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The use of time-dependent diffusion-weighted imaging for adipocytes
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Abstract
The feasibility of time-dependent diffusion-weighted imaging (td-DWI) for fat

phantoms and brown adipocytes (BA) derived from human induced

pluripotent stem cells was investigated. Apparent diffusion coefficient (ADC)

measurements at multiple diffusion times (DT16-DT676 ms) showed three

distinct diffusion time-dependence patterns. In the absence of fat suppression,

lipid proton signals from triglycerides influenced ADC measurements,

plateauing at approximately 40% fat content. Cell viability was 1% in the BA
after MR imaging. These findings demonstrate that td-DWI can detect
diffusion time dependence in fat phantoms. However, maintaining cell

viability will be necessary for future studies.

Keywords: induced pluripotent stem cells, brown adipocyte, apparent diffusion

coefficient

1. B8

v MBEAEFERRIE, BUEAIC X AR
TARLF—REHCEEREE 2 S (D). B AL
ZRetEEsiiiE (induced pluripotent stem cells;
iPSCs) OBl 2 3559~ 2 Hffr 2 he T
XN THEV(2-4), IEH7 EORBIEBICKTT 516
FIEA~OISHABYIRF SN TS, —7, NI

DHEFERWIH & R BN CBIZ2 9 5 715 ST
SNTELT, TOHENRRDLND.

PEC R AR B 12 (diffusion weighted image;
DWI) 1%, EAEEPNICEBT 5K FDOT T
EE AL L, BT EOVEEEREL (apparent
diffusion coefficient; ADC) 72 & DFFIEIZ X VKR
TR ORI 2 IR BERI R 9~ 5 . 13k DWI



TITH— OPLIRFNIZ BT D IEBRE A JlE T
AR/ AN /A G L Qo N TR

(time-dependent diffusion weighted image;
td-DWI) TIIHEE DI 252 E LT ADC %
HES 22 &T, BliEIZB 2 1 0 FE 7R 1S
WOBGNAIRETH 5 (5, 6). AWFFETIE, A
RO DH 77 FABEIOE b iPSCs HIKAE
EAEHIRE (LT, BA) 128175 td-DWI o —
o AR L, BB O RH O AT RENE 2
HOoNCTHZ EE2HIE L.

2. Ak
()MR RIGRAR

MR #HGEHOFRNT —L~ A 7 aF 2—T71F,
HWHEESRRFEaT 77V )7 v 2 —ikitil
EERPY & Je[@ < 3D 7V » % (KEYENCE
AGILISTA-3100) Z HAWTCIERIL 7=, KL & —
I~vA 7 uFa—T7%mlE (AGC 77 /77
ARk, 2363-025-MYP) ~220E L CHRRRL,
MR R T DB B R TE D L9
WE LT ~A 7 BT o — 7 IR DS
BE, MO LNAREE 2D LD, A7) a—
B ERNOBEZMER U2, i HEM LSRG

(KEYENCE AR-M2) Th-7-.

(2) MR ~7 2 ka2 LDkt

FATHIFE(D) 2 BB MR ERE LIZGE 7 7
v hAEERLL, HERHERZ R L L7 td-DWI @
FRREEFRNRFT L. ERL=Z7 70 b A
DRITIEFER 1ITRT.

= 1. BHO7UNLES—E

Fat Water, Coconut Tween-80, Gelatin
content, % uL oil, uL uL (Sigma-Aldrich®), g
0 975 0 0 0.025
20 749 218 24 0.025
40 523 437 48 0.025
60 297 655 72 0.025
“E E: Water 1.0 g/mL, Coconut oil (FUJIFILM Wako Pure

Chemical Corporation) 0.916 g/ mL, Tween-80 (bioWORLD) 1.080
g/mL

MR #f%I1% 9.4T #£&E (660 mT/m, Bruker
Biospin) BLOWE 23 mm DY L/ A RaA L
(B BRERT) A FAVCHEM Lz, TaBosR, v
2 ARl = — (STEAM) #ieiEmn/ 8T 4 —

ZIZLLTF OE Y Th - 7=, s (A-6/3), 16,
36, 64, 100, 144, 196, 256, 324, 400, 484,
576, 676 ms ; PLECTM 1 ; bfHE : 900 I8 L
2225 s/mm?, AJ¥ckrsesE (6) : 2.4 ms; TR :
5000 ms ; TE :15.8 ms; FOV : 24 X 24 mm? ;
~ U7 AP AR 64 X 64 ; GIE - 0.375 X
0.375mm?; A7 A AE :0.5 mm ; ‘FHEHE 1 ;
BUSRERR] 10 4y 40 B X 12 (multi diffusion
time) X 6term. 7¢33, MR ENIL 22CTh-
7-.
(3)ERiPSCs BiR4GEASHAHAE (BA) DIEE

HORRM PR TR L OB LA EATIC B8V T,
b NMEMMERAIELY OMERZS T, TR
ZFEf L7z, & b iPSCs & vz BA ~D4r{bih
L, M ST e b i S E T4,
BA /pbifEss#izix, IMDM, Ham's F-12,
1/100 Chemically Defined Lipid Concentrate,
1/100 Insulin Transferrin Selenium, 50 ug/mlL
T Aa)r -2 ) v, GlutaMAX™
Supplement % A 7=,

t b iPS #li %z TrypLE Express % HUTHl
B L, Corning Elplasia ~/VF 7 =)L 7 L— hZ
2000 cells/spheroid F2EE DT L 72. 01k
FHEBIRS H BiZi-Matrix 2—7 4 7 LIz 7L
— NMIFEFEL7=. 10 H BICHIlRZ B L7z

i T BA Oy MERZIZBT Dfliflad
FRBLOZDEA LR LT (£ 2). Mladfs
RIF MU AR TN 2 IO PIE LT, TESE
BROFERDD, 10 KR OMIAEAR 50% L L
PRI 7, 8 5 (10X 105 cells, 20 X 105 cells,
25X 105cells) wHRfxtg s Li-.

& 2. BB 22°CI=H T DAL fEER

Elapsed e Cell viability (%)
10x10° cells 60x10° cells
0 100 100
12 56.9 18.0
18 37.7 14.9

OIRFRIDT7URLE LY BA

BHEWI 7R ORERI 7 7 > h 5% ACTRATL,
PRIGANZEIB~R L. F£72, BAITMlE% 10
X105 cells (S1), 20X105 cells (S2), 20X 105



cells (S3), 25X10° cells (S4) ~Ff#k L T
RE &EBITTF a—T ~FEAE, Bl HiRiE
gk £ CEIE TBEI LT,

g ~BE %, EIRIZTEO0BE (1,000
rpm X 34%) &3 L, BA XL v b OIFEL MR
L. ZD%, ~A4 7 aFa—T7~BAZBHEIL,
BRI Clii- L CHEE2 L=, Zhubixmiili~Aa 7
02— (VIOLAMO) ~f L A 7= fRAECis
D58 (2838, 300 rpm X34, 700 rpm X 3 4Y)
T5HZET, Ny bEEMLE (K10). Bk
STz BA XLy FOEAT 0.3mm FRETH -
7=, KR Z 7 > P ABXONS1~84 D~A /1
Fa—T ERGHARN T —~EEIZHREL, TD
%, 7 v FERRNIEHERE (Galden, Y /LA A
TANT AR =RV ¥ N) EFREIE, F
AT L= td-DWI > —4 o 2 T L7-.
(S)HERRAETFES LU AQPT IR

Wgtk, ~A4 7 0F2—TDLECNI BA &
B HL, MiRAEFEROMmEREERKL-. £/,
#%H, HREBICHWZ BA (S1~84) CTHOGHARIL
YA TCT TR Y > T (AQPT) DOFE AT
L7, AQPT IFNENHIRREZ 31T DKk LV
U & v — L oOREGEEME A8, 9), Z DO FEHLILH
FAPNANDKBEN BT 5 Z &, td-DWI @
PEBURF R BEI E T2 B2 b ivd. AF%E
T T O FIEZ Fhi L7-. Bk abrEE,
1XPBS T 2 [Al{%1%, 4% PFA/PBS IAKIZ T=
IE 15 off, BEE L7, BEEk, PBS THH4EL,
4°CTERAF LT, 71 v 713 1xPBS, 5% BSA,
0.1% Tween 20 &% AT 1 BRI TV, PBS T
BEdk, Pt AQP7 HLik (SC-376407 FITC, Santa Cruz
Biotechnology, 1:100 7i7F) % 2 RFfEISUG SH 7.
PBS TUEH%, DAPI IZTEQAZITY, dOtE
AFNTTEA L. 7ok, st byt il
FUIH R F RS A A = AA AR i
RIZT T,

(6) ERAZHT

#t%1t%, DICOM 7 —# % dem2niix (version
1.0) 12& Y NITI EAA~ZEH#HL L 7=, Fiji Imaged

(version 2.16) #HH\>, NIfTI Ejfg L C~A1 7~
0 F o2 —7 O~ 9 SOBLEE (ROD % F
HTHEL (K 2), 25%M4~EH L. % ROI
WIZE1F 5 Mean Intensity OfEl%, B#Elb~72

n A7 Y7 MLURIZELYEH L. 56072 E)
5, ADC#HEH L7-.

2B, AWFUIERRAIETCH Y, FEHTROE
BriddT > TVl o7 EixE—HEME L
TRLT.

3. fEFR

BA~D TN RO DK T 7 B A,
SE~T IZAAIRE S (S1~S4) 1Z31F 5 1st
~6th term D4R (DT16~DT676 ms) 2
BiFT5 ADC (X107 mm?¥s) %/~

fERE 2R 0% 7 7 > F & TIlE ADC M
0.178x10*mm?s (DT16) 7> 0.291x107 mm?/s

(DT676) ~LHMML, term MDIEH >3
UEEREFREI G/ & <, DT484 IR ChER L 7=,
40%~7 7 > b AT HFEREZ DT16 725 DT676 T
BN A G, term BDOIX S SX 325
INTH-T- (DT16; CV 0.9%). —J5, HENi=R
20%~7 7 > h A TiE DT16 (28T 1.515%x107°
mm?s Z7~ L, DT324 (1.811x1073 mm?*s) CTE’
—ZIZELI-BIK T L. B3R 60% 7 7 > k
LA TCHIAROFE AR L.

BA %£4ft® DT16 (2BF %5 ADC 1T SL;
1.534%107% mm?/s, S2; 1.213%x107° mm?/s, S3;
1.522x107® mm?/s, S4; 1.531x107® mm?/s Z7<L,
S2 DIt & i U Tz~ L7=. DT16 &
L L, DT676 (23 Tid S1 8L VS4 TADC
DIXTFMALNT=DIZRFL, CM, S2 3L S3
TFEAEBIE Lo T

da~1121%, BYEREFRR LU term (28
55D ADC D A7~ ADC &Lk
RERAT N2 — TS 5 &, OPEBIRERIC
FEOHEIN (TEIS25R 0%35 KUY 40%) , @&
Wb (NERGZT3R 20%3 L 1OV60%), QEFIRE~
KR (CM, S1~84) ® 3 /¥ —rRAH b7z (X
4). BB 0% D7 7 > N AMIERIFEN TR S
vy ADC Ao L, fliZeft: & B KRl S .
NENHSY =R 40%, 60%, CM, S1, S3, S4 [L[AF
FEDfEZRL, S2 OZMihd BA Sk X 0 XfEZ
RLUTZ. F72, WIS HE term BTRE
A= NSy A N

WBIE LD S1~S4 OMFLETFRIL, WIind
1% ThH-o7-. % H, BA ZXIGUTH AQPT HUiRIZ



X et det i Eli L7208, WIhoH
JUZEBWNTH AQPT OFREBLIZED HizhnoT-.

4, ZE

HEHI 33 0% D7 7 > b MBI 5 ADC X
0.178~0.291x10% mm?s TH Y (X 3A), 20°C
DRIZET % H CHLEERE (2.025 X 103 mm?/s)
b L CIREA R L72(10). ZHUIEZ T oD
3 WotiE B A& 23K 5y 1 DR BRI /IR L
Tl EEZLND.

RERAY 3 20%3 LTV 60% 7 7 > Kk AT term
MO S > %, ABFZECIIARI I 26 H L <
WRWzsh, K7a kbl MY ZURY RyT0
7'va b DIRAIE SN ADC (2% . 2 - " He
MWRd5. £z, N7 U®Y Ro1fo%7a K
U E— 7 X DRI 2 FE o Z &6 (10),
FeVW R R 3 T T2 a0 XL 0 K
RN URY FOFHHNZELL, term WD
X OXRELT-AIEEMERH 5.

BAO)ADCkav(i S1 BLUS4 (2N
T DT16 7>5 DT676 (27 T ADC ME T %
ED A BTN, FAETEN 1% ThHDHZ &
5, FEAMBECREERIR OYERRAE 2 SO LT D
LOLEZLND. MRAEFROIKTIL, 2 K
DR, K 15 FFEOFHE, 8 L OEEEIDO~X L
v MERRIZ K DWERIA N LV AREEL - L&
2 Hiv5. AQPT OFBIAR M S/ o T2 B
&Lf,%@%*;é#ﬁﬁ@%%,%@ﬁﬁﬁ

IZEDBHBRUTOY 7 F 0, BA IZBIT5
AQP7 BEEDIK I NE X b,

AT LY, td-DWI L7 7 > b A CTHLHRE
BRI Z R ATRECTH 0, R ROEWIZ X
5 ADC OEREREZ OND Z ERENTZ. F
7o, AL B O TIRERE 5 OIRAN ADC
(B, EORENINEN /75 40% R CIRIT D
272D 2 LR S T2, A1kIE, o 7eimiati
®ﬁ%,@%ﬁ%®@%,%@%§%@&§ﬁﬁ
BTHD. £, MR AN L7 iilis 2 (X
T4 T) IRRETORRBIZEL Y, Mla~DA F LA
R & MR ORI IR S5 . td-DWI T
36172 ADC 7> b RIEFHAFE L OHEE 2 f5+T
TE IR FTRED S D EMRGET 5 TETH

e

I3 S0 R R N U O BF SR Bk & 52 1 TSR
fii U726 O TH. MR HEEOH R L OB
Z ZHRULAN T IV B AR SRR 72 D ONT BT
BE ARV A AYSY SRV & oV NE SOF i e R I/R
DGR L R ET

BE R
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1.

ABBHFRNZ— Lk,

B#EffE~Ar7aFa—7,

C HARIR, Attt 5y MERMEO v b N TERerEHila b g e smie (S1~S4)

2. YEBURF R L HORFREIE (st term, b-values: 2,225 s/mm?) D45



3. 1st~6th term @ T EOJEEfFRE (ADC, X107 mm?/s) & HEEFFE (DT16~DT676 ms).
A BN 0% 7 7 > b A, B) BB 20% 7 7 > b, C) BN 40% 7 7~ b4, D) 5l
% 60%7 7 bA, B) B (CM), F) S1: b b AT Zaertkismiai kg alsib#mie (BA) 10
X 105cells, G) S2 : BA20X105cells, H) BA 20X 105 cells, I) 25105 cells.



X 4. BYLEEE (DT) (12810F 5 1st~6th term O RNT EOYEEEE (ADC, X107 mm?s)



ReREEEI TR AL KSALERKY BT IN)—I2LD
KRB AR AT LOESRE

NI E#E, Koki Ogawa

EEEMIKRE XFERFEFHER T467-8603 ZHEMIHFERXHILRE 3-1
Graduate School of Pharmaceutical Sciences, Nagoya City University, 3-1 Tanabe-dori, Mizu

ho-ku, Nagoya 467-8603, Japan

Abstract

This study aimed to construct a novel intracerebral drug delivery system combining nasal administration

with magnetic targeting, and developed iron oxide nanoparticle-encapsulated PLGA nanoparticles

(IONP@PLGA). Magnetic field application was confirmed to significantly enhance the uptake of

IONP@PLGA by glioma cells. Furthermore, applying a magnetic field to the brain after nasal administration

in rats significantly improved the brain translocation of IONP@PLGA. This approach improves brain

translocation following nasal administration and demonstrates potential utility as a platform technology for

future control of intracerebral drug distribution.

(WFFERRIR I L URR)

[Fim]

Lz 1L % 3 B8 P9 (blood -brain barrier; BBB)
ELEL . WE OBAT DR [ZHIRE T,
Z DI | B ~FEW) 2 =R ENILZE T DT2OITIE,
RZv 7 F U= 27 5 (DDS) HAif OTE FH 23R
AR ThHD, — ., G2 LT GBI~
DIEFEATIEE (BRI ) DIFIED IR S
THEY, ZNEF AL T V) —BFES K ) #Y)
IZHEDHILTWD, Ll —7T VAU —Tlik
ST D MU FEI A~ D /3 AT AR 03 < | 3
BT DMEBNLRE SN D EVIIREN D, €
DI | I BIR A IRIA IS T 572121,
A PNAZ 36T 2 B4 o A 2 6 38 \ AR 3 2 58T 72 7
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TEGRIRDHI TN D,

W ORNERERIE TIEEL T, BEEA B Sh
WS E R LT RY — 7T 1 7 ) D3RS
RSN TODHEDD, KT VU —~Di H
Bl nETHESN TR, ZZTAFZET
X, ST UY=Lk — T 7 E B
THIE T, DAY DI BN 72PN S
M7 VR —RNAIRBIZ/R D &35 X 1o, ARWFSED H Y
13, R G T LI EK RS DDS U7 %
AL, BB G- LWRY — T T4 IR N
DIERIEANL A~ T 2 R ZE AT RE/R T AT L% B %8
THILETHS,

(B H]
TS ERA Bk & FE M % [FIRF L ZHEHK AT REZR DDS ¢ U



TELT, RVHEE -7V — Lk (PLGA) T kL 1
(2l gk 2Ri1- (iron oxide nanoparticles; IONP)
%5 AL7z IONP@PLGA A AEHRIL 7=, &1 TR
BLE B LOE R EBELE I RO FERNEIZ LD
IONP@PLGA D SEBEM AR L 7=, WRIZ, ZVA
—vAlfakk C6 MW MG TIck 5
IONP@PLGA DN HIAZ B2 IE LT, 6
12, 7> M2 IONP@PLGA %% s 5L, IR
Z RIS LT BR OIS A T M 38 SOV N 43 A & AT L
7

[ 5R - E%]

IONP@PLGA DFHHL

IONP 1% FeClsds LT FeSOu4 V= — ka7 4
A EOERIL | B F8813 26 nm SARVERY YA
A TohoTz, PLGA T /R ~DE AN 2% &
5728 IONP % (3-7/7ae’ /L) N
> 7 (APTES) ICEV 1 F A AERL 7=, PLGA @
TRRARNRE TONP 23 Lok iR ZH#: TR
A+5ZET, IONP@QPLGA ZERILT-, 557
B ORI RRITH) 200 nm, B—X BN
13 mV Th-lz, B BBEBLIZBW T, BRIR
R PN RO D R S 7= 285, IONP
2 PLGA 7RI FPENCE ASIL TV D ZEAVR
iz,

C6 7 VA —<HIfE~DEYIA L

7~VUr=6 (LD EOEIERL 72 IONP@PLGA % C6
HMICEINL . ~ 27 %y b7 L — e W TIE R
DR 2 ST U712 . — ERFEEZE LN O Fe
BEERLIC, ZO/ME. 1~4 FEHOWTHoORE
[BLRIZ I Th | BEs RS RE CIL IR RS L L
LA EIZEWHNEIAZ B FBO bV,

DFEFRIL, 7~V —6 DHOCBIERER LS — LT
B0, W5 HHZ X > T IONP@PLGA i PN H
DVIABLDPRESNDLIZED RSN, £T0,
IONP@PLGA ZFEMDRIKFE AN FRETHLHL
MmH L, MRMICE AR EBERL
IONP@PLGA #ZAF#3 22 LT, S iLEDIRE
SR EDSEIfRS A,

In vivo {2331 A1 T - FF-AM

7 MZIONP@PLGA R 4 5-1% . 74T MWiAa
VTSRS A IR L, IR A T M3 KOV
Oy AR E RN L 72, F O RES R B kY
IONP@PLGA DIM#AT &I 3 FFITHINLT, %
7=, IONP Hifi&tbizL T, IONP@PLGA D J5 A3
WA T A R LT (Fig. 1)

Fig. 1) Accumulation of iron in the brain after
administration of IONPs or IONPs@PLGA
with or without a magnetic field. Data
represent mean = S.D. (n = 3) and analyzed
with one-way ANOVA with Tukey’s test.
Significant at **P < 0.01; ***P < 0.001; ****P
< 0.0001. (b) Representative in vivo imaging
system (IVIS) images of untreated rats (left),
rats treated with DiR-IONPs@PLGA without
a magnetic field (middle), and rats treated
with IONPs@PLGA with a magnetic field
(right). Copyright © 2025 Elsevier Ltd.
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ARBFIETIX, BIGIGEME DDS v U7 LT
IONP@PLGA ZBHIEL | Bl REHC LD VA —~
M ~DHIA MR HERN R A e LTz, SHIT, 7
> M DR B G~ 55 R 9528 T
MMRATYED M BT 52 & FEFELTo, — T, K
P 31T 2 3K 53 AR ARG 8 | I 3 2 BB 121
FESTUWRU, 5% B LR AL N ORGSR A3 7T
REZR BRI OBR LA A O E LI LT, WMIE
BIRIRA~OIS RS D,

[3%E]
ZOBFGEITIERIE 31 RIS
ZEB AR Bh &2 T CERMLIZH D TH 5.

[FFERA]

ARG SLOWNFITLLT O3, ¥ ARY T LT

WELIZbDTH D,

® K. Sato, K. Ogawa, S. Nabeshima, S. Suwabe,
T. Ozeki. Fabrication and Application of Iron
Oxide-Encapsulated PLGA Nanoparticles with
Dual Responsiveness to Magnetic Fields and
Light for Nose-to-Brain Drug Delivery. Journal
of Drug Delivery Science and Technology.
107535 2025

® /NIIEEE, SREGEE, FREAR, s
7, BRI Nose—to—Brain O%hEEZ 5
LRAFN M =2 — X VT A EFE~DIGH
HASEA 2R 5 FG 2024 4EFERFTER
(FAFFRRLTR)

o IIEME, BEH ARG IZIOMBIT
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Elucidating the neural circuits underlying the monitoring and adjustment of action
stopping: A multimodal study of TMS and fMRI

REHEE
Takahiro Osada

JE R RS2 5 S AR B B — R,

T 113-8421

AR SR X ARE 2-1-1

Department of Neurophysiology, Juntendo University School of Medicine
2-1-1 Hongo, Bunkyo-ku, Tokyo 113-8421 Japan

Abstract
This study aimed to clarify neural circuits underlying the monitoring and

adjustment of response inhibition. Using fMRI, resting-state network analysis, and TMS

during a stop-signal task, we identified candidate fronto-parietal regions involved in

post-error behavioral adjustment and found evidence suggesting that these regions

contribute to subsequent stopping performance in a time-dependent manner.

