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Abstract
The magnetic field effects on the generation of singlet oxygen ('0") in

photodynamic therapy (PDT type II) using fullerene derivatives (such as Cyo) as

photosensitizers were investigated in CCls solution of fullerene derivatives.

102*

generation was evaluated by directly observing the phosphorescence of 'O, obtained

around 1275 nm due to the photoexcitation of fullerene derivatives. The phosphorescence

intensity of 'O, varied with magnetic fields as compared to that without a magnetic field.

The magnetic field effects on the generation of '0," due to PDT type II were observed for

the first time. The magnetic field effects can be explained in terms of triplet-triplet pair

mechanism.

Keywords: photodynamic therapy, singlet oxygen, phosphorescence, magnetic field

effect, triplet-triplet pair
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Abstract

The molecular mechanisms of the effects of weak magnetic fields have not been well

dissected. We found that extremely low frequency fluctuation (1-8 Hz) of extremely weak

magnetic field (100 mG) (ELF-WMF) provokes the mitochondrial quality-assurance system,

mitophagy, and reduces the amount of mitochondrial to two thirds of that before stimulation.

The mitochondrial membrane potential was similarly reduced. ELF-WMF later induces

mitochondrial neogenesis, which increases the amount of mitochondria and the

mitochondrial membrane potential. Exposure of ELF-WMF to wild-type mice showed

increased basal oxygen consumption, increased mitochondrial membrane potential, and

increased mitochondrial electron transport complex activities in the liver. The mice showed

increased voluntary activities, which, however, were not quantitatively evaluated. We expect
that the hormetic effects of ELF-WMF could be applied to human diseases, and the studies

are currently under progress.

Keywords: weak magnetic field, mitophagy, mitochondrial neogenesis
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Fabrication of artificial bone substitute applied to cell orientation characteristics by
magnetic stimulation
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Abstract
We developed a magnetic field stimulation device for constructing artificial

bone-like tissue in previous Watanabe Foundation. In this study, we fabricated the

scaffold material using a 3D printer and fabricated the scaffold material

using the molds. The fabricated scaffolds were evaluated by cell experiments

to see whether the scaffolds have any effect on cells or not.

Keywords: magnetic stimulus, 3D printer, scaffold, osteoblast

1. IZT®IZ

TR, B - WEEED B IS & &
BN LA A A RN CHEZE L, AREBICAats 2
B - WCE IR A AT D AR RIES RIS S
TWb DD LavL, REAEITON TS
FIITFFHZ T 2 ODBBURTH Y, WNZE
M CATHBAEE TZ 0 NEETHD. T,
FATHFIEIC BT, FAERSRE - e
BT 2851355 o0, JEFERRD /)FEHE &
[FRE DR AT 2 13 E - TR b7, A
e ONFRE A AR T 5 N THEBOMREE D
KERHBEL 2o TWD. ZD 2 DOREZ
W B 720100, MRk LI 5 3 B T
¥y, TRRaY, TRERF) (2357 7 m—F 7
Bz oD, KT, RS omiRek & Mo s
TEHEALICBAT 2AFRIEIER 122 < R E TR,
ZD—FT TRERERT \ZBET 2003
VN UTAR, RSN TR A5z AHFSE
T2 EDREANATON TN D,
AMFFETIE, o Tl IER L. B - #K
HHEETEM L S0 s LTI, G - 5I9E

&V o T IR R LT AR & T
L. L, TSI RSO s — R
252 EMREETHY, HEEE LI MHR O —MER
Basha. 72, FRIERIC X - TR DM
BELTLEI>IZELEZOLND. 22T, k2
TSI E RN IGEE S CTHWBRS, MG
KRR AR L, N TE— a7
DOREEREERE OBRF & 50 L=, OB, s
F DS N T N LHE 2 fERS 2 B o 26
Fasol B M 2 TRV L S B D AR OMI, 52
FRIZHUN T, BEGO IS AR B A L CHEsEd
HEWVWIFERNE LN, T OREEIT L CRER)
T 5 L0 ) BRI OMFIEE 12 L B TR T
PRGHIIEIZ DOW TR E STV 523, B2
R LTI chd. ZoE MR
T BB T A~OBLRHEEZFIH LT, X0 Edm
DB D N LMk ER L, AN Tk =ik
BRlba IR sE 5.

PLEXY, AT, 3D 7V X —E N,
M OFFZAERL L, $58 % VTR o1k
WA T2, Tz, ERLU7Z 5402 B LGl



(ZECHEIN I 8 D I AR IR EBRIZ X - CEEAM
L7=DTHETS.

2. Hik

2.1 SR DOVERL

3D AV L HZ—FT 4 F 1.0pro XYZ 7V v
T4 7)) ERHOCTEHRMZER L. oK E
SUXERK 15mm OHET, FYIZELSK 2mm
OFFENHEESNL TS (K1).

2.2 RGH OVER

TERL L 7= 2 W Ca T — 7V B &
FEEEREIC 0 ERL L2 Y. BAREGICIE, 2T —
TR EGRICEA L, -60°C Ttk -50°C
THASHR ATV, ZVZ LT LT b REFIARAR
TTA4RMYLFEEGEL, 7V v miiic Tt oy
X T EToT.

2.3 S8R CYERL U 7= BIGHT D= M

PN L DM~ DR R Lo, ERLT:
JESHAS 1 % 50ml OEZHIIC 24h RIESH, T D
Brbh & @ E R 2 A VT, BT
Ja MC3T3-E1 % 24 7 =)L L— [T 24h 8255 L
7=. BE#%t%, Cell counting Kit % FV T 450nm @
W27 L— N — X CTEHAIL 7=

24 2 T—5 U RGHM EHRRIC X DRGSR
FHER

PR AR OCTIER LR a7 — 7 0 2
BbA 2 AN CRESGHRITR SR 2 FEh U7, BEmIK
LEFRITAELEEZ AW Y. B85 1 EH7-
» MC3T3-El % 10 /5 cell #6fE L, — HISRhGE
LTk, BGRSA G2 -, ST, 1mT
% 30 BME S8:721%, 30 SofkIET 591 71
Aot 0O U R UTo. ¥5#E 7 B B OMfaE A HE
L7z,

3. BRBLIUEBE

X 2 (288 E TR L 72 7 — 7 R 58
DM Z T PO E e S 7= 5t &
720 T, AENTRGHEROBITEH LT-6F
USRI~ AT T 4 T 72508 % 5. 2 7\ i fil
HRSEBRIC K> CHERR L=, X 3122 IRoThEEIC &

10

ZHMEBEEET A2 K DYOGE OFE R A R
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Fig.1 Photograph of mold by 3D printer.

Fig.2 Image of collagen scaffold.
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Fig.3 Cell proliferation assay of 2D culture.
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Fig.4 Cell proliferation assay of 3D culture.
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Abstract
The aim of this study was to clarify the morphological characteristics by T2* and diffusion

tensor image (DTI) and metabolism products by '"H-MRS in inguinal adipose tissue (iWAT) and

epididymal adipose tissue (epiWAT) of the mice, that with and without f3-adrenoceptor agonist.

We confirmed the anatomical location and position in relation to other organs and iWAT and

epiWAT in vivo were identified from T2* and DTI images. '"H-MRS were 1) more spectral peaks

were observed in epiWAT than in iWAT; 2) the administration of B3-adrenoceptor agonists

increased the spectral peaks observed in iWAT, whereas not observed that in epiWAT.

Keywords: browning, adipose tissue, inguinal, epididymal, T2*, DTI, 'H-MRS

1. ERBXUE®

NEWGRERRIE, FITE T g FEPHIC 546 LT
W5, AR T ORI LB TRENT & I
I, DB A1 U b & 2 Blises o IS
w9 D RENAER T PNIBHERT & FHEI S . B
FRR D3 ANLENC L 554 DOIRFRRCIBAR 1 D%
B S — 2 OZENREINTE Y, IR
BERERVEWR B D EB X HIDHD, ZOREMIX
N =VAE AT

REWGRERRIE, FITHRIHIRE A DIy % L
%, A7 AR AT A AR AR & FE T,
ZRLAMAB IR & X — 2 = IR AR 2
i 5 2 NN & _— 2 BRI I3 2 7
PEREIA E R Fa v RUTRELFELTEY,
Wittt # o 78 (UCP-1) 2388 L, st %@
L Tz uF—a i O#ER: 20 5 3 18 s
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fal X8 BN (brown adipose tissue; BAT) ™Y
WA ET 5. —F, =Y 2 EIiRIRE, %A,
EE), B3 7 N LT U UM R G K OB
BiRMERA R b ORI C T v 2D HE
HERf#HAE (white adipose tissue; WAT) PNIZFEEI9

LI OIS, JEND#EE L (browning) &
FEEAL, B2k & L CER ST s,

RN T D18t « X— = [5G ORI IX
FDG-PET, MRI X 'H-MRS (Z L > TfThhiv T E 7z,
S —%5, ML ER_A DA A—2 0 Tk
TN SN TE LT ZORPERNON— =
HERS O A2 BRAZ AT kE 3 2 i e il A oD i
HETH 1 ERIZEEZ OGNS, EOH, K
WL TIE~ 7 A DEEERIEN GWAT) &R5E LR
HERG (epiWAT) & Xfgel L, 1) T2*8 X OMLHT
VI NA A= 7 (DT 2 K HIERERY 7 R &



'H-MRS |Z X 2{CHHEE ORHE A B 5N

2) B3 7 N U U SRR SRR 5 _otofff%
AL LTRERE (R— 2 lBlA) & WAT [# G
FRIEICERALNDDENEHLNITH I L
ZHMIE Lo, REBRAKZ TODD, EGRMAHT
DFEFTH LT, AREETITT —F OREH
N

2. FHik

AMFZENL, FEEER T A mfmii L B S
G AT TN L7z (AGRE = 2021-45).
2.1. XFR

7 BEEE OB ER~ 7 2 (CSTBL6Y) % %15
&L, RREER L OVE3 #EA 6 ILd SfdE L7,
22. WMBEHE

R 22°CHN T 3 HE DO Pt E#%, 7 B
Badhiliz. 7238, WO~ T A XEEL LUK

HICHHBEERE L, B XEREE (CREARodent
DietCE 2) Wz, B3 EEE, IR OB L)
BENTWDERET VAZTIZ, B3 T KTV
VR RREENEE (CL316,243) 1 mg « kg™ & EIEN
~7 AL L7z, B3 BEDO N=1 (351 HHIC
W L2728, N=5 L7po7-.
23. w5

~ 7 ARG BREE 10 3R DR A (1Y
TNT 2 1.5~3%) WAL, R 20°CHITKE
STz 86 mm DOEF A /L L 18 mm NEED 4 ch
ZAEH Y T4 AT —7 a4 Va2 T2 94T MR
45 (Bruker Bio Spec) “.ﬁéﬂf: ~ 7 ADF
HERRERE 2 H L 7= 8k oD & 2 JLRINFgE (Y.T.)

& i %?Héﬁ“éﬁmr“ﬁ&%ffﬁﬁﬁﬂi% & \Z, R
LY IR E SO D s & O ERIR A R L,
iWAT 33 L UOY epiWAT ZHFE L 7=,
"H-MRS

JibiESVEIL PRESS {E2 1 L 72, FEfli e s — o o
ZITLLFIZRY. TE=16.5 ms, TR=2000 ms,
volume of interest=2 mmx5 mmx8 mm, Average=

128 , number of sampling = 2048 , acquisition
bandwidth =4401 Hz &5%7E L7z, 7KIG ZOHHlIE
fRBR LT,

T2*

PR o — o o ATLATIZAR Y. TE= 1.63 ms,
2.96 ms, 4.29 ms, 5.62 ms, 6.95 ms, 8.28ms, 9.61ms,
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slice thickness=1 mm, gap=0.2 mm, matrix 214 x 160,
number of signal averages=S8, acceleration factor=1.6,
flip angle=45°, field of view=32 mmx24 mm, number
of slices=25.
DTI

Al 72 S — 0 o ZIFZLLFIZRY. TE=20.583 ms,
TR=800, &/A=5.0/10.5ms, b-value=3000s/mm?,
average=4, field of view=32x24 mm? matrix
size =128 x 96,
thickness = 1.0 mm, slice gap =0.2 mm, motion probing

number of slices =25, slice
gradient moment = six directions (Xy, Xz, yz, —Xy, —XZ,
—yz).
24. FRMTTIE
'"H-MRS

LC Model (ver. 6.3-1R) O lipid-8 Zffiff L, 4% A
R MVERH L.
T2*B XU DTI

BB EE N5 T2*map B L EANT L el,
e2,e3 D Z1ER L=, 5%, &Ntk T2*
itk LN el, €2, €3 J7 1D BT OYLikEREL (ADC)
ZRET 5.

