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The effect of transcranial magnetic stimulation
on neurodegeneration
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Department of Molecular Neuroscience,
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Abstract
Damaged axons in the adult central nervous system (CNS) fail to regenerate

spontaneously due to several intrinsic and extrinsic factors that inhibit axon elongation.

Transcranial magnetic stimulation (TMS) has been used as a form of rehabilitation, and

accumulating studies have suggested that TMS is able to modulate neural plasticity of the

cortex. Here, we conducted TMS in mice with CNS injury to investigate the potential

effects on motor recovery.

Keywords: central nervous system, brain, spinal cord, neuron, TMS
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Hyperthermia for castration-resistant prostate cancer using magnetite nanoparticle
composed from single-walled carbon nanohorn
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Abstract
Single-walled carbon nanohorn (SWNH) can be used for drug delivery because of

its high surface area. In this study, SWNH was applied for thermotherapy by combining

Fe3;04 because FesOs4 heat in an alternating magnetic field (AMF). Human castration

resistant prostate cancer cells (22Rv1) were injected subcutaneously into nude mice. In

treatment group mice, SWNH- Fe;O4 were injected into tumor nodule and the mice were

exposed into AMF for 30 minutes. Tumor regression was observed in treatment group

compared with control group.

Keywords: prostate cancer, single-walled carbon nanohorn, thermotherapy
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Effects of magnetic field on ABCA1-mediated cellular lipid release and adult brain
cell generation
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Abstract
This project aims to explore a novel magnetic field health care based on the cholesterol

metabolism. Mouse peritoneal macrophage foam cells were incubated in CO,-independent

culture medium containing apoA-I and were exposed in a magnetic field (400 mT) using the

electromagnet of an EPR spectometer. Cellular cholesterol release mediated by ABCA1 and

apoA-I was not affected by the magnetic field treatment under our current condition.

Furthermore, when C57BL/6N mice were exposed in the magnetic field under the identical

condition, the PCSK9 expression was reduced in the hepatocytes and the newly generated

hippocampal dentate gyrus cells were significantly reduced.

Keywords: macrophage foam cell, cholesterol, PCSK9, adult brain cell generation
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Fig 1. Magnetic field level during the treatment.
Upper panel indicates the magnetic field level for the Experiment 1
and 2. Lower panel indicates the magnetic field level condition for
the Experiment 3.
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[1]; Experiment 1, Effect of magnetic field direction on cellular cholesterol efflux.
Open bar; no apoA-l. Stripe bar; with apoA-1 (6 pg/mL). [2]; Experiment 2, Dose
dependent cholesterol efflux. Open circle; control cells, solid circles; magnetic field
exposed cells. [3]; Experiment 3, Dose dependent cholesterol efflux, Open circle;
control cells, solid circles; magnetic field exposed cells. *; Asterisks indicate statistic
significance.
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Fig 3. Lipoprotein profiles of mice treated with

magnetic field. Upper panel indicates control wild type mice.
Lower panel indicates mice exposed to 0.4 T magnetic field for 2 hours.
Mice serum were harvested on the day 28. Bold line shows total
cholesterol and thin line shows triacylglycerol level.
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Fig 4. Pcsk9 expression level in liver. Open
column, control mice liver. Solid column, magnetic field
treated, 0.4 T for 2 hrs, mice liver. Statistical significance
were examined by two-tailed Student’s-¢ test.
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Open column, control mice biofluid. Solid column, magnetic field exposed, 0.4 T for 2
hirs, mice biofluid. ns; indicates no statistical significance.
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Abstract

Geomagnetic field, along with water and air, is an environmental factor that affects

human health. The aim of this study was to evaluate the effect of weak magnetic field on

flavin-mediated DNA. The generation of radical pair between flavin and guanine (G) in

DNA oligomer upon irradiation with blue light were observed by time-resolved electron

spin resonance (TREPR) spectroscopy. The TREPR result can be evaluated as a direct

observation for the oxidation of G, which is the initial intermediate in oxidative damage

of DNA.

Keywords: radical pair, DNA, flavin, blue light, weak magnetic field

1. B®

Ve, HONZREL 08, 7V T o0
A, WY B LR a s A L LTEL Alig
PERTRS IRIB I LTV D DY ZOEIL, 7V
TR LAFDOTTEST T VR VAT
K (FAD) AEENXICLViEEn-L &, 72
g (FRUZ 772, Trp) & OB TEFBEIN
EZV, ZOMRAELCD T VHNT DI,
WS\ Z X D RIGEHRDEL L THRITE 5 L
ESNTWD. [FRRIS, 7782 X0 E80—
fi, 74 M7 —F OtEHERFE) 280 T,
FHOIEIRENZ K5 Trp 725 FAD ~DEFBENE
DPRESGOEBEZ T L L VI RENSHD D, 7+
NU 7 —BOEEHEREIT, SRIMRIC XK D DNA2
HHEF OB A 5 IR CAR Lz “REREH
BIR~LRETZETHY, 2D DNA BEICET

14

WM ET 20N, B ST > TR0,
F£72, DNA Ot (7=, G ORER
FE EORISHR) N7 T e E0aFEE LT
AESETHR 2 EHERH D0 Y, WIGHED
AIREMEIZIEAE B &L TVeu.

HfERUE, ARRPZER & & BITERIZ Db D ER
BRERKTHY, AFETIE, 77820 LT
DNA (259 DI gamis D BB 2 H ) & L7,
ARFIENZIBN TG LT 5 DNA S Sk
T, BRI L 7T ST =0 (G)
DT INARTHEREZBHILT-DT, £33,
ZORIZER UTHEZ22T LT,

2. ik
KIBEMED VR T F ¥ & 7 F VR KY) %
HIEEEE LT, EBAIBIKA 7R I ViR sk s



ERFOT7 IV EAR L, 3R v —
AL TEMENTEZT I VLT I RiEATH

FESBI I EENG/R D DNA F Y d~—%2157-.

Ko 3 LRI G 25t ) v —
(DNA1) & G % Inosine EH#ilL7-A4Y T~—
(DNAY’) % Ltidaatic v 7=, DNATL & AR

T, SR Y v —E I LT ST R

H: & 3-indolepropionic acid (Trp #FE(A) 27 I K

FEA CEE S 72 DNA 4 2~ — (DNA2) & 4

&fii4 U 9~— (DNA2’) %157-. LiC DNA2 &

P HOWTORAEEREE (DSC) JIEZITV, il

FRIREE 2 sReDT=. T /7 B L2 (bR 450

nm, L —H— T —~2 m], #ViKLJEREK 30

Hz) WM& 0D X-band BRI 3fEEF A B L kg
(TREPR) HIEZ1T-7=. HIEIZIX, DNA JEFE

50 uM, 10% DMSO K&K 2 Hv e,

3. R

DSC #IEDFEFRA D, Inosine &2 DNA %
THAICBNT S, FERE 5V E Tk DNA2 &8
DHERF SN TS Z EA2MERR LT (Tw>25 C).
5 ClZ#1F 5 TREPR JIIEN D, (1) 1 A8 DNA,
DNAL (ZDWT, b, 344 mT (T ORHE
Wiz, 1 LD RNy — U BRI E T
(E: 356, AWM . (2) 2 EEH DNA, DNA1/DNA2’
THEEODMRY 7T Z28IRILT=. 3) 1 A8
DNA, DNAI’Ci, v 7 UIBIHICE 7aino Tz,
(4) 2 EH DNA, DNAI’/DNA2  CHIEERIZ, v 7
FTBHITE o7z, LLRNRG, (5)
DNAI1 /%, DNA2 & 2 E#HABKT 52 LT
(DNA1/DNA2), > 7T AR THHEND Z &R
BT,

4. BE

R EQ)DEER NS, 7 T EAERAT DNA §H
WT, 7782 =G+ TVHINXTRAERLTH
HZEWginote. ZJUT N7 AIBITLT T
B —Tp *+ TP HNAALT OWE 0L FEED
E/E/A/A 3K R4 — 2 %ok d 2 v h 1 EBIAZ R
BRA LT D A AHHBET O NRT BER LT
WHHLDEEZLND. Fz, 3Kimnb 3k
H® G % Inosine |ZEH#i L7-5E121%, 7V
NXTHKROL T FAPBRTE R ol 2 &

ne, 3HEHO GNT T vyt OEFBEING
DOPBIZVERRIR THDH Z EEAMER LT, 2D
TREPR DfEH1%, DNA OFEHEEIZHWT, G
DOEALN SRS TH D 2 & A EERH & T
W5 LR TE 5.

@TIE, HFM7IE L —Tp: TV HNT D
AR BIFE L7223, TREPR ORI CIHEx bz
Mole. LnLans, OB X0 EGD i)
5, o Indole DEEIZHH EEZHNLD. R
FaEziuL, GOBbEMx 2hF N1 dH 5 L fiF
RTx5.

7o v e GONFHRETBERILN, 7V
N7 v L ERRROSOCHEZ D = & D, TR
BINZIE, ZORUGIZ bIREsE N 8T 5 LB X
bNb. 7% b U7 —E D DNA BEERSTR
DG DRI DONT S, MRtz TW S TiE
ThHD. AWFFED X 9 72 DNA (T 10550655
DOFELMHOT 7o —F 0, Hiiz e R EoE
PN DB L 70D Z LB WIFF L T2

E i3
ARFFENE, AR EE SR X 55 26
BRI FE B DB 2 52 1T CTEE L 7= H DT
b5, T, CHRIFEET 2 T/ ao—7Fy
N7 4 — LHFHES T - WEERSDSARIZL Y,
S F BRI T S o # — T DSC &,
TR-ESR {7 2 5 L 7-.

ABFFEDO—ERANET, 9 HIdbimE Chfesh b
%65 15 Mg FREFERRRR] TRETETHS.

BEIER

1) Schulten, K., Swenberg, C. E., Weller, A. A
biomagnetic sensory mechanism based on
magnetic field modulated coherent electron spin
motion. Z. Phys. Chem. 111, 1-5 (1978).

2) Maeda K., Robinson, A. J., Timmel, C. R., Hore,
P. J. et al. Magnetically sensitive light-induced
reactions in cryptochrome are consistent with its
proposed role as a magnetoreceptor. Proc. Natl.
Acad. Sci. USA 109, 4774-4779 (2012).

3) Ritz, T., Wiltschko, R., Hore, P. J. ef al. Magnetic

15



4

5)

6)

16

compass of birds is based on a molecule with
optimal directional sensitivity. Biophys. J. 96,
3451-3457 (2009).

Wiltschko, R., ef al. Magnetoreception in birds: II.

Behavioural ~ experiments concermning  the
cryptochrome cycle. J. Exp. Biol. 217, 42254228
(2014).

Wenninger, M., Carell, T. et al. Flavin-induced
DNA photooxidation and charge movement
probed by ultrafast transient absorption
spectroscopy ChemBioChem 12, 703706 (2011).
Weber, S.
spin-correlated radical pairs in cryptochrome. J.
Phys. Chem. B 114, 14745-14754 (2010).

et al Origin of light-induced

| Uik - (
. i
| / {1 Ve Al v ) | Kl ‘v
=Y W Ll e A AW i

Ty 10 oo e i -
s, 20 340 342 344 346 348 350
“s Magnetic Field / mT
1: 798 GEEIDNA A T~—D
TREPR A7 k)L



R D53

Fanaakl 2 9 5 3N R O A EH

~ YRR D MIRA R E T~

Investigation of magnetic field effects on the recognition ability
of cell membrane
~From cell therapy to separation tool~
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Abstract
This report summarizes our research results on the effect of magnetic field on various

lipid membrane. We prepared spherical and disk like lipid membrane, and then analyzed

their specific properties. Based on obtained data, the effect of magnetic field was

evaluated in the respect of lipid membrane properties and the reaction with lipid

membrane. As a result, the magnetic field affected some lipid membrane properties, even

if weak magnetic field, and enhanced the antioxidative effect. Thus, our results imply that

the magnetic field affects cell membrane properties and also cell activity.