Keywords: response inhibition, stop-signal task, functional MRI, transcranial magnetic

stimulation, fronto-parietal network

1. B

BOGHIH] & 1%, AU 72 78 2 8l L, Rz
{BIZ)IE CCHE gl 72 178) 2 184K 3~ 2 38 MR EE T o
D, & OB TENZ S A D EE R FTIRRED—
DTHhD. PlzIE, HEIED T EAZIT G Z LM
LRI 2178 2 SlofR&ESh D L o1, b
ROZAGITIE U TITE) 2 LIS 5 72 D12
KRR THD. Fiz, TOREEITIEE R - ZH)
Jit (ADHD), FRIBJE, {KIFIE7R & ZARI2IER - ik
PRIB L BT 5 Z LB TV A,

CNETONZEC LY, ROSHHNZ X T RIEEEL
"B %30 (posterior inferior frontal cortex: pIFC), Hiiffi
JEIEENEF (presupplementary motor area: preSMA),
SATH )1 (intraparietal sulcus: IPS), RAMFSIEAL 7R
EDREETLZ RS TE. FalILINZE
T, HEREAYRE AL NS ) 4 1% (functional magnetic
resonance imaging: fMRI) & #% 88 25 f% <] P4
(transcranial magnetic stimulation: TMS) % {05 1>

BIAFZEIC LV, 45 pIFC IS TENSE IR 240 9
JERIRENY (ventral pIFC: vpIFC) &, [{7EhZ 10+
=% - FHEI B 59 5 A E5 (dorsal pIFC:
dplFC) WFET D Z L afEL T D2 &5
(ZUTAE, Fex 13 IMRI, TMS, % 5E 2548 5 % 1
(transcranial ultrasound stimulation: TUS) % fHA&
52 & T, HREROLIE SITENE (L DE
ATIZE D BOCHNTHH O K BUEM A 2 B & 22 L
7=,

— 5T, TR IR OFT =2 ) o SRR T~
DOATENFHET 280 5 MR EIR IOV TIE, RIRE L
TARHZR SN L, RS, 5 IR I T &
D X 5 IRIEFREE N T, EOFHERNED L D
WZIR OATENHIEI A~ S 40D DT DN THEA
SRR S U Tueu,

Z ZTARMIFE T, BOSEHNC I T % TEs
1LDE =% - Fifii ) 25 5 FRRRIE ORI &,
FOWEMHIE A T I 7 AZHLMNITHZ L &
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HEE L7e, Rric, BOSHIIIHRH SIS B9 2 fix
BIRORE L, £ 0 DOFEIIKT 5 TMS St A
(Z ZDRRIIRGEZAT 5 2 & T, (F1IERER D1 T
FE RO PRI 2 B HE L7z

2. ik

TR RN Z RRIT, ROSHHERE TH D A by
7 7 F ViR (stop-signal task) Y% H 72 fMRI
FBR A I U 7o, AERRECIE, #EBRE X 2 B
RSB REREI IS U TEEDWTANOR
AR EAT O (T—37) —F, —HoaTT
TIHEILES (A by 7V 7)) BN rnsh, £
DERIZIT AT OFEE S 2805 2 & 23K
oD (A Ny 73IT). AR TIE, FRTIG
PR OIMTEENCE B L, 1F IR OE =
&) T RATERENC B 53 D MRk O R R &
1To7~.

fMRI 7 — & i ClE, BOGHIHIRSRI T &
OVRPGERA TIZ BE 3 2 T B & bl U, JORELC
R ZIEE 2R A i L7e, E612, %
i fMRI 7 — & & T, [AE S - it
M OMREAIRE B AT L, SNy E D X 5
PR RIFRERE R > B U — 7 NICALE ST LD
gt L7z,

INZ T, IMRI 36 X OVZFRRER > b U — 7 fifhTic
FEOWTHIH S = fEmlisedgl s L, TMS 12X 5
RIEAIINANEREAT T2, YRENA Ny TV 7
TV A Z(T LTV D EHIZ, B TMS % M
W TERITEIR AR 22 ATV, £ DH DK
AR~ DR AT L 72, Fric, AT o
D54 I 7 THIRZEATS 2 & T, KMk
23 IR SRR OATENFR I IS B B3 D e R AR IS D
WTRRET L7,

3. fER

fMRI FEHT ORGSR, BOSHNH J PR 215 E) &7
THE S LT, B L7z dpIFC B8 L TY IPS
W2z, FRIEERE (middle frontal cortex: MFC) 33
K ORI BN EF 17 (anterior preSMA) AMEEAHiE
Bl LChhtishrz.

dpIFC 3 L OVIPS 1%, Fex D EOMF%E D223k
WT, BOSHIHIEOATEIE =2 U > 7 OiEiN 2B
A DR & U ORITWED, ABFET

14

L& B2 MFC 3 & O anterior preSMA DB 5725
e X ALTe. TAL S OREEIE, 15 IR IS TR
MzRL, ZO%ROITENEIEIZED 2 ATREMEN S
z b

F7o, KRR IMRI IZEED S BRRERY R > R U —
7T, ZAUS ORI ETEE—SEIER v b T
— 7 (fronto-parietal network) % H.[» & U 72 JRIk >+
v N =7 NIZMEDS T BN D Z EDRREI N
7o, ZORERIT, OSHHIEMEDOE=2 1 7
RATEVFHE Y, H—MeEE Tl <, EHE o
5 - BATHBEEO DR S ND Yy FT—21Z 8D
HZBNTWDHAREEZ R LTV 5.

S5, HAETMS IZ L 290 AEBRTIE, BUSHD
il SR FBCRE D 2R i D TR ) A L Al ok ~ R A A T
STEGEIT, DA B > T3ATORGHRI DT
HHNIZ (K 1), FES A I 7L > TRED
BN TN ET2 2 Z & b, A5 IR I RFEK
FER 7R ARRR AR AR AT L, 2 ORI T
DA TENHIE A~ X AL TN D ATREME DS R S 4
7z

ter no-spStim Stop success
ter spStim Stop success
ter no-spStim Stop failure

ter spStim Stop failure

Correct response rate
(no-spStim Stop) [%]

-120~-80 -90~-60 -60~-30  -30~0
Time window [ms]

B 1 : A~ LR TMS SBRUC LY
122 11 S B RR D BEE R D BRI HR L 2 33 1T A fBj AL
B, RO b TRAT ORI L K
ETRHEEAVR ST

4. BE

ARFGETIE, BOSHIHIC BT 5 ({TEsE 1o+
=&« ) 2 O MREIFRICOVL T, IMRI IZ X
DIRENRAT, 2255 IMRI (12X DR v U — 7 fif
M, BE TMS 12 X DREHIIN A ZAE DY
TR L 72,

ZORER, TERN DA E L TEZ LT
V72 dpIFC 35 L TNIPS 12 %, MFC 33 & UF anterior
preSMA HME I Bt O TEIRENIZ B 53 % Al 6E



PEAVURE T2, FRIZ, 2005 OREIE A HIEE—SHTE
Xy FU—ZRNITHLESIT b2 i, RS
flgoT=4 1 78 I OGHEN, EEEE) S
HFy NT—I XA FI TRV X260
TWDAREMEER R 5.

FE 72, TMS 12 L 2 RFRFESR A AR CI, 15
(RSB DR ERFR AT I3 1T DA EIGEN DS, YR
1T O RSN AR5 B % AT 3 ATREME DS R
Sz, ZORERIE, RSS2 B T1ED 5
NT=DVIED B0 T2 LD AEAEFL &
LTHZ DT TEIAT3TH Y, F 1K %D
E=F U 7, ATEEHE, RKEIT~O S %
EeEROHIEERE & L CRRT 2 MBI AR L
W5,

S5\, AW TE DB R, BOSHHIkE
Eh BT DR - RSB T D IRREERIC b
FHETHAREMEN B D, 21X, ADHD RCHidiE
72 ECIE, BAEILRE DR T T,
1R R tE DI TENFRE S D FAET 2 FTREME N B
2 HID . ARAFGETRE SRR EIEIE, £ 0
KO RIFREA D = X L BB iR T 7D DHAE L
2D LIRSS,

B

Z DOBFGEIT A EE NER I X 55 31
[ S R 2T ZEBh R D i Bh & 52 1) T30 L
-HDOTHA.
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Development of a characterization method for magneto-liposome

by alternating current Cotton-Mouton effect

3 &7 A R

Masayori Suwa*

PRI KRAFEFEE AR, T 560-0043  KIURF & AR A (LT 1-1
*QGraduate School of Science, The University of Osaka
1-1 Machikaneyama, Toyonaka, Osaka 560-0043 Japan

Abstract
Magneto-liposomes, functionalized lipid bilayer vesicles containing magnetic nanoparticles

(MNPs), are expected to serve as nanosized carriers for drug delivery systems. It is suggested

that the magnetic response of magneto-liposomes strongly depends on the spatial distribution

of MNPs in the vesicle. In this study, we have developed a characterization method for

magneto-liposomes using the Cotton-Mouton effect under an alternating magnetic field.

Keywords: magneto-liposome, magnetic nanoparticles, Cotton-Mouton effect

1. B

BEME D AR Y — 2L, BEET R (MNP) %4
FiAte Z & THEREAL L7ZIRE 0 TIRUNE T H
D, FIv 7T IUN) =V AT LDOFx T L L
TSN CWD. B CTREME Y R Y — A &4
AL S, S OISO X%
MNP DFEEC[AlmEENC L 0 O FEEME % 5 D
L L, RPNERZRIERI ORI ATREE 72 5. F
72, MNP | TR I A A —2 0 T DIERAI L 70D
728, PERFRR~DOEEDP R TE 5. S BIT,
DA E 2 —27 > b & LT, BEIEEWEE
ERAAA DR TR IR BRI T X 5.
WEME Y AR Y — L H D MNP DZ2 14545 OE I
ZORSREICIR BT 2. Bz, B LT
WDy, NAKFIIZERDE L QU D s CEEAI D %)
ENENT D, NEE T DMK D A A 58
FEFB LUV pH, MNP OFKEHEZR LT LY Z D2
MOMITEET 5 EndgESN TR D, R
ST Z D E MR VETH D, BHIHINSE
WA TEEMEE (TEM) CHERSILTW D23, K
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W& BN, FEO-ERIC L RN 21,
WA NEE, & W8N H 5. Wtk
R —LDF YT 77 ) ¥—a 0%, Z0HHK
R BEHEE FTRE/2 FIETIT 9 OB E LU,
MNP O HIRIIRE /eay hor=L— %)
B (Cotton-Mouton Effect, CME) % 7~9" 2. CME (3,
MNP DOREGEE AN LR 92 2 5 (B
PR & ERERYT) O TH 5. Kifids T T
CME (229t CME) %l E 3 4UE MNP ORLA] 4 A
FTI T AZBRITE S, ARWFZERETIZ MNP O
TSR K D ASHE CME OiEWE LM E L,
Wtk R Y — DXy 772V E—avike
LCOSHTA - L2 BET 5.

2. ik

A2 CME &

2t CME HIEIZITBEFE Y02EE 2 AWz (K
D). BEE 5 TR 2 B3 B3 5720,
A NWRHD T2 D DFEERIK DR EREE & 3Bk D
IREE DM DOBIRZFEAIICHIA L, 20-60°C DOHifH



T, BEEEFE + 0.5 °C OFERET CME HIEX T
= AU OFREE 13K 15 mT, J& X 0.3 Hz
- 40 kHz O#aH g | L7-.

Sample

Polariser Coil Qwp WP

Laser I

H

1 2 CME JlE2E. QWP /4 JEER, WP U4+ TF A b

7' XL, BAPZE g . IR E L CHE 785 nm D&

RL—F—Z iz,

MNP 23 B Z B9~ 5 CME (3835 f DA
W3H = Hycos 2mft)IZxt LC2f CIREN L, J&
FIEEIFLL FONXTERT Z N TX S,

Ryf = Ryy cos(4mft) + Ry sin(4mft)

Ryp, Ry ICFIRERDFNAHR Yy (325 &
RSy (HEER) \Zdhi=b. vy oA 0T 7w
W TCRyp, RypZHSHECHIEL, fITx LT my
h45Z & T, CME EEART ML a7,
MNP 53 HUE D CME JEE A~ MUz, BLF
@ Cole-Cole XN E < HTITED Y.

Ryr = Ko
71 + (idnf1y)P

22T, RolHMEEREGESIZ ST DIRIE, 1T
TEFCCAM R O% & I XBL AR IR 2 K9~ 5,
Bixn DIL 0 Zrm /8T A—Z Th 5.
APl A

IiECEk LIz~~~ A b (y-Fe;0;) MNP
A L7z, HEE ISR L0, SEER
1L 9nm Tho7z. RmEMITML Tkod, (&
NiT+H45mV THo7-.
k) AR Y — L Dl

I FHWSEND VR Y —AfHEETH DN
HAEICE VT2 =SB L — 2 —% WL
J&7 7 AIADBEZIERR LTV 7SV A VR AT 7
Fnal) s (DPPC) OEfEIZ, MNP D4k %
WINL TRMES/ D Z & TREMEY R Y — LBk %
LT, SHIZ=I A M—F—ZL Y, WY
WY — DDV ERERI R 2. =7 A M—F—|C
HW=7 4 v2—i%, AR7£100 nm, 200 nm, 400

nm O =fliz iz, 77U £ e — L OFIN K 4Rk
FHOREEE e i L7z

3. R

et U AR Y — DB O AR CME 136550 )8
W Ik LT 2f THREN L7=. CME I< MNP O
Gl CRL R 5 728, JERREUE AT & MNP D
BRI o 2 AR S 5 Z &N TE 5. X 2a 1%
etk V) 7R — DAY > CME A A~ kv
Thbd. 2T, BRES () OBz rT.
A IKABDREE DS BENI DIZHE~ T, E—27 HMESE
WEAMICY 7 b L. E— 2 BB OS5
EROD &, K ORESE L O HFIBIR DS &
N (X 2b). 512, BEEEELTE LY
Y — AEL SR U7 [BMREEFRE & o 13K
< —FK L7z, ZOFERIE, MNP 23RS L,
VARY =L EEHIZHEERLTWD Z & RIS
5. YA ZXORILDHEMEY R Y — LT3 L THIA
FEDRERN G BT,

5
03 4 ¢
el
o 0 3
g 02 £ .
~ ~ 2 ]
= . (S /
X
' 0.1
Increasing 7 ™3 1
0.0¢ 0
10° 10' 10> 10° 10 00 05 10 15 20 25

flHz n/mPas

2 (a) %t CME (H358)  DJEEE AT & O)[FEiEFIR
DIKAEREV AT, Bk D R Y — A EE © 200 nm.

] 3a (2, BaEME U AR — B HUR O 5 iR DA
CME JEEEA T MIVOIREE L Z~d IR E
FHUH KA DOREE MK T 5728, A7 K
VDB — 7 NCEEER A R E) L, FFIC 40°C
FHECEE 72> 7 MBIl S L. JERE A~
LIS REES 721 (2B T S 278D D3
iz (K3b). ZDiRENE, DPPC 57 FED
TV —RAFERIEE (Ta=41°C) &—&T %.
AR O AR TIEBSREIE D S < 7 b Z &8
HHITWD D FOVHTIE, BREhENME <,
ViR Y — L DIafED Fx 75 MNP OFEC[AFERN 245 5 .
—J5, WRAFE TR RENE A FFO72 0, ENT
® MNP D[alfiz e U AR Y — L D[E#EOD 7 5L )
RN H BT 5. 2 OB S Bk o1
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Mz kv, 2T MO EEE S 7 N aMvE
CizéE2z6N5.
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i (-]
(-]
(=]
® 08
£ °
= 0.6 LI
. 04
0.2
0.
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3 (@MY AR Y — LDZEHE CME JARE A=Y by ()
& OFERRF R IR A

4. B

JAREL AT SV DI KR RS BE A B
MNP [FUARY —AEE & HIZEREL TWDHZ &
DRSTz. 70, IREERGFEDD MNP [IEIC
WE L TWDZ ERNgmoT-. BT, nnbhi
FEY ORI Y R — 2D A XF= 7 2
N—H—THER L7 4 V2 =D LITITE
L<, BEEY R Y —LDEE L TWRNZ LD,
MNP (ZNAFRENZIZE L TVD 2 & HRIB S
7-.

ZDX ST, WY R Y — 2D CME JEEE A
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R ML E, MNP O/NEN T OZER- /3 AR IZ BT
HHEHIMANEONS. 51%1E, AIEELE
MNP X°, 22270 Flzide v K © MNP
Ze FAWTZREME ) AR Y — 5> CME A~ b
NVOREZEAT, RIEOHIEEZRGET 5.

HEE
Z OWFBEIRPEEE 31 IS AFZEB R OB
BT CER LS DO TH 5. BN E T M
BlER L EDLBGELIIE T, KIS KRB
WFTERE B ATl B OMRR 2 5 L
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Photothermal chemical nanotherapeutics that simultaneously achieve magnetic
imaging and treatment

1IN T *, ok
Kazuhide Sato* ,**
i RRTFIRFEBEE R ERE, T 466-8550  E A4 i BT IRFN X ESHEAT 65
o B AR R L = v b, T466-8550 R4 I BT IEFN X S ZERT 65
* **Nagoya University, School of Medicine
65Tsuruma-cho, Showa-ku, Nagoya city, AICHI, 466-8550, Japan

Abstract

Conjugation  of

mAb-IRDye700DX

(mAb-IR700) to  dextran-coated

superparamagnetic iron oxide nanoparticles (nanomag-D-spio) yielded nanomag-D-spio-
mAb-IR700, enabling dual imaging (IR700 fluorescence/MRI) and targeted cytotoxicity
upon 690-nm irradiation. The conjugate retained antigen selectivity, exhibited activatable

NIR fluorescence after cellular uptake, generated negative T1- and T2-weighted MRI

contrast, and demonstrated robust, cycle-enhanced photothermal performance.

Keywords: iron nanoparticle, near infrared photoimmunotherapy (NIR-PIT), theranostics

imaging, magnetic resonance imaging (MRI), photothermal therapy (PTT)

1. &
PUARSLH, TR U E SR (ADC ;
antibody drug conjugates) 2373 ARESCIERGLE TR

DX — KT 7L ooHh5, ZDXHRHPT,

HEEHE X ADC & LT, HURILESE 20N

L 72 3 R 4% % #F 0 % % 15 (Near Infrared
Photoimmunotherapy; NIR-PIT) DO#f58% &7 L T
X7 ARIRRIE, PUR - O 0 B D
HIAALICHE S LT RRICE RN RN 325 2 &
T, MMEFOEP B E TR 5, ZNET
DHHREE X U T 1 LITTBRITRR D87 %2 v
TIBHE T, B DI EROSHIISE S 2018
FAITREA LTV D %, Z OMIRSEDRFRMEIC Lo
T, NIR-PIT 1% 55 OnAIRK) & LTHERS
WTHIRFSILTWD (K1), SHICEELIZED
SRRy T A B = X LB BN L CHALH
SE. “Photochemosis” & 4 f+17 7= 3,

ADC DORJEER & LTUEBE S AT LITRNT
HOX, ZORRKE L TRESAZ EITENOH
JFFEBLNIE S DN TUN D ADC ORGEIBEH S A
TLITED T ENBIT BN, ADC DFEEITH L

T EDOREEMICHE S LW D v hviiE, ADC
Db EXD Z LN TEDHEBEZLND, &5
I{Z NIR-PIT (2B LTI, JERRERTOEERFE G E
BECXIUR, FERIERRA O B2 2 b S S b
T 5L THREIASDIRER R KILT D
ZLEMEREE R D B, ZD ORES RS
B2, PUASIA] ADC Z#e5 L7-BRIZ SRR
EORREBE S AOFERIRETAIZEE L T
L E AR O WA A — 2 7 TRl © & U
B TH D, AWFIRICL Y, WEEEIRICES
TR AsD IR A 3 ABIR TS % T
L. fetA A— 0 7 LR 2 [RIRFRER T 5 IR B
WWFEF 8T )T 4 7 ADERZFHE LT,

%] 1. NIR-PIT O
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2. ik
2.1 HuikfHim
TIVR DA L LA XD VR B DBE

16 % 4 L T panitumumab-IR700 & #& & L 7=

(Antibody Fe-nano conjugates; AFC, pan—
IR700-AFC),, VERCHEAI OB A E - BEMEE 5 EI %
JEM-F200 BAfEE 2 F T S vz, SHI O
FEIF UV-1900i Plus (L) 1 CTHIE L7z,
2.2 EHIEER M 5E

SRR TIREIR RS G (U BT M

WTRRHE E4L72, MR BHRIZ MR A A —2 v — (R
VivoLVA) &R\ CHEG Sz, U TV A NEE
fiF & BNE#IZFLIR €2 IR ¥—=/LH A5 (FLIR
Systems, Inc.) ZHWTid#k L7z, 690nm L —H"
—HSHX MLL-T11-690 (RHFFEECERMARR
AT ERWTHRE L2, 722 FUMOGIE, 1T mM
GSH iR & FEANREME 10 pg/ml AX o
N¥r (MB) B 20 mM EER{LAKE (H0,)
LT, B pH fH (5.4, 6.4, F7oiE 7.4)
BLORR HIRESM T TR L7, NIR JefRgt
T COE b ST - OHAE R 2 RT3 5 726D pH 5. 4
DEAETFTI0 pg/ml DMB & 20 mM D H0, 2R
M7z, L—9—H4 (200 W/ cm®) 21772,
KRR U CURI CIBEDORY 7 W10 1eg/mL
D MB Z{RE L7, « OH AERIE MB 20 fif I 3> X 5
i KA. VBRI X AW B TRIE LT,
2.3 in vitro AFEFEE 7 E

EGFR Z- @& 842 A431, MDA-MB-468 i,
EGFR {EXAEHLD H661 ~DfEH % 7 a—H A K A K
U —CHIE L CaMil L7, i (1 X 10°) % pan-—
[R700-AFC & 3£{T RPMI-1640 524554 C 37°C.
6 WA o 2_— bk L7z, FRAIROREA
P2 R T B 7o aRRIED /=Y A< T (1 pg)
EWINUTEBE T v A 25805 L-, Miigiirm
—H A » A—%— (DxFLEX; Beckman Coulter) T
fEMT L. fEEIX FlowJo v10 (Beckman Coulter)
% W CRERT L 7=,

HOCEEIREE#I 2213 AlRsi; Nikon Instech (2T
FehE Uiz, M3 (2 X 10Y) 24T AKT
4oV IRRE L, 24 BifilEEE L=, Tk,
FE#EIRIZ 10 u g/mL @ pan—IR700-AFC Z¥shn L,
37°C T 6 IRFffhs2E L7, el Oz PBS T2

20

[BIEE L7, MIRSEZ N3 57 m ey Ag
FHEA R (BAIREE 2 0 g/ml) | SYTOX blue (B
HIREE 2 ug/ml) A BAPSERBIZRD 20 JATICHR
U7, flaz NIR St (16 J/cem®) (ZHESF L,
Toer 7R BRI & B LT,

2.4 invivo 4 A —T  J5Hl

T_TD in vivo LEIL, 4 b B RFEMW) 5
ZEESOTEFHIHERL L THEi S -, ~ 7 A Xd
ANTSLC Uy " URASHE L VEEA LT, FEBRAL
BEHX, A Y TINT U ERANTY T AR,
1% 8~12 #d Balb/C-Sle—nu/nu < 7 A%t
L. ARIOEEC A431-1uc—CFP #if (2 X 10°
&) 28 L7z, FEEN 1em 28272 DO 2FEH
L7z, IR700 #tA A — > 2713, PEARL (LICOR
#) 2 AT, MRI A A —3 > 2712 MR VivoLVA %
FAWTHRG LT,

3. bR
3.1 T KL F~DHRA N

kT BRI+ & PR (B EGFR $14AK panitumumab) *
IR700 % COOH ‘B HEELDHE &SI K 0 #&7 /KL
F « HUAEER (Antibody Fe—nano conjugates;
AFC) % 1ERK L7z (pan—IR700-AFC /LA R AFC), &k
F 7 RiAF- DY A X1E 20nm D D % = (X 2a)
HUARIIHL EGFR @ panitumumab 2 L7-, S
ERRBURGE LT RIS ATV, A2 ER LTz,
WOGEE TORHITIZ, HUA IR700 OYEEEITERT
JBIA-ORINTTHA L, 7=F L (K2b),