3. KER

fEHMOREL LOEAERIY, WHETHE
TR LN T

LIl MRzl 24 NENGHARkD T2*Hifg:
DRI
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@ 'H-MRS Ol % 779, H#ED epiWAT 123U C,
AF VL (13ppm), a- AT L2 inb VR BE
KT N—7 225ppm), AL 7 ¢ K (5.3ppm>
DY —7 DR STz, WifED iWAT TS S
72D, AFL U (13ppm) &k (47ppm) D
E—7 Tholz. ZHUIMA T, B3 HED iIWAT T
1%, B-ATF Lo MmB IR RIETLV—T7 (15
ppm), ZUkm—D/Ny 7 R—2 (42 ppm),
L7 45 (53ppm) DHER ST

4. B

ARG TIL, ~ 7 AERD iWAT 3 L O epiWAT
R, B3 T R LT U U SR EEEE R 5-0f
M\ 1D T2*B LU DTI 12 X AR 7 i &
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ZEEEME Lz, —EIXRITH7223, 'TH-MRS (2
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T, IWAT IZBWT ALY R LD B — 7 303880
L7223, epiWAT TZDELITA B2 -7z,

LREEANLIC & > THRIGN D RE I BRI AR L2 223
b1 3 ZOBEWNIRENEROZR A RT & ST
WD IARGETIE, B3 T RLT VU U BIREELH
DFEIZ XL - T, iWAT THHILD AT hLD
B 7 BB Z 7273, epiWAT DFFUUTIT AN 7
LiViehoTo. ZORRIE, B3 T KLU Uk
REEHEEIC L DR Oe by epiWAT LV b
iWAT DA CHER S NTZ vy D, A LT
IZEDHE R LFHFLTCND EEBEXBND.

A 13 T2% 5 L ONDTI O E{§fiEhT &2 8, B3 7
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Application of TMS-EEG as a novel biomarker of epilepsy
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Abstract
TMS (transcranial magnetic stimulation) may be a good candidate for a new diagnostic

tool for epilepsy because it can reflect hyperexcitability of the neural cells in brain. TMS-

EEG (TMS-electroencephalogram) is a newly developed technique measuring EEG while

performing TMS. TMS-EEG may be superior to classic TMS using electromyogram as an

indicator of brain function, because it can reflect pure cerebral activity. We evaluated the

efficacy of TMS-EEG as a diagnostic measure for epilepsy. Amplitudes of TMS-evoked

potentials in myoclonus epilepsy patients tended to be higher in N45, P60, and N100 than in

normal subjects, although the sample size was small and the differences were not significant.

Keywords: cortical excitability, TMS-evoked potentials

1. B®Y

T A BFEIT I 2 e [ I T o SR K
7% (TMS-EEG) I[Z W C ORI it 21T~ 1=
TMS-EEG & 3/ (electroencephalogram: EEG)
Z W E L7222 5 TMS  (transcranial magnetic
stimulation) &7V, TMS (%3 2 I SO 2 &
W4 2505TH5 (Ref 1, Ref 2). HEkDfhEX
(2 &% TMS 5125 & bl L C, TMS-EEG (2380 T
BN TV RIE, EENRNOKIG Ak T& 5
EENDETHY, MEP & F70 0 FRECRE L,
T D E TOEIREE DL Z T RVET
&% (Ref2). TEP O#%MIpkSr1E GABA TEEIHER
LRFFTEH L, TERIF U EVSTZHTAN
AIRIZ L VIRIEDEERT 5 2 E0h, o008
PR D REAE A Bk U TN 5 TREMEN R S T
BY, TADLAEEIZBNTHEOZERRE
D HNDAREMET DY, RO HND.
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2. ik
HORLK PR RIRPEC C, BRI %
W RERIMRA A, M OIRIRFCER & & BT T
ST T A AV EBFE DRRARE S % 1% 5 AT
£

I X ORmAh BRI

TMS %, Magstim 200 Square (Magstim Co. Ltd.)
(2 7em D 8 DFHI= A )L (Magstim Co.Ltd.) %
e LT, RBEHEAL A AT FDIICKHST 52 M1 &
L7z

TMS DRI 7 U > 7 FI X HWEMEFH R EN 2
BET BT, BEIZEROEEZITo7-. 7V v
7 BEIFAERUSEIZT T < BEICHE L7 TMS =
ANIDEDEEEIZE > THHRESND Z LD
5, TNEERKS T L7201, TMS 21 /WEs



a Bl — Mg UCEEREICEV 2. TMS (38
M1 & L, HREREE L 100%RMT & L7z, #iljiH
FRlZF%) 3.5 s &L, HPMIZKT % anticipation %

WET 272912, £500 ms OEE A% T, #f 150 [F]
DL EIT T~
H1A @#FEFDFH TEP
#£1 TEP O&k:-iRIg
SAIO—XR
rEE ThAhA
pilic Rz pilic Rz
(ms) (uV) (ms) (uV)
N45 31.8 35 33.3 75
P60 80.0 5.6 924 97
N100 136.4 34 133.0 6.6
P180  166.7 22 197.0 1.3
[FIERFRC SN

[FIFRCdR & L CAT © IS, TMS 12 X D 0T
—F 7 7 7 MK DM RS O R A BT D
Z & 3 Pl EE 72 HE iE #% TruScanRE  ( Deymed
Diagnostic, Co. Ltd.) %71 L CHIE L7z, #ERiX 32
F X RN DF v TR EM A VT, TMS
DOREENL (2 ML) OB - AEZREL 7 7
LoAE LT, 7FuZ{g5% 0.16 Hz~1kHz ®
1BiE Ik & 975 bandpass filter WLFEA 1T >72 T,
3kHz OY 7Y o ZJEEEI TRigk Lz, HEiR
@4/t~&/x ITETSKQ UTFERDEDIC
BRELT-.

BREDORA Nk s

e DA 7 Z A L FEHTIX, MATLAB (ver. R2017b)
ZHWTITW, LD RA T4 2 TiTHo72. 1)
TMS DOFiit% 1 s I TRy X7, 2) FRKAT -
2ms ~ HEHE 10ms 1T TMS 7—F 777 +d

H1B SAYO0—XAXATANABEDTY TEP

BADD DI2OE T E2REL, BRE LIZEAL
Z —IRBIEHhAIC LD M. 3) BHRIC TG
7R, RENY U< IIREKESNC L 5T —F 7

77 MEADPHEGRTE D T A4 TVEERI. 4)

Bandpass filter % 1~500 Hz CTi%/& L 7= LT, Notch

filter % S0Hz CTiEits. 5) Vo7V oV EEH%E

500 Hz |Z downsampling. 6) FUEE A 2FEMO

SEYJEENL A~ re-reference 5. 7) MATLAB ETC

FEBET DY —/LIR v 7 AP FastlCA % FAWVC, MM

SERROYMTZAT, T—F 777 heEZHNRD

@\J_EX SERRAL. 8) BLEKE LTHLNLD
RE LT-75E (C3, C4, FC5, FC1, FC2, FC6, CP5,

CP1,CP2,CP6) Dz NG ) L1zt D% TEP

(TMS evoked potentials) & 3%, AWBFZETIE 30-

50 ms (2B AfaPEm & B —2 & N45, 50-90 ms

(ZHN D Bk & v —2 & P55, 90-150ms (2 L5

N oM & v —2 %2 N100, 150-300 ms (25

HEER & B —2 & P180 ERRELT-. ThEh

ORI, B D 2 SOl & DB — 27 22 H DR

a2 LI-bo L L.
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3. R
KGRI AR R P E R RPE T TMS
&I DIRIRFRLER A Sl T SN2 3 /DI A7 a—
XA TAMIVDEEZRGEE LT, WTnd TA
DIABLOFIIZ T TR 5T, i L<Ix
BRI AEFRE AL UTBE T2 7.
X 1120, fEEER L OHRERD L IR
L7z TEP Z7Rd. % | ITHIE L-FhZFno
TEP Ojksr = & O L IRIE 2R, 2 TA
MABEIZBUWTIE, TEP ORIt ey
Fe—F U0, HREIEIX N45, P60, N100 (230>
THREFE LY bEfE & e D HEm NGB bz, 72
2L, Yoo, BREEEDR) -
7-.

4. B

AR TIII A7 0 —X A TADAIILENT
L, B D72 < BEEIIEDR2NE DD, N45,
P60, N100 ORIEHER T HHR A H STz,
TEP D&% 45 DIRNEIELE L E K AR OF A1
MRS A T 5 2 L 2V E TOMZE TRIR S
TS, N45 IZOWTIE GABAA S8R 2 L
TN G756 L SN TR Y, Ziuides
FraxtR e LTz GABAA X FIKT T=A O
IZE 0 N45 OIRMEHE R A S AFZEIc FE5<
Ref 3). FEEOHMIEIZL D, N100 OHRMEIX
GABAB S ZERIZ X 29t Ot & OB R
2 X CU 5D (Ref 3, Ref4). AHFFET N45, N100
DOIFMEHE AN R ONT-Z 21, S A7 a—xX AT
AIPATIBIT D Z S D GABA MM TEMEAREEHEAE
DR ZF BT 5D, I A7 0—ATADAIIH L
TR 2 T SEATAFIE TIE, GABAA KD
PO 2 SBed= % SICT 23S LT Y
(RefS), AWFFEDORRLHFETIA I/ B—X AT
Ao A CIE R RE 230 B RE L T e ]
REMEAVRIR S NG,

HiEE
Z OWFFEITIEDMEOF 27 [BIEEMTFTEIEL -
) H BRI B OB 25 CHEIi L7=H DT
H5.

18

BEIHR
1) Ilmoniemi RJ, Virtanen J, Ruohonen J, Karhu J,
Aronen HJ, Naatanen R, et al: Neuroreport 8(16)3537-
40 (1997).
2) Tremblay S, Rogasch NC, Premoli I, Blumberger
DM, Casarotto S, Chen R, et al: Clin Neurophysiol
130(5):802-44 (2019).
3) Premoli I, Castellanos N, Rivolta D, Belardinelli P,
Bajo R, Zipser C, et al: J Neurosci. 34(16):5603-12
(2014).
4) Casula EP, Tarantino V, Basso D, Arcara G, Marino
G, Toffolo GM, et al: Neuroimage 98:225-32 (2014).
5) Hanajima R, Ugawa Y, Terao Y, Ogata K, Kanazawa
I: J Neurol Sci 140(1-2):109-16 (1996).



AN MEANYEY RS TO—0DR=860
KAERARD&EEILF %

Optimization of magnet shape for compact magnetic probe
with nitrogen-vacancy center in diamond
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Abstract

Cancer cells metastasize through the lymphatic system, so it is necessary to
identify and examine the lymph nodes that lymphatic fluid and cancer cells first reach to
diagnose metastasis status. A magnetic probe with diamond NV (nitrogen-vacancy) was
developed for the detection of sentinel lymph nodes. In order to optimize the
performance of diamond NV, in this research, an optimized permanent magnet is
developed by the innovative idea (inverse solution), and to be mounted on a compact
magnetic probe head to generate a spatially uniform magnetic field, leading to the

highly-sensitive magnetic detection.

Keywords: Permanent magnet, diamond nitrogen-vacancy center, inverse problem,

optimization

1. BRY

HAICIS T DFERE | fAEAATH Y, 2020 4
\ZE D E CTHEHER O FRITHEFAEIM L T D.
MADHFTY, HARNLHEDSREST HH103Z 00
DIBEERE LT OHANATH S, ADBAEIEFE
THERZIL, 23D OF A L7203 A D
BUZZ > THIRIENRED D Z &b, BADIEK
WA IEHEICT 5 Z EDR AR TH 5.

X4 ¥ =E 2 F NV & 2 % (Diamond
Nitrogen-Vacancy Center) Z#53k L 72t i,
Wt R DR 2R N FTRE T H 0, Wb
F 7 RLAEE T2 A D2 W e E RSy
FAOISHABHRE STV D 2,

ARFFETIE, A YT RNV & ¥ ORI
EZm LT 57018, BEIORSG—HRMEN DA

DR ZEPRET D MEN T 7 n—FI2 L - T,
HAXEL RNV B ZITRHE LTz, —kEeRids
ZEIINT 2/ OFIR % St 3 5 Fik s
T 5. BT VOB E b3 5 iR 7
Ta—FIZ Lo TBIRERET 52 & T, kD
NERGE TR T 72 =— 7 R AR OB TR
OBFE BT

2. Fik

TER DA DX EFHINAFE O FARZFE S
WTBY, BHIOAT v 7 TIL, BAaTIRERE
LE DG AN CTH DN ERFET 5. %5
SDANEE LWNE DO TRWEAE, BE Fito~
2 RAEITV, RO DSGHARIT /05 £ THRD I
. 2O XD RIEFERREHETIE, BEFO AL
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[ZHESWTEREATAR DI LSRG CTE T, Foi
AR A EA T Z EIIREECTH D, £ 2T,
ABFFECIE, FAEWHR L, LIRS 0Am N Dk
DGR AR TET D WEN LA BT 5.