Keywords: magnetic field, lipid membrane, lipid membrane property, structure
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Analysis of bone formation by magnetic field using fish scales (bone model):
Elucidation of a new mechanism by eddy currents
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Abstract

The purpose of this study is to analyze bone formation caused by eddy currents. A
culture system has been developed with fish scales in which osteoblasts and osteoclasts
coexist on calcified bone matrix protein. In the present study, we examined the effect of
extremely low—frequency (ELF) magnetic fields that generate eddy currents for bone
formation using cultured fish scales. The static magnetic fields changed neither
osteoblastic or osteoclastic activity. However, ELF magnetic fields increased the
activities of both osteoblasts and osteoclasts. Therefore, we noted eddy currents
generated by ELF magnetic fields. We found that a large amount of eddy currents
function to activate both osteoblasts and osteoclasts. This indicates that eddy currents
may be related to the activation of both osteoblasts and osteoclasts. On the basis of our
present data, we will develop an apparatus for bone therapy with ELF magnetic fields in
the future.

Keywords: eddy currents, osteoblasts, osteoclasts, fish scales
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thermosensation of C. elegans worms
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Abstract
The purpose of this research is to develop a real-time three-dimensional vector

magnetic field imaging system that can simultaneously measure the temperature under

the microscope. Such a measurement system may probe thermo-sensitive neuronal cells

of C. elegans, one of the best studied multicellular model organism. By heating the

neurons with laser, the action potential of cells can be measured via generated magnetic

field, which allows for the precise temperature measurement at the same time. With the

magnetic information and temperature information of neuron activities, we will quantify

the activity of the neural network of C. elegans. To achieve this ultimate goal, we

developed an artifact-free temperature method in diamond quantum thermometry. We

also tried to label C. elegans with fluorescent nanodiamonds.

Keywords: C. elegans, nanodiamond, nanothermometry, nanomagnetometry
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Development of the high frequency pulse magnetic fields generator for medical
applications
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Abstract
An oscillating strong magnetic field can be easily generated compared to the

conventional magnetic field generation using an AC power supply by using a pulsed

magnetic field. Increasing of the generated magnetic field intensity leads to an increase in

the efficiency of heat generation, which can shorten the treatment time. In this study, an

oscillating pulsed magnetic field of 3 kHz was generated with a simple circuit and

relatively low energy, and heat generation in an aluminum block was observed.

Keywords: oscillating strong magnetic field, pulsed magnet, heat generation
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Detection of disturbances of visual perception processing using
magnetoencephalography in patients with Lewy body disease
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Abstract

Lewy body disease (LBD) includes Parkinson’s disease and Dementia with
Lewy bodies (DLB). DLB is the second most common neurodegenerative disease,
which cause dementia, after that due to Alzheimer’s disease (AD). Early
diagnostic methods of DLB have not been established. Since DLB is
characterized by visual processing disturbance, we analyzed the neural
responses to the optic flow and evaluated the visual perception processing using
magnetoencephalography (MEG). The analysis was performed for patients with
LBD (n = 4) and normal controls (n = 6). This study demonstrated that the
maximum power in the left lateral occipital significantly correlated with the
Trail making test-A score. Further studies are necessary to verify whether MEG
during the optic flow task is useful for early diagnosis of DLB, and
differentiation of DLB and AD.

Keywords: Lewy body disease, magnetoencephalography, optic flow
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* P<0.05; LBD: Lewy body disease; MMSE: Mini-mental state
examination; NC: Normal control; TMT-A: Trail making test-A;
TMT-B: Trail making test-B
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Abstract

Conventional surgical navigation systems mainly rely on infrared stereographic

camera technology and cannot track the position of the tools when optical markers are behind

the body or hand of the surgeon. Furthermore, the dimensions of optical markers are often

problematically large. To solve these inconveniences and satisfy the requirements of

surgeons, which include a wide operative field and small markers, we developed a prototype

of the new navigation system for spinal surgery based on low-frequency band magnetic field

measurements. The developed system was equipped with a coil array implemented in a

square frame surrounding the operative field. Instead of optical markers, surface-mounted

inductors were used as markers to detect the magnetic fields generated from the coils. Real-

time marker localization was successfully performed at approximately 1 Hz. As a result, we

could expand the effective operative field to 300 mmx400 mm and reduce the dimensions of

the marker to less than 3 mmx3 mmx3 mm.

Keywords: navigation system, marker localization, surface mounted inductor
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Abstract

In clinical medicine, diagnosis and evaluation based on imaging are essential for

understanding pathological conditions, determining treatment methods, and measuring

treatment effects.

In this study, we develop the Gd encapsulated carbon nanotube

(CNT), and investigate its biocompatible modification. We intend to develop this

material for biological application with both Near infrared II (NIR-II) fluorescence and

MRI-magnetic imaging.

Keywords: carbon nanotube, NIR-II, peapods, MRI, in vivo imaging
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Preface

About 45 years ago, I have been researching feeble magnetic measurements from the human
body in order to help diagnose the disease at the Massachusetts Institute of Technology (MIT)
in the United States for two years. I have been studying biomagnetism measurement after

returning home.

It has been estimated that weak magnetism is generated from human heart and brain, but there
was no magnetometer capable of measuring this weak magnetism. However, in the 1970s, an
ultra-sensitive SQUID magnetometer using superconducting technology was developed in

collaboration between US National Research and MIT.

When the magnetic measurement from heart using this SQUID magnetometer was successful
and challenging magnetic measurements from the brain of about 1 / 1,000 of cardiac

magnetism, I had been studying at MIT.

MIT laboratory was in big trouble during my study abroad. A prominent doctor in the United
States criticized of MIT's research as follows. "They say that they measure the magnetism
caused by nerve activity of heart and brain, but that is incorrect. They are only measuring the
magnetism that the iron in the blood is disturbing the geomagnetism." As a result, the public

research expenditure in the US for MIT biomagnetism research was greatly reduced.

I regarded his theory as correct. Therefore, I measured more than ten blood with SQUID
magnetometer, but it turned out that blood had no magnetism at all.

The reason is that iron itself always has magnetism, but it has strong magnetism or no
magnetism at all depending on the bonding method of iron and oxygen. Iron in the blood binds
to oxygen so that it has no magnetism at all.

The evolution of mankind has progressed from birth to bipedalism to communication through
spoken language over 2millions of years. The strength and directions of the geomagnetism have
changed about ten times during the years. Since humans have evolved in such magnetic

environment, human body have made to have little effect of geomagnetism.



On the other hand, it has been only 200 years or so since humans started using electricity. The
humans have not developed full defensive capabilities against it. Therefore, a human body is
vulnerable and sensitive to electricity: a heart stops beating once a couple of voltages are
applied to the chest, however, it is quite difficult to stop a heart when magnetism is applied
externally.

In view of this, it is fair to say that electric medical devices bring an immediate effect.
However, they could be dangerous once misused. In contrast, magnetic medical devices are not

dangerous, but they must be used for a long time for treatment.

Our foundation intends to contribute to the health and medical care of the nation, by subsidizing
scientific research and appealing to the society through seminars. It should be noted, that the
effect of the magnetic field is generated from some basic phenomena interacting with the
complex mechanism of the body. The effect can only be clarified by a long-term persistent

effort, not by short-sighted research.

It is a regrettable tendency in the present scientific sector that researchers are mostly interested
in achieving successful results for acquiring a degree or achievement in a short period, focusing
on obvious cause-effect relationship or phenomenon which invites quantitative descriptions. In
view of such a tendency, our foundation prefers to support researchers who persistently attack a
particular problem expecting long-term results rather than those who rush into short-term

results.

This report is the summary of research which our foundation supported in the fiscal year 2019.
It includes a wide range of topics from basic aspects to practical applications, intending to pave
new ways in this area. It is our hope that the report will motivate researchers with similar

interests to start communication and contribute to the development of magnetic health science.

Director Makoto Kotani
The Watanabe Foundation



The effect of transcranial magnetic stimulation
on neurodegeneration

Yuki Fujita
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Abstract

Damaged axons in the adult central nervous system (CNS) fail to regenerate

spontaneously due to several intrinsic and extrinsic factors that inhibit axon elongation.

Transcranial magnetic stimulation (TMS) has been used as a form of rehabilitation, and

accumulating studies have suggested that TMS is able to modulate neural plasticity of the

cortex. Here, we conducted TMS in mice with CNS injury to investigate the potential

effects on motor recovery.

Keywords: central nervous system, brain, spinal cord, neuron, TMS

1. PURPOSE

Central nervous system (CNS) injuries induce severe,
longlasting neurological disabilities, including motor,
sensory,

and cognitive dysfunctions.

Studies support the view that partial functional motor
recovery can occur spontaneously after the injury.
Such

organization of remnant neuronal networks. It has been

recovery is correlated with functional
shown that reorganization of the corticospinal tract
(CST), a major descending motor pathway in
mammals which projects from the cortex to the spinal
cord, can contribute to post-injury functional motor
recovery. During reorganization, remnant CST fibers
sprout collaterals, and then, they form synapses with
interneurons to construct compensatory neural
pathways.

Repetitive transcranial magnetic stimulation (rTMS)
has been used as a form of rehabilitation, and
accumulating studies have suggested that rTMS is able
to modulate neural plasticity of the cortex. Here, we

conducted rTMS treatment in mice with CNS injury to

investigate the potential effects on motor recovery.

2. METHOD

1) Animal models

Adult C57BL/6 J female mice were used in this study.
All experimental procedures were approved by the
Institutional Ethics Committee of Osaka University
and complied with the Osaka University Medical
School Guidelines for the Care and Use of Laboratory
Animals. Mice were anesthetized with a mixture of 0.5
mg/ml Vetorphale (Meiji Seika Pharma), 0.4 mg/ml
Dormicum (Roche), and 0.03 mg/ml Domitor (Orion
Pharma). For spinal cord injury, thoracic level 8
laminectomy was performed and a dorsal hemisection
of the spinal cord was conducted with a surgical
microknife at a depth of 1.0 mm. For controlled
cortical impact (CCI), the scalp was retracted, then
using a drill and a 23G needle, a 4mm diameter
circular craniotomy was performed on the left side
with the center at Omm antero-posterior and 2mm
lateral to bregma. Cortical traumatic injury was

induced using a pneumatic impact device (Amscien



Instruments)11,13,14. The impactor tip (diameter, 3
mm) was set at 1 mm, and impact was induced at
4.0-4.5 m/s for 120 ms. Thereafter, the wound

was sutured, and the mice were housed in their home
cages.

2) Behavioral tests

Ladder walk test: The ladder walk test was used to
assess precise limb placement and stepping while
walking along a horizontal ladder with variable rung
space. The ladder was designed as previously
described. Mice received training three times per
session the day before the injury; the percentage of
foot-slips for each hindpaw was recorded.

Rotarod test: The rotarod is used to assess the motor
recovery in rodents after the injury. Animals were
placed on a rotating rod that gradually accelerated
from 0 to 50 r.p.m. within 5 min. Mice were trained
three times a day for 3 days before injury. Total time
was recorded until the mouse fell off the rod or gripped
and spun around two times. The baseline value (pre)
was scored as the mean of three trials 1 day before the
Basso mouse scale (BMS) score: The BMS score was
used to assess the hindlimb motor function on the
coordination in movement and stepping in mice. Each
mouse was evaluated at the following time points: 1, 3,
7,14, 21, 28, 35, and 42 days after the injury.