2. $F RF - PURESR (Antibody Fe-
nano conjugates; AFC) DHE
a. AFC O : pani tumumab-TR700 & &k /L
FOR AR
b. AFC, k7~ /Ki+¥-. pan—IR700 DL

3.2 AFC DA A — 0 73 & SGIREE
2.1 TYERK L7= AFC @ MRT & T1 583, T2 R



R CORRMEER R AR L TR L7z, #RE
AR 7RIS RS DL (X 3a), F7z,

690nm DUTTRIMERRFI K 2 HIRBGh R 2 FEt L,

BAFIRRE ER 2457 (X 3b), 7z, AF LT
N—Z W=7 = N U RISORGETCIE, RS
BIRAFIVEHED R S0, SEIREGHEITIM A T,
Chemodynamic Therapy (CDT) DZIENESHI 5D Z
EDVHEI LT (M 3c), AMELOEZE A (PCE)
1329. 21%TH Y |, O TIGRBIRNGOND &
HEA L=,

3. 7/ kifo MRI e, JtREwe, —
= MO
a. $k7F 7RI MRI [atErEhE
b, #kF R OHIRE R
c. $RF RiADT = b RIS

3.3AFC O activatable #8710 —7 L BEPEA
A= D in vitro FH

2b DFEEND, T =L HLR T T KL
FIZ X o> T, pan—IR700 DHEAN 7 = F L, AFC
TR R L WV EE X Sz, N T
O L DT 7= F (k) OFEetEE R
AT A7-HIZ, 10%SDS ZiIL T 7= F v
TEfaeT LTz, SDSTRINC T, 7= F LTz
HOENHBELL, 2-3fF&72o72 (X 4a), ZDZ
EMBH | AFC TSRS L, = R A h—
AL TCHIFENIZ A S TeRICE N EZTRT DT 7 F
R—=ZTNTa—TThbHIENHHLEZ, &6
(ML COLEWZRFTT D720, ~ U A MLIF
T L7 2 A, MFTET 7= F o 7hiE
TPIZEE L TND I &V L7 (1% 4b)

R A RT3 5 7212, EGFR S 38EAN AAA
(FLJ ; MDAMB-468,  FZf&73 AU;A431) & EGFR 1K,
ST KR (i3 A H661, ~ o7 Al ; 3T3)

ZH B AFC OfERZ 7 V—Y A N A—H—%
FW TR L7z, BGPR & BUHIIE Cld pan— AFC )
HOEHEHEL XL, £ 77 pani tumumab BRI
STEDENDBEFESIND Z &S, FREMITH
ALTND EZEZ Bz, —J7, EGFR K « fE58HL
AR CITEEZHE TE T, e L TninZ &

DAL (K 4e), F7z, MPBILICHRE S L7RAE
TFa—7ICTHEBELIZE Z A, AFC BMEEL
TWDEETT MRT TP AlL IR700 236 555
AT THRHMI T 72 (X 4d),

WIZ, in vitro CTOMILSEENEORMETIE
photochemosis MDZNHE-T 690nm DI IZ L~ T
pan—IR700, AFC & & (ZAIRRSEA THE S A5 03, AFC
DIFE ) DHIFEIMEEICFE SN TR, Ziuk
AFC D7 = b U UGIZ & BRI EGI R oI
HNE 2 bz (K de),

X 4. AFC OME & AZAIE ST R
AFC OF 7 = F o JREFHT
AFC D1 H 22 EME DRl
AFC OFER MRS G- O AT
AFC FEA-HIRASE MRT YEE2RE & a0
AFC OFERIHIREASE & & 690nm YERESHZ X 24
N FERE D E Sl

O L A

3.4AFC @ activatable #Y.7" v —7 L BiEA
A= T D in vivo 3

Invivo TOREMEA A — 0 7 5Hil & IR700 H55¢E
OFHliZ T 572012, v 7 At NEERERE T
TV WTE AFC OFRE: 512 X 5 RNEIRERT
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iziT->72(X 5a), b &b & TLT2 #FHO MRI
\ZCrH) intensity [ZHRMR SV D REEHA A5, 1 REH]
~ 9 RFRNZ 2T TR 2 (2R L LT < e
WD, 12 FFENS 1 HICE— 7 [ ZE L%
12, 2 HODLFEREFNEKT TNE, 7 IS
[T GRNTRE D & 5 72BfEAY MRI J7 TR
AL LTt 7= (1% 5b) . IR700 HGi34%
HEZNPOHRAZZHEML 9 ~1 2K TE—7
WZEL-DOBH 2 HEETRIZN, 3 HONDIRA
WZEADME T L TN Z ERbho72 (K 5b), =
DZ LB, AFC 135 FAERER S L LT IR700
DEE L BRI - MRI fatiEal s LT =
ThA A= THEIE L THERATE D Z END
MNoT,

5. AFC @ in vivo FEWENAE & ARG ~D

B

a. MRI & IR700 #5)t in vivo MDA A—
7 FlE

b. ~ U AEEET /LD IRT00 H:GHf5 & MRI
B O IRFHRRE

4, Z5
Fex L, =Y L~=T-IR700 & 8T kit (FF%

A b T REEEEBERALER) ZHEd D 2 & T,

AFC Z1ER L, WEXGEHFAREZ: EGFR £EHY) NIR-
PIT 77 v h 7+ —2 %% L7z, THIZXD
MRI AR 8 0 | > DI RN T CRlpa
TR H—ORZWHING BT, invitro TIX, Z
DA EGFR GERMEA R L, BiRD =Y

22

L= T7IR700 £V HIROVAIISEAFFE LT, Zh
X, NIR-PIT O KA FHIMPLIE A T = X A
(Photochemosis) S FHZEHIICHTR S 41, & HIZ PTT
CEEMERE) . CDT ObZ2rIAIasE) 2o s 2
EETRE LTS, T OEEOMIESE A T =
R ADBPUEEZN R OHETRIZ DN D EZ 2 b
72. NIR-PIT OHHIN E DFLEFES L TCND 0%
FHECX2H LT Ty 7 — AL LCHERE
T5HLEHHFTE D,

Ltk ~ T AETIVE WG ETTO, RlGR
AR E L CORRERIEL TWE 20, VR
A TENIZE, NIR-PIT, CDT, PTT A& HIC[RIFRSS
HTELIEHFN L0 5 5, BRI OFANTFE AT
ENTELT, SHOWFEZMEE Lizu,

5. 3CER

1.Mitsunaga M, et al, Nat Med. 2011 Nov
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2.Sato K, et al, ACS Cent Sci. 2018 Nov
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Spatial visualization of brain energy metabolism by magnetic resonance
spectroscopy using hyperpolarized *C-pyruvate and its application

INEFRRAKF
Maiko Ono

[ESZAFFERE FE T N B R E AN I IE B A B A= e B 2FIE AT
T263-8555 TEERTENMEXIUI4-9-1
Institute for Quantum Life Science, National Institutes for Quantum Science and Technology
4-9-1 Anagawa, Inage-ku, Chiba 263-8555 Japan

Abstract

Abnormalities and alterations in the glycolytic pathway in the pathology of
neurodegenerative diseases and brain aging have recently received much attention.
Hyperpolarized [1-'*C]pyruvate magnetic resonance spectroscopy (MRS) holds great
promise for neurological applications because it enables real-time detection of glycolytic
and oxidative phosphorylation fluxes in vivo. In this study, we compared hyperpolarized
[1-13C]pyruvate metabolism in the brains of awake mice and isoflurane-anesthetized
mice using a custom-built awake mouse restraint device with MR spectroscopic imaging
(MRSI), which enables spatial mapping of metabolism. Furthermore, we compared
hyperpolarized [1-'*C]pyruvate metabolism in the brains of young and aged mice using
awake MRSI. The results demonstrated that hyperpolarized [1-'*C]pyruvate MRSI under
awake conditions is useful for the spatial detection of abnormalities and alterations in
glycolysis and oxidative phosphorylation flux in the brains of mice. Thus, the use of
hyperpolarized [1-'*C]pyruvate MRSI has potential in pathological and mechanistic
studies of brain diseases and brain aging.

Keywords: hyperpolarized [1-'*C]pyruvate, chemical shift imaging, mouse brain, awake
condition, aging

FUE RIS Sh A S D, TR b

ARt DHERIZENT VY N = —Ji{ D
BRI L TWADIZH B BT, T ORIE A
T = X WEIRIZI BTIEZR, T, TN
A ~—JROFEB L LT, R & OB H
SN TWAD. ELE RIS ARG & i<t
WOZZERTHY, MOTH/LF—RFHZIBNT
X, 7AW A FTELE B EASNT-

PA b-ma—m B ¥ FMVBMUESI TV
S (1. FEEDIZINETIZ, TAYNA,~—
BB OBEHRENC I T D RSHET A b m
YA N EFBRED EHA, FREROEERE & FHE
TLHLZEAETm o (H) WIS GE

(MRS) OERIGHICTH LML TS V. &
72, b MM 7L o — 2RV T
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T5Z &M, BrE i EERGEE A O T ERR
FFEIC LD RSN TN D 2 ARFZETIE, T
Y NA 7 —IFRESCIIERIZ O =1L X —REHTA
THOFEME AR TIHONCTHZ L2 ML
LT, EENOE L E RO ERE Y 7L H
A LFZ TR T 2 ERAR MRS Bl O
RIS & i3 5. BRMmR1-2Cle /v e A iE
EAIE LT~ U AWNO T 3L — {32 22 [
N AL T D 72DI, Tl PR O~ 7 A4
(23T DR MRS 2l 2 rTEEIC 3 D E R %
T 5. &5, ZOHIERICE Y E~ T A
DARIA A—2 0 7 & EBLL, HEEMNO =3
X — 2L & D FTHME O m W AR A
fM D FEFERLEAL.D A F1 = X IRBIN kT e Ehis b
RPN FBIRREAFZE I b 72 B LIS D s
AT A2 L2 LT 5.

X 1. Oz X—REH (T A bada h-==
—nu UHEEY v hL)

2. Hk

RWRER LAY TNT VT~ v A TOEIF
FR[1-BCT eV B BRDORMNIH & i3 5 72,
MRI CEEH FIREZREEE~ 7 ABEEEEE &, ~ 7 A
ZHEE LICEET 00~y K7 L— F&21E
RLL, BIEY AT AERR L (X2) Y. EBiC
1%, 2 AR CSTBL/6N ~ 7 A, I, 2.5 )
At GEm) 720 Ui 19 20 A i (Fillin) 0 CS7TBL/6T
< IANHANSN, AV TNT U T T A
BHZEEIC~y R L— b5 Sz, @R
MRS F+#i% BioSpec 3T preclinical MR scanner
(Bruker Biospin f1:44) Z T Sz, TEE
~ U AEEEBBICEHE SNV T A% MR

24

scanner PNIZECE L7274, T2 S mi{g 4 Hus L7z,
Z D%, FFRD DAERR1-2Cl eV B FeEsi
(10pL/g body weight) Z#5-L, €D 4 %G
13C FID chemical shift Bif 2 iS5 L 7=, 25O
E— 7 EENEL, TiE T2 wMaiEgIcERs
itz LT, BIFEMBC Y~ 7 EVER L
7z.

X 2. FElE~ U ABEEREORGHN (f) LA
X ()

3. R
B TREHRO~ 7 AR 5 8RS MRS 5
fifi & FTRENZ 42 IR DRESE

3.AYINT UREET (isoflurane) 35 LU
BE T (awake) CS7BL/6N ~ 7 A DHRESHIEHAIE



(OFC) B X OMEEHIZEHIT 2 RIm1-Cl e L e
VEEREHIO MRS A A—2 07 (MRSD) % iz
A

BAYE L 7ol ~ v A [EE 4L & A4 22 MY
\ZR{ET 5 MRSI FHEAZHWT, A VY7LV T
R T & RBE T~ o A CORBRM[1-°Cl e L e
FED PR & Ll U=, fRER 7 5 v 7 ZADtE
L 72 D[1-BCI eV BV B S Fiis o
T FIVEE, OFC 38 X OMEE % & T OfEik
B S (K3) Y. B Vb7 7 > 7 A
DI L 72 H[1-BC eV E U HRE S - E
RERIGED > 7 X, A Y 7T Vil F D OFC
BELOMES CIIMRALL T CTh o703, BEET
TIIMHRIEECTH - 7=,

BEE TR [1-°C)E LB B MRSI % V=
SR RE 5 BN RN — R L OfEAT
HE T MRSI %2 WG, ik KOGk~ o A
I ORBIRM[1-3Cl e v B R & bhis L7z, Hl
e/ B2V B R ELIC I3 - i~ v A TR B
ERB LN (K 4) Y. F£72, OFC 128
I 2 EIRERYE L B BRI I I - Eilin~ T A
W CHBERENR LN -T2, R OERER
W/ e e Rt T AN & R U C ks
~ U AMROWEE THEIIK T LTz,

4. WEE T MRSI %\ =# (young) L
s (aged) CSTBL/6Y ~ 7 AR CORREERTTAR L
B L OMEEIZB T SBR[ 1-PCI e/ e et

D ki

4. BE

AWFEAERY, REE~ 7 AR BT 5 B R
[1-BCIE VB VR HFLEEE L OVE IR ~D
HOZEM~ v B 7 OEB AR E R L TS,
IHIZ, M LIZREE T~ 7 ARIZ 81T 5 Rk
MRSI §HliRIE, ~ 7 ADURE % & eMiEkic
B IERICEE D BRER Y VR LT T 7 ADTK
DEHH L, 25 OE ORI IANEIEH] TR
L2 L EHLNC L, AR, REESMH T T
DB [1-2C]E /L B2 MRSI 73, BIfEEHE
FLEE L TR NS TWD~ T ZAD K
2B T HPERB LU LY b7 7 v 7
ADERE B O Lo ZEMBticERTH 5
L ERFRE L. A, INEBOIRRBIFTEOREE
EREROFHE, 726 NUDFEGGELEND A T =
A LN HR e AR AT BT 5, R
Fi[1-BC] B /L B g MRSI OFE IR S .

e
Z ORFFEIT AR FIVE N JE 8 R O Bh & =
JCEMLIZHDOTHD. £z, ANEIT 2025
8 A 30 HIZ S TR S 7255 10 mEERAS
BT - HASGIHAESR] THRELZHDOTH
5.
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Combining Transcranial Magnetic Stimulation and Magnetoencephalography

L H & — HR*

Yuichiro Shirota*

*HOUR R B SR RBE R AT D, T 113-0033  HUSTHB ST PCAYE 7-3-1
*Department of Clinical Laboratory, the University of Tokyo Hospital
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033 Japan

Abstract

This study aimed to bridge transcranial magnetic stimulation (TMS) and
magnetoencephalography (MEG) by integrating experimental and computational
approaches. First, motor evoked potentials (MEPs) were successfully recorded from
trunk muscles, identifying optimal stimulation parameters. Second, the precision and
accuracy of resting motor threshold (RMT) estimation were quantitatively evaluated,
demonstrating early convergence of precision and later achievement of accuracy. Finally,
simulation studies based on the Lorentz reciprocity theorem were initiated to estimate
TMS-induced electric fields. These findings contribute to improving the reliability and
interpretability of TMS-based neuromodulation.

Keywords: transcranial magnetic stimulation (TMS), magnetoencephalography (MEG)

1. E#J PURPOSE

FEAR TR I A PR D 5 B R BH 2 KRB

(transcranial magnetic stimulation; TMS) %, & k
D % FEAR BRI U IR EM 24 U S+
HZEDTELME—DHETHD. —J7 Tk

(magnetoencephalography; MEG) 13Xz & ¥ & 18
NI ZERI o ffRE 2 A L, BEEILREE (MR (2
IRV B ORI 3 i RE CRIRE B OIR 2 #EE T
TLFETHD. WE 2 AN E DR T
Tl 72, AR TIEZ NS DO TEDEE
LExHfELT.

TMS IZBWTIE, —ED U XL THIBE A 0 K
FTHIE TMS (TMS) 12 & 0 kb e R DRI
NRDPFLND Z EICRERFEPEE ST
5. —HTIIMSICEVRIEL 9 /T A—F%E
MXARTH DT80, 1T L O OIRENFIE 2 5T
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T 52 LIFEHMTHLRERYTHZR. TMS -
ITMS DR EHEET D72 DT A—H L LT,
—VGEBNEFIZRT D TMS 12 X 0 55N 5 ER
FEENL (motor evoked potential; MEP) 3EIFES I
<HOWHLRTWD., £ZTABZETIE, £T
TMS-MEP (T X 287 2 glsfin OBthz H¥5 L T

[2-1 (KM} CoO MEP & H ) 1T, £ 72 TMS-MEP
IZH 1T D EERRIE T b 5 72 R B 3 il

(RMT) FHHIOMRAMEREZ FHIT 5 72 9DI2 1222
TMS-MEP DI L EfMES | ICHDFHATE. Z
OEFIIEEICHR L E L TEDORBEEZHE LT
%12, T HITMEG O#HEt & V9 R TIE, Lorentz
DOFMEERE (Lorentz’s reciprocity formula)iZ75 H
LT 123 T™MS #hRHEES I 2 b—va ) &
FHNT TV 5.



2. }¥ METHOD
2-1 {KERfH T MEP i H

AW IR A Z xS & LT, REAERR
F (TMS) 12 X0 (e, FRTHOMERD 25 D
IR BN (MEP) EH AL T, B X
OEEREZ 5 & L, TMS 2D 722 MR E N 5
TEREZRG L. Iy 7 ra—rad
L, EEE10- 20 VA5 < Cz B0 & HL
& UCHRMEML 2 53 L, BRIRIED MEP 235
SRS AFRE Lz, & DICEHERECIEFE—
IV TaA VA 45 XA T 8 FmT
Ap s, EHICE LSO E R L. 5
BERNIASMERMS L © KRB ciigk L, #RE
(I3 I RBER UG D 30 Yo R DR FEUNAE % #ERr
SRTARRE CHIEZAT - 72, REE e Eh B
(AMT) Z&EMETREL, ZD 120%58%E T
JSE iR LT, ARSI A PERE N EUCKT LT
ATV, S X ONEMARR O 2R AT L. 15
572 MEP (ZOW RIS K ORI 2 Fiaf &
U Cfgtr L7z,
2-2 TMS-MEP DS & 1EHE S

PR ERICB VT, MEKE 2R E
(precision) & IEffEX (accuracy) @D DDA
LM 5. ARFIETIE, TMS 2L 5 RMT Ofs
TR Z RN 578, WEE (F—&4FTFTo
HEMDOIXLS>ZO/NEE) BLOEMS (HlE
ERBEOEIZ ENETTEVDY) OB SR &
1Tolz. XBUTREFERA 53 &L, AH—EM0
BB MEP Z 58k L7-. BT 8 oF=
A V&AW, MEP #&E 0.05 mV 3L 0002 mV %
FHEL 95 2 4 (RMT0.05, RMT0.2) Za%E L
7o, BEHERITITEAHEE 2 o Lok T v =
U XL ThHHW WD threshold hunting 5% VY,
BHMTHE 30 RITABUG L7z, R8T 3
I TOHEE S +2%MSO LINIZINE BN LY
HIEL, 1B SIIESITOHEMEAERE 6 5 ITD
SEEEIZXT LT ES%UANIC A D T &0 Bl L
2. XD, TN OREET- LU bR S
NAEBROFITEWHRE LTERL, 2y
3 U ERA LT LT,
2-3 TMS hEHEEL I = b— 3

T MEP DXkl (electroencephalography;
EEG) #MHW\T TMS #hREHET 28 A 17D

IWTWB . ABFFETIL, Lorentz OFA M EFRIC 5L
3% MEG O & TMS O HIEh FF-RIIE R #E
OXHCERZBR LS ICEB L, BEHET
NERAWEEEY I 2 b— 3 128D TMS I
L aHEE O EEUGEZ R AT BRI
SimNIBS % TRk YT A —F 228 b S, %
B AR ~D R it L=

3. #5% RESULTS
2-1 {KERfCD MEP #HH
SMERHHIZIBT D MEP 1L, SIS CIT4m
BRE D ZE L CRisk S —0, [EMARIE Ik
FAERE - B L B IS —ERORERE TOIHEH AT
HETHholo. A NVHFROBRFTIX, MANIZETN
A (antero-medial) FRIDETZ 5T 5 5M12
FBUNT, K - [FHINT L ORREC b B OB RE
ERcHIRV AMT 23S 57z (1, SCk1 &b
IR . EOIZFE—S4 T Tl d 5 &, sl
BRI b U TR RISV IE RS K OMK
WAMT %o L7=. LR X0 IRESFHIZ 635 TMS
VZFB N TUELATPNRLS 7] D BE B aHE 3 i 72 IR
KMETHY, BUETBE ORI IAMRIEIC ST
D ENRBEEI N

2-2 TMS-MEP OFEHE & 1 S
ARFFETIE, RMT OHEEIZH T DREEER X
NIERE S ORFHPHERE 2, 21858y v a o7
— X ERA LU CRH L7z, FE R, KB (precision)
IR RN SR S AL, KD 11 B ATEAINIC 95%
DLkt v a o THRMELRNT- L (K2, 3Tk
2 X 0BIH). —F, EOME~OEHENEZ2RdIE
e (accuracy) 1ZOWTIE, LV EL< O T
Z L, RMT0.05 3 L TUYRMT0.2 DWW DS
BWTH, BB 18 FITRE T 95% D& v
a UNREICERE L. Tebh, BEHEEICE
WIS G2 LTHEE (R 1355
N5HDO0, FOENEOREAEIN BT 5
7=OIZlE, BIMORITEZERDMENHH T LN
RSN

2-3 TMS RHEEY R 2 L—va v

A= NIRRT FZRRICE > TOZRV, HAD
MRI B %2 AW TARERE S & ONRT A =5 %
PSS D Z L THEELDORKE SRNMITE
{ERAET D Z EDVRIBELTND.
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4. &% DISCUSSION

ARFFEZBNTIE, TMS & V-t s To3EEE
WZEFATSHE, ZhEEMT D7D MEG R0
MEZ W - HEEESGEIC I Y #de 2 & Tl
OEE B L. TOfER L LT, TMS-MEP
BT 25T EITH T ENTE . MEG &
DOREPE LIEATTRE U CIIFR &R 0N B SCiE I
RAFERNBKRIZE LN THARVD, 5% D) TMS
O PETRREEE M BICm T A ER T — % 03\
HITWD.

B33
Z O IATR A NSRS 31 B
TR AT FEB R O AN 2 52 1 CTHME L 72 b
Thb.
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Development of a novel cancer magnetothermal chemotherapy using magnetized
mesenchymal stem cells
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Abstract
In this study, we aimed to develop an effective cancer magnetothermal

chemotherapy using liposome-modified mesenchymal stem cells (MSCs) in combination

with an alternating magnetic field (AMF). Gemcitabine-loaded liposome-modified MSCs

significantly inhibited tumor growth, and its effect was further enhanced in combination

with hyperthermia. On the other hand, the anti-tumor efficacy of liposome-modified

MSCs was not enhanced by the presence of AMF exposure. This may be attributed to the

insufficient magnetic flux density of the AMF generator used in this study. Currently, we

are investigating the optimization of parameters, such as the particle size of iron oxide

magnetic nanoparticles and their loading amount into MSCs to achieve efficient heat

generation under an AMF.