HIEx )7 CThbHAYEL KU IHEED
WS DA DR T — A > b 12 1 DOfEIRD
b, BERT—AL M LEAIREZRES S.
MR 7 a—T7 NICHAZHET 5 T a2
ROREZEREL, BADOETS mmIZ& A ¥
E2 FBI9mMmX3.9 mmX 1 mm)ZidE L7z, W
DZER—KRIEA VR MY, 44 YE FRHE
ThD. WANEORBRE—A > MI XY Fhic
5 mm B, Z J71IC 6 mm [ERE TR 45 (EELE L
7. WRIEOR#E(LICE LT, Fa3 7 7oEAk
L, FEEUIFIREICH L CHIERP T A =22 k- T
IR E R TE D L0 ) R Reo. £72, ol
IREANE T A= OHEST TR Y 7 OFEIZR
a7 IEAME N T A —ZREFIELE LT
L-Curve Method % v 7-.

3. R L EBE

A LA RN T AER N G O ATE
WA 1123, BEZY 7, XYZ Fmic
50%50%50 4y, F 125000 1EHO— KRGS T — #
AN LT bAs R ch 5. X1 IR T X 1L,
BER DNERE T IR R T b D HEHN 72k
AR ESD Z LI LT, RSB T TH D

L R EREAATER. e BB RUSEI 0 v,
CEBHEHTFRICHRE A TRy I DBMHET
5. —BRRIIREERLFEICRTHS.
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X2 (b)) fEkBia s (F) Hasibitoma R
—EMEDFHIL.

B A Y E s REERERICI T 5o & K
LG OR/NBEOREF M L, MG —HtEE
FHm L7 (X2). RERRBA TIE, K 48.1% &Ry
—HRRMEIRV . — 5, Bl b OBEATAIRIZE
T, W —FEIT 99.7% TH Y, —kRMEDSIEEERY
e kL7,

3. /IR DA RN L A kA TRk o
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Elucidation of Sodium Metabolism Disorders in Systemic Sclerosis using Na-MRI
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Abstract

Systemic sclerosis is an intractable disease of unknown cause that involves

progressive fibrosis of the skin and internal organs. Maintaining the homeostasis of

water-soluble electrolytes is indispensable

to life, and it has been believed that this is

maintained by the kidneys. However, it has become clear that metabolism of sodium in

our body is controlled in collaboration

with the skin, and that abnormal sodium

metabolism causes various diseases. Here, we introduced Na-MRI that can measure

sodium levels in tissue, in order to elucidate abnormal sodium metabolism in systemic

sclerosis as well as its pathology and mechanisms.

Keywords: Na-MRI, sodium metabolism, systemic sclerosis
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Abstract

Paired associative stimulation (PAS) method for inducing neural plastic changes

involves pairing of peripheral nerve stimulation and transcranial magnetic stimulation
(TMS) over the primary motor cortex. The present study aimed to investigate the effect
of transcutaneous spinal cord stimulation (TSCS) with TMS for PAS (TSCS-PAS) with
different stimulus timings on corticospinal excitability. Our results showed that PAS
timed to coincide with the TMS-induced signal arriving at the motor cortex shortly after

the TSCS-induced signal,

increased corticospinal excitability. We concluded that

regulation of stimulus timing is important to induce plastic changes by TSCS-PAS.

Keywords: Paired Associative Stimulation, Transcutaneous Spinal Cord Stimulation,

Transcranial Magnetic Stimulation, Corticospinal Excitability.
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Abstract

The effectiveness of repetitive transcranial magnetic stimulation (rTMS) has not been

fully proven, for example, it is still unclear whether rTMS is effective in preventing

recurrence and relapse in depression. The molecular mechanism of the effect of rTMS

has been poorly understood. We investigated behavioral changes and gene expression

changes in mice subjected to water immersion restraint stress, which induces depressive
symptom-like behavior, when treated with rTMS. We found that rTMS increased the

amount of spontaneous behavior. The results of gene expression analysis suggested that

the Myd88 gene, which is involved in signaling innate immune responses, is the

mechanism of the antidepressant effect of rTMS therapy.

Keywords: Repetitive transcranial magnetic stimulation, depression, microglia,

inflammation
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Nerve block effect with low-frequency magnetic stimulation
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Abstract

Stellate ganglion block injections for the relief of neuropathic pain and

autonomic abnormalities are associated with risks. To ameliorate these problems, there is

an attempt to obtain therapeutic effects by applying low-frequency magnetic stimulation

to the ganglion and suppressing its function. Using a neodymium magnet, a large

magnetic field gradient of 7-9 mT/mm was applied to a rat ganglion for a short time, and

the increase in sympathetic nervous system parameters of blood pressure was suppressed.

This study confirmed the nerve blocking effect of low-frequency magnetic stimulation.

Keywords: low-frequency magnetic stimulation, sympathetic nervous system
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Understanding of multisensory integration of brain by magnetoencephalography
and application to multisensory brain-machine interface

ING B
Kiyoshi Kotani*
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*Research Center for Advanced Science and Technology, The University of Tokyo
4-6-1 Komaba, Meguro-ku, Tokyo 153-8904 Japan

Abstract

Brain machine interface (BMI) is an interface that reads the user's intention from

the brain activity in real time. In spite of its potential to alter the human interface and
communications, there is a disadvantage that the speed of BMI is still slower than other
obtain the

magnetoencephalograms and investigate the fundamental properties of integrating

types of interface. In this research, we brain activity by

multi-sensory information in the brain. Then we propose a feasible BMI system with

multi-sensory augmented reality technology.

Keywords: Multisensory Integration, Brain Machine Interaction
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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 2020
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
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Abstract

The magnetic field effects on the generation of singlet oxygen ('0") in

photodynamic therapy (type II of PDT) using fullerene derivatives (such as Cso) as

photosensitizers were investigated in CCls or CS; solution of fullerene derivatives. 'O,°

generation was evaluated by directly observing the phosphorescence of '0," obtained

around 1275 nm due to the photoexcitation of fullerene derivatives. The phosphorescence

intensity of 'O," varied with magnetic fields as compared to that without a magnetic field.

The magnetic field effects on the generation of 'O," due to type II of PDT were observed

for the first time. The magnetic field effects can be explained in terms of triplet-triplet

pair mechanism.

Keywords: photodynamic therapy, singlet oxygen, phosphorescence, magnetic field

effect, triplet-triplet pair

1. PURPOSE

Type II of photodynamic therapy (PDT) is a major
therapeutic treatment using light and medicine
(photosensitizer), which generates singlet oxygen
(0" as species due to
photoirradiation (Fig. 1). We take notice of the
generation of 'O,", because the efficiency of the

reactive  oxygen

generation of 'O," is important to improve the
efficiency of PDT. One of the direct generations of
'10," is measurement of the emission due to 'O;".
However, it is difficult to detect the emission due to
10,", since the emissions due to 'O," are observed
around 1275 nm in infrared wavelength region and the
emissions due to 'O;" are very weak.

The mechanisms of photochemical reactions in the
condensed phase have been explained by considering
magnetic field effects (MFEs) on reaction kinetics or
yields. Consequently, the magnetic field is expected to
provide a novel way to control photochemical
reactions and subsequent processes. Previously, we
have found the MFEs on photoinduced electron

transfer and/or photoelectrochemical reactions in
donor—acceptor linked compounds, semiconductor
nanoparticles, Cg nanoclusters, and conductive
polymers. Recently, we have MFEs on photon
upconversion based on sensitized triplettriplet
annihilation (PUC-TTA) and the singlet exciton fission
(SF) due to triplet-triplet (T-T) pair mechanism."?
Similar T-T pair is generated by triplet-triplet energy
transfer reaction (TTET) in type II of PDT (Fig. 1).
However, the MFEs on the generation of 'O," in PDT
have been reported yet. Therefore, in this study, we
examined the MFEs on the generation of 'O" in type

I of PDT.
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ISen ' ¥ / \ 302 BZ'g

TTET
: triplet-triplet energy transfer

Fig. 1. Reaction mechanism for type II of PDT using

Sen:photosensitizer

photosensitizer (Sen).



2. METHOD

The fullerene derivatives (such as Cs) were used as
photosensitizers for this measurement of 'O," due to
Type Il of PDT. The CCly solutions (20 uM) of C79 and
C70PCBM or CS; solutions (20 uM) of Cz and Ceo
were prepared. The extinction spectra of the solutions
and the sample solutions were recorded on a Shimadzu
UV-3150 spectrometer at room temperature. The
florescence and the phosphorescence spectra of the
sample solutions were recorded on a Horiba
Fluorolog-3 (UV-Vis-NIR) spectrometer. The MFEs
on the phosphorescence spectra of 'O," for sample
solutions of Cs, Cs and C70PCBM was measured
using an electromagnet and a 450 nm continuous-wave
(CW) DPSS laser (MDL-III-450-100 mW, Changchun
New Industries) in a similar manner to that described
in previous paper. ' The sample solutions were placed
in the pole gap of an electromagnet. The magnetic field
strength was measured by a gauss meter (410
Gaussmeter, Lake Shore).

3. RESULTS

The phosphorescence spectra of 'O," were clearly
observed at 1275 nm, when the CCls solution of Cyo
was excited by visible light (450 nm) using from
Fluorolog-3 spectrometer. The excitation spectrum for
10, (1275 nm) was in good agreement with the
absorption spectrum in the CCly solution of Cy. The
indicate that C; acts as a

results  strongly

photosensitizer for Type II of PDT mechanism.
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Fig. 2. Magnetic field Effect on phosphorescence
spectra of !O," in CCls solutions of Cy under
atmospheric pressure without and with magnetic field
(0.8 T) (hex =450 nm).

Next, The MFEs on the phosphorescence spectra of
'0,*were measured in the absence and the presence of
magnetic field by the combination of the Fluorolog-3
spectrometer with the CW DPSS laser (450 nm) and
the electromagnet. Similarly, the phosphorescence
spectra of '0," were clearly observed at 1275 nm in the
absence and the presence of magnetic field using the
CW DPSS laser (450 nm). The phosphorescence
intensity of 'O," in the presence of magnetic field (0.8
T) was larger than that in the absence of magnetic field
(Fig. 2). The phosphorescence intensities of '0," were
varied with increasing magnetic field strength.

The magnitude of the MFEs on phosphorescence
intensities of 'O," at 1275 nm can be expressed as:

0= (I(B)-1(0))/1(0) < 100 ¢y

where 1(0) and I(B) are the phosphorescence intensities
of '0y" in the absence and the presence of the magnetic
field (B), respectively, as reported previously.

O became slightly negative in the lower magnetic
fields (B=0.1, 0.2 T) and then Q increased gradually in
the higher magnetic fields (0.3 = B = 0.8 T) in the
CCly solution of Cy, as shown in Fig. 3. Similarly, in
the CCls solution of C7PCBM, O became slightly
negative in the lower magnetic field (B = 0.1 T) and
then Q increased gradually in the higher magnetic
fields (02 = B = 0.87).

In addition, similar MFEs on phosphorescence
intensities of 'O," were observed in the CS; solutions
of Cy0 and Céeo.
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Fig. 3. Magnetic field dependences on the O-value of
the phosphorescence intensities of 'O, at 1275 nm in
the CCl, solution of Cyo under atmospheric pressure.



4. DISCUSSION

In this study, the MFEs on phosphorescence
intensities of '0," due to type II of PDT were observed
for the first time. These MFEs on phosphorescence
intensities of 'O," can be explained in terms of hetero
TT pair mechanism in triplet—triplet energy transfer
reaction from triplet excited state of photosensitizer
(*Sen”) such as Cy to 20O, as shown in the following
equation (2).

3Sen"+30, — (TT)—'Sen+'0," (1=1,3,5)  (2)

Also, the negative MFEs
attributable to hyperfine coupling mechanism in T-T

are most likely

pair and positive MFEs are most likely responsible for
Ag mechanism due to large difference of g-values
between 3Sen” and 30, in T-T pair.