3) Immunohistochemistry
Mice were perfused transcardially with PBS followed
by 4% paraformaldehyde in 0.1M phosphate buffer.
Tissues were dissected, postfixed in the same fixative,
immersed overnight in PBS containing 30% sucrose,
and then embedded in Tissue-Tek OCT and frozen at
—80 °C until use. Sections were prepared using a
cryostat and mounted on adhesive-coated slides.
Cryostat sections were incubated with blocking
solution for 1 h at room temperature, followed by
overnight incubation with primary antibodies
anti-CaMKII for 2 days at 4 °C. Immunoreactivity was
Flour

visualized wusing Alexa 488-conjugated

secondary antibodies. Coverslips were then placed on

the slides with mounting medium. Images were
captured using a laser scanning confocal microscope.
The CAMKII fluorescence intensity was analyzed
using ImageJ software.

3. RESULTS

1) Animal models

Following unilateral brain injury, the remnant CST
fibers from the intact side extend axon collaterals into
the denervated side of the spinal cord, and they form
synapses with interneurons to reconstruct neural
circuits. We injected
pAAVphSynl-tdTomato-T2A-SypEGFP  into  the
motor cortex of intact hemisphere post-injury. We
observed GFP-labeled synaptophysin-positive boutons
on tdTomato-labeled CST axons in the cervical spinal
cord 42 days post-injury; the number of GFP-positive
puncta and tdTomato-labeled axons in the denervated
side of the spinal cord was increased, consistent with
the results of a previous studies.

2) Behavioral tests

We further examined whether rTMS treatment
improved motor function after SCI since recent studies
have shown that rTMS treatment improves motor
recovery in rats and patients with SCI. Since
axotomized corticospinal tract fibers form collaterals
within 10 days following injury, we applied rTMS
treatment to awake mice starting 3 days after SCI and
repeated the treatment three times per week for 6
weeks. We also evaluated the motor function of mice
with SCI. The rTMS-treated mice showed slightly
better motor function in the ladder walk test and
almost no difference in rotarod test in comparison with
the control mice. Furthermore, the sequential treatment
of Drug and rTMS showed better performance in the
ladder walk test at 42 days after the injury compared
with the mice that received a single Drug treatment.

3) Immunohistochemistry
We investigated the expression of CaMKII in the

motor cortex 6 weeks after SCI using



immunohistochemistry. CaMKII is known to be a key
mediator of long-term potentiation (LTP) by increasing
the channel conductance of AMPA-type glutamate
receptors (AMPAR). After the sequential treatment of
Drug and rTMS, CaMKII intensity had increased
compared to that in mice that received a single drug
treatment in the cortical layer 2/3.

4. DISCUSSION

In the present study, we conducted TMS in mice with
CNS injury to investigate the potential effects on
motor recovery. The sequential treatment of Drug and
rTMS can be able to modulate neural plasticity of the
cortex.
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Hyperthermia for castration-resistant prostate cancer using magnetite nanoparticle
composed from single-walled carbon nanohorn
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Abstract

Single-walled carbon nanohorn (SWNH) can be used for drug delivery because of

its high surface area. In this study, SWNH was applied for thermotherapy by combining

Fe;04 because Fe3Os4 heat in an alternating magnetic field (AMF). Human castration

resistant prostate cancer cells (22Rv1) were injected subcutaneously into nude mice. In

treatment group mice, SWNH- Fe;O4 were injected into tumor nodule and the mice were

exposed into AMF for 30 minutes. Tumor regression was observed in treatment group

compared with control group.

Keywords: prostate cancer, single-walled carbon nanohorn, thermotherapy

1. Purpose

The number of patients with prostate cancer is
increasing. In general, localized prostate cancer
without metastasis has been reported to be well
controlled by surgery and radiation therapy. However,
the prognosis of metastatic prostate cancer is poor, and
the diagnosis and treatment of metastatic prostate
cancer is a problem in prostate cancer treatment. In
addition, acquiring castration resistance plays a major
role in the metastasis of prostate cancer. Therefore, the
treatment of castration-resistant prostate cancer is also
an issue.

In Japan, CT and bone scintigraphy are commonly
used to detect metastatic sites of prostate cancer. In
recent years, the utility of PET (PSMA-PET) targeting
prostate specific membrane antigen (PSMA) has been
reported. PSMA is an antigen that is upregulated in
prostate cancer, and by targeting PSMA, more specific
metastases can be detected. We aimed to develop
nanoparticles that can detect metastatic lesions more
specifically in prostate cancer by targeting PSMA.

In this study,
tumor-specific thermotherapy treatment by using

we attempted to develop a

single-walled carbon nanohorn (SWNH) to bind iron
oxide (FesO4) and PSMA. As an initial step of the
above plan, we report the verification of the
thermotherapeutic effect of SWNH containing Fe;Os.

2. METHODS
I . Preparation of SWNH+Fe;O4
We developed dispersible magnetic nanoparticles
by using 3-aminopropyltriethoxysilane (APTES) in
collaboration with Chubu University.

II. Therapeutic effects of SWNH+Fe30.4

To verify the effects of hyperthermia in animal
experiments, a mouse model for subcutaneous
implantation of prostate cancer was used as a model
animal. A human castration-resistant prostate cancer
cell line, 22 Rvl, was subcutaneously implanted into
the back of 6-week-old male nude mice. At 3 weeks
(day 21) after subcutaneous implantation, 300 pL of
SWNH+ Fe;04 (Fe concentration: 36.3 mg/ml) was
injected locally into the tumor of the model mice in the
control (n=3) and treatment group (n=3). (Figure 1)
Thereafter, hyperthermia due to the heat generated by



SWNH+ Fe;O4 under an alternating magnetic field
(AMF) was attempted using a coil-type AMF
irradiation device (Figure 2). The temperature in the
tumor was maintained at 42°C-46°C, which is defined
by so-called mild hyperthermia, and the heating was
performed for 30 minutes. Tumor size in both groups
was measured over time to verify the effect of
hyperthermia.

3. RESULTS
I . Preparation of SWNH+Fe;04

Magnetic nanoparticles with magnetic properties
and dispersibility (SWNH-APTES-Fes04) were
successfully developed by intercalating APTES
between SWNH and Fe;0;4 at Chubu University.

IT. Therapeutic effects of SWNH+Fe;04

The temperature course of the subcutaneously
implanted model mice during the thermal treatment is
shown. (Fig. 3) In mouse 1, the temperature rise was
slow, and the temperature rise was a little low at about
42°C, but all three mice were able to maintain a
temperature of 42°C or higher. The temperature
progress was measured using a thermography camera
(FLIR C5). (Figure 4)

The changes in tumor size over time are shown in
the figure. (Figure 5)
In the treatment group, one mouse died due to
anesthesia. The control group showed an increase in
tumor size over time, whereas the treatment group
showed a decrease in tumor size. In the subcutaneous
effect of
thermotherapy was confirmed by heat generation

transplantation model mice, the
under AMF using magnetic nanoparticles with

SWNH+ Fe;0a.

4. DISCUSSION
In this study, we examined the effect of
thermotherapy by using SWNH-APTES-Fe;04 under
an AMF for castration-resistant prostate cancer.
It was found that the SWNH+ FesO4 developed in this
study generated heat under an AMF. In addition, the
tumor size was reduced by hyperthermia using

SWNH+ Fe304. These results are comparable to those
of our previous thermotherapy for prostate cancer'-?.

Future work includes the preparation of samples
with increased iron concentration in magnetic
nanoparticles and magnetic field irradiation conditions
in order to obtain better therapeutic effects. In the past,
our institution has reported that subcutaneous tumors
of prostate cancer completely regressed after multiple
cycles of hyperthermia?, and we would like to
investigate the possibility of multiple cycles with
appropriate treatment intervals.

In this study, we administered nanoparticles by local
injection, but there is a problem of drug delivery in
thermotherapy using nanoparticles.® Since SWNH can
be applied to therapy and diagnosis by binding various
drugs and antibodies, we will develop nanoparticles
with more specific accumulation by using PSMA. In
the future, it is necessary to develop nanoparticles with

more specific aggregation using PSMA.
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Effects of magnetic field on ABCA1-mediated cellular lipid release
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Abstract
This project aims to explore a novel magnetic field health care based on the cholesterol

metabolism. Mouse peritoneal macrophage foam cells were incubated in CO;-independent

culture medium containing apoA-I and were exposed in a magnetic field (400 mT) using the

electromagnet of an EPR spectrometer. Cellular cholesterol release mediated by ABCA1 and

apoA-I was not affected by the magnetic field treatment under our current condition.

Furthermore, when C57BL/6N mice were exposed in the magnetic field under the identical

condition, the PCSK9 expression was reduced in the hepatocytes and the newly generated

hippocampal dentate gyrus cells were significantly reduced.

Keywords: macrophage form cell, cholesterol, PCSK9, adult brain cell generation

1. PURPOSE

The purpose of this research was to explore the
effects of magnetic field on the efflux of cellular
cholesterol via ABCA1 from foamed macrophage cells’,
which occupy a major part of the plaque in
atherosclerotic lesions. We also examined the possibility
of promotion of intracellular cholesterol export”* and
the cell genesis’ of the hippocampal dentate gyrus
involved in memory by the exposure of wild-type mice
in the magnetic field.

The specific subjects of this research are 1) effect of
the magnetic field on the ABCAl-mediated cellular
cholesterol export by apoA-I from foamed macrophages,
which are major cells of atherosclerotic plaques, and 2)
effect of the magnetic field on the newly generated cells
observed in the dentate gyrus in hippocampus, which is
involved in memory enhancement and is a site for
neurosteroid production. This research is a new basic
research to examine the effect of magnetic field using
magnetic flux density from 0 to 400 mT generated by an

EPR spectometer.

2. METHOD
1) Effect of magnetic field on ABCA1-mediated cell
cholesterol export from mouse peritoneal foamed
macrophage cells

All experimental procedures and laboratory animals
used were approved by the Nagoya City University
Laboratory Animal Safety Committee.
Preparation of mouse peritoneal macrophage cells

Incision of the abdominal skin of euthanized
C57BL/6N mice was made to expose the peritoneal
membrane. Injection of 10 mL/animal of PBS (filter
sterilized) was made and, after 10 min, released cells in
the abdominal cavity were collected using a clean
syringe, followed by low-speed centrifugation, and
were stored in a flask (Primaria) pre-coated for primary
culture. The cells were cultured in RPMI1640 medium
containing 20% FBS at 37 °C in 5% CO» incubator and,
after 2 h, unbound cells were washed and transferred



into a medium containing acetylated-LDL and 0.2%
BSA. After foaming the cells in the culture for 48 h, the
cells were washed and cultured in 0.2% BSA-
supplemented medium for another 24 h’.

Measurement of ABCA 1-dependent cellular cholesterol

export and the effects of exposure in magnetic field
The culture flask was filled up to its lid with a CO»-
independent medium (Leibovitz's L-15) (Fuji Film
Wako Pure Chemical Industries, Ltd.) containing 1-10
pg/mL of human apoA-I and 0.02% BSA to prevent cell
detachment due to shaking vibration during the

cultivation. Then, the cells were transferred to the
research facility while keeping them warm (within 30
min), installed in the EPR device, and were exposed in
the magnetic field. In Experiment 1 and Experiment 2,
continuous exposure in 0.4 T for 2 h was performed
twice. In Experiment 3, changing magnetic field that
increase from O T and 0.4 T in 30 min, maintained for
30 min, and decrease in 30 min was applied three times
(Fig. 1). Then, the medium was collected, and
suspended cells were removed by centrifugation.
Finally, the lyophilized powder was obtained.