Keywords: cancer magnetothermal chemotherapy, liposome, mesenchymal stem cell
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PR LR LERRENE T R o IR
INEZ O L7286 L i L TS W H O
ThoT-.

— ), TAhTEZENE YR Y — LMMERf MSC
OG- & IR k3 2 2 WimsSs DA% Of

M UTBR, MR OIE D T EF L7 b DD,

40°CEBZ AN RITES N2 -7 £,
FIHE B R Y — MMERT MSC 12 & 55T
JEEZhE Y, RS OIMOA I L DA E 72
FETRRD BRI o o, RS DA INEER] % 30
G 1 B A~NER U CHRE 21T o722, [Flfk
OfERTH T,

4. B

BTN AT T IV~ 7 AW T, IINEOHATIE
NS R 358D B2 o T2 2 & D,

30

MEIC X B AL & e NE Y R Y — M EL
MSC DEZHEFEINHIZN R OEERIL, 23 KL D
PIRS AFIBSZMEDTTHEIC L D b D Th 5 L H#HEER
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Abstract
F magnetic resonance imaging ('°F MRI) enables the visualization of the in vivo

localization of fluorine-containing probes and has attracted significant attention for tumor

imaging applications. In this study, we report the development of a nanoscale 'F MRI

contrast agent by employing lipid nanodiscs, achieving a particle size of approximately
10 nm. By leveraging the unique structural features of nanodiscs—namely their small
size and the high mobility of constituent lipid molecules —we incorporated 'F-labeled
phospholipids into the nanodisc structure to function as an effective contrast agent. The
resulting probe exhibited reduced hepatic uptake and rapid renal clearance in vivo.
Furthermore, surface PEGylation of the nanodiscs successfully enhanced their blood

circulation time.

Keywords: °F MRI, nanodisc, lipid, probe

1. B&Y

IS E{7% (Magnetic Resonance Imaging;
MRI) (%, AAENZIMZEANCEBETE 5729
T EFRIGH STV D, — kA7 MRI Tt 'H
KA BIT 525, °F MRI 1% F ¥ 2 & Eer& A0
5 MRI ¥ 7 FVEGSHZ LT, 'H MRI & [3HRSE
(ZIERAND0AR % A LT 5. F MRI IZEIPE
STFNDINEL, @2y T A NTERAIOS)
Fiz a9 2 FEE LTER SR TV A,

YF MRI 3EERNOREF TlI s 7V & T
REZ @D DI, EEAINICEEIMED &V
YF Bk %< GRS DNERDD. ZORKAED
F ki OEHEHZ b L, EEEO & F
(LRI % SETEER Rl b L=~ vy a v
F RN T a rEKEE V) IR T
WRE Ui R b S -, LasL, 100 nm
DL DR 78 & Fem Off S 23R E CH L2 fli g

S, BHICERT I EnETHhH - T
B DS ZET=9 F MRI &84 2 Bi%E 4
DB, PEEEIIIRE S /T4 AZIZEFEB L
7o NBE T/ T 4 A7 IS aEgE Sl R E S D
)/Wﬁﬁﬁkéﬁﬁﬁémfjvw@&/ﬂ

7B L o CHRIZ R LTe T 2 ki1 C, i
FIFEEEICBISH STV S, F%f/74
AT HONRE 7 {13 - [BliSEE) 23 25 7 iE
FENE. 2T, FEGER LY VIREE T T
4 AZIZBNT UL, UF B OEE D =T R
TEBRTE S, T/ T 4 A71THA REEED
<, MR AR 2 ST, R 10~20nm T
b DT, BEEARRCEET A= O DOFBER 25
Bz TnD. DT LM, OF =34 5
a2 T 7T 0 A7 TSR 2 BRI
AL 5 YF MRIE&2AlE LCRIHTE S &%
Z 7.
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ARk L7z F B L U CIRE A AW T U R
/ A%@%Lt&,ﬁﬁﬁiTJ7~f%éx
FLo-wl A EaR)~v—l2 ko TraEbL,
T 4 A7 4RO VF MRI & 2B U7 E 72, KL
FRiFEZR Y ~—EMT DL, VAR Y — L ERK
DERZ 20mol% D PEG Efifi V) VNFE AIRE LT-.
T 7 RiA-ORiAY A RITEREEGELLE, FBiElE
FEAMEEIZ K> T LT F£72, "FEEOMR v 7
FIVREFNEEREIE, “F NMR (I X > CHIE L. &
DIZPYFMRI ZHWT 7 7 FABI O~ T 24
RN TOEEAOFTEE AL LT,

3. F

OWIR LT FETHB U727 ¢ A7 K MRI &
WANIH 10 nm ORI %R L, (D F MRI
WEEAL Y XIS NWERAIZRRE T
72, BA%E L= A UF NMR 27U Th %
FORFRIE 300 ms #H %, F MRI & AIE LTD
ISy 7etEiEZ R L=, 77 > b A F MRI
BIEZAT S TSR, BHIRA & 70D VF O
23654 mM ThHDHZ EIVRENTZ. ZhUE, B&
FHEL L 7=k D=~ L 3 L RIER K O ELIRIRE
A (17.0 mM) £V HIK<, BAE LIz&EREAIO >
T FIEEEOE SRS

EERIZZ OEEAI 2~ D ARG LTI E 2 A,
I~ DOERE B S 9, BEBEREIIC F MRI
VRN S iz (Figure la). fEk D “F
MRIEZAIDIF E A TR A~EE L TEY, Z

DIEFZAIDKI 10 nm &\ 5 JU N R 12 & FEOkE
PG, IFRIC Kot adkhs Z L TcE L
Ezbnb.

b\, T /T 4 AV K& PEGHR Y ~—TH
BLIT JRiAIZHONWTHZ OMERERHME 21T -
72L& A, [EEEIC F MRI &7 V28R c& 7
(Figure 1b). Z ORI 1%~ 7 AERNICER T 5
&, R ~—fEffi L TR AN T,
WE~DERED BN E DRI, T 2RIkt
9% PEG EAfZILA TH X 737 WA A4
L, Mg Em ESE5 2 L8 mbnTng
IO EnD, R ~—fEIZ L > T
AL, BYEHEE A KT T 52 EAVRIE X
.
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Development of a new method to noninvasively assess neurophysiological function
in lumbar spinal area using magnetospinography
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Abstract
This study aims to develop a new method for magnetospinography (MSG) to

noninvasively evaluate lumbar nerve function. We measured MSG in ten healthy

volunteers using new stimulation methods: lateral femoral cutaneous nerve, saphenous,

and femoral nerve stimulation. MSG visualized neural current in lumbar spinal area via

lumbar foramen after each nerve stimulation. Lateral femoral cutaneous nerve

stimulation effectively visualized the L2/3 foramen, while saphenous nerve stimulation

was superior for the L4/5 foramen. Femoral nerve stimulation provided significantly

higher current intensity for upper lumbar spinal area. Development of novel nerve

stimulation enabled MSG to visualize neural currents flowing through the lumbar region

with high spatial resolution.

Keywords: magnetospinography, magnetoneurography
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Innovative hearing-loss therapy involving extracorporeal recovery
from cisplatin-induced ototoxicity via magnetic guidance
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Abstract

AT T F BRI A NSRRI B ARPE S A TR EFE L, DNA 48
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Keywords: Cisplatin, Ototoxicity, Hearing loss, Magnetic surgery
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Schizophrenia research using diffusion tensor magnetic resonance imaging
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Abstract
Auditory mismatch negativity has received significant attention as a potential brain

marker to investigate pathophysiology of schizophrenia. This study aimed to investigate

associations between mismatch negativity and white matter alterations in the

thalamocortical pathways to clarify the networks underlying reduced mismatch

negativity in individuals with schizophrenia. Mismatch negativity amplitude was

significantly positively correlated with white matter alterations only in schizophrenia, but

not in healthy comparison subjects. Our study further helps characterize and interpret

reduced mismatch negativity as a useful brain marker in the pathophysiology of

schizophrenia.

Keywords:  mismatch  negativity,

electrophysiology, diffusion tensor imaging
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Abstract
We have investigated the effect of magnetic stimulation on the neuropathic pain

model of rat. A single 10-min treatment produced transient analgesia, whereas repeated

daily treatment for 7 days induced sustained analgesic effects. Gene expression and

cellular analyses suggested modulation of peripheral immune/inflammatory responses

and suppression of spinal astrocyte activation. These findings indicate that hybrid

magnetic stimulation may provide a novel non-invasive therapy for neuropathic pain.

Keywords: Neuropathic pain, Alternative magnetic stimulation, Anti-inflammatory effect
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Abstract
Unilateral spatial neglect (USN) affects 33—-82% of right-hemisphere stroke patients,

impairing daily activities and increasing fall risk. This study investigated whether

transcranial static magnetic stimulation (tSMS)—a cost-effective, comfortable, non-

invasive method—can alleviate USN symptoms. A single patient received 20-minute tSMS

or sham stimulation over the P3 region for five days each. Evaluations included paper-and-

pencil tests and a Computer-Based Test (CBT). Although paper-and-pencil tests revealed no

clear neglect, tSMS appeared to facilitate leftward attention, potentially increasing
subjective task difficulty. Specifically, CBT showed a post-tSMS speed-accuracy trade-off:

more correct left-sided responses alongside prolonged reaction times. These preliminary

results suggest tSMS over the contralateral parietal cortex can modulate attentional

distribution in USN, though further investigation is required to confirm clinical efficacy and

underlying mechanisms.

Keywords: transcranial static magnetic stimulation, unilateral spatial neglect
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Abstract

This study investigated the neural mechanisms underlying the effects of repetitive
peripheral magnetic stimulation (rPMS). We demonstrated that rPMS facilitates
corticospinal excitability in an intensity-dependent manner, with suprathreshold
stimulation producing the greatest effects. This facilitation depended primarily on
large-diameter group I afferent input and occurred without changes in cervicomedullary
motor evoked potentials, suggesting the involvement of supraspinal mechanisms rather
rPMS induced

direction-dependent modulation of disynaptic Ia inhibition between antagonist muscles.

than changes in cortico-motoneuronal transmission. In addition,

These neurophysiological changes may contribute to motor recovery and provide a

I B L o LA 260

physiological basis for optimizing rPMS-based neurorehabilitation.

Keywords: group Ia afferents,

transcranial magnetic stimulation
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Preface

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 2024
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 feasibility of time-dependent diffusion-weighted imaging (td-DWI) for fat phantoms

and brown adipocytes (BA) derived from human induced pluripotent stem cells was

investigated. Apparent diffusion coefficient (ADC) measurements at multiple diffusion

times (DT16-DT676 ms) showed three distinct diffusion time-dependence patterns. In

the absence of fat suppression, lipid proton signals from triglycerides influenced ADC

measurements, plateauing at approximately 40% fat content. Cell viability was 1% in the
BA after MR imaging. These findings demonstrate that td-DWI can detect diffusion time

dependence in fat phantoms. However, maintaining cell viability will be necessary for

future studies.

Keywords: induced pluripotent stem cells, brown adipocyte, apparent diffusion

coefficient

1. PURPOSE

Human brown adipose tissue plays a role in
thermoregulation through heat production and in
energy metabolism(1). A technique for inducing
brown adipocytes from human induced pluripotent
stem cells (iPSCs) has been established(2-4), and it is
expected to be applied as a treatment for metabolic
diseases such as obesity. However, no non-invasive
method has been established for observing the
engraftment and proliferation of adipocytes, and there
is a need for such an evaluation method.

Diffusion weighted imaging (DWI) is
method of imaging based on the differences in the
Brownian motion of water molecules within biological
assess the tissue’s

tissue and non-invasively

microstructure. Conventional DWI measures the
diffusion coefficient at a single diffusion time. In
contrast, time-dependent diffusion-weighted imaging
(td-DWI) acquires more detailed microstructural
information by measuring the apparent diffusion
coefficient (ADC) at multiple diffusion times (5, 6).

The aim of this study was to investigate td-DWI
sequence parameters in phantoms with varying fat
content and in brown adipocytes (BA) derived from
human induced pluripotent stem cells (iPSCs), to

explore the potential for adipocytes.

2. METHOD
(1) Containers for MR imaging
The holder and microtubes for MR imaging were



fabricated in collaboration with the Core Facility
Centre at Institute of Science Tokyo using a 3D printer
(KEYENCE AGILISTA-3100). The holder has been
designed to securely hold the microtubes in the
centrifuge tube (AGC Techno Glass Co., Ltd.,
2363-025-MYP) and ensure positional reproducibility
during MR imaging. The microtubes were designed
with a screw-lock mechanism and lids to enable the
filling, sealing and removal of cell suspensions. The
material used was transparent resin (KEYENCE
AR-M2).

(2) MR imaging protocols

Referring to previous study (7), we fabricated a fat
phantom modeled after the human body and evaluated
the optimal td-DWI parameters specifically for
adipocyte in advance. The composition of the
fabricated phantom is shown in Table 1.

Table 1. Fat phantom components

Fat Water, Coconut Tween-80, Gelatin

content, % puL oil, uL no (Sigma-Aldrich®), g
0 975 0 0 0.025

20 749 218 24 0.025

40 523 437 48 0.025

60 297 655 72 0.025

Density: Water 1.0 g/mL, Coconut oil (FUJIFILM Wako Pure Chemical
Corporation) 0.916 g/ mL, Tween-80 (bioWORLD) 1.080 g/mL

MR imaging was performed using a 9.4 T
system (660 mT/m; Bruker Biospin) and a 23 mm
inner diameter solenoid coil (Takashima seisakusho
Co.,Ltd). The parameters for diffusion-weighted,
gradient-stimulated echo (STEAM) imaging were as
follows: Diffusion time (Ad/3): 16, 36, 64, 100, 144,
196, 256, 324, 400, 484, 576 and 676 ms; diffusion
direction: 1; b-values: 900 and 2,225 s/mm?; Gradient
duration (3): 2.4 ms; TR: 5,000 ms; TE: 15.8 ms; FOV:
24 x 24 mm?; Matrix size: 64 x 64; Resolution: 0.375
x 0.375 mm?; slice thickness: 0.5 mm; number of
averages: 1; acquisition time: 10 min 40 s x 12
(multi-diffusion time) %< 6 terms. The MR room
temperature was set to 22 °C.
(3) Culture of brown adipocytes derived from

human iPSCs

Preliminary experiments were conducted at Institute of

Science Tokyo and the RIKEN Institute after
confirmation was obtained that they were exempt from
human ethics review. The induction of differentiation
into BA using human iPSCs was carried out in
accordance with established protocols (4). The BA
differentiation induction medium contained IMDM,
F-12, 1/100 Chemically Defined Lipid
Concentrate, 1/100 Insulin Transferrin Selenium, 50
pg/mL ascorbic acid-2-phosphate, and GlutaMAX™
Supplement.

Ham’s

iPSCs
TrypLE Express and seeded onto Corning Elplasia

Human were dissociated using
multi-well plates at a density of approximately 2,000
cells per spheroid. On day 8 of differentiation
induction, the cells were seeded onto i-Matrix-coated
plates. The cells were harvested on day 10.

We examined cell viability and pellet
thickness following the formation of BA pellets at
room temperature (Table 2). Cell viability was
measured using trypan blue staining. Based on the
three cell
concentration conditions were selected for this
experiment: 10 x 10° cells, 20 x 10° cells and 25 x 10°
cells, as these were predicted to yield cell viability of
50% or higher after 10 hours.

results of preliminary experiments,

Table 2. Cell viability at room temperature

Plapsed time Cell viability (%)
10x10° cells 60x10° cells
0 100 100
12 56.9 18.0
18 37.7 14.9

(4) Preparation of phantoms and BA prior to imaging
Fat phantoms with different fat contents were stored at
4 °C and allowed to return to room temperature prior
to imaging. Furthermore, BA was adjusted to cell
counts of 10x10° cells (S1), 20x10° cells (S2), 20x10°
cells (S3) and 25%10° cells (S4), injected into tubes
together with culture medium, and then transported
from the culture facility to the imaging facility at room
temperature.

Before MR imaging, the sample was



centrifuged at room temperature (1,000 rpm x 3
minutes) to confirm the presence of the BA pellet. The
BA was then transferred to a microtube, filled with
culture medium and capped. These were inserted into
commercially available microtubes (VIOLAMO) and
centrifuged (room temperature, 300 rpm % 3 min, 700
pm % 3 min) to form a pellet (Figure 1C). The
thickness of the formed BA pellet was approximately
0.3 mm. Each fat phantom and the microtubes S1-S4
were carefully placed in a holder, after which they
were filled with a fluorinated inert liquid (Galden,
Solvay Specialty Polymers Japan) and imaged using
the td-DWI sequence previously evaluated.

(5) Cell viability and AQP7 expression

After MR imaging, BA was removed from the
microtubes, and cell viability was assessed.
Furthermore, the expression of aquaporin 7 (AQP7)
was confirmed by fluorescent histochemical staining
of the BA samples (S1-S4) on later days. AQP7 is
responsible for the membrane permeability of water
8,9), asits

expression influences the movement of water between

and glycerol in adipocyte membranes

the intracellular and extracellular spaces, it is thought
to be involved in the diffusion-time dependence of
td-DWL. In this study, the following procedures were
performed. After removing the culture medium, the
samples were washed twice with 1xPBS and fixed in a
4% PFA/PBS solution at room temperature for 15
minutes. Following fixation, the samples were washed
three times with PBS for 5 minutes each and stored at
4°C.

Blocking was performed for 1 hour using a
solution of 1xPBS, 5% BSA and 0.1% Tween-20.
After washing with PBS, the samples were incubated
with anti-AQP7 antibody (SC-376407 FITC, Santa
Cruz Biotechnology, diluted 1:100) for 2 hours.
Following washing with PBS, the nuclei were stained
with DAPI and the sections were mounted with a
fluorescent mountant. Observation of the fluorescent
histochemical staining was carried out at the
Bioscience center, Institute of Science Tokyo.

(6) Image Analysis

After MR imaging, the DICOM data were converted
to NIfTI format using dem2niix (version 1.0). Using
Fiji ImageJ (version 2.16), nine regions of interest
(ROIs) were manually defined at the centre of the
microtubes on the NIfTI images (Figure 2) and applied
to all conditions. The mean intensity values within
each ROI were calculated using an automated macro
script. The ADC was calculated from the obtained

values.

3. RESULTS

Figures 3A-D show the ADC (%102 mm?s) for
phantoms with different fat contents. Figures 3E-I
show the ADC for diffusion times (DT16-DT676 ms)
for each cell count condition (S1-S4) across the 1st to
6th terms.

In the 0% fat phantom, the ADC increased
from 0.178%10°% mm?*s (DT16) to 0.291x10° mm?s
(DT676), and the inter-term variation was smaller in
the short diffusion time domain and increased after
DT484. A similar increase was observed in the 40% fat
phantom, and the inter-term variation was smallest of
all conditions (DT16; CV 0.9%). In contrast, for the
20% fat phantom, the value at DT16 was 1.515x1073
mm?s; it peaked at DT324 (1.811x10* mm?%s) and
then declined. The 60% fat phantom exhibited similar
results.

The ADC values for DT16 under each BA
condition were: S1; 1.534x107% mm?s, S2; 1.213x1073
mm?/s, S3; 1.522x103 mm?/s, S4; 1.531x10 mm?/s,
with only S2 showing a lower value compared to the
other conditions. Compared to DT16, a decrease in
ADC was observed for S1 and S4 in DT676, whereas
CM, S2 and S3 showed almost no change.

Figures 4a-1 show comparisons of ADC
values across all conditions for each diffusion time and
each term. When ADC values were classified
according to their diffusion time-dependent patterns,
three distinct patterns were observed: (1) increasing
with diffusion time (fat content 0% and 40%), (2)
increasing to decrease (fat content 20% and 60%), and
(3) plateau to decrease (CM, S1-S4) (Figure 4). The
phantom with a fat content of 0% exhibited the lowest



ADC values across all conditions and was clearly
distinguishable from the other conditions. The
phantoms with fat contents of 40% and 60%, as well
as CM, S1, S3 and S4, showed values of a similar
magnitude, whilst only S2 exhibited lower values than
the other BA conditions. Furthermore, no significant
differences were observed between the individual
terms under any of the conditions.

The cell viability of S1 to S4 immediately
after imaging was 1% in all conditions. Fluorescent
immunostaining using anti-AQP7 antibodies was
performed on BA samples that had been fixed
promptly after imaging; however, no expression of
AQP7 was observed in any of the samples.

4. DISCUSSION

The ADC in the 0% fat phantom ranged from 0.178 to
0.291 x 10° mm?s (Figure 3A), which was lower than
the self-diffusion coefficient in water at 20 °C (2.025 x
10 mm?*s)(10). This result is thought to be due to the
network  structure
physically restricting the diffusion of water molecules.

three-dimensional of gelatin

As fat suppression was not used in this study,
the inter-term variability observed in the 20% and 60%
fat phantoms may be attributed to the mixed signal
from water protons and triglyceride molecules
affecting the ADC. Furthermore, as the proton peaks of
triglyceride molecules have different relaxation
times(11), the signal ratio between water and
triglycerides may have changed due to T2 decay in the
long diffusion time range, potentially causing
variations between terms.

In the ADC of BA, a decreasing trend in
ADC was observed from DT16 to DT676 in both S1
and S4. However, as cell viability was only 1%, this is
believed to be due to the presence of dead cells and the
diffusion characteristics of the culture medium. The
decline in cell viability is thought to have been caused
by physical stress resulting from two hours of transport,
around 15 hours of standing and repeated pellet
formation. Reasons for failing to detect AQP7
expression may include loss of antigenicity due to

dead cells and signals below the detection limit due to

low cell numbers and expression levels of AQP7 in
BA.

This study demonstrated that td-DWI could
detect diffusion time dependence in phantoms and can
capture differences in ADC resulting from variations in
fat content. We also confirmed that, in the absence of
fat suppression, lipid proton signals interfere with the
ADC, and that this effect plateaus at a fat content of
40%. In future study, the important tasks will be
ensuring an adequate number of cells and shortening
transport time it takes to transport them and improving
the containers used for MR imaging. Furthermore,
imaging cells in a spherical suspension culture state
without detaching the cells could be expected to
reduce stress and ensure sufficient volume.
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Figure 1.

A. Imaging holder and a centrifuge.

B. A microtube with a lid.

C. Culture medium; human-induced pluripotent stem
cell-derived brown adipocytes (S1-S4) after pellet

formation at different cell densities.

Figure 2. Example of a time dependent diffusion

imaged (1st term, b-values: 2,225 s/mm?).



Figure 3. Apparent diffusion coefficients (ADC, x10~* mm?s) and diffusion times (DT16-DT676 ms) for the 1st
to 6th terms. A) Phantom with 0% fat content, B) Phantom with 20% fat content, C) Phantom with 40% fat
content, D) Phantom with 60% fat content, E) Culture medium (CM), F) S1; brown adipocytes derived from
human induced pluripotent stem cells (BA), 10x10° cells, G) S2; BA 20 x 105 cells, H) S3; BA 20 x 103 cells, I)
S4; BA 25 x 10° cells.



Figure 4. Apparent diffusion coefficients (ADC, x107* mm?/s) for terms 1 to 6 at each diffusion time (DT)



Construction of a Brain Tumor Treatment System Using Brain Region-Selective
Drug Delivery via Nasal Administration and Magnetic Targeting
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Abstract

This study aimed to construct a novel intracerebral drug delivery system combining nasal administration
with magnetic targeting, and developed iron oxide nanoparticle-encapsulated PLGA nanoparticles
(IONP@PLGA). Magnetic field application was confirmed to significantly enhance the uptake of
IONP@PLGA by glioma cells. Furthermore, applying a magnetic field to the brain after nasal administration
in rats significantly improved the brain translocation of IONP@PLGA. This approach improves brain
translocation following nasal administration and demonstrates potential utility as a platform technology for

future control of intracerebral drug distribution.