Further investigations regarding the mechanism in
the MFEs on phosphorescence intensities of 'O," due
to type Il of PDT including the MFEs using the other
photosensitizers are now in progress. We will try to
examine the MFEs on PDT in live cells in near future.
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Abstract

The molecular mechanisms of the effects of weak magnetic fields have not been well

dissected. We found that extremely low frequency fluctuation (1-8 Hz) of extremely weak

magnetic field (100 mG) (ELF-WMF) provokes the mitochondrial quality-assurance system,

mitophagy, and reduces the amount of mitochondrial to two thirds of that before stimulation.

The mitochondrial membrane potential was similarly reduced. ELF-WMF later induces

mitochondrial neogenesis, which increases the amount of mitochondria and the

mitochondrial membrane potential. Exposure of ELF-WMF to wild-type mice showed

increased basal oxygen consumption, increased mitochondrial membrane potential, and

increased mitochondrial electron transport complex activities in the liver. The mice showed

increased voluntary activities, which, however, were not quantitatively evaluated. We expect
that the hormetic effects of ELF-WMF could be applied to human diseases, and the studies

are currently under progress.

Keywords: weak magnetic field, mitophagy, mitochondrial neogenesis

1.PURPOSE

The effects and the molecular mechanisms of
extremely weak magnetic fields on mammalian cells
have been scarcely dissected. The specific aims of this
study is to elucidate the effects and the molecular
mechanisms of extremely weak magnetic fields.

2. METHODS

The amount of mitochondria and the mitochondrial
membrane potential were measured with MitoTracker
Green and TMRM, respectively, in mouse liver-derived
AMLI12 cells. Homogenates of AMLI2 cells were
exposed to ELF-WMF for 8 min, and the mitochondrial
electron transport complex (ETC) activities were
measured to identify the target of ELF-WMF in the
absence of cell signaling systems. We also quantified
activities between mitochondrial ETC II subunits.
Mitophagy was examined by Western blotting of

PINK1, Parkin, and LC3-II. In addition, the reduced
mitochondrial amount was confirmed by Western
blotting of seven mitochondrial ETC proteins and
mitochondrial outer membrane protein, VDACI.
Mitochondrial neogenesis was confirmed by Western
blotting of PGC-1a, PPARa, and TFAM. Wild-type
C57BL/6J mice were kept under ELF-WMF for 4
weeks, and mitochondrial basal oxygen consumption,
mitochondrial membrane, and mitochondrial ETC
activities were quantified.

3.RESULTS

We first observed that 4 ms pulses of 100 mG
magnetic field that were given at 1-8 Hz in 8 sec
(extremely low frequency weak magnetic field, ELF-
WMF) minimized the temperature hysteresis of electric
resistance of modified Ringer solution”. ELF-WMF

reduced the amount of mitochondrial in mouse liver-



derived AML12 cells in 3 h to 63% (Figure 1).

Figure 1. ELF-WMF reduced the amount of
mitochondria in 3 h (a) and the mitochondrial
membrane potential in 6 h (b) in AMLI2 cells.
Mean and SD are indicated (n = 3). *p <0.05, **p
<0.01, ***p < 0.001, ****p < (0.0001 by one-way
ANOVA followed by Dunnett’s posthoc test.

We searched for the optimal protocol of ELF-WMF
by changing the electromagnetic fields from 30 mG to
3000 mG, the pulse widths from 1 ms to 16 ms, and
variable frequency fluctuations and by observing
mitochondrial mass in AML12 cells. We found that the
specific condition that minimized the temperature

hysteresis of modified Ringer solution stated above
most efficiently reduced the amount of mitochondria.
We also observed similar mitochondria-reducing
activities in mouse muscle-derived C2C12 cells, mouse
neuron-derived Neuro2a cells, human iPS cells, human
kidney-derived HEK293 cells, and human cervical
cancer-derived HeLa cells.

Exposure of ELF-WMF to the homogenates of
AMLI12 cells for 8 min reduced only the mitochondrial
ETC II activity to 84% (Figure 2). Mitochondrial ETC
IT is comprised of four subunits of SDHA, SDHB,
SDHC, and SDHD. Electron transport activities of (i)
SDHA, (ii) SDHA-SDHB, (iii) SHDA-SDHB-SDHC-
SDHD, (iii) SHDA-SDHB-SDHC-SDHD-CoQ-CytC
showed that ELF-WMF reduced these activities to 85-
95% in 8 min.

Figure 2. Mitochondrial ELC activities of the
homogenates of AML12 cells that were exposed to
ELF-WMF for 8 min. Mean and SD are indicated (n
=3~6). **¢ < 0.01 by multiple Student’s z-test.
ELF-WMF induced PINK1 in 1.5 h, mitochondrial
Parkin in 2 h, and LC3-II in 2.5 h in AMLI12 cells,
indicated that mitophagy was indeed induced by ELF-
WMF. Indeed, 3 h exposure of ELF-WMF on AML12
cells reduced seven representative mitochondrial ETC

proteins, as well as mitochondrial outer membrane
protein, VDACI.

At 12 h after starting exposure of AMLI12 cells to
ELF-WMF, the expression of PGC-1a, PPARa, and
TFAM were induced, indicating that mitochondrial

neogenesis was activated.

Wild-type C57BL/6J mice were kept under ELF-
WMF for 4 weeks. We observed that basal
mitochondrial oxygen consumption, mitochondrial
membrane potential, and mitochondrial ETC activities
in the liver were elevated (Figure 3).



Figure 3. Wild-type C57BL/6] mice were kept under
ELF-WMF for 4 weeks. (a) Basal mitochondrial
oxygen consumption, (b) mitochondrial membrane
potential, and (¢) mitochondrial electron transport
complex (ETC) activities were evaluated. Mean and
SD are indicated (n=4), (b)**p<0.01 by Student’s
t test. (¢) *¢ < 0.05 by multiple Student’s z-test.

4. DISCUSSION

We observed that extremely weak magnetic field,
which was about 1/4.5 of the geomagnetic field in Japan
and 1/100 of the upper limit of the occupational
exposure to electromagnetic fields?, exerted prominent
mitophagy in cultured cells. This study has been
published in a scientific journal®. We observed the
effects of ELF-WMF on mitochondrial ETC 1II in cell
homogenate, where no signal transduction system
should be operational, which indicated that the direct
target of ELF-WMF resides in ETC II. We are currently
dissecting the quantal target of ELF-WMF. Our study
also indicates that ELF-WMF would be effective for
multiple diseases where mitochondrial dysfunctions are

key disease features. Studies on disease models are also
currently under progress.
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Abstract
We developed a magnetic field stimulation device for constructing artificial

bone-like tissue in previous Watanabe Foundation. In this study, we fabricated the

scaffold material using a 3D printer and fabricated the scaffold material

using the molds. The fabricated scaffolds were evaluated by cell experiments

to see whether the scaffolds have any effect on cells or not.

Keywords: magnetic stimulus, 3D printer, scaffold, osteoblast

1. Introduction
Recently, in the field of bone and cartilage
regeneration, artificial tissues are constructed
scaffolds and

regenerative therapy using regenerated bone

ex vivo using cells, and

and cartilage tissue has been clinically
appliedV?. However, it still takes time to
construct artificial tissues in vitro, and it is
important to construct artificial tissues in a
short period of time. Although there are reports
on regenerated bone and cartilage tissue
transplantation in previous studies, it 1is
difficult to construct an artificial tissue that
has the same mechanical properties as the
surrounding tissue, and the construction of an
artificial tissue with mechanical compatibility
with the surrounding tissue. In order to solve
these two problems, approaches to the three
"scaffold

material”, "cells", and "growth factors", are

elements 1in tissue engineering,
considered. In particular, there have been
many studies on the improvement of scaffold
materials and the activation of cells, while the
history of research on growth factors is short.
In recent years, studies on the stimulation of

scaffold materials and cells have been
conducted actively.

In this study, we focused on this "stimulus".
Mechanical stimuli such as compression and
tension have been shown to be useful for
activating bone and cartilage cells. However, it
is difficult to apply mechanical stimuli
uniformly to scaffold materials and cells, and
the uniformity of constructed tissues is a
concern. In addition, the scaffold material may
stimulation.

field
stimulation and developed a magnetic field

be destroyed by mechanical
Therefore, we proposed magnetic
stimulator for the construction of artificial
bone-cartilage tissue when we applied to your
foundation in 2015. In previous study in 2015,
we found that the magnetic field stimulation
activated osteoblasts for the construction of
artificial bone tissue, and that osteoblasts
oriented themselves in the direction of the
field and This

phenomenon has been reported for neurons in

magnetic proliferated.
previous studies by other researchers, but this
1s a new finding for osteoblasts. We will
fabricate more oriented artificial bone tissues



by using the orientation property of osteoblasts
in the direction of the magnetic field to realize
high functionality of artificial bone tissues.
Therefore, in this paper, we fabricated the
scaffold material using a 3D printer and
fabricated the scaffold material using the
molds. The fabricated scaffolds were evaluated
by cell experiments to see whether the
scaffolds have any effect on cells or not.

2. Materials and Methods

The mold was fabricated using a 3D printer da Vinci
1.0pro (XYZ Printing). The size of the mold is a
cylinder of about 15 mm in diameter, and a cylinder of
about 2 mm in diameter is placed in the center (Fig. 1).
Collagen scaffolds were prepared by lyophilization
using the prepared molds® . The collagen solution was
loaded into the template, frozen at -60°C, freeze-dried
at -50°C, chemically cross-linked under saturated
glutaraldehyde vapor for 4 hours, and blocked with a
glycine solution.

Collagen scaffold was immersed in 50ml of culture
medium for 24h (test medium), and the osteoblast-like
cells, MC3T3-E1, were cultured in a 24-well plate for
24h using the test medium and usual medium. After
culturing, absorbance at 450 nm was measured by a
plate reader.

Magnetic field stimulation experiments were carried
out using columnar collagen scaffolds prepared
without using a mold. The magnetic field stimulator
was used in previous study? . MC3T3-E1 was seeded
in 100,000 cells per scaffold and pre-cultured for 24h
before magnetic field stimulation. Stimulation
conditions were 1 mT for 30 s followed by a 30-min
pause cycle. Cell number was measured on day 7.

3. Results and discussion

Figure 2 shows an image of the collagen scaffold
fabricated using the mold. The shape of the scaffold
reflected the shape of the template. In this study, we
confirmed whether the mold used for the scaffold
material preparation had any negative effects on the
cells by cell experiments. Figure 3 shows the
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absorbance of cell viability assay cultured in
two-dimensional culture. Both groups showed similar
absorbance, and it is considered that there is no toxicity
in the cells. Therefore, it is expected that the collagen
scaffolds prepared using this template will function as
scaffolds with cell orientation characteristics.

Figure 4 shows the absorbance of the cell proliferation
assay when cells were cultured on the columnar
collagen scaffold without using a mold. The cell
proliferation was better when the magnetic field was
applied perpendicular to the scaffold than when the
field was applied horizontally. Therefore, when the
scaffold material shown in Fig. 2, which was
successfully fabricated in this study, is subjected to
magnetic field stimulation, it is expected that cells will
enter the central hollow

space and organize

themselves.
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Fig.1 Photograph of mold by 3D printer.

Fig.2 Image of collagen scaffold.
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Abstract
The aim of this study was to clarify the morphological characteristics by T2* and diffusion

tensor image (DTI) and metabolism products by 'H-MRS in inguinal adipose tissue (iWAT) and

epididymal adipose tissue (epiWAT) of the mice, that with and without B3-adrenoceptor agonist.

We confirmed the anatomical location and position in relation to other organs and iWAT and

epiWAT in vivo were identified from T2* and DTI images. 'H-MRS were 1) more spectral peaks

were observed in epiWAT than in iWAT; 2) the administration of B3-adrenoceptor agonists

increased the spectral peaks observed in iWAT, whereas not observed that in epiWAT.

Keywords: browning, adipose tissue, inguinal, epididymal, T2*, DTI, 'H-MRS

1. PURPOSE

Adipose tissues are mainly distributed subcutaneous
and around organs. Differences in developmental
processes and gene expression patterns have been
shown depending on the distribution position of adipose
tissue.! This previous study could indicate functional
differences between adipose tissues, but the details
remain unclear.