Cells were stored at -30 °C. Lipids were extracted with
an organic solvent, and cholesterol content was
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Fig 1. Magnetic field level during the treatment.
Upper panel indicates the magnetic field level for the Experiment 1
and 2. Lower panel indicates the magnetic field level condition for
the Experiment 3.

10

measured by an enzymatic reaction method (LabAssay
™  Cholesterol) (Fuji Film Wako Pure Chemical
Industries, Ltd.).
2) Examination of the magnetic field effect on the
ability to produce newborn cells in the hippocampus
of living mice
Labeling of wild-type mouse with F-ara-EdU and
exposure in magnetic field

C57BL/6N wild-type mice (8 weeks old) were
anesthetized with isoflurane and (2'S)-2'-deoxy-2'-
fluoro-5-ethynyluridine (F-ara-EdU) /PBS (133 pg/g
mouse body weight) was administered intraperitoneally.

The magnetic field exposure group mice were placed in
separate small transport cardboard boxes (width 12 cm),
placed in an EPR spectrometer, and exposed in a
magnetic field (0.4 T) for 2 h. The control group mice
were kept under the same conditions other than the
magnetic field. Both group of mice were kept normal
conditions for 4 weeks after the treatment.

Collection of serum, cerebrospinal fluid, liver and

fixation of the brain from the treated mice

After euthanasia, blood was collected and perfused
systemically with PBS+0.5 mM EDTA, and
cerebrospinal fluid and liver fragments were collected.
The brain was removed followed by fixation perfusion
with 4% PFA/0.1 MPB. After the fixation for 24 h at
4 °C, and replacement in 30% sucrose / PBS were
performed for 3 days and stored at -80 °C. A 40 um thick
section was prepared with a cryostat Leica CM1900. All
sections were collected on a 24-well plate and allowed
to stand at4 °C in 1 mL of PBS, and after 24 h, PBS was
replaced and sections were further washed.

Fluorescent labeling of brain sections and observation
of F-ara-EdU using the Click Chemistry method

To avoid unfavorable adsorption, 1 mL of 3%
BSA/TBS was placed in a 24-well plate and brain
sections were transferred there using a small brush.

Brain sections were transferred to wells containing
0.1% Triton X-100/TBS. Permeation was performed at
room temperature for 20 min, the brain sections were
transferred again to 1 mL of 3% BSA/TBS, then
transferred into 2 mL of the same aqueous solution and



further washed. Then,
transferred to a reaction solution (TBS containing

the brain sections were

Alexa-488 azide, copper and sodium ascorbate) and
allowed to react at room temperature for 30 min. The
brain sections were transferred to 2 mL in 3% BSA/TBS
again and washed’. Then, they were transferred to 3%
BSA/TBS containing Hoechst 33342 (Dojin Kagaku)
and were kept at 4 °C for 24 h. A virtual slide image was
created using a confocal super-resolution microscope
Spin SR10 (Olympus) for the hippocampal dentate
gyrus and the olfactory bulb region, and the image of the
cells containing fluorescently-labeled chromosomes
were observed using the OlyVIA application (Olympus).
Quantification of serum lipoprotein profile, amyloid 8

peptide, and related protein expression in the liver

Lipoprotein lipid analysis of serum was conducted
using a gel filtration HPLC (Skylight Biotech Co., Ltd.)
(LipoSEARCH™ )’. Cerebrospinal fluid and serum
amyloid p40 and 42 were quantified by ELISA Kit
Wako measurement (Fuji Film Wako Pure Chemical
Industries, Ltd.)* °. For the expression analyses of
related proteins in the liver, total RNA was isolated by
ISOGEN (Nippon Gene), and the first strand cDNA
were prepared using random primers. They were used
as a template. For the quantitative real-time PCR,
StepOnePlus ™ real-time PCR system (Thermo Fisher)
was used, and the PCR end product of each well was
confirmed by melt curve analysis. A sequence
containing an intron was used as the primer pair for the
target gene'’.

Statistical analysis

For statistical analysis, the statistical function (t-test)
equipped to Microsoft Excel was used.

3. RESULTS
Effect of magnetic field on cellular cholesterol export

In Experiment 1, in order to investigate the effect of
the magnetic field on the cellular cholesterol export
capacity of the ABCA1 transporter localized in the cell
membrane of foamed macrophage cells, we examined
the difference in the directions of flask installation
against the magnetic field. A magnetic field was applied
from the top of the cell in the direction of the culture
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flask Top to Bottom (T to B), vice versa (B to T), and
parallel to the flask adhesion surface (Side to side).
Under all these conditions, addition of apo A-I caused
the efflux of cellular cholesterol into the medium (Fig. 2
[1]). The control cells that were not exposed in the
magnetic field showed the highest export of the cellular
cholesterol. When a magnetic field was applied parallel
to the surface of the culture flask, the export of cellular
cholesterol was significantly reduced. In Experiment 2
(Fig. 2 [2]) and Experiment 3 (Fig. 2 [3]), the magnetic
field was applied in vertical direction to the cells to
evaluate the concentration-dependent cholesterol export
upon addition of apo A-I. The results showed that the
ABCAI-apoA-I-specific cellular cholesterol exports
were reduced or unchanged by the exposure in the
magnetic field of 0.4 T.

Changes in mouse serum lipoprotein profile and

expression of related genes in the liver by exposure in a

magnetic field
Wild-type mice exposed in the magnetic field of 0.4

T for 2 h were collected after normal breeding for 4
weeks, and their blood lipoproteins level were analyzed
(Fig. 3). Control mice (Fig. 3, top) showed typical wild-
type mouse lipoprotein patterns. In the mice exposed in
the magnetic field (Fig. 3, bottom), followed by normal
breeding of 4 weeks, showed a decrease in HDL
cholesterol and an increase in VLDL triglyceride.
Examinations of related genes in these mouse livers
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revealed that the expression of HMGCoA reductase and
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Fig 3. Lipoprotein profiles of mice treated with

mﬂgneﬁc field. Upper panel indicates control wild type mice.
Lower panel indicates mice exposed to 0.4 T magnetic field for 2 hours.
Mice serum were harvested on the day 28. Bold line shows total
cholesterol and thin line shows triacylglycerol level.

ABCA1 were significantly decreased against B-actin,
whereas the expressions of apoA-I and SR-BI were
significantly increased against GAPDH. However, for
other house-keeping genes, there was no significant
difference. On the other hand, the expression of PCSK9,
which has the potency of degrading LDL receptors and
11, 12, was
significantly reduced against both types of the house-
2 P=8.0E-13

activating T cells in atherosclerotic plaques
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-2

P=4.0E-17
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Fig 4. Pcsk9 expression level in liver. Open
column, control mice liver. Solid column, magnetic field
treated, 0.4 T for 2 hrs, mice liver. Statistical significance
were examined by two-tailed Student’s-f test.

keeping genes in the magnetic field-exposed mice.
Changes in amyloid 340 and 42 in mouse cerebrospinal

fluid and serum by exposure in the magnetic field

Figure 5 shows the quantitative results of the mouse
cerebrospinal fluid and serum upon the magnetic field
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treatment. No significant difference was observed in the
levels of amyloid f40 and amyloid 42 peptides.
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Effect of the magnetic field on newborn cell-producing

ability in living mouse hippocampus

The nucleic acid-modifying compound F-ara-EdU
administered intraperitoneally in mice would be used
for chromosome replication in neural stem cell division.
The newly born cells incorporated with F-ara-EdU were
fluorescently labeled on the 28th day. Then, the
hippocampal dentate gyrus was observed and the
number of the cells having a fluorescently-labeled
nucleus was counted (Fig. 6). In control mice, 0 to 3
positive cells were found in the granular zone and in the
subgranular zone of the hippocampal dentate gyrus. An

Control: 1.6 * 1.17 cells / DG
MAG: 0.47 £ 062 cells/ DG

o P = 0.003 ves O
3 o
s HO. “N"S0
o
OH
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Number of Alexa-488 positive cells per hippocampal
dentate gyrus granule cell layer

Number of sections
-

=

Fig 6. F-ara-EdU incorporated cells in
hippocampal dentate gyrus. Open bar; control mice
group. Solid bar; magnetic field treated mice group.

average of 1.6 cells per dentate gyrus in one slice could
be detected as positive cells. In contrast, most
hippocampal dentate gyrus prepared from the magnetic
field exposed mouse group had 0 or 1 cells, with an
average of 0.47 positive cells per hippocampal slice (P
=0.003). In the granule cell region of the central part of
the olfactory bulb where newly generated cells are
observed other than the hippocampal dentate gyrus,
many positive cells were observed in both the control

group and the magnetic field exposed group.



4. DISCUSSION

In this research, no substantial increase in cellular
cholesterol export was observed for mouse peritoneal
macrophage cells upon exposure in magnetic field. In
addition, the lipoprotein profile in the blood of the mice
exposed in a magnetic field of 0.4 T for 2 h showed a
decrease in HDL cholesterol level even after 28 days.
Our analyses on the gene expression in the liver showed
a decrease in ABCA expression and an increase in SR-
BI expression, which are involved in HDL assembly
and metabolism. From these observations it was
inferred that the mechanism is maintained by both the
decrease in HDL new assembly by lowering of ABCA1
expression and the enhancement of HDL metabolism
caused by increase in SR-BI. Decreased PCSK9 in the
liver may be a phenomenon that promotes LDL
cholesterol metabolism™ by increasing LDL receptors
in humans. Unfortunately, in mouse LDL, apoB48,
which lacks a binding region to the LDL receptor, is also
one of structural proteins of LDL", further detailed

studies are needed to discuss about the LDL metabolism.

The functional relationship between brain HDL
cholesterol and blood HDL cholesterol is still unclear
due to the differences in the composition of their
the other hand, the
representative researcher of this project has reported tha

structural  proteins”. On

the amount of apoA-I in the brain increases when blood
HDL is high®. It is inferred that the amount of apoA-I in
the brain becomes decreased by the decrease in blood
HDL level in the current study. This observation may be
related to the fact that the number of newly generated
cells detected in the granular zone and the subgranular
zone in the dentate gyrus of the hippocampus was
significantly reduced in the mice subjected to the
magnetic field treatment. In the future, it is necessary to
investigate in detail whether these newborn cells are
neuron or glial cells.
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Synthetic Biology Approach for Evaluating Magnetic Field Effects
on DNA Photorepair Reactions

Yoshimi Oka
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Abstract

Geomagnetic field, along with water and air, is an environmental factor that affects

human health. The aim of this study was to evaluate the effect of weak magnetic field on

flavin-mediated DNA. The generation of radical pair between flavin and guanine (G) in

DNA oligomer upon irradiation with blue light were observed by time-resolved electron

spin resonance (TREPR) spectroscopy. The TREPR result can be evaluated as a direct

observation for the oxidation of G, which is the initial intermediate in oxidative damage

of DNA.