[Research Progress and Results]

[Introduction]

The blood—brain barrier (BBB) strictly limits the
transport of substances into the brain. Therefore, the
use of drug delivery system (DDS) technology is
essential for the efficient delivery of drugs to the
brain. Meanwhile, a nose-to-brain pathway that
transports drugs from the nasal cavity directly to the
brain has been suggested to exist, and brain delivery
research exploiting this route has been actively
pursued. However, nose-to-brain delivery tends to
result in biased distribution toward brain regions near
the nasal cavity, limiting the brain regions that the
drug can reach. Consequently, a new methodology
capable of precisely controlling drug distribution
within the brain is required for the broad application
of this approach to the treatment of brain diseases.

As a method for controlling the pharmacokinetics
of drugs, “magnetic targeting,” which utilizes
magnetic materials and an external magnetic field,
has been actively studied; however, its application to
nose-to-brain delivery has not yet been reported. We
therefore hypothesized that combining nose-to-brain
delivery with magnetic targeting would enable
efficient, disease site-selective drug delivery within
the brain. The aim of this study was to design a
magnetically guided DDS carrier suitable for nasal
administration and to develop a system capable of
delivering drugs to targeted sites within the brain
through nasal administration combined with
magnetic targeting.

[Methods]

As a DDS carrier capable of simultaneously

loading a magnetic material and a drug, iron oxide
nanoparticles (IONPs) were encapsulated in
poly(lactic-co-glycolic acid) (PLGA) nanoparticles
to prepare IONP@PLGA. The basic
physicochemical properties of IONP@PLGA were
evaluated by electron microscopy and particle size
measurement using dynamic light scattering. Next,
the cellular uptake of IONP@PLGA under magnetic
field exposure was measured using the glioma cell
line C6. Furthermore, IONP@PLGA was
administered intranasally to rats, and brain
translocation and intracerebral distribution were
evaluated after applying a magnetic field to the brain.

[Results and Discussion]
Preparation of IONP@PLGA

IONPs were prepared by the conventional co-
precipitation method using FeCls and FeSOs,
yielding a standard particle size of 26 nm. To
improve the encapsulation efficiency into PLGA
nanoparticles, the IONP surface was cationically
modified with  (3-aminopropyl)triethoxysilane
(APTES). IONP@PLGA was prepared by mixing an
acetone solution of PLGA with an aqueous solution
containing the IONPs under stirring. The resulting
particles had an average particle size of
approximately 200 nm and a zeta potential of
approximately 13 mV. Electron microscopy revealed
punctate structures inside the spherical particles,
suggesting that the [ONPs were encapsulated within
the PLGA nanoparticles.

Uptake by C6 Glioma Cells

Coumarin-6-labeled IONP@PLGA was added to
C6 cells, a magnetic field was applied from beneath
the culture using a magnetic plate, and the cells were



cultured for a defined period before quantifying the
intracellular Fe content. At all time points from 1 to
4 hours, the magnetic field-exposed group showed
significantly higher cellular uptake than the non-
exposed group. This result was consistent with the
coumarin-6 fluorescence observations,
demonstrating that magnetic field exposure promotes
the cellular uptake of IONP@PLGA. Because
IONP@PLGA also allows simultaneous
encapsulation of a drug, loading it with an anticancer
agent in the future is expected to enhance the
therapeutic efficacy of drug therapy.

Evaluation of Brain Translocation In Vivo

After intranasal administration of IONP@PLGA
to rats, a magnetic field was applied to the brain
using a neodymium magnet, and brain translocation
and intracerebral distribution were evaluated.
Magnetic field exposure increased the brain
translocation of IONP@PLGA by approximately 3-
fold. IONP@PLGA also showed higher brain
translocation than IONP alone (Fig. 1).

Fig. 1) Accumulation of iron in the brain after administration of IONPs
or IONPs@PLGA with or without a magnetic field. Data represent mean
+ S.D. (n = 3) and analyzed with one-way ANOVA with Tukey’s test.
Significant at **P < 0.01; ***P < 0.001; ****P < 0.0001. (b)
Representative in vivo imaging system (IVIS) images of untreated rats
(left), rats treated with DiR-IONPs@PLGA without a magnetic field
(middle), and rats treated with IONPs@PLGA with a magnetic field
(right).

[Conclusion]

In this study, IONP@PLGA was developed as a
magnetically responsive DDS carrier, and its
enhanced uptake by glioma cells under magnetic
field exposure was confirmed. Furthermore,
applying a magnetic field to the brain after intranasal
administration in rats was demonstrated to improve
brain translocation. However, precise control of drug
distribution within the brain has not yet been
achieved. Combining this approach with the future
development of medical devices capable of pinpoint
magnetic field application is expected to expand its
application to the treatment of brain diseases.
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Elucidating the neural circuits underlying the monitoring and adjustment of action
stopping: A multimodal study of TMS and fMRI
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Abstract

This study aimed to clarify neural circuits underlying the monitoring and

adjustment of response inhibition. Using fMRI, resting-state network analysis, and TMS

during a stop-signal task, we identified candidate fronto-parietal regions involved in

post-error behavioral adjustment and found evidence suggesting that these regions

contribute to subsequent stopping performance in a time-dependent manner.

Keywords: response inhibition, stop-signal task, functional MRI, transcranial magnetic

stimulation, fronto-parietal network

1. Purpose

Response inhibition is a cognitive function that enables
individuals to suppress inappropriate actions and select
appropriate behavior according to changes in the
environment. It is one of the key executive functions
supporting adaptive behavior in humans. For example,
the ability to stop suddenly after detecting danger
immediately after starting to walk is essential for
flexible behavioral control in daily life. Impairment of
response inhibition is also known to be associated with
various disorders,

psychiatric and neurological

including  attention-deficit/hyperactivity  disorder,
obsessive-compulsive disorder, and addiction.
Previous studies have shown that response
inhibition involves multiple brain regions, including
frontal (pIFC),

presupplementary motor area (preSMA), intraparietal

the posterior inferior cortex
sulcus (IPS), and basal ganglia. Using functional
magnetic resonance imaging (fMRI) combined with
(TMS), we

previously demonstrated that the right pIFC contains

transcranial magnetic  stimulation
functionally distinct subregions: the ventral pIFC
(vpIFC), which is involved in stopping per se, and the

dorsal pIFC (dpIFC), which is involved in the
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monitoring and adjustment of response inhibition"?.
More recently, by combining fMRI, TMS, and
transcranial ultrasound stimulation (TUS), we clarified
large-scale brain circuits supporting response
inhibition from visual processing to action stopping”.

However, the neural circuits underlying
monitoring after response inhibition and behavioral
adjustment in subsequent trials remain incompletely
understood. In particular, it remains unclear what kind
of neural processing occurs after failed stopping and
how such information is reflected in subsequent
behavioral control.

The present study aimed to clarify the neural
components and temporal dynamics of the circuits
underlying post-error monitoring and behavioral
adjustment during response inhibition. In particular,
we sought to identify brain regions activated during
failed response inhibition and to examine their causal
contribution using TMS intervention, thereby
elucidating the neural basis of behavioral adjustment

after failed stopping.

2. Method
We conducted an fMRI experiment in healthy adults



using the stop-signal task, a representative task for
inhibition?. In this task,

participants responded to visually presented arrow

investigating response

stimuli by pressing either the left or right button in go
trials. In a subset of trials, a stop signal was presented,
and participants were required to suppress the ongoing
motor response. In the present study, we focused
particularly on brain activity during failed response
inhibition and explored brain regions involved in
monitoring and behavioral adjustment after failed
stopping.

In the fMRI analysis, we compared brain
activity associated with successful and failed stop trials
and extracted regions showing characteristic activity
during failed stopping. In addition, resting-state fMRI
data were used to analyze functional connectivity
among the identified candidate regions. This analysis
was performed to examine how each region was
positioned within large-scale brain networks.
conducted a causal
using TMS targeting
candidate regions identified from the fMRI and
resting-state network analyses. While participants

Furthermore, we

intervention  experiment

performed the stop-signal task, single-pulse TMS was
applied to candidate regions as a transient intervention,
and its effects on subsequent stopping performance
were evaluated. By applying stimulation at different
time points during the task, we examined the time
periods during which each brain region may contribute
to behavioral adjustment after failed stopping.

3. Results

The fMRI analysis
showing activity during failed response inhibition. In
addition to the dpIFC and IPS, which we had
previously reported, the middle frontal cortex (MFC)

identified candidate regions

and anterior preSMA were identified as additional
candidate regions.

The dpIFC and IPS had been implicated in
behavioral monitoring and adjustment after response
inhibition in our previous studies"?. The present study
further suggested the involvement of the MFC and
anterior preSMA. These regions showed increased

activity during failed stopping and may be involved in
subsequent behavioral adjustment.
fMRI-based

network analysis further suggested that these regions

Resting-state functional
were located within a broader network centered on the
fronto-parietal network. This finding indicates that
monitoring and behavioral adjustment after failed
response inhibition may be supported not by a single
brain region, but by a distributed network composed of
multiple frontal and parietal regions.

In addition, the TMS
experiment showed that stimulation of candidate

single-pulse

regions at specific time periods during failed stopping
affected performance in the subsequent stop trial. The
effects varied depending on stimulation timing,
suggesting that time-dependent neural processing
occurs after failed stopping and that this processing
may be reflected in subsequent behavioral control
(Figure 1).

- after no-spStim Stop success
after spStim Stop success

- after no-spStim Stop failure

: aher spStim Stop failure

Correct response rate
(no-spStim Stop) [%)]

-120~-80 -90~-60 -60~-30  -30~0
Time window [ms]

Figure 1. Single-pulse TMS applied to candidate
regions suggested that neural processing during
specific time periods of failed stopping may
influence performance in the subsequent stop
trial.

4. Discussion
In this study, we examined the neural circuits
underlying the monitoring and adjustment of response
inhibition by combining fMRI-based activity analysis,
resting-state fMRI-based network analysis, and causal
intervention using TMS.

The results suggest that, in addition to the
dpIFC and IPS, which have been considered candidate
regions in previous studies, the MFC and anterior
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preSMA may also be involved in behavioral
adjustment after failed stopping. In particular, the
finding that these regions were positioned within the
fronto-parietal network supports the possibility that
monitoring and adjustment after response inhibition
are supported by network dynamics involving multiple
brain regions.

The time-specific TMS intervention further
suggested that neural activity during specific time
periods during failed stopping may influence response
inhibition performance in the subsequent trial. This
finding indicates that response inhibition should not be
understood simply as a binary process of whether
stopping succeeds or fails. Rather, it should be
considered a dynamic control process that includes
stopping,
behavioral outcomes, and updating of behavioral

monitoring after failed evaluation of
strategy in subsequent trials.

The findings of this study may also
contribute to understanding the pathophysiology of
psychiatric and neurological disorders associated with
inhibition.
disorders such as ADHD and obsessive-compulsive

impaired response For example, in
disorder, abnormalities may exist not only in stopping
ability itself but also in behavioral adjustment after
failed
suggested by this study may provide a basis for

stopping. The candidate neural circuits

understanding such pathophysiological mechanisms.
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by alternating current Cotton-Mouton effect
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Abstract
Magneto-liposomes, functionalized lipid bilayer vesicles containing magnetic nanoparticles

(MNPs), are expected to serve as nanosized carriers for drug delivery systems. It is suggested

that the magnetic response of magneto-liposomes strongly depends on the spatial distribution

of MNPs in the vesicle. In this study, we have developed a characterization method for

magneto-liposomes using the Cotton-Mouton effect under an alternating magnetic field.

Keywords: magneto-liposome, magnetic nanoparticles, Cotton-Mouton effect

1. Purpose

Magnetic liposomes are lipid bilayer vesicles
functionalized with magnetic nanoparticles (MNPs) and
are expected to serve as carriers in drug delivery systems
(DDS). By using a magnetic field to accumulate
magnetic liposomes at the target site and then increasing
membrane fluidity through heat generation and
rotational motion of the MNPs induced by an alternating
magnetic field, locally selective drug release can be
achieved. Furthermore, since MNPs serve as contrast
agents for magnetic resonance imaging (MRI), their
accumulation in the target tissue can be confirmed.
Additionally, when targeting cancer cells, effective
treatment in combination with magnetic hyperthermia is
anticipated.

Differences in the spatial distribution of MNPs within
magnetic  liposomes  strongly influence their
functionality. For example, the drug-release efficiency
varies depending on whether the MNPs are adsorbed to
the membrane or suspended in the internal aqueous
phase. It has been reported that this spatial distribution
can be altered by factors such as lipid composition, ionic
strength, and pH of the aqueous phase, and surface
modification of MNPs". Therefore, verification is

necessary whenever the preparation conditions change.

While transmission electron microscopy (TEM) is
conventionally used for wverification, it is time-
consuming and labor-intensive, and issues such as shape
changes due to sample drying and difficulties in
statistical analysis exist. It is desirable to characterize
magnetic liposomes using methods that allow direct
measurement of the dispersion.

MNP suspensions exhibit a significant Cotton-
Mouton effect (CME)?. CME is a general term for
optical anisotropy (linear dichroism and linear
birefringence) caused by the magnetic field orientation
of particles. By measuring CME under an alternating
magnetic field (AC-CME), the orientation dynamics of
MNPs can be observed. The objective of this research
project is to clarify the differences in AC-CME resulting
from the spatial distribution of MNP and to apply this as

a method for characterizing magneto-liposomes.

2. Methods
AC-CME measurement

The apparatus for AC-CME measurement (Fig. 1)
has been reported previously”. In order to observe the

phase transition of the lipid bilayer, we conducted a
detailed investigation of the relationship between the set
temperature of the circulating water used for coil
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cooling and the sample temperature. We performed
CME measurements over the range of 20—60 °C with an
accuracy of & 0.5 °C relative to the target temperature.
The intensity of the alternating magnetic field was swept
over a range of up to 15 mT, and the frequency was
swept over 0.3 Hz to 40 kHz.

Sample

Polariser Coil Qwp WP

Laser I

H

Figure 1 The experimental setup for the measurement of AC-CME.
QWP: quarter wavelength plate, WP: Wollaston prism, BAP: balanced
amplified photo-detector. The laser light of 785 nm in wavelength was
used for the light source.

CME induced in MNP suspension under an
alternating magnetic field H = Hycos (2mft) with
the frequency f, oscillates with 2f, and then the
retardation can be written as

R, (t) = Ry cos(4mft) + Ry sin(4mft)

where Rjr, Ry, are the in-phase (imaginary) and
quadrature (real) components. We precisely measured
Ryr and Ry, with a lock-in amplifier, and plotting
their values against f yielded the CME frequency
spectrum. The Cole-Cole equation, which is given by

Ryr = Ro
271+ (idnfry)P

with the amplitude at lower frequencies Ro, the
imaginary unit , the time constant 7, and the parameter
Pindicating the distribution of =, fits well CME
frequency spectra®).
MNP

Maghemite (y-Fe,O3) MNPs were synthesized by the
co-precipitation method. The average diameter was
estimated to be 9 nm from the transmission electron
The { -potential was +45 mV.
Magneto-liposome

microscope.

Magneto-liposome was prepared by the Bangham
method. The inner wall of a round-shaped flask was
covered with a thin layer of 1,2-Dihexadecanoyl-sn-
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glycero-3-phosphocholine (DPPC) by using an evaporator.
Hydration of the DPPC layer with an MNP suspension
yields a magneto-liposome. Furthermore, an extruder was
used to homogenize the magneto-liposomes' average
diameter. Three types of filters with pore sizes of 100 nm,
200 nm, and 400 nm were used in the extruder. The
viscosity 77 of the external aqueous phase was adjusted by
adding glycerol.

3. Results

The AC-CME for the magneto-liposome dispersion
oscillated at a frequency of 2f. Since CME is caused by
the magnetic orientation of MNP, the rotational
relaxation time of the MNP can be estimated based on
its frequency dependence. Figure 2a shows the CME
frequency spectrum for a magneto-liposome suspension.
Here, only the orthogonal component (imaginary part)
is shown. As the viscosity of the external aqueous phase
increased, the peak shifted toward lower frequencies.
Estimating 70 from the reciprocal of the peak frequency
revealed a proportional relationship with the viscosity of
the external aqueous phase (Fig. 2b). Furthermore, the
rotational relaxation time calculated from the liposome
diameter obtained by dynamic light scattering was in
good agreement with to, suggesting that the MNP
adsorbs onto the lipid membrane and rotates along with
the liposome. Similar results were obtained for

magneto-liposomes of different sizes.

Increasing 78,

10° 10" 10 10° 10 %.0 05 10 15 20 25
fiHz n/mPas

Figure 2 (a) The viscosity evolution of AC-CME frequency spectra, and
(b) the dependence of yon 7.

Figure 3a shows the temperature dependence of the AC-
CME frequency spectra of a magneto-liposome
dispersion. As the temperature rises, the viscosity of the
outer aqueous phase decreases, shifting the peak toward
higher frequencies. A steep shift was observed near



40 °C. A sharp decrease was also observed in 7o, as
estimated from the frequency spectrum (Fig. 3b). This
temperature coincides with the gel-to-liquid crystal
phase transition temperature (7, = 41 °C) of the DPPC
bilayer. It is known that membrane fluidity increases in
the liquid crystal phase at higher temperatures®. In the
gel phase, membrane fluidity is low, and only the
rotation of the liposomes is responsible for the
orientation relaxation of the MNPs. In contrast, in the
liquid-crystal phase, because the membrane is fluid,
both the rotation of the MNPs within the membrane and

that of the liposomes contribute to orientation relaxation.

It is plausible that the increase in membrane fluidity
accompanying this phase transition caused the abrupt
shift in the spectrum to higher frequencies.
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Figure 3  (a) The temperature evolution of AC-CME frequency spectra
for a magneto-liposome, and (b) relaxation time as a function of the
temperature.
4. Discussion

The dependence of the CME frequency spectrum on
the viscosity of the external aqueous phase indicated
that the MNP particles rotated with the liposome
membrane. Furthermore, its temperature dependence
revealed that the MNP particles were adsorbed onto the

membrane. Additionally, the size of the magneto-
liposomes estimated from o was nearly equal to the
pore size of the filter used in the extruder, indicating that
the magneto-liposomes were not aggregated. This result
suggests that the MNP particles were adsorbed on the
inner side of the liposome.

Thus, the CME frequency spectrum of magneto-
liposomes provides useful insights into the spatial
distribution of MNPs within the vesicles. In future
studies, we will measure the CME frequency spectra of
magneto-liposomes containing negatively charged
MNPs or MNPs with different shapes (e.g., rod-shaped)
to verify the effectiveness of this method.
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Photothermal chemical nanotherapeutics that simultaneously achieve magnetic
imaging and treatment
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Abstract

Conjugation  of

mAb-IRDye700DX

(mAb-IR700) to  dextran-coated

superparamagnetic iron oxide nanoparticles (nanomag-D-spio) yielded nanomag-D-spio-
mAb-IR700, enabling dual imaging (IR700 fluorescence/MRI) and targeted cytotoxicity
upon 690-nm irradiation. The conjugate retained antigen selectivity, exhibited activatable

NIR fluorescence after cellular uptake, generated negative T1- and T2-weighted MRI

contrast, and demonstrated robust, cycle-enhanced photothermal performance.

Keywords: iron nanoparticle, near infrared photoimmunotherapy (NIR-PIT), theranostics

imaging, magnetic resonance imaging (MRI), photothermal therapy (PTT)

1. Introduction

Antibody preparations, particularly antibody-drug
conjugates (ADCs), have recently become key drugs in
cancer and infectious disease treatments. Against this
backdrop, the applicant has conducted research on Near
Infrared Photoimmunotherapy (NIR-PIT), which
involves attaching photosensitizers to antibodies as
ADCs'. This therapy employs a mechanism entirely
distinct from conventional anticancer modalities. After
the antibody-photosensitizer complex binds to the
tumor target site, irradiation with near-infrared light
triggers a photochemical reaction that leads to cell lysis.
The authors demonstrated this photochemical reaction-
induced cell death in 20182, Due to the specificity of this
cell death, NIR-PIT is attracting attention and is
anticipated as the “fifth cancer treatment” (Figure 1).
Furthermore, detailed

molecular mechanism and named this novel cell death

the authors elucidated its

“Photochemosis™.

Variable efficacy among patients who are treated
with ADC is a big issue in the clinic, attributed to
differences in target antigen expression and ADC
metabolism between individuals. Understanding the
extent of target binding relative to ADC administration
could enable ADC optimization. Regarding NIR-PIT,
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quantifying target binding prior to light irradiation
would enable flexible optimization of light dose to
maximize therapeutic efficacy for each patient. To
address these challenges, it would be groundbreaking to
actual
preparations and ADCs at the patient's target lesion site

evaluate the accumulation of antibody
using existing imaging techniques. This research aims
to establish a next-generation photodynamic composite
cancer therapy platform for cancers that remain
incurable, realizing photothermal-chemotherapeutic
nanotherapeutics that simultaneously achieve magnetic

imaging and treatment.

Figure 1. Scheme of NIR-PIT

2. Method
2.1 Antibody Conjugation



Bridged panitumumab-IR700 via carboxylic acid
crosslinking with carbodiimide compounds (Antibody
AFC,  pan-IR700-AFC).

Transmission electron microscopy images of the

Fe-nano  conjugates;
prepared drug were acquired using a JEM-F200
microscope. The absorbance of the drug was measured
using a UV-1900i Plus (Shimadzu Corporation).

2.2 Drug Property Evaluation Methods

Magnetic properties were detected using a vibrating
sample magnetometer (Riken Electronics). MR images
were acquired using an MR imager (MR VivoLVA).
Real-time temperature-labeled thermal images were
recorded using a FLIR C2 IR thermal camera (FLIR
Systems, Inc.). 690 nm laser irradiation was performed
using an MLL-II-690 (Changchun New Industry
Optoelectronic Technology Co., Ltd.). The Fenton
reaction was tested by mixing 1 mM GSH solution with
drug mixtures containing 10 pg/mL
methylchloroisothiazolin-4-one (MB) and 20 mM
hydrogen peroxide (H>O») under different pH values
(54, 64, or 74) and temperature conditions. To
investigate enhanced -OH generation under NIR
irradiation, laser irradiation (200 mW/cm?) was applied
after adding 10 ug/mL MB and 20 mM H,O, under pH
5.4 conditions. As a control, 10 pg/mL MB was mixed
into each sample at the same concentration. -OH
generation was evaluated based on MB degradation and
in absorbance via

measured by the decrease

spectrophotometry.

2.3 in vitro Cell Evaluation Method

Binding to EGFR-overexpressing A431 and MDA-
MB-468 cells, and EGFR-low-expressing H661 cells
was evaluated by measuring binding via flow cytometry.
Cells (1 x 10°) were incubated with pan-IR700-AFC in
RPMI-1640 complete medium at 37°C for 6 hours. A
competitive assay with excess panitumumab (1 pug) was
performed to confirm the binding specificity of the
novel conjugate. Cells were analyzed using a flow
cytometer (DxFLEX; Beckman Coulter), and results
were analyzed using FlowJo v10 (Beckman Coulter).
Fluorescence microscopy observations were performed

using A 1Rsi; Nikon Instech. A431 cells (2 x 10*) were
seeded in glass-bottom dishes and cultured for 24 hours.
Subsequently, 10 pg/mL pan-IR700-AFC was added to
the culture medium, and cells were cultured at 37°C for
6 hours. Cells were then washed twice with PBS.
Propidium iodide (final concentration 2 pg/mL) and
SYTOX blue (final concentration 2 pug/mL), used to
detect cell death, were added 20 minutes prior to
microscopic observation. Cells were irradiated with
NIR light (16 J/cm?®), and continuous microscopic

images were acquired.