Adipose tissue is mainly composed of
adipocytes. Typical adipocytes are white adipocytes,
while other adipocytes are brown adipocytes and beige
adipocytes.” Brown and beige adipocytes are rich in
small lipid droplets and mitochondria, uncoupling
protein 1 (UCP1)-expressing, expansible for energy
homeostasis through thermogenesis.’ Brown adipocytes
are within brown adipose tissue (BAT). On the other
hand, beige adipocytes are expressed within white
adipose tissue (WAT) of the mice in response to
environmental conditions or external stimuli such as
cold, exercise and drugs (e.g., B3 adrenergic agonists). *
Those phenomena are known as browning of WAT and
have attracted attention as a promising therapeutic
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strategy for obesity and its related metabolic
complications.

Brown/beige adipose tissue in vivo has been
assessed by FDG-PET, MRI and 'H-MRS.>® On the
other hand, method has not established to imaging for
browning of WAT,” which is one of the factors hindering
the elucidation of the functional regulation mechanisms
of beige adipocyte in vivo in response to physiological
of MRI and 'H-MRS
characteristics between the WAT and adipose tissue,

stimuli.  Clarification
including beige adipocyte, produced by B3-adrenergic
stimulants would provide useful information for the
establishment of imaging methods for browning of
WAT in vivo. Therefore, we aimed to 1) clarify the
morphological characteristics by T2* and DTI and those
of metabolism products by 'H-MRS in iWAT and
epiWAT, 2) clarify the imaging and spectrum
characteristics of browning by p3-adrenoceptor agonist
in iWAT and epiWAT. As our experiments has been
completed but the image analysis is in progress, a
representative example of the data is presented in this
report.



2. METHODS

The experiments were approved by the Animal
Experimental Committee of Kyoto Sangyo University
(No. 2021-45).

2.1 Animals

Seven-week-old male wild-type mice (C57BL/6J) were
separated each six animals in the control and 3 groups.
2.2 Experimental models

After a 3-day pre-rearing period, the mice were reared
for 7 days at 22°C of room temperature. Mice in both
groups were fed ad libitum with food and water, and
solid food (CREA Rodent Diet CE-2) was used. 3
group were injected with 1 mg * kg of B3-adrenoceptor
agonist (CL316,243) for 7 days based on previous
study.* N=1 in the B3 group died on day 1 of treatment.
2.3. Imaging methods

Mice inhaled anaesthetic gas (isoflurane 1.5-3%) 10
min before imaging and were fixed to a 94 T MR
system (Bruker Bio Spec) equipped with an 86 mm
transmitter coil and an 18 mm bore 4 ch receiving
cryoprobe coil placed at 20°C of room temperature. The
researcher, who had experience in collected adipose
tissues from mice, and the clinical radiologists in charge
of imaging, the anatomical location and position in
relation to other organs were confirmed and iWAT and
epiWAT were identified.

'"H-MRS

The PRESS method was used. The detailed sequence is
shown below, with TE = 16.5 ms, TR = 2000 ms,

volume of interest =2 mm % 5 mm x 8§ mm, average =

128, number of samplings = 2048, acquisition
bandwidth =4401 Hz. The water signal suppression was
deactivated.

T2*

The detailed sequence is shown below, with TE= 1.63
ms, 2.96 ms, 4.29 ms, 5.62 ms, 6.95 ms, 8.28 ms, 9.61
ms, 10.94 ms, 12.27 ms, 13.60 ms, 14.93 ms, TR=800
ms, slice thickness=1 mm, gap=0.2 mm, matrix 214 x
160, number of signal averages=8, acceleration
factor=1.6, flip angle=45°, field of view=32 mmx24
mm, number of slices=25.

DTI

The detailed sequence is shown below, with TE =

20.583 ms, TR = 800 ms, 6/A = 5.0/10.5 ms, b-value =
3000 s/mm?, average = 4, field of view = 32 x 24 mm?,
matrix size = 128 x 96, number of slices = 25, slice
thickness = 1.0 mm, slice gap =0.2 mm, motion probing
gradient moment = six directions (xy, Xz, yz, -Xy, -Xz, -
yZz).

2.4. Imaging analysis

'H-MRS

LC Model (ver. 6.3-1R) lipid-8 was used to calculate
each spectrum.

T2* and DTI

T2*maps and eigenvectors el, 2 and e3 images were
created from the images. The T2* value and the
apparent diffusion coefficient (ADC) in the el, e2 and
e3 directions for each adipose tissue will be calculated.

3. RESULTS
Body weight and food intake during the period did not
differ significantly between the two groups.

Examples of T2* maps of each adipose
tissues in both groups are shown in Fig. 1.

Fig. 2 are shown examples of 'H-MRS of
iWAT and epiWAT in both groups. Peaks of methylene
groups (1.3 ppm), a-methylene to carboxylic acid group
(2.25 ppm) and olefin groups (5.3 ppm) were identified
in both groups of epiWAT. The methylene group (1.3
ppm) and water (4.7 ppm) peaks were identified in the
iWAT of both groups. In addition, the B-methylene to
carboxylic acid group (1.5 ppm), glycerol backbone (4.2
ppm) and olefinic groups (5.3 ppm) were identified in
the iWAT of B3 group.

4. DISCUSSION

The aim of this study was to clarify the morphological
characteristics by T2* and DT and metabolism products
by 'H-MRS in iWAT and epiWAT of the mice, that with
and without B3-adrenoceptor agonist. Although the
image analysis is in progress, the characteristics of the
metabolism products by 'H-MRS are 1) more spectral
peaks were observed in epiWAT than in iWAT; 2) the
administration of B3-adrenoceptor agonists increased
the spectral peaks observed in iWAT, whereas not
observed that in epiWAT.
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There are differences in fatty acid
composition within adipose tissue at the site of
accumulation,® and these differences could be indicated
differences in metabolism activity.? In the present study,
administration of P3-adrenoceptor agonists increased
the spectral peaks observed in iWAT, but there were no
differences in those in epiWAT. These results may
support results of previous study by biochemical
analysis'® that P3-adrenoceptor agonist-induced
browning of WAT was more extensively confirmed in
iWAT than in epiWAT.

T2* and DTI images analysis are in progress.
We continue to confirm whether there is a difference in
the morphology of iWAT and epiWAT in with and

without B3-adrenoceptor agonist.
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Fig. 1. T2* map in brown adipose tissue (BAT), inguinal
adipose tissue (i(WAT) and epididymal adipose
tissue (epiWAT) in both groups.

Fig. 2. '"H-MRS in inguinal adipose tissue (iWAT)
and epididymal adipose tissue (epiWAT) in
both groups
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Application of TMS-EEG as a novel biomarker of epilepsy

Satoshi Kodama
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Abstract
TMS (transcranial magnetic stimulation) may be a good candidate for a new diagnostic

tool for epilepsy because it can reflect hyperexcitability of the neural cells in brain. TMS-

EEG (TMS-electroencephalogram) is a newly developed technique measuring EEG while

performing TMS. TMS-EEG may be superior to classic TMS using electromyogram as an

indicator of brain function, because it can reflect pure cerebral activity. We evaluated the

efficacy of TMS-EEG as a diagnostic measure for epilepsy. Amplitudes of TMS-evoked

potentials in myoclonus epilepsy patients tended to be higher in N45, P60, and N100 than in

normal subjects, although the sample size was small and the differences were not significant.

Keywords: cortical excitability, TMS-evoked potentials

1. Introduction

We performed a study of TMS-EEG (transcranial
magnetic stimulation-electroencephalogram) (Ref 1,
Ref 2) for epilepsy patients. TMS-EEG is a method to
measure EEG response to TMS. The advantage of
TMS-EEG compared to conventional TMS-EMG
(electromyogram) is that it can record direct brain
responses, and it is not affected by motor pathways in
the spinal cord, peripheral nerves, or muscles (Ref 2).
The late component of TMS-evoked potentials (TEP) is
increased by GABAergic drugs and antiepileptic drugs
such as levetiracetam and lamotrigine, suggesting that it
may reflect some inhibitory mechanism.

2. Method

We retrospectively collected the results of TMS-EEG
recordings in patients with epilepsy at the University of
Tokyo Hospital.
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Stimulation and surface EMG recording

TMS was performed by connecting a Magstim 200
Square (Magstim Co., Ltd.) to a figure-of-eight coil
(Magstim Co., Ltd.) with a diameter of 7 cm, and the
stimulation site was the left M1 corresponding to the
right FDI muscle.

To avoid auditory evoked potentials caused by the
TMS stimulus clicks, patients wore earplugs. The TMS
coil was placed on the head through a silicon sheet to
reduce the click sounds, which were perceived not only
by air conduction but also by bone conduction from the
TMS coil in contact with the head. Stimulus interval
was 3.5 s on average, with a variation of £500 ms to
avoid anticipation to the stimuli, for a total of 150

stimulations.



Figure 1A Average TEP of healthy subjects

Table 1 Latency and amplitude of TEP

myoclonus
Control epilepsy patients
latency amplitude latency amplitude
(ms) (V) (ms) (V)
N45 31.8 3.5 33.3 7.5
P60 80.0 5.6 924 9.7
N100 136.4 34 133.0 6.6
P180 166.7 2.2 197.0 1.3
EEG recordings

EEG recordings were made via TruScanRE (Deymed
Diagnostic, Co., Ltd.), which can avoid saturation of the
EEG amplifier due to stimulation artifacts from TMS.
The electrodes were 32-channel cap-type EEG
electrodes. The signals were bandpass filtered with a
passband of 0.16 Hz to 1 kHz and recorded at a
sampling frequency of 3 kHz, using the right auricular
electrode which was distant from the TMS stimulation
site (left M1) as reference. All electrode impedances
were set to less than 5 kQ.

EEG post-processing

EEG was analyzed offline using MATLAB (ver.
R2017b) with the following pipeline: 1) Epocking was
performed 1 s before and after TMS. 2) TMS artifacts

were removed from 2 ms before stimulation to 10 ms

Figure 1B Mean TEP of patients with myoclonus epilepsy

after stimulation. 3) Trials with obvious EMG, body
movement or eye movement artifacts were excluded. 4)
Bandpass filter was set from 1 to 500 Hz, and notch
filter was applied. 5) Downsampling to 500 Hz was
applied. 6) Re-reference to the average potential of all
the electrodes. 7) Perform independent component
analysis using FastICA, a toolbox that functions in
MATLAB, and exclude independent components
considered as artifacts. 8) The average of the EEG
responses of the region of interest (C3, C4, FC5, FCl,
FC2, FCe6, CP5, CP1, CP2, and CP6) were set as TEP.
In this study, the negative peak appearing between 30-
50 ms is designated as N45, the positive peak between
50-90 ms as P55, the negative peak between 90-150 ms
as N100, and the positive peak between 150-300 ms as
P180. The amplitude of each peak was the mean of the
amplitudes from the two opposite peaks before and after
it.

3. Results

Three patients with myoclonus epilepsy who
underwent TMS-EEG at the University of Tokyo
Hospital were included. None of the patients had
undergone epilepsy surgery, and none had adverse
events during or after the examination.

Figure 1 shows the averaged TEPs for each healthy
subject and patient group. Table 1 shows the latency and

17



amplitude of each component of the averaged TEPs. In
patients with myoclonus epilepsy, the latencies of the
TEPs were generally consistent with those of normal
subjects, but the amplitudes tended to be higher than
those of normal subjects at N45, P60, and N100.
However, the sample size was small, and the differences
were not significant.

4. Discussion

In myoclonus epilepsy, the amplitudes of N45, P60,
and N100 tended to increase in this study, although the
number of cases was small and not accompanied by
significant differences.

Previous studies have suggested that the amplitude of
each component of TEP reflects the neurotransmission
mechanism in the cerebrum, and that GABA receptor-
mediated neurotransmission is involved in N45, which
was found to be increased in healthy subjects after
treatment with a GABAA receptor agonist (Ref 3).
Similar studies have suggested that the amplitude of
N100 is related to the inhibitory mechanism of GABAg
receptors (Ref 3, Ref 4). In a previous study using
paired-pulse stimulation TMS-EMG for myoclonic
epilepsy, short-interval inter cortical inhibition (SICI)
was attenuated, suggesting the impaired inhibitory
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cerebral neurons (Ref 5). The amplitude increases of
N45 and N100 in the our study suggested that these
GABA-mediated neural mechanisms are abnormal in
myoclonic epilepsy.
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Optimization of magnet shape for compact magnetic probe
with nitrogen-vacancy center

Akihiro Kuwahata

Graduate School of Engineering, Tohoku University
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Abstract

Cancer cells metastasize through the lymphatic system, so it is necessary to

identify and examine the lymph nodes that lymphatic fluid and cancer cells first reach to

diagnose metastasis status. A magnetic probe with diamond NV (nitrogen-vacancy) was

developed for the detection of sentinel lymph nodes. In order to optimize the

performance of diamond NV, in this research, an optimized permanent magnet is

developed by the innovative idea (inverse solution), and to be mounted on a compact

magnetic probe head to generate a spatially uniform magnetic field, leading to the

highly-sensitive magnetic detection.