Keywords: radical pair, DNA, flavin, blue light, weak magnetic field

1. PURPOSE

Recently, it has been strongly suggested that
cryptochrome, a blue-light photoreceptor protein, may
act as a magnetic compass for migratory birds. ™ The
reaction mechanism is presumed to be that when flavin
adenine dinucleotide (FAD) in the cryptochrome is
irradiated by blue light, electron transfer occurs from
an amino acid (tryptophan, Trp), and the resulting
radical pair can be detected as a reaction efficiency
even in weak magnetic field. Similarly, in photolyase,
a family of flavoprotein, it has been reported that the
electron transfer reaction from Trp to FAD by blue
light irradiation is affected by magnetic field.” An
important function of photolyase is to revert the dimer,
in DNA
duplexes by UV light, to a monomer, and it is not clear

generated between neighboring bases

whether the magnetic field effect is involved in this
DNA repair. Furthermore, guanine (G) is the most
readily oxidized base and the putative initial
intermediate in the oxidative cleavage of DNA, which
is also induced by visible light through dyes such as

flavin.’ However, the possibility of magnetic field

effects on the reaction has not been studied.

Geomagnetic field, along with water and air, is an
environmental factor that affects human health. The
aim of this study was to evaluate the effect of weak
magnetic field on flavin-mediated DNA. In the process
of constructing the target DNA, the generation of
radical pairs between flavin and G upon irradiation
with blue light were observed. The first step in this
research was to focus on this point.

2. METHOD

A new flavin derivative with a relatively hydrophilic
carboxylic acid structure was synthesized using
water-soluble riboflavin and glutaric anhydride as
starting materials, and then obtained DNA oligomers
consisting of 11 bases linked by an amide bond to an
amino group modified via a linker at the 3'-end. The
oligomer containing G at the third base from the 3'-end
(DNA1) and the oligomer with G replaced by inosine
(DNA1'") were used for comparison. DNA oligomers
(DNA2) and unmodified oligomers (DNA2') were
obtained by amide linkage of a modified amino group
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and 3-indolepropionic acid (Trp derivative) at the
5'-end. The melting temperatures of the above DNA
duplexes were determined by differential scanning
calorimetry (DSC). X-band time-resolved electron spin
resonance (TREPR) measurements were performed
after irradiation with nanosecond laser pulses
(excitation wavelength 450 nm, laser power ~2 ml,
repetition rate 30 Hz). DNA concentration of 50 uM in

10% DMSO solution was used for the measurement.

3. RESULTS

From the DSC results, it was confirmed that the
DNA duplex was maintained up to room temperature
(Tm > 25 °C) even in the case of Inosine-substituted
DNA. TREPR measurements at 5 °C displayed (1) a
spin-polarized signal in the magnetic field region
around 344 mT after photoexcitation
single-stranded DNA, DNAL1 , as shown in Figure 1
(E: emission, A: absorption). (2) The similar polarized
signal was observed for the DNA duplex,
DNA1/DNAZ2'. (3) No polarized signal was observed
for a single-stranded DNA, DNA1'. (4) Similarly, no
polarized signal was observed in the DNA duplex,
DNA1'/DNAZ2'. However, (5) the signal of the DNA1
was canceled by forming the duplex DNA with DNA2
(DNA1/DNA2).

of a

4. DISCUSSION

From the comparison of (1) and (3), a flavin—G
radical pair was generated in the flavin-modified DNA
strand. The E/E/A/A polarization pattern is similar to
that reported for the flavin—Trp radical pair in
cryptochrome,” suggesting the formation of the
flavin—-G spin-correlated radical pair via the singlet
precursor. When the third G base from the 3'-end was
substituted by inosine, the polarized signal from the
radical pair was no longer observed, confirming that
the third G base is essential for the initiation of the
electron transfer reaction with flavin. This TREPR
result can be evaluated as a direct observation for the
oxidation of G, which is the initial intermediate in
oxidative damage of DNA.

In (4), the formation of an interstranded flavin—Trp

16

radical pair was expected, but this was not captured by
the TREPR measurements. However, the comparison
of (1) and (2) with (5) suggests that the contribution of
intermolecular indole unit is present, which can be
interpreted as an effect of suppressing the oxidation of
G.

Since the photoinduced electron transfer reaction
between flavin and G follows the similar mechanism
as that of cryptochrome, in principle, a weak magnetic
field should also affect this reaction. The effect of
magnetic field on the DNA repair reaction of
photolyase will also be investigated. This approach to
the evaluation of the effects of weak magnetic fields on
DNA is expected to contribute to the development of

health science and medical technology.
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Abstract
This report summarizes our research results on the effect of magnetic field on various

lipid membrane. We prepared spherical and disk like lipid membrane, and then analyzed

their specific properties. Based on obtained data, the effect of magnetic field was

evaluated in the respect of lipid membrane properties and the reaction with lipid

membrane. As a result, the magnetic field affected some lipid membrane properties, even

if weak magnetic field, and enhanced the antioxidative effect. Thus, our results imply that

the magnetic field affects cell membrane properties and also cell activity.

Keywords: magnetic field, lipid membrane, lipid membrane property, structure

1. PURPOSE

Much research studied about the effect of magnetic
field on cell function. On the other hand, there is not so
much about the magnetic field effect on the cell
functionality, focusing on the magnetic field effect on
cell membrane itself. Cell membrane plays the role not
only as barrier but molecular recognition. This
molecular recognition relates to immunity and signal
transduction. Thus, if the effect of magnetic field on
molecular recognition is clarified, it will be helpful for
clarification of its effect on the cell function. In
addition, the study about magnetic field effect on the
cell membrane can be applied to liposomes, which
mimic cell membrane. Therefore, the performance of
liposomes as DDS carrier can be expected to be
enhanced by magnetic field application.

This research purpose is to clarify the magnetic field
effect on lipid membrane itself by preparation of
structured
composition. Especially, during this research period,

various lipid membrane in various
the magnetic field effect on lipid membrane properties
was analyzed before and after application. Furthermore,

as the application research, antioxidation by liposome
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containing antioxidants was evaluated with and
without magnetic field.

2. METHOD

Preparation of lipid membrane: Following liposomes

were prepared according to our reported paper."
Briefly, the thin membrane of
1,2-dioleoyl-sn-glycero-3-phosphocholine (DOPC),
1-palmitoyl-2-oleoyl-glycero-3-phosphocholine
(POPQ), 1,2-dipalmitoyl-sn-glycero-3-phosphocholine
(DPPC), 1,2-diauroyl-sn-glycero-3- phosphocholine
(DLPC) were prepared and hydrated with ultrapure
water. These liposomes were frozen, thawed, and
extruded with 100 nm membrane. Fatty
acid-dendrimer molecules were synthesized according
to our reported paper. 2

Analysis of lipid membrane: The lipid membrane was
analyzed by following methods: The fluidity and
polarity of lipid membrane, fluorescence spectroscopy
with fluorescent probes; the size of lipid membrane,
dynamic light scattering method (DLS); the variation
of phase transition temperature, differential scanning
calorimetry (DSC); the packing of lipid molecules,
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Synergy Effect
DOPC Liposome
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Fig.1 Clarified mechanism of antioxidation by
quercetin containing liposomes.

Raman spectroscopy; the distribution coefficient of
antioxidants into lipid membrane, UV spectroscopy
and second derivative UV spectroscopy. These
analysis methods were applied to each lipid membrane
before and after the application of magnetic field. The
magnetic field was applied with neodymium magnets.

3.RESULTS and DISCUSSION

To evaluate the effect of magnetic field effect on the
anti-oxidation, at first, the lipid membrane properties
were analyzed before and after the antioxidant
(quercetin) was inserted into lipid membrane (Fig.1).
The distribution coefficient and location of quercetin
(antioxidant) was largely different in saturated and
About DPPH

even if liposomes contained

unsaturated  liposomes. radical
scavenging assay,
quercetin, its radical scavenging ability was almost
same as that of quercetin in the aqueous solution. By
applying the magnetic field, the DPPH radical
scavenging ability in some liposome was enhanced.
This would be due to deformation and change of
membrane properties. Furthermore, the peroxidation of
unsaturated lipid could be prevented by quercetin
insertion. Based on these result, the enhancement of
antioxidation by magnetic field is investigating now
for application of liposomes as DDS carrier.

The lipid membrane with dendrimers can be
expected to increase the drug loading efficiency and
uptake ratio by cells. Therefore, fatty acid conjugated
dendrimers were successfully synthesized and applied
for liposome preparation. By changing the generation

of dendrimers and composition ratio of fatty acid

Fig.2 Illustration of self-assembled structures by
fatty acid dendrimer/phospholipids.

dendrimers/phospholipids in the lipid membrane, the
lipid membrane structures varied from spherical to
disk like one (Fig.2). The prepared structures kept
bilayer and showed more hydrophilic in the surface
region in some composition. It is reported that the disk
like lipid membrane aligns and is oriented to magnetic
field. Therefore, now, the magnetic responsibility of
prepared disk like membrane is investigated for
fundamental research and application.

Finally, the magnetic field effect on the lipid
membrane was investigated with different chemical
structure lipids. As a result, some liposomes showed
variation of membrane properties after the application
of magnetic field. Furthermore, the molecular
recognition ability of these liposomes was altered after
magnetic field application. Therefore, now, from the
viewpoint of lipid molecular and lipid membrane
properties, this alteration is studying to clarify the
magnetic field effect.

From these results, though these are preliminary one,
it can be implied that magnetic field can affect the cell
membrane itself and cell activity by changing
membrane properties. In addition, as we reported, the
combination of lipid membrane coated nanoparticles
and magnetic field will be big potential for biomedical
application®.
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Abstract
The purpose of this study is to analyze bone formation caused by eddy currents. A

culture system has been developed with fish scales in which osteoblasts and osteoclasts

coexist on calcified bone matrix protein. In the present study, we examined the effect of

extremely low—frequency (ELF) magnetic fields that generate eddy currents for bone

formation using cultured fish scales. The static magnetic fields changed neither

osteoblastic or osteoclastic activity. However, ELF magnetic fields increased the

activities of both osteoblasts and osteoclasts. Therefore, we noted eddy currents

generated by ELF magnetic fields. We found that a large amount of eddy currents

function to activate both osteoblasts and osteoclasts. This indicates that eddy currents

may be related to the activation of both osteoblasts and osteoclasts. On the basis of our

present data, we will develop an apparatus for bone therapy with ELF magnetic fields in

the future.

Keywords: eddy currents, osteoblasts, osteoclasts, fish scales

1. PURPOSE

It has been known that a magnetic field acts on bone
tissue to promote bone formation. However, many
points about the mechanism that promotes bone
formation are unclear. Due to the lack of an in vitro
model system that can examine bone formation in
detail, research is currently underway. Human bone is
composed of osteoblasts (bone formation cells),

osteoclasts (bone resorption cells), and bone matrix,
including collagen, osteocalcin, and hydroxyapatite. In
particular, the bone matrix plays an important role in
the response to physical stimuli such as magnetic fields
and gravity. It is necessary to co-cultivate all of these
components, but such co-cultivation is difficult, and an
excellent in vitro culture system is eagerly desired.

In order to develop a therapeutic drug for bone
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diseases such as osteoporosis, a large investment of
time and money is currently underway, using rats from
which the ovaries have been removed and whose
bones are easily broken. If bone diseases can be treated
by physical stimulation, such as by a magnetic field,
there would be no need to purchase expensive
medicine, and there would be no side effects, which is
especially suitable for elderly people.

On the other hand, we focused on the fact that
osteoblasts, osteoclasts, and bone matrix proteins
coexist in fish scales (Fig. 1). Using fish scales with
these characteristics, we have developed an in vitro
scale culture system as a model for human bones.'

In the present study, we compared the action on
extremely low—frequency (ELF) magnetic fields (60
Hz) where eddy currents are generated with the action
on static magnetic fields where eddy currents are not
generated using an in vitro culture system for goldfish
scales. Furthermore, the effects of different amounts of
eddy currents on osteoblasts and osteoclasts were
analyzed in the cultured goldfish scales. Additionally,
in order to confirm the results obtained by using
goldfish scales, we investigated the influence of ELF
magnetic fields (60 Hz) on osteoblasts and osteoclasts
using the cultured scales of zebrafish.