2.4 in vivo Imaging Evaluation

All in vivo procedures were performed in accordance
with the policies of the Nagoya University Animal
Experiment Committee. All mice were purchased from
SLC Japan Co., Ltd. Mice were anesthetized with
isoflurane during experimental procedures. A431-luc-
GFP cells (2 x 10° cells) were implanted into the right
dorsal region of 8—12-week-old Balb/C-Slc-nu/nu mice.
Tumors exceeding 1 cm in diameter were used. IR700
fluorescence imaging was performed using PEARL
(LICOR) and MRI imaging using MR VivoLVA.

3. Results

3.1 Antibody Conjugation to Iron Nanoparticles
Iron nanoparticles (IONP), antibody (anti-EGFR
antibody panitumumab), and IR700 were used to create
iron nanoparticle-antibody complexes (Antibody Fe-
nano conjugates; AFC) via a condensation reaction of
COOH functional groups (pan-IR700-AFC; hereinafter
AFC). Iron nanoparticles with a size of 20 nm were used
(Figure 2a). Panitumumab, an anti-EGFR antibody, was
used. After evaluating multiple conditions, the reaction
was performed to prepare the conjugate. In absorbance
measurements, the absorbance of the antibody-IR700
complex was quenched and disappeared upon
attachment to the iron nanoparticles (Figure 2b).
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Figure 2. Properties of the Antibody Fe-nano
Conjugates (AFC)

a. AFC
panitumumab-IR700 and iron nanoparticle binding

composition:  Schematic diagram of
b. Absorption spectra of AFC, iron nanoparticles, and

pan-IR700

3.2 Magnetic Imaging Evaluation of AFC,
Photothermal Effect, and Fenton Reaction

The negative contrast effect of the AFC prepared in
Section 2.1 was evaluated under T1-weighted and T2-
weighted MRI conditions. A concentration-dependent
negative contrast effect was observed (Figure 3a).
Furthermore, photothermal effects under 690 nm near-
infrared irradiation were evaluated, yielding a favorable
temperature increase (Figure 3b). Additionally, a Fenton
reaction using methylene blue demonstrated irradiation-
dose-dependent enhancement, confirming that this
material provides Chemodynamic Therapy (CDT)
effects in addition to photothermal effects (Figure 3c¢).
The thermal conversion efficiency (PCE) of this
29.21%,
photothermal effects.

material ~ was confirming  sufficient

Figure 3. MRI Contrast, Photothermal, and Fenton
Reaction Capabilities of Iron Nanoparticles

a. MRI Negative Contrast Capability of Iron
Nanoparticles

b. Photothermal Effect of Iron Nanoparticles

c. Fenton Reaction of Iron Nanoparticles

3.3 In vitro evaluation of AFC's activatable
fluorescent probe and magnetic imaging
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Based on the results in Figure 2b, it was considered
that ferricarbotran
fluorescence of pan-IR700, and AFC did not retain
the possibility of
dequenching (re-emission) due to

nanoparticles quenched the

fluorescence. To investigate
intracellular
metabolism, dequenching was examined by adding
10% SDS. Upon SDS
fluorescence reappeared and increased by 2-3 fold
(Figure 4a). This confirmed that AFC is an activatable
probe that binds to cells, undergoes endocytosis into the

addition, the quenched

cell, and then emits fluorescence. Furthermore, to
evaluate stability in blood, assessment in mouse serum
revealed that dequenching did not occur and the probe
remained stable in blood (Figure 4b).

To examine targeting, AFC binding was analyzed
using a flow cytometer on EGFR-high-expressing
cancer cells (breast cancer: MDAMB-468, skin cancer:
A431) and EGFR-low/non-expressing cancer cells
(lung cancer: H661, mouse cells: 3T3). Fluorescence of
pan-AFC was observed in EGFR-high cells, and this
fluorescence was inhibited by the addition of excess
panitumumab, suggesting specific binding. In contrast,
no fluorescence was detected in EGFR-low/non-
expressing cells, confirming no binding (Figure 4c).
Furthermore, when imaging cell aggregates in tubes
while bound, AFC-bound samples appeared as negative
contrast agents on MRI, while IR700-containing
samples could be evaluated by fluorescence (Figure 4d).

Next, in vitro cell death effects were examined. Both
pan-IR700 and AFC induced cell death upon 690 nm
light irradiation via photochemosis. However, AFC
induced significantly greater cell death, likely due to the
additive effects of its Fenton reaction and thermoelectric
effects (Figure 4e).



Figure 4. Properties of AFC and Target Cell Death
Effects
a. Evaluation of AFC's Decoupling Ability
b. Evaluation of AFC's Stability in Blood
c. Fluorescence Evaluation of AFC's Target Cell
Binding
d. MRI Contrast Ability and Fluorescence Evaluation
of AFC-Bound Cell Clusters
e. Quantitative Evaluation of AFC Target Cell
Binding and Cell Death Induction by 690 nm
Light Irradiation

3.4 In vivo evaluation of AFC as an activatable
fluorescent probe and magnetic imaging agent

To evaluate magnetic imaging and IR700 fluorescence
in vivo, we assessed the in vivo dynamics of AFC via
intravenous administration in a mouse human tumor

xenograft model (Figure 5a).

The imaging progression shows the tumor region,
originally appearing as high intensity on T1- and T2-
weighted MRI, gradually becoming negative over 1 to
9 hours. After peaking between 12 hours and 1 day, the
drug began to clear again from day 2, with dynamics
detected as an MRI molecular targeted negative contrast
agent, returning to pre-administration levels by day 7
(Figure 5b). IR700 fluorescence gradually increased
immediately after administration, peaked between 9 and
12 hours, remained stable until day 2, and then gradually

decreased from day 3 (Figure 5b). This demonstrated
that AFC can be used as a dual-imaging agent: IR700
fluorescence for molecularly targeted imaging and the
magnetic particles for MRI-negative contrast.

Figure 5. In vivo pharmacokinetics of AFC and its effect
on target tumors

a. Imaging procedure for MRI and IR700 fluorescence
in vivo evaluation

b. Time-course IR700 fluorescence and MRI images of

mouse tumor models

4. Discussion

We developed an AFC by integrating panitumumab-
IR700 with
superparamagnetic iron oxide), creating a magnetically
trackable EGFR-targeted NIR-PIT platform. This
yielded a single diagnostic agent with MRI visibility

iron nanoparticles (dextran-coated

and cytotoxicity under near-infrared irradiation. In vitro,
this complex retained EGFR selectivity and induced
stronger cell death than panitumumab-IR700 alone.
This suggests that the photochemical cell death
of NIR-PIT is
synergistically enhanced, further augmented by PTT
(photothermal therapy) and CDT (photochemical death).
These multiple cell death mechanisms are thought to

mechanism  (photochemosis)

contribute to enhanced antitumor effects. It is expected
to function as a new platform capable of evaluating the
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extent of NIR-PIT drug binding.

Moving forward, we plan to conduct studies using
mouse models to verify its efficacy as a preclinical test.
If efficacy is confirmed, it could become a drug capable
of simultaneously delivering NIR-PIT, CDT, and PTT
in combination. Inorganic particle drugs are not
currently approved, and we intend to continue future
research.
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Spatial visualization of brain energy metabolism by magnetic resonance
spectroscopy using hyperpolarized *C-pyruvate and its application
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Abstract

Abnormalities and alterations in the glycolytic pathway in the pathology of
neurodegenerative diseases and brain aging have recently received much attention.
Hyperpolarized [1-'*C]pyruvate magnetic resonance spectroscopy (MRS) holds great
promise for neurological applications because it enables real-time detection of glycolytic
and oxidative phosphorylation fluxes in vivo. In this study, we compared hyperpolarized
[1-C]pyruvate metabolism in the brains of awake mice and isoflurane-anesthetized
mice using a custom-built awake mouse restraint device with MR spectroscopic imaging
(MRSI), which enables spatial mapping of metabolism. Furthermore, we compared
hyperpolarized [1-*C]pyruvate metabolism in the brains of young and aged mice using
awake MRSI. The results demonstrated that hyperpolarized [1-"*C]pyruvate MRSI under
awake conditions is useful for the spatial detection of abnormalities and alterations in
glycolysis and oxidative phosphorylation flux in the brains of mice. Thus, the use of
hyperpolarized [1-'*C]pyruvate MRSI has potential in pathological and mechanistic
studies of brain diseases and brain aging.

Keywords: hyperpolarized [1-'*C]pyruvate, chemical shift imaging, mouse brain, awake

condition, aging

1. PURPOSE

Despite the increasing prevalence of Alzheimer’s
disease (AD) associated with the progression of a
super-aging society, the mechanisms underlying its
onset remain unclear. Recently, increasing attention
has been paid to the involvement of metabolic
abnormalities in the pathophysiology of AD. Pyruvate
is a key metabolic intermediate at the intersection of
glycolysis and aerobic metabolism. In brain energy
metabolism, the astrocyte—neuron lactate shuttle has
been proposed, in which lactate produced from
pyruvate in astrocytes is supplied to and utilized by
neurons (Figure 1). We have previously demonstrated,
using clinical proton (*H) magnetic resonance

spectroscopy (MRS), that increases in reactive

astrocytes and lactate concentrations in the posterior
cingulate cortex of patients with Alzheimer’s disease
correlate with disease severity ! . In addition, clinical
positron emission tomography studies have suggested
that cerebral glucose metabolism declines with aging
in the human brain? . The aim of this study was to
elucidate, in detail, alterations in brain energy
metabolism associated with AD pathology and aging
in the living brain by applying hyperpolarized MRS
technology, which enables highly sensitive, real-time
measurements of pyruvate metabolism in vivo. To
spatially visualize brain energy metabolism using
hyperpolarized [1-*C]pyruvate as a contrast agent, we
established an experimental system that enables
hyperpolarized MRS evaluation of the mouse brain
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under awake conditions. Furthermore, by applying this
system to aged mice, we sought to present examples of
applications that could contribute to basic neuroscience
research and brain disease studies aimed at elucidating
mechanisms of brain development and aging through
novel in vivo information on brain energy metabolism.

Figure 1. Brain energy metabolism (astrocyte—neuron
lactate shuttle).

2. METHOD
To compare brain metabolism of hyperpolarized

[1-3C]pyruvate between

isoflurane-anesthetized mice, we

awake and

developed an
MRI-compatible awake mouse restraint device and a
head plate for securely fixing the mouse to the device,
thereby establishing a dedicated measurement system
(Figure 2) * . Two-month-old C57BL/6N mice and
C57BL/6J mice aged either 2.5 months (young) or 19
months (aged) were used in the experiments. Under
isoflurane anesthesia, a head plate was attached to the
skull ~ of
measurements were performed using a BioSpec 3T
preclinical MR scanner (Bruker BioSpin). After
positioning the mouse fixed in the awake restraint

each mouse. Hyperpolarized MRS

device inside the MR scanner, T2-weighted images

were acquired. Subsequently, a hyperpolarized
[1-3C]pyruvate solution (10 uL per g body weight)
was administered via the tail vein, and 3C free
induction decay chemical shift images were acquired
starting 4 seconds after injection. Peak intensities of
each metabolite were measured and overlaid on the

T2-weighted images to generate hyperpolarized *C
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metabolite maps.

Figure 2. Blueprint (left) and schematic diagram (right)
of the awake mouse restraint device.

3. RESULTS

Construction of a measurement system enabling
hyperpolarized MRS evaluation of the mouse brain
under awake conditions

Figure 3. Evaluation of hyperpolarized [1-"*C]pyruvate
metabolism in the orbitofrontal cortex (OFC) and
hippocampus of isoflurane-anesthetized and awake
C57BL/6N mice using magnetic resonance imaging
(MRSI).

Using the developed awake mouse restraint device



and an MRSI method that enables spatial visualization
of metabolism, we compared brain metabolism of
hyperpolarized [1-“C]pyruvate between awake and
isoflurane-anesthetized mice. Signals corresponding to
lactate derived from hyperpolarized [1-"*C]pyruvate,
an indicator of glycolytic flux, were detected in
multiple brain regions, including the OFC and
hippocampus (Figure 3) 3’ . In contrast, signals

corresponding to  bicarbonate  derived  from

hyperpolarized [1-*C]pyruvate, an indicator of
oxidative phosphorylation flux, were below the
detection limit in the OFC and hippocampus under
isoflurane anesthesia but were detectable under awake

conditions.

Analysis of age-related changes in brain energy
metabolism  using  awake
[1-2C]pyruvate MRSI

Using awake MRSI, we compared hyperpolarized

hyperpolarized

[1-3C]pyruvate metabolism between young and aged
mouse brains. No significant difference in the
lactate-to-pyruvate ratio was observed between young
and aged mice (Figure 4)* . Similarly, no significant
difference in the bicarbonate-to-pyruvate ratio was
observed in the OFC between young and aged mice.
However, in the hippocampus, the

bicarbonate-to-pyruvate ratio was significantly

reduced in aged mice compared with young mice.

Figure 4. Comparison of hyperpolarized [1-*C]pyruvate

metabolism in the OFC and hippocampus between
young and aged C57BL/6J mice using awake MRSI

4. DISCUSSION

The results of this study demonstrate the feasibility
of spatially mapping metabolism from hyperpolarized
[1-3C]pyruvate to lactate and bicarbonate in the awake
mouse brain. Furthermore, the established awake
hyperpolarized *C MRSI evaluation system revealed
age-related reductions in oxidative phosphorylation
flux in brain regions including the hippocampus, with
the magnitude of these changes differing across brain
regions. This study provides experimental evidence
that hyperpolarized [1-*Clpyruvate MRSI under
awake conditions is a useful tool for the spatial
detection of abnormalities and alterations in glycolytic
and oxidative phosphorylation fluxes in the mouse
brain, a widely used disease model. In the future,
hyperpolarized [1-*Clpyruvate MRSI is expected to
be applied to pathophysiological studies of brain
diseases, evaluation of disease-modifying therapies,
and basic neuroscience research aimed at elucidating

the mechanisms of brain development and aging.
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Abstract
This study aimed to bridge transcranial magnetic stimulation (TMS) and

magnetoencephalography (MEG) by integrating experimental and computational

approaches. First, motor evoked potentials (MEPs) were successfully recorded from

trunk muscles, identifying optimal stimulation parameters. Second, the precision and

accuracy of resting motor threshold (RMT) estimation were quantitatively evaluated,

demonstrating early convergence of precision and later achievement of accuracy. Finally,

simulation studies based on the Lorentz reciprocity theorem were initiated to estimate

TMS-induced electric fields. These findings contribute to improving the reliability and

interpretability of TMS-based neuromodulation.

Keywords: transcranial magnetic stimulation (TMS), magnetoencephalography (MEG)

1. PURPOSE

Among non-invasive brain stimulation
methods, transcranial magnetic stimulation (TMS) is
the only technique capable of directly inducing action
potentials in the human brain.
Magnetoencephalography (MEG) provides superior
spatial resolution compared to electroencephalography
(EEG) and offers high temporal resolution, allowing
precise estimation of neural activity sources. Despite
their complementary strengths, studies integrating
these two modalities remain limited. The present study
aimed to bridge TMS and MEG through both
experimental and computational approaches.

Repetitive TMS (rTMS), which delivers
stimuli at a constant rhythm, has attracted considerable

attention for its therapeutic effects on neuropsychiatric
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disorders. However, the parameter space of rTMS is
vast, making it neither efficient nor rational to directly
design therapeutic protocols without sufficient
physiological grounding. Motor evoked potentials
(MEPs), elicited by TMS over the primary motor
cortex, are widely used as a practical measure to
estimate TMS effects. In this study, we first explored
novel target muscles for TMS-MEP by focusing on
trunk muscles (Section 2-1). We then evaluated the
performance of resting motor threshold (RMT)
measurements in terms of precision and accuracy
(Section 2-2), both of which have already been
reported as published studies. Furthermore, to facilitate
integration with MEG, we initiated simulation studies
based on the Lorentz reciprocity theorem (Section
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2. METHOD
2-1. MEP recording from trunk muscles

Healthy volunteers were recruited, and
MEPs were recorded from trunk muscles, specifically
the external oblique muscle, using TMS. Participants
were divided into younger and older groups, and
written informed consent was obtained from all
individuals without contraindications to TMS. A
double-cone coil was used, and the stimulation site
was explored around the Cz position based on the
international 10-20 system to identify the hot spot
where the largest MEP amplitude was obtained.

In the younger group, coil orientation was
systematically varied in eight directions at 45-degree
intervals to evaluate its effect on corticospinal
excitability, particularly on indirect waves (I-waves).
Surface electromyography (EMG) was recorded from
the right external oblique muscle, while participants
maintained mild voluntary contraction. The active
motor threshold (AMT) was determined for each
condition, and responses were recorded at 120% of
AMT. Stimulation was applied to both hemispheres,
allowing comparison between contralateral and
ipsilateral responses. MEP latency and threshold were

analyzed statistically across conditions.

2-2. Precision and accuracy of TMS-MEP

In clinical laboratory medicine, performance
of a test is evaluated in terms of precision (the
reproducibility of repeated measurements) and
accuracy (the closeness to the true value). In this study,
the performance of RMT estimation using TMS was
assessed from these two perspectives.

A total of 53 healthy participants were
included, and MEPs were recorded from the right first
dorsal interosseous muscle. A figure-of-eight coil was
used, and two target amplitudes (0.05 mV and 0.2 mV)
were defined as RMT0.05 and RMTO0.2, respectively.
Threshold estimation was performed using a sequential
adaptive algorithm based on maximum likelihood
estimation (MLE). For each condition, 30 trials were
conducted, and stimulation intensity was updated
based on the presence or absence of MEPs.

Precision was defined as whether the last
three estimates fell within +2% of the maximum
stimulator output (MSO), while accuracy was defined
as whether each estimate fell within +5% of a
reference value calculated from the mean of the final
six trials. The convergence point was defined as the
first trial at which these criteria were satisfied and
maintained thereafter. Data from all sessions were
pooled for analysis.

2-3. Simulation of TMS effects

In recent years, attempts have been made to
estimate TMS effects using EEG in addition to MEPs.
In this study, we focused on the correspondence
between the MEG inverse problem and the TMS
forward problem based on the Lorentz reciprocity
theorem. Numerical simulations were conducted using
head models to improve the estimation of
TMS-induced electric fields. Specifically, simulations
were performed using SimNIBS, in which tissue
parameters were varied to examine their effects on the
spatial distribution and magnitude of induced electric

fields.

3. RESULTS
2-1. MEP recording from trunk muscles

MEPs from the external oblique muscle
were successfully obtained in all participants with
contralateral stimulation, whereas ipsilateral MEPs
were observed only in a subset of participants in both
younger and older groups. Analysis of coil orientation
revealed that stimulation inducing an antero-medial
current in the brain produced the shortest onset latency
and the lowest AMT for both contralateral and
ipsilateral conditions (Fig. 1, cited from ref 1).
Specifically, contralateral stimulation yielded a latency
of 15.8 £ 1.4 ms and an AMT of 44.9 + 7.5% MSO,
while ipsilateral stimulation showed a latency of 17.8
+ 1.9 ms and an AMT of 56.1 + 10.0% MSO.
Furthermore, contralateral stimulation resulted in
significantly shorter latency and lower AMT compared
to ipsilateral stimulation. These findings suggest that
an antero-medial current direction is optimal for

activating trunk muscles via TMS.
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Fig. 1. MEP latency and AMT for the external oblique muscle, from ref 1).
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Fig. 2. Precision and accuracy of the threshold hunting estimation, from ref 2).

2-2. Precision and accuracy of TMS-MEP

The temporal evolution of precision and
accuracy in RMT estimation was evaluated using
pooled data from 185 sessions. Precision was achieved
relatively early, with more than 95% of sessions
meeting the criterion within approximately 11 trials
(Fig. 2, cited from ref 2). In contrast, accuracy required
more trials, reaching the 95% criterion at around 18
trials for both RMTO0.05 and RMTO0.2 conditions.
These results indicate that while stable estimates
(precision) can be obtained early in the measurement
process, additional trials are necessary to ensure that
the estimates accurately reflect the true threshold. This
suggests that the number of trials in TMS-based
threshold measurements should be optimized by
considering both precision and accuracy.
2-3. Simulation of TMS effects

This part of the study has not yet reached a
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definitive  conclusion. =~ However,  preliminary
simulations using individual MRI-based head models
suggest that variations in tissue parameters can
influence both the magnitude and spatial distribution

of TMS-induced electric fields.

4. DISCUSSION

In this study, we aimed to integrate
experimental TMS measurements with computational
modeling approaches related to MEG to bridge the two
methodologies. As a result, we successfully published
TMS-MEP  measurements.
Although the MEG-related modeling component has

findings related to
not yet yielded results sufficient for publication, the
data obtained thus far provide a valuable foundation
for improving the predictive accuracy of (r)TMS

effects in future studies.
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Development of a novel cancer magnetothermal chemotherapy using magnetized
mesenchymal stem cells
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Abstract
In this study, we aimed to develop an effective cancer magnetothermal

chemotherapy using liposome-modified mesenchymal stem cells (MSCs) in combination

with an alternating magnetic field (AMF). Gemcitabine-loaded liposome-modified MSCs

significantly inhibited tumor growth, and its effect was further enhanced in combination

with hyperthermia. On the other hand, the anti-tumor efficacy of liposome-modified

MSCs was not enhanced by the presence of AMF exposure. This may be attributed to the

insufficient magnetic flux density of the AMF generator used in this study. Currently, we

are investigating the optimization of parameters, such as the particle size of iron oxide

magnetic nanoparticles and their loading amount into MSCs to achieve efficient heat

generation under an AMF.

Keywords: cancer magnetothermal chemotherapy, liposome, mesenchymal stem cell

1. Purpose

Cancer cells are known to exhibit higher
thermosensitivity than normal cells, and exposure to
heat further enhances their sensitivity to anti-cancer
drugs. Based on these properties, ‘“‘magnetothermal
chemotherapy,” which combines localized tumor
heating using iron oxide magnetic nanoparticles and an
alternating magnetic field (AMF) with anti-cancer
agents, is expected to be an effective novel cancer
therapy. In developing this therapeutic strategy, the
selective and simultaneous delivery of magnetic
nanoparticles and anti-cancer drugs to tumor tissues is
a critical factor determining its therapeutic efficacy and
safety.

We have previously developed mesenchymal
(MSCs) modified with
encapsulating both anti-cancer drugs and iron oxide

stem cells liposomes

magnetic nanoparticles (liposome-modified MSCs),

and demonstrated that these cells can accumulate in
tumor tissues while stably carrying both agents.'
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In this study, we aimed to develop an effective
magnetothermal  chemotherapy using liposome-
modified MSCs in combination with an AMF.

2. Methods
Preparation of gemcitabine-encapsulated liposome-
modified MSCs: (GEM)  was

encapsulated into anionic liposome/atelocollagen

Gemcitabine

complexes containing iron oxide magnetic
nanoparticles, which we previously developed. The
added to

marrow—derived MSCs, and the cells were cultured for

complex was then mouse  bone

30 min under a magnetic field to obtain
liposome-modified MSCs.