Keywords: Permanent magnet, diamond nitrogen-vacancy center, inverse problem,

optimization

1. Introduction

Cancer is the leading cause of death in Japan, and
the annual mortality rate is increasing monotonically.
Breast cancer is the most common cancer that affects
Japanese women. When treating breast cancer, it is
essential to make an accurate diagnosis of cancer
metastasis because the treatment method changes
depending on the presence or absence of cancer
metastasis and the number of metastasized cancers.

The magnetic sensor equipped with the diamond
nitrogen-vacancy (NV) center is capable of highly
sensitive detection of magnetic nanoparticles, and is
expected to be applied to the medical field such as
cancer metastasis diagnosis using the magnetic
nanoparticles method'?.

In this study, to improve the magnetic sensitivity of
the diamond NV center, a uniform magnetic field
specialized for the diamond NV center is applied by an
inverse problematic approach of determining the shape
of the magnet from the desired magnetic field
uniformity. We develop a novel method for optimizing

the shape of unique magnets. By determining the
shape by an inverse problem approach that optimizes
the shape of the model, we aim to develop a magnet
shape with a unique shape that cannot be found in the
conventional forward problem method.

2. Method

The conventional magnet shape design is based on
the idea of the forward problem, and the first step is to
determine the magnet shape and verify that its
magnetic field distribution is uniform. If the magnetic
field distribution is not desirable, we need to repeat the
above process until the desired magnetic field
distribution is achieved. With such a forward-problem
design method, only magnet shapes based on existing
knowledge can be designed, and it is difficult to create
innovative magnet shapes. Therefore, we establish the
idea and develop an inverse problematic method to
determine the shape of the magnet from the desired
magnetic field distribution.
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The value of each magnetic moment is obtained
from the magnetic field distribution in the diamond
NV center region, which is the target area, and the
magnet shape is determined from the magnetic
moment. The size of the entire magnet that can be
mounted in the magnetic probe was determined, and a
diamond (3.9 mm x 3.9 mm x 1 mm) was placed 5
mm above the magnet. The region where the spatial
uniformity of the magnetic field is required is the
diamond surface. 45 magnetic moments inside the
magnet were placed on the XY plane at intervals of 5
mm and at intervals of 6 mm in the Z direction.
Regarding the optimization of the inverse problem,
Tychonoff's regularization has the feature that it can
calculate an approximate solution with a regular
parameter even for an inappropriate problem. In
addition, the L-Curve Method was used as a
regularization parameter determination method that
Morozoff's the judgment

satisfies principle as

condition for the optimum regularization parameter.

3. Results and Discussion

Figure 1 shows the magnet shape obtained from the
result of solving the optimization problem. The target
area is the optimization result in which a total of
125,000 uniform magnetic field data are input, divided

Fig. 1. Optimized magnet geometry. The top row has a
cross-shaped cutout, and the second row has a cross-shaped
magnetic moment block. The third row has the same shape

as the top row.
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Fig. 2. Evaluation of magnetic field uniformity of (top) a
conventional magnet and (bottom) a magnet solved by our

optimization method.

into 50 * 50 * 50 in the XYZ directions. As shown in
Fig. 1, we succeeded in obtaining an innovative
magnet shape that cannot be found by the conventional

Fig. 3 Development of optimized magnet shape by
combination of small magnets. The part where magnetic
moment exists is formed by permanent magnets, and the
part where magnetic moment does not exist is formed by

acrylic.



forward solution. The ratio of the maximum strength
of the magnetic field to the minimum strength of the
magnetic field in the entire diamond region was
calculated and the magnetic field uniformity was
evaluated (Fig. 2). With conventional magnets, the
magnetic field uniformity is low at approximately
48.1%. On the other hand, in the optimized magnet
shape, the magnetic field uniformity was 99.7%,
indicating that the magnetic uniformity was
significantly improved.

By combining about 100 small magnets and acrylic
processed products, we fabricated the prototype
magnet that was found by the optimization problem
smethod (Fig. 3). As a result of measurement of the
magnetic field distribution of the prototype magnet, the
magnetic field space uniformity was 99.6%, which
was equivalent to the numerical calculation.

We constructed a diamond magnetic probe system
using an optimized magnet shape and conducted
magnetic nanoparticle detection experiments using a
biological phantom simulating a mouse animal. A
magnetic coil system and microwave antenna system
were constructed, and a tiny amount of magnetic

nanoparticles were successfully detected.

4. Conclusion

We found a new optimized magnet shape by an
inverse problem analysis method based on the
magnetic moment. The magnetic field uniformity was
as high as 99.7%, and we succeeded in detecting
magnetic nanoparticles using a biomedical phantom. It
is expected that this study will improve the accuracy of
cancer diagnosis and detect smaller cancers in future
biomedical applications.
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Elucidation of Sodium Metabolism Disorders in Systemic Sclerosis using Na-MRI

Kaoru Minegishi
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Abstract

Systemic sclerosis is an intractable disease of unknown cause that involves

progressive fibrosis of the skin and internal organs. Maintaining the homeostasis of

water-soluble electrolytes is indispensable to life, and it has been believed that this is

maintained by the kidneys. However, it has become clear that metabolism of sodium in

our body is controlled in collaboration with the skin, and that abnormal sodium

metabolism causes various diseases. Here, we introduced Na-MRI that can measure

sodium levels in tissue, in order to elucidate abnormal sodium metabolism in systemic

sclerosis as well as its pathology and mechanisms.

Keywords: Na-MRI, sodium metabolism, systemic sclerosis

1. PURPOSE

Sodium (Na) metabolism is particularly important
because it is directly related to various diseases such as
brain, cardiovascular, and renal diseases. However, it
has recently been revealed that sodium is regulated by
multiple organs, including the skin, liver, and muscles,
and that abnormalities in sodium metabolism can lead
to a variety of diseases.

Systemic sclerosis is characterized by progressive
fibrosis of the skin, lungs, and other internal organs
against a background of autoimmune phenomena. It
has been shown that localized sodium accumulation in
the skin and other tissues due to excessive salt intake
leads to an increase in autoimmune disease due to
polarization of T cells toward pathogenic Th17 cells
via the p38/MAP kinase pathway. Skin sodium
accumulation is shown that a predictor of the
progression of skin thickness in patients with systemic
sclerosis.

The etiology of systemic sclerosis is known to
include fibroblast activation, vascular damage, and

immune abnormalities. Skin hardening progresses
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through an edematous, sclerotic, and atrophic phase,
and corticosteroids may be administered during the
edematous phase, but the therapeutic effect is limited
and local electrolyte dynamics have not been verified.
The aim of this study is to elucidate the mechanism by
which sodium accumulated in the skin causes the
development and exacerbation of systemic sclerosis,
and to develop a novel treatment targeting this
regulatory mechanism. In order to carry out this
research, *Sodium-magnetic resonance imaging
(Na-MRI), which was developed as a tool to evaluate
tissue Na levels, was introduced for the first time in

Japan.

2. METHOD

Clinically used MRI systems cannot detect 23Na
atoms. Since the Japan Institute of Sports Sciences
(Tokyo, Japan) owns a Siemens high-field MRI system
with the Multinuclear Option, which is the basis for
Na-MRI. This study was conducted at the Japan
Institute of Sports
MAGNETOM Skyra.

Sciences using a Siemens



3. RESULTS

A 3.0 tesla MRI (MAGNETOM Skyra, Siemens)
was equipped with a custom-made coil (Stark-Contrast,
Erlangen, Germany) that can measure the amount of
Na, and the coil file was installed, set, and the
parameters of the imaging sequence were registered.
Next, a test scan was performed using a phantom
containing NaCl to confirm that imaging was possible
(Figure 1). In the test scan, the signal-to-noise ratio and
RF noise spectrum of the images were verified, and it
was confirmed that the quality of the captured images
was of good quality (Figure 2).

Furthermore, Na-MRI was performed on the left
lower leg of a healthy subject using the imaging
conditions set in the test scan. In this imaging,
calibration tubes filled with NaCl solutions of different
concentrations (10, 20, 30, and 40 mmol/L) were
simultaneously imaged to quantify the tissue Na
content. In two cases, a 50-year-old man and a
45-year-old man, the Na content was 16.6 mmol/L in
skin and 16.8 mmol/L in muscle, and 13.9 mmol/L in
skin and 16.3 mmol/L in muscle, respectively (Figure
3).

4. DISCUSSION

The results of this study represent a breakthrough in
the field of sodium regulation in tissues, contrary to the
conventional theory that the amount of sodium in the
body is maintained constant by the kidneys. However,
previous studies have not taken local tissue sodium
accumulation into consideration, and it is impossible to
detect abnormal tissue sodium levels in routine clinical
examinations, potentially missing abnormal tissue
sodium and fluid balance in patients with diseases.

Clinical studies conducted overseas using Na-MRI
have shown that there are differences in skin and
muscle Na levels between men and women, and that
Na levels are higher in older patients. It has also been
found that skin and muscle Na levels are higher in
hypertensive patients than in normal subjects®. In the
present study, skin Na levels were higher in patients
aged 50 years than in those aged 45 years. We plan to

use this technique in clinical research to elucidate the
pathophysiology of systemic sclerosis and to develop
new treatment methods. Furthermore, the Na-MRI
technique can be applied directly to other diseases.
Serum Na concentration does not indicate the total
Na in the body, and research using Na-MRI has the
potential to detect abnormalities in diseases that have
been considered off-limits to diagnostic imaging, and
has the potential to contribute to the creation of new
technologies and industries in Japan. The development
of such technology is expected to further advance the
development of drugs to treat intractable diseases.
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Abstract
Paired associative stimulation (PAS) method for inducing neural plastic changes

involves pairing of peripheral nerve stimulation and transcranial magnetic stimulation

(TMS) over the primary motor cortex. The present study aimed to investigate the effect
of transcutaneous spinal cord stimulation (TSCS) with TMS for PAS (TSCS-PAS) with
different stimulus timings on corticospinal excitability. Our results showed that PAS

timed to coincide with the TMS-induced signal arriving at the motor cortex shortly after

the TSCS-induced signal, increased corticospinal excitability. We concluded that

regulation of stimulus timing is important to induce plastic changes by TSCS-PAS.

Keywords: Paired Associative Stimulation, Transcutaneous Spinal Cord Stimulation,

Transcranial Magnetic Stimulation, Corticospinal Excitability.

1. PURPOSE
Neuro plasticity is the ability of neural networks in
the brain to functionally reorganize owing to
adaptation to the environment or long-term training.
For example, the cortical networks in stroke patients
differ from those in healthy individuals.” Motor
dysfunction in these patients can be restored by
reorganizing the neural networks through long-term
rehabilitation. If such plastic changes in the brain can
be induced noninvasively and artificially, it would be
possible to efficiently restore patients' motor functions.
Paired associative stimulation (PAS) is a method
for inducing plastic changes in the brain. It involves
the combination of electrical stimulation of sensory
nerves and transcranial magnetic stimulation (TMS)
over the primary motor cortex (M1), synchronizing

these stimuli at specific times.” The plastic changes
induced by PAS occur specifically in the M1 regions
associated with electrically stimulated sensory nerves.
hypothesized that TSCS-PAS,
combining TMS with transcutaneous spinal cord

Therefore, we

stimulation (TSCS),” which allows simultaneous
electrical stimulation of multiple sensory nerves, could
induce plastic changes in a wider range of M1 regions.

In this study, we focused on stimulus timing, an
important parameter of PAS. In conventional PAS, it
has been reported that changes in corticospinal
excitability (increases or decreases) can be
manipulated by slightly adjusting the timing of
electrical stimulation and TMS.? Therefore, the
purpose of the present study was to determine the

effects of each TSCS-PAS intervention using different
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stimulus timings on corticospinal excitability.

2. METHODS

Eighteen non-disabled men, with no history of
neurological disorders, were enrolled in the study. The
participants were instructed to keep their bodies still
and relaxed in a semi-sitting position (knee extension
angle of 0° and hip flexion angle of 60°) during
intervention of TSCS-PAS and evaluation.

TSCS-PAS consists of TSCS to the posterior root,
stimulating the sensory nerves of multiple lower-limb
muscles, with TMS applied over the lower-limb M1.
For TSCS, the cathode was placed on the skin in the
midline between the spinous processes of the two
highest lumbar vertebrae (L1-L2), and the anode was
placed over the abdomen. The intervention consisted
of 120 sessions of these paired stimuli.

