liver Zn-Skin
0

1day

Concentration (ppm)
Concentration (ppm)

1day ‘ 3day ‘ 7day ‘ 1day ‘ 3day ‘ 7day ‘
Fig. 2. Time dependence of the concentration of Mn in
the liver and Zn in the skin of normal and nephrecto-
mized mice after GBCA administration. White, black,
and striped bars represent normal mice, model mice, and
groups of GBCA administration, respectively.
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Mossbauer Studies on Reversible O-O Bond Scission of Peroxodiiron(l11) to

High-Spin Oxodiiron (1V)
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INTRODUCTION: Soluble methane monooxygenases
(SMMO) are non-heme diiron enzymes catalyzing conver-
sion of CH, to CH;0H, one of the most difficult chemical
oxidation, via a dioxygen activation, where intermediate P,
peroxodiiron(l1l) generated by O,-binding to diiron(ll), is
converted to active species Q, oxodiiron(lV) responsible for
the CH, oxidation[1-3]. The diiron(IV) of Q is in a high-spin
S = 2 state.® A di-p-oxodiiron(1V) diamond core structure is
proposed for Q from the short FeesFe distance (2.5 A),[4]
but not established. The conversion of P to Q, however, has
not been clarified due to their instability [3,5] Thus, a func-
tional model attaining conversion of peroxodiiron(lll) to
high spin oxodiiron(IV) is useful for clarification of the
P-to-Q conversion mechanism.

Recently, we succeeded in spectral observation of the re-
versible O-O bond scission of peroxodiiron(lll) to oxodi-
iorn(1V) with a bis-tpa dinucleating ligand 6-hpa (1,2-bis[2-
[bis(2-pyridylmethyl)aminomethyl]-6-pyrid-yl]ethane)[6].
We report herein the Mdssbauer measurements of the con-
version of the peroxodiiron(l11) to the oxodiiron(IV).

EXPERIMENTS: Preparation of a mixture of perox-
odiiron(l11) and oxodiiron(1V) complexes 2. To a solu-
tion of [Fe,(u-O)(OH,),(6-hpa)](CIO,), (1) (45.1 mg 36.3
pmol) in MeCN (2.5 mL) was added 2.0 equiv of EtsN (29
mM) at -40°C, and stirred for 5 min. To the solution was
added 1.2 equiv of H,O, (17 mM), and stirred for 2 min. The
solution turned dark green. To the resultant solution was
added 20 mL of Et,O at -40°C, green solid precipitated. The
supernatant was decanted off, and the precipitate was
washed with Et,O several times at -40 °C. The green solid
was dried in vacuo. The isolated solid is stable at low tem-
perature, and not changed several days at room temperature
under dark in the absence of any organic compounds poten-

tially acting as reductant. Yield 31.3 mg (33.8 umol, 93.1 %).

Anal. Calcd for CagHigNgCl,0O5Fe,: C, 43.99; H, 4.47; N,
10.80%. Found: C, 44.21; H, 4.32; N, 10.69%. The isolated
solid was used for various spectral measurements including
the Mdssbauer spectra.

RESULTS: In the previous studies, the Mdossbauer
spectra of the isolated solid 2 were recorded between 25 and
295 K at zero field. The spectrum at 25 K is composed of
two quadrupole doublets with & = 0.351(3) mm/s, AEq =
1.635(5) mm/s and & = 0.132(9), AEq = 0.438(2), as shown
by the deconvolution spectra, the red and blue lines in Fig-
ure 1(a), respectively. The & and AEq values of the red line
are close to 0.54 and 1.68 mm/s of p-oxo-u-peroxodi-
iron(111) 5, 0.66 and 1.40 mm/s of p-peroxo-di-p-benzoato-
diiron(l11) with sterically hindered trispyrazolylborate
HB(pz’)s, and 0.53 and 1.68 mm/s of
u-peroxo-di-p-acetatodiiron(l1l) of hexpy ligand. Thus, the
red line may result from a diiron(I111) symmetrically bridged

by the peroxide. The & and AEq values of the blue line are
close to 6 = 0.14-0.21 and AEq = 0.53-0.68 mm/s of high
spin S = 2 diiron(1V) in the active species Q of SMMO. The
high spin S = 2 iron(IV) complexes reported so far show the
8 and AEq values around 0.1 and 0.5 mm/s, respectively, but
low spin S = 1 iron(lV) relatively higher AEqQ values 1-2
mm/s. Thus, the blue line must be due to a high spin S =2
diiron(IV) with a symmetric structure. These results and all
other spectral and analytical data shown above demonstrated
that 2 is composed of the p-oxo-p-peroxodiiron(lll) com-
plex 2a and the high spin S = 2 p-oxodioxodiiron(IV) com-
plex 2b. Here, 2b is the first synthetic example of a
high-spin S = 2 oxodiiron(1V).