Evaluation of the anti-tumor efficacy of
GEM-encapsulated liposome-modified MSCs with
hyperthermia: A solid tumor model was established
by subcutaneous inoculation of B16/BL6 mouse
melanoma cells. Liposome-modified MSCs were

intravenously administered to the tumor-bearing mice.



After 24 h, the tumor tissues were immersed in a 42 °C
water bath for 30 min. Tumor volumes were then
measured over time.

Evaluation of tumor temperature elevation by
combining GEM-encapsulated liposome-modified
MSCs with an AMF: An AMF was applied to the
tumor tissue for 30 min at 24 h after intravenous
administration of liposome-modified MSCs to
tumor-bearing mice. During magnetic field exposure,
tumor temperature was monitored over time using a
thermographic camera.

3. Results

Intravenous administration of GEM-encapsulated
liposome-modified MSCs to tumor-bearing mice
resulted in significant inhibition of tumor growth, and
this effect was markedly enhanced in combination
with hyperthermia. Notably,
exhibited little tumor growth inhibition. Furthermore,
the anti-tumor of GEM-encapsulated

liposome-modified combined with

hyperthermia alone

efficacy

MSCs
hyperthermia was substantially greater than that
observed with the co-administration of GEM and iron
oxide magnetic nanoparticles combined with
hyperthermia.

In contrast, when GEM-encapsulated liposome-
modified MSCs were combined with an AMF, only a
slight increase in tumor temperature was observed, and
the temperature did not exceed 40°C. Consistently, no
significant difference in anti-tumor efficacy was
observed between treatments with and without
application of an AMF. Extending the duration of
magnetic field exposure from 30 min to 1 h yielded

similar results.

4. Discussion
In the solid tumor model, hyperthermia alone did
not exhibit a significant anti-tumor efficacy, suggesting

that the enhanced tumor growth inhibition observed
with GEM-encapsulated liposome-modified MSCs
under hyperthermic conditions is attributable to
increased chemosensitivity of cancer cells. Moreover,
compared with the co-administration of GEM and iron
oxide magnetic nanoparticles, the superior anti-tumor
efficacy of GEM-encapsulated liposome-modified
MSCs is likely due to the simultaneous delivery of
both GEM and magnetic nanoparticles to tumor tissues
by  MSCs,
chemosensitized cancer cells to GEM.

enabling efficient exposure of
On the other hand, one possible reason for the
effect
combination of GEM-encapsulated liposome-modified
MSCs and an AMF is the magnetic flux density. The

magnetic field generator used in this study provided a

insufficient heating observed with the

flux density of 20 mT, which was likely insufficient to
induce effective heat generation from the iron oxide
magnetic nanoparticles. We are currently investigating
the optimization of parameters such as the particle size
of the magnetic nanoparticles and their loading amount
in liposome-modified MSCs to achieve efficient heat
generation under an alternating magnetic field.

Acknowledgment
This study was supported by The Watanabe
Foundation.

References
1) Yusuke Kono, Himi Kanbara, Saki Danjo, Aiga
Yoshikawa, Yoshihiro Iwayama, Ken-ichi Ogawara.
Liposome-loaded mesenchymal stem cells enhance
tumor accumulation and anti-tumor efficacy of
doxorubicin in mouse tumor models of melanoma.
Pharmaceutics., 17(8), 947 (2025).

30



Discoidal Nanoparticle-Based '"F MRI Contrast Agents
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Abstract
F magnetic resonance imaging ('°F MRI) enables the visualization of the in vivo

localization of fluorine-containing probes and has attracted significant attention for tumor

imaging applications. In this study, we report the development of a nanoscale "’F MRI

contrast agent by employing lipid nanodiscs, achieving a particle size of approximately

10 nm. By leveraging the unique structural features of nanodiscs—namely their small

size and the high mobility of constituent lipid molecules —we incorporated '*F-labeled

phospholipids into the nanodisc structure to function as an effective contrast agent. The

resulting probe exhibited reduced hepatic uptake and rapid renal clearance in vivo.

Furthermore, surface PEGylation of the nanodiscs successfully enhanced their blood

circulation time.
Keywords: °F MRI, nanodisc, lipid, probe

1. PURPOSE

Magnetic resonance imaging (MRI) is widely used
in medical applications because it enables noninvasive
imaging in vivo.! While conventional MRI detects
signals from "H nuclei, "’F MRI obtains signals from
PF-containing  contrast allowing  the
distribution of the agents to be
independently of 'H MRI. Consequently, '°’F MRI has

attracted considerable attention as a technique for

agents,
visualized

visualizing contrast agent distribution with high

contrast, owing to its negligible endogenous
background signals.

In the design of F MRI contrast agents, it is
necessary to incorporate a large number of highly
mobile F nuclei within the probe to increase the local
fluorine concentration and sensitivity. Based on this
design principle, emulsions consisting of highly
mobile fluorinated liquids solubilized by surfactants, as
well as nanoparticles with emulsion surfaces coated

with silica or metals, have been developed. However,
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these systems suffer from significant hepatic uptake
and long -term accumulation, primarily due to their
large particle sizes (typically exceeding 100 nm) and
rigid surface properties.

To develop a ""F MRI contrast agent that satisfies
these requirements, we focused on lipid nanodsics.
Lipid nanodiscs are nanoscale particles in which a
phospholipid bilayer is solubilized into a discoidal
structure by amphiphilic polymers or proteins, and
they have recently been explored for drug delivery
applications.”? The lipid molecules within nanodiscs
exhibit high mobility due to their translational and
rotational motions. Therefore, by incorporating
1F-labeledphospholipids into nanodiscs, it is possible
to construct nanoparticles containing highly mobile °F
nuclei.

Lipid nanodiscs possess high size stability, do not
and typically have

diameters of 10-20 nm, making them well suited for

require inorganic materials,

delivery to tumor tissues. Based on these



characteristics, we hypothesized that nanodiscs
incorporating '°F-labeled phospholipids could servev
as effective '’F MRI contrast agents for the selective

visualization of tumor tissues.

2. METHODS
After
synthesized '"F-labeled phospholipids, discoidal “F

preparing  liposomes using chemical

MRI contrast agents were obtained by solubilizing the

polymer,
surface

liposomes  with an  amphiphilic

styrene-maleic  acid copolymer.  For
modification, 20 mol% PEGylated phospholipids were
incorporated during liposome preparation.

The particle

characterized by dynamic

size of the nanoparticle was
light
transmittion electron microscopy. The MR relaxation

scattering and

properties of the '°F nuclei within the nanoparticles
were evaluated by '°F MR spectroscopy. Furthermore,
F MRI was employed to visualize the distribution of
the contrast agents in both phantom samples and in

Vivo in mice.

3.RESULTS

The prepared discoidal MRI contrast agents
exhibited a particle size of approximately 10 nm,
demonstrating a substantially smaller size compared to
conventional ’F MRI contrast agents. The "F MRI
signal obtained from the developed probes showed a
T, relaxation time exceeding 300 ms, indicating
performance sufficient for '"F MRI applications.
Phantom ""F MRI measurements revealed a detection
limit of 6.54 mM in terms of "F concentration. This
value is lower than that of a conventionally prepared
emulsion-type contrast agent (17.0 mM), highlighting
the superior signal intensity of the developed probe.

Upon intravenous administration of the contrast
agent to mice, no accumulation in the liver was
observed, while a clear '’F MRI signal was detected in
the bladder region. In contrast, most conventional °F
MRI contrast agents tend to accumulate in the liver.
The ability of the present probe to avoid hepatic uptake
is likely attributable to its ultrasmall particle size of
approximately 10 nm.

We further evaluated PEGylated nanodiscs in which
the particle surface was coated with PEG polymers.
These particles also produced detectable '°F MRI
Notably, studies showed that
PEGylated nanodiscs exhibited slower accumulation in
the bladder compared to non-PEGyalted probes. PEG
modification is known to suppress protein absorption

signals. in  vivo

in the blood stream and enhance ciruculation time.
These results suggest that polymer coating improvs
blood retention and consequently reduces the rate of

renal clearance.

4. DISCUSSION

In this study, by applying a lipid nanodisc-based
strategy to '"F MRI contrast agent design, we
successfully introduced highly mobile '°F nuclei into
ultrasmall nanoparticles of approximately 10 nm,
thereby developing a '°F MRI contrast agent with an
exceptionally small size. Owing to its nanoscale
dimensions, the developed probe exhibited minimal
hepatic uptake and rapid renal clearance. Furthermore,
the contrast agent remained in circulation for
approximately 2 hours, suggesting that surface
functionalization with targeting ligands could further
enable application in tumor imaging and the

visualization of biological processes in vivo,

°F MRI

Merge

(a) 'H MRI

Unmodified probe

“F MRI

2 A
d

i

PEG-modified probe

adder

Figure 1 'H/ F MRI images of mice following
administration of a

and (b)

intravenous  (taill  vein
non-PEGylated nanodisc MRI probes
PEGylated nanodisc MRI probes.
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Part of the content of this paper was presented at
the “World Molecular Imaging Congress 2025,” held
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Development of a new method to noninvasively assess neurophysiological
function in lumbar spinal area using magnetospinography
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Abstract
This study aims to develop a new method for magnetospinography (MSG) to

noninvasively evaluate lumbar nerve function. We measured MSG in ten healthy

volunteers using new stimulation methods: lateral femoral cutaneous nerve, saphenous,

and femoral nerve stimulation. MSG visualized neural current in lumbar spinal area via

lumbar foramen after each nerve stimulation. Lateral femoral cutaneous nerve

stimulation effectively visualized the L2/3 foramen, while saphenous nerve stimulation

was superior for the L4/5 foramen. Femoral nerve stimulation provided significantly

higher current intensity for upper lumbar spinal area. Development of novel nerve

stimulation enabled MSG to visualize neural currents flowing through the lumbar region

with high spatial resolution.

Keywords: magnetospinography, magnetoneurography

1. Purpose

Lumbar diseases, such as lumbar disc herniation and
spinal canal stenosis, cause lower limb pain, numbness,
and gait disturbance due to nerve compression,
significantly restricting activities of daily living.
Diagnosis typically involves physical examinations
combined with imaging evaluations such as X-ray and
magnetic resonance imaging (MRI). However,
identifying the responsible lesion is often difficult
when nerve compression on imaging is mild or
multilevel. While electrophysiological functional
evaluations are commonly used, detailed assessment of
the cauda equina and nerve roots is challenging due to
their deep anatomical location. Therefore, a
non-invasive method for detailed neural functional

evaluation has been required.

We focused on the magnetic fields generated around
neural activity currents. Unlike electrical currents,

which vary in conductivity across biological tissues,
magnetic fields penetrate tissues uniformly. This
allows for the undistorted measurement of deep
structures, such as the spinal cord and cauda equina,
from the body surface. While
magnetoencephalography and magnetocardiography
are clinically established, applying this technology to
the spine has been difficult because the magnetic
signal intensity is much weaker than that of the brain
or heart. To overcome this, we develop a
magnetospinography (MSG) system utilizing highly
sensitive Superconducting Quantum Interference
Device (SQUID) sensors (Fig. 1). Although we
previously reported the successful visualization of
spinal neural activity in healthy subjects, evaluating the
lumbar intervertebral foramina and upper lumbar spine
remained difficult”. This study aimed to develop a new
nerve stimulation method to evaluate neural function
in these specific regions using MSG.
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2. Method

We measured MSG of lumbar spine in 10 healthy
volunteers. In a magnetically shielded room, the
subject's lower back lay on SQUID sensors. A new
nerve stimulation — lateral femoral cutaneous nerve,
saphenous nerve, and femoral nerve stimulation —
was applied. The magnetic fields from ascending
currents in the lumbar region were measured. The
magnetic signals were converted into current
distributions using a spatial filter method and
superimposed onto frontal and lateral lumbar X-ray
images. Additionally, "virtual electrodes" were used to
calculate current waveforms at specific points,
allowing for the evaluation of conduction through

current intensity and conduction velocity.

3. Results

MSG measurements were successfully obtained for all
volunteers following each nerve stimulation. Current
distribution demonstrated that currents entered the
spinal canal through the following specific foramen
(Lateral femoral cutaneous nerve stimulation, through
the L2/3 and L3/4 foramina (Fig. 2); Saphenous nerve
stimulation, through the L3/4 and L4/5 foramina (Fig.
3); Femoral nerve stimulation, through the L2/3 to
L4/5 foramina (Fig. 4); Peroneal nerve stimulation,
through the L5/S1 foramen). Virtual electrodes placed
along the neural pathways captured current waveforms
propagating
intensities at the intervertebral foramina revealed that

cranially. Comparison of current
lateral femoral cutaneous nerve stimulation showed a
higher inflow ratio at L2/3, while saphenous nerve
stimulation showed a higher ratio at L4/5.

While femoral nerve stimulation made it difficult to

isolate currents for individual foramina, the current
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intensity within the upper lumbar spinal canal was
significantly higher—14 times greater than lateral
femoral cutaneous nerve stimulation and 18 times

greater than saphenous nerve stimulation (Fig. 5).

4. Discussion

MSG successfully visualized the current
distribution ascending from the lumbar
intervertebral foramina into the spinal canal with



high spatial resolution. Our findings suggest that
lateral femoral cutaneous nerve stimulation is
most suitable for evaluating the L2/3 foramen,
while saphenous nerve stimulation is ideal for the
L4/5 foramen. The significantly higher current
intensity in the upper lumbar spine during femoral
nerve stimulation likely results from a larger
number of activated nerve fibers and minimized
temporal dispersion due to the proximity of the
stimulation site to the recording site. These results
indicate that using level-specific stimulation—
femoral nerve for the upper lumbar canal, lateral
femoral cutaneous nerve for the L2/3 foramen,
and saphenous nerve for the L4/5 foramen—can
aid in the diagnosis of lumbar radiculopathy,
which is often clinically challenging. Future
research will focus on MSG measurements in
patients with lumbar diseases to advance
diagnostic and functional evaluation beyond the
capabilities of current methods.

Acknowledgement

This research was supported by the 30th Magnetic
Research Grant from the Watanabe Foundation. The
findings were presented at a symposium during the
55th Annual Meeting of the Japanese Society of
Clinical Neurophysiology (JSCN) and subsequently
published in the society's official journal, Japanese
Journal of Clinical Neurophysiology ?, as well as the
international ~ journal,  Jowrnal of  Clinical
Neurophysiology *. We would like to express our
profound gratitude to the Watanabe Foundation for
their generous support.

References
1) Shuta Ushio, et al.; Clin Neurophysiol. 130(1):
p.1-11.(2019)
2) FaAE  ERIRAHRAZEET, 53(6) p.673-678 (2025).
3) Higashikawa Hisato, et al.; J Clin Neurophysiol.
Epub ahead of print (2025).

36



Innovative hearing-loss therapy involving extracorporeal recovery
from cisplatin-induced ototoxicity via magnetic guidance
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Abstract
Cisplatin-induced ototoxicity occurs because cisplatin is not readily cleared from

the cochlea, leading to excessive accumulation and irreversible damage to cochlear hair

cell (HC); however, no effective treatment or preventive strategy has been established.

Here, we evaluated a “magnetic microsurgery” approach in which glutathione-loaded

superparamagnetic iron oxide nanoparticles capture intracochlear cisplatin and are

magnetically guided to the round window membrane for extracorporeal retrieval. We

demonstrated successful cochlear drug recovery, improved cisplatin-induced hearing loss,

and reduced HC loss, with no mortality or severe adverse events. This platform may

provide a new therapeutic option for cisplatin ototoxicity and help improve quality of life

1N cancer survivors.

Keywords: Cisplatin, Ototoxicity, Hearing loss, Magnetic microsurgery

1. Introduction and objective

Cisplatin is a widely used chemotherapeutic agent with
established efficacy against malignant tumors, but it
also damages normal tissues and causes adverse effects
such as myelosuppression, nephrotoxicity, and hearing
loss. Hearing loss is particularly common (40-80% in
adults and ~50% in pediatric patients), yet no
established treatment or preventive strategy exists for
cisplatin-induced hearing loss. In the inner -ear,
cisplatin is poorly eliminated and can persist within the
cochlea, leading to excessive accumulation and
irreversible injury to cochlear sensory structures,
including cochlear hair cells (HCs) and neurons.
Conventional approaches—such as antioxidant-based
protection or chemical neutralization—are limited
because accumulated cisplatin is not physically
removed. We therefore sought to develop a strategy for
extracorporeal elimination of intracochlear cisplatin.
(GSH)-loaded
superparamagnetic iron oxide nanoparticles (SPIONs),

We focused on  glutathione
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which are ~100 nm in size, can access the inner ear via
and have both
antioxidant activity and affinity for binding cisplatin.

the round window membrane,

Based on prior in vitro confirmation of cisplatin
binding and magnetic controllability, we hypothesized
that intracochlear cisplatin could be captured by
GSH-SPIONs and guided magnetically to the round
window for extracorporeal retrieval. The aim of this
study was to evaluate whether local administration
reduces ototoxicity and whether magnetic-guided
retrieval is feasible and safe in vivo.

2. Methods

Male C57BL/6J mice received transtympanic cisplatin
to induce hearing loss. GSH-SPIONs were locally
delivered to the round window, followed by placement
of a small magnet. Hearing was assessed by auditory
brainstem response (ABR), and cochlear HC survival
was quantified by Myosin7a immunostaining and
confocal microscopy.



3. Results

No animal deaths or marked health impairments were
observed after GSH-SPION administration or the
magnetic microsurgery procedure. Cisplatin caused a
marked elevation of ABR thresholds. In contrast,
combined treatment with GSH-SPION and magnetic
(GSH-+magnet)
cisplatin-induced hearing loss, indicating preservation

guidance attenuated the

of auditory function. Immunostaining showed
prominent HC loss in the cisplatin group, whereas
outer HC survival was confirmed in the GSH+magnet
group. Quantitative analysis demonstrated higher HC
survival in the GSH+magnet group compared with the

cisplatin-only model.

4. Discussion

Using a magnetic-guided drug retrieval strategy, we
achieved extracorporeal elimination of intracochlear
cisplatin through the round window and demonstrated
associated improvements in auditory thresholds and
HC survival in a cisplatin ototoxicity model. This
concept differs from prior approaches that primarily
aim to protect cochlear tissues or chemically neutralize
cisplatin without removing the drug that persists and
accumulates in the cochlea. By directly targeting drug
retention, magnetic microsurgery aims to shorten
intracochlear drug residence time and reduce
cumulative toxic exposure to sensory structures.
The originality of this work can be summarized in four

points. First, we enabled selective ‘“capture” of

intracochlear cisplatin by imparting cisplatin-binding
affinity to SPIONs via GSH loading. Second, we
coupled capture with physical removal by leveraging
magnetic force to guide the cisplatin—nanoparticle
complex to an anatomical exit point, thereby
implementing a retrieval pathway rather than relying
on natural clearance. Third, we integrated cisplatin
removal with antioxidant therapy through GSH
loading, providing a dual-function therapeutic material.
Fourth, we established a minimally invasive surgical
workflow for localized nanoparticle delivery and
magnetic guidance at the round window.

The observed functional and histological benefits,
together with the absence of overt mortality or severe
morbidity in treated animals, support the feasibility of
studies
nanoparticle formulation, magnetic

should optimize
strength and
placement, treatment timing, and retrieval efficiency;

this platform. Future

evaluate longer-term safety, cochlear microanatomy,
and reproducibility; and define the quantitative

relationships among retrieved cisplatin  burden,

residual intracochlear drug levels, and hearing

outcomes. Overall, this work supports a third
therapeutic paradigm for cisplatin-induced hearing loss

based on extracorporeal elimination of retained drug.
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Schizophrenia research using diffusion tensor magnetic resonance imaging
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Abstract
Auditory mismatch negativity has received significant attention as a potential brain

marker to investigate pathophysiology of schizophrenia. This study aimed to investigate

associations between mismatch negativity and white matter alterations in the

thalamocortical pathways to clarify the networks underlying reduced mismatch

negativity in individuals with schizophrenia. Mismatch negativity amplitude was

significantly positively correlated with white matter alterations only in schizophrenia, but

not in healthy comparison subjects. Our study further helps characterize and interpret

reduced mismatch negativity as a useful brain marker in the pathophysiology of

schizophrenia.

Keywords:  mismatch  negativity,

electrophysiology, diffusion tensor imaging

1. PURPOSE

Schizophrenia is a mental disorder
characterized by positive symptoms such as
hallucinations and delusions, negative symptoms
such as reduced motivation, and impaired
cognitive function and functional outcomes; its
Since the

disorder typically onset during adolescence, it has

prevalence 1is approximately 1%.
a profound impact on the lives of those affected.
However, much about the pathophysiology of
schizophrenia remains unclear, and existing
pharmacological treatments have not yielded
sufficient therapeutic effects.

The mismatch negativity (MMN) is an
electroencephalography (EEG) indicator expected
to aid in elucidating the pathophysiology of
schizophrenia. The MMN is one of event-related
potential (ERP) that plays a crucial role in
information processing within the brain’s
auditory system. Previously, we reported MMN
patients  with

amplitude  reduction in
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white

matter  alteration,  schizophrenia,

schizophrenia using EEG and further clarified its
association with impaired cognitive function and
functional  outcomes.  Furthermore, using
methods to estimate EEG sources, we have
shown that MMN

patients with schizophrenia is likely to be found

amplitude reduction in

in the cerebral gray matter, such as the frontal
and temporal lobes.

Therefore, it is expected that a more detailed
investigation of the cerebral neural networks
underlying MMN will enable the elucidation of
the pathophysiology of schizophrenia and the
development of treatments based on this
understanding. However, previous studies had
not provided detailed insights into these neural
network impairments.

Furthermore, we have previously reported that,
using diffusion tensor imaging (DTI) with
magnetic resonance imaging (MRI), impairments
in the cerebral white matter—which consists of

structures connecting areas of gray matter and



forms neural networks—are also observed in
patients with schizophrenia, and that these
impairments are associated with cognitive
dysfunction.

In other words, while there have been reports
of impairments in the cerebral gray matter,
cerebral white matter, and MMN reduction in
schizophrenia, there has been no previous

research that has provided a unified
understanding of these findings or focused on
within the

network. Furthermore, recent clinical and animal

functional impairments neural
model studies have suggested that the neural
basis for MMN reduction may be associated with
impairments in the cortico-thalamic pathway
within the cerebral network.

Therefore, in this study, we aimed to elucidate
neural network dysfunction in patients with
schizophrenia by investigating the association
between dysfunction in the cortico-thalamic
pathway—a component of the cerebral white
matter—and MMN using DTI. Our objective was
to lay the groundwork for animal model studies of
schizophrenia and the development of
neuromodulation therapies, such as magnetic

stimulation.

2. METHOD

In this study, MMN and DTI were measured in
the same group of 30 patients with schizophrenia
and 26 healthy comparison subjects. We then
examined the association between MMN
reduction and white matter alterations to
elucidate the neural networks underlying these

abnormalities.

3. RESULTS

Specifically, an association was observed between
MMN and DTI indices measures of white matter
regions, including the cortico-thalamic pathway,
only in the schizophrenia group; no such
association was found in the healthy comparison

group (References 1-3).