In this study, we investigated the relationship
between stimulus timing and excitability changes by
of TSCS-induced and
TMS-induced inputs reaching the M1. The following

adjusting the timing
three different stimulus timings were used in the
TSCS-PAS intervention.

i. TSCS—TMS condition: TMS was performed
immediately after the TSCS-induced sensory input
reached the M1 (12 participants)

ii. TMS—TSCS condition: TSCS-induced sensory
input reached the M1 immediately after TMS (9
participants)

iii.  Control TSCS-induced  and
TMS-induced inputs reach the M1 at distinctly
different times (12 participants).

condition:

We used TMS to evaluate corticospinal excitability
from the five lower-limb muscles: tibialis anterior (TA),
soleus (SOL), medial head of gastrocnemius (MG),
vastus medialis (VM), and long head of biceps femoris
(BF) muscles. The peak-to-peak amplitude of motor
evoked potentials (MEPs) reflects the corticospinal
excitability. We investigated the effect of TSCS-PAS
intervention on corticospinal excitability.
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3. RESULTS

Figure 1 shows the changes in MEPs for each
condition. Compared to pre-intervention, MEPs of the
TA, SOL, MG, and BF muscles increased 30 minutes
after the TSCS-PAS intervention in the TSCS—TMS
condition (Friedman and Wilcoxon signed rank tests,
p<0.05). There were no significant changes in MEP in
the TMS—TSCS and Control conditions (Friedman
test, p>0.05).

4. DISCUSSION

Intervention in the TSCS—TMS

increased the corticospinal excitability in multiple

condition

lower-limb muscles, suggesting that the intervention
widely facilitated the excitability in the lower-limb M1.
Since there were no significant MEP changes in the
Control and TSCS—TMS conditions, adjusting the
timing of TSCS and TMS is essential in inducing
plastic changes in the M1. Conventional PAS can
reduce corticospinal excitability by adjusting stimulus
timing.” In further studies, we will explore the
stimulus parameters of TSCS-PAS that reduce the
corticospinal excitability.
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Abstract

The effectiveness of repetitive transcranial magnetic stimulation (rTMS) has not been

fully proven. For example, it is still unclear whether rTMS effectively prevents

recurrence and relapse in depression. In addition, the molecular mechanism of the effect

of rTMS has been poorly understood. We investigated behavioral changes and gene

expression changes in mice subjected to water immersion restraint stress, which induces

depressive symptom-like behavior, when treated with rTMS. We found that rTMS

increased the amount of spontaneous behavior. The gene expression analysis suggested

that the Myd88 gene, which is involved in signaling innate immune responses, is the

mechanism of the antidepressant effect of rTMS therapy.

Keywords: Repetitive transcranial magnetic stimulation, depression, microglia,

inflammation

1. PURPOSE

The biological pathogenesis of depression is still
unknown, and the development of treatment and
prevention methods and drug discovery lag behind that
of other physical diseases. Several recent studies have
shown a significant correlation between abnormal
inflammation in the brain and the pathophysiology of
psychiatric symptoms, making the brain immune
system a potential target for treatment and prevention.
Repetitive transcranial magnetic stimulation (rTMS),
which has long been expected to have antidepressant
effects, has recently been covered by insurance.
However, the impact of rTMS on mental disorders has
not been fully proven so far. For example, it is still
unclear whether rTMS effectively prevents recurrence
and relapse in depression. The mechanism of

biological effects has also been poorly evidenced.
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Previous studies have suppressing
cytokine by rTMS!,

suggesting that the anti-inflammatory effect of

reported
inflammatory expression
magnetic stimulation is one of the effects of rTMS.
Although the brain immune system is suggested to be
the point of action of rTMS, it is still unclear what
pathological conditions magnetic stimulation is
effective for and how it works. In the present study, we
used a mouse model of depression to search for
symptoms ameliorated by rTMS and molecules

mvolved in the effects of stimulation.

2. METHODS

Behavior analyses in mice treated with a water
immersion restraint stress

After acclimation, C57BL/6 mice (8 weeks old,
male) were placed in a 25-mL plastic conical tube with



holes and placed in a container filled with water at a
depth not exceeding the face and subjected to three
hours per day of water immersion and restraint stress
for two weeks. An open field test and a forced swim
test were performed five days after the last stress
administered (Fig. 1A). To assess anxiety and
locomotor behaviors, we used a square acrylic
apparatus (43 cm x 43 cm) equipped with a panel of 16
horizontal infrared beams per axis. Data recorded for
5-min spontaneous activity in the field for each mouse
was collected and analyzed. For the forced swimming
test, mice were placed in a container filled with water
to a depth of 12.5 cm in a cylinder 11 cm in diameter
and 18 cm in height, and their behavior of struggling to
escape was recorded for 6 minutes. The recorded data
during the last 5 minutes was used for analysis.

Analysis of the relationship between microglia and

depressive-like behaviors induced by water
immersion stress

C57BL/6 mice (6 weeks old, male) were
administered with PLX3397 for three weeks to
eliminate microglia in the mouse brain according to
the method by Elmore et al’. Then, the open field test
and the forced swim test were then conducted after
subjecting them to water-immersion restraint stress
(Fig. 2A). After three of PLX3397

administration, Brains were removed, and the tissues

weeks
were fixed with 4% paraformaldehyde. Frozen
sections were prepared from fixed brains, and
microglial marker (IBA1) and astrocyte marker
(GFAP) were detected by immunohistofluorescence
staining to confirm that microglia were specifically

eliminated.

Antidepressant effect of rTMS

After acclimation, C57BL/6 mice (8 weeks old,
male) were subjected to water immersion restraint
stress, and then the Magstim Rapid System
MRS1000/50 was used to deliver three sets of stimuli
(each stimulus interval was 36.5 seconds), each set
consisting of 150 pulses at 15 Hz to the frontal portion
of the mice at 57% output for five consecutive days.

After magnetic stimulation, an open field test and a
forced swimming test were conducted (Fig. 3). Then,
after behavioral experiments, the brains of mice were
removed, the hippocampus was dissected, and the total
RNA was extracted. Total RNA was also extracted
from control mice. Real-time PCR was performed
using cDNA synthesized by reverse transcription from
the total RNA as a template and primer sets of the
target genes to compare gene expression levels among

the experimental groups.

The animal experiments in the present study
were properly performed under the approval of
the Ethics Committee for Animal Experiments
of the National Defense Medical College.

3. RESULTS

No difference was observed in the amount of
spontaneous or exploratory behavior of mice subjected
to water immersion restraint stress load compared to
controls (Fig. 1C). The mice subjected to water
immersion restraint stress significantly increased
immobility time in the forced swimming test (Fig. 1D).
To confirm whether microglia is necessary for the
increase in immobility time, we performed a forced
swimming test in mice with microglia-eliminated
conditions (decrease in IBA1-positive cells, shown in
Fig. 2B). The immobility time was not increased even
after water immersion restraint stress was administered
(Fig. 2C). Next, we administered rTMS to the mice
subjected to water immersion restraint stress. As a
result, it did not prevent the increase in immobility
time in the forced swimming test (Fig. 3D). However,
it did increase spontaneous activity (Fig. 3B). No
significant change was shown in rearing behavior (Fig.
3C). Comparisons of gene expression levels showed
no differences in /I-1f, Tnf-0,, and Tspol genes among
control, stress, and rTMS groups (Fig. 4A, B, E). Ibal,
Gfap, Myd88, and Tir4 genes were significantly
downregulated in response to water immersion
restraint stress compared to controls (Fig. 4C, D, F, G).
Of these genes, the Myd§8 gene, which significantly
decreased expression by stress administration, was
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rescued to the same expression level as the control
group by magnetic stimulation.

4. DISCUSSION

No improvement in depressive symptom-like
behavior induced by water immersion stress was
indicated by rTMS. This result might be because the
duration of rTMS treatment was short and did not
reflect biochemical changes. However, magnetic
stimulation ~ significantly = increased spontaneous
behavior, suggesting that magnetic stimulation is
effective, although only partially, in treating some
symptoms of depression. Biochemical analysis
revealed that the Myd88 gene, of which genetically
deficient mice have been reported to demonstrate
depressive-like behavior’, was down-regulated by
water immersion restraint stress and rescued by rTMS,
suggesting that MyD88 is the action point of rTMS
therapy for depressive symptoms. MyD88, an essential
downstream adaptor protein of TLRs, has a role in
signaling in the innate immune system. Since recent
studies have indicated that abnormalities in the brain
immune system are involved in the pathogenesis of
depressive and other psychiatric symptoms,
maintenance of the brain immune system might be a
mechanism for the antidepressant effect of rTMS.
Further investigations, such as the dynamics of
downstream molecules in the MyD88-mediated
signaling pathway, are needed to elucidate the
mechanisms of beneficial effects of rTMS.
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Fig. 1. Behavior of mice subjected to water immersion
restraint stress

Experimental design (A). Total distance traveled by
open field test (B) and rearing counts. Immobility time
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significant difference as determined by t-test.
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Fig. 2. Behavioral changes in response to stress in mice
with erased microglia

Experimental design (A). Results of
immunohistofluorescence staining of microglial
marker (IBA1) and astrocyte marker (GFAP) (B).
Immobility time from forced swim test (C). + (p<0.1)
indicates a trend difference compared to control (Cont)
as determined by a Dunnett test.

Fig. 3. Effects of repetitive transcranial magnetic
stimulation on depressive-like Behaviors
Experimental design (A). Total distance traveled by
open field test (B) and rearing counts. Immobility time
by forced swim test (D). * (p<0.05) indicates
significant differences as determined by t-test.
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Fig. 4. Comparison of gene expressions among the experimental groups by real-time PCR

Fold changes of genes encoding the inflammatory cytokines IL-1P (A) and TNF-a (B), the markers of microglia
IBAL1 (C), astrocytes GFAP (D), activated glia TSPO1 (E), and the signaling molecules MyD88 (F) and TLR4 (G)
involved in immune responses are indicated. *(p<0.05), **(p<0.01) indicate significant differences as determined
by a Tukey's test.
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Nerve block effect with low-frequency magnetic stimulation
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Abstract
Stellate ganglion block injections for the relief of neuropathic pain and

autonomic abnormalities are associated with risks. To ameliorate these problems, there is

an attempt to obtain therapeutic effects by applying low-frequency magnetic stimulation

to the ganglion and suppressing its function. Using a neodymium magnet, a large

magnetic field gradient of 7-9 mT/mm was applied to a rat ganglion for a short time, and

the increase in sympathetic nervous system parameters of blood pressure was suppressed.

This study confirmed the nerve blocking effect of low-frequency magnetic stimulation.

Keywords: low-frequency magnetic stimulation, sympathetic nervous system

1. PURPOSE

Stellate ganglion block injection is a treatment used
in anesthesiology and pain clinics to relieve
neuropathic pain and autonomic nervous system
abnormalities. This is an invasive procedure in which a
local anesthetic is injected near the stellate ganglion,
one of the ganglia in the neck, to suppress stellate
ganglion activity. This procedure is undesirable for
patients because of the risk of needling near the carotid
artery and the high incidence of Horner's syndrome,
which is represented by droopy eyelids. In addition,
the fact that patients must visit the hospital to undergo
this procedure is a barrier to continued treatment.

On the other hand, it has recently been reported that
low-frequency magnetic stimulation of the same
region may produce effects like those of stellate
ganglion block injection (hereafter referred to as the
blocking effect’. In one study, long-term magnetic
stimulation of a rat ganglion suppressed the increase in
sympathetic nervous system parameters when an
adrenergic agonist was administered?.

Therefore, with the aim of establishing a noninvasive
method and apparatus for stellate ganglion blockade,
we decided to demonstrate the blocking effect of
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short-term low-frequency magnetic stimulation in rats.

2. METHOD

2-1. Selection of suitable magnets for animals

Based on the results of a magnetic field simulation
analysis using the anatomy of a 10-week-old male
nude rat (220 + 10 g body weight) as a reference, a
neodymium magnet was selected with a shape that
generates a magnetic field gradient of 7-9 mT/mm at
the position behind the carotid artery at the first
cervical vertebra level. A metal magnet with a similar
shape but without magnetic properties was prepared as
the Sham magnet.

2-2. Adrenergic agonist dosage determination

To induce a sympathetic hyperactivity-like state, we
administered intraperitoneally an adrenergic agonist
that raises blood pressure. The dose that maintained
stable blood pressure in the range of 30-60% for 60

minutes was determined in a previous study.