2. Methods

Goldfish (Carassius auratus) was anesthetized with
ethyl 3-aminobenzoate, methanesulfonic acid salt, and
the scales were taken from the bodies of goldfish under
anesthesia and placed in a 2 ml tube. Next, we added
500 pl of medium containing HEPES (20 mM) (pH
7.0) and antibiotics (1%) into the tube. The tube was
exposed to ELF magnetic fields (60 Hz) or static
magnetic fields using a permanent magnet at 15°C for
24 hours. The effects of ELF magnetic fields and static
magnetic fields on both osteoblast and osteoclast
activities were investigated. In the present study,
tartaric acid-resistant acid phosphatase was used as an
index of osteoclastic activity, alkaline phosphatase was
used as an index of osteoblastic activity,' and the
effect of magnetic fields on bone tissue was
investigated.
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brillary Plate

Figure 1 Schema of fish scales
Bone-formation cells (osteablasts) and bone-resorption
cells (osteoclasts) coexist in fish scales. Fish scales can

be utilized as a human bone model.

The scales were removed from the goldfish under
anesthesia, they were placed in equipment (Fig. 2)
made by a 3D printer, and the equipment was exposed
to ELF magnetic fields (3 mT) of 60 Hz. Since the
scales were placed in holes with different diameters, a
larger eddy current flowed through the scales in the
holes with a larger diameter as compared to the scales
in holes with smaller diameters. We investigated
changes in both the activities of osteoblasts and
osteoclasts due to the difference in these eddy currents.

Furthermore, the scales of zebrafish were exposed to
ELF magnetic fields (60 Hz, 30 mT), and the
responses were compared with the scales of goldfish.
The scales of the activities of both osteoblasts and
osteoclasts in zebrafish were measured according to
the example of Suzuki et al. (2016).?

3. Results

Exposure to ELF magnetic fields (60 Hz, 30 mT)
for 24 hours revealed a significant increase in both
osteoblastic and osteoclastic activities. However,
exposure to static magnetic fields (30 mT) for 24 hours
did not significantly change neither osteoblastic or
osteoclastic activity.

Next, the scales were placed in holes of different
diameters, and different amounts of eddy currents were
applied. As a result, it was found that the activities of
both osteoblasts and osteoclasts increased in the larger
holes. On the other hand, this phenomenon did not



Cotton ball

Figure 2 Equipment used for eddy current experiments
Experiments were conducted by inserting scales into the
holes indicated by the black and white arrows, Cotton
balls were used to partition the scales of each individual.

occur in the smaller holes. It was found that a hole
with a large diameter induces a change similar to that
of 30 mT, despite the fact that the strength of ELF
magnetic fields was 3 mT.

In order to confirm the obtained results by using
goldfish scales, we investigated the influence of ELF
magnetic fields (60 Hz) on osteoblasts and osteoclasts
using the cultured scales of zebrafish. We found that
both osteoblasts and osteoclasts in the scales of
zebrafish were activated by ELF magnetic fields of 30
mT, as in goldfish scales.

4. DISCUSSION

Our study revealed that both osteoblasts and
osteoclasts responded differently to ELF and static
magnetic fields, even when exposed to magnetic fields
of the same intensity. This difference in response is
likely due to differences in eddy currents. Next, scales
were placed in holes with different diameters to allow
different amounts of eddy currents to flow (Fig. 2). As
a result, it was found that when the scales were put into
a hole with a large diameter, a similar change to 30 mT
was induced, even though the strength of ELF
magnetic fields was 3 mT. Therefore, in order to
activate both osteoblasts and osteoclasts and promote
bone formation, it is important to apply a larger eddy

current rather than to increase the magnetic field
strength.

On the other hand, the results obtained with the
scales of goldfish can be reproduced with the scales of
zebrafish. We found that both osteoblasts and
osteoclasts in zebrafish scales are activated by ELF
magnetic fields of 30 mT. In the future, we plan to
examine the effects of eddy currents on both
osteoblasts and osteoclasts in detail by in vive
experiments using zebrafish.
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Abstract
The purpose of this research is to develop a real-time three-dimensional vector

magnetic field imaging system that can simultaneously measure the temperature under

the microscope. Such a measurement system may probe thermo-sensitive neuronal cells

of C. elegans, one of the best studied multicellular model organism. By heating the neu-

rons with laser, the action potential of cells can be measured via generated magnetic field,

which allows for the precise temperature measurement at the same time. With the mag-

netic information and temperature information of neuron activities, we will quantify the

activity of the neural network of C. elegans. To achieve this ultimate goal, we developed

an artifact-free temperature method in diamond quantum thermometry. We also tried to

label C. elegans with fluorescent nanodiamonds.

Keywords: C. elegans, nanodiamond, nanothermometry, nanomagnetometry

1. Introduction

Fluorescent nanodiamonds (NDs) are bright and stable
fluorescent probes. They are non-toxic and can be in-
troduced in cells and organisms for bioimaging?. Fur-
ther, it has been recently reported that NDs can sense
magnetic fields and temperature via the quantum con-
trol/measurement of electron spins of nitrogen vacancy
(NV) emission centers?. In this NV-based quantum
sensing, electron spin resonance driven by microwave
irradiation can be detected by a change in fluorescence
intensity and this resonance frequency is dependent on
magnetic field and temperature with a different de-
pendency. Therefore, simultaneous sensing of magnet-
ic fields and temperature is possible in principle. Re-
cently, we have reported applications of this NV-based
temperature sensing to evaluate stem cell regeneration
function? and to the real-time temperature probing in

nematode C. elegans¥. Regarding magnetometry, the

24

NV sensor has demonstrated the detection of action
potential when the squid axon is activated®.

By using this multimodal measurement technol-
ogy of temperature and magnetic filed, it is expected to
obtain active biological information. For example, it
can probe the thermosensation of neural network of
nematodes. In C. elegans, thermotaxis has been ac-
tively studied® and discussed with its fully clarified
connectome”. However, it has not been clear how
much each of neurons spatiotemporally interact one
another. The quantitative understanding of neural net-
work is yet to be obtained.

The purpose of this study is to extend our re-
al-time in vivo temperature measurement technique to
visualize the three-dimensional temperature mapping
of the entire nematode at the single cell level. In par-
ticular, we have studied the following two issues. (1)
Developing a technique to improve the accuracy of
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Fig. 1: (a) Schematic of ODMR with NV energy dia-
gram. (b) Schematic of temperature dependent ODMR
shift.

temperature measurement in real time in vivo where
the light transmittance frequently varies. (2) Establish-
ing a protocol to label worms with fluorescent NDs

without microinjection.

2. Experiments

The NV-based quantum thermometry utilizes temperature
dependence of resonance frequency of ODMR (Figs. 1
(a) and 1 (b)). The simplest way for measuring the
ODMR shift is to perform spectral fitting to determine the
center frequency. However, this method requires a long
measurement time and high measurement accuracy can-
not be obtained in a realistic measurement time of sec-
onds. We therefore introduced multipoint ODMR method
that measures the fluorescence intensity at four frequency
points on the spectrum®. Regarding the ND labeling of C.
elegans, the surface charge state of polyglycerol-grafted
fluorescent NDs (PG-ND) was controlled and fed to C.

elegans.

3. Results and Discussion

Figure 2a shows the temperature measurement profiles of
NV sensors when the excitation laser light intensity is
intentionally changed while the temperature is kept at
37 °C. An artifact in which the temperature indicates
changed even though the temperature was not changed
was observed. Detailed measurements of the excitation
light intensity dependence of the ODMR spectral shape in
separate experiments revealed this origin as a complex
effect of electron spin relaxation time and spin mixing
between the NV spin sublevels. This artifact can be eval-
uated in advance of the measurements; it can be removed
numerically. The result of applying this numerical filter is
shown in Fig. 2 (a). Stable temperature measurement is
now possible even under the light intensity change.

For the ND labeling of C. elegans, the surface of
PG-ND was modified with -COOH and -NH, in the
manner reported previously?. These two types of func-
tional groups make the surface negative and positive,
respectively, and it has been reported such surface charge
control affects cellular uptake efficiency in vitro experi-
ments. These two types of NDs were fed to C. elegans.
Figure 2 (b) is a fluorescence microscopy image of C.
elegans fed with the ND-COOH, in which red indicates
NDs and blue autofluorescence. Fluorescent NDs were
confirmed in the intestinal tract, but it seems there is no
ND uptake from intestinal cells. We also found that the
50-nm-sized NDs were too dim to be detected in adult
worms because of the worm’s background fluorescence
in the red region. For the ND-NH> having positive charge
surface, aggregation of the nanoparticles occurred when it
was dispersed in the nematode culture medium at the
time of feeding. Currently, we are searching for appropri-
ate conditions to solve this. There is a report that E. coli,
food for nematodes, aggregates positively charged nano-

particles, which might be the reason of aggregation.
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Abstract
An oscillating strong magnetic field can be easily generated compared to the

conventional magnetic field generation using an AC power supply by using a pulsed

magnetic field. Increasing of the generated magnetic field intensity leads to an increase in

the efficiency of heat generation, which can shorten the treatment time. In this study, an

oscillating pulsed magnetic field of 3 kHz was generated with a simple circuit and

relatively low energy, and heat generation in an aluminum block was observed.

Keywords: oscillating strong magnetic field, pulsed magnet, heat generation

1. PURPOSE

Recently, there has been an increase in the
number of therapies using pulsed magnetic fields, such
as transcranial magnetic stimulation and hyperthermia.
Among them, hyperthermia is a treatment method that
selectively heats and kills cells by induction heating
with a magnetic field. It has been attracting attention
because it reduces the burden on the patient as it can be
treated without contact, taking advantage of the
characteristics of magnetic fields that penetrate deep
into the body. However, there are some problems such
as insufficient heating of the affected area by the
magnetic field. One of the reasons for this is that the
magnetic field strength in the affected area is
insufficient. In order to output a high magnetic field
strength, the conventional method requires a large
power supply, which requires excessive installation
space and high installation cost, which may hinder the
spread of the system. Therefore, we proposed a
method of heating magnetic particles using a pulsed
magnetic field instead of using a general AC power
supply. In this study, a system that generates an
oscillating magnetic field was created, and the
characteristics of the generated magnetic field were
investigated.

2. METHOD

The circuit diagram of the designed and fabricated pulse
magnet system is shown in Figure 1. The system can be
divided into a charging circuit, an energy storage circuit, a
discharging circuit, and a control circuit. To generate an
oscillating magnetic field, the clover circuit was
eliminated from the conventional circuit and a diode was
installed in the opposite direction to the thyristor; the
picture in Figure 2 shows the parts other than the storage
facility and discharge switch, which are simple compared
to the circuit of an AC power supply. A search coil was
used to measure the induced electromotive force
generated by the device and to measure the magnetic field
strength generated in the coil. The coils were prepared
with different shapes in terms of number of turns, wire
thickness, and diameter to study the effect of the
oscillating magnetic field due to the different shapes of
the coils. The temperature change when the magnetic
field was generated by placing an aluminum sample with
a thermocouple inserted in the diameter of the coil was

also investigated.
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3. RESULTS

A coil with inductance (L) and resistance of 125
pH and 93 mQ, respectively, was connected to a
capacitor bank of 100 pF. When the discharge switch was
turned on after charging with a voltage of 100 V, a
magnetic field of up to about 0.2 T was generated four
times in a row with a period of about 3 kHz as shown in
Figure 3. The frequency did not change with the charging
voltage, and the amplitude was proportional to the
charging voltage. The temperature rise of the aluminum
block (98, /=10) in the center of the bore was observed by
generating oscillating pulsed magnetic fields every 30
seconds at a charging voltage of 100 V. As shown in
Figure 4, the temperature rose about 2.5 K in about 5

minutes.
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Figure 4. Time course of temperature of Aluminum
block.