raising the temperatures recooling the same sample

@) 25ktl ke) 25KIIIII

W ® \wr
W S
- velocity (mm s")

‘@M‘Wr——‘

-3 -2 -1 (o] 1 2 3
velocity (mm s’ )

Fig 1. Zero field Mdssbauer spectra of 2, recorded by raising
the temperature at (a) 25, (b) 100, (c) 170, and (d) 294 K, and
by recooling the same sample at (e) 25 and (f) 100 K. The black
line is the least-square fitting to the raw data, and the red and
blue lines are the deconvolution spectra corresponding to
p-oxo-p-peroxodiiron(l11) (2a) and p-oxo-dioxodiiron(1V) (2b)
complexes.

In this study, further, we tried to measure the Md&ssbauer
spectra under applied magnetic field conditions. However, it
was not successful because upon preparation of the KBr disk
of the measurement sample, the peroxodiiron(lll) complex
was decomposed to a structurally unknown diiron(lll) com-
plex. So, we may need to improve the sampling method. In
this year, we will try to optimize the sampling method and
carry out some more experiments of the Mdssbauer meas-
urements under the applied magnetic field.
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INTRODUCTION: Previously, we reported that the
Co content increased significantly in all the organs and
tissues of Zn-deficient mice, which had been fed with
Zn-deficient diet for 1 week, 3 weeks, or further peri-
od from 3 or 8-week old, compared with those of mice
fed with control diet, and that this fact suggested the
partial substitution of Co with Zn in their metal pro-
teins or other metal-bound compounds.[1-3] In the
present work, concentrations of trace elements in or-
gans and tissues of mice were determined in order to
examine whether cobalt functions as a substitute for
zinc.

EXPERIMENTS:

Animals and preparation of samples Male mice of
the ICR/jcl strain, 8-week old, were divided into two
groups. One group was fed with Co-enriched
Zn-deficient diet (the diet was made with raw materi-
als for Zn-deficient diet and Co as CoCl,) and ultra
pure water (Co-enriched Zn-def. mice) for one or three
weeks. The other one group was fed with
Cu-enriched Zn-deficient diet (the diet was made with
Cu as CuS04-5H,0) and the same water (Cu-enriched
Zn-def. mice).

After the treatment, about 1 mL of blood was
collected from heart under diethyl ether anesthesia,
and then, 5 organs and tissues such as liver, kidney,
pancreas, testis, and bone were removed. The blood
samples were centrifuged and the serum was harvested
for PIXE analysis. The removed organs and tissues
were weighed, freeze-dried, weighed again and
grounded. Each sample was doubly wrapped in pol-
yethylene film for INAA (Instrumental Neutron Acti-
vation Analysis).

PIXE Analysis One hundred uL of the serum was
dropped on a backing film (polypropylene) and di-
rectly irradiated with proton beam at Nishina Memori-
al Cyclotron Center, Japan Radioisotope Association.
The spectra were analyzed with the standard-free
method. [4, 5]

INAA  The samples in polyethylene capsules were
irradiated in Pn-1 for 90 seconds and for 2 hours, for

Determination of Trace Elements in Organs and Tissues of Zn-Deficient Mice

short and long irradiation, respectively. The vy-ray
spectroscopic measurements with an HPGe detector
were performed repeatedly for the short-irradiated
samples: the first measurements for 120 seconds after
decay time of 5 - 10 minutes and the second one for
250 seconds after 80 - 120 minutes. The long
-irradiated samples were measured for 3 - 24 hours
after an adequate cooling time (60 - 80 days).
RESULTS: As results of PIXE analysis of the serum
samples, Co concentration of Co-enriched Zn-def. mice
was much risen whereas Cu concentration of
Cu-enriched Zn-def. mice was not higher than that of
Co-enriched Zn-def. mice. Similar trend was found
for all the organs and tissues investigated by INAA.
On the other hand, Zn concentration in pancreases of
mice which were fed with Co-enriched Zn-deficient
diet for three weeks was slightly restored as shown in
Fig. 1. This might indicate that some kinds of
mechanisms which enhance the intake of Co in all the
organs and tissues of Zn-def. mice could be operated,
and that Co would function to disturb that Zn flowed
out.

~ %0 Control

N Zn-def.

o0 Co enriched Zn—def.

\3' 40 7% [ ] Cu enriched Zn—def.
o

§ %/

% 20 %

o

S o I8

0

1 week treatment 3 weeks treatment

Fig. 1 Zn concentration in pancreases of mice
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