2-3. Magnet attachment to rats and blocking effect
After induction of anesthesia, we first confirm that the

blood pressure has been stable for at least 5 minutes in



a non-intensive systolic blood pressure measurement
in the tail vein. The blood pressure currently is the Pre
value. After that, an adrenergic agonist is administered
intraperitoneally, and a magnet or a Sham magnet is
applied when the blood pressure reaches 130% of the
Pre value, and observation of blood pressure changes
begins for 45 minutes. After 45 minutes of observation,
the magnets are removed and observation continues
for another 15 minutes, for a total of 60 minutes.

3. RESULTS

3-1. Case with sham magnet

Under anesthesia, blood pressure pre values were
stable at 120 mmHg. After
administration of adrenergic agonists at the dose

intraperitoneal

determined in 2-2, blood pressure began to rise
immediately. When a 130% increase in blood pressure
was reached, the Sham magnet shown in 2-1 was
placed at the appropriate site. The blood pressure
remained above 160 mmHg (133%) for more than 30
minutes. Even after the Sham magnet was removed 45
minutes after the start of observation, the blood
pressure remained at 140 mmHg (117%), and there
was no tendency for the blood pressure to approach the
Pre value even after the end of observation.

3-2. Case with Neodymium magnet
Under anesthesia, blood pressure Pre remained stable
at 90 mmHg. After intraperitoneal administration of an
adrenergic agonist, blood pressure rose immediately
and reached 140 mmHg (156%), as in the case of the
individual with the Sham magnet. Blood pressure
began to decrease gradually after 7 minutes after the
neodymium magnet was applied to the appropriate site.
At 30 minutes after application, the blood pressure was
110 mmHg (122%), and at 45 minutes after
application, the blood pressure recorded 90 mmHg.
Even after the observation was terminated and the
slight
downward trend of blood pressure did not stop, and the

neodymium magnet was removed, the
systolic blood pressure of the rats at the end of the
observation was 85 mmHg (94%), which was lower
than the Pre value.

4. DISCUSSION

Low-frequency magnetic stimulation using a
neodymium magnet in rats clearly suppressed the
increase in blood pressure, one of the sympathetic
hyperactivity-like ~ states  produced by  the
administration of adrenergic agonists. It is suggested
that this is due to the mechanism that the change in
potential brought about by the action of low-frequency
magnetic stimulation on neurons alters the orientation
of ion channels and suppresses neuronal activity.

In the present study, a relatively large magnetic field
gradient was applied to the ganglion to act on the
living body, and a neuroinhibitory effect was obtained
in a short time. As a result, the increase in systolic
blood pressure was strongly suppressed. To the best of
my knowledge, there is no report of a brief
neuroinhibitory effect of low-frequency magnetic
stimulation, and this practical finding is a great
achievement.

On the other hand, when considering the application
to medical devices, it is essential to find a threshold
value that guarantees safety and effectiveness. For
example, it has been reported that a static magnetic
field with a flux density of 37.9 mT suppresses the
activity of sensory nerves by 80%>. However, it is
unknown how much suppression of neuronal activity
leads to overall neuronal suppression and what range
of magnetic field gradients can safely suppress the
nerves. We are planning to conduct future research
using pigs that are similar in size to the human body,
and to verify the effects of low-frequency magnetic
stimulation on sympathetic nerve suppression in
conjunction with magnetic field simulations.
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Understanding of multisensory integration of brain by magnetoencephalography and
application to multisensory brain-machine interface
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Abstract
Brain machine interface (BMI) is an interface that reads the user's intention from the

brain activity in real time. In spite of its potential to alter the human interface and

communications, there is a disadvantage that the speed of BMI is still slower than other types

of interface. In this research, we obtain the brain activity by magnetoencephalograms and

investigate the fundamental properties of integrating multi-sensory information in the brain.

Then we propose a feasible BMI system with multi-sensory augmented reality technology.

Keywords: Multisensory Integration, Brain Machine Interaction

1. PURPOSE

Brain-machine interface (BMI) is a system that
measures the neural activity of a human’s brain and
converts it into a signal for controlling a machine and is
expected to support a disabled person’s life!. For real
life support, BMIs using augmented reality (AR) were
developed?. It provides multisensory stimuli to improve
an information transfer rate. However, a large part of
multisensory integration remains to be studied. In
addition, non-cryogenic quantum-enabled sensors,
called optically pumped atomic magnetometer (OPM)
was developed®. An OPM sensor can be put in arbitrary
place without a paste, and its sensitivity is higher than
superconducting quantum interference device (SQUID),
so there is a possibility that OPM sensors improve a
BMTI’s performance.

In this study, as basic research, we measured
responses to audiovisual stimuli by
magnetoencephalography (MEG), which has high
spatiotemporal resolution and evaluated strength and
spatiotemporal locality. We also verified the feasibility
of BMI using OPM-MEG. Furthermore, as applied
research, we developed a wheelchair AR-BMI that

enables movement and rotation, and a BMI that allows

to choose objects after environment recognitions.

2. Evaluation of brain activity by using index of
spatiotemporal locality of MEG
2.1. METHOD

In this section, the brain response was recorded
by a magnetoencephalographic system
(RICOH160-1, RICOH). Participants performed 2
tasks that had different number of auditory and
visual choices. Visual stimuli were flashes of the
marker on the screen, and auditory stimuli were
440 Hz pure tone (Fig 1). Participants were told to
push a button when the location of the flashed
marker and the presented sound were the same as
the instruction which was told before the
measurement.

The stimuli were labeled “target”, “visually true

b3 13

stimuli”, “auditory true stimuli” and “both false
stimuli” and the responses of each label were

averaged. We calculated the root mean square of
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Figl. The image of presenting audiovisual
stimuli. Left: Taskl, in which there were 3
visual choices. Right: Task2, in which there

were 2 visual choices.

the amplitude of 160 channels and named the
“strength”. We also
calculated kurtosis of squared value of each

time-averaged value
channel.
2.2. RESULTS and DISCUSSION

In Taskl, 16 measurements were conducted,
and the highest strength of the target and the
visually true stimuli was 5 and 9 measurements,
respectively. There was significant difference as
shown in Fig2.

In Task2, 10 measurements were conducted,
and the highest strength of the target, the visually
true stimuli, and the auditory true stimuli was 6,
1 and 2 measurements, respectively. There was no
significance in both strength and kurtosis.

In Task1 the strength of not only the target but
also the visually true stimuli tended to be high. On
the other hand, in Task2, in which there were only
2 visual choices, the tendency of Taskl was not
observed. Therefore, visual dominance may affect

the response. In both tasks, there were no

Fig2. The strength and the kurtosis of the
amplitudes. *p < 0.05
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significance in kurtosis.

In previous studies, psychological tasks were
conducted, and visual dominance was indicated
based on the correct answer rate to audiovisual
stimuli*”. In our study, visual dominance like the
previous studies was indicated by direct brain
activities.

3. Measurement of brain activity by OPM
sensors
3.1. METHOD

In this section, the brain response was recorded
by 2 OPM sensors (QZFM Gen-2, QUSPIN). In
the first experiment, the task was conducted to
induce alpha waves. The OPM sensors were put on
the scalp near the visual cortex. A participant
repeatedly opened and closed his eyes to an
auditory cue.

In the second experiment, the task was
conducted to induce N100m. The OPM sensors
were put on the scalp near the auditory cortex. 400
Hz pure tone was presented to a participant. The
participant participated in the same task with
SQUID sensors.

3.2. RESULTS and DISCUSSION
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Fig3. The frequency spectrum during opening
and closing eyes.
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Fig4. The waves of N100m measured by
OPM-MEG and SQUID-MEG.



In the task that induced alpha waves, when the
participant closed his eyes, the power spectrum
around 10 Hz increased (Fig3), so it is possible to
use a OPM sensor for operating BMI by steady
state visual evoked fields.

In the task that induced N100m, N100m, which
has a peak about 100 ms after presenting a
stimulus, was found by both OPM and SQUID (Fig
4). Therefore, it is possible to use OPM sensors for

operating BMI that uses evoked responses.

4. Development of wheelchair BMI by
multisensory stimuli

4.1. METHOD
In this section, the audiovisual stimuli were
presented through AR goggles (HoloLens,

Microsoft). By using the HoloLens, the spatial
information of the real word was acquired, and
virtual markers and sound sources were put
around the user (Fig 5). A visual stimulus was a
flash of the virtual markers. The participant put
on a wheelchair and wore an
electroencephalograph and the HoloLens.

In the task to move the wheelchair forward, the
participants counted the number of flashing the
target marker. In the task to turn the wheelchair,
the participants counted the number of presenting
the sound from the target location.

4.2. RESULTS and DISCUSSION

Classifiers were trained by linear discriminant
analysis and leave-one-out cross-validation was
applied. The average accuracy of 4 participants

was 62.5%. The chance level was 4% because there

Figh. The image of virtual markers and the
sound sources. Left: The scenery through the
AR goggles. Right: The location of the virtual

markers and the sound sources.

are 25 virtual markers and sound sources in total.
All participants’ accuracy were better than the
chance level. By acquiring the spatial information
and putting virtual markers and sound sources,
we confirmed the feasibility of a BMI that allows

to move and turn to any location.

5. Development of AR-BMI using object
detection and environmental awareness
5.1. METHOD

In this section, objects were detected using the
Single Shot Multi-box Detector (SSD) from images
captured by the camera of AR goggles (Microsoft
Hololens2) and combined with information by the
depth sensor to calculate their position in real
space. The markers were displayed as spherical
objects at the corresponding coordinates in the
virtual space. The intensity of steady-state visual
evoked potentials (SSVEPs) was calculated when
each option was simultaneously flickering at 8-14
Hz for four seconds to estimate which option the
user focused on.
5.2. RESULTS and DISCUSSION

Estimation accuracy exceeded 25% of chance
level for all participants. The duration from the

start of object detection to the end of object

Figure 6. (a) Object detection in real space. (b)
Spatial recognition and choice placement on AR

space.
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estimation was within 7 seconds.

Although the use of a see-through display
reduced estimation accuracy and individual
differences to some extent, the potential of BCI
systems using both machine learning and

environmental awareness was confirmed.
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The Subjects for the 2021 Research Grants

Here are the subjects (b Basic Researches, 4 Application Researches, 2 Specific Researches and
1 Special Research 2021) that the 2021 Research Grants are subsidized.

1. Basic Research

I-1. Prevention of obesity-associated dementia with spleen-derived IL-10 induction by magnetic
field
Department of Endocrinology, Metabolism, Rheumatology and Nephrology, Faculty of Medicine, Oita University,/Koro Gotoh

I1-2. Measurement and evaluation of interaction between local electromagnetic field and nuclear
spin by gamma photon correlation
The University of Tokyo, Kenji Shimazoe

I1-3. Investigation for improvement of reflex by the magnetic vestibular stimulation.
Graduate School of Health and Medicine, Gifu University of Medical Science,”Kunihiko Tanaka
<This study was selected for OKAI Special Grant>

1-4. Development of techniques to create novel neural circuits with magnetic stimulation
Doshisha University, Yoshito Masamizu

I1-5. Magnetic Nanoparticles for Cancer Thermotherapy and Diagnostics
Yokohama National University,” Yuko Ichiyanagi

II. Application Research
II-1. Verification of cognitive function improvement by cognitive rehabilitation combined with
repeated transcranial magnetic stimulation
Dept. of Rehabilitation Medicine, Juntendo University Graduate School of Medicine,” Tomokazu Takakura

II-2. Development of ultra-small nanocapsules as fluorine MRI contrast agent
Graduate School of Engineering, Osaka University,” Masafumi Minoshima

II-3. Magnetic stimulation therapy for focal dystonia of the upper limb using a wearable device
Fujita Health University,/Kenta Fujimura

II-4. Study for the membrane damage of intracellular organelles with magnetic nanoparticle and
the release of nanoparticle from the cell
Faculty of Science and Engineering, Iwate university,” Yoko Shiba

M. Specific Research
M-1. Role of AMPA-type glutamate receptor in gamma-band oscillatory deficits in schizophrenia
Kyushu University ~Shunsuke Tamura

IM-2. Development of a novel risk stratification strategy using liver congestion assessed by

magnetic resonance elastography in patients with heart failure
Department of Cardiovascular Medicine, Faculty of Medicine and Graduate School of Medicine,
Hokkaido University,/ Toshiyuki Nagai

IV. Special Reseach Grant 2021

IV-1. Development of State-of-the-Art Neuromodulation for Treatment-Resistant Schizophrenia
Department. of Neuropsychiatry, School of Medicine, Keio University,”Shinichiro Nakajima

Note: Affiliations above are at the time of the grants were subsidized.
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