4. DISCUSSION

This time, an oscillating magnetic field of 3 kHz was
generated, and it decayed as the second and third cycles
progressed, but the decay can be suppressed by reducing
the resistance and increasing the inductance. However,
the decay can be suppressed by reducing the resistance
and increasing the inductance. This can be improved by
making the coil wire thicker and the diameter smaller. As
for the temperature increase caused by magnetic
stimulation, it is necessary to raise the magnetic field
strength, but this can also be handled by improving the
charging voltage. On the other hand, the improvement of

vibration is also effective, and if the frequency is



increased to about 10 times, the saturation magnetization
of the magnetic particle is reached. It is necessary to
lower the capacitance and charge the battery at high
voltage, and this can be achieved by connecting a large
capacitor in series to effectively lower the capacitance. In
the future, we will continue the development to improve
the heat generation efficiency by increasing the number
of capacitors under the use of the optical system we have
prepared for optical non-contact measurement of heat

generation.
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Abstract

Lewy body disease (LBD) includes Parkinson’s disease and Dementia with
Lewy bodies (DLB). DLB is the second most common neurodegenerative disease,
which cause dementia, after that due to Alzheimer’s disease (AD). Early
diagnostic methods of DLB have not been established. Since DLB is
characterized by visual processing disturbance, we analyzed the neural
responses to the optic flow and evaluated the visual perception processing using
magnetoencephalography (MEG). The analysis was performed for patients with
LBD (n = 4) and normal controls (n = 6). This study demonstrated that the
maximum power in the left lateral occipital significantly correlated with the

Trail making test-A score. Further studies are necessary to verify whether MEG

during the optic flow task is useful for early diagnosis of DLB, and

differentiation of DLLB and AD.

Keywords: Lewy body disease, magnetoencephalography, optic flow

1. PURPOSE

Lewy body disease (LBD) includes Parkinson’s
disease (PD) and Dementia with Lewy bodies (DLB).
DLB is the second most common neurodegenerative
disease which cause dementia, after Alzheimer’s
disease (AD). Early diagnosis of DLB is difficult."??

DLB is characterized by visual processing disturbance.

The aim of this study was to obtain a better
understanding of the mechanisms of cortical
processing during the optic flow task in patients with
LBD and normal controls (NC) using
magnetoencephalography (MEG).

2. METHOD
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This study was conducted according to the guidelines
of the Declaration of Helsinki and all procedures
involving human subjects were approved by the
Kanazawa University Medical Ethics Review Board
(approval numbers 3041). Written informed consent
was obtained from all subjects.

2.1 Subjects

The LBD group included patients with PD and DLB.
The NC group had no history of psychiatric or
neurological diseases and were receiving no
medications that could act on their central nervous
system. All subjects were assessed to be cognitively

normal.



2.2 Optic flow task

Visual stimuli were presented on the screen in front of
a subject. The subjects were required to maintain
centered visual fixation throughout the presentation of
all visual stimuli. Two types of stimuli, stationary
dots and optic flow, were used. To suppress variance
of neural responses to the optic flow stimuli, we set
the optic-flow stimuli and the stationary-dots stimuli to

occur randomly at a ratio of 4:11.

2.3 Data processing

MEG data of 96 optic flow trials were analyzed for
each subject using a MATLAB toolbox, Brainstorm.
Six regions of interest (ROls), left/right Lateral
Occipital, Inferior Parietal, and Superior Parietal, that
covered the dorsal stream, were set based on the
Desikan-Killiany atlas. Event-related fields in the
epoch-averaged signals were observed from 100 ms to
300 ms in all the subjects. Neural responses of the six
ROIs to the optic flow were evaluated by maximum
power of source activity within the time interval.

3. RESULTS

A total of 4 PD patients (LBD group) and 6 NC
subjects participated in this study. All the patients with
PD were diagnosed with clinically established
Parkinson’s disease, according to the diagnostic criteria
of the International Parkinson and Movement Disorder
Society (MDS). The median score of the Unified
Parkinson’s Disease Rating Scale (UPDRS) part 111
was 26.5 points in the LBD group. Age and gender did
not differ between the LBD and NC groups. The
Mini-mental state examination (MMSE) scores were
significantly lower in the LBD group than in the NC
group (P =0.019) (Table 1). No significant difference
was noted between the LBD and NC groups for Trail
making test (TMT)-A and TMT-B scores (Table 1). All
patients with LBD group were diagnosed as normal
cognition. Three of 4 patients with LBD represented
rapid eye movement sleep behavior disorder, and one
of them had visual hallucination.

Regarding the maximum power, statistical difference

was not significant between the LBD and NC groups
in any ROIs. The maximum power in the left lateral
occipital significantly correlated with the TMT-A score
(r=-0.803, P=0.009) (Figure 1).

4. DISCUSSION

We demonstrated that the maximum power in the left
lateral occipital significantly correlated with the
TMT-A score. It has been reported that TMT-A score
mainly related with visuo-perceptual attention
abilities.” Our results therefore indicated that the
attention ability would be associated with a change in
the processing of optic flow stimulations in the left
lateral occipital regions. Further studies with large
number of subjects as well as various types of
dementia, such as DLB and AD, are necessary since
the number of subjects in this study was small.

In conclusion, our MEG analysis indicates that
visuo-perceptual attention ability would have a
relationship with the brain function of the left lateral
occipital regions during the optic flow perception.

Acknowledgement
This study was supported by Watanabe foundation and
grant from RICOH Co., Ltd.

References

1) McKeith IG, et al. Diagnosis and management of
dementia with Lewy bodies: Fourth consensus
report of the DLB consortium. Neurology, 89:
88-100 (2017).

2) Lobotesis K, et al. Occipital hypoperfusion on
SPECT in dementia with Lewy bodies but not AD.
Neurology, 56: 643-9 (2001).

3) O’Brien, JT, et al. "*F-FDG PET and perfusion
SPECT in the diagnosis of Alzheimer and Lewy
body dementias. J Nucl Med, 55: 1959-1965 (2014)

4) Tobimatsu S and Celesia GG. Studies of human
visual pathophysiology with visual evoked
potentials. Clin Neurophysiol, 117: 1414-1433
(2000).

5) Sanchez-Cubillo I, et al. Construct validity of the
Trail Making Test: Role of task-switching, working

31



memory, inhibition/interference control, and
visuomotor abilities. J Int Neuropsychol Soc, 15:
438-450 (2009).

Table 1. Cognitive function of NC and LBD group

NC (n =6) LBD (n = 4)
MMSE (points), median (range) 29.4 (28-30) 27.7 (27-28)*
TMT-A (sec), median (range) 41.0 (25-59) 48.5 (31-94)

TMT-B (sec), median (range) 83.0 (39-129) 93.5 (88-146)

* P<0.05; LBD: Lewy body disease; MMSE: Mini-mental state
examination; NC: Normal control; TMT-A: Trail making test-A;
TMT-B: Trail making test-B

32

E o]
3 1 o NC
§ ® LBD
w 12
= ©
& 10 %5
O (o]
I
a 8
o L ] o]
=1
g -
a
2
Cu
4] 20 40 60 80 100
TMT-A tsec}

Figure 1. Correlation between the maximum power in
the left lateral occipital and TMT-A score.



Development of navigation system for surgical operation of a spinal cord applying
low-frequency-band magnetic field detection

Yoshiaki Adachi*, Daisuke Oyama*, Shigenori Kawabata**,
Yoshikazu Nakajima***, Takaaki Sugino®***, Miyuji Matsuda*** Masaya Onogi***

* Applied Electronics Laboratory, Kanazawa Institute of Technology
3 Amaike, Kanazawa, Ishikawa 920-1331 Japan
**Department of Advanced Technology in Medicine, Tokyo Medical and Dental University
1-5-45 Yushima, Bunkyo-ku, Tokyo 113-8519 Japan
***[nstitute of Biomaterials and Bioengineering, Tokyo Medical and Dental University
2-3-10 Kandasurugadai, Chiyoda-ku, Tokyo, 101-0062, Japan

Abstract
Conventional surgical navigation systems mainly rely on infrared stereographic

camera technology and cannot track the position of the tools when optical markers are behind

the body or hand of the surgeon. Furthermore, the dimensions of optical markers are often

problematically large. To solve these inconveniences and satisfy the requirements of

surgeons, which include a wide operative field and small markers, we developed a prototype

of the new navigation system for spinal surgery based on low-frequency band magnetic field

measurements. The developed system was equipped with a coil array implemented in a

square frame surrounding the operative field. Instead of optical markers, surface-mounted

inductors were used as markers to detect the magnetic fields generated from the coils. Real-

time marker localization was successfully performed at approximately 1 Hz. As a result, we

could expand the effective operative field to 300 mmx400 mm and reduce the dimensions of

the marker to less than 3 mmx3 mmx3 mm.

Keywords: navigation system, marker localization, surface-mounted inductor

1. PURPOSE

Surgical navigation is a system that detects the
position of the patient’s vertebrae and the position and
orientation of the surgical tools during orthopaedic spine
surgery, and superimposes them on the previously
captured X-ray and/or CT images in real time and
displays on the screen. This is an indispensable
technology for safe surgery. Most conventional surgical
navigation systems are of the optical type, in which
optical markers attached to the patient’s anatomical
fiducial points and surgical tools are imaged by a stereo
graphic camera to determine the relative positions
between them. However, when a doctor’s hand or body

is placed between the camera and the markers, imaging
is interrupted, and tracking becomes impossible. In
addition, the placement of the optical markers was
greatly restricted due to the interruption of imaging and
the dimensions of the markers themselves.

On the other hand, a radio-wave-based navigation
system, which detects the position by transmitting an
electromagnetic field from the marker and receiving it
by the antenna coil (or conversely, transmitting an
electromagnetic field from the coil and receiving it by
the marker), does not have the above problem, but it has
another problem: when there are metal surgical tools in
or near the operative field, the distribution of radio
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waves is distorted owing to the skin effect, and the
position cannot be detected correctly.

This study aims to develop a new navigation system
for spinal surgery based on low-frequency band
magnetic field measurements that solve the problems of
the conventional optical and radio wave types by using
the frequency range of 100 Hz to 1 kHz, which is less
affected by the skin effect of metals.

2. METHOD

Before developing the navigation system, we
discussed with orthopaedic surgeons who perform the
spine surgery what an easy-to-use and effective surgery
navigation system would be. Consequently, it was
revealed that a wide operative field and small markers
were required in addition to uninterrupted marker
tracking.

To satisfy these requirements, the developed system
was designed with a coil array implemented in a square
frame surrounding an operative field to induce magnetic
fields and markers equipped with the magnetic flux
sensors to capture them. The inner dimensions of the
frame were 300 mmx400 mm, which was sufficiently
large to cover the entire operative field for spine surgery.
The thickness of the frame was 30 mm so that would not
interfere with the surgery. In this study, a coil array was
equipped with 16 circular coils, and each coil was
excited at different frequencies. Under these conditions,
a Monte Carlo simulation was applied to various coil
arrangements, as shown in Fig. 1(a), to determine the
optimal coil configuration. As shown in Fig. 1(b), coil
array #0 was selected as the coil array with the largest
area where the magnetic flux sensor’s localization error
was less than 1 mm within a range of £120 mm above
and below the frame. Eight circular coils of ¢80 mm
were placed at each of the four corners of the square
frame. The other eight circular coils of $40 mm were
placed on the edges of the frame. Each coil had 100
turns.