4. DISCUSSION

These findings suggest that the generation of
MMN is supported by a neural network involving
white matter tracts in the cortico-thalamic
pathway, and that this relationship may be
impaired in patients with schizophrenia. The
neural network dysfunction in schizophrenia
revealed by this study will promote animal
research that aids in the study of pathologies and
the development of treatments—areas where
human studies are difficult due to the invasive
nature of the procedures. Furthermore, by
specifically identifying brain regions that can
serve as targets for therapeutic interventions,
including magnetic stimulation, this research will
lay the foundation for the development of a new
field of research. These findings are expected to
serve as a cornerstone for the development of new
treatments for schizophrenia and contribute to

the well-being of patients and their families.
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Abstract
We investigated the effects of magnetic stimulation in a rat model of neuropathic

pain. A single 10-min treatment produced transient analgesia, whereas repeated

once-daily treatment for 7 days induced sustained analgesic effects. Gene-expression and

cellular analyses suggested that the treatment modulated peripheral immune and

inflammatory responses and suppressed spinal astrocyte activation. These findings

indicate that hybrid magnetic stimulation may represent a novel non-invasive therapeutic

approach for neuropathic pain.

1. Introduction

In Japan, which has become a super-aged society, the
number of patients with chronic pain is increasing, and
chronic pain has become an important clinical problem
that markedly reduces quality of life. Although
pharmacotherapy, physical therapy, and other
treatments are used for chronic pain, many patients do
not obtain sufficient relief, and new therapeutic
approaches are needed (1,2). Existing infrared and
microwave therapeutic devices can transiently alleviate
pain through thermal effects and the promotion of
blood flow, but there are concerns regarding the
durability of their effects and their safety. Pain
treatment using repetitive transcranial magnetic
stimulation (rTMS) has also been attempted; however,
sufficient analgesic effects are not always obtained,
and the need for head fixation and prolonged restraint,
as well as adverse events such as headache, discomfort,
syncope, and seizures, remains problematic (3).

Recent studies have reported that extremely weak
low-frequency magnetic fields activate mitophagy and
may improve pathological conditions related to
Parkinson's disease and inflammation. These findings

indicate that ultra-low-intensity alternating magnetic

fields can regulate biological responses (4). In the
present study, we used a novel magnetic stimulation
device that applies weak alternating magnetic fields,
combining low- and high-frequency components, near
a peripheral nerve. We examined its analgesic effects
in neuropathic pain and investigated the underlying

mechanisms.

2. Materials and Methods

2.1 Animals

Male Sprague-Dawley rats were used. All experiments
were performed in accordance with the animal
experimentation guidelines and ethical standards of the
relevant institutions. Animals were housed under
controlled light-dark cycle and temperature conditions,
with free access to food and water.

2.2 Neuropathic pain model

A chronic constriction injury (CCI) model of the
sciatic nerve was prepared as a neuropathic pain model
according to the method of Bennett et al. (5). Under
2% isoflurane inhalation anesthesia, the left thigh was
incised and the sciatic nerve was exposed. The sciatic
nerve was loosely ligated at four sites, 1 mm apart,
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with 4-0 silk sutures, and the wound was then closed.
In the sham-operated group, the sciatic nerve was
exposed but not ligated before closure of the wound.

2.3 Irradiation of alternating magnetic field
After CCI surgery,
performed once daily for 10 min by placing the probe

magnetic  stimulation was
in contact with the area near the sciatic nerve ligation
site. Low-frequency stimulation and mixed-wave
stimulation combining low- and high-frequency
components were used as stimulation conditions. In
the sham-treatment group, the probe was placed in the
same manner, but magnetic stimulation was not

applied.

2.4 Assessment of mechanical pain threshold

Pain thresholds were assessed using the von Frey test.
In the single-stimulation experiment, thresholds were
measured at 30, 60, 90, and 120 min after stimulation.
In the repeated-stimulation experiment, pain thresholds
were evaluated longitudinally (6).

2.5 Gene expression analysis
After behavioral pharmacological testing, the sciatic
nerve was collected and total RNA was extracted.
Comprehensive  gene-expression
RNA-seq,

differential-expression analysis and Gene Ontology

analysis ~ was
performed by followed by
enrichment analysis. To validate the changes detected
by RNA-seq, the expression of genes related to
inflammatory responses, immune responses, nerve
fibers, and myelin was analyzed by quantitative
RT-PCR.

2.6 Histological and statistical analysis

Using spinal cord tissue, immunostaining was
performed for the microglial marker Iba-1 and the
astrocyte marker GFAP, and glial cell activation in the
spinal dorsal horn was evaluated. Data are shown as
the mean + standard error of the mean. Statistical
analyses were performed using two-way analysis of
variance followed by Bonferroni-corrected multiple

comparisons.
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3. Results

3.1 Inhibitory effect of magnetic stimulation on
neuropathic pain.

In the CCI model, the mechanical pain threshold on
the ipsilateral side decreased after surgery, confirming
When a
magnetic stimulation was applied, both low-frequency

neuropathic pain-like behavior. single
stimulation and mixed-wave stimulation increased the
pain threshold, with a peak effect at 60 min after
stimulation, indicating an acute anti-hyperalgesic
effect. In particular, mixed-wave stimulation produced
a stronger analgesic effect than low-frequency
stimulation (Fig. 1A). However, this effect disappeared
by 120 min after stimulation, and a single stimulation
alone did not produce long-term improvement in pain
(Fig. 1B).

Figure 1A. Effect of acute magnetic stimulation
on decreased pain threshold in the CCI model.
CCI surgery was performed on day 0, and the
pain threshold was assessed using the von Frey
test on day 8. Magnetic stimulation using
low-frequency or mixed-wave stimulation (low
and high frequency) was applied for 10 min on
day 8 after CCI surgery. Pain thresholds were
assessed at 30, 60, 90, and 120 min after

stimulation.



Figure 1B. Long-term effect of acute magnetic
stimulation on decreased pain threshold in the
CCI model. CCI surgery was performed on day O,
and pain thresholds were assessed using the von
Frey test on days 8, 10, and 14. Mixed-wave
magnetic stimulation (low and high frequency)
was applied for 10 min on day 8 after CCI
surgery.

By contrast, when 10-min magnetic stimulation was
repeated once daily for 7 days, the pain threshold
increased from the second day after the start of
stimulation, and a clear improvement in neuropathic

pain was observed by day 7 (Fig. 2).

Effect
(mixed-wave stimulation) on decreased pain
threshold in the CCI model. CCI surgery was
performed on day 0, and the pain threshold was

Figure 2. of magnetic stimulation

assessed using the von Frey test on day 8.
Magnetic stimulation was applied once daily for

10 min from day 8 to day 14. During the

stimulation period, pain thresholds were assessed
24 h after magnetic stimulation; after completion
(from day 15

measurements were performed in the afternoon.

of stimulation onward),

3.2 Gene-expression changes in the injured nerve after
magnetic treatment

RNA-seq analysis of sciatic nerve tissue showed that
CCI markedly altered gene groups related to
inflammatory responses, wound responses, stress
responses, and innate immune responses (7) (Fig. 3A).
In the magnetic-treatment group, the expression of
inflammatory cytokines, chemokines,
interferon-related genes, and other genes elevated by
CCI was

inflammatory and stress responses. On the other hand,

reduced, suggesting suppression of
altered expression was also observed in genes related
to adaptive immunity, leukocyte activation, nerve
fibers, and myelin structural proteins (Fig. 3B). gPCR
analysis confirmed the RNA-seq findings, including
reductions in inflammation-related genes, changes in
immune-response-related genes, and increases in nerve

fiber- and myelin-related genes.

3.3 Regulation of inflammatory cell response by
magnetic stimulation

When magnetic stimulation was applied to
activated by LPS, the mRNA

expression of several inflammatory cytokines was

microglia

suppressed. In addition, microglial and astrocyte
activation was observed in the spinal dorsal horn
after CCI; however, repeated magnetic treatment
did not show a clear effect on spinal microglial
suppressed

activation, but spinal astrocyte

activation.
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Figure 3A. Transcripts with expression changes
of at least twofold after CCI surgery (MA plot). At
after CCI

transcripts

the nerve-injury site
1,200
upregulated and approximately 1,000 transcripts

surgery,

approximately were

were downregulated.

Figure 3B. Transcripts with expression changes
of at least twofold after magnetic stimulation in
the CCI model (MA plot). Magnetic stimulation at
the nerve-injury site resulted in upregulation of
approximately 150 transcripts and

downregulation of approximately 400 transcripts.

4. Discussion

The present study showed that acute and repeated
stimulation using the magnetic stimulation device
improves the decrease in pain threshold associated
with neuropathic pain. Gene-expression analysis of
peripheral nerves revealed changes in immune
responses and inflammation-related factors. In the
central nervous system, magnetic treatment suppressed
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spinal astrocyte activation. These results suggest that
the analgesic effects of this treatment may involve not
only the control of inflammation in peripheral nerves
but also the modulation of glial cell responses in the
central nervous system (7-10).

Taken together, these findings suggest that hybrid
magnetic stimulation of peripheral nerves using this
device may provide immediate analgesic effects and
sustained analgesic effects through the regulation of
inflammation in both peripheral and central nervous
systems. Future studies will further examine the
mechanisms underlying functional improvement in
both the peripheral and central nervous systems,
of the
noradrenergic pain inhibitory system and adrenergic

including the involvement descending

02 receptors on astrocytes (11).
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Effects of transcranial static magnetic stimulation on unilateral spatial neglect
after stroke
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Abstract
Unilateral spatial neglect (USN) affects 33—-82% of right-hemisphere stroke patients,

impairing daily activities and increasing fall risk. This study investigated whether

transcranial static magnetic stimulation (tSMS)—a cost-effective, comfortable, non-

invasive method—can alleviate USN symptoms. A single patient received 20-minute tSMS

or sham stimulation over the P3 region for five days each. Evaluations included paper-and-

pencil tests and a Computer-Based Test (CBT). Although paper-and-pencil tests revealed no

clear neglect, tSMS appeared to facilitate leftward attention, potentially increasing

subjective task difficulty. Specifically, CBT showed a post-tSMS speed-accuracy trade-off:

more correct left-sided responses alongside prolonged reaction times. These preliminary

results suggest tSMS over the contralateral parietal cortex can modulate attentional

distribution in USN, though further investigation is required to confirm clinical efficacy and

underlying mechanisms.

Keywords: transcranial static magnetic stimulation, unilateral spatial neglect

1. PURPOSE

Unilateral spatial neglect (USN) is a clinical
syndrome primarily observed after right parietal stroke,
characterized by a rightward bias in spatial attention and
sensorimotor processing, alongside deficits in arousal
and working memory ). Affecting 33-82% of right-
hemisphere stroke cases—with one-third progressing to
a chronic state—USN significantly impairs activities of
daily living (ADL), increases fall risks, and elevates
caregiver burden +®.

Although repetitive transcranial magnetic stimulation
(rTMS) and transcranial direct current stimulation
(tDCS) can USN by modulating

interhemispheric inhibition *'%, their high cost and

alleviate

technical complexity limit integration into home-based
rehabilitation. Furthermore, these methods often induce
discomfort or paresthesia, which can compromise
patient compliance and the validity of sham-controlled
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experiments 'V,

This study investigated the effects of transcranial
static magnetic stimulation (tSMS)—an affordable,
user-friendly, and comfortable alternative—in post-
stroke patients with USN 23 Due to clinical
recruitment constraints, we also conducted parallel
investigations on healthy adults to examine tSMS
effects on electromechanical delay (EMD) and pain
thresholds. These concurrent studies aimed to further
elucidate the physiological mechanisms underlying
tSMS alongside its clinical evaluation for USN.

2. METHODS

2.1 Participants

Four stroke patients presenting with unilateral spatial
neglect (USN; left USN: n = 3, right USN: n = 1) were
initially recruited (Table 1). Ultimately, one patient (#4),
who completed the study protocol without dropping out,



was included in the analysis.

Table 1  Participant profiles
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2.2 Procedures

The intervention protocol consisted of sham
stimulation followed by tSMS, each administered for
five consecutive days. A two-day washout period was
implemented between the two conditions. Assessments
were conducted at three time points: prior to the
initiation of sham stimulation, prior to the initiation of
tSMS, and upon the completion of the tSMS period

(Figure 1).

2025.10.30 ¥4

10.30 - 11/3 Sham

11.5 &b

11.5 - 11/9 tSMS

11.9 &¥

Figure 1. Experimental schedule

For tSMS, static magnetic field stimulation was
applied using a stimulator consisting of three
neodymium magnets embedded in a non-magnetic
housing (diameter: 140 mm; thickness: 48 mm) '¥
(Figure 2). The device was secured for 20 minutes using
a multi-axis adjustable stand, with its center accurately
positioned over the P3 site according to the International
10-20 system. For the sham condition, a non-magnetic

cylinder was utilized.

Fihure 2. “Shin-jiba” stimulation unit

2.3. Assessment using paper-and-pencil tests

The assessment included the Line Bisection Test, the
Line Cancellation Test, and the self-report version of the
Catherine Bergego Scale (CBS) questionnaire.

2.4. Computer Based Test15) (Figure 3)

Gabor patches were presented for 100 ms at one of
three positions (left, center, or right) on a 14-inch
monitor. Following stimulus presentation, participants
were instructed to identify the location as quickly as
possible by pressing the corresponding arrow keys (left,
up, or right). The stimuli featured five levels of contrast,
and the task difficulty was adaptively increased (i.e.,
contrast was reduced) following consecutive correct
responses. A total of 30 trials (10 trials per position)
were presented in a randomized order. The inter-
stimulus interval was set at 1200 + 200 ms following
each response.

Figure 3. CBT

3. RESULTS
3.1. Assessment using paper-and-pencil tests (Table 2)
No significant changes were observed in the Line
Bisection Test. In the Line Cancellation Test, while three
omissions were recorded on the right side at the
initiation of sham stimulation, no omissions occurred
either before or after the tSMS intervention. Regarding
the CBS self-report, the participant perceived the items
related to dressing and grooming to be more difficult
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following tSMS.
3.2.CBT (Table3,4,5)

For left-sided stimuli, the number of correct
responses increased and the number of neglects
decreased following tSMS; conversely, reaction times
were prolonged. Regarding bilateral stimuli, no
significant intervention effect of tSMS was observed,
although reaction times tended to be shorter compared
to those for unilateral (left or right) stimuli. No
remarkable changes were found for right-sided stimuli.

Stimulus luminance showed no significant differences
before and after the tSMS intervention, though
luminance for right-sided stimuli tended to be lower
than for left-sided or bilateral stimuli. Finally, weighted
scores for bilateral stimuli decreased post-tSMS,
whereas no significant changes were observed for right-
or left-sided stimuli.

4. DISCUSSION

While conventional paper-and-pencil tests revealed

Table 2. Paper-and-pencil test results

Table 3. Results by stimulus position
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Table 4. Mean luminance by stimulus position

Table 5. Weighted scores (Number of correct responses x [1 — Mean luminance])
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no clear neglect tendencies, the findings suggest that
tSMS may have facilitated leftward attention,
potentially leading to an increased subjective perception
of task difficulty. Focusing on pre- and post-intervention
changes, a speed-accuracy trade-off was observed
during left-sided stimulation in the CBT, characterized
by an increased number of correct responses alongside
prolonged reaction times. Stimulus luminance tended to
be higher for left-sided and bilateral stimuli relative to
right-sided stimuli, suggesting that the adaptive task
presented lower-difficulty stimuli to compensate for the
impact of left USN. Although weighted scores
effectively reflected parameter variations between
conditions and highlighted the influence of left USN,
they appeared to overemphasize changes in the number
of correct responses and mean luminance, limiting their
effectiveness as primary parameters for detecting
changes in this specific experimental context. The
absence of significant parameter changes for bilateral or
right-sided stimuli following tSMS suggests that the
side effects of extensive static magnetic field exposure
to the right parietal region were negligible.

5. Concurrent studies
5.1. EMD

Sixteen healthy adults participated in this study. A
single magnet, thin static magnetic field stimulation
(tSMS), or sham stimulation was applied over the lateral
gastrocnemius (LG) for 15 minutes. M-waves were
recorded from the LG, medial gastrocnemius (MG), and
soleus (SOL) following electrical stimulation of the
tibial nerve at the popliteal fossa. Ankle plantarflexion
torque was measured using a goniometer, and the
electromechanical delay (EMD)—defined as the time
from electrical excitation to the onset of tension
development—was evaluated longitudinally at three
time points: pre-intervention (pre), immediately post-
intervention (post-0), and 15 minutes post-intervention
(post-15). No significant differences were observed in
the amplitude or latency of the maximal M-wave across
all time points or stimulation conditions. However, the
interval from M-wave onset to the initiation of
plantarflexion was significantly prolonged in the LG

sk

MG
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Figure 4. EMD results

and MG under the single-magnet condition. Notably, in
the tSMS condition, significant prolongation was also
observed in the deeper-layered SOL (Figure 4). These
findings suggest that static magnetic fields may exert
inhibitory effects on the neuromuscular processes
occurring after the excitation of the neuromuscular
junction and sarcolemma, specifically from the stage of
cross-bridge formation in contractile proteins onward.

5.2. Pain threshold

Twelve healthy adults participated in this study. A
single magnet or sham stimulation was applied to the
dorsal aspect of the wrist for 20 minutes. To selectively
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Figure 5 Pain thresholds results

stimulate Ad and C fibers, intraepidermal electrical
stimulation (IES) was delivered via electrodes placed
over the area innervated by the superficial radial nerve
on the dorsum of the right hand. Pain thresholds and
reaction times for both Ad and C fibers were measured
before and after the intervention. The pain threshold for
C fibers increased significantly following single-magnet
stimulation, whereas no significant differences were
observed for Ad fibers (Figure 5). Reaction times for
both fiber types showed no significant changes post-
intervention. Since the effects of tSMS were specifically
observed in unmyelinated C fibers, these findings
suggest that tSMS may serve as an effective adjunctive
treatment for chronic pain conditions associated with C-
fiber hyperexcitability.
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Abstract
This study investigated the neural mechanisms underlying the effects of repetitive

peripheral magnetic stimulation (rPMS). We demonstrated that rPMS facilitates

corticospinal excitability in an intensity-dependent manner, with suprathreshold

stimulation producing the greatest effects. This facilitation depended primarily on

large-diameter group I afferent input and occurred without changes in cervicomedullary

motor evoked potentials, suggesting the involvement of supraspinal mechanisms rather

than changes in cortico-motoneuronal transmission. In addition, rPMS induced

direction-dependent modulation of disynaptic la inhibition between antagonist muscles.

These neurophysiological changes may contribute to motor recovery and provide a

physiological basis for optimizing rPMS-based neurorehabilitation.

Keywords: group Ia afferents, neuromodulation, rehabilitation, sensory inputs,
transcranial magnetic stimulation
1. PURPOSE 2. METHODS

Repetitive peripheral magnetic stimulation (rPMS)
is thought to facilitate motor recovery by enhancing
corticospinal excitability and has therefore been
investigated as a potential adjuvant therapy in physical
rehabilitation after central nervous system (CNS)
lesions. However, the optimal stimulation parameters
and the neurophysiological mechanisms underlying its
therapeutic effects remain poorly understood. The aim
of this study was to elucidate the neural mechanisms
underlying motor recovery induced by rPMS. To
achieve this, we investigated (1) the effects of
stimulation intensity on corticospinal excitability, (2)
the mechanisms underlying the enhancement of
corticospinal excitability induced by rPMS?, and (3)
the effects of lPMS on spinal reciprocal inhibition?.

53

Healthy adults received rPMS over the right
extensor carpi radialis (ECR) or biceps brachii (BB).
Based on a previous study?, rPMS was delivered at 25
Hz in cycles of 2 s ON and 2 s OFF. Each session
consisted of 45 stimulation cycles (3 min), repeated
five times for a total intervention duration of 15 min.
Three stimulation intensities were examined: (1)
subthreshold stimulation (0.9 x motor threshold [MT]),
(2) suprathreshold stimulation that elicited a slight
muscle contraction (1.2 x MT), and (3) high-intensity
stimulation adjusted individually to evoke maximal
wrist extension movement (mean = SD: 1.8 & 0.3 %
MT). To examine the contribution of group I afferent
input, the effects of rPMS at the high-intensity were
also evaluated after the ECR H-reflex had been
suppressed by upper-arm ischemia.



Corticospinal excitability was assessed using motor
evoked potentials (MEPs) elicited by transcranial
magnetic stimulation and recorded from the ECR and
carpi (FCR). In
cervicomedullary motor evoked potentials (CMEPs)

flexor radialis addition,
elicited by transmastoid electrical stimulation were
recorded to assess changes at the spinal motoneuron
level.

To investigate the effects of rPMS on spinal reflex
circuits, reciprocal inhibition between the FCR and
ECR was evaluated. The FCR H-reflex was elicited by
electrical stimulation of the median nerve at the elbow,
and changes in the H-reflex conditioned by radial
nerve stimulation were used to assess disynaptic la
inhibition and D1 inhibition, an index of presynaptic
inhibition acting on la afferent terminals, before and
after TPMS>. Reciprocal inhibition in the opposite
direction was also examined by eliciting the ECR
H-reflex with radial nerve stimulation and evaluating
its modulation by conditioning stimulation of the

median nerve.

3. RESULTS

rPMS increased corticospinal excitability in an
Suprathreshold
stimulation significantly increased MEP amplitudes,

intensity-dependent manner.
with higher stimulation intensities producing earlier
facilitation (Figure 1). In contrast, subthreshold
stimulation did not induce significant changes in MEP
amplitude. Furthermore, the facilitatory effect of rPMS
on MEPs was abolished when group I afferent input
was suppressed by upper-arm ischemia.

Comparison of the effects of rPMS on MEPs and
CMEPs showed that MEP amplitudes increased
significantly, whereas CMEPs remained unchanged.
These findings suggest that the increase in MEPs
induced by rPMS was not attributable to changes in
cortico-motoneuronal transmission.

rPMS also modulated spinal reciprocal inhibition in
a direction-dependent manner. Specifically, disynaptic
Ia inhibition from the stimulated muscle to its
antagonist was enhanced, whereas that in the opposite
direction was attenuated. Neither D1 inhibition nor the

H-reflex was significantly affected.

4. DISCUSSION
study demonstrated that rPMS

efficiently facilitates corticospinal excitability when

The present

delivered at suprathreshold intensities. The findings
also suggest that group I afferent input, particularly la
afferents, plays a major role in this facilitatory effect.
Furthermore, the absence of changes in CMEPs
suggests that the increase in MEPs observed in this
study is likely to reflect changes at the cortical level
rather than at the spinal motoneuron level® 7. These
findings provide important insights into the neural
mechanisms underlying the therapeutic effects of
rPMS and

stimulation to maximize its efficacy.

support the use of suprathreshold

In addition, rPMS induced direction-dependent
modulation of spinal reciprocal inhibition. Specifically,
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disynaptic la inhibition from the stimulated muscle to
its antagonist was enhanced, whereas disynaptic la
inhibition in the opposite direction was attenuated.
Previous studies have shown that CNS lesions are
associated with impaired la inhibition to spastic
inhibition to their
antagonists®?. The bidirectional modulation observed

muscles and excessive Ia
in the present study suggests that rPMS may help
restore the functional balance of spinal reciprocal
inhibitory circuits. In particular, applying rPMS to the
antagonist of a spastic muscle may strengthen Ia
inhibition onto  the
simultaneously reducing excessive inhibition of the

spastic  muscle  while

non-spastic muscle. Such modulation of spinal
interneuronal circuits may contribute to motor
recovery after CNS lesions. Future studies are
warranted to determine whether these physiological
changes can be translated into functional recovery in
individuals with CNS lesions.

Taken together, the present findings demonstrate
that rPMS enhances corticospinal excitability through
group I afferent input while simultaneously inducing
direction-dependent modulation of spinal reciprocal
inhibition. These neurophysiological adaptations may
constitute an important neural basis for the motor
recovery induced by rPMS.
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