We applied surface-mounted inductors (100 uH,
NLV25T101-PF, TDK, Japan) as markers with
magnetic flux sensors. Although their sensitivity is less
than that of other types of magnetic flux sensors and
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Figure 1. (a) Candidates of the coil arrangements. (b)
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proportional to the signal frequency, which is a
significant disadvantage, especially for detecting low-
frequency band signals, their small dimensions are a
large advantage in reducing the dimensions of the
markers, much smaller than those of the other magnetic
flux sensors. The proposed coil array in the frame could
induce sufficiently large magnetic fields that could be
detected by the surface-mounted inductors, and we
could reduce the dimensions of the markers to less than
3 mmx*3 mmx3 mm.

Multi-channel current amplifiers to apply a specific
frequency current to each coil and multi-channel low-
noise amplifiers to amplify the magnetic field signals
from the magnetic flux sensors were designed and
prototyped. We also developed a position-detection
software that implements a magnetic sensor position
estimation algorithm. Figure 2 shows the appearance of
the coil array, electric circuit, and software of the
prototype surgical navigation system.

In the preliminary test, 16 coils were excited
simultaneously at different frequencies from 780 Hz to
2 kHz, and four magnetic sensors at arbitrary positions



in the frame and digitally recorded the combined
magnetic fields. For each sensor, the data were
sequentially separated by a time window of a specific
width, and Fourier analysis was used to extract the coil-
specific frequency components. The position of the
magnetic flux sensor was estimated from the extracted
frequency components and the positions and
orientations of the 16 coils in a manner similar to the
calibration for an array of biomagnetic sensors using an
array of multiple coils”. The obtained positions of the
magnetic flux sensors are displayed in real time on the
screen and sent to a computer for matching medical
images through the LAN.

To superimpose the detected marker position on the
previously captured medical image, it is necessary to
align the detected position coordinates in three-
dimensional (3D) space with the coordinates on the
medical image. We developed a software for position
matching and display and tested it using a set of optical
markers attached to the frame of the coil array. As
shown in Fig. 3, the relative positions of the camera,
frame, and surgical tools were tested using a
combination of a commercially available 3D tracking
system (Aurora, NDI) and an optical-type surgical
navigation system (Polaris).

3. RESULTS

Figure 4 shows an example of the frequency analysis
of the combined magnetic fields from 16 coils obtained
using the position estimation software. This indicates
that the magnetic fields from each coil can be separated
and detected with a sufficient signal-to-noise ratio.
Figure 5 shows an example of the simultaneous
estimation of the positions of the four magnetic flux
sensors based on the frequency components specific to
each coil and the positions and orientations of the coils.
The positions of the four sensors were sequentially
estimated at a frequency of approximately 1 Hz, and it
was confirmed that the estimated positions followed the
movement of the magnetic flux sensors when they were
moved in parallel, assuming that the multipole markers
were attached to the surgical tool.

Localized sensor p@sity

Figure 2. Prototyped navigation system. (a) Inner view
of the coil array in the frame. (b) Electronics to drive
coils and amplify the signals from sensors. (c)
Localization of the sensors.

“ Zﬂ'”ﬁiie W “ ‘ _S&!ical marker - -
Figure 3. Preliminary test for calibration between the
coil frame and the medical image using a set of

commercially-available navigation system.

4. DISCUSSIONS

Previously, we proposed a navigation system with the
opposite configuration of this study, that is, using a
small coil as a marker and a frame-shaped sensor array
to detect the magnetic field emitted from the coil and
localize the marker”. Although the previous navigation
system provided a localization frequency of
approximately 2 Hz or more, in the prototype of this
study, the frequency was only approximately once per
second, even in a similar computing environment. One
of'the reasons is that the theoretical magnetic fields were
calculated using an approximate magnetic dipole for
marker coils in the previous system, whereas it cannot
be approximated using a magnetic dipole for the circular
coils used in this study, and a higher computational cost
was necessary to calculate the theoretical field. In
practice, a circular coil is approximated as a polygon
coil to reduce the computational cost. To increase the
frequency of position estimation, it is advantageous to
approximate with polygons with fewer vertices because
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this reduces the computational cost, but it is a tradeoff
for the degradation of position estimation accuracy
owing to the approximation error.

We also confirmed that it was possible to calibrate the
camera image and coil frame using a commercially
available surgical navigation system. However, this
method requires a separate system to calibrate them
other than the coil frame and camera. In principle, it is
possible to estimate and calibrate the positions of optical
markers on the coil frame from images captured by a
camera. However, in actual surgical navigation, the
position of the surgical tool should be superimposed on
the X-ray image, so it is necessary to align the coil frame,
X-ray irradiator, and X-ray imaging panel. Unlike an
optical camera, the X-ray image shows little perspective,
necessitating the development of a new calibration
algorithm. In addition, markers that can be observed in
X-ray images are also necessary. These are our future
tasks.

5. CONCLUSION

In this study, we prototyped a needs-orientated
navigation system for spine surgery using “position
detection by magnetic field measurement” as the
technological seed, which is based on biomagnetic
measurement. The system became easy to use from a
doctor’s  viewpoint  through  medical-industrial
collaboration, providing a wide operational field
expanded to 300 mmx400 mm and equipped with small
markers with the dimensions of less than 3 mm.

We are also on the verge of developing a software to
superimpose the position of the surgical tool on the
medical image according to the estimated marker
position.

In the future, we will continue to work on various
issues for practical use of the system, such as evaluating
and optimizing marker localization accuracy, reducing
the excitation frequency by improving the signal-to-
noise ratio, speeding up marker position localization,
calibrating with X-ray images, and improving the use
interface of the software.
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four magnetic flux sensors.
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Abstract

In clinical medicine, diagnosis and evaluation based on imaging are essential for

understanding pathological conditions, determining treatment methods, and measuring

treatment effects.

In this study, we develop the Gd encapsulated carbon nanotube

(CNT), and investigate its biocompatible modification. We intend to develop this

material for biological application with both Near infrared II (NIR-II) fluorescence and

MRI-magnetic imaging.

Keywords: carbon nanotube, NIR-II, peapods, MRI, in vivo imaging

1. Introduction
In clinical medicine, diagnosis and evaluation based
essential  for

on imaging are understanding

pathological  conditions, determining treatment
methods, and measuring treatment effects . In recent
years, molecular imaging, which can diagnose and
depict only pathological conditions and diseases from
anatomical imaging, has become known as a new field
and method ?.

fluorescence is widely used in detailed biological

Among them, imaging using

experiments and genetically modified animal

experiments, and is the foundation of today's
biological research. Among them, the region of
near-infrared light above 1000 nm is called the NIR-II
region, and has been attracting attention in recent years
VIt s

autofluorescence, allowing observation of the deepest

characterized by extremely low
parts of the body, and a signal-noise ratio of 100 times
higher at 1320 nm than at 850 nm, making it a
promising new area for in vivo imaging. However,
compared to other fluorescent materials, there is a lack
of fluorescent materials that can be used in vivo.

2. Purpose

The purpose of this research proposal is to develop the
world's first metal (Gd) encapsulated carbon nanotubes
(CNTs), to
modification, and finally to achieve their biological

investigate  their ~ biocompatible
application as NIR-II imaging materials that can
simultaneously perform MRI (magnetic imaging). In
addition to real time imaging of CNTs using MRI, we
will be able to measure real time changes in tumor
blood vessels by treatment and the effects of lung
diseases by achieving inhalation imaging. In addition,
we will develop naturally-derived carbon materials as
imaging agents for future clinical and biological
applications, such as blood flow in near-infrared ray
immunotherapy, which has been reported as an

mnovative treatment.

3.Methods, Results, and Discussion

A single-walled carbon nanotube, MEIJO eDIPS
EC1.0 (Meijo NanoCarbon Co., Ltd.), was prepared.
The central diameter of the above single-walled carbon
nanotube is 1.0 nm. The numerical value of the central
diameter is the median value of the carbon nanotubes
contained, and is calculated from the chiral index, but
the same value can be confirmed by observation under
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an electron microscope Y. In an electric furnace under
an atmospheric atmosphere, the single-walled carbon
nanotubes were heated up to 500°C over a period of 6
hours, and when the temperature reached 500°C, the
heating was stopped and the tubes were allowed to
cool down to room temperature *. This operation was
used to open the both ends of the single-walled carbon
nanotubes. The product was removed from the quartz
tube after cooling to room temperature and washed
with water. GdI3 that was not involved in the carbon
nanotubes and GdI3 that was not encapsulated in the
carbon nanotubes but adhered to the outer surface of
the carbon nanotubes were removed by this rinsing.
The Gd-encapsulated carbon nanotubes after rinsing
were used as Gd-encapsulated carbon nanotubes. The
Gd-embedded carbon nanotubes were observed by
transmission electron microscopy (TEM). The TEM
image of the Gd-encapsulated carbon nanotubes of
Production Example 1 is shown in Figure 1.

Figurel TEM Image

From the TEM images in Figure 1, it can be
confirmed that Gd-containing materials are
encapsulated inside the carbon nanotubes in all of the
Gd-encapsulated carbon nanotubes. A wire-like
structure with interconnected Gd inside the carbon
nanotubes was observed.

According to the TEM observation, it could be
judged that

encapsulated in approximately half of the carbon

Gd-containing  substances ~ were

nanotubes present in all of the Gd-encapsulated carbon
nanotubes.
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Figure2 EDX spectra

Next, we analyzed the Gd-encapsulated carbon
nanotubes that were confirmed to contain GdI3 by
TEM-EDX, which combines a transmission electron
microscope with an energy dispersive X-ray analyzer
(Figure 2). As a result, peaks originating from Gd and
Cl were observed in the EDX spectra of the GdI3
encapsulated carbon nanotubes.

Then, 5 mg of Gd-encapsulated carbon nanotubes
and 3 mL of 1 mass% sodium cholate solution were
mixed and sonicated for 4 hours in a sealed ultrasonic
disperser Nanoruptor NR-350 (Tosho Electric Co.,
Ltd.) to make a dispersion solution. The dispersed
liquid was submitted to a small ultracentrifuge
CS100GXL (Hitachi Koki Co., Ltd.) for separation
and centrifuged at 52,000 rpm for one hour to
precipitate carbon nanotube aggregates and other
substances. The upper part of the dispersion solution
after the centrifugation process was collected and used
for the subsequent study.

To evaluate the NIR-II fluorescence of the above
preparation, GdI3 solution and water (negative control),
the fluorescence was evaluated using SHIMADZU's
SAI-1000 (Figure 3) ©. The results showed sufficient
NIR-II fluorescence in GdI3 encapsulated CNTs. Next,
we examined the MRI to determine the feasibility of
magnetic imaging. Omniscan, a contrast agent, was

added as a positive control and water as a contrast



control. The results showed that GdI3 appeared darker
than water in both T1- and T2-weighted images,
indicating that it could be used as a positive contrast
agent.

The above materials were found to have good
contrast ability in NIR-II and MRI, and will be
investigated in animal models of diseases.

DGdu@DIPS1.0 (0.36 mg/mL) £ EfE, Wb L TLL
2Gdb@DIPS1.0 (0.50 mg/mL) Rk, MO L TAEL ooNTEME
(3Gdu7k B (0.336 mg/mL)

Figure3 Detection of NIR-II fluorescence

4. Conclusions

We have successfully synthesized GdCI2 encapsulated
carbon nanotubes and confirmed their imaging
performance. In the future, we will investigate its use

in animal models